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Abstract

The present study evaluated the chemical composition and acceptability
of Pennisetum purpureum by West African dwarf (WAD) rams as influenced
by manure application rates. The experiment was a completely random-
ized design replicated three times. Grasses that have been fertilized with
5 and 10 t ha-1 of swine manure and unfertilized (control (0 t ha-1)), were
harvested from the experimental site 9 weeks after planting from 15 cm
above ground level and evaluated for proximate and fibre composition. The
harvested grasses were also offered to nine WAD rams on cafeteria basis,
to assess the acceptability indices of the grass based on treatments. Re-
sults showed that the grass with manures consistently had higher (p<0.05)
crude protein (CP) contents than the control (unfertilized plants) while all
the grasses with different manure rates had similar (p>0.05) neutral de-
tergent fibre (NDF). Consumption, co-efficient of preference and relative
palatability of P. purpureum by WAD rams were improved by manure appli-
cation, where highest values of acceptability indices was recorded in grass
with manure rate of 5 t ha-1 over 10 t ha-1 manured grass. Percentage con-
sumption, co-efficient preference and relative palatability index were in the
order 5t ha-1>10tha-1> 0t ha-1 (unfertilized). From the result, it can be
concluded that P. purpureum with manure had a better chemical compo-
sition profile (higher CP) and better acceptability than unfertilized grass.
Enhancing P. purpureum with manure at 5 t ha-1 had higher ash content
and improved acceptability by WAD rams than grass with 10 t ha-1 manure
application rate.

Keywords: Acceptability, Nutritive value, Pennisetum purpureum,
Swine manure

INTRODUCTION

Inadequate nutrition is one of the factors that generally affect livestock produc-
tivity. Despite the naturally endowed vegetation, there are still inadequate feeds
and feedstuffs for livestock in Nigeria. Akinlade et al. (2005) reported that a ma-
jor problem facing small ruminant animal producers is how to feed the animals
adequately all year round. Consequently, the issue of palatability and nutritive
quality changes has become a matter of interest and great concern to research-
ers (Huston et al,, 1993). Ruminants in the tropics are raised predominantly on
grasses which are inherently poor in digestibility, nutritive value and unavailable
in the off-season (Babayemi, 2009). Forage plants depend on soil for their supply
of nutrients while ruminants obtain the majority of their nutrients from plants
growing on such soil. Fertilizers are needed to improve soil chemical and bio-
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logical properties and this reflects on the phytonutrient
contents and palatability of herbage plants (Alalade, et
al, 2013). However, inorganic fertilizers are expensive
and this has made researchers to have shifted attention
to examining the performance of crops with organic ma-
nure considering that organic manure is cheap and read-
ily available (Ojo et al., 2013). Manure has a longer-lasting
effect than the equivalent nutrient levels to chemical fer-
tilizer. This is because a large proportion of the mineral
nutrients are combined with organic substances which
are released gradually as they decay, hence improved
yield may continue years after the addition of manure to
the soil (Plaster, 1992).

Elephant grass (Pennisetum purpureum Schumach.) is a
major high yielding tropical grass, which is very versatile
and can be grown under a wide range of conditions and
systems. Elephant grass requires high level of fertilizer
and a regular water supply (Mannetje, 1992). With no
or inadequate fertilizers, yields are in the range of 2-10 t
DM/ha/year (Bogdan, 1977) lower than 20 to 80 t DM/ha/
year for normal yield.

Free choice intake and acceptability study is a quick as-
sessment of the physical quality of a feed. Coefficient
of Preference (CoP) is a direct measure of acceptability
and nutritional capability of feedstuff or forage. In recent
times cafeteria techniques have been used to assess the
acceptability of some forages (Babayemi et al., 2006). The
feed intake or the palatability of forage is regulated by
many factors: harvesting, physical and metabolic feed-
back and secondary metabolites. This study evaluated
the effect of swine manure rates on the chemical com-
position and acceptability of Pennisetum purpureum by
West African dwarf rams.

The experiment was conducted at the Pasture Unit of
Federal University of Agriculture, Abeokuta (FUNAAB)
Farm, Ogun State, Nigeria (7°58'N, 3°20'E; 75 masl). The
site is situated in the derived savannah agro-ecological
zone of Southwest Nigeria with average annual rainfall of
1,037 mm. Mean monthly temperature ranges from 25.7
°Cin July to 30.2 °C in February (earth.google. com/).

The experimental land area was ploughed twice and al-
lowed to rest for a period of two weeks before harrow-
ing. The land area was divided into 3 equal blocks with a
buffer zone of T m between blocks, while each plot mea-
sured 4 X 5 m, with a buffer zone of 1 m between plots.
Analysis of the soil from the site indicated that it con-
tained 0.12 % total nitrogen, 1.41 % organic carbon and
30.40 mg kg-1 phosphorus. Swine manure was collected
from the Piggery Section of the Directorate of University
Farms FUNAAB, 14 days before application in bi-axially
oriented polypropylene bags. Following collection of the
manure, it was air dried under a barn for a period of 11
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days after which it was analyzed to determine its nutrient
content. The swine manure was collected from pigs that
had been fed a standard “Pigs finisher diet” and chemi-
cal analysis of the manure revealed that it contained: Ca:
4.13%, P: 1.21%, Mg: 2.42% and K: 1.91% on DM basis.
The manure was raked into the soil of individual plots
according to application rates (0, 5 and 10 t ha-1) for the
grass in a single application 2 weeks before planting the
grass. Stem cuttings of 30 cm long of P. purpureus was
planted at Tm x 1Tm per plot, according to treatment. The
plots were kept weed-free as much as possible through-
out the experimental period. Nine WAD rams (three
treatment groups of three animals each) with weights
ranging between 10-15 kg were used for the study and
they were tagged for easy identification. The animals
were from Sheep unit of Universiy farms with regular
health care. The environment was regularly disinfected.
The grass were harvested based on the treatment from
the experimental site 9 weeks after planting from 15 cm
above ground level. Grass of 1 kg based on treatments
were introduced on a cafeteria basis in feeding troughs
to the animals and the experiment was repeated for five
consecutive days. Nine feeding troughs containing the
harvested grass based on the manure treatments with
two troughs being empty to avoid border bias, were set
before the animals, thus each animal has free access to
each of the diets in the trough. The positioning of the
feeding troughs containing the different treatment of
grass were changed daily to prevent bias by the ani-
mals taking a particular part of the pen as the position
for a particular type of grass. The grasses were offered at
08.00hr and withdrawn by 08.30hr and the left-over were
weighed and recorded. Grasses were offered before the
animals were allowed to graze or offered any feed for the
day. The experiment was a completely randomised de-
sign replicated three times. The preference for the grass
based on manure rates were calculated as the percent-
age of the grass consumed relative to grass offered for
five days

% Consumption = Grass offered — Grass remnant x 100
Grass offered

The preferred grass was assessed from the coefficient
of preference (CoP) value, calculated from the ratio be-
tween the intakes for the individual grass, divided by the
average intake of the grass (Babayemi et al., 2006). The
grass were therefore said to be relatively acceptable if
the CoP is greater than unit.

The CoP was expressed as:

CoP = Intake for individual grass offered
Mean intake of all the grass offered
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Table 1. Effect of manure application rates on proximate and fibre composition (%) of Pennisetum purpureum

Factors DM CcP EE Ash NDF ADF ADL Hemicellulose Cellulose
Manure (t ha-1)

0 96.18 8.12b 12.617ab 10.06a 59.50 39.25a 7.88a  20.25c 31.37a

5 96.22 9.80a 1220b  10.10a  59.21 3643b  5.12b 22.78b 3131a
10 96.52 10.12a 1277a  8.82b 60.33 35.73c 4.71c  24.60a 31.02b
SEM 0.43 0.32 0.1 0.22 0.24 0.54 0.50 0.65 0.07

P - value 0.000 0.000 0.053 0.000 .148 0.000 0.000  .000 0.050

Means on the same column with different superscript differ significantly (p<0.05)
DM: Dry matter, CP: Crude protein, EE: Ether extract, NDF: Neutral detergent fibre, ADF: Acid detergent fibre, ADL: Acid detergent lignin

SEM: Standard error of mean

Daily relative palatability index (RPI) was calculated for
the grass by dividing the consumption values for each
treatment by that of the highest value and multiplied by
100 (Larbi et al., 1993).

The RPI is expressed as follows:

RPI (%) =Consumption values for each grass x 100
Grass consumption highest value

Subsamples (300 g) of harvested grass based on manure
treatments were oven-dried at 65 °C to constant weight,
following which they were milled and allowed to pass
through a T mm sieve screen. The dry matter, ether ex-
tract, crude protein and ash contents were determined
according to the standard methods of AOAC (2000). Neu-
tral detergent fibre (NDF), acid detergent fibre (ADF), and
acid detergent lignin (ADL) were determined according
to Van Soest et al. (1991). Cellulose concentration was
estimated as the difference between ADF and ADL con-
centrations, while hemicellulose concentration was esti-
mated as the difference between NDF and ADF concen-
trations.

Statistical Analysis

Data collected was subjected to one way analysis of vari-
ance using the general linear hypothesis testing (GLHT)
package of the R Statistical software (R Core Team, 2020).
Mean values were separated using Tukey’s HSD test.

RESULT AND DISCUSSION

In Table 1, the manured grass consistently has high-
er (p<0.05) CP contents than the control (unfertilized
grass). Higher significance of ash content was recorded
in grass fertilized with 5 t ha -1 of swine manure and in
the unfertilized above the one fertilized with 10 t ha -1
of swine manure. Significantly (p<0.05) highest ADF and
ADL contents were recorded for unfertilized grass above

the grass with manures. The increase in CP contents with
grass with manure may have been due to the fact that
manuring makes more nutrient available to the grass,
such that the soil nutrient resource pool in the manured
plots was larger than the control. This findings empha-
sizes the importance of fertilization for grasses to get
high quality forages, and is consistent with the reports
of some previous reports in the literature which also re-
ported improved CP content with manuring (McRoberts
etal., 2016; Utamy et al., 2018). The significantly (p<0.05)
lower ash content recorded at the highest manure ap-
plication rate for P. Purpureum suggests that higher nu-
trient availability may have a possible antagonist effect
on ash accumulation of P. purpureum. It is possible that
luxury consumption of an abundantly rich soil nutrient
pool brought about by manure application caused a pas-
sive absorption of ash accumulation in P. purpureum. In
the literature, McRoberts et al. (2018) reported that this
passive response is possibly curtailed when soil nutri-
ent levels decline such that higher accumulation of ash
(inorganic nutrients) is favoured by the plants as seen in
the unfertilized P. purpureum plant. More so, higher ash
content in grass fertilized with 5 t ha -1 of swine manure
above the one with 10 t ha -1 of swine manure, might be
that 5 t ha -1 of swine manure meet the nutrient needs of
the grass. This findings reflect the different nutrient ab-
sorption strategy employed by the grass given the levels
of nutrient resource available. The NDF recorded is with-
in the range of 600-650 g kg-1 suggested as the critical
limit above which efficiency of utilization of tropical for-
ages by ruminants would be impaired (Muia, 2000). The
moderate fibre levels of the grass depending on different
manure rates will help to facilitate the colonization of in-
gesta by rumen microorganism which in turn might in-
duce higher fermentation rates, that will help in improv-
ing digestibility, intake and animal performance.
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Figure 1. Influence of manure application rates on Per-
centage consumption of P. purpureum by WAD rams
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Figure 2. Influence of manure application rates on Co-ef-
ficient of preference of P. purpureum by WAD rams
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Figure 3. Influence of manure application rates on Rela-
tive palatability index of P. purpureum by WAD rams

Percentage consumption of P. purpureum, co-efficient
of preference and relative palatability index by WAD
rams were improved by manure application while un-
fertilized grass had lower acceptability (Figures 1, 2 and
3). This could be as a result of higher CP contents in
fertilized grass since CP has been reported to enhance
higher intake (Ergon et al., 2017) as well as moderate fi-
bre contents. Moreover, Milne (1991) reported that diet
selection in ruminants is complex. The relative palat-
ability index (RPI) was a bit higher than the range of 0
to 70 % reported by Goatcher md Church (1970) as the
preference range for ruminant animals. Palatability is a

complex phenomenon determined by dietary type and
environmental variables (Molyneux and Ralph, 1992).
The differences reported could have been as a result of
variations in environmental variables.

CONCLUSION

From the study, it can be concluded that P. purpureum
with manure application rates had higher protein con-
tents and moderate fibre constituents and were more
accepted by animals than the unfertilized grass. Howev-
er, the acceptability indices investigated demonstrated
that the P. purpureum manured with 5 t ha -1 was highly
acceptable by rams compared to the one with manure
rate of 10 t ha -1. In addition, the application of manure
is recommended because of its beneficial effects on the
chemical composition and acceptability by animals.

However, the coefficient of preference demonstrated
that the P. purpureum fertilised with 5 t ha -1 is highly
acceptable compared to unfertilized grass.
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Abstract

This study estimated resource-use efficiency and factors influencing maize produc-
tion in Kuje Area Council, Federal Capital Territory, Nigeria. The specific objectives
were to; determine the socioeconomic characteristics of maize farmers; analyse
cost and returns associated with maize production; evaluate factors influencing
the output of maize production; determine the resource-use efficiency of maize
production and identify the constraints faced by farmers in maize production in
the study area. Multistage sampling technique was employed to select 60 sampled
maize farmers in the study area. The following tools of analysis were used to achieve
the specific objectives of the study. Descriptive statistics; Gross margin analysis; re-
source-use efficiency and Cobb Douglass production function. The results showed
that majority, 75 percent, of the sampled respondents were male while 73.3 percent
were married. From the results it can further be deduced that 48.3 percent of the
sampled respondents attended secondary school and 31.7 percent attended ter-
tiary institution while the rest stopped at primary school level or did not have any
formal education. The results also indicated that about 55 percent of the sampled
maize farmers had household size ranges within 6-10. 100 percent of the sampled
respondents had no access to credit and 83.4 percent had no access to extension
services. From the analysis of cost and returns associated with maize production in
the study area, the total revenue (TR) realized on average was N1,269,152.69 and
the average total variable cost (TVC) was N188,462.69, the gross margin obtained
was N1,080,690. With this result we can say that maize production is profitable in
the study area. The results of the resource-use-efficiency revealed that farm size,
seed input and labour input were underutilized while fertilizer input and chemical
input were over utilized by maize farmers. The results of the Cobb Douglass produc-
tion function model revealed that the factors influencing total output of maize pro-
duction in the Study area were farm size (P<0.1), labour (P<0.01), chemical (P<0.01)
and Fertilizer P<0.05). The major constraints faced by maize farmers in the study
area include; inadequate capital, lack of fertilizer and lack of extension agent. There-
fore, the study recommends that maize farmers should be encouraged to join the
farmers’ association, and supported with credit facilities. Government should sup-
ply inputs like agrochemical, fertilizer and improved seed varieties to maize farmers
at a subsidized rate and at appropriate time and extension agents are to guide the
farmers in the usage of these inputs while mechanize farming system should be
encouraged by providing tractors to replace local farm implements. Good roads are
essential in linking maize production areas with available markets around the study
area.

Keywords: Resource-use, Efficiency, Maize, Production, Nigeria

INTRODUCTION

The level of agricultural development in Nigeria has not met the required de-
mand of its teaming population, despite the abundant endowment of the coun-
try’s different types of natural resources and vast land mass available for agri-
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cultural cultivation. Although agricultural production is
practiced by both small and large-scale farmers in nearly
all parts of the country, majority of farmers especially
the small-scale farmers still live in abject poverty (UNDP,
2009). These category of farmers are characterized by
low level of productivity, low income level, large family
size, lack of formal education, credit facilities, inefficien-
cy in the use of resources available to them, continuous
use of crude implements, and low savings and invest-
ment (Panwal et al.,2006). The term resource is used in
reference to available means for producing goods and
services. These goods in return are used to satisfy needs.
Major resources used in agriculture are; land, labour, cap-
ital and management. Other agricultural inputs include
seeds, fertilizers and chemicals. Resource management
is the effective and efficient deployment of organization
or farm resources at the right time. The importance of
management cannot be over-emphasized because its
effects could either be positive or negative if properly or
carelessly employed respectively.

Maize (Zea mayz) is among most of the widely planted
and cultivated cereal crops in the world. It is the fourth
most consumed cereal ranked below sorghum, millet,
and rice (FAOSTAT, 2008). In Nigeria, there is an increasing
demand for maize on daily basis (Sadiq et al., 2013). This
is because maize grains are jointly utilized for feeding
poultry livestock and as food by many families (Ogunni-
yi, 2011). Nigeria is reported as the Africa’s second largest
producer of maize only after South Africa (FAOSTAT, 2018;
PWC, 2021). As earlier mentioned maize is one of the best
ingredients used in preparation of animal feeds. The ce-
real serves as industrial raw material in developed coun-
tries for different purposes. Maize has not only served as
a source of food for man and livestock for years, but it has
also served as a means and source of income generation
and foreign exchange earnings for the country (Alabi
and Abdulazeez, 2018). In addition, it is as an essential
raw material for the industrial production of fuel, starch,
medicines and food sweeteners. Levulinic acid, a chem-
ical derived from maize is equally used as an anti-freeze
ingredient, and can replace toxic petroleum-based ingre-
dients. Ethanol produced from maize is used as a biomass
fuel. maize straw serves as a cheap source of energy in
homes for heating furnaces (Egwuma et al, 2019; Amaza,
et al, 2021). Nigeria's maize production stood at about
11 million metric tons in 2021 (Amaza, et al, 2021). How-
ever, due to low productivity, current yields are unable to
meet domestic demand which is estimated at about 12
- 15 MMT.That s, a supply gap of nearly 4 MMT exists per
annum. This gap necessitated the export ban on maize in
Nigeria to encourage domestic production and supply of
the commodity (PWC, 2021).

Smallholder farmers in rural areas continue to face poor
economic conditions which affect their living standards

and maize production situation. The returns to land in
terms of output have been on the decrease especially
where increased population and non-agricultural use
compete for land use (Babatunde et al.,2007). To achieve
optimum production level, resources must be used effi-
ciently. Successful planning and result-oriented policies
require the technical knowledge of the productivity of
farm resources to know the necessary adjustment to
achieve a correct input mix (Assa et al, 2020). Despite
its importance, maize production in Nigeria is predomi-
nated by traditional smallholders who rely on traditional
methods of production. Resources are underutilized in
addition to use of low amenities, which gives rise to low
output and hence, low farm income. The supply of maize
has also not been able to meet its demand despite the
adoption of improved packages for maize production
(Babatunde et al., 2008). For example, improved variety,
recommended planting date, recommended fertilizer
rate, recommended planting depth and spacing have
not significantly increased productivity. Despite the in-
troduction of hybrid maize, sufficient production has not
been achieved as there is still a significant drop in the
output of maize (Ayindea et al., 2011). According to Assa
et al, (2020), low yield variety, lack of incentives, high
cost of inputs, price fluctuation, diseases and pest, lack
of storage facilities are the causes of low maize produc-
tion in Nigeria. Given that the rate of population growth
in Nigeria is increasing rapidly, there must be an increase
in maize production to meet the growing demand (lke
and Amusa, 2004). Since the present maize output has
not measured up to its potential yield of 5-8 tonnes per
hectare, it is pertinent to ascertain if the resources avail-
able for the farmers are efficiently utilized to increase
their present level of maize production. This is required
to make Nigeria self-sufficient in maize production to the
extent of having large surpluses for export and foreign
exchange earnings.

Research Questions

This study intended to provide answers to the following
research questions: -

(i) What are the socio-economic characteristics of maize
farmers in the study area?

(ii) What are the costs and returns associated with maize
production in the study area?

(iii) What are factors influencing output of maize produc-
tion in the study area?

(iv) What are the resource-use efficiencies of maize pro-
duction in the study area?

(v) What are the constraints of maize production faced by
farmers in the study area?

Objectives of the Study

The broad objective was to evaluate resource-use effi-
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ciency and factors influencing maize production in Kuje
Area Council, Federal Capital Territory, Nigeria. The spe-
cific objectives were to;

(i) Determine the socio-economic characteristics of
maize farmers,

(ii) Analyse the costs and returns associated with maize
production,

(iii) Evaluate factors influencing output of maize produc-
tion,

(iv) Determine the resource-use efficiency of maize pro-
duction,

(v) Identify the constraints faced by farmers in maize pro-
duction in the study area

MATERIALS AND METHODS
The Study Area

The study was conducted in the Federal Capital Territory
(FCT), in Kuje Area Council. Kuje is located within Lati-
tudes 8°53'47" North and Longitudes 70 14' 35" East. The
council has a total land area of about 1,644 Km2. It is lo-
cated 40 Km towards the south-west part of Abuja and is
bounded by Nasarawa State. The temperature of the area
is generally high especially around February and March.
The climate of the area is that of tropical wet and dry with
wet season lasting for about five to seven months (5-7
months). Total annual rainfall ranges from 1000 - 1500
mm. Potential evapotranspiration rates is slightly high,
value reaching up to 3.5mm/day. The north-east trade
wind sweeps the zone between October to March bring-
ing dryness to the area. The land in the Area Council is
sloppy-plane topography which is about 410 mm above
mean sea level. The Area Council also has a population
of 97,367 people (NPC, 2006) predominantly made up of
farmers hey cultivate crops such as; maize, sorghum, rice,
beans, groundnut, millet, yam, vegetables.

Sampling Techniques and Sample Size

Multi-stage sampling techniques was used to select re-
spondents for the study area. First stage involved simple
random selection using ballot box raffle draw method
to select Kuje Area Council. Stage two, involved random
sampling procedure using ballot box raffle draw meth-
od to select two wards in the study area Kuje central and
Gaube. Stage three involved using a random sampling
ballot box raffle draw method to select 60 maize farm-
ers in the selected areas (Kango and Chukuku villages)
for the administration of questionnaire. The total sample
size of 60 questionnaires were administered to respon-
dents in the area

Method of Data Collection

Primary data were used for the study. These data were
collected by interview method, using structured ques-
tionnaires. The questionnaires covered: (a) demograph-

ic information such as age, farming experience, marital
status, educational level, household size, extension con-
tact, membership of associations, and farm size, (b) pro-
duction information on maize such as inputs used (land,
seeds, labour, fertilizer and agro-chemicals) and output
obtained, (c) market information like price of input and
quantity sold, and (d) constraints to maize production.

Methods of Data Analysis
Descriptive Statistics

This is the act of summarizing and giving a descriptive
amount of numerical information in form of report,
charts, and diagrams. The goal of descriptive statistics is
to gain information from collected data. The descriptive
statistics involved the use of percentages, means, and
frequency distribution tables. This was use to achieve
specific objectives one (i) and five (v).

Gross Margin Analysis

This analysis was used to estimate the costs and returns
analysis of maize production. It is a very important plan-
ning tool in situations where fixed capital is a negligible
portion of the farming enterprises as is the case of sub-
sistence agriculture (Olukosi and Erhabor,2001). It is used
to evaluate the profitability of an individual enterprise
and is given as;

GM=TR-TVC ..ot (M
Where;

GM = Gross Margin (N /Hectare)

TR =Total Revenue (N/Hectare)

TVC =Total Variable Cost (N/Hectare)

This was used to achieve specific objective two (ii)
Cobb-Douglas Production Model

The Cobb-Douglas production function represents the
relationships between two or more inputs typically phy-
sical and labour and the number of output that can be
produced.

Mathematically;
_ by yby yb3 yby b5
Y = boX[ X2 X2 X X5 U,

When linearized, the Cobb-Douglas production model
becomes:

L =b,+b.L X, +b,L X +b.L X +b,L X +b L X +U.....ccc....... 3)
Where, Ln= Natural Logarithm

Y= Output of Maize (Kg)

bOConstant Term (Intercept)

X,= Farm Size (in Hectares)

X,= Seed Input (Kg)

X,= Labour Input(Mandays)

X,= Fertilizer Input (kg)

X= Agrochemicals Input (Litres)
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b,-b, = Coefficient of Parameters Estimated
U= Error Term
This was used to achieve specific objective three (jii)

Resource-use Efficiency of Maize Production

To measure the resource-use efficiency of maize produc-
tion in the study area, the Marginal Value Products (MVP)
of the resources used were estimated by multiplying the
Marginal Physical Product (MPP) of the inputs with the
price of the output. The values were then compared with
the cost of the resources Marginal Factor Cost (MFC) in
order to make inference on the efficiency of resource-u-
se. The following was estimated to determine the resour-
ce-use efficiency of maize production:
_ MVP

[ = —— (,
MFC (4)

Where;

r = Efficiency Ratio (Units)

r =1, Resources employed by the Farmer were Efficiently
Utilized,

r > 1 Resources employed by the Farmers Were Under
Utilized, and

r1, Resources employed by the Farmers Were Over Uti-
lized.

The MPPs and, MVPs were derived as follows:

Linear:

MPP = % =b; MVP=Db.P, ..c....... (5)
Semi - Log:

P== MU Py e 6)
Double - Log:

MPP =2, MU By e 7)

The Elasticity of Production (E ) is the regression coeffi-
cients. Return to Scale (RTS) was estimated as:

This was used to achieve specific objective four (iv)
RESULTS AND DISCUSSION

Socio-Economic Characteristics of the Sampled Re-
spondents in the Study Area

Table1 presents the analysis of the socioeconomic char-
acteristics of the sampled respondents, the results show
that majority of the sampled respondents were male
while 25% were female, this result indicates that maize
production was dominated by male farmers in the study
area. This could be as a result of the labour required for
maize production. Majority (73%) of the sampled respon-
dents were married. Married families have an advantage
of more supply of labour for maize cultivation which

could lead to increase in total output of maize. Also table
1 depicts that 55% of the sampled respondents had 6-10
members per household and 36% had 1-5 members per
household while others have more than ten members.
This suggests that most of the sampled respondents had
at least 6 members per household which shows that they
have a significant labour supply for maize production and
this could improve the total output of maize in the study
area. Furthermore, the results revealed that 33.40% of
the sampled respondents had 1-5 years farming experi-
ence while 26.70% had 6-10 years of farming experience
in the study area. Experience they say is the best teacher.
Therefore, there is tendency of increased output due to
the fact that majority of the farmers were not newbies in
the business since they were familiar with the manage-
ment practices involved in the maize production cycle.
About 48.30% of the sampled maize farmers had sec-
ondary education while 31.70% attained tertiary level of
education and 1.7% and 18.3% had no formal education
and primary education respectively. The implication of
this result shows that most of the sampled maize farm-
ers were educated and this could aid them in accessing
information about improved methods of maize produc-
tion which in turn will improve their chances of adopting
new technologies and innovations in agriculture. Edu-
cation level of a farmer could determine how efficient
the farmer would be, especially in the area of resource
utilization which could lead to output and profit maxi-
mization. This result is in line with (Alabi et al, 2020 and
Ebukiba et al, 2020) who reported that education is an
important factor that can influence small-scale farmers
to adopt new innovations and research findings related
to their area of production. When a farmer is educated,
there is high probability that he will take advantages of
innovations and new technologies easily which would
eventually lead to improved yield and increase in output.
Analysis also shows that 100% of the sampled respon-
dents could not access credit facilities. This implies that
there is no provision of credit facilities to help farmers
with fund to increase their scale of production in the
study area thereby limiting their ability to expand. Ma-
jority (83.40%) of the sampled maize farmers could not
have access to extension services while only 16.7% had
access to extension services. Extension services help
farmers to access price information, methods of inputs
utilization like chemical and fertilizer application and ac-
cess to improved seeds which could influence their re-
source-use efficiency. Most of the sampled farmers were
not opportune to these privileges. The result also indicat-
ed that only 16.7% of the sampled maize farmers were
visited by extension agents. This percentage is too low
to inspire other farmers positively. Many of the farmers
(66.3%) were members of farmers'association. This could
aid group marketing and access to financial facilities
among farmers in the study area.
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Table 1. Socioeconomic Characteristics of the Sampled Maize Farmers in the Study Area

Variables Frequency Percentage Mean
Gender

Male 45 75.00

Female 15 25.00

Marital Status

Single 16 26.70

Married 44 73.30

Household Size (Units) 7
1-5 22 36.70

6-10 33 55.00

11-15 5 23.80

Farming Experience (Years) 6
1-5 20 33.40

6-10 16 26.70

11-15 6 9.90

16-20 7 11.70

21-25 6 10.00

26-30 3 5.10

31-35 2 3.40

Educational Level

No formal education 1 1.70

Primary education 11 18.30

Secondary education 29 48.30

Tertiary education 19 31.70
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Table 1. Socioeconomic Characteristics of the Sampled Maize Farmers in the Study Area (continuous)

Variables Frequency Percentage Mean
Access to Credit

Yes 0 0

No 60 100
Access to Extension

Services

Yes 10 16.70
No 50 83.40
Number of Visit (Days)

0 51 85.00
1-2 9 15.00
Farmers Association

Yes 40 66.30
No 20 33.30
Farm Size (Hecters) 2.1
1-2 59 98.40
3-5 1 1.70
Cropping System

Sole 49 81.70
Mixed 11 18.40
Total 60 100.00

Source: Field Survey (2021)

Cost and Returns Analysis of Maize Production in the
Study Area

Table 2 shows the analysis of cost and returns associat-
ed with maize production in the study area. The result
shows that the total revenue(TR) was N1,269,152.69
while the total variable cost (TVC) was N188,462.69 re-
spectively. The cost of agrochemicals was N15,611.86

while the average cost of fertilizer was N 25,478.33. The
cost of labour was N 142,211.67 and was the highest of
the total variable cost. The Gross Margin obtained was
N1,080,690. These results showed that maize production
is profitable in the study area. The result is consistent
with the findings of Ebukiba et al, (2020 who asserted
that maize production is a profitable venture.
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Table 2. Cost incurred and Return Obtained from
Maize Production in the Study Area

Table 3. Resource-use Efficiency of Maize Production in
the Study Area

Variables Average Percentage Value Factor MVP MFC MVP/ Remarks
Value(Naira) Unit MFC
A.Variable Cost Farm Size 170.93 7622 2.24 Under
tilized
a. Seed Cos 5,160.83 2.74 utiize
Seed 8134477.5824.94 3261.62 Under
b. Labor Cost 142,211.67 75.46 -
utilized
¢ Fertilizer Cost  25,478.33 B Labour  4417850.31808.01 5467.57 Under
d. Agrochemical 15,611.86 8.28 utilized
s Fertiizer ~ 309484 545542057  Over utilized
g'o Tsct’ta' by TEEAE2Ee Chemical  271.82  1781.540.16  Over utilized
C.Total Revenue 1,269,152.69 collee el Sy [2020)
D.GM=TRTVC  1,080,690.00 Factors Influencing Total Output of Maize Production

Source: Field Survey (2021)

Resource-use Efficiency of Maize Production in the
Study Area

Table 3 shows the resource-use efficiency of maize pro-
duction in the study area. r=1 shows that resources em-
ployed by the farmers were efficiently utilized; r>1 shows
that resources employed by the farmers were underuti-
lized while r <1 shows that the resources employed by
the farmers were over utilized. The farm size ratio was
-2.24 which shows that the land resource used by maize
farmers in the study area were over utilized. The seed in-
put ratio was 3261.62 which revealed that the resource
was underutilized by maize farmers in the study area. The
labour input ratio was 5467.57 which depicts that the la-
bour resource was underutilized by maize farmers in the
study area this is in comformity with Assa et al, (2020).
Also the fertilizer input ratio was 0.57 which indicates
that fertilizer was over utilized by sampled maize farm-
ers. The agrochemical ratio was 0.16 which shows that
agrochemicals were over utilized by maize farmers. This
result is in agreement with (Ume et al, 2016) who report-
ed in a research on the impact of resource utilization on
output that the efficient utilization of available resources
determines the rate of output that will be obtained. The
results are also in line with Ume et al, (2018) who report-
ed that the over-utilization of resources implied that less
profit was maximized. The possible reasons for the over
utilization of the resources, could be because of the in-
ability of farmers to allocate their resources efficiently as
a result of lack of technical-know-how.

in the Study Area

Table 4 presents the results of the analysis of Cobb Dou-
glass production functional model to determine factors
influencing total output of maize production in the study
area. The results show that there are four statistically
significant factors influencing maize production in the
study area. These include farm size, labour input, chemi-
cal input and fertilizer. Farm size influenced the total out-
put of maize positively and it was statistically significant
at (P<0.1) probability level. The coefficient of farm size
was 0.092 which implies that a unit change in farm size
will result in 9.2% increase in the total output of maize
in the study area. As a result of the expansion of farm
size by maize farmers will results in the increase in total
output of maize due to increase in farm size. This result
is in agreement with Erabor (2001) who reported that
large farm size leads to positive increase in total output.
Labour input influenced total output of maize positively
and it was statistically significant at (P<0.01). The mag-
nitude of the coefficient of labour input (0.974) implies
that a unit increase in labor supply in maize production
will result in 97.4% percent increase in the total output of
maize in the study area holding other variables constant.
More supply of labour leads to significant increase in the
total output due to the high number of labour involved
in the farm operation. This result agrees with (Assa et al,
2020) who reported that the level of output can be mea-
sured by the level of labor input involved in the cause
of production cycle. Also chemical input influenced the
total output of maize negatively in the study area and it
was statistically significant at (P<0.01) probability level.
The magnitude of chemical input is -0.0353 implying
that a unit increase in the chemical applied to the maize
farm by farmers will result in the decrease in the total
output of maize in the study area. The implication of this
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result is that the application of more chemicals to maize
farms will lead to 3.53% decrease in the total output of
maize in the study area. This could be as a result of wrong
usage of chemical (herbicide) on the farmland and it may
affect the yield of maize output. This might be as a result
of lack of knowledge on method of application by farm-
ers considering the fact that majority did not have access
to extension services. This result is contrary to Anthony
etal, (2021) who reported that chemical inputs influence
total output or yield of crop positively in their study but
is in conformity with the results of Assa et al, (2020). Fer-
tilizer influenced the output of maize positively and it
was statistically significant at (P<0.05) probability level.
The magnitude of the coefficient of fertilizer was 0.098,
which implies that a unit change in fertilizer will result
in 9.8% increase in the total output of maize in the study
areaThis is in line with Assa et al, (2020). The value of the
coefficient of multiple determination (R2) was 0.59 which
implies that 59% of the variation in the total output of
maize is explained by explanatory variable included in
the model, the value of the F-statistic which is the joint
contribution of the all explanatory variables was 3.008
and statistical significant at (P<0.01) probability level.

Table 4. Results of the Cobb Douglass Production
Functional model for Factors Influencing Total Output of
Maize Production in the Study Area

Variables Coefficients StandardT- Value Significant
Error

(Constant) 2.695* 0.675 3.990 0.000
Farm Size 0.092%*** 0.049 1.877 0.650
Input

Seed Input-0.011 0.037 -0.211  0.990
Labour  0.974* 0.336 2.898 0.00
Input

Chemical -0.353* 0.030 -11.767 0.001
Input

Fertilizer 0.098** 0.044 2.227 0.029

R- Square 0.59

Adjusted 0.473
R2

F-Value  3.008

Source; Field Survey (2021) *, **, *** Statistically
Significant at (P<0.01) (P<0.05) (P<0.1) Respectively.

Constraint Encountered in Maize Production by Sam-
pled Farmers in the Study Area

Table 5 shows the analysis of constraints of maize pro-
duction in the study area. The results show that majority
53.3% of the sampled respondents were faced with inad-
equate capital while 18.3%of the sampled respondents
depicts lack of fertilizer as the major constraint in maize
production. The result further revealed that 16.7% of the
sampled respondents had no access to extension agents
who are supposed to teach advanced methods of maize
production to farmers in the study area. The result also
indicated that about 10% of the sampled maize farmers
identified bad roads as one of the major barrier to effec-
tive maize production in the study area, and 1.7% of the
sampled respondents encountered government policy
on land as a challenge to efficient maize production in
the study area.

Table 5. Constraints of Maize Production in the Study
Area

Variables Frequency Percentage
Rank
Inadequate capital32 533
1st
Government 1 1.7
policy
High cost of input 0 0
Lack of fertilizer 11 18.3
2nd
Lack of extension 10 16.7
agent 3rd
Bad roads 6 10
Total 60 100

Source, Field Survey, (2021)

CONCLUSION

According to the findings emanating from this research
work, the study revealed that maize production is prof-
itable in the study area with the prospect of increase
in production and increase in the income of the maize
farmers. The study also holds future prospects of improv-
ing the well-being of the farming family in the study area.
However, despite the profitability of maize production in
the study area, maize farmers encountered the problem
of inadequate capital which was ranked first while lack of
fertilizer ranked second and lack of extension agent was
ranked third. Poor road network was also identified as a
constraint of maize production in the study area. There-
fore, the study recommends that;
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1. Maize farmers should be encouraged to join the
farmers’ association so they can pool their productive
resources for large scale farming. Also, farmers should
be encouraged by providing credit facilities to them as
a motivating factor to encourage their involvement in
maize production for earning income to improve their
family wellbeing.

2. Government should supply inputs like agrochemicals
to maize farmers at a subsidized rate and at appropriate
time. They should also encourage mechanized farming
systems because mechanization leads to lower cost of
production thereby causing an increase in the proper
utilization of resources in order to bring about increase
in output.

3. Government should provide good roads linking maize
production areas to ease farmers in evacuating their pro-
duce and provide adequate market for maize farmers’
products.

4. Government and private sector should make available
and affordable soft micro credit loan at good times for
production activities to farmers.
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Abstract

An automation system was designed to measure and monitor the amount of liquid
fertilizer sprayed on a direct drill machine with the ability to apply liquid fertilizer.
The clogging of spray nozzles is a common problem in liquid fertilizer machines.The
objective is to detect clogged spray nozzles during the application of liquid fertilizer
and to allow the tractor driver to monitor the amount of liquid fertilizer discharged
with this designed automation system. It gives a visual warning to the driver when
the flow is zero. Flow sensors are mounted on the spray nozzles of the machine. The
machine was operated at 540 rpm PTO speed. A total of 30 measurements were tak-
en from each flow sensor with 3 replications. The actual volume was found from the
amount of liquid collected in the scaled vessels that are placed under the spraying
nozzles and the measured volume obtained from the flow sensors. The calibration
curve of the liquid fertilizer system was created by performing a regression analysis
with measurements taken from the sensors and scaled vessels. At the same time,
the real volume and the volume measured by the sensor were compared with the
t-test and analyzed whether there was a statistically p< 0.05 difference between the
measurements. As a result of the measurements, the volume measured by the sen-
sor was slightly higher than the actual volume. The mean difference was calculated
as 0.17 liters and the standard deviation as 0.08 liters. The regression curve between
the actual and the measured volume shows that there is a high linear relationship
and the regression coefficient was calculated as R2= 0.947. At the same time, since
p=0.012 (p<0.05) was found as a result of the independent two-way t-test, it was
determined that there was no statistical difference between the actual volume and
the measured volume.

Keywords: Direct drill, Liquid fertilizer, Automation

INTRODUCTION

The products grown by agricultural production constantly use nutrients from the
soil. The source of the nutrients used is mineral building materials and various
organic materials. Although some soils are rich in nutrients, they may have a poor
amount of nutrients available to the plant. During the transition from primitive
agriculture to advanced methods for feeding the increasing population, fertiliza-
tion was the first adopted method when productivity-enhancing methods were
investigated (Ulger et al., 1996).

Fertilizers are substances that increase the productivity of the soil by regaining
plant nutrients that are reduced in the soil as a result of agricultural production.
Fertilizers are a powerful tool used to increase food quality while increasing agri-
cultural production (Shojaei, et al, 2022). Compared to other agricultural inputs,
fertilizers alone provide a yield increase of more than 40%, making very import-
ant contributions to world food security, raising living standards, and fighting
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hunger. The growing number of people in the world is
causing an increase in our food needs. The decrease in
arable land per person requires more plant production
per unit of area. It is already understood that fertilizers
will be at an important point in sustainable agriculture in
the future as they are today. (Eraslan et al., 2010, Rahman
and Zhang, 2018).

Materials such as farm manure, plant residues, animal
waste, artificial fertilizers, and green manure are used to
increase soil fertility (Gokcebay, 1986; Ulger, 1982, Tekin,
2002)

30-40% of the fertilizer consumed in our country is met
through imports (Eraslan et al., 2010). One of the biggest
problems for our agricultural producers is the high input
costs in production and the fluctuations in prices. Fertil-
izer is one of the most important cost items in agricultur-
al production and, for these reasons, sufficient fertilizer
cannot be used in agriculture. Yield and quality losses are
experienced due to insufficient fertilization (Kaplan et al.,
2000).

When the fertilizer type suitable for the grown product
is used in the right amount, yield and quality increase.
For this reason, it is necessary to produce new forms and
different types of fertilizers, taking into account the crop
and soil to be grown (Taban et al., 2016).

Due to increasing fertilizer prices and increasing environ-
mental awareness, more people are using approaches to
reduce the use of chemical inputs in agriculture are used
by more people (Sahin, 2016). Liquid fertilization is the
subject of attention in this respect (Celik and Bayhan,
2020).

Liquid fertilization is the delivery of nutrients to the plant
dissolved in water. Liquid fertilizer has important bene-
fits in plant nutrition (Halil et al., 2017; Gokcen, 2019):

« prevents toxic effects on the seed;

« Protects the seed against harmful insects and diseases
in the seed bed,

« It increases the level of microbiological activity by in-
creasing the density of microorganisms in the soil. In-
creasing the microbiological activity has a positive effect
on the yield.

- Since the fertilizer is in liquid form, it allows plants to
absorb plant nutrients more easily

The most important problem encountered in the liquid
fertilization machines used is the clogging of the fer-
tilization nozzles. Additionally, monitoring how much
fertilizer is sprayed during the fertilization process is im-
portant to the success of the application.

In this study, an automation system was developed
to measure and monitor the amount of liquid fertilizer

sprayed on a direct drill machine used in grain planting
after sunflower harvest in the Thrace Region.

MATERIALS AND METHODS

The research was carried out in the agricultural machin-
ery workshop, Tekirdag Agricultural Faculty, 40°59 ‘30”"N
latitude and 27°34'55"E longitude, in the years 2021.The
altitude is 10 m above sea level. The climate of Tekirdag
is characterized by a Mediterranean type with mild and
rainy winters and hot and dry summers at the coast,
while a continental type prevails inside.

Direct Drill Machine and Nozzles

In the study, a direct drill machine with a liquid fertilizer
system manufactured by Altayoglu Agricultural Machin-
ery Food Agriculture and Farmer Ind.Trade.Co.Ltd. was
used. General dimensions of the direct drill machine are
given in the Table 1.

Table 1. General dimensions of the direct drill
machine.

General Road Position =~ Working
Dimension Position
Length (mm) 2400 2400
Width (mm) 3250 5650
Height (mm) 1750 1500
Weight (kg) 880

Working width 2375

(mm)

Operation Speed 5-7

(km/h)

Power >95
Requirement

3 Point Linkage  Category-lI
Category

Number of 19

opener seed bed

Opener type Spring type
Distance 125
between the

seed coulters

(mm)

Grain tank 373
capacity (It)

Fertilizer tank 393

capacity (It)
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Teelet TG-3 Full Cone Spray Tip nozzles (Figure 1, TEEJET
TG-3 FULL CONE SPRAY TIP BRASS. (n.d.)) are used in the
liquid fertilization system. The spray nozzles are made of
brass material and have a 50 degree spray angle.

|

Figure 1. TeeJet TG-3 Spray Nozzle
Tractor

New Holland L95 model tractor was used in this experi-
ment. The pump of the liquid fertilizer machine takes its
rotation movement from the PTO connection. 540 rpm
PTO speed was used in the study.

Arduino Mega

In the developed system, Arduino Mega microcontroller
unit was used in order to perform the calculation process
by processing the data received from the sensor and to
display the results on the user screen. Table 2 shows the
technical specifications of Arduino Mega.

Table 2. Technical Specifications of Arduino Mega

Length 101.52 mm

Width 53.3mm

Weight 379

Microcontroller ATmega2560

Input Voltage 7-12V

Digital I/0 Pins 54

Number of Analog Pins 16

DC Current per I/0O Pin 20 mA

Flash Memory 256 KB (ATmega2560) 8 KB
bootloader

EEPROM 4 KB (ATmega2560)

Clock Speed 16 MHz

Nextion Touch Screen

Nextion is a visualization interface used for ease of use
between device/application and human. Because of its
own special editor, human-machine interfaces can be
created easily. It can be controlled with a microcontroller
by UART (Universal Asynchronous Receiver Transmitter).
It has been preferred in the study because it is easy to

use and works in harmony with Arduino. The technical
specifications of the Nextion HMI smart 2.8 inch touch
TFT LCD screen are given in Table 3.

Table 3. Touch Screen Specifications

Resolution 320x240

Color Space RGB 65 K

Screen Size 57.6 mm (Length) x 43.2
mm (Width)

Internal Memory 4 Mb Flash Memory

Liquid Flow Sensor

A water flow sensor with a plastic body, rotor, and hall ef-
fect sensor is used. The measurement is made when the
water flowing through the sensor rotates the rotor, and
the hall sensor generates a signal depending on the rotor
rotation speed. It produces 4.5 pulses for every liter of
liquid that passes through it. In this way, the flow rate of
the fluid passing through it or the total volumetric flow
amount is measured. The technical specifications of the
YF-5201 liquid flow sensor are given in Table 4.

Liquid Flow Sensor Specifications

Operating Voltage 5V-24V DC
Operating Current 15 mA
Output Type Digital Pulse
Measuring Flow Range 1-30 L/dk
Maximum Operating <1.75MPa

Pressure

Experiment Setup

Flow sensors are mounted on the spray nozzles of the lig-
uid fertilizer. The experiments were carried out with the
tractor at a standstill, at 540 rpm PTO speed. A total of 30
measurements were taken from each flow sensor with 3
replications (Figure 2). To determine the actual amount
of liquid fertilizer sprayed by the measured spray nozzles,
scaled vessels were placed under each spray nozzle. The
calibration curve of the system was created by regression
analysis of the measurements taken from the sensors
and scaled vessels.
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Figure 2. Calibration measurements taken for the de-
signed system

In addition, the real volume and the volumes measured
by the sensor were compared with the t-test and it was
analyzed whether there was a statistically p<0.05 differ-
ence between the measurements.

RESULTS AND DISCUSSION

The flowmeter sensor used in the designed automation
system produces 4.5 pulses per It/min. In the software,
the flow rate of the liquid flowing through the sensor
and the total volume of liquid sprayed are calculated ac-
cording to these pulse numbers received from the sen-
sors. These calculated values are shown to the user on a
screen. When the flow is interrupted, the indicator corre-
sponding to that spray nozzle turns red, visually showing
the blockage in the spray nozzle to the user (Figure 3.).

This study showed automation system is enhancing the
ergonomy and simplfying the application as the other
researchers also point out (Sharma and Sonwane, 2017).

A total of 30 measurements were taken from the spray
nozzles, and the volume data measured from the sensor
and the actual volume data measured from the scaled
vessels are given in Figure 4. Figure 5 shows the regres-
sion curve for these measurements. The volume mea-
sured by the sensor appears to be slightly higher than
the actual volume. The minimum difference between the
actual volume and the measured volume was found to
be 0, and the maximum difference was 0.31 It. The mean
difference was calculated as 0.17 It and the standard de-
viation as 0.08 It.

w Actual volume (I) « Measured volume (k)

0s

00

Measurement

Figure 4. Graph of measured volume versus actual vol-
ume

® Measured volume (i) -~ Regression curve (I2) R'= 0.947

05 .

02 04 06 a8 10
Actual velume (It)

Figure 5. Regression curve between actual volume and
measured volume

The actual volume taken from the collection vessels and
the volumes measured by the sensor were compared
with the t-test and it was analyzed whether there was
a statistically p<0.05 difference between the measure-
ments. Since p = 0.02 (p<0.05) was found as a result of
the independent two-way t-test, it was revealed that
there was no statistical difference between the two mea-
surements.
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CONCLUSION

In the Thrace Region, an automation system has been
developed to measure and monitor the amount of lig-
uid fertilizer sprayed in a direct drill machine, which has
the feature of both direct drill and liquid fertilizer appli-
cation in grain planting after the sunflower harvest. It
has been determined that this developed automation
system works within reliable limits, that the clogging of
the nozzles gives a visual warning and that the tractor
driver can easily monitor the amount of fertilizer sprayed
during the fertilization and that this system can be used
in practice. The most important limitation of deploying
automation systems in agriculture is the cost (Rehman et
al., 2022). This low-cost system addresses the need of a
low-cost but useful automation solution.

We can summarize the results of the study as follows:

It detects clogged fertilizing nozzles during liquid fer-
tilization. (Visual warning when flow is zero at the spray
nozzle)

It allows the tractor driver to monitor the amount of fer-
tilizer sprayed during fertilization.

There is a strong linear relationship of R2=0.947 between
the values measured by the designed system and the
amount of fertilizer actually sprayed.

The independent two-way t-test performed reveals that
there is no statistically significant (p<0.05 significance
level) difference between the actual measurements and
the measurements made by the sensor.

Suggestions on what can be done in future studies on
the designed system can be grouped under the follow-
ing headings:

The flow measurement sensors used in the study are
plastic. Liquid fertilizer has a high corrosion effect. For
long-term operation, sensors made of corrosion-resis-
tant materials can be preferred.

The sensors used in the study are in turbine structure.
Solid material in liquid fertilizer can cause clogging in
the sensors. For this reason, in future studies, a compari-
son can be made by testing flow meters that measure by
magnetic method.

In order to test the mechanical durability of the designed
system, longer field use and testing is needed.
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Abstract

Rumex acetosella L. (sorrel) is a plant belonging to the Polygonaceous family and
is a species that grows naturally across Turkey. In this study, the characterization of
silver nanoparticles (AgNPs) obtained from the Rumex acetocella L. (RA) plant using
the green synthesis method was performed and their antimicrobial activities were
investigated. AgNPs were successfully synthesized in the first stage of the study us-
ing plant extract taken from plant samples collected from the natural growing envi-
ronment. Characterization of synthesized AgNPs was performed using appropriate
analytical methods (UV-vis, FT-IR, XRD, SEM-EDX, TEM, Zeta Potential and Zeta Sizer).
According to the analysis results, it was determined that AgNPs had a maximum
absorbance at 476 nm wavelength, a pentagonal, hexagonal, and spherical appear-
ance, a size of 29.16 nm, and a zeta potential of -9.88 mV. The antimicrobial activities
of AgNPs were tested using the microdilution technique, in which Minimum Inhibi-
tion Concentration (MIC) values were determined on gram-positive Staphylococcus
aureus, Bacillus subtilis and gram-negative Pseudomonas aeruginosa, Escherichia
coli bacteria and Candida albicans fungus. It showed a very strong antimicrobial
effect on C. albicans, S. aureus and P. aeruginosa. Consequently, AgNPs had stron-
ger antimicrobial activity at low concentrations and when compared to commercial
antibiotics.

Keywords: AgNP, Antimicrobial activity, Characterization, Green synthesis.
Rumex acetosella L.

INTRODUCTION

Rumex acetosella L. is a plant belonging to the Polygonaceous family, popularly
known as kuzukulagi (sorrel), ebemeksisi, eksilik, eksimik, and tursuotu. Studies
have reported that Rumex acetosella L. is rich in phenolic compounds that are
produced by secondary metabolism in plants. Phenolic compounds, which are
synthesized in the cell wall to cope with the ever-changing stress conditions of
plants, play a crucial role in reproduction, growth, and metabolism of plants. They
function as defense mechanisms against pathological viral and fungal infections,
parasites, predators, and environmental factors that may be harmful to the plant
(Liu, 2013). Plants accumulate phenolic compounds in their tissues as an adap-
tive response to adverse environmental conditions, and they have a vital role in
regulating various environmental stresses such as excessive light, low tempera-
tures, pathogen infection, herbivores, and nutritional deficiencies. Phenolic com-
pounds are a rich source of antioxidants for the plant due to their binding prop-
erties such as the active aromatic core and the hydroxyl groups of the aromatic
ring, and the protein-phenol complex, and bring the plant with anti-inflamma-
tory, antitumor, antibacterial, antiviral, and antifungal properties (Naikoo et al.,
2019). The Rumex acetosella L. plant is also rich in phenolic compounds, which
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in turn suggests that it may have antioxidant, anticancer,
and antimicrobial activities(Isbilir & Sagiroglu, 2013).

Nanotechnology is a developing science that uses the
ability of particles to expand at nanosizes and become
more sensitive when compared to its unique counter-
parts. Nanotechnology has effective application areas
ranging from traditional chemical techniques to bio-
logical, medical, and environmental technologies. The
“green synthesis’, namely the synthesis of nanoparticles
produced by biological systems refers to the process by
which plants or their metabolites combine nanoparticles
(Parveen et al., 2016). This new method reduces the toxic
effects of NPs produced by conventional (physical and
chemical) methods. In addition, green synthesis is pre-
ferred as a better alternative to physical and chemical
methods in the production of nanoparticles due to its
numerous advantages such as simplicity, rapid synthe-
sis, biocompatibility, environmental friendliness and low
cost (Atalar et al., 2021; Gour and Jain, 2019). The green
synthesis method is commonly used to synthesize me-
tallic nanoparticles such as silver, gold, cadmium, cop-
per, zinc, and platinum. AgNPs stand out among metallic
nanoparticles due to their strong, light, catalytic, and
antimicrobial properties (Baran et al., 2019, Hatipoglu,
2022, Hatipoglu, 2021).

It has been reported that multi-drug resistant bacteria
have become one of the most serious public health is-
sues in recent years, causing over 670,000 infections and
over 33,000 fatalities per year in the European Union
alone. A few species are responsible for the vast major-
ity of these infections and fatalities (Cassini et al., 2019).
These species are multi-drug resistant (MDR) Escherichia
coli, Staphylococcus aureus, and Pseudomonas aerugi-
nosa bacteria (Kakoullis et al., 2021). Candida albicans, a
yeast fungus that causes the majority of infections in hu-
mans and is a difficult-to-treat microorganism. In recent
years, there has been an upsurge in antibiotic-resistant C.
albicans strains, posing a threat to public health (Volko-
va et al,, 2021). To fight against multi-drug resistance,
researchers have intensified their studies on next-gener-
ation drug design alternatives to traditional antibiotics.
Because nanoparticles target several cellular pathways
simultaneously, it is extremely difficult for microorgan-
isms to develop resistance to nanoparticles. Therefore,
nanoparticles could be an excellent alternative to con-
ventional antibiotics to treat antibiotic-resistant microbi-
al infections(Singh et al., 2020). The aim of the present
study is to produce AgNPs by green synthesis method
using Rumex acetocella L. plant, to characterize these
nanoparticles with appropriate methods and to evaluate
their antimicrobial activities against pathogenic microor-
ganisms.

MATERIAL AND METHOD
Plant Specimen

The Rumex acetosella L. (sheep’s sorrel) plant was used
to synthesize AgNPs. The plant specimen was collected
in May 2021 from natural growing zones in the Kizik vil-
lage of Sandikli district, Afyonkarahisar province, during
its blooming period. The R. acetosella L. plant we collect-
ed was cleansed of dust and dirt and allowed to dry in
an appropriate room temperature and humidity setting
before being used in experimental tests.

Preparation of Plant Extract

After grinding the dried plant parts, 100 g was weighed
and placed in a beaker containing 800 mL of distilled wa-
ter and allowed to boil for 2 hours at 85 °C. The resulting
extract after boiling was filtered using Whatman No.1 fil-
ter paper, the pulp was discarded, and the resultant plant
extract was stored in the refrigerator at +4 °C for use in
the next phases.

Preparation of Silver Nitrate (AgNO3) Solution

Silver nitrate (AgNO3) solution (1 mM), which will be
used to prepare silver nanoparticles, was prepared using
Alpha-aesar brand AgNO3 having an analytical purity of
99.8 %.

Production of AgNPs through Green Synthesis

To synthesize silver nanoparticles, 100 mL of TmM
AgNO3 solution was poured into a beaker, and 20 mL of
the previously prepared plant extract was added and left
to react at room temperature under constant conditions.
The color of the solution darkened after around 150 min-
utes as a consequence of the transformation of silver
ions to AgNPs (Figure 1). The dark solution generated by
the reduction of silver ions was centrifuged for 30 min-
utes at 14000 rpm. Following centrifugation, the liquid
portion that had accumulated on the top of the falcon
tubes was discarded, and the solid portion at the bot-
tom was washed 10 times with distilled water and cen-
trifuged again until the color of the solution turned clear
at the end of the washing procedure. The resultant silver
nanoparticles were left to dry at 85°C for 48 hours. After
being ground with a glass stirrer, the dried nanoparticles
were stored in a dark environment to be used in char-
acterization procedures (Aktepe et al., 2021; Baran and
Acay, 2019).

Ultraviolet-visible (UV-vis) Spectroscopy

After mixing the previously prepared AgNO3 solution
with the plant extract at a certain rate for the production
of AgNPs, measurements were taken at various time in-
tervals in the range of 400 to 800 nm using a UV-1601
220V Shimadzu® model UV-vis Spectrophotometer.
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Fourier Transform Infrared (FT-IR) Spectroscopy

In order to determine the functional groups involved in
the synthesis of AgNPs and responsible for the decrease
in the plant extract, FT-IR analyzes were performed in the
range of 4000-400 cm-1 using the Perkin Elmer Spectrum
One® model device.

@) b)

Figure 1. a) Plant extract b) Color change observed
during the formation of silver nanoparticles.

X-ray Diffraction (XRD)

The RadB-DMAX 1I®* model computer-controlled X-ray
Diffractometer was used to analyze the crystal structure
and size of silver nanoparticles at the range of 3°< 26
<80°. The average crystal particle sizes of the nanoparti-
cles were calculated using the Debye-Scherrer (D =KMN (3
cosB) formula (Hatipoglu, 2021).

Scanning Electron Microscopy (SEM) and Energy Dis-
persive X-ray (EDX) Spectroscopy

The EVO 40 LEQ model Scanning Electron Microscope
(SEM) was used to identify the morphological charac-
terization of the synthesized silver nanoparticles. Energy
Dispersive X-ray (EDX) Spectroscopy was utilized to iden-
tify the presence of silver in the synthesized nanoparti-
cles and to detect its proportion in the elemental com-
position.

Transmission Electron Microscopy (TEM)

Jeol Jem 1010°® model Transmission Electron Microscope
(TEM) was used to determine the morphology and size
distribution of nanoparticles.

Zeta Potential and Zeta Sizing

The Malvern® model Zeta Potential device was used to
analyze the surface charge distribution and estimated
size of AgNPs.

Determination of Antimicrobial Activities of Synthe-
sized AgNPs

The antimicrobial activities of AgNPs produced from

the Rumex acetosella L. plant using the green synthesis
method were assessed using the microdilution method,
which indicated the lowest concentration (MIC) required
for prevention of microorganism growth. The MIC values
of AgNPs produced from the plant extract, 1 mM silver ni-
trate solution (AgNO3), and commercial antibiotics were
analyzed to make these assessments.

Microorganisms tested for antimicrobial activity

To determine the antimicrobial activities of AgNPs, cul-
tures of gram-positive bacteria S. aureus (ATCC 29213)
and B. subtilis (ATCC 11774), gram-negative bacteria P.
aeruginosa (ATCC 27853) and E. coli (ATCC 25922) and
the fungus C. albicans (ATCC 10231) were selected, all of
which were incubated overnight. The plates were then
incubated. 24 hours at 36°C in an incubator. antibiotics
and AgNO3 MIC values were determined(Keskin and
GUlvensen 2022).

RESULTS AND DISCUSSION
Characterization of Silver Nanoparticles
Analysis of UV-vis Spectroscopy

Identical optical properties of metallic nanoparticles in-
teract with light, resulting in the appearance of the sur-
face plasmon resonance (SPR) band. AgNP production is
indicated by the reduction of Ag+ ions to Ag0 by oxidized
plant components and the color of the solution turning
from yellow to brown as a consequence of vibrations
(SPR) on the plasma surface. Nanoparticle stability is de-
termined using UV-vis spectroscopy. Due to the plasmon
resonance of AgNPs, the absorption spectra generating
on the surface of AgNPs have an absorption capacity of
425 to 475 nm (Banerjee et al., 2014).

In the present study, the addition of 10 mM AgNO3 solu-
tion at a 3:7 ratio to the plant extract, which was origi-
nally yellow, caused a color shift from yellow to brown in
a short period of time. Following that, UV-vis measure-
ments at 30th, 60th, and 90th minutes determined that
AgNPs produced by vibrations on the plasma surface
exhibited maximum absorbance at 476 nm (Figure 2).
This finding corresponds to the data in previous studies.
A similar study by Baran, M. F. et al., (2019) reported that
AgNPs produced from olive leaf extract had a maximum
absorbance value of 468 nm (Baran et al., 2019).

Analysis of Fourier Transform Infrared Spectroscopy

FT-IR analyses were conducted (Figure 3a, 3b) to iden-
tify possible functional groups in plant phytochemicals
that play a role as reducing and stabilizing agents in Ag-
NPs synthesis, and the FT-IR spectrum of R. acetocella L.
extract and the synthesized AgNPs were compared. It
represents the peak -OH (hydroxyl) functional group at
3338 cm-1, the peak -CKXN functional group at 2114 cm-1,
and the peak -C=0 (carbonyl) functional group at 1635
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cm-1 seen in the spectra. It is possible to assert that the
reaction took place in these groups due to the frequency
shifts in these peaks. Acay et al., reported similar func-
tional groups in the characterization of AgNPs produced
by using Vitis vinifera leaf extract (Acay & Baran, M. F,
2019), which is compatible with the present study. Baran
A., et al. (2022) also reported the existence of -C=0 and
-OH groups in their study on the leaves of the Cicer ari-
etinum plant.

4
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Figure 2. Maximum absorbance value of AgNPs synthe-
sized by Rumex acetosella L. plant in UV-vis spectroscopy

n I ®)

Figure 3. Functional groups involved in reduction by FT-
IR analysis: a) FT-IR spectrum of Rumex acetosella L. plant
extract, b) FT-IR spectrum of synthesized AgNPs

Analysis of X-ray Diffraction

XRD analysis was done to examine the crystal structure
and size of AgNPs produced from the Rumex acetosella
L. plant by the green synthesis method. Figure 4 shows
the X-ray Diffraction pattern of AgNPs. The peak reflec-
tions on Bragg diffraction plans (111), (200), (220) and
(311) were calculated with values corresponding to 26
(38.18°,46.31°,64.47° and 77.46°) in the XRD spectrum of
the synthesized nanoparticles. The average crystal size of
AgNPs was determined to be around 29.16 nm by using
the Debye-Scherrer formula (D = KN (B cosB). Similarly,
Adil et al., (2019) reported a crystal size of 22.48 nm for
AgNPs produced from the Hypericum triquetrifolium
Turra plant.

Analysis of Scanning Electron Microscopy and Energy
Dispersive X-ray Spectroscopy

SEMis a powerful electron microscope and a popular sur-
face imaging technique. SEM produces a high-resolution,
magnified three-dimensional image and provides infor-
mation on the purity of the sample (Atalar et al., 2021).
It magnifies images using electrons rather than light, as
conventional microscopes do (Sharma et al.,, 2019). This
microscobe was used to analyze the surface morphology
of AgNPs produced from the R. acetosella L. plant. When
the SEM images were examined, the silver nanoparticles
exhibited a spherical structure, as seen in Figure 5.

Figure 5. SEM images of AgNPs synthesized by Rumex
acetosella L. plant

EDX Spectroscopy was used to validate the presence of
silver (Ag) in the elemental composition and to identi-
fy other elemental compositions. According to the EDX
analysis, Ag appeared to emit a strong signal in the silver
area, indicating that there was a significant quantity of
Ag in the element composition and therefore verifying
the production of AgNPs (Ma et al., 2016). Furthermore,
the presence of compounds in Rumex acetosella L. ex-
tract may cause weak signals from Chlorine (Cl), Carbon
(C), and Oxygen (O) determined by EDX data (Figure 6).
Consistent with the findings of the present study, Azh-
dari et al. (2020) reported that silver nanoparticles syn-
thesized from the Stachys lavandulifolia plant exhibited
a spherical morphology as verified by SEM and they had
a high proportion of silver in elemental composition as
determined by EDX.

cpsleV

0= T T T T T T T
2 4 6 8 10

Figure 6. Elemental compokgtion of AgNPs synthesized
by Rumex acetosella L. plant by EDX
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TEM Analysis

The morphological appearance and size of AgNPs syn-
thesized from R. acetosella L. plant were analyzed us-
ing TEM. TEM analysis revealed that the nanoparticles
were of numerous morphologies, including pentagonal,
hexagonal, and spherical (Figure 7). The findings of this
study are consistent with the research of Banerjee et al.
(2014), who reported triangular, pentagonal, hexagonal
and spherical silver nanoparticles produced from Musa
balbisiana (banana), Azadirachta indica (neem) and Oci-
mum tenuiflorum (black tulip).

Figure 7. TEM images of AgNPs synthesized by Rumex
acetosella L. plant

Analysis of Zeta Potential and Zeta Sizing

The zeta potential, also known as the electrokinetic po-
tential, is a measure of charge stability that indicates
the stability of colloidal nanoparticles. It controls every
interaction between particles in a suspension. The zeta
potential has values ranging between +100 mV and -100
mV.When the zeta potential is more than +30 mV or less
than -30 mV, it indicates that a suspension is significant-
ly stable. The zeta potential depends on the velocity of
the particle moving under the influence of the electric
field and the viscosity of the dispersion medium (Naser
etal, 2020). Zeta potential and Zeta sizing analyses were
used to determine the surface charge distribution and
approximate size of AgNPs synthesized using the green
synthesis method. According to the results of the zeta
analysis, the electrical charge of the nanoparticles was
determined as 9.88 mV (Figure 8a). The negative elec-
trical charge of AgNPs indicates that there is no aggre-
gation in the suspension and the nanoparticles have a
stable structure. As shown in Figure 8b, the size of the
resultant silver nanoparticles was determined to be in
the range of 25.59-124 nm. Likewise, Varadavenkatesan
et al. (2017) reported that the electrical charge of AgNPs
synthesized from Vigna mungo was negative and the av-
erage size of these silver nanoparticles was in the range
of 28.21-91.28 nm..
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Figure 8. a: Zeta potential plot of AgNPs synthesized by
Rumex acetocella L. plant b: Zeta size plot of AgNPs syn-
thesized by Rumex acetocella L. plant

Assessment of Antimicrobial Activities of Silver
Nanoparticles

In the present study, the possible antimicrobial effects
of AgNPs produced by the green synthesis method from
the Rumex acetosella L. plant on gram-positive (S. aureus
ATCC 29213, B. subtilis ATCC 11774) and gram-negative
(P. aeruginosa ATCC 27853, E. coli ATCC 25922) bacteria
and C. albicans ATCC 10231 fungus, which have patho-
genic effects on humans, were evaluated. The MIC val-
ues were measured using a 1 mM silver nitrate solution
(AgNO3) and commercial antibiotics for positive control
in order to make comparison with AgNPs. The findings
suggested that AgNPs had antimicrobial activity even
at low concentrations, and it was more effective than
AgNO3 and antibiotics.

When the data in Table 2 and Figure 9 were examined in
the present study, AgNPs demonstrated an antibacterial
effect on Gr+ bacteria at concentrations of 0.125 ug mL-1
for S. aureus (ATCC 29213) and 0.250 pug mL-1 for B. sub-
tilis (ATCC 11774). According to the MIC values, AgNPs
were found to be roughly twenty times more effective
on S. aureus and five times more effective on B. subtilis
than silver nitrate and vancomycin antibiotic employed
as a positive control. These data indicated that S. aureus
bacteria were more sensitive to AgNPs than B. subtilis
bacteria.
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Table 2. MIC values (ug mL1) showing the antimicrobial activities of AgNPs, silver nitrate and antibiotics

AgNPs AgNO3 Antibiotic
Microrganisms pg mL-1 pg mL-1 pg mL-1
Gram (+) Bacteria S. aureus 0.125 2.65 2
ATCC 29213
B. subtilis 0.250 1.32 1
ATCC 11774
Gram (-)Bacteria E. coli 1.00 0.66 2
ATCC 25922
P. aeruginosa 0.50 0.66 2
ATCC 27853
Yeast C. albicans 0.012 0.66 2
ATCC 10231
teria. Gram-negative bacteria become more negatively
charged than gram-positive bacteria due to a lipopoly-
o AP saccharide layer on the outer surface of their cell wall.
28 4 AGNES . . .
: . AN Therefore, we think that the electrostatic repulsive force
24 ] g between negatively charged AgNPs and gram-negative
) ) ' Antibiotic bacteria inhibited partially AgNPs from penetrating the
9 - bacterial cell.
e
%16 - . .
= \ AgNPs were observed to have a considerable antifungal
12 1 effect on C. albicans (ATCC 10231), one of the pathogenic
0 fungal species, at a concentration of 0.012 g mL-1. Based
' ‘ on this MIC value, AgNPs were found to be fifty-five times
04 “ more effective than silver nitrate and one hundred six-
0 - ) ty-six times more effective than the fluconazole antibi-
S awreis va otic employed as a positive control on C. albicans. At this
B subtis o B / point, it was concluded that the phytochemicals in the
P

aenginosa C. dlbicans

Microorganisms

Figure 9. MIC values (ug mL-1) of AgNPs, antibiotics and
silver nitrate against the microorganisms

MIC values of Gr- bacteria indicated that AgNPs exhibited
an antibacterial effect at concentrations of 1.00 pg mL-1
for E. coli (ATCC 25922) and 0.50 ug mL-1 for P. aeruginosa
(ATCC 27853). Based on these findings, it was determined
that AQNPs were more efficient against E. coliand P. aeru-
ginosa than the colistin antibiotic employed as a positive
control and exhibited almost the same effect as silver ni-
trate solution. P. aeruginosa bacteria are also observed to
be more sensitive to AgNPs than E. coli bacteria.

These results indicated that AgQNPs exhibited more anti-
microbial activities against gram-positive bacteria than
gram-negative bacteria, and that gram-positive bacteria
were more sensitive to AgNPs than gram-negative bacte-

content of the examined plant were much more effective
in terms of antifungal activity.

A similar study reported that AgNPs produced from Cy-
nara scolymus L. (artichoke) plant by green synthesis
method were effective on S. aureus, B. subtilis, P. aeru-
ginosa, E. coli and C. albicans at concentrations of 0.12,
0.25, 0.07, 0.13, 0.03 pg mL-1, respectively. In the same
study, AgNPs were reported to be effective at lower con-
centrations than silver nitrate and antibiotics (Baran et
al.,, 2021). In another similar study, it was reported that
AgNPs synthesized from Punica granatum (pomegran-
ate) leaves showed antibacterial activity at 0.050-0.125
mg mL-1 concentrations on E. coli, P. aeruginosa, S. au-
reus, B. subtilis and Proteus vulgaris bacteria (Singhal et
al., 2021). AgNPs synthesized from the Zea mays L. (corn)
plant were reported to exhibit antimicrobial effects on E.
coli, S. aureus bacteria, and C. albicans fungus at concen-
trations of 0.084, 0.337, and 0.021 pg mL-1, respectively
(Eren & Baran, 2019). MIC values of AgNPs synthesized
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from Hypericum triquetrifolium Turra (hypcricum) plant
against E. coli and S. aureus bacteria and C. albicans fun-
gus were reported as 0.041, 0.662 and 0.020 pg mL-1,
respectively (Adil et al., 2019). The effective concentra-
tions of AgNPs synthesized using Euphorbia hirta (asth-
ma plant) on S. aureus and E. coli bacteria were reported
to be 0.82 and 0.67 pg mL-1, respectively (Kumar et al.,
2016). All of these studies suggest that AQNPs produced
from various plants using the green synthesis method
may have antimicrobial effects against the same patho-
genic microorganisms at different concentrations.

CONCLUSION

Antibiotic resistance to commonly used pharmaceuticals
poses a threat to human health. Bioactive compounds
and nanoparticles synthesized by plants are a goldmine
in the fight against multidrug-resistant microorganisms
and may be used as alternatives to traditional medica-
tions. The fact that the strong inhibitory effect of AgNPs
synthesized by R. acetosella on these pathogenic micro-
organisms was higher than similar studies suggests that
it would contribute to the development of antibiotics
against the agents of infections caused by resistant mi-
croorganisms. Further studies are required in this field.
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Abstract

This research study focused on socio-economic determinants of smallhold-
er rice farmer’s access to loan facilities, Abuja, Nigeria. Multi-stage sam-
pling technique was adopted to select 100 smallholder rice farmers. Pri-
mary sources of data were used. Data were collected from smallholder rice
farmers with the help of well-designed and well-structured questionnaire.
Statistical and econometric tools were used for data analysis. The results
show that 82% of smallholder rice farmers were between 31 to 50 years
of age. About 67% of smallholder rice farmers had access to loan facilities.
Sources of loan obtained by smallholder rice farmers are formal (68.66%)
and informal sources (31.34%). Averagely, smallholder farmers obtained
200, 754.72 Naira and 129,558.82 Naira from formal and informal sources
respectively. Age (X)), farm size (X,), household size (X,), marital status (X,),
access to extension services (X ) and membership of cooperative organiza-
tions (X,) were statistically and significant socio-economic factors influenc-
ing smallholder rice farmers access to loan facilities at (P<0.05). In addition,
level of education was statistically and significant socio-economic factors
influencing smallholder rice farmers access to loan facilities at (P<0.01).The
constraints encountered by smallholder rice farmers in accessing loan fa-
cilities were: lack of collaterals for formal sources, cumbersome administra-
tive procedures, high interest rate for formal sources, late disbursement of
loan, long distant to financial institutions for formal sources, small amount
of loan, and short re-payment period. The study recommends that loan
with single digit interest rate should be provided by the government; cum-
bersome administrative procedures involved in accessing loan should be
addressed, micro finance banks should be located in rural areas to meet
the need of smallholder rice farmers loan demand; smallholder rice farmers
should be encouraged to join cooperative organizations in order for them
to have easy access to loan facilities.

Keywords: Smallholder Rice Farmers, Loan Facilities, Socio-Economic
Factors, Nigeria

INTRODUCTION

Rice (Oryza sativa) is an important and major staple food security crop in the
world. Rice ranks third coming after wheat and maize in terms of worldwide
production (Imolehin and Wada, 2000). Nigeria is the largest producer of rice in
West Africa, (Falola, Ayinde and Ojehomon, 2013). Rice accounted for 12% of to-
tal cereals produced in Nigeria (Ademiluyi, Okeke-Agulu, and Folorunso, 2021).
In 2021, rice paddy production for Nigeria stands at 9 million metric tonnes
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(CBN, 2022). In 2020, rice paddy production in Nigeria
stands at 8.17 million metric tonnes. The production of
milled rice in 2021 and 2020 stands at 5.0 million met-
ric tonnes and 4.89 million metric tonnes respectively.
In Nigeria, production of milled rice is 5.0 million metric
tonnes, inspite of this, 6.7 million metric tonnes is con-
sumed in Nigeria resulting in a deficit of 2 million met-
ric tonnes which is left to be imported (USDA, 2020).
Nigeria ranks third-ties with Iraq after Philippines and
China in the group of major rice importing countries
in the world (Awe, 2006). Local rice production cannot
meet the demand for its teeming population, this has
led to demand-supply gap (Oloyede, Muhammad-Law-
al, Amolegbe, Olaghere and Joseph (2020). The demand
and supply gap in rice production is widening, resulting
in huge import bill on rice. Rice imports have affected
the domestic production of Nigeria’s local rice (Ademi-
luyi, Okeke-Agulu, and Folorunso, 2021). In, 2014, Thai-
land alone exported 1.3 million metric tonnes of rice to
Nigeria but due to Anchors Borrowers Programme, by
2016 and 2021, rice import from Thailand had fallen to
58, 000 metric tonnes and 2,160 metric tonnes respec-
tively (CBN, 2022). The annual consumption of rice per
capital has grown significantly from 18Kg in 1980s, to 22
Kg in 1990s, to 29 Kg in 2008 and 32Kg in 2021 (Akande,
2003; USAID, 2008; USDA, 2020). Nigerian rice has a lot
of potentials for increased rice productivity as the coun-
try is blessed with abundant rice growing environment
(Nwaobiala and Adesope, 2013). Nigeria has estimated
4.6 million hectares of land suitable for rice production,
but only 1.8 million hectares of land representing 39%
is under rice cultivation (Danbata et al, 2013). Five ma-
jor rice production systems have been identified, these
are: upland rainfed, inland shallow swamp, deep water,
floating lowland, and irrigated production system. Rice is
used in the preparation of local dishes that are eaten in
every homes especially during festivals and ceremonies
(Ekeleme et al, 2008). Rice is used in making wine, beer,
spirit, and vinegar. Rice wine contains 10 — 15 % alcohol
and is usually made from glutinous rice. About 90% of
domestic rice production in Nigeria comes from weakly
organized, peasant, resource-poor smallholder farmers
(USAID, 2009; Cadoni and Angelucci, 2013). Smallhold-
er rice farmers use low-input strategy to rice produc-
tion, minimum input requirements and low productivi-
ty (IFAD, 2012). Smallholder rice farmers are faced with
many challenges such as: limited access to productive
inputs and assets, low productivity, inadequate market
and rural infrastructures, inadequate support extension
and research services, constrained enabling environ-
ment post-harvest losses and paucity of opportunity for
agricultural value addition (IFAD, 2012).

Aloan is property, money, or other materials goods given
to another party in exchange for future repayment of the
loan value or principal amount along with interest or fi-

nance charges. A loan may be specific, one-time amount,
or it can be made available up to a specific limit (Kagan,
2019). Access to loan could increase the willingness of
smallholder farmers to adopt new farming technologies
which can increase production as well as income (Li and
Zhu, 2015). Agricultural loan reduces poverty, enhances
productivity and promotes standard of living of small-
holder farmers. Availability and accessibility to loan by
smallholder farmers can alleviate capital constraints on
agricultural households, farm loan remain one of the
major means of improving farm capital investment. Lack
of access to adequate loan can have significant and neg-
ative effects on various aggregate and household level
outcomes including agricultural productivity, technolo-
gy adoption, nutrition, health, food security, and house-
hold welfare. Smallholder farmers are faced with inade-
quate and restricted access to capital and limited access
to loan facilities.

Without loan, smallholder farmers have little chance of
substantially increasing their production.

Objectives of the Study

This research study focused on socio-economic determi-
nants of smallholder rice farmer’s access to loan facilities,
Abuja, Nigeria. Specifically, the objectives were:

(i) determine the socio-economic characteristics of
smallholder rice farmers,

(i) identify sources and amount of loan accessed by
smallholder rice farmers,

(iii) evaluate socio-economic factors influencing small-
holder rice farmer’s access to formal loan facilities, and

(iv) determine the constraints encountered by small-
holder rice farmers in accessing loan facilities in the
study area.

METHODOLOGY

This research study was conducted in Federal Capital
Territory, Abuja, Nigeria. Abuja lies between Latitudes
904 120l North and Longitudes 702928l East. The
population of Abuja is about 3,464, 000 people in 2021
and 3,652,000 people in 2022. Abuja experiences three
weather conditions. The weather conditions are: harmat-
tan period, wet season, and dry season. The harmattan
period is brief and comes in between the dry and wet
seasons. Abuja is located in the savannah zone vegeta-
tion. The vegetation in the area is classifies into three sa-
vannah types: shrub savannah, savannah woodland, and
grassy savannah. The people are predominantly farmers,
they are involved in growing crops and rearing of an-
imals. Crops grown include: rice, maize, sorghum, yam,
millet, soyabean, garden egg, beans, and groundnut. An-
imals kept include: sheeps, poultry, goats, cattle, turkey,
and rabbit. Multi-stage random sampling technique was
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employed. One hundred (100) smallholder rice farmers
were sampled. Data were of primary sources. Data were
obtained from smallholder rice farmers with the help of
well-designed and well-structured questionnaire. The
questionnaire was designed considering the objectives
of the study stated and analytical tools employed. Ana-
lytical tools employed for of data analysis include:

Descriptive Statistics

This include the use of measures of central tendency and
it involves the use of mean, percentages, and frequency
distributions to summarize the socio-economic charac-
teristics of smallholder rice farmers as stated in specific
objective one (i). Descriptive statistics was also used to
summarize the sources and amount of loan accessed by
smallholder rice farmers as stated in specific objective
two (ii).

Probit Dichotomous Regression Model
The dichotomous response model is defined as follows:
Y=ay+a Xy +ta, Xy taz Xzt Xy + a5 Xs + ag Xg + a7 X7 +ag Xg + U;

Y=Dichotomous Response Model (1, Access to Formal
Loan;0, Otherwise),

X =Age of Smallholder Rice Farmers (Years),
X2=Farm Size (Hectares),

X3=Household Size (Units)

X,=Gender (1, Male;0,0therwise)
X,=Marital Status (1, Married;0, Otherwise)

X =Level of Education(0, Non—Formal;1, Primary;2, Sec-
ondary;3, Tertiary)

X =Access to Extension Services (1, Access;0,0therwise)

X;=Membership of Cooperative Organizations (1, Mem-
ber;0, Otherwise)

Ui=ErrorTerm,
a1-g  =Regression Coefficients,
@y =Constant Term,

This was used to achieve specific objective three (iii).

Principal Component Model

This is a statistical technique that can transform many in-
terrelated variables into few uncorrelated ones. This was
used to determine the constraints encountered by small-
holder rice farmers in accessing loan facilities as stated in
specific objective four (iv).

RESULTS AND DISCUSSION

Socio-Economic Characteristics of Smallholder Rice
Farmers in the Study Area

The socio-economic characteristics of smallholder rice

farmers under consideration were: age, gender, marital
status, household size, level of education, farming expe-
rience, farm size, cooperative memberships, and access
to loan facilities as presented in Table 1. The results show
that 82% of smallholder rice farmers were between the
age of 31 to 50 years. The smallholder farmers are with-
in the active, productive age, and they are young, ener-
getic and resourceful. This is in line with findings of Alabi
et al (2020b). This is also similar to findings of Girei et al
(2018) who reported that age has significant influence
on the way smallholder farmers make farm decisions
with respect to production decisions, risk aversion, and
on adoption of improved agricultural technologies. Gen-
der of smallholder rice farmers was classified into male
and female. Smallholder rice production in the area was
male dominated (78%), while female has 22%. This is also
in line with findings of Alabi et al (2021b). Agronomic
practices involved in rice production is labour intensive,
so it is male dominated, while female take part in pro-
cessing and other livelihood activities that can earn in-
come for the household. About 39% of smallholder rice
farmers were single, 56% were married, and 05% were
divorced. Kuye and Ogiri (2009) indicated that married
respondents among smallholder rice farmers are likely to
incur more expenditures on family upkeeps. According
to Saliu et al (2017), household size is the total number of
individuals who live within and feed in the same house.
About 58% of smallholder rice farmers had between 1 to
5 people per household. The average number of people
per smallholder rice farming household was 6 people.
This is similar to the findings of Alabi et al (2020b) who
reported that smallholder rural rice farmers had on the
average of 7 people per household. Furthermore, 87%
of smallholder rice farmers had formal education, while
13% had non-formal education. This is in agreement with
results of Alabi et al (2020a) who reported that educa-
tion of smallholder farmers is an important and signifi-
cant factor that can influence smallholder farmer’s adop-
tion of new innovations and research findings. Educated
farmers adopt new innovations and research findings
quickly, and also understand the guidelines involved in
accessing formal loan. Averagely, smallholder rice farm-
ers had 7 year’s experiences in rice production. About
75% of smallholder rice farmers had less than 11 year’s
experiences in rice production. This finding is in line with
Maurice et al (2015). Most (67%) of the sampled small-
holder rice farmers had between 1 to 2 hectares of plant-
ed farm land. The average farm size was 2.28 hectares of
planted farm land. The results confirmed that they are
smallholder, smallscale, resource poor rice farmers. Also,
67% of smallholder rice farmers had access to formal and
informal sources of loan facilities, while 33% do not have
access to any form of loan facilities. About 78% of small-
holder rice farmers belong to one form of cooperative or-
ganizations or the other, through memberships of coop-
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erative organizations they could as groups access farm
inputs, fertilizer inputs, seeds inputs, credit facilities such
as loan facilities and they can participate in bulk pur-
chase their farm inputs and bulk sold their farm produce.

Sources and Amount of Loan Facilities Accessed by
Smallholder Rice Farmers in the Study Area

The sources of loan facilities obtained by smallholder
rice farmers was presented in Table 2. The amount of
loan accessed by smallholder rice farmers was present-
ed in Table 3. The major sources of loan to smallholder
rice farmers was through formal (68.66%) and informal
sources (31.34%). The average loan accessed from formal
sources by smallholder rice farmers was 200,754.2 Nai-
ra with the maximum interest rate of 36% charged per
annum. The minimum and maximum amount of loan
accessed from formal sources by smallholder rice farm-
ers were 30,000 Naira and 500,000 Naira respectively.
Averagely, the amount of loan accessed from informal
sources by smallholder rice farmers was 129, 558.82 Nai-
ra with maximum interest rate of 20%. The minimum and
maximum amount of loan accessed by smallholder rice
farmers were 25,000 Naira and 400,000 Naira respective-
ly. This result is in line with findings of Alabi et al (2016).
According to Kuye and Ogiri (2009) the average value
of loan applied and received was 169, 583.33 Naira in
Cross River State, Nigeria. Formal sources provide loan
to smallholder rice farmers at higher interest rate, which
makes it difficult and unaffordable.

Socio-Economic Factors Influencing Smallholder Rice
Farmers Accessed to Formal Loan Facilities in the
Study Area

The socio-economic factors influencing smallholder rice
farmers access to formal loan facilities was examined
using Probit dichotomous response model as present-
ed in Table 4. The socio-economic factors under con-
siderations were age, farm size, household size, gender,
marital status, level of education, access to extension
services, and membership of cooperative organizations.
All explanatory variables included in the Probit dichoto-
mous response model had positive coefficients.

Level of education (X,) was statistically significant in in-
fluencing smallholder rice farmers access to formal loan
facilities at (P<0.01). Age (X,), farm size (X,), household
size(X3), marital status(XS) and access to extension ser-
vices (X)) were statistically and significant factors influ-
encing smallholder rice farmers access to formal loan
facilities at (P<0.05). The positive marginal effects of the
explanatory variables implies that a unit increase in farm
size, level of education and being membership of coop-
erative organizations will by 19.77%, 35.65% and 20.72%
increase the likelihood and probability of the smallhold-
er rice farmers having access to formal loan fa

Table 1. Socio-Economic Characteristics of Smallholder Rice Farmers

Socio-Economic Frequency Percentage Mean
Characteristics

Age of Farmers

(Years)

31-40 54 54.00 42.0
41-50 28 28.00

51-60 18 18.00

Gender

Male 78 78.00

Female 22 22.00

Marital Status

Single 39 39.00

Married 56 56.00

Divorced 05 05.00

Household Size

(Units)

=53 58 58.00

6-10 26 26.00 6.0
11-15 16 16.00

Level of Education

(Years)

Primary 28 28.00

Secondary 52 52.00

Tertiary 07 07.00

Non-Formal 13 13.00

Farming Experience

(Years)

1-5 52 52.00

6-10 23 23.00

11-15 19 19.00 7.0
16 -20 06 06.00

Farm Size (Hectares)

1-2 67 67.00 2.28
3-4 27 27.00

5-6 06 06.00

Cooperative

Memberships

Yes 78 78.00

No 22 22.00

Access to Loan

Facilities

Yes 67 67.00

No 33 33.00

Total 100.00 100.00

Source: Field Survey (2021)

Table 2. Sources of Loan Obtained by Smallholder Rice Farmers

Sources of Loan Frequency Percentage
Informal Sources 21 31.34
Formal Sources 46 68.66

Total 67 100.00

Source: Field Survey (2021)
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cilities respectively. This is in line with findings of Alabi
et al (2016) and Ameh & lheanacho (2017) who reported
that educated farmers has courage, boldness and tech-
nical know-how required to approach financial institu-
tions for loan facilities. According to Asogwa, Abu and
Ochoche (2014) who stated that level of education raises
smallholder rice farmers’ knowledge and level of aware-
ness about the needs for loan for increased agricultural
output. The maximum likelihood estimates revealed that
the Log Likelihood value was -44.89681, the Chi square
value was 15.79 which was statistically significant at
(P<0.01). The Pseudo R square was 0.6498, this means
that 64.98% of variations in access to formal loan facili-
ties were explained by the explanatory variables includ-
ed in the Probit dichotomous response model.

Constraints Encountered by Smallholder Rice Farm-
ers in Accessing Loan Facilities in the Study Area

The constraints encountered by smallholder rice farmers
in accessing loan facilities were subjected to principal
component analysis and presented in Table 5. Principal
component model is widely used statistical technique
that can reduce many interrelated variables into few
uncorrelated ones. Seven constraints with Eigen-values
greater than one (1) were retained by the model. Con-
straints with Eigen-values less than one (1) were discard-
ed by the principal component model. Lack of collaterals
in obtaining formal loan was ranked 1st with Eigen-value
of 3.28907 based on the perceptions of the smallholder
rice farmers and this explained 11.61% of all constraints
retained by the principal component model. Cumber-
some administrative procedures in obtaining formal
loan was ranked 2nd with Eigen-value of 3.1001 based
on the perceptions of smallholder rice farmers and this
explained 10.23% of all constraints retained by the prin-
cipal component model. Other constraints were high
interest rate in obtaining formal loan (3rd), late disburse-
ment of loan (4th), long distant to financial institutions
(5th), small amount of loan (6th), and short re-payment
period (7th). This is in line with findings of Alabi et al
(2021a). All constraints retained by the principal compo-
nent model by smallholder rice farmers in accessing loan
facilities explained 71.65% of all constraints encountered
by the smallholder rice farmers. The Chi-square value
was 3702.21 and was statistically significant at (P<0.01).

Table 3. Amount of Loan Accessed by Smallholder Rice Farmers

Sources of Mean (Naira) Minimum

Maximum
Loan Amount Amount
(Naira) (Naira)
Formal Sources 200,754.72 30,000 500,000
Informal 129,55882 25,000 400'000
Sources

Source: Field Survey (2021)

Table 4. Maximum Likelihood Estimates of the Probit
Dichotomous Regression Model

Variables Coefficients Standard Z-Score Marginal
Error Effects

Age (X)) 0.00639** 0.00256  2.50 0.01625

Farm Size (X))  0.07872** 0.02894 2.72 0.19770

Household Size 0.08264** 0.02839 291 0.21022

(X)

Gender (X,) 0.31760* 0.16715  1.90 0.09232

Marital Status ~ 0.04593** 0.02274  2.02 0.01168

(X)

Level of 0.21879***  0.06128  3.57 0.35653

Education(X,)

Access to

Extension

Services (X))

Membership 0.49172%* 021194 232 0.12508

of Cooperative

Organizations

(X8) 0.31462* 0.15889 1.98 0.20721

Constant

Log Likelihood  3.1021 1.3371 2.32

LR Chi2 -44.89681

Prob > Chi2 15.79

Pseudo R? 0.00027

Source: Field Survey (2021)
*-Significant at 10% probability level
**_Significant at 5% probability level
***_Significant at 1% probability level

Table 5. Principal Component Analysis of Constraints Encountered
by Smallholder Rice Farmers in Accessing Loan Facilities in the Study
Area

Constraints Eigen- Difference Proportion Cumulative
Value

Lack of 3.28907 0.2709 0.11615 0.11615

Collateral

Cumbersome  3.1001 0.2686 0.10231 0.21846

Administrative

Procedures

High Interest ~ 2.9043 0.2601 0.15062 0.36908

Rate

Late 2.3003 0.2590 0.09016 0.45924

Disbursement

of Loan

Long Distant ~ 1.9110 0.2501 0.08173 0.54097

to Financial

Institutions

Small Amount 1.8076 0.2209 0.09932 0.64029

of Loan

Short Re- 1.5001 0.2009 0.07621 0.71650

Payment

Period

Bartlett Test of

Sphericity

KMO 0.7176

Chi Square 3702.271***

Rho 1.00000

Source: Computed from Data Analysis (2021)
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CONCLUSION AND RECOMMENDATIONS

This research study has established that smallholder rice
farmers are young, energetic, resourceful, and their pro-
ductive age. Some smallholder rice farmers do not be-
long to any members of cooperative organizations, this
make it difficult for them to access loan facilities, farm in-
puts, fertilizer inputs, and seeds inputs. In addition, they
could not participate in bulk purchase of farm inputs or
bulk sold farm produce as done by members of coopera-
tive organizations. The smallholder rice farmers obtained
loan facilities through formal and informal sources. Loan
obtained by smallholder rice farmers from formal sourc-
es are with high interest rate. Averagely, smallholder
rice farmers obtained 200, 754.72 Naira and 129,558.82
Naira from formal and informal sources respectively.
The socio-economic factors statistically and significant-
ly influencing smallholder rice farmers access to formal
loan facilities were age, farm size, household size, marital
status, level of education, access to extension services
and members of cooperative organizations. Seven con-
straints with Eigen-values greater than one (1) retained
by the principal component model and encountered by
smallholder rice farmers in accessing loan facilities were:
lack of collaterals in obtaining formal loan, cumbersome
administrative procedures, high interest rate of formal
loan, late disbursement of loan, long distant to financial
institutions, small amount of loan, and short re-payment
period. The following recommendations were made
based on the findings of this research study:

(i) Loans should be made available at affordable interest
rate, with single digit, to smallholder rice farmers.

(i) The cumbersome administrative procedures involved
in accessing loan facilities by smallholder rice farmers
should be addressed

(iii) Government should make a provision of special mi-
crofinance banks that should be located in rural arears to
meet the need of farmers’loan demand.

(iv) Training, education and workshops should be orga-
nized by extension agents for smallholder rice farmers
on guidelines involved in accessing formal loan facilities.

(v) Smallholder rice farmers should be encouraged to
join cooperative organizations in order for them to easily
access loan facilities.

(vi) Farm inputs, seeds inputs, tractors, fertilizers, credit
facilities should be provided for smallholder rice farmers
at subsidized price.
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Abstract

Pholiota nameko is commonly consumed in the Far East but not yet known
or grown in Turkiye. Therefore, in this study, determination of the cultiva-
tion conditions of P. nameko in different substrate mixtures and the effect
of these substrates on yield and quality were investigated. In this research,
six different substrate mixtures were used: 2 oak sawdust + 1 wheat bran
(C), 2 peanut waste + 1 wheat bran (O1), 1 oak sawdust + 1 peanut waste +
1 wheat bran (02), 2 almond shell + 1 wheat bran (03), 1 oak sawdust + 1
almond shell + 1 wheat bran (04), 2 wheat straw + 1 wheat bran (O5) and 1
oak sawdust + 1 wheat stalk + 1T wheat bran (06). During the study, myce-
lia development time, biological efficiency rate (BE), total yield, mushroom
weight, cap diameter, cap thickness, stipe diameter, stipe length, dry mat-
ter, pH and moisture content (in growing mixtures) were determined. pH
and moisture content were recorded in three different periods; after ster-
ilization, after mycelia development time and after harvest. As a result of
the study, the fastest mycelial growth was obtained from the control group,
with 14.25 days. The highest total yield and biological efficiency were ob-
tained from O1 medium with 216.26 g kg™ and 49.11%, respectively. The
highest amount of dry matter was recorded in O4 with 12.23%.

Keywords: Pholiota nameko, Mushroom, Agricultural wastes, Cultivation,
Turkiye

INTRODUCTION

Mushrooms have been known and used for nutritional and medicinal purposes
from the past to the present. In addition to their high water content (88-91%),
they contain many amino acids, vitamins and minerals (Matilla et al., 2002).
Mushroom protein is identified as high quality and digestible. Proteins consist of
different amino acids and nine of the amino acids are known as essential amino
acids (lysine, methionine, tryptophan, threonine, valine, leucine, isoleucine, his-
tidine, phenylalanine) (Chang and Miles, 2004; Taskin and Biylikalaca, 2019). In
addition, extracts obtained from medicinal mushrooms have begun to be used
in multivitamin pills. Today, as the value of the mushroom is better understood,
the curiosity and interest in its cultivation have increased rapidly. Mushroom cul-
tivation does not require land and does not depend on climate. Also, all family
members including children can work in mushroom production. All these make
mushroom cultivation advantageous compared to other agricultural activities
(Tagkin ve Buyukalaca, 2019).

Mushroom production in the world has increased continuously over the years.
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While cultivated mushroom production in Tiirkiye was 7
thousand tons in 2000, it has reached 61 thousand tons
today (TUIK, 2021). The most cultivated mushroom spe-
cies in the world is Agaricus bisporus. This is followed by
Pleurotus species with 27% production and Lentinula
edodes with 17% production. These three species consti-
tute 74% of the total cultivated mushroom production in
the world (Eren and Peksen, 2016). Other species, such
as Grifola frondosa, Ganoderma lucidum, and Pholiota,
are also produced in small quantities around the world.
P.nameko (T.1t0) S. Ito & S. Imai (P. microspora) has a slip-
pery and smooth mucus layer on its surface. This mucus
is thought to be useful for energizing human brain’s cog-
nitive functions (Li et al., 2010). P. nameko, besides being
delicious, contains crude protein, fat and carbohydrates,
crude fibre, calcium, phosphorus, iron, multivitamins, and
various amino acids (Meng et al. 2019). Cultivation of P.
nameko, also known as P. microspora, was first performed
in Japan (Zhu et al, 2016). In Japan, freshly cut wood logs
were used to grow P. nameko in 1921. While most fungal
species cannot effectively use freshly cut wood, P. name-
ko can use logs containing living cells. Sawdust spawn
was first used in 1931, and in 1960, wheat bran, rice bran
and sawdust were used in the commercial culture of P.
nameko (Neidleman, 2004; Gizaw, 2015). It is one of the
most produced and popular mushrooms speciesin Japan
and China, and its production quantity is very close to L.
edodes and F. velutipes (Gizaw, 2015).

The huge volume of different agricultural wastes pro-
duced after the harvesting and processing of agricultural
products has emerged as an important environmental
problem. These agricultural wastes are usually burned
or thrown into the environment. A total of 600 million
tons of waste (100 million tons of forest industry waste
and 500 million tons of agricultural waste) are generat-
ed every year and regarded as environmental pollution.
With such a high amount of waste, approximately 360
thousand tons of mushrooms can be produced. Cultured
mushroom species are saprotrophic, and wood logs have
been used in their cultivation as sawdust. However, new
environmental protection policies and their implemen-
tations safeguard and limit the use of forest products.
This situation pushes mushroom producers to find alter-
native substrate materials to wood (Meng et al. 2019).

In this study, it was aimed to culture P. nameko, which
is not yet produced in Tirkiye, in different agricultural
wastes generated in Turkiye in order to determine the
substrate mixtures that provide the best yield and quali-
ty, as well as to detect the ideal cultivation conditions of
P. nameko, aiming to establish a new income source for
local mushroom producers.

MATERIALS AND METHODS

This study was carried out at Prof. Dr. Saadet BUYUKA-
LACA tissue culture laboratory and in the mushroom
growing rooms of Cukurova University (Adana, Tirkiye)
between 2020 and 2021. P. nameko spawn was obtained
from a private company. In the experiments, oak saw-
dust, peanut waste, almond shell and wheat stalk were
used as agricultural wastes. In addition, wheat bran and
soy flour were added (Table 1).

Table 1. Growing mixtures content used in Pholiota nameko

production

Substrates Short names
2 oak sawdust + 1 wheat bran C
2 peanut waste + 1 wheat bran 01
1 oak sawdust + 1 peanut waste + 1 wheat 02
bran

2 almond shell + 1 wheat bran 03
1 oak sawdust + 1 almond shell + 1 wheat 04
bran

2 wheat stalk + 1 wheat bran 05
1 oak sawdust + 1 wheat stalk + 1 wheat bran 06

All of the substrates were crushed and were soaked in
the tap water filled containers until obtaining suitable
moisture (70%). After this step, pH adjustment of sub-
strates was performed with a pH meter. If the pH was not
appropriate, lime was added. Substrates were filled into
1 kg high temperature resistant polypropylene bags. The
bags were sterilized in the autoclave for 90 minutes at 1.2
atm pressure at 121°C. Following the cooling of the bags,
spawn inoculation was carried out in the sterile bench
using 25- 30 g spawn per bag.

After the inoculation process, the bags were transferred
to the mushroom growing rooms, which had 22+1°C
temperature and 70-80% humidity. With the develop-
ment of mycelia, the humidity was reduced to 18 +1°C.
With the observation of mushrooms’ development, the
ventilation of the room and the humidity level were kept
between 90-95% to keep the moisture safeguard the
moisture of substrates. Since P. nameko does not require
light for the development of mycelia, room lighting was
not performed at this stage. After observing the first
fruit bodies, room lighting was carried out for 12 hours
at 200 lux. With the completion of the mycelia develop-
ment, the bags were cut into 5 cm small openings with
the sterile scalpel to encourage the formation of mush-
rooms. During experiments, biological efficiency rate, to-
tal yield, mushroom weight, cap diameter and thickness,
stipe diameter and length, as well as dry matter content
were measured. In addition, pH and moisture analyzes of
substrates were carried out at three different periods: af-
ter sterilization, after mycelia development and after har-
vest. Cap diameter-thickness, stipe diameter and length
were measured (in mm) with a caliper in five samples.
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Total yield and mushroom weight were determined (in
g) on a scale. For dry matter amount, fresh samples were
weighed and dried at adjusted temperatures of 65°C un-
til their weight became constant. Then, the dried sam-
ples were weighed and the dry matter of all samples was
detected (in %). The biological efficiency rate was calcu-
lated according to Royse (1985).

This study was carried out according to the randomized
complete block design, with three repetitions and three
bags in each repetition. The collected data were analyzed
in the JMP statistical program. LSD test was performed
on the data where the difference is statistically signifi-
cant. In addition, JMP correlation analysis was applied to
the treatments thought to have a relationship.

RESULTS AND DISCUSSION

Mycelia development time, biological efficiency rate,
total yield and mushroom weight of Pholiota nameko
grown in different growing mixtures

Mycelia development was observed in all growing mix-
tures in this study and differences in mycelia develop-
ment times were found to be statistically significant
(Table 2). Mycelia development times ranged between
14.25 and 29.00 days. The fastest mycelia development
was observed in the control with 14.25 days and in O6
with 15.75 days. The slowest mycelia development was
recorded in O2 with 28 days and in O1 with 29 days (Ta-
ble 2). While oak sawdust in the growing mixtures posi-
tively affected mycelia development, peanut waste and
almond shell caused a delay. Mycelia development time
may vary depending on mushroom strains, spawn qual-
ity, environmental conditions of the mushroom growing
rooms and substrate characteristics (Sanchez, 2004). In
a study conducted by Rong et al. (2016), five different P.
nameko isolates were cultured in a growing mixture in-
cluding 60% cotton seed shell, 18% sawdust, 15% wheat
bran, 5% corn flour, 1% gypsum and 1% lime. As a result
of their study, while the highest mycelial growth rate was
obtained from the JZB2116005 isolate with 2.56+0.03
mm/g, the lowest mycelial growth rate was recorded in
the control JZB2116001 isolate with 2.34+0.01 mm/g.
Pholiota microspora was cultured in five different grow-
ing mixtures including poplar sawdust, corn stalk, wheat
bran, corn flour, soybean, gypsum and lime by Meng et al.
(2019). The highest mycelial development was observed
in T2 (38% poplar sawdust, 38% corn stalk, 15% wheat
bran, 5% corn flour, 2% soy flour, 1% gypsum-lime) and
T3 (19% poplar sawdust, 57% corn stalk, 15% wheat bran,
5% corn flour, 2% soy flour, 1% gypsum-lime) mixtures. In
a study by Hal et al. (2021), the effects of different grow-
ing mixtures on the yield and quality of G. lucidum were
tested. The spawn of G. lucidum was inoculated into eight
different growing mixtures and the mycelia development
time varied between 28.00 and 44.67 days. The shortest

time was observed in mixtures of oak sawdust-peanut
shell-wheat bran and vine pruning waste-wheat bran
with 28.00 days. Kara et al. (2021) investigated the effects
of six different growing mixtures on the yield and quality
of Grifola frondosa. Mycelia development time varied be-
tween 35.00 and 41.67 days. The fastest mycelia develop-
ment was determined in the mixture of oak sawdust and
wheat straw, with 35.00 days.

As mycelia development time, the biological efficiency
rate varies depending on the substrate mixtures, mush-
room strains and environmental conditions (Barreto et
al. 2008). In this study, the biological efficiency rate var-
ied between 20.02 (04) and 49.11 (O1) and it was found
to be statistically significant (Table 2). The highest bio-
logical efficiency rate was observed in O1 and was fol-
lowed by C and O4. Although the mycelia development
completed in 02, 03, O5 and 06, fructification could not
occur. Therefore, the biological efficiency rate could not
be determined. Gizaw (2015) tested six different grow-
ing mixtures for the cultivation of P. nameko. The highest
yield (797.33 g) and biological efficiency (53.27%) were
obtained from the mixture of eucalyptus sawdust and
wheat bran. This was followed by a mixture of 30% wheat
bran and cotton seed (732.33 g). The lowest average
yield (550.8 g) and biological activity rate (48.98%) were
obtained from the mixture of 10% wheat bran and Cordia
africana sawdust. Rong et al. (2016) inoculated five dif-
ferent Pholiota isolates into a substrate containing 60%
cottonseed hull, 18% sawdust, 15% wheat bran, 5% corn
flour, 1% gypsum and 1% lime. The highest biological
efficiency was obtained from JZB2116005 with 67.88%,
while the control JZB2116001 isolate had the lowest rate
with 41.35%. When some studies performed with dif-
ferent mushroom species were examined in terms of bio-
logical efficiency, it was found to be between 5.31% and
16.37% in G. lucidum (Hal et al. 2021), between 93.65%
in L. edodes (Baktemur et al.,, 2022), between 17.34%
and 44.86% in Pleurotus eryngii (Bastug, 2021), between
22.83% and 29.29% in G. frondosa (Kara et al. 2021).

The total yield of P. nameko cultivated on different sub-
strate mixtures was given in Table 2 (Figure 1). Yield val-
ues varied according to the substrate materials used. The
highest yield value was obtained from O1 with 216.26 g
kg™, followed by the control with 163.71 g kg and 04
with 88.96 g kg™. Fructification did not occur in 02, O3,
O5 and 06 mixtures. The highest yield was obtained from
the peanut waste and wheat bran mixture. It is observed
that the use of peanut waste, which is an important agri-
cultural product in the Cukurova region of Turkiye, has a
positive effect on the yield of P. nameko. In the mixtures
prepared using the wheat stalk, which is widely cultivat-
ed in the region, mycelia development has been fast,
but mushroom formation has not been realized. Meng
et al. (2019) determined differences between the yield
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values of P. microspora in five growing mixtures, includ-
ing poplar sawdust, corn stalk, wheat bran, corn flour,
soy flour and gypsum at different ratios. When the total
yield values were compared, the highest yield values
were obtained from T2 (38% poplar sawdust, 38% corn
stalk, 15% wheat bran, 5% corn flour, 2% soy flour, 1%
gypsum-lime) with 275.66 g and T3 (19% poplar sawdust,
57% corn stalk, 15% wheat bran, 5% corn flour, 2% soy
flour, 1% gypsum-lime) with 255.3 g. The yield was found
to be between 25.00 and 68.44 g kg™ in nine different
growing mixtures, including oak-poplar-beech sawdust,
wheat, bran and paddy at different ratios in G. lucidum
by Erkel (2009). In another study, the average yield of P
ostreatus and P. florida was reported to be between 27.0
and 42.0 g 100 g and 28.3 and 34.0 g 100 g™, respec-
tively (Kirbag and Korkmaz, 2013). In a study carried out
by Baktemur et al. (2022), the average yield values varied
between 55.99 and 299.59 g kg-1. Among the substrates,
the highest yield was found in the mixture of oak saw-
dust, wheat stalk and wheat bran with 299.59 g kg™. Hal
et al. (2021) found the highest and lowest yield values
in corncob-bran mixture and control oak sawdust with
66.58 g kg and 25.32 g kg™ respectively, in G. lucidum.
In a study performed by Kara et al. (2021), it was report-
ed that the average yield of G. frondosa varied between
124.82 and 55.02 g kg™.

Figure 1. Pholiota nameko obtained from this study

In Table 2, the mushroom weight of P. nameko cultivated
on different growing mixtures is presented. Differences
between mixtures were found to be statistically signif-
icant. There was no statistical difference between the
weight of mushrooms obtained from O1 (16.30 g) and
04 (16.66 g) and the highest weight was obtained from
these two mixtures. It was followed by the control group
with 11.93 g. Yen (2008) reported that the average mush-
room weight of G. lucidum isolates in different sawdust
mixtures was between 11.38 g and 15.16 g. Yakupoglu
and Peksen (2011) stated that the average mushroom
weight of G. lucidum varies between 7.99 g and 31.19 g.
The average mushroom weight was 21.21 g in P. ostreatus
and 16.73 g in P. sajor-caju (Kurt, 2008) and was between
10.14 and 39.47 g in L. edodes (S6zbir, 2014). In a study
conducted by Ranjbar et al. (2017), the highest mush-
room weight of L. edodes was detected in the mixture
with rice bran as 33.51 g. Baktemur et al. (2022) reported
that the mushroom weight in L. edodes varied between
33.52 and 14.98. Kara et al. (2021) determined the maxi-
mum and minimum mushroom weight in E5 and E4 mix-
tures as 33.92 g and 17.26 g respectively, in G. frondosa.

Table 2. Mycelia development time (days), biological efficiency
rate (%), total yield (g kg™') and mushroom weight (g) of Pholio-
ta nameko cultivated in different growing mixtures

Growing Mycelia Biological Total Mushroom
mixtures developmentefficiency . Id weight
time rate yie
C 14.25D 38318 163.71 B 11.93B
o1 28.00 A 49.11 A 216.26 A 16.30 A
02 29.00 A = = =
03 24508 = = =
04 24758 20.02C 88.96 C 16.66 A
05 17.75C = =
06 15.75CD - -
2.62 8.12 35.47 2.71

1. The statistical differences between the averages shown in separate
letters in the same column were found to be significant.

2.N.S. Not Significant; *. P<0.05. **p < 0.01. ***p < 0.001

Dry matter amount, cap diameter-thickness and
stipe diameter-lenght of Pholiota nameko grown in
different growing mixtures

The amount of dry matter of the P. nameko cultivated in
different mixtures is given in Table 3. Differences between
the mixtures in terms of the amount of dry matter were
found to be statistically significant. The highest amount
of dry matter was obtained from the 04 (12.23%), fol-
lowed by C (10.31%) and O1 (10.67%) and there was no
statistical difference between these two mixtures. In a
study carried out by Baktemur et al. (2021), it was found
that the average amount of dry matter varies between
8.59% and 11.65 % in L. edodes. The highest amount of
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dry matter was obtained from the mixture of peanut
shell and wheat bran with 11.65%. This was followed by
the mixture of oak sawdust, corncob and wheat bran
(11.21%) and the mixture of oak sawdust, vine pruning
waste and wheat bran (10.99%). Kara et al. (2021) report-
ed that the amount of dry matter of G. frondosa ranged
from 13.57% to 14.79%.

The cap diameter-thickness, stipe diameter and length of
the P. nameko samples which were cultivated in growing
mixtures prepared by mixing different substrates at dif-
ferent ratios, were measured with a caliper and recorded
in mm. It was determined that there was a statistically
significant difference between these values (Table 3). It
was observed that the cap diameter of the mushroom
samples (68.04 mm) obtained from the O1 was larger.
The cap diameter value of the mushrooms obtained
from C (41.22 mm) and 04 (41.47 mm) was statistical-
ly in the same group. Yakupoglu and Peksen (2011) re-
ported that the cap diameter of G. lucidum was between
42.8 mm and 84.5 mm. Atila (2020) stated that the cap
diameter of G. lucidum was between 58.0 and 92.4 mm.
The average cap diameter value of L. edodes ranged from
45.36 to 61.33 mm and the highest cap diameter value
was obtained from the mixture of vine pruning waste
and wheat bran as 61.33 mm (Baktemur et al. 2022).

There was no statistically significant difference between
01 (68.04 mm) and O4 (10.21 mm) for the cap thickness
parameter, and the highest values were obtained from
these mixtures. The cap thickness of the mushrooms ob-
tained from the control group was lower. Veena and Pan-
dey (2011) reported that the average cap thickness of G.
lucidum varies between 6.9 and 8.1 mm. Hal et al. (2021)
found that average cap thickness ranged from 8.68 to
10.24 in G. lucidum and the highest result was obtained
from a mixture of corncob and wheat bran.

The highest stipe diameter was obtained from C (23.18
mm). This was followed by O1 (13.74 mm) and O4 (12.68
mm), respectively. It has been reported that the average
stipe diameter value varies between 8.89 and 27.24 mm
(Baktemur et al., 2022). For the stipe length, C (48.89) and
01 (51.67) were statistically in the same group. Average
stipe length value changed between 21.31 and 49.11
mm in L. edodes cultured different growing mixtures
(Baktemur et al., 2022). While the highest stipe length
was obtained from a mixture of wheat stalk and wheat
bran with 63.28 mm, the shortest value was recorded in
the mixture of oak sawdust and wheat bran with 40.49
mm in P. eryngii by Bastug (2021).

Table 3. Dry matter amount (%), cap diameter-thickness (mm)
and stipe diameter-lenght (mm) of Pholiota nameko cultivated
in different growing mixtures

Growing Dry Cap Cap Stipe Stipe

mixtures matter diameter thickness diameter lenght
amount

K 10.31B 41.22B 897B 23.18 A 48.89 AB

o1 10.67B 68.04A 1061A 13.74B 51.67A

04 1223 A 4147B 10.21 A 1268B 37.07B
LSD***= SD***=| SD***=| SD***=| SD***=
0.52 11.94 1.06 4.26 14.37

pH values of Pholiota nameko grown in different
growing mixtures

The pH values of the growing mixtures used in P. nameko
cultivation at three different periods are given in Table
4. The differences between the period average and the
mixture x period interaction were found to be statisti-
cally significant, however, the mixture average was not
statistically significant. Since the mushroom formation
was not be provided from 03, O5 and O6 mixtures and
infection problems in A4 after harvest, pH analysis could
not performed in these mixtures.

The relationship between the mixture x period interac-
tion was found to be important and the highest pH value
was recorded in O1 and O2 as 8.33 and 8.44, and 8.44,
respectively, at the after harvest period. The lowest pH
value was determined in the control group at the af-
ter harvest period as 5.97. The average pH value of the
mixtures has been statistically in the same group. In the
analyses performed at different periods (after steriliza-
tion, after mycelia development and after harvest), there
were statistical differences between the periods. There
were no significant differences between the periods after
sterilization and after mycelia development. Yakupoglu
and Peksen (2011) reported that the pH values of the
mixtures prepared using wood chips in G. lucidum were
reported between 5.80 and 7.35, and they ranged from
5.70 to 7.05 in the mixture prepared using wood-chip.
Atila (2020) found that the pH value of G. lucidum was
between 4.43 and 6.42. Zadrazil (1978) stated that when
pH value was higher than 8 and less than 4, the develop-
ment of Pleurotus species is prevented and development
of mycelia is slow in acidic mixtures (pH = 4) is slow. Sun
and Yu (1989) determined that the mycelia of P. sapidus
developed well in mixtures having pH 5.4-6.0 (KigU-
komuzlu and Peksen, 2005). Ozcelik and Peksen (2006)
reported that pH of L. edodes ranged between 6.65 and
7.08. Adenipekun and Oklelade (2012) determined that
the change in pH value may be associated with the pres-
ence of metabolic waste products in the mixture and the
increase in amino nitrogen content. Kara et al. (2021) re-
ported the most appropriate pH range for the cultivation
of G. frondosa was between 5.20 and 5.45.
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Table 4. pH values of Pholiota nameko grown in different
growing mixtures at different periods

Table 5. Moisture content of Pholiota nameko grown in
different growing mixtures at different periods (%)

Growing Periods Growing Periods
mixtures mixtures
After After mycelia After Mean After After mycelia After Mean
sterilization development harvest sterilization development harvest
C 6.12 hi 5.971 6.57 f 6.22 C 64.50 de 64.84 de 59.99fg 63.11
01 7.50b 7.15c 8.33a 7.66 01 68.21 bcd 7246 a 6294 ef 67.87
02 6.98 cd 7.22c¢ 844 a 7.55 02 63.43 ef 65.76 cde 7046 ab 66.55
03 6.62 ef 772b - 478 03 48.28 h 47.20h - 31.83
04 6.29 gh 7.64b = 4.64 04 57179 5792¢ = 38.36
0O5 6.44fg 714 cd = 4.53 05 70.80 ab 70.25 ab = 47.02
06 6.87 de 7.08 cd = 4.65 06 70.9 ab 69.36 abc = 46.77
Mean 6.67 A 713 A 3.33B Mean 63.33A 63.97 A 27.63B

LSDperiod*=0.11, LSDmixture=0.D., LSDperiodxmixture***=0.02

Moisture content of Pholiota nameko grown in differ-
ent growing mixtures at different periods

Variance analysis was performed at three different pe-
riods in terms of the moisture content of the mixtures.
Statistically significant differences have been deter-
mined in the mixture, period and their interaction. The
highest moisture was recorded in O1 at after mycelia
development period with 72.46 %. The lowest moisture
content was obtained from O3 at after sterilization pe-
riod (48.28%) and at after mycelia development period
(47.20%). There was no statistically significant difference
between after the sterilization period (63.33 %) and after
mycelia development time (63.97%).

In a study conducted on L. edodes, the amount of mois-
ture of the growing mixtures during the cultivation was
examined. During the development, it was determined
that the amount of moisture in the mixtures was main-
tained. The moisture amount was detected between
92.00 % and 93.85 % at the beginning of the study. It
ranged from 90.90% to 95.44% at the fructification peri-
od (Morais et al. 2000). In P. eryngii, the highest and low-
est moisture levels were determined at after sterilization
period with 67.27% and after harvest period with 65.03%,
respectively (Bastug et al. 2021). The highest moisture
was recorded in the mixture of poplar sawdust and
wheat bran with 72.10% and it was followed by wheat
stalk and wheat bran mixture (71.12%) and oak sawdust,
wheat stalk and wheat bran mixture (69.22%) (Baktemur
et al. 2022). In G. frondosa, mixture x time interaction was
found to be important and the highest amount of mois-
ture was determined in E4 with 82.22% at after harvest
period. The lowest value detected in E5 (67.12%) after
sterilization period.

LSDperiod**= 1.62, LSDmixtures= O.D., LSDperiodxmixture***= 4.28

CONCLUSION

During the study, many parameters were investigated to
reveal the effects of the different substrate mixtures on
the yield and quality of P. nameko mushroom. Although
mycelia development was completed in all mixtures
used, fructufication was observed in C, O1 and O4 mix-
tures. Since peanut is one of the main products of the
Cukurova Region of Tiirkiye, it is very important that pea-
nut waste can be used in mushroom cultivation in the
region. It is recommended to try new substrates with
peanut waste at different ratios. The wastes of wheat,
which is intensively cultivated in the region, played an
important role in shortening the period of mycelial de-
velopment. It is also recommended to try new mixtures
experiments based on wheat straw with different mate-
rials.
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Abstract

Ornamental fish production in Sri Lanka has become a valuable foreign ex-
change earner during recent past years. However, COVID-19 pandemic has
been explored worldwide and it has affected the world trade and economy
from different perspectives. This study was conducted to explore the im-
pact of the COVID-19 pandemic on ornamental fish production., Moreover,
study on present status of ornamental fish farmers’ major constraints and
suggestions to overcome those constraints of ornamental fish farmers were
also conducted. In Colombo district, four important Divisional Secretariat
(DS) divisions were purposely selected for the study, as they are the main
ornamental fish production areas of the district. The data was collected
from a randomly selected 60 farmers using a field survey from July to Oc-
tober 2020. Descriptive statistics, two sample Wilcoxon signed-rank test
and chi-square test were used to analyses the data. Results revealed that,
there are both negative and positive impacts on ornamental fish produc-
tion due to the COVID-19 pandemic. Ornamental fish farmers have to face
mainly production and marketing problems. Some of them have engaged
in coping strategies and resilience methods during COVID-19 period. Cop-
ing strategies have shown a significant association with the income and
the production capacity of the farms. However, the majority of ornamental
fish farmers haven't engaged in resilience methods during the COVID-19
pandemic. Other than the COVID-19 pandemic, the major constraints of
ornamental fish production were lack of market information about the
changes in the overseas markets and demand, the low price given for the
product and lack of communication between farmers and exporters. Ideal
“ORNAFISBIZ" model is suggested for overcome those constraints in order
to protect the ornamental fish farmers in this area.

Keywords: Colombo district, COVID-19 pandemic, Negative impacts,
Ornamental fish, Present status

INTRODUCTION

Ornamental fish production is a vital part of the aquaculture industry in many
countries. Ornamental fish are the most popular pets in the world, and orna-
mental fish keeping is the second most popular hobby after the photography
because of their amazing shapes, dazzling colors, and behavior. The decorative
fish is known as the “Living Jewels” fish. Ornamental fish industry in Sri Lanka
has a lot of promise, thanks to the country’s vast geography, diverse species, and
substantial research and development efforts previously made by the relevant
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organizations. Due to the great economic opportunities
and prospects, it is quickly gaining attraction. Ornamen-
tal fish farming and their propagation have an attractive
activity for many people in the world, which provides
not only aesthetic beauty and pleasure, but also finan-
cial benefits. As a result, ornamental fish industry has be-
come a multibillion-dollar industry in the world. Initially,
ornamental fish keeping was mostly a hobby practiced
in rich countries. But it has recently gained popularity in
developing countries as well.

Sri Lanka has a tropical climate country in the world. As
a result, the aquarium sector is well-suited to various
parts of the country (Perera, 2009). Freshwater, marine,
and brackish water species are the main parts of Sri Lan-
ka's ornamental fish industry. About 50 years ago, a few
entrepreneurs pioneered ornamental fish farming. Since
then, it has grown into a booming sector with an export
market, providing profit and employment to a large
number of people. As a non-food fishery industry, the
aquaculture sector, ornamental fish breeding, culture,
and trade offer fantastic job and income opportunities.
Furthermore, it is both environmentally and socially ac-
ceptable industry. (Wijesekara & Yakupitiyage, 2001).

The ornamental fish production in Sri Lanka has orig-
inated with a household-based small-scale industry
which has a long history. In 1930s, there were several
small-scale importers, breeders, and hobbyists in the
country. Commercial aquariums have been established
at first in 1952 in Colombo. It has now developed into a
thriving industry with an export market, affording profit
and employment opportunities to many people (Kurup-
pu, 1998). The large-scale growers have started to move
in to rural areas of the dry zone of the country due to
overcrowding, high labor costs, and lack of land for fish
outgrowing facilities in urban areas. Currently, the orna-
mental fish outgrowing systems have expanded to the
Northcentral, North-western, and Central provinces of
the country (Weerakoon, 1997). Ornamental fisheries
in Sri Lanka have a good potential due to an enormous
geographical conditions, extensive species diversity, and
intensive research and development efforts that are al-
ready put in by the associated institutions.

The aquarium fish sector in Sri Lanka has become a
valuable foreign exchange earner during recent years
(Heenatigala, 2007). Ornamental fish export contribution
of Sri Lanka was 2% for the world market (SLEDB, 2019).
Foreign exchange earning value of ornamental fish in Sri
Lanka was grown noticeably since 2018 (Table 1).

Production process of ornamental fish in Sri Lanka

Wijesekara & Yakupitiyage, (2001) have mentioned that,
the ornamental fish production sector comprises of
different categories as; fish breeders, fish growers, out
growers, middlemen, collectors and exporters.

Table1. Foreign exchange earning values of ornamental fish
in (US$Mn)

Year Value(US$Mn)
2016 13
2017 15
2018 16
2019 16

Source: Sri Lanka Export Development Board, 2019

However, in Sri Lankan context, it is difficult to find out
fish breeders and growers separately, because there are
performing both activities together in their farms. There-
fore, generally both of two categories are known as orna-
mental fish farmers. They are vital part of the ornamental
fish industry value chain because of supplying fish either
direct or indirect to the market. In Sri Lanka, in the year
2020, the National Aquaculture Development Authori-
ty (NAQDA) of Sri Lanka has categorized the ornamen-
tal fish farmers based on their production capacity per
month. Those categories are;

« Il group -small scale farms (Monthly production< 833
fish)

«V group (Monthly production 833-8333 fish)
« IX group (Monthly production 8333-83333)
« VI group (Monthly production > 83333)

Production capacity was estimated by considering the
number and sizes of the tanks and also mud ponds
availability in the farm. There are two major types of fish
cultural systems in ornamental fish farms. They are large
outdoor mud ponds and indoor/outdoor cement tanks
and also use the glass tanks for the breeding purpose.
The method of culture is depend on the variety of fish.
Usually varieties such as Angel fish, Carp and Gold fish
are raised in mud ponds and Guppies, Mollies, Swordtails
and platys in cement tanks (Agri Farming, 2020).

When consider the Corona Virus, the first instance of this
virus was reported on December 31,2019, in Wuhan City,
Hubei Province, China. It has linked to Wuhan's Huanan
seafood wholesale market. On March 11, 2020, the World
Health Organization (WHO) announced the outbreak
COVID-19 (Demirci et al., 2020). At present, the virus has
spread to almost all countries, leading to millions of cas-
es and thousands of deaths. Most of the countries have
implemented social distancing measures and more strin-
gent lockdowns, in order to slow the spread of the virus
(Bennett,et al., 2020). Senten,et al (2020) has reported
that the corona virus (COVID-19 pandemic) has disrupt-
ed the lives and livelihoods of everyone on our planet.

Coping and adaptive measures are represented early
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responses during the first five months of the COVID-19
pandemic. While short-term coping will remain import-
ant as the pandemic spreads and possibly re-emerges
in countries, actors, and institutions relevant sector can
carry adaptive responses forward and engage in a pro-
cess of learning and building strength to prevent future
shocks (Love, et al., 2020).Coping strategies mean that
the ability to build the capacity for learning and adap-
tation. Adaptive management is a method of managing
complex socio-ecological systems based on incremen-
tal, iterative, experiential learning and decision making,
backed up by active monitoring of decision outcomes
and feedback from their consequences (Milestad et al.,
2008).According to Mensah and Merkuryev (2014), “resil-
ience” is defined as a substance’s ability to return to its
former state after being deformed. Following COVID-19,
efforts to promote resilience should evaluate resilience
against what, for whom, and for what purpose. And also
be aware of the potential for these decisions to have a
cascading effect (Love, et al., 2020).

As the pandemic shifts and possibly re-emerges in coun-
tries, there is a continuing need for coping responses
to maintain the sector’s core functions and protect vul-
nerable populations working in or dependent. And also
coping responses contribute the adapting the difficult
situations. A key transition point for actors will be know-
ing when to shift from short-term coping strategies to
the development and implementation of longer-term
adaptation strategies and resilience-building .it is neces-
sary to prevent future tremors and respond to ongoing
stressors. These shifts will be staggered in time as the
pandemic progresses through countries and regions of
the world. An additional consideration is how specialized
adaptations should be, because increasing resilience to
future pandemics may reduce general resilience to an
unknown.

According to that, the COVID-19 pandemic has influ-
enced by different perspectives on the different kind
of sectors because their impacts are varied. When orna-
mental fish production is concerned, it is not the same
as other sectors, because it is dealing with live beings.
Therefore, the overall objective of this research was to
study the impact of COVID-19 pandemic on ornamental
fish production from the farmers’ viewpoint. Moreover,
some specific objectives of the study were to find the
present situation of ornamental fish production in Co-
lombo district, including coping strategies and resilience
methods that farmers have being using for adapting
pandemic situation, and also to highlight the farmers’
constraints during the COVID-19 pandemic and suggest
the solutions for those main constraints of the ornamen-
tal fish farmers during the COVID -19 pandemic period.

MATERIALS AND METHODS

Colombo district was purposely selected for the study,
due to most of the ornamental fish farms are there. Main
ornamental fish farming activities such as breeding,
grow-out, and export activities are conducting around
the Colombo district (Wijesekara & Yakupitiyage, 2001).
Then, four DS divisions were selected based on the re-
cords of the National Aquaculture Development Author-
ity (NAQDA),that were having higher numbers of orna-
mental fish farmers. They were Padukka, Seethawaka,
Kesbewa, and Kaduwela DS divisions. As there were only
60 ornamental fish farmers in these four DS divisions,
data was collected from all of them. Primary data were
obtained using a researcher-administered questionnaire
survey from July to October 2020.Closed-ended and
open-ended questions were included in the question-
naire and it was pre-tested before using.

The descriptive statistics were used to identify the so-
cio-economic factors of ornamental fish farmers and
a two-sample Wilcoxon signed-rank test was used the
examined the impact differences before and during the
COVID-19 pandemic. Also, the chi-square test was used
to identify the association between socio-economic
characteristics and coping strategies.

1:300,000

Figure 1. Study area of the research

In this study, ten hypotheses were tested as five hypoth-
eses related to impacts of COVID-19 and the other five
hypotheses were related to the association between
socio-economic characteristics and coping strategies
during COVID-19 pandemic.

Research hypothesis

There was five sets of hypotheses to assess the impact
differences before and during COVID-19 pandemic

H,, - There is no significant difference between produc-
tion capacity of farmers before and during COVID-19
pandemic.

H,, - There is no significant difference between selling
amount of farmers before and during COVID-19 pan-
demic.

H,; - There is no significant difference between cost of
production of farmers before and during COVID-19 pan-

demic.
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H,, - There is no significant difference between number
of fish varieties before and during COVID-19 pandemic
H,s - There is no significant difference between number
of market opportunities of farmers before and during
COVID-19 pandemic.

The other five sets of hypotheses were used to analyze
the association between socio-economic characteristics
and coping strategies during COVID-19 pandemic.
H,,-There is no association between monthly income
from ornamental fish farming and coping strategies
H,,-There is no association between production capaci-
ties of the farms and coping strategies

H,;-There is no association between training of farmers
and coping strategies

H,,-There is no association between experiences of farm-
ers and coping strategies

H,;-There is no association between educational levels of
farmers and coping strategies

Data Analysis was done by SPSS version 21 and Microsoft
Excel Software 2013 package.

RESULTS AND DISCUSSION
General characteristics of the ornamental fish farms

General characteristic of the ornamental fish farms such
as cultural activities, size of the farm, nature of produc-
tion facility, water source, type of labors use in ornamen-
tal fish farming and production capacity on the farm
were studied in details. The results are shown in table 2.

As per the results in table 2, majority of the cultural ac-
tivities in the farms were breeding and rearing activities.
Wijesekara & Yakupitiyage, (2001) also indicated similar
results in their study on “Ornamental fish industry in Sri
Lanka: Present status and constraints”, the dominant cat-
egories were breeding and rearing. The reason behind
this result is that, the farmers can obtain financial ben-
efits when conducting both activities in the farm. But it
can be varied based on the varieties of ornamental fish.
Furthermore, results revealed that, the majority of farm
size was less than 20 perches and also a considerable
amount of farms have belonged to 20-119 perches cat-
egory. A few farms have more than 320 perches (2 acres)
of land area. These large size farms were mainly situated
away from the urban areas. But most of the farms situat-
ed close to urban areas are small size farms, due to limit-
ed land sizes in urban areas.

While most of farms (30%) have both cement tanks and
glass tanks as their production facilities, 27% of farms
having only cement tanks. For the rest of the farms (18%)
have used all kinds of production facilities. However,
Wijesekara & Yakupitiyage, (2001) mentioned that, main
farms have only cement tanks.

But based on this result compare to past , more glass
tanks are using at present, In the study on “farming or-

namental fish” Wills in 2020 has mentioned that, tradi-
tionally, most of the Asian production of ornamental fish
has been undertaken extensively, using static outdoor
ponds or tank systems. However, it varies based on the
fish varieties, farmers’ capabilities, and size of the farms.

Table 2. General characteristics of ornamental fish farms
(n=60)

General characteristics Percentage (%)

Cultural activities  Breeding 06.7
ol U el Rearing 08.3
Out-growing 03.3
Breeding and 78.3
Rearing
Size of the orna- <20 perches 40.0
IS 20-119 perches 28.3
120-219 perches 16.7
220-319 perches  06.7
>320 perches 08.3
Nature of Cement tank 27.0
production facility o et 03.0
on ornamental
fish farms Glass tanks 05.0
Cement tanks and 15.0
Mud ponds
Cement tanks and 30.0
Glass tanks
Mud ponds and 02.0
Glass tanks
All 18.0
Water sourceson  Well 43.0
ornamental fish o 27.0
farms
River water 24.0
Other 06.0
Type of labor of Family labor 65.0
EITE Hired 32,0
Both 03.0
Production <833 06.6
capacityonthe 33 333 467
farm
8333-83333 30.0
>83333 10.0

When consider the water sources, most of the ornamen-
tal fish farms (43%) used wells as the water source. While
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27% of farms used tap water, 6% of farms used other wa-
ter sources such as canals under the natural water chan-
nels. The reason behind this result is that, water quality
(water PH, Temperature, dissolved gases (Oxygen and
Carbon-dioxide), salinity, etc) is a vital factor for produc-
tion of ornamental fish. It was also mentioned by Usha,
Sharath, & Prashant, (2013) on their study of “Study on
ornamental fish diversity and water quality of Adda Hole
stream, Kabbinale forest range, Western Ghats" Also,
most of the farmers have mentioned that, when use tap
water as the water source, it is badly affected for the fish
production. There were some water quality problems
such as chlorine content, etc. But some farmers used tap
water under special management practices. 24% of the
farms used river water as the water source, especially for
the mud ponds.

With regard to type of labour, 65% of the farms in this
area used family laborers. Also, 32% of farms used hired
laborers and only 3% of farms use both labour sources.
Hired labour is very costly and it increases the cost of
production. Production capacity is determined based on
the NAQDA production capacity categorization proce-
dure. According to that, majority (46.7%) of the farms be-
longed to the 833-8333 per month production category
or V group. While 30% of the farms were belonging to
the 8333-83333 category or IX group), 6.6% of farms be-
longed to less than 833 production capacity per month.
However, there was not the high production capacity as
these farmers didn’t have facilities to reach to that level. .

Demographic characteristics of the farmers

Demographic characteristics of the farmers were studies
and the results are presented in table 3.

As shown in Table 2, out of the respondents, the majority
of the ornamental fish farmers were male and a minimum
of them represented female. In Sri Lanka, there were
more men involved in ornamental fish production. But
a small number of females were also engaged in farm-
ing because they are looking forward to an additional
income generation path at the household level. The age
distribution of the sample highlighted that majority of
the ornamental fish farmers belonged to the 28-47 years
category. The second largest group accounted for the
48-67 age category in the study area and there were not
a considerable amount of farmers under the less than 28
age category.

The result revealed that most of the younger generation
was not engaged in ornamental fish production. Domi-
nantly mid-age category people had involved for farm-
ing and they have more experience regarding this field.
According to the educational background of the sample,
the majority (53%) of the respondents have studied up to
the advanced level (A/L) and around 22 % had studied up
to the ordinary level (O/L).

Table 3. Demographic characteristics of the ornamental
farmers (n=60)

Demographic characteristics Percentage (%)

Gender Male 81.7
Female 18.3
Age <28 years 06.7
28-47 years 28.0
48-67 years 21.0
>68 years 07.0
Education level No formal educa- 20.0
tion
Below grade 5 03.0
Up to O/L 22.0
Up to A/L 53.0
Degree and above 20.0
Income of orna- <25000 14.0
mental fish farm- - ,5000-50000 14.0
ers (LKR)
50000-75000 14.0
75000-100000 18.0
>100000 40.0
Experience of Lessthan 1 year 05.0
ornamental  fish s e 333
farmers
5-10 years 233
More than 10 383
years
Training on orna- Not training 49.0
mental fish farm- NARA 08.0
ers
NAQDA 25.0
Other institute 18.0
Farming status on Full time 60.0
ornamental  fish Part time 400

farmers

Only 2% of the farmers were degrees and above. 3% of
farmers didn’t have formal education. Wijesekara & Yak-
upitiyage, (2001) also indicated similar results in their
study “A study of the constraints affecting ornamental
fish production in Sri Lanka”. Most of the ornamental fish
farmers belonged to the more than 100000 LKR catego-
ry and the second majority of respondents were in the
75000-100000LKR category. 14% of farmers belonged
to the less than 25000LKR category. The result revealed
that ornamental fish farming is a productive field for in-
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come generation if it is conducting the correct manner.
Farmers’ income varies according to their production of
fish varieties and their target market. While the majority
of farmers had more than 10 years of experience in the
field, there was a noticeable amount of farmers having
1 to 5 years of experience. Only a few farmers were less
than 1-year of experience and they were newcomers to
the field. According to the result, a considerable amount
of farmers had functioned on their farms for more than
10 years and now they have in a stable position. While
49% of the ornamental fish farmers didn't have formal
training on ornamental fish, 51 % had undergone train-
ing at different institutes including the National Aquatic
Resources Research and Development Agency (NARA),
National Aquaculture Development Authority (NAQDA),
and other institutes. Of these, only 25% of the studied
population had been trained at Rambadagalla’s three
days training program which is conducted by National
Aquaculture Development Authority (NAQDA). Wijese-
kara & Yakupitiyage, (2001) mentioned that the majority
of farmers didn’t have formal training on ornamental fish
production but in the present, it varied because most of
the farmers have interested in the training programs to
develop their knowledge and skills for conducting farm
activities in the right manner.

The majority of ornamental fish farmers conducted farms
full-time. Less amount of farmers conducted their farms
part-time. The majority of farmers have identified that
ornamental fish farming is the best path for generating
income therefore most of the farmers have engaged to
work full time with ornamental fish farming activities.

Positive and Negative impact during COVID-19 pan-
demic

Positive and negative impacts were analyzed from the
identification of the difference between selling amount,
production capacity, cost of production, number of fish
varieties, and number of market opportunities of orna-
mental fish farmers before and during the COVID-19
pandemic. The data was not normal distribution which
was named as non-parametric data. Therefore two-sam-
ple Wilcoxon signed-rank test was used for comparison
of those factors’ median values before and during the
COVID-19 pandemic.

The selling amount was measured by the number of fish
that they were selling per month before and during the
COVID-19 period. Results indicated (Table 3) that the sum
of rank (1501) was a high value regarding the positive
rank. According to that during the COVID-19 period sell-
ing amount had increased more than before COVID-19.
And also test significant value was 0.000 based on the
negative rank. Therefore null hypothesis was rejected
so that there was a significant difference between be-
fore and during the COVID-19 period. There was a no-

ticeably high sales amount when compared with before
COVID-19 sales amount per month. According to that,
there was good market demand for ornamental fish
during the COVID-19 period than before the COVID-19
pandemic. But the main problem of farmers was that
couldn’t have the ability to fulfill the market requirement
because of their low production capacity.

The cost of production per month was measured by us-
ing the following equation (Gray, 2001).

Cost of production= fixed cost + variable cost

Under the fixed cost, the cost is calculated basically brood
stocks cost, labor cost, and water and electricity cost. The
variable cost calculated basically feed cost, Packaging &
delivery, medication, traveling overseas, and filter repairs
cost. Results revealed that positive rank value was the
high sum of rank value; during the COVID-19 period, the
cost of production increased more than the earlier cost
of production. The significant value was 0.000. It was less
than 0.05 value according to the median value was a sig-
nificant difference. Hence during the COVID-19 period,
the cost of production was a significant difference.

Production capacity was measured by the number of fish
rearing before and during the COVID-19 pandemic. Neg-
ative ranks represented the high sum of rank value (950)
which means was during COVID-19 production capaci-
ty less than before COVID-19 production capacity per
month. Table 3 shows the variation of the positive and
negative rank and significant value based on the positive
rank. The significant value was 0.000 which was less than
the 0.05 value. Therefore median value was significant-
ly different. According to that production capacity was
significantly different before and during the COVID-19
period. The reason behind the result, most of the farm-
ers have suspended breeding activities because of feed
problems and also a considerable amount of fish died
because of disease infection. Disease infections have
been noticeably high during the COVID-19 pandemic
situation because some farmers have functioned breed-
ing process continuously then they had kept the fish in
the tank more than the recommended amount of fish.
Hence disease infection and death of fish problems had
increased during the pandemic situations.

Current ornamental fish production status

There weren't changes in fish varieties produced by the
farmers before and during the COVID-19 period. The neg-
ative rank sum of rank value and the positive rank sum
of rank value wasn't high differences between them be-
cause in both situations farmers’ production fish variet-
ies were the same and also significant value was greater
than 0.05 values in order to that the null hypothesis was
accepted (table 03). Hence median value was not signifi-
cantly different before and during the COVID-19 period.
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Table 4. Positive and negative impact on ornamental fish farmers

Factors Sum of Rank Asymp. Sig.
(2-tailed)
Selling amount of orna- Negative Ranks? 269.0 a. During COVID-19 Selling amount per month < Before 0.000
mental fish before and COVID-19 Selling amount per month
during COVID-19 pan- Positive Ranks® 1501.0  b. During COVID-19 Selling amount per month > Before
demic COVID-19 Selling amount per month
Production capacity of Negative Ranks? 950.0 a. During COVID-19 Production capacity per month < 0.000
ornamental fish before Before COVID-19 Production capacity per month
and during COVID-19 Positive Ranks® 131.0 b. During COVID-19 Production capacity per month >
pandemic Before COVID-19 Production capacity per month
Cost of production Negative Ranks® 147.50  a.During COVID-19 cost of production per month < Be- 0.000
before and during fore COVID-19 cost of production pre month
COVID-19 pandemic Positive Ranks® 842.50  b. During COVID-19 cost of production per month > Be-
fore COVID-19 cost of production pre month
Number of fish variet- Negative Ranks? 80.0 a. During COVID-19 number of fish varieties < before 0.867
ies before and during COVID-19 number of fish varieties
COVID-19 pandemic Positive Ranks® 73.0 b. During COVID-19 number of fish varieties > Before
COVID-19 number of fish varieties
Number of Market op- Negative Ranks? 24.0 a. During COVID-19 Market opportunity < Before 0.171
portunities for orna- COVID-19 Market opportunity
mental fish before and Positive Ranks® 12.0 b. During COVID-19 Market opportunity > Before

during COVID-19 pan-
demic

COVID-19 Market opportunity

Table 5. Current ornamental fish production status

Fish Percentage
variety (%)
Angle Pterephylum scalare 15.91
Swordtail Poecilia reticulate 10.61
Carp Cyprinus carpio 10.61
Guppy Poecilia reticulate 9.85
Fighter Betta splendens 9.09
Zibra Branch ydanio rerio 6.82
Discuss Svmphpsodon aequjfasciatus 5.3
Plety Xiphophorus maculates 53
Goldfish Carassius auratus 53
Molly Poecilia sphenops 53
Tetra Paracheirodon innesi 4.55
Oscar Astronotus ocellatus 4.55
Barbe Puntigrus tetrazona 2.27
Gourami Trichogaster lalius 227
Flowerhorne Paraneetroplus synspilus 0.76

The ornamental fish farmers didn't have to engage in
changing their production of fish varieties during the
COVID-19 period because they didn’t have market prob-
lems for selling their products. The current status of pro-
duction of ornamental fish varieties in the study area was
shown in table 04. According to the results, in the study
area Angle varieties were dominantly produced on the
farms. And also sword-tail, Carp, Guppy, and Fighters
varieties have been produced in considerable amounts.
Those five varieties have high production capacity within
the studied area. Malawi, Catfish, and Flower hone vari-

eties have a low production capacity in the studied area.

Current market opportunities of ornamental fish
farmers

The market opportunity was measured by the number of
the target market of farmers that was going to sell their
fish. Table 3 represented the sum of rank values before
and during the COVID-19 period. The result revealed that
the sum of rank variance was not considerably changed
during the COVID-19 period. And also test statistic’s sig-
nificant value was greater than the 0.05 value. Hence
farmers’ market opportunities were not significantly dif-
ferent before and during the COVID-19 period. Based on
the study, farmers had sold their production for supply
exporters, local market, both local market and direct ex-
porters, both local market and supply exporters at the
present. In fact, Wijesekara & Yakupitiyage, (2001) men-
tioned that most of the farmers sold their products to the
supply exporters in his study. Based on that majority of
farmers (35%) had sold products to the supply exporters
and 31.7% of farmers sold for the local market (table 5)

Table 6. Current market opportunities of ornamental fish
farmers

Market opportunity Percentage(%)
Local market 31.7

Supply Exporters 35

Local and Supply exporters ~ 21.7

Local and Direct export 6.7
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The reason behind the results, the export market has a
considerably high demand than the local market. There-
fore most of the farmers have been engaged in selling
their products to the supply exporters, and also supply
exporters have paid high prices than the local market.
But the supply exporters were mainly concerned about
the fish quality when purchasing the farmers’ products.
Hence most of the time farmers’ products have been re-
jected due to quality problems. According to that, the
COVID-19 pandemic didn't have an effect on changing
the market opportunity of the farmers.

Problems of ornamental fish farmers during the
COVID-19 pandemic

Problems of ornamental fish farmers were categorized
into three parts as production problems, market prob-
lems, and other problems that they had to face during
the COVID-19 pandemic and presented in three sections
in below.

The result revealed (Table 6) that 87.7% of farmers were
faced with the problem of receiving fish feed and addi-
tives. As most of the fish feed imports to Sri Lanka, farm-
ers have difficulty accessing the feed during COVID- 19
period due to COVID-19 adversely affected for the im-
port and export market. Therefore it is directly affected
maintaining the fish quality. The second major produc-
tion problem is the death of fish. The main reason was
that most of the farms were situated in a limited area and
farm activities function during the lockdown period with
the continued breeding process. Hence they had to face
space problems on the farm. As a result, they had stocked
exceeded fish amount rather than recommended level
which adversely affected the fish died. The percentage
of other production problems was shown (table 6) based
on the priority of the problems. The cleaning problem
within the farms was low percentage because most of
the farms didn't hire the laborers as they function their
work with family members.

Those production problems have varied based on the
farm category (table.7). Based on the V group (833-8333)
and the IX group (8333-83333) category farms dom-
inantly have to face production problems during the
COVID-19 period. As they have maintained their activi-
ties within a limited land area, haven't the adequate land
area to function for farm activities. Hence they had to
face production problems rather than other groups of llI
group (833 )and VI group (> 83333) of farms.

The Il group of farms had a minor influence on the pro-
duction problems due to their production capacity be-
ing low level. Their production problems influence had
a minimum level when compared with other groups. VI
group category farms also had a minor influence on the
production problems because they have sufficient in-
come levels rather to other groups of farms.

Table 7. Problems of ornamental fish farmers

Problems of ornamental fish farmers Percentage
(%)

Production problems Problem of receiving 87.7
feed and additives
Death of fish 80.7
Problem of maintain  78.9
quality
Difficult to function ~ 77.2
natural and artificial
breeding activity
properly
Difficult to find quali- 61.4
ty breeding fish
Problem of receiving  35.1
medicine
Disease infection 316
Cleaning problems 2238
in farm

Market problems Problem of transport  98.2
facility
No stable price 345
Lack of buyers 34.5
Reject the stock 327
due to the weight
problem
Lack of collecting by  27.3
sellers

Other problems Lack of involvement  96.6
of government and
other responsible
organization
Lack of loan facilities  86.2
Lack of insurance 724
facilities
Labor problem 259
Difficult to recover 259

the loan

Within the marketing problems, the majority 98.2% of
farmers had problems with transport facilities. During
the COVID-19 pandemic, the government had put trav-
el restrictions between the districts. In Sri Lanka police
issued the travel pass for the essential services. But or-
namental fish farmers couldnt have access to the pass
due to the responsible persons had less awareness about
the ornamental fish industry. Therefore the majority of
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the farmers couldn't obtain the feed and other facili-
ties during the COVD-19 period due to the problem of
transport facilities. Table 6 shows, other market problems
based on prioritization. The 34.5% percentage of farm-
ers had the problem of stable prices and lack of buyers.
32.7% of farmers had faced the problem of rejecting
the stock due to the weight problem. When exporting
the products, flight charges are calculated based on the
weight of the packing box. Weigh of the ornamental fish
packages have low when compared with the other pack-
ages’ weight. Hence most of the packages were reject-
ed during the COVID-19 period due to the limited flight
facilities. Table 7 indicated the farmers’ market problems
impact based on the production capacity on the farm.
According to that V group (833-8333) and the IX group
(8333-83333) category farms dominantly faced market
problems rather than other farms’ categories.

Table 8.The problems percentage with the farm groups
<833 833-8333 8333-83333 83333<

Production Frequency 4.0 25.0 18.0 6.0

problems Percentage 7.5 47.2 34.0 1.3
(%)

Market Frequency 40 22.0 18.0 6.0

problems Percentage 8.0 44.0 36.0 12.0

(%)

Table 6 indicated under the other problems category that
96.6% of farmers had a problem of lack of involvement of
government and other responsible organizations. And
also 86.2% of farmers couldn't access loan facilities due
to the lack of loan facilities allocating ornamental fish in-
dustry. There was a low percentage of the problem of la-
bor and recovery of the loan facilities. The majority of the
farms worked with family labor and some farms’laborers
stayed in the house. Therefore there was a noticeably low
level of labor problems during the COVID-19 period.

Coping strategies and Resilience methods of orna-
mental fish farmers during COVID-19 pandemic

Most of the farmers (58.3%) had used special coping
strategies during the COVID-19 pandemic for respond-
ing to the COVID-19 outbreak. However, 41.7% of farm-
ers were not engaged to use coping strategies during
the COVID-19 pandemic. As indicated (Figure 2) 44.4%
of farmers had engaged to reduce the frequency of fish
feeding due to the feed problems during the COVID-19
pandemic. And also 34.9% of farmers had used the meth-
od of suspending the breeding activities due to the prob-
lem of receiving feed and the problem of space in the
tanks. Based on the results, farmers had used the same
feed for each stage, they didn’t function sorting process
and used alternative feed instead of fish feed during the
COVID-19 pandemic situation as the adaptation strate-
gies. SAARC Agriculture Centre (SAC), (2017) mentioned
that mainly farmers should be concerned about the feed

management process. feed process is differed based on
the fish stages such as nursery stage, and growth stage,
and also feed should be supplied at the right time and
required amount. In fact, the farmers had shifted from
the actual management practices to engaging the cop-
ing strategies.

Use Alternative feed i 4,8%
Not functioning sorting process i 32%

Use same feed for every stage i 12,7%

Coping strateg les

production has been

suspended(breeding) _ 0%
Reducing the frequency of feeding — 44,4%

50,0%

0%  100% 20.:’)% 300% 400%

ercent

Figure 2. Coping strategies of ornamental fish farmers

Within the study area,46.7% of farmers have used resil-
ience methods for getting back to their original state.
But 53.3% of farmers didn't use resilience methods. The
reason for the result, the market demand for ornamental
fish had noticeably increased during the COVID-19 pan-
demic, therefore, most farmers had the ability to contin-
ue their farming activities without using resilient meth-
ods. Among the farmers engaging in using resilience
methods, 36.4% of farmers have hoped to gain financial
support for getting back to the original stage. 29.5% of
the farmers wished to engage in the changing of fish
varieties based on the market demand because market
demand varies according to the fish varieties.

Analyze the association between socio-economic
characteristics and coping strategies

The education level of the farmers, experience of farm-
ers, training on farmers, monthly income of the farmers,
and production capacity of the farms was used as the
socio-economic characteristics. The relationships were
measured using the chi-square test. The coping strat-
egies were used as the dependent variable. According
to the results of table 8, there was a significant associa-
tion between the monthly income of farmers and using
coping strategies,x2 (4, N=57)=33.03,p=0.000. and also,
there was a significant association between the produc-
tion capacity per month and use of coping strategies,x2
(3, N=56)=16.686,p=0.001, Socio-economic characteris-
tics of the education level of farmers, the experience of
farmers and training of the farmers were not a significant
association with the using of coping strategies because
there was significant value was greater than 0.05 value.

Table 08 explained that the association between the
coping strategies and production capacity on the farm.
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Low production capacity farms (<833) were dominantly
engaged in using coping strategies during the COVID-19
period. Large production capacity farms (>83333) were
not engaged in using coping strategies. Low production
capacity farms had more problems rather than large pro-
duction capacity farms because of they didn't have suffi-
cient income levels to maintain the farming activities. As
aresult, they had to use coping strategies for adapting to
the pandemic situation. And also more than 100000 LKR
income category farms were not engaged in using cop-
ing strategies during the COVID-19 period because they
had adequate facilities to maintain their farms. But other
income category farms had to follow coping strategies
for adapting to the critical situation.

Table 9. Relationship between coping strategies and socio-
economic characteristics

socio-economic df Asymp. Sig.
characteristics (2-sided)
Education level of 4 0.771
farmers

Experience of 3 0.201
farmers

Training of farmers 3 0.768
Monthly income 4 0.000
from ornamental

fish production

Production 3 0.001
capacity of the

farm

The current main constraints of ornamental fish farm-
ers besides the impact of the COVID- 19 pandemic

Ornamental fish farmers already have constraints be-
sides the impact of the COVID-19 pandemic. The current
main constraints of ornamental fish farmers besides the
COVID- 19 impact were assessed using 10 statements
along 5 points Likert scale as Strongly Agree, Agree,
Neutral, Disagree, and Strongly Disagree. Based on table
9, there were very high mean values (>4) for five state-
ments. Those high mean values indicated that farmers
strongly agree with those five statements namely; Lack
of market information about the changes in the overseas
demand, Low price given for the product, and lack of
communication between farmers.

Farmers have mainly ridden with this constraint besides
the COVID-19 pandemic due to the poor information
linkage between the farmer and the buyers. Therefore
farmers don’t have updated knowledge about the mar-
ket demand of the fish varieties. Hence they produced
the same fish varieties without any idea of the market
demand then they couldn’t sell their products due to the

surplus of the market regarding the same fish varieties.
As a result, they have engaged to suspend their produc-
tion process and give up the farming process. This study
has suggested the “Ideal “ORNAFISBIZ” Model (figure 3)
for avoiding the major constraint of the farmers (Devi,et
al., 2017). The ideal model is shown below which is also
beneficial for developing the farmers’ production. And
also the model helps to avoid ornamental fish farmers’
barriers as well.

This model is only suggested for the information linkage
between the farmers and buyers as a solution for avoid-
ing the major constraints. At the initial stage, farmers’
production process should be prepared in a productive
way because farmers when linked with the market could
supply quality fish for both domestic and export mar-
kets. If they couldn’t supply quality fish, buyers could be
refused the purchasing their products. This model is vital
to both markets because they could determine and se-
lect the farmers based on their product quality and their

supply capacity.

In this model, at the beginning farmers’ production cat-
egory is divided into three parts. There are pre-produc-
tion, production, and post-production. The pre-produc-
tion stage should be facilitated mainly by training and
knowledge to keep the production process and facilitate
the infrastructure and loan facilities to enhance their pro-
duction capacity. During the production process, supply
the diagnostic services, access to modern improved
technology facilities, and monitoring the process. At the
post-production, stage farmers should be graded based
on the fish quality and quantity and issued the certificate
to them for further identification. It is a pivot part of the
information linkage model because the buyers can eas-
ily identify the nature of the farmers’ production before
purchasing. And also farmers could be selected the buy-
ers based on their production capacity, and quality, and
they could be functioned and manage their production
process based on the market demand.

The second step was all the farmers’ linkage together as
the district wise through the district society of ornamen-
tal fish farmers. It helps to follow the information toward
the farmers because there isn’t a high population of or-
namental fish farmers therefore should be built up the
relationship among them to follow the information. If
most of the farmers have engaged to produce the same
varieties without interconnection with them, it could be
caused to deduct the market demand regarding those
varieties.

In the last stage district society of ornamental fish, farm-
ers should be connected with the district collector cen-
ters which is the place to coordinate both parties by pro-
viding information to both sides. The collector center has
linked both parties forwardly and backwardly. This is the
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Table 10: Constraints of ornamental fish farmers

Serial Statement Mean Std. Remark
No Deviation
01 Lack of market 460 0.764 Strongly
information about Agree
the changes in the
overseas demand
02 Low price given for 4.53  0.769 Strongly
the product Agree
03 Lack of 428 0.804 Strongly
communication Agree
between farmers
and buyers
04 Delays and non- 292 0.809 Disagree
payments for
products
05 High investment  4.53  0.623 Strongly
cost Agree
06 Difficulties in 295  1.141 Disagree
entering export
market
07 Difficulties in 3.05 2740 Agree
finding markets for
products
08 Difficulties in 353 0911 Agree
maintaining the
enterprise in off-
season
09 High maintain cost 3.53  0.623 Strongly
Agree
10 Export in fish in 3.67 0.752 Agree
same cases for
prices
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Figure 3. Ideal “"ORNAFISBIZ" Model for Sri Lanka to infor-
mation link between the farmers and Exporters

place where is kept all information about farmers and
market information. This is the ideal model to avoid the
farmers’ major constraints.

CONCLUSION

According to the findings, Most of the ornamental fish
farms dominantly conducted breeding and rearing activ-
ities together as the cultural activities and the majority
of ornamental fish farms belonged to the 8333-83333
per month production category. Male farmers are main-
ly participating in ornamental fish production and also
a higher number of farmers have education levels up to
A/L within the study area. The farmers have more than 10
years of experience in the field. So, farmers have a good
background on engage in ornamental fish farming. How-
ever, most of the farmers didn't have to get any formal
training regarding ornamental fish production. Apart
from that majority of farmers have conducted their farm-
ing activities as a full-time occupation.

The COVID-19 pandemic has rapidly spread around the
world. It has caused negative and positive impacts re-
garding ornamental fish production in the country. As
the major positive impact during the COVID-19 period
was, the selling amount of ornamental fish had unex-
pectedly increased but farmers couldn’t have the supply
market requirements due to the low production capaci-
ty. Major negative impacts during the COVID-19 period,
farmers’ ornamental fish production capacity decreased
during the COVID-19 period due to the main production
problems. The cost of production for farmers’ had in-
creased during the COVID-19 period compared with the
before COVID-19 period due to the increase in feed price
(mainly Brine shrimp price). Fish verities produced by the
Farmers didn’t change during the COVID-19 period. Most
of the farmers produce the same fish varieties before and
during the COVID-19 period. In the study area, most of
the farmers had dominantly produced Angle, Swordtail,
Carp, Guppy, and Fighters. Farmers’market opportunities
hadn’t changed during the COVID-19 period because
they sold their production same target market during
the COVID-19 period. Dominantly farmers sell products
to the supply exporters who are the person connected
with the direct exporters.

Farmers suffered from production, market, and other
problems during the COVID-19 period. Among them, the
problem of receiving feed and additives and died of or-
namental fish were the main production problems of the
farmers. Under the marketing problems were difficulties
in transport facilities and unavailability of a stable price,
lack of buyers, reject the stock due to the weight prob-
lem, and lack of collecting by sellers. Lack of involvement
of government and other responsible organizations and
lack of loan facilities were the main problems catego-
rized under the other problems of the farmers.
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During the COVID-19 period, most of the farmers have
engaged in using coping strategies for responding to the
outbreak. Mostly they followed reducing the frequency
of feeding strategies, suspended breeding activities, us-
ing the same feed for every stage, and used alternative
feed respectively during the COVID-19 period. Those
coping strategies had been influenced by the reduction
of farmers’ production capacity and quality of the fish.

There was an association between the income level of
the farmers and the production capacity of the farms
with the use of coping strategies. The education level of
the farmers and experience and training of the farmers
didn’t show an association with the use of coping strat-
egies. While high-income farmers were not engaged in
using coping strategies, low-income farmers had been
mostly engaged to follow the coping strategies. Also,
high production capacity farms were not engaged to use
coping strategies. Although most of the farmers are not
hoping to use resilience methods for re-building their
production process, few farmers had involved to use
resilience methods among them dominantly hoping to
obtain financial support for enhancing the production
capacity.
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Abstract

Salmonella spp. infection is considered a crucial trouble of the poultry in-
dustry in Bangladesh. Hence, this study was aimed to estimate the sero-
prevalence of Salmonella spp. in poultry along with biosecurity practices
that are associated with this Salmonella spp. infection. The study was con-
ducted during the period from January to September, 2021 in Mymensingh
and Gazipur district of Bangladesh. A total of 314 samples were considered
to determine the seroprevalence. Seroprevalence was determined by per-
forming the rapid serum plate agglutination test. The result revealed that
the overall Salmonella spp. seroprevalence was 47.77% in the study area. The
higher seroprevalence was in Mymensingh (51.59%) than Gazipur (45.21%)
without significant (p>0.05) difference. The highest seroprevalence was
in broiler (51.33%) where in layer and sonali was 32.67% and 16% respec-
tively. Seroprevalence was significantly (p<0.05) higher in summer for lay-
er (56.45%), broiler (60.64%) and sonali (51.22%) than the winter seasons.
In layer farms, the flock size of >2000 to <2500 had significantly (p<0.05)
higher (71.43%) seroprevalence. In broiler farms, 15 to 30 days old birds
had significantly (p<0.01) higher (77.05%) seroprevalence than other age.
Among the different categorical level of biosecurity practices, the poultry
farms that used surface water (OR=0.182, 95% CI=0.106-0.314); disinfectant
regularly (OR=0.296, 95% Cl=0.171-0.511); having density of 8-10 birds/me-
ter2 (OR=0.379, 95% CI=0.219-0.654); cleaned waterer and feeder regularly
(OR=0.503, 95% CI=0.294-0.862); and having visitor restriction (OR=0.375,
95% CI=0.219-0.643) showed lower tendency (p<0.001) to seroprevalence.
In brief, Strict farm hygienic practice and biosecurity measures are signifi-
cantly linked to decrease the Salmonella spp. seroprevalence.

Keywords: Salmonella spp., Seroprevalence, Biosecurity, Broiler, Layer,
Sonali

INTRODUCTION

Poultry farming in Bangladesh is a fast-growing sub-sector which takes an im-
portant place in socio-profitable development especially pastoral livelihood de-
velopment by generating employment prospects (Islam & Nishibori, 2009). This
subsector plays an important part in narrowing the gap between demand and
force of protein of animal origin (Islam & Nishibori, 2009). Particularly, this sub-
sector contributes nearly 40% of the total meat supply and more than 25% of
Bangladesh’s total human protein demands (Abdullah et al., 2019; Hamid et al.,
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2016). However, several factors reduce the growth rate
of this sector. Among them, poultry diseases are the ma-
jor constraints (Karim, 2003). About 30% of poultry birds
die annually in Bangladesh due to outbreaks of several
infectious diseases. The major infectious and contagious
diseases are Avian influenza, Gumboro disease, Newcas-
tle disease, Mycoplasmosis, Colibacillosis, Salmonellosis,
and Fowl cholera frequently affecting marketable Poultry
farm (Chanie et al., 2009). Among the bacterial diseases
Salmonella spp. infection is one of the major problems for
poultry in Bangladesh, which is considered a crucial trou-
ble of the poultry assiduity (Rahman et al., 2016). In Ban-
gladesh, the circumstance of Salmonella spp. infection is
about 21-30% in layer and about 15% in broiler which
is measured as the loftiest frequency among different
types of poultry disease (Rahman et al., 2017), among
which a variety of acute and habitual diseases in poul-
try are included (Laxman Bahadur et al,, 2016). Salmo-
nellosis in poultry causes significant profitable loss due
to mortality and reduced product (Rahman et al., 2016).
Salmonellosis in chickens caused by Salmonella pullo-
rum and Salmonella gallinarum and is appertained to as
pullorum complaint and fow! typhoid, independently.
Pullorum disease occurs in chicks during their first many
days of life and causes severe enteritis and bacteremia
(Rahman et al., 2016). Whereas, fowl typhoid is a disease
of mature chicken and causes either acute enteritis with
greenish diarrhea or a habitual complaint of the genital
tract that reduces egg product (Rahman et al., 2016).
Chicks can be infected with Salmonella spp. by vertical
transmission through infected parents or by horizontal
transmission through hatcheries, sexing in defiled hatch-
eries, cloacal infection, and transportation of outfit and
feed (Kabir, 2010). Motile Salmonella spp. (paratyphoid
group) infection causes salmonellosis in chickens with
zoonotic significance (Kabir, 2010). Basically, Salmonel-
la spp. are short bacilli, 0.7-1.5x%2.5 pm, Gram-negative,
aerobic or facultative anaerobic, positive catalase, nega-
tive oxidase; they raise sugars with gas product, produce
H2S, are non sporogenic, and are typically motile with
peritrichous flagella, except for Salmonella pullorum and
Salmonella gallinarum, which are immotile (Gantois et al.,
2009; Rahman et al., 2016). The diseases frequencies in a
particular area depends on several factors like geograph-
ical condition, immunization status of the ranch, quality
and condition of the chicks, bio-security status of farm
etc. Biosecurity measure commonly may be the imple-
mentation of policies, practices, and essential actions
that enhance preparedness and prevent the introduc-
tion and rapid spread of diseases within the country and
across national borders (Fathelrahman et al., 2020). The
increasing preparedness against biosecurity threats has
a tendency of reduction to disease outbreaks and also
the poultry production systems need an increase drive
for improved biosecurity practices (Maduka et al., 2016).

In Bangladesh is particularly at risk of transmission of in-
fectious diseases because of its high population density
and widespread contact between people and animals.
Hence the most important measure for sustainable and
profitable product on a poultry point must be to have
in place forward defenses similar as a biosecurity Pro-
gram. Though, the several studies were conducted on
seroprevalence of Salmonella spp. in poultry in different
area of Bangladesh (Hossain et al., 2010; Jalil & Islam,
2012; Sabuj et al., 2019; Sikder et al., 2005). But the ef-
fect of different biosecurity practices in preventing the
seroprevalence of Salmonella spp. in poultry farm has not
been studied before. Moreover, update information on
the seroprevalence of Salmonella spp. in different types
of poultry (Layer, Broiler and Sonali) is essential to design
a prevention and control strategies. In fact, the hygienic
property of the poultry products depends on the man-
agement and health status of poultry and predominantly
on the conception and the biosecurity grade of the poul-
try houses. Hence, this study was aimed to estimate the
seroprevalence of Salmonella spp. infection in commonly
farming types of poultry (Layer, Broiler and Sonali) along
with biosecurity practices that are associated with this
infection in Mymensingh and Gazipur district of Bangla-
desh.

MATERIALS AND METHODS
Study area and period

This study was designed to collect the samples from two
districts namely Mymensingh and Gazipur of Bangla-
desh, lie between the latitudes of 24.30°N to 24.88°N and
longitudes of 90°16'4"E to 90.73°E (Figure 1). The soft-
ware ArcGIS-ArcMap version 10.8 (ESRI, USA) was applied
to show the study area. The study was conducted during
the period from January to September, 2021.

Sample Size Estimation

The sample size in the study area was determined by the
formula of Daniel (1999).

_Z’P(1-P)  (1.96)*x031(1-031)
"= T (0.05)? '

n = 328.69 = 329

Where,
n = sample size,
Z =1.96 (95% confidence level),

P = expected prevalence or proportion (in proportion of
one; 31.25%, P =0.31), and

d = precision (in proportion of one; whereas P=0.31,
therefore d = 0.05).

In the previous study, the authors (Mridha et al., 2020)
found the 31.25% overall prevalence of Salmonella spp. in
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Gazipur, Tangail, and Dhaka districts of Bangladesh. So,
the expected prevalence was considered as 31.25%. The
estimated sample size was 329. A total of 330 samples
was collected and finally, 314 samples were considered
to test for determining the seroprevalence.

Sample collection

The blood samples were collected aseptically from wing
vein of the selected birds without any anticoagulant. All
the selected birds were from small-scale poultry farm,
and the farms having less than 2500 birds were consid-
ered as small-scale farming. A total of 314 samples were
for detection of seroprevalence of Salmonella spp. infec-
tion. After collection of blood using sterilized syringe
and needle, the syringes having the blood sample were
placed in a standing position in a cool box and kept for 6
hours to separate the serum. After separation of serum,
the serum samples were transferred to 1.5 ml micro cen-
trifuge tubes and stored in refrigerator until perform the
Serum Plate Agglutination (SPA) test.
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Figure 1. Spatial location of the study area (Mymensingh
and Gazipur District) in Bangladesh.
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Figure 2. Salmonella spp. antigen for serum plate aggluti-
nation (SPA) test to detect seroprevalence.

All the blood samples were collected from non-vaccinat-
ed birds. At the same time, data on poultry farm were col-
lected from the farmer. The questionnaire to collect the
data on biosecurity practices was prepared according to
the previous study (Meher et al., 2020).

Salmonella spp. antigen

Salmonella spp. antigen (Serotest® SP, S& A Reagent Lab,
Thailand) was used for rapid serum plate agglutination
(SPA) test to detect antibodies due to infections caused
by both standard and variant strains of Salmonella pullo-
rum and Salmonella gallinarum in the sera samples. The
antigen was killed and colored Salmonella O group D (So-
matic 9, 12) (Figure 2).

Detection of Salmonella spp. infection by serum plate
agglutination (SPA) test

The SPA test was performed according to the methods
described by Sikde et al. (2005). Briefly, equal amount
of antigen and serum (0.02 ml of antigen and 0.02 ml
of bird’s serum) were positioned on a glass plate side by
side with micropipettes. Afterward, antigen and serum
sample were mixed methodically by mixing with a small
tooth pick. To observe the reaction, the glass plate was
brightened from below for avoiding unnecessary heat
from the light source. In case of positive reaction, the
definite clumps were formed within 2 minutes just after
mixing the serum and antigen. The clumps usually be-
gan to appear and became condensed at the periphery
of the mixture. The absence of agglutination reaction
was characterized as negative reaction. Precaution was
taken to avoid the false positive result due to natural
granulation of the antigen.

Level of Infection

The level of infection was determined by the strength
of the clamps (Figure 3). In general, the clumps begun
and concentrated from the periphery of the mixture. The
strength of the agglutination reaction was measured ac-
cording to the methods followed by Hossain et al. (2007).
In brief,

No infection (=) = No clumps with no background clear-
ing.

Low infection (+) = Small clumps with no background
clearing.

Medium infection (++) = Medium sized clumps with al-
most complete background clearing.

Heavy infection (+++) = Large to very large clumps (most-
ly in the periphery) with complete background clearing.

Gross Pathological Lesions

Some of dead birds were randomly selected from the
poultry farms where the blood samples were taken for
SPA test. After a systemic dissection of the organs of dead
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birds, the changes in the organs were recorded and the
variations were compared with the results of Kumari et
al. (2013) to confirm suspect clinically the Salmonella spp.
infection cases. The sterilized distinct set of apparatuses
were used for each case to complete the post-mortem
examination and the methods applied which followed
by the authors Hossain et al. (2017).

Statistical analysis

All the data were arranged in Microsoft excel (Microsoft
corp. 2019) and then transferred to “Statistical Package
for Social Sciences (SPSS)” version 25.0 to perform the
statistical test. The association between the categorical
explanatory variable with outcome were estimated by
Pearson’s Chi-square. On the other hand, when more
than 20% of cells of 2x2 contingency table had expect-
ed count less than 5, the P value of continuity correction
was considered but when the table more than the 2x2
contingency then P value of Fisher exact tests was ac-
counted. Moreover, if the table is 1x3, the one sample
Chi-square test was performed. A regression model was
used to determine the significant associations of Salmo-
nella spp. seropositive case with the common biosecurity
practices of poultry farm. The Binary logistic regression
analysis was performed using the enter methods. Before
performing all the statistical test, the assumptions were
checked found suitable. The p value < 0.05 was consid-
ered as significant result.

Results

This study revealed that the seroprevalence of Salmonel-
la spp. infection was 47.77% in the study area (Table 1).
Among the two districts, the seroprevalence of Salmo-
nella spp. infection was higher in Mymensingh (51.59%)
than Gazipur (45.21%), though there was no significant
(p>0.05) difference. Among the 150 positive cases, high-
est proportion (51.33%) was detected in broiler species,
where in layer and sonali was 32.67% and 16% respec-
tively.

In case of layer birds, seroprevalence was significantly
(p<0.05) higher in summer seasons (56.45%) than the
winter seasons (Table 2). In winter season the moder-
ate level of infection was significantly (p<0.05) higher
(64.29%). The Salmonella spp. seroprevalence of the

farms that flock size was >2000 to <2500 birds had sig-
nificantly (p<0.05) higher (71.43%) seroprevalence.
Although, the 30-39 weeks old birds were more sero-
prevalent (70.00%) but had no any significant (p>0.05)
differences with the other ages. similarly, the seroprev-
alence was higher (56.76%) in Mymensingh without
any significant (p>0.05) difference with Gazipur district
for the layer birds. However, in Gazipur the significant
amount of layer birds (57.14%) was moderately infected.

The table 3 shows the seroprevalence in broiler birds,
where the seroprevalence was significantly (p<0.05)
higher in summer season (60.64%) and 15 to 30 days
old birds (77.05%). The flocks having the birds of >1500
to <2000 was higher (59.09%) seroprevalent. The mod-
erate level of infection was significantly (p<0.05) higher
(61.11%) in the birds of the flock size about >2000 to
<2500. Among the infected broiler birds, highest propor-
tion (44.16%) had the moderate level of infection.

The seroprevalence of Salmonella spp. Infection in sonali
chickens is presented in table 4. The result shows the sig-
nificantly (p<0.05) higher seroprevalence in summer sea-
sons of 51.22%. Moreover, the higher seroprevalence was
observed in the sonali birds of flock size <500 (54.55%),
61 to =90 days of age (52.17%) and in Mymensingh dis-
trict (40.91%). Among the infected sonali birds, highest
proportion (41.67%) had the low level of infection.

The Figure 4 shows the gross pathological lesions which
indicated that the Salmonella spp. infection. The patho-
logical lesions including the black color enlarged liver
with congestion and necrotic foci, splenomegaly, peri-
carditis, misshapen and congested ova had been found
in all dead birds of the farms that had the SPA test posi-
tive samples.

In Table 5, considering the biosecurity parameters, the
significant (p<0.05) number of infected birds were in the
farms used surface water (67.74%), used disinfectant ir-
regularly (59.78%), had the density of >10 birds/meter2
(55.70%), cleaned water and feeder irregularly (55.56%),
and had no any visitors’ restrictions (59.35%). However,
among the different types of poultry (Layer, Broiler and
Sonali), there was no any significant differences in term
of different categorical levels of biosecurity parameters
that commonly practiced.

Table 1. Prevalence of Salmonella spp. infection in different poultry farms of Gazipur and Mymensingh district of Bangladesh.

e No. of Positive Case (Prevalence) :
Sample Overall Farm Species
Variable Level Tested n (%) P value Layer (%) Broiler (%) Sonali (%) P valueOSC
Gazipur 188 85 (45.21) 28(32.94) 42(49.41) 15(17.65) 0.323
Area Mymensingh 126 65 (51.59) 0.321 21(32.31) 35(53.85) 9(13.85) 0.494
Total 314 150 (47.77) 49(32.67) 77(51.33) 24(16) 0.429

‘05¢"= p value of one sample Chi-square test. Significant at 1% (P<0.01); Significant at 5% (P<0.05).
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C

-

Figure 3. The strength of the agglutmatlon reaction showed (A) Low level of infection, (
tion, (C) High level of infection and (D) No infection

B) Moderate level of infec-

Table 2. Prevalence of Salmonella spp. infection in commercial Layer birds with respect to different parameters

Categories No. of Positive Case Level of Infection
Sample
Variable Level Tested (N) Prevalence (%) P value Low Moderate High P value ©°5¢
Season Winter 39 14 35.90 0.044 2(14.29) 9(64.29) 3(21.43) 0.046
Summer 62 35 56.45 ’ 9(25.71) 15(42.86) 11(31.43) 0.449
<500 15 5 33.33 1(20) 4(80) 0(0) 0.074
>500 to
<1000 22 6 27.27 2(33.33) 1(16.67) 3(50) 0.607
>1000 to
Flock Size <1500 19 11 57.89 0015 4(36.36) 5(45.45) 2(18.18) 0.529
>1500 to
<2000 17 7 41.18 1(14.29) 4(57.14) 2(28.57) 0.368
>2000 to
<2500 28 20 71.43 3(15) 10(50) 7(35) 0.157
<10 13 6 46.15 1(16.67) 3(50) 2(33.33) 0.607
A 10-19 15 8 53.33 2(25) 6(75) 0(0) 0.030
9ge 0-29 17 10 58.82 1(10 4(40 5(50 0.273
(Weeks) of 0.160 (10) (40) (50
the Birds 30-39 10 7 70.00 3(42.86) 2(28.57) 2(28.57) 0.867
40-49 26 7 26.92 1(14.29) 5(71.43) 1(14.29) 0.102
Above 50 20 11 55.00 3(27.27) 4(36.36) 4(36.36) 0.913
Gazipur 64 28 43.75 4(14.29) 16(57.14) 8(28.57) 0.018
Area Mymensingh 37 21 56.76 0.208 7(33.33) 8(38.1) 6(28.57) 0.867
Total 101 49 48.51 11(22.45) 24(48.98) 14(28.57) 0.059

05¢'= p value of one sample Chi-square test. Significant at 1% (P<0.01); Significant at 5% (P<0.05)
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Table 3. Prevalence of Salmonella spp. infection in commercial Broiler birds with respect to different parameters.

Categories No. of Positive Case Level of Infection
X Sample Prevalence ; osc
Variable Level Tested (N) (%) P value Low Moderate High P Value
Winter 56 20 35.71 5(25) 8(40) 7(35) 0.705
Season 0.003
Summer 94 57 60.64 13(22.81) 26(45.61) 18(31.58) 0.104
<500 23 12 52.17 2(16.67) 6(50) 4(33.33) 0.368
>500 to
<1000 36 20 55.56 5(25) 7(35) 8(40) 0.705
>1000 to
Flock Size <1500 34 14 41.18 0.699 4(28.57) 5(35.71) 5(35.71) 0.931
>1500 to
<2000 22 13 59.09 2(15.38) 5(38.46) 6(46.15) 0.368
>2000 to
<2500 35 18 5143 5(27.78) 11(61.11) 2(11.11) 0.030
<15 49 16 32.65 4(25) 7(43.75) 5(31.25) 0.646
Age (Days)  15-30 61 47 77.05 10(21.28) 20(42.55) 17(36.17) 0.186
: 0.001
of the Birds  31-45 and
40 14 35.00 4(28.57) 7(50) 3(21.43) 0.395
above
Area Gazipur 83 42 50.60 5(11.9) 22(52.38) 15(35.71) 0.005
Mymensingh 67 35 52.24 0.842 13(37.14) 12(34.29) 10(28.57) 0.819
Total 150 77 51.33 18(23.38) 34(44.16) 25(32.47) 0.082

‘05¢" = p value of one sample Chi-square test. Significant at 1% (P<0.01); Significant at 5% (P<0.05)

Table 4. Prevalence of Salmonella spp. infection in commercial Sonali birds in respect to different parameters.

Categories No. of Positive Case Level of Infection
S |
Variable Level Tae';lz : (N) Prevalence (%) P value Low Moderate High P Value®s¢
Winter 22 3 13.64 1(33.33) 1(33.33) 1(33.33) 1.000
Season 0.003
Summer 41 21 51.22 9(42.86) 7(33.33) 5(23.81) 0.565
<500 11 6 54.55 2(33.33) 2(33.33) 2(33.33) 1.000
>500 to <1000 10 5 50.00 2(40) 3(60) 0(0) 0.247
Z]ggg to 13 2 15.38 0(0) 0(0) 2(100) 0.135
Flock Size _1 —o0 0.305
> (o}
<2000 12 5 41.67 2(40) 2(40) 1(20) 0.819
>2000 to
<2500 17 6 35.29 4(66.67) 1(16.67) 1(16.67) 0.223
<30 27 9 33.33 4(44.44) 2(22.22) 3(33.33) 0.717
Age (Days) 31-60 13 3 23.08 1(33.33) 1(33.33) 1(33.33) 1.000
; 0.179
of the Birds  61-90 and
23 12 52.17 5(41.67) 5(41.67) 2(16.67) 0.472
above
Area Gazipur 41 15 36.59 8(53.33) 7(46.67) 0(0) 0.022
Mymensingh 22 9 40.91 0.736 2(22.22) 1(11.11) 6(66.67) 0.097
Total 63 24 38.10 10(41.67) 8(33.33) 6(25) 0.607

‘05¢"= p value of one sample Chi-square test. Significant at 1% (P<0.01); Significant at 5% (P<0.05)
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Figure 4. The gross pathological leshions. (A) Spleen larger than normal size with blackish discoloration. (B) Enlaged
congested liver with bronze discoloration. (C) Congested and misshapened egg follicles. (D) Pericarditis conjugation
with Escherichia coli infection

Table 5. Prevalence of Salmonella spp. infection in commercial birds in respect to biosecurity parameters.

Positive Case

Cat i
ategories N Overall Farm Species

Variable Level (n) Pre\zoa/‘ljnce P value Layer Broiler Sonali P value
Source of Underground 159 45 28.30 0,00 13(28.89) 21(46.67) 11(24.44) i
water in farm  Surface 155 105 67.74 ’ 36(34.29) 56(53.33) 13(12.38) )
Use of Regularly 130 40 30.77 0.001 16(40) 17(42.5)  7(17.5) 0,406
disinfectants Irregularly 184 110 59.78 ) 33(30)  60(54.55) 17(15.45) ’
Density of

8to 10 156 62 39.74 23(37.1 34(54.84 5(8.06
birds (birds/ 0.007 Gl Sweey S 0.061
meter2) >10 158 88 55.70 26(29.55) 43(48.86) 19(21.59)

Burned/

i . 14 43.92 18(27. 2(49.2 15(23.

D|spos§Iof buried 8 65 89 0239 8(27.69) 32(49.23) 15(23.08) 0111
dead birds

Thrown away 166 85 51.20 31(36.47) 45(52.94) 9(10.59)
Well Yes 140 61 43.57 19(31.15) 33(54.1) 9(14.75)

I 0.221 0.876

ventilation No 174 89 51.15 30(33.71) 44(49.44) 15(16.85)
Cleaning of  Reqularly 152 60 39.47 19(31.67) 30(50) 11(18.33)
waterer and 0.006 0.831
feeder Irregularly 162 90 55.56 30(33.33) 47(52.22) 13(14.44)
Visitors Yes 159 58 36.48 0.001 22(37.93) 28(48.28) 8(13.79) 0.554
restricted No 155 92 59.35 ) 27(29.35) 49(53.26) 16(17.39) '
Total 314 150 47.77 49(32.67) 77(51.33)  24(16) 0.429

Significant at 1% (P<0.01); Significant at 5% (P<0.05)
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Table 6. Logistic regression analysis of common biosecurity practices in poultry farm associated to Salmonella spp.

seroprevalence.

: Categories Wald 0dd Ratio P value 95% C.l. for O.R.
Variable Level Lower Upper
Source of water Underground 37.663 0.182 0.000 0.106 0.314
in farm Surface Reference
Use of Regularly 18.983 0.296 0.000 0.171 0.511
disinfectants Irregularly Reference
Density of birds 8to 10 12.121 0.379 0.000 0.219 0.654
(birds/meter2)  >10 Reference
Disposal of dead Burned/ buried 2.625 0.641 0.105 0.375 1.098
birds Thrown away Reference

- Yes 0.628 0.805 0.428 0.47 1.378
Well ventilation

No Reference

Cleaning of Regularly 6.266 0.503 0.012 0.294 0.862
waterer and
feeder Irregularly Reference
Visitors Yes 12.747 0.375 0.000 0.219 0.643
restricted No Reference
Constant 47.818 17.446 0.000

R?=0.284 (Cox & Snell R Square) , 0.379 (Nagelkerke R Square)

Hosmer and Lemeshow test p value: 0.400; Significant at 1% (P<0.01); Significant at 5% (P<0.05); C.l.= Confidence Interval; O.R. = Odd Ratio.

The Table 6 shows the binary logistic analysis to deter-
mine the effect of common biosecurity practices in
poultry farm on the likelihood that the farm had the se-
roprevalence of Salmonella spp. The result revealed that
the several variables of common biosecurity practices on
the probability had the influence on Salmonella spp. se-
roprevalence. The logistic model contained seven inde-
pendent variables (Source of water, Use of disinfectants,
Density of birds, Disposal of dead birds, Ventilation,
Cleaning of waterer and feeder, and Visitors restricted).
The regression model was statistically significant, x2 (7,
N =314) =105.02, p < .001, representing that the model
was able to distinguish between Salmonella spp. sero-
positive and seronegative farm in terms of biosecurity
practices. This model as a whole, could clarify between
28.4% (Cox and Snell R square) and 37.9% (Nagelkerke
R squared) of the variance in Salmonella spp. seroprev-
alence status. The model was also correctly classified
73.9% of cases. Hence, the goodness of fit for this mod-
el was determined by the Hosmer and Lemeshow test,
in which the p value of 0.400 (p>0.05) indicates that fi-
nal model is fit. The seroprevalence of Salmonella spp.
had a lower (OR=0.182; 95% Cl: 0.106-0.314) tendency
(p<0.001) in the farm used underground water compared
with the farm used surface water. The other categorical
level of biosecurity practices, regular use of disinfectant,
density of 8-10 birds/meter2, disposal of dead birds by
buried or burned, Ventilation, Cleaning of waterer and
feeder regularly, and restriction of visitor access ensued
the odd ratio (OR) of 0.182 (p=0.00, 95% CI=0.106-0.314),
0.296 (p=0.00, 95% CI=0.171-0.511), 0.379 (p=0.00, 95%
Cl=0.219-0.654), 0.641 (p=0.105, 95% Cl=0.375-1.098),
0.805 (p=0.428, 95% Cl=0.47-1.378), 0.503 (p=0.012, 95%

Cl=0.294-0.862), and 0.375 (p=0.00, 95% CI=0.219-0.643)
respectively. All these values of odd ratio indicate that
the less likelihood to Salmonella spp. seroprevalence.

DISCUSSION

The present study revealed that the seroprevalence of
Salmonella spp. in Mymensingh was higher than the
Gazipur district in Bangladesh. The overall seropreva-
lence is very close to the findings of another research
(Sabuj et al., 2019) where report was 42% seroprevalence
in layer birds in Cox’s Bazar district of Bangladesh. But the
overall seroprevalence of this study was higher than the
findings of Hossain et al. (2010), Sikder et al. (2005), Barua
et al. (2012) where they reported that 14.1% in Rajshahi
and surrounding districts, 23.46% in Patuakhali district,
18% in Chittagong district of Bangladesh respectively.
On the other hand, the authors Jalil & Islam, (2012) re-
ported 65.9% seroprevalence in chicken in Khulna dis-
trict of Bangladesh. Among the two study districts, in
Mymensingh the seroprevalence was higher than the
Gazipur district. This might be due to variation in the
farming strategies and number of farms in these two dif-
ferent study areas.

In the study area, mainly three types of poultry (Layer,
Broiler and Sonali) are commercially reared. Among
them, the higher seroprevalence was observed in broiler.
Similarly, Naurin et al. (2013) also observed higher preva-
lence in broiler than the indigenous chicken. The highest
seroprevalence of Salmonella spp. in broiler might be due
to overcrowding along with inadequate hygienic mea-
sures in the farms. In addition, the higher seroprevalence
in broiler indicated that broilers could be an important
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reservoir of Salmonella spp. Naurin et al. (2013). Among
the variation of seroprevalence of Salmonella spp in dif-
ferent types of poultry, the author Naurin et al. (2013)
found significantly higher prevalence about 70% in broil-
er than layer and sonali birds. This result is in line with our
findings where the seroprevalence was higher in broiler.

There was a significant impact of seasonal variation on
the seroprevalence of Salmonella spp. infection in all
types of poultry (layer, broiler and sonali). In accordance
with the present findings, Jalil & Islam (2012) also re-
ported the seroprevalence of Salmonella spp. infection
was significantly higher in summer (82%) than winter
(50%) seasons. Similarly, a study conducted by Naurin
et al. (2013) reported that the significantly higher prev-
alence of Salmonella spp. in poultry in the Mymensingh
area during summer as compared to rainy season. The
increasing bacterial growth in summer season along
with the hot humid weather that could decrease the
immunity of birds against infection, ultimately increase
the Salmonella spp. seroprevalence (Hossain et al., 2010).
Moreover, the warm temperature may be a major factor
to provide the suitable environment for the growth and
proliferation of Salmonella spp. (Guthrie, 1992). Similar-
ly, a study conducted in Nepal recorded that the highest
prevalence of Salmonella spp. during summer in chicken
raw meat (Maharjan et al., 2006). Though the seroprev-
alence in broiler and sonali birds did not significantly
influenced by the flock size, but layer birds had signifi-
cant differences. Among the categorized flock size, the
higher flock size led to higher seroprevalence. Similarly,
the author Hossain et al., (2010) and Jalil & Islam (2012)
reported the higher seroprevalence of 17.8% and 81.4%
in the farm of flock size 4501 to 5000 and 5000 to above
respectively.

In different study, the seroprevalence of Salmonella spp.
in different ages layer birds was variable. The authors,
Jalil & Islam (2012), Hossain et al. (2010) and Sabuj et al.
(2019) found the highest seroprevalence of Salmonella
spp. infection was 76.6% at 56 weeks of age, 27.2% at
>64 weeks of age and 68% at >55 weeks of age respec-
tively. These findings contradicted our result. However,
our study was in line with the authors Sikder et al. (2005)
who reported the highest seroprevalence was 30.8% at
39 weeks of age. In different study, there was variation of
seroprevalence according to age which might be due to
dissimilarities in study area and management practices.
In case of broiler the Salmonella spp. infection was higher
at the age of 15 to 30 days. This observation is supported
by the Djeffal et al. (2018) who reported that the farms
having the broiler at the age of 15-30 days were more
infected than the birds at the age of 45-60 days.

On the other hand, the gross pathological changes of the
organs of dead birds from SPA test positive farms indi-
cated the salmonellosis which supported the findings of

Kumari et al. (2013).

In this study seven common practices for farm biose-
curity were considered as parameters to determine the
association with Salmonella spp. seroprevalence. The
Salmonella spp. seroprevalence had significant associ-
ation with all the parameters except the parameters of
dead bird’s disposal system and ventilation system. The
samples taken from the farms using surface water were
significantly (p<0.01) more seroprevalent to Salmonella
spp. than the farm using the ground water. Because the
surface waters including those waters used for irrigation
and refreshment or as a drinking water which are the
potential source for Salmonella spp. contamination (Le-
vantesi et al., 2012). However, when the surface water is
treated mainly by the organic acids, it may reduce the
number of Salmonella spp. (Argiello et al.,, 2013). The use
of disinfectant, especially when the regularly is also a sig-
nificant biosecurity practice to minimize the Salmonella
spp. seroprevalence (OR=0.296). Irregular and insufficient
cleaning and disinfection may lead to persistence of
Salmonella spp. in poultry houses (Trampel et al., 2014).
The density of birds (birds/meter?) also had the signif-
icant (p<0.01) role, where the farms had 8 to 10 birds/
meter? had lower prevalence (39.74%) and less likelihood
(OR=0.379) to seroprevalence than the farms had >10
birds/meter?. Though this observation contraindicates
the finding of Djeffal et al. (2018) who reported that,
<10 birds/meter? is a risk factor (OR=2.25) without any
significant association. But in another study, Elgroud et
al. (2009) noted that there was significant(p<0.01) effect
(OR=7.7). Moreover, our findings are in agreement with
another literature relating that poultry house having the
high density of birds, is a risk factor favoring the infection
by Salmonella spp. (Heyndrickx et al., 2002). The irregular
cleaning of feeder and waterer in the poultry farm con-
tributed to significantly (p<0.01) higher seroprevalence
and the regular cleaning practices (OR=0.503) farms
were less like to seroprevalence. This finding is support-
ed by another research mentioning that the poultry can
be infected by the horizontal transmission of Salmonella
spp. during the rearing period through feeding drinking
water, and contaminated equipment (Tabo et al.,, 2013).
Another important biosecurity practices, the restricted
access of visitors in poultry farms that had less tendency
(OR=0.375) to Salmonella spp. seroprevalence than the
farms having free access. Though these findings differ
from the study conducted by Hamilton & Dornan (1992),
they found that culture of Salmonella spp. from floor lit-
ter or drinking water has no any significant association
with restrictions on visitors. But the restriction of visitors
is one of the important steps for poultry biosecurity to
minimize the contamination.

Limitations

The present study has some limitations. First, only the
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sample were subjected to test rapid serum plate agglu-
tination (SPA). Second, only eight farm practices were
considered for biosecurity parameters. Lastly, presence
of data collector in the working situation may had some
influence on responses to a questionnaire.

CONCLUSIONS

The seroprevalence of Salmonella spp. in different types
of poultry was detected both in Mymensingh and Gazi-
pur district. The seroprevalence was comparatively high-
er in Mymensingh and in broiler farm. Summer is the
more prevalent season than winter for salmonellosis in
poultry. Strict farm hygienic practice and biosecurity
measures are significantly linked to decrease the Salmo-
nella infection. Therefore, the control of Salmonella spp.
seroprevalence depends on limiting the sources of con-
tam-ination and transmission by implementing the bi-
osecurity measures. However, further study could be the
serotyping and molecular identification of salmonellosis
in poultry maintained in different grade of biosecurity
measures.
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Abstract

Pangasius hypophthalmus (panga fish) is farmed in the Mekong River (Viet-
nam), which is known as a polluted river, and exported to many countries.
The present study aimed to determine heavy metal levels in frozen panga
fillets imported from Vietnam as well as the risks of heavy metals to hu-
man health. Panga fillets belonging to four brands were bought from three
supermarkets in Adana city, Turkey, and heavy metals (As, Cd, Hg, Pb, Ni,
Cu, Mn and Co) were analyzed. To analyze the potential risks to human
health, EWI (estimated weekly intake), THQ (target hazard quotient), and
CR (lifetime cancer risk) values were calculated to assess the potential risks
to consumer health of the metal content in panga fillets. The health risk
assessment values were calculated for children and adults according to the
frequency of consumption once, three and seven times a week. The results
revealed that the presence of heavy metals in the studied panga fillets was
below permissible limits indicated by WHO (World Health Organization),
EPA (United States Environmental Protection Agency) and TKB (Turkish
Fisheries Laws and Regulations). The EWI, THQ or ¥ THQ and CR values were
below PTWI (provisional tolerable weekly intake), 1 and 107%, respectively.
Remarkably, the highest values of the EWI/PTWI ratio and THQs were found
for children.

Keywords: Metal toxicity, Pangasius hypophthalmus, Consumer health risks,
Cancer risks

INTRODUCTION

Human health is firmly related to diet quality (Korkmaz et al., 2019). Fish meat,
which has high protein levels and low calories (Copat et al., 2013), is one of the
most important food sources for the human diet. Moreover, fish meat has im-
portant specialities, such as reducing cardiovascular disease risks and promoting
the nervous system, thanks to ingredients such as polyunsaturated fatty acids
and particularly omega-3 fatty acids (Herrera-Herrera et al., 2019). A healthy diet
that contains amino acids, vitamins, fatty acids, etc. must not contain deleterious
substances, such as heavy metals (Fair et al. 2018; Korkmaz et al., 2019).

Metals are elements that exist in low concentration ranges and are found in a bal-
ance in nature (Simionov et al,, 2019). Their balance in nature changes with the
degree of human intervention, and their amounts may reach a dangerous level
for living. Heavy metals are specifically spread to the environment through indus-
trial production, iron and steel production and mining(Jayanthi et al., 2019); thus,
their concentrations in the environment and concentration levels depend on in-
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creased risks. Toxic substances that are released into the
water columns affect aquatic organisms and accumulate
in their bodies (Maanan, 2008). This accumulation reach-
es humans with the consumption of aquatic organisms
and could adversely affect human health.

Cadmium (Cd) is known for its mobility and high toxicity
among metals. One feature of cadmium is its ability to
replace and behave similarly to calcium. This ability has
been accepted as a reason to enter the human body and
accumulate to a high level in several organs (Kubier et
al,, 2019). Lead (Pb) is an element that is used in various
fields and exists naturally on Earth’s crust. Lead is classi-
fied as cancerogenic; moreover, it affects organs and sys-
tems in humans (Basaran, 2022). Mercury (Hg) is a metal
found in nature in various forms, such as inorganic mer-
cury and metallic mercury. It has toxic effects and enters
the body easily through mucous membranes and the
lung. Mercury damages the gut and kidney. Acute expo-
sure to elemental mercury vapor can lead to fatal pneu-
monitis (Bernhoft, 2012). Arsenic (As) is one of the most
toxic compounds exposed to the natural environment.
It is used to manufacture pesticides, insecticides and
various products. The main concern of being exposed to
arsenic is its potential for cancerogenic effects (Ratnaike,
2003). Nickel (Ni) is an element that exists in nature. It is
used in various industrial fields and thus spreads to the
environment. Nickel can accumulate in different forms in
the body, but the way that it is metabolized is not clear
(Denkhaus & Salnikow, 2002). Copper (Cu) exists in nature
and is needed in mammalian nutrition. The important
part of the copper intake is supplied from drinking water.
Copper, although it is an essential metal, is thought to
be associated with various neurological disorders in the
event of high intake. (Stern et al., 2007). Manganese (Mn)
is one of the most abundant elements on Earth (Chen et
al,, 2018).

It is an essential metal that plays vital roles in nervous
system function, energy metabolism, immunological
functions and hormone functions (Santamaria, 2008).
Cobalt (Co) is a trace element that exists on Earth and
shows high similarity with iron and nickel in the case of
chemical properties. Cobalt is necessary for physiological
function in the body and plays a vital role (Leyssens et
al., 2017).

Studies particularly show that fish are quite sensitive to
toxic substances in the water (Alibabi¢ et al., 2007; Co-
pat et al., 2013). Pollutants may accumulate in fish bodies
because fish are the last step of the aquatic food chain.
Thus, fish are a very important bioindicator for metal pol-
lution in the aquatic environment (Authman, 2015).

Panga fish (P. hypophthalmus, Sauvage 1878) live and are
cultured in Southeast Asia, particularly in the Mekong
River, Vietnam. Fillets of this species have the increasing

demand by consumers due to their taste and lower price
(Ruiz-de-Cenzano et al., 2013). The aquaculture of panga
fish has evolved from rural activity to commercial busi-
ness over time(Orban et al., 2008). Moreover, the Mekong
delta and river were stated to be polluted by pesticides,
sewage treatment plants, and human-made pollutants.
As a downside to these, panga was indicated to affect
these pollutants (Rodriguez et al., 2018).

Frozen fillets of panga have a growing demand for con-
sumption in Turkey; thus, imported panga fillets are sold
in markets countrywide. In the present study, the levels
of arsenic, cadmium, mercury, lead, nickel, copper, man-
ganese, and cobalt in panga fillets were examined. Fur-
thermore, to predict possible risks to consumer health,
estimated weekly intake (EWI), target hazard quotient
(THQ), and lifetime cancer risk (CR) were calculated for
one, three and seven days/week consumption in adults
and children. This study is important to analyze the po-
tential health risks of imported panga fillets that are dis-
tributed from Vietnam to the world.

MATERIALS AND METHODS
Sample Collection

Samples of frozen panga fillet were selected in supermar-
kets (three supermarkets, four brands) located in Adana,
a city located in the Eastern Mediterranean region of Tur-
key. Samples were grouped as G1, G2, G3 and G4. Each
group represents one brand. Four packs were purchased
for each brand. Three fish fillets for each pack were anal-
ysed (n=12 for one brand). As a result, the present study
was carried out with 48 fillets in total. Fish samples were
weighed, homogenized and then stored at -20 °C until
analyses.

Metal Analysis

The weights of fillets belonging to groups are given in
Table 1. The method of (Agah et al., 2009) was modified
and implemented as follows. Sample extraction was
performed by taking 0.5 g from homogenized muscle
tissues. Then, 2 ml H202 (Merck) and 5 ml HNO3 (Mer-
ck) were added to the weighed (0.5 g) samples in a tube,
and the samples were burned with a microwave oven
(CEM Mars 5) for 1 h at 180-190 °C. After acid digestion,
the final volume of the samples was brought up to 20 ml
with distilled water and then filtered with a 0.2 um glass
microfibre (Whatman). Samples were analyzed without
extra dilution. The obtained data were multiplied by the
dilution factor coefficient (20 / 0.5 = 40). The metal con-
tents of the samples were given as pug / g wet weight.

Device Conditions

All analyses were carried out by ICP-MS (Perkin Elmer
Nexion 2000P) in Cukurova University Central Research
Laboratory. The recoveries of metals were in the range of
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94-100.1 %. The operating conditions of the device were
as follows: RF power 1600 W, plasma gas flow rate 15 L
min -1, auxiliary gas flow1.2 L min -1, nebulizer gas flow
0.97, and carrier gas flow 5.3 min -1.

Health risk estimation

To determine potential risks related to the consumption
of panga fillets, EWI (estimated weekly intake), THQ (tar-
get hazard quotient) and CR (lifetime cancer risk) values
were calculated according to consumption frequencies
of one, three and seven times a week. Potential risk calcu-
lations were made separately for adults and children and
based on data provided by (US EPA, 2000) and (US EPA,
2019), respectively. The average body weight and life-
times were assumed to be 70 kg and 70 years for adults
and 32 kg and 7 years for children. The calculation was
performed using the formulae below.

In contrast to other metals, the majority of arsenic con-
sists of the nontoxic organic form (Arsenobetaine) (Cas-
tro-Gonzalez & Méndez-Armenta 2008). Thus, for calcu-
lating the risk factors of As, its inorganic toxic form was
assumed to be 3 % of the total concentration (Andaloro
et al., 2012; EFSA, 2009; Kosker, 2020).

EWI, THQ and CR were calculated with the formulas [(CM
x IR) / BW] (US EPA 2000),[(EF x ED x IR x CM) / (RfD x BW
x AT)Ix 1073 (US EPA, 2019) and [(EF X ED x IR x CM x CsF)
/ (BW x AT)] x 10 (US EPA, 2019), respectively. In EWI cal-
culations, CM defines the yearly average concentration
of metal (ug / g) in muscle tissue, IR defines 1-, 3- and
5-day/ person / week consumption rates (FAO, 2017) and
BW defines consumer body weight.

ed amount of a substance that can be taken weekly for a
lifetime without health risks.

THQ (target hazard quotient) indicates the ratio between
the reference dose (RfD) of metals and the exposure rate
to them. The THQ value demonstrates the noncarcino-
genic risks of metals. In THQ calculations, EF demon-
strates the frequency of exposure (one, three and seven
times a week; 52, 156 and 365 days per year), and ED
shows the exposure period (70 years was used for adults,
while seven years was used for children). IR indicates the
amount of consumption, and CM indicates the yearly av-
erage concentration of metal (ug/g) in the tissues. RfD
states the oral reference doses for metals, and RfD val-
ues for Cd, Pb, Hg, As, Ni, Cu, Mn and Co are given as 1x
103, 4x103, 1x10%, 3x10% 2x103, 0.04, 0.14, and 3x10%,
respectively (Mwakalapa et al., 2019; US EPA, 2019). BW
indicates body weight (70 kg for adults and 32 kg for chil-
dren). AT represents the noncarcinogenic average peri-
od (356 days / year x ED). THQ and TTHQ values (total
THQ values of all elements) > 1 indicate possible risks of
health issues in addition to cancer in consumers.

CR (lifelong cancer risk) gives the individual cancer risk
exposed to metal pollution through consumption. Its
calculation was performed according to (US EPA, 2019).
High carcinogenic risk is mentioned in the case of CR val-
ues above 107°. Another value that is used in CR calcula-
tion is CsF (cancer slope factor). The CsF values for Cd,
Pb, Hg and As are 6.3, 8.5 x 103, 1.5 and 1.5, respectively.

Statistical Analyses

All experiments were carried out in triplicate, and the

Table 1. Fillet weights (g) and mean and standart deviation of metal levels in edible muscle fillet of Panga (mg/kg)

G1 G2 G3 G4
The average weights of fillets (mean + std. deviation)
256.50+25.82 191+28.85 188.25+14.58 254.12+31.14
Metal levels (mg / kg)

cd 4.6x103+7.1x104 6x103+5.4x10 4.4x103+1.6x103 4.9x10-3+2x103
Pb 0.17+0.05° 0.13+0.03? 0.14+0.04* 0.12+0.04?
Hg 1.7%102£1.1x1032 2.9x103+1.2x103® 1.8x102+1.7x1032 1.6x10%+2.5%x103%
As 1.3x102+£3x 103 1.2x102+£2.4x10- 1.6%x102+3.8x103 1.3x102+2.3x1073®
Ni 0.17+0.03° 0.10+0.02° 0.10+0.03° 0.11+0.03°
Cu 0.23+0.05° 0.16+0.01° 0.20+0.08° 0.22+0.09°
Mn 0.18+0.04%° 0.17+0.03% 0.20+0.04* 0.14+0.02°
Co 6.3x1032 5.2x103£1.3x1032 5.2x103+£2.1x1032 5%103+£7x104

Values in the same line with different superscripts are statistically different (P < 0.05).

In Turkey, fish consumption is 16.82 g / person / day
(Kosker, 2020). The consumption frequencies (one, three
and seven times a week) were compared to PTWI (pro-
visional tolerable weekly intake). PTWI is based on body
weight (mg/ kg BW), and its mean describes the estimat-

results are reported as the mean + standard deviation.
SPSS 20.0 software was used to perform all statistical
analyses. The experimental data were checked with Lev-
ene’s test to assess the equality of variances. Intergroup
differences in data were evaluated using one-way ANO-
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VA with Duncan’s and Games-Howell posthoc tests. The
level of significance was determined as P < 0.05.

RESULTS AND DISCUSSION

Fillet weights and metal levels (mg/kg) in panga fillets
are listed in Table 1. The group variances of metals ex-
cluding Cu were homogenous. The total accumulations
of heavy metals were found to be Cu > Mn > Pb > Ni >
Hg = As > Co > Cd. The intergroup differences in Cd, Pb,
Co and Cu were not significant (P > 0.05). Hg levels in G2
were significantly lower than those in the other groups
(P < 0.05). TheMn and As levels of G3 were significantly
higher than those of G4 and G2, respectively. Ni levels
in G1 were significantly higher than those in the other
groups. Differences other than those mentioned above
were not statistically significant.

Elementel Composition
Cadmium

Cadmium is nonessential and very toxic to organisms
and the environment (Stancheva et al., 2010). Cadmium
isimplicated in carcinogenic diseases (Rakib et al., 2021).
Permissible amounts of cadmium in fish are 0.05, 1.4 and
0.5 mg/kg according to Turkish Fisheries Laws and Reg-
ulations (TKB) (Koker et al., 2021), EPA (EPA, 1989) and
WHO (WHO, 1989), respectively. In the present study, the
cadmium levels of the groups were found to be close to
each other, and moreover, their levels were found tobe
quite low and below the indicated limits (Table 1). Sim-
ilar to the present study, quite low cadmium amounts
from varied fish species' muscles were shown in different
countries, such as Bangladesh, Italy, Turkey and Spain
(Tore et al., 2021; Varol et al., 2019). In another study car-
ried out with panga fillets, the Cd amount was found to
be in the range of 0.01-0.03 pg / g ww (Dambrosio et al.,
2016). Molognoni et al. (2016) reported that the amounts
of cadmium in panga fillets imported from different re-
gions of Vietham (Dong Thap & Can Tho) differ, and the
results from the Can Tho region were found to be closer
to the results we obtained.

Lead

Lead, as an important contaminant, naturally occurs in
the environment. It is also considered a neurotoxic agent
that affects the rates of survival and growth in vertebrates
(Rakib et al., 2021). It moves in nature due to atmospher-
ic convection (Bosch et al., 2016). Permissible amounts
of lead in fish are 0.3 and 0.5 mg / kg according to TKB
(Koker et al., 2021) and WHO (WHO, 1989), respectively.
In the present study, the differences in lead levels of the
groups were not significant (P > 0.05), and all of them
were found to be below the indicated limits. Hajri¢ et al.
(2022) reported that the average Pb levels were 0.004 mg
/ kg in trout and 0.007 mg / kg in carp in Bosna-Herze-
govina. Pb levels were found to be in the range of 0.0025

-0.0156 mg/ kg in different parts of China (Li et al., 2022).
Heavy metal pollution was reported to vary according to
seasons from different fish species and regions of India.
Furthermore, Pb levels were reported in the average
range of 0.088 and 0.135 mg / kg (Pandion et al., 2022). In
our study, although it was not significant, the results of
G1 were found to be higher than those of the others. This
case may be based on regional differences.

Mercury

Mercury is a heavy metal that does not naturally exist in
living organisms (Koker et al., 2021), and it is mentioned
to affect the human neurological system (Rakib et al.,
2021). Permissible amounts of mercury in fish are0.5
and 0.5 mg / kg according to TKB (Koker et al., 2021) and
WHO (WHO, 1989), respectively. In the present study, the
results were below the indicated limits, but the G2 data
were significantly lower than those in the other groups
(P < 0.05). The region where the fish in group 2 are cul-
tured may be further away from the region that is con-
taminated with mercury. Botwe (2021) indicated that Hg
levels in different fish were found to be at the average
of 0.11 £ 0.01 mg / kg, and Hajri¢ et al. (2022) pointed
out that the average Hg levels were 0.081 and 0.052 mg /
kg in trout and carp, respectively. These values are much
higher than those of G1, G2, G3 and G4 in the present
study. In a similar study, the average levels of mercury
were found to be 0.20 + 0.20, 0.27 + 0.19, 0.19 + 0.16,
0.18 £ 0.22 and 0.16 + 0.18 mg / kg in muscles of P. Hy-
pophthalmus (Rodriguez et al., 2018). These results are
quite above the results of the present study but below
limits. This difference may be based on environmental
pollution of aquaculture regions or from the way the fish
is obtained: fishing or aquaculture.

Arsenic

The inorganic forms of As show the highest toxicity,
and various organisms have been shown to be affected
by As toxicity (Kumari et al., 2017). Absorption of As is
quite high, and its distribution affects the whole body,
including the placenta (EFSA, 2009). The European Food
Safety Authority (EFSA) reported that limits of As should
be reevaluated because of its harmful effects on health
(EFSA, 2009); moreover, TKB defined its limit as 1 mg/kg
for consumable fish meat (Koker et al., 2021). In the pres-
ent study, the average As levels were 1.3 x 102+ 3 x 107,
1.2x102+£24%x1031.6x102 £3.8x10%and 1.3 x 10?
+ 23 x10° mg/ kg in G1, G2, G3 and G4, respectively.
The difference between G3 and G2 was significant (P <
0.05). Although there are some significant differences,
all results were below the legal limits. Tore et al. (2021)
reported similar results for As from Capoeta trutta and
Carassius gibelio species in the Tigris River in Turkey. Fur-
thermore, heavy metal pollution was reported to change
by season, and in a study, the highest As levels in pike-
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perch were found in spring (Dehghani et al., 2022).
Nickel

Chronic exposure to nickel compounds has negative
effects on human health. Nickel is thought to be one of
the causes of contact dermatitis, allergic reactions and
cancer (Duda-Chodak & Blaszczyk, 2008). Furthermore,
nickel is linked to the potential to lead to lung fibrosis
and heart and kidney diseases (Denkhaus & Salnikow,
2002). In the present study, the average nickel level of G1
was 0.17 + 0.03 mg / kg, which was significantly high-
er than those in the other groups. The permissible daily
dose of nickel is 1.46 mg / kg according to EPA (Alibabic
et al., 2007; EPA, 1980). The results obtained are below
the permissible limits. Alibabic et al. (2007) reported that
the average concentration of nickel was 0.15 mg / kg in
Salmonidae species. This value is higher than those in G2,
G3 and G4 when compared to the present study.tuszc-
zek-Trojnar et al. (2015) stated the high nickel levels (the
average level of 5.2 + 1.2 mg / kg) from frozen pangasius
fillets in Poland. This is quite higher than those from our
study. Another study conducted with panga fillets im-
ported from Vietnam indicated that the nickel level was
below the detectable limit (Duarte et al., 2019). Aqua-
culture regions and exposure times to metals might be
thought to be important in this difference.

Copper

Copper status in the body, both deficiency and excess,
can affect health cases. Copper is associated with neu-
rological disorders, including Alzheimer’s disease and
prion diseases (Stern et al., 2007). The permissible limits
of copper are higher than those of many metals; its limits
are 54 and 30 mg / kg for EPA (1989) and WHO (1989),
respectively (Koker et al., 2021). Copper was the only
metal whose results were not homogeneous, and the
difference among groups was not significant (P > 0.05).
G1 had the highest average level of 0.23 + 0.05 mg / kg,
which was well below the specified limits. Many studies
have shown that copper levels found in fish muscle are
below permissible limits (Molognoni et al., 2016; Mortu-
za & Al-Misned, 2015; Pragnya et al., 2020). Copper defi-
ciency and excess can lead to health problems (Stern et
al., 2007). Its permissible limits are quite high compared
to many other metals since humans also need copper.
Studies on the accumulation of copper in fish meat show
that its accumulation is mostly far from posing a threat
to humans.

Manganese

The brain is accepted to be the main target of manga-
nese toxicity because manganese-related toxicity leads
to neurological disorders. Moreover, manganese has
important roles in immune and antioxidative responses,
development, reproduction and energy metabolism in

humans (Chen et al., 2018). The WHO reported that the
daily requirement of manganese was suggested to be in
the range of 2 to 9 mg in the human diet (Luszczek-Tro-
jnar et al., 2015), and its permissible limitis 1 ug / g (Tore
etal,, 2021). In the present study, the results of all groups
were found to be below permissible limits; furthermore,
the manganese levels of G3 were found to be significant-
ly higher than those of G4 (P < 0.05). tuszczek-Trojnar et
al. (2015) stated that manganese levels were reported to
have an average level of 0.3 £ 0.02 mg / kg in pangasius
fillets that came from Asia to Poland markets. This level
was lower than those found in Alaska pollock, rainbow
trout and tilapia. Elnimr (2011) indicated quite low levels
of manganese (0.08 pg / g) in P. hypophthalmus when
compared to the present study.

Cobalt

Cobalt, as an essential metal, plays a vital role in biochem-
ical processes and shows toxic effects in the case of in-
take above a certain concentration (Zaynab et al., 2022).
Moreover, cobalt is a necessary metal for B12 vitamin
function (Leyssens et al., 2017). Cobalt shows a tendency
to accumulate in the liver, and it is kept at a minimum in
muscle tissue (Jayanthi et al., 2019). In the present study,
there were no significant differences among groups, and
the highest level was found in G1, with an average level
of 6.3x 10 mg / kg, while the levels of cobalt in the oth-
er groups were very close to each other. Pragnya et al.
(2020) stated that cobalt was below the detectable limits
in P. hypophthalmus, and they interpreted that fish came
from fishing rather than aquaculture. The maximum per-
missible limit of cobalt is defined as 1.5mg / kg by the
WHO (Jayanthi et al., 2019). The results we found were
quite below the limit explained.

Health risk assessment of metals

Metal and metalloid accumulation in the marine envi-
ronment can affect marine species as well as humans
who consume these species. Although muscle tissue
in marine species contains lower metal concentrations
than other tissues (Solgi & Beigzadeh-Shahraki, 2019), it
may pose a risk depending on the amount consumed.
Therefore, EWI (Table 2), THQ (Table 3) and CR (Table 4)
were calculated to assess health risks based on panga
fillet consumption. To understand the risk effects of met-
als and metalloids on children and adult consumers, all
calculations were made for the consumption of 1, 3 and
7 days per week. PTWI values were used as reference val-
ues (safe levels) of heavy metals for making a comparison
with EWI levels. In the present study, the EWI values of all
samples were much lower than the PTWI values (Table 2).

For the samples studied, the consumption of panga
fillets does not pose a risk to consumers regarding the
heavy metals studied. Because the limit value is not de-
termined for cobalt (Solgi & Beigzadeh-Shahraki, 2019),
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its PTWI has not been set, but its value of maximum tol-
erable daily intake (MTDI) was indicated as 100 pg / kg
body weight (Kukusamude et al., 2021). According to the
data above, the MTDI of cobalt was calculated as 7 mg
/ kg and 3.2 mg / kg for adults and children, respective-

Mn were found for children and in G2. They were found
tobe 0,002857,0,0256,0,0175, 0,004, 0,018, and 0,007 for
Cd, Pb, Hg, As, Ni and Cu, respectively. The highest EWI
/ PTWI ratios of Mn were found for children and in G4

Table 2. Estimated weekly intake (EWI; ug / kg BW) for each analyzed metals

EWI Day cd Pb Hg As Ni Cu Mn Co
7 0,01 0,29 0,03 0,02 0,29 0,40 0,31 0,01
Adult 3 0,00 0,13 0,01 0,01 0,12 0,17 0,13 0,00
1 0,00 0,04 0,00 0,00 0,04 0,06 0,04 0,00
¢ 7 0,02 0,64 0,07 0,05 0,63 0,88 0,69 0,02
Children 3 0,01 0,28 0,03 0,02 0,27 0,38 0,29 0,01
1 0,00 0,09 0,01 0,01 0,09 0,13 0,10 0,00
7 0,01 0,23 0,00 0,02 0,17 0,28 0,29 0,01
Adult 3 0,00 0,10 0,00 0,01 0,07 0,12 0,13 0,00
1 0,00 0,03 0,00 0,00 0,02 0,04 0,04 0,00
¢2 7 0,02 0,50 0,01 0,04 0,37 0,62 0,64 0,02
Children 3 0,01 0,21 0,00 0,02 0,16 0,27 0,28 0,01
1 0,00 0,07 0,00 0,01 0,05 0,09 0,09 0,00
7 0,01 0,24 0,03 0,03 0,17 0,35 0,34 0,01
Adult 3 0,00 0,10 0,01 0,01 0,07 0,15 0,15 0,00
1 0,00 0,03 0,00 0,00 0,02 0,05 0,05 0,00
o3 7 0,02 0,53 0,07 0,06 0,37 0,77 0,75 0,02
Children 3 0,01 0,23 0,03 0,03 0,16 0,33 0,32 0,01
1 0,00 0,08 0,01 0,01 0,05 0,11 0,11 0,00
7 0,01 0,21 0,03 0,02 0,20 0,39 0,23 0,01
Adult 3 0,00 0,09 0,01 0,01 0,08 0,17 0,10 0,00
1 0,00 0,03 0,00 0,00 0,03 0,06 0,03 0,00
o 7 0,02 0,46 0,06 0,05 0,43 0,85 0,51 0,02
Children 3 0,01 0,20 0,03 0,02 0,18 0,36 0,22 0,01
1 0,00 0,07 0,01 0,01 0,06 0,12 0,07 0,00
PTWI values (i / kg) 7 25 4 15 35 125 122; E;Zf‘ri:)le)
0y (Solgi .
WHO)* etal (Solgi et (Kosker, (Kukusamude et (Kosker,  (Kukusamude et
(Arvay et 201 9; al, 2019) 2020) al,, 2021) 2020) al,, 2021)
al,, 2015)

*The Joint FAO/WHO Expert Committee on Food Additives, FAO: The Food and Agriculture Organization of the United Nations

ly. The cobalt data in the present study were found tobe
quite below the MTDI calculated.

The highest values of the EWI / PTWI ratio excluding

at 0,004151 and 0,003882 for males and females, respec-
tively. Soegianto et al. (2020) indicated that in the tissues
of Anadara granosa (L., 1758), the EWIs of Pb and Cu were
found to be below the PTWI values, but the EWI of Cr was
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found to be higher than its PTWI. Similarly, the EWIs of
Cd, Pb, Hg and As were below recommended PTWI val-
ues (Ozden & Erkan, 2016).

THQ is accepted as an indicator to determine potential
risks to consumer health (Kosker, 2020). THQ or total THQ
values of metals > 1 indicate that the metal intake level
is > RfD. THQ or YTHQ indicates that the metal content
in food may cause various health problems for consum-
ers (Kosker, 2020). In the present study, THQ and >THQ
values were below reference value 1. The calculated THQ
values for children were higher than those for adults in
G1, G3 and G4. These results show that the panga fillets
studied do not pose a health risk for either adult or chil-
dren consumers in terms of heavy metals. Ozden and Er-
kan (2016) reported THQ values of < 1 in fish studied but

The CR value is used to calculate the cancer risk of metals
in food for consumers. The CR value must be above 10° to
mention a health risk. CR calculations were made based
on (US EPA, 2019). In the present study, all results were
found to be below the reference value of 10°. Among the
CR values calculated for children, CRs of Hg in the G1, G3
and G4 groups and CRs of Cd in all groups were detected
at closer levels to 10° when compared to others.

CONCLUSIONS

In this study, panga fish fillets of four different brands
were examined in terms of toxic metal accumulation
and risks to human health. According to the results, fil-
lets were suitable for heavy metal consumption, but
other pollutants, such as organochlorine pesticides or

Table 3. Target hazard quotient (THQ), total target hazard quotient (TTHQ) for metals

THQ Day Cd Pb Hg As Ni Mn 2THQ
7 0,00 0,01 0,01 0,01 0,01 0,00 0,04
Adult 3 0,00 0,00 0,01 0,00 0,01 0,00 0,02
1 0,00 0,00 0,00 0,00 0,00 0,00 0,01
¢ 7 0,00 0,02 0,02 0,02 0,03 0,00 0,08
Children 3 0,00 0,01 0,01 0,01 0,02 0,00 0,05
1 0,00 0,00 0,00 0,11 0,01 0,00 0,12
7 0,00 0,01 0,00 0,01 0,01 0,00 0,02
Adult 3 0,00 0,00 0,00 0,00 0,01 0,00 0,01
1 0,00 0,00 0,00 0,00 0,00 0,00 0,00
62 7 0,00 0,01 0,00 0,01 0,02 0,00 0,05
Children 3 0,00 0,01 0,00 0,01 0,01 0,00 0,03
1 0,00 0,00 0,00 0,09 0,00 0,00 0,10
7 0,00 0,01 0,01 0,01 0,01 0,00 0,03
Adult 3 0,00 0,00 0,01 0,00 0,01 0,00 0,01
1 0,00 0,00 0,00 0,00 0,00 0,00 0,01
3 7 0,00 0,01 0,02 0,02 0,02 0,00 0,07
Children 3 0,00 0,01 0,01 0,01 0,01 0,00 0,04
1 0,00 0,00 0,00 0,13 0,00 0,00 0,14
7 0,00 0,01 0,01 0,01 0,01 0,00 0,03
Adult 3 0,00 0,00 0,01 0,00 0,01 0,00 0,01
1 0,00 0,00 0,00 0,00 0,00 0,00 0,01
e 7 0,00 0,01 0,02 0,02 0,02 0,00 0,07
Children 3 0,00 0,01 0,01 0,01 0,01 0,00 0,04
1 0,00 0,00 0,00 0,11 0,00 0,00 0,12

also a total THQ value of > 1 in female fish. Similarly, mus-
cle samples of five fish species were reported to have no
potential health risk in terms of the intake of toxic metals
(Varol & Stinbl, 2018).

polychlorinated biphenyls, may also be risk factors for
consumers, and these kinds of pollutants must be re-
searched. For food safety, all potential pollutants must
be researched considering legal limits. However, regular
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Table 4. Target carcinogenic risk (CR) for Cd, Pb, Hg and As

CR Day cd Pb Hg As
7 5.07E-06 2.55E-07 4.55E-06 3.39E-06
Adult 3 3.04E-06 1.53E-07 2.73E-06 2.03E-06
1 1.01E-06 5.1E-08 9.11E-07 6.78E-07
e 7 1.11E-05 5.57E-07 4.55E-05 7.42E-06
Children 3 6.65E-06 3.34E-07 5.98E-06 4.45E-06
1 2.22E-06 1.11E-07 1.99E-06 1.48E-06
7 6.61E-06 1.96E-07 7.56E-07 3.01E-06
Adult 3 3.96E-06 1.18E-07 4.54E-07 1.8E-06
1 1.32E-06 3.93E-08 1.51E-07 6.01E-07
62 7 1.45E-05 4.29E-07 7.56E-06 6.58E-06
Children 3 8.67E-06 2.58E-07 9.92E-07 3.95E-06
1 2.89E-06 8.59E-08 3.31E-07 1.32E-06
7 4.94E-06 2.1E-07 4.73E-06 4.32E-06
Adult 3 2.96E-06 1.26E-07 2.84E-06 2.59E-06
1 9.87E-07 4.19E-08 9.45E-07 8.64E-07
G3 7 1.08E-05 4.58E-07 4.73E-05 9.45E-06
Children 3 6.48E-06 2.75E-07 6.2E-06 5.67E-06
1 2.16E-06 9.17E-08 2.07E-06 1.89E-06
7 5.4E-06 1.81E-07 4.09E-06 3.4E-06
Adult 3 3.24E-06 1.09E-07 2.46E-06 2.04E-06
1 1.08E-06 3.62E-08 8.19E-07 6.8E-07
G 7 1.18E-05 3.96E-07 4.09E-05 7.43E-06
Children 3 7.09E-06 2.37E-07 5.37E-06 4.46E-06
1 2.36E-06 7.92E-08 1.79E-06 1.49E-06

monitoring of the metal content of seafood products
exported to many countries is important for consumer
health.
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Abstract

In this study, performance estimation of biological wastewater treatment
plants (WWTP) was made by applying Artificial Neural Network (ANN) te-
chniques. As material, 355-day data from Adana Metropolitan Municipality
Seyhan wastewater treatment plant for 2021 were used. Of the data used,
240 were evaluated as training data and 115 as test data. In the establish-
ment of the ANN model, the daily chemical oxygen demand (COD), daily
water flow (Qw) and daily suspended solids (SS) parameters at the entrance
of the WWTP were used as input parameters. The daily biological oxygen
demand (BOD) parameter was determined as the output parameter. In the
study, feed forward back propagation ANN model (FFBPANN) was used to
estimate the daily BOD amounts at the entrance of the WWTP. In the statis-
tical analysis, the correlation (R?) values of the input parameters with BOD
were found to be 0.906 for COD, 0.294 for Qw and 0.605 for SS. The R? value
was determined as 0.891, the MAE value was 10.32% and the RMSE value
was 722.21 in the network structures where the best results were obtained
for the test and training data (in the 4-4-1 ANN model). As a result of the
study, it was concluded that the ANN model was successful in estimating
the BODs of the WWTPs in obtaining reliable and realistic results, and that
effective analyzes with the simulation of their nonlinear behavior could be
used as a good performance evaluation tool in terms of reducing operating
costs.

Keywords: Artificial neural network, Biological oxygen demand, Modeling,
Waste water treatment plant

INTRODUCTION

Artificial neural networks collect information about examples, make generaliza-
tions, and then make decisions about new examples using the information they
have learned when compared to examples they have never seen. Due to these
learning and generalization features, artificial neural networks find wide appli-
cation in many fields of science today and reveal the ability to successfully solve
complex problems (Ergezer et al., 2003). In other words, they are computer prog-
rams that imitate biological neural networks, which are parallel and distributed
information processing structures that are inspired by the human brain, conne-
cted to each other through weighted connections, and composed of processing
elements, each of which has its own memory (Elmas, 2003).

In addition to factors such as global warming and seasonal changes, the damage
to the environment is increasing rapidly due to unsustainable resource consump-
tion. The water used for various vital activities is sent to wastewater treatment
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plants through different methods. The estimation of the
operating parameters of the plant in the treatment of
water with conventional methods takes a long time and
constitutes a significant obstacle in terms of efficiency. In
addition to the difficulty of the treatment process in the
wastewater treatment plants established to purify the
wastewater and deliver it to the receiving environments,
various models are needed for the efficient operation of
the treatment plants (Khatae, 2009). Recently, computer
aided methods have found wide application in environ-
mental issues. These methods can be defined as a comp-
lex system formed as a result of the interconnection of
processors, such as many neurons in the human brain, by
various methods. Artificial neural networks have a high
approximation capability and have the advantage of sol-
ving problems in a short time (Kologirou, 1999; Bechtler
et al., 2001). Especially in fields such as agriculture and
industry, expressing physical systems with equations
and solving mathematical models with computer aid is
one of the problems encountered (Hanbay et al., 2006).
In a study conducted in Canada, two ANN models, back
propagation network and radial basis function, were de-
veloped to estimate the nitrogen content in sewage wa-
ters. In this developed model, a simulation of nitrogen
concentration in wastewater was applied. In this simula-
tion applied, it has been shown that wastewater has fer-
tilizer potential (Sharma et al., 2003). Biological oxygen
demand (BOD) is of great importance in terms of water
quality in treatment plants. However, it is important to
measure and correctly estimate this parameter from an
environmental point of view (Hamed et al., 2004; Agu-
ilera et al., 2001). The fact that the BOD measurement
process takes up to five days naturally increases the
cost. Regression analysis used in the measurement is an
important parameter in defining water quality. Howe-
ver, due to non-linear relationships, obtaining effective
results does not provide a good modeling opportunity
compared to traditional methods. Various methods that
can be used for nonlinear cases are widely used today
(ANN, BM, ASBS). With the back propagation algorithm,
which is one of these methods, it is possible to adjust the
weights in order to bring the margin of error to the de-
sired value. This process can be repeated until the opti-
mum solution is reached (Yurtoglu, 2005).

In recent years, ANN-based models with one or more in-
puts and one or two outputs have been used to predict
WWTP performance and ensure plant efficiency. The le-
arning process takes place by training the samples and
processing the input and output data. In other words,
learning takes place by repeating the training algorithm
until a convergence is achieved by using these data (Kes-
kin et al., 2007). In this study, with the help of Artificial
Neural Network (ANN) techniques, the performance of
Adana Seyhan biological wastewater treatment plant
(WWTP) was estimated. In addition, in this estimation,
alternative methods have been tried to be determined
to reduce BOD measurement costs.

Artificial Neural Networks (ANNs)

ANNs mimic the working functions of the human brain.
They are logical software developed to produce new in-
formation by generalizing. They are also artificial systems
that model the functions of the human brain (Oztemel,
2012). ANNs can establish connections between memo-
rization and information, together with learning as sel-
f-learning mechanisms (Elmas, 1994) [14]. The success of
modeling various systems by training existing data with
ANN has increased the usability of ANN (Haykin, 1994;
Ozcalik et al., 2003).

According to the algorithm of ANN, nerve cells are arran-
ged in multiple layers to correlate between inputs and
outputs. In an ANN model, there are three layers as input,
hidden and output layers, and a network can have more
than one hidden layer (Yaldiz, 2006). A typical ANN mo-
del is given in Figure 1 (URL, 2019).

Figure 1. Artificial Neural Network Model

( Introduction to Artificial Neural Networks h

Feed-Forward
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Network Inputs ——> Network Output
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Input Layer Output Layer
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Feed Forward Back Propagation ANN Model (FFB-
PANN)

Feedforward neural networks allow for one-way signal
flow, and most are organized in layers (Weatherford et
al.,2003). The outputs of cells in one layer are given as
inputs to the next layer over weights. The input layer
transmits the information it receives from the external
environment to the hidden layer without making any
changes. The network output is determined by proces-
sing the information in the hidden and output layer
(Oztemel, 2012). In Feedback Artificial Neural Networks
(ANNSs), at least one cell’s output is given as an input to
itself or to other cells, and usually the feedback is done
through a delay element (Kebalci, 2014).

MATERIALS AND METHODS
Collection of Data

In the study, 355-day data from Adana Metropolitan Mu-
nicipality Seyhan wastewater treatment plant for 2021
were used as material. Of the data used, 240 were evalu-
ated as training data and 115 as test data. In the establis-
hment of the ANN model, the daily chemical oxygen de-
mand (COD), daily water flow Q,) and daily suspended
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solids (SS) parameters at the entrance of the WWTP were
used as input parameters. The daily BOD parameter was
determined as the output parameter. Biological oxygen
demand (BOD) is shown as one of the most important
parameters in the management and planning of water
quality. The flow chart of Adana Metropolitan Municipa-
lity Seyhan Wastewater Treatment Plant is given in Figure
2 (URL, 2019).

PRETREATMENT
| SCUM
I’ re
j Fi
OVERFLOW TRASH
SNy

PRIMARY
" ENENANANKY

ﬂ-

i

DRY SLUDGE FINISHING

A

ETEEne ]

@ SECONDARY

SLUDGE
DIGESTION

DRYER
9 METHANE

Figure 2. Wastewater Treatment Process Step by Step

The statistical analysis results of the data obtained from
the treatment plant used as the material in the study are
given in Table 1. In the table, the Xave, Sx, Cv, Csx, xmin,
and xmax parameters show the mean, standard devia-
tion, variance, skewness, minimum and maximum va-
lues of each data, respectively. As seen in Table 1, while
the most variable data was seen in SS, the relationship
between COD and BOD parameters changed linearly. It is
seen that the water flow rate (Qw) is inversely proportio-
nal to the BOD (R?=-0.294).

Application of the FFBP ANN Model

ining sets and 115 as test sets. The estimated network
structure of the model applied in the study is given in
Fiaure 3.

Output Layer

Input Layer Hidden Layer

Figure 3. Network Structure Estimated in Artificial Neu-
ral Networks Model for WWTP Process Control

In the study, statistical functions of correlation coefficient
(R?), mean square error (RMSE) and mean absolute error
(MAE) were used to evaluate the error levels of the data
used (Landeras et al., 2008; Traore et al., 2010; Trejo-Perea
etal., 2009; Yilmaz et al., 2008). The equations used in the
calculation of the correlation coefficient (R?), mean squa-
re error (RMSE) and mean absolute error (MAE) statistical
functions are given below;

[i(yz‘—?)(o;'—c_))}
RE = i
Zl(yf—})ZZ(Of—@z

In the equation;

m, the number of data tested,

Oi, predicted data in neural network,
yi, the calculated amount of data.

Table 1. Data Used in the Study and Statistical Analysis

Data BOD (mg/l) COD (mg/l) SS (mg/l) Qw (m3/day)
Xaverage 228.978 384.299 209.041 154494.274
Sx 74.197 136.920 104.294 7625.813
Cv(Sx/Xaverage) 0.324 0,356 0.499 0.049

CSX -0.120 -0.576 0.433 -0.777

Xmin 63 131.000 58 106999
Xmax 474 880 766 178279
Correlation with BOD 1.000 0.906 0.605 -0.294

(R)

Analysis of 355 data consisting of COD, SS and Qw and
BOD from an output vector was considered in the study.
The data used did not give very good results in predic-
ting the ANN model. For this reason, the data were nor-
malized and divided into two groups to form training
and test sets between 0 and 1. In the study, 240 of the
two groups formed from 355 data sets were used as tra-

X = (Egercek - XITIII'J)
! Xrnax - Xmin
In the equation;
Xn, Normalized data value,
Xmin, the min value of the data to be normalized,
Xmax, the max value of the data to be normalized.
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1 & .
MAE = E;‘yi = V:

In this equation;

Y, the average of the calculated amount of data (yi).
y=o,x + ey

In the equation;

X, the argument (amount of data),

a0, intersection,

al, denotes slope.

RMSE /ZZ.(J;—}&')Q

RMSE, the Root of Mean Squared Errors

CONCLUSION

Performing Sensitivity Analysis Using FFBP ANN
Model

The selection of the input parameters to be used in the
FFBP ANN model isimportant for the performance of the
model (EImas, 2007). Sensitivity analysis, which gives the
BOD estimation and the most effective input combina-
tions, was found using the IBGYYSA model (Table 2). In
the BOD estimation, almost most of the input parame-
ters were determined to be important compared to the
stability analysis. As can be seen in Figures 4 a-b-c, as a
result of the calculation of the efficiency degrees in the
BOD estimation, it was determined that the most effecti-
ve parameter was COD, while the least effective parame-
ter was Qw.

Table 2. Determining the Most Effective FFBP ANN Model
Using Sensitivity Analysis

MAE (%) RMSE R?

COD+SS+Qw 10.32 722.21 0.891
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measured

Figures 4 a-b-c. Determining the Performance of Input
Parameters in Estimating BOD with FFBPANN

Determining the Most Appropriate FFBP ANN Model

RMSE and R? performance functions are used to deter-
mine the active FFBP ANN model. The number of hidden
layer neurons was determined as 4 from the test set per-
formance values as a result of various trials, as shown in
Table 3. The ANN (4-4-1) model with the highest perfor-
mance was determined.

Table 3. Determining the Most Effective FFBP ANN Model

ANN (Number of Numberof R? RMSE
neurons in layers) Iterations

ANN(4, 2, 1) 1000 0.887 743.12
ANN (4, 3,1) 1000 0.886 759.23
ANN (4,4, 1) 1000 0.891 722.21
ANN (4,5, 1) 1000 0.883 764.17
ANN (4,2, 1) 2000 0.867 781.16
ANN (4,3, 1) 2000 0.869 779.22
ANN (4,4, 1) 2000 0.857 792.23
ANN (4,5, 1) 2000 0.860 786.51

In the study, the model was tested after the FFBPANN
model was trained. It can also be seen from the trend
graphs that the estimated values of FFBPANN as a result
of the tests performed with BOD are very close to the ob-
served values (Figure 5).

FFBP ANN Model

7 R0l

measured

Figure 5. Comparison of BOD Estimates with Measured
BODs in the FFBP ANN Model

RESULTS

In this study, using the FFBPANN model, the values of 355
daily BOD amounts (R2) for 2021 at the entrance of Ada-
na-Seyhan wastewater treatment plant were found to be
0.906 for COD, -0.294 for Qw and 0.605 for SS. The R? va-
lue was determined as 0.891, the MAE value was 10.32%,
and the RMSE value was 722.21 in the network struc-
tures where the best results were obtained for the test
and training data (in the 4-4-1 ANN model). These values
show that the ANN model used in the study gives very
successful results. As a result of calculating the efficiency
degrees in BOD estimation by using all of the inputs used
for all models, it was determined that the most effective
parameter was COD, while the least effective parameter
was Qw. In addition, it was determined that the use of
ANNs in BOD estimation of all input parameters (COD,
SS and Qw) in the sensitivity analysis performed for the
determination of the most effective model, because an
effective FFBPANN model depends on the input para-
meters, gives much better results than the conventional
models. Well-trained ANN parameters are important for
the wastewater treatment processes used in WWTPs to
give reliable estimates. In this study, it has been conclu-
ded that the ANN model is successful in estimating the
BODs of WWTPs in terms of reliable and realistic results,
and that effective analyzes with simulation of nonlinear
behavior can be used as a good performance evaluation
tool in terms of reducing operating costs.
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Abstract

This study has been carried out to evaluate the head rice yield, kernel bro-
ken and the chance of color depend on milling time and feed rate. In this
study, threshed rice kernels by combine-harvester at different cylinder
speeds, rice harvesting season in 2018, were used for experiment test. Ac-
cording to results, head rice yield decreased slightly as the cylinder speed
increased, with yields varying between 71.40 % and 70.28 %. Processing
time was found to have a highly significant effect (p<0.01) on the quanti-
ties of unbroken kernel, broken kernel, bran, yield and husk. The highest
rate of broken kernel was obtained at a processing time of 25 seconds, and
the lowest values were obtained at a processing time of 10 seconds. With
a processing time of 10 seconds, the quantities of unbroken kernel, bro-
ken kernel, bran, yield and husk were 70.74, 3.260, 0.810, 74.37 and 24.82
%, respectively. When the processing time was 25 seconds, the quantity of
broken kernel decreased from 70.74 percent to 62.86 percent, and yield
decreased from 74.37 % to 67.58 %. The broken kernel ratio increased from
3.26 percent to 4.633 percent and bran ratio increased from 0.8642 percent
to 1.822 percent. Husk ratio, on the other hand, increased from 24.82 % to
30.60 %. In other words, as the processing time increased, so did the bran
ratio and husk ratio. The highest whiteness value of 70.92 was obtained at
a processing time of 25 seconds; while the lowest whiteness value of 63.81
was obtained at a processing time of 10 seconds. There were declines in a
and b values as processing time increased, although the differences were
not statistically significant. The highest a and b values were obtained at a
processing time of 10 seconds, with -0.690 and 15.01, respectively. In conc-
lusion, when processing paddy to rice, processing time needs to be increa-
sed to obtain a whiter rice; to have fewer broken kernels and a higher head

rice yield, on the other hand, the processing time needs to be short.

Keywords: Rice processing, Head rice yield, Rice breaking, Milling, Husking

INTRODUCTION

Rice (Oryza sativa L.) is one of the most important cereal crops, being an impor-
tant source of food, energy and protein worldwide, and the main staple food of
more than half the world’s population (Roy et al., 2011; Kim and Lee, 2012). Ac-
cording to the FAQ, global rice production was 759.6 million tons (503.9 million
tons, milled basis) in 2018. Nearly 90 percent of the world’s rice is grown and con-
sumed in Asia by 60 percent of the world’s population on about 11 percent of the
world’s cultivated land (Mejia, D.J. 2003; Buggenhout et al., 2013; FAO, 2018). The
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rice grain consists of the hull or husk (18-28%) and the
caryopsis or brown rice (72-82%). Brown rice consists of
an outer layer (pericarp, tegmen and aleurone layers) cal-
led bran (6-7%); the germen or embryo (2-3%); and the
edible portion (endosperm 89-94%) (Mejia, D.J. 2003;
Champagne et al., 2004; Delcour and Hoseney, 2010; Bu-
ggenhout et al,, 2013; IRRI, 2019). Rice is also the most
widely grown staple food, and is a basic source of live-
lihood for rural households around the globe, given its
high economic value. The economic value of harvested
rice is based the milled rice yield and the percentage of
head rice (Kim and Lee, 2012). Consumers usually prefer
milled rice. Before rice is consumed, the husk, bran and
germ are removed from the rough rice kernel, and this
“milling” operation is a crucial step in the post-produc-
tion of rice (IRRI, 2019; Zhou et al., 2015). The processing
of rice involves several operations. The rice is milled to
separate the husk (dehusking) and the bran (polishing),
leaving behind the edible portion (endosperm) for con-
sumption. The removal of the rice bran layers in the mil-
ling process improves the appearance, cooking quality
and palatability of rice, though a major loss of nutrients
and high percentage of brokenness results from mecha-
nical milling. For this reason, producing brown rice with
minimum breakage in which the maximum possible
nutrients are retained, and with preferable cooking att-
ributes, has become the primary goal of the rice proces-
sing sector (Mithy et al., 2008; Razavi and Farahmandfar.,
2008; Kim and Lee, 2012; Kumar and Kalita, 2017).

The processing of rice is carried out in factories or using a
rice milling machine. Rice dehusking involves the remo-
val of the husk and bran from the paddy rice to produce
head white rice grains that are sufficiently milled, free
from impurities and containing a minimum number of
broken grains. The basic objective in a rice milling system
is to remove the husk and the bran layers, and to produce
an edible, white rice kernel that is sufficiently milled and
free of impurities. Depending on the requirements of
the customer, the rice should have a minimum number
of broken kernels (IRRI, 2019), although during such pro-
cessing, rice kernels are subjected to mechanical forces
during several operations, such as harvesting, threshing,
drying, dehulling and milling. When these forces exceed
the strength of the rice grain, the individual rice grain
breaks and the quantity of broken rice kernels increases
depending on the intensity of the processing (Buggen-
hout et al., 2013). The tendency of rice kernels to break is
primarily determined by the fissures, chalkiness, imma-
turity and dimensions of the rice kernel. Fissured kernels
usually break during milling, leading to a reduction in
head rice yield, which in turn results in a poor cooking
quality and a lower market value (Zhang et al., 2005).

A main challenge faced by the rice sector is minimizing
the quantity of broken rice (Buggenhout et al., 2013). If
the rice milling machine and operations are not properly
designed, rice kernel cracking and breakages increase,

resulting in a low market price. The marketing of rice as
an agricultural product depends on its physical qualities
after processing. The percentage of whole grain is the
most important parameter in the rice processing sector.
The head rice yield in milling depends on the type of
mill, milling cylinder speed, degree of milling, moisture
content, milling procedure and the head rice separation
method (Corre™a et al., 2007; Schluterman and Sieben-
morgen, 2007; Kim and Lee, 2012).

Turkey is an important producer of rice, given the suitabi-
lity of its climate, soil and environmental conditions. The
southeastern part of Turkey, in particular, is an important
rice-producing region, and is noted particularly for two
rice varieties: Karacadag Karakilgik and Karacadag Beyaz,
with 95 percent of the cultivation area and production
being in the Karacadag region. The main problems in
rice production are the high rate of loss of broken rice
kernels during the harvesting, threshing and post-har-
vesting processing stages (dehulling and milling) (Esgici
et al., 2019).

In this study, we focus on the impact of dehulling (hus-
king) and milling on kernel breakage during the proces-
sing of rice from the paddy. The study was carried out to
identify means of reducing mechanical losses during the
processing of rice. To this end, it examines the effect of
processing time and the rice feed rate on head rice yield,
the quantity of broken grain, bran and husk, and pow-
dered rice, and the changes of color in rice threshed at
different cylinder speeds by the combine harvester.

MATERIALS AND METHODS

Head Rice Yield, Broken Kernels, Bran Rate and Husk-
ing

The milling tests in the study were carried out in the La-
boratory of the Department of Agricultural Machinery
and Technologies Engineering, Diyarbakir, TURKEY. The
commonly grown rice variety Karacadag Karakilcik (dark)
was used for the experiment (Figure 1). The moisture con-
tent of the rice kernel samples was measured according
in accordance with ASABE standards (ASABE, 2008). Prior
to testing, four samples of 25 g rice stems were weighed
and dried in an oven at 103°C for 24 h, and were then
reweighed to measure the average moisture content of
the rice kernels, during which an average moisture con-
tent of 10.40 percent w.b was recorded. A moisture con-
tent of 14 percent MC is considered ideal for milling (IRRI,
2019). The rice milling machine used in the experiments
is shown in Figure 1.

The milling machine comprises two rubber roll dehullers
that rotate at different speeds in opposite directions for
the husking - being the separation of the hull from the
rough rice to obtain brown rice - milling and bran remo-
val operations.
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Figure 1. Rice Milling Machine

The experiments were carried on rice samples subjected
to five different threshing cylinder speeds (650, 750, 850,
950, and 1050 rpm) in the combine harvester. The samp-
les were taken from the threshed paddy for each cylinder
speed, while four milling times (10, 15, 20 and 25 second)
and four feed rates (20, 40, 60 and 80 gr) were used as
independent parameters. The rice yield, broken kernel,
bran rate, husking rate and change of color were measu-
red for the different parameters.

The ratio (%) of broken kernels in milled rice was measu-
red by way of a manual analysis using a naked eye identi-
fication method. A sub-sample of milled rice was divided
visually into broken and whole grain groups. The quan-
tity of broken kernels was calculated by dividing the we-
ight of the broken kernels by the whole kernels, which
was then expressed in the form of a percentage. The qu-
antities of broken and unbroken kernels, bran, husk and
powdered rice were calculated using the same method.
The following equation was used to calculate rice yield
(Pinar and Beyhan, 1992).

RY Mi 100
=_—X
Tk
RY= Head rice yield, %
MK: Weight of unbroken and broken kernels and bran
after milling, gr
TK: Weight of total milled rice, gr.

Rice color and whiteness

Food color is the first parameter of quality evaluated by
consumers (Markovic et al., 2013). The color of the mil-
led rice seeds was measured on the basis of the CIE color
scales L*, a* and b* using a CM11P digital colorimeter (Fi-
gure 2). L* indicates the degree of lightness or darkness
of the sample on a scale of 0 (black) to 100 (white), where
a low number (0-50) indicates dark and a high number
(51-100) indicates light; a* indicates the degree of red-
ness (+a) to greenness (-a), where a positive number in-
dicates red and a negative number indicates green; and
b* indicates the degree of yellowness (+b) to blueness
(-b), where a positive number indicates yellow and a ne-

gative number indicates blue, respectively. The samples
were placed in the holder of colorimeter, ensuring that
the holder was completely filled with seeds. The measu-
rements were made directly from the top surface of the
bulk of the seeds, and the color parameters were measu-
red in 15 replications (Hunter at al.,1987; Zielinska et al.,
2012; Markovic et al., 2013; Mir et al., 2013) for each test.

LY=100

Figure 2. CM11P digital colorimeter

Statistical analysis

The experiment was planned as a complete randomized
plot design and data was examined using an analysis of
variance (ANOVA) method. Mean separations were made
for significant effects with LSD, and the means were com-
pared at 1 % and 5 % levels of significance with Duncan
multiple range tests using MSTAT-C software.

RESULTS AND DISCUSSION

Broken kernels, yield and husk quantities

Table 1 reports the changes in the quantities of intact
kernel, broken kernel, bran, head rice yield and husk of
the paddy threshed at different speeds in the combine
harvester, depending on threshing speed, processing
time and feed quantity. As the table shows, the cylinder
speed used during harvesting had a significant effect on
all of the measured parameters (p<0.01). Cylinder speed
affected the quantity of intact (unbroken) kernels after
850 revolutions per minute. No significant difference was
found between 650 and 750 rpm, whereas the quantities
of intact kernel obtained at 850, 950 and 1050 rpm were
significantly different. The ratio of intact kernels was the
highest at 650 rpm, with 67.10 %, and the lowest ratio of
65.75 % was obtained at 1050 rpm, as the highest spe-
ed tested. This can be attributed to the strength of the
collision impact during threshing. A similar situation was
observed in the case of broken kernels. The quantity of
broken kernels increased as cylinder speed increased.
The ratio of broken kernels varied between 3.633 % and
4.485 %. The quantity of bran, similar to broken kernels,
was also higher at higher speeds. The lowest bran ratio
was obtained at 650 rpm with 0.680 %, and the highest
bran ratio of 1.865 % was obtained from the paddy thres-
hed at a cylinder speed of 1050 rpm. Yield, on the other
hand, decreased slightly as the cylinder speed increased,
with yields varying between 71.40 % and 70.28 %. This
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decline can be attributed to the increase in the quan-
tity of broken kernels and the decrease in the quantity
of intact kernels at higher cylinder speeds. The same can
be said for the quantity of husk, the ration of which was
29.039 % at the lowest cylinder speed of 650 rpm, and
decreasing slightly at higher speeds to reach 27.665 %
at the highest tested speed (Table 1). The decrease in the
quantity of husk was directly related to the increase in
the quantity of broken kernels and bran.

Table 1 shows the effects of processing time on the qu-
antities of intact kernel, broken kernel, bran, yield and
husk. As the processing time increased, the quantities of
broken kernel and bran also increased, while the quanti-
ties of intact kernel and yield decreased. The highest pro-
portion of broken kernel was obtained at a processing
time of 25 seconds, and the lowest values were obtained
at a processing time of 10 seconds. With a processing
time of 10 seconds, the quantities of unbroken kernel,
broken kernel, bran, yield and husk were 70.74, 3.260,
0.810, 74.37 and 24.82 %, respectively. When the proces-
sing time was 25 seconds, the quantity of broken kernel
decreased from 70.74 % to 62.86 %, and yield decreased
from 74.37 % to 67.58 %. The broken kernel ratio increa-
sed from 3.26 % to 4.633 % and bran ratio increased from
0.8642 % to 1.822 %. Husk ratio, on the other hand, inc-
reased from 24.82 % to 30.60 %. In other words, as the
processing time increased, so did the bran ratio and husk
ratio. Kim and Lee (2012) report that the quantity of loss
during rice processing varies between 0.58-5.61 %, con-
curring with the values observed in the present study.
After milling, the broken rice grains are often separated
from the whole rice grains. Depending on the acceptable
level of broken grain allowed by the customer, these bro-

ken kernels may then be blended in a precise ratio with
the unbroken kernels to maximize the profitability of the
mill (Bond, 2004; Buggenhout et al. 2013).

Changes in the quantities of unbroken kernel, broken
kernel, bran, yield and husk by feed quantity shows that
feed quantity had a significant effect on these values
(Table 1). As the feed quantity increased the quantity
of unbroken kernels and yield ratio decreased. On the
other hand, an increase in feed quantity resulted in sta-
tistically significant increases in the quantities of broken
kernel and bran. No significant changes were observed
in the husk ratio. The lowest unbroken kernel ratio and
yield were obtained at a feed quantity of 80 gr, whereas
the differences between the other feed quantities were
not significant. On the other hand, the highest broken
kernel ratio and bran ratio were obtained at this feed
quantity, with 4.233 % and 1.721 %, respectively. At feed
quantities of 20, 40 and 60 grams, yield did not change,
remaining at 71.08 percent, with the lowest yield being
69.87 %. This value is higher than the maximum yield
values obtained by Evgi and Ulger (2006) for Baldo and
Osmancik paddies, which were 59.9 % and 56.3 %, res-
pectively. Similar findings were also reported by Singha
(2012). In a study conducted of 442 paddy processing
plants in five states of India, Singha (2013) found that
yield varied between 58.6 % and 64 %, depending on the
use of either modern or traditional processing methods.
Kumar and Kalita (2017) reported theoretical average
milling yield of rice for Asian countries of around 71-73
%. The main parameter used to quantify rice dehulling
and milling efficiency is the head rice yield (Buggenhout
et al. (2013). Andrews et al. (1992), Schluterman and Sie-
benmorgen, (2007), and Buggenhout et al. (2013) define

Table 1. Variation in intact kernel ratio, broken kernel ratio, bran ratio, rice yield and husk ratio by cylinder speed, processing time

and feed quantity.
Parameters Intact. kernel Brokep LEuG Bran ratio, % (Yield), % Husk ratio, %
ratio, % ratio, %
Cylinder speed, (rpm)
650 67.10a 3.633d 0.680d 7140b 29.039 a
750 66.87a 3.886¢ 1.011c 7095 a 27.769 b
850 66.82 a 4.063 bc 1454 b 70.94 a 27.596 b
950 66.08b 4.155b 1.520b 7047 a 27.540 b
1050 65.75b 4.485a 1.865a 70.28 a 27.665 b
LSD 0.5166 0.2261 0.1134 0.611 0.2228
Processing time, (s)
10 70.74 a 3.260 a 0.810d 7437 a 24.82d
15 67.35b 4.091 b 1.103 c 71.64b 27.25c
20 65.15¢ 4193 ¢ 1.489 b 69.49 c 29.02b
25 62.86d 4.633d 1.822a 67.58d 30.60 a
LSD 0.5166 0.2022 0.10149 0.547 0.2228
Feed quantity, (g)
20 67.00 b 3.929b 0.864d 71.08 a 28.056 b
40 67.07 b 3.850b 1.200 c 71.08 a 27720 b
60 66.66 a 4.165 a 1.439b 71.06 a 27.500 b
80 65.379 a 4233 a 1.721 a 69.87 b 28.409 a
LSD 0.5166 0.2022 0.10149 0.547 0.2228
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yield as the quantity of kernels that remain after milling.
Depending on the type of processing, yield is reported to
vary between 0 % and 75 %. In a study conducted by Pi-
nar and Beyhan (1992), the paddy to rice conversion ratio
was on average 60.90 percent for rice yield, 8.8 percent
for broken rice, 0.8 % for powder (fine) rice, 4.9 % for bran
and 24.6 % for husk.

Rice color and whiteness

The whiteness of the threshed paddy was not affected
by the increase in cylinder speed, and the differences
between the values from different cylinder rotation spe-
eds were found to be insignificant. This was true also for
values a and b. No differences were identified at speeds
higher than 650 rpm. On the other hand, processing time
was found to have a statistically significant effect on the
L value, and insignificant effects on the a and b values.
As the processing time increased, the whiteness value (L)
also increased (Table 2 and Figure 3). The highest white-
ness value (L) was obtained at the processing time of 25
seconds with 70.92, and the lowest L value was obtained
at the processing time of 10 seconds with 63.81.The effe-
ct of feed quantity on color changes, on the other hand,

was insignificant for the L, a and b values. In conclusion,
of the independent parameters, only processing time
had a significant and noticeable effect on color changes,
as can be seen in Table 2 and Figure 3.

CONCLUSION

Processing time was found to have a highly significant
effect (p<0.01) on the quantities of intact kernel, broken
kernel, bran, yield and husk. As the processing time in-
creased, so did the bran ratio and husk ratio, whereas
yield declined. Yield was 74.37 percent at a processing
time of 10 seconds, and the lowest yield of 67.58 percent
was obtained at a processing time of 25 seconds. The
feed quantity had a lesser effect.

Cylinder speed had an insignificant effect on the color of
rice threshed and processed at different speeds, where-
as processing time had a highly significant effect on the
color parameters. The highest whiteness value of 70.92
was obtained at a processing time of 25 seconds; while
the lowest whiteness value of 63.81 was obtained at a
processing time of 10 seconds. There were declines in a

Table 2. L,a and b values

Parameters L: lightness or darkness

a: degree of redness (+a) to

b: degree of yellowness 5

greenness (-a) (+b) to blueness (-b),

Cylinder speed, (rpm)

650 67.87+0.236483 a -1.020+0.09385 a 13.11+£0.14708 a
750 67.86+0.236483 a -1.474+0.09385 b 12.38+0.14708 bc
850 67.57+0.236483 a -1.383+0.09385 b 12.53+0.14708 b
950 67.73£0.236483 a -1.457+0.09385 b 12.09£0.14708 c
1050 67.46+0.236483 a -1.368+0.09385 b 12.14+0.14708 bc
LSD 0.6606 0.2621 0.4109
Milling time, (s)
10 63.81+£0.21152d -0.690+0.083948 ns 15.01+£0.13155 ns
15 67.15+0.21152 ¢ -1.279+0.083948 ns 13.00£0.13155 ns
20 68.92+0.21152 b -1.660+0.083948 ns 11.50£0.13155 ns
25 70.92+0.21152 a -1.732+0.083948 ns 10.31£0.13155 ns
LSD 0.5906 0.2345 0.3675
Feed quantity, (g)
20 67.68+0.21152 b -1.375+0.083948 ns 12.186+0.13155 ns
40 67.22+0.21152 b -1.390+0.083948 ns 12.523+0.13155 ns
60 68.38+0.21152 a -1.319+0.083948 ns 12.441£0.13155 ns
80 67.52+0.21152 b -1.275+0.083948 ns 12.660+0.13155 ns
LSD 0.5906 0.2345 0.3675

Figure 3. Rice color changes at different milling times.
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and b values as processing time increased, although the
differences were not statistically significant. The highest
a and b values were obtained at a processing time of 10
seconds, with -0.690 and 15.01, respectively. In conclu-
sion, when processing paddy to rice, processing time
needs to be increased to obtain a whiter rice; to have
fewer broken kernels and a higher yield, on the other
hand, the processing time needs to be short.
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Abstract

Since the industrial revolution, the modes of production and consumption
that were incompatible with the environment has led to several environ-
mental problems due to global population growth and welfare demands.
In this process, the composition of the atmosphere has changed due to the
gradual increase in greenhouse gas emissions by human activities, leading
to global climate change due to the greenhouse effect and global warming.
Greenhouse gases induced by human activities (transportation, power gen-
eration, water consumption, heating, fuel consumption, etc.) are generally
measured in CO, emissions and carbon footprint. Global climate change, a
significant global problem, entails the changes in climate due to the green-
house effect induced by the gases released into the atmosphere by human
activities, and this impact is expressed as carbon footprint (CO, equivalent).
The present study aims to investigate the current status of greenhouse
gases in terms of carbon footprint and the climate change due to global
warming in Turkey, and monthly precipitation, soil temperature, sea water
temperature and changes in air temperature were investigated in Mugla
province, Bodrum district in Turkey, which is a significant tourist destina-
tion. The results showed that global climate change has started to occur in
Bodrum district.

Keywords: Greenhouse gases, Global warming, Climate change, Bodrum,
Mugla

INTRODUCTION

Although the earth is inhabitable due to the natural greenhouse effect of the at-
mosphere, human race faces global warming due to the increase in greenhouse
gas volume induced by anthropogenic activities that increased with population
growth as a result of the industrial revolution and subsequent developments in
science and technology. The climate change due to global warming is associated
with the increase in average surface temperature and climatic changes as a result
of the rapid increase in the greenhouse gas accumulation in the atmosphere due
to human activities such as burning fossil fuels, changes in land use, deforestati-
on and industrialization. Significant variations in extreme mean surface tempe-
ratures, ice and snow cover, precipitation, ocean temperature and salinity, wind
types, drought, heavy precipitation and heat waves have been considered as the
causes of climate change (Binboga and Unal 2018; ikizoglu 2019).

Certain greenhouse gases could be released naturally (forest fires, volcanic acti-
vities and some biological activities etc.), atmospheric emissions and concentra-
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tions could increase due to human activities (agricultu-
re, consumption of fossil fuels, etc.). Greenhouse gases
include carbon dioxide, water vapor, ozone, nitrous oxi-
des and methane. The main source of water vapor is the
evaporation in the oceans. Ozone is another greenhouse
gas formed by atmospheric reactions. The greenhouse
gases released only by human activities include chlorof-
luorocarbons (CFCs), perfluorocarbons (PFCs), and sulfur
hexafluoride (SF6) (Argun et al., 2019; ikizoglu, 2020).

Ecological footprint is the size of the biologically pro-
ductive land or water resources in global hectares (kha)
required to reproduce the resources consumed by an
individual, community or activity with current techno-
logies and the resources required dispose of the waste
generated by these activities and management of the-
se resources (Erden-Ozsoy 2015; Mizik and Yigit 2020).
Ecological footprint includes six categories of productive
surface areas: carbon demand on land, forest area, crop-
land, built-up land, grazing land, and fishing grounds
(Apaydin, 2020). Among the components of ecological
footprint of Turkey in 2007, the largest share was that of
the carbon footprint with 46% Carbon footprint is a me-
asure of the environmental damage induced by human
activities based on greenhouse gas production, measu-
red in units of carbon dioxide. Carbon footprint includes
of two main categories, primary carbon footprint and
secondary carbon footprint. Primary carbon footprint
is associated with the direct CO, emissions due to the
combustion of fossil fuels, domestic energy consump-
tion and transportation. Secondary carbon footprint is
the CO, emissions during the life cycle of commodities
from production to degradation. The secondary carbon
footprint includes the primary footprint. Imported foods
or products should be transported by land, air, sea and
rail until they reach the consumer. Since the waste ge-
nerated during the deterioration or consumption of the-
se products are stored and disposed of using the same
transportation routes, the secondary carbon footprint is
quite important. It is known that an individual’s secon-
dary carbon footprint is equal to 54% of the total carbon
footprint of that individual. However, it is not possible to
exactly calculate the secondary carbon footprint. (Argun
etal., 2019; Sahin and Onurbas 2016; Gokgek et al., 2019;
Mutlu, 2021).

The aim of this study is to concretize the increasing gre-
enhouse gas emission data in Turkey on the basis of exis-
ting data in order to observe and determine the situation
in Mugla Bodrum district.

MATERIALS AND METHODS

The determination and analysis of the current status in
Turkey was based on TUIK data and the graphs plotted
based on these data.

Daily data were obtained from the Meteorology Direc-
torate in Mugla province Bodrum district, a significant
tourist destination in the Aegean Region, and monthly

precipitation, monthly average soil temperature at 5 cm,
monthly average air temperature, monthly average sea
water temperature figures were calculated for 5 years,
and the possible effects of global warming were analy-
zed based on the resulting graphs.

Figure 1. Mugla province and Bodrum district on the
map of Turkey

RESULTS AND DISCUSSION

The distribution of greenhouse gas emissions in Tur-
key

In Turkey, the total greenhouse gas emission was 220
(Mt) CO, equivalent in 1990, and it increased to 508 mil-
lion tons (Mt) Co, equivalent in 2019. It was 523.9 mil-
lion tons (Mt) CO, eq. in 2020, an increase of 3.1%. The
increase was 238.14% during the 30 years between 1990
and 2020. The total greenhouse gas emission per capi-
ta was 4 tons CO, eq. in 1990, 6.2 tons CO, eq. in 2019.
and 6.3 tons CO, eq. Thus, the increase was 1.575 fold
in the 30 years between 1990 and 2020 (Figure 2). Fig-
ure 3 demonstrates total greenhouse gas emissions by
industry in 2020. The energy industry led the emission
ranking with 70.2%, followed by agriculture (14%), indus-
trial manufacturing and consumption (12.7%), and waste
industry (3.1%). Energy industry emissions increased by
163.1% in 2020 when compared to 1990 and by 0.6%
when compared to the previous year, reaching 367.6
Mt CO, eq. Industrial manufacturing and consumption
emissions increased by 190.5% when compared to 1990
and by 14% when compared to the previous year, reach-
ing 66.8 Mt CO, eq. (TUIK, 2020).

The Kyoto Protocol was based on 6 greenhouse gases.
These greenhouse gases and their CO, equivalents are
presented in Table 1 (GWP Global Warming Potential).
CO, equivalent reveals the heat-trapping coefficient of
the greenhouse gas when compared to the same volume
of CO,.Thus, the impact of all greenhouse gases could be
standardized, facilitating the comprehension of emissi-
on calculations. Based on this chart, the most dangerous
greenhouse gas is sulfur hexafluoride (SF6), and the least
dangerous greenhouse gas is CO,. However, the reality is
the opposite since CO, emissions are quite higher when
compared to other greenhouse gases (TUIK, 2020).
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Figure 2. Total and per capita greenhouse gas emissions
between 1990 and 2020 in Turkey (CO, eq.) (TUIK, 2020)

Greenhouse gas emissions in 2020 in Turkey by industry
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Figure 3. Greenhouse gas emissions in 2020 in Turkey by
industry (TUIK, 2020)

Conversion of million tons of greenhouse gas (GHG)
emission into million tons CO, equivalent;

Million tons (GHG) * GWP = Million tons Co, equivalent

Table 1. The principal greenhouse gases in the Kyoto
Protocol and CO? equivalents

Gases Global Warming Potential (GWP)
Co, 1

CH, 25

N.O 298

HFC 124 -14800

PFC 7390-17700

SF6 22800

In Figure 4, the total greenhouse gas emissions in 2020
in Turkey are presented based on the Kyoto protocol. It
could be observed that 78.9% of total emissions (523.9
million tons (Mt) CO, equivalent) was CO,, 12.2% was
CH,, and 1.1% was fluoride gases (HFCs, PFCs, SF6).

In Turkey, forestation activities should be improved to
reduce greenhouse gas emissions that increase every
year. Furthermore, carbon footprint should be calcula-
ted for each province [Tier 1, Tier 2, Tier 3 Approaches
(from simple to specialized approach)], the current status
should be determined and further measures should be
investigated based on population growth predictions.

Figure 4. Greenhouse gas emissions in 2020 in Turkey by
gas type (TUIK, 2020)

Total greenhouse gas emissions in 2020 in Turkey
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Interpretation of the current status of climate change
based on Bodrum meteorological data

Average Air Temperature for Bodrum/Mugla
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Figure 5. The monthly average temperatures in Bodrum
in the 5-year period

The analysis of the Bodrum meteorological data revealed
that the temperature differences between the seasons
gradually decreased during the 5-year period as seen in
the monthly average air temperature graph presented in

Figure 5. Especially during the summer and winter, the
decrease in the temperature differences is accepted as a
result of climate change.

Avarage Monthly Rainfall by Year (mm) Bodrum/Mugla
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Figure 6. Mean monthly precipitation in Bodrum in the
5-year period
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Bodrum meteorological data revealed that monthly pre-
cipitation varied during these 5 years. The precipitation
regime was more irregular when compared to previous
years. The summers were drier, and precipitation was ir-
regular in the winters. In recent years, precipitation incre-
ased significantly in spring and autumn, demonstrating
that Bodrum district was directly affected by global war-
ming or climate change (Figure 6).

Global model simulations based on multiple scenarios
predicted that global mean water vapor accumulation
and precipitation will increase during the 21st century.
In the areas where this increase was predicted, precipita-
tion variations could be higher across the years. Models
demonstrated that in warmer climates, evaporation will
increase due to the increase in global average precipita-
tion and the frequency of heavy rainfall events. On the
other hand, it was predicted that precipitation will incre-
ase in certain areas, while decreasing in others, and there
could be decreases in ground flow and soil moisture due
to increased evaporation in areas where precipitation
would increase. Seasonal and latitudinal shifts are predi-
cted in precipitation after certain arid and semi-arid areas
will get more arid. In general, precipitation may increase
in summers and winters at high latitudes. Precipitation in
winter may increase in mid-latitudes, tropical Africa and
Antarctica, while it may increase in south and east Asia
during summer. A sustained reduction in winter precipi-
tation is expected in Australia, Central America and sout-
hern Africa. According to Hadley Center climate models
and others, significant reductions in precipitation, water
resources and flows are expected during the century,
especially in the Eastern Mediterranean basin and the
Middle East (Turkes, 2008, Atreva and Kaphle, 2020).

Monthly avarege Soil Temperature at Sem in Bodrum/Mugla
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Figure 7. Monthly mean soil temperature at 5 cm in Bod-
rum by year

The average monthly soil temperature at 5 cm increased
in the spring of 2018 (in April-May) when compared to
the same period in the previous years in Bodrum district
in Mugla. Soil temperature depends on the capture and
reflection of solar energy. A portion of solar radiation is
captured by the earth’s surface and the remaining is re-
flected back to the atmosphere. As the air temperature
increases, the soil temperature increases as well. The im-
pact of global warming on the increase in soil tempera-
ture is significant (Figure 7).

The fluctuation in soil temperature is associated with
changes in minimum and maximum air temperatures
and solar radiation (Rathore et al., 1998). Nakadai et al.,
2002 reported that soil CO, emissions are significantly as-
sociated with the temperature at 5 cm above the surface
and at 0 cm, but not with the temperature below 10 cm.
On the other hand, Coskan et al. 2017 stated that there
was a temperature change in the lower layers of the soil,
albeit a quite slow one. Furthermore, Nakadai et al. 2002
reported that environmental CO, levels generally in-
crease after sunset and gradually decrease after sunrise.
Kim et al. (2015) reported that higher temperatures (12
and 22 °C) significantly increased CO, production in peat
soil (Akbolat and Coskan, 2020).

Average Monthly Seawater Temperature Bodrum/Mugla
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Figure 8. Monthly mean seawater temperatures by year
in Bodrum district

The average monthly seawater temperature data for
Bodrum district in Mugla province are presented for the
5-year period in Figure 8. In April-September 2018, an
increase was observed in seawater temperatures when
compared to previous years, which continued until Oc-
tober (around 27°C). This could be a direct reflection of
seasonal climate change. If the increase in seawater tem-
peratures continue, species in the habitat could change,
certain species could become extinct and harmful new
species could develop in the marine flora and fauna.

The rise in air and seawater temperatures is estimated to
continue in the new millennium. Furthermore, the rise
in seawater temperatures due to the melting of glaciers
will lead to floods, erosion and increased transportation
of sediment. Also, as the glaciers melt, houses, roads, air-
ports, pipelines will be destroyed by landslides in these
regions (Erdogan et al., 2008). In addition, optimum
temperature, light, air humidity and air movements,
nutrients, water, air and microorganisms in the soil pos-
itively affect life and forest growth. Extreme severity in
these parameters could lead to damages due to frost,
fire, drought, topple, and those caused by plants and ani-
mals (fungus and insects). However, as long as there is no
human intervention, all ecological factors are balanced
within “natural cycles” (Mugla Province Environmental
Status Report, (2021).
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CONCLUSION

The annualincrease in greenhouse gas emissions leads to
the depletion of the ozone layer, global warming and cli-
mate change. Without preventive measures, events such
as droughts, desertification and erosion could accelerate,
agricultural production could decrease in the following
years, and the existing water resource problems could
exacerbate in Turkey, leading to scarcity of drinking and
utility water, flooding in coastal areas, deterioration of
the flora and fauna diversity, harmful species (viruses and
bacteria) and epidemics may increase. Therefore, today,
smart homes, sustainable waste management, forestati-
on, production of some chemicals reduction and/or pro-
hibition etc. has become a priority worldwide.To prevent
these problems, greenhouse gas emissions should be in-
vestigated, and measures should be adopted for a more
liveable and self-sufficient world by countries, regions,
and provinces. For this purpose, future greenhouse gas
emissions should be predicted.

In the current study, the increasing greenhouse gas
emissions in Turkey were investigated based on Bodrum
districtin Mugla province, and the increases in air, seawa-
ter, and soil temperatures at 5 cm, and the precipitation
irregularities were identified.

Dissemination of renewable energy sources for heating
and power generation, employment of electrical energy,
expansion of green buildings and new generation hyb-
rid motor vehicles, and reduction of unnecessary energy
consumption are quite important for the sustainability
of the world. Further researches should be continued to
have clear data about climate change.
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Abstract

In this study, an in vitro propagation protocol of Poncirus trifoliata L. (Raf.)
rootstock, which is one of the main rootstocks used in citrus, was created.
Monocular node parts of the plant, which is the source of explant, were cul-
tured in MS nutrient media containing BAP at dissmilar concentrations (0.5-
1.0-2.0 mg/l). Afterward, it was observed that shoot appearance and tiller-
ing were achieved in the node explants cultured in MS nutrient medium
comprising 1.0 mg/I BAP. The shoots were removed to a new culture in MS
nutrient media containing NAA and IBA for rooting. While 30% rooting was
achieved in the rooting medium, 62% of the rooted plantlets were accli-
mated to external conditions. 2 mg/l BAP and 2 mg/I silver nitrate (AgNO,)
doses were supplied to the MS medium. The results of this study were ob-
tained and a compound was found to the yellowing and leaf fall problem.
As a result, in vitro propagation of Poncirus trifoliata, which is among the
important citrus rootstocks, was tried, and its rooting ability was investigat-
ed in different nutrient media concentrations after shoots were obtained
from different explants.

Keywords: Poncirus trifoliata L., In vitro, Silver nitrate, Propagation, Tissue
culture

INTRODUCTION

Micropropagation is a tissue culture technique used to produce a large number
of genetically similar plants from plant parts taken from a plant that has the po-
tential to form a whole plant, in artificial nutrient media and under sterile con-
ditions (Kozai et al. 1997; Hatipoglu 1999; Mansuroglu and Giirel 2001; Ak et al.
2021).

In this study, the in vitro propagation of the genus Poncirus trifoliata L., which is
used as a rootstock for citrus fruits and preferred as an indoor ornamental plant
in landscaping in our country, was tried. Different concentrations have been de-
veloped for rooting conditions. It is aimed to be a reference source for in vitro
researches on this rootstock.

MATERIALS AND METHODS
Material

This study was carried out in the laboratory of the Department of Horticulture,
Faculty of Agriculture, Harran University. In the study, 5-year-old Poncirus trifolia-
ta cuttings were used as material.
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Methods

After cutting the leaves of the new cuttings taken from
the plant and separating the leaves, approximately 15-
20 mm green cuttings were procured. The cuttings,
which were washed under water for 30 minutes in the
laboratory environment, were kept at 70% ethyl alcohol
concentration for 1 more minute and then rinsed with
sterilized distilled water. After the rinsing phase, the ma-
terials are dipped in 5%, 10% and 20% commercial-gra-
dely used bleach (0.525% NaOClI) to which 1-2 drops of
Tween 20 are added for sterilization, and the surface is
cleaned for 15 minutes, and then 3 times for 5 minutes.
It was washed with sterile distilled water and sterilizati-
on was concluded. Shoot growth was observed in equal
number of materials (10 each) sterilized at these 3 diffe-
rent bleach concentrations, and no contamination was
observed at 10%.

After sterilization was concluded, the explants were
transferred to the culture medium. The pH value of the
culture medium containing 30 g/l sucrose, 7 g/l agar, 4.4
g/l MS and 1 mg/l BAP to support the growth and de-
velopment of the plant was brought to 5.8 with added
NaOH and HCI. After the culture medium was boiled, 0.3
g of GA, hormone was added to support the longitudinal
growth of the plant. Then, every 7 days, the percentages
of explants showing signs of contamination in the cul-
ture medium and growing healthy were affected as per-
centages.

Equipment such as magenta cups, blotting papers, scal-
pels and forceps to be used in the experiment are wrap-
ped in aluminum foil in sufficient amounts (to be comp-
letely covered) and heated at 1 atm for 15 minutes. It
was sterilized in an autoclave at 121°C under pressure.
The forceps and scalpels used at every stage of the study
were sterilized continuously by immersing them in 96%
ethyl alcohol concentration. 15 minutes before starting
work in the cabinet, the cleaning of the sterile cabinet
was carried out with 70% ethyl alcohol concentration. Af-
terward, the sterilization of the cabin was concluded by
keeping the UV lights on for 15 minutes, and then work
was started in laminar flow cabinet. The nutrient media
were sterilized in an autoclave at 121°C for 15 minutes
under 1 atm pressure.

For the experiment, a climate cabin with a light intensity
of 2500 - 3000 lux and a light intensity of 10000 lux was
used. The interior of the cabin is programmed to have
a photoperiod of 16 hours, with 16 hours of light and 8
hours of darkness. The temperature of the environment
inside the cabinet was kept constant at 24+1°C.

After superficially sterilized cuttings were cut with at least
one eye on them, they were planted in containers contai-
ning 10 ml of initial culture medium. The development of
the explants was followed every 7 days until leaves and
shoots were obtained in the initial culture medium. In
order to reproduce the shoots, the shoot clusters with til-

lering were separated into individual shoots, the tillering
numbers were settled and the transfer to the new cultu-
re medium was ensured. The pH value of the MS culture
medium, which is preferred as the initial culture medium,
containing 6 g/l agar, 1 mg/l BAP, and 20 g/l sucrose, was
adjusted to 5.8 with the support of HCl and NaOH before
autoclaving. After this process, the culture medium was
sterilized at 121°C for 15 minutes. After sterilization, 2-4
cm long explants were taken and transferred to in vitro
shoot culture medium without damaging the eyes on the
shoots. These explants were transferred to subculture in
the same shoot culture medium at intervals of 4 weeks
until leaf appearance was observed in the shoot culture
medium and until new shoot appearance was observed.

Each shoot of 2-5 cm long explants that formed callus
was separated and transferred into different containers.
Three different shoot rooting media were created.

The development of the produced materials in 3 diffe-
rent mediums was examined for 4 weeks and no signs
of rooting were observed. Yellowing and shedding of the
leaves of the plants have been observed, and the reason
for this is; It has been concluded that there is ethylene
production, which is called “Maturation or Aging Hormo-
ne” due to the effect of accelerating maturity and color
appearance, causing fruit and leaf fall on plants (Walsh,
2003).Later, in the literature studies on this subject, stu-
dies proving that silver nitrate is a very effective inhibitor
of ethylene effect were encountered. And 2 mg/I of BAP
and 2 mg/l of silver nitrate (AgNO,) were added to the MS
medium that in order to reduce the amount of phenolic
substance in the medium. The results of this study were
obtained and a compound was found for the yellowing
and leaf fall problem. In the rooting medium, the materi-
als formed callus, but no rooting was observed.

In order to find an infusion to the rooting problem, a new
rooting medium has been produced. 500 mL of growth
hormone NAA to support rooting and growth hormone
widely used in rooting of cuttings to support rooting in
a medium consisting of 20 g/l sucrose, 6 g/l agarose and
1/2 MS. hormone, 500 mL of IBA was added. The pH of the
rooting nutrient medium was adjusted to 5.8 with NaOH
or HCl before sterilization. The environmental conditions
of this rooting medium were adjusted to be compatible
with the environmental conditions of the previous expe-
riments. Results were obtained from this experiment and
rooting was observed in the materials.

It was observed that the explants in the rooting medium
formed a sufficient amount of roots under micropropa-
gation conditions after about 30-35 days. After this stage,
after the explants were removed from the nutrient medi-
um. Then a mixture of 1/2 peat and V2 perlite was made
provision for, this mixture was sterilized at 121°C for 15
minutes. And the explants were staggered into a sterile
soil medium, which was evenly distributed in plastic con-
tainers. In order to facilitate the adaptation of the plants
to the external environment, the explants were covered
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with perforated transparent containers and the humidity
rate was tried to be kept in balance. The pots containing
the plants, which were tried to be acclimatized to the
outside conditions, were opened every day more (5-10
minutes) after about a week, and the preparation of the
plantlets for the external environment was supported.

Root measurements were made after the rooted plants
were removed from the nutrient media and cleaned to
be surprised in the soil. And the root length of each plant
material was measured and the average root length was
calculated. Then, they were transferred to medium con-
taining 50% peat and 50% perlite.

The statistical evaluation of the data obtained as a result
of the research in the in vitro technique trial for Poncirus
trifoliata L. rootstock was taken randomly from different
parts of the plant, the stages of the research were repea-
ted several times without being dependent on each ot-
her, and each independent trial consisted of a different
number of shoots. When the statistically notable transa-
ctions were detected, the differences between the mean
data were subjected to the LSD test at the P<0.05 level.
In order to settle the effects of different cytokinin, gib-
berellic acid and auxin densities on the parameters, PCA
analysis was performed with the support of the PAST pa-
ckage program.

RESULTS AND DISCUSSIONS
Determination of Sterilization Protocol

The most basic issue in in vitro (tissue culture) studies
is the effectual sterilization of plant materials. In the li-
terature review, which is the first step of the research,
our priority has been to investigate research on sterili-
zation in detail. Again, the most important step in vitro
studies is the surface sterilization of theplantmaterials to
be used in these studies and the selection of the most
appropriate sterilization method for the material to be
used. Sterilization methods differ according to the media
in which the plant material is grown and the parts of the
plant material from which the explant is taken. The most
commonly used disinfectants in the sterilization phase of
explants are; sodium hypochlorite, ethanol, silver nitrate,
calcium, mercury, and hydrogen peroxide chloride can
be counted as (Babaoglu et al.,, 2002).

In general, the sterilization process of the explants at the
beginning of the in vitro experiments is used to break the
superficial resistance of these explants. rinsing in steri-
lized distilled water (Ainsley et al., 2001a). In addition,
some researchers perform plant material sterilization in
some stages. Some researchers (Gurel and Gulsen 1998;
Ainsley et al. 2001b; Pruski et al. 2005) rinsed the explants
under running water for different times ‘tween 5 minutes
and 2 hours before sterilizing the plant material to ensu-
re rough cleaning. Muna et al. (1999), on the other hand,
did not find rinsing the plant materials under running
water sufficient to provide rough cleaning and washed
them with one or two drops of Tween-20 for 10-15 mi-

nutes and then scourged to surface sterilization. In Jain
and Babbar (2003), they first washed the plant materials
that they would use in their studies with 10% Teepol and
then rinsed them under running water for 30 minutes
and passed to the surface sterilization stage. Espinosa et
al. (2006) kept the plant materials in ethanol at 50-70%
immersion for a short time between 30 seconds and 5
minutes and then sterilized the plant material with com-
mercial-grade bleach.

In this study, no contamination was observed in the initi-
al cultures of plant materials that had been superficially
sterilized in 10% NaOCl. In vitro shoots did not undergo
any morphological changes in the observed process and
continued to develop healtihily. In this trial, 10% NaOCl
disinfectant solution was settled to be the most suitable
concentration for the surface sterilization of plant mate-
rials, and this concentration was continued to be used
during the sterilization of the plant material throughout
the research process.

Shoot Development of Explants and Proliferation

In this study, the tip of the shoots and semi-woody parts
of the plant material were used as explants.

There is MS nutrient medium containing 6 g/l agar and 20
g/l sucrose in the nutrient medium primed for the shoot
development of the explants taken from the shoot tips of
Poncirus trifoliata L. rootstock. In this environment, shoot
growth was observed in plants. Approximately 4 weeks
after the beginning of the culture, the ratios of explants
that developed enough to be subcultured and explants
that did not show sufficient growth were settled.

As it was applied on the shoot tip explants, plant parts
formed by separating the tilled explants after the shoo-
ting medium were also grown in the same medium. By
adding 0.5, 1.0 and 2.0 mg/I BAP to the same combinati-
on, the effects of node explants taken from the plant on
shoot growth were investigated and the number of lea-
ves, shoot length and shoot number were measured in
the following process. (Table 1.) Approximately 3 weeks
after the start of culture, the ratio of explants that develo-
ped enough to be subcultured and explants that did not
show growth were settled.

In the study, firstly, the explants taken from the plant
were taken into the shooting medium at different BAP
doses (0.5 mg/L, 1 mg/L and 2 mg/L) and their develop-
ment was examined. The growth rates of explants were
calculated in the number of leaves, shoot number and
shoot length measurements made in shoot appearan-
ce media. As a result of these calculations, the explants
in the medium containing 1 mg/L BAP showed more
growth than the explants in the other media. The exp-
lants in this medium were 11.1% in terms of the number
of leaves compared to the explants in the medium con-
taining 0.5 mg/L BAP; It increased 20.48% more than the
explants in the medium containing 2 mg/L BAP. In terms
of shoot number, 5% compared to explants in medium
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Table 1. Explant growth chart at different BAP concentrations

1st Medium

2nd Medium 3rd Medium

(0.5 mg/L BAP) (1 mg/L BAP) (2 mg/L BAP) LSD (%5)
Number of Leaves 1.50+1.14b 3.00+0,57a 1.68+1,52b 0.943
1st Measurement  Number of Shoots 1.20+£0.91b 2.10£0,57a 1.30+0,57b 0.518
Length of Shoots 1.16+0,30b 1.63+0,15a 1.84+0,35b 0.468
Number of Leaves 2.10+£0,57b 4.00+1,53a 2.40+1,15b 1.079
2nd Measurement Number of Shoots 1.70+1,00b 2.70+0,82a 1.70+0,57b 0.668
Length of Shoots 1.49+0,21b 2.19+0,72a 1.27+0,37b 0.469
Number of Leaves 1.80+0.30b 3.50+0.50a 2.04+0.36b 1.011
Average Number of Shoots 1.45+0.25b 2.40+0.30a 1.50+0,20b 0.593
Length of Shoots 1.32+0.16b 1.91+0.28a 1.55+0.28b 0.468

The parameters that LSD values were determined and given letters were found to be statistically significant.

containing 0.5 mg/L BAP; It increased 20% more than
explants in medium containing 2 mg/L BAP. In terms of
shoot length, 69% compared to explants in medium con-
taining 0.5 mg/L BAP; It showed 40% more growth than
explants in medium containing 2 mg/L BAP. Thus, shoot
medium containing 1 mg/L was settled as the most ap-
propriate immersion.

In order to probe the effect of GA, on shoot growth at the
proliferation stage, 2 different media were tried and the
results are given in Table 2.

Then, to transfer the explants in MS culture medium con-
taining 1 mg/I BAP, 30 g/l sucrose, 7 g/l agar, which was
settled as the initial culture medium, transfer to 2 diffe-
rent mediums was tried. Half of the explants were given
to 1st medium containing 20 g/I sucrose, 1/2 MS, 6gr/I
agar, 1 mg/I BAP, 0.5 mg GA; the other half was taken into
the second medium containing 20 gr/I sucrose, 2.2 mg/I
MS, 6gr/l agar. The mean values of the explants, whose

growth was observed for 2 weeks, in the media after 2
weeks were calculated. While the average shoot length
of the explants in the 1st medium was 1.97 cm and the
average number of leaves was 11.11, the average shoot
length of the explants in the 2nd medium was 2.18 cm
and the average number of leaves was 15.12.

Then, the development of the explants at 3 different Ro-
oting concentrations prime for the explants that conc-
luded their development in the BAP medium settled at
the appropriate doses was observed and their measure-
ments were made (Table 3). In these measurements, the
number of leaves, shoot length and callus appearance of
the explants were examined.

Callus appearance was observed in the explants, but roo-
ting was not observed. Then, 500 mL of NAA and 500 mL
of IBA were added as rooting hormone to support roo-
ting in the medium consisting of 20 g/l sucrose, 6 g/l agar
and 2.2 g/l MS. The pH of the rooting nutrient medium

Table 2. Effects of GA3 on shoot development

1st Medium 2nd Medium
(20 g/l sucrose, 2.2 mg/l (20 g/l sucrose, 2.2 mg/l MS, LSD (%5)
MS, 6gr/l agar, 1 mg/L 6gr/l agar, 1 mg/l BAP, 0.5 ?
BAP) mg GA;)
S ———— Number of Leaves 12.44+2.51a 8.37£9.33b 3.816
Length of Shoots 1.80+0.30a 1.43+0.62a n.s.
Number of Leaves 14.56+3.05a 11.11+3.05a n.s.
2nd Measurement
Length of Shoots 2.10+0.43a 1.87+£0.43a n.s.
Number of Leaves 13.50+1.06a 9.74+1.37b 4.236
Average
Length of Shoots 1.95+0.15a 1.65+0.22b 0.620
The parameters that LSD values were determined and given letters were found to be statistically significant.
Table 3. Explant growth at different rooting concentrations
. 2nd Medium .
1st Medium (0,15 mL/I NAA+ 3rd Medium LSD (%5)

(0,25 mL/I NAA)

0,15mL1iBa) (&1 ML/IIBA)

Number of Leaves 2.50+0.57a 2.70+1.00a 1.90+1.00a n.s.
1st Measurement

Length of Shoots 9.43+2.08a 10.00+0.68a 8.80+6.08a n.s.

Number of Leaves 2.75+0.57a 4.20+2.33a 2.60+0.57a n.s.
2nd Measurement

Length of Shoots 6.00+2.08a 11.00+8.18a 11.89+4.35a n.s.
Average Number of Leaves 2.62+0.12a 3.45+0.75a 2.25+0.35a n.s.

g Length of Shoots 7.71£0.71b 10.50+0.50a 10.34+1.54a 7.506

The parameters that LSD values were determined and given letters were found to be statistically significant.
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was first adjusted to 5.8. Results were obtained from this
experiment and the rooting phase of the explants was
realized. The rooted explants were stunned with 50%
peat and 50% perlite and their roots were expected to
develop well in order to acclimate them to the external
environment, and after they had developed sufficiently,
they were transferred to the media and continued to be
observed. 62% of these plants healthily continued theiir
lives (Figure 1.).

Figure 1. Images of explant development at different
stages (1.Shoot-forming explant, 2. Explants in prolifera-
tion medium, 3 Explants in rooting medium, 4. Rooted
explant)

PCA 2

IJ 7 \
\ BAP h o

| @ Number of Leaves j

" PcAl

Figure 2. Effects of hormones according to PCA

In the statistical evaluation (PCA) made as a result of the-
se measurements, it was concluded that cytokinin and
gibberellin were effectual in the number of leaves and
auxins were effectual in the length of shoots (Figure 2.).

Ali and Mirza (2006) have experienced that the appropri-
ate medium to ensure callus appearance in propagation
experiments from Citrus explants with tissue culture tack
is MS medium with 1.5 mg/I 2,4 D added, and MS medi-
um with 3 mg/I BA added for rooting. Amgai et al. (2016)
investigated the effects of 10 different hormone levels
including BAP and IAA in MS medium and 3 different cul-
ture periods of 4, 8 and 12 weeks on the reproduction
of C. reticulata Blanco (mandarin) plant in vitro. The most
successful shoot appearance was obtained in nutrient
media containing 0.2 mg/l IAA and 0.5 mg/I BAP. Cengiz
and Kacar (2019) carried out micropropagation and roo-
ting experiments of citrus rootstocks named ‘C-35 citran-
ge’ and ‘Tuzcu 31-31 orange’ under the influence of the
traditionally known solid culture and temporary immer-
sion principle in tissue culture, in comparison with the
Plantform bioreactor system. In solid culture micropro-
pagation experiments on citrus rootstocks, Murashige,
Woody Plant (WPM) and Skoog (MS) were also used as a
plant growth regulator with nutrient media Kinetin (KIN)
(0; 0.5; 1.0 mg L-1), Isopentenyladenine (2IP) (three diffe-
rent concentrations: 0; 1.0; 2.0 mg L-1) and Benzylamino-
purine (BAP) (0; 1.0; 2.0 mg L-1). In rooting trials; MS, %>
MS, WPM to nutrient media Indole-3-butyric acid (IBA) (0;
0.5; 1.0; 2.0 mg L-1) and Naphthaleneaceticacid (NAA) (0;
0.5; 1,0; 2.0 mg L-1) by including different concentrations
of plant growth regulators added. The more suitable mic-
ropropagation results betwitx these two genotypes were
MS nutrient medium containing 2.0 mg L-1 BAP and the
more suitable rooting results were %2 MS nutrient medi-
um containing 0.5 mg L-1 NAA. As a result of these trials
in terms of Plantform system plant quality, good results
were obtained in the tillering medium in these two dif-
ferent genotypes. In the medium for rooting, the Plant-
form system was observed to be more valuable than the
solid culture nutrient medium. In plants propagated and
rooted in the plantform system; It was settled that the-
re was no improvement as a result of scanning with SSR
markers.

Chamandoosti(2017) conducted research on the shoot
appearance of C. latifolia plant under in vitro conditions.
In his study, he observed that the most successful sho-
ot development was in the nutrient medium containing
0.053 uM NAA and 4.44 uM BA. The most successful me-
dium in terms of plant height was the nutrient medium
with 0.049 uM IBA and 4.44 uM BA. Again in this study,
the effect of 1 mg/l NAA and 1 mg/l IBA on rooting of
9 different genotypes was examined. In rooting studies,
the data of root length, root number and plant height
were evaluated. In rooting studies, IBA was settled as the
most effectual growth regulator for the height and len-
gth of the roots of the plant, and NAA as the most effec-
tual growth regulator for the number of roots.
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CONCLUSION

In the results of the study, 10% NaOCI disinfectant solv-
ing was settled as the most suitable assiduity for the
sterilization of the plant material used in the experiment,
and this concentration was continued to be used in the
surface sterilization of the plant material throughout
the research process. For the starting medium, the me-
dium containing 1.0 mg/l BAP, where the plants devel-
oped best, was settled as the best engrossment and the
process was continued with this concentration. While
the study was going on, the problem of yellowing and
shedding of leaves was encountered. The reason for this
problem was thought to be ethylene production in the
environment, and ethylene in the environment was tried
to be evacuated, but the result was unsuccessful. Later,
studies were found proving that silver nitrate is a very ef-
fective inhibitor of ethylene effect. 2 mL/I BAP, 2 mL/l and
silver nitrate (AgNO3), which is thought to reduce the
amount of phenolic substance in the medium, were add-
ed to the MS medium. The results of this study were ob-
tained and a solving was found to the yellowing and leaf
fall problem. And finally, various attempts were made for
rooting and the result was obtained by adding 500 mL/I
NAA and 500 mL/I IBA to the medium consisting of 2.2
g/I MS containing 20 g/l sucrose, 6 g/l agar.

As a result, in vitro propagation of Poncirus trifoliata L.,
which is one of the important citrus rootstocks, a wide-
ly known hedge plant and also a very preferred indoor
landscape plant, was tried, and its rooting ability was
investigated in different nutrient media concentrations
after shoots were obtained from different explants.
Thus, different denseness has been developed for in
vitro rooting of three-leaf rootstock. With plant tissue
culture experiments, it is possible to scan and detect
different characteristics of plants more quickly and to re-
produce them at the same time. In the study, it is seen
that Poncirus trifoliata L. It can be a very suitable material
for propagation by rootstock tissue culture. However, it
is recommended that the appearance obtained as a re-
sult of plant tissue culture experiments be tested again
under field conditions. Today, citrus cultivation is a very
important issue. The fact that no citrus is grown in some
countries in the world is proof of how important citrus
imports and exports are. For this reason, today, due to
both commercial-grade and scientific studies, breeding
studies of citrus rootstocks and varieties continue with-
out slowing down in the world.
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Abstract

In this study, the efficiency of energy consumption and the amount of
greenhouse gas emissions from the cultivation of sauceboat pepper were
determined. The experiments and research data are based on the 2020
growing season and were conducted in the Karaisali district of Adana
province, Turkey. The primary data used in this study, such as the finan-
cial system, labor efficiency, fuel consumption levels, weights of tools and
machinery used in sauceboat pepper production, fertilizer, and seedling
quantities, were obtained from existing calculations, previous studies, and
various sources. The energy ratio, specific energy, energy productivity, and
net energy in sauceboat pepper were calculated as 0.82, 0.98 MJ kg, 1.02
kg MJ 7, and -6845.51 MJ ha™, respectively. In the case of the sauceboat pep-
pers, the energy of the fuel oil had the highest share of the total energy
input, 31.65%. It was followed by energy for planting seedlings, energy for
fertilizer, water energy for irrigation, energy for human labour, energy for
spraying, and energy for machinery, with 21.55%, 19.64%, 12.55%, 8.59%,
4.45%, and 1.87%, respectively. Total GHG emissions were estimated as
3703.54 kgCO}eq ha™ for sauceboat pepper highest-quality production por-
tion in human labour (31.18%). Human labour was followed by diesel fuel
consumption (25.79%), machine (0.08%), seedling planting (15.90%), ni-
trogen fertilizer (15.88%), phosphate fertilizer (4.09%), herbicides (3.68%),
fungicides (1.93%), calcium consumption (0.09%), magnesium application
(0.08%) and iron (0.52%). In addition, the GHG value for the production of
sauceboat peppers was calculated to be 0.096 kgCOZeq kg'.

Keywords: Energy ratio, Sauceboat pepper, Greenhouse gas ratio,
Greenhouse gas emissions

INTRODUCTION

Pepper is an indispensable vegetable consumed in many ways all over the world,
and its consumption in the form of pastes, spices, pickled vegetables, or fresh
vegetables is increasing day by day in parallel with the population. It is also used
to make pickles, sauces, and dishes by roasting. Pepper has a very high nutriti-
onal value. Fresh green pepper has 29 calories per 100 g, 4.2 g carbohydrates,
1.1 g protein, 0.2 g fat, 93 g water and 1.4 g cellulose. Green peppers are rich in
vitamins A, B1, B2 and C and also contain vitamins P and K and alkaloids. The oil
content of pepper seeds is 25-28% (Keles, 2007).

The motherland of pepper is South America, it belongs to the Solanaceae family
and the most common variety is called Capsicum annuum L. (Keles 2007). Capia
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pepper (Capsicum annuum L.) has a long, conical shape
and is consumed as soon as it turns red. It is also called
“sauceboat” or “oil pepper” (Azder et al., 2020).

12,000,000 tons of pepper is produced worldwide, of
which about 23% are produced in China, 10% in Turkey,
and 9% in Nigeria. Pepper is grown to varying degre-
es throughout Turkey. According to Turkstat data from
2021, 3.09 million tons of pepper was produced in Tur-
key. 46.75% of these are capia pepper for pastes, 34.44%
are pointed pepper, 13.62% are bell pepper, and 5.19%
are Charleston pepper (Turkstat, 2022). In recent years,
Turkey’s total pepper export was reported to be 97.31
thousand tons and import was 251 tons (Gliveng, 2020).

Although produced and consumed in large quantities,
it suffers from yield and quality losses due to plant and
soil nutrient deficiencies (Ortas, 2012). Vegetative nut-
rient deficiencies are directly related to the plant and soil
properties in which it grows (Sabbag et al., 2015). Pepper
(2013) suggested that soil health is equivalent to human
health. Therefore, soil quality parameters should be de-
termined in detail and sensitively in agricultural produ-
ction.

Energy analysis of crop output is critical for describing
and categorizing agricultural systems based on energy
consumption. To increase efficiency and minimize inputs
in production, inputs and outputs should be thorough-
ly studied (Sabah, 2010). Among agricultural inputs, it is
emphasized that the highest price increase in terms of
producers is in chemical fertilizers. However, agricultural
production with fertilizer programs based on planning
and soil analysis in agriculture prevents producers from
being adversely affected by rising fertilizer prices (Belli-
tark, 2019; Celik et al.,, 2020; Kilbacak et al., 2021).

On the other hand, more intensive energy use leads to
significant environmental problems such as greenhouse
gas (GHG) emissions that affect human health, so the ef-
ficiency of productive use of inputs becomes very impor-
tant for sustainable agricultural production. Greenhouse
gas emissions in agricultural production arise from the
use of machinery, diesel fuel consumption, use of chemi-
cal fertilizers, and electricity consumption, and of course,
an increase in energy use leads to an increase in green-
house gas emissions.

To increase the energy-optimal strategy, either efficiency
or input must be increased. In particular, the use of fuel,
fertilizers, pesticides, machinery and tractors, which ac-
count for a large part of the total energy input, should
be reduced. Within certain limits, it is possible to increase
efficiency. But energy usage productivity value can be re-
duced by proper use of inputs (spraying, mechanization
and fertilizers) (Celen, 2016).
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A number of studies have been conducted on peppers
and some greenhouse products to determine the energy
use efficiency, and these studies have evaluated the ener-
gy use efficiency of peppers (El-Helepi, 1997; Canakc¢i and
Akinci, 2006; Farani et al., 2012; Naderi et al., 2019); some
greenhouse products (Ozkan et al.,, 2004; Hedau et al,,
2014; Nourani and Bencheikh,2017); onion and tomato
(ibrahim and ibrahim, 2013); and greenhouse peppers
(Cebi et al., 2017), lavender (Gokdogan 2016), plum (Ba-
ran et al.,2017), vetch (Baran, 2017), tobacco (Baran and
Gokdogan,2015), mulberry (Gokdogan et al., 2017) and
canola (Baran et al.,2014). Some other studies have also
been conducted on agricultural products to determine
the GHG emissions from the production of organic and
conventional wheat (Meisterling et al, 2009), organic
and diminished vegetable and fruit input practices (Clark
et al, 2016), some vegetables (Maraseni et al., 2010), va-
rious fruits (Eren et al., 2019a), various field crop varieties
(Eren et al., 2019b), and various medicinal aromatic plant
varieties (Eren et al., 2019c), onion (Ozbek et al.,2021).

The aim of this study is to investigate the efficiency of
energy consumption and greenhouse gas emissions in
the production of sauceboat pepper in the Karaisali dist-
rict of Adana in 2020.

This research has been conducted in a farmer’s field, 10
decares, that is located 4 km away from Karaisal district
of Adana. The dominant climate in Adana is Mediterra-
nean and the annual average precipitation extending
to long years is 644.6 mm and the average temperature
is 19,1 °C (Anonymous, 2021b). In the study, the various
input amounts used in the production of sauceboat pep-
per and the output values obtained were taken from dif-
ferent sources (Turkish Statistical Institute as well as pre-
vious related or similar studies), and the technical data of
agricultural tools and machinery were taken from app-
lications and catalogues in the region. The cultural and
care practises employed in pepper production in Adana
province are as follows.

Pepper seedling planting norm ranges between 2500-
5000 pcs/da depending on the type of pepper and the
distances between rows. The seedling planting norm in
this current study was 4000 pcs/da, the average weight
of a seedling was 7.4 gr and yield were 3850 kg/da. The
following have been used as fertiliser in the trial area; 10
kg/da pure nitrogen, 15 kg/da pure phosphor, 5 kg/da
pure potassium, 3 kg/da pure calcium, 1 kg/da pure iron
and 1kg/da pure magnesium. 2 fungicide and 7 insecti-
cide applications have been performed against pest and
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diseases. In the experimental area, irrigation was done
every 4-7 days, depending on the air temperature, sand-
iness of soil and water demand of the plant both before
and after planting seedlings and first irrigation. Although
it has been reported in the studies that the average an-
nual water consumption of the pepper plant is between
600-900 mm (Sen, 2015), the average water consump-
tion was calculated as 750 mm/ha. In pepper produc-
tion, 1 driver was employed in soil cultivation, 1 driver
and 1 assistant in bottom fertilization, and 1 worker was
employed during irrigation operations. In the harvesting
process, 16 workers were employed for an average of 1

ha field for picking peppers.

Energy output (% )

Energy use efficiency = M (Eq.1)
Energy input ( E)
o Pepper output (%)
Energy productivity = Wy (Eq.2)
Energy input ( E)
) Energy input (%)
Specificenergy= ———————— 5\ (Eq.3)

Pepper output (}1:—5)

Net energy = Energy output (MJ ha™) - Energy input (MJ ha™)
(Eq.4)

Table 1. Energy equivalents in agricultural production

Inputs Energy Equivalent (MJ unit') References

Human labour (h) 1.96 Davoodi and Houshyar, 2009 Mousavi Avval et al., 2011
Machine production energy (kg)

Tractor 64.8 Sing, 2002; Ozkan et al., 2004
Tillage equipment 62.7 Canakci and Akinci, 2006

Fuel (L)

Diesel 35.69 Eren, 2011

Oil 6.51 Sabah, 2010

Fertilizers (kg)

Nitrogen fertilizer 47.10 Kaltcshmitt and Reinhardt, 1997
Phosphate fertilizer 11.1 Hedau et al,, 2014

Potassium fertilizer 6.7 Hedau et al., 2014

Calcium 8.8 Naderi et al., 2019

Magnesium 8.8 Naderi et al., 2019

Iron 33.00 Medina et al., 2006

Irrigation water 0.63 SZEZ: &:t E;ll'.'l 22%?1

Spraying (kg)

Insecticides 101.2 Erdal et al., 2007

Fungicides 216 Erdal et al., 2007

Plant material

Pepper Seedlings 0.20 Bojacd et al,, 2012

Output

Pepper 0.8 Kaltcshmitt and Reinhardt, 1997

Table 2. GHG emission equivalents in agricultural production

Inputs Unit GHG emission equivalents (kgCO_-es unit") References

Human labour h 0.700 Nguyen et al., 2012
Machinery MJ 0.071 Pishgar-Komleh et al., 2012
Diesel fuel L 2.760 Clark et al., 2016
Nitrogen (N) kg 5.88 Clark et al., 2016
Phosphorus (P205) kg 1.010 Clark et al., 2016
Potassium(K20) kg 0.580 Clark et al., 2016
Calcium kg 0.11 Clark et al., 2016
Magnesium kg 0.30 Anonymous, 2021 b
Iron kg 1.910 Anonymous, 2021 b
Herbicides kg 23.100 Maraseni et al., 2010
Fungicides kg 14.300 Maraseni et al.,, 2010
Pepper Seedling kg 1.99 Clark et al., 2016
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In this study, the inputs were identified to be human la-
bour energy, equipment energy, fertilizer energy, diesel
fuel energy, spraying energy, irrigation water energy, and
pepper seedlings. The output was judged to be sauce-
boat pepper yield. The values of the pepper production
inputs were calculated using the units indicated in Table
1. The energy equivalent coefficients were calculated
using previous energy analysis research. By summing
the energy equivalents of all inputs in MJ units, the total
energy equivalent was calculated. “Energy use efficiency

GHGp, =

Here;
YR(i) : The application rate of input, i (unitinputha“),
EF (i) : The GHG emission coefficient of input i (kg-

CO. unit_ 7).

2-eq input
The coefficients of GHG emissions of agricultural inputs
are shown in Table 2. However, as adopted by Houshyar
et al. (2015) & Khoshnevisan et al. (2014), an index is cal-
culated to measure the quantity of released kg Coz_eq per
kg yield.

i=1 R(D) x EF () (Eq.5)

equation (1), energy productivity equation (2), specific GHGy,
energy equation (3), and net energy equation (4) were Igne = Y (Eq.6)
calculated by using the following formulates (Mandal et Here:
al., 200?; Mohammadi et al., 20018; Suha et al, 2019)" to | ! - GHG ratio,
determine the energy usage efficiency in sauceboat pep- \?HG :The yield (kg per ha). as kg per ha.
Table 3. Energy Balance in Sauceboat Pepper Production
Inputs Units Input used per hectare (unit ha™') Energy values (MJ/ha) Ratio (%)
Human Labour (h) 1649.69 3233.40 8.59
Tillage 11.42 22.39
Planting seedlings 358.27 702.21
Harvest 1280.00 2508.80
Machinery power (h) 41.36 702.28 1.87
Tractor 20.68 267.37
Tillage 11.42 189.64
Planting seedlings 9.26 245.26
Fuel + Oil () 346.05 11915.75 31.65
Tillage 124.88 4299.96
Planting seedlings 22117 7615.79
Fertilizers (kg) 250.00 7392.00 19.64
Nitrogen 100.00 4710.00
Phosphorus 150.00 1665.00
Potassium 50.00 335.00
Calcium 30.00 264.00
Magnesium 10.00 88.00
Iron 10.00 330.00
Spraying (kg) 10.90 1677.08 4.45
Fungicide 5.00 1080.00
Insecticide 5.90 597.08
Planting seedling (piece) 40000.00 8000.00 21.25
Irrigation water (m3) 7500.00 4725.00 12.55
Total Input (MJ ha-1) 37645.51
Output (kg / ha)
Sauceboat Pepper Yield 38500 30800.00 100
Total Output (MJ ha-1) 30800.00

per production.

The units shown in Table 2 represent the inputs for pep-
per production. When determining the energy equiva-
lent and Greenhouse Gas Emissions coefficients, pre-
vious energy balance and greenhouse gas emissions
research were considered.

The following equation adopted from Hughes et al.
(2011) has been used to determine GHG emission:

Table 3 contains the energy balance results and related
computations. Table 4 shows measures of energy bal-
ance in sauceboat pepper production. Each parcel’s total
fuel usage is calculated as | ha-1. The quantity of fuel uti-
lized was calculated using the full tank approach (Gok-
tark, 1999; El Saleh, 2000; Sonmete, 2006). The total time
spent in the trial area determines the labor yield of the
area (ha h). Sonmete (2006), Giizel (1986), and Ozcan
(1986) are examples of this. Chronometers are used to
track the amount of time spent on various agricultural
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tasks.

In addition, the direct and indirect energy inputs in the
manufacturing of sauceboat pepper were calculated
separately. The energy value of gasoline and oil in the
manufacturing of tomato paste consumed by agricultur-
al tools and machinery are considered as direct energy
input, and the energy values consumed for human la-
bour, agricultural tools and machinery, fertilizer, pesti-
cides and seeds are considered as indirect energy inputs
Kocturk et al., (2009). The pepper production level in Tur-
key in 2020 was 2 636 905 ton and pepper cultivation in
Adana during the same year was 139 793 tons (Anony-
mous 2021a).

RESULTS AND DISCUSSION
Energy Use Efficiency

The energy balance of sauceboat pepper production
in Adana is shown in Table 3 and energy use efficiency
values in sauceboat pepper cultivation are listed in Table
4. As shown that in Table 3, 11915.75 MJ ha™ of fuel-oil
energy has been consumed and the ratio of this value to
the total energy input was 31,65%, making it the highest
input. Per 1 ha area, this was followed by seedling plant-
ing energy by 8000 MJ ha and 21,25%, fertiliser energy
input by 7392.00 MJ ha' and 19,64%, irrigation energy
by 4725.00 MJ ha™ and 12,55%, human labour by 3233,40
MJ ha' and 8.59%, pesticide energy input by 1677.08 MJ
ha'and 4,45%, tool/machine energy by 702,284 MJ ha™
and 1,87%. In sauceboat pepper production, agricultural
energy input was calculated as 37645,51 MJ ha” and ag-
ricultural energy output has been calculated as 46400.00
MJ ha™.

As indicated in Table 4, the energy ratio in sauceboat
pepper production in Adana has been calculated as 0.82.
While the energy ratio found in this study was 0.82, Na-
deri et al., (2019) reported the energy rate in red pepper
production as 0.004, Canakg et al.,, (2006) determined
the energy rate in pepper production as 0.19 and Ozkan
et al. (2004) found the energy rate in pepper production
as 0.99. In other studies, Nourani et al., (2017) reported
that the energy ratio of tomato, eggplant, cucumber and
pepper was 0.82 in their study in Algeria, and ibrahim
and ibrahim found the energy ratio of tomato as 0.20 in

Table 4. Energy use efficiency values in sauceboat pepper
cultivation

Indicators Unit Values
Energy Ratio - 0.82
Specific Energy MJ kg-1 0.98
Energy )

Productivity AL 102
Net Energy MJ ha-1 -6845.51
Efficiency

their study in Nigeria and Cebi et al., (2017) found the en-
ergy ratio in greenhouse head salad as 2.29.

Net energy efficiency (MJ ha™) is defined as the differ-
ence between the total amount of energy obtained af-
ter production and the total amount of energy utilized
in production operations (Baran et al., 2016). Energy
efficiency, expressing the amount of product yield per
energy use per unit area, was found to be 1.02 kg / MJ,
while specific energy, expressing the amount of energy
used per product, was found to be 0.98 MJ / kg (Table 4).
In other similar studies; Kuswardhani et al., (2013) deter-
mined the energy efficiency in open lettuce production
as 0.69 kg / MJ and specific energy as 1.45 MJ / kg, Cebi
et al,, (2017) figured out energy efficiency as 2,86 kg/MJ
and specific energy as 0.35 MJ/kg in greenhouse lettuce
cultivation, while Razavinia et al., (2015) determined en-
ergy efficiency as 1.67 kg/MJ and specific energy as 0.595
MJ/kg in lettuce cultivation. With regards to sauceboat
pepper production under Adana conditions, net energy
efficiency has been estimated as 8754.49 MJ ha', when
only number of seeds taken from unit cultivation area
(ha) was taken into consideration.

Table 5. Energy inputs for sauceboat pepper production

. Energy input Ratio
Indicators (MJ ha) (%)
Direct energy? 15149.15 40.24
Indirect energy® 22496.36 59.76
Total 37645.51 100.00
Sf"ewab'e ENEr9Y " 1123340 29.84
Non-renewable 5415 41 70.16
energy
Total 37645.51 100.00

2Human labour energy, fuel-oil energy;

b Seed energy, chemical fertilizer energy, pesticide energy, machine
energy;

¢Human labour energy, seed energy;

4 Fuel-oil energy, agricultural insecticide energy, chemical fertiliser
energy, machine energy

Table 5 depicts the distribution of inputs utilized in the
manufacturing of sauceboat pepper according to direct,
indirect, renewable, and non-renewable energy catego-
ries. The distribution of direct energy in total energy was
found to be 40.24%, the indirect energy component of
total energy was determined to be 59.76 percent. Re-
newable energy sources are inexhaustible energy sourc-
es and their most important feature is that they are ener-
gy sources that do not harm the nature. Non-renewable
energy sources, on the other hand, are limited, energy
resources that can be exhausted, and the vast majority of
them harm the environment (Cebi et al., 2017). In the re-
search area, renewable energy accounted for 29.84 per-
cent of total energy used in pepper production, whereas
non-renewable energy accounted for 70.16 percent of
total energy. Due to the limited usage of machinery in
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Table 6. Total GHG emissions in sauceboat pepper
cultivation

The input GHG

Inputs Unit used per area Emissions (kg ?OZ;'O
(unit ha™) CO,-es ha')
Human
Workforce 1649.69 1154.78 31.18
Machine MJ 41.36 2.94 0.08
Diesel Fuel | 346.05 955.09 25.79
Nitrogen (N) kg 100.00 588.00 15.88
fpigi';’homs kg  150.00 151.50 4.09
Potassium kg 50.00 29.00 0.78
Calcium kg 30.00 3.30 0.09
Magnesium kg 10.00 3.00 0.08
Iron kg 10.00 19.01 0.52
Herbicide kg 5.90 136.29 3.68
Fungicide kg 5.00 71.50 1.93
Seedling kg 296 589.04 15.90
TOTAL = = 3703.54 100.00
GHGRatio . 0.096
(per kg)

pepper production and low energy consumption from
non-renewable energy sources, the renewable energy
ratio in total energy is low.

Greenhouse Gas (GHG) Emission

The outcomes of GHG emissions of regarding the pro-
ductions of sauceboat pepper are given in Table 6. Total
greenhouse gas emission is calculated as 3703.51 kg-
co,., ha'. The highest share of total GHG emissions be-
longs to human workforce (31.18%). Human workforce is
followed by diesel fuel consumption (25.79%), seedling
planting (15.90), nitrogen fertilizer (15.88%), phosphate
fertilizer (4.09%), herbicide (3.68%), fungicide (1.93%),
potassium (0.78%), calcium (0.09%) and magnesium
(0.08%). The GHG ratio (per kg yield) is determined as
0.096 kgCO}eq kg™. In other similar studies, Yousefi et al.
(2013) has reported the total greenhouse gas emission in
pepper cultivation as 14390.85 kgCOz_eq ha-', Tongwane
et al. (2016) reported the total greenhouse gas emission
in tomato cultivation as 34.251 kgCOz_eq ha™ and the ve
GHG ratio as 1.65 kgCOz_eq kg™, and they reported it as
165.368 kgCOz_eq ha~'in potato cultivation and GHG ratio
as 1.48 kgCOz_eq kg™, Elhami et al. (2016) have reported
the total greenhouse gas emission in chickpea as 6884.14
kgCOZ_eq ha™” and GHG ratio as 3.03 kgCOz_Eq kg™, while
Eren et al. (2019) reported the following GHG emission
values in different types of fruits; GHG emission in organ-
ic grape 1452.75 kgCO}Eq ha™' and GHG ratio 105 9C0, ,,
kg~', GHG emission in apple as 3722.33 kgCOz_eq ha™' and
GHG ratio as 0.092 kgCOZ_eq kg~', GHG emission in water-
melon as 1402.01 kgCOZ_eq ha' and GHG ratio as 0.077
kgCOZ_eq kg™', GHG emission in cantaloupe as 1141.24
kgCOZ_eq ha™' and GHG ratio as 0.041 kgCOz_eq kg™, GHG

emission in plump as 930.20 kgCO}eq ha™' and GHG ratio
as 0.146 kgCOz_eq kg~', GHG emission in pomegranate as
438.33 kgCOZ_eq ha™and GHG ratio as 0.146 kgCOz_eq kg™
and GHG emission in organic strawberry as 8226.35 kg-
o, ., ha'and GHG ratio as 0.783 kgCOz_eq kg.

CONCLUSION

In this research, sauceboat pepper production energy
usage efficiency and GHG emission were calculated in
the 2020 production season in Karaisali district of Adana
province. The energy ratio in enterprises engaged in the
production of sauceboat pepper production was found
to be 0.82. As a result of the calculations, it is seen that
fuel-oil energy has the highest share among the produ-
ction inputs, followed by seedling planting, irrigation,
fertilizer, human, medicine and machine labour energies,
respectively. Total GHG has been defined. The highest
energy consumption in fuel-oil input is seen in soil tilla-
ge, cultivation and other processes. In addition, seedling
planting took the second place and fertilizer energy took
the third place in energy consumption. For this reason, it
is thought that different and alternative tillage methods
and fertilization methods should be investigated for the
reduce of the fuel oil input and fertilizer energy in sauce-
boat pepper production. Another important conclusion
to be drawn from this study is that fertilization programs
must be applied according to soil analysis in order to
make the correct fertilization. Such research discloses
crucial results in terms of both the scientific world and
agricultural production in terms of protecting farmers
from being negatively affected by price rises in producti-
on inputs, which are mostly caused by oil prices.
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Abstract

It is already known that secondary metabolites in plants are affected by
many parameters such as biotic and abiotic stress conditions and can vary
in quantity. Sorbitol, which is used to increase osmolality in cells, is an im-
portant source of abiotic stress. The present study was conducted to deter-
mine the effects of sorbitol applications at different doses by foliar spray-
ing on total phenolic, total flavonoid, and antioxidant activity in Safflower
(Carthamus tinctorius L.) at different times. Olein variety was used as the
material in the study and different sorbitol doses (0.5 g/L, 25 g/L, 50 g/L
and 100 g/L) were applied by foliar spraying. Sorbitol doses were applied
in three different growth periods (before, during, and after blooming). The
total amount of phenolic and flavonoid substances and DPPH free radical
scavenging activity of the drugs obtained from all samples were examined
after the harvest was completed. Although it was determined that the ef-
fect of increasing sorbitol doses applied in different growth periods on the
total amount of phenolic and flavonoid substances and on the DPPH free
radical scavenging activity was statistically not significant, the interaction
of sorbitol doses x different growth periods in the total phenolic substance
content was significant. The highest total phenolic content was determined
as 133.00 mg GAE/g in the before blooming period of the plant in safflower.
The total amount of flavonoid substance was determined as 24.46 mg QE/g
in the before blooming period of the highest plant. The highest DPPH free
radical scavenging activity was found to be 92.86% in the after blooming
period. As a result, when the study outcomes were evaluated according to
different development periods in safflower, it is possible to rank the devel-
opment periods of the total phenolic substance content and total flavonoid
substance amounts as before blooming > blooming period > after bloom-
ing. We can list the antioxidant activity as after blooming > blooming peri-
od > before blooming.

Keywords: Asteraceae,Plant growth and development periods, Bioactive
compounds, Osmotic stress

INTRODUCTION

Safflower (Carthamus tinctorius L.) is an important industrial plant of the Astera-
ceae or Compositaea family. Although safflower has been produced for different
purposes in many countries in the world since ancient times, the most important
among these purposes is medicinal production and use. Safflower (Carthamus
tinctorius L), which is a member of the Compositaea family among the natural an-
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tioxidant sources, is an important medicinal and aromatic
plant. Safflower seeds are rich in unsaturated fatty acids
and its flowers are rich in flavonoids, which are very ben-
eficial for human health. Hydroxysafflor Yellow A (HYSA)
is among the most important flavonoids in the petals of
safflower flowers and plays important roles in the phar-
macological effects of flavonoids (Feng et al., 2013; Wang
et al,, 2013). Flavonoids are important in the processes
related to flowering and especially color change of the
safflower plant (Tanaka et al., 2010). Flavonoids, which
give yellow and red pigments, are the main active com-
ponents of the safflower plant. The content and compo-
nent of flavonoids affect the quality of safflower directly.
For this reason, the number of studies conducted on the
regulation of the biosynthesis of flavonoids is increasing
with each passing day (Ren et al., 2019).

Stress is a condition limiting or hindering the regularly
functioning biological and physiological systems and
normal functions of plants (Mahajan and Tuteja, 2005). In
plants, stress is divided into two groups, biotic and abi-
otic. Biotic stress is caused by polysaccharides (dextran,
chitin, pectin and cellulose) and micro-organisms (yeast
extract, fungi and bacteria) consisting of plant cell walls
of biological origin. Abiotic stress, on the other hand, is
physical, chemical and hormonal factors that do not have
biological origin. Physical stress factors are light, ultravio-
let light (UV, UV A, UV B and UV C), osmotic (sorbitol, pro-
line and polyethylene glycol) stress, drought, salinity and
thermal stress (Acikgdz, 2017; Acitkgdz, 2021). Osmotics
such as mannitol or sorbitol inhibit mineral uptake from
cells. For this reason, the growth and development of
plants slows down and is affected negatively (Dodds
and Roberts, 1985; Thompson et al., 1986; Acikgoz et al.,
2019; Acikg0dz, 2020). There are many studies employing
Polyethylene Glycol (PEG) or sorbitol to create artificial
drought stress. Sorbitol solution is not metabolized by
plants. Also, it reduces the osmotic potential of the nu-
trient medium and creates water stress that is not me-
tabolized by plants (Rai et al., 2011; Bidabadi et al., 2012;
Placide et al., 2012; Vanhove et al., 2012). Although the
resistance of the plant to drought stress changes accord-
ing to the duration of exposure to stress, it also changes
according to the period of exposure to stress.

Secondary substances in the safflower plant are affect-
ed by many parameters such as variety, sowing time and
frequency, fertilization, irrigation, development periods,
harvest time, and environmental stress conditions. It
was reported by previous studies that these parameters
cause quantitative variations in secondary substances
(Kizil et al., 2008; Mohammadi and Tavakoli., 2015; Cal-
iskan and Caliskan., 2018). Also, there are studies report-
ing that different harvest times of safflower significantly
change the secondary metabolite content of the plant
(Salem et al., 2011). However, there are not many studies
conducted on the effects of the stress factors created by
foliar spraying on the chemical composition of the plant.

The present study was conducted to determine the total
phenolic, total flavonoid substance amounts and DPPH
free radical scavenging activity of sorbitol applications
at different growth stages (before blooming, during
blooming, after blooming) and by foliar spraying in Saf-
flower (C. tinctorius).

MATERIALS AND METHODS
Material

The present study was conducted in the greenhouse
area of the Plant and Animal Production Department of
Amasya University Suluova Vocational School Campus
in 2021 production period. As the study material, Olein
variety obtained from a commercial company was used.

Equipment Used

The Thermo Scientific-Evolution 201 spectrophotome-
ter was the main equipment used in the study. Also, Lab
Companion-BS 06 water bath, Rotary Evaporator RE300,
DENVER-S1234 analytical scale, IKA-KS 501 shaker, Mem-
mert Inc. 153 med CO, oven, and ISOLAB micropipettes
were the main equipment used in the analysis.

Method
Trial Design

The trial was performed according to the random-
ized plots trial design in different growth periods (pre-
bloom, flowering period, post-bloom) in six repetitions
and different sorbitol doses (0.5 g/L, 25 g/L, 50 g/L, 100
g/L) on 19.03.2021. Safflower seeds were sown in steril-
ized plastic pots (22.5 cm depth, 25 cm diameter) after
filling them with a mixture of sand, field soil and burnt
barn manure. Seeds were sown at a depth of 3-5cm, 10
in each pot. It was determined on 06.04.2021 that seeds
started to grow in all pots. The dilution process was made
so that 5 plants with similar appearance remained after
emergence. During the study, when the soil surface was
dry in all of the pots, irrigation was performed to keep
the soil moist. Before the flowering period of the plants,
a calculation of 20 kg/da was made and ammonium sul-
phate fertilizer was given to the pots. Before flowering,
sorbitol applications were made by foliar spraying meth-
od on 23.04.2021. The sorbitol applications were done as
foliar spraying on 18.06.2021 and 02.07.2021, respective-
ly during the flowering period and after the flowering.
When the plants reached harvest maturity, they were
harvested on 19.07.2021 before the seeding period.

Extraction method

The samples were crushed in a hand mill after the har-
vest was completed. The fragmented plant samples were
taken into 50 mL falcons and stored at 25°C. In the ex-
traction of plant samples in falcon tubes, 5 g of plants
were weighed on analytical scale. The plant samples
were then placed in lidded glass jars and 200 ml of meth-
anol was added to and mixed with the help of a shaker.
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The resulting mixtures were extracted by ultrasonic-as-
sisted extraction method for 2 hours. Ultrasonic-assisted
extraction method was preferred because it is an effec-
tive method for preserving the structural and molecular
properties of bioactive compounds by preventing dam-
age to the extracts because it is applied at high efficien-
cy, fast and low temperatures. The supernatant obtained
at the end of the extraction was then filtered. The final
product (the supernatant) was passed through the Ro-
tary Evaporator and the solvent was removed from the
medium.

Total phenolic content method

The Folin-Ciocalteu Method was used to determine the
total amount of phenolic substances (Folin and Ciocal-
teu, 1927). The extracts that were prepared at a concen-
tration of Tmg/mL were taken into 0.1 mL tubes and 4.5
mL of distilled water was added. After adding 0.1 mL Fo-
lin-Ciocalteu reagent and 0.3 mL of 2% sodium carbonate
solution, the tubes were mixed and kept in the dark for
2 hours. It was measured against blank (distilled water)
at 760 nm (Slinkard and Singleton, 1997). The amount
of phenolic substance was expressed as gallic acid. The
comparison with gallic acid was made in the calibra-
tion curve. The results are given as mg gallic acid/g (mg
GAE/q) in the dried sample.

Total flavonoid substance amount method

The total flavonoid substance content was determined
with quercetin standard solution according to the meth-
od that was developed by Park et al. (2008). The plant
extract was placed in 1 mL test tubes and 2 mL distilled
water, 0.15 mL of 0.5 M NaNO2 and 0.15 mL of 0.3 M AICI3
reagent were added. After waiting for 5 minutes, 1 mL
NaOH was added and the absorption was measured at
510 nm with a spectrophotometer. The calibration curve
was compared with quercetin. The total amount of flavo-
noid substance was defined as mg equivalents of quer-
cetin (mg QE/qg) per g dried sample.

DPPH free radical scavenging activity method

In the present study, antioxidant activity was deter-
mined by using the DPPH free radical scavenging meth-
od. Herbal solutions of different concentrations (25-400
pg/mL) were prepared and 0.5 mL was taken from these
solutions and 3 mL ethanol and 300 mL 20 mg/L DPPH
solution were added. After adding butylated hydroxy-
anisole (BHA), butylated hydroxytoluene (BHT) and
trolox (100-500 pg/mL) to this solution, the mixture was
shaken vigorously and absorbance was measured at 517
nm and 0.75 mL water was used as a control instead of
the sample. The percent inhibition activity was calculat-
ed with the equation given below.

Free radical scavenging activity %= [(AO - A1) / AO] x 100.

(A0 = control absorbance and A1 = sample solution ab-
sorbance)

Statiscal analysis

The experiments were done in six replications and the
results are presented as mean + SD. The data were sub-
jected to analysis of variance (ANOVA) using statistical
analysis system software (SPSS) version 22. Significant
differences were calculated using the smallest significant
difference (Tukey), with differences considered statisti-
cally significant at P < 0.05.

Total Phenolic Substance Amount

It was found in the present study that the highest to-
tal phenolic substance content was observed in the
pre-flowering period with 133 mg GAE/g and 5 g/L sor-
bitol application. The lowest amount of total phenolic
substance was obtained from 79.21 mg GAE/g and 50
g/L sorbitol applications in the post-flowering period.
There were no statistically significant effects of increas-
ing sorbitol doses and different growth periods on the
total amount of phenolic substances separately (Table
1). The effect of different growth periods on the total
phenolic content of the plant is very important. When
the previous studies were evaluated, it was found that
the amounts of total flavonoid, phenolic and antioxi-
dant activities in plants vary according to different de-
velopment periods and harvest times. It was understood
that the reasons for these differences were factors such
as the genetic difference of the cultivars or populations
used, the development stage of the plant, the harvest
hours, the organ from which the sample was taken, the
location and environmental stress conditions. Yolci et al.
(2021) harvested the safflower plant at different harvest
periods and examined the changes in the total pheno-
lic substance content of the plant during these periods.
The highest total phenolic content (132.30 mg GA/100g)
was obtained from the 2nd harvest time, which was two
weeks after the beginning of flowering. In their study,
Kusoglu (2015) reported that the total phenolic content
of safflower plant extracts was in the range of 35.33-276
mg/ml as gallic acid equivalent. The total amount of phe-
nolic substances in the leaves of the echinops (Echinops
orientalis Trautv.) plant from the Asteraceae family was
found to be 45 pg GAE/mg (Yilmaz, 2012). In a study that
was conducted on Vaccinium vitisidaea L. plant, root, leaf
and fruit were harvested at different times, and decreas-
es were detected in total phenol and total antioxidant
activity in leaf samples depending on the prolongation
of the harvest time. However, it was also reported that
there was no change in root and fruit (Bujor, Ginies, Popa,
and Dufour, 2018). Again, in another study that was con-
ducted on Lycopus lucidus plant, it was reported that total
phenolic substance and antioxidant activity decreased
depending on the delay in harvesting, but some values
increased in terms of phenolic contents (Lu et al., 2015). It
was reported in some studies that total phenol, flavonoid
and antioxidant activity did not change with the prolon-
gation or shortening of the harvest time, but they gave
fluctuating results (Nemeth-Zamborine, Seidler-tozyko-
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wska and Szabo, 2019; Ribeiro et al., 2020). As seen in the
present study, although the highest amount of phenolic
substance was detected during the flowering period, it
was found to be the lowest in the post-flowering period,
which is the maturation period of the plant.

periods were effective on the amount of flavonoid sub-
stances. Although the highest amount of flavonoid sub-
stance was observed in the before blooming period, it
was found that the amount of flavonoid substance de-
creased 1.5 times in the after blooming period. When

Table 1. The Total Phenolic Substance Amount (mg GAE/qg) in Safflower (C. tinctorius L.) that Underwent Sorbitol Application at

Different Periods and at Different Doses

Sorbitol Doses (g/L)

Growth Periods

0 5 50 100 Mean
:Ie;z::ing 123.69+1.75abc  133.00 £2.20a 92.42+1.55de  127.39+3.10ab  107.64+£0.95bd  116.82+1.00
Blooming 92.03+0.90de 96.79+2.15de  100.31+1.30cde  96.50+1.80de  106.68+1.08bd 98.46+2.20
After blooming 108.00+2.00bcd 98.06+1.00de 10241+ 1.65cde 79.21+£0.78e 103.17+1.70cd 98.17+1.72
Mean 107.90+2.34 109.28+1.74 98.38+0.85 101.03+1.44 105.83+1.60

*There were no statistically significant differences between the mean values shown with the same letter.

Total Flavonoid Substance Amount

It was found that the highest total flavonoid substance
amount in Safflower that underwent different growth
stages (before blooming, flowering period, after bloom-
ing) and different doses was 24.46 mg QE/g and 5 g/L
sorbitol application in the before blooming period (Table
2). However, the lowest total flavonoid substance content
was obtained from 50 g/L sorbitol with 16.09 QE/g in the
post-flowering period. It was seen in the study that the
effect of different growth periods on the total amount
of flavonoid substances of the plant was very important.
In their study, Yolci et al. (2021) reported that the total
amount of flavonoid substances in the safflower plant
harvested at different periods was 19.15 mg QE/100g in
the period one week after the beginning of flowering.
Kusoglu (2015) reported that the total amount of flavo-
noid substance in safflower plant leaf extracts was 97.41
+ 2.13 g catechin/mag). It was determined as 62.2 + 1.9
mg QE/g (Yu et al,, 2013) in a study investigating the ef-
fect of flower harvesting at different weeks on the flavo-
noid cartamidine substance in safflower and the amount
of cartamidine increased gradually in the harvests made
from the beginning of flowering until the third week, and
gradually decreased in the harvests after the third week
(Steberl, Hartung, Munz and Graeff-Honninger, 2020). As
seen in the literature, the amount of flavonoid substanc-
es in plants varied according to the harvest time. In the
present study, it was found that different development

compared with previous studies, it was found that the
study was in agreement with the literature in terms of
decreasing the amount of flavonoid substance as the de-
velopment period progressed.

DPPH Free Radical Scavenging Activity

It was seen that the highest DPPH free radical scaveng-
ing activity in safflower with different doses of sorbitol
applied in different growth periods to increase the an-
tioxidant activity was 92.86% in the after-blooming pe-
riod with 5 g/L sorbitol application (Table 3). However,
the period with the lowest DPPH activity was obtained
from 100 g/L sorbitol applications with 64.49% during
the blooming period. Although the highest DPPH was
seen in the after blooming period, this was 1.5 times less
in the before blooming period. Kusoglu (2015) reported
the highest activity in the flower extract as 96% as a re-
sult of the DPPH radical removal activity of the safflower
plant. The DPPH activity of echinops (Echinops orientalis
Trautv.) from the Asteraceae family was 65%, 70% and
20% in seeds, leaves and stems, respectively (Yilmaz,
2012). When these values weare compared with safflow-
er, it was higher than the safflower plant (Ay et al., 2018).
In a study conducted on Galanthus elwesii, the harvest
was made from flower, leaf, root and bulb parts at the be-
ginning of flowering and fruit ripening periods and de-
termined that the highest antioxidant activity was in the
leaf and fruit ripening period. It was also reported that
growth periods were effective on antioxidant activity.

Table 2. The Amount of Total Flavonoid Substance (mg QE/qg) in Safflower (C. tinctorius L.) that Underwent Sorbitol Application

at Different Periods and at Different Doses

Sorbitol Doses (g/L)

Growth periods

0 5 50 100 Mean
Before
i 17.48+0.30 24.46+0.30 17.55+1.00 18.02+0.45 22.92+0.32 20.08+0.78ab
blooming
g'e"rﬁm'"g 20.06+0.72 24.02+0.62 21.63+0.50 23.35+1.12 23.73+1.00 22.55+1.10a
After blooming 18.33+0.16 17.74+0.78 20.87+0.90 16.09+0.48 19.16+0.10 18.43+0.60b
Mean 18.62+0.20 22.07+0.70 20.01+0.30 19.15+0.88 21.93+0.15

*There were no statistically significant differences between the mean values shown with the same letter.
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Table 3.The DPPH Free Radical Scaveng,ng Activity (% inhibition) in Safflower (C. tinctorius L.) that Underwent Sorbitol

Application at Different Periods and at Different Doses

Sorbitol Doses (g/L)

Growth periods

0 5 50 100 Mean
Before
i 69.12+2.00 72.00+0.80 77.47+1.30 78.09+1.28 64.49+0.87 72.23+0.56b*
blooming
g:’r:’(:zl'“g 78.90+0.90 71.93+1.38 71.57+2.35 86.56+0.82 86.65+2.00 79.12+1.20b
After blooming 88.47+1.75 92.86+1.36 89.50+1.42 85.01+ 1.40 82.21+1.16 87.61+0.75a
Mean 78.83+0.80 78.93+0.96 79.51%0.90 83.22+1.10 77.78+0.64

*There were no statistically significant differences between the mean values shown with the same letter.

These studies and our results show that the highest anti-
oxidant activity was detected during maturation periods,
which is in agreement with the literature data. DPPH free
radical scavenging activities in different plants were 75%
in sorrel, 82% in dill, 40% in arugula, 23% in cress and
67.5% in the leaves of turnp radish (Isbilir, 2008; Akagun,
2009). When all these data were compared, it was seen
that the DPPH radical scavenging activity of the safflower
plant was considerably higher than the antioxidant activ-
ity of other plants.

CONCLUSION

Safflower, which is one of the natural antioxidant sourc-
es, is from the Asteraceae family, and its secondary me-
tabolite components, amount and antioxidant activity
change in different growth periods (before blooming,
blooming period, after blooming). For this reason, sig-
nificant variations may occur in plant samples to be col-
lected at different times in plants. In this research, the ef-
fects of sorbitol applications at different periods (before
blooming, blooming period, after blooming) and foliar
spraying on total phenolic, total flavonoid and DPPH free
radical scavenging activities were investigated in saf-
flower.

When evaluated according to different growth periods
in safflower, it was found that the amount of total flavo-
noid substance and total phenolic substance were the
highest before the blooming period. It is possible to list
the growth periods as before blooming> blooming peri-
od> after blooming for total flavonoid amount and total
phenolic substance amount. Contrary to what is seen in
total flavonoid and total phenolic substance amounts in
DPPH free radical scavenging activity, the period when
DPPH free radical scavenging activity is highest is after
blooming period. It is possible to list the growth periods
of DPPH free radical removal activity as after blooming>
blooming period> before blooming.

As a conclusion, it was found that the antioxidant activity
of safflower varies significantly according to the growth
period of the plant. For this reason, it was understood
that the development period of the plant can be opti-
mized depending on the expected targets and stress
factors can be applied in the periods where the highest
yield and quality antioxidant activity will be obtained,

considering variabilities.
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Abstract

This study was aimed to investigate the grain antioxidant activity (DPPH-
and ABTS* radical scavenging activities and cuprac reducing capacity), con-
tents of total phenolic compounds, flavonoid and total antioxidant capacity
of five winter durum wheat cultivars under the foliar application of 0.2% of
zinc (ZnSO,.7H,0) at different growth stages of grain filling (milky or dough
ripeness). The study was carried out in randomized blocks according to the
split plot design with three replications in the cultivars of C.1252, Eminbey,
Kiziltan-91, Meram-2002 and Selguklu-97.

In the study, it was determined that some of the antioxidant traits (ABTS*,
total flavonoid and zinc content of grain) were not statistically different be-
tween foliar zinc application stages of the milky and dough ripeness, but
zinc application in one of these stages showed significantly higher values
in terms of these traits compared to the untreated of zinc (control). Also,
cultivars and zincxcultivar interaction for DPPH:- radical scavenging activity,
total phenolic compounds and total flavonoids showed significant varia-
tions. Within the frame of these results, it was found that foliar application
of zinc at different stages of grain filling in durum wheat had statistically
significant effects on some antioxidant traits; however, in subsequent stud-
ies, it was advised that it would be more beneficial to expand the study by
increasing the dose and the number of growth stages.

Keywords: Antioxidant traits, Durum wheat, Flavonoids, Phenolics, Zinc

INTRODUCTION

Among the widely grown field crops, wheat plays an important role in daily
energy intake, especially in developing countries; it meets about 50% of the
daily energy intake in many Central Asian and Middle Eastern countries, and
this rate can exceed 70% in rural areas (Cakmak, 2008).

Today, 40% of the world’s population, especially in developing countries, is faced
with insufficient microelement intake. In these regions, durum wheat is often
grown under harsh, drought-prone and even marginal conditions. These vulner-
able environments often cause production variability due to variation in annual
precipitation. Generally, poverty maps and micronutrient deficiency maps can
be used with information on durum wheat production area and per capita wheat
intake to identify target regions where biological yield is cost-effective (Cakmalk,
2008).
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In daily life, irreversible destructions occur in the human
body due to various factors such as smoking, alcohol, en-
vironmental pollution and stress. Today, phenolic com-
pounds and antioxidant-rich functional foods come to
the fore against these damages. Structures such as phe-
nolic substances, carotenoids and vitamin E in wheat are
natural powerful antioxidants and are important in pre-
venting some diseases (Mentes-Yilmaz, 2011).

Phenolic substances are aromatic compounds that have
hydroxyl groups and can esterify with carbohydrates
(Shahidi and Naczk, 1995; Duthie and Crozier, 2000). Phe-
nolic acids, flavonoids, stilbenes, coumarins and tannins
are among these compounds (Dinelli et al., 2009). Herbal
phenolics are products of normal metabolism, and their
amount varies according to plant variety, growing condi-
tions and maturation level (Adom et al., 2005; Kim et al.,
2006). Phenolic compounds are important compounds
that increase the natural resistance of metabolism
against oxidative damage and prevent lipid peroxidation
(Gllgin, 2007; 2012). The interest in phenolic acids is in-
creasing due to the protective potential of phenolic ac-
ids against oxidative damage such as cancer, stroke and
coronary heart disease thanks to a diet rich in fruits and
vegetables (Annakkaya, 2012).

Oxygen creates reactive oxygen species (ROS) such as
superoxide, singlet oxygen and hydroxyl radical in the
respiratory sequence in humans (Prado et al., 2020).
If the accumulation of reactive oxygens in the human
body is not eliminated with antioxidants, adverse effects
such as aging, coronary diseases, wear and tear of cells,
cancer, and collapse of the immune system occur under
the resulting “oxidative stress”. Antioxidants are natural
substances that remove these negative effects of free
radicals (Liu et al., 2018). Free radicals are reactive struc-
tures that contain unstable electrons in their outer or-
bitals (Fang et al., 2002). In addition, these structures are
usually small molecules and can easily pass through cell
membranes (Jensen, 2003). Oxidative stress occurs when
pro-oxidants, which play a role in accelerating oxidation
in tissues, overtake antioxidants. For this reason, the sur-
vival of cells under oxygenated conditions is made possi-
ble by the introduction of enzymatic and non-enzymatic
antioxidants into the system (Sies, 1991).

Due to the phytochemicals (vitamin E, phenolic com-
pounds and carotenoids), wheat is considered as a nat-
ural antioxidant source (Mentes-Yilmaz, 2011). Research-
ers focusing on this subject focused on wheat bran and
stated that there is not only a load fiber ratio in the bran;
they also reported that it increases the total antioxi-
dant activity with the phenolic acids it contains (Kim et
al., 2006). The phenolic acids do not result in a uniform
distribution in the layers of the grain; it is stated that it
is mostly found in aleurone, fruit peel and germ, and a
small amount is located in the starchy endosperm layer
(Mentes-Yilmaz, 2011).

In this study, it was aimed to examine the effects of foliar

application of zinc on the antioxidant properties at two
different growth periods, such as milky or dough ripe-
ness, in winter durum wheat cultivars, and to determine
the effects of application periodxcultivar interactions in
terms of these properties to be examined.

MATERIALS AND METHODS
Materials

Grains of five durum wheat cultivars (Meram-2002, Sel-
cuklu-97, Kiziltan-91, Eminbey and C-1252) grown under
field conditions of Siran/Guimiishane/TURKIYE, at the
2013-2014 growth season and stored under storage con-
ditions at a temperature of around 18 °C and a relative
humidity of 50-60% were used as material. Foliar applica-
tion of zinc (0.2% of ZnS0O,.7H,0) at two different growth
stages, such as milky or dough ripeness, in these winter
durum wheat cultivars were done.

Methods
Determination of DPPH: free radicals removal activity

DPPH- free radical scavenging activity was determined
using the method of Blois (1958). 1 mM solution of DPPH-
was used as a free radical. Stock solutions prepared pre-
viously at a concentration of 1 mg mL" were used as
samples. Stock solutions were transferred to test tubes
to form solutions at concentrations of 20 ug uL’, respec-
tively, and the total volume was made up with ethanol to
reach 2000 pL. Then, 500 pL of the stock DPPH: solution
was added to each sample tube, followed by incubation
for 30 minutes at room temperature and in the dark, and
the absorbance at 517 nm was measured against an et-
hanol blank. As controls, 2000 uL of ethanol and 500 pL
of DPPH- solution was used. The decreased absorbance
compared to the control gave the remaining amount of
DPPH- solution, that is, the free radical scavenging acti-
vity.

ABTS radical removal activity

ABTS radical scavenging activity was determined accor-
ding to the method of Re et al. (1999). First, 7 mM ABTS+*
solution was prepared. ABTS*radicals were produced by
adding 2.45 nM persulfate solution to this solution. Be-
fore using the ABTS+ radical solution, the control solu-
tion was adjusted to 0.700+0.025 nm with a phosphate
buffer with an absorbance of 0.1 M at 734 nm and a pH
of 7.4.The 20 ug mL" concentrations of the extracts who-
se ABTS* radical scavenging activity will be examined
were completed to 1500 pL with ethanol. Then, 500 pL of
ABTS.+ radical solution was added and incubated for 30
minutes at room temperature. Absorbances were recor-
ded at 734 nm against the blank consisting of ethanol.

Cu?*-Cu* reduction capacity

In the prepared extracts, the Cu?* reduction activities
were performed with a slight modification (Ak and Guil-
¢in, 2008) of the copper ion reduction method (Apak et
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al., 2006). 125 pL of CuCI2 solution (0.01 M), 125 pL of
ethanolic neocuprine solution (7.5x10° M) and 125 uL
of CH,COONH, buffer solution (1 M) were added to the
tubes containing the extracts prepared at a single con-
centration (20 pg pL™), respectively. Final volumes were
made up to 1 mL with distilled water; after 30 minutes,
absorbance values were measured against the blank at
450 nm. Pure water was used as the blank.

Determination of total antioxidant amount

500 uL of flour was taken from the extract sample and
2500 pL of distilled water was added; 1000 pL of molyb-
date reagent was added to the resulting mixture; after
vortexing the mixture, it was incubated for 90 minutes
in a 95 °C water bath with the mouths closed. It was ta-
ken from the water bath and waited for 20-30 minutes to
come to room temperature and 500 pL of distilled water
was used instead of the sample as a blank. The absorban-
ce of the obtained reaction mixtures was read in the spe-
ctrophotometer at 695 nm (Kasangana et al., 2015). The
total antioxidant amount was calculated from the unit of
ascorbic acid equivalent (AAE) by using the regression
equation in the standard ascorbic acid graph (Figure 1).

Determination of total phenolic compound

The amount of phenolic compounds in the prepared ext-
racts was determined by Singleton et al. (1999) and gallic
acid was used as the standard phenolic compound. For
this, firstly, a standard graph of gallic acid was created
(Figure 2). In order to determine the amount of phenolic
compounds in durum flour extracts, the prepared stock
solution was used. 750 pg of the extract was taken from
the stock solution and placed in a metric cup and the
volume was made up to 23 mL with distilled water. 500
uL of Folin-Ciocalteu reagent and 1500 pL of 2% Na,CO,
were added to the mixture after 3 minutes. The samples
were mixed for 2 hours at room temperature. Then, the
absorbance of the samples at 760 nm was read against
a blank consisting of pure water. The amount of gallic
acid equivalent (GAE) corresponding to the absorbance
values of the samples was determined with the help of
the equation obtained from the standard graph (Figure
2). The results are given as gallic acid equivalents (Koksal
and Giilgin, 2008).

Determination of total flavonoids

In the prepared extracts; total amount of flavonoids were
made according to the method of Park et al. (1997). 750
pg of extract was added to a vezin cup. The extract, whi-
ch was then transferred to the test tube, was diluted with
4300 pL of ethanol solution containing 100 pL (1 M) of
CH,COOK and 100 pL (10%) AI(NO,), solutions and mixed
in a vortex. After incubation at room temperature for 40
minutes, absorbance at 415 nm was recorded. Quercetin
was used as a standard for the determination of total fla-
vonoid concentration and the total flavonoid concentra-
tion was determined as microgram quercetin equivalent
(QE) from the equation obtained from the standard quer-

cetin graph (Figure 3).
Determination of grain zinc content

It has been determined according to the EPA 6020 met-
hod; 0.5 grams of each flour sample was weighed, 4 mL
of 65% HNO, and 6 mL of H,O, were added to it, bur-
ned in the microwave (Milestone Start D) and diluted
with 50 mL of ultrapure water. The elemental content of
the samples was analyzed by inductively coupled plas-
ma-mass spectrometry (inductively coupled plasma
mass spectrometry: ICP-MS; Agilent brand ICP-MS 7700e
series) technique. Agilent mix 2a standard was used in
the analyses.

Evaluation of Data

The data obtained from the laboratory studies, accor-
ding to the randomized blocks split plot design, with
three replications; control and zinc application periods
were arranged by placing in the main plots and the cul-
tivars in the sub plots. Statistical analyzes of the data (F
test and EGF test) were performed with the JMP statisti-
cal package program.

RESULTS AND DISCUSSION

The mean squares obtained from the variance analyzes
of the antioxidant traits of the grain that zinc applied
from the leaves during the stage of milky or dough ripe-
ness of some winter durum wheat varieties were given
in Table 1; the mean values for these traits were given in
Table 2-8.

DPPH: Free Radical Scavenging Activity

DPPH- free radical scavenging activity was determined
as the inhibition rate (%) by comparing the absorbance
data of each sample in 20 ug mL". This value was deter-
mined according to the following formula:

DPPH- free radical scavenging activity (%) = [(A
A/ N 1x100

517(S)

5170)
517(C)

In the above formula, )\517(5) isthe absorbance value deter-
mined after the sample is added to the DPPH: free radical
solution; )\517@ shows the absorbance value of the cont-
rol containing only DPPH: free radical solution. BHA, BHT,
a-tocopherol and trolox were used as positive controls in

the studies.

There are no statistically significant differences in foliar
zinc application stages in durum wheat cultivars (Table
1); however, the lowest DPPH: inhibition rate was obtai-
ned from the milky ripeness stage (3.28%) while the hig-
hest value was obtained from the zinc application stage
of dough ripeness (3.54%) (Table 2). Cultivars showed
significant changes at p<0.05 level (Table 1); the highest
DPPH: inhibition rate was obtained from C.1252 cultivar
(3.76%), and the lowest value was obtained from Selcuk-
[u-97 cultivar (3.06%) (Table 2). Zilic et al. (2013) reported
that the antioxidant capacity measured as DPPH- radical
scavenging activity was similar in bread and durum whe
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ats, but there were significant differences between geno-
types within the species; it supports our study showing
that statistically significant changes in DPPH- radical sca-
venging activity were observed among the cultivars.

In addition, ZincxCultivar interaction for DPPH' radi-

cal scavenging activity showed significant differences
(p<0.01, Table 1); this interaction is due to the fact that
the cultivars other than Kiziltan-91 are in statistically dif-
ferent groups in terms of high DPPH: radical scavenging
activity in the control, milky and dough ripeness (Table
2).

Table 1. Mean squares and coefficients of variation related to the effects of zinc application at the stages of milky or dough

ripeness on the antioxidant traits in durum wheat cultivars.

Mean Squares

Variation Source Df Total Total Total .

il LS AT Phenolic Flavonoid Antioxidant 2L
Replicate (R) 2 0.704 17.215 0.00207 6.910 0.062 95.92 18.432
Zinc (Zn) 2 0.265 35.271*  0.00001 31.027 2.184%** 47.49 655.62%*
R*Zn&Random (Error 1) 4 0.207 3.144 0.00559 5.520 0.047 56.31 33.999
Cultivar (C) 4 0.595% 11.875 0.00094 16.652* 0.336** 92.87 150.564**
ZnxC 8 0.783** 13.565 0.00201 14.744% 0.305%* 49.93 22.822
Error 2 24 0.184 5.854 0.00114 5.405 0.069 46.10 23.412
CV (%) 12.52 8.13 12.43 4.22 20.24 7.85 4.69

Df, degree of freedom; CV, coefficient of variation; *, ** show the probability levels of p<0.05, p<0.01, respectively.

DPPH: Free Radical Scavenging Activity

DPPH- free radical scavenging activity was determined
as the inhibition rate (%) by comparing the absorbance
data of each sample in 20 ug mL". This value was deter-
mined according to the following formula:

DPPH- free radical scavenging activity (%) = [(A
A ))/7\ x100

517(S

517(0)

5'I7(C)]

Inthe above formula, A, . is the absorbance value deter-
mined after the sample is added to the DPPH: free radical
solution; )\517@ shows the absorbance value of the cont-
rol containing only DPPH: free radical solution. BHA, BHT,
a-tocopherol and trolox were used as positive controls in

the studies.

There are no statistically significant differences in foliar
zinc application stages in durum wheat cultivars (Table
1); however, the lowest DPPH: inhibition rate was obtai-
ned from the milky ripeness stage (3.28%) while the hig-

hest value was obtained from the zinc application stage
of dough ripeness (3.54%) (Table 2). Cultivars showed
significant changes at p<0.05 level (Table 1); the highest
DPPH: inhibition rate was obtained from C.1252 cultivar
(3.76%), and the lowest value was obtained from Selcuk-
[u-97 cultivar (3.06%) (Table 2). Zilic et al. (2013) reported
that the antioxidant capacity measured as DPPH: radical
scavenging activity was similar in bread and durum whe-
ats, but there were significant differences between geno-
types within the species; it supports our study showing
that statistically significant changes in DPPH: radical sca-
venging activity were observed among the cultivars.

In addition, ZincxCultivar interaction for DPPH' radi-
cal scavenging activity showed significant differences
(p<0.01, Table 1); this interaction is due to the fact that
the cultivars other than Kiziltan-91 are in statistically dif-
ferent groups in terms of high DPPH: radical scavenging
activity in the control, milky and dough ripeness (Table
2).

Table 2. Mean values of DPPH. inhibition rates of grain in zinc applications at the stage of milky or dough ripeness in durum

wheat cultivars (%)

Cultivars (C)

Zinc Application Stages (Zn)

Control Milky ripeness Dough ripeness Mean
C.1252 3.66 a-d 331c-e 430a 376a
Eminbey 2.87 ef 4.07 ab 3.45 b-e 3.46 a-c
Kiziltan-91 3.49b-e 3.49 b-e 3.02 d-f 3.33 bc
Meram-2002 3.96 a-c 2.97 d-f 3.65a-d 3.53ab
Selcuklu-97 335b-e 2.55f 327 cf 3.06 ¢
Mean 347 3.28 3.54 343
LsSD,, ns
LSD_ 0.42
LSD 0.72

ZnxC.

“There is no difference at the 0.05 probability level between the mean values with the same letter groups. LSD shows the least significant

difference between the mean values. ns means not important.
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ABTS* Radical Scavenging Activity

Similar to DPPH: free radical scavenging activity; ABTS*
radical scavenging activity was also determined as the
inhibition rate (%) by comparing the absorbance data of
each sample at 20 ug mL". This value was calculated ac-
cording to the following formula:

N

734(S)

ABTS* radical scavenging activity (%) = [(A
A .1 X100

734(C)

7340

In the above formula, )\734(5) is the absorbance value de-
termined after adding the sample to the ABTS free ra-
dical solution; )\734@ shows the absorbance value of the
control containing only ABTS+ free radical solution. BHA,
BHT, a-tocopherol and trolox were used as positive cont-

rols in the studies.

Statistically significant differences (p<0.05) were found
in durum wheat cultivars in terms of foliar zinc applica-
tion stages (Table 1); while the lowest ABTS* inhibition
rate was obtained from the control application without
zinc application (28.10%), the highest value was obtai-
ned from the zinc application stage of dough ripeness
(31.17%) (Table 3). Although there are no statistically
significant differences in ABTS* inhibition rate in durum
wheat cultivars (Table 1); it varied between 28.82% (Kizil-
tan-91) and 31.56% (Eminbey) (Table 3). While data are
not for durum wheat, Ragaee et al. (2006) are in agree-
ment with the findings. The ZincxCultivar interaction did
not show statistically significant differences in ABTS* ra-
dical scavenging activity (Table 1).

Table 3. Mean values of ABTS.+ inhibition rates of grain in zinc applications at the stage of milky or dough ripeness in durum

wheat cultivars (%)

Zinc Application Stages (Zn)

Cultivars (C)

Control Milky ripeness Dough ripeness Mean
C.1252 23.67 31.43 31.70 28.93
Eminbey 30.22 32.18 32.28 31.56
Kiziltan-91 29.47 28.81 28.20 28.82
Meram-2002 28.88 29.68 32.01 30.19
Selcuklu-97 28.29 27.62 31.67 29.19
Mean 28.10 b* 2994 a 31.17 a 29.74
LSD, 1.80
LSD, ns
LSD ns

*:There is no difference at the 0.05 probability level between the mean values with the same letter groups. LSD shows the least significant

difference between the mean values. ns means not important.

Cu?*-Cu* (Cuprac) Reducing Capacity

In durum wheat, the cupric ion (Cu?*) reducing capacity
of the flour sample extracts taken from the grains that
were ground with their bran was determined as the ab-
sorbance of the solutions at 20 ug mL' concentration at
450 nm, and these absorbance values are given in Table
4.In durum wheat cultivars, cuprac reducing capacity did
not show a statistically significant difference in terms of
foliar zinc application stages (milky and dough ripeness)
(Table 1 and Table 4). Although there is no statistically sig-
nificant difference in cuprac reducing capacity of durum
wheat cultivars (Table 1); mean absorbance value varied
between 0.262 (Eminbey) and 0.287 (Meram-2002) (Tab-
le 4). ZincxCultivar interaction did not show significant
differences in terms of cuprac reduction capacity (Table

1).
Total Antioxidant Content

Ascorbic acid was used as a standard in the determina-
tion of total antioxidant amounts in flour samples taken
from grains ground with bran in durum wheat cultivars.
Using the regression equation in the standard graph
given in Figure 1, the total antioxidant amount was cal-
culated from the unit of ascorbic acid equivalent (AAE)

according to the formula below, and the mean values are
given in Table 5.

C =[((Absorbance + 0.1917) / 0.0052) x10]

C: Concentration (mg AAE 100 g' DM)

4,0 .

35
3.0 y =0.0052x - 0.1917
’ R?=0.9993

2,5
2,0
1,5
1,0
0,5 o
00 ¥
0 200 400 600 800
Concentration (ug mL™")

Absorbance (695 nm)

Figure 1. Standard graph of total antioxidant content
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Table 4. Mean values of cuprac reduction capacity of grain in zinc applications at the stage of milky or dough ripeness in

durum wheat cultivars (absorbance value)

Zinc Application Stages (Zn)

Cultivars (C)

Control Milky ripeness Dough ripeness Mean
C.1252 0.257 0.267 0.269 0.265
Eminbey 0.234 0.306 0.245 0.262
Kiziltan-91 0.296 0.248 0.279 0.274
Meram-2002 0.287 0.292 0.283 0.287
Selcuklu-97 0.287 0.242 0.274 0.268
Mean 0.272 0.271 0.270 0.271
LsD, ns
LSD, ns
LSD ns

ZnxC

LSD shows the least significant difference between the mean values. ns means not important.

There was no statistically significant difference between
foliar zinc application stages (milky and dough ripeness)
in terms of total antioxidant content in durum wheat cul-
tivars (Tables 1 and 5). However, the highest value was
obtained from zinc application stage of dough ripeness
(89.01 mg AAE 100 g' DM).

Although there are no statistically significant differences
in total antioxidant content of durum wheat cultivars
(Table 1); it varied between 81.76 mg AAE 100 g' DM
(Meram-2002) and 90.01 mg AAE 100 g’ DM (Selcuk-
lu-97) (Table 5). Mentes-Yilmaz (2011) also reports that
the total amount of antioxidants significantly varies ac-
cording to the cultivars. ZincxCultivars interaction did
not differ in terms of total antioxidant content (Table 1).

Total Phenolic Compound Content

Gallic acid was used as a standard in the determination
of the total phenolic content in the evaporated etha-
nol extracts of the flour samples taken from the grains
ground with the bran in durum wheat, and the total phe-
nolic compound content was calculated as gallic acid
equivalent (GAE) unit from the regression equation in
the standard graph given in Figure 2.

Absorbance =0.0019x[GAE]

The total phenolic compound content of durum wheat
cultivars were obtained by using the above formula is gi-
ven in Table 6.

Although the total phenolic content of durum wheat
cultivars did not show statistically significant differences
in terms of foliar zinc application stages (Table 1); while
the lowest total phenolic content was obtained from the
milky ripeness stage (34.5 ug GAE mg™ extract), the hig-
hest value was obtained from dough ripeness (37.1 ug
GAE mg extract) (Table 6). Cultivars showed significant

changes at the p<0.05 level (Table 1); the highest total
phenolic compound content was obtained from the
cultivars of C.1252 (37.6 ug GAE mg™ extract) and Emin-
bey (37.2 ug GAE mg™ extract), while the lowest value
was obtained from Kiziltan-91 (34.2 ug GAE mg™ extra-
ct) (Table 6). Mpofu et al. (2006) also reported that the
total phenolic compound content showed significant
changes according to the genotypes. Our thesis findings
showed values close to the lower limit (37.1 ug GAE mg™)
stated by Sedej et al. (2010) for total phenolic content in
whole wheat flour. This may be due to the fact that the
plant material in our study was grown under minimum
input conditions.

In addition, ZincxCultivar interaction for total phenolic
content shows significant differences (p<0.05) (Table 1);
this interaction is due to the fact that the C.1252 culti-
var showed high total phenolic compound values in the
control and dough ripeness stage, while low values obta-
ined in the milky ripeness stage (Table 6).

Total Flavonoid Content

Quercetin was used as a standard for the determination
of the total flavonoid content in the evaporated etha-
nol extracts of the flour samples taken from the grains
ground with the bran in durum wheat cultivars. The to-
tal flavonoid content was calculated from the quercetin
equivalent (QE) unit according to the formula below from
the regression equation in the standard graph given in
Figure 3, and the mean values were given in Table 7.

Absorbance =0.0103x[QE]

Total flavonoid content in durum wheat cultivars showed
statistically significant differences (p<0.01) in terms of
foliar zinc application stages (Table 1); the lowest total
flavonoid content was obtained from the control wit-
hout zinc application (0.857 ug QE g extract), while the
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highest values were from the stage of milky ripeness
(1.504 ug QE g extract) and dough ripeness (1.532 ug
QE g extract) (Table 7). The cultivars showed a signifi-
cant change at the p<0.01 level in terms of total flavono-
id content (Table 1); the highest flavonoid content was
obtained from C.1252 cultivar (1,590 ug QE g extract),
while the lowest value was obtained from Kiziltan-91 cul-
tivar (1,061 ug QE g™ extract) (Table 7). These findings are
under the findings of Murathan and Ozding (2018), who
reported that the total flavonid content was in the range
of 99.67-302.1 mg 100g™.

In addition, ZincxCultivar interaction showed signifi-
cant differences (p<0.01) for flavonoid content (Table 1);
because of this interaction, cultivars other than C.1252
showed low values in terms of total flavonoid content in
the control group that did not receive zinc; in other wor-
ds, it is understood that it is due to being in the lower

group statistically. Indeed, it is observed that other cul-
tivars, except C.1252, show higher values for total flavo-
noid content at the stages of milky and dough ripeness
compared to the control (Table 7).

Zinc Content

Statistically significant differences (p<0.01) were found
in zinc content in durum wheat cultivars in terms of fo-
liar application stages (Table 1); as expected, the lowest
zinc content was obtained from the control application
without zinc (39.39 mg kg™), while the highest values
were from zinc application at the milky ripeness (51.85
mg kg”') and dough ripenes (49.46 mg kg™') stages ( Table
8). Cultivars showed significant changes at the p<0.01 le-
vel (Table 1); this change was determined between 39.68
mg kg™ (C.1252) and 49.61 mg kg™ (Selcuklu-97) (Table
8). ZincxCultivar interaction did not differ in terms of gra-
in zinc content.

Table 5. Mean values of total antioxidant content of grain in zinc applications at the stage of milky or dough ripeness in durum

wheat cultivars (mg AAE 100 g-1 DM)

Zinc Application Stages (Zn)

Cultivars (C)

Control Milky ripeness Dough ripeness Mean
C.1252 84.42 89.49 85.76 86.56
Eminbey 85.82 84.46 92.80 87.69
Kiziltan-91 93.39 88.07 85.60 89.02
Meram-2002 78.05 82.38 84.84 81.76
Selcuklu-97 86.42 87.54 96.06 90.01
Mean 85.62 86.39 89.01 87.01
LSD, ns
LSD_ ns
LSD ns

ZnxC

LSD shows the least significant difference between the mean values. ns means not important.

Table 6. Mean values of total phenolic compound content of grain in zinc applications at the stage of milky or dough ripeness

in durum wheat cultivars (ug GAE mg-1 extract)

Zinc Application Stages (Zn)

Cultivars (C)

Control Milky ripeness Dough ripeness Mean
C.1252 38.1 a-c* 33.17e 416a 376a
Eminbey 35.7 c-e 36.1 b-e 39.7 ab 37.2a
Kiziltan-91 346 c-e 346 c-e 335e 342b
Meram-2002 37.4b-d 33.9de 34.7 c-e 354 ab
Selcuklu-97 38.1a-c 34,5 c-e 36.0 b-e 36.2 ab
Mean 36.8 34.5 37.1 36.1
LSD, ns
LSD_ 2.3
LSD 3.9

*There is no difference at the 0.05 probability level between the mean values with the same letter groups. LSD shows the least
significant difference between the mean values. ns means not important.
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Table 7. Mean values of total flavonoid content of grain in zinc applications at the stage of milky or dough ripeness in durum

wheat cultivars (ug QE g extract)

Cultivars (C)

Zinc Application Stages (Zn)

Control Milky ripeness Dough ripeness Mean
C.1252 1.694 a* 1.597 a 1481 a 1.590 a
Eminbey 0.522 cd 1.748 a 1.375ab 1.215 bc
Kiziltan-91 0.388d 1.359ab 1437 a 1.061 c
Meram-2002 0.728 cd 1.392 ab 1.764 a 1.294 bc
Selcuklu-97 0.955 bc 1424 a 1.602 a 1.327 b
Mean 0.857 b 1.504a 1.532a 1.298
LSD, 0.221
LSD, 0.256
LSD 0.443

ZnxC

*There is no difference at the 0.05 probability level between the mean values with the same letter groups. LSD shows the least significant

difference between the mean values. ns means not important.

Table 8. Mean values of zinc content of grain in zinc applications at the stage of milky or dough ripeness in durum wheat

cultivars (mg kg-1)

Zinc Application Stages (Zn)

Cultivars (C)

Control Milky ripeness Dough ripeness Mean
C.1252 35.12 43.72 40.20 39.68 b*
Eminbey 41.08 55.10 49.67 48.61 a
Kiziltan-91 38.23 54.03 51.03 47.76 a
Meram-2002 42.78 49.68 54.05 48.84 a
Selcuklu-97 39.76 56.71 52.35 49.61a
Mean 39.39b 51.85a 49.46 a 46.90
LSD, 5.91
LSD_ 471
LSD ns

ZnxC

*There is no difference at the 0.05 probability level between the mean values with the same letter groups. LSD shows the least significant

difference between the mean values. ns means not important.
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Figure 2. Standard graph for total phenolic com-
pound content

Conclusion and Recommendations

With this study, it is concluded that some antioxidant
properties of grain such as flavonoid content, ABTS ra-
dical scavenging activity and zinc content can be further
increased by foliar zinc application at the stage of dou-
gh ripeness of grain. In addition, it is understood that it

1,2

1,0 y=0.0103x
0,8 R2=0.9737

0,6
0,4
0,2 e

0,0
0 50 100 150
Concentration (ug mL1)

Absorbance (415 nm)

Figure 3. Standard graph of total flavonoid content

would be more beneficial to carry out this study on lar-
ger plots, with more genotypes, and even by increasing
the application periods. Moreover, including the pasta
properties in the scope of the study in addition to the
physical and chemical quality criteria, it will provide new
contributions to the literature and pasta industry.
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Abstract

Effects of 5 commercial biopreparats named; Dacron’, Florbac’, Dipel’, Del-
fin" and Rebound” containing different Bacillus thuringiensis (Bt) strains on
the 3instar larvae of the tomato leaf miner, Tuta absoluta (Meyrick, 1917)
(Lepidoptera: Gelechiidae) were determined under laboratory conditions.
T. absoluta, tomato (Gusto F1) variety and some commercial biopreparats
were used as materials in the study. Production of T. absoluta larvae were
performed under the conditions of the growth chambers where the tomato
variety was grown (25+1°C, 60+5% RH and 16:8 photoperiod). Under labo-
ratory conditions, 1, 3 and 5% concentrations of commercial biopreparats
were applied on the 3" instar larvae of the pest, and the experiment was
carried out with 5 replications according to a randomized parcels design.
As a result of the application of 1% IU/mg concentrations of Dacron” and
Delfin” commercial biopreparats, 100% mortality rate was determined in
the 3" instar larvae of T. absoluta on the 7% day counts. When 3 and 5% IU/
mg concentrations of all commercial biopreparats were applied, a mortality
rate of 100% was recorded on the 3 instar larvae of T. absoluta on the 5"
and 7™ day counts. In-vitro, as the concentration of commercial bioprepa-
rats increased, mortality rate of the 3 instar larvae of T. absoluta increased.
However, it would be appropriate to conduct field trials with the same com-
mercial biopreparats to recommend their use of them commercially.

Keywords: Bacillus thuringiensis, Tuta absoluta, Mortality rate, Biopesticide

INTRODUCTION

Tomato (Solanum lycopersicum L.) is an annual vegetable crop in the Solanaceae
family. It is one of the important sources of income in the regions where it is
grown. Various problems are encountered in tomato production, such as plant
nutrition, irrigation, diseases, pests and weeds’ control (Duman, 2016). The toma-
to leaf miner, Tuta absoluta (Meyrick, 1917) (Lepidoptera: Gelechiidae), is among
the economic pests that cause quality and quantity losses in tomato crop (Anon-
ymous, 2016). The first record of T. absoluta in Turkey was in Izmir in 2009 and la-
ter it spreaded to other regions (Kilic, 2010). Although different control methods
such as: cultural, biological, biotechnical and chemical control are used for pest
control, chemicals are preferred due to their easy application and high effect in
a short time. But in this context, many chemical insecticides have been repor-
ted creating resistance in the pests (Siqueira et al., 2000). Besides, use of these
chemicals, resulted in negative effects on the environment and human health
(Durmusoglu et al., 2010). Biological control is among the safe alternative cont-
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rol methods applied (Zappala et al., 2013). Among bio-
logical control agents, the entomopathogens cause the
death of the insects effectively (Karaborkli et al,, 2018).
Bacillus thuringiensis (Bt), the most widely used bacterial
bioinsecticide among entomopathogens, is a gram po-
sitive bacteria in the Bacillaceae family (Feitelson et al.,
1992). Itis reported that Bt is used for the control of pests
from orders Lepidoptera, Coleoptera, Diptera, Hyme-
noptera, Homoptera, Orthoptera and Mallophaga. This
bacteria produces specific crystal protein inclusions (&
endotoxin) with toxic insecticidal effects for the control
of pest species (Pazos and Salamanca, 2007). Because of
this feature, Bt has become the most important biopes-
ticide in the world market. It has been reported that Bt
preparations applied in powder form on tomato plants
grown in greenhous and fields are effective (Youssef and
Hassan, 2013). The present study aimed to evaluate the
effects of commercial biopreparats containing different
strains of Bt on the 3 instar larvae of T. absoluta under
laboratory conditions.

MATERIALS AND METHODS

Tomato plants

Tomato seedlings of Gusto F1 variety (10-15 ¢cm), obtai-
ned from a private seedling company, were used in the
experiments. Tomato seedlings were transplanted into
(20-25 cm diameter) plastic pots containing a 1:1 mixtu-
re of soil and peat. The planted tomato seedlings were
irrigated periodically and maintenance procedures were
carried out. During the growing period, no fertilization
or chemical control was used in case of diseases and/or
pests.

Producing of Tuta absoluta

The leaves infested with T. absoluta from tomato fields
in Civril district of Denizli province were brought to the
laboratory in plastic storage containers with a paper bag.
Infestation was ensured by leaving the larvae in the gal-
leries from the leaves and leaving them on clean tomato
plants in a climate room. Thus, the production of the to-
mato lifeminer was continued with the transfer of clean
tomato plants to the growth chamber at regular inter-
vals. The production of tomato plants and tomato lifemi-
ner was carried out in the growth chambers of Pamuk-
kale University Faculty of Applied Sciences, Department
of Organic Farming Business Management, at 25+1°C,

65+5% RH and 16:8 hrs photoperiod.

Commercial biopreparats used

Commercial biopreparats containing different strains of
Bt used in the experiments were obtained from compa-
nies. Information of the commercial biopreparats used in
the experiment are given in Table (1).

Efficacy of the commercial biopreparats

In order to determine the effects of the commercial bi-
opreparats on the tomato leaves, the experiment was
carried out with 5 replications according to randomized
parcels design. For this purpose, a layer of blotter paper
was placed inside the plastic Petri dish (10 cm diameter)
and a compound tomato leaf was placed on it. Five indi-
viduals of the 3" instar T. absoluta larvae were placed on
tomato leaf. 1, 3 and 5% IU/mg concentrations of each
biopreparat were sprayed 3 times, from a distance of
15-20 cm, with the help of a hand sprayer. The experi-
ments were carried out in growth chambers with 25+1°C,
65+5% RH and 16 hrs photoperiod.

Statistical analysis

Data obtained were analyzed one-way ANOVA and to
calculate the differences between groups, the Tukey
multiple comparison test (P <0.05) was used. Using the
IBM SPSS® (Version 20.0, August 2011, SPSS Inc., Chicago,
IL, USA) statistics program version. The mortality rates
of treated T. absoluta larvae were corrected by (Abbott,
1925).

RESULTS

Effects of 1, 3 and 5% IU/mg concentrations of commer-
cial bioprepares containing different strains of Bt on the
3 instar larvae of T. absoluta are given in Table (2). As
a result of 1% dose applications of commercial biopre-
pares, the highest mortality rates were determined in
Rebound” commercial biopreparat with 40.00% on the
15t day counts, in Delfin® commercial biopreparat with
96.00% on the 3™ day counts, and in Dacron® and Del-
fin” commercial biopreparats with 100% on the 7t day
counts. As a result of 3% dose applications of commer-
cial bioprepares, the highest mortality rates were de-
tected in Dacron’ and Dipel” commercial biopreparats
with %44 on the 1%t day counts, and 100% on the 3 day
counts in Dipel’ commercial biopreparats. On the 5% and
7 day counting results of the trial, 100% mortality rate
was recorded in all commercial biopreparats. As a result

Table 1. Content and active ingredient ratio of commercial biopreparats used in the experiment

Trade name Active ingredient Active ingredient ratio
Dacron® WP Bacillus thuringiensis berliner var. kurstaki 32000 IU/mg

Florbac® WG B. thuringiensis var. aizawai strain ABTS-1857 35000 DBM/mg

Dipel® DF B. thuringiensis subsp. kurstaki ABTS-351 32000 CLU/mg

Delfin® WG B. thuringiensis berliner var. kurstaki 32000 IU/mg

Rebound® WP B. thuringiensis var. kurstaki 16000 IU/mg
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of 5% dose applications of commercial bioprepares, the
highest mortality rates on the 3" day counts were deter-
mined in the commercial biopreparats Delfin® (100%),
Dacron’ (96%), Rebound® (96%) and Dipel” (91%). These
commercial biopreparats were statistically at the same
group. On the 5" and 7t" day counts, 100% mortality rate
was determined in all commercial biopreparats (Table 2).

(Youssef and Hassan, 2013). It was determined that T.
absoluta damage was reduced by 98% as a result of the
application of Turex’, Dipel DF" and Costar’ commercial
biopreparats containing Bt to tomato leaves under la-
boratory conditions (Gonzalez-Cabrera et al., 2011). As a
result of the application of Bt (0.5 g/l) isolate under la-
boratory and greenhouse conditions, a mortality rate of

Table 2. Effects of commercial biopreparats on the 3rd instar larvae of Tuta absoluta

Time Intervals (Days)

Biopreparats 1 3rd 5th 7t
NLI Effect% NLI Effect% NLI Effect% NLI Effect%

1% IU/mg Concentration
Dacron® 4.40a 12.00 0.60bc 88.00 0.00b 100.00 0.00c 100.00
Florbac® 5.00a 0.00 2.40bc 52.00 0.80b 84.00 0.20bc 96.00
Dipel® 4.80a 4.00 0.80bc 84.00 0.20b 96.00 0.20bc 96.00
Delfin® 4.80a 4.00 0.20c 96.00 0.20b 96.00 0.00c 100.00
Rebound® 3.00b 40.00 1.60bc 68.00 1.60b 68.00 1.00bc 80.00
Control 5.00a = 5.00a = 5.00a = 5.00a =

3% IU/mg Concentration
Dacron® 2.80bc 44.00 0.40bc 92.00 0.00b 100.00 0.00b 100.00
Florbac® 4.80a 4.00 0.20c 96.00 0.00b 100.00 0.00b 100.00
Dipel® 2.80bc 44.00 0.00c 100.00 0.00b 100.00 0.20b 100.00
Delfin® 4.60a 8.00 1.20b 76.00 0.00b 100.00 0.00b 100.00
Rebound® 4.20a 16.00 0.40bc 92.00 0.00b 100.00 0.00b 100.00
Control 5.00a - 5.00a - 5.00a - 4.40a -

5% 1U/mg Concentration
Dacron® 3.20a 36.00 0.20c 96.00 0.00b 100.00 0.00b 100.00
Florbac® 3.60a 28.00 2.20b 52.00 1.00b 100.00 0.20b 100.00
Dipel® 3.80a 24.00 0.40c 91.00 0.00b 100.00 0.20b 100.00
Delfin® 4.00a 20.00 0.00c 100.00 0.00b 100.00 0.00b 100.00
Rebound® 4.60a 8.00 0.20c 96.00 0.20b 100.00 0.00b 100.00
Control 5.00a - 4.80a - 4.40a - 4.40a -

*The means followed by the same letters within columns are not significantly different from each other according to Tukey’s HSD (P< 0.05). NLI:

Number of living individuals.

DISCUSSIONS

Studies have shown that B. thuringiensis var. kurstaki (Btk)
isolates were found to be effective on all larval instars of
T. absoluta (Giustolin et al., 2001; Cabello et al., 2009). In
another study conducted with B1, B2, B3 and B4 isolates
of Btk, the highest mortality rates were determined were
93.3, 90, 86.7 and 80% for 4" instar larvae, respectively

55-65% was recorded in the 2" instar larvae of T. absoluta
(Jallow et al., 2018).

One day after the application of (Bt) isolate at a concent-
ration of 10° cells/ml to T. absoluta larvae using the spray
method, the highest mortality rates were recorded in the
2" and 3" instar larvae (Rezaei and Talaei-Hassanlous,
2016). Alsaedi et al. (2017) applied 106 cells/ml concent-
ration of Btk isolate to the 1t, 2" 3 and 4t instar larvae
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of T. absoluta and they have reported that the highest
mortality rates were 20, 22.66, 18.66 and 23.33%, respe-
ctively.

It was reported that the damage of T. absoluta decreased
by 91.92% as a result of the application of Btk (Bt, Delfin®
WG, 32000 IU/ mg) -(100 g/hl) + granulated sugar (150 g/
hl) in greenhouse conditions (Doganlar et al., 2015). In a
study conducted by Satis (2013) under field conditions,
the rate of T. absoluta contamination was recorded as
14.8% in the plot where Rebound" (Btk, 150g+100g su-
gar/100 | water concentration) was applied, and as 28.2%
in the control plots. In another study conducted under
field conditions, a mortality rate of 75.9% was determi-
ned with Dipel 2X (Btk, 6.4%, 100 g/100 | concentration)
(Moussa et al., 2013). As a result of the highest rate of
application of Costar’, one of the commercial preparats,
under field conditions, reported that the 3 instar lar-
vae showed higher sensitivity than the 2" instar larvae
(Tsoulnara and Port, 2016). In another study, the com-
mercial preparats were 70% effective for Delfin® and 59%
for Rebound at the licensed concentration (Catalbudak
et al., 2018).

CONCLUSIONS

It was concluded that the 1% dose applications of com-
mercial biopreparats named: Dacron’, Florbac’, Dipel’,
Delfin® and Rebound® applied against the 3™ instar T.
absoluta larvae, under laboratory conditions, where ca-
used 100% mortality by Dacron’ biopreparat on the 5t
day counts and Delfin® commercial biopreparats on the
7" day counts. 3 and 5% dose applications of all com-
mercial biopreparats used against tomato lifeminer were
recorded 100% mortality on the 5" and 7" day counts.
The resulted percentage of mortality increased by incre-
asing the concentration of the commercial biopreparats
tested. Evaluation of the tested commercial biopreparats
under field conditions is needed.
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Abstract

This study was conducted under ecological conditions of Canakkale (Turki-
ye) province to investigate the effects of different ammonium nitrate (33%
N) dose (0, 50 and 100 g m) on nitrogen, protein, macro-micro nutrient
analyses of 3 different commonly cultivated grass varieties (Lolium perenne
TOPGUN, Festuca rubra SERGEI and Poa pratensis AVALANCHE). Plant nitro-
gen-protein analyses (nitrogen, protein) were determined besides plant
macro-micro nutrient analyses (phosphorus, potassium, calcium, magne-
sium, Iron, manganese) of grass plants were determined. In the study, in ad-
dition to having information about the mineral content of grass species re-
moved from the soil, the potential of the cuttings, which are formed when
the grass plants are mowed, when used as green manure or compost has
been determined.

Fertilizer treatments increased nitrogen, phosphorus, potassium and pro-
tein contents of grass clippings and decreased calcium, iron, magnesium
and manganese contents. In general, it was determined that the applica-
tion of ammonium nitrate (33% N) at a dose of 100 g m* increased the ni-
trogen, protein, phosphorus and potassium amounts of plants compared
to the application of ammonium nitrate (33% N) at a dose of 50 g m™. Es-
pecially nitrogen phosphorus potassium fertilizers are among the fertilizers
applied in intensive amounts in the agricultural sector. It is seen that nitro-
gen-containing ammonium nitrate fertilizer applied to grass plants increas-
es the nitrogen content of grass plants. When the results of the study were
examined, important information was obtained about how the fertilization
density affects the nutrient content of the grass plants according to the
species.

Keywords: Grass species, Grass clippings, Fertilization, Mineral composition,
Aesthetic and functional effects

INTRODUCTION

World consumption of major mineral fertilizer elements such as nitrogen,
phosphorus and potassium has increased steadily from 112 million metric tons
in 1980 to 143 million metric tons in 1990 to meet the increasing food deman-
ds and has remained stable over the last ten years. Unused minerals can intru-
de into surface waters, hold on to soil particles or cause air pollution (Taiz and
Zeiger, 2008). According to the data of 115 countries in terms of nitrogen, it is
reported that 161 metric tons of nitrogen was consumed for products up taking
73-86 metric tons of nitrogen and nitrogen use efficiency was calculated as 46%
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(Zhang et al., 2021). Since a significant part of nitroge-
nous fertilizers is used to provide continuous green cover
in sportive and recreational areas, the nitrogen balance
between the nitrogen applied to green areas and the nit-
rogen removed through mowing is an important issue. It
is thought that the data obtained from this study, which
was designed to determine the effects of different nit-
rogen fertilization applications on mineral composition
of grass, will have great contributions to scientific litera-
ture (Atar, 2020). The grass clippings that emerge during
mowing can be used in the form of green manure, mulch
and compost (Anonymous, 2021a). Organic materials ob-
tained from grass clippings can help in reaching the ideal
form (management) when the soil is sandy, heavy clayey
or poor in organic matter.

Composting is a process of inoculating grass clippings or
the other plant materials with a small amount of soil, inc-
luding microorganisms that decompose organic matter,
until reaching odorless, dark-colored and slightly moist
form through aeration and maturation stages. Grass clip-
pings with high nitrogen contents may offer great cont-
ributions to compost piles. Grass clippings should not so-
lely be a compost material, but should be mixed with dry
materials such as leaves or straw (Anonymous, 2021b).
When grass clippings are used as mulch, they help ma-
intain soil moisture and prevent weeds on soil surface.
Clippings can also be used as green manure (Anony-
mous, 2021c). Agustina and Sriharti (2020) reported that
they obtained compost by mixing grass clippings with
goat manure, rice bran and three different commercial
microbial activators.

Fernando et al. (2015) conducted a study to determine
whether an approach focused on producing perennial
herbs as a source for bio-based (bioenergy) crops in mar-
ginal Mediterranean soils (without consuming soil nut-
rients, water resources or adversely affecting biological
and landscape diversity) could diminish greenhouse gas
(GHG) emissions. In their study, they mentioned that the
demand for more new, various and sustainable agricul-
tural production systems has increased due to reasons
such as the decrease in supply and safety of petroleum
based materials, climate change, and increase in environ-
mental concerns. They concluded in their study that it is
possible to grow perennial herbs in marginal Mediterra-
nean soils and would have relatively few environmental
side effects if properly managed.

Among the purposes of fertilization applications is to
determine the degree of effect of high-dose fertilizati-
on on plants. Williams and Silcock (1997) conducted an
ammonium nitrate fertilization study on Sphagnum ma-
gellanicum plant. It was reported that 1 g N m-2 year-1
ammonium nitrate treatments promoted plant growth
and development; 3 g and 10 g N m-2 year-1 treatments
did not have any favorable effects on plant growth and
development. It was stated that increase in N without an
increase in carbon quantity of the plant caused a decrea-
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se in C:N ratio in plant tissues.

Some plant species may remove more nutrients from
soil than other species. Singh et al. (2015) conducted a
study on mineral composition and nutrient removal of
6 perennial grass species [(sugarcane (Saccharum spp.
hybrid), energy cane (Saccharum spp. hybrid), sweet
cane (S. arundinaceum (Retz.) Jesw.), elephant grass (P.
purpureum (Schum.)), giant miscanthus (Miscanthus X gi-
ganteus (Greef and Deuter ex Hodkinson and Renvoize),
giant reed (A. donax L.)]. The greatest N, P and K removals
were observed in sugarcane, sweet cane, energy cane
and elephant grass varieties and the lowest in giant mis-
canthus variety. Significant variations were observed in
nutritional composition of the varieties.

The amount of nutrients that plants remove from the soil
can also vary according to the dose of fertilizer used (Bal-
¢l and Taban, 2018). Kleiber and Komosa, (2011) applied
0,50, 100, 150, 200 mg N dm-3 ammonium nitrate doses
to soils in which mixture of different grass species [(pe-
rennial ryegrass (L. perenne L.) var. Grasslands Nui (45%),
tall fescue (F. arundinacea Schreb) Finelawn (25%), red
fescue (F. rubra)] Hack.) Olivia (10%), red fescue (F. rubra
Hack.) Boreal (15%) and Kentucky bluegrass (P. pratensis
L.) Balin (5%)] were sown. It was reported that Fe content
of above-ground parts of the plants decreased in 150
and 200 mg N dm-3 treatments and there was no signifi-
cant difference in the other treatments. It was also repor-
ted that Mn contents increased in 50, 100, 150 mg N dm?
treatments and there was no significant difference in the
other treatments.

In the light of above-specified studies, objectives of the
present study were set as:

«  To determine the effects of ammonium nitrate ferti-
lizer doses on mineral composition of the plants,

«  To determine the changes in nutritional compositi-
on of grass species when the clippings were used in
compost or mulch production,

«  To determine optimum fertilization practice for clas-
sical grass applications.

Grass plant; predominantly aesthetic and functional use
and marked by different shades of green, can grow up to
10-15 cm from the surface, form superficial roots and can
be walked on ground cover plants. Within the scope of
design and planning principles and elements, it is essen-
tial for landscaping or open and green areas. Especially in
urban areas, the richness of aesthetic and functional use
is the determinant of the quality of life of the individual
today. In other words, it is an indispensable landscape di-
mension that offers the opportunity for the individual to
renew himself or to use recreationally in terms of physi-
cal and spiritual. Grass species, which play an important
role in the landscape as a green surface cover, are mem-
bers of the Graminae family. With the spread of outdoor
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sports such as football and golf, the role of grass areas in
planning has also started to increase (Anonymous, 2008).

Definition and Importance Grass plants are horizontal
elements of space. It gives vitality and beauty to the en-
vironment in which they are located. Grass plants; It has
many functional effects in parks and gardens, playgroun-
ds, promenades. Functional Effects « Absorbs the sun's
rays in large areas. « Eliminates dust problem. - Prevents
erosion in inclined places. « Provides a place of play and
rest for people. Aesthetic Effects « Provides a beautiful
appearance. - Beautifies the urban appearance. - Creates
color harmony with other plants used in the park and
garden. Lawn plants are the cornerstones of grass cover.
Grass plants should tend to form a densely formal struc-
ture, especially spread out with leaf shoots. Grass plants
have some characteristics that they are desirable to have.
These are; Main Features - Resistant to form « Strength
ability - Regeneration strength « Competitiveness « Roo-
ting intensity Auxiliary features « Resistance to diseases «
Pressability « Minimal tangling « Suitable color « We can
list it as drought resistance. In order to grow grass plants
in the best way, it is necessary to know the botanical fea-
tures of plants in this group, such as leaves, roots, stems,
rhizomes, stolon (Anonymous, 2008).

The general definitions of the 3 grass seeds evaluated
within the scope of this study are mentioned below.

Lolium perenne (English grass); It is a type of perennial
grass that is not very resistant to being pressed and in
hot climate, developing quickly, preferring more flat are-
as. It stands out for its plump structure and fringe root,
which loves fertilization (Anonymous, 2008).

Festuca L. (Yumak); It has a thin and hard texture and
is resistant to printing. It is a type of grass that is close to
blue or green in color, resistant to arid and unproductive
soils, loves perennial, shaded environments.

Poa pratensis L. (Meadow panicle grass): This species,
which is resistant to diseases, contraction and drought, is
perennial and attracts attention with its fine texture and
dark green color. It is preferred in repairing deteriorating
places in grass areas with good development in shaded
and calcareous environments (Anonymous, 2008).

MATERIALS AND METHODS

The study was carried out under the ecological condi-
tions of Canakkale province. This study, which provides
a different approach to the lawn area facility within the
scope of landscape design and planning, focuses on the
inclusion of clippings obtained from mowing the lawn
in the fertilizer support program. In this context, in the
study, the reactions of 3 different grass species suitable
for the ecology of the region to the application of Am-
monium Nitrate in different doses and the determination
of nutrients within the scope of the content were inves-
tigated. Therefore, a significant development in cultivati-
on will be achieved by using the clippings obtained due

to mowing in the fertilizer support program within the
scope of the nutrients it contains. A map of the location
of the workspace is given in Figure 1.
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Figure 1. The location map of the study area

The L. perenne TOPGUN (British Grass), F. rubra SERGEI
(Red Festuca) and P. pratensis AVALANCHE (Blue Grass)
were used as the plant material of the present study. Am-
monium nitrate (33% N) fertilizer was applied to grass
species at 0, 50 100 g m-2 doses (Table 1). Seeds were
manually sown into equal-size boxes (40x60x10 cm) fil-
led with equal quantity of soil. Boxes of grass varieties
irrigated daily with a watering can until the sand filled
with water and boxes irrigated until excess water seeps
out of the holes in the bottom of the boxes. A plastic
sheet was kept ready next to the trial in case the newly
planted grass seeds would come out of the container
in case of rain. In order to protect the grass seeds from
excessive heat and sunlight until germination, the seeds
were covered with a net shading material with 40% light
transmission until germination was completed.

It is known that all cultivars included in the study are
drought resistant cultivars. It is known that the FR variety
is a shade-tolerant variety. In addition, it is known that
LP and FR varieties are easily germinated and tilled varie-
ties. It is known that the PP variety spreads easily with the
help of root stems.

Experiments were built in randomized plots design with
5 replications on 36 plots (3 grass species x 3 treatments
including control x 4 replicates). Statistical analyses were
conducted on measurement, observation and analysis
data.

Analysis-based parameters of grass plants

Plant nitrogen-protein analyses; green parts of dried
grass plants were ground in a plant mill with steel bla-
des. Ground samples were wet-digested (Miiftlioglu et
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al, 2014) and nitrogen contents were determined with
the use of Kjeldahl device (Bremner, 1965). Resultant nit-
rogen contents were multiplied by a coefficient of 6.25
to get protein contents of the samples (Kacar and inal,
2008).

Plant macro-micro nutrient (K, P, Mg, Ca, Fe, Mn) analy-
ses; previously dried and ground (Kacar and inal, 2008;
Muftiioglu et al., 2014) samples were wet-digested (Jo-

Table 1. Grass varieties and fertilizer doses

Fertilizer
Grass Varieties Doses Code Replicate
(g.m?)
Lolium perenne 0 LPO 4
TOPGUN 50 LP50 4
(British Grass) 100 LP100 4
Festuca rubra 0 FRO 4
SERGEI 50 FR50 4
(Red Festuca) 100 FR100 4
Poa pratensis 0 PPO 4
AVALANCHE 50 PP50 4
(Blue Grass) 100 PP100 4

nes et al., 1991) and resultant extracts were subjected
to macro-micro nutrient analyses in an ICP-OES (Perkin
Elmer Optima 8000) device. A verification reading was
performed in the device with the control sample in every
20 readings.

Experimental soil properties; medium-textured field
soil taken from Lapseki (Canakkale/Turkey) location was
used in present experiments. Soil samples were initially
dried at shade, then fragmented with a wooden hammer
and pass through 2 mm sieve. Samples were made re-
ady for analyses as indicated by Miftioglu et al. (2014).
Soil samples were analyzed for the relevant parameters
in accordance with the relevant methods and results are
provided in Table 2.

Statistical analysis: Experimental data were subjected to
variance analysis in accordance with randomized plots
design with the use of SAS.9 software. Significant means
were compared with the use of LSD test (P<0.05) (Yurtse-
ver, 1984). Bi-plot analysis was used for interpretation of
data on morphological and chemical parameters.

RESULTS AND DISCUSSION

In all varieties, nitrogen, protein, potassium contents
were increased with increasing dose of fertilization tre-
atments (Table 3). Nakano et al. (2008), reported that
increasing the dose of applied N at active tillering and
anthesis periods generally increased grain protein con-
tent in bread wheat cultivar ‘Minaminokaori. Godebo et
al. (2021), applied N (0, 23, 46, 69 kg Nha-1) and K,0 (0,
30, 60 kg Nha-1) on bread wheat and increased N doses
resulted as increasion of K uptake in bread wheat (Triti-
cum aestivum L.) at 0 doses of K,O treatments.

Table 2. Experimental soil properties

Soil properties Analysis value Unit Method

Soil reaction (pH) 6,44 (Slight _ (Richards,
1:2.5 aqueous mixture acidic) 1954)
Soil salinity (EC) 1:2.5 . dS  (Richards,
aqueous mixture Uz ursalice) m’'  1954)
Soil organic matter o (Jackson,
(OM) 1,82 (Low) % 1958)
(Allison ve
Lime (CaCO,) 3,86 (Low) % Moodie,
1965)
Texture (Sand-Silt- 35-29-36 (Clay- o Bouyoucos
Clay) Loam-CL) ° (1951)
. Bremner
0
Total nitrogen 0,12 % (1965)
. Olsen et al.
Available phosphorus 10 ppm (1954)

In LP variety, manganese content was not change with
both fertilization treatments and there were not im-
portant statistical change (P<0,05) in iron content with
100 g m-2 fertilization. Sharp increase was detected in
phosphorus content with 100 g m-2 fertilization. Calcium
and magnesium contents statistically (P<0,05) decreased
with both fertilization treatments while iron content dec-
reased with 50 g m-2 fertilization.

I[ron contents did not change with both fertilization tre-
atments in FR variety. In PP variety, iron contents decre-
ased with both fertilization treatments. Kleiber and Ko-
mosa (2011) reported decreasing iron contents of grass
species with 150 and 200 mg N dm-3 ammonium nitrate
treatments.

Manganese contents, which did not change in LP variety
with fertilization treatments; decreased in FR variety with
fertilization treatments. In PP variety it did not change
with 50 g.m-2 fertilization treatment and increased with
100 g.m-2 fertilization treatment. Kleiber and Komosa
(2011) reported increasing manganese contents of grass
species with 50, 100 and 150 mg N dm-3 ammonium nit-
rate treatments.

In FR variety, phosphorus changes in plots without and
with 100 g m-2 fertilization were placed into the same
group statistically (P<0,05). Calcium and magnesium
contents decreased statistically (P<0,05) with fertilizati-
on treatments and more decrease occurred with more
fertilization doses.

In PP variety there was a visible increase in phosphorus
content with both fertilization treatments. Decreasing
calcium contents were seen in all varieties with fertiliza-
tion treatment. PP variety didn't show same results with
other varieties about decreasion of magnesium content
with fertilization treatments.

In non-fertilized plots, significant differences were not
observed in potassium, nitrogen and protein contents.
As compared to the other varieties, LP variety had gre-
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ater phosphorus contents and PP variety had greater
iron contents. FR variety had lower magnesium content
than the other varieties. In terms of phosphorus, iron and
magnesium contents, afore-mentioned varieties were
placed into the same statistical group (P<0,05). In terms
of calcium content, grass species were ordered as LP > FR
> PP and manganese contents as FR > LP > PP.

PC1 (1st Component) and PC2 (2nd Component) are
the two main components used to achieve the biplot. In
study, PC1 and PC2 scores describe the interaction of 3
grass varieties and 2 fertilization applications for 8 mine-
ral components by 78,5%.

Biplot graph for mineral contents of grass plants (Figure
2) revealed that the plots without fertilization (LO, FO, PO)
and iron, magnesium, calcium and manganese parame-
ters were placed in the same direction (PC1<0). The ferti-
lized plots (L50, L100, F50, F100, P50, P100) were placed
in the same direction (PC1<0) with nitrogen, phospho-
rus, potassium, protein parameters.

Such a case revealed that a decrease was seen in iron,
magnesium, calcium and manganese contents of grass
varieties and an increase was seen in nitrogen, phospho-

It was observed that fertilizer treatments at different
doses resulted in different mineral contents in different
grass varieties. In addition, it was determined that am-
monium nitrate fertilization significantly increased the
phosphorus and potassium contents of grass plants. This
showed that only as a result of nitrogen-containing fer-
tilization, grass plants also absorb the phosphorus and
potassium contents of the soil. It is seen that the use of
clippings fertilized with ammonium nitrate in a com-
post application to be made using grass clippings will
contribute to indirectly benefiting from the ammonium
nitrate fertilizer applied to grass plants. This contributi-
on may also be in the direction of benefiting more from
the phosphorus and potassium content in the soil where
grass plants are grown. At the same time, it should not
be forgotten that if the grass plant provides the desired
parameters such as surface coating, texture, color, plant
height as a result of fertilization applied at a low rate,
fertilizing at high doses can be avoided both in terms of
environmental health and economically. In addition, as

Table 3. Change in some nutrients of the seedlings based on grass varieties and fertilization treatments

Nitrogen Nitrogen Protein Phosphorus Potassium Calcium Magnesium Iron Manganese

Varieties dose (%) (%)
(gm?) 0 0 (ppm)

Lolium 0 1.69F* 1057 F 1942 CD 13789 D 11079 A 6553 AB 1011 BC 125.2 BC
perenne 50 241D 15.09D 1991 BCD 22706 B 7291 CDE 5684 C 737.7 C 119.5BC
Topgun
(ngg 100 2.77 A 1729A 2607 ABC 27157 A 7617 CD 5223C 906.3 BC 118.6 BC
Festuca 0 1.69 F 10.54 F 1577.71 D 13560.3D 10057.6B 6305.92 B 932.3 BC 2183 A
rubra 50 226 E 14.1E 2791.62 A 214146B 8072.54C 5727.07 C 844 BC 149.6 B
Sergel
(FR)g 100 276 A 1728 A 158339D 275432 A 6503.42E 4564.28 D 924.6 BC 133.4BC
Poa 0 1.68 F 10.49 F 1432 D 10900 D 8108 C 6530 AB 1625 A 105.3C
pratensis 50 253C 1581 C 2655 ABC 17384 C 6747 DE 6961 A 1081 BC 102.5C
Avalanche
(PP) 100 2.63B 16.43 B 2720 AB 21043 B 6741 DE 6428 B 1313 AB 121.7 CB
LSD 0.0935 0.5846 735.86 3276.2 1021.2 504.24 478.45 38.844

*: Means indicated with different capital letters in the same column are significantly different.

rus protein and potassium contents of grass varieties
with fertilization treatments.

When the issues other than fertilization applications
were evaluated, it was seen that the FR variety had al-
most twice the manganese content of the other varie-
ties. It has been observed that the manganese content of
a compost to be produced using the clippings obtained
from this variety will be much higher than the compost
produced from other varieties. The same is true for the
iron content of the PP variety. From here, it is seen that
the elements in some soils rich in the mentioned ele-
ments can be transferred to the soils that need these
elements with the help of grass plant compost by using
specific grass varieties.

seen in the study, a decrease was observed in the micro
element content of grass with ammonium nitrate fertili-
zation. This shows that the micro element content of the
compost material, which produced using grass clippings
with ammonium nitrate fertilizer applied, will be lower
than the subject without fertilizer application. If the com-
post produced from grass clippings is planned to be app-
lied to the farm, it is thought that it may be beneficial to
consider this situation.

Further research is recommended to be conducted un-
der micro-scale controlled conditions with different
grass mixtures, different fertilizers and different soil ty-
pes for longer durations.
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Abstract

Juncus acutus, a wetland plant, helps improve habitats for both terrestrial
and aquatic creatures and spawning grounds for fish. A variety of wetland
birds use between the trunks of the juncus as a shelter. They also help pre-
vent soil erosion due to their extensive root systems. On the other hand, it
can be said that it has a negative effect on the feeding of grassland animals
due to the high density in wetlands.

Plant materials from Juncus acutus, which is intensively located in the
Kizilirmak Delta, were taken in two different periods, in April and July. The
changes in the nutrient content of the plant during the spring and summer
periods were investigated and the quality features were divulged. Accord-
ing to the research results; It was observed that the water buffaloes in the
Kizilirmak Delta were not fed with Juncus acutus for feeding purposes, the
forage quality was low, but the livestock grazed a little on Juncus acutus
when they first went to the wetland in early spring.

Keywords: Kizilirmak Delta, Juncus, Quality, Buffalo

INTRODUCTION

When the main habitat types and related habitats are examined in the Kizilirmak
Delta, it has been determined that there are 12 different species groups (plant
associations, plant communities). These groups of species have come together
in different parts of the delta according to their relations and contacts with fresh
and salt water, changes in soil structure and formed plant communities with dif-
ferent floristic compositions (Sahin et al. 2013). One of these plant communities
is salt marshes.

Salt marshes are distinguished from dunes and forests in the Kiziirmak Delta, es-
pecially in the vicinity of lakes, in that they grow on heavier textured alluvial soil
at the base. The soil structure is relatively salty and is well salted in places. Most
of these swamps are submerged in winter by the growth of lakes. Therefore, it
consists of water and salt resistant species. The dominant species of these com-
munities are Juncus species (Sahin et al. 2013).

Juncus species are generally considered beneficial in wild ecosystems. Juncus is
used as food and habitat by a wide variety of mammal and bird species (Hoag
and Zierke 1998). Juncus can be said to have positive effects on wetlands in ero-
sion control, sediment deposition and stabilization, nutrient uptake and conver-
sion, wildlife food and cover, restoration and creation of wetland ecosystems,
and wastewater treatment applications (Stevens et al. 2012).

It is known that Juncus is soft during the fresh sprout period when they give new
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shoots from the soil and are eaten fondly by buffaloes.
In this way, the spread of the pods, which are eaten and
atrophied during the sprouting period, is taken under
control. However, due to the fluctuation of the buffalo
population in the delta in the last 20-30 years, the pres-
sure on grazing of cows has not followed a regular course.
Buffaloes in the delta are not affected by this plant with
their thick skin, and they spend a lot of time here as they
like to lie in swampy soil. Therefore, the plants between
the buffaloes are overgrazed, and pits are formed in the
places where the buffaloes tread heavily on the soft soil.
(Anonymous, 2018). The reason why buffaloes live in
wetlands is that they have problems withstanding high
temperatures. This is because they have skin that is about
six times thicker than that of cattle and they have about
one-sixth as many sweat glands as cattle (Sambraus and
Spannl-Flor 2005).

In this study; The quality characteristics of Juncus acutus,
which is densely located in the Kizilirmak Delta, were ex-
amined in two different periods, March and July.

This research was carried out in the Kizihrmak Delta in
March and July 2022. The study area, its northern end,
is at 41° 4323" N, 35° 5813" E; Its southern end is locat-
ed between 41°3359" N, 35° 5903 E. The altitude of the
area from the sea is in the range of 0-5 m. Plant samples
were taken from Juncus acutus, which is densely located
in the Kizihrmak Delta, in 2 different periods (March and
July). The plant samples taken were dried in a drying cab-
inet at 70°C for 48 hours (Albayrak and Oten, 2020). For
crude protein content, 1 g of each grinded sample was
weighed and crude protein ratios were determined as %
by applying the Kjeldahl method with the help of pre-
viously prepared solutions. ADF and NDF analyzes were
made with the help of ANKOM 220 Fiber Analyzer (An-
kom Technology, Magedon, NY, USA) according to the
principles reported by ANKOM technology (Albayrak and
Oten, 2020). Samples were analyzed in 3 replications.

Total digestible nutrients (TDN), Dry matter intake (DMI),
Digestible dry matter (DDM), Metabolic energy (ME) and
Relative feed value (RFV) were calculated according to
the equation specified by (Albayrak et al. 2012).

TDN = (-1.291 x ADF) + 101.35

DMI = 120% NDF % dry matter basis

DDM = 88.9-(0.779 x ADF % dry matter basis)
ME = 0.15 x ADF (MJ/kg KM)

RFV = DDM x DMI x 0.775

The values of the quality parameters of Juncus acutus are
given in Table 1. In their studies on Juncus acutus, it was
reported that the crude protein ratio was in the range of
4.85-7.10% (Erdem et al. 2015; Gen¢ et al. 2017; Joshi et al.
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Average Crude protein ratio (CP), Fiber insoluble in
acid solvents ADF), Insoluble fiber in neutral solvents (NDF),
Total digestible nutrients (TDN), Dry matter intake (DMI), Di-
gestible dry matter (DDM), Metabolic energy ( ME) and Rela-
tive Feed Value (RFV)

CcP ADF NDF TDN ME RFV
(%) (%) (%) (%) (MJ/kg)
April 5.27 4582 7258 4220 6.87 68.18
July 4,12 4894 77.23 38.17 7.34 61.14

2018). In order to maintain its weight in various ruminant
animals, the crude protein ratio of the forage consumed
should be at least 6 -8% CP (Esmaeli and Ebrahimi, 2003;
Moinuddin et al. 2012). In our study, HP ratio of Juncus
acutus decreased from 5.27% in April to 4.12% in July.
Therefore, it can be said that the water buffaloes released
to the delta in the Kizilirmak Delta in April ate the Juncus
acutus, although partially, and the crude protein ratio of
the plant remained within the quality limits during this
period. The stem ends of Juncus acutus are pointed and
stinging. Therefore, they do not graze in the late period.
In the absence of grazing pressure, they develop and
spread easily. However, it is known that Juncus acutus is
soft during the fresh sprouting period when it gives new
shoots from the soil, and it is fondly eaten by buffaloes
taken to the delta with spring (Anonymous, 2018).

The ADF rate of Juncus acutus was determined as 45.82%
and the NDF rate as 72.58% in April, these values in-
creased to 48.94% and 77.23%, respectively, in July. While
the total digestible nutritional value (TDN) was 42.20% in
April, it was 38.17% in July.

Fibers contain the least digestible parts of the herb. NDF
ratio is always higher than ADF ratio (Cash and Bow-
man, 1993). In studies on the determination of ADF and
NDF ratios of Juncus acutus plant; Young et al. (2017)
found the ADF rate to be 48.81% and the NDF rate to
be 74.83%. Cetinkaya and Erdem (2015) determined the
ADF rate of Juncus acutus as 45.84% and the NDF rate as
73.14%. Like non-halophytic roughages, most halophytic
roughages have high nutritional and palatability early in
development, whereas the reverse is true late in growth
(El Shaer, 2010). As a matter of fact, in our study, while the
ADF and NDF ratios of Juncus acutus were lower at the
beginning of spring, it was observed that the fiber con-
tent of the plant increased in the middle of summer. The
chemical composition of halophyte roughages affects
their flavor. For example, if the percentage of crude fiber
is high in roughage, it will play an important role in the
selection by the livestock. Forages with high fiber con-
tent are generally preferred by cattle more than sheep
and goats (Attia-Ismail, 2018). Considering that the study
area is grazed by the buffalo population, it should be
considered that Juncus acutus, which lives in a salty envi-
ronment, is preferred by this livestock.

The metabolic energy values of Juncus acutus were mea-
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Figure 3. Water buffaloes resting in mud in area sur-
rounded by Juncus acutus.

sured as 6.87-7.34 MJ/kg DM. Nutritional value param-
eters differed from species to species, and it has been
reported in many studies that the nutritional values of
various species may differ from each other. As a matter
of fact, Erdem et al. (2015) The metabolic energy value of

Juncus acutus was 6.44, Geng et al. (2017) 6.89, Cetinkaya
and Erdem (2015) determined 8.65 MJ/kg DM.

The Relative feed value (RFV) of the plant decreased from
68.18 in April to 61.14 in July. It is reported that if the RFV
value of fodder is greater than 180, it is in the highest
quality class, in the range of 150-180 superior, 125-150
good, 100-120 medium. If the RFV of the herb is below
100, it has low quality values (Albayrak and Oten, 2020).
In the present study, relative feed value of Juncus acutus
has low-quality class.

CONCLUSION

It was concluded that the quality values of Juncus acutus,
which is densely located in the Kizilirmak Delta, are low.
Although it is seen that the buffalo population grazing in
the delta grazes the plant at the beginning of spring; Jun-
cus acutus should not be seen as the main food source
for livestock.
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Abstract

The emergence of some physiological and fruit quality problems due to
the common squash rootstocks used in watermelon has led researchers to
search for alternative rootstocks sources. Exploitation of novel Citrullus ger-
mplasm such as citronmelon (Citrullus lanatus var. citroides) is an alternative
to avoid these problems. In this study, rootstocks potential of auto and allo-
tetraploid citrullus genotypes for watermelon were investigated as regard
to plant growth and some physiological parameters under hyroponic con-
ditions. Plant length was significantly affected by rootstock genotype and
the longest plant stem was measured in watermelon plants grafted on N7-
4T tetraploid rootstock (62.67 cm) while the shortest stem was measured in
grafted plants onto autotetraploid Calhounn Gray with 14.33 cm. Among
the graft combinations, N7-4T/CT (93.33 g) and CN7-5T/CT 95.00 g) graft
combination produced the highest shoot fresh and dry weight. As in shoot
fresh weight, the exploitationted on to tetraploid rootstock produced high-
er root fresh and dry weight than the plants grafted on diploid rootstocks
and commercial rootstock. The highest root fresh and dry weight were
determined in the plants grafted on to autotetraploid N5-4T and allotetra-
ploid CN7-5T. Root characteristics were significantly affected by rootstock
genotypes. The N, P, K and Ca contents of the leaves of the CT watermelon
cultivar grafted on different rootstocks were significantly affected by the
rootstocks. This study showed that citrullus tetraploid genotypes (auto and
allo) to be produced by polyploidy method can be an important alternative
rootstock source for watermelon.

Keywords: Hydroponic culture, Rootstock, Scion, Tetraploid, Citron and
Watermelon

INTRODUCTION

Watermelon [Citrullus lanatus (Thunb.) Matsum. & Nakail, a member of the Cu-
curbitaceae family and a fruit-bearing vegetable, was the second most-produced
vegetable after tomato worldwide with a production of 101620420 tons in an
area of 3053258 ha in 2020. Watermelon, grown in many parts of the world, cov-
ers 7% of the fruit and vegetable production areas. However, watermelon pro-
duction is concentrated in China, Middle East countries, India, USA, Africa, Japan
and some European countri (Faostat, 2022). As in other vegetable species, water-
melon is also susceptible to many abiotic and biotic stress factors. The primary
factor in coping with stress factors is genotypic resistance/tolerance. The devel-
opment of cultivars with multiple resistance to both biotic and abiotic stress fac-
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tors takes a very long time or is sometimes not possible
due to genetic barriers between species. For this reason,
one of the approaches used to overcome with stress con-
ditions and to support plant growth is to graft sensitive
commercial genotypes onto the stress-resistant geno-
types (rootstocks) (Amaro et al., 2014; Rouphael, Carda-
relli, Rea, & Colla, 2012; Zhong & Bie, 2007) . The primary
starting point for grafting in vegetable crops is to pre-
vent damage caused by soil-borne pests and pathogens
(Oda, 2002; H Yetisir & Sari, 2003). However, in the last few
decades, it has also been reported that grafting of vege-
table crops onto suitable rootstock improves tolerance
to abiotic stresses such as drought, low soil temperature
and salinity, to increase water and nutrient use efficien-
cy, and fruit yield and quality (Edelstein, Plaut, & Ben-Hur,
2011; Lee & Oda, 2010; Nisini et al., 2002; Oda, 2002; Ri-
vero, Ruiz, & Romero, 2003; Romero, Belakbir, Ragala, &
Ruiz, 1997; Shimada & Nakamura, 1977). Although utili-
zation rates varies, the most common commercial root-
stocks for watermelons are Cucurbita interspecific hy-
brids (C. moschata Duch. x C. maxima Duch.) and bottle
gourd (Lagenaria siceraria Standl.) hybrids. Grafting can
affect the plant performance positively or negatively
depending on the rootstock/scion interaction. There is
consensus among researchers that grafting watermelon
on Cucurbita or Lagenaria rootstocks tends to increase
plant vigor, fruit weight, and yield (Alexopoulos, Kondy-
lis, & Passam, 2007; Cushman & Huan, 2008; Yetisir, Kurt,
Sari, & Tok, 2007). Rootstock/scion incompatibility is the
most obvious cause of the adverse effect on the grafted
watermelons. However, different effects on pant growth,
yield and fruit quality were commonly reported even in
compatible graft combinations. These effects are due to
rootstock/scion interaction, which can alter nutrient and
water uptake, hormone synthesis, photosynthesis, and
other metabolic processes (Aloni, Cohen, Karni, Aktas, &
Edelstein, 2010). Grafted plants onto vigorous roostocks
absorb more water and ions than ungrafted plants and
carry these water and ions to the above ground graft. lon
uptake is regulated by a complex communication mech-
anism between the scion and rootstock and vigorous
rootstocks with higher root volume increase plant nu-
trient uptake (Albacete et al., 2009; Gregory et al., 2013;
Huang et al.,, 2013; Nawaz et al., 2016; Schwarz, Oztekin,
Tuzel, Briickner, & Krumbein, 2013; Uygur & Yetisir, 2009).

It has been recently reported that grafting on different
rootstocks can play an important role in the differenti-
ation of physiological processes of watermelons and
induce different gene expressions in the scion (Aslam et
al, 2020; Liu et al., 2016). Therefore, there are conflicting
reports in the literature about the effect of grafting on
pumpkin rootstocks on the fruit quality of watermelon.
One way to solve the quality problems in grafted water-
melon production mentioned above may be to use root-
stocks developed from the Citrullus genus (Edelstein et
al., 2014). The most important disadvantage of the gen-
otypes that can be used as rootstock for watermelon in
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the Citrullus germplasm is that their plant vigor is weak-
er than the existing commercial gourd rootstocks. With
polyploidy breeding method, it is possible to develop
polyploid genotypes with higher plant vigor. An import-
ant promising alternative rootstock candidate for water-
melon is Citrullus lantus var. citroides (LH Bailey) Mansf.
ex Greb., also known as citron melon (Fredes et al., 2016).
Levi et al,, (2014), reported that seedless (triploid) water-
melon cultivars produced higher yield when grafted onto
autotetraploid Citrullus lanatus var. citroides rootstocks
compared with those grafted onto commercial Cucurbi-
ta or Lagenaria rootstocks. According to available litera-
ture, studies on the rootstock potential of autotetraploid
genotypes developed from the Citrullus genera are quite
limited and there are no studies on the rootstock poten-
tials of allotetraploid Citrullus genotypes.

Therefore, in this the rootstock potential of auto and al-
lotetraploids of Citrullus lanatus var. citroides for water-
melon was investigated under hydroponic conditions
and it has been determined that there are promising
tetraploids producing vegetative growth results close to
commercial rootstocks.

Plant materials used in hydroponic testing are auto and
allotetraploids, original diploid parent lines, commercial
rootstocks (RS841 and Argentario), and the Crimson Tide
watermelon variety. In 2019 growing season, hybrids
were produced between Calhoun Gray watermelon
cultivar and N3, N5 and N7 citron genotypes. Auto and
allotetraploid genotypes were produced at Erciyes Uni-
versity, Faculty of Agriculture, Department of Horticul-
ture within the framework of a Ph.D. study. Chromosome
number was duplicated according to (Ra et al., 1995) by
%0.5 colchicine application. Argentario Commercial Cu-
curbita and Lagenaria rootstocks and Crimson Tide wa-
termelon cultivar were used for comparison. The list of
plant materials used in the study is given in Table 1.

One hundred seeds from each rootstock and a sufficient
number of seeds from Crimson Tide (scion) were sown in
multipots filled witha mixture of peat (pH: 6.0-6.5) and
perlite in a 2:1 ratio and then the appropriate seedlings
were selected for the grafting process at the first true leaf
stage. The seedlings were grafted “Splice Grafting” (sin-
gle cotyledon) following the procedure described by Lee
& Oda (2010), while non-grafted Crimson Tide seedlings
were used as control plants Thirty seedlings from each
rootstock were grafted. Grafted seedlings were kept in
a post-graft care unit in 90-95% humidity, 22-25 °C, and
semi-shaded for one week. The graft success rate was
evaluated 14 days after grafting and the survival rate was
expressed as a percentage of the total number of the
grafted plants. Plants with severely wilted scion and root-
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Table 1. Rootstocks code, name and ploidy level

Rootstock
Ploidy Level

Rootstock Code

Calhoun GrayT (Citrullus lanatus) Autotetraploid

N3T (Citrullus lanatus var. citroides) Autotetraploid

N5-3T (Citrullus lanatus var. citroides) Autotetraploid

N5-4T (Citrullus lanatus var. citroides) Autotetraploid

N7-3T (Citrullus lanatus var. citroides) Autotetraploid

N7-4T (Citrullus lanatus var. citroides) Autotetraploid

CN3-2T (Citrullus lanatus var. citroides) Allotetraploid

CN3-3T (Citrullus lanatus x C. lanatus var.

citroides) Allotetraploid

CNS5T (Citrullus lanatus x C. lanatus var.

citroides) Allotetraploid

CN7-4T (Citrullus lanatus x C. lanatus var.

citroides) Allotetraploid

CN7-5T (Citrullus lanatus x C. lanatus var. AlleTsralord

citroides)
Calhoun GrayD (Citrullus lanatus) Diploid
N3D (Citrullus lanatus var. citroides) Diploid
N5D (Citrullus lanatus var. citroides) Diploid
N7D (Citrullus lanatus var. citroides) Diploid
CN3D (Citrullus lanatus x C. lanatus var. .

o Diploid
citroides)
CNS5D (Citrullus lanatus x C. lanatus var. L

o Diploid
citroides)
CN7D (Citrullus lanatus x C. lanatus var. s

o Diploid
citroides)
RS841 (C. maxima x C. moschata) Diploid
Argentario (Lagenaria siceraria) Diploid
Crimson Tide (Scion) (Citrullus lanatus) Diploid

stock were considered dead. The graft succes rate was
calculated with the formula = (Number of live plants/to-
tal grafted plants) x 100%.

Establishment of Experiment in Hydroponic Culture

A hydroponic culture test was carried out in the fully
automated venlo type glass R&D greenhouse of Kirsehir
Ahi Evran University. The grafted plants acclimated to
greenhouse conditions were transferred to 136 L plastic
containers after roots were washed from growth media,
each container was filled with nutrient solution and con-
tinuously aerated by an air pump. The upper surface of
the containers is covered with styrofoam and the plants
are placed in the holes. The nutrient solution contained
1.5 mM calcium nitrate (Ca(NO3)2 250 uM monopotas-

sium phosphate (KH,PO,), 500 uM potassium sulfate
(K,;SO,), 325 uM magnesium sulfate (MgS0,.7H,0), 50
MM sodium chloride (NaCl). Micronutrients were 80 uM
iron (Fe) (Ill) ethylenediaminetetraacetic acid (EDTA) so-
dium (Na), 0.4uM manganese sulfate (MnSO,), 0.4uM
zinc sulfate (ZnS0,), 0.4uM copper sulfate (CuSO,), 8uM
boric acid (H,BO,), 0.4uM sodium molybdate (Na,MoO,).
The electrical conductivity of the growing solution was
maintained at 1.50 dS/m and the pH was between 6.5-
7 (Hoagland & Arnon, 1950). The study was carried out
under controlled greenhouse conditions (22-24 °C day
/ 16-18C night and 60% relative humidity) for 21 days.
The experiment was set up according to a completely
randomized block design with three replications and six
plants in each replication.

Plant Growth Measurements

After three weeks of growing, plants were harvested
and separated into shoot and roots. Stem length (cm),
diameter (mm) and number of leaf per plant were deter-
mined. The fresh and dry weights (g plant™) of stem and
root were determined. In order to determine shoot and
root dry weight, plant materials were dried in a air-forced
oven for 48 h at 70 °C. The root length (cm plant™), vol-
ume (cm? and diameter (mm) of the plants was deter-
mined by using the special software program WinRHIZO
(Win/Mac RHIZO Pro V. 2002c Regent Instruments Inc.
Canada) (Ulas, Doganci, Ulas, & Yetisir, 2019).

Chlorophyll Meter Measurements

Leaf chlorophyll index was determined with the CM 1000
Chlorophyll Meter. During the growth period, leaf chlo-
rophyll index in fully developed leaves in all graft combi-
nations was determined by two measurements with the
CM 1000 chlorophyll meter.

Plant Nutrient Analysis

After harvest fresh plant material was divided into two
parts. One part was frozen in liquid nitrogen and stored-
for later use. The remaining fresh plant material was dried
at 70°C for 24 hours. For the determination of N, Ca and K
concentrations, 100 mg dried plant material was extract-
ed by boiling in 5 ml MilliQ for one hour. The solution was
filtered through 0.2 mm filters (Whatman, England) and
N, Ca, P and K contents in the filtrate were analyzed using
high-performance liquid chromatography (HPLC, Shi-
madzu Japan). The HPLC system was equipped with a @
4.6 mm 6125 mm Shodex IC YS-50 column (Showa Den-
ko). As an eluent, 4.0 mM methane sulfonic acid was used
in HPLC graded H,O (J.T. Baker, The Netherlands) with a
flow rate of T ml min™. Final ion concentrations in the
filtrate were calculated according to a calibration curve.

Statistical Analysis

Data from the hydroponic culture study was sunjected to
one-way analysis of variance (ANOVA) at 5% significance
level (IBM, Chicago, IL, USA) using SPSS version 18.0 and
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means were compared using the Duncan test. Correla-
tion analysis was performed root characteristics and
other measured parameters in grafted watermelon onto
different rootstock grown under hydroponic conditions
using SPSS software (version 22.0, Chicago, IL, USA).

RESULTS AND DISCUSSION

Grafting success in Citrullus rootstocks was 8% to 17%
higher than in commercial rootstocks. While the graft
success rate was 98% in grafted plants onto Citrullus root-
stocks, it was 83.33% in grafted plants onto Argentrio (La-
genaria siceraria) rootstock and 90.00% in grafted plants
onto RS841 (C.maxima x C. moschata) rootstock (Table 2).
Since the cost of grafted watermelon seedlings is higher
than that of ungrafted seedlings, the survival rate after
grafting should be high. The grafting techniques used,
rootstock/scion genotype, pre- and post-grafting care
conditions affect the success of grafting in watermelon.
The single cotyledon grafting method is preferred in cas-

es where the scion has a thin as in watermelon, cucum-
ber and melon (Sakata, Ohara, & Sugiyama, 2007). This
method is done when the rootstock and scion are of sim-
ilar size and the first true leaf of the rootstock begins to
develop (approximately 7 to 10 days after planting) (Oda,
2002). In our study, the high success rate of grafting on
Citrullus rootstocks may be due to the fact that the root-
stock and the scion belong to the same genera, or the
diameter of the Citrullus rootstocks is proportional to the
diameter of the scion. Similarly, a higher graft success
in Citrullus rootstocks was reported in previous studies
(Aydin et al.,, 2022; Kaseb et al., 2020; Levi et al.,, 2014).

The results of stem diameter, length and number of lea-
ves per plant are given in Table 3. Plants grafted on tet-
raploid (auto-allo) Citrullus rootstocks had thicker stems
than those grafted on diploid rootstocks. The highest
stem diameter was measured in N7-3T/CT (6.45 mm),
CN3-3T/CT (6.44 mm) and CN7-5T/CT (6.18 mm) respecti-

Table 2. Number of grafted plants, number of grafted plants, and graft success (%)

Rootstock Ploidy Level Graft Combinations (Rootstock/Scion) Number of Graf- ~ Number of Survi-  Graft Suc-
ted Plants ving Plants cess Rate
(%)

Autotetraploid Calhon GrayT/Crimson Tide 30 30 100.00
Autotetraploid N3T/CT 30 29 96.67
Autotetraploid N5-3T/CT 30 30 100.00
Autotetraploid N5-4T/CT 30 30 100.00
Autotetraploid N7-3T/CT 30 30 100.00
Autotetraploid N7-4T/CT 30 29 96.67
Allotetraploid CN3-2T/CT 30 30 100.00
Allotetraploid CN3-3T/CT 30 29 96.67
Allotetraploid CN5T/CT 30 29 96,67
Allotetraploid CN7-4T/CT 30 29 96.67
Allotetraploid CN7-5T/CT 30 29 96.67
Average 98.18
Diploid Calhon GrayD/CT 30 30 100.00
Diploid N3D/CT 30 29 96.67
Diploid N5D/CT 30 30 100.00
Diploid N7D/CT 30 29 96.67
Diploid CN3D/CT 30 30 100.00
Diploid CN5D/CT 30 29 96.67
Diploid CN7D/CT 30 29 96.67
Average 30 98.10
Diploid RS841/CT 30 27 90.00
Diploid Argentario/CT 30 25 83.33
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vely. The lowest stem diameter was measured in ungraf-
ted Crimson Tide plants with 3.94 mm. Plant main stem
length length was significantly affected by rootstock ge-
notypes. The longest main stem length was 62.67 cm in
plants grafted on tetraploid rootstock N7-4T, while the
shortest main stem length was determined in Calhoun
Gray T/ CT (14.33 cm), CN7D/CT (19.33 cm) and N7D/CT
(20.33 cm) graft combination. The number of leaves per
plantin plants grafted on tetraploid rootstocks (x=10.75)
is higher than the number of leaves in diploid plants
grafted onto diploid rootstocks (x= 9.22). In the study,
the highest number of leaves per plant was recorded in
the CN3-3T/CT (15.33 leaves plant-1) graft combination,
while the lowest number of leaves was determined in the
ungrafted Crimson Tide (5.33 leaves plant™) (Table 3). It
was reported that polyploid plants have notable diffe-
rences from diploids in their external morphological cha-
racteristics, mainly the shape and size of roots, stems, le-
aves, flowers and fruits due to chromosome duplication,
and an increase in DNA content usually results in incre-
ased cell and organ size in plants (Corneillie et al., 2019).

The shoot and root fresh and dry weights of grafted
plants onto rootstocks with diploid and tetraploid ploidy
levels were presented in Table 4. The plants grafted on
diploid rootstocks had less biomass than plants grafted
on tetraploid rootstocks. Plants grafted on tetraploid
plants produced more shoot fresh weight than plants
grafted on diploid rootstocks, except plants grafted on
auto-tetraploid Calhoun Gray. At the same time, the
plants grafted on tetraploid rootstocks produced high-
er shoot fresh weight than ungrafted control plants (CT)
and grafted plants on commercial rootstock RS841.The
highest shoot fresh and dry weights were obtained in
N7-4T/CT graft combination with 93.33 g plant”, and
10.25 g plant™, respectively while the lowest shoot fresh
and dry weights were determined in the plants grafted
onto diploid Calhoun with 11.00 g plant' and 1.38 g
plant’, respectively. Plants grafted on both diploid and
tetraploid Calhoun Gary had the lowest shoot fresh and
dry weights. As in shoot biomass, the root biomass was
also significantly affected by rootstock genotype and
ploidy level. Auto and allotetraploid produced higher
root fresh weight than diploid corresponding rootstocks,
ungrafted control plants and commercial rootstocks.
The average root fresh weight of plants grafted on tet-
raploid rootstocks was 30.45 g plant’, while the average
root fresh weight of plants grafted on diploid rootstocks
was 11.46 g plant . The graft combination with the high-
est root fresh weight was N5-4T/CT with 61.67 g plant’
while the lowest root fresh weight was measured in the
Calhon Gray D/CT graft combination with 5.20 g plant™.
Similar to root fresh weight, tertaploid rootstocks had
higher root dry weight. The highest root dry weight was
measured in the CN7-5T/CT (1.43 g plant™) and N7-4T/CT
(1.40 g plant™) graft combinations, while the lowest root
dry weight was measured in the Calhoun Gray D/CT (0.23
g plant™) and N3D/CT (0.24 g plant) graft combinations

Table 3. Plant stem diameter, plant lengtht and number of lea-

ves per plant in watermelon grafted on to different rootstocks
grown under hydroponic conditions

Root- Graft Com-  Plant Plant E:r“::-f

stock binations Stem Di- Height Leaves

Ploidy (Rootstock/ ameter (cm

Level Scion) (mm) plant) per
Plant

Autotetra- Calhon - .

loid gy A83cf 1433 7.67gh

Autotetra- st 553a-e 3067d-h  9.33e-h

ploid

Autotetra-  \ 5 sr/cT  514bf  3467cg  10.00cf

ploid

Autotetra- 5 4r/cT  585ab  39.33b-e  12.00bc

ploid

AUtotetra- \u 31/cT  64sa 27.67e-h  940e-h

ploid

Autotetra- \; 41/cT  536a-e  6267a  9.67d-g

ploid

Allotetra- 3 >yt 573a-d  4133b-d  9.70e-g

ploid

Allotetra- 3 sp/cr 6442 3767bf 1533

ploid

Allotetra-  \or/cr 558a-d 4533bc  13.67ab

ploid

Allotetra- 7 4/t 540a-e 2667 11.67b-d

ploid

AlloTetra- 7 s/cT 618ab 4800b  9.77d-g

ploid

Average 5.68 37.12 10.75

L Calhon .

Diploid GrayD/CT 4.24d-f  18.67 hi 9.33ce

Diploid  N3D/CT 562a-d  2333gi  9.00e-h

Diploid  N5D/CT 3.98f 30.00d-h  9.57c-g

Diploid  N7D/CT 426d-e  2033hi  8.00fh

Diploid ~ CN3D/CT  3.89f 2667f  13.33b

Diploid ~ CN5D/CT  3.96f 2033hi  7.33hi

Diploid ~ CN7D/CT  451ce  1933hi  8.00f-h

Average 4.24 22.67 9.22

Diploid  RS841/CT  4.63cf 2033hi  7.35hi

Diploid A9 550ae  2033h  7.43hi

BT T 3067d-h 533

(ungrafted)

*Values denoted by different letters are significantly different between geno-
types within columns at p< 0.05
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(Table 4). In agreement with the current study, a signifi-
cant increase in shoot dry weight in tetraploid and hexa-
ploid compared to diploids was reported in Arabidopsis
(Zhang et al., 2019). The general belief of many research-
ers (del Pozo & Ramirez-Parra, 2014; Dudits et al., 2016;
Gtowacka, Jezowski, & Kaczmarek, 2010; Li et al., 2012)
that ploiploidization increases biomass production is
consistent with our results.

The genotypic difference in leaf chlorophyll index was
significant. The leaf chlorophyll index varied from 325
(CT) to 510 (CN3-3T/CT). The highest chlorophyll in-
dex was recorded in CN3-3T/CT, N7-4T/CT and CN3-2T/
CT graft combinations, while ungrafted control plants
and the grafted plants onto Argentario and tetraploid

Calhoun Gray had the lowest chlorophyll index (Table
5). When shoot/root ratio were compared, it was deter-
mined that there was a significant difference between
rootstock/scion combinations and the ratios of diploid
rootstocks were higher than tetraploids. This shows that
since tetraploid plants promote shoot growth, the shoot/
root ratio of tetraploid plants is less than that of plants
grafted on diploid plants. In a way that confirms our find-
ings. Fredes et al.,, (2016) and Levi et al., (2014), reported
that the use of tetraploid (allo and auto) watermelon
rootstocks with a strong root system can provide high
graft compatibility and a high survival rate, while the
increased chlorophyll content and high antioxidant ac-
tivities of tetraploid watermelon rootstocks can promote
plant growth and stress tolerance without negatively af-

Table 4. Shoot fresh weight, shoot dry weight, root fresh weight and root dry weight of watermelon grafted on different root-

stocks grown under hydroponic conditions

f:::lstock Ploidy S::::, )Combinations (Rootstock/ ‘S’;'elz;;::I('SSh \SI\II::;:\?(Z ‘I:;)eti); rI::c::;h 5\;:;; Ilir{g
plant’) plant”) plant’) plant”)
Autotetraploid Calhon GrayT/CT 16.67jk* 2.34h-j 6.63i 0.35gh
Autotetraploid N3T/CT 33.33f-h 4.09e-g 20.00ef 0.69¢-g
Autotetraploid N5-3T/CT 40.00f-h 4.71c-f 18.33e-g 0.77c-f
Autotetraploid N5-4T/CT 75.00b 8.16b 61.67a 1.28ab
Autotetraploid N7-3T/CT 50.00ce 5.58c-e 15.00e-i 0.55d-h
Autotetraploid N7-4T/CT 93.33a 10.25a 43.33c 1.40a
Allotetraploid CN3-2T/CT 56.67¢ 6.05¢ 30.00d 0.87cd
Allotetraploid CN3-3T/CT 60.00c 5.93cd 31.67d 0.80c-e
Allotetraploid CN5T/CT 35.00f-h 3.97e-h 21.67e 0.52d-h
Allotetraploid CN7-4T/CT 55.00cd 6.12¢ 33.33d 0.96bc
AlloTetraploid CN7-5T/CT 95.00a 9.50ab 53.33b 1.43a
Average 55.45 6.06 30.45 0.88
Diploid Calhon GrayD/CT 11.00k 1.38j 5.20i 0.23h
Diploid N3D/CT 20.00i-k 2.38h-j 6.70i 0.24h
Diploid N5D/CT 33.33f-h 4.34d-g 18.33e-g 0.64c-h
Diploid N7D/CT 35.00f-h 3.35f-l 11.67f-i 0.37f-h
Diploid CN3D/CT 43.33e-g 432d-g 10.00g-i 0.35gh
Diploid CN5D/CT 18.33i-k 1.92ij 11.67f-i 0.39f-h
Diploid CN7D/CT 30.00g-i 2.87g-i 16.67e-h 0.57d-h
Average 27.29 294 11.46 0.44
Diploid RS841/CT 26.67h-j 2,670 8.93hi 0.28h
Diploid Argentario/CT 40.00e-g 3.67f-h 15.00e-i 0.39f-h
Diploid Crimson Tide (ungrafted) 25.00h-j 2.96g-i 15.00e-i 0.46e-h

*Values denoted by different letters are significantly different between genotypes within columns at p<0.05
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Table 5. Leaf chlorophyll content and shoot/root ratio of grafted watermelon grown under hydroponic conditions

Rootstock Ploidy Level

Graft Combinations (Rootstock/

Leaf Chlorophyll Con-

tent (CM 1000 Chloro- Shoot/Root Ratio

SECLY phyll Meter)

Autotetraploid Calhon GrayT/CT 335.00gh 1.13f
Autotetraploid N3T/CT 413.67ef 1.67c-f
Autotetraploid N5-3T/CT 396.67f 2.22b-d
Autotetraploid N5-4T/CT 442.00cd 1.22¢ef
Autotetraploid N7-3T/CT 510.00a 3.33a
Autotetraploid N7-4T/CT 506.67a 2.22b-d
Allotetraploid CN3-2T/CT 500.00ab 1.94e-f
Allotetraploid CN3-3T/CT 521.00a 1.94e-f
Allotetraploid CN5T/CT 483.33b 1.67c-f
Allotetraploid CN7-4T/CT 348.33cd 1.65¢c-f
AlloTetraploid CN7-5T/CT 430.00de 1.77c-f
Average 444.24 1.89
Diploid Calhon GrayD/CT 436.67df 2.17c-e
Diploid N3D/CT 430.00de 3.05ab
Diploid N5D/CT 426.67de 1.83e-f
Diploid N7D/CT 431.67de 3.00ab
Diploid CN3D/CT 420.00de 3.50a
Diploid CN5D/CT 455.00b 1.67c-f
Diploid CN7D/CT 440.00cd 2.00e-f
Average 434.29 246
Diploid RS841/CT 355.00g 1.59c-f
Diploid Argentario/CT 340.00gh 2.67a-c
Diploid Crimson Tide (ungrafted) 325.00h 1.22ef

*Values denoted by different letters are significantly different between genotypes within columns at p<0.05

fecting fruit quality in watermelon.

The average root length of the grafted plants onto tetra-
ploid rootstocks grown under hydroponic conditions is
approximately 57% longer than the average root length
of the plants grafted onto diploid rootstocks. In gener-
al, all grafted plants produced longer roots than the
non-grafted control plants. The graft combination with
the highest root length was CN5T/CT 7906.86 cm and
the while the lowest root length was measured in plants
grafted on diploid Calhoun Gray rootstock (272.69 cm)
and non-grafted Crimson Tide (187.13 cm) respectively.
In similar manner, the CN5T/CT graft combination pro-
ducing the highest root length also had the highest root
volume with 11.48 cm? plant. The lowest root volume
was measured in the CN3D/CT graft combination (0.16

cm?®) and non-grafted Crimson Tide plants (0.41 cmd).
The mean root diameter affected by rootstock genotype
ranged from 0.34 mm to 0.58 mm. Plants grafted on tet-
raploid rootstocks (x=0.45) had thicker roots than those
grafted on diploid rootstocks (x=0.41). CN5T/CT (0.58
mm) and CN3-3T/CT (0.52 mm) graft combinations had
the highest root diameter, while the lowest root diame-
ter was measured in plants grafted on Argentario (0.34
mm) rootstock. The mean root diameter of commercial
rootstocks was calculated as 0.37 mm. (Table 6). Similarly,
increases in plant biomass due to polyploidization have
been reported in different species in previous studies.
It has been reported that polyploid orchids significant-
ly increased in various growth parameters, including
fresh weight, dry weight, shoot length, root length and
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leaf width, compared to diploid orchids (Chung, Kuo, &
Wu, 2017). Polyploid plants showed higher leaf and root
growth compared to diploid plants in Artemisia cina
(Kasmiyati, Kristiani, & Herawati, 2020), Kim et al., (2004),
reported that the number of adventitious roots in poly-
ploid ginseng plants is higher than in diploid plants.
Similar to the results of the present study the tetraploid
watermelon line USVL-360 (citron) showed vegetative
growth as much as commercially available cucurbit root-
stocks and provided resistance against root-knot nema-
tode (Levi et al,, 2014).

Grafted plants onto different rootstocks grown under hy-
droponic conditions were compared in terms of leaf N,
P, K, and Ca content (Table 7). All plant nutrients showed

significant differences based on rootstocks. Plants graft-
ed on tetraploid rootstocks had higher leaf nitrogen
content than those grafted on diploid rootstocks, and
the leaf nitrogen content of watermelons grafted onto
tetraploid and diploid rootstocks was 2% and 1.7% re-
spectively. The highest N content was determined in the
CN3-3T/CT (2.57%) and N7-4T/CT graft combination, re-
spectively, while the lowest N content was measured in
the CN7D/CT (1.19%) graft combination. Leaf P content
showed variation from 0.10% to 0.27% between graft
combinations. In general, higher content of P was re-
corded in the plants grafted onto tetraploid rootstocks
compared to control and diploid rootstocks. While the
plants grafted onto tetraploid Calhoun Gray, N3T, N5-3T,
N5-4T, N7-3T, and N7-4T had the highest leaf P content,

Table 6. Root length, root volume, and root diameter of grafted watermelon grown under hydroponic conditions

Rootstock Ploidy Graft Combinations (Rootstock/

Root Length (cm Root Volume Root Diameter

Level Scion) plant™) (cm?/plant™) (mm plant™)
Autotetraploid Calhoun Gray T/ CT 1199.55ef 2.98df 0.43e
Autotetraploid N3T/CT 1756.36e 1.88f 0.37gh
Autotetraploid N5-3T/CT 5646.29b 6.49c 0.39fg
Autotetraploid N5-4T/CT 4086.59cd 6.18c 0.44de
Autotetraploid N7-3T/CT 3870.89d 5.56¢ 0.44de
Autotetraploid N7-4T/CT 5277.32 2.46ef 0.37gh
Allotetraploid CN3-2T/CT 3972.10cd 6.07¢ 0.45de
Allotetraploid CN3-3T/CT 3333.54d 6.54c 0.52b
Allotetraploid CN5T/CT 7906.86a 11.48a 0.58a
Allotetraploid CN7-4T/CT 4847.44bc 8.81b 0.48c
AlloTetraploid CN7-5T/CT 5871.3% 8.36b 0.43e
Average 4342.58 6.07 0.45
Diploid Calhoun Gray D/CT 272.69fg 0.61gh 0.36hi
Diploid N3D/CT 1506.58e 1.88f 0.40f
Diploid N5D/CT 3147.09d 3.78de 0.40f
Diploid N7D/CT 1532.92d 2.17f 0.43e
Diploid CN3D/CT 1506.86e 0.16h 0.46d
Diploid CN5D/CT 3370.60d 3.94d 0.39fg
Diploid CN7D/CT 3067.14e 5.35c¢ 0.40f
Average 1857.75 2.56 0.41f
Diploid RS841/CT 3333.54d 5.67c 0.39fg
Diploid Argentario/CT 1506.58d 5.33c 0.34i
Diploid Crimson Tide (non-grafted ) 187.13¢g 0.41h 0.40f

Values denoted by different letters are significantly different between genotypes within columns at p<0.05

655



Int J Agric Environ Food Sci 2022; 6(4):648-659

Aydin et al. Rootstock potential of auto and Allotetraploid Citron

non-grafted control plants had the lowest P content
with 0.01% (Table 6). Leaf potassium content was sig-
nificantly affected by rootstocks and an increase in leaf
K content was observed with polyploidization. The high-
est K content was determined in the CN3-3T/CT (4.59%)
graft combination, while the lowest K content was ob-
tained in the plants grafted onto commercial rootstocks
(Argentario and RS841) and non-grafted control plants.
(Table 7). When the graft combinations were evaluated
in terms of leaf Ca content, the average leaf Ca content
of the plants grafted on tetraploid rootstocks was 1.34%,
while the average leaf Ca content of the plants grafted
on diploid rootstocks was 1.02%. The appropriate root-
stock/scion combination in vegetable grafting increased
the nutrient uptake and use efficiency in many vegeta-
ble species (Nawaz et al., 2016; Schwarz, Rouphael, Col-

la, & Venema, 2010). In agreement with current study,
it has been reported in previous studies that grafting
onto rootstocks with strong root system increases the
plant nutrient uptake and use efficiency (Schwarz et
al., 2013; Uygur & Yetisir, 2009). Yetisir et al., (2013), that
the N, Ca and K contents of watermelon leaves grafted
on different gourd rootstocks (Cucurbita and Lagenaria)
with strog root system were higher than the non-grafted
plant. Huang et al., (2016), reported that grafting water-
melon on squash rootstocks with a strong root system
increased plant growth and grafted plants had twice the
P content than non-grafted watermelon plants. Similar-
ly, previous studies have reported improved water and
nutrient uptake, nutrient utilization, and plant biomass
growth by selecting appropriate rootstocks for spesific
scion cultivars (Albacete et al., 2009; Gregory et al., 2013;

Table 7. N, P, Kand Ca content of watermelon leaves grafted on different rootstocks grown under hydroponic conditions

Rootstock Ploidy Graft Combinations (Rootstock/

Level Scion) N% P% K% Ca%
Autotetraploid Calhoun Gray T/ CT 2.23bc* 0.26ab 2.16b 1.46a
Autotetraploid N3T/CT 2.28bc 0.27a 2.09c 1.45a
Autotetraploid N5-3T/CT 2.13ce 0.25a-d 2.12bc 1.45a
Autotetraploid N5-4T/CT 2.16cd 0.25a-c 2.16b 1.48a
Autotetraploid N7-3T/CT 1.93d-h 0.25a-d 1.77d 1.41ab
Autotetraploid N7-4T/CT 2.57a 0.25a-d 1.77d 1.45ab
Allotetraploid CN3-2T/CT 2.07c-f 0.24b-d 1.92d 1.33bc
Allotetraploid CN3-3T/CT 2.57a 0.18hi 4.59a 1.19d
Allotetraploid CN5T/CT 1.91d-h 0.22d-g 1.91d 1.30c
Allotetraploid CN7-4T/CT 1.75g+j 0.20f-h 1.61d 1.29¢
AlloTetraploid CN7-5T/CT 1.78g-i 0.23c-e 1.65d 1.32c
Average 2.00 0.23 2.16 1.34
Diploid Calhon Gray D/CT 1.84f-i 0.18hi 1.09de 0.82i
Diploid N3D/CT 1.85e-i 0.22d-g 1.72d 0.81i
Diploid N5D/CT 1.65h-j 0.20e-h 1.65d 1.12de
Diploid N7D/CT 1.50j 0.18hi 1.38d 1.10ef
Diploid CN3D/CT 1.61i-j 0.20f-h 1.50d 1.04ef
Diploid CN5D/CT 1.48j 0.17hi 1.48d 1.01
Diploid CN7D/CT 1.19k 0.15i 1.10d 0.87hi
Average 1.70 0.19 1.42 1.02
Diploid RS841/CT 1.86d-i 0.19gh 1.02de 0.87hi
Diploid Argentario/CT 2.46ab 0.16i 0.78e 0.94gh
Diploid Crimson Tide (non-grafted ) 1.94d-h 0.10j 1.06de 0.85hi

Values denoted by different letters are significantly different between genotypes within columns at p<0.05
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Yetisir et al., 2013).

Correlation Between Root Characteristics and Plant
Growth

The correlation between root growth parameters and
shoot growth parameters, chlorophyll index, leaf N %, %
P, % K and % Ca parameters are presented in Table 8. A
significant positive correlation was found between root
fresh weight and stem diameter (0.476), plant height
(0.699), number of leaves per plant (329), shoot fresh
weight (873), shoot dry weight (841), and N% (413) at
p<0.01 level and a significant positive correlation was
found at p<0.05 level with chlorophyll index (292). There
was a positive correlation at p<0.01 level between root
dry weight and stem diameter (0.366), plant height

CONCLUSION

In this study, it has been shown that tetraploid (auto and
allo) genotypes of the Citrullus genus can increase plant
growth and plant nutrient uptake when used as root-
stock. According to the results of our study, plant biomass
development and leaf nutrient content of plants grafted
on tetraploid rootstocks are higher than the plants graft-
ed on diploid rootstocks. Some auto (N7-3T and N7-4T)
and allo (CN3-2T and CN3-3T) tetraploid genotypes that
we developed in our previous studies and used as root-
stock in this study presented superior performance to
commercial rootstocks (RS841 and Argentaio) in terms
of plant growth parameters. Therefore, in terms of veg-
etative growth and nutrient uptake, tetraploid (allo and
auto) watermelon rootstocks developed from Citrullus

Tablo 8. Pearson’s correlation coefficients (r values) between root characteristics and other measured parameters in grafted
watermelon onto different rootstock grown under hydroponic conditions

Leaves

Stem Di- Plant Num- Ehieot Shicat Gz
Parametetrs Fresh Dry rophyll N P K Ca

ameter Length berPer . q

Weight Weight Content
Plant

Root Fresh Weight ~ 0.476™ 0.699™ 0.329** 0.873" 0.841" 0.292" 0413" 0.195 0.147 -0.031™
Root Dry Weight 0366  0.591"  0.244™ 0.764"  0.728" 0.314 0.436” 0305 0.190™ 0.025™
Root Length 0.364™ 0.561" 0.271* 0.515™ 0.522" 0.353" 0.462" 0.240™ 0.151"™ -0.229™
Root Volume 0415 0319 0.243" 0.369"  0.330" 0.140™ 0.248" 0.014™ 0.156™ -0.188"™
Root Diameter 0.165™  -0.121 0.382%* 0.094" 0.079 0.021" 0.217 0.029™ 0.347" -0.136™

*and ** denote P < 0.05 and 0.01, respectively, and ns as not significant.

(0.591), shoot fresh weight (0.764), shoot dry weight
(0.728), and leaf N content (0.436) and there was a pos-
itive correlation between chlorophyll index (0.314) and
P% (0.305) at p<0.05 level. Significant positive correla-
tions between root length and stem diameter (0.364),
plant height (0.561), shoot fresh weight (0.515), shoot
dry weight (0.522), chlorophyll index (0.353) and leaf N
(0.436) at p<0.001 level was determined and correlation
between root length and number of leaves per plant
was significant (0.271) at p<0.05. The root volume was
positively correlated with stem diameter (0.415; p<0,01),
plant length (0.319; p<0.01) shoot fresh weight (0.369;
p<0.01), shoot dry weight (0.330; p<0.01) and leaf ni-
trogen content (0.248; p<0.01). A positive correlation
was determined between root diameter and number of
leaves per plant (0.382) and %K (0.347) at p<0.01 signif-
icance level. Significant positive correlations between
root characteristics of rootstocks and vegetative growth
parameters of scions have also been reported in sever-
al previous studies (Albacete et al., 2009; Gregory et al.,
2013; Schwarz et al.,, 2010; Uygur & Yetisir, 2009; Yetisir et
al., 2013)

genus are expected to become commercially available
for different horticultural crops in the near future. More
detailed studies are needed to determine the effect of
tetraploid rootstocks on the fruit yield and quality char-
acteristics, plant nutrient metabolism and some stress
tolerance of the scion when they are used as rootstocks
for cultivated watermelons.
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Abstract

This study, it was aimed to investigate the nutritional status and heavy
metal contents of Liquidambar orientalis Mill., an endemic species naturally
distributed in Marmaris, Koycegiz, and Fethiye districts of Mugla province.
When the soil heavy metal contents are examined, it has been determined
that the Cr and Ni values are quite high in the Koycegiz and Marmaris sam-
ples. Cd, Co, Cr, Ni and Pb contents in the leaves, respectively; it was deter-
mined to be in the range of 0.04-0.09 ppm, 0.4-1.80 ppm, 2.85-6.87 ppm,
9.28-40.49 ppm and 0.52-2.15 ppm. Although some heavy metals were
found to be above the limit values, no physical evidence was found that
the plants in the study were adversely affected by these high values met-
abolically.

Keywords: Sweetgum (Liguidambar orientalis Mill.), Soil, Heavy Metal,
Koycegiz, Mugla

INTRODUCTION

The lands of Mugla province, which have suitable climatic conditions, are located
within the borders of the Blylik Menderes Basin and the Western Mediterranean
Basin, and the summers are hot and the winters are mild. In addition to having
1124 kilometers of coastline, our province is also significant in terms of agricultu-
ral practices (Anonim, 2004). Mugla province and its districts have fertile soil and
a temperate climate, which support a diverse range of medicinal and aromatic
plants that spread naturally. Despite the fact that the sweetgum plant (Liquidam-
bar orientalis Mill.) is an endemic species, it grows in the areas between Koycegiz,
Fethiye, Datca, and Cine Stream. The research, however, has determined that the
only place where the sweetgum tree is seen as a forest is the Lake of Koycegiz
and its surroundings (Kurt et al., 2008). Sweetgum (Liquidambar orientalis Mill.)
tree is a member of the Hamamelidaceae family that can grow up to 35 meters
tall and blooms in March-April (Yaltirik et al., 2000). The leaf widths range from
5-7 cm, and the number of lobes on the leaves ranges from 3 to 5. The sweetgum
tree, which sheds its leaves in November and December, is a species that opens
and sheds its seeds depending on its environment (Oztiirk et al., 2008).

The population has grown rapidly within the limits of industrialization and urba-
nization, and the environment has been polluted by various pollutants. Exhaust
gases emitted by vehicles used for transportation, for example, pollute the envi-
ronment and release harmful substances. There are significant increases in the
number of vehicles in certain periods, particularly in regions where new roads are
being built or tourism is high. Exhaust gases, the subject of the study, pollute the
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environment by being toxic to animals, plants, and all ot-
her living things, particularly humans (Aksoy et al., 2000).
Although exhaust gases have different effects on the at-
mosphere, soil, plant, and animal health, they should be
evaluated as a whole due to the negative effects caused
by all factors such as polluting the atmosphere, deterio-
rating soil structure, reducing plant yield, endangering
plant nutrient content, and endangering animal health
(Kil and Paksoy, 2014). It has been proposed that increa-
sed heavy metals cause stress in plants, resulting in phy-
siological and genetic disorders, a decrease in yield, and
crop losses (Munzuroglu et al., 2004).

Toxic gases from motor vehicle exhausts cause dust on
the roads as a result of the rapid movement of vehicles
on highways, polluting our air, water, and soil resources
(Tuncer, 2020). On the other hand, Sweetgum Tree (Liqu-
idambar orientalis Mill.), which grows along highways
and has a high medicinal value, has recently been used
in many fields, raising the question of how reliable it is in
terms of health.

Based on these findings, we focused our research on the
sweetgum tree (Liquidamber orientalis Mill.) plant, which
grows particularly along roadsides and has high medici-
nal value. The plant Liquidambar orientalis is also known
as the Anatolian sweetgum tree or the daily tree (Veliog-
lu et al., 2008). The Anatolian sweetgum tree (Liquidam-
bar orientalis Mill.), which is found in the southwestern
part of Turkey and partially in Rhodes Island, is an ende-
mic species that is almost non-existent elsewhere in the
world. It has been reported that it grows in areas with
high groundwater and along streams (Kurt et al., 2008).
In this study, leaf and soil samples of the sweetgum plant
were collected from the districts of Marmaris, Koycegiz,
and Fethiye in Mugla province, along heavily trafficked
highways, and the heavy metal contents of both the
plant and the soil were investigated. Sweetgum is a plant
species that is used in industries such as pharmaceuti-
cals and perfumery. The purpose of this research is to de-
termine the heavy metal content of the sweetgum tree,
which is a medicinal and aromatic plant.

MATERIALS AND METHODS
Field Studies

The sweetgum tree (Liquidambar orientalis Mill.) plant
was used in this study, and leaf and soil samples were
collected from Koycegiz, Marmaris, and Fethiye districts
of Mugla province. Soil samples were collected from 0-30
cm depth at five different points along the highway and
50 meters away. Leaf samples were collected separately
from healthy parts of the tree located north, south, east,
and west of the road, as well as 50 meters inland from
the road. Soil and leaf samples were transported to the
laboratory with labels indicating the region from which
they were collected and stored under proper conditions.

The sample stations and their coordinates are as follows:

Table 1. Coordinates of Sampling Areas

Road
Location distance Latitude Longitude
(m)
_ 0 1e400'N 2970209407
FETHIYE 50 : !
KOYCEGIZ 50 36°99'20.70"N  28°64'69.60"E
O o U " o 7 o
MARMARIS 50 36°85'09.90"N  28°28'48.90"E

Analysis Studies

The soil samples were sent to Mulga Sitki Kogman Uni-
versity Research Laboratory after the preliminary stages
were completed in our laboratory in exchange for service
procurement. At the analysis stage of soil samples; textu-
re (sand, clay, spindle ratio) by hydrometer method, lime;
calcimetrically, the amount of organic matter according
to the wet burning method (the soil samples taken are
dried in an oven at 105 °C, weighed during the process,
0.5 g is weighed in microwave tubes and 2 ml of nitric
acid and 6 ml of hydrochloric acid are added) (Walkley
and Black, 1934), pH and EC were determined with a
combined pH-EC meter. The total heavy metal values de-
termined in the soil samples were read in the HNO,-HCl
mixture (1:3 v/v ratio) by wet burning and ICP-OES (In-
ductively Coupled Plasma-Optical Emission Spectrome-
ter) device (Kacar, 1995).

After the preliminary stages were completed in the labo-
ratory, samples were collected from healthy leaves from
all over the tree by measuring 50 meters from the high-
way and road from the sweetgum (Liquidambar orienta-
lis Mill.) plant and placed in 1.5-2.0 kg bags and taken to
Mugla Sitki Kogman University Research Laboratory. The
ash obtained from the burning of the leaves was extract-
ed using 2 N warm HCl and distilled water. Total heavy
metal values were determined in plant samples by wet
burning in an HNO3-HCI mixture (1:3 v/v ratio) and read-
ing in an ICP-OES (Inductively Coupled Plasma-Optical
Emission Spectrometer) device (Kacar, 1995).

RESULTS AND DISCUSSION
Analysis Results of Soils

The soils where sweetgum plants grow are generally clay
textured, and samples taken from the roadsides of Fethi-
ye and Marmaris were determined to be in the clay-loam
structure class (Table 2). In general, sweetgum trees grow
well in moist, alluvial, clay, and loam soils and river beds
(Acar et al., 1993). According to a 2016 study, the Oak
(Quercus robur L.) tree grows well in deep, sandy, and clay
textured soils (Bektas et al., 2016).

The pH values of the soil of the sweetgum plant were
determined to be the lowest in the area 50 meters away
from the roadside of Marmaris (7.46), and the highest in
the sample taken from the far area of the Fethiye district
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Table 2. Soil Properties in the Study Area

_ .Road EC Kireg Organic
Location distance (ds/m) pH (%) matter
(m) ° (%)
FETHIVE 0 0,44 8.00 6.20 1.74
0 1.05 8.82 1542 0.80
KOYCEGIZ 0 0.58 7.78 045 2.93
50 0.50 7.75 049 6.41
MARMARIS 0 0.35 8.23 1.36 0.75
50 0.38 746 045 472

(8.82). The average pH of all analyzed soils was found to
be 8. (Table 2). In other words, all soils have been deter-
mined to be slightly or strongly alkaline, with the excep-
tion of the sample taken from the study area, which is lo-
cated far from the road in the Marmaris district. According
to Acar et al. (1993), the soil pH value of the sweetgum
plant is between 7 and 8, and they prefer basic soils. The
electrical conductivity (EC) values of the soils where the
sweetgum plant grows were determined to be the low-
est in the Marmaris roadside (0.35 dS/m) and the highest
in the Fethiye district (1.05 dS/m). The average electrical

When the lowest and highest values in our study were
compared, it was discovered that soils where sweetgum
plants were grown had higher levels of organic matter.

Heavy metal concentrations in soil samples

Heavy metals accumulated in soil not only have an im-
pact on productivity and ecosystem activities, but they
also have an impact on plant health because they affect
plant metabolic processes (such as photosynthesis, respi-
ration, growth, and development), as well as animal and
human health due to the disrupted food chain (Asri and
Sonmez, 2006). This study was conducted to determine
whether there is heavy metal pollution of the sweetgum
plant, which is primarily used for medicinal purposes but
has a variety of other applications depending on its prox-
imity and distance to highways. The samples were taken
50 meters from the highway and road for this purpose,
and the results are shown in Table 3.

Heavy metals in the soil are known to have negative ef-
fects on soil fertility, living things in the soil, and other
living things throughout the food chain at various con-
centrations. The highest Cd value of all soil samples test-
ed was 1.14 ppm, and the lowest was 0.40 ppm (Table

Table 3. Heavy Metal Concentrations of Soil Samples Taken from Different Distances of Sweetgum Tree

Location it Cadmi PEm Molybd
distance(m) -2 (2:1')““‘ Cobalt(Co) Chromium(Cr) ° ‘EM:)““"‘ Nickel (Ni) Lead (Pb)
FETHIYE 0 0.40 18.07 54567 0.01 701.45 412
50 051 9.74 1128.82 0.07 477.78 1.64
KOYCEGIZ 0 114 104.89 565.14 0.04 288351 353
50 0.86 82.07 499.70 0.40 2426.99 5.00
MARMARIS 0 0.75 2341 420,55 0.04 880.14 6.90
50 0.95 83.29 44514 0.09 2467.19 460

conductivity (EC) of the soils in the study area was calcu-
lated to be 0.55 dS/m (Table 2). According to Waters et al.
(1972), the limit values for electrical conductivity (EC) in
soils should be between 1.51-2.25 mS/cm. Considering
the limit values, it is clear that all of the soils in the stud-
ied region are salt-free and have no salinity issues.

When the lime contents of the soils belonging to the
research plant were examined, the soils of the Koycegiz
Sweetgum forest and the Marmaris district 50 m away
from the road had the lowest 0.45%, and the soil samples
from the Fethiye district had the highest (14.8%). The av-
erage lime rate of all soils in the study area is 4.06%. (Ta-
ble 2). According to Allison and Moodie (1965), the ade-
quacy of lime content in soils should be between 5.1 and
15.0%. Given the amount of lime in the study area’s sam-
ples, 50% was determined at very low rates. The organic
matter content of the soils in the area where the sweet-
gum plant grows has been determined to be 0.75%, with
the lowest in Marmaris roadside soils and the highest
in the inner part of Koycegiz (6.41%). The amount of or-
ganic matter ranged between 0.60-2.74% (Sinik, 2011).

3). Soil Cd limit levels have been reported to be 2.5 mg
kg' (Saatci et al, 1988). Our results were found to be
lower than the reference values, indicating that no cad-
mium-based pollution exists. According to a study con-
ducted to determine the toxic effect levels of heavy met-
als in the soil and the toxic doses in the plant, 7.2 and 6.9
mg kg Cd in clay and clay loam textured soils (Gedikolu
et al., 1997).

The Co value of sweetgum plant soil samples was deter-
mined to be 104.89 ppm at the highest and 9.74 ppm at
the lowest. The Co pollution value is 50 ppm, according
to Kabata-Pendias (1979). There is a high level of Co pol-
lution in Koycegiz soil samples and in areas far from the
road where the Marmaris Sweetgum plant grows (Table
3). Co pollution should not be blamed solely on automo-
biles or industrial activity. That is, it is possible to develop
the interpretation that fertilizers and pesticides used in
agricultural activities near the Koycegiz Sweetgum for-
est contribute to heavy metal pollution. Yan et al. (2013)
examined soil samples taken from the Tibetan Plateau’s
roadside and discovered that the Co (cobalt) concen-
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tration in the soils decreased as they moved away from
the traffic density. In the Fethiye and Koycegiz samples,
the Co value decreases as you move away from the road,
whereas the opposite is true in the Marmaris sample. In
another study, samples taken from roads and park areas
were examined, and the Co (cobalt) content was found
to be 102.48 ppm in the sample taken from the campus’s
roadside (Keles, 2007).

The Cr concentrations in the soils have been determined
to range between 420.55 and 1128.82 ppm. The range
of Cr reference values in soils is 5.00-1500.00 pmm (Al-
loway, 1990). The Cr content of the soils we examined
was found to be between the reference value. In a 2011
study, Yaylali-Abanuz determined the Cr value to be 10-
1161 ppm (Yaylali-Abanuz, 2011). It corresponds to the
findings of our study. The adequacy levels of Cr element
content in soil, however, are generally used as 100 mg/kg
(Saatci et al., 1988; Hakerlerler et al., 1994).

When the Ni values of the soils in the study area are ex-
amined, the lowest and highest are 477.78 ppm (soil tak-
en from an area far from the Fethiye road) and 2883.51
ppm (soil from the Koycegiz roadside). According to the
data collected, the nickel (Ni) content of the soils varies
depending on their proximity and distance to the road.

study was lower. Heavy metal contents of soil samples
collected from Konya's roads and park areas in 2007 were
investigated, with the highest Pb value being 60 ppm
(Keles, 2007). According to the findings of the studly, it is
the inverse of ours.

Heavy metal content was determined in soil samples
collected from Denizli’s urban, industrial, and semi-ur-
ban roadsides. Heavy metal concentrations have been
reported to be higher in industrial areas than on urban
roads (Celik et al., 2005). This situation served as a model
for our research, and the discovery of high concentra-
tions of heavy metals near the road supports the theory
that it was caused by vehicle traffic.

Leaf Samples’ Heavy Metal Contents

The heavy metal content of the leaf parts of the sweet-
gum plant, which grows naturally in Mugla province’s
Fethiye, Koycegiz, and Marmaris districts, was investigat-
ed. Table 4 depicts the changes in the heavy metal con-
tent of the plant leaves under investigation.

The Cd values of the leaf samples collected from all ar-
eas studied were 0.09 ppm at the highest and 0.04 ppm
at the lowest. In plants, the Cd reference range has been
reported as 0.005-0.03 ppm (O’neill, 1993). When the re-

Table 4. Concentrations of Heavy Metals in Sweetgum Leaf Samples

. . PpPm

Location Road distance (m) cd Co o Mo Ni Pb
FETHIYE 0 0.06 0.83 2.85 0.22 13.33 1.13
50 0.09 0.59 3.96 0.63 9.28 0.97

KOYCEGIZ 0 0.09 1.00 5.58 1.07 40.49 1.15
50 0.04 0.40 442 0.14 15.06 0.52

MARMARIS 0 0.07 1.80 3.76 0.49 30.61 0.93
50 0.05 0.71 6.87 0.15 16.54 0.73

The allowable limit value for determining our country’s
soil heavy metal pollution levels has been reported as 50
mg/kg (Saatci et al., 1988; Hakerlerler et al., 1994; EImaci,
1995). The results of samples taken from the roadside in
Fethiye and Koycegiz revealed that the element Ni con-
centration is extremely high, indicating pollution. Keleg
(2007) collected soil samples from roads and park areas
in Konya and determined the concentration of Ni (nick-
el) element in the roadside samples to be 1832 ppm. The
highest value was determined in our study in the sample
taken from the roadside in Koycegiz, and it shows paral-
lelism with our study.

The total Pb content of the soil samples analyzed ranged
between 1.64 and 6.90 ppm. The reference range for soil
Pb has been reported to be 2.00-300.00 ppm (Alloway,
1990). The Pb concentration in the soil samples exam-
ined in this study was within the acceptable range. Ac-
cording to Koljonen (1992), the Pb concentration in the
soil was 17 ppm. The Pb value in the soils studied in this

sults are compared to these standards, the Cd average
of 0.007 ppm, which is within the recommended range,
demonstrates that no cadmium-based pollution exists
(Table 4). Kratz investigated the accumulation of Pb and
Cd on the leaves of the Pinus sylvestris (Scotch pine) plant
in 1996. It has been suggested that the amount of Pb
and Cd in samples taken from cities and rural areas with
heavy traffic is higher (Kratz, 1996). The study’s findings
are similar to ours.

The highest Co level determined in the leaves of Sweet-
gum plant samples taken from Fethiye, Koycegiz, and
Marmaris districts was 1.80 ppm in the sample taken
from the Marmaris roadside, and the lowest level was
0.40 ppm in the plant sample taken from the Koycegiz
district’s far area. The Co limit value in plants was stated to
be 0.05-0.5 ppm (Kabata-Pendias and Mukherjee (2007),
and the Co-related pollution was higher than the limit
value in all three locations in the samples taken near the
road. According to a 2015 study on the heavy metal ra-
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tios of the leaves of the Tea (Camellia sinensis) plant along
the Eastern Black Sea Coast, the amount of Co in traffic
areas was highest on the Rize coastal road and lowest on
the Kemalpasa coastal road (Uzuner, 2015). While the Co
value was high in the leaves of the sweetgum plant taken
from the roadside of Marmaris in our study, it was deter-
mined at the lowest level in the samples taken from the
area 50 m away from the road in Koycegiz district, which
coincides with the result that heavy metal accumulations
decrease as we move away from the main road, which we
emphasized in this study.

The highest Cr value was 6.87 ppm in samples 50 m away
from the road in the Marmaris district, and the lowest val-
ue was 2.85 ppm in the Fethiye roadside plant sample.
The toxic value of Crin plants is stated to be 2 ppm (Kloke
et al,, 1984). Our values are significantly higher than toxic
values. This situation can be explained by the fact that
this region has a lot of agricultural activities, a mineral
deposit, and some social activities like picnics. The Cr
concentration in the leaf of Salix fragilis L. (crisp willow)
was measured in 2018, and Cr values ranged from 0.83-
65.94 ppm (Yavuzer et al,, 2018). The highest Mo value
was found in the sample taken from the roadside in Koy-
cegiz (1.07 ppm), and the lowest value was found in the
samples taken from the remote area of the Koycegiz road
(0.014 ppm). Mo breakpoints are typically in the 0.1-0.5
ppm range (Kabata-Pendias and Mukherjee) (2007). Ex-
cept for the Fethiye roadside sample, the study’s results
were above the reference values, and the Mo concentra-
tion was found to be quite high on the roadsides of Mar-
maris and Koycegiz.

The highest Ni level in the leaves of the plant samples
was found in the Koycegiz district roadside area (40.49
ppm), and the lowest Ni level in the samples far from
the Koycegiz road (97.13 ppm). The toxic value of Ni has
been reported to be 30 ppm (Kastori et al., 1997). When
the data was examined, it was discovered that the Ni el-
ement was above the toxic value in samples taken from
the roadside in Koycegiz and Marmaris, implying that
traffic pollution was present. The heavy metal content of
leaf samples of the Camellia sinensis (tea) plant from the
Black Sea coastal road and where there is no traffic was
examined in 2015. The Ni element was found to be 7.10-
0.37 ppm in the analysis results, indicating that there was
traffic-related pollution (Uzuner, 2015).

Finally, when the leaf Pb level of the sweetgum plant was
measured, the lowest was 0.52 ppm in samples taken
far from the Koycegiz road, while the highest was 1.15
ppm in a sample taken near the road in the same dis-
trict. The leaf Pb element reference range was reported
to be 1.0-5.0 ppm (Kloke et al., 1984). Heavy metal con-
tent was determined in the leaves of Platanus orientalis L.
(sycamore) trees located on both sides of Silahtar Street
in Ankara. Pb accumulation has been determined to be
more intense, particularly in trees located in the medi-
an in the middle of the road (Topa, 1995). It followed the

same pattern as our study. Cavusoglu et al. (2008) discov-
ered that traffic density and pollution increased in direct
proportion to the amount of Pb in larch (Pinus nigra var.
caramanica) tree leaves on the roadsides in Kirikkale. The
high amount of Pb in leaf samples taken near the road
can be attributed to the absorption of gases emitted by
the leaves as a result of exhaust gases and tire wear on
the road.

CONCLUSION

The sweetgum tree (Liquidambar orientalis Mill.) is a valu-
able endemic with numerous applications. There has
been a great loss in the number of sweetgum plants over
the years due to human intervention and natural rea-
sons. The increased number of vehicles and widespread
use of transportation, as a result of the rapidly increasing
population and developing technology, harm agricultur-
al and forest products grown along roadsides and cause
heavy metal pollution in soils and plants. In light of this
information, this study, which is critical for the long-term
viability of the medicinal sweetgum plant, examined the
levels of some heavy metals originating from the exhaust
gases of soil and leaf samples collected from the road-
side of Fethiye, Koycegiz, and Marmaris, as well as the
inner region 50 meters away from the road. However, our
research revealed that some heavy metal contents were
above the established limit values. As the study area, it is
predicted that tourism activities will be intense and the
population will increase significantly, especially during
the season, and there may be significant increases in the
level of pollution caused by exhaust gases since there
are many vehicle entrances and exits on this basis. The
pollution levels of plants growing along roadsides were
assessed using normal and toxic values reported by var-
ious researchers. Metal concentrations in soil and plant
structures have been found to decrease as one moves
away from the highway. It is hoped that the parts of the
sweetgum plant that comprise the study material, espe-
cially given its high medicinal value, are below the critical
levels of heavy metals established by health institutions.
With this study, it is hoped that, in addition to the period-
ic evaluation of heavy metal concentrations in some ed-
ible and medicinal plants growing along roadsides, the
plants under study will provide an opportunity to shed
light on the continuity of trust and quality.
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Abstract

The research was carried out in Adana conditions to determine the rela-
ti-onships between seed yield and yield components of some soybean
ge-notypes depending on the years. In this research, which was carried out
in 2015 and 2016 years, it was established with 5 soybean varieties and one
variety candidate and according to Randomized Complete Block De-sign
with 4 replications. In the combined analysis of variance, the year*genotype
interaction was insignificant in terms of yield and yield components, while
other sources of variation (year and genotype) were found to be statistical-
ly significant compared to P <0.01. Seed yield showed changed between
5782-6788 kg ha-1 in 2015 and 3597-4359 kg ha-1 in 2016. In the correla-
tion between the examined traits; While there was a significant and positive
relationship between seed yield and day to flowering, days to maturity, first
pod height and oil rate, there was a significant and negative relationship
between 1000 seed weight and the number of pods per plant. The varyans
analysis showed that the inter-actions of year, genotype and year*geno-
type were significant in terms of seed yield and yield components of geno-
types. As a result, Cinsoy, variety candidate 1 (Mona) and Blaze of varieties
showed high performance in Adana conditions, and it was determined that
the effect of the environment was higher than the effect of genotype and
interaction in terms of seed yield and other traits. As a result of this study,
the variety candidate 1 was registered under the name Mona. In addition, it
was concluded that Cinsoy, Blaze and newly registered Mona varieties can
be recommended for main crop soybean cultivation in Adana conditions.

Keywords: Soybean, Main product, Seed yield and yield components,
Interaction

INTRODUCTION

Soybean (Glycine max L.) is an important industrial plant in terms of oil, protein
and carbohydrates. The origin of soy is known as Korea, Japan, China and Far East
countries. Soybean has found a wide production area in South American coun-
tries, especially Argentina, Brazil and Paraguay, with the expansion of land in par-
allel with the increase in yield, especially thanks to the technological innovations
in recent years (OECD/FAQ, 2019). Soybean is one of the plants with the most
(61%) production among oilseed plants and is among the 5-6 most important
plants in the world in terms of plant food source. (Lopes da Silva et all, 2017). It is
the world’s leading source of high-quality protein and edible oil for both human
food and animal feed. In addition, thanks to the ability of soybean as a legume
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plant to benefit from nitrogen in the air, it can increase
soil fertility for the plants to be planted after it by adding
nitrogen to the soil (Morsy et al., 2015) and it is known
to save fertilizer. Therefore, soybean can be described as
one of the most suitable plants for crop rotation. One of
the biggest reasons for the increase in world consump-
tion of soy is that it is the raw material of many industrial
industries and is used in the production of biodiesel (Kin-
ney and Clemente, 2004).

According to SoyStats data, 367.8 million tons of soy-
bean production is made in an area of 136.8 million
hectares in the world in 2021. The countries that pro-
duce the most soy in the world are Brazil, USA, Argen-
tina, China, India, Paraguay and Canada. Turkey is at the
bottom of the world ranking with 182 thousand tons of
soybean production in an area of 44 thousand hectares
in the 2021 production season. Soybean consumption in
Turkey reached 2.9 million tons in 2021. However, only
6% of consumption is met by local production and the
remaining part is met by imports, approximately 94%
(TUIK, 2022). More importance should be given to soy-
bean studies both in Turkey and in the world, in order to
combat the drought that emerged with global warming
and to eliminate the vegetable oil deficit, which has in-
creased in importance in the food crisis.

Soybean plant has generally adapted to different climat-
ic regions and can be grown in many parts of Turkey. The
provinces with the highest soybean production in Turkey
are Adana, Mersin, Kahramanmaras, Osmaniye, Samsun
and Hatay. Approximately 63% of soybean production in
Turkey is produced in Adana (TUIK, 2022). Varieties that
adapt more easily to climatic conditions, show high seed
yield and oil performance are more preferred by produc-
ers. The fact that both yield and other characteristics are
affected by different environmental conditions increases

the importance of environment genotype interaction.
The G x E (Genotype x environment) interaction is de-
fined by the variation in performance of varieties accord-
ing to changing environmental conditions. However, if
this interaction does not change the yield order of gen-
otypes in different environments, there is no problem
in terms of cultivar recommendation (Kaya and Atakisi,
2002). The main purpose of yield studies is to predict
the performance of the best variety in the future using
available data. However, the GE effect is the biggest ob-
stacle in determining the effectiveness of a genotype in
different environments and choosing stable genotypes,
affecting yield and production (Khomari et al., 2017; An-
sarifard et al., 2020). In addition, many different studies
are carried out to determine stable varieties in terms of
seed yield and to reveal the effect of GE interaction. Wh-
ingham and Minor, (1978), Karaslan et al., (1998), Eswari
and Rao (2006), Sudaric et al., (2006), Copur et al., (2009),
Karasu et al., (2009), Karaaslan, (2011), Hu and Wiatrak,
(2012), Wheeler and Von Braun, (2013), Verma and izhar
(2017), ilker et al., (2018), Cubukcu et al., (2020) reported

that genotype, year and year*genotype interactions are
important in terms of seed yield in their studies.

The aim of this study is to analyze the effect of year, ge-
notype, year*genotype interaction for yield and yield
components obtained from studies conducted in diffe-
rent environmental conditions in main product soybean
cultivation, to determine stable varieties and to suggest
suitable varieties for the region.

MATERIALS AND METHODS
Materials

The study was carried out with 5 soybean variety and
one variety candidate in Adana conditions in 2015-2016.
Information on the genotypes used in the study is pre-

Table 1. Some Information About the Varieties

Varietys  Variety Owner Registration Reclamation 1000 Seed Plant  First Daysto Protein Oil

Organization Year place Weight Height Pod maturity Ratio (%) Ratio
(9) (cm) Height (%)
(em)

SA 88 Agrova Agri. Ind. 1996 Turkiye 126-177 78-130 9-15 112-143 38 19
Ltd. Co.

Cinsoy Aegean 2010 Turkiye 137-184 89-117 13-19  126-150 31 21
Agricultural Res.
Ins.

Ataem 7 West 2006 Turkiye 148-166 108- 14-27 120-181 32 24
Mediterranean 145
Agricultural Res.
Ins.

Atakisi Cukurova Uni. Fac. 2006 Tirkiye 142-213 88-124 10-19  84-127 27 23
of Agriculture

Vary 1 Polen Seeds Ltd. 2017 Argentina 118-266 99-115 10-16  117-149 39 21

(Mona) Co.

Blaze May Agro Seeds 2009 Turkiye 149-212 7598 11-14  138-156 34 21
Inc.

Source: Variety Registration and Seed Certification Center, Ankara,-2022.
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sented in Table 1, information on the location in Table
2, and the climatic data of the location in detail in Table
3. The variety candidate (Candidate 1) used in the study
was registered under the name as Mona in 2017.

Table 2. Information about the Location
Location Coordinates

Altitude
(m)

Location Latitude Longitude

Adana/Yuregir/

Dogankent 11 36°51°13.31"K

35°20'46.21"D

kage program, and the factors that were found to be im-
portant were determined according to their importance
levels, and the traits that were found to be important
were evaluated and grouped according to the LSD test.

RESULTS AND DISCUSSION

The variance analysis values of the traits examined in the
study were given in Table 4; the averages of flowering
days and days to maturity and the resulting groups in Ta-
ble 5, the averages of 1000 seed weight and plant height
and the resulting groups in Table 6, the averages of the

Table 3. Climate Data of Locations

Climate Factors

Location Total Precipitation (mm) Average temperature (°C) Average Humidity (%)
Adana/Yiiregir/Dogankent Years Years Years
2000 2000
Months o 2015 2016 (Yl;lIzI::; 2015 2016 T 2015 2016
Yillar) Yillar)
April 39.9 15.5 5.6 18.2 15.5 19.1 70.3 69.9 64.0
May 434 58.9 75.0 22.3 21.0 20.6 65.9 73.7 74.3
June 22.4 25.8 6.2 26.1 24.0 25.8 69.9 77.2 72.8
July 3.2 1.2 0.7 289 27.2 27.7 75.3 76.3 77.4
August 35 0 4.4 29.5 28.6 28.0 75.0 69.9 771
September 234 9.3 28.5 26.9 26.8 24.6 713 71.8 68.7
October 27.3 56 1.5 22.6 21.8 214 65.0 72.9 61.5

Source: General Directorate of Meteorology-Ankara

Methods

This study was carried out according to the Randomized
Complete Block Design with 4 replications. Trial sowing
was done on 28 April 2015 and 01 May 2016. In the tri-
als, planting depth was determined as 3-5 cm, spacing
between rows 60 cm, spacing between rows 3-4 cm,
plot length 5 m and 4 rows and only the middle 2 rows
were harvested in the trials. The seeds used in the trial
were 25 cc for 8 kg of seeds. Treated with 1x109 Brad-
yrhizobium japonicum nitrogen bacteria. In the trials, 36
kg ha” N and 92 kg ha™' PO, fertilizer were used. During
the growing period, 2 hand hoes and 6 irrigations were
made, and a total of 700 mm of water need was met with
irrigation. The first irrigation was done before flowering,
and irrigation was done at 15-20 day intervals during the
pod formation and seed filling periods.

In the research; flowering days (days), days to maturity
(days), plant height (cm), first pod height (cm), number
of pods per plant (plant.number?), 1000 seed weight (g)
and oil ratios (%) examines were taken according to the
directive of Ankara Variety Registration and Certification
Center to measure soybean agricultural values.

Statistical Analysis

The combined variance analysis of the data obtained
from the research was made using the JMP Pro 13 pac-

first pod height and the number of pods per plant and
the resulting groups Table 7, the averages of seed yield
and oil ratio characteristics and the resulting groups in
Table 8, and the correlation values of the bilateral rela-
tions between the examined properties in Table 9. It was
determined that there were statistically significant differ-
ences at the level of 1% and 5% between the year, gen-
otype and year*genotype interaction in terms of all the
traits examined (Table 1).

Days to maturity (day)

In terms of days to maturity of the genotypes; it was indi-
cated that there were statistically significant differences
at the level of 1% between year, genotype and year*gen-
otype interaction (Table 4). Days to maturity varied be-
tween 135.7 and 145.7 days depending on the years. A
longer day to maturity time was calculated in the first
year (2015) in which the study was conducted compared
tothe secondyear (2016).Itis thought that factors such as
precipitation and low temperatures were effective in the
longer duration of the days to maturity period in the first
year. Days to maturity of the genotypes varied between
130.0 and 147.8 days. Among the longest days to maturi-
ty variety candidate (Mona) - the shortest days to maturi-
ty was determined in SA 88 variety. In the year*genotype
interaction, days to maurity varied between 130 days (SA
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Table 4. Variance Analysis Table For The Examined Characteristics

Variation DF | Seed yield Flowering Days fo Pl_ant Firs? Pod n::;t::re:f 100Q seed Oil ratio
Sources days maturity Height Height e weight

Model 17 | 42737.6 6.62745 242971 415.856 46.0999 104.678 7323.71 1.05613
Year 1 646607** 16.3333** 1200** 1371.74** | 682.521** | 387.603* | 115591** 7.0227**
Genotype 5 | 9948.13** | 10.5333** | 379.483** | 1034.2** 13.5448** 78.73 1032.19** | 1.56645**
Year* Genotype 5 2043.28 8.53333* 206.15** | 83.3988** | 4.78483** | 166.403* 634.718* | 0.48311**
Error 1 6 3329.01 0.16667 0.38889 18.3042 1.58806 27.71 96.2135 0.11396
Error 2 30 969.2 0.23333 0.139 7.557 0.6054 34.852 156.65 0.02749
CV (%) 6.03 1.82 0.26 2.28 6.09 10.55 5.93 0.73

** p<0.01; *0.01<P<0.05; **:% 1; *:%5 level is statistically significant.DF: degrees of freedom

88in 2016, Cinsoy and Ataem 7), and 160 days (Atakisi in
2016) (Table 5). Obtaining the shortest and longest day
to maturity time values of the year*genotype interaction
from the same year (2016), shows that the physiological
death period is mostly under the influence of the genetic
characteristics of the genotypes. For this reason, it shows
that years are not as effective as genetic characteristics of
genotypes on days to maturity.

Flowering days (day)

In terms of the number of flowering days of the geno-
types; it was examined that there were statistically signif-
icant differences at the level of 1% between year, geno-
type and year*genotype interaction (Table 4). Flowering
days of the genotypes varied between 25.8 days (in 2015)
and 27.0 days (in 2015) depending on the years (Table 5).
Flowering days of the genotypes varied between 25.4-
28.1 days. The longest flowering days was determined in

amined that there were statistically significant differenc-
es at the level of 1% between year and genotypes, and
at the level of 5% on interaction (Table 4). The 1000 seed
weight varied between 162.0 and 260.1 over the years.
Genotypes varied between 195.5 and 221.4 g Maximum
1000 seed weight was taken from Ataem 7 variety, at
least from SA 88 variety. In the year*genotype interac-
tion, 1000 seed weight; it has been examined that it var-
ies between 144.5 g (SA 88 in 2015) and 277.6 g (Ataem
7in 2016). Blaze, Candidate 1, Ataem 7 and Cinsoy geno-
types had the highest values in terms of 1000 see weight
in 2016. The fact that 1000 seed weights are in different
years indicates that this characteristic is mostly caused
by the environment (Table 6).

Plant height (cm)

In terms of plant height of genotypes; it was examined
that there were statistically significant differences at the

Table 5. Means and Groups of Days to Maturity and Flowering Days Characteristics

T Days to Maturity (day) Flowering days (day)

2015 2016 Average 2015 2016 Average
SA 88 130.0g 130.0g 130.0 D 25.8d 250e 254E
Cinsoy 145.3d 130.0g 137.6 C 26.0d 26.0d 26.0D
Ataem 7 145.3d 130.0g 137.6 C 273 ¢ 26.0d 26.6 C
Atakisi 160.0 a 135.0 f 147.5A 243f 26.0d 25.1E
Vary candidate 1 (Mona) 1475b 148.0 b 147.8 A 30.3a 26.0d 28.1A
Blaze 146.0 c 141.0e 143.5B 285b 26.0d 273B
Average 145.7 A 135.7B 140.7 27.0a 25.8b 26.4
LSD 0.05 Year 0.44 0.28
LSDF 0.05 Genotype 0.38 0.49
LSD 0.05 Year* Genotype 0.53 0.69

variety candidate 1 (Mona), and the shortest flowering
days was determined in Atakisi variety. In the year*gen-
otype interaction, it varied between 24.3 days (Atakisi
2016) and 30.3 days (variety candidate 1 in 2016) (Table
5). The fact that flowering days changes in the same year
shows that this feature is affected by the environment
but mostly due to the genotype.

1000 Seed weight (g)

In terms of 1000 seed weight (g) of genotypes; it was ex-

level of 1% between year, genotype and year*genotype
interaction (Table 4). Depending on the years, the plant
height varied between 115.2 and 125.9. Plant heights of
genotypes; It varied between 106.1-135.0 cm (Table 6).
In the year*genotype interaction, the plant height was
102.1 cm (Candidate 1) in 2016 and 140.0 cm in 2015.The
change in all genotypes on the basis of years shows that
the effect of the environment is very dominant.

First pod height (cm)
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Table 6. Averages and Groups of 1000 Seed Weight and Plant Height Characteristics

1000 Seed Weight (g) Plant Height (cm)

Genotypes

2015 2016 Average 2015 2016 Average
SA 88 144.5d 246.0 b 195.2B 127.5c 1164 f 122.0B
Cinsoy 161.0 cd 272.6 a 216.8 A 120.0 ef 111949 116.0 C
Ataem 7 165.3 ¢ 277.6 a 2214 A 1358b 134.2b 1350A
Atakisi 166.0 c 229.7b 197.8B 140.0 a 124.4 cd 1322 A
Vary candidate 1 (Mona) 166.8 c 266.6 a 216.7 A 122.0 de 102.1 h 112.0D
Blaze 168.0 268.0 a 218.0A 11009 1023 h 106.1 E
Average 162.0b 260.1 a 211.1 1259a 115.2b 120.6
LSD 0.05 Year 6.92 3.02
LSDF 0.05 Genotype 12.78 2.8
LSD 0.05 Year* Genotype 3.96

In terms of first pod height of genotypes; it was examined
that there were statistically significant differences at the
level of 1% between year, genotype and year*genotype
interaction (Table 4). Depending on the years, the height
of the first pod varied between 9.0-16.5. First pod height
of genotypes; it varied between 11.0 - 15.0 cm. In terms
of first pod height of genotypes, the first pod height was
taken from the shortest variety SA 88 and the longest
from Atakisi variety. In the year*genotype interaction,
it was taken from SA 88 cultivar with 6.5 cm and Ataki-
si variety with 20.0 cm in 2016. (Table 7). The examined
changein all genotypesin 2015 and 2016 shows that this
trait is more affected by the environmental conditions.

teraction, however, it varied between 48.0 (variety can-
didate 1 in 2015) and 67.7 (Cinsoy in 2015). Number of
pods per plant in genotypes; varied between 48.0 plant
number” variety candidate 1 in 2015 and Cinsoy in the
same group) and 67.7 plant number” (Cinsoy in 2016)
(Table 7). Examine of changes on the basis of years in all
genotypes shows that this trait is more affected by the
environment.

Seed yield (kg ha™)

In terms of seed yield of genotypes; It was found to be
statistically significant at the 1% level between years and
genotypes and insignificant in terms of year*genotype

Table 7. Averages and Groups of The First Pod Height and the Number of Pods Per Plant

First Pod Height (cm)

Number of Pods per Plant (number)

Genotypes

2015 2016 Average 2015 2016 Average
SA 88 153 b 6.5d 11.0C 56.1 b-e 63.5ab 599A
Cinsoy 16.0b 9.1c 12.5B 485e 67.7 a 58.1A
Ataem 7 16.0b 9.2c 1268 55.8 b-e 529 de 57.2A
Atakisi 200a 99c 15.0A 52.0de 62.5 a-c 55.0 AB
Vary candidate 1 (Mona) 16.0 b 9.6 12.8B 48.0e 54.1c-e 54.3 AB
Blaze 16.0b 99c 13.0B 58 b-d 52.1 de 51.0B
Average 16.5a 9.0b 12.8 53.1b 58.8a 56.0
LSD 0.05 Year 0.89 3.71
LSDF 0.05 Genotype 0.79
LSD 0.05 Year* Genotype 1.12 8.52

Number of pods per plant (plant number ')

In terms of the number of pods per plant of genotypes;
was examined that there were statistically significant dif-
ferences at the level of 5% in terms of year and year*gen-
otype interaction, and it was statistically insignificant be-
tween genotypes (Table 4). Depending on the years, the
number of pods per plant varied between 53.01 and 58.8.
The maximum number of pods per plant was obtained in
2016. It varied between 51.0 and 59.9. The lowest num-
ber of pods per plant was taken from Blaze variety and
the highest from SA 88 variety. In the year*genotype in-

interaction (Table 4). Depending on the years yield (kg
ha') varied between 3994-6316 kg ha™. It is thought that
the total precipitation in the first development period of
the plant was higher in 2015 than in 2016. Seed yields of
the genotypes varied between 4781 kg ha™ (Atakisi) and
5460 kg ha™ (Blaze). In the year*genotype interaction, it
varied between 3597 kg ha™ and 6788 kg ha™. In terms of
seed yield, Cinsoy, variety candidate 1 and Blaze geno-
types had the highest values in 2015, while Ataem 7 and
Atakisi genotypes formed the lowest seed yield group in
2016 (Table 8). While all genotypes gave the highest seed
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yieldin 2015, the lowest seed yield was obtained in 2016.
This situation strengthens the opinion that the effects of
environmental changes over the years on genotypes are
very strong.

Oil ratio (%)

In terms of oil ratio of genotypes; year was found to be
statistically significant at the 1% level between genotype
and year*genotype interaction (Table 4). Depending on
the years, oil ratio (%) varied between 22.3-23.0. Oil ratios
of the genotypes ranged from 22.1 to 23.3. In terms of oil
ratio of genotypes, the lowest oil ratio was taken from
Atakisi variety, and the highest oil ratio was taken from
variety candidate 1 genotype. In the year*genotype in-
teraction, it varied between 22.0 (SA 88 in 2016, Ataem
7, Atakisi) to 24.0% (variety candidate 1 in 2015). While
the highest value in terms of oil ratio was obtained from
variety candidate 1in 2015, the lowest oil ratios were ob-
tained from SA 88, Ataem 7 and Atakisi genotypes in the
same group in 2016 (Table 8).

According to the analysis from Table 9, yield and flowe-
ring days (r=0.4889%*), days to maturity (r=0.5393*¥), first
pod height (r=0.822**) and oil ratio (r=0.7114**) statis-
tically significant and positive correlation at the level of
1%; It was determined that there was a statistically signi-

(r=-0.439%) had a negative relationship at the level of 5%.

While there was a significant and negative relationship
at the 5% level between the height of the first pod and
the number of pods per plant (r=-0.427%), there was a
significant and positive relationship between the oil ratio
(r=0.4618%*%) at the 1% level.

It was examined that there was a significant and positive
correlation at the 1% level between the number of pods
per plant and 1000 seed weight (r=0.3043*%).

It was determined that there was a significant and ne-
gative relationship at the 1% level between 1000 seed
weight and oil ratio (r=-0.5506*%).

While the total precipitation (15.5-58.9-25.8) in April,
May and June in Adana conditions in 2015 is close to
the long-term average (39.9-43.4-22.4); however, total
precipitation in April, May and June in 2016 (5.6-75.0-
6.2) remained below the long-term average (Table 3).
Therefore, while the average seed yield of the variyeties
was 6316 kg ha' in 2015, the average of the varieties re-
mained at 3994 kg ha' in 2016. In terms of seed yields;
In 2015 and 2016, the most negative change occurred
in Ataem 7 cultivars, while the least change occurred in
SA 88 and Blaze cultivars. This situation strengthened the

Table 8. Averages and Groups of Seed Yield and QOil Ratio Characteristics

Seed Yield (kg ha™') Oil Ratio (%)

Genotypes

2015 2016 Average 2015 2016 Average
SA 88 5782 c 3847 ed 4814 B 232b 220e 226C
Cinsoy 6788 a 4317d 5552 A 23.1b 227 c 229B
Ataem 7 6245 b 3597 f 49218 226 ¢ 220e 223D
Atakisi 5785 c 3778 ef 47818 22.1e 220e 22.1E
Vary candidate 1 (Mona) 6735a 4069 de 5402 A 240a 22.6 cd 233A
Blaze 6559 a 4359d 5460 A 23.1b 224d 22.7C
Ave