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Efficacy study on the influence of Organic Manures and Tillage on Red Cowpea
(Vigna unguiculata 1..) performance in a Sahel Savannah region of Nigeria

Mahmud Sani'* Ibraheem Alhassan'! Dantata Ishaku James!

Auwalu Garba Gashua' Musa Adamu A'.

"Department of Agronomy, Federal University Gashua, Yobe State, Nigeria
"Corresponding Author: mahmudsanil7@gmail.com

Abstract

The objectives of this work were to determine the effects of tillage depths, manure types, and the nature of their
relationships with some performance indices and Grain Yield of red Cowpea (Vigna unguiculata L.). The exper-
iment was laid out on a Split plot design; with Tillage depth (Zero, Shallow, and Deep Tillage) as main the plot,
while Manure Type (No Manure, Cow Dung and Poultry Manure) was assigned to subplots. Upon analyses using
R-Software, Plots treated with Poultry Manure showed the highest positive response compared to no manure and
cow dung in terms of growth parameters, above ground biomass (523.3 Kgha'), and Grain Yield (696.0 Kgha™).
Zero Tillage performed better than shallow and deep tillage. It was concluded that interaction between zero tillage
and poultry manure proved the best to improve cowpea grain yield with value of (1063.8 Kgha!), above ground
biomass (766.7 Kgha'), and can increase farmer’s income and feed for their livestock. Pearson’s Multiple Linear
Correlation indicated high positive relationship between organic manure and all Cowpea parameters measured (r
> +0.65 < +0.92). Tillage depth was found to significantly correlate with Pod length (r = -0.36*) and Single Pod
Weight (r = -0.40*) at P < 0.05 in a negative passion.

Keywords: Correlation, Cowpea, Organic Manure, Tillage, Yield

Introduction all, require only a small amount of nitrogen at the initial stage

Vigna Unguiculata L. Walp, commonly known as Cow-
pea, Wake, or Beans in Nigeria, is a major leguminous crop
of the Savanna regions of West Africa commonly found in ei-
ther white or red coloration. The seeds and fodder as major
sources of plant protein, vitamins, and energy for farmers and
livestock due to its healthy nutritional status (Samndi et al.,
2014). It is also a source of income to small and large-scale
farmers. Cowpea fodder is usually stored for sale at the peak
of the dry season, and has been reported to increase or stabilize
farmers’ annual income by about 25% in West Africa (Dugje et
al., 2009). Young cowpea leaves and immature pods of cowpea
are consumed as protein source. Cultivation of cowpea, if at

Cite this article as:

of growth before the start of nodules formation, which is the
onset of nitrogen fixation through which nitrogen availability
is improved. Intercropping with cereal crops is also a practice
by farmers as it inhabits microbes that actively participate in
processes, extraction and supply of nitrogen to mixture and
succeeding crops (such as millet and sorghum) when grown in
rotation especially in areas where poor soil fertility is a prob-
lem (Aikins and Afuakwa, 2012). Cowpea yield of 1500 - 2000
Kghais attainable in the Savannah (Chude et al., 2012).
Cowpea can be grown under rainfall, irrigation or residual
moisture conditions along river banks or flood plains and fad-
amas during the dry season. Its optimum temperature range is
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between 28°C and 30°C (night and day) during the growing
season. The crop performs well in agro-ecological zones where
the rainfall range is between 500 and 1200 mmyr'. However,
with the development of extra-early and early maturing cow-
pea varieties, the crop can thrive in the Sahel where the cumu-
lative rainfall is less than 800 mmyr'. Some of these varieties
are tolerant to drought and well adapted to sandy loams and
poorly fertile soils. However, best cowpea yields are obtained
in well-drained sandy loam to clay loam soils with pH between
6 and 7 (Dugje et al., 2009).

Land preparation, especially the disturbance of agricultur-
ally important soil layers by Tillage was reported to be among
management practices that affect soil properties and general
crop performances (Adekiya et al., 2014; Shahzad et al., 2014;
Aikins and Afuakwa, 2012; Adeyemo and Agele, 2010). Pos-
itive influences of Organic (OM) quantity and source on the
performance and productivity of vegetables were evidently
established by Usman (2015), cereals by Adeyemo and Age-
le (2010), tubers, and legumes by Tanimu and Lyocks (2013).
The interaction effects of tillage and OM were also reported
to be beneficial to crop production (Adekiya et al., 2014; Ad-
eyemo and Agele, 2010). A study by Alhassan et al., (2018)
recommended the combined use of conservational tillage and
organic matter incorporation for uplifting soil productivity in
Sudano-Sahelian Savannah region.

Sahel savannah is a biogeographic zone of transition in Af-
rica between the Sahara to the north and Sudanian Savannah
to the south. A belt of up to 1000 km (620 miles) wide that
spans the 5400 km (3360 miles) from Atlantic ocean to Red
Sea. In West Africa, the Sahel covers (from west to east); parts
of northern Senegal, central Mali, northern Burkina Faso, the
larger part of Niger Republic, the extreme northeastern part of
Nigeria and central Tchad republic (Wikipedia, 2018).

In the Sahel Savannah with Average Farmers Yield (AFY)
between 300 — 1000 Kgha'! of Cowpea (Chude et al., 2012)

however, farmers tend to be unmindful of the of positive or
negative effects of tillage practices and manure uses despite its
abundance, the interaction, and relationship of both practices
with performance parameters and yield of legumes, and espe-
cially Cowpea, a major crop in the region. Therefore, an un-
derstanding of how tillage practices and OM application affect
cowpea production in the Sahel Savannah will help farmers to
make decision which will provide for more precise practices to
improve cowpea production towards higher attainable yields.
The objectives of this study were to evaluate the response of
some cowpea performance indices and grain yield to tillage
and organic manure additions. Also, it aimed to determine the
effect of tillage and OM interaction on the parameters, as well
as determining the linear correlation between tillage and OM
with the cowpea performance indices and Grain yield in the
Sahel Savannah.

Materials and Methods

Location

The research was carried out at Madamuwan Gabas located
on latitude 12.012°N and longitude 10.564°E, in the Nigeri-
an Sahel Savannah agro ecological zone. The Nigerian Sahel
spans over a significant land area in northern Yobe, Borno and
Adamawa states (Wikipedia, 2018). The soils of the study
location are classified as Alfisols according to USDA system
and predominantly Aeric Tropaqualfs characterized by deep
and imperfect drainage, and derived from Alluvial weath-
ered-Basement Complex parent materials of sedimentary or-
igin (FDALR, 1990). The climate of Sahel was Aw (Koppen
system) signifying Tropical wet and dry seasons (Dugje et al.,
2009). The cumulative annual rainfall in the past three seasons
in the study area ranged from 550mm — 750 mm as a unimodal
occurrence between May and October, with an average annual
temperature range of 27°C — 41.6°C across the study area from
2015 to date as in Table 1 (NASA, 2018).

Table 1. Average annual values of some climatic factors in the study area

Average annual climatic factors

Max. Temp.  Min. Temp Cum. Rainfall Sol. Rad. (KJm2d")
eur () (0) (mmyr’)
2015 43 27 673 16.7
2016 41 26 550 18.1
2017 43 28 750 17.4

Max. = maximum. Min. = minimum. Cum. = cumulative. Sol. = Solar. Rad. = Radiation.

Experimental Design

The experiment was laid out based on split plot design
consisting of plots measuring 6m? each with Tillage as main
plots while OM as sub-plots, replicated three times. Treat-
ments consisted of three three tillage levels: Zero Tillage (ZT)
achieved through hand picking, Shallow (0-15cm) Tillage (ST)
soil disturbance and Deep (0-30cm) Tillage through disturbing
top-soil using calibrated diggers and three types of manures:
No manure (No), Cow Dung (CD) and Poultry Manure (PM)

applied at the rate of 5.0 tonnesha 3 weeks before planting,
Interaction studies were based on the following: Zero Till-
age x No Manure (Control — ZTNo), Zero Tillage x Cow Dung
(ZTCD), Zero Tillage x Poultry Manure (ZTPM), Shallow
Tillage x No Manure (STNo), Shallow Tillage x Cow Dung
(STCD), Shallow Tillage x Poultry Manure (STPM), Deep
Tillage x No Manure (DTNo), Deep Tillage x Cow Dung
(DTCD) and Deep Tillage x Poultry Manure (DTPM).
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Sampling of soil and manures

Composite soil sample of the study location was collected
using soil auger at 0-30cm depth prior to application of organic
manures. Likewise, the manures used in the study were sam-
pled at the application time.

Laboratory Analysis

Composite samples of the pre-planted Soil and Manures
used in the experiment were prepared for physical and chem-
ical properties analyses using standard laboratory samples
preparation. Soil reaction (pH) and electrical conductivity
(EC) were determined in 1:2.5 (Soil: Water) paste using glass
electrode pH and EC meters respectively. Soil particle sizes
were determined using the hydrometer method as described in
Tanimu and Lyocks (2013). Bulk density (BD) was determined
using core sampler (Aikins and Afuakwa, 2012). Organic car-
bon (OC) was determined using the Walkley-Black wet oxida-
tion method (Walkley and Black, 1934). Total Nitrogen (N,)
was determined using the regular macro-kjeldhal distillation
method as in Fedhasa and Tesfaya (2015). Available phospho-
rus (P) was determined using the method of Bray and Kurtz-
Bray | extraction (Tanimu and Lyocks, 2013). Exchangeable
Cations were extracted using IM NH,OAC. Calcium (Ca) and
Magnesium (Mg) then read with Atomic Absorption Spectro-
photometer (AAS), while Potassium (K) and Sodium (Na)
were read using Flame Photometer (Ciesielski et al., 1997).

Agronomic Practices

Variety IT84E-108 was planted on flat land at the spacing
of 45 x 45 cm as recommended by Chude et al., (2012). Plots
were kept free of weeds to prevent competition with crop. Pod
length (cm), Leaf area (cm?), Plant Height (m), Single pod
weight (g) were recorded at harvest while above ground bio-
mass (Kgha'), and Grain yield (Kgha') were weighed after
harvest.

Statistical Analysis

Data collected were statistically analyzed using R software
(3.4.3). Upon significant F-Test, Least Significant Difference
(LSD) test was used for means separation (Amanullah et al.,
2014). Pearson’s multiple linear correlation analysis was per-
formed using SPSS to determine the relationship between OM
and Tillage, with cowpea performance parameters.

Result and Discussion

Physical and chemical properties of the experimental soil
were shown in Table 2. The soil was found to be of Sandy
Loam (SL) texture, the soil particle size distribution fall in
the Sandy range classified by Hill Laboratories (2010). San-
dy ranged soils indicate a high degree of weathering and clay
eluviations from the surface layer (Nakao et al., 2009) it is
difficult to detect such minor and progressive changes using
conventional methods. We measured the amount of the frayed
edge site (i.e. the weathering front of illitic minerals, with low
OC content and probably nutrient loss through volatilization
in the location as reported by Eghball and Power (1999). The
findings on the experimental site soil conformed with those
reported by Alhassan et al., (2018) on sahelian savannah soils
of Bade, Nigeria.

Results in Table 3 showed that the Cow Dung used for the

experiment had the least BD of 1.29 gecm™ followed by the ex-
perimental PM with BD of 1.32gcm™. Both manures have low-
er densities than the soil (1.43gem™). Organic carbon content
and C: N ratio were higher in CD than PM. Bulk densities of
the soil and experimental manures could be attributed to the
OC contents of the three media analyzed, as seen in Tables 2
and 3. This attests to a report mentioned in Bouajila and Sanaa
(2011) on improvement in BD as a result of high OC content.

A contrasting quality in Tables 2 and 3; is the highest N, P
and K contents (fertility indices) found in PM as compared to
CD and the Study Soil (SS). The soil of the site was very low
in N_, low in available P and high in exchangeable K. This im-
plied that the SS may benefit from the N and P in the manures
despite its low Effective Cation Exchange Capacity (ECEC)
upon the summation of the basic cations in Table 2. The CD
was lower than the soil in all basic cations while PM is higher
than the soil in K but lower in all of Ca, Mg and Na contents.

Pod Length (cm)

Results presented in Table 4 indicated that OM had a signif-
icant effect on cowpea pod length. Mean pod length is higher
in PM (18.2cm) than CD treated plots (16.5cm), while the least
and significantly different pod length of 13.7cm was recorded
in no manure plots. A study by Meena ef al., (2015) crop per-
formance, energy relations and economics in greengram (Vig-
na radiata L. reported positive benefits of OM from crop resi-
due on a leguminous crop. Tillage depth was also found to be
significant. Although mean Pod length was statistically at par
for all the depths, values obtained showed that the maximum
(17.1cm) was recorded in ZT, while the minimum (14.7cm)
was obtained with DT plots (Figure 1). In ST plot however,
mean pod length was 16.5 cm. Tillage also established benefits
to soil and Green gram (Vigna radiata L.) performance in the
study of Meena et al., (2015).

Leaf Area (cm?)

The results presented in Table 4 also showed that cowpea
leaf area benefitted significantly from OM application. Mean
leaf area values indicated that PM treated plot produced the
maximum (138.5cm?), CD treated plot was 86.8cm?, and the
control plot (No manure) had the minimum leaf area (70.2cm?).
Tillage has no significant effect on leaf area. The interaction of
OM with Tillage was highly significant with highest leaf area
(163.2cm?) in ZTPM treated plots and least (54.9cm?) in ZTNo
treated plot as shown by Figure 2. The least performance of
Non tilled plots attests to the report of Fuhrer and Chervet
(2015).

Plant Height (m)

Statistical analysis of plant height in Table 4 showed the
significance of OM application. Mean values of 0.54m and
0.65m that are statistically different for CD and PM were been
observed over no manure plots with 0.43m as the mean height
of the plants. This finding is at par with that of Idris et al.,
(2018) on cowpea in the Sahel Savannah of Niger with the
addition of Phosphorus, and the study of Soretire and Olayinka
(2013) for soya bean height in Abeokuta, Nigeria. Both Tillage
type (Table 4) and the interaction between tillage and manure
(Figure 3) were found to have no statistical significance on the
plant height.

206



M. Sani, I. Alhassan, D. I. James, A. G. Gashua, M. Adamu A.

Q(;_v/

Int J Agric Environ Food Sci 3(4): 204-210 (2019)

Single Pod Weight (g)

Mean values obtained for single pod weight in Table 4 in-
dicated the significance of OM and that of Tillage for cowpea
production in the Sahel savannah. The interaction of OM X
Tillage was not significant from the analyzed data in the Table
4, but heavier pods were obtained upon OM interaction with
the least soil disturbance (ZT) as seen in Figure 4. This could
be attributed to the long term higher soil moisture retention
with conservational (no tillage) reported in the study of Fuhrer
and Chervet (2015).

Above Ground Biomass (Kgha™)

Above Ground Biomass in CD plot (293.2 Kgha') was
not statistically different from the plot with no manure (233.0
Kgha'), while PM plot was statistically significant having a
value of 523.3 Kgha''. ZT (400 Kgha!), ST (316.6 Kgha') and
DT (333.3 Kgha'!) were all statistically insignificant in terms
of biomass. Tillage X OM was highly significant as depicted
by Figure 5. (Idriss et al., 2018) reported a significant increase
in cowpea performance in both Niger and Burkina Faso due to
OM. Mando and Vanlauwe (2005) also reported a significant
long term interaction between tillage and manure on general
crop performance and soil properties improvement in the dry
Sahelian regions of West Africa.

Grain Yield (Kgha™)

Results in Table 4 also showed that Grain Yield in
CD-treated plots (394.7 Kgha!) was not statistically different
from the plot with no manure (216.3 Kgha'!), while yield of
(696.0 Kgha') from PM treated plots was statistically signifi-
cant. Findings reported by Olatunji et al., (2012) were at par
with this study on PM application. The ZT (503.6 Kgha'), ST
(338.8 Kgha') and DT (464.3 Kgha!) were all statistically in-
significant. This conforms with the findings of a number of
studies (Idriss et al., 2018; Mando & Vanlauwe, 2005; Meena
et al., 2015). The interaction was significant in such a way that
the grain yield produced is higher at PM plots in a succession
of ZT, ST then DT plots from Figure 6. The yield obtained
in ZTPM plot (1063.8 Kgha) surpassed the AFY of between
300-1000 Kgha' highlighted in Chude et al., (2012).

Linear relationships

Correlation analysis between treatments and performance
parameters showed that OM had a positive and highly signif-
icant correlation with all the cowpea performance parameters
and grain yield (Table 5) in the order Plant Height (r = 0.92),
Leaf Area (r = 0.86), Single Pod Weight (r = 0.76), Biomass (r
=0.72), Pod Length (r = 0.67) and Grain Yield (r = 0.65). Fer-
tility indices in the OM treated soils are therefore important in
such a way that PM gave the highest NPK content which pro-
duced the highest results in all the parameters when compared
to CD and no manure accordingly.

Tillage, on the other hand, was found to have a negative
correlation with the Cowpea performance parameters. Statisti-
cally insignificant correlation was observed with Biomass (r =
-0.18), Leaf Area (r =-0.09), Grain Yield (r = -0.05) and Plant
Height (r = -0.01) as in Table 3, and significant negative rela-
tionship was seen with both Single Pod Weight (r = -0.40) and
Pod Length (r =-0.36) on Table 5.

Figure 1. Response of cowpea pod length to tillage and OM
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Figure 5. Response of cowpea above ground biomass to tillage
and OM
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1200
E
&
o,
% a0
i
5

D T T T 1
No CD PM
Manure Type
Conclusion

In conclusion, Interaction between Zero Tillage (ZT) and
Poultry Manure (PM) proved to be the best combination to im-
prove cowpea Grain Yield (Kgha') and above ground biomass
(Kgha') in the Sahel Savannah. Manure was found to show
high correlation with all the growth parameters and grain yield
of cowpea. Tillage depth was also found to significantly cor-
relate negatively with Pod length (r = -0.36*) and Single Pod
Weight (r =-0.40%) at P> 0.05.
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Table 2. Physical and Chemical Properties of the Experimental Site

Analyzed Properties
Medium Physical Properties Chemical Properties
Texture Sand Silt Clay BD ocC EC pH N, P K Ca Mg Na
SS SL 72 17 11 143 138 088 675 013 036 182 461 154 1.38

SS = Study Soil. Sand, Silt, Clay, OC, and N, are all in percentages (%). BD is in gem™. EC is in dSem™. P, K, Ca, Mg and Na are in cmol (+)

kg'. N = total Nitrogen.

Table 3. Analyzed Properties of the Manures used in the study

Manure Analyzed Properties

BD ocC EC pH N, P K Ca Mg Na
CD 1.29 15.1 Nd 6.70 0.36 0.83 1.31 2.41 0.86 0.98
PM 1.32 12.6 Nd 6.51 0.60 1.30 2.40 3.21 2.00 0.90

CD = Cow Dungs. PM = Poultry Manure. Sand, Silt, Clay, OC, and N_ are all in percentages (%). BD is in gcm”. EC is in dScm™. P, K, Ca,

Mg and Na are in cmol (+) kg'. Nd = Not determined. N = total Nitrogen.

Table 4. Performance Parameters and Grain Yield of Cowpea as affected by OM and Tillage Methods

Treatments Pod Length Leaf Area Plant Height Single Pod  Above Ground  Grain Yield

(cm) (cm?) (m) Weight (g) Biomass (Kgha')
(kgha™)

OM (5.0 tonha™)

Zero 13.7° 70.2° 0.43¢ 1.4¢ 233.0° 216.3°

Cow dung 16.5° 86.8° 0.54° 2.2° 293.2° 394.7°

Poultry manure 18.2¢ 138.5° 0.65° 2.7° 523.3¢ 696.0°

LSD (0.05) 2.0 17.1 0.04 0.5 115.0 232.2

Tillage

Zero 17.1¢ 101 0.54 2.6 400.0m 503.6"

Shallow 16.5 100 0.53m 1.9° 316.6™ 338.8m

Deep 14.7 94ns 0.54 1.9° 333.3m 464.3m

LSD (0.05) 2.5 - - 0.7 - -

Interaction

OM X Tillage Ns ok Ns Ns woE *

Means in the same category followed by different letters are significantly different at P <0.05 levels. Ns = non-significant, * significant at
0.05 probability level, ** significant at 0.01 probability level (highly significant).
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Table 5. Linear Correlation between OM, Tillage and Cowpea Performance Parameters

Parameters Organic Manure Tillage
Grain Yield 0.65%* -0.05
Above Ground Biomass 0.72%* -0.18
Single Pod Weight 0.76%* -0.40*
Plant Height 0.92%* -0.01
Leaf Area 0.86** -0.09
Pod Length 0.67*%* -0.36*

*Correlation is significant at the 0.05 probability level.

** Correlation is significant at the 0.01 probability level (highly significant).

Appendix 1. Effects of OM and Tillage on Cowpea Performance indices as affected by OM and Tillage obtained at Harvest

Treatments Pod Length Leaf Area Plant Height  Single Pod Weight ~ Above Ground Grain Yield
(cm) (cm?) (m) (2) Biomass (Kgha (Kgha')
)

Control 12.9 54.9 0.47 1.8 1333 92.6
ZTCD 18.5 85.2 0.50 2.8 300.0 354.9
ZTPM 20.0 163.2 0.66 32 766.7 1063.8
STNo 16.4 83.4 0.40 1.2 266.7 277.5
STCD 15.9 78.5 0.55 22 266.7 317.2
STPM 17.3 139.3 0.64 24 3833 421.7
DTNo 12.0 72.4 0.43 1.4 283.3 278.8
DTCD 15.1 96.7 0.61 1.7 283.3 S511.8
DTPM 17.1 113.0 0.61 2.6 416.7 602.3

Control = Zero Tillage x No Manure, ZTCD = Zero Tillage x Cow Dung, ZTPM = Zero Tillage x Poultry Manure, STNo = Shallow Tillage x
No Manure, STCD = Shallow Tillage x Cow Dung, STPM = Shallow Tillage x Poultry Manure, DTNo = Deep Tillage x No Manure, DTCD =
Deep Tillage x Cow Dung and DTPM = Deep Tillage x Poultry Manure.

Appendix 2. Linear Correlation Matrix between OM, Tillage and measured Cowpea Performance Parameters

Parameters oM Tillage Grain Yield Above Ground Bio- Single Pod Plant Leaf Area Pod
mass Weight Height Length

oM 1

Tillage - 1

GY 0.65**  -0.05 1

AGB 0.72*%*  -0.18 0.84%%* 1

SPW 0.76¥*  -0.40* 0.59%* 0.64%* 1

PH 0.92%*  -0.01 0.59%* 0.67%* 0.71%%* 1

LA 0.86**  -0.09 0.77*%* 0.90%* 0.59%%* 0.78%* 1

PL 0.67**  -0.36* 0.54%** 0.66%* 0.64%* 0.55%* 0.67** 1

*Correlation is significant at the 0.05 probability level.

** Correlation is significant at the 0.01 probability level (highly significant).
GY = Grain Yield, AGB = Above Ground Biomass, SPW = Single Pod Weight, PH = Pant Height, LA = Leaf Area, and PL = Pod Length.
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Abstract

A hydroponic experiment was conducted between April and May in 2018 by using an aerated Deep Water Culture
(DWC) technique in a controlled growth chamber of Erciyes University, Agricultural Faculty in Kayseri, Turkey.
To evaluate contribution of roots for growth and physiology a commercial watermelon [Citrullus lanatus (Thunb.)
Matsum. and Nakai] cultivar (Crimson Tide F,) was grafted onto two different bottle gourd (Lageneria siceraria)
genotypes (39-01 and 47-02) and one commercial rootstock genotype (Argenterio) by using two propagation tech-
niques (unrooted or rooted seedlings). Plants were grown in 8 L pots filled continuously aerated nutrient solution, in
Randomized Block Design with 4 replications for 6 weeks. Results indicated that shoot and root fresh (FW) and dry
(DW) weights, main stem length, total leaf area, leaf chlorophyll index (SPAD), photosynthetic activity of leaves of
watermelon were significantly (P<0.001) affected by rooting type, genotype and genotype x rooting type interaction.
Irrespective of rooting type, the grafted genotypes usually showed significantly higher performance in growth and
physiological development than ungrafted control plants. Among graft combinations, the highest growth performance
was shown by C.Tide/Argenterio while the lowest was shown by C.Tide/39-01. In terms of rooting type, watermelon
plants usually showed a better performance in growth and physiological development when they were used as rooted
seedlings compared to unrooted ones. Grafting watermelon onto unrooted seedlings caused a significant reduction in
shoot FW by 21.6%, in shoot DW by 12.8%, in root FW by 29.5%, in root DW by 33.7%, in stem length by 11.5%,
in total leaf area by 26.3%, in SPAD by 11.2% and in photosynthesis by 18.2%. All these clearly indicate that roots
are playing very essential role in contribution to growth and development of plants, particularly at the beginning of
growth stage. Therefore, our study suggested that grafting with unrooted seedlings is not a useful application strategy
for watermelon plants grown under hydroponic conditions, even when they are grafted onto vigorous rootstocks.

Keywords: Grafting, Genotype, Rootless cuttings, DWC, Hydroponic

Introduction

Grafting is an important and widely applied practice for
the production of cucurbit and solanaceous vegetable crops
which are usually propagated by using grafted seedlings (Alan
et al., 2017). The first grafted vegetable was achieved in Korea
and Japan in the late 1920s by grafting watermelon onto gourd
rootstocks to manage the soilborne Fusarium wilt (Fusarium
spp.) diseases (Sibomana et al., 2013). Later on, several stud-

Cite this article as:

ies were carried out on grafting which represents a feasible
alternative propagation technique in fruit bearing vegetables
such as in tomato, watermelon, cucumber and eggplant to
solve issues related to biotic and/or abiotic stress factors that
affecting the fruit yield and quality (Lee, 1994; Davis et al.,
2008; Schwarz et al., 2010; Savvas et al., 2010). Depending
on the scion cultivars, the effects of the rootstocks on plant
growth, fruit yield and quality can be resulted diversely either
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positively in enhancement (Ozdemir et al., 2016) or negatively
in decline (Edelstein, 1999; Lee and Oda, 2003). Since, not
all the rootstock species are appropriate and useful for the all
scion cultivars.

Generally, watermelon cultivars are grafted onto Cucurbita
moschata, C. maxima, Benincasa hispida and Lagenaria sicer-
aria rootstocks which are the widely used rootstock species
for watermelon (Lee, 1994). In Turkey, grafting studies on wa-
termelon plants were started in 2000s by testing 10 rootstocks
consisting of Lagenaria, landrace and cucurbit hybrids (Ye-
tisir, 2001). Ozdemir et al. (2016) reported that, watermelon
varieties Crimson Tide and Crisby were grafted onto hybrid
rootstocks of RS 841, Ferro, Argentario and Macis rootstocks
and observed that more yield, fruit size, plant development and
fruit quality were produced by the grafted plants.

Cucurbits grafting can be done by applying different propa-
gation techniques, such as using by unrooted cuttings or rooted
seedlings as rootstocks. However, there are several advantages
and disadvantages of using some of these propagation tech-
niques (unrooted cuttings or rooted seedlings) in rootstock
grafting (Lee and Oda, 2003). The advantages of unrooted
grafting are; quick and easy method, for some vegetables, very
well seedling homogeneity, regulates able to stem length reg-
ulation, more hygienic. On the other hand, disadvantages of
this method are; delay in root formation during healing of graft
part, slow growth, and infection risk. The aim of this work was
to evaluate the significance of roots for growth and physiology
of watermelon grafted onto rooted and unrooted cuttings of
various bottle gourd (Lagenaria sicerari) rootstock genotypes
under hydroponic condition.

Materials and Methods

Plant Material

In this study a commercial watermelon cultivar (Crimson
Tide F1) was used as scion and two different bottle gourd (La-
generia siceraria) landrace genotypes (39-01 and 47-02) and
one commercial bottle gourd rootstock (Argenterio) genotype
were used as rootstock materials (Table 1).

Experimental Site and Plant Growth Conditions

An experiment was conducted between April and May in
2018 by using an aerated Deep Water Culture (DWC) tech-
nique in a controlled growth chamber situated in the Plant
Physiology Laboratory of Erciyes University, Faculty of Agri-
culture, central Anatolia in Turkey. For the vegetation period,
the average day/night temperatures were 25/22 °C, the relative
humidity was 65-70% and about 350 umol m? S-!' photon flux
was supplied in a photoperiod of 16/8 h of light/dark regimes in
the controlled growth chamber. To produce homogenous seed-
ling for hydroponic growth medium, seeds of watermelon were
sown one week earlier than quickly germinating bottle gourd’s
seeds in a multi-pots contained a mixture of peat (pH: 6.0-6.5)
and perlite in a 2:1 (v:v) ratio for 2 weeks. When the seedlings
developed two or three true leaves, scions were grafted onto
rootstocks. Some of the ungrafted watermelon (Crimson Tide)
plants were used as scion control plants while some of them
were grafted onto different rootstocks.

After grafting process, plants were healed and acclimatized

in the tunnel covered with double-layered plastic film and
shade cloth in the climate chamber for one week (Leoni et al.,
1990). In order to prevent grafted plants from wilting by the
excessive transpiration and to enhance healing, the tunnel was
closed for the first three or four days of healing and acclima-
tization period. For the next three or four days, the opening
and closing of the tunnel were done depending on the condi-
tions of grafted plants and growth room. This was done for the
acclimatization of grafted plants to environmental conditions
outside tunnel. After the end of healing and acclimatization
period, the grafted and ungrafted control plants were carefully
freed from the growth medium with no root damage and then
transferred into 8 L plastic pots filled with nutrient solution in
growth chamber. Each pot was filled with 8 L nutrient solution
that was aerated by an air pump to supply sufficient oxygen.
The experiment was arranged in a completely randomized
block design with four replications and three plants in each pot
(replication). In the hydroponic experiment the total vegetation
period from transplanting into 8 L plastic pots up to final har-
vest was almost six weeks.

The nutrient solution was prepared by using distilled wa-
ter contained analytical grade (99% pure) chemicals according
to modified Hoagland and Arnon formulation. In hydroponic
experiment, 2000 uM nitrogen was supplied by using two dif-
ferent proportional N sources (75% Ca(NO,),and 25% (NH,)-
,S0,). Furthermore, basic nutrient solution had the follow-
ing composition (uM): K,SO, (500); KH, PO, (250); CaSO,
(1000); MgSO, (325); NaCl (50); H,BO, (8.0); MnSO, (0.4);
ZnSO, (0.4); CuSO, (0.4); MoNa O, (0.4); Fe-EDDHA (80).
All nutrients were replaced when the N concentration of the
nutrient solution in the 2.0 mM N rate pots fell below 0.3 mM,
as measured daily with nitrate test strips (Merck, Darmstadt,
Germany) by using a NitracheckTM reflectometer. Distilled
water was added every two days to replenish the water lost to
evaporation, and the solution was changed weekly.

Harvest, Shoot- Root Fresh and Dry Weight, Root:
Shoot Ratio Measurements

At the end of the experiment plants were harvested by sep-
arating them into shoot and roots. For the fresh weight deter-
mination plant organs were fractioned into the leaf, stem and
roots and then weighted. After measuring the fresh weights of
each shoot and root fraction, samples were stored separately in
paper bags and dried in a ventilated oven at 70 °C for 72 hours.
Root: shoot ratio was calculated from the dry weight.

Main Stem Length and Leaf Physiological Measure-
ments

At the end of the experiment the main stem length and leaf
physiological measurements of plants were determined de-
structively. Main stem length (cm) was measured by using a
ruler. Total leaf area (cm?) of harvested plants was measured
destructively with a leaf area measuring device (LI-COR LI-
3100C, Inc., Lincoln, NE, USA).

On the other hand, the leaf chlorophyll index (SPAD) was
determined non-destructively by using a portable chlorophyll
(SPAD) meter (Minolta SPAD-502). During the growth period,
SPAD readings were performed on 3" and 4" week of the veg-
etation period at the center of the leaves on the fully expanded
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youngest leaf of whole plants for each treatment.

The leaf-level CO, gas exchange (umol CO, m™ s™') mea-
surements were done in controlled growth chamber by using
a portable photosynthesis system (LI-6400XT; LI-COR Inc.,
Lincoln, NE, USA). The leaf photosynthesis measurement was
performed on the most recent fully expanded leaves, using four
replicate leaves per treatment on 3™ and 4" week of the vege-
tation period.

Statistical Analysis

Statistical analysis of the nutrient solution experiment data

was performed using SAS Statistical Software (SAS 9.0, SAS
Institute Inc., Cary, NC, USA). A two-factorial analysis of
variance was performed to study the effects of graft combina-
tion (genotype) and rooting type and genotype X rooting type
interactions on the plants. Levels of significance are represent-
ed by *P < 0.05, **P < 0.01, ***P < 0.001, and ns means not
significant. Differences between the treatments were analyzed
using Duncan’s Multiple Test.

Table 1. The scion, rootstock and their graft combinations under two propagation techniques

Genotypes Scion/Rootstock (S/R)

Propagation (Root Type)

C.Tide Ungrafted Control (Crimson Tide)

Rooted - Unrooted

C.Tide/39-01

Crimson Tide/Landrace bottle gourd (L. siceraria)

Rooted - Unrooted

C.Tide/47-02

Crimson Tide/ Landrace bottle gourd (L. siceraria)

Rooted - Unrooted

C.Tide/Argenterio

Crimson Tide/Commercial bottle gourd (L. siceraria)

Rooted - Unrooted

Results and Discussion

Shoot and Root Fresh Biomass Production and Main

Stem Length

Results obtained from hydroponic experiment indicated that
shoot and root fresh (FW) and main stem length of watermelon
were significantly (P<0.001) affected by rooting type, geno-
type and genotype x rooting type interaction (Table 2). Irre-
spective of rooting type, the grafted genotypes usually showed
significantly higher shoot (85% increase in shoot FW and 41%
increase in stem length) and root growth (170% increase in
FW) performance than ungrafted control plants. Among graft
combinations, the highest shoot growth was shown by unroot-
ed C.Tide/Argenterio while the lowest was shown by unrooted
C.Tide/39-01. On the other hand, the highest root growth was
shown by rooted C.Tide/39-01 graft combinations while the
lowest was shown by rooted C.Tide/47-02. The lowest fresh
biomass and shortest stem length of both rooted and unrooted
C.Tide/39-01 graft combinations, might be due to differences
in partitioning of dry matter between scion (watermelon) and
rootstock (39-01). The vigor of the rootstock is important in
conferring scion vigor (Gisbert et al., 2011), but its effect on
scion may depend also on watermelon variety (Ozdemir et al.,
2016). Our results clearly indicated that grafting with vigor
rootstocks either with rooted seedlings or unrooted cuttings
have pronounced positive effect on shoot and root growth.

A higher performance in shoot and root growth of graft-
ed watermelon plants might be results of vigorous and active
root system of bottle gourd rootstocks that contributed to wa-
ter and mineral nutrient uptake (Rivero et al., 2003) which led
to increase in leaf area formation and photosynthetic activity
of leaves. Since, the leaf area formation plays an important
role for the light interception and carbon assimilation by crops
(Grosse, 1989). Consequently, biomass production and yield
of a crop is strongly dependent on its leaf area as well as the
rate of leaf photosynthesis (Hirasawa and Hsiao, 1999).

In collaboration with our study, Wei et al., (2009) reported
similar results and stated that plants grafted onto Lageneria
siceraria rootstock genotypes have significantly higher fresh
matter in shoots and roots than those of ungrafted plants. Also,

other authors stated similar reports about the grafting effects
on plant growth and yield (Chouka and Jebari, 1999; Yetisir
and Sari, 2004; Yetisir et al., 2006). Irrespective of grafting
process, watermelon plants usually showed a better perfor-
mance in growth and physiological development when they
were used as rooted seedlings compared to unrooted cuttings.
Because, unrooting treatment caused a significant reduction in
shoot FW by 21.6%, in root FW by 29.5%, and in stem length
by 11.5% of watermelon plants. This might be due to lower
water transport and mineral uptake (Rivero et al., 2003) from
roots to shoots that caused a decline in leaf area formation and
thus a low photosynthetic activity of scion leaves.

Shoot and Root Dry Matter Accumulation and

Partitioning

The accumulation of shoot and root dry matter and its parti-
tioning of watermelon were significantly (P<0.001) affected by
rooting type, genotype and genotype x rooting type interaction
(Table 3). Irrespective of rooting type, the grafted genotypes
usually produced significantly higher shoot (96% increase),
and root (119% increase) dry matter than ungrafted control
plants. Graft combinations differed significantly and thus the
highest shoot dry matter accumulation was shown by C.Tide/
Argenterio while the lowest was shown by C.Tide/39-01. On
the other hand, the highest root growth was shown by C.Tide/
Argenterio and C.Tide/39-01 graft combinations while the
lowest was shown by C.Tide/47-02. This is the similar vari-
ation existed also in shoot and root fresh matter production
among the same graft combinations (Table 2).

Our results clearly indicated that grafting with vigor root-
stocks either with rooted seedlings or unrooted cuttings have
pronounced positive effect on shoot and root growth and hence
on dry matter accumulations (Table 3). This might be results of
stronger root growth of the rootstock (Yetisir and Sari, 2004;
Khah, 2011) that contributed to water and mineral nutrient up-
take (Rivero et al., 2003) and to augmented endogenous hor-
mone production (Zijlstra et al., 1994) which led to increase in
leaf area formation and photosynthetic activity of scion leaves.
However there was no significant difference between ungraft-
ed watermelon control plants and grafted C.Tide/Argenterio
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and C.Tide/47-02 graft combinations in dry matter partitioning
(root:shoot ratio), while significantly highest root:shoot ratio
was demonstrated only by C.Tide/39-01 (Table. 3).

It has also been reported that grafting promotes vegeta-
tive growth at different levels depending on rootstock char-
acteristics. Many studies reported that an interaction between
rootstocks and scions exists resulting in high vigor of the root
system and greater water and mineral uptake leading to an in-
creased yield and to fruit growth enhancement (Besri, 2002;
Kacjan Marsic and Osvald, 2004). Irrespective of grafting pro-
cess, watermelon plants usually showed a better performance
in growth and physiological development when they were used
as rooted seedlings compared to unrooted cuttings. Because,
unrooting treatment caused a significant reduction in shoot
DW by 12.8%, in root DW by 33.7%, and in root:shoot ratio
by 40.6% of watermelon plants. This might be due to lower
water transport and mineral uptake (Rivero et al., 2003) from
roots to shoots that caused a decline in leaf area formation and
thus a low photosynthetic activity of scion leaves.

Physiological Leaf Development and Photosytetic Ac-
tivity of Leaves

The total leaf area, leaf chlorophyll index (SPAD) and
photosynthesis of watermelon were significantly (P<0.001) af-
fected by rooting type, genotype and genotype x rooting type
interaction in hydroponic experiment (Table 4). Irrespective
of rooting type, the grafted genotypes significantly increased
the total leaf area almost by 124%, the leaf SPAD value by
19% and the photosynthetic activity by 44% as compared to
ungrafted control plants.

Among graft combinations, highly significant differences
were found in physiological leaf development and photosyn-
thetic activity of leaves. Significantly highest total leaf area,
SPAD and photosynthesis were demonstrated consistently by

the graft combination of C.Tide/Argenterio while the lowest
was shown by C.Tide/39-01. The leaf area formation is evi-
dently affected by the scion, but the rootstock may also have
significant effects on plant growth (Davis et al., 2008).

Many researchers found that grafting on hybrid rootstocks
promoted plant yield increase (Yetisir et al., 2006; Alan et al.,
2007; Alexopoulos et al., 2007). In this study, an increase in
leaf area formation was determined to be consistent with pre-
vious studies.

Since the interspecific hybrid rootstocks with vigorous root
system are able to absorb water and nutrient elements more
efficiently in addition to disease resistance, they are superior to
ungrafted plants in terms of plant yield (Huitron et al., 2009).

Furthermore, concerning leaf chlorophyll index (SPAD)
and photosynthesis, our results agreed with the finding of oth-
er researchers (Lee, 1994; Besri, 2008). The increased yield
of grafted plants is also believed to be due to enhanced water
and mineral uptake (Rivero et al., 2003). Pulgar et al. (2000)
found that grafting influences absorption and translocation of
phosphorus, nitrogen, magnesium, and calcium. Therefore,
improving nutrient uptake increases photosynthesis, these con-
ditions allow grafted plants to produce higher yields (Hu et
al., 2006). Regardless of grafting process, watermelon plants
usually showed a better performance in physiological leaf de-
velopment and photosytetic activity when they were used as
rooted seedlings compared to unrooted cuttings. Since, unroot-
ing treatment caused a significant reduction in total leaf area by
26.3%, in SPAD by 11.2% and in photosynthesis by 18.2% of
watermelon plants. This might be due to lower water transport
and mineral uptake (Rivero et al., 2003) from roots to shoots
that caused a decline in leaf area formation and thus a low pho-
tosynthetic activity of scion leaves.

Table 2. Shoot and root fresh matter and main stem length of rooted and unrooted control and grafted watermelon genotypes

Shoot Fresh Weight Root Fresh Weight Main Stem Length
Genotypes (g plant™) (g plant™) (cm plant™)
(Scion/ Rootstock) Rooted Unrooted Rooted Unrooted Rooted Unrooted
C.Tide 19.95 B 17.95d 435C 2.69b 9.28 D 731c¢
C.Tide/39-01 36.23 A 22.87c 11.75 A 723 a 9.79 C 11.34a
C.Tide/47-02 3748 A 27.51b 9.92B 7.40 a 11.79 A 10.19b
C.Tide/Argenterio 36.46 A 3370 a 10.20B 8.18 a 10.61 B 10.68 b
Genotype ke Heokeke Hokok
Rooting type ok ko EEE
Genotype X Ro.type oAk oA otk

Values denoted by different letters (lower and upper case letters for rooted and unrooted, respectively) are significantly different between gen-
otypes within columns at P < 0.05: ns, non-significant. *P < 0.05, **P < 0.01 and ***P < 0.001.
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Table 3. Shoot and root dry matter, root: shoot ratio of rooted and unrooted control and grafted watermelon genotypes

Shoot Dry Matter Root Dry Matter Root:Shoot
Genotypes (g plant™?) (g plant?) (ggh
(Scion/ Rootstock) Rooted Unrooted Rooted Unrooted Rooted Unrooted
C.Tide 1.62 C 1.16d 0.62 C 0.24b 038B 021c
C.T/39-01 2.38B 145¢ 1.17A 0.72 a 0.49 A 0.50 a
C.T/47-02 2.57TA 234D 0.99 B 0.74 a 0.39B 032b
C.T/Argenterio 2.50A 297 a 1.02B 0.82a 041 B 0.28 b
Genotype kg ek EEES
Rooting type Hookeok ko Hokok
Genotype X Ro.type oAk kol oAk

Values denoted by different letters (lower and upper case letters for rooted and unrooted, respectively) are significantly different between gen-
otypes within columns at P < 0.05: ns, non-significant. *P < 0.05, **P < 0.01 and ***P < 0.001.

Table 4. Total leaf area, leaf chlorophyll index (SPAD) and photosynthetic activity of rooted and unrooted control and grafted
watermelon genotypes

Leaf area Leaf chlorophyll Index Photosynthesis
Genotypes (cm? plant™!) (SPAD) (umol CO, m?s™)
(Scion/ Rootstock) Rooted Unrooted Rooted Unrooted Rooted Unrooted
C.Tide 300.79 C 240.52d 36.77D 32.88d 6.47D 5.83d
C.T/39-01 596.50 B 340.10 ¢ 40.22C 35.78 ¢ 8.59C 6.40 ¢
C.T/47-02 605.37 B 440.19b 42.46 B 37.26b 9.48 B 7.59b
C.T/Argenterio 647.71 A 565.02 a 4391 A 39.24 a 9.63 A 8.12a
Genotype skskok skskok skskosk
ROOting type skokek skokosk skskosk
Genotype X Ro.type otk otk oAk

Values denoted by different letters (lower and upper case letters for rooted and unrooted, respectively) are significantly different between gen-
otypes within columns at P < 0.05: ns, non-significant. *P < 0.05, **P < 0.01 and ***P < 0.001.

Conclusion

Grafted vegetable production has become a common prac-
tice in many parts of the world. It is an effective agricultur-
al approach to improve plant growth, due to that the yield
and quality of the shoot system, partially, depend on the root
system. The results of the present experiments demonstrate
that how the rootstocks improve plant vigor and productivi-
ty whether grafted on to rooted seedlings or unrooted cutting
plants. The grafted plants were more robust in terms of main
stem length, leaf area, leaf chlorophyll index (SPAD), photo-
synthesis, fresh and dry weights than those of the ungrafted
control plants. This effect, which is present only in some graft-
ing combinations, therefore the scion x rootstock combination
is of major importance in terms of growth and development,
whereas the choice of the right combination could be a use-
ful means in grafting vegetable production. Watermelon scion
variety interacts significantly different when they are grafted
onto rooted seedlings or unrooted cutting as a scion-rootstock
combination under hydroponic conditions. Unrooting process
on the cuttings caused a significant reduction in shoot and root
growth, total leaf area, leaf SPAD value and in photosynthesis.
All these clearly indicate that roots are playing very essential

role in contribution to growth and development of watermelon
plants, particularly at the beginning of growth stage. There-
fore, our study suggested that grafting with unrooted cuttings
is not a useful application strategy for growth and physiolo-
gy of watermelon plants grown under hydroponic conditions,
even when they are grafted onto vigorous rootstocks.
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Abstract

Pesticides have not only lethal effect on bees but they can also change their navigational behaviors. The bumblebees
exposed to pesticides may not find their food and hive, and even their motor nervous system can acutely be affected.
In this study, effects of some pesticides (abamectin, acetamiprid, deltamethrin, imidacloprid) on bumblebees were in-
vestigated. The bumblebee colonies were obtained from Koppert Biological Systems, Inc., Turkey. Six doses of each
pesticide were tested on motor behaviors of some extremities of the bumblebees and bumblebees were fed on only
50% sucrose as a control group to compare with pesticide applications. Pesticides were applied to bees by feeding and
spraying methods. Then, the situations of motor mobility of legs, antennae and proboscis extension of the bumblebees
exposed to pesticides were scored. According to the results of the study, the pesticides used in the experiment had an
impact on motor nervous system of the bumblebees, and the most effective pesticide was imidacloprid, followed by
deltamethrin, acetamiprid, and abamectin, respectively. These results show that imidacloprid, all doses, demage basic
motor coordination fundamental to locomotion and foraging and kill at label dose.

Keywords: Bumblebees, Pesticide, Imidacloprid, Proboscis extension reflex

Introduction

Globally, more than 25000 species of the Apoidea (bees)
are the key agents of the ecosystem and agricultural pollination
in diverse habitat (Donovan, 1980; Michener, 1979; 2007).

Pesticides used against pests in agricultural areas and espe-
cially in greenhouses have negative effects on pollinator bees.
These negative effects occur as changes in the behaviors of
bees, as well as colony losses and the death of bees (Karahan
et al., 2015). Besides honey bees, bumble bees are the second
most important pollinators for many plants in the natural flora.
239 species were identified and more than 30 countries in the
world use these bees as pollinators on 25 different cultivat-
ed plants (Goodwin & Steiner, 1997; Williams, 1998; Benton,
2000; Aslan et al., 2017). Because of easy breeding and the
large colony populations, Bombus terrestris L. (Hymenoptera:
Apidae) is one of the main species used in greenhouses for
pollination of plants, such as tomatoes, peppers, and melons
(Giirel et al., 2001; Gosterit & Giirel, 2005). Populations of
bees and other insect pollinators have fallen dramatically in
recent years in many nations and there is growing scientific
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evidence that pesticides had a significant role (Matheson et
al., 1996; Allen-Wardell et al., 1998). Currently, many studies
were conducted to further understand the toxic effects of pesti-
cides on bees (Kandemir, 2007; Ozbek, 2010).

In Turkey, demand for bumblebees has been increased es-
pecially in the Mediterranean coastal region for the pollination
of plants grown in greenhouses.

Tomato production is widespread in the region and ap-
proximately 150000 commercially produced B. terrestris col-
onies were used in 2012-2013 production season (Gdsterit and
Giirel, 2010).

Over the past years several laboratory and field tests have
been developed to investigate the effect of neonicotinoid insec-
ticides on motor and sensory functions linked to the foraging
capacity of bees (Blacquiere et al., 2012).

The aim of this study was to investigate the sublethal ef-
fects of the most commonly used pesticides (abamectin, acet-
amiprid, deltamethrin, imidacloprid) on motor coordination of
B. terrestris.
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Materials and Methods

Stock colonies of Bombus terrestris L. (Hymenoptera: Ap-
idae) hives were provided from Koppert/ Turkey (http://www.
koppert.com.tr/). Four pesticides used in this study were given
in Table 1.

Experiments were carried out under laboratory conditions.
Based on the recommended doses by the companies, 6 differ-
ent concentrations were prepared by half diluting for each step
(Table 2). Pesticides were applied to bees by feeding method.
Glycose syrup used as control was provided by Koppert com-
pany.

Hives including approximately 60-70 bees were opened
under red light in the dark. Five bees were taken into the falcon
tubes and briefly cooled in the refrigerator at -20 °C until they
show first signs of immobility. Immobile bees were taped at

their thorax to fixing slots made with syringe. This taping pro-
cess was performed without preventing the functions of anten-
na, head, legs and abdominal movements. After bee separation,
healthy individuals were controlled for their response by ap-
plying water and syrup to their antenna. Then, 5 microliter syr-
up was mixed with 5 microliter insecticide solution, dropped
on the Petri dishes and fed to the bees. Bees are kept under
laboratory conditions for 2 hours. At the end of this period,
motor movements (antenna, legs, abdomen and the proboscis
extension reflex) of bumblebees were controlled and scored. In
this scoring system, each body part was scored separately and
these scores were totalized for each bee. Evaluation was car-
ried out by giving minimum 0 and maximum 6 points. These
points and explanations are given in Table 3.

Table 1. List of the four different pesticides tested, their active ingredients (Al) and commercial names, formulation types, and

dosages
Active ingredient Common name Formulation Dosage
Abamectin Agrimec EC 0.25ml/1
Acetamiprid Mostar SP 0.30ml/1
Deltamethrin Decis EC 0.10ml /1
Imidacloprid Confidor SC 0.10ml/1
Table 2. Doses of four pesticides used in the study for 100 ml suspension
AGRIMEG MOSTAR DECIS CONFIDOR
Abamectin Acetamiprid Deltamethrin Imidacloprid
Control Control Control Control
0.781 ul 0.937 ul 0.312 ul 0.312 pl
1.652 ul 1.875 ul 0.625 pl 0.625 pl
3.125 ul 3.75 ul 1.25 ul 1.25 ul
6.25 ul 7.5 ul 2.5 ul 2.5l
12.5 ul 15 pul Sul Sul
25 pl 30 ul 10 pl 10 pl

Table 3. The motor movement scores of Bombus terrestris body parts

Scores Explanation

0 point Bees couldn’t move any of their body parts

1 point Bees move their proboscis, antenna, legs or abdomen slowly
2 point Bees move their body parts normally

Experiments were replicated 5 times and 30 bees were used
for each pesticide. Totally 120 bees were used for this experi-
ment. Experiments were conducted in a climate chamber with
25°C temperature, 60% relative humidity and 16:8 h (light:
dark) photoperiod.

Statistical analyses was conducted using the statistical pro-
gram IBM SPSS (Ver. 20) SPSS Inc., Chicago, Illinois, ABD.
Tukey’s HSD test was used to detect significant differences
among the doses and pesticides.

Results and Discussion

Effects of Abamectin, Acetamiprid, Deltamethrin and Imi-
dacloprid on motor movements of Bombus terrestris are given
in Table 4.

Abamectin didn’t affect the motor movements of B. terre-
stris and all doses were statistically similar. Effects of Acet-
amiprid and Deltamethrin on the motor movements of B. ter-
restris individuals were intermediate level. The most efficient
pesticide was Imidacloprid.

The results of the study in Table 4, showed that Imidaclo-
prid has the maximum negative effect on motor movements
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of bumble bees and lowest score was recorded with Abamec-
tin treatment followed by Acetamiprid and Deltamethrin. The
control, where there was no insecticide spray, had the highest
score according to motor movements.

Recent research suggested that widespread agricultural use
of imidacloprid and other pesticides may cause honeybee col-
ony collapse disorder. For this reason, several countries have
restricted the use of imidacloprid and other neonicotinoids
(Woodcock et al., 2016). Likewise, worries are raising concern
about the impact of neonicotinoids on wild bumble bee popu-
lations (Laycock et al., 2012). Cresswell et al. (2013) reported
that imidacloprid reduced feeding and locomotory activity in
bumblebees. In our study, imidacloprid showed most adverse
effects against B. terrestris. Recommended dose (40 ul/100 ml)

of imidacloprid used for the greenhouse pests was significantly
different from lower doses and control group. Bees exposed to
this recommended dose showed no mobility. As a result, it can
be mentioned that this pesticide should not be applied during
pollination in order to reduce severe effects on B. ferrestris.

Conclusion

Tests, like the behavioral observations we report here,
would be a rapid means of assessing the impact of longer-term
exposure to pesticides on bee motor functions and could be
used as a reliable bioassay for sublethal effects on pollinators.
However, further research is required to establish imidaclo-
prid’s impact in greenhouse populations.

Table 4. Comparison of the motor movement scores of Bombus terrestris subjected to four insecticides

Doses Abamectin Acetamiprid Deltamethrin Imidacloprid
Control 6.00+0.00 a* 6.00+0.00 a 6.00+=0.00 a 6.00+0.00 a
1 6.00+0.00 a 6.00=0.00 a 5.00+0.57 ab 2.66+0.33 b
2 6.00+0.00 a 6.00+0.00 a 4.66+0.33 ab 2.33+0.88 b
3 5.66+0.33 a 5.33+0.33 ab 4.00+0.00 b 1.33+0.33 be
4 5.66+0.33 a 5.33+0.33 ab 4.00+0.00 b 0.66+0.33 be
5 5.00+0.57 a 5.00+0.10 ab 2.00+0.57 ¢ 0.66+0.33 be
6 5.33+0.66 a 2.66+1.66 b 1.66+0.33 ¢ 0.00£0.33 ¢

*Means in each row shown by the same letter (s) are not significantly different at (P< 0.05%) according to Tukey Multiple Range Test.
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In this study, it was aimed to investigate the quality characteristics of fried zucchini slices pre-dried using osmotic
dehydration (OD) method at varying conditions (salt concentration, vacuum or ultrasound application, time). Textural
properties (hardness, elasticity, cohesiveness, chewiness, firmness), surface color values (L*, a*, b*), moisture and oil
content of the final product were determined. Textural properties did not change with OD applications (p>0.05). Vac-
uum and solution concentration applied during OD method had significant effects on surface color values (p<0.05).
OD did not cause any significant change in final moisture and oil content of the fried product. In case of ultrasound
assisted osmotic dehydration (US-OD), it was seen that the effect of time on moisture content was important the
solution concentration of 5% (p<0.05). On the other hand, changes at salt concentration have created significant
differences in both the application process (p<0.001). When solution concentration was 0%, effect of time was neg-
ligible to oil content (p>0.05). Notwithstanding, the solution concentration for both processing time was found to be

significant (p<0.05).

Keywords: Osmotic dehydration, Ultrasound, Frying, Textural properties, Surface color values, Moisture content

Introduction

Frying is a treatment applied to enhance the taste and reli-
ability of food (Blumenthal, 1991). In this process, the prod-
ucts are generally immersed into a hot oil, heated by a heat
source to around 150 to 190 ° C and frying material is kept in
oil until its color, flavor, and texture meet to the consumer’s de-
mand (Choe & Min, 2007; Dobarganes, Marquez-Ruiz, & Ve-
lasco, 2000). But, at this method, too much oil penetrates into
the fried product and the foods having high oil content are as-
sociated with many diseases (Bingol, Zhang, Pan, & McHugh,
2012). This is the challenge according to new consumer trends.

Different frying processes have been developed and tested
to reduce oil absorption (Da Silva & Moreira, 2008; Naz, Sid-
diqi, Sheikh, & Sayeed, 2005). One of the processes used is the
pre-drying process. As a pre-treatment different methods could
be used. One of them is the osmotic dehydration (OD). Mass
transfer rate of OD process is generally low, when it is ap-
plied alone. Therefore, in order to accelerate the mass transfer
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taking place, OD may be conducted with processes like vacu-
um, microwave, ultrasound, and/or centrifugal force applica-
tion (Corzo vd. , 2007; Rastogi vd. , 2002). It has been proven
that ultrasound-assisted OD technology allows to work at low
temperatures, with high water loss (Fernandes vd. , 2008; Gar-
cia-Noguera vd. , 2010).

In this context, pre-drying of zucchini slices by OD applied
alone or with ultrasound or under vacuum was the aim of the
study. Its effects on moisture and oil content of fried zucchinis
as well as on their quality characteristics were evaluated.

Materials and Methods

Materials

Zucchini (Cucurbita pepo L. cv) was purchased from a lo-
cal market in Isparta, Turkey, and stored in a polyethylene bags
in a refrigerator at 4°C before use.

Preparation of Zucchini Slices

About 100g zucchini, removed from the refrigerator, was
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washed, peeled and sliced (3x107 m thick) using an industrial
type slicer (Arisco, HBS-200; Cigili, * Izmir, Turkey). After-
wards, zucchini slices were subjected to blanching for 90s in a
hot water at 85°C for enzyme inactivation and excess surface
water was removed using absorbent paper.

Osmotic Dehydration Method

Zucchini slices being at 3 mm slice thickness (1:4 (kg sam-
ple / L solution) ratio) was depth for 80 min in different NaCl
solutions (10% and 15%) at constant temperature (40°C) water
bath (J.P SELECTA S.A, Precisdig 6001238, SPAIN).

Vacuum-Assisted Osmotic Dehydration Method

Zucchini slices being at 3 mm slice thickness (1:4 (kg sam-
ple / L solution) ratio) were depth in different NaCl solutions
(10% and 15%) at 40°C and then the atmospheric pressure in an
application chamber was reduced to 31 kPa by vacuum pump
(ROCKER, Rocker 300, CHINA) and held in these conditions
for 10 min. Afterwards, the vacuum pressure was released up
to atmospheric pressure and samples were continued to be kept
for additional 70 min in the same solution.

Ultrasound Assisted Osmotic Dehydration Method

Zucchini slices in a 3 mm slice thickness (1:4 (kg sample /
L solution) ratio) was depth for 10 or 20 min in different NaCl
solutions (5%, 10% and 15%) which were kept at the constant
temperature level of 40°C. During osmotic application, ultra-
sonic treatment was also conducted at constant power level of
50% by ultrasonic probe (Ultrasonic-Homogenizer, CY-500,
Spain). Instead of osmotic solution, distilled water was used
a control.

Deep-Fat-Frying

End of OD applications, partially dried zucchini slices was
fried in 3L of sunflower oil (Marsa Oil Industry Co. Ltd., Is-
tanbul, Turkey) at 180° C for 1 min. Temperature (180°C) and
time (1 min) were the corresponding values of deep-fat-frying
process which was determined according to our previous study
(Ozgelik, 2015). In that study, sensory analysis was conducted
to determine the frying conditions to achieve the fried zucchini
slices (3mm thickness) taking the highest score from general
acceptance. An industrial type fryer (Remta Co. Ltd., Istanbul,
Turkey) was used for deep-fat-frying. After frying, the fried
zucchini slices were removed from the oil and kept for 300s
over a wire screen to drain the most of the surface oil and then
excess surface oil, still remaining, was removed by tissue pa-
per. Oil content, moisture content, breaking force, and L*, a*,
b* values were measured in these fried slices.

Analysis of Samples

Moisture Content

The method of AOAC (1995) was used. Zucchini slices
were ground after frying. Five grams of ground zucchini was
used for moisture content. Ground sample was dried in an oven
(FN300; Niive, Akyurt, Ankara, Turkey) at 105+0.5°C, until
no weight change was attained. The test was performed in du-
plicate.

QOil Content

The oil determination method reported by James (1995)
was used with modification. Briefly, oil extraction was per-
formed in a Soxhlet extractor (Biichi Universal Extraction
System B-811; Postfach, Flawil, Switzerland) using hexane as

a solvent to determine the oil content of fried zucchini slices.
Before extraction, fried zucchini (5g) was dried in a vacuum
oven at 60°C and then ground. Oil content (g.kg') was calcu-
lated as wet bases. The test was performed in duplicate.

Surface Color

Color measurements of examples were determined using
Minolta Color Meter (CR-10, Konica Minolta, Osaka, Japan)
and expressed by CIE (L *, a *, b *) color system (Robertson,
1977). Five zucchini slices were used for each measurement
and at five different locations for each slice. Results were given
as a mean of five slices.

Breaking Force

Breaking force for fried zucchini slices was determined
according to Bourne (1978). A texture analyzer (TA.XTPlus;
Stable Micro Systems Co. Ltd, Godalming, UK) was used for
measurement of the breaking force of the samples. In order to
measure the force requirement to break fried sample, a Perspex
blade (A/LKB) was used. Probe movement speed was 1x10~
ms™ and initial distance from the platform was set as 25%107
m. The breaking force was expressed in gram force. All texture
tests were immediately performed after frying process. Each
result was given as a mean of five measurements.

Statistical Analysis

Results are the mean of two replicates. The influences of
process conditions were evaluated by Tukey—ANOVA test
comparing treatments. Differences between treatments were
judged at the 5% significance level (p<0.05) using Minitab
(Minitab 14.12.0) (Minitab Inc., State College, PA).

Results and Discussion

The influences of pretreatment for partial drying of zuc-
chini slices were investigated in terms of textural properties,
surface color, moisture and oil content. Both methods were
conducted at different conditions, so the effects of process pa-
rameters were also evaluated.

Osmotic Dehydration

Effect of osmotic dehydration (OD) and simultaneous vac-
uum application on textural properties, moisture, oil content,
surface color values of the final product were examined. All
measured values and corresponding statistical analysis were
given in Table la and Table 1b. Each application was coded
with capital letter and these codes were also defined in Table
la and Table 1b.

Textural Properties

Textural properties of any processed food are important due
to their direct effects on consumer’s perceptions. Thus, they
should be determined and carefully evaluated to clearly figure
out the influence of any intended process on final productqual-
ity in terms of textural characteristics. Fried food materials are
also considered in this regard and their textural properties are
required to be represented. In current study, OD was used for
partial drying of zucchini slices before frying and its param-
eters NaCl concentration of osmotic solution and application
of vacuum were investigated. In order to evaluate the effects
of parameters on hardness, elasticity, cohesiveness, chewiness
and firmness of zucchini slices, they were statistically analyzed
and the results were given in Table 2. The results indicated that
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neither the concentration of NaCl in the hypertonic solution
nor the vacuum application creates any significant effect on
elasticity, cohesiveness, chewiness and firmness of the fried
zucchini slices (p>0.05) (Table 2). Additionally, OD, itself,
also did not change the elasticity, cohesiveness, chewiness and
firmness of fried slices compared to the control samples (K-21)
(p>0.05) (Table 1a).

According to Table 1, hardness value of N-coded applica-
tion (at 40°C, at 80 min, OD 15% NaCl) was different from
hardness value of control group (K-21). However, other tex-
tural values of N-coded application and all textural values of
all other OD applications (N, O, L, M) were not different from
control group (K-21). The effects of time and concentration

As can be seen from Figure 1 that, an increase in NaCl con-
centration significantly increased the sample’s hardness value
(p<0.05), whereas vacuum did not create any change (p>0.05).

Surface Color Values

Another quality attribute is the surface color of food prod-
ucts, since it gives idea about the quality of product. Thus, it
is used as a strong marketing tool. In this regard, surface col-
or of fried products also gains high importance. In this study,
surface color of fried zucchini slices was measured after fry-
ing process. The results were given in Table 1b. Surface col-
or was described with three color parameters, L*, a*, and b*.
From Table 1b it can be concluded that, surface color values of
all OD applications (N, O, L, M) were different from control

changes on the hardness values were shown at Figure 1.

group (K-21) (p<0.05).

Table la. Textural properties, surface color values, moisture (%) and oil content (%) of osmotic pre dried combined fried

zucchini slices

GROUP Hardness Elasticity | Cohesiveness | Chewiness Firmness
(g.force) (g.force)
B (K-21) (oil temprature of 180°C , frying tim of 3mm , thickness of 1min) {0.70+0.27° 4.9+6.942°4 10.1+0.38%° ¢ [0.04+1.73*  [53.87+51.90°
N (40°C 80min osmotic 15% NaCl) 176.87+146.14*  0.00+0.0¢ .00+0.00° 0.00+0.00* |104.22+35.35"
O (40°C 80min osmotic 10% NaCl) 13.09+26.58° 2.80+6.2°c,4 10.2+0.422°¢  [1.03+2.24* [134.83+119.42°
L (40°C 10min vacuum osmotic+70min osmotic 15% NaCl) 75.25+79.344.° .64+2.02¢  0.07+0.23%¢  0.24+0.74* [139.43+56.41°
M (40°C 10min vacuum osmotic+70min osmotic 10% NaCl) 13.45+27.87° 0.95+2.68¢ [0.14+.03%°¢  [0.24+1.42° [89.35+62.40°
P (50% power 40°C 20min ultrasound+osmotic 15% NaCl) 17.02+37.10° .15+0.35°9 10.10+£0.38¢  0.09+0.20°  [104.42+1.95°
S (50% power 40°C 10min ultrasound+osmotic 15% NaCl) 0.68+0.37° 0.21+0.46¢  0.044.23¢4 0.11£0.24*  |104.50+1.42°
T (50% power 40°C 20min ultrasound-+osmotic 10% NaCl) 47.06+£103.68%> 0.10+0.228¢ |0.04+0.10¢ 0.01+0.02*  |125.41+3.00°
U (50% power 40°C 10min ultrasound+osmotic 10% NaCl) 111.65+84.38%° |14.18+12.33%(0.54+0.5%°¢  [1789.7+43.7°(137.66+9.01°
V (50% power 40°C 20min ultrasound+osmotic 5% NaCl) 101.12+67.80%° |14.57+7.59* |0.80+0.33* 452.03+2.24°263.05+£19.42¢
X (50% power 40°C 10min ultrasound+osmotic 5% NaCl) 173.52+2.022 1