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Determination of some physicochemical properties in fruits of some avocado (Persea
americana Mill.) cultivars during the harvesting periods
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Abstract

In this study, certain physical and chemical properties of the Fuerte, Bacon and Zutano avocado cultivars were
determined during the harvesting periods between the years 2010-2013. Fruit harvests were performed at
intervals of 15-20 days. The dry weight and oil content of Fuerte cultivar increased by 110.2% and 234.2%,
respectively, between October and May of the 2010-2011 harvesting period. The dry weight and oil content of the
Bacon cultivar increased by 44.7% and 180.7%, respectively, between October and March of the 2010-2011
harvesting period, and increased by 51.0% and 174.1%, respectively, between October and January of the 2012-
2013 harvesting period. The dry weight and oil content of the Zutano cultivar increased by 47.4% and 200.0%,
respectively, between October and March of the 2010-2011 harvesting period, and increased by 25.9% and
86.3%, respectively, between October and February of the 2012-2013 harvesting period. A very strong positive
correlation between certain pomological properties used as fruit maturity indices in avocados were found in the
Fuerte, Bacon and Zutano cultivars. As a result of this study; with regard to the dry weight and oil content of fruit
grown in the climatic conditions of Antalya, the optimal harvesting periods were determined to be between
November and May for the Fuerte cultivar, and between November and January for the Bacon and Zutano
cultivars.

Keywords: Avocado; Harvest; Dry weight and oil content; Pomological features; Correlation

Bazi avokado (Persea americana Mill.) gesitlerinin meyvelerinde hasat periyodu boyunca bazi
fizikokimyasal 6zelliklerdeki degisimin belirlenmesi

Oz

Bu galismada; 2010-2013 yillari arasinda hasat periyodu boyunca, Fuerte, Bacon ve Zutano cesitlerinde bazi
fiziksel ve kimyasal 6zelliklerin belilenmesi amaclanmistir. Hasat, 15-20 giinde bir yapilmistir. Fuerte ¢esidinin
kuru agirlik ve yag icerigi degerleri, 2010-11 hasat periyodu boyunca Ekim-Mayis aylari arasinda sirasiyla
%110.2 ve %234.2 artmigtir. Ayrica, Bacon gesidinde kuru agirlik ve yag igerigi degerleri, 2010-11 hasat periyodu
boyunca Ekim-Mart aylari arasinda sirasiyla %44.7 ve %180.7 artarken, 2012-13 hasat periyodu boyunca Ekim-
Ocak aylar arasinda sirasiyla %51.0 ve %174.1 artmistir. Bununla birlikte, Zutano g¢esidinde kuru agirlik ve yag
icerigi degerleri, 2010-11 hasat periyodu boyunca Ekim-Mart aylari arasinda sirasiyla %47.4 ve %200.0 artarken,
2012-13 hasat periyodu boyunca Ekim-Subat aylari arasinda sirasiyla %26.0 ve %86.3 artmistir. Fuerte, Bacon
ve Zutano cesitlerinde avokadonun meyvelerinde olgunluk indeksi olarak kullanilan bazi pomolojik &zellikler
arasinda ¢ok yuksek seviyede korelasyon bulunmustur. Sonug olarak; Antalya kosullarinda meyvenin kuru agirlik
ve yag icerigi bakimindan optimum hasat zamani Fuerte’de Kasim ve Mayis aylari arasi, Bacon ve Zutano’da
Kasim ve Ocak aylari arasi en uygun zamani olarak belirlenmistir.

Anahtar Kelimeler: Avokado; Hasat; Kuru agirlik ve yag icerigi; Pomolojik 6zellikler; Korelasyon

1. Introduction Peru, Brazil, Indonesia, and Colombia are
known to be largest producers in the world

Avocados are an evergreen subtropical species
grown in about 50 countries over five different
continents (Zentmyer, 1987; Knight, 2002). In
2016, the world's total avocado production was
5 567 044 tonnes and the production area was
563 916 hectares. Mexico, Dominican Republic,

(FAO, 2018). Avocados are grown as a
commercially important crop in several
countries that have extremely different
environmental conditions (Bower and Cutting,
1988). Avocado production can be undertaken
in the almost desert-like conditions of Israel and
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southern California, in the cool mist-belt
conditions of certain regions of South Africa and
southern Queensland, and in the tropical high-
mountain areas of Mexico (Bower and Cultting,
1988). Researches on avocados began in
Turkey with the arrival of the Fuerte, Hass,
Bacon and Zutano cultivars from California in
the early 1970s. It was concluded that these
cultivars could be commercially cultivated as
they were well adapted to the region with
protecting their characteristic features (Dogrular
et al., 1983; Demirkol, 1997). Moreover, some
areas of the Turkish Mediterranean coastline
were identified as being quite suitable for
avocado cultivation (Demirkol, 1998). Avocado
cultivation experienced a rapid spread starting
in the mid-1980s in the Mediterranean region of
Turkey.

The avocado differs from other fruits with
respect to its maturation process. Avocados
indicate climacteric feature and the fruit of some
cultivars may remain on the tree for 6 months or
longer after the desired level of commercial
maturity is obtained (Schroeder, 1953;
Anonymous, 2000; Hofman et al., 2013;
Hernandez et al., 2016). This feature provides
avocado producers with the opportunity to
utilize the 'storage on the tree strategy' in order
to best profit from the market (Whiley et al.,
2013). The harvesting of matured fruits may be
delayed by a few weeks or even a few months
in the event that market prices are unsuitably
low during the harvesting period or in the event
that the fruit requires additional time to develop
on the tree (Whiley, 2002; Whiley et al., 2013;
Woolf et al., 2016).

If the avocado fruit is harvested before reaching
maturity, undesirable eating qualities (wrinkled
and unsuccesful ripening) may result or the fruit
may fail to ripen (Hofman et al., 2000; Blakey,
2011). If the harvest is delayed, the size of the
fruit may increase on the tree as the division of
cells is allowed to continue (Offer, 1986).
However, allowing fruit to remain on the tree
and to continue increasing in size may cause
some undesirable changes in the fruit such as
the fruit peel cracking, the spilling of the fruit,
and the deterioration and browning of the fruit
flesh (Flitsanov et al., 2000). Legal standards of
fruit maturity have been determined in many
countries which produce avocados (Ranney et
al., 1992; Hofman et al., 2002) as these
countries do not want the marketing of unripe

fruits which have not yet reached legal levels of
maturity. However, avocado producers want to
benefit from the high market price advantage of
selling early (Hofman et al., 2013) or late in the
harvest (Hofman et al., 2000). Therefore, the
specification of the fruit maturity index for
avocado cultivars is commercially very
important (Hofman et al., 2000). However, few
studies have been done on avocado maturity
standards in Turkey (Dogrular et al., 1983;
Kaplankiran and Tuzcu, 1994; Toplu et al.,
1998; Toplu et al., 2003; Demirkol et al., 2004;
Ozdemir et al., 2009; Bayram et al., 2016).

Certain physical and chemical values belonging
to the fruits of the Fuerte, Bacon and Zutano
cultivars, which are commercially grown in the
Mediterranean region, were determined during
the period beginning at the spilling of small fruit
and continuing up until harvest (Demirkol,
1997). It was stated in a similar study which
was conducted in the Dortyol/Hatay region
where physical and chemical analyses
investigating the fruit development of these
cultivars were carried out at 15 day intervals
beginning on the 8o" day up until the 245th day
after full bloom (Ozdemir et al., 2009).

The objective of this study was to determine
certain physical and chemical features in the
fruits of the Fuerte, Bacon and Zutano cultivars
during the harvest periods (between October
and June) of the years 2010-2011 and 2012-
2013. The study also attempted to identify any
relationships between these values.

2. Material and Methods

Studies of the harvesting period during the first
year were done between October 2010 to June
2011 while the second year studies were
conducted between October 2012 and June
2013. Due to frost damage and periodicity there
were no studies undertaken during the 2011-
2012 harvest period.

The experiment was carried out in a completely
randomized design (CRD) with three
replications and two trees at each replication. It
was taken total 12 fruit samples from the four
sides of the trees for each replication at 15-20
days’ intervals during the harvest period. The
following measurements and analyses were
done for the fruit samples at each harvest.
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Fruit weight (g): The weight was determined by
a scale with 0.01 g precision.

Fruit length (mm): Distance between the fruit
stalk and the end of the flower was measured
using calipers with 0.01 mm precision.

Fruit width (mm): The width was measured at
the widest part of the fruit with calipers with
0.01 mm precision.

Percentage of fruit flesh (Edible portion) (%):
Whole fruit weight minus peel and seed weight
divided by whole fruit weight and multiplied by
100.

Seed weight rate (seed portion) (%): Seed
weight divided by whole fruit weight and
multiplied by 100.

Fruit flesh /seed ratio: The ratio was calculated
as the edible portion of the fruit divided by
portion of the seed.

Dry weight (%): Analysis was conducted
according to Lee and Coggins (1982).

Oil content of flesh (%): Oil content was
determined using the Soxhlet method, using
petroleum ether as the extraction solvent (Lee,
1981).

Calculated fruit volume (ml):

tema ™ x(ﬂ)zxf

3 z 2

m: fruit length (mm)

n: fruit width (mm)

f: determined factor for Fuerte (0.84), Bacon
(0.98) and Zutano (0.91) cultivars.

Table 1. Pomological values of the Fuerte cultivar

Fruit volume (ml): Fruit volume was calculated
with the following formula according to the
method reported by Lee (1981).

Fruit density (gml™): It was calculated as the
rate that is measured in fruit weight (g) per fruit
volume (ml).

Statistical analysis: The physical and chemical
traits of samples of the Fuerte, Bacon and
Zutano cultivars that were taken at different
harvest times were analyzed using the JUMP
software program while differences between
means were determined by the LSD test.

3. Results and Discussion

The pomological measurements performed for
the Fuerte, Bacon and Zutano cultivars during
the 2010-11 and 2012-13 harvest periods are
given in Table 1-3, respectively. For the Fuerte
cultivar; measurements were taken in the first
year of the study but not in the second as there
were not adequate fruits available for analysis.
In this harvesting period, an increase in the fruit
weight, size and width were typically observed
from the first harvest to the ninth harvest
(March 10, 2011) whereas the period between
the ninth harvest and the fourteenth harvest
showed a fluctuation in weight, size and width
(Table 1). However, a general increase trend
was determined in the values for both the
Bacon and Zutano -cultivars throughout the
harvests of both periods (Table 2 and 3).

Harvesting Fr_uit Fruit F_ruit Edit_)le Seed I_Edible
Harvest time weight length width portion portion portlon_/ seed
C) (mm)* (mm)* (%) (%) ratio*
1 05.10.2010 215.70 gh 108.64 eg 65.019g 72.09 cf 15.64 ac 4.63 df
2 19.10.2010 208.92 h 106.58 g 65.219g 71.70 df 14.43 bd 5.06 cf
3 03.11.2010 221.81 fh 107.70 fg 65.35¢g 70.25 ef 17.08 ab 4.11 ef
4 23.11.2010 222.31fh 106.16 g 64.619g 70.60 ef 17.20 a 4.12 ef
5 12.12.2010 241.34 eg 113.00 dg 66.12 fg 69.21 f 17.33 a 3.99f
6 29.12.2010 270.73d 117.54 cd 69.56 de 72.77 ce 15.03 ac 4.87 cf
g 7 13.01.2011 275.79 cd 116.98 cd 70.18 ce 72.10 cf 15.57 ac 4.72 df
N\ 8 17.02.2011 268.58 de 115.25 ce 70.08 ce 72.94 ce 14.11cd 5.31 be
g 9 10.03.2011 349.20 a 130.41 a 76.97 a 73.99 bd 14.43 bd 5.26 be
N 10 23.03.2011 318.42b 126.24 ab 73.77b 72.93 ce 13.62 cd 5.47 bd
11 08.04.2011 301.03 bc 122.13 bc 72.62 bc 74.70 ac 12.26 de 6.12 bc
12 25.04.2011 248.65 df 113.58 df 68.26 ef 76.13 ab 11.98 de 6.38 b
13 10.05.2011 276.87 cd 117.80 cd 71.04 cd 77.65a 9.99e 7.79 a
14 24.05.2011 27391 cd 118.95bd 70.13 cde 75.37 ac 13.81cd 5.45 be
LSD 28.58 6.98 2.65 2.97 2.74 1.24

* The differences between the averages indicated by different letters in the same column are statistically significant (p<0.05).
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Table 2. Pomological values of the Bacon cultivar

Harvesting Fruit weight  Fruit length Fruit width Ed'ple Segd Edible portion/
Harvest time Q)" (mm)* (mm)* portion portion seed ratio*
(%)* (%0)*

1 05.10.2010 204.10d 90.88 ¢ 65.51 f 66.23 21.69 3.08

2 19.10.2010 224.85cd 94.60 cd 67.99 df 65.68 21.76 3.03

3 03.11.2010 22434 cd 95.19 cd 67.40 ef 64.79 2241 3.01

o 4 23.11.2010 251.48 bc 100.16 bc 69.73 cde 66.05 22.32 2.96
g 5 12.12.2010 250.26 bc 98.91 bc 69.91 cd 66.93 20.43 3.30
g 6 29.12.2010 267.48 b 98.40 bc 72.10 be 67.77 21.66 3.19
S 7 13.01.2011 31351 a 104.32 ak 76.31a 63.46 23.46 2.83
o 8 17.02.2011 273.13b 100.88 bc 7247 Db 67.71 20.98 3.23
9 10.03.2011 33341 a 108.86 & 76.72 a 67.29 22.16 3.04

10 23.03.2011 317.41 a 109.24 75.37 a 68.62 21.34 3.22

LSD 34.24 6.42 2.49 6.40 4.77 0.87

1 08.10.2012 189.04 ¢ 92.39k 62.39 c 69.83 21.08 3.32

o 2 05.11.2012 21511b 95.24 3 65.28 b 68.50 20.24 3.40
a 3 21.11.2012 235.64 ab 97.82 ac 68.35a 70.27 18.75 3.99
g 4 12.12.2012 255.45 a 101.82 ak 69.55 a 71.68 18.13 4.03
§ 5 03.01.2013 24752 a 100.19 ak 68.74 a 69.68 19.35 3.66
6 24.01.2013 257.70 a 102.07 8 70.02 a 71.01 18.30 3.90

LSD 24.49 6.60 2.60 5.04 4.78 1.38

* The differences between the averages indicated by different letters in the same column are statistically significant (p<0.05)

Table 3. Pomological values of the Zutano cultivar

Harvesting Fr'uit Fruit F_ruit Edit_)le Set_ad I_Edible
Harvest time weight length width portion portion portlon_/ seed
() (mm)* (mm)* (%) (%) ratio*

1 05.10.2010 219.88 c 102.24 b 66.43 b 63.73d 23.10a 2.91 bc

2 19.10.2010 235.23 bc 103.44 b 68.35b 65.76 bd 22.40 a 2.97 bc

3 03.11.2010 245.65 bc 104.66 b 68.87 b 67.95 ad 20.48 ab 3.42 ac

o 4 23.11.2010 230.75 bc 105.22 b 67.63 b 68.53 ad 19.43 ab 3.54 ac
g 5 12.12.2010 244.35 be 101.37 b 70.42 b 64.43 cd 23.03 a 2.80c
g 6 29.12.2010 244.54 be 105.56 b 69.08 b 71.06 ab 19.08 ab 3.80 ac
S 7 13.01.2011 225.32 be 104.37 b 66.90 b 67.73 ad 19.37 ab 3.54 ac
R 17.02.2011 255.95 b 106.88 b 70.02b 69.75 ac 18.16 ab 3.94 ab
9 10.03.2011 336.42 a 117.69 a 77.99 a 69.71 ac 20.08 ab 3.50 ac

10 23.03.2011 344.75 a 118.65 a 78.25a 71.75a 17.08 b 425a

LSD 34.07 5.73 4.04 5.39 5.24 1.07

1 08.10.2012 177.03 c 100.28d 60.04 e 67.44b 19.89 3.41

2 05.11.2012 194.80 c 101.29d 62.28 d 69.31 ab 20.26 3.44

o 3 21.11.2012 219.34 b 106.96 ¢ 64.47 c 73.33a 17.29 4.65
S 4 12.12.2012 231.68 b 108.33 bc 66.40 bc 68.70 ab 20.12 3.47
SI. 5 03.01.2013 254.25 a 114.24 a 67.73 ab 71.07 ab 18.07 3.95
& 6 24.01.2013 264.21 a 115.79 a 69.23 a 70.62 ab 18.41 3.84
7 12.02.2013 257.30 a 112.68 ab 68.95 a 70.77 ab 17.98 3.95

LSD 22.29 5.08 2.15 4.70 4.00 1.42

* The differences between the averages indicated by different letters in the same column are statistically significant (p<0.05)

The fruit growth in the Fuerte, Bacon and
Zutano cultivars increased rapidly throughout

both harvest periods.

During the 2010-11

harvest period (between October and March),

the fruit weight values of these cultivars
typically increased by over 50% from the first
harvest to the final harvest, and the fruit width,
fruit length and calculated fruit volume values
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also increased considerably. Throughout the
2012-13 harvest period (between October and
January), the fruit weight values of the Bacon
and Zutano cultivars regularly increased by
nearly 50%, and fruit width, fruit length and
calculated fruit volume values rose significantly.
The differences between mean values of the
fruit weight, fruit size and fruit width were found
to be statistically significant (p<0, 05)
throughout the harvest periods (Table 1-3).
These differences, especially in the Fuerte
cultivar, arose when fruit, still on the trees, was
lost due to climatic events (cold, wind and rain
etc.) occuring during January and February.
These events reduced the fruit loads borne by
each tree, in turn making it difficult to sample
fruits of average and adequate size.ln species
with edible flesh, cell division usually occurs
during the initial period of fruit set, with cell
growth following cell division (Scora et al.,
2002; Chanderbali et al.,, 2013). However,
Schroeder (1953) states that avocados which
remain on the tree experience simultaneous cell
division and cell growth, although cell division
occurs at a much reduced rate. In
morphological and anatomical studies, fruit
development of avocados was indicated at 6-12
months or more after fruit set, depending on the
variety and the growing conditions (Scora et
al., 2002; Chanderbali et al., 2013).

According to Barmore (1976), the fruit
development curves of early maturing cultivars
showed a vertical rise at the end of the harvest
period, while the fruit development curves of
late maturing cultivars followed a slower trend
until commercial maturity is reached. In various
studies on the fruit development of the
avocado, it was emphasized that the fruit
growth curve has a sigmoidal structure
depending on an increase in fruit weight and
fruit volume (Offer, 1986; Demirkol, 1997; Scora
et al., 2002; Chanderbali et al., 2013). Demirkol
(1997); fruit growth occurred very rapidly from
mid-June to mid-August as temperatures began
to be increase in Antalya. In September, when
the weather became relatively cooler, the
growth rate of fruit slowed but did not fully stop
during this period. Similar results were also
reported in another study examing the fruit
development of the Fuerte, Bacon and Zutano
cultivars from full bloom until harvest in Dortyol /
Hatay (Ozdemir et al., 2009). Studies
conducted on the Fuerte, Edranol and Hass
cultivars in South Africa between March and

October by McOnie and Wolstenholme (1982)
reported that the fruit development increased
rapidly between April and May, decreased
dramatically between June and July, continued
growing between August and September, and
proceeded to slow in October.

The pomological values recorded in both
harvest periods were found to be compatible
with other studies made in California by Young
and Lee (1978), in Israel by Zilkah and Klein
(1987), in Chile by Undurraga et al. (1987) and
Olaeta et al. (2007), in Serik/Antalya by Bayram
and Askin (2006) and Bayram et al. (2016), and
in Dortyol/Hatay by Ozdemir et al. (2009). The
fruit weight, fruit width and fruit size of the
Fuerte, Bacon and Zutano cultivars were
typically greater in the last harvest when
compared to the first harvest. The similar
results were also obtained in another study
conducted on the these three avocado cultivars
(Bayram and Askin, 2006). As seen in Table 1-
3, some statistically significant differences were
found in the portion, seed portion and edible
portion/seed ratio values of the three avocado
cultivars during both harvest periods (only in the
2010-11 harvest period for Fuerte) but they
were not consistent. Similar results were also
obtained in another study conducted on the
these three avocado cultivars (Bayram and
Askin, 2006).

The appropriate harvest time for avocados is
determined by the dry weight percentage and
oil content of fruit flesh which are used as a
maturity index in the development process. The
values of the Fuerte cultivar for the 2010-11
harvest period are given in Table 4, while the
values of the Bacon and Zutano cultivars are
given for two harvest periods in Table 5-6,
respectively. Also, fruit volume (ml) and fruit
density (gml™) values of all the cultivars were
calculated for the determination of the fruit
development, and the values for the Fuerte,
Bacon and Zutano cultivars are given in Table
4-6, respectively. According to Table 4-6; the
percentages of dry weight and oil content of
these cultivars generally increased throughout
the harvest period. The dry weight and oil
content of the Fuerte increased by 111.9% and
234.2%, respectively, between October 2010
and June 2011 (between October and May).
While the dry weight and oil content of the
Bacon increased by 44.7% and 180.7%,
respectively, during the 2010-2011 harvest
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period (between October and March), they
increased by 51.0% and 174.1%, respectively,
during the 2012-2013 harvest period (between
October and January). While the dry weight and
oil content of the Zutano increased by 47.4%
and 200.0%, respectively, during the 2010-2011
harvest period (between October and March),
they increased by 25.9% and 86.3%,

respectively, during the 2012-2013 harvest
period (between October and February). The
dry weight and oil content of avocado fruits
changes according to cultivars and harvesting
times (Vakis et al., 1985; Hofman et al., 2002).
Additionally, the dry weight and oil content
increases throughout the fruit development
process (Lee and Coggins, 1982; Undurraga et

Table 4. Chemical and physical values of fruits of the Fuerte cultivar

Harvesting Oil contents D_ry Fruit Frui_t
Harvest time of flesh weight volume dens_llty
(%) (%) (mi)* (gml)*
1 05.10.2010 8.84¢ 18.81g 205.34 fg 1.07 bc
2 19.10.2010 9.11g9 19.48¢ 209.59 fg 1.07 bc
3 03.11.2010 12.66 f 23.15f 205.04 fg 1.09 ab
4 23.11.2010 11.88fg 24.70 ef 196.84 g 1.15a
5 12.12.2010 15.05f 26.58 e 220.92 eg 1.10 bc
e 6 29.12.2010 1850 e 29.56d 252.93 ce 1.07 bc
& 7 13.01.2011 18.90 e 29.37d 257.33 cd 1.08 be
9 8 17.02.2011 23.75cd 34.40c 251.53 de 1.07 bc
& 9 10.03.2011 23.41d 37.31ab 340.96 a 1.03c
10 23.03.2011 2451 cd 35.33 bc 305.17 b 1.05 bc
11 08.04.2011 26.79 ac 37.22 ab 283.97 bc 1.06 bc
12 25.04.2011 25.22 bd 36.69 bc 235.10 df 1.07 bc
13 10.05.2011 28.18 ab 37.74 ab 264.33 cd 1.05 bc
14 24.05.2011 29.54 a 39.86 a 260.30 cd 1.05 bc
LSD 3.22 2.56 32.28 0.06

* The differences between the averages indicated by different letters in the same column are statistically significant (p<0.05)

Table 5. Chemical and physical values of fruits of the Bacon cultivar

Harvesting Oil contents D_ry Fruit Frui_t
Harvest time of flesh weight volume dens_llty
(%) (%) (mh)* (gml)*

1 05.10.2010 6.49 e 19.22c 202.24 e 1.01

2 19.10.2010 9.60 de 19.84c 227.34 ce 1.01

3 03.11.2010 9.43 de 2047c 223.59 de 1.01
d 4 23.11.2010 10.74 cd 21.65c 252.56 bd 1.01
8 5 12.12.2010 14.09b 25.57b 249.99 bd 1.00
= 6 29.12.2010 13.97 bc 25.40b 263.68 bc 1.00
& 7 13.01.2011 16.86 ab 27.56 ab 315.38 a 1.00
8 17.02.2011 17.74 a 27.47 ab 275.43 b 1.00
9 10.03.2011 19.42 a 29.74 a 331.80 a 1.00
10 23.03.2011 18.22 a 27.80 ab 319.74 a 0.99
LSD 3.30 2.45 37.11 0.02
1 08.10.2012 6.88 d 18.48d 185.89 ¢ 1.02
“ 2 05.11.2012 11.62c 2253c 211.14 bc 1.02
8' 3 21.11.2012 15.67b 25.34b 236.25 ab 1.00
N 4 12.12.2012 14.20 bc 26.08 ab 254.80 a 1.01
& 5 03.01.2013 15.17 b 26.33 ab 244.91 a 1.01
6 24.01.2013 18.86 a 2791 a 259.01 a 1.00
LSD 3.11 2.16 29.74 0.03

* The differences between the averages indicated by different letters in the same column are statistically significant (p<0.05)
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Table 6. Chemical and physical values of fruits of the Zutano cultivar

Harvest Harvesting time Qil contents of flesh Dry weight Fruit volume Fruit dglnsity
(%)* (%) (mh)* (gml)*
1 05.10.2010 5.47 f 16.78 g 217.13b 1.01 ab
2 19.10.2010 6.96 ef 17.34fg 234.24 b 1.01 ab
3 03.11.2010 8.00 de 18.34 ef 239.74 b 1.03a
hu 4 23.11.2010 8.85d 19.27 de 230.73 b 1.00 ab
& 5 12.12.2010 1058 ¢ 20.38 cd 241.77 b 1.01ab
S 6 29.12.2010 10.52c 21.72 bc 243.29b 1.01 ab
8 7 13.01.2011 11.83c 22.11b 22494 b 1.00 ab
8 17.02.2011 15.93 ab 25.32a 254.32 b 1.01ab
9 10.03.2011 14.38 b 25.03 a 343.97 a 0.99b
10 23.03.2011 16.39 a 2474 a 348.59 a 1.00 ab
LSD 1.65 1.43 38.29 0.03
1 08.10.2012 6.93d 17.24d 173.15d 1.03a
. 2 05.11.2012 10.63 bc 20.53 bc 189.92d 1.02 ab
g 3 21.11.2012 9.85¢ 19.36 cd 214.65¢ 1.02 ab
2 4 12.12.2012 12.13 abc 22.66 ab 229.47 bc 1.01 abc
§ 5 03.01.2013 13.56 a 2344 a 252.03 ab 1.01 abc
6 24.01.2013 1342 a 23.29a 265.05 a 1.00c
7 12.02.2013 12.91 ab 21.71 abc 257.29 a 1.00 bc
LSD 2.29 2.58 24.42 0.02

* The differences between the averages indicated by different letters in the same column are statistically significant (p<0.05)

al., 1987; Requejo-Tapia et al., 1999; Bayram
and Askin, 2006; Osuna-Garcia et al., 2010;
Magwaza and Tesfay, 2015). The avocado has
a remarkable ability to synthesize fatty acid
(Barmore, 1976) which can accumulate in high
levels, reaching 30% of the fruit weight (Biale
and Young, 1971; Barmore, 1976; Bizimana et
al., 1993).

The maturity of the avocado fruit depends on
the oil contents of the fruit. This relationship has
been known for a long time to have emerged as
a natural result of an increase in the oil content
of the fruit (Young and Lee, 1978; Osuna-
Garcia et al,, 2010; Magwaza and Tesfay,
2015). Avocados have a high oil content by the
time the fruits have reached maximum maturity
(Barmore, 1976; Osuna-Garcia et al., 2010;
Blakey, 2011). However, there is not a
comparable relationship between maturity and
oil content for all cultivars of avocados.
Depending on the variety and the growth
conditions, the oil contents of avocado cultivars
ranges from 8-30% (Quifiones-Islas et
al., 2013).

Avocado cultivars consist of three different
species all belonging to the Persea subgenus
(West-Indian, Guatemalan and Mexican), and
the fat contents of the various species’ fruits is

found to be at different levels. For example, the
oil contents of West-Indian avocados ranged
between 2.5-8% cultivars, while Guatemalan
cultivars yield 10-13% and 15-25% in the
Mexican cultivars. Fruits growing in cooler
subtropical climates boast higher oil contents
which continue to increase when harvest is
delayed. Accordingly, oil contents of the Hass
and Fuerte cultivars can increase up to 25-30%
until the start of next season's blooming
(Knight, 2002).

The percentages of the oil content and dry
weight determined for the Fuerte, Bacon and
Zutano cultivars in this study increased from the
first harvest until the Ilast harvest and
statistically significant differences were found.
These results are consistent with the other dry
weight and oil content studies reported above.

The fruit develpoment curve of the avocado is a
single sigmoid shaped structure (Offer, 1986;
Demirkol, 1997; Undurraga et al., 1987; Scora
et al., 2002). In a study of six different avocado
cultivars in Chile, an increase in fruit volume
depending on the fruit weight of the Fuerte,
Bacon and Zutano cultivars was noted in
observations made at 15-day intervals from
anthesis to maturity (Undurraga et al., 1987).
The fruit growth values of the Fuerte, Bacon
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and Zutano cultivars were determined to
increase from the time of small fruit spill until
fruit harvesting time in similiar studies
conducted in the Mediterranean regions of
Turkey (Demirkol, 1997; Ozdemir et al., 2009).
In another study conducted in California
between 1994-1996, the fruit development of
the Hass cultivar grafted onto Duke 7 clonal
rootstocks was examined by Mickelbart et al.
(2012). According to observations made up to
12-14 months after fruit set (130th day of the
year), maximum fruit growth rate (fruit volume)
was found during the time period ending around
the middle of August (230th day of the year),
then slowed down substantially from the middle
of August to the harvest.

Fruit volume values of the Fuerte, Bacon and
Zutano cultivars increased in statistically
significant levels from the first harvest until the
last harvest. When compared to other studies,
similar results to this study were obtained,
especially during in the 2012-13 harvest period,
when the fruit volume increase occurred more
markedly. The fruit density values of the Fuerte
and Zutano cultivars were determined in
statistically  significant levels among the
harvesting times, but these values were not
consistent.

A correlation analysis was performed to
determine the relations of the fruit maturity
values of the different cultivars. The correlation
coefficients (r) calculated for the Fuerte, Bacon
and Zutano cultivars are given in Table 7-9,
respectively. As seen in Tables; correlations

Table 7. The correlation coefficients (r) of the Fuerte cultivar

between fruit length and fruit width along with
fruit weight were found to be strong (r = 0.90)
and the development of fruits in all cultivars
continued as a whole. When the correlation
coefficients (r) of the Fuerte cultivar were
analyzed (Table 7), in the 2010-11 harvest
period, a linear relationship emerged between
harvest time and dry weight (0.80), dry weight
and oil contents of flesh (0.76), and harvest
time and oil contents of flesh (0.96). Moreover,
a high degree of correlation between harvest
time and oil contents of fruit flesh was noted. In
addition, a high level of positive correlation
between fruit length and fruit weight (0.96), fruit
length and fruit width (0.92), and fruit width and
fruit weight (0.96) was determined. However, a
negative relationship between seed weight and
fruit flesh (-0.90) was observed.

The Bacon cultivar, throughout the 2010-11 and
2012-13 harvest periods (Table 8), displayed a
strong correlation between harvesting time and
dry weight (respectively 0.91 and 0.88), dry
weight and oil contents of flesh (respectively
0.97 and 0.96), and harvesting time and oil
contents of flesh (respectively 0.92 and 0.85).
Also, a positive linear relationship among these
factors was determined. In addition, the study
observed a high level of correlation between
fruit length and fruit weight (respectively 0.95
and 0.91), fruit length and fruit width
(respectively 0.89 and 0.84), and fruit width and
fruit weight (0.98 in both periods). Again, a
negative correlation was observed between
seed weight and fruit flesh (respectively -0.93
and -0.94).

Variables

Correlation coefficients (r)

X Y

2010-11 harvest period

Fruit length (mm)

Fruit width (mm)

Fruit width (mm)

Oil contents of flesh (%)
Oil contents of flesh (%)
Dry weight (%)

Dry weight (%)

Dry weight (%)

Dry weight (%)

Fruit volume (ml)

Fruit volume (ml)

Fruit volume (ml)

Seed weight (%)

Fruit flesh / seed ratio (%)
Fruit flesh / seed ratio (%)

Fruit weight (g)
Fruit weight (g)
Fruit length (mm)
Harvest time
Fruit width (mm)
Harvesting time
Fruit weight (g)
Fruit width (mm)
Oil contents of flesh (%) 0.76
Fruit weight (g)
Fruit length (mm)
Fruit width (mm)
Fruit flesh (%)
Fruit flesh (%)
Seed weight (%)

0.96
0.96
0.92
0.96
0.71
0.80
0.72
0.74

0.97
0.96
0.98
-0.90
0.92
-0.98
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Table 8. The correlation coefficients (r) of the Bacon cultivar

Variables Correlation coefficients (r)

X Y 2010-11 harvest period 2012-13 harvest period
Fruit weight (g) Harvest time 0.85 0.81
Fruit length (mm) Harvest time 0.79 0.69
Fruit length (mm) Fruit weight (g) 0.95 0.91
Fruit width (mm) Harvest time 0.87 0.79
Fruit width (mm) Fruit weight (g) 0.98 0.98
Fruit width (mm) Fruit length (mm) 0.89 0.84
Oil contents of flesh (%) Harvest time 0.92 0.85
Qil contents of flesh (%) Fruit weight (g) 0.86 0.74
Oil contents of flesh (%) Fruit length (mm) 0.80 0.57
Oil contents of flesh (%) Fruit width (mm) 0.87 0.77
Dry weight (%) Harvest time 0.91 0.88
Dry weight (%) Fruit weight (g) 0.86 0.86
Dry weight (%) Fruit length (mm) 0.79 0.70
Dry weight (%) Fruit width (mm) 0.87 0.88
Dry weight (%) Qil contents of flesh (%) 0.97 0.96
Fruit volume (ml) Harvest time 0.84 0.77
Fruit volume (ml) Fruit weight (g) 1.00 0.99
Fruit volume (ml) Fruit length (mm) 0.96 0.94
Fruit volume (ml) Fruit width (mm) 0.98 0.97
Fruit volume (ml) Oil Contents of flesh (%) 0.85 0.71
Fruit volume (ml) Dry weight (%) 0.85 0.83
Seed weight (%) Fruit flesh ratio (%) -0.93 -0.94
Fruit flesh / seed ratio (%) Fruit flesh ratio (%) 0.94 0.94
Fruit flesh / seed ratio (%) Seed weight (%) -0.99 -0.99
Fruit density (gmi™) Fruit length (mm) 0.36 -0.76

Table 9. The correlation coefficients (r) of the Zutano cultivar

Variables Correlation coefficients (r)

X Y 2010-11 harvest period  2012-13 harvest period
Fruit weight (g) Harvest time 0.65 0.85
Fruit length (mm) Harvest time 0.64 0.79
Fruit length (mm) Fruit weight (g) 0.94 0.97
Fruit width (mm) Harvest time 0.60 0.86
Fruit width (mm) Fruit weight (g) 0.98 0.99
Fruit width (mm) Fruit length (mm) 0.88 0.95
Oil contents of flesh (%) Harvest time 0.96 0.80
Oil contents of flesh (%) Fruit weight (g) 0.61 0.73
Oil contents of flesh (%) Fruit width (mm) 0.58 0.73
Dry weight (%) Harvest time 0.93 0.68
Dry weight (%) Oil contents of flesh (%) 0.96 0.95
Fruit volume (ml) Harvest time 0.64 0.84
Fruit volume (ml) Fruit weight (g) 1.00 1.00
Fruit volume (ml) Fruit length (mm) 0.94 0.98
Fruit volume (ml) Fruit width (mm) 0.98 0.99
Fruit volume (ml) Qil contents of flesh (%) 0.60 0.71
Fruit density (gml'l) Fruit weight (g) -0.56 -0.74
Fruit density (gml'l) Fruit length (mm) -0.60 -0.78
Fruit density (gml'l) Fruit width (mm) -0.61 -0.78
Fruit density (gml™) Fruit volume (ml) -0.63 -0.78
Seed weight (%) Fruit flesh (%) -0.92 -0.93
Fruit flesh / seed ratio (%) Fruit flesh (%) 0.91 0.97
Fruit flesh / seed ratio (%) Seed weight (%) -0.98 -0.95
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In the Zutano cultivar (Table 9); in the 2010-
2011 and 2012-13 harvest periods, a high level
of correlation between dry weight and
harvesting time (respectively 0.93 and 0.63),
dry weight and oil contents of flesh (respectively
0.96 and 0.95), and harvesting time and oil
contents of flesh (respectively 0.96 and 0.80)
was found. Furthermore, a strong correlation
was found between fruit length and fruit weight
(respectively 0.94 and 0.97), fruit width and fruit
weight (respectively 0.98 and 0.99), and fruit
length and fruit width (respectively 0.88 and
0.95). These pairs exhibited positive linear
relationships and during harvest periods.
However, a negative relationship between seed
weight and fruit flesh was noted (respectively -
0.92 and -0.93).The oil and dry weight ratios of
fruit flesh that are used as maturity indices for
the different avocado cultivars are calculated
according to typical values of the cultivars and
harvesting time (Vakis et al., 1985; Hofman et
al., 2002; Magwaza and Tesfay, 2015). The
close relationship between the oil content and
the dry weight ratios of the avocado increases
during the fruit development process (Lee and
Coggins, 1982; Undurraga et al.,, 1987;
Requejo-Tapia et al., 1999; Carvalho et al.,
2014; Magwaza and Tesfay, 2015). This data
supports the findings obtained from this study.
Also, these results were compatible with other
studies that reported relationships between
harvesting time and characteristic pomological
values (Offer, 1986; Demirkol, 1997; Scora et
al., 2002; Pak et al., 2003) and between the dry
weight ratio of fruit flesh and several aspects of
fruit quality (Pak et al., 2003; Gamble et al.,
2010). They stated that fruit volume increased
during harvest periods.

4. Conclusions

In this study, the physical and chemical
properties of the fruits of Fuerte, Bacon and
Zutano avocado cultivars which are intensively
grown in the Mediterranean region were
analyzed throughout their respective harvest
periods. Certain relationships between the
physical and chemical properties of the
avocados became evident during the course of
this study.

As a result; the fruit development of the Fuerte,
Bacon and Zutano cultivars continued up until a
certain point during the harvest period while the
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fruit weight increased, on average, by over 50%
from the time of the first harvest. Fruit
development decreased when harvest times
were delayed.

The dry weight and oil content of the Fuerte
cultivar increased by 200.3% and 288.8%,
respectively, between October and June of the
2010-2011 harvest period. While the dry weight
and oil content of the Bacon cultivar increased
by 144.7% and 317.3%, respectively, between
October and April of the 2010-2011 harvest
period, they also increased by 151.0% and
274.1%, respectively, between October and
January of the 2012-2013 harvest period.
However, while the dry weight and oil content of
the Zutano cultivar increased by 151.9% and
301.5%, respectively, between October and
April of the 2010-2011 harvest period, they
increased by 125.9% and 186.3%, respectively,
between October and February of the 2012-
2013 harvest period.

In the Fuerte, Bacon and Zutano cultivars very
strong positive correlations were found between
some pomological properties used as maturity
index in avocado fruits. However, a strong
negative correlation between fruit flesh and
seed weight was also determined. While a quite
strong correlation (r=0.76) between dry weight
and oil content in the Fuerte cultivar was noted,
this correlation was found to be at a much
higher level (r = 95) in the Bacon and Zutano
cultivars.

As a result of this study; in terms of fruit dry
weight and oil content in the Antalya region,
while the optimal harvest time of the Fuerte
cultivar is determined to be the period between
November and May, the optimal harvest time of
the Bacon and Zutano cultivars is determined to
be the period between November and January.
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Farkli uygulamalarin iimitvar gypsophila genotipinin (GA8) kesme ¢i¢cek performansi
tizerine etkileri
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Turkiye gypsophila tirleri bakimindan zengin bir floraya sahiptir. Ancak guinimize kadar gelistirilen ve sus bitkileri
sektoriine kazandirilan gypsophila cesidi bulunmamaktadir. Bu nedenle gypsophila yetistiriciliginde uretim
materyalinde digsa bagimlihik devam etmektedir. Bu arastirma, Tirkiye florasinda yayilis gosteren gypsophila
tirleri arasinda klon seleksiyonu yoluyla gelistirilien Gypsophila arrostii tirtine ait Gmitvar (GA8) isimli genotipin
kesme cicek performansi Uzerine dikim sikhgi (30x40 cm, 40x50 cm, 60x60 cm), dikim zamani (Ekim, Aralik,
Nisan) ve gin uzunlugunun (14, 15 ve 16 saat) etkilerinin belilenmesi amaciyla 2016-2017 yillan arasinda Bati
Akdeniz Tarimsal Arastirma Enstitiisi’'nde yirittiimustir. Calismada; giceklenmeye kadar gecgen siire, gicek sapli
uzunlugu ve kalinligi, dal agirhgi, vazo édmru ve cicek verimi parametreleri incelenmistir. Elde edilen sonuglar
degerlendirildiginde dikim zamani olarak ekim ayi, dikim aralii olarak 30x40 cm ve 16 saatlik glin uzunlugu
uygulamasinin incelenen 6zellikler bakimindan diger uygulamalara gore daha iyi sonuglar verdigi belirlenmistir.

Anahtar Kelimeler: Dikim sikhgi; Dikim zamani; Gun uzunlugu; Cigek verimi; Kalite

The effects of different applications on the cut flower performance of the promising gypsophila genotype
(GAS8)

Abstract

Turkey has a rich flora in terms of gypsophila species. But, there hasn’t been any gypsophila variety which has
been developed and brought to the sector until today. Therefore, external dependence is continuing at the
production material. In this study, it was aimed to determine the plant spacing on the cut flower performance
(30x40 cm, 40x50 cm, 60x60 cm), planting time (October, December, April) and photoperiod (14, 15, and 16
hours) of the hopeful gypsophila genotype (GA8) developed with clone selection method among the Gypsophila
species deployed in Turkish flora. The research was carried out in the Bati Akdeniz Agricultural Research Institute
between 2016 and 2017. The period to flowering, pedicle length and thickness, stem weight, vase life and flower
yield parameters were determined in this study. As a result, October month as the planting time, 30x40 cm as the
planting spacing and 16 hours as the photoperiod were determined as better results than the other applications in
terms of many parameters investigated.

Keywords: Plant density; Planting time; Photoperiod; Flower yield; Quality

1. Girig yapilan kesme gicek ve i¢c mekan sus bitkileri ile
yaklagsik 30 066 ha’lik Uretim alanina sahip
Sis bitkileri; Dinyanin birgok Ulkesinde oldugu cicek soganlari izlemektedir (AIPH, 2016).
gibi son 30 yilda Tirkiye'de de ekonomiye
katma deger saglayan, kullandigi is gici Dinya kesme c¢icek sektéruniin  6ncusu
miktari bakimindan da sosyal yasamdaki etkisi konumundaki Hollanda, son yillarda Gretim
cok fazla olan 6énemli bir tarimsal Gretim kolunu merkezlerini Afrika, Asya ve Guney Amerika
olugsturmaktadir. Dlnya suUs bitkilerinin Gretim kitasinda uygun iklim kosullari ve ucuz
alani bakimindan en 6nemli faaliyet alanini, isgicunin  bulundugu (lkelere (Kolombiya,
yaklasik 1 070 000 ha’lik alanda uretim yapilan Kenya, Ekvator, Etiyopya vb.) kaydirmistir
dis mekan sus bitkileri olusturmaktadir. Bunu (Kazaz, 2016). Hollanda gibi sektérde lider olan
sirasi ile yaklagik 650 000 ha’lik alanda Uretimi olan Uulkeler uretim merkezlerini bu Ulkelere
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kaydirmanin yani sira kendi Ulkelerinde bulunan
seralardan, ileri teknoloji kullaniminin
avantajlari ile birim alandan elde ettikleri verimi
arttirmaktadirlar. Uretim miktari ve Kkalitesi,
uretim materyali temini, tarimsal teknoloji ve
girdilerin  ticareti ile tum gucu ellerinde
bulundurarak dinya sus bitkileri ticaretini
yonlendirebilmektedirler. Bu anlamda Hollanda
mezatlari 6zellikle kesme cigekler acgisindan
degerlendirildiginde  ticaret Ussi  seklinde
aktivitelerini sirdurmektedirler. Yine Hollanda
mezatlari  satis rakamlar  incelendiginde,
gypsophilanin Hollanda’da ticareti yapilan ilk 20
kesme c¢igek tOri igerisinde yer aldigi
gorulmektedir (AIPH, 2016).

Turkiye’de sls bitkileri uretim alanlarn son 14
yilda (1999-2013) %213.12 oraninda artis
gOstererek 2013 yilinda 45 125 da’a ulasmistir.
2013 wyili verilerine gore sus bitkileri faaliyet
alanlar icerisinde en fazla Uretim alanina sahip
olan Urtn grubu %71.85’lik pay ve 32 421 da
alanla dis mekan sus bitkileridir. Dis mekan sus
bitkilerini %24.48’lik pay ve 11 046 da alanla
kesme cicekler izlemektedir (Kazaz vd., 2015).
Ulkemizde (retilen kesme cicek iiretim alanlari
incelendiginde, 4 824 da ile karanfilin en fazla
Uretim alanina sahip kesme cicek turG oldugu
gorulmektedir. Karanfilin bu avantaji 6zellikle
1984°lu yillardan beri 6nemli bir kesme gigek
ihrag Grinimiz olmasi ile saglamaktadir. Yine,
kesme gil, gerbera, zambak, kasimpati, glaydl,
lale ve gypsophila yetistiriciligi yapilan dnemli
kesme cicek turlerimiz arasinda yer almaktadir.
Ulkemiz, siis bitkisi olma potansiyeli bulunan
pek cok dogal turin anavatani konumunda
olup, iklim ve toprak o&zellikleri bakimindan
bircok tlrin vyetistiriciligine uygun olmasina
ragmen, sus bitkileri sektdrindeki Uretim ve
ihracat potansiyeli ne yazik ki arzu edilen
seviyelere ulagsamamigtir.  Yurtdigi  orijinli
gypsophilanin kiltir gesitlerinden kesme gigek
ve peyzaj bitkisi olarak Ulkemiz sis bitkileri
sektoriinde yararlanilirken floramizda oldukga
fazla sayida bulunan dogal gypsophila
tirlerinden ise henliz sls bitkisi olarak
yararlanilmamaktadir (Huber-Morath,1967;
Karaglzel, 1993). Gypsophila turleri kesme
cicek sektdriinde, Urlin cesitlendirmede en
o6nemli alternatiflerden biri olarak gortlmektedir.
Taze ve kuru kesme gicek olarak kullanilan G.
paniculata turl, i¢ piyasada da aranjman ve
buketlerin vazgecilmez 6gelerinden biri olarak
dikkat cekmektedir (Karaglizel ve Ortagesme,
2000). 1980'li yillarda Tirkiye'ye giren ve kuru
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veya taze kesme gicek olarak degerlendirmeye
uygun olan gypsophila geg¢misten glinimuze
ariin gesitlendirmenin en énemli tarlerinden biri
olarak gorulmustir (Karagiizel, 2003).

Ulkemizde dogal olarak bulunan gypsophila
turlerinin kesme c¢icek olarak kullaniimasina
yonelik c¢alismalar 2000’li yillardan itibaren
baslamistir. Bati Akdeniz Tarimsal Arastirma
Enstitisi  (BATEM) binyesinde 2005-2008
yillarinda yuritilen ve TUBITAK tarafindan
desteklenen TOVAG 104 O 364 nolu ‘Kesme
Cicek Cesit Geligtirme Projesi-Gen
Havuzlarinin Olusturulmasi (I. Asama)’ projesi
ile Ulkemizin farkl yorelerinde yapilan arazi
calismalarinda gypsophila genotipleri
(Ozgelik vd.,  2009) toplanmigtir.  Enstitl
binyesinde yetistirilen populasyonlarin tur
teshisleri yapilarak 18 tir tespit edilmistir.
Gypsophila turleri bazi morfolojik 6zellikler (bitki
boyu, dallanma durumu, petal sekli, petal boyu,
petal rengi) yoninden degerlendirilerek G.
arrostii, G. venusta, G. bitlisensis Bark, G.
muralis populasyonlarinin sus bitkisi olarak
degerlendirilebilme  6zelligine sahip oldugu
belirlenmistir.  Yine bu projenin  devami
niteliginde olan “Seleksiyon Yoluyla Yeni
Gypsophila (Gypsophila sp.) Cesitlerinin Elde
Edilmesi” isimli projede ise bu tirlere ait
populasyondan klon seleksiyonu yontemi ile,
1slah kriterleri dogrultusunda sec¢imler yapilarak
Gypsophila arrostii trine ait GA8 isimli klon
Umitvar birey olarak belirlenmistir. Bu calismada
Umitvar birey olarak secilen genotipin farkl
dikim zamani ve dikim sikhdi ile farkli gun
uzunlugu kosullari altinda kesme ¢icek
performansinin belirlenmesi amaglanmistir.

2. Materyal ve Yontem

Aragtirma, Bati Akdeniz Tarimsal Arastirma
Enstitisu (BATEM)'niin Aksu-Merkez Biriminde
7.80 m en 25.80 m boy 3.5 m ¢ati yuksekligine
sahip polietilen 6rtili serada 2016-2017 yillari
arasinda ydratdlimustar. 15 Ekim 2016'da
baslayan ve toplam 263 gin sirdirilen
yetistirme dénemine iligkin sera iginde olc¢llen
glnlik ortalama sicaklik ile oransal nem
degerlerinin  degisimi Sekil 1'de verilmigtir.
Arastirmanin yurGtaldiga serada kis aylarinda
iIsitma yapiimadigindan dolayr 01-04 Ocak
2017 ile 24-27 Ocak 2017 tarihleri arasinda
sera i¢i sicakhginin 10°C’nin altina distigi
gorulmektedir.
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Sekil 1. Sera ici sicaklik ve nem degerleri

Cizelge 1. Ortalama dogal giin uzunluklari ve ek aydinlatma sureleri

Ortalama giin uzunlugu

Ek aydinlatma siresi (saat)

Aylar (s:d)’ 13 14 15
Ekim 11.00 2.00 3.00 4.00
Kasim 10.39 2.21 3.21 4,21
Aralik 09.51 3.09 4.09 5.09
Ocak 10.18 2.41 3.41 4.41
Subat 11.03 1.57 2.57 3.57
Mart 12.16 0.44 1.44 2.44
Nisan 13.09 - 0.51 151

Bu tarihten sonra dis sicakliktaki artigsa paralel
olarak, sera i¢ sicakliklari da artis gostermistir.
Sera i¢i oransal nem degerleri, sicakliklarin
artmasiyla birlikte azalma gdstermis olmakla

birlikte yetistirme ddénemi boyunca %35-80
araliginda seyretmistir.

Arastirmada bitkisel materyal olarak,
“Seleksiyon Yoluyla Yeni Gypsophila

(Gypsophila sp.) Cesitlerinin Elde Edilmesi”
projesi kapsaminda klon seleksiyonu yoluyla
elde edilen Gypsophila arrostii tirine ait GA8
isimli genotip kullaniimistir. GA8 klonuna ait
kokla celikler 1 m eninde ve 22 m boyundaki
yataklara (toprak) dikilmis ve her dikim dénemi
ve sikliginda dikimden 30 guin sonra 4-5 yaprak
cifti Uzerinden uc alma islemi
gerceklestiriimistir. Calismada 3 farkh dikim
zamani ve sikhgr ile 3 farkh gin uzunlugu
kullanilmigtir. Bitkiler 15 Ekim, 15 Aralik ve 15
Nisan olmak uzere 3 farkli dénemde ve her
dénemde 30x40 cm (7.1 adet m™), 40x50 cm
(6.4 adet m™), 60x60 cm (3.0 adet m™) olmak
Uzere Ug farkh dikim sikhdinda dikilmistir. Gln
uzunlugu uygulamalari; 14 saat, 15 saat ve 16
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saat slre ile uygulanmigtir. Ek aydinlatmanin
baslayacagi zamanlar ve aydinlatma siresinin

belirlenmesi amaci ile Antalya Meteoroloji
istasyonu’'ndan uzun yillar gin uzunludu
sureleri ile ilgili bilgiler temin edilmigstir
(Cizelge 1). Sera i¢ci yapilan periyodik
Olcimlerle, karanhdin bagladigi saat ile
aydinlatmanin  devreye girecegi zamanlar

belirlenmistir. Gin uzunlugu uygulamalarinin
birbirinden etkilenmemeleri amaci ile sera siyah
plastik ortiler ile Gg¢ ayri bolime ayriimistir. Bu
Ortiler aksam saatlerinde kapatilip, glndiz
saatlerinde aciimigtir. Aydinlatmalarda 32 Watt
enerji tasarruflu sari stk veren ampullerle
kesintisiz aydinlatma ydntemi kullaniimigtir.
Sera icerisinde fotonmetre ile yapilan
Olgiimlerde bitki seviyesindeki i1sik siddetinin 95-
100 Iix olmasi saglanmistir.

Batin uygulamalardaki bitkilere, bitki tizerinde
rozetlesmis surginleri sapa kaldirmak amaciyla
dikimden 30 gin sonra yapraktan gibberellik
asit (GAsz) uygulamasi vyapimis ve ilk
uygulamadan sonra 7’ser giin araliklarla 3 kez
daha GA; uygulamasi tekrar edilmistir. Bitiin
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uygulamalarda 250 ppm dozunda GA;
kullaniimigtir. Arastirmada, giceklenmeye kadar
gecgen slre (gun), bitki boyu (cm), dal agirhgi
(9), cicek sapi kalinhdi (mm), ciceklenen slirgin
sayisi (adet bitki"), birim alandan elde edilen
cicekli surgiin sayisi (adet m'2) ve vazo Omri
(glin) parametreleri incelenmigtir. Calisma
Tesaduf Bloklarinda Béliinen Boélinmus Bloklar
deneme desenine gbére 3 tekerrurli olarak
kurulmus ve her tekerrirde 10’ar adet bitki
kullaniimigtir. Elde edilen degerler varyans
analizine tabi tutulmus, ortalamalarin

derecelendiriimesinde Duncan Testi
uygulanmistir

3. Bulgular ve Tartisma

Arastirmada farkli uygulamalarin  dikimden

hasada kadar gegen slre Uzerine etkileri
Cizelge 2'de verilmistir. Cizelgeden de
gérulecedi uzere gun uzunlugu, dikim zamani
ve gln uzunlugu x dikim zamani interaksiyonu
hasat siresi Uzerine %1 dizeyinde, dikim

sikligi, dikim zamani x dikim sikhgr ve gin
uzunlugu x dikim sikligi x dikim zamani
interaksiyonu ise %5 dizeyinde Onemli
bulunmustur. Gin uzunlugu x dikim sikligi ise
istatistiksel olarak 6nemli bulunmamistir. En
erken ciceklenme siresi 124.7 giinle 30x40 cm
dikim sikligi, 15 saatlik gin uzunlugu
uygulamasi ve Nisan ayinda dikim yapilan
uygulamadan elde edilmigtir. En uzun
ciceklenme suresi ise 143.4 gun ile 40x50 cm
dikim sikhgi, 14 saatlik gin uzunlugu
uygulamasi ve Aralik ayinda dikim yapilan
uygulamadan elde edilmigtir.

Arastirmada dikim sikhgi, gin uzunlugu ve
dikim zamaninin bitki boyu Uzerine etkileri
Cizelge 3’de verilmigtir. Cizelgeden de
gorulecegi Uzere gin uzunlugu, dikim zamani,
dikim siklid1 ve dikim zamani interaksiyonu dal
boyu Uzerine %1 dizeyinde, dikim zamani x
dikim sikhigi ise %5 dizeyinde o6nemli
bulunurken; giin uzunlugu x dikim sikhgi ve gin
uzunlugu x dikim sikhigi x dikim zamani
interaksiyonu ise 6nemli bulunmamistir.

Cizelge 2. Farkl uygulamalarin giceklenme siresi Gzerine etkileri (gin)

Dikim siklig Dikim Gun uzunlugu (s) Dikim siklig1
zamanli 14 15 16 ortalamasi
Ekim 137.5 ef 133.8 hi 130.5k
30x40 Aralik 140.5 bc 138.8 ce 135.1 gh 1328 C
Nisan 127.2 In 124.7 p 127.11In
Ekim 136.6 fg 1355¢g 132.7 jj
40x50 Aralik 143.4 a 142.2 a 136.1 fg 1341 A
Nisan 128.01 125.3 op 127.5Im
Ekim 138.6 de 134.7 gh 131.8 jk
60x60 Aralik 142.1 ab 140.2 cd 135.8 fg 1335B
Nisan 125.9 mp 125.7 np 126.3 lo
Gun uzunlugu ortalamasi 1355 A 133.4B 1315C
Dikim zaman! ortalamasi
Ekim 139.4 A
Aralik 134.6 B
Nisan 126.4C
Onemlilik
Gin uzunlugu(G) oexY
Dikim zamani (Z2) xx
Dikim sikhgi (S) *
GxZ Rl
GxS :0.D.
ZXS *
GXZXxS *

z: Duncan testine gére % 5 6nem diizeyinde farkli ortalamalar ayri harflerle gésterilmistir.

y: O.D., * ve **, siraslyla dnemli degil %5 ve % 1 diizeyinde dnemli.
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Cizelge 3. Farkl uygulamalarin bitki boyu uzerine etkileri (cm)

_ o Dikim Gln uzunlugu (s Dikim sikhgi
Dikim sikligi zamani 14 15g ) 16 ortalamas?
Ekim 111.8 116.3 118.7
30 x40 Aralik 110.3 111.7 1175 1113 A
Nisan 105.5 104.0 106.0
Ekim 108.7 110.0 117.3
40 x 50 Aralik 109.1 110.0 113.2 109.4 B
Nisan 105.7 104.4 105.9
Ekim 106.6 112.2 116.4
60 x 60 Aralik 108.5 108.7 112.2 108.2 C
Nisan 102.5 102.3 104.2
Giln uzunlugu ortalamasi 107.6 B 108.9 B 1124 A
Dikim zamani ortalamasi
Ekim 113.1 A*
Aralik 111.3B
Nisan 1045C
Onemlilik
Giin uzunlugu(G) oexY
Dikim zamani (Z) Rk
Dikim sikhigi (S) xx
GxZ el
GxS :0.D.
ZXS *
GxZxS :0.D.

z: Duncan testine gére % 5 6nem duzeyinde farkli ortalamalar ayri harflerle gosterilmistir.

y: O.D,, * ve **, sirasiyla dnemli degil %5 ve % 1 diizeyinde énemli.

Dikim sikhigi agisindan degerlendirildiginde en
uzun dal boyu 111.3 cm ile 30x40 cm dikim
sikhdindan elde edilmistir. Gun uzunlugu
acisindan degerlendirildiginde en uzun bitki
boyu 112.4 cm ile 16 saatlik uygulamadan elde
edilmigtir. Dikim zamani agisindan ise en uzun
dal boyu 113.1 cm ile Ekim ayinda yapilan
dikimlerden elde edilmistir. Dikim sikliklari kendi
arasinda bir degerlendirmeye tabi
tutulduklarinda dikim mesafelerinin azalmasinin
dal  boyunu olumlu etkiledigi sonucuna
variimigtir.

Farkli uygulamalarin cicekli sirgtn yas agirhgi
Uzerine etkileri Cizelge 4’de verilmigtir.
Cizelgeden de godrilecegdi Uzere dikim zamani
ve dikim sikhdi uygulamalarinin gigekli strgin
yas agirhgr Uzerine etkileri %1 dizeyinde
6nemli bulunmustur. Bunun yani sira gin
uzunlugu, giin uzunlugu x dikim zamani, gun
uzunlugu x dikim sikhgi, dikim zamani x dikim
sikhdr ve gun uzunlugu x dikim sikligi x dikim
zamanli interaksiyonu ise énemli bulunmamistir.
Dikim zamani agisindan degerlendirildiginde en
fazla gicekli sirgiin yas agirhdi 112.6 g ile Ekim
dikim zamaninda dikilen bitkilerden alinmistir.
Dikim sikhginin dal agirhgi Gzerine etkilerine
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bakildiginda ise en fazla cicekli sirgin yas
agirhgi 40x50 cm dikim sikhdr uygulamasindan
elde edilmigtir. Bu sonugclar degerlendirildiginde
sonbahar aylarinda yapilan dikimlerden elde
edilen ciceklerin, kis ve ilkbahar aylarinda
yapilan c¢igceklere goére daha agir oldugu
kanisina varilmigtir. Bu sonuglar, soguklamaya
ihtiyag duyan ve bir zorunlu uzun gun bitkisi
olan gypsophilada Urin miktar ve Kkalitesini
etkileyen faktorlerden bir tanesinin de bitkinin
distk sicakhklarda gecirecegi sure oldugu
dusunidlmektedir.

Arastirmada farkli uygulamalarin sap kalinligi

Uzerine etkileri Cizelge 5’de verilmigtir.
Cizelgeden de gorllecegi Uzere giun uzunlugu,
dikim  sikliginin %5 duzeyinde 6nemli

bulunurken, dikim zamani uygulamasinin sap
kalinhg: Gzerine etkileri %1 diizeyinde Onemli
bulunmustur. Gin uzunlugu x dikim zamani,
glin uzunlugu x dikim sikligi, dikim zamani x
dikim sikhigi ve gin uzunlugu x dikim zamani x
dikim  sikligi interaksiyonu ise  6nemli
bulunmamistir.  Gin  uzunlugu agisindan
degerlendirildiginde en kalin sapli gicekler 16
saat gun uzunlugu uygulamasindan elde
edilmigtir.
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Cizelge 4. Farkl uygulamalarin cigekli stirgtin yas agirlidi tzerine etkileri (g)

_ o Dikim Glin uzunlugu (s) Dikim siklig
Dikim siklig zamani 14 15 16 ortalamasi
Ekim 108.7 108.5 104.0
30x40 Aralik 120.5 102.3 101.3 102.4B
Nisan 116.4 95.2 100.7
Ekim 105.4 116.9 113.8
40x50 Aralik 104.9 105.7 107.2 108.8 A
Nisan 111.8 98.5 105.0
Ekim 95.4 1131 111.3
60x60 Aralik 106.3 1154 112.5 108.7 A
Nisan 97.4 97.6 103.1
Giln uzunlugu ortalamasi 107.4 105.9 106.5
Dikim zamani ortalamasi
Ekim 112.6 A
Aralik 107.4 B
Nisan 99.9C
Onemlilik
Gun uzunlugu (G) :0.D7
Dikim zamani (Z) x
Dikim sikhgi (S) xx
GxZ :0.D.
GxS :0.D.
ZxS :0.D.
GXZXxS :0.D.
z: Duncan testine gore % 5 6nem duzeyinde farkli ortalamalar ayri harflerle gosteriimistir.
y: O.D., ve **, sirasiyla énemli degil ve % 1 diizeyinde 6nemli.
Cizelge 5. Farkli uygulamalarin sap kalinhgi Gzerine etkileri (mm)
o o Dikim GUn uzunlugu (s) Dikim siklig1
Dikim sikligt zamani 14 15 16 ortalamasi
Ekim 6.9 7.1 7.2
30x40 Aralik 5.9 5.1 6.5 5.6B
Nisan 3.7 3.5 4.6
Ekim 6.9 7.1 8.0
40x50 Aralik 6.4 7.0 6.4 6.1A
Nisan 4.1 4.7 4.7
Ekim 8.5 7.6 8.1
60x60 Aralik 6.1 6.3 7.0 6.4 A
Nisan 4.1 4.6 5.0
Gln uzunlugu ortalamasi 5.8B 598B 6.4 A
Dikim zamani ortalamasi
Ekim 7.5 A”
Aralik 6.3B
Nisan 43C

Onemililik

Gln uzunlugu(G)
Dikim zamani (Z)
Dikim sikhgi (S)
GxZ

GxS

ZXxS

GXxZx$S

7
:**

*
:0.D.
:0.D.
:0.D.
:0.D.

z: Duncan testine gore % 5 6nem duzeyinde farkli ortalamalar ayr harflerle gosterilmistir.
y: O.D., * ve **, sirastyla énemli degil %5 ve % 1 dlizeyinde 6nemli.
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Dikim zamani uygulamasi icin bir
degerlendirme vyapildiginda ise ekim dikim
zamanindan elde edilen gigeklerin daha kalin
saplara sahip olduklari belirlenmistir. Dikim
sikligi uygulamalarinda ise 60x60 cm dikim
sikhdinda vyetisen bitkilerin daha kalin dall
gicekleri oldugu sonucuna varilmistir. Tim
uygulamalar igerisinde ise en kalin dal 60x60
cm dikim sikligi, ekim ayi dikim zamani 14 saat
guin uzunlugu uygulamasi ile elde edilmistir.

Arastirmada dikim sikhgi, gin uzunlugu ve
dikim zamaninin vazo omru Uzerine etkileri
Cizelge 6’da verilmigtir. Cizelgeden de
gorllecegdi tzere gin uzunlugu ve dikim zamani
x dikim sikli§i interaksiyonun vazo émri Gzerine
etkileri %5 dizeyde 6nemli bulunmustur. Dikim
zamaninin vazo Omri Uzerine etkisi ise %1
dizeyinde 6nemli bulunmustur. Dikim sikhigi,
glin uzunlugu x dikim zamani, dikim zamani x
dikim sikhgi, gin uzunlugu x dikim zamani x
dikim sikligi interaksiyonu ise dnemsiz
bulunmustur. Gin uzunlugu uygulamalari kendi
aralarinda degerlendirildiinde 14 saat gln
uzunlugu uygulamasindan elde edilen gigeklerin
en uzun vazo Omrine sahip olduklari, dikim
zamanli uygulamalari kendi  aralarinda
karsilastirildiklari  zaman ise ekim dikim

zamanindan elde edilen gigeklerin en uzun
vazo émrine sahip olduklari belirlenmistir. En
uzun vazo omrine sahip gigekler ekim dikim
zamaninin 30x40 cm ve 60x60 cm dikim sikligi,
14 saat gln uzunlugu uygulamasindan elde
edilmigtir. Elde edilen sonuglardan, gin
uzunlugu sdresinin uzamasinin vazo émranu
kisaltici etkisi oldugu kanisina variimigtir. Nisan
doneminde dikilen bitkilerden elde edilen
giceklerin vazo émurlerinin daha kisa olmasi
sonucu, bu dbénemde dikilen bitkilerin
vernalizasyon ihtiyaclarini  karsilayamamis
olmalarinin  da vazo Omdurlerinde etkili
olabilecegdini distindirmektedir.

Farkhh uygulamalarin metrekaredeki cicekli
surgin sayisi Uzerine etkileri Cizelge 7'de
verilmistir. Cizelgeden de gorilecegdi Gzere gin
uzunlugu ve gin uzunlugu x dikim sikligi
interaksiyonunun metrekaredeki bitki sayisi
Uzerine etkileri %5 duzeyinde  6nemli
bulunmustur. Dikim zamani, dikim sikhdi, dikim
zamani x dikim sikligi interaksiyonun etkileri ise
%1 dizeyinde o6nemli bulunmustur. Gin
uzunlugu x dikim zamani ve gin uzunlugu x
dikim zamani x dikim sikh@i interaksiyonunun
metrekaredeki cicekli slirglin sayisi Uzerine ise
énemsiz bulunmustur.

Cizelge 6. Farkli uygulamalarin vazo 6mri Uzerine etkileri (giin)

- - Dikim Gun uzunlugu (s) Dikim sikligi
Dikim sikhgi
zamanli 14 15 16 ortalamasi
Ekim 8.6 8.1 7.6
30x40 Aralik 7.3 7.6 6.9 7.5
Nisan 7.1 7.2 7.0
Ekim 7.8 7.4 7.3
40x50 Aralik 7.8 7.6 7.9 7.5
Nisan 7.0 7.1 7.2
Ekim 8.6 8.0 7.8
60x60 Aralik 7.8 7.9 7.2 7.7
Nisan 7.3 7.1 7.2
Giln uzunlugu ortalamasi 7.7A 758B 7.3C
Dikim zaman!i ortalamasi
Ekim 7.9 A*
Aralik 75B
Nisan 71C
Onemlilik
Giin uzunlugu (G) e
Dikim zamani (Z) ke
Dikim sikhg! (S) :0.D.
GxZ :0.D.
GxS :0.D.
ZXS *
GXZxS :0.D.

z: Duncan testine gore % 5 6nem diizeyinde farkl ortalamalar ayri harflerle gosteriimistir.

y: 0.D., * ve **, sirasiyla 6nemli degil %5 ve % 1 diizeyinde dnemli.
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Dikim siklig Dikim Gln uzunlugu (s) Dikim sikhigi
zamani 14 15 16 ortalamasi
Ekim 54.9 58.2 61.3
30 x 40 Aralik 53.7 57.5 59.9 54.0 A
Nisan 43.6 46.2 51.3
Ekim 46.8 45.4 50.3
40 x 50 Aralik 45.5 45.4 50.3 458 B
Nisan 41.2 43.7 43.3
Ekim 20.7 25.0 23.8
60 x 60 Aralik 20.2 21.7 23.6 21.7C
Nisan 185 21.0 20.9
Gln uzunlugu ortalamasi 38.3B 40.5 AB 42.8 A
Dikim zamani ortalamasi
Ekim 429 A
Aralik 42.0A
Nisan 36.6 B
Onemlilik
Giin uzunlugu (G) Y
Dikim zamani (Z) x
Dikim sikhigi (S) xx
GxZ :0.D.
GXxS *
ZXS B
GxZxS :0.D.

z: Duncan testine gore % 5 6nem duzeyinde farkl ortalamalar ayr harflerle gosterilmistir.

y: O.D,, * ve **, siraslyla dnemli degil %5 ve % 1 diizeyinde dnemli.

GuUn uzunlugu uygulamalari kendi aralarinda
karsilagtirildiginda en ylksek cicekli surgln

bulunmustur. Gin uzunlugu uygulamasinin ise
bitkideki cicekli strgin sayisi Uzerine etkisi

sayisi 42.8 adet ile 16 saat gin uzunlugu onemli bulunmamistir. Dikim zamani
uygulamasindan  elde  edilmistir. Dikim uygulamalari kendi aralarinda
zamanlarinin  metrekaredeki cicekli sirgin karsilastirildiginda 7.7 adet surgin sayisi ile en

sayisi Uzerine etkilerine bakildiginda 42.9 adet
ile en fazla cicekli surgin ekim ayi dikim
zamanindan alinmistir. Dikim sikhgi
uygulamalari icerisinde yapilan
degerlendirmede ise 54.0 adet ile 30x40 cm
dikim sikligi uygulamasindan en fazla cicekli
surgin elde edildigi géraimustar.

Aragtirmada dikim sikligi, gin uzunlugu ve
dikim zamaninin bitkideki c¢icekli strglin sayisi
Uzerine etkileri Cizelge 8de verilmigtir.
Cizelgeden de godrilecedi Uzere dikim zamani
ile gln uzunlugu x  dikim sikhgi
interaksiyonunun bitkideki gigekli stirgiin sayisi
Uzerine etkileri %5 duzeyinde  Onemli
bulunurken, dikim sikhgi, giin uzunlugu x dikim
zamani, dikim zamani x dikim sikhgi, gin
uzunlugu x dikim zamani x dikim sikhgi
interaksiyonunun bitkideki gigekli stirgiin sayisi
Uzerine  etkisi %1 dizeyinde  Onemli
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yuksek degerler ekim ayi dikim zamanindan
elde edilmigtir. Dikim sikhdi uygulamalari kendi
aralarinda degerlendirildiginde en fazla sirgiin
sayisi 7.6 adet surgln ile 30x40 cm dikim sikhigi
uygulamasindan elde edilmistir.

Dinyada ve Ulkemizde gypsophila bitkisi
Uzerine dikim zamani, dikim sikligi ve gin
uzunlugu calismalari oldukga azdir. Yuritilen
sinirl sayidaki galismalar sonucunda elde
edilen bulgularda dikim zamani ve gln
uzunlugunun gypsophilada verim ve kalite
Ozelliklerine  etkisi oldugu bildiriimektedir
(Karaguzel, 1993; Karagtizel ve Altan, 1995).
Karaguzel vd. (1992) 3 farkli dikim sikhidinin
(6.8, 3.0 ve 1.7 bitki m™) verim ve kalite lizerine
etkilerini arastirmiglar, cicekli dal sayisi ve bitki
yas agirhginin  bitki sikliginin  azalmasiyla
arttigini bildirmiglerdir. Moe (1998) sicaklik ve
glin uzunlugunun G.paniculata cv. 'Bristol Fairy'
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Cizelge 8. Farkl uygulamalarin bitkideki gicekli stirglin sayisi Uzerine etkileri (adet bitki'l)

Dikim sikhgi Dikim zamani 12 Giin UZUT;QU (s) 16 IDCJIrIftI;Ta?]:I:Is?I
Ekim 7.7 8.2 8.6
30 x40 Aralik 7.6 8.1 8.4 76 A
Nisan 6.1 6.5 7.2
Ekim 7.3 7.1 7.9
40 x 50 Aralik 7.1 7.4 7.6 7.1B
Nisan 6.4 6.8 6.8
Ekim 6.8 7.9 7.9
60 x 60 Aralik 6.7 7.2 7.8 7.1B
Nisan 6.1 6.9 6.9
Giin uzunlugu ortalamasi 7.3 7.2 7.4
Dikim zamani ortalamasi
Aralik 75A
Nisan 6.6 B
Onemlilik
Giin uzunlugu (G) oD’
Dikim zamani (Z) *
Dikim sikhgi (S) o
GxZ Thx
GXxS *
ZXS xx
GXxZxS hx
%. Duncan testine gére % 5 6nem diizeyinde farkli ortalamalar ayri harflerle gosterilmisgtir.
Y. O.D., * ve **, sirastyla 6nemli degil %5 ve % 1 diizeyinde 6nemli.
Uzerine 10 saat (kisa gliin) ve 24 saat (uzun arastirdiklar ¢alismalarinda dikimden

gun) gin uzunlugu ve 12, 18, ve 24°C etkilerini
belirledigi calismada kisa gin kosullarinda
bitkilerin rozetlestigini ve vejetatif kaldigini
belirlemistir. Park vd. (2002) 4 farkl dikim
zamanin (25 Haziran, 10 Temmuz, 25 Temmuz
ve 10 Agustos) G. peninculata Gizerine etkilerini
arastirmiglar ve ge¢ dikimlerin c¢icekli dal
sayisini azalttigini buna karsilik bogum arasi
mesafenin  ve gbvde c¢apinin  arttigini
belirtmiglerdir. Diger taraftan Paul vd. (2005) ¢
farkli dikim zamanin (Kasim, Ocak, Mart)
gypsophila Uzerine etkilerini belirlemisler ve
Kasim ayinda dikimi yapilan bitkilerin daha hizl
gelistigini gbézlemlemislerdir. Suma (2010) Ug¢
farkli dikim zamani (5 Kasim, 20 Kasim, 5
Aralik) ve 6 farkh dikim arahdinin (30x15,
30x20, 40x15, 50x15, 40x20 ve 50x20)

gypsophila Uzerine etkilerini incelemis, bitki
boyu, bitki basina dal sayisi, metrekareye
cicekli bitki sayisi ve vyas ¢icek agirhg

bakimindan 20 Kasim ve 50x20 cm araliklarla
dikilen bitkilerin en iyi sonuglar verdigini ifade
etmistir. Cheong vd. (2017) farkh dikim
zamanlarinin (15 Haziran, 30 Haziran, 15
Temmuz, 30 Temmuz) Dream Song ve Pearl
Stars Gypsophila c¢esitleri Gzerine etkilerini
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ciceklenmeye kadar gegen surenin en kisa 30
Haziran dikiminden elde edildigini, dal
uzunlugu, dal sayisi ve gbvde capinin dikim
zamanin gecikmesiyle arttigini saptamiglardir.
Karaguzel ve Altan (1999), Gypsophila
paniculata L. 'Perfecta’ Uzerinde vyaptiklar
calismada dikimden hasada kadar gecen en
uzun surenin 256.8 gun ile Eylil ayinda dikilen
ve dogal gin uzunlugunda vyetistirilen
bitkilerden, en kisa surelerin ise 64.2 gun ile
Nisan ayinda 14 saatlik giin uzunlugu altinda
yetistirilen bitkilerden elde edildigini
belirlemisglerdir.  Yine ayni  arastirmacilar
yaptiklari ¢alismada en uzun dal boyunu 85.05
cm ile Eylll ayinda ve 16 saat gun uzunlugu
etkisi altinda yetistirilen bitkilerden elde ederken
en kisa dal boyunu 59.34 cm ile Aralik ayinda
ve 14 saatlik gin uzunlugu altinda yetistirilen
bitkilerden elde etmiglerdir. Arastirmamizda ise
en uzun dal boyu 118.7 cm ile Ekim ayinda ve
16 saat glin uzunlugu etkisi altinda yetistirilen
bitkilerden elde ederken en kisa dal boyunu
102.3 cm ile Nisan ayinda ve 15 saatlik gin
uzunlugu altinda yetigtirilen bitkilerden elde
edilmistir. Takeda (1996) Gypsophila elegans
Uzerine gun uzunlugunun etkilerini belirledigi
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arastirmasinda 8 ve 10 saatlik gin uzunlugu
sirelerinde bitkinin vejetatif asamada kaldigini,
16 saatlik gin uzunlugu altinda ise %100
ciceklendigini belirtmigtir.

Farkli uygulamalarin tek tek gézden gegirilmesi
sonucunda; gun uzunlugu uygulamalarindan 16
saat uygulamasinda dal boyu, sap kalinhgi,
metrekaredeki cgicekli slrgin sayisi agisindan
en yuksek rakamlara ulasildigi gorilmektedir.
Bu bulgular Karagiizel ve Altan (1999) ve
Amezquita (1999) ile uyum goéstermistir. 14 saat
glin uzunlugu uygulamasinin ise hasada gelme,
agirhk ve vazo 6mri Ozelliklerine olumlu etki
yaptidi kanisina varilmistir. Dikim zamanlari ile
ilgili bir degerlendirme yapildiginda, ekim ayi
dikim zamanindan elde edilen cigeklerin dal
boyu, vazo émr, sap kalinligi ve metrekareden
elde edilen cicekli surgin sayisi kriterleri
acgisindan daha iyi O6zelliklere sahip oldugu
belirlenmistir. Bu bulgular Karaguzel (2003)’den
elde edilen bulgular ile benzerlik
gostermektedir. Dikim sikhdr uygulamalarinin
incelenen kriterlere etkilerine bakildiginda ise
30x40 cm dikim sikhgr  uygulamasinin
metrekareden elde edilen gigekli slirglin sayisi
ve dal boyunu arttirici etkiye sahip oldugu
belirlenmistir. En erken hasada gelen cigekler
ise 40x50 cm ve 60x60 cm dikim sikliklarindan
elde edilmiglerdir. 60x60 cm dikim sikligi ise
agirhk ve vazo omru kriterleri agisindan 6n
plana gikmistir.

4. Sonug

Gypsophila turleri arasinda klon seleksiyonu
yoluyla gelistirilen ve Gypsophila arrostii tirtine
ait GA8 isimli Umitvar genotipin kesme cicek
performansi Uzerine dikim zamani ve sikhdi ile
gin  uzunlugunun  etkilerinin  incelendigi
calismada, incelenen parametreler bakimindan
en uygun dikim zamaninin Ekim ayi, en uygun
dikim sikhginin 30x40 cm (7.1 adetm™®) ,en
ideal gln uzunlugunun 16 saat oldugu
sonucuna variimistir.
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Abstract

In this study, rootstock effects of bottle gourds on nutrient uptake and nitrogen use efficiency of watermelon were
investigated. Watermelon seedlings were grafted onto Birecik, Skopje, Emphasis, 216 and FRGold. Non-grafted
plants were used as control. The seedlings were transplanted and kept under plastic tunnel until cllmatlc
conditions were suitable for Watermelon cultivation. Experimental area was amended with doses of 18 kg N da™,
20 kg P,Os da™ and 18 kg K,O da™ based on soil analysis. No micro-nutrient fertilizer was applied. While total P
and 1/3 of N and K were applied as base fertilizer before transplanting, the second and third portions of the N and
K were applied 20 and 40 days after transplanting, respectively. The experiment planned as a completely
randomized block design and repeated four times, each replication has 15 plants. The seedlings were
transplanted with 200 x 50 cm spacing. Macro and micro-nutrient contents were analyzed in fully grown seventh
and eighth leaves from soot tips. While N, P, K and Ca contents of the leaves did not show significant differences
between graft combinations and control plants, Mg concentration was significantly affected by rootstocks. All graft
combinations had higher Fe concentration in the leaf than non-grafted plants. Cu and Zn concentrations showed
significant variation based on rootstock. Higher nitrogen use efficiency (ton yield kg N'l) was recorded in all graft
combinations as compared to controls. Bottle gourd rootstocks used in this study enhanced the nutrient uptake,
plant growth and total fruit yield.

Keywords: Citrullus lanatus; Grafting; Plant growth; Nutrient uptake; Yield

Su kabagi [Lagenaria siceraria (Mol) Standl] anaglarinin karpuz [Citrullus lanatus (Thunb.) Mats. & Nak.]
yapraklarinin bitki besin elementi igerikleri ve azot kullanim etkinligi lizerine etkileri

Oz

Bu galismada, su kabagi anaglarinin karpuzun bitki besin elementi alimina ve azot kullanim etkinligine etkileri
arastirimistir. Kalem olarak kullanilan Crimson Tide karpuz [Citrullus lanatus (Thunb.) Mats. & Nak.] ¢cesidi birisi
koy cesidi (Birecik) ve dordu su kabagi (Lagenaria siceraria) melezi (Skopje, Emphasis, 216 and FRGold) olan
anaglar Uzerine agilanmistir. Asisiz Crimson Tide karpuz c¢esidi kontrol olarak kuIIan|Im|§t|r Bltkller dis kosullar
uygun oluncaya kadar algak plastik tlinel altinda yetistiriimistir. Bitkiler 18 kg N da®, 20 kg P20s da™ ve 18 kg K20
da™ olacak sekilde glbrelenmis, mikro element glibrelemesi yapiimamistir. Fosforun tamami taban gubresi olarak
verilirken, N ve K (¢ esit parcaya bolinmdstir. N ve K’ un ilk kismi taban gubresi olarak verilmis, ikinci kismi
dikimden 20 sonra, dglncu kisim ise dikimden 40 gliin sonra verilmistir. Deneme tesadif bloklari deneme
desenine goére dort yinelemeli ve her yinelemede 15 bitki olacak sekilde kurulmustur. Bitkiler 200 x 50 cm
mesafelerle dikilmis ve damla sulama yontemiyle sulanmistir. Bitki besin elementi analizleri sirgin ucundan
sonra tam gelismis yedi ve sekizinci yapraklarda yapiimistir. Asili ve asisiz bitkilerin yapraklarindaki N, P, K ve Ca
acisindan bir fark bulunmazken, Mg icerikleri 6nemli farkliliklar gostermistir. Butiin asili bitkiler asisiz bitkilerden
daha fazla Fe igerigine sahip olurken, Cu ve Zn konsantrasyonlari anaca bagl olarak farkhilik gostermistir. Asili
bitkiler daha yuksek azot kullanim etkinligi ve verim degerlerine sahip olmuslardir. Bu ¢alismada kullanilan
anagclarin bitki besin elementi alimini tesvik ettigi, bitkisel gelisimi ve verimi artirdigi tespit edilmistir.

Anahtar Kelimeler: Citrullus lanatus; Asilama; Bitkisel gelisim; Bitki besin elementi alimi; Verim

1. Introduction bearing vegetables in Japan, Korea and some
Grafting in herbaceous plants is a widely used Asian and European countries, where those
method for the sustainable cultivation of fruit vegetable crops are produced intensively and
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continuously in the same fields without crop
rotations (Lee, 1994; Oda, 1995). Sufficient
evidence has been reported that the rootstocks
influence the resistance to soil-borne diseases
(Lee, 1994; Yetisir et al., 2003), tolerance to
salinity (Yetisir and Uygur, 2010; Colla et al.,
2010a), and resistance to chlorosis by nutrient
deficiency in high soil pH conditions (Bavaresco
et al., 1991; Sudahono and Rouse, 1994).
Watermelon can be grafted onto interspecific or
intraspecific  hybrids of Cucurbita spp,
Lagenaria spp, Benincasa spp, Luffa spp. and
Cirtullus spp. for different purposes mentioned
above. The most commercially used rootstocks
for watermelon are Cucurbita maxima Duch. x
C. moshcata Duch. interspecific hybrids and
Lagenaria siceraria intraspecific hybrids in the
grafted seedling market (Lee and Oda, 2003;
Yetisir et al., 2007).

Bottle gourd, calabash [Lagenaria siceraria
(Molina) Standl] a member of the
Cucurbitaceae family, is generally known as
“the white-flowered gourd” because of its large
flowers with white petals. L. siceraria, an
annual, monoecious and vigorously climbing
species, is one of the most ancient
domesticated crop species for human utilization
(Erickson et al., 2005; Clarke et al., 20086).
Africa is believed as the center of genetic
diversification of bottle gourds (Whitaker, 1971)
and five wild species of bottle gourds were
reported in Africa (Morimoto et al., 2005). Bottle
gourd is extensively distributed and grown for
different purposes in temperate, subtropical and
tropical climate zones. Young tender fruits,
leaves, shoot and tendrils of bottle gourds have
been consumed as a vegetable. Immature
young fruits are consumed similar way to
zucchini by boiling, frying, stuffing or mixing
with other vegetables. Seed, fresh tendril, shoot
and leaf extracts of bottle gourds have been
also used as medicine to treat different
diseases such as diabetes, flatulence,
hypertension, liver diseases, mellitus, and as a
diuretic (Herklots, 1972; Moerman, 1998;
Manandhar, 2002; Ghule et al., 2007). Besides,
it has been utilized for several other purposes,
such as containers, household tools, musical
instruments, fishing net holders. Additionally, as
mentioned above, bottle gourd hybrids are one
of the most commercially used rootstocks for
watermelon against different biotic and abiotic
stress factors including fusarium wilt (Yetisir et
al., 2003), salinity (Colla et al., 2005; Yetisir and
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Uygur, 2009, 2010) and water-logging of soil
(Yetisir et al., 2006).

In previous studies, the rootstock effects on the
leaf mineral content of the plants were
explained by the root morphological
characteristics (volume, hairiness, depth and
branching). Castle and Krezdorn (1975)
reported that the rootstocks capable of vigorous
vertical and horizontal growth habit could
promote the absorption of water and plant
nutrients. The root volume and surface area
interacting to soil solution are important plant
characteristics affecting the amount of water
and plant nutrients uptake (Taiz and Zeiger,
2008). Hence, vigorous growth of the aerial
parts of the plants and higher vyield was
enhanced by these rootstocks; this fact being is
related directly with the higher level of plant
nutrients uptake such as N and K. However,
Ruiz et al. (1997) reported that limited changes
in the nutritional content of the scion were
caused by rootstocks. Previously, it was
reported that the foliar content of nutrients in
fruit trees was more dependent on the genotype
of the scion than the rootstocks (Chaplin and
Westwood, 1980). Later, Tagliavini et al. (1992)
reported that variation in uptake, translocation
and utilization of plant nutrients was influenced
by the vigor of the scion and the xylem sap
nutrient status appeared to be more relevant to
the vigor caused by the common effects of
scion and rootstock parts in fruit trees. More
recently, it was reported that the content of
certain elements essential for the plant was
changed by different rootstocks (Brown et al.,
1994). Ruiz et al. (1997) reported that rootstock
characteristics had significant effects on N, K,
and Na content whereas P status was affected
both by scion and the combination of rootstocks
and scion in melon. Yield also was affected
both by rootstocks and the interaction between
rootstocks and scion. Nitrogen is the most
crucial nutrient element in terms of plant
growth, physiology and carbohydrate
metabolism. It is a constituent of important
metabolites such as chlorophyll, amino acids,
nucleic acids, proteins, alkaloids, and
protoplasm (Almodares et al., 2008). The N
concentration of plant tissue is four and eight
times more than K and P content, respectively
(Taiz and Zeiger, 2008). The nitrogenous
fertilization has been a significant tool for
improving and ensuring crop yield and quality
for last fifty years, especially for vegetables
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(Greenwood, 1990). However, the nitrogenous
fertilizers utilization has become one of the
significant contributors to agriculture-related
pollution through leaching, volatilization, and
denitrification due to the high energy cost of
nitrogenous fertilizers production (Smil, 2001),
and its rapid mobility in the environmental (soil,
water, atmosphere and living organisms)
systems (Drinkwater et al., 1998; Limaux et al.,
1999). Hence, the development of production
and management systems to increase the
ability of plants to uptake N is a growing
concern to minimize the potential of N losses in
the field of the agricultural research area.
Furthermore, the breeding and use of new
varieties with high nitrogen use efficiency (NUE)
is able to lead to lower adverse effects on
environmental systems through agricultural
practices while ensuring sufficient production
(Lynch, 1998). A simple technique for several
horticultural crops to improve NUE in high-

yielding cultivars is to graft them onto
rootstocks capable of promoting NUE of the
scion. Grafting in vegetables has been

practiced for the purposes mentioned above for
about a hundred years (Yetisir et al., 2007).
However, published data about NUE in grafted
vegetable crops is limited (Ruiz and Romero,
1999; Pulgar et al., 2000). In previous studies,
improved NUE in melon and watermelon by
grafting onto suitable rootstocks was reported
(Pulgar et al., 2000; Colla et al., 2010b; Colla et
al., 2011).

Information related to the relationship between
scion and rootstock may be useful in the
determination of the root systems tolerant to
soils conditions that are deficient or toxic in
some elements in the development of
fertilization programs specific to particular
rootstocks-scion combinations. The objective of
this study was to determine the effect of
different bottle gourd rootstocks on macro and
micro-elements concentrations of leaves,
nitrogen use efficiency and yield in watermelon
grown in open field conditions.

2. Material and Method

2.1. Plant material and experimental
establishment

The experiments were conducted out in the
Horticultural Department of Agricultural Faculty
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in Cukurova University in spring seasons of
1999 and 2000. Watermelon [Citrullus lanatus
(Thuanb.) Mat. & Nak.] cv. Crimson Tide (CT)
was used as scion and bottle gourd [Lagenaria
Siceraria (Molina) Standl.] genotypes Birecik
(local bottle gourd landrace), ‘Emphasis’,
‘Skopje’, ‘FRGold’ and ‘216’ (commercial bottle
gourd hybrids) were used as rootstocks. Non-
grafted Crimson Tide plants were used as the
control. Plants were grafted by the hole
insertion grafting technique described by Lee
(1994) at the first true leaf stage. Seeds of the
scion were sown to multipot filled with
peat:perlite (viv) mixture one week before
(03.02.1999; 19.01.2000) in an unheated
greenhouse to provide the equal diameter of
scions and rootstocks. The seedlings were
transplanted under a low plastic tunnel on
02.04.1999 and14.03.2000, and grown until
outdoor climatic conditions (28.04.1999 and
30.04.2000) were suitable for watermelon
cultivation. The experimental area was
amended with doses of 18 k(It; N da™, 20 kg
P,Os da’ and 18 K,O kgda™ based on soil
analysis. No micro-nutrient fertilization was
done. While total P and 1/3 of N and K were
applied as base fertilizer before transplanting,
the second and third portions of the N and K
were applied 20 and 40 days after
transplanting, respectively. Water was applied
by drip irrigation system according to plant and
soil observations. Plants were pollinated with
native insect population. The experiments were
designed as a completely randomized block
design. The graft combinations were replicated
four times with 15 plants for each replication.
The average temperature during the growing
season ranged from 8 °C to 25 °C, whereas
relative humidity changed from 90% to
25%.The grafted and non-grafted control plants
were grown in pots filled with soil taken from the
watermelon production field (first part of the
experiment was conducted) to determine
effects of the rootstocks on plant vegetative
growth. The experimental design was a
randomized complete block design. The graft
combinations were replicated three times with
two plants. The plants were harvest 50 days
after transplanting.

2.2. Plant sampling and analysis
The 7" or 8" fully expanded leaf from apex was

collected (Bergmann, 1992) from 15 plants at
the flowering stage from each replication.
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Sampled leaf tissue was washed with tap water
and rinsed three times with distilled water then
the leaf samples were placed in an oven with
forced air at 70 °C for 48 h and ground to a fine
powder with a mill. The ground samples were
stored in plastic bags until analysis. Macro and
micro plant nutrient concentrations in fully
developed leaves were determined. Total
potassium (K) was analyzed by the flame
photometer method (Lachica et al., 1973), total
phosphorus (P) by the spectrophotometric
method (Barton, 1948), calcium (Ca),
magnesium (Mg), iron(Fe), copper (Cu), zinc
(Zn) and manganese (Mn) were determined by
Atomic-Absorption Spectrophotometry. Total N
was analyzed by wet burning Kjeldahl method
(Guzel et al., 1992). When the plants in pots
harvested, they separated into root and shoot.
The plant materials were dried in an air
circulating oven at 70 °C for 48 h and then
shoot and root dry weight (SDW and RDW)
were determined (g plant™). Mature watermelon
fruits were harvested on 14-25.06.1999 and
14.06.-03.07.2000, total fruit yield was recorded
as tonda™. The nitrogen use efficiency was
calculated as ton fruit yield kg for nitrogen
applied.

2.3. Statistical analysis

Data were subjected to variance analysis by
using SAS (2006). Means were compared by
the LSD (Least Significant Difference) method
at 5% significance level.

3. Results and Discussion

3.1. Nutrient uptake by leaves

Macro-nutrient contents of grafted and non-
grafted watermelon plants were presented in
Table 1. The concentrations of total N, P, K,
and Ca in the leaf were not affected by
rootstocks. The total Mg concentration of
control and grafted watermelon was
significantly affected by rootstocks. The highest
Mg content was recorded in the control plants
and it was followed by CT/Birecik graft
combination, and other graft combinations had
similar Mg concentration. The micro-nutrient
contents of grafted and non-grafted watermelon
leaves were significantly influenced by
rootstocks except Mn (Table 2). All grafted
plants had significantly higher Fe concentration
than the control plants. Grafted plants absorbed
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about two folds more Fe from the soil than
control  plants. Rootstocks  significantly
influenced the Cu concentration of grafted and
non-grafted watermelon leaf. The highest Cu
concentration was recorded in CT/Skopje graft
combination with 8.64 ppm while other
combinations had similar results in terms of Cu
concentration (6.18-7.09 ppm). Manganese
concentration was not affected by rootstocks.
Zinc concentration of grafted and the non-
grafted plant was significantly affected and
CT/Emphasis graft combination had higher Zn
concentration than non-grafted control and
other graft combinations. CT/FRGold graft
combination had the lowest Zn concentration
with 21.21 ppm. Rootstocks did not significantly
increase macro-nutrient content (N, P, K, Ca
and Mg) in unit DW of watermelon leaf. But total
plant nutrients removed from the soil by plants
was increased by rootstocks because the
grafted plants produced significantly higher
shoot and root dry weights. In contrast to
current study, macro-nutrient concentrations of
grafted watermelon leaf showed significant
difference in our previous study (Yetisir et al.,
2013). The difference between these two
studies can be attributed to the variation in the
rootstocks used. Because there were pumpkin
and bottle gourd type rootstocks with different
root characteristics and growth habit in the
previous study. In agreement with our previous
study, Fe, Cu and Zn concentration of the
grafted watermelon leaf were significantly
affected by rootstocks. As shown in macro-
nutrients, total micro-nutrients removed from
the soil were increased by grafting based on
rootstock. However, in this study, the ranges of
nutrient concentrations of the examined
elements were the standard or acceptable
values reported for watermelon (Bergmann,
1992), and there was no deficiency symptom.

3.2. Dry matter production and partitioning

Rootstocks effects on the shoot and root dry
weights were significant and all graft
combinations accumulated higher dry matters
(shoot and root) than the control plants. Among
the grafted plants the highest SDW was
recorded in CT/FRGold graft combination while
the lowest SDW was found in the plants grafted
onto Emphasis. Increase in SDW as compared
to the control plants ranged from 113% to
257%.
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Tablel. Macro nutrient uptake of Crimson Tide (CT) watermelon leaves grafted onto different rootstocks

(9 kg DW™)

Graft combinations N P K Ca Mg
CT/216 28.1 3.2 211 34.0 3.8 bc
CT/FRGold 27.4 3.4 19.8 39.1 34c
CT/Emphasis 27.7 3.4 22.0 36.7 3.7 bc
CT/Skopje 27.2 4.0 28.8 33.7 3.8 bc
CT/Birecik 24.3 3.7 24.1 33.0 45b
CT 28.3 3.4 21.0 33.5 5.8a
Mean 27.2 3.5 22.8 35.0 4.13
LSDo.05 ns ns ns ns 0.88

Table 2. Micro element uptake of Crimson Tide (CT) watermelon leaves grafted onto different rootstocks (ppm)

Graft combinations Fe Cu Mn n
CT/216 298 a 7.04b 73.40 24.3 bc
CT /FRGold 271 a 7.09b 72.30 21.2¢c
CT /Emphasis 267 a 7.06b 64.50 27.7a
CT /Skopje 275 a 8.64 a 62.60 26.1ab
CT /Birecik 283 a 6.18 b 69.08 25.4 ab
CT 140 b 6.78 b 72.49 23.2 bc
Mean 255.9 24.66 69.01 7.13
LSDo.05 50.84 1.2 ns 3.19

Root dry weight (RDW) changed significantly
based on rootstocks and the grafted plants
produced higher RDW than control plants.
Among the graft combinations, CT/FRGold had
lower RDW than other grafted plants (Figure 1).

It should be emphasized that nutrient
concentrations in unit DW of plant tissue may
not be found significantly different but higher
biomass production due to vigorous root system
results in higher uptake of the nutrients from the
soil. In this study, grafted plants produced more
biomass (Figure. 3) than the control plants.
Hence, it can be concluded that grafted plants
absorbed more plant nutrients and water than
the control plants from the soil. This was
explained by physical and physiological
characteristics of rootstocks (Castle and
Krezdorn, 1975). Uptake and translocation of
water and inorganic nutrients depended on the
vigor of the scion, and that the nutrient
concentrations in the xylem appear to be more
related to the vigor brought about by the
combination of the root system and foliar parts
(Tagliavini et al., 1992).

3.3. Yield
The grafted plant produced a higher yield than

control plants and total fruit yield varied
significantly based on rootstocks. The plants
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grafted onto Skopje and bottle gourd landraces
Birecik rootstocks had the highest yield.
Increase in yield compared to the control varied
from 27% to 112% (Figure 2).

In agreement with previous study biomass
accumulation and fruit yield were improved by
bottle gourd rootstocks in this study. It has been
reported that grafting onto vigorous rootstocks
caused promoted vegetative growth at different
ratios based on rootstock characteristics
(Jeong, 1989; Kim and Lee, 1989; Itagi, 1992;
Ito, 1992). Increased vegetative growth and fruit
yield were attributed to the tolerance to soil-
borne diseases (Ashworth, 1985; Lee, 1994),
resistance to negative soil conditions
(Behboudian et al., 1986; Walker et al., 1987;
Picchioni et al., 1990; Bavaresco et al., 1991;
Sudahono and Rouse, 1994; Yetisir and Uygur,
2010; Colla et al., 2010), improved water and
plant nutrient absorption (Kota and Lou, 1989;
Ruiz and Romero, 1999) and increased
endogenous phytohormone production (Ruiz
and Romero, 1999). In previous studies, the
impact of rootstocks on water and plant
nutrients uptake was explained by the physical
characteristics of the root system such as root

volume, length and dept. The effects of
rootstock were principally attributed to
morphological root characteristics, such as

lateral and vertical growth habit that improved
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the absorption of water and plant nutrients
(Castle and Krezdorn, 1975). Vegetative growth
was significantly affected by rootstocks and
grafted plants on to local bottle gourds
accessions produced higher fresh and dry
weight (Yetisir et al.,, 2007). Vigorous root
systems of rootstocks are often capable of
absorbing water and plant nutrients more
efficiently than scion roots and serves as a
good supplier of endogenous hormones (Kota
and Lou, 1989). The significant amount of
increase in xylem sap with quite high
concentrations of plant nutrients, organic
substance and phytohormones such as
gibberellins and cytokinin were reported in
Cucurbitaceous crops (Masuda et al., 1981;
Biles et al., 1989; Zijlstra et al., 1994). Ruiz and
Romero (1999) noted that plant nutrients can
be uptaken and utilized more effectively by
grafted plants onto strong rootstocks than non-
grafted plants in melon.

3.4. Nitrogen use efficiency

Nitrogen use efficiency was significantly higher
in all graft combinations than non-grafted
plants. Plants grafted onto Skopje and Birecik
had about 2 folds higher NUE than non-grafted
control plants. The highest NUE was
determined in the plants grafted onto Skopje
and Birecik with 0.79 and 0.75 tons fruit kg N7
respectively, while the lowest NUE was
determined in the control plants with 0.38 ton
fruit kg Nt (Figure 3). The result showed that N
was efficiently absorbed and utilized by the
grafted plants as compared to non-grafted
control plants. The higher dry matter and fruit
yield in all grafted (Figure 1 -3) plants showed
that total removed N from the soil by grafted
plants was significantly higher than non-grafted
control plants. Similarly, higher N uptake and
utilization  efficiency were reported in
watermelon (Pulgar et al., 2000; Cola et al.,
2010b), melon (Colla et al., 2011) in previous
studies. Colla et al. (2010b) concluded that
grafting melon onto certain rootstocks improved
N uptake and utilization efficiency. Moreover,
they suggest that increased nitrate reductase
activity in grafted plants under low nitrate
concentrations confirmed that certain rootstocks
with higher N uptake and use ability could
promote the NUE of grafted plants. The
improved NUE of grafted plants can be
attributed to physical (root volume, surface
area, depth and length) and physiological
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(efficient uptake mechanism and nitrate
reductase activity in roots) characteristics of the
rootstocks.

4.Conclusions

In conclusion, grafting watermelon onto
different bottle gourd rootstocks increased plant
growth, total yield and NUE, but nutrient uptake
of grafted watermelon leaf was not except Mg,
Fe, Cu and Zn. Bottle gourd rootstocks did not
cause a significant difference in plant nutrient
content in unit dry weight in grafted watermelon
leaves but grafted plants removed more plant
nutrients because all graft combinations
produced higher biomass than the control
plants. Therefore, it may be concluded that
bottle gourd rootstocks promote plant growth
and vyield without having a significant effect on
quality regarding plant nutrients. Moreover,
Birecik, local bottle gourd landrace, showed
better performance than commercial rootstocks
216, FRGold and Emphasis in plant growth,
yield and NUE after Skopje rootstocks. These
results have shown once again that local plant
genetic resources have a very valuable place in
plant breeding to maintain sustainable
agriculture and environment. Hence, studies on
collection, characterization, conservation and
utilization  (agricultural and environmental
aspects) of local plant germplasm should be
supported and maintained.
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Turkiye’'de zeytin fidani Uretiminde kullanilan tescil edilmis ¢édur anaclari, Frantoio, Leccino, Arbequina, Girit
Zeytini ve Uslu zeytin ¢esitlerinin tohumlarindan elde edilmektedir. Bu ¢alismada, Turkiye’'nin farkl bolgelerine ait
zeytin ¢esitlerinden daha Ustun nitelikli yeni ¢6dir anaci adaylarinin saptanmasi amaglanmistir. Bu amacla zeytin
cekirdeklerinin gimlenmesini kolaylastirici 6n uygulamalar arastiriimistir. Calismanin ikinci asamasinda, elde
edilen ¢ogurlerin Uzerine Domat ¢esidi asilanarak, asi basarisi saptanmigtir. Kimyasal asindirma uygulamalari
zeytin cekirdeklerinin ¢imlenmelerini, kontrole gére %10-33 arasinda degisen oranlarda artirmistir. %3 NaOH
uygulamasi ¢imlenme oranlarini arttirirken, saf H,SO, ¢imlenmeyi azaltmistir. Cesit ve uygulamalara bagli olarak
cimlenme oranlari %5.8-76.4 arasinda degismistir. Bu calisma ile tescil edilmis anaglarin yani sira, denenen
Cekiste, Edincik Su ve Yag Celebi gibi diger bazi cesitlerin de yeterli oranlarda gimlendikleri saptanmistir. Asi
basarisi agisindan, ¢ekirdeklerinin ¢imlenme orani ylksek bazi gesitlerin, agi tutma oranlar disiik olmustur. En
yuksek asi tutma orani (%70) Marantelli ¢égurlerinde gdézlenirken, en disik oran (%23.3) Yag Celebi’'de
saptanmustir. En uzun siirgiin (43.4 cm) Girit Zeytininde dlgiilmiistir. Ozellikle Gemlik, Sari Ulak ve Sinop no 1'de
disUk surgiin uzunlugu degerlerinin (25.1-27.4 cm) saptanmasi nedeniyle, bunlarin Gizerlerine asilanan cesitlerde
belli oranda bodurluk sagdlayabilecedi sonucuna variimigtir.

Anahtar Kelimeler: Zeytin; Cesit; Cekirdek; Cimlenme; Asilama
Determination of the utilization potentials of some olive cultivars as seedling rootstock

Abstract

In Turkey, registered seedling rootstocks used for olive nursery tree production have been obtained from the
seeds of olive cultivars like Frantoio, Leccio, Arbequina, Girit Zeytini and Uslu. In this work, determination of new
seedling rootstock candidates with more superior features from the olive varieties belonging to different regions of
Turkey was aimed. For this purpose, at first the most efficient scarification method on stone germination was
investigated. At the second stage of the study, the obtained seedlings were grafted with Domat variety and the
grafting success was determined. Chemical scarification treatments augmented the germination of olive stones
ranging between 10% and 33% compared with control. The treatment of 3% NaOH generally increased the
germination rates, while the pure H,SO, decreased the germination. Germination rates changed between 5.8-
76.4% in relation with variety and treatment. It was determined that some tested varieties like Cekiste, Edincik Su
and Yag Celebi also germinated at sufficient rates, besides the registered rootstocks. Graft-take rates were low in
some varieties having high stone germination rates. The highest graft-take (70%) was determined in Marantelli
seedlings, while the lowest rate (23.3%) was obtained in Yag Celebi. The longest shoot was measured in Girit
Zeytini (43.4 cm). In relation with the lower graft shoot values (25.1-27.4 cm) particularly determined in Gemlik,
Sari Ulak and Sinop no 1, it was concluded they might provide dwarfing effect at a certain rate in varieties that
grafted on to them.

Keywords: Olive; Cultivar; Stone; Germination; Grafting

1. Girig yaklasik 826 199 hektar alanda yapilmaktadir.

2016 yilinda, yaklasik 173 785 000 agactan
Tarkiye'de zeytin yetistiriciligi 81 ilin 37’sinde, 1730000 ton ham tane uretimi yapilmistir
yaklagik 400 bin isletmede, toplam tarim (TUIK, 2017). Zeytin Uretiminde karsilasilan
alanlarinin yaklasik %3.6’sinda, toplam meyve sorunlarin sofralik zeytin ve 6zellikle zeytinyagi
alanlarinin  ise  %9.7’sinde olmak Uzere, Uretimine yansimasi, sertifikal fidan yetistiriciligi
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ve kullanimint  dénemli kilmaktadir. Verilen
desteklerin etkisiyle sertifikali fidan Uretimi
artmaktadir.  2004-2007  yillant  arasinda

Ulkemizde yaklasik 70 milyon sertifikali zeytin
fidani Uretilmigtir (GTHB, 2009).

Zeytin cgesitleri glnimuzde bulylk dlgude
yaprakli celiklerin koklendiriimesiyle
cogaltilmaktadir (Hartmann vd., 2002). Ancak,
onemli cegitlerin  bazilari  yeterli dizeyde
koklenmemektedir (Fabbri vd., 2004). Celikleri
zor koklenen cesitler zorunlu olarak ¢ogur
anaglarina asilanarak c¢ogaltilmaktadir. Ancak
zeytin ¢ekirdekleri zor, dlizensiz ve bazen ¢ok
uzun zamanda (4 yil) cimlenmektedir (Jacoboni
vd., 1976; Lagarda ve Martin, 1983; Sotomayor
Leon ve Caballero, 1990; Zuccherelli ve
Zuccherelli, 2002). Bazi gesitlerde ise ¢imlenme
orani  %10'u  gegmemektedir  (Acebedo
vd., 1997). Zeytin ¢ekirdeklerinde ¢imlenmeyi
engelleyen en énemli kisim, sert ve gegirimsiz
yapidaki tohum dis kabududur (Lagarda
vd., 1983a; Lagarda vd., 1983b; Sotomayor
Leon ve Caballero, 1994). Bazi c¢esitlerde
endokarpin  gikarilmasi, ¢imlenme oranini
arttirirken (Crisosto ve Sutter, 1985), diger
bircok c¢esitte ¢imlenme (Uzerinde etkili
olmamistir (Sotomayor Leon ve
Caballero 1990; Acebedo vd., 1997). Yine de
endokarpin kimyasal yolla asindiriimasi, zeytin
cekirdeklerinde fiziksel dinlenmeyi kaldirmada
yaygin  olarak kullanilan  bir  yontemdir
(Hartmann vd., 2002; Fabbri vd., 2004). Birgok
zeytin cesidinde degisik konsantrasyon ve
surelerde uygulanan asit ve bazlar, zeytin
cekirdeklerinin  ¢imlenme orani ve ¢ogur
gelisimini 6nemli dizeyde arttirmistir (Bandino
vd., 1999; Awan vd., 2001; Abu Qaoud, 2005;
Rostami ve Shasavar, 2009; Lal vd., 2015).
Yerli cesitlerle yapilan 6nceki c¢alismalarda,
Memecik c¢ekirdeklerinin en yiksek oranda
cimlendigin, bunu Ayvalik ve Domat’in izledidi,
farkli konsantrasyonlarda NaOH (kostik) ve
H,SO, (sulfurik asit) uygulamalarinin ise
cimlenmeyi olumlu yonde etkiledigi bildiriimistir
(Shoboul, 1984; Yice, 1985).

Tarkiye'de zeytin fidani Uretiminde kullanilan
tescil edilmis ¢dgur anaglari; Frantoio, Leccino,
Arbequina, Girit Zeytini ve Uslu cesitleridir.
Zeytincilik Arastirma Enstitlisi’nde halen asi ile
cogaltilan Memecik ve Domat gesitlerine anac¢
olarak kullanilan Uslu gesidine ait ¢ogirlerdir.
Bunun nedeni Uslu cekirdeklerinin gimlenme
yuzdesinin ylksek olusu ve ayrica anaglik
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olarak asiya kolay gelmesi ile asi basarisinin
yuksek olusudur. Fakat bu gesidin soguga, sari
aga¢ kurduna (Zeuzera pyrina) ve Vertisilyum
solgunluguna (Verticillium dahliae)
dayaniklihginin az olusu (Anonim, 2015; Burak
vd., 2000; Erten ve Yildiz, 2011; Mete vd.,
2016) baslica olumsuz 6zellikleridir. Uslu zeytin
cesidinin Ege Bodlgesi'ne ait bir c¢esit olmasi
nedeniyle, diger bolgelere ait zeytin cesitlerinin
de g¢ekirdeklerinin ¢cimlenme yeteneklerinin yani
sira, anaglik 6zelliklerinin de ortaya konulmasi,
yeni ¢o6gur anacglarinin saptanmasi agisindan
6nem tasimaktadir. Bu calismada, oncelikli
olarak 12 gesit ve bir deliceye ait gekirdeklerin
¢gimlenme yeteneklerinin yani sira, asl tutma
orani ve asl strgini gelismeleri incelenmisgtir.

2. Materyal ve Yontem

Arastirma, Ocak 2012 ve Nisan 2013, Mart
2016 ve SQubat 2017 tarihleri arasinda
Zeytincilik  Arastirma  Enstitisi’'nde (ZAE)
yuritiimis ve Cekiste, Delice, Edincik Su,
Erkence, Frantoio, Gemlik, Girit Zeytini, Kan
Celebi, Sari Ulak, Sinop no 1, Uslu, Yag Celebi
ve Zoncuk, cesitlerinin cekirdekleri
kullaniimigtir. Mevcut cesitler ZAE-Kemalpasa
Uretim ve Uygulama sahasinda bulunan Zeytin
Arazi Gen Bankasr’'ndan temin edilmistir.

Zeytin meyveleri, kabuk renkleri yesilimsi sari
ve mor renge doénustiginde hasat edilmis ve et
cekirdekten ayrilmigtir. Tohumlar, %25’lik tuzlu
su ¢oOzeltisinde 6 saat bekletilerek su Ustlinde
kalan, embriyosu gelismemis tohumlar ayriimis
ve bazi 6n uygulamalar yapilarak dogrudan
sicak yastiklara ekilmigtir. Cekirdeklere farkli
kimyasal asindirma ydntemleri uygulanmistir
(Shoboul, 1984; Yiuce, 1985; Bandino
vd., 1999; Rostami ve Shasavar, 2009; Lal
vd., 2015). Bunlar; 1) %3’lik kostikte (NaOH)
16 saat bekletme, bol su ile yikama, sonra 7
glin suda bekletme; 2) %97’lik saf sulfirik
(H,S0O,) asitte, 1 gekirdek:2 asit oraninda 6.5
saat bekletme, bol su ile yikama ve sonra 7 gliin
suda bekletme; 3) 1 N sulfurik asitte 15 saat
bekletmeden sonra 7 gun suda bekletme, ve 4)
Kontrol uygulamasi, sadece 7 gin suda
bekletmedir. Uygulamalari takiben c¢ekirdekler
sicak yastiklara ekilmistir.

Deneme, tesaduf parselleri deneme desenine
gére, 3 tekerrurli ve her tekerrirde 18 tohum
olacak sekilde kurulmustur. Arastirmanin ikinci
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asamasinda, ¢imlenen tohumlar, 17x23 cm
boyutlarindaki fidan posetlerine sasirtiimis, asi
kalinhgina gelinceye kadar 2 yil boyunca
blydtilmis, asiya geldiklerinde ise (Mart 2016)
Uzerlerine kabuk alti kalem asisiyla Domat
cesidi asilanarak, asi basarilarina ait veriler
toplanmis ve degerlendirilmistir. AsI basarisinin
belirlenmesinde ¢imlendirme denemelerinde
kullanilmayan bazi ¢esitlerin ayni zamanda
ekilerek, ayni kosullarda blyitilmus ¢oégurleri
de kullaniimistir. Denemede her tekerrirde 10
asili fidan olacak sekilde, 3 tekerrrli tesadif
parselleri deneme deseni uygulanmistir. Elde
edilen verilere JMP (sirim 5.0.1) istatistiksel
analiz paket programi kullanilarak, varyans
analizi uygulanmistir. Ortalamalar arasindaki
farkliliklar belirlemek icin %5 énem dizeyinde
Tukey testi kullaniimigtir.

3. Bulgular ve Tartisma

Deneme verilerine ait varyans analiz tablosu
asagida verilmistir. Batin uygulamalar dnemli
cikmigtir. Veriler normal dagilima uymaktadir
(Cizelge 1). Cesitlerin ¢imlenme oranina etkisi
6nemli (P<.0001) bulunmusg, Edincik Su cesidi
en yuksek oranda cimlenirken, bunu Frantoio
izlemis ve her iki gesitte ayni istatistiki grupta
yer almistir. Delice ise en disiUk oranda
gimlenmigtir  (Cizelge 2). Onemli zeytin
yetistiricisi  Ulkelerin kendi yerli cesitleriyle
yapilan calismalar, cekirdek gimlenme
oranlarinin ¢eside bagh olarak %9-80 arasinda
degistigini ortaya koymustur (Acebedo vd.,
1997; Bandino vd., 1999; Pritsa vd., 1999).

Cizelge 1. Varyans analiz tablosu

Usanmaz (1972), inceledigi 10 delice tipinin
herhangi bir kimyasal asindirma uygulanmamis
cekirdeklerinde  ¢6gur  veriminin  %10-17
arasinda degistigini, incelenen 8 zeytin
cesidinde ise, bu oranin g¢eside bagh olarak
%34’e kadar c¢iktigini saptamistir. Buna karsin
benzer bir galismada Shoboul (1984), ¢cimlenme
oranlarini Ayvalik c¢esidinde %34, Memecik
cesidinde ise %39 olarak belirlemistir. Bu
acidan, calismada incelenen bazi c¢esitlerin
ortalama ¢imlenme oranlarinin yiksek dizeyde
oldugu tespit edilmistir.

Uygulamalarin ortalama ¢imlenme oranina
etkisi 6nemli (P<.0001) bulunmus, %3 NaOH
uygulanan c¢ekirdekler en ylksek oranda
¢gimlenirken, bunu 1 N ve saf H2S04
uygulamalari izlemistir. En dustuk oranda
¢imlenme ise herhangi bir uygulama
yapiimayan cekirdeklerde goézlenmistir
(Cizelge 3). Farkh yabanci cesitlerle yapilan
¢alismalarda dusik konsantrasyonlarda (0.1-1
N) uygulanan NaOH ve H,SO, genelde
¢gimlenmeyi olumlu ydénde etkilerken, ylksek
konsantrasyonlarda uygulanan H,SO, ve HCI,
uygulama suresindeki artisa paralel olarak
cimlenmeyi engellemistir (Bandino vd., 1999;
Rostami ve Shasavar, 2009; Lal vd., 2015).
Yerli gesitlerde ise 15 dakika stuireyle, %4 NaOH
uygulamasi ¢imlenme Uzerinde o6nemli etki
yaratmazken  (Shoboul, 1984), %10’luk
H,SO,de 30 dakika bekletme genelde olumlu
sonu¢ vermistir (Yuce, 1985). Bu acgidan,
H,SO,Un saf ya da seyreltik olarak daha kisa
surelerde  uygulanmasinin  daha  olumlu
sonuglar verebilecedi dusinulmektedir.

Kaynak Serbestlik derecesi Kareler toplami F orani P degeri
Cesit 12 3.0314096 15.7324 <.0001
Uygulama 3 0.4550726 9.4470 <.0001
Tekerrlr 2 0.0713809 2.2227 0.1135
Cesit *Uygulama 36 2.0527356 3.5511 <.0001
Hata 102 1.6378239

Genel toplam 155 7.2484226

Varyasyon katsayisi CV(%) =26

Cizelge 2. Cesitlerin cimlenme orani Uzerine etkisi (%)

Cesit Cimlenme (%) Cesit Cimlenme (%)
Cekiste 44.60 b Kan Celebi 36.27 bc
Delice 19.11e Sar Ulak 20.58 e
Edincik Su 64.74 a Sinopno 1 36.6 bc
Erkence 26.96 de Uslu 4460 b
Frantoio 58.35a Yag Celebi 41.66 bc
Gemlik 45.09 b Zoncuk 39.21 bc
Girit 34.31cd
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Cizelge 3. Kimyasal uygulamalarinin ¢cimlenme orani tzerine etkisi (%)

Uygulama Cimlenme (%)
%3 NaOH 46.15a
1IN H,SO, 41.47 a
Saf H,SO, 36.19b
Kontrol 33.78 b
Cizelge 4. Cesit ve uygulamalarin ¢cimlenme oranina etkisi (%)
Cesit Uygulama

%3 NaOH 1IN H2SO4 Saf Hy,SO4 Kontrol
Cekiste 70.5 ab 58.8 ad 580 43.1 di
Delice 235jo 25.41n 19.6 ko 7.8 no
Edincik Su 70.5 ab 64.7 ac 64.7 ac 58.8 ad
Erkence 33.34¢l 19.6 ko 45.1 dh 9.8 mo
Frantoio 58.8 ad 60.5 ad 37.2 ek 76.4a
Gemlik 52.9 bf 44.7 dh 39.2 ¢ 43.1 dj
Girit Zeytini 35.2 fk 33.34dl 45.1 dh 235jo
Kan Celebi 45.1 ch 39.2 €] 35.2 tk 25.41n
Sari Ulak 15.6 1o 35.2 fk 7.8 no 23.5jo
Sinopno 1 49.1cg 39.2 €] 31.3 gl 27.4 hm
Uslu 45.1 dh 37.2 ek 64.7 ac 31.3 ¢l
Yag Celebi 54.9 be 459 ch 31.3dl 35.2fk
Zoncuk 45.9 dh 35.2 1l 43.1 di 33.34dl
Cesit x uygulama interaksiyonunun ¢imlenme cekirdeklerde, o6zellikle 3. yilda, uygulama

orani Uzerine etkisi 6nemli (P<.0001) bulunmus,
en yiiksek ¢imlenme orani (%76.4) herhangi bir
uygulama vyapilmayan Frantoio c¢esidinde
g6zlenirken, bunu %3 kostik uygulanan Edincik
Su ve Cekiste izlemistir (Cizelge 4). En dusuk
¢cimlenme oranlar ise, saf H,SO, uygulanan
Cekiste (%5.8) ve Sari Ulak'ta (%7.8) elde

edilmigtir. 1 N H,SO, ve %3 NaOH
uygulamalari gesitlerin ¢ogunda ¢imlenmeyi
arttinrken, saf H,SO, cesitlerin yaklasik

yarisinda ¢imlenme oranlarini énemli diizeyde
azaltmistir (Cizelge 4).

Cekirdeklerinin  ¢imlenmesi  zor (Coratina,
Pendolino, Frangivento) ve orta duzeyde zor
(Koroneiki, Arbequina) olan zeytin cesitleriyle
yapilan calismalarda, NaOH ve H,SO, ‘Un
konsantrasyon ve uygulama suresindeki artisa
paralel olarak c¢imlenme Uzerinde genelde
olumsuz etkide bulundugu bildirilmistir (Bandino
vd., 1999; Abu Qaoud, 2005; Rostami ve
Shasavar, 2009; Lal vd., 2015). Buna karsin
Shoboul (1984), Leccio, Ayvalik ve Memecik
cekirdeklerinde ekimden 16 ay sonraki
cimlenme oranlarina, 15 dakika %4’lik NaOH
uygulamasinin énemli etki yaratmadigini, cesit,
tohum alma zamani ve uygulamalara bagl
olarak ¢cimlenmenin %28-45 arasinda degistigini
bildirmistir. Yice (1985), Memecik, Domat,
Ayvalik ve Frantoio gesitlerinde 4 yil Ust Uste
tekrarladigi calismasinda, 3 saat %1’lik NaOH
ve 30 dakika %10luk H,SO, uygulanan

36

yapllmayanlara goére ¢imlenme oranlarinin
onemli diizeyde arttigini, en yiksek oranin %10
H,SO, uygulanan Memecik’'te %69, Domatta
%31, Ayvalikta %11, Frantoio’da ise %41
oldugunu bildirmigtir. Bu agidan bakildiginda,
Ozellikle dusuk konsantrasyonlarda NaOH ve
H,SO,4 uygulamalarinin gimlenme tzerine etkisi,
onceki cahsmalarin  bulgulariyla paralellik
gOstermektedir. Bununla beraber, her geside
0zgl kabuk kalinligi ve yapisi géz Online
alinarak, uygulama surelerinin
optimizasyonunun uygun bir yaklasim olacagi
dusunidlmektedir.

Cesitlerin zamana bagh c¢imlenme oranlarina
bakildiginda, ekimi izleyen 77. ginde basta
Gemlik, Delice, Girit zeytini, Uslu ve Frantoio
olmak Uzere 10 gesitte gimlenmenin basladig:
gorulmus, en yiksek gimlenme oranlarina ise
452. ginde ulagiimistir (Sekil 1).

Calismanin ikinci asamasi olan asl tutma
oranlarina ait verilere uygulanan varyans analizi
sonucunda, degerlerin normal dagilima uydugu
varyans analiz tablosunda gdérilmektedir
(Cizelge 5). Anaclarin agi tutma oranlar Uzerine
etkisi 6nemli (P<0.01) bulunmus, en ylksek
tutma oranina (%70) Marantelli Gzerine yapilan
asilarda ulagilirken, bunu Gemlik (%63.3),
Memecik (%60) ve Uslu (%60) izlemistir. Yag
celebi'de ise en dusuk asi tutma orani (%23.3)
g6zlenmistir (Cizelge 6).
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Sekil 1. Cesitlerin zamana bagli ¢cimlenme oranlari (%)
Cizelge 5. Varyans analiz tablosu (CV=%28)
Kaynak Serbestlik derecesi Kareler toplami F orani P degeri
Cesit 17 7283.333 2.6064 0.0085
Tekerrar 2 0.0713809 2.2227 0.7906
Hata 34 5588.889
Genel toplam 53 12950.000
Cizelge 6. Cesitlerin asi tutma oranina etkisi (%)
Cesit Asl tutma orani (%) Cesit Asl tutma orani (%)
Arbequina 43.3 bd Leccino 40.0 cd
Ayvalik 53.3 ac Marantelli 70.0a
Cekiste 43.3 bd Memecik 60.0 ac
Edincik Su 50.0 ac Sari Ulak 56.6 ac
Erkence 26.6d Sinopno 1 50.0 ac
Frantoio 43.3 bd Uslu 60.0 ac
Gemlik 63.3 ab Yag Celebi 50.0 ac
Girit Zeytini 43.3 bd Yaglik Celebi 23.3d
Kan Celebi 40.0 cd Zoncuk 53.3 ac

Yabani zeytin ¢6gurd Uzerine asilanan bazi
yabanci c¢esitlerin asi  basarilari  Uzerine,
asllama zamaninin 6énemli etkide bulundugu ve
buna bagl olarak, Frantoio’da %93, Leccino’da
ise %82 oraninda asi basarisi elde edilirken
bunlari Moresca ve Biancolella g¢esitlerinin
izledigi bildirilmistir (Hussain vd., 2016). Bu
calismada ise, Frantoio ve Leccino c¢esitlerinde
g6zlenen goreceli dusik asi tutma oranlarinin
(Cizelge 6), asillama zamaniyla da iligkili
olabilecegi akla gelmektedir. Tescilli ¢oégur
anagclari agisindan bakildiginda, Uslu
disindakilerin asi tutma oranlarinin  %40-43
arasinda degistigi gorilmektedir (Sekil 2).
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Bununla beraber, farkli klon ve ¢dgur anaclari
Uzerine asilanan Domat zeytininde asi
basarisinin karsilastirildigi arastirmalarda, en
yilksek asi tutma oranlarinin %59 (Ozen ve
Kaya, 2007) ve %95 (Kaleci ve Orhan, 2010) ile
¢6gur anaclarinda saptandigi bildirilmistir. Bu
acidan Ozellikle %50 ve Uzerinde asl basarisi
saglanan gesitler 6n plana ¢ikmaktadir.

Sirgun uzunluklarina ait verilere uygulanan
varyans analizi sonucunda, degerlerin normal
dagihma uydugu varyans analiz tablosunda
gorilmektedir (Cizelge 7). Cesitlerin surgin
uzunluguna etkisi 6nemli (P<0.05) bulunmusgtur.
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Sekil 2. Cesitlerin agi tutma oranina etkisi (%)
Cizelge 7. Varyans analiz tablosu (CV=%17)
Kaynak Serbestlik derecesi Kareler toplami F orani P degeri
Cesit 16 1218.3498 2.1742 0.0301
Tekerrir 2 76.2776 1.0890 0.3487
Hata 32 11.207090
Genel toplam 50 2415.3365

Cizelge 8. Cesitlerin asi slirglini uzunluguna etkisi (cm

)

Cesit AsI slirglini uzunlugu (cm) Cesit AsI slirglini uzunlugu (cm)
Arbequina 38.8 ab Leccino 339 ae

Ayvalik 30.4 be Marantelli 379 ab

Cekiste 30.4 be Memecik 36.9 ac

Erkence 30.5 be Sari ulak 27.4 ce

Frantoio 34.8 ae Sinop no 1 25.1e

Gemlik 27.0de Uslu 37.4 ab

Girit 434 a Yag celebi 39.0 ab

Kan Celebi 36.4 ad Zoncuk 29.6 be

En yuksek surgin uzunlugu (43.4 cm) Girit
Zeytini'nde elde edilirken, Sinop no 1
¢ogurlerine yapilan asilarda en dusuk slrgln
uzunlugu (25.1 cm) saptanmistir (Cizelge 8).
Standart ¢6gur anaglari agisindan bakildiginda,
Marantelli, Yag Celebi ve Memecik gibi
cesitlerin slrgiin uzunluklarinin bu c¢esitlerle
ayni istatistiki grupta yer aldigi (Cizelge 9) ve
birbirine  yakin  degerlere  sahip oldugu
gorulmektedir (Sekil 3). Hussain vd. (2016),
yaptiklari ¢alisma sonucunda asi zamanindaki
1 aylik farkin, agi surguni uzunlugunu ceside
bagli olarak o6nemli dluzeyde etkiledigini
saptamislardir. Buna goére, yabani zeytin ¢oguru
Uzerine asilanan Frantoio gesidinde en yuksek
surglin uzunlugu 18 cm olurken, bunu 13 cm ile
Leccino izlemistir. Yine Kaleci ve Orhan (2010),
bazi  klon anacglariyla  ¢6dur  anacini
karsilastirdiklari arastirmada, ¢6gur anacina
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asilanan Domat gesidinde en yiksek ortalama
surgin (33 cm) ve fidan (55cm) uzunlugu
degerlerini elde etmislerdir. Cizelge 4, 6 ve 8'in
incelenmesinden de anlasilacagi Uzere, bu
calismada gerek ¢cimlenme orani ve gerekse asi
basarisi ve fidan gelisimi yonlyle yeni tohum
ana¢ adaylari ortaya konulmustur. Bunlardan
bazilari  ylUksek oranda c¢imlenirken, asi
basarilar disik olmus, bazilarinda da tam tersi
bir durum goézlenmigtir. Ancak, Edincik Su,
Gemlik, Sinop no 1 ve Yag Celebi gibi standart
tohum anaci olmayan c¢esitlerin gerek ¢cimlenme
oranlari gerekse asi basarilari goreceli yliksek
olmustur (Sekil 1, 2). Bu gesitlerden 0Ozellikle
Gemlik, Sari Ulak ve Sinop no 1 ¢ogurlerinde
saptanan dusuk asi surgini uzunluklar (Sekil
3), Uzerlerine asilanan cesitlere bodurlastiric
etkide bulunabileceklerini ya da olasi bir
gecikmis asi uyusmazligini akla getirmektedir.
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Sekil 3. Cesitlerin as1 stirglind uzunluguna etkisi (cm)

Ayrica s6z konusu cesitlerden Gemlik'in disik
sicakliklara orta derecede toleransli oldugu
bilinmektedir (Burak vd., 2000; Cansev vd.,
2009; Mete vd., 2016). Solgunluk hastaligina
dayanikhlk agisindan ise, Sinop no 1 in ¢ok
dayanikh, Gemlik'in ise orta diuzeyde dayanikli,
Sari Ulak'in ise ¢ok hassas oldugu bildiriimistir
(Dervis vd., 2010; Erten ve Yildiz, 2011). Yine
yuksek asi tutma oraninin yani sira, yiksek
surgin  uzunlugu degerinin elde edildigi
Marantelli ¢esidi de solgunluk hastalijina ¢cok
dayanikh grupta yer almaktadir (Erten ve
Yildiz, 2011).

4. Sonug

Bu c¢alismada standart ¢6gur anaglarinin yani
sira, farkli bolgelere ait zeytin gesitlerinin de
¢6gur anaci olarak kullaniima potansiyelleri
belirlenmistir. Sonugta bunlardan bazilarinin
basta bodurlastirma olmak Uzere, diger bazi
Ozellikler agisindan Umitvar oldugu ortaya
konulmustur, Yeni ¢6gur anaci adayi olabilecek
bu cesitlerin bir kismi anag¢ seleksiyonunda
onemli iki kriter olan dusuk sicakliklara ve
solgunluk hastaligina dayanim acisindan daha
onceki calismalarda incelenmistir, Bu acidan,
basta Sinop no 1 ve Gemlik olmak Uzere,
Edincik Su ve Yag Celebi gibi cesitlerin de
¢6glir anaci olarak dikkate alinabilecekleri ve
bu konudaki calismalarin daha ileri boyuta
tasinmasinin gerekliligi acikga goérilmektedir.

Edincik su
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Tyrophagus sp. Japonya'da, karpuz, salatalik, kabak, domates, biber ve sodan bitkilerinde zararli olarak
bildirilmistir. Seralarda ise 1spanak ve marulda zararli oldugu bilinmektedir. Tyrophagus neiswanderi (Acari:
Acaridae) ise genel olarak gesitli sus bitkileri (gerbera, nergis, lale, siisen ve siklamen) ve sebzelerde (6zellikle
Cucurbitacae familyasi) zararli oldugu bilinmektedir. Bu ¢alismada, T. urticae Koch ve P. ulmi (Koch) (Acari:
Tetranychidae)'ye karsi ruhsatli bir entomopatojen fungus olan Isaria fumosorosea PFs-1 izolatinin tGlkemizde
henlz ruhsath bir akarisitin bulunmadigi T. neiswanderi'ye karsi etkisi test edilmistir. Arastirmada kullanilan T.
neiswanderi populasyonu, Antalya ili Topgular bdlgesinde i1spanak lretimi yapilan bir seradan elde edilmistir.
Seradan elde edilen T. neiswanderi populasyonu, 24+1°C, 16:8 saat (aydinlik: karanlhk) ve %605 nispi nem
kosullarinda temiz bériice bitkisi Gzerinde Uretilmistir. Bu ¢alismada, I. fumosorosea'nin 5 farkli dozu (0.5x108,
1x10°%, 2x10°, 4x10°%, 8x10° cfu mI™) laboratuvarda T. neiswanderi erginleri tizerinde test edilmistir. I. fumosorosea
icin yapilan testlerde, fungusun kontak etkisi sprey-tower kullanilarak arastirimistir. Biyoesseyler 4 tekerrirli
olarak yuruttlmuistir. Uygulamadan sonraki 3. ve 6. glinlerde, canli ve 0l bireyler sayilmistir. Populasyonlarda, 5
farkli dozda 1. fumosorosea PFs-1 izolati icin elde edilen &limlerin yizdeleri 16-100 arasinda degismistir.
Uygulama sonucunda akarlarda en fazla 6lim 6. gun sonunda gozlenmis, dozlara goére degisim gdstermesine
ragmen uygun dozun 5x10° cfu mI'* oldugu sonucuna varilmistir. Laboratuvarda kontrollii kosullar altinda elde
edilen bu sonugclar T. neiswanderi'nin kontrolu i¢in Umit vericidir.

Anahtar Kelimeler: Entomopatojen fungus; Sera; Sebze, Zararli

Determination of the effect of Isaria fumosorosea against Tyrophagus neiswanderi (Acari: Acaridae),
a spinach pest

Abstract

Tyrophagus sp. has been reported as a pest on melon, watermelon, cucumber, pumpkin, tomato, pepper and
onions plants in Japan. In greenhouses, it is known to be harmful on spinach and lettuce. Tyrophagus
neiswanderi (Acari: Acaridae) is generally known to be harmful to various ornamental plants (gerbera, narcissus,
tulip, iris and cyclamen) and vegetables (especially Cucurbitacae family). In this study, the effect of Isaria
fumosorosea strain PFs-1 (an entomopathogen fungus registered to T. urticae and P. ulmi) against
T. neiswanderi for which no registered acaricide there is in our country. The T. neiswanderi population used in the
study was obtained from a greenhouse where spinach was produced in the Topgular region of Antalya province.
Population of T. neiswanderi collected from the greenhouse was reared on clean cowpea plant in climatic
conditions of 24 + 1°C, 16: 8h (light: dark) and 60 + 5% relative humidity. In this study, 5 different doses of I.
fumosorosea (O.5x108, lxlOs, 2x108, 4x108, 8x10°8 cfu ml'l) were tested on T. neiswanderi adults in the laboratory.
In bioassays for |. fumosorosea, contact effect of the fungus was investigated using the spray-tower with four
replicates in laboratory. In the 3rd and 6th day after the application, living and dead individuals were counted. In
populations, the percentages of death obtained for 5 different doses of |. fumosorosea strain PFs-1 varied
between 16-100%. As a result of application, maximum deaths in adults were observed at the end of 6th day and
it was determined that the appropriate dose was 5x10° cfu ml™, although it changed according to the doses. The
results obtained under the controlled conditions in the laboratory are promising for the control of T. neiswanderi.

Keywords: Entomopathogen fungi; Greenhouse; Vegatable; Pest

1. Girig veya islenmis (dondurulmus ve konserve)

olarak pazara sunulur (Lucier, 1993). Ispanak,
Ispanak bircok Ulkede yapraklar tiketilen Ege ve Marmara basta olmak Uzere Ulkemizin
ekonomik dneme sahip bir sebze tlrd olup, taze hemen hemen tum bdlgelerinde
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yetistiriimektedir. Turkiye'de 2017 yili verilerine
gére 165 709 da alanda 100 333 ton ispanak
uretilmistir. Ulkemizde (retilen i1spanagin énemli
bir kismi i¢ pazarda tiuketilmekle birlikte 2013
yili kayitlarina gére 423 ton i1spanak ihracati
yapilmis ve 0.5 milyon dolar gelir elde edilmistir
(Yanmaz ve ark., 2015).

Yiksek besin degeri ile 6nemli bir sebze olan
Ispanakta zarar yapan pek ¢ok hastalik ve
zararh bulunmaktadir. Bu zararlilardan bir
tanesi ise 1spanakta yeni tespit edilen
Tyrophagus neiswanderi (Acari: Acaridae)dir.
Astigmatid akarlarin ekonomik 6nemine dair
¢ok sayida arastirma calismalari yUrGtdimas
olup elde edilen sonuglar literatlire
kazandiriimistir (Hughes 1976; Zdarkova 1991,
Aspaly vd., 2007). Cogunlukla bu akarlar
hayvan gubrelerinde, mantarhanelerde,
ortialtinda, yosunlarda, bitkilerde ve toprakta
beslenen arthropodlarin  6lG  vicutlarinda
yasamlarini  devam ettirmektedirler. Bunun
yaninda birgok gida Urininde ve depolanmis
Urliinlerde beslenmesinden dolayl gidalarin
besin degerini, tohumlarin ¢imlenme oranini
dlslrerek maddi agidan zarar veren bir akar
grubudur. Bununla birlikte, bazi astigmatid akar
turleri, cesitli bitkiler de ciddi drin kayiplarina
neden olmaktadir. Tyrophagus cinslerine ait
turler, farkli bitkilerde, 6zellikle sis bitkilerinin
soganlarinda ve yumrularinda 6nemli zarara
neden olmaktadir (Fan ve Zhang, 2007).
Tyrophagus neiswanderi’nin  genel olarak
gerbera, nergis, lale, sisen ve siklamen gibi
cesitli sUs bitkileri ve sebzelerde (6zellikle
Cucurbitacae  familyasi)  zararli oldugu
bildirilmistir (Johnston ve Bruce, 1965; Hughes
1976; Czajkowska vd., 1988). Tyrophagus
cinsine bagl akarlar esas olarak saprofitik veya
fungivor akarlar olarak kabul edilmekle birlikte
(Czajkowska vd., 1988; Evans 1992) son
yillarda T. neiswanderi’'nin bazi patojen
funguslar Uzerinde de vyetistirildigi bildirilmistir
(Czajkowska, 2002).

Isaria fumosorosea gibi birgok entomopatojen
fungusun zararlilar Uzerinde etkin olanlari
gunimizde preparat haline getirilip
ticarilestirilmistir. 1. fumosorosea strain PFs-1
(Priority, Agrobest) de etkin olan izolatlardan bir
tanesi olup Ulkemizde Tetranychus urticae Koch

ve Panonychus ulmi Koch (Acari:
Tetranychidae)ye  karsi  ruhsath  Grlnler
arasinda yer almaktadir. Uygun kosullarda
basarili  olmalari, ekonomik ve kolay
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uygulanabilir olmasi sebebiyle entomopatojen
funguslar, énemli bir biyolojik kontrol ajanidir
(Ozgelik vd., 2013). Bunun yani sira,
entomopatojen funguslarla yapilan
arastirmalarda, nem seviyesi arttikga etkinlik
oranlarinin yukseldigi ortaya ¢ikmistir (Demirci
vd., 2011).

Bu calismada, entomopatojen funguslardan 1.
fumosorosea’nin astigmatid akarlardan i1spanak
alanlarinda yeni karsilasilan bir zararl T.
neiswanderi’nin ergin dénemine karsi etkinligi
incelenmistir. Ulkemizde ve yurtdisinda T.
neiswanderi’ye karsi biyolojik savas ile ilgili bir
arastirma bulunmamaktadir. Yulratilen arazi
c¢alismalarinda Ureticilerin zararlhinin gorildagu
seralarda zararliya karsi kimyasal miicadele
yapildigi goérilmustir. Bu arastirmada, insan
saghdr ve c¢evre Uuzerine zarari olmayan
entomopatojen fungus 1. fumosorosea’nin T.
neiswanderi ile savasta kullaniima olanaklari ve
etkin dozlarinin belirlenmesi amaglanmistir.

2. Materyal ve Yontem
2.1. Bécek kultira

Tyrophagus neiswanderi kaltiri  Topgular
(Muratpasa, Antalya) bolgesinde Ispanak
Uretimi yapilan bir seradan elde edilerek teshise
gonderilmis ve tanilanmistir (Prof. Dr. Sultan
COBANOGLU, Ankara Universitesi, Ankara). T.
neiswanderi stok kdltiri 24+1°C’de (16A:8K)
kosullarina sahip iklim odalarinda, saksilarda
yetistirilen borilce bitkileri Gzerinde Uretilmistir.

2.2. Konukgu bitkinin tretimi

Konukgu bitki olarak kullanilan bérulce (Vigna
sinensis L.) bitkileri iklim odalarinda 24+1°C ve
%6515 orantil nem ve (16A:8K) aydinlatma
kosullarinda yetistirilmistir. Borilce tohumlari 15
cm capinda ve 13 cm derinlige sahip plastik
saksllar icerisinde 2-3 cm derinlige ekilmigtir.
Bitkilerin boylari yaklasik olarak 10 cm’ye
ulastigi zaman T. neiswanderi Uretim kabinine
aktarilimigtir.

2.3. Isaria fumosorosea
suispansiyonlarinin hazirlanmasi
Tyrophagus neiswanderi’ye uygulanmasi

spor
ve

Calismada kullanilan 1. fumosorosea etken
maddeli Priority isimli biyopestisit, Agrobest
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firmasindan temin edilmistir. I. fumosorosea’nin
T. neiswanderi'ye karsi etkinlik belirleme testleri
%0 ile %100 arasinda 6lim dagiimi meydana
getirecek sekilde 5 farkli dozda (1.25x10°,
2.5x10°, 5x10°, 10x10° ve 20x10° cfuml)
yurtilmastir. 1. fumosorosea’nin 2.5x10% dozu,
kirmizi 6riimceklerden Tetranychus urticae ve

Panonychus ulmi'ye karsi tavsiye edilen
uygulama dozudur.
Laboratuvar kosullarinda, T. neiswanderi

erginlerine karsi |. fumosorosea’nin patojenite
testi Potter (1952) ve Bugeme (2008)’nin
metotlarinda kiglik modifikasyonlar yapilarak
degerlendirme yapilimistir. Bu testte her bir
konsantrasyon icin 4 tekerriir [=4 yaprak diski (3
cm ¢apinda)] ve her tekerriirde ortalama 20-25
adet T. neiswanderi ergini kullanilmigtir. Her bir
Petri kabi igerisine nemlendiriimis kurutma
kagidi konulmus ve kurutma kagidinin bir ucu
petri disina ¢ikarilarak nemi azaldikga
sulanmistir. Preparattan hazirlanmis 5 farkli
konsantrasyondan 2 ml alinarak petri kaplarinin
icerisinde bulunan T. neiswanderi ergini (izerine
Potter ilaglama kulesi (Burkard, Rickmansworth,
Hertz UK) yardimiyla puskirtiimustir. Kontrol
grubu petri kaplarina ise, ayni yéntem ile 2 ml
%0.01 Tween 80 iceren steril saf su
uygulanmigtir. Her uygulamadan sonra ilaglama
kulesi %70’'lik etil alkol ve steril saf su ile
dezenfekte edilmistir. Spray uygulamasindan

sonra petri  kaplar  inkibasyon &ncesi
kurutulmustur. Uygulamanin  yapildigi  petri
kaplarinda |. fumosorosea sporlarinin T.

neiswanderi ergini Uzerinde c¢imlenmesi igin
yeterli nemi muhafaza etmek maksadiyla petri
kaplari parafilm ile sarildiktan sonra iklim
odasinda 26+1°C ve %80+10 orantili nem ve
uzun gun aydinlatmali (14A:10K) kosullarda
tutulmustur. 1. fumosorosea’nin patojenisitesinin
belirlenmesi amaciyla petri kaplari uygulamayi
takiben 3. ve 6. glnlerde kontrol edilmigtir.
inkubasyon  siiresinin  ardindan  stereo-
mikroskop altinda yapraklar incelenmis, 6lu ve
canli akarlar kaydedilmistir.

2.4. Verilerin degerlendirilmesi

Her bir tekerrirde kullanilan birey sayisinin ayni
olmamasi sebebiyle akar sayilarin esgitlenmesi
icin akarlarin toplam sayisi ylzde olarak
hesaplanmistir.  Olim oranlarini (%  etki)
belirlemek igin Abbott formili uygulanmistir
(Abbott, 1925). Elde edilen verilere SAS paket
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programi ile ANOVA analizi uygulanmistir (SAS
Institute, Chicago, IL).

3. Bulgular ve Tartigma

Kontrollii sartlarda yapilan bu arastirmada T.
neiswanderi erginleri lzerine farkh dozlarda
entomopatojen  fungus, I.  fumosorosea
uygulanmis ve s6z konusu fungusun
patojenisite belirleme c¢alismasi yurGtaimastar.
Uygulama sonucunda elde edilen 6lim oranlari
Cizelge 1'de verilmistir. Calisma sonucunda
elde edilen verilere goére biyopestisit olarak
kullanilan |. fumosorosea’nin her dozda T.
neiswanderi'yi enfekte ettigi godzlemlenmistir.
Cizelge 1’de goruldugl Uzere uygulamadan
sonraki 3. giin sonunda 1.25x10° cfu mI* dozda
Olim orani en dusuk olarak tespit edilmistir.
Ancak ikigser kat artan doz uygulamalarinda
O0lim orani da dogru orantii olarak artis
gOstermistir. En yiksek o6lim orani ise
uygulamadan 6 gin sonra yapilan sayimlarda
%100 olim saglayan 20x10° cfu m™ dozunda
goérilmustir. Kontrolde 3. ve 6. gin 6lim
oranlari sirasi ile %3.33 ve %8.32 olarak
belirlenmistir. T. urticae ve P. ulmi igin tavsiye

dozu 2.5x10° cfumi* olmasina ragmen, bu
dozda T. neiswanderi igin istenilen &lim
oranina ulasilamamistir. Testler sonrasinda

akarlarda en g¢ok Olim 6. gin sonunda
belirlenmis, dozlara goére farklihk gostermesine
karsin en ideal kullanim dozunun 5x10°8 cfu mi™
olabilecedi sonucuna ulasilmigtir. Tarkiye'de

entomopatojen funguslarin zararhlarin
kontroline yoénelik uygulamalari ile ilgili
arastirmalar son vyillarda giderek artig

gOstermekte ve yapilan bazi arastirmalar ile
entomopatojenlerin zararli bdcek ve akarlara
karsi etkin olduklari bildirilmistir (Satar 2004;
Demirdzer vd., 2010; Arici vd., 2012; Ozcelik
vd., 2013; Koz ve Glven 2014; Dogan 2016).
Entomopatojen  funguslar  genel  olarak
kutikulaya penetrasyon yaparak konukgusu
icerisinde gogalir, bu asama hem fiziksel hem
de enzimatik olaylar ile gerceklesir (Kilic ve
Yildirnm 2008). Bu nedenle bdcedin dogal
acikhklarindan vucut igerisine girmelerine gerek
kalmamaktadir (Hall ve Papierok 1982; Bellows

vd.  1999). Entomopatojen  funguslarin,
Tyrophagus tirlerine kargi olan etkinligini
belirlemek amaciyla vyurticinde herhangi bir
calismaya rastlanilmamistir. Bu calisma bu
anlamda Ulkemizde vyapilan ik c¢alisma
niteligindedir.
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Cizelge 1. Laboratuvar kosullarinda lIsaria fumosorosea uygulamasindan 3 ve 6 giin sonra Tyrophagus

neiswanderi erginlerinin 6lUm oranlar

Uygulama n Uygulamadan 3 gin sonra Uygulamadan 6 gln sonra
Kontrol 83 3.33t1.92 e 8.32t1.67 e

1.25x10° cfu mlI™ 86 16.65+1.69 de 35.41+2.82 ¢

2.5x10° cfu mI™ 81 27.45£10.31 cd 38.18+£13.78 ¢

5x10° cfu ml™* 78 75.1846.81 b 93.21x4.71a

10x10° cfu mI™ 83 88.705.24 ab 94.481.85 a

20x10° cfu ml™ 79 93.92+4.16 a 100.000.00 a

n: Herbir doz igin kullanilan birey sayisi.*: T. urticae ve P. ulmi igin tavsiye dozu.

Entomopatojen funguslarin Tyrophagus distndlmektedir. Uygun nem ve sicaklk
turlerine karsi etkinliklerini arastirmak igin kosullarinin  saglanabildigi  ortGalt  Gretim
yapilan yurtdisi ¢alismalar oldukga sinirli olup alanlarinda, bu tir zararli akar ya da bdcekler
T. neiswanderi’'ye kargi etkinlik belirlemesi ile mucadele amaciyla entomopatojen
amaciyla yapilmis bir ¢alismaya funguslarin  kullanimi etkili bir kontrol yolu

rastlanilmamistir. Calismamiz bu anlamda da
6zgun bir galisma 6zelligini kazanmistir. Ancak
Wakil vd. (2010) ayni cinse ait Tyrophagus
fatimii tGrine karsi farkl sicakhk ve nem
kosullarinda baska bir entomopatojen fungus
olan Metarhizium anisopliae (Metsch.) Sorokin
(Ascomycetes, hypocreales)nin etkinligini test
ettigi calisma sonunda M. anisopliae’nin T.
fatimii'ye kargl en yiksek 6lim orani (48.7%),
%55 nem ve 20 °C sicaklikta
3.6x10° konidia kg'  dozunda elde ettigini
bildirmektedir. Ayrica ¢alismada %55 nem ve
25°C sicaklikta M. anisopliae ve diatom topragi
karisimi uygulamadan 15 gin sonra en yiuksek
6lim oranina (%75) ulasmistir.

Tyrophagus neiswanderi gibi toprakta organik
maddeler ile beslenerek yasayan bir diger tur
olan Tyrophagus similis Volgin ile micadelede
toprak sicakhgi 35°C’'de en az 5 saat
tutuldugunda zararlinin kontrol altina
alinabilecedi sonucuna ulasiimistir. Ek olarak,
zararlinin yogun olarak bulundugu topraklarda
yogunlugu azaltmak igin organik glbre
kullaniminin azaltilmasi ve bitki artiklarinin ekim
alanlarindan kaldirilmasi gibi énlemlerin faydali
oldugu bildiriimistir (Kasuga ve Amano 2000;
Kasuga ve Honda 2006).

4. Sonug

Entomopatojen fungus I. fumosorosea yapilan
bu calisma neticesinde 1spanakta tespit edilen
astigmatid akar T. neiswanderi'ye karsi etkili
oldugu ortaya konmustur. Ancak anlasilacagi
Uzere T. neiswanderi zararlisi ile mucadele igin
Ulkemizde ve diunyada c¢ok az sayida calisma
bulunmaktadir. Bu tur ile mlcadele programi
cercevesinde calismalarin artmasi gerektigi
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olarak gorulmektedir. Sonug olarak, insan ve
cevre saghgi dusundlerek tarimsal zararlilar ile
muicadelede biyopestisitlerin kullanimina énem
verilmelidir. Bu amagla entomopatojen
funguslarin  kullaniminin ilerleyen dénemde
kimyasal muicadeleye iyi bir alternatif olacagi
dusunudlmektedir.
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Abstract

Most of Sub-Saharan African agricultural studies are focused on rainfall variability, low use of technologies and
inputs in agriculture to explain the recurrence of food insecurity and famine in these regions. However, agriculture
sector relies on other sectors such as trade. So, an evaluation of the efficiency of trade tools on main foodstuffs
could very helpful for policymaker in stabilizing their countries agricultural product prices. Additionally, the
evaluation of self-sufficiency and import dependency is a significant step in estimating the country resources
capacity in satisfying its domestic demand especially for main foodstuffs. Hence, this article aims at evaluating the
impacts of National Agricultural Trade Policies on Food Self-Sufficiency of main agricultural foodstuffs (cowpea,
maize, millet, and sorghum) in Niger during 1990-2015. The findings revealed that Niger national resources can
satisfy the countrywide demand for the main foodstuffs except for maize. In conclusion Niger policy makers
should review the country agricultural trade policy by applying efficient trade’s tools and measures to stabilize the
inter-annual price volatility of main agricultural foodstuffs.

Keywords Agricultural trade; Food security; Niger; Self-sufficiency; Sub-Saharan countries
Ulusal tarim ticareti politikalarinin gida yeterliligine etkileri: Nijer’de segilmis uriinler 6rnegi

Oz

Cogdu Sahraalti Afrika tarimsal galismalar bu bdlgelerde yinelenen gida krizlerinin ve kithgin baslica nedenleri
olarak, yagis degiskenligi, distk teknoloji kullanimi ve tarimsal girdilerin distk kullanimi (izerine odaklanmistir.
Ancak, tarim sektéru ticaret gibi diger sektdrlere dayanmaktadir. Bu nedenle, ticaret araclarinin ana gida
maddeleri Uzerindeki etkinliginin degerlendiriimesi, politikacilar igin Ulkelerinin tarimsal Grin fiyatlarinin
dengelenmesinde ¢ok kullanigl olmaktadir. Ek olarak, kendi kendine vyeterliik ve ithalat bagdimhhgdinin
degerlendiriimesi, Ozellikle ana gida maddeleri icin i¢ talebin karsilanmasi konusunda Ulke kaynaklar
kapasitesinin tahmin edilmesinde 6nemli bir adimdir. Bu nedenle, bu makale, ulusal tarim ticareti politikalarinin,
Nijer'deki 1990-2015 déneminde baslica tarimsal gida maddelerinin (borilce, misir, dari ve sorgum) gida 6z
yeterliligine etkilerini degerlendirmeyi amaglamaktadir. Bulgular, Nijer ulusal kaynaklarinin, llke genelinde ana
gida maddelerine yonelik talebi, misir hari¢ karsilayabildigini ortaya koymaktadir. Sonug olarak, Nijer politika
belirleyicileri, ana tarimsal gida maddelerinin yillar arasi fiyat dalgalanmasini dengelemek igin etkili ticaret
araclarini ve énlemlerini uygulayarak ulke tarimsal ticaret politikasini gézden gecirmelidir.

Anahtar Kelimeler: Tarimsal ticaret; Gida glvenligi; Niger; Kendine yeterlilik; Sahra alti tlkeler

1. Introduction famines. Furthermore, Niger is one of Sub
African countries which agriculture sector
Commonly, rainfall variability, low use of focuses on low technology use while the
technology, and land degradation have been country challenges climate instability, including
considered as the main causes hindering Sub rainfall deficit and land degradation.
African countries’ agriculture to satisfy these
countries’ food needs. Therefore, in these Accordingly, Asfaw and Lipper (2015)
countries, most policies focus on the adoption emphasized that the increase in crop failure
of new technologies, new cultivars, the change and repeated severe events represent key
of tree-planting periods and water management obstacles to reaching food security and poverty
practices to enhance their agriculture and decline in Niger. More, the desertification is
consequently to reduce cyclic food crises and considered acceptable scenarios constraining
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the country agriculture sector as approximately
15% of land is arable (Kandji et al., 2006).
However, beyond the diversification of
cultivated crops, the improvement of agricultural
technologies, the adaptation of new cultivars,
and land management practices agricultural
policy embraces agricultural trade based on
various tools and measures targeting at
improving the productivity of rural small-scale
farmers. In fact, during 1986-1990 the
negotiation through the Agreement on
Agriculture (AoA) of the General Agreement on
Agriculture on Tariffs and Trade (GATT) has
liberalized the agriculture sector. So, most
developing countries have liberalized their
agriculture sector under the implementation of
structural adjustment policies. Consequently,
the import dependency of many African
countries has increased especially for main
foodstuffs (Clapp, 1997; Rakotoarisoa et
al., 2011).

Niger is one of African country which had
implemented these programs of structural
adjustment. However, during the last decades
the high volatility of the prices of agricultural
products increases the difficulty of the poor to
satisfy their main foodstuffs through the market
(Byerlee et al., 2006; Gilbert and Morgan, 2010;
Michiels et al., 2012). Accordingly, Swinnen and
Squicciarini (2012) highlight that food prices
can be a big determinant of food consumption
in developing countries. Moreover, Matthews
(2010) emphasized that the problematic of
agricultural price volatility include all the actors
of the food supply and it requires good
understanding for the future evolution. For
instance, the small farmers in developing
countries face various risks that are mainly due
to market functioning and price support policies.

However, within the liberalization of agricultural
trade, evaluating the impact of national trade
policy on food self-sufficiency in Sub Sahara
African countries is very significant the
policymakers to implement adequate
agricultural trade tools and measures to reduce
their population food insecurity. In addition,
particularly important for Niger policymakers to
examine other likely causes of recurrent food
crisis and famine because the food self-
sufficiency becomes increasingly debates within
political objectives. With an annual growth rate
estimated at 4,9% Niger economy is mainly
based secondary sector, particularly oil
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production from which future annual economy
growth is estimated to reach 5,4% by 2018.
Otherwise with a population growth rate of 3.9%
and an average of 7.1 children per woman
Niger has the highest population growth in the
world (INS, 2018). In addition, the Niger GDP
was estimated at US $ 8.59 billion in 2017 and
its economy, mainly based on agriculture and
livestock which provide roughly 43.4% of
national GDP with 75.60% of the workforce
from a rural population (INS, 2018).

Niger is signatory of many supranational
conventions and treaties related to trade.
Consequently, Niger is member of the trade
liberalization  pattern of the Economic
Community of West African States (ECOWAS)
since 1975, of the Organization for
Harmonization in Africa of Business Law since
1993, of the West African Economic and
Monetary Union (WAEMU) since 1994 and
recently member of the World Trade
Organization in 1996. Accordingly, Niger trade
policy is trapped up in the regulations of trade
organizations to which it is member so the
implementation of national commercial policy
taking into consideration its agricultural sector
although the country faces recurrent food crises
and famines. Otherwise, firstly the main issue in
Niger trade policy began during the
liberalization period with the Structural
Adjustment Program (De La Renaudie and
Martin, 2008). So, all trade tools and measures
such as temporary quantitative restrictions on
imports, import quotas, and temporary
restrictions or bans on exports have been
dismantled. More, since 2003 Niger’'s national
trade policy is regulated by WAEMU
procedures but till now the newly adopted
public markets code promoting the National
Treasury for Public Procurement Policy adopted
in 2002 to safeguard national firms and
companies is not applied (Anonymous, 2003).
Consequently, market imperfections cause
asymmetric information on the qualities and
quantities of traded products as well as the
volatility of their prices. More the weaknesses of
certified storage structures and the degradation
of transport infrastructures thwart the
distribution of the products in all the country
regions.

In Niger the results of National Survey of
households’ food security indicated
approximately 2.6% of rural population lives in
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severe food insecurity, 11.9% are moderately
food insecurity. Additionally, almost 32.4% of
population faces fragile food security as well as
only 53.1% of total rural populations are food
secure. However, the department of Dosso in
the region of Diffa was excluded in this survey
due to the insecurity (Anonymous, 2017).
Otherwise in Niger annual capita consumptions
estimated on the standard of human
consumption per year are 207 kg per inhabitant
for millet, sorghum, maize and fonio while rice
annual capita consumption is estimated at
18 kg inhabitant and wheat has approximately
6 kg per inhabitant.

Furthermore, in 2015, the country total cereal
need was being approximately 4 349 652
tonnes with respectively 3 897 740 tons for dry
cereals (millet, sorghum, maize and fonio),
338 934 tons for rice and 112 978 tons for
wheat. Despite a national surplus of cereals
estimated to 88 000 tons about 160 rural areas
would face food insecurity in 2015
(OCHA, 2015).

This study contributes to evaluate agricultural
trade policy measures and tools in Niger one of
Sub-Saharan African countries which
repeatedly face many food crises and famine
within the era of trade’s liberalization.
Additionally, it estimates the country resources’
capacity in satisfying the national demand of
most consumed main foodstuffs.

2. Material and Method
2.1. Materials

Niger is a landlocked West African country
covering a total area of 1267 000 square
kilometers and is divided into eight
administrative regions; Agadez, Diffa, Dosso,
Maradi, Tahoua, Zinder, Tillabery, and Niamey.
The country’s agriculture is low technology use
and it is practiced by small scale farmers who
mostly focused on household foods’ need in a
context of climate change and variability.
Accordingly, the most produced and consumed
main foodstuffs are millet, sorghum, maize and
cowpea. In addition, in some region small scale
farmers produce groundnuts, wandzou but also
cowpea as cash products. Therefore,
secondary data of the country’s eight regions of
the annual national production, annual import
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quantity and annual average of prices the
above main foodstuffs obtained from the
national institute of statistics of Niger and FAO
site have been used.

2.2. Methodology

Niger national resource capacity in producing
the most consumed foodstuffs has been
estimated by self-sufficiency ratio (SSR) while
the country demand dependency on external
imports has been determined through the
import dependency ratio (IDR) as well as inter-
annual price fluctuations have been evaluated
by their volatility. These parameters were
calculated as shown by section (2.2.1). To

calculate some variables from data, the
following formulas were used.

2.2.1. Price volatility

Volatility refers to temporal variations of

economic variables so that price volatility
expresses the extent to which the market prices
fluctuate over the time. Additionally this volatility
can be expressed by one of the statistical
indicators that a measure varies from one
period to another (IMF and UNCTAD, 2011).
Consequently, the market price volatility is
calculated by the equation:

V= M 1)
p0

Where V refers to inter-annual volatility, P,
equals average annual price of national
foodstuffs during the year n and P, their prices
before the year n.

2.2.2. Import dependency ratio (IDR)

The IDR measures the ratio of import to the
total consumption at a country level and the
counterpart of this ratio to 100 expresses the
part of domestic supply produced in the country
itself (FAO, 2012). It is calculated by the
equation as follows:

I

IDR = -
(P+I—-FE

% 100

)

With I, annual imported quantity, E; annual
exported quantity and P is the annual quantity
produced of a given commodity. However, IDR
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ratios are hold only if imports are mainly used
for domestic utilization and are not re-exported.
Additionally, the IDR value can score a value
higher than 100% demonstrating that the export
of a given commodity is higher than its
produced quantity. Such a figure occurs when
even the imported quantity of this crop is
exported (FAO, 2012).

2.2.3. Self-sufficiency ratio (SSR)

SSR is generally calculated for individual or
groups of commodities and it indicates in the
context of food security the extent to which a
country relies on its own production resources.
So, the higher the SSR, the greater the self-
sufficiency comes (FAO, 2012). However, FAO
(2012) highlights that even SSR is useful tool to
evaluate the supply for individual commodities,
some caution should be observed while it is
used for overall food situation as well as its
value can be high value while the country might
stil rely on imports to satisfy its national
demand for a product or commodity. It
determined by the Equation 3. Where; P is
annual quantity produced, | is annual quantity
imported, E annual quantity exported of the
commodity at national level

P %100

SSR = -
(P+I—E

®)

3. Results and Discussion
3.1. Price Volatility

Agricultural market risk at national level of four
main foodstuffs has been estimated from their

annual average price by the price volatility from
1990-2015 in all the region of the country.

3.1.1. Millet inter-annual average price volatility

Millet inter-annual average price volatility is
illustrated in Figure 1. Figure 1 shows similar
price volatility for millet in all the regions. More
the millet price volatility has been higher during
1995-1996 with an increase 335.85% in Maradi,
264.475 in Tahoua, 241.27% in Zinder and
180.72% in Dosso on the millet kilogram price.
However, during 1996-1997 millet's kilogram
price volatility has decreased by 44.59% in
Maradi, 44.12% in Tillabery and 41.88% in
Tahoua. Globally the price volatility of millet has
fluctuated during 1990-2015.

3.1.2. Sorghum inter-annual
volatility

average price

Sorghum inter-annual price volatility at national
level is depicted on the followed Figure 2. For
sorghum, the kilogram price volatility shows
brutal fluctuations inter the years. More during
2011-2012 the region of Tillabery showed a
highest price volatility (104.09) whereas the
price volatilities were 84.05% in Diffa, 74.43%
in Agadez while the lowest price volatility was
39.22% in Dosso. Hence, nationwide the price
of the kilogram of sorghum has strongly
fluctuated between during 1990 and 2015.

3.1.3. Maize inter-annual average price volatility
During the period 1990-2015, the inter-annual

average price volatility of maize in the main
different regions is depicted in Figure 3.
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Figure 1. Millet inter-annual average price’s volatility (%)
Source: Author compilation from INS (2010). All market annual average prices are in CFA per kilogram (FCFA kg™).
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Figure 3. Maize inter-annual average price volatility (%)

Source: Author compilation from INS (2016). All market annual average prices are in CFA per kilogram (FCFA kg™).

Figure 3 shows that maize price volatility has
fluctuated too over the years in all regions.
However, this fluctuation has been higher in
2004-2005 with a highest volatility of 127% in
Niamey. More during the same year maize
volatility has increased by 55.56% in Tillabery,
52.52% in Zinder and Diffa had a lowest price
volatility of 40.12%. Additionally, the Figure
shows also important price volatilities during the
periods 2007-2008 and 2011-2012.
Accordingly, during 2007-2008, maize price
volatility increased by 79.56% in Dosso while
during 2011-2012 maize price volatility was
76.84% in Diffa.

3.1.4. Cowpea inter-annual average price’s
volatility

Cowpea inter annual price volatility is showed
on Figure 4 as followed. In general cowpea
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price has fluctuated following almost the same
trend. However, during 1995-1996 this price
volatility has been 182.89% in Zinder, 138.14%
in Maradi, 113.08% in Diffa and Dosso has the
lowest price volatility of 60.69%. More during
2011-2012 the price volatility of cowpea were
increased with 149.31% in Tillabery, 139.25%
in Maradi, 123.79% in Niamey, 118.60% in
Tahoua while the lowest volatility of 63.27%
occurred in Diffa.

3.2. Self-Sufficiency Ratio (SSR)

To get a more pragmatic understanding of the
country overall self-sufficiency based on its
domestic food production during 1990-2015, the
Figure 5 is depicted. The self-sufficiency of the
country for three main foodstuffs (Millet,
Sorghum, Cowpea) has almost same trend
during the periods 1990-2015 except for maize.
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Figure 4. Cowpea inter-annual average price volatility (%)

Source: Author compilation from INS (2015). All market annual average prices are in CFA per kilogram (FCFA kg™).
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Figure 5. Self-Sufficiency Ratio in percentage

Source: Author compilation from INS (2016) and FAOSTAT (2015).

Therefore the figure 7 shows that the domestic
ressources can fully satisfy the country demand
for millet, sorghum and cowpea from 1900 to
2014 where the self sufficiency has decreased
dramastically.  However, Niger domestic
resource capacity for maize is very low except
during the years 1992 and 2009 when the self-
sufficiency ratios reach respectively 100% and
97.4%. Furthermore the insufficient capacity for
producing Maize can be explained by
unfavorable soil and climate conditions so that
Lobell et al. (2011) highlight in the dry lowlands
of Niger the temperature above 30°C could
decrease maize yields.

3.3. Import
product

Dependency Ratio (IDR) by

To estimate the country, inter annual reliance
on trade to satisfy its national demand for main
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All import and national production quantities are in tons.

foodstuffs. Figure 6 has been illustrated as
followed. Figure 6 shows that Niger presents a
weak reliance on trade to satisfy its own need
for three main foodstuffs (millet, sorghum,
cowpea) but the country relies strongly on trade
to satisfy its national demand of maize during
1990-2015 except in 1992 (0%) and in 2009
(2.6%).

3.4. National main foodstuffs SSR and IDR

The country overall Self-Sufficiency and Import
Dependency main foodstuffs in all regions is
represented in Figure 7. The figure 7 shows
that during 1990-2015, the country main
foodstuffs’ demand could be fulfilled by the
domestic resource capacity of production for
millet, sorghum and cowpea. However, its
domestic maize consumption remains depend
to import.
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4. Conclusion

Clapp (2017) highlighted that most SSR
analyses focus on significant staple, such as
cereals and starchy roots to evaluate
approximately the country self-sufficiency.
Accordingly, the country self-sufficiency ratios
of 100.4%-93.6% during 1990-2015s except for
maize reveal that domestic resources can
satisfy the national demand for these three
main foodstuffs (millet, sorghum and cowpea).
However, Asche et al. (2015) underscore that
even self-sufficiency can be achieved by one
importer or exporter country most of net food
importer countries are not certainly self-
sufficient. In addition, FAO (2012) underlines
that a country is considered self-sufficient if the
food is available, accessible, nutritious and
stable through other three dimensions. On
another hand Clapp (2017) emphasizes that in
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some countries a high rate of poverty can an
obstacle for many consumers to access to the
food on the markets. Besides, Byerlee et al.
(2006), Gilbert and Morgan (2010), Michiels et
al. (2012) underscore that the increase of the
prices of cereals reduce the access of the poor
to food which is currently expected from the
market. Therefore, in Niger the high inter-
annual price volatility of the main foodstuffs
could significantly reduce the consumers’
purchasing power of these products on the
markets. Otherwise the price of the main
foodstuffs during the country’s recurrent food
crises and famine (1990-1991; 1993-1994;
2004-2005; 2009-2010) didn't show high
volatility from 1990-2015 for the evaluated main
foodstuffs except for maize (127%) in 2005 in
the region of Niamey. Hence the high inter-
annual price volatility observed is not
associated to the periods of famine and food
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crisis. The findings of the study revealed the
capacity of Niger domestic resources to satisfy
the national demand for main foodstuffs except
for maize. However, the lack of reliable
regulatory tools and measures in the country
national agricultural trade policy framework
undermines the marketing price in all the
regions. This corroborates with Weiner (2002)
who emphasizes that traders could create
information’s asymmetry, supply or demand
shock by generalizing past trends of market-
price rather than the market actual price.
Consequently, Niger should review its existing
agricultural trade policy tools and measures to
improve the access of the population to the
main foodstuffs by executing some standard
regulatory measures and tools admitted in trade
such as, temporary export bans, import quota,
anti-speculation and suitable instruments to
monitor price volatility.

References

Anonymous, (2003). Niger trade policy review.
https://www.wto.org/english/tratop_e/tpr_e/tp217_
e.htm. Date accessed: May 11, 2018.

Anonymous, (2017). Enquéte nationale sur la
vulnérabilité a [linsécurité alimentaire des
ménages en milieu rural au  Niger.

http://www.stat-niger.org/statistique/file/\Vulnerabi
lite/RESULTATS_PRELIMINAIRES_EVIAM_201
7.pdf. Date accessed: October 29, 2018.

Asche, F., Bellemare, M., Roheim, C., Smith, M.D., &
Tveteras, S. (2015). Fair enough? Food security
and the international trade of seafood. World
Development, 67:151-160.

Asfaw, S., & Lipper, L. (2015). Adaptation to climate
change and its impacts on food security:
Evidence from Niger. International Conference of
Agricultural Economists 29“‘, Milan, Italy.

Byerlee, D., Jayne, T.S., & Myers, R.J. (2006).
Managing food price risks and instability in a
liberalizing market environment: Overview and
policy options. Food Policy, 31(4):275-287.

Clapp, J. (1997). Adjustment and agriculture in
Africa. pp: 12-35. New York: St. Martin’s Press.

Clapp, J. (2017). Food self-sufficiency: Making sense
of it, and when it makes sense. Food Policy,
66(2017):88—96.

De La Renaudie, V., & Martin, O. (2008).
Souveraineté alimentaire : un agenda pour agir,
Bruxelles : CNCD, CSA, Oxfam-Sol, SOS Faim,
pp: 42-27.

FAO (2012). FAO Statistical Pocketbook 2012. http://
www.fao.org/3/i2493e/i2493e00.htm.

FAOSTAT 2015. Food and Agriculture Data Network,
"Commodity Balances and Crop for All Data",

53

http://www.fao.org/faostat/en/#home and
http://www.fao.org/faostat/en/?#data/QC.

Gilbert, C., & Morgan W. (2010). Food price volatility,
Philosophical Transactions of the Royal Society
B, 365:3023-3034.

IMF, O., & UNCTAD, W. (2011). Price volatility in
food and  agricultural markets: Policy
responses. Food and Agricultural Organization,
1-10. https://www.alimenterre.org/system/files/re
ssources/pdf/86_g20_foodpricevolatility _en.pdf
Date accessed: August 09, 2018.

INS (2010). Annuaire statistique des cinquante ans
d’'indépendance du Niger. pp: 177-178, Edition
Spéciale INS-Niger http://www.stat-
niger.org/statistique/file/Vulnerabilite/Rapport_vul
nerabilite_2010.pdf. Date accessed February 18,
2019.

INS (2016). Le Niger en chiffreshttp://www.stat-
niger.org/statistique/file/Affiches_Depliants/Niger
EnChiffres2016.pdf. Date accessed: May 26,
2018.

INS (2018). Comptes économiques de la nation,
rapides 2017 provisoires 2016 définitifs 2013 —
2015. http://www.stat-niger.org/statistique/file/
compte/COMPTES_RAPIDES_2017.pdf.  Date
accessed: October 30, 2018.

Kandji, S.T., Verchot, L., & Meckensen, J. (2006).
Climate change and variability in the Sahel
Region: Impacts and adaptation strategies in the
agricultural sector. http://www.worldagroforestry
.org/downloads/Publications/PDFS/B14549.pdf

Lobell, D.B., Banziger, M., Magorokosho, C., &
Vivek, B. (2011). Nonlinear heat effects on
African maize as evidenced by historical yield
trials. Nature climate change, 1(1):42.

Matthews, A. (2010). Perspectives on addressing
market instability and income risk for farmers.
http://www.agripress.nl/_STUDIOEMMA_UPLOA
DS/downloads/201_paper.pdf.

Michiels, D., Egg, J., & Blein, R. (2012). La répétition
des crises alimentaires et nutritionnelles au
Niger: la rénovation urgente des politiques de

sécurité  alimentaire.  Cahiers  agricultures,
21(5):302-310.
OCHA  (2015). Bulletin  humanitaire  Niger.

https://reliefweb.int/sites/reliefweb.int/files/resourc
es/OCHA%20Niger%20Bulletin%20Humanitaire
%20Janvier%202016.pdf. Date accessed
February 18, 2019.

Rakotoarisoa, M., Lafrate, M., & Paschali, M. (2011).
Why has Africa become a net food importer?
Explaining Africa agricultural and food trade
deficits. pp: 5-11, FAO. Rome.

Swinnen, J., & Squicciarini, P. (2012). Mixed
messages on prices and food security. Science,
335 (6067):405-406.

Weiner, R.J. (2002). Sheep in wolves’ clothing?
Speculatos and price volatility in petroleum
futures. The Quarterly Review of Economics and
Finance, 42(2):391-400.


https://www.wto.org/english/tratop_e/tpr_e/tp217_e.htm
https://www.wto.org/english/tratop_e/tpr_e/tp217_e.htm
https://www.calameo.com/accounts/4141482
http://www.fao.org/3/i2493e/i2493e00.htm
http://www.stat-niger.org/statistique/file/Vulnerabilite/Rapport_vulnerabilite_2010.pdf
http://www.stat-niger.org/statistique/file/Vulnerabilite/Rapport_vulnerabilite_2010.pdf
http://www.stat-niger.org/statistique/file/Vulnerabilite/Rapport_vulnerabilite_2010.pdf
http://www.stat-niger.org/statistique/file/Affiches_Depliants/NigerEnChiffres2016.pdf
http://www.stat-niger.org/statistique/file/Affiches_Depliants/NigerEnChiffres2016.pdf
http://www.stat-niger.org/statistique/file/Affiches_Depliants/NigerEnChiffres2016.pdf
http://www.agripress.nl/_STUDIOEMMA_UPLOADS/downloads/201_paper.pdf
http://www.agripress.nl/_STUDIOEMMA_UPLOADS/downloads/201_paper.pdf

Effects of saline irrigation water and proline applications on yield, vegetative and
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Abstract

Potato (Solanum tuberosum L.) is one of the most important starch crops grown extensively. In this study, the
effects of saline water and proline content on yield and some characteristics of potato were determined. Proline
concentrations of 0 mM (control), 10 mM, and 20 mM were applled to potato crop |rr|gated with water with
electrical conductivities of 0.2 dSm™ (contral), 3.5 dSm™, 7dSm™ 10dSm™ and 13 dSm™ leferent levels of
saline irrigation water were obtained by adding NaCl |nto the tap water with an EC of 0.2 dSm In the saline
water treatments, a leaching fraction about 20% was applied. The study was conducted between January-June
2010 in the pots located in a greenhouse under the Eastern Mediterranean (Hatay, Turkey) conditions. Compared
to the control treatment, the amount of irrigation water and crop water use decreased by 4.5%-18.9% and 3.0%-
16.0% depending on soil salinity, respectively. Soil salinity caused a decrease in total tuber yield, mean tuber
weight, total dry weight, harvest index, and number of potatoes classified as Grade A, whereas it caused an
increase in total dry matter content. No distinct effects of proline on tuber yield were observed in the treatments of
higher salt stress. The effect of increasing proline concentration was mostly pronounced in the vegetative and gas
exchange parameters.

Keywords: Potato, Salinity, Proline, Tuber yield, Photosynthesis rate, Stomatal conductance

Tuzlu sulama suyu ve prolin uygulamalarinin patatesin (Solanum tuberosum L.) verim, vejatatif ve
fizyolojik ozellikleri Gizerine etkileri

Oz

Patates (Solanum tuberosum L.) yaygin olarak yetistirilien édnemli nisasta bitkilerinden biridir. Bu galismada tuzlu
su ve prolln |ger|g|n|n verime ve bazi patates ozelllklerlne etkileri belirlenmigtir. Arastirmada, elektriksel iletkenligi
0.2dSm™, 3.5 dSm™, 7dSm™, 10 dSm™ ve 13 dSm™ olan sulama sulari ile sulanan bitkiye 0 mM, 10 mM, 20 mM
konsantrasyonlarlnda prolin uygulanm|§t|r Elektriksel iletkenligi 0.2 dS m™ olan musluk suyuna NaCl ilave
edilerek farkl seviyelerde tuzlu sulama suyu elde edilmistir Tuzlu su uygulamalarinda %20 civarinda yikama suyu
eklenmistir. Calisma Ocak-Haziran 2010 tarihleri arasinda Dogu Akdeniz (Hatay-Turkiye) kosullarinda sera iginde
yerlestirilen saksilarda yuritilmastir. Kontrol konusuna kiyasla, sulama suyu ve bitki su tiketimi, toprak
tuzluluguna bagli olarak, sirasiyla, %4.5-18.9 ve % 3.0-16.0 oraninda azalmigtir. Toprak tuzlulugu toplam yumru
veriminde, ortalama yumru agirhdinda, toplam kuru agirlikta, hasat indeksinde ve A Sinifi olarak siniflandirilan
patates sayisinda azalmaya neden olurken, toplam kuru madde iceriginde artisa neden olmustur. Yuksek tuz
stresi konularinda prolinin  yumru verimi Uzerindeki belirgin etkileri g6ézlenmemistir. Artan prolin
konsantrasyonunun etkisi vejatatif ve gaz degisim parametrelerinde daha ¢ok belirgin oldugu belirlenmistir.

Anahtar Kelimeler: Patates, Tuzluluk, Prolin, Yumru verimi, Fotosentez hizi, Stoma iletkenligi

1. Introduction acreage in warm climates using cultivars that

were developed for production in cool climates
Because of the importance in human diet, (Levy and Veilleux, 2007). Major limitations for
potato growth and development have received potato production are high temperature and the
considerable scientific attention, especially the scarcity of fresh water resources for irrigation,
regulation of tuber development. The trend of necessitating the use of alternative water
potato production has been toward greater resources such as saline water.
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Potato crop can be grown without any reduction
in tuber vyield in soils whose electrical
conductivity (EC,) is less than 1.7 dSm™ (Levy
and Veilleux, 2007). After this threshold value,
tuber yield decreases such that the decrease in
tuber vield is 10% at EC, of 2.5 dSm™, 50% in
5.9 dSm™ and when EC, is 10 dSm™, no tuber
yield is obtained at all (FAO, 2002). As soll
salinity increases, mean tuber weight and tuber
yield decreases but the number of tuber
increases (Kirk et al., 2006). Especially, early
development stage is the most vulnerable stage
for potato crop in terms of salinity (Nadler and
Heuer, 1995). Fidalgo et al. (2004) reported that
salt stress negatively affected relative water

content, leaf stomatal conductance and
transpiration rate of potato. Changes to the
chloroplast  structure  presumably  affect

photosynthesis, resulting in increased starch in
leaves, suppression of nitrate reductase and
reduced growth and dry matter production in
tubers (Ghosh et al., 2001). Levy and Veilleux
(2007) stated that salinity reduced vyield
components such as number of tuber and tuber
weight by 27% and 40%, respectively. The
adverse effects of salinity stress on potato plant
can be a) reduced growth of stems (stunting),
leaves and tubers b) leaf chlorosis (yellowing),
tip burn and leaf burn, c) restricted water uptake
by roots, d) enhanced plant senescence, e)
reduced tuber yield, f) browning and cracking of
tuber surface (Levy and Veilleux, 2007).

Crops are secreting proline as a first
physiological reaction when they are exposed
to stress factors such as salinity (Chen et
al., 1999), draught (Arvin and Donnelly, 2008),
cold (Sluc et al., 1991), heavy metals (De and
Mukherjee, 1996), and temperature (Rahman et
al., 2003). Proline accumulation depends on
crop species as well as crop varieties within a
certain crop species under different stress
condition (Yurekli et al, 1996). Proline is
accumulated at most in crops under stress
condition. Increase of proline concentration in
the vacuole inside the cell is a measure of how
long the crop is under stress and how the crop
is tolerant to that stress factor. This constitutes
the first stage in metabolic activity. Although
researches indicate that proline is occurred
during protein decay resulting an increase in its
concentration in the cell, the general opinion is
that it is synthesized inside the cell (Avcioglu et
al., 2003). Researches on proline are mostly
concentrated on how crops synthesize proline

55

and the amount of concentration of synthesized
amino acid. It is reported that proline has
significant function in stabilizing osmotic effects
by balancing of ion concentrations such as Na,
K, Mg and Ca, in strengthening the cell wall and
in other enzymatic actions (Iba, 2002).

As a result of higher Na concentration, proline
is produced and accumulated in the cells
(Avcioglu et al., 2003). Crops are producing
proline under salt stress condition to survive by
adjusting osmotic pressure in the cell for
balancing higher osmotic pressure occurred in
the nutritional environment. As a result of ClI
ions arisen from ionization of NaCl accumulated

on the cell membrane under salt stress
condition, pH decreases sharply. Hence,
hydrogen bonding of membrane proteins are
decomposed, resulting higher free ion
concentration in the medium (Oztirk and
Demir, 2002).

The aim of this study is to determine the effects
of foliar applied proline and saline irrigation
water applications on tuber yield, vegetative
and physiological characteristics of potato crop
(Solanum tuberosum L.) grown under arid and
semi-arid climatic conditions.

2. Material and Method

The experiment was carried out between
January and June 2010 in a greenhouse
located in the research area of department of
field crops, Mustafa Kemal University, Hatay,
Turkey. The greenhouse used in the
experiment is located at latitude of 36°19’
North, longitude of 36°11’ East and an altitude
of 28 m. The climate of the region is typically
Mediterranean, i.e. mild and rainy in winter, dry
and hot in summer. Potato variety called
Marfona which is moderately tolerant to salt
(Khrais, 1998) and grown extensively in Turkey
was used in the study. The crops were grown in
plastic containers filled with the mixture of sand
and loamy soil at a ratio of 1:1 (v:v), obtaining a
sandy loam soil. The diameter and height of the
containers were 26 cm and 42 cm, respectively.
Containers were filled with soil-sand mixture
such that each of them weighted 18 kg on an
electronic scale. One tuber is planted at 10 cm
depth in each container on 15 January 2010.
NaCl was used as a salt source to obtain the
desired electrical conductivity level by adding
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into the tap water. The chemical properties of
water and soil are given in Table 1 and 2,
respectively. The pH of pure proline (Sigma
P5607) was 6.3.

Potato crop was irrigated ten times as much as
50% of the available water capacity of the soil
with water having electrical conductivities (EC,,)
of 0.20 (TO, tap water, control), 3.50 (T3.5),
7.00 (T7), 10 (T10) and 13 dS m™ (T13) and
proline foliar applied having concentration of 0
(Po), 10 (P1g) and 20 (P,,) mM. The experiment
was designed statistically according to split-plot
design in CRD or RCBD with three replications
such that each treatment had 15 pots. Proline
applications were formed as main plots and
saline water applications as sub-plot. The
volume of irrigation water was given manually
to the containers. Proline was applied to the
treatments one day after saline water
application as much as 10 mM (P) and 20 mM
(P20). Control treatment where non-saline water
used for irrigation was excluded proline
application.

Different level of saline irrigation water was
accumulated in a tank whose volume is 1 ton.
The saline water was prepared such that
Na/(Na+Ca) ratio is between 0.1 and 0.7 for low
to moderate salinity as suggested by Grattan
and Grive (1999). To prevent the effect of
higher Sodium Adsorption Ratio (SAR), gypsum
was also added to the irrigation water. The
amount of irrigation water was determined by
weighing three pots used for observation. As
much as 50% of the available water capacity of
the soil was allowed to be used by potato plant.
Before the irrigation, the pots were weighed and
the amount of water to bring soil water in those
pots was determined. The same amount of
water (liter) to bring the soil water in the

Table 1. Chemical properties of irrigation water

observation pots up to field capacity was
applied to the other pots. In addition to the
required water, 20% leaching water was also
applied to the pots except control treatment.
The amount of leaching water was collected on
the base plates of the bottom-perforated pots.
Crop water use between two irrigations was
determined by taking the difference in weight of
observation pot before every irrigation. At the
end of the experiment, the seasonal crop water
use was computed by subtracting the weight of
potato in the observation pots from cumulative
water use.

The effect of saline irrigation water, soil salinity,
and proline concentration on stomatal
conductivity, transpiration and photosynthesis
rate were measured in three plants in each
treatment. Photosynthesis (umol m* s and
transpiration rate (umol m?s™) were measured
by portable photosynthesis device gLCA-4),
stomatal conductance (mmol m?s™) was
measured by leaf porometer (model SC-1,
LPS0881), total leaf area was measured by leaf
area meter (LICOR 3100C). The HH-2 moisture
meter (Delta T, WET sensor, Water, Electrical
Conductivity, Temperature) was used to
measure soil water content (cm®cm?), soil
salinity (dSm™) and soil temperature (°C).
Measurements were taken between 11:00 and
14:00 when the sky was clear and sunny.
Stomatal conductance, photosynthesis and
transpiration rate were taken on 45 (preliminary
period of tuber formation), 60 (period of tuber
formation) and 75 (period of tuber maturation)
days after planting (DAP). To determine the
effects of saline water and proline applications
on the yield and yield components of potato, all
of the crops at the harvesting time were
separated and counted. In each plot, number of
tuber and tuber fresh weight per plant as well

Irrigation ECw Na K

Cat+Mg

HCO3 COs Cl SOq4

water PP @sm®)  (mel’) (mell) (mel?) (mel’) (meL?l) (meLl) (meLl) AR
To 7.6 0.2 1.55 0.13 1.35 1.23 - 1.78 0.02 1.89
Tss 7.5 35 27.11 0.75 12.14 3.87 - 27.13 9.00 11.00
T7 7.6 7.0 55.60 1.23 13.55 5.36 - 56.88 8.14 21.36
Tio 7.6 10.0 91.24 1.00 13.55 3.57 - 97.61 4.61 35.05
Tis 7.6 13.0 118.24 1.22 14.20 4.30 - 123.94 5.42 44 .37

Table 2. Chemical properties of soil

H ECe Na K Ca+Mg HCO3 COs3 Cl SOy SAR
PP @sm’) (me100g") (mel00g™)(me100g?) (me100g™) (me100g™) (mel00g?) (mel00g™)
7.4 0.19 1.1 0.09 1.14 1.31 0.15 0.85 0.02 1.46
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as mean tuber weight was determined. Having
measured these parameters, the samples were
separately put in paper bags and dried in oven
at 70°C until they reach constant weight to
determine dry weight of the same samples.
Biological vyield (gplant'l) was computed by
adding dried leaf, stem, stolon, tubers
belonging to one plant. Harvest index (%) was
computed as the ratio of dry tuber weight to
biological yield. Tubers obtained from each plot
were classified according to their sizes and
each group percentages were determined.
Tuber diameter more than 45 mm, between 28-
45 mm, and less than 28 mm was graded as
Grade A, Grade B and Cull, respectively. Also,
cull yield and number of tuber was determined
to find marketable yield. Pre-sprouting was
done on tubers and tubers containing one
sprout were chosen to plant so that variation as
a result of sprouting was diminished. After
emergence, each pot was fertilized weekly
using solution containing as much as 120 mgL™
N, 120 mgL™ P, 170 mgL™ K and 20 mgL™ Mg
(Schittenhelm et al., 2004). The data were
analyzed statistically by using SAS and the
means were compared using Tukey test (Bek
and Efe, 1988).

3. Result and Discussion

3.1. Water budget components, salinity of
drainage water (ECy) and soil saturation
extract (EC)

Components of water budget, average salinity
of drain water and soil saturation extract are
given in Table 3. The amount of water applied
to Tg, Tas, T7, T, and T3 treatments were 23.3,
22.3, 21.3, 20.9, and 18.9 liters, respectively.
Total tuber yield (TTY) ranged from 317.38 in T,
to 167.49 g pot'1 in T3 treatment. Average soil
salinity (EC.) was found to be 3.23, 4.98, 7.69,
9.60 and 18.21 dS m™ whereas EC of drain
water (ECy) was 4.97, 9.29, 15.20, 19.25, and
21.62 dS m?, for Ty, Tss, T7, Tio and Tis,
respectively (Table 3). The values of EC4 were

always higher than that of EC.. The leaching
water applied as much as 20% of irrigation
water helped to prevent the increase in soil
salinity. As the soil salinity (EC.) increased
irrigation water requirement decreased. This
decrease was about 4.5%, 9.4%, 14%, and
18.9% for T35, T Tio and T3, respectively,
compared to non-saline (control) irrigation water
treatment. An empirical linear relationship
between irrigation water salinity (EC,) and
average soil salinity (EC.) and drainage water
salinity (ECy) was established as
(EC.=1.1EC,+1.45, r’=0.87") and
(EC4=1.38EC,+4.88 1°=0.99"), respectively.
Since the main restricting parameter is soll
salinity rather than irrigation water salinity, the
results are presented hereafter in terms of soll
salinity (EC).

Although it depends on variety, potato crop is
moderately tolerant to salinity. Studies showed
that tuber yield of potato is not affected by soil
salinity less than 1.7 dSm™ and no yield is
obtained when soil salinity exceeds 10 dSm™
(FAO, 2002). Irrigation water salinity was set up
as 0.2 dSm™ in control treatment (To). The sail
salinity in the control treatment increased up to
3 dSm™ in the harvest. Soil salinity and drain
water salinity increased in the treatments where
saline irrigation water was applied although
they received 20% leaching water. As a result
of increasing salinity, irrigation water decreased
4.5%, 9.4%, 14.0%, 18.9%, in Tss T7 Tio and
Tis, while crop water use decreased about 3%,
5%, 6%, and 16% in T35 T7 Tio Ty
respectively. Salts accumulated in irrigated field
soils are one of the factors limiting crop growth
as well as evapotranspiration (Prathapar and
Qureshi, 1999). In a study conducted in pots, it
was reported that crop water use of potato
decreased about 37% and 60% when irrigated
with water having EC of 3 and 12 dSm™,
respectively, (Demirel, 2012). Because the
growing medium is restricted in pot experiment,
the effects of irrigation methods and climatic
conditions are assessed as relative differences
to each other.

Table 3. Components of water budget (WU=I-Dp+AS) and salinity

Treatments (L)  Dp (L) AS (L) CWU (L) ECe (dSm?)  ECd(dSm™)  TTY (g pot™)
To 233 4.66 4.68 23.32 3.23 4.97 317.38
Tas 22.3 4.46 452 22.36 4.98 9.29 287.02
T, 21.3 4.46 4.96 21.80 7.69 15.20 242 .32
Tio 20.9 4.46 5.30 21.74 9.60 19.25 187.77
Tis 18.9 4.46 4.84 19.28 18.21 21.62 167.49
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Higher differences among treatment in terms of
amount of irrigation water and crop water use
can be attributed to the limiting size of growing
medium. Salinity threshold value is an important
issue in saline irrigation-yield studies. In this
study, the threshold values in terms of tuber
characteristics were found to be different when
compared to control treatment. In studies where
only tuber yield was taken into consideration,
salinity threshold value was differentiated
depending on variety and irrigation method.
Katerji et al. (2003) reported that crop growth
and tuber yield of potato significantly decreased
when EC,, is 2.3 dSm™. Zhang et al. (1993)
stated that threshold value depends on variety
and was about 1-2 dSm™ when irrigated by
surface irrigation. On the other hand, the
threshold value in drip irrigation was found to be
about 3-4 dS m™ (van Hoorn et al., 1993).

3.2. The effects of soil salinity and proline
applications on yield and vegetative growth
parameters

The variance analyzes results with respect to
yield and vegetative growth parameters are
given in Table 4. Soil salinity (EC,) affected all
of the vyield parameters statistically except
harvest index (HI), while proline applications
has effects on number of tubers (Thum), mean
tuber weight (MTW), harvest index (HI), number
of tuber classified as grade A and cull at
different levels. ECe*Proline interaction was
found to be statistically significant at p<0.001
for all other yield parameters except total dry
matter content (TDMC), harvest index (HI) and
tuber dry weight (TDW). Soil salinity (EC,) and
proline applications affected statistically all of

Table 4. Variance analysis with respect to yield parameters

the vegetative growth parameters at different
levels. ECe*Proline interaction was also found
to be statistically significant for all of the
vegetative growth parameters except plant
height (Table 4).

Mean values of yield parameters in proline and
saline water applications at harvest are
presented in Table 5. The number of tuber
(Tnum) decreased depending on increasing
salinity levels and proline concentrations. The
highest Tnum was obtained from P,T,
treatment while the lowest was obtained from
P1oTio and PyTy treatments. Similarly, total
tuber yield (TTY) is also decreased with respect
to increasing salinity. However, an increase in
TTY in Py treatments was observed. This is
caused by higher mean tuber weight (MTW)
obtained from P4 treatments. Higher MTW was
obtained in Py and P, treatments compared to
Po treatments. The effect of proline was mostly
pronounced in  MTW out of tuber
characteristics. While the highest amount of
tuber classified as first class was obtained from
P,o T, treatment followed by P,oT1g, the highest
amount of cull was obtained from PyT3
followed by P1oT13.

Mean values of vegetative growth parameters
in proline and saline water applications at
harvest are given in Table 6. Plant height, leaf
area, biomass, leaf plus stolon dry weight and
root dry weight decreased with increasing
salinity levels. The highest leaf area, biomass,
leaf plus stolon dry weight and root dry weight
were obtained from P,T, treatment while the
lowest ones from P, T3 treatment. A study
conducted in potato by Demirel (2012) showed

Yield parameters

Variation source

ECe Proline ECe x Proline
Number of tubers (Tnum) Fhk rkk bl
Total tuber yield (TTY) Fhk NS rkk
Mean tuber weight (MTW) Fhk rkk bl
Total dry matter content (TDMC) Fhk NS NS
Harvest index (HI) NS *k NS
Tuber dry weight (TDW) *kk NS NS
Tuber classified as first class (Grade A) ** *kx *kx
Tuber classified as a second class (Grade B) *kk NS rkx
Cu” *kk * *%*
Plant height Fhk * NS
Leaf area *kk *k%k *%k%k
BlomaSS *kk *k%k *%*
Leaf+stolon dry weight (L+SDW) Fkk *kx **
Root dry weight (RDW) ** *rx b

NS: Not significant; * Significant at P<0.05; ** Significant at P<0.01; *** Significant at P<0.001

58



Odemis et al. / Derim 36(1):54-63

Table 5. Mean values of yield parameters in proline and saline water applications (at harvest)

Proline Salinity Thum TTY MTW  TDMC HI  TDW Grade A Grade B Cull
level _level (@poth) (gtuber’) (%) (%) (gpot’) (gpot)  (gpot!)  (gpot?
To 853a 309.04ab 3622c 2391 3200 47.18 190.20ab 104.15bf  14.69 cd
Tss  840ab 289.37b 3453c 26.08 3235 40.68 182.64b 91.09bf  15.64bd
P, T 797ab 229.65de 28.86de 2639 31.16 38.03 108.56d 102.08 bef 19.01 bd
Tio  7.53ac 209.95ef 27.85e 2625 33.02 3501 80.38e 106.05be 23.52ad
Tis  687ce 167.59g 2446e 2558 3678 26.99 63.75ef 8528cf  18.55hd
To 6.80ce 33280a 4895a 2156 3524 4487 18590b 128.73ab  18.17 bd
Tss  7.53ac 287.79b 38.27c 2539 33.80 44.08 203.8lab 67.31f 16.66 bd
Po T 740bd 250.09dc 33.88cd 26.61 3377 40.67 77.59e 14604a  26.46ab
Tio  6.00e 16954g 28.27e 2679 3195 3337 7092ef 7657ef  22.05ad
Tis  640de 15350g 23.98e 26.30 38.18 27.51 2279g 10527bf 25.45ac
To 600e 310.26ab 51.82a 2221 39.14 4617 211.97a 84.06def 13.48d
Tss  6.50ce 28397bc 43.67b 2542 37.88 4151 143.77c 1236lac  16.60 bd
Pn T 6.87ce 247.23d 36.00c 27.08 3564 3893 116.21d 115.83ad 15.18 bd
Tio  6.40de 18384fg 28.72de 27.15 3232 36.66 5161f 116.20ad 16.02 bd
Tis  6.40de 181.33fg 28.4le 26.18 32.00 26.97 60.17ef 90.40bf  30.78a

Tnum: Number of tubers, TTY: Total tuber yield (g pot™), MTW: mean tuber weight (g tuber™), TDMC: Total dry matter content
(%), HI: Harvest index (%), TDW: Tuber dry weight (g pot™), Grade A: tuber classified as first class, Grade B: tuber classified as

a second class.

Table 6. Mean values of vegatative growth parameters in proline and saline water applications (at harvest)

Proline Salinity Plant height Leaf area Biomass L+SDW RDW
level level (cm) (cm? (g pot™) (g pot™") (g pot™

TO 36.77 3596.47 a 147.52 a 87.37 a 1297 a
T3.5 42.23 3028.87 b 125.49b 73.63b 11.44 ab

Po T7 42.43 2830.10 bc 122.00 bc 73.37b 10.33 abc
T10 36.77 2333.80 de 106.21 cd 63.53 bed 7.91 cde
T13 31.20 1788.57 f 91.51 def 56.62 cde 7.66 abcd
TO 39.43 2580.33 cd 121.94 be 71.42b 9.92 bcde
T3.5 43.43 2486.33 d 125.23 b 71.23b 8.34 bcde

P1o T7 42.63 2443.87 d 120.43 bc 68.77 bc 8.31 bcde
T10 38.57 2133.33 e 98.54 def 57.08 cde 8.09 bcde
T13 34.67 1611.23 f 86.27 ef 51.46 de 7.30 cde
TO 41.67 2810.33 bc 121.08 bc 68.50 bc 8.22 bcde
T3.5 43.43 2277.43 de 105.68 cd 57.92 cde 6.66 de

P2o T7 42.57 2356.77 de 102.77 ed 57.45 cde 6.59 de
T10 40.77 2104.13 e 102.32 ed 57.17 cde 6.41 de
T13 34.77 1793.67 f 83.41 f 49.85 e 6.24 e

L+SDW: Leaf+stolon dry weight, RDW: Root dry weight

that tuber yield, number of tuber, total tuber
yield, hardness, dry matter, leaf area and plant
height decreasing while Karakus (2008)
reported that number of leaves, stem diameter,
tuber yield per plant, tuber weight, and tuber
diameter decreased depending on increasing
salt concentration. Levy (1992) pointed out that
saline water (6.5 dSm'l) caused a decrease in
both tuber number and tuber weight by 27%
and 40%, respectively.

Different results were published in literature in
terms of the effect of proline. Karakus (2008)
studied the effect of salt stress (0, 25, 50,
100 mM NaCl) and proline concentration (0, 5,
15mM) on potato variety of Agria and
concluded that increasing salt concentration
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caused a significant decrease in vegetative
characteristics, tuber vyield and chlorophyll
content while foliar applied proline had a
positive effect to reduce the negative effect
caused by salt stress. Martinez et al. (1996)
reported that salt stress and proline content of
leaves in potato varieties of S. juzepczuckii and
S. curtilobum were positively correlated and
concluded that proline content of leaves could
be used to determine whether the variety is salt
tolerant or not. However, Velasquez et al.
(2005) found no relation between proline
accumulation and salt tolerance among 12
Argentine potato cultivars, although
considerable variation was observed among
these varieties in an in vitro screen. Likewise,
Rahnama and Ebrahimzadeh (2004) found no
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clear relationship between accumulation of
proline and salt tolerance in potato seedlings. It
was clear that the effect of foliar applied proline
is not understood well. Time of proline
application (before and after irrigation as well as
different time in a day), and proline
concentration are subject to study.

3.3. The change in photosynthesis,
transpiration rate and stomatal conductance
with respect to growing stages

The change in photosynthesis rate with respect
to soil salinity is presented in Figure 1. More
tolerant photosynthesis rate towards harvest
was observed. Photosynthesis rate measured
in Ty treatment on 45., 60., and 75. DAP was
found to be 12.33 pmolm™s™, 11.66 pmol m"
?st and 3.39 pmol m?s™, respectively. The
decrease in photosynthesis rate in T3
compared to Ty was 53%, and 52% on 45 and
60 DAP, respectively, and equal to each other

/ Derim 36(1):54-63

on 75 DAP, (3.39-3.40 ymol m? s™). One dS m°
! increase in EC, decreases photosynthesis
rate about 0.50 pmol m?s™ and 0.01 ymol m®
>s! on 45 DAP and at harvest, respectively.
Higher values of photosynthesis rate were
measured in Tgg and T treatments on 45 DAP
compared to T, treatment. Additionally, the
highest value was measured in T, treatment on
75 DAP (Figure 1).

The change in transpiration rate with respect to
soil salinity is depicted in Figure 2. Trend
observed for photosynthesis rate was similar to
transpiration rate. While the transpiration rate
decreased gradually depending on soil salinity
on 45 and 60 DAP, it was relatively stable on 75
DAP (tuber maturation stage). Transpiration
rate on 45 DAP in T, treatment was measured
as 2.80 pmol m?s™, it increased in T35 and T
(3.09-3.70 ymol m* s?). In the same stage,
transpiration rate in T3 decreased as much as
67.5% compared to T, treatment.
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Figure 2. The relationships between transpiration rate and EC. on different growth stage
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The most stable transpiration rates were
measured on tuber formation stage (60 DAP).
In this stage, the rate decreased from 2.36 (Tg)
to 1.35 ymol m?s™ (Ty3) (57%). On the other
hand, at the harvest time, the rate increased,
but not steadily, from 1.37 (T,) to 1.82 (T7) and
1.59 ymol m?s™* (T13).

Stomatal conductance, similar to transpiration
and photosynthesis rate, decreased depending
on growth stage, as seen in Figure 3. Stomatal
conductance ranged from 107.78 mmol m?s™
(To) to 56.67 mmol m?s™ (T13) in 45 DAP and
from 92.5 mmolm?s™ (Ty) to 45 mmolm?s™
(T13) depending on irrigation water salinity.
Towards the harvest stage, the response of the
crop to irrigation water salinity became more
unstable. Stomatal conductance was measured
as 6556, 68.89, 97.22, 55.00, and
70.56 mmol m?s™ in To, Tss, Tz T Tia
respectively. Stomatal conductance decreased
about 50% on 45 and 60 DAP while the
decrease was not stable on 75 DAP. Among
the three parameters, the highest decrease was
determined in stomatal conductance. Generally,
all of the three parameters increased in T,

treatment. It is important which of the
parameters (stomatal conductance,
photosynthesis and transpiration rates) are

affecting the yield on which of the growing
stages.

The most important period on vyield was
determined 60 DAP in the experiment. The
effects of the applications after this date were
more limited. Photosynthesis and transpiration
rates are more effective (r2=0.99**) than that of
the stomatal conductance (r2=0.96**) on yield

measured at harvest stage. In the study, it was
also observed that the irrigation water salinity
differentiated the aging of leaves. In Ty
treatment, a sharp decrease in leaf area
together with aging of leaves was observed
clearly. The increase in osmotic pressure
caused the crop to use more energy to survive
resulting in decreased leaf area and
accelerated aging.

Photosynthesis, transpiration, and stomatal
conductance changed with respect to salinity at
different tuber development stages resulting in
lower values towards the end of tuber
development. Cumulative effect of salinity
beginning from leaf forming until harvest was
more pronounced on leaf aging causing a
decrease in vapor transport from roots to leaves
and water use (Table 4). Yeo et al., (1991) and
Elkhatib et al. (2004) also pointed out that salt
stress usually causes early aging in leaves and
decreases water uptake of water by roots as a
result of increasing osmotic potential. Similar
symptoms were also observed when water
stress occurred (Rosenthal et al., 1987).

Salt stress decreased photosynthesis rate
about 53%-52%, transpiration rate about
67.5%-57%, and stomatal conductance about
50% in 45 and 60 DAP. Salt stress was
pronounced mostly in early development stage.
Backhausen et al. (2005) reported that NacCl
application at 60% relative humidity decreased
transpiration rate from 2.4mmolm?s™® to
0.8mmolm?s® two hours later. NaCl
concentration in leaves reached its maximum
level after 28 hours and transpiration rate
almost vanished after 150 hours.
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Figure 3. The relationships between stomatal conductance and EC. on different growth stage
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4. Conclusions

Salinity is one the obstacles in sustainable
agriculture. Saline water is being used in
irrigation as a result of global warming. Potato
is one of the most important foods in human
diet. Therefore, it is important to study the
effects of saline irrigation water on potato yield.
The studies regarding genetic application to
create salt tolerant potato cultivars are
important with no doubt next to the studies to
determine the effect of foliar applied proline to
select salt tolerant potato cultivars. Not only
under laboratory conditions but also studies in
pot as well as in field need to be conducted to
determine the confidence of the studies. Tuber
yield and yield characteristics were qualitatively
and quantitatively  affected  significantly
depending on salinity. Depending on salinity,
TTY, MTW, Grade A, TDW and HI decreased
while cull yield increased. The variety Marfona
classified as salt sensitive (Aghaei et al., 2008)
was found to be as salt tolerant in this study
based on the result obtained. The decrease in
yield was not more than 48% even in the
treatment where the irrigation or soil salinity
was the highest. The decrease in yield
classified as grade A (75.9%) was the
characteristic affected at most. However, the
variety seems to be more tolerant in terms of
characteristics such as TDMC, HI and TDW.
Proline content affected tuber vyield and
characteristics partially whereas it affected
vegetative development parameters and vapor
transport completely. It was determined that
foliar applied proline is affecting vegetative
characteristics and vapor transport, except
plant height, in all measurement phases.
However, when average values with respect to
tuber yield are evaluated it was determined that
the contribution of proline on tuber yield is
doubtful economically. Proline has a negative
effect on Grade A which is an important
parameter commercially.
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Bu c¢alisma, kisintili sulamanin Carisma (V1), Candia (V2) ve Gloria (V3) pamuk cesitlerinde su-verim iligkileri
Uzerine etkilerini belilemek amaciyla 2018 yilinda, Aydin Ovasi kosullarinda yiratilmis olan denemede g
tekerrurlt iki faktorli tesaduf bloklari deneme deseni kullaniimistir. Denemede 8 gun araliginda A Sinifi
Buharlasma Kabi’'ndan olusan toplam buharlasmanin %100, %67, %33 ve %0’1 damla sulama ydéntemiyle
uygulanmistir. Uygulanan sulamalar pamuk kitli verimini 6nemli diizeyde etkilemistir Cesitlere gore pamukta
mevsimlik bitki su tiiketimi 206-826 mm arasinda degismistir. Ortalama pamuk kitli verimi ise 187-630 kg da*
arasmda bulunmustur. Ortalama pamuk kitli verimi su kisintisi uygulanmayan S; (Carisma-V1) konusundan 630
kg da™ olarak saglanmistir. Kiitlii verimi agisindan Carisma (V1) gesidi Candia (V2) ve GIorla (V3) cesidinden daha
yuksek verim vermigtir. Ortalama su kullanim randimani (WUE) degerleri 0.735-1.134 kg m % arasinda degismistir.
Verim tepki etmeni (ky) sirasiyla 0.75 (Carisma-V1) ve 0.80 (Candia-V2) ve 0.78 (Gloria-V3) olarak belirlenmistir.
Sonug olarak, su kaynaginin sinirli olmadigi kosullarda Carisma (V1) gesidinde sulama suyunun tam uygulandigi
S; konusunun en iyi sulama konusu oldugu sdylenebilir. Su kaynaklarinin yetersiz oldugu sartlarda ise %67
diizeyinde su uygulanan S, konusunun (Carisma-V;), verim ve WUE agisindan uygun olacadl sonucuna
varilabilir.

Anahtar Kelimeler: Pamuk; Kisintili sulama; Su kullanim randimani; Verim azalma orani

Response of different cotton cultivars to water stress on water-yield relations under drip irrigation
conditions in Aydin Plain

Abstract

In order to observe the effects of deficit irrigation on water-yield relations and water use efficiency of Carisma (V1),
Candia (V2) and Gloria (V3) cotton cultivars, a field trial was conducted in year 2018 at the Aydin plain conditions.
The trial was designated in randomized complete block design with two factors and three replications. In the trials,
irrigation water was applied to cotton cultivars using drip irrigation method as 100%, 67%, 33% and 0% of
evaporation from Class A Pan corresponding to 8-day irrigation frequencies. The applications of water
significantly affected raw cotton yield. The seasonal water use of cotton varled between 206 and 826 mm
according to cultivars. The average raw cotton yield varied from 187-630 kg da The highest average raw cotton
yield was obtained from S; treatment (Carisma-V1) as averaging 630 kg da™. It was determined Carisma (Vo)
cultivar performed higher yields than Candla (V2) and Gloria (V3) Average water use efficiency (WUE) values
varied between 0.735 and 1.134 kg m™. Yield response factor (ky) was found to be 0.75 for Carisma (V1) 0.80 for
Candia (V2) and 0.78 for Gloria (Vs). It may be concluded that the treatment which gave the best performance
whether for water saving or for high WUE was treatment S; (Carisma-V1) when the water was abundant. In the
case of water scarcity, S, (Carisma-V,) treatment resulted in reasonable yield and WUE.

Keywords: Cotton; Deficit irrigation; Water use efficiency; Yield response factor

1. Giris yeraltt su kaynaklarinin giderek marjinal hale

gelmesi, sulama suyuna olan ihtiyacin 6nemini
Gunimlz teknolojilerindeki gelisimle beraber bir kat daha artirmigtir. Bu durum tarimda
yeni alanlarin sulamaya acilmasi, mevcut kullanilan temiz su kaynaklarinin daha dogru ve
sulanabilir  alanlarda birden fazla Urin etkin kullanimini éne c¢ikarmaktadir. Ozellikle
yetigtiriciliginin giderek artmasi, yerlsti ve Ege Bodlgesi gibi sulama sezonunda su
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kaynaklarinin  ¢ogunlukla yetersiz  oldugu
kosullarda sulama suyunun kontrolll bir sekilde
uygulanmasi 6nem kazanmaktadir.

Pamuk vyetistiriciliginde lif verimini ve kalitesini
belirleyen faktorlerin basinda yeterli sulama
gelmektedir. Diger  kultur  bitkileri ile
karsilastirildiginda pamuk (Gossypium hirsutum
L.), sicaklik ve su stresine karsi oldukca
toleranslidir. Ancak; olusan kurakhgin siresine
ve kurakligin meydana geldigi déneme bagli
olarak pamukta katld verimi azahsi %70-80
oraninda gerceklesebilir. Gelecekte ortaya
cikacak kurakhgin da etkisiyle bu agigin daha
da artmasi beklenmektedir. Bu nedenle, verim
kaybinin 6nlenmesi igin alinacak tedbirler
arasinda, kurakliga dayanikl pamuk gesitlerinin
ekilmesi ve uygun sulama programinin
belirlenmesi ilk sirada yer almaktadir. Cesitli
islah galismalari ile verim kapasitesi yiiksek ve
kuraklik stresine dayanikli pamuk cesitleri
geligtiriimis  bunlarin ovadaki ekim alanlari
giderek yayginlasmistir. Ancak bu cgesitlere
iliskin uygun sulama programi yeterli diizeyde
degildir. Genel olarak su kaynaklarinin kit
oldugu kosullarda vyetigtirilen pamuk cesitleri
icin damla sulama ydntemi kullanilarak sulama
suyunun etkin kullanildigi uygun sulama
programlarinin  yapilmasi zorunludur. Ancak
diger bolgelerde oldugu gibi Ege Bdlgesinde
ozellikle Aydin kosullarinda pamuk
yetigtiriciliginde yaygin olarak ylizey sulama
yontemleri uygulanmaktadir. Bu tir sulama
yontemlerinde su kayiplarinin fazla olmasi
nedeniyle genelde sulama randimani dusuk
olmaktadir.

Kuresel iklim degisikligi ile birlikte, daha 6énce
yapilan calismalarda da belirtildigi gibi kurak
periyodun baglamasi ile birlikte Turkiye'de
kurakliktan en fazla etkilenecek bdlgeler
arasinda Ege ve Glneydogu Anadolu Bélgeleri
bulunmaktadir (Turkes, 2008). Buna karsin
Turkiye’deki pamuk Uretimimizin yaklasik %78’
Glineydogu Anadolu Bolgesi (%50) ve Ege

Bolgesinde (%28) gergeklestiriimektedir.
Dolayisiyla gelecekte ortaya ¢ikacak
kurakliktan  Turkiye’de vyetistirilen endustri

bitkileri icerisinde pamuk ilk sirayl alacaktir
(isotgu ve Basal, 2016). Toprak nem kosullarina
karsi oldukga duyarli olan pamuk bitkisinin su
ihtiyaci, iklim kosulari, gelisme doénemi ve
toprak Ozelliklerine bagh olarak degisim
gostermektedir. Bu durum, su ihtiyacinin dogal
yagislarla karsilanarak yetistirildigi boélgelerde
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bile, kritik dbénemlerde sulamanin oldukga
yararli oldugu ortaya konmustur. Bu nedenle,
yazlik bitkilerden olan pamugun sulanmasi,
yetistirilen bolgenin iklim &zellikleri ne olursa
olsun, en temel ihtiyaglarindan biri haline
gelmistir. Bitki su isteklerinin belirlenmesi icin
yapilan arastirmalar, sulu kosullarda yetistirilen
pamuk bitkisinde susuz kosullarda yetistirilene
oranla 3-4 kat daha fazla verim elde edildigini
ortaya c¢ikarmistir. Sulama zamani ve suyun
verilis bigiminin de pamuk bitkisi igin oldukga
6nemli oldugu da bu konuda vyapilan
arastirmalarda belirtiimis, fazla su
uygulamasinin da verim azalmasi ve topragin
¢oraklasmasi gibi olumsuz sonuglar dogurdugu
belirlenmistir (TGzel ve Ul, 2003; Doorenbos ve
Kassam, 1979). Tum bu sonuglar pamukta
sulamanin ne kadar o6nemli oldugunun bir
gOstergesidir.

Pamugun Turkiye'deki ekim alani yillara goére
degismekle 420 ile 700 bin ha, lif Gretimi ise
ortalama olarak 380 ile 850 bin ton arasinda
degismektedir. Pamuk ekim alanlarinin
azalmasi ile Turkiye, baslica pamuk ithalatgisi
Ulkelerden biri konumuna gelmistir. Tarkiye, her
yil 700-850 bin ton pamuk ithal etmekte ve
bunun karsihdr olarak yillara gére degismekle
birlikte buyuk  miktarda  déviz  kaybi
yasanmaktadir (Iisotcu ve Basal, 2016). Tim
yukarida belirtilen nedenlerden dolayr pamuk
ekimi Ulkemiz kosullarinda tesvik edilmeli;
Ozellikle damla sulama uygulamalari ve buna
bagh sulama programlari bdlge kosullari igin
yayginlagtiriimahdir. Buna goére ele alinan
calismanin temel amaci; bdlgemizde en fazla
ekim alanina sahip Carisma (V,), Candia (V,)
ve Gloria (V3) pamuk cesitleri icin damla sulama
yontemi ile uygun sulama programini
olusturmak; su-verim iligkilerini ve su kullanim
etkinligini incelemektir.

2. Materyal ve Yontem

Bu calisma, Aydin Adnan Menderes
Universitesi, Ziraat Fakdltesi, Guney
Kampisi’'ndeki Arastirma ve  Uygulama
Ciftliginde tarla kosullarinda yUrutilmastar.

Deneme alani konum itibariyle Asagi Buyuk
Menderes Havzasi’'nda, 37°51’ kuzey enlemi ile
27°51’ dogu boylami (izerinde yer almaktadir
(Anonim, 1995). Aydin bdlgesinde tipik Akdeniz
iklimi gorulmekte olup uzun yillar ortalama
yagis miktari 645.1 mm’dir. Bolgeye yillik yagis
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miktarinin  blydk bir bélimi kis aylarinda
diser. Bolgede yagis ortalamasinin yaklasik %
51.45'i kis, %24.79'u ilkbahar, %21.671’i
sonbahar ve %3.04'G yaz mevsimlerinde
goralir. Uzun yillar ortalama sicaklik degeri en
dislk Ocak ayinda 8.2°C, en yuksek Temmuz
ayinda 28.4°C olarak tespit edilmigtir. Ortalama
nispi nem %61.2 civarindadir (Anonim, 2018).
Arastirma alaninda, degisik toprak
katmanlarindan alinan  6érneklerin  sulama
acisindan 6nemli bazi analiz sonuglari Cizelge
1’de verilmistir. Cizelge 1 incelendiginde
arastirma alani topraklari blinye agisindan orta
blnyelidir. Deneme alani  topraklarinin
katmanlara gére hacim agirlik degerleri 1.35-
1.52¢ cm™® arasinda degismistir. Arastirma
alani topraklarinin yapilan verimlilik analizlerine
goére topraklarin toplam tuz igerikleri %0.015
gibi olduk¢a distk olarak belirlenmistir. Toprak
katmani %11.40 oraninda kire¢ icermektedir.
Bunun nedeni, topraklarin ana materyallerinin
kiregli yorelerden tasinarak birikmis olmalaridir.
Diger taraftan deneme alani topraklarin organik
madde igerigi de %1.05'dir (Aksoy vd., 1998).
Arastirmada kullanilan sulama suyu sinifi, C3S;
olarak belirlenmistir. Arastirma materyali olarak
yuksek verim potansiyeline sahip Carisma,
Candia ve Gloria pamuk cgesitleri kullaniimistir.
Arastirma, 2018 yilinda tesaduf bloklari
deneme desenine gore 3 tekerrtrli ve iki

faktorli olarak kurulmus ve yiratdlmastir.
Olusturulan bir deneme parseli 8.0 x 4.2 m (6
sira) olmak Uzere toplam 33.60 m?lik bir alan
kaplamaktadir. Bir deneme parselindeki bitki
sira araligi 0.70 m, sira uzeri ise 0.20 m’dir.
Calismada, sizma gegislerini dnlemek amaciyla
birakilan bosluklar, blok aralarinda 3 m, parsel
aralarinda ise 2 m olarak belirlenmistir. Sulama
zamanlarinin belirlenmesinde A sinifi
buharlagsma kabi yontemi uygulanmistir. Aydin
yoresinde Dagdelen vd. (2005) tarafindan
pamukta farkli sulama yontemlerinin etkisinin
belirlenmesi amaciyla yaptiklari ¢alismada, A
sinifi buharlasma kabindan %100 buharlagsma
oldugu kosulda, 8 gin sulama aralidina sahip
uygulamada en yiksek pamuk verimini elde
etmislerdir. Calismadan elde edilen veriler
dikkate alinarak sulama programi olusturulmus,
sulama duzeyleri ve sulama araligi degerleri
buna goére belirlenmistir. Bu kapsamda;
c¢alismada 4 farkli sulama dizeyi (WLjg: 1.00;
WLg7: 0.67, WLas: 0.33; WLy yagisa dayali
konulari G¢ vyinelemeli olarak yurGtGimagstar.
Calismada yer alan WLqo: 1.00 (WLjq) sulama
dizeyi konularina sulama suyu eksiksiz
uygulanmig; diger konulara ise %67; %33 ve
%0 oraninda sulama suyu uygulanmistir. Buna
gbre sulama diuzeylerine gére isimlendirilen
sulama konulari simgeleri Cizelge 2'de
verilmigtir.

Cizelge 1. Arastirma alani topraklarinin bazi fiziksel 6zellikleri

Profil .. N Hacim Tarla Devamli solma Kullanilabilir su

derinligi Bunye dagiimi (%) Biinye sinifi ag.mga. kapasitesi* noktasi* tutma kapasitesi
(cm) Kum Kil Silt (gcm™) (%) (mm) (%) (mm (%) (mm)
0-30 584 13.6 28.0 KumluTinh 1.35 23.1 93.5 10.1 40.9 13.0 52.6
30-60 56.4 13.6 30.0 Kumlu Tinh 1.45 22.9 99.6 9.4 40.8 13.5 58.8
60-90 68.2 13.6 19.2 Kumlu Tinh 1.52 18.4 83.9 7.3 33.2 11.1 50.6
90-120 49,7 175 32.0 Kumlu Tinh 1.50 20.3 91.3 7.2 32.3 13.1 59.0

*: Kuru agirlik yizdesi

Cizelge 2. Arastirmada gesitler gére olusturulan sulama konulari

Cesitler Sulama diizeyleri(%) Konu simgeleri
WlL100 S:
. WLe7 S
Carisma Wl S
WLo Sa
WL100 T1
. WL67 T2
Candia Wlas T
WLo Ta
WlL100 K1
. Wls7 Ko

Gl

oria Wias Ks
WLo Ka

66



Dagdelen vd. | Derim 36(1):64-72

Sulama suyu hesabl, esaslari Kanber (1984)'de
verilen agik su ylzeyi buharlagsmasi ydntemi
kullaniimistir.

V=P XxAXEpnXxWL (1)
Esitlikte, V, parsele uygulanan sulama suyu (L),
A, parsel alani(m?), Epn, 8 glin sulama
araligindaki birikimli Class A Pan buharlagsma
miktari (mm), WL, sulama duzeyi, P, islatilan
alan %’sidir. Calismada islatilan alan ylizdesi
sira ve capa bitkileri i¢cin %100 alinmigtir
(Sezen vd., 2011). Denemede ilk sulama, etkili
bitki kék bolgesi derinliginde, kullanilabilir su
tutma  kapasitesinin %401 tiketildiginde
yapillmis ve parsellere nem agigini kapatacak
dizeyde sulama suyu uygulanmistir. Ardisik
sulamalar ise 8 giin sulama araliginda olusan
toplam buharlasma degerleri dikkate alinarak

yapilmistir. Calismada mevsimlik bitki su
tiketimi degeri, toprak su dengesi esitligi
yardimiyla hesaplanmistir (James, 1988).

ET=1+P+AS -DP-R (2)

Esitlikte; ET: Bitki su tdketimi (mm); I
Uygulanan sulama suyu miktari (mm); P: Yagis
(mm); DP: Derine sizan su miktari (mm); R:
Yizey akis miktari (m); AS: Sulama araliginda
etkili kok bolgesindeki toprak suyunda meydana
gelen degisim miktari (mm)’dir. Howell ve Hiler
(1975)’in  belirledigi su kullanim randimani
(WUE) ve sulama suyu kullanim ranimanini
(IWUE) esitlikleri kullaniimistir.

WUE = ~

o7 3

Y
IWUE = T (4)
Esitliklerde; WUE: Toplam su kullanim

randimani (kg m®); Y: Kitlii verimi (kg da™);
ET: Bitki su tiketimi (mm); IWUE: Sulama suyu
kullanim randimani (kg m'3); I:  Uygulanan
sulama suyu (mm)’dir.

Calismada, oransal su tuketimi azalisina karsi
oransal verim azaliginin bir goéstergesi olan
verim tepki oraninin belirlenmesinde Stewart
modeli kullaniimistir (Doorenbos ve Kassam,
1979).

(1 - :—:) =k, (1 - %) )
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Esitlikte; Y.: Kisintili su kosullarindaki gergek
verim degeri (kg da®); Ym: Tam sulama
kosullarindaki maksimum verim degeri (kg da™);
ET.: Kisintil su kosullarinda gergek bitki su
tiketimi (mm); ET,: Tam sulama kosullarinda
maksimum mevsimlik su tdketimi (mm); k:
Verim tepki etmenidir.

Deneme alanina pamuk tohumlari mibzer ile
sira arasi 70cm olacak sekilde ekilmistir.
Parsellerde ilk gapayla birlikte seyreltme islemi
yapiimistir. Daha sonra parsellerde ikinci
capayla birlikte tekleme yapilarak sira Uzeri
mesafeler yaklasik 20 cm birakilmistir. Boylece
bir deneme parselinde birakilan bitki sayisi
toplam 240'dir. Deneme parsellerinde ilk
glbreleme ekimle birlikte 40 kg da™ (15-15-15)
NPK giibresi seklinde uygulanmistir. ikinci
capalama ile birlikte bitki sira aralarina toprak
altna  %33’litk amonyum nitrat  glbresi
25 kg da™ olacak sekilde atilmistir. Parsel kiitlii
verimleri  hasat ddéneminde, parsellerin
ortasinda bulunan iki siradaki bitkilerden elde
edilmistir. Bu asamada hasat islemi elle
yapilmistir.  Sulama  konulari  arasindaki
farklilklar belirlemek amaciyla varyans analizi
yapilarak, bu farkhliklarin  siniflandiniimasi
Acikg6z vd. (1994 )teki gibi LSD testi yardimiyla
yapilmigtir.

3. Bulgular ve Tartisma

2018 yilinda, gelisme dénemi boyunca deneme
parsellerine verilen toplam sulama suyu
miktarlarina baglh olarak; mevsimlik bitki su
tuketimi degerleri, kutld verimi ve su kullanim
randimani  degerlerinde  meydana gelen
farklilklar Cizelge 3’de verilmigtir. Farkli
cesitlere gbére sulanan konulara uygulanan
sulama suyu miktarlari 211-638 mm arasinda
degismistir. Deneme yilinda gelisme donemi
suresince konulara 8’er kez sulama suyu
uygulanmistir. Deneme konularina ilk sulama
11.07.2018 tarihinde; son sulama ise
05.09.2018 tarihinde yapilmistir. En yUksek
sulama suyu %100 dizeyinde sulama suyu
uygulanan (S;; T; ve K;) Kkonularina
uygulanmigtir. Konunun bu &zelligiyle birlikte
arastirmadan en yiksek verim ve bitki su
tiketimi degeri bu konudan elde edilmigtir. A
sinifi buharlasma kabindan faydalanilarak sabit
sulama araliginda (8 giin) konulara su
uygulandigindan %100 konularina (S;, T, ve Ky)
esit miktarlarda su uygulanmistir.
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Cizelge 3. Deneme parsellerine verilen toplam sulama suyu miktarlari; mevsimlik bitki su tuketimi degerleri ile

katld pamuk verimi ve su kullanim randimani degerleri

Uygulanan Mevsimlik bitki Katli pamuk Su kullanim Sulama suyu kullanim
Konular sulama suyu su tiketimi verimi randimani-WUE randimani-IWUE
(mm) (mm) (kg da™) (kg m?) (kg m®)
S1 638 826 630 0.762 0.987
Sy 427 624 578 0.925 1.352
Ss 211 414 470 1.134 2.234
Ss - 210 204 0.971 -
T1 638 786 601 0.765 0.942
T2 427 620 522 0.841 1.220
Ts 211 421 446 1.059 2.116
Ta - 209 197 0.944 -
K1 638 795 585 0.735 0.917
Kz 427 622 502 0.806 1.174
Ks 211 410 440 1.071 2.088
Ka - 205 187 0.906 -
Diger taraftan her lg cesitte de gelisme donemi ve uygulanan sulama programindan

boyunca S; T; ve K; konularina uygulanan
suyun %67’si oraninda sulama suyu alan S,, T,
ve K, konularina 427 mm ve %33’U0 oraninda
sulama suyu alan Si, Tz ve Ks konularina ise
211 mm sulama suyu uygulanmigtir. Calismada
en az bitki su tiketimi degerleri yagisa dayali
konulardan (S;, T4 ve K,;) elde edilmistir. Bu
degeri gelisme doénemi boyunca tam sulama
suyu uygulanan konulara verilen suyun %33’U
dizeyinde su alan S; Tz ve K; konulari
izlemigtir. Bu konulardan sirasiyla 414 mm,
421 mm ve 410 mm su tiuketimi degerleri elde
edilmistir. Her ¢ pamuk gesidinde en yliksek
mevsimlik bitki su tlketimi degerleri gelisme
mevsimi boyunca tam sulama suyu uygulanan
S;, T1 ve K; konularindan sirasiyla 826 mm,
786 mm ve 795 mm olarak elde edilmigtir.
Mevsimlik bitki su tluketimi degerleri oransal
olarak incelendiginde, tim konularda farkhliklar
meydana geldigi gézlenmektedir. Her bir cesit
altinda %33 duzeyinde su kisintisi uygulanan
S, T, ve K, konularindan sirasiyla %24.5,
%21.2 ve %21.8 oraninda su tiketimi azalmasi
elde edilirken; %67 duzeyinde su kisintisi
uygulanan Sz T; ve Kz konularindan sirasiyla
%49.9, %46.5 ve %48.4 oraninda su tlketimi
azalmasi elde edilmistir. Farki bdlgelerde ve
farkli sulama yontemi kullanilarak olusturulan
programlara goére ydrutilen arastirmalarda
belirlenen bitki su tuketimi degerleri farklihk
gOstermistir (Yazar vd., 2002; Ertek ve Kanber
2003; Dagdelen vd., 2006; Ibragimov vd., 2007,
Dagdelen vd., 2009a; Basal vd., 2009; Sobrinho
vd., 2015; Akgay ve Dagdelen, 2017).
Calismamizdan elde edilen mevsimlik bitki su
tiketimindeki  farkhliklar, yukarida verilen
calismalarin Ozelliklerine benzer sekilde ekoloji
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kaynaklandigi sOylenebilir.

Arastirma konularindan elde edilen kutld
verimleri degerlerine bakildiginda, her ug¢
pamuk cesidinde de S; T, ve K; konularindan
en yiksek mevsimlik bitki su tiketimi degerine
karsilik en ylksek katli verimleri elde edilmistir.
En ylksek kutli verimi; gelisme dénmelerinde
su kisintisinin  uygulanmadigi  konularindan
ortalama 630 kg da™; 601 kg da™ ve 585 kg da™
olarak elde edilmistir. En disUk Katli verimi ise
yagisa dayal konulardan (S4, T, ve K,;) elde
edilmistir. Diger sulama konularindaki kutld
verim degerleri bu iki deger arasinda degisim
gOstermistir.

Sulama konularina goére katli  verimleri
arasindaki farkliliklar tespit etmek icin varyans
analizi yapilmis ve sonuglar Cizelge 4'de
verilmigtir.  Anilan  cizelge incelendiginde,
cesitler ve sulama duizeyleri p<0.01 seviyesinde
anlamli bulunmustur. Bununla birlikte deneme
yilinda gesit x sulama dizeyi interaksiyonu da
Onemsiz cikmistir. Kutli verimindeki farkhhgin
meydana geldigi cesit ve sulama dizeylerini
saptamak amaciyla LSD testi yapilmistir. Buna
gore sonuglar cesit acisindan incelendiginde
birinci grubu Carisma (V,) olustururken ikinci ve
Uclncu grubu Candia (V,) ve Gloria (V3) cesidi
olusturmustur. Ayni gizelgeden sonuglar sulama
dlzeyi agisindan incelendiginde ise 4 farkl
grup belirlenmistir. Birinci grubu tim gelisme
dénemi boyunca tam sulama suyu uygulanan
%100 konulari olustururken; bunu %67 ve %33
diizeyinde sulama suyu uygulanan konular
olusturmustur. Yagisa dayali %0 konusu ise

son grubu olusturmustur.
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Cizelge 4. Arastirma konularina gére olusan kutli verim (kg da'l) degerlerinin varyans analizi ve LSD testi

sonuglari
Carisma 470.4 a
Cesit Candia 441.3b
Gloria 428.4 b
F degeri(C) **
LSD % 5 21.128
%100 605.4 a
Su dii . %67 533.7b
u duzey! %33 451.8 ¢
%0 196.0d
F deQerl(SD) *k
LSD % 5 24.396
CxSD O.D.

*P< 0.05; *P< 0.01; O.D.: Onemli degil; LSD testine gére % 5 diizeyinde olugan gruplar farkh harfler ile verilmistir.

Arastirma sonuglari incelendiginde, pamuk
verim degerleri ile ilgili elde edilen sonuglarin
farkli sulama programlari ile ilgili yapilan
calismalardan elde edilen sonuglarla benzerlik
gosterdigi ortaya ¢ikmistir. Bolge kosullarinda
olugan farkliliklar, uygulanan sulama programi
ve segilen gesitler dikkate alindiginda; sulama
suyu tasarrufunun etkin olarak saglandigi
calismalarda su sonuglar elde edilmigtir:
Dagdelen vd. (2005), Aydin kosullarinda damla
sulama yéntemiyle sulanan pamukta, en ylksek
verimin A sinifi buharlasma kabindan meydana
gelen buharlasma miktarinin ~ %100’Gniln
topraga verildiginde ortaya ¢iktigini belirtmigtir.
Yazar vd. (2002) tarafindan Harran ovasinda
pamukta LEPA ve damla sulamanin
kullanilabilirligini belirledikleri ¢galismada ise bu
sistemlerin ylzey sulamaya oranla daha etkin

kullanim  olanaklarinin  oldugunu ve bu
yontemler sayesinde sulama  suyundaki
kayiplarin ortadan kaldirnlabilecegini

vurgulamiglardir. Dagdelen vd. (2009a), 2004-
2005 yillarinda Aydin kosullarinda yurutulen bir
calismada farkli su seviyelerinin su kullanim
randimanlar ve lif kalite parametreleri Gzerine
etkilerini belirlemiglerdir. Arastirmacilar ¢calisma

sonucunda mevsimlik  bitki su tiketimi
degerlerini  256-753 mm arasinda, ortalama
katli  pamuk verimi  degerlerini  2550-

5760 kg hat arasinda, su kullanim randimani
degerlerini ise 0.76 ile 0.98 kg m? arasinda
belirlemiglerdir. Cave (2013), dort farkh sulama
seviyesinde (%0, %30, %60, %90) pamuk
cesitlerinin  tepkilerinin saptanmasi amaciyla
Teksas kosullarinda iki yil ve iki lokasyonda
deneme yapmislardir. iki lokasyonda da sulama
seviyelerinin artisiyla birlikte veriminde ayni
dogrultuda arttigi, genotip x sulama seviyesi
interaksiyonunun énemsiz oldugu saptanmistir.
Akcay ve Dagdelen (2017), Carmen (geggi) ve
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Ozbek (erkenci) pamuk gesitleri ile bir galismayi
2010-2011 yillari arasinda, Adnan Menderes
Universitesi Ziraat Fakiiltesi Arastirma ve
Uygulama Ciftligi arazilerinde yuritmuslerdir.
Calisma sonucunda; cesitlere gére mevsimlik
bitki su tiketimi 331-774 mm arasinda
bulunmustur. Ortalama kitli verimi ise 430.5-
642.6 kg da™® arasinda belirlerken en yuksek
verimi su kisitt uygulanmayan S; (Carmen)
konusundan saglanmislardir.  Arastirmacilar
ortalama WUE degerlerini 0.83-1.26 kg m?
arasinda hesaplamiglardir.  Kisith  sulama
uygulamalarinin  verimde neden  oldugu
disUsler arasindaki farkin, farkh cgalismalarda
kullanilan  genotiplerin  veya  galismanin
yurataldiga gevre kosullarinin farkli olmasindan
kaynaklanmig olabildigi distndlmektedir.
Yukarida belirtilen sonuglara gére, hem cesit
hem de uygulanacak su dizeyinin pamuk kutld
verimi  Uzerinde 6nemi oldugu ortaya
cilkmaktadir. Bdlgede sulama suyu Kkisitinin
olmadidi kosullarda, katli verimi agisindan en
uygun sulama programinin Carisma (V)
cesidinde %100 sulama suyu verilen (S1)
konusu oldugu sonucuna variimistir.

Cizelge 3'de goruldigu gibi sulama konulari
agisindan  bakildiginda WUE ve IWUE
degerlerinde bir degisim meydana gelmigtir.
WUE ve IWUE degerleri deneme yilinda
Carisma (V;) ¢esidinde Candia (V;) ve Gloria
(Vs) cesitlerine goére daha ylksek belirlenmisgtir.
Her Ug¢ cesitte de en diasik WUE ve IWUE
degerleri S; T, ve K; konularindan elde
edilmistir. Buna gbre, deneme yilinda cesitlere
gore WUE degerleri 0.735-1.134 kg m™
arasinda degisirken, IWUE degerleri ise 0.917-
2.234kgm™ arasinda degismistir. Calismada
deneme konularina verilen su miktari arttikca
sulama suyu kullanim randimani (IWUE) degeri
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azalmis buna karsin su kullanim randimani
(WUE) degeri ise artmistir. En yiksek WUE, S,
konusundan 1.134 kg m™ olarak elde edilmistir.
Bunu sirasiyla T; ve Kz konulari izlemistir. Buna
gére su tasarrufu acisindan S; T3 ve Kj
konularinin birim suyu daha etkin kullandigini
sOylemek muimkindir. Ancak bu kosulda
yapilan su kisintisi ile verimde c¢esitlere gore
sirasiyla %25.4; %26.0 ve %24.9 oraninda ciddi
olabilecek azalmalar gergeklesmistir. Diger
taraftan verimdeki azalmalari daha disuk kilan
ve %33 oraninda su tasarrufu saglayan S, T,
ve K, konulari verim azalmasi agisindan 6ne
ctkmaktadir (Cizelge 3). Buna gére uygulanan
su tasarrufu ile S, T, ve K, konularindan
sirasiyla %8.3, % 3.3 ve %14.3 verim azalmasi
gerceklesmis olup burada verim azalmasi en az
olan konu Carisma (Vi) ¢esidinde %67
diizeyinde sulama suyu uygulanan S, konusu
olarak belirlenmistir.

Farkli sulama konularindaki bitki su tiketim
degerleri ve kitli verimleri arasindaki iligki Sekil
1’de verilmistir. Buna go6re, her ¢ gesit de
incelendiginde, bitki su tiketimi ve katli verim
degeri arasindaki iligki istatistiksel agidan ikinci

derecede 6nemli (polinomiyal) (P<0.01) olarak
bulunmustur. Pamuk bitkisi ile yUrGtilen
calismalarda ©6rnedin, Yazar vd., (2002);
Dagdelen vd. (2006); Dagdelen vd. (2009a)'da
benzer sonuglar elde etmislerdir.

Gelisme ddénemindeki su eksikliginin verime
etkisinin belirlenmesinde kullanilan bir 6lgit
olan verim tepki etmeni (k,), sulama
planlamasinda olduk¢ga buylk bir ©6neme
sahiptir. Bu degerler, arastirma alani igin
siraslyla 0.75 (Carisma V,); 0.80 (Candia V,) ve
0.78 (Gloria V3) olarak saptanmistir (Sekil 2).
Diger bazi arastirmacilar tarafindan bulunan
verim tepki etmeni degerleri Doorenbos ve
Kassam (1979) 0.84; Yazar vd. (2002) 0.89;
Dagdelen vd. (2009b) 0.78 olarak belirlenmistir.

4. Sonug

Farkli  cesitlere gbére sulanan konulara
uygulanan sulama suyu miktarlari 211-638 mm
arasinda degisim gostermistir. Deneme yilinda
gelisme dénemi boyunca konulara 8’er kez
sulama suyu uygulanmistir.

700
—— _—— 'o
600 - Y =-0.0013x2 + 1.9885x- 152.03
R2 = 0.99** (Carisma) ~. A
"

500 -
—~ Y =-0.001x2 + 1.6661x- 100.65
) e ke H
B 400 - R? = 0.98*" (Candia)
2
€
= 300 -
=
2
5
200 - © Carisma

Y =-0.001x2 + 1.6607x- 100.97 B Candia
100 - R? = 0.96* (Gloria)
A Gloria
0 T T T T
0 200 400 600 800 1000

Bitki su tiketimi (mm)

Sekil 1. Pamuk kitlG verimi ile mevsimlik bitki su tiketimi iligkisi
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1-ETa/ETm
0,8 0,7 0,6 0,5 0,4 0,3 0,2 0,1 0
1 1 1 1 1 1 1 1 0
© 0.1
ky =0.75
R2 = 0.8587 (Carisma) - 0,2
- 0,3
=
ky = 0.80 04
R2 = 0.9167 (Candia) -
- 0,5
~ ky =0.78
R2 = 0.8922 (Gloria) oCarisma || 06
¥ EmCandia || 0.7
AGloria
0,8
Sekil 2. Oransal su tuketimi agidi ile oransal verim azaligi iligkisi
En ylksek sulama suyu, %100 duzeyinde belirlenmistir. ~ Arastirmada  cegitlere  gore

sulama suyu uygulanan (S; T, ve K; )
konularina uygulanmigtir. Mevsimlik bitki su
tuketimi degerleri, arastirmada ele alinan
sulama  programlarina ve  arastirmanin
uygulandigi yillara gére degisim gostermistir.
Her G¢ pamuk cesidinde en yiiksek mevsimlik
bitki su tiketimi degerleri gelisme mevsimi
boyunca tam sulama suyu uygulanan S; T, ve
K; konularindan sirasiyla 826 mm, 786 mm ve
795 mm seklinde olmustur. Her (¢ pamuk
gesidinde yer alan konulardan S; T; ve K;
konularindan en yuksek mevsimlik bitki su
tiketimi degerine karsilik en yiksek kutld
verimleri elde edilmistir. En ylksek verim
gelisme dénmelerinde su kisitinin
uygulanmadigi konularindan ortalama
630 kg da™’; 601 kg da™’ ve 585 kg da™ olarak
elde edilmistir. En duguk kutli verimi ise hi¢ su
uygulanmayan S,, T4 ve K, konularindan elde
edilmigtir. Diger sulama konularindan saptanan
ktli verimleri bu iki deger arasinda degismistir.

Deneme yilinda cesitlere gére WUE degerleri
0.735-1.134 kg da® mm™ arasinda degisirken,
IWUE degerleri ise 0.917-2.234 kg m* arasinda
degismistir. WUE ve IWUE degerleri deneme
yillinda Carisma (V;) c¢esidinde Candia (V,) ve
Gloria (V3) c¢esitlerine goére daha ylksek
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mevsimlik ortalama verim tepki etmeni (k)
sirasltyla 0.75 (Carisma); 0.80 (Candia) ve 0.78
(Gloria) olarak saptanmistir. Son olarak, bitki
yetisme mevsimi boyunca bitki su ihtiyacinin
tam olarak karsilanmasi pamuk kutli verimini
arttirmada oldukga Onemli bir role sahiptir. Su
kaynaginda bir kisit uygulanmasi gerekliligi s6z
konusu oldugunda sadece % 33 dizeyinde su
tasarrufu saglayan (S,) konunun
uygulanabilirligi ortaya c¢ikmistir. Ancak kutli
verimi kosullari s6z konusu oldugunda en
uygun sulama programinin bdlgede sulama
suyu kisitinin olmadigi Carisma (V;) cesidi
kullanilarak tam su uygulanan (S;) konusu
oldugu belirlenmistir. Bu durum, pamuk ktll
veriminin hem uygulanacak su duzeyi hem de
kullanilacak bitki gesidine bagl olarak degisiklik
gOsterdigi sonucunu ortaya ¢ikarmistir.
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Nohut dinyanin birgok Ulkesinde yetistirilen iyi bir karbonhidrat ve protein kaynagidir. Bu ¢alismada, Yozgat
kosullarinda yetistirilen 25 nohut hat ve c¢esidinin mineral madde icerigi belirlenmistir. Deneme tesaduf bloklar
deneme desenine gore 2011 yilinda Ug tekerrlrli olarak yuritilmistir. Yapilan varyans analizi sonucunda
incelenen elementler bakimindan cesitler arasmda istatistiki olarak 6nemli farklar bellrlenmlstlr Cesitlerin
ortalama potasyum (K) icerigi 7314.3-9980.1 mg kg fosfor (P) |Qer|g| 1969.9-3705.3 mg kg kikart (S) icerigi
1417.2-2224.6 mg kg, kalsiyum (Ca) igerigi 963 1- 1908 4 mg kg™, magnezyum (Mg) |<;er|g| 844 2-1267.2 mg kg
! sodyum (Na) icerigi 403.2-1027.2 mg kg , cinko (Zn) icerigi 14.2- 23.8 mg kg™ v demir (Fe) icerigi 37.5-
79.1 mg kg bor (B) icerigi 7.1-12.9 mg kg, mangan (Mn) icerigi 10.9-23.2 mg kg™ve bakir (Cu) igerigi 5.58-
8.22 mg kg arasinda degismigtir. Qall§mada Gokge ve 63-C genotipleri incelenen bitiin mineral maddeler
bakimindan ortalamanin Ustiinde degerlere sahip olmustur. Ayrica korelasyon analizine gére potasyum ile kiikirt
hari¢ diger tim elementler arasinda istatistiki olarak énemli ve pozitif iligki belirlenmistir.

Anahtar Kelimeler: Korelasyon; Mineral madde; Nohut; Yozgat
Determination of mineral content of chickpea varieties and lines grown in Turkey

Abstract

Chickpea is a good source of carbohydrates and proteins grown in many countries of the world. In this study, the
mineral content of 25 chickpea cultivars grown under Yozgat conditions were determined. The experiment was
carried out in randomized complete block design with three replications in 2011 year. As a result of analysis of
variance, significant differences have been determined among the varieties in terms of all the properties
examined. Potassium (K) content of the varieties varied between 7314.3-9980.1 mg kg phosphorus (P) contents
between 1969.9-3705.3 mg kg, sulfur (S) contents between 1417.2-2224.6 mg kg , caIC|um (Ca) contents
between 963.1-1908.4 mg kg magnesium (Mg) contents between 844.2- 1267 2mg kg sodium (Na) contents
between 403 2-1027.2 mg kg zinc (Zn) contents between 14 2-23.8 mg kg iron (Fe) contents between 37.5-
79.1 mg kg v boron (B) contents between 7.1-12.9 mg kg , manganese (Mn) contents between 10.9 to
23.2 mg kg™ and copper (Cu) contents between 5.58-8.22 mg kg™. Gokge and 63-C genotypes had values above
average for all mineral contents examined. In addition, according to correlation analysis, a statistically significant
and positive relationship was determined between all elements except potassium and sulfur.

Keywords: Correlation; Mineral matter; Chickpea; Yozgat

1. Giris baklagiller icerisinde nohut dinyada 12 milyon
ton dretimi ile kuru fasulyeden (26 milyon ton)
Dunyanin bircok yerinde genellikle insan sonra ikinci sirada (FAO, 2016), Turkiye'de ise
beslenmesinde kullanilan nohut, yiiksek protein 470 bin ton dretimi ile birinci sirada yer
iceriginin yaninda esansiyel aminoasitler ve almaktadir (TUIK, 2017).
bazi mineral igerigiyle olduk¢a zengin ve
sindirilebilirligi ylksek (%76-78) olan yemeklik Nohut sicaga ve kuraga dayanikhhdi yaninda
bir baklagildir (Akgin, 1998). Yemeklik olarak fakir topraklarda da belli miktarda Urln
Ulkemizde 6nemli bir yeri olan nohut cerezlik verebilen bir bitkidir (Canci ve Toker, 2009).
olarak iglendiginde leblebi olarak da Yemeklik tane baklagiller icerdikleri besin
tiketiimekte ve bu 6zellidiyle leblebi ihracatinda maddeleri ve vitaminler sayesinde beslenme
o6nemli bir yere sahipti. Yemeklik tane acisindan bir¢cok gidanin 6nline geg¢mektedir.
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Ayrica yemeklik baklagiller énemli mineral
madde kaynagidirlar. Baklagiller ylksek oranda
mutlak  gerekli  aminoasitleri icermeleri,
kolesterol icermeyen, yag orani disuk, mikro
elementler ve vitaminlerce zengin olmasi gibi
bazi uUstin Ozelliklerinden dolayr gelismekte
olan Ulkelerinde yasayan milyonlarca insan igin
cok énemlidir. (Akgin, 1998).

Beslenmeye bagli mineral eksiklikleri dinya
genelinde Ug¢ milyardan fazla insanin saghigini
etkilerken, bebeklikten yetiskinlige kadar olan
tum gelisim asamalarinda hastaliklar ve
Olimlere neden olabilmektedir (Bailey vd.,
2015). Ogzellikle hamilelik sirasinda erken
dogumlara ve anne oélimlerinde artisa neden
olan, bebeklik ve erken g¢ocukluk déneminde
yetersizlik fiziksel bluylimeyi neden olan demir
eksikligi, dunyada iki milyar insani etkiledigi
tahmin edilmektedir (Benoist vd., 2008). Benzer
sekilde ginko eksikliginde de gebelik déneminde
ve dogumdan sonraki fiziksel biyimede énemli
hastaliklar goérilmektedir. Kalsiyum eksikliginde
rasitizm  hastaligi  goriimektedir.  Mineral
eksiklikleri siklikla mineral takviyeleri veya
takviye edilmis gidalarin beslenmede tiketimi

ile tedavi edilebilir (Miller ve Welch, 2013).
Ayrica baklagillerin diyabetli insanlar igin disuk
glisemik indeksi, doygunluk ve kanser
oénlemenin yani sira kardiyovaskuler
hastaliklara karsi da koruma sagladigi
bildirilmistir (Chillo vd., 2008). Bu c¢alismada,
Yozgat'ta 2011 yihinda 25 farkli nohut hat ve
cesidi yetistiriimis ve elde edilen tohumlarda
mineral madde icerikleri belirlenmistir.

2. Materyal ve Yontem

Calisma, Yozgat'ta giftci arazisinde 2011 yilinda
25 nohut hat ve g¢esidi ile yuratilmuastar.
Kullanilan ¢esitlerin isim ve tescil kuruluglari
Cizelge 1’de verilmistir. Aragtirma alaninin ekim
Oncesi 0-30 cm derinlikten alinan toprak
Ornekleri analiz edilip belirlenmis ve sonuglari
Cizelge 2'de verilmistir. Deneme alani
topraginin pH bakimindan orta alkali (7.6),
kirecli (%8.43), organik madde bakimindan
diisiik (%1.82), tuzsuz (0.12 mmhoscm™),
fosfor igeriginin orta (8.48 kg da-1) ve potasyum
iceriginin iyi (141.8 kg da'l) oldugu
belirlenmistir.

Cizelge 1. Denemede kullanilan genotiplerin isimleri ve tescil kuruluslari

Genotipler Tescil kurulugsu

Akgin-91 Tarla Bitkileri Merkez Arastirma Enstitist MadurlGga

Aksu Dogu Akdeniz Gegit Kusagdi Arastirma Enstitlisi Mudarligu
Aydin-92 Ege Tarimsal Arastirma Enstitist Madurlaga

Azkan Gegit Kusagi Arastirma Enstitiist Madurliga

Canitez-87 Gegit Kusagi Arastirma Enstitisi Madurlagi

Cevdetbey-98
Cagatay-2001
Damla-89
Diyar-95
Gokge
Gilimser
Isik—05

inci
isp+beyaz
izmir-92
Kismen-99
Menemen-92
Noyanbey-98

Ege Tarimsal Arastirma Enstitiisi Madurlaga
Karadeniz Tarimsal Arastirma Enstitisi Miduarligu
Karadeniz Tarimsal Arastirma Enstitisi Muduarlagu
GAP Uluslararasi Tarimsal Arastirma ve Egitim Merkezi MudurlGgu
Tarla Bitkileri Merkez Arastirma Enstitist MadurlGgu
Karadeniz Tarimsal Arastirma Enstitisi Miduarligi
Gegit Kusagl Tarimsal Arastirma Enstitisi Muduarliagu
Dogu Akdeniz Tarimsal Arastirma Enstitist MudarlGgu
Yerel

Ege Tarimsal Arastirma Enstitist Madurlaga

Tarla Bitkileri Merkez Arastirma Enstitist Midurltgu
Ege Tarimsal Arastirma Enstitist Madurlaga

Ege Tarimsal Arastirma Enstitist Madurlaga

Sari-98 Ege Tarimsal Arastirma Enstitlisi MadurlGga
TAEK-Sagel Tarkiye Atom Enerjisi Kurumu

Uzunlu-99 Tarla Bitkileri Merkez Arastirma Enstitiist MadurlGga
Yasa-05 Gegit Kusagl Tarimsal Arastirma Enstitisi Muduarlagu
18-C Hat

55-C Hat

63-C Hat
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Cizelge 2. Deneme alani topraklarinin bazi fiziksel ve kimyasal 6zellikleri

Toprak 6zellikleri Deger Derece
pH 8.15 Hafif alkali
Kireg (%) 7.93 Kiregli
Toplam tuz (mmhos cm™) 0.12 Tuzsuz
Fosfor P»0s (kg da™) 8.48 Orta
Potasyum KO (kg da™) 141.8 iyi
Organik madde (%) 1.82 Dusik

Cizelge 3. Deneme yili ve uzun yillar ortalamasina ait bazi veriler
Aylar Yagis (mm) Sicaklik (°C) Nispi nem (%)

2011 Uzun yillar 2011 Uzun yillar 2011 Uzun yillar

Mayis 82.0 62.1 12.0 12.9 65.6 64.0
Haziran 63.7 42.2 15.9 16.8 61.0 60.3
Temmuz 13.9 14.8 21.2 19.8 52.0 56.6
Adustos 0.7 9.9 19.3 19.7 534 55.4
Ortalama/Toplam 160.3 129.0 17.1 17.3 58.0 59.1

Yozgat ilinin nohut yetistirme dénemine ait uzun
yillar ortalamasi (1975-2011) ile 2011 yilina ait
iklim degerleri Cizelge 3’de verilmigtir. 2011
yilinda ortalama sicaklk 17.1°C, toplam yagis
160.3 mm, ortalama nispi nem %58.0 olmustur.
2011 yihinda uzun yillara goére, nohutun yetisme
déneminde daha fazla yagis kaydedilmis, ancak
ortalama sicaklik ve nispi nem daha dusuk
olmustur. Deneme, tesadlf bloklari deneme
desenine gore 3 tekerrarld olarak
yurGtaimuagstur. Elde edilen tohum &rnekleri kuru
yakma metodu ile yakilmig ve elde edilen killer
soguyunca 4 ml 3 Nlik HCI ilave edilmigtir.
Daha sonra saf su yardimiyla filtre k&gidindan
100 ml'lik kapakh polietilen tiplere aktariimis ve
ultra ultra saf su ile 100 ml'ye tamamlanmistir.
Elde edilen bu c¢ozeltiler ile istenilen
elementlerin (K, P, S, Ca, Mg, Na, Zn, Fe, B,
Mn, Cu) miktarlari Enduktif Eslesmis Plazma-
Kutle Spektrometresi (ICP-MS) ile belirlenmisgtir.
Sonuglar SAS paket programi (SAS, 1998)
kullanilarak  analiz  edilmis, ortalamalar
arasindaki farklar LSD c¢oklu karsilastirma
testine gore gruplandiriimigtir.

3. Bulgular ve Tartigma
3.1. Mineral madde igerikleri

Baklagiller 6zellikle K, P, Ca ve Fe gibi mineral
maddeler bakimindan oldukga zengindir.
Yozgatta 25 nohut genotipiyle ydrutilen
calismada elde edilen tohumlarin element
icerikleri Cizelge 4’de verilmistir. Yapilan
varyans analizi sonuglarina goére, ele alinan
element icerikleri bakimindan  genotipler
arasinda istatistiki olarak onemli (%1) farklar
belirlenmistir. Genotiplerin ortalama K igerigi
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7314.3 (55-C) ile 9980.1 (63-C)mgkg”, P
icerigi 1969.9 (Aydin-92) ile 3705.3 mg kg™ (63-
C), S igeri{ii 1417.2 (Cevdetbey-98) ile
22246 mg kg™ (Yasa-05), Ca icerigi 963.1
(Aydin-92) ile 1908.4 mgkg" (Gokge), Mg
icerigi 844.2 (Aydin-92) ile 1267.2 mg kg™ (63-
C), Na igerigi 403.2 (Aksu) ile 1027.2 mg kg™
(Diyar), Zn igerigi 14.2 (55-C) ile 23.8 mg kg™
(Cevdetbey-98), Fe icerigi 37.5 (Aydin-92) ile
79.1 mg kg'l (Cevdetbey-98), B icerigi 7.1
(Aydin-92) ile 12.9 mg kg™ (Noyanbey-98), Mn
icerigi 10.9 (Aydin-92) ile 23.2 mg kg™ (inci) ve
Cu icerigi 5.58 (Yasa-05) ile 8.22 mg kg'l
(Uzunlu) arasinda degismigtir.  Cesgitlerin
ortalama K, P, S, Ca, Mg, Na, Zn, Fe, B, Mn ve
Cu igerikleri sirasiyla () 8347.6, 3043.1, 1718.3,
1276.0, 1072.4, 618.1, 19.4, 49.5, 10.9, 19.9 ve
6.62 mg kg'1 olarak belirlenmistir. Alajaji ve EI-
Adawy (2006)'nin yaptiklar ¢alismaya gore
islenmemis nohut tanesindeki K, P, Ca, Mg, Na,
Mn, Zn, Cu ve Fe iceriklerini sirasiyla 870, 226,
176, 176, 121, 2.11, 432, 1.10 ve
7.72 mg 1009'1 oldugunu bildirmislerdir. Arab
vd. (2010)'nin yaptigi ¢ahsmada K igeri?i
771.8 mg 1009'1, Ca icerigi 156.1 mg 1009,
Na icerigi 1241 mg 1OOg'1, Mg igerigi
152.6 mg 100g™, Cu icerigi 0.98 mg 100g™, Fe
icerigi 6.85 mg 100g’1 ve Zn icerigi
3.83 mg 100g™ olarak bildirilmistir. Bayrak ve
Onder (2017) incelemis oldugu mineral
maddelerden K igeriginin 4698.2-7423.7 mg kg’
! P igeriginin 2257.0-3590.4 mg kg”t, Mg
iceriginin  799.9-1004.4 mg kg'l, Ca igeriginin
878.2-1635.9 mg kg', Fe iceriginin 24.4-
445 mg kg™, B iceriginin 223.0-493.7 mg kg™,
Cu iceriginin 4.69-8.20 mg kg'l ve Zn igeriginin
18.6-34.3 mg kg'1 arasinda degistigini
bildirmislerdir.
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Cizelge 4. Yozgat'ta 2011 yilinda yetistirilen 25 nohut genotiplerinin K, P, S, Ca, Mg, Na, Zn, Fe, B, Mn ve Cu
iceriklerine ait ortalama degerler (mg kg'l)

Genotipler** K P S Ca Mg
Akgin 7629.6 Kl 2956.7 ij 1938.6 ad 1053.8 | 960.7 jk
Aksu 7919.0 ij 2674.3 m 1633.0 dg 1280.8 h 1053.4 fg
Aydin-92 6016.1 o 1966.9 p 1853.8 be 963.1 m 8442 m
Azkan 8511.4 fh 3107.8 gh 1706.3 bh 1181.1 j 1089.8 e
Canitez 8758.2 e 33385 d 1782.3 bg 1326.1 ¢ 1076.3 ef
Cevdetbey-98 9979.0 a 3563.5 bc 1417.2 i 1305.2 hg 12206 b
Cagatay 9464.6 b 3595.1 b 1733.1 bg 1379.7 f 1208.0 b
Damla 8365.9 gh 3032.9 hi 1240.6 hi 1428.2 e 11018 e
Diyar 9134.5 cd 3225.3 ef 1842.8 bf 1503.3 b 12013 b
Gokee 8595.7 eg 33412 d 1789.0 bg 1908.4 a 1187.9 bc
Gulimser 7576.1 Kkl 2791.6 | 1936.4 ad 11449 k 1001.6 hi
Isik—05 7701.7 jk 25618 n 1526.8 gi 1226.7 i 999.1 hi
inci 9341.6 bc 33215 de 1773.0 bg 14444 ed 11654 cd
isp+beyaz 8057.3 i 2854.1 Kl 1515.6 i 11446 k 1039.1 g
izmir 8342.4 h 3089.0 gh 1541.4 qgi 11448 k 1019.1 gh
Klsmen 8587.5 eg 3056.6 gh 1528.1 gi 1476.0 bc 11039 e
Menemen 7627.0 ki 29005 jk 19428 ac 1056.1 | 946.0 k
Noyanbey-98 6746.0 n 2185.7 o 1485.7 qi 1031.3 | 879.8 |
Sar1-98 9060.2 d 3363.2 d 1618.3 eh 1319.0 ¢ 11440 d
TAEK-Sagel 8669.5 ef 34722 ¢ 1655.0 bh 1308.8 g 1086.1 ef
Uzunlu 9404.4 b 3495.8 bc 1900.2 be 1487.2 b 11554 cd
Yasa—05 7417.1 Im 2781.7 | 22246 a 1039.1 | 968.4 ik
18-C 8489.6 fh 3146.6 fg 1630.7 dh 1153.3 jk 11075 e
55-C 73143 m 2549.7 n 1963.5 ab 1138.2 k 982.4 jj
63-C 9980.1 a 37053 a 1777.6 bg 1456.2 cd 1267.2 a
Ortalama 8347.6 3043.1 1718.3 1276.0 1072.4
Genotipler** Na Zn Fe B Mn Cu
Akgin 493.1 Kkl 17.2 km 442 jk 104 gj 20.1 gh 6.11 jj
Aksu 403.2 o 17.7 k 43.8 K 10.5 gj 182 m 6.46 h
Aydin-92 719.0 e 17.4 Kl 375 m 71 m 109 o 559 |
Azkan 422.2 no 212 cd 570 b 126 a 20.2 gh 6.78 fg
Canitez 688.5 f 219 ¢ 49.5 df 10.8 eh 20.3 gh 771 b
Cevdetbey-98 540.5 jj 238 a 79.1 a 12.3 ac 21.0 ef 6.65 gh
Cagatay 638.2 ¢ 21.1 df 49.6 de 10.9 eh 22.7 bc 7.37 cd
Damla 547.2 i 19.4 jj 47.4 fh 119 ae 19.9 hi 6.08 ij
Diyar 1027.2 a 20.0 gi 49.8 d 119 ae 23.0 ab 570 Kl
Gokge 698.2 ef 20.3 fh 55.7 b 11.0 eh 223 ¢ 754 Dbc
Gulumser 490.7 | 18.8 j 44.0 K 10.1 hk 185 Im 816 a
Isik—05 367.2 p 16.8 Im 45.6 ik 9.6 |l 19.3 jk 578 k
inci 682.2 f 21.1 ce 48.9 dg 11.1 ch 232 a 715 e
isp+beyaz 776.8 d 16.5 m 55.8 b 104 ¢j 21.3 de 6.00 j
izmir 457.0 m 17.3 ki 48.4 dh 12.7 a 19.1 jk 575 Kkl
Kismen 780.6 d 219 cd 46.2 hj 10.6 fj 19.1 |l 7.23 de
Menemen 440.1 mn 19.3 ij 445 jk 9.0 K 20.0 hi 6.20 i
Noyanbey-98 577.3 h 189 | 43.6 Kkl 129 a 119 n 6.78 fg
Sari-98 683.4 f 19.5 hj 50.0 d 12.1 ad 21.7 d 6.95 f
TAEK-Sagel 692.6 f 215 cd 499 d 11.8 af 20.6 fg 6.06 ij
Uzunlu 9039 b 20.4 eg 46.8 Qi 12.0 ae 21.4 de 822 a
Yasa—05 518.7 jk 17.3 Kl 41.8 | 8.7 | 18.9 ki 558 |
18-C 6335 g 19.5 ij 47.4 eh 11.3 bg 225 bc 6.46 h
55-C 415.3 no 142 m 47.2 g 9.6 il 19.5 jj 599 |
63-C 856.0 c 229 b 52.8 ¢ 12.4 ab 22.8 ac 7.23 de
Ortalama 618.1 19.4 49.5 10.9 19.9 6.62

**: 0.01 duzeyinde 6nemli, K: Potasyum, P: Fosfor, S: Kukurt, Ca: Kalsiyum, Mg: Magnezyum, Na: Sodyum, Zn: Cinko, Fe:
Demir, B: Bor, Mn: Mangan, Cu: Bakir

Vandemark vd. (2018)’'nin yaptigi calismada icerikleri sirasiyla 8.29 mg kg'l, 1040 mg kg'l,
ortalama B, Ca, Cu, Fe, K, Ca, Mn, P, S ve Zn 7.42 mg kg'l, 52.8 mg kg'l, 10366 mg kg'l,
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1402 mg kg, 47.8mgkg’, 3946 mgkg®,
1960 mgkg® ve  38.9mgkg’  olarak
belirlenmistir. Kaya vd., (2018)’'nin 19 nohut
cesidi ile yaptiklari ¢alismada K igerigi 9811-
14370 mg kg™, Ca igerigi 886-3008 mg kg™, Mg
icerigi 1218-2037 mg kg™, 10-507 mg kg™, P
icerigi 3109-5503 mg kg'l, B icerigi 23.93-
86.13 mg kg'l, Fe icerigi 43.74-118.31 mg kg'l
Zn igerigi 18.71-77.24 mg kg'l, Cu icerigi 0.02-
17.92 mg kg™ ve Mn igerigi 26.86-50.10 mg kg™
arasinda degismisgtir.

3.2. incelenen ozellikler arasindaki iligkiler

Yozgat ilinde 25 nohut hat ve gesidinde yapilan
calismada Ozellikler arasindaki iligkiler Cizelge
5'de verilmistir. Cizelge 5’e gore, K igerigi ile P
(0.949*%), Ca (0.667**), Mg (0.956**), Na
(0.444%), Zn (0.743**), Fe (0.640**), B (0.636**),
Mn (0.815**) ve Cu (0.451%*) igerikleri arasinda
olumlu ve 6nemli; P icerigi ile Ca (0.640**), Mg
(0.894*%), Na (0.409%), Zn (0.724*%), Fe
(0.564*%), B (0.575*), Mn (0.846**) ve Cu
(0.464*) icerikleri arasinda olumlu ve 6nemli;
Ca icerigi ile Mg (0.789**), Na (0.504*), Zn
(0.527*%), Mn (0.584**) ve Cu (0.489*) icerikleri
arasinda olumlu ve 6énemli; Mg iceridi ile Na
(0.496%), Zn (0.697**), Fe (0.607**), B (0.575**),
Mn (0.813**) ve Cu (0.444%*) igerikleri arasinda
olumlu ve o6nemli; Na igerigi ile Zn (0.430%)
icerigi arasinda olumlu ve 6nemli; Zn igerigi ile
Fe (0.538**), B (0.511**) ve Cu (0.545**) igerigi
arasinda olumlu ve Onemli; Fe igerigi ile B
(0.496*) ve Mn (0.447*) icerikleri arasinda
olumlu ve &énemli iliski oldugu belirlenmistir.
Fakat S icerigi ile B (-0.514**) icerigi arasinda
olumsuz ve oOnemli iligki belirlenmigtir
(Cizelge 5).

Bueckert vd. (2011)’'nin yaptidi ¢alismaya gore
nohut cesitlerinde Zn igerigi ile Ca (-0.21%)

icerigi arasinda olumsuz ve dnemli; Fe igerigi ile
Ca (0.25%) igerigi arasinda olumlu ve 6nemli,
Mg ile Ca (0.33*) igerigi arasinda olumlu ve
onemli iligki oldugunu bildirmislerdir.
Vandemark vd. (2018) K igerigi ile P, S ve Zn
icerikleri arasinda olumlu ve 6nemli, B, Ca, Fe
ve Mg icerikleri arasinda olumsuz ve dnemli
iliski oldugunu; Ca igeridi ile Fe, Mg ve Mn
icerikleri arasinda olumlu ve 6énemli, P ve Zn
icerikleri arasinda olumsuz ve o6nemli iligki
oldugunu; Cu icerigi ile Mg, Mn, P, Fe, S ve Zn
icerikleri arasinda olumlu ve 6nemli, Cu igerigi
ile olumsuz ve 6nemli iliski oldugunu; S igerigi
ile B, Cu, Fe, Mg, Mn ve P igerikleri arasinda
olumlu ve énemli iligki oldugunu bildirmislerdir.

4. Sonug

Yozgat kosullarinda 2011 yilinda 25 nohut hat
ve cgesidi ile yuritilen bu galismada mineral
madde icerikleri bakimindan hat ve cgesitler
arasinda incelenen elementler bakimindan
onemli farkhliklarin olmasi, ele alinan nohut hat
ve c¢esitleri arasindaki genetik varyasyonun
yuksek oldugunu gdéstermektedir. Genotiplerin
ortalama K i%erigi 8347.6 mg kg'l, P icerigi
30431 mgkg”, S icerigi 1718.3 mg kg®, Ca
icerigi 1276.0 mg kg™, Mg igerigi 1072.4 mg kg’
' Na igerigi 618.1mgkg”, Zn igerigi
19.4 mg kg™, Fe icerigi 49.5 mgkg™, B igerigi
10.9 mg kg™, Mn igerigi 19.9 mgkg’ ve Cu
icerigi 6.62 mg kg'l, olarak belirlenmistir.

Ele alinan genotipler icerisinde Gdkce cesidi ve
63-C  hatti incelenen bdtin  elementler
bakiminda ortalamanin tstinde degerlere sahip
olmustur. Ayrica Uzunlu, inci, Diyar, Sari-98,
Canitez, TAEK-Sagel, Kiismen ve Azkan bir¢ok
element bakimindan yiksek deger goésteren
cesitler olmustur.

Cizelge 5. Yirmibes nohut hat ve ¢esidinde incelenen 6zellikler arasindaki iligkiler ve korelasyon katsayilari

P S Ca Mg Na Zn Fe B Mn Cu
K 0.949**  -0.219 0.667**  0.956**  0.444* 0.743** 0.640**  0.636** 0.815**  0.451*
P -0.075 0.640**  0.894**  0.409* 0.724** 0.564** 0.575* 0.846**  0.464*
S -0.173 -0.207 0.043  -0.232 -0.385 -0.514*  0.035 0.064
Ca 0.789**  0.504* 0.527**  0.343 0.390 0.584**  0.489*
Mg 0.496* 0.697**  0.607**  0.575** 0.813**  0.444*
Na 0.430* 0.075 0.217 0.282 0.265
Zn 0.538**  0.511* 0.378 0.545**
Fe 0.496* 0.447* 0.156
B 0.370 0.311
Mn 0.262

K: Potasyum, P: Fosfor, S: Kiukurt, Ca: Kalsiyum, Mg: Magnezyum, Na: Sodyum, Zn: Cinko, Fe: Demir, B: Bor, Mn: Mangan,
Cu: Bakir
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Abstract

The aim of this research was to investigate the effect of different inter-row spacing on yield, yield components and
oil ratio of canola. Experiments were established in the trial site of the Department of Field Crops, Faculty of
Agriculture, Harran University in randomized complete block design with 3 replications in 2011-2012 and 2012-
2013 growing seasons. Licord cultivar, which is known as winter type, was used in the experiment. In the
experiment, the plots consisted of 5 rows with 6 m Iength inter-row spaces were 10, 20, 30, 40, 50, 60 and
70 cm, and intra-row space was 5 cm. Seed y|eId (kg ha™), plant height (cm), number of branches (plant™),
number of pods (plant™), number of seeds (pod™), 1000 seed weight (g), oil ratio (%), number of flowering days
(day) and number of maturation days (day) were examined. In the results of the study; it was observed that in
case of inter-row spaces of 60 and 70 cm, increased the seed yield decreased; the plant height decreased with
the increases of the inter-row spacing; number of branches per plant, number of pods per plant, number of seeds
per pod; and 1000 seed weight increased with the increases of the inter-row spacing. The effects of inter-row
spacing on the oil ratio, number of flowering days and number of maturation days were limited in two years of the
trial. Consequently, it can be recommended the most suitable inter-row spacing is 20 cm for canola cultivation.

Keywords: Canola; Inter-row; Yield; Yield components; Oil ratio
Sira arasi mesafelerinin kiglik kanola (Brassica napus L.)’da verim, verim unsurlari ve yag oranina etkisi

Oz

Bu arastirma farkli sira arasi mesafelerinin kanolada verim, verim unsurlari ve yag oranina etkisini arastirmak
amaciyla yapilmistir. Deneme, 2011-2012 ve 2012-2013 yetistirme sezonlarinda Harran Universitesi Ziraat
Fakdultesi Tarla Bitkileri B6IUm{'niin arastirma alaninda tesadif bloklari deneme desenine gore 3 tekerrirli olarak
kurulmustur. Denemede kiglik olarak bilinen Licord ¢esidi kullaniimistir. Denemede parseller 6 m uzunlugunda 5
sirali, sira aralari 10, 20, 30, 40 50, 60 ve 70 cm, sira Uzeri mesafesi ise 5 cm olarak olugturulmustur Denemede
dekara tohum verimi (kg da ) bitki boyu (cm), yan dal sayisi (adet bitki" ) harnup sayisi (adet bitki ) harnupta
tane sayisi (adet harnup ) 1000 tohum agirligr (g), yag orani (%), ciceklenme glin sayisi (giin) ve olgunlagsma
glin sayisi (gun) incelenmistir. Calisma sonucunda; her iki deneme yilinda da sira araliginin artmasiyla (60 ve
70 cm) dekara verimin dustigu; sira araliginin azalmasiyla bitki boyunun arttigi, genis sira araliginda ise bitki
boyunun kisaldigi; sira araliginin genislemesiyle yan dal sayisinin, bitkide harnup sayisinin, harnupta tane
sayisinin, 1000 tohum agiriginin arttigi; yag orani, ciceklenme giin sayisi ve olgunlagsma gun sayisina etkisinin
ise sinirli oldugu ve kanola yetistiriciliginde en uygun sira arasi mesafesinin 20 cm oldugu saptanmistir.

Anahtar Kelimeler: Kolza; Sira arasi; Verim; Verim unsurlari, Yag orani

1. Introduction contains  33-44%  protein (Dogan and

Zincirlioglu, 1982). In addition, rapeseed is a
Canola is one of the most important oil plants valuable plant for the beekeepers and attracts
grown in the world. Canola is used in many honey bees by the early spring yellow flowers
agricultural and industrial enterprises. It is a with pollen and nectar source (Aytag, 2007).
plant that can be used to supply the rough feed Furthermore, its oil is rich in oil acids as well as
requirements of livestock as green herbage and oleic acid and omega-3, which is very important
silage (Aytag, 2007). After the removal of olil for human health and its limits within the level of
from the rapeseed, the remained oil cake human health in terms of unsaturated oil acids
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(Carvalho et al., 2006; Aytag, 2007). 84% of the
total oil used to produce biodiesel in the world is
obtained from canola (Tickel, 2000;
Aytacg, 2007) and in this respect, canola has a
great importance.

Canola oil contains the most unsaturated oil
content in the existing vegetable oils.
Particularly high content of oleic acid and
linoleic acid ratio more than 20% indicates good
quality as edible. This oil is good frying oil with
a high boiling point (238°C), It is rich in vitamin
E and therefore it is a high quality edible oil. Oil
industry that is based on sunflower in Turkey
generally is not adequate to meet the demand.
Crops such as soybean, peanut, poppy and
canola can be recommended to close the oll
deficit. However, if soybean byproducts are
evaluated with an integrated production it will
be economical, due to the oil ratio is lower than
other oil plants it would not be economical to
grow only for oil production, and it is difficult to
produce due to poppy cultivation is subject to
permission and peanut has no mechanization.
However, adaptation to climate and soil
conditions, with the convenience to the crop
rotation, canola has a great advantage when
compared to other oil plants in closing the
deficit of oil (Kaya, 1996). The optimum number
of plants per unit area is one of the most
important agricultural factors determining the
yield and yield components. Row spacing is an
important agricultural factor and has a great
effect on the seed vyield and yield components
of plants (Diepenbrock, 2000). It has been
reported that adequate row spacing to help to
use the available resources such as water, light
and plant nutrients in winter varieties (Morteza
et al., 2008).

In general, the most suitable environment for
plant growth and adequate space should be
provided to the amount of seeds sown
(Algan, 1985). It was reported that seed yield
increased with the increases of plant density
(Aytag, 2007); plant density to be an important
management factor affecting seed yield (Lopez-
Bellido et al., 2005; Ciampitti and Vyn, 2013).
Increasing the structure of the sunlight by
penetrating to the lower part of the canopy is a
way of increasing yield (Reta-Sanches and
Fowler, 2002). James and Anderson (1994),
asserted that the increased number of pod per
square meter rose the yield due to upwards of
the plant density. Many studies have on the
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density of sowing in canola. Morrison et al.
(1990), in a research the different sowing rates
used with 15 and 30 cm inter-row spaces; it
was reported that the narrow inter-row spaces
increased the number of pod per plant and
seed yield and reduced lodging rate and the
differences between inter-row applications was
insignificant in terms of protein and oil ratio. Oz
(2002), in a research conducted by using four
different sowing densities (50x5, 50x10, 50x15,
50x20 cm); the effects of sowing density and
cultivar were significant on the plant height,
number of branches per plant, number of pod
per plant, 1000 seed weight and seed yield,
and on the number of seeds per plant was
insignificant. While the highest seed yield was
obtained from the 50x15 cm plant density, and
the lowest seed yield from the 50x5 cm.

Basalma (2006) reported in a research with 3
different applications (15x10, 30x10 and
45x10 cm) applied; the highest seed yield was
obtained from the 35x10 cm and the lowest
seed vyield from the 45x10 cm. Farsak (2009)
reported in a research with 3 different inter-row
spaces (13, 26 and 39cm) and 4 canola
cultivars used; different inter-row spaces had
significant effects on the plant height, number of
lateral branches per plant, number of pods per
plant, number of seeds per pod and seed yield.
The highest value in terms of seed yield was
obtained from the 13 cm inter-row space in all
four cultivars, and the lowest seed yield was
obtained from the 39 cm inter-row space.

Mousavi et al. (2011) in a research conducted
the effects of sowing density on some
agricultural characteristics of winter canola
varieties; the plant height, stem diameter and
seed vyield were significantly affected from the
sowing densities. Seed yield increased from
1983 kg ha®’ to 2211 kgha™ whilst inter-row
spaces upwards from 30 to 50 cm. Uzun et al.
(2012) in the research of the effects of inter-row
and intra-row spaces on the yield and yield
components; the highest seed vyield was
obtained from the inter-row space of 10 cm and
intra-row space of 5-10 cm, and the number of
branches per plant, number pod per plant and
number of seeds per pod to be adversely
affected from the narrow inter-row spaces. Al-
Doori (2013) in a study with 3 different plant
densities (29629, 44444 and 88888 plant ha™)
applied; it was reported that the highest seed
yield, 1000 seed weight, number of pods per



Beyyavas & Haliloglu | Derim 36(1):79-87

plant, number of seeds per pod, number of
branches per plant and oil ratio were obtained
from the 29629 plant ha™ plant density and the
plant height from the 88 888 plant ha™. The aim
of this study was to determine the effect of
inter-row spacing on vyield, yield components
and oil ratio in canola plant.

2. Material and Methods

In this study, Licord cultivar (winter) was used
as a material which was obtained from the
Cimsan Agricultural Products Trade Limited
Company.

The some physical and chemical properties of
trial site were given in Table 1. The soil texture
is clay and the lime content is very high. In
addition, the pH is slightly alkaline.

In the 2011-2012 growing season, the average
temperature was 13.6°C and the maximum
temperature was 30.6°C, while in the 2012-
2013 growing season the average temperature

was 15.31°C and the maximum temperature
was 29.0°C (Table 2).

Experiments were established in the trial field of
Department of Field Crops, Faculty of
Agriculture, Harran University according to the
randomized complete block design with 3
replications in 2011-2012 and 2012-2013
growing seasons. In the experiment, each plot
was designed 6 m in length with 5 rows and
while inter-rows spaces were 10, 20, 30, 40, 50,
60 and 70 cm and intra-rows space was 5 cm.
Sowings were done by hand in the form of 2
seeds per one seedbed on November 8, 2011
and November 22, 2012. After the emergence,
plants were thinned in stage of 3-4 leaves
(Jenkins and Leitch, 1986). Fertilizer was
applied manually into neighboring rows which
located 5-6 cm apart and depth from canola
sown rows. Super phosphate fertilizer was
applied in the quantity of pure 80 kg
phosphorus per hectare as basal. Half of the
nitrogen (pure N 60 kg ha'l) was applied in the
form of Ammonium sulphate (21%) and the
remained half in the form of Ammonium nitrate
(33%) at the branching phase.

Table 1. Some physical and chemical properties of trial site (Anonymous, 2012)

Soil properties

Soil depth (cm) 0-20

Organic matter (%) 1.13

EC (%) 0.087

pH 7.7

Lime (%) 5.5

P,Os (kg da™) 3.6

K20 (kg da™) 9.0

Fe (ppm) 2.17

Zn (ppm) 0.38

Texture

Sand (%) 24.56

Clay (%) 53.34

Silt (%) 1.90

Table 2. Average meteorological data for the experimental years (November-June, Anonymous, 2013)

2011-2012 2012-2013 1929-2013

Months Monthly avg. Rainfall Relative Monthly avg. Rainfall Relative Average of
temperature (°C) (kgm'z) humidity (%) temperature (°C) (kgm'z) humidity (%) long terms (°C)

November 9.4 62.1 53.7 14.9 68.4 65.6 12.9

December 7.4 47.1 57.4 8.3 142.8 73.0 7.5

January 5.5 170.9 81.0 6.8 86.8 69.5 5.4

February 5.8 95.8 57.0 9.3 107.2 73.6 6.8

March 9.7 35.8 47.3 12.9 12.1 - 10.7

April 19.3 23.3 42.4 18.4 18.0 44.9 16.0

May 22.4 42.3 40.8 22.9 56.2 434 22.1

June 30.6 5.8 21.2 29.0 - 24.0 28.0

Average 13.76 - 43.39 15.31 - 49.25 13.67

Total - 483.1 - - 491.25 - -
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Crops at the maturity period were harvested
with a hedge shears at the level of soil on June
5-12, 2012 in the first year of the experiment
and on June 9-14, 2013 in the second year. 3
rows in the middle of each plot were harvested,
0.5 m at the beginning and end of each plot and
2 edge rows put away to eliminate side effects.

Ten plants were randomly selected from each
plot and the plant height, number of lateral
branches, number of pods per plant, number of
seeds per pod and 1000 seed weight were
calculated from these selected plants
(Oguteil, 1979). The number of flowering days
were calculated as sowing time to the first
flowers appear in each parcel (Chay and
Thurling, 1989) and the number of maturation
days was decided as 80 % of the pods were
large, spherical and blackish colored on the
plants (Schular et al., 1992). Oil ratios were
determined by hexzan extraction in soxhelet
device. The data obtained from the experiment
were analyzed by using the JMP 11 (SAS,
2013) statistical software and analysis of
variance was performed according to the
randomized complete block design and the
means were grouped by the Tukey (p<0.05)
test.

3. Results and Discussion

In the analysis of variance (ANOVA) according
to the combined years of the properties
examined in the trial, statistically differences
were found between vyears. Therefore, the
results of each year were analyzed separately.
F values obtained from the analysis of variance
of the traits in the experiment were given in
Table 3.

3.1. Seed yield

Significant differences were found between the
inter-row spacing in terms of seed yield. The
highest seed yield was obtained from the 10 cm
(1916.3 kg ha'l) and 20 cm inter-row spaces
(1973.3 kg ha'l) in the first year of the
experiment, from the 20 cm inter-row space
(1874.6 kg ha'l) in the second year. In the two
years of the experiment, the seed yield
decreased with the increase of inter-row spaces
(60 and 70 cm) (Table 4). By broaden inter-row
spaces the seed yield per plant increased, but
the vyield per unit area decreased. Oztirk
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(2000); Basalma (2006); Ayta¢ (2007); Shanin
and Valiollah (2009); Farsak and Kaynak (2010)
and Mousavi et al. (2011) indicated in their
studies that as the inter-row spaces decreased
the plant density per unit area increased and
thus the seed yield went up, and the highest
seed yield was obtained from the inter-row
spacing of 18 cm (Scott et al., 2013) confirmed
the results of our research. Al-Doori (2013)
indicated in his study that the highest seed yield
was obtained from the lowest plant density
(29629 plant ha™) was incompatible with our
result. The differences between researches
might have been caused by different genetic
structure of varieties and environmental factors
(Sarwar, 2008).

3.2. Plant height

In the first year of the experiment 10 cm
(148.16 cm), in the second year 10cm
(142.86 cm) inter-row spaces created the
highest plant height. In the two years of the
experiment, it was observed that the plant
height increased with the narrow inter-row
spaces, and the plant heights became shorter
in the broad inter-row spaces (Table 4). Farsak
(2009) showed that the plant height decreased
as the inter-row spaces expanded; Ozoni Davaji
et al. (2007) reported that Gibberellin hormone
contributed to increase the internodes length,
plant height and decrease in the number of
branches; Naseri (2012) reported that the plant
height increased with increases of plant density,
and plant height was affected from the growth
of nodes due to the production of Gibberellin
hormone under open conditions; Al-Doori
(2013) indicated that the increased plant height
was due to increases of plant density, which
was consistent with our results; Shanin and
Valiollah (2009) reported that plant height was
not affected from the inter-row spacing, which
was not consistent with our results.

3.3. Number of branches

While 50cm and 70 cm inter-row spaces
(4.33 per plant) formed the highest number of
branches in the first year of the experiment,
40cm, 50cm (4.30 per plant), 60cm and
70 cm (4.33 per plant) inter-row spaces formed
in the second year. When Table 4 was
examined, it was seen that the number of
branches increased with the expansion of the
inter-row spacing.
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Table 3. Statistical significance (F) of some traits in the ANOVA

Examined properties F values

2011-2012 2012-2013
Seed yield 316.72** 439.99**
Plant height 5.34%* 41.76**
Number of branches per plant 11.61** 9.74**
Number of pods per plant 87.02** 102.92**
Seed numbers per pod 3.51ns 411 ns
1000 seed weight 57.46** 7.78**
Oil ratio 0.66 ns 2.76 ns
Number of flowering days 2.22 ns 12.38**
Number of maturation days 0.96 ns 3.11*

" p<0.05 : (p<0.01) ns: non-significant

Table 4. The effect of inter-row spacing on seed yield (kg ha'l), plant height (cm) and number of branches

(per plant) of canola

Seed vyield (kg ha™)

Plant height (cm)

Number of branches (per plant)

Inter row spacing

2011-2012 2012-2013 2011-2012 2012-2013 2011-2012 2012-2013
10 cm 1916.3 a* 1736.3 b* 148.16 a* 142.86 a* 3.86 c* 4.03 b*
20 cm 19733 a 1874.6 a 141.60 ab 140.20 ab 4.24 ab 4.23 ab
30 cm 1201.3 b 13933 ¢ 139.06 ab 136.10 bc 4.06 bc 4.03b
40 cm 1111.3b 1231.3d 139.43 ab 132.50 cd 4.13 ab 430 a
50 cm 911.3c 1014.0e 135.56 b 136.50 bc 433 a 430 a
60 cm 682.0d 709.6 f 136.43 b 125.06 e 4.26 ab 433 a
70 cm 736.3d 7143 f 132.06 b 129.40 de 4.33 a 4.33 a
CV % 14.60 16.93 1.66 4.80 8.17 7.39

Means in each column followed by the same letter are not significantly different (p>0.05), ns: non-significant

Patil and Rajant (1978) reported that the effect
of inter-row spacing on seed yield changed
significantly due to climatic conditions, and the
number of branches per plant increased in
accordance with the increase of inter-row
spacing’s.

Fathi (2008) remarked that the plant density
caused more stimulation at the apical
meristems than lateral meristems, and slowed
down the plant growth and branches; Naseri
(2012) showed that the increased plant density
decreases the light penetrating into the lower
parts, and consequently auxin hormone
stimulates apical meristems and reduces
branching; Farsak and Kaynak (2010) indicated
that the number of branches per plant
increased with the increases of the inter-row
spacing is comply with our study results. Al-
Doori (2013), the Ilowest plant density
(29629 plant ha™) created the highest number
of branches is not comply.

3.4. Number of pods

It was seen that the number of pods per plant
increased with the increase of inter-row spaces
(70 cm) in the two years of the experiment
(Table 5). 40, 50, 60 and 70 cm inter-row
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spaces created the highest number of pods in
the first year of the experiment, 70cm
(186.18 per plant) inter-row spaces in the
second year. When table 5 was examined, the
number of pods increased in line with increase
of inter-row spaces. Leach et al. (1999)
reported that the number of pods per branch
decreased due to increases of plant density,
these contributing to the reduction of micro-
climate area and not using of environmental
factors. In case of 80 plants per square meter,
canola plant did not get enough sunlight and
caused decrease in the number of pods per
plant. Plant density increased shading and
decreased the number of flowers per branch,
and thus the number of pods per plant
decreased (Farsak and Kaynak, 2010;
Naseri, 2012).

3.5. Number of seeds

While 50cm (28.43 per pod) and 70cm
(28.50 per pod) row spaces created the highest
number of seeds in the first year of the
experiment, 30cm (27.00 per pod), 40cm
(25.93 per pod), 50cm (26.83 per pod) and
60 cm (26.63 per pod) formed in the same
group and created the highest number of seeds
in the second year (Table 5).
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Table 5. The effect of inter-row spacing on number of pods (per plant), number of seeds (per pod) and 1000
seed weight (g) obtained from different inter-row spacing and CV (%)

Number of pods per plant

Number of seeds per pod

1000 Seed weight (g)

Inter row spacing

2011-2012 2012-2013 2011-2012 2012-2013 2011-2012 2012-2013
10 cm 142.30 b* 132.03 d* 24.10 ns 23.16 ns 3.14 cd* 3.18 c*
20cm 144.35b 140.13 cd 25.03 23.30 3.08d 3.29 bc
30 cm 150.96 b 148.76 c 25.93 27.00 3.22c 3.32 bc
40 cm 180.87 a 176.40 ab 27.53 25.93 3.48 ab 3.39 ab
50 cm 186.72 a 17410 b 28.43 26.83 3.52a 3.38ab
60 cm 192.72 a 183.33 ab 27.30 26.63 337hb 351a
70 cm 192.97 a 186.18 a 28.50 25.10 3.60 a 3.42 ab
CV % 5.48 6.22 7.02 7.97 2.26 8.36

Means in each column followed by the same letter are not significantly different (p>0.05), ns: non-significant

Table 6. The effect of inter-row spacing on oil ratio (%), number of flowering days and number of maturation days

obtained from different row spacing and CV (%)

QOil ratio (%)

Number of flowering days

Number of maturation days

Inter row spacing

2011-2012 2012-2013 2011-2012 2012-2013 2011-2012 2012-2013
10 cm 39.43 ns 39.66 ns 169 ns 165 a* 213 ns 208 a*
20 cm 39.66 39.40 166 158 b 213 208 a
30cm 39.86 39.26 167 159 b 212 207 ab
40 cm 40.06 39.16 165 157 b 212 207 ab
50 cm 39.83 39.83 165 157 b 212 207 ab
60 cm 40.13 39.26 167 159 b 213 206 ab
70 cm 39.63 39.36 166 158 b 211 204 b
CV % 2.04 4.21 0.89 2.21 0.46 0.85

Means in each column followed by the same letter are not significantly different (p>0.05), ns: non-significant

Naseri (2012) reported that 60 plants per
square meter were more favorable for nutrition
conditions such as light and air for the plant and
decreased competition, and plant density
(80 plant m'z) increased specific competition is
compliance with our study results. Shanin and
Valiollah (2009); Farsak and Kaynak, (2010)
showed that the number of seeds were not
affected from the inter-row spacing is not
compliance.

3.6. 1000 seed weight

In the first year of the experiment the highest
1000 seed weight was obtained from the inter-
row spacing of 50cm (3.52g) and 70cm
(3.60g) and from the inter-row spacing of
60 cm (3.51 g) in the second year. When Table
5 was examined, it was seen that 1000 seed
weight increased as inter-row spaces moves
from the narrow to broad inter-row spacing.
Naseri (2012) indicated in a research that in
case the plant density increased the 1000 seed
weight decreased due to competition of
photosynthetic phenomena in the filling regions.
Seed formation time shortened, as a result it
would not turn into seeds and 1000 seed weight
decreased was comply with our study results;
Shanin and Valiollah (2009); Farsak and
Kaynak (2010) indicated that 1000 seed weight
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was not affected from the inter-row spacing was
not comply.

3.7. Oil ratio

The first year of the trial was statistically
insignificant, 50 cm inter-row space created the
highest oil ratio (39.83%) in the second year.
When the two vyears of the study were
examined, the oil ratio has shown changes
between 39.16-40.13%. This can be said that
the canola plant was not affected from the inter-
row spacing in terms of oil ratio (Table 6).
Morrison et al. (1990); Leach et al. (1999);
Farsak (2009); Farsak and Kaynak (2010)
indicated in their studies the oil ratio was not
affected by inter-row spacing was consistent
with our study results. Shrief et al. (1990) found
that the high density created high values in oil
yield; Chauhan et al. (1992) and Oad et al.
(2001) found that broad inter-row spaces
created the highest oil ratio was incompatibility
with our result results.

3.8. Number of flowering days

In each trial year, 10 cm row space (169 days
and 165 days) arrived at the latest flowering in
terms of the number of flowering days. The
number of flowering days was 165-169 days in
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Table 7. Correlation coefficients between examined properties

1 2 3 4 5 6 7 8
2 -0.733** 1.000
3 -0.561**  -0.616** 1.000
4 0.909**  -0.668** 0.619** 1.000
5 0.609**  -0.409** 0.289 ns 0.641** 1.000
6 0.798**  -0.634** 0.598* 0.828** 0.561** 1.000
7 -0.134 ns 0.145** 0.071ns 0.131ns 0.115ns 0.050 ns 1.000
8 0.162 ns 0.500** -0.408** -0.120 ns 0.079 ns -0.277 ns 0.377* 1.000
9 0.213 ns 0.538** -0.298ns -0.053 ns 0.167 ns -0.183 ns 0.422** 0.794**

1: Seed yield, 2: Plant height, 3: Number of branches per plant, 4: Number of pods per plant, 5: Number seeds per pod, 6: 1000
Seed weight, 7: Oil ratio, 8: Number of flowering days, 9: Number of maturation days

" P<0.05, " P<0.01, ns: non-significant

the first year of the experiment and 157-165
days in the second year. In the inter-row
spacing application, the difference in the first
year was 4 days and in the second year was 8
days. The difference between years may have
been due to the different response of the plants
to the plant density and temperature, which is
one of the climatic factors. When table 2 is
examined, the average temperature was seen
high in the second year of the experiment.
When the results were examined, the values
were similar in the two years of the experiment
(Table 6). The results of our study are
consistent with the results of Epirtirk (2009)
(161.3-177.8 days); higher than the results of
Tan (2007) (98-116 days); Ahmadi et al. (2014),
(87.94-101.27 days); and lower than the result
of Cosgun (2013) (206.0-215.7 days).

3.9. Number of maturation days

The first year of the trial was statistically
insignificant in terms of the number of
maturation days and the plants come to harvest
between 211-213 days. 70 cm inter-row space
was matured at the earliest (204 days) in the
second year (Table 6). There was 2 days
difference in the first year of the experiment, 4
days in the second year. When the results were
evaluated, it could be said that there was no
significant effect of inter-row spaces. Bilal et al.
(2015) indicated in his study that the number of
maturation days (186.64-212.90) was coincide
with our study results; Tan, 2007 (149-163
days); Oz (2013) (164.3-171 days) results were
lower than our results; Cosgun (2013) (279.3-
282.7 days) was found to be higher.

3.10. Correlation coefficients
In this study the winter canola cultivars were

grown at different inter-row spaces; significant
and positive relationships were found between
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seed vyield and number of pods (0.909**),
number of seeds per pod (0.609**) and 1000
seed weight (0.798**). And also; significant and
positive relationships were found between plant
height and oil ratio (0.145*), number of
flowering days (0.500**) and number of
maturation days (0.538*); and between
number of branches and number of pods
(0.619**), 1000 seed weight (0.598*); and
between number of pods and 1000 seed weight
(0.561**); and between oil ratio and number of
flowering days (0.377*), number of maturation
days (0.422**); and between number of
flowering days and number of maturation days
(0.794**) (Table 7).

4. Conclusion

As a result of the study, it cannot be
recommended the broad inter-row spacing in
the canola cultivation and the most suitable
inter-row spacing is 20 cm. However, due to the
various environmental and climatic conditions of
targeting regions, the cultivars grown in these
areas could have various agricultural
properties. Therefore, these types of studies
are recommended to be carried on in various
canola growing locations.
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Bu calisma Manavgat yoresinde sera kosullarinda tek dénem domates (Solanum lycopersicum) yetistiriciligi
yapilan alanlarda bitkilerin beslenme durumlarinin belirlenmesi amaciyla yapilmistir. Bu kapsamda 19 seradan
bitki 6rnekleri ve 2 farkh toprak derinliginden (0-20 cm ve 20-40 cm) toprak ornekleri alinmistir. Yaprak
orneklerinde N, P, K, Ca, Mg, Fe, Zn, Mn ve Cu analizleri; toprak érneklerinde ise pH, elektriksel iletkenlik (EC),
kireg (CaCOg), organik madde, biinye, N, P, K, Ca, Mg, Fe, Zn, Mn ve Cu analizleri yapilmistir. Yaprak analizi
sonuglarina goére; toplam N ¢ogunlukla yeterli ve ylksek, P bakimindan genel olarak yeterli, K bakimindan
noksan, Ca ve Mg bakimindan yeterli, Fe bakimindan noksan, Mn bakimindan yeterli, Zn bakimindan noksan ve
yeterli, Cu bakimindan yeterli ve noksan sinir degerleri arasinda oldugu belirlenmistir. Toprak analizlerine gore
sera topraklarinin genellikle kumlu killi tin blnyeye sahip oldugu, tuzluluk probleminin olmadigi, pH ve kireg
iceriginin yiksek oldugu gorilmustir. Toprak orneklerinin organik madde kapsamlarinin disik, toplam N
acisindan yeterli, alinabilir P deg@erleri yiksek, degisebilir K bakimindan yetersiz, degisebilir Ca bakimindan orta
ve iyi, degisebilir Mg bakimindan iyi oldugu belirlenmigtir. Alinabilir Fe ve Zn bakimindan iyi, Mn ve Cu
bakimindan ise yeterli oldugu tespit edilmistir. Yorede sera Uretiminin yodun oldugu ve 6zellikle yaprak ve toprak
analizlerine bagli olarak gubreleme yapilmamasi nedeniyle beslenme durumlarinda eksiklikler gbézlenmekle
birlikte bu durumun verimde kayiplara neden olabilecegdi tahmin edilmektedir.

Anahtar Kelimeler: Manavgat; Domates; Besin elementleri; Toprak verimliligi
Evaluation of nutrition status of tomato (Solanum lycopersicum) greenhouse growing in Manavgat district

Abstract

This study was carried out to determine the nutritional status of the tomato plants (Solanum lycopersicum) in
greenhouse conditions in the Manavgat-Antalya district. For this purpose, soil samples were taken from 19
greenhouse plant samples and 2 different soil depths (0-20 cm and 20-40 cm). N, P, K, Ca, Mg, Fe, Zn, Mn and
Cu in tomato plants and pH, electrical conductivity (EC), CaCOs, organic matter, texture, total N, P, K, Ca, Mg, Fe,
Zn, Mn and Cu in soil samples were analyzed. According to tomato plant analysis; the contents of N were
generally high levels while P contents were sufficient. The K contents were deficient; Ca and Mg contents were
determined as sufficient. Fe contents were deficient, Zn and Cu contents ranged from poor to sufficient and Mn
contents were sufficient in tomato plants. Results obtained showed that, soils of the greenhouses had a sandy
clay loam, there was no salt problem and pH and CaCOj3; contents were very high levels. Organic matter contents
of soils were found to be low. Total N and P contents were found to be very rich while the extractable K levels
were determined as insufficient. The levels of extractable Ca and Mg were generally sufficient. Most of the soil
samples had sufficient amount of Fe, Zn, Mn and Cu. Due to lack of fertilization according to leaf and soil analysis
in the area where intensive greenhouse production is carried out, nutrient deficiencies in plants are observed and
this situation is expected to cause loss of yield in greenhouse production.

Keywords: Manavgat; Tomato; Nutrient elements; Soil fertility

1. Giris yapilan tarimsal uygulamalar ile birim alandan

daha fazla verim elde edilmektedir. Birim
Tarimda verimliligin artirlmasiyla insan ve alanda yogun tarimsal uretim olarak tanimlanan
hayvan beslenmesindeki yetersizliklerin entansif  Uretim igin  toprak, su, iklim,
gideriimesi muUmkdn olmaktadir. Bu amagla mekanizasyon, gubre, ilag vs. gibi etmenleri
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yogun bir sekilde kullanmak gerekmektedir.
Entansif tarim tanimina en iyi érneklerden birisi
de kontrolll tretim yapilan ortialti yetistiriciliktir.
2016 yih FAO verilerine gére domates Ureten
Ulkeler arasinda diinyada Cin 56 308 914 ton,
Hindistan 18 399 000 ton, ABD 13 038 410 ton
ve Turkiye 12 600 000 ton domates Uretimi ile
doérdinct sirada yer almaktadir. Bu verilere
bakildiginda dinyadaki sebze Uretiminde
Tarkiye'nin  payr azimsanmayacak derecede
dnemlidir (FAO, 2018). 2017 yili TUIK verilerine
gore toplam ortualt Gretimimizin %94'U sebze,
%6'st  meyve Uretiminden  olusmaktadir.
Domates %49 uretim payi ile birinci sirada yer
almakta, bunu %14 ile hiyar ve %10 ile karpuz
izlemektedir (Anonim, 2017a).

Tlrkiye'de sebze Uretiminin 6nemli bir yer
tuttugu Antalya ili tarimsal ekonomiye yén veren
illerin arasinda énemli bir yere sahiptir. 2016 yil
verilerine gore Turkiye ortlaltt domates Uretimi
icinde Antalya'nin payr %61.72 olarak
gerceklesmistir. Tarkiye Oortlalti Gretim alani
752000 da olarak belirtilirken bu alanin
yaklasik % 35lik kismi Antalya'da yer
almaktadir. il sinirlari igerisinde 66 730 da cam
sera, 175 359 da plastik sera, 13 506 da yuksek
tinel, 12745 da algak tinel mevcut olup,
toplamda 268340 da  orthalt alani
bulunmaktadir. Antalya ilinde 6rtl altinda Gretim
alani en fazla olan urin domates olup,
3829 831 ton’luk Uretimle birinci sirada yer
almaktadir (Anonim, 2017b). Antalya ili sinirlari
icerisinde yer alan Manavgat ilgesi yodun
seracilik yapilan ilgeler arasindadir. llge
genelinde toplam oértbalti alani 7 917 da olup,
domates 2 440 da uretim alaniyla ilk sirada yer
alirken, karpuz 2 255da, kabak 1465 da,
patlican 640 da, hiyar 585 da olarak son sirada
yer almaktadir. Bu verilere bakildiginda toplam
ekilis alaninin %30.82'sini domates yetistiriciligi
olusturur, bunu sirasiyla, %28.48 Kkarpuz,
%18.50 kabak, %8.08 patlican, %7.39 ile hiyar
yetigtiriciligi  takip etmektedir. Manavgat ilce
genelinde toplam sebze Uretiminin %51.29'u
domates Uretimine dayanmaktadir
(Anonim, 2013).

Yogun tarimsal faaliyetlerin  gerceklestigi
Antalya’da tarimsal faaliyetlerin yodunlugu bir
takim sorunlari da beraberinde getirmektedir.
Ozellikle vyetistiricilikte ~ Urlnlerin  beslenme
durumlarinin dogru olarak belirlenmesi ve bu
dogrultuda uygun glbreleme programlarinin
uygulanmasi  buydk 6nem  tasimaktadir.
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Domates farkli toprak cesitlerinde
yetisebilmesine ragmen, tinli ve pH’si 6.2-6.8
arasinda olan topraklari daha fazla tercih
etmektedir (Marr, 2003). Besin elementlerinin
ve organik maddenin zengin oldugu (%5-8), tinh
binyede ve iyi drenajli topraklar serada
domates yetigtiriciligi icin uygundur
(Anderson, 2002).

Papadoupolos vd. (2005) Akdeniz iklim
kosullarinda domatesin topraktan vejetatif
aksamla dekardan 9.5 kg N, 1.2 kg P, 10.8 kg
K, ve 1 ton meyve ile de 1.8 kg N, 0.17 kg P,
3.13 kg K kaldirdigini bildirmistir. Elmaci (1989)
Antalya’nin Demre yoresinde sera topraklarinin
verimlilik durumlarini inceledigi g¢alismasinda,
domates, biber ve patlican sera topraklarinin
genellikle nétr ve hafif alkalin karakterli, tuzsuz
ve hafif tuzlu, az humuslu, asir kiregli, kumlu
tinli ve tinh bunyeli, N ve P agisindan fakir, K
kapsaminin yaklasik biyik oranda noksan ve
dislk, Ca ve Mg igeriginin ise ylksek oldugunu
bildirmistir.

Sénmez ve Kaplan (2007), Antalya ilinin Demre
ilcesinde yurittikleri bir galismada, 0-20 cm
derinlikten alinan toprak 6&rneklerinin %12’si
hafif alkalin ve %80’ alkalin ve %8'’i de kuvvetli
alkalin o6zellikte, 20-40 cm derinlikten alinan
topraklarin ise %2’si hafif alkalin, % 94’0 alkalin
ve %4’Unin de kuvvetli alkalin reaksiyon
gOsterdigini  tespit etmislerdir. Sénmez vd.
(1999) Kumluca ve Kale yorelerinde biber
seralarinda  yaptiklan  arastirmada; sera
topraklarinin bayik cogunlugunun, hafif alkalin
reaksiyonlu, yuksek ve asiri derecede kiregli,
hafif ve orta tuzlu, organik maddece fakir, kumlu
tin ve kumlu Killi tin blnyeli, toplam N ve
alinabilir P bakimindan yeterli, degisebilir K'un
dislk ve yuksek dizey araliginda, degisebilir
Ca, Mg ve alinabilir Fe, Zn, Mn ve Cu
iceriklerinin  yeterli oldugunu belirtmiglerdir.
Ayrica yaprak 6rneklerinin N iceriklerinin genel
olarak yiksek, P bakiminda yeterli, K
bakimindan yetersiz, Ca ve Mg igeriklerinin
yeterli, Fe bakimindan vyetersiz, Mn ve Zn
bakimindan yeterli, Cu bakimindan yeterli ve
yuksek diuizeyde olduklarini, yaprak érneklerinin
N ve K iceriklerine bakildiginda N/K oraninda

beslenme acisindan sorun oldugunu
bildirmislerdir.

Manavgat yoresinde Ortlalti  yetistiricilikte
cogunlukla domates Uretimi yapiimaktadir.

Genel olarak bdlgede, toprak hazirligindan
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hasat suUresine kadar gegen slrede topragin
mevcut besin igerigini ve bitkinin ihtiyaci olan
besin elementi miktarini 6lgmek ve yetistirilecek
bitkiye gbére uygun bir gubreleme programi
yapmak igin gerekli olan toprak analizi maalesef
ureticiler tarafindan g6z ardi edilmektedir. Bu
calisma ydérede domates yetistiriciligi yapilan
sera topraklarinin beslenme durumlarinin
belirlenmesi amaciyla yuratalmuastir.

2. Materyal ve Yontem
2.1. Materyal

Arastirma materyalini Antalya ili Manavgat
ilcesinde ortu alti yetigtiriciligin yogun olarak
yapildi§i Cakis, Buklice, Bereket ve Denizyaka
mahallerinde tek Urin domates (Solanum
lycopersicum) vyetistiriciligi yapilan 19 farkl
seradan 19 bitki 6érnegi, 0-20 cm ve 20-40 cm
derinliklerden olacak sekilde toplam 38 adet
toprak érnegi olusturmaktadir.

2.2. Yontem

Antalya ili  Manavgat ilcesinde O&rtualti
yetigtiricilik yapilan 19 domates serasindan
alinan yaprak ornekleri vejetasyon déneminde
(Kasim), Geraldson vd. (1973) tarafindan tarif
edildigi sekilde bitkinin Ustten itibaren 5. ya da
6. yapraklarn alinarak delikli plastik torbalara
konulmusg, laboratuvara getirilerek yikanmis,
65°C’de havalandirmali kurutma dolabinda
sabit agirhga ulasincaya kadar kurutulduktan
sonra Ogutulerek analiz icin  hazir hale
getirilmigtir (Kacar, 1972). Kurutulmus ve
6gutiimus yaprak orneklerinin azot (N) analizi
Modifiye Kjeldahl metoduna gore, fosfor (P),
potasyum (K), kalsiyum (Ca), magnezyum (Mg),
demir (Fe), ¢inko (Zn), mangan (Mn), bakir (Cu)
konsantrasyonlari yas yakma metodu elde
edilen suzukte ICP-OES kullanilarak
belirlenmistir (Kacar ve inal, 2008).

Toprak oOrnekleri Jackson (1967) tarafindan
bildirilen esaslara gére 6rnekleme yapilan
serayl temsil edecek sekilde 0-20 cm ve 20-40
cm olmak Uzere iki farkh derinlikten alinmis ve
Chapman vd. (1961)’e gére analize hazir hale
getiriimigtir.  Toprak  Orneklerinde  biinye
(Bouyoucos,1955) ve binye siniflarinin
belirlenmesi (Black, 1957), toprak orneklerinin
pH'lari (Jackson, 1967), toprak EC degerleri
(Anonymous,1982), %CaCO; icerikleri
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Scheibler kalsimetresi ile (Caglar, 1949),
organik madde Modifiye  Walkley-Black
metoduna (Black, 1965) goére belirlenmistir.
Toplam N degerleri Modifiye Kjeldahl metoduna
(Kacar, 1995), alinabilir fosfor (P) miktarlar
Olsen metoduna (Olsen ve Sommers, 1982),
degisebilir K, Na, Ca, Mg topraklarin
ekstraksiyonunda 1 N amonyum asetat ¢ozeltisi
(Kacar, 2009), alinabilir Fe, Zn, Cu ve Mn
DTPA ekstraksiyonuna goére (Lindsay ve
Norvell, 1978) belirlenmistir. Elde edilen toprak
ve yaprak analiz sonuglari sinir degerleri ile
karsilagtirilarak, sera topraklarinin  besin
elementleri ile bitkilerin beslenme durumlari
degerlendirilmigtir.

3. Bulgular ve Tartisma

3.1. Yaprak analiz sonuglar

Antalya ili Manavgat ilgesinde segilen 19 adet
domates serasindan alinan yaprak orneklerinin

analiz sonuglarina iligkin minimum, maksimum
ve ortalama degerler Cizelge 1'de verilmistir.

Campbell (2000) tarafindan verilen sinir
degerlerine  gdére  siniflandirilan  yaprak
orneklerinin  kuru maddede toplam azot

kapsamlari %4.1-5.4 arasinda degismektedir.
Domates seralarindan alinan yaprak
orneklerinin N analiz sonuglari yeterli olarak
belirlenen  %3.5-5.0 sinir  degerleri ile
karsilastinldiginda domates seralarinin azot
kapsamlarinin %53’UGnun yeterli ve %47’sinin
yuksek sinifina girdigi g6ralmektedir
(Cizelge 2). Domates seralarinin  toprak
orneklerinin toplam N icerikleri incelendiginde,
topraklarin N yénunden iyi ve ¢ok iyi durumda
oldugu gérilmektedir ve bu durumun bdlge
ureticileri tarafindan duzenli olarak azotlu
glbrelerin uygulanmasinin dogal bir sonucu
oldugu dusinulmektedir.

Yaprak orneklerinin %89’unun fosfor yoniinden
yeterli oldugu belirlenmistir ve kuru maddede

fosfor kapsamlari  %0.23-0.65 arasinda
degismektedir (Cizelge 1, 2). Maltas ve Kaplan
(2013), Antalya ili Merkez ilgelerindeki
seralardan alinan yaprak orneklerinin

%62.50’sinin yeterli dizeyde fosfor icerdigini,
%37.50’sinin noksan sinifta yer aldigini ifade
etmiglerdir. Domates seralarindan alinan
yaprak orneklerinin tamaminin K beslenmesi
yoéndnden noksan oldudu ve kuru maddede
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Cizelge 1. Yaprak érnekleri analiz sonuglarinin minimum, maksimum ve ortalama degerleri

Besin elementi Minimum Maksimum Ortalama
N (%) 4.13 5.49 4.89
P (%) 0.23 0.65 0.41
K (%) 1.10 2.46 1.97
Ca (%) 2.53 11.05 5.64
Mg (%) 0.36 0.94 0.61
Fe (mg kg™ 8.02 33.39 16.84
Zn (mg kg'lg 4.69 83.19 28.29
Mn (mg kg™) 12.89 195.70 63.58
Cu (mg kg™ 1.53 123.80 15.40

Cizelge 2. Antalya ili Manavgat ydresi domates seralardan alinan yaprak &érneklerinin sinir degerlerine gére

siniflandiriimasi

Element Degerlendirme Sinir deger Ornek sayis! %
Noksan <3.5 - -
N (%) Yeterli 3.5-5.0 10 53
Yiksek >5.0 9 47
Noksan <0.3 2 11
P (%) Yeterli 0.3-0.65 17 89
Yuksek >0.65 -
Noksan <3.5 19 100
K (%) Yeterli 3.5-45 - -
Yuksek >4.5 - -
Noksan <1.0 - -
Ca (%) Yeterli 1.0-3.0 2 11
Yuksek >3.0 17 89
Noksan <0.35 - -
Mg (%) Yeterli 0.35-1.0 19 100
Yuksek >1.0 - -
Noksan <50 19 100
Fe (mg kg™ Yeterli 50-300 - -
Yuksek >300 - -
Yeterli <18 11 58
Zn (mg kg™) Yiiksek 18-80 7 37
Yuksek >80 1 5
Noksan <25 3 16
Mn (mg kg™) Yeterli 25-200 16 84
Yuksek >200 - -
Noksan <5.0 6 32
Cu (mg kg™ Yeterli 5.0-35 12 63
Yuksek >35 1 5
potasyum kapsamlari %1.10-2.46 arasinda belirlenen Ca sinir degerleri ile

degistigi tespit edilmistir. Toprak 6rneklerinin
potasyum kapsamlarinin da hem 0-20 cm hem
de 20-40 cm derinlikte yaklasik %63’ndn
yetersiz oldugu tespit edilmistir (Cizelge 2). Her
iki analiz sonucu karsilastirildiginda potasyum
gubrelemesinin yetersiz oldugu, bitkinin verime

yattigi ve topraktan en fazla potasyumun
alindigi dénem olan meyve dbneminde,
Ozellikle potasyum gubrelemesine 6nem

verimesi gerektigi ortaya c¢ikmaktadir. Selguk
Isikhan ve Soénmez (2014) tarafindan elde
edilen verilerle benzer sonuglar elde edildigi
gorulmektedir. Cizelge 2'de goruldigu Uzere
Campbell (2000) tarafindan domates bitkisi i¢in
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karsilastinidiginda yaprak orneklerinin
%89’unun yiksek, %11’inin yeterli dizeyde
kalsiyum kapsadigi  belirlenmigtir.  Yaprak
orneklerinin kuru maddede kalsiyum
kapsamlarinin %2.53-11.05 arasinda degistigi
gorulmustir. Magnezyum kapsami bakimindan
yaprak oérneklerinin %100’UGnun yeterli dizeyde
oldugu ve kuru maddede magnezyum
kapsamlarinin %0.36-0.94 arasinda degistigini
tespit edilmistir (Cizelge 2).

Yaprak orneklerinin  demir kapsamlari hem
Jones vd. (1991) tarafindan noksanlik sinir
degerleri olarak belirlenen  50-59 mg kg™
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degerlerine hem de Campbell (2000) tarafindan
verilen yeterli olarak belirlenen 50 mg kg™ sinir
degerlerinden goére karsilastiriimis olup, her iki
sinir degerleri dikkate alindiginda yaprak
orneklerinin tamaminda Fe noksanhgi oldugu
tespit edilmistir ve demir kapsamlarinin 8.02-
33.39 mg kg'1 arasinda degistigi belirlenmistir.
Yaprak orneklerinin ¢inko kapsamlarinin yeterli
olarak belirlenen 18-80 mg kg'1 sinir degerleri
ile  karsilagtirildiginda  %58’inin  noksan
diizeyde, %37’sinin yeterli dizeyde ve %5’inin
yuksek dizeyde cinko igcerdigi gorilmektedir.
Kuru maddede g¢inko kapsamlarinin 4.69-
83.19 mg kg'1 arasinda degistigi belirlenmistir.
Yaprak orneklerinin Mn analizleri sonucunda %
84’Unun yeterli dizeyde ve %16‘sinin noksan
dizeyde mangan igerdigi ve kuru maddede
mangan kapsamlarinin  12.89-195.70 mg kg™
arasinda  degistigi  gorllmustir.  Yaprak
orneklerinin - Cu  analiz  sonuglart  sinir
degerlerine gére %63’Unin yeterli, %32’sinin
noksan ve %5’inin ylUksek duzeyde bakir
kapsadidi belirlenmistir. Kuru maddedeki bakir
kapsamlarinin  1.53-123.80 mg kg'1 arasinda
degistigi gorilmuistir (Cizelge 1, 2). Gozikara
ve Kaplan (2014) ve Selguk Isikhan ve Sénmez
(2014) tarafindan domates bitkisinde besin
iceriklerinin degisimi konusunda elde edilen
verilerle benzer sonuglar alinmistir.

3.2. Toprak analiz sonuglari
Antalya ili Manavgat ilgesinde secilen 19 adet

domates serasindan 0-20 cm ve 20-40 cm
derinliklerden alinan toprak orneklerinin analiz

sonuglarina iliskin  minimum, maksimum ve
ortalama degerleri Cizelge 3’de, toprak
orneklerine ait fiziksel ve kimyasal analiz

sonuglari sinir degerlerine goére siniflandirilarak

Cizelge 4'de verilmistir. incelenen seralarda 0-
20 cm toprak derinliginden alinan topraklarin %

58inin  hafif alkalin, %42’sinin  alkalin
reaksiyonlu, 20-40 cm toprak derinliginde ise
%74’Gnin  hafif alkalin, %26’sinin  alkalin

reaksiyona sahip olduklari belirlenmistir. Alinan
topraklarin pH degerleri 0-20 cm toprak
derinliginde 7.50-8.08, 20-40 cm derinlikte ise
7.66—8.05 arahiginda degismektedir.

Ornek alinan sera topraklarinin 0-20 cm toprak
derinliginde biinyeleri; %5.26 tin, %10.52 kumlu
tin, %68.44 kumlu Kkilli tin, %5.26 kumlu kil
%5.26 siltli kil ve %5.26 killi tin toprak sinifina
dahil oldugu saptanmistir. Ayrica 20-40 cm
toprak derinliginde %5 kumlu tin, %74 kumlu
killi tin, %11 kumlu kil, %5 siltli killi tin ve %5 Kkilli
tin blnyeye sahip oldugu tespit edilmistir.
Sonug olarak toprak ©Orneklerinin  buylk
¢ogunlugunun kumlu Killi tin tekstire sahip
topraklar oldugu belirlenmistir (Cizelge 4).

Ornek alinan sera topraklarinin CaCOj;
kapsamlari 0-20 cm toprak derinliginde %3.38-
32.60, 20-40 cm derinlikte ise 9%3.37-32.60
araliginda degisim go6stermektedir. Toprak
orneklerinin CaCO; sonuglari Evliya (1964)’'ya
gore siniflandirildiginda tim érneklerin 0-20 cm
ve 20-40 cm derinliklerdeki kireg igeriklerinin
benzer Ozellik gobsterdigi ve  o6rneklerin
tamaminin kire¢ bakimindan yiksek ve asiri
siniflarina dahil oldugu goérilmastir. Kaplan vd.
(1995) tarafindan Kumluca ilgesinde yapilan bir
calismada domates sera topraklarinin kireg
iceriklerinin %2.90-20.49, Finike ilgesinde ise
bu degerlerin %12.02-34.78 arasinda degistigi
ve kire¢ bakimindan yoére topraklarinin zengin
oldugu bildirilmistir.

Cizelge 3. Toprak 6rnekleri analiz sonuglarinin minimum, maksimum ve ortalama degerleri

Toprak 6zellii _ 0-20 cm _ 20-40 cm

Minimum  Maksimum Ortalama Minimum  Maksimum Ortalama
pH 7.50 8.08 7.85 7.66 8.05 7.83
CaCOs3 (%} 3.38 32.60 11.27 3.37 32.60 11.41
EC (dSm™) 0.34 2.04 0.88 0.35 1.43 0.71
Organik madde (%) 1.45 6.26 2.63 1.45 5.37 2.47
Toplam N (%) 0.10 0.41 0.17 0.11 0.35 0.17
Alinabilir P (mg kg'l) 12.03 47.06 26.61 11.02 46.04 25.56
Degisebilir K (me 1009'1) 0.16 3.98 0.63 0.11 3.40 0.56
Degisebilir Ca (me 1009'1) 7.36 17.97 14.11 7.46 19.20 14.50
Degisebilir Mg (me 1009'1) 0.97 3.58 1.85 0.97 3.87 1.93
Alinabilir Fe (mg kg'l) 9.76 109.5 24.23 9.55 88.34 22.69
Alinabilir Zn (mg kg'lg 2.97 24.06 10.53 2.93 21.53 9.71
Alinabilir Mn (mg kg™) 5.67 28.30 16.26 8.03 30.18 18.13
Alinabilir Cu (mg kg'l) 1.63 28.94 9.81 1.62 26.74 9.21
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Cizelge 4. Antalya Manavgat yoresinde domates yetigtiriciligi yapilan sera topraklarindan alinan toprak

orneklerinin sinir degerlerine gére siniflandiriimasi

Derinlik Toplam
T s Sinir N . 0-20 cm 20-40 cm
oprak 6zelligi < . Degerlendirme = = =
degerleri Ornek Ornek Ornek
(%) (%) (%)
sayisl sayisl sayisl
H 7.4-7.8 Hafif alkalin 11 58 14 74 25  65.8
P 7.9-8.4 Alkalin 8 42 5 26 13 34.2
2.5-5.0 Kiregli 3 16 5 26 8 21.1
5.1-10.0 Yilksek 8 42 6 32 14  36.8
CaCOs (%) 10.1-20.0 Cok yiiksek 5 26 5 26 10 26.3
20.1< Asiri kiregli 3 16 3 16 6 15.8
1 2.5> Tuzsuz 19 100 19 100 38 100
EC (dSm™) 2.6-4.5 Hafif tuzlu - - - i i i
Organik madde 0-2 Humusga fakir 4 21 6 32 10 26.3
%) 2-5 Az humuslu 14 74 12 63 26 68.4
5-10 Humuslu 1 5 1 5 2 5.3
Tin 1 5.26 - - 1 2.6
Kumlu tin 2 1052 1 5.26 3 7.9
Kumlu killi tin 13 68.44 14 73.69 27 711
Binye Kumlu kil 1 5.26 2 10.53 3 7.9
Siltli killi tin - - 1 5.26 1 2.6
Siltli kil 1 5.26 - - 1 2.6
Killi tin 1 5.26 1 5.26 2 5.3
0.070-0.090 Fakir 1 5.26 - - 1 2.6
Toplam N 0.091-0.110 Orta 1 5.26 - - 1 2.6
(%) 0.111-0.130 lyi 1 5.26 6 32 7 18.4
0.131< Cok iyi 16 84.22 13 68 29 76.3
Alinabilir P 10> Yiiksek 19 100 19 100 38 100
(mg kg™)
0.225 Cok dustk 6 3157 6 31.57 12 315
0.256-0.385 Dusuk 2 10.53 2 10.53 4 10.5
Degisebilir K 0.386-0.510 Orta 4 21.06 4 21.06 8 211
(me 100g™) 0.511-0.640 lyi 2 10.53 2 10.53 4 105
0.641-0.821 Yiiksek 3 1579 2 10.53 5 132
0.821< Cok yiiksek 2 1053 3 15.78 5 132
Degisebilir Ca 7.16-14.30 Orta 10 53 7 37 17 44.7
(me 100g™) 14.30< lyi 9 47 12 63 21 553
?rﬁg'iggg'ﬂ)“ﬂg 0.951< iyi 19 100 19 100 38 100
Alinabilir Fe 4.5< iyi 19 100 19 100 38 100
(mg kg )
Alinabilir Zn 1.0< iyi 19 100 19 100 38 100
(mg kg )
Alinabilir Mn 1< Yeterli 19 100 19 100 38 100
(mg kg ")
Alinabilir Cu 0.2< Yeterli 19 100 19 100 38 100
(mg kg )
Manavgat yoresi sera topraklarinin elektriksel 6.26, 20-40 cm derinlikte ise %21.45-5.37
iletkenlik (EC) degerleri; 0-20 cm’lik toprak araliginda degisim gdstermektedir. Organik

derinliginde 0.34-2.04 dS m*, 20-40 cm’lik
toprak derinliginde 0.35-1.43 dS m*  olarak
belirlenmistir (Cizelge 3). Yoére topraklarinin
tuzluluk  bakimindan risk  olusturabilecek
duzeyde olmadiklari gérinmektedir (Cizelge 4).
Ornek alinan sera topraklarinin organik madde
icerikleri 0-20 cm toprak derinliginde %1.45-
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madde icerikleri, Thun vd. (1955)'ne goére
siniflandirildiyinda 0-20 cm toprak derinliginde
%21’inin humusga fakir, %74’Gnin az humuslu,
% 5’inin humuslu sinifta; 20-40 cm toprak
derinliginden alinan toprak &rneklerinin ise
%32’sinin humusga fakir, %63'Gnin az
humuslu, %5’inin humuslu sinifa girdigi tespit
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edilmistir. Sera topraklarinin yaklasik %68’inin
%2 ve Uzeri organik madde iceriyor olmasi
organik madde ilavesine ihtiyacin oldugunu ve
bu dlzeyin artinlmasi durumunda toprak
verimliligi ve kalite parametrelerinde 6nemli
katkilarin  saglanabilece@ini gdstermektedir.
Ozellikle Sénmez ve Kaplan (2007), Demre
yoresinde  yaptiklari galismada domates
yetistirilen sera toprak &rneklerinin 0-20 cm
toprak  derinligindeki  toprak  6rneklerinin
%19’unun humusca fakir, %81’inin az humuslu,
20-40 cm toprak derinligindeki toprak
orneklerinin ise % 48inin humusca fakir,
%52’sinin  de az humuslu toprak sinifina
girdigini ve st toprak derinliginde organik
madde dlzeylerinin  genel olarak yeterli
oldugunu belirtmiglerdir.

Antalya ili Manavgat yoresindeki seralardan
alinan toprak Orneklerinin toplam azot analiz

sonuglari Loue (1968)’e gore
siniflandirildiginda, 0-20 cm’lik  toprak
derinliginde  toplam  azot kapsamlarinin

%5.26’sinin fakir, %5.26’sinin orta, %5.26’sinin
iyi, %84.22’sinin cok iyi, 20-40 cm’lik toprak
derinliginde ise % 32’sinin iyi ve %68’inin ¢ok iyi
sinifta yer aldig1 tespit edilmistir. Toprak
orneklerinin toplam azot igerikleri 0-20 cm’lik
toprak derinliginde %0.10-0.41 ve 20-40 cm
derinlikte  9%0.11-0.35 degerleri  arasinda
bulunmaktadir. Ornek alinan sera topraklarinin
azot iceriklerinin buydk c¢ogunlugunun yeterli
olmasina kargin topraklarin organik madde
duzeylerinin distk oldugu gériimektedir. Bu
durum yapilan kimyasal gibreleme duzeylerinin
oldukca yuksek oldugu ve seralara yeterince
organik glbre yapilmadigi seklinde
aciklanabilir. Topraklarin azot igerikleri ile
organik madde duzeyleri arasinda pozitif bir
iliski bulunmasina ragmen yore seralarinda
halen gerekli toprak organik madde dizeyinin
saglanamadi§i ve organik madde ilavesine
intiyac duyuldugu elde edilen verilerden
anlasiimaktadir. Antalya ili Manavgat y6resinde
bulunan seralarin toprak 6rneklerinin alinabilir
fosfor kapsamlari; 0-20 cm derinlikte 12.03-
47.06 mg kg'l, 20-40 cm derinlikte ise 11.02-
46.04 mg kg'1 deger araliginda yer almaktadir
(Cizelge 3). Cizelge 4'de de goéruldugu Uzere
topraklarin alinabilir fosfor kapsamlari Olsen ve
Sommers’in  (1982) verdigi sinir degerlerine
go6re siiflandiriimis olup, toprak o&rneklerinin
tamaminin yiuksek duzeyde alinabilir fosfor
icerigine sahip oldugu belirlenmigtir. Maltas ve
Kaplan (2013) ve Orman ve Kaplan (2004)
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Antalya ilinde yapilan c¢alismalarda domates
seralarinda  topraklarin azot ve fosfor
bakimindan yeterli oldugunu bildirmiglerdir.

Antalya ilinin Manavgat ydresindeki seralarin
toprak  drneklerinin  degisebilir  potasyum
kapsamlar;; 0-20 cm  derinlikte  0.16-
3.98 me lOOg'l, 20-40 cm derinlikte ise 0.11-
3.40 me 100g™ deger araliginda degistigi
g6zlenmistir. Topraklarin degisebilir potasyum
kapsamlari Pizer (1967)’e gére
siniflandirildiginda, 0-20 cm toprak derinliginde
%31.57’sinin ¢ok dusik, %10.53’'Gndn dusik,
%21.06’sInIn orta, %10.53’Unln iyi,
%15.79'unun yiksek ve %10.53’Unin ¢ok
yiksek sinifta yer aldigi; 20-40 cm toprak

derinligindeki toprak o6rneklerinin potasyum
kapsamlarinin ise %31.57’sinin ¢ok dusuk,
%10.53’'Unln  dusuk, %21.06’'sinin  orta,

%10.53'Untn iyi, %10.53’Unin yuUksek ve
%15.78'inin ¢ok yiksek sinifinda yer aldig
belirlenmistir. Toprak o6rneklerinin degisebilir
kalsiyum kapsamlari Loue’ya (1968) gore
siniflandirildijinda, toprak orneklerinin 0-20 cm
toprak derinliginde % 53’'Unln orta, %47’sinin iyi
ve 20-40 cm toprak derinliginde %37’sinin orta
ve %63’Unun iyi dizeyde degisebilir kalsiyum
icerdigi gorulmektedir (Cizelge 4). Toprak
orneklerinin degisebilir kalsiyum kapsamlari; O-
20 cm derinlikte 7.36-17.97 me 100g™ ve 20-
40 cm derinlikte 7.46—-19.20 me 100g ™~ degerleri
araliginda degismektedir. Topraklarin ylksek

kire¢ kapsamlarindan dolayi kalsiyum
iceriklerinin  yeterli ve  ylksek oldugu
gorinmektedir. Alinan toprak o6rneklerinin

degdisebilir magnezyum analiz sonuglari, Loue
(1968)ya gore siniflandiriididinda; sera
topraklarinin hem 0-20 cm hem de 20-40 cm
derinlikte %100’UnUn iyi dUzeyde degisebilir
magnezyum igerdigi belirlenmistir (Cizelge 4).
Toprak oOrneklerinin  degisebilir magnezyum
kapsamlar;; 0-20 cm  derinlikte  0.97-
3.58 me 100g™, 20-40 cm derinlikte 0.97-
3.87 me 100g™ araliginda degistigi
gorulmektedir (Cizelge 3). Antalya’da domates
seralarinda beslenme durumlarinin arastinldigi
calismalarda da benzer sonuglarin elde edildigi
gorulmustar (Selguk Isikhan ve Sénmez, 2014;
Gozikara ve Kaplan, 2014; Sénmez ve Kaplan,
2007).

Toprak oOrneklerinin alinabilir demir analiz
sonuglari, Lindsay ve Norvell (1978)'e gore
siniflandiriimig ve toprak orneklerinin
tamaminin alinabilir demir, ¢inko, mangan ve
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bakir igeriklerinin, hem 0-20 cm derinlikte hem
de 20-40 cm derinlikte iyi sinifina girdigi
belirlenmistir (Cizelge 4).

alinabilir demir
kapsamlarinin; 0-20 cm derinlikte 9.76-
109.5mgkg®, 20-40 cm derinlikte 9.55-
88.34 mg kg'1 degerleri araliginda, alinabilir
¢inko kapsamlarinin 0-20 cm derinlikte 2.97-
24.06 mg kg'1 ve 20-40 cm derinlikte 2.93-

Toprak orneklerinin

21.53 mg kg'1 araliginda, alinabilir mangan
iceriklerinin ~ 0-20  cm  derinlikte  5.67-
28.30 mgkg®, 20-40 cm derinlikte 8.03-
30.18 mg kg'1 araliginda, alinabilir  bakir
iceriklerinin ~ 0-20  cm  derinlikte  1.63-

28.94mgkg” ve 20-40 cm derinlikte 1.62-
26.74mgkg" araliginda degisim gosterdigi
belirlenmistir (Cizelge 3). Pilanali ve Aksoy
(1997) Antalya’da hiyar yetigtirilen sera
topraklarinda alinabilir Zn, Mn ve Cu
iceriklerinin yeterli oldugunu bildirmistir. Ayrica
Sénmez ve Kaplan (2007) ve Orman ve Kaplan
(2004) domates sera topraklarinin mikro
element igerikleri bakimindan yeterli oldugunu
bildirmiglerdir. Girel ve Basar (2006) serada

hiyar yetistirilen
iceriklerinin genel
belirtmiglerdir.

topraklarin mikro element
olarak vyeterli olduklarini

Manavgat yoéresinde yapilan arastirmada
domates bitkisi yaprak Orneklerinin besin
elementi icerikleri ile toprak o6rneklerinin bazi
kimyasal ve fiziksel 6zellikleri arasindaki iligkiler
belirlenerek Cizelge 5°'de verilmigtir.

Yaprak orneklerinin N konsantrasyonlari ile 20-
40 cm’den alinan toprak o&rneklerinin Mn
konsantrasyonlari arasinda %5 dizeyinde
pozitif (r= 493*), P konsantrasyonlari ile 20-
40 cm’den alinan toprak o6rneklerinin CaCOs;
icerikleri arasinda %5 dulzeyinde negatif (r=-
474%) iliski belirlenmistir. Kireg igerigi ylksek
olan ve kalsiyum iceren alkalin karakterli
topraklarda fosfor dogrudan kalsiyum iyonlar ile
ya da kire¢ ile reaksiyona girerek yarayigsiz
forma dénusmektedir (Turan ve Horuz, 2012).
Yaprak orneklerinin K konsantrasyonlari ile 20-
40 cm’den alinan toprak &rneklerinin organik
madde icerikleri arasinda pozitif (r=544*) iliski
bulunmustur.

Cizelge 5.Yaprak orneklerinin besin elementleri icerikleri ile toprak 6rneklerinin fiziksel ve kimyasal 6zellikleri

arasindaki 6nemli iligkiler

Bitki (X) Toprak (Y) Korelasyon katsayisi (r) Regresyon esitligi
N 20-40 Mn 493* X =4.48 + 0.0243 Y
P 20-40 CaCOs -474% X = 0.494 — 0.00730 Y
K 20-40 O.M. 544 X=133+0.260Y
0-20P -585* X =5.90-0.0089 Y
0-20 K 621" X=935-7.83Y
ca 20-40 Ca -557: X=237-111Y
0-20 CaCOs -570 X=7.69-0.182Y
20-40 CaCOs -548* X=7.63-0.174Y
20-40 O.M. -595** X=9.65-162Y
0-20 N 457" X=331-111Y
0-20 P -676*" X=33.0-0.719Y
0-20 K 679" X=287-251Y
20-40 Ca -510* X=65.1-2.96Y
Fe 0-20 Fe -495% X=28.9-0.688 Y
0-20 Cu -469* X =215-0.605Y
0-20 CaCOs -614*" X=23.3-0.573Y
20-40 CaCOs -623* " X=23.4-0579Y
20-40 O.M. -485* X=26.4-387Y
7n 0-20 N -545:* X=95.8-459Y
0-20 Ca -644 X=128-8.14Y
0-20 N -497* X=174-750Y
0-20 P -604* " X=154-4.01Y
Mn 0-20 K -501* X=118-115Y
20-40 Zn 620" " X=-0.2+6.89Y
20-40 CaCOs -471% X=947-273Y
oL 0-20 K -48&1* X=453-650Y
20-40 Zn 490 X=-149+3.17Y
*p<0.05 *: p<0.01
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Yaprak orneklerinin Ca konsantrasyonlari ile 0-
20 cm’den alinan toprak érneklerinin P ve kireg
kapsamlari arasinda %5 duzeyinde negatif
(sirasiyla r=-585*, r=-570%),K kapsamlari ile %1
diizeyinde negatif (r=-621**); yaprak
orneklerinin Ca konsantrasyonlari ile kalsiyum
ve kire¢ kapsamlari arasinda negatif (sirasiyla
r=-557*, r=-548*) ve organik madde kapsamlari
ile % 1 negatif (r=-595**) iliskiler belirlenmistir.
Kalsiyum yarayislihdi K, Mg, NH,*, Fe ve Al gibi
antagonistik etkiye sahip diger katyonlarca
azaltihr (Turan ve Horuz, 2012). Serada
domates yetistirilen topraklarin P kapsami
arttikga yaprak orneklerinin P kapsami
yukselirken Ca icerikleri azalmistir (Elmaci,
1989). Toprak K'u ile bitki Ca’u, toprak Mg'u ile
bitkilerin K ve Ca konsantrasyonlari arasinda
belirlenen olumsuz iligki, K, Ca ve Mg gibi

katyonlar arasinda var olan antagonistik
iliskilerden kaynaklanmaktadir (Jones vd.,
1991). Kaplan vd. (1995) toprak organik

maddesindeki artisin, bitkilerin P ve K alimini
olumlu, Ca alimini ise olumsuz etkiledigini
bildirmislerdir.

Yaprak orneklerinin Fe konsantrasyonlari ile O-
20 cm derinlikten alinan toprak érneklerinin N,
Fe ve Cu konsantrasyonlari arasinda %5
dizeyinde negatif (sirasiyla r=-457* r=-495*%,
=-469*) ve P, K ve kire¢ kapsamlari arasinda %
1 dizeyinde negatif (sirasiyla r=-676**, r=-
679**, r=-614**); yaprak O&rneklerinin Fe
konsantrasyonlari ile 20-40 cm derinlikte alinan
toprak o&rneklerinin Ca ve organik madde
kapsamlari ile %5 negatif (sirasiyla r=-510", r=-
485*) , kireg kapsamlari ile %1 negatif (r=-
623**) iligkiler belirlenmistir. Bitkilerce topraktan
Fe alimini, ortamdaki yiksek pH ile yiksek P ve
Ca konsantrasyonlari olumsuz ybnde
etkilemektedir (Burstrom, 1968; Turan ve
Horuz, 2012). Aydemir ve ince (1988)'de bitkide
Fe noksanhgdina neden olan etmenler arasinda
yuksek N'un da bulundugunu bildirmektedirler.
Demir noksanligina daha ¢ok kiregli topraklarda
ve asin fosfor uygulanan topraklarda rastlanir.
Topraktaki demirin absorpsiyonu Uzerine diger
katyonlarin énemli etkileri vardir. Mn™2, Cu®?,
Ca™2, Mg™, K" ve Zn™ iyonlari demir alinimini
olumsuz etkileyebilmektedirler (Turan ve Horuz,
2012; Aktas, 1991).

Yaprak 6rneklerinin Zn konsantrasyonlari ile O-
20 cm’den alinan toprak orneklerinin N
kapsamlari arasinda %5 duzeyinde negatif
(sirasiyla r=-545 * ), Ca kapsamlar ile %1
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diizeyinde negatif (r=-644**) iligki bulunmustur.
Cinko bitkide azot metabolizmasi ile de ilgili
olup ¢inko noksanlhdinda protein sentezi ve
bitkide protein miktari énemli élgiide azalmakta
ve amino asitleri biriktirmektedir. RNA polimeraz
enzimi Zn igerdigi icin, Zn noksanlginda enzim
inaktive olur ve RNA sentezi geriler (Tsui, 1948;
Salami ve Kenefick, 1970; Aktas, 1995).

Yaprak Orneklerinin Mn konsantrasyonlari ile O-
20 cm’den alinan toprak érneklerinin N, P ve K
kapsamlari arasinda negatif (sirasiyla r=-497%,
r=-604**, r=-501*); yaprak Orneklerinin Mn
konsantrasyonlari ile 20-40 cm’den alinan
toprak orneklerinin  Zn kapsamlari ile %1
dizeyinde pozitif (r=620**), kire¢ igerikleri ile
%5 diizeyinde negatif (r=-471) iligkiler
bulunmustur. Manganin P, Zn, Mo gibi diger
elementler ile de etkilesim icerisinde oldugu g6z
ardi edilmemelidir. Fosfor fazlaliginin Zn ve Fe
gibi mikro besin noksanliklarina neden
oldugunun bilinmesinin yani sira, Ca, B, Cu ve
Mn noksanliklarina da sebep olabilmektedir.
Kiregleme, Ca iyonunun toprak c¢ozeltisindeki
dogrudan etkisinin yani sira, toprakta pH’nin
yukselmesine sebep olmasiyla bitkilerin Mn
alimini azaltmaktadir (Aydemir ve ince, 1988;
Karaman vd., 2006).

Yaprak orneklerinin Cu konsantrasyonlari ile O-
20 cm’den alinan toprak Orneklerinin K
kapsamlari arasinda % 5 diizeyinde negatif (r=-
485%), yaprak orneklerinin Cu konsantrasyonlari
ile 20-40 cm’den alinan toprak érneklerinin Zn
kapsamlari arasinda %5 duzeyinde pozitif
(r=490%) iligkiler bulunmustur. N-P-K iceren
glbrelerin yiksek miktarda kullanimi, bitkilerde
bakir yarayiglihginin azalmasina yol
acgmaktadir. Toprak ¢ozeltisinde Zn, Fe, Mn
elementlerinin ylksek miktarlarda bulunmasi,
bitkilerce Cu alinimina antagonistik etkide
bulunmaktadir (Halder ve Mandal, 1979; Turan
ve Horuz, 2012). Bakir aliminin metabolik
olarak kontrol edildigi (aktif alim) ve Cu aliminin
Zn ahmini, buna karsihk Zn aliminin da Cu
alimini  etkiledigi  bilinmektedir  (Schmid
vd., 1965; Bowen, 1969).

4. Sonug

Ornekleme yoluyla secilen alanlardan alinan
yaprak orneklerinin besin elementi
konsantrasyonlarinin genel olarak yeterli oldugu
goérulmustar. Potasyum kapsamlari bakimindan
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tum orneklerde noksanlik oldugu tespit
edilmistir. Bu durumun gubrelemedeki
dengesizlik ve yetersizlikle birlikte antagonistik
etkiden dolayi; vyetistirme ortaminda fazla
miktarda bulunan Ca™ ve Mg™ katyonlarinin
ortamdan potasyum alimini azaltmasindan
kaynaklandigi dusunulmektedir.

Domates seralarinin toprak analiz sonuclari
incelendiginde topraklarin blyuk bir
cogunlugunun hafif alkalin ve alkalin 6zellikte
oldugu, kumlu Killi tin binyeye sahip ¢ogunlukla
yuksek ve c¢ok ylksek kiregli yapida oldugu
belirlenmistir. Bu nedenle seralarda kullanilan
gubrelerin igeriginin g6z éninde bulundurularak
tercin edilmesi o6nemlidir. Organik madde
kapsami bakimindan blylk oranda az humuslu
humusca fakir, besin elementi igeriklerinin genel
olarak yeterli oldugu goérilmustur. Seralarda
organik madde yetersizligi nedeniyle yanmis
hayvan gubreleri, leonardit orijinli kati ve sivi
organik glbrelerin kullanimi veya bitkisel orijinli
kompost uygulamalarinin yayginlastiriimasinin
topraklarin  fiziksel, kimyasal ve biyolojik
ozelliklerini  iyilestirmede  6nemli  katkilar
saglayacadl dikkate alinmaldir. Seralarda
gubre secimi yapilirken toprak analizine dayall
olarak dikim ©Oncesi toprak alti glbre
uygulamalarinda genel olarak bilinen temel
gubre g¢esitlerin  kullaniminin  yaninda mikro
besin elementlerinin de igcinde yer aldigi
kompoze gubrelerin uygulanmasinin daha
dogru olacagi dusunulmektedir. Yetistiricilikte
bitki beslenmesinde urin Kkalitesini artirmak
amaclyla yapraktan gubre uygulamalarina da
gerekli 6nemin verilmesi gerekmektedir. Bu
amagla 06zellikle beslenmenin izlenmesi ve
noksanlik durumunda Ust gibrelemelerle de
bitkilerin ~ besin  ihtiyaglari  karsilanmaya
calisiimalidir.

Sera kosullarinda yodun gubre kullanimindan
dolayi olusabilecek tuzluluk problemlerine kargi
yaprak ve toprak analizlerine dayali gibreleme
programlarinin  uygulanmasi  gerekmektedir.
Aksi takdirde uzun yillardir sera kosullarinda
Uretim yapilan Kumluca, Finike ve Demre yoresi
seralarinda olusan  tuzluluk  sorunlarinin
Manavgat yodresinde de olusmasi muhtemel
gérinmektedir. Yaprak ve toprak analizlerine
dayali gubreleme ile hem verimlilik artirilabilir
hem de toprak ve sulama sularinda tuzluluk
olusumu engellenerek gevre kirliliginin minimize
edilmesi saglanabilir.
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Arastirma Trakya Bélgesi/Kirklareli ilinde saksi kosullarinda yiiritiimistir. Saksilar tinli kum ve tin biinyeye sahip
iki farkli toprak ile doldurulmustur. Aygicegi bitkisine 4-10 gergek yaprakli oldugunda 0.5 ve 7.5 ml da™ dozlarinda
imazamox uygulanmistir. Calisma sulu sartlarda ylritilmis olup, sulamalar tabla olusumu, ciceklenme
baslangici ve sut olumu fenolojik dénemlerinde yapilmistir. Calismada aygicegi bitkisinin yaprak, gévde ve tabla
aksamlarindaki imazamox kalinti miktarlari belirlenmistir. Ayrica farkli bolgelerden, aycicegi florasi etkisi altinda
Uretilen bal ornekleri toplanarak, imazamox etkili maddesinin (herbisit) nihai Griinlerde kalinti birakip birakmadigi
arastinlmistir. Elde edilen sonuglara gore; bitkinin farkli aksamlarinda belirlenen imazamox kalinti miktarlari
seviyeleri tabla>yaprak=gévde (sap) olarak siralanmistir. Yaprak aksaminda imazapic ve imazapyr, govde
aksaminda da imazapic tirevlerine rastlanmistir. Uygulanan farkli miktarlardaki imazamox dozlari, sulama
oranlari ve toprak yapisi, kalinti miktarlari Gzerinde etkili olmustur. Bal 6érneklerinde imazamox ve tirevlerine ait
kalntilarina rastlanmamigtir.

Anahtar Kelimeler: Aycicegi; Bal; Kalinti; imazamox

Residual levels of imazamox herbicide and derivatives in different parts of sunflower plant and honey
samples produced under the effect of sunflower flora

Abstract

This research was carried out under flowerpot conditions in Kirklareli province of Thrace region. The pots were
filled with two different soil types, which had loamy sand and sand structures. The imazamox with the doses of 0.5
and 7.5 ml da™ were applied to the sunflower plant when it had 4-10 leaves. The study was carried out in watery
conditions and the irrigations were done three different phenological periods. Imazamox residual amounts were
determined in leaf, stem and table parts of the sunflower plant in the study. Besides, the honey samples, which
were produced under the effect of sunlower flora, were collected from different regions and it was investigated
whether or not the imazamox herbicide left residual in the final products. According to the results, the imazamox
residual amount levels in different parts of the plant were ranged as table>leaf>stem. Imazapic and imazapyr
derivatives in the leaf part and imazapic derivatives in the stem part were observed. Different amounts of
imazamox doses, irrigation ratios and the soil structure were effective on the residual amounts. The residuals of
imazamox and derivatives in the honey samples were not observed.

Keywords: Sunflower; Honey; Residual; Imazamox

1. Giris otlarin etkilerinden korunmasini saglayarak

artin miktarini ve kaliteyi arttirmaktadir. Modern
Dunyada artan nufusa paralel olarak artan gida tarimin  vazgecilmez girdilerinden biri olan
gereksinimine karsin, birim alandan yuksek pestisit kullanimi avantajlarinin yani sira insan
verim alinmasi amaclanmaktadir. Yiksek ve sagligi ve cevre kirliligi acisindan birgok
kaliteli verim elde etmek amaciyla tarimsal dezavantaji da beraberinde getirmektedir.
Uretimde birgok girdi kullaniimakta ve bu Tirkiye'de pestisit kullanimi her ne kadar
girdilerden  optimum  yarar  saglanmaya gelismis Ulkelerdeki pestisit kullanma
cahisilmaktadir. Tarimsal girdilerin en dnemli oranlarindan az olsa da, yapilan entansif tarim
olanlarindan bir tanesi de pestisitlerdir. ve en ¢ok kullanilan pestisitlerin gevre ve saglik
Pestisitler, bitkilerin hastalik, zararli ve yabanci agisindan sorunlu kimyasal maddeler igcermesi,
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pestisitlerin bilingli ve kontrolli kullaniimasi

hususundaki 6nemini arttirmaktadir  (Cebi
vd., 2017).

Aycicegi bitkisi Dunya'da ve Turkiye'de en
6nemli yag bitkilerinden biridir. Turkiye'de

genelde yaglik olarak vyetistirilir ve ekiminin
%70'inden fazlasi Trakya ve Marmara
Bdlgesinde yapiimaktadir. Ayciceginden,
yuksek ve Kkaliteli verim elde edilmesinde
yabanci ot kontrolinin énemi buyuktlr. Zira
ozellikle ilk gelisme evresinde yabanci otlar su,
besin ve Isik acgisindan aygicegi ile rekabete
girerler. imazamox, Trakya Bolgesinde 2015 yili
verilerine goére, %72’lik kullanim orani ile en gok
kullanilan herbisit olmustur. IMi teknolojisi,
aygicegi tariminda imidazolinone herbisitlerinin
kullanimina izin veren yabanci ot kontroll
segenegi olarak geligtiriimistir. Imidazolinone
herbisitlerinin etki mekanizmasi
asetohidroksiasit sintaz (AHAS)
inhibisyonlaridir. Geleneksel aycicegi
imidazolinone herbisitlerine kargi daha duyarli
iken, IMi aycicegi hibritleri bu herbisite dayanikli
bir sekilde hayatta kalabilecek sekilde modifiye
edilmistir (Pfenning vd., 2008). Tan vd. (2005),
imazamox’un, imidazolinone herbisitlerinin
grubundan olan bir pestisit oldugunu ve
bitkilerdeki aminoasit zincirinin biyosentezi igin
kritik bir enzim olan asetolaktat synthase (ALS)
olarak da adlandirilan asetohidroksi asit
synthase (AHAS) enzimini inhibe ederek yabani
otlarin kontrol altina alinmasini saglayan bir
bilesen oldugunu bildirmiglerdir. Kaynaga gore
imidazolinone toleransli misir, bugday, celtik,
kanola ve aygicegi bitkileri, 1992’den beri
ticarilestirilen bu sistemde geleneksel yetistirme
metotlari kullanilarak uretiimektedir ve her bir
bitki icin benzer bir sistem (herbisitlere dayanikh
gen transferi) olusturulmasi savunulmakta ve
bu konudaki calismalara devam edildigi
belirtiimektedir.

imazamox kullanimina ilk fasulye bitkisi ile
baslanmis olup Diinya genelinde 15 farkh
tohumda  kullaniimaktadir. 2004  yilinda
imazamox’un insan ve gevre Uzerindeki etkileri
arastirilmaya baslanmis ve 2008 yilinda
kullanimina sinirlamalar getirilmistir (Hamel,
2012). imazamox bitkiye uygulanan sistemik bir
herbisittir. Bitki yizeyine uygulanan imazamox,
daha sonra sistemik Ozelliginden dolayi temas
eden dokulardan giris yapar ve buradan bitkinin
diger organlarina tasinmaktadir. Bitki herbisite
direkt maruz kaldigi gibi (imazamox'un
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puskurtilerek uygulanmasi sirasinda bir kismi
evaporasyon ve dagiima nedeniyle
kaybolurken, diger kismi bitki Uzerinde ve
toprak ylzeyinde kalmaktadir) topraga karisan
miktardan da etkilenmektedir.  Herbisitin,
bitkilerde  biraktigi  kalintilar ~ konusunda
literatlire rastlanmamis olup, bazi calismalarda
imazamox ve turevlerinin aygigegi bitkisinin
biyokdtle, tabla ¢api ve verim parametrelerinde
olumsuz etki yaratmadigi (Garcia-Tores
vd., 1995), bir diger calismada da (Tityanov
vd., 2011) geng yapraklarda uygulama sonrasi
sararmalar meydana geldigi ortaya konmustur.

Bircok pestisitte oldugu gibi, topradin kil icerigi,
pH derecesi, organik madde ylzdesi ve
topragin nem dizeyi imazamox’un topraktaki
kaliciligini ve/lveya  yarilanma Omrinu
etkilemektedir. Toprak pH'nin artmasi ile
toprakta imazamox adsorbsiyonu artmakta ve
yarilanma omri uzamaktadir (Loux vd., 1989;
Celis vd., 1999; Bresnahan vd., 2002; Ball vd.,
2003; Aichele ve Donald, 2005; Ulbrich vd.,
2005; Wang vd., 2005). Benzer sekilde
topraktaki kil miktarinin (Loux vd., 1989; Celis
vd., 1999; Pannacci vd., 2006; Kraemer vd.,
2009) ve organik madde yuzdesinin (Loux vd.,
1989; Kraemer vd., 2009; Braschi vd., 2011,
Sondhia, 2013) artmasi imazamox’un
kaliciigini arttirmaktadir. Birgok faktor, toprak-
su-bitki-herbisit iliskisini etkilemektedir. Yagis
veya sulama bu faktoérlerden en 6nemlilerinden
biridir. Heiser (2007)'e goOre topraktaki nem
miktarinda meydana gelen azalmalar
neticesinde koke dogru herbisit tasinmasi
azaldigindan bitki gbvdesine de tasinim
azalmaktadir. Diger yandan topraktaki nem
miktarinin  artmasi, herbisitlerin  yarilanma
omrind kisaltmaktadir. YUratilen bu galismada,
imazamox’un aygicegi bitkisinin farkl
aksamlarinda ve aygicegi florasi etkisi altinda
uretilen ballarda ne dizeyde kalinti biraktig
belirlenmis ve irdelenmisgtir.

2. Materyal ve Yontem

2.1. Materyal

2.1.1. Arastirma yerinin tanimi

Arastirma Marmara Bolgesinin kuzey kisminda
yer alan Kirklareli llinin 4 km batisinda bulunan

Atatlirk Toprak Su ve Tarimsal Meteoroloji
Arastirma  Enstitisinde saksi sartlarinda
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yuratilmastir. Kirklareli ili 41°42’ Kuzey enlemi,
27°12’ dogu boylami ve 190 m yiikseltide yer
almaktadir. ilin uzun yillar iklim verilerine gére
yillilk ortalama yagisi 570.2 mm olarak
belirlenmistir. En ¢ok yagis alan aylar Kasim
(66.2 mm) ve Aralik (70.7 mm), en az yagis
alan aylar da Temmuz (25.0 mm) ve Agustos
(21.4 mm). Yillk ortalama sicaklik 13.3°C olup
saptanan maksimum ve minimum sicaklar
+42.5 ile —15.8°C’dir. En sicak aylar Temmuz
(23.9°C) ve Agustos (22.4°C), en soguk aylar
da Ocak (2.9°C) ve Subat (4°C) aylarndir.
Arastirmanin yurataldaga 2014 yilinda aygigegi
bitkisinin gelisme déneminde (Mayis-Haziran-
Temmuz-Agdustos) toplamda 217.9 mm yagis
dismaustdr. Mayis-Haziran-Temmuz-Agustos
aylarinin ortalama sicaklik degeri 21.9°C olarak
Olctimistir.

2.1.2. Toprak ozellikleri

Calisma, 70cm g¢apinda (alt taban 60 cm
capinda) ve 60cm yiksekliginde 195 L'lik
saksllarda yuritilmustir. Saksilarin ylzey alani
0.39 m”dir. Toplamda 54 adet saksi kullaniimis
olup, saksilarin dip kismina 5 cm kalinhdinda
12-19 mm’lik micir, micirin  Uzerine de
Cizelge 1’de  ozellikleri  verilen  topraklar
doldurulmustur.

2.1.3. Calismada kullanilan imazamox aktif

Denemede imazamox etken maddeli herbisit
kullaniimigtir. Kullanilan herbisit suda ¢dzlinen
formulasyona sahip olup 40 gL imazamox
aktif madde icermektedir. Herbisit aygicegi
bitkisi 4-10 gergek yaprak doéneminde,
125 mL da™’ hesabi ile canavar otu, darican,
domuz pitradi, horozibigi, képek Gzimda, kirmizi
koklu tilkikuyrugu, sirken ve c¢obandegnegi
zararlilarina karsi kullanilmaktadir. imazamox
(2-[4.5-dihydro -4 - methyl- 4- (1- methylethyl)-
5-o0x0-1 H- imidazol -2 -yl]-5-(methoxymethl)-3-

pyridinecarboxylic acid) 305.33 molekil
agirhgina sahip olan ve herbisit olarak
kullanilan bir bilesiktir. pH 5, 7 ve 9da

yarilanma émrine sahip kararl bir yapidadir ve
hidroliz ile bozulma karsisinda kararli bir
bilesiktir.

2.1.4. Denemede kullanilan aycicedi bitkisinin
Ozellikleri

IMI Toleransli sanay mr aygigek tohumu, Sanay
MR, gulgli, guvenli ve ylksek verimli IMI
aycicedi cesididir. IMI grubu ilaglara Kkarsi
yuksek oranda dayaniklidir.

2.2. Yontem
Deneme iki farkh toprak, G¢ farkli imazamox

dozu ve ug¢ farkh sulama suyu uygulamasi
olmak Uzere uc¢ tekrarlamali olarak tesaduf

madde icerikli herbisit parsellerinde  bdlinen boélinmus parseller
deneme desenine gore yuratdlmastir
(Cizelge 2).
Cizelge 1. Deneme alanlarina ait topraklarinin bazi fiziksel ve kimyasal 6zellikleri
Hacim Biinye sinifi _ Kavt.y(.)n
L Organik madde degisim
Deneme alani pH agirhgi o K .
Gemd) %Kil %Sit  %Kum (%) apasitesi
(me 100g™)
Tinh 0-30 cm 0.41
T1 4.95 1.82 8.33 12.50 79.17 4.77
Kum 30-60cm  0.39
T2 728 150 2292 3125 4583  Tin —ooocm 199 19.36
30-60cm 1.76
Cizelge 2. Deneme konulari
Toprak tipi imazamox dozu Alt konular (Su duzeyleri)
praxtip S1 (%75) S2 (%100) S3 (%125)
11=0 ml da™ T1l1S1 T111S2 T11:S3
T1 12=5 ml da™ T1l2S: Ti1l2S2 Til2S3
13=7.5 ml da™* TilsS: TilsSz TilsSs
11=0 ml da™ T211S: T2lhS2 T2l1S3
T2 12=5 ml da™ T2l2S: Tal2S2 Tal2S3
13=7.5 ml da™ TolsS: TolsS2 TolsSs
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2.2.1. Sulama

Sulama zamanlarinin belirlenmesi, bitkinin suya
duyarli oldugu tabla olusumu, cgiceklenme
baslangici ve sit olumu dénemi olmak Uzere Ug
dénem esas alinarak yapimistir
(Karaata, 1991). Tabla olusumu, ekimden 70-75
glin sonra, ciceklenme baslangici, tabla
olusumundan vyaklasik 15 gin sonra ve st
olusumunu devresi de giceklenme
baslangicindan yaklasik 15 guUn sonraya
tekabll etmistir. Saksi topraklarindaki eksik
nem gravimetrik ydntemle belirlenerek tarla
kapasitesi, tarla kapasitesinden %25 eksik ve
%25 fazlasi seviyesine getirilmistir (Sekil 1).

2.2.2. Bitki 6rneklemeleri

Saksilar Cizelge 1’de 6zellikleri verilen iki farkh
toprak ile doldurulduktan sonra, Nisan ayi
basinda her saksiya 9 adet tohum ekilmistir.
Tohumlar ¢imlenip, 4-10 yaprakli olduklarinda,

imazamox puskidrtme seklinde 125 ml da*
hesabi ile uygulanmistir. imazamox
uygulamasini takip eden birinci hafta bitki
orneklemeleri  yapilmis  ve  birinci  bitki

orneklemesinden sonra saksilarda 4 adet, ikinci
bitki 6rneklemesinden (ciceklenme dbnemi)
sonra 2 adet bitki birakilmistir. Kalan son 2
bitkiden de hasat ddneminde O&rnekleme
yapiimigtir. Orneklemeler bitkinin yapragindan,
g6vdesinden ve tabla aksamlarindan yapilmistir

2.2.3. Bal 6rneklemeleri
Bdlgede, aycicedi uUretimi yapilan alanlarda

aricilk igsletmeleri de faaliyet géstermektedir. Bu
isletmelerden 2014 yilinda 10 adet, 2015

yilinda da 10 adet bal numunesi toplanmis
(Sekil 2) ve aygiceginden alinan polenlerle
uretilen ballarda imazamox herbisitinin ve

tirevlerinin  kalintt  birakip  birakmadigini
arastiniimistir.

2.2.4. Analiz yéntemleri

Bitki ve bal orneklerinin analize

hazirlanmasinda ve analizlerde Ozcan vd.
(2017yde vyer alan yontemler kullaniimistir.
Calismada imazamox ve tlrevlerine ait,
kalibrasyon grafikleri, LOD ve LOQ degerleri ile
geri kazanim yuzdeleri de yer almaktadir.
imidazolinone karisiminin metil
turevlendirilmesinden elde edilen ve bitki 6rnegi
GC-MS SIM kromatogrami Sekil 3’de verilmistir.

3. Bulgular ve Tartisma

3.1. Aygicegi bitkisinin yaprak aksamindan
elde edilen sonuglar

imazamox uygulamasini takip eden birinci hafta
yapillan 6rneklemelerde aygicedi bitkisinin
yaprak aksaminda en yuksek kalintt miktari
T213S1 (104.2 ug L"l) konusunda, en dusuk
miktar ~ T111S3  (11.9ugL™)  konusunda
belirlenmistir (Sekil 4). Cigeklenme déneminde
yapilan 6rneklemelerde 80.5 ug L™ ile T212S1
konusunda en ylksek deger belirlenirken, en
disiik deger 4.8 ugL™ ile T111S3 konusunda

tespit edilmistir. Hasat doneminde ise
imazamox uygulamasi yapilmayan konuda
imazamox  bulunamazken, minimum ve

maksimum kalinti degerleri 5.5 ile 0.7 ug L*
arasinda degismigtir.

=

Sekil 1. Deneme alani gorintleri
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Sekil 2. Bal 6rneklemelerinin yapildigi noktalar
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Sekil 3. GC-MS ile elde edilen imidazolinone karigiminin metil turevlendiriimesinden elde edilen ve bitki 6érnegi
kromatogrami

Yaprak (T1) Yaprak (T2)
120 120

~ 100 ~ 100

B o % 80
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Sekil 4. Yaprak aksaminda belirlenen imazamox miktarlari (ug L'l)
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Yaprak aksaminda imazamox’un tlrevleri olan
imazapic ve imazapyr kalintilarina da
rastlanmistir. Tanik konu olarak alinan I1
konusunda (imazamox uygulamasi yapiimamisg)
bitki analizlerinde imazamox kalintilarina
rastlanmistir ve uygulama yapilan konulara
kiyasla s6z konusu kalinti miktarlari oldukca
disUk olarak bulunmustur. Kalintilarin tohum
kaynaklh olma ihtimali degerlendirilmis ve
ekimde kullanilan IMI toleransh tohum analiz
edilmistir.  Analiz  sonuglarinda  tohumda
imazamox ve turevlerinin kalintilarina
rastlanmistir. Tohumda tespit edilen miktarlar
¢ok diusuk degerlerde olup 0.05 mg kg'1 MRL
degerini asmamistir (imazamox’un aygigegi
tohumundaki ve gida maddelerindeki MRL
degeri Avrupa Birligi standardina goére 0.05
(URL, 2013) ve Turk Gida Kodeksine gore
0.03 mg kg™'dir (URL, 2016).

Yapilan istatistiksel analizlerde, imazamox doz
uygulamasi 1. hafta (P<0.05), c¢iceklenme
doéneminde (P<0.05) ve hasat doneminde
(P<0.05) onemli ¢ikmigtir. imazamox doz
uygulamasinda 1. hafta ve c¢igceklenme
déneminde 12 ve I3 konulari Duncan
gruplamasinda ayni sinifta yer alirken hasat
déneminde doz uygulamalari ayri ayri énemli
ctkmigtir. Kalintilar Uzerinde toprak tipinin 1.
hafta 6rneklemesinde etkisi gortilmezken
(P>0.05), ciceklenme déneminde (P<0.05) ve
hasat doneminde (P<0.05) toprak tipi kalintilar
Uzerinde etkili olmustur. Sulama yuzdeleri her
U¢c dénemde de (P<0.05), kalintilar Gzerinde
etkili olmustur.

3.2. Aygicegi bitkisinin gévde aksamindan
elde edilen sonuclar

Govdede en yuksek kalinti miktar T213S1
(89.9 ug L™) konusunda en diisiik kalinti miktar
da T1I11S3 (3.2 ug L™) konusunda belirlenmistir
(Sekil 5). Yaprakta oldugu gibi goévde
aksaminda da kil orani ylksek toprakta
yetistirilen bitkilerde daha fazla kalinti tespit
edilmistir. Bunun yani sira %50 fazla imazamox
uygulamasi yapilan konuda da kalintilar daha
yuksek belirlenmigtir. Eksik sulama yapilan
konularda belirlenen kalintilar fazla sulama
yapilan konulara oranla daha yuksek olmustur.
Ornekleme tarihlerine baktigimizda ise kalinti
miktarlari degerleri yine 1. hafta>giceklenme
doénemi>hasat doénemi seklinde siralanmistir.
Aycicegi bitkisinin gdvde kisminda belirlenen
imazamox kalinti miktarlari istatistiksel agidan
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degerlendirildiginde, yaprak orneklerinde
oldugu gibi toprak tipi (P<0.05), sulama
miktarlari (P<0.05) ve uygulanan imazamox
dozlari (P<0.05), kalintilar (zerinde etkili
olmustur. Goévde kisminda imazamox ana
maddenin yani sira imazapic kalintilarina da
rastlanmistir.

3.3. Aycicegi bitkisinin tabla aksamindan
elde edilen sonuglar

ilk érnekleme tarihinde tabla olusmadigindan
dolayi, iki dénemde oOrnekleme yapilmistir.
Analizlerden elde edilen sonuglara gore, tabla
kisminda tespit edilen imazamox kalintilarinda
yaprakta ve gdévdede oldugu gibi yine toprak
tipinin (P<0.05), sulama miktarlarinin (P<0.05)
ve uygulanan imazamox dozlarinin (P<0.05)
Onemli oldugu ortaya c¢ikmistir. Tablada
belirlenen en yiksek kalinti miktari gigeklenme
déneminde T213S1 (82 8 ug L™) konusunda, en
disuk belirlenen kalntt miktari da hasat
doneminde T2I1S3 (0.5 ug L") konusunda
tespit edilmistir (Sekil 6). Aygicegi bitkisinin her
U¢ aksaminda da kalintilar paralellik gostermis
olup, istatistiki degerlendirmelerde her (g
faktorin (toprak tipi & sulama & imazamox
dozu) birlikte etkisine bakildiginda en yuksek
imazamox kalintilari, kil orani  yulksek,
imazamox duzu %50 daha fazla uygulanan ve
%25 eksik sulama yapilan T113S1 konusunda
belirlenmistir.

Elde edilen sonuclara gore en yuksek kalinti
miktarlari aygicegi bitkisinin yaprak aksaminda
belirlenmis ve siralama yaprak>gévde>tabla

seklinde  olmustur.  Herbisitin ~ uygulama
seklinden kaynakh, ilk asamada aygicegi
bitkisinin genis yaprakli olmasi nedeniyle,

herbisit yapraklarla daha fazla temasta iken,
zamanla yaprak yuzeyinden bitki gévdesine ve
aycicedi tabla aksamina kadar tasinmaktadir
(Pestisitler kutikila ve stoma yoluyla stoplazma
zarina ulasir, sonraki asama da pasif difflizyon
ve aktif tasiyicilar ile ayni gida maddeleri ve
suyun bitki tarafindan alinimi gibi hicre igine
gecis yaparlar. Adsorbe olan herbisitler gesitli
organellerin  yapisina girerler). Uygulanan
imazamox dozunun armasiyla tespit edilen
kalinti miktarlari da artmistir. Topraktaki Kil
miktari ve organik miktari arttitkga (Loux vd.,
1989; Celis vd., 1999; Pannacci vd., 2006;
Kraemer vd., 2009; Braschi vd., 2011; Sondhia,
2013) aygicegi bitkisinde belirlenen kalinti
miktarlari da artmistir.
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Sekil 5. Gévde aksaminda belirlenen imazamox miktarlari (ug L™)
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Sekil 6. Tabla aksaminda belirlenen imazamox miktarlari (ug L'l)

Toprak pH’si kaliciligr etkileyen (Loux vd.,
1989; Celis vd., 1999; Bresnahan vd., 2002;
Ball vd., 2003; Aichele ve Donald 2005; Ulbrich
vd., 2005; Wang vd., 2005) bir diger faktor
olmus ve pH degerinin artmasi ile imazamox’un
topraktaki kaliciigi ve dolayisiyla bitkideki
kalinti miktarlari da artmistir.

Olusturulan farkl nem seviyelerindeki
imazamox kalintilarina baktigimizda siralama
S1>82>S3 seklinde olmustur. Yani topraktaki
imazamox kalintilari topraktaki nem seviyesi
arttikca azalmistir. Toprak nemi imazamox
herbisitinin topraktaki bozunmasi, tasinmasi,
tutunmasi gibi faktorler tzerine etkili olmustur
(Aichele ve Donald, 2005). Literatire goére de
topraktaki nem miktarinin artmasi imazamox
herbisitinin  yarilanma émrunl kisaltmaktadir
(O'Sullivan vd., 1998; Vischetti vd., 2002; Abu-
Qare ve Duncan, 2002; Ball vd., 2003; Heiser,
2007; Suzer ve Buyuk, 2010).

Ornekleme tarihlerine baktigimizda en yiiksek
kalintt miktarlari 1. hafta, en disik kalinti
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miktarlarinin da hasat tarihinde belirlenmistir,
siralama 1. hafta>giceklenme ddénemi>Hasat
seklinde olmustur. imazamox, diger pestisitler
gibi uygulandigi ortama ve birgok iklim
faktorine bagli olarak zaman icerisinde
degradasyona ugramakta ve kaybolmaktadir
(Abu-Qare ve Duncan, 2002; Vischetti vd.,
2002; Aichele ve Donald, 2005; Kraemer vd.

2009). Ayni zamanda toprak ortamindaki
pestisitler, glnes Isinlarinin etkisiyle
fotokimyasal ve toprak mikroorganizmalari

tarafindan biyolojik bozunmaya ugramaktadir.
Toprak igine adsorbe olmus pestisitler su
vasitasiyla toprak ylzeyinde tasinarak buradan
da havaya karismaktadir (Braschi vd., 2011).

3.4. Bal ornekleri

Aycicedi tarimi yapilan alanlardaki aricilik
isletmelerinden toplanan 20 adet bal érneginde
yapilan analizler sonucunda, imazamox ve
tirevlerine rastlanmamistir. Aygicedi bitkisinin
nihai bir diger besin Urinld de sivi yag'dir.
Calismanin  bir diger ayagr olan arazi
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calismasinda imazamox herbisiti uygulanan
aycicedi bitkisinden sivi yagi elde edilmis ve
yag oOrneklerinde imazamox kalintilari tespit
edilmigtir (Cebi vd., 2019). Yag orneklerinde
belirlenen imazamox kalinti miktarlari, gidalarda

izin  verilen 0.05mg kg'1 MRL  degerini
asmamistir.
4. Sonug
Calismadan elde edilen sonuglara gore;

aycigeginin yaprak, govde ve tabla aksaminda
imazamox kalintilar tespit edilmigtir. Kalintilar
Uzerine, toprak tipi, imazamox uygulama
dozlari, sulama oranlari, herbisitin uygulama
sekli ve zaman faktori etkili olmustur. Bal
orneklerinde imazamox ve tlrevlerine
rastlanmamigtir. Aygicegi bitkisine uygulanan
imazamox herbisiti, nihai Griin olan bal tiketim
maddesine ulasana kadar, bircok sirecgten
gecmektedir. S6z konusu sureglerin  dogal
sUrecler olmasi herbisitin  farkli sartlarda
degradasyona ugradigini 6ne gikarmistir.

Tesekkiir

Makale, TUBITAK tarafindan desteklenen
113Y529 numarali projede yer alan baz
ciktilardan yararlanilarak hazirlanmistir.
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YAZIM KURALLARI

1- Derim Dergisi’nde; tarim bilimleri alaninda yuUrGtilen 6zgin arastirma sonuglarini iceren Turkge ve
ingilizce makaleler yayinlanir. Dergi her yil Haziran ve Aralik sayilari olarak yilda iki kez
yayimlanmaktadir.

2- Dergi yazim kurallarina gore hazilanan makaleler, http://batem.dergipark.gov.tr/derim web
adresinden sisteme yuUklenmelidir. Bilimsel icerik ve yazim kurallarina uygunluk yéndnden yayin kurulu
tarafindan incelenen ve deg@erlendirimek Uzere hakemlere godnderilen makalelerin, yay inlanabilmesi
icin iki hakem wve yayin kurulu tarafindan yayinlanmaya deger bulunmasi gerekmektedir. Onerilen
degisiklik ve dizeltmelerin yapilmasi igin yazar(lar)ina geri génderilen makale Uzerinde hakemler ve
yayin kurulu tarafindan 6nerilen degisiklikler disinda sonradan ekleme ve ¢ikarma yapilamaz.

3- Dergide yayinlanacak orijinal arastirma nitelikli makaleler asagidaki kurallara gore hazirlanmalidir:
3.1. Sayfa Dizeni ve Yazi Karakteri: Makaleler, A4 boyutunda tek sutun halinde, Arial yazi karakteri
ve ¢ift satir araligi ile yazimalidir. Sayfanin Ust, alt, sol ve sad kenarindan 2.0 cm bosluk
birakilmalidir. Tim bagsliklar ve paragraflar sola dayali olarak bagslatimali ve paragraf aralarinda 1 satir
bosluk birakilmalidir. Makale, “Kaynakg¢a” bolimui dahil 16 sayfayr gegmemelidir. Tum sayfalar ve
satirlar numaralandirilmalidir.

3.2. Makale Basligi: Makalenin Tiirkge ve ingilizce basligi, kisa ve konuyu kapsayacak sekilde olmali,
normal timce dlzeninde, koyu ve 11 punto ile yazilimalidir.

3.3. Yazar Ad(lar)i: Yazar ad, soyad ve adres bilgileri makalede yer almamalidir. Bu bilgilerin,
makalenin yiklenmesi sirasinda, lll. Asama Ust Veri Girme bdlimiindeki formda doldurulmasi
yeterlidir. Gelen formda kullaniciya ait kayith bilgiler otomatik olarak gelmektedir. Coklu yazarlar igin
Yazar Ekle butonuna tiklanarak formda agilan ilgili yer(lere)e diger yazar(lar)in bilgileri eklenir. Yazar
sirasi, oklar yardimiyla degistirilebilir.

3.4. Ozet ve Anahtar Kelimeler: Makaleler, her biri 200 kelime ile sinirli Tirkge ve ingilizce “Oz* ve
“Abstract” icermelidir. Oz ve Abstract kelimeleri sadece bas harfi blyiik olacak sekilde ve 11 punto
harf buyuklGgh kullanilarak yazimahdir. Oz ve Abstract metinlerinin altinda 1’er satrr bosluk
birakilarak, konuyu agiklayacak sekilde secilmis, 5 adet Anahtar Kelime/keywords alfabetik siraya
gore verilmelidir. ‘Anahtar kelimeler' ve ‘Keywords’ alt basliklar sola dayali ve 11 punto ile koyu
yazilmali, erilen kelimeler blyltk harfle baglamali, kelime ve deyim aralarina noktali \virgull
konulmaldir.

3.5. Metin: Metin bdlimul, Keywords alt bashdindan sonra iki satir bogluk birakilarak asagidaki yazim
kurallarina goére ve 11 punto kullanilarak yazilmalidir. Makalenin metin bdliminde yer alan ana
basliklar koyu ve buyuk harfle, ikinci derecede alt basliklar koyu ve bas harfleri buydk, Gg¢uncu
derecede alt basliklar normal timce dizeninde ve italik yazilarak numaralandirilir (1. Girig, 2.1. Bitkisel
materyal, 2.2.3. Hastalik siddeti). Basliklar sola dayali, ana basliklar Ustten iki, alttan bir satir bosluk
birakilarak, alt basliklar ise Ustten ve alttan bir satir bosluk birakilarak yazilmalidir. Paragraflar sola
dayali olarak baglatimalidir. Makalenin metin bdlimu;

1. Giris (Bu bolimde, galisma konusu, konu ile ilgili daha 6nce yapilmis ¢alismalar, ilgili kaynaklarla
desteklenerek calismanin amaci belirtiimelidir),

2. Materyal ve Yontem (Bu bdlimde calismada kullanilan materyal ve yontem agikga ifade edilmelidir),
3. Bulgular ve Tartisma (Elde edilen tim bulgular sekil ve/veya cizelgelerle agiklanarak veriimel,
gereksiz tekrarlamalardan kaginarak elde edilen bulgularin literatlirdeki bulgularla benzerlik ve/veya
farkhliklari belirtilerek nedenleri tartisiimalidir),

4. Sonu¢ (Bu bolimde galisma sonucunda elde edilen bulgular, bilime/uygulamaya katki yo&ninden
degerlendirilerek Oneriler seklinde ifade edilmelidir), bélimlerinden olugmalidir.

3.6. Tesekklr: Numara veriimeden, mimkin oldugunca kisa ve yapilan katki ifade edilerek, 11 punto
ile yazilmahdir.

3.7. Kaynakga: “Kaynakga” bashgl altinda makalenin iginde atifta bulunulan tim kaynaklar, yazar
soyadlarina goére alfabetik sira izlenerek verilmelidir. Kaynakga bolimua bashgr da dahil olmak Gzere 9
punto ile yaziimaldir. Makale metninin icinde kaynaktan sbéz edilecekse; yazar soyadi, yil seklinde
olmall, 3 v daha fazla yazarli kaynaklara yapilacak atiflarda “vd.” kisaltmasi kullaniimalidir. Ayni
yerde birden fazla kaynaga atif yapilacaksa, kaynaklar tarih sirasina goére verilmelidir. Ayni yazarin
ayni tarihli birden fazla eserine atifta bulunulacaksa, yila bitisik bicimde “a, b” seklinde harflendirme
yapilmalidir.

Metin igcinde kullanima ornekler:

........... sebep olmustur (Agaoglu, 1999).”



“‘Davies ve Kempton (1975)............... olabilecegini ifade etmiglerdir.”

AT yavas yavas artar (Ho vd., 1983; Kaynas ve Surmeli, 1994).”

RTTPTRTI ifade edilmektedir (Doi, 1990a, b).”

Yararlanilan kaynak kitap ise;

Glnes, T., & Arkan, R. (1988). Tarim Ekonomisi istatistigi. Ankara Universitesi Ziraat Fakiiltesi
Yayinlari: 1049, Ders Kitab1:305, 293 s., Ankara.

Yararlanilan kaynak kitabin bir bdlimu ise;

Baysal, O., & Teixeria da Silva, J.A. (2006). Induced Resistance: A new approach in plant protection
for floriculture and ornamental plants. pp. 231-237. In: Teixeria da Silva, J.A. (Ed.), Floriculture,
Ornamental and Plant Biotechnology Advances and Topical Issues. Global Science Books, UK.
Yararlanilan kaynak makale ise;

Kara, S., Altindigli, A., Coban, H., & liter, E. (1997). Dormeks uygulamalarinin yuvarlak gekirdeksiz
UzUm ¢esidinin uyanma, olgunlasma ve sofrallk UzUm kalitesine etkisi Uzerine arastirmalar. Ege
Universitesi Ziraat Fak iltesi Dergisi, 34(2):1-2.

Yararlanilan kaynak bildiri ise;

Tandogan, S., Uzun, H.I, & Pekmezci, M. (1992). Asmalara farkli zaman ve dozlarda uygulanan
hidrojen siyanamidin erkencilik tzerine etkileri. Tirkiye I. Ulusal Bahge Bitkileri Kongresi, s:505-509.
Yararlanilan kaynak internet ortamindan alinmis ise;

TUIK (2010). Bitkisel Uretim Istatistikleri. http://www.tuik.gov.tr. Erigim tarihi: 16 Ekim 2012.
Yararlanilan kaynak tez ise:

Akpinar, I. (1990). Degisik turunggil anaglari Gzerine asili washington nawel, valencia ve moro portakal
meyvelerinin muhafazasi Uzerine aragtirmalar. Yiksek Lisans Tezi, Cukurova Universitesi, Adana.

3.8. Sekiller ve Cizelgeler: Makalede yer alan sekil, grafik, fotograf ve benzerleri “Sekil”; sayisal
degerler ise “Cizelge” olarak belirtiimeli ve metin icinde iligkili olduklar kisma yerlestirilerek, ardigik
bicimde numaralandinimalidir. Cizelge/Sekil bashidi ve metni 9 punto ile yazilmalidir. Cizelgelerin
basligi ¢izelgelerin Ustline, sekillerin baslidi ise seklin altina gelecek sekilde ve normal timce
dizeninde yaziimahdir. Cizelge ve sekiller agiklama yazilaryla bir butlin sayilarak, metinle aralarinda
bir satir bosluk olmalidir.

Cizelge 1. -20°C’de depolanan Dolycoris baccarum yumurtalarinin parazitlenme orani ve parazitoit

¢lIkis orani
Depolama suresi (Ay) Parazitlenme orani (%) Ergin ¢ikis orani (%)
0 89.64 a* 87.34 a
1 7952 b 85.21 a
2 66.53 ¢ 7171 b
3 59.24 cd 66.73 bc
4 49.66 def 59.43 ¢
5 4491 ef 62.50 bc
6 48.76 ef 63.68 bc
7 51.63 de 7247 b
8 39.77 fg 66.33 bc
9 33.11 gh 67.42 bc
10 27.63 h 66.25 bc
11 26.53 h 63.97 bc
12 27.08 h 58.92 ¢

*Ayni sttunda ayni harfle gosterilen ortalamalar arasinda istatistiksel olarak fark yoktur (p> 0.05)

3.9. Birimler: Makalelerde S| (Systeme International d’Units) oOlgt birimleri kullaniimalidir. Ondalik
ayirmalarda \virgll yerine nokta kullanimaldir (20,45 g vyerine 20.45 g gibi). Birimlerde */”
kullanilmamahdir (1.42 g/cm3 yerine 1.42 g cm® yazilmalidir). Binlik sayi gosterimlerinde noktalama
isareti yerine bosluk kullaniimalidir.

4-Yayimlanan makalelere ait her tlr sorumluluk yazar(lar)a aittir.

5- Yazar(lar)a telif hakki 6denmez. Makalenin yayimlandigi dergiden bir adet gonderilir.



GUIDELINES

1- Derim welcomes original papers on all aspects of Agricultural Sciences in Turkish and English. The
journal is published twice a year in June and December of each year.

2- The manuscripts prepared according to the journal writing instructions should be uploaded to the
system from http://batem.dergipark.gov.tr/derim web address. A submitted manuscript will be pre-
reviewed by the editorial board. Manuscripts are rejected if they do not comply with the instructions to
authors, or are beyond the scope of the journal. Manuscripts that enter the peer review process are
sent to at least two reviewers, who are experts in the relevant field. Other than reviewers and editorial
board suggestions the Journal does not allow addition to or removal from the text after submission.)

3- The original research articles to be published in the journal should be prepared according to the
following instructions:

3.1 Margin and font: The articles should be written in A4 size, single column, Futura Md BT font and
double line spacing. 2.0 cm margin must be left from the top, bottom, left and right sides of the page
with numbered pages and lines. All headings and paragraphs must be left-justified and one line space
between paragraphs must be left. The article should not exceed 16 pages including "Literature cited"
section.

3.2. Manuscript Title: Title should be clear, descriptive and not too long. The title must be arranged as
sentence style, 11 point and bold.

3.3. Authors Name(s): Author name, surname and address information’s should not be included in the
manuscript. These information’s must be added to the online form in the Illl. Stage data form during
uploading. In the incoming form, the registered information of the user automatically comes up. For
multiple authors, click on the Add Author button to add the other author (s) information to the relevant
place (s) opened in the form. The author order can be changed with the help of arrows.

3.4. Abstract and Keywords: The number of words in the abstract section should not exceed 200
words. The initial letters must be capital, 11-size, and 5 keywords which indicate the subject should be
given in alphabetical order, with 1 blank space left below the abstract text. Keywords subtitle should be
left-aligned and bold with 11 pt, given words should start with capital letters, and semicolons should be
placed between words and phrases

3.5. Text: Body of text should be arranged in spelling rules below with regular font and 11-point size,
two lines spacing after the Keywords. Section headings should be left justified, bold, with the first letter
capitalized. The subheadings should be bold, numbered and only first word letter capitalized. The
third-degree subtitles must be the normal sentence, italics and numbered (1. Introduction, 2.1. Plant
material, 2.2.3. Disease sewerity). All headings should be aligned to the left, main headings should be
spacing two line of the top and one line of the bottom and subheadings should be spacing one line of
the top and one line of the bottom. The paragraphs should be left-aligned. Text body of the
manuscript:

1. Introduction

(The Introduction should set the scene fully and clearly. Indicate the reasons why the study was
carried out, any previous work relating to the study should be summarized by a few relevant
references),

2. Materials and Methods

(Relevant details should be given about the materials and methods. Must contain all details of the
experimental procedure for the successful repetition of the experiment),

3. Result and Discussion (Results should be presented with information, figures and/or tables and
references, and discussion of other work should not be repeated in the section. Tabular material and
figures are especially important for providing comparative results without resorting to detailed textual
descriptions,

4. Conclusion (Authors should interpret the significance of the findings as they relate to other relevant
literature, describe any limitations of the study, and make recommendations for future research),

3.5. Acknowledgements

Acknowledgements must be typed without page number, as brief as possible and referring to the
contribution, in 11 point.

3.6. Citations and Literature Cited

List the authors in alphabetical order, letter by letter, and in chronological order for publications of the
same author(s). All authors’ surnames should be in capitals, with initials after surname. Citations to
references in the text are listed chronologically surrounded in parentheses with the following format:



(Peters, 1950; Jones and Smith, 1990; Brown et al., 1999a). Citations and Literature Cited must be
typed in 9-point size including the title. If there are two authors with the same name that have
published in the same year, initials may be used to awoid confusion. And “et al." is used for three or
more authors. ). If there are two publications of the same author that have published in the same year,
the following format should be used; Davies, 1990a.
References in the text examples:

“caused (Agaoglu, 1999).”

“Davies and Kempton (1975) have expressed.........
RETTTTRTI gradually increases (Ho et al., 1983; Kaynas and Surmeli, 1994).”
............ is expressed (Doi, 1990a, b).”

Giineg, T. & Arikan, R. 1988.Tarm Ekonomisi Istatistigi. Ankara Universitesi Ziraat Fakiiltesi Yaynlari:
1049, Ders Kitabi:305, 293 s., Ankara (In Turkish).
Chapter in Book:
Baysal, O. & Teixeria da Silva, J. A. 2006. Induced Resistance: A New Approach in Plant Protection
for Floriculture and Ornamental Plants. pp. 231-237. In: Teixeria da Silva, J. A. (ed.), Floriculture,
Ornamental and Plant Biotechnology Advances and Topical Issues. Global Science Books, UK.
Journal Paper:
Kara, S., Altindisli, A., Coban, H. & lter, E. 1997. Dormeks uygulamalarinin yuvarlak c¢ekirdeksiz
UzUm ¢esidinin uyanma, olgunlasma ve sofralik UzUm kalitesine etkisi Uzerine arastirmalar. Ege
Universitesi Ziraat Fakiiltesi Dergisi, 34:1-2 (In Turkish).
Conference Proceedings:
Tandogan, S., Uzun, H.. & Pekmezci, M. 1992. Asmalara farkli zaman e dozlarda uygulanan
hidrojen siyanamidin erkencilik Uzerine etkileri. Tirkiye I. Ulusal Bahge Bitkileri Kongresi, s:505-509 (In
Turkish).
Website:
FAO (2011). Agricultural Production Data. http://faostat3.fao.org/faostat-gateway/go/to/home. Date
accessed: February 06, 2014.
Thesis:
Akpinar, I. (1990). Degisik turuncgil anaglari Uzerine asili washington navel, valencia ve moro portakal
meyvelerinin muhafazasi (zerine arastirmalar. Yiksek Lisans Tezi, Cukurova Universitesi, Adana (In
Turkish).
3.7. Figures and Tables
Figures, graphics, photographs should be referred to as “figure”; numerical values as “Table” and
should be in the relevant section of the test and numbered respectively; information should be written
below the figure, above the table in normal sentence style and in 9 point. Tables and figures should be
part of the text and have a blank line between them. Tables should be organized in the manner shown
below.
Table 4. Changes found in the fruit juice content of Valencia Late oranges (%)

Storage

X Dortyol Samandag

time Average Average
(month) 4o gog 4°C 6°C

0 57.57 57.57 57.57 a* 57.88 57.88 57.88 ab
1 54.58 53.26 53.92b 58.05 59.38 58.72 a
2 48.05 56.62 52.34b 57.15 58.02 57.59 ac
3 53.23 54,32 53.78b 56.23 57.32 56.78 ac
4 51.73 52.23 51.98b 54.73 55.23 54,98 c
5 53.32 55.43 54.38b 56.32 58.43 57.38 ac
6 51.21 53.78 5250b 54.21 56.78 55.50 bc

* Within a column, means followed by different letters are significantly different (P<0.05)
3.8. Abbrewviations



S| units should be used. Decimals should be shown with a dot instead of a comma. 220.45 g instead of
20,45). “/” should not be used (1.42 g cm™ should be written instead of 1,42 g/cm”). A blank space
should be used instead of a punctuation mark for a thousand units.

4- Author(s) accept thorough responsibility about the publication.

5- Author(s) are not entitled to receive royalty. A copy of the publication is sent to the authors.
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