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Abstract

In the present study, threelocal tomato genotypes:Yarbasi, Tepekoyu andFereng (Solanum lycopersicum); and one
commercial tomato variety: Kamenta F, were subjected to dry stress (100%, 50%, 25%) through controlled irrigation
after the first flowering of the tomato plant. The experiment was carried out with four replicates,and with eightplants
per replicate. A statistically significant difference was observed between drought stress administered and the methods
of administration compared to the control plants only in the drought stress administered in the amount of chlorophyll.
The total yield of the Fereng tomato genotype indicated that both stresses were less affected by 50% and 25% drought
stress. It carried out to be significantly reduced (50% and 25%) in both dry stresses.
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Introduction

The tomatooriginates in South America, althoughit has be-
come one of the most important fruits all around the worldin
terms of production and consumption, and Turkey is no ex-
ception in this regard. In recent years, the yield of tomatoes in
Turkey has increased as a result ofdevelopments in seed pro-
duction and technological advances (Ertiirk, 2015).

Due to global warming, the duration and severity of ecosys-
tems in the current state (drought and temperature) is increas-
ing worldwide (Trenberth et al., 2014). Drought and salt stress
responses have been reported to have decreasedin melonpro-
duction in connection to such parameters as plant height, stem
diameter, number of leaves and leaf area (Kugvuran, 2010). In
a study examining the relationship between the morphological,
physiological and biochemical responses of different toma-
to, eggplant and melon genotypes to drought,it was reported
that effective criteria exist for the measurement of tolerance to

drought stress based on the scale value, plant age weight, leaf
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area, leaf water potential and stomatal conductance intomato,
eggplant and melon genotypes (Kiran et al., 2015).

In a study of 55 tomato genotypes carried out by Daggan et
al., the samples were classified as tolerant, moderately tolerant
or sensitive to drought and salinity. In addition, dry weight,
plant total leaf area, stomatal conductance, leaf osmotic poten-
tial, leaf water potential, different concentrations in the green
parts and root, and the membrane injury index were reported to
be the best parameters (Dasgan et al., 2018).

In the present study, physiological and morphological mea-
surements were made of the responsesof the different tomato
genotypes to drought stress under the climate and soil condi-
tions of Sirnak. The aim in this regard was (1) to investigate the
reactions of certain physiological and morphological parame-
ters of tomatoes under two different drought conditions, and
(2), toidentify the relationshipbetween the physiological and
morphological analysisresults and the measuredtomato find-

ings. The present study will not only help provide an under-
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standing of the drought-stressed physiological mechanisms of
tomato plants, but will also serve as a guide for future breeding

studies involving tomatoes.

Materials and Method

In the present study, three local genotypes (Yarbasi, Tepe-
koyu, Fereng) and one commercial variety (Kamenta) of toma-
to were selected for analysis. The experiment was carried out in
the research area of the Sirnak University Faculty of Agricul-
ture, Department of Horticulture. Seeds were sown in viols on
March 15, 2019 in a 2:1 peat and perlitesoil, and theseedlings
were planted on April 15, in 120 cm rows at 50 cm centers. The
plants were harvestedon 31 August, with three replications and
eightplantsper repetition. The drought stress application was
started 30 days after the planting of the seedlings.

For the experiment, the amount of water given to the plants

and the time of irrigation were realized 3 times a week in three

different irrigation applications. The water was applied to the
plants in line with the evaporation values read daily from the
evaporation boiler (Class Apan). In the study, 16 mm branded
drip irrigation laterals were positioned at 50 cm centers with
a flow rate of 2 L h'forthe irrigation system. Temperature,
humidity and precipitation data was obtained from the Sirnak
Regional Metrology Directorate (fig. 1,2), and thetotal amount
of water per plant per soil during production was determined
(Table 1). The amount of irrigation water given to the plants in
the experiment was determined through the following formula:

IR =A* E pan *kcp * P

in which:

IR = Amount of Water Spent (m?) A= Parcel size (da)

E (pan)=Evaporation (mm) kcp = Number of floors of
tomato plant (0.80)
P = Flora %
Row spacing "!(cm)

P = Crown width of tomato plant (cm)

Table 1.Total irrigation water applied to tomato plants in different applications (Liter Plant )

Before stress

Application (15.042019- Afterstress 12%?95)'2019‘ Rainfall * Total amoun: of
15.05.2019) 08.
151 L
100% 436 L 265.62 L 45522 L
50% 436 L 13281 L L 32741 L
25% 436 L 66.40 L L 261 L

*Rainfall dates: (01.04.2011-30.04.2011) 97 L-(01.05.2011-31.05.2011) 49L(01.06.2011-30.06.2011) 4L-(01.07.2011-31.07.2011) 1 L
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Figure 1. Rainfall values recorded during the experiment
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Figure 2. Maximum, medium and minimum temperature values recorded during the experiment

In the present study, the fruit length (mm), fruit diameter
(mm), fruit wall thickness (mm), chlorophyll content of toma-
to leaf, TSS (%), number of fruit (pieces fruit-1), fruit weight
(g), total yield (kg HA™) produced with different irrigation
amounts (100% (Control), 50%, 25%) were measured.

The experiment was established carried outin accordance
with the experiment design. The data was analyzed using the
JMP software package. The differences between the mean val-
ues of the investigated properties was determined through an
LSD

©.05) test.

Results and discussion

The average values of the different tomato genotypes and
the percentage change in values were examined. Thefruit
length values corresponding to 100%, 50% and 25% irriga-
tion applicationwere respectively 61.02 (mm) 58.36 (mm)
and 56.56 (mm), while theaverage changes were determined
as -4.62 at 50% irrigation and -12.13 at 25% irrigation. Ta-
ble 2 shows that the different drought stress applications are
affected according to their own control in tomato genotypes
fruit size. Accordingly, when the average values are examined,
fruit length is found to decrease by an average of -4.62% in a
50% irrigation application. In the 25% irrigation application,
fruit length was found to decreaseby -12.13% as an average
among all genotypes (Table 2).An analysis of the data in Ta-
ble 2 reveals that while fruit length under drought stress was
affected most in the Tepekoyu and Fereng genotypes at 50%
irrigation, the genotype was the least and most affected geno-
type at 25% irrigation. The fruit diameter of the studied Tepe-
koyu tomato genotypewas 67.00 mm in the control sampleand

also 67.00 mm in the 50% irrigation application, meaning no-

difference between the samples under 50% irrigation and the
controls (Table 3). In the study by Dasgan et al. (2009) com-
paring 50%-restricted PRD open and closed systems and full
irrigation open and closed systems in greenhouse hydroponic
cucumber cultivation, the effect of the different applications on
fruit diameter was reported to be insignificant. Drought and salt
stress conditions have been reported to decrease such parame-
ters as plant height, stem diameter, number of leaves and leaf
area in melons (Kusvuran, 2010). The samples most affected
by drought stress at 50% and 25% irrigation were the Fereng
and Yarbasi genotypes, whereas the most affected genotypes
under 50% and 25% irrigation drought stress were the Drape
and Kamenta genotypes (Table 4).

Among the studied tomato genotypes, it was found that the
mean BRIXvalue was 6.37 in the control, 6.78 in the 50% irri-
gation and 6.63 in 25% irrigation samples. It can thus be con-
cluded that the ratio of BRIX increases as the level of aridity
increases. In an examination of the BRIX values, the highest
value was found to be 7.33 in the 25% irrigation sample and
the lowest value was 5.53 in the 100% irrigation. Ergun (1994)
stated that it is inversely proportional to the water supplied
through irrigation (Table 5). In the present study, the tomato
fruit weight 50% irrigation% change rate -24.84% genotypes
most affecting genotype was Yarbasi and the least affected gen-
otype was Fereng genotype% -11.31% change. For the 25% of
the irrigation rate% -36.29% of the most affecting genotype
was the Yarbasi, and the least affecting genotype was Ferenge
% -24.24% was determined (Table 6). It has been determined
that water stress applied to tomato crops causesa drop in both
yield and fruit weight (Sanchez Rodriguez et al., 2010; Alp and
Kabay, 2017).
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Table 2. Tomato genotypes examined under different drought stresses and the effects on fruit length (mm) values and percent-

ages % change according to control

5 PYTIT
. 1.0 0 A) T 25% 50%irrigation 25%irrigation
1rrigation 50% irrigation L %change

irrigation %change accord- .

Genotype Control (mm) . according to

(mm) ing to control
(mm) control

Yarbasi 80.91+£2.12 a 77.63£2.13 a 74.76£1.54a -4.05 -7.60

Tepekoyu 64.34+4.79 b 65.26£0.44 b 52.26+2.65ab 1.43 -18.77

Fereng 52.51£3.53 ¢ 4472+ 3.18 ¢ 41.43+£225b -14.83 -21.10

Kamenta 46.33+2.65 ¢ 45.85+2.08 ¢ 57.78+0.57ab -1.03 -1.03

Mean 61.02 58.36 56.56 -4.62 -12.13

LSD 7.29 3.46 4.23 - -

005

Table 3. Tomato genotypes examined under different drought stressesand the effects on fruit diameter (mm) values and percent-

ages % change according to control

5 PYTIT
_100% L 25% S0%irrigation 2> cirrigation
irrigation 50% irrigation L %change

irrigation %change accord- .

Genotype Control (mm) . according to

(mm) ing to control
(mm) control

Yarbasi 59.00+1.00b 55.13+£0.67b 56.49+1.20b -6.56 -4.25

Tepekoyu 67.00£1.00a 67.00+ 0.69a 61.83+0.80a 0.00 -7.72

Fereng 41.18+0.40c 40.1440.83¢ 36.66+£0.87¢c -2.53 -10.98

Kamenta 35.26+0.58d 33.36+0.71d 33.99+0.62d -5.39 -3.60

Mean 50.61 48.90 47.16 -3.62 -6.64

LSD 1.27 1.26 2.03 - -

005

Table 4.Tomato genotypes examined under different drought stressesand the effects on fruit wall thickness (mm)values and

percentages % change according to control

%25
o
. 1.00 /0 50% 25% %350 irrigation irrigation
1rrigation R T
irrigation irrigation %change accord- %change
Genotype Control . .
(mm) (mm) ing to control according to
(mm)
control
Yarbasi 3.38+ 1.00 b 3.06+0.67 ¢ 3.22+1.20b -9.47 -4.73
Tepekoyu 2.55¢£1.00 ¢ 2.3840.69 d 2.35+0.80 ¢ -6.67 -7.84
Fereng 3.39+040 b 3.26+£0.83 b 3.14+£0.87 b -3.83 -7.37
Kamenta 5.60+ 0.58 a 5.23+0.71 a 4.69+0.62 a -6.61 -16.25
Mean 3.73 3.48 3.35 -6.64 -9.05
LSD 0.28 0.19 0.28 - -

005

Table 5.Tomato genotypes examined under different drought stressesand the effects on BRIX values and percentages % change

according to control

P 25%irrigation
o 0
_100% 50% 25% S0%irrigation %change
irrigation Lo N %change accord- .
Genotype irrigation irrigation . according to
Control ing to control
control
Yarbasi 5.53+0.45 6.24+0.08 ¢ 6.64+0.10 12.84 20.07
Tepekoyu 6.66+0.15 6.80+0.005 b 6.62+0.24 2.10 -0.60
Fereng 6.43+0.25 6.91+0.08 b 6.74+0.32 7.47 4.82
Kamenta 6.85+0.27 7.19+0.24 a 7.33£0.10 4.96 7.01
Mean 6.37 6.78 6.63 6.84 7.83
LSD ns 0.22 ns - -

005

ns: not significant
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Table 6. Tomato genotypes examined under different drought stressesand the effects on fruit weight (per fruit -1)values and

percentages % change according to control

w100 % S 25% 50%irrigation 25%
L 50% irrigation L o ST
Genotype irrigation N (per fruit ) 1rr1gat1.01_1 @change accord- 1rr1gat19n %change accord-
Control (per fruit ') (per fruit ") ing to control ing to control
Yarbasi 206.66+3.51a 155.33+1.15a 131.66+9.01a -24.84 -36.29
Tepekoyu  150.66+5.13b 132.35+10.06b  111.00+3.06b -12.15 -26.32
Fereng 144.3346.65b 128.00+5.19 b 109.35+7.76b -11.31 -24.24
Kamenta 108.66+1.15¢ 94.00 +5.29 ¢ 83.66+5.03 ¢ -13.49 -23.01
Mean 152.57 127.42 108.91 -15.45 -27.46
LSD 9.66 13.40 15.46 - -

005

An analysis of the average fruit yield values reveals the generation of tomatoes, and so the number of fruit increases.
mean number of fruit in the 50% irrigation application to be It has been found previously in the tomato study of Akhound-
30.25 according to their controls, and 31.00 in 25% irrigation nejad (2011),the watermelon study of Karipgin et al. (2008)
application, as an average of all genotypes (Table 7). Accord- and the pepper study of Berenyi (1971) that the application of
ingly, the number of tomatoes and fruits increased under both  water stress in the cultivation of tomato, pepper and watermel-
drought stresses as an average of all genotypes when com- on reduced both the number of flowers and fruit,and that the
pared to the controls. Generally, as the drought stress of toma-  fruits remain small.
to plants is increased, fertilization takes place, continuing the

Table 7. Tomato genotypes examined under different drought stressesand the effects on fruit(Plant number-1)values and percent-
ages % change according to control

5 o FYEEPT PYEIPT
100 % 50% irrigation 25% 50%irrigation 25%irrigation

irrigation irrigation %change accord- %change accordin

Genotype Control (Pl%lnt number') (Plant number”) (Plant rglumber D) ing togcontrol to z(f:ontrol :
Yarbasi 25+1.00 ¢ 28+1.52b 24£1.73 b 12.00 -4.00
Tepekoyu 23+1.52 ¢ 27£1.52b 31+0.5a 17.39 34.78
Fereng 34£2.51 a 38+0.57 a 34£1.00 a 11.76 0.00
Kamenta 30+2.08 b 28+1.00 b 35+1.00 a -6.67 16.67

Mean 28 30.25 31 8.62 11.86

LSD 2.13 2.30 ns - -

005
ns: not significant

When the average values of the tomato genotypes in the It has further been reported that a decrease in yield in field
study andthe % change, 100%, 50% and 25% total yield values  crops may be related to the continuation of chlorophyll loss
in irrigation applications, respectively 75,440.25 (plant ha') during grain filling, and that different physiological mecha-
58,384.25 (plant ha!) and 48,562.50 (plant ha''), and consid- nisms in the plant can help determine temperature tolerances

ering the% change averages, a decrease of -22.32 was noted in  under field conditions (Reynolds et al.,2001).
o . S Conclusi
the 50% irrigation samples and of -35.15 in the 25% irrigation 0nc' uston .
) In this study of drought sensitive and tolerant tomato gen-
samples was determined. It can be understood from Table 9 that ) ) o ]
] ] ) otypes in the Sirnak province, significant differences were
the total yield of the different tomato genotypes under different ) L. ) o )
N lcati I hat of th | found in fruit size, fruit number, fruit diameter, total yield,
droug .t stress applications differs from that of t e.contro s An chlorophyll content, fruit weight, and tolerant and sensitive
analysis of the mean values reveals that the total yield from the varieties. In the present study, the Fereng genotype was found

Fereng genotype subjected to 50% and 25% irrigation reduc-
tion was found to be the least affected,at -3.52% and -12.33%,

to be stress tolerant in terms of total yield values under 50%
and 25% drought stress conditions. It was concluded from the
respectively; while the 50% and 25% irrigated Tepekoyu geno- gy that the parameters applied to determine the effects of
type was found to be the most affected, with values 0of -33.97%  drought stress on tomato genotypes under the conditions in
and -45.98% (Table 9). Previous studies have found total yield ~ Sirnak are appropriate for the selection of genotypes tolerant
and fruit weight to decrease as drought stress is increased in  to drought stress, and may also be considered in breeding pro-

different melon genotypes (Akhoundnejad and Dasgan, 2019).  grams in the future for the development of an exclusive line.
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Table 8. Tomato genotypes examined under different drought stresses and the effects on chlorophyll (%)values and percentages

% change according to control

100 % S 25% 50%irrigation 25%irrigation
o 50% irrigation L o . N .
Genotype irrigation %) irrigation %change according to %change according to
Control (%) (%) control control
Yarbasi 65.63+2.22b 51.63+0.83c¢ 45.2242.74b -21.33 -31.10
Tepekoyu 65.22+1.51b 56.48+0.78¢ 44.45+1.04b -13.40 -31.85
Fereng 71.78+0.87a 67.54+0.91a 52.57+0.84a -5.91 -26.76
Kamenta 68.61£1.29ab 51.48+1.04¢ 51.78+1.46a -24.97 -24.53
Mean 67.81 56.78 67.81 -16.40 -28.56
LSD 0.45 0.19 2.25 - -

0.05

Table 9. Tomato genotypes examined under different drought stressesand the effects on total yieldvalues (plant ha) and per-

centages % change according to control

100 % Lo 25% %50 irrigation %25 irrigation
o 50% irrigation N o . o .

Genotype irrigation 7 (plant ha'") 1rr1gat19n “ochange according to “ochange according to

Control (plant ha!) (plant ha'') control control
Yarbasi 85630+3356a 64857+2641a  51290+£2179b -24.26 -40.10
Tepekoyu 76568+1208b 50556+856b 41361+1877¢c -33.97 -45.98
Fereng 70043+1717¢ 67580+882 a 61410=1349a -3.52 -12.33
Kamenta 69520+946¢ 50380+796 b 40189+1895¢ -27.53 -42.19
Mean 75440.25 58384.25 48562.5 -22.32 -35.15
LSD 3372 3020 2098 - -

0.0
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