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Introduction

Water stress is currently considered the most important and common cause of reduced yield in arid and
semi-arid regions. Still, this tension may even occur in areas with high rainfall. Due to its resistance to
drought and heat, Sesame is of great importance in developing agriculture in arid and semi-arid regions
during summer planting. Sesame, with the scientific name Sesamum indicum L. is crucial in
developing agriculture in arid and semi-arid regions during summer planting (Aien, 2013) due to its
tolerance to drought stress and heat. According to the results of this study, the KC50662 and Oltan
sesame varieties in terms of yield and yield components in normal conditions and stress were in the
superior group. The two cultivars with higher stress tolerance index (STI) had higher performance in
both conditions. Regression results for the ST index indicated that cultivars with higher STI had more
seed weight per capsule and more capsules per plant (Abbasali et al., 2017). The results of one research
showed that Olt cultivar with the highest levels of STI and the lowest SSI and TOL as tolerant cultivars
were identified in normal condition and moisture stress conditions. The researchers also identified the
Sesame Oltan variety as having the highest amount of STI and the least amount of SS1 and TOL indices
as a drought-tolerant (Molaei et al., 2012). In one study, Darab 14 sesame variety was superior in the
normal conditions and moisture stress in terms of tolerance and sensitivity and was introduced as an
outstanding cultivar in evaluating MP, TOL, SSI, HARM, and STI indices (Amani et al. 2012).
Considering the importance of Sesame as one of the leading products of feed oil supply in Iran, the
implementation of low irrigation can be adapted to the occurrence of droughts with water shortages.
This study aimed to investigate the effect of drought stress on different levels of drip irrigation and the
identification of superior cultivars based on drought stress indices.
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Methodology

To study and evaluate drought stress indices in drip irrigation method, yield, grain yield
components, oil yield, seed oil percentage, and grain water use efficiency were tested in 2018-2019 in
Behbahan Agricultural Research Station. The experiment was conducted as split plots in randomized
complete block design with 3 replications. The main factor included water levels in drip irrigation at
four levels of 40, 60, 80, and 100% of water requirement from the beginning of the flowering stage
and the subfactor including Varieties in two levels, including local Behbahan and Dashtestan2
cultivars. Also, a treatment that was irrigated according to the farmer's custom and by surface irrigation
(furrow irrigation) was included as a control in this research. The daily rainfall and meteorological
parameters were reported from the synoptic meteorological office in Behbahan. For accurate irrigation
management, daily statistics from Behbahan synoptic meteorological stations (minimum and
maximum daily temperature, minimum and maximum humidity, wind speed, and maximum hours of
sunshine) were used to calculate daily evapotranspiration based on the Penman-Monteith model (Allen
et al., 1998). Data was monitored daily, irrigation time was calculated, and soil samples were collected
before irrigation, moisture content, and then volume moisture content. Finally, soil moisture was
detected and determined by evapotranspiration rate calculated from statistics Meteorology daily was
verified. Pearson correlation coefficients were used for all measured or calculated parameters to
compare the measured and calculated results. Before planting, soil sampling was carried out. Irrigation
water was prepared during the sampling water season and sent to the lab to measure the properties.

Results and Discussion

Comparison of the average water use efficiency of irrigation and cultivar interactions showed that
100% water requirement and local of Behbahan cultivar with water use efficiency of 0.222 kg/m3 of
sesame seeds were superior treatments. In one year of the experiment, average water consumption was
40, 60, 80, 100% water requirement and control treatment (Surface irrigation) respectively 35.0, 41.4,
47.8, 54.2, and 65.1 cm water. Pearson correlation coefficient indicated that increasing plant height,
seed number per capsule, capsule per plant, 1000 seed weight, water use efficiency, water volume,
seed oil yield, and seed oil-water use efficiency increased. The trend of changes in 1000-grain weight
with changes in water use efficiency, the volume of water consumed, seed oil yield, and water use
efficiency of seed oil showed a consistent and significant trend at the 1% level. Due to the higher values
of SSI and TOL indices in Behbahan's local variety compared to Dashtestan2, and also the low rates
of STI, MP, GMP, HM, Y1, and YSlI indices in Behbahan's local cultivar, compared with Dashtestan2,
can be Behbahan's local cultivar for drought stress It was introduced as a superior treatment.

Conclusions

Reducing water use in stress treatments (40, 60, and 80% water requirement) decreased water yield
in these treatments than 100% water requirement treatment. Reducing water use in drought stress did
not lead to increased water use efficiency of these treatments than 100% water requirement. Significant
correlation between the volume of water consumed and the plant height indicates the great importance
of optimal management of irrigation of this product is strategic. Because the highest correlation
coefficient of plant height with the number of seeds per capsule was calculated to be r=0.9562. In other
words, the most significant correlation between the number of seeds per capsule as one of the essential
components of yield with plant height and plant height with the volume of water consumed indicates
the important role of optimal irrigation management in the production of Sesame. The non-invasive
MP index and TOL index were the most resistant to water stress changes. Therefore, the TOL index
can be considered the most prominent and significant component of drought-tolerant cultivar
identification. So the TOL index divides the two variables into account based on their performance
variations. The lower the variation, the more stable the variety will be in drought stresses.
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Fig.1- Map of the studied area
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Table 1- Water sample analysis results

Year EC H T.D.S Anions (meg/l) Cations (meq/l)
(usim) P mag/lit CI SoZ HCOs Na*  Mg?  Ca®
2018-19 1740 74 "1140 8.8 8.0 3.2 8.0 3.2 8.8

c,.:alr}ld.,é&l.oﬂerl& Lgad 4 3585 W -Y Jeu>
Table 2- Analysis of soil samples before planting

Soil FC Organic .
- pb K* P EC Soil

Y depth Weigh b H
ear (?:F:n) mcgistﬁlrg %) (griem®)  (mg/kg)  (mg/kg) cag%;)n P (ds/m)  texture
Silty
2018-19 0-30 24 1.57 246 9.5 0.64 7.5 2.8 clay
loam

3 9 nledT ploml Slvolo 55 (2T b5 o3 Vv v Hlowd (G130l duilome 338 e 31 ol (2T S T Jour

(OLT 1A G 318450 ¥ 31) (yio o) (22 g T
Table 3-Water requirement for evapotranspiration calculated for 100% water requirement in the
months of the test and the need for leaching (mm) (from 24 july to 10 Nov)
Year August July - September  October - Leaching Total
-July  September - October November requirement

2018-19  96.4 191.0 151.8 36.7 75.7 5417
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(HM= Harmonic mean) s )l ko (Productivity

0Slee (gyluly sl o (Y1 =Yield index) »,Sles a5 ls
a5 pbsl o (YSE =Yield  stability  index)
- =L ( Fernandez, 1992: Fischer and Maurer, 1978 )

38 drwlre pj z b 398 sl

SSI = [1-(Ys/Yr)] / [1- (Ys/Ye)] ()

TOL = Yp-Ys (®)

STI= (Ye/Yr) (Ys/Ys) (YsIY ) =(Yr) (Ys) / (Yr')?

)
GMP = (YpxYS)*s (v)
MP= (Yp +Ys)/2 "
HM = (2xYpxYS)/(Yp +Ys) ()
YI=Ys/Ys (V)
YSI= Ys/ Yp (M)
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Fig. 2- Rainfall (A) and evapotranspiration calculated daily (B) in the period of 2018-19 (from 24
July to 10 Nov).
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Fig. 3- Comparison of mean interaction effects of irrigation levels and cultivars (A) in grain yield and
(B) water use efficiency
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Fig. 4- yield — consuming water curve in (A) Behbahan's local and (B) Dashtestan2 varieties
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Table 4 - Correlation coefficient for quantitative and qualitative traits

5%=0.3621 7S Z= s Z zZ 5 g 5535 TEE =£23%52233
19=0.4640 ge A3 Eg§g 28 87 g8sE "¢ EoEz "&£ &
& 2 o - = =9 2
grain yield (kg/ha) 1 0.88397 0.90207 0.8915 0.9363° 0.7049" 0.6774  0.1193  0.9859" 0.6903"
Bush height (¢cm) 1 0.9562" 0.9559™ 0.8945"" 0.4981" 0.7276"  0.0825" 0.8674" 0.4867"
grain in a capsule 1 0.9577" 0.9106™" 0.5665" 0.6733"  0.1112 0.8874" 0.5562""
Capsule in the bush 1 0.8802"" 0.5752"" 0.6597""  0.1460 0.8849" 0.5722""
1000-grain weight (gr) 1 0.5652""  0.7194  0.1655 0.9325™ 0.5702"
water use efficiency (kg/m’) 1 -0.0301 0.1290  0.7067" 0.9742"
consuming water of volume (m’/ha) 1 0.0596  0.6584™" -0.0201
oil percentages (/) 1 0.2776  0.3454
grain oil yield (kg/ha) 1 0.7288""
oil water use c‘ﬂ'lcicncy )
(kg/m”)
(I3 9350 153 93 33 oA dulmo 5 S Sl (Sle — 0 J9u
Table 5 - The mean of stress indices calculated in the two cultivars under study
Treatment Y3 e Ssl STI MP  TOL GMP  HM Yl YSI
(kg/ha)  (kg/ha)
M 540% 5154 1204.1 1.096 0.513 859.7 688.8 784.1 716.1 1.024 0.426
DS 540% 491.7 927.5 0.898 0.375 709.6 435.8 674.6 641.5 0.976 0.529
M 560% 751.3 1204.1 1.092 0.743 977.7 452.8 9504 923.9 1.057 0.625
DS 560% 669.8 927.5 0.808 0.510 798.7 257.7 788.2 7779 0943 0.722
M 580% 987.7 1204.1 1.068 0975 10959 2164 1089.8 1083.7 1.105 0.822
DS 580% 800.7 927.5 0.820 0.610 864.1 126.8 861.3 858.5 0.895 0.864

M =Behbahan local cultivar, DS= Dashtestan2 cultivar, 40% .60% , 80% = Stress treatments of 40, 60 and 80% of

water requirement

Ys =average cultivar yield in corresponding stress treatments .Yp = average cultivar yield per 100 water requirements

PG Gxe g Cute (Siuwed a5 39 Jb 50 ol Aol
s adls b e HM 23l &M))A&S&C}Lhu
PG e g e (Sumed (Jg b dwwbxe YSI 5 Y
o asls b it TOL asls (p do s g 5 <5 ol
( J933) 2335 dlns HM 5 YSI
Care PSP 5 POk O Cod lag 3)Sles
calb HM [asls b 1y 1=« /A8FF e 4 4l bxe (Situsen
ot oy (p S GMP (asls yiaen (5 Jgis)
& b cab R=A%0A e HM (a3 ls L1y gl e
ot Jlas ) guppkpf g 5l dre (Ssed o pd (ke
G TOL ool b (ol 5l aop As g 50 e lajlos) i
JOVYY lise 1y Cute gyl dime (Suwad o pd Cp i
TOL adls oS 2e Jbo jo cpl ob olis TOL jasls b
YSI pa3ls L) gite (Jg )l (dme (Stmad oy (p 5l
(£ Jgaa) by olis =+ /350 500 4

by s (Sis i et Sued cuyps

18y 2ySdas s doyd G paw )3 ()l Gre g (e ( Siuad
Av g Fe ¥ 5 baloss ) Y laidd 08) 5 pleste (slove
O Sired g A dwle TOL adls b ol 5l aoys
2 ol s )l xe (Jg 80 SSI (asli b 36 pB)l 5 Sles
O Aoy S pdaw (3 (I Sxe g Cute (S oS dg Jl>
Fo 5 slajlos 3 Vo lads 08 5 leste (e 08 3,Ses
s HM GMP MP STI lajasls b o 5ls oy Ar 55+
oS o Jlesl b 500 ajle 4 (F Jais) 13,5 dule YSI
Rl s e g Gl 4Bl S e 28 3Slae o]
Ol yasd oS gy 9005 TOL (55 adls ialS corge o Slos
o L5 sbleg 53 (5 Jsis) 13,5 YSI s HM GMP MP
) @M)sd)b@*a,wuizw‘@“lﬁj Joyd A g 5o
Y1 3 HM GMP. MP (sla jadls L STI asls oy dop
T ) b (dre g Cute (Swod i (pmod 4 g dusloe
Y1 g HM GMP (cla jasls L MP [asls o doys
chw 0 (b be g Cute (Siued (putred )5 duwlbre



DOI: 10.22055/JISE.2019.29415.1842

Y&

...V.S)).a S»«”" u:«:d\k #&&Q‘)&M)éﬁ}\w

ST oA 9T de Gl Hlowd 30 LS S e Ld oud duslote Khuwmod c yo — 1 v
Table 6 - Correlation coefficient of stress indices in 40, 60 and 80% water requirements

n=18

cos Ys Yp i _
?jzgiggg (kha) (kg/ha) SSI STI TOL GMP HM Y1 YSI
Y (kg/ha) I 02776 -0.1570 09201 0.8503° -0.7202° 0.9267 09644 04543  0.8553 "
Yy (kg/ha) I 05245 0.6218"" 07416 04666  0.6140" 05047  0.5202°  -0.2471
SSI I 0.1004  0.1777 0.5233°  0.0834 0.0107 -0.2087  -0.4523
STI 1 098317 -0.3981  0.9967" 09854  0.5925"  0.5844°
MP 0.2473  0.98347 09499  0.6022" 04619
TOL I -04097 -0.5234"  -0.0426  -0.9659"
GMP 1 09908  0.5951"  0.6026"
HM 1 0.5737  0.6960"
Y1 1 0.1576
YSI I

Daneshian and  (2012) Boureima et al. (2015)
Sls> »» (2011) Monajem et al. 4 (2008) Jonoubi
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