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Table 1. Results of soil test at the experimental site

e B i Ol L6 el
IR A ST oS (o) IS o P B8 A P BB et Sl il
bl (sden 5> i) [CYNWRTED;
ugif—Q‘ H et 02 o) et DS o
Cropping EC P Organic Total A;: sor}tiable Absorbable i
Y ds/ b it % phosphorus tassi Soil texture
ear (ds/m) carbon nitrogen (%) (ppm) potassium (ppm)
Y5\ ¥y
1.38 74 0.47 0.471 75 102 st
2017-18 Sandy-loam
AFAV-1FAA
1.38 74 0.49 0.488 76 105 st
2018-19 Sandy-loam
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Table 2. Combined analysis of variance of different deficit irrigation levels on growth characteristics of different soybean cultivars

Sl o Sk (MLS)

Df
Mean squares
a=La slaws _
e o o3 3V ol plis e Jsb S5 gl bl s ] FVSTRU SRR
el i &4
Sources of variance 3] Distance of the first Pod length Plant heieht Stem Number of ~ Number of leaf
pod from the ground g & diameter branches per plant
L
% 1 11.86™ 0.001™ 0.007" 112" 0.75™ 0.04™
ear
L) 1SS
R _.C ,VEMW ) 4 1.68 0.009 1.17 0.78 1.36 7.52
eplication (Year
kT oS ! " 1458.80™ 27.78 " 75117 6177.86 "
Deficit irrigation 2 13272 5294 ’ ’ ’ ’
LT L . . .
v QW M.A.x.r_ o 2 2.15™ 0.001™ 0.094™ 0.176 ™ 033 ™ 0.45™
ear x Deticit 1rrigation
Vo
Error] 8 0.83 0.03 2.74 9.54 2.67 7.74
ITor
c ﬂw 5 12.18" 0.938 " 109.47™ 370" 493" 283.78 7
ultivar
ﬂhnu x Jl ns ns ns ns ns ns
Year x Cultivar 5 0.06 0.024 0.04 0.94 0.17 0.90
ear
(W X 43 * ok o *
sl S 10 107" 0.104 5.06 0.84 032 9.77
Cultivar x Deficit irrigation
N G oS L
Year x Cultivar x Deficit 10 036" 0.032™ 0.05™ 0.09 ™ 0.12"™ 2.59"™
irrigation
¥ s
Error 60 0.13 0.033 1.58 1.1 0.84 7.8
ITOT.
TG] OV -
ﬁmc<\$ - 3.63 8.26 10.41 1.91 10.97 5.38

s

%rq.tQuFa._¢14.,3timu‘“ﬁﬁr_rv.mrxh%ﬂfhgvrwur.\mma.: 5

*,""and ™ ,significant difference at the 1% and %3 probability levels and no significant difference ,respectively.
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Table 3. Mean comparison of growth and morphological characteristics of soybean as influenced by the simple effects of year, deficit irrigation
and cultivar

e 31O ol dlols Y
Wl sy slasles (esl)ey i Croke)ile s EEPUITINEE G153 &E sl o 3 s W d
: : : i : : (sl el
Studied Plant height Stem diameter Number of Number of leaf Distance of the first pod Pod length
treatments (cm) (mm) branches per plant from the ground (cm) (cm)
Jl
Year
o 51.65° 553° 3010 32.11° 14.86 ° 329°
First Year
g2 e 51.64° 561° 3.18° 34.85% 15.52° 3.33°
Second Year
kT oS
Deficit irrigation
A e 58.62° 6.58° 455° 46.05° 17.26° 3.67°
90% FC
T et 50.08 ° 561" 3.19° 33.86 " 15.19° 3.34°
70% FC
1o el o b c b b b b b
46.13 452 1.69 20.03 13.14 291
50% FC
)
Cultivar
o f Lsmuu a a a a a a
55.72 6.16 4.05 38.55 16.26 3.65
504 Dezful
o0 52.98° 6.00° 3.38° 36.38° 15.83° 3.48°
Sahar
¥ 51.38° 5.66° 3.16% 34.27°¢ 1535°¢ 3.36°
Telar
> 51.07°¢ 5.50b° 3.00° 31.88¢ 15.12 ¢ 3.21°¢
NakaDar
i~ 50.11¢ 5.22¢ 2.66¢ 30.33¢ 14.65 ¢ 3.11¢
Zan
ol 48.68 4.88¢ 2619 24.44 ¢ 13.96 © 3.06¢
Sari

.&b_&tbuogﬁv_mrzh\ﬂpﬁrﬁ_uwtr.&,v_Lv.»nw\vvr&vﬁﬁhiw&frmeur\fu-

In each column, treatments with same letter(s) did not show significant difference at the 5% probability level.
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Table 4. The interaction effect of deficit irrigation x cultivar on some

2017-18 and 2018-19

owth characteristics of soybean during the cropping years of

Sles Grods) 6L i3 CGrastle) €5 glisl S 38 slaw Gresle) oD J sk
Treatment Stem diameter (mm)  Plant height (cm)  Number of leaf per plant ~ Pod length (cm)
o¥ L.wu.bu a a a a
504 Dosful 7.50 64.36 53.67 4.05
7~ 7.00 60.16 ° 47.83° 3.86°
Sahar
SRR PRI DY be ¢ ¢ ¢
007, FC Tolar 6.50 58.16 46.86 3.73
e
B be c d de
NokaDar 6.50 57.76 4433 3.56
ol; Zan 6.00% 55.80¢ 44174 3.45¢
&l Sari 6.00% 55.63¢ 42.50 ¢ 340°
o f L.wu.bu cd e f cd
504 Deaful 6.00 53.20 39.17 3.69
S 6.00 % 50.73 ° 36.50 ¢ 3.52°¢
Sahar
#los BBy X 5.66¢ 49.60 £ 33.50" 340°
70% FC #mw
BELS] de f h g
NakaDar 5.50 49.60 32.97 3.24
ol Zan 5.50 % 4966 " 31.00° 3.14 &
ol Sari 5.00 < 47.60¢8 30.334 3.091
0:F s ef f k gh
504 Desful 5.00 49.63 26.83 321
S 5.00°¢ 48.06 ¢ 24.83! 3.061
A Sahar
rwnCL e o Y f h m j
50% FC Tolar 483 46.20 20.50 2.95
uu% fg h n k
NakaDar 450 45.66 18.67 2.82
ol; Zan 416 4496" 16.83° 2,734
&, Sari 3.66" 42631 14.50° 269!

515 53 O ezl el 55 Sy b (615 arn CDlestl ekin oS e s &S 3 o7 glasled s a3

In each column, treatments with same letter(s) did not show significant difference at 5% probability level.
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Table 5. Combined analysis of variance of different deficit irrigation levels on yield and yield components of different soybean cultivars .wn
Sources of variance Df Sl ke (M.S) M
Mean squares ZW.
r %
&g 55 e slas e s ails sluws & g 53 &l sl als im0 4l 5 Shee Q.h.v.
Ol ks QF; HESY Sl I.\la
Number of pod Number of Number of 1000-seed Seed vield Harvest w
per plant seed per pod seed per plant weight Yy index !
~~
e 1 20.45™ 0.001 ™ 169.43 ™ 4.24™ 822.73™ 0.04 "™ =)
Year <
[AEES 2
. 4 8.01 0.006 86.7 86.97 814.17 7.94 =
Replication (Year) 1%
,mxm_ 4.4 . 2 639223 1.979 ™ 64476.92 " 2192.88™  31910000.0"  3846.70 <
Deficit irrigation 3
ol g x de 2 104™ 0.001 ns 82.46™ 1684™  127.69™ 0.10" =
Year x Deficit irrigation =
‘e 8 11.16 0.019 94.48 119.24 498.24 2.18 L
Errorl aa}
" 5 409.85 ™ 0.527 ™ 6264.19 276377 2995197.37"  201.127
Cultivar
= LF. 5 3.01"™ 0.014™ 16.82 ™ 11.44™ 115.75" 0.12"™
Year x Cultivar
ST o5 o v . o . o v
Cultivar x Deficit 10 26.66 0.074 662.17 126.97 347453.83 19.53
irrigation
#5% LT oS Jl
Year x Cultivar x Deficit 10 3.05™ 0.018™ 57.67™ 28.02 ™ 82.80™ 0.19 ns
irrigation
¥ s
60 4.74 0.019 69.17 124.06 389.57 3.16
Error2
Ralatad 3.63 8.26 10.41 191 10.97 5.38
C.V
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L.bcs.lrwuﬁv._buv..:ﬁu.(%ﬂmuafLrhv_ﬂrx%g_urﬂ.trwv.&._&d,.\m\”»ms B

*,"and ™ ,significant difference at the 1% and %35 probability levels and no significant difference ,respectively.
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Table 6. Combined analysis of variance of different deficit irrigation levels on biochemical traits of different soybean cultivars

o =
S b - Sl o :S0Le (MLS)
a3
Mean squares
Sources of variance DF “l> oy de)2 s pE gy 3 Shes g A3 e 3 Shes
Seed oil percentage Seed oil yield Protein percentage Protein yield
Ju. . . . .
1 02" 0.35™ 0.01™ 100.31 ™
Year
(W) 1SS
.r. . o 4 0.76 54.71 0.35 197.01
Replication (Year)
Gl oS . . - -
o 2 106.96 1863041.24 852.31 4673709.53
Deficit irrigation
LT WS x Jle
el oS de 2 0.05™ 481™ 0.03™ 22.48™
Year x Deficit irrigation
Vo
8 0.82 195.21 091 504.72
Errorl
2 5 109.74 62159.36 ™ 48.96 ™ 436971.35™
Cultivar
5, % Jl
rord . 5 0.05" 2.64™ 0.01™ 6.22™
Year x Cultivar
LT 5 . . . .
Lkl 10 0.19 110825.74 247 72257.97
Cultivar x Deficit irrigation
#5oX Gl oS
Year x Cultivar x Deficit 10 0.03™ 2.13™ 0.02" 15.64 ™
irrigation
Ylas
60 0.35 91.18 0.54 319.53
Error2
GO S -
Sl 9.34 17.58 2.08 11.53
C.V
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*,”and ™ significant difference at the 1% and %5 probability levels and no significant difference ,respectively.
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Table 7 .Mean comparison of the simple effect of year, deficit irrigation and cultivar on soybean yield and yield components

sl a5 SME sl 4 s s Slas
aalllae 3, 50 cln o Aicnvv sty O s als s Gy s dlssld (el im0 A.M&Mwmpt
EW3H) Sy SR 53
. Harvest Number of Number of Number of 1000-seed .
Studied treatments index (%) pod per plant seed per pod seed per plant weight (g) Seed yield (kg/ha)
Jls
Year
ol b 31.51° 28.75° 2.56° 76.26° 136.85° 1600.81 °
First Year
02 I 31.56° 31.66° 2.59% 84.95° 136.82° 1872.82*
Second Year
<l oS
Deficit irrigation
e 42.26° 4333° 2.83° 124.43 * 144.13 * 2695.64
90% FC
il 30.70° 2031° 2520 74.12° 137.76 1538.85
70% FC
et 21.64°¢ 17.98 ¢ 237¢ 39.94 128.61 ¢ 840.96 ¢
50% FC : : : e : :
)
Cultivar
o¥ Luwnu a a a a a a
34.26 36.83 2.85 108.15 142.30 2336.60
504 Dezful
o 34.84° 33.50° 2.69° 93.50° 13.95° 1974.69°
Sahar
¥ 33.54° 3091 ° 2.57"% 79.99 © 136.58 ¢ 1706.47 ©
Telar
T 31.35¢ 28.63 ¢ 2,53 72.29 ¢ 134.79 ¢ 1535.01 ¢
NakaDar
o 28.71¢ 26.63 ¢ 2404 61.17°¢ 137.66 ° 1357.21°¢
Zan
mhr 26.49 © 27.72° 2414 61.20° 130.71 F 1240.92 ¢
ari

B R e DL B VEL VPP AR T PRESVRC g LV N VPR g P N Ry g e

In each column, treatments with same letter(s) did not show significant differences at 5% probability level.
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Table 8. Mean comparison for biochemical traits of soybean cultivars

b it )| gl Sl st 0 S0kn aglin A S

aflles 55 90 (slaslas 413 e, Aoy MWNWA.%V FETIR OM“HNMHMV
Studied treatments vmgm%wm mo%%é mmomA m\ﬁw\wm_a Protein %Mwoo:ﬁwmo Protein yield (ke/ha)
Year Jw
mw ﬁs 22.52° 360.85 * 29.92° 554.78°
mmoﬂh%ﬁmowﬂ 22.81° 414.06° 29.01° 509.65 *
Deficit irrigation (s L.T 5
&wwﬂw%m? 23.16* 62002 33.65° 916.63 *
%.&Mﬂmﬁ. 22.04° 357.20° 30.62° 474.19°
%WM.VHM.LWM;. 21.80° 185.16 ¢ 24.12° 205.82°
Cultivar 3,

mmumwma 23.68° 559.79 ¢ 31.58° 776.50 *
Sahar 22.04° 424.11° 30.94° 642.42"
mw_”,: 22.78%® 394.79 * 29.62°¢ 534.32°¢
z%%a 22.50" 351.62 28.82¢ 467.5¢
7on 23.04 351.04 28.80¢ 411.70°¢
m% 21.97° 279.42°¢ 27.01° 35575

.&L.&ttgr!mrz%\ﬂ?.r.&vrq.trvuwv.:hﬁnw%rrvwﬁ%h»wﬁfrm.amx\fb-

In each column, treatments with same letter (s) did not show significant differences at the 5% probability level.
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et al., 2009; Rostami Ajirloo & Shaban,
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Table 9. Interactions of deficit irrigation x cultivar on yield and yield components of soybeans

] ‘W_)o
35 M sl 5 &ls sl 4l Hlm 05 © u\ ol
axllas 5550 (5laslas o &g 55 &l sl _ nu?.ﬂurﬂv
XY =y Aﬂuﬂv (eSa (Ao y3)ils
D
Number of .
. Number of Number of 1000-seed Seed yield Harvest
Studied treatments pod per plant  seed per pod mnw_ﬁw %ﬁoa weight (g) (kg/ha) index (%)
8eF Jse 52.91%° 3.21° 170.32* 146.90 * 3748.01° 45.85°
504 Dezful
e = Sahar 48.33° 3.05® 147.46 ° 144.85 ™ 3199.85° 44.43°
s ah_c 44.25°¢ 2.87% 126.69 143.68 ° 2746.65 ¢ 4587°
elar
90% FC
’ 355 NakaDar 40.33 ¢ 2.78 % 112.23 ¢ 143.71°¢ 2416.82 ¢ 40.78 °
ol; Zan 37.66°¢ 2.46 92.3° 145.36° 2043.76 © 3833°¢
ol Sari 36.50 ¢ 2.63 <% 95.55°¢ 140.29 ¢ 2019.92°¢ 38.29°¢
8eF Il 33331 2.75% 91.72¢ 143.81°¢ 1980.83 © 31.66 ¢
504 Dezful
s - Sahar 30.75°¢ 2.63 < 81.17° 139.72 ¢ 1698.26 ° 34.19¢
] o> 29.41" 2511% 73.6% 136.60 1515.96 ¢ 31.28°¢
70% FC Telar .
3155 NakaDar 28.32M 251 "% 70.99 & 134.03° 1429.54 ¢ 30.99 ¢
ol; Zan 27.581 234 1% 64.39 & 140.48 ¢ 1356.24 ¢ 28.26°
ol Sari 26427 2.39 62.89" 131.91¢ 1252.99" 27.83 "
8eF Jgl) 2425 2.58 ¢f 62.41" 136.18 ¢ 1281.06" 2508 ¢
504 Dezful
Sahar .. 21.41" 241 5191 132.30 ¢ 1026.08 25.89 ¢
b L0 ; ) ; _
) o> 17.25™ 2311% 39711 129.46 & 857.13 1 23.47M
s Telar
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Table 10. Interactions of deficit irrigation x cultivar on biochemical traits of soybeans
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Extended Abstract
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the effect of different levels of dehydration stress on morphological characteristics, yield and yield com-

ponents Soybean cultivars (Glycine max L.)
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Introduction:

Soybean, scientifically known as Glycine max L., is an annual plant with
significant economic value. It contains approximately %Y+ oil and £+ protein,
making it one of the most important oilseeds globally. With a cultivated area of
VY« million hectares, it holds the largest cultivation area among oilseeds (FAO,
Y1 4). Water deficiency is a major limiting factor for soybean growth (Aminifar
et al., YY), particularly affecting the reproductive stage. Using low-irrigation
regimes with water saving can help as a water management in the field in increasing
the area under cultivation and determining the cropping pattern (Siskani et al,
2015). To expand soybean cultivation in water-scarce conditions and conserve
irrigation water, methods such as low irrigation and the promotion of drought-
tolerant cultivars can be employed. This research aims to investigate the effects
of different levels of insufficient irrigation on the growth characteristics, yield and

yield components of some soybean cultivars under the climatic conditions of Jiroft

city, Kerman province. an arid and semi-arid region.

Email address of the corresponding author:ahmad.aein.1348@gmail.com
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Materials & Methods:

In order to investigate the effect of different levels of drought stress on the
morphological characteristics, yield and yield components of soybean cultivars
in Jiroft region, an experiment was carried out using a split plot design within a
randomized complete block framework. The study included 18 treatments and 3
replications per year, spanning 2017-18 and 2018-19 cropping season at the Jiroft
Agricultural Research Center. The main factor was irrigation deficiency at three
levels: 90%, 70% and 50% of field capacity. The secondary factor was comprised
of six soybean varieties including Sari, Sahar, 504 Dezful, Tekavar, Telar and Zan.
The row spacing was 50 cm, with 5 cm between plants within a row, and a seeding
rate of 70 kg per hectare per. In order to prevent water leakage, a three-meter buffer
was maintained between the main and secondary plots. Prior to data analysis, data
normality test and Bartlett’s test were performed and normal data were analyzed
using SAS software (ver. 9.2). An F-test was performed to evaluate the sources of
variation based on mathematical expectation of mean square, (EMS) assuming the
randomness of the effect of year and replication, and the constancy of other factors.
Variance analysis of the data for two years was done separately and the averages
were compared with the LSD test at the 5% probability level. Finally, graphs were
created using Microsoft Excel software and tables were generated using Microsoft
Word software and for comparison.

Results & Discussion:

Examining the traits showed that the effect of year alone on most growth
characteristics (height of the first pod from the ground, pod length, plant height,
stem diameter, number of sub-branches and number of leaves per plant) and
performance attributes (except for the number of leaves and seeds per plant)
was not significant. However, the effect of low irrigation treatment and variety
on all growth and morphological characteristics was significant at the 1% level.
Additionally, the interaction effects of low irrigation and variety on traits such
as the height of the first pod from the ground and the number of sub-branches
were also significant. Severe drought caused a decrease of 21.31% in plant height

and 68.08% in seed yield compared to the control. The results showed that the
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cultivar 504 Dezful exhibited the highest growth characteristics and seed yield
under 90% filed capacity conditions. The highest seed oil yield (916.41 kg/ha),
protein percentage (36.06 %) and protein yield (1351.53 kg/ha) were observed in
the 504 Dezful variety under normal conditions (90% Field capacity). Moreover,
this cultivar had a higher yield (1281.06 kg/ha) compared to other cultivars under
drought stress treatment.

Conclusion:

In general, the 504 Dezful cultivar, followed by the Sahar cultivar, were identified
as the drought-tolerant cultivars. These can be used as a management strategy to
improve soybean yield in arid and semi-arid regions.

Keywords: Cultivar, Deficit irrigation, Drought stress, Harvest index, Seed

yield.
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