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Table 1- Soil properties of the research site

s ™ el gyl g0 e o ol ol S Gos
Sodium Magnesium Calcium Totalanions  SulphateSOZ  ChlorineCl HCO*(megfl)  Carbonate Soil depth
Na'(megh  Mo™(med)  ca?(megl) (meg/) (meg/l) (meg/l) COZ (meg/l) (cm)
16 52 89 31 6.1 19 59 02 0-30
16 54 92 32 64 19 62 03 30-60
Ghe oty Cial s il gl ANl Dl Cand gl Egeme ey SL Gos
Absorb_able Absorbable 7. (N) pH S gluilojlac oW Total cations Potassium Soil depth
potassium phosphorus Saturated soil Sodium (meg/l) K-+(meg/l (cm)
(bpm) (ppm) extract electrical  absorption
conductivity ratio
(dsim)
214 54 0.03 81 32 6.3 32 11 0-30
196 43 0.02 8 33 6.1 32 09 30-60
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Table 2- Combined analysis of variance (Mean squares) of drought stress on yield and yield component in different grain sorghum

genotypes
ydi @b Wl jodild o Slos 0 Slae  plh Hlia 39 dildolaxi U gy olued gl Culbrs  olawi axgolaxi Job S p el
SOV L5l G_ré:in Sojglon colley 4l 2 Gladles,F olS e Sn o Tiller g, ey
df yield Biologic Harvest 1000 ;L Daysto Plant Stem Leaf Number Panicle Flag Leaf
yield Index grain © 7 Anthesis height Diameter number length Area
- Grains
weight
per
panicle
[
J 1 3956940 ™ 11043457 ™0.0059 ™ 5024 186953 "™ 213 1626 049 2.85 006 2374 19515
Year(y)
JeX S 44.1 440 009 1898 0.28 18.78 4047
Replication 4 2109121 39073289 0.0079 1102 82843 ' ’ ’ ’ ‘
xy
]
[CANG paad o o
Water 2 26291981 351168418° 0027™ 490~ 137gor~ o4 370 003233 194 210 4021
stress(S)
G5 X e .
] 2 1211342™27664900™ 0.005™ 64.3™ 2301™ 002 1172 022 058 0001 50 250
YX S
Uas-
8 489619 67186589 0.021  84.2 9194 145 208 007 193 084 902 2119
Error
S5 - - - - - - .
Genotype 9 101194657182206565° 0.031" 728" 496223 1004 842 056" 3988 602 233 65451
©)
g X e ™
5 e g i7ig7set G1a63635 001 eon 116001 002 99T 0051750004 226 6543
Y X G
T oeos
@ oS - “ -
gy X 18 3351248™ 48665898 ™ 0.027 68"  49586™ 52 21 005 094 1.30 1319 1279
SXG
G X Jle
wsy; Xl 18 5988017 43193804° 0.007™ 877  43031*  0.02 291" 0.07 176  0.0008 226 920
Y XSXG
Uas-
£ 108 342458 20376004 0.005 228 32928 14.7 122 0.05 150 0.46 7.20 1656
rror
Oy
SN 25 16.3 42 11.6 44 5.46 13.07 128 10.3 9 14.09 26.3
CV%

*, **: Significant at the 5 and 1 percent probability levels, respectively
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Table 3- Mean comparison of the effect of water stress on yield and its components in grain sorghum genotypes

SR

PERHERINEY ) ) e . .
e iy e D s st s 5 S as
Treatments  Grain number 1000 grain Harvest Biologic yield Grain yield
weight (gr) (Kg/ ha) (Kg/ ha)
per panicle Index
Water stress S S
S1 1 467 a 442 a 0.19a 17649 a 2979 a
S2 2 377b 385a 0.15a 12825 b 1657 b
S3 3 392b 408 a 0.18a 15562 ab 2384 ab
Genotypes YOS
KGS29 1 274d 43a 0.24a 12155 b 2492 be
MGS2 2 306 cd 417 a 0.19 ab 11265 b 1802 ¢
KGS33 3 241d 40.1a 0.14b 13824 ab 1682 ¢
Sepideh 4 307 cd 40.7 a 0.17 ab 12446 b 1848 ¢
KGFSs27 5 746 a 238b 0.18 ab 13712 ab 2075 be
MGS5 6 326 b-d 448 a 0.13b 14583 ab 1965 ¢
KGFS5 7 341 b-d 44.7 a 0.12b 18450 a 2199 be
KGFS17 8 559 a-c 423a 0.17 ab 18484 a 2960 b
KGFS13 9 582 ab 453 a 0.24a 19143 a 4193 a
KGFS30 10 447 b-d 449a 0.12b 19394 a 2183 bc

i = el Al e 50 (5Ll adad a3l V0 e )0 (gl sme glas LSD yge3l ulul p aril oo S pie B> S JBlam glls a5 g o

2 lSile

YV Sad mas = ley okl F (Sias i = g, al e jo gLl alad S Sis

Means in each column, followed by at least one letter in common are not significantly different at the 5% probability LSD Test.
Irrigation, S2=Irrigation cut off in vegetative stage S3= Irrigation cut off in generative stage.

Gl 055 5 0 Shas lizl 5 0,Shes 2 Gudgis 5 (SiS (55 sl F GeSike auylie =¥ Jsu
Table 4- Mean comparison of the effect of water stress on yield and its components in grain sorghum genotypes

S1=Normal

L . L .
SIS gy SR d”b > é’%m O gy SRR ok “pb - °‘§L°£
Water T 1000 grain weight e Gram Water el 1000 grain weight o G_ram
stress Genotypes @ Harvest yield stress Genotypes @ Harvest yield

Index (Kg/ha) Index (Kg/ha)
S1 KGS29 48.4 a-d 0.35a 3664 bc S2 MGS5 40.6 f-i 0.09 c-f 1239 f-h
S1 MGS2 43.6 d-g 0.15b-f 1609 e-h S2 KGFS5 39.6 g-i 0.05 f 690 h
S1 KGS33 40.5 f-i 0.19b-e 2266 d-f S2 KGFS17 40.4 f-i 0.2 b-e 2006 d-g
S1 Sepideh 426 f-i 0.19b-e 2244 d-f S2 KGFS13 38.6 hi 0.19b-e  2622c-e
S1 KGFS27 25.2j 0.19b-e 2405 c-f S2 KGFS30 43.7 d-g 0.09c-f  1682e-h
S1 MGS5 50.6 ab 0.16 b-f 2644 c-e S3 KGS29 429 f-h 0.21b-d 2187d-g
S1 KGFS5 451 c-f 0.13cf 2704 c-e S3 MGS2 41.1 f-i 0.22a-c 1966 d-h
S1 KGFS17 43.3e-h 0.21 b-d 4748 ab S3 KGS33 40.5 f-i 0.15b-f 1856 e-h
S1 KGFS13 49 a-c 0.18 b-f 4683 ab S3 Sepideh 38.6 hi 0.17 b-f  1985d-g
S1 KGFS30 53.2a 0.12cf  2815c-e S3 KGFS27 23j 0.08d-f 1177 f-h
S2 KGS29 37.8i 0.14cf 1622 e-h S3 MGS5 43.3e-h 0.15b-f  2010d-g
S2 MGS2 40.5 f-i 0.19b-e  1828e-h S3 KGFS5 49.4 a-c 0.19 b-e 3203 cd
S2 KGS33 39.2 g-i 0.07 ef 922 gh S3 KGFS17 43.2 f-h 0.11cf 2124d-g
S2 Sepideh 41 f-i 0.17 b-f 1314 f-h S3 KGFS13 48.2 b-e 0.35a 5272 a
S2 KGFS27 23.3]j 0.28 ab 2643 c-e S3 KGFS30 37.9i 0.15b-f 2052 d-g

Ui = il Al e 50 (5Ll adad a5l V0 e j0 (g,ls sme gl LSD yge3T bl aril o S iie B> o JBlas slls a5 g o

5o Sl

VY Sis wi=Jleg okl F (Sids i = cdug, al e 40 g Lol adad S

Means in each column, followed by at least one letter in common are not significantly different at the 5% probability LSD Test.
Irrigation, S2=Irrigation cut off in vegetative stage S3= Irrigation cut off in generative stage

S1=Normal
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Table 5- Correlation coefficient among agronomical traits in different grain sorghum genotypes in normal condition

Olao
1 2 3 4 5 6 7 8 9 10 11 12
Traits
V-ails o Slas
1
1- Grain yield
Vel Jf5m 033
0.383 1
2- 1000 grain weight
Y-Sl 5o ails olaws
. . 0.480 -0.462 1
3- Grain per panicle
ool el
4- Harvest Index 0.201 -0.066  0.15 1
O-Su3slgnr 9o
o 0.86™ 0448 0.363 -0.286 1
5- Biologic yield
Fo Sladlos S 35, olaws
. 0.656" 0211 0481 -0.467 0.899” 1
6- Days to Anthesis
V—aL_S ﬁl.bﬁ)l
. 0.651" -0.187 0.707° -0.170 0.699™ 0.797" 1
7- Plant height
Al Canlseis
. 0.385 0242 0397 -0462 0.605 0.695™ 0.360 1
8- Stem Diameter
-3y olass
0.531 0.167 049 -0.512 0.789™ 0.958™ 0.798™ 0.727™ 1
9- Leaf number
\ e —aze olass
_ -0.455 -0.006 -0214 0.023 -0.545 -0.665™-0.661 -0455 -0.657" 1
10- Tiller Number
N-JsSel Jobo
. 0.301 -0.107 0276 0559 -0.087 -0.331 0.057 -0549 -0393 0475 1
11- Panicle length
0.729" 0.227 0.464 -0.070 0.755™ 0.752" 0.497 0.590 0.604 -0505-0112 1

12- Flag Leaf Area

Sl (oo o )d Sy g o0 gy e o I (e patde e 4 M 0T
* and **: Significant at the 5 and 1 percent probability levels, respectively
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Table 6- Correlation coefficient among agronomical traits in different grain sorghum genotypes in medium stress condition

Ol
1 2 3 4 6 7 8 9 10 11 12
Traits
V-ails o ,Slos
1
1- Grain yield
V-ailolia 0539
. . 0.607 1
2- 1000 grain weight
Y-JsSsl jo als slass
. . 0.458 -0.265 1
3- Grain per panicle
Fcslsyy jasls
. 0.640" 0501 0.125 1
4- Harvest index
0-Sy3dgm o Slos
. o 0514 0310 0326 -0.281
5- Biologic yield
7o Sladlos S U 34, olasy
. 0496 0.095 0.693" -0.226 0.855™ 1
6- Days to Anthesis
VfoLtf &LaJ)‘
0.685" 0.003 0.708" 0.233 0.573 1

7- Plant height
M-8l Cwles

0.159 0.249 -0.133 -0.401

8- Stem Diameter
-5 s olaws

0.339 -0.045 0420 -0.415

9- Leaf number
Ve -y slass
10- Tiller Number
N-JsSaily Job
11- Panicle length
Voo S ool

12- Flag Leaf Area

0.127 0275 -0.387 0.603

0298 0316 0.026 0.754

0372 0344 0242 -0.211

0.690" 0.367  0.093 1

0.843™ 0.716" 0590 0.777 1

-0.520 -0.733" -0.079 -0.217 -0.437 1

-0.440 -0.4 0230 -0.492 -0.476 0.733" 1

0.789™ 0.784™ 0.323 0454 049 -0.606 -0.261 1

*, **: Significant at the 5 and 1 percent probability levels, respectively
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G5 Ll )0 paplS (g S5 5o gl 4 4z g L
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Table 7- Correlation coefficient among agronomical traits in different grain sorghum genotypes in sever stress condition

1 2 3 4 5 6 7 8 9 10 11 12
Traits

als o ,Slas
1- Grain yield
aloyl ()39
2- 1000 grain weight
JoSly jo ails slass
3- Grain per panicle
Sls el
4- Harvest index
Sslem o Shee
5- Biologic yield
Sladlos S 39, olows

-0.544 1

0.740" -0.97 1

0.865™ -0.737" 0.867" 1

-0.002  0.420 -0.352  -0.459 1

. 0.459 -0.453 0.571 0.292 0.124 1
6- Days to Anthesis

asz el_é.)‘)l

7- Plant height
aBlo Cwles

0519 -0.804™ 0.689" 0.656° -0.176 0.121 1

. 0.089 -0.183 -0.005 -0093 0.486 0.134 0.330 1
8- Stem Diameter

S oolass
0.219 -0.400 0.387 -0.029 0.248 0.886™ 0.081 0.304 1
9- Leaf number

Aoy olass
10- Tiller Number
JsSsb Job
11- Panicle length
B TR G SRS WY

12- Flag Leaf Area

-0.027 0.357 -0.317 -0.143 0.117 -0.437 -0.266 -0.418 -0.254 1

0.244  -0.163 0.084 0381 -0.289 -0.597 0421 0.006 -0.383 0.516 1

0.215 0.097 0.011 -0.073 0.348 0.748" -0.195 0.193 0.610 -0.414 -0.665" 1

#*

23l o dyo Sy 5 20,0 iy b o )l ghas pigie & S 4 7
*, **: Significant at the 5 and 1 percent probability levels, respectively

GRS S (g Bl 53 (11D 0 Hgu it Lo gi] Ho b Sig plw b (atuly o) 4l o Shos pBasplS Jgmw )5y 4355 A Jgur
s g gl
Table 8- Stepwise regression analysis of grain yield (dependent variable) with other characteristics in different genotypes of grain

sorghum under normal conditions, medium stress and sever stress

b Lo Jowo 0 0ulid;lg b o
R R? B t Beta
Treatments Variables entered in model
LS elis)|
. 0.707 0.501 31.948 3.357 0.375
Plant height
) als i 59
Normal Jle 5 Ll il 0.838 0.702 98.176 6.985 0.669
1000 grain Weight
JsSSl o ails slass
. . 0.910 0.828 3.496 4.353 0.533
grain per panicle
ol,j &L:u)‘
. . 0.685 0.469 99.981 4.463 0.683
Medium Lo 25 Plant height
stress als,le 035
. . 0.914 0.836 98.636 3.954 0.605
1000 grain Weight
KRVt JoSsl o ails slass
. . 0.704 0.548 1.867 3.114 0.740
Sever stress grain per panicle
039 @b 3l oSl 5o als slasy a5 Jlo o (- /74Y) cils 039 Jbey sl i jo wcede ay e ulwl s plol oS
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Table 9- Path analysis coefficients of correlation between grain yield and some characteristics in grain sorghum under normal

conditions
G 3 s ol 51
ol posdiimso 531 Indirect effect via
Traits Direct effect ald,058 ¢39 Jossly 5o ails olusi ol glas
1000 grain weight Grain per panicle Plant height
JoSly yo ails slass
. . 0.496 -0.32 - 0.303
Grain per panicle
SLTUCINT)
. . 0.692 - -0.23 -0.081
1000 grain weight
alff &L&J)l
. 0.429 -0.13 0.35 -
Plant height
(Dlas g9 Slae s (Kwod) oz
Sum (correlation between grain yield 0.382 0.479 0.651
and traits)
sasledl,

Residual Effect = 0.465

bungio Sis giod byl 10 5141 pg5 gm0 50 Wlho (B 0 b Hd 0,5 loe (Ktwood Code @305 ol s -V Jauo

Table 10- Path analysis coefficients of correlation between grain yield and some characteristics in grain sorghum under medium

drought stress conditions

&b 3 e e 51

Indirect effect via

Traits Direct effect

&)l ¢y 59

1000 grain weight

Olﬁf eL&.:)
Plant height

wlayli o359
1000 grain weight
AL:f &L&'ﬁ)‘

0.604

. 0.683
Plant height

(Olao 9 \))S-LQ.; O ‘5{.........0&) g
Sum (correlation between grain yield
and traits)

- 0.002

0.001 -

0.606 0.685

Residual Effect = 0.405
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Abstract

Introduction: Drought stress is a major problem in the productivity of crops around the world.
Growth of sorghum in dry and semi-arid regions is affected by water stress at the late stages of growth,
such as anthesis, which has negative effects on yield. Information about the significant correlation
between traits is important for starting a breeding program. Because it allows the selection of desired
genotypes with desirable traits simultaneously. Due to the increasing spread of livestock and the
development of the cultivated area of this plant, which is a relatively drought-tolerant plant, it is very
important to carry out breeding and agronomic research in the South Khorasan region, especially
in Birjand. The objectives of this research were to: a) determine the grain yield relationships with its
components using the stepwise regression method; b) investigate the relationships between traits
using path analysis.

Materials and Methods: A field experiment was carried out using a split plot design with 3
replications. Main plots include drought stress treatments while the sub-plots consisted of 10
genotypes of sorghum including KGS29, MGS2, Sepideh, KGFS27, MGS5, KGFS5, KGFS17,
KGFS13 and KGFS30.

Each plot consisted of four lines with length of 6 meters and a distance between the lines of 60 cm
and the area of each plot was 14 square meters. Plant spacing on the row was considered as 10 cm.
To determine grain yield and biological yield and harvest index after removing two lines of margin
and half a meter of the beginning and the end of each plot were harvested from a surface of three
square meters. After drying in a ventilated oven at 72 ° C for 72 Hours, total dry weight and
biological yield were determined and then the samples were weighed and the seeds were weighed and
the harvest index was calculated. After data collecting, the data were analysed , using SAS software
to investigate the diversity of traits among the cultivars and  lines. Calculation of correlation
coefficient between traits and stepwise regression was performed using SPSS software. To
distinguish the direct and indirect effects of important traits, path analysis was used .

Results and Discussion: Results from combined analysis showed that cultivars and lines were
significantly different at %21 level for all traits that is from variation between studied lines and
cultivars. Comparison of interaction between genotype and stress about grain yield indicated that
genotype KGFS13 in medium and normal drought stress, commonly with genotype KGFS17 in
normal condition had the highest level and genotype KGFS5 in sever stress condition had the lowest
grain yield respectively. In drought stress condition, Based on path analysis, Thousand Kernel weight
had the highest direct effect on grain yield in normal condition. While number of seeds per panicle,
had indirect effect via 1000-seeds weight on grain yield. The plant height had the highest direct effect
on grain yield in medium dry condition. While the plant height, had indirect effect via 1000-seeds
weight on grain yield.
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Conclusion: According to the results of the correlations between the studied traits, under normal (no
stress) conditions, plant height, number of seeds per panicle and 1000-seed weight can be used to
improve grain yield. Under moderate water stress conditions, plant height and 1000-seed weight had
the largest contribution in determination of the genotypes diversity.Based on path analysis, Thousand
Kernel weight had the highest direct effect on grain yield in normal condition. While number of seeds
per panicle, had indirect effect via 1000-seeds weight on grain yield. The plant height had the highest
direct effect on grain yield in medium dry condition. While the plant height, had indirect effect via
1000-seeds weight on grain yield.
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