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Table 1. Combined analysis of variance for yield and yield components and some morphological traits
olezdl sloas

Source of o A?)J. G glas)| 4;? J|9b s> @SL“ - ?? ?b
variation Sl la &b pant height @2;; No. of panicle Diatne1r:ter V\?(?ig:hi
shoots

Year (Y) Jus 1 4623.93"  25.20 1134.94" 0.04 1.56
Replication (R)/Y L oys,0 1SS 4 40.90 9.81 252.36 0.11 8.77
Irrigation (1) &k 2 77.12 4.12 44.92 0.14 31.07
YxR &kl x Jlo 2 36.83 10.92 75.48 0.15 0.79
Main error Lol slas 8 40.30 9.23 143.42 0.09 14.06

Genotype (G) G555 4 458591  330.20"  333.61 3697 3956
GxY Jlo X udgis 4 126.35"  20.83” 496.27" 0.22 7.09
Gxl ol s 8 39.80 491 33.04 0.04 2.91
GxYxl el x Jlox cusgs 8 48.71 4.60 22.95 0.05 4.13
Sub-error b slas 48 24.00 2.80 97.01 0.07 2.02
CV (%) (0o 0) Sl s i — 4.30 6.00 17.24 1422  12.65

AR R AN I PVE I I A T PR S P P 3 #
“and ™" Significant at 5% and 1% probability levels, respectively.
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Table 1. Continued

dalol -V Jgam

adgle o Slos 5 ,Sles 5o &l dlass
Source of s s w2 K 055t wigs AR 038 s s Shae
variation e S5 resh forage Biologi: No.of -GN Grain yield
df . ’ . . weight
yield yield  grain/panicle
Year (Y) Jlo 1 2027.407 2141.33" 791.76"  177.24™ 47352.78"
Re?g)cla\t(ion Jlo 5958 41585 4 49.01 88.78 7.77 27.11 202.74
Irrigation (1) &k 2 394.08"  644.87" 3.79 3457  275667.18™
YxR &kl X s 2 9.05 13.27 3.77 0.95 169.70
Main error Lol sl 8 18.05 59.58 9.43 10.98 568.77
Genotype (G) 5 4 10459™  88.05" 47947  405.017 12901.64”
GxY Jlos X g 4 7.91° 17.52" 40.63" 4.82 1513.28"™
Gxl Golel X i 8 3.42 11.08 7.15 10.16 514.55
GxYxI Gl x Jlox gy 8 4.85 16.79" 6.63 7.28 880.39"
Sub-error b sl 48 2.81 6.64 4.60 6.51 368.07
CV (%) (00 ,3) S pss g - 11.20 9.84 18.03 8.52 8.67

*x *

TN 9710 Jliml ol jo s g oS jay:

“and ™" Significant at 5% and 1% probability levels, respectively.
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Table 2. Mean of the studied traits in grain sorghum under normal (up) and severe stress (below) conditions

. = .8 2 T =T £ 2 3 £
g 5§ 338 & s £ 3£ 38 = =
2 4% 22 33 35 93 %5 2& 3% 38
55 36 P2 i35 2 95 25 L3 3 E g 3 =
.3 42 S 3§ AT 4 7S5 48 e 23
Genotype KNS 3 o J s 5 & 33z P § o "o, 3 2 =2
= 3_.5\0- 'ch,i?ﬁ,-— Y, %= 2 = 2 >
S 2 %6 £ s 28 8 o 2T =
& s 93 o = = 33 95 S s
o = n S 8 o Z S G}

L
LS 108.9 27.8 54.8 25 12.9 21.4 343 33489 378 9162.5
Kimya 1083 266 588 25 113 127 230 4067.0 350  6644.0
PRV 127.6 29.7 61.2 1.4 11.3 15.0 318 31915 339 7973.6
Sepideh 1284 295 638 13 107 87 204 45200 234  6147.0
KGS15 114.9 30.3 54.7 2.3 11.0 19.0 31.1 32334 335 7400.0
111.7 28.6 56.1 2.0 10.8 12.7 21.8 4410.0 32.3 6345.0
KGS23 93.7 20.4 55.2 1.6 12.5 15.2 32.1 4142.4 35.6 8521.9
97.9 21.3 50.3 15 111 9.5 229 37710 337 6578.0
KGS32 1339 317 64.8 2.4 10.2 20.3 30.1 2961.8 28.5 6843.1
133.0 31.2 58.8 15 7.2 12.0 19.3 26820 228 4608.0
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Table 3. Estimation of stress tolerance indices together with grain yield of sorghum genotypes under normal and
severe drought stress conditions

w5

o Yp (kg/ha) Ys (kg/ha) TOL MP GMP SSlI STI Yl YSI R
Genotype
LS
o 916251 6644.44 2518.07 7903.48 780255 115 096 110 0.73 27
Kimiya
MM 7973.61 6147.23 1826.38 7060.42 7001.12 095 0.80 1.01 0.77 23
Sepideh
KGS15 7399.99 634459 105540 687229 685199 059 0.73 1.05 0.85 23
KGS23 8521.95 6577.78 194417 7549.87 7487.02 095 0.88 1.08 0.77 23
KGS32 6843.06 4608.33 2234.73 5725.70 561561 136 049 0.76 0.67 33
oSSl 7980.22 6064.47 191575 702235 695166 1.00 0.77 100 0.76 25.80

eodid 2 Sile GMP davgie 6590 00 MP Joss (ol TOL (St o (15 g Jgome Lol o o ails o Shae i iy YS 3 YP £°
o malS as o R g0 Slee Sl el YSI oo Shee a3la Y1 a4 Joos ol ST a5 & conlus (a3l SSI (690 40

Bg o IVE Gialesl ol jo (Sis s a5 bl pd 40 (55 Sad ladie el (yla] Jgeme oyl 4 S pads 15 byl o
“: Yp and Ys, grain yield under normal and severe drought stress, respectively; TOL, tolerance index; MP, mean
productivity; GMP, geometric mean productivity; SSI, stress susceptibility index; ST, stress tolerance index; YI,

yield index; YSI, yield stability index and R, percentage of the reducing trait under severe stress than normal
conditions. The stress intensity value under severe drought stress in this experiment was 0.24.
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Table 4. Correlation coefficients between drought tolerance indices and grain yield under normal irrigation and
severe drought stress condition

YPughy ~ YSkgny ~ TOL MP GMP ssl STI Yi YSI %R
Index
Y Pkgrha) 1
YSkgiha) 0.81 1
TOL 0.43 -0.19 1
MP 0.95" 0.95" 0.14 1
GMP 0.94 0.96" 010  1.00™ 1
ssl -0.20 -0.61 089" -032  -0.36 1
STI 0.96" 0.94 015  1.00°  1.00” -0.31 1
Yl 0.81 1.00"  -019 095" 0.96" -0.61 0.94 1
YSI 0.08 0.66 -0.86  0.38 042  -100" 037 066 1
%R -0.42 -0.83 058 -065 -0.68 0.84 -066 -0.83 -0.86 1
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“and ™ Significant at 5% and 1% probability levels, respectively.
1. Yp and Ys, grain yield under normal and severe drought stress, respectively; TOL, tolerance index; MP, mean
productivity; GMP, geometric mean productivity; SSI, stress susceptibility index; STI, stress tolerance index; Yl,
yield index; YSI, yield stability index and R, percentage of the reducing trait under severe stress than normal
conditions. The stress intensity value under severe drought stress in this experiment was 0.24.
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Table 5. Phenotypic (above diagonal) and genotypic (below diagonal) correlation coefficients among the studied
traits in grain sorghum under normal condition

Lo
3) V‘““ 1 2 4 5 6 7 8 9 10
Code Trait
. a5 “ * * *
1 ©s _5““) 1 089 08 016 -08" 024 -055 -092° -074 -0.70
Plant height (cm)
e Jsb 100" 1 055 046 -072 050 -0.38 -0.997 -056 -0.61
Panicle length (cm)
fe5 lleisl slass .
9T A S 035 0.36 007 -0.74 -001 -0.63 -060 -0.83" -0.66
No. of panicle shoots
Sl 1 099" 099" 040 1 012 098" 007 -046 -0.15 -0.14
Stem diameter (cm)
e . 99" 099" 048 099° 1  -008 092° 069 0947 098"
Panicle weight (t.ha™)
7 gle o Slee . 099" 099" 041 1007 099° 1 092" -052 -011 -0.06
Fresh forage yield (t.ha™)
o) 38 . 097 098" 055 098" 099" 098" 1 034 092° 096"
Biologic yield (t.ha™)
R . ‘ . . . * * * *
w9 02 _“"““‘_’" 095" 096" 062 096 098 097" 099 1 056 057
No. of grain/panicle
ol _)'f” 039 1.00™ 1.00" 038 1.007 099" 1.00" 098" 096 1 095
1000-grain weight (g)
10 al> 2 Shos 099" 099" 041 100" 099" 100" 098" 097 099" 1

Grain yield (kg.ha™)

“and ™ Significant at 5% and 1% probability levels, respectively.
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Table 5. Phenotypic (above diagonal) and genotypic (below diagonal) correlation coefficients among the studied
traits in grain sorghum under severe stress condition

et i 1 2 3 4 5 6 7 8 9 10
Code Trait
Ser glas - - o
1 ©x _5 ? 1 091 079 -043 -0.73 -0.04 -095 -0.33 -094" -0.79
Plant height (cm)
ads> Job -
2 Panicle length (cm) 0.98 1 0.79 -0.09 -062 031 -0.82 -0.18 -0.73 -0.68
3 Lhs> Ql"l_“m sl 033 033 1 -008 -0.20 -0.07 -0.58 0.19 -0.64 -0.29
No. of panicle shoots
il s C e
4 Stem diameter (cm) 094 095 0.38 1 038 0.78 060 0.22 072 043
b= 039 . . . . . -
5 Panicle weight (tha) 095 094 044 095 1 -020 0.83 086 071 0.99
# adgle o Slae . . " .
6 Fresh forage yield (tha’) 0-95 095 039 098 0.5 1 0.11 -0.23 034 -0.15
005§ 3,8 kes . . . . . - .
7 Biologic yield (tha®) 094" 093 051 094 095 0.95 1 047 096 0.88
abg> o &ils slass . . . . . . .
8 No. of grain/panicle 091" 092" 059 092" 093 0.92° 0.95 1 0.36 0.81
als e s o o o . - . x
9 1000-grain weight (g) 098 0.98" 034 098" 094 098 094 0.94 1 0.78
ailo 5,Slee . . " . . . .
10 095 092" 039 0.98 095 0.98** 0.95 0.91 0095 1

Grain yield (kg.ha)

“and " Significant at 5% and 1% probability levels, respectively.
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Table 7. Path analysis based on genotypic correlations between grain yield and it’s affected traits under normal

irrigation condition

cis ‘\.MJP 039 03giCans) 3 als e Q.” Wr‘ )bTé}W FHKY .))S.LQCL:M
Trait Panicle Bioloaic vield 1000-grain Total indirect Correlation with
weight gicy weight effects grain yield
abg> (539 + -
Panicle weight 0.500 -0.003 0.492 0.489 0.99
005 s § O ’S.LQ.C -
T 0.495 -0.003 0.487 0.982 0.98
Biologic yield
alo i oy "
) 038 0.495 -0.003 0.497 0.492 0.99

1000-grain weight

TN Sz s o s gixe
it (e ] 5) wione BT el o 00 Las lay] 5 45 (golael o

**: Significant at 1% probability level.
™ The underline numbers are indirect effects (path coefficients).
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Table 8. Path analysis based on genotypic correlations between grain yield and it’s affected traits under severe
stress condition

. 4..,45:> 039 055} 3 als e Q_}s i il ‘ &ls ajiLf.c L M
. Panicle LT 1000-grain - - Correlation with grain
Trait . Biologic yield . Total indirect effects .
weight weight yield
dt&P Gj_j 0310" 0.300 0.340 0.640 0.95"
Panicle weight
e 2fles g 0, 0.310 0.34 0.640 0.95"
Biologic yield
S S5 Qs 0.290 0.290 0.360 0.580 0.95

1000-grain weight

*

TN Jleis) e o Jlssies

it (Cele gl 1) e BT el o 005 L lay] 5 45 (goluel o

“*: Significant at 1% probability level.

™ The underline numbers are indirect effects (path coefficients).
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Abstract

To evaluate the relationships between grain yield and some important agronomic traits in grain
sorghum cultivars and promising lines, an experiment was conducted as a split plots arrangement
based on randomized complete block design with three replications in Seed and Plant Improvement
Research Institute, Karaj, Iran, during two growing seasons 2013-2014. Irrigation treatments as the
main factor at three levels (normal irrigation or non-stress, mild water stress and severe water stress)
and genotypes as sub-factor at five levels (Kimya, Sepideh, KGS15, KGS23, and KGS32) were
considered. The results of combined analysis of variance for morphologic and yield traits showed that
there was the significant differences at 1% probability level among the genotypes for all studied traits.
Evaluation of the stress tolerance index (STI) and geometric mean productivity (GMP) showed that
the genotypes Kimiya and KGS23 with grain yield of 9162.5 and 8521.9 kg.ha™, respectively under
non-stress and 6644.0 and 6578.0 kg.ha™, respectively under severe stress conditions, were determined
as tolerant genotypes in this research. The results of genetic correlation coefficients among traits under
normal and stress conditions indicated that there was a significant positive correlation between grain
yield and panicle length, stem diameter, panicle weight, fresh forage yield, biologic yield, number of
grain per panicle and 1000-grain weight. The result of path analysis for grain yield showed that
panicle weight and 1000-grain weight had a considerable positive direct effect on grain yield under
both non-stress and drought stress conditions, but biologic yield had a little negative direct effect
under non-stress and a high positive direct effect under drought stress. Therefore, indirect selection
using panicle weight and 1000-grain weight is recommended for improving grain yield of sorghum.
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