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G5 gl ab g Oy S abgle s Sles S abgle > Sles 5 s 3 Shas Sas ) 3 Shas 4l 158 05 als s Shae
il slajles Plant height  Panicle weight  Fresh forage yield Dry forage yield Fresh biologic yield Dry biologic yield 1000 grain weight  Grain yield
Treatments (cm) (t.hat) (t.hal) (t.hat) (t.hal) (t.hat) (9) (kg.ha't)
Year Ju
2014 \ray 148.5a 10.8a 28.8a 9.0b 39.6a 17.1a 36.1a 5433.2a
2015 yray 151.1a 10.3a 28.7a 10.6a 39.0a 17.9a 31.0b 5617.5a
Irrigation (IR) GobT sleles
IR1 (60 mm T) JESIEREWE D 167.2a 13.2a 31.8a 10.9a 45.0a 20.5a 35.1a 7094.0a
IR2(120mm T) 55 e daedYe 145.4h 10.5ab 28.4ab 9.6ab 38.9ab 17.1ab 33.7ab 5559.0ab
IRs (180 MM T) 55 e dodA 137.0b 8.0b 25.9b 8.9b 34.0b 14.8b 31.9b 3923.0b
05 5 S 55
Sorghum genotypes
L1 (KDFGS4) 162.8ab 12.0ab 27.4bc 9.0bc 39.4b 18.1a 34.5bc 6510.0a
L2 (KDFGS6) 132.1f 12.7a 27.8bc 9.0bc 40.6b 18.2a 33.0bc 6289.0a
L3 (KDFGS9) 138.3ef 12.4a 24.0e 8.2c 36.4b 17.1a 32.9bc 5820.0a
L4 (KDFGS10) 149.9cd 11.5ab 28.6bc 9.6bc 40.1b 17.4a 35.4ab 5401.0ab
L5 (KDFGS12) 153.0bc 9.6bc 30.2b 9.7bc 39.9b 16.8a 32.5bc 5556.0ab
L6 (KDFGS13) 154.0bc 9.8bc 29.4bc 9.8bc 39.2b 16.9a 31.8cd 5305.0ab
L7 (KDFGS14) 166.3a 7.9¢ 39.0a 13.8a 47.0a 19.1a 33.3bc 3346.0c
L8 (KDFGS16) 146.4cd 10.8ab 25.3de 9.0bc 36.2b 17.3a 30.4d 6604.0a
L9 (KDFGS20) 140.7de 10.1ab 25.7cd 9.0c 36.4b 16.8a 37.7a 6234.0a
L10 (KDFGS21) 155.4bc 8.1c 29.7bc 10.6b 37.9b 16.8a 34.0bc 4188.0bc
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Continued Table 1. =V Jgd> aals!
S5 gl i 053 745k 035 S &5k 05 55 d s s Shes S 65 g 3 Shes Sl 5l 055 4ls 5> Slas
S Plant length  Panicle weight  Fresh fodder Dry fodder FreshBiologic yield Dry Biologic yield ~ 1000-grain weight  Grain yield
Treatment (cm) (tha-1) (tha-1) (tha-1) (tha-1) (tha-1) (9) (kgh-1)
&bl s 055 s S 55
Irrigation Regime(IR) orghum genotypes
L1 (KDFGS4) 174.8a 12.68ab 27.95bc 9.35cd 40.62ab 18.72ab 35.48ab 6989.0ab
L2 (KDFGS6) 143.0ef 16.43a 30.90bc 9.74cd 47.30ab 21.70ab 34.15bc 8011.0ab
L3 (KDFGS9) 151.7de 16.20a 25.83cd 8.57ef 42.05ab 20.42ab 33.98hc 7750.0ab
L4 (KDFGS10) 162.0bc 13.43ab 30.33bc 10.12cd 43.80ab 19.62ab 36.15ab 6986.0ab
IR1=60mm L5 (KDFGS12) 175.0ab 12.42ab 34.40ab 10.92bc 46.83ab 20.06ab 33.65hc 6829.0ab
L6 (KDFGS13) 173.6ab 13.07ab 35.70ab 12.45ab 48.80ab 21.86ab 34.15hc 7333.0ab
L7 (KDFGS14) 186.7a 10.27bc 41.43a 15.30a 51.72a 22.26a 35.48ab 4603.0de
L8 (KDFGS16) 164.3bc 13.75ab 30.43bc 10.74bc 44.17ab 20.77ab 31.48hc 8639.0a
L9 (KDFGS20) 158.0cd 13.32ab 27.52bc 9.37cd 40.83ab 19.16ab 41.65a 8219.0ab
L10 (KDFGS21) 183.1ab 10.72bc 33.92ab 12.76ab 44.65ab 20.89ab 35.32ab 5578.0ab
L1 (KDFGS4) 159.1cd 12.42ab 27.25bc 8.98de 39.65ab 18.28ab 34.65hc 6685.0ab
L2 (KDFGS6) 130.3hi 12.65ab 27.68bc 9.46¢cd 40.33ab 18.49ab 32.82hc 6417.0ab
L3 (KDFGS9) 134.1ghi 12.52ab 22.95e 7.81f 35.45de 16.62bc 32.48hc 5714.0ab
L4 (KDFGS10) 143.9¢f 11.60ab 29.75bc 9.95cd 41.35ab 17.52ab 35.15hc 5282.0bc
IR2=120mm L5 (KDFGS12) 147.9de 9.43bc 31.02bc 10.26¢cd 40.47ab 17.09ab 35.32ab 5999.0ab
L6 (KDFGS13) 148.6de 9.12bc 27.78bc 8.73ef 36.90cd 15.18cd 31.82hc 5089.0cd
L7 (KDFGS14) 166.8ab 9.07bc 40.52a 14.12ab 49.60ab 20.13ab 34.48hc 3801.fg
L8 (KDFGS16) 140.2fg 10.85bc 22.85e 8.09f 33.73ef 16.42bc 30.48hc 6539.0ab
L9 (KDFGS20) 135.7gh 10.60bc 26.23cd 9.05de 36.83cd 16.56bc 35.98ab 6206.0ab
L10 (KDFGS21) 147.4de 7.08ef 28.50bc 9.84cd 35.55de 15.12de 33.98bc 3861.0fg
L1 (KDFGS4) 154.6¢d 11.07bc 27.08bc 8.86ef 38.15bc 17.38ab 33.48bc 5856.0ab
L2 (KDFGS6) 123.1i 9.17bc 25.08de 7.95f 34.28ef 14.65¢ef 32.32bc 4440.0de
L3 (KDFGS9) 129.3hi 8.6bc 23.28e 8.31f 31.93gh 14.43gh 32.48bc 3997.0ef
L4 (KDFGS10) 143.8ef 9.60bc 25.77cd 8.99de 35.38de 15.09de 35.15bc 3936.0ef
IRs=180mm L5 (KDFGS12) 136.0gh 7.18ef 25.25de 8.01f 32.43fg 13.45i 28.65d 3839.0fg
L6 (KDFGS13) 139.9fg 7.28ef 24.77e 8.48f 32.05fg 13.91hi 29.48cd 3494.0gh
L7 (KDFGS14) 145.2¢f 4.40f 35.33ab 12.04ab 39.75ab 14.91de 30.15hc 1635.0i
L8 (KDFGS16) 134.69 8.08de 22.90e 8.338f 30.98h 14.91de 29.32cd 4633.0de
L9 (KDFGS20) 128.3hi 8.20cd 23.53e 8.63ef 31.73gh 14.91de 35.48ab 4276.0de
L10 (KDFGS21) 135.7gh 6.67ef 26.85cd 9.48cd 33.53ef 14.52fg 32.82hc 3125.0hi

Means with similar letters in each column are not significantly different at 5% propability leve(DMRT
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Table 2. Drought stress tolerance indices of promising dual purpose (grain — forage) sorghum lines based on

grain yield in normal and severe drought stress treatments (Sl= 0.45)

05 o5 S 55
Sorghum genotypes  Yp kghah)  YS kghay  TOL MP GMP SSI STI Yl YSI %R

L1 (KDFGS4) 6989.0 5856.0 1133.0 64225 63975 036 081 149 084 163
L2 (KDFGS6) 8011.0 4440.0 3571.0 62255 5964.0 099 0.71 113 055 446
L3 (KDFGS9) 7750.0 3997.0 3753.0 58735 55657 110 062 1.02 052 485
L4 (KDFGS10) 6986.0 3936.0 3050.0 5461.0 52437 097 055 100 058 437
L5 (KDFGS12) 6829.0 3839.0 2990.0 5334.0 51202 097 052 098 056 438
L6 (KDFGS13) 7333.0 3494.0 3839.0 54135 50618 120 051 089 048 524
L7 (KDFGS14) 4603.0 1635.0 2968.0 31190 27433 143 0.15 042 036 645
L8 (KDFGS16) 8639.0 4633.0 4006.0 6636.0 63265 1.03 0.80 118 054 464
L9 (KDFGS20) 8219.0 4276.0 39430 62475 59283 110 0.70 109 052 48.0

L10(KDFGS21) 5578.0 3125.0 24530 43515 41751 098 035 080 056 44.0
Mean SNk 7093.7 3923.1 31706 55084 52526 101 057 100 055 452

°))bﬁjr;)ﬂh¢f‘6udy5‘33J§leﬂ4ewduyuw g. USUN IS e
S B g A5 Ok Jasl 5 (614 ke — 1)
Table 3. Correlation coefficients between stress tolerance indices and grain yield of promising dual purpose

(grain — forage) sorghum lines normal and drought stress treatments

Yp Ys TOL MP GMP SSI STI YI YSI %R
Yp 1
Ys 0.72* 1
TOL 0.51 -0.24 1

MP 0.93*  0.92* 0.17 1
GMP 0.90"  0.95™ 0.08 0.99" 1

SSI -0.23 -0.84™ 0.71* -0.56 -0.63 1
STI 0.89* 0.95* 0.06 0.99"  0.99™ -0.63" 1
Yl 0.72* 1.00™ -0.24 0.92 0.95~ -0.84* 0.95" 1

YSI 0.25 0.85**"  -0.70*  0.58 0.65*  -0.99™  0.65 0.85™ 1
%R -0.26 -0.85" 0.70*  -0.58 -0.65" 0.99 -0.65* -0.86™ -0.99™ 1

ol 2 (148 gle = 1il) 0 glazngs o8 5 g idu ool sla ¥ (SCis 5 4 Jasd (sla et L —F s
(S1=0.28) s‘<“"; - u:,;:)u:.;:oj-xg;;u)ug,;&w ‘o G:ﬁj;,gl.o.p
Table 4. Drought stress tolerance indices of promising dual purpose (grain — forage) sorghum lines based on dry

biological yield in normal and severe drought stress treatments (SI = 0.28)

(;?J;—“LSU“*::;JJ}
Sorghum genotypes  Yp eha) Ys@hay TOL  MP  GMP SSI STI Yl  YSI %R

L1 (KDFGS4) 18.72 17.38 134 1805 1804 025 077 117 093 7.2
L2 (KDFGS6) 21.70 14.65 7.05 1818 1783 116 075 099 0.68 325
L3 (KDFGS9) 20.42 14.43 599 1743 1717 105 069 097 071 294
L4 (KDFGS10) 19.62 15.09 457 1736 1721 083 070 1.02 077 231
L5 (KDFGS12) 20.06 13.45 6.61 16.76 1643 118 064 091 0.67 33.0
L6 (KDFGS13) 21.86 13.91 795 1789 1744 130 072 094 064 364
L7 (KDFGS14) 22.26 14.91 735 1856 1822 118 079 1.00 0.67 331
L8 (KDFGS16) 20.77 14.91 586 1784 1759 100 073 1.00 0.72 283
L9 (KDFGS20) 19.16 14.91 425 17.04 1690 0.79 068 1.00 0.78 222
L10 (KDFGS21) 20.89 14.52 6.37 1771 1742 109 072 098 0.70 305

Mean ol 20.55 14.82 573 1768 1743 087 072 1.00 0.73 27.6

YAY
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Table 5. Correlation coefficients between stress tolerance indices and dry biologic yield of promising dual

purpose (grain — forage) sorghum lines normal and drought stress treatments

Yp Ys TOL MP GMP SSI STI YI YSI %R

Yp 1

Ys 0.52 1

TOL 089" -085" 1

MP 0.59 0.39 0.15 1

GMP  0.39 0.59 -0.08 097" 1

Ssli 0.82™ -0.91™  0.99™ 0.03 020 1

STI 0.39 0.59 -0.08 0.97™ 099" -0.20 1

Yl -0.52 0.99" -0.85™ 0.38 0.53 -091™ 058 1

YSI  -0.82 0917 -0.99" -0.02 020 -1.00" 020 091" 1

%R 0.83"  -0.91"  0.99 0.03 -020  1.00™ -0.20 -0.91™ -1.00" 1
Ys: Yield in StressCondition 55 Slee MP: Mean Productivity S0 oS0la
Yp: Yield Potential Jemily 5 S % R: Reduction Sl Ao s

GMP: Geometric Mean Productivity ;0,4 owtis s La=ls  SSI: Stress Suscepibility Index s «

YI: Yield Index 5 Shes Lasls

TOL: Tolerance Index Jos esls

SI: tress Index A RGINe

STI: Stress Tolerance Index :5 4 Joss Lasls
YSI: Yield Stability Index > Slee s,lul Lasls
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Table 6. Vectors and eigen values for tolerance indices (grain yield)

s o gl o e dills s Shee Gl es Sl o Gl oSl a0 el 4 Jed o Slee pasle 5 Slee bl pasls 5 Slee 28l Ao
Component  Eigenvalues Cumulative YPkgnahy Y Sikgha ) TOL MP GMP SSI STI Yl YSI %R
1 7.38 73.84 0.70 0.99 -0.26 0.91 0.94 -0.85 0.94 0.99 0.87 -0.87
2 2.58 99.60 0.71 0.02 0.98 0.42 0.34 0.52 0.32 0.02 -0.49 0.49
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o
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Fig.1. Graph of biplot for tolerance indices in dual purpose promising forage - grain sorghum lines based on of first and second component

o
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Table7. Vectors and eigen values for tolerance indices (biologic yield)

wdlge o5 p3lis o e dlills s Sl Gl s Slee Jow Gl oSl el oS el e e 3 Slee patls s Slee ol patls 5 Sles 2l A
Component  Eigenvalues ~ Cumulative Ypina Y™ TOL MP GMP SSI STI YI YSI %R
1 6.49 64.98 0.71 0.97 -0.95 0.15 0.37 -0.98 0.37 0.97 0.98 -0.98
2 3.49 99.8 0.70 0.25 0.29 0.98 0.92 0.17 0.92 0.23 -0.17 0.18
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s o vs
..
5T
— 1 SR
= HDFGS20 KDFGS10
3 (=4 - e =]
E o HKDFGS9 B HKDFGS14
S < DF G SFGSS =
mwerFes12 DFGS13
P
-=2—
(== | TOL
R
- 5 = R o 1 2 3

Component 2

053 5 sl glaadlzo ol (5145 sle —(glails o) st 5 r;,thdu@‘y”@,tﬁé@swduﬁu M sl lasei-Y K

Fig.2. Graph of biplot for tolerance indices in dual purpose promising grain — forage sorghum lines based on of first and second component
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Evaluation of yield of promising dual purpose grain- forage sorghum lines
[Sorghum bicolor L. Moench] using drought tolerance indices

Khazaei, Al

ABSTRACT

Khazaei, A., 2020. Evaluation of yield of promising dual purpose grain- forage sorghum lines [Sorghum bicolor L. Moench]

using drought tolerance indices. lIranian Journal of Crop Sciences. 22(3): 275-290. (In Persian).

To evaluate and select the promising lines of dual purpose grain-forage sorghum under drought stress
conditions, a field experiment assplit plot arrangements in randomized complete block design with three
replications was carried out atresearch field station of Seed and Plant Improvement Research Institute, Karaj, Iran,
in 2014 and 2015 growing seasons. Irrigation levels (60 mm, 120 mm and 180 mm of evaporation from class A
evaportation pan) were assigned to main plotsand 10 sorghum lines (KDFGS4, KDFGS6, KDFGS9, KDFGS10,
KDFGS12, KDFGS13, KDFGS14, KDFGS16, KDFGS20 and KDFGS21) randomized in sub-plots. Combined
analysis of variance showed that irrigation effect was significant (P<0.01) on plant height and grain yield.
However, irrigation effect was significant (P<0.05) on dry weight, fresh weight, biological yield and 1000 grain
weight. The highest fresh and dry weights of forage was obtained in 60 mm (normal) treatment. The results of
biplot multivariate analysis and correlation between droughr indices and grain yield under non-stress and stress
conditions showed that MP, GMP, and STI were important in predicting performance of sorghum genotypes.
These indices can be used for selecting drought tolerant genotypes. Lines No. 8 (KDFGS16), 1 (KDFGS4), 9
(KDFGS20) and 3 (KDFGS9) were high yielding. The highest correlation coefficients between tolerance indices
in stress and non-stress conditions was observed for MP, GMP, STI and YI.. Considering the results of biplot
analysis and MP, GMP and STI, sorghum genotypes KDFGS20, KDFGS13. KDFGS14, KDFGS21, KDFGS16,
KDFGS4 (lines No. 9, 6, 7, 10, 8 and 1, respectively) were identified drought as tolerant.

Keywords: Biplot analysis, Correlation, Drought stress, Promising lines and Sorghum.
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