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Table 1. Analysis of variance of the effect of irrigation regimes and advanced sorghum lines on the studied traits 

Mean squares   
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grain 
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Dry 
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index 
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index 
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forage 

weight 
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weight 

Dry 

panicle 

wet 

Wet 

panicle 

wet 

Panicle 

length 

Stem 

diameter 

Plant 

height 
df 

Source of 

variations 

10.3 0.002 0.004 13.0 65.9 0.56 1.18 9.06 .003 230.0 2 Replication 

72.0 0.09 0.76 39.0 112.8 143 300.5 61.2 .013 12087.0* 1 Irrigation (I) 

12.3 0.05 0.008 5.2 15.4 12.7 25.4 36.58 .27 170.5* 2 Ea 

19.5 .037** 0.018** 28.0** 122** 9.1** 18.7** 31.5** .078 634.0** 7 Line (L) 

14.6 0.005 0.003 8.3* 25.8 2.2 4.5 6.18 .037 126.7** 7 L × I 

8.28 0.003 0.001 2.76 22.26 2.63 5.4 7.02 .073 32.63 28  Eb 

9.5 13.7 12.2 15.6 16.3 22.6 22.7 9.4 4.6 3.7 - CV (%) 
* and **: Significant at 5% and 1% probability levels, respectively. 
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Table 2. Mean comparison of the interaction of irrigation regime and advanced sorghum lines  

Irrigation 

regime 
Sorghum lines 

Plant height 

(cm) 

Stem diameter 

(cm) 

Panicle length 

(cm) 

Wet panicle 

weight (ton/ha) 

Dry panicle 

weight (ton/ha) 

Wet forage 

weight (ton/ha) 

Dry forage 

weight (ton/ha) 

Wet harvest 

index 

Dry harvest 

index 

1000 grain 

weight (g) 

120 mm 

KDFGS1 181.1a 1.83 27.3 12.2 8.5 25.4 8.4cd 0.326 0.493 31.66 

KDFGS6 144.5de 1.83 25.5 16.6 11.6 30 9.99bcd 0.356 0.543 30.33 

KDFGS9 148.6cd 1.66 26.1 15.1 10.5 22.6 8.02d 0.403 0.572 30.0 

GFGS10 165.1bc 1.63 27 13.3 9.3 28.4 10.66bcd 0.318 0.467 33.66 

DFGS12 169.7ab 1.76 30.5 98.3 6.9 31.0 11.47bcd 0.242 0.378 30.33 

KDFGS13 175.7ab 1.93 32.4 12.1 8.5 24.6 13.57ab 0.257 0.384 32.66 

KDFGS14 183.7a 1.93 31.7 99.0 6.9 40.6 17.08a 0.195 0.279 34.0 

KDFGS16 173.5ab 2.03 31.6 12.9 9.0 30.5 12.54bcd 0.296 0.417 28.0 

Mean 167.8 1.8 29.0 12.7 8.9 30.4 11.6 0.3 0.44 31.3 

Standard deviation 14.4 0.28 3.9 3.0 2.1 7.1 3.5 0.07 0.11 2.3 

CV (%) 8.6 15.5 13.4 23.6 23.6 23.3 30.2 23.3 25.0 7.3 

240 mm 

KDFGS1 141def 1.76 25.56 87.0 6.13 26.03 9.5bcd 0.373 0.236 31.33 

KDFGS6 126f 1.7 25.56 94.0 6.56 25.76 8.4cd 0.433 0.265 30.33 

KDFGS9 130ef 1.76 25.33 85.0 5.93 24.43 9.3bcd 0.382 0.253 30.33 

KGFGS10 137.8def 1.83 25.0 86.0 6.03 29.43 10.4bcd 0.369 0.228 33.0 

KDFGS12 135.1def 1.9 28.43 87.0 5.4 27.9 8.9bcd 0.369 0.212 26.33 

KDFGS13 139.1def 2.03 30.56 79.0 5.53 24.63 9bcd 0.378 0.241 26.33 

KDFGS14 147.7cd 2.02 28.76 47.0 3.3 37.06 13.1abc 0.199 0.112 26.33 

KDFGS16 131.5def 1.8 24.9 63.3 4.46 23.83 9.28bcd 0.321 0.207 27.0 

Mean 

Standard deviation 

136 1.9 26.8 7.7 5.4 27.4 9.7 0.22 0.35 28.9 

9.9 0.26 2.9 2.6 1.8 5.3 1.9 0.06 0.08 4.1 

CV (%) 7.3 13.6 10.8 33.7 33.3 19.3 19.6 27.3 22.8 14.1 

Change (%) 18.9 -5.5 7.5 39.4 39.3 9.8 16.4 26.6 20.4 7.6 

Means followed by at least one common letter in each column do not significantly differ by Tukey’s test at 5% probability level.  
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Table 3. Correlation coefficients between traits of advanced forage-grain sorghum lines at low irrigation levels 

of 120 mm (above diameter) and 240 mm (below diameter) evaporation from class A pan 

Traits 

Plant 

height 

(PH) 

Stem 

diameter 

(SD) 

Panicle 

length 

(PL) 

Wet panicle 

weight 

(WPW) 

Dry panicle 

weight 

(DPW) 

Wet forage 

weight 

(WFW) 

Dry forage 

weight 

(DFW) 

Wet harvest 

index 

(WHI) 

Dry harvest 

index 

(DHI) 

1000 grain 

weight 

(TGW) 

PH 1 0.04 0.37 -0.487* -0.488* 0.39 0.45** -0.58** -0.54** 0.26 

SD 0.48* 1 0.63** -0.33 -0.33 0.05 0.22 -0.24 -0.35 -0.14 

PL 0.49* 0.70** 1 -0.49* -0.49* 0.17 0.37 -0.43* -0.54** 0.1 

WPW -0.09 -0.51** -0.2 1 1 -0.06 -0.34 0.71** 0.77** -0.32 

DPW -0.08 -0.52** -0.2 1.0** 1.0** -0.07 -0.34 0.72** 0.78** -0.32 

WFW 0.57** 0.24 0.31 0.05 0.05 1 0.89** -0.72** -0.64** 0.31 

DFW 0.55** 0.16 0.24 -0.003 0.002 0.91** 1 -0.82** -0.84** 0.42** 

WHI -0.34 0.59** -0.32 0.88** 0.88** -0.4 -0.4 1 0.96** -0.42** 

DHI -0.32 -0.54** -0.28 0.88** 0.88** -0.37 -0.45* 0.97** 1 0.49** 

TGW 0.08 -0.11 -0.13 0.19 0.18 0.03 0.03 0.11 0.13 1 
* and **: Significant at 5% and 1%t probability levels, respectively. 
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Table 4. Cluster means and comparison test of means between clusters under different irrigation regimes 

Sorghum lines 

Plant 

height 

(cm) 

Stem 

diameter 

(cm) 

Panicle 

length 

(cm) 

Wet panicle 

weight 

(ton/ha)  

Dry panicle 

weight 

(ton/ha) 

Wet forage 

weight 

(ton/ha) 

Dry forage 

weight 

(ton/ha) 

 Wet 

harvest 

index 

Dry 

harvest 

index 

1000 

grain 

weight (g) 

 Irrigation regime (120 mm) 

Cluster 1:  

KDFGS1  

DFGS6 

KDFGS9 

KGFGS10 

159.8 1.74 26.5 14.3 10.0 26.6 9.27 0.35 0.52 31.4 

Cluster 2:  

KDFGS12 

DFGS13 

KDFGS14 

 KDFGS16 

175.7 1.92 31.6 11.2 7.8 34.3 13.8 0.25 0.36 31.2 

Wilk’s Lambda 0.65 0.53 0.07 0.48 0.49 0.46 0.4 0.32 0.27 1.0 

F test 3.2 5.2 77.6** 6.3* 6.2* 7.2* 9.0* 13.0* 16.5** 0.011 

 Irrigation regime (240 mm) 

Cluster 1: 
KDFGS1, 

KDFGS6, 

KDFGS9, 

KGFGS10, 

KDFGS12, 

KDFGS13, 

KDFGS16 

134.4 1.83 26.5 8.16 5.72 26 9.26 .23 .37 29.23 

Cluster 2: 

KDFFS14 
147.7 1.2 28.7 4.7 3.3 37 13.1 0.11 0.2 26.3 

Wilk’s Lambda 0.53 0.53 0.86 0.35 0.35 0.19 0.15 0.16 0.19 0.85 

F test 5.3 5.3 .97 10.9* 11.2* 26.2** 34.9** 30.1** 25.6** 1 

**, *: Significant at 1% and 5%t probability levels, respectively.  
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Table 5. Factor analysis of the studied traits in advanced sorghum lines under two irrigation regimes 

Identified factors at 240 mm Identified factors at 120 mm 
Traits 

3 2 1 3 2 1 

0.52 0.65 -0.04 0.003 0.41 -0.54 Plant height 

0.81 0.11 -0.41 0.91 0.06 -0.11 Stem diameter 

0.90 0.21 -0.07 0.73 0.21 -0.38 Panicle length 

-0.17 0.12 0.97 -0.25 -0.07 0.95 Wet panicle weight 

-0.17 0.13 0.97 -0.25 -0.08 0.95 Dry panicle weight 

0.11 0.94 -0.06 .005 0.98 0.02 Wet forage weight 

0.01 0.95 -0.13 0.15 0.93 -0.23 Dry forage weight 

-0.21 -0.31 0.92 -0.16 -0.72 0.62 Wet harvest index 

-0.15 0.32 0.93 -0.26 -0.66 0.67 Dry harvest index 

-0.26 0.2 0.16 -0.40 0.39 -0.48 1000 grain weight 

1.23 2.37 4.710 1.23 1.80 5.35 Eigen value 

12.30 23.70 47.10 12.30 17.80 53.40 Sum of square before rotation (%) 

19.40 25.60 38.10 17.80 31.90 33.80 Sum of square after varimax rotation (%) 

The effective traits are underlined in each factor. 
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Abstract 
To evaluate the tolerance to low irrigation stress in advanced forage-grain sorghum lines, an 

experiment was performed as split plots in randomized complete block design with three replications in 

Seed and Plant Improvement Institute (SPII), Karaj, Iran. In this experiment, low irrigation regimes as 

the main factor at two levels (120- and 240-mm evaporation from the surface of the Class A evaporation 

pan) and sorghum lines as sub-plot at 8 levels (KDFGS1, KDFGS6, KDFGS9, KGFGS10, KDFFGSD, 

KDFGS14, KDFGS16) were evaluated. There was a significant difference among the studied sorghum 

lines in terms of all traits except stem diameter and 1000-seed weight. The effect of the interaction of 

irrigation regimes and lines was significant at plant height and dry forage weight and was not significant 

in others. The correlation between panicle weight and forage yield was not significant in both irrigation 

regimes.   In both irrigation regimes, although the lines KDFGS1, KDFGS6, KDFGS9, KGFGS10, 

KDFGS12, KDFGS13, KDFGS14, KDFGS16 were grouped in the first cluster and the KDFGS14 line 

alone was arranged in the second cluster, but the genetic distance among lines was different in irrigation 

conditions.  In factor analysis, although, the studied traits were reduced to three factors in both irrigation 

regimes, in irrigation 120 mm panicle weight, forage weight and stem diameter, and in irrigation 240 

mm panicle weight, harvest index, forage weight, and amount of stem and panicle were determined the 

most effective traits. KDFGS14 sorghum line is recommended as a superior line due to its superiority 

in traits related to yield. 
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