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1. Stress tolerance index
2. Geometric mean productivity
3. Mean productivity
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Table 1. Forage sorghum cultivars used in this study.

V—;) (u A‘)LA..: V—;) (L.: O‘)LA..\:J
Cultivar Name Number Cultivar Name Number

Memoniate 19 IS 39431 1
N98 20 ICSV 25264 2
Wray 21 IS 23574 3
Dale 22 ICSB 2 4
Keller 23 ICSR 137 5

M 816 24 ICSR 82 6
Speed Feed 25 ICSR 59 7
EU G/542F 26 ICSR 3 8
Es harmattan 27 IS 2331 9
Esatena 28 IS 39005 10
Kalature 29 ICSR 116 11
Albany 30 IS 39542 12
Artica 31 unl Simon 13
Esatiza 32 Roma 14
Arkania 33 Blue Ribbon 15
ICSR 14001 34 unl Hybrid3 16
S135 35 unl Sugercane 17
ICSV741 36 Smith 18
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4. Readily available water
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5. Tolerance index

6. Stress susceptibility index
7. Yield index

8. Yield stability index
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Table 2. Combined analysis of variance of important traits in forage sorghum cultivars under non-stress and water deficit conditions
and reduction percentage of traits due to water deficit.

Sla o § porma oSSl
Mean sum of squares

S abge s Shas ey 3l Gl s AJﬁCUS)\ 33l a5 QIJ.W,AJG\;.»
Fresh forage yield  Tiller number  Stem diameter  Plantheight  Degree of freedom Source of variations
1042.88° 1.38™ 0.63" 35218.77** 1 )
Environment (E)
L) 1SS
21.19 1.63 0.31 756.10 2 (& )JJ_{V
Replication (E)
120.16* 1.40 0.84%* 9461.42%* 35 P
Genotype (G)
| .
20.58 ™ m0.36 0.19™ 997.27%* 35 X
GxE
Lo
16.63 1.05 0.12 496.66 70
Error
- I .
25.66 28.62 17.27 13.75 T SR e
Ccv
44.80 16.13 5.61 18.28*

Reduction percentage of traits due to
water deficit

el A3 ) 50 Jt‘,;?\@lmﬁ)u&w;lwu_;”ﬁ;;nﬁg__,.;j;»u,:**, ‘

% ns

", * and ** indicate non-significant effect, significant effect at probability levels of 5 and 1%, respectively.
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Table 3. Mean comparisons of different forage sorghum cultivars for stress tolerance indices and yield trait in two moisture

conditions.
Ys Yn YI SSI STI MP GMP Tol YSI . s
(kgm?)  (kgm?) T
Genotype
12.15 26.70 1.8771 1.1601 2.1770  19.4250 18.0112 14.5500 0.4551 IS 39431
5.33 12.83 0.8227  1.2449  0.4583  9.0750 8.2640 7.5000  0.4152 ICSV 25264
7.05 13.80 1.0892 1.0413 0.6529 10.4250 9.8636 6.7500 0.5109 IS 23574
2.48 4.28 0.3824  0.8963  0.0710  3.3750 3.2528 1.8000  0.5789 ICSB 2
3.00 6.23 0.4635 1.1029  0.1253  4.6125 4.3215 3.2250  0.4819 ICSR 137
4.88 8.40 0.7531 0.8933 0.2748 6.6375 6.3992 3.5250 0.5804 ICSR 82
6.90 6.83 1.0660 -0.0234 03160  6.8625 6.8624 -0.0750 1.0110 ICSR 59
3.30 9.30 0.5098 1.3734 0.2059 6.3000 5.5399 6.0000 0.3548 ICSR 3
8.70 9.53 1.3441  0.1844  0.5561 9.1125 9.1032 0.8250 0.9134 IS 2331
10.95 11.40 1.6917 0.0840 0.8377 11.1750 11.1727 0.4500 0.9605 IS 39005
6.98 13.31 1.0776  1.0134  0.6231 10.1438  9.6361 6.3375  0.5239 ICSR 116
4.20 16.43 0.6489  1.5844  0.4629 10.3125 8.3057 12.2250  0.2557 IS 39542
6.00 6.45 0.9269 0.1485 0.2597 6.2250 6.2209 0.4500 0.9302 unl Simon
4.35 9.60 0.6720  1.1642  0.2802  6.9750 6.4622 5.2500  0.4531 Roma
6.08 9.45 0.9385 0.7603 0.3852 7.7625 7.5769 3.3750 0.6429 Blue Ribbon
21.08 32.18 3.2559  0.7344 45504 26.6250 26.0401 11.1000  0.6550 unl Hybrid3
7.50 14.10 1.1587 0.9965 0.7096  10.8000 10.2835 6.6000 0.5319 unl Sugercane
12.23 20.33 1.8886  0.8484  1.6674 162750 15.7630  8.1000  0.6015 Smith
2.25 10.09 0.3476 1.6540 0.1523 6.1688 47641 7.8375 0.2230 Memoniate
4.20 8.03 0.6489 1.0147 0.2262 6.1125 5.8056 3.8250 0.5234 N98
16.28 21.15 2.5143  0.4907 23099 18.7125 18.5531 4.8750  0.7695 Wray
11.33 23.48 1.7496 1.1018 1.7840 17.4000 16.3050 12.1500 0.4824 Dale
7.28 9.53 1.1239  0.5029  0.4650  8.4000 8.3243 2.2500  0.7638 Keller
8.59 19.13 1.3267 1.1729 1.1021 13.8563 12.8155 10.5375  0.4490 M 816
12.83 27.00 1.9813 1.1176 ~ 2.3237 199125 18.6085 14.1750 0.4750 Speed Feed
3.79 3.26 0.5851 -0.3426  0.0829 3.5250 3.5152 -0.5250 1.1609 EU G.542F
3.15 11.78 0.4866  1.5593  0.2489  7.4625 6.0903 8.6250  0.2675 Es harmattan
5.55 11.33 0.8574  1.0855 0.4218  8.4375 7.9280 5.7750  0.4901 Esatena
2.63 5.78 0.4055 1.1612 0.1017 4.2000 3.8935 3.1500 0.4545 Kalature
3.53 4.20 0.5446  0.3421  0.0994  3.8625 3.8477 0.6750  0.8393 Albany
2.10 3.98 0.3244 1.0041 0.0560 3.0375 2.8892 1.8750 0.5283 Artica
1.95 5.66 0.3013 1.3957  0.0741 3.8063 3.3229 3.7125  0.3444 Esatiza
2.25 8.70 0.3476 1.5782 0.1314 5.4750 4.4244 6.4500 0.2586 Arkania
2.55 12.30 0.3939  1.6875 0.2105  7.4250 5.6004 9.7500  0.2073 ICSR 14001
3.38 10.35 0.5214 14346 0.2344  6.8625 5.9103 6.9750  0.3261 S135
6.30 12.64 0.9733 1.0676 0.5343 9.4688 8.9228 6.3375 0.4985 ICSV741
""" 889 1425 13737 10126 18812 11.134 10869 82661 04756  LSD(5%)
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Stress tolerance index: STI, Tolerance index: TOL, Geometric mean productivity: GMP, Mean productivity: MP, Stress susceptibility index: SSI,
Yield index: Y1, Yield stability index: YSI, Yn: Forage yield under non stress, Y's: Forage yield under water deficit.
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Table 4. Correlation coefficients between stress tolerance indices and yield of different forage sorghum cultivars in two moisture

conditions.
YI SSI STI MP GMP Tol YSI Yn Ys

0.84 ** Yn

-0.18 0.32 YSI

-0.65 0.82 ** 0.38 Tol
0.60 0.09 0.95 ** 0.97 ** GMP

0.99 ** 0.67 * 0.02 0.98 ** 0.94 ** MP

0.96 ** 0.96 ** 0.55 0.09 0.91 ** 0.94 ** STI

0.09 0.02 0.09 0.65 * 1.00 0.18 0.32 SSI

0.32 0.94 ** (.94 ** 0.97 ** 0.37 0.32 0.84 ** 1.00 ** YI

Sl o3 ) 50 Ju;?\cjb)awé)l:wﬁlﬁ S g R gk
* and ** indicate significant correlation at probability levels of 5 and 1%, respectively.
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Stress tolerance index: STI, Tolerance index: TOL, Geometric mean productivity: GMP, Mean productivity: MP, Stress susceptibility index: SSI,
Yield index: Y1, Yield stability index: YSI, Yn: Forage yield under non stress, Ys: Forage yield under water deficit.
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Table 5. Coefficients of the first and second components (PC1 and PC2) in principal component analysis for stress tolerance indices
in different forage sorghum cultivars.

PC2 PC1 Indices
0.4408 0.2585 Tol
-0.026 0.404 GMP
0.0259 0.4041 MP
-0.031 0.3938 STI
0.6008 -0.022 SSI
-0.172 0.3859 YI
-0.601 0.0223 YSI
0.1481 0.3908 Yn
-0.172 0.3859 Ys

3 Shes yartls SSI: i Cumlum 2t ls MP i 550 0 edols GMP 5 Slas wdin (5 50ks TOL : oo 25 ls STL: 25 a0 Josss atls

(oS Sl s e s Shee Ys 5 15 O Tl 5 s adgle s Shas Y0 YSEis Shas (ke La Y
Stress tolerance index: STI, Tolerance index: TOL, Geometric mean productivity: GMP, Mean productivity: MP, Stress susceptibility index: SSI,
Yield index: Y1, Yield stability index: YSI, Yn: Forage yield under non stress, Y's: Forage yield under water deficit.

Biplot (axes F1 and F2: 97.89 %)

15 T
SSI
10 s
\ Tol
5 34

—
= 3319 g? \ 12 YN
c 1 — —
~ 329 5 2314.0533%.[.1%1;_.--- ;24_______;23.——.1'35"'_ MP
; 0 .-yt ..0 LIl B e S - ——o—:
g 314 615__° T — STIGMP 16
& 30 i . “3 9 - i 21 = —e
2 > ‘0 YIYS

-10 " YsI

-15 =

4 2 0 2 4 6 8 10

F1(67.77 %)

sl sle rﬁ)y;wurﬁ)l)z&xg&odéuyu Sy (PCZ}PCI)NJJle slaad e bl 5 oMl lagel N K2

Figure 1. Biplot diagram based on the first and second components (PC1 and PC2) for stress tolerance indices in different forage
sorghum cultivars.
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Table 6. Path analysis coefficients of forage yield and important traits in forage sorghum under non-stress condition.
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Table 7. Path analysis coefficient of forage yield and important traits in forage sorghum under water deficit condition.
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Abstract

Sorghum is of the most important forage plants with high production potential, the ability to grow in areas
with poor soil, and high adaptation to stresses. To assess the effect of water deficit stress, the production
potential and the relationship between important traits, 36 forage sorghum cultivars were studied under water
deficit condition using a 6x6 Lattice design at the research farm of Shahid Bahonar University of Kerman in
May, 2020. Water deficit was applied at the beginning of heading stage by irrigating at 85% depletion of soil
available water. The non-stress conditions consisted of irrigation when 50% of the total available water was
depleted from the root zone. The ANOVA showed that water deficit significantly reduced fresh forage yield
and plant height by 44.80 and 18.28%, respectively. Cultivars unl Hybrid3, Wray, Speed Feed, and Smith
had the highest fresh forage yields in both moisture conditions. Mean comparisons of MP, YI, GMP, and STI
indices and principal component analysis for different indices showed that unl Hybrid3, Speed Feed, Wray,
Smith, I[CSV 25264, and Dale were as tolerant and high yielding cultivars in both moisture conditions. Based
on the results of path analysis, plant height and stem diameter had the most direct effect on fresh forage yield
under non-stress and water stress conditions, respectively. They had the most indirect effect on sorghum
fresh forage yield through stem diameter and plant height, respectively. It may be concluded that water stress
at the reproductive growth stage significantly reduced the growth and forage yield of sorghum. However,
sufficient variation in the studied germplasm suggested the possibility of selection for more tolerant
cultivars. The more tolerant cultivars with high yield potential in the studied germplasm may be proposed for
cultivation in regions with limited water resources and traits identified effective on yield increase are
suggested for breeding objectives.

Keywords: Fresh forage yield, Sorghum, Tolerance indices, Heading stage.

Background and objective: Water deficit is one of the most important factors limiting the survival and
growth of plants in the arid and semi-arid regions of the world (3). Because of the deep root system, the
ability to reduce transpiration through leaf rolling and stomatal closure, osmotic adjustment, and turgor
pressure maintenance under water stress, sorghum can survive dry periods and resume growth once soil
moisture becomes available and it is known for its drought tolerance among cereal crops. Despite its
tolerance to drought, sorghum still suffers from yield losses of 50-90% due to drought, depending on
severity (1). Identification of tolerant cultivars with high yield in this germplasm and the relationship
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*: Corresponding author, Email: fa.ebrahimi@uk.ac.ir
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between traits provide a useful gene pool and a good opportunity to improve sorghum in the arid and
semiarid area.

Methods: In this study 36 cultivars were planted as 6x6 Lattice design in the research farm of the Shahid
Bahonar University of Kerman under two conditions of non-stress and water deficit stress. In non-stress
conditions, irrigation was applied when 50% of the total available water was depleted from the root zone.
Under water deficit conditions, the plants were irrigated when 85 % of the total available water was depleted
from the root zone (2). Water deficit was applied at the beginning of heading stage. Phenotypic traits
including plant height, stem diameter, tiller number and fresh forage yield were measured.

Results: The results of the analysis of variance revealed high significant (p < 0.01) difference among the
cultivars for important traits including plant height, stem diameter, and fresh forage yield. Also, the
interaction between cultivar and environment was very significant only on plant height traits. Water deficit
significantly reduced fresh forage yield and plant height by 44.8 and 18.3%, respectively. Comparison of
means based on MP, YI, GMP, STI indices, and principal component analysis for different tolerance indices
showed that cultivars unl Hybrid 3, Speed Feed, Wray, Smith, ICSV 25264, and Dale were as tolerant and
high yielding cultivars in both non-stress and moisture stress conditions. Based on the results of path
analysis, plant height and stem diameter had the most direct effect on fresh forage yield under non-stress and
water deficit stress, respectively. They had the most indirect effect on fresh forage yield through stem
diameter and plant height, respectively.

Conclusions: The significant effect of water deficit in decreasing fresh forage yield and height of sorghum
plants at the reproductive growth stage indicates the sensitivity of plant to water deficit at this stage of plant
growth. There was sufficient variation in the studied germplasm for fresh forage yield, height, stem diameter,
and response to water deficit stress. Thus, it is possible to select the tolerant and high- yielding cultivars
suitable for growing in regions with limited water resources. Based on the selected tolerance indices and
principal component analysis, the most tolerant cultivars also had high yield potential in both moisture
conditions. This finding indicates the ability of these indices to select tolerant cultivars with high yield
potential in both moisture conditions. The results of path analysis in non-stress and water deficit conditions
showed the need to study the relationships of traits separately in each moisture condition.
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