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Introduction

Biotic and abiotic stresses are among the most significant factors reducing productivity in arid and semi-arid
regions, where water is the primary limiting factor for plant growth. Sorghum possesses several advantageous
physiological characteristics—including drought and salinity tolerance, higher water-use efficiency compared to
other forage crops, relatively high yield, desirable forage quality, and suitability for storage as both dry fodder
and silage—which make it particularly valuable in these environments. Strategies to utilize saline water
effectively include selecting salt-tolerant cultivars, applying saline water during growth stages of lower
sensitivity, and blending saline and non-saline water to reduce overall salinity. Although sorghum exhibits
relative tolerance to soil and irrigation-water salinity, leaf-area expansion, carbon assimilation, stem elongation,
and dry-matter accumulation are significantly constrained under high salinity.

Materials and Methods

This experiment was conducted over two growing seasons (2019-2020 and 2020-2021) at the Zahak
Agricultural Research Station (Sistan, Iran), using a split-plot arrangement in a randomized complete block
design with three replications. Main-plot treatments were three irrigation-water salinity levels: non-saline (2—-3
dS m, control), moderate (4-6 dS m), and severe (6-8 dS m™). Sub-plot treatments comprised six promising
forage sorghum genotypes (Pegah, Mansour, Speedfeed, KFS15, KFS16, and KFS17). Based on soil test
recommendations, ammonium phosphate (250 kg ha™) and urea (100 kg ha') were applied at planting; an
additional 100 kg ha* urea was top-dressed when plants reached 35-40 cm in height. Sowing occurred on 15
March each year. Each sub-plot consisted of six 5-meter-long rows with 50 cm spacing between rows and 6 cm
spacing between plants. At the panicle emergence stage, after removing the two border rows and 0.5 m from
both ends of each plot, samples were harvested from an area of approximately 8 m2. Recorded traits included
days to flowering, plant height, tiller number, stem diameter, leaf number, leaf area, fresh and dry forage yields.

Results and Discussion

The combined analysis of variance revealed that plant height, stem diameter, tiller number, leaf number, leaf
area, protein content, fresh forage yield, and dry forage yield were significantly affected (p < 0.01) by salinity,
genotype, and their interaction. Under non-saline conditions (2-3 dS m), ‘Mansour’ produced the highest fresh
forage yield (146.94 t ha'!), leaf area (261 cm?), and protein content (15.03%). The Speedfeed cultivar under
normal irrigation ranked second with a protein content of 14.75%, following Mansour. The lowest protein
content was observed in lines KFS17 and KFS16, with means of 11.70% and 11.85%, respectively, under high-
salinity irrigation. Protein content declined in all genotypes with increasing salinity; ‘Mansour’ exhibited the
greatest reduction (23.7%). Under severe salinity (6-8 dS m1), ‘Pegah’ maintained superior plant height, stem
diameter, tiller and leaf numbers, and achieved higher fresh forage yield (72.01 t ha) and dry forage yield
(21.30 t ha'l) yields than the other entries. Fresh forage yields decreased significantly across all genotypes as
salinity rose (p < 0.01); the lowest fresh yield (38.96 t ha't) was recorded in KFS15 under severe salinity. The
highest dry forage yields under non-saline irrigation were obtained by ‘Mansour’ (38.71 t ha) and KFS17
(38.40 t hat), whereas the lowest dry forage yield (22.33 t ha*) occurred in KFS16 at 6-8 dS m™.

Conclusion



The study demonstrated significant genotypic differences in forage sorghum’s response to irrigation-water
salinity. While all measured traits declined as salinity increased, ‘Mansour’ excelled under non-saline
conditions, and ‘Pegah’ showed superior tolerance under moderate to high salinity, maintaining higher biomass
and protein levels. These results suggest that selecting genotypes based on their salinity-response profiles can
optimize forage yield and quality in salt-affected environments. Given the escalating salinity of irrigation water
in the Sistan region, the cultivation of ‘Pegah’ offers a practical and resilient strategy to sustain forage
production and support local livestock systems.
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Table 1. Physicochemical properties of soil at the experimental site
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2021 -
0 g 8.2 31 13.2 52 116 103 0.28 0.57 2.80 0.33
Sandy- loam
2022 oy
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Sandy- loam
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Table 2- Combined analysis of variance of agronomic traits of promising forage sorghum cultivars and lines under three salinity levels

B9 S s duw COG (gladsle 055 j9m (iSudnel S Y g B o815 Slho 8 pe il ly 455 Y gae

ke JE 2 ey s »S2E plante,, cls)
19y o yd )
EBNIR & u;ri))iein) Stom s e Number s, Number hZi&gh)t Sy colus Fresh jsessle 5 ,Slee DIy Sasasgle 5,Slae
SOV d.f percentage of tillers per  of leaves per Leaf area forage yield forage yield
plant plant
Jls 1
Year 0.018m™ 0.13m 0.750" 0.454 73.343 M 41.56"™ 29067118.89™ 3924301.56"™
(S 4
Error 0.059 0.029 0.278 0.880 50.870 97.75 12791205.64 3140291.56
2 o o - e A o o e
S;;;ty 55.743 6.814 49.750 33.083 29968.23 10061.731 49952166156.19 3073475208.06
d)wXJL‘J 2 ns ns ns ns ns ns ns **
Year Salinity 0.008 0.123 0.694 0.843 0.898 25.17 11583958.17 10693126.28
s 8
Error 0.030 0.031 0.417 0.657 29.676 15.537 4078109.99 568877.95
i 5
Va:-:)ety 2.615™ 1.392™ 13.461™ 12.306™ 5911.187™ 4402.29™ 7924113403.27™ 78792660.54™
8% Jlw 5
Yea:i) \}Jariety 0.011™ 0.084" 0.217 " 0.676 ™ 2.165 "™ 10.387 ™ 4426035.32 8403780.05™
Wé)xd)ﬁ‘s 10 Kk *k *k *k *ke *k *k *k
Salinity x Variety 0.343 0.320 0.761 1.306 676.50 311.676 902122878.47 18404331.46
Srsxed e Lo 10
Yearx Varietyx 0.012 0.046" 0.128 " 0.265 " 13.087 " 3.431 " 2515585.79" 7206598.84™
Salinity
Erroris 60 0.028 0.029 0.359 0.487 21.863 8.244 3171376.05 1103527.60
(%) (CV)lpss oy - 3.27 10.67 17.26 6.63 2.59 1.27 1.39 4.23

# %, NS: significant at 5%, 1% and non-significant, respectively
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Table 3- Mean comparison of agronomic traits of forage sorghum cultivars and lines under saline conditions

a8l Jad slass 2 Sy olaay g glas)l Sgixo Sy colus 5 ddgle ddgle

Sloss Stem  paxy  Number «g hF:%nhtt oley  Leafarea Fresh 5 St
Treatment diameter . of leaves cm) Protein  (€M?) frage Dry

cm) tillers  Per plant content yield (t frage

oer (%) ha®)  yield (t

plant ha'*)
N Firstyear ~ 1.6la 3.38a  10.46a  181.33a 13.23a 224.981a 91.94la  24.634b

Second

Year year 1.58a 3.55a 10.59a 179.68a 13.21a 226.22a 92.979a  25.015a
©ss  2-3dSm'  204a 4552  1150a  208.22a 14.43a 239.22a  121.747  32.0l4a
Salinity 46dSm? 158 363b  1050b  18266b 1329b  230.63b  105.099b 28.057b
6-8dSm'  117c 222c  9.58¢ 150.63c  11.95c 206.94c  50.535c  14.403c
KFS15 137d 255c  9.77d 164.33d  12.73e  208.83d  67.084c  18.739d

~ Mansour 198 444a  1111b  190.61b 13.71a 237.66a  107.53%a  28.910a
”’:’ ~ Speedfeed 1.83b  4.33a  11.61a  201.88a 13.32c  240.22a  108.765a  29.246a
Vanely —oegah  159c  366b  188b  188.05bc 13580 234.33b  107.862a  28.433b
~ KFS17  156c  3.44b 1.33¢ 184.94c  12.95d 229.16¢c  99.041b  27.118c
~ KFS16 123 238  9.44d 153.22e  13.03d  203.38¢  64.471d  16.504e
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Similar letters in each column indicate the absence of significant differences.
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Figure 1. Interaction effects of salinity and cultivar on: plant height (a), stem diameter (b), tiller number (t), leaf

number (p), leaf area (g), protein percentage (d), fresh forage yield (h), and dry forage yield (y). Cultivars: V1:
KFS15, V2: Mansour, V3: Speedfeed, V4: Pegah, V5: KFS17, V6: KFS16. Salinity levels: S1: 2-3 dS/m, S2: 4-6 dS/m,

S3: 6-8 dS/m irrigation water salinity.
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Table 4- Correlation coefficients between agronomic characteristics of different forage sorghum genotypes

Go gl bl a8y doxiy Y Sypoolas¥ Colued SgixeS FddgleV
1.Plant 2. Stem FENS FENS Sy e 7.Fresh
height ~ diameter 3 Number 4.Number 5.Leaf 6.Protein  forage — Sus-agleA
of tillers  of leaves area content 8.Dry
per plant  per plant forage
1
0.86** 1
0.88** 0.83** 1
0.80** 0.77** 0.77** 1

0.92** 0.83** 0.89** 0.81** 1
0.85** 0.79** 0.78** 0.71** 0.78** 1

0.95** 0.83** 0.87** 0.77** 0.94** 0.86** 1
0.92** 0.83** 0.86** 0.77** 0.94** 0.83** 0.97** 1
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** and " indicate significance at 1 and 5 percent probability levels, respectively
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Figure 2- Dendrogram resulting from cluster analysis of forage sorghum genotypes under salinity levels: normal (a),

moderate (b) and severe (c). The genotypes 1. KFS15, 2. Mansour, 3. Speedfeed, 4. Pegaah, 5. KFS17, and 6. KFS16.
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