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Abstract

In recent years, attention to sorghum has increased due to its high forage production potential and drought tolerance in
many regions of the world. Since the yield and quality of this plant's forage are influenced by the growth stage, this
study was conducted to examine the effect of harvest time on the quantitative and qualitative traits of sorghum forage.
The experiment was carried out in a factorial arrangement within a randomized complete block design with three
replications in Karaj. The experimental factors included harvest time at four levels (milk stage, soft dough stage, hard
dough stage, and grain physiological maturity) and promising sorghum lines at seven levels. The maximum protein and
digestible organic matter yields (22.64 and 17.98 ton.ha, respectively) and the highest production of metabolizable
energy (65.44 Gcal.ha') were obtained at the grain physiological maturity stage, whereas the highest protein content
and organic matter digestibility (9.2% and 62.9%, respectively) and the maximum metabolizable energy content (2.35
Mcal.kg?) were recorded at the grain milk stage. Furthermore, with increasing plant age, the amount of prussic acid,
water-soluble carbohydrates, ash, and ether extract decreased, while the contents of fiber and organic matter increased.
Among the genotypes studied, the highest quantitative and qualitative yield and the minimum prussic acid content were
observed in the promising line MDFGS1. As maturity progressed from the milk stage to physiological maturity, the
quantitative yield increased while forage quality decreased. Overall, to achieve suitable quantitative and qualitative
yields, it is recommended to harvest sorghum forage at the soft dough stage. Furthermore, the promising line MDFGS1
is recommended as the superior genotype.
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Introduction

In recent years, attention to sorghum has increased in many regions of the world due to its high potential for forage
production and drought tolerance. In the domain of forage production, the significance of forage quality extends beyond
dry matter considerations. The quality of forage holds paramount importance, as it serves as an indicator of its
nutritional value and energy content, directly influencing the quantity of nutrients that animals can efficiently acquire
from the forage within the most efficient timeframe. Since the forage yield and quality of this crop is affected by the
growth stage, this study was conducted to evaluate the effect of harvesting time on quantitative and qualitative traits of
sorghum forage.

Materials and Methods

The experiment was conducted as a factorial design based on a randomized complete block design with three
replications at the Research Field of Seed and Plant Improvement Institute, Karaj, Iran (35°47'N, 50°54'E; 1248 m
a.m.s.l.) with a semi-arid environment. The experimental factors included the harvesting time at four levels (milk, soft
dough, hard dough, and grain physiological maturity) and the sorghum promising lines at seven levels (KDFGS4,
KDFGS6, KDFGS9, KDFGS16, KDFGS26, MDFGS1, and MDFGS2. Data were analyzed using PROC GLM (general
linear model) of SAS 9.1 software. The means comparison was conducted utilizing Tukey's test at a significance level
of 5%.

Results and Discussion

The maximum protein and digestible organic matter yields (2.64 and 17.98 ton.ha?, respectively) and the highest
production of metabolizable energy (65.44 Gcal.ha™) were obtained at the grain physiological maturity, whereas the
highest protein content and organic matter digestibility (9.2 and 62.9%, respectively) and the maximum metabolizable
energy content (2.35 Mcal.kg') were recorded at the grain milk stage. Furthermore, with increasing plant age, the
amount of prussic acid, water-soluble carbohydrates, ash, and ether extract decreased, and the contents of fiber and
organic matter increased. Among the studied genotypes, the highest quantitative and qualitative yield and the lowest

53


https://www.sciencedirect.com/journal/postharvest-biology-and-technology/vol/207/suppl/C
https://doi.org/10.22084/PPT.2024.28640.2116
mailto:f.golzardi@areeo.ac.ir

Golzardi et al., Evaluating the Forage Production Potential of ...

prussic acid content were observed in the promising line MDFGS1. With progress toward maturity from the milk stage
to physiological maturity, quantitative yield increased and forage quality decreased.

Conclusions
Overall, it is recommended to harvest sorghum forage at the soft dough stage to achieve a suitable quantitative and
qualitative yield. Furthermore, the promising line MDFGS1 could be introduced as the superior genotype.
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Table 1: Physical and chemical characteristics of the soil at the experimental site
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Table 2: Variance analysis of quantitative and gualitative traits of sorghum forage as affected by harvest time and genotype
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f OM: organic matter content; CP: crude protein content; ADF: acid detergent fiber; NDF: neutral detergent fiber; EE: ethereal extract; WSC: water-soluble carbohydrate; PA: prussic acid; ME:

metabolizable energy content; DOMD: digestible organic matter content in dry matter; DMY:: dry matter yield; CPY: crude protein yield; DOMY: digestible organic matter yield; MEY: Metabolizable
energy yield
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Table 3: Main effect of genotype and harvest time on sorghum forage quality

DOMD WSsC EE NDF ADF cp Ash om’ ialoyl e
(%) (%) (%) (%) (%) (%) (%) (%) Treatment
58 5° 9.3° 567 58.5° 23.6° 9.1° 8.5® 91,57 MDFGS1
55.7° 11.1° 5.5 55,20 24.9° 7.8 8.8° 91.2¢ MDFGS2
53.3° 6.59 5.7 60.8° 33.8° 7.9% 8.5% 91.5% KDFGS4 -
54.5¢ 1370 5.4° 57.8" 35.4° 7.8° 7.8¢ 92.2° KDFGS6 S5
56,67 15.4° 5.6 56.6° 35.0° 8.0¢ 8.1 91.9% KDFGS9  Genotype
58.72 8.2f 5.6 54.2° 23.7° 8.1° 8.3% 91.9% KDFGS16
54.6¢ 10.2° 5.9° 57.8" 24.6° 8.3" 8.4° 91.6* KDFGS26
62.9° 17.7° 6.4° 51.8¢ 24.3° 9.22 10.0° 90.0¢ M_fkf""
ilk stage

50.3" 11.6° 5.8° 54.9° 26.7° 8.3° 8.4° 91.7° £ e obe;

Soft dough cuils
47.8¢ 8.2¢ 5.5¢ 59.0° 29.4° 7.20 7.8° 92.2° A S Harvest

Hard dough time
54.0° 5.0¢ 46 63.4° 3452 7.9¢ 7.2¢ 92.8° )

Maturity

X,05 (gl e B wo j0 O Jlil haws 10 S55 (505l Bab S i By, syl sla Sl 5356 a5l 5 gt B 0
In each column and for each factor, the means with the same letters are not significantly different according to Tukey's test at 5%
probability level

saiysd 3 skl LI NDF ¢ gopsl oaygs ;5 Jslowali GLIIADF (als (1t 1 sgime CP ¢ 2S5 Ash ¢ JT ssle s5ie OM T

S ools ,0 wean b8 I eols (slgizme DOMD ¢ yo Jolome & laumgs ;S WSC ¢s 5l o lac EE ¢ s
T OM: organic matter content; CP: crude protein content; ADF: acid detergent fiber; NDF: neutral detergent fiber; EE: ethereal
extract; WSC: water-soluble carbohydrate; DOMD: digestible organic matter content in dry matter
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Table 4: Main effect of genotype and harvest time on yield, energy and prussic acid content of sorghum forage

PA MEY ME DOMY CPY DMYT iabesl e
(mg.kg™) (Geal.ha?) (Mcal.kg?) (mg.hah) Treatment
8.9° 68.01% 2.16° 18.44% 2.85% 31.92% MDFGS1
10.9° 57.07° 2.08° 15.35° 2.15° 27.77° MDFGS2
9.2 56.76° 1.93f 15.73° 2.32° 29.6% KDFGS4 s
10.0° 57.93° 1.98¢ 15.99° 2.31° 29.58%® KDFGS6 T
13.0° 59.38° 2.06° 16.31° 2.34° 29.47%® KDFGS9 Genotype
11.0° 50.36° 2.18% 13.62° 1.90¢ 23.59° KDFGS16
9.5 54,95 2.02¢ 14.9 2.26° 27.47° KDFGS26
14.22 53.86° 2.35% 14.46° 213 23.03¢ S
Milk stage
11.3° 58.83° 2.18° 15.98° 2.25° 27.01° FF S obes
Soft dough el
. : el
8.8¢ 52.99¢ 1.73¢ 14.63¢ 2.20b 30.56" TR ST Harvest
Hard dough time
7.0¢ 65.44° 1.97° 17.98° 2.64% 33.33% & )
Maturity

35,5 (6 lo e IS o j0 O Jla| rlas [0 (S5 9051 ubo S e Bgy> g1l sla Sl HiSE a6l g g B 4o
In each column and for each factor, the means with the same letters are not significantly different according to Tukey's test at 5%
probability level

MEY pucdailin B (65,51 slgiome :ME ¢puian 413 U’JT osle 8 ,Slee :DOMY ol 259 0 Slas :CPY ¢Stz oole o, Slos DMy T

Sy Sl 1 PA sl JB (6551 0 Slas
TDMY: dry matter yield; CPY: crude protein yield; DOMY: digestible organic matter yield; ME: metabolizable energy content;
MEY: Metabolizable energy yield; PA: prussic acid
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Table 5: Interaction effect of genotype and harvest time on sorghum forage quality

ME DOMD WSC EE NDF ADF CcP Ash omf cobls e R
(Mcal.kg™h) (%) Harvest time  Genotype
2.48° 67.0° 17.1¢ 5.9% 55.1fn 18.8° 11.8° 9.2¢f 90.8 Tls(’““’
Milk stage
2.31f 61.8% 8.9" 5.7 56.31 21.3" 8.9¢ 9.2¢f 90.8" ff&‘j’" h
Soft doug
MDFGS1
1.81° 49.3' 7.21k 5.5M 59.5% 24.7% 7.5 8.3¢91 91.7fn dj)“ "
Hard doug
2.044 55,9 3.8 5.4k 63.0° 29.7" 8.3¢ 7.3mP 92.7%d '\LA;M)
aturity
2.37¢ 61.2¢ 23.6° 6.4 48.9' 19.9" 9.3 12.6° 87.4" MTISZW
ilk stage
2.13 57.6¢ 9.0™ 6.1 54,0 23.8 8.0%" 8.0 92.0%9 ;"ﬁ‘i’ o
oft doug
MDFGS2
1.76¢ 47.7m 7.6k 5.6M 56.7° 25.8 6.2' 7.6k 92.4°f dj’“ b
Hard doug
2.06% 56.4" 4.2 3.9m 61.3 30.2 7.9" 7.1mP 92.9%¢ *;M’
Maturity
2.03m 55.7" 9.47 6.5% 56.4% 30.49 8.64 10.8° 89.2m M‘IT(’“’
ilk stage
2.01m 55.6M 7.99% 5.4" 58.5° 32.1¢f 8.3¢f 8.7¢1 91.3M ; fﬁ“zf"‘ i
oft doug
KDFGS4
1.71 48.0™ 6.5% 6.0 62.9° 34.3¢ 7.1k 7.7 92.3%9 dj)“ X
Hard doug
1.95" 54.0 2.0m 4.9k 65.6° 38.3° 7.6Y 6.9% 93.1%® g
Maturity
2.19" 59.8 25.52 5.9%h 49.1' 32.3¢ 8.0 9.5% 90.5¢ ‘I-Ii)w
Milk stage
2.01" 55.3' 12.4° 5.5 53.11 34.2¢ 8.0%" 7.5% 92.50¢ ;f’ﬁ‘j"“’ ]
oft doug
KDFGS6
1.86° 51.7 9.2 5.491 62.5° 36.2¢ 7.5 7.5k0 92.5¢ H dj)« X
ard doug
1.85° 51.3% 7.7 4.94 66.5° 38.9° 7.8" 6.7° 93.3° '\“/-’I’SM’
aturity
2.53° 68.4° 22.3% 6.2 54,5 30.59 8.5% 8.9%¢ 91.1Mk ““5(’“”
Milk stage
2.31f 62.6¢ 21.1¢ 5.9%¢ 54,89n 31.3% 8.2¢f 8.397 91.7fn ;"ﬂi’ h
oft doug
KDFGS9
1.57 44.4° 10.2f 5.4% 56.2 36.6° 7.4 7.9 92.1%¢ d:js}“ b
Hard doug
1.85° 51.1% 8.19] 4.9% 60.8° 41.6° 7.9M 7.3 92.7%d & )
Maturity
2.58° 68.22 10.1f 6.8% 47.4' 20.0" 9.0 9.8¢ 90.2' Tlifw
Milk stage
2.43¢ 65.7° 9.4f0 5.8°% 52.1 22.4 8.5% 8.6Mn 92.4f £F S
Softdough  \ hrsig
1.74% 47.5™ 8.7" 5.3k 56.7° 24.2¢ 7.1% 7.6 92.4°f e S
Hard dough
1.95" 53.6 4.7 4.3m 60.5% 28.2 8.0 7.3 92.7a¢ & )
Maturity

35,105 (g ls e IS 0o )0 O Jlei| s 50 (S (yg05] b g B 0 S e By > sl sla 1Sl
In each column, the means with the same letters are not significantly different according to Tukey's test at 5% probability level
ST NEEPO Jsloels BLINDF ¢ goul s g yo Jolxals LI :ADF stnlé Oeligy (Syie :CP ¢ S > :Ash ‘QT oole (5giz0 :OM T

p.,.waLmJ..b 63)-;‘ 6‘93.7;0 ME (i oole 9O ad JA[S QT oole 6‘93-"“‘ :DOMD f;ﬂ 5o le."m C))‘J.:.bs..v; ‘WSC f&;}] o)La.c :EE
T OM: organic matter content; CP: crude protein content; ADF: acid detergent fiber; NDF: neutral detergent fiber; EE: ethereal extract;
WSC: water-soluble carbohydrate; DOMD: digestible organic matter content in dry matter; ME: metabolizable energy content
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Table 5: Interaction effect of genotype and harvest time on sorghum forage quality

ME DOMD WSC EE NDF ADF cp Ash oMl sl ol 95
(Mcal.kg™) (%) Harvest time Genotype
2.259 60.21 16.2¢ 7.3° 51.1k 18.1° 9.2 930 90.7 S
Milk stage
2.08i 56.4" 12.6° 6.4bcd 55.4fh 21.7!m 8.5 g.4ghi 91.6%hi PP (S yeo>
Softdough  prGs2e
1.68° 46.1" 7.7 5.6 58.7° 24.4¢ 75 g2sk  grgeh TS
Hard dough
2.05K 55.8hi 4.2 4.2m 65.9° 34.5¢ 7.9" 7.7 92.3%¢ e
Maturity

Byl (5 la gtme B o y0 O Jlaixl o )0 (S (3051 Geb (5w 2 50 S e By (6Tl (slaySils
In each column, the means with the same letters are not significantly different according to Tukey's test at 5% probability level
ST NP U Jsloxals LI :NDF ¢Sl odiygds 4o Joloals LI :ADF &r:l."> Ceigy (Ggimma (CP ¢ muS1> :Ash ‘u;]—‘ ools (5gizm0 :OM T
ed 2lia BB (5551 slgize ME « St oolo ;o man JB JT ools (glgizea DOMD ol [0 Jolowo & jlawngs ,S WSC 6 5l o lac EE
T OM: organic matter content; CP: crude protein content; ADF: acid detergent fiber; NDF: neutral detergent fiber; EE: ethereal extract;
WSC: water-soluble carbohydrate; DOMD: digestible organic matter content in dry matter; ME: metabolizable energy content
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Fig: 1: Principal component analysis based on quantitative and qualitative traits of sorghum forage as affected by
harvest time and genotype
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Green, blue, purple and red colors indicate milk, soft dough, hard dough and physiological maturity stages, respectively.
J5l’°° Q)L.\.:by; ‘WSC ‘ng.a| c)La.c :EE ‘gsjﬁl"‘" °)‘5-3,~> :NDF ‘Lg.x.w:l o..\.:.i}.i} ).MS :ADF E‘Al} u—":"jj’ CP ‘)......fl> :Ash ‘LS” oole :OM
CPY Sz oole o Slos :DMY ‘U’JT ools i Culild OMD « Sz oole 1o e lo LB (65, (sime (ME ¢ Siwg yy aosl PA ol 59
S 50 e gilie BB (5551 0 ,Shae MEY tpian B JT sole o,Slos DOMY tals 559 0 5 ,Shas
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