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ABSTRACT 
 

In order to determine the most suitable cultivar and N levels based on silage value of forage sorghum, an 
experiment was conducted at Esfahan University of Technology research from located at Lavark, Najaf–Abad in 
summer of 2010. The experiment was arranged in a split–plot design with four replications. Two levels of N 
(300 and 500 kg/ha urea) were the main plot and the subplot were three sorghum hybrids, including Sugar graze, 
Super dan and speed feed. Seeds were hand sown on June 29th with a inter row space of 50 cm and a final 
density of 20 plants/m2. The results showed that with increasing the N rate, forage yield, percentage of protein in 
forage and silage was increased, also ear dry weight was increased of anthesis. There was a significant 
interaction between hybrids and N levels for dry matter production. The Sugar graze produced the highest 
forage and dry matter yield. Based on the results obtained from the study, sugar graze with highest forage and 
dry matter yield and better silage quality was considered the most suitable hybrid. Higher N rate is also 
recommended because it produced higher forage yield and higher percentage of protein. 
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Introduction 
 

Sorghum is an important staple food crop, 
especially of the poor in Africa, Asia and Central 
America. It is the major source of fodder for animals 
and for ethanol production. Sorghum includes at least 
four groups of cultivated plants: grain sorghum; 
sweet sorghum for forage; Sudan grass for pasture, 
hay and silage; and broom corn for making brooms. 
The cultivated sorghum had its origin in Asia and 
Iran. It includes five basic races, viz., bicolor, 
guinea, caudatum, kafir and dura [5]. Sorghum is 
becoming an increasingly important forage crop in 
many regions of the world due to its high 
productivity and ability to utilize water efficiently 
even under drought conditions. To expand the utility 
of sorghum and corn as forage crops, breeders have 
focused on traits likely to affect its yield and forage 
quality [13]. Yield is a reflection of the plant’s 
potential to accumulate high dry matter (DM) content 
in its organs and additionally its resistance to lodging 
under irrigation.  Among tropical cereal crops, maize 
and sorghum are the most widely used for silage 
because they produce high yields of dry matter, and 
have the low buffering capacity and high contents of 
water-soluble carbohydrates (WSC) necessary to 
produce high quality silages [15]. Declining water 

availability is threatening the sustainability of 
agriculture, particularly in semi-arid regions of the 
world where agricultural systems are heavily 
dependent upon supplemental irrigation. Producers 
are facing limited or no water for irrigation and are 
forced to grow crops that are highly water-use 
efficient. Decline in water resources is further 
exacerbated by increasing world demand for milk 
products and the subsequent large amounts of good 
quality forages necessary to produce milk. Dairy cow 
numbers are increasing in some semi-arid areas. 
Therefore, water conservation and improving water 
use efficiency of forage crops to supply these large 
operations are high priorities, Use of whole-plant 
sorghum silage for beef and dairy production has 
increased in Iran. However, there are areas where 
limited rainfall or unfavorable soil conditions make 
corn production uncertain. Because of its drought 
tolerance and high forage production, sorghum is an 
alternative [1], thereby providing the opportunity to 
increase the areas where ensilage crops can be 
produced. Corn (Zea mays L.) silage is used 
extensively for lactating dairy cows that require high 
energy feed for maximum milk production. 
However, corn requires large amounts of water up to 
770 mm year-1 [2,6,7,8] in order to be high yielding 
and of adequate nutritional value. One option to 
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maintain forage production under declining water 
resources is to replace corn with more water-use 
efficient. crops such as forage sorghum (Sorghum 
bicolor L.) Sorghum is better suited to semi-arid 
conditions than corn for several reasons including 
lower transpiration ratios, slower leaf and stalk 
wilting, recovery after drought [10], and lower 
irrigation requirements [9]. Additionally, sorghum 
may deplete less water from the soil than corn 
(Merrill et al. 2007). In general, sorghum requires 
25% less water than corn [11] and FS has been 
shown to have 27% lower evapo-transpiration (ET) 
than corn [8]. In addition, research has indicated that 
FS tested over many varieties can be 25% more 
productive with the same amount of irrigation water 
[4]. In recent years, however, sorghum forage quality 
has improved through extensive breeding efforts and 
selection of highly nutritious varieties for use as 
silage. Forage sorghum varieties have exhibited 
equal or higher quality than corn [4]. Warm-season, 
annual grasses, specifically sorghums (Sorghum sp.), 
have the potential to produce large amounts of 
nutritious forage during summer months, and their 
inherent versatility allows them to fit into many 
different types of cropping or livestock operations. 
These grasses may be particularly useful in regions 
with high concentrations of beef and dairy cattle such 
as the Esfehan and Tehran, Iran. Therefore, the aim 
of the present study was to determination of the most 
suitable cultivar and Nitrogen rate based on silage 
value of forage sorghum. 

 
Materials And Methods 

 
2.1. Experimental site and treatments: 

 
This experiment was conducted at Esfahan 

University of Technology research farm at Lavark 
(32°32´N, 51°23´E and elevation 1630m above sea 
level) Najaf-Abad, Esfahan, Iran for 95 days from 
June 29th to October 1th, 2010. The soil was clay 
loam (aridisols, haplargids), with PH of 7.8, EC of 
6.6 mmohs/cm, Pb 1.4 g/cm3 and 0.9% organic matter 
at the 0-60 cm depth. Based on statistic of weather 
station Najaf-Abad means of long term rainfall and 
yearly temperature were 140 mm and 14.5°c, 
respectively. Treatments consisted of three sorghum 
hybrid including Sugar graze, Super dan and speed 
feed also two N-levels (300 and 500 kg/ha Urea). 
Treatments were laid out in a Split-plot arrangement 
in randomized complete block design with N 
fertilization rate as the main plot factor and sorghum 
hybrids as the sub-plot factor, each treatments had 
four replications.  

 
2.2. Field growth condition: 

 
The field was plowed in autumn after corn 

harvested, and then was used of two cross-over disk 
in spring. Seeds disinfected with Benomyl before 

planting and were hand sown on June 29th in 32 m2 
(4*8) plots with a inter row space of 50 cm. To 
achieve suitable density (20 plants per m2), three 
seeds were drilled in each pore. Then in four leaf 
stage excessive plant were deleted. Weeds were 
controlled with Gramakson two week before 
planting. Main fertilizer was applied with first 
irrigation and top dress fertilizer was applied 
immediately after panicles appearance.  

 
2.3. Sampling: 

 
Samples were collected from four non-marginal 

row at randomized in pollination stage, samples were 
divided two portion, one part was dried at 70°C Oven 
for 48h. To determined height plant, stem diameter 
and number of leafs. Another portion was used for 
calculating dry matter of stem, leaf and panicles. 
Five plants were dried at 50°C Oven for estimating 
fiber and protein contents. Plants were collected 5m2 
areas in each plot and were weighted to estimate 
forage yield.  

 
2.5. Chemical analysis: 

 
The dry samples were analyzed for crude protein 

content according to the Kjheldal method (7.021 
procedures in AOAC 1980). The crude fiber was 
determined by method of. 

 
2.6. Statistical analysis: 

 
Growth performance and digestibility data were 

statistically analysed by using analysis of variance 
for completely randomized design. Upon significant 
treatment effects, Duncan’s multiple range tests was 
employed to compare means [14]. 

 
Results And Discussion 

 
3.1. Weather situation: 

 
Air temperature changes in sorghum growth 

duration at 2010 year were showed in Table 1. Mean 
of temperature in this growth duration was 25.6°C. 
July and September were the warmest and coolest 
months in this growth duration with mean of 29.7°C 
and 19.12°C, respectively (Table 1). 
 
3.2. Yield: 
 
3.2.1. Dry matter yield: 

 
There was no significance difference between N 

levels on DM yield (Table 2). Mean of hybrids 
showed that Sugar graze had the most of DM yield 
(144.36 g per plant and 30.07 ton/ha). Speed feed 
and super dan had the least of DM yields without 
significance difference together (Table 3) and Fig 1.
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Table 1: Air temperature changes at sorghum growth duration in Lavrak research field, 2010. 
Months  Air temperature (°C) 

Minimum mean 
temperature 

Maximum mean 
temperature 

Months mean 
temperature 

Permanent 
minimum 
temperature 

Permanent 
maximum 
temperature 

July 20.6 38.7 29.7 16.8 41.5 
Auguest 19 37.3 28.1 16.6 40 
October 16.1 34.8 25.5 9.2 39.5 
September 9.7 28.5 19.1 4.8 33.5 

 
 

 
 

Fig. 1: Dry matter yield in forage sorghum varieties at Urea fertilizer levels 
 
3.2.2. Forage yield:  

 
The effect of N level on forage yield was 

significant (Table 2). There was significant 

difference between hybrids on forage yields (Table 
3). Sugar graze had the most of forage yield and 
speed feed had the list of forage yield (Table 3), Fig 
2 and 3. 

 
Table 2: The results variance of leaf drought weight percentage, stem, spike and drought matter yield and forage on the Urea fertilizer levels  
              and forage sorghum varieties. 

Change 
sources 

Degree 
of 
freedom 

Mean of square 
Leaf 
percentage 

Stem 
percentage 

Spike 
percentage 

Dry matter yield Forage yield 
plant Hectare-1 plant Hectare-1  

Block 3 12.49 13.93 4.33 15.66 0.69 7236.04 313.03 
Manure (A) 1 0.04 1.04 0.67 6.37 0.27 18426.4 796.95 
Error (a) 3 3.04 5.71 0.55 157.09 0.68 2206.15 95.46 
Variety (B) 2 301.62** 270.37** 876.17** 4611.02** 200.27** 95295.54** 4122.79** 
Interaction 
(AB) 

2 4.54 10.29 0.67 800.81* 34.69* 137.79 5.97 

Error (b) 12 2.97 9.11 5.86 176.49 7.68 3965.89 171.58 
 
Table 3: Means of of leaf drought weight percentage, stem, spike and drought matter yield and forage on the Urea fertilizer levels and  
              forage sorghum varieties. 

Treatments Leaf percentage 
 

Stem 
percentage 
 

Spike 
percentage 

Dry matter yield Forage yield 
Plant (g) Hectare 

(Ton) 
Plant (g) Hectare 

(Ton) 
Manure 
(kg) 

        
300 20.17a 71.03a 8.81a 116.72a 24.31a 325.75b 67.76b 
500 18.9a 71.87a 9.23a 117.75a 24.53a 381.17a 79.28a 

Variety         
Sugar 
Graze 

24a 68a 7.75b 144.36a 30.07a 466.25a 96.98a 

Super 
Dan 

18.62a 74a 7.5b 98.72b 20.56b 345.75b 71.91b 

Speed 
Feed 

15.75c 72.37a 11.15a 108.63 22.62b 248.37c 51.66c 

 
 

a
ab

c cc bc

0

1000

2000
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4000

Urea fertilizer (300 kg/ha) Urea fertilizer (500 kg/ha)

Sugar graze Super dan Speed feed
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Fig. 2: Means of forage sorghum yield at Urea fertilizer levels 
 

 
Fig. 3: Means of forage yield in forage sorghum yield 
 
3.3. Forage quality: 
 
3.3.1. Dry matter percent: 

 
Difference of DM% hybrids was significance 

(Table 4). Means of hybrids showed that speed feed 
and super dan without significance difference to 
gather had more percentage of dry matter than sugar 
graze. 
 
3.3.2. Crude protein: 

 
Results showed that the effect of N treatments 

were significant on yield and the percentage of crude 

protein (Table 4). There was significance difference 
between hybrids in crude protein. Sugar graze and 
super dan without significance difference together 
had the most percentage of crude protein (7.45% and 
7.12%, respectively), Fig 4 and 5.  
 
3.3.3. Crude fiber: 

 
Means of hybrids showed that speed feed and 

super dan without significance difference together 
had the most percentage of crude fiber (27.5% and 
26.87%, respectively) (Tables 4 and 5) and Fig 6. 

 
Table 4: The results variance of drought matter percentage, yield and percentage of forage fiber and protein in Urea fertilizer levels and  
               forage sorghum varieties. 

Change 
sources 

Degree of 
freedom 

Mean of square 
Dry matter percentage Crude protein Crude fiber 

percentage yield percentage yield 
Block 3 3.15 2.15 0.12 13.8 0.9 
Manure (A) 1 15.04 0.01* 0.02* 1.04 0.01 
Error (a) 3 7.37 0.59 0.13 3.4 0.97 
Variety (B) 2 168.04** 18.49* 2.9* 7.12* 10.4* 
Interaction 
(AB) 

2 2.04 1.66 0.3 8.17 4.1 

Error (b) 12 4.6 4.26 0.23 4.79 1.03 
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a
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Urea fertilizer (300 kg/ha) Urea fertilizer (500 kg/ha)
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Fig. 4: Means of forage crude protein yield and percentage at Urea fertilizer levels 
 

 
 
Fig. 5: Means of forage crude protein yield and percentage at forage sorghum varieties 
 
Table 5: Means of drought matter percentage, yield and percentage of forage fiber and protein in Urea fertilizer levels and forage sorghum  
              vavarieties. 

Treatments Dry matter percentage 
 

Crude protein Crude fiber 

percentage Hectare (Ton) percentage Hectare 
(Ton) 

Manure 
(kg) 

      
300 40.58 a 5.99 b 1.37 b 26.29 a 6.45 a 
500 39 a 6.83 a 1.79 a 26.71 a 6.47 a 

Variety       
Sugar 
Graze 

34.5 b 7.45 a 2.25 a 25.12 b 7.71 a 

Super 
Dan 

42.5 a 7.12 a 1.44 b 26.87 a 5.46 b 

Speed 
Feed 

42.37 a 4.67 b 1.05 b 27.5 a 6.23 b 

 

 
 

Fig. 6: Means of forage crude fiber yield and percentage in forage sorghum varieties 
 
3.4. Silage quality: 
 
3.4.1. PH: 

 

Results showed that the N levels and interactions 
of hybrid and N treatments had no significant 
difference in this case (Table 6). 
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Table 6: The results of PH, yield and percentage of crude protein, crude fiber and silage digestibility in Urea fertilizer levels and forage  
              sorghum varieties. 

Change 
sources 

Degree 
of 
freedom 

Mean of square 
pH Crude protein Crude fiber Digestible 

percentage yield percentage yield percentage yield 
Block 3 0.86 0.72 0.06 28.35 2.43 28.54 9.6 
Manure (A) 1 0.67 0.02* 0.08* 4.17 1.63 10.8 6.6 
Error (a) 3 0.71 1.18 0.07 4.92 0.03 37.37 3.9 
Variety (B) 2 21.9** 2.16* 0.19* 66.7* 6.6* 827.94** 126.4** 
Interaction 
(AB) 

2 0.1 0.11 0.01 0.01 0.03 35.41 1.6 

Error (b) 12 0.24 0.76 0.04 10.92 1.82 14.37 5.1 
 

3.4.2. Crude protein: 
 

There were significant difference between 
hybrids in yields and percentage of crude protein on 
silage (Table 7), Figures 7 and 8. 

 
Table 7: The means of PH, yield and percentage of crude protein, crude fiber and silage digestibility in Urea fertilizer levels and forage  
              sorghum varieties. 

Treatments pH Protein Fiber Digestible 
percentage Hectare 

(Ton) 
percentage Hectare 

(Ton) 
percentage Hectare 

(Ton) 
Manure 
(kg) 

        
300 5.75 a 4.71 b 0.73 b 30.12 a 4.76 a 52.94 a 9 a 
500 5.42 a 5.69 a 0.98 a 30.96 a 5.28 a 54.28 a 9.8 a 

Variety         
Sugar 
Graze 

3.69 b 5.73 a 0.99 a 27.31 b 5.76 a 61.81 a 13 a 

Super 
Dan 

6.32 a 5.45 a 0.91 a 31.44 a 5.3 a 56.80 a 9.7 b 

Speed 
Feed 

6.74 a 4.47 b 0.67 b 32.87 a 4.01 b 42.23 c 5.1 c 

 

 
 

 
Fig. 7: Means of forage silage crude protein yield and percentage at forage sorghum varieties 

 
 

 
 
Fig. 8: Means of silage crude protein yield and percentage in forage sorghum varieties 
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3.4.3. Crude fiber: 
 
The results of N.O.V was explanted no 

significant effects of N treatments on percentage of 
crude fiber of silage (Table 7) and Fig 9. 
 
3.4.4. Digestibility: 

 
Sugar graze had the most yield and percentage 

of digestibility (61.81% and 13 ton/ha, respectively). 
Speed feed had the least yield and percentage of 
digestibility (42.23% and 5.1 ton/ha, respectively) 
(Tables 6 and 7) and Fig 10. 

 
 

 
 

Fig. 9: Means of silage crude fiber yield and percentage in forage sorghum varieties 
 

 
 

Fig. 10: Means of silage digestibility yield and percentage in forage sorghum varieties 
 
Conclusion: 

 
Sugar graze was the best studied variety with the 

most yield and quality. This cultivar was produced 
30.07 ton/ha dries matter and 96.98 ton/ha forage. 
The percentage of crude protein and crude fiber in 
this case were %25.12 and %7.45, respectively, that 
after ensiling were reached to 27.31% and 5.37%, 
respectively and also this hybrid had the best 
percentage of dry matter digestibility (61.81%). The 
second N levels (500 kg Urea/ha) had higher forage 
yield (79.28 ton/ha) and higher percentage of protein 
before and after ensiling (6.83% and 5.69%, 
respectively).    

Based on this study sugar graze hybrid with used 
500 kg Urea/ha were recommended for planting 
since wheat and barley harvesting in Esfahan. 
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