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ABSTRACT 
 
 In order to study the effects of nitrogen levels and its application time on fresh, dry matter and agronomic 
traits of forage sorghum Var. Speed-Feed, an experiment was carried out as a factorial design in a randomized 
complete block design with three replications in Agricultural and Natural Resources Research Station of Khoy 
during 2009 growing season. Four levels of nitrogen (60,120, 180 and 240 kg ha-1) were applied with four 
nitrogen application times (T1= all applicationsbefore sowing, T2=1 2 before sowing + 1 2 beginning of the 

second harvest, T3=1 4 before sowing +1 4 in 30-40 cm stem height of thefirst harvest +1 4 beginning of the 

second harvest +1 4 in 30-40 cm stem height of the second harvest, T4=1 6before sowing + 1 6in 30-40 cm 

stem height + 1 6in swelling of the flag leaf sheath inthe first harvest +1 6beginning of the second harvest + 
1
6 in swelling of the flag leaf sheathin the second harvest). The maximum total dry and fresh fodder matter and 

protein yield were obtained by the240 kg ha-1 of the nitrogen application(92.06, 20.16 and 2.22 t/ha, 
respectively) while, there was not a significant difference with the application of 180 kg ha-1. The maximum 
total fresh and dryfodder matter were obtained by the T4 application times (89.28 and 19.62 t/ha, 
respectively)while, therewas notsignificant difference with T2 and T3. The highest correlations of dry fodder 
yield were observed withstem height and fresh fodder yield (r=0.686** and r=0.872**, respectively). Regarding 
tobeing non-significant differences between amounts of 180 and 240 kg ha-1, application of 180 kg ha-1nitrogen 
with T4times is recommended.It can be concluded that, one-stage application of nitrogen fertilizer could cause 
nutrient loss in soil through sublimation and leaching. 
 
Key words: Application time, forage sorghum, nitrogen, yield.  
 
Introduction 

 
 Increasein chemical fertilizers’ utilization and 
providing forage crops for livestocks are the reasons 
to determinate changes in forage crops cultivation 
and chemical fertilizers’ application. The changes 
should be done by increasing the efficiency of the 
valuable input and replacement of high-yield forage 
crops (with high-potential yield and quality) and 
adapted for the region’s weather conditions. 
Sorghum is one of the dry land forage crops and it is 
known as camel of crop plants, due to tolerance to 
the drought stress.This crop has a high-yield 
potential regarding rapid growth, high tiller potential, 
efficient photosynthesis process (C4), water and 
nitrogen use. Sorghum nutrition value is same as 
corn [25].  

 Nitrogen input application was investigated by 
various researchers [27,23,24]. They reported 
suitable growth response and good yield to nitrogen 
use. 
 Beyaert and Roy [5] concluded that good yield 
can be achieved using 100 kg ha-1 of nitrogen 
application and nitrogen efficiency decreases with 
the increase in nitrogen use. Therefore, nitrogen 
application would have the best economic efficiency. 
Such efficiency depends on the fertilizer cost and 
forage value. 
 Behashti [4] reported that, increase in nitrogen 
use improvesphotosynthesis absorption rate (PAR) 
and radiation use efficiency (RUE). The parameters 
are effective components in dry matter accumulation. 
 In Agha-Alikhani [1] study, using equal 
allotment of nitrogen application (during planting 
and after first harvest)forage sorghum dry matter 
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yield was significantly increased, and yield 
components have been improvedas well. In contrast, 
Motiei [21] resulted that,three-stage nitrogen 
application was more effective than two-stage. 
 According to Iptas and Brohi [9] study, nitrogen 
application time did nothaveanysignificant effect on 
dry matter yield of sorghum (sudangrass) hybrids. 
 Hani and Eltom [7] reported that,nitrogen time 
application did nothave any significant effect on the 
most of growth characteristics and forage sorghum 
yield. However, early and one-stageapplication could 
increase some yield parameters. 
 Malhi et al. [18] concluded that, dry matter yield 
of broomgrass increasesin one-stage application of 
nitrogen compare to its allotment. Regarding yield 
and forage quality, nitrogen application time is very 
important while, there has not been any report for the 
best nitrogen application time thatguarantee 
maximum yield and quality of sorghum.Kouhanmoo 
and Mazaheri [15] suggested three-stage nitrogen 
application during growth time of forage sorghum 
Var. Speed-Feed. It was estimated that, the efficient 
amount of nitrogen fertilizer for forage sorghum was 
200 kg ha-1. 
 The objectives of the study were determination 
of suitable application and time of nitrogen fertilizer 
to reach maximum yield and also theireffects on 
morphological and quality characteristics of sorghum 
Var. Speed-Feed in order to wide-range cultivation 
possibility in Khoy and similar areas.    
 
Materials and Methods 
 
 The experiment was conducted at Agricultural 
and Natural Resources Station of Khoy (44° 58´ N, 
38° 33´ E) during 2009 growing season. The 
minimum, average and maximum annual temperature 
of this station were -30°C, 12.5°C and 42 °C, 
respectively and the average annual rainfall was 
292.6 mm. This station with 150-180 days of dry 
season belongs to semi-arid regions. Plant material 
was sorghum Var. Speed-Feed.This variety is early 
mature and has capable of regrowth (multi-cut). 
 The treatments of this experiment were four 
levels of nitrogen (60, 120, 180 and 240 kg ha-1) and 
four times of nitrogen application (T1= all 
applications before sowing, T2= 1 2 before sowing + 
1
2 beginning of the second harvest, T3= 1 4 before 

sowing + 1 4 in 30-40 cm stem height of the first 

harvest + 1 4 beginning of the second harvest + 1 4 
in 30-40 cm stem height of the second harvest, T4= 
1
6before sowing + 1 6in 30-40 cm stem height + 

1
6in swelling of the flag leaf sheath in the first 

harvest + 1 6beginning of the second harvest + 1 6 
in swelling of the flag leaf sheath in the second 
harvest).  
 Field preparations were surface plough followed 
by disk in early April. The 60 cm spaces among 

furrows weredone by furrower. Each subplot 
consisted of four rows for cultivation(with 60 cm 
between rows and 4 m length). Spaces between 
mainplots and subplots were 180 cm and 120 cm, 
respectively. Plant row space was 1 cm. Seeds were 
planted in 3-4 cm depth. First irrigation was 
performed two days before planting. Next irrigations 
were performed between 7 to 12 days regarding soil 
moisture.Field thinning was twice. In order to 
plantestablishment with 5 cm space, the first thinning 
was in 3-4 and the second one was in 5-7 leaf stage. 
Weed control was performed twice as well. The first 
one was in thinning time manually and the second 
one was done using 2,4, D against broadleaved 
weeds. In order to pests’ control, diazinon pesticide 
was used. Harvesting was carried out in two cuts. In 
each cut, with omitting marginal effects, four-square 
area of each plot washarvested.In order to perform 
statistical analysis, dry and fresh fodder yield, protein 
yield, greenness rate, stem height and tiller numbers 
were investigated. Digestion of the samples was done 
by sulfuric acid followed by acidic titration to 
determine nitrogen and then it was multiplied by 
6.25. The data were analyzed using SAS (SAS, 2009) 
software. Means were compared using Duncan’s 
Multiple Range Test atthe 0.01 and 0.05 level of 
probability, respectively. 
 
Results and Discursion 
 
Stem Height: 
 
 Nitrogen application in compare to nitrogen time 
had a significant effect (p<0.01) on stem height 
(Table 1). Mean comparisons indicated that with the 
increase of 60 to 240 kg ha-1 of nitrogen fertilizer 
levels, stem heights of 269.6 and 320.32 cm were 
observed, respectively,while, levels of 180 and 240 
kg ha-1 were not significant (Table 2). Significant 
effect of nitrogen application on stem height was 
reported by Torbatinezhad, et al [28]. Stem height is 
a variety-dependent trait that can be affected by plant 
density and orientation, regarding the assumption 
that under water stress conditions, stem height of 
sorghum may be changed. A positively significant 
correlation (r = 0.763**) between stem height and dry 
matter yield was observed (Table 3). Itindicates that, 
stem height could be one of the important yield 
components of sorghum and increase in this trait led 
to high dry matter yield. 
 
Tiller Number: 
 
 According to Table 1, nitrogen application in 
compare to nitrogen time had a significant effect 
(p<0.01) on the tiller number. Mean comparisons 
indicated that with the increase of 60 to 240 kg ha-1 
of nitrogen fertilizer levels, tiller numbers were 1.16 
and 1.80, respectively, while there was not a 
significant difference between 120 and 180 kg ha-1 
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(Table 2). Tiller number in sorghum is a variety-
dependent trait but can be varied by plant density, 
orientation and cuts’ number (Kouhanmoo and 
Mazaheri, 2003). A positively significant correlation 
(r=0.483**) between the tiller number and dry matter 
yield was observed (Table 3). It indicates that, tiller 
number could be one of the important yield 
components of sorghum and increase in this trait 
with positive effect on stem and leaf number can 
increase dry matter yield. 
 
Stem Diameter: 
 
 Analysis of variance showed that there was no 
significant effect of nitrogen application and time on 
the stem diameter (Table 1). In forage varieties of 
sorghum, due to no seed filling period, assimilate 
saving is not existed. In fact, vegetative growth is the 
only purpose in the cultivation of forage sorghum 
species, and it seems that nitrogen application mainly 
affects dry matter yield via stem height or tiller 
number. In Mollahosseini, et al. [20] study in silage 
corn, there were not significant differences among 0, 
130, 180 and 230 kg ha-1 of nitrogen levels on the 
stem diameterwhile, significant effects of nitrogen 
application on the stem diameter have been reported 
by Salmanpour [26] and Al-Modarres, et al. that was 
completely different from previous reports. Various 
studies imply that stem diameter is affected by 
environmental factors during growth and 
development [10]. Plant growth regulators (i.e. 
Auxins and Gibberellin), light, day duration, 
nutrition, plant density and other environmental 
factors such as temperature and humidity are 
effective factors on stem growth and development 
[13]. Non-significant effects of nitrogen application 
and time showed that tiller number and stem height 
are the characters that were more affected by 
nitrogen treatments, and they wereless effective on 
the stem diameter. Thus, a repeated experiment for 
another year is needed for reliability of the results. 
 
Protein Percent: 
 
 Nitrogen application in compare to nitrogen 
time, had a significant effect (p<0.01) on protein 
percent (Table 1). Nitrogen is an essential part of 
proteins and high-protein results after nitrogen 
fertilizer application is a normal result. Positive role 
of nitrogen on high raw protein amounts has been 
reported by various researchers [9]. Mean 
comparisons indicated that the highest protein 
percent of 11.07 % had been achieved with 240 kg 
ha-1 of nitrogen application, whiledid not have 
significant difference with 180 kg ha-1 (Table 2). 
Hani and Eltom [7] concluded that with nitrogen 
fertilizer application, raw protein amounts will 
increase. Theyattributedthis matter to therole 
ofnitrogeninprotein synthesis. 
 

Ash Percent: 
 
 Nitrogen application in compare to nitrogen time 
had a significant effect (p<0.05) on ash percent 
(Table 1). Mean comparisons of nitrogen application 
indicated that with the increase of nitrogen fertilizer 
levels, ash percent was increased. However, variation 
range of this trait was low (6.76% with 60 kg ha-1 to 
6.95% with 240 kg ha-1). Highest amount of ash 
percent was observed with 240 kg ha-1 nitrogen 
application and did not have significant difference 
with 180 kg ha-1 (Table 2). Mirmazhari-Anvar [19] in 
study of plant density and nitrogen fertilizer 
application on silage corn concluded that maximum 
amount of ash percent had been achieved with 240 
kg ha-1 nitrogen application while, Salmanpour [26] 
reported non-significant effects on ash percent for all 
treatments. 
 In general, itcanbeinferred that how well high 
amounts of ash percent can be effective on forage 
quality of sorghum. New researches, approaches and 
methods for increasing ash percent and minerals 
would be useful if both maximum ash percent and 
raw protein percent exist in the forage sorghum. In 
this case we can have high nutritional-value forage 
sorghum [13]. 
 
Greenness Rate: 
 
 Analysis of variance showed that nitrogen 
application and time did not havea significant effect 
on greenness of the second cut (Table 1). Various 
researchers have been explained that a close 
relationship exists between chlorophyll and nitrogen. 
Therefore, with estimation of chlorophyll using 
chlorophyll meter, nitrogen status of plant can be 
evaluated [3,16,6,22] reported that nitrogen 
deficiency through reduction in the leaf area index 
(LAI) cause to low chlorophyll content. It seems that 
nitrogenfertilizerin conjunction with the increase of 
chlorophyll content, increase plant biomass and as a 
result, greenness percent has increased because 
increasing the rate of greenness with biomass 
accumulation may be similar. It appears that with 
many nitrogen allotments, its leaching and losing in 
the soil will be decreased, because nitrogen is one of 
the important elements of essential molecules such as 
proteins, nucleic acids and some hormones and exists 
in the structure of chlorophyll and primary and 
secondary materials of plants [8]. Mahmoodi and 
Hakimian [17] mentioned that nitrogen in addition to 
protein compounds and chlorophyll has an important 
role in DNA structure, enzymes and metabolic 
compounds. 
 
Fresh Fodder Yield: 
 
 Analysis of variance showed that nitrogen 
application had a significant effect (p<0.01) on fresh 
fodder yield (Table 1). Mean comparisons indicated 
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that with the increase of 60 to 240 kg ha-1 of nitrogen 
fertilizer levels, fresh fodder yield increased from 
80.29 to 92.06 tha-1, while, there was no significant 
difference between 180 and 240 kg ha-1 (Table 2). 
Kogbe and Adediran [14] have proved direct effect 
of nitrogen on the fresh fodder yield increase. 
Analysis of variance showed a significant effect of 
nitrogen time (p<0.05) on fresh fodder yield (Table 
1). Mean comparisons indicated that the maximum 
fresh fodder yield could be achieved with T4, T3 and 

T2(89.28, 87.61 and 87.28 t ha-1 means, respectively) 
nitrogen times (Table 2). These treatments had 
significant difference with T1 nitrogen time (Table 
2).The results reflect thenitrogen fertilizer allotment 
with a positive impact on the reduction of 
nitratesleachingandlosing and accumulation of the 
nitrogen invegetative organscould increasethe 
performance of foragesorghum fresh yield.A 
significant correlation was observed between total 
fresh and dry yield (r=0.872**). 

 
Table 1: Analysis of variance of measured traits in forage sorghum Var. Speed-Feed. 

MS 
DF Sources of variation Ash 

percent 
Proteinpercent Stemdiameter Tiller number 

Stem 
height 

0.083 0.160 0.034** 81.7 35.338 2 Replication 
0.079* 3.140** 0.010 452.9** 6148.211** 3 Nitrogen levels 
0.004 0.292 0.008 0.236 225.97 3 Application time 
0.012 0.452 0.007 0.044 77.67 9 Nitrogen levels × Application time 
0.018 0.379 0.005 0.046 113.28 30 Error 
1.95 5.89 5.92 14.08 3.56  CV% 

MS 
DF Sources of variation 

Leaf/stem weight’s ratio Dry matter Fresh matter Greenness rate 
0.001 2.962** 66.614 76.974 2 Replication 
0.005 17.16** 326.6** 13.219 3 Nitrogen levels 
0.008 3.445** 87.561* 67.212 3 Application time 
0.003 0.584 14.698 34.109 9 Nitrogen levels × application time 
0.005 0.533 20.429 32.132 30 Error 
17.16 3.83 5.21 13.86  CV% 

* and ** Significant at 5% and 1%, respectively 
 
Table 2: Means comparisons of agronomic traits in forage sorghum Var. Speed-Feed. 

 Stem height Tiller number Stem diameter Protein percent Ash percent 
Nitrogen levels      

60 269.6 c 1.16 c 1.21 10.01 b 6.76 b 
120 294.4 b 1.47 b 1.26 10.06 b 6.79 b 
180 313.0 a 1.65 b 1.26 10.66 a 6.84 ab 
240 320.3 a 1.80 a 1.27 11.07 a 6.95 a 

Application time      
T1 293.0 1.60 ab 1.25 10.39 6.81 
T2 302.9 1.67 a 1.24 10.60 6.85 
T3 300.5 1.36 bc 1.22 10.26 6.83 
T4 300.9 1.43 bc 1.28 10.55 6.84 
 Leaf/stem weight’s ratio Dry matter Fresh matter Greenness rate 
Nitrogen levels     
60 38.48 80.29 c 17.51 c 0.38 
120 40.87 85.04 b 18.84 b 0.43 
180 43.33 89.72 a 19.84 a 0.40 
240 39.06 92.06 a 20.16 a 0.41 
Application time     
T1 36.52b 82.94 b 18.34 b 0.43 
T2 39.72ab 87.28 a 19.15 a 0.37 
T3 42.28ab 87.61 a 19.24 a 0.40 
T4 43.22a 89.28 a 19.62 a 0.42 

 
Table 3:Simple correlation coefficientsamong measured traits in forage sorghum Var. Speed-Feed . 

 
Stem 
height 

Tiller 
number 

Stem 
diameter 

Protein 
percent 

Ash 
percent 

Greenness 
rate 

Fresh 
matter 

Dry 
matter 

Leaf/stem 
weight’s 

ratio 
Stem height 1         

Tiller number 0.645** 1        
Stem diameter 0.283 0.210 1       
Protein percent 0.547** 0.288* 0.243 1      

Ash percent -0.365* -0.358* -0.329* 0.344* 1     
Greenness rate 0.074 -0.028 -0.089 0.119 0.11 1    
Fresh matter 0.754** 0.396** 0.519** 0.439** 0.338* 0.341* 1   
Dry matter 0.763** 0.483** 0.475** 0.408** 0.599** 0.093 0.872** 1  
Leaf/stem 

weight’s ratio 
0.044 0.403** -0.056 -0.119 0.341* -0.313* -0.074 0.078 1 
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Dry Fodder Yield: 
 
 Analysis of variance showed that nitrogen 
application had a significant effect (p<0.01) on dry 
fodder yield (Table 1). The maximum dry fodder 
yield (20.16 t ha-1) was attributed to the maximum 
nitrogen application amount (240 kg ha-1), whileit 
was not significant difference with 180 kg ha-1. The 
minimum fodder dry yield (17.51 t ha-1) was 
attributed to the minimum nitrogen application 
amount (60 kg ha-1) (Table 2);because the nitrogen 
enhances photosynthetic capability and growth of 
plant. Kazemi-Arbat, et al., [11] resulted that with 
200 kg ha-1 of nitrogen application, maximum dry 
and fresh fodder yield of sorghumVar. Speed-Feed 
could be achievedwhile,there was not a significant 
difference with 150 kg ha-1. Analysis of variance of 
nitrogen time on dry fodder yield was also significant 
(Table 1). Maximum dry fodder yield was attributed 
to T4 (19.62 t ha-1) and did not have significant 
difference with T3 and T2.In contrast, T1 (18.34 t ha-

1) was in b group. Nitrogen allotment in all stages led 
to significant maximum dry fodder yield compare to 
prior to sowing stage application (Table 2). 
Therefore, nitrogen distribution in the field should be 
gradual and synchronic with the development stages 
of sorghum. In fact, one-stage application of nitrogen 
before sowing with leaching and losing become 
unavailable for the plant. Kouhanmoo and Mazaheri 
[15] resulted that three-times nitrogen fertilizer 
application with various methods during growing 
season, dry fodder yield has increased. Stem dry 
weight (r=686**) and stem height (r=793**) had 
significant correlations with total yieldrespectively,in 
which there was a reconfirmation for the importance 
of vegetative traits in final performance. 
 
Leaf/Stem Weight’s Ratio: 
 
 Nitrogen application and time did not 
havesignificant effect on the leaf/stem weight’s ratio 
(Table 1). It showed that all treatments were affected 
with the same ratio on these components. In this 
experiment, leaf/stem weight’s ratios were 0.40 on 
the average. Although with nitrogen application from 
60 to 240 kg ha-1, this ratio increased from 0.38 to 
0.41 but this amount was not significant. Asadpour 
and Fayyaz Moghadam [2] reported significant 
differences among nitrogen application levels on the 
leaf/stem weight’s ratio. They suggested 240 kg ha-1 
nitrogen fertilizer for achieving the maximum 
qualitative and quantitative of forage yields. Keskin, 
et al. [12] reported that with increasing nitrogen 
levels, stem dry weight decreased and the leaf/stem 
weight’s ratio was increased. 
 
Conclusion: 
 
 The results of this study indicated that the 
maximum fresh and dry matter yield and protein 

could be achieved with240 kg ha-1 of nitrogen level 
application, which it not have a significant difference 
with 180 kg ha-1. T4 nitrogen time had the maximum 
fresh and dry matter yield as well.T4 did not havea 
significant difference with T2. It showed that one-
stage application of nitrogen fertilizer could cause 
nutrient loss in soil through sublimation and 
leaching. 
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