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ABSTRACT 

BACKGROUND: Nutrients play a very important role in chemical, biochemical, physio-
logical, metabolic, geochemical, biogeochemical, and enzymatic processes. Innovations for 
saving water in irrigated agriculture and thereby improving water use efficiency are of 
paramount importance in water-scarce regions. Conventional deficit irrigation is one ap-
proach that can reduce water use without causing significant yield reduction.  
OBJECTIVES: This study is aimed to examine the changes of crop production of sor-
ghum in response to apply different interval irrigation round and urea fertilizer.  
METHODS: A farm research was arranged via split plot experiment based on the random-
ized complete block design with three replications in 2012. Main plots were included apply 
three levels of interval between irrigation (I1: 8 day; I2: 12 day; I3: 16 day) and the sub plots 
consisted three level of urea fertilizer (N1: 200, N2: 300, N3: 400 kg.ha-1).  
RESULT: According result of analysis of variance effect of different level of urea fertil-
izer, irrigation regime and interaction effect of treatments on all studied traits (instead har-
vest index) were significant. Evaluation mean comparison result of interaction effect of 
treatments on all measured traits revealed the highest amount of seed yield (817 gr.m-2), 
1000-Seed weight (33.38 gr), Fresh forage yield (11829 gr.m-2) and total dry weight (3071 
gr.m-2) were noted for 8 day interval between irrigation round and 400 kg.ha-1 urea fertil-
izer and lowest amount of mentioned traits belonged to 16 day interval between irrigation 
round and 200 kg.ha-1 urea fertilizer treatment.  
CONCLUSION: Finally according result of current research application 8 day interval 
between irrigation round and 400 kg.ha-1 urea fertilizer had the highest amount of studied 
traits and it can be advice to producers in studied region.  
KEYWORDS: Dry matter, Forage, Fresh yield, Harvest index, Seed weight. 



Jahangiri et al., Assessment Effect of Different level of Nitrogen Fertilizer…                                    2 

1. BACKGROUND   

Forage crops play an important role 

in supplying energy and protein to live-

stock (Eskandari et al., 2009). Sorghum 

has potential uses such as: food (grain), 

feed (grain and biomass), fuel (ethanol 

production), fiber (paper), fermentation 

(methane production) and fertilizer 

(utilization of organic byproducts) (Roy 

et al., 2018). Sorghum speed feed is a 

crop of world-wide importance and is 

unique in its ability to produce under a 

wide array of harsh environmental con-

dition (Sadeghzade et al., 2012). Sor-

ghum is grown as fodder crop due to the 

poor pollination and seed set during the 

extremely hot dry season (April-

August) in the south provinces of Iran 

(Karimi et al., 2009). The productivity 

of grain sorghum could be increased by 

improving the cultural practices, such as 

irrigation regime, nitrogen fertilizer and 

plant density. Sorghum is an important 

cereal grain due to its drought resistance 

and relatively low input costs. World-

wide, sorghum is ranked fifth among 

cereal grains in terms of quantity and 

importance (Rooney and Awika, 2005). 

Drought and water shortage are consid-

ered an objective reality. In the past, 

water crisis was not as significant as 

today, since the population was less, but 

with the population increase by about 

six times and the need for more food 

during the last 100 years, the incidence 

of this crisis has become more evident 

than the past (Chimenti et al., 2002). 

Tolk et al. (2013) also reported that un-

der drought conditions, the persistent 

green hybrid maintained yield by retain-

ing greater seed numbers. In many re-

gions of the world like Iran, drought 

stress is one of the most important fac-

tors that decrease agricultural crop pro-

duction. Flowering, pollination and seed 

filling are sensitive stages to drought 

stress in plants (Thomas et al., 2004). 

Improving the efficiency of water use in 

agriculture is associated with increasing 

the fraction of the available water re-

sources that is transpired because of the 

unavoidable association between yield 

and water use (Jaleel et al., 2007). Fer-

tilizer management plays an important 

role for obtaining satisfactory yields and 

to increase crop productivity. Nutrient 

management may be achieved by the 

involvement of organic sources, bio fer-

tilizers, and micro-nutrients (Singh et 

al., 2002). Among the macro nutrients 

essential for crop growth, nitrogen (N) 

is a very mobile element in the soil, due 

to its susceptibility to leaching, de nitri-

fication, and volatilization losses. Ex-

cessive use of N fertilizer can lead to 

pollution of water bodies and may lead 

to soil acidification. Balanced and effi-

cient use of applied N is of paramount 

importance in the overall nutrient man-

agement system than any other plant 

nutrient in order to reduce its negative 

impact on the environment. Besides, 

even under the best management prac-

tices, 30%-50% of the applied nitrogen 

is lost through different routes and 

hence more fertilizer needs to be ap-

plied than actually needed by the crop 

to compensate for the loss. The transi-

tory loss of N not only causes loss to the 

farmer but also causes irreversible dam-

age to the environment. High rates of 

chemical fertilizer cause environmental 

pollution (Shamme et al., 2016).  
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Nitrogen is generally a limiting nu-

trient in crop production, and especially 

in sorghum, as it has been said to be the 

most responsive nutrient for its produc-

tion (Singh et al., 1972). To achieve 

economically viable returns, efficient 

use of available resources, like nitrogen, 

is necessary to maximize yields in all 

seasons. Variable responses to the ap-

plication of nitrogen fertilizer have been 

observed in sorghum owing to differ-

ences in climatic, soil and genotypic 

factors across seasons and locations 

(Muchow, 1988). After the industrial 

revolution widespread introduction of 

inorganic fertilizers led to a decline in 

the use of organic material in the crop-

ping systems (Hasanuzzaman et al., 

2010). One of limitation factor in agri-

cultural plants production in dry areas 

in the water tension at growth step 

negative effect of water tension on corn 

growth depends on the time of tension 

occurrence, the intensity, plant growth 

and genotype step. Low irrigation in 

one of strategies to expert agricultural 

plant tillage and scrounge in water use 

which is a proper method to produce 

harvest in water shortage, generally in 

this method water performance is re-

duced cognizant to be compensated by 

enter tillage surface expansion and in 

many areas of America, India, Africa 

and many other lands which have water 

shortage, this method is prevalent (Eng-

lish and James, 1990). The limitation of 

water resources in arid and semi-arid 

areas was the main reason that we con-

sidered water as the most important ma-

terial in the production lines, although 

people often do not obey the irrigation 

water consumption rules and regula-

tions (Cakir, 2004). Innovations for sav-

ing water in irrigated agriculture and 

thereby improving water use efficiency 

are of paramount importance in water-

scarce regions. Conventional deficit ir-

rigation is one approach that can reduce 

water use without causing significant 

yield reduction (Kirda et al., 2005).  

 

2. OBJECTIVES  

This research is aimed to examine 

the changes of crop production of sor-

ghum in response to apply different in-

terval irrigation round and urea fertil-

izer.  

 

3. MATERIALS AND METHODS  

3.1. Field and Treatments Information  

To evaluate the effect of different 

level of Nitrogen fertilizer and irrigation 

method on crop production of Sorghum 

(Speed feed cultivar) a farm research 

was arranged via split plot experiment 

based on the randomized complete 

block design with three replications in 

2012. Place of research was located in 

Ahvaz city at longitude 48°40'E and 

latitude 31°20'N in Khuzestan province 

(Southwest of Iran). Main plots were 

included apply three levels of interval 

between irrigation (I1: 8 day; I2: 12 day; 

I3: 16 day) and the sub plots consisted 

three level of urea fertilizer (N1: 200, 

N2: 300, N3: 400 kg.ha-1). Physical and 

chemical properties of studied field 

were mentioned in table 1.  
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Table 1. Physical and chemical properties of studied field  
Potassium 
(mg.kg-1) 

ρb 
(gr.cm-3) 

Soil 
texture 

Clay 
(%) 

Silt 
(%) 

Sand 
(%) 

Soil depth 
(cm) 

181 1.34 Siltyclay 46.5 41 12.5 0-30 

125 1.36 Siltyclay 48.4 40 11.5 30-60 

 
Continue Table 1.  

EC 
(ds.m-1) 

Organic 
carbon (%) 

pH 
Nitrogen 

(%) 
Phosphorus 

(mg.kg-1) 
Soil depth 

(cm) 

1.6 0.65 8 0.07 9.1 0-30 

1 0.36 7.8 0.03 6.8 30-60 

 
3.2. Farm Management  

The required nitrogen was provided 

by the urea source. In order to prevent 

horizontal movement of urea fertilizer 

during the fertilization, some furrows 

were made in irrigation streams and the 

fertilizer was evenly placed in the fur-

rows. Then they were covered by soil 

and immediately irrigated. While plant-

ing at the first stage, urea fertilizer was 

distributed to the experiment land as the 

basic fertilizer. Potassium fertilizer was 

not used due to high level of absorbable 

potassium. The required amounts of ni-

trogen fertilizers were identified after 

the soil analysis and the needed fertil-

izer for each plot was calculated with 

regard to the plot size and the levels of 

studied treatments and 25% of pure ni-

trogen as the base fertilizer was added 

to the land before planting and 75% was 

added at 8-leaf stage. There were 8 plots 

in each block. The space between each 

sub plot from the other one was as one 

non-planting line and the space between 

every two main plots was as two non-

planting lines. There were 6 planting 

rows in each plot and the space between 

the rows was 75 cm and over the rows 

was 12 cm. Cultivar seeds were used. 

The seeds were planted at the end of 

July as ridge and furrows at the depth of 

3-4 cm. In seed mixing method, after 

blending seeds they were dried in 

shadow and planted. After sowing 

seeds, field was irrigated. During the 

growth stage, growing operations such 

as irrigation, thinning and controlling 

the weeds (at 4-leaf stage) were done.  

 

3.3. Measured Traits  

In order to determine the yield and its 

components two planting lines from 

each plot and after the removal of mar-

ginal effect were carried to the labora-

tory and were placed in the oven at 

75°C for 48 hours and after ensuring 

that the samples were completely dry, 

they were weighed and finally the total 

yield was measured. 1000-seed weight 

was measured after accurate sifting and 

cleaning of seeds and drying them in 

open air. Harvest index (HI) was calcu-

lated according to formula of Gardner et 

al. (1985) as follows: Equ.1. HI= (Seed 

yield/Biologic yield) ×100.  

 

3.4. Statistical Analysis  

Analysis of variance and mean com-

parisons were done via SAS (Ver.8) 

software and Duncan multiple range test 

at 5% probability level.  
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4. RESULT AND DISCUSSION  

4.1. Seed yield  

Result of analysis of variance re-

vealed effect of irrigation regime, urea 

fertilizer and interaction effect of treat-

ments on seed yield was significant at 

5% probability level (Table 2). Accord-

ing result of mean comparison of inter-

val between irrigation round the maxi-

mum amount of seed yield (671 gr.m-2) 

was obtained for 8 day and minimum of 

that (530 gr.m-2) was for 16 day treat-

ment (Table 3). Evaluation mean com-

parison result of different level of urea 

fertilizer indicated the maximum seed 

yield (706 gr.m-2) was noted for 400 

kg.ha-1 and minimum of that (514 gr.m-

2) belonged to 200 kg.ha-1 (Table 4). 

Evaluation mean comparison result of 

interaction effect of treatments indicated 

maximum seed yield (817 gr.m-2) was 

noted for 8 day interval between irriga-

tion round and 400 kg.ha-1 urea fertil-

izer and lowest one (447 gr.m-2) be-

longed to 16 day interval between irri-

gation round and 200 kg.ha-1 urea fertil-

izer (Table 5). Several reports showed 

that sorghum crop had severed reaction 

to the nitrogen fertility. Beyart et al. 

(2005) studied nitrogen fertility on sor-

ghum Sudan grass and reported that the 

highest seed yield was produced by ap-

plication 125 kg nitrogen per hectare. It 

seems like that the increase of seed 

yield is due to the positive effect of ni-

trogen fertilizer and receiving light and 

the improve of photosynthesis process, 

crop growth rate, leaf area index, and 

leaf area duration. The mentioned re-

sults are consistent with the findings of 

Nawas-Nazanat et al. (2005). In another 

study conducted by Garg et al. (2005) 

increasing nitrogen to soil increased the 

plant photosynthetic efficiency and ul-

timately increased the seed yield and 

growth rate. On the other hand, since 

the rate of light absorption by leaves 

and converting it into photosynthetic 

materials are the other factors affecting 

the plant growth and production, the 

increase of leaf area in the farm leads to 

the increase of light absorption and ul-

timately leads to the increase of seed 

yield and crop production.  

 

 
Table 2. Result analysis of variance of measured traits  

S.O.V df 
Seed 
yield 

1000-Seed 
weight 

Fresh 
forage yield 

Total dry 
weight 

Harvest 
index 

Replication 2 489ns 3.91ns 24102ns 5971ns 11.82ns 

Interval 
irrigation round (I) 

2 54971* 63.85* 169516* 44649** 134.78ns 

Error I 4 6012 4.58 23951 4242 79.85 

Urea 
fertilizer (U) 

2 8557* 66.43* 112384* 23712** 23.49ns 

I×U 4 3741* 7.68* 48979* 12697* 16.03ns 

Error II 12 1143 1.49 14842 3082 14.50 

CV (%) - 6.15 4.32 1.21 2.22 16.38 
ns, * and **: no significant, significant at 5% and 1% of probability level, respectively.  
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4.2. 1000-Seed weight  

According result of analysis of vari-

ance effect of irrigation regime, urea 

fertilizer and interaction effect of treat-

ments on 1000-Seed weight was signifi-

cant at 5% probability level (Table 2). 

Mean comparison result of different 

level of interval between irrigation 

round indicated that maximum 1000-

Seed weight (30.10 gr) was noted for 8 

day and minimum of that (25.32 gr) be-

longed to 16 day treatment (Table 3). 

As for Duncan classification made with 

respect to different level of urea fertil-

izer the maximum and minimum 

amount of 1000-Seed weight belonged 

to 400 kg.ha-1 (31.74 gr) and 200 kg.ha-

1 (26.74 gr) (Table 4). Assessment mean 

comparison result of interaction effect 

of treatments indicated maximum 1000-

Seed weight (33.38 gr) was noted for 8 

interval between irrigation round and 

400 kg.ha-1 urea fertilizer and lowest 

one (23.99 gr) belonged to 16 day inter-

val between irrigation round and 200 

kg.ha-1 urea fertilizer (Table 5). Biari et 

al. (2008) reported that in case of con-

sumption of chemical and bio-fertilizers 

the weight of 1000-seed would increase 

which is consistent with the present re-

sults. Sepaskhah and Khajehabdollahi 

(2005) reported that decrease in corn 

yield due to water stress in AFI was 

mainly due to the decrease in the num-

ber of kernels per cob and to a lesser 

extent to the decrease in1000-kernel 

weight. Babaogli et al. (2012) Also 

suggested that, drought stress raising 

could led to dehydration stages faced 

with grain filling period and resulted in 

less transmission of photosynthetic 

compounds to the grains, that it de-

creased 100 grain weight. As the 

drought stress increases, the amount of 

photosynthesis, assimilates and trans-

fers to the seed decreases, and causes 

wrinkling and weight loss seeds. The 

seed weight is determined during polli-

nation, and the inadequacy of photosyn-

thetic materials for the growth of em-

bryonic cells has a negative effect on 

the seed weight. Also Drought stress 

reduced seed yield by reducing the 

number of seed per ear and 1000-seed 

weight (Karimi and Naderi, 2007).  

 
Table 3. Mean comparison effect of different level of interval irrigation round on measured 
traits  

Interval irrigation 
round (day) 

Seed yield 
(gr.m-2) 

1000-Seed 
weight (gr) 

Fresh forage 
yield (gr.m-2) 

Total dry 
weight (gr.m-2) 

Harvest 
index (%) 

8 671a 30.10a 11203a 2767a 24.25a 

12 581ab 29.69a 10733ab 2619b 22.18a 

16 530b 25.32b 10403b 2287c 23.17a 
*Means with similar letters in each column are not significantly differentt by Duncan's test at 5% probability level.  

 

4.3. Fresh forage yield  

Result of analysis of variance re-

vealed effect of irrigation regime, urea 

fertilizer and interaction effect of treat-

ments on fresh forage yield was signifi-

cant at 5% probability level (Table 2). 

According result of mean comparison 

maximum of fresh forage yield (11203 

gr.m-2) was obtained for 8 day interval 

between irrigation round and minimum 
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of that (10403 gr.m-2) was for 16 day 

treatment (Table 3). Evaluation mean 

comparison result indicated in different 

level of urea fertilizer the maximum 

fresh forage yield (11463 gr.m-2) was 

noted for 400 kg.ha-1 and minimum of 

that (10441 gr.m-2) belonged to 200 

kg.ha-1 treatment (Table 4). Evaluation 

mean comparison result of interaction 

effect of treatments indicated maximum 

fresh forage yield (11829 gr.m-2) was 

noted for 8 day interval between irriga-

tion round and 400 kg.ha-1 urea fertil-

izer and lowest one (9893 gr.m-2) be-

longed to 16 day interval between irri-

gation round and 200 kg.ha-1 urea fertil-

izer (Table 5). Almodares et al. (2009) 

suggested to apply 200 kg.ha-1 urea be-

cause the highest biomass and protein 

content and the lowest fiber content will 

be achieved with at this amount of ni-

trogen fertilizer. Although, this amount 

of nitrogen will decreased soluble car-

bohydrates content but it seems this re-

duction dose not effect on forage palat-

ability and digestibility considerably. 

Moghimi and Emam (2015) in order to 

evaluate the impact of different amounts 

of nitrogen fertilizer on yield of sor-

ghum cultivars reported Pegah cultivar 

and application of 205 kg N ha-1 might 

be offered for producers (in similar cli-

mate). Nitrogen is an important nutrient 

for optimum crop growth and yield per-

formance. Although its effect on the 

growth and yield of sweet sorghum has 

been demonstrated to be dependent on 

the factors of climate, soil type and 

genotype which also vary across sea-

sons and locations, the application ni-

trogen generally results in increase in 

the biomass and yield of sweet sorghum 

until an optimum rate is reached. This 

optimum rate varies from one location 

to another and from one season to an-

other. However, from this, the optimum 

rate can be said to lie within the range 

of 60 and 120 kg N ha-1 depending on 

the location, the soil type and the native 

nitrogen of the soil determined through 

soil test (Olugbemi, 2017).  

 

 
Table 4. Mean comparison effect of different level of nitrogen on measured traits  
Urea  

fertilizer(kg.ha-1) 
Seed yield 

(gr.m-2) 
1000-Seed 
weight (gr) 

Fresh forage 
yield (gr.m-2) 

Total dry 
weight (gr.m-2) 

Harvest 
index (%) 

200 514b 26.74b 10441b 2406b 21.36a 

300 562ab 26.91b 10462b 2414b 23.28a 

400 706a 31.74a 11463a 2853a 24.75a 
*Means with similar letters in each column are not significantly differentt by Duncan's test at 5% probability level.  

 

4.4. Total dry weight 

According result of analysis of vari-

ance effect of irrigation regime and urea 

fertilizer on total dry weight was sig-

nificant at 1% probability level but in-

teraction effect of treatments was sig-

nificant at 5% probability level (Table 

2). Assessment mean comparison result 

indicated in different level of interval 

between irrigation round the maximum 

total dry weight (2767 gr.m-2) was noted 

for 8 day and minimum of that (2287 

gr.m-2) belonged to 16 day treatment 

(Table 3). Compare different level of 

urea fertilizer showed that the maxi-
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mum and the minimum amount of total 

dry weight belonged to 400 kg.ha-1 

(2853 gr.m-2) and 200 kg.ha-1 (2406 

gr.m-2) treatments (Table 4). Assess-

ment mean comparison result of interac-

tion effect of treatments indicated 

maximum total dry weight (3071 gr.m-

2) was noted for 8 interval between irri-

gation round and 400 kg.ha-1 urea fertil-

izer and lowest one (2123 gr.m-2) be-

longed to 16 day interval between irri-

gation round and 200 kg.ha-1 urea fertil-

izer (Table 5). Joorabi et al. (2015) re-

ported that nitrogen fertilizer (150 

kg.ha-1) could increase qualitative and 

quantitative traits such as seed yield 

(9.82 t.ha-1) of sorghum forage in Speed 

feed variety. Tarang et al. (2013) re-

ported applications of Nitroxin bio-

fertilizer and chemical fertilizer (400 

kg.ha-1 urea with 300 kg.ha-1 ammo-

nium phosphate) had a significant effect 

on traits of root dry weight, number of 

seed per row (36.5), number of seeds 

per ear (458.56), 1000-grain weight, 

seed (13.23 t.ha-1) and biological yield 

(26.4 t.ha-1) , and the harvest index 

(53.88%).  

 
Table 5. Mean comparison interaction effect of treatments on studied traits  

Interval  
irrigation 

round (day) 

Urea  
fertilizer 
(kg.ha-1) 

Seed  
yield 

(kg.ha-1) 

1000-Seed 
weight 

(gr) 

Fresh for-
age yield 
(gr.m-2) 

Total dry 
weight 
(gr.m-2) 

Harvest 
index 
(%) 

200 612ab 27.91b 10974bc 2669bc 22.93a 
300 584ab 29.03b 10807bcd 2561c 22.80a 8 
400 817a 33.38a 11829a 3071a 26.60a 
200 482b 28.31b 10454cde 2408cd 20.02a 
300 574ab 27.81b 10429cde 2534c 22.65a 12 
400 688ab 32.96a 11315ab 2914ab 23.61a 
200 447c 23.99c 9893e 2123e 20.63a 
300 529ab 23.89bc 10149de 2167de 24.92a 16 
400 614ab 28.06b 11166abc 2573c 23.68a 

*Means with similar letters in each column are not significantly differentt by Duncan's test at 5% probability level.  
 

4.5. Harvest index (HI) 

Harvest index shows the way of di-

viding the nutritional materials between 

growing structures of seed and plant. As 

one of the components for calculating 

the HI is grain yield, the changes in HI 

depend very much on the changes of 

grain yield. Based on the formula of HI, 

every factor can change the harvest in-

dex when the grain yield is influenced 

more than total dry weight (Sinclair et 

al., 1990). Result of ANOVA revealed 

effect of irrigation regime, urea fertil-

izer and interaction effect of treatments 

on HI was not significant (Table 2).  

5. CONCLUSION  

Finally according result of current re-

search application 8 day interval be-

tween irrigation round and 400 kg.ha-1 

urea fertilizer had the highest amount of 

studied traits and it can be advice to 

producers in studied region.  
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