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Abstract: Two field experiments were conducted in the National Research Centre Experimental Farm at Shalakan, Kaliubia 
Governorate, Egypt, during 2000 and 2001 summer seasons to study the effect of different rates of nitrogen fertilizer (0,20,40,60 and 80 
kg N/fed.) under different irrigation intervals ( 7, 10,13 and 16 days) on yield of sorghum for fodder. The highest fresh matter yield 
(FMY) and dry matter yield (DMY) in the 1st season were by 7 days irrigation interval. No significant differences in FMY in the 1st and 
2nd cut in the 2nd season. DMY of the 1st cut and the DMY in the two cuts were by 16 days between irrigation. Nitrogen fertilization 
caused pronounced increases in FYM and DYM of the 1st and 2nd cuts. Generally, the highest effect of N fertilizer was obtained with the 
highest doses used i.e. 60 and 80 kg /fed under all irrigation intervals in both seasons. Irrigation affected significantly the FMY in the 1st 
as well as 2nd seasons; however, the differences in the 2nd season were not significant. In 2000 season, the highest FMY were by 7 days 
irrigation interval FMY increased as nitrogen fertilizer increased up to the highest level used. Addition of 80 kg N/fed led to increases in 
FMY reached to 21.16, 26.90 and 25.11 %, for 1st, 2nd and the two cuts, in the 1st season, and the increases amounted by: 61.16,28.30 
and 44.81 % in the 1st, 2nd and the two cuts, in the 2nd season, respectively, compare to that without mineral fertilizer. In the 1st season, 
the highest increments were by addition of 80 kg N/ fed and 7 days irrigation intervals. These were true for the 1st or 2nd cut and total 
yield of the two cuts. The lowest increment with the same dose of N was by irrigation every 16 days. In the 2nd season, different figures 
were obtained, in the 1st cut, the highest increases were by 80 kg N and 13 days intervals followed by that under 10 days within 
irrigations, however, the lowest were by 16 days frequencies. In the 2nd cut, addition of the highest rate of nitrogen gave the highest 
positive effect on fresh yield under 7 days intervals, where the lowest effect were under 10 days intervals. The total FMY gave its higher 
values and increments by irrigation every 13 days and applied 80 kg N/fed. Furthermore, the differences in increment caused by the 
doses of N fertilizer were approximately equal when plants irrigated every 7 or 16 days in the 2nd cut and the yield of two cuts were in the 
1st season by plants irrigated every 10 days. Water use efficiency increased by the widening of irrigation intervals and N fertilization 
increased its values under the all irrigation intervals. 
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1. Introduction 
 
Shortage of green forages in summer is one of the important 
problem face farmers and livestock breeders. Great difficult 
for increase the area according to the high competition in the 
cropping system in the Nile Valley as well as Delta. 
Therefore, many efforts directed to increase the area, 
quantity and quality of forage crops in the new reclaimed 
areas. Lack of water, salinity and low fertility are the main 
challenges against these goals. In old lands the competition 
are the main problem, therefore, different programs were 
conducted to raise the productivity of forage crops per unite 
area by cultivated high yield new species and varieties 
specially those lesser in water requirement. In addition, 
increased the area of forage crops in the new reclaimed 
lands by crops tolerates drought and salinity. Improving 
cultural practices also considered an important way to 
increase the productivity in old and new areas to face the 
gape in white and red meat. Water stress and its effect on 
yield of sorghum were studied by many authors:[1] 
concluded that wide irrigation intervals with saline water 
caused growth and yield depressions of plants as a result of 
both drought and salinity conditions. [2] reported little 
significant decrease in fresh and dry weight and protein 
yield with increasing irrigation intervals from 5-10 days on 
alfalfa plants. [3], [4] on sorghum, observed that prolonging 
irrigation intervals from 5-10 days caused a depression in 
growth and yield of forage. However, [5] found that the 
narrow irrigation recorded insignificant increases in growth 

and forage yield except number of tiller/unite area in both 
cuts in the 1st season and plant height in the 1st cut in the 2nd 
season. Sorgum infested with may insect pest especially 
Rhopalosiphum padi & R. maidis, [6] ,[7],[8], [9] . Many 
reported have been related to WUE and production and 
clearly explained the linear relationship between WUE and 
production in wheat, maize and other crops [10] and [11]. 
Numerous studies recorded the improving effect of 
nitrogenous fertilizers in yield of forage crops:[12] and 
[13][14]. [15] and [5] detected an increase in the yield on 
two forage crops as the increase in N sources but ammonium 
nitrate more effective than ammonium sulfate or urea in the 
rate of 60 kg/fed. [14] reported that application of fertilizer 
resulted in an increase in accumulated of biomass during the 
1st stage of growth with this effect becoming more 
significant at later growth stages. The highest yields were 
recorded by 80 kg N/ha [16] .  
 
The positive relations between nitrogenous fertilization and 
WUE were shown in crops by: [17] , [18] and [19]. This 
work was designed to study the effect of different nitrogen 
fertilizer rates under different irrigation intervals on yield of 
fodder sorghum crop. 
 
2. Material and Methods 
 
Tow field experiments were conducted in the Experimental 
Farm of the National Research Center at Shalakan, Kaluobia 
Governorate during the 2000 and 2001 summer seasons to 
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evaluate the effect of nitrogenous fertilizer under different 
irrigation intervals on yield of fodder sorghum. The 
treatments were as follows: Irrigation intervals: 7, 10, 13 and 
18 days. - N fertilizer levels: 0, 20, 40, 60 and 80 kg N / fed. 
Every experiment included 16 treatments in split plot design 
in 6 replicates which the irrigation treatments laid in the 
main plots and the nitrogen levels were distributed 
randomizly in sub plots. Seeds of fodder sorghum named 
Sordan [as a hybrid between Sweet surgo (Sorghum bicolor 
Lhu.) and Sudan grass (Sorghum sodanase L.)] were sown in 
the 1st of August in both seasons. Calcium supper phosphate 
(16 % P205) and Potassium sulfate (48.5 % K20) in the rate 
of 200 and 100 kg / fed were broadcasted before sowing. 
Ammonium sulfate (20.5 % N) was added as treatments in 
two equal portions, the 1st one was applied 21 days from 
sowing and the 2nd was added two weeks latter. Fresh and 
dry matter yields for two cuts in the two seasons were 
measured. All collected data were subjected to the proper 
statistical analysis as the methods described by [20] 
 
3. Results  
 
3.1 Irrigation Intervals 
 
Data illustrated in Table (1) shows that irrigation affected 
significantly the fresh matter yield (FMY) in the 1st as well 
as the 2nd season, however the differences in the 2nd season 
were not significant. In 1999 season, the highest FMY were 
by 7 days irrigation interval in the 2nd cut and the yield of 
two cuts were in the 1st season by plants irrigated every 10 
days.  
 

 
 
3.2 Irrigation intervals 
 
Examination of Data in Table (4) noticed that widening the 
irrigation intervals led to increase the water use efficiency. 
Plant heights and leaf area indices of forage sorghum were 

higher in the frequently watered plots than in plots where 
irrigation water was delivered less frequently. Averaged 
over the two seasons, maximum dry matter (DM) yields 
were 16.3, 11.8, and 10.5 tones ha-1 for frequent, 
intermediate, and infrequent irrigation regimes, respectively. 
Light, frequent irrigation resulted in a significantly higher 
water use efficiency (WUE) compared to the other two 
regimes, thus increasing the return from irrigation. These 
results suggest that in such semiarid environments, DM 
yields and WUE of forage sorghum could be increased by 
combining light irrigation with a short interval.  
 
3.3 Nitrogen fertilizer  
 
Data recorded in Table (2) revealed that FMY increased as 
nitrogen fertilizer increased up to the highest level used. 
Addition of 80 kg N/fed led to increases in FMY reached to 
21.16, 26.90 and 25.11 %,in the 1st, 2nd and the two cuts, in 
the 1st season, and the increases amounted by: 61.71, 28.30 
and 44.81% in the 1st, 2nd and the two cuts, in the 2nd 
season, respectively, compare to that without mineral 
fertilizer. This data are in harmony with those obtained by 
[21], [22]. 
 

 
 
The increment in FMY may be related to the increases in 
plant height, number of green leaves, stem diameter and 
fresh and dry weight of different plant parts. Such increase 
in the above mentioned characters as a result of N 
application explained the rate of N in the internodes 
elongation and greater capacity of metabolites building due 
to enlarged plant leaf area at higher N doses during 
vegetative growth.  
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Figure 3: Effect of irrigation on pests infestations 

 

 
Figure 4: Effect of nitrogenous infestations on pests infestations 

 
Figure 3 and 4 show the infestations of the insect pests after 
the irrigation period which show the infestations increased 
when the irrigation period increased. 2011, 
 
3.4 Interaction 
 
The interaction effect of nitrogen fertilization and irrigation 
intervals on fresh and dry matter yields were noted in Table 
(3&4). These data indicated that, in the 1st season, the 
highest increments wee by addition of 80 kg N/ fed and 7 
days irrigation intervals. This was true for the 1st or 2nd cut 
and total yield of the two cuts. The lowest increment with 
the same dose of N was by irrigation every 16 days. In the 
2nd season, different figures were obtained, in the 1st cut, 
the highest increases were by 80 kg N and 13 days intervals 
followed by that under 10 days within irrigations, however, 
the lowest were by 16 days frequencies. In the 2nd cut, 
addition of the highest rate of nitrogen gave the highest 
positive effect on fresh yield under 7 days intervals, where 
the lowest effect were under 10 days intervals. The total 
FMY gave its higher values and increments by irrigation 
every 13 days and applied 80 kg N/fed. Furthermore, the 
differences in increment caused by the doses of N fertilizer 
were approximately equal when plants irrigated every 7 or 
16 days. Concerning the water use efficiency, Data in Table 
(4) indicated that the values of WUE higher in the 1st cut in 

the 2nd season followed by that in 1st cut in the 1st season. 
However, the lowest values were shown in the 2nd cut in the 
1st season followed by that in the 2nd cut of the 2nd season. 
Increasing nitrogen increased the percentage of increment 
WUE. For the 1st cut, the highest values were by adding 80 
kg/fed N. This was true under the different irrigation 
intervals in the 1st cut in both seasons. In the 2nd cut of the 
2nd season, the response was similar but in the 1st season the 
response was differ which the highest values was by the 60 
kg/fed when the irrigation intervals were applied at 10, 13 
and 16 days, respectively. The highest increment was shown 
by 80kg/fed when plants irrigated every 7 days in the 1st cut 
of the 2nd seasons. On the other hand, nitrogen fertilizer 
addition decreased the values of WUE in the 2nd cut in the 1st 
season with the same irrigation interval.. Data in Table (4) 
pointed out, generally, that there was a positive relationship 
between N fertilization and water use efficiency. This was 
more pronounced in the 2nd cut in the 2nd season. 
 
4. Discussion 
 
This data was in line with those obtained by: [21], [22]. [23] 
examined the effect of irrigation frequency and show that 
the yield of maize straw decreased by widening or 
narrowing the irrigation intervals than 15 days. However, [4] 
found that prolonging of irrigation intervals more than 5 
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days decreased the fresh yield of sorghum grown in salt 
affected soil in Ras Sidr in Sinai. Meanwhile, [24] and [25], 
[26], [27] concluded that increasing soil moisture increased 
growth and yield of crops cultivated for forage or for seeds. 
Water stress led to cease the cell division and enlargement 
of different plant tissues which intern depressed the 
vegetative growth and dry matter accumulation[28] and 
[27]. Furthermore, water excess or water logging led to the 
decrement of oxygen surrounding the roots and this reflected 
on the root growth and water as well as mineral absorption 
([29] and [30]). The regulation of N fertilizers and its effect 
on growth and yield of forages were reported by [32] [31] 
[25] reported that regression analysis revealed that the 
response of plant height, dry weight of leaves and stems and 
total dry weight/plant, stem diameter, number of green 
leaves, LA/plant and LWR showed a quadratic response to 
nitrogen fertilization and their characters could be increased 
by adding N levels up to 120 kg/fed. Moreover, [25] 
concluded that excess of the nitrogen levels directed the 
plants to more vigorous growth and intern reflected in fresh 
and dry matter yields. [17] and [34] confirm this finding. In 
addition, Dawson, et al. (2008) concluded that beneficial 
genetic traits include the ability to maintain photosynthesis 
and N uptake under N stress and the ability to extract soil N 
at low concentrations, perhaps through beneficial 
associations with soil microorganisms. In addition, breeding 
for specific adaptation to climactic and management 
practices so that crop uptake patterns match N availability 
patterns, while minimizing pathways of N loss, will be 
critical to improving NUE.lso, after nitrogenous fertilization 
the infestation percent increased due to the plat fertilization. 
[35], [36] ,[37], [38], [39].[40] [6] find the same obtains. 
[41] found that irrigation increased yield of brewing barley 
by 20% and fodder barley by 23%. High NPK rates up to 
420 kg/ha increased the yield by 106 and 115 %, 
respectively. The combined effect of both measures 
increased the yield of brewing barley by 145% and that of 
fodder barley by 161%. The increasing of drought resistance 
by addition of fertilizers was reported by: [42] [25]. [22] 
and [43] Stated that Soil water and nutrients play an 
important role in increasing sorghum (Sorghum biclor L. 
Moench) yields in the Vertisols of semi-arid tropics during 
post-rainy season. The highest positive effect on yields was 
obtained when nitrogen fertilizer added in wetted 
seasonsThe promoting effect of nitrogenous fertilizers on the 
WUE was demonstrated by: [17] and [34] confirm this 
finding. Furthermore, [44] indicated that an increase in N 
applications is not a good strategy to compensate for a 
decrease of total biomass (TB) under drought stress 
conditions. We concluded that the effect of N fertilizer on 
TB depends on the availability of water in the soil, and that 
the amount of N fertilizer applied should be decreased under 
drought stress con.[45] mentioned that the sensitivity was 
greatest at the early stage (‘leaf’), when a temporary soil 
water stress reduced the biomass production by up to 30% 
with respect to the control and WUE was 4.8 g kg−1 (average 
of three seasons). These results help quantify the effects of 
water constraints on sweet sorghum productivity. The water 
stress in crops led to improve the WUE and AWP in 
different crops as found by several investigators: [10] ; and 
[46]. Furthermore, [47] , [48], [49] confirmed the research 
results led to conclude that moderate drought is successful in 
increasing water productivity for various crops without 

causing severe yield reductions. Nevertheless, a certain 
minimum amount of seasonal moisture must be guaranteed. 
Moderate drought requires precise knowledge of crop 
response to drought stress, as drought tolerance varies 
considerably by genotype and phonological stage. In 
developing and optimizing moderate drought strategies, field 
research should therefore be combined with crop water 
productivity modeling. The effect of regime on water use 
efficiency was reported by [50] on canola and[51] on 
sorghum. [52] mentioned that these irrigation regimes meant 
heavier water inputs with increasing irrigation frequency. 
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Table 1: Yield of forage sorghum as affected by irrigation intervals 

Irrigation 
intervals 

day 

Fresh matter yield (FMY), t/fed Dry matter yield (DMY), ton/fed. 
1st cut 2nd cut Total 1st cut 2nd cut Total 

1st s 2nds. 1sts. 2nds 1sts. 2nds. 1sts. 2nds. 1sts. 2nds. 1sts 2nds 
7 3.27 7.60 9.36 7.35 13.08 14.96 0.356 3.386 1.409 1.896 1.825 5.282 

10 3.98 7.56 8.89 7.35 12.87 14.91 0.332 2.953 1.299 1.805 1.628 4.575 
13 3.77 6.77 8.35 7.19 12.27 13.45 0.355 2.556 1.075 1.699 1.430 4.226 
16 3.65 7.98 8.38 7.89 12.04 15.85 0.471 3.697 0.934 1.673 1.405 5.470 

LSDat5% 0.18 N.S. 0.075 N.S 0.246 1.25 0.03 0.271 0.075 0.133 0.354 0.225 
 

Table 2: Yield of forage sorghum as affected by nitrogen fertilizer 

Nitrogen fertilizer 
kg/fed 

Fresh matter yield (FMY), t/fed Dry matter yield (DMY), ton/fed.
1st cut 2nd cut Total 1st cut 2nd cut Total

1st s 2nds. 1sts. 2nds 1sts. 2nds. 1sts. 2nds. 1sts. 2nds. 1sts 2nds
0 3.45 5.98 7.62 6.36 11.07 17.05 0.367 2.440 1.336 1.488 1.703 3.888

20 3.55 6.27 8.52 7.17 12.07 13.44 0.388 2.647 1.035 1.707 1.423 4.354
40 3.74 7.37 8.91 7.52 12.65 14.89 0.403 3.086 1.198 1.649 1.601 4.735
60 3.98 8.37 9..26 7.99 13.24 16.36 0.409 3.466 1.188 1.832 1.597 2.785
80 4.18 9.67 9.67 8.16 13.85 17.87 0.409 4.101 1.142 2.175 1.551 2.693

LSD at 5 % 0.029 0.720 0.674 0.360 0.385 0.290 0.015 0.47 0.041 0.233 0.360 0.379
 

Table 3: Effect of nitrogen fertilizer and irrigation intervals on yield of forage sorghum 
Irrigation 
intervals 

Day 

Nitrogen 
fertilizer 
kg/fed 

Fresh matter yield (FMY), t/fed Dry matter yield (DMY), ton/fed. 
1st cut 2nd cut Total 1st cut 2nd cut Total 

1st s 2nds. 1sts. 2nds 1sts. 2nds. 1sts. 2nds. 1sts. 2nds. 1sts 2nds 
7 0 3.30 6.15 7.78 5.90 11.08 12.05 0.408 2.469 2.005 1.329 2.413 3.798 

20 3.52 7.00 8.93 7.17 12.45 14.17 0.031 2.557 1.084 1.784 1.415 4.341 
40 3.74 7.56 9.48 7.27 13.22 14.83 0.396 3.381 1.314 1.671 1.710 5.052 
60 3.88 7.75 9.98 8.13 13.87 15.88 0.489 3.672 1.198 2.272 1.687 5.944 
80 4.16 9.58 10.63 8.30 14.78 17.86 0.454 4.852 1.448 2.424 1.899 7.276 

 
10 

0 3.63 5.92 7.93 6.37 11.56 12.29 0.399 2.47 1.281 1.558 1.626 4.028 
20 3.63 6.27 8.68 7.10 12.31 13.37 0.335 2.751 1.227 1.6511 1.562 4.402 
40 3.87 7.03 8.95 7.43 12.82 14.46 0.319 2.679 1.326 1.695 1.645 4.274 
60 4.36 9.03 9.18 7.83 13.54 16.86 0.301 3.209 1.422 1.777 1.723 4.981 
80 4.39 9.56 9.75 8.03 14.14 17.59 0.304 3.655 1.242 2.444 1.582 6.099 

13 0 3.44 5.22 7.33 5.97 10.77 11.19 0.198 1.563 1.145 1.316 1.341 2.857 
20 3.47 5.65 8.43 6.83 11.80 12.41 0.393 2.041 1.009 1.718 1.402 3.759 
40 3.88 6.47 8.75 7.37 12.43 13.84 0.382 2.612 1.217 1.507 1.599 4.119 
60 3.98 7.68 8.95 7.77 12.93 15.45 0.362 2.739 1.087 1.810 1.452 4.429 
80 4.27 8.88 9.20 8.00 13.44 16.88 0.440 3.826 0.918 2.142 1.358 5.968 

 
16 

0 3.41 6.83 7.40 7.20 10.84 13.83 0.464 3.258 0.912 1.588 1.376 4.846 
20 3.58 6.22 8.05 7.57 11.63 13.79 0.491 3.239 0.819 1.674 1.310 4.913 
40 3.67 8.40 8.45 8.00 12.12 16.40 0.513 3.672 0.935 1.823 1.448 5.795 
60 3.70 9.03 8.93 8.23 12.63 17.26 0.479 4.247 1.043 1.587 1.522 5.834 
80 3.90 9.64 9.08 8.33 12.98 17.97 0.408 4.071 0.963 1.691 1.371 5.962 

SD at 5 % level  0.06 N.S N.S N.S 0.719 N.S 0.030 0.940 0.082 0.570 0.719 
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Table 4: Effect of nitrogen fertilizer and irrigation intervals on water use efficiency of sorghum plants 
Irrigation 
intervals 

day 

Water Use 
Efficiency 
(Kg/M3.) 

Water Use Efficiency (Kg/M3.)
1st cut 2nd cut Mean 

2nds 1sts. 2nds 1sts 2nds. 1st s 

7 

0 3.64 2.87 0.58 0.90 2.11 1.89 
20 2.97 3.34 0.39 1.03 1.68 2.19 
40 3.17 3.53 0.41 0.35 1.79 1.94 
60 3.30 4.02 0.40 1.42 1.85 2.72 
80 3.52 4.25 0.45 1.76 1.99 3.01 

Mean 3.32 3.60 0.44 1.09 1.88 2.35 

10 

0 3.51 3.76 0.49 1.22 2.00 2.49 
20 3.37 4.05 0.47 1.33 1.92 2.69 
40 3.89 4.38 0.50 1.33 2.19 2.66 
60 4.10 5.11 0.52 1.51 2.31 3.31 
80 4.29 5.36 0.51 1.85 2.40 3.61 

Mean 3.83 4.53 0.50 1.45 2.17 2.99 

13 

0 3.99 4.14 0.50 1.06 2.25 2.60 
20 4.37 4.60 0.52 1.39 2.45 3.00 
40 4.60 5.13 0.59 1.53 2.60 3.33 
60 4.79 5.72 0.54 1.64 2.67 3.68 
80 4.98 6.25 0.50 2.58 2.74 4.42 

Mean 4.55 5.17 0.53 1.64 2.54 3.41 

16 

0 4.52 5.76 0.57 2.02 2.55 3.89 
20 4.82. 5.75 0.55 2.05 2.67 3.90 
40 5.05 6.87 0.60 2.83 2.83 4.85 
60 5.26 7.19 0.63 2.85 2.95 5.02 
80 5.41 7.49 0.57 2.49 2.99 4.99 

Mean 5.01 6.61 0.58 2.45 2.78 4.53 

Mean values 
of nitrogen 
fertilizer 

0 3.92 4.13 0.54 1.30 2.23 2.72 
20 3.88 4.44 0.48 1.45 2.18 2.95 
40 4.18 4.72 0.52 1.51 2.35 3.12 
60 4.36 5.51 0.52 1.86 2.44 3.69 
80 4.55 5.84 0.51 2.92 2.53 4.38 
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