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ABSTRACT 

 
Two field experiments were conducted in the experimental farm of the National Research Center, Shalakan, 

Kalubia Governorate during the summer seasons to evaluate the effect of NPK fertilization: NPK fertilization 
:without mineral fertilization, 0 kg N+0 kg P205+0kg K20 / fed (N0P0K0), 15 kg N+8 kg P205+16kg K20 / fed 
(N1P1K1),  30 kg N+16 kg P205+32kg K20 / fed (N2P2K) and 60kg N+32kg P205+48kg K20 / fed (N3P3K3) 
on minimized the adverse effect of drought (Omitting of 2nd or 4th  irrigation) on growth and yield of millet. 
Data of this experiment showed that missing of irrigation decreased the fresh or dry mass of millet. The 
depression with missing the 4th irrigation, exceeded those obtained by missing the 2nd irrigation. It can be seen 
from this data a continuous increase in growth traits as a results of the increase in the rate of N,P and K 
fertilizers up to N2P2K2. The leaves area / plant markedly increased by addition of N3P3K3, however, the all 
other characters did not show any significant differences with the higher fertilizer treatment used. Slight 
increases were shown in Water Use Effeciency (WUE) with drought treatment as omitting of the 2nd or 4th 
irrigation compare to the treatment irrigated regularly as a control. Also, there is a positive relationship between 
fertilizer treatment and WUE. Moreover, regardless the NPK effects, this parameter increased slightly by 
drought treatments. However, NPK application induced gradual increase in this phenomenon as the level of 
these fertilizers increased, and addition of NPK improved the WUE under different water regimes. 

 
Key words: Millet (Penisetum glaucum (L) R.Br.)- Missing irrigation-Combined fertilizer-Growth-Yield-Water 

use efficiency. 
 

Introduction 
 

In last decades, it is clear that there is a shortage in animal production so as in meat production or dairy 
products and its price growing fastly. This target can be achieved by the extension in areas cultivated with 
forage crops needed for feeding animals.  Some difficults facing this matter in the old lands especially the high 
competition in the cropping system. Therefore, the expansion in areas cultivated by forages considered one from 
the main national targets now a day. Nevertheless, the new cultivated areas suffer from drought, salinity 
problems and poverty in nutrients.  

Water Deficit affected markedly the growth and yield of forage particularly in summer season 
(Oluwasemire, et al. 2002 and Howell, et al. 2007).  

The depression on growth and forage yield were detected by several authors (Borrell, et al. 2000; Umar, 
2006 and Howell, et al, 2007). Millet (Penisetum glaucum (L) R.Br.) is one of the new introduced forages in the 
Egyptian agriculture which characterized by good fresh and dry yields and one from the summer crops less 
affected by water stress (Koch, 1993 and Naeem, et al. 2007).  

NPK fertilization led to a considerable increase in different crops as mentioned by:  Bacci, et al. (1999) and 
Yamoah, et al. (2002). 

Combined fertilizer application is one from the successful ways to elevate the crops drought resistance 
under dry conditions (Ghosh, et al 2004; Aulakh and Malhi, 2005; Chien, et al 2009). 

Therefore, this work conducted to investigate the effect of NPK application on growth and yield of millet 
under water deficit at different growth stages. 

 
Materals and Methods 

 
Two field experiments were conducted in the experimental farm of the National Research Center, Shalakan, 

Kalubia Governorate during the summer seasons to evaluate the effect of NPK fertilization on minimized the 
adverse effect of drought as a result of omitting of irrigation on growth and yield of millet. The treatments were 
as follows: 
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Normal Irrigation(control) 
Drought Induction Omitting of 2nd or 4th irrigation  
NPK fertilization: Without mineral fertilization:  
0 kg N+0 kg P205+0kg K20 / fed (N0P0K0) 
15 kg N+8 kg P205+16kg K20 / fed (N1P1K1) 
30 kg N+16 kg P205+32kg K20 / fed (N2P2K2) 
60 kg N+32 kg P205+48kg K20 / fed (N3P3K3) 

    
The experiment included 12 treatments where the combination of three irrigation and four NPK fertilization 

treatments. The experimental design was split plot with 6 replicates where the irrigation treatments were 
arranged  in the main plot and fertilization treatments were distributed randomizely in the sub-plots.  

Seeds of millet (Penisetum glaucum (L) R.Br.) were sown in July, 15th in both seasons. Potassium 
fertilization in the form of potassium sulfate (48 K20), calcium supper phosphate 15.5 P2O5 as treatments was 
added before sowing. Nitrogen as a treatment, ammonium sulfate (20.5 % N) was added in two equal portions, 
the 1st at 21 days from sowing and the 2nd was applied two weeks later. The other cultural treatments were done 
as in the province.  

 
Water Use Efficiency was calculated as: 
WUE = Marketable yield (kg/fed) / Water use (m3/fed)   = Kg / m3 

      (hectare: 2.4 fed ) Fed: 4200m2 
All collected data were subjected to the proper statistical analysis as described by Snedecor and Cochran 

(1990).    
                                  

Results and Discussion 
 

Omitting of irrigation: 
 
Water deficit adversely affected all characters of millet plant growth. In spite of the decrease in plant height 

by delaying the skipping of irrigation, area of leaves showed approximately the same response to the two 
treatments of irrigation skipping. However, similar response in stem and total dry weight but the difference 
between missing of irrigation and regular irrigation seemed to be the some (Table 1). Different investigations 
dealing with the delaying of deficit irrigation were conducted by many authors: Kusaka, et al. (2005) Bidinger, 
et al. 2005 and Yadov (2010). 

 
Table 1: Effect of drought on growth of millet plants (Average of two seasons). 

Omitting of 
irrigation 

Plant 
height 
cm 

Area of 
leaves  
cm2 

Fresh weight:g Dry weight:g 
Stem Leaves Total Stem Leaves Total 

R.irrigation 112.3 1193 34.2 34.3 68.5 19.33 10.87 7.44 
2nd irrigation 95.0 1478 46.2 32.8 79.0 10.71 27.63 7.65 
4th irrigation 76.5 1402 19.0 36.2 45.2 10.75 20.97 6.08 
LSD at 5% 10.89 558 19.09 4.53 21.11 2.26 N.S 13.80 

R.Irrigation  = Regular irrigation 

 
Data of this experiment showed that skipping of irrigation decreased significantly the fresh matter yield but 

slightly affected the dry matter yield of millet. The depression effect when the 4th irrigation was missed, 
exceeded those obtained by missing the 2nd irrigation (Table1). 

Mahalakshmi and Bidinger (1986) observed the yield of the loss water-stressed plants. Petrie and Hall 
(1992) mentioned that water stress induced low water potential in leaves of millet. Concerning the effect of 
water deficit during different stages of growth Mahalakshmi, et al. (1985) stated that neither grain yields, yield 
components, protein percent nor total protein per unit area were affected by water deficit during panicle 
development but protein content per grain was increased. When plants were water stressed during grain filling, 
grain yield, grains per unit area and 1000 grain weight were reduced, but grain protein percentage was 
increased. Total protein per unit area was reduced primarily due to lower grain yield. The protein content per 
grain was unaffected by stress, suggesting that the apparent increase in protein percentage is due to reduced 
carbohydrate accumulation under stress. Winkel, et al. (1997) revealed that both biomass production and grain 
yield were severely reduced by S30 (preior to flowering) and S45 (flowering), while S60 (end of flowering) had 
no effect.  

This depression may be due to the unbalanced moisture and shortage of water surrounding the root 
rizosphere which altered the water and nutrients absorption  and this intern reflected in the unbalanced status of 
water in the different plant organs in which different metabolic processes were occurred. The physiological 
processes could be affected such as photosynthesis (Ashraf, et al. 2001), protein building (Ashraf, et al. 2001), 
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Enzymes activity (Ober, et al. 1991), growth hormones (Hare and Staden, 1997 ) and oxidative defense (Tan, et 
al. 2006). 

Water use efficiency (in fresh weight basses) markedly increased by omitting of irrigation and this effect 
increased by delying the subjection to drought. WUE  (as dry matter basses) did not response to the drought 
treatments as omitting of the 2nd or 4th irrigation (Table 4) compare to the treatment irrigated regularly as a 
control. Blum (2009) concluded that EUW is a major target for yield improvement in water-limited 
environments. It is not a coincidence that EUW is an inverse acronym of WUE because very often high WUE is 
achieved at the expense of reduced EUW. 

WUE reached its peak at 45 and 55 % of field capacity of some wheat genotypes (Hu, et al. 2006). 
Nevertheless, Jaleel, et al. (2008) demonstrated that water use efficiency significantly increased in both varieties 
under water stress. 

 
NPK fertilizer: 

 
Results in Table (2) showed that the NPK fertilizer on growth characters. It can be seen from this data a 

continuous increase in growth traits as a results of the increase in the rate of N, P and K fertilizers up to 
N2P2K2. The leaves area / plant markedly increased by addition of N3P3K3, however, the all other characters 
did not showed any significant differences with the higher fertilizer treatment used data in Table (5) clearly 
indicated that NPK fertilization improved either fresh or dry matter yields. Application of N3P3K3 led to 
increase fresh yield by 42.24 % and dry matter yield by 56.71 %. This means that millet yield positively 
responded to the combined fertilizers (Goshi, et al. 2004 and Jaliya, et al. 2008).   

 
Table 2: Effect of drought on yield of millet (Average of two seasons). 

Omitting of 
irrigation 

Fresh yield per: Dry yield per: WUE of: 
 1 m2  Feddan 1 m2 Feddan Fresh  Dry 

R.irrigation 7.56 31.75 2.70 11.3610 11.156 4.844 
2nd irrigation 6.40 26.88 2.66 11.172 13.431 4.478 
4th irrigation 6.09 25.58 2.82 11.844 19.218 4.816 
LSD at 5% 1.32 5.540 N.S N.S ----------- ……….. 

R.Irrigation  = Regular irrigation 

 
The beneficial effect of combined fertilizer on growth and yield of millet may be attributed to the 

supplementation of plants with the three major nutrients  together  and these elements enhancing and including 
most of the metabolic processes, Nitrogen increased the protein formation (Fowler, 2003), Phosphorus in the 
formation of nucleic acids and energy compounds (Gu, et al. 2008) while potassium affected the water 
adjustment and carbohydrate transportation (Marchener, 1995).   

As shown in Table (3) that there is a positive relationship between fertilizer treatment and WUE which 
steadily increased increased as the NPK rates increased up to the highest levels used. 

Mandal, et al. (2005) concluded that the results suggest that integrated nutrient management (100 % 
NPK + FYM) in conjunction with three irrigations maximized yield of wheat with concomitant improvement in 
ET and WUE under limited water availability. Lie, et al. (2002) mentioned that with the increase of biomass, 
grain yield and WUE were increased. However, this effect was reversed when the amount of nitrogen applied 
was higher than 100 kg/ha. Bandyopadhyay, et al. (2010) pointed out that in every crop season of soybean, 
integrated use of farmyard manure at 4 Mg ha−1 and recommended dose of chemical fertilizers may be practiced 
in Vertisols for improving soil physical environment and achieving higher soybean productivity through 
efficient utilization of water and nutrients. 

 
Table 3: Effect o NPK fertilizer on growth of millet plants (Average of two seasons).  

Fertilizer 
treatments 

Plant height 
cm 

Area of 
leaves cm2 

Fresh weight:g Dry weight:g 
Stem Leaves Total Stem Leaves Total 

N0P0K0 81.3 987 24.23 23.33 47.56 8.11 19.24 5.47 
N1P1K1 96.0 1977 32.40 27.40 59.80 9.56 24.67 6.74 
N2P2K2 102.0 1954 38.23 35.80 74.03 12.55 30.72 7.58 
N3P3K3 99.0 2431 37.70 37.83 75.53 1355 21.10 7.79 
LSDat5% 8.72 813 8.17 8.38 7.87 1.86 4.97 0.99 

0 kg N+0 kg P205+0kg K20 / fed (N0P0K0) 
15 kg N+8 kg P205+16kg K20 / fed (N1P1K1) 
 30 kg N+16 kg P205+32kg K20 / fed (N2P2K2) 
60 kg N+32 kg P205+48kg K20 / fed (N3P3K3 

 
The activation of enzymes by K and its involvement in adenosine tri-phosphate (ATP) production is 

probably more important in regulating the rate of photosynthesis than is the role of K in stomatal activity. 
Potassium also plays a major role in the transport of water and nutrients throughout the plant in the xylem (Paul, 
1990). 
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In addition, nitrogen is an essential component of amino acids, which are the building blocks of proteins. 
Proteins can be structural, or they can be specialized workhorses called enzymes. Enzymes help reduce the 
energy barriers which keep many chemical processes from happening randomly in a plant. There are enzymes 
which help breakdown certain compounds and some which synthesize other compounds. There are specific 
enzymes necessary for nearly every energy requiring process and activity within a plant. Nitrogen is also a part 
of the DNA molecule, so it fills a very important role in cell division and reproduction. The chlorophyll 
molecule also contains nitrogen. Chlorophyll is the light energy receptor which begins the process we call 
photosynthesis; the process which turns light energy into chemical energy in the plant, so essential for life as we 
know it. Nitrogen deficiencies appear in crops as a yellowing of older plant tissue and general stunting of plants. 
Small grains will have fewer tillers. Phosphorus as an important nutritional element plays its part in regulating 
many physiological criteria in the plant which in turn affect the resulted total yield (Marchener, 1995). 
Phosphorus is implicated in carbohydrate metabolism. Although, the rates of photosynthetic carbon fixation by 
plants may be reduced by phosphorus deficiency (Plesniˇar, et al. 1994). The presence of phosphorus in the soil 
encourages plant growth because the phosphorus is an essential nutrient. Practically, phosphorus is a major 
building block of DNDA molecules (Pant and Reddy, 2003). It evident that, addition phosphorus as chemical 
source, i.e. super-phosphate for onion plant gained the vigor plant growth if compared with the natural 
phosphate and/or the supplying half of the total needed phosphorus fertilizer as chemical mixed with other half 
of natural one (Shaheen, et al. 2007). Potassium also plays some important roles in plant metabolism. The role 
of K in photosynthesis is complex. 

 
Table 4: Effect of fertilizer on yield of millet (Average of two seasons). 

Fertilizer 
treatments 

Fresh yield per: Dry yield per: WUE of: 
  m2 Feddan 1 m2 Feddan Fresh  Dry

N0P0K0 5.47 22.9740 2.25 9.5417 6.652 3.640
N1P1K1 6.74 28.3080 2.82 11.8338 8.193 4.216
N2P2K2 7.58 31.8360 3.10 13.0031 12.225 4.985
N3P3K3 7.79 32.7180 3.52 14.7958 13.617 5.665
LSD at 5% 0.99 4.158 1.19 4.998 ----------- ………..

0 kg N+0 kg P205+0kg K20 / fed (N0P0K0) 
15 kg N+8 kg P205+16kg K20 / fed (N1P1K1) 
30 kg N+16 kg P205+32kg K20 / fed (N2P2K2) 
60 kg N+32 kg P205+48kg K20 / fed (N3P3K3) 

 
Interaction: 

 
The interactive effects of water deficit by omitting of irrigation and combined fertilizer on growth 

characters were recorded in Table (5) and Fig (1). Fresh weight of stem or total fresh weight /plant gave its 
higher values with N2P2K2 under drought treatments while under regular irrigation it was by N3P3K3 
fertilizers level. However, leaves showed the highest fresh weight with N3P3K3 under regular irrigation and 
with N2P2K2 under omitting of second irrigation. In spite of the increases by NPK fertilizers rates on plant 
height and area of leaves as well as the improvement in dry weight of leaves, stems and whole plant, the 
differences not grate enough to reach the level of significant. 

Diouf,  et al. (2004) noticed that nitrogen uptake declined significantly only during the second water deficit 
cycle. During the first water deficit cycle, aboveground biomass was reduced and the maintenance of the N 
uptake resulted in increased N and nitrate concentrations. The water deficit reduced nitrate reductase activity in 
all treatments and the effect was greater under high N. 

 
Table 5: Effect of NPK fertilizer and drought on growth of millet plant (Average of two seasons). 

Omitting of 
irrigation 

Fertilizer  
tretments 

Plant 
height 
cm 

Area of 
leaves  
cm2 

Fresh weight:g Dry weight:g 
Stem Leaves Total Stem Leaves Total

Regular 
irrigation 

N0P0K0   94 1174 21.3 22.7 44.0 11.33 7.83 19.16
N1P1K1 111 1809 39.0 31.3 70.3 22.00 9.67 31.67
N2P2K2 114 2645 35.8 37.7 73.5 20.50 11.00 31.50
N3P3K3 130 3402 40.8 45.5 86.3 23.50 15.00 38.50

2nd irrigation N0P0K0   83   896 35.7 27.0 62.7 13.83 7.83 21.66
N1P1K1 100 1559 40.6 31.2 71.8 14.33 9.33 23.66
N2P2K2 105 1705 55.2 38.2 93.4 19.67 13.33 33.00
N3P3K3   98 1750 53.3 34.8 88.1 19.83 12.33 32.16

4th irrigation N0P0K0   67   891 15.7 20.3 36.0 8.23 8.67 16.90
N1P1K1   77 1064 17.6 18.7 37.3 9.00 9.67 18.67
N2P2K2   87 1511 23.7 31.7 55.2 14.33 11.33 25.66
N3P3K3   75 2140 19.0 33.2 52.2 9.33 13.33 22.66

LSD at 5 % N.S N.S 14.2 14.5 13.6 N.S N.S N.S
 R.Irrigation  = Regular irrigation 
 0 kg N+0 kg P205+0kg K20 / fed (N0P0K0) 
 15 kg N+8 kg P205+16kg K20 / fed (N1P1K1) 
 30 kg N+16 kg P205+32kg K20 / fed (N2P2K2) 
 60 kg N+32 kg P205+48kg K20 / fed (N3P3K3) 
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Table 6: Effect of fertilizer treatments on yield of millet under drought (Average of two seasons). 
Omitting of 
irrigation 

Fertilizer 
treatments 

Fresh yield per: Dry yield per: WUE of: 
 1 m2 Feddan 1 m2 Feddan Fresh  Dry 

R. irrigation N0P0K0 5.43 21.9660 2.2777 9.5663 7.843 3.416 
N1P1K1 6.65 27.9300 2.9958 12.5824 9.975 4.494 
N2P2K2 8.40 35.2800 3.6002 15.1208 12.600 5.400 
N3P3K3 9.74 39.7740 4.2246 17.7433 14.204 6.337 

2nd 
irrigationomitti
ng 

N0P0K0 6.27 26.3340 2.1663 9.0985 12.852 3.639 
N1P1K1 2.77 32.6340 2.5540 10.7268 13.052 4.291 
N2P2K2 8.73 36.6660 3.0843 12.9541 14.666 5.182 
N3P3K3 7.83 32.8860 2.8580 12.0036 13.154 4.801 

4th  
irrigationomitti
ng 

N0P0K0 4.90 20.5800 2.3001 9.6604 8.232 3.864 
N1P1K1 5.80 24.3600 2.9029 12.922 9.744 5.168 
N2P2K2 5.60 23.5200 2.6034 10.9343 9.408 4.374 
N3P3K3 8.03 33.7260 3.4858 14.6404 13.488 5.856 

LSD at 5% N.S N.S 1.856 7.795 …………. …….. 
 R.Irrigation  = Regular irrigation 
 0 kg N+0 kg P205+0kg K20 / fed (N0P0K0) 
 15 kg N+8 kg P205+16kg K20 / fed (N1P1K1) 
 30 kg N+16 kg P205+32kg K20 / fed (N2P2K2) 
 60 kg N+32 kg P205+48kg K20 / fed (N3P3K3) 
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Fig. 1: Effect of NPK & drought on yield of millet. 

 
Soil moisture had a significant effect on net photosynthetic rate (P_N), transpiration rate, stomatal 

conductance, and water use efficiency of both pearl millet lines, but there was no significant effect of varying K 
supply on these variables. In WCA-78 an ameliorative effect of increasing supply of K on P_N was observed 
under water deficit. Chlorophyll Chl a and b contents increased significantly in both lines with increase in K 
supply under well watered conditions, but under water deficit they increased only in ICMV-94133. Chl a/b 
ratios were reduced significantly in WCA-78 with increasing K supply under both watering regimes, but by 
contrast, in ICMV-94133 this variable was decreased only under water stress. Leaf water potential and osmotic 
potential of both lines decreased significantly with the imposition of drought. Leaf pressure potential in both 
lines increased with increase in K supply under water stress. Contents of total free amino acids in the leaves of 
both pearl millet lines increased significantly with increase in K supply under water stress. Potassium supply 
had no effect on leaf soluble sugars or soluble proteins. Considerable osmotic adjustment occurred in pearl 
millet plants experiencing water deficit under high K supply. 

The effect of interaction between omitting of irrigation and NPK fertilizers on yields are in Table (6). The 
addition of NPK fertilizers generally showed considerable increases in the fresh and dry matter yields. These 
increases by N3P3K3 were amounted by: 81.07, 87.52 and 63.87 % of fresh mater yield and 85.48, 31.93 and 
51.55 % of dry matter weight under regular, omitting of 2nd and 4th irrigation.   

Concerning the water use efficiency, Data in Table (6) indicated that, regardless the NPK effects, this 
parameter increased slightly by drought treatments. However, NPK application induced gradual increase in this 
phenomenon as the level of these fertilizers increased. Thus, addition of NPK improved the WUE under 
different water regimes.  
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Fig. 2: Effect of fertilization and drought on water use effeciency.  
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