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ABSTRACT
A field experiment was carried out on Maize (Zea Mays L.) grown on a sand soil during 2017 season to assess
implications of N rates and irrigation water on yield and water consumption. The design was a factorial
randomized complete block involving two factors: Factor W: 3 irrigation treatments as % of an Etc of 6588 m?®
ha, i.e. 100% (W1), 80% (W-) and 70% (Ws). Factor N: 3 N rates as % of a recommended 310 kg N ha
11.e.100% (N1) ,80% (N2) and 70% (Ns3). Grain yields (Mg ha®) ranged from 2.80 (W:iN3) to 4.48 (W2N,).
Fertilizer N recovered in grains+stalks+leaves ranged from 5.4 % (W-N3) to 16.5% (W:N3). N use efficiency
(kg grains kg N) was 6.3 (W1N_) up to 18.6(WS5N1). Water utilization efficiency (kg grains m* water) was 0.43
(W1 Na3) to 0.84(Ws3 Nz). High N and water use efficiency on sandy soils, must be by balanced combination
water and N , and the general trend showed 5270 m® water and 248 kg N per hectare (representing 80% of

officially recommended inputs of each)

Keywords: NUE, WUE, recovery of fertilizer N in maize, 1°N-Isotope dilution.

Introduction

The world demand for food is expected to
increase by more than 70% by 2050 (Tilman et al.,
2011). In order to minimize the need for further
expansion of cultivated lands, this increase needs to
be partially achieved through increased crop
productivity per unit area of arable lands (Mueller et
al., 2012). Much of the enhancement in crop
productivity in the last half century has been
achieved by increasing rates of agronomic inputs
(Borlaug, 2003). However, to optimize the use of
increasingly limited resources and avoid adverse
environmental effects, yield increase needs to be
through increasing the efficiency of the added inputs
including fertilizers and irrigation water (Tilman et
al., 2002).

Maize (Zea mays L.) is one of most
important food grain crops constituting a significant
portion of total food grain production, particularly in
many countries. (Panda et al., 2004). World
production of maize grains increased by more than
two-folds in 2010 compared with the vyear
1961during which period new high-yielding cultivars
were introduced along with improved agronomic
practices (Qian et al., 2016).

Crop productivity depends mostly on heavy
application of nutrients including N. Heavy
application of chemical nutrients can cause
environmental pollution (Zahoor, et al., 2014).
Improving nutrient use efficiency in agriculture calls
for the development of sustainable nutrient
management strategies, more efficient use of mineral
fertilizers, and increased recovery of fertilizer
nutrients. Nitrogen plays a vital role in cereal grain
crop production , (Jin et al., 2012), hence effective N

fertilization management is very important in this
concern , to increase grain yield (Ma et al., 2006)
and avoid N deficiency adverse effects on plant
growth and yield (Shahrokhnia and Sepaskhah,
2016). In irrigated agriculture, it is important to
maximize yield with minimum of water and increase
the water use efficiency (WUE) of the crop. The crop
water use is commonly  measured as
evapotranspiration (Et). It varies according to a
number of factors, including climate, plant cultivar,
and soil fertility. For effective management of
irrigation, a comprehensive understanding of the
actual crop evapotranspiration (Et) is necessary since
it constitutes a major component of the hydrologic
balance during the crop growing season. The two
major yield-limiting inputs for most crops are water
and nitrogen (Rudnick et al., 2016). According to
Morison et al (2008) WUE can be applied to the
water which is used in producing the economic crop
produce (economic yield) , or the biological yield
(which is represented by the above-ground biomass,
or by the above-ground and below-ground ‘roots”
parts).

The current study aims at assessing maize
response to the amount of applied water and fertilizer
nitrogen and implications on yield and efficiency of
fertilizer and water.

Materials and methods

A field experiment was conducted on maize
plants (Zea mays cv. treble hybrid-329) grown on a
sand soil of low fertility (Table 1) at the experimental
farm of the Nuclear Research Center (NRC), of the
Egyptian Atomic Energy Authority (EAEA), Abou-
Zaabal, Egypt during 2017 summer season under

Bio-fertilizers, 615-622

615


mailto:Alyabsalam@yahoo.com
mailto:solimanreh@yahoo.com
mailto:solimanreh@yahoo.com

Efficient Use of N and Water for Maize (Zea Mays L.) Crop under Drip Irrigation

drip irrigation system . The design of the experiment
was a randomized complete block, factorial (2
factors) with 3 replicates. Factors are: (1) Irrigation
(W), 3 treatments as % of an Et. of 6588 m3ha’, i.e.
100% (W1), 80% (W-) and 70% (Ws). (2) N: 3 N
rates as % of a recommended 310 kg N ha
1i.e.100% (N1) ,80% (Nz) and 70% (Ns).
Recommended Water and N being by MALR
(2016). The form of N was urea (460 g N kg1).The
plot size was 10 m?> Nitrogen was applied in five
splits as follows; 30% two weeks after sowing (a.s.),
30% four weeks a.s. ; 20% six weeks a.s. and 20%
eight weeks a.s. The irrigation system was drip, with
each plot having its independent drip line. Seeds
were sown on May 23 2017 and plants were

Table 1. Main properties of soil of the experimental field:

harvested on September 10" (A 110-day season). A
micro-plot of 1 m? was allocated in the middle of
each plot for >N determination, and its N was in the
form of 15N urea with 2% °N atom excess (a.e.). All
plots were given P and K as recommended by
MALR (2016): 24 kg P ha' (as ordinary Ca-
superphosphate 68 g P kg™) during soil preparations
and 80 kg K ha (as K-sulphate 400 g K kg?) in two
equal splits (4 and 8 weeks after sowing). A foliar
spray with Fe, Mn, Zn and Cu micronutrients was
done with water solution containing 1300 mg of each
(as chelated forms). Rate of spray was 1200 L ha'
done twice, first four weeks a.s, second, four weeks
of the first.

Particesize distribution (%) S 03 Total rutrients - Available nutrients
Sand 96.0 Na* 6.8 N 0.5 N 0.30
Silt 4.0 K* 3.6 P 2.0 P 0.04
Clay 0.0 Ca* 14.6 K 0.2 K 1.00
Texture* Sand Mg?* 6.4 Fe 25.8 Fe 2.20
pH (1:2.5) 7.23 CO3% 0.0 Mn 0.5 Mn 0.01
EC* (dSm?) 3.14 HCO* 9.3 Zn 1.4 Zn 0.10
CaCOs(g kg 0.0 Cl 8.5 Cu 1.4 Cu 0.20

*Texture: according to the international Texture
OM (g kg™) 03 SO 136 Triangle (Moeys, 2016). Extractants for available

nutrients: KCI (N); NHsHCO3z-DTPA (P, K, Fe,
Mn, Zn and Cu); EC of paste extract.

Soil was analyzed according to methods cited by
Carter and Gregorich (2008) and plants were
analyzed according to methods cited by Estefan et
al. (2013). N analysis was by emission
spectrometer (Fischer NOI-6PC). ). The portion of
nitrogen derived from fertilizer (%Ndff) present in
the relevant plant part(s) (%Ndff) was calculated as
follows:

%Ndff = (*°N a.e. in plant + N a.e. in fertilizer) x
100
Efficiency parameters for applied N and water:

Efficiency parameters for applied N and irrigation
water are those of (a) fertilizer N recovery (FNR), (b)
fertilizer nitrogen use efficiency (NUE), and (c)
irrigation water utilization efficiency (WUE). The
FNR is the amount of fertilizer N in the crop as a %
of the amount of applied N (Bruulsema et al., 2004).
According to Hirel et al. (2011) NUE is expressed as
the yield obtained per unit of available N in the soil
(supplied by the soil + N fertilizer). In the current
study NUE is the yield obtained per unit of applied
fertilizer N. The WUE is the yield of grains per cubic
meter irrigation water (Zhang et al., 2005).The
equations for the 3 parameters are as follows:

1- FNR (% = {(%Ndff in plant X N uptake in plant)
+ rate of applied N} X100.

Where: each of N uptake in plant N applied fertilizer

N is in kg ha.

2- NUE (weight of grains per kg of applied N) =
grain yield “kg ha™?” +applied N “kg ha™'”

3-

Yield (Y) (kg ha)

WUE (kgm?®) = — ETET
Seasonal Crop Evapotranspiration (ETc) (m*ha™)

Results and discussion

Dry matter yield: (Table 2).

Stalks+leaves: The lowest stalks+leaves yield of
7.30 Mg ha.; was obtained by NsW; reflecting a low
growth caused by a low nitrogen and high water
application A low N addition combined by a high
water application would lead to high loss by leaching
of added N in such a course sand soil. The highest
yield was given by N3 W, surpassing the lowest by
74.7%. The indications are that such high plant
growth is a manifestation of an efficient utilization of
the low N rate where the irrigation was medium
possibly with low loss by leaching. The second
highest was given by N1W3 surpassing the lowest by
71.5% which shows an efficient use of a high N
application with adequate water application sufficient
for plant growth. The main effect of nitrogen
application shows little non-significant differences
between the three rates. Main effect of irrigation
treatments shows greater positive effect of the
medium irrigation treatment.
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Grain yield: The pattern of grain yield was very
much in line with that of the growth weight of
stalks+leaves. The lowest grain yield of 2.80 Mg ha!
was that of the N3W, treatment as a result of a low
growth caused by low N and high water application.
The high irrigation water addition must have caused
the low added N to suffer high loss by leaching,
particularly and the soil is a sand in texture. The
highest grain yield was given by N> W surpassing
the lowest by 52.5% ; a manifestation of efficient
effect due to medium irrigation , apparently causing

little N leaching loss combined with a medium N
rate. The second highest was that of N3 W; which
surpassed the lowest by 46.8 %, reflecting an
effective  medium irrigation, despite a low N
application. The main effect of nitrogen application
shows no significant differences between the three
rates and the main effect of irrigation shows greater
positive effect of the medium and low irrigation
(with no differences between them) over the high
irrigation.

Table 2. Dry matter yield (Mg ha) of maize plants as affected by nitrogen fertilization and water application

rate.
Irrigation Nitrogen fertilization (N) (% of the recommended 310 kg N ha?)
water (W)
(% of ETc of 100 80 70 mean 100 80 70 mean
6588 mehal) (N) (N2) (N3) (N2) (N2) (N3)
Stalks + leaves Grains
100 (Wh) 8.32 10.38 7.30 2.88 2.98 2.80 2.89
80 (W>) 8.66 9.03 12.75 10.15 3.48 4.27 4.13 3.96
70 (Ws) 12.52 9.25 6.88 3.91 3.53 3.53 3.66
mean 9.83 9.55 8.98 3.42 3.59 3.49 3.50
LSD o.05s W: 0.89 ;N:ns  ; WN: 155 LSD 005 W:0.42 ; N: ns; WN: ns

Notes: N;, N, and N3 are 310, 248 and 217 kg N ha respectively; W;, W, and W5 are 6588, 5270 and 4612 m® ha™* respectively.

N uptake: (Table 3)

N uptake in stalks +leaves: The two lowest N
uptake of about 44 kg N ha were obtained by either
NsW3 or NiW5 indicating a low growth caused by a
low N addition and high water application, or high N
addition combined by a medium water application.
The highest N uptake was obtained by the by NiW3
treatment surpassing the lowest by 86.6%.This
indicates the high efficiency of the low N rate with
high water application.

The main effect of nitrogen application shows a
direct positive response to the high N rate which
caused the highest N uptake in grains. The main
effect of irrigation shows greatest positive effect of
the low irrigation.

N uptake in grains: Results (Table 3) were
rather comparable with those of the N uptake in the
stalks+leaves. The two lowest N uptake of 32.2 kg N
ha't were obtained by N3W; indicating a low growth
caused by a low N addition and high water

application. The two highest N uptake were obtained
by the N,W, with 64.6 % over the lowest, and by
N:W3 with 65.8% higher uptake over the lowest.
This indicates a high efficiency of the medium N as
well as medium water application or low N rate with
high water application.

The main effect of nitrogen application shows a
rather similar effect of the medium and high N, both
surpassing the low N rate. The main effect of
irrigation shows higher positive effects of the
medium and low irrigations.

Fang et al., (2006) studied maize growth grown
on a silt clay soil under conditions of different water
application and N addition. They recorded an
increase in maize crop N uptake ranging from 281%
to as high as 411% upon application of fertilizer N of
100 to 300 kgNha?. They noted high losses of
fertilizer N in treatments with high irrigation than in
low irrigation treatment.

Table 3. N uptake (kg ha') by maize plants as affected by nitrogen fertilization and water application rate.

Irrigation water

Nitrogen fertilization (N) (% of the recommended 310 kg N ha?)

(W) 100 80 70 100 80 70
0,
(B (O BN 0 B B (O B (D mean
Stalks + leaves Grains
100 (W1) 59.9 56.7 44.5 53.8 39.3 35.5 32.2 35.7
80 (W2) 44.1 48.4 64.8 52.4 38.1 53.0 40.5 43.9
70 (W3) 82.1 60.6 43.8 62.2 53.4 45.7 41.7 46.9
mean 62.0 55.3 51.0 56.1 43.6 447 38.2 42.2
LSD 005 W: 3.09 ;N:3.09 ; WN:5.36 LSD 005 W:5.56 ; N:5.56 ; WN: 9.63

See footnotes of Table 3
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P uptake: (Table 4)

P uptake in stalks +leaves: The pattern of P
uptake in stalks+leaves was very much in line with
tat regarding weight of the stalks+leaves and to a
marked extent with that of the N uptake. The lowest
P uptake of 45.6 kg P ha' was obtained by NsW;
indicating the low growth caused by the low N and
high water application. Presence of low applied N
would be subject to loss by leaching due to the high
water application in the sand soil. The highest P
uptake was given by N3 W, surpassing the lowest by
89.5%. Therefore, high uptake by the low N rate
where irrigation was medium reflects efficiency of N
and low loss by leaching.

P uptake in grains: Results were rather
comparable with those of the N uptake in the

stalks+leaves. The lowest P uptake of 19.6 kg P ha*
was obtained by N,W; reflecting the low grain yield
(Table 2) caused by a high water application causing
leaching losses of added fertilizer N. The highest P
uptake was obtained by either the NoW; or N3Ws
with about 65 - 66% over the lowest indicating a
balanced combination of medium N and medium
water, or high N and water for the uptake of P.

The main effect of nitrogen application shows a
high response to the medium or high N; both equally
surpassing the low N rate. The main effect of
irrigation shows higher positive effects of the
medium and low irrigations. Such patterns are in
harmony with the grain yield pattern.

Table 4 P uptake (kg ha'!) by maize plants as affected by nitrogen fertilization and water application rate.

Irrigation water

Nitrogen fertilization (N) (% of the recommended 310 kg N ha™?)

(W)

100 80 70 100 80 70
% of ETc of mean mean
bsso ey (W () (N N)  (N) (N
Stalks + leaves Grains
100 (W1) 53.1 69.9 45.6 56.2 32.9 19.6 21.0 24.5
80 (W2) 55.4 77.6 86.4 73.1 30.4 34.2 28.6 31.1
70 (W53) 78.8 51.3 63.46 64.5 31.7 26.0 31.0 29.6
mean 62.4 66.3 65.1 64.6 31.7 26.6 26.87 28.4
LSD 005 W: 8.28 :N:ns ; WN: 14.35 LSD 005 W: 3.34 ; N: 3.34 ; WN: 5.78
See footnotes of Table 3
K uptake (Table 5): reflecting low yield due to possible high loss of

K uptake in stalks +leaves: Potassium uptake in
stalks+leaves was rather similar to that regarding
their weight and to a marked extent with that of the N
and P uptake in them. The lowest K uptake of 100.8
kg K ha! was obtained by N3Wj reflecting the low
growth caused by the low N and water application.
The highest K uptake was given by N1 W3 surpassing
the lowest by 105%, and exhibiting positive response
to high N with no excessive irrigation to cause
leaching loss of N.

K uptake in grains : Results show lowest K
uptake of 20.6 kg K ha? was caused by N; W;

fertilizer N caused by high water application . The
highest K uptake was obtained by N3W, with an
increase of 105% over the lowest indicating a
balanced combination of low N and medium water.
The main effect of nitrogen application shows a high
response to the low or medium N; both equally
surpassing the high N rate. The main effect of
irrigation shows highest positive response to the
medium irrigations. Sitthaphanit et al. (2009)
obtained highest grain yield and NPK uptake with
highest N applications.

Table 5. K uptake (kg ha) by maize plants as affected by nitrogen fertilization and water application rate.

Irrigation water

Nitrogen fertilization (N) (% of the recommended 310 kg N ha't)

(W) 100 80 70 100 80 70
0,
e (N B (O S 0 B (S B (O B (D mean
Stalks + leaves Grains
100 (W1) 132.2 177.2 107.9 139.1 29.5 25.3 20.6 25.1
80 (W>) 128.6 145.9 197.0 157.2 30.2 38.4 42.3 37.0
70 (Ws) 206.5 150.7 100.8 152.7 31.3 35.5 34.5 33.8
mean 155.8 157.9 135.3 149.7 30.3 33.1 32.5 32.0
LSD 005 W: 8.3 ;N:83 ;WN: 145 LSD 005 W:2.62 ; N:ns ; WN: 4.53

See footnotes of Table 3
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Nitrogen derived from fertilizer (Ndff): (Table 6):
Ndff in stalks+leaves: Ndff in stalks+leaves
ranged from 5.77 kg N ha* by N,W,to 14.96 kg ha*
by NoW; and 14.26 kg N ha by N3W, with the two
latter treatments having no significant difference
between them. This shows the importance of a
balanced combination of N and water application.

Ndff in grains: Ndff in grains ranged from
16.84 kg N ha by N3W; reflecting a low N rate to
27.30 by N2W- and 26.87kg N ha* by N;WS; with the
two latter treatments having no significant difference
between them. This shows the effect of medium to
high N application. The importance of a balanced
combination of N and water application is indicated
in this response.

Table 6. Nitrogen derived from fertilizer “Ndff “(kg ha™*) by maize crop as affected by nitrogen fertilization and

water application rate”.

Irrigation water

Nitrogen fertilization (N) (% of the recommended 310 kg N ha?)

(W)

o 100 80 70 100 80 70
e (Y (S 0 I () B (S B (D mean
Stalks + leaves Grains
100 (Wy) 9.24 10.33 10.38 9.98 22.68 18.32 16.84 19.28
80 (W) 6.96 5.77 14.26 9.00 19.64 27.30 21.06 22.67
70 (W53) 12.88 14.96 11.90 13.25 26.87 23.98 19.80 23.55
mean 9.70 10.35 12.18 10.74 23.07 23.20 19.23 21.83

*1. See footnotes of Table 3; 2. Values are averages and no statistical analysis was done.

Recovery of fertilizer N: (Table 7)

The recovery of applied fertilizer N in
grains+stalks+leaves of the maize crop (Table 7)
ranged from 5.63 % by the N;W, treatment to as high
as 16.51 % by the N3W- treatment indicating a high
recovery where the rate of N is low and the water
application is medium. This shows a rather efficient

recovery and low loss under such conditions. A low
recovery 37% of fertilizer N in maize was reported
by Cassman et al. (2002 .The low recovery of
fertilizer N obtained in the current study indicates
possible loss by leaching of N especially and the soil
was sand. Islam et al (2014) noted 45% loss of
fertilizer N applied to a sandy soil under rice.

Table 7. Recovery of fertilizer N applied to maize as affected by N and water application (percentage of

fertilizer N utilized by plant).

Irrigation Nitrogen fertilization (N) (% of a recommended 310 kg N ha')
water (W) 159 go 70 100 80 70 100 80 70
% of ETc of mean mean mean
%588 mehaty  (No) - (N2) - (No) (N1)  (N2)  (N3) (N1)  (N2)  (Ng)
Stalks + leaves grains Grains+ Stalks + leaves
100 (W1) 298 417 478 394 732 739 776 749 1030 1156 1554 12.47
80 (W2) 225 233 657 372 311 1101 995 469 536 1334 1651 11.74
70 (W3) 415 6.03 548 522 867 9.67 912 915 1282 1570 14.60 14.37
mean 3.13 417 561 430 637 569 621 822 616 1353 1555 12.86

See footnotes of Table 3.

Nitrogen use efficiency (NUE): (Table 8):

The lowest NUE (expressed as kg yield per kg
N) was 23.54 for stalks+leaves, and 9.05 for grains
(Table 8); both of which were given by the high

addition. These results assert the importance of
irrigation and fertilization being the major yield-
limiting factors in crop management (Rudnick et al.,
2016).Increasing the efficiency of fertilizers and

water low nitrogen W;iN3 treatment. This irrigation needs rationalization of their inputs
demonstrates a possible high loss of N under a high (Tilman et al., 2002).
irrigation water and a low N presence.
The highest NUE was 59.60 for stalks+leaves,
and 18.61 for grains; both were given by the low
water high nitrogen W3N; treatment. This particular
treatment was among the highest 3 yields of the cop
(see Table 2).
Assessment of NUE:
The high NUE indicates a high positive effect
by low water application combined with the high N
Bio-fertilizers 619
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Table 8: Nitrogen use efficiency “NUE “(kg produce kg* fertilizer N) by maize crop as affected by nitrogen
fertilization and water application rate.

Irrigation water

Nitrogen fertilization (N) (% of a recommended 310 kg N ha?)

(W) 100 80 70 100 80 70
0,
e N (TR B (Y B (Y R (Y R
Stalks + leaves Grains
100 (W1) 26.84 33.47 23.54 27.01 9.29 6.31 9.02 9.31
80 (W2) 33.32 34.74 49.03 36.13 13.40 16.42 15.87 15.23
70 (W53) 59.60 44.03 32.76 39.32 18.61 16.81 16.81 17.41
mean 39.92 37.42 35.11 37.48 13.76 14.28 13.90 13.98
LSD 005 W: 3.88 ;N:3.88 ; WN:6.73 LSD 00s W:1.81; N: ns; WN: ns

Water utilization efficiency (WUE): (Table 9)

WUE by stalks+leaves: The lowest WUE
in Stalks+leaves was 1.11 kg m® by N3W; and the
highest was 2.71 kg m® by N;W; (Table 9).The
second highest was 2.42 kg m® by N3W.. This
indicates that it is the water application which mainly
affects the water use efficiency. Applied N has an
influence too. The high N application enhanced
WUE. The low WUE is associated with the high
amount of applied water while the high WUE is
associated with the low amount of applied water.

WUE by grains: The pattern was rather
similar to that of the WUE in Stalks+leaves. The
lowest WUE in grains was 0.43 kg m® by NsW;
and the highest was 0.84 kg m?® by N;Ws.The
second highest was 0.84 kg m by NoW,. Therefore
the response in terms of WUE is a function of water
application in combination with N addition. Low
WUE was associated with the high water application,
while high WUE was associated with low water
application. Thus the medium application of water
combined with a medium nitrogen gave the highest
WUE.
Assessment of WUE:

The pattern of response concerning WUE
indicates an increase with a low irrigation water

combined with a medium fertilizer N. This is useful
and practical in water and fertilizer management, and
may help in obtaining a sustainable yield of maize.
Gheysari et al. (2018) studied WUE on silage maize
using irrigation at different water depletion stages
and different N rates. They found that a lowest WUE
of 1.38 kg m® was by using a high water stress with
no N addition, while a highest of 1.80 was by using
irrigation with no water stress combined with a
medium N of 200 kg hal. Zegada-Lizarazu et al.
(2012) noted that with low crop canopy, large
fraction of applied water is lost causing low WUE.
Dercas and Liakatas (2007) observed high WUE
towards the end of the growing season of crops.
Morison et al. 2008) mentioned that increasing
application of water does not increase yield unless
the crop transpiration is increased.

Final conclusion of the study:

Attaining the most effective results regarding N and
water use efficiency for maize grown on dandy soils,
there must be a balanced combination of irrigation
water and N rate. Amounts which gave most efficient
results in this study were 5270 m® water and 248 kg
N per hectare (both representing 80% of the official
MALR (2016) recommended rates of both inputs.

Table 9: Water utilization efficiency “WUE” (kg crop yield m™ irrigation water) by maize as affected by N

fertilization and water application rate.

Irrigation water

N fertilization (N) (% of the recommended (310 kg N ha'))

(W)

o 100 80 70 100 80 70
e (Y (X S 0 A () B (S B (D mean
Stalks + leaves Grains
100 (W1) 1.26 1.58 1.11 1.32 0.44 0.45 0.43 0.44
80 (W>) 1.64 1.71 2.42 1.92 0.66 0.81 0.78 0.75
70 (W5s) 2.71 2.01 1.49 2.07 0.84 0.77 0.77 0.79
mean 1.87 1.77 1.67 1.77 0.65 0.68 0.66 0.66
LSD 005 W:0.18 ;N:ns  ; WN: 0.31 LSD o005 W:0.08 ; N:ns; WN: ns

References

Borlaug, N. E. 2003. The green revolution: Its
origins and contributions to world agriculture. J.
Bio-resour. Sci. 4:11-22.

Bruulsema, T.W., Fixen, P.E. and Snyder, C.S.
2004. Fertilizer nutrient recovery in sustainable
cropping systems. Better Crops 88(4):15-17.

Carter, M. R. and Gregorich, E. G. 2008. Soil
sampling and methods of analysis, 2™ Ed.,
Canadian Soc. Soil Sci., Ontario, Canada.

Cassman, K.G., Dobermann, A. and Waters, D.T.
2002. Agro-ecosystems, nitrogen use efficiency,
and nitrogen management. Ambio. 31(2):32-140.

Bio-fertilizers

620


http://www.sciencedirect.com/science/article/pii/S0065211314000133#!
http://www.sciencedirect.com/science/article/pii/S0065211314000133#!

Efficient Use of N and Water for Maize (Zea Mays L.) Crop under Drip Irrigation

Dercas N. and Liakatas, A. 2007. Water and
radiation effect on sweet sorghum productivity.
Water Resour. Manage. 21:1585-1600.

Estefan, G., Sommer, R. and Ryan, J. 2013.
Methods of soil, plant and water analysis: A
manual for West Asia and North Africa regions,
3 ed.,, Int. Center Agric. Res. Dry Areas
(ICARDA), 3" edition.

Fang, Q., Yu, Q., Wang, E., Chen, Y., Zhang, G.,
Wang, J. and Li, L. 2006. Soil nitrate
accumulation, leaching and crop nitrogen use as
influenced by fertilization and irrigation in an
intensive wheat—maize double cropping system in
the North China Plain. Plant Soil 284:335-350.

Gheysari, M., Loescher, H. W., Sadeghi, S.H.,
Mirlatifl, S.M., Zareian, MJ. and
Hoogenboom, G. 2018. Water-yield relations
and water use efficiency of maize under nitrogen
fertigation for semiarid environments:
Experiment and synthesis. Adv. Agron. 147: 175-
229.

Hirel, B., Tétu, T., Lea, P.J and Dubois, F. 2011.
Improving nitrogen use efficiency in crops for
sustainable agriculture. Sustainability 3:1452-
1485.

Islam, M.N., Rahman, M.M., Mian, J.A., Khan,
M.H. and Barua, R. 2014. Leaching losses of
nitrogen, phosphorus and potassium from the
sandy loam soil of old Brahmaputra flood plain
(AEZ-9) wunder continuous standing water
conditions. Bangladesh J. Agric. Res. 39(3):437-
446.

Jin, L., Cui, H., Li, B., Zhang, J., Dong, S. and
Liu, P. 2012. Effects of integrated agronomic
management practices on yield and nitrogen
efficiency of summer maize in North China. Field
Crop Res. 134:30-35.

Ma, B.L., Subedi, K.D. and Liu, A., 2006.
Variations in grain nitrogen removal associated
with management practices in maize production.
Nutr. Cycl. Agro-ecosyst. 76(1):67-80.

MALR 2016. Cultivation and production of maize.
Bulletin 1365: Ministry of Agriculture and Land
Reclamation (MALR), Egypt.

Moeys, J. 2016. The soil texture wizard: R-function
for plotting, classifying, transforming and
exploring soil texture data. Swedish Univ. Agric.
Sci., Uppsala, Sweden.

Morison, J.1., Baker, N.R., Mullineaux, P.M and
Davies, W.J. 2008. Improving water use in crop
production. Philos. Trans. R. Soc. London. B.
Biol. Sci. 363(1491): 639-658.

Mueller, N.D., Gerber, J.S., Johnston, M., Ray,
D.K., Ramankutty, N. and Foley, J.A. 2012.

Closing yield gaps through nutrient and water
management. Nature 490:254-257.

Panda, R.K., Behera, S.K. and Kashyap, P.S.
2004. Effective management of irrigation water
for maize under stressed conditions. Agric. Water
Manage. 66 (3):181-203.

Qian, C, Yu, Y., Gong, X, Jiang, Y., Zhao, Y.,
Yang, Z., Hao, Y., Li, L., Song, Z. and Zhang,
W. 2016. Response of grain yield to plant density
and nitrogen rate in spring maize hybrids released
from 1970 to 2010 in Northeast China. Crop J.
4(6):459-467.

Rudnick, D.R., Irmak, S., Ferguson, R.B., Shaver,
T., Djaman, K., Slater, G., Bereuter, A., Ward,
N., Francis, D., Schmer, M., Wienhold, B. and
van-Donk, S. 2016. Economic return versus crop
water productivity of maize for various nitrogen
rates under full irrigation, limited irrigation, and
rainfed settings in south central Nebraska. J. Irrig.
Drain. Eng. 142(6):1-12.

Shahrokhnia, M.H. and Sepaskhah, A.R. 2016.
Effects of irrigation strategies, planting methods
and nitrogen fertilization on yield, water and
nitrogen efficiencies of safflower. Agric. Water
Manage. 172:18-30.

Sitthaphanit, S., Limpinuntana, V., Toomsan, B.,
Panchaban, S. and Bell, R. W. 2009. Fertilizer
strategies for improved nutrient use efficiency on
sandy soils in high rainfall regimes. Nutr. Cycl.
Agro-ecosyst. 85:123-139.

Tilman, D., Balzer, C., Hill, J. and Befort, B.L.
2011. Global food demand and the sustain-able
intensification of agriculture. Proc. Natl. Acad.
Sci. 108: 20260-20264.

Tilman, D., Cassman, K.G., Matson, P.A., Naylor,
R. and Polasky, S. 2002. Agricultural
sustainability and intensive production practices.
Nature. 418:671-677.

Zahoor, Ahmad, W., Hira, K., Ullah, B., Khan, A.
Shah, Z., Khan, F. A. and Naz, R. M. M. 2014.
Role of nitrogen fertilizer in crop productivity
and environmental pollution. Inter. J. Agri. For.
4(3):201-206.

Zegada-Lizarazu, W., Zatta, A. and Monti, A.
2012. Water uptake efficiency and above- and
below-ground biomass development of sweet
sorghum and maize under different water
regimes. Pl. Soil 351:47-60.

Zhang, X., Chen, S., Liu, M., Pei, D. and Sun, H.
2005. Improved water use efficiency associated
with cultivars and agronomic management in the
north China plain. Agron. J. 97:783-790.

Bio-fertilizers

621


http://www.sciencedirect.com/science/article/pii/S0065211314000133#!
http://www.sciencedirect.com/science/article/pii/S0065211314000133#!
http://www.sciencedirect.com/science/article/pii/S0065211314000133#!
http://www.sciencedirect.com/science/article/pii/S0065211314000133#!
http://www.sciencedirect.com/science/article/pii/S0065211314000133#!
http://www.sciencedirect.com/science/article/pii/S0065211314000133#!
http://www.sciencedirect.com/science/article/pii/S0065211314000133#!
https://www.ncbi.nlm.nih.gov/pubmed/?term=Morison%20J%5BAuthor%5D&cauthor=true&cauthor_uid=17652070
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mullineaux%20P%5BAuthor%5D&cauthor=true&cauthor_uid=17652070
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2610175/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2610175/

Efficient Use of N and Water for Maize (Zea Mays L.) Crop under Drip Irrigation
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