
RESEARCH ARTICLE

Hafiz Mohkum Hammad1,2
& Wajid Farhad3

& Farhat Abbas4 & Shah Fahad5
&

Shafqat Saeed6
& Wajid Nasim1,7,8

& Hafiz Faiq Bakhat1

Received: 6 January 2016 /Accepted: 1 November 2016 /Published online: 8 November 2016
# Springer-Verlag Berlin Heidelberg 2016

Abstract Knowledge of the dynamics of plant nitrogen (N)
uptake at varying irrigation water levels is critical for strate-
gizing increased N recovery efficiency (NRE), water use effi-
ciency (WUE), andmaize yield. The N dynamics were studied
under various irrigation regimes to evaluate NRE, WUE, and
maize yield. A pot experiment was conducted using three
irrigation water regimes (50, 75, and 100% field capacity
(FC)) and four N fertilizer rates (0, 1.6, 3.2, and 4.8 g pot−1)
applied with two fertilizer application methods including foli-
ar and soil applications. The highest plant growth and grain
yields were achieved by application of 4.8 g N pot−1 with
100% FC. Contrarily, the maximum WUE (7.0 g L−1) was
observed by the lowest irrigation water (50% FC) with the
highest N fertilizer rates (4.8 g pot−1). Nitrogen concentration
in the stem and grain was linearly increased by increasing N
fertilizer rates with irrigation water. However, in the root, N
concentration was decreased when the crop was supplied with
100% FC. In plant, maximum N uptake (6.5 mg g−1) was
observed when 4.8 g N pot−1 was applied with 100% FC.
Nitrogen recovery efficiency was increased by increasing N

rate up to 3.2 g pot−1 with 100% FC. Therefore, for achieving
maximum WUE and NRE, the highest water and N applica-
tions, respectively, are not necessary.

Keyword Nitrogen recovery efficiency .Maize .Water use
efficiency

Introduction

Nitrogen (N) and water are the major nutrients that limit plant
growth and are extensively used to enhance crop yields. All
grain crops, such as maize (Zea mays L.), are frequently treat-
ed with large amounts of N fertilizers to obtain optimum yield.
Globally, fertilizer nearly 1011 kg of N year−1 is applied in
agricultural systems (Glass 2003). Nevertheless, agricultural
crops are only able to use 30–40% of this applied N fertilizers
(Raun and Johnson 1999; Ju et al. 2009) leaving the excess in
the environment. High N fertilizer inputs and the extremely
low crop recoveries of fertilizer nutrients (for N, <10%) have
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resulted in significant deterioration of soil and groundwater
quality (Jia et al. 2014). Losses of N fertilizers raise the cost of
crop production and magnify the environmental contamina-
tions. The pollution of water resources by N and other nutri-
ents is a consequence of agricultural crop management when
nutrient input exceeds the quantity consumed by the crops
(Zhu et al. 2005; Gheysari et al. 2009).

Recently, scientific and public concerns have increased and
thus have emphasized on the protection of water bodies from
pollution caused by N leaching from agricultural systems
(Long and Sun 2012; Gholamhoseini et al. 2013). This adds
to the alarming situation when the global agricultural produc-
tion systems are rapidly expanding to meet the increasing
demand of food, fiber, and shelter. In order tomeet the increas-
ing food needs of world population, the most of the farmers
apply additional N fertilizers as a conventional non-scientific
approach without considering environmental hazards (Wei
et al. 2009) and also to combat several abiotic stress like sa-
linity, drought, heat stress, etc. (Fahad and Bano 2012; Fahad
et al. 2014; Fahad et al. 2015a,b,c; Fahad et al. 2016).
Moreover, majority of the farming communities are unaware
about the interaction of N fertilizer with other input sources
under field conditions. Nitrogen use efficiency can be affected
by many other factors including water availability. Nitrogen
application rate response in terms of plant growth depends on
the available irrigation water (Hammad et al. 2015). Research
has shown the importance of N and irrigation water interac-
tions to optimize maize productivity (Eghball et al. 1993).
There is an increasing interest to enhance N productivity using
optimum amount of irrigation water (Makurira et al. 2011;
Ortega et al. 2004).

The plants absorb N through the roots if applied on soil or
through the leaves in case of foliar application. Availability of
N to the plant from soil depends on physiological capacity of
the roots to uptake and assimilate N. The major factors that
affect the capacity of the roots to take up N include soil mois-
ture and texture. While N uptake of plants through foliar is
influenced by the capacity of the leaves to absorb N. Foliar
fertilizer application has the advantage over the soil applica-
tion as the former is radially available to plant and is indepen-
dent on soil conditions (Yildirim et al. 2007). However, higher
doses of N fertilizer may have a damaging effect on leaf struc-
ture (Khan et al. 2002). Wang et al. (2009) proposed that two
aspects may contribute in crop N uptake improvement under
deficit irrigation supply to plants: an extensive plant root sys-
tem for optimum N uptake and an improved N availability in
the soil. Previous studies have shown that growth of the lateral
roots of maize can be stimulated by partial root-zone drying
(Kang et al. 1998) that, in turn, enhances the root surface area
to facilitate enhanced WUE and N uptake. Earlier study also
demonstrated that re-wetting of the dry soil enhances miner-
alization of soil organic N and improve N availability to plants
(Birch 1958). This phenomenon is commonly known as

BBirch effect,^ which has been verified by several experimen-
tal studies (Jarvis et al. 2007; Pereira et al. 2007).

In addition to root surface area, the plasticity of root archi-
tecture is also necessary to increase nutrient acquisition.
Similar to mild water stress, low N availability promotes the
root elongation in maize (Gaudin et al. 2011). While primary
physiological mechanism is still unknown, root growth en-
hances the uptake of plant immobile nutrients, like phospho-
rus and zinc, in maize (Zhu and Lynch 2004; Liu et al. 2004).
The effects of low level of N application on lateral root growth
are controversial. Contradictory findings about role of N in
root growth have been reported by Wang et al. (2004). Tian
et al. (2008) noticed that N stress declined the plant root
growth. However, a study with recombinant inbred lines
(Liu et al. 2008) showed that N stress increased the root
growth. In mature plants, Gaudin et al. (2011) determined that
N stress results in a little increase of the crown roots (by 13%).
In previous studies, it also looks that the effects of N deficien-
cy on root development and growth are specific to the root
types, severity of N stress, and root length (Zheng et al. 2016;
Giehl and Von Wiren 2014; Linkohr et al. 2002).

Optimization of N recovery efficiency (NRE) via better
irrigation and fertilizer management practices is therefore nec-
essary to minimize environmental threats. Nevertheless, im-
proving NRE will also require a well understanding of the
interaction between irrigation regimes and N application
methods. Nitrogen accumulation in maize ranges from 135
to 258 kg N ha−1 (Bundy and Andraski 2005) depending upon
soil and environmental conditions. Maize N requirement is
relatively high due to the higher aboveground dry matter pro-
duction, which acts as a large N sink. Nitrogen uptake is pri-
marily associated with root uptake ability and sink capacity of
the shoots to metabolize the N, which is influenced by plant
growth rate. Hence, maize N uptake is dependent on physio-
logical mechanism occurring in the roots (Henry and Raper
1991) as well as on environmental conditions such as humid-
ity, temperature, and water availability (Scholberg et al. 2002).

Althoughmaize N requirement is high, studies have shown
that NRE is less than 55% (Bundy and Andraski 2005), and it
decreases with an increase in N application rates. In addition
to this, method and timing of N application affects N uptake
efficiency in maize (Subedi and Ma 2005). Nevertheless,
overall NRE of maize seems to be influenced, to a large ex-
tent, by irrigation regimes (Kirda et al. 2005). Nitrogen uptake
efficiencymay be closely related to N uptake characteristics of
the root that is dictated by irrigation practices (Scholberg et al.
2002). Various studies have outlined the effect of N applica-
tion methods and rate on crop N response and yield; however,
relatively few studies elucidated the uptake dynamics and
NRE in maize production systems under different irrigation
regimes (Bundy and Andraski 2005; Kristensen and Thorup-
Kristensen 2004). Extensive literature research did not reveal
an in-depth study to show the interactive effects of various
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irrigation water regimes on root growth and N uptake.
Therefore, the present study was planned with the objectives
to determine the effect of nitrogen application rates and
methods with various irrigation regimes on nitrogen uptake,
nitrogen recovery efficiency, and yield of maize.

Material and methods

Experimental design

To pursue the objective stated above, a pot experiment was
carried out for 109 days at the College of Agriculture Layyah,
Sub Campus Bahauddin Zakariya University Multan, during
2012. A rain shelter erected in a field to prevent the addition of
rainwater to the pot soil and natural air temperature was main-
tained. Two fertilizer application methods, M1 and M2, (foliar
and soil, respectively) and four N fertilizer rates (F1, F2, F3,
and F4) 0, 1.6, 3.2, and 4.8 g pot−1 (equivalent to 0 control,
100, 200, and 300 kg ha−1, respectively) with three FC levels
I1, I2, and I3 (50, 75, and 100% FC, respectively) were used.
Therefore, the experiment was laid out in a completely ran-
domized design with factorial arrangements, and each treat-
ment was replicated five times. The pots (45-cm high with 25-
cm radius from the neck and 20 cm from bottom, surface area
0.16 m2) were used having the capacity of 25.5 kg soil. The
non-sterilized soil was sieved using a 4.5-mm sieve in order to
remove plant roots and other debris. Each of the soil made pot
was uniformly filled with 25.5 kg of dry soil equivalent to
about 20-cm-deep soil layer. The soil was sandy loam and
its properties are given in Table 1. In the bottom of each pot,
a small hole was permitted for excess water to drain out. Three
seeds of the maize hybrid Pioneer 31-R-88 were sown on
July 30, 2012 in each pot. After three leaves emerged, one
vigorous plant was established in each pot. The field capacity
levels were maintained according to the treatments. In each
pot, basal doses of phosphorus and potash at the rates of 2.0
and 1.6 g, respectively (equivalent to 125 and 100 kg ha−1,
respectively), were applied at sowing time while N was ap-
plied according to the treatments. All other agronomic prac-
tices were kept same for all the treatments.

Daily meteorological information (rainfall, maximum and
minimum temperatures) of experimental site during growing
seasons is presented in Fig. 1.

Field capacity

Field capacity levels of each pot were kept as per treatments.
The moisture percentage of soil in each pot was calculated on
daily basis with the help of soil moisture meter (SM 150).
When moisture contents were decreased to 30% of the treat-
ment, then pots were irrigated to maintain FC level according

to the respective treatments. This procedure was continued up
to appraisal of seedlings.

Shoot harvesting

The plants were cut to ground level. Fresh shoot biomass of
each fraction (stem, leaves, and cob) from the each pot was
measured, and representative samples were oven-dried at
70°C until constant weight (Sharkey 1970). The oven-dried
samples were ground and passed through 1-mm sieve and
processed for N content through Kjeldahlmethod as explained
by Houba et al. (1989). Subsequently, the shoot N uptake was
calculated by multiplying the shoot dry matter yield with its N
concentration. Thereafter, NRE was calculated as described
by Shah et al. 2013.

NRE ¼ 100� TNUnð Þ− TNUcð Þ
TNa

� �
; ð1Þ

where TNUn is total N uptake (g plant−1) by the plant from
fertilized pot, TNUc is total N uptake (g plant−1) by the plant
from unfertilized pot, and TNa is total N applied.

Root harvesting and nitrogen uptake

The roots of each plant were separated from soil in order to
determine dry matter yield and N uptake at each 25-day inter-
vals. There were four harvests throughout the growing period,
from the seedling to physiological maturity stage (for details,
see Fig. 2a, b). Two replications were used for root analysis.
After separation from the soil, the root material of each plant
was oven-dried at 70°C until constant weight (Sharkey 1970).

Table 1 Physico-chemical analysis of the soil of experimental
locations

Characteristics of
soil

Values before sowing
of crop

Values after harvesting
of crop

Sand (%) 79 79

Silt (%) 15 15

Clay (%) 16 16

Texture Sandy clay loam

Field capacity
(cm3 cm−3)

0.32 0.36

Wilting point (MPa) 3.36 3.23

Soil pH 7.67 7.75

E.C. (dS m−1) 1.53 1.53

Organic matter (%) 0.76 0.78

Nitrogen (mg g−1) 0.061 0.077

Phosphorous
(mg kg−1)

5.54 5.65

Potassium (mg kg−1) 173.7 172.5
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The dried plant material was weighed and ground to pass
through 1-mm sieve and analyzed for total N content by
Kjeldahl method (Houba et al. 1989). Finally, the root N up-
take of each plant was calculated by multiplying the root dry
matter yield with its N concentration. At maturity, the plants
were harvested for observation of the yields. The samples
were preceded for determining grain yield, and the obtained
yields were converted in t ha−1.

Water use efficiency

Water use efficiency (g L−1) was determined by dividing the
grain yield (g pot−1) with the total water (L) consumed by the
crop (i.e., evapotranspiration) during the season (Latiri-Souki
et al. 1998).

WUE ¼ GY

ET

� �
ð2Þ

The plant’s water consumption in terms of evapotranspira-
tion (ET) of the crop over a growing season was determined

from a water balance formula by calculating the difference in
weight of the pots with their plants and soil, and the mass of
water added to them.

Statistical analysis

The effects of N fertilizer rate, fertilizer application methods,
and deficit irrigation on the studied variables were analyzed
by ANOVA using the SAS statistical software (SAS Institute
2004). The least significant difference (LSD) test was used for
comparing treatment means when the F-values were
significant.

Results

The fertilizer application methods and rates significantly af-
fected the production of plant’s above ground biomass. The
plant attained the highest leaf and stemweight (17.5 and 143 g
plant−1, respectively) by the application of soil N fertilizer
(Table 2). A significant interactive effect of irrigation regimes
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and N fertilizer rate was recorded on leaf and stem weight.
Table 2 shows that leaf and stem biomass were significantly
(P < 0.0002 and P < 0.001, respectively) affected by the irri-
gation regimes and by the N fertilizer rates. Normal irrigation
regime (I3) with maximum N fertilizer application rate (F4)
yielded the highest leaf and stem weight (23.8 and 179 g
plant−1, respectively).

Significant difference in grain weight was found across
both the foliar and soil N fertilizer application methods. The
soil N application methods resulted in higher grain weight
(5.8%) than foliar N application. Irrigation regimes and N
fertilizer application rates showed significant interactions for
grain weight. The maximum grain weight (98.9 g plant−1) was
achieved by normal irrigation regime (I3) and the highest N
fertilizer rate (F4). The grain weight was significantly associ-
ated with plant root weight and total dry matter production
with R2 = 0.95 and 0.98, respectively (Fig. 3a, b).

Plant root weight was significantly (P < 0.0001) affected
by N fertilizer application method. The plant attained higher
root weight (11.1 g plant−1) when N fertilizer was applied by
soil application method. Significant interactive effects of irri-
gation regimes and N fertilizer rates were found. The treat-
ment I1 × F3 statistically attained the maximum root weight
(16.5 g plant−1). A linear increase in root weight was attained
by increasing N fertilizer; however, it was decreased when the
plants were subjected to normal irrigation (I3). The same trend

was observed for WUE. The maximumWUE (7.3 g L−1) was
obtained at 50% field capacity (I1) with application of maxi-
mum N fertilizer. The WUE was decreased by increasing the
field capacity level.

The concentration of N in the root was significantly affect-
ed by N fertilizer rates (Fig. 2a) and irrigation regimes
(Fig. 2b). Generally, N concentration in the root was higher
at early growth stages and decreased at maturity. Similarly, N
concentration in the roots was decreased with increases in
irrigation water/FC levels. However, it was significantly en-
hanced by increasing fertilizer rates equivalent to
300 kg N ha−1 (Fig. 2b). Nitrogen concentration in the stem
(including the leaves and cob husk), grain, and root at maturity
was significantly higher (15.9, 15.7, and 10.7 mg g−1, respec-
tively) in the treatments of soil N application. Neither irriga-
tion regimes nor N fertilization rate had a significant effect on
N concentration in the stem (Table 3).

Irrigation regimes and N fertilizer application significantly
influenced N concentration in the grains. It was linearly cor-
related in the grain by increasing both nutrients. Contrary, in
the root, N concentration was significantly decreased by in-
creasing FC level. However, its concentration was linearly
increased in the roots with increases in N fertilizer dose, and
the maximum N concentration (14.1 mg g−1) in the roots was
achieved in the treatment (I1 × F4). Table 3 shows the effect of
N on total N uptake by maize plant. The plant accumulated

Table 2 Effect of nitrogen
application methods, rate and
irrigation regime on plant growth,
and water use efficiency of maize

Factor Leaf weight
(g plant−1)

Stem weight
(g plant−1)

Grain weight
(g plant−1)

Root weight
(g plant−1)

Water use
efficiency (g L−1)

M1 14.1 ± 4.3 126 ± 27.5 68.0 ± 13.9 15.7 ± 3.9 5.3 ± 1.1

M2 15.16 ± 4.1 138 ± 24.3 71.4 ± 13.7 17.6 ± 4.3 4.1 ± 1.2

Significance <0.0003 <0.003 <0.001 <0.0001 <0.0002

LSD 0.28 5.7 1.5 0.29 0.12

I1F1 7.0 ± 1.5 87 ± 8.1 45.1 ± 3.0 7.8 ± 1.2 4.3 ± 0.44

I1F2 11.2 ± 1.2 104 ± 15.2 56.6 ± 2.6 12.3 ± 0.7 5.4 ± 0.60

I1F3 16.0 ± 1.3 118 ± 12.6 63.2 ± 3.6 16.8 ± 1.3 6.3 ± 0.55

I1F4 18.3 ± 1.8 135 ± 9.7 73.2 ± 4.2 18.7 ± 1.3 7.1 ± 0.54

I2F1 10.6 ± 1.6 109 ± 12.6 55.4 ± 1.8 11.4 ± 1.4 3.6 ± 0.28

I2F2 13.6 ± 1.7 135 ± 7.4 66.6 ± 2.5 14.9 ± 1.0 4.5 ± 0.20

I2F3 16.5 ± 1.2 148 ± 8.8 78.3 ± 4.6 18.6 ± 1.4 5.1 ± 0.29

I2F4 18.9 ± 1.4 152 ± 8.4 87.4 ± 3.3 20.9 ± 1.1 5.4 ± 0.24

I3F1 11.1 ± 2.2 126 ± 9.4 62.8 ± 5.1 14.0 ± 1.8 3.1 ± 0.25

I3F2 13.7 ± 1.1 145 ± 9.0 74.0 ± 3.1 18.1 ± 1.9 3.7 ± 0.10

I3F3 18.5 ± 1.7 158 ± 6.0 83.1 ± 2.1 21.9 ± 1.7 4.1 ± 0.07

I3F4 20.5 ± 1.5 166 ± 5.9 90.5 ± 2.0 24.7 ± 2.2 4.4 ± 0.10

Significance <0.0002 <0.007 <0.007 <0.0004 <0.0001

LSD 0.8 5.3 2.2 0.53 0.10

Values are given as means ± standard error of the means (n = 4)

M1 foliar nitrogen application,M2 granular nitrogen application, I1 50% field capacity level, I2 75% capacity level,
I3 100% capacity level, F1 0 kg N ha−1 , F2 100 kg N ha−1 , F3 200 kg N ha−1 , F4 300 kg N ha−1 , LSD least
significant difference
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significantly higher N (3.9 mg g−1) when N fertilizer was
applied by granular method. Total N uptake increased by in-
creasing FC from 50 to 100% and N fertilizer level. The plant
N uptake was maximum (6.5 mg g−1) by the treatment I1 × F4,
and it was decreased at lower FC and lower N fertilizer rate.
Total plant N uptake was significantly and positively correlat-
ed (R2 = 0.96) with grain weight.

Nitrogen recovery efficiency was significantly influenced
by N fertilizer application methods. The soil N application
method resulted in maximum NRE (55.3%). The FC level
significantly increased NRE; however, NRE beyond
200 kg ha−1 of the plant was significantly decreased. The
treatment I3 × F3 has the maximumNRE (83.4%) in the study.

Discussion

Plant growth rate is measured by its ability to capture nutrients
and other resources and convert these into biomass (Hammer
et al. 2009). Plant leaves are determinate organs, which work
as the main photosynthetic structure of land plants (Piazza
et al. 2005). In the present experiment, the plant leaf weight
was significantly influenced by irrigation regimes and N

fertilizer application levels. Similar trend was observed in
the plant stem and grain weights as both are driven by leaf
growth rate as leaf response quickly to changing input and
environmental conditions (Wahid et al. 2007). Similarly,
maize root and shoot ratio is a character often used to estimate
root biomass when shoot biomass is determined or estimated
(Amos and Walters 2006). The results showed that maize root
growth and N uptake synchronized with shoot development.
These evidences support the fact that the maize plants that
have higher total leaf weight do produce higher root biomass
because the N fertilizer presence in soil results in growth of
plant dry matter controlled by the plant’s leaf area index (Hirel
et al. 2007).

Studies have demonstrated that a low level of field capacity
can potentially increase WUE (Dodd 2009). In agreement with
this, the results of the present study (Table 3) also revealed that
WUE was higher for plant grown at low FC level. The possible
reason behind the increased WUE may be the mycorrhizal asso-
ciation that increases plant water uptake (Kaya et al. 2003).
Similarly, Liu et al. (2015) concluded that popular plants in as-
sociation with mycorrhizae showed better water uptake and
WUE under drought conditions. Besides improving crop
WUE, studies on other crops have demonstrated that lower field
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capacity level can also significantly increase plant N nutrition
(Wang et al. 2009, 2010). Our results illustrate that across the
four N fertilization rates, N acquisition in the plant was higher at
lower FC level that was further enhanced by increasing N fertil-
izer rate.When the plants were subjected towater deficit, the root
weight was significantly increased, which resulted in a large
amount of N accumulation in plant roots. Gao et al. (2015) re-
ported that when maize plant received low N fertilizer with def-
icit irrigation, N uptake by the plant was significantly decreased
and shoot N concentration was reduced. The reduced shoot N
concentration inhibits the shoot growth, while the root dryweight
increases as it has been reported that root shoot ratio is controlled
by shoot N concentration (Andrews et al. 2006). Contrary to this,
low N application reduces the root length in plants (Gaudin et al.
2011). The results of present study also showed that low
N application reduced the root dry weight. These results
are in agreement with the findings of Tian et al. (2008).
Under low N application, the decline in the root weight
and increase in root N concentration suggest that the
roots had sufficient N (Gao et al. 2015); therefore, it
is hypothesized that root response to exterior N fertilizer
is controlled by a long-distance shoot-to-root signal
through phloem showing shoot N status (Forde and
Lorenzo 2001; Zhang et al. 2007).

In the present study, a low N treatment with optimum
irrigation water reduced the root dry weight; hence, wa-
ter and N fertilizer showed antagonistic effects. The
results are supported by the previous findings that under
water-limited conditions, the amount of N required to
obtain optimum plant growth fluctuates and it could be
adjusted accordingly (Hammad et al. 2015). Similarly, It
has been reported that plants grown at optimum water
availability have larger root surface area and amplified
rooting depth, which are critical for N uptake from the
wider and deeper root zone (Kang and Zhang 2004;
Wang et al. 2009). Hence, crop N uptake is facilitated
through optimum irrigation so enhanced N use efficien-
cy and WUE may be attained simultaneously (Wang
et al. 2010).

Changes in grain’s N concentration were controlled by the
N fertilization rates and irrigation regimes. To achieve the
maximum grain yield, optimum N fertilizer with normal irri-
gation water is required. It was observed that grain yield was
strongly correlated with total dry matter production but that
the increases in plant total dry matter did not correlate with N
uptake for the maize (Ciampitti and Vyn 2011). Similarly,
many researchers reported increased N concentration in the
grains where plants were grown with non-limiting N fertilizer

Table 3 Effect of nitrogen
application methods, rate and
irrigation regime on plant
nitrogen uptake, and nitrogen use
efficiency of maize

Factor Nitrogen
concentration in
the stem (mg g−1)

Nitrogen
concentration in
the root (mg g−1)

Nitrogen
concentration in
the grain
(mg g−1)

Total
nitrogen uptake
(g pot−1)

Nitrogen
recovery
efficiency
(%)

M1 14.3 ± 4.2 10.2 ± 2.5 13.6 ± 6.5 3.24 ± 1.5 48.6 ± 30.5

M2 15.9 ± 4.5 10.7 ± 2.8 15.7 ± 7.2 3.9 ± 1.6 55.3 ± 33.3

Significance <0.003 <0.027 <0.0001 <0.0003 <0.008

LSD 0.85 0.49 0.63 0.22 4.3

I1F1 8.1 ± 1.0 7.3 ± 1.5 8.4 ± 0.9 1.2 ± 0.21 –

I1F2 11.3 ± 2.3 9.0 ± 1.0 11.6 ± 1.5 2.1 ± 0.40 54.7 ± 15.0

I1F3 15.7 ± 1.5 12.5 ± 1.3 13.2 ± 1.9 3.2 ± 0.51 61.0 ± 11.1

I1F4 17.4 ± 0.8 14.0 ± 1.4 14.6 ± 1.7 4.0 ± 0.43 58.3 ± 6.15

I2F1 9.9 ± 2.0 7.7 ± 1.0 9.8 ± 0.9 1.8 ± 0.36 –

I2F2 12.8 ± 2.0 8.7 ± 0.7 13.2 ± 1.1 2.9 ± 0.38 68.2 ± 9.9

I2F3 16.5 ± 1.4 11.5 ± 1.4 15.7 ± 1.2 4.2 ± 0.49 73.3 ± 8.1

I2F4 19.5 ± 1.4 14.0 ± 1.5 18.7 ± 1.9 5.3 ± 0.54 72.0 ± 7.7

I3F1 12.6 ± 0.7 7.5 ± 0.7 12.8 ± 1.6 2.6 ± 0.32 –

I3F2 15.2 ± 2.1 8.9 ± 0.9 16.0 ± 1.8 3.8 ± 0.52 69.9 ± 14.3

I3F3 22.3 ± 2.0 10.7 ± 1.4 19.7 ± 2.2 5.3 ± 0.65 83.4 ± 13.0

I3F4 26.6 ± 1.8 13.5 ± 1.7 21.8 ± 1.5 6.5 ± 0.57 79.9 ± 8.35

Significance <0.82 <0.016 <0.006 <0.0001 <0.03

LSD 1.4 0.78 1.2 0.27 9.3

Values are given as means ± standard error of the means (n = 4)

M1 foliar nitrogen application,M2 granular nitrogen application, I1 50% field capacity level, I2 75% capacity level,
I3 100% capacity level, F1 0 kg N ha−1 , F2 100 kg N ha−1 , F3 200 kg N ha−1 , F4 300 kg N ha−1 , LSD least
significant difference
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supply (Uhart and Andrade 1995; Gooding et al. 2007).
Nitrogen recovery efficiency might be improved with opti-
mum irrigation regimes; however, it did not increase linearly
by enhancing N rates. In the study reported here, the low level
of N was resulted in higher NRE. Ciampitti and Vyn (2011)
anticipated that high levels of NRE are closely associated with
the plant root weight and activity. In the study reported by
Ladha et al. (2005), the NRE was around 70% with lower
dose of N applied with overall average of 45%. In our re-
search, NRE was 83.4% with medium N application rate with
optimum irrigation water. In general, the maximum values for
NREmight be achievedwith the use of lowN rates warranting
the amount of irrigation water supplied and the environmental
conditions.

Maize shoot and root growth is highly dependent on irri-
gation water and N fertilizer application. Nitrogen concentra-
tion in plant is also driven by irrigation water and N fertilizer
application method and rates. Accordingly, the irrigation wa-
ter and N fertilizer are the major inputs for improving crop
productivity. Application of low field capacity irrigation and
low nitrogen fertilizer rates improves water use efficiency and
NRE simultaneously. By optimizing irrigation water, N could
be used more efficiently.
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