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EFFECT OF IRRIGATION FREQUENCY ON SOIL WATER CONTENT
AND SOLUTE MOVEMENT UNDER MAIZE CROP

IN CALCAREOUS SOILS
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A Iysimeter study was conducted during 1997-2000 at green house of Soil Chemistry Section, Ayub
Agricultural Research Institute, Faisalabad to assess the effect of varying irrigation frequencies on soil
moisture contents, leaching of solutes, yield, water use efficiency (WUE) and N uptake by maize (Zea
mays L) in fully controlled and monitored conditions. Three irrigation levels 3 (11), 4.5 (12) and 6 (13) acre
inches were applied in permanently constructed cemented Irsimeters having dimensions 4 x 4 x 4 feet.
Recommended dose of N, P20S and K20 @ 75-60-60 kg ha was applied in form of Urea, SSP and SOP
respectively. Soil samples were collected before each irrigation to determine the actual moisture contents
and solute (N03- & N02-) movement at various profile depths (i.e.0-15, 15-30, 30-60,60-90, 90-120 cm).
The Results revealed that after each irrigation no leachate was obtained at the bottom of each Iysimeter
which clearly indicated that there is no any pollution/leaching threat from agricultural chemicals like N03·

Soil analysis data showed that moisture contents and N03-N concentration in profiles increased with
increasing depths but this increase is not enough to leach down the water through the soil profile. Maize
was harvested 61 days after transplanting. Fodder yield and N uptake of maize was significantly affected
by irrigation levels during 1997-98 and 1998-99. WUE of the crop was statistically non-significant during
1997-98 but during 1998-99 significantly higher WUE was recorded at irrigation frequencies of 11 and 12
than 13
Key words: Irrigation frequency, water content, solute movement, calcareous, soil, maize.

INTRODUCTION

Some researchers suggest that the adoption of best
management practices (BMP'S) like modifications in
soil tilth, reduction in irrigation depth and splitting of
fertilizer doses would avert pollution problem (Sial et
al., 1997). Irrigation can reduce the rooting depth of a
crop (Gajbhiye et aI, 1990). Frequent irrigation resulted
in shallow root development with most water use
occurring in the upper 0.4 m of the soil, and that depth
of water extraction increased with plant age and with
less frequent irrigation (Myers et al., 1984). Of the
various combined forms of nitrogen present in soils, or
added as fertilizer, only the nitrate ion (N03-) is leached
out in appreciable amounts by water passing through
the soil profile (Wild, 1988). Thus nitrate in the soil
solution is displaced downwards by rainfall or irrigation
water and if sufficient water is added it can be carried
beyond the root zone and eventually to ground water.
Fertilizer N applied to the soil surface is susceptible to
surface runoff (Randall 'and Iragavarapu, 1995) or
leaching to ground water through the soil profile
(Weeds and Kanwar, 1996). The quantity of N03-

leached from soil directly relates to the drainage
volume (Borin et al., 1998) and controlled irrigation can
markedly reduce N03- losses through leaching (Burt

and Trudgill, 1993). The amount of water available to a
crop depends both on the amount stored in the soil
profile at planting and the precipitation during the
growing season as well as any irrigation applied
(Heitholt, 1989).
In Pakistan, Niaz et al., (2003, 2004) reported that due
to less N fertilizer use and the quantity of irrigation
water being applied (7.5 cm), there is no chance of
groundwater pollution from N03 leaching because the
rainfall in Pakistan is very low, and irrigation water is
not available in excess, so the groundwater pollution
due to N03- leaching is limited. The description of
water movement under these conditions is being
developed, but a detailed analysis of solute transport is
still lacking. However, the increased use of N fertilizer,
increasing cost of fertilizer and public concern about
N03 contamination of groundwater necessitate
assessing the effect of irrigation levels on N03

movements. Keeping in view these aspects, the
objectives of this study were to assess the effect of
varying irrigation frequencies on soil water content,
leachinq of solutes, yield response, water use
efficiency (WUE) and N uptake by maize crop (Zea
mays L) under calcareous nature of Pakistani soils in
fully controlled and monitored conditions.
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MATERIALS AND METHODS

This study was conducted at Soil Chemistry Section,
Ayub Agricultural Research Institute, Faisalabad during
1997-2000. Maize crop was sown in permanently
constructed cemented Iysimeters having dimensions 4
x 4 x 4 feet (Figure 1). Lysimeters were filled with clay
loam soil (disturbed soil column). Three irrigation levels

Wcttll\8 zone
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3 (11), 4.5 (12) and 6 (13) inches were applied to maize
crop. The standard practice of irrigation level (used by
farmers) is about 3 inches. Before sowing of maize
crop soil samples were taken from each Iysimeter plots
to analyze the physico-chemical properties of soil. A
composite soil sample was analyzed for ECe
(Rhoades, 1982), pHs (McLean, 1982), organic matter
(Nelson and Sommers, 1982), total soil N (Keeney and
Nelson, 1982) and particle size analysis (Gee and

Bauder, 1986 ) (Table 1). The treatments were
replicated thrice in a completely randomized design.
Meteorological data was recorded at the observatory of
Plant Physiology Section, Ayub Agricultural Research
Institute, Faisalabad. The recommended dose of N,
P20S and K20 was applied @ 75-60-60 kg ha' for
maize crop. Nitrogen as urea was applied in two splits
at sowing and with 1st irrigation to maize, P as single
super phosphate and K as sulphate of potash were
applied at sowing. All possible plant protection
measures were taken during the crop-growing season.
The soil samples were taken before each irrigation and
after harvest for the determination of moisture contents
and N03 movement in soil profiles.
The crop eva po-transpiration (ET) was calculated by
multiplying potential eva po-transpiration (ET p) by the
crop co-efficient, Kc0 (Jensen and Stetter, 1965).
ET = KC0 x ETp

The crop co-efficient, Kc for each crop varies with
growth stage (Ahmed et aI., 1987). The potential
evapo-transpiration (ET p) was calculated by the
following formula (Hargreaves and Samani, 1985).
ET p = 0.0023 X RA x TDY, (Tc + 17.8), in which
ETp = Average potential evapo-transpiration (mm/day)
RA = Extra terrestrial radiation (mm/day)
TD = Av. Maximum temperature-Avo Minimum

temperature (0C)
Tc = (Tmax + Tmini) I 2
Crop ET was divided by field application efficiency of
0.7 for working out irrigation requirements (Ahmed et
aI., 1987). The depth of irrigation water was converted
into the time of water application by continuity
equation. Two crops of maize were taken during 1997-
2000. Maize was sown at uniform moisture level (field
capacity or locally known as Rauni). After germination,

Table 1. Physico-chemical characteristics of Iysimeter soil before sowing of maize.

Characteristics Unit
Soil depth (cm)

0-15 15-30 30-60 60-90 90-120
Saturation Percentage % 35.6 35.5 35.6 35.4 35.1

Moisture content % 14.0 13.5 12.0 13.5 14.5

PHs - 7.65 7.65 7.60 7.65 7.65

ECe dSm-1 1.07 1.15 1.09 1.12 1.15
Total N % 0.037 0.038 0.035 0.034 0.033
CaC03 % 4.52 4.40 4.50 4.45 4.50

O.M. % 0.85 0.87 0.82 0.80 0.76

P mg kg-1 8.45 8.40 8.90 8.80 8.70

K mg kg-1 149 148 142 146 147
N03- N mg kg-1 10.40 10.60 9.80 9.60 8.30
Textural class - Clay loam
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all plots were irrigated with measured quantity of water
as mentioned above as 11, 12 and 13 irrigation
frequencies by following the continuity equation.

qt = 28 ad
Where, q = discharge of water in Llsec; t = Time
required to irrigate the plot area in hours; a = Area
irrigated in hectares; and d = Depth in cm
The uniform irrigation of 3" was applied to all treatment
plots as rauni and then three irrigation levels 3" (Id,
4.5" (12) and 6" (13) were applied to maize crop. Before
each irrigation, gravimetric water content/moisture
content was determined for each depth (Lowery et aI.,
1996). Soil N03-N contents were determined by using
the method described by Keeney and Nelson, 1982.
The plant samples of maize were collected at
tasselling, digested in double acid (HN03 - HCI04) and
analyzed for total N contents (Tecator, 1991). Nitrogen
uptake by maize fodder was computed by the following
formula.
N uptake = % N x yield
Maize yield was taken at tasselling by harvesting the
whole micro-plot (Iysimeter) and WUE of maize was
calculated by using the formula.

WUE = Yield! Irrigation water applied
Data was analyzed statistically by using the method of
Gomez and Gomez (1984).

RESULTS AND DISCUSSIONS

The soil in Iysimeters was alkaline in reaction, free
from salinity and sodicity, clay loam in texture with very
low in organic matter and total nitrogen contents.

Effect of irrigation frequencies on maize fodder
yield and N uptake

The results in table 2 showed that the effect of
irrigation levels on maize fodder yield and N-uptake
was significant during 1997-98 and 1998-1999. Highest
yield was found at 13 (6.20 kg plot") as compared to 11
and 12 (3.10 and 4.90 kg plot", respectively) during
1997-98. This trend persistent during next year and
fodder yield of maize was 3.80 kg plot" for 11, 5.36 kg
plot" for 12 and 5.90 kg plot" for 13. Almost similar
behavior was observed for N-uptake. The reason could
be that excessive loss of moisture due to evapo-
transpiration during summer was compensated by
heavy irrigation (6"). Kanwar (1998) reported that the
effect of increasing irrigation level was not significant
but yield was higher with heavy irrigation levels. These
results about maize fodder yields were in accordance
with Koenig and Pan (1992). According to other
scientists, more irrigation frequencies resulted in more
availability of water for plant absorption and better
metabolic activity resulting in higher dry matter yield
(Gajbhiye et al., 1990).

Table-2. Effect of irrigation levels on maize fodder
yield and N uptake.

Year Irrigation Fodder yield Total N
levels (kg plot") uptake (g

plot")
3" (11) 3.10 B 6.67 B

1997-98 4.5" (12) 4.90 AB 11.69 AB
6" (13) 6.20 A 13.76 A
3" (11 ) 3.80 B 13.44 B

1998-99 4.5" (12) 5.36 AB 20.42 AB
6" (13) 5.90A 22.40 A

Means followed the same letter (s) in rows and columns are
not significantly different at p<O.05

Water application with light and frequent irrigations
(Sheaffer et aI., 1988) was more advantageous than
heavy irrigation (Weeds and Kanwar, 1996). Kanwar
(1998) conducted similar kind of research on maize
crop and he quantifies the effects of physical properties
on N03-N transport through soil profiles. His findings
also supported the present study.

Effect of irrigation levels on soil water contents

Soil water content increased by increasing soil depth
and also with increasing irrigation levels during both
years (1997 -98 &1998-99). Figure two and three
showed that soil moisture contents at 0-15 cm depth
was about 10-12 % at 11, 12 and 13 irrigation
frequenciesllevels (Gardner, 1986; Brown and
Oasterhuis, 1992), while water content increased
gradually with depth and highest water contents were
observed at 90-120 cm depth in both years that ranged
from 15-16 % for 11, 12 and 13 irrigation frequencies!
levels (Sheaffer et al., 1988). Results revealed that
before 1st and 2nd irrigations more moisture contents
retained in soil and it increased by increasing depth at
11, 12 and 13 treatment. Nevertheless, before 3rd

irrigation, evapo-transpiration rate is high and crop
water requirement is more, therefore less moisture
contents retained in the soil profiles at all the irrigation
levels. When higher irrigation amounts were applied to
plots than more moisture contents retained in soil
(Gardner, 1986). Soil profile analysis showed that as
irrigation depth and soil profile sampling depth
increased, the moisture retention in soil profiles
increased (Brown et el., 1992).

Effect of irrigation levels on water use efficiency
(WUE)

Irrigation water use efficiency (WUE) values were
determined on the basis of total irrigation water applied
throughout the growing season, and the formula is
yield divided by seasonal irrigation water applied (mm).
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Table 3. Amount of irrigation water applied, rainfall and water use efficiency of maize crop.

Year Treatment
Irrigation amount Rainfall Total amount WUE

applied(mm) (mm) (mm) (g mm" )

3" (11) 225 195.4 420.4 7.37 NS
1997-98 4.5" (12) 338 195.4 533.4 9.26

6" (13) 450 195.4 645.4 9.61
3" (11 ) 225 34.6 259.6 14.64 A

1998-99 4.5" (12) 338 34.6 372.6 14.38 A

6" (13) 450 34.6 484.6 12.18 B

Means followed the same letter (s) in rows and columns are not sianificantlv different at 0<0.05.

WUE = Yield
Irrigation water applied

Results revealed (Table 3) that maximum water use
efficiency was obtained from treatment 11 where we
apply irrigation water at the rate of 3 inches per acre.
The results revealed that WUE was statistically non-

significant during 1997-98 while in 1998-99, WUE at 11
level was significantlr higher than 12 and 13 levels. WUE
in 11was 7.37 g rnrn plot", While in 1998-99 WUE in 11

was 14.64 g mm" plot". WUE decreased as irrigation
levels increased. Heitholt (1989) also studied water
use efficiency and dry matter distribution in nitrogen
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and water stressed winter wheat and visual
quantification of wheat development. Myers et aI.,
(1984) reported the Response of grain sorghum to
varying irrigation frequency and evapo-transpiration,
WUE and root distribution of different cultivars, and he
found that varying irrigation levels had significant effect
on WUE and root distribution.

Effect of irrigation levels on N03 movements in soil
profile

The effect of irrigation levels on N03-N distribution in
the soil profile after maize is presented in Figure-3. The
mean N03-N content did not differed among depth
during both the years (1997-98 and 1998-99). The

30 35 4

N03-N contents increased with the increase of
sampling depths. It was the highest at 60-90 cm depth
interval and then it decreased or remained constant.
The data showed that in 13treatment, 11 mg kg-1N03-N
was found at surface soil (0-15 cm) and than it
increased up to 120 cm depth (13 mg kg-'). The mean
N03-N contents for sampling depth ranged from 10-11
mg kg-1 and for irrigation level ranged from 9-12 mg kg-
, during 1997-98 and 10-13 mg kg"' for sampling depth
and for irri~ation frequencies/level, it ranged from 10-
14 mg kg- during 1998-99. Kanwar (1998) conducted
similar kind of research on maize crop and he
quantifies the effects of physical properties on N03-N
transport through soil profiles. He also found that tillage
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systems and crop rotations had significant effect on
N03-N leaching/transport through soil profiles. Jemison
et al., (1994) studied N03 leaching from N-fertilized
and manured corn in Iysimeters and his results
revealed that N03-N concentration in leachate was
above the drinking standards of 10 mg N03-N L-

1
.

However, the N03-N increased up to 60-90 cm depth
and thereafter it decreased or remained constant. This
was supported by soil water content determined at the
time of irrigations. The soil water content were 10 % for
11 and 18-20 % for 12 and 13. During the study period, no
leachate was obtained after the irrigation application
for both crop seasons. Therefore, there is no possibility
of ground water contamination due to nitrates.

CONCLUSIONS

This study concluded that irrigation frequencies
significantly increased the soil water with depth, WUE,
yield and solutes movement but this movement does
not reached to 120 cm depth. Moreover, no leachate
was obtained after each irrigation from Iysimeter plots.
This study also concluded that under normal irrigation
and existing fertilizer application practices there is no
threat of nitrate pollution in Pakistan.
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