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Influence of irrigation regimes and nitrogen levels on root
density, nutrient uptake and grain yield of August sown hybrid

maize (Zea mays L.)

B GURPREET SINGH AULAKH, KRISHAN KUMAR VASHIST AND S.S. MAHAL

SUMMARY

A field experiment was conducted at Punjab Agricultural University Ludhiana, during late Kharif 2009-10 to study the effect of
different irrigation regimes (IW/CPE ratio 0.50, 0.75, 1.00 and 1.25) and nitrogen rates (100, 125, 150 and 175 kg N ha) on root
growth, nutrient uptake and yield of August sown hybrid maize. The irrigation regimes | . (3 irrigations) and I, (3 irrigations)
produced the grain yield of 83.1 and 81.2 g ha', respectively, which was significantly higher than the grain yield observed under |
(2irrigations) and | | (1 irrigation). Root density was higher in surface soil layersi.e., 0-15 and 15-30 cm soil profile under adequate
irrigation regimes (1, ,. and I, ) which was statistically at par with each other but reverse trend was observed in deeper layers where
root density was higher under deficit irrigation regimes. Nutrient uptake by maizei.e. N, P and K was also higher at higher irrigation
regimes. Among nitrogen rates, N, and N __ being statistically at par with each other gave significantly higher grain yield over N,
and N, . Similar trend was observed for root density in different soil layers. Total N, P and K uptake was also higher at N, which
was significantly higher than other nitrogen levelsin case of total N and P uptake whereas it was statistically at par with N, in case
of total K uptake.
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aize (ZeamaysL.) isone of themost versatile crops

M and can be grown in diverse environmental
conditions and has diversified uses as human food

and animal feed. Besidesits use as food and fodder, maizeis
now gaining importance on account of its potential uses in
manufacturing of starch, resins, syrups, ethanol, etc. It has
got immense potential and is ,therefore, called as ‘miracle crop’
and as queen of cereals. Maize being aC, plant is an efficient
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convertor of absorbed nutrients into food (Srikanth et al.,
2009).

The uptake of nutrients and their distribution to different
parts of the maize plants have been found to be vary primarily
withfertility of the native soil, application of chemical fertilizers,
the growth stage of the plant and the environmental
conditions. There is also a close relationship between soil
moisture and nutrient availability. It isgenerally believed that
the greatest benefit from fertilizer application can be derived
under irrigated conditions, where water supply isleast likely
to limit nutrient uptake (Hussaini et al., 2008). Since nutrient
uptakeisclosely linked to water soil status, it is expected that
adeclinein available soil moisture might decreasethe diffusion
rate of nutrients from soil matrix to roots (Ibrahim and Hala,
2007). Thelevelsof soil moisture supply or soil moisture stress
exerted considerable influence on the efficiency of water use
and also upon nutrient uptake and growth of the maize plant.
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Soil moisturethus, hasastrong influence on the accumulation
of mineral nutrients in the plant. So, the adequate supply of
irrigation water and nitrogen are the two main factorsaffecting
directly the growth and productivity of maize plants.

Nitrogen is the most limiting factor of all the essential
plant nutrientsin Punjab soilsowing to their low organic carbon
content (Benbi and Brar, 2008) and most of the work on
irrigation isbased on critical stagesor soil moisture depletion
approach without taking into consideration of climatic
parameters. Concept of IW/CPE ratio incorporatesthe climatic
factorsinto consideration while scheduling the irrigation and
has been found to be areliable, economical and practical basis
for scheduling irrigation (Prihar et al., 1976). Thisapproachis
based on the ratio between fixed depth of irrigation water
(IW) and net cumul ative pan evaporation (CPE) since previous
irrigation (CPE minusrainfall). Hence, an attempt wasmadeto
study the effect of different irrigation regimes and nitrogen
levels on the root density, nutrient uptake and grain yield of
August sown hybrid maize.

MATERIAL AND METHODS

The field experiment was conducted at Department of
Agronomy, Punjab Agricultural University, Ludhiana (30°54'N
latitude and 75°48'E longitude at an altitude of 247 metres
abovethe mean sealevel) during late Kharif 2009-10.

Soil and climate of experimental site:

The soil of experimental site wasloamy sand with 0-180
cm soil profile’s 0.3 and 15 bar values of 44.17 and 10.52 cm,
respectively with available water of 33.65 cm. The soil pH,
electrical conductivity, organic carbon, available N, P and K
were 8.0, 0.21 dSm%, 0.15 per cent, 185.6 kg ha?, 13.9 kg ha?
and 154.6 kg ha, respectively. The site has been characterized
by sub-tropical and semi-arid climate with average rainfall of
705mm.

Treatmentsand experimental design :

The experiment was laid out in split plot design with
four replications. Four irrigation regimes viz., IW/CPE ratio
0.50 (I,,), 0.75(I,5), 1.00 (I, ) and 1.25 (I ) with 7.5cm
depth of water were assigned to the main plots and four
nitrogen levelsviz.,100, 125, 150 and 175 kg N ha’constitued
the subplot treatments.Nitrogen was applied as per treatments.
Phosphorus, potassium and zinc sulphate were applied @ 60,

30 and 25 kg ha, respectively asrecommended in the Punjab
state (Anonymous, 2012). Urea, single super phosphate and
muriate of potash formed the sourcefor N, Pand K, respectively.
Entire quantity of P, K and zinc sulphate with one third of N
was applied at sowing and remaining N was applied in two
equal splitsi.e. at knee high and at pre-tasselling stage. The
mai ze hybrid PMH1 was sown on August 25, 2009. The sowing
was done by dibbling two seeds per hill keeping row to row
spacing of 60 cm and plant to plant spacing of 22 cm. Irrigation
was scheduled when the cumulative pan evaporation (CPE)
reached thelevel of 60, 75, 100 and 150 mmin case of IW/CPE
ratio of 1.25, 1.00, 0.75 and 0.50, respectively. Theirrigation
water was measured with Parshall flume. The number of
irrigations required during crop growing period was 3, 3, 2
andlat1.2,1.0,0.75and 0.50 IW/CPE ratios, respectively as
givenin TableA. Thetotal rainfall and open pan evaporation
during the crop season were 204.1 mm and 364.9 mm,
respectively and 73 per cent of the rainfall wasreceived during
first four weeks out of total 20 weeks of the crop season. The
crop was harvested manually on January 6, 2010 when more
than 80 per cent of the cobs turned yellowish brown and
grains became hard. The stover yield, harvest index and grain
yield were monitored as per the standard methods. The grain
yield was recorded for individual treatments at 14 per cent
moisture and expressed as q ha.

Root density (at Tasselling) :

Soil core sampleswere taken layer wise (0-15, 15-30, 30-
60 and 60-90 cm) with the help of root sampling pipe having
internal diameter of 7 cm. The samples were taken from the
spot at tasselling stage, by keeping the plant stump in the
centre of the core, in each experimental plot. The soil samples
thus obtained were kept over one mm sieve under running
water for washing. The washed roots were picked up and
then dried at 60°C in an oven to constant weight. The root
density was expressed as weight of roots per unit volume of
soil and calculated as follows:

Total root weight in
particular depth (g)
Total soil valumefrom which
rootswer ecollected (m?)

Root density (gm ~%of soil) =

Chemical analysis:
The samples of maize leaves, stalk, grain and cob were

Table A: Detailsof irrigation applied during crop growing season under different irrigation scheduling treatments

Treatments Dates of irrigation Number of irrigations
0.50 IW/CPE ratio 01 November (69) 1
0.75 IW/CPE ratio 17 October (54), 03 December (100/46) 2
1.00 IW/CPE ratio 09 October (46), 01 November (69/23), 20 December (117/48) 3
1.25 IW/CPE ratio 27 September (34), 23 October (60/26), 20 November (87/27) 3

() Figuresin parenthesisindicate days after sowing/days after previous irrigation
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collected at harvest, dried in sun and then in oven. Plant
samples were grounded in Wiley Mill to 32 mesh size and
grain samplesin small grinding mill for chemical analysis.

Plant analysisfor NPK uptake:

Theleaves, stalk, grains and cob samples of maize from
each plot were taken to estimate nitrogen, phosphorus and
potassium content. Nitrogen content in leaves, stalk, grain
and cob were determined by modified Micro-Kjeldhal’s
method (Subbiah and Asija, 1956). The P content was
determined by method given by Jackson, (1967) and K content
by using Lange’s Flame Photometer (Jackson, 1967). The N, P
and K uptake by leaves, stalk, grain and cob was calculated
by multiplying the per cent N, P and K content with their
respective biomass yields.

Satistical analysis:

Statistical analysisof different parametersand grainyield
of maize was carried out by analysis of variance in split plot
design (SPD) (Cochran and Cox, 1950). Mean separation for
different treatments was performed using least significant
difference (LSD) test at 0.05 level of probability.

RESULTS AND DISCUSSION

The experimental findings obtained from the present
study have been discussed in following heads:

Root density (at Tasselling) :

Theroot density washigher in 0-15 cm soil profileand it
decreased towards 60-90 cm soil profile depth (Table 1). In O-
15 cm depth, root density followed an increasing trend with
increaseinmoisturelevel from| _tol. .. Thistrend continued

0.05 1.25°
evenin 15-30 cm soil profile. However, the differencesamong

varioustreatmentswere non significant for 0-15 cm soil profile.
Whilein 15-30 cmsoil profile depth, significantly highest root
density was observed under I, followed by I, and I .,
respectively. The irrigation regimes | .. and | . were
statistically at par with respect to root density. Contrary to
the higher root density under adequateirrigationregimes (1, .
andl, ) in0-15and 15-30 cmsoil profile, in deeper soil profile
layers (30-60 and 60-90 cm) root density was higher under
lower irrigation regimes (1., and | ). The adaptive strategy
of maize under moderate stress appearsto rel ate to an extension
of rooting depth was also reported by Pandey et al. (2000).
Thismight be areason for more root density in deeper layers
i.e. 30-60 and 60-cm soil profile under lower irrigation regimes.
These trends can well be understood by the explanations put
forward by Kang et al. (2000) who observed that moderate
soil drying results in better root development, in terms of
primary root number and root biomass accumulation, when
compared to the adequate irrigation levels. However, severe
water deficit led to significantly less primary root initiation
and root biomass accumulation. Ibrahim and Hala (2007) also
observed that plant roots can extract more soil moisture from
greater depth under moderate stress. Sepat and Kumar (2007)
also observed that relatively more but absolutely less moisture
was absorbed from deeper layers under life saving irrigation
than assured irrigation. Under assured irrigation more water
was absorbed from the soil depth of 0-30 cm probably dueto
more rooting density in 0-30 cm layer and higher rate of
evaporation from upper layers. However, Bharathi et al. (1997)
observed increased root length with increasing moisture
content in maize.

In general root density increased with increase in
nitrogen dosein all the layers of soil profile (Table 1). In the
top 0-15 cm soil profileroot density under N, was statistically
at par with that under N but significantly higher when

Table 1: Effect of irrigation regimes and nitrogen levelson root density (g m™) of August sown hybrid maize

Profile depth (cm)

Treatments 015 1530 3060 60.90
Irrigation levels (IW/CPE ratio)

Root density (g m™)
loso 720.6 173.4 63.2 20.2
lozs 724.4 176.5 62.0 19.1
l1.00 729.8 186.4 56.9 17.4
l125 734.0 196.8 56.0 16.4
C.D. (p=0.05) NS 96 NS NS
Nitrogen levels (kg ha®)
Nioo 699.7 171.8 50.2 131
Ni2s 721.8 179.8 56.5 15.9
Niso 7415 188.7 64.3 20.1
Nizs 746.3 192.5 67.3 24.0
C.D. (p=0.05) 205 55 6.1 2.1

NS=Non-significant
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compared with that recorded under N, and N, . Root density
under N, was also at par with that observed under N, but
significantly higher than recorded under N, . Similar trend
was observed in 15-30 and 30-60 cm soil profile except that
root density under N, . was significantly higher when compared
withthat recorded under N, and N, .. In 60-90 cm soil profile
root density increased significantly with each increment in
nitrogen dose from N,  to N through N, and N, .. This
increase in rooting density with increase in nitrogen levels
might be dueto favorable effect of nitrogen on root dry matter
because higher nitrogen application encouraged above
ground plant biomass which also encouraged the underground
root development, leading to higher values of root density.
Sepat and Kumar (2007) observed that theincreasing level of
nitrogen resulted into greater proliferation of roots in deeper

soil layers. Increase in root length at higher nitrogen levels

were also observed by Mackay and Barber (1986), Bharathi et
al. (1997) and Eghball et al. (1993).

Nutrient uptake:
Nitrogen uptake :

Irrigation regimes and nitrogen levels significantly
influenced the nutrient uptake. A perusal of data reveal that
on quantitative basis nitrogen uptake (Table 2) followed the
trend grain > stalk > leaves > cab. In leaves, stalk, grain and
cob, maximum nitrogen uptake was observed under irrigation
regimel . whichwasat par with 1, .. Nitrogen uptake under
these treatments was significantly higher than recorded under
l,s and I ... Total nitrogen uptake also followed the same
trend. Uptake of N inwhole maize plant increased by irrigation
due to corresponding increase in N uptake in different plant
parts (Table 3). The positiveinfluence of irrigation on nutrient

Table 2: Effect of irrigation regimes and nitrogen levelson nitrogen uptake of August sown hybrid maize

Nitrogen uptake (kg ha?) in

Total nitrogen

Treatments

Leaves Stalk Grain Cob uptake (kg ha)

Irrigation levels (IW/CPE ratio)

loso 19.9 316 107.3 5.6 164.4
lozs 26.3 36.3 122.4 6.2 191.3
l1.00 355 42.2 141.7 7.0 226.4
l125 385 43.0 146.8 7.1 2354
C.D. (p=0.05) 58 35 15.3 04 223
Nitrogen levels (kg ha™)

Nioo 234 317 109.3 5.8 170.2
N5 27.9 37.2 124.8 6.3 196.2
Niso 32.8 41.1 136.9 6.8 217.7
Ni7s 36.0 432 147.2 7.0 2334
C.D. (p=0.05) 43 35 11.8 0.4 150

Table 3: Effect of irrigation regimes and nitrogen levels on phosphor us uptake of August sown hybrid maize

Phosphorus uptake (kg ha™) in

Total phosphorus

Treatments Leaves Stalk Grain Cob uptake (kg ha)
Irrigation levels (IW/CPE ratio)

loso 2.8 5.8 10.3 1.6 20.5
lo7s 39 6.8 115 17 23.8
l1.00 45 8.3 13.7 19 28.3
l125 4.8 94 15.3 21 316
C.D. (p=0.05) 1.0 25 25 NS 38
Nitrogen levels (kg ha™)

Nioo 31 49 105 14 19.9
Nizs 3.7 59 12.3 18 23.6
Niso 4.5 8.5 134 20 28.4
Nizs 4.8 10.4 14.6 2.1 323
C.D. (p=0.05) 0.8 2.1 1.9 0.5 25

NS=Non-significant
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uptake was also reported by L alithaand Rajagopal (1997) and
Selvargju and Iruthayaraj (1995) who observed increase in
nitrogen uptake with increase in irrigation frequency.
Different nitrogen levels affected nitrogen uptake
significantly. Maximum nitrogen uptakein leaves, stak, grains
and cob was observed under N, which was statistically at
par with that recorded under N, but significantly higher than
observed under 100 and 125 kg N ha®. N, was also
statistically superior with respect to nitrogen uptake, when
compared with N, -and N_,.. Total nitrogen uptake increased
significantly with increase in nitrogen level upto 175 kg ha.
The increased uptake of nitrogen at higher doses resulted in
initial build up of vigorous growth and higher photosynthetic
rate, leading to better uptake of nutrientsthroughout the crop
growth period asreported by Selvaragju and Iruthayaraj (1995).
Kumar (2009) reveal ed that the nutrient accumulation in plants

is a function of nutrient concentration and dry matter

production. Increased yield level swith higher nitrogen levels
and more nitrogen concentration might have resulted in
increased nitrogen uptake. Brar et al. (2001) and Khanday and
Thakur (1991) found similar trends with respect to nitrogen
uptake by grains and stover.

Phosphorusuptake:

Maximum phosphorus uptake (Table 3) by all the plant
parts viz., leaves, stalk, grain, cob and the total phosphorus
uptake was observed under |, . which was comparable with
that obtained under |, in stalk, grain and total phosphorus
uptake while significantly better than lower irrigation regimes
i.e.l,.andl . However, in leaves phosphorus uptake was
statistically at par under |, 1, . and | ... Phosphorus uptake
in cob differed non-significantly under various irrigation
regimes. The higher content of phosphorusat higher irrigation

level might have been due to rate of conversion of P into

Table 4: Effect of irrigation regimes and nitrogen levels on potassium uptake of August sown hybrid maize

Treatments

Potassium uptake (kg ha?) in

Total potassium

Leaves Stalk Grain Cob uptake (kg ha)

Irrigation levels (IW/CPE ratio)

loso 28.9 55.8 19.6 8.2 1125
lo7s 33.0 61.4 23.0 8.7 126.2
l1.00 38.0 69.7 26.3 95 143.6
l125 40.4 725 27.1 9.8 149.7
C.D. (p=0.05) 36 39 28 06 14.7
Nitrogen levels (kg ha)

Nigo 277 55.0 20.1 8.2 1111
Nis 337 63.5 231 8.8 129.0
Niso 384 69.0 258 9.4 143.6
Nazs 40.6 72.0 27.0 9.7 149.2
C.D. (p=0.05) 35 36 21 06 10.2

Table5: Effect of irrigation regimes and nitrogen levelson green cob yield, stover yield, grain yield, shelling percentage and har vest index of

August sown hybrid maize

Treatments Stover yield (g ha?)

Grainyidd (qha?)

Shelling percentage Harvest index (%)

Irrigation levels (IW/CPE ratio)

loso 125.6 64.6 76.2 30.6
lo7s 136.2 72.7 77.8 317
l1.00 150.7 81.2 78.8 321
l1.25 155.0 83.1 79.0 32.2
C.D. (p=0.05) 136 7.2 16 NS
Nitrogen levels (kg ha™)

N10o 123.8 65.6 76.4 313
Ni2s 139.2 73.3 77.6 313
Niso 150.0 79.8 78.6 319
Ni7s 154.6 82.9 79.2 32.2
C.D. (p=0.05) 7.8 6.2 15 NS

NS=Non-significant
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solubleform (ferrous) fromthat of insolubleform (ferric) under
lower irrigation level (Aryaand Singh, 2000). Thisindicated
that higher irrigation frequencies might have increased the
solubility of phosphorus resulting in higher P uptake.

Significantly higher total phosphorus uptake was
observed under 175 kg N hat as compared to all the lower
nitrogen levels. In all the plant parts phosphorus uptake
recorded was maximum under N_ .. and thiswas statistically at
par with phosphorus uptake obtained under N, . A certain
degree of synergy between nitrogen and phosphorus has been
observed by Hussaini et al. (2008) who reported that the
addition of nitrogen influenced the P uptake by the plant from
soil and fertilizer sources. This phenomenon can be explained
by the fact that the supply of nitrogen enhances the
production of small roots and root hairs, which in turn
facilitated the high absorbing capacity per unit of dry weight.
Brar et al. (2001) also observed increase in total phosphorus
uptake with increase in nitrogen levels.

Potassum uptake:

The potassium uptake (Table 4) followed almost similar
trends in various plant parts as that of nitrogen uptake both
under variousirrigation regimesand nitrogen levels. Hussaini
et al. (2008) and Selvaraju and Iruthayaraj (1995) also found
similar results in potassium uptake by grain and stover.
Nanjundappa et al. (1994) reported increase in potassium
uptake with increasein N levels.

Grainyield:

The grain yield under irrigation regimes I . (3
irrigations) and | (3 irrigations) was 83.1 and 81.2 g ha,
respectively, which was at par with each other while these
yields were significantly higher than the grain yield observed
under | .. (2irrigations) and | ., (1 irrigation). The per cent
increasein grain yield under |, was 2.3, 14.3 and 28.6 over
I, .1 _.and I _ respectively. While the increase in grain

incomparisonto | .. and | _ wasto thetune

0.50

100’ "0.75 0.50’
0.75 0.50

yieldunder I,
of 1.7 and 25.7 per cent, respectively. Significantly higher grain
yield under sufficiently irrigated regimes can be attributed to
the adequate turgidity which must have prevailed inside the
plant and thereby helping in significantly better root and shoot
development. This process acted as a active source back up
even during the photosynthates translocation to the sink
which further strengthen the explanation that active
tranglocation of photosynthates must have existed for longer
period to fill the sink to achieve higher capacity asis evident
from higher shelling percentage and harvest index (Table 5)
under I, . and | ... Theuptake of nutrients might be because
of better root establishment (Table 1), resulting in higher
absorption of nutrients to feed and sustain increased growth
which led to higher grain and stover yields. In addition to it,
irrigationimproved air-water relationship in soil and beneficial
effect of irrigation on water and nutrient availability to the

crops contributed to their increased yields. I rrigation increased
moisture status of soil which was conducive for greater
absorption of nutrients from the soil by roots and then
tranglocated to different plant parts. Decline in available soil
moisture might decrease the diffusion rate of nutrients from
soil matrix to roots. Evidence of decreased ion uptake due to
water stresswas attributed to the reduction in root absorption
power. The decreasein maize grain yield was morerelated to
the decrease of soil available moisturein the root zone, which
reduced nutrient uptake (Ibrahim and Hala, 2007). Arya and
Singh (2000) reported that with assured irrigation treatment,
lesser amounts of available N, P and K were left in soil
compared to life saving irrigation. Thereduction in available
N, P and K in soil might be attributed to the fact that the
irrigation application increased the solubilization and
absorption of the nutrients from soil to roots and consequently
decreased their residual contents in soil.

Highest grainyield (82.9 g ha') obtained under N, was
statistically at par with the yield (79.8 g ha) recorded under
N..,- The grain yields recorded under N . and N, were
significantly better than those obtained under N_,. and N, .
The application of nitrogen increased the grain yield, stover
yield, shelling percentage, harvest index (Table 5) and uptake
of N (Table2), P(Table3) and K (Table4). Nutrient accumul ation
in the maize grain was greater than that of other components
of theplant. This can be attributed to the mobilization of large
proportions of nitrogen, phosphorus and potassium, from
other plant parts to the grain as the grain developed. The
increased nitrogen levelsincreased theyield of maize by better
uptake of all the nutrientswhich resultsinto initial build up of
plants due to vigorous growth and higher photosynthetic
rate and increased translocation of photosynthates from
sourceto sink. Ranaand Choudhary (2006) and K handay and
Thakur (1991) recorded similar observations.

Conclusion:

On the basis of the present study it can be concluded
that in Punjab, August sown hybrid maize should beirrigated
at IW/CPE ratio of 1.00 and the optimum nitrogen dose of
August sown maize hybrid in low fertility soils should be 150
kg N hat.
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