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ABSTRACT

A field experiment was conducted to study the effects of skip row planting techniques and N application time on different
nitrogen indices of happy seeder sown wheat in rice residues with two seasons (2011-12 and 2012-13). The experiment was
laid out in split plot design and had 3 planting patterns and 6 nitrogen application treatments. In the planting patterns, M2 had
higher val ues of agronomic use efficiency, nitrogen utilization efficiency (NUtE), nitrogen use efficiency, nitrogen uptake efficiency.
While nitrogen harvest index (NHI) and nitrogen balance index (NBI) were higher in M1 followed by M3. Results showed that
agronomic use efficiency, nitrogen utilization efficiency (NUtE), nitrogen harvest index (NHI), nitrogen balance index, and
grain protein content (GPC) in wheat were significantly affected by split application of nitrogen over control treatment. Linear
relationship of grain yield and grain protein content revealed that when wheat sown with skip row planting technique and N

applied in three splits, resulted in higher N indices.
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Wheat is one of the most important cereal crop and
staple food globally. Wheat provides more protein than
any other cereal cropsbut, theglobal challengefor wheat
nutrition isto increase grain yield while maintaining its
protein. Wheat yield and end-use quality depend upon
the environment, genotype, and their interactions. High
levels of N supply results in a higher protein content,
but increased efficiency of utilization is realized when
concentration in the kernels increases, and grain yield
remains stable (Ortiz-Monasterio et al., 1997). Proper
N application timing and rates are critical for meeting
crop needs, and indicate considerable opportunities for
improving N use efficiency (NUE). NUE, grain yield
produced per unit of N supply, is a complex trait
comprising N uptake efficiency (NU_E), and N
utilization efficiency (NU,E). NU_E reflects the ability
of the plants in obtaining N, while NUtE reflects the
efficiency with which the crop utilizes N in the plant for
the synthesis of grain yield. Tran and Tremblay (2000)
reported that wheat NU_E was lower in the early
applications at planting and tillering than applicationin
the later crop growth stage. The amount of economic
yield, therefore, increased by increasing NU E and NU E
through efficient N application that decreases N losses
from the soil-plant system (Muurinen, 2007).

Nitrogen-use efficiency (NUE) can be improved by
developing fertiliser management strategies based on a
better synchronisation between the supply of N and its
reguirement by agiven crop. Many studies have shown
that split applicationsof N fertiliser result in higher rates
of plant recovery, and higher grain yields than under
single applications. However, the proportions of the split
should be determined locally, with due consideration of
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theinitial soil fertility. Nitrogen use efficiency depends
onthenitrification rate of the soil, theform of N applied,
and the growth stage of the plant. Farmers must apply N
at theideal time, and usethefertilization method, which
will optimize efficiency.

MATERIALSAND METHODS

The experiment was conducted for two seasons
(2011-2012 and 2012—2013) at the Punjab Agricultural
University (PAU) farm at Ludhiana (30°56’ N, 75°52'E,
247m ASL), Punjab, India. The region is characterized
by a sub-tropical and semi-arid climate with a hot dry
summer (March—June),wet monsoon season (late June—
mid September) and a cool, dry winter (October—
February).Average annual rainfall is 734mm
(constituting 44% of pan evaporation) of which about
80% isreceived during the monsoon. The Meteorol ogical
datawere collected from the weather station onthe PAU
farm, located about 0.5 km from the experimental site.
Data collected included daily maximum and minimum
temperatures, pan evaporation and sunshine hours and
rainfall (Fig. 1 and 2).The experimental soil waslow in
nitrogen (228.6-215.6 kg ha*from 0-15 and 15-30 cm)
and medium in P and K (18.7-16.9 kg ha*and 188.7-
183.5 kg ha'from 0-15 and 15-30 cm, repectively) and
low in organic carbon (0.31-0.29%).

The experiment was laid out in a split plot design
with 3 planting pattern (M, , rows at 20 cm inter-row
spacing and 40 cm space between two sets of rows, M-
2 rows at 20 cm inter-row spacing and 40 cm space
between two sets of rows, M_-Normal sowing at 20cm
row spacing ) asthemain plotsand 6 nitrogen application
treatments(T,-Control:; T,- 1/2 dose of recommended



N basal+ 1/2 dose of recommended N with 1% irrigation;
T,- No basal+ 1/2 dose of recommended N with 1%
irrigation + 1/2 dose of recommended N with 2™
irrigation ; T,- 3/4 dose of recommended N basal+ 1/4
dose of recommended N with 1% irrigation; T - 1/4 dose
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of recommended N basal+ 3/4 dose of recommended N
with 1%irrigation; T- 1/4 dose of recommended N basal+
1/4 dose of recommended N with 1% irrigation + 1/2
dose of recommended N with 2 irrigation ) in sub-
plots. The experiment was replicated three times.

Thefollowing N-efficiency indices were computed using following formulas.

Nitrogen use efficiency was computed by the formula.

Grain yield kg ha™!

Nitrogen useelficiency = 3
Total N supply (kgha™")

Nitrogen supply was calculated as N applied asfertilizer plus total nitrogen uptake in control plots.

Nitrogen Agronomic use efficiency

(Grain vield in fertilized plot - grain vield in control plot) kg ha™!

N Agronomic useefliciency =

Nitrogen Apparent recovery fraction (ARE)

Total Nfertilizer applied (kg ha™")

( Nuptake in fertilized plot - N uptake in control plot) kg ha ™!

N Apparent Recovery fraction =

N utilization efficiency (UTE)

N utilization efficiency

Total N fertilizer applied (kg ha™)

Grain yield kg ha™'

(kg grains per kg total N uptake) =

Agro-physiological efficiency (APE)

(Grain yield in fertilized plot - grain vield in control plot) kg ha™

Total N uptake by crop (kg ha ')

Agro-physiological efficiency =

N uptake 1n fertilized plot- N uptake in unfertilized plot

Nitrogen uptake efficiency (NU_E)

Nitrogen uptakeefTiciency =

Total plant N uptake kg ha™!

Nitrogen balanceindex (NBI)

Nitrgen balance index = Nuptake by grains

Total N fertilizer applied
Nitrogen harvest index (NHI)

Nuptake by grains

Nitrgen harvest index = —
I'otal N uptake by crop

Nitrogen efficiency terminology follows: Huggins
and Pan (1993), Sowerset al. (1994), and Delogu et al.
(1998).

Data were subjected to analysis of variance
(ANOVA) using the general linear model (GLM)
procedures of the Statistical Analysis System followed
by Tukey,s Test at P<0.05.

RESULTSAND DISCUSSION
Yield -grain protein relations

Skip row technique has dominant effect on grain
yield. Themethod M 1 gave significantly better yield over
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Total Nfertilizerapplied (kgh a™ly

M2 and at par with M3 in both years. That may be due
to the border effect that M1 method received more PAR
interception, and higher value of leaf area index over
M3 method. No doubt above said parameters were also
higher in M2 method but plant population per hectareis
reduced by 33 per cent over M3 and 8 per cent over M1
method. Similarly, it was observed that the spilt
application of N influences the yield and yield
contributing characters over the two years as a whole.
Highest grain yields was obtained when nitrogen was
applied Yaat thetime of sowing, Yadosewith 1% irrigation
(i.e. CRI stage) and %2 dose with 2" irrigation
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(i.e. initiation of stem elongation stage), which was
recorded the highest grain yield 56.8 and 54.08 g ha*
during 2011-12 and 2012-13, respectively. The lower
grainyield of 36.5 and 34.89 q ha' recorded under the
control treatment. Protein value was higher in M, as
compare to M, and M,. In the nitrogen treatment
combinations highest protein valueisobtained in T, and
therewas positiverelation between grainyield and grain
protein content (Fig.3and 4). Our resultsarein linewith
the findings of Geleto et al. (1995) who reported that
fertilizer application increased wheat productivity over
control. T, treatment has higher grain yield over other
treatmentsi.e. T, T, T,, T,, and T,, wherewe applied N
fertilizer in three splits. Split applications of N might
have decreased thelosses of N and better synchronization
with plant demand resulting in increased in wheat
biomass. Application of N had increased the uptake of
N, which might be attributed to higher N availahility of
the crop. Alcoz et al. (1993), Sowers et al. (1994) and
Lo pez-Bellido et al. (2005) also report an increase in
yield when N was applied in two splits specially at CRI
and start of stem elongation stage Split application of N
had increased the availability of N for crop and thus
more uptakes was recorded from plots where N was
applied in split application

Agronomic use efficiency (AUE)

It representsthe efficiency with which plant useseach
additional unit of N acquired, and quantifies the plant
responses to applied N fertilizer. Agronomic use
efficiency was significantly highest in M, than M, and
M,. This might be due to lesser difference in fertilizer
treatments, and control. While nitrogen applicationtime
treatments has non-significant difference in AUE with
each other. T6 treatment had highest AUE followed by
T, T, T, and T, This showed that there was higher N
content in the grains proportionately the N amount
applied. Lowest valueobservedinT,,where, we applied
3/4™ of recommended N dose at the time of sowing and
remaining 1/4™ after first irrigation, which resulted in
lesser yield dueto availability of N only for small period
of growth cycle. Agronomic efficiency was directly
correlated with grain yield.

Agro-physiological efficiency

It represents the ability of a plant to transform N
acquired fromfertilizer into economicyield (grain). Data
recorded showed that plants were more efficient to
transferred applied N fertilizer to economic part (yield)
in M2 method as compared to theM, and M,,. However,
the difference was non-significant. All the split time
application treatments had non-significant effect onthis
efficiency. Highest value of agro-physiological
efficiency was observed in T, as compare to the other
treatments , this might be due to the higher biological
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yield inthistreatment, which resulted in more N uptake
. There was positive relation of total N uptake with the
grainyield (Fig. 5)

Apparent recovery efficiency

It is also referred as crop recovery efficiency of
applied nitrogen. The perusal of theresultsreveal ed that
the M, had significantly higher (59.50 and 54.50 %)
apparent recovery value over M (51.77 and 46.47 %)
and M,(54.35 and 39.41 %) in both years. Nitrogen
application time also affected apparent recovery
efficiency . T, treatment had significantly higher value
overT,, T, T,and T thisshowed thedirect correlation

of thisefficiency withthegrainyield.
N utilization efficiency (NUtE)

It reflectsthe efficiency withwhich crop utilize N in
the plantsfor synthesis of grain yield. Asthe difference
in grain yield and harvest index was not so wide , so
under the entire planting patterns, thedifferencesin NUtE
were negligible or non-existent; which indicated that
there was equal utilization of N in al the treatments.
Under N application treatments, it was observed that
control treatment (zero N) gave 12.40 and 16.03 per cent
higher value of NUtE than the mean value for timing
and splitting treatmentsusing 125kg N ha Thisconfirms
the major contribution of high levels of residual soil N
to grain yield, due to the accumulation of N fertilizer
over time. Our results are in agreement with findings of
Mercedes et al.(1993) who reported that split fertilizer
N applicationimproved N uptakein wheat. Control plots
had efficiently utilized the available inherent N and
thereby increased the NU E compared to fertilized plots.
The T, treatment where ¥ of recommended fertilizer
applied at the time of sowing and %2 dose after 1%
irrigation, had significantly lower NUE over T, T, T,
and T, treatments. This might be attributed to the greater
N losses as previously reported by many researchers.
Rahman et al. (2002) reported that N use efficiency of
wheat was the maximum when nitrogen fertilizer was
applied in three splits rather than two splits or applied
asall basal in no-till condition.

Nitrogen harvest index (NHI)

TheN harvestindex, defined asN ingrainto total N
uptake, is an important consideration in cereals. NHI
reflects the grain protein content and thus the grain
nutritional quality. Montemurro et al. (2006) suggested
that grain N uptake was positively correlated with yield,
protein content and total N uptake and a significant
positive correlation found in NHI, yield and total N
uptake. Results obtained in this experiment showed that
wheat grain yield was affected by planting pattern. In
M, highest yield was obtained. The yield difference in
M, and M, planting method was non-significant lead to
non-significant increasein NHI. Highest value observed
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Fig. 5: Relationship of nitrogen uptake efficiency
with nitrogen balance index in 2011-12 and
2012-13

in M, which was statistically significant from M, and
M,. No differencesfor NHI were observed when N was
applied as full dose or in split doses.

Nitrogen balance index (NBI)

TheNBI representstheratio of N removal viagrain
harvest to N fertilizer inputs. NBI was varied
significantly with planting methods. Highest NBI
observedinM, followed by M, and M, inboth years. As
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Fig. 6: Relationship of total nitrogen uptake with
grainyield in 2011-12 and 2012-13

it wasexplained earlier that therewaslinear relationship
between grain yield and protein content. High protein
means more N uptake by grains, which ultimately
increased the NBI. Highest NBI observed in T,. During
firstyear T, significantly higher from all other treatments
while in the second year this treatment at par with T,
T,T,T, and significant over control, T,. Nitrogen
balance index had positive relation with NU_E (Fig. 6)
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Table 1: Agronomic use efficiency, apparent recovery efficiency and agro-physiological efficiency under
different planting methods and time of nitrogen application

Treatments Agronomic use efficiency Apparent recovery Agro-physiological

(kg grain kg* N applied) efficiency efficiency

(kg N uptake fertilizer* (kg grain kg! uptake)
N applied)

2011-12 2012-13 2011-12 2012-13 2011-12 2012-13
Planting methods
M, 13.33 12.74 51.77 46.47 26.14 26.51
M, 16.87 16.90 59.50 54.45 27.95 28.85
M, 14.35 9.19 54.35 3941 26.21 21.46
SEm () 2.46 3.55 4.70 7.69 2.58 4.06
L SD (0.05) NS NS NS NS NS NS

Time of N application

Tl

T, 14.65 13.10 49.45 42.17 29.63 27.50
T, 14.55 12.95 53.13 44.95 27.22 25.98
T, 12.90 10.65 47.09 37.76 26.27 26.56
T, 15.33 12.69 57.12 46.41 26.37 24.70
T, 16.83 15.35 69.24 62.59 24.35 23.29
SEm (%) 1.49 1.53 412 3.55 1.20 2.04
L SD (0.05) NS NS 12.03 10.34 NS NS

Interaction NS NS NS NS NS NS

Table 2: Nitrogen indices under different planting methods and time of nitrogen application

Treatments Nitrogen Nitrogen Nitrogen utilization Nitrogen uptake  Nitrogen use
balanceindex harvestindex  efficiency (NUE) efficiency(NU_E) efficiency(NUE)
(NBI) (%) (NHI) (%) (kggrain kg* (Kg N uptake (Kg N uptake
N uptake) kg! N supplied)  kg'N supplied)
Isyr  2vdyr Isyr  2Myr 18 yr 20 yr Isyr 2dyr Isyr 29y
Planting methods
M, 8447 7555 66,60 6849 3461 3827 126 107 2493 2327
M, 7095 6397 6369 66.75 3413 38.68 111 0.96 21.62 2214
M, 7869 7054 6492 66.85 3424 3818 121 109 2364 24.16
SEm (%) 169 166 0.46 0.64 0.33 0.34 001 0.01 026 019
LSD (0.05) 6.64 654 181 NS NS NS 0.09 007 2.90 2.19
Timeof N application
T, 4896 4584 6596 69.90 3828 44.30 0.74 0.65 1621 1741
T, 80.47 7269 6527 6755 3484 38.86 123 107 2471 25.36
T, 8289 7398 6530 67.04 3383 3740 126 110 2465 24.95
T, 7863 69.75 6487 6777 3406 38.36 1.20 103 23.70 23.87
T, 8497 7406 6481 6655 3330 36.79 130 111 2510 24.84
T, 9232 8381 6421 6536 3166 3456 143 127 2596 26.72
SEm (%) 298 353 114 14 0.58 0.55 0.02 0.03 033 074
LSD (0.05) 862 10.20 NS NS 1.70 1.60 011 0.10 2.03 2.80
Interaction NS NS NS NS NS NS NS NS NS NS
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Nitrogen uptake efficiency

NU_E reflectstheefficiency of the cropinobtaining
N from soil. Results showed that wheat NUpE was
affected by planting patterns and split application of
nitrogen. NUpE in planting pattern M, and M, in both
years had significantly higher (11.90, 8.2 % and 10.3,
11.9%) NU_E over M., Leeet al. (2004) indicated that
NU_E was positively correlated with plant dry matter,
leaf areaindex and leaf nitrogen content. Results showed
that there was positive correlation between NU_E and
grainyield of wheat (Fig. 5). Among N application time
treatments, T, was significantly higher from all N
application time treatments. There was negligible
differenceinT,, T,, T,and T, weresignificantly higher
overT,.

Planting method had non-significant effect on NUE
and Agro-physiological efficiency, whileAgronomic use
efficiency, apparent recovery efficiency was higher in
M, though the difference with M 1 was non-significant.
Highest NHI and NBI were observed in M, followed by
M, and M,,.Split application of N had increased thewheat
productivity and N indices. Thus, for improved wheat
productivity and efficient N utilization and uptakes the
splits application of N at later stage of the crop should
be practiced in agro-climatic conditions of Punjab.
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