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Abstract

A field experiment was conducted during 2001-02 to 2005-06 to assess the nutrients utilization and
their translocation to grains in various cropping systems. The soil was sandy loam in texture and medium
in soil fertility. Seven cropping systems viz. pearlmillet-wheat, pearlmillet-mustard, soybean-wheat-cow-
pea (f), sorghum (f)-wheat, pearlmillet-potato-green gram, pearlmillet-field pea-maize (f) and cotton-
wheat were grown. In general the total nitrogen (N) uptake was higher with 3 crops in a year as compared
to 2 crops in a year. The results revealed that the N uptake was highest in soybean-wheat-cowpea (f)
cropping system while phosphorus (P) and potassium (K) uptake were highest in pearlmillet-potato-green
gram cropping system. During kharif, the highest per cent translocation of N and P to grains was observed
in soybean and K in cotton. The translocation percentage of N and P to grains was highest in wheat in
sorghum (f)- wheat and soybean-wheat-cowpea (f) cropping systems, respectively ; and K in potato in

rabi.
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The nutrients utilization by field crops is influ-
enced by large number of physiological and agro-
nomic factors viz. sowing time, water and fertilizer
application, weed control as reported by Idnani &
Singh (1), and (2), Singh, however, the type of crops
cropping systems govern the nutrients utilization the
most as has been reported (3). Pawar (4) have reported
different nitrogen, phosphorus and potassium uptake
in different crops / cropping systems. Sufficient in-
formation is available on nutrients utilization by indi-
vidual crop, however such studies are lacking in dif-
ferent cropping systems. The studies of differential
nutrients utilization by various cropping systems may
be very helpful to the farmers in selecting suitable
cropping system as per soil health and resources avail-
ability. The present study was, therefore, undertaken
to study nitrogen, phosphorus and potassium up-
take by different cropping systems grown in semi-
arid Haryana.

Methods
Site and Soil Characteristics

Field experiments were conducted for six years
(2001-02 to 2005-06) at the Research Farm of CCS

Cropping systems, Nutrients uptake, Kharif, Rabi, Per cent translocation.

Haryana Agricultural University, Hisar, India, located
at 74°27°28 " east longitude, 27°30" east latitude, 215.2
m altitude and the mean annual rainfall is around 450
mm and most of it (around 80%) is received in rainy
season (July to September). The area is characterized
as semi-arid.

The soil has been classified as a Typic
Haplustepts, loosely aggregated with sandy loam tex-
ture. The surface (0—15 cm) soil layer has 60.4% sand
16.9% silt and 22.7% clay. The slope of the study area
was less than 1%. The organic carbon content of the
surface layer (0—15 cm) was 0.38%. The available
nitrogen, phosphorus and potash in surface layer was
126.0, 16.5 and 245.9 kg/ha, respectively. The soils
had no salinity or drainage problem.

Table 1. Details of different cropping systems. * Fodder.

Season

Kharif Rabi Summer
T, Pearlmillet Wheat -
T, Pearlmillet Mustard -
T, Soybean Wheat Cowpea (f)*
T, Sorghum (f) Wheat
T, Pearlmillet Potato Green gram
T, Pearlmillet Field pea Maize (f)
T Cotton Wheat
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Table 2. Mean grain yield in different cropping systems.

Yield (kg/ha)

Treatments Kharif Rabi Summer
Pearlmillet-wheat 3295 4725 -
Pearlmillet-mustard 3324 1867 -
Soybean-wheat-

cowpea (f) 2503 4734 20063
Sorghum (f)-wheat 36641 4978 -
Pearlmillet-potato-

green gram 3606 26328 677
Pearlimillet-field

pea-maize (f) 2953 1207 31272
Cotton-wheat 2208 4740 -

Treatments and Crop Husbandry

The rainy, winter and summer season crops were
grown from July to October, October / November to
April and April to June, respectively. The crops were
sown in well moist field at their recommended sowing
times. The experiment was established as a Incom-
plete Block Design with seven treatments and four
replications. The details of the cropping systems are
given in Table 1. The individual plot size was 10 m x
8.1 m with 1 m margins on both sides of the plot to
curtail run off to adjunct plots. Recommended rates
of fertilizers were applied to all the crops each year
with nitrogen applied in two split doses, half at plant-
ing and the remaining half as top dressing as per rec-
ommendation. The full dose of phosphorus and po-
tassium were applied as compound fertilizer in the
soil at seeding. Planting was done each year at spac-
ing as per recommendation for individual crop. The
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crops were thinned as per need and a recommended
space was maintained between plants. The crops
were harvested at their physiological maturity. Other
agronomic operations and plant protection measures
followed local recommendations.

Nitrogen, phosphorus and potassium were de-
termined using Nessler’s reagent method by Lindner
(5), Vanadomolybdophosphoric yellow color method
by Koenig Johnson (6) and flame photometrically
by Jackson (7), respectively. At the harvest, the
uptake of nitrogen, phosphorus and potassium were
computed from the concentration of these nutrients
in grain and straw and their respective yields
(Table 2).

Results and Discussion

Nitrogen Uptake and Per Cent
Translocation to Grains

In general the N uptake was higher in rabi sea-
son than kharif in grains while the trend was reverse
for straw (Tables 3, 4 and 5). The N uptake (grain and
straw) was also higher in rabi as compared to kharif
season. The uptake of N in almost all cropping sys-
tems was higher in grain as compared to straw. The N
uptake in grain in kharif season among different crop-
ping systems varied between 37.10 kg / ha
(pearlmillet) and 99.72 kg/ha (soybean) ; however in
most of the kharif crops the N uptake was around 40
kg/ha. The nitrogen uptake in cotton was (64.96 kg/
ha). In straw the highest N uptake (149.32 kg/ha) was

Table 3. Nitrogen phosphorus and potassium uptake and their per cent translocation to grain during kharif (mean of 5

years).
Phosphorus
Nitrogen (kg/ha) Potassium

Per cent Per cent Per cent

translo- translo- translo-

cation cation cation
Treat- to to to
ments Grain Straw grains Grain Straw grains Grain Straw grains
T, 43.60 33.33 56.67 12.36 6.60 65.19 21.81 239.56 8.36
T, 39.58 35.26 52.89 11.34 7.04 61.70 21.22 258.10 7.60
T, 99.72 57.78 63.31 18.91 7.01 72.93 52.31 167.50 23.80
T, - 149.32 - - 19.91 - - 212.78 -
T, 46.33 44.86 50.81 13.83 9.51 59.25 23.70 272.20 8.01
T, 37.10 35.80 50.89 10.28 7.05 59.32 18.46 227.28 7.51
T, 64.96 68.03 48.85 11.15 9.05 55.20 75.11 160.75 31.85
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Table 4. Nitrogen, phosphorus and potassium uptake and
years).

their per cent
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translocation to grain during rabi (mean of 5

Phosphorus
Nitrogen (kg/ha) Potassium

Per cent Per cent Per cent

translo- translo- translo-

cation cation cation
Treat- to to to
ments Grain Straw grains Grain Straw grains Grain Straw grains
T, 111.55 26.26 80.94 17.06 5.37 76.06 27.32 144.00 15.95
T, 65.75 62.49 51.27 12.28 11.55 51.53 16.76 79.41 17.43
T, 114.51 21.26 84.34 16.31 3.94 80.54 29.77 132.75 18.32
T, 125.76 18.54 87.15 16.91 4.16 80.26 30.27 142.87 17.48
T, 133.09 99.80 57.15 27.00 12.07 69.11 188.57 102.62 64.76
T, 57.30 50.73 53.04 5.79 8.52 40.46 9.95 59.14 14.40
T, 92.75 24.79 78.91 17.04 4.23 80.11 31.30 138.02 18.49

in sorghum crop. The N uptake (grain and straw)
among different cropping systems in kharif season
ranged between 72.90 and 157.50 kg/ha (Table 6). The
nitrogen uptake was comparatively higher in sor-
ghum (f) (149.32 kg/ha), cotton (132.99 kg/ha) and
pearlmillet (91.19 kg/ha). During rabi season the N
uptake in grain was lowest (57.30 kg/ha) in field pea
and the highest figure was 133.09 kg/ha in potato
(Table 4). The nitrogen uptake in straw ranged be-
tween 21.26 and 99.80 kg/ha among different crops.
The nitrogen uptake (grain + straw) in rabi season
was higher in potato (232.89 kg/ha), moderate in wheat
(135.77 kg/ha), and lower in field pea (108.03 kg/ha)
(Table 6). The total nitrogen (N) uptake varied be-
tween 203.08 kg/ha to 445.24 kg/ha among different
cropping systems (Table 6). The total N uptake was
significantly highest in soybean-wheat-cowpea (f)

(445.24 kg/ha) as compared to other cropping sys-
tems and was followed by pearlmillet-potato-green
gram cropping system (405.67 kg/ha). The total N
uptake was lowest in pearlmillet-mustard cropping
system (203.08 kg/ha) and it was closely followed
by pearlmillet-wheat cropping system with 214.74
kg/ha. The total N uptake varied between 250.53 and
353.73 kg/ha in sorghum (f)-wheat, pearlmillet-field
pea-maize (f) and cotton-wheat cropping systems.

In general, the per cent translocation to grains
both during kharif and rabi season was higher than
translocation of nitrogen to stover/straw (Tables 3
and 4). The translocation of nitrogen to grains ranged
between 48.85 and 63.31% in kharif season and be-
tween 51.27 and 87.15% in rabi season.

In general the N uptake was higher with 3-crops
in a year as compared to 2 crops in a year due prob-

Table 5. Nitrogen, phosphorus and potassium uptake and their per cent translocation to grain during summer (mean of 5

years).
Phosphorus
Nitrogen (kg/ha) Potassium

Per cent Per cent Per cent

translo- translo- translo-

cation cation cation
Treat- to to to
ments Grain Straw grains Grain Straw grains Grain Straw grains
T, - - - - - - - - -
T, - - - - - - - - -
T, - 151.97 151.97 - - 18.21 18.21 - -
T, - - - - - - - - -
T, 23.54 58.05 81.59 28.85 3.26 8.14 11.40 28.60 9.36
T, - 172.80 172.80 - - 29.68 29.68 - -
T, - - - - - - - - -
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Table 6. Season-wise and total nitrogen, phosphorus and potassium  uptake in different  cropping systems (mean of 5
years).
Phosphorus

Nitrogen (kg/ha) Potassium
Treat- Sum- Sum- Sum-
ments Kharif  Rabi mer Total Kharif  Rabi mer Total Kharif  Rabi mer Total
T, 76.93 137.81 - 214.74 18.96 22.43 - 41.39 26140 171.32 - 432.72
T, 74.84  128.24 - 203.08 18.38 23.83 - 42.21 27932 96.17 - 375.49
T, 157.50 135.77 151.97 44524 2593 20.25 18.21 64.39 219.81 162.52 160.60 542.93
T, 149.32 14430 - 293.62 1991 21.07 - 40.98 212.78 173.14 - 385.92
T, 91.19 232.89 81.59 405.67 23.34 39.07 11.40 73.81 29590 291.19 106.05 693.14
T, 72.90 108.03 172.80 353.73 17.33 1431 29.68 61.32 24574 69.09 204.82 519.65
T, 132.99 117.54 - 250.53 20.20 21.27 - 41.47 23586 16932 - 405.18

ably to covering of field for more time in a year and
higher yield in previous as compared to latter set of
treatments. The N uptake in different cropping sys-
tems was influenced by their yield and N content.
These results are in agreement with the findings of
Idnani and Singh (1). The variation in translocation
of nitrogen to grains was wider in rabi season as
compared to kharif season. The higher transloca-
tion to grains might be due to higher concentration of
nitrogen in the grain in various field crops. The per
cent translocation of nitrogen to grains was com-
paratively lower in cotton, pearlmillet, mustard and
field pea due probably to higher yield of straw/sto-
ver in these crops. The total N uptake was a factor of
N content and yield of the crop (Table 2). Similar re-
sults of higher translocation of nitrogen to grains
have also been reported by Yadav and Singh (8).

Phosphorus Uptake and Per Cent
Translocation to Grains

During kharif season the P uptake in different
crops varied between 10.28 and 18.91 kg/ha in grains
and between 6.60 and 19.91 kg/ha in straw (Table 3)
while the respective figures for rabi season were
5.79 and 27.00 and 3.94 and 12.07 kg/ha (Table 4).
Among various cropping systems, the highest total
P uptake of 73.81 kg/ha was recorded in pearlmillet-
potato-green gram and lowest P uptake of 40.98 kg/
ha in sorghum (f) - wheat cropping system (Table 6).
Comparatively higher total P uptake was recorded in
soybean-wheat-cowpea (f) and pearlmillet-field pea-
maize (f) cropping systems and lower uptake i.e.
around 40 kg/ha was recorded in pearlmillet-wheat,
pearlmillet-mustard and cotton-wheat cropping sys-
tems.

The per cent translocation of P from grain to
straw in kharif season was highest (72.93) in soy-
bean and lowest (55.20) in cotton (Table 3) while
during rabi season the translocation was around 80%
in wheat and 40 per cent in field pea (Table 4).

The total uptake of phosphorus was associated
with the yield in different cropping systems. Maitra,
et al. (9) have also reported P uptake in sunhemp-
wheat cropping system.

Potassium Uptake and Per Cent
Translocation to Grains

The K uptake both by grain and straw in kharif
season varied between 212.78 and 295.90 kg/ha while
the values for rabi season were 69.09 and 291.19 kg/
ha (Table 6). During kharif season the maximum up-
take was in pearlmillet and minimum in sorghum ; while
in rabi season the potassium uptake was lower in
field pea and mustard and highest in potato. Among
the various cropping systems, pearlmillet-potato-
green gram removed maximum total potassium of
693.14 kg/ha and was followed by soybean-wheat-
cowpea (f) cropping system with 542.93 kg/ha (Table
6). Lower uptake of potassium was recorded in
pearlmillet-wheat, pearlmillet-mustard and cotton-
wheat cropping systems.

In general the per cent translocation of potas-
sium to grains varied between 7.51 and 31.85% in
kharif season (Table 3) among different crops. The
per cent translocation to grains was lower than 10 per
cent in pearlmillet, however it was more than 20 and
30% in soybean and cotton, respectively. The per
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cent translocation to grains in rabi crops (Table 4)
was between 15 and 20% except potato where the
translocation percentage was 64.76%. The per cent
translocation of K to grain was comparatively lower
than N and P and in most of the crops it was between
10 and 20%. The total uptake in different cropping
systems varied between 375.49 and 693.14 kg/ ha
(Table 6).

The total potassium uptake in different cropping
systems was associated with crop yield (Table 2)
and potassium content in the crop as reported by
Kumar et al. (10). The variability in potassium uptake
among different cropping systems had been due to
concentration of potassium and yield of crop. The
variability in translocation of potassium to grains
among different crops might have been due to differ-
ent potassium adsorption affinities.

On the basis of the results it can be concluded
that the N uptake (grain and straw) was higher in
rabi as compared to kharif season. The total N up-
take was significantly highest in soybean-wheat-cow-
pea (f) while it was lowest in pearlmillet-mustard crop-
ping system. The percent translocation to grains dur-
ing both kharif and rabi seasons was higher than
stover/straw. Highest and lowest total P uptake was
recorded in pearlmillet-potato-green gram and sor-
ghum (f)-wheat cropping systems, respectively. The
per cent translocation of P from grain to straw in
kharif season was highest in soybean while during
rabi season it was around 80 per cent in wheat. Dur-
ing kharif season the maximum uptake of potassium
was in pearlmillet while during rabi it was recorded in
potato. The per cent translocation to grains in rabi
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crops was significantly higher in potato in compari-
son to other crops.
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