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Rice (Oryza sativa L.)–wheat (Triticum aestivum L.)
rotation is the most important cropping system in southern
and eastern Asia, covering an estimated area of around 21.9
million ha in 7 countries, viz. Bangladesh, Bhutan, China,
India, Myanmar, Nepal and Pakistan (Yadav et al. 2000). In
the Indo–Gangetic Plains (IGP) of India, the farmers’ field
remains fallow for the period of around two months during
summer in the rice–wheat system regions after harvesting of
wheat in April till the transplanting of rice in July. In IGP of
northern India, there is scarcity of green fodder during
extreme summer (May–June) and therefore, farmers can
grow summer forage crops like cowpea, pearlmillet or their
mixture in addition to rice and wheat during this period. So
far no scientific studies and their documentation have been
done on this aspect.

Since the inception of ‘Green Revolution’ in south Asia
there has been a race for increasing foodgrain (mainly rice
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ABSTRACT

 A field experiment was conducted during 2007-08 and 2008-09 at New Delhi to study the effect of summer forage
crops, pearlmillet [Pennisetum glaucum (L.) R. Br. emend. Stuntz] and cowpea [Vigna unguiculata (L.) Walp.] and
phosphogypsum-enriched urea (PGEU) on soil quality, nitrogen-use efficiency, quality parameters and yield of Basmati
rice (Oryza sativa L.) and their residual effect on succeeding wheat (Triticum aestivum L. emend. Fiori & Paol.)
productivity under Basmati rice–wheat cropping system. Among the 3 forage crops grown during summer, pearlmillet
+ cowpea mixture recorded significantly higher fodder yields, i e 43.2 and 42.7 tonnes/ha green fodder during 2007
and 2008, respectively compared to pearlmillet sole and cowpea sole. In Basmati rice, soil quality, nitrogen-use
efficiency, yield and quality parameters of Basmati rice were increased significantly due to preceding forage crops.
Based on mean of 2 years data, application of 7.5% PGEU significantly increased rice yield (20.5%) and rice kernel
quality parameters, viz. protein content (19.9%), hulling (11.4%) and milling (12.5%), head rice recovery (12.5%),
rice grain length before (3.5%) and after cooking (6.8%) and rice grain breadth before (8.6%) and after cooking
(5.5%) of Basmati rice than 0% PGEU. Significantly higher yield, i e 5.33 tonnes/ha and 5.55 tonnes/ha during 2007
and 2008 respectively and better quality parameters, viz. hulling, milling and head rice recovery of Basmati rice was
obtained when it was grown after the harvest of cowpea than the other treatments. Application of 7.5% PGEU resulted
in good quality Basmati rice with increased yield. Different summer forage crops and PGEU applied to Basmati rice
left significant residual effect on succeeding wheat yield under Basmati rice–wheat cropping system.

Key words: Basmati rice, Phosphogypsum-enriched urea, Productivity, Quality, Soil microbial activity,
Summer forage crops, Wheat

and wheat) production using chemical fertilizers in India.
However, cereal production in the country increased only
five-fold, while fertilizer consumption increased more than
300 times during the 1950–51 to 2007-08 periods, implying
very low fertilizer use efficiency (Prasad 2009). Large scale
applications of fertilizer nitrogen (N) have also shown
deleterious effects on groundwater quality, especially its
nitrate content, which is harmful to health. Furthermore,
gaseous losses of N as NH3 and NOx resulting from N
fertilization have adverse effects on the environment (Prasad
2009). Low N use-efficiency (NUE) in rice is a matter of
great concern to the farmers as well as researchers. It
generally varies from 30 to 50% under lowland situations
depending on the climatic, edaphic and management factors.
Worldwide, NUE for cereal crops is about only 33% and
urea is the dominant form of N fertilizer applied to rice in
Asia (Ladha et al. 2005), but it is subjected to various forms
of losses including nitrification–denitrification (Prasad
2009). The slow release or controlled-release fertilizers are
mainly used to reduce leaching of nutrients, especially
nitrate–N (NO3

- N) to groundwater, caused due to application
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of soluble N fertilizers to sandy or sandy loam soils. Bains
et al. (1971) were the first to report increased NUE due to
treating urea with ethanol extract of neem seed. Scientists at
Indian Agricultural Research Institute, New Delhi, India have
reported the nitrification–inhibiting property of neem (Singh
and Shivay 2003, Shivay 2007) and neem cake coated urea
(NCU) was developed and found to have higher NUE than
prilled urea (Shivay 2007). However, urea–producing plants
cannot procure such large amounts of neem oil or cake and
thus the technology can be best adopted at cottage industries
level. Hence, a field experiment was undertaken to study the
effect of summer forage crops and phosphogypsum-enriched
urea (PGEU) on soil biological properties, nitrogen-use
efficiency, yield and quality parameters of Basmati rice and
their residual effect on succeeding wheat productivity under
Basmati rice–wheat cropping system.

MATERIALS AND METHODS
The field experiment was carried out during 2007-08

and 2008-09 at the research farm of the Indian Agricultural
Research Institute, New Delhi (280 38’23"N, 770 09’27"E,
228.61 m above mean sea-level). The soil was sandy clay
loam having 51.8% sand, 22.2% silt and 26.4% clay. The
experimental soil had organic carbon content 0.54%,
available N 140.8 kg/ha, available P 17.0 kg/ha and available
K 276.0 kg/ha in the plough layer. The pH of the soil was
7.5 and determined in soil water suspension in the ratio of
1: 2.5 with glass electrode pH meter.

The experiment consisted of 4 summer forage crops
treatment, viz. pearlmillet sole, cowpea sole, pearlmillet +
cowpea and summer fallow. The summer forage crops, viz.
pearlmillet (variety PCB 164) and cowpea (variety V 585)
were sown in April. Summer forage crops were raised under
randomized block design with 3 replications. For successful
growing of summer forage crops, 2 irrigations were given
during both the years. The rice field experiment was carried
out in split plot design with 3 replications having 4 summer
forage crops treatments, viz. pearlmillet sole, cowpea sole,
pearlmillet + cowpea mixture (1:1 ratio) and fallow which
were assigned to the main plot and 5 phosphogypsum-
enriched urea (PGEU) levels, viz. absolute control, 0, 2.5,
5 and 7.5%, to the subplots in Basmati rice. The Basmati
rice variety Pusa Basmati 1121 was used in this field study
which is very fine grain variety. The 25-day-old seedlings
were transplanted at 20 cm × 10 cm spacing keeping 2
seedlings/hill. Nitrogen @ 120 kg/ha was uniformly applied
to all PGEU treatments. Quantity of PGEU was decided
based on the N content in the respective PGEU fertilizer
materials. The PGEU was applied in 2 equal split – half
each at the transplanting and active tillering stages. During
the growing season, the Basmati rice crop was kept in
around 5-6 cm standing water. Wheat crop was raised on
residual soil fertility in the same layout which was followed
for rice cultivation.

Total Zn, Mn, Fe and Cu were determined in forage
crops using a nitric-perchloric acid digest with atomic
absorption spectrophotometer as per the procedure

described by Prasad et al. (2006). Rice grain and straw
samples were analyzed for total N using a Kjeldahl digestion
unit as per procedures described by Prasad et al. (2006).
Finally, the nutrient uptake was determined by multiplying
dried weight of fodder crops, rice grain and straw with
their respective contents.

Hulling (%): Well sun-dried paddy samples of each
treatment weighing 100 g from each replication were hulled
in a mini “Satake Rice Mill” and weight of brown rice was
recorded, hulling percentage was calculated as:

Weight of brown rice (g)
Hulling (%) = ––––––––––––––––––––– × 100

Weight of rough rice (g)

Milling (%): To obtain uniformly polished grains, the
hulled brown rice was passed through Satake Rice Whitening
and Caking Machine for 2 minutes. The polished rice was
weighed and milling percentage was worked out as:

Weight of milled rice (g)
Milling (%) = ––––––––––––––––––––– × 100

Weight of rough rice (g)

Head rice recovery: The milled produce was sieved
with the help of appropriate sieves to separate whole kernels
from the broken ones. Small proportion of whole kernels
which passed along with broken one was hand separated.
Head rice recovery (%) was computed as:

Head rice Weight of whole milled rice (g)= ––––––––––––––––––––––––– × 100recovery (%) Weight of rough rice (g)

Ten grains from each replication were selected and were
used for measuring their length/breadth on a graph paper
using a ‘Photo Enlarger’ with a magnification of 3×. The
actual mean of grain length/breadth was expressed in mm.

Ten milled rice kernels from each plot were taken at
random and measured on a graph paper for their length and
breadth using a ‘Photo Enlarger’ with a magnification of
3×. The actual mean kernel length and breadth was
expressed in mm.

A sample of ten kernels before cooking of each
replication were taken separately in long labeled test tubes
and pre-soaked in 5 ml tap water for 30 min. After that, the
tubes were placed in water bath (Thermotech temperature
controller TH-013) maintained at boiling temperature for 6-
7 min. After cooking, the tubes were taken out and cooled
under running water for 2 min. Cooked kernels were taken
out of the tubes and excess water was removed with a
blotting paper. Length and breadth of cooked kernels were
measured as above-mentioned.

Elongation ratio was calculated by dividing the length
of cooked kernel by its original length.

Crude protein content in grain was obtained by
multiplying N concentration with a coefficient factor 5.95
(Prasad et al. 2006).

Soil samples were taken from the experimental plot
randomly 60 days after transplanting. Ten soil cores (5 cm
diameter, 0–15 cm depth) were taken from each plot. The
soil samples were put in polyethylene bags and allowed to
dry and taken to the laboratory where they were thoroughly
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mixed and sieved (2 mm mesh) after that moisture content
adjusted to 50% of water-holding capacity and, visible plant
material was removed manually. The samples were then
stored overnight at 5oC in the dark, and prior to biological
analyses they were equilibrated to 22–25oC.

Soil microbial biomass carbon was determined by
fumigation extraction method (Vance et al. 1987). Three
replicate (25 g) soil samples from each treatment were
weighed into 100 ml capacity beakers and fumigated with
ethanol-free chloroform for 24 hr at 25oC. After fumigant
removal, the soils were extracted with 100 ml 0.5 M K2SO4
for 30 min. Three replicates each of un-fumigated soil were
extracted similarly at the time fumigation commenced. The
organic carbon in the soil extracted was measured by
dichromate oxidation and soil microbial biomass carbon
(MBC) was calculated from: MBC = 2.64 EC, where EC is
(organic carbon extracted from fumigated soil) minus
(organic carbon extracted from un-fumigated soil). Soil
dehydrogenase activity (as a measure of microbial activity)
was measured by the method of Casida et al. (1964) and
alkaline phosphatase activity (representing ‘free’ enzymes)
was measured by Tabatabai and Bremner (1969) method.

The data relating to each character were analyzed as
per the procedure of analysis of variance and significance of
a randomized block design in forage crops and split plot
design in Basmati rice was tested by F-test (Gomez and
Gomez 1984). Standard error of means (SEm±) and critical
difference (CD) at 5% level of significance were worked
out for each parameter.

RESULTS AND DISCUSSION

Summer forage crop yield
Among the 3 forage crops treatment raised during

summer, pearlmillet + cowpea mixture recorded significantly
higher green and dry fodder yields compared to pearlmillet
sole and cowpea sole (Fig 1). Percentage increase in fresh
fodder yield was in the order of 15.3 and 43.4 and 17.1 and

44.7 with pearlmillet + cowpea compared to pearlmillet
sole and cowpea sole during 2007 and 2008 respectively.
This increase in the fresh and dry forage yields of pearlmillet
+ cowpea might be owing to synergistic effect of cereal and
legume in mixture compared to grown individually. The
forage yields in 2007 were slightly higher than that in 2008
because of favourable climatic conditions to summer forage
crops in 2007 cropping season.

Micronutrient concentrations and their uptake in summer
forage crops

Among the micronutrients, Zn and Mn concentration
was recorded significantly higher with pearlmillet + cowpea
summer forage crops treatment compared to pearlmillet
sole and cowpea sole (Table 1). This might be owing to
pearlmillet + cowpea which are the better combination of
forage crops and also which contained higher micronutrients
concentration compared to individual crop of pearlmillet
and cowpea. The significantly higher Fe and Cu
concentrations were recorded with summer forage cowpea
sole compared to pearlmillet sole and pearlmillet + cowpea
summer forage crops during both the years (Table 1). This
might be due to the fact that generally legume crops in their
vegetative parts contained higher Fe and Cu concentrations
compared to cereals/grasses, that is why significantly lower
Fe and Cu concentrations were recorded with pearlmillet
sole and pearlmillet + cowpea mixture.

The nutrient uptake of any crop is the resultant of
multiplication of its concentration and dry-matter
accumulation. Therefore, the significantly higher uptake of
the micronutrients, viz. Zn, Fe, Mn and Cu was recorded
with pearlmillet + cowpea mixture treatment than pearlmillet
sole and cowpea sole (Table 2). This was due to significantly
higher dry matter accumulation with pearlmillet + cowpea
compared to pearlmillet sole and cowpea sole.

Soil biological properties and Basmati rice productivity
Soil microbial biomass C is a small component of soil
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organic matter and status of soil microbial biomass C and
other enzymatic activity is directly related to soil organic
matter content (Dhull et al. 2004, Jedidi et al. 2004).
Different summer forage crops and PGEU significantly
influenced soil microbial biomass C, dehydrogenase (µg
TFT/g/soil/day), alkaline phosphatase (µg/g soil/h) and
fluorescein diacetate (µg/g soil/h) enzyme activity. Though
highest value of all these microbial activity parameters in
Basmati rice soils was recorded after cowpea summer forage
crop, it was statistically on a par with pearlmillet + cowpea
during both the years. Soil microbial biomass C was 217.3
and 220.9 in summer fallow and 238.6 and 239.8 µg/g soil
in cowpea sole treatment. The PGEU at 7.5% recorded
significantly higher soil microbial biomass C, dehydrogenase,
alkaline phosphatase and fluorescein diacetate enzyme
activity over absolute control, 0 and 2.5% PGEU but
remained on a par with 5% PGEU during both the years
(Table 3). The increase in dehydrogenase, alkaline
phosphatase and fluorescein diacetate activities with
increasing level of coated material as well as summer forage
crops is a reflection of organic matter builds up which led
to increase in microbial activities. Similar findings are also
recorded by Pooniya and Shivay (2011).

Significantly higher grain yield of Basmati rice was
recorded when Basmati rice was grown after preceding
cowpea forage crop which was statistically on a par with
pearlmillet + cowpea and significantly better than pearlmillet
summer forage crop treatment as well as fallow. The increase
in grain yield of Basmati rice with preceding cowpea summer
forage crops was in the order of 6.2 and 5.7%, 3.7 and
3.1%, 9.6 and 8.9% over pearlmillet, pearlmillet + cowpea
and fallow during 2007 and 2008 respectively. This might
be due to more residual effect of biological N fixed in the
root nodules of previous crop of cowpea. The lowest values

of yield was recorded when Basmati rice was grown after
summer fallow (Table 3). The PGEU also had significant
effect on grain yield of Basmati rice and application of 7.5%
PGEU recorded significantly higher grain yield over absolute
control, 0, 2.5 and 5% PGEU. The highest grain yield of
Basmati rice, i e 5.33 and 5.55 tonnes/ha, was recorded with
7.5% PGEU during 2007 and 2008 respectively. The increase

Table 1 Micronutrients concentrations in summer forage crops

Treatment Zn concentrations Mn concentrations Cu concentrations Fe concentrations
(mg/kg DM) (mg/kg DM) (mg/kg DM) (mg/kg DM)

2007 2008 2007 2008 2007 2008 2007 2008

Pearlmillet sole 118.7 118.2 29.1 28.9 40.1 39.8 131.6 128.8
Cowpea sole 132.2 131.8 35.2 34.8 44.8 44.2 194.6 193.2
Pearlmillet + Cowpea 136.8 136.8 43.6 43.3 41.9 41.4 162.4 161.0

SEm± 1.86 1.86 1.12 0.91 0.51 0.37 4.76 3.64
CD (P=0.05) 6.42 6.42 3.86 3.12 1.75 1.29 16.38 12.46

DM, Dry matter

Table 2 Micronutrients uptake in summer forage crops

Treatment Zn uptake (g/ha) Mn uptake (g/ha) Cu uptake (g/ha) Fe uptake (g/ha)

2007 2008 2007 2008 2007 2008 2007 2008

Pearlmillet sole 1 472.2 1 402.5 359.9 341.3 496.9 472.1 1 633.2 1 533.0
Cowpea sole 1 312.9 1 194.9 349.4 315.6 444.2 400.4 1 933.4 1 744.4
Pearlmillet + Cowpea 1 958.8 1 894.7 624.3 600.1 599.5 573.4 2 328.2 2 234.4

SEm± 89.70 79.87 26.82 23.20 24.20 24.35 136.22 116.34
CD (P=0.05) 309.48 275.55 92.53 80.06 83.48 84.00 469.84 401.52

Table 3 Effect of preceding summer forage crops and
phosphogypsum-enriched urea on soil microbial
properties and grain yield of Basmati rice

Treatment Dehydrogenase Fluorescein Grain
activity (µg diacetate activity yield

TFT/g soil/day) (µg /g soil/h) (tonnes/ha)

2007 2008 2007 2008 2007 2008

Summer forage crops
Pearlmillet sole 7.23 7.53 1.59 1.73 4.52 4.73
Cowpea sole 8.08 8.37 1.68 1.98 4.80 5.00
Pearlmillet + 8.00 8.09 1.64 1.90 4.63 4.85

cowpea
Fallow 6.67 6.93 1.46 1.62 4.38 4.59

SEm± 0.06 0.08 0.014 0.049 0.05 0.05
CD (P=0.05) 0.22 0.28 0.050 0.169 0.20 0.20

Phosphogypsum-enriched urea
Control 6.50 6.69 1.15 1.21 3.45 3.65
0% PGEU 7.17 7.24 1.36 1.58 4.41 4.62
2.5% PGEU 7.64 7.85 1.62 1.92 4.72 4.92
5.0% PGEU 7.95 8.28 1.83 2.06 5.01 5.22
7.5% PGEU 8.22 8.59 2.00 2.26 5.33 5.55

SEm± 0.07 0.12 0.031 0.056 0.09 0.09
CD (P=0.05) 0.21 0.36 0.088 0.161 0.26 0.26

PGEU, Phosphogypsum-enriched urea
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preceding pearlmillet + cowpea forage summer crops was
significantly higher than pearlmillet sole and fallow but
remained statistically on a par with cowpea treatment during
both the years of study. The PGEU had significant effect on
N concentration in grain and straw of Basmati rice.
Application of PGEU at 7.5% recorded significantly higher
N concentration in grain of Basmati rice over absolute
control, 0, 2.5 and 5% PGEU. However, in Basmati rice
straw application of 5% PGEU recorded significantly higher
N concentration over control and 0% PGEU and remained
on a par with 2.5 and 7.5% PGEU. The highest N
concentration in grain and straw of Basmati rice, i e 1.29
and 0.62, 1.30 and 0.63% during 2007 and 2008,
respectively, were recorded with 7.5% PGEU. Nitrogen
concentration in rice grain and straw was influenced

in grain yield of Basmati rice at 7.5% PGEU was in the
order of 54.5 and 52.1%, 20.9 and 20.1%, 12.9 and 12.8%,
6.4 and 6.3% over control, 0, 2.5 and 5% PGEU during
2007 and 2008 respectively (Table 3). This could be
attributed to the controlled release of N and longer supply
of mineralized N to the plants as recorded in the present
study is in accordance with the findings of Bharde et al.
(2003), Shivay (2007), Meena and Shivay (2010).

Correlation between soil biological properties and grain
yield

A significantly high correlation ranging from 0.75 to
0.95 was recorded between grain yield and microbiological
parameters such as dehydrogenase activity, microbial
biomass carbon, alkaline phosphatase activity and fluorescein
diacetate hydrolysis (Fig 2). A
positive correlation between
microbial parameters such as
dehydrogenase activity, soil
microbial biomass carbon and
other related parameters
emphasized further the significant
role of microorganisms in nutrient
cycling in soil and its interactions
with plant health and productivity.
Our results indicated that there is
a definite improvement in soil
organic matter, microbial
activities and crop yield of
Basmati rice which can be
attributed to the synergistic effects
of summer forage crops and
PGEU. Such positive effects of
summer forage and coated urea
materials can help in maintaining
organic matter level and sustain
good crop productivity over long
period of time without
deteriorating soil health.

Nitrogen concentration and its
uptake in rice grain and straw

The preceding summer
forage crops had significant effect
on N concentration in grain and
straw of Basmati rice (Table 4).
The significantly higher N
concentration in grain and straw
of rice was recorded when
Basmati rice was grown after
preceding cowpea forage crop,
which was statistically on a par
with pearlmillet + cowpea but
significantly better than
pearlmillet sole and fallow during
both the years in straw. However,
in grain N concentration after the

Fig 2 Correlation between soil biological properties and grain yield of Basmati rice (FDA,
fluorescein diacetate)
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favourably by sources of N. Modified urea materials had
beneficial effect on N concentration than prilled urea (Shivay
et al. 2001, Kumar and Prasad 2004, Shivay 2007).

The preceding summer forage crops had significant
effect on uptake of N by Basmati rice. The significantly
higher N uptake of rice crop was recorded when Basmati
rice was grown after preceding short duration cowpea
summer forage crop (Table 4). The PGEU had significant
effect on N uptake of Basmati rice. Application of PGEU at
7.5% recorded significantly higher N uptake over absolute
control, 0, 2.5 and 5% PGEU. This might be owing to
increase in the PGEU levels increased the N concentration
proportionately in grain and straw and finally led to increased
higher N uptake with highest level of PGEU. Our results
confirm the findings of Oo et al. (2007), Shivay (2007) and
Meena and Shivay (2010).

Nitrogen use indices
The highest crop recovery efficiency of applied nitrogen

was recorded when Basmati rice was grown after the
preceding cowpea summer forage (Table 4). In general the
crop recovery efficiency was slightly lower in the first year
than that in the second year. The PGEU at 7.5% resulted
significantly higher crop recovery efficiency over absolute
control, 0, 2.5 and 5% PGEU (Table 4). The highest crop
recovery efficiency, i.e. 60.3 and 62.8 during 2007 and
2008, respectively, was recorded with 7.5% PGEU.

The preceding summer forage crops had significant
effect on N harvest index of Basmati rice during 2007
(Table 4). The highest N harvest index was recorded when
Basmati rice was grown after pearlmillet sole and it was
significantly superior to cowpea sole but remained
statistically on a par with pearlmillet + cowpea and fallow
treatment. During 2008 however, preceding summer forage

crops had nonsignificant effect on N harvest index of Basmati
rice and no systematic trend was recorded with respect to N
harvest index due to the preceding short-duration summer
forage crops and fallow treatment. The PGEU had significant
effect on N harvest index of Basmati rice. With each
successive increase in the PGEU level there was significant
increase in the N harvest index up to the highest level of
PGEU, i e 7.5%. The highest and lowest N harvest index
was recorded with 7.5% PGEU and absolute control.

Biochemical quality parameters of Basmati rice grain
The protein content of Basmati rice was recorded

significantly higher when Basmati rice was grown after the
harvest of pearlmillet + cowpea and cowpea sole than
pearlmillet sole and fallow treatments (Table 5). The PGEU
at 7.5% recorded significantly higher protein content over
absolute control, 0, 2.5 and 5% PGEU. The highest protein
content of Basmati rice, i.e. 7.75 and 7.8%, was recorded at
7.5% PGEU during 2007 and 2008 respectively. Oo et al.
(2007) also reported, increase in protein content owing to
ensured supply of nutrients in appropriate quantity supplied
at critical growth stages through right sources.

Physical grain quality parameters
Significantly higher hulling and milling percentage was

recorded when Basmati rice was grown after the harvest of
summer forage cowpea compared to fallow. However,
different summer forage crops did not affect head rice
recovery significantly. With each successive increased in
percentage of PGEU, there was a significant increase in
hulling percentage up to 7.5% PGEU. The highest hulling
and milling percentage and head rice recovery of Basmati
rice was recorded at 7.5% PGEU (Table 5). The increase in
hulling, milling and head rice recovery percentages with

Table 4 Effect of preceding summer forage crops and phosphogypsum-enriched urea on N concentration of Basmati rice grain, straw
and their uptake

Treatment N content (%) N content (%) N uptake by rice N uptake by rice N crop recovery N harvest
in grain in straw grain (kg/ha) straw (kg/ha) efficiency (%) index (%)

2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 2007 2008

Summer forage crops
Pearlmillet sole 1.12 1.12 0.56 0.56 51.4 53.8 80.8 85.5 33.4 34.7 38.5 38.2
Cowpea sole 1.18 1.18 0.62 0.63 57.7 60.1 94.8 99.3 39.2 39.8 37.7 37.2
Pearlmillet+ cowpea 1.19 1.19 0.61 0.62 55.9 58.6 89.3 93.7 36.7 37.9 38.0 38.0
Fallow 1.12 1.11 0.57 0.58 49.3 51.5 80.0 84.6 31.9 32.7 37.9 37.6
SEm± 0.019 0.020 0.004 0.003 0.93 1.09 0.70 0.62 1.21 1.22 0.29 0.35
CD (P=0.05) 0.066 0.069 0.013 0.011 3.21 3.78 2.42 2.15 4.18 4.21 1.02 NS

Phosphogypsum-enriched urea
Control 0.97 0.96 0.54 0.54 33.4 35.3 64.1 67.9 34.2 34.2
0% PGEU 1.09 1.08 0.57 0.58 47.9 50.0 80.6 85.2 25.9 26.7 37.3 37.0
2.5% PGEU 1.18 1.18 0.61 0.61 55.7 58.0 90.0 94.1 40.2 40.7 38.3 38.1
5.0% PGEU 1.22 1.22 0.62 0.63 61.7 64.0 95.9 100.8 50.1 51.3 39.1 38.8
7.5% PGEU 1.29 1.30 0.62 0.63 69.3 72.5 100.6 105.9 60.3 62.8 40.8 40.6
SEm± 0.014 0.013 0.005 0.005 1.29 1.38 1.41 1.34 1.98 1.94 0.53 0.58
CD (P=0.05) 0.040 0.037 0.014 0.016 3.70 4.00 4.06 3.86 5.70 5.58 1.53 1.67

PGEU, Phosphogypsum-enriched urea
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cooking and rice grain breadth after cooking of Basmati
rice. However, rice grain length expansion ratio, rice grain
breadth before cooking, grain breadth expansion ratio did
not influence significantly due to summer forage crops
(Table 6). This might be due to the fact that most of these
parameters of rice cooking quality are very fine in nature
and these are generally governed by genetic characters/
hereditary make up of a variety. Similar results were also
reported by Rani (2003). Application of 7.5% PGEU was
found best treatment in terms of rice grain length before

different levels of PGEU might be due to increase in N
concentrations of grain which led to increase in protein
content and decreased breakage loss. Rani (2003) and Shivay
(2007) also reported that the varieties with higher protein
content suffered less breakage and increased hulling, milling
and head rice recovery percentages.

Cooking grain quality parameters
The preceding short-duration summer forage crops had

significant effect on rice grain length before and after

Table 5 Effect of preceding summer forage crops and phosphogypsum-enriched urea on protein content, hulling, milling and head rice
recovery of Basmati rice

Treatment Protein content (%) Hulling (%) Milling (%) Head rice recovery (%)

2007 2008 2007 2008 2007 2008 2007 2008

Summer forage crops
Pearlmillet sole 6.71 6.70 65.7 66.4 53.9 54.2 45.8 45.7
Cowpea sole 7.08 7.07 66.4 67.3 55.1 55.3 46.3 46.5
Pearlmillet + cowpea 7.11 7.12 65.4 66.3 53.9 54.2 45.5 45.6
Fallow 6.67 6.64 65.0 65.9 53.6 54.1 45.5 45.6

SEm± 0.12 0.12 0.34 0.34 0.23 0.16 0.19 0.20
CD (P=0.05) 0.40 0.41 1.30 1.31 0.90 0.62 NS NS

Phosphogypsum-enriched urea
Control 5.80 5.78 60.1 61.6 47.9 48.1 39.5 39.6
0% PGEU 6.50 6.47 63.2 64.1 52.7 53.0 44.3 44.5
2.5% PGEU 7.06 7.04 66.1 66.8 54.6 55.0 46.4 46.4
5.0% PGEU 7.35 7.32 68.5 69.0 56.1 56.5 47.8 47.9
7.5% PGEU 7.75 7.80 70.6 71.2 59.3 59.6 50.9 50.8

SEm± 0.09 0.07 0.46 0.48 0.34 0.29 0.26 0.27
CD (P=0.05) 0.25 0.22 1.32 1.39 0.97 0.82 0.75 0.76

PGEU, Phosphogypsum-enriched urea

Table 6 Effect of preceding summer forage crops and phosphogypsum-enriched urea on cooking quality of Basmati rice

Treatment Rice grain Rice grain Rice grain Rice grain Rice grain Rice grain
length before length after length breadth before breadth after breadth

cooking cooking expansion ratio cooking cooking expansion
(mm) L1 (mm) L2 (L2/L1) (mm) B1 (mm)B2 ratio (B2/B1)

2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 2007 2008

Summer forage crops
Pearlmillet sole 7.0 7.0 14.7 14.8 2.10 2.11 1.58 1.60 2.29 2.30 1.45 1.44
Cowpea sole 7.2 7.2 14.9 15.0 2.07 2.08 1.60 1.62 2.33 2.34 1.46 1.44
Pearlmillet + Cowpea 7.1 7.1 14.7 14.8 2.07 2.08 1.59 1.61 2.30 2.31 1.45 1.43
Fallow 7.0 7.0 14.5 14.6 2.07 2.08 1.58 1.59 2.27 2.28 1.44 1.43

SEm± 0.05 0.05 0.08 0.08 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
CD (P=0.05) 0.19 0.19 0.29 0.30 NS NS NS NS 0.05 0.05 NS NS

Phosphogypsum-enriched urea
Control 6.3 6.2 12.8 12.8 2.03 2.06 1.36 1.37 2.07 2.06 1.52 1.50
0% PGEU 7.1 7.1 14.6 14.9 2.06 2.10 1.56 1.58 2.28 2.29 1.46 1.45
2.5% PGEU 7.2 7.2 15.0 15.1 2.08 2.10 1.65 1.66 2.34 2.35 1.42 1.42
5.0% PGEU 7.3 7.3 15.4 15.5 2.11 2.12 1.68 1.70 2.39 2.41 1.42 1.42
7.5% PGEU 7.3 7.4 15.7 15.8 2.15 2.14 1.69 1.72 2.40 2.42 1.42 1.41

SEm± 0.07 0.07 0.14 0.14 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.01
CD (P=0.05) 0.21 0.21 0.39 0.39 0.06 0.06 0.05 0.05 0.07 0.07 0.04 0.04

PGEU, Phosphogypsum-enriched urea
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Carriger S and Vallee D. 2007. More crop per drop. Rice Today 6:
10–3.

Casida (Jr) L E, Klein D A and Santoro T. 1964. Soil dehydrogenase
activity. Soil Science 93: 371–6.

Dhull S K, Goyal S, Krishan K K and Mool C M. 2004. Microbial
biomass carbon and microbial activities of soils receiving
chemical fertilizers and organic amendments. Archives of
Agronomy and Soil Science 50: 641–7.

Gomez K A and Gomez A A. 1984. Statistical Procedures for
Agricultural Research, Second Edition. An International Rice
Research Institute Book. Wiley-Inter-Science Publication, John
Wiley & Sons, New York.

Jedidi N, Hassen A, Van Cleemput O and M’Hiri A. 2004. Microbial
biomass in a soil amended with different types of organic
wastes. Waste Management Research 22: 93–9.

Kumar N and Prasad R. 2004. Effect of levels and sources of
nitrogen on concentration and uptake of nitrogen by a high
yielding variety and a hybrid of rice. Archives of Agronomy
and Soil Science 50: 447–54.

Ladha J K, Pathak H, Krupnik T J, Six J and Kessel C V. 2005.
Efficiency of fertilizer nitrogen in cereal production: Retrospect
and prospects. Advances in Agronomy 87: 87–155.

Meena H N and Shivay Y S. 2010. Productivity of preceding
summer forage crops and their effect on succeeding Basmati
rice in conjunction with gypsum enriched urea. Indian Journal
of Agronomy 55 (1): 11–5.

Oo N M L, Shivay Y S and Kumar D. 2007. Effect of nitrogen and
sulphur fertilization on yield attributes, productivity and nutrient
uptake of Basmati rice (Oryza sativa). Indian Journal of
Agricultural Sciences 77(11): 772–5.

Pooniya V and Shivay Y S. 2011. Effect of green manuring and
zinc fertilization on productivity and nutrient uptake in Basmati
rice-wheat cropping system. Indian Journal of Agronomy 56(1):
28–34.

Prasad R. 2009. Efficient fertilizer use: The key to food security
and better environment. Journal of Tropical Agriculture 47(1-
2): 1–17.

Prasad R, Shivay Y S, Kumar D and Sharma S N. 2006. Learning
by Doing Exercises in Soil Fertility (A Practical Manual for
Soil Fertility), pp 68. Division of Agronomy, Indian Agricultural
Research Institute, New Delhi.

Rani N S. 2003. Quality considerations in developing hybrids.
(in) Winter School on Advances in Hybrid Rice Technology;
Organised by Directorate of Rice Research, Hyderabad, India,
pp 145–472.

Shivay Y S. 2007. Effect of levels and neem (Azadirachta indica
Juss) coated urea sources of nitrogen on productivity and
nitrogen recovery of rice under Indo-Gangetic plains.
International Journal of Tropical Agriculture 25(4): 1 111–23.

Shivay Y S, Prasad R, Singh S and Sharma S N. 2001. Coating of
prilled urea with neem (Azadirachta indica Juss) for efficient
nitrogen use in lowland transplanted rice. Indian Journal of
Agronomy 46(3): 453–57.

Singh S and Shivay Y S. 2003. Coating of prilled urea with
ecofriendly neem (Azadirachta indica A. Juss) formulations
for efficient nitrogen use in hybrid rice. Acta Agronomica
Hungarica 51(1): 53–9.

Tabatabai M A and Bremner J M. 1969. Use of p-nitrophenyl
phosphate for assay of soil phosphatase activity. Soil Biology
and Biochemistry 1: 301–7.

Vance E D, Brookes P C and Jenkinson D S. 1987. An extraction
method for measuring soil Microbial biomass C. Soil Biology
and Biochemistry 19: 703–7.

and after cooking, rice grain breadth before and after
cooking, rice grain length expansion ratio and rice grain
breadth expansion ratio followed by 5% PGEU (Table 6).
These results confirm the findings of Shivay (2007) who
also reported that modified urea fertilizers affected the
aromatic rice cooking quality parameters.

Residual effect on succeeding wheat
Among the short-duration summer forage crops cowpea

sole and pearlmillet + cowpea had significant effect on
succeeding wheat (Fig 3). The highest yield was recorded
when succeeding wheat was grown after the short-duration
summer forage cowpea sole and it was significantly superior
compared to summer fallow and pearlmillet sole treatments,
however, it remained statistically on a par with pearlmillet
+ cowpea mixture. The PGEU had also a significant residual
effect on yield of succeeding wheat. Each successive increase
in the PGEU had significant effect on succeeding wheat
yield. These results are in accordance with the findings of
Bharde et al. (2003) and Pooniya and Shivay (2011).

It can be concluded that among 3 forage crop treatments
grown during the summer, pearlmillet + cowpea mixture
recorded significantly higher green and dry fodder yields
compared to pearlmillet sole and cowpea sole. For enhancing
productivity and quality of Basmati rice, nitrogen use-
efficiency and soil microbial activity, enrichment of urea
with 7.5% phophogypsum found beneficial and its significant
residual effect was also observed on succeeding wheat.
Inclusion of short-duration summer forage crops like, cowpea
or pearlmillet + cowpea mixture in conjunction with
application of 7.5% PGEU would be sufficient to sustain
the productivity of Basmati rice-wheat cropping system in
the Indo-Gangetic plains. This is also an important finding
for increased nutrient recycling and sustaining soil fertility
for long term productivity of Basmati rice under this intensive
cropping system in the south Asia.
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Fig 3 Residual effect of preceding summer forage crops and
phosphogypsum-enriched urea on wheat productivity

82

BANA ET AL.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


