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Abstract A long-term rice-wheat experiment was con-
ducted at Parwanipur, Nepal, to study the effects of or-
ganic and mineral sources of nutrients on yield and nutri-
ent status of the soil. Twelve treatments comprising dif-
ferent combinations of inorganic N, P, and K; farmyard
manure (FYM); and wheat chopped straw (WCS) were
included. On average during a 20-year period, the con-
trol plot with an indigenous nutrient supply supported
2.06 Mg rice ha–1 and 0.69 Mg wheat ha–1. The applica-
tion of 100 kg N ha–1 increased yields, but the addition
of P, K, Zn, and S gave no response, indicating that the
soil supply of these nutrients did not limit yield. The
grain yield of rice and wheat was maintained over the
years. Soil analyses of the past 6 years (1994–1999)
showed that treatments receiving organic sources of nu-
trients increased total soil C and N from 18% to 62% and
15% to 48%, respectively, compared with the NPK treat-
ment. There was a buildup of total P and Olsen P in plots
receiving FYM. However, total and available soil K
were similar in all the treatments. The apparent N and P
balances for the rice-wheat system were positive in the
NPK, FYM, and WCS treatments, whereas the K balance
was negative in all the treatments except with the appli-
cation of FYM to both rice and wheat. Rice and wheat in
most years yielded <3.15 Mg ha–1 and <2.16 Mg ha–1,
respectively. These yields are only 40–50% of the poten-

tial attainable yields of this region. Possible reasons for
low yields are discussed.

Keywords Long-term experiment · Rice-wheat system · 
Organic manure · Soil fertility · Nutrient balance

Introduction

Rice and wheat are the most important staple food crops
of the world and they are mostly grown in sequence in
South Asia. The rice-wheat system is currently practised
on about 13.5 million ha of prime agricultural land in
Bangladesh, India, Nepal, and Pakistan, with another 12
million ha in China (Ladha et al. 2000). The production
of both crops has increased markedly with the introduc-
tion of modern technologies based on early maturing, 
N-responsive, semi-dwarf cultivars. The removal of nu-
trients with harvested grain and straw has also increased
markedly. There are indications that the yields of rice
and wheat, and partial factor productivity (PFP) which is
the measure of grain output for a single input, such as N,
have declined (Hobbs and Morris 1996; Duxbury et al.
2000; Yadav et al. 2000). The depletion of soil nutrients,
particularly K, is reported to be a possible cause of such
a decline (Bhandari et al. 2001; Regmi et al., unpub-
lished data). Deficiency of Zn and S is also reported to
be associated with yield decline in some cases (Duxbury
et al. 2000). The decline in PFP results in increasing
costs because farmers have to apply additional inputs of
fertilizer to obtain the same yields. Non-judicious use of
nutrients also has a negative environmental effect in
terms of their losses in gaseous forms and through leach-
ing. Since arable land is limiting, productivity has to be
improved to meet the region’s future food demand.
Maintenance of soil fertility will be essential, therefore,
to improve and sustain yields.

Long-term experiments (LTEs) are valuable for evalu-
ating the effects of continuous cropping on the capacity
of a system to sustain nutrient supply and productivity.
In Nepal, four long-term experiments on rice-wheat be-
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gan in the late 1980s. Earlier we analysed a rice-rice-
wheat long-term experiment at Bhairahwa, Nepal, and
hypothesised that a delay in sowing and K deficiency
were the possible causes of a yield decline in wheat,
whereas poor water management and K deficiency were
responsible for rice-yield decline (Regmi et al., unpub-
lished data).

In the present study, we used another rice-wheat LTE
conducted over a 20-year period at the Regional Agricul-
tural Research Station, Parwanipur, Nepal, to: (1) exam-
ine the effects of organic and mineral fertilization on
yield and yield trends of rice and wheat, (2) monitor
changes in nutrient contents of soil under continuous
cropping, and (3) estimate apparent input-output balanc-
es of N, P, and K.

Materials and methods

A long-term permanent plot experiment began in June 1980 at the
Regional Agricultural Research Station, Parwanipur, Nepal. The
site is located in the central piedmont of Nepal at 120 m above
mean sea level at 27°21′N and 84°53′E. The soil is an Inceptisol
formed on Himalayan residuum with the following characteristics
in the top 15-cm profile: clay 8.0%, silt 17.0%, sand 75.0%
(loamy sand), pH (1:2 soil:water) 7.0, total N 0.86 g kg–1, total C
6.5 g kg–1, NH4OAc-extractable K 0.054 g kg–1, Olsen P 0.015 g
kg–1, saturation extract exchangeable cations 1.4 dS m–1, and bulk
density 1.6 Mg m–3. The area has a subtropical climate highly in-
fluenced by the southwestern monsoon. The average annual rain-
fall is around 1,550 mm. More than 85% of the rainfall occurs
from mid-June to the end of September. November and December
are the driest months and light precipitation can be expected in
January and February. The mean monthly temperature ranges from
a minimum of 8.5°C in January to a maximum of 34.5°C in May.
The source of irrigation is groundwater pumped from 200-m-deep
tube wells.

The experiment included two crops per year, rice (July–
November) and wheat (December–April), with 12 treatments
(T1–T12) arranged in a randomized complete block design with
three replicates (Table 1). Plots were 6 m long and 4 m wide. Fer-
tilizers were applied based on the recommendations set at the time
of initiation of the experiment by the Nepal Agricultural Research
Council. All the P as (NH4)2HPO4, K as muriate of potash, and Zn
and S as ZnSO4 were applied as basal fertilizer. N was applied in
two splits, 50% at transplanting of rice and sowing of wheat as
(NH4)2HPO4 plus urea and the remaining 50% topdressed as urea
at 25–30 days after transplanting (DAT) of rice and at 21–25 days
after sowing (DAS) of wheat. Farmyard manure (FYM) contain-
ing 20.0 g N kg–1, 4.5 g P kg–1, and 10.0 g K kg–1 (dry-weight ba-
sis) was applied 4–7 days before transplanting/sowing. Wheat
chopped straw (WCS), containing 5.0 g N kg–1, 1.0 g P kg–1, and
3.0 g K kg–1 (dry-weight basis), in 2-cm pieces was incorporated
into the soil 4–7 days before transplanting of rice. Two rice seed-
lings (25–30 days’ old) were transplanted at 20×20 cm spacing.
Wheat (120 kg seed ha–1) was sown in rows 25 cm apart. In all the
years, high-yielding, semi-dwarf varieties of rice and wheat were
used. Transplanting of rice and sowing of wheat were done on
15–30 July and 5–15 December, respectively, every year. Irriga-
tion was given in rice to maintain a submerged condition (3- to 
5-cm water layer). However, soil moisture frequently dropped be-
low field capacity because of high temperature, high evapotranspi-
ration, and an inadequate supply of irrigation water due to electric-
ity and/or machine failure. Plots were drained about 15 days be-
fore the rice harvest. In wheat, three irrigations were given at
crown root initiation (21 DAS), maximum tillering (55 DAS), and
flowering (100 DAS). Hand weeding was done to manage the
weeds and plant protection measures were applied as needed to

control pests. Crops were harvested manually 5 cm above the
ground using sickles, and straw was removed from the field. The
grains were separated from the straw manually. Crops were har-
vested from a 10-m2 area in the centre of the plot at maturity and
grain yield was adjusted to 140 g water kg–1 and 120 g water kg–1

for rice and wheat, respectively.

Soil sampling and analysis

Soil samples of five selected treatments (1, 5, 9, 11, and 12) were
collected after each crop of wheat starting in year 14 (1994) to
study the effect of organic and inorganic fertilizers on soil nutrient
content. Soil samples from the 0- to 20-cm layer were collected
from three sites in each plot with a core sampler at about
5–10 days after the harvest of wheat. The entire volume of soil
was weighed and mixed thoroughly and a subsample was taken to
determine dry weight. The fresh soil was air-dried for 7 days,
sieved through a 2-mm screen, mixed, and stored in sealed plastic
jars for analysis. Representative sub-samples were drawn to deter-
mine total C and total N (CHN analyser), total P (Page et al.
1982), Olsen P (Olsen et al. 1954), total K and NH4OAc-
exchangeable K (Page et al. 1982), and pH (1:2 soil:water suspen-
sion). Some 200–300 g dry soil was kept in air-tight plastic bottles
for future reference. All the soils archived over the years were
analysed at the same time for this study in May 2000. The bulk
density of soil was measured in situ in 1998–1999 using metal
rings (Arshad et al. 1996).

Apparent nutrient (N, P, and K) budgets were developed for se-
lected treatments (1, 5, 9, 11, and 12) following the method de-
scribed by Regmi et al. (unpublished data) using different inputs
and outputs measured by us during the present experiment and by
Mishra (1980), Brown et al. (1999), and Smaling and Fresco
(1993). Among inputs, N, P, and K contents in mineral fertilizer
and organic manure were measured in the present study. The N, P,
and K contributions of 11.0, 0.2, and 20 kg ha–1 year–1 with irriga-
tion water (150 cm year–1) plus rainfall were based on the data re-
ported by Mishra (1980) for Pantnagar, India (29°N and 79°5′E
and an altitude of 244 m above mean sea level), which has geo-
graphic and climatic features similar to those of the area under
study. Similar values for N input from irrigation water were also
reported by Brown et al. (1999) for Nepal. N input from biological
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Table 1 Treatments used in the long-term rice-wheat experiment
in Parwanipur, Nepal. FYM Farmyard manure, WCS wheat
chopped straw

Treat- Rice Wheat
ment

N P K Organic N P K Organic

(kg ha–1) (kg ha–1)

1 0 0 0 0 0 0 0 0
2 100 0 0 0 100 0 0 0
3 100 13.1 0 0 100 13.1 0 0
4 100 0 25 0 100 0 25 0
5 100 13.1 25 0 100 13.1 25 0
6 100 0 0 0 100 13.1 25 0
7 50 0 0 0 50 0 0 0
8 50 8.7 0 0 50 8.7 0 0
9 0 0 0 FYMa 0 0 0 FYMa

10b 100 13.1 25 0 100 13.1 25 0
11 50 0 0 FYMa 100 13.1 25 0
12 50 0 0 WCSc 100 13.1 25 0

a FYM added at 4 Mg ha–1 (dry-weight basis). It contained 20.0 g
N kg–1, 4.5 g P kg–1, and 10.0 g K kg–1

b 25 kg ha–1 ZnSO4 added to rice
c WCS added at 5 Mg ha–1 (dry-weight basis). It contained 5.0 g 
N kg–1, 1.0 g P kg–1, and 3.0 g K kg–1



N2 fixation was considered to be at the rate of 10 kg ha–1 during
rice and 5 kg ha–1 during wheat cultivation (Brown et al. 1999).
The quantities of N, P, and K added to the soil with rice seedlings
(dry weight 75.6 kg ha–1) and wheat seeds (120 kg ha–1) were ob-
tained by considering N, P, and K contents as 41.0, 4.0, and 30.0 g
kg–1 in rice seedlings (dry weight) and 20.0, 3.6, and 4.0 g kg–1 in
wheat seeds, respectively.

Plant uptake of N, P, and K was estimated using the QUEFTS
(quantitative evaluation of fertility of tropical soils) model cali-
brated for rice (Witt et al. 1999) and wheat (Pathak et al., unpub-
lished data). Total loss (gaseous plus leaching) of fertilizer N was
taken to be 700 g kg–1 for rice and 600 g kg–1 for wheat (Tandon
1994). These high estimates of fertilizer-N losses are possible due
to the relatively low yields of rice and wheat in this experiment.
Losses of soil N and manure N were estimated based on data re-
ported by Smaling and Fresco (1993) and Kundu and Ladha
(1995). Green manure N was assumed to behave similarly to fer-
tilizer N (Singh et al. 1992). We assumed that there would be no
loss of P through leaching or otherwise from the soil system. The
leaching loss of K was taken to be 150 g kg–1 of K input (Smaling
and Fresco 1993; Bhandari et al. 2001).

Data analysis

Regression analysis was done to determine grain yield trends over
the years. ANOVA was done to test the differences between treat-
ments. The maximum yields of rice and wheat discussed in the pa-
per were the average of three maximum yields from 20 years of
the experiment.

Results and discussion

Grain yield

On average during a 20-year period, the unfertilized plot
with an indigenous nutrient supply supported 2.06 Mg
rice ha–1 and 0.69 Mg wheat ha–1. Rice responded to N
application (100 kg N ha–1) (T2), increasing yield to an
average of 2.89 Mg ha–1 (Table 2). The application of P
(T3), K (T4) or both P and K (T5) with N did not im-
prove the yield further. Likewise, the amendment of
ZnSO4 (T10) had no effect on grain yield of rice. This
indicated that P, K, S, and Zn were not limiting yields.
Maximum yields obtained with different treatments dur-
ing 20 years also showed similar trends, but they were
higher by 1 Mg ha–1 in the control (T1) and by 1.71 Mg
ha–1 in the NPK treatment (T5) than those of average
yields (Table 2).

Like rice, wheat responded to the addition of N. Both
average and maximum wheat yields were highest in
treatments with full applications of NPK either with
(T10) or without Zn (T5, T6, T11, and T12). Using 50%
N reduced the wheat yield compared with 100% N, sug-
gesting that N really limited wheat yield (Table 2). The
maximum wheat yields of the control (T1) and NPK
treatment (T5) were 0.67 Mg ha–1 and 1.0 Mg ha–1 high-
er, respectively, than average yields. Omission of either
P (T4), K (T3), or both (T2) led to yields similar to those
of NPK (T5), indicating that wheat did not respond to P
and K. The lack of a significant response, particularly in
wheat, may be partly due to very low yields. No residual
effect of FYM (T11) and WCS (T12) applied to rice was

found in wheat as similar yields were recorded to those
of inorganic NPK (T5) or inorganic N (T6). On the con-
trary, the application of FYM to both rice and wheat (T9)
led to lower wheat yields than in T5 and T11, which
could have been due to a low N supply (80 kg crop–1)
and slow mineralization of N from FYM (Becker et al.
1994; Clement et al. 1995). This suggests that the inte-
grated use of N is better than supplying it only through
FYM.

Grain yields of rice and wheat (Fig. 1) fluctuated over
the years. Changes in crop management caused yield
fluctuations as different persons handled the experiment
during different years. The trend analysis showed that
grain yields of both rice and wheat were maintained over
the years in treatments with NPK (T5), FYM (T9), FYM
plus 50 kg N ha–1 to rice (T11), and WCS plus 50 kg N
ha–1 (T12), as well as in unfertilized plots (T1). Howev-
er, the yields of both rice (maximum 3.15 Mg ha–1) and
wheat (maximum 2.16 Mg ha–1) were low and were only
40–50% of the maximum attainable yield in this region
(unpublished data). A delay in the sowing of wheat was
a likely reason for lower yields, as wheat was planted on
5–15 December. A yield loss of 40 kg ha–1 day–1 has
been reported if wheat is planted after 15 November
(Hobbs et al. 1996; Regmi et al., unpublished data). We
suspect that poor crop and water management in this
long-term experiment has also contributed to the lower
yield. Because of a water shortage, the experimental
plots often did not receive irrigation. Another reason for
the low yield of rice was the single topdressing of N at
25–30 DAT. Normally, at least two N topdressings are
recommended to achieve high yields (Cassman et al.
1996). It is known that a single N application during
crop growth is not adequate, particularly in loamy sand
soils in which N losses are high.
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Table 2 Yields of the 20-year long-term rice-wheat experiment in
Parwanipur, Nepal. Means followed by the same letter in a col-
umn did not differ significantly (P≤0.05) according to Duncan’s
multiple range test (DMRT)

Treatment Rice Wheat

Mean Maximuma Mean Maximum
(Mg ha–1) (Mg ha–1) (Mg ha–1) (Mg ha–1)

1 2.06c 3.02c 0.69d 1.36d
2 2.89ab 4.21ab 1.51b 2.55a
3 2.94ab 4.28ab 1.60b 2.51a
4 3.05ab 4.35ab 1.73b 2.85a
5 3.13a 4.84a 1.92ab 2.92a
6 3.00ab 4.54a 2.01ab 2.85a
7 2.47bc 3.70bc 1.32c 2.09bc
8 2.81ab 4.22ab 1.48bc 2.33b
9 2.65ab 3.91ab 1.14c 1.73cd

10 3.15a 4.56a 2.16a 2.85a
11 3.13ab 4.21ab 2.07a 2.86a
12 3.08ab 4.18ab 2.13a 3.01a

a Average of 3 years’ maximum yields



Soil Properties

Total C and Total N

Total C and N contents were analysed in selected treat-
ments in soil samples archived from 1994 to1999. Re-
gression analysis showed no change as the slopes were
not significant in all the treatments, suggesting that C
and N established an equilibrium (Fig. 2). These results
are consistent with our analysis of other rice-wheat long-
term experiments in the Indo-Gangetic Plains (Bhandari
et al. 2001; Regmi et al., unpublished data). However,
both C and N differed significantly among treatments
(Table 3). Compared with the control (T1) and full NPK
(T5), C and N differed significantly in treatments where
either FYM or WCS was applied (T9, T11, and T12).
The treatment with FYM applied to both rice and wheat
crops (T9) accumulated the most C and N, which were
62% and 67% higher than in the NPK (T5) treatment, re-
spectively. Both the unfertilized control (T1) and NPK
(T5) treatments had similar total soil C and N. No in-
crease in soil N content in the NPK treatment suggests
that N applied as an inorganic source is readily lost and
it is difficult to build up soil N with the application of in-
organic N alone. Though the input of N was less (160 kg
ha–1 year–1) in the FYM treatment (T9) than in the NPK
treatment (T5) (200 kg ha–1 year–1), lower losses of N in
the FYM treatment due to the slow release of N from
FYM (T9) may be responsible for such an increase in 
total soil N (Bhandari et al. 1992; Yadav et al. 2000). 
Organic fertilizers such as compost or FYM are known
to stimulate biological N2 fixation in the soil, which may
also have been responsible for the increase in total soil N
(Ladha et al. 1989). 

Total and available P and K

Plots receiving FYM in both rice and wheat (T9) had
59% and 70% higher total and Olsen P, respectively,

whereas the application of FYM in rice only (T11) gave
50% and 70% higher total and Olsen P, respectively, than
those of the NPK (T5) treatment (Table 3). Treatment 12
with WCS also had a lower total and Olsen P than the
FYM treatments (T9 and T11). The difference in total
soil P between the NPK and FYM treatments is related
to differences in added P. The addition of P with FYM
was higher (36 kg ha–1 year–1) than that added in the fer-
tilizer NPK treatment (26.2 kg ha–1 year–1). The applica-
tion of FYM increased Olsen P because of its P content,
and possibly by reducing precipitation as Ca phosphate
(Gupta et al. 1988). Only 1.92–3.15% of total P was
present in the soil as Olsen P.

Total and available soil K remained unchanged in the
different treatments (Table 3). Total K was in the range
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Fig. 1 Trends in yields of rice
and wheat in the long-term ex-
periment at Parwanipur, Nepal.
FYM Farmyard manure, WCS
wheat chopped straw, ns not
significant at P<0.05

Fig. 2 Changes in total C and total N in soil from 1994 to 1999
due to rice-wheat cropping. The changes in total C and N with
time (coefficients of the x variable) were not significant in all the
cases. For abbreviations, see Fig. 1



of 11.37–11.90 g kg–1 soil, whereas available K ranged
from 0.021 to 0.023 g kg–1 soil. A small fraction
(0.18–0.20%) of total soil K was in exchangeable form,
i.e. available soil K.

Bulk density and pH

After 20 years of rice-wheat cropping, the bulk density
of soils ranged from 1.40 Mg m–3 with the application of
FYM in rice and wheat (T9) to 1.65 Mg m–3 in the unfer-
tilized plot (T1); however, these values were on a par
statistically. When the experiment began, the soil had a
bulk density of 1.6 Mg m–3, indicating no significant
change after rice-wheat cropping. Soil pH also did not
differ among treatments after 20 years of cropping and
ranged from 6.5 with WCS (T12) to 7.3 with FYM appli-
cation in rice and wheat (T9) (Table 3), whereas the
benchmark soil had pH 7.0.

Apparent N, P, and K balance

The apparent N balance was positive in the NPK (T5),
FYM (T9 and T11), and WCS treatments (T12), but, in
the unfertilized plot (T1), there was a net outflux of
24 kg N ha–1 year–1 (Table 4). The highest gain of 87 kg
N ha–1 year–1 was estimated with the FYM treatment

(T9), whereas the NPK treatment had a net gain of 7 kg
N ha–1 year–1. A net loss of 6 kg P ha–1 year–1 was esti-
mated for the control treatment, whereas the NPK (T5)
and FYM (T9) treatments had an apparent net P gain of
13 and 27 kg ha–1 year–1, respectively. The treatment
with WCS had a net gain of 5 kg P ha–1 year–1. Apparent
P balance estimates were in conformity with soil total P.
The apparent K balance was negative in all plots except
the FYM treatment (T9). The NPK (T5) and WCS (T12)
treatments had net losses of 33 and 44 kg K ha–1 year–1,
respectively, whereas with FYM application to rice and
wheat (T9) there was a gain of 32 kg K ha–1 year–1. The
control plot also had a negative balance of 27 kg K ha–1

year–1. The balance of N, P, and K between the FYM and
WCS treatments was different because different quanti-
ties of N, P, and K were added through these two sourc-
es.

In conclusion, the grain yields of rice and wheat were
maintained in a 20-year experiment at Parwanipur,
though the yields fluctuated greatly over the years. In ad-
dition, both rice and wheat yields with full NPK or FYM
treatments in most years were <3.15 Mg ha–1 and
<2.16 Mg ha–1, respectively, which were only 40–50% of
the potential attainable yields in the region. The follow-
ing possible reasons for the large fluctuation and low
yields of rice and wheat were identified: (1) changes in
crop management as different persons handled the exper-
iment during different years, (2) frequent water shortage
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Table 3 Total C, N, P, and K, Olsen P, available K, bulk density, and pH of soils during 1998–1999. Means followed by the same letter
in a column did not differ significantly (P≤0.05) by DMRT. For abbreviations, see Table 1

Treatment Total C Total N Total P Olsen P Total K NH4OAc- Bulk pH
(g kg–1) (g kg–1) (g kg–1) (g kg–1) (g kg–1) extractable K density

(g kg–1) (Mg m–3)

Control (T1) 6.06da 0.68c 0.26bc 0.005c 11.90a 0.022a 1.65a 7.1a
NPK (T5) 6.67d 0.75c 0.34b 0.010b 11.57a 0.022a 1.49a 6.7a
FYM (T9) 10.80a 1.11a 0.54a 0.017a 11.37a 0.022a 1.40a 7.3a
FYM plus 50 kg N to rice (T11) 8.77b 0.94b 0.51a 0.017a 11.40a 0.021a 1.41a 6.8a
WCS plus 50 kg N to rice (T12) 7.87c 0.86b 0.30b 0.008b 11.45a 0.023a 1.40a 6.5a

Table 4 Apparent average N,
P, and K balances in rice-
wheat long-term experiment,
Parwanipur, Nepal. For abbre-
viations, see Table 1

Crop Treatments

Control NPK FYM FYM plus 50 kg N WCS plus 50 kg N 
(T1) (T5) (T9) to rice (T11) to rice (T12)

N (kg ha–1year–1)
Rice –12 4 45 53 17
Wheat –12 3 42 –16 –2
Rice+Wheat –24 7 87 37 15

P (kg ha–1year–1)
Rice –4 6 12 11 –2
Wheat –2 7 15 7 7
Rice+Wheat –6 13 27 18 5

K (kg ha–1year–1)
Rice –11 –5 20 14 –11
Wheat –16 –28 12 –32 –33
Rice+Wheat –27 –33 32 –18 –44



caused by poor irrigation facilities coupled with high
water percolation, (3) a delay in the sowing of wheat,
and (4) poor N timing in rice.
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