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ABSTRACT

Weed infestation in upland direct sown rice is one of the most serious problems that may pose
threat to the upland rice cultivation. Weed infestation increased with increasing the dose of FYM
application and the highest weed infestation (both weed density and weed dry weight) was noticed
in crop with 100% RDN through FYM among all other treatments. Integrated nutrient
management (INM) with 75% RDN through VC + 25% RDF and 75% RDN through FYM + 25%
RDF produced the highest grain and straw yields and paid maximum gross and net returns from
rainfed upland rice among all other treatments though the crop with 75% RDN through FYM +
25% RDF faced greater weed infestation than other treatments except 100% RDN through FYM.
The results indicate INM with 75% RDN through VC + 25% RDF or 75% RDN through well
decomposed FYM (in which viability of weed seeds lost during decomposition) + 25% RDF for
reducing weed infestation and increasing productivity of rainfed upland rice.
Key words: Integrated nutrient management (INM), weed infestation, rainfed upland rice,
productivity, economics

INTRODUCTION

Rice cultivation in the world extends from 390S latitude (Australia) to 500N latitude (china). Rice is
adaptable to more diverse eco-geographical conditions than any other crop. In India, rice is grown in an
area of about 45.54 mha with 99.1 mt production with a productivity of 2.18 t ha-1 (Agricultural Statistics
at a Glance, 2009). It contributes around 45 per cent of India’s cereal production. The people of North
Eastern Region of India are dependent on Agriculture. Here the agriculture production system is mostly
rainfed, monocropped and subsistence level. The farmers of the region are poor and cannot go for
intensive input technology. The intensive input technology also creates problems like soil erosion,
declining soil fertility and increasing environmental pollution. Majority of the farmers of the hill region
generally practiced direct seeding due to scarcity of water and non availability of suitable land for
growing transplanted rice except few small pockets (Borah, 20013). So, to boost up the food grain
production in the hill region, there is no alternative but to increase the productivity of direct sown upland
rice. The small and marginal farmers with very poor economic condition cannot spend heavily on
chemical inputs. Moreover, due to remoteness and less demand of fertilizers in the hill areas supply
facility of chemical fertilizers and other inputs is very expensive and yet not well developed. Famers has
to go hundreds of kilometers for purchasing chemical fertilizer and inputs which is not only expensive but
also time consuming and laborious. But, there is abundance of organic wastes, crop residues which can
easily be converted to vermicompost/compost and can largely be used along with chemical fertilizers for
increasing crop productivity with lower cost of production (Kumar et al., 2012). Thus, integration of
suitable proportion of organic manures with chemical fertilizers is important to boost up upland rice
productivity, which is lacking at present.
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Weeds are a major impediment to rice production through their ability to compete for resources and their
impact on product quality. Weeds are responsible for heavy rice yield losses, to the extent of complete
crop loss under extreme conditions. Out of the losses due to various biotic stresses, weeds are known to
account for nearly one third (Singh and Ghosh, 1992). Weed competition would be less severe under
transplanting than those under direct-seeding (Singh et al., 2005; Rao et al., 2007; Mishra and Singh,
2008). Uncontrolled weeds reduced the grain yield of dry-seeded upland rice over 75% (Ladu and Singh,
2006; Singh et al., 2011). Weed and nutrient management are the major prerequisites for improving
upland direct seeded rice productivity. But, information on the effect of nutrient management practices in
direct seeded rice on weed infestation and crop productivity is lacking particularly in the North Eastern
Hill Region. Therefore, an attempt has been made to investigate the effect of nutrient management
practices on weed infestation and productivity of rainfed direct sown upland rice in the Hill Region of
Arunachal Pradesh.

MATERIALS AND METHODS

A field experiment on nutrient management practices in direct sown rainfed upland rice was conducted
during kharif season (July to October) of 2007 and 2008 in the demonstration farm of Krishi Vigyan
Kendra, Tirap district, Deomali, Arunachal Pradesh. The place is located at 27o 26’ N latitude, 95o 27’ E
longitude with an altitude of 185 m above mean sea level. The experimental soil is sandy loam in texture
(55% sand, 26% silt and 17% clay) acidic in nature (pH 5.4), medium in available N (290 kg ha-1), but
low in available P (7.7 kg ha-1) and K (125 kg ha-1). It comes under sub-tropical humid region where,
monsoon starts from April and ends in September. The pre-monsoon showers during March are not
uncommon. The maximum temperature ranged from 28.10C (September) to 35.80C (July) in 2007 and
27.2 0C (September) to 36.70C (July) in 2008. But, the minimum temperature varied from 23.6 0C
(September) to 26.4 0C (July) during 2007 and 21.5 0C (October) to 26.3 0C (July) during 2008. The crop
received 1261.5 and 1356.1 mm rainfall distributed throughout its growing season of 2007 and 2008
respectively (Fig. 1) and the crop did not suffer from water stress during both the years.

Fig. 1: Climatic condition of the experimental site

The experiment was laid out in randomized block design with eight treatments [T1- Control (without
manure and fertilizer), T2- 100% recommended dose fertilizer (RDF) - 40 kg N, 8.9 kg P and 16.7 kg K
ha-1) through chemical fertilizer, T3-100% recommended dose of nitrogen (RDN) through farm yard
manure (FYM), T4- 100% RDN through vermicompost (VC), T5- 75% RDN through FYM and 25% RDF
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through chemical fertilizers, T6- 75% RDN through VC and 25% RDF through chemical fertilizers, T7-
50% RDN through FYM and 50 % RDF through chemical fertilizers, T8-50% RDN through VC and 50%
RDF through chemical fertilizers] replicated thrice in 5m x 4m plots. The field was ploughed twice
crosswise by tractor drawn disc plough followed by ploughing with a cultivator in 2007. But, it was
prepared with spade without breaking the boundaries of the plots in 2008. Organic manures (FYM and
VC) and chemical fertilizers (urea, single super phosphate and muriate of potash) were applied as per
treatment before sowing of rice seeds by dibbling with a pointed bamboo stick. The N, P and K contents
in vermicompost were 1.66%, 0.60% and 1.20% and those of FYM were 0.45%, 0.30% and 0.50%
respectively. Fungicide treated rice seeds were sown directly in the main field by dibbling taking 3-4
seeds per hole at 15 cm distance in lines of 20 cm apart on July 2, 2007 and June 28, 2008. The seeds
were covered by soil after sowing to reduce bird damage and moisture conservation for better
germination. Gap filling was done once at 7 days after sowing (DAS) to maintain adequate plant density
as far as practicable in all the plots. Two sprayings of herbicides-once butachlor 1.5 l with 500 l water ha-1

at 3 DAS and 2, 4–D 0.70 kg with 500 l water ha-1 at 21 DAS (2-3 leaf stage of broadleaf weeds) was
done to reduce weed infestation.
Weed abundance (density and biomass) was recorded with the help of a quadrant (0.5m x 0.5m) placed at
two spots in the earmarked area of each plot at 60 DAS (flowering) of the crop during both the years. The
weeds were uprooted, washed with tap water, and then separated and counted category wise. Thereafter
those weeds were put in the labeled paper packets and placed in a hot air oven for drying at 700C for 48
hours till constant weights were obtained. The dry weights of the weeds of each plot were then recorded
for weed biomass yield. The grain and straw yields were recorded from 9.0 m2 net plot area of each plot.
The plants were harvested manually with the help of sickle on October 08 and October 4 in 2007 and
2008 respectively. The crop was threshed, cleaned and dried well before recording the weights of grain
and straw separately for each plot. All the data were statistically analyzed by standard analysis of variance
technique for randomized block design as suggested by Gomez and Gomez (1984). Wherever treatment
differences were found significant based on results of F-test, least significant differences (LSD) were
calculated at 5% level of probability.

RESULTS AND DISCUSSION

Weed infestation
Predominant weed flora infested the upland rice field of the hill region of Arunachal Pradesh were
Ageratum houstonianum, Borreria articularis, Clerodendrum viscosum, Chromolaena odorata and
Scoparia dulcis among the broad leaf weeds; among the grasses were Cynodon dactylon, Digitaria
setigera, Mikania micrantha and Setaria palmifolia and among the sedges were Fimbristylis miliacea and
Cyperus compressus. Weed density recorded at flowering stage (60 DAS) of the crop showed that broad
leaf weeds domination the other categories and the lowest infestation came from the sedges during both
the years in the study area (Tables 1 and 2). The results further showed that FYM treated plots recorded
significantly greater number of all categories of weeds than those obtained from other treatments during
both the years. The intensity of weed infestation increased with increasing the dose of FYM application
and the highest infestation of all categories of weeds was noticed due to application of 100% RDN
through FYM, which was significantly greater than those of all other nutrient management practices.
Application of 75% RDN through FYM + 25 % RDF also recorded higher weed infestation than other
treatments during both the years. Integrated nutrient management (INM) with 50% RDN through FYM +
50% RDF considerably reduced weed infestation, which was comparable to other nutrient management
practices except higher level of FYM application. The higher weed infestation in higher level of FYM
treated plots might be due to the presence of viable weed seeds in the FYM used in the experimental
plots. The weed density among the other nutrient management practices did not differ much in either of
the two years under the study. The results are in conformity with the findings of Blackshaw et al. (2005)
and Rao et al. (2007).
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Table 1: Effect of nutrient management practices on weed abundance in upland rice (2007)

Treatments Number of weeds m-2 at 60 DAS Total weed
dry weight

(g m-2)Broad leaf Grasses Sedges Total

Control 29.3 16.5 10.7 56.5 25.8
100% RDF* 28.7 15.6 11.2 55.5 27.6
100% RDN (FYM) 40.2 22.5 15.5 78.2 43.3
100% RDN (VC) 30.5 16.5 10.2 57.2 26.8
75% RDN (FYM) + 25% RDF 35.6 18.7 13.5 67.8 36.8
75% RDN (VC) + 25% RDF 27.7 15.5 13.1 56.3 28.2
50% RDN (FYM) + 50% RDF 31.1 16.2 13.0 60.3 30.6
50% RDN (VC) + 50% RDF 28.8 15.7 12.0 56.5 26.4
S Em (+) 1.8 1.0 0.8 3.3 1.7
LSD (p=0.05) 5.5 3.1 2.6 9.9 5.1
C V (%) 9.9 10.5 11.7 9.3 9.5
*RDF= 40 kg N, 8.9 kg P and 16.7 kg K ha-1; RDN= 40 kg N ha-1 through FYM & VC

Weed dry weight

The dry weight of weeds recorded at flowering followed a trend similar to that of weed density. The weed
dry weight increased steadily due to increasing the dose of FYM application during both the years (Tables
1 and 2). The highest weed dry weight was obtained with the application of 100% RDN through FYM,
which was significantly greater than those of all other treatments. Use of 75% RDN through FYM + 25 %
RDF also recorded significantly higher weed dry weight than other nutrient management practices during
both the years. INM with 50% RDN through FYM + 50% RDF considerably decreased the weed dry
weight and was comparable to all other treatments except higher levels of FYM application. The other
nutrient management practices produced dry matter yield of weeds at par with each other during both the
years. The results indicated that FYM used INM must be well decomposed so that the viability of weed
seeds must be lost during decomposition to reduce weed infestation in rainfed upland crops.

Table 2: Effect of nutrient management practices on weed abundance in upland rice (2008)

Treatments Number of weeds m-2 at 60 DAS Total weed
Dry weight

(g m-2)Broad leaf Grasses Sedges Total

Control 22.3 12.5 8.1 42.9 21.3
100% RDF* 22.3 12.1 8.7 43.1 22.5
100% RDN (FYM) 30.9 17.3 11.9 60.0 34.9
100% RDN (VC) 23.4 12.7 7.8 43.9 21.0
75% RDN (FYM) + 25% RDF 27.9 14.7 10.6 53.2 30.2
75% RDN (VC) + 25% RDF 21.1 11.8 9.9 42.8 21.8
50% RDN (FYM) + 50% RDF 23.9 11.7 10.8 46.3 25.2
50% RDN (VC) + 50% RDF 21.7 11.8 9.0 42.5 21.5
S Em (+) 1.5 0.9 0.7 2.6 1.4
LSD (p=0.05) 4.4 2.7 2.0 8.0 4.3
C V (%) 10.5 11.7 12.2 9.7 10.0
*RDF= 40 kg N, 8.9 kg P and 16.7 kg K ha-1; RDN= 40 kg N ha-1 through FYM & VC
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Upland rice productivity

Nutrient management practices showed significant and favourable effect on grain yield of rainfed upland
rice. All the treatments involving nutrient application caused significant grain yield increase over that of
the control plots in which no manure or fertilizer was applied during both the years of the study. The
fertility treatments, on an average, produced 53.2 and 61.1% higher grain yield in 2007 and 2008,
respectively over control plots that recorded the lowest grain yield (1829 and 1850 kg ha-1 in 2007 and
2008, respectively) during both the years (Table 3). The crop receiving 75% RDN through VC + 25%
RDF produced the highest grain yield (3335 and 3700 kg ha-1 during 2007 and 2008, respectively) and it
was very close to that of the crop having 75% RDN through FYM + 25 % RDF (3293 and 3622 kg ha-1

during 2007 and 2008, respectively) under study. Both the treatments recorded significantly higher grain
yield of upland rice over those of other fertility treatments in spite of higher weed infestation in crop
having INM with 75% RDN through FYM + 25 % RDF during both the years. These treatments
increased grain yield by 27.6 and 35.2% in 2007 and 2008, respectively over the other fertility treatments.
The results clearly showed that replacement of 75% RDN through organic sources (VC/FYM) along with
25% RDF was found most effective in enhancing the grain yield of rainfed upland rice. This indicates the
need of INM with higher proportion of organic manures in addition to chemical fertilizers improving
upland rice productivity (Ghosh and Singh, 1998; Mishra et al., 2003).

Table 3: Effect of nutrient management practices on productivity of upland rice

Treatments Grain yield
(kg ha-1)

Straw yield
(kg ha-1)

Harvest index
(%)

2007 2008 2007 2008 2007 2008
Control 1829 1850 3867 4087 32.2 31.2
100% RDF* 2541 2603 5548 5773 31.4 31.1
100% RDN (FYM) 2606 2717 5657 5833 31.6 31.8
100% RDN (VC) 2617 2733 5702 5919 31.4 31.6
75% RDN (FYM) + 25% RDF 3293 3622 6717 6685 32.9 35.1
75% RDN (VC) + 25% RDF 3335 3700 6850 6790 32.7 35.3
50% RDN (FYM) + 50% RDF 2604 2730 5678 5647 31.4 32.6
50% RDN (VC) + 50% RDF 2618 2752 5735 5722 31.4 32.5
S Em (+) 132 151 300 295 0.68 0.79
LSD (p=0.05) 399 457 911 895 NS 2.40
C V (%) 8.5 9.2 9.1 8.8 3.7 4.2
*RDF= 40 kg N, 8.9 kg P and 16.7 kg K ha-1; RDN= 40 kg N ha-1 through FYM & VC

Nutrient management practices exerted significant effect on straw yield of the rice. All the fertility
treatments increased straw yield significantly over control plots during both the years. The fertility
treatments, on an average, produced 54.8 and 48.1% higher straw yield in 2007 and 2008, respectively
over control plots that produced the lowest straw yield (3867 and 4087 kg ha-1 during 2007 and 2008,
respectively) under the study (Table 3). The highest straw yield (6850 and 6790 kg ha-1 during 2007 and
2008, respectively) was produced by the crop receiving 75% RDN through VC + 25% RDF, which was
closely followed by the crop with 75% RDN through FYM + 25 % RDF and was markedly higher than
those obtained from the other treatments during both the years. The crop receiving 75% RDN through
FYM or VC + 25% RDF recorded 19.8 and 16.6% higher straw yield in 2007 and 2008, respectively over
those of the other fertility treatments. Application of 75% RDN through FYM/VC + 25% RDF increased
the harvest index over the other nutrient management practices; but the difference was significant only in
2008 (Table 3). The results indicate that the above treatments not only increase the crop productivity but
also improve its efficiency in grain productivity.
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Economics of upland rice cultivation

Nutrient management practices exerted striking effect on economics of upland rice cultivation. Fertility
treatments paid much higher gross and net returns over that of the control plots in spite of higher cost of
cultivation due to added nutrients. Both gross return and net return varied markedly among the nutrient
management practices. The crop receiving INM with 75% RDN through VC + 25% RDF paid the highest
gross (Rs 31497/-) and net returns (Rs 17938/-) and was comparable to that of the crop at 75% RDN
through FYM + 25% RDF (Rs 30957/- gross and Rs 17141/- net returns). Both the above treatments paid
significantly higher gross and net returns over other fertility treatments (Fig. 2). The control plots paid
very low gross (Rs 16656/-) and net returns (Rs 9297/-) mainly due to poor growth and low productivity.
Economic return of rice depends on grain and straw yield of the crop. Balanced nutrition through
integrated use of organic manures and chemical fertilizers (INM) was found beneficial for increasing
growth and productivity of upland rice. Thus, crop having INM with 75% RDN through VC/FYM + 25%
RDF paid highest economic return from upland rice. The results corroborate the findings of Dev (2003),
Laxminarayana and Patiram (2006) and Dass et al. (2009). The return per rupee invested followed an
interesting trend. The crop at 100% RDN by fertilizer paid much higher return per rupee invested than
those of other fertility treatments. This was due to higher cost of bulky organic manures like FYM and
VC. Integrated use of 75% RDN through VC or FYM + 25% RDF also resulted in little higher return per
rupee invested than that of other fertility treatments except that of 100% fertilizer application (Fig. 2). The
results showed the need of balance nutrition through INM with 75% RDN through VC or FYM + 25%
RDF for improving productivity and economics of direct sown upland rice in Arunachal Pradesh.

CONCLUSION

It appears form the results that weed infestation increases with increasing the dose of FYM application.
But, crop receiving 75% RDN through VC + 25% RDF and 75% RDN through FYM + 25% RDF
produced higher grain and straw yield and paid maximum gross and net returns from rainfed upland rice
than those of other treatments in spite of higher weed infestation in crop with 75% RDN through FYM +
25% RDF. Well decomposed FYM may be used reducing weed infestation and increasing productivity of
rainfed upland rice in hill region of Arunachal Pradesh.

Fig. 2: Effect of nutrient management practices on economics of upland rice cultivation
(Horizontal lines indicate the error bars)
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