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Abstract

On-farm assessment of factors defining fertilizee efficiency (FUE) for dry season paddy producti@s carried
out through field survey and applying a two-steprapch. The research was carried out in Makawadgstirict,
central mid hill, Nepal for the early ric€lfaite season) cropping season 2000. Data on land addulsa aspects
and yield record were collected through interviemd dield observation. Data entry, coding and noinadion
procedure were followed by stepwise regressionyaiglIn step one, the general regression modetdases of
actual yield variations was derived; it includedngoland and management parameters that satisfac®plained
the variability of actual yields (adjusted Rf 65 %). This model was used to calculate theisidf yields by
removing the impacts of non-fertilizer related ahtes from the actual yield data. In order to eatdiaspects of
fertilizer use efficiency (step two), a stepwisgression produced a highly significant (adjustédf45%) result.
The important factors defining FUE were the relagitip between many parameters such as quantity' df 1
topdressing x soil pH, basal N x FYMS' N top dressing x good drainage conditioff 14 top dressing x insect
attack during tillering-flowering stage2N topdressing x soil pH, basal N x soil pH, FYMsgil pH, ' N
topdressing x FYM and"2N topdressing x zinc deficiency. Thus the studyateded that FUE is one of the critical
issues that hindered sustainable paddy producliba.timing and quantity of fertilizer especially &pplication,
source of fertilizer, nutrient content combinatiamd their interactions with land and land use etspeere crucial
elements for getting optimum response to fertilizer
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Introduction

Rice occupies the first place in term of area anal production. In 2008/2009, rice covered 59 %hef
total cultivated-cropped area of 1555940 ha, witbhduction of 4523693 metric tons and the proditgtiv
of 2907 kg/ha (MoAC, 2009). According to seasige cultivation is grouped in dry season rice (ha
rice) and normal rice (main season/ rainy sead®agically the dry season rice is grown in areasrahe
assured irrigation facility is available. The loweot plains and river valleys are main areas fomgng

this rice in Nepal. Normally the dry season ricetriansplanted in March/April and harvested in
July/August. Area and productivity of rice showttlfieom 1961 to 2009, rice yields grew only by 36
kg/ha per year. This is a negligible increase af giields when compared with the increased NPKiuse
Nepal. Rice production varies from season to seasdnfrom farmer to farmer. By and large, yields ar
considered too low against yields obtained in expemtal stations and by progressive farmers who
follow proper husbandry practices of rice produttid@/ith the objectives of assessing land factorefwvh
affect the efficiency of fertilizer use and evalogt management factors that affect fertilizer use
efficiency, a study was done in Makawanpur districeéntral hill, Nepal. The study area covers
approximately 2,426 square kilometres where thesewene municipality and 43 Village Development
Committees (VDCs). Of the area approximately 61 H8&ares of land was cultivated. Farming was the
main occupation in the site and more than 82 %hef gopulation depended on agriculture for their
livelihood.
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Fertilizers

Nepal does not have facilities to manufacture lfeetis. All inorganic fertilizers are imported anften
received as aid. Use of fertilizers in Nepal sthite1952 and its increased very rapidly. In Nepaddy
consumes the largest portion of the total amourfexilizers sold. Literature shows that every ety
takes away large amounts of nutrients from the 3tiere is generally a nutrient uptake of 60-8thkg/
for every tone of grain produced (NARC 1998). Besidactors like erosion, imbalanced use of fedili
nutrients and no use of micro-nutrients causeradiient depletion in the country.

Nutrient use efficiency (NUE)

There has been very little site-specific reseamtHeutilizer use efficiency in Nepal. Many farmease
using fertilizer without rational bases (soil tenetusoil pH, organic matter content, and knowledgeich

are resulting in low production and over dosesilgatb high costs, susceptible to diseases and jpsst
well as environmental pollution. In some cases,egessary applications are practiced, whereas plant
nutrients essential for efficient crop growth agedred. Moderate amount of fertilizer can also seduto

the good effect if applied at the right time andhe correct manner. NUE is defined as the amofint o
produce per unit of applied nutrient which given as

NUE = (yf—y) /N

Where, yf = yield from fertilised plot,qy= yield from unfertilized plot and N = amounts dtrient
applied.

Fertilizer response function

Dawe and Dowermann (2000) reported that a feetilresponse function relates yield (output per
hectare) to the amount of fertilizer used (input pectare), holding all other inputs constant. ikeet
response functions are usually estimated statiisticaquadratic form, which allows for the incrental
responsiveness of the crop yield decline as lamgsounts of fertilizer are used. Such a functiooainf
allows for a finite maximum possible yield (i.eetiield potential). A hypothetical example of atifeaer
response function would be:

Y = 2943 + 19N - 0.06f

Where, Y is yield in kg paddy rice /ha and N is lagapfertilizer in kg N /ha.

Methodology

The study was carried out in Makawanpur districe@®0 during early riceGhaite rice) season. A total

of 85 filed samples were collected from the stuitly. Data on land and management practices on dry
season paddy production and fertilizer managememe wollected in local units such Bathi, Muri,
Doko, Bhari and then converted to kg /ha. The impact of fesiliuse efficiency (FUE) was estimated by
the described two-step approach. Means and stad@aidtions are useful for data that follow a ndrma
distribution but are poor descriptors when theritistions are highly skewed or have outliers (Moanel
McCabe 1998).
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Results and discussions
Yield variability
Anderson-Darling Normality Test (Minitab 13.1) wased to assess the normality of the actual yiela. da

The field data are thus adequately representednioyraal distribution; they ranged from 1364 to 6G@0
/ha (average of 3535kg/ha).

Actual yield regression model
The first step was to determine a combined relatigmbetween actual rice yields as response variabl
and other relevant parameters as independent edi©f the 124 predictors, the model selected ten

independent variables that explained about 65 %jugded R=65%; P>0.000) of the total yield
variability (Table 1). The remaining standard em@as 635 kg/ha.

Table 1. General regression model of causes of aatwyields variation

Linear multiple regression R*=68.7 %
Dependant variable = Rice Yield (kg/ha) N =85 AR=64.5%
Method: Stepwise forward regression S =635

10 steps model Constant: 6884

Predictors R? Coefficient P-value
1. 1st weeding days after transplanting (DAT) 23.70% -35.64 0.001
2. 1st top dressing Urea (kg/ha) 41.10% 11.01 0.000
3. Depth of 2nd ploughing (cm) 47.90% 32.89 0.004
4. If the field has silt loam texture soll 51.20% -586.5 aro
5. Length of growing period days (seeding to hajves 56.9 0% -26.2 0.000
6.1f Irrigated every 3rd day 60.30% 672.9 0.017
7. If the field has clay texture soil 63.9% 623.6 0.016
8. If Irrigated every 5th day 66.20% -676.8 0.019
9. Date of 1st ploughing (days from 01/01) 67.0% 447 0.034
10. If wheat is grown in rotation ( R-W-R) 68.7% 337.2 0.048

Adjusted yield regression model

Of the ten parameters selected in the above moaddy; one variable (1top dressing of urea) was
directly related to fertilizer and fertilizer mareagent. In order to remove the impact of non-feeili
related variables from actual yield data, thisdaetas dropped when calculating “adjusted yielddie
impact of each variable on yield was derived bydéylucting the original value of an individual \edolie
from the average and multiplying the result by tbgression coefficient, and (ii) by adding the tetu
the actual yield. Summary output of regressionyaisiof adjusted yields wit*top dressing of urea has
been shown (Table 2).

Where Ad Yld = Adjusted yield (kg/ha) anUrea_TD1 = Urea * top dressing

(kg/ha)

Table 2. Regression analysis of adjusted yield vers urea first top dressing

Predictor Coeff. SE of Coeff. T P
Constant 2793.5 168.0 16.63 0.000
Urea TD1 11.012 2.298 794, 0.000

S$=599.9 R21.7% R(adj)=20.7%
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Adjusted yield versus fertilizer management

In order to evaluate individual aspects of nutriese efficiency, fertilizer related variables wesdected
from the whole set of parameters. Basically the typuantity, time and mode of fertilizer applicatiand
their interaction with land and management was rtakeo considerations. Nitrogen application was
divided into three variables based on distinctnigndof application. The applied dates recorded Welay
(the day of planting) for basal, 25-35 days aftansplanting for % top dressing and 45-55 days fdf 2
top dressing. A total of 31 variables were includedhe trial runs of stepwise regression analysis.
Parameters with too few observations or selected tmt were interrelated were identified and rezdov
from the list. The list of variables removed idalfows:

PM_TD = Poultry manure top dressing (only one case)

MP_TD1 = f'top dressing by Muriate of potash (only one case)

PcAS = Application of Ammonium Sulphate in Prexdarop (only two cases)

PcFYM= Previous crop FYM application (related togrotation wheat and use of FYM)

AS_TD= Ammonium sulphate™iand 2° top dressing

Regression analysis

Stepwise forward method was applied to determieefdistors affecting fertilizer use efficiency. Many
regression runs were tried out on a (“trial ana®rbasis) with eight original fertilizer relatecanables

in combination with other fertilizer managementghiges and land aspects. The relationship between
adjusted yields and interactive predictors wasssestbased on the level of significance (P- vadunel)
coefficient of determination (Adjusted®R The model was run with 31 parameters of whiarenivere
accepted by the model; 22 were rejected as beingsigmificant. Table 3 shows the result of the atjd
yield model estimation; 45 % of the variability (A&?) in rice yields was explained by the included nine
parameters.The complexity of factors that affedilfeer response is great and there can be notdbab
they all must be thoroughly understood. The moadistctorily explains yield variability caused by
selected land and land use aspects and their étitaran relation to fertilizer use efficiency (Tlab3).

The result suggests that soil pH relates both eécatinount of the first nitrogen application rate@she
achieved adjusted yield. Soil pH from 6.5 to 7.6vskd higher T nitrogen top dressing application rates
as higher achieved adjusted yields. Similarly, ridationship between rate of phosphorouggPkg/ha,

soil pH and adjusted yield suggested that respohghosphorous seems to be higher at soil pH 5.5 to
7.5.

Table 3. Stepwise regression model

Method: Stepwise forward regression

R?=51 % Constant: 2545

Adjusted R=45%

Predictors R? Coeff. P-value
1. T nitrogen top dressing (kg/ha) x Soil pH 22.67 .014 0.000
2. Basal nitrogen (kg/ha) x Farm Yard Manure lflagy/ 27.49 -0.0018 0.000
3. I nitrogen top dressing (kg/ha) x If field has wdthined 33.78 10.50 0.003
4.2 nitrogen top dressing (kg/ha) x If insect attackrimy37.18 -24.00 0.007
tillering and flowering stage

5. 2% nitrogen top dressing (kg/ha) x Soil pH 39.55 1.70 0.021
6. Basal nitrogen (kg/ha) x Soil pH 41.93 211 a.02
7. Farm Yard manure (kg/ha) x Soil pH 45.04 0.0114 0.001
8. I¥ nitrogen top dressing (kg/ha) x Farm Yard marfkggha) 48.02 -0.0015 0.011
9. 2% nitrogen top dressing (kg/ha) x If zinc deficiency 50.79 -45.30 0.043

126



Agronomy Journal of Nepal, (Agron JN) Vol. 1: 2010

General model; selected parameters

The data analysis discussed in the foregoing stgytfest many land use aspects had a significardéinp
on rice yields. In addition to these, some lartdkattes such as soil pH, texture and drainagetigrea
influence dry season paddy production. In the fuilhg, only the factors selected in the regressiaadeh
will be discussed.

Soil texture

Soil physical properties such as ease of cultimatimutrient and moisture holding capacity, aeration
drainage and to some extent suitability for culiima, are strongly correlated with soil texture A
1984). Results of the analyses showed that clayrehad a significant advantage over coarse-tedtur
soil materials as was evident by rice yields. Glay clay loam soils are best suited for rice prtduoc
(Manandhar 1999). Clay acts as a storehouse of planients that are retained by soil and gradually
released for uptake as cations (NHK*, Mg'*, Ca™ and others). Clay content influences strongly the
nutrients and water-supplying properties of soAQF1984; Bulletin No.9, pp 19). Unlike clay, sitidm
texture was found to have a negative impact ordgielhis could be associated with low soil-pH; most
soils with silt loam texture in the study area acélic by nature. Nutrient recovery by rice in SoAsia

is reportedly lowest on silt loam soil (IRRI 1998).

Ploughing, depth and timing

Tillage is an important activity in agricultural qutuction because it can contribute to a suitable
environment for plant growth and has a direct lgpoin long-term soil fertility (Smith, 1991). Themth

of ploughing depends on the method of ploughing #red physical properties of the soil. Shallow
ploughing is associated with oxen drawn indiger@osghs and deep ploughing with the use of tractors
Shallow ploughing is between 10-15 cm, moderatedepd ploughing between 20-25 cm and deep
ploughing is 25-30 cm. Data analysis showed thetipth of the® ploughing (average of 16 cm) had a
significant impact on rice yields, possibly asstmilawith the incorporation (deep placement) of
manuref/fertilizer at the time of ploughing. Thigwi is supported by Watanabe and Mitsui (1979), who
report that fertilizer nitrogen loss is minimabifoadcast nitrogen fertilizer is incorporated itfte furrow
slice by crushing soil clods or ploughing it underwet land rice. Data analysis showed that yields
decrease if the date of the first ploughing is posed. An earlier®iploughing fits in a “winter ploughing

— fallow” practice, which also controls soil borimsects and diseases and improves soil healthg8rig
and Courtney (1994) support this point of view atatte that maintenance of the soil phosphorus Isvel
best achieved by ploughing in phosphate fertilizar@autumn. Cropping — fallowing sequences were
slightly positively (non-significant) correlatedti‘absence of diseases’ (P=0.736).
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Weeding, methods and timing

Weeds cause reduction of yields because they cempi¢h the crop for light, nutrients and moisture.
Due to their varied composition, weeds usually gfaster than rice plants and have an advantage over
monocropped rice, absorbing available nutrientezand inducing a lack of nutrients for the ridants.
Hand weeding is a common method to control wee@&rmers who adopted manual weeding in
combination with herbicide application (3x) proddaelatively higher yields. The date of thévieeding
(days after transplanting) showed a significantatieg correlation with yield. The average date ¥f 1
weeding in the area was 25 days after transplanidajayed first weeding (DAT) is associated with
decreased yields. Blackman and Templeman (1938} by Moody (1981), found that cereal crops and
weeds compete primarily for nitrogen with the mipéénse competition occurring in the early stage of
crop growth. Noda (1973), cited by (Moody 1981)yaws that weed competition for nitrogen is most
severe during the first half of the rice-growingsen.

Irrigation, method and frequency of applications

A detailed description of irrigation practices hretstudy area is provided. The most commonly fatidw
method of irrigation is ‘controlled flooding'. Calsa streams and seepage are the main sources of
irrigation water. The frequency of irrigation hasignificant impact on rice yields. Irrigation onegy 3°

day gave higher yields than irrigation evefyday. Watanabe and Mitsui (1979) found that in werm
regions (tropical belts), irrigation should be viitlthree or four days after deep placement oflieetis;
delayed irrigation is associated with high nitrodess before irrigation.

Length of the crop growing period

It is obvious that the length of the crop-growirayipd is related with the utilization of appliedtfézers

in different stages of crop growth. The lengthgodwing season is calculated from the date of se@ddb
preparation to date of harvesting. The analysesrteg here suggest that the length of growing seaso
negatively correlated with rice yields. It could Heat early seeding is associated with old age of
seedlings, which has a negative impact on yieltdsldo seems plausible that delayed harvesting is
associated with decrease of yields, e.g. becauseafy rainfall during harvesting. Excess rainéaid
delayed harvesting led to lodging and germinatibnice grain on the standing crop, in particulathwi
variety CH-45. Sixty-six farmers reported that gieldeteriorated because of lodging, excess rain and
delayed harvesting.

Crop rotation

About 83 % of all wheat growers (48x) using a Hefieat - rice rotation applied FYM to the wheatgro
Step wise multiple regression analysis showed @ifgignt relationship between yields and crop riotat
specifications. The favorable effects of rotatioo@pping on wheat yields could be due to carryrmfe
plant nutrients from manure and fertilizers applieda preceding crop. Regmi (2000) confirms this by
reporting that phosphorus applied to wheat wasdadarthe 2nd rice (dry season paddy) crop. Sinyijarl
Briggs and Courtney (1994) stated that phosphasislues persist in the soil, giving a marked cangr
effect from one year to another.
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Rates of fertilizer application

The average doses of N;a2 and KO applied in the study area were 99: 22: 38 kg(dnganic and
inorganic sources). The range of N application fias 20 — 248 kg/ha and ranges gOPand KO are
0-101 and 0-121 kg/ha respectively. The averagéicatipn rates seem to be quite in line with offici
recommendations, viz. 100: 30: 30 kg /ha of NOP K,O (NARC 1999), whereas the gquantities of
nutrients applied from inorganic fertilizers werk 83: 2 kg of N: BOs: K,O/ ha. The result of long term
fertility trial showed that the rates of fertilizapplication (300: 100: 90 -N:,8s: K,O kg/ha or 30 ton
FYM/halyear in rice-rice-wheat rotation) was noffisient to sustain yields in the long term (Regmi,
2000). This suggests the present rates of fentiipplication was less than required. This vieduisher
supported by the fact that nitrogen applicatiothi dry season rice should be 20-60 kg N/ha hitjreer

in the rainy season (Atanasiu and Samy 1984).

Modes of application

Since part of the nitrogen applied through ammonarmammonium- producing fertilizers (urea) is lost
through volatilization of ammonia, particularly @alcareous and alkali soils and rice paddies, ptace

at a few centimeter depth is considered desiratidepaofitable (Prasad and Power, 2000). The anglyse
suggest non-significant differences between theowemered methods of basal application. However,
application of manure and fertilizer at the time lafhd preparation produced slightly higher vyields,
possibly due to moderate deep placement of nitmgenfertilizer in the reduced soil horizon.
Broadcasting on floodwater is common in the arehiatikely to result in high losses. The crop nesis
only a small fraction of the urea-nitrogen if uisebroadcast at the time of transplanting in flabdee
fields (Driessen and Konijn 1992).

Timing of fertilizer application

Adapting split application of nitrogen fertilizeaw reduce losses of nitrogen and improve the effy

of uptake by the crop - currently often below 30ceat (FAO Bulletin-9, pp 108). Most often urea is
applied in three doses; the quantities of nutrements at each application may vary. The quaatity
applied during T top dressing was almost three fold (30 kg/ha) tyapiied as basal and“2op dressing
(10 kg/ha). The results of data analysis showettkieaquantity of the first top dressing of uregkig/ha)
and the time of the first application (days aftansplanting) are significantly correlated witherigield.
The quantity of the"™ top dressing of urea N showed a non-significasttiye correlation with yields.

Sources of nutrients

Farm Yard Manure (FYM) and Poultry Manure (PM) arganic sources of nutrients that are widely used
in the study area. FYM application had a significpasitive impact on yields, whereas PM showed a
non-significant negative correlation with yieldi€eTlatter may be caused by the acidic nature oltnyou
manure; fresh manure is liable to loss of ammogitebmentation and also loss of soluble constitsiéryt
leaching (FAO, 1984). DAP, Urea, MP and AS are ganic fertilizers commonly applied to the dry
season rice crop. Results of the present analygigest that rice yields improve significantly thgbu
application of Urea and MP and not when DAP or AS applied. This could be due to the method and
timing of application(s). Often MP is applied abasal dose after harrowing and before transplaratirty
urea as a split application.
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Soil pH x nitrogen

Of the 9 interactive parameters selected, soil-pHtiplied by basal nitrogen,*IN top dressing and"2N

top dressing showed significant impact on the ddfugield. Similarly, soil-pH multiplied by FYM
application showed significant impact on yieldstdanalysis showed that relatively low (4 to 4.6 a
relatively high (7.6 to 8.5) soil-pH had lower aslied rice yields. This result is supported by FAG84),
saying that soil reaction has a great influencéhenavailability of plant nutrients, which is gealty the
highest between pH 6.5 and 7.5. Biological actiistyalso greatest at intermediate pH levels (arquiid

7) so that the breakdown of organic matter andasglef nitrogen and other nutrients to plants aléel
forms is enhanced. Phosphorus in particular is et unavailable in very acid soils because of
precipitation as insoluble iron and aluminum phadph and in high pH soils by precipitation of ingxdé
forms of calcium phosphate (FAO 1984). Soil acidign be corrected by application of basic materials
such as limestone. Almost all farmers (83x) did amply lime. Only two farmers adopted liming; they
report increased yields.

FYM x fertilizer nitrogen

Regression analysis reveals a negative impact dfl Fivultiplied by nitrogen fertilizers on adjusted
yields, possibly associated with the mineralizatbirYM which is variable under natural conditicersd

has various, complex consequences for the nubtelahce of the system. A number of factors nedskto
taken into account in assessing the effect of acgaanures. Briggs and Courtney (1994) reportetidba
much as two-thirds of the nitrogen and one-hathefphosphorous may not be immediately available i.
short-term crop responses are often less thaniatéc. A further effect of FYM arises from its wslo
decomposition. Decomposition occurs largely thromabrobial activity and is accompanied by a marked
increase in microbial populations. These raisedémand for nitrogen and may lead to temporary N
deficiencies. For this reason, timing of applicati@f FYM is critical i.e. ploughing-in of nhon-comgted
organic matter should be done at least 10-14 dafard starting planting (Atanasiu and Samy 1984).
This result is further supported by Driessen andilRg(1992), who state that only a small fractidrtte
(broadcast) urea-nitrogen is recovered by floodegl since the favorable temperature and high oxygen
content of the shallow water layer on top of a fied ensure rapid microbial transformation of tirea-

N to nitrate ions (N@) which move with percolating water or by diffusitm puddled soil layers that
have become depleted of oxygen by microbes thaindgose organic matter. These microbes welcome
the incoming nitrate as an oxygen source and reiitcggaseous Nand NO that subsequently escape to
the atmosphere. Denitrification process under wadged conditions is generally accelerated in the
presence of readily decomposable organic composads as cellulose (Bremner and Shaw, 1958, as
cited by Briggs and Courtney, 1994).

Soil drainage x nitrogen

Results of the final regression analysis showeij@ficant relationship between adjusted yield aod
drainage status multiplied by first N top dressi8gil physical properties such as aeration, drarayl
other favorable soil conditions (suitability for tiple cropping) influence the efficiency of applie
fertilizer-elements. This result is indirectly sapfed by FAO, 1983 (Bulletin No. 6; pp 26) sayihgtN
losses are particularly severe in waterlogged goityeased availability to crops associated witfhér
losses); the extent of the compounded losses colgmanges from 10 to 45 % of all N applied with
fertilizer. Similarly, poor drainage can inducedardenitrification losses (Prasad and Power 2000).
Cultivation on acid sulfate soils is hampered byiddevels of soluble iron and aluminum, as wellbgs
low phosphorus availability (IFPRI, 1995). This ioot is supported by the fact that denitrificatien i
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essentially an anaerobic process resulting fromnitezobial extraction of oxygen from nitrates, aesd
most common under waterlogged conditions (Briggs@ourtney, 1994).

Zinc deficiency x nitrogen

Regression analyses showed that a significant ivegaationship exists between adjusted yieldstaed
associated effect of Zinc deficiency arfi 12 top dressing. According to FAO 1984, multipldiciencies

can occur where soil supplies of several nutriantsinadequate. The relationship between crop et
fertilizer application is also sensitive to nuttieinteractions, so that responses depend in part on
limitations imposed by other nutrients (Briggs abdurtney, 1994). Zinc deficiency is associated with
calcareous, alkali and peat soils that are wet atewlogged most of the year; deficiencies are more
severe when high rates of nitrogen are applied ([FR3).

Insect attack x nitrogen

The analyses showed a negative impact on adjuseddsyby the associated effect of insects attack
(during tillering and flowering stages of crop gtbyvand 2% nitrogen top dressing. Heavy infestation of
insects especially rice bug and leaf folder miginehreduced the uptake of applied nitrogen. Thislte
can be supported by the fact that fertilizer respdibasically N) varies from stage to stage of gravth

due to interaction with stochastic disturbancesisagweather and insects and disease infestaiRl (I
1985; IRPS No. 115). Losses due to insects repapgetar to be considerably larger (810 kg/ha) in
Nepal than in most other countries (Upadhyaya 2896ited by Herdt 2000).
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