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RICE PRODUCTION IN THE TARAI OF KOSI ZONE, NEPAl-


ABSTRACT 

Agriculure is the mosL important sector of Nepal's 
economy and within this sector, rice is the most 
important cereal. A field survey in the southern 
Kosi zone, one of Nepal's major rice-producing areas, 
examined the compararive profitabiliL of modern (MV) 
and local (LV) rite production and the distribution 
of earnings from rice between farm operators and 
laborers. 

Interviews with 166 rice farmers were augmented with 
information from the rice service industrv. Tenant 
farmers rarely gre, MV; among the owner-operators 
sampled, those with access to irrigation and produc
tion credit tended to be the adopters of MV technol-
ogy. A production function analysis showed that the 

promurtivitv of rainfed LV did not differ signifi-
canti- due to tenure status, and that the productivi-
ty of both MV and LV was higher in irrigated than in 
rainfed fields. Farmers used more labor to grow MV 
than LV and within varietal gioups, more labor was 
used to grow irrigated than rainfed rice. Owners 

growing irrigated MV used more hired labor than 
owners growing rainfed MV or tenants producing LV. 

Cross margins were higher for ow.ners than for tenants. 
Within the subset of owners, MV produced slightly 
higher benefits than LV in irrigated fields but lower 
benefits in rainfed fielus. A hypothetical budget 
analysis indicated that a tenant would gain less 
growing MV than LV in rainfed fields. 

lired labor earns 20-251 of an owner-operator's and 
13 of a tenant's rice crop and more from irrigated 
than from rainfed rice irre. pertive of variety. 
Current inputs earn 7-14Z of the output -- higher for 
MW than for LV. 

Owner-operators in the scuthern Kosi zone with irri
gation appear to be benefiting from time introduction 
of MV, but tenants have not and generally do not grow 
them. Land reform will probably not lead to farmer
 
tenants growing MV. Other factors strongly associa
ted with the adoption of MY are access to irrigation 
and production credit. Although tenants bave not 
directly benefited from the MV, they and landless
 
laborers have indirectly enefited through increase
employment on farms growing those varieties.
 

By J. C. Flinn, agricultural economist, International Rice Research Institute (IRR1); B. B. Karki and Tilak
 
Rawal, economists, Agricultural Projects Service Center, Kathmandu, Nepal; P. Masicat, research aide, IRRI;
 
and K. Kalirajan, postdoctoral fellow, IRRI. Submitted to the IRRI Research Paper Series Committee May 1980.
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RICE PRODUCTION IN THE TARAI OF KOSI ZONE, NEPAL
 

Agriculture provided Nepal's economy with more than 
60% 	of its Gross Domestic Product, more than 80% of 

the country's export earnings, and employment for 

nearly 90% of its labor force in the late seventies 

(CBS 19.7) This sector continues to play an 
important role in creating employment, earning 


foreign exchange, and meeting Nepal's domestic iood 
requirements. 

In the current Agricultural Development Plan it is 
proposed that the alternative agricultural options 
be evaluated in relation to farm and national pro-
fitability and the distributlon of the predicted 
benefits among varous social grouns. Considerable 
emphasis is being placed ct developing and extending 
the use of modern varieties of rice, wheat, and 
raize. This paper focuses an :ice, the most 
important cereal in Nepal. 

The welfare implications of t he new rice technology 
have been the subject of considerable debate (FAD 
1972, IRRI 1978, Farmer 1979), whicih has tended to 
focus on tie logic that the technology asscciated 
with the spread of modern varieties is labor saving 
compared to existing methods of rice production. 
This shift in input use, it is argued, reduces the 
returns to labor -- which often is the less 
advantaged rural dwellers, the landless laborers, and 
tenant farmers -- Lnd increases the returns to other 
factors of production such as land and capital items 
often owned by relatively privileged persons. Some 
empirical studies support this view (Griffin 1974, 
Sinaga and Sinaga 1978, Collier 1979), others do not 
(Ranade and iterdt 1978, Critchfield 1979). 

The distribution of benefits derived from tech-
nological advances are the outcome of complex inter-
actions between the characteristics uf the tech-
nology, the rural institutions, and economic policies 
prevailing in the area, which in turn affect the 
distribution of resources and prices in both input
 
and product markets (Kikuchi and Hayami 1980, Sisler 

and Colman 1979). Thus, it is hazardous to extr. 
poiate the findings of research on thi, issue from 
ojther countries to Nepal -- or from one agroecolc-
gical zone of Nepal to another. For this reason, 
the impact of modern rice varieties (MV) on the 
income and employment of farmers and laborers was 
examined in the southern Kosi zone as one ecologicalzoneof er~l. hosn bcaus itisTle reawas 
zoneMost 
an imnortant rice-exporting area and a target zone 
within Nepal for land reform and for the extension 
of modern farming methods. 

DATA SOURCES AND FARM CHARACTERISTICS 

The 	 southern Kosi zone is on the northern fringe of 
the 	Gangetic plain in tihe Tarai of southeastern 
Nepal. Crops and livestock are closely integrated 


in 	 prevailing farming systems. Modern rice 
varieties were introduced in the late sixties and 
now occupy some 24% of the rice land (HMG Nepal 
1977). IR8 is the dominant MV in the area. Typical 
rice-based croppinj patterns on wetland fields are 
MV and wheat (Mexican RR21), jute (early) and MV, 
and MV (early) apd local 2 rice variety (LV) (late) 
(Mathema and Va der Veen 1978) .Jute, maize, 
mustard, and pulses are the dominant crops on dry
land fields. 

A field survey from Novembe" 1978 to February 1979 
provided information on re..ource use and produc
tivity of MV and LV. Data were primarily collected 
from two classes of respondents: 

6 	Institutions (banks, cooperatives, Agricultural 
iaputs Corporation, Department of Agriculture, 
Rice-Exportir- Company, etc.) and private agen
cies (rice MIL 'hants, machinery dealers, etc.) 
to obtain background information on the distri
bution of MV and associated inputs; and 

a 	Rice farmers. lbb farmers were interviewed to 
obtain information in their rice-based cropping 
systems.3 A portion, of the survey sought 
detailed information on the farmer's largest
 
rice plot, following tihe concept of the
 
inlc'"PaO data pareo (De Datti et al 1978). 

Some caracteristics of the households surveyed are 
listed in Table 1. The farmers sampled were from 
t,.o distinct ethnic groups -- those indigenous to 

'the Tarai and those who migrated from adjoining 
hills since the 1950s foliowing the suppression of 
malariz More of those who had migrated o. id the 
land they farmed than was the case with the in
digenous inhabitants (X2=4.99**). Discussion with 
those familiar with the area suggested two important 
reasons for this apparent anomaly: 

Before the suppression of malaria the Tarai
 
people tended to live on the higher ground and 
there were fewer people in the Anopheles
infected area. Thus, these large wetland areas 
-- which are .ow the better rice lands -- tended 
to 	ie vacant lands.
 

eThe 	 term iocsl is used in preference to traditionai. 
of the local rices grown in eastern Tarai are 

mo 	ofrtel ies rown in e nar 
improved varieties introduced fro India.
 
3 Background surveys of value included HMG Nepal (1971)
 
and ILO (1976). Area sampling was used to identify
 
14 panchayats (villages). Within these sample pan
chayats, stratified random sampling was used to ensure 
that a minimum of 2 samples were drawn from each of
 
three strata (owners whose ain rice crop was a 
modern variety, owners whose main rice crop was a 
local variety, and a tenant farmer).
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e Government-sponsored resettleiaent schemes 
provided the migrants with tenured land in the 

Tarai, often in the less-populated tracts, 


Family size wzs 
similar between tenure groups. The 

owner-farmers had a larger full-time family labor 

force than the tenant-farmers. Owners, however, 

farmed larger holdings and as a result, tenants had
 
significantly more labor per hectare than 
owners. 

Owners had a significantly higher proportion of 

their farms i'rigated, and a signifi,,antly higher 

cropping intensity, than did tenants, 


Table 1. Structure of rice-producing farm house
holds, southern Kosi zone, Nepal, 1979. 

a
Av value t-test


Owner Tenant -t 

Origin of respondents (Z) 

Tarai 29 41
 
HIills 71 59 


Family size (no.) 

All members 
 8.8 8.4 .571s 
Full-time farming 4.5 
 3.8 3.02** 

Part-time farming 	 1.1.8 .91ns 

Formal schooling of 
operator (years) 6.5 1.0 6.54** 

Farm size 
(ha) 	 2.6 1.4 2.59** 


No. of parcels 	 2.8 1.6 6.17**
 

Man-land ratio 
 1.6 2.7 2.68** 


rortion of farm irrigated (%) 61 21 5.59** 

Multiple cropping index 1.6 1.3 3.02** 

Livestock density 

(animals/ha) 3.9 3.1 1.04 n s 


Sample size 	 134 32 -

To test for differences between mean values of 

owners and tenants. **Significant at 1% level,
 
ns = not significant. bRatio of full-time family
labor force to total farm size. Source: Data 
collected by authors. 


CHARACTERISTICS OF PRODUCERS OF MODERN AND LOCAL 

RICES 

During the pretest of the survey it became apparEic 

that although essentially all farmers had some 

areas planted to LV and half the owner-operators 

grew MV, it was 
race to find a tenant growing MV. 

Thus, we purposely sought out such rice producers. 

The percentage of tenants growing MV in the sample. 

(3 in number) was not indicative of their propor-

tion in practice. It is instructive, therefore, 


to examine the factors, and their relative 
importance, that appear to be associated with the
 
adoption of MV in the area. 
 To distinguish between
 
the MV adopters and non-adopters in terms of their
 
underlying characteristics or discriminatory
 
variables, we used discriminant analysis (Fisher
 
1936).4
 

The logic and procedures of discriminant analysis
 
are reported elsewhere (e.g. Klecka 1975, Tatsuoka
 
1970, Tintner 1952). The discriminant function
 
takes the form: 

D = d1 +d+ Z2j +%i j I d2 	 d Zn 

where
 

D. = is the discriminant score estimated for
 
J observation j; 

Z.. = is the level of the ith discriminant 
variable (i = , .... ,n), for observation 
j coded in standard form; 

c 
d i the standardized coefficients of the= 	 are 

linear discriminant function. 

The d.'s are estimated such that the squared dif
ference between the mean D-score for the 
one
 

group and the mean D-score for che other group is
 as large as possible in relation to the variation
 

of the D-scores within groups. 

The nonstandardized and standardized discriminant
coefficients are jisted in Table 2. 
The dis
criminant function is significant at the 1% level
 
and correctly classified 80% of the observations. 5
 

Four underlying characteristics were found to significantly differentiate between adopters and non
adopters -- tenure, irrigation, use of formal 
sources of production credit, and the farmer's
 
education. 
Other factors -- farm size, livestock
 
density, and the family labor force 
-- were judged
 
to be insignificant. The relative importance of
 
the significant factors when discriminating
 

between adopters and non-adopters is gleaned from
 

4 
Adoption is obviously not a zero-one effect in the 

sense that farmers often grow MV in some fields and 
LV in others. Thus, the proportion of the farm grow
to MV is frequently used as the dependent variable 
regression models. This approach proved to be of
 
inited value in the p.asent case so discriminant
 
analysis was used. Tne unit of analysis for adoptio
non-adoption was 
th 
 farmer's intensive data parcel.
 

5The statistical theory of discriminant analysis
 
assumes that the discriminating variables have a 
multivariate normal distribution, which is clearly
 
not the case for the tenure nd irrigation dummy
 
variables, for example. Howe.'er, 
as pointed out by
 
Klecka (1975) and Morrison (1969), the technique is,
 
in practice, very robust and these assumptions need
 
not be strongly adhered to.
 

i 
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days. Indeed, the use of family labor was signifi-

cantly lower for MV than for LV. 
A comparison of 

the influence of 
tenure on labor for LV production 

showed that although total labor 
inputs were higher 

on an owner's than on a tenant's crop, it 
was no
significantly so. However, owners were hiring sig-

nificantly more labor whereas tenants 
used higher

levels of family labor to grow their LV. 


Table 4. Reported total 
labor input, b category, 

for three rice producLion syst ms, southern Kosi 

zone, Nepal, 1978 ci-op 
season.
 

Labor input 
 Owner Tenant,

(days/ha) MV 
 LV LV 

Family 25a 39b 53c 

Hired 102a 62b 36c 

Total 
 127a lOlb 89b 


am 

n a column, figures illowed by the same letter 


are not significantly different 
at the 5% leel. ,
MV = modern varieties, LV = local varieties, 

Labor use, by operation and production category, is 

shown in Table 5. The mean total labor input for
land preparation ranged from a low of 31 labor 
days/ha to a high of 37 labor days/ha, but did not 
differ significantly between production systems. The 
proportion of family labor in wasused this process

lowest for the owner producing MV and highest for 

the tenant producing LV. Similarly 
no significant
difference in total labor input for crop establioh-

mtent (largely transplanting) was observed. However, 

a larger proportion of the labor used to establish 

MV was provided by hired labor than was 
tne-case
with LV. 


In the 
case of preharvest crop management -- largely

weeding 
-- labor inputs were highest for MV, whether 

irrigated or rainfed, than for LV. 
Within the set 

of LV, the irrigated subset was weeded more inten-

sively than those varieties grown in rainfed paddies,
As with land preparation, a larger proportion of the 

labor used to weed MV was siplied by hired labor 
than by family labor. The benefit of, or need for 

extra weeding, particularly when fertilizer is 

applied, for MV, if its yield potential is to be 

achieved, is recognized by farmers. 
This observa-

t'on is consistent witn the findings of agronomists 

that MV in general are less competitive with weeds
 
in their early growth stages than LV (Moody 1979).
 

Harvesting and thrE 'hing labor (50 labor days/ha)was significantly hiLher for irrigated MV (about 33 

days/ha) than for the other production systems.

Within LV, labor inputs for these operations were

similar regardless of tenure. 
The quantity of labor 

used to harvest and process the crop was positively

related to the crop yield and inversely related to 

bullocks used to thresh the crop by trampling the 

straw, as a substitute for hand threshing. The 


relationship estimated between harvest/postharvest

labor (HL) in labor days, yield (Y) in kilograms
 
per hectare, and animals used for 
threshing (A) in
 
bullock days wz.j:
 

583 176 -2LV: HL = 7.235 Y8 
 A R = .38, F = 28** 

48 1
MV: HL = 11.811 Y. A281 
 43, F = 26**
 

with all partial regression coefficients significant
 
at tye 1% level.
 

Total labor inputs for harve.,t and postharvest
operations are expected to be higher for MV
because of higher yields. However, that did not
 
account for the substantially higher levels ofhired labor with the MV. The probable reason for 
the dominance of hired labor for these operationsis that MV tend to mature in the wet season when
 
unfavorable weather results in a high 
risk of grainspoilage and crop loss unless the rice is harvested
 
and threshed rapidly. Completing harvest and post
harvest operations in a short period once the MV 
crop is mature requires more labor than the family

can provide from its own resources. Thus, the use 
of hired labor at harvest time can be expected to
 
increase when farmers switch 
 from LV to MV. The
 
problem 
does not occur to the same extent with LV 
because they are photoperiod sensitive and macure

in the dry season.
 

In summary, in the eastern Tarai Kosiof zone, 
more labor is used to grow 14V than LV and, within 
varieties, more labor is used to grow an irrigated

than a rainfed crop. Furthermore, a greater pro
portion of hired labor 
is used to grow MV than to
 
grow LV. The higher labor input tends to be con
centrated 
 in weeding and harvesting where the time
liaess of operation 
 is an important determinant
 
of the eventual yield of the crop.
 

The family labor figures reported in this study
 
probably understate the owner-operator's timecommitted particularly to 
MV rice production. The
 
reason for this implied bias is the survey's

inadvertent 
focus on field operations and failure
 
to capture the time allocated by farmers in the
 
planning and management of their crops and in the 
supervision of hired laborers. 
 As demonstrated by

Smith and Gascon (1979) management and supervision
functions become comparatively more important with
 
MV where the timeliness of operations is 
more
 
critical, and where in general, more labor is hired
 
to enable completion of these tasks in as 
timely a
 
manner as possible.
 

Power inputs 

The major nonhuman power for rice production in the
 
Kosi zone ar2 bullocks for land preparation and
 
threshing. 
 The mean number of bullock-pair days

per hectare ranged from a low of 34 for the tenant
 
farmer to 
a high of 40 for the owner-farmer growing

rainfed MV. The weighted average of 36 days/ha did
 
not differ between production systems; more than

84% of bullock time was allocated to land prepara
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Table 5. Labor inputs1
 
Nepal, 1978 rice cropf


Task 

Land P i onatlzon 
Family 
Hired 

Total 


Crop 'tab)ivhment 
Famil 
Hired 


Total 

Preha2V t
 
Family 
Hired 


Total 


Harvest/postyhrvest 
Family 

Hired 


Total 


Total labor inputs
 
Family 

Hired 


Total 


IRI'S No. 54. November 1980 

(labor days/ha), by operation and rice production category, southern Kosi zone, 

Owner Tenant 

Rain f ed Rainfed Irrigated'rrigated 	 = = == MV (n 60) LV (n 22) oV (n = 12) V (a = 4W) LV (n 29) MV (n 3) 

2 16 16 18 26 (13) 

21 17 21 16 5 (21) 

34a 31a (34) 

4 7 2 10 9 (5) 

33a 33a 	 37a 

23 	 (12)
23 19 	 13 12 


25a 23a 21a (27)27a 26a 

6 (14) 

14 10 12 6 3 ( 0) 

18a l4ab 


4 4 	 3 2 

18a 9bc 	 5c (14)
 

4 8 7 11 15 (25)
 

46 27 27 21 18 (5)
 

50a 
 35b 34b 32b 33b (30)
 

52 (67)
24 35 	 31 42 

83 38 (38)
104 73 56 


128ab lO8bc ll4ab 98cd 90d (105)
 

aln column means followed by the some letter are not significantly different at the 5% level. MV = modern 

varieties, LV = local varieties. "Due to the small sample size of this stratum, the data are included only 

for information and are, therefore, enclosed in parentheses. See Footnote b, Table 3. 

tion.b Hired bullocks accounted for less than 10% 
of bullock use. 


Irrigation 

Of 166 farmers interviewed, 84 reported they irri-
gated their rice crop: 28 used pumps and 56 used 
surface supplies to supplement rainfall. Most of 

the pumps were 5- to 7-hp desel, 10-cm pumps. The 
surface supplies varied from small diversions from 
local streams to the Chatra Canal, a government 
irrigation scheme. There was general agreement among 

6Tractors are used extensively for wheat hut less so 

for rice cultivation in the zone. Of the 166 farmers 

sampled, only 5 reported the use of tractors, an~d 

then in combination with bullock:, for land prepara-

tion. The users of tractors for primary tillage of 
rice lands fell into each stratum. In this analysis 

tractor inputs were converted to equivalent bullock 
days. 


farmers that in winter it was more profitable to 
irrigate wheat than the monsoon-season rice crop. 
The direct cost of irrigation water varied widely 

between sources. In the case of local diversions 

there was no specific water 	 rate, but for the Chatra 
Canal, farmers were charged Rs64/ha per crop. Pumps 

were owned, or rented for RslO-11/hour.7 The 
weighted average irrigation cost across supply sources 
(Rs62 for MV and Rsl2/ha for LV) was used in the 
budget analysis reported later. 

Other iNmIta 

The other important managed 	 inputs for rice in 
Nepal's eastern Tarai were seed and fertilizer. 

Herbicides were not used for weed control, and 

only one farmer reportcd use of insecticides. 

Farmers reported lower seeding rates for their 

ircigated rice (61 kg/ha) than for ;he rainfed 

7 At tne time of the study (December 1978-January 
1979) 12 Nepalese rupees (Rs) = US$1.
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The~valie~of crung~o-t~'fzi~
accruing-'L ad-te- '> ~were adoptd.a fchte ' 4W~ ' 

333ad sr wenurofue
bp ~8~r h r. Alen-ponrets ,hav.r 0,'1~3~ to
Shigher''r yield; -. , 4 , 

mpii the 'argument in the assumption, thatbut;'lower. "prc-'3nd a'lo-''

cl-'sit'ra the tenanitthevalued straw than Then cot flao 

3gw alon eidsivait,:t
 
an1ot ~ ~thae covet---- n'~''3'-~4
"r'while'consstena hed aV nio a~1-~6~~' ws om,,,acounts orK10~4Z ~ .or'landlorc1-tenantbunaik',Ilwa rielatinships16ckpower '1-2~.25 intheaennot unfortunate~y, explored 'duringstantial- forirrigated MV nrly25 
of3-produicftionr 
 the coursedo ~'3~cost), ~ #tcbtf~31' ~ ~ te ~ 'hoc 

'the" study., The.'imp.liedriepoucinss~es.. theofi~tai share tenant 'does freedom~onot normal ly gin,-wide sup'port ., ys,,:riceem., prodution in ijodern. writings on landlord~tnn
reationships- (e-.g 'Hayami- - ,. and Kikuchi 1 f"The gross margins'-ae clearly~higher ' Chapter 2). ~ ''91for the owner
h~ani or, th, enant prinip&ally,because, the3ten~ant: f 

must shrt o 'h a landlord. Recognizing teecaveats;- the' analy s isWithin £t'he su ge as,that with prsnL~ua ragns Vg~w assset o,8 owners -producing- rice"' MV -are calculated a, rainfed cro'p is 1Less pfOfitable, orat'est-n 

http:piiihhassd.bf
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more profitable, than LV for tenant farmers in the factors which must be paid out of the crop, proceeds.

southern Kosi zone. Specifically, Withot a sharing Fol lowing Ranade and lerdt (1978) 
 the shares of
 
arranigement for cash 
 costs, or a. chag in the output were computed as: 
shares of output (given existing tcclbnology) or a 
change in technology itself, which will probably 1. payment to land, ord -- value of output given as 
involve access Lo irrigation, tL1re ippears to be land rent losscosts borne by the landlord; 
little incentive for tenants to adopt MV in this 
zone of Nepal. 2. payment to hired labor -- sum of all operations 

o' wage rats times tie number of days worked, 
plus value of oul:put given to harvesters; 

D[STR I HUTI ON OF EARN INCS FROM RICE 
3. payment to family labor -- value, imputed at


One way to contrast the dist ribution of benefits wage of hired labor, of
rates family labor who 
between MV and IV, irrigated or tainftd, is to wor'etd in producing the crop; 
compare the slires of otptltc icruin og to different 

Table 7. Estimated gross margins (Rn/ha) or five rice production systems, southern Kosi zone, Nepal, 1978 
rice cro.
 

Tenant,
 
Owne r __rainfed, 

Irri;ated RA i nfed LV 
= (n = 60) (n 22) (n = 12) (n = 40I) (n = 29) 

Value of odNat 

Rough rice (kg/ha) 2805 1995 18142070 1721 
Harvester's shareb 323 192 205 149 117 
Landlord's share' - - - 753 
Net yield (kg/ha) 2482 1803 1865 1665 851 
Net value of grain1 

2954 2218 2219 2048 1047 
Straw yield (kg/ha) t ' 2805 2993 2070 2721 2582 
Value of straw 200 329 200 299 234 
Gross value of rice crop (Rs/ha) 31-54 2547 2419 2347 1331 

Input cotn (AM;.;ii) 

Labor: family] 168 245 217 294 
 64
 
: hired] 406 322 392 245 140 

Bullock: owned/ 245 280
238 259 231 
: hiredJ 0 14 0 14 7 

Seed 153 122 170 132 134 
Fertilizer: inorganic 182 0 96 10 0 

: ompost 195 
 60 171 107 72 
Pump set cost& 62 12 -  -
Interest on cash costs' 
 64 39 52 32 22
 

Total cash cost 867 509 690 
 433 303
 
Total full cost 
 1475 1052 1378 1093 970
 

Gross marjin (Zt:,'ha) 

Fuil-cost basis 1679 1495 1041 1254 
 361
 
Cash-cost basis 
 22S7 2038 1914
1730 1028
 

B-C ratio; cash costs 3.63 5.00 5.42
3.51 4.39
 

MV = modern varieties, LV = local varieties. A dash -) indicates not applicable. bThe harvesting/threshing 
share averaged 12.5% of the crop. However (see Table 5), the farm family contributes from 10 to 50% of the 
harvest labor. Thus, the harvester's share is that reported paid to the harvesters; the family contribution 
to harvesting is reflected in the cost of family labor. OFifty percent of the cleaned rice after harvesters'
 
share is deducted. "iR8 was priced at Rsl.19/kg, LV at Rsl.23/kg. These are on-farm prices, nct posted or 
official priceq. US$1 = 12 Nepalese rupees (approx). OBased on a grain-total harvest (grain + straw) ratic 
of 50% for IR8 and 40Z for LV. Japonica-type straw used widely as livestock feed and valued at Rsl]/quintal; 
IR8 straw sold at Rs200/ha for strawboard manufacture. fLabor valued at Rs7/4ay (wages plus meals). gV.aluing 
a pair of bullocks at Rs7/day. uFor seed, IR8 = Rs2.50/kg; LV = s2.00/kg. 'See section Irrigation. J2% per 
month for 4 months on cash costs. 
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4. 	 payment to current inputs -- covers expenses 
for fertilizer and other agrochemicals, rent of 

bullocks, etc; 


5. 	payment to institutions -- landowners are 
assessed land taxes, and as applicable, irriga-
tion dies by Government; and 

6. 	operator's residual -- te value of output Less 

payments made to participants (1-5), above. 

Payments to capital and the operator's profit 

were not discriminaLed due to a lack of infor-

mation on the value of the farmer's capital 
equipment and its use on other crops. Thus. 

the operator's residual, as catculated, approxi
mates a return to the farmer's management and 
capital. 

Table 8. lypothetical changes in costs and returns 
if a tenant grew modern rice varieties in irrigated
and rainfed conditions.* 

Tenant lvpothletic aI~ mg
di.....
 
Rainfed Irrigated, Rainfed, 


IV' MV NIV
 

Value of output
 
Rough rice (kg/ha)c 1721 +804 +142 

Harvesters' shar'd 117 +101 + 18 

Net yield (kg/ha) 851 +351 + 62 

Net vatue of grain 1047 
 +383 + 40 

Setaye 

Straw yield 2582 - 57 -719
Value of straic 234 - 3 

crop (Rs/ia) 1331 +349 + 6 

Input costs (R/Wa)

Labor: familyo 

: hired 

Bullock: owned 


: hired 

Seed 

Fertilizer: inorganic 


: compost 

Pump set cost 

Interest on cash cosis 

Total cash cost 

Total full cost 


Gross margin (R,/ha) 
Full-cost basis

Cash cost basis 1028 
 + 95 -169 


aMV 

aMV = modern varieties, LV = local varieties.
 
bSource: see Table 7. CTenants' yields reduced 10% 


below owners' for same production system. 50% of 

the cleaned rice after harvesters' share (12.5%) is

deducted. eMV priced at Rsl.19/kg (see Table 7, 

footnote c). fAs in Table 7, assuming straw of MV 

is .old for Rs200/ha. "Assuming no change in famiiy
 
labor use, increase in labor is hired. Bullock 

inputs taken Qs difference between owner, MV; and
 
tenant, LV. 'Assumes tenants use half the level of 

fertilizer used by owners but same levels of compost. 


57
258 -rain -94combinations,
and 	technologies differ between the
 
systems, 
the 	analysis has not clearly identified
whether there are differeces in resource producti

vity between owners and tenants, or between irrigated 	and rainfed systems of 
rice culture.
 

To provide some insights to the productivity
question, linear output functions were estimated for
 
MV and LV; 

y = b0 + bIXI + b2X 2 + b3D + e 

where
 

is rte total output of tile intensive data 
parcel (101), in quintals; 

X is the area of the IDP, in hectares;
 
t Vt
 

x2 is, in tie case of MV, tie quantity of inorganic fertilizer applied to 
the 	IDP, in
 
quintcals ;
 

X2 is, in the case of LV, the quantity of
 

compost applied to the IDP, in quintals;
 

D is a credit dummy (D = 0, no credit; = 1,
 
received credit);
 

e is a random variable; and
 

bi (i = 1, ..., 3) are the regression parameters
 
to be estimated.
 

364 0 0 
140 + 70 +105 

231 + 14 + 70
 

7 - 7 7 


134 
 + 19 +16
 
0 + 91 + 48 


72 +123 + 99
 
0 + 62 0
 

22 + 19 13
 
303 +254 +175 

970 +391 +344 


361 - 42 -338 

The 	distribution of 
the total rice yields to various
 
claimants on the crop for the five production systems
 
are listed in Table 9. 
 In the table, the opportunity
 
cost 
of farm labor and animal power are ii.,puted at
 
the cost of hiring these services. The landlord's
 
share of his tenants' crop is nearly 44% of the
 
yield (50% net of l,irvesters' shares). however, the
 
landlord pays the lail taxes and his residual after
 
meeting these costs is 42% of the crop. Because
 
owner-operaiers do not share their crop with land
lords, this component is retained as part of the
 
operator's residual. The owner's residual, irres
pective of production system, is in the order of
 
50-55% of the crop, tiLe tenants', less than 20%.
 

lilred laborers earnii 20-25Z of the
about Landlord's,
 
and 13% of a tenant's crop. In quantity terms,

this amounts to 0.5 to the owner's MV0.6 L of crop,

and 0.3 to 0.4 t of his LV crop. For both IV and
 
LV, hii-ed labor earns more from the irrigated than
 
fnu the rainfed rict crop. lired laborers earn
 
less of the tenant's -rop (0.2 t) largely because
 
tenants use a higher p'rolortion of family resources.
Current
inputs (seed, fe.tilizer, hired power) earn 
in tie order of 7-14% of tLO output and are iigherfor 	MV thin LV. Taxes and levies account for less 
than 3Z of the output. 

PROIJCTlVITY DIFFERINCES BETWEEN PRODUCTION SYSTEMS
 
The preceding analysis has shown differences (and
 

similarities) in profit levels between the 
five
 
systems studied. However, because 
input levels,
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1. Ce -	 o1i- :LL0inf1 11imTear :md wa chsen a se a 1 ern'la tIietenure of he _0P91 
eV:if'rmu a io s tof lie onid on ~ C e Oncefl L p ro0d ti ~ar i1 the 'e1 d id 1 id~ , he0 Li it y6f d LV1in Sti 


:mprov e men t aver ne Var'iables
te 'eo~e.Other 
eYgl se&rate,"bul'k~llus et wer~e examined -22Z,7 0U'V ' Z 1 nfe Zoe,- 4 var e 

.lut -not included. in~itbe ia y s s1 b'ea use i e c 
fents were nio~ ttsia1 f~t ~0hr,4 Because Lthe.rop re.sponses functions for fart rg PXrO 

(e.g. 	 aIbor' inputs) were excludd because o thir ~ dn rainfed IV app near~nto enr, 1 
I e~ hD &±~ rainfed 'observ we~jre ipooped e&o f~nr;~a'v ra 	 poordldifferences~i 	 dGt~~O va~~~~~-:'- ja ~.~m 	 npouctivity betweeti thie'irrigated~ and 

Own2~averue~enontta, Zo6al vrietie0,,,7ners, ~ ~ ~ ve;u 	 rIeported inthe 'preceding sec'tion, resul.tedin,'a cal-

Bcase tenants, i generailwr no ggwn~Vo~ ht ssnificant at,'-l % eve1-Qale1f kj-. 
iriatn Le ,,0 'on ycomparHison 6f owiners ' Therefor'e, ther 'i,quniaie vdnc tiat tle

~and teniants,':rc.poucn i", 'can be, ireasonably resourcu productivity of rainfed anidirrigatedCLV% 
~ aned -LV.- 1Production functions grown in the southern Kos zone differ. : Howeve th 
btween owners. and tenants were o ifrneta s 

exanied-,:usinig,,thie approcl sugse by, Ch'ow (1960) ~-cepts or thle slopes of th~e production function s7 fsignifia l-~to-te~ >eween regression dfe snt~ear., AY 

fucios As shown in Table 10 this involves esti
a-ting the following rice response functionsifor LV: Johnston (1972) show ho, after allowin'g for dif.-~ 

0---fr-ower sndferences in intercepts' via th'e dummy, the fut 
fo wesand~ separately; equation ip, Table 11) , simil' ytenants, an Ctii 

(i'.e.,slpe)':coefficients can ;be examned through +~A 
afor owners and tenants, pcoled. thle construction ofan~ -statisitic; Thclcla 

AA ~ratio ."- of 5.41 (nj.=4, 86 g icailt a 
6F-rat~io of 1.01 (n1 , 4$, n2 61)-isllnot statis- th 1 evl Hence-, there-is evidenceIthtthe~in71tcly(al10) te'6 tercept (based on tesgicatdumyirn ; Iabe and ~VLiclysignificanit (al10.There~fore, thtagnfcat a 

I, .s ,lack of- statistical evidence from which tothslp ofiirtofte 
impy-tatainfed LV have difrn rdcin(1asedon tieFrto.frraneo 	 irgt L 

impnytnhen differen prAoyductiont~ft~n~ios~whii~gcwn~b~yowrners or tenants. 1hat is, differ. Tbyimiatc~n,the productivity o 'A 
i igher inirainfed~environ6 nts . 2in irrigated than 


~D.etymeasred allocation of grain ouptfro riepoutosu.Kosi~ zone,. Nepal,17
 

A Al 	 AOwnerA Tenant, 
1A-A~ 	 A r~~A ~ 	 A I Irrigated Rainf ed,- A aA 

A ~ A A .4~ ALVMV 	 LV L-V 

P Some fators contributing to distribution of earrning's 	 -- A-AA 

yil Aic A Ah)- 2805 .1995 .A~I l 1814 7~ A~~YT1721~-2070 
Pric ofyAc A , A,.19 1 23A ,>.4 19, 1.-23 1-2 

Labory)	 
7 

-- 000 0 IA 7.0-2 
AAIAA.~ Land taxes (Rs/ha) 70.;0 _7.0 66.0 66. ,~AA 0 


AAAAA, a.tr 

AZZ0to 

,>gh 

A A ;9 CAA -	 A 7.0 ~7 0ii~6 0A(60AA - 0 
LaAd orA AA -A . AA~-- AA l 726A~A 

LaorA ir d 664 4 34 348 231. 

A;toatwn'-hae rong earnersgn 	 A-A---A~f 

AA 64 23l-I AAAA Labor:A, hiredA~ 	 2 ~ 450 A-~A*A~26 AI 13 

IA 	 . A:~-amily AA1 	 4 A ~ ~ 3 9 

- ~Taixs~ and evies~ A A >A-~A-'I 	 2-~ A- AA A5 27' A 

a Ab. 
AV., A AtAeAo ai v r , A das (7).AA A-ots'oia l . Ll' ae A ryAAAfrm)ap 	 A1 

AwithAAAAA'AAl~A pArsiean 	 j vc, Aan t he increaseofiriaioAevlp'e 	 tAAAA-lAAxA tr

Re~t2vsars a on; e2~er 'c-(% d4' ~ pa .,A Ord .iIriigiio A cstAAc>urAArAAeA.nA'ar inclde1AAi J AA 
aA e-&AAAAo';AA:~ s , .'A~ dAove , 6o 'opsa it - --e a	 ImA1iAAAA~~ btA 

.an r s-s AA-. o -c o (50j -L t Of,.A-?.IWAIAI r )	 A'l ar 	 haAA-veA 
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'1b I2,Ist uiallaes 1grownUI ( J0. S ust imat's of pridii'tlol 

fu IcLion for oWli re-s ;lld It llalt _, ;r ,wi , loca l rice 

varieties, southl i ltosrl 
i /olh., l,Npa 1ioi. 

VilIla_'r T i ,o Ioe (I 

Cc f. (0) (T) +_'rod(Ici 

I n t e r c e p t O - 9 . 21 18 . 5 5 i - 8.0 ) 7 

Area 1 20. 7518,* 8n. 0d. h807 ,,' 

Compost 1.) 0.)543 II". ** ni s1 .748 

sCredit 	 1Ish) 0.2688 - 2.257211 -. 7070 n

F-	 .92 .02 .91 

d.2. n to 

n3 36 25 65 

RSS s Lo 

S.1 ) 270 1,308 -1i 278 
. . . .. . . . .. . . . 

I* * 0I S1 p,11 nt tA t heI I l ev l , s i g i f i vathe .S 0lV U1, [IS no t 	 t a t= s ign i I iU alllt , LIJ . d e2gi-Ces )If 

frtC-dol1, I t'-idu;I -i---- -S t Ill -of S(I-tr 

ChOW t _ .L 

3 s - , ) • ( I - n ) - -f 
s S I +(t + I,)p+(;OVt.'l'llfllt'Ilt 

/11,278 - (9,270 + 1,308)/ /(15 - (36 + 25)! 

(9,270 1 , 308):(3 + 5) 

= 	 1.01 

Ii't'[jot 'dc ul71 ; wd l'i,t'z1")lc'C v~ada',t'i'U 

Some 60 own r-ope rat ors i rr igat ed thei r lV, otlieI rs(12) grew aI ra ilfed MV :'rop (TablIe 12). The cacu-.

ltcid ChI,,W'S F-rat io o1 1 56 (1), = 3, n,) = 64) is 


signifiCait at the 1/ level, implying ttiat tileresponse funt ions for irril',i;itd and rainfed MV 

differ. Further, tit iIIterl), ternlIs di ffelr bCtWee'ln 

tloe two t1(1at ions, 
 as do th sI toIp ool-f ;ii itos 

(i-ra t ii 4.26 (n i 
 c, 6u1 , i g iifiicant at 

title'. 
 leve l. 'TILIi., Ithe p oduction futctiols liffer 
in both inttrcept alid prlductivIt (sI o1') cot,ffi-
c icielts . By Ip I icat itill,i rr ip tiol iginifi.ant y 

inCr-ea ,US Lhie 1)rtduc,L i I f ill\', ther t iP4s bei
-qul. 

In 	 summary, tie' anaiysjs of Lilta productivity of thedominant rica product ion systems il tilA southern 
Kosi ZOint indicate's i.hat : 

" 	 the protduttivity of rainfed LV does not differ 

between tenure status; 


" 	 the product ivity Of LV is higher in irrigoted 

than in rainfed 10cI, itions ; and 


* 	 witllin til. ),,r t f V bt Y O r1) 
g-a - ha , rainfed-OIItivity L isW i hivh11' 1eu ft ir rri ed n for prodnaI) 

ir I i o. 
TheS, I'St'l I tS; i'L' C nlls i s l t with Ot it'r analI vs s of 

is loll. : iIifr. ', 1i1 ah'r ill I(duat 5p ,llIy, rice p roduc t i vi tvW'!at t'lr-Iull1 L'ad I Io i 	 r1 ill eid Condi
t i 0,fut) ( tI l l r sa ,lbotZIStls 

if iLft t,i t'l r i s' ln t11 i i l a LarX t's ill r i' p roduiivity --	 a 

east for ih .V I\ly7 t hlara. 

CoNC1,(S I(NS 

MII r i 	 Ir t Its h ad til gre;lLt'sI illIpiLi ill ti, 1 laroait 1oitIct'j, 'o 'e-r Kos i zone whell
 
g row nl il) 1irrl' ,ad i I lds. iow'Vt'r, ill ra1il fed
 
i ds .IV ;lpptIN tO ha aS I)o itAbIt' tIs, or More
 
pr1 l'itobI a thian, MV. both MV 'ild I1V il ppclr Io be
 
more ptiI l tt iV0 
 ill 	 irrigilo d I L illr0 Iil't.,d Ii 1Ids. 
Ownor- o I 
 o Ill1 11 I Ill Ka:;i Wit it i 

-at 	ill ,lppc'or to hlav 1)nt10! i t d frt ,,llIthe int Iodui ct ill) 
hrt 1t f t ', 1 1 i) 1 t l0t,"' ii t C tIuho 0ll 0' 

r 1lll h,l:; VCH ii . 11:01l- t h.1lt!; I I i bJILt land
 

ll' \ l t l l i i d t 1,1ll , 11t1dI 'f( ,1-i :llt, I i'

It ' . ;()l il vII l~lt'[o ' t pl l ;l-11 t , ti(,SOC M4itt Irt ll [
 

I.M 	 la th
tt. inS I o1,1 tllis ;IrISvrC';II oli ttI1 l 


i 1) 1 s), ,,l rtt a rt I 10r;
r1i, l oil n1deS S t,r Ot I[' l lI ; ) r od ut I i o 	 ,1b ib *y t o 0n C I - ~l i t . 'I' l ( s , t htel 

a nd in p u t d t, l iw v l \ : y s tl n S i ,,Iui l Hd I)\ t hfe a Ie s eNCIp
S oI I; t il, 	 t jiIll irrIg L jo lit'%O I ttLhe Ko~si Zonet shou,Id he 'ondultcive to 

011exp.lllSi oli ill ,' lrc"IS lull to MlV. 

AItlIoti; 1Myn1ttL -iltS i INve directly benefited 

I rom NVt\,t adt ha ' cy I inidllass laborers have in
direc It' lhiltfitad tl ,aiuuli i iarCo(.sed Cli OVlyment i11
 
;lreaS 
 ru' tow varielti es.as ing 	 liwev e', because tile 
area grul:in, -*V is rk')jIuil I o be Itss t lan 25% of 

h t Ilto ; re;l p1I 011 I r t', tihe lpgregat e
 
ilpilp 't i f L Iast' v;lr iet It', oil llpIf oylflelt is somewhat
 
less thIal ill)l i td Wht'n ctlsidarin, tiie data purely
 

tlil 	 ;I I)cr l I It- ' - has is. 

T'li yiIt' ut MV on irrigated farmcrs fitlds
 
was less tha1tn 
 3 t /ha,-, ; tOl or more below yiejlds
 
rt'cordtd for tit'e salilt' 
 variet ies at tile Tarlhara
Agricul tura I St at ion, wii ich is 	 in tile same area 
(Pandey 19i8). fariAl though yields ire certainly
eXpcctet to beI lass tliat, rselircil stat ioll y ields, 
the actual yields reported for irrigated MV are 
modest by most standards. Some' factors probably
limiting farmers' vields from MV in tile southern
 
Kosi zone are:
 
og 

a 	 lack of a MV particular lv suited to tile soils, 
climate, and pest complexes in the area; 

* 	 constraints due to water, fertilizer, and weed 
management ; and 

* 	 constraints due to farmer's and mativat
 
preferences for LV.
 

See RutLtall and linswanger (1978) for a review of 
such Sttudies. 
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Table 11. Least squares regression estimates of production functions for irriga'.ed and rainfed local rice 
varieties, southern Kosi zone, Nepal, 1 9 7 8 ." 

Coefficient Irrigated Rainfed Pooled Pooled + 
(I) (R) (I + 1) dummy 

Intercept -5.31.30 -7.6807 -7.4748 -8.5020
b0 

Area b 23.3210** 20.3655** 21.3044** 21.1416** 

s.1021 n s  .0743 .0351 n s  .0415 n s 

2618 n s  n s 

Comost b 2 

r',edit b 3 2.1021l s -0.7670 n s  -. -2.0364 

Intercept dummy 6.9557**b4 


R2 .80 .91 .95 .95 

d.f. to n4 21 65 90 89 

RSS s to 3,101 11,276 1.7,870 17,091 

n1 


s 4 

a = significant at the 1% level, * signi ficant at t he 5% level , n; = not sigificant, d.f. = degrees of 

freedom, RSS = residual surn of squares. 

(s '; ' 
Johnston's test for slope variability = - - -+ 1) / : / 11 - ("1 + n,)/ 

(s + s. ) - (nI + n 21 

- 17,091 - L(3, 1 1].278)/ /39 - (21 + 65)3 
(3,101 + 11,278) : (21 + 65) 

= 5.41
 

Table 12. Least squares regression estimates of production (functions for irrigated and rainfed modern rice 
varieties grown by owners, southern Kosi zone, Nepal, t978. 

Coefficient Irrigated Rainfed Pooled Pooled + 
(I) (R) (I + ) dummy 

Intercept -1.1.825 1.0427 .1014 -8.4858
b0 


Area b1 21.9238** 14.4442*- 21.1480** 21.3527** 

s s
 
Fertilizer b2 
 .4117** u626 ns  .2123n .1973n


ns  ns  s
b3
Credit 6.1018 4.4117 6.4273n 3.2723**
 

Intercept dummy 13.3863**
b4 


R2 .80 .89 .77 .78
 

d.f. n1 to n4 56 8 68 67
 

RSS to 18,997 848 25,502 23,804
s1 s4 


a** = significant at the 1% level, * = significant at the 5% level, ns = not significant, d.f. = degree of 

freedom, RSS = residual sum of squares. 

http:irriga'.ed
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