


RICE PRODUCTION IN THE TARAI OF KOSI ZONE, NEPAL

ABSTRACT

Agricul*ture is the most 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 comparative profitability of modern (MV)
and local (LV) rice production and the distribution
of earnings from rice between fara operators and
laborers.

Interviews with 160 rice farmers were augmented with
information from the rice service industry. Tenant
farmers ravely greo MV; among the owner-aperators
sampled, those with aceess to 1rrigation and produc-
tion credit tended to be the adopters of MV technol-
ogy. A production function analvsis showed that the
procductivity of rainfed LV dic¢ not differ signifi-
cantt- 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 LY and within varietal groups, more labor was
used to grow irrigated than rainfed rice. Owners
growing irrigacted MV used more hired labor than
owners growing rainfed MV or tenants producing LV.
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“ross marging were higher for owners 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.

Hired labor ecarns 20-257% of an owner-operator's and
137 of a tenant's rice crop and more from irrigated
than from rainfed rice irre. pective of variety.
Curcent inputs earn 7-147 of the output -- higher for
M¥ than for LV.

Owner-operators in the scuthern Kosi zone with irri-
gation appear to be benefiting from the 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 MV are access to irrigation
and production credit. Although tenants bave not
directly benefited from the MV, they and landless
laborers have indirectly tenefited tlirough increased
employment on farms growing those varieties.

lBy 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, :esearch aide, IRRI;
and K. Kalirajan, postdoctoral fellow, IRRT. Submitted to the IRRI Research Paper Series Committee May 1980.
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RICE PRODUCTIOW IN THE TARAL OF KOSI ZOME, NEPAL

Agriculture provided Nepal's economy with more than
60% of its Gross Domestic Product, more than 807 of
the country's export earnings, and employment for
nearly 907 of its labor force in the late seventies
(CBS 19v7). This scctor continues to play an
important role in creating employment, carning
foreign exchange, and meeting Nepal's domestic iood
requirements.

In the current Agricultural Development Plan it 1s
proposed that the alternative agricultural options
be evaluated in relation to favm and national pro-
fitability and the distribution of the predicted
benefits among various social grouns., Considerable
emphasis is being placed on developing and extending
the use of modern varieties of rice, wheat, and
maize. This paver focuses »n rice, the most
important cereal in Nepal.

The welfare implications of tle new rice technology
have been the subject of considerable debate (FAO
1972, IRRI 1978, Farmer 1979), whicii has tended to
focus on the logic that the technology assceiated
with the spread of modern varieties is labor saving
compared to existing methods oi rice product.ion.
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
tenany farmers -- wnd increases the returns to other

factors of production such as land and capital items
often owned by relatively privileged persons. Some
empirical studics support this view (Griffin 1974,
Sinaga and Sinaga 1978, Collicr 1979), others do not
(Ranade and Herdt 1978, Critchfield 1979).

The distribution of bencfits derived from tech-
nological advances are the outcome of complex inter-
actions between the characteristics of the tech-
nology, the rural institutions, and economic policies
prevailing in the area, which in turn affect the
distributicn of resources and prices in both input
gnd product markets (Kikuch: and Hayami 1980, Sisler
and Colman 1979). Thus, it is hazardous to extr
polate the findings of research on thi«< issue from
osther countries to Nepal -~ or from one agroecolc-
gical zoue of Nepal to aancther. For this reason,
the impact of modern rice varieties (MV) on the
income and employment of farmecs zod laborers was
examined in the southern Kosi zone as one ecological
zone of Neral. The area was chosen because it is

an important rice-exporting area and a target zone
within Nepal for land raform and for the extension
of modern farming methods.

DATA SQURCES AND FARM CHARACTERISTICS
The southern Kosi zone is on the northern fringe of

the Gangetic plain in the Tarai of southeastern
Nepal. Crops and livestock are clusely 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). 1IR8 is the dominart MV in the area. Typical
rice-based cropping patterns on wetland fields are
MV and wheat (Mexican RR21), jute (early) and MV,
and MV (carly) ard local? rice variety (LV) (late)
(Mathema and Van der Veen 1978). Jute, maize,
mustard, and pulses are the dominant crops on dry-
land ficlds.

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

e Institutions (banks, cooperatives, Agricultural
Liaputs Corporation, Department of Agriculture,

+ Rice-Exportir~ Compauny, ctc.) and private agen-
cies (rice m»o thants, machinery dealers, etc.)
to chbtain background information on the distri-
bution of MV and associated inputs; and

e Rice farmers. lob furmers were interviewed to
obtain information »n their rice-based cropping
systems.3 A portion of the survey sought
detailed information on the farmer's largest
rice plot, following the concept of the
intens oo data pareel (De Datty et al 1978).

Some claracteristics of the households surveyed are
lisced in Table 1. The farmers sampled were from
tro distinct ethnic groups -— those indigenous to
the Tarat and those who migrated from adjoining
hills since the 1950s following the suppression of
malari: More of those who had migrated o. ied the
land they farmed than was the case with the in-
digenous inhabitants (x?=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 w.ow the better rice lands -- tended
to “e vacant lands.

') * 3

“The term lLocal is used in preference to traditional.
Most of the local rices grown in eastern Tarai are
improved varieties introduced frcm India.

3Background 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 (owrers whose main rice crop was a
modern variecy, owners whose main rice crop was a
local variety, and a tenant farmer).
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e Government-sponsored resettleaent schemes
provided the migrants with tenured land 1in the
Tarai, often in the less-populated tracts.

Family size wes 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 significantly higher
cropping intensity, than did tenants.

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

Av  value a
Owner Tenant t-test
Origin of respondents (%)
Tarai 29 41
Hills 71 59
Family size (no.)
All members 8.8 8.4 L5718
Full-time favming 4.5 3.8 3.02%%
Part-time farming .8 1.1 ° .91ms
Formal schooling of
operator (years) 6.5 1.0 6.54%%
Farm size (ha) 2.6 1.4 2.5G%%
No. of parcels 2.8 1.6 6.17%%
Man-land ratiob 1.6 2.7 2.,68%*
Fortion of farm irrigated (%) 61 21 5,59%%
Multiple cropping index 1.6 1.3 3.02%%
Livestock density
(animals/ha) 3.9 3.1 1.0408
Sample size 134 32 -

“To test for differences between mean values of
owners and tenants. **Significant at 1% level,
ns = not significant. DRatio 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 apparenc
that although essentially all farmers had some
areas planted to LV and half the owner-operators
grew MV, it was rare 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
variabies, we used discriminant analysis (Fisher
1930).

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

Djzdlzij+d222j+' . '+dnznj
where
D, = is the discriminant score estimated for
J observation j;
Zij = is the level of the ith diseriminant

variable (i =1, ...,n), for observation
J, coded in standard form;

d. = are the standardized cocefficients of the
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 the 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.>
Four underlying characteristics were found to sig-
nificantly differentiate between adopters and non-
adopters -- tenure, irrigation, use of formal
sources of production credit, and the farmer's
educacion. 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

4Adoption 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 us:d as the dependent variable i
regression models. This approach proved to be of

iwmited value in the jprusent case so discriminant

analysis was used. Tae unit of analysis for adoptio
non-adoption was the 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,
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days. 1Indeed, the use of family labor was signifi-
cantly lower for MV than for LV. A comparison of
the influence of tenure on lahor for LV production
showed that although total labor inputs were higher
on an owner's than on a tenant's crop, it was ncc
siznificantly 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, by category,
for three rice production systems, southern Kosi
zone, Nepal, 1978 crop season.

Labor input Owner Tenant,
(days/ha) MV LV LV
Family 25a 39b 53c
Hired 102a 62b 36¢
Total 127a 101b 89b

a . -

In a column, figures iollowed by the same letter
are not significantly different at the 5% leyel. ,
MV = modern varieties, LV = local varjieties.

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 mot
differ significantly hetween production systems. The
proportion of fawily labor used in this process was
lowest for the owner producing MV and highest for
the tenant producing LV, Similarly no significant
difference in total labor input for crep establish-
ment (largely transplanting) was observed. However,
a larger proportion of the labor used to establish
MV was provided by hired labor than was the .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 s pplied 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-
tiun is consistent with 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 hi her 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 Ffor 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 wwa:

Wi HL= 7,235 y28 47176 g2 e o o
Wi ML = 11,811 vo 48l 4728l g2 o

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

Total labor inputs for harvest and postharvest
operations arc expected to be higher for Mv

because of higher yiclds. However, that did not
account for the substantially higher levels of
hired labor with the MV. The probable reason for
the dominance of hired labor for these operations
is that MV tend to mature in the wet season when
unfavorable weather results in a high risk of grain
spoilage 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 veccur to the same extent with LV
because they are photoperiod sensitive and mdcure
in the dry season.

In summary, in the eastern Tarai of Kosi zone,

more labor is used to grow MV 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-
liuaess 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 time
cummitted 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) nmanagement 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 ar: 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-



Table 5. Llabor inputs (labor
Nepal, 1978 rice crop.?
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days/ha), by operation and rice production category, southern Kosi zone,

Owner Tenant )
Task Irrigated ~ Rainfed - Rainfed Irrigated”
ask MV (n = 60) LV (n=22) MV (n = 12) LV (0 = 40) LV (no= 29) MV (n = 3)
Land preperation
Fawily 12 16 16 18 26 (13)
Hired 21 17 21 16 5 (21)
Total 33a 33a 37a 34a 3la (34)
Crop establishment
Family 4 7 2 10 9 (5
Hired 23 19 23 13 12 (12)
Total 27a 26a 25a 23a 2la (27)
Preharvest
Family 4 4 6 3 2 (14)
Hired 14 10 12 6 3 (0)
Total 18a 14ab 18a 9be 5¢ (14)
. -
Harvest/postharvest
Family 4 8 7 11 15 (25)
Hired 46 27 27 21 18 ( 5)
Total 50a 35b 34b 32b 33b (30)
Totel labor inputs
Family 24 35 31 42 52 (67)
Hired 104 73 83 56 38 (38)
Total 128ab 108be 11l4ab 98cd 90d (105)
%I column means followed by the same letter are not significantly different at the 5% level. MV = modern

varieties, LV = local varieties.

for information and are, therefore, enclosed in parentheses.

tion.? Hired bullocks accounteda for less than 107

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 rainfatl. Most of

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

6Tractors are used extensively for wheat but less so
for rice cultivation in the zone. Of the 166 farmers
sampled, only 5 reported the use of tractors, and
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.

Dpye to the smali sample size of this stratum, the date are

included only
Sce Footnote b, Table 3.

farmers that in winter it was more profitable to
irrigate wheat than the monsocon-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 Rs6b4/ha per crop. Pumps
were owned, or rented for Rsl0-11/hour.’ The
weighted average irrigatrion ecost across supply sources
(Rs62 for MV and Rsl2/ha for LV) was used in the
budget analvsis reported later.

Other inputs

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 reported use of insecticides.

Farmers reported lower sceding rates for their
irrigated rice (61 kg/ha) than for the rainfed

7At the time of the study (December 1978-January
1979) 12 Nepalese rupees (Rs) = USS1.





http:piiihhassd.bf

IRPS No. 54, November 1930 9

more profitable, than LV for tenant farmers in the factors which must be paid out of the crop proceeds.
southern Kosi zose. Specifically, without a sharing Following Ranade and Herdt (1978) the shares of
arrangemant for cash costs, or a chang: in the vutput were computed as:

shares of output (given existing technology) or a

change in technology itself, which will probably L. payment to landlord -- value of outpult given as
involve access vo irrigation, there appears to be land vent less costs borne by the landlord;

little incentive for tenmants to adopt MV in this
zone of Nepal.

o

parment to hired labor -- sum of all operations
0f wage rates times the number of days werked,
plus value of output given to harvesters;
DISTRIBUTION OF EARNINCGS FROM RICE

3. payment to family labor -- value, imputed at
One way to contrast the distribution of benefits wage rates of hired labor, of family labor who
between MV and LV, irrigated or rainfed, is to worked in producing the crop;

compare the shares of output aceruing to different

Table 7. Estimated pross margins (Rs/ha) dor five rice production systems, southern Kosi zone, Nepal, 1978
. [
rice crop.

Tenant ,
Owner . rainfed,
Irrigated Rainfed LV
(n = 60) (n = 22) (n = 12) (n = 40) (n = 29)
Vaiue of output . .
Rough rice (kg/ha) ' 2805 1995 2070 1814 1721
Harvester's sharel 323 192 205 149 117
Landlord's share* - - - - 753
Net yield (kg/ha) 2482 1803 1865 1665 851
Net value of grainJ 2954 2218 2219 2048 1047
Straw yiclid (kg/ha)® 2805 2993 2070 2721 2582
Value of straw 200 329 200 299 234
Gross value of rice crop (Rs/ha) 3154 2547 2419 2347 1331
Input costs (s, ha)
Labor: family) 168 245 217 294 364
hired/ 406 322 392 245 140
Bullock: ownedd 245 - 238 280 59 231
: hired¥ 0 14 0 14 7
seed” 153 122 170 132 134
Fertilizer: inorganic 182 0 96 10 0
i compost 195 60 171 107 72
Pump set cost? . i 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 margin (Rs,/ha)
Fuil-cost basis 1679 1495 1041 1254 361
Cash-cost basis 2257 2038 1730 1914 1028
B-C ratio; cash costs 3.63 5.00 3.51 5.42 4,39

share averaged 12.5% of the crop. However (see Table 5), the farm rfamily 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. ©€Fifty percent of the cleaned rice after harvesters'
share is deducted. YIR8 was priced at Rsl.19/kg, LV at Rsl.23/kg. These are on-farm prices. nct posted or
official prices. US$1 = 12 Nepalesc rupees (approx). ©Based on a grain-total harvest (grain + straw) ratic
of 507% for IR8 and 407 for LV. Japcnica-type straw used widely as livestock feed and valued at Rsll/quintal;
IR8 straw sold at Rs200/ha for strawboard manufacture. JLabor valued at Re7/day (wages plus meals). 9Valuing
a pair of bullocks at Rs7/cay. iFor seed, IR8 = Rs2.50/kg; LV = Rs2.00/kg. *See section Irrigation. J2% per
month for 4 months on cash costs.

L . D, . .
aMV = modern varieties, LV = local varievies. A dash (-) indicates not applicable. The harvesting/threshing
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4. payment to current inputs -- covers expenses
for fertilizer and other agrochemicals, rent of
bullocks, ete;

5. payment to institutions -- landowners are
assessed land taxes, and os applicable, irriga~-
tion duaes by Government; and

6. operator's residual -- the value of outpul less
pavments made to participants (1-5), above.
Payments to capital and the operator's profit
were not discriminaced 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 calculated, Approxi-
mates a return to the farmer's management and
capital.

Table 8. Hypothetical changes in costs and returns
if a tenant grew modern rice varicties in irrigated
and rainfed conditions.?

Tenant livpothetical change
Rainfed TIrrigated, Rainfed,
Lvb MV v
Value of output ]
Rough rice (kg/ha)” 1721 +804 +142
Harvesters' share 117 +101 + 18
Landlords' shared 753 +352 + 62
Ner yield (kg/ha) . 851 +351 + 62
Net value of grain” 1047 +383 + 40
Straw yield . 2582 - 57 =719
Value of straw 234 - 34 - 34
Gross value of rice
crop (Rs/ha) 1331 +349 + 6
Dwut costs (Rs/hal )
Labor: familyy 364 0 0
¢ hired 140 + 70 +105
Bullock: owned” 231 + 14 + 70
: hired 7 - 7 - 7
Seed . 134 + 19 + 16
Fertilizer: inorganicl 0 + 91 + 48
comnost 72 +123 + 99
Pump set cost 0 + 62 0
Interest on cash costs 22 + 19 13
Total cash cost 303 +254 +175
Total full cost 970 +391 +344
Gross margin (ls/ha)
Full-cost basis 361 ~ 42 -338
Cash cost basis 1028 + 95 -169

a A R
MV = modern varieties, LV = local varieties.

Source: see Table 7. “Tenants' yields reguced 10%
below owners' for same production system. ~50% of
the cleaned rice after harvesters' share (12.5%) is
deducted. °MV priced at Rsl.19/kg (see Table 7,
footnote c). As in Table 7, assuming straw of MV
is sold for Rs200/ha. gAssuming no chan%e in family
labor use, increase in labor is hired. Bullock
inputs taken as difference between owner, MV; and
tenant, LV. ‘“Assumes tenants use half the level of
fertilizer used by owners but same levels of compost.

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 taputed at
the cost of hiring these services. The landlord's
share of his tenants' crop is wearly 447 of che

yicld (507 net of harvesters' shares). However, the
landlord pays the land taxes and his residual after
meeting these costs is 427 of the erop. Because
owner-operatcers do not share their crop with land-
Tords, 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, the tenants', less than 20%.

lired laborers carn about 20-25% of the landlord's,
and 137 of a tenant's crop.  In quantity terms,
this amounts to 0.5 to 0.6 ¢ of the owner's MV crop,
and 0.3 to 0.4 t of his LV crop. For both MV and
LV, hired labor cares more from the irrigated than
from the rainfed ricc crop. Hired laborers ecarn
less of the tenant's erop (0.2 t) largely because
tenants use a higher proportion of family resources.
Current inputs (sved, festilizer, hired power) earn
in the order of 7-14% of tie output and are higher
for MV than LV. Taxes and levies account for less
than 37 of the output.

PRODUCTIVITY DIFFERENCES BETWEEN PRODUCTION SYSTEMS

The preceding analysis has shown differences (and
similarities) in profit levels between the five
systems studied.  However, because input levels,
combinations, and technologies differ between the
systems, the analysis has not clearly identified
whether there are differeaces in resource producti-
vity between owners and tenants, or between irriga-
ted 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+blxl+b2x2+b3n+e
where
¥ 1is the total output of the intensive data
parcel (IDI'), in quintals;
ml is the area of the IDP, in hectares;
is, in the case of MV, the quantity of in-
organic fertilizer applied to the IDP, in

quintals;

is, in the case of LV, the quantity of
compost applied to the IDP, in quintals;

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

e 1is a random variable; and

b; (i =1, ..., 3) are the regression parameters
to be estimated.
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Table 10.  Least squares cstimates of production
fuaction for owners and tenants prowing local rice
varieties, southern Kosi zone, Nepal, 1978, 7

Ouner Tenant Pooled

—— el ) )y
Intercept h() -9.2018 L3557 -7.6807
Area bl 2007518%% 13 8677%%  2(), Jp55%%
Compost b, 0.0543"%  ppanes g7agh®
Credit by 0.2088"% 2 0572"% | g470%8
=2
R .92 .62 .91
d.i, n, to

nj 36 25 65
RSS 5) to

sﬁ; 9,270 1,308 11,278
ek = significant at the 17 tevel, % = gignificant ac
the 5% level, us = not stgniticant, d.f. degrees of
freedom, RSS = residual sum of squares.

Chow's Lest
F-ratio = /“'; - (“] + “3)./

E )

9,270+ 1,308) & (36 ¥ 9%5)
= 1,01

Iryigated vevsus vainfed. modern pavietics

Some 60 owner-operators irrigated their MV, others
(12) grew a rainfed MV crop (Table 12).  The calceu-
lated Chow's F-ratio of ¢ 56 (n, = 3, n, = 64) is
significant at the 1/ level, implving that the
response functions for irripated and rainfed MV
differ. Further, the intercope terms differ between
tie two equations, as do the slope cocefficicats
(F-ratio = 4.26 (n, = 3, n, = 064), significant at
the 17 level.  Thus, the production functions differ
in both intercept and productivity (slope) coeffi-
cients. By implication, irrigation significantly
increasces the productivity of MV, other things being
cqual.

In summary, the analysis of the productivity of the
dominant rice production systems in the southern
Kosi zone indicates that:

e the productivity of rainfed LV does not differ
hetween tenure status;

e the productivity of LV is higher in irrigeted
than in rainfed conuitions; and

11,278 = (9,270 + L308)/ 5 /65 = (36 + 25)7

o within the group of MV grown by owners, produc-
tivity is higher for trrigated than for rainfed
ifields.

These results are consistent with other analyses of
rice product jon,® Specifically, rice productivity
is higher in water-managed than in rainfed condi-
tions, and tennre. per se, is not an lmportant
source of dilferences in rice prodoctivity -- ag
Teast for the LV analyzed here.

CONCLUSTONS

Modera rice warictics have had the preatest impact
in the Tarai ot Bepal’s soutbern Kosi zone when
grown in irrigated ticlds.  However, in rainfod
frelds LV appear to be as protitable as, or more
profitable than, MV,  Both #V and LV appear to be
more productive in irrvigated than in rajnfed ficlds.

Owner-operators in the southern Kosi onone with irri-
gation appear to have bencetited from the introduet ion
of MU, but tenants hiave not, in the sense that thev
donot prow these varictices.  bFven though land
reform has piven tarmer-tenants title to the land
they Cill, it appears that Land retorm atone will
nol necessarily make 1t profitabie (o shitt from LV
to MV. Other ractors are stroopiy associatod with
the adoption of MV —= Gecess to the complementary
inputs, particular!y irvigation: aud probably to a
lesser extent, product ion cradit . Thus, the
policies of land reform, irripgation development ,
and input delivery systems pursued by the Nepalese
Government in the Kosi zone should be conducive to
an expansion in oarcas grown to My,

Although tenants mav ot have directly benerfited
From the MV, thev and tandless laborers have in-
dircectty henetited thoough increased emplovment in
areas prowing these varieties. However, because the
arca growing MV s reported to be less than 25% of
the total arvea planted to rice, the aggregate

tmpact of these varieties on vinployment is somewhat
less thar implicd when considering the data purely
o a per hectare basis.

The mean vield of MV on irrigated farmers' fields
wias less than 3 (/ha, a ton or more below yields
recorded for the same variceties at the Tarahara
Agricultural Station, which is in the same area
(Pandey 1978). Although farm yiclds are certainly
cxpected to be less thar research station yields,
the actual yields reporved for irrigated MV are
modest by most standards.  Some factors probably
limiting farmers' vields from MV in the southern
Kosi zone are:

® lack of a MV particularly suited to the soils,
climate, and pest complexes in the area;

® constraints due to water, fertilizer. and weed
mandagemeat; and

e constraints due to farmer's and mailot
preferences for LV,
8. T . . . .
See Ruttan and Binswanger (1978) for a review of
such studies.
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Table 11. Least squares regression estimates of production functions for irrigated and rainfed local rice
varieties, southern Kosi zone, Nepal, 1978.¢

Coefficient Irrigated Rainfed Pooled Pooled +
(1) (R) (1 + ) dummy
Intercept b, -5.3130 -7.6807 ~7.4748 -6.5020
Areca bl 23,3210%% 20,3655 %% 21.3044%% 21.1416%%
Comnost b, .1021"8 .0743"° .0351" .0415"°
Ciedit by 2.1021" -0.7670"° -.2618"° -2.0364"°
Intercept dummy bA 6.9557%%
=2
R .80 .91 .95 .95
d.f ny ton, 21 65 90 89
RSS $) to s, 3,101 11,276 17,870 17,091
Dk = significant at the 1% level, * = gignificant at the 5% level, ns = not significant, d.f. = degrees of
freedom, RSS = regidual sum of squares.
[;z - (s] + H”)y : /hA - (o 4 n.,)/
Johnston's test for slope variability = ——f—mmmeoo o b=
(5] +5,) - (nI + n,)
= 17,091 - [€3,101 + 11,278)/ : /894 - (21 + 65)/

= 5.41

(3,100 + 11,

iR
2

78) 1 (21 + 65)

Table 12. Least squares regression estimates of production functions for irrigated and rainfed modern rice
varieties grown by owners, southern Kosi zone, Nepal, 1978.

Coefficient irrigated' Rainfed Pooled Pooled +
(1) (R) (1 + R) dummy
Intercept b0 -1.1825 1.0427 L1034 -8.4858
Area bl 21,9238%* 14, 4442% 21.1480%% 21.3527%%
Fertilizer b, L4117%% 022618 .2123"8 .1973"8
Credit by 6.1018"° 4.4117"8 6.4273"° 3.2723%x
Intercept dummy bA 13.3863%*
R .80 .89 77 .78
d.f. n; to ny 56 8 68 67
RSS s, to s, 18,997 848 25,502 23,804

Dk = significant at the 1% level, %
freedom, RSS = residual sum of squares.

significant at the 5% level, ns = pot significant, d.f. = degree of
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