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This paper develops a linear programming mode! of resource use during
turnaround time between aIs and transplanted aman rice, the two major rice 
crops in Bangladesh. R-scarch has indicated that shortages of labor and, 
particularly, of draft power during turnaround have prevented the adoption of 
modern rice varieties. The model was used .o evaluatc seven different strategies to 
reduce these constraints. The results of the model sugg_,est that draft power is a 
constraint on the area under mod,:rn aus varieties, while labor shortages are also 
evident for aus and transplai~ted ainan varieties. Individuall. , power tillers and 
minimum tillage are the most effective ways to reduce the draft power constraint 
and increase the area tinder modern aus varieties. But the model also 
demonstrated the need for new varieties: in particular, a direct-seedcd modern 
aus, a short-dttrationl modern aus, and an IP,50-type modern aman. A 
combination of strategies involving new varieties and power tillers or minimum 
tillage would give the best results. Together, they increased the area under 
modern aus varieties in the model from 5Oi%to nearfy 10 , and the area under 
modern aman varieties from 12 J,to more than 80Y. 

Agricultural economist, Overseas Development Agency, and visiting scienlist, Department of Economics, International Rice Research Institute (IRRI),P.O. Box 933, Manila, Philippines; and farming systems specialist, Bangladesh Rice Research Institute (BRRI)/IRRI Proj.ct and Rice Farming Systems
Division, BRRI, P.O. Box 911, Dhaka, Bangladesh. 



A Model of Resource Constraints on Turnaround Time
 
in Bangladesh
 

The objective of this paper was to develop a linear 
programming model of labor and draft power ccrnstraints 
on turnaround time between aus and transplanted aman 
(t. aman) in order to evaluate strategies to reduce thest-
constraints. 

Aus and transplanted aman are the two major rainfed 
rice-growing sea;ons in Bangladesh. Aus rice isestablished 
as a direct-seeded or transplanted crop from April to mid-
June and isharvest,,d from July to mid-August. Aman rice 
is transplanted from late July to mid-September after the 
aus rice is harvcs!ed. The introduction of modern varieties 
(MVs)for aus and t. aman has increased the pressure on 
labor and draft power at peak periods. Modern aus varieties 
have longer field durations than local varieties and are 
harvested !ater. Modern t. amar., varieties are weakly 
sensitive or insensitive to photoperiod and must be trans-
planted early to flower before the advent of cool tempera-
tures, which reduce yields. Thus, the combined effect of 
introducing MVs has been to extend the aus harvest while 
increasing the need for timely transplanting in aman. 

For the successful adoption of the modern aus - modern t. 
aman pattern, aman transplanting must be completed by a 
given date. Under rainfed conditions, the latest date for 
transplanting modern t. aman varieties is approximately 
3, Aug (Magor 1984). Available evidence suggests that 
turnaround time (tile number of days between harvesting 
and transplanting) averages 15 d (Gill 1981). 

Recent work by the Bangladesh Rice Research Institute 
(BRRI) has provided evidence of shortages of labor and, 
particularly, draft power during turnai ind (Miah et al 
1986). Although diaft power was not a constraint on the 
area under modern aman, it was a constraint on the area 
tinder modern aus. Ihe draft power shortage was not 
a.isociated xith any particular farm size. Similarly, there 
wa evidence of a labor shortage for transplanting. Medium-
sized farms between 1.2 and 2.0 ha grew less modern aus 
because of problems of obtaining labor for aus trans-
planting. Farms bigger than 2.0 ha also faced problems of 
obtaining labor for transplanting anian. Farms smaller than 
1.2 ha also faced a labor constraint for aman transplanting 
because of' the cost of labor and the need to supplement 
income by working for larger farmers. 

Several strategies have been proposed to reduce the 
shortage of animal power. Early work, which focused on 

mechanization, effectively diszredited the view that tractors 
aiJ power tillers increased output, and the view that they 
may be used to supplement animal power was rejected on 
equity grounds (Gill 1981, Jabbar et al 1983). The ensuing 
debate sparked off a search for alternative strategies, 
ranging from improved animal nutrition to zero or 
minimum tillage to new plows and yokes. The potential 
benefits from these s!rategi:s remain largely unknown, 
however. Meanwhile, agricultural engineers have continued 
to press for mechanization. 

A linear programming model was developed to te;t seven 
strategies to reduce resource constraints on turnaround: an 
improved plow, power tillers, minimum tillage, extending 
transplanting of BR II to 31 Aug, short-duration modern 
aus varieties, direct-seeded modern aus varieties, and short
duration, photoperiod-insensitive modern aman varieties. 

The specific objectives were to 
0 identify and meusure resource constraints on turn

around time, 
• compare the impact of different strategies on increasing 

the area under M Vs, and 
lrget the most appropriate strategy. 

The database for the model was provided by a simple 
random sample of 98 farms growing rai fed aus - t. aman 
rice in 6 villages in the BRRI project area. This clearly limits 
the generalizations that can be made from the morel. The 
survey site was representative of only one rice environment: 
the shallow flooded, rainfed system of eastern Bangladesh. 
The site was atypical because its proximity to Dhaka offered 
greater scope for off-farm employment and consequently a 
greater need for migrant labor on the farm during peak 
seasor.3. Nevertheless, the model may provide insights into 
future developments as technological change spreads to 
other parts of the country. Other limitations of the model 
will be made explicit. 

The modern aus variety most widely grown in the BRRI 
project area was called "China" by farmers. Scientists refer 
to Purbachi as "China." When samples from the village sites 
were examined by the BRRI Plant Breeding Division, they 
were identified as BR 1(Chandina). Thus, farmers use China 
as a generic term for BRI or Purbachi. Both varieties have 
similar yields and field durations. In this paper, we employ 
the name farmers use, and China refers to BRI and 
Purbachi. 
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The paper is 'iivided into four parts. T!:- first describes 
the methods used to build the model. Tle next v ,idates the 
basic model, while the third compares the impact of
alternat;ve strategies. The results are summarized in the last 
section. 

METHODS 

Linear programming has been widely used to model the 
impact of new technology on small farms (e.g., Barlow et al 
1979, 1983). A linear programming model has three 
components: an objective function, a set of activities, and a 
series of constraints. In this section, we describe how we 
defined each of thes three components in our linear 
programming model of turnaround time. 

The objective function of the programming model 
maximized rice output. Output was defined not in money
terms, as revenue, but in real terms, as gross yield. Yields 
were preferred to ievenues to emphasize the importance of 
transplanting date in the farmers choice of aman varieties. 
The small area tinder high-quality, higher priced local
varieties was <5% of the total and was therelore not 
considered in the model. The main factors affecting anian 
yields are transplanting date and rainfall. Yield equations 
that consider both fact.:rs were developed by Magor( 1982). 
From these equations, -imates of yields were made for athree-in-four-year probability of a givern rainfall and for a 

given land type. The yield estimates were made for northeast 
Bangladesh, where the onset of cool nights is slightly earlier 
than in Joydebpur, where BRRI is located. Nevertheless,
these estimates have been used since they reflect the effects 
of both water stress and transplanting date on t he yields of 
different varieties. The yield-forecasting equations devel-
oped for Dhaka District by Ahmad (1984) were not used 
because yields and transplanting dates were based on farmer 
recall and were therefore considered less reliable, 

Table I shows the aman yields used in the model. Yields 
were estimated for a land type where water stands for 10-
12 d after heavy rain. Yields of Pajam and BR II were high, 
with a rapid decline beginning in fie later par, cf August 
and September, respectively. The yield decline for the 
locally improved variety, Nizersail, which is highly photo-
period sensitive, was far less rapid than for Pajam or BR 1I. 
By the first week of September, Nizersail outyielded Pajam
and BR I. For late transplanting, a short-duration, 
photoperiod-insensitive variety like IR50, which can be 
transplanted until 12 Sep, provides an alternative to 
Nizersail. (A photoperiod-sensitive modern aman variety 
was not considered here because there is at presetIL insuf-
ficient information on the performance of advanced lines 
under rainfed conditions.) The yields of each aman variety 
are at about two-thirds the recommended fertilizer dose. 
The water stress level is for a 75% probability, and so, for 
3 yr in 4, yield would be expected to be higher because of a 
more favorable rainfall pattern, 

Table 1. Yield (t/ha) of aman varieties by transplanting date and 
with a75% probability of water stress in September and October.a 

M 
Week code Transplanting Localdate (Nizersail) Pajam odern1IR50 type(B3RI ) 

Week 5 10 Jul - 4.1 4.6 -

Week 6 17 Jul - 4.1 4.6 -

Week 7 24 Jul - 4.1 4.6 -

Week 8 
 1 Aug - 3.9 4.4 -

Week 9 8 Aug - 3.5 4.0 -
Week 10 15 Aug - 3.5 4.0 -

Week H1 22 Aug 2.9 3.3 3.6 
 -

Week12 29 Aug 2.8 2.7 3.2 -

Week 13 5 Sep 2.6 - 2.4 3.1Week 14 12 Sep 2.4 -- 1.4 2.7
 
Week 15
 

aNizersail, Pajam, and BIR I are estimates from Magor (1984); IR50 
type is from BRRI (1986). 

Table 2. Aus yields and field durations for the programming model.a 
Yield Field duration 
(t/ha) (d) 

Pukhi (direct-seeded) local 2.0 90
 
Pukhi (transplated) local 2.0 70
 
China (BR1 or Purbachi) 4.4 90-95
 
Biplab (BR3) 5.0 110
 
Short-duration China
Direct-seeded modern variety 4.0 80-853.4 100 

aEstimates ,or 
a 

Pukhi from Hoque and f-Iohbs (1981i), for shortduration China and direct-seeded modern au from BRRI (1986),and for China and Biplab from Magor (1984) and Elahi et a (1985). 

Field duration is very important for aus varieties, because 
it determines the earliest date aman can be transplanted.
 
Table 2shows the aus yields and field durations used in the
 
model. Field durations for transplanted crops ranged from
 
70 to 110 d, and yields from 2 to 5 t/ ha. Table 2 also shows
 
two new varieties of aus that were introduced int6 the
 
model. The first is a short-duration transplanted aus with a
 
field duration of 80-85 d, examples being the advanced lines
 
IR8608-298-3-1-1-2 and IR9729-67-3, with yields of about 
4 t/ha (BRRI 1986). The second new variety is a direct
seeded modern ats, an example being BR21, recently 
released by the National Seed Board as one of the first 
direct-seeded modern aus varieties, with a duration of 100 d 
seed to seed (Orr et al 1987). 

Since our aim was to model existing reality, the activities 
represented the 8 major cropping patterns, covering 91% of 
the area cultivated during aus and aman. Average dates of 
harvesting and transplanting were defined for each pattern. 
Aus harvest dates for the major patterns and aman 
transplanting dates are shown in Tables 3 and 4. MoE, 
patterns showed considerable variation. For each week 
(from 8 Jul to 14 Sep) the dominant cropping pattern being 
transplanted was selected for the model. This generally 
coincided with the mean transplanting date for a particular 
pattern. An exception was made for the pattern China 
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Table 3. Aus harvest dates for major cropping patterns, Joydebpur, 
1985.a 

'lurnarouni time survey, [itRI, 1985. 'MNearis foiiowed ily 

Pattern Median Mleanb \arivncec SD Plo, 
(d) (d) (no.) 

-~ 

China - modern 6 Aug 7 Aug a 60.308:3 a 7.7659 17 

China - Pajami 9 Aug It Aug a 67.6334 ab 8.2239 58 
China - local 22 Aug 22 Aug 110.5574 a 10.5146 245 
Biplab - local 24 Aug 26 Aug 61.9252 abc 7.8693 59 
Pukhi - modern 19 Jul 20 Jul 69.5560 abc 8.3400 44 
Pukhi - Pajam 22 .Jul 27 Jul 203.2983 a (1 14.2583 127 
Pulkhi - local 7 Aug 6 Auga 253.0201 a d 15.9068 88 

a 
a coni

mon letter are not significantly lifferent at the 5T level by t-test. 
CVariarices followed by a common letter are not significantly differ-
ent at the 5 level by "-test. 

Table 4. Aman transplanting dates for major cropping patterns, Joy-
debpur, 1985.a 

Pattern Median Mean 1 ' Variance" SI) Plots(d) (d) (no.) 

China - modern 13 Aug 14 Aug a 70.8676 a 8.4183 17 
China - t'ajam 17 Aug 20 Aug 70.6948 ab 8.4080 58 
China - local 3 Sell I Sel) 82.3805 abc 9.0764 245 
Biplab - local 2 Sep 3 Sep 52.1882 ab d 7.2241 59 
Pukhi - modern 3 Aug 4 Aug b 68.2(129 abed 8.2585 44 
Pukhi - Pajam 15 Aug 16 Aug 160.8596 e 12.6830 127 
Pukhi - local 29 Aug 25 Aug a 145.0970 e 12.0456 88 
Fallow - modern 15 Jul 21 Jul 348.45716 f 18.6670 108 
Fallow - Pajam 27 Jul 4 Aug b 463.4596 f 21.5281 81 
a __---collection 

Turnaround time survey, BRIiI, 1985. bMeans followed by a corn-
mon letter are not significantly different at the 5% level by t-test. 
CVariances followed by a common letter are not significantly differ-
ent at the 5%level by "-test. 

- local, where two vectors were used to cover the range of 
transplanting dates. Transplanting for each pattern was 
assumed to be completed in I wk. and similarly for land 
preparation id harvesting. 

Labor requirements for each operation wcrc taken from 
coefficients developed from work tithe Bhogra research site 
by the BRRI Rice Farming Systems Division (1-loquc and 
Hobbs 1981). The coefficient for harvesting was 165 h,ha. 
including time for cutting, threshing, carrying, and cleaning, 
all of which are frequently part of the same contract. The 
labor coefficient for aman transplanting was 274 Iiha, 
including 85 h for uprooting seedlings -- usually part of the 
contract. The labor coefficient for plowing (180 h) included 
19 h for trimming or repairing plot boundaries. Finally, the 
animal labor coefficient for plowing was obtained by adding 
the human hours for plowing and harrowing for aman ( 149 
+ 14 = 161) and multiplying by 2. Labor coefficients for 
establishing local aus varied according to the proportions 
transplanted and direct seeded. Direct seeding required only 
4 h/ha. 

The third component of the model is resource constraints: 
land, labor, and draft power. The land constraint is simply 
the existing area under the eight major cropping patterns. 
To model animal and human labor use, the turnaround 
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period between aus and t. amrnan was divided into 16 wk 
(3 Jun-22 Sep) between the start and end of fieldwork (for 

\week codes, see Appendix). Ilhe basic linear programming 
model covers 10 wk. namely weeks 5-14 (8 Jul-15 Sep), tocoincide with thle range of allr; g and amanharvest ir, 

transplanting dates of thc major cropping patterns. Because 
outr aim was to n odcl the existing reality, the quantity of 
labor i] draft power used in each week in the model was 

the quantity actually recorded by the survey. The labor 
hours represent the hours actually spent for harvesting, 

threshing, plowing. repairing boundaries, Uprooting, and 

transplanting in any given week. .;inllarly,the animal hours 
represent tilehours spenl for land preparation, onittinghours for threshing. The week lv distribution of huim an and 

animal labor shows a drop in wcck 12 (26 Aug-I Sep), 
caused by the Islamic holiday of ld-ul-Azha, which fell on 
26 Aug. 

Stm fiine-t lining was required to obtain cons'stentresults. It was nccessary to adjist the area of land used by the 

lodel. While the activities in the model included only the 
eight nia.or cropping patterns, tie weekly amounts of labor 
and drah power covered all the cropping patterns, including 

those omitted from tihe lodel. Consequently, labor avail
ability was overestimated. To correct for this, the land area 
was revised upward to 78 ha. Secondly, abor and draft 

power levels in weeks 5 and 6 had to be increased. Data 
in the tuirnarotnd time survey began with the start 

ofthe aus harvest. Preliminary labor in plowing fallow, etc., 

was omitted and had to be estimated for the basic model. 
Finally, the cropping patterns were sensitive to labor 

available for transplanting aus. Labor availability had to be 
estlnimated for this period based on data on time of 
transplanting during the survey year collected from one of 

survey FIRRI 
)ivision. 

All three components of the model are brought together 
in tile 

tile villages by the Rice Farming Systems 

data matrix (Table 5). The basic model consists of 8 
activities and 23 constraints. The top row shows the net 
avenue, here defined in terms of yield. The columns 

represent the different activities, With each activity named 
after the corresponding aus - aman cropping pattern. The 
vectors ftor each activity show the average week in which aus 
was transplanted and harvested, and in which land was 
prepared and anian transplanted, together with the labor 
required for these operations. Constraints appear in the 
rows on with separate for labor and draftthe le!', rows 
power. The levcl of the constraint shows the hours actually 
recorded by thc 'urnaround time survey. New technology 
vectors are shown in Table 6 and described individually in 
the third section of this paper. 

THE BASIC MODEL 

The results of this basic model are shown in Tables 7,8, and 
9. Table 7 compares the actual area under five major 
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Table 5. Data matrix for the basic model.a 

FALLMOD FALLPAJ CHPAJAM CHLOCALI CHLOCAL2Parameter Net revenue (kg) (kg) 
BIPLOCAL LOCMOD LOCPAJAM LOCLOC(kg) (kg) (kg (kg) (kg) (kg) (kg)4600 4100 7845 
 7025 6780 7625 
 6400 5445 4795
 

Land (ha) 78 > 1 1 1 1 1 1 1Ausl (h) 4000 > 1 10 0 0 0 0 274 11 25Aus2 (h) 6000 > 0 4 
Aus3 (hi) 

0 274 0 0 0 0 0 07800 > 0 0 0 274 274 0Aus4 (h) 5500 > 0 0 0 00 0 0 0 0 0LWK5 () 4000 > 180 0 0 130 
0LWK6 (1) 3650 > 274 

0 0 0 0 0 0180 0 0 0 165LWK7 (11) 3400 > 0 274 
C 0 00 (1 0 0 180LWK8 (h) 5000 > 0 165 00 0 

LWK9 (h) 7500 > 0 0 
0 0 0 274 0 0165 0 0LWK10 (h) 10000 > 0 0 180 1650 0 454 0 0 0LWKII (h) 11000 > 0 0 0 165 

0 274 ,
 
LWKI2 (h) 9500 > 0 

0 0 0 0 254
0 0 180 165 345LWK13 (h) 11000 > 0 0 
0 0 2000 274 180 274 0LWKI4 (h) 3556 > 0 0 0 00 0 274 0DWK5 (h) 3000 > 322 0 0 00 0 0 0 0 0DWK6 (h) 1375 > 0 322 0 00 0 0 0 0DWK7 (h) 1946 > 0 0 00 0 0 0 0DWK8 (h) 2560 > 0 322 0 00 0 0 0 0DWK9 (h) 3556 > 0 0 00 0

DWK10 (h) 4597 > 
0 
0 

0 
0 322 0 

0 
0 

0 0 322 0 
0 0DWKl (h) 6108 > 0 00 0 0 


DWK12 (h) 5662 > 0 
0 0 0 0 0 322
0 0 322 0 322 0DWK13 (h) 5384 > 0 0 00 0 0 322 0Spare (h) 5 > 0 0 0 0 

0 0 0 
0 0 0 0 0
 

aFALLMOD = fallow - modern aman, 
 FALLPAJ = = China fallow - Pajam, CHPAJAM = China - Pajam, CHLOCALI = China - local aman, CHLOCAL2- local aman, BIPLOCAL = Biplab - local aman, LOCMOD = local aus - modern aman, LOCPAJAM = local aus - Pajam, LOCLOC = localaus - local aman. 

Table 6. New technology vectors.a 

DSRCHMOD SDCHMOD CHMOD1 CHMOD2 LOCMOD2Parameter (kg) (kg) 
CHINIRS0 CHINIR50WK14
 

7800 
(kg) (kg) (kg) (kg) (kg)
8000 8040 
 7570 5170 
 7900 
 7100
 

Land (ha) 1 
 1 1 1 
 1 1
AUS1 (h) 0 10 274 0 4 0AUS2 (h) 00 274 0 274 0AUS3 (h) 4 0 00 0

AUS4 (h) 0 0 

0 0 274 274
0 0 130 0LWK5 (h) 0 0 0
0 0 0 0LWK6 (h) 0 0 00 0 0 0LWK7 (h) 345 00 0 0 0 0LWK8 (h) 274 0165 0 0 0 0 0LWK9 (h) 0 454 0 0 165LWK10 (h) 0 0 00 165 

LWK11 (h) 
0 0 0 00 
 0 454 165 
 254 165
LWK12 (h) 0 0 00 454 200 180LWK13 (h) 0 1650 0 0 0LWK14 (h) 0 274 1800 0 0 0DWKS (h) 0 0 2740 0 0 0 0DWK6 (h) 0 0 00 0 0 0DWK7 (h) 322 00 4 0 0 0DWK8 (h) 0 00 0 0 0DWK9 (h) 0 00 322 0 

DWK1O 
DWKI 

(h) 
(h) 0 0 

0 
0 

0 
0 

0 
0 

00 0 322 

DWKI2 (h) 0 
0 0 322 0 00 0 322 0DWK13 (h) 0 0 322 00 0 0 0Spare (h) 0 0 3220 0 0 0 0 

aDSRCHMOD = direct-seeded modern aus - modern aman, SDCHMOD = short-duration modern aus - modern aman, CHMODImodern aman, CHMOD2 = modern = modern aus aus - modern aman, LOCMOD2 = local aus - modern aman (transplanted in week 12), CHINIRSOaus - JR50-type modcrn aman, CHINIRSOWKI14 = modern aus = modern - IRS0-type modern aman, transplanted up to mid-September. 
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cropping patterns with the areas given by the model. The fcrred. These differences are to be expected, given the 
model clearly captured the dominant modern aus - local limitations oflthc model. 
aman pattern. This pattern covered41% of the aus - aman The second test of the model is whether it correctly 
area in reality, and 39%b in the basic model. The only serious identifies resource constraints. .hiear programming sorts 
discrepancy arose with the pattern modern aus - IPajam. "t1 constraints into those that limit or "bind" the optimal plan,
area under this pattern in the model was twice the actual and those that remain in surplus. The binding eonstrtints in 
area. This may be because the objective function of the the basic model are shown in Table 9. The colunin "marginal
model maximized output. and Chila - Pajaia was the product" shows the impact on net outnut of increasing the 
highest yielding pattern in the basic model. At the aggregate supply of the constraint by one unit. If, for example, the 
level, however, the estimated yield for tile act ual sit uatitort supply of land was increased from 78 to 79 hi1,total output 
was 6.2 tiha compared with 6.5 t, ha Ior tie basic nlodcl. would in teasC ly 4.6 t. The table also shows tile range of 
The closeness of fit of the mnodel Indicates that total yield reSource supply o\er which lhe narginal product ielains 
was a reasonable objective In'tiction for the rice - rice system, constant. Thus, land providcs an increase of 4.6 t per

The model was much less successf'ul inl capturing the additional ha up to 81 ha, beyond which the marginal
specific varieties adopted within these five niajor patterns, product will be lower. 
Table 8 compares the actual area tnder eight cropping Table 9 clearly brings out the importance of' the draft 
patterns with the areas given by the tniodel. Thlie odel failed pokwer constraint after the harvest of modern aus. The draft 
to capture the pattern fallow - Pajatn. Instead, the fallow - power constraint was greatest in week 12. The model shows 
Pajam area has beeti replaced by fallow - modern. This may that each additional hour of'mninial labor in this week would 
reflect a knowledge gap, since fallow - modern outyields add about 7 kg to out put. The Marginal product of draft 
fallow - PaJam. Alternatively, farmers may prefer Pajam, powcr remained constant ulp to 9,200 I, about 3,600 11above 
which yields well at low fertility levels and is harvested the level acttuaily used. The model thus reinforced our-earlier 
earlier than 131I II.Ot her discrepancies occurred with the conclusion of a draft power constraint oti the area Linder 
modern aus patterns. The model overestimated the aruas mnodernt aus. 
under the higher-yielding patterns China - Pajani and l raft power constraints also appeared in weeks 7, 9, and 
Biplab - local, while underestimating the area inder the 10. Week 7coincided with land preparation for the cropping
lower-yielding China - local pattern, which farniers pre- pattern local - modern, week 9 with land preparation for 

local - Pajai, and week 10 with land preparation for China 
- Pajam. Each of' the higher yielding aus - aman patterns,

Table 7. Area under 5 patte~ns in the basic model.a therefore, was limited by draft power. In fact, this did not 
Acttal Model represent an absolute shortage. The maximum number ofPattern 
 animal hours used for land preparation in any one week was

Hectares % Hectares % 6,108 inweek I L.Table 9 shows that the upper limit to the 
Fallow - anian 10.960 14.44 6.009 7.70 draft power constraint did not exceed this potential supply.Local - local 9.38 12.36 10.190 13.07 Only in week 12 was there an absoltte shortage of draft
Local- modern 16.73 22.05 17.086 21.91
Modern - Pajam 7.13 9.40 14.276 18.30 power.
Modern - local 31.68 41.75 30.438 39.02 Labor constraints also appeared in weeks 12 and 14.All patterns 75.88 100.00 78.000 100.00 Week 12 coincided with harvesting, plowing, and trans
aTurnaround time survey, BHRI, 1985. Figures may not add to planting for the cropping patterns China local. Biplab- -
totals because of rounding error. lcat,and local - local. Week 14 coincided with transplanting 

Table 8. Arca under major cropping patterns in the basic model. a Table 9. Binding constraints in the basic model.a 

Actual Model Range over which marginal productPattern 
 Marginal stays constant 
Hectares % Hectares condint% constraint product(t/unit) Lower Present Upper 

Fallow - modern 5.22 6.88 6.009 7.71 limhit level limit
Fallow - Pajam 5.74 7.56  -
Local - modern 4.33 5.71 6.043 7.75 Land (ha) 4.6 71.991 78.000 81.308
Local- Pajam 12.40 16.34 11.043 14.16 DWK7 () 5.5 915.490 1946.OCO 2822.556
Local - local 9.38 12.36 10.190 13.06 DWK9 (h) 2.5 2566.343 3556.000 4134.898
China - Pajan 7.13 9.40 14.276 18.30 DWK10 (h) 10.1 3531.940 4597.000 4946.379
China local 25.74 33.92 17.238 22.10 DWKI2 (h) 7.0 4231.770 5622.000 9223.770Biplab - local 5.94 7.83 13.200 16.92 LWK12 (I) 0.9 8846.440 9500.000 10687.350
All patterns 75.88 100.00 78.000 100.00 LWK14 (h) 7.4 675.380 3556.000 4581.420

AUS1 (h) 1.6 2028.280 4000.000 5085.310 
aTurnaround time survey, BRRI, 1985. Figures may not add to 
totals because of rounding error. aTurnaround time survey, BRRI, 1985. 
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for China - local. Thus, labor constraints were associated 
with modern aus - local aman patterns, which is in 
accordance with the turnaround time survey. Farmers 
during this period relied heavily on migrant labor for both 
harvesting and transplanting. A labor constraint also 
appeared at the time of aus transplanting. Aus wcck I 
coincided with the transplanting of Biplab and the direct 
seeding of local aus. A labor shortage for early transplanting 
seems plausible. Our earlicr analysis of labor constraints 
showed that more migrant labor was used to transplant 
Biplab (740/) than China (65"i). We argurcd thai this was 
because hiplab has a longer field duration than China, and 
farmers used more hired labor toensure timely transplanting 
(Orr et al 1987). The model reinforced tlis suggestion )"a 
labor shortage for early transplanting, 

1IRAI F(I 

The objective of this section isto analyc different strategies 
to reduce resource constraints oil turnaround and increase 
the area under MVs. L.inear progranming allows us to 
model the effect of introducing these strategies and thus to 
measure their relttivc inpact on output. The met hod takes 
no account of differences in the social cost of each 
innovation. What tie meth,,d allows, however, is a rough
idea of the expected benefits (in termns of higher paddy 
output) provided by each innovation, 

One strategy is to increase the supply of draft power by
improving the efficiency of existing resources. Irnproed 
animal nutrition has been suggested as one solution. For 
example, crop residues can be treated with urea to increase 
the supply of nutrients (Saadullah et al 1981). This option 
fray be uneconomic for small farmers, however, since the 
urea required to treat residues could equally well be used to 
increase rice yields (Magor 1986). Ever, if the practice is 
economic for larger farmers, the strategy will work only over 
the long term. This strategy has thus not been considered 
here. Similarly, the introduction ofa threshing machine was 
not modeled, since earlier evidence suggested that the use of 
animals for threshing did not delay land preparation for 
t. 	arnan. 

Improved plow 
In the short run, it is possible to increase the efficiency of 
draft power by intermediate technology such as improved 
plows ora neck harness for cattle(Farouk and Sarkar 1983. 
Haq 1984, Hussein et al 1980). Field research by the 
Bangladesh Agricultural University has shown that ef-
ficiency gains are possible by introducing t moldboard 
plow. The maior1advantag of the moldboard plowis that it 
cuts the soil more quickly and reduces the number of tilling 
operations. 

Animal hours required with the new plow were estimated 
using labor coefficients for the BRRI project area. On theaverage, land preparation fort. aman requires 147 b/ha for 

plowing and 14 h ha for harrowing. Farmers normally do 

six plowings and seven harrowings, regardless of the aman 
variety used (Hoque et a 1976).'Fhis gives labor coefficients 
of 24.5 h/plowing and 2 I /harrowing. We assumed the 
moldboard plow reduces the rtunber of plowings to 4 but 
increases the number of harrowings to 1O. This gives alabor 
requircmcnt off 118 h,1ha. Multiplying by 2 to obtain animal 
hours gives a coCfficient of 236 It/ha. lime was added for 
trimnning or repairing plot boundaries (19 I), making the 
total human hours required 139 h, ha. These new coefficients 
were then entered in tile data matrix for the modern aus 
patterns ('hna - local and Iiplab - local. The results are 
summari/ed: 

0 	The new plow increased the area under modern aus 
from 45 ha in the basic model to 51 ha, or 65% of the 
total aus area. The arca under modern aman fell, 
however, because of the reduction in the pattern fallow 
- modern aman. Aggregate yields rose to 6.7 t/ ha 
(Table 10). 

0 	The onlv major c!h ange thfat occurred in cropping 
pattern was I large reduction in the area under fallow 
- Modern aman, suggesting that fallow- aman patterns 
reflect a,shortage of draft power at the peak period. To 
reduce pressure on draft power, farmers may opt for 
single cropping (Table I I). 

0 The new plow did not reduce the marginal product of 
draft power in week 12. One additional hour at the 
peak period added 10 kg to the aggregate yield 
(Table 12). The range over which tile marginal product 
remained constant was reduced, however, from more 
than 3,000 to only 397 additional h (Table 13). 

Power tillers 
Previous research has suggested there isa potential demand 
for power tillers on farnis with three or four draft animals. 
The model allows us to estimate the expected benefits from 
this strategy. 

Table 10. Area under modern varieties in entch programming model.a 

Model Model Modern aus Modern aan Output 
nlumlber description -_______ ______ OttHectares ,1 Hectares % (t/ha) 

tu 38.81 51.12 9.55 12.59 6.2 
2 Basic 44.71 57.32 12.05 15.45 6.5 
3 Plow 51.08 65.48 6.45 8.40 6.7 
4 Tiller 54.72 70.15 11.16 14.31 6.85 Minimum tillage 56.02 71.82 6.04 7.75 6.96 Direct-seeded 51.42 28.2865.92 22.06 6.6 

MV aus 
7 Short MV aus 52.33 67.09 22.98 29.46 6.78 BRI - BRiI 44.84 57.49 37.57 48.16 6.59 IR50-type 44.84 37.48 34.41 44.24 6.7
 

10 Models 6,7,8, 9 61.83 79.27 77.89 99.87 7.2
 
11 Model 10 + tiller 70.86 90.85 56.02 71.82 7.5

12 Model 10 + 76.84 98.52 65.05 83.34 7.9
minimum tillage 

aTurnaround time survey, BRR1, 1985. Actual yields are hypothetical estimates based on recommended management practices and anormal year. 
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Table 11. Area (ha) under each pattern by programming model.a 

2 3 4 5 6 7 8 9 10 11 2 
Pattern Basic 

model 
New 
plow 

Power 
tiller 

Minimum1 
tillage 

I)SR 
BR I 

Short 
BR I 

BR I 
liRt I 

BRI -
IRso 

Combined 
variet;es 

Models 
10 + 4 

Models 
10 + 5 

Fallow - Pajain -- 0.4080 .. 
Fallow  modern 6.009 0.500 5.119 9.317 9.317 -. .. 1.006 3.460 -
Local- modern 
Local - Pajam 

6.043 
11.043 

6.043 
11.043 

6.043 
11.043 

6.043 
11.043 

6.1)43 6.1)43 
3.422 

6.043 
11.043 

6.043 
11.043 

--. 

- 1.157 
Local - local 
China - Pajam 

10.1911 
14.276 

9.337 
14.276 

1.080 
14.270 

4.893 
14.276 

11.224 
14.276 

-
14.276 

-

7.094 
16.075 
14.276 

. 
10.854 11.792 

China - local 17,238 23.588 27.105 17.238 18.491 16.488 24.631 - -.. 

Biplab - local 
Direct-seeded BR 1 

Short 1IRI 
B II - ,R II1 

13.2010 13.212 13.333 13.290 11.946 
6.072 

-

13.949 

7.621 

5.931 

7.183 

2.095 0.102 
6.043 

11.043 
16.357 

11.123 
6.043 

11.043 
3.422 

-
12.162 
10.106 
14.493 

Local - modcrn 2 16.075 15.068 3.675 -
BRI - IR50 - . 28.467 28.379 28.379 28.290 
Total 78.00 78.00 78.00 78.00 78.00 78.00 78.00 78.00 78.00 78.00 78.00 

0 Turnaround time survey. B1 RI, 1985. 

Table 12. Marginal prod ucts (kg per unit) by programming motlel." 

2 3 4 5 6 7 8 9 10 11 12 
Constraint Basic New Power Minimuml DSR Short lil I - iR I - Combined Models Models 

1.model pilw tiller tillag BR I BIt 1 Bi 11 IR50 varieties 10 + 4 10 + 5 

Land (ha) 4,600 4,600 4,601 4,765 4,067 4,100 4,676 4,795 4,600 4,600 5,184
DWK5 (I) - 1.653 1.553 2.329 - 

5.535 4.776 4.984DWK7 () 5.535 5.537 1.196 7.068 - 9.923 9.845 14.491 
DWK9 (h) 2.498 2.498 2.498 1.394 - 1.682 2.332 2.01'1 - 7.077 -
DWKI0 (h) 10.078 10.078 10.078 9.591 11.731 4.934 9.841 9.472 5.695 6.596 -
DWKI2 (h) 7.004 9.720 7.004 1.531 7.151 9.048 5.922 8.789 9.224 2.356 -
LW K7 (h) ....- 10.818 -..... 
LWK9 (h)  - 4.159 -- - 3.450 - -
LWKI2 (h) 0.943 0 943 0.943 - 3.636 - 2.455 - - 2.754 -
LWKI4 (h) 7.389 7.389 7.389 - 7.709 9.781 6.200 7.438 7.920 - 

1.622 9.574 -AUSI (h) 1.622 1.622 - 2.190 0.712 0.201 4.804 10.422 
AUS2 (h) - -  - 5.366 - - - 4.092 9.710 
AUS3 (h) - 7.384 - -- - 1.004 1.204 7.466 9.911 

aTurnaround time survey, BRRI, 1985. 

Table 14 shows coefficients for power tillers and draft 0 The introduction of 2 power tillers to supplement draft 
power. The field capacity of a power tiller, assuming it power in week 12 increased the area under modern aus 
works 5.5 h ,d, 7(/ wk, was estimated at 39 h/wk. In 39 h, I from 45 ha in the basic model to 55 ha, or 70% of the 
tiller can give only I tillage to 15.8 ha. One tillage with a total aus area. The area under modern aman remained 
power tiller is equivalent to two plowings and two har- the same at 14% of the total aman area. Aggregate
 
rowings with ordinary draft animals (Gill 1981). Farmers in yields increased to 6.8 t/ha (Table 10).
 
the BRRI project area typically do an average of six S Power tillers changed the cropping pattern, with a big

plowings and seven harrowings for I. aman (Hoque et al reduction in the local - local pattern. Interestingly, the
 
1976). One power tiller must therefore perform three tillings area under the pattern fallow - modern did not change.
 
to prepare land to the normal ..':tndard for aman trans- The area under China - local expanded to fill the gap
 
planting. One tiller may thus cover about 5 ha/wk. The left by local - local (Table 11).
 
animal labor required for 5 ha is 1,610 h. One power tiller, S Power tillers reduced the number of hours over which
 
therefore, is equivalent to 1,610 hi wk of animal power. the marginal product of draft power remained constant
 

The BRRI Agricultural Engineering Division has the in week 12 from 3,000 to 381 h (Table 13). The marginal 
resources to supply two power tillers on a trial basis in the product of I h of draft power remained. positive, 
project area. To evaluate their impact, therefore, we however, at 7 kg. Labor constraints increased during 
assumed that two tillers were available for hire at the peak aus transplanting (Table 12). Thus, the model suggests
period. This increased the total number of animal hours in that, by easing the constraint on draft power, power 
week 12 to 8,842 h. The results are summarized: tillers will increase the demand for labor to transplant 

modern aus. 
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Fable 13. Level of resource constraints (aJ'titi'),al Ii at constant MP) by programming model.a 

2 3 4 5 6
Constrint Basic New 'ower MiNlimum I)SR

model plow tiller tillage BR 1 

Land (ha) 3.308 8.617 4.198 12.374 7.745 
DWKS (0 -	 117.555DWK7 () 876.556 6155.667 876.556 876.556 876.556 
DWK9 (hi) 578.898 149.495 578.898 578.898 
DWKI0 (hi) 349.379 160.886 349.379 349.379 603.647 
DWK12 (h) 3601.77 397.00 381.767 655.92 3614.02 
LWK7 (11) 646.979LWK9 (h) 

L\VKI 2 () 1187.35 98.725 1011.44 
 370.543 
LWKI4 (h) 1025.42 830.006 354.391 1025.42
AUSI (I) 1085.31 2872.14 354.391 1321.01
AUS2 (hi) 
AUS3 (h) 1321.01 

aTurnaround time survey. I,PRI, 1985. 

Table 14. Labor requirement for power tillers. a 

1Bullock teamItem - Power tiller 
Plowing Harrowing 

Working day (hi) 5.5 5.5 5.5

Area (ha/d) 0.27 0.81 
 5.5 
Time (h/ha) 20.37 6.79 2.5 
aFrom Gill 1981, p.58, Table 4.11. 

Mininumm or zero tillage 
Previous research suggested that zero tillage would increase 
the area transplanted before 31 Aug by 25("%,.Zero tillage 

may be an unrealistic strategy, however. Interviews with 

farmers in the BR RI project area revealed that they stronglv
believed land preparation and time to decompose aus straw 
increased t. aman yields. A more realistic target, therefore, is 
miniimnl tillage to reduce the number of plowings and 
harrowings reqtuired. At present, farmers in the project area 
do six plowings and seven harrowtigs for t. anan. This was 
reduced to 3 plowings and 4 harrowings, giving coefficients 
of' 80 h/ha and 160 animal h/ha for land preparation. To 
model the impact ofmiilinum tillage, these coefficients were 
used in the modern aus - aman patterns. The results are 
summarized: 

4 Minimuln tillage increased the area under modern aus, 
which rose from 45 ha in the basic irodel to 56 ha, or 
72% of the total aus area. The area under modern amani 
declined, however, since the pattern fallow - modern 
was reduced. Aggregate yields rose to 6.8 t/ha 
(Table 10). 

0 Cropping patterns also changcd. The pattern fallow 

- modern dropped out of the optimal plan, and the area 

under the local - local pattern was reduced. The pattern 

China - local expanded, reflecting the easing of the 

draft power constraint oti modern aus (Table 1I).


* 	Minimum tillage reduced ti-e number of hours over 
which the marginal product of draft power remained 

7 
Short 

8 
3RI -

9 
BR I -

10 
Combined 

11 
Models 

12 
Models 

BR I PR I1 IR50 varieties 10 + 4 10 + 5 

0.1.8 1.894 2.894 8.31 5.857 1.263 
91.341 

195.212 876.-64 876.556 324.075 1116.72 170.74 
524.711 956.253 578.898 1527.78 50.385 -

79.036 702.66 349.379 32.898 102.582 -
131.247 1405.55 1405.56 324.075 3881.92 -

67.254 166.06 
1185.18 - 105.13 

111.682 1025.42 	 -. 1025.42 275.766 
961.866 1943.63 570.155 250.281 288.1224.443 ... _ 288.13 

- - 573.975 570.155 253.333 288.13 

constant in week 12 (Table 12). The marginal product
remained positive, at 1.5 kg/h (Table 13). 

Extnding modern aus - modern anan 
Our previous research showed that, whereas 64'4 of 1he aman area was transplanted by 31 Aug (the cut-off date forIZ) only 2(7 of the t. aman area was under Vs. The 

mean transplantinig date for modern alnan was 2 Aug. To measure the impact of an extended transplanting date, the 
pattern BR I - BR II was introduced into the model. This 
pattern occupied only 1.6 ha atnong the sample and may
thus be regarded as a new technology. The vector for the 
new pattern is shown in Table 6. Two patterns were 
modeled. In the first, China was transplanted early (I
7 May) and harvested in week 10, followed by land 
prepaiation and transplanting of miodern aman in week 1I. 
In the second pattern, China was transplanted later (8
14 May) and harvested in week 11, followed by land 
preparation and transplanting in week 12. Yields from the 
first pattern (8.4 t/ha) are higher than from the second 
(7.6 t/ ha) because of the difference in transplanting date. As 
a result of the later transplanting of BR I, a second local 
- modern vector with aman transplanted in week 12 was 
also introduced into the model. The results oft hese changes 
are summarized: 

9 The area under modern aus did not change, but 
remained at 45 ha or 57% of the total aus area, the same 
as in tile basic model. Although negative, this is a 
significant result, confirming our earlier finding of a 
draft power constraint on the area under modern aus. 
Extending the transplanting date of BR I I increased the 
area under modern aman dramatically, however. It 
rose to 38 ha, or 48% of the total aman area. Aggregate 
yields increased to 6.5 t/ha (Table 10). 

0 	Several changes occurred in cropping pattern, reflecting 
the shift to modern aman. Patterns fallow - modern 
and local - local dropped out of tle optimal plan, while 
the area under China - Pajam was reduced. The 
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increase in modern aman occurred in the local - remained at 3,600 I (Table 13), because the new patternmodern pattern, and not in modern - modern. The substituted for local - Pajam, which was harvested
reduction in China -	 Pikjam and Biplab - local, both early in the season. More draft power will be requiredhigh-yielding patterns, helps explain the low aggregate in week 5, however, because of the increase in the area
yields in the model (Table 11). under fallow - modern.
 
Extending the transplanting date for modern 
 aman 
actually reduced the draft power constraint in week 12, 
perhaps because of the reduction in the Biplab - local Short-duration modern aus 
pattern (Table 13). The marginal product of draft A shorter-duration transplanted modern aus would have power remained positive, however, at 6 kg/h two advantages. It would enable aus to be transplanted later(Table 12). to escape uncertain rainfall conditions, and it would enable 

farmers to harvest aus earlier, thus extending the timeDirect-seeded modern aus availah ic for l.and preparation for t. am an and redticing theA tall, modern aus variety with vigorous seedlings that could pressure on draft power. This would benefit all farmers, butshade out weeds quickly would enable the crop to be direct particularly large farmers wvith 3-4 draft animals who work
seeded. This would allow aus to be sown directly after the them intensively for long periods. Moreover, a shorterfirst rain rather than delaying until rainfall provides suf- duration aus variety would reduce the labor constraint onficient water for transplanting. Direct seeding would thus transplanting. Again, this would benefit primarily largeallow establishment of the aus crop 3-8 wk earlier than farmers, who rely mostly on hired labor for transplanting
transplanted MIs, which would bring forward the harvest aman.
 
date and allow more time for t. aman land preparation The vector for short-duration modern aus is shown in
(Hoquc and Hobbs 1981). But direct seeding also has 
 Ta blc6. Thecnwc\variety canebctransplanted between7and
disadvantages. Direct-seeded aus rice -would be drought- 14 May to compete with the pattern China -	 Pajam. This prone because of the erratic timing oft lie premonsoon rains; allows tile Is to he harvested in week 8, followed by land
it would be harvested in the middle of the monsoon: and 
 preparation and aman transplanting in week 9. The yield
extra labor would be required for weeding (H. Brammer, 
 from this pattern was 8 t/;ha. The results are summarized:
 
-"s.comm.). Our research showed that the target group for 
 0 	The area Under modern aus increased from 43 ha in thethis variety was farms between 1.2 and 2.4 ha, which faced a basic inodel to 52 ha, or 67%' of the total aus area.labor constraint on transplanting ais. Similarly, the area under modern aman increased fromMechanization was not considered a viable strategy for 15 ha to 29 ha, or 29% of the total aman area.this labor constraint. A comparison of manual and machine Aggregate yields rose accordingly from 6.5 to 6.7 t/ha
transplanting showed that, to break even, a transplanting (Table 10).
machine had to cover 26 ha/yr. The maximum area a 0 All patterns were included in the optimal plan, but themachine could cover was estimated at 14 ha (Baqui 1981). areas under the patterrns local - local and local - PajamWith existing production practices and wage rates, there- were reduced. The area tinder the new pattern was
fore, machine transplanting is uneconomic, again low, at only 8 ha (Table 11).

The vector for direct-seeded modern aus is shown in * Short-duration modern aus effectively reduced theTable 6. The variety is direct seeded early in the season dr,'ft power constraint. Table 13 shows that the(1-8 May), allowing an early harvest and land preparation mar:inal product of draft power in week 12 remainedin week 7 before transplanting of modern aman in week 8. constant only for an additional 130 habove the existingThe combined yield of this aus - aman pattern was 7.8 t/ha. le\,: The marginal product of an hour of draft power
The results are summarized: remained high at 9 kg/h (Table 12).

* 	Direct-seeded modern aus increased the area under
 
modern aus fron 43 ha in the basic model to 51 
 ha.
 
Aggregate yields rose slightly from 
6.5 to 6.6 t/ha 1R50-type t. aman
(Table 10). In the previous models, the area under modern aman was* 	Thw new variety replaced the low-yielding pattern local constrained by the need to transplant it before 31 Aug. To- Pajam, which was excluded from the optimal plan. increase the area of modern aman above 60% of the total
Surprisingly, the area under fallow - modern aman aman area, it is necessary to introduce a variety of t. amanincreased. The area under the new variety was small that either is photoperiod sensitive or has a shoiier field
(7 ha) (Table 11). duration. An IR50-type variety, which has a shorter fi.ld* 	Direct seeding did not change the draft power duration, can be transplanted up to mid-September and
constraint in week 12. The marginal product of draft outyields BR II when transplanted late. The vectors for the power remained at 7 kg/h (Table 12). Similarly, the new technology are shown in Table 6. Since the patternrange over which the marginal product stayed constant modern aus - IR50 was designed to replace the pattern 
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China - local, two vectors were required. These vectors 

corresponded to transplanting 1R50 over2 wk in September. 

At each stage - fron aIs transplanting through harvestir'g, 

land preparatton, and aman transplanting tilenew 

technology competes directly with China - local. Yields from 

tile new pattern are well above those from the pre\ailing 
China - local pattern. The results are sumnmarized: 

* The area under modern aus iemained the same as in the 
basic model, namely 45 ha,or 57('' of the total aus area. 
The area under modern arnani icreased to 35 ha, or 
44% of the total arnan area. Aggregate yields rose to 
6.6 tiha (Table 10). 

* 	Cropping patterns also changed, and BRI - 1I150 
replaced Chin - local as the dominant pattern, 
Interestingly, fallow - anman dropped out of the optimal 
plan, reflecting higher returns after the peak period of 
draft power use. The area tnder B3iplab - local was 
greatly reduced, but tile arcl uinder local - local 
increased (Table I1). 

SThienew pattern did not significant lV change tiledraft 
power constraint iniweek 12. The niarginal product of 
draft power rinnaincd constant Over a1 additional 
1,400 h (Table 13). Each Mirual iOtt in tlie peak week 
adds Inextra 9 kg to total output (lablo 12). 

Direct-seeded aus, short-duration modern aus, China 
modern, and 1R50-typ I. anian 
In the previous models, we rleastnrcf tileeffects of new 
varieties individually. Finally. we introdueed all tle varietal 
cha.nges into tile same model to assess their conbined effect. 
The model incorporates direct-seeded modern aus. short-
duration aius, and tile pattern China - modern. In addition, 
the model includes a photoperiod-insensitive t. aman 
variety, IR50, which carl be transplanted tip to 14 Sep. The 
results are sunmarized: 

" The area under modern aus increased to 62 ha,or 79%,'. 
of the total ails area, while the areal under modern amain 
increased to 78 ha, or 100(; of the aman area. 
Aggregate yields rose to 7.2 t/ha (Table 10). 

" Several patterns were exclurded from the optimal plan. 
Local - modern, local - local, China - Pajam, and China 
- local all dropped out. The Biplab - local and fallow 
aman patterns were greatly reduced (Table I1). 

• Constraints remained much the same. This time, the 

introduction of short-duration modern airs did not 

reduce the draft power constraint in week 12, because it 

was counterbalanced by extending tie pattern China 
modern. Draft power thus continued to constrain 
output after the harvest of modern aus. Tile marginal 
product of draft power in week 12 remained high at 
9 kg/h (Table 12). The range over which the marginal 
product remained constant - 324 h --was less than in 
the basic model, however (Table 13). Labor constraints 
increased during aus transplanting, reflecting the 
change to transplanted MVs. 

Direct-seeded madern aus, short-duration modern aus, 
extended BRI - BR 1, 1R50-type t. aman, and power tiller 
To evaluate the potcntial impact of mechanization, two 
power tillers were ' troduced into the model along with the 
new varieties and extended 131 I - BR11. fhe results are
 
summarized: 

0 	The introduction of 2 power tillers to supplement draft 
power in week 12 increased the area under modern aus 
to 71 ha. or 9 1 (4 of tile total aus area. This reflects the 
easing of the draft power constraint in week 12. The 
area under modern aman fell, compared with the 
previous model, to 71 '7 of the total anan area. Because 
of the greater area under modern airs, aggregate yields 
rose to 7.5 tI'ha (Table 10). 

0 Several changes occurred in cropping patterns over the 
previous model. The area under the modern - modern 
and local - modern patterns fell, reducing the total area 
under modern aran. ILocal - vioderrn and China -
Iajarn dropped out of tie optimal plan, while tilearea 
under Biplab - local increased (Table II). 

0 	Power tillers reduced the marginal produt of draft 
power in tle peak week frot 12 to 2 kg i (Table 12). 
The constraint rcrnained, howvcer, with tilemarginal 
product staying constant for arnadditional 3,800 h of 
animal power (Table 13). 

Direct-seeded modern aus, short-duration modern aus, 
extended BRI - BRII, 1R50-type t. aman, and minimum 
tillage 
To evaluate the potential impact of minimum tillage 
combined with new varieties, the hours required for land 
preparation in the modern aus - t. aman patterns were 
reduced to 80 manhours and 160 animal hours per ha. The 
results are surnrnariicd: 

0 	 File introduction of minimum tillage into the modern 
aus patterns increased the area under modern aus to 
77 ha,or 99,/4 of the total aus area, while the area tinder 
modern aman rose to 65 ha, or 83% ofthe total aman 
area. Thus, the effect is similar to that of' introducing 
power tillers. Aggregate yields were higher -- 7.8 t/ ha 

because of the greater proportion under modern aus 
(Table 10). 

* Changes in cropping pattern show that the increase in 
area under modern aus resulted from decreases in 
the fallow - modern and local - modern patterns, both 
of which dropped out of the optimal plan. There was 
also a significant change from lIR50 transplanted in 
week 14 to IR50 transplanted in week 13. Because 
aman yields are sensitive to transplanting date, earlier 
transplanting increased the yield from the BRI - IR50 
pattern (Table I1). The area under direct-seeded 
modern airs increased, reflecting the labor constraint 
on aus transplanting. 

0 	Minimum tillage eliminated the drai't power constraint 
in week 12 (Tables 12, 13), but there was a significant 



increase in the labor constraint on aus transplanting. 
Increasing the area under transplanted modern aus will 
increase the seasonal demand for labor at this period. 

CONCLUSIONS 

These increases can all be achieved with the existing 
resources of labor and draft power. Figure I compares the 
present situation with the projections in Model !0 after 
introducing new varietics. The graph shows the mean 
percentage area of aus established, aman transplanted, and 
ais harvested during 1985 aus and man In Onydepur. 
Both tile aus establishment and amnan transplanting dates 
the key parameters ofthe system produned by the model 
correspond closely to the actual dates, vhich, of course, 
reflect .turrent labor and draft power resources. 

The objective of this paper was to construct a linear 
p rogramin ing inodel of Iaho' arid draIt Power' use di riIng 
the turnarond time between aus an t. aman. Because. tile 
model is a simplified \, -.;ion of reality, the results must be 
treated with cautiorn. The tnumbers represent only rough 
orders of magnitude tht allow us to estiMIate the direction 
of change between (Ii ferejit strategies. We cmphvize the 

uIlalitative rathie,- than the quantitative aspect f our 
conclusions. 

Constraints 
The model clearly demonstrates tile existence of a draft 

power constraint. Draft power was a binding constraint in 
the later half of Aug alfter the harvest of mod(errn aus. This 
result confirmed our earlier conclusion that supply and 
demand for draft power were in equilibrium after the 
harvest of modern MIs and that therc was rio surplus draft 
power at the aggregate level. '[le model indicated a large 
constraint of about 3,600 Ii during tie peak week. 

Labor was also a constraint during harvesting and 
transplanting of the modern as - local aman pattern. This 
result confirmed our earlier analysis of labor constraints, 
which showed that farms bigger than 2.0 ha experienced a 
shortage of labor for transplanting after the harvest of 
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I 
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1. Mean cunitlatve percenrige aeinctfo usestablishcd, aus harvested, and 
aman transplanted- .Ioydebpur. IVM5, a:d in lin:ar programming nmodel. 
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modern aus. The meo1del indicated a peak shortage of 
1,000 I. 

Finally, labor wai a constraint during aus transplanting. 
Again, this result issupported by our earlier study, which 
demonstrated that farms between 1.2 and 2.0 ha were unable 
to hire enough labor for 	transplanting and consequently 
grew ess modern aus. The model indicated a shortage of 
about 1,000 Ih.As the aiea under modern aus exp.. ds with 
the r,(uction of icsource consiraints onl turnaround, labor 
constramits on aus transplanting will become more acute. 

Impact of different strategies 
The results of the different strategies are summarized in 
[able 15, which sho, s that the area under modern aus 
increased whichever strategy was applied, with the sig
nificant exception of xtending BR I - BRi I1. 'his conlirms 
our earlier concltusion, of a draft power constraint or; tile 
arca tinder itnodcrn a us. 

!he model suggests that the biggest increase tinder 
Imodern as resulted fr0m 	 minimum tillage or power tillers. 
Ilhe introduction oi t\mo po\cr tillers duriqn the peak week 
(26 Aug-I Sep) and halving tle tillage reNtlircd for the 
modern Ius - tna1n pattern gave similar results. Power 
tillers and rniniimm tillage are thus viable alternatives, but 
the model suggests that they are unlikely to increase the area 
under modern aIs to 1uC above 70%. 

Another strategy that promised high returns was ex
tending BR I - BR II. At present, iost BR I1 istransplanted 

between 12 and 18 AugI or even earlier, after fallow. The 
model suggests that extending BR I - BR II tip to 31 Aug 
would increase the area 	 tinder modern aman from the 
current level of 15( ,to alnost 50'. Aggregate yields did not 
greatly increase, however, because of the draft power 
constraint, which prevented any expansion of the area 
tinder modern aus. Fxtepding cannot overcome this 
problem, but its promotion isurgently needed to encourage 
farmers to transplant modern an-an tip to 31 Aug, the 
cutoff date for BR II under rainfed conditions. 

Targeting the best strategy 
The modei suggests that there is no single solution to the 
problem of reducirg resource constraints on turnaround 

Table 15. Results of individual strategies. 

Modern Modern Aus+amanModel 	 aus aman yield 
M % (70% (t/hia) 

Actual situat )n 51 13 6.2 

Basic mode. 57 15 6.5 
Extended BRI - BR11 57 48 6.5
M-oldboard plow 65 8 6.6 
Direct-seeded MV aus 66 28 6.6
Short-duration MV aus 	 67 29 6.7 
Power tilter 	 70 14 6.8 
Minimum tillage 	 72 8 6.8 
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Table 16. Results or combined strategies. 

Modern Modern Aus+aman 
Model au~s anan yield 

(%) (%) (t/ha) 

Variety change (direct-seeded 79 100 72MV aus + short-duration 
MV aus + sIor-ti .an)
MIV aus + IR5tl-type t. sa 
+ extended BR I - BR II 

Variety change + extended 9i 72 7.5 

BRI - BRI 1 1 power tillers 


Variety change + extended 99 83 7.9 

BR I - 1RI l + linint tillage
BR I -BRI . + n . ntilaenew\ 

'i lin l l i bittahltionh iail o s r t e vo lvinig plantl breeders,r e 
engineers, and agricultural extension workers gave the best 
results. Three such combinations were modeled. The first 
involves only new varieties, without the mechanization 
strategy. The second involves new varieties bitt also includes 

ine. Ao l stra.ltegiesg inri n e s 

power tillers. The third involves new varieties 'xithoutl power 
tillers, but includes mnli un tilhagC. The results a.Ire : unl-
earized in Table 16. 

In combination, the varietal strategies ofler ilih returnis. 
The model suggests that the introduction of direct-seeded 

aus, short-duration auS, n extended iR 1 - BR I I pattern, 
and an I R50-typc t. alan would increase the area of' 
modern auS to 79(:i of tie total auS area. Aggrega!e yields 
would increast to 7.2 t hal. The second mllodel shlows the 
change whe power tillers are inchtded. The model indicates 
that the introduction of power tillers during the peak week 
for land preparation wouId ftrrt her increase tIe area under 
modern aus to 9 1('j of the total aus atca. Aggregate yields 
would increase to 7.5 t ha. 'I he introd uction e' mininUll 
tillage would increase the area under modern airs to 99% of 
tile total aus area, an idaggregate vieId s to 7.9 t ia. 

Three major conclusions emerge fron this analysis. First, 
farmers have chosen a combination of varieties for atrs and 
I. aman that enables harvesting, land preparation, and 
transplanting to be spread over titie. The model suggests 
that this spread ing if operations hay rnaxilized total yields 
in tile face of labor and draft power constraints. Second, 
new varieties are essential, and the model shows that their 
introductiol will increase the alreas of modern aus and aman 
far above present levels. The model clearly illustrates the 
need for a range of varietal types for the shallow flooded, 
rainfed rice environnment. To increase tile area under 

modern aus, a direct-seeded variety and a short-duration 
variety are urgently needed. Similarly, to maximize tile area 
under modern aman, a high-yielding BR! I plant type that 
yields well even when transplanted at the end of August and 
a photoperiod-insensitive, short-duration anian like IR50 
are required. As part of this effort, agricultural extension 
workers should encourage wider adoption of BR I1.Third, 
to further increase the area under modern airs, it istecessary 
to reduce the constraint on draft power, either by intro-
ducing minimum tillage or by supplementing animal power 
with power tillcrs. 
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Appendix. Week codes for LP i iodel. 

Week code Actual dates 

AUS1 6-12 May
AUS2 13-19 May
AUS3 20-26 May
AUS4 27 May-2 Jun 
WKO 3-9 Jun 
WK1 10-16 jun
WK2 17-23 Ji.n 
WK3 24-31 Jun 
WK4 1-7 Jul 
WK5 8-14 Jul 
WK6 15-21 Jul 
WK7 22-28 Jul 
WK8 29 Jul-4 Aug
WK9 5-11 Aug
WK1O 12-18 Aug
WK11 19-25 Aug
WK12 26 Aug-I Sep
WK 13 2-8 Sep
WK14 9-15 Sep
WK 15 16-22 Sep 
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