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/ NEW BORO RICE: AN APPROACH TO PLANNING IN BANGLADESH* 

Thomas S. Clevenger and Md. Delwar Hossain = 

New Mexico State University 

The objective of this paper is to present models for the systematic planning of new 

boro rice expansion and for estimating ensuing average boro rice yield per acre._/ Boro 

rice is produced during the dry season and requires irrigation. - ce 

Increasing production of food crops has been a high-priority objective in Bangladesh 

(formerly East Pakistan) economic planning. Among food crops grown in Bangladesh, rice is 

dominant in land use, quantity, and gross return. It is grown on about 24-million acres of . 

land, constituting nearly 75. percent of cropped acreage [1]. Rice produced in Bangladesh . 
has fallen short of internal demand since 1955-56. a 

Imports of rice at the expense of foreign exchange have been costly in terms of the 

strain they put on overall development projects in the country. To check. the drain on 

- foreign exchange, the Bangladesh government advocated the concept of "green revolution’ 

by first introducing new high-yielding rice varieties during the dry season. The transition 

state to new rice varieties needs to be planned carefully, and the development schemes — 

relating to its expansion need to be formulated in a way that. assures effective use of the | 

country's available resources, Critical elements in the planning process are land, water, 

- capital, fertilizer, pest control, marketing systems, and a concern for maintaining the 

- well-being of all people. | | | | - 7 

- Methods and Procedures 

The Program Evaluation and Review Technique (PERT) [3] is suggested in this paper for 
planning to promote expansion of new rice varieties. Scheduling physical input requirements 

and the demands for services of extension workers are essential elements in a plan and 
involve time considerations. The time dimensfon is a crucial consideration to the people 

responsible for promoting expanded cultivation of new rice varieties in the province. In 
any particular year, the adoption level is uncertain in the sense that the planners or 
extension workers cannot ascertain the percentage coverage of new rice varieties. 

The average yield of boro rice per acre during the transition. stage to new rice 
varieties is the sum of yields from new and old varieties weighted by respective acreages. 

It is assumed that variation in yields of local varieties on different farms will remain at 
present levels because of farmers’ long experience in cultivation of these varieties .& 
Yields of the new rice varieties vary significantly among farms because of differences in 
management. There is scope for increasing yields by intensifying the extension service 
and providing credit facilities. To estimate average yield, both regression and algebraic 

_ techniques were used. The regression analysis was made with past data on local and new 
varieties, and the algebraic technique was applied with a yield differential assumption 

- among farms growing the new variety. | - 

Adoption of a New Variety a yo 

>The basic extension unit in Bangladesh is the "union". Expansion should be planned 
on this level. Expanded production of a new rice variety will be determined by the avail- 

. ability and distribution of inputs, including the extension service organization to motivate 
new variety cultivation. The physical inputs, credit, and extension measures may assume 

_ different values over time, depending on government implementation schemes with respect to 
these variables. Programs regarding the variables may not be realized due to uncertainties 

in foreign exchange earning, foreign aid, revenue collection, and private investments in 
_ fertilizers and irrigation projects. ) 

To cope with uncertainties, the implementation scheme for a specific variable can 
be formulated with time estimates for a specific value based on the optimistic, most likely, =. 

and pessimistic judgments about the magnitudes that underlying factors can be expected to 
assume over time. Following these judgments, it is possible to indicate optimistic (a),~ 
most likely (m), and pessimistic. (b) estimated times for a percentage of the boro area to. 
be covered by the new rice variety.3/ (Call this percentage area the event, denoted by N. 
The events, Ny Nos Ny ~ . N NW? (N, represents 100 percent replacement by new rice 
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varieties) form a sequence, with activities, Ay» Ao» As te AW and time estimates based 
on the activities: 

bn 

2 Agizb a_m_b a,m,b, anM, - any P ny ( | 

2 OA 3° * * A 7 Ay ] Ao 3 n n 

with N, representing the starting (current) event percent adoption of new rice varieties. 

> N 

    

> N 

  

No 

The arrows between the events, No? N., No woe Nw indicate the sequence of activities, 

Al; A 

the development schemes with respect to factor inputs, credit, and extension service by 
government. The value of each event (N) after the starting event will depend on the level 
of each respective activity (A) indicated below the respective arrow and will have, due to 
uncertainties, three time estimates for its completion as follows: 

9° A3 woe Aa! The activities stand for the planned and phased implementation of 

  

optimistic time (a, ) 

N, — most likely time (m. ) 

  Pessimistic time (b,) 
  

For every event, the expected date (t,) or completion is define by: 
a. + 4m. + b. 

to 5 (i= 1, 2, 3.....n). In computation of t,.» the distribution of — 
i i 

_.time estimated is assumed normal with probabilities of a. and b, being .01. The formula 

for obtain t, value is: t.. = Ki (a, + b.) + Ka (m, ) 5 where Ky and Ky are. the weights 
| i j 

. | _ 1 2 
which are assumed to be K = & and Ko = 3. 

  

The sum of t, values will give the earliest expected completion date (T-) of any event 
up to which the summation is made and is defined by: Te = a (i =1,2,3...n). 

T 
b. a. 

For each event, Ns — + measures the standard deviation giving the dispersion of 

the time estimates. The standard deviation of Tes oles is defined by the equation: 

2 | | 

) 

  

/ b. - a. 

oth = Vr (4+,—+ (i=1,2,3...n). 

| The importance of ol, for any event is that if it is large, completion will require 
more time than if it were small. In other words, a large of, value will indicate that the 
actual completion time of the event will be large at higher probability levels, if the 
event is not completed by the date implied in Te. 

. The government policy in Bangladesh has been to achieve earliest replacement of the 
local rice variety by the new rice variety. In such a case, the value of oT, Should be - 

made as small as possible by deliberate government actions to make available increased inputs 
and credit resources and extension service organization. | | 

Analysis of Average Yield Per Acre 

_ The average yield of boro rice per acre before cultivation of a new rice variety was 
the quotient of total production divided by the total acreage of the crop. With the intro- 
duction of a new rice variety, the yield per acre is the weighted average of local and new 
varieties. Let A, and P, denote the acreage and production of the local boro rice, 
respectively, and AN and Pa the acreage and production of the new variety, respectively. 

P, + P 
Then, Yo (observed average yield per acre) will be: Y. = ae 

Lo Lo ° N 
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Estimating Model 

The production of local boro rice (P,) is the product of acreage (A, ) and average yield 

per acre (Y,) of the variety; that is, Pr = AY, - Similarly for new boro rice, Py = Ayn» 

-where Yn is the average yield per acre of the new variety. The set of equations giving 

the estimating model for yield per acre of boro rice (Y,) is, therefore, as follows: 

  

(1) Pr = AY: 

(2) Py = Avy. 

| + 
(3) y= ko oo oo | 

L N - ; ) | 

From equations (1) and (2), equation (3) can be rewritten in the following form: 

(4) Ly) + athe (v4) 4) Y= =~ Y) + z—7- (Yn). 
0 AL + Aye L Ay + Ay N 

A | a | 

In equation (4), RF represents the percentage of local variety boro rice and 

| L ON a - | . 

Aw oe ) Ay 

K+ the percentage of new variety boro acreage. Let At AD be denoted by X. There-. 

L N. | LN | | 

A , | | 

fore, CEE will be (1-X). Equation(4) can be written: 
i N _ Noo 

(8) Yg = OY, FY = YL EX = YD oe 

The estimating equation takes the form of:. 

(6) Yo =a + BX; 

where Y, = observed yield per acre of boro rice, | ; os 

Q = YE 

B =Yy - Ye 

The estimating model in equation (6) implies the distribution of new variety yields 

per acre on all farms around the mean value, i.e., Yue In other words, yield variation 

among farms is random and not attributable to resource use differences. This is unlikely 

to be borne out in fact because of differences in farm size.. A small farm suffers from 

difficulties in water management and resource organization due to higher cost per unit of ~ 

output and low income. As_a result, the yields on small farms will tend to be lower than 

those on the larger farms.2/ | | | ~ 

Initially it is assumed that the larger farms respond to the cultivation of new rice 

varieties because of their relative advantages in productivity and resource management. 

As the adoption level of new rice varieties increases, the cultivation of new rice varieties 

will spread progressively to smaller,and smaller farms. With increased adoption of new 

rice varities, the values of Yn and 8 in equation (6) will vary with variations in the _ 

productivity levels of the farms. Assume that the yields per acre of farms 5 acres and 

over vary around the mean Y,,, those of 2.5 to less than 5 acres around Yo; and those 

under 2.5 acres around the mean Yayo Also, let it be assumed that farms with lower — 

yields enter into new rice variety cultivation. after farms with higher yields have already. 
entered into rice variety cultivation. If Aj), Ajy, and Aj, are, respectively, the farm :_ 

acreages in size group 5 acres. and over, 2.5 acres to Jess than 5 acres, and under 2.5 

acres, equation (4) can be written as: — | 
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(7) Y =a) + er ) + {Yox) + (You) s 
0 ADF Apay bo ALF Aqagy: IND” ALF Ayaan: 2N! AL + Ayogy SN" 

where A = A,,, + +A Denotin IN by X aN b X | and | 123N ~ “IN * -“2n * "3N" TRF Ayogy 1? AL * Ajay Y Ao: 7 

Aan : oo — — 
=~—--— by X,, equation (5) can be written as follows: - 
A, +A 3 

L 123N | 

(8) Yo [1-(X, + X, + X3)]Y, + YynXy + YonXo + YanX3 

= VE + (Vay - VIX + oy — Y)X + gy - YL )X3- 

(9) 1g = a + Byky + Bok, + 83X35 

where Y, = observed average yield per acre, 

a = Vi» 

By = Yon > YL 

Bo = Yon - YL 

83 = Yan - “L- 

The yield estimate implied in equation (9) applies to the transition state to new rice 

varieties and will be valid for any scheme to increase yields in the farming units. 

Conclusions 

The new rice varieties promise hope for achieving self-sufficiency in Bangladesh rice 

production. Expansion of new rice varieties, however, has to be planned in a way that makes 

‘it possible for planners to assess farmers’ needs for complementary resources, where and 

when these resources will be needed, and what the probable adoption levels of new rice ~ 

varieties will be over time. The PERT model and yield model presented in this paper provide 

a basic planning framework for an approach to expansion of new rice variety production. : 

FOOTNOTES 

* Journal Article 431, Agricultural Experiment Station, New Mexico State University. 

V/ rey an application of these models to adoption of new rice varieties in Bangladesh, see 

2]. . 

2/ This is a simplifying assumption. Generally, yields on small farms can be increased 
from present levels by providing credit and creating scope for earning subsidiary farm 
‘income by the small farmers. Small farmers generally lack cash and leave some of the 
cultural operations like late-harvest weeding and watering (though they may be profit- 
able in the sense of marginal revenue product being higher than the costs of these 
operations) undone on their farming units. As a result, they suffer from low pro- 
ductivity. Also, small farms do not earn much for subsistence. The small farmers, — 
therefore, seek off-farm occupations to supplement their income. They do not devote 

the time necessary for better care of their farms and are held in lower productivity. 
In most cases, opportunities for earning subsidiary income are limited. In such a 

situation, low income accounts for lower productivity of the small farmers. Measures 

taken to offset these drawbacks can increase yields of the small farms. However, size 
of operation is a restraint on increasing yields of small farms to the level of large 
farms. Larger farms have better organizational ability and enjoy higher productivity. 

3/ Estimated on the values of factor inputs, credit management, and organization of 
-extension service. It is assumed that associated with magnitudes of these variables, 
‘there is a definite area to be planted in new rice varieties. _ | 
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No < Ny < Ny < Ng s+ + < Nye and Ay < Ay < Ag. . <A, 
n 

The argument ‘does not apply to. the local variety. The yield level-of the local variety 
will not change from what it had been in the past because of farmers' long experience 
with cultivation of the crop. . 

Yay > > You > Yon: It is assumed that farms of the size group 5 acres and over are most 

etfictent in terms of yield per acre, followed successively by less efficient farms 
of size group 2.5 acres to less than 5 acres and 2.5 acres and less. The size groups. 
indicated in terms of yield per acre are hypothetical. Actual condition can be 

k re 

_ verified from field conditions. It is further assumed that yield variation on farms 
within respective size groups is random and is not due to differences in resource use. 
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