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Scope of Crop Diversification in Bangladesh 
an analysis with cropping pattern-based approach
 

I
 

Introduction
 

The title of the paper embodies three different concepts that need to be
 

defined prior to proceeding into main content of the paper. By crop
 

diversification, we mean (broadly) greater relative emphasis on non-cereal
 

production. Two different definitions of Cropping Pattern (CP) have
 

simultaneously been adhered to in this paper. Under the more strict
 

definition, CP implies a sequence of specific crops produced on a given land
 

in different seasons within a year. Keeping the land fallow for a season or
 

two may also be included as possible outcomes under such definition. Since
 

data availability do not always permit one to adhere to this strict
 

definition, we often resort to distribution of land under various crops and
 

refer it as CP. We make use of both, and identify the former as CP1 and the
 

latter as CP2. It may be noted that a unique information set on CP2 may be
 

generated from a given information on CP1, while the vice-versa is not true.
 

The final concept relates to the approach based on cropping pattern.
 

Conventionally, the unit of analysis is crop. This is true in case of
 

Bangladesh Agricultural Research Councils' (BARC) crop suitability analyses
 

as well as in analyses of relative profitability and supply response. It is
 

however often conjectured that farmers' choice of crops are derived from their
 

choice of cropping patterns. There are two rationale for such conjecture.
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First, yield and input uses in the production of a particular crop may be
 

dependent on the cropping pattern it is associated with. Therefore, returns
 

from 	the same crop may vary across cropping patterns. The second arises due
 

to the [act thit the set of crop mix that may be produced on a piece of land
 

over 	a year is constrained by the agroecological characteristics and is
 

therefore, finite. This implies that crops compete not only with crops of the
 

same season, but also with crops of other seasons. This aspect has already
 

been noted by others when assertions are made that expansion of area under
 

modern variety Boro has negatively affected the area under Aus rice. If one
 

had complete knowledge on the cropping patterns associated with individual
 

crops and if the relative shares of these (crop-specific) cropping patterns
 

were stable, one could work out the implications of marginal area expansion
 

under individual crop for the overall crop-mix in the economy. This approach
 

is defined here as cropping pattern-based approach; limited application of
 

which will be made in this paper to throw light on prospects of crop
 

diversification in Bangladesh1.
 

There are two areas (already cited above) on which our knowledge are
 

mostly hypothetical. The first is on the prevailing cropping patterns on
 

different types of land. The second relates to variations in profitability of
 

individual crops across cropping patterns. We present, in Section II, some of
 

our survey findings to fill the gaps. In Section III, we carry out two
 

interrelated exercises; both aimed at analyzing the prospects of
 

1. 	 MPO's investment analysis makes use of CP2 under various flood-depth
irrigation categories to identify changes in crop-mix and (thereby) total
 
production due to FCD and irrigation investments on land.
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crop-diversification in Bangladesh crop economy. The first presents survey
 

findings on the cropping patterns associated with individual crops and
 

discusses implication of irrigation and flood control on crop choice. The
 

second exercise looks at disaggregated levels and brings in policy variables
 

to suggest on the prospect of crop diversification.
 

II
 

Cropping Patterns in Bangladesh Agriculture
 

If one attempts to identify cropping patterns in terms of crop varieties,
 

there will be a large number of possible cropping patv:3rns. If one further
 

disaggregated broad variety in terms of their genetic names, there may be
 

several thousands. While such disaggregations have practical usefulness, too
 

many typologies make it difficult to generalise. We therefore consider crop
 

groups (such as, pulses, oilseeds, etc.) in case of non-cereals and consider
 

the major varieties in case of cereals. Even at such a level of aggregation,
 

number of observed cropping patterns is found to be several hundreds. However,
 

only a few of them dominate. The findings presented in this chapter are based
 

on the BIDS-IFPRI survey conducted during 19911. Since the study areas were
 

purposively selected to capture agroecological variations, the average
 

findings may not necessarily represent national averages. However, for cross

sectional comparisons, the data set are expected to be more reliable. We make
 

use of village level data on acreage under various cropping patterns that
 

distinguish between various FCD and irrigation status2 . While we have plot

level CP1 and flood-depth levels, the plots were selected purposively to
 

capture wider set of cropping patterns. Therefore, in identifying the
 

distribution of CP1 by flood-depth levels, we aahere to a limited set of
 

village level data where individual villages could be more easily associated
 

with a particular flood-depth level.
 

1. 	 See Zohir, S. "Input-Output Coefficients in Crop Production Activities in 
Bangladesh - with results on relative financial profitability at farm 
level", BIDS-IFPRI Agriculture Diversification Project Working Paper 
No.1., June 1993. 

2. 	 In total, 88 villages in 41 thanas were covered under the study.
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------------ ------ -- - - -- ---- -----------

Cropping Patterns at the Aggregate Level 

That rice dominates our crop economy is also reflected in the dominant 

cropping patterns (CP) practiced. We sorted observed cropping patterns in
 

descending order of importance (i.e., total acreage under individual CP1 for 

the sample). The findings presented in Table II.1 show that the first 50 per
 

cent 	 of the land (net cropped area) are accounted for by rice-exclusive CPs 

except for the singular presence of sugarcane. These CPs are; F-MV Aman - MV 

Boro, F-F-MV Boro, F-MV Aman-F, F-LT Aman-F, F-LT Aman-L Boro, MV Aus - MV 

Aman-F, F-B Aman-F, and F-F-L Boro1. 

The next 20 per cent of the land accommodate cultivation of pulses,
 

vegetables and pctato, that are found to be associated with Aus and/or Aman 

rice. The 70 per cent of the land are still accounted for by only 23 broadly
 

defined CPs. It is only in the tail end that we observe CPs that aro either
 

triple crops or accommodate such minor crops as oilseeds and spices. It may
 

be mentioned that the percentage of net cropped area under rice and wheat in
 

our sample is 134.7 which is comparable with BBS figure of 132.6 for 1989-90.
 

This is to suggest that the village level data analysed in this paper are not
 

at significant variance with national average.
 

1. 	 F stands for fallow, MV for modern variety, LT for 
---

local transplanted, L 
for local, and B for broadcast. 
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--------------------------------------------------------------------
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-------------------------------------------------------------

Table II.1 

Cropping Patterns in Bangladesh - based on survey findings
 

Broad % of total NCA accounted
 
cropping -------

pattern 50 70 90 100
 

Single crop (58.93) (45.27) (38.05) (35.18)
 
Rice/Wheat 49.51 38.34 30.93 28.03
 
Others 9.42 6.93 7.12 7.15
 

Double crop (41.06) (50.90) (52.37) (53.32)
 
Rice/Wheat only 41.06 41.26 35.96 33.86
 
Rice/Wheat with
 

Pulses - 4.01 '.39 4.10
 
Oilseeds - - 2.06 2.49
 
Spices - - 0.76 1.32
 
Vegetable - 4.25 4.53 4.62
 
Potato/S. Potato - 1.38 1.08 1.55
 
Others - - 1.70 1.97
 

Non-Rice/Wheat only - - 1.89 3.41 

Triple crop -) (3.83) (9.59) (11.52)
 
Rice/Wheat only - 1.08 2.48 2.82
 
Double rice/Wheat with
 

Pulses - 2.T5 2.67 2.41
 
Oilseeds - - 1.22 1.45
 
Spices - - - 0.12
 
Vegetables - - 0.82 1.16
 
Potato/S. Potato - - 0.32 0.51
 
Others - - 0.56 1.43
 

Single rice/wheat - - 0.56 1.43
 
Non-rice/wheat - - 0.85 0.78
 

Number of CP1 	 9 23 69 215
 

Note: 	 For the whole sample, rice and wheat account for 134.7 percent of net
 
cropped area. "Others" primarily include jute.
 

Source: 	BIDS-IFPRI survey 1991.
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-------------------------------------------------- 

Variations across Flood-Depth Levels 

Given the fact that the fixed factor in crop production, land, is most

often open to natural vagaries, and since the very technology of crop 

production involves the cycles of flood; patternsrain 	and choice of cropping 

is restricted by natural factors as well as 
by physical characteristics of
 

land'. Thus, depth of flooding and its timing, amount and timing of rainfall,
 

and soil characteristics affect the suitability of 
cropping patterns on a
 

piece of land. 
 In this section, we look only into variations in CPs across 

flood-depth ievels 2.
 

It is a common practice to identify suitable cropping patterns across 

irrigation status of the land, that is, whether the land is "rainfed" or 

"irrigated". The category "irrigated" is commonly used specific to crops. We
 

however, adhere to land-specific irrigation status rather than crop-specific 

irrigation status. Generally irrigation during the dry is theseason most 

observed pattern. However, given 
our 	definition, supplementary irrigation
 

during (say) Aman season would give the land "irrigated" status even though 

there may be no dry season irrigation. Table 11.2 lists the various CPs 

expected on different flood-depth levels and irrigation status. The 

expectations generally account for farmers' response to relative profitability
 

of various crops. 
Thus, for example, modern variety Boro (under irrigation)
 

1. 	
---

Note however that the physical characteristics are often defined in terms
 
of the extent of influence that nature may have on a piece of land. 
One
 
example is our definition of land elevation in terms of flood-depth 
levels.
 

2. 	 We generally adhere to BARC's definition of flood-depth levels, except
for including medium high 1 (0-30cm. flood-depth) in high land category 
(FO).
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--------------------------------------------------------------------------------

Table 11.2
 

Expected Cropping Pattern, by Flood-depth
 
level and Irrigation Status
 

Fiood-deoth Rainfed Irrigated
 
Level
 

High land 	 'Jute/L Aus - F - Potato t L Aus - LT/MV Aian - Wheat'Potato
 
(F) 	 ' F - LT Aman - F F - LT/MV Aman - Wheat/Po:atc 

L Aus - LT Aman -Wheat L Aus - LT/MV Anan - uei00 
LAus - LT Aman -F F- LT/MV Aman - MV orc 
L Aus - F - Pulse/OS MV Aus - MV Aman - F 
L Aus - F - Wheat F - Veg. - Veg./Rabi
 
Sugarcane Vegetable
 

Medium t Jute/L Aus - LT Aman - F t F - LT/MV Aman -MV Bo-o 
high Jute/L Aus - LT Aman - Wheat MY Aus - F - Potato 
land * LAus - LT Aman - Rabi(Pulse) MV Boro - F - Rabi 
(FI) Jute - LT Aman - Wheat/Potato L Aus - LT/MV Aman - Wheat"Potato 

Medium , F - LT Aman - Wheat t F - LT Aman - MV Boro 
lo t F- 8Aman - Rabi * F - OS (Mustard) - MV Boro 
land Jute- F- Wheat F-F- MVBoro
(F2) 	 Jute-F- Potato F- BAman- MV Boro
 

Low F- B Aman- F *F- F- MV Boro 
land F-B Aman - Rabi 
(F3) F - F - L Boro 

Note : Those with t are more expected, F: Fallow, L: Local, LT : Local Transclanted,
 
NY : Modern Variety, OS : Oilseeds.
 

Source : BARC, ASR, FSR-BRRI and Task Force Report an Agriculture.
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----------------- ------------------------------------

is less expected on high land due to lc.e.r yield, even though its cultivation
 

may be feasible. The summa:-- information suggest that the dominant ones among 

the conventionally expected CPs accommodate potato on high land, pulses on 

inedium-high and medium-low land, and oilseeds on medium-low land.
 

Detail information on percentages of area under various crops/crop 

groups, by land-irrigation categories, are available from the Master Plan 

Organization (MPO) source. The construct had been of nuch importance in 

MPO's investment analyses, especially, fcr estimation of benefits. These
 

information, summarized in Table 11.3, suggest that non-cereal crops are more
 

expected on high and medium high 
land if accompanied by traditional
 

irrigation1. Cropping intensity is posited to be substantially higher under
 

irrigation; it is marginally higher under minor irrigatior than under
 

traditional irrigation. However, minor irrigation is perceived to facilitate
 

cereal production, even to the extent of replacing non-cereal production. Of
 

the cereals, incidence of Boro rice cultivation is shown to diminish with
 

increases in land elevation; and adoption of minor irrigation on high and 

medium high land is expected to lead to adoption of modern variety Boro. Aus 

is produced in only high and medium high land, with irrigation facilitating 

adoption of modern variety. Broadcast Aman is primarily grown on medium low 

and low land; and adoption of modern variety Aman is presumed to be not 

feasible on medium low (or lower) land. Other than one or two exceptions, all 

non-cereal crops may only be produced on high and medium high land.
 

1. 	The only exception is in the case of medium low land with major
irrigation where the reported acreage figures for non-cereal crops appear 
to be very high. This category was however represented in only one 
Planning Area (no. 31) out of 60 such PAs.
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Table :11.3
 

NPO Cropping Pattern, by Flood-deptb Irrigation Category
 

Land MV B. B. LT. MV 1. MV MVPotato Jute Sugar- Pulse Oil- Spice Minor orchard Total Intei-
Catigory Aus Aus Aman Aman Aman Boro Boro Wheat 
 Cane Seed Crop Cereals sit!
 

F010 5.87 39.95 0.00 38.72 13.88 0.00 0.00 2.14 0.22 6.87 3.58 1.55 1.41 1.73 1.19 4.81 100.56 121.91 
FOTm 26.51 C.00 0.00 34.67 47.45 0.00 49.15 22.94 2.89 0.67 2.14 0.68 1.11 0.91 1.00 0.00 180.73 190.13 
FOIN 61.09 0.00 0.00 27.76 65.59 0.CO 17.48 7.25 0.38 0.14 0.63 4.44 0.03 1.05 0.80 0.00 179.16 186.62 
FOlt 2.87 29.77 0.28 29.13 59.45 0.00 3.63 8.38 8.27 6.99 2.49 5.21 7.43 14.83 9.90 0.00 133.51 188.63 

FIFO 3.88 38.03 7.98 59.09 8.55 0.00 0.00 7.15 0.78 10.29 0.95 4.42 3.25 1.69 2.44 0.01 124.68 148.52 
FIlm 25.29 0.00 0.00 58.95 30.26 0.07 60.66 19.80 3.90 1.11 0.53 0.67 0.67 1.01 1.65 0.01 195.01 204.55 
FIlh 0.00 0.00 0.00 51.55 41.62 0.00 8.75 66.14 1.74 0.00 0.00 0.00 0.00 3.69 8.01 0.00 168.05 181.49 
Flit 16.12 17.17 0.49 49.00 31,53 0.44 31.20 9.71 11.29 4.93 0.10 0.94 1.12 7.44 12.97 O.Ou 155.66 194.45 

F210 0.00 25.78 54.93 6.16 0.00 0.28 0.07 9.21 0.98 6.35 0.03 4.95 4.41 0.66 0.62 0.00 94.43 114.42 
F21m 0.00 0.00 30.30 32.21 0.00 3.12 88.46 7.24 0.87 0.15 0.00 0.00 0.10 0.07 0.22 0.00 161.33 162.73 
F21H 0.00 0.00 49.00 17.00 0.00 0.00 0.00 0.00 49.00 0.00 0.00 0.00 0.00 25.00 26.00 0.00 66.00 166.00 
F2It 0.00 0.19 22.45 37.40 0.00 13.85 67.35 8.49 6.14 0.28 0.00 0.04 0.08 1.15 1.70 0.00 149.73 159.12 

F310 0.00 0.00 60.13 0.00 0.00 21.50 0.41 2.22 
 0.30 0.00 0.00 2.75 2.28 0.00 0.00 0.00 84.26 89.59
 
F31. 0.00 0.00 18.40 0.00 
 0.00 44.67 54.86 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 117.93 117.93
 
F3IM 0.00 0.00 21.09 0.00 1.70 73.72 24.57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
 0.00 0.00 121.09 121.10
 

F410 0.00 0.00 8.99 0.00 0.00 50.79 19.77 0.00 
 0.00 0.00 0.00 0.00 0.36 0.00 0.00 0.00 79.54 79.90
 
F41t 0.00 0.00 0.00 0.00 0.00 85.89 14A1 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 100.00 100.00
 
.. .. ..... ... .
 .....
 

Bangladesh 8.36 24.91 13.03 39.38 14.87 3.54 14.75 8.13 1.33 5.85 1.45 

... ........ . ...........------------------------------------------------------------------------------


2.65 2.16 1.45 1.68 1.20 126.99 144.76
 

Note :10 : Ron-irrigated, Im: Minor irrigation, IN: Major irrigation, It: TraditionAl irrigation. 
FO : High, Fl :Medium-high, F2 :Medium-low, F3 :Low and F4 :Very low land. 

Source : MPO Report, Volume 15. 

Barring the influence of relative profitability, the scenario provided in the 
MPO exercise suggests that scopes for crop diversification are limited to high
 
and medium high land; and that also with traditional irrigation. Expansion of 
minor irrigation will generally make the crop economy more cereal-based1 .
 

1. 	Itwas therefore quite obvious that MPO had to look for prospectz of crop

diversifications on non-irrigated land.
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---------------- --------------------------------------

It is to be noted that the concept of irrigation in the MPO exercise is 

one of land-spacific rather than crop-specific, since land under various 

categories are mutually exclusive. There are however difficulties with land

specific definition of irrigation if one adheres to CP2, since it may be 

difficult to distinguish between crop-mixes during non-irrigated season on an
 

"irrigated" and "rainfed" land. MPO exercise appears to presume, least in
at 


cases of Aus and Aman area, that "irrigated" and "rainfed" land are
 

1
significantly different even in "non-irrigated" seasons .
 

Presentations so far (see Tables 11.2 and 11.3) have outlined mostly our 

expectations based on a priori knowledge on other variables. The rest of the 

section presents some empirical evidence on prevailing cropping practices 

across land categories. Information were obtained at village levels, under
 

the BIDS-IFPRI Agricultural Diversification Study, on land allocations under
 

various cropping patterns (CP1). While information on 88 villages, from 41 

upazilas and representing most agroecological zones, were obtained; we make
 

use of a limited set of data where villages could be associated with flood

depth levels. Table 11.4 shows the dominant cropping patterns observed. 

There are a number of deviations from our expectations (summarized in Table 

11.2) that are worth noting. On high land2 , modern variety Aman and Aus have 

come of prominence even under rainfed condition. More importantly, vegetables 

enter in the dominant cropping patterns on irrigated high and medium-high 

land. 
 Finally, modern variety Aman is found to be produced on some medium-low
 

land as well.
 

1. 	For example, proportions of modern variety rice cultivation during Aus and
 
Aman seasons are assumed to be higher on irrigated land categories.
 

2. 	 Our 'high land' includes BARC's high land (FO) and medium high 1 (upto 30
 
cm. flood-depth).
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----------------------- ------ -----------------

----------------------------

------------------------------- 

Table H1.4 

Observed Dominant Cropping Patterns 

------------------------------------ - -------------------
Flood-depth Rainfed Irrigated 

Level 
--------------------.1---- ----------------------------

FO F - MV Aman - F F - MV Aman - MV Boro 
Sugarcane F - MV Aman - Vegetable 
L/MV Aus - MV Aman - F Vegetable
 

:Fruits 

F1 	 F - LT/MV Aman - F :F - MV Aman - MV Boro 
L/V Aus - L/MV Aman - F :F - MV Aman - Vegetable 
F - L/MV Aman - Pulse :MV Aus -MV Aman - Wheat 

F2 	 F - LT Aman - L Boro F - M Aman - MV Boro 
F- MVAman - Pulse :F - F - MV Boro 
F -MV Aman - Pulse :F - LT Aman - Wheat 
L/V Aus-MV Aman-Oi l seeds ,L/MV Aus - L/MV man - Wheat 

F3 	 F - B Aman - F F - F -MV Boro 
F- F- LBoro 
F - B Aman/L Aus - F 

-----------------------------/ 
Note : FO is defined here to include land with flood-depth upto 30 cm.
 

Source : BIDS-IFPRI Survey, 1991. 
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A more disaggregated presentation on current cropping practices is made 

in Table 11.5 (see also Table A.1 in appendix for crop-specific data). We 

observe that single crop rice accounts for more than 30 per cent of non

irrigated high and low land, and about a quarter of non-irrigated medium high 

land. Provision of irrigation substantially increases the cropping intensity 

on high and medium-high land, while it reduces the cropping intensity on low 

land. In the latter case, irrigation enables cultivation of modern variety 

Boro rice that replaces less renumerative double crops under rainfed 

situation. In case of medium-low land, similar varietal shift with marginal 

decline in cropping intensity is observed (when minor irrigation is contrasted 

with rainfed condition). Cropping intensities associated with traditional 

irrigation are found to be higher than those under minor irrigation in cases 

of medium-land, but lower in the case of high land.
 

The conventional wisdom regarding higher incidence of cereal production 

under minor irrigation is found to be supported by our evidence as well, If 

one measures this in terms of percentage of total cropped area under cereal 

production, the above statement is found to be true on land of all flood-depth 

levels. One however finds the incidence to decrease with land elevation. 

Incidence of non-cereal production is, as expected, highest on traditionally 

irrigated land, especially on medium-high and medium-low land. In case of 

medium-low land, it is primarily due to pulses and oilseeds production. On 

high and medium-high land, crop diversification is made possible due to
 

production of vegetables, potato and spices.
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Table : 11.5
 

Cropping Patterns (CP1) by Flood-Depth
 
Levels and Irrigation Status
 

(' of net cropped area)
 

High Land Medium High Land Medium Low Land Low Land
 
Cropping r
 
Pattern Rainfed Trad. 
 Minor Rainfed Trad. Minor Rainftd Minor 
 Rainfed Minor
 

Single Crop

Rice/Wheat 30.95 - - 40.49 
 - 9.60 4.98 15.42 71.22 82.11

Others 23.09 
 0.69 2.40 1.38 0.31 1.17 1.62 
 1.43 3.24 -


Double Crop
 
Rice/Wheat only 37.20 51.84 76.70 29.73 - 48.3q 53.30 48.21 
 16.12 16.77
 
Rice/Wheat with
 

, Pulses 
 1.47 - 0.74 11.91 1.62 7.47 - -

Oilseeds 0.41 
 0.92 - 2.69 
 - - 1.68 - 5.44 

-

-Spices 0.88 8.41 0.74 
 2.30 15.66 1.49 
 - - 1.67 -Vegetables 2.93 15.09 1.85 0.32 50.75 
 5.79 - -
Potato - 9.68 1.66 0.96 7.06 0.26 0.75 -
 - -
Others 0.06 0.58 2.59 2.38 
 2.15 2.27  - 1.47 -Others only 3.02 8.29 - 0.92 
 -. 20 4.05 1.94 0.84 -

Triple Crop
 
Rice/Wheat only - 2.88 2.03 
 - - 11.09 - 24.51 - 1.12 
Double Rice 
/Wheat with 
Pulses 
 - - - 6.15  - 13.08 - - -
Oilseeds  -
 - 0.77 - 0.34 13.08 0.82  -Spices  - - - 1.54 0.32 - 0.51 -
 -

Vegetables 
 - - 0.37 - 9.21 3.11 - 0.51  -Potato  1.50 0.92 - 7.18 0.52 - 6.64  -
Others - - 2.22 - 3.07 8.11 - j - - -

Single Rice/Wheat - 0.12 1.48 - -. 
Others only  - 6.29 - 3.07 0.71  - _
 

Cropping Intensity 145.98 203.81 210.89 165.05 223.76 211.28 219.58 216.12 125.54 119.01 

Source : BIDS-I1PRI Survey, 1990-91.
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Relative Profitability of Crops and Cropping Patterns
 

Observed crop mixes or cropping patterns reflect technological and
 

physical constraints as well as the currently prevailing economic environment
 

on 	the basis of which farmers' decisions are made. If one assumes that
 

farmers maximize net returns on land, relevant economic variables may be
 

captured in terms of relative financial returns. While the previous section
 

highlighted on the physical and technological constraints, the present section
 

presents some empirical findings on relative returns to suggest the direction
 

of choices made by farmers.
 

We have already noted that Bangladesh crop economy is csqentially a
 

cereal-based economy and the bias has generally been increasing with
 

increasing adoption of modern irrigation. The rooms for non-cereal
 

production are relatively confined; pulses and oilseeds on medium-low land,
 

pulses on medium-high land, and vegetables and spices on high and medium-high
 

land. In a separate exercise on relative financial profitability of crops at
 

farn.-level, our estimates show that most vegetables and some of the spices
 

fetch relatively higher profit than modern variety Boro; while most pulses and
 

oilseeds fetch much lower profit I . This may suggest that with stable relative
 

prices, the trend in acreage declines under pulses and oilseed will continue
 

in the future while acreages under vegetables and spices may increase.
 

1. 	See Table A.2 in appendix, where presentations are in terms of estimated
 
(break-even) prices that will make a crop as profitable as MV Boro. For
 
details, see Zohir, S, "Input-Output Coefficients in Crop Production
 
Activities in Bangladesh - with results on relative financial
 
profitability at farm level", June 1993.
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Since profitability analyses for individual crops may hide the potential
 

of a particular crop production to sustain due to a preferred cropping
 

pattern, we present some estimates on financial returns from a number of
 

dominant cropping patterns (Table 11.6). The variations in returns across
 

flood-depth levels and cropping patterns reflect, among others, yield
 

variations across these categories. The findings suggest that vegetable-based
 

cropping pattern on irrigated high land is much more remunerative than Boro

based cropping pattern. This is however not the case for irrigated medium

high land. On medium-low land, F-MV Aman-Pulse on rainfed land provides
 

returns higher than cereal-based CP and therefore, Boro-based CP (replacing
 

pulses) may not necessarily be adopted by farmers I through investments on
 

irrigation.
 

1. In the exercise on input-output coefficients, we found M Boro yield to be
 
significantly higher on medium-high land compared to both high and medium
low land. Yield on low land was however found to be the highest.
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----- ----------------------------------------------------------------

Table 11.6
 

Relative Returns under Alternative Cropping Patterns
 

(in'00 Taka per
 

Land Type 	 Cropping patterns Cash cost Full costWl Cast cost Full cost Cropping pattern
 
on rainfed land basis basis :,basis basis on irrigated land
 

II
 
II
 

High land 	 F-MAM-F 15.0 11.0 23.6 13.4 F-MAM-MBR
 
Sugarcane 31.9 26.5 61.8 42.0 F-MAM-Brinjal
 
MAS-MAM-F 33.6 24.1
 

II
 
II
 

Medium F-LAM-F 8.8 5.4 29.7 19.3 F-MAM-MBR
 
high MAS-MAM-F 21.8 12.6 ,20.5 12.5 F-MAM-Brinjal
 

2 29.8 25.4 HAS-MAM-N
 

II 

Medium F-LAM-LBR 15.4 9.8 20.4 12.4 F-MAM-MBR
 
low F-HAM-P 23.5 18.2 19.0 15.2 F-F-MBR
 

Low F-BAK-F 9.5 6.8 ) 15.1 10.9 F-F-MBR
 
land
 

Notes (1) Land rent and by-products 're ignored inthe calculation of returns.
 
(2) F : fallow, LAM : Local Aman, BAM : broadcast Aian, HAS : MV Aus, HAM : MV Aman, MBR
 

MV Boro, LBR : local Boro, P: pulse (mashkalai)
 

Source: 	 Calculated from plot-level data obtained under BIDS-IFPRI survey 1991. 
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Prospects of Crop Diversification and their link
 
with policy parameters
 

Both our expectations and the limited survey findings presented in the
 

previous section suggest that scopes for crop diversification (i.e., moving
 

away from cereal to non-cereal production) are confined to primarily high and
 

medium high land (defined in terms of flood-depth)1 . If one agrees with the
 

MPO scenario on CP2, one would expect the crop economy to get less diversified
 

with the expansion of minor irrigation on previously non-irrigated land. This
 

is likely to be more so if such expansion replaced traditional irrigation.
 

Since future prospects of crop sector development are viewed to be tied with
 

expansion of area under irrigation, and since during the recent past, sources
 

of such expansion have been minor irrigation; one would be skeptical about the
 

prospects of crop diversification in the country. Our survey findings,
 

presented at the previous chapter, also subscribe to this view.
 

The link between minor irrigation and a cereal-based crop economy may b6
 

perceived to lie in the presumption that irrigation in Bangladesh is almost
 

exclusively dry season irrigation that promotes/facilitates cultivation of
 

modern variety Boro. The latter, in turn, replaces non-cereal crops, most of
 

which have traditionally been produced during the dry season. While such
 

reasonings appear to be quite appealing, it ignores the differential outcomes
 

1. 	 It is presumed that production of pulses and oilseeds will continue in a
 
limited way, and in the absence of substantial increase in relative
 
prices of these crops (vis-a-vis rice) acreages under them are unlikely
 
to increase.
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across flood-depths. We take the latter into account in the followings; and
 

provide some empirical evidence to support the assertion of cereal-bias in MV
 

Boro-based cropping pattern, and to argue why expansion of minor irrigation
 

generally lead to expansion in area under modern variety Boro. As a secondary
 

topic of interest, we also discuss the implications for cropping intensity.
 

Crop-Specific Cropping Pattern - some empirical evidence 

Growth in Bangladesh crop sector, for more than a decade now, had been
 

sought through expansion of acreage under modern variety Boro. A simplistic
 

perception with regards to its implications would uphold the view that this
 

expansion would occur either in areas where no dry season crop was previously
 

cultivated or where less remunerative minor crops were produced. If
 

substitution across season is ignored, the net result expected would be an
 

increase in cropping intensity with decline in the acreage shares of minor
 

crops. It is however worth noting that adoption rates of modern variety Boro
 

vary significantly across land types, and so does the nature of crop
 

substitution due to such adoption1. The nature of crop substitution depends
 

on atleast three factors. There may be more than one feasible cropping
 

patterns under each flood depth-irrigation category of land (see Tables 11.2
 

and 11.4), and the choice may be affected by either relative returns or due to
 

some other unaccounted physical variables. The feasible set of CPs may also
 

change due to irrigation. And finally, the feasible set may change due to
 

1. The MPO scenario (see Table 11.3) suggest of highest adoption rate for MV
 
Boro on medium low land, which then declines with both increases and
 
decri'ases in flood-depth levels.
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change in flood-depth level (may be accompanied by irrigation status) realized
 

through FCD. Implications of acreage expansion under MV Boro, for crop
 

diversifications as well as cropping intensity are discussed below, accounting
 

for the aforementioned three factors.
 

Both the expected and observed cropping patterns (see Tables 11.2 and
 

11.4) show that the currently practiced dominant CP on irrigated low land is
 

single M/ Boro. The CPs on medium-low land include MV Boro or wheat; and
 

average cropping intensity associated with MV Boro is less than that with
 

wheat. Expansion of Boro area on medium-high land may reduce cropping
 

intensity if it replaces the CP, Aus - Aman - Wheat/potato. On irrigated high
 

land, a number of triple crops-based CPs are expected; and cropping intensity
 

will decrease if these are replaced by MV Boro-based CP. To summarize,
 

expansion of MV Boro with unchanged flood-depth-irrigation status, will tend
 

to reduce cropping intensity. More importantly, both expected and observed
 

CPs based on MV Boro have almost no room for non-cereals.
 

When flood-depth levels remain unchanged and provision of irrigation
 

leads to adoption of modern variety Boro, cropping intensity is expected to
 

increase on high land, marginally decrease on medium-high land (if it replaces
 

Aus-Aman-pulse), remain unchanged on medium-low land, and may marginally
 

decrease on low land. When one controls for irrigated land, change in flood

depth level from F3 to any of the higher land categories would increase
 

cropping intensity. On the contrary, shift from F1 to FO may reduce cropping
 

intensity if Aus-Aman-Wheat is replaced by MV Boro-based CP (on FO land).
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The above discussion suggest that other than in cases of elevating
 

current low land and provision of irrigation on high land; expansion nf area
 

under MV Boro will either negatively affect cropping intensity or (at best)
 

keep it unchanged. Time series data on adoption rate of MV Boro and cropping
 

intensity, plotted in Figure III.1, indicate of the negative relation1. We
 

also present our survey findings on crop-specific cropping patterns in Table
 

ITI.1, where it is evident that cropping intensity associated with adoption of
 

MV Boro is significantly lower than those associated with competing crops.
 

Furthermore, on MV Boro land, non-cereals are cultivated on only 2.26 per cent
 

of net cropped area. This may be contrasted with 38 per cent for MV Aus land.
 

These findings are also in conformity with the 4nformation on CP1, provided in
 

Tables 11.2 and 11.4. To summarize, all evidence suggest that expansion of
 

area under MV Boro will inevitably lead to a less diversified crop economy,
 

and, most often, a lower cropping intensity.
 

1. 	 It needs to be noted that BBS had made significant upward revisions in
 
the reporting of national level cropping intensity since 1987-88. This
 
was done by drastically reducing the figure on net sown area and
 
adjusting it by increase in land under current fallow. Since BBS
 
acreages are harvested areas, one may accept temporary revisions in flood
 
years. The revisions however continue to hold in all following years to
 
date. Due to the abrupt revision, it is not possible to make use of
 
post-1987/88 data for trend analyses.
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Table [11.1 

Cropping Pattern Associated ith various Crops/Crop Groups
 

(%of net cropped area) 

Cropping MV Aus 
Pattern 

MV 8oro Pul.. Oilseeds Spices Potato/ 
Sheet Pot, 

Vegetable 

Single Crop 2.25 33.34 0.87 1.67 11.31 5.39 5.05 

Double Crop with 
MV Rice 40.60 
Local Rice 8.80 
Others 21.29 

55.32 
2.27 
1.03 

24.43 
29.24 
9.lQ 

23.44 
22.09 
13.31 

31.F3 
13.28 
20.30 

49.48 
4.32 
14.59 

41.84 
13.76 
19.26 

Triple Crop ji~h 
Rice Only a) 10.44 
Rice+Others (b) 16.63 
Other only 0.05 

6.81 
1.23 
-

34.47 
1.81 
-

34.84 
4.64 

4.29 
18.82 
0.18 

21.26 
4.96 
-

14.94 
4.98 
0.17 

Cropping Intensity 225.00 174.70 235.40 237.80 212.00 220.80 215.00 

(a). Of the total cropped area under triple crop rice, 75.2 and 70.5 percent were accounted for
 
by modern variety under respectively MV Aus and MV Boro.
 

(b). Modern variety accounted for 90.5 percent of area under other rice associated with
 
MV Aus, and the corresponding figure isonly 34.6 percent incase of MV Boro.
 

Source :BIOS-IFPRI Survey, 1991.
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Implications of Expansion of Area under Modern Irrigation
 

We had tried to argue in the previous section that adoption of MV Boro
 

leads to a less diversified crop economy as well as (in most cases) a lower
 

cropping intensity. The next link in the chain of argument to be verified is
 

whether the areas newly brought under irrigation will necessarily be put to
 

cultivation of MV Boro. The analysis proviaed in the previous section (based
 

on Tables 11.2 and 11.4) suggest that irrigation expansion on medium low and
 

low land has almost one-to-one correspondence with adoption of MV Boro (or
 

Wheat)-based CP. This is however not true in case of high and medium-high
 

land, since alternative CPs may be preferred. Here, however, observed extent
 

of crop diversification largely depends on mode of irrigation availed. The
 

MPO exercise (Table 11.3) suggests of such relation, and so does the limited
 

findings presented so far from cur survey data. We probe the issue further in
 

the following.
 

Time series BBS data on irrigated area by crops suggest of almost one-to

one correspondence between expansion in Boro area and expansion in irrigated
 

area. That is, incremental increases in irrigated area appear to be almost
 

totally accounted by expansion in Boro area. Figure III.2 generally supports
 

the aforementioned hypothesis, but also suggests that such strong correlation
 

may have dampened a bit towards the end of the eighties (see also Table A.3 in
 

appendix).
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There are however a number of reasons why one would expect the relation
 

between dry season irrigated area and irrigated Boro area to weaken in the
 

future. Given the alternatives, MV Boro-based CPs appear to be more
 

remunerative on medium-high, medium-low and low land with irrigation. Yield
 

under MV Boro is however lower on high land where alternative crops (such as,
 

vegetables and spices) may be produced. We have seen elsewhere (Chapter II)
 

that relative profitability of some of these crops are substantially higher
 

than that under MV Boro 1. If such profits may be realized and sustained, one
 

may expect increases in area under vegetables and spices that would take a
 

larger share of irrigated area. Evidence based on a more complete set of
 

village level data, summarized in Table 111.2, supports the common wisdom that
 

crop economy is relatively more diversified under traditional irrigation than
 

under modern irrigation. Percentages of total cropped area under cereal
 

production with traditional and minor irrigation are found to be respectively
 

67.9 and 89.0 percents under FCD, and 75.8 and 80.3 percents under non-FCD.
 

These findings however suggest that not all the land under minor irrigation
 

are allocated for cereal production. This is quite evident in the finding
 

that MV Boro accounts for respectively 86 and 63 percents of FCD and non-FCD
 

area under minor irrigation.
 

There are however several constraints to a rapid expansion of area under
 

non-cereal crops in near future. First, the area with high and medium

1. See Zohir, S, "Input-Output Coefficients in Crop Production Activities in
 
Bangladesh - with results on relative financial profitability at farm 
level", June 1993. 
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Table 111.2
 

Cropping Patterns under FCD and Non-FCD Land - survey findings
 

(% of net cropped area)
 

FCD 	 Non-FCD
 

Crop name Rainfed 	 Tradi- Minor Major Rainfed Tradi- Minor
 
tional tional
 

B Aman 4.03 0.40 0.90 - 9.37 4.54 1.81 

B Aman/L Aus - 0.64 2.24 - 0.62 6.34 0.62 

LT Aman 33.74 32.33 - 15.31 27.53 34.49 6.98 

MV Aman 37.32 35.71 64.24 80.44 F3.85 33.24 47.52 

L Aus 10.75 5.81 0.98 0.62 17.78 22.99 3.70 

MV Aus 19.71 21.47 1.66 77.17 9.19 19.77 19.73 

L Boro 19.18 18.33 - 3.72 13.20 18.52 1.81 

MV Boro - 15.28 85.95 15.93 - 9.08 63.09 

Wheat 4.89 1.12 6.19 1.03 5.83 9.30 

(Total 	Cereals) (124.86) (134.86)(157.09) (199.38) (112.57) (154.80) 154.56)
 

Sugarcane 3.63 - - - 10.08 1.93 0.35
 

Jute 7.39 8.07 7.16 4.34 4.84 4.73 6.38
 

Tobacco - 1.22 4.48 3.01 0.22 - -

Pulses 11.74 6.48 - 9.47 13.36 5.60 0.54 

Oilseeds 3.99 4.10 0.24 8.85 6.64 9.18 2.42 

Spices 0.67 10.05 4.03 1.50 3.43 6.89 1.54 

Potato/S. Potato - 10.07 1.52 5.84 0.48 4.73 4.98 

Vegetables 0.76 23.11 2.01 - 3.80 15.95 20.69 

Others1 1.03 0.55 - - 2.47 0.32 1.09 

Cropping Int. 153.94 198.51 176.53 232.39 157.89 204.13 192.55
 

1. 	 Others include watermelon, banana, betelleaf, pineapple, papya, maize,
 
shrimp, ground ;iut, lemon, etc.
 

Source: Village-level cropping pattern, BIDS-IFPRI survey, 1991.
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high land in Bangladesh is limited, its expansion is quite dependent on large
 

scale investments on FCD. Second, 
in order to let the farmers of distant
 

areas realize higher prices 
for such perishable items as vegetables,
 

infrastructure has to be developed substantially. 
One would therefore expect
 

that during the near future the effective area (irrigated high ano medium-high
 

land) where MV Boro may be substituted, will be confined to pockets around
 

Dhaka city and those well-connected with Dhaka. 
 The subsistence farming and
 
dietary dependence on rice is also a hinderance to the prospects of crop
 
diversification that may arise in response to higher relative profitability of
 

non-cereal crops. 
Finally, irrigation technology and policies towards it have
 

great implications for crop diversification. Generally modern 
irrigations
 

entail total inundation of large area and choice of crops other than paddy are
 

generally not feasible. 
 In contrast, traditional irrigation and irrigations
 

with hand tubewells and 
treadle pumps are more advantageous for irrigating
 

such crops as vegetables, spices and potato.
 

We have often referred to FCD, especially to its role in increasing the
 

availability of higher land, and thereby changing the feasible mix of crops to
 
be produced in the country. 
 While comparisons across flood-depth 
levels
 

provide information on expected impacts of 
FCD, in reality, FCDs may not
 

always involve elevation of flood-depth level across board. 
 Often FCDs may
 
involve increasing problems with water drainage and over 
siltation of
 

river/canal beds leading to shortfalls in availability of surface water. They
 

may also protect land from untimely flooding without necessarily effecting the
 

actual flood-depth level. All these necessitate separate query into impacts
 

of FCD. Table 111.2 above provides some tentative insights into possible
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implications of FCD for crop diversification as well as cropping intensity.
 

FCDs with unchanged irrigation status are found to involve greater cereal-bias
 

on both rainfed land and those under minor irrigation. On traditionally
 

irrigated land, FCDs involve a relatively more diversified crop economy. In
 

all three cases, however, cropping intensities decline due to FCD. On
 

irrigated land, FCDs substantially increase the adoption rate of MV Boro;
 

while on rainfed land, adoption of MV Aus increases substantially. In all
 

three categories of land considered, adoption of MV Aman increases due to FCD,
 

but substantially so in case of land under minor irrigation.
 

To summarize, we have shown that expansion of acreage under MV Boro
 

generally lead to decline in cropping intensity; and evidently to a more
 

cereal-based crop economy. The evidence also suggest that expansion of minor
 

irrigation (STW, LLP and DTW) has, so far, primarily led to adoption of MV
 

Boro. Thus, given current relative prices of various crops (and che
 

infrastructure that enable farmers to realize such prices), policies to bring
 

about agricultural growth through promotion of mechanised irrigation are
 

likely to lead to a less diversified crop economy. The same outcome may also
 

be expected due to expansion of area under FCD, if the latter fails to
 

facilitate traditional irrigation
 

1. 	 The prospects of latter is confined to areas where surface water are
 
available.
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IV
 

Prospects of Crop Diversification 
some after thoughts 

The paper had provided empirical evidence on currently practiced cropping
 

patterns in Bangladesh and the scenario arrived at suggests of a gloomy
 

prospect of crop diversification. As a secondary exercise, possible trends in
 

cropping intensity associated with crop choice and irrigation modes have also
 

been dealt with. Since the analyses resorted to in the paper were cross

sectional, and national-level data may be obscured due to revisions, future
 

prospects may not have adequately been captured. In the followings, we extend
 

our imaginations beyond the evidence provided, and search for factors that may
 

make the future prospects of crop diversification less gloomy than posited in
 

the previous Sections.
 

We have already noted that manually irrigated pumps (MIP),-such as hand
 

tubewell and treadle pumps, are suitable for irrigating many of the non-cereal
 

crops. Since minor irrigations have quite often alternative uses and such
 

irrigations are response variables (as opposed to sunk investment), area under
 

MIPs may increase substantially in near future. Furthermore, field channel
 

designs may be developed in future to make mechanized irrigation more suitable
 

for non-cereal production. All these may reduce the close association between
 

modern irrigation and MV Boro adoption that we observe from past data.
 

We have noted that non-cereals such as vegetables and spices are more
 

extensively produced on land under traditional irrigation. The national level
 

BBS statistics suggest of persistent decline in area under traditional
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irrigation. This may however be due to failure in capturing such data. 
Some
 

micro-level studies' suggest than farmers often avail 
traditional irrigation
 

even when irrigation water are available from LLP sourcez in the
 

neighbourhood. This implies that even when investments are made for the
 

purpose of expanding area under modern irrigation, farmers may opt for the
 

traditional mode. In such cases, investments on irrigation (here in case of
 

surface water) may not necessarily promote MV Boro based CP.
 

The aforementioned possibility for crop diversification arises due to the
 

fact that traditional irrigation facilitates adoption of CPs with greater
 

presence of non-cereals. The same fact also suggests that greater
 

availability of surface water made possible through re-excavation of canals
 

may facilitate crop diversification. This is an aspect that is worth probing
 

since present political regime is putting much efforts towards "canal digging
 

programme
 

Finally, greater relative profitability of some of the vegetables and
 

spices, if sustained through widening of markets, and if the benefits be
 

widely spread through infrastructure development, may induce private
 

investments on land. One such investment may be in the form of 
elevation of
 

land. on which data are not available. If such investments realize, the
 

physical constraints to crop diversification may be little less binding. At
 

the policy livel, there are also needs to reduce the pace of growth in demrnd
 

for homestead land  may be through more rational planning of rural housing.
 

1. 	See Zohir, S. "Public Sector Management of Surface Water Irrigation 
insights from Bhola Irrigation Project", final project report, BIDS, 
February 1991. 
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Table A.1 

Cropping Patterns by Flood-depth Levels and Irrigation Status
 

(% of net cropped area)
 

High Medium high 

Crop name Rainfed Tradi- Minor Rainfed Tradi- Minor 
tional tional 

B Aman ..... 
B Aman/L Aus - - - - - -

LT Aman 2.60 9.00 0.74 30.34 9.52 4.61 
MI/ Aman 65.88 68.55 85.20 63.44 65.61 70.93 
L Aus 17.01 1.84 1.36 8.21 4.61 21.27 
MV Aus 22.88 30.41 4.73 22.32 40.96 0.67 
L Boro 1.26 2.88 - 10.05 - 2.79 
MV Boro - 37.44 79.55 - - 69.94 
Wheat 1.47 - 3.99 - - 4.80 
(Total Cereals) (111.11) (150.12) (175.57) (134.36) (120.70) (175.01) 
Sugarcane 22.21 - - 0.24 - 1.10 
Jute 1.32 - 6.29 0.64 - 9.92 
Tobacco - - - - -
Pulses 2.05 0.23 0.74 18.77 - 1.62 
Oilseeds 1.29 0.92 - 4.23 - 2.33 
Spices 4.43 13.01 0.74 2.88 17.50 2.92 
Potato/S. Potato - 11.41 2.58 1.00 20.39 1.49 
Vegetables 3.52 27.53 22.57 0.98 63.03 14.50 
Others 0.06 0.59 2.40 1.96 2.15 2.27 

Cropping 	Int. 145.98 203.81 210.89 1R5.05 223.77 211.16 

1. 	Others include watermelon, banana, betel leaf, pineapple, papya, maize,
 
shrimp, groundnut, lemon, etc.
 

Source: 	 A selected part of village level data on cropping pattern, BIDS-IFPRI
 
survey, 1991.
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Table A.1 (continued)
 

Medium low Low
 

Crop name Rainfed Minor Rainfed Minor
 

B Aman  27.63 13,08

B Aman/L Aus  - - 3.49

LT Aman 64.32 18.08 1.88 -

MV Aman 30.01 67.21 - 1.12
 
L Aus 25.33 7.15 23.86 1.12
 
MV Aus 0.62 25.84 0.84 -

L Boro 53.30 8.17 57.56 -

MV Boro - 44.54 98.88
 
Wheat 31.36 
 1.10 1.12
 
(Total Cereals) (173.78) (202.35) (112.87) (119.01)
 
Sugarcane - 0.51 -

Jute 0.56 - 0.84
 
Tobacco ...
 
Pulses 20.98 
 - 5.44
 
Oilseeds 20.42 2.76 3.45 -

Spices '1.24 0.51 0.10 
Potato/S. Potato 2.55 7.56 1.57 -

Vegetables - 2.45 0.42 
 -

Others 
 - 0.84 -


Cropping Int. 219.53 216.14 125.53 119.01
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Relative Profitability of Various Crops 
at Farm Level, 1990-91 *. 

Crop narwe Current ' MV Boro-parity price * % changed required

Price- ------- -------


Cash Cost Full Cost: Cash Cost Full Cost:
............................. 
 ~- - -

LADIES FINGER 7.72 2.15 2.55 -72.20 
-

-66.97
KAKROL 10.72 2.92 3.58 -72.72 -66.60
C'AULIFLOWER 5.98 1.72 2.30 -71.16 
 -61.59
 
TOMATO 4.69 1.40 1.88 -70.08 -60.00
 
RAW TURMARIC 5.24 1.98 2.13 -62.28 -59.27

ONION 6.76 3.09 3.19 -54.26 -52.80

GARLIC 18.41 8.08 9.05 -56.13 -50.83
 
,3UR 
 11.05 5.39 5.45 -51.18 -50.69

CABBAGE 2.68 
 1.35 1.55 --49.54 -42.11
GREEN CHILLI 9.88 
 4.83 5.78 -51.16 -41.45
 
SUGARCANE 0.94 0.57 0.57 -39.06 -39.19
ARUM 
 4.59 2.19 2.80 -52.29 -39.01
 
CORIANDER SEED 
 26.79 13.28 16.66 -50.41 -37.83
 
BRINJAL 4.04 2.03 2.58 -49.87 -36.10
 
TOBACCO 35.83 22.56 23.08 -37.04 -35.59

BARBATI 6.77 3.18 4.81 -53.08 -28.90
 
MV POTATO 3.00 2.08 2.20 -30.61 -26.62

CUCUMBER 3.70 2.83 2.77 -23.49 -25.09

GINGER 7.37 4.63 5.60 -37.23 -24.07

COTTON 18.49 14.19 14.61 -23.25 -21.01
 
RADISH 3.11 2.18 2.58 -29.95 -17.01

BRAUS 5.48 5.52 5.31 0.74 -3.15 
MASHKALAI 11.28 12.68 10.94 12.39 -3.03
SWEET POTATO 2.27 2.00 2.27 -11.73 -0.12
MV BORO 5.90 5.90 5.90 0.00 0.00
GROUND NUT 12.17 10.49 12.27 -13.76 0.83 
MV AMAN 5.97 6.11 6.19 2.40 3.74
MV AUS 6.06 6.77 6.93 11.75 14.42 
L. POTATO 3.31 
 3.74 4.09 12.91 23.57

DRY CHILLI 42.82 43.28 53.25 1.07 24.36

P. AMAN 6.23 
 7.41 8.16 18.95 30.93

L. BORO 5.80 8.62 7.83 48.60 34.98

LT. AMAN 6.01 8.71 8.36 44.92 39.12
 
GRAM 12.49 20.79 17.71 66.44 41.81

MASUR 11.10 19.59 16.66 76.50 50.05

HELEN 12.12 15.84 18.44 30.68 52.18
 
B. AMAN 6.00 10.33 9.20 72.18 53.34

JUTE OLI. 7.23 11.55 11.09 59.76 53.40
 
WHEAT 
 5.67 9.14 8.85 61.21 56.06

RAPE & MUSTARD 10.72 19.39 18.09 80.88 68.77
 
C. PEA 8.48 17.12 14.84 101.90 75.01

!,.AUS 
 5.85 11.10 10.74 89.80 83.67

LINSEED 11.90 27.22 22.79 128.73 91.52
PUMPKIN 1.68 3.74 3.22 122.45 91.62 
KHESARI 5.74 13.91 11.03 142.32 (: 10
LAL SHAK 2.57 4.80 5.55 86.70 115.;9
MOONG 
 12.67 31.58 28.32 149.26 123.48
 
TIL 10.48 24.30 23.87 131.83 127.75
 
JUTE CAP. 5.80 13.63 13.29 135.04 129.11

MAIJ1E 7.61 21.36 20.50 180.67 169.34
 

Relative profitability is expressed in term of the percentage change in
 
rarm level price of a crop required to make the crop as profitable as MV
Boro. Thus, negative signs in the last two colunns imply the crop is more

profitable 
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Table A.3
 

Incremental Change inMV Boro Acreage
 
due to Change in Irrigation
 

(ratio)
 

Incrimental change in MV Boro
 
area due to change in
 

Year
 
Modern Total
 

Irrigation Irrigation
 

1973/74 1.0804 1.7471
 
1974/75 1.5134 0.4872
 
1975/76 0.4522 0.4048
 
1976/77 3.0006 0.8196
 
1977/78 0.9640 0.4102
 
1978/79 0.2816 0.3719
 
1979/80 0.3977 0.3901
 
1980/81 0.2307 0.3653
 
1981/82 1.6329 1.8951
 
1982/83 1.0289 1.5174
 
1983/84 -0.1884 -0.3892
 
1984/85 0.6353 0.9956
 
1985/86 -0.4241 -0.4729
 
1986/87 1.7703 1.0858
 
1987/88 0.8758 1.8442
 
1988/89 2.7298 1.6062
 
1989/90 0.1336 0.1150
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