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Abstract: This article provides an economic perspective of the effect of moisture conservation through
application of gypsum on wheat yield in rainfed area of Pothwar in Pakistan. Most of the experiments and
studies lack proper method of evaluating the agricultural technologies on economic parameters. Hence
interventions resulting in significant improvement in yield are not adopted because these do not fulfill the
economic rational of the target end users. Effect of gypsum on moisture conservation for wheat crop was
validated through on-farm participatory research in the rainfed Pothwar. The intervention is evaluated on the
basis of rate of return to the farmers on their investment and effect of changing prices on the rate of return and
risk involved. The technology is evaluated using changing prices of variable input and outputs. Partial budget
analysis indicates that application of 2.5 ton per ha results in highest benefits. However the marginal analysis
depicts that the treatment using 1.25 ton per ha gypsum results in higher rate of return on the investment. The
same treatment is also verified with residual analysis, as best recommendation and also withstands the
variability in yield verified through minimum return analysis. Finally the sensitivity analysis with changing
prices of input and output also provide a holistic picture of returns and maximum price of gypsum acceptable
to farmers. Overall, this paper concludes that market forces play a critical role in developing recommendations
and the returns to farmers change with the variation in prices overtime. 
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INTRODUCTION 3-4 years and Pakistan intends to raise its wheat output to

Wheat plays a central role in Pakistan’s food Punjab is 2.5 tons per ha slightly above the national
economy, both in terms of production and consumption average of 2.3 tons per ha as compared to the potential
[1] with a production of 23.4 million tons from an area of yield of 6.8 tons per ha and progressive farm’s yield of 4.6
9.06 million hectares [2] and annual per capita wheat tons per ha [5] but average in rainfed areas is much lower
consumption is about 120 kg [3]. It contributes 13.1 and depends on the intensity, time and spread of rainfall.
percent to the value added in agriculture and 2.8 percent It ranges from 0.6 to 1.5 tons per ha [4, 6]. This indicates
to GDP [2]. Its share of total crop area is 37 percent. Since that there is a large yield gap to be tapped in this
the green revolution, Pakistan has achieved remarkable important sector overall and rainfed area needs much more
progress in the wheat subsector [3]. The Punjab province attention.
of Pakistan is the breadbasket of the country and To conserve moisture for wheat through application
contributes around 80 % of the total wheat production [1] of gypsum, on-farm experiments were conducted in
and out of the total wheat area 10 percent is rainfed [4]. Pothwar plateau (latitude 32 ° 10' to 34 ° 9' N and longitude

Wheat production increased by 528 percent from 71 ° 10' to 73 ° 55' E). It is a part of the great Indo-gangetic
1948 to 2000, while the increase in area planted was 114 synclinorium. It covers an area of 1.82 million ha and
percent. Wheat production remained steady over the last topography ranges from flat to gently undulating, locally

30 million tons by 2015 [3]. The average wheat yield in
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broken by gullies and low hill ranges [7]. According to Village Development Project (BVDP) in Rainfed Pothwar,
Soil Survey Report [8], the climate of Pothwar ranges from Pakistan. A comprehensive site selection criterion was
semi-arid to sub-humid, sub-tropical continental. Rainfall followed to select the sites that could represent a
is erratic, about 60-70 percent of the total is generally recommendation domain for rainfed areas of Pothwar. As
received during monsoon, i.e. from mid June to mid economic analysis of agronomic data is more meaningful
September. Farmers conserve moisture mainly through when experimental results from the same
deep ploughing and sowing of wheat crop starts at the "recommendation domain" are pooled and analyzed
end of October. Therefore the fate of the wheat under together [13], therefore data from both the sites was
rainfed environment is dependent on moisture pooled.
conservation from monsoon rainfall. Rainfed area account During the first year only three different levels of
for about 20 percent of cropped area in Pakistan’ Punjab. gypsum, 0, 2.5 and 5 tons per ha were used while during
Rainfall and moisture conservation is one set of factors the second year based on the annual review two new
hypothesized to be an important determinant of cropping treatments one with 1.25 tons per ha and 7.5 tons per ha
intensity in these areas [9]. gypsum were added in the on-farm trials. Gypsum was

Adoption of different practices to enhance moisture mixed after deep plough used for moisture conservation
availability of soil for plants growth and development in after first rainfall in summer each year with cultivator.
rainfed Pothwar is necessary for ensuring food security in Other practices remained same and farmers cultivated the
these areas. Moisture conservation mainly depends on fields for weed control as and when required. NPK was
soil type, soil organic matter and management practices used at the rate of 120-80-60 kg per ha all at sowing with
like mulch and tillage operations. Many studies show that keeping all other practices same. Same wheat was sown
crop yields were increased through conservation of soil, with drill during winter after keeping the fields fallow
water and nutrients [10-12]. There are many chemicals, during summer. 
which can lead to increased soil moisture through Partial budget analysis was carried out to estimate the
improvement of soil conditions which include gypsum, gross field benefits, total cost that vary and net benefits
polyacrylamide etc [4]. However most of the experiments of each treatment using the adjusted yield [14, 15] at 2009
and studies lack proper method of evaluating the market prices for the wheat grain, wheat straw and
agricultural technologies on economic parameters. variable input (gypsum, application labor). The yield was
Resultantly most of the interventions resulting in adjusted 10% low due to the advisory services and timely
significant improvement in yield are not adopted because provision of inputs at farmers’ fields. Following equations
these do not fulfill the economic rational of the target end were used for partial budget analysis:
users.

Effect of gypsum for moisture conservation for wheat Gb  =P  x Y (1)
crop was validated through on-farm participatory research
in the Rainfed Pothwar. The present paper is based on the NB = GB  - TCV (2)
economic analysis of data from these experiments to
develop recommendations on the basis of rate of return to Where, P stands for field price of output (wheat grains
the farmers on their investment. Effect of changing prices field p rice were calculated at Rs. 20916.67 per ton and for
on the rate of return and risk involved is also measured. wheat straw at Rs. 2500 per ton for 2009), Y is adjusted
Finally the analysis with varying prices provides a clear yield for a treatment, GB is the gross field benefits, NB for
guideline to the extension agents and farmers for net benefits and total cost that vary is denoted by TCV.
recommendation/adoption of the technology and portrays Field price for gypsum was calculated at Rs. 1900 per ton
a vivid picture of returns. and based on the prevailing current wage rate in the area,

MATERIAL AND METHODS for T2, T3, T4 and T5 respectively. 

Data for this study were obtained from on-farm dominated treatment that had net benefit equal or lower
research trials conducted during 2002-03 and 2003-04 by than that of another treatment with lower cost [14].
the scientists from Soil and Water Conservation Research Marginal analysis was carried using equation three to
Institute (SWCRI), Chakwal, for technology testing and calculate marginal rates of return between treatments of
validation at the two integrated research sites of Barani incremental cost ( TCV) and the incremental net benefits
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( NB)  and  comparison  of  marginal  rates  of  return RESULTS AND DISCUSSION
(MRR)   to   the   minimum   rate   acceptable   to  farmers
[14, 16, 17]. Usually, a minimum rate of return is fixed as Net benefits for each of the treatment were calculated
the baseline for acceptance of an option in order to through partial budget analysis (Table 1). Using field price
account for the cost of capital, inflation and risk. In this for both grain and wheat straw, T3 with 2.5 ton per hectare
regard, literatures have established that for the majority of gypsum resulted highest gross field benefits while T5
situations, the minimum rate of return acceptable to depicted highest TCV. T3 resulted in highest net benefits
farmers is between 40 and 100% [14, 18, 19]. A minimum of 64945 Rs. Ha . Both the yield and returns from T4 and
rate of return criterion of 100% was set as variable input T5 depicted diminishing return to scale. 
was new to farmers. Due to the decrease in yield with the use of higher

(3) but the TCV was higher then the previous treatment with

The conclusion of marginal analysis was also analysis. Therefore both the treatments were dominated
checked by the concept of residual analysis (equation 4). and excluded for further analysis. 
Residuals (Res) were calculated by subtracting the return The results of the marginal analysis of the first three
that farmers require (M) multiplied by the TCV, from the non-dominated treatments indicated that when we move
net benefits. The treatments are listed as usual in order of from '0' to 1.25 tons per ha, the returns from the use of
increasing cost that vary. Farmers will be interested in the gypsum were 119 percent. Further increasing the dose of
treatment with highest residual [14]. gypsum to 2.5 tons per ha the returns were just 23 percent

(4) the T2 with 1.25 tons per hagypsum is recommended with

In order to validate the obtained results within the While moving directly from no use of gypsum to 2.5 ton
framework of farm level and market uncertainties, minimum level and comparing the returns only between T1 and T3
and sensitivity analyses were carried out to assess the resulted in a return of 71 percent. Sometimes there is also
result under worst situations and fluctuation in input and confusion to recommend among different treatments
output market prices respectively [14, 16]. Through resulting similar MRR when compared separately with the
sensitivity analysis maximum acceptable field price of an control. Therefore the recommendation based on the
input are calculated with the minimum rate of return (M) marginal analysis is further evaluated through residual
using following equation. analysis. The residual analysis as given in Table 3

(5) always go for the treatment that results highest residual

1

doses of gypsum in T4 and T5 the net benefits were lower

lower TCV and higher NB as depicted by the dominance

as given in Table 2. So on the basis of marginal analysis

the current market prices of output and variable input.

indicates that the residual for T2 is highest and farmers

value [14].

Table 1: Partial budget analysis of gypsum trials

T1 T2 T3 T4 T5

Gypsum Dose (Tons/ha) 0 1.25 2.50 5.00 7.50

Average grain Yield (Tons/ha) 2.68 2.89 3.14 3.01 2.67

Gross Field Benefits (Rs. /ha) 61175.55 67033.25 70195.43 68632.95 60991.50

Total Cost That Vary (Rs./ha) 0 2675.00 5250.00 10300.00 15300.00

Net Benefits (Rs./ha) 61175.55 64358.25 64945.43 58332.95 45691.50

Rs.= Pakistani Rupee, ha= Hectare

Table 2: Marginal rate of return from different levels of gypsum

TCV MC NB MNB MRR

T1 0 61176

T2 2675 2675 64358 3183 119%

T3 5250 2575 64945 587 23%
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Table 3: Analysis using residuals

0 TCV NB Returns required by Farmer Residual

T1 0 61175.6 0 61175.6

T2 2675 64358.3 2675 61683.3

T3 5250 64945.4 5250 59695.4

Table 4: Returns with changing gypsum price

Field Price of Gypsum 

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

MRR Rs. Per kg Rs. per bag

0.50 2.88 144.21

0.75 2.44 121.89

1.00 2.10 105.15

1.25 1.84 92.14

1.50 1.63 81.72

1.75 1.46 73.20

2.00 1.32 66.10

2.25 1.20 60.09

2.50 1.10 54.95

2.75 1.01 50.48

3.00 0.93 46.58

3.25 0.86 43.13

3.50 0.80 40.07

3.75 0.75 37.33

4.00 0.70 34.86

4.25 0.65 32.63

4.50 0.61 30.60

4.75 0.57 28.75

5.00 0.54 27.05

Table 5: Input output field prices (Rs. per ton) resulting in 100% MRR 

FP of Wheat Grain FP of Wheat Straw FP of Gypsum

17000 1750 1578

18000 2000 1730

19000 2250 1882

20000 2500 2034

21000 2750 2186

22000 3000 2338

23000 3250 2490

24000 3500 2642

25000 3750 2794

26000 4000 2946

27000 4250 3098

28000 4500 3250

29000 4750 3402

30000 5000 3554

31000 5250 3706

32000 5500 3858

33000 5750 4011
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Risk Analysis: The production risk is measured through gypsum intervention would result more than 100% returns
the variability in yield over different locations and time for higher output prices and lower input prices at each
period. The treatment or input level that results with more level. So if the gypsum prices are lower or equal than the
consistent results with less variability is preferred over corresponding prices of output the technology is worth
the treatment showing more variation in the yield. using.
Variability in yield is measured through the minimum
return analysis and the results indicate that the Policy Implication and Recommendation: The paper
recommended level (T2) also depicts more consistent provides a methodological framework, using a case of
returns as the net benefits from the lowest yielding gypsum application for moisture conservation for wheat
replications were Rs. 33381 per ha as compared to the under rainfed environment, to test the interventions on
control  (T1)  resulting  in net benefits of Rs. 32829 per ha. economic parameters and recommend the technologies
However the numbers of replications are limited to that would be most acceptable to farmers and result in
conduct the minimum return analysis and generalize the rapid adoption. Although the treatment with 2.5 tons per
results from this data. ha gypsum resulted in highest net benefits yet the returns

Similarly the variability in prices and market from the recommended level of 1.25 tons per ha were
uncertainties also pose a risk on farmers' investment in higher. Furthermore the development practitioners and
agricultural inputs. Market and price risk is measured farmers should recommend/adopt the technology based
through sensitivity analysis by calculating maximum on the returns with changing prices overtime. Therefore
acceptable  price  of  the  recommended  intervention. the technologies should be recommended after
Based on the on-farm trials data the maximum acceptable conducting experiments with sufficient replications within
field price of gypsum for the recommended level (T2) was the recommendation domain and over sufficient time
calculated. The change in adjusted yield for grain was period. Such experiments would provide data for risk and
0.188 tons per ha and for straw change in adjusted yield variability analysis. As farmers are risk averse and returns
was 0.767 tons per ha. Keeping the minimum rate of return to investment change with the variation in prices
required by farmers to adopt the technology at 100% the therefore, market forces play a critical role in developing
resulting maximum acceptable field price for gypsum were recommendations.
Rs. 105.15 per 50 kg bag which is higher than the current
field price of Rs. 95 per 50 kg bag of gypsum. Therefore ACKNOWLEDGEMENTS
the technology would result more than 100% returns at
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