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SALINITY MANAGEMENT ALTERNATIVES FOR THE RECHNA DOAB, 
PUNJAB, PAKISTAN. 

Volume Six 
RESOURCE USE AND PRODUCTIVITY POTENTIAL 

IN IRRIGATED AGRICULTURE 

I. HISTORICAL TRENDS IN RESOURCE USE AND PRODUCTIVITY 

In the Rechna Doab, the problem of land utilization has two aspects viz., the level of 
utilization of cultivable area (i.e. the proportion of cultivable area actually cultivated), and 
the intensity with which the cultivated area is being utilized. Intensity of cultivation can be 
defined at least in two ways: the number of times the cultivated area is cropped within a 
year; and the level of application of current or complementary inputs, such as labor, 
fertilizer, manure, irrigation, etc. Across the Rechna Doab, the level of agricultural 
production depends primarily on how well the almost irrelaxable constraint of agricultural 
land is utilized. In this context it becomes important to identifl the economic factors 
responsible for under-utilization of land input. The following discussion in this Section 
describes the historical trends (as reported in the government censuses) towards the 
utilization and optimization of land and other resources impacting the overall productivity 
of the irrigated agricultnire within the doab. 

8 

A. Resource Use at  the Farm 

1) Farm Type and Operated Area 

Tables 1 and 2 capture the temporal variations in th number of farms and are operated 
by different farm categories witlih the Rechna Doab. The number of small farmers (owning 
less than 2.0 ha) were 49 percent in 1960 and decreased to about 47 percent of the total 
number of land owners in 1990. Also, 47 percent of small farms owned only 14 percent of 
the farm area in the 1990s. The mid-size farmers (owning land from 2 to less than 10 ha) 
made up 48 percent and owned 58 percent of the land in the 1990s. The large farms (owning 
land 10 ha and above) composed about 5 percent of the total but possessed 28 percent of 
the total land area in 1990 (Govt. of Pakistan, 1994). Tables 1 and 2 also show the results 

farms owned 2 percent of the farm area while 69 percent of the medium farms and 21 
percent of the large farms owned 45 percent and 53 percent of the farm area, respectively. 

. of IIMI’s sampling effort in 1995 whereby, across 443 farms, about 10 percent of the small 

. 
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Table 1. 

It I 

Number of Farms and their Distribution in the Rechna Doab, 1995-96. 

Farm Number 
Farm Sire” I 1972 1980 1990 I 1995’ 1960 

I 108779 19991 24283 38154 

Note: 
Source: 

Figures in parenthesis represent areal percentage distribution 
Agri. C c m s  of Pakistan. 19M). 72. 80. 90. 

1lMl Sample Survcy, 1995. 
* *  Numbcn 1-9 refer to L e  nine Oarat ioMl  farm size catcgorics. as listed an page 36 of Volume Four. 

Table 2. Total Farm Area and its Distribution in the Rechna Doab, 1960-95. 

Note: 
Source: 

Figures in parenthesis represent percentage distribution. 
Agri. Census of Pakistan. 1960.72. 80.90. 
* IIMI Sample Survey. 1995. 
’* Numbcn 1-9 refer to the n i n  operational farm size categories. 
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2)  Cultivated Area 

There exists an inverse relationship between the cultivated area and the problem of 
waterlogging and salinity. The temporal changes in total cultivated area in the Rechna 
Doab indicate a decrease in the area under cultivation by about 0.052 Mha from 1960 to 
1990 within the Rechna Doab (Table 3). The proportion of cultivated area (CAT) to total 
farm area (FAT) was higher on small farms and gradually decreased as farm size increased. 
Similar results were obtained from IIMI's sample survey of 1995 whereby on the small, 
medium and the large farms, the proportion of cultivated to the total farm area was 90 
percent, 88 percent and 85 percent, respectively. i 

s 

8 3) Tenure Classification 

Land tenure plays a vital role in the formulation of a long term strategy to combat the 
problem of the waterlogging and salinity. The census data in Table 1 shows that the total 
number of farms decreased from 0.81 million in 1960 to 0.75 million in 1990. Internal to 
this decrease in the number of farms is the change in the composition of the farm holdings. 
From Table 4, the ratio of small-owner farms increased from 39 percent in 1972 to 56 
percent in 1990. This incease has occurred at the expense of the medium and large land 
holdings that have decreased by 11 and 5 percent, respectively, since 1972. The percentage 
of owner-cum-tenant farms has increased for small farms from 13 percent in 1972 to 21 
percent in 1990, but the percentage of both medium and large farms has decreased from 77 
and 10 percent, respectively, in 1972, to 71 and 8 percent in 1990. 

In 1972 about 22 percent of the small farms fell into the category of tenant farms; these 
farms increased to 39 percent in 1990. The proportion of medium-tenant farms decreased 
from 72 percent in 1972 to 58 percent in 1990, but that of large tenant farms increased 
from 9 percent in 1972 to about 13 percent during the same period. IIMI's sample coverage 
reveals that the highest percentage of owned farms fall in the medium category (68 percent); 
the trend is similar for the owner-cum-tenant and tenant farms (61 and 75 percent, 
respectively). 

4) Land Use Intensity 

Table 5 shows that the overall land use intensity in the Rechna Doab was 81 percent in 1960 
and 93 percent in 1990. The intensity of land use was reported to be higher on tenant- 
operated farms (96 percent) and owner-cum-tenant farms (95 percent) but close to the 
overall figure for the owner-operated farms during 1990. The results of the 1995 farm 

highest on the small farms (90 percent) and lowest on the large farms (85 percent). 

L 

. survey reveal that the overall land use intensity in the Rechna Doab was 86 percent. It was 
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Table 4. Farm Size and Tenure in the Rechna Doab, 1972-95. 

I 68 I I  1980 27 

1990 39 58 13 
Tcnanl Parnu 

I 24 199J' I 75 

Source: Agri. Census of Pakisfsn. 1912. 80, 90 
* IlMI Sample Survey. 1995. 

Table 5.  Land Use Intensity across Farms in the Rechna Doab, 1960-95. 

Source: Agri. Census of Pakistan. 1960. 71. 90. 
* l lM1 Sample Survey. 1995. 
** Numbers 1-9 refer to the nine operational farm size categories 
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5) Cropping Intensity 

The temporal analysis of the census data (1960-1990) in Table 6 shows the estimates of the 
cropping intensity for the Rechna Doab. The overall cropping intensity was 91 percent, 121 
percent, 131 percent and 146 percent during 1960, 1972, 1980 and 1990, respectively. The 
intensity of cropping during 1990 was almost the same on owner and owner-cum-tenant 
farms but it increased to 97 percent on tenant-operated farms. The 1995 figure on 
aggregate cropping intensity was 134 percent, being highest on the small farms (150 percent) 
as compared to the medium and the large farms. The cropping intensity on the medium 
and large farms is estimated to be 131 percent and 135 percent, respectively. 

2 

f 6) Mechanization 

The main forms of mechanization in Pakistani agriculture have been tubewells and tractors. 
The growth in the use of tubewells took place since the early 1960s, and the increased 
availability of groundwater in the Rechna Doab served as the catalyst for the introduction 
of the biochemical and fertilizer inputs in the following years. The census data for the 
Rechna Doab shows that 6 percent of the small farms irrigated their fields using 
groundwater during 1960; the corresponding percentage for the medium and the small 
farms was 58 and 36 percent, respectively. The comparison of the census data (1960-90) in 
Table 7 indicates that although the use of tubewells on small farms has increased, their 
share in the total acreage irrigated by tubewells during 1990 tias been only 28 percent as 
compared to 59 and 13 percent for the medium and large farms, respectively. The 1995 
farm survey reveals these percentages to be 1 0 ,  69, and 21 percent, respectively. 

Tractors were introduced during the 1970s and their use was confined to activities such as 
land preparation (where the advantage of tractor power over labor or bullock was the 
greatest). Table 8 shows the distribution of the tractor population by farm sizes between 
1972-90 whereby tractor usage increased on the small, medium, and large farms by 13, 58, 
and 29 percent, respectively. The increasing trend is substantiated by the IIMI data of 1995; 
during 1995 about 8 percent of the small farms, 68 percent of the medium farms and 24 
percent of large farms reported the use of a tractor. 

The increased intensification of agriculture and the expansion in acreage has been 
accompanied by a decline in the number of bullocks. According to the 1990 Census of 
Agriculture, only 47 percent of the farms were left with bullocks. This has been an 
important argument in the favor of tractorization. The census estimates that the number 
of animals declined from 1.6 million in 1960-61 to 0.58 niillion in 1990. Meanwhile, the 
cropped area increased from 2.6 Mha in 1960-61 to 3.52 Mha in 1990. The increase was 
even more pronounced in the double-cropped area where the shortage of farm power can 
be a severe constraint because of the short interval between halvesting and sowing. 

d 

. 
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Table 6 .  Cropping Intensity across Farms in the Rechna Doab, 1960-95. 

Source: Agri. Census of Pnkistan. 1960. 72. 80, 90. 
* IIMI S a q l e  Survey. 1995. 
** Numbers 1-9 refer to the nine operational farm size categories. 

Medium 
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h r g e  
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(58) (60) (59) (69) 

10569 11348 15508 

4265 7213 6318 

1701 1579 731 38 

(36) (2% (131 (211 
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Table 8. Total Tractors and their DistributindUsage across Farm Categories in the Rechna 
Doab, 1972-95 

Table 9. 
II 

Total Cultivated Area Irrigated and its Distribution in the Rechna Doab, 1960-95. 

. 
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7) Investment 

The new technology, comprising high-yielding varieties, chemical fertilizers, increased 
mechanization, and improved irrigation practices requires new investment in agriculture. 
In the Rechna Doab, where subsistence farming is characterized by low saving rates, new 
investment could only be achieved through increased borrowing. Despite the relatively 
easier access to borrowing from the financial institutions, the farmers have been constrained 
on the repayments due to calamities or bad harvests. The accumulated debt has resultantly 
o€fset much of the anticipated gains, especially for the small and medium farms that are 
unable to modernize adequately. According to the 1960 Census of Agriculture, 25 percent 
of small farms, 34 percent of medium farms, and 35 percent of large farms were in debt in 
the Rechna Doab; in 1990 it was 17 percent, 25 percent, and 43 percent for small, medium 
and large farms, respectively. 

* 

8) Irrigation Use 

During 1959-60, the total canal-irrigated area was 1.94 Mha; the share of small farms was 
only 11 percent, while the share of medium and large farms was 64 percent and 25 percent, 
respectively. By 1989-90, the canal-irrigated area increased to 2.12 Mha, with the share of 
14 percent, 60 percent, and 26 percent on small, medium and large farms in the Rechna 
Doab. At the same time, about 0.17 Mha were irrigated using supplemental irrigation 
provided by the tubewells. The increase in irrigation supplies has also increased the 
proportion of cultivated area irrigated (CAI) to cultivated area from 82 percent in 1960 to 
92 percent in 1990 (Table 9, previous page). 

9 )  Agricultural Labor 

Labor on agricultural farms consists of family labor, permanent labor, and casual labor. 
Family labor consists of household members of 10 years and above who perform any kind 
of agricultural work on their holdings. Family labor may be classified in two categories, i.e. 
permanent and part-time family labor, depending upon the time they devote for agricultural 
work. The Census of Agriculture (1990) also included older household members in the 
permanent family labor force who might not be doing the physical work but would take 
interest in the planning and operation of the farms. The part-time family labor consisted of 
those members who, in addition to the agricultural work on their farms, also render their 
services elsewhere, such as the service or business sector, etc. 

During the peak season, the farmers hire casual labor on a daily or weekly basis to deal with 

in cash, either on a daily or weekly basis. In the prevailing cultivation system involving family 
labor, the men spend most of their time on agricultural farms while women have 
traditionally performed most of the household work and also help in agricultural activities 

. such specific needs as transplanting and hawesting of crops. Casual laborers get their wages 

9 
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during the peak seasons. For casual hired labor, the women are often employed for specific 
tasks such as transplanting of rice/vegetables, cotton picking, weeding, hawesting and 
threshing activities. Most of the time they are paid in kind. This study analyzes only the 
use of permanent hired labor, since the data on the other categories of labor are not 
avail able. 

The permanent hired labor involves persons who work on the farm on a full-time basis, are 
employed for longer periods and may get a part of their wages in cash. The rest of their 
wages are paid in the form of grains on a fixed-period basis, i.e. quarterly, yearly, etc. They 
perform different types of work such as general agriculture work, which includes ploughing, 
planking, weeding, irrigating agricultural fields, taking care of livestock on the farms, etc. 
Normally, the tenure of permanent-hired labor is one year. Table 10 shows that, on the 
average, there has been a decline in the hiring of permanent-hired labor on small and 
medium farms from 16 percent in 1960 to 3 percent during 1995. The large farms are 
reported to hire more permanent wage labors on their farms as their share has increased 
from 31 percent in 1960 to 54 percent in the 1990s. 

10) Fertilizer Use 

In the Rechna Doab, the introduction of fertilizer during the 1960s was a new experience. 
Its consumption increased from 87,000 nutrient tons in 1989-90 to 93,000 nutrient tons in 
1992-93 in the Faisalabad District alone. It reduced significantly in 1993-94 when the 
consumption touched the low of 79,000 nutrient tons. Elsewhere, the trend is similar to 
the Faisalabad District where the use of fertilizer remained limited to the irrigated areas, 
and that too for major crops. Fertilizer use was highest for wheat (48 percent), followed by 
cotton (16 percent), rice (12 percent), sugarcane (9 percent), and maize (7 percent) in 1990 
(Govt. of Pakistan, 1990-91). The total consumption of fertilizer in the Rechna Doab 
increased from 428 thousand nutrient tons in 1989-90 to 459 thousand nutrient tons during 
1993-94 (Govt. of Punjab, 1994)'. 

More significantly, instead of an increasing trend in the fertilizer use on the farms (from 
1980 to 1990), the consumption on all the farms has declined. According to the Agricultural 
Census of 1980, 24.87 percent of small, 42 percent of medium, and 49.53 percent of large 
farms reported the use of fertilizer on their farms. According to the 1990 Census of 
Agriculture, the use of fertilizer on small, medium and large farms decreased to 22.78 
percent, 35.5 percent and 40.28 percent, respectively (Figure 1). During IIMI's survey, 
almost all of the farmers quoted the higher prices of the fertilizers and credit constraints to 
be the major reason for low fertilizer use; other reasons being adulteration and non- 
availability of the required fertilizer at the proper time. 

Government of  Punjab: Punjab Development Statistics. Ministry o f  Planning and Development, Lahore, 1994. 
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Farm Size** 

1 

2 

Permanent Hired Laborer 

1960 1972 1980 1990 1995* 

3017 120 147 23 3 

6400 468 574 1366 

Note: 
Source: 

Figures in parenthesis represents percentage distribution. 
Agri. Census of Pakistan, 1960, 72, 80, & 90. 
* IlMI Sample Survey, 1995. 
** Numbers 1-9 refer to the nine operational farm size categories. 

3 

Small 

4 

5 

11 

. 

7480 1636 1615 3560 2 

(16) (2) (3) (7) (3) 

11010 4549 348 1 5409 

14769 1203 1 9540 10432 
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B. 

In terms of both output and employment, the major agricultural crops in the Rechna Doab 
are wheat, rice, sugarcane and cotton. Total cultivated area, production and yield per 
hectare of wheat, rice, cotton and sugarcane in the Rechna Doab is reported in Figures 2-5. 
Out of the total production of the Wheat, rice, cotton and sugarcane in Punjab (i.e. 11.22 
million tones (MT), 1.68 MT, 6.5 million bales and 24.51 MT, respectively), about 3.61 MT, 
0.95 MT, 0.014 million bales and 10.38 MT, respectively, has been produced in the Rechna 
Doab during 1993-94. Figures 2(a), 3(a), 4(a) and 5(a) show the changes in the productivity 

Spatial and Temporal Variations in the Area and Productivity of Major Crops 

I of these crops kom.1970-1994. . 
1) Wheat 

Figure 2(a) shows that about 0.36 Mha of wheat crop was sown in the Rechna Doab during 
1993-94. It was about 25 percent of the total wheat acreage within the Punjab (1.46 Mha). 
The district-wise differentiation is provided under Figure 2(b) wherein the area under wheat 
has increased during the 1970s and 1980s. The spatial and the temporal differences in the 
productivity of the wheat crop are depicted in Figure 2(c) where three distinct trends can 
be observed; first, an increasing trend in the productivity which is observed in all the districts 
during 1970s. Faisalabad, Jhang and the 
Sheikhupura Districts and partially in the Gujranwala District; for District Sialkot, the 
production increased till the 1980s. 

This trend persisted till mid 1980s in the 

The increase in productivity was the result of the new innovations introduced through the 
green revolution, like the chemical fertilizers and the distribution of the high yielding variety 
seeds. However, in recent years, the wheat output has been low; during 1993-94 the average 
yield on the farmers fields in the Rechna Doab was recorded as 2.25 tonsha as compared 
to 5.02 tonsha on the experimental stations. Based on the IIMI farm survey, a majority of 
the farmers cited the scarcity of irrigation water as the main reason behind low wheat yields. 
About 40 percent of the farms (mostly Faisalabad, Toba Tek Singh and Jhang districts) 
regarded the bad quality water to be the contributor towards the lower yields ofwheat; more 
than 42 percent regarded the presence of salinity to be the reason for low production of 
wheat. 

Table 11 shows the regression results pertaining to the trends in wheat production with 
respect to the area and productivity of the wheat crop in the Rechna Doab, and at the 
district level. After trying different functional relationships, the linear equation in all of the 
cases provided the best fit. All of the regression equations were statistically significant at 
the'99 percent level of confidence. The over all explanatory power (as shown by the RZ) was 

of the estimated variables. For the Faisalabad district, the increase in the wheat urea is not 
accompanied by a consistent increase in productivity that initially increased from 1970 to 
1980 and thereafter decreased between 1990 and 1995. In case of the Gujranwala and the 

. very high and all of the regression equations showed the expected signs and the magnitude 
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Figure 2(c) Wheat Yields in the Districts of the Rechna Doab. 
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Figure 4(a) Area, Production and Yields of Cotton in Rechna Doab. 
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Figure 4(c) Cotton Yields in the Districts of Rechna Doab. 
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Figure 5(a) Area, Production and Yields of Sugarcane in Rechna Doab. 
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Figure 5(b) Sugarcane Crop Area in the Districts of Rechna Doab. 
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Table 11. Trends in Wheat Production with respect to Area and Productivity. 
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Sialkot districts, the trend in the area under wheat shows a decline during the period 1980- 
90 and afterwards the coefficient for the area under wheat (Area,,,,) increases. For the 
Jhang and Sheikhupura districts, the coefficients for the area under wheat consistently show 
a declining trend during the 1980s and beyond. 

The coefficients for the overall trend in wheat yield showed an increase during the 1980s in 
all of the districts, except Faisalabad. For the Gujranwala and Sialkot districts, the 
coefficients for the wheat yields also depict a decline in productivity during the 1990s due 
to the scarcity of irrigation water, low fertilizer applications and the infestation of weeds 
(Byerlee et  al, 1984; Malik, 1986; and Ahmed et  al, 1988). The farmers perceptions about 

in the next Section of this Volume. 
- the reasons for the low productivity on their farms in the Rechna Doab are being discussed 

- 
2) Rice 

Pakistan is recognized internationally for its fine quality rice known as "Basmati." This 
variety is being grown in the Kalar tract of the Rechna Doab (districts of Sialkot, 
Gujranwala, and Sheikhupura) characterized by clayey soils. The basmati variety grown in 
this area has a special aroma which distinguishes it in the international market. Among the 
rice exporting countries, Pakistan has the monopoly in the production of this aromatic 
variety. A coarser, IRRI-6, variety is also grown by the farmers. 

The trends in the total area, production and yield under the rice crop from 1970-94 has been 
shown in Figures 3 (a)-(c). The total area under paddy in the Rechna Doab was about 
0.724 Mha, which was about 55.72 percent of the paddy area in the Punjab (1.3 Mha). 
About 0.95 MT of rice has been produced from the Rechna Doab area during 1993-94. The 
average yield was about 1 ton per hectare. During 1993-94, the area under the rice crop in 
the districts of Gujranwala, Sialkot and Sheikhupura was more than 75 percent of the total 
area under paddy production within the Rechna Doab. 

From Figure 3(c), the paddy production in all of the districts increased dramatically during 
the mid 1970s due to the introduction of the high yielding coarse variety IRRI-6. Part of 
this boost in the per unit yield was the result of the additional irrigation supplies from the 
private tubewells and the provision of the subsidized fertilizer and insecticides on the farms 
during the Green Revolution period. The yield decline beyond the mid 1980s in all of the 
districts of the Rechna Doab was partly due to the reduction of subsidy on fertilizer as well 
as insecticides. The decline became more severe during the 1990s whereby the farmers 
seldom achieved the recommended plant density in the paddy fields due to the labor 
shortage at  the time of transplantation. . 
The summaly of the regression results, relating the rice production with the area and yield 
over time, has been given in Table 12. The estimated equations are found statistically 
significant at  the 99 percent level of confidence. The examination of estimated coefficients 
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Table 12. Trends in Rice Production with respect to Area and Productivity. 
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foryield in the equation for the Rechna Doab showed that the per unit paddy yield depicted 
an incrcasing trcrid Irorn the 1970s to 1990s; the coefficients for the yield during the 1980s 
and 1990s are statistically significant and had the positive sign. 

The estimated coefficients for the urea showed a negative trend from the 1970s onwards. 
Similar trends in the yield and the area under the rice crop were seen in the regression 
equations for the districts of Gujranwala, Sialkot and Sheikhupura. The yield coefficients 
for the paddy crop in these districts show the interdistrict variations in the yields between 
1970 and 1990; these districts have the higher coefficients for yield (and more than 75 
percent of production) as compared to the districts of Faisalabad, Jhang and Toba Tek 

I Singh. 

A declining trend in the area under the rice crop was seen in the Rechna Doab as well as 

signs during the 1980s and 199Os, thereby showing that the rice yield and the area increased 
during the Green Revolution, but declined during the post Green Revolution period. 
Studies conducted by Mustafa (1991) and Ghafoor et  a1 (1986) reported the reduction in 
rice yields due to the problem of land degradation. The latter, after conducting experiments 
with different amendments to reclaim the saline soil, reported that H,SO, application was 
the best treatment as compared with gypsum , HCL, and CaCI, for reclamiaing lands in the 
rice growing area. 

. in all of the districts, except Faisalabad District. All the estimated coefficients had negative 

3) Cotton 

Cotton cultivation is comparatively more intense in the southern part of the Rechna Doab. 
Its area increased from an average of 0.28 Mha during the 1970s to an average of 0.35 Mha 
during the 1980s (Figure 4(a)). This increase in the area was the result of increased canal 
water supplies and the ground water development (Government of Pakistan, 1988). The 
other major factors responsible for the increase were the remunerative and stable price 
policies of the government. This increasing trend in the area was interrupted in 1992 when 
the virus attack ruined the cotton crop on a majority of the farms. Figure 4(a) shows the 
impact of this adversity across each successive year beyond 1991-92. 

On the production side, the stagnancy till the mid 1980s is replaced by an increasing trend, 
contributed in part by the varietal improvements and more resolute pest scouting. The 
record level of production (1.89 million bales) in the Rechna Doab was attained during 
1991-92, just a year before the virus attack. Area-wise, the interdistrict comparison of the 
cotton acreage appears under Figure 4(b) whereby the districts of Jhang, Faisalabad and 
Toba Tek Singh constitute the largest share in its cultivation. During the 1970s and the 
early 1980s, the cotton crop used to be grown in the districts of Sialkot, Gujranwala and 
Sheikhupura, but after mid-1980s the area has been on the decline due to the increased 
preference for the rice crop and concommitant rise in water tables. The interdistrict 
variations in the cotton yields are depicted in Figure 4(c) wherein the yield varied from 170 

. 
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kg/ha in Sialkot District to 760 kg/ha in Jhang District during the early 1990s; the yields are 
significantly lower in the districts of Gujranwala, Sheikhupura and Sialkot. 

The district- and the doab-level regression results, showing the relationship of the 
production with the area and yield, have been summarized in Table 13. All of the 
regression equations were statistically significant at the 99 percent level of confidence and 
have a very high explanatory power (RZ ranges from 0.89 to 0.99). Table 13 shows that the 
yield coefficient for the 1970s is positive, however it becomes negative during the 1980s; this 
rate of decrease further intensified during the 1990s. 

. The coefficients for the area under the cotton crop in the Rechna Doab showed an 
increasing trend during the 1980s and 199Os, which was significant at the 99 percent level 
of confidence. Similar trends in the cotton crop was observed for the districts of Faisalabad, 
Jhang, Sheikhupura and Sialkot. For Gujranwala District, the coefficient for the yield was 
significant during the 1980s and showed a declining trend with respect to yields which 
persisted into the 1990s. 

. 

4) Sugarcane 

The acreage under the sugarcane crop in the Rechna Doab has expanded from 0.18 Mha 
during 1970-71 to about 0.25 Mha during the 1990s (Figure 5(a)). The cane yields, however, 
have been poor and ranged between 35-39 tons per hectare during this period. Figure 5(b) 
shows that among all of the districts in the doab, Faisalabad contributes the maximum 
acreage under the sugarcane crop followed by Jhang and Toba Tek Singh. It is also in these 
districts that the yield is significantly higher than the rest (Figure 5(c)). 

From Table 14, all of the regression equations, depicting trends in the sugarcane production 
with respect to the area and productivity, are statistically significant at the 99 percent level 
of confidence. The overall explanatory power For Faisalabad, 
Gujranwala, Sialkot and Sheikhupura districts, the results show an increasing trend in the 
sugarcane area that is offset by a declining trend in the productivity between 1970-95. 
Except for the Yield,,., and Area,,., in the Toba Tek Singh District, all the other 
coefficients for all of the districts as well as for the entire Rechna Doab, are statistically 
significant at the 90-99 percent level of confidence. 

, 

is very high (0.99). 

11. FARMERS PERCEPTIONS ABOUT LAND DEGRADATION * 

. 
The preceding Section identified the major farm level indicators of vertical growth in 
productivity. The interpretation is compounded further by the spatial differences in 
productivity among farms, such as ownership status (owner, owner-cum-tenant, tenant); farm 
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Table 13. Trends in Cotton Production with respect to Area and Productivity. 
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size (small, medium and large farms); and scarcity of irrigation water and poor quality of 
groundwater. The non-availability of required input resources (irrigation, fertilizer, 
improved seed, tractors and machinery, etc.) at the proper time also prevent farmers from 
raising their productivity. Another physical constraint, which is now a major threat to the 
irrigated farm economies, is the increase of area affected by waterlogging and salinity. The 
following discussion shifts the focus from the observed historical trends in area, production 
and yield, as gathered from published reports, to IIMI’s own field obselvations across 443 
farming locales within the Rechna Doab. In this Section, the farmers’ perception about the 
quality of irrigation water, soil conditions and drainage management in the Lower Rechna 
Doab has been presented. The study also shows that for the majority of the farmers, the 
concept of participation in the drainage projects was new. Only the farms who have been 
the beneficiaries from drainage projects show some interest, but they were also not sure 
about their possible complementary role. Further studies are recommended wherein 
research should focus on the basic issues of participation of farmers in the management of 
drainage projects. 

A. Status of Land Degradation 

Tables 15 and 16 provide insights regarding the pattern of agricultural land use on the 
sample farms and its distribution in the Recbna Doab. The information pertains to the total 
number of farm holdings, farm size and culturable wasteland. From Figure 9(c) of Volume 
Four, nearly two-thirds of the sampled domain lies in the districts of Faisalabad and 
Sheikhupura; small and medium farms, which have a larger number of farm holdings, 
constitute less than 47 percent of the farm area. A similar trend exists in the distribution 
of land among farm categories at the district level (Table 15). 

The sample survey revealed that about 13 percent of the total area on agricultural farms was 
not used at all and was kept as culturable wasteland. Regarding the distribution of 
culturable waste, the highest percentage occurs in the Faisalabad District (42.83 percent) 
followed by Jhang and Toba Tek Singh districts (Table 16). The smallest proportion of 
culturable waste area is found on small farms, while it increases accordingly for the larger 
farms. The aggregate figures for the doab are not dissimilar to the trend at the district level. 

The impression obtain from examining these gross figures is that as the farm size increases, 
the culturable wasteland also increases. Statistically, the distribution of total culturable 
wasteland in Rechna Doab, and its relationship with the size of farm holding, is skewed 
towards large farms. Similar inferences were drawn by Berry and Cline (1979), Khan (1979), 
and Chaudhry et al. (1985) while studying the size-productivity relationships in Pakistan. 5 

.. 
B. Quality of Irrigation Water 

From Table 17, about 43 percent of farmer perceived the groundwater quality at their farms 
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to be good, while 37 percent of the farmers reported it to be saline and not fit for irrigation; 
the remaining farms did not offer a qualitative judgement about the groundwater mainly 
because the tubewell installation was in the recent past, or the respondents took the land 
on lease for the first time and were unaware of any deleterious effects. About 9 percent of 
the farmers indicated a marginal quality of groundwater which they were using for irrigation 
by mixing it with the canal water. However, regardless of this qualitative definition, about 
69.5 percent (308) farms (Table 18) were using the groundwater for irrigation on their 
farms. About 8.5 percent of the farms were using the groundwater as the sole source of 
irrigation supplies and about 57.6 percent of the sample farms used it to supplement their 
canal water supplies. It is a common prevalence that the farmers do not rely on either 
laboratory tests or an expert opinion on the useability of their groundwaters, thus exposing 
their farm lands to the insidious effects of sodicity until such time at reclamation becomes 
tedious and less cost effective. 

‘r 

I 

C. 

Table 19 shows that only 33 percent of the fanners perceived their soil conditions to be fit 
for cultivation; 43 percent of the farms had salinity, 5 percent of the farms had sodicity, and 
about 9 percent of the farms were having the problem of both salinity and sodicity. Very 
few (3.2 percent) of the farms reported adverse conditions due to waterlogging, and none 
solicited help from the soil testing labs set up by the Provincial Government. In fact, a 
majority of the farmers were not aware of the existenceflocation of the nearest soil testing 
lab. 

Soil Conditlons, Land Use and Cropping Intensity 

The above information, when considered in the context of Table 20, shows that the areas 
under waterlogging, salinity and sodicity conditions contribute 1.5 percent, 8.63 percent and 
3.4 percent towards the culturable waste area which accounts for 13.6 percent of the total 
sampled farm area in the Rechna Doab. The farmers apprehended an increasing trend in 
culturable waste in the coming years; their own efforts to combat the menace of 
salinity/sodicity relied upon the traditional methods of applying farm yard manure, effective 
leaching of the soils through rice cultivation, and cultivation of only wheat during the rabi 
season. A majority of them either did not know about deep ploughing to break the hard 
pan or they never had enough irrigation water of good quality to facilitate flushing of the 
salts. Farmers relying exclusively on the groundwater towards raising of the rice crop on 
saline lands reported progressive deterioration of the soil structure for which no alternative 
recourse was available other than wheat cultivation during rabi. In some cases, farmers’ 
endeavors to apply gypsum as a soil amendment was of€set by the scarcity of irrigation 
supplies to accomplish the desired dissolution of the sodium ions. 

. 
D. Drainage Conditions 

Table 21 provides the summary statistics of the fanners perceptions about the drainage 
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Table 18. Mode of Irrigation in the Rechna Doab, 1995. 

rable 19. Farmers Perceptions about the Soil Conditions in the Recbna Doab, 1995. 

Table 20. Land Utilization in the Rechna Doab, 1995. 

Table 21. Farmers Perceptions about the Drainage Conditions in the Rechna Doab, 1995 
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conditions on the sample farms at the subdistrict level. The drainage conditions have been 
classified into three categories, i.e. good, poor and worse. The soils with poor drainage 
conditions are a result of waterlogging and salinity, whereas the soils with the worse 
drainage conditions are those which have all the characteristics of poor drainage plus the 
sodicity hazard or topographic depressions that accumulate water. About 71 percent of the 
farmers in subdistrict Kabinvala and about 50 percent in Kamalia reported poor drainage 
conditions. The worst drainage conditions were found in the subdistricts of Chiniot, Toba 
Tek Singh and Sheikhupura where the farmers perceived 7.1 percent, 3.7 percent and 2.9 
percent of their farm area to be under the worst drainage category. 

Most of the farms with the poor drainage conditions had been unable to raise crops in the 
affected fields for several years; some of these farms did benefit from the public sector 
drainage schemes, but the return to cultivation was slow. The farmers of the Sangla Hill 
and Satiana area, who are the direct beneficiaries of the tile and interceptor drainage 
projects, endorsed the positive effect of these reclamation schemes on their farms. Still, 
they feel that the drainage problem has not been solved completely as some of the sumps 
are not collecting sufficient drainage effluent necessary to keep the water levels below the 
root zone. 

Regarding participation in the drainage projects, most of the farmers reported ignorance 
about their potential role or contribution to such public sector undertakings; the exceptions 
being the farmers in the Sangla Hill and the Satiana areas, as stated above. The overall 
response was that the government agencies have never involved them in any kind of project 
activity; however, they would be willing to play an active role. One farmer stated that due 
to this isolation (created by the government agencies), they are unable to distinguish 
between friends and foes. He narrated an incident whereby on one of the sumps, a 2 km 
length of the electric wire was stolen during the day; the farmers reckoned the thieves to be 
WAF'DA officials. Had they (the farmers) been taken into confidence and given a sense of 
participation in the project, perhaps this loss could have been avoided. 

IV. LANDUSE INEFFICIENCIES AND THE PRODUCTION POTENTIAL 

Since 1960, agriculture in the Rechna Doab has undergone major structural changes due to 
the introduction of new technologies and large investments in water development. Part of 
the enhanced water availability contributed to the increase in both cropping intensity and 
crop yields, and the rest was used to bring more land under cultivation. The 1990 census 
data reveals that despite all efforts to increase the cultivated area in the Rechna Doab, the 
total cultivated area amounted to 2.3 Mha out of the 2.44 Mha of farmland; still, there were 
0.052 Mha of land on agricultural farms that could be cultivated but are classified as 
culturable waste. Since the cultivated areas are approaching their limits in cropping 
intensity, there lies the chance to increase agricultural production in the country by bringing 

* 
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these culturable wastelands under agriculture. Tables 22 and 23 provide figures pertaining 
to the total number of farm holdings, farm size and culturable wasteland, which provide 
insights regarding the pattern of agricultural land use and its distribution within the doab. 
For example, during the census year 1990, about 4 percent of the total area on agricultural 
farms was not used at all and remained as culturable waste. Regarding the distribution of 
cultivated and culturable waste area, Table 23 shows that the highest percentage of 
cultivated arealies in Jhang (24.51 percent), followed by Gujranwala (17.28 percent), Sialkot 
(17.13 percent), Sheikhupura (16.79 percent), Faisalabad (15.44 percent), and Toba Tek 
Singh districts (8.85 percent). For the culturable waste, more than one-half (56.24 percent) 
of the distribution is in the Faisalabad, Toba Tek Singh and Jhang districts; the highest 
occurrence being on large farms. This trend persists at all levels, and leads to the conclusion 
that as the farm size increases the area under culturable waste also increases. The following 
discussion focuses on the statistical significance of the relationship existing between farm size 
and culturable waste area by using the dis-aggregated district data. 

i 

1 .  

A. Spatial and Temporal Relationships of Culturable Waste Area 

1) Farm Size 

The regression results derived through the regression Equations 8 and 9, (which relate the 
culturable waste area with farm size and the irrigated area, as already specified in Section 
IV of Volume Four) are summarized in Tables 24 and 25. Equation 8 in the model 
captures the effect of farm size on the CWA, whereas Equation 9 examines the CWA 
relationship with increases in irrigation supplies. The summary of the results in Table 24 
shows that the regression equations for all of the districts and across the Rechna Doab have 
high explanatory power, including the expected signs and magnitude for the estimated 
parameters. The explanatory power (Rz) is 0.88, 0.84, 0.83, 0.78 and 0.57 for the districts 
Faisalabad, Jhang, Sheikhupura, Gujranwala and Sialkot, respectively. At the doab level, 
the value of the RZ is 0.75. 

The elasticity coefficients for the farm sizes in the 1960s are statistically significant in all of 
the districts at the 99 percent level of confidence, and, except for the Toba Tek Singh 
district, have the positive signs; the magnitude being greater than 1 for Jhang, Sheikhupura 
and Gujranwala districts, meaning that a one percent increase in the farm size in these 
districts led to more than a 1 percent increase in the CWA. This trend continued into the 
1990s. 

At the doab level, the postulated direct relationship between farm size and culturable waste 
lands is empirically valid during all of the time periods (before, during and after the Green 

increased in the Rechna Doab as the coefficient for FAT, is positive, higher than FAT, 
and statistically significant at the 99 percent level of confidence. One of the reasons might 
be that the secondary salinization (due to the exploitation of the bad quality ground water 

. Revolution/SCARPS). Surprisingly, ten years after the Green Revolution, the CWA has 

l 
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Table 22. Percentage Distributiorl of the Total Farm Holdings and the Total Farm Area 
across Farm Size Groups and Districts in the Rechna Doab, 1990. 

Table 23. Percentage Distribution of the Operational Farm Area and the Culturable Waste 
Area across Farm Size Groups and Districts in the Rechna Doab, 1990. 
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Table 24. Trends in Culturable Waste Area with respect to the Farm Area Total 
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Table 25. Trends in the Culturable Waste Area with respect to the Farm Area and Proportion of Irrigated Area on Farms 



through SCARPS tubewells), led to this increase in the cultureable waste area during the 
1990s. The intercept term and intercept dummies have negative signs and the coefficients 
are significant for 1972, 1980 and 1990, meaning that technological developments led to a 
decrease in the CWA within the Rechna Doab. In the case of the Faisalabad and Sialkot 
districts, the technology did play a role in reducing the CWA till the 1970s and afterwards 
it did not play a significant role in reducing the CWA as both the intercept dummies were 
lion significant for these districts. 

2) Irrigation Supplies 

Based on Equation 9 (as referred above), Table 25 shows that the log-linear regression 
equations (relating the CWA with FAT and CAI) for all of the districts and the Rechna 
Doab have high explanatory power and the expected signs and ~nagnitude for the estimated 
parameters. The elasticity coefficients for the farm sizes showed a positive relationship 
between farm size and the CWA in all of the districts. Table 26 shows that there was no 
significant change in the relationship between farm size and CWA in the districts of 
Sheikhupura, Gujranwala and Sialkot as compared with elasticity coefficients for tlie farm 
size in the 1960s. 

For the Faisalabad District, the elasticity coefficients for the farm sizes during the 1970s 
showed an increasing trend (B, + B, = 1.28) in the CWA with increasing farm size that is 
sustained thereafter. Gujranwala District also showed a similar trend beginning in the the 
1970s, but during the 1990s the situation worsened as the elasticity coefficient for the farm 
sizes became 1.37 (B,+ B, ). In Jhang District, the farm size had lesser impact on the 
CWA during the 1970s, 1980s and 1990s as compared with the 1960s. At the same time, 
it is observed from Table 25 that the proportion of area under irrigation has a negative 
relationship with CWA during the 1960s and afterwards, except for the Sialkot District 
where the initial trend from the 1960s persisted. 

In all of the other districts, the elasticity coefficients for the proportion of irrigated areas 
on the farms showed that an increase in the irrigated area led to a decrease in the CWA. 
For the districts of Sheikhupura and Gujranwala, the area increased till the 1990s; it was 
unlike the Faisalabad and the Jhang districts where the increase in the area under irrigation 
decreased the CWA till the 1980s, before recovering during the 1990s. This may be due to 
the fact that the proportionate area under irrigation increased in these districts due to the 
improvement of the irrigation supplies and exploitation of the tubewell water, but afterwards 
the bad quality groundwater, particularly in Faisalabad and Jhang districts, led to increase 
in the CWA during the 1990s as compared to the 1970s and 1980s. At tlie doab level, the 
relationship between farm size and CWA remains the same during the 1980s and 1990s as 
in the 1970s because the coefficients for FAT, and FAT, is non-significant. 

Regarding the partial effect of irrigation on CWA in Model 2, it has been found that 
irrigation played a significant role in reducing the CWA during the 1960s (as the elasticity 
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coefficient for irrigation is negative and significant at the 99 percent level of confidence). 
After the 1960s, there was not much improvement in the proportionate area under 
irrigation, which could play a significant role in decreasing the CWA. The technological 
improvements (as captured through the intercept and the intercept dummies) proved to be 
negative and there was no significant impact on the CWA in all of the districts except Jhang 
and Sialkot. 

B. Spatial and Temporal Relationships of Cropping Intensity 

1) FarmSize 

A negative relationship between farm size and the cropping intensity was expected. In order 
to test this relationship, the log-linear Equation 10 (Section IV, Volume Four) was 
estimated. In this equation, cropping intensity (CI) was used as the dependent variable and 
the farm size as independent; their post-1970s dummies were the explanatory variables in 
the equations. The regression coefficient estimates of Equation 10 are summarized in Table 
26. All of the coefficients have the expected size and sign, proving the argument of an 
inverse relationship between farm size and cropping intensity. All equations, in each of the 
districts, are statistically significant at the 99 percent level of confidence. The explanatory 
power of the model (R’) is 0.69,0.82, 0.81, 0.89,0.58 for the districts of Faisalabad, Jhang, 
Sheikhupura, Gujranwala, and Sialkot, respectively; for the doab, it was 0.63. It is clear 
from the regression equations in Table 26 that the greater the farm size the lower will be 
the cropping intensity. This relationship persists beyond the Green Revolution period and 
is more stronger (B, + B, = -0.129) in Jhang District during the 1980s as compared with 
the 1990s (B, + B, = -0.115). 

The elasticity coefficients for the Faisalabad District show that as the farms become larger 
the cropping intensity will decrease and this relationship has strengthened since the 1980s 
(B2 + B, = -0.049) and continued into the 1990s (B2 + B, = -0.063). The examination of 
the elasticity coefficients revealed that this negative relationship was stronger (-0.085) during 
the 1980s as compared with (-0.069) the 1990s. Table 26 showed a positive response of the 
improvement in the technology and the increase in the cropping intensity across all of the 
districts of the Rechna Doab, since the intercept term all of the intercept dummies in all of 
the equations are positive and are statistically significant at  99 percent level of confidence. 
Vie  teclinological change increased the intercept from 4.75, 4.59, 4.68, 4.95, 5.07 and 4.70 
in districts Faisalabad, Jhang, Sheikhupura, Gujranwala, Sialkot and the Rechna Doab 
during the 1960s to 5.44, 5.6, 4.1, 5.42, 5.11 and 5.32, respectively, during the 1990s. 

2) Irrigation Supplies 

To test the significance of the relationship between the cropping intensity and the 
availability of irrigation supplies, Equation 11 (Section IV, Volume Four) was estimated by 
incorporating the proportionate area under irrigation per farm along with the farm size and 
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intercept dummies. The summary of results from Equation 11 are given in Table 27 wherein 
the intercept term, as well as all the intercept dummies, are positive and statistically 
significant at the 99 percent level of confidence. This again showed that technological 
advancements led to an increment in the cropping intensity in all of the districts during each 
of the census periods. In Jhang and Faisalabad Districts, all of the farm size (FAT) 
coefficients after the 1970s are negative for the relationship between farm size and cropping 
intensity; the same trend holds at the doab level. For Gujranwala District, the estimates of 
the elasticity coefficients depict the existence of a negative relationship (which was 
significant at the 99 percent level of confidence) between farm size and cropping intensity 
during the 1960s. There was no significant change in the relationship between FAT and CI 
after the 1960s in the Sialkot District. A similar relationship for the Sheikhupura District 
showed no change after the 1970s. 

Regarding the effect of irrigation on cropping intensity, in case of all the districts and in the 
Rechna Doab, it was positive and significant at  the 99 percent level of confidence during 
the 1970s, 1980s and 1990s. This means that if irrigation supplies were increased, there will 
be a tendency to bring more area under cultivation and thereby reduce the unculturable 
waste areas. 

C. Measurement of Inefficiency in the Cropping Intensity of Net Cultivated Farm Area 

The results from Tables 22 and 23 shows that both intensive and extensive use of land is 
lower on the large farms as compared with small farms. In other words, as farm size 
increases, both intensive and extensive use of land decreases. What would happen if 
everybody used the land the way the small farmers are using it? Or, what if redistribution 
of land takes place? Whatever policy is implemented to fully utilize the land, at least the 
unirrigated area will be cultivated once and the irrigated area cultivated twice. If such a 
policy is followed, there is a need to know how much inefficiency exists in extensive and 
intensive farming at the aggregate and at the district level. On the basis of these 
assumptions, indices have been developed (indicated in Tables 28--34) that will help in 
identifying how much land is underutilized and how it is distributed among different farm 
categories in different regions. 

In order to estimate the index of inefficiency, certain assumptions were considered that are 
reasonable within the limitations of the available data. For measuring the inefficiency in 
cropping intensity, irrigated areas (CAI) are assumed to have potential for two crops and 
unirrigated areas (NSA) have potential for at least one crop. As such, the minimum 
potential number of times a unit area of land is croppable (GCA) is equal to twice the net- 
irrigated area added to the unirrigated area. There is a possibility that a negative number 
might be obtained in certain cases because the unirrigated area may be cropped more than 
once and/or the irrigated areas may be cropped more than two times a year, thereby making 
GCA greater than the sum of the NSA and CAI. 
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Table 27. Trends in the Cropping Intensity with respect to the Farm Area and Proportion of Imgated Area on Farms. 



Table 28. Measures of Inefficiency in Cropping Intensity of Net Cultivated Area across 
Farm Size Groups and Districts in the Rechna Doab, 1990. 

Source: AerisvlNrc Census. 1990. 

* (NSA + C A I .  OCA) * 100 
NSA + CAI 

Table 29. Measures of Inefficiency in Cropping Intensity of Net Cultivated Area across 
Farm Size Groups and Districts in the Rechna Doab, 1995. 
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Table 28 shows that, at the Rechna Doab level, the measure of inefficiency during 1990 is 
higher for medium and large farms; these results, when viewed in the context of the 
estimates of the inefficiency indices (Table 29) that are calculated from the 1995 Rechna 
Doab survey data, confirm that the small farmers are the most efficient in the potential 
utilization of the farmlands. Table 29 also shows that the inefficiencies of the medium and 
large farmers in the districts Faisalabad, Toba Tek Singh and Jhang are not only much 
higher than the small farms in these districts, but that the medium and large farms in the 
districts Sheikhupura, Hafizabad and sub-districts Kabinvala of district Khanewal are 
comparatively more efficient. This shows that much scope exists to improve the efficiency 
of medium and large farms in the districts of Jhang, Faisalabad and Toba Tek Singh. 

From the measures of inefficiency, it is observed that cropping intensities of the net 
cultivated area can be improved. The additional area which can be cropped through 
intensification of cropping is given in Table 30. At the aggregate level, the additional 
croppable land through the improvement in cropping intensity was determined to about 0.85 
Mha; the major contribution being from the medium and large farm holdings. 

D. 

The analysis also computed the indices to measure the inefficiency in total land use by 
combining the inefficiency in cropping intensity with the culturable waste area (CWA). 
These indices have been computed at the Rechna Doab and district level by incorporating 
the CWA into the above inefficiency in cropping intensity (Tables 31 & 32). The indices 
show similar trends in the distribution of inefficiency in total land use among different farm 
categories as are reported in Tables 28 and 29 for the measures of inefficiency in cropping 
intensity of net cultivated area. 

Table 33 shows the indices computed for the percentage distribution of additional croppable 
land through improvement in culturable waste areas at the Rechna Doab and district levels. 
For the doab, about 0.938 Mha of additional land can be brought under the croppable area 
through improvement in the culturable waste areas. Again, the major contributors are the 
medium and large farms of Faisalabad, Toba Tek Sing11 and Jhang districts. 

Measurement of Inefllciency in Total Land Use 

E. 

By using the above measures of inefficiency, the total land loss is computed at the Rechna 
Doab and district level (Table 34). The total increase in cropped area at the Rechna Doab 
level, bv making improvement in the croping intensitv and bv bringing in the additional 
area from culturable waste lands, amounts to 0.938 Mha, which is about 40.69 percent of the 
total croppable area. Out of this potential recovery, 21 percent is from the improvement 
in cropping intensity and the remaining area comes from the culturable wastes. 

Cropping Potential of Culturable Waste Area 
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F. Additional Production Potential 

Table 35 provides the estimates regarding the distribution of area under different crops with 
respect to the GCA in the Rechna Doab. It shows that on the average that about 39 
percent of the GCA falls under the wheat crop in the Rechna Doab. If this proportion of 
distribution is maintained, then, from Table 36, about 0.369 Mha will be cultivated under 
the wheat crop, 0.119 Mha will be cultivated under the rice crop and the average area under 
the cotton and the sugarcane crops will be 0.09 and 0.098 Mha, respectively. The major 
contribution is coming from the Jhang District, followed by the Faisalabad, Sheikhupura and 
Gujranwala Distrcits, which are the major contributors in the area under all four crops. 

Taking into consideration the existing average yields of the four major crops, Table 37 
(previous page) estimates the potential productivity of the four major crops in the Rechna 
Doab. It shows that by increasing the cropping intensity of the existing cultivated areas and 
by bringing the culturable waste under cultivation, the doab has the potential to produce 
0.947 million metric tons of wheat, 0.281 million metric tons of rice, 0.103 million metric 
tons of cotton and 4.671 million metric tons of sugarcane. Once again, the major share of 
the production is coming from the Jhang and Faisalabad districts. 

Based on the additional cropping potential mentioned above, the question arises as to why 
the farmers in the Rechna Doab are unable to achieve this potential? Table 38 provides 
the reasons to this effect wherein the most dominant constraint at the farm level is the 
reported scarcity of irrigation water. This constraint is more severe in all of the three farm 
categories in the Faisalabad District where, on the average, about 66 percent of the farmers 
reported that there were shortages of irrigation water. The second major reason, about 20 
percent of the reported farmholdings, cited the incidence of salinity depressing the cropping 
intensity on the farms. Another 10 percent of the farms reported some other reasons 
(waterlogging, sodicity, mechanical breakdown of tractorltubewell, non availability of the 
credit, etc.) for keeping the land fallow on their farms. 

In total, about 13 percent of the farms responded that they have a cropping intensity of 
about 200 percent and never kept the land fallow . Most of these respondents were small 
farmers who are located either on the head reaches of the water courses or have access to 
ground water which is of good quality, which helps them to cultivate two crops per year. 

V. RESOURCE PRODUCTMTY IN THE RECHNA DOAB 

In estimating the resource productivity of the four major crops in the Rechna Doab, the 
Cobb-Douglas production functions were developed and used for two types of data sets; (a) 
overall sample of all farms, and (b) the selected sample from different case definitions for 
each of the crops (as presented in Section IV-C of Volume Four). The results are 
presented in Tables 39-46 for the major crops within the doab. The generation of these 
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Table 35. Share of Major Crops in the Total Cropped Area in the Districts of the Rechna 
Doab (percent). 

Source: lIM1 Sample Survey. 1995. 
* Census of AgriculNurc. 1990. 

Districts 

Table 36. Potential Increments in Area Under Major Crops in the Districts of the Rechna 
Doab (ha). 

Wheat Rice Cotton SUSllrCatU 

Table 37. Potential Increments in Production of Major Crops in the Rechna Doab (metric 
tonnes). 

11 Sialkot I 39164 I 16711 I I 35988 II 
II OuirsnwalR I 93825 I 49912 I 1 43964 11 
11 Sheikhuvura I 150541 I 84014 I 2347 I 439174 11 
11 Faisalabad I 228408 I 12853 I 12453 I 1772914 11 . 
11 Toba Tek Sineh I 111486 I 14531 I 13680.0 I 701935 11 
II lime I 344151 I 54451 I 93179 I 2073070 11 

Rechna Doib 947231 281837 103079 4671910 
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Table 38. Reasons for Keeping Farm Area Fallow. 
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Table 39. Regression Results Relating Wheat Production per Farm with Selected Inputs on 
Farms in the Rechna Doab, Pakistan. 

Independent 
Variables 

Coefficients Standard T-Calc. Significance 
Error Level 

Distance 
(LDISTANC) 

Weed Cost 
(LTFWEEDC) 

Cam1 Cost 
(LTFWCCAN) 

~~~ 

-0.038 0.022 -1.742 0.082 

0.016 0.006 2.499 0.013 

0.508 0.036 14.096 0.000 
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Farm Labor 
(LTFWLAB) 

Fertilizer Cost 
(LTFW FRC) 

cost 
(LTFWCLND) 

Land Prepr. 

0.072 0.015 4.620 0.000 

0.105 0.018 5.746 0.000 

0.141 0.027 5.080 0.000 
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Table 41. Regression Results Relating Cotton Production per Farm with Selected Inputs on 
Farms in the Rechna Doab, Pakistan. 
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F-Calculated 

No. of Samples 

Adjusted R' 

Table 42. Production Functions for the Cotton Crop Corresponding to Selected Case Definitions for Constraints to Productivity. 

33.4299 32.8115 10.9651 72.1214 62.5281 41.2280 110.5725 30.3453 

41 51 22 21 18 98 28 18 

0.4477 0.3888 0.3218 0.7805 0.7835 0.4533 0.8023 0.6331 

Note : Figures in parenthesis are standard e m s .  
I Significant at 99 percent. 
11 Significant at 95 percenL 
*** Significant at 90 percenl. 
1. 
2. 

F a m  having area greater than 2 hectares and less Ulan 10 Hectares 
Fa- having area greater than 10 hectares. 



Table 43. Regression Results Relating Rice Production per Farm with Selected Inputs on 
Farms in the Rechna Doab, Pakistan 

Independent 
Variables 

Distance 
(LDISTANC) 

Coefficient Standard T-Statistic Significance 
Error Level 

-0.1145 0.0452 -2.536 0.0123 

Land Preparation 
cost 
(LTFCLND) 

Fertilizer Cost 1 0.0857 1 0.0354 1 2.420 1 0.0168 
(LTFCOFRT) 

~~ 

0.2983 0.0601 4.961 0.0000 

Labour No. 1 0.1482 I 0.0374 1 3.968 I 0.0001 
(LTFLABNO) 

Canal Irrigation I 0.3650 1 0.0630 1 5.797 I 0.0000 
Cost (LTFCCAN) 

. 
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Table 44. Production Functions for the Rice Crop Corresponding to Selected Case Definitions for Constraints to Productivity 

Variables Care I case 2 Case 4 Case 5 Case 6 Care 7 

All All All Medium' All Medium All All 
~~~ ~ 

Fertilizer Cost 0.3460"' 0.2491' 
LTFCOFRT (o.issn) (0.0702) 

0.9230' o.n852* 0.4360' 
(0.0609) (0.0622) (0.0612) 

Plant Protection Cost 0.0660" 
LTFCOPP (0.0271) 

Canal Irrigation Cast 0.5392' 0.4362. 
LTFCCAN (0.1351) (0.0896) 

Land marat ion C m  0.1321"' 0.9876; 
LTCOWD (0.0744) (0.0432) 

Distance hnm Outlet 4.1018- 
LDISTANC (0.0485) 

Tubewell Wgation Cost 0.0283*** 
LTFCOW (0.0143) 

Note: 

0.1084.' 
(0.0403) 

0.4484' 
(0.1456) 

0.9584- 0.5051* 
(0.0732) (0.1493) 

4.1712*** 
(0.0858) 

0.0398*** 
(0.0198) 

Figures in parenthesis 6~ standard errors. 
Significant at 99 percent. 

.I Significant at 95 pcrcent. 
I** Significant at 90 percent. 
1. Farms having a m  gmteer than 2 hectares and less than 10 hectares. 

Farm Yard Mamm Cost 
LTCOFYM 

0.0976** 
(0.0341) 

constant -1.2896*** -0.6116 -2,9687' 

FCalculated 84.41' 61.50' 195.463. 

No. of Samples 12 49 40 

(0.5683) (0.4461) (0.3588) 
-2.7110' - 2 . 6 ~ ~  -2.3134' 0.0410 -1.81509 
(0.5349) (0.4231) (0.4507) (0.2802) (0.4497) 

66.47 229.24 201.99 73.60 35 

23 30 20 9 223.37 

Adjusted R' 0 9578 0.7908 0 9373 0.9892 0.8872 0 9136 0.9645 0.9289 



Independent 
Variables 

Fertilizer Cost 
(LTFCFRT) 

Land Preparation 
cost 
(LTFCLND) 

Coefficient Standard T- Significance 
Error Calculation Level 

0.1873 0.0317 5.916 0.00 

0.11 0.0344 3.2 0.0017 
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Canal Irrigation 
cost 
(LTFCCAN) 

0.7273 0.0644 11.291 0.00 



Table 46. Producuon Functions for the Sugarcane Crop Corresponding to Selected Case Definitions for Constraints to 
Productivity. 

Vansbles case 1 Case 2 case 3 case4 casc 5 Case 6 

II Au All Medium' All Medium Au Medium 

Fefiilizer Cost 0.9586' 0.3664. 0.5548' 0.6883' 0.6866. 
LTCOFRTL (0.0642) (0.1073) (0.1500) (0.0519) (0.0598) 

F-Yard~bnureCost 0.1961*** 
LTCOFYM (0.1136) 

Planr Rotcetion Cast 0.1421" 
LTCOPP (0 o6m) 

T u b d  Irrigation Cost 0.0544' 
LTCOTW (0.0165) 

Note : Figures in puctllhcsh am sfaodard m m .  
* Significpnf at 99 percnD. 
** sinifiiot at 95 pMnt. 
*** Siinificaat I t  90 p a c a L  
1. F a m  having area greater Ih.I, 10 heclam. 



production functions was beset with specification problems since the true explanatory 
variables had remissions in their certainty. Also, the presence of some implicit/joint 
production factors, such as tubewell irrigation and farm yard manure, may not be fully 
explained by such analyses. However, in order to avoid the misspecification bias due to high 
multicollinearity (Madala 1988), the intercorrelation amongst the explanatory variables was 
tested and no serious problem of multicollinearity was found (Appendices Al -  A4). 

A. Production Function Estimation for Wheat 

1) Aggregate 
I 

Regression results for the cumulative sample information are summarized in Table 39. The 

(LTFWCLND), fertilizer cost (LTFWFRC), labor numbers (LTFWLAB), canal irrigation 
cost LTFWCCAN), weedicide cost (LTFWEEDC), and the distance of the farm from the 
outlet (LDISTANC); the dependent variable was the yield (LTFWYLD). The overall 
equation, as well as the explanatory variables, were significant at the 99 percent level of 
confidence (RZ = 0.82), the exception being LNDISTANC at the 90 percent level of 
confidence. The estimated coefficients showed that canal irrigation, land preparation and 
fertilizer costs were the main source of variation in the wheat production. 

For each percentage point increase, the LNDISTANC contributed to about 0.04 percent 
reduction in the yield, while one additional unit of LTFWLAB led to about 0.07 percent 
increase in the wheat production on the farm. The elasticity coefficients showed that one 
percent increase in the LTFWCLND, LTFWFRC, LTFWEEDC and LTFWCCAN 
augmented the wheat production by 0.14 percent, 0.10 percent, 0.16 percent and 0.51 
percent, respectively. The sum of the elasticity coefficients (0.79) showed decreasing returns 
to scale. 

1 Cobb-Douglas model for wheat contains six independent variables, i.e. land preparation cost 

The most plausible reason for the low productivity of the LTFWYLD is that a majority of 
the farms did not have access to modern equipment and machinery to plough their fields 
according to the required numbers and ways, which resulted in low wheat yield per farm in 
the Rechna Doab. The productivity coefficients for the LTFWFRC and LTFWEEDC were 
also less due to modest applications of these inputs for two reasons, either the required 
fertilizer/weedicide was not available in enough quantity at the time of application, or if it 
i s  available, due to the shortage of the irrigation water/ credit available with the farmers, the 
farmers did not apply those inputs in the required quantity. These results were in line with . the findings of Akhtar et al. (1986), Hussain and Young (1987) and Sethuraman (1990). 
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2) Case Selections 

A summary of the regression results pertaining to the selected Cases* is reproduced in Table 
40. In Case I, LTFWCCAN and LTFWFRC were significant at  the 99 percent and 90 
percent levels of confidence, respectively, while capturing 79 percent of the variation in the 
wheat production. The coefficients for LTFWCOTW, LDISTANC, LTFWCOWEED and 
LTFCOFYM were not significant. On the medium and large farms, a unitary increase in 
the expenditure on irrigation was more productive than the similar increase in the 
expenditure on the fertilizer application, i.e. a one percent increase in LTFWCCAN 
increases the wheat production on the farm by 0.77 percent, while a one percent increase 
in the cost of fertilizer will lead to an increment of wheat production by 0.11 percent. Given 

elasticities is less than one (b,+b, = 0.88). Similarly, coefficients for LTFWCOCAN and 

medium and large farms in Case 111, and the large farms in Case VI. 

The elasticity coefficients for LTFWCOCAN was higher (0.6213) in Case 111 as compared 
to the large farms in Case VI (0.4171). Based on the respective Case definitions (listed in 
Appendix I, Volume Four), these elasticity coefficients highlight that a one percent increase 
in the cost of canal water is more productive in medium soils than finer soils. The elasticity 
coefficients for the cost of fertilizer show a converse picture, i.e. each percentage increase 
is expectedly more productive (0.36 percent) in the finer soils than in the medium textured 
soils (0.19 percent). For the medium and large farms in Case IV and the medium plus all 
farm size categories in Case VI, the coefficient for LTFCOWEED also became significant 
(at the 95-99 percent level of confidence) along with the coefficients for LTFWCOCAN and 
LTFWFRC, which were statistically significant at 95-99 percent confidence level. 

Specific to Case IV, the production elasticity for LTFWFRC was higher than LTFWCCAN 
and LTFWEEDC. Elsewhere, the general inference remains that each percent increment 
in the expenditure on canal water is more productive than similar investments on fertilizer 
and weedicide. 

. the decreasing returns to scale on the small and medium farms, the sum of production 

LTFWFRC were statistically significant at the 90-99 percent level of confidence for the . 

B. Production Function Estimation for Cotton 

1) Aggregate 

Regression results for the cotton crop are shown in Table 41. All of the four variables 

LTFCLND) were statistically significant at the 99 percent level of confidence (Rz = 0.78) 
and had the expected signs. A unitary increase in the expenditure on land preparation for 
cotton (LTFCLND) contributes the most as compared with similar increases in the 
expenditures on canal irrigation (LTFCCAN), fertilizer (LTFCFRC) or tubewell irrigation 

* included in the production function analysis (LTFCFRC, LTFCOTW, LTFCCAN and 

2 These scenarios have been explained in Appendix I of 
Volume Four. 
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(LTFCOTW). This means that, being a long rooted crop, the cotton yield showed a higher 
response to expenditures towards better land preparation. The sum of the elasticity 
coefficients showed that constant returns to scale prevails on the cotton farms in the Rechna 
Doab (b,+b,+b,+b, = 0.9985). 

2) Case Selections 

The regression results pertaining to the selected case definitions for the cotton crop are 
summarized in Table 42. All of the equations were statistically significant at the 99 percent 
level of confidence. In Case I, for both the medium and the medium & large farm 

production by 44 percent and 38 percent, respectively. A similar response is obtained for 

respectively. However, in the former, the coefficient for LTFCOTW was statistically 
significant at the 90 percent level of confidence and had a negative sign meaning that a one 
percent increment in the tubewell irrigation cost led to decline of about 0.07 percent in the 
cotton production. Dinar et. a1 (1986) and Bajwa et. al (1992) have linked this reduction 
to the harmful effects of the bad quality groundwaters for irrigation. 

For Case 11, the LTFCOPP explained about 32 percent of the variation in the cotton 
production on the large and medium farms. Case 111 is unique in reporting the LTFCOFRT 
as the significant independent variable which explains 78 percent of the variation in the 
cotton production on the medium and large farms within the Rechna Doab. However, what 
remains common amongst all the cases is the sum of the elasticity coefficients that reflects 
the decreasing returns to scale for cotton production. 

. categories, only LTFCCAN was significant and explained the variation in the cotton 

Cases IV & V where LTFCCAN explains 45 and 80 percent of the cotton production, . 

C. 'Production Function Estimation for Rice 

1) Aggregate 

Estimates of the parameters in the production functions for the rice crop are presented in 
Table 43. The LTFCCAN appeared to be more productive as compared to the other inputs 
like LTFCLND, LTFCOFRT, and LTFLABNO. The per unit increase in the LTFCLND, 
LTFCOFRT, LTFLABNO and LTFCCAN shows an increase in the rice production by 0.29, 
0.08,0.14 and .36 fractions of the respective inputs. The coefficient for LDISTAhTwas also 
significant at the 99 percent level of confidence and contributed about 0.11 percent 
reduction in the yield against each percentage increase in distance of the farm from the 
head of the watercourse. The negative sign for LDISTANC correlates well with the 
commonly observed downstream scarcity of water in irrigation systems. Once again, similar 
to the results of Mustafa (1991) and Ali (1989), the sum of production elasticities showed 
that decreasing returns to scale prevail in the rice production on the farms in the Rechna 
Doab (b,+b,+b,+b, = 0.78). 
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2) Case Selections 

The results of the Cobb-Douglas production functions for the six different scenarios are 
summarized in Table 44. Seven independent variables, LTFCOFRT, LTFCOPP, LTFCCAN, 
LTFCLND, LDISTANC, LTFCOTW and LTFCOFYM were used to evaluate their impact 
on the productivity of the rice crop. For Case I, the coefficients for LTFCOFRT, 
LTFCOPP and LTFCCAN were significant at the 90 percent, 95 percent and 99 percent 
levels of confidence, respectively. The sum of the elasticity coefficients indicates decreasing 
returns to scale (b,+b,+b, = 0.92). From amongst the significant regression coefficients of 
Case 11, LTFCCAN had the highest value of 0.4362 in comparison to LTFCOFRT (0.2491) 
and LTFCOLND (0.1321). Their sum of the elasticity coefficients also gave decreasing 
returns to scale (b,+b3+b, = 0.82). 

For the respective farm size differentiations in Case IV, the coefficients for LTFCOLND 
and LTFCOTW explained between 93 and 98 percent of the variation in the rice production. 
The coefficients for LTFCOLND are particularly significant as it highlights the importance 
of good land preparation for the rice crop. The negative sign of the coefficient for 
LDISTANC translates to a maximum of 0.17% reduction in yield for each percent increase 
in distance from the outlet. Similar to Adinarayna (1985), the sum of the elasticity 
coefficients depicted constant returns to scale on the farms. 

The coefficient for LTFCOFRT in Case V was the lone parameter of significance at the 99 
percent level of confidence that explained 88-91 percent of the variation in productivity. In 
Case VI (where farms having soil salinity and lower land use intensity were targeted) the 
coefficient for LTFCOFYM, along with LTFCOPP and LTFCOFRT, were significant at the 
90-99 percent level of confidence and explained about 96 percent of the variation in rice 
production on the farms. In comparison, the coefficients for LTFCCAN and LTFCOLND 
in Case VII explained about 92 percent of the variation in the rice production over 
moderately fine to fine soils with medium surface textures. The sum of elasticity coefficients 
for each of the Cases V-VII showed decreasing returns to scale. 

I 

D. Production Function Estimation for Sugarcane 

1) Aggregate 

The estimates in Table 45 for sugarcane show that the coefficients LTFCFRT, LTFCOLND 
and LTFCCAN are significant at the 99 percent level of confidence (Rz = 0.80) with the 

more productive than similar increments for fertilizer and land preparation. The sum of the 
production elasticities show constant returns to scale for sugarcane within the Rechna Doab 
(b,+b,+b, = 1.025). 

f expected signs. Each percentage point increment in the expenditure on canal irrigation is 
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2) Case Selections 

Table 46 represents the regression estimates of the six selected cases for the sugarcane crop. 
For Case I, LTFCFRT is the only significant variable and explains about 90 percent of the 
variation in the sugarcane production. The Case I1 estimates for LTFCFRT and LTFCCAN 
explain 78-83 percent variation in the sugarcane production, where the elasticity coefficient 
for LTFCCAN is higher (0.6980) than the coefficient for LTFCFRT (0.3664). The model 
showed contrasting results on the medium farms where the elasticity coefficients were higher 
for LTFCFRT as compared with LTFCCAN. 

In Case 111, where all of the farms raising sugarcane on the medium soils were taken into 
consideration, the LTFCOPP was a major addition to the parameters of significance in the 
preceding cases; however, its elasticity coefficient remained lower in comparison. In Case 
IV, the LTFCFRT is no longer significant in an environment wherein 81 percent of the 
variation in production is explained by LTFCONM, LTFCOLND and LTFCCAN. In fact, 
the last two parameters have the highest confidence level in explaining 91 percent of the 
variations within the medium farms of Case V; also, the elasticity coefficient for the 
LTFCCAN is higher (0.7308) than the LTFCOLND (0.3667). Finally, in Case VI (where 
the farms having moderately coarse surface texture- were targeted), the LTFCOTW, 
LTFCOLND and LTFCCAN coefficients explained about 99 percent of the variation in the 
sugarcane production. The highest contribution to this effect came from LTFCOLND 
(0.9173) as compared to LTFCOTW (0.0544) and LTFCCAN (0.0397). The sum of 
elasticity coefficients for the six different cases showed mixed results; the returns to scale 
decreased in Cases 1 and 4, but remained constant (0.9940 - 1.0988) in the remaining cases. 

.1 

VI. PROFITABILITY AND RETURNS TO MAJOR CROPS 

Farm level profitability and returns depend on the mixed availability of both the natural, as 
well as the capital, resources that are suitably exploited by the managerial skills of the 
farmers. The spatial and farm size differences in the gross and net incomes from the major 
crops (wheat, cotton, rice and sugarcane) on the farms in the Rechna Doab have been 
calculated and reported in Tables 47-54. The major objective, involving estimation of the 
gross receipts and expenditures, was to determine the sustainability of compensations from 
the labor and capital investments. This analysis of the farm income from the major crops 
also provided an assessment of the incentives for different farm size groups (belonging to 
different locations on the outlet), to participate in raising certain specific crops within the 
Rechna Doab. In estimating the net income from the major crops at the district level, only 
the gross income [(production * price) + (value of the by-product)] and the variable costs 

fixed cost, i.e. land rent, was also taken into consideration. 

* 

. were taken into account. For the disaggregations with respect to farm size and location, the 
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0 
P 

District District 
Activity Faisalabad Hafizabad 

District Sub-District District District 
Jhana Kabirwala Toba Tek Singh Sheikhuuura 

I 1056 11 1195 11 Land Preparation I 1117 1 1005 I 1024 1 876 I 
Seed Bed Preparation 

sowing 

Inuuts 

377 495 345 376 303 399 

719 765 779 718 766 716 

2440 1986 2274 2484 2462 2435 

Labour' 

Total Cost 

3556 3094 267 1 964 3618 3522 

8,484 7,527 7,789 5.709 8.928 8,621 

11 Gross Income I 12817 1 9931 I 10982 1 8393 I 11815 1 13051 11 
Profit" 4,333 2,404 3,193 2,684 2,887 4,430 

Note : 
'* 

Cost of producing major crops in the Punjab. 
Excluding land rent and cost of capital investment. 



Table 48. Cost and Returns (per hectare) from Wheat with respect to Farm Size and 
Location of Farm in the Rechna Doab, Punjab, Pakistan (1995). 

Farm Size 

TOM Varrablc CoJt 
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Table 49(b). Summary of Costs for Producing Cotton (per hectare) in the Districts of the Rechna Doab, Punjab, Pakistan (1995). 

(&ha) 

Note : 
** 

Cost of producing major crops in the Punjab. 
Excluding land rent and cost of capital investment. 
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Table 50. Cost and Returns (per hectare) from Cotton with respect to Farm Size and 
Location of Farm in the Rechna Doab, Punjab, Pakistan (1995). 

31%1 15048 21942 22984 

5921 6677 8882 7160 

4499 4687 5330 4839 

2Wl 8371 13061 158% 

land Rcni 

Nef lncamc (Bisludingbnd Rcnl) 

Na lncanc (lnchding b n d  R a t )  

10986 11 RI. 21Y2 3681 7730 

RS. 4876 4218 3170 4088 

RS. 22915 23616 18382 21665 

us. I8079 I9438 11213 17576 

8339 

amss inms RS. 31126 31706 27179 

Tow1 cosl RS. 8171 ROSO 8796 

Yield 

1irnss Illcame 

Tom1 cost 

Land Rent 

Nn Incomc@rcludinglmd R m )  

K% 1306 1083 1084 11S7 

us. 30161 25060 216J7 26994 

Rs. 7443 7281 8121 7748 

RS. 4740 4610 1166 4333 

R'. 22822 17779 17137 19246 

I I 

N n  Incomc(E7.dudlngbnd R n t )  R8. I8082 13169 12971 14741 

No. of Sampcj 
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I Table 51(b). Summary of Costs for Producing Rice (per hectare) in the Districts of Rechna Doab, Punjab, Pakistan (1995) 

-l 
0 

~ 

Table 51(b). Summary of Costs for Producing Rice (per hectare) in the Districts of Rechna Doab, Punjab, Pakistan (1995) 

-l 
0 

Note : * 
** 

Cost of producing major crops in the Punjab. 
Excluding land rent and cost of capital investment. 

Land Preoaration I 1014 I 898 

Activity 

Seed Bed Preparation 

Sowing 

InDUtS 2013 2153 

District District 
Faisalabad Haf zabad 

Irrigation I 2254 I 2347 

Kabimala 

Labour' I 2452 I 2407 

Toba Tek Singh Sheikhupura 

306 

Gross Income 1 12246 I 15998 

306 306 

1597 

Note : * 
** 

Cost of producing major crops in the Punjab. 
Excluding land rent and cost of capital investment. 

2392 2575 

(Rslt 

Sub-District I District I District 

Total Cost 8782 8,986 

792 I 1107 I 1043 

Profit" 

68 1 I 437 I 856 

3465 7,012 

2583 I 3159 I 3081 

District Jhang 

1073 

486 

306 

1496 

1804 

246 1 

7,627 

13092 

5,465 

1146 I 1881 I 2578 

7,105 9,283 10,439 

10577 14408 

3,472 -219 3,969 



Table 52. Cost and Returns (per hectare) from Rice with respect to Farm Size and 
Location of Farm in the Rechna Doab, Punjab, Pakistan (1995). 
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Table 53(a). Cost of Producing Sugarcane (per hectare) in the Districts of Rechna Doab, Punjab, Pakistan (1995) 



Table 53(b). Summary of Costs for Producing Sugarcane (per hectare) in the Districts of Rechna Doab, Punjab, Pakistan (1995). 

District District 
Activity Faisalabad Hafizabad 

District Jhang Sub-District District District 
Kabinvala Toba Tek Singh Sheikhupura 

Labour' 3785 

Total Cost 13,933 

~~~~ 

2863 3263 1389 4874 3212 

11.771 13.972 9,892 18.479 13.546 

Gross Income 26450 

- Profit" 12,517 

~~~ 

22733 29206 13236 25301 29396 

10,962 15,234 3,344 6,822 15,850 

I1 Irrigation I 2401 I 247 1 3035 1 2442 1 5375 I 2593 11 

Note : 
*' 

Cost of producing major crops in the Punjab. 
Excluding land rent and cost of capital investment. 



Table 54 Cost and Returns (Per hectare) from Sugarcane with respect to Farm Size and 
Location of Farms in the Rechna Doab, Punjab, Pakistan (1995). 

arras I r c a n F  

l-1 Vanable Corl 
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A. Cost of Production and Net Returns to Wheat Crop 

1) District level Analysis 

Table 47 (a) summarizes the gross income, total variable costs and the net returns (excluding 
land rent) from the wheat crop in five districts of the Rechna Doab. The examination of 
Table 47 (b) revealed that the per hectare labor cost was the highest among all other costs 
and ranges from Rs. 964 in the Sub-district Kabinvala to Rs. 3617 in the District Toba Tek 
Singh. After the labor cost, the second highest cost item was the fertilizer application to the 
wheat crop (ranging from Rs. 1866 (Hafizabad) to Rs. 2161 (Toba Tek Singh). The land 
preparation costs were ranked as the third major variable costs items in producing wheat on 
farms in the Rechna Doab. The net returns per hectare (excluding land rent) were the 
highest for the Districts of Sheikhupura and Faisalabad. In the Faisalabad District, about 
98 percent of the sample farms reported having medium textured soils (which is considered 
suitable for the wheat crop) but about 47.2 percent of the farms reported having bad quality 
ground water which contributed towards negative net returns from the wheat crop. In the 
Sheikhupura District, where there is significant variation of the soil texture (i.e. 37.2 percent 
of the farms reported having medium soils, 40.8 percent of the farms reported moderately 
fine textured soils and about 22 percent of the farms were having fine soils), supplemental 
reliance on largely useable groundwaters was a major contributor to the high net returns 
from the wheat crop. In the Hafizabad District and the Subdistrict of Kabinvala, the Iiet 
returns were offset by the comparatively higher incidence of soil salinization. In the formcr, 
about 59 percent of the farms reported the problem of salinity while in the subdistrict 
Kabinvala about 29 percent of the farmers reported having a problem of waterlogging on 
their farms. 

2) Farm Size and Location 

Table 48 summarizes the per hectare figures on production, gross returns and net returns 
(excluding and including land rent) from the wheat crop. The data has been disaggregated 
with respect to the small, medium and large farm categories that are located at the head, 
middle and tail reaches of the watercourses. The small farms located in the middle reaches 
had higher net income (Rs. 4775) as compared to the head (Rs. 3985) and the tail reach 
farms (Rs. 4391). This was equally applicable to the medium farms where the mid reach 
farmers were having more net income (Rs. 4562) as compared with the farms located at the 
head (Rs. 4164) and the tail reaches (Rs. 2923). Only the large landholders benefited from 
being in the head reaches of the watercourses with a net income of Rs. 5634 as compared 
to the middle (Rs. 4625) and tail reaches (Rs. 3458). These large farms, due to their access 
to credit and the timely availability of inputs, were having average net incomes (Rs. 4572) 
that were higher than the small (Rs. 4384) and medium farms (Rs. 3883). 

If the net incomes are compared only for the locational attribute, then the mid reach farms 
were having the maximum per hectare production, and thus net returns (Rs. 4654), as 
compared with the net returns of the farms located at the head (Rs. 4594) and the tail 
reaches (Rs. 3590) of the watercourses. If the fixed cost, i.e. land rent, is taken into 
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consideration, the net income from the wheat crop (except for the large farms and the small 
farms in the middle reaches) in the Rechna Doab becomes negative. This aggravating 
situation (with 42.8 percent of the farms in the Rechna Doab reporting soil salinization and 
33.1 percent having both salinity and sodicity on their farms) needs to be improved through 
both reliable and timely inputs to productivity. 

B. Cost of Production and Net Returns to Cotton Crop 

1) District level Analysis 

The cotton crop is deep-rooted and requires medium textured soils for maximum root 
penetration. Hence, the relatively finer textures of the soils in the districts of Sheikhupura 
and Hafizabad yielded lower per hectare production and net returns. The estimates of 
Tables 49 (a & b) show that the per hectare labor cost ranged from Rs. 1629 (District 
Sheikhupura) to Rs. 2546 (District Jhang). The irrigation cost ranged from Rs 856 (District 
Sheikhupura) to Rs. 1126 (Sub-district Kabirwala). The fertilizer costs ranged from Rs. 1522 
(District Sheikhupura) to Rs. 2113 (District Toba Tek Singh). The insecticide cost ranged 
from Rs. 762 (district Toba Tek Singh) to Rs. 1769 (sub-district Kabirwala). The land 
preparation cost ranged from Rs. 775 (district Jhang) to Rs. 1110 (district Toba Tek Singh), 
while the seed bed preparation cost ranged from Rs. 233 (district Sheikhupura) to Rs. 411 
(sub-district Kabirwala). The highest net income from the cotton crop was realized in the 
District Jhang (Rs. 24773) where the soils are comparatively coarse textured (sandy loams 
to loams). These returns were realized despite the persistence of the threat from a virus 
attack as the farmers perceive the profits to be much higher in comparison to the other 
major crops within the Rechna Doab. 

b 

2) Farm Size and Location 

Table 50 reveals the spatial differences in the productivity and the net returns from the per 
hectare cotton production in the Rechna Doab. The small farms located at the head of the 
watercourse were more productive and showed more per hectare net income (Rs. 26041) 
than locations further away from the outlets. For the medium farms, the middle and tail 
reaches showed higher net income than the head reaches, whereas the large farms remained 
more productive in the middle reaches of the watercourses. Overall, the head reach farms 
showed more production, and thus a higher net income (Rs. 22882), as compared with the 
middle (Rs. 17779) and the tail reach farms (Rs. 17137). 

C. Cost of Production and Net Returns to Rice Crop 

1) District level Analysis 

1 

Unlike the cotton crop, rice favors the finer textured soils for maximum water retention near 
the root zone. These textures have a proportionately higher distribution in the District of 
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Sheikhupura (88.3 percent) followed by Hafizabad (43 percent). The estimates in Table 51 
(a & b) show that the per hectare labor cost constituted the major part of the total costs of 
rice production in the Rechna Doab and ranged from Rs. 1145 (Sub-district Kabinvala) to 
Rs. 2577 (District Sheikhupura). The fertilizer costs ranged from Rs. 1188 (District Jhang) 
to Rs. 2101 (District Sheikhupura). The sowing costs ranged from Rs. 772 (District Jhang) 
to Rs. 1525 (District Toba Tek Singh). The land preparation costs ranged from Rs. 792 
(Sub-district Kabinvala) to Rs. 1107 (District Toba Tek Singh). Table 51 (b) also shows that 
the net income per hectare from the rice crop was the highest in the Hafizabad District; 
farmers in the Toba Tek Singh District and the Kabinvala Subdistrict reported a loss due 
to waterlogging on their farms. The net returns in the Sheikhupura District are lower 
because a majority of the farms relied on supplemental irrigation through tubewells which 
escalated the cost of production. 

2) Farm Size and Location 

From Table 52, the small farms in the middle reaches were more productive and showed 
more net returns per hectare (Rs. 7245) as compared to the head (Rs. 437) and the tail 
reaches (Rs. 173) (the low values showing a failed rice crop due to waterlogging). For the 
medium farms, the head reaches of the watercourses showed the highest per hectare net 
income; the large farms benefited most in the middle reaches. Overall, the middle reaches 
reported the highest per hectare net income (excluding land rent) (Rs. 6331) as compared 
with the net income from the farms located at the head (Rs. 4339) and the tail reaches (Rs. 
3435) of the watercourses. With respect to farm size, the medium farms ranked higher 
against other categories. Table 52 shows that the net income, inclusive of the land rent, is 
negative in the case of small farms which are located at the head and the tail of the 
watercourses. 

D. Cost of Production and Net Returns to Sugarcane Crop 

1) District level Analysis 

Tables 53 (a & b) show that once again the per hectare labor cost constitutes the major 
portion of the total variable costs for raising sugarcane on the farm. This cost ranged from 
Rs. 1389 (Sub-district Kabinvala) to Rs. 4874 (District Toba Tek Singh). The fertilizer costs 
ranged from Rs. 1839 (Sub-district Kabinvala) to Rs. 3008 (District Hafizabad). The per 
hectare land preparation costs ranged from Rs. 1237 (District Jhang) to Rs. 2378 (Dstrict 
Hafizabad). The per hectare irrigation costs ranged from Rs. 247 (District Hafizabad, where 
farmers only used canal irrigation) to Rs. 5774 (District Toba Tek Singh). The per hectare 
yield was highest in the Jhang District where the cultivation was limited mostly to the 
loams/silt loams. This was followed by the rather extensive cultivations in the Sheikhupura 
District where the soils are rich in clayey fractions and are more favorable to the higher 
consumptive use requirements for sugarcane. The lowest yields for the sugarcane crop were 
reported from the Sub-district Kabinvala where the farmers planted sugarcane on the 
waterlogged soils. 

- 
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2) Farm Size and Location 

Sugarcane, being the longest duration crop, requires an extensive resource utilization at the 
farms in terms of better land preparation, fertilizer and irrigation. Table 54 shows that the 
production of the sugarcane was higher in the head and middle reach farms as compared 
with the tail reach farms across all farm size categories. For the smaller farms, the net 
income (excluding land rent) was found higher in the middle reaches; the medium and large 
farms had higher net incomes in the head reaches. Overall, the farms located in the head 
reach of the watercourses showed higher net incomes from sugarcane production (Rs. 
17102) as compared to the farms located in the middle (Rs. 15616) and the tail reaches (Rs. 
10714). Based on farm size differentiation, the average net returns from the large 
landholdings were the highest (Rs. 15661) as compared with the net returns from the 
medium (Rs. 14711) and the small farms (Rs. 13060). 

VII. SUMMARY AND CONCLUSIONS 

The study provides an overview of the historical trends and spatial differences in productivity 
of major crops (wheat, rice, sugarcane and cotton) for variations in farm sizes occuring at 
both the smaller district level and the entire doah. Concurrently, fanners' perceptions are 
also explored about ground water quality, soil conditions, land utilization, cropping intensity 
and drainage management. The estimation of the total unused cultivable land within the 
sampled farms is compared to the size of the fann holding for ascertaining the efficiency in 
land use specific to the four major crops. Finally, it estimates the relationship between the 
output of major crops and input resource (labor, fertilizer/manure, irrigation, mechanization) 
utilization under a specified set of physical constraints were estimated to suggest policy 
measures for achieving full utilization of land and water resources. The conclusions which 
emerged from this study are listed below: 

r Of the total sample of 443 farms in the Rechna Doab, about 10 percent of the small 
farms owned 2 percent of the farm area while 69 percent of the medium farms and 
21 percent of the large farms owned 45 percent and 53 percent of the farm area, 

' respectively, during 1995. 

t The proportion of the cultivated area to the total farm area was highest on the small 
farms (90%), followed by the medium (88%) and large farms (85%). 

The highest percentage of owner operated farms fall in the category of the medium 
farms (68 percent); the trend is similar for the owner cum tenant and the tenant 
farms (61 and 75 percent, respectively). 

For the large farms, the number of owner, owner cum tenant and tenant farms is 
20%, 15% and 24%, respectively. The distribution of the small farms into the above 
tenurial classes has the respective percentages of 12, 24 and 1. 

c 

c 
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The overall landuse intensity in the Rechna Doab has been observed to be 86 
percent. It was highest (90 percent) on the small farms and lowest (85 percent) on 
the large farms. 

The over all cropping intensity in the Rechna Doab was 134 percent during 1995. 
The cropping intensity in the Rechna Doab was highest on the small farms (150 
percent) as compared with the medium (131 percent) and large farms (135 percent). 

Ten percent of the small farms, 69 percent of the medium and 21 percent of the 
large farms used tubewells to irrigate their fields. 

The tractor usage was maximum on the medium farms (68 percent), as compared 
with the small (8 percent) and large farms (24 percent). 

The farmers did borrow money for investments on the farm, but then were often 
unable to repay, particularly after calamities or bad harvests. This resulted in small 
and medium farms being unable to modernize sufficiently and to get adequate 
benefit from the new technologies that had become available over the years. The 
study showed that from 1960 to 1990, the debt of the small and medium f a r m  
decreased from 25 and 34 percent to 17 and 25 percent, respectively; for the large 
farms, the debt has increased from 35 percent to 43 percent from 1960 to 1990, 
respectively. 

On the average, the proportion of cultivated area irrigated (CAI) to cultivated area 
in the Rechna Doab has increased from 87 percent during 1960 to 92 percent in 
1990. 

A decline in the hiring of permanent labor on small and medium farms has been 
observed from 16 percent in 1960 to 7 percent during the 1990s. The large farms 
reportedly hired the most labor on their farms, and their share has increased from 
31 percent of the large farms in 1960 to 54 percent in the 1990s. 

The use of fertilizer remained limited to the irrigated areas and also for major crops. 
Fertilizer use was highest for wheat (48 percent), followed by cotton (16 percent), 
rice (12 percent), sugarcane (9 percent), and maize (7 percent) in 1990 (Govt. of 
Pakistan, 1990-91). The total consumption of fertilizer in the Rechna Doab 
increased from 428 thousand nutrient tons in 1989-90 to 459 thousand tons during 
1993-94 (Govt. of Punjab, 1994)p. 

A significant change has been observed in fertilizer use in that the increasing trend 
between 1980-90 has subsequently been declining. During the 1980s, about 24.9 
percent of small, 42 percent of medium, and 49.5 percent of large farms reported the 
use of fertilizer on their farms; during 1990, the use of fertilizer on small, medium 
and large farms decreased to 22.8 percent, 35.5 percent and 40.3 percent, 
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respectively. During the IIMI survey of the Rechna Doab in 1995, almost all of the 
farmers cited the higher prices of the fertilizers and credit constraints to be the major 
reason for the lower fertilizer use. The other reasons they quoted for the lower 
fertilizer usage were adulteration and non-availability of the required fertilizer at the 
proper time. 

The analysis showed that the distribution of cultivated lands and the culturable waste 
area (CWA) had a similar distribution trend to that of total farm size. The highest 
incidence of CWA occurs within the Faisalabad District (42.8%), followed by Toba 
Tek Singh (16.6%), Jhang (17.4%), Khanewal (10.9%), Sheikhupura (10.2%) and 
Hafizabad (2.0 %). The smallest proportion of culturable waste area was found on 
small farms, while the highest proportion of culturable waste lands was found on the 
large farms. This trend was the same across all levels of comparison. 

Of the 443 sampled farms, about 43 percent (190) perceived the ground water quality 
to be good; another 37 percent (162) responded that the ground water at their farm 
was saline and was not fit for irrigation. About 12 percent of the farms (53) were 
not sure about the quality status due to the reasons that either the installation was 
very recent or the lease was new. Finally, 9 percent of the farms (38) behold that 
they have marginal quality ground water which they were using by mixing it with the 
canal water for irrigation purposes. 

About 33 percent of the farmers perceive their soil conditions to be fit for cultivation 
while 43 percent of the farms were having a problem of salinity, 5 percent of the 
farms had sodicity and about 9 percent perceived a combination of both salinity and 
sodicity. About 3.2 percent of the farms reported waterlogging. The farmers stated 
that they never considered laboratory testing of their farm soils. In fact, the majority 
of the farmers were not aware of the existenceflocation of the nearest soil testing 
laboratory. 

If a full level of land utilization (by making improvements in the cropping intensity 
and by bringing the CWA under cultivation) takes place, the total cropped area can 
be increased by about 0.938 Mha. 

The possible share of the cropped area under four major crops (wheat, rice, cotton 
and sugarcane) could be increased by 0.368,0.117,0.089 and 0.097 Mha, respectively. 
The resultant increases in the crop production for these crops could be 0.95, 0.28, 
0.10 and 4.6 million tons, respectively. 

Of this total improvement in cropped area from an increase in the cropping intensity 
and extensive use of land, 29.37 percent of the area will be from the Faisalabad 
District, 29.96 percent from the Toba Tek Singh District, 29.66 percent from the 
Jhang District, 17.98 percent from the Sheikhupura District and about 13.31 percent 
from the Gujranwala District. 
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Of the total additional area which could be cropped, 58.75 percent will come from 
the medium farms, 31.74 percent from large farms and only 9.51 percent from the 
small farms. 

Within the Rechna Doab, there were wide interdistrict disparities. On the average, 
there can be about a 21 percent improvement in land utilization. In three districts 
(Jhang, Faisalabad, and Toba Tek Singh), the cropping intensity can be improved 
cumulatively by more than 75 percent. Comparatively, only 7.1 percent improvement 
is.possible in the District Sialkot.. 

The results of the Cobb-Douglas production functions showed that decreasing 
returns to scale prevailed on the farms in the Rechna Doab for the wheat, cotton and 
rice crops, whereas constant returns to scale are expected for the sugarcane crop. 
For the wheat and rice crops, the unitary increment in the distance of the farm from 
the outlet reduced the yield of wheat and cotton by 4 percent and 11.45 percent, 
respectively. 

The production function estimates for the major crops (corresponding to the selected 
Case definitions for the constraints to productivity) showed that the farmers 
investment in canal irrigation has the highest contribution towards productivity of all 
the four major crops in comparison to other inputs like fertilizer, chemicals and 
tubewell irrigation. . 

The analysis showed that the net returns per hectare from the wheat crop ranges 
between Rs. 4430 to Rs. 2404. The highest returns were recorded in the 
Sheikhupura District and the lowest in the Hafizabad District. The net returns per 
hectare from the wheat crop were estimated to be Rs. 4430, Rs. 4333, Rs. 3193, Rs. 
2887, Rs. 2684 and Rs. 2404, respectively, for the farms located in the districts of 
Sheikhupura, Faisalabad, Jhang, Toba Tek Sing, Subdistrict Kabirwala and Hafizabad. 

Overall, the large farms were getting higher net returns (excluding land rent) of Rs. 
4572 per hectare from the wheat crop as compared to the small (Rs. 4384) and 
medium farm (Rs. 3883). 

The farms at the head and the middle reaches of the watercourses have higher net 
returns per hectare from the wheat crop (Rs. 4594 and Rs. 4694, respectively) as 
compared to the farms located on the tail of the water courses (Rs. 3590). 

For the cotton crop, the highest (per hectare) net income from the cotton crop was 
estimated in the Jhang District (Rs. 24773) as compared to the districts of Toba Tek 
Singh (Rs. 18078), Faisalabad (Rs. 15990), Sheikhupura (Rs. 14824) and Subdistrict 
Kabirwala (Rs. 13990). The high returns from the cotton crop were due to the 
higher price of cotton as compared to the other major crops being grown in the 
Rechna Doab. 
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The average net returns per hectare (excluding land rent) from cotton were higher 
on the large farms (Rs. 21665) as compared with the small (Rs. 15824) and the 
medium farms (Rs. 20250). Relatedly, the net returns per hectare in the head 
reaches of the watercourse commands were higher (Rs. 22822) as compared with the 
farms at the middle (Rs. 17779) and tail (Rs. 17137) reaches. 

The study showed that the net income per hectare (excluding the land rent) from the 
rice crop was the highest in the Hafizabad District (Rs. 6872) as compared with the 
districts of Jhang (Rs. 5465), Sheikhupura (Rs. 3969), Kabirwala (Rs. 3472) and 
Faisalabad (Rs. 3464). 

The analysis revealed that the net returns per hectare (from the rice crop) on the 
medium farms were higher (Rs. 5760) as compared to the small (Rs. 2618) and the 
large farms (Rs. 5726). The farms located in the middle reaches of the watercourse 
commands showed higher net returns per hectare (Rs. 6331) as compared to the 
head (Rs. 4339) and the tail (Rs. 3435) reaches. 

For the sugarcane crop, the farms in the Sheikhupura, Jhang and the Faisalabad 
districts had higher net returns (Rs. 15849, Rs. 15234 and Rs. 12516, respectively) as 
compared to farms located in the districts of Hafizahad, Toba Tek Singh and 
Subdistrict Kabirwala, where the net returns from the sugarcane cropwere Rs. 10961, 
Rs. 6822 and Rs. 3344, respectively. 

The net returns per hectare from sugarcane were higher on the farms located at the 
head (Rs. 17102) as compared to the farms located at the middle (Rs. 15616) and the 
tail (Rs. 10714) reaches of the watercourses. The average net returns of the large 
farmers from the per hectare sugarcane production were the highest (Rs. 15661) as 
compared with the net returns on the medium (Rs. 14711) and the small farms (Rs. 
13060). 
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VIII. POLICY IMPLICATIONS 

This study attempted to estimate the operational distribution of land holdings in the Rechna 
Doah across different farm-size groups in terms of the percentage distribution of holdings 
and to estimate the total culturable waste land in the Rechna Doab. After estimating the 
relationship between the size of holding and the level of unused cultivable land, the analysis 
focused on the relationship between cropping intensity and the size of holding and the 
influence of the level of irrigation on cropping intensity. The additional production 
potential of the four major crops (wheat, rice, cotton and sugarcane) being grown in the 
Rechna Doab was also estimated. The chances for achieving the production potential are 
greater in the case of the medium and large farms of the Faisalabad, Jhang, Toba Tek 
Singh and Hafizabad districts. A majority of the farms in these areas are constrained by the 

Management options to overcome these shortages include an increase in the conveyance 
efficiency of the existing irrigation infrastructure, and reallocation of inter- and intra-canal 
supplies from fresh groundwater zones to the saline ground water areas. The farniers in the 
fresh groundwater area may be compensated towards overcoming the pumping costs 
associated with increased reliance on the subsurface supplies. 

Technological options are available to augment the surface water supplies by the exploitation 
of the fresh layer of the groundwater through skimming/fractional wells. Since deep 
groundwater quality is mostly poor in the Rechna Doab, the Government should encourage 
and invest towards the installation of skimminghctional wells and provide the requisite 
advisory services to the farmers in establishing safe pumpage limits to avoid the depletion 
of the fresh ground water layer. 

Technological options should also be made available to the farmers for reclaiming the 
problem soils and to bring back the original potential of the land resource. These options 
range from chemical amelioration (use of gypsum, sulfuric acid, etc.) to biological 
amelioration (growing of salt tolerant crop varieties and grasses). The potential farm level 
benefits could be higher provided the farmers are properly educated about the judicious use 
of the amendments and inputs, and guided towards the adoption of the recommended 
practices. 

The major conclusions which emerged from this study are listed below: 

t 

. scarcity of irrigation water and the incidence of salinity, sodicty and waterlogging. 

If full land utilization (by making improvements in the cropping intensity and by 
bringing the CWA under cultivation) takes place, the total cropped area can be 
increased by 0.938 Mha. 

The possible share of the cropped area under the four major crops (wheat, rice, 
cotton and sugarcane) could be increased by 0.368, 0.117, 0.089 and 0.097 Mlia, 
respectively. The resultant increases in the production for these crops could be 0.95, 
0.28, 0.10 and 4.6 million tons, respectively. 

. t 
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t Of this total improvement in cropped area, from improvements in cropping intensity 
and extensive use of land, 29.37 percent will come from Faisalabad, 29.96 percent 
from Toba Tek Singh, 29.66 percent from Jhang, 17.98 percent from Sheikhupura 
and 13.31 percent from Gujranwala districts. 

Of the total additional croppable area realized through better utilization of land, 
58.75 percent will come from the medium farms, 31.74 percent from large farms and 
only 9.51% percent from the small farms. 

In the three districts of Jhang, Faisalabad and Toba Tek Singh, the cropping intensity 
can be improved by more than 75 percent; however, in districts like Sialkot only 7.07 
percent improvement is possible. 

t 

t 

. 
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Variables 

Dirluiice 

Cost of Weedicide 

Cost of Canal Irrigation 

Dishnce Cost of Cost of Canal Number of Cast of Cost of 
Weedicido Irrigation Labour Fertilizer land Prep 

I.OOo** -0.074 4.142" 4.060 4.096 4.109 

I.WO** 0.239** O.ZZI** 0.306** 0.288** 

1.000*' 0.574** 0.6775** 0.740** 

a 

. 
Note: Significance Level * =.Ol ** = ,001 

I 1.000'* 0.5331** 0.551** Number of Labour 

Cost of Fertilizer 1.0000** 0.693** 

Appendix A-2: Matrix of Simple Correlation between Different Variables of the 
Production Function for Cotton. 

Cost of Land Preparation 1.000** 

Cost of Land Preparatioii I I I 1.000** I 0.405** 11 

Variables 

Cost of C a d  Irrigation 

Cost of Fertilizer 

Cost of Cost of Pertilizer Cost of Land Plant Cost of Tubewell 
ChMl protection Irrigation 

1.000** 0.564** 0.467** 0.460** 

1 .ooo** 0.694:: 0.421** 
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Appendix A-3: Matrix of Simple Correlation between Different Variables of the 
Production Function for Rice. 

* 

L . 
Note: Significance Level * =.01 ** = .001 

Variables Cost of Land Cost of Fertilizer 
Preparation 

Cost of Land Preparation 1.000 0.431** 

Cost of Fertilizer 1.000 

Cost of Canal Irrigation. 

&St O f  c a d  
Irrigation 

0.647** 

0.631** 

1 .ooo 
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