


III  OBJECTIVESPRIVATE 


The major objective of this study was to investigate the patterns of energy consumption and their relationships to crop production in rainfed and irrigated farms of arid and semi arid zones of Pakistan, namely Dera Ismail Khan District of North West Frontier Province. 


The specific objectives were:

I.
To study energy inputs on the farm from various energy sources, i.e., human labor, animal power, electric and mechanical power on an annual and weekly basis during the whole crop season for major crops.  

II.
To record yields and to determine gross margins for the major crops.

III.
To estimate the use of energy in crop production for the Dera Ismail Khan District for 1992-93.

IV.
To develop a mechanization plan for the Dera Ismail Khan District.

3.1
Scope of the study
The study was confined to collecting data from March 1992 to May 1993 covering Kharif (Monsoon season) of 1992 and Rabi (Winter season) of 1992-93. 

This study should serve as a bench-mark for a rainfed areas of arid and semi arid zones and will help in the preparation of an agricultural energy plan for the country.

Although the actual coverage is limited to a sample of 26 farms, the spatial scope of the study extends to thousands of rainfed and irrigated farms of Pakistan having the same agricultural inputs.

From this study, priorities of mechanization of certain agricultural operations can be assigned after assessing the effects of various alternatives for expending agricultural production through minimizing energy bottlenecks.

IV  METHODOLOGY

4.1. Study Area 
The study was conducted in Dera Ismail Khan (D.I. Khan) District of the North West Frontier Province (N.W.F.P), Pakistan (Fig. 4.1). The area is bounded by the lower edge of the Marwat piedmont on the north and at the foot of Sulaiman range (an extension of the Himalayas) extending over a major portion of the north west part of the area. The River Indus flood plains are in the east, and southern part joins similar arid areas of Dera Ghazi Khan District of Punjab province. The average length from north to south is about 150 km and the average width from east to west is about 60 km. It has a total geographic area of 0.73 million hectares out of which only 0.24 million hectares is cultivated. About one third of the cultivated area is irrigated while the other two thirds depends on rainfall and hill torrents for its moisture requirements.

The area is arid to semi-arid with sub-tropical continental climate. The mean annual rainfall ranges from 180-300 mm, increasing from the south to north. The rainfall pattern is erratic and uncertain. About 60% of the rainfall occurs in Monsoon season (July and August) usually in the form of intense showers causing floods. June is the hottest month with a mean maximum temperature of 41( C. January is the coldest month with a mean minimum temperature of 4( C. The agricultural statistics for D.I. Khan District are summarized in Table 4.1. The mean monthly temperatures (maximum and minimum) and rainfall are given in appendix A.2.

The cultivated areas of D.I. Khan can be divided in three parts according to the systems of irrigation applied. The west bank of the River Indus is irrigated by Chashma Right Bank Canal. The area irrigated by canal water is more than fifty three thousand hectares. In the south east part of the district, irrigation is done with tubewells. The farmers have installed centrifugal pumps for irrigation. The farmers in these areas usually own electric motors (mostly 7.46 kW) to power irrigation pumps. In its extreme eastern part close to banks of the River Indus, farmers have diesel engine to power centrifugal pumps during the time when water level of the river is low and land is available for cultivation, i.e. from November to May. The water table in this area ranged from 3 meters to 10 meters. The cultivated area of more than 150,000 hectare in the western part of the district depends on rainfall or seasonal hill torrents for its moisture requirements. The hill torrents resulting from rains occurs in the months of July August and February March. The catchment areas of the ranges are barren and have steep slopes. The flood water flows down into the plains where it is diverted to fields varying in area (2-10 ha) and surrounded by high (1-2 m) earthen dikes. Water infiltrates into the soil and cultivation is done when the soil is in proper moisture condition. The ground water in this area is mostly saline (WAPDA, 1985).

4.2. Data Collection
After travelling extensively in the District and consulting authorities in the departments of Agriculture, Irrigation and Revenue, seven villages were selected to represent the district. Details about the number of farms, tractors and tubewells in the villages and their geographic locations with respect to the city of Dera Ismail Khan are given in Table 4.2. Selection of villages was followed by listing most of the households in the villages through which the following information was collected which provided a basis for selecting the farms for this study.

1.
Name of head of household.

2.
Main occupation of the head of the household, whether farmer or non-farmer.

3.
If head of the household is farmer, whether he was owner-operator, owner-cum-tenant or tenant.

4.
If the head of the household is farmer, breakup of his land in the area owned, area rented-out and the area rented-in, to arrive at the size of operational holding.

The farms were divided into two categories according to their main power source.

1.
Bullock operated farms 

2.
Tractor operated farms

These two main groups were sub-divided into three categories according to their source of irrigation. 

1.
Rainfed farms

2.
Tubewell irrigated farms

3.
Canal irrigated farms 

A list of 26 farmers with their identification and category codes is given in Appendix A.2. The selection of seven villages was based on available mode of irrigation in that particular village and the farms in the selected villages represented the main categories, i.e., bullock operated farms and tractor operated farms. The selection of 26 farms was based on the criteria that the selected farms in a category represent characteristics of all the farms present under that category of the area. The distribution of 26 farmers with estimated cultivated areas according to categories is shown in Table 4.3. After the selection of farms, data were collected from each of the farmers about the number of family members engaged in farming operations, the number of permanent hired laborers, the number of plots and their size and number of draft animals (Table 4.4). Distribution of labor, draft animals, holding size, number of plots and their average sizes are given in Appendix A.3. Various implements and machines owned by the surveyed farmers are given in Appendix A.4. (The questionnaire through which the information were collected is given in appendix A.7). 

A schedule of meeting the farmers once every two weeks was followed. Most of the times, the farmers were interviewed while working at their farms as they were rarely available at their residences in the village during day time. The interviewing of a farmer at a field site also helped to make an overall idea about his farming. 

Data from the farmers were collected on inputs to crop plots on a daily basis. For each crop-plot, information was collected about the energy inputs from various sources about human labor, bullocks, electric motors or diesel engines and tractors used to perform the agricultural operations listed below.

1.
Seedbed preparation

2.
Sowing

3.
Irrigation

4.
Intercultural operations, i.e. weeding, fertilizer application, etc.

5.
Harvesting

6.
Transportation of harvested material to the threshing floor. 

7.
Threshing

8.
Transportation of agricultural produce to storage or market place.

The schedule of visits to the villages selected for the study is given below.



Day


Village visited 



Saturday

Himat



Sunday

Sheroo Kohna



Monday

Jhoke Haqdad



Tuesday

Azmat Abad or Saidallian



Wednesday

Rangpoor Janoobi



Thursday

Lunda Sharif

Due to the regular schedule of the visit, farmers tried to stay at the meeting point in their fields on a particular day and time. In the beginning, some farmers were hesitant to give full information about the whole farming activities. However, a working relationship was developed after a few meetings.

The procedure of an interview with the farmer was quite simple. A rough map of plots belonging to a particular farmer was made (which was destroyed after completion of data collection), and each plot indicated the name of crop grown. The farmer was then asked about each plot, one by one about the operations performed and their performance date during the period since the previous visit to his farm. For each operation, energy source, type of energy source (whether source was owned or hired) and value of these items was recorded. Every plot was listed with an identification name which was used to ask any information about that particular plot. This simplified the interview procedure to a great extent as all family members were very familiar with these identification names of the plots. It was, therefore, not necessary to have the interview with the same family member every time.

Family labor and permanently hired labor were counted as permanent labor. The draft animal used for plowing the fields is the bullock. Camels were used for transportation of harvested crops from point of harvesting to threshing floor and later from the threshing floor to store or market. An approximate power rating was assigned to each animal depending on its size, physical condition, and the performance during the study period. The power ratings are given in Appendix A.4. The information about which the questions were asked during interviews, about various agricultural operations is given below. 

1.
Seedbed Preparation:
Includes tillage operations

(i)
Power source:
Human labor (permanent or hired), bullocks, tractor (make, size, owned or hired)

(ii)
Implement type:
Traditional or steel plow, tine cultivator, disc harrow or any other implements and their sizes


(iii)
Time:


Man hours, bullock hours, tractor hours


(v)
Fuel consumed:
liters

2.
Sowing:
Includes sowing or planting of crops, preparation of seed, i.e. cleaning 
and cutting of sugarcane stalks for seeding and transplanting of rice seedlings         

(i)
Power source:
Human labor (permanent, casual), bullocks, tractor (make, size, owned or hired)

(ii)
Implement type:
Hand tool, traditional plow, seeding attachment or seed drill


(iii)
Time:


Man hours, bullocks hours, tractor hours


(iv)
Quantity:

Seed, fertilizer


(v)
Fuel consumed:
liters

3.
Irrigation


(i)
Source:

Canal, tubewell


(ii)
Power source:
Human labor, electric motor, diesel engine (size, owned or hired)


(iii)
Time:


Man hours, electric motor hours, diesel engine hours


(iv)
Quantity:

diesel (l) or electricity (kWh)

4.
Intercultural 

Includes weeding, fertilizer and other chemical


Operations:


applications, 


(i)
Power source:
Human labor (permanent, casual), bullocks, tractor (make, size, owned or hired)

(ii)
Implement type:
Hand tools, traditional or steel plow or any other implement like sprayer and their sizes 


(iii)
Time:


Man hours, bullock hours, tractor hours,


(iv)
Quantity:

Fertilizer, pesticides, herbicides


(v)
Fuel consumed:
liters

5.
Harvesting:


Includes the harvesting of crops, sugarcane cutting


(i)
Power source:
Human labor 


(ii)
Implement type:
Hand tools (sickle, axe)


(iii)
Time:


Man hours

6.
Threshing:


Includes threshing of grain crops

(i)
Power source:
Human labor (permanent, casual), bullocks, tractor (make, size, hired or owned) 


(ii)
Implement:

Thresher (capacity, owned or hired)


(iii)
Time:


Man hours, bullocks hours, tractor hours


(iv)
Quantity:

Quantity of threshed crop


(v)
Fuel consumed:
liters

7.
Transportation:

Includes transportation of harvested crop from fields to threshing floor and threshed crop from threshing floor to storage at home or to the market

(i)
Power source:
Human labor, bullocks or camels, tractor (make, size, owned or hired)


(ii)
Implement type:
Bullock cart, tractor trailer


(iii)
Time:


Man hours, bullock hours, tractor hours


(iv)
Fuel consumed:
liters

4.2.1. Hourly and Daily Rates for Power Sources:

(i) Human labor. Three types of labor was used by the farmers for all agricultural operations of various crops. These were family labor, permanently hired labor and casually hired labor. Family labor was a permanent source of labor supply to all farmers, while on certain farms permanent hired labor was also engaged on an annual or monthly basis, mostly to supplement family labor. Casual labor, on the other hand, was only used when the amount of work to be done for crop production was more than what family or permanent hired labor could handle. For example, there are two cropping seasons in a year: Rabi and Kharif. Each of these seasons consists of a number of agricultural activities to be performed within specific time periods; periods for plowing, irrigation, sowing and harvesting of crop. As these activities are time specific and must be completed within limited periods the demand for labor during these periods varies significantly. The wages for labor were therefore calculated keeping in view the peak periods of agricultural activity and the slack periods. 

Permanently hired labor worked on a contractual basis under an agreement, the farmer was bound to pay a specific amount of money in cash and/or share of crop periodically in lieu of services and the value of payment was made in kind at current market prices. The current market rate of 8 hours work in normal times was Rs. 50.00 in village Himat and Rs. 40.00 in other villages under study. However, during peak periods this wage rate was much higher. The wage rate in peak periods was Rs. 80 in village Himat and Rs. 60 in other villages under study. The rate of daily wages was higher in the village Himat because of closeness to the city. The custom charges of human labor are given in Appendix A.4.

(ii) Bullocks. The hiring of the bullocks was not in practice. However, a farmer who uses the services of bullocks from another farmer is bound to return the same on demand. The hourly charges of a bullock were almost the same as hiring of human labor.

(iii) Electric Motors and Diesel Engines: The charges for the use of electric motors to power irrigation pumps were Rs. 0.85 per kWh. Flat rates were based upon the size of the motor. This rate was Rs. 122 per hp per month i.e. the farmers with 15 horse power motors were paying Rs. 1830 per month irrespective of the number of times a crop is irrigated. The hourly rates for the use of diesel engines to power irrigation pumps depends upon the fuel (diesel) consumed. The rate of diesel was Rs 6.12 per liter. However, the custom charges for irrigation for both power sources were paid on the basis of the amount of produce. These charges were one third of the threshed crop in case of wheat and one third of the harvested crop in case of sugarcane. 

(iv) Tractors. The hiring charges of tractors (average size of 37 kW) varied from operation to operation. In the case of plowing, these charges were Rs 60 per hour in irrigated farms and Rs 70 per hour in rainfed farms. For rotavating and land levelling operations, the tractor owner charged Rs 80 per hour in both irrigated and rainfed farms. For transportation of harvested crops from field to threshing floor, the charges were Rs 100 per hour. The hiring rate for threshing varied from place to place; the most common was a 14th part of the threshed crop or Rs 100 per hour. To compute threshing charges, a charge of Rs.100 per hour was used.

4.2.2.  Charges of Canal water

Canal irrigation charges were based on the crop of a particular plot. The charges are fixed and there is no bar on the number of times of irrigation. The charges for some of the crops are given below:



Crop



Canal Water Charges per hectare

1.
Wheat





Rs.  71.14


2.
Sugarcane




Rs. 209.46


3.
Oil seed




Rs.  75.09



(including rape seed and mustered)


4.
Rice





Rs.  94.85


5.
Rabi Fodder




Rs.  55.33



(including Barseem)


6.
Kharif Fodder



Rs.  55.33



(including Maize, Millet and legumes)

4.2.3.
Prices of Farm Products

Prices of farm products received by the farmer (farm gate prices) varied from season to season. The price of a particular crop was generally lower during the harvesting period and some period following harvest when most of the farmers take their crop to market. This variation in prices has been reduced to some extent due to the fixing of procurement prices for certain crops by the government. A list of prices of farm products received by the farmers in Dera Ismail Khan District during the year 1992-93 is given in Appendix A.5.

4.2.4.
Prices of Manure, Fertilizer and other Chemicals:

The prices of most chemical fertilizers was uniform throughout the district. Farmyard manure was mostly purchased on a negotiable basis. A list of prices of manure, fertilizers, and other chemicals paid by farmers in D.I. Khan District is given in Appendix A.6.

4.3. Transfer of Data for Processing
During the interviews, the information was recorded in forms (The questionnaire used for this purpose is given in appendix A 6). A calendar of agricultural operations performed during the survey period was prepared for each farmer. It included the data of each operation performed and the hours of use of power sources i.e. human labor, bullocks, electric motor or diesel engine and tractor. The date of an operation performed in a particular plot was recorded as told by the farmer. While transferring the data on to the calendar, the time spend could be verified by checking against the number of human labor (permanent), bullocks or tractors, and other power sources available to the farmer on that particular date including the number of casual laborers and other power sources hired. The data were processed with SPSS (Statistical Package for Social Sciences; MARIJA, 1990). The codes for data records and analysis are given in Appendix A 7. Each day of the year was assigned a particular number i.e., January 1, was numbered as 001 and February 1, as 032, etc.

4.4. Data Analysis 

There were more than 600 crop plots of six different crops grown by 26 farmers under study. Energy equivalents for various direct and indirect sources of energy, as adopted by the Indian Council of Agricultural Research (MITTAL et al. 1985), were used in this study. The details of the procedures are as follows.

1.
The product of the number of man hours and estimated power rating (0.075 kW) of human labor. 

2.
The product of the number of bullock hours and the estimated power rating of each animal (0.37 kW) during the survey.

3.
For electric motors, the product of rated power of the electric motor, time consumed in operation and load factor. Load factor was equal to actual electricity consumed (read from energy meter) during operation over electricity consumed at rated power. 

4.
For diesel engines and tractors, the product of rated engine power, time consumed in operation and load factor. Load factor was equal to actual fuel consumption over fuel consumed at rated power.  

Computations were made for energy inputs on a per hectare basis for each holding. The average energy inputs per hectare on an annual and weekly basis during the whole crop season were determined. Similarly, average energy inputs per hectare from various sources for different crops were also determined.

4.5 Cost analysis
All agricultural farms under study were economically analyzed. This analysis was performed to examine the gross margins and net returns of the farms.

The payments made of land, for its use in production, are called land rent. Annual land rent was Rs. 472 per hectare for rainfed farms, Rs. 790 for tubewell irrigated farms and Rs. 1739 per hectare for canal irrigated farms. The cost of family labor was counted equal to the cost of permanently hired labor. Casually hired labor was employed during the peak periods for specific operations like harvesting and threshing of wheat, transplanting of rice, and sugarcane harvesting. Payment to casually hired labor was made either in kind or cash or both. Whatever the mode of payment, the entire cost of this labor was estimated and allocated to that farm. The prevailing price of seed at the time of sowing, was used for estimating the cost of home produced seed. A common seed rate of wheat was 100 kg/ha in irrigated farms and 125 kg/ha in rainfed farms in D.I. Khan District. Though the price of one kg of wheat seed varied from Rs 3.50 to 4.50, an average value of Rs 4.00 was used to compute the cost of seed which amounted to Rs. 400 to 500/ha. The costs of fertilizers applied were charged to the concerned farm. Two types of fertilizers were commonly used in the irrigated farms of D.I. Khan District (Urea and Di Ammonium Phosphate). The average price of fertilizers are given in Appendix A6. In the case of farm yard manure it was observed that no farmer used farm yard manure for major crops like wheat and sugarcane. It was mostly used for heating and cooking purposes. Some farmers used is for vegetables they had grown on their farms for domestic purposes. 

The cost of production for a particular crop included the costs of all operations performed with various power sources, and the costs of material inputs like seed, manure, fertilizers, herbicides and insecticides needed to grow one hectare of that crop. The cost of production was also calculated by summing the cost of all power sources, i.e., human labor, bullock energy, electrical or diesel energy, tractor and the materials used for that particular crop. These cost of production were also calculated by excluding the cost of family labor.

Gross value of output includes the value of crops (wheat, sugarcane) and byproducts (wheat straw). Value of the wheat crop was computed using an average market price (farm gate price) of Rs 3500 per ton which the farmers received during 1992-93.


The quantity of straw was calculated from the grain yield. For every ton of grain there was 1.25 ton of straw. An average price of 1.25 tons of straw obtained from a ton of wheat grain was Rs. 400. The hiring rates of all power sources i.e., human labor, bullocks, electrical motor, diesel engine and tractor are given in Appendix A4.  


Gross margin was defined as the gross value of product minus the production cost, excluding the cost of family labor and land rent (ABBOTT and  MAKEHAM, 1979). Return to the family labor was also calculated to find out the earning of a farmer, in case he has to pay land rent and incase he has his own land and he does not need to pay the land rent.  




