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ABSTRACT

The major objective of this study was to investigate the patterns of energy consumption and their relationship with crop production on farms with different levels of mechanization in Dera Ismail Khan District of North West Frontier Province, Pakistan. 


A year‑long survey was made of daily inputs of energy for crop production operations on more than 600 crop plots of 26 farms in seven villages. The cultivated areas of D.I. Khan District 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. In the south east part of the district, irrigation is done with tubewells. Agriculture on western part of the district depends on rainfall or seasonal hill torrents for its moisture requirements. Selection of the villages was made after consulting authorities in the Departments of Agriculture, Irrigation and Revenue to represent the district. This selection of seven villages was based on available mode of irrigation in that particular village. The selection of farms in the villages was based on the main power source the farmer uses on his farm, i.e., bullock or tractor. 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. Bullock and tractor operated farms were sub‑categorized according to source of water for irrigation as canal, tubewell and rainfed (no irrigation). Average size of both bullock and tractor operated rainfed farms was 8.2 ha whereas bullock operated irrigated farms were below 5 ha and the average size of tractor operated irrigated farms 5 to 10 ha in size. In the district, 51% of the farms are under 5 ha, whereas 24% are 5 to 10 ha and 25 percent are above 10 ha in size.


Sources of energy recorded on biweekly visits of the selected farms were human (family, permanently and casually hired) labor, bullocks, electric motors or diesel engines and tractors. Crop yields, inputs of fertilizers and farm yard manure and values of these items were recorded.


Energy inputs were computed by summing the energy inputs to all crop plots on a weekly and annual basis for total holding and per hectare basis. Energy output/input ratios for wheat and sugarcane for both bullock and tractor operated farms were also calculated.


It was observed that per hectare consumption of energy was higher on tractor operated farms than that on bullock operated farms. Results indicate that the use of tractors does result in a reduction in human labor hours and bullock energy on per hectare basis. It was also observed that permanent laborers on tractor operated farms worked fewer hours during a one year period than that on bullock operated farms.


Due to lack of a permanent source of irrigation the intensity of cropping on rainfed farms was the lowest, therefore the consumption of energy on both bullock and tractor operated farms was very low. Farms with canal irrigation had higher cropping intensities and used more energy than the rainfed farms. However, in Kharif (Monsoon) season the irrigation water from canal was insufficient for the rice crop therefore, 9 out of 31 ha remained fallow. On those farms which did not grow rice during the Kharif season water was sufficient to grow other crops like fodder. On farms with tubewell irrigation 8 out of 17 ha on bullock operated farms could not be cultivated due to water logging problem and on 13 out of 25 ha on tractor operated farms no crops could be grown due to flooding. This caused lower cropping intensity on tubewell farms than canal farms. Per hectare consumption of total energy use was the highest on farms with tubewell irrigation due to the highest consumption of electrical or diesel energy for pumping. 


There were two peak periods of energy inputs on all farms, one during the months of April and May for harvesting and threshing of the wheat crop. A severe shortage of labor occurred during this peak period on both tractor and bullock operated farms. The other peak period occurred during the months of October and November for harvesting of Kharif crops and sowing of winter (Rabi) crops. As the farm operations performed with tractors took less time than bullocks so the duration of the second peak on tractor operated farms was shorter than bullock operated farms. Land preparation and sowing operations were performed with tractors on all tractor operated farms except on tractor operated rainfed farms where mostly the sowing operation was performed with the seed tube attached to bullock drawn plow. Due to the sowing operation performed with the help of bullock, the bullock energy was higher on tractor operated rainfed farms than tractor operated irrigated farms. Unlike other farms, in the case of bullock operated farms with canal irrigation, harvesting of wheat was performed mostly with permanent labor and with the help of neighboring farmers on a reciprocity basis. They also called neighbors for help in transplanting of rice during June July. Use of casual labor on tubewell farms was higher than that on canal and rainfed farms since harvesting of sugarcane on tubewell farms was done mostly by casual labor on a contractual basis.  


The yields were higher on tractor operated farms than bullock operated farms. Rainfed farms obtained the lowest yields, as their crops were rain dependent. Moreover, floods also damaged the crops on some plots. Tractor operated farms with canal irrigation obtained the highest yields of wheat. Tractor operated farms with tubewell irrigation obtained the highest yields of sugarcane. This was due to timely land preparation with tractors and higher use of fertilizer on tractor operated farms compared to bullock operated farms. 


It was found that for each crop, the total energy output is greater than the total energy inputs. Results show that the energy output/input ratio for wheat on a tractor operated farm is lower (3.3 and 2.2) than that of a bullock operated farm (3.7 and 2.9 on canal and tubewell irrigated farms respectively). However, on tractor operated rainfed farms, output/input ratio was 7.2, which is higher than bullock operated rainfed farms, where it was 4.2. In the case of sugarcane ratoon crop, it was 13.84 on tractor operated farms with tubewell irrigation and 13.79 on bullock operated farms with tubewell irrigation. On tractor operated farms with canal irrigation it was 19.6. Similarly for sugarcane planted crop it was it was 4.8 on tractor operated farms with tubewell irrigation and 5.0 on bullock operated farms with tubewell irrigation. On bullock operated farms with canal irrigation, it was 6.4.


As the yields and therefore crop values were higher on tractor operated farms than bullock operated farms, the tractor farms obtained higher gross margins. Cost of production was lowest in rainfed farms but the crop values were also the lowest, so the gross margins remained the lowest. The gross margins on farms with canal irrigation were higher than the farms with tubewell irrigation. This was because the farms with canal irrigation paid only a small amount of water tax whereas the farms with tubewell irrigation spent higher amount of money to purchase irrigation water. 


Projections were developed on the basis of upgrading the bullock operated farms performing conventional tillage practices to higher level of mechanization. Secondly, floods are one of the major problems of the area. The projection has also been developed not only to control floods but also to store their water for assured irrigation to the rainfed cultivated area of the district. In the third projection the farms were brought under controlled irrigation system and their main power source was tractor. Results indicate that as steps are taken toward mechanized farming, there will be an increase in production and a reduction in cost of production however, there will be increase in consumption of energy. The implementation of the projections two and three will result saving in electrical energy, higher yields of crops higher cropping intensities of the cultivated area and ultimately increase in gross margin of a farm.
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