

5.3 
WEEKLY ENERGY INPUTS ON FARMS:PRIVATE 


The average weekly energy inputs on the farms in six categories are shown in Figures 5.1 - 5.6. Each figure has three plots. The first plot shows the average weekly hours of work done by the permanent labor and casual hired labor.  The lower curve shows the hours of permanent labor and the upper curve is the total human hours. Thus, the difference in these two curves gives the casual labor hours. The second plot shows the average weekly energy inputs by bullocks per hectare of holding on a farm. The third plots show the average weekly energy input from inanimate sources, i.e., electric motors, diesel engines or tractors.  The lower curve shows the energy delivered by electric motors and diesel engines and the upper curve gives the total energy from inanimate sources. The difference in these two curves gives the energy delivered by tractors. 


There were two peak periods of energy use by different sources. The first peak period occurred in April-May for harvesting and threshing of wheat. Maximum human labor was required during this period. Bullocks were mostly used for transportation of harvested material to the threshing floor and from threshing floor to store or market. The peak in inanimate energy use indicates the consumption of tractor energy for threshing operations of wheat. The second peak occurred in October-November for land preparation and sowing of wheat. On bullock operated farms, land was prepared with the help of bullocks, however, in many cases tractors were also used to supplement the bullock power for this operation. On tractor operated farms land was prepared with a tractor, but in some cases sowing was performed with bullocks.


The average energy inputs from various sources for the bullock operated rainfed farms on a per‑hectare‑of‑holding basis are shown in Figure 5.1. The use of human labor was quite low throughout the year. In the first peak period during wheat harvesting season casual labor was engaged for wheat harvesting. Another high use of human labor occurred in September-October when harvesting of millet coincided with land preparation for wheat. Bullock energy was quite high during land preparation and sowing of wheat. Almost every farmer sowed wheat with the help of bullocks. Some farmers also rented tractors to supplement bullock energy for land preparation. However, tractors were mostly used for threshing of wheat. On one of the six bullock operated rainfed farms wheat was threshed with bullock treading method, all other farmers used tractor operated threshers. The bullocks treading method or manual power was used by all the farmers under study for threshing of crops other than wheat. Yields were higher on tractor operated farms yet use of human labor was higher during harvesting operations on bullock operated farms. This was due to the fact that harvesting of flood effected lodged wheat crop consumed a lot of human labor.


The average energy inputs on the tractor operated rainfed farms are shown in Fig 5.2. Use of human labor remained quite low throughout the year with small peaks. In November (46th week) when land preparation and sowing operations of wheat were performed, land was prepared with tractors but sowing operation was performed with bullocks. Bullocks and manual labor were hired on an exchange basis for sowing operations from neighboring farmers. The use of human labor was low during land preparation operations which were performed with tractors and consumed less time compared to bullock operated farms.  


The average energy inputs on the bullock operated farms with canal irrigation are shown in Fig 5.3. Harvesting of wheat was managed with the permanent labor with the help of neighboring farmers. An other peak of human labor occurred in June July (26th and 27th week) during transplanting operations of rice. This operation was also managed by permanent labor with the help of neighboring fellow farmers. Whenever, these farmers asked help from neighboring farmers, it was only on an exchange basis. Bullocks remained in use almost throughout the year, except for a few weeks. They were used for land preparation, sowing and transportation activities. In August, farmers started plowing those plots that were fallow after wheat of the previous season to sow wheat again. After first plowing for wheat some of the farmers started preparing land for maize, which was used as fodder. Tractors were used for threshing wheat. Tractors were also rented for land preparation after rice by farmers that had comparatively larger land holdings. However, it did not show any distinct peak due to larger size of holding that resulted in lower use of tractor energy on per hectare of holding basis.


The average energy inputs for the tractor operated farms with canal irrigation are shown in Fig 5.4. Use of permanent labor remained low almost throughout the year except for a few weeks. Hiring of casual labor by farmers of this category was high on different occasions. The first peak occurred in the end of April and start of May (17th to 19th week) for harvesting of wheat. Much human labor was also used in June, July (27th and 30th week) for weeding in sugarcane and transplanting of rice. High labor use was also observed in October November during seedbed preparation and sowing operations of wheat. Unlike bullock operated farms with canal irrigation, labor use was low during this period as the fields were prepared with tractor. However, tractor use was high during (i) threshing and (ii) the land preparation and sowing operations of wheat. 


The average energy inputs from various sources for the bullock operated farms with tubewell irrigation are shown in Figure 5.5. Unlike bullock operated farms with canal irrigation, peaks of human labor use were also observed from November to February due to difference of crops. Three out of five farmers with tubewells grew sugarcane on almost all of their farm land. Harvesting of sugarcane started from the last week of November and coincided with land preparation and sowing of wheat. However, harvesting of sugarcane continued till the month of February (9th week). Casual labor was used for this job. Labor use was remained the highest from the mid April to end of first week of May due to harvesting and threshing of wheat. Bullock use was high in the month of April when they were used for interculture operations of sugarcane. Interculture operations were performed with manual labor on the farms with canal irrigation and with bullocks in the sugarcane fields of tubewell farms. However, the heaviest use of bullocks was in November December (47th to 49th week) for the preparation of land and sowing of wheat. Tractors were mostly used for threshing wheat in the last week of April and in the month of May. The main source of inanimate power for irrigation was electric motors as very few farmers in the area owned diesel engines. The electric power or diesel engines for irrigation remained in used almost through out the year. From March to October it remained in use for sugarcane. Afterwards it was used for sugarcane as well as wheat.


The average energy inputs for the tractor operated farms with tubewells irrigation are shown in Figure 5.6. Use of permanent labor remained low most of the year. The hiring of casual labor by the farmer in this category was quite high compared to other categories. The peak hiring period of casual labor occurred in the last week of April (17 week) during the harvesting operation of wheat. However use of casual labor started in November with sugarcane harvesting. Use of bullocks remained the lowest of all the categories in this category throughout the year as tractors did all tillage operations and most of the transportation activities. Electric power remained in use for irrigation of sugarcane almost throughout the year. Even during monsoon months, tubewells were used to supplement rainfall to meet the high water requirements for sugarcane. Tractors were used during threshing and land preparation of wheat and sugarcane planted crop.


In general, there were two peak periods of energy inputs from various sources for the farmers of all six categories. However, the length and the peak level of the period for each energy source varied according to the implements and machine and power sources used to perform the various operations.  


The number of hours a permanent laborer, bullocks and tractors worked in a week or in a day during the peak periods are shown in Table 5.9. Farmers worked more hours on those farms that had bullocks as their main power source. In the case of bullock operated rainfed farms, farmers worked for 66 hours per week or 9 hours daily during peak periods, whereas in canal and tubewell irrigated farms they worked 53 and 37 hours per week respectively or 8 and 5 hours daily. The permanent labor force in these categories was mostly made up of family members while in those farms where a tractor was the main power source, permanent labor was constituted by family members and permanently hired laborers.  However, in rainfed farms it was only family members (Table 5.4). The farmers on tractor operated rainfed farms worked for 46 hours per week or 7 hours daily whereas the permanent labor worked for 4 hours on canal irrigated and 3 hours on tubewell irrigated farms. Farmers on tractor operated farms with canal and tubewell irrigation worked the fewest hours. Farmers in these categories were economically better off compared to bullock operated farmers and hired extra casual labor to work as and when required.


The number of hours per day per permanent laborer during the peak period for a particular day would have been even higher than the numbers given in Table 5.9 as these were based on average figures. These hours were only for activities related to agriculture production and did not include work hours required for the care of animals. On average, it requires two men to take care of ten animals every day, or about 3-7 hours of work by each man every day; this amounts to 0.6 - 1.5 man hours per animal per day (SINGH 1973). If the number of man hours required to take care of animals according to the number of animals is added, the number of hours worked by permanent laborer during the peak periods may be upto 17 hours per day.

5.4

Analysis of Energy Inputs for Various Crops

The energy inputs per hectare of holding were computed for each crop over the crop season. The crop season included the total period starting from the first seed bed preparation operation to the transportation of harvested material to storage or market.

5.4.1.
Wheat Crop

The energy inputs per hectare for wheat on bullock and tractor operated, rainfed and irrigated farms are given in Table 5.10. The use of permanent labor is higher on bullock operated farms than tractor operated farms and casual labor is higher on tractor operated farms than bullock operated farms for all irrigated farms. It was due to the fact that maximum use of human labor occurs during harvesting operations on both bullock operated and tractor operated farms because harvesting is performed with manual labor (Tables 5.11 - 5.13). On tractor operated farms mostly casual labor is engaged for this job whereas the farmers on bullock operated farms managed this operation by permanent labor with the help of neighbor farmers. However, this was not the case in rainfed farms. In rainfed farms casual labor on tractor operated farms was lower than the bullock operated farms. Rainfed farms are usually large but the farmers on those farms are comparatively poor so they can not hire permanent labor. The average holding size of rainfed farms was 8.2 ha compared to 4.6 ha and 4.9 ha of that in canal and tubewell irrigated farms respectively. During sowing season they get help from neighboring fellow farmers with bullocks and during harvesting season they use family as well as casual labor to harvest the crop as early as possible to protect it from flooding. The damage to crops is less if the intensity of the flood is low as was the case during the period of this study. However, lodging of crop leads to more use of human labor for harvesting. Regarding intercultural operations in irrigated areas, weeding operations were performed by the permanent labor on bullock operated farms whereas it was also performed by hired labor on tractor operated farms. However, total labor used remained higher on bullock operated farms than tractor operated farms.


As expected, bullock energy remained higher on bullock operated farms and tractor energy remained higher on tractor operated farms. Among tractor operated farms use of bullock energy was highest in rainfed areas because these farms used bullocks for sowing also. In irrigated areas bullocks are mostly used for transportation of harvested crop from fields to threshing floor and after threshing floor to storage and market on tractor operated farms.


Land preparation operations were performed with bullocks on bullock operated farms, however, on some farms tractor also supplemented bullocks for land preparation operations. Main use of tractors on bullock operated farms was for threshing operation. The farmer who threshed crop with bullock treading method used more labor hours and more bullock hours but overall energy use was low compared to the farmers who threshed their crop with tractor operated thresher. However, good energy management does not always mean the use of less energy (McFate, 1982). More tractor energy was consumed for threshing operation on tractor operated farms compared to bullock operated farms due to higher yields on tractor operated farms. Among bullock operated irrigated farms, use of tractor energy in canal irrigated farms was higher than tubewell irrigated farms because the soil in tubewell irrigated farms was not as hard as canal irrigated farms. Farmers on bullock operated, tubewell irrigated farms could manage with only bullock power. 


Total energy consumption per hectare and per ton (Table 5.10) was the highest on farms with tubewell irrigation as most of the energy on tubewell irrigated farms came from electric or diesel engines (Table 5.13). The figure of pumping energy for bullock operated farms with tubewell irrigation is higher because of the higher duration of use of electric or diesel engines for pumping ground water. Soil on some bullock operated farms was somewhat sandy. Energy consumption on rainfed farms was the lowest because once they sow the wheat, only weeding operations on some farms were performed before harvest. However, the energy per ton on bullock operated rainfed farms was quite high due to low yields on the farms. The study of SHYAM and GITE (1990) showed 348 man hours per hectare for all operations of wheat under rainfed conditions of central India. It is quite high compared to this study performed in D.I. Khan. Here, use of human labor was only 220 man hours per hectare on bullock operated farms and 116 man hours on tractor operated farms. One of the main differences between these two results is the use of bullocks. In the study of SHYAM and GITE (1990), a pair of bullocks were used for 84 hours which is almost 63 kWh per hectare, whereas in D.I. Khan tractors supplemented bullocks and per hectare use of bullock energy was 27 kWh on bullock operated farms and 12 kWh on tractor operated farms. The authors (SHYAM and GITE, 1990) have also counted the energy equivalent of the farm machinery and equipment used for cultivation. For that they used the energy equivalent of 62.7 MJ/kg for the farm machinery and implements and for those implements which were made of wood like plow and bullock carts the authors used the energy coefficient of 37.6 MJ/kg. Therefore consumption of bullock energy was reported 236 kWh per hectare. Farmers in India used fertilizer but in rainfed farms of D.I. Khan, fertilizer use was almost negligible. It could be one of the main factors causing low yield in rainfed farms of D.I. Khan compared to that of India. However, a significant increase in yield was observed with the use of fertilizer in a study performed at the Agricultural Research Station of the rainfed areas in D.I. Khan (GURMANI and BAKHSH, 1990). A study by MUSHTAQ (1990) in Faisalabad District of Pakistan revealed that 224 man hours per hectare were used to grow wheat on bullock operated farms with canal irrigation and 141 man hours with tubewell irrigation whereas in this study it was 226 man hours in canal irrigated farms and 158 in tubewell irrigated farms. Almost the same amount of bullock energy was consumed on the farms in Faisalabad and D.I. Khan Districts. On bullock operated canal irrigated and bullock operated farms with tubewell irrigation. It was 37 kWh and 44 kWh per hectare in Faisalabad whereas it was 39 kWh and 48 kWh per hectare in D.I. Khan. 


The weekly analysis of energy inputs for wheat show that there were two peak periods of energy inputs from different sources (Appendix B1 to B6). The first peak period occurred in October-November during seedbed preparation and sowing operations of wheat. The second peak period occurred in April-May during harvesting and threshing operations of wheat. Length and magnitude of these peak periods were different due to the difference in main power sources.


Energy output-input ratios for wheat for both bullock and tractor operated farms were calculated (Table 5.14). It was found that in all cases, the total energy output was greater than the total energy inputs. Results indicate that the energy output-input ratio for a tractor operated farm is lower than that of a bullock operated farm in irrigated areas. However, in rainfed farms, output-input ratio was higher on tractor operated farms. This was due to small difference in the physical energy inputs on bullock and tractor operated rainfed farms. Both categories of rainfed farms used bullocks for sowing. Non of them used fertilizer. However, the yield on tractor operated rainfed farms were higher than bullock operated rainfed farms. The farmers in irrigated areas used higher amounts of fertilizer on tractor operated farms than bullock operated farms. Physical energy inputs were also higher, this caused lower output-input energy ratio on tractor operated farms than bullock operated farms. 


Comparison of energy ratios were performed with other authors (Appendix A 10). For the bullock operated rainfed farms, on the basis of grain and straw, the energy output-input ratio was 8.63 vs 9.27 reported in a study by SHAYAM and GITE (1990) in Bhopal (India). This difference is primarily the result of higher inputs and different method of calculation of energy inputs at Bhopal. For example in Bhopal the human hours were counted 347, bullock hours were 84, total energy inputs remained 6360 MJ. This includes the energy used by farms machinery and implements used for cultivation which was obtained by multiplying the energy coefficient per unit weight by the weight of machine/implement and distributing the product over the useful life of machine/implement. The total yield of grain was 1.5 to 2 ton/ha. The corresponding figures for the present study were 220 man hours, 74 bullock hours, the total energy inputs remained 2320 MJ with average grain yield of 0.7 ton/ha.


Similarly, the output-input energy ratios of present study was found less compared to the studies performed at Faisalabad, Pakistan (MUSHTAQ, 1990) on bullock and tractor operated farms with canal and tubewell irrigation. The main reason was again lower energy inputs in the present study compared to the study performed in Faisalabad. The farmers in Faisalabad are in better economical position so they put more energy inputs, (for example bullock operated farms with canal and tubewell irrigation used 1808 kWh and 1474 kWh in the shape of fertilizer and manures in Faisalabad, the corresponding values in the present study were 1170 and 1290 kWh). The other reason could be the difference in method for the calculation of energy inputs. MUSHTAQ (1990) used indirect energy used in farm machinery and equipment. The study performed by AHMED (1994) revealed the energy ratio of 3.9 and 3.4 on the basis of grain yield, on bullock and tractor operated farms with canal irrigation. The corresponding values in this study are 3.7 and 3.3. On the basis of total product (grain and straw) AHMED (1994) calculated 8.0 and 7.1 for bullock and tractor operated farms with canal irrigation whereas in this study on bullock operated farms with canal irrigation the energy ratio was 7.5 and on tractor operated farms with canal irrigation the energy ratio was 6.8.

5.4.2
Sugarcane Crop

Sugarcane is an important cash crop in Pakistan. The province of Punjab is the main growing area, followed by Sind and NWFP (Economic Survey, 1992-93). In 1991-92, the area under sugarcane in Dera Ismail Khan District was 5560 hectare (Agricultural Statistics of NWFP, 1992).


The energy inputs per hectare of ratoon sugarcane and planted sugarcane crop are given in Tables 5.15 and 5.16. It is quite evident that less energy was used for ratoon sugarcane than for planted sugarcane as the former did not require any energy for seedbed preparation and planting operations.

5.4.2.1  Sugarcane (Ratoon)

Tubewell irrigated farms used the maximum human labor on a per hectare basis due to their high use on harvesting operations in ratoon sugarcane crop (Table 5.17). Harvesting was performed with the casual labor in tubewell irrigated farms. However, in some plots, on bullock operated farms, the crop was harvested by the farmers themselves for seed purposes. This harvesting was also done with the help of neighboring farmers on an exchange basis. Between the farms with tubewell irrigation, more human labor was used on tractor operated farms due to higher yields of the crop that took more human labor hours for harvesting. In canal irrigated farms, instead of harvesting the crop of sugarcane by themselves or with the help of casual labor, the standing crop was sold to mill owners. In this way farmers saved the human labor on harvesting. However, those farms used a lot of human labor on interculture operations (Table 5.17). Weeding operations were mostly performed with human labor and with narrow tine tractor mounted cultivators on tractor operated farms with canal and tubewell irrigation. On bullock operated farms, weeding was performed with human labor and with locally made bullocks drawn plows. Tractors were also used on some plots to supplement the bullocks power.


The main source of irrigation in tubewell irrigated farms was electric motor driven centrifugal pumps. Total consumption of energy per hectare and per ton of yield on tubewell irrigated farms were higher than farms with canal irrigation because of the higher consumption of energy on irrigation sources.


The pattern of energy inputs from various sources for ratoon sugarcane grown by the different categories of farms are shown in Appendices B7 to B9. Tubewell irrigated farms used a lot of human labor during harvesting season. The bullocks on bullock operated farms with tubewell irrigation were used for interculture operations. The farmers having a tractor as their main power source in canal and tubewell irrigated farms did not use bullocks for this crop. Use of pumping energy remained almost uniform during the whole cropping season. However, its use dropped at the time of harvesting. Every farmer under study in all categories sold their whole crop to a sugar mill and no one made brown sugar. 

5.4.2.2  Sugarcane (Planted).

The energy inputs on a per hectare basis by different sources for sugarcane planted crop are shown in Table 5.16. Use of energy was maximum on tractor operated farms with tubewell irrigation. 


On bullock operated canal irrigated farms, only bullocks were used for land preparation (Table 5.18). For this reason, the number of man hours was higher than tractor operated farms with tubewell irrigation. Between the bullock operated farms with canal and tubewell irrigation human hours and bullock energy were higher in canal irrigated farms than in tubewell irrigated farms as the latter used tractors to supplement bullock energy. Sowing was performed with manual labor in all categories. Casual labor was hired on tractor operated tubewell irrigated farms whereas in bullock operated farms this operation was performed with permanent labor. Manual weeding was performed only on bullock operated canal irrigated farms. Tractor operated farms used herbicides to control weeds. Harvesting was performed in tubewell irrigated farms only. Farmers on canal irrigated farms sold their standing crop to mill owner before harvesting. 


Over all consumption of energy was higher on tubewell irrigated farms than canal irrigated farms (Table 5.16). This was the highest on tractor operated farms with tubewell irrigation due to their comparatively higher use of tractors than bullock operated farms. However, energy per ton on bullock operated farms with tubewell irrigation was the highest due to lowest yield obtained on these farms (Table 5.16).


The use of energy by different categories of farms on a weekly basis for sugarcane planted crop are shown in Appendices B10 to B12. The use of human labor was quite high at the time of harvesting in tubewell irrigated farms. In the case of canal irrigated farms, human labor was used for land preparation and interculture operations.


Energy output-input ratios for the ratoon and planted sugarcane crop on bullock and tractor operated farms are shown in Tables 5.19 and 5.20. It was found that in all cases, the total energy output was greater than the total energy inputs. Results indicate that the energy output-input ratio on tubewell irrigated farms is lower than that of a canal irrigated farms due to higher use of energy inputs on tubewell irrigated farms. Among the tubewell irrigated farms output-input ratio was lower on tractor operated farms than bullock operated farms. This was due to the fact that tractor operated farms made comparatively higher use of physical energy with tractors. Moreover, these farms had also made high use of fertilizer and chemical (pesticides) energy.


Comparison of energy ratios were performed with the studies performed in India (Appendix A 10). Higher energy output/input ratio in the study performed by PATHAK and SINGH (1978) in this crop was mainly due to higher energy inputs and higher energy output due to higher yields compared to D.I. Khan. The yield in the study of PATHAK and SINGH (1978) was 72 tons per hectare, compared to yield of 38 tons per hectare in D.I. Khan. In the study performed by SINGH et al. (1987) the yield was 32 t/ha. In the study of SINGH et al (1987), the authors have also counted indirect energy by counting energy coefficient of electric motor and farm machinery due to this reason total energy inputs were 25377 kWh (91382 MJ) per hectare, whereas, in the present study the total energy inputs were 11240 kWh (40474 MJ) per hectare. Total output of energy, in the case of main product, was 187882 MJ in the study of SINGH et al. (1987) as against the total output of 201400 MJ in the present study. The energy output-input ratio were 5.58 in the present study whereas it was 14.4 in a study by PATHAK and SINGH (1978) and 2.82 reported by SINGH et al. (1987). 


The output-input energy ratios of present study was found high compared to the study performed on bullock operated farms with canal irrigation in Faisalabad by AHMED (1994). The main reason was significantly higher yield in D.I. Khan compared to Faisalabad. The inputs were 43288 MJ in the present study and 33540 MJ in the study performed by AHMED (1994) in Faisalabad. The yield was 52 ton per hectare and the total output of energy was 309088 MJ in D.I. Khan whereas in Faisalabad the yield was 35 tons per hectare so the total energy output was 205365 MJ/ha. The reason of higher yields in D.I. Khan could be the availability of water. In Faisalabad the author stated that the farm having only canal water needed tubewell to fulfill the irrigation requirements. Whereas in D.I. Khan canal water was sufficient for sugarcane crop. However, the farmers in Faisalabad who used tubewell water to supplement canal water got 53 tons per hectare compared to 52 tons per hectare with only canal water in D.I. Khan.

5.4.3
 Millet

In D.I. Khan District millet was grown on 3821 hectare in 1991, of which 3653 hectare were rainfed (Agricultural Statistics of NWFP, 1991-92). Among all the farms understudy millet was sown only on the rainfed farms. It was sown on 19 hectares on bullock operated farms and on 13 hectares on tractor operated farms (Table 5.3). The energy inputs per hectare for millet are shown in Table 5.21. The total energy used per hectare of millet was higher on bullock operated farms than tractor operated rainfed farms, because floods washed away all the crops on tractor operated farms before harvesting.


Land was prepared with tractors on those farms where a tractor was the main power source and with bullock on those farms that had bullocks as their main power source. However, tractors also supplemented the bullock power. Bullocks were used for sowing operations in both categories and neighbors helped for this operation whenever they were asked. Casual labor was not used for this crop. Harvesting and threshing could only be performed on those farms where bullocks were the main power source.

5.4.4.
Rice

As it is evident from the Table 5.3, the rice crop was sown only on those farms understudy where irrigation source was canal. On tubewell irrigated farms understudy rice was not grown due to sandy texture of soil. It was sown on 7.7 hectares on bullock operated farms on 2.4 hectares on tractor operated farms. The use of energy per hectare for rice by different sources on the farms is shown in Table 5.22. 


Bullock operated farms used more overall energy on a per hectare basis compared to tractor operated farms. The difference in higher use of total energy occurred due to land preparation operations. In the case of bullock operated farms, land preparation operations consumed more human hours and bullock energy. 


Weeding operations were performed on tractor operated farms only. This operation was not performed on bullock operated farms for this crop as the quantity of weeds was low on bullock operated farms. Moreover, at the time of weeding, farmers were preparing their fields that were left fallow after the previous season's wheat crop. Some were preparing land to sow maize and other fodder crops. Harvesting and thereafter threshing were performed by manual labor on bullock as well as tractor operated farms. Threshing operations on paddy were performed by beating the harvested crop against a wooden block. Average yield per hectare was higher on bullock operated farms than tractor operated farms so harvesting consumed more time on bullock operated farms.

5.4.5.
Fodder, Oilseed and Chickpea.

The energy inputs per hectare for the fodder crops of both Rabi and Kharif season, oilseed crops and chickpea crop are given in Table 5.23. 


The fodder crop was berseem in the Rabi season and is was mostly used as green fodder. It was sown on 4.3 hectares on canal and tubewell irrigated farms. In the Kharif season the main fodder crops were jowar, bajra, sorghum, maize and legumes. All these Kharif fodder crops were sown on 25 hectares understudy on rainfed as well as irrigated farms (Table 5.3). Oilseed crops included rape seed and mustard. These were sown only on 4.8 hectares understudy.


To compute the energy inputs for fodder crops, only energy inputs for seedbed preparation, sowing and irrigation were included whereas for oilseed and chickpea crops the energy inputs in harvesting and threshing operations were also computed for those  plots wherever those operations were performed.


Heavy use of energy was made for the Rabi fodder in tractor operated farms with tubewell irrigation. Berseem needed many irrigations, (quite commonly up to twenty irrigations). Since the farms with canal irrigation did not use electrical or diesel energy for irrigation, the overall use of energy was higher on farms with tubewell irrigation than farms with canal irrigation. 


It is also apparent that tractor operated farms with tubewell irrigation did not use bullocks for the Rabi fodder as tractor did the tillage operations (Table 5.23). Tractor operated farms with canal irrigation also prepared the land with a tractor, but they also used bullocks for land levelling. 


Bullock operated farms with tubewell irrigation considered it quite uneconomical to grow fodder crops under tubewell irrigation. Instead, many of them rented a piece of land in the nearby canal irrigated area. Farmers in rainfed farms preferred to grow wheat in Rabi cropping season.


Millet was the most popular Kharif fodder crops in rainfed farms. On bullock operated farms land was mostly prepared with bullocks. The tractor was also rented for this operation, whereas on tractor farms as it is the custom in rainfed areas, bullocks were used for sowing operations. On irrigated farms, maize, legumes and sorghum were the popular Kharif fodder. Heavy use of bullock energy and therefore human labor hours were used on the bullock operated farms with canal irrigation. Weeding (mostly watercourse cleaning) was performed with permanent labor in bullock and tractor operated farms with canal irrigation. High use of human energy was made on tractor operated farms with tubewell irrigation due to higher use on water course cleaning. Use of tractors was the highest on the tractor operated farms with tubewell irrigation due to comparatively harder soil texture which needed more time  for preparation.

Oilseed Crop

The use of energy from different sources for rapeseed and mustard grown in rainfed and canal irrigated farms are given in Table 5.23. On bullock operated farms, all operations were performed with the help of bullocks whereas on tractor operated farms sowing was either performed manually or with the help of bullocks. Threshing was performed on bullock operated farms only. The harvested crop on tractor farms was sold before threshing.

5.4.7  Chickpea Crop

The chickpea crop is mostly grown in the rainfed areas. Only on a few plots in bullock operated farms this crop could mature otherwise it was destroyed in its initial stage by flood water on those farms that had tractors as their main power source.


5.5  Yield, Cost of Production and Gross margin
5.5.1.  Yield of Major Crops 


Crop production is directly related to yield per hectare that gives the productivity of the land. It followed that the higher the yield, the higher the production and consequently the higher the gross value of production. As such, average yield is an important indicator of production process. Paired t-tests were performed to test the null hypothesis of no-difference and the alternate hypothesis of significant difference between the mean of two categories.


For the wheat crop it was found that the yield on tractor operated farms was significantly higher than the yield on bullock operated farms. Similarly the yield on the irrigated farms was significantly higher than the yield on the rainfed farms (Table 5.24). Rainfed farms were purely depended upon rain. Moreover, in some plots the crop was destroyed by the flood. So the overall crop yield remained lower in rainfed farms. Bullock operated farms with canal irrigation obtained lower yields than tubewell irrigated farms. This could be due to delayed application of water in canal irrigated farms. Moreover, water logging and salinity were also observed in certain plots in canal irrigated farms. Tractor operated farms obtained higher yields than bullock operated farms. This may be timely preparation of land with tractor. Moreover, the economical status of the farmers on tractor operated farms was also better than the farmers on bullock operated farms, so they could apply higher doses of fertilizer.


For the sugarcane (ratoon) crop it was found that yields on tractor operated farms with canal and tubewell irrigation were significantly higher than the yield of bullock operated farms with tubewell irrigation. The higher yield on tractor operated farms with canal irrigation can be due to better care of crops with regard to weeding. Farmers on bullock operated farms with tubewell irrigation were weeding with bullock drawn plow, whereas the farmers with canal irrigation were weeding by themselves using hand tools. The highest yield on tractor operated farms with tubewell irrigation was obtained due to timely irrigation. Due to better economical position of the farmers. fertilizer application was also higher than the bullock operated farms with tubewell irrigation. 


In case of sugarcane (planted) crop the highest yield was observed on bullock operated farms with canal irrigation. The farmers in this category were taking good care of their crops with respect to weeding and other interculture operations (Table 5.18). Therefore, the intensity of weed was the lowest on their farms; on the other hand weeding was performed with bullocks or tractors in tubewell irrigated farms. The other reason could be comparatively better quality of water on canal irrigated farms. 

5.5.2.  Production cost, gross margin and net return for major crops

Cost of crop production was one of the major factors for a farmer to decide what to grow and what not to grow. Total cost of production consisted of costs of all operations based on the energy inputs from various sources and cost of materials inputs, like seed, fertilizer, etc. 


Gross value of output included the value of the main product (i.e., grain) and its byproducts (i.e. straw).

Wheat Crop

The gross value of the output per hectare, production cost, gross margin and net return for the wheat crop grown by the farmers in various categories are given in Table 5.25 (a, b and c). The cost of various operations, i.e. tillage, sowing, irrigation, interculture operations, harvesting, transportation and threshing operations and the cost of material inputs like seed and fertilizer are also given in the Table (5.25a).


It is clear from the table that among all categories of farms, bullock operated farms with canal irrigation used maximum amount of money on land preparation. The farmers in this category prepared their land with bullocks. Moreover comparatively more plowings were performed by the farmers due to hardening of soil on some plots where rice was grown in the previous season. 


Sowing expenditure was almost the same except on bullock operated farms with tubewell irrigation where locally made seed tube attached to the bullock drawn plow was used for sowing and fertilizer application. These farmers did 

not broadcast seed for sowing. 


Irrigation cost was the same for bullock and tractor operated farms with canal irrigation. The cost, however, was higher on tractor operated farms with tubewell irrigation. The custom rate of payment for irrigation water is one third part of the crop yield. Some farmers did not have their own motor or diesel engine. They purchased water and later paid according to custom rate. For computation all farmers were charged one third of their crop yield irrespective of their ownership of irrigation sources. Due to higher yield per hectare on tractor operated farms with tubewell irrigation they paid proportionately more irrigation charges than bullock operated farms with tubewell irrigation. The cost of interculture operation was higher on tubewell irrigated farms as many of the plots were used only for wheat, thus those plots required more weeding. The farmers of rainfed farms spent much of their money on bund making operation not only to protect the crops from floods but also to allow stored rain and flood water to slowly seep down in soil over the next few weeks.


Harvesting operation was the most expensive operation of this crop. In rainfed farms, crops were not in good condition, moreover, before harvesting flood damaged the crops on many plots. The lodged crops in flood effected plots took longer time for harvesting compared to other plots. This was also the case on some bullock operated canal irrigated farms hit with flood. The farmers tried to harvest the crops even if these were not completely mature. 


Transportation charges were the highest on bullock operated rainfed farms. The farmers in this category needed to transport their harvested crop to those farms that had threshers. The size of plots in that area is quite large, so the farmers paid more money than the bullock operated farms in irrigated areas to cover longer distances. 


Threshing charges are proportional to yields. Among all those farms that used tractor operated threshers, the threshing charges were higher on those farms where quantity of threshed crops was higher than others. These charges were higher on tractor operated farms than bullock operated farms in all categories of farms understudy. 


Materials cost contains the cost of seed and fertilizer. Tractor operated farms with irrigation sources used more kg/ha of fertilizer than bullock operated farms. Economically they were better off among all categories. The bullock operated farms with canal irrigation also used a high amount of fertilizer but due to the problems of waterlogging and salinity this category could not get the higher yields compared to the yields of other irrigated farms. On the average, per hectare quantity of fertilizer used by bullock operated farms with tubewell irrigation was higher than the bullock operated farms with canal irrigation.


Overall production cost and gross value of output were lower in the rainfed farms than irrigated farms. However, the cost per ton was quite high on bullock operated rainfed farms. This was due to comparatively lower yields obtained by the farmers of bullock operated rainfed farms. The gross margin was lower and cost per ton was higher on bullock operated rainfed and irrigated farms than the tractor operated farms of the same category. The farmers of bullock operated rainfed farms and farms with canal irrigation, spent comparatively more human labor on harvesting flood affected lodged crop but got low yields. Whereas, the farms with tubewell irrigation spent much of their income on pumping irrigation water.


The cost to the family labor was assumed equal to the cost of hired labor, i.e. Rs. 5.00 per man-h on rainfed and tubewell irrigated farms and Rs. 6.25 per man-h on canal irrigated farms. In reality, the family labor on tractor operated farms with canal irrigation received the maximum return per hour due to highest yield and bullock operated rainfed farms received the lowest return per hour due to lowest yield on the farms (Table 5.25c). However, even the lowest return was higher than the assumed cost per man-h (that was actually not paid) on all farms understudy.   

Sugarcane Crops

Cost of production, value of output, gross margin and net return of sugarcane crops were computed for both, ratoon and planted crops. Tillage was performed as an interculture operation for ratoon crop; whereas seedbed preparation was done for planted crop only (Table 5.26, a.b.c). 


The interculture operations for the sugarcane crop were performed with bullocks on bullock operated farms with tubewell irrigation whereas this operation was performed with tractor on tractor operated farms with canal and tubewell irrigation. 


The irrigation cost was calculated based on the common practice of the area (one third of the harvested crop like wheat). The higher irrigation costs were due to their higher yields on tractor operated farms with tubewell irrigation, compared to bullock operated farms with tubewell irrigation. 


Weeding was mostly done with human labor on the canal irrigated farms. On tubewell irrigated farms weeding was performed with bullock operated plow or with tractor tiller. 


Harvesting was performed on tubewell irrigated farms by the farmers themselves or with the help of casual labor. The farmers of canal irrigated farms sold the standing crops to mill owners. 


Cost of material for ratoon sugarcane crop contained the cost of fertilizer and herbicides only. Whereas, the cost of seed sets was extra expenditure in planted sugarcane crop. Higher use of fertilizer was made on tractor operated farms than bullock operated farms due to their better economical position. Farmers of bullock operated farms could not afford high use of fertilizer for sugarcane crop to the same extent as tractor operated farms.


High production cost leading to low gross margin was observed on tubewell irrigated farms. This was due to high expense on irrigation for sugarcane ratoon and planted crops. The cost per ton was higher on bullock operated farms than tractor operated farms due to lower yields on bullock operated farms. To find the total savings to farmers, the net return including the cost of family labor was also calculated (Table 5.26c).




