


I INTRODUCTIONPRIVATE 


Farmers in developed countries produce almost four times more for each hour of work than farmers a few decades back. The contributing factors in this achievement are effective use of commercial energy inputs: particularly farm machinery, improved irrigation systems and judicious use of fertilizers and pesticides. For example, with total energy use of about 17166 kWh per hectare for wheat, PIMENTEL (1980) showed that 2.6 tons per hectare yield was obtained in Kansas. This is almost 1.5 times the yields normally obtained in Pakistan with traditional production methods using 9000 kWh per ha.


Energy inputs are being used increasingly in Pakistan and are resulting in a transition from traditional to more energy-oriented agricultural production methods. In assessing the form of this transition and the trend that is likely to continue in the near future, it is imperative to examine the present use of energy of agricultural production in order to formulate policy. 


Many of the studies done in developed countries cannot be used for planning in Pakistan as their ecological conditions are different from that of Pakistan. Although numerous studies have been conducted in India, but from those studies it is difficult to correlate the amount of energy consumed in certain operations in India to that performed in Western Pakistan. Most important is the assessment of the potentials of the areas with the exploitation of which the farmers can substitute one farm of energy for another. 


In Pakistan, out of the total geographic area of 79.6 million hectares, about 68 million hectares (85%) are arid or semi-arid. Pakistan has well developed surface irrigation system but the rainfed area of the country is approximately 23% of the total cultivated area (MAHMOOD and WALTERS, 1990). 


There is limited information available on the pattern of energy consumption in Pakistan. Only a few studies on overall energy use in the country have been reported (IQBAL et al. 1992; RAZZAQ et al. 1990) which used the estimates and judgments of individuals based on annual census data. Some of the studies were done on the data collected during one-time interviews with farmers (AHMED, 1979). Whereas, some highlight the figures of one crop (MUSHTAQ, 1990; KHASHKHELI et al. 1991). There is, at the moment, only one comprehensive study on Pakistan's energy inputs into irrigated agriculture, in Faisalabad District, Pakistan (AHMED, 1994) . However, there are no reports from rainfed areas of arid and semi-arid regions of Pakistan, although figures are available on total energy consumption (Economic Survey 1992-93). The rainfed areas of Pakistan are diverse in soil, climate, resource base, and production system. These areas can be developed to fulfil the increasing food requirements of the country. However, the development plans cannot be devised as in irrigated areas.


At present, agriculture in the rainfed areas of Pakistan receives very little attention in general planning. The area is rich in physical and human resources that can be gainfully utilized through integrated planning. The development of a sound irrigation and improved agricultural mechanization system in the area under an integrated project would go a long way toward improving the economic condition of the society, and play a vital role in overall development of the country. Much could be achieved if a system approach is adopted for planning. This approach involves a comprehensive assessment of the local situation, available energy sources, skills, and needs.


CHAPTER II


LITERATURE REVIEW


Agriculture is essentially an energy-conversion process. Modern agriculture combining petroleum-based fuels to power tractor and self propelled machines with energy-intensive fertilizers and pesticides, results in increased yields (STOUT, 1990). In less developed countries like Pakistan, agriculture is in a transformation process from traditional to mechanized farming. According to agricultural statistics of North West Frontier Province of Pakistan (1992-93), only 47% of the cultivated area could be cropped while 53% was left idle in 1991-92. The main reason found out was the lack of water resources to fulfil the demand of crop. Planners will have to understand that to feed the growing population, more energy will be needed in the agricultural sector. Energy planners should provide farmers as much energy as they can afford and effectively use to increase productivity (STOUT, 1990). 


An essential element in making development policy is to analyze how agriculture is practiced and how energy is used in rural areas (MAKHIJANI, 1975; FLUCK AND BAIRD, 1979). REVELLE, (1976) also emphasized the need to conduct detailed studies in all parts of the country. 


Studies relating different energy inputs necessary for crop production are reviewed in this chapter.

2.1  Human Energy


An important consideration in agricultural energy analysis is the quantity of energy in agricultural labor. The energy consumed by agricultural labor may vary by more than three orders of magnitude, depending on the method chosen to determine the energy content of labor (FLUCK, 1981). 


PANESAR AND BHATNAGAR (1987), noted that the physical workout of an average man is 0.075 kW for 8 hours per day. STOUT (1990) stated that a healthy adult can produce about 0.075 kW continuously for 10 hours a day. FLUCK (1992), explained that an adult male can produce muscular energy amounting to about 0.14 kWh to 0.42 kWh per day. This amount varies with task, and with physiological, environmental and other factors. 


MAKHIJANI (1975) used a range of 0.14 - 0.16 kWh/day for net energy output (with 2.34 kWh/day food intake) of agriculture labor for third world agriculture. For that he used the energy in the food intake of all persons in a farming village as the gross energy input for human labor. 


SMIL (1979) considered it necessary to construct a good balance sheet to establish the mean energy consumption levels of a nation. After establishing how much nutrition is necessary to supply adequate energy, he made calculations of annual energy expenditure in three different ways. The first approach was to multiply a reasonable estimate of typical work rate by the aggregate number of work hours. Annual useful output per person derived in this way was 106 - 141 kWh. The second method was to treat a person as an energy converter, with a predetermined physiological performance and calculated useful work as a proportion of total food consumption assuming a typical all day energetic efficiency of 15% for 8 hours of work. This procedure yielded annual useful energy total of 94 - 143 kWh per person. The third approach, used by the World Health Organization and preferred by SMIL (1979), was that energy available for activity was calculated as the residual after subtracting maintenance energy from average food intake. This method resulted in 81 - 128 kWh for economically active adults. Any one of these methods needs basic reliable information for its computation; and for reliable information there is always a need of intensive studies.

2.2  Animal Energy


Domestic animals, especially large ruminant livestock such as cattle, buffaloes and camels, are an extremely valuable renewable resource that fulfills several essential functions in the developing countries. They provide much useful motive power for field work, irrigation, food processing, and transportation. The average power output of a pair of Indian bullocks has been reported to be 0.37 to 0.93 kW (SINGH, 1973; PANESAR AND BHATNAGAR, 1987). SINGH et al. (1989) noted a maximum draft of 13 to 16 percent of their body weight for six hours. The average speed, power and work output of these bullocks in a six‑hour working day were 3 km/h, 0.68 kW per pair and 3.90 kWh per pair. The performance of bullocks depends on body size, draft, duration of work and  climate. The body weight was found to be a better measure of their size than their body dimensions. The speed, power and work output increased with body weight.


DEVNANI (1981) estimated that bullock power can develop draft equivalent of 1/5 to 1/6 of their body weight and the maximum pull bullocks could exert varied from 50 to 60% of body weight. Donkeys and mules are used for carrying loads which can be as much as 50 to 60% of their body weight. These animals are mostly used in hilly regions. SMIL (1979) and PANESAR and BHATNAGAR (1987) also considered it necessary to estimate the weight of the animal to measure its average performance. SMIL (1979) assessed that in sustained effort, cattle, buffaloes, and asses can exert a force equal to about 10% of their body mass, and this ratio is as much as 15 % for horses and mules. The draft power also depends on the animal's height. Owing to these differences average power may range from 0.25 hp for donkeys to over 0.75 hp for North China horses. Annual work hours may fall any where within a wide span of from 2 to 8 hours per day for 100 to 300 days.


Studies also showed that a working animal can develop much higher power for a shorter period than during normal work. In Italy, a pair of well-fed oxen have been able to develop 1.5 to 2.2 kW over a hundred meter distance. In Brazil, a single bullock of 550 kg developed 1.5 to 2.8 kW over a hundred meter distance (DEVNANI, 1981). 


MAKHIJANI (1975) assumed that one bullock produces a power of about 0.50 hp and works for about 1,000 hours per year yielding a net annual output of energy of about 370 kWh. He further assumed that 75 percent of the animal labor was for farm work. If there was one draft animal per hectare the annual useful energy in farm operation would be 278 kWh/ha. PIMENTEL (1992) estimated that the maximum amount of time that a draft animal can work annually is 2000 h; however, a good average figure would be about 1500 h per year, the author suggested.

 2.3
Machinery and Fuel Energy


Energy consumed in field operations is affected by many factors. BOWERS (1992) concluded that a wide variation can be expected due to weather, soil type, depth of tillage operations, field size, degree of mechanization, and management ability. The author noted some soils required more energy to do the same amount of work as others. CHANCELLOR (1982), showed 24 L of diesel fuel per hectare for M.B. plow in California, USA, whereas, in a report by ENERCON (1990) 15 L per hectare were used in Pakistan. The reason for higher consumption of fuel in the study of Chancellor was the soil compaction in California (BOWERS, 1992).


Tractors are by far the greatest consumers of fuel in field operations accounting for 90-95% of the fuel used. The efficiency of converting liquid fuel to useful field work is relatively low. Only 21.8% of the fuel energy in the tank remains at the engine crankshaft (BOWERS, 1992). 


Tractors operate under a wide variety of loads, according to Nebraska Tractor Test (DOWNS and HANSEN, 1979) their average power level is approximately 55-60% of maximum load. ENERCON (1990) concluded that Pakistani farmers operate their tractors in low gears with 80 to 90 percent of rated speed and the engines delivering about 50% of their rated power.   

2.4  Fertilizer Energy

 
The major nutrients used by plants in the largest amounts are nitrogen, phosphorus and potassium. HELSEL (1992) observed that fertilizer consumption is increasing at a fast rate. In 1964, 29 kg of chemical fertilizer nutrients per hectare were used in the world 54 kg in developed countries and 7 kg in developing countries. By 1991, use was 93, 66 and 134 kg/ha. In Pakistan, fertilizer use has reached about 89 kg per hectare in 1991 compared to only 2 kg in 1960-61 (ECONOMIC SURVEY, 1992-93; AGRICULTURAL STATISTICS OF PAKISTAN, 1990-91; FAO, 1993).


The major N fertilizer products are ammonia, urea, and ammonium nitrate. In Pakistan, the most commonly used fertilizer is urea (AGRICULTURAL STATISTICS OF PAKISTAN, 1990-91). MITTAL et al. (1985) and PANESAR AND BHATNAGAR (1987) calculated 60 MJ per kg of energy input by N, whereas the energy input for P2O5 was 11.1 MJ per kg and for K2O was 6.7 MJ per kg.

2.5  Pesticide Energy


Pesticides include herbicides, insecticides fungicides and others. Only about 2% of the energy used in agriculture is for pesticides (STOUT, 1990). 

HELSEL (1992) suggested that on an energy per unit basis, a typical herbicide may be applied at the rate of 300 MJ/ha. RAO (1985) evaluated the energy inputs in weed control by taking into account the energy costs of weedicide production, transportation of pesticides sprayers, bullocks and the fixed energy inputs through equipment on farms in Haryana, India. Weed control in a hectare of wheat and rice consumed 71 MJ/ha with 2-4 D spray. RAO (1985) calculated that manual weeding for wheat required 191 MJ and rice 223 MJ per hectare. 

2.6  Seed Energy


A significant amount of energy is associated with seeds and other planting materials. MITTAL et al. (1985) and PANESAR AND BHATNAGAR (1987) took the energy equivalent values for seeds of wheat, maize and paddy (not shelled rice) as 14.7 MJ/kg, and sugarcane as 5.3 MJ/kg. 

2.7  Energy Inputs for Crop Production 


STOUT (1990) estimated 202 million tones of oil equivalent in 1972 for the commercial energy consumption for agricultural production in developed and developing countries, which increased to 287 mtoe in 1982. In developing countries, commercial energy use in agriculture increased from 33.5 mtoe in 1972 to 76.5 mtoe in 1982. Although more than 50% of this increase was occurred in the developing countries, yet it is still low compared to the area that is possessed by these developing countries. STOUT (1990) stated that developing countries had 54% of the world arable land and the land under permanent crops, but the produce was 48% of the world cereals and 62% of the world root and tubers.


SINGH (1973), and SINGH and CHANCELLOR (1975) conducted a detailed study during 1971-72 in North India to investigate energy inputs by farmers with different levels of mechanization and the resultant output. They categorized the farms in six categories ranging from farms having all crop lands un-irrigated and having animals as only the power source on the farms to the farms with tractors and tubewells. They observed that farms with higher mechanical technology used more energy and obtained higher yields of various crops. It was also found by the authors that the labor input and production costs per unit of crop output decreased with increased mechanical technology. It was noteworthy that for wheat the energy inputs in North India were equal to or sometimes more than the energy inputs of American farmers growing wheat under the same conditions. The study projected that only effective and timely use of energy can be linked with the prosperity of any country.


AHMED (1979) performed a study in Faisalabad district of Pakistan to compare two farming systems, i.e., bullock farming and tractor farming. He selected 25 farms each for tractor and bullock. On all these farms water from tubewells was available in addition to canals. The author observed a highly significant reduction in labor input on tractor farms. The fertilizer use was higher on tractor farms but not significantly higher compared to bullock farms. Similarly, the yields were also higher on tractor farms, but the difference was not significant. It was observed that despite the desirable effects of tractor cultivation on yield of crops, there was very little difference in gross income on a per hectare basis on the tractor and bullock operated farms. The author determined that the inputs as water and fertilizers can effectively substitute for tractor.


RAM and KHANDELWAL (1987) conducted studies through field experiments, collection of farmers' data and estimation of energy needs on the basis of agricultural statistics of the state of Madhya Pradesh of India. The state was divided into 12 agro-climatic regions. The farms were classified as marginal, small, medium and large, however, the author did not give the size of these farms. It was observed that tractor farms used more energy compared to bullock farms and also got high yields. Comparing the energy input and output of paddy and wheat crop it was computed that energy consumption of paddy crop under tractor and bullock farming was 751 kWh and 545 kWh per hectare. The tillage operations consumed 30 to 35% of the total energy, irrigation, 28 to 30% and harvesting exhausted 20 to 25% of the direct energy. In case of wheat crop use of energy under tractor and bullock farming were 984 and 711 kWh/ha. Major energy intensive operations for wheat crop were irrigation and tillage, in which irrigation consumed 50% and tillage operations consumed 30% in all the energy treatments.


SHRESTHA (1988) performed a study on energy analysis of selected crops in Nepal. The study was based on a field survey of two villages in different ecological zones. Data were collected from previous years' crop production activities. For the analysis of data, the author categorized the farms in six categories according to their size, power source and location. In case of paddy, it was observed that the farms in plain areas used pumping devices to irrigate the fields and tractors for land preparation so the human labor use remained low. The farms in hilly areas made higher use of human labor compared to farms in plain areas and depend on rainfall for moisture requirements of the crop. In the case of wheat the farms in plain areas used higher quantity of fertilizer and chemicals than the farms in hilly areas, and obtained higher yields. However, the difference in yield was not significant. Sugarcane was grown only in plain areas. The farms in hill areas were growing maize as their staple food crop. 


MUSHTAQ (1990) performed a study on energy inputs and crop production on the wheat crop in Faisalabad District of Pakistan. Since most of the cultivated area in Faisalabad (Punjab) is irrigated, the author ignored the rainfed area. It was observed that energy use was higher on the farms which had only tubewells as their source of irrigation, than the farms with canal or canal plus tubewell due to high consumption of either electricity or fuel to run a tubewell. The farms with canal or canal plus tubewell irrigation obtained higher energy output/input ratio compared to the farms that had only tubewells as an irrigation source. The farms with tubewell obtained lower yields than canal due to poor quality of ground water. Analyzing the yield against energy inputs, the author observed that on the farms with tractors or bullocks as a power source and tubewells as irrigation still had a chance of increasing output with more application of fertilizers but did not do so due to unsuitable water quality. The farms with canal irrigation only were not taking full benefits of fertilizers as compared to the farms with canal and tubewells. The reason the author observed was less quantity of water on farms with only canal irrigation. The author did not find the tubewell water alone a suitable source of irrigation in that area due to the presence of salts.


AHMED et al. (1991) studied the energy needs and available resources in an irrigated village in Punjab province of Pakistan. Only 12% of the farmers in that village used bullocks for cultivation. Land preparation was mostly done with tractors and sowing by broadcast method. Bullocks were mostly used for transportation. Only 20% of the product was transported with the help of tractors from field to village. Almost 80% of the area was irrigated by diesel engine tubewells and the rest with electric tubewells. No farm with canal irrigation was reported by the authors in that village. Threshing of rice was done manually while wheat was mechanically threshed. The average yield of wheat and rice was 1.76 and 1.85 tons per hectare respectively.


SIDHU and GREWAL (1991) conducted a study to examine labor use patterns in different farm categories of Punjab (India). They categorized the farms into three categories as bullock operated farms, tractor operated farms and tractor operated combine harvested farms. Data were collected on labor use, other inputs use and level of production for all the crops and farms as a whole. It was observed that there was no significant difference in labor use between bullock operated farms and tractor operated farms. However, a significant decrease in per hectare human labor use was seen on tractor operated combine harvested farms compared to bullock operated farms and tractor operated farms. In this category about 30% of wheat and 62% of paddy crop were harvested (and threshed) by combine harvester. It was also noted that the share of hired labor to the total human labor employed on the farm increased as the level of mechanization increased.


Comparing the agricultural production of Pakistan to the developed countries, IQBAL et al. (1992) pointed out that it is three to four times less in Pakistan. The authors suggested adopting mechanization in addition to the use of improved seed, fertilizer and plant protection measures to increase crop yields. They figured that about 65% of the cultivated area in the country is operated by small to medium size farmers. Most of these farmers can not justify owning a tractor or a complete range of mechanized equipment therefore the authors suggested for custom hiring services in the agricultural sector. To provide adequate services to the farmers in far-flung areas, the government should give incentives for setting up private workshops. They calculated that by the year 2009 with the increased mechanization trend in Pakistan more human labor and more tractors would be required. However, animal power is expected to decrease by that time. 


BONNY (1993) analyzed the energy intensity trend in French agriculture as a whole between 1959 and 1989 and one of its main crops, wheat, between 1958 and 1990. Due to difficulties involved in evaluating consumption of indirect energy (i.e. the energy required to manufacture the different inputs used, such as fertilizer, pesticides, machinery), only direct energy (such as fossil fuels, electricity and gas directly consumed in agriculture) was considered for overall French agriculture. However, for wheat indirect energy was also taken into account. It was observed that French agriculture has made more economical use of energy during the past fifteen years. Overall energy consumption has not declined, but in proportion to agricultural output, or per ton of wheat produced, it has been falling since at least 1977. The author pointed out that this trend could be found in other western countries also. However, to verify this trend properly, the author suggested further research in this field.


AHMED (1994) performed a detail study to find out the relationship between various energy inputs and crop production in Faisalabad District of Pakistan. As Faisalabad has mostly well developed irrigation system, the author ignored the rainfed area. It was observed that the bullock operated farms made higher use of permanent labor and bullock power than tractor operated farms, whereas tractor operated farms made higher use of tractor. The overall energy use was also higher on tractor operated farms than bullock operated farms. The farms having only canal water for irrigation used less quantity of fertilizer and obtained lower yields. The gross margin remained higher on tractor as well as on bullock operated farm that used tubewell water to supplement canal water than those farms that did not use tubewell water to supplement canal water. 


Based on this review and as pointed out earlier in chapter I, a number of issues and trends have been identified as follow:


i.
Lack of studies containing complete information about all the activities performed on farms round the year in Pakistan.


ii.
Lack of studies on rainfed areas of arid or semi arid zones.  


iii.
Every area has its own problems and the way to solve those problems is quite different for each area.


Modern agriculture is highly dependent on other sectors of the economy for most of its inputs, except for land and solar energy. It also competes for most of its inputs, for labor, capital, water and energy. Agricultural development in the last 30 years shows that the rate of dependency of agriculture on other sectors is increasing. Thus, it is time to identify the stage of agriculture development by examining the extent of this dependency.




