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Abstract 

Livestock also acts as a bank to meet their daily needs, but the scarcity of quality forage in rainfed 

agriculture is a limiting factor for livestock. Due to severe shortage of forage, animals remain 

under-nourished, and thus subject to poor health and productivity. Forages are natural and the 

cheaper feeding choice for livestock, but their continuous supply in rainfed areas, especially during 

severe winters (December-January) and summers (May-June), often remains a bottleneck for the 

development of the livestock industry and hence adequate availability of livestock products in 

these months. Consequently, prices of livestock products often become high during these months. 

Silage and hay making using balers is a viable option when plenty of fodder is available in peak 

season of crop especially in July-August and in February-March.  
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Introduction 

Livestock plays an integral role in income 

generation of small farmers to meet day-to-

day emergencies in the rural areas. Farming 

community maintains livestock in the 

country for various purposes like milk and 

meat etc. It not only provides food security 

by supplying human beings with milk, meat 

and self-employment, but also plays an 

important role in alleviating poverty among 

small-scale farmers. It contributes about 60.5 

% to agriculture products and 11.2 % in 

Gross Domestic Product (GDP). Livestock 

recorded a growth of 4.0 % during 2018 as 

compared to 3.62 % for the same period 2017 

[1]. 

Pakistan has a total livestock population of 

201.9 million including buffaloes, cattle, 

goats, sheep, birds, donkeys, camels, horses, 

and mules [2]. Livestock populations are 

increasing day by day and with the passage of 

time, their quality feed requirements become 

a challenge. Continuous supply of nutritious 

fodder in ample quantity is important for 

growth and productivity of livestock. Fodder 

crops are essential and cheap GDP source of 

animal feed. However, shortage of fodder is 

a key factor that limits livestock production 

in rainfed areas of Pakistan, particularly in 
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Pothwar region. Farmers are quitting farming 

due to risky farming and resultantly farm 

number is continuous decreasing. Hence, 

posing a severe threat to sustainable food 

supply in rainfed areas of country. Climate 

change is a global issue that will increase 

temperature up to 2-6 ̊C, fluctuations in 

rainfall and increased occurrence of droughts 

and floods. These will adversely affect 

rainfed agriculture. Climate change will also 

affect agricultural activities resulting in soil 

erosion [22]. Consequently, availability of 

feed for livestock in rainfed areas is not 

uniform throughout the year due to acute 

fodder shortage owing to harsh weather in 

severe winter (December-January) and in 

severe summer (May-June). A common 

practice is to use wheat straw and sorghum 

stalks to feed the livestock during lean period 

in rainfed areas of Pakistan. However, 

sorghum mature stalks and wheat straw are 

poor in quality and hence does not provide 

the required energy for proper animal growth, 

development and productivity. 

A viable option to overcome availability of 

fodder in slack period is to make silage and 

hay, in periods of abundant fodder production 

in peak season of crop. Fodders are the crops 

that are grown and preserved in the form of 

silage or hay and fed to animals in a scarcity 

period when there is shortage of green fodder. 

Preservation of fodder as silage and hay has 

helped to stabilize the production of milk and 

meat which experiences a nosedive during 

extreme temperatures due to the shortage of 

green forages. Hay is air-dried fodder, 

whereas silage is the fermented fodder stored 

in anaerobic conditions with some additives 

such as urea and molasses. Crops with thin 

stems are preferred for hay production as 

these crops are much easier to shade 

compared to thick stemmed crops. Legumes 

like cowpea, guar and soybean having thin 

stems and are most appropriate for 

preservation as hay. The thick stemmed crops 

such as cereal forages are best suited for 

silage preservation [4, 10, 14, 25-27]. 

Fodder preservation as silage and hay 

Forage preservation is an important 

component for a profitable and proficient 

ruminant livestock development around the 

world. Forage preservation permits good 

supply of quality feed when forage 

production decreases during scarcity period. 

Moreover, forage preservation gives farmers 

with an option of storing fodder when 

production is quicker than can be sufficiently 

used as pasture. Resultantly, forage 

preservation offers good quality forage for 

ruminant animals round the year. Entire plant 

is dried to make hay, with the goal that it is 

biologically inactive both with regard to 

enzyme activity and microbial decay of plant. 

Low moisture content facilitates easy 

transportation due to reduced mass per unit of 

dry matter content. Hay making is a common 

practice in those areas where good drying 

conditions are available [23]. 

Filya et al. [8] reported that ensiled forages 

are extremely appreciated as animal feed in 

European nations such as Netherlands, 

Germany and Denmark. The ensiling method 

is a preservation under anaerobic condition of 

moist forage to preserve nutrients. 

Consequently, pH will reduce, and wet 

forage is protected from spoilage of micro-

organisms. This method is secure and user-

friendly; does not pollute the atmosphere; 

and products are considered natural foods. 

The preservation of forage as silage bale is 

made on following well-established method 

that generally comprises drying of fodder up 

to 60 % of dry matter content (DM), baling 

and wrapping of bales with stretched 

polythene film of 4-6 layers [9]. Scientists 

observed that silage feeding to cattle is a 

predominant practice worldwide, and more 

herbaceous plants are used for silage 

preparation in developed countries. Ensiling 

grass-based forage is a primary way to 

preserve these plants as silage. For small 
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farms, silage container stores are sometimes 

used, and the silage is preserved in large (4-6 

m3) boxes [30]. 

Silage preservation technique is attractive to 

producers owing to several reasons, but the 

primary advantage is a reduced risk of 

weather damage to valuable forage 

crops compared with preservation as dry hay. 

Most core principles for making high-quality 

precision-chopped silages also apply to baled 

silages; among these, establishing and 

subsequently maintaining an aerobiosis are 

on priorities basis. Preservation of baled 

silages can be improved by 

applying polythene film wraps promptly, 

using an appropriate number of polythene 

film 6 to 8 layers, selecting a storage site free 

of sharp objects or other debris, and by 

monitoring wrapped bales that are placed 

closely to avoid puncture, particularly by 

birds or rats [5]. 

Silage preparation technique involves 

harvesting of crop on suitable stage, cutting 

into pieces and then pressing them tightly. 

The structures used to make silage are called 

silos, and these are made of different 

materials in different shapes and forms. 

Molasses and urea are used to enhance the 

rate of fermentation process and to improve 

silage quality. Lactic acid is produced which 

determines the quality of the silage by its 

concentration. Occurrence of oxygen in silos 

disturbs fermentation process while butyric 

acid production increases and resultantly 

silage quality is deteriorated. Excessive 

heating can cause silage browning resulting 

in deterioration of silage quality. The best 

color of good quality silage is from golden to 

mild brown. The stored fodder as silage gives 

the lactating animals with excellent quality 

feed during times of lack of green forage. 

Sorghum fodder has advantage over maize 

silage that it can be preserved as silage as 

well as hay and is the best substitute of maize 

silage. The fact is that silage production is 

quite a technical task, since it requires careful 

calculation of each step from crop harvesting 

to putting in silos and maintaining anaerobic 

conditions [15]. Sorghum is an ancient 

cultivated green forage for milch animals. It 

is an excellent green forage for ruminant’s 

particularly dairy animals. Sorghum 

possesses heat and drought tolerance along 

with its ability withstand soil toxicity have 

made it a good choice for dairy farmers and 

forage growers, particularly in tropics [3]. 

Forage sorghum grown in legumes 

intercropping systems offers nutritious 

forage to animals and that is 

very economically owing to less fertilizer 

and irrigation usage. Also, forage sorghum 

can be stored as silage or hay to feed animals 

during periods of scarcity of green forage. 

Hence, it is need of hour to optimize 

the crop potential to ensure a sustainable 

availability of feed for livestock and 

eventually human food security. 

Human beings have learned to cope with 

adverse environmental conditions and even 

to use them for their benefit with the 

development of science and technology. 

Forages are the cheapest and most valued 

feed source of animal and produce excess of 

green forage when climatic and other 

conditions are conducive to growth and 

development. Similarly, during extreme 

temperature hikes and plunges, forage 

become deficient and ultimately lactating 

animals are underfed [17]. The net result is a 

sharp decline in the production of milk and 

meat which compromises human food safety. 

Therefore, sustainable forage production 

goes a long way towards ensuring animal 

nutrition and eventually human food safety. 

To ensure the sustainable availability of 

forages to milch livestock even during 

temperature extremes, silage and hay making 

techniques were established which may be 

declared as the top discoveries of the century 

as far as dairy science is concerned [16]. 

Animal feed is one of the main costs of 

producing livestock [18]. In Brazil, the 
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tropical climate favors the production of 

forages, the use of which usually costs less 

than concentrated ingredients (corn and 

soybean meal) and is therefore always used 

in ruminant diets in large amounts, frequently 

over 40% [24, 31]. The use of forage plants 

adapted to the area, along with the practice of 

ensiling, increases the allowance for forage, 

especially during the year's dry season, and 

can make sheep farming a sustainable task. 

According to Cowan, [7] ensiling is an 

important practice that permits for better use 

as a dry-period reserve of the surplus forage 

produced in the rainy season. 

Employment generation in the business of 

bales making is gaining a considerable 

momentum in the agricultural and industrial 

area due to mechanization of its production 

chain, the ease of their manipulation and 

transportation, flexibility of storage and the 

less manpower requirements [12]. Storage 

and transportation are two essential 

operations of biomass supply chain in bailing 

as during transport of forage through use of 

specific vehicles, large areas are needed for 

storage purpose. 

Baling methods 

Huhnke et al. [13] revealed that several 

wrapping bale methods are accessible: wrap 

stretch plastic on single rectangular and 

round bales or round big bales arranged from 

end to end, either in a wrapped with stretch 

plastic wrap or plastic tube. These last 

options decrease the plastic used, 

significantly improve the productivity of 

wrapping and decrease storage area 

compared to separately wrapped bales. 

Moreover, tube line wrapping can decrease 

flexibility of feeding paralleled to separate 

wrapping of bales. Preservation of huge 

amount of fodder as silage in the form of 

wrapped bales is a convenient method in 

most of the countries and is appealing to the 

producers [34] so it gives benefits compared 

to hay production, such as a more flexibility 

in harvest date, less dependency on weather, 

and more flexibility in ration making [6, 28, 

29]. 

Round baler 

A round baling machine (Orkel MP2000) is 

widely used in agriculture and industry area 

to compress biomass. Baler was used for 

baling urban waste in the industrial area as 

well as for wrapping silage in the agricultural 

area. The optimum quantity of material is fed 

to the compaction chamber assisted by the 

advanced and reliable sensor system. The 

wrapping is done in parallel with the baling. 

The prepared bales are carefully placed on 

the ground, once they have been wrapped 

with plastic sheet. The machine was powered 

by a 110 kilowatt (kW) nominal power 

tractor during the test. After bailing a 43 % 

volume decreased with respect to the piled 

chips loose bulk density. The productivity of 

the fresh (green) wood chips ranged from 

19.8 t/h to 21.7 t/h [20]. 

Rectangular baler 

Large rectangular balers, usually used for hay 

baling, vary greatly according to their feeding 

mechanism. The Scientists found that large 

square baler with a pre-compression chamber 

provided the best shaped and densest red 

canary grass bales [19]. In many developing 

countries, straw collection was always 

dependent on a handful of elderly stationary 

balers with top-feed ram stroke and wire / 

plastic twine tie design, and straw was 

shipped in rectangular bales such as 

0.6×0.5×1.5 m3 (width, height and length). 

Length of the bale varied till 1.9 m. Mass was 

usually 100-120 kg/bale, but could be higher, 

which make this baling system classified as 

medium to large baling system. The 

small straw bale presser is developed by 

small-sized iron factories of the local private 

sector. Metal string or plastic ropes can be 

used to tie the straw bale, the baler move from 

place to place near the field to bale manually 

collected rice straw [11]. 

Steele et al. [32] reported that mobile straw 

baling powered machines came later and now 
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are commonly used in North Africa region, 

the first baler for mass production was 

smaller in size and particularly appropriate 

for harvesting of straw from small areas, and 

small producers made the bale conveniently 

and easy to handle. It is mostly used by the 

governmental straw collection centres that 

provide farmers with straw baling facilities. 

This type of baler was used only for rice 

straw in hay form. These balers produced 

small rectangular bales with dimensions 0.80 

× 0.46 × 0.36 m3 with mass up to 25 kg. These 

types of rectangular balers are now produced 

locally in some countries e.g. like in Egypt 

under licence to foreign Italian manufacturer. 

Another scientist found that movable straw 

baler was designed and manufactured during 

2003 and altered during 2004 at the 

Agricultural Mechanization Research 

Institute (AMRI), Multan, Pakistan. The field 

performance of this baler was evaluated in 

2009. This movable straw baler's design 

parameters were based on local farm size, 

crop waste and field situations. In 2003, 

AMRI's workshop manufactured the first 

prototype of movable straw baler using 

locally accessible materials and facilities. 

Some important components and parts such 

as gears, hydraulic jack and hydraulic pump 

were manufactured by the local industry in 

accordance with their technical specifications 

[35]. 

Researcher revealed that in Ghana, the 

rectangular balers are used now in some 

places for baling rice straw mainly as cattle 

feed. However, no local manufacturing or 

assembling operations running within the 

country, all available balers are imported 

[21]. In rectangular baler, bale chamber 

pressure, besides varying forward speeds and 

windrow sizes, is the most important 

parameter affecting the bale density. Some 

research studies that baling very hard and 

coarse material in round baling. However, 

many studies consider silage baling, where 

the material is relatively softer having more 

moisture content (40-75 %). Bale weight, 

density and nutrient content are the very 

imperative factor characterizing the shaped 

hay bales [33]. 

Conclusion 

Livestock in Pakistan continue to suffer from 

malnutrition particularly during May-June 

and December-January during which 

shortage of green forage affect animal health 

along with productivity. It is imperative to 

develop fodder preservation technologies to 

support dairy farmers. Awareness about 

importance of these technologies to ensure 

sustainable fodder supply to minimize 

decline in animal health. Hay and silage 

making techniques are of most importance as 

the milk yield in Pakistan is very less as 

compared to number of animals and their 

potential. Therefore, excessive forage stored 

as silage and hay guarantees to increase milk 

and meat production and also improve the 

socio-economic status of dairy farmer.  
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