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Chapter - I 

INTRODUCTION 

Dairy industry, occupies an important position in 

the economy of the country. India has about one-sixth of 

the World's cattle and one half of the World's buffalo 

population numbering 179«^ and 61.7 million, respectively, 

and that of sheep, goats and poultry is kUO, 75,0 and 159.0 

million, respectively, but the country is still lagging much 

behind both in milk and meat production (Anon., 1985). An 

insight of the present day dairy industry of the country would 

reveal that most of our animals are ill-fed.* Semi-starvation 

and malnutrition is the rule and hence the milk production as 

well as the working efficiency of the animals is steadily 

declining. 

There exists a wide gap between the demand and supply 

of teeda and fodders in the country. The shortages running to 

the tune of 258 million tonnes in case of green fodder, 26 

million tonnes in case of straw, Karbi and Stover and 23.8 

million tonnes in case of the concentrates (Singh, 1985). 

Himachal Pradesh, one of the most picturesque regions 

of the country, land of mightly rivers and.jpnoviSb situated in 

the lap of Himalayan ranges in extreme north-west of India is 

idealy suited for the development of livestock industry and 

has great potential for the improvement of milch cattle. In 

this direction Department of Animal Science, Himachal Pradesh 

Krishi Vishva Vidyalaya, Palampur and Department of Animal 



Husbandry, Himachal Pradesh together have put efforts to 

improve the existing livestock population in the state by 

cross-breeding with imported Jersey and Holstein breeds. 

The results so for obtained have been quite encouraging. 

The most important aspect which requires imiiiediate attention, 

however, is proper and adequate feeding, in the absence of 

which even the best breeding programmes are not expected to 

yield desired results. 

The gap between the requirements and the availability 

of fodder is quite high (Whyte, 1964). It is felt that feeds 

and fodders at present available can maintain only about half 

of the existing livestock population. The fodder production 

in the state is at its lowest ebb with only O.i+8 per cent of 

the total cultivable area being devoted to fodder production, 

which indeed is very less (Anon,, 1985)« Though, natural 

grasslands are the major source of fodder supply in the state 

in terms of hay and grazing needs, more than 90 per cent of 

the livestock population in Himachal Pradesh subsists on 

natural grasslands (Anon,, 1985). Vegetative growth in these 

grasslands is observed only for a period of three to four 

months in a year and for the major part of the year, they 

serve not more than a play ground for the animals as such 

acute shortage of green and dry harbages is experienced 

during lean months, viz.. November to June (Sharma, 1983). 



The increasing demand of food has led the farmers 

to grow grains and other food crops even on the grasslands 

and pastures, thereby causing an acute shortage of fodders. 

The farmers generally rear their animals on the poor quality 

roughagesi like paddy and wheat straw and to a lesser extent 

on hay and the fodder trees which,are hardly enough to meet 
J 

even their normal body requirement. Moreover, animals show 

reluctance for eating these dry stuffs. Keeping in view the 

growing demand of grain for human population it would not be 

possible to divert the grains as concentrates for livestock 

feeding. The solution v/ould, therefore, appears to lie in 

the adoption of a system of animal feeding, which inter-alia 

envisages the increased use of green fodders and roughages 

and cutting down the requirement of concentrates, thereby 

tackling both the problems of human nutrition as well as 

livestock feeding simultaneously. The qualitatively rich 

green fodder will help in increasing the milk production, 

raising the efficiency of working animals and boosting the 

growth of young stock. 

Keeping in view the area under irrigation in the 

State which is about 17 per cent (Anon., 19̂ 35) of the total 

cultivable area, there is a great need to"'put efforts to 

initiate the fodder production under rainfed conditions. 



The livestock industry vdll not flourish unless 

the attempts are made to make the green fodder available in 

lean months. Thus, there is a great need of the suitable 

packages of technology, probably management techniques such 

as cropping systems and sowing methods that would help in 

providing green fodder regularly especially ĵn the months 

of acute 'shortages. 

The informations with regard to yield and quality 

of RftbjL forages grown singly or in combination under rainfed 

conditions are not adequately available in the state. 

Keeping in view the grovidng livestock industry, 

scarcity of fodder during lean months, production potential 

of the Rabi foraiices and irrigation facilities in the state 

an experiment entitled "Cropping Systems and sowing methods 

studies for Î abi forages under rainfed conditions" was 

conducted at Himachal Pradesh Krishi Vishv,̂ . Vidy^laya, 

Research Farm, Palampur with the following objectives: 

1. To find out the best sowing method for getting 

the highest output of rabi forages, 

2. to ascertain the best forage crop vis-fi-vig best 

cropping system under rainfed conditions, 

3« to find out the nutritive value of forage obtained 

under.different treatments, and 

4« to work out the economics of individual treatments. 





Chapter - II 

REVIEW OF LITERATURE 

In this chapter an attempt has been made to review 

the literature available pertaining to the influence of 

cropping systems and sowing methods on the growth, yield and 

quality components of rabl forages under rainfed conditions. 

Evidences available have been reviewed and'̂ classlfied into 
i 

following heads: 

2.1 FORAGE YIELD! 

2.1.1 Sff9<;t̂  gf crQppiftg gyStems; 

Number of investigations have been carried out in 

recent years to see the performance of cereal-legume mixtures 

in respect of quantity and quality. Many workers have 

reported considerable increases in forage yield v/hen legume 

is grown mixed with other forage crops. Rao si ol.* (1979) 

while studying the effect of cultural practices on the yield 

of forage cereal-legume mixture noted that cereal+legume 

mixture yielded more than the sole stand of cereal. Rakhteenko 

and Egorova (1971) observed that yellow lupin and oat sown in 

mixture gave higher herbage and dry matter yield than pure 

stand of each. Root exudates of both crops contained P, and 

the P exudation by one crop had a stimulating effect on the 

growth of the other crop. Bacher (I9'tf9) noticed a significant 

increase in the herbage yifeld of oat with the introduction of 

pea over pure stand of oat, Singh ̂ ^ aX« (l9iJ3) conducted an 

experiment for two years on grass-legume intercropping for 



getting quality forage production under rainfed conditions. 

Maximum dry matter production was obtained in alternate rows 

of grass with legume. Furtheri the land equivalent ratio 

was also more under intercropping over monocropping system. 

Singh pt ftl. (l98l) noticed that there is a considerable 

increase in the herbage yield with the introduction of legume 

components In the grass species. Chauhan ̂  fll. (I98l) while 

studying the effect of intercropping of cowpea with Anjan 

grass in the establishment year found that grass+legume 

mixture produced maximum total dry matter and had minimum 

adverse effect on the yield and growth of Anjan grass. Reddy 

and Shivashankar (1978) reported that the treatment in which 

cereal and legume were sown together recorded maximum forage 

yield over the pure stand of each crop which they attributed 

to more number of plants per unit area in the mixture. 

Kovrygin and Kuzmin (1979) noticed that the h'ay 

yield Of oat, barley and pea grown singly were 3*80, 3*76 

and 2.56 t hay/ha; whereas,mixture of oat+pea and barley+pea 

resulted in 3.82 and 3»78 t hay/ha,respectively, 

Martin and Syaydon (1982) reported that intercropping 

of barley and bean gave higher yield as compared to the sole 

stand of these crops. Studies conducted by Gill and Patil 

(1983) on intercropping of barley with legumes for two years 

revealed that barley plus legumes recorded higher green fodder 

and dry matter and also higher land equivalent ratio as 



compared to the pure stand of each. Further^studies on 

intercropping of oat and barley vdth mustard under rainfed 

conditions registered higher forage yield as compared to 

pure oat and barley. 

Dahal (1986) observed that growing of oat in rows 

and legumes by broadcast was found to be the best sowing 

technique from production, and forage distribution point of 

view. Similar, findings have been reported by Arora (1971) 

that sowing of oat in lines and broadcast the legume in oat 

with optimum seed rate in both the crops, herbage yield 

showed significant increase in comparison to the yields of 

legume and oat sown separately* 

Singh £i ai. (1978) suggested that growing of Napiar 

bajra and legume in combination increased the fodder yield 

significantly over the pure stand of each crop . This 

combination was also found to be advantageous from soil 

fertility building point of view. Shivastava and Varshney 

(1983) reported that berseem and oat grown in mixed stand gave 

marked increase in dry matter yield over the pure stand of 

these crops. 

Suput and Dordevic (1977) also reported the 

superiority of oat+pea and oat+vetch mixture over the pure 

stand of oat* Tomer and Singh (1968) also concluded that 

oat+legume mixture was the best for the production of green 

forage. They also observed that the fodder availability 
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period was enhanced due to mixture. Tiwari jsi &k» (1973) 

while studying the effect of cereal+legume mixture, noted 

that the cereal component yielded more in mixture than their 

sole stand. 

Sflrson is an important fodder crop belonging 

to the family cruciferae. Relwani (1979) reported that it 

can be so'wn mixed with berseem, persion cloveri oat, barley 

and other fodder crops to provide a high green forage tonnage 

in early cuts. He was of the opinion that when parson is 

grown with oat in two cut management under rainfed conditions, 

it provides high yields from first cut after about two months. 

It is also grown in association with whe'at and*barley 

either for fodder or for grain in > alternate rows. Kapoor 

and Gill (1975) reported that the mixed crop of berseem and 

garsofi gave 122 and 189 per cent higher green and dry matter, 

respectively in the first cut over monoculture of berseem. 

Mixture of berseem-t-sarson in all combinations resulted in a 

significant increase in total green fodder as well as dry 

matter production as compared to the pure stand of the berseem 

crop, Dhar (1976) reported that berseem+sarson mixture 

yielded a sizeable amount of forage at first cut, but the yield 

0^ sarson at second cut was practically nil* 

Saini and Malich (19^9) conducted an experiment to 

see the effectiveness of legume and sarson intercropping on 

the companion forage crops and reported that mixture of both 



the components vdth main crops resulted In higher forage 

yield over the sole stand of main crops. They also reported 

that mixture vith legumes yielded higher than mixture with 

sarson. Gill and Patil (1983) highlighted the rolo of mustard 

introduction in triticale. Triticale intercropped with 

mustard gave higher forage yield as compared to triticale 

sown in monoculture under rainfed condition. 

So^it is quite evident from the revi,ew of literature 

that under rainfed or dryland conditions the role of 

intercropping is of great importance. Risk of failure of any 

particular crop due to adverse weather could be avoided, 

resources are better utilized and finally the prospects of 

obtaining good yields enhanced considerably. 

2.1.2. Effect of Fodder Crops: 

Oat (Avepa sativa L.) is the most important cereal 

fodder crop grown in the winter season in the northern-western 

and central parts of the country under irrigated as well as 

rainfed conditions* It is a quick growing, p$.latabi|.e," succulent 

and nutritive crop and form an excellent fodder for animals 

during lean months (Relwani, 1979). Pathak and Jakhmola (1985) 

in an experiment to evaluate the production potential of oat, 

reported that it can yield 6l8, 119, 9.52 quintal per hectare 

green forage, dry matter and crude protein, respectively. 

Salmon (19̂ +1) reported that oat can also be grown successfully 

under rainfed conditions, he also advocated that it can be grown 

in areas where the annual rainfall is up to 380 mm, but most 
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extensively where It does not exceeds 760 mm and Is well 

distributed during the growing period of the crop. 

Barley is also one of the rabi cereals grown 

extensively in the northern states of the country which meet 

the agroclimatic requirements for growing this crop. Barley 

thrives best on well drained and moderately* rich'^soils. Jain 

(197^) reported that this crop has low water requirement than 

wheat and oat, it also gives economically highaer yields in area 

with low or uncertain rainfall. 

Misra si al* (1982) conducted a field experiment to 

compare the relative production potential of oat and barley 

crops as fodder-cum^feed, they observed that barley registered 

significantly lower fodder yield than that of oat. 

Noworalnik and Strzelles (1985) reported the 

superiority of oat over oat+barley mixture and barley in pure 

stand. Similar^ findings have been reported by Budzynski jgi al» 

(198O). They also observed that oat out-yielded both oat+barley 

and barley alone. However, the mixture of oat+barley yielded 

significantly better than barley alone. Ermakov (1976) 

conducted an experiment to see the superiority of oat+barley 

mixture over the pure stand of these crops, he observed that 

Oat+barley gave higher yield than that of barley but was 

similar to that obtained with pure oat. It was also observed 

that in the event of failure of proper rains forage grown in 

combination (oat+barley) was certainly better than pure oat. 
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The field investigations were carried out at 

Indian Grassland and Fodder Research Institute, JJiansi by 

Shukla si al. (1984) to evaluate the forage production 

potential of Oat and barley in two cut system of management, 

The results revealed that on an average Oat outyielded 

barley in term of both green forage production and dry 

matter accumulation point of view, 
j 

The literature cited in the foregoing pages clearly 

demonstrates that Oat is a better forage crop than that of 

Oat+barley and barley alone. However, in the event of worth 

scarcity during growing period of the crop? the mixture of 

Oat+barley would constitute an ideal combination. 

2.U3. Effect of sowing methods: 

Mannikar and Shukla (1974) conducted an experiment 

to see the effectiveness of sowing methods on the production 

potential of rabi forages. They found that line sowing of 

crops resulted in higher green and dry forage yield, than 

broadcast sowing. The higher yields in line sowing was 

attributed to better plant stand. Similar, study conducted 

by Raheja (1968) revealed the superiority of line sowing of 

Oats over the broadcast sowing because of uniform crop stand 

under line sowing condition, Jain (1974) reported that method 

and depth of sowing is a critical issue particularly under 

rainfed conditions. He advocated better and uniform plant 

stand in case of line sowing as compared to broadcast sowing, 
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Graham and Ellis (1980) also obtained higher' yield 

of barley in line sowing over broadcast sowing under identical 

management practices. Low yield in broadcast sowing was 

attributed to the poor incorporation of the seed into the soil 

and as such less number of plant per unit area. Barnett and 

Comeau (1980) reported that line sowing of Oat and barley 

resulted in higher production as compared to broadcast sowing. 

This was the result of uneven distribution of the seeds, lack 

of seed protection against birds and poor germination on 

account of non-availability of proper soil moisture. 

Tabata and Kumagai (1973) also observed that Oat 

sown in line produced higher herbage yield over broadcast. 

However, they found that broadcast sowing could equalize the 

line sowing provided that the seed rate in case of broadcast 

sowing is kept 50 per cent higher t.han the one used for line 

sowing. 

Tomar and Singh (1968) reported that in a balanced 

diet both legumes and non-legumes should be mixed in a suitable 

proportion to provide carbohydrates and proteins in the animal 

ration and this can be achieved by growing legumes and 

non-legumes together. 

Sushcherich (1978) reported that fat yields were the 

highest in barley-oat mixture but the highest digestible crude 

protein was given by oat-pea mixture. Arora (1971) observed 
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that sowing of oat in lines and broadcasting the legume in oat 

produced the herbage with almost same quality as that of legume 

aloneI while oat alone resulted in the produce with the slightly 

poor quality. Kohstantinova (1971) conducted a field trial in 

1965-68 on Oat and barley in pure stand and in mixture with 

legumes including Vjgifl gaUva* VXcifl fa)?a and ElfiUM fi^JJ^Ua* 

Oat and barley grown mixed with legumes produced herbage with 

higher crude protein contents than the one obtained from pure 

stand of each. Merezhko (197H) reported that oat grown in 

combination with pea produced herbage of better quality than 

that of oat alone. Better quality of the mixture was attributed 

to higher chlorophyll content in pea as a result of which crude 

protein and succulency of forage increased. Similarly^Narayanarn 

and Dabadyhao (1979) also observed that pea sown in combination 

with oat, enhanced the feeding value of the produce. Bacher 

(19Ĵ 9) has also reported increased protein content in oat+pea 

mixture in comparison to the pure stand of oat. Chandini and 

Pillai (1983) studied the grass-legume mixture from quality 

point of view and observed that the grass-legume mixture is 

superior to grass alone. Singh fli al, (I98l) reported a 

considerable increase in crude protein of the herbage with the 

introduction of legume species in the grasses. Chauhan sJi aJL* 

(1981) . intercropped cowpea with anjan grass. The total 

crude protein production was higher in case of intercropping 

system as compared to anjan grass alone. However, no adverse 



effect on the growth of anjan grass was noticed due to cowpea 

introduction. Sushcherich (1978) reported that Oat+pea mixture 

resulted in higher crude protein yield over sale stand of oat, 

He also observed that Oat+pea mixture resulted in higher 

digestible crude protein as compared to barley+pea mixture. 

Singh (1985) quoted that mixed cropping of cereals with 

leguminous crops provide a high protein feed and contribute to 

soil fertility and as such curtails the nitrogen requirement 

of cereal crops to some extent. Mehra (1978) suggested that 

mixing of musteucd with other fodder crops like oat, barley and 

berseem provide succulent, nutriiilous and protein-rich fodder. 

Dhar (1976) suggested the mixing of sarson (Var.Chinese cabbage) 

in berseem for getting nutritious green forage. Rajbansdayal 

(1967) concluded that in a cereal-legume mixture, legume leaves 

soil richer in nitrogen as compared to cereal alone after crop 

harvest. Virtanen (1927) observed that a legume plant can 

obtain from the air.npt only sufficient nitrogen for its own 

needs but so much more as to satisfy the nitrogen requirement 

of at least one suitable non-legume plant grown along its 

vicinity. Mirchandani and Misra (1957) found that association, 

of legumes with cereals increased the yield of cereals and 

improved the protein contents of the produce. Studies conducted 

by Gill and Patil (1983) on intercropping of barley and oat 

with saffower and mustard revealed that on per unit area basis 

both the components combine favourably and did not compete with 
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each other and thus recorded overall higher rich nutritive 

fodder yields. Further studies conducted on intercropping of 

triticale with mustard confirmed their earlier findings. Keftasa 

(I9d5) was of the view that use of legumes in mixture should he 

aimed more at increasing crude protein content rather than dry 

matter yield. 

a . 3 3Sg<?Ag,ffliLg8 gf fgrafig produgUon: 

The economics of various cropping systems have been 

studied by various research workers and the reports available 

indicate that the intercropping system is quite economic under 

proper management. 

Gill and Patil (1983) suggested that intercropping is 

much more profitable under rainfed conditions.*This system 

ensure some thing to the farmers even under the adverse weather 

conditions. Rajhans (1967) found a grass-mixture to earn higher 

net profit as well as high net return per rupee investment as 

compared to pure stand. 

Crowder and Chhedda (1979) also observed that grass-

legume mixture grown together earn more profits due to high 

production and better quality herbage as compared to sole stand. 

Rajbansdayal fti, al.«(^%7) revealed that intercropping 

of cereals and legumes gave significantly higher monetary 

returns as compared to cereals and legumes grown singly. They 

also observed that growing of cereal-legume mixture under dry 

farming conditions gave highest net return per rupee investment. 
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Singh (1985) found oat+berseem mixture more profitable 

as compared to the pure stand of these crops. He found that 

mixed stand gave more profit (Rs.17377«53) than pure stand of 

berseem (Rs. 15096.88) and oat (Rs.13845.22) per hectare. The 

higher returns were attributed to the availability of fodder in 

scarcity period due to fast growth of oat in early periods and 

that of berseem in the late periods. Rao si Q1, (1979) at 

Andhra Pradesh Agricultural University, Rajendranagar reported 

that cereal-legume intercropping gave 23.19 and 66.78 per cent 

higher net return than that of cereal and legume sown alone. 

Similar were the findings of Moreno ei ai,. (1973) and Gupta 

(1976) r they found the higher returns from .mixture due to 

higher tonnage. Chandini and Pillai (1983) studied the grass-

legume mixture from economic point of view. They observed that 

the grass-legume intercropping produced higher profit than grass 

and legume alone. The higher profit in case of mixture was the 

result of higher production of better quality herbage, which boost 

the productivity of the animals in terms of milk, meat and wool 

etc. 

Dhar (1976) also observed that intercropping of sarson 

with other fodder crops is much more profitable and ensures high 

return per rupee investment. Gill and Patil (1983) found that 

intercropping of mustard with oat and barley is more beneficial 

as the mixture increases the payability and reduces the wastage 

of herbage used to feed the animals. Dahal (1986) conducted 

an experiment to see the effectiveness of sowing techniques on 



17 

the production and quality of cereal-legUme mixture. He 

observed that Oat in rows and legume by broadcast was found 

to be best sowing technique. This combination of cereal and 

legume registered the highest profit as well as high net 

return per rupee investment as compared to pure stand of these 

crops, 

Misra e\. al. (1982) suggested that Oat is more 
i 

profitable than barley because of higher tonnage in case of 

oat under the same management practices. 

Rehman ̂  aX» (1980) also observed that cereal-legume 

mixture sown in proper arrangement resulted in higher net 

profit as well as higher net return per rupee investment. 

The literature cited above amply demonstrating that 

proper choice of a crop with a suitable companion crops and 

proper sowing techniques would enhance the .. profits of the 

farmerby increasing the productivity of the animals in terms of 

milk, wool and meat production, 





Chapter - III 

The experiment entitled "Cropping Systems and sowing 

methods studies for rabjL forages under rainfed conditions" was 

conducted at the Research Farm, College of Agriculture, Himachal 

Pradesh Krishi Vishva Vidyalayai Palampur during Rabi 1987-88. 

The details of the materials and methods employed during the 

course of t^ese investigations are presented in this chapter. 

3.U Site of the Experiment: 

The experimental site was located at 32.6*̂ l!j platitude 

and 76.3°E longitude at an elevation of about 13OO meters above 

mean sea level, the College farm has well established terraces. 

3.2. SlXmi^i 

Palampur represents the mid-hill temperate zone of 

Himachal Pradesh. This zone is characterised by mild summers 

and cool winters. The climate is sub-temperate, with very high 

rainfall received during suraraers (monsoon) and medium to high 

rainfall with an occasional snowfall during winters. The mean 

weekly meteorological observations of the season recorded at 

Meteorological observatory of the Department of Agronomy and 

Agrometeorology, College of Agriculture, Palampur have been 

appended in Appendix I, and the graphic representation of the 

same has been given in Fig.1, 

Total rainfall received during crop season was 

if36.2if mm. The average relative humidity ranged between 27.3 

to 60.71̂  per cent during the growth period of the crops. The 
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mean minimum and mean maximum temperature varied from 4*0 to 

l6.8°C and 1if.8 to 29.1°C, respectively, during the crop 

season. Hhe daily sunshine hours ranged between 3.2 to 10.8. 

3.5 ^oil characteristics'. 

Prior to the commencement of the experiment composite 

soil samples from 0-15 cm depth from each experimental plot 

were taken at sowing time. These samples were run for 

mechanical and chemical analyses, the results of which are 

presented in Table 1. The soil on which the experiment was 

carried out was silty clay loam. It is classified as Alfisol 

and belongs to the Subgroup typic hapludalfs (Verma, 1973)• 

It was acidic in reaction and was medium in organic carbon, 

available nitrogen, phosphorus and high in available potash. 

Tablel'̂ :. Mechanical and chemical analysis of soils (0-15 cm). 

Particular 

A. MeqhanjLcal analysis 

Coarse sandC^) 

Fine sand i%) 

Silt (%) 

Clay i%) 

Texture 

B. Chemical analysis 

Organic carbon i%) 

Content 

20.50 

15.ifO 

36.90 
27.12 

Silty c: 

0.89 

Methods employed 

pH 

International pipetle 
Method (Piper, 1966) 

5.5 

Walkley and Black's 
rapid titration Method 
(Piper, 1966). 

1:2.5 Soil water 
suspension^ Glass 
electrode pH meter 
(Jackson, 1967). 

contd...• 
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Table 1<icontd...« 

Particular Content Methods employed 

Available N (kg/ha) 516 

Available P (kg/ha) 9.5 

Available K (kg/ha) 316 

Alkaline permanganate 
method (Subbiah and 
Asija, 1956). 

Olsen's method (Olsen 
Si al.. 1954) 
Ammonium acetate 
extraction method 
(Bkaick. 1963). 

•̂ ll̂ i!̂ /:.iJ!̂ fe;f'̂ 2S*̂ 2l̂ p̂er*ti®s of soil 

i) Bulk density (g/ccl 

(a) 0-15 cm,surface 1.25 
soil profile 
depth 

(b) 15-30 cm, sub- 1,27 
surface soil 
profile depth 

(c) 30-45 cm, sub- 1,30 
surface soil 
profile depth 

il) Field capacity (% on drv weight basis) 

Core sample* method 
(Bodman, 1942) 

(a) 0-15 cm, surface 27,70 
(5.19) 

Oven dry method 
s o i l p ro f i l e 
depth 

(b) 15-30 cm, sub- 28.12 
surface s o i l (5.36) 
p rof i l e depth 

(c) 30-45* sub surface 
ao i l p ro f i l e 28.30 
depth (5.52) 

i i i ) Permanent vdl t ing pointC^ on drv weight basis) 

(a) 0-15 cm, surface l6.23 15 atma. tension value 
(3.04) by pressure membrane 
16.80 apparatus 
(3.20) 

(b) 15-30 cm, sub­
surface s o i l 
p ro f i l e depth 

(c) 30-45 cm, sub­
surface s o i l 
p ro f i l e depth 

16-75 

contd. 
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Table 'i^montd, 

Particular Content Methods emplo;yed 

IV) Available so i l moisture (c^) 

(a) 0-15 cm, surface 2.15 
s o i l p ro f i l e depth 

(b) 15-30 cm, sub- 2.16 
surface s o i l 
p ro f i l e depth 

(c) 30-45 cm, sub- 2.26 
surface s o i l 
p ro f i l e depth 

V) Moifiturft content a t the t.1 ma of sowing (% on drv weight ba s i s ) 

(a) 0-15 cm, sur face ^0*]} Oven dry method. 
s o i l p r o f i l e (3 .76) 
depth 

(b) 15-30 cm, sub- 22.1^0 
surface so i l (4.26) 
p ro f i l e depth 

(c) 30-it5 cm, sub- 25.3I 
surface s o i l (4.93) 
p rof i l e depth 

Notef Figures in parenthesis indica te the corresponding values 
i n cm. 

3.4 QVQVVX^K Hj,9t(?rY 

Kharif 85 - Maize grain production (Fertilised with 
120 kg N, 60 kg PgOc and 60 kg K^O/ha). 

Rabi 85-86- Wheat production (90 kg N, 60 kg P2OC) 

Kharif 86 - Weed control studies in Maize+soybean 
(Crops Was fertilised with 90 kg N and 
60 kg P^O^/ha). 

Rabi 86-87- Oat,, and Barley in combination with Pea 
and Saraon for fodder crop. (Crops was 
fertilised with 90 kg N and 60 kg P20Vha) 

Kharif 87 - General maize (80 kg N and 60 kg P^'^a)* 

The experimental field had a fairly uniform fertility status. 



The experiment was conducted in Split Plot Design 

and treatments were allocated randomly to main-plots and 

sub-plots of each replicate. The layout of the experiment is 

shown in Fts.2. Further details of the experiment have been 

given below: 

A, Tr̂ â mgfilpB 

Treatments comprised of three crops» three cropping 

systems and two methods of sowing as per details given below: 

(a) Mfajpft, fXqt\, Xv^§XmTk%^ 

Fg^cier cyppa ffr<?pp3.n^ sYs^gms 
Ĉ  - Oat S, - Pure stand 

C2 - Barley X $2 - Pea (Broadcast) 

C, - Oat+Barley S, - Sarson (Broadcast) 

All possible nine combinations were C, S,, C,S2» C^S^, ^2^\* 

(b) gHb-plpt trgfltB^gfltfl 

M. > Line sowing 

M2 - Broadcast sowing 

(c) P^siffl Qt LflYtfttt: Sp l i t Plot 

(d) Replir.;f^tiQn«! Three 

(e) EiSLk-Siaa: . V . Gross: 5m x 2*80m 

Net: ^m X 2,/fm 
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Germination percentage of seeds for various crops 

as determined in laborayory prior to sowing by germination 

test on filter paper, were as follow: 

1, Oat s 92^ 

2. Barley : 90$̂  

.3. Pea : 78% 

h* Sarson : 96% 

Accordinglyi the seed rate was adjusted. 

3*7 SfiSiLJa^: 

Optimum seed rate for each crop whether grown as 

pure or mixed was used as given below: 

Oat 

Barley 

Pea 

§ar§9u, 

3«d YacifiUsfi: 

The various 

under: 

1. Oat 

2. Barley 

3. Pea 

*̂ gars^n 

5.9 Fertilization: 

« 

s 

s 

» 

crops 

: 

: 

: 

: 

125 kg/ha 

125 kg/ha 

i+O kg/ha 

8 kg/ha 

varieties selected were as 

HPO 76g 

Dolma 

Local Pea (Sain) 

FOS - 902 

80 kg H and 60 kg P2OC to each Oat and barley was 

applied. Half N and all the phosphorus was applied at the 

time of sowing, and remaining half N was applied after first 
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cut. No additional dose was given to pea/aarson. 

3*10 Seed material and sowing; 

The seed of HPO 7B Oat and Dolma Barley was 

procured from the Seed Production Scientist, Himachal Pradesh 

Krishi Vishva Vidyalaya, Palampur. The seed of Sarson (EOS-902) 

was procured from the Oilseed breeder. Department of Plant 

Breeding, Himachal Pradesh Krishi Vishva Vidyalaya, Palampur. 

The seed of local Pea (Sain) was procured from the farmers. 

After the harvest of maize crop in the September, 

the field was ploughed, harrowed and finally levelled and than 

layout and the levelling of individual plot was done. The basal 

dose of fertiliser was applied by broadcast method and the 

treatments involving broadcast sowing were applied and 

incorporated into the soil with the help of spade. In case of 

line sown treatments sowing of oat and barley was done in 

furrows 20 cm apart and seeds were placed at a depth of 3 cm ̂  

peas and sarson was broadcastelin the plots. Suhaga was . iron 

after the sowing to cover the seeds. 

3.11 laAdlM! ^ 

Common weeds were PhfllarJrB Hnqr* ^91%^^ %Simlan\mf 

ggrngPWB iiiLOBUJa and AlflJia fiAJJjLEl* one manual weed/ng was done 

after one month of sowing to keep the plots free of weeds. 

Another weeding was done after the first cutting and before 

the application of fertiliser. 
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3.12* Sarv^sURK 

In all two cuts were taken from these crops. The 

first cut was taken at 70 days growth stage of the crops when 

they attained good growth and sufficient height, Whilê  the 

second cut was taken after 80 days of the first cut. The 

plants were cut E-2.5 cm above ground, in case of pea in some 

plants lower one or two branches were left. 
i 

3*13* Q^s^rYflUpng Rg'?9rsl?'ii 

The following observations were recorded from each 

experimental plot at each cutting, with a view to assess the 

effect of treatments on the growth, yield and quality of the 

forage. 

3.13.1. QrffŴ Î  fft^4:LgB 

Border of 50 cm from lengthwise of the plot and 20 cm 

from widthwise of the plot was left as non-experimental area 

and from the net plot area the various growth observations were 

recorded. 

U„,P3LflRl̂  P̂ if̂ htt 

Height of 5 randomly selected and labelled plants of 

each crop species (Oat, barley, pea and fiacsaa)* was measured in 

centimetres from ground level to the tip of the last fully 

opened leaf at each cutting. Cumulative mean plant height was 

determined by summing up of the mean plant height over different 

cuttings. 
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Table .3. Schedule of cultural operations carried out during 
the crop season (Rabi 1987-88). 

Sr.No. Particular of operation Dates Brief account of 
operation 

1» Preparatory tillage 2,11.1987 First two ploughing 
with tractor than with 
cultivator followed by 
planking. 

2. Layout 7.11.1987 Each replicate was 
divided into nine 
main-plotsi then 
sub-divided into 2 
sub-plots 

3. Soil sampling 

( i ) For Physio-chemical 8.11.1987 Detail described in 
p roper t i es t e x t . 

( i i ) For Moisture content 10.11.1987 

if. F e r t i l i s e r appl ica t ion 

5. 

6. 

7. 

( i ) At the time of sowin 

( i i ) After f i r s t cut 

Sowing 

Weeding 

F i r s t weeding 

Second weeding 

Harvesting 

F i r s t cut 

Second cut 

g 10.11.1987 

22. M.198S 

10.11.1987 

11.12.1987 

20- i . 1988 

19.1. 1988 

8,4. 1988 

-do-

-do-

-do-

^ 
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The square grid measuring 0.5m x 0,5m was thrown 

randomly and the number of shoots within each square grid were 

counted.; In case of mixed stand the shoot number was recorded 

separately fpr each crop^ The average shoot number was worked 

out from two such samples taken per plot and expressed in per 

square metre. 

3 . Fareah AM 4ry w9J.Khts 

The plants within the square grid area were cut Z-Z,^ 

cm above ground and the sample were made free from water drops 

and soil particles, then the fresh weight was recorded. The 

total fresh weight in gram per square metre was worked out, 

After recording the fresh weight the samples were 

sun dried for two days and then these were dried in a forced 

air dryer at 70°C till a constant weight was attained, and 

were re^eighed to record their respective dry weights. The 

per cent dry matter content was determined by the relationship: 

Dry matter content « j^Jsg^i^^^ht ^ ^°° 

A* Per cent proportion of legume and sarson in fodder crops; 

Samples taken for fresh weight were sundried for 

2 days. Main crops (oat, barley) and companion crops (pea, 

g^raon) were separated and were dried in a forced air drier at 
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70^0 till a constant weight was attained^then they were 

weighed separately. The per cent proportion of companion crops 

(peas or sarson) in pure crops was worked out as a percentage 

of companion crop to the combined weight of t^e mixed stand. 

3.13.2. Green and drv forage yields 

(a) ^rsgn, fprapie l U l ^ 

The produce from the net plot was cut and weighed. 

The total yield for each plot was adjusted to include the fresh 

weight of samples taken for various observations. The cutwise 

as well as total yield of all the cuts was converted in quintals 

per hectare. 

(b) Pry f9rafi^ YieXti 

Dry matter yield was computed with the help of 

following relationship: 

- Pry mX%^v coff^^nt x ^y^gp tovM§ :fX9l^ -p^r m% vX(?% 
100 

Then the dry matter yield at each cut as were as total 

of both the cuts was worked out in quintals per hectare. 

3 . 1 3 . 3 * ?l&nX gnga4QaX Bl̂ uaAgg 

The samples collected at each cutting for green and 

dry weights determination were run for estimation of total 

nitrogen, Respresentative samples, weighing l g were collected 

after grinding and total N was determined by the modified 

kjeldahl method (AOAC, 1970). Oneĵ quantity of powdered sample 

was taken in a kjeldahl flask and digested in 20 ml of 
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concentrated sulphuric acid using 5 S«» of digestion mixture 

for each sample. 
1 

The digestion was continued till the material 

inside the flask attained a pale white or a greenish yellow 

colour, after which it was allowed to cool;'^ The digested 

material was then transferred to a 100 ml volumeteric falsk 

giving five to six washings with water and the final volume 

was made upto the mark after cooling the contents to room 

temperature. The content were made homogenous by thorough 

mixing. Out of this 5 ml were pipetted out and distilled 

with ^0^ castic alkali solution in a micro distillation 

apparatus (Morkharis apparatus) using 10 ml of h% boric acid 

solution with mixed indicator to trap the released ammonia 

which was estimated by titration with N/50 sulphuric acid. 

The percentage crude protein was calculated by multiplying 

per cent N by a factor 6.25. Crude protein yield was calculated 

with the help of following relationship: 

Crude protein yield » l̂ gf g^B^ grwdg Prfft̂ a.̂  g9fitgnt ̂  ^ ^^^^^^ 
^^^ yield(q/ha) 

The per cent crude protein of two cuts was expressed 

on the basis of weighted average, 

(2) gr^gg tV?v^ 

Two g of finelly dried powdered and moisture free 

sample was taken in a paper thimble. It was extracted with 

petroleum ether (60-90° BP) in a Soxhlet apparatus for fifteen 
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to eighteen hours to make the sample free from fats. After 

carrying out the ether extraction the sample was digested with 

200 ml of 1.25 per cent sulphuric acid (25 ml of \0% acid + 

175 ml water) for 50 minutes in a conical flask under reflux. 

filtered through a muslin cloth (i+5 threads to an inch) using 

suction to hasten filtration. Washed with water to render it 

free of add. Transfered the residue to a beaker and now 

added 200 ml of ],23 per cent Sodium hydroxide (Z^ ml of 10% 

NaOH+175 ml water) and boiled for half an hour, filtered this 

and washed it to free from the alkali using in turn (i) hot 

water (ii) \% HNO, (iii) hot water for washing. Transferred 

the residue to a weighed dish and dried it to a constant weight 

at IQO^C. Ignited the residue to get ash and recorded its 

weight again. The loss in weight due to ignition is equal to 

crude fibre. So crude fibre o weight of residue - weight of ash. 

This was expressed as a percentage of original sample taken 

for ether extraction, 

Crude fibre yield quintal per hectare was calculated 

with the help of following relationship: 

^ude fibre « P̂ rff̂ flt gr^^g^^bf^ gppt^At ^ ^ry matter yield(q/ha) 

•• 7 -

The per cent crude fibre contents of two cuts was expressed on 

the basis of weighted average. 

3 * U S<?Xl fflftlstwre 8Wdies 
Soil samples from experimental area with the help 

of auger (manually operated) were taken from three soil surface 
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depths viz.0-15 cm, 15-30 cm and 30-45 cm. After recording 

fresh weight of samples, these were dried in an electric oven 

at 105°C till constant weight and moisture percentage was 

calculated on oven dry weight basis with the help of following 

formula. 

F -. D Mp s w w .„„ 
, "^ --_ X 100 

I>W 

Where, 

Fy a Fresh weight of soil sample 

D|f as Dry weight of soil sample 

Mp a Moisture percentage on oven dry weight basis* 

Then data wais reported after converting moisture i%) into 

cm of water with the help of following formula (Binkowski, 196l). 

M„ ^ BD X D„_ 
Water content (cm) » P ^ ^ 

100 

Where, 

Mp a Moisture percentage on oven dry weight basis 

BD a Bulk density of the soil layer from where soil 
sample was taken 

Djap a Depth of soil layer. 

3 . 1 5 . Bcgn9BA0f\fi^ttdyUu:^ja 

The economics of each treatment was worked out. The 

cost of inputs and outputs have been worked out on the basis 

of records at the purchase sources. Cost of production of 
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each treatment, gross profit, net profit and net return per 

rupee investment have been calculated. 

3 . 1 ^ . gj^aUg^fffli anfliy9J.6 

The observations recorded in this study were 

subjected to statistical analyses by adopting the methods 

described by Cochran and Cox (1963). 





Chapter - IV 

EXPERIMENTAL RESULTS 

The treatment effects observed during the course of 

this investigation conducted in Rab^ 1987-88, have been 

described in this chapter. The experimental findings 

enunciated from the investigation have been presented with 

the help of data tables and suitable diagrams, wherever 

necessary. ' The analyses of variance tables have been given 

in Appendix section. Only significant interactions have been 

mentioned and described. 

if. 1, GROWTH STUDIES 

if. 1.1. nant ne^«M1^ 

The data on average plant height (cm) of oat, barley, 

pea and g^rson as influenced by different treatments are 

given in Tables if to 7 and presented graphically in Fig,3, The 

corresponding analyses of variance have been appended in 

Appendices II to V. 

The plant height of fodder crops (oat, barley) was 

the same in both the cuts as well as in the total of the two 

cuts whether grown pure or in association with pea or jsarson. 

The association with pea or parsop also did not affect the 

plant height of the main crops whether sown in lines or by 

broadcast. The main crops produce plants with more height 

in the second cut as compared to the first cut^whether grown 

pure or in association with companion crops, as indicated by 

more growth rate (cm per day) in all the crops in second cut 
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compared to first cut Appendix • Sowing methods also did 

not exhibit any influence on the plant height of pure as well 

as companion crops. It is however, observed that when pea 

was grown in association with various fodder crops they did 

regenerate and produce plants of about 30 cm height irrespective 

of sowing techniques, whereas, sarson totally failed to 

regenerate. (Table 7), 

Since pea and garaon as companion crops with oat, 

barley and their mixture did not affect the plant height of 

either of the crop and at the same time the plant height of 

companion crops was also not affected by various crops and the 

sowing techniques, as such they can be safely grown in 

association with these crops* 

Thus, it is interesting to note that various fodder 

crops under study did not exhibit any difference in plant height, 

whether grown pure or in association with pea and sar^OR 

following any technique of sowing. So, was tlie trend in respect 

of companion crops, indicating thereby that these crops can be 

grown together without having any adverse affect on their growth 

when grown in association with each other, Thus, this study 

sufficiently encourage the growing of cereals and legumes 

together for getting a quality herbage, without having any 

detrimental effect on each other. 

if.1.2. Shoot number 

Data on the number of shoots (m ) of various crops 

at different cuts as influenced by different treatments have 
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Table if • Mean Plant height (cm) of Oat as influenced by 
different treatments at various cuts. 

Treatment 

A. Fp^d?!" 9r9pa 

Oat 

Oat+BarJ,ey 

S Q B I 

CD 3% 

B, p ropp iM §y§t§ffl6 

Fodder Crops-^Pure s tand 

Fodder Crops+Pea (b roadcas t ) 

Fodder CroBs+Sarson (b roadcas t ) 

SEm+, 

CD 5^ 

C, i?ffwiP« m%h9<(§ 

Line sowing 

Broadcast sowing 

SEm+ 

CD 3% 

Cuts 
I 

70.8 

72 .5 

1.21 

US 

72 .2 

71.6 

70.9 

1.lf8 

US 

75 .2 

70 .0 

1,76 

NS 

I I 

8k*0 

. J 4 . 1 . • 

1.58 

NS 

85 .3 

8if.2 

82 .6 

1.9if 

NS 

83 .8 

8if.5 

2 .08 

NS 

^ ^ ^ ^'m % w ^ v A « « 1 «^ V . 41 %ir < 

oummuJLatiVi 

154.8 

' I56.if , 

1.91 

NS 

157.5 

155.8 

153.5 

2.3if 

NS 

159.0 

15if.3 

3 .15 

NS 
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Table 5. Mean Plant height (cm) of barley as influenced by 
different treatments at various cuts. 

Treatment 

A. F<?449r 5r<?PS 

Bar ley 

Oat+Barley 

SEtai. 

CD 551̂  

B. QrftPPiAR SYfit̂ fflfi 

Fodder Crop8*-Pure 

Fodder Crops+Pea,; 

, 

s tand 

(b roadcas t ) 

Fodder Crous+Sarson (b roadcas t ) 

SEm+, 

CD 5^ 

c . §fi,wiA« m?t)^o<iB 
Line sowing 

Broadcast sowing 

Sikni 

CD 3% 

Cuts 
I 

. 61.8 

60.6 

0 .96 

NS 

61.6 

62.2 

59.9 

1.2 

NS 

63.6 

60.8 

0 .85 

NS 

I I 

70 .6 

72 .0 

1.11 

NS 

71.8 

71.if 

70. if 

l.if 

NS 

V 

72.0 

70.6 

1.73 

NS 

^ ^ /*% % mi vM^ ^ 1 r^ 4* *l Yv ^v 

' L>ummuxatxve 

132. if 

132.6 

1.79 

NS 

135. if 

133.6 

130.3 

Z,2 

NS 

135.6 

131.if 

2.0/f 

NS 
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Table 6. Mean Plant height (cm) of Pea as influenced by 
different treatments at various cuts. 

Treatment -j ^^^^jj Cummtfiative 

Oat /t7.5 29.8 77.3 

Barleys 49.3 30.4 79.7 

Oat+Barley 46.4 28.4 74.8 

saa+ 1.97 0.74 1.95 

CD 55̂  NS NS NS 

B. gQffiflff ff9^^94B 

U n e sowing 49.1 30.0 79.1 

Broadcast sowing 46.3 28.0 74.3 

san+ 1.12 1.87 2.29 

CD 5^ NS NS NS 

Table 7. Mean Plant height (cm) of garsp^ as influenced by 
different treatments at first cut. 

Treatment I Cut 

A. fQc^der gfftffB 

Oat 57.5 
Barley 59.5 
Oat+Barley 56.6 

SBnt 1.49 
CD 55^ NS 

B. gQwABp; metfrgde 
Line sowing 60.2 
Broadcast sowing 56.6 

SEm+ 1,06 
CD % NS 
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been presented in Table 8 to 11 and have been illustrated in 

Fig.4.5. The analyses of variance of the same have been appended 

in Appendices VI to IX. 

A perusal of the data (Tables 8 and 9) indicated 

that the oat and barley produced almost similar number of 

shoots per square metre in both the cuts, whereas, oat+barley 

mixture produced less shoot number per square metre than oat 

and barley. An interesting point was noted that when oat was 

grown mixed with pea or p^rso^ the shoot number of oat 

remained the same as that of pure stand of oat. However, the 

shoot number of barley in pure stand and in pea mixed crop 

recorded similar but significantly higher than that of barley 

grown with sargQfl. Similar, trend was observed in both the 

cuts in terms of oat as well as barley. 

Sowing methods influenced the oat and barley shoot 

number in both the cuts. Line sowing recordelS more shoots of 

both the crops at both the cuts over broadcast sowing. 

Oat sown in line produced 25.6 and 24.5 per cent 

higher shoot number at first and second cut, respectively 

over broadcast sowing^while,barley in line sowing resulted in 

Z^,7 and 25.8 per cent higher shoot number in first and second 

cut, respectively over broadcast sowing. 

Neither the fodder crops nor the sowing methods 

could influence the shoot number of pea and sarson significantly 

in any of the cut. The shoot number of pea was considerably 
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reduced in the second cut in all the fodder crops as well as 

in both the sowing methods. On the other hand the parson 

altogether failed in producing any plant in second cut. Thus^ 

above results clearly indicate that both pea or sarson can be 

grown mixed with oat, however, in case of barley only pea seems 

to be a good companion crop^as association of sarson 

significantily reduce the barley population, .̂  ^ - ^ 

None of the interaction was found to influence the 

shoot number significantly at any of the cut (Appendix vitoiy). 

Table 8. Mean shoot number of oat (m** ) as influenced by 
different treatments at various cuts. 

Treatment Ctftfl 
II 

A. ypd^gr fffffPB 
Oat 6if6 Skk 
Oat+Barley 315 310 

SBai 1,8lf 1.70 
CD ^% 6 5 

B. grgPPJM 8Y§tgn 
Fodder Crops*Pure stand k^k W?9 
Fodder Cropa+Pea (broadcast) i+Sl ifSO 
Fodder CroPB+Sarson(broadcaBt) if78 klh 

SEml 2.26 2.08 
CD ^% NS NS 

l i ne sowing 535 529 
Broadcast sowing i+26 if25 

SEmi 2.19 1.79 
CT) ^% 6 6 
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Table 9. Mean shoot number of barley (m ) as influenced 
by different treatments at various cuts. 

Treatment -| ^^^—jj-

Barley 

Oat+Barley 
i 

SEm+. 

CD ^% 

B. Cropping sYstemB 

Fodder Crops-̂ Pure stand 

Fodder Crops+Pea (broadcast) 

Fodder Crope+Sarson (broadcast) 470 

SEmi, 

, CD '^% 

C. SonAng methods 

Line sowing 

Broadcast sowing 

SEm+ 

CD 5^ 

6it5 

312 

1.35 

k 

hSi^ 

481 

470 

1.63 

5 

533 

424 

2.05 

6 

639 

307 

1.33 

4 

480 

476 

464 

1.63 

^ 5 

527 

4«9 

1.93 

6 
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Table 10, Mean Shoot number of Pea (m" ) as influenced by 
different treatments at various cuts. 

Treatment gÛ B 
II 

Oat 
Barley 
Oat+Barley 

SEm+. 

CD 5^ 

B. Spwlrftf̂  atethg^S 

Line 80¥riLng 
Broadcast sowing 

SEmi. 

CD 5^ 

99 
96 

97 
2,00 

NS 

98 

97 

0.87 
NS 

25 
24 
21 
1.20 

NS 

36 

32 
1.12 

NS 

p 
Table 11, Mean Shoot number of Sarson (m" ) as influenced 

by various treatments at I cut . 

Treatment Shoot number 

A, fodder cropa 
Oat 
Barley 
Oat-f Barley 

SEmi 
CD 5^ 

Line sowing 
Broadcast sowing 

SEm+. 
CD ^% 

124 
128 
120 
2.% 
NS 

125 
123 

1.43 
NS 
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4.1.3. Per cent proportion of Pea in fodder crops 

The data on mean per cent proportion of pea as 

influenced by different treatments at two cuts is presented in 

Table 12 and the corresponding analyses of variance have been 

given In Appendix X, 

Table 12. Mean per cent proportion of Pea in fodder crops 
as influenced by different treatments at various 
cuts. 

Treatment -j ^^*^—ji— Mean 

A. Fodder crops 

Oat 

Barley 

Oat+Barley 

SEm+ 

CD 5% 

B. ^QVXM ?agt^gdB 

l i n e sowing 

Broadcast sowing 

CD 5% 

A keen observation of data revealed that the percent 

proportion of pea was not significantly influenced by various 

fodder crops at both the cuts as well as when averaged over 

13.9 

13.4 

13.0 

0.56 

NS 

14.9 

1U8 

0.27 

0.9 

3.7 

3.5 

3.3 

0.09 

NS 

5.0 

1.9 

0.12 

0.4 

8.7 

8.4 

8.1 

0.18 

NS 

9.9 

6.9 

0.12 

0.4 



two cuts. In general, maximum legume per cent was observed 

In oat and the lowest in oat+barley. 

However, two methods of sowing exhibited significant 

differences in respect of legume dominance. line sowing 

resulted in higher proportion of pea over broadcast sowing at 

both the cute, as well as when averaged over two cuts. On an 

average line sowing recorded 21.if per cent higher proportion of 

pea over broadcast sowing. Higher proportion of the Pea in line 

sowing may be attributed to the more inter-row space for its 

growth, 

if.l.if. Per cent proportion of sftrpon in fodder crop^: 

The data on mean per cent proportion of esris&.as 

influenced by different treatments at first cut is presented in 

Table 13 and the corresponding analyses of variance have been 

given in Appendix XI. 

Table 13. Mean per cent proportion of ffarson in fodder crops 
as influenced by different treatments at I cut. 

Treatment Per cent proportion 

A. yod^er crgpg 

Oat H.3 

Barley \k,3 
Oat+Barley 13.6 

SEm+ 0.28 

CD 5% NS 
B. Sowing methods 

Line sowing ] k » k 
Broadcast sowing 13,8 

SEm+. 0.19 
CD 5% NS 



Different fodder crops and sowing methods did not 

influence the per cent proportion of fsarson. However, oat and 

barley recorded 5»15 per cent higher proportion than oat+barley 

and line sowing registered an increase of k*33 per cent over 

broadcast sowing. 

^•i*3* .yres^ wgJKht 

The data on fresh weight (g m ) at different cuts 

and mean of all the cuts have been given in Table lif. The 

corresponding analyses of variance are appended in Appendix 

XII and data have been illustrated graphically*in Fig.6. 

Table 1if» Mean fresh weight (g m" ) as influenced by 
different treatments at various cuts. 

Treatment 

A. F9.d9l«r «ropfi 
Oat 

Barley 

Oat+Barley 
SEm+ 

• CD 3% 

B. Ci'oppip/2; gyateWB 
Fodder Crops-^-Pure 
Fodder Crops+Pea 

stand 
(broadcast) 

Fodder Crops+Sarson (b roadcas t ) 
SEm+ 

CD ^% 

C. Sowing methodB 

Line sowing 

Broadcast sowing 
SEayt: 

• CD ^% 

Cuts 
I 

1296.9 

^n^ks 
1191.5 

0 .22 
O' ' ' ,. 

1135.2 

1 2 5 7 . 3 ' ^ 
1230.6 

0,2E 

0.7 

1345.1 

1070.3 
0.12 

0 ,4 

I I 

1570.5 
13O8.9 
1276.1 

0.23 

0 .7 

1372.3^ 
1433^.7' 
1349.2 

0.23 

0.7 

1490.2 

1279.9 
0.11 

0 .3 

Mean 

1433.7 

1221.7 
1233.8 

0.14 
O./f 

1253.8 
1345.5 
1289.8 

O.lif 
O./f 

1417.6 

1175.1 
0.08 

0 . 3 



A perusal of data (Table lif) indicated that the fresh 

weight of herbage was influenced significantly by all the 

treatments at both the cuts as well as when averaged over both 

the cute. Oat recorded significantly higher fresh weight 

compared to barley and oat-'-barley at both the cuts. The latter 

two crops also differed significantly with each other. Oat+ 

barley registered higher fresh weight than barley in the first 

cut and when averaged over two cuts, however, in the second 

cut pure crop of barley registered higher fresh weight than that 

of oat+barley. On an average pure crop of oat produced 17.if 

and 16.2 per cent higher fresh weight (g m ) over barley and 

Oat+barley, respectively. 

Fodder crops grown mixed with pea as companion croj) 

recorded significantly higher fresh weight than that of pure 

stand and crops grown in combination with ĵ arson at both the 

cuts. Crops grown in association with parsOQ produced 

sigpificantly higher fresh weight per unit area than pure stand 

Of fodder crops. On an average oat-pea mixture produced 7,3 and 

if.3 per cent higher fresh weight per unit area over pure stand 

and crops grown mixed with aarson. respectively, 

Line sowing was found to be significantly superior 

to broadcast sowing. On an average line sowing registered an 

increase of 20,6 per cent over broadcast sowing, 
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Table M\,], Effect of Crops x Cropping Systems interaction 
on mean fresh weight (g m-2), 

Fodder Crops 

Oat 

Barley 

Oat+Barley 

SEm+ 

CD 3% 

0, 

0, 

.2i^ 

.71 

Pure 
stand 

1377.8 

1181.5 

1202,1 

Cronvtiitt svstems 
. Crop*: 

Pea(broadcast) 

1563.2 

1232.6 

12if0.7 

(broadcast) 

1359.9 

1250.9 

1258.4 

Crops X Cropping systems influence the mean fresh 

weight (g m ) significantly (Table l/f. l). Oat grown pure or in 

association with pea or sarson registered significantly higher 

fresh weight over barley and oat+barley grown pure or . 

in combination with companion crops. Oat+barley inturn proved 

better than barley alone in all the cropping systems. Pea was 

found to be bfest companion crop with oat however, Sarson 

proved better for both barley and Oat+barley mixture. All the 

crops when grown in association with pea or igarsofl produced 

higher fresh weight than that of pure stand of the crops^ except 

oat, however, pure crop of oat produced higher fresh wiAght 

than oat grown in association with Sarson. 

Fresh weight (g m ) was also influenced significantly 

by Crops x sowing methods (Table lif.2). All the fodder crops 

sown in line resulted in significantly higher fresh weight per 

unit unit area over broadcast sowing. Oat whether sown in 
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Table 14,2. Effect of Crops x Sowing methods interaction on 
mean fresh weight (g m-2), 

isodder urops Li^^ sowing Broadcast sowing 

Oat 1565.2 1302.1 

Barley 1352.3 1091.1 

Oat+Barley 1335.3 1132.2 

.^Eml ,- - CD 5^ 

For comparison between two sowing 0.15 O.I4.3 
methods means at the same level of crops 

For comparison between two fodder crop 0,20 0.52 
means at the same or different levels of 
sowing methods 

line or by broadcast produced significantly higher fresh weight 

than barley and oat+barley mixture. However, barley sown in 

line produced higher fresh weight over oat+barley mixture 

whereas, the trend in respect to these crop in broadcast sowing 

was reverse, 

Table lif.3» Effect of Cropping systems x sowing methods 
interaction on mean fresh weight (g m~2), 

Cropping systems ^PwAng methods 

Pure stand 1369.5 1137.9 

Fodder Crops+Pea (broadcast) 1^77.3 1213.7 

Fodder Crops+Sarson (broadcast) 14O6.O 1173.7 
SEm+ CD 5% 

For comparison between two sowing 0.18 O.5I 
methods means at the same level of 
cropping systems 

For comparison between two cropping 0.20 0,51 
system means at same or different levels 
of sowing methods _ .^ 
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Cropping systems x eowimg methods interaction on 

fresh weight (g m*^) (Table 1if.3) revealed that the fodder 

crops sown pure or mixed with pea or ĝ r̂ oft in line sowing 

produced significantly higher fresh weight (g m" ) than sown by 

broadcast. All the fodder crops grown mixed with pea and 

gaypoî  either in line sowing or by broadcast, sowing resulted 

in higher production of fresh weight per unit area over pure 

stand of fodder crops sown by either of the method. 

Table lif.î . Effect of Crops x Cropping Systems x Sowing methods 
interaction on fresh weight (g m-2), 

Fodder crops Cropping systems 
iSgŴ RR Ĵ ^̂ l̂ gdB 

Line 
sowing 

Broadcast 
sowing 

Oat 

Barley 

Oat*Barley 

Pure stand 

+Pea (broadcast) 

•fiaCfiaa (broadcast) 

Pure stand 

+Pea (broadcast) 

+SflrjaeB (broadcast) 

Pure stand 

+Pea (broadcast) 

»Sarson (broadcast) 

For the comparison between two sowing 
method means at the same level of crops 
and cropping systems 

For the comparison between crops and 
cropping system means at the same on 
different levels of methods 

1i+89.2 
1720.7 

H89.7 

1303.4 

1372.2 

1381.4 

1315.9 

1339.0 

1351.0 

0.25 

0.4 

1266.1 

1405.8 

1234.3 

1059.6 

^1093.0 

1120.8 

1088.2 

1142.3 
1166.0 

0.75 

1.3 
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The fresh weight was significantly influenced by 

crops X cropping systems x sowing methods interaction (Table 

)h*k)» Fodder crops following any cropping system produced 

significantly higher fresh weight in line sowing over 

broadcast sowing. It is interesting to note that pea was 

found to be best companion crop with oat irrespective of the 

methods of sowing, on the other hand parson was found to be 
i 

the best companion crop with barley and oat+barley in both the 

methods of sowing. 

if. 1«6. Pry Wgî t̂̂ ^ 

•Hae data on the mean dry weight (g m ) at different 

cuts and mean of all the cuts have been given in Table 15. The 

corresponding analyses of variance are appended in Appendix XIII 

and graphic representation of the same has been made in Pig.";!, 

Like green weight, the dry weight was also influenced 

significantly by various treatments at both the cuts. In all 

the treatments dry weight showed an increasing trend in second 

cut. 

Oat produced significantly higher dry weight than 

other crops. Oat+barley produced significantly higher dry weight 

over barley in first cut however, reverse trend waŝ 'observed in 

second cut. On an average oat registered an increase of lif.9 

and 1/(..70 per cent over barley and Oat+barley, respectively. 
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Table 15. Mean dry weight (g m" ) as influenced by different 
treatments at various cuts. 

Treatment - j — ^ Ilnd Mean 

A. y<?^aer cr9pg 
Oat 

Barley 

Oat+Barley 

SEm+ 

CD 5% 

B, ProffPilPK igY§t9PS 

Fodder Crops-^Pure stand 

Fodder Crope+Pea (broadcast) 

Fodder Crops+fiacaaja (broadcast) 283«8 

CD 3% 

C. ggwlnff Mgth9ds 

Line sowing 

Broadcast sowing 

SEm+. 

CD 3% 

297.3 

26/f.3 

276.5 

0.17 

0.5 

263.9 

290.9 

283.8 

0.17 

0.5 

309.3 

2if9.7 

0.03 

0.1 

393.5 

337.5 

326.2 

0.11 

0.3 

351.8 

363.if 

341.8 

0.11 

0.3 

383.0 

321.7 

0.09 

0.3 

345.6 

300.9 

301.3 

0.09 

0.3 

307.9 

327.1 

312.8 

0.09 

0.3 

346.2 

285.7 

0.08 

0.2 
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Fodder crops grown mixed with pea produced 

significantly higher dry weight (g BT ) at both the cuts as 

well as when averaged over two cuts. In first cut crops-aar^on 

mixture produced higher dry weight than that of pure stand of 

the crops however, reverse trend was obtained in the second 

cut. On an average fodder crops grown in association with pea 

resulted in 6.2 and if. 6 per cent higher dry weight produce 

per unit area over pure stand and crops grown in association 

with SiSLBSiAy respectively, 

Sowing methods significantly influenced the dry weight 

production per unit area in both the cuts as iJell as when 

averaged over two cuts. Line sowing found invariabily 

significantly better than broadcast sowing. On an average line 

sowing produced 21.2 per cent higher herbage dry weight over 

broadcast sowing, 

Table 15«1 Effect of Crops x Cropping Systems interaction 
on mean dry weight (g m' J 

Fodder crops 

Oat 

Barley 

Oat+Barley 

SEm+ 

CD ^% 
0. 
0. 
,16 

,5 

Pure s 

335.3 

29^.6 

295.6 

tand Crop* Trop-f-. 
Pea(broadcast) Sarson 

(broadcast) 

379.5.^ , 
302.1 

299.8 

322.0 

308.9 

307.5 
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Crops X Cropping systems interaction (Table 15«0 

revealed that oat grown pure or in asbociation with pea or 

sarson produced significantly higher dry matter than barley 

and oat+barley grown under these systems. Ba'rley grown 

either pure or mixed with pea or sarson produced significantly 

higher dry weight than that of oat+barley. Oat produced the 

highest dry weight per unit area in association with pea 

whereas^barley and oat+barley were found to perform better 

when grown in association with parson. However, the latter 

crops performed certainly better when grown in association 

with pea over the pure stand of each. 

Table 15,2 Effect of Crops x Sowing Methods interaction on 
dry weight (g m-|), 

Sowiiig methods 
Fodder crops Line Broadcast 

sowing sowing 

Oat 376.7 314.5 

Barley 336.3 267. if 

Oat+Barley 325.4 275.1 

SEm+ CD 5$̂  

For comparison between two sowing method 0.13 O.ifO 
means at same level of fodder crops 

For comparison between two crop means at 0.16 O.iiif 
same or different levels of sowing methods 
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Data presented in Table 15.2 revealed that in all 

the three crops the highest amount of dry weight v/as produced 

under line sowing than broadcast sowing. Wether the crops were 

sown in lines or by broadcast oat produced significantly 

higher dry weight over barley and oat+barley. However, barley 

in line sowing produced the higher dry weight per unit area, 

whereas, oat+barley resulted in higher dry matter production 

under broadcast sowing. 

Table 15.3. Effect of cropping systems x sowing methods 
interaction on mean dry weight (g m-2). 

Cropping systems Line 
Sowing 

g9W£flff m̂ î hQĉ B 
Broadcast 
sowing 

Pure stand 

Fodder Crops+Pea (broadcast) 

Fodder Crops-t-Sarson (broadcast) 

For comparison between two sowing method 0.13 
means at the same level of cropping 
systems 

3^2.3 

357.9 

328.3 

273.^ 

296.3 

287.3 

SEmt CD 5^ 

For comparison between two cropping 
system means at same or different 
levels of sowing methods 

0.16 

O.ifO 

O.H 

Cropping systems x Sowing methods influence the 

mean dry weight (g m"*̂ ) significantly (Table 15.3). Fodder 

crops grown in association with pea recorded significantly 

higher dry weight (g m~ ) in both the methods of sowing, 

however, pure crop in line sowing and crops in association 



5^ 

with sarson recorded the highest dry weight under broadcast 

sowing. .«.,-» 

Table 15.4. Effect of Crops x Cropping Systems x Sowing 
methods interaction on dry weight (g m"^. 

Fodder 

Oat 

Barley 

crops 

i 

' 

Oat-»" Barley 

Cropping systems 

Pure 

+Pea (broadcast) 

ŜaCflfia (broadcast) 

Pure 

*Pea (broadcast) 

*.5aCfifia (broadcast) 

Pure 

+Pea (broadcast) 

*Sarson (broadcast) 

<̂?ŷ Pf 
Line 
sowing 

369.1 

411.8 

549.3 

334.0 

338.8 

336.2 

325.8 

525.2 

529.4 

methods 
Broadcast 
sowing 

501.5 

547.2 

294.8 

255.5 

265.4 

281.6 

265.5 

276.5 

2S3.3 

SEm+ CD 5% 

For comparison between two sowing methods 
means at the same level of Crops and 
Cropping systems 

For comparison between two crops and 
cropping systems means at the same or 
different level of sowing methods 

0.23 

0.28 

0.69 

0.84 

Crops X Cropping systems X Sowing methods interaction 

(Table 15*4) revealed that fodder crops following any cropping 

system produced significantly higher dry weight per unit area 
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in line sowing over broadcast sowing. It is interesting to 

note that pea was found to be the best companion crop with 

oat irrespective of the sowing methods, however, in barley 

under line sowing pea was the beet companion crop whereas^ 

under broadcast sowing parson was the best introduction. On 

the other hand with Oat+barley parson was found to be the best 

companion crop in both the methods of sowing. 

k,Z. FORAGE YIELD 

if.2.1. Green forage yield 

The data on green forage yield in two cuts and total 

of both the cuts as influenced by various treatments have been 

presented in Table 16 and depicted in Fig. flP. The corresponding 

analyses of variance has beein appendied in Appendix XIV. 

Green forage yield of two cuts and total of both 

cuts was significantly influenced by various fodder crops. Oat 

recorded significantly higher yield at both the cute over barley 

and oat+barley mixture, whereas, barley in the first cut and 

oat+barley mixture in the c second cut recorded the lowest. On 

an average oat produced 37«2 and i+O.if quintal higher green 

forage yield per hectare over barley and oat+barley, 

respectively. 

The data depicted in Fig, i clearly indicated that 

all the fodder crop registered higher green forage yield in 

second cut as compared to first cut, 
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Fodder crops grown in association with pea as 

companion crop produced significantly higher green yield over 

pure stand of crops and the crops grown in combination with 

parson in both the cuts. On an average fodder crops grown 

mixed with pea registered 16.0 and 12 quintal higher green 

forage per hectare than obtained from pure stand of crops 

and crops grown in combination with sarpon. 

{•lethods of sowing also influenced green gorage 

yield significantly at both the cuts as well as total of two 

cuts. On an average line sowing produced 3k'k per cent 

higher forage yield over broadcast sowing. 

Fodder crops grown in association with sarson 

produced significantly higher forage yield over pure stand of 

crops in first cut while the trend was reverse in second cut. 

However, on an average fodder crops grown with parson as 

companion crop registered significantly higher yield over the 

pure stand of crops. Introduction of garpOfi amounted to 

a yield increase of 2*3 per cent over pure stand of the 

crops* 

It is worth mentioning that the green forage 

obtained at first and second cut correspondent to a most 

green fodder scarcity period i.e. January and April, when 

virtually there is an acute shortage of green forages and 
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Table l6. Qreen forage yield (q/ha) as influenced by 
various treatments. 

Treatment 

A. Fpdder CroBs 

Oat 

Bar ley 

Oat+Bariey 

SEmi 

CD 55"̂  

B. Qroppiftff System 
Fodder Crops*Pure s tand 

Fodder Crops>Pea (b roadcas t ) 

Fodder Crops+Sarson (broadcas t ) 

SEmi 

CD 5^ 

C. i59Win« Mfitt*ff4 

Line sowing 

Broadcast 

SEmi. 

CD 5^ 

I 

88 .9 

U.Z 

77.'? 

0.58 

1.7 

73.it 

83 .6 

81,7 

0.58 

1.7 

92.7 

66.4 

0,28 

0 ,8 

Cuts 
I I 

105.1 

8if.7 

76 ,2 

0 .92 

2 .8 

88.6 

-93 . it 

8i+, 1 

0 .92 

2 .8 

100.2 

77.2 

O.lfit 

1.3 

Tota l 

19if.O 

156.9 

153.7 

0.80 

2.1f 

162.0 

177.0 

165.8 

0.80 

2 . it 

192.9 

143.6 

O.i+2 

1.3 

the animals are mainly reared on dry roughages r>̂ (wbeat bhusat 

paddy straw and hay) and feeding them mixed with lush green 

forage will enhance the utilization of these stuffs. 

http://73.it
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Table 16.1. Effect of Crops x Cropping Systems interaction 
on the green forage yield (q/ha). 

Fodder Crops 

Oat 

Barley i 

Oat+Barley 

SEm+ 

CD ^% 

1. 

h* 

.37 

J 

Pure 
s tand 

184.8 

151.if 

1if9.5 

Cropping §Y§t. 
,. CropsK 

X ticivuioadcast) 

213 .3 

160.1 

157.7 

gin 

Cyop 

(broadcas t ) 

iSlf.l 

159.1 

153.9 

Crops X Cropping systems interaction also influenced 

the green forage yield (q/ha) significantly (Table l6.l). Pea 

was found to be the best companion crop for oat, than sarson. 

On the other hand barley and oat+barley produced the similar 

yields whether sown mixed with pea or sarson^ but both recorded 

significantly higher yield in combination with companion crops 

over the pure stand. It is interesting to note that oat grown 

pure or in association with companion crops viz. pea or gar^Qn 

resulted in significantly higher green herbage yield over 

barley and oat+barley grovm in any of the cropping systems. 

Barley and oat+barley resulted in identical yields when these 

were grown either pure and in combination with pea» however, 

garsff̂  was better companion crop for barley than for oat+barley. 
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Table 16.2. Effect of Crops x Sowing methods on total 
green forage yield (q/ha), 

Fodder crops 
Sowing methods 

Line 
sowing 

Broadcast 
sowing 

Oat 

Barley 

Oat+Barley 

219.0 

185.1 

17̂ .̂6 

For the comparison between two method 
means at the same level of crops 

For the comparison between two crop 
means at the same or different levels 
of sowing methods 

169.2 

128.7 

152.7 

SEm+ 

0.7^ 

0.95 

CD 556 

Z.Z 

2.8 

The total green forage yield as influenced by Crops 

X sowing methods interaction (Table 16.2) revealed that the 

fodder crops grown in lines produced significantly higher 

green herbage yield than sown by broadcast. Oat whether 

sown in linesorby broadcast resulted in significantly higher 

yield over barley and oat+barley, however, barley produced 

higher yield in line sowing than oat+barley. Further, it was 

observed that barley and oat+barley registered higher yield 

in line sowing over oat sown as broadcast. 

The total green forage yield was significantly 

influenced by Cropping Systems X Sowing methods (Table 15.3). 

Whether the fodder crops grown pure or in association v/ith 

companLotiii" crops they produced significantly higher green 
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TaWe 16«3. Effect of cropping systems x sowing methods 
interaction on total green forage yield (q/ha) 

Cropping Systems Line 
sowing 

?0W f̂tfi met^ho^e 
Broadcast 
sowing 

Pure 

Pea (broadcast)+Foclc[e*' CYO\>S 

jSarsoi^ (broadcast)-*-Fodder cropi 

185.6 

203.6 

189.5 

138.2 

150.If 

lif2.0 

SEm± 

For the comparison of two method means 0.?^ 
at the same level of system 

For the comparison of two Cropping 0.95 
systems means at the same or differentt 
levels of methods 

CD 5^ 

2.19 

2.8if 

forage yield in line sowing over broadcast sowing. Crops 

grown in combination with pea as companion crop resulted in 

higher green yield^ whether sown in lines or. by broadcast, 

over the pure crops and crops grown in association with 

sarson. However, crops grorwn mixed with sarson produced 

significantly higher green yield than that of pure stand of 

the crops. Thus^this can be infered from this interaction 

that under rainfed conditions green fodder can be considerably 

enhanced by growing them mixed with suitable companion crop, 

Crops X Cropping systems x Sowing methods interaction 

also influenced the green forage yield (q/ha) significantly 

(Table 16.^). The data revealed that irrespective of the 

fodder crops and cropping system line sowing produced 
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Table l6.^. Effect of Crops x Cropping Systems x Sowing 
methods interaction on total green forage 
yield (q/ha). 

F o d d e r Crops Cropping systems Line 
sowing 

jgftWJlftK W$1^^9as 
Broadcast 
sowing 

Oat 

Barley 

Oat+Barley 

Pure s tand 

+Pea (b roadcas t ) 

•t-Saraon (b roadcas t ) 

Pure s tand 

+Pea (b roadcas t ) 

•̂ ffarsffB (b roadcas t ) 

Pure s tand 

+Pea (b roadcas t ) 

+5fli:jB2a (b roadcas t ) 

205.3 

2ik3>k 

208.2 

I79.if 

190.0 

185.8 

172.1 

177.3 

174.3 

SEm+ 

I6if.5 

183.0 

160.0 

123.5 

132.1 

130.it 

126.8 

138.9 

133. If 

For the comparison between crop and 1.65 
Cropping system means at the same or 
different levels of sowing methods 

For the comparison between two sowing 1.27 
methods means at the same level of crops 
and cropping systems 

CD 3% 

k*9 

3.8 

significantly higher .orage yield over broadcast sowing. Oat 

sown either pure and in combination with ptja or sar^on produced 

significantly higher herbage yield than barley and oat+barley 

sown in these cropping system^. Line sowing of barley and 

oat+barley proved significantly better than sowing of oat by 

broadcast, with the exception that oat sown witha pea association 

http://130.it
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by broadcast recorded the same yield as that obtained with 

barley sown in line either pure and in association with sarson* 

Oat+barley sown either pure and in association vnith pea or 

sarson resulted in significantly lower yield than that of 

barley under the same system in line sowing,however, in 

broadcast sowing the yield response was similar with exception 

that oat-»-barley in assottation with pea recorded significantly 

higher yield than barley in association with pea. 

4*2.2. Pry fQrflse Yield: 

The data on dry forage yield (q/ha) at different 

cuts and combined of all the cuts as influenced by different 

treatments have been given in Table 1? and shown graphically 

in Fig.^. The corresponding analyses of variance have been 

given in Appendix XV. =<- , <» ' " 

Like green forage yield, dry forage yield was also 

significantly influenced by fodder crops. Oat registered 

significant higher dry forage yield over barley and oat+barley 

at both the cuts as well as total over the two cuts. The 

latter two crops differed significantly with each other. 

Oat+barley mixture in the first cut yielded higher than barley 

and barley in the second cut yielded better than oat+barley. 

However, when total of two cuts was taken into consideration 

barley significantly outyielded oat+barley. On an average oat 

registered an increase of 22.9 and 28.0 per cent over barley 

and oat+barley mixture, respectively. 
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Table 17. Dry forage yield (q/ha) as influenced by various 
treatments. 

Treatment j ^ ^ — j j — Total 

A. Fodder Crops 

Oat 18.7 

Barley I2f.9 

Oat+Barley > 15. If 

SEint O.H 

CD 3% 0,k 

B. grgpp^nK BYsterns 

Fodder Crops^Pure stand 15.7 

Fodder Crops+Pea>J0broadcast)17.6 

Fodder Crops+ fiatafia 15.9 
(broadcast) 

SEmi O.lif 

CD 3% O.lf 

c . soYfJirfl/'; t^g1^h94fl 

line sowing 19^ 

Broadcast 13.5 

SEm+ 0.07 

CD 5% 0.2 

25.8 

-2^-3 ^• 

19.3 

0.22 

0 .6 

22 .2 

2 3 . ^ 

20.7 

0 .22 

0 .6 

^%k 

18.8 

0 .15 

o.k 

kk.3 

' 3 6 . 2 

3k*7 

0.21 

0 .6 

37.9 

ifl.O 

36 .6 

0.21 

0 .6 

kk.3 

32.3 

0.20 

0 .5 



Fodder crops grown in association with pea yielded 

significantly higher dry forage yield than that obtained from 

pure stand and crops grown in association with s^rson in both 

the cuts as well as the total yield of two cuts. The dry 

forage in first cut remained unaffected whether the fodder 

Crops were grown in pure stand or in association with sarson. 

However, in second cut pur© stand of crops yielded significantly 

higher over crop-parson mixture. Similar^ yield trend was 

observed in total of two cuts. In absolute terms crop-pea 

association produced 3.0 and 1̂ .6 quintal per hectare more dry 

forage than pure stand and crop-g^rspQ mixture, respectively. 

line sowing of fodder crops produced significantly 

higher dry forage yield at both the cuts »̂»«t in total of two 

cuts over broadcast sowing. On an average line sowing produced 

37«8 per cent higher dry forage over broadcast sowing. The dry 

matter production was invariably higher in second cut compared 

to first cut in all the treatments under study, 

Table 17.1. Effect of Crops x Cropping systems interaction 
on the total Dry forage yield (q/ha). 

Or Fodder 

Oat 
Barley 

Oat+Barley 

SEinl 

CD 3% 

Crops 

0.37 
1.10 

Pure 
stand 

^3.2 

36.3 
34.0 

Cronning systems 
~ crop+ 

ir'eaC broadcast) 

50. i+ 

36.2 

36. if 

(broadcast) 

39.7 

35.9 

33.7 
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Crops X Cropping systems interaction, also influenced 

the dry forage yield significantly (Table 17«0« Pea was 

found to be the best companion crop for oat and oat+barley 

than aaCfiSa* OJi the other hand barley produced the similar 

yield whether grown pure or in association with pea or iŝ rson. 

Association of sarsop with oat produced low yield than pure 

standf wheteast in oat-̂ barley pure stand and sarson association 

produced the similar yield. Oat grown pure or in association 

with companion crops resulted in significantly higher dry 

forage yield over barley and oat+barley grown in any of the 

cropping systems. Barley also outyielded oat+barley irrespective 

of the cropping systems except, pea association where these two 

crops resulted in identical yield. 

Table 17.2. Sffect of Crops x Sowing methods interaction on 
the total Dry forage yield (q/ha). 

Fodder Crops TI SQwifî  methods " 
*̂  Line sowing Broadcast sowing 

Oat it9.6 39.2 

Barley 43.6 28.7 

Oat+Barley ifO.6 29.0 
SEmi CD 5% 

For comparison between two sowing method 0.3A- l*̂  
means at the same level of crops 

For comparison between two crop means 0,1̂ 0 1.1 
at same or different levels of methods 
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Crops z sowing methods Interaction Influenced the 

dry forage yield significantly (Table 17.2). From the data it 

is evident that line sowing of all the fodder crops resulted in 

significantly higher dry forage yield over broadcast sowing. 

Oat whether sown in lines and by broadcast resulted in 

significantly hi^er yield over barley and oat+barley, whereasi 

barley in lines produced higher yield than oat+barley, however, 

under broadcast sowing barley and oat+barley resulted in 

similar yield. Broadcast sowing of oat produced significantly 

lower dry forage than line sown barley. 

Table 17.3* Effect of cropping systems x sowing methods 
interaction on dry forage yield (q/ha). 

Sowing methods 
Cropping systiens Line sowing Broadcast 

Pure stand 45.1 30.6 

Fodder crops+PeaCbroadcast) if7.5 34.5 

Fodder crops+SaEfifiH (broadcast) 41,0 31.8 

SEmi CD 3% 

For comparison between two sowing methods 0.59 1.7 
means at same level of cropping systems 

For comparison between two cropping O.4O 1.1 
system means at same or different levels 
of sowing methods 
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Cropping Systems x Sowing methods interaction 

(Table 17.3) revealed that all the fodder crops whether grown 

pure or in combination with pea or sarson.produced significantly 

higher dry forage yield in line sowing over broadcast sowing, 

Pea as an associate crop with fodder crops resulted in higher 

dry forage yield whether sown in lines and by broadcast over 

pure staixd and crops grown in combination with ssurson. However, 

pure stand of crops produced significantly higher yield over 

crops grown in combination with sarson in line sowing, whereas 

the trend was reverse in broadcast sowing, 

Table 17«^. Effect of Fodder Crops x Cropping systems x Sowing 
methods interaction on Dry forage yield (q/ha). 

Fodder 

Oat 

Barley 

Crops 

' 

Oat+Barley 

Cropping systems 

-Pure stand 

-t-Pea (broadcast) 

•t-Sarson (broadcast) 

-Pure 

+Pea (broadcast) 

*&aLBaA (broadcaat) 

-Pure 

^Pea (broadcast) 

^SMSMOR (broadcast) 

Sowing methods 
Line sowing 

lf8.3 

56.5 
H.2 

5̂.9 
î 3.9 

41.5 

^.5 

42.3 
37.4 

SQi^ 

Broadcast 

38.1 

44.3 

35.2 

27.2 

28.5 

30.5 

26.6 

30.6 

29.9 
CD ^% 

For comparison between two sowing method 0.59 1.7 
means at the same level of crops and cropping 
systems 

For comparison between two crop and cropping 0.69 1.9 
system means at the same or different levels 
of sowing methods 
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Crops X Cropping systems x sowing methods interaction 

on dry forage yield (q/ha) (Table 17.^) revealed that line 

sowing produced significantly higher dry forage yield over 

broadcast sowing irrespective of fodder crops and cropping 

systems. Oat sown either pure or in combination with pea 

produced significantly higher yield over barley and oat+barley 

grown in any of the cropping system. Growing of oat in line with 

pea produced the highest dry forage yield over rest of the 

treatments. Pure crop of barley under line sowing produced 

significantly higher forageToat+barley grown in any of the 

cropping system and sowing method. 

If .5 .1 . grwdft Prft^e4B wntgn^ 

The results showing the effect of different treatments 

on crude protein content (per cent) at both the cuts and average 

of two cuts have been summarised in Table Id and have also been 

depicted in Fig.lO. The corresponding analyses of variance has 

been appended in Appendix XVI. 

Different fodder crops did not exhibit any significant 

influence on the crude protein contents at any of the cut. In 

general higher average of crude protein contents were given by 

oat+barley mixture than oat and barley alone. 

The crude protein contents were significantly influenced 

by different cropping systems. Fodder crops grown in association 

with pea recorded significantly higher contents at both the cuts 
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Table 18. Mean crude protein content {%) 'as inffuenced by 
different treatments at various cuts. 

Treatment 

A. I9M9I <?r9ttfi 

Oat 

Barl0y 

Oat+Beirley 

SBB+. 

CD ^% 

B. 2rfiBPlAK SYfî Mfi 

Fodder Crops*Pure 

Fodder Crops+Pea 

stand 

(broadcast) 

Fodder CroDs+Saraon (broadcast) 

sayt 

CD 3% 

D. Sowln« Methods 

Line sowing 

Broadcast sowing 

Sfiij^ 

CD ^% 

over pure stand and crops«-SarBon 

I 

1^.63 

14.62 

U . 8 7 

0.;09 

NS 

11.48 

18.05 

14.60 

0 .09 

0.27 

14»79 

14*62 

0.11 

NS 

mixture, 

Cuts 
II 

10.99 

11.12 

11.07 

.^0.16 

NS 

8.90 

12.48 

9.20 

0.16 

0 .49 

10.92 

11.20 

0.15 

NS 

Average 

12.54 

12.53 

12.76 

.0.16 

NS 

9.68 

14.85 

10.90 

0.16 

0.48 

12.59 

12.60 

0.09 

NS 

2&LBQIL grown 

mixed with fodder crops recorded significantly higher crude 

protein contents over pure stand in first cut, however, in 

second cut both these cropping systems produced herbbage with 
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similar crude protein contents* On the basis of weighted 

average taken of the two cuts, fodder crops grown In association 

with pea produce herbage with significantly higher crude protein 

contents than that of pure stand of crops and crops sown in 

association with asLSSLtk* Crops-jBflllflQil mixture was found to 

produce herbage with higher protein contents than that of pure 

stand. On an average pea in association with fodder crops 

registered 53«^ and 36.2 percent higher crude protein contents 

over pure stand of the crops and one grown in association with 

sarsoUfrespectively. 

Whether the crop grown in lines by broadcast the 

crude protein contents of the herbage remained unaffected. 

Crude protein content in herbage in general showed 

a decreasing trend with successive cut. None of the interaction 

could influence the crude protein contents significantly at any 

of the cut (Appendix xvt). 

4«3.2« Crude protein yield 

The data 09 Crude protein yield (q/ha) at different 

cuts have been presented in Table 19* The pertinent analyses of 

variance are given in Appendix XVIII. 

Crude protein yield was influenced significantly by 

various treatments at both the cuts. 

Among different fodder crops oat registered the 

highest crude protein yield over barley and oat+barley mixture 
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at both the cuts as well as in total of the two cuts. Barley 

in the first cut and oat+barley in the second cut recorded 

the lowest protein yields, whereas* on total yield basis latter 

two crops remained at par with each other. Oat produced 23*7 

and 26.8 per cent higher total crude protein yield over barley 

and oat-«-barley, respectively. 

Table 19. Crude protein yield (q/ha) as influenced by different 
treatments. 

Treatment -j ^^ jj Total 

A* ygddgr groPB 

Oat 2.80 2,83 5.63 

Barley 2.20 2.35 k.33 

Oat+Barley 2.31 2.13 4.H 
SBB+ 0.03 0.03 0,05 

CD 3% O.n O.U 0.16 
B, ffropptnfi (SYfî gaa 

Fodder Crops^Pure stand 1.82 1.86 . r 3.68 
Fodder Cropa+PeaCbroadcast) 3.20 2.91 6.11 
Fodder Crops-t-Saraon (broadcast) 2 . ^ 2.5^ 4.8it 

SEmi 0.05 0.03 0.05 
CD3IJ 0.10 0.11 0.16 

C, Sowing Methoda 

Line sowing 2,86 2,75 5.61 
Broadcast sowing 2,00 2,12 if. 12 

SBtti 0.02 0.03 0.03 
CD 3% 0.07 0.10 0.10 
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Fodder crops grown In association with pea produced 

the highest crude protein yield in both the cuts as well as in 

total of two cuts* Crops grown in association with sarson 

produced though significantly lower than that of the crops 

grown in association with pea) however, this treatment 

resulted In significantly higher protein yield over pure stand 

of the crops in both the cuts. 

Line sowing of the crops proved significantly superior 

to broadcast sowing in respect of crude protein yield at both 

the cuts as well as in the total of two cutsT It produced 1.if9 

quintal higher crude protein per hectai'e over broadcast sowing. 

Table 19.1. Effect of Crops x Cropping systems on total 
crude protein yield (q/haj. 

Fodder Crops 

Oat 

Barley 

Oat+Barlty 

SEmi 

CD 551̂  

0.09 

0,28 

Pure 
stand 

4.18 

3.51 

3.51 

CroDpini? svstems 
Crop + 

Pea(broadcaBt) 

7.56 

5.37 

5.34 

Crop + 

(broadcast) 

5.14 

4.71 

4.66 

Crops and cropping systems interaction influenced the 

crude protein yield (q/ha) significantly (Table 19.1). Oat crop,-

whether grown pure or in combination with pea or say^on registered 
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significantly higher crude protein yield over barley and 

oat ••'barley grown pure or in combination vdth companion crops, 

Whereas, barley and oat+barley produced the same yield groiwing 

in any of the cropping system. On the other hand association 

of pea recorded higher protein yield over pure stand and crops 

grown in association vdth aaraon. irrespective of the fodder 

Crops. All the fodders crops grown in pure stand recorded the 

lowest protein yield. 

Table 19*2. Effect of Crops x sowing methods interaction on 
total crude protein yield (q/ha). 

Fodder Crops 71 jPY^RK t̂ ?tj;g4B 
^ Line sowing Broadcast sowing 

Oat 6.26 

Barley 5.it5 

Oat+barley 5.13 

SEm* 

For the comparison between two sowing .,. .> 0.08 
method means at the same level of crops 

For the comparison between two fodder crop 0.08 
means at the same or different levels of 
sowing methods 

Crops X sowing methods interaction on crude protein 

yield (q/ha) (Table 19.2) revealed that all the fodder crops 

sown in lines resulted in significantly higher crude protein 

yield over broadcast sowing. Oat whether sown in lines or by 

broadcast produced significantly higher crude protein yield 

4.99 

3.61 

3.75 
CD 551̂  

0.25 

0.22 
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over barley and oat+barley mixture. However, barley in line 

sowing produced higher crude protein over oat-«-barley, whereas, 

remaining at par under broadcast sowing* 

Table 19#3. Effect of Cropping Systems x Sowing methods 
interaction on total crude protein yield (q/ha). 

Cropping systems Line 
sowing 

k.l7 

7.0if 

5.if3 

^<iiiX\ 

SBa+. 

ri« methods 
Broadcast 
sowing 

2.96 

5.15 

if.25 

CD % 

Pure stand 

Fodder Crops+Pea (broadcast) 

Fodder Cropfl-t-Saraon (broadcast) 

For the comparison between two sowing 
method means at the same level of 
Cropping systems. 

For the comparison between two cropping 
system means at the same or different 
levels of sowing methods 

0,08 

0.08 

0.23 

0.22 

Crude protein yield (q/ha) was also influenced 

significantly by cropping systems x sowing methods (Table 19.3). 

Fodder crops whether grown pure or in combination with pea or 

sarson in lines produced significantly higher crude protein 

yield over broadcast sowing. All the fodder crops grown mixed 

with pea either in line or by broadcast sowing resulted in higher 

production of crude protein over pure stand and crops , grown 

mixed with parson sown by either of the method, 
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4.3*3 fffttdg fjbrg gftftt̂ gfl̂  

The data on the crude fibre content (per cent) as 

Influenced by different treatments at two cuts and mean of 

both the cuts have been given in Table;ii20 and Fig. 11). The 

corresponding ana^^yses of variance are appended in Appendix 

XVII. 

Table 20. Mean Crude fibre content i%) as influenced by 
different treatments at various cuts 

Treatment 

A. Fffa^M QrflPS 

Oat 

Barley 

Oat+Barley 

SQni 
CD ^% 

B* .QCfltVUiOK :&l&iQM§ 

Fodder Crops-^Pure stand 

Fodder Crops-t-Pea (broadcast) 

Fodder Crona-^^SflrBon^broadcast) 
SEm+. 

CD 5 ^ 

c. Sffiila/; ifitbfidB 

Line sowing 

Broadcast sowing 

san+ 
CD 3% 

I 

27.55 

27.03 

27.70 

O.i+9 
NS 

29.74 

26.45 

26.09 
0 .49 
1.50 

27.33 

27.52 
0 .32 
NS 

Cuts 
II 

33.20 

32.83 

32.40 

0.41 
N3 

* 

34.56 

31.42 

33.98 

0.41 
1.22 

32.55 

32.46 

0 .34 
NS 

Average 

30.70 

29.78 

30.38 

0.31 
NS 

32.42 

29.25 

29.96 

0.31 
0.92 

30.16 

30.41 
0.27 
NS 
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Like crude protein, the crude fibre contents were 

also not influenced significantly by any of the fodder crops. 

Pea or spi'son grown in association with fodder crops recorded 

significantly lower fibre contents than that of pure stand in 

first cut, however^ in second cut fiflEfifiji grown, in association 

with fodder crops and the crops grown as pure produced the 

herbage with same fibre contents. At this cut also pea grown 

mixed with' fodder crops recorded significantly lowest contents 

over the other two cropping systems. However, when the data 

was averaged over of the two cuts it was observed that fodder 

crops grown either in association with pea or parsoft recorded 

similar but significantly lower contents than that of the pure 

stand, indicatJBng therel^that the crude fibre content in the 

herbage can be considerably reduced following an association of 

pea or pafgon in fodder crops. 

Methods of sowing also could not influenced the crude 

fibre contents of the herbage significantly at any of the cut 

(Table IQ). 

Unlike crude protein, crude fibre content of the 

herbage in all the treatments increased in successive cut. 

None of the interaction was found to affect crude 

fibre content in herbage significantly (Appendix xvn ), 

The data on crude fibre yield (q/ha) at different 

cuts have been presented in Table 21, and corresponding 

analyses of variance have been appended in Appendix XIX. 
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A perusal of data (Table 21) indicated tha t the crude 

f ibre yie ld was influenced s ign i f i can t ly by all the treatments 

a t both t^e cuts as well as when t o t a l over two c tus . 

Table 21* Mean crude f ibre yie ld (q/ha) as influenced by dif ferent 
treatmenta 

Treatmefitops -^ ^^^^ j ^ Total 

A. fPt^dgr Qrgfffi 
i 

Oat 5.13 8.55 13.68 

Barley ^AiO^ 6.78 10.81 

Oat+Barley if. 18 6.27 I0,if5 

SEm+ 0.11 0./fi+ 0.15 
CD ^% 0.33 1.32 ' O.hk 

Bf grgPPJM fgygtgfflB 

Fodder Crops-^Pure stand If. 67 ^.69 12.36 

Fodder Crops+Pea (broadcast) if.66 7.37 12.03 

Fodder Crops+Sarson (broadcast) 4.01 6.37 10.38 

SEmi 0.11 O.iflf 0.15 

CD 55U 0,33 1.32 O.ifif 

Line sowing 5.19 8.28 13.^7 

Broadcast sowing 3.71 6.12 9.83 

SEm+ 0.06 O.ifif 0.13 

CD ^% 0.17 1.30 • O.ifO 

Oat recorded s ign i f i can t ly higher crude f ibre y ie ld 

over barley and oat+barley at both the cuts however, barley 

and Oat+barley remained a t par with each other a t tooth the cuts . 
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On an average oat produced 26.5 and 50«9 per cent higher crude 

fibre yield over barley and oat+barley, respectively. 

Fodder crops whether sown pure or mixed with pea 

produced similar but significantly higher crude fibre yield over 

crops grown in association with person. Same trend was observed 

in both the cuts. Crops sown in combination with sarson produced 

19.1 and 15.9 per cent lower fibre yield over pure stand and 

crops grown in combination with pea, respectively. 

line sowing of the crops produced higher fibre yield 

over broadcast sowing at both the cuts. On an average line 

sowing recorded 37.0 per cent higher fibre yield over broadcast 

sowing. 

Table 21.1. Effect of Crops x Cropping systems interaction 
on total crude fibre yield (q/ha) 

Fodder Crops Pure 
stand 

QlQVViM BYfitflBS 
Crop+Pea Croj^-^StOLBSUl. 
(broadcast) (broadcast) 

Oat 

Barley 

Oat+barley 

saa+ 
CD 5SK 

0.25 
0.76 

14.42 

11.79 

10.88 

14.66 

10.41 

10.84 

11.76 

10.23 

9.62 

Crops X Cropping systems interaction (Table 21.1) 

revealed that oat grown either pure or mixed with pea or ^arppq 

produced significantly higher crude fibre yield over barley and 
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oat+barley grown under these Cropping systems. Barley and 

oat+barley, produced the similar yield under all the cropping 

systems except the pure standi wherei oat-^barley produced the 

lowest. Pure stand of oat and oat-̂ -barley and their mixture 

with pea produced similar, but significantly higher crude 

fibre yield than their association with saraon. However, 

barley in pure stand produced higher than barley grown with 

pea and aarson. Latter two being statistically at par with 

each other. 

Table 21.2. Effect of Crops x sowing methods interaction on 
total crude fibre yield (q/ha). 

Fodder Crops 

Oat 

Barley 

Oat+Barley 

For the comparison between two sowing 0.23 0.69' 
method means at the same level of 
fodder crops 

For the comparison between two fodder 0.27 0.76 
crop means at the same or different 
levels of sowing methods 

Data presented in Table 21.2 indicated that the all 

the fodder crops produced significantly iiigher crude fibre 

yi.#ldv>under line sowing than broadcast sowing. Oat sown by 

either of the sowing methods produced higher than barley and 

Sowing methods 
Line sowing 

15.28 

13.05 

12.06 

Broadcast sowing 

12.09 

8.55 

8.83 
SEml CD 5^ 



80 

Oat+barley mixture. However, barley in line sowing produced 

the higher crude fibre yield than Oat+b.rley, but producing 

similar under broadcast sowing* 

Table 21.3. Effect of Cropping Systems x Sowing methods 
interaction on total crude fibre yield (q/ha). 

SowARg wet^^ffdB 

14.75 

13.94 

11.72 

9.99 

10.11 

9.37 

SEm+ CD 5% 

Cropping systems Idne Broadcast 
sowing sowing 

Pure stand 

Fodder Crops+Pea (broadcast) 

Fodder Cropŝ -Sarson (broadcast) 

For the comparison between two sowing 0.23 0,69 
method means at the same levels of cropping 
systems 

For the comparison between two cropping 0.27- 0.76 
systems means at the same or different 
levels of sowing methods 

Crude fibre yield was significantly influenoed by 

cropping systems x sowing methods interaction (Table 21.3). 

All the fodder crops grown in lines produced significantly 

higher crude fibre yield over broadcast sowing irrespective 

of the cropping systems. Under line sowing pure stand of the 

crops produced higher fibre yield than crop grown in 

association with pea and sarson. however, in broadcast sowing 

none of the Cropping systems differed among themselves. 
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i+./f, ECQNQI4IC STUDY 

The economics of individual treatment was worked 

out on the basis of fresh forage yield and have been presented 

in Table 24. 

Table 2^. Economics of different treatments. 

Treatment Cost of Gross Net Net return 
production profit profit per rupee 
(Rs/ha) (Rs/ha) (Hs/ha) investment 

(Rs/ha) 

A. F9ii9V PrPPfi 

Oat 

Barley 

Oat+Barley 

B. grQPPJLfiff SYBl̂ eBtB 

Fodder Crop8+ 
Pure stand 

Fodder Crops* 
Pea(broadcast) 
Fodder Crops* 
Saraon(broadcast) 

C« SQViM Mfl.thQdi3 

Line sowing 

Broadcast sowing 

2586.82 8it02.06 5815.24 2.25 

2618.07 6808. if2 4190.55 1.60 

2602.45 6665.65 4063.20 1.56 

2495.78 6476.00 5980.22 1.59 

2755.78 7942.88 5207.10 1.90 

2575.78 7457.25 4881.47 1.90 

2624.94 8570.66 5745.72 2.19 

2579.94 6215.42 5655.48 1.41 

Oat crop gave maximum net p rof i t of Rs.5815.24 

followed by barley and oat+barley which resul ted in a net prof i t 

of Rs.4190.55 and Rs.4065*20, respec t ive ly . The net re turn per 
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rupee investment was also higher in oat (Rs. 2.25) fgHowed by 

barley(Rs. 1.60) and oat+barley (RB. 1.56). 

Net profit as well as net return per rupee investment 

was higher when fodder crops were grown in association with 

pea. This treatment registered highest net profit(Rs.5207,1") 

followed by crops grown in combination with aarson (Rs.i4.88l.47) 

and pure stand of the crops (RS.3980,22)i Net return per rupee 

investment in fodder crops grown mixed with pea was higher 

(RS. 1.90) than their solid stand^Rs.l .5^, while crops grown in 

association with parson produced similar net return per rupee 

investment(RS.I.90) as that of crops grown mixed with pea. 

Line sowing of crops registered a net profit of 

RB.57A^3*7^>which was Ks.2112.24 higher over broadcast sowing. 

Net return per rupee investment was also higher under line 

sowing (RS.2.19) as compared to broadcast sowing (j?s. 1.41J. 

http://Rs.i4.88l.47




Chapter - V 

The experimental results emanating from the present 

investigation "Cropping systems and sowing methods studies for 

rabi forages under rainfed conditions" have been described 

in the preceding chapter and are discussed here with suitable 

reasonings to establish cause and effect relationship in the 

light of 'available evidences. 

The forage yield as obtained in the present 

investigation (Table 16) in general was less than 200 quintals, 

but yields as high as 300 to 350 quintals per hectare have been 

reported in oat and barley under rainfed conditions (Anon.,1935)« 

This is obviously because of the fact that the rainfall which 

is one of the major climatic parameters happens to be eratically 

distributed during the crop season (Appendix I). Although 

early critical growth stages of the crops (crown root initiation 

and tillering) were not adversely affected for want of soil 

moisture, because conserved soil moisture at the time of sowing 

(Table Q.) was quite enough to maintain the moisture supply to 

the crops during their early stages of growth* It is probably 

the dryspell though of shorter duration which might have caused 

reduction in yield. The second important parameter i^,§t., 

temperature, which has been very congenial for the growth of 

various crops under study could also not produce its significant 

effect in the absence of proper moisture. Tt is invariably 

due to the poor impact of these two parameters, the yield in 

the first cut was considerably low which ultimately reflected 

in the total lower forage production. 
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5.1 Effect of fodder crops 

The fresh and dry forage yield .was significantly 

influenced by different fodder crops (Table 16; 17), Oat 

recorded significantly higher fresh as well as dry forage yield 

over barley and oat+barley mixture in the first cut as well as 

in the second cut, followed by oat+barley in the first cut 

and barley in the second cut. On an average Oat registered an 

increase of 23.7 and 26.3 per cent over barley and oat+barley, 

respectively. 

Several factors were apparently responsible for the 

variable productivity of the fodder crops. The various growth 

components like plant height (cm), shoot number/m , fresh and 

dry weights (g m" ) varied among different fodder crops. Though 

the shoot number of oat and barley did not show much difference 

(Table 8; 9) but oat produced plants with taller height in the 

first as well as in the second cut as compared to barley 

(Table 4; 5), which reflected in higher green and dry weights 
^p 

(g m ) (Table ]ki 15) of oat as compared to barley. It is 

probably the fast growth rate of oat as compared to barley, 

which might have attributed to higher yield of oat over barley, 

Jatasara ̂  til.* (1980) also observed a significant positive 

correlation of plant height with forage yield. Higher yields 

from oat as compared to barley were also reported by Noworal!nik 

and Strzelias (l985),Budzynski ai al* (1980) and Misra fil ai. 

(1982). 
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Lower yield by oat+barley mixture might be the cause 

of more competition among two crops. Graf (1981) also observed 

that competition is greater between individual of the same and 

closely related species because they make the demands for 

moisturei nutrients and light at about the same time and at 

about the same level. More over the plants of shorter height of 

barley in oat+barley mixture may also be held responsible for 
i 

lower yield in this treatment. It has been amplly substantiated 

by lower green and dry weight (g m" ) (Table ]ki 15) in this 

treatment* 

Overall higher yield of barley over oat+barley might 

be due to the fact that the total shoot numbSFs per-unit area 

in the first as well as in the second cut were higher in pure 

barley compared to oat+barley mixture (Table 8; 9). 

Neither the crude protein nor the crude fibre contents 

were significantly influenced by various fodder crops (Table 18; 

20). This is because of the fact that oat and barley has almost 

similar chemical composition in respect of protein and fibre 

contents (Ahlgren, 1956). Further oat crop produced significantly 

higher crude protein and crude fibre yields over barley and 

oat+barley (Table 19; 21). This is because of the higher dry 

matter production of oat as compared to barley and oat+barley. 

Barley in the first cut and oat+barley in the second 

cut recorded the lowest crude protein yield. This is again 

related to their respective dry matter productions. Higher 

fibre yield in case of oat crop is not by virtue of its havinji 
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higher crude fibre content but it is due to the significantly 

higher dry matter production as compared to barley and oat+barley. 

On the other hand barley and oat+barley did not show any 

significant influence on the crude fibre yield. This is because 

of the fact that the crude fibre contents were same in barley 

and oat+barley at both the cuts, however, higher dry matter yield 

of Oat+barley in the first and that of barley in the second cut 

nullified each other, as auch no significant difference in crude 

fibre yield was observed in these two crops, 

^•2 Effect Qt QVQJiViM SYSUaa 

The superiority of mixed stand, established the 

importance of the principle of forage seed mixtures. Growing of 

crops in inter-row space of the main crop is a tool for 

utilization of solar energy and carbon-dioxide present in the 

microclimate of the crop. It was seen that in terms of yield 

(green as well as dry) mixed stand of the crops resulted in 

significantly higher yield over pure stand (Table 165 17). 

Fodder crops grown in combination with pea or sarson aŝ  

companion crop produced significantly higher herbage yield over 

pure stand of the crops. Higher yield from ceareal-l̂ egume and 

cereal-sarson mixture were also reported by Tomer and Singh 

(I968)j Rao at al. (1979); Kovrygin and Kuzmin (1979); Gill and 

Patil (1983) and Dahal (1986). 
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The yield per unit area in fodder crops is a 

resultant of number of plants per unit area and weight per 

plant, the latter depends on growth characters such as plant 

height, number of leaves and dry matter accumulation per 

plant. The poor yield of the pure stand of the crops 

compared to the crops grown either in association with pea or 

aarpon ll̂ es in the fact that the plant height of various 

fodder crops, due to the introduction of pea or garson remained 

unaffected (Table k't 5)» whereas, total shoot number per unit 

area (main+companion crop) were considerably increased, which 

reflected in higher green and dry weights per unit area in the 

mixed stands, with the result they proved their superiroi>ity 

over pure stand. Soil fertility restoring property of pea 

being a leguminous crop also hold good in the favour of 

crop-pea mixed stand. 

The higher herbage yield in pea or sarson cropping 

systems over pure stand may also be attributed to the fact that 

in the pure stand interrow space was occupied by the weeds, 

whereas in the mixed stand this space was occupied by companion 

crops, which has a smothering effect on the growth of the weeds. 

It is abvious that the crops grown in weed free environment 

naturally yield higher than the one Infested with weeds.Slistty and 14 

(197S) also reported that growing of crops in inter-row spaces 

have a smothering effect on the growth of the weeds. 
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The higher yielding ability of fodder crops grown 

in combination with pea or saraon can be attributed to better 

compatibility of pea or ^^j^§ot\ as a companion crop. This 

situation envisaged that under favourable environment two 

species can grow in association without impinging on the 

environment of cr. its neighbouring plant i.e. there is 

practically no competition. The differential growth rate of 

main crops and companion crops created competition free 

environment for the growth of the crops. The data on plant 

height (Table if to 7) gives enough proof that^with ^he subsequent 

cut the height of main crops increased and that of pea decreased. 

Fodder crops grown in combinations with pea as 

companion crop produced significantly higher green as well as 

dry forage yield than the crops grown in combination with sarson 

in both the cuts as well as in the total of the two cuts 

(Table l6; 17)• Similar findings have been reported by Saini 

and Malich (l%9)i that mixture of forage crops with legume 

yielded higher than their mixture with parson. 

The failure of parapn to prove a better associate 

crop than pea in different fodder crops may lies in the fact 

that sarson contributed only in the first cut, whereas it 

failed to regenerate in the second cut. On the other hand pea 

showed regeneration in the second cut also, thus made a 

significant contribution in the total herbage yield. It is 

though strange to observe that parson did not regenerate in 
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the second cut. This was obviously due to the fact that 

sarson was all in flowering at the time of first cut as 

such it had fully covered its vegetative phase. This is known 

fact that once the crop passes into reproductive phase does 

not repeat its vegetative phase. Dhar (1976) also reported 

the failure of sarson to regenerate in the second cut. 

' The superiority of pea as companion crop over sarson 

in various fodder crops may also lies in the fact that sarson 

being more exhaustive crop than pea have higher nutritional 

requirements than that of pea (Anon,, 1986). Due to higher 

demand for nutrition sarson exerted more competition with 

component crop as a result of that it reduced the shoot number 

of barley per square metre (Table 9) though th*e shoot number of 

oat remained unaffected (Table 8), as such it resulted in 

overall reduction of the forage yield. Significant reduction 

in green and dry weights (g m* ) of fodder crops grown with 

sarson (Table }ki 15) sufficiently substantiate its poor 

yielding ability over the crops grown in association with pea. 

Fodder crops grown in association with pea recorded 

significantly higher crude protein content at both the cuts, 

over pure stand and mixture with sarson (Table 18). This is 

obviously, a legume component in the mixture having high crude 

protein content, which might have increased-4;he puot'ein content 

of the produce. Whereas, ̂ arpon grown mixed with fodder crops 

recorded significantly higher crude protein content over pure 
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stand in the first cut, however, in the second cut both these 

cropping systems produced herbage with similar crude protein 

content. This is due to the presence of sarson in the first 

cut, as sarson is having a good amount of crude protein, 

(Anon., 1985)» but its absence in the second cut brought the 

produce to the same protein content as that of pure stand. 

Crude fibreiwhich is another important parameter determining 

the quality of the herbage was also influenced significantly 

by cropping systems (Table 20), Pea ot sarsongrowif in 

association with fodder crops recorded significantly lower fibre 

contents than that of pure stand in the first cut, however, in 

the second cut sarson grown in association with fodder crops 

and the pure stand of crops produced the herbage with same 

fibre content. In the second cut pea mixture recorded the 

lowest crude fibre content. Lower fibre contents in the herbage 

may be attributed to legume and sarsoq inclusion. Whitney 

and Green (1969) also observed that the herbage obtained from 

cereal-legume mixture are generally high in crude protein and 

low in crude fibre as compared to cereals alone. He was of the 

view that legumes contain higher amount of nitrogen yj-s-a-vip 

higher amount of crude protein and lower fibre content than 

cereals* 

Further the crude protein and crude fibre yields 

which are the functions of dry matter production and their 

respective contents were significantly influenced by various 

cropping systems (Table 19; 21), Fodder crops grown in 

association with pea produced significantly higher crude 
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protein yield over pure stand and mixture with sarson. This 

was due to the higher dry matter production and higher crude 

protein content in this e treatment. Pure stand of crops and 

crops mixture with pea produced similar crude fibre yield. This 

might be because of the fact that fodder crops in association 

with pea recorded higher dry matter yield and lower fibre 

content on.the otfeer hand pure stand of the crops produced 

lower dry matter yield but at the same time reî ulted in produce 

with higher fibre contents, as such the fibre yield difference 

was levelled off (Table 17; 20). The fibre component which is 

otherwise considered to be a poor parameter in terms of quality 

has its own significance in the digestion of various feed 

components in the ruman of the animals (Miller, 1979). 

^.3. Effect 9f gQwins wet^hQ^a 

Comparison of two sowing methods indicated that 

line sowing resulted in higher green and dry forage yield at 

both the cuts as well as total of the two cuts over broadcast 

sowing. On an average line sowing produced 34»A ^^^' 37.8 

per cent higher green and dry forage yield over broadcast 

sowing, respectively. These results are in agreement with the 

findings of Mannikar and Shukla (197^) and Raheja (1968). They 

have also reported superiority of line sowing over broadcast 

sowing. 

Although methods of sowing did not exhibit any 

significant effect on.the plant height but in general plant 

height of main crops as well aa companion crops was more under 
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line sowing than broadcast sowing. Line sowing of the crops 

ensured better and uniform stand of the crops hence significantly 

more shoot number of crops (Table 8 to 11) were recorded under 

line sowing. Barnett and Comeau (1980) also advocated that line 

sowing of the crops ensures even distribution of the seeds^ 

protection of seeds against birds and thus better germination 

which inturn reflects in more plant number per unit area. 

Significantly higher shoot number per square metre, more fresh 

and dry weights (g m" ) (Table lifj 15) in line sown crops through 

their cummulative effect might have resulted in significant 

increase in herbage yield in the present study, 

However, line sowing of the crops ensured the proper 

depth of the seed, which resulted in proper development of the 

root system, this inturn reflected in efficient nutrients 

absorption and stress tolerance during water scarcity period 

leading to better plant stand. 

Danilchuk (1970) also confirmed more production under 

line sowing as compared to broadcast sowing because of better 

plant stand and facilitation in intercultural operations. 

Crude protein and crude fibre contents were not 

influenced by sowing methods (Table 18, 20), because of the 

similar plant component under both the sowing methods. HoweVer, 

crude protein and crude fibre yields were significantly higher 
• r 

under line sowing (Table 19j 21). line sDwing registered 36.2 

and 37«0 per cent higher crude protein and crude fibre yield 
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over broadcast sowing, respectively. This higher yield can be 

attributed to higher dry matter production in line sowing 

compared to broadcast sowing. 

Fodder crops x Cropping systems was one of the most 

conspicuous interaction, which significantly influenced the 

green and dry herbage yield (Table l6.1{ 17.1). Oat whether 

grown pure or in association with pea or sareon produced 

significantly higher green and dry forage yield over barley and 

oat+barley grown in these cropping systems. Higher yield of oat 

in these cropping systems over barley and oat+barley may be 

attributed to taller plants produced by oat as compared to barley 

(Table ki 5). Oat grown in combination with pea produced 

significantly higher herbage yield over pure stand and sown 

mixed with sarson. Superiority of oat-pea mixture over̂  pure 

stand of oat lies in the fact that pea contributed good amount 

of herbage without affecting the plant height and shoot number 

of oat crop (Table If; 8) and its superiority over sarson mixed 

stand is obviously because of the failure of sarson to regenerate 

in the second cut. Significantly higher green and dry weights 

per unit area in oat-pea mixture sufficiently suports its higher' 

yielding ability over other treatments (Table l̂i. 1} 15.1). 

Growing of oat with pea also resulted in higher crude 

protein yield over rest of the combinations (Table 19.1). This 

may be because of the fact that in cereal-legume mixture, 



9k 

nitrogen fixed by the le^niae in supplied to the associated 

crops, resulted in better growth and more succulency of the 

crops. This helps in better translocation and assimilation 

of absorbed nutrients, which in turn reflects in higher crude 

protein content of the cereals. Along with this higher protein 

content of the pea made oat-pea mixture rich in protein. Higher 

dry matter yield and more protein content of the oat-pea mixture 

reflected in higher crude protein yield. 

On the other hand pure stand of the oat and its 

combination with pea produced similar but .-;. ijignificantly 

higher crude fibre yield over rest of the treatments (Table 21,1). 

Higher crude fibre content and lower dry matter production of 

pure stand and lower crude fibre content and higher dry matter 

production of Oat-pea mixture might have equalized each other, 

as such no yield differences could be exhibited. 

Crops X sowing methods interaction on green and dry 

matter yield (Table l6.2; 17«2) revealed that fodder crops sown 

in line registered significantly higher green and dry forage 

yield over broadcast sowing. This may be attributed to better 

and uniform stand of the crops resulting in more shoot number 

per unit area under line sowing compared to broadcast sowing 

(Table 8j9). Sowing of oat in lines produced significantly 

higher herbage yield over rest of the treatments. Taller plants 

of oat compared to barley (Table k\ 5) reflected in superiority 

of oat in terms of higher herbage yield. 
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Oat crop grown in lines produced higher crude protein 

and crude fibre yields over broadcast sowing and also over 

barley and oat+barley sown by any of the methods. This^is not 

by virtue of higher protein or fibre contents of oat than barley, 

and oat+barley, but it is higher dry matteri)roduc?tibn of oat 

sown in line, which, might be th&probable cause of its 

superiority over other treatments. 

Cropping systems and sowing methods interaction also 

revealed that growing of fodder crops in combination with pea 

under lirte sowing resulted in higher herbage and protein yields 

(Table l6.3; 17.3} 19.3)« Second order interaction of Crops x 

Cropping systems x sowing methods on green and dry forage yield 

(Table ]S,ki I7t^) revealed that oat crop grown in association 

vdth pea under line sowing resulted in significantly higher 

green and"; dry forage yield over all ^ . other treatments. This 

superiority of oat-pea mixture in lines may be attributed to 

the facts cited in fore-discussed interactions. 

5.5. ScgftQffAcs 9f P^9Cl^cU9B^ 

It is certain that any practice can not be viable 

and acceptable to the farmers until and unless it is economically 

profitable, 

Oat crop not only resulted in higher production and 

better quality forage but also resulted in higher net profit 

(Rs.58l5.2lf) as well as higher net return per rupee investment 



96 

(KB.2.25) followed by barley and oat-»-barley, which resulted in 

net profits of Rs.if 190.35 and Hs.4063.20 and net return per 

rupee investment of Ra.1.60 and He.1.56, respectively. The 

higher net profit in oat can be ascribed to hi(̂ her forage yield 

and comparatively lower cost of production. The lower production 

cost in V cast of oat is due to its lower investment on seed, 

which is being cheaper than barley (Appendix XX), 

Highest net profit of Rs.5207.lO was given by 

fodder crops grown in association with pea, followed by crops 

sown in combination with sarson (Rs.lfSSl.̂ t?) and pure stand 

(Rs.3980.22), The production cost of pure stand was the lowest 

but it is the lower forage yield in this treatment which 

reduced the net profit as well as net return per rupee investment. 

Net return per rupee investment was same in crops grown either 

in association with pea or sarson. This may be because of the 

higher cost of production of crops-pea mixture as a result of 
- 7-

higher seed cost of pea than that of paypQfl. 

In methods of sowing the cost of production was 

higher in line sowing over broadcast sovd-ng. Net profit 

(Rs,5745«7^) as well as net return per rupee investment (i<s.2.l9) 

were higher in line sowing over broadcast sowing. This may be 

ascribed to higher tonnage of the forage under line sowing 

compared to broadcast sowing. 





Chapter - VI 

gUMMABY ANp gQIJgLVSjONff 

A field experiment entitled "Cropping systems and 

sowing methods studies for Rabi forages under rainfed conditions" 

was conducted at Research Farm of the Department of Agronomy 

and Agrometeorology, Himachal Pradesh Krishi Vishva Vidyalaya, 

Palampur (tt.P.) during Rabi 1987-88; with following objectives 

in view: 

1) To find out the best sowing method for getting the 

highest output of rabi forages, 

2) to ascertain the best forage crop vi^-a-vis best 

cropping system under rainfed conditions, 

5) to find out the nutritive value of fodder obtained 

under different treatments and 

if) to work out the economics of individual treatments. 

The observations on growth viz. plant height (cm), 

shoot number (m" ), fresh and dry weights (g m~ ), forage yield 

(green and dry) (q/ha), forage quality (crude protein and crude 

fibre content (per cent) and crude protein and crude yield 

(q/ha) were recorded with a view to explaining* the behaviour 

of the treatments* The important findings obtained during 

the course of this study are summarised in the following 

section: 
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6 . 1 . GROWTH AND HELD STUDIES 

6 . 1 . 1 . Plant Height 

Plant height of fodder crops (oat and barley) were 

not Influenced significantly by different cropping systems 

following any of the sowing method, 

,Plant height of companion crops viz. pea or sarson 

remained unaffected by fodder crops and sowing methods. 

Maximum Increase in height (cVday) was observed in 

oat crop than that of barley. 

Plant height was more in second cut as compared to 

first cut under all the treatments. 

6 . 1 . 2 . Sft<?Qt/ iwmbgr 

Oat and barley produced almost similar total number 

of shoots per square meter, whereas, oat+barley produced less 

shoot number (m" ) than oat and barley. 

Shoot number of oat was not influenced significantly 

by various cropping systems, whereas pure stand of barley 

produced significantly higher shoot number of both the cuts 

over the association of barley with sarspif̂  but remaining at par 

with pea as companion crop. 

Line sowing of the fodder crops produced significantly 

higher shoot number (m" ) over broadcast sowing. 

Mean shoot number of pea or sayson remained unaffected 

by various treatments. 
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Shoot number in all the crops showed a decreasing 

trend with successive cuts* 

6.1.3* Per cent proportion of pea or sarson 

Pea or a/̂ yeon proportion was not influenced 

significantly by various fodder crops at any of the cuts. 

However, linesowing resulted in ; significantly higher 
J 

proportion of pea in various fodder crops over broadcast 

sowing at both the cuts. 

On the contrary sowing methods did not exhibit 

any significant influence on the per cent proportion of 

sarson in fodder crop« 

6.1.if. yresh wgjlsfrt: 
• T 

Oat registered sLgnificantly higher fresh weight at 

both the cuts as well as when averaged over two cuts. 

Pea as an associate crop produced significantly 

higher fresh weight at both the cuts over pure stand and sarson 

as an associate crop. 

OVt» 

Line sowing of crops proved its superiority/broadcast 

sowing by producing higher fresh weight at both the cuts. 

Growing of oat in combination with pea under line sowing 

produced significantly higher fresh weight over rest of the 

treatments. Broadcast sown oat with pea. was also superior to 

barley and Oat+barley sown in any of the cropping system. 
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6.1.^. Pry yfl;lF:ht 

Like green weight oat also produced significantly 

higher dry weight (g m" ) over barley and oat+barley at both 

the cuts. 

Oat+barley in the first cut and barley in the 

second cut was the next best treatments* 

Crop grown in association with pea produced 

significantly higher dry weight than pure stand and crops in 

combination with sarson. Pure stand of the crops in the first 

cut, and crop~̂ aysofi mixture in the second cut recorded the 

lowest dry weight. 

Line sowing produced significantly higher dry weight 

over broadcast sowing at both the cuts. 

Highest dry weight was produced by oat sown in lines 

in combination with pea, this was followed by pure stand of 

Oat sown in lines. 

6.1.6. F9rafi9 Yield 

Total forage yield fresh as well as dry (q/ha) was 

significantly influenced by various treatments. 

Oat recorded significantly higher green and dry 

forage yield over barley and oat+barley, however, barley produced 

higher yield over oat+barley. 

Association of pea with fodder crops resilted in 

higher green and dry forage yields. Crop-paraon mixture was 
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found next best treatment in case of fresh forage yield, 

however, pure stand of the crops produced higher dry matter 

over crop-person mixture. 

Growing of Oat in combination with pea under line 

sowing produced significantly higher green and dry forage 

yield over rest of the treatments. 

Association of pea with oat under broadcast sowing 

recorded higher green forage yield over barley and oat+barley 

sown in any of the cropping systems and sowing methods,except^ 

the line sown barley in combination with pea which recorded 

higher green forage yield over pat with pea under broadcast 

sowing. 

6.2. QWfiiÛ Y §tudJl9B 

Crude protein content i%) in herbage in general 

showed a decreasing trend with successive cut, whereas, in 

term of crude fibre content (%) the trend was reverse, „ 

Neither the crude protein nor the crude fibre 
• 7* 

contents were significantly influenced by various fodder crops, 

Pea mixture produced higher crude protein content 

over pure stand̂ and mixture with sarson. Mixture with sarson 

produced higher crude protein content over pure stand in the 

first cut, but producing similar in the second cut. Pure 

stand of the crops resulted in highest amount of crude fibre 

content. Mixture of crops with pea or sarson produced the 

similar amount of crude fibre content. 
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Sowing methods did not exhibit any*significant 

effect on the crude protein and crude fibre content of the 

herbage. 

Oat crop resulted in higher crude protein and 

crude fibre yields over barley and oat+barley. Barley in 

the first cut and oat+barley in the second cut recorded the 

lowest crude protein yield. Whereas, in terms of crude 

fibre yield these two crops did not differs significantly 

with each other. 

Association of pea with fodder crops produced 

significantly higher crude protein and crude fibre yield 

over other two cropping systems, except pure stand of crop 

which resulted in similarly crude fibre yield. 

Line sowing of the fodder crops produced higher 

crude protein and crude fibre yields over broadcast sowing. 

Sowing of Oat in lines in combination with pea 

produced highest crude protein yield. 

line sowing of the crops in any of the cropping 

systems recorded the highest crude fibre yield, 

Pure stand of Oat and its combination with pea 

produced similar fibre yield. 

6.3* Eg9fl(?i4ffB 

The overall economics of the treatments revealed 

that Oat crop gave highest net profit (Rs.58l5.2i+) as well 

as highest net return per rupee investment (Rs.2.25)« 
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Association of f6dder crops with pea gave higher net 

profit (Rs.5207.10), however, net return per rupee investment 

remained the, same whether crops were grown either in association 

with pea or oaLOSUk (Rs.1.90). 

ULne sowing of the crops resulted in higher net 

profit as well as higher net return per rupee investment of 

Be.5745.72 and Rs,2.19, respectively. 

CONCLUSIONS 

!• Cultivation of oat crop proved advantageous from 

production, quality and economic point of view 

under rainfed conditions. 

2. Fodder crops grown in association with pea produced 

higher yield as well as better quality forage 

via-̂ -'Vip higher profit over pure stand of crops 

and crops grown in association with saraon. 

3. Growing of Oat with pea was found to be the best 

cropping system from production and duality Doint 

'Of vî w.urider rainfed conditions. 

if. -Line sowing of the Crops produced higher herbage 

/̂ield over broadcast sowing. 
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APPENDIX -

Analyses of va r i ance of mean 

Source of v a r i a t i o n c 

H e p l l c a t i o n s 
Fodder Crops 

Cropping Systems 

Fodder Crops X Cropping 
Systems 
Er ro r *a*' 

Sowing methods 

Fodder Crops X Sowing 
methods 

Cropping Systems X Sowing 
methods 
Foiider Crops x Cropping 
Systems X sowing methods 

Er ro r *b* 

, 

i . f . 

2 

1 

2 

2 . 

, 10 

1 

1 

2 

2 

12 

I I 

p l a n t he igh t (cm) 

Mean sum 
K Ctits 
I 

25 .3 

20.55 
5.00 

^.53 

26.15 
5.76 
2,15 

7.60 

2 .39 

55.95 

of Oat 

of squares 

I I 

33.19 
0.17 

22. if8 

6.79 

^5 .22 

1.82 

2 .95 

^.96 

6.8it 

78.18 

Cummulative 

90.26 

2i+.5 

If 8 .63 
19.8it 

65.6if 

l i t .06 
lO.llf 

1.19 

16.87 

178.94 

APPENDIX -III 

Analyses of variance of mean plant height (cm) of barley 

Source of variation d.f. 
Mean sum of souares 

ffUtfi. 
I I 

Cummulative 

I^eplicatlon 2 10,25 • t 5 . 4 5 ^ ' ' k»% 

Fodder Crops 1 11.67 17.22 0.19 
Cropping systems 2 17.15 4.06 32.96 

Fodder Crops x Cropping 2 3 .49 . 1.59 0.94 
Systems 

Error »a' 10 16.49 22.30 57,'97 
Sowing methods 1 5.06 3.67 O./fO 

Fodder Crops x Sowing 1 25.51 0.52 21.47 
methods 
Cropping Systems x Sowing 2 1.24 7.25 12.6lf 
methods 

Fodder Crops x Cropping 2 2if, 11 1.05 30.73 
X Sowing methods 

Error»b» 12 13.08 53.7 74.62 



Analyses of va r i ance 

Source of v a r i a t i o n 

R e p l i c a t i o n 

Fodder Crops 

Er ro r (a) 

Sowing methods 

i i i 

APPENDIX 

of mean 

Fodder Crops x Sowing methods 

Er ro r (b) 

- IV 

p l a n t he igh t (cm) of 

d 

2 

2 

k 
1 

2 

6 

I 

if, 26 

12,8 

23,38 
33.08 

9,if2 

11.27 

Me?=in sum 

I I 

7 .88 

6.26 

21.3if 
h.70 

2.10 

31.39 

pea 

of sauarea 

'—Cummulative 

2.28 

35.80 

22.8if 

62.72 

6.85 
i+7.0if 

APPENDIX - V 

Analyses of variance of mean plant height (cm) of Saraon 

Source of v a r i a t i o n 

R e p l i c a t i o n 
Fodder Crops 

Er ro r (a^ 
Sowing methods 
Fodder Crops x Sowing 
Er ro r (B) 

methods 

d,f . 

2 
2 

if 
1 
2 
6 

Mean sum of aauares 
I cut 

k*^k 

13i31 
23.27 

29,9 

5.93 
' - I0 . i f8> ' ' 
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APPENDIX - VI 

-2^ Anal̂ isress of variance of mean shoot number Cm" ) of Oat 

Source of variation 

Replications 

Fodder Crops 

Cropping systems 

Fodder Crops x Cropping systems 

Error »a' i 

Sowing methods 

Fodder Crops x sowing methods 

Cropping System x Sowing methods 

Fodder Crops x Cropping systems X 
sowing methods 

Error 'b* 

d.f. 

a 
1 

2 

2 

10 

1 

1 

2 

2 

12 

Mean sum of souares 
Cuts 

I 

306.19 

989361.78* 

219.53 

127.19 

61.06 

1062.76* 

58.78 

73.58 

37.7 

78.97 

II 

^.53 
1001667.36* 

206.36 

207.60 

57.10 

96410.25* 

17.36 

72.73 
75.19 

37. h2 

APPENDIX - VII 

-2' Analyses of variance of mean shoot number (m" ) of barley 

Source of variation d.f. 
..Mean &A^ 9^ Bqwar^e 

i i» III QUi fB 

X JLL 
Replication 

Fodder crops 

Cropping systems 

Fodder Crops X Cropping Systems 

Error 'a' 

Sowing methods 

Fodder Crops x Sowing methods 

Cropping Systems x sowing methods 

Fodder Crops x Cropping Systems X 
sowing methods 

Error »b' 

2 

1 

2 

2 

10 

1 

1 

2 

2 

76.36 

1000333.36* 

6if9.2* 

83.06 

32.0 

105733.36* 

23.36 

37.19 

^3.3k 

67.36 

996669. H * 

809.53* 

75.03 

31.76 

105792.11* 

5.45 

17.69 

32.85 

12 75.39 67.36 

*Slgnifleant at P » 0.05 



APPENDIX -VIII 
-2. Analyses of variance of mean shoot number (m** ) of pea 

Source of var iat ion 

Pep l i ca t ions 
Fodder crops 
Error 'a* 
Sowing methods 
Fodder Crops x Sowing 
Error *b* 

methods 

d.f . 

2 

2 

k 
1 
2 

6 

Mean s\xfa of 

I 

7.39 
10.72 

23.97 
6.72 

20.06 

6.78 

Puts 
squares 

I I 

3.50 
10.67 
8.67 

2it.3 
0.67 

11.28 

APPENDIX - IX 

Analyses of variance of mean shoot number "Cm" ) o*f sar̂ ofl. -2> 

Source of var ia t ion 

Repl icat ions 
Fodder Crops 
Error *a» 
Sowing methods 
Fodder Crops x Sowing methods 
Error 'b* 

d.f . • 

2 

2 

k 
1 
2 
6 

Mean sum of saua res 
I cut 

^7.39 
90,39 
39»kk 
29.39 

9.38 
18.39 



APPENDIX - X 

Analyses of variance of mean per cent proportion of pea. 

Source of variation 

Replications 

Fodder Crops 

Error''a' 

Sovdng methods 

Fodder Crops x sowing methods 

Error *b» 

d.f. 

2 

2 

k 

1 

2 

6 

Mean 

I 

0. V2-

0.89 

0.1̂ 7 

^.91* 

0.73 

0.65 

sum of sauares 
Cuts 

II 

0.06 

0.26 

0.05 

5.23* 

0.0/f 

0,]k 

Mean 

0.005 

0.53 

0.20 

5.07* 

0.12 

O.lif 

* Significant at P « 0.05 

APPENDIX - XI 

Analyses of variance of mean per cent proportion of paypon 

, 

Source of variation 

Replications 

Fodder crops 

Error *a* 

Sowing methods 

Fodder Crops x Sowing methods 

Error *b' 

d.f. 

2 

2 

k 

1 

2 

6 

Mean s\f,^ qt figures 
I cut 

1.99 

0.89 

O.lfS 

1.56 

0.16 

0.31 
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APPENDIX - XII 

Analyses of variance of mean fresh weight (g m" ) 

Source of variation d.f, 
I 

Mean sum of squares 
Cj^^S M Li 

in,.. „,.... Wean 

Replications 2 

Fodder Crops 2 

Cropping systems 2 

Fodder Crops x Cropping Systems k 
t„i Error 

Sowing methods ' 

Fodder Crops x sowing methods 

Cropping Systems x sowing 
methods 

Fodder Crops x Cropping systems k 
Sowing methods 

Error »b« 18 

16 

1 1 

2 

2 

3.29 

122202.10* 

7^117.02* 

38689.81* 
0.88 

019480.51* 
17367.22* 

5593.98* 

10104.62* 

0.38 

1.05 

if 68029.77* 

343888.1* 

21373.81* 

0.96 

4108.50* 

1663.34* 

429.43* 

0.33 

1.74 

255190.23* 

38444 .90* 

25108.17* 

0.34 

793896.5* 

5018.63* 

1539.10* 

7170.63* 1592.25* 

0.19 

APPENDIX - XIII 
-2> Analyses of variance ofaijS mean dry weight (g m" ) 

Source of var ia t ion d.f.. 
Heaft sm 9t squargs 

JMfi. 
IL M^an 

Replications 

Fodder crops 

Cropping systems 

Fodder Crops x Cropping systems 

Error *a* 

Sowing methods 

Fodder Crops x sowing methods 

Cropping systems x sowing methods 2 

Fodder Crops x Cropping systems 4 
X Sowing methods 

Error 'b» 18 

2 

2 

2 

4 
16 

1 

2 

8 2 

4 

0.19 

5171.58* 

3506.54* 

2386.29* 

0.53 
48017.36* 

632.36* 

330.22* 

473.07* 

0,73 
23888.77* 
2102.48* 

2413.62* 

0.23 

50689.59* 

217.43* 

186.69* 
164.87* 

0.38 

11906.25* 
I8O4.2* 

2113.7* 

0.16 

49343.82* 

397.82* 

363.48* 

31.49* 

0.02 0.20 0.16 

* Significant a t P « 0.05 
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APPENDIX 

Analyses of variance of green 

Source of variation 

Replications 
Fodder crops 
Cropping systems 
Fodder Crops x Cropping Systems 
Error *a* 
Sowing methods ' 
Fodder Crops x Sowing methods 
Cropping systems x sowing methods 
Fodder Crops x Cropping Systems X 
sowing time 
Error 'b* 

- XIV 

forage 

d.f. 

2 
2 
2 

k 
16 
1 
2 
2 
k 

16 

yield (q/ha) 

. ,;M̂ aft sum pf squares 

J ^ II iO««i 

3̂ .if2 16.86 36.22 
1319.21* 3976.59*9067.69* 
508.9^* 391.^6*1111.53* 
223.06* if7.2lf* 391.74* 

6.09 15.22 11.39* 
9376.78* 7142.65*32887.08* 

132.37* 49.39* 237.34* 
28.50* 19.44* . 49.03* 
61.19* 26.55* 62*40* 

a. 13'' 5t29 4.87 

*Significant at P = 0,05 

APPENDIX - XV 
Analyses of variance of dry forage yield (q/ha) 

Source of variation d.f. 
H^s>n am Q^ ggHflf^s 

Cuts 
I I 

Total 

Replications 2. 
Fodder Crops 2 
Cropping systems 2 
Fodder Crops x Cropping Systems 4 
Error »a* l6 

Sowing methods 
'FjaddeiM-CrsojOkStQEflRowing methods .1 a 2 
Cropping systems x sowing methods 2 
Fodder Crops x Cropping systems X 4 
Sowing methods 
Error 'b* 18 

0.49 
75.83* 
21.51* 
21.83* 
0.34 

2.26 4.07 
198.55* 496.Oif* 

33.75* 98.78* 
5.55* 46.61* 
0.83 0.81 

1 439.26* 575.19*2023.83* 
4.78* 
6.58* 
3.78* 

0.14 

8.62* 25.75* 
10.69* 33.24* 
2.59* 8.32* 

0.65 1.03 

•Signif icant a t P » 0.05 
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APPENDIX - XVI 

Analyses of variance of crude protein content (,%) 

Source of variation 

Replications 

Fodder crops 

Cropping systems 

Fodder Crops Xj Cropping systems 

Error 'a* 

Sowing methods 

Fodder Crops x Sowing methods 

Cropping Systems x Sowing methods 

Fodder x Cropping systems x sowing 
methods 

Error 'b» 

d.f. 

2 

2 
2 

^ 

16 

1 
2 

2 

K 

18 

Mean sum of sauares 
ClritS 

I 

1.48 

0.37 

194.37* 

0.96 

0.15 

O.ifl 

0.25 

0.12 

0.39 

0.35 

II 

0.72 

0.07 

95.51* 

0.01 

O.i+9 

1.10 

O.lit 

0.09 

0.1Q 

0.60 

Average 

0.92 

0.27 

227.16* 

1.91 

1.if6 

0.01 

., 0.1 

O.Oif 

0.03 

0,23 

• Significant at P « 0.05 

APPENDIX - 3tVII 

Analyses of variance of crude fibre content (,%) 

Mean sum of aauarea" 
Source of variation d.f, Cuts 

IL Average 

Replications 2 2,29 12.71 8.48 

Fodder Crops 2 2,27 8.43 3.90 

Cropping systems 2 72.82* 57.02* 61.58* 

Fodder Crops x Cropping systems 4 1,37 1.80 1.29 

Error 'a* l6 4.35 2.96 1.68 

Sowing methods 1 0.49 0.10 0.87 
Fodder Crops x Sowing methods 2 1.30 0.21 0.02 

Cropping systems x sowing methods 2 1.16 0.24 0.09 

Fodder Crops x Cropping systems X 4 0.33 1.86 0.24 
sowing methods 

Error »b» 18 2.79 3.20 1.99 

•Significant at P » 0.05 



APPENDIX - 5CVI1I 

Analyses of variance of crude prote in yield (q/ha) 

Source of variation 

Heplications 

Fodder Crops 

Cropping systems 

Fodder Crops x Cropping Systems 

Error 'a* 

Sowing methods 

Fodder Crops x Sowing methods 

Cropping systems x Sowing methods 

Fodder Crops x Cropping systems X 
Sowing methods 

Error •b* 

d.f, 

2 
2 
2 

k 
16 

1 

2 

2 

k 

18 

Mean sum of aauares 
Cuts 

I 

775.98 

19.3* 

8.88* 

1.13* 

.02 

10.06* 

0.1 if* 

0.34* 

.37 

.015 

II 
• • T 

988". 7 

2.31* 

0.51* 

0.11* 

.02 

%k^* 
.10* 

.03* 

,0k 

.02 

Total 

3̂ 01.78 
7.8* 
26.6* 
1.76* 

.05 

30.23* 

0.41* 

0.59* 
.08* 

.03 

• Signif icant a t P » 0.05 

APPENDIX - XIX 
Analyses of variance of crude f ibre yield (q/ha) 

Source of var ia t ion d.f . 
Mean sum of aauarea 

gute -Total 
I I 

Replications 

Fodder Crops 

Cropping systems 

Fodder Crops x Cropping systems 

Error •a' 

Sowing methods 

Fodder Crops x Sowing methods 

Cropping Systems X sowing methods 

Fodder Crops x Cropping systems x 
Sowing methods 

Error »b* 

2 

2 

k 
16 
1 

2 

2 

k 

0.039 1.35 

6. if 8* 

2.52* 

1.if8* 

0.22 

29.6* 

0.75* 

1.52* 

0.06 

1.6 

56.68* 

16.85* 

3.62* 

0.39 

^2.93* 178.91* 

0.99* 2.51* 

6.51* 

0.66 

25.81* 

6.51* 

13.58* 

0.22 

1.75* 

0.31 

18 0.08 0.29 0.if8 

* Significant at P » 0.05 



xi 

Ecoaoml 

y 

Coat of Production (Rs/ha) 

fQA^9r ?rop§. 
. Oat 

Barley 

Oat+b&pay 

,<?KSPPi»lfi SYS^ffle 

Pure fodder crops 

Fodder Crops+Pea 
(broadcast) 
Fodder Crops-fSaraon 
(broadcast) 

Mean 

APPMDIX - XX 
cs of Production 

Line 
sowing 

2609.32 

26ifO,57 

262^.95 

2518.28 

2758.28 

262if.95 

2^2k.95 

Sowing methods 
Broadcast 
sowing 

256if.32 

2595.57 

2579.95 

% 

^k73»^Q 

2713.28 

2579.95 

2579.95 

Mean 

2586.82 

2618.07 

2602.1^5 

2lf95.78 

2735.78 

2602.1fif 

The following rates have been used for calculation of cost of 

production and for sale of the produce. 

1. Oat seed @ H8.3.25 per kg. 

2. Barley seed @ Rs.3.50 per kg. 

3. Pea seed <£̂  B8.6.00 per kg. 

k» £££&SIL seed & Rs. 10.00 per kg. 

5. Urea & Re.2.35 per kg. 

6. SSP @ Re.1.01 per kg. 

7. Tractor charges @ Rs. 50 per hour. 

8. Rent of land & Rs.250 per crop season. 

9. Labour <g Rs. 15.00 per day. 

10.Sale of green forage produce @ Rs.45.00 per quintal. 


