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Introduction.........! 

Introduction  

Agriculture and animal husbandry in India are interwoven with the intricate 

fabric of the society in cultural, religious and economical ways as mixed farming 

and livestock rearing forms an integral part of rural living. Although the 

contribution of agricultural sector in the Indian economy is steadily declining (from 

36.4% in 1982-83 to 18.5% in 2006-07), the agriculture and livestock sector still 

provides employment to 52% of the work force. India’s livestock population is 

highest (529.7 million) in the world (Anonymous 2011-2012).  India supports 

nearly 20% of the world livestock and 16.8% human population on a land area of 

only 2.3%. It is leader in cattle (16%) and buffalo (55%) population and has world’s 

second largest goat (20%) and fourth largest sheep (5%) population. At present, the 

country faces a net deficit of 62.7% green fodder, 21.9% dry crop residues and 64% 

feeds. During 2010 Supply of green forages and roughages was 395.2 and 451 

million tonnes against the demand of 1061 and 589 million tonnes and deficit was 

666 (62.76%) and 121 (21.93%) million tonnes respectively (ICAR, 2012). The 

situation is further aggravated due to increasing population of human being and 

livestock. The available forages are poor in quality, being deficient in available 

energy, protein and minerals. To compensate for the low productivity of the 

livestock, farmers maintain a large herd of animals, which adds to the pressure on 

land and fodder resources. 

There has been no change in the cultivated area under the forage production 

during the last two decades. Currently, area under fodder crops in India is around 8.3 

million ha (ICAR, 2012). Sorghum amongst the kharif crops (2.6 million ha) and 

berseem (Egyptian clover) amongst the rabi crops (1.9 million ha) occupy about 54% 

of the total cultivated fodder cropped area. The area under permanent pastures has been 

declining over the years and the trend could well continue in the future. Due to 

overgrazing also, the productivity of the pastures has been declining. The area under 

fodder crops has almost remained static for the last 3-4 decades. In order to meet the 

fodder shortage for the growing animal population, the fodder growing area should 

ideally be around 12.0 million ha. However, diversion of area from food or commercial 

crops to forage crops would not be possible due to industrialization and increasing 
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population pressure. Under such circumstance the only way to bridge the gap between 

demand and supply of fodder is to ameliorate the forage resources. 

The present investigation was done in a project “cool season varietal & dairy 

trails on forage crops” sponsored by Royal Barenbur group P.O. Box 4, 6678 ZG 

Oosterhout Glg. The Netherland. 

Rabi season forage crops are Oat, Berseem, Lucerne, Rye grass, Red clover and 

forage Sarson etc. which are commonly grown in India. Some imported varieties of 

these crops like Genie Oat variety of Oat and Baralafa IN variety of Lucerne from 

Netherland, Makkhan grass variety of Rye grass from Advanta and Barduro variety of 

Red clover from Netherland have been tested in the present investigation with Mescavi 

variety of Berseem, UPO-212 variety of Oat and Local variety of Rye grass in Rabi 

season of 2012-2013.  

Among rabi season cereals forage crops of Poaceae family Oat (Avena sativa 

L.) is an important winter feed and forage crop. It is native to Asia Minor. Oat ranks 

around fifth in world cereal production statistics, following wheat, maize, rice and 

barley. The total area under oat cultivation in the country is about 500 000 ha. Mainly 

growing in Punjab, Haryana, Jammu & Kashmir, Himachal Pradesh, Uttar Pradesh, 

Madhya Pradesh, Rajasthan, Maharashtra and West Bengal. The crop can also be 

grown for pasture, hay or silage and animals concentrate apart from its use in green 

forage, which may be boon to achieve the goal of ‘White Revolution’. It is highly 

nutritious and its forage contains 13-14 % crude protein, 2.1% ether extract, 32.9% 

crude fibre, 36.4% nitrogen free extract, 13.9% ash, 0.48% calcium, 0.33% 

phosphorus and 60-62% dry matter digestibility. Due to its excellent growth habit, 

better regeneration capacity and good quality forage, it has become promising forage 

crop. 

Another crop in Poaceae family is Rye grass (Lolium perenne L.) which is an 

annual and perennial grass. It is native to Europe, Asia and Northern Africa, but is 

widely cultivated around the world. It contains approximately 10,000 species. Ryegrass 

is an important pastures and forage crop. It has high digestibility and crude protein (56-

85% and 8.0-27.7%) which makes it ideal for dairy and sheep forage system and it is 

particularly suitable for animal with high nutrient requirement. 
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Ryegrasses are also used in soil erosion control programs. In cold areas, 

Perennial Ryegrass plays an important role in short term leys with high yields and 

quality. Perennial Ryegrass is compatible in mixtures with White Clover.  

Among rabi season legume forage crops, Berseem (Trifolium alexandrinem L.), 

also known as Egyption clover, is widely adaptable and valuable forage crop since 

1916 grown as winter forage crop and considered as “King of fodder”. It is grown in 

India, Pakistan, Turkey, Egypt and countries of Mediterranean region. In India, it is 

grown mainly in irrigated area of Northern India and Western part of country. The main 

state growing this crop are Punjab, Haryana, Delhi, Rajasthan, Utter Pradesh, Gujarat, 

and some parts of Bihar, Maharashtra, and Andhra Pradesh. It occupies 1.9 m ha area 

with the variable production of 100-120 t/ha green fodder yield from November to May 

with 5-6 cuttings per season (ICAR, 2012). The crop is grown under irrigated condition 

and provides highly palatable, tender and nutritious green fodder. It contains 20-21 % 

crude  protein, 1.89% ether extract, 25.9% crude fibre, 40.7% Nitrogen free extract, 

14.16% ash, 1.92% calcium, 0.28% phosphorus,  70-72% dry matter digestibility and 

also rich in calcium. 

Another important rabi season forage crop of leguminoceae family is Lucerne               

(Medicago sativa L.) which variety Baralfa IN is a high yielding perennial, forage 

legume commonly known as Alfalfa. Due to many benefits, it is the reputation as 

“Queen of forages” that grows in different climates all over the world (Lancefield  

et al. 2009). Origin of lucerne is Asia Minor, Transcaucasia, Iran and the highlands of 

Turkmenistan. More than 33 million hectares of alfalfa are cultivated throughout the 

world. The major lucerne producing countries are USA, Europe, Asia, Argentina, 

Canada, Russia, China, Italy, Africa and Oceania.  About 70 % of world’s lucerne is 

grown in USA, Argentina and Russia whereas, 17% of worlds lucerne is grown in 

France, Canada, China, Italy. In India it is grown in U.P., Haryana, Maharashtra, T.N., 

Rajasthan, Punjab, Gujarat and Himachal Pradesh in about 1.0 million hectare area 

(ICAR, 2012). Lucerne is a highly nutritious forage legume with 65-75% DMD of 

whole plant (leaves 75-80% and stems 45-70%) and crude protein15-25%. The forage 

contains 2.0% ether extract, 29.2% crude fibre, 36.4% nitrogen free extract, 8.3% ash, 

2.0% calcium, 0.48% phosphorus. 
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The Barduro variety of Red clover (Trifolium pratense L.) from Netherland is 

an important forage legume grown in temperate regions throughout the world. It is 

believed to have originated in southeastern Europe near the Mediterranean Sea. Red 

clover variety Barduro is widely grown in America extending from the Northeast 

through the Midwest to eastern North and South Dakota, Kansas and New Zealand. It is 

a common component in cool season perennial forage grasses pastures. It is most often 

grown in association with cool season grasses (Tall fescue, timothy and smooth 

bromegrass) but can be grown alone or with certain warm season perennial grasses. 

Quantity and Quality of rabi season forages is lacking in our country leading to 

decline in potential of dairy sector. The yielding potential of local rabi season forage 

crops is declining day by day due to abiotic and biotic stresses. In order to overcome 

this problem new rabi season forage crops/varieties need to be tested and introduced. 

Keeping this in view, the present study “GROWTH, YIELD AND QUALITY OF RABI 

SEASON FORAGE CROPS UNDER TARAI REGION OF UTTARAKHAND” was 

under taken with following objectives. 

1. To study the growth and yield performance of rabi season forage crop’s 

varieties.  

2. To study the quality parameters of rabi season forage crop’s varieties. 

3. To study the cutting potential of rabi season forage crop’s varieties. 
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Review of Literature   

 

The research work pertaining to the “GROWTH, YIELD AND QUALITY OF 

RABI SEASON FORAGE CROPS UNDER TARAI REGION OF UTTARAKHAND” 

has been reviewed and summarized in this chapter. 

Oat 

Growth and yield 

The genus Avena comprises of about seventy species, a few are cultivated. A. 

sativa and A. byzantina are the main oats grown for fodder and grain. It is important 

winter forage in many parts of the world and is grown as multipurpose crop for grain, 

pasture, forage or as a rotation crop. Oats are consumed as human food and fodder for 

cattle. Oat requires a long and cool season for its growth, therefore, it is successfully 

grown in the plains and hilly areas of the country. 

As one of the important growth characters, the plant height of oat has been 

observed to be more (114 cm) with 5 leaves at second cutting compared to first cutting 

(157 cm tall plants with 5 leaves per plant). It indicated that cutting at early stage had 

deleterious effect on plant height even with heavy fertilizer application Bokde (1968). 

He also observed one cutting at mid dough stage caused higher yields of green forage 

(377.10 q/ha) and dry matter (130.84 q/ha) than two cuttings which led to 344.50 q/ha 

green forage and 85.74 q/ha dry matter yield. Mislevy (1973) reported first harvest of 

oat taken at transition stage (vegetative apex changing to flowering apex) and 

subsequent harvests at a height of 13 to 18 cm of secondary tillers to be optimum 

schedule of harvest. Primary tillers at each harvest averaged at 30 cm tall. With this 

management criteria uniform forage distribution resulted four cuts throughout the cool 

season. Delay in the second harvest at the boot stage resulted death of tillers followed 

by death of whole plant. Solanki et al. (1973) found positive correlation of plant height 

with number of tillers and leaf breadth in oat varieties. 

Deo (1974) from Pantnagar observed that cutting the crop at any stage of 

growth reduce the plant height at the maturity. Gill and Niranjan (1974) observed 

significant difference among the cutting management in respect of dry matter yield. 

Chapter 2 
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Single cut at 50% flowering caused significantly more dry matter yield (80 q/ha) than 

that of two cuts (67.70 q/ha) when first cut was taken at the boot stage and second at 

50% flowering. Smith (1974) observed high growth rate at 27/21° C and least at high 

temperature (32/26°C). He also reported more shoot height when day temperature was 

27°C and night temperature 15°C. Verma et al. (1974) found that crop harvested at 

dough stage gave higher dry matter yield than that at pre boot stage. 

Palaniswamy (1975) from Coimbatore reported increases in mean number of 

leaves with age of the crop and attained its maximum value between flowering and 

grain development stage and then decreased. Selman (1975) observed dry matter yield 

in a ranged 7.42 to 11.79 t/ha. He also reported delayed cutting after flowering 

increased the dry matter yield. Singh et al. (1975) from HAU, Hissar reported that  the 

higher green fodder (27.04 t/ha) and dry matter (5.39 t/ha) yield was obtained in two 

cuts (first cut taken at 55 days after sowing and second cut at earing stage) compared to 

one cut at earing stage. The higher yield in two cut treatment was due to better 

regeneration of oats.  

Kumar and Rai (1976) observed increased yield of oat was due to the 

additive effect of the increase in plant height, number of shoots per plant and dry 

matter accumulation per unit area. Rai et al. (1976) from Pantnagar reported the 

fresh fodder and dry matter yield was higher when cut at 50% flowering stage (103 

days after sowing). Reddy (1976) observed maximum number of green leaves 

between 50 to 90 days after sowing and the dry matter accumulation in leaves 

increased at a faster rate upto 70 days after sowing in eight varieties of oat and 

recorded maximum at 110 days in all the varieties. Later on dry weight of leaf in all 

the varieties declined.  He also observed number of shoots per meter row length 

increased from 30 to 40 days after sowing in different varieties. The early maturing 

varieties had maximum number of shoots during early stage of growth (30 to 40 

days after sowing). The other varieties reached at their maximum tillering between 

40 to 60 days after sowing. The total dry weight increased with leaf area and plant 

height.  

Sharma et al. (1977) from Canada reported that plant height and number of 

leaves increased almost linearly up to 6 weeks after emergence of wild Oat. They also 

observed tillering initiated in the second week and reached its maximum during the 
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fourth week. Nair and Gupta (1978) found that the number of tillers, leaf area and 

number of leaves had marked effect on the fresh weight of stem and leaves and thereby 

on dry matter yield. Singh and Katoch (1978) reported positive correlation between 

the total dry matter yield and number of days to 50 % flowering, plant height and leaf 

number which, however, was negatively correlated with leaf:stem ratio.  

Rao et al. (1978) from Jhansi found positive correlation between dry matter 

accumulation from tillering to flowering with mean LAI and NAR in both erect and 

spreading type of oat and it was significantly correlated with specific leaf weight in 

drooping type oat. Tseng et al. (1979) observed that fresh fodder yield was 60.87 t/ha 

from crop harvested at 67 days after emergence. Joshi (1980) at Pantnagar observed 

higher forage yield of oat due to enhanced values of plant height, leaf dry weight, stem 

dry weight, and whole plant dry weight. In general, leaf:stem ratio was higher at early 

stage of the crop and declined with the crop age. The dry matter accumulation in 

leaves, stem and whole plant increased with age of crop except a short fall just after 

first cut. Sangha et al. (1980) from PAU, Ludhiana observed that the oat cut at full 

bloom stage gave the highest yields (340 q/ha green forage and 106 q/ha dry matter) 

than that of pre-bloom stage, however, maximum dry matter yield (115 q/ha) was 

noticed at hard dough stage. Singh et al. (1980) from Pantnagar reported the Plant 

height at flowering stage was significantly and positively correlated with green forage 

yield. They also observed a highly significant and positive association between number 

of tillers per plant and dry matter yield, green forage yield.  

Increased yield due to more plant height, more number of tillers has been 

reported by Tiwana and Puri (1980). They also reported that leaf:stem ratio had 

negative correlation with yield. Tomar (1980) reported that the value for yield 

attributing characters such as plant height, number of shoots, number of leaves, leaf: 

stem ratio and length of leaves were positively correlated with yield. Tseng et al. 

(1979) observed positive correlation between plant height and yield in oat and crop 

growth of oat was between 60 to 82 days after emergence. They also reported that fresh 

fodder was higher (559.5 q/ha) at 82 days stage which, however, decreased (549.2 q/ha) 

at 105 days stage. Regrowth declined with first cut taken from 40 to 50 days after 

emergence. Vilela et al. (1980) from Brazil observed linear correlation between LAI 

and dry matter yield of oat. 
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Verma (1984) from Pantnagar found that number of leaves increased with the 

age of crop upto 115 days after sowing except from 55 to 75 days after sowing when it 

declined due to first cut taken at 55 days after sowing, number of leaves again decline 

at final harvest (50% flowering). He also observed one cutting at 50% flowering was 

significantly superior to two cutting in respect to plant height at all stages of growth. 

Single cut at 50% flowering caused significantly higher number of leaves than double 

cut at all the stages.  

            Ghose (1985) observed decrease in the plant height and number of panicle per 

plant due to cuttings. This was mainly due to slow growth rate of the cut plants. Cutting 

at the stubble height of 5 cm at 45 days after sowing gave additional fodder yield of 1.4 

t/ha. Joshi (1985) from Pantnagar reported that number of leaves increased with age of 

crop upto 55 days after sowing with the reduction from 55 to 70 days after sowing and 

the flowering stage. Also the number of shoots increased with age of crop upto 55 days 

after sowing and decreased thereafter. 

Sharma and Dixit (1986) recorded average yields of 3.90 t/ha fresh fodder and 

0.87 t/ha dry matter in one cut at 50% flowering. Gill et al. (1988) from Jhansi reported 

that green forage yield in one cut was low (26.0 t/ha) compared to two cut system (27.0 

t/ha). Dry matter yield was also lower in one cut (7.76 t/ha) than two cut system (7.79 

t/ha). Prasad and Mukherji (1988) observed increase in herbage yield with delay in 

harvesting.  

Rana et al. (1990) reported that the two cut management of harvesting gave 

higher green fodder yield, while dry matter yield remained higher with single cut 

management. Ray and Pradhan (1992) reported that dry matter of oat was 3.39 t/ha 

when cut at 60 days after sowing. Singh (1992) reported that among cutting 

management, no cut showed superiority for number of shoots. The number of shoots 

decreased with cutting crop for forage at 60 or 70 days after sowing.  

Joshi et al. (1993) reported that number of shoots and leaves were higher in 

case of two cuttings (first at 50 days after sowing and second at 50% flowering) 

compared to single cut (at 50% flowering). Jain (1994) and Singh (1994) from 

Pantnagar reported that in general, plant height increased with the advancement of crop 

age. Singh (1994) from Pantnagar reported superiority of UPO-212 over other oat 

genotypes. It might be due to more plant height, more number  of tillers/plants, more  
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number  of leaves  causing  more  interception  of  light which ultimately increased 

forage yield of crop and increase in dry matter accumulation by leaves was upto 60 

days after sowing and decreased with advancement of crop age. He also observed one 

cut at 40, 50, or 60 days after sowing led to significantly more number of shoots than 

that of no cut system at all stages because of more regeneration capacity of auxiliary 

buds, which resulted more number of tillers in cutting practices as compared to no cut 

system.  

Dubey et al. (1995) observed that mean dry matter yield from cutting treatment 

was 3.0, 4.9 and 7.6 t/ha when oat cut at monthly intervals, boot and full flowering 

stages, respectively. Joshi et al. (1997) reported significantly taller plants when single 

cut was taken at 50 % flowering over double cut system. Bali et al. (1998a) reported 

that significantly more plant height obtained with single cut at 50 % flowering. 

Chakraborty et al. (1999) studied the effect of cutting (no-cut, single cut, two cut) on 

growth and forage yield and reported that growth and herbage yield increased with 

increasing cutting frequency.  

Chandra (2000) from Pantnagar reported that in general, number of shoots per 

unit area increased up to first cut, Thereafter, it decreased. The yields of green forage 

and dry matter were influenced only upto 120 kg N/ha. He also observed superiority of 

UPO-212 over other varieties in term of green forage yield and dry matter yield. It was 

attributed to more plant height, LAI and dry matter accumulation in leaves and stem 

while the higher crude protein yield was due to higher crude protein % and dry matter 

yield.   

Joshi et al. (2000) reported taller plants of UPO-212 than other varieties. 

Sharma et al. (2001) observed significantly more shoots per meter row length when 

first cut was taken at 65 days after sowing. He also observed significantly more 

leaf:stem ratio of forage oat when first cut was taken at 65 days after sowing. Singh 

(2004) observed that in general, leaf:stem ratio decreased with advancement of crop 

age. He also observed crop harvested once at 50% flowering stage gave maximum 

green forage and dry matter yield. Aklilu (2005) observed leaf:stem ratio increased 

upto 60 days after sowing and thereafter, decreased with advancement of crop age. 

Roy (2005) reported that the capacity of plant to accumulate dry matter is 

determined by its genetic rate of CO2 fixation, photosynthetic area, duration of crop, 
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tillers/plant and environmental factor besides management practices. He also observed 

that increase in number of leaves might be due to optimum temperature, light intensity 

and higher number of shoots per unit area during growth period. Joshi et al. (2005) 

reported that the values for taller plants, number of leaves per unit area, tillers/plant and 

LAI were higher in UPO-212 than other varieties.  

Quality  

They have a high fat, protein and mineral content. It has excellent growth habit, 

quick recovery after cutting and good quality herbage. It is a palatable, succulent and 

nutritious crop. The protein quality of oat is excellent. 

The progressive lignifications of plant cell wall with maturity perhaps lower the 

digestibility of cell wall and total dry matter. The encrusting nature of lignin which form 

a physical barrier against the rumen micro-organisms seem to be possible cause for 

lowering the nutrient digestibility (Sharma and Mudgal, 1966). Bokde (1968) 

concluded that increasing the nitrogen supply was more effective for increasing the total 

protein yield than green forage and dry matter yield. He also reported that with the higher 

nitrogen supply, more readily synthesized carbohydrates were converted to protein and 

smaller portion of protein left available for cell wall material because carbohydrates and 

nitrogen provide skeleton for photosynthesis. The higher protein percentage was, thus 

associated with early harvesting and higher doses of nitrogen application.   

Burgess et al. (1972) observed that crude protein declined rapidly with 

increased maturity from flag leaf to hard seed stage. The total protein percent in the dry 

matter declined from 16.4 (flag leaf stage) to 5.0 per cent (hard seed stage). Kilcher 

and Troelsen (1973) reported higher whole plant protein (30 per cent) during early 

growth and least (8 per cent) at maturity. Singh and Gupta (1973) reported that NDF 

content increased from 55.4 per cent in first cut to 59.8 per cent in second cut. Gupta 

and Pradhan (1974) reported that crude protein content declined from pre flowering 

(14.0 per cent) to post flowering stage (5.34 per cent). This occurred because of leaf 

losses, decreased in leaf:stem ratio. They also reported that dry matter (11.80-32.20 per 

cent), NDF (43.0-72.52 per cent), cell content (27.48-57.00 per cent), ADF (25.64-

39.98 per cent) and hemicellulose (11.11-34.17 per cent) increased from pre flowering 

to post flowering stage.  
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Bajpai et al. (1976) opined significant decreased in total nitrogen and true 

protein nitrogen with advancement of the age. Gupta et al. (1976) reported that oat 

varieties differed widely in chemical composition but differences were not significant. 

Crude protein content was significantly and positively correlated with per cent in vitro 

dry matter digestibility.  

Mayland et al. (1976) observed that potassium and phosphorus levels in oat are 

quite high at the early stages but steadily decreased with advancing maturity. The ash 

content increased with application of nitrogen in dry fodder (Sandhu et al., 1976). 

Driven and Deinum (1977) found that digestibility of tropical grass decreased with the 

increased in temperature. Kudryatsev et al. (1978) reported that high crude protein 

content was because of high tillering and leafiness. Mojumdar and Ahmed (1980) 

reported that crude protein percentage at each cuttings exhibited decreasing trend with 

the advancing frequency of cuttings. The crude protein content significantly decreased 

with advancing plant maturity. 

Sangha et al. (1980) observed that dry matter digestibility and mineral content 

of oat decreased with advancement of crop age. The crude protein, calcium, and 

phosphorus decreased. Similar result were also reported by Cherney (1981); 

Kanwaljit and Gupta (1987) and Ostgard (1990). From NDRI, Karnal Oberoi 

(1981) reported that the value of dry matter, crude protein were significantly correlated 

with in vitro dry matter digestibility. Cherney and Marten (1982) observed decrease 

in crude protein content, in vitro digestible dry matter with increased time to cutting. 

Increased lignin concentration in stem accounted for reduced digestibility with 

increased maturity.  

Joshi and Singh (1982) observed that the protein content of different oat 

varieties ranged from 8.1 to 16.1 per cent at second cutting stage with the negative 

correlation between dry matter and crude protein yields in oat. The digestibility content 

of different oat varieties ranged from 77.5 to 83.8 per cent at the first cut and 56.0 to 

62.6 per cent at second cut with the average value of 80.5 and 62.5 per cent. Hughes 

and Hoslemore (1983) reported that decrease in digestibility with age was associated 

with the formation of stem tissue which had low digestibility (40%) and made up 70% 

of total crop weight at flowering.  

 



Review of Literature.........! 

Single cutting management was found to have no marked effect on crude 

protein content but more ADF, NDF and hemicelluloses however, two cutting 

management caused more crude protein content. Verma (1984). Verma and Singh 

(1987) observed decrease in digestibility due to higher cellulose content, lower 

leaf:stem ratio and more lignifications of crop. They also reported higher dry matter % 

in single cut than two cutting taken at 55 DAS and 50% flowering stage. Sadhu et al. 

(1990) reported that crude protein content was higher at first cut and reduced during 

second and third cut.  

Mohammad et al. (1994) observed negative correlation of crude protein 

content with NDF and ADF content with advancement in crop age.  Among the cutting 

management, one cut at 60 days after sowing showed its significant superiority over 

rest of cutting practices in respect to dry matter %, this treatment closely followed by 

one cut at 50 days after sowing (Singh, 1994). Coronado et al. (1995) from Mexico 

found that the CP content ranging from 15% in spring to highest value of 31% at the 

second cutting in late November and the digestibility of oat ranged from 65% in spring 

to 95% in late autumn. Trivedi (1995) observed that the crude protein percentage 

decreased as the crop age advanced. Kim et al. (1999) from Korea Republic found that 

the dry matter digestibility decreased with delay in harvesting.  

Chandra (2000) reported that delay in cutting from 50 to 70 days after sowing 

increased dry matter content. Singh et al. (2001) studied the chemical composition of 

different strains of oat and observed that average digestible dry matter yield at first cut 

(60 days after sowing) was 8.62 q/ha and at second cut (50 per cent heading) was 32.11 

q/ha. The average ash, neutral detergent fibre, acid detergent fibre, hemicelluloses and 

cellulose content at first cut (60 days after sowing) were 9.98, 41.87, 30.69, 11.15 and 

25.36 per cent, respectively, whereas the corresponding values in second cut (50 per 

cent heading) were 7.98, 54.32, 34.94, 19.29 and 27.36 per cent. The ash content was 

higher in first cut, whereas, neutral detergent fibre, acid detergent fibre, hemicelluloses 

and cellulose were higher in second cut.  

Deorari (2002) reported that digestible dry matter yield was higher under single 

cut than in the two cut system. Roy (2005) observed UPO-212 produced higher total 

crude protein yield as compared to other varieties. Joshi et al. (2005) reported that dry 

matter accumulation, total green forage yield, crude protein, digestible dry matter yield, 
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crude protein % were higher in UPO-212 than other varieties and the crude protein % 

and digestibility decreased with advancement of crop age. (Anonymous, 2012) 

reported minimum CP 7.52% in genie oat. 

Local rye 

Growth and yield 

Ryegrasses are widely cultivated around the world. It contains approximately 

10,000 species. Perennial ryegrass is best adapted to cool, moist climates. It can grow 

above 2400-2500 altitude. Maximum growth occurs between 68 and 77°F (20 to 25°C). 

In cold areas Perennial Ryegrass plays an important role in short term leys with high 

yields and quality. Perennial Ryegrass is compatible in mixtures with White Clover. It 

is suitable for cultivation in most types of soils except very wet land. 

Ryegrasses is not tolerant of high temperatures (Mitchell, 1956).  There exists a 

close relationship between light interception, leaf area and pasture growth, i.e. when 

leaf area is sufficient to capture maximum light energy, maximum growth rate is 

achieved (Korte and Sheath, 1978). Perennial ryegrass is sensitive to drought, which 

leads to a reduction in herbage production (Garwood & Sinclair, 1979).  

A new tiller will remain dependent on older rooted tillers for water and 

elements such as nitrogen, until it has developed sufficient roots itself. But it is not 

known at what moment rooted tillers become independent from older tillers for 

nitrogen (Marshall, 1990). Sward structure is an important quality aspect of grass with 

respect to intake and digestibility. Sward structure includes herbage mass, sward 

surface height, bulk density, tiller density and morphological and botanical composition 

(Laca et al., 1992; Laidlaw and Reed, 1993). The cultivar effects on digestibility of 

herbage intake and herbage utilization (Munro et al., 1992).  

Fulkerson and Slack (1995) reported that under too frequent defoliation, the 

plant may not have developed sufficient reserves for re-growth which compromises 

yield and plant. Lantinga et al. (1996) suggested that perennial-ryegrass varieties 

might differ in their cell-wall degradation rates. Moser and Hoveland (1996) 

determined that cool-season grasses grow well between 20 and 25° C and can grow at 

temperatures as low as 5°C and as high as 35° C. However, they are dormant during the 

winter months at lower altitudes. Dry matter production gets inhibited due to high 
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temperatures and dry conditions. They also observed that cool-season grasses are 

highly digestible during the vegetative stage of maturity. This high level of digestibility 

is due to the leaf tissues that break down rapidly during digestion. The nitrogen content 

is higher in young leaves at the upper part of the sward than in the older leaves of the 

sward (Delagarde et al., 2000; Smit and Elgersma, 2004).  

The harvest interval or length of time between defoliation has a substantial 

effect on herbage growth (Clark et al., 2001 and Moot et al., 2007). A grazing 

management approach must find a compromise between minimizing the accumulation 

of senescent material and the defoliation of immature leaves. Perennial ryegrass is used 

for forage and turf purposes throughout the temperate regions of the world (Lamp  

et al., 2001) which exhibits poor tolerance to environmental extremes such as heat, and 

drought compared to other cool-season grasses (McCarty,  2001).  

Perennial ryegrass can produce stolons and this may account for tendency of 

ryegrass of dominate in heavily grazed pastures (Waller and Sale, 2001). They also 

observed main limitation of perennial ryegrass pastures is reduced production and 

persistence at high soil and ambient temperatures and low soil moisture. O’Donovan 

(2001) found in a two-year grazing trial, where tetraploids had lower values for 

biomass and bulk density. Gilliland et al. (2002) found in a one-year cutting trial that 

tetraploids had higher values for biomass, tiller height and bulk density.  

Perennial ryegrass is the most important sown pasture grass spices in temperate 

region of the world (Cunliffe et al., 2004). Perennial ryegrass is used for dryland 

pastures or as irrigated crop for grazing, hey and silage. It has excellent seedling 

vigorous which makes it easy to establish and it has a rapid recovery after grazing 

(Lowien et al., 2004). Kemp et al. (2004) reported that the extensive use of perennial 

ryegrass-based pastures is because it is easy to established can produce large amounts 

of highly digestible DM and tolerant to grazing. Perennial ryegrass tiller density 

declined during prolonged periods of hot dry conditions because decline in tiller density 

coincided with periods of extremely low rainfall and high temperatures (Lowe et al., 

2008; Nie et al., 2004 and Thom et al., 1998a)  

Report of Australian Govt. (2008) indicated Perennial ryegrass as a long- 

lived, densely tillared perennial and required temperate climate. Report of Grassland 

Society of Southern Australia Inc (2008b) indicated Perennial ryegrass plants as very 
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long lasting (30+ years) depending on management and environmental factors. It is 

tolerant to cold winter and can maintain growth down to 4°C. However, effective life of 

a pasture is 5-10 years. Defoliation by livestock is common practice, which occurs from 

late autumn and continues throughout winter until early stem extension in the spring 

Chynoweth et al. (2010). Minnee (2011) observed that average tiller densities of 

ryegrass tall fescue and perennial ryegrass were 796, 683 and 641 tillers/m2 

respectively. 

Quality  

Ryegrass is an important pasture and forage plant. It has high digestibility and 

palatability making it ideal for dairy and sheep forage system and it is particularly 

suitable for animal. Perennial ryegrass forage is excellent, with high levels of protein 

and highly digestible for all classes of ruminant animals. 

Reduction in the proportion of crude protein and increase in cellulose, 

hemicellulose and lignin was noticed with advancement in crop age (Jarrige and 

Minson, 1964). Neutral detergent fibre (NDF) contains all the hemicellulose, cellulose, 

lignin and some ash and was negatively correlated with dry matter digestibility (Van 

Soest, 1965). High temperatures increased the concentration of fibre in forage and 

reduced the dry matter digestibility (Deinum, 1966). It was found that the lower dry 

matter digestibility of forages grown at high temperature was due to a higher rate of 

transpiration. In many temperate grasses, including ryegrass, digestibility remains high 

(> 65-70%) during spring and early summer, but falls rapidly and regularly to 50% 

following ear emergence (Cooper, 1973). As the plant matures, the crude protein 

content decreases due to the reduction in leaf proportion and protein content of the leaf 

itself (Lyttleton, 1973).  

Marten and Hovin (1980) reported that crude protein on dry weight basis for 

canary grass at second cutting was  15.8%, 12.4%, and 11.5%, at third cutting 20.2%, 

15.8%, and 14.8%, and at fourth cutting was  23.8%, 19.1%, and 20.3% respectively 

for the first, second, and third years of establishment. Crude protein on dry weight basis 

for orchard grass at second cutting was 15%, 12%, 11.2%, at third cutting was 17.7%, 

13.6%, and 13.2%, and at fourth cutting was 19.6%, 15.1%, and 14.9% respectively for 

the first, second, and third years of establishment. Crude protein on dry weight basis for 
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tall fescue at second cutting was 14.6%, 12.8%, and 11.2%, at third cutting was 16.8%, 

12.8%, and 11.8%, and at fourth cutting was 18%, 14.1%, and 14.3% respectively for 

the first, second, and third years of establishment. The grasses did not differ greatly in 

the rate of cell wall concentration which ranged from 47% to 58% for every year and 

all cuttings.  

The nutritive value of perennial ryegrass varies throughout the growing season 

(Walsh and Birrell, 1987; Johnston, Singh and Clark, 1993). By increasing the 

period of regrowth of L. multiflorum from 2 to 10 weeks, the concentration of crude 

protein decreased from 188 to 699 kg-1 organic matter (Minson, 1990b). At immature 

stage of growth, the dry matter digestibility of all plant parts was similar and higher, 

but at maturity, large differences in dry matter digestibility between the plant parts was 

noticed (Minson, 1990c). De Villiers et al. (1993) reported that in rye grass, content of 

P and K ranged from 0.27–0.32 and 2.4 % respectively. Grazed Perennial ryegrass is 

one of the most important forage for dairy cows in temperate region because it has high 

forage yield and nutritive value (Van Wijk et al., 1993).  

Warman and Sampson (1994) reported that rye grass content of P and K was 

0.14 and 1.64 % respectively. Perennial ryegrass can withstand close continuous 

grazing and is ideally suited to intensive sheep and cattle grazing (Jung et al., 1996). 

Report of National Research Council (1996), Morrison (1961), Thompson et al. 

(1990) indicated that crude protein and phosphorus in ryegrass ranged from 8.6-19.0% 

and 0.32-0.40%. Perennial ryegrass is used for dairy and sheep grazing in temperate 

areas of Australia (Blair, 1997; Lazenby, 1997 and Callow et al., 2003).   

The neutral detergent fibre in tall fescue was 42% and in ryegrass was 42% 

(Milne et al., 1997).They also observed that well managed tall fescue and ryegrass 

pastures kept in a vegetative state, showed similar levels of fibre and digestibility. 

Rollo et al. (1998) found that the dry matter yield of  irrigated ryegrass was 14.0 t 

/ha/yr. Perennial ryegrass can support good milk production as well as overcoming the 

drawbacks of using annually sown pasture (Lowe et al., 1999b). Smith et al. (2005) 

reported that ash content, neutral detergent fibre and acid detergent fibre in ryegrass 

was 7.8, 37.0-52.9 and 11-33 per cent respectively. Charlton and Stewart (2006) and 

Kemp et al. (2000b) found that the pastures are palatable to stock and the forage is 

highly digestible providing high levels of energy, protein and minerals. Moore et al. 
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(2006) reported that dry matter digestibility and crude protein in ryegrass ranged from 

56-85% and 8.0-27.7%.  

Report of UADA (2006b) indicated that pasture is most palatable, most easily 

digested and most nutritive in the earlier season when leaves are young. Digestibility of 

ryegrass was 80 to 88% during different (vegetative, early bloom and heading) stages 

but dropped to 71% when the grass was mature and crude protein levels dropped from 

13.2 to 9.1 % between heading and mature stage of growth. Balocchi (2009) reported 

that different cultivars of rye grass have 3 tillers per plant, 3 leaves per tiller and 20.9-

22.9 cm plant height.   

Clark et al. (2010) found that irrigated ryegrass dry matter yield was 16.8 t 

/ha/yr.  Crush et al. (2011) reported that average N, P and K in rye grass was 2.91, 0.28 

and 3.49 % respectively. The N and P were higher in winter and lowest in late 

spring/summer. Minnee (2011) observed that crude protein and neutral detergent fibre 

ranged from 14.3 -26.1%.and 37.9- 51.7% respectively. Anonymous (2012) indicated 

that average forage quality parameter of annual rye grass such as neutral detergent fibre 

(52.6%), crude protein (19.1%) and in-vitro dry matter digestibility (74.1%), 

respectively. Also indicated that average (3 cutting) forage quality values of makkhan 

rye grass were green forage yield (530 q/ha), dry matter yield (71.33 q/ha), crude 

protein 14%, in-vitro dry matter digestibility 59.4%, neutral detergent fibre 45%  and 

acid detergent fibre 25%, respectively. Report of IGFRI (2012) indicated that green 

forage yield, dry matter yield and crude protein yield (q/ha) in Para grass were 692.1, 

149.1 and 9.4 respectively.  

Lucerne 

Growth and yield 

Lucerne or alfalfa is one of the oldest cultivated fodder crops. Roman writers 

described its value as feeds for horses and other animals as early as 490 BC. Alfalfa 

(Medicago sativa L.) is derived primarily from M. coerulea. The genus contains large 

number of species. In India other than M. sativa, the entire groups of Medics are treated 

as wild types. The existing M. sativa is largely a tetraploid species (2n=4x=32). 

Lucerne is commonly called as rijka in northern India. It is a perennial plant and can 

supply green fodder continuously for 3–4 years from the same crop stand. The root 
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system is deep and so can be easily grown in the areas where water is in short supply. 

Lucerne provides green fodder for a longer period (November-June) in northern parts 

and throughout the year in other parts of the country where winters are not severe. 

The yielding ability of lucerne decline with age under irrigation and “optimum” 

management conditions (Hayman and McBride, 1984). Lucerne produced over 20 

t/ha of DM, 43% more DM annually than pasture under rainfed conditions on rich 

moisture retentive soils in the North and South Islands of New Zealand (Douglas, 

1986). Cutting lucerne at 10% bloom stage and then at 5-7 week intervals maximized 

dry matter (DM) production, provided forage of reasonable nutritive value and helped 

to maintain sward longevity in Minnesota (Sheaffer et al., 1988).  

Brink and Marten (1989) observed that the per year yield from three cuts was 

more than four cuts, although the forage was of lower nutritive value. Sheaffer et al. 

(1991) reported that in late summer and early fall, lucerne plants develope cold 

resistance and store energy reserves in their roots. This long-lived perennial is more 

drought-tolerant than most other temperate forage legumes including birdsfoot trefoil 

and red clover (Peterson et al., 1992).  

It is well documented that frequent harvesting of lucerne adversely affects shoot 

growth and stand persistence because of depletion of carbon and nitrogen reserves in 

roots required for regrowth (Avice et al., 1996 and Dhont et al., 2002). Lucerne 

becomes dormant in cold winters, and when summer approaches it re-grows by using 

the nutrients reserved in the roots (Zanin, 1998). He also observed that 8-10 harvests 

are annually realized through irrigation. When lucerne is harvested by cutting, the plant 

regrows using the root nutrient reserves. Legumes are generally grown in combination 

with grasses to reduce the persistent high-viscosity foam (bloating hazard) that occurs 

with low fibre, high protein legume species (Popp et al., 2000).  

In general, lucerne plants require at least 20-25 mm rainfall to produce 

substantial growth. A dry land lucerne pasture typically produces dry matter between 4-

8 t/ha/year (15-20 t/ha under irrigation), Lucerne grows well in both tropical and 

temperate climates and it survives in frosty winters. The ideal temperatures for the 

growth of lucerne is 25⁰ C and high production can occur between 10-30° C and yield 

significantly drop down when the temperature is below 10° C. Lucerne yield for 

commercial purposes in Australia range from 10 to 22 t/ha from six cuts between early 
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October and late April while under good management, yield of 25-27 t/ha, dry matter in 

the form of hay have been achieved (McDonald et al., 2003). 

The pattern of rate of dry matter accumulation of a crop canopy is typically 

characterized by a sigmoid curve. More or less three distinct phases can be 

distinguished (i) a period of exponential growth during early development followed by 

(ii) a period of more or less constant rate dry matter accumulation, and (iii) a period of 

declining crop growth rates during the final phase of development when green leaf area 

declines due to leaf senescence and leaf photosynthesis declines due to leaf aging 

(Echarte, 2008).  

Mills et al. (2008) reported consistently higher dry matter yield of lucerne 

(13.1-18.5 t/ha/yr) which out-yielded the other grass based pastures by > 6.6 t dry 

matter/ha/yr. It is a high yielding perennial nutritious forage legume. Lucerne, due to it 

many benefits, has earned the reputation as “Queen of Forages” (Lancefield et al., 

2009).  

Annicchiarico et al. (2010) reported that lucerne is a forage crop of huge 

importance because of its contribution to sustainable agriculture and its higher 

productivity of feed proteins per unit area compared to other forages or grain legumes. 

This is drought tolerant because lucerne has a deep root system with a straight taproot 

that can cover a depth of more than 15 m (Jasjeet et al., 2011; Kokate, 1990). Lucerne 

has a harvesting cycle of 40 days depending on weather and produces about 10-12 t/ha 

dry matter annually (Limagrain, 2011). 

Quality  

Lucerne is a forage crop of huge importance because of its contribution to 

sustainable agriculture and its higher productivity of feed proteins per unit area 

compared to other forages or grain legumes. It is a drought resistant perennial forage 

legume that can yield high quality forage in times of little rainfall. Lucerne has high 

palatability for all kinds of livestock as it provides nutritious fodder and possesses 

about 16-25% crude protein and 20–30% fiber. Due to its high protein and vitamin A 

content, it is included as a feed component for poultry and piggery. 

Reported of National Research Council (1971) indicated the average value of 

dry matter, crude protein and ash content to be (%) 90.1, 19.7 and 8.7 respectively. The 
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lower content of structural fibre and the higher protein content of legumes when 

compared to grasses results in an improved voluntary intake and digestion process as 

well as a more efficient absorption of nutrients (Ulyatt et al., 1977 and Beever and 

Thorp, 1996). Lucerne accumulates only trace amounts of condensed tannins in forage 

(Goplen et al., 1980 and Ray et al., 2003).  Report of National Research Council 

(1982) indicated that dry matter, crude protein, neutral detergent fibre, acid detergent 

fibre and ash content was 23.0, 19.0, 40.0, 31.0 and 9.5 per cent respectively. 

Compared with grass, lucerne has higher intake characteristics and a higher animal 

production response per unit of dry matter ingested.  

The potential reasons are high concentration of soluble protein (which assists in 

microbial synthesis in the rumen), the stimulation of cellulose digestion, a low 

concentration of cell wall in the dry matter, and an adequate supply of minerals and 

vitamins (Conrad and Klopfenstein, 1988). Ensminger et al. (1990) reported that 

lucerne contains dry matter, crude protein, neutral detergent fibre, acid detergent fibre 

and ash content was 91.0, 17.9, 36.8, 29.0 and 8.4 per cent respectively. Sheaffer 

(1990) observed crude protein, neutral detergent fibre and acid detergent fibre ranged 

from 13-23, 38-56 and 28-42 per cent respectively.  

Amrane and Michaeletdoreau (1993) observed that ruminal protein 

degradability declines with plant maturity. Cell-wall concentration is estimated by 

neutral detergent fiber (NDF), hemicellulose as NDF minus acid detergent fiber (ADF), 

and cellulose as ADF minus lignin-plus-ash. Acid detergent fiber contains cellulose and 

lignin while NDF also comprised of cellulose, lignin and hemicellulose. Stems contain 

a greater proportion of cell wall compared to leaves of the plant and are usually lower 

in digestibility. Stem digestibility declines more quickly than that of the leaves with 

increased plant maturity (Collins and Moore, 1995). Yahana (1996) reported that dry 

matter, crude fibre and nitrogen free extract increased with the increase in frequency 

cuttings of lucerne whereas crude protein, ether extract and ash content showed reverse 

trend. He also observed that crude protein content of luceren decreased with 

advancement in crop age from January to March. 

The high proportion of lignin is directly responsible for the low digestibility of 

dry matter in grass forages but legumes have higher rates of digestible neutral detergent 

fibre than grasses (Buxton and Redfearn, 1997). Legume and grass forages with high 
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quality standards are good sources of proteins, energy, fibre and minerals to dairy cows 

and heifers (Maiga et al., 1997).  

Arinze et al. (2003) reported that lucerne leaves have a higher nutrient content 

than stems on dry weight basis and on an average lucerne forage contains 18-22 % 

crude protein while lucerne leaves and stems separately containing 26-30 % and 10-12 

% crude protein respectively. Leguminous forages have high nutrient contents with 

higher feeding values, dry matter intake and animal production than grasses, as well as 

fixing nitrogen in the soil (Laidlaw and Teuber, 2001).  Lucerne is a high nutritious 

forage legume with high animal feeding values and about 480 g/kg dry matter of the 

weight of the plant consists of leaves (McDonald et al., 2003; Kokate, 1990).  

The nutritive value of lucerne, in terms of digestibility and protein content 

decreases by 0.3-0.5% per day with advancing maturity from early flowering to near 

maturity stage (McDonald et al., 2003). They also reported that dry matter digestibility 

and crude protein ranged from 61.20 to 72.90 and 15.0 to 23.0 per cent respectively. 

Lucerne cut at the early flowering stage is of high quality however, frequent harvesting 

at this stage compromises lucerne longevity. Monsanto (2003) reported that dry matter, 

crude protein, neutral detergent fibre, acid detergent fibre, and ash content ranged from 

17.9 – 29.2, 15.3 – 25.8,  26.5 – 35.7, 23.1 -33.4 and 8.8 – 15.3 per cent respectively. 

Report of Environment Directorate, Organization for Economic Co-operation and 

Development Paris (2005) indicated that dry matter, crude protein, neutral detergent 

fibre, acid detergent fibre, ash content, K and P ranged from 17.9- 91.0, 15.3- 25.8, 

26.5 – 40.0, 23.1 – 33.4, 8.4 – 15.3,  1.39-4.31 and 0.22-0.45  per cent respectively.  

Brown et al. (2006) reported that dry matter yield ranged from 28 to 30 t /ha/yr 

under irrigation to summer drought condition. Kaushal et al. (2006) reported that crude 

protein, neutral detergent fibre, acid detergent fibre, hemi-cellulose, and ash content in 

lucerne was 8.6, 81, 62, 16.0 and 4.5 per cent respectively. Katic et al. (2006) stated 

that crude protein content in lucerne ranges between 18-25 %. Levels of starch, cell 

wall content, and other nutrients are similar for cool-season grasses but do vary 

somewhat depending on the species (Report of National Research Council, 2007). 

The concentration of minerals in the form of macro and micro minerals and ash was 

observed higher in legumes than grass forages by Paulson et al. (2008).  
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The animal feeding value of lucerne is mainly defined by the stage of growth at 

the time of its harvest. The nutrient content of plants’decreases with advancing 

maturity, resulting in the decreased leaf:stem ratio (Tyrolova and Vyborna, 2008). 

They also reported lucerne forages when cut at fully flowered stage bears more stem 

proportion than forages cut at early stages of growth. Legume forages are capable of 

providing up to three quarters of the protein requirements for lactating dairy cows 

(Bocher, 2010). The freshly cut lucerne from the field has a too low dry matter content, 

too high protein and calcium content, and too low sugar content to achieve a high 

degree of silage fermentation (Dinic et al., 2010b). Lucerne crude protein content 

decreases with advances in maturity compared to crude fibre content which increases 

(Stanacev et al., 2010). 

Red clover 

Growth and yield 

Red clover is a fast starting, highly productive, but short lived perennial clover. 

It is widely adapted throughout the humid, temperate regions of the world. It grows best 

where summer temperatures are moderately cool to warm and moisture is sufficient. 

Optimum temperature for growth is 68 to 77 F (20-25° C), with a growth range of 45 to 

90 F (7-32 C). It is a tap-rooted plant, it does not possess the same deep tap root as 

lucerne. 

Annual production of clover has been found to yield higher in the second year 

than in the establishment year (Harris et al., 1980). Also the total production of swards 

containing a mixture of perennial ryegrass and red clover had 40% higher annual 

pasture production with infrequent grazing intervals than with frequent grazing 

intervals. Annual red clover production was 25% higher under infrequent grazing than 

frequent grazing but was only significant over summer harvest. Each stem of red clover 

carries four to six green leaves during vegetative development (Arnott and Ryle, 

1982) but this may be higher on flowering stems. Hay and Ryan (1983) have compiled 

three years yield for pure stands of Pawera red clover indicating dry matter production  

@ 10,200 kg dry matter/ha in Southland. 

Campbell & Kunelius (1984) observed that grazing to 20 mm at three weekly 

intervals has resulted in greater survival and high numbers of red clover plants, and 
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greater plant size than less intensive or frequent grazing. Nitrogen fixation can 

contribute up to 80% of total nitrogen assimilation in red clover (Heichel et al., 1985). 

Buxton et al. (1985) reported that digestibility of red clover and lucerne decreased as 

plant mature. Lambert et al. (1986b) observed that red clover persisted better under 

rotational cattle grazing than under sheep grazing. Branching is highly influenced by 

temperature, defoliation, mineral nutrition and inter-plant competition and growing 

point density which may vary greatly over time (Laidlaw and Stewart, 1987). In 

mixed grass-clover sowings, red clover characteristically declines in the contribution to 

pasture yield after the first two years. Which is common because grazing preferentially 

removes reproductive growth and limits population maintenance by reseeding (Harris 

& Kunelius, 1988). They also observed that dry matter yield is higher where red clover 

was spring drilled both as a monoculture and when sown with ryegrass.  

Red clover has vigorous summer growth, which complements the seasonal 

growth pattern of the ryegrass, so this species is often used in dairying to promote 

summer milk production (Ledgard et al., 1988). Also the red clover confers additional 

advantages in terms of N fixation during summer. Annual dry matter yields ranged 

from 6-22 t /ha in New Zealand as a monoculture (Barry et al., 1998; Hay and Ryan, 

1989; Litherland, 2001; Soetrisno et al., 1994 and Ussher, 1986).  

Brock et al. (1989) report that optimum temperature for growth of white clover 

was more (24°C) and for ryegrass was comparatively less (18-21°C). Hay and Ryan 

(1989) reported that plant height of different cultivar ranged from 77-90 cm. With 

increasing maturity, the proportion of cell wall components (cellulose, hemicellulose, 

and lignin) of the forage increases whereas the proportion of cell contents decreases 

(Bosch et al., 1992). The optimum temperature for red clover growth as noticed by 

Taylor et al. (1996) is 25-27°C.  Pure stands usually persist only for three to four years 

(Hyslop et al., 1998).  The report of Satell et al. (1998) indicated that red clover sown 

in pure stand yielded 4 to 18 t DM/ha in Europe while in US this yielded 15-19t/ha. 

Report of FAO (2013) indicated that red clover yield is varied thus in the range of 

lucerne yield (20 t DM/ha) but it does not yield as early as lucerne. Temperature has 

very important effect on clover growth, particularly in the processes influencing the 

number and development of leaves and stolons (Clark et al., 1996). These authors 

claim white clover has a lower rate of growth than ryegrass at temperatures below 
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10°C, but its growth rate continues to increase up to 24°C whereas ryegrass peaks at 

15-20°C.  

Interception of solar radiation by the leaf canopy of a sward is the main driver 

of photosynthesis needed for sward growth (Hay and Porter, 2006).  The rate of leaf 

appearance on stems of clover and grass plants depends mainly on temperature. The 

linear relationship between rate of leaf appearance from a stem and temperature 

between the base and optimum cardinal temperatures for plant development means that 

the process can be quantified by a single phyllochron in thermal time (Hay and Porter, 

2006). The work of Hall (2007) revealed that red clover can be primarily grown for hay 

or silage and should thus be cut at early-flowering stage for higher yield and feed value. 

Adam et al. (2009) reported that role of light and moisture; various management 

practices could be considered to enhance final red clover dry weight. Canopy of healthy 

green leaves is important to maximize the yield and persistence of a sward. The 

development of canopy depends on the leaf area expansion, senescence and canopy 

architecture (Black et al., 2009). 

 Quality  

The nutritive value of forages varies according to many factors, including age of 

the plant, soil and fertilization, differences among species and varieties, season of the 

year, and cutting interval. Age of the plant is an important factor in affecting the 

chemical composition as well as the overall nutritive value of forages. 

The digestibility of forage is highest in the vegetative stages due to variation in 

cell wall content and the stem:leaf ratio with increasing maturity (Terry and Tilley, 

1964). Mixture of red clover and ryegrass is highly palatable to dairy cows (Charles, 

1976 ).  Red clover does not accumulate condensed tannins in forage (Sarkar et al., 

1976). Red clover can provide high quality summer feed in temperate grazing systems 

(Hay et al., 1978; Hay and Ryan, 1989; Ussher, 1986 and Hyslop et al., 1998). 

Digestibility of fresh red clover herbage has shown to be in the range of 78 to 83% 

(John and Lancashire, 1981; John et al., 1988; Kelly, 1989;  Semiadi et al., 1993 and 

Waghorn et al., 1990). 

Kenny and Reed (1984) and Mosely and Jones (1979) reported that red clover 

had a higher crude protein level, lower neutral detergent fibre level and higher rate of 
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flow of nutrients through reticule-rumen than perennial ryegrass, all of which 

contributed to its superior digestibility and overall superior nutritive value. Its high 

nutritive value allied to its high intake characteristics combine to give improved 

individual animal performance from different classes of animals compared with grass 

forage (Thomas et al., l985). Nutritive value of forages for ruminants depends highly 

on the ratio between cell content and cell wall and on the ability of the rumen 

microorganisms to degrade the plant cell walls (Waldo, 1986).   

The nutritive value of forages varies according to many factors, including age of 

the plant, soil and fertilization, differences among species and varieties, season of the 

year, and cutting interval. Age of the plant is an important factor in affecting the 

chemical composition as well as the overall nutritive value of forages. The decrease of 

some minerals with advancing age is due to the dilution effect of these elements in the 

dry matter, and also due to other factors such as a diminishing capacity of the plant to 

absorb nutrients from the soil and variation in the stem:leaf ratio (Gabra et al., 1990 

and Underwood, 1977). 

Clovers and lucerne collectively meet the legume pasture, hay and silage 

production requirements of temperate, humid and subhumid regions (Rumbaugh, 

1990). Sheaffer et al. (1991) reported that forage crops decline in nutritive value as 

they mature and continuous early harvests can reduce stand longevity. The rate of 

decline in digestibility increases with maturity (Wilson et al., 1991; Bargo et al., 2003 

and Gallardo et al., 2005). Increasing maturity of forage crops leads to increase in the 

proportion of cell wall components (cellulose, hemicellulose, and lignin) of the forage 

whereas the proportion of cell contents decreases (Bosch et al., 1992). Concentrations 

of NDF, ADF, and ADL increases across maturities. The digestibility of red clover’s 

primary growth declines with advancing maturity in a linear fashion and is related to 

the declining leaf:stem ratio (Hoffman et al., 1993; Coblentz et al., 1998; Belyea  

et al., 1999; Elizalde et al., 1999 and Koukolova et al., 2010). Griffin et al. (1994) 

observed reduction of leaf/stem ratio in summer. They also observed decrease of 

protein content from early to late crop age. Minerals content is high in red clover when 

grown on deep soils because of the deep-rooting characteristic. Mineral contents, 

particularly P, K, Ca, Mg, Cu and Zn, are increased by spring (Narasimhalu and 

Kunelius, l994).  
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Taylor et al. (1996) observed stress caused by unfavorable environment as well 

as by seasonal changes may cause a significant decline in forage quality of red clover. 

The decline in digestibility is associated with increasing lignin content and a reduction 

in degradability of polysaccharides other than starch (Taylor and Quesenberry, 1996). 

Compared with grasses, red clover is usually higher in concentrations of pectin, lignin, 

nitrogen, calcium, magnesium, iron and cobalt (Frame et al., 1998).  

Superior levels of animal performance can be achieved from red clover, and 

other legumes and herbs compared with pure grass swards and mixed ryegrass/white 

clover swards. However, unlike white clover which does not change much in nutritive 

value with maturity, red clover does deteriorate in digestibility and other aspects of 

nutritive value (crude protein, sugar, fibre levels etc), mainly due to the development of 

thick, fibrous stems, in the similar manner to lucerne. Digestibility declines as the red 

clover matures (Wiersma et al., 1998). They also observed low content of crude 

protein and high content of fibre in fodder when cut in spring.  

Red clover also has higher concentrations of readily fermentable carbohydrate 

(soluble sugars and pectin) and lower concentrations of structural carbohydrate 

(cellulose and hemicellulose) than perennial ryegrass (Barry et al., 1999 and Cosgrove 

and Hodgson, 2003).When red clover and alfalfa are of similar fibre content, red clover 

may be more digestible than alfalfa, providing a more energy forage to the diets of 

lactating dairy cows (Hoffman and Broderick, 2001).  

Red clover is also of a very good quality as to its nutritive value and ensiling 

(Hoffman and Broderick, 2001). Hakl et al. (2003) reported inverse relationship of 

advancing forage maturity and declining of forage quality. Forage quality is affected by 

a combination of numerous factors such as stage of maturity, forage species, 

environmental conditions (locality of growth, temperatures, and precipitations), and 

agronomic treatments including storage conditions (Dubbs, et al., 2003). Tamm et al. 

(2003) observed that the nutritive value of forage red clover influenced by growing 

year and environmental conditions.  

Dragomir (2005) observed that mineral elements content decreased with 

maturity, the process in redclover showing similar traits with the one reported for 

alfalfa. Hoffman et al. (2005) observed that ash content of legume-grass forages were 
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initially increased later on decreased.  The normal ash content of legume-grass forages 

is near 9.0 to 18% (DM basis). 

Report of Environment Directorate, Organization for Economic Co-

operation and Development Paris (2005) indicated that DM, CP, NDF, ADF, Ash 

content, P and K  ranged from 87-89, 16.0 – 21.4, 34.9 – 48.0, 24.4, 1.62 – 3.24, 0.24 -

0.37 and 1.62-3.24 per cent respectively. Dragomir (2006) observed average mineral 

elements content of red clover showed 1.41- 1.93% calcium, 1.2-2.2% potassium and 

0.29-1.41% phosphorous according to the phenological stages.  

Drobna et al. (2006) reported that crude protein and ash content ranged from 

16.9-20.7 per cent and 10.51-24.35 per cent of different varieties with 3 cuts. They also 

observed that environment significantly influences the nutritive value of forages. Red 

clover silage is highly palatable, more than grass silage, even if red clover had a lower 

digestibility than grass (Steinshamn, 2010; Thomas et al., 1985 and Steen et al., 

1982). Homolka et al. (2012) reported that DM, crude protein, neutral detergent fibre 

and acid detergent fibre in red clover ranged from 13.03-24.1, 17.74-21.88, 37.51-44.50 

and 25.80-35.20 per cent respectively at different three growth stages. 

Berseem 

Growth and yield 

Berseem or Egyptian clover is one of the most important winter forage legumes. 

It can be grown on all types of soils except very light sandy soils. Well-drained clay 

loam soils rich in calcium and phosphorous are ideally suited for its cultivation. The 

crop can be grown successfully on alkaline soils having good water retention capacity. 

The genus Trifolium commonaly called clovers comprised 237 annual and perennial 

species. The important perennial pasture clovers, T. repens (white clover), T. hybridum 

(alsike clover), T. pratense (red clover) and T. ambiguum (caucasian clover) are widely 

distributed in the temperate and sub-temperate regions of the world while the annual 

types such as T. resupinatum (Persian clover), T. subterraneum (sub-terranean clover) 

and T. alexandrinum (Egyptian clover or berseem) are commonly cultivated as winter 

annuals in the tropical and subtropical regions. 

Jatasra (1981) reported that green fodder yield was positively associated with 

all the traits except leaf:stam ratio, stem girth and tillering. Dry matter showed positive 
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relation with green fodder yield, stem weight, leaf weight and plant height. Leaf and 

stem weight was positively associated with the forage yield and yield components. Five 

to six cuttings can be done under irrigation and one or two at the end of the cool season 

in dryland (Gohl, 1982). 

Taneja et al. (1987) reported that green fodder yield ranged from 568 to 704 

q/ha during 1977-78 and 1978-79, when sown in October. They also observed dry 

fodder yield ranged from 50 to 79 (q/ha) during 1977-78 and 1978-79 when sown in 

October. Nandanwar et al. (1992) observed that dry fodder yield increased from 1.16 

to 3.97 t/ha with the increase in number of cuts/year. Mendhe et al. (1995) reported 

that green forage yield ranged from 66.21 to 461.40 (q/ha) when cut at 60, 90, and 120 

days after sowing. Berseem is an annual, cool season forage crop. Due to the extra 

ordinary regenerative power, berseem gives several cuttings during its growing season 

and supplies nutritious, palatable and succulent forage for animals (Graves et al., 

1996). In Morocco, irrigated berseem yielded 8-10 t DM/ha (Bounejmate, 1997). 

Wiersma et al. (1998) reported that during growing season, under the effect of 

longer days and higher temperatures, the aging plants undergo morphological changes, 

leaf growth becomes slower, the stem increases in length and the proportion of dry 

matter increases. On the other hand, forage quality decreases drastically, especially 

digestibility and the contents of proteins and minerals. 

Mandal et al. (1998) reported that average height of plant ranged from 29.8 to 

50.1cm and average branches/plant ranged from 12.5 to 17.5. Berseem should be cut 50 

to 60 days after sowing and then 30-40 days interval (Suttie, 1999). Cutting is very 

important practice for increasing the forage as well as seed yield of berseem 

(Mukharjee and Mandal, 2000). Tiwana et al., (2003) reported that green forage 

yield, dry matter yield (q/ha)and CP % ranged from 376 to 803, 95.8 to 119.7 and 18.1 

to 22.3 respectively during 1996-1997, 1997-1998 and 1998-1999. Highly branching 

and productive types such as Miscawi and Kahdrawi can yield higher upto 6 

cuttings/season (Hannaway et al., 2004 and Suttie, 1999).  

Joshi et al. (2006) reported that number of leaves/meter ranged from 200-708 in 

berseem. Hasina et al. (2013) reported that plant height is a function of genetic makeup 

as well as the environmental conditions ICAR (2012). Berseem prefers dry and cool 

climate for its proper growth. Best productive crop can be obtained between 15-25° C 
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temperatures. Its regenerative growth is retarded during severe cold or frosty period or 

at temperature above 40°C. Alfred (2012) reported that number of leaves increased 

with increase in temperature till March later on slightly decreasing trend was observed.   

Quality  

Berseem appeared to behave as a most potent milk multiplier in the lactating 

buffaloes, cows and cross breed cattle’s as compared to other forage crops alone on in 

combination. The crop is grown under irrigated condition and provide highly palatable, 

tender and nutritious green fodder. The phenomenal success of berseem in India is also 

due to its high nitrogen fixing ability resulting in substantial improvement in soil 

fertility. 

Alam and Sharif (1977) observed that in DM of berseem, P and K ranged from 

0.26 to 0.38% and 3.11 to 3.59%, respectively. Buttery (1977) reported that 

leguminous fodders at vegetative stage contain more protein. Deramus (1980) and 

Halmos (1982) observed decreasing trend of crude protein with advancing age in case 

of different type of clovers. Katta and katoch (1981) reported that CP, CF, Ash, and 

Phosphorus in dry matter of berseem was 27.06, 12.79, 14.16 and 0.48 per cent 

respectively.  

Harris et al. (1982) reported the chemical composition of berseem. At late 

vegetative, mid bloom and late bloom stages the values for DM were 12, 16 and 48%, 

NDF 42, 50 and 53 %, ADF 35, 39 and 42%. Fresh berseem has a good nutritional 

value very comparable to that of fresh alfalfa (Brink et al., 1988; Fraser et al., 2004; 

Yoelao et al., 1970). Khalin and Durrani (1989) reported comparatively higher CF 

and relatively lower DM, CP, and Ash content in berseem. Berseem crop provides a 

constant supply of nutrients to livestock from November to April against almost 

negligible nitrogen fertilizer requirement; rather it is fixing 3-4 q N/ha/yr in soil 

(Williams et al., 1990). 

Ranjhan (1991) reported the chemical composition of berseem fodder as NDF, 

42.2 to 53.3%, ADF, 35.1 to 41.7%, hemicelluloses 7.3 to 11.5%, cell content 46.6 to 

57.55%, Phosphorus  0.14 to 0.40%  and Potassium 1.11 to 4.22%. Forages are high in 

dietary fiber which is composed mostly of structural carbohydrates (SC) and lignin 

found in the plant cell wall, which increased with age of crop (Longland et al., 1995; 
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MAFF, 1992). Khan (1994) reported that berseeem composition at weekly interval 

from January to April was on an average 21.09, 4.16, 20.68, 39.91 and 14.08% CP, EE, 

CF, NFE and Ash respectively on dry basis. He observed that NFE decreased by 

10.71% from January to April, CP also decreased this period and extent was 14.63%, 

while CF increased by 18.21%. The ash contents of berseem increased was 11.79% 

from January to April. However EE showed very little change due to season. 

Yahana (1996) reported crude protein content varied on dry matter basis from 

16.33 to 20.70%. Crude fiber and total ash contents from 16.66 to 24.16 and 11.05 to 

15.14% respectively and NDF, ADF, Hemi cellulose from 43.64 to 57.49, 37.28 to 

47.11 and 10.94 to 13.64 per cent, respectively on dry matter basis. He also observed 

that P and K ranged from 0.19 to 0.39 and 2.27 to 3.39 per cent respectively. He also 

observed that ash content of berseem increased from January to April.  

Berseem is very palatable and fairly digestible forage (Das et al., 1999). As 

forage matures, the cell contents of legumes tend to decline more quickly than in 

grasses (Beever et al., 2000). It is particularly valuable since it is a non-bloating forage 

legume (Hannaway et al., 2004). Kandi et al. (2005) observed that crude fiber and ash 

content increased upto 3rd cutting and later on decreased till 5th cutting. Vasiljevic et al. 

(2005) found that there was no difference in the content of minerals at budding and 

early bloom stages, while the average ash content in the two stages was 8.9%. A 

somewhat lower value of this characteristic was found at the stage of full bloom 

(7.8%). 

Kaushal et al. (2006) reported that CP, NDF, ADF, Hemi-cellulose, and Ash 

content in berseem was 8.5%, 68%, 51.5%, 16.5%, and 8.5% respectively. When 

grazed before the oldest foliage began to senesce, the metabolizable protein content of 

berseem can be particularly high compared to other fresh forages (Fulkerson et al., 

2007).When there is an excess of photosynthetic activity during rapid growth and 

metabolism of the plant, carbohydrates are converted to fructose and distributed from 

the leaf to the stem (NRC, 2007). Vasiljevic et al. (2008) observed that contents of 

both fractions of cellulose fiber (NDF and ADF) increased in summer due to high 

temperatures and accelerated aging (development) of plants. Report of IGFRI (2011) 

indicated that average dry matter digestibility in berseem was 65%. Vasiljevic et al. 
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(2011) reported highest content of minerals at the beginning of the growing seasons 

(first and second cutting) in 2004 and 2005. 

Alfred (2012) observed dry matter content increased with increasing cutting 

frequency from 1st to 6th cuttings and it ranged from 12.9-19.4%. It was observed that 

crude protein yield increased from 1st to 4th cutting later on decreased due to lower 

production of green forage yield, dry matter yield and crude protein % and it ranged 

from 10.5-17.15 q/ha while dry matter accumulation through leaf and stem increased 

from 1st to 5th cutting but at  later stages decreased.  

ICAR (2012) indicated that average dry matter digestibility in berseem was 

70%. Reddy (2012) reported that the pattern of rate of dry matter accumulation of a 

crop is typically characterized by a sigmoid curve. Three phases can be distinguished 

(i) Establishment and seedling growth, followed by (ii) period of repid growth, and 

(iii) Ripening and senescence. Mezni et al. (2013) reported that P and K contents 

decreased significantly with the increased friquency of defoliation. Report of FAO 

(2013) indicates dry matter, CP, NDF, ADF, Ash and P ranged in berseem from 8.4 to 

25.7%, 14.4 to 26.7%, 30.6 to 51.2%, 20.6 to 38.4%, 11.3 to 20.2% and 1.5 to 3.8%, 

respectively. Berseem is a high-quality forage characterized by a high concentration of 

nutrients, primarily protein (15-25% DM), minerals (11-19%) and carotene (FAO, 

2013 and Sharma et al., 1974).  
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Materials and Methods   

             

             The edaphic and climatic conditions of the area under which the investigation 

was carried out and the materials and techniques employed during the course of the 

study are described in this chapter.         

         The present experiment was conducted under the project cool season varietal & 

dairy trails on forage crops sponsored by Royal Barenburg Group P.O. Box 4, 6678 

ZG Oosterhout Glg. The Netherland. 

3.1 Experimental site 

The experiment was conducted at Forage Agronomy block of Instructional 

Dairy Farm (IDF), Nagla of the Govind Ballabh Pant University of Agriculture and 

Technology, Pantnagar, Udham Singh Nagar, Uttarakhand, India during rabi season of 

2012-13. The Instructional Dairy Farm is located in the Tarai belt of Shivalik range of 

Himalayas at latitude of 29°N and longitude of 79.3°E and situated at an altitude of 

243.84 m above the mean sea level. 

3.2 Climate of the Site 

The climate experienced at Pantnagar is humid sub-tropical with extreme of 

weather conditions such as hot and dry summer and cold winter. Generally, south west 

monsoon commences in third week of June and few showers occur in winter and 

occasionally during summer also. The mean annual rainfall is 1369 mm of which 80 to 

90 per cent is received from June to October. Temperature is generally maximum 

during May-June where mean maximum temperature may exceed even 38.9°C and 

lowest in December-January where mean minimum temperature may fall below 7.1°C. 

The mean relative humidity (0712 hours) and (1412 hours) varies 62-91 and 26-64 per 

cent from October to end of June, respectively.  

The weekly weather parameters like maximum and minimum temperature, 

relative humidity and rainfall prevailed during experimentation recorded at the 

meteorological observatory of N.E. Borlaug Crop Research Centre, Pantnagar, have 

been graphically presented in Fig. 1 and data are given in Appendix-I.  

Chapter 3 
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The maximum temperature recorded during crop growth period was 41.8°C in 

the second week of May, 2013. The minimum temperature - 0.8°C was recorded in the 

second week of January 2013. The mean maximum and minimum temperature was 

31.2°C and 16.1°C at sowing month (October) 2012, at 1st cutting December (21.3°C 

and 7.1°C), 2nd cutting January 2013(21.3°C and 7.1°C), 3rd cutting February (22.8°C 

and 9.9°C), 4th cutting March (29.1°C and 13.5°C), 5th cutting April (35.0°C and 

17.6°C), 6th cutting May (38.9°C and 23.4°C), June (33.2°C and 25.7°C).  

3.3  Soil Characteristics 

The  soil  of  Tarai  region  (Mollisols)  has developed  from calcareous medium  

to  moderately  coarse  textured  parent  material  under  the  predominance of forest 

vegetation and moderately to well drained conditions. These soils are originated from 

alluvial sediments. The composite soil sample taken from furrow slice (0-15 cm depth) 

in each replication was collected prior to sowing of crop and analyzed for different 

constituents. 

 Table 1: Physico-Chemical composition of the experimental soil 
 

S. No Particulars Values Methods 

1 pH (1:2 soil : water ratio) 7.6 Glass electrode pH meter  

2 Organic carbon (%) 0.848 Walkley and Black’s method(Jackson, 
1973) 

3 Available nitrogen 
(kgN/ha) 

284.48 Alkaline Permanganate method 
(Subbiah and Asija, 1956) 

4 Available phosphorus 
(kgP/ha) 

21.80 Olsen’s method (Olsen et al. 1954) 

5 Available potassium (kg 
K/ha) 

232.80 Flame photometry method(Jackson, 
1973) 

 

       The soil of experimental field was high in organic carbon, medium in available 

nitrogen, medium available phosphorus and potassium with neutral in reaction. 

3.4  Experimental details 

3.4.1 Treatment details (Rabi season forage crops)  

The following crops varieties from different sources constituted the treatments.             
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Standard meterological weeks 

                                              2012                                                                                                           2013 

                          Fig. 1: Weekly weather conditions at Pantnagar during crop period (October 2012 to June 2013) 
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Varieties           Crops                                                           Source             

1) UPO- 212     :     Oat (Avena sativa L.)            :  GBPUA&T Pantnagar       

2) Genie Oat            :     Oat (Avena sativa L.)            :   Netherland     

3) Makkhan grass :     Rye grass (Lolium perenne L.)      :   Advanta 

4) Local rye       :     Rye grass (Lolium perenne L.) :  GBPUA&T Pantnagar       

5) Mescavi           :  Berseem (Trifolium alexandrinem L.)  :  GBPUA&T Pantnagar       

6) Baralfa IN              :     Lucerne (Medicago sativa L.)               :  Netherland     

7) Barduro                  :     Red clover (Trifolium pratense L.)       :  Netherland 

        Table 2: Experimental details 

Sl. 
No. 

Items Particulars 

1. 
Site of 
experiment Instructional Dairy Farm, Nagla Pantnager (U.S. Nagar) 

2. 
Experimental 
design 

Randomized Block Design 
 

3. Crop varieties  
UPO- 212, Genie Oat, Makkhan grass, Local rye, Mescavi, 
Baralfa IN and Barduro                                                                    

4. Total number of 
treatments 

7 
 

5. Number of 
replications 

5 
 

6. 
Total number of 
plots 

35 
 

7. Gross plot size 
6 m x 3.2 m = 19.2 m2 

 

8. Net plot size 
Berseem and Lucerne- 5 m x 2.4m = 12.0 m2 

Rye grass and Makkhan grass- 5 m x 2.2m = 11.0 m2 

Oat and Red clover-5 m x 1.6m = 8.0 m2 

9. Seed rate 
Lucerne(25kg/ha), Berseem(30kg/ha), Redclover 
(10kg/ha),Oat(100kg/ha), Rye grass and Makkhan grass 
(25kg/ha) 

10. Row spacing 
Lucerne and Berseem (20 cm), 
Red clover and  Oat (25 cm), 
Rye grass and Makkhan grass (40 cm) 

11. Fertilizers 

Nitrogen 120 kg / ha (grasses) 
Nitrogen 25 kg / ha (Legumenous forage crops) 
Phosphorus 60 kg / ha 
Potassium  40 kg /ha 
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3.4.2 Layout plan                                                                                                                 

         The layout of the experiment and individual plot is given Fig.2 and 3:    

 

 

 

                                                                                                                                        

R1 R2 R3  R4 R5 

          

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

            Irrigation channel                                   Irrigation channel 

Fig 2: Layout plan of the experimental field        
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Fig 3: Layout of individual plot 

 

 

Two row of either side (E-W) and 0.5 m either side of the row (N-S) were kept 

as border area and remaining area as net plot area. 

3.5       Cultural operations 

A detail of the pre and post sowing activities and operational calendar during 

field experimentation is as given in Table 3. 
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Table 3: Details of Cultural operations in the experimental field 

SN. Particulars Date Implements/Method used  

1 Ploughing 06.10.2012 Tractor drawn disc plough 

2 Harrowing  07.10.2012 Tractor drawn disc plough 

3 Layout and Levelling 08.10.2012 Manually 

4 
Fertilizer application 
Basal 10.10.2012 

Half dose of nitrogen, full dose of 
Phosphorus and Potassium   

5 Sowing 10.10.2012 
Sowing depth of oat 4 cm and 
remain crops seed sown a depth of 
2 cm in row 

6 Top dressing 

6.12.2012 
10.1.2013 
10.2.2013 
13.3.2013 
13.4.2013 
12.5.2013 

1/5 dose of nitrogen for grasses and 
oats applied till April.  

 Irrigation 

5.12.2012 
09.1.2013 
09.2.2013 
11.3.2013 
12.4.2013 
10.5.2013 

First irrigation after germination 
and subsequent irrigations after 
each cutting.   

8 Weeding 

5.12.2012 
09.1.2013 
09.2.2013 
11.3.2013 
12.4.2013 
10.5.2013 

Manually after each cutting   

9 Harvesting 

5.12.2012 
08.1.2013 
08.2.2013 
10.3.2013 
10.4.2013 
09.5.2013 
08.6.2013 

Harvesting was done 55 DAS for 
first cut and subsequent cuttings at 
30 days  interval 
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3.5.1 Field preparation 

 The land was deep ploughed once with a tractor driven disc plough followed by 

two harrowings with disc harrow and then field was leveled with a tractor driven 

leveller in the first week of October. Experiment was laid out in the leveled field and 

soil samples were taken for analysis. 

3.5.2 Fertilizer application 

         Each plot was supplied with uniform half quantity of the total dose of nitrogen 

through urea @ 120 kg N/ha (grasses), 25 kg N/ha (legumes); 60 kg P205/ha through 

single super phosphate and 40 kg K2O/ha through muriate of potassium as basal. The  

fertilizers were thoroughly mixed with the help of spade. The remaining half dose of 

nitrogen was top dressed equally in 5 splits for grasses and oats, first at 30 days after 

sowing and the remain nitrogen applied after each cutting.   

3.5.3 Sowing  

            Crops were sown in E-W direction. Oat (100 kg/ha seed) was sown in 4 cm 

deep at 25 cm row to row spacing while Rye grass and Makkhan grass (25 kg/ha seed) 

at 40 cm row to row spacing, Berseem (30kg/ha seed) at 20 cm row to row spacing, 

Red clover (10 kg/ha seed) at 25 cm row to row spacing and Lucerne (25 kg/ha seed) at 

20 cm row to row spacing were sown in 2 cm deep furrows opened with the help of 

hand hoe. The seeds were sown through drilling in furrow by hand and immediately 

covered with fine soil. 

3.5.4 Irrigation 

The first irrigation was given a week after sowing (after complete emergence of 

the plants) and subsequently plots were irrigated after each cutting.  

3.5.5 Weeding  

To keep the experimental plots weed free, hand weeding was done at 30 days 

interval. 

3.5.6 Harvesting  

The crop was harvested at 55 days after sowing (first cut) with the help of sickle 

leaving stubble height of 5-6 cm from ground for uniform and quick re-growth of the 
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crop. Subsequent cuttings were taken 30 days after each cutting till crops stop to re-

growth. 

3.6     Observations 

3.6.1  Growth studies 

 Following growth parameters were taken at each cutting:   

3.6.1.1 Plant height 

The height of 5 plants selected randomly from the marked row length in the 

third or fourth row was measured from the ground to the tip of the longest leaf at all the 

stages. This was expressed in cm.  

3.6.1.2 Number of tillers or branches / plant 

Total number of tillers or branches of five randomly selected plants in each plot 

were counted and expressed as the average number of tillers or branches/plant. 

3.6.1.3 Number of green leaves  

From sampling area, samples from 50 cm row length were taken randomly at 

each sampling. The plants were cut with sickles close to the ground and separated into 

leaves and stem. Leaves were counted together from each plot in each sampling and 

converted into leaves/m row length. 

3.6.1.4 Dry matter accumulation through leaves and stem  

           The separated leaves and stems as mentioned at 3.6.1.3 above were kept in oven 

for drying at 70 ± 2o C for 48 hours. The dry weight was recorded with the help of 

weighing machine and converted into g/ meter row length. 

3.6.1.5 Dry matter accumulation through plants/m row length  

          The dry weight of leaf and stem as obtained at 3.6.1.4 was added to get dry 

matter accumulation by plants and converted into g/meter row length. 

3.6.1.6 Leaf to stem ratio 

The leaf to stem ratio on dry weight basis was calculated as follow: 
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( )
( )gstemofweightDry
gleafofweightDry

SL =:
 

3.6.2 Quality analysis 

3.6.2.1 Dry matter content  

Dry matter content was determined by drying 500 g. representative fresh 

samples from each net plot just after each harvest. The samples were dried at 70 ± 2o C 

for 48 hours and weighed. Thereafter, dry matter content was calculated and expressed 

in per cent as given below: 

           100% X
sampleofweightFresh

sampleofweightDry
matterDry =           

All the oven dried samples were ground in Willey mill using 2 mm sieve for 

crude protein, ash and nylon bag method of dry matter digestibility and 1 mm sieve for 

NDF, ADF analysis.  

3.6.2.2 Crude protein content  

Crude protein content of dried samples as mentioned in 3.6.2.1 was calculated 

by multiplying nitrogen per cent with 6.25 (A.O.A.C, 1965). 

                                  Crude Protein (%) = Nitrogen (%) x 6.25 

3.6.2.3 Dry matter Digestibility (DMD) 

The dry matter digestibility was determined by nylon bag technique of Mehrez 

and Ørskov (1977). Nylon bags measuring 17 x 9 cm were made from 100 percent 

polyester cloth having pore size of 40-50 micron and by using nylon thread for 

stitching. Five gram oven dried and ground sample as mentioned in 3.6.2.1 was kept in 

a nylon bag and it was closed by draw string made from nylon thread tied by the same 

drawstring to an iron ring (5 cm diameter). The iron ring along with the sample bags 

was inserted in the rumen of fistulated animals for 72 hours tied by a 35 cm nylon 

string to the cannula lid. At the end of the incubation period the rings were removed 

from the rumen. The bags were washed thoroughly in the bucket under running tap 

water till the water coming out from the bags became colourless. The bags were dried 

in the hot air oven at 70°C for 48 hours to ensure that no moisture remained in the 
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material. The dry weight of incubated samples was recorded using weighing balance. 

The dry mater digestibility was calculated and expressed in per cent as follows: 

                         ( )
a

bx
tydigestibilmatterDry

100
100% -=  

Where,  

a = dry weight of sample before incubation 

b = dry weight of sample after incubation 

The fistulated cattle (male) used in this study was maintained on green sorghum 

and Maize diet fed ad lib and about 2 kg concentrate mixture was given to each animal 

daily. The cattle were allowed to drink fresh water ad lib twice a day once at 9 A.M. 

and again at 4 P.M. 

3.6.2.4 Neutral- detergent fibre 

One gram oven dried sample as mentioned in 3.6.2.1 was weighed and kept in a 

500 ml capacity spoutless beaker, 100 ml neutral detergent solution, 0.5g sodium 

sulphite and 2 ml decahydronapthalene was added to it and the solution refluxed for 1 

hour on the hot plate as per method of Goering and Van-soest (1970). After 1 hour, 

contents of the beaker was filtered using vaccume filter machine and filtrate was 

collected in pre-weighed crucibles (Wo), washed first with hot water and then with 

acetone twice. Crucibles were then dried overnight in the hot air oven and weighed 

(W1). The NDF content was calculated and expressed in per cent as follows:  

            ( ) 100
.

1
% x

takensampledriedovenofwt
WoW

NDF
-

=
 

3.6.2.5 Acid - detergent fibre 

One gram oven dried sample as mentioned in 3.6.2.1 was weighed and kept in 

to 500 ml capacity spoutless beaker, 100 ml acid detergent solution, 2 ml 

decahydronapthalene added to it and the solution refluxed for 1 hour on the hot plate as 

per method of Goering and Van-soest (1970). After 1 hour, content of the beaker was 

filtered using vaccume filter machine and filtrate was collected in pre-weighed 

crucibles (Wo), washed first with hot water and twice with acetone and finally with 
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hexane. Crucibles were then dried overnight in the hot air oven and weighed (W1). The 

ADF content was calculated and expressed in per cent as follows:  

        ( ) 100
.

1
% x

takensampledriedovenofwt
WoW

ADF
-

=  

3.6.2.6 Hemicellulose 

The difference between the NDF and ADF was taken as hemicelluloses per 

cent. 

3.6.2.7 Cell content 

Cell content was also calculated as per formula given below: 

                                  Cell content (%) = 100 – NDF (%) 

3.6.2.8 Total ash 

Five gram oven dried sample as mentioned in 3.6.2.1 was de-smoked on a 

heater and ignite at 550°C in muffle furnace for 2 hours and cooled (ISI, 1975) The 

weight of residual ash in previously weighed crucible was taken as total ash. The ash 

content was calculated and expressed in per cent as follows:    

                             ( ) 100% x
ashingfortakensampleofWeight

ashofWeight
Ash =

 

3.6.2.9 Nutrient concentration (NPK) in plant 

 Nitrogen, Phosphorus and Potassium content in plant were estimated from the samples 

obtained at 3.6.2.1 by using following method.  

Nutrients Method used 

Nitrogen Modified micro kjeldhal method 

Phosphorus Wet digestion molybdophosphoric acid method 

Potassium Flame emission spectophotometry  method 

 

3.6.2.10 Estimation of nitrogen by microkjeldhal method in Plant sample 

Principle: The Kjeldahl method consists of three basic steps: 1) digestion of the sample 

in sulfuric acid with a catalyst which results in conversion of nitrogen to ammonia; 2) 
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distillation of the ammonia into a trapping solution; and 3) quantification of the 

ammonia by titration with a standard solution. 

Apparatus: 

1) Kjeldahl flasks (500 to 800 ml) 

2) Kjeldahl digestion stand 

3) Steam distillation apparatus (Gerhardt assembly) 

Reagent: 

1) Sulphuric acid, (concentrated 95-98%) 

2) Sulphate mixture- Mix 20 parts of K2SO4 and 1 part of catalyst mixture (20 

parts of CuSO4 and 1 part of Selenium powder) 

3) Boric acid (4%) 

4) NaOH (40%) 

5) Standard H2SO4 (0.005N) 

6) Sodium thiosulphate powder 

 Procedure; 

(A) Digestion: 

1) Transfer 0.5 g powdered plant sample to a 100 ml Kjeldahl flasks. 

2) Add 10 ml H2SO4 and swirl gently to bring the dry sample in contact with the 

regent. Allow it to stand overnight. 

3) Next day add 5 g sodium thiosulphate and heat gently for about 5 minutes. 

4) Cool the content and add 10g sulphate mixture. Digest on Kjeldahl apparatus at 

full heat (1500 C for 45 minutes and then at 3500 C for another 45 minutes). 

5) Upon completion of digestion, cool the digest and dilute with some water. 

(B) Distillation:  

1) Transfer the digested sample into a kjeldahl distillation tube.  
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2) The distillation was done with the help of Gerhardt assembly in which about 

operation performs automatically.  

(C)      Titration 

1) After completion of distillation, take out the conical flask containing the distillate 

from the unit and titrate the contents against standard H2SO4 (0.005 N) till the 

bluish green colour turn pink. 

2) Run a blank distillation without the plant digest and note down the blank titration 

value. 

(C) Observation and Calculation 

Weight of sample- 0.5 g 

Normality of H2SO4- 0.005N 

Volume of digestion- 100 ml 

Volume of aliquot taken-5 ml 

Titration value (TV)- Sample titration (ml) – blank titration (ml) 

N% in plant= TV× 0.00007×100×100/(0.5×5) 

1 ml 0.005 N H2SO4 = 0.00007 g N 

3.6.2.11 Estimation of Phosphorus in Plant sample 

Principle: When vanadomolybdate and phosphate radical reacts in nitric acid medium 

a heteropoly compound is formed which is yellow in colour. The intensity of yellow 

colour is measured in a spectrophotometer at 420 nm. The amount of P in the plant 

sample is determined from the absorbance values. 

Reagents 

1. Ammonium molybdate – ammonium vanadate in HNO3 (Barton’s reagent) 

a) Dissolve 22.5 g of ammonium molybdate in 400 ml of warm distilled water. 

b) Also dissolve 1.25 g of ammonium metavanadate in 150 ml of boiling water. 

c) Add the two solutions and cool to room temperature. 

d) Add 250 ml of concentrated nitric acid (HNO3) and dilute to 1 L. 
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2. Standard P solution: Dissolve 0.2195 g of analytical grade KH2PO4 and dilute to 1 

L. This solution contains 50 µg P / ml. 

3. Di-acid digestion: It is carried out using 9:4 of HNO3 : HClO4. 

a) Weigh 1 g ground plant material in 100 ml conical flask. 

b) To this add 10 ml of acid mixture and swirl the content of the flask gently. 

c) Keep for overnight for pre digestion. 

d) Place the flask on low heat hot plate in a digestion chamber then heat the 

contents at higher temperature until the production of red N2O fumes ceases. 

e) Evaporate the contents until 3 to 5 ml digest is obtained but not to dryness. The          

Completion of digestion is confirmed when the liquid become colourless. 

f) After cooling the flask, add 20 ml of deionized or glass distilled water to the 

plant digest. Transfer the digest quantitatively into a 100 ml volumetric flask 

with the help of filter paper whatman No. 1. 

g) Make up the volume with deionized water. 

4. Procedure 

   Preparation of standard curve: 

1) Transfer 0, 1, 2, 3, 4 and 5 ml of standard solution into 50 ml volumetric flasks 

and add 10 ml of vanadomolybdate reagent to each flask. Make up the volume 

with distilled water to obtain 0, 1, 2, 3, 4 and 5 ppm P standards respectively. 

Read the absorbance after 30 minutes. 

2) Plot the absorbance (Y axis) against concentration of working standards (X 

axis). Linear calibration curve is established. 

5. Sample preparation 

1) Pipette out 5 ml of plant digest into a 50 ml of volumetric flask. 

2) Add 10 ml of Barton’s regent shake well and make up the volume. 

3) Allow to stand for 30 minutes for yellow colour development. 

4) Read the intensity of the colour at 420 nm in a spectrophotometer. 
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5)     Plot the absorbance value in the standard graph to obtain the concentration of P in 

the coloured solution (X ppm). 

6. Calculation 

           P % = ppm P (from calibration curve) × V1/Wt × 100/V2×1/10000 

 Where: 

         V1 = Total volume of the plant digest (mL)  

         V2 = Volume of plant digest used for measurement (mL)  

         Wt= Weight of dry plant (g) 

3.6.2.12   Estimation of Potassium in Plant sample 

Principle: When liquid samples containing potassium is burnt in the flame, K emits 

photons characteristic of its wave length. The intensity of the emission is proportional 

to the K content. By measuring the intensity in flame photometer the K content is 

determined. 

Preparation of working standards: Dissolve 1.907 g of AR grade KCl in 1 liter of 

distilled water. This gives 1000 ppm K. From this different working standards are 

prepared. Dilute 0, 1, 2, 3, 4 and 5 ml of the stock solution 100 ml to obtain 0, 10, 20, 

30, 40 and 50 ppm K working standards. 

Procedures: 

1) Pipette out 5 ml of plant digest into a 25 ml volumetric flask and dilute to 25 ml 

with distilled water. 

2) Aspirate the standards and then the sample to the flame and note the meter 

reading and calculate the K content by referring to the standard curve prepared. 

3.6.3 Yield 

3.6.3.1 Green forage yield 

Crops from net area of each plot were harvested separately and weighed in kg 

with the help of spring balance and expressed as q/ha.  



Materials and Methods.........! 

3.6.3.2 Dry matter yield (DMY) 

Dry matter yield was calculated by using the following formula and expressed 

as q/ha. 

              ( ) ( )
%

100
/

/ matterDryX
haqyieldforageGreen

haqyieldmatterDry =
 

3.6.3.3 Crude protein yield (CPY) 

Crude protein yield was calculated by using the following formula and 

expressed as q/ha. 

                                                      
( ) ( )

100
/% haqDMYXCP

CPY =  

3.6.3.4 Digestible dry matter yield (DDMY)  

Digestible dry matter yield of each plot was calculated by using fallowing 

formula: 

                        

( ) ( )
100

/%
)/(

haqDMYXDMD
haqDDMY =

 

Where, 

DMD: Dry matter Digestibility                  DMY: Dry matter yield 

3.7 Statistical analysis 

                    The data collected from the experiment at different growth stages have 

been subjected to statistical analysis, appropriate to Randomized Block Design 

(Cochran and Cox, 1966). Whenever treatments exhibited significance at five percent 

level of probability the critical differences have been be calculated as follows:  

                             
nsreplicatioofNumber

squareofsummeanError
SEm =±  

                       CD = SEm± × 2  × t (0.05) at error degree of freedom 
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Results and Discussion  

 

The results obtained during Rabi season of 2012-13 are interpreted on the basis 

of statistical analysis and documented graphically wherever found necessary. The 

results of the experimental study carried out are subsequently discussed in light of the 

available literature along with cause and effect relationships. Appropriate reasons for 

the current research findings are also incorporated in this chapter. 

Table 4: Plant height (cm/plant) of different crops at different cuttings  

Treatments 

Plant height (cm/plant) 

Cutting 

1 2 3 4 5 6 7 

Lucerne (Baralfa IN) 20.2 20.6 37.6 52.5 75.8 62.6 53.9 

Red clover (Barduro) 10.6 10.7 18.1 32.0 38.3 36.7 34.8 

Berseem (Mescavi) 27.8 32.0 61.7 69.0 78.8 76.3 - 

Oat (Genie Oat) 51.4 52.1 61.9 54.6 52.0 47.4 - 

Oat (UPO-212) 59.3 74.6 79.2 64.8 62.7 53.0 - 

Rye grass (Makkhan grass) 38.2 38.5 50.7 56.0 63.7 61.4 - 

Rye grass (Local rye) 38.6 45.4 62.7 63.0 65.2 63.2 - 

SEm± 0.9 0.9 0.9 0.8 0.9 1.0 - 

CD at 5% 2.6 2.5 2.5 2.2 2.5 3.1 - 

 

 

Fig 5: Plant height of different forage crops at different cuttings 
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Plant height 

The data on plant height are presented in table- 4 and depicted in figure- 5. The 

analysis of variance is given in Appendix- II. 

Plants of berseem (mescavi) were significantly taller compared to other crops at 

4th, 5th and 6th cuttings, while at 1st , 2nd and 3rd cuttings, these plants were significantly 

taller than other leguminous cool season forage crops (lucerne and red clover). The 

taller berseem (Mescavi) plants might be due to genetic makeup as well as the 

environmental conditions (Hasina et al. 2013; Mandal et al., 1998). At all cuttings, the 

plants of red clover (Barduro) were significantly shorter than other crops under study 

(Table- 4). This might be due to environmental conditions especially temperature which 

influences the height of red clover. In the present study, with increased in temperature 

from 10oC to optimum 24-27o C the height of plants also increased but in late April 

onward decreased. Which is contradicting with the finding of (Ledgard et al., 1988 and 

Brock et al. 1989) who worked under conditions where summer temperatures remain 

240 C. Among oat varieties, plants of UPO-212 were significantly taller compared to 

genie oat at all cuttings. The plants of oat variety UPO-212 are genetically taller 

compared to other varieties (UPO-270 and JHO-822) as has been observed by Joshi  

et al. (2000); Jain (1994) and Singh (1994). Among rye grass At 1st, 5th and 6th 

cuttings, both the varieties had statistically similar plant height, while at 2nd, 3rd and 4th 

cuttings, the plant height of local rye was significantly more compared to makkhan 

grass. The local rye grass plants attained more height during early stages (2nd, 3rd and 

4th cuttings) but later in subsequent cuttings the height decreased due to short growth 

duration and increased temperature (Appendix- I) while Makkhan grass is perennial in 

nature which is mostly grown in temperate countries where the conditions are 

favourable for growth and it can sustain below 50C temperature (Moser and Hoveland, 

1996). 
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Table 5: Number of tillers/plant of different crops at different cuttings 

Treatments 

Number of tillers/plant 

Cutting 

1

Calculator.lnk  

2 3 4 5 6 

Lucerne (Baralfa IN) 3.5 4.4 6.5 7.3 10.0 9.0 

Red clover (Barduro) 3.5 4.3 6.7 7.8 13.0 12.0 

Berseem (Mescavi) 4.0 5.0 8.3 9.2 10.0 9.0 

Oat (Genie Oat) 3.9 8.0 6.8 5.9 5.0 5.0 

Oat (UPO-212) 3.9 4.0 7.0 7.0 6.3 5.0 

Rye grass (Makkhan 
grass) 5.0 6.0 11.3 10.9 9.0 8.0 

Rye grass (Local rye) 5.1 7.0 8.9 9.7 9.0 7.0 

SEm± 0.2 0.5 0.6 0.7 0.7 0.6 

CD at 5% 0.5 1.6 1.8 2.0 2.0 1.8 

 

 

  

Fig 6: Number of tillers/plant of different forage crops at different cuttings 
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Number of tillers/plant 

The data on number of tillers are presented in table- 5 and depicted in figure- 6. 

The analysis of variance is given in Appendix- III. 

Among leguminous rabi season forage crops, numbers of tillers were higher in 

berseem (Mescavi) but it was statistically similar to lucerne (Baralfa In) and red 

clover (Barduro) at 1st, 2nd and 3rd cuttings (Table-5). Tillers were higher in berseem 

(Mescavi) at early stage due to favourable environmental (Hannaway et al., 2004; 

Suttie, 1999) while in the case of lucerne (Baralfa IN), low branching in winter ( < 

100 C) was observed which might be due to dormant and late summer due to storing 

energy reserves in their roots for next season as it is perennial in nature as well as 

unavailability of optimum temperature (250 C) for growth and development (Zanin, 

1998; McDonald et al., 2003 and Sheaffer et al., 1991). At 5th and 6th cuttings, 

number of tillers were significantly more in red clover compared with remaining 

leguminous rabi season forage crops which might be due to increase in favourable 

environmental conditions especially temperature (> 240C) but late April onward 

decrease in tillers par plant was observed which is contradicting with vigorous growth 

obtained in summer as reported by Ledgard et al. (1988) and Laidlaw and Stewart 

(1987) as the branching is highly influenced by temperature, defoliation, mineral 

nutrition and inter-plant competition. The location effect might be a reason for this 

contradicting result numbers of tillers were similar in berseem and lucerne at 5th and 

6th cuttings. Among oat varieties, numbers of tillers were significantly more in genie 

oat compared with UPO-212 at 2nd cutting, while it was statistically similar with 

UPO-212 at all other cuttings. Both oat varieties had mostly similar number of tillers 

except at 2nd cutting but slightly higher tillers in UPO-212 might be due to genetic 

makeup and slight increase in temperature (33.30C/14.80C) till April (Appendix- I). 

These results are in agreement with earlier work of Joshi et al. (2005) who reported 

that taller plants, tillers/plant and LAI were higher in UPO-212 than other varieties 

and Smith (1974) observed high growth rate at 27/210 C and lowest at high 

temperature 32/260C. Among rye grass varieties, at 1st, 2nd, 4th, 5th and 6th cuttings, 

the tillers were statistically similar in both varieties but at 3rd cutting, tillers were 

significantly more in makkhan grass compared to local rye. Both rye grass varieties 

having statistically similar numbers of tillers might be due to genetic character of 

plant but local rye had slightly lower tillers at later stage due to increase in 
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temperature and degeneration of roots as rye grass requires temperate climate 

(Report of Australian Govt., 2008) and also due to fact that ryegrasses are not much 

tolerant to high temperatures (Mitchell, 1956) while the makkhan grass grown as 

perennial can grow at 350C (Moser and Hoveland, 1996). The tiller density of rye 

grass decreases with periods of extremely low rainfall and high temperatures might 

also be a reason for relatively low tillering in rye grass (Lowe et al., 2008; Nie et al., 

2004 and Thom et al., 1998a)  

Table 6: Number of leaves/ m row length of different crops at different cuttings 

Treatments 

Number of leaves/ m raw length 

Cutting 

1 2 3 4 5 6 7 

Lucerne (Baralfa IN) 216 260 548 800 968 872 760 

Red clover (Barduro) 232 336 408 708 944 848 732 

Berseem (Mescavi) 132 180 600 796 660 616 - 

Oat (Genie Oat) 352 624 424 444 440 340 - 

Oat (UPO-212) 348 520 468 372 280 256 - 

Rye grass (Makkhan grass) 580 800 672 532 616 576 - 

Rye grass (Local rye) 604 864 712 584 620 592 - 

SEm± 9 21 54 35 11 4 - 

CD at 5% 28 60 160 104 32 16 - 
  

 

Fig 7: Number of leaves/ m row length of different forage crops at different 
cuttings 
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Number of leaves/ m row length  

The data pertaining to number of leaves are given in table- 6 and depicted in 

figure- 7. Their analysis of variance is given in Appendix- IV. 

All the leguminous rabi season forage crops had similar numbers of leaves at 4th 

cutting. Leaves of red clover (Barduro) were significantly higher compared to berseem 

and lucerne variety at 2nd cutting while it was statistically similar in case of lucerne 

(Baralfa IN) at 1st cutting. Leaves of berseem (Mescavi) at 3rd cutting were higher but it 

was at par with lucerne variety while it was significantly less at 1st and 2nd cutting 

compared to lucerne (Baralfa IN) and red clover (Barduro). Leaves of berseem 

(Mescavi) were less at early stage due to lower temperature (50C to 9.50C) or at later 

stage where higher temperature prevailed (Appendix- I). Reduction in less number of 

leaves at early and later stage might be due to sever cold and high temperature 

respectively (Alfred, 2012 and Joshi et al., 2006). Leaves of lucerne (Baralfa IN) 

increased in subsequent cuttings from 1st to 5th due to optimum temperature (Sheaffer 

et al., 1991 and Zanin, 1998) and were significantly higher compared to berseem 

(Mescavi) and red clover (Barduro) at 6th cutting while it was statistically at par with 

red clover at 5th cutting. Leaves of red clover (Barduro) were less at early stage and 

more at later stage because of temperature but again decreased after April which is 

contradicting with the earlier observations that vigorous growth of red clover is 

obtained in summer due to linear relationship between rate of leaf appearance from a 

stem and temperature between the base and optimum cardinal temperatures for plant 

development means that the process can be quantified by a single phyllochron in 

thermal time (Ledgard et al., 1988; Hay and Porter, 2006) which might be due to 

variation in location. Among oat varieties, leaves of both varieties were statistically 

similar at 1st, 3rd and 4th cuttings while at 2nd, 5th and 6th cuttings leaves of genie oat 

were significantly higher compared to UPO-212. At early stages (1st, 3rd and 4th 

cuttings) similar leaves in both oat varieties might be due to environmental conditions 

especially optimum temperature and light intensity. At later stage UPO-212 had early 

senescence of leaves due to increased temperature which might have caused more 

degeneration of roots of UPO-212 compared to that of genie oat resulting in reduced 

leaves (Table-6). The results are in accordance with the findings of Roy (2005) and 

Smith (1974) who observed high growth rate at (27/210C) and lowest at high 

temperature (32/260C).  
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Among rye grass, though leaves were higher in local rye grass at all the cuttings 

but it had significantly higher leaves at 2nd cutting compared to makkhan grass. Higher 

leaves in local rye grass compared to makkhan grass might be because of its erect and 

busy growth habit. At later stages, leaves decreased in both rye grass varieties due to 

unfavourable environmental conditions. The results are in conformity with the finding 

of Lyttleton (1973) and Smith et al., (2005) who observed that cultivars of rye grass 

did not differ in the proportion of leaf. 

Table 7: Dry matter accumulation through leaves 

Treatments 

Dry matter accumulation through leaves (g/m row) 

Cutting 

1 2 3 4 5 6 Total 

Lucerne (Baralfa IN) 18.0 16.4 5.2 30.8 58.0 58.0 186.4 

Red clover (Barduro) 20.4 10.0 14.8 26.8 57.2 33.2 162.4 

Berseem (Mescavi) 15.2 11.2 20.8 30.4 46.8 25.6 150.0 

Oat (Genie Oat) 22.8 34.4 36.0 40.0 45.2 28.8 207.2 

Oat (UPO-212) 20.8 14.0 30.8 30.8 33.2 30.0 159.6 

Rye grass(Makkhan grass) 23.6 16.4 13.2 30.8 38.0 20.8 142.8 

Rye grass (Local rye) 19.2 10.8 27.2 16.4 26.8 16.0 116.4 

SEm± 2.4 2.8 18.4 3.2 6.0 2.4 2.8 

CD at 5% NS 8.0 5.6 8.8 NS 7.2 6.3 

 

Fig. 8: Dry matter accumulation through leaves 
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Dry matter accumulation through leaves 

The data on dry matter accumulation through leaves are presented in table -7 

and depicted in figure-8. The analysis of variance is given in Appendix- V. 

Total dry matter accumulation through leaves was significantly more in genie 

oat compared to remaining crops/varieties. Lucerne (BaralfaIN) among leguminous, 

genie oat among oat and makkhan grass among rye grass had significantly more dry 

matter accumulation through leaves.  

At different cuttings dry matter accumulation through leaves was not 

significant at 1st and 5th cuttings for all crops. Among leguminous rabi season 

forage crops, dry matter accumulations through leaves was statistically similar at 2nd 

and 4th cuttings, while at 3rd cutting, it was significantly higher in berseem 

(Mescavi) compared to lucerne and red clover variety. It might be due to more 

number of leaves under favourable environment condition which provide higher 

surface area for photosynthesis but at later stage leaf senescence is common leading 

to lower dry matter accumulation in leaves. Increase in dry matter accumulation 

through leaves from 1st to 5th cuttings has been observed by Griffin et al. (1994) 

and Alfred (2012). At 6th cuttings dry matter accumulations through leaves were 

significantly higher in lucerne (Baralfa IN) compared to berseem (Mescavi) and red 

clover (Barduro) and other crops under study. It might be due to the perennial 

growth nature and drought tolerance of lucerne producing leaves in summer also 

which helps in photosynthesis ultimately increased dry matter accumulation. The 

results are in conformity with the finding of Jasjeet et al. (2011), Kokate (1990) 

and Echarte (2008). Among oat varieties, dry matter accumulations through leaves 

was significantly higher in genie oat compared to UPO-212 at 2nd and 4th cutting, 

while it was statistically similar at 3rd and 6th cuttings. More dry matter 

accumulation through leaves in genie oat might be due to higher rate of CO2 

fixation, duration of crop, photosynthetic area, number of leaves (Table-6) and 

higher photosynthesis efficiency and environmental factors but in both the oat 

varieties dry matter increased till 5th cutting and at later stages it decreased due to 

leaves senescence (Roy, 2005). Among rye grasses, dry matter accumulation 

through leaves was statistically similar at 2nd and 6th cutting, and at 3rd cuttings; dry 
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matter accumulations through leaves was significantly higher in local rye compared 

to makkhan grass. At 4th cutting dry matter accumulations through leaves was 

significantly higher in makkhan grass compared to local rye. Higher dry matter 

accumulations through leaves in local rye at 3rd cutting might be due to more 

number of leaves (Table-6) which provide more surface area for CO2 fixation, while 

at 4th cuttings, dry matter accumulations through leaves was higher in makkhan 

grass due to environmental factor but in both ryegrass varieties, dry matter 

accumulations through leaves increased till April and later decreased due less 

number of leaves (Table-6). Pattern of rate of dry matter accumulation of a crop 

canopy is typically characterized by a sigmoid curve. Three more or less distinct 

phases can be distinguished (i) a period of exponential growth during early 

development, followed by (ii) a period of more or less constant rate dry matter 

accumulation, and (iii) a period of declining crop growth rates during the final 

phase of development when green leaf area declines due to leaf senescence and leaf 

photosynthesis declines due to leaf aging (Echarte L., 2008). These factors might 

have been the reason for observation of present investigation.  

Table 8: Dry matter accumulation through stem 

Treatments 

Dry matter accumulation through stem (g/m row) 

Cutting 

1 2 3 4 5 6 Total 

Lucerne (Baralfa IN) 6.8 8.0 4.8 24.4 64.4 73.2 181.6 

Red clover (Barduro) 8.8 4.8 9.2 19.2 66.0 44.0 152.0 

Berseem (Mescavi) 8.8 9.2 24.4 42.8 69.2 47.6 202.0 

Oat (Genie Oat) 7.2 19.6 30.8 31.2 54.4 38.4 181.0 

Oat (UPO-212) 6.8 14.4 23.2 32.8 41.6 44.0 162.8 

Rye grass(Makkhan grass) 7.2 10.0 8.8 26.8 55.6 34.8 143.2 

Rye grass (Local rye) 10.0 8.4 14.0 21.2 55.6 40.0 149.2 

SEm± 0.8 2.0 3.6 4.4 6.8 3.2 2.5 

CD at 5% NS 6.0 10.4 12.8 NS 9.6 7.1 
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Fig 9: Dry matter accumulation through stem 

Dry matter accumulation through stem 
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(Baralfa IN) compared to berseem and red clover variety. Continuous increase in dry 

matter accumulations through stem in lucerne might be due to its perennial nature and 

drought tolerance capacity producing more number of leaves till May (Table-6) but at 

later stages dry matter decreased in stem. At later stage (after May) green leaf area 

declines due to leaf senescence and leaf photosynthesis declines due to leaf aging 

resulting in decreased dry matter. The results are conformity with the finding of 

Kokate (1990) and Echarte (2008). Among oat varieties, dry matter accumulation 

through stem of both varieties was statistically similar at 2nd, 3rd, 4th and 6th cuttings. 

Similar was the trend among rye grass varieties. Continuous increase in dry matter 

accumulations through stems in oat and ryegrass varieties till 5th cutting might be due 

to better environmental factor for regeneration and growth of plants after each cutting 

but at later stages decrease in dry matter was due to leaves senescence and less number 

of leaves (Table-6). The results are conformity with the finding of Echarte (2008) and 

Reddy (2012).  

Table 9: Dry matter accumulation through plants/m row length  

Treatments 

Dry matter accumulation through plants/m row 
length 

Cutting 

1 2 3 4 5 6 Total 

Lucerne (Baralfa IN) 24.8 24.4 10.0 55.2 122.4 131.2 368.0 

Red clover (Barduro) 26.4 14.8 24.0 46.0 123.2 73.2 307.0 

Berseem (Meacavi) 24.0 20.4 45.6 73.2 116.0 73.6 352.8 

Oat (Genie Oat) 30.0 54.0 66.4 71.2 99.6 67.2 388.4 

Oat (UPO-212) 27.6 28.4 54.0 63.6 74.8 73.6 322.0 

Rye grass (Makkhan grass) 30.8 26.4 22.0 57.6 93.6 55.6 286.0 

Rye grass (Local rye) 29.2 19.2 41.2 37.6 82.4 56.0 265.6 

SEm± 3.2 4.8 4.8 6.8 12.4 5.6 4.6 

CD at 5% NS 13.6 14.0 20.4 NS 16.8 13.4 
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Fig 10: Dry matter accumulation through plants/m row length 

 

Dry matter accumulation through plants (g/m row length) 
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lucerne might have helped in leaf production but in red clover declined trend was 

observed. The capacity of plant to accumulate dry matter is determined by its genetic 

rate of CO2 fixation, photosynthetic area, duration of crop, tillers/plant and 

environmental factor besides management practices (Jasjeet et al., 2011 and Roy, 

2005). Among oat varieties, dry matter accumulations by plants was significantly 

higher in genie oat compared with UPO-212 at 2nd cutting while at 3rd, 4th and 6th 

cuttings it was statistically similar in both the varieties and decreased dry matter 

accumulations with advancement in crop duration which might be due to reduce plant 

height (Table-4), number of leaves (Table-6), there by reduced CO2 fixation at later 

stages and enhanced values of these growth parameter at early stages (Echarte, 2008). 

Among rye grasses, dry matter accumulations by crop plants was significantly higher in 

local rye compared with makkhan grass at 3rd cutting, while it was statistically similar 

with makkhan grass at 2nd, 4th and 6th cuttings. Dry matter accumulation by makkhan 

grass decreased till 3rd cutting, further increased upto 5th cutting and decreased 

thereafter. It might be due to temperature variation which caused variation in dry matter 

accumulation. In the case of local rye grass, dry matter accumulation decreased till 2nd 

cutting and further increased at 3rd cutting and decreased at 4th cutting however it again 

increased at 5th cutting and further decreased. Variation in dry matter accumulation in 

plants might be due temperature variation. Since nutritive value of perennial ryegrass 

varies throughout the growing season (Walsh et al., 1987; Johnston et al., 1993).This 

might have caused variation in dry matter accumulation at different cuttings. 

Table 10: Leaf:Stem (dry weight basis) of different crops at different cuttings  

Treatments 

Leaf:Stem (dry weight basis) of different crops at 
different cuttings 

Cutting 

1 2 3 4 5 6 
Lucerne (Baralfa IN) 2.64 2.04 1.08 1.26 0.90 0.80 

Red clover (Barduro) 2.32 2.08 1.61 1.39 0.86 0.76 

Berseem (Mescavi) 1.72 1.21 0.85 0.70 0.67 0.53 

Oat (Genie Oat) 3.15 1.76 1.16 1.28 0.83 0.75 

Oat (UPO-212) 3.05 0.98 1.33 0.93 0.79 0.69 

Rye grass (Makkhan grass) 3.27 1.64 1.51 1.15 0.67 0.60 

Rye grass (Local rye) 1.92 1.28 1.94 0.77 0.48 0.40 

SEm± 0.25 0.14 0.20 0.03 0.04 0.01 

CD at 5% 0.73 0.40 0.57 0.09 0.13 0.03 
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 Fig 11: Leaf:Stem (dry weight basis) of different forage crops at different cuttings  
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at 4th cutting leaf:stem ratio was higher than berseem and lucerne variety which 

might be due to less accumulation of photosynthetic material in stem. The results 

are in conformity with the finding of Griffin et al. (1994). Among oat varieties, 

leaf:stem ratio of both the varieties was statistically similar at 1st, 3rd, and 5th 

cuttings while that of genie oat was significantly higher compared to UPO-212 at 

2nd, 4th and 6th cuttings. Decreased leaf:stem ratio of genie oat and UPO-212 with 

advancement of crop age might be due to reduction in number of leaves (Table-6) 

and more dry matter accumulation in stem (Table-8) but at 3rd cutting leaf : stem of 

genie oat slightly declined than 4th cutting might be due to change in temperature 

and more dry matter accumulation in stem (Table-8) than leaves. At 3rd cutting, 

leaf:stem ratio of UPO-212 increased slightly compared to 4th cutting which might 

be due to more number of leaves (Table-6). It has been reported earlier that the 

leaf:stem ratio of oat varieties remains higher at early stage of the crop and declined 

with the crop age (Joshi, 1980). Among rye grass, leaf:stem ratio of both the 

varieties was statistically similar at 2nd and 3rd cuttings while at remains cuttings 

leaf : stem ratio of makkhan grass significantly higher compared to local rye. Better 

adoption of makkhan grass with change in temperature might have enhanced leaf : 

stem ratio (Moser and Hoveland, 1996).  

Table 11: Green forage yield (q/ha) of different crops at different cuttings  

Treatments 

Green forage yield (q/ha) 

Cutting 

1 2 3 4 5 6 7 Total 

Lucerne (Baralfa IN) 36.1 41.5 165.8 249.4 251.0 228.1 164.6 1134.3 

Red clover (Barduro) 2.9 9.6 60.1 132.1 134.0 122.2 37.7 498.8 

Berseem (Mescavi) 55.6 62.2 226.8 286.8 300.0 45.3 - 976.9 

Oat (Genie Oat) 53.4 100.9 129.6 92.0 87.6 9.2 - 472.5 

Oat (UPO-212) 67.8 127.8 131.3 92.9 85.1 8.6 - 513.4 

Rye grass (Makkhan grass) 42.4 117.5 222.3 129.4 79.6 19.0 - 609.9 

Rye grass (Local rye) 41.2 65.6 211.9 112.7 63.6 16.9 - 511.9 

SEm± 2.6 4.5 1.4 1.3 2.1 0.9 - 7.9 

CD at 5% 7.5 13.2 4.1 3.7 6.1 2.6 - 23.1 
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Fig 12: Green forage yield (q/ha) of different forage crops at different cuttings 
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temperature for growth and development. In leguminous forage crops leaf weight, stem 

weight and plant weight have been positively associated with the forage yield (Jatasra, 

1981; Taneja et al., 1987; Suttie, 1999; Tiwana et al., 2003; Hannaway et al., 2004 

and ICAR, 2012). Green forage yield of red clover (Braduro) was significantly less 

compared to other crops at 1st, 2nd and 3rd cuttings. It might be due to shorter plant 

height at early stage (Table-4) but at later stage more plant height(Table-4), number of 

tillers/plant (Table-5) and more number of leaves(Table-6) might have attribute to more 

green forage yield while at 6th cutting green forage yield decreased due to degeneration 

of reproductive growth portion (Ledgard et al., 1988., Harris & Kunelius, 1988 and 

Taylor et al., 1996). The optimum temperature for red clover growth as 25-27°C which 

was prevalent in the present study also (Appendix- I). At 7th cutting, green forage yield 

of lucerne (Baralfa IN) was significantly higher compared to red clover. It might be due 

to taller plants (Table-4), perennial growth habit, drought tolerance, optimum 

temperature at late summer. Lucerne is drought tolerant because lucerne has a deep root 

system with a straight taproot that can cover a depth of more than 15 m leading to more 

water and nutrient uptake (Hayman and McBride, 1984; Sheaffer et al., 1991; 

Jasjeet et al., 2011 and Kokate, 1990). At 1st and 2nd cuttings, oat variety UPO-212 

had significantly higher green forage yield compared to genie oat. At 3rd, 4th, 5th and 6th 

cuttings, both the oat varieties had statistically similar green forage yield. Green forage 

yield of UPO-212 higher at early stage because of its genetic potential and optimum 

temperature along with taller plants (Table-4) and more number of tillers per plant 

(Table-5). Superiority of UPO-212 over other varieties in term of green forage yield 

and dry matter yield due to more plant height, LAI and dry matter accumulation in 

leaves and stem has also been reported earlier (Joshi et al., 2005 and Chandra, 2000). 

Green forage yield of UPO-212 was statistically at par with makkhan grass at 2nd 

cutting. Among rye grasses at 1st and 6th cuttings both the varieties had statistically 

similar green forage yield. At 2nd, 3rd, 4th and 5th cuttings, makkhan grass had 

significantly higher green forage yield compared to local rye. Lower green forage yield 

of both rye varieties at 1st and 6th cutting might be due to unfavourable temperature at 

these stages (5.70 C and 38.70 C) but at 2nd, 3rd, 4th and 5th cuttings higher yield of 

makkhan grass might be due to more number of tillers per plant, more dry mater 

accumulation in plants (Table-9) and favourable temperature (Appendix- I). The results 

corroborate with the Anonymous (2012) on rye grass.  
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Table 12: Dry matter content (%) of different crops at different cuttings  

Treatments 

Dry matter content (%) of different crops at different 
cuttings 

Cutting 

1 2 3 4 5 6 7 

Lucerne (Baralfa IN) 11.6 14.6 13.5 20.2 21.9 24.4 25.9 

Red clover (Barduro) 10.0 13.3 17.0 15.8 16.8 18.4 22.0 

Berseem (Mescavi) 12.0 13.0 13.0 16.5 20.4 22.2 - 

Oat (Genie Oat) 10.7 12.0 14.0 14.6 18.1 18.1 - 

Oat (UPO-212) 11.2 13.0 16.0 16.6 21.2 21.0 - 

Rye grass(Makkhan grass) 13.3 13.4 16.0 17.5 21.4 21.4 - 

Rye grass (Local rye) 12.3 13.6 15.9 15.6 24.7 22.6 - 

SEm± 0.3 0.2 0.2 0.5 0.5 0.5 - 

CD at 5% 0.8 0.7 0.6 1.3 1.4 1.6 - 

 

Fig 13: Dry matter content (%) of different forage crops at different cuttings 

Dry matter content 

The data on dry matter content are presented in table-12 and depicted in figure-
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dry matter accumulation in plant (Table-9). Positive correlation of berseem dry matter 

with stem weight, leaf weight, plant height and leaf weight has been observed by earlier 

worker (Jatasra, 1981; Tiwana et al., 2003 and Alfred, 2012). Dry matter per cent of 

red clover (Barduro) was significantly lower compared to remaining crops (except 

genie oat) at 1st cutting which might be due to shorter plants height (Table-4) and 

unfavourable environmental condition which led to low accumulation of dry matter but 

with advancement in crop age, dry matter content increased till May because of the 

higher value of growth parameters (Tables-4, 5, 6, 7 and 8) on account of favourable 

temperature (Appendix- I).The results are in accordance with the results reported by 

Hakl et al. (2003), Dubbs et al. (2003) and Homolka et al. (2012). Dry matter per cent 

of red clover (Barduro) was statistically at par with genie oat at 5th and 6th cuttings 

while dry matter per cent of lucerne (Baralfa IN) was significantly higher compared to 

leguminous rabi season forage crops and other crops at 2nd, 4th, 5th, 6th and 7th cuttings 

but at 3rd cutting, dry matter per cent of red clover (Barduro) was significantly higher 

compared to remaining crops. Increased dry matter content of lucerne (Baralfa IN) 

from 2nd to 7th cuttings (except 3rd cutting) might be due to increased plants 

height(Table-4), number of leaves (Table-6), number of tillers/plant(Table-5) as this 

crop has better drought tolerance capacity due to deep tap roots system (McDonald  

et al., 2003; Jasjeet et al., 2011; Kokate, 1990 and Monsanto, 2003). Among oat 

varieties, dry matter per cent of UPO-212 was significantly higher compared to genie 

oat at all the cuttings except at 1st cutting, where both the oat varieties had statistically 

similar dry mater per cent. The taller plants height (Table-4) and more number of tillers 

per plant (Table-5) might have enhanced the dry matter content. Superiority of UPO-

212 over other oat genotypes has also been reported earlier worker (Reddy, 1976; Jain, 

1994 and Singh, 1994). Among rye grasses, dry matter per cent of makkhan grass was 

significantly higher compared to local rye at 1st and 4th cuttings, while at 5th cutting, dry 

mater per cent of local rye was significantly higher than makkhan grass. At 2nd, 3rd and 

6th cuttings, both the rye grass varieties had statistically similar dry mater per cent. Dry 

matter per cent of both rye grass varieties increased with advancing age of crop till 5th 

cutting but later decreased due to senescence of leaves and degeneration of roots on 

account increase in temperature (Appendix- I). Variation in yield and nutritive values 

of rye grass throughout the growing season has been reported earlier (Johnston et al., 

1993) and Walsh and Birrell, 1987).  
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Table 13: Dry matter yield (q/ha) of different crops at different cuttings  

Treatments 

Dry matter yield (q/ha)  

Cutting 

1 2 3 4 5 6 7 Total 

Lucerne (Baralfa IN) 4.2 6.1 22.3 50.4 54.9 55.7 42.6 236.2 

Red clover (Barduro) 0.3 1.3 10.3 20.9 22.5 22.6 8.3 86.1 

Berseem (Mescavi) 6.6 8.1 29.6 47.5 61.0 10.1 - 162.9 

Oat (Genie Oat) 5.7 12.1 18.1 13.6 15.9 1.7 - 67.1 

Oat (UPO-212) 7.6 16.6 21.0 15.5 18.1 1.8 - 80.5 

Rye grass (Makkhan grass) 5.6 15.7 35.6 22.7 17.0 4.1 - 100.6 

Rye grass (Local rye) 5.1 8.9 33.6 17.6 15.7 3.8 - 84.7 

SEm± 0.4 0.6 0.4 0.7 0.8 0.5 - 1.9 

CD at 5% 1.0 1.8 1.0 2.0 2.4 1.4 - 5.5 

 

Fig14: Dry matter yield (q/ha) of different forage crops at different cuttings 

Dry matter yield  
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leguminous crops due to less green forage production (Table-11) and dry matter per 

cent (Table-12). Among oat varieties, the total dry matter yield of UPO-212 was 

significantly more than genie oat. In the case of rye grasses, the total dry matter yield of 

makkhan grass was significantly more than local rye.  

Comparing dry matter yield among leguminous rabi season crops at different 

cuttings it was noticed that dry matter yield of lucerne (Baralfa IN) was significantly 

higher compared to other crops at 4th, 6th and 7th cuttings, while at 1st, 2nd, 3rd and 5th 

cuttings, dry matter yield of berseem (Mescavi) was significantly higher compared to 

other leguminous rabi season forage crops (lucerne and red clover). This was also 

significantly higher compared to remaining crops at 5th cuttings. Increased dry matter 

yield of berseem (Mescavi) from 1st to 5th cuttings, might be due to favourable 

environmental conditions for berseem enhancing yield component like taller plants 

(Table-4), more number of tillers per plant (Table-5) and more number of leaves 

(Table-6). At 6th cutting, dry matter yield of berseem drastically decreased due to leaf 

senescence and degeneration of roots. Positive correlation of berseem dry matter with 

stem weight, leaf weight, plant height and leaf weight has been observed by earlier 

workers (Tiwana et al., 2003 and Jatasra, 1981). Dry matter yield of lucerne (Baralfa 

IN) increased from 1st to 6th cutting. Taller plants (Table-4), perennial growth habit, 

drought tolerance and optimum temperature for growth (Appendix- I) might have 

resulted in enhanced dry matter accumulation by lucerne (Baralfa IN) plants. 

Enhancement in dry matter yield of lucerne from October to April has been reported by 

McDonald et al. (2003). Dry matter yield of red clover was significantly less compared 

to other crops at 1st, 2ndand 3rd cuttings which might be due to shorter plants height 

(Table-4), less number of tillers/plant (Table-5), less number of leaves (Table-6). 

Unfavourable temperature (5.70 C to 21.90C) might have resulted in less dry matter 

yield (Satell et al., 1998; Barry et al., 1998; Hay & Ryan, 1989 and Litherland, 

2001). Among oat varieties, dry matter yield of UPO-212 was significantly higher 

compared to genie oat at 1st, 2nd, 3rd and 4th cuttings, while at 5th and 6th cuttings both 

the oat variety had statistically similar dry mater yield. Higher dry matter yield of UPO-

212 might be due to genotypic and phenotypic behavior of variety under favourable 

environment conditions during crop season which led to its increased distribution 

pattern with the advancement of the crop age (Singh, 1992 and Chandra, 2000). 
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Among rye grasses, dry mater yield of both the rye grass varieties was statistically 

similar at 1st, 5th and 6th cuttings while dry mater yield of makkhan grass was 

significantly higher compared to local rye at 2nd, 3rd and 4th cuttings. It is might be due 

to more tolerance of makkhan grass to low temperature (50C) as compared to annual 

rye grass. It has been reported earlier that cool-season grasses grow well between 200 

and 250 C temperature and also can grow at temperatures as low as 5°C to as high as 

35° C and they are dormant during the winter months at lower altitudes (Moser and 

Hoveland, 1996 and Rollo et al., 1998).  

Table 14: Crude protein (%) of different crops at different cuttings  

Treatments 

Crude protein (%)  

Cutting 

1 2 3 4 5 6 7 

Lucerne (Baralfa IN) 24.8 23.1 22.0 21.5 20.1 18.4 13.6 

Red clover (Barduro) 22.4 21.4 21.5 21.6 21.8 18.1 13.5 

Berseem (Mescavi) 25.1 24.6 24.0 22.0 22.6 18.0 - 

Oat (Genie Oat) 16.7 16.1 15.3 15.0 14.7 7.6 - 

Oat (UPO-212) 16.5 16.0 16.8 14.0 12.7 7.4 - 

Rye grass (Makkhan grass) 17.5 16.9 17.0 15.5 15.3 11.0 - 

Rye grass (Local rye) 17.3 16.7 16.8 15.3 15.1 10.5 - 

SEm± 0.2 0.2 0.2 0.2 0.2 0.3 - 

CD at 5% 0.6 0.6 0.7 0.6 0.6 0.8 - 

 

Fig 15: Crude protein (%) of different forage crops at different cuttings 
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Crude protein content 

The data pertaining to crude protein content are given in table-14 and depicted 

in figure-15. Their analysis of variance is given in Appendix- XII. 

In general, crude protein content at each cutting exhibited decreasing trend with 

the advancing frequency of cuttings. The crude protein content significantly decreased 

with advancing plant maturity (Majumdar and Ahmed, 1980).  

Among leguminous rabi season forage crops, crude protein content of berseem 

(Mescavi) was significantly higher at 2nd, 3rd and 5th cuttings compared to other 

leguminous crops except at 1st cutting where it was at par with lucerne (Baralfa IN) and 

at 4th cutting it was at par with both leguminous crops. Genetic potential of berseem 

and favourable temperatures (Appendix- I) might have helped in better absorption of 

nitrogen leading to its higher content (Table-23) as crude protein content is function of 

nitrogen content and a constant factor 6.25 (Hakl et al., 2003; Tiwana et al., 2003; 

Sharma et al., 1974; Deramus, 1980; Halmos, 1982 and FAO report 2013). Crude 

protein content of red clover (Barduro) was statistically at par with lucerne and berseem 

variety at 4th, 6th and 7th cutting. This might be due to more number of tillers per plant 

(Table-5) and more number of leaves (Table-6) leading to more nitrogen content 

(Table-23) which ultimately enhanced protein content (Sheaffer et al., 1991; Hoffman 

and Broderick, 2001; Homolka et al., 2012 and Drobna et al., 2006). Crude protein 

content of lucerne (Baralfa IN) was higher but it was statistically at par with berseem 

and red clover variety at 4th, 6th and 7th cuttings. Crude protein content of lucerne 

(Baralfa IN) was higher at early stage due to more vegetative growth which might have 

enhanced nitrogenous substrate content but toward maturity, more senescence of leaves 

and degeneration of effective roots in summer is decreased crude protein in berseem 

while lucerne is perennial crops and drought tolerance and can accumulate more 

nitrogen at later stage leading to better crude protein (Lancefield et al., 2009; 

Annicchiarico et al., 2010; Jasjeet et al., 2011 and McDonald et al., 2003). Among 

oat varieties, crude protein per cent of UPO-212 was significantly higher compared to 

genie oat at 3rd cutting while both the oat varieties had statistically similar crude protein 

in plants at 1st, 2nd, 4th and 6th cuttings. Higher crude protein per cent of UPO-212 might 

be due to more number of leaves at 3rd cutting (Table-6) which accumulate more 

nitrogen (Table-23). Crude protein content of genie oat significantly higher at 5th 
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cutting which might be due to more number of leaves (Table-6) but crude protein 

decreased with advancing age of crop. Results of earlier workers suggest that the crude 

protein content of different oat varieties ranged from 8.1 to 16.1 per cent at second 

cutting stage with the negative correlation between dry matter and crude protein yields 

in oats (Joshi and Singh, 1982). Crude protein content of both the rye grass varieties 

was statistically at par at all the cuttings. Decreasing trend was observed with 

advancing of crop to maturity due to leaves senescence. The results are in accordance 

with the results reported by Morrison (1961), Thompson et al. (1990); National 

Research Council (1996) and Anonymous (2012).  

Table 15: Crude protein yield (q/ha) of different crops at different cuttings  
 

 Crude protein yield (q/ha)  

Treatments 
Cutting 

1 2 3 4 5 6 7 Total 

Lucerne (Baralfa IN) 1.0 1.4 4.9 10.8 11.0 10.3 5.8 45.2 

Red clover (Barduro) 0.1 0.3 2.2 4.5 5.0 4.1 1.1 17.4 

Berseem (Mescavi) 1.7 2.0 7.1 10.4 13.7 1.8 - 36.3 

Oat (Genie Oat) 1.0 1.9 2.8 1.9 1.9 0.1 - 9.6 

Oat (UPO-212) 1.3 2.7 3.5 2.2 2.3 0.1 - 12.0 

Rye grass(Makkhan grass) 1.0 2.7 6.0 3.5 2.6 0.4 - 16.3 

Rye grass (Local rye) 0.9 1.5 5.6 2.7 2.4 0.4 - 13.5 

SEm± 0.1 0.1 0.1 0.2 0.2 0.2 - 0.4 

CD at 5% 0.2 0.3 0.3 0.5 0.5 0.4 - 1.2 

 

Fig 16: Crude protein yield (q/ha) of different forage crops at different cuttings 
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Crude protein yield 

 The data pertaining to crude protein yield (q/ha) are given in table-15 and 

depicted in figure-16. Their analysis of variance is given in Appendix- XIII. 

The total crude protein yield was significantly more in the case of lucerne 

(Baralfa IN) followed by berseem (Mescavi) compared to remaining crops which was 

mainly contributed by its dry matter yield (Table-13) and crude protein content (Table-

14). The total crude protein yield of red clover (Barduro) was significantly less than 

other two leguminous crops due to less dry matter yield (Table-13) even more number 

of cuttings. Among oat varieties, the total crude protein yield of UPO-212 was 

significantly more than genie oat while in the case of rye grasses, the total crude protein 

yield of makkhan grass was significantly more than local rye.  

Crude protein yield of berseem (Mescavi) at 1st, 2nd, 3rd and 5th cuttings was 

significantly higher compared to leguminous rabi season forage crops and other crops. 

Crude protein yield of lucerne (Baralfa IN) was significantly higher compared to 

berseem and red clover variety at 6th and 7th cuttings while it was statistically at par 

with berseem (Mescavi) at 4th cutting. Higher crude protein yield of berseem (Mescavi) 

might be due to more dry matter yield (Table-13) and crude protein content (Table-14) 

as the crude protein yield is a function of dry matter yield and crude protein content in 

dry matter. At 6th cutting decrease in dry matter yield and crude protein content led to 

decreased crude protein yield. In the case of Lucerne (Baralfa IN), crude protein yield 

at 6th and 7th cuttings was higher because of its drought tolerance capacity which helps 

in production of green forage yield, dry matter yield and crude protein % in summer 

month too (Deramus, 1980; Griffin et al., 1994 and Alfred, 2012). Crude protein yield 

of red clover (Barduro) was significantly less compared to remaining crops at 1st, 2nd 

and 3rd cuttings which might be due to lower production of green forage yield (Table-

11) and dry matter yield (Table-13) under unfavourable temperature (5.70 C to 21.90 C) 

for growth and development (Ledgard et al., 1988; Brock et al., 1989 and Griffin  

et al., 1994). Among oat varieties, crude protein yield of UPO-212 was significantly 

higher compared to genie oat at 1st, 2nd and 3rd cuttings while at 4th, 5th and 6th cuttings 

crude protein yield of both the oat varieties was statistically similar. It might be due to 

higher green forage yield (Table-11), dry matter yield (Table-13), dry matter content 

(Table-12) and crude protein content (Table-14). Higher crude protein yield of UPO-

212 has also been reported by Thakuria (1992), Pisal et al. (1993) and Roy (2005). 

Among rye grasses, both the varieties had statistically similar crude protein yield at 1st, 
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5th and 6th cuttings. it is contributed to the higher value of dry matter yield (Table-13) 

and crude protein content (Table 14). Crude protein yield of makkhan grass was 

significantly higher compared to local rye at 2nd, 3rd and 4th cuttings. It might be due to 

dry matter yield production at this stage owing to suitable environmental conditions for 

proper growth and development as well as higher protein component. The results are in 

accordance with the results reported by Walsh and Birrell (1987), Johnston et al. 

(1993) and Report of IGFRI (2012).  

Table 16: Dry matter digestibility per cent of different crops at different cuttings  

Treatments 

Dry matter digestibility per cent 

Cutting 

1 2 3 4 5 6 7 

Lucerne (Baralfa IN) 86.0 85.6 80.8 74.4 63.6 58.8 55.2 

Red clover (Barduro) 89.6 88.8 86.0 84.8 81.6 75.6 73.2 

Berseem (Mescavi) 91.2 80.0 75.6 68.0 60.0 51.6 - 

Oat (Genie Oat) 88.4 80.8 78.8 69.2 62.4 60.4 - 

Oat (UPO-212) 88.8 78.0 76.8 66.4 61.6 57.6 - 

Rye grass (Makkhan grass) 82.8 89.2 88.8 86.8 72.8 66.0 - 

Rye grass (Local rye) 90.4 89.2 87.2 86.4 72.0 65.2 - 

SEm± 0.9 0.8 0.9 0.8 0.8 1.1 - 

CD at 5% 2.6 2.6 2.8 2.3 2.2 3.1 - 
 

 

Fig-17: Dry matter digestibility per cent of different crops at different cuttings 
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Digestibility dry matter content  

The data on dry matter digestibility are presented in table-16 and depicted in 

figure-17. The analysis of variance is given in Appendix- XIV. 

In general, the decline in digestibility is associated with increasing lignin 

content and a reduction in degradability of polysaccharides other than starch (Taylor 

and Quesenberry, 1996).  

Among leguminous rabi season forage crops, dry matter digestibility of red 

clover (Barduro) was significantly higher compared to lucerne and berseem variety 

from 2nd to 7th cuttings, while at 1st cutting dry matter digestibility of red clover 

(Barduro) and berseem (Mescavi) was statistically at par. It might be due to lower 

acid detergent fibre (Table-19) and neutral detergent fibre (Table-18) in red clover 

(Baraduro) as compared to berseem (Mescavi) and lucerne (Baralfa IN). When red 

clover and lucerne are of similar fibre content, red clover is more digestible than 

lucerne providing more energy-dense forage to the diets of lactating dairy cows and 

also has higher concentrations of readily fermentable carbohydrate (soluble sugars 

and pectin) and lower concentrations of structural carbohydrate (Wilson et al., 

1991; Wiersma et al., 1998; Barry et al., 1999; Hakl et al., 2003 and Hoffman 

and Broderick, 2001). Dry matter digestibility of berseem (Mescavi) and lucerne 

(Baralfa IN) was decline with advancement of crop age might be due to more acid 

detergent fibre (Table-19) and neutral detergent fibre (Table-18) content in plant. 

The nutritive value of lucerne, in terms of digestibility and protein content, 

decreases with advancing maturity by 0.3-0.5% per day from early flowering to near 

maturity stage (Wiersma et al., 1998; ICAR, 2012 and McDonald et al., 2003). 

Dry matter digestibility of both the oat varieties was statistically similar at all the 

cuttings except 2nd and 4th cuttings. It might be due to almost similar fibre content 

(Table-18, 19). Observation made by earlier workers supports these findings 

(Sangha et al., 1980; Joshi and Singh, 1982; Joshi et al., 2005 and Roy, 2005). At 

2nd and 4th cuttings, dry matter digestibility of genie oat was significantly higher 

compared to UPO-212. Among rye grasses, dry matter digestibility of both the rye 

grass varieties was statistically similar at all the cuttings except at 1st cuttings where 

dry matter digestibility of local rye was significantly higher compared to makkhan 

grass. The similarity in dry matter digestibility of both varieties might be due to 
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more succulence and less fibre (Table- 18, 19) while digestibility decreased with 

age of crop. The results are in accordance with the results reported by Minson 

(1990c) and Moore et al. (2006). 

Table 17: Digestible dry matter yield (q/ha) of different crops at different cuttings  

Treatments 

Digestible dry matter yield (q/ha) 

Cutting 

1 2 3 4 5 6 7 Total 

Lucerne (Baralfa IN) 3.6 5.2 18.0 37.6 34.9 32.7 23.5 155.5 

Red clover (Barduro) 0.3 1.1 8.8 17.7 18.4 17.0 6.0 69.6 

Berseem (Mescavi) 6.1 6.5 22.4 32.3 36.6 5.2 - 109.0 

Oat (Genie Oat) 5.1 9.7 14.3 9.4 9.9 1.0 - 49.4 

Oat (UPO-212) 6.7 12.9 16.1 10.3 11.1 1.0 - 58.2 

Rye grass(Makkhan grass) 4.7 14.0 31.6 19.7 12.4 2.7 - 85.0 

Rye grass (Local rye) 4.6 7.9 29.3 15.2 11.3 2.5 - 70.9 

SEm± 0.3 0.5 0.5 0.7 0.7 0.3 - 1.7 

CD at 5% 0.9 1.5 1.4 1.9 2.0 0.9 - 5.0 

 

 

Fig 18: Digestible dry matter yield (q/ha) of different forage crops at different 
cutting 
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Digestible dry matter yield (DDMY) 

The data on digestible dry matter yield are presented in table -17 and depicted in 

figure-18. The analysis of variance is given in Appendix- XV. 

The total digestible dry matter yield was significantly more in case of lucerne 

(Baralfa IN) compared to remaining crops which was mainly contributed by its more 

dry matter yield (Table-13) and more cuttings (7 cuttings). Red clover (Barduro) yield 

was significantly less than other two leguminous crops due to its poor dry matter yield 

(Table-13) even more number (7) of cuttings and high digestible dry matter (Table-16) 

could not compensate the total digestible dry matter yield. Among oat varieties, the 

total digestible dry matter yield of UPO-212 was significantly more than genie oat. 

Among rye grasses, the total digestible dry matter yield of makkhan grass was 

significantly more than local rye.  

Comparing cutting wise, it was noticed that among leguminous rabi season 

forage crops, digestible dry matter yield of berseem (Mescavi) was significantly higher 

compared to lucerne (Baralfa IN) and red clover (Barduro) at 1st and 3rd cutting, while 

at 2nd and 5th cuttings, digestible dry matter yield of berseem (Mescavi) was higher but 

it was statistically at par with lucerne (Baralfa IN). Higher digestible dry matter yield of 

berseem might be due to more dry matter yield (Table-13) and digestible dry matter 

content (Table-16) as the digestible dry matter yield is a function of these two factor. At 

later stages increased temperature (Appendix-I) might have caused degeneration of 

roots and leaves senescence ultimately reduced dry matter yield leading to reduction in 

digestible dry matter yield (Jatasra, 1981; Taneja et al., 1987 and Tiwana et al., 

2003). At 4th, 6th and 7th cuttings, digestible dry matter yield of Lucerne (Baralfa IN) 

was significantly higher compared to remaining crops under study. It might be due to 

perennial growth habitat and deep root system which enhances drought tolerance 

capacity of crop resulting in dry mater yield in late summer when yield of other 

leguminous forage crops drastically reduces (Jasjeet et al., 2011 and Kokate, 1990). 

Digestible dry matter yield of red clover (Barduro) was significantly less compared to 

other crops at 1st, 2nd and 3rd cuttings. It might be due to unfavourable environment 

condition especially temperature (5.70 C-21.90 C) which hinder the growth and 

development ultimately reduced the yield but increase in temperature also increased 

yield till 5th cutting and decreased at later stage which caused in reduction in digestible 

dry matter yield. Inverse relationship of advancing forage maturity and declining of 
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forage quality has been reported earlier (Hakl et al., 2003). Among oat varieties, 

digestible dry matter yield of UPO-212 was significantly higher compared to genie oat 

at 1st, 2nd and 3rd cuttings, while at 4th, 6th and 7th cuttings, digestible dry matter yield of 

both the varieties was statistically similar. Higher digestible dry matter yield of UPO-

212 at early stages might be due to higher dry mater yield (Table-13) and dry mater 

digestibility (Table-16) under favourable environment condition but later on digestible 

dry matter yield decreased due to less dry mater yield and dry mater digestibility in 

both varieties of oat. In general UPO-212 had higher digestible dry matter yield 

compared with genie oat. These results corroborate with the finding of Deorari (2002) 

and Joshi et al. (2005). Among rye grasses, both the rye grass varieties had statistically 

similar digestible dry matter yield at 1st, 5th and 6th cuttings while at 2nd, 3rd and 4th 

cutting, digestible dry matter yield of makkhan grass was significantly higher compared 

to local rye. Digestible dry matter yield of both the rye grass varieties increased till 3rd 

cutting later on decreased due to sensitive to high temperatures and drought. Digestible 

dry matter yield of makkhan grass was higher than local rye at all cuttings due to its 

perennial nature and more tolerance to cold winter at early stage and can maintain 

growth at 5.70 C and produce higher green forage yield (Table-11), dry matter yield 

(Table-13), dry mater digestibility (Table-16) and later stage though, yield decreased 

but not lower than local rye. Higher yield of makkhan grass upto 3rd cutting has also 

been reported by Garwood & Sinclair (1979); Moser and Hoveland (1996) and 

Anonymous (2012). 

Table 18: Neutral detergent fibre content of different crops at different cuttings  

Treatments 

Neutral detergent fibre content 

Cutting 

1 2 3 4 5 6 

Lucerne (Baralfa IN) 39.0 42.0 44.0 55.0 58.0 56.0 

Red clover (Barduro) 41.0 44.0 46.0 47.0 52.0 50.0 

Berseem (Mescavi) 38.0 43.0 51.0 61.0 66.0 64.0 

Oat (Genie Oat) 47.0 50.0 56.0 63.0 68.0 64.0 

Oat (UPO-212) 46.0 48.0 52.0 61.0 68.0 65.0 

Rye grass (Makkhan grass) 44.0 47.0 52.0 64.0 68.0 66.0 

Rye grass (Local rye) 43.0 45.0 49.0 65.0 69.0 66.0 

SEm± 1.3 2.7 3.1 2.9 3.1 1.9 

CD at 5% 3.8 NS NS 8.6 9.1 5.5 
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Fig 19: Neutral detergent fibre content of different forage crops at different 
cuttings 

 

Neutral detergent fibre content  

The data on neutral detergent fibre content are presented in table-18 and 

depicted in figure-19. The analysis of variance is given in Appendix- XVI. 

Neutral detergent fibre of all crops was non significant at 2nd and 3rd cuttings. 

Red clover (Barduro) had higher neutral detergent fibre but it was at par with 

leguminous cool season forage crops at 1st cutting. The neutral detergent fibre of 

berseem (Mescavi) was statistically at par with lucerne (Baralfa IN) at 4th and 5th 

cuttings but significantly higher compared to lucerne and red clover variety at 6th 

cutting. Neutral detergent fibre per cent of red clover (Barduro) was statistically at 

par with lucerne (Baralfa IN) at 4th cutting, while it was significantly lower compared 

to other crops at 5th and 6th cuttings. In general, neutral detergent fibre per cent of 

leguminous rabi season forage crops (berseem, lucerne and red clover) increased 

which might be due to progressively increased cellulose, hemicelluloses and lignin 

content in plant with advancement of crop age till 5th cutting and later on decreased 

due to degeneration of plant parts (Hakl et al., 2003). However, these results 

contradict with the findings of Harris et al. (1982), Ranjhan (1991) and Yahana 

(1996). NDF content was slightly higher in present investigation which might be due 
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to slight variation in different growth stage under environment condition, especially 

variation in temperature (Report of Environment Directorate, Organization for 

Economic Co-operation and Development Paris, 2005). Among oat varieties, 

neutral detergent fibre per cent of genie oat was higher but it was statistically at par 

with UPO-212 at 1st 4th, 5th and 6th cuttings. Comparatively lower neutral detergent 

fibre in UPO-212 than genie oat might be due to less cellulose, hemicelluloses 

(Table-21) and lignin content in plant but in both the oat varieties NDF content 

increased with advancement in crop age. The results are in accordance with the 

results reported by Mohammad et al. (1994) and Jain (1994) and Singh (1994). 

Among rye grasses, both the varieties had statistically similar NDF at 1st 4th, 5th and 

6th cuttings and increased with advancement in crop age due to increased in cellulose, 

hemicelluloses and lignin content in plants. Higher NDF content of makkhan grass at 

early stage might be due to its low temperature tolerance capacity (50C) which can 

grow better than local rye. Higher NDF content in the present investigation might be 

due to variation in environmental conditions especially variation in temperature. It 

has been observed earlier that the nutritive value of perennial ryegrass varies 

throughout the growing season (Johnston et al., 1993). 

Table-19: Acid detergent fibre content of different crops at different cuttings  

Treatments 

Acid detergent fibre content 

Cutting 

1 2 3 4 5 6 

Lucerne (Baralfa IN) 25.6 26.4 29.8 34.8 37.2 35.4 

Red clover (Barduro) 26.0 27.0 30.0 31.6 35.4 33.4 

Berseem (Mescavi) 29.4 32.6 33.4 34.8 39.4 37.2 

Oat (Genie Oat) 27.0 29.0 32.4 33.8 35.8 34.2 

Oat (UPO-212) 26.6 27.0 31.6 33.0 35.8 34.8 

Rye grass (Makkhan grass) 27.2 29.0 33.0 36.8 39.0 38.0 

 Rye grass (Local rye) 26.2 28.0 32.0 36.6 38.0 35.8 

SEm± 0.6 0.4 0.6 0.6 0.5 0.5 

CD at 5% 1.7 1.2 1.6 1.9 1.6 1.6 
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Fig 20: Acid detergent fibre content of different forage crops at different cuttings 
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The data on acid detergent fibre content are presented in table-19 and depicted 

in figure-20. The analysis of variance is given in Appendix- XVII. 
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increased cellulose and lignin content in plant with advancement of crop age till 5th 

cutting while berssen had higher ADF content than lucerne (Baralfa IN) and red 

clover (Barduro). Inverse relationship of advancing forage maturity and declining of 
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at all the cuttings except at 2nd cutting where acid detergent fibre of genie oat was 

significantly higher compared to UPO-212. Comparatively lower acid detergent 

fibre of UPO-212 than genie oat might be due to less hemicellulose (Table-21) and 

lignin content in plants but in both the oat varieties ADF content increased with 

advancement in crop age. The results are in accordance with the results reported by 

Mohammad et al. (1994), Jain (1994), Singh (1994) and Gupta and Pradhan 

(1974). Among rye grass, acid detergent fibre of makkhan grass was higher but it 

was statistically at par with local rye at all cuttings except at 6th cutting where acid 

detergent fibre of makkhan grass was significantly higher compared to local rye. 

Neutral detergent fibre of both rye grasses might have increased with advancement 

in crop age due to more lignifications of cells at later stages of growth. Higher ADF 

content of makkhan grass at all cuttings might be due to its genetic makeup. The 

results are in accordance with the results reported by (Johnston et al., 1993 and 

Smith et al., 2005).  

Table 20: Cell content (%) of different crops at different cuttings 

Treatments 

Cell content (%) 

Cutting 

1 2 3 4 5 6 

Lucerne (Baralfa IN) 60.8 58.0 56.0 45.0 42.0 44.0 

Red clover (Barduro) 58.8 56.0 54.0 53.0 48.0 50.0 

Berseem (Mescavi) 62.0 56.8 49.0 34.0 33.0 36.0 

Oat (Genie Oat) 53.0 50.0 44.0 37.0 32.0 36.0 

Oat (UPO-212) 53.8 52.0 48.0 39.0 32.0 35.0 

Rye grass (Makkhan grass) 56.0 53.0 48.0 36.0 32.0 31.0 

Rye grass (Local rye) 57.2 55.0 51.0 35.0 33.0 34.0 

SEm± 1.5 2.7 3.1 2.9 3.1 1.9 

CD at 5% 4.3 NS NS 8.6 9.1 5.5 
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Fig 21: Cell content (%) of different crops at different cuttings 

Cell content (%) 

In general, cell content of all forage crops decreased with advancement in crop 

age (Table-20).  
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NDF. More cell content indicates better quality of crops Bosch et al. (1992). Cell content 
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all rabi season forage crops might be due to temperature effect. The results are in 

accordance with the results reported by Ranjhan (1991) reported the chemical 

composition of berseem (Mesacvi) fodder as cell content 46.6 to 57.55%. In general, cell 

content of all the forage crops decreased till 5th cutting. This might be due to increased 

NDF (Table-18) with increase in temperature (Deinum, 1966). Cell content of red clover 

(Barduro) was significantly higher compared to all crops at 6th cutting, At 4th and 5th 
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cuttings it was statistically at par with lucerne (Baralfa IN) but significantly more than 

berseem (Mesacvi). Cell content of oat varieties was statistically similar at 1st, 4th, 5th and 

6th cuttings, however UPO-212 had slightly higher cell content which might be due to 

lower NDF content. The results are in accordance with the results reported by Singh  

et al. (2001); Jain (1994) and Singh (1994). Among rye grasses, cell content of both the 

rye grass varieties was statistically similar at 1st, 4th, 5th and 6th cuttings. Cell content of 

rye grass and oat varieties was statistically similar at 4th, 5th and 6th cuttings probably due 

to almost similar NDF (Table 18).  

Table 21: Hemicellulose % of different crops at different cuttings 

Treatments 

Hemicellulose % 

Cutting 

1 2 3 4 5 6 

Lucerne (Baralfa IN) 13.6 15.6 14.2 20.2 19.8 20.6 

Red clover (Barduro) 15.2 17.0 16.0 15.4 16.6 17.2 

Berseem (Mescavi) 8.6 10.2 17.6 24.4 26.6 28.8 

Oat (Genie Oat) 20.0 20.8 23.2 29.2 32.2 29.8 

Oat (UPO-212) 19.6 21.0 20.4 28.0 32.2 30.2 

Rye grass (Makkhan grass) 16.8 18.0 18.8 27.2 29.0 31.0 

Rye grass (Local rye) 16.6 16.8 17.0 28.4 31.0 30.2 

SEm± 1.3 2.6 3.1 3.2 3.1 1.9 

CD at 5% 3.9 NS NS NS 9.1 5.8 
 

 

Fig 22: Hemicellulose % of different forage crops at different cuttings 
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Hemicellulose (%) 

The data pertaining to hemicelluloses are given in table-21 and depicted in 

figure-22. Their analysis of variance is given in Appendix- XIX. 

Hemicelluloses of all crops was non significant at 2nd, 3rd and 4th cuttings. It 

increased in subsequent cuttings till 6th cut in all the forage crops. Among 

leguminous rabi season forage crops, hemicellulose in red clover (Barduro) was 

statistically at par with lucerne (Baralfa IN) at 1st, 5th and 6th cuttings while 

hemicelluloses in berseem (Mescavi) was significantly lower compared to all crops 

at 1st cutting and it was statistically at par with lucerne (Baralfa IN) at 5th cutting 

and significantly higher compared to other leguminous rabi season forage crops 

(lucerne and red clover) at 6th cutting. Lower the value of hemicelluloses give better 

quality of forage and fodder. Lower hemicelluloses of berseem (Mescavi) at 1st 

cutting might be due to more succulent plant parts and good nutritional value 

(Fraser et al., 2004 and Yahana, 1996). Less hemicelluloses of red clover 

(Braduro) at 4th cutting might be due to variation in growth under changing 

temperature towards advancement in cutting which enhances the proportion of cell 

wall components (cellulose, hemicellulose, and lignin) as reported by Bosch et al. 

(1992). Hemicellulose of lucerne (Baralfa IN) at 3thand 5th cuttings decreased 

slightly. Reduction in hemicellulose of lucerne (Baralfa IN) at the later stage has 

been reported by Kaushal et al. (2006). Hemicellulose of both the oat varieties was 

statistically similar at 1st, 5th and 6th cuttings but hemicellulose content of UPO-212 

was slightly decreased at 3rd cutting in the present investigation which is in 

accordance with the findings of Gupta and Pradhan (1974). Among rye grasses, 

hemicellulose of both the rye grass varieties was statistically similar at all the 

cuttings indicating that both the rye grass varieties response in similar ways for 

producing hemicellulose in their cell wall (Jarrige and Minson, 1964 and 

Johnston et al., 1993)). In the present investigation also the cell wall content of 

both rye grass varieties was similar at all the cuttings (Table-21).  
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Table 22: Ash content of different crops at different cuttings  

Treatments 

Ash content  

Cutting 

1 2 3 4 5 6 

Lucerne (Baralfa IN) 17.4 19.6 12.8 12.8 10.0 9.6 

Red clover (Barduro) 25.0 20.0 14.4 15.6 10.0 9.6 

Berseem (Mescavi) 27.6 30.8 12.6 10.4 8.8 7.6 

Oat (Genie Oat) 11.2 12.8 14.4 11.6 10.4 8.8 

Oat (UPO-212) 12.6 13.2 15.2 12.8 10.4 8.8 

Rye grass (Makkhan grass 18.0 20.0 12.4 12.8 12.0 10.0 

Rye grass (Local rye) 18.4 20.0 11.6 12.0 11.2 9.6 

SEm± 0.6 0.9 0.7 0.8 0.6 0.9 

CD at 5% 1.7 2.6 NS NS NS NS 

 

 

Fig 23: Ash content of different forage crops at different cuttings 
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Ash content (%) 

The data pertaining ash content are given in table-22 and depicted in figure-23. 

Their analysis of variance is given in Appendix- XX. 

Ash content of all the crops increased upto 2nd cutting and decreased in 

subsequent cuttings. Decreased in mineral contents of oat (Sangha el al., 1980), red 

clover (Vasiljevic et al., 2011) with advancement in age has been observed in the past. 

It was non significant among all crops at 3rd, 4th, 5th and 6th cuttings. Ash content of 

berseem was significantly higher compared to other leguminous rabi season forage 

crops (luceren and red clover) and other crops at 1st and 2nd cuttings. Ash content is 

indicative of total mineral contents in plants. In the present investigation highest ash 

content in berseem (Mescavi) is evident from the higher value of N, P and K (Table23, 

24 and 25). However, it contradicts with the findings of Khan (1994) and Yahana 

(1996) who were of the opinion that ash contents of berseem (Mescavi) increases from 

January to April. Report of FAO (2013) indicated that ash content in berseem ranged 

from 11.3 to 20.2%, while ash content slightly higher observed in the present 

investigation might be due to favourable environment condition. Ash content of lucerne 

(Baralfa IN) was significantly less compared to other two leguminous crops at 1st 

cutting while at 2nd cutting, it was at par with red clover Drobna et al. (2006) and 

Vasiljevic et al. (2011) observed highest contents of minerals in plants at the beginning 

of the growing seasons (first and second cuttings) which supports the results of present 

investigation. Among oat varieties, ash content of UPO-212 was higher but it was 

statistically at par with genie oat at 1st and 2nd cuttings. It might be due to favourable 

environment condition and better root development at early stage (Hoffman et al., 

2005). Among rye grasses, both the rye grass varieties had statistically similar ash 

content at 1st and 2nd cuttings but significantly more than oat varieties. It suggests that 

rye grass contain more minerals compared to oat at early stage might be due to better 

root development of rye grasses at early stage accumulating more nutrients (Hoffman 

et al., 2005). These results are also supported by higher N, P and K contents in rye 

grasses compared to oat varieties (Table 23, 24 and 25).  
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Table 23: Nitrogen % of different crops at different cuttings  

Treatments 

Nitrogen % of different crops at different cuttings 

Cutting 

1 2 3 4 5 6 

Lucerne (Baralfa IN) 3.97 3.68 3.51 3.41 3.20 2.98 

Red clover (Barduro) 3.59 3.45 3.45 3.40 3.49 2.91 

Berseem (Mescavi) 5.14 4.02 3.84 3.52 3.61 2.88 

Oat (Genie Oat)  2.67 2.58 2.45 2.40 2.35 1.21 

Oat (UPO-212) 2.64 2.57 2.68 2.24 2.01 1.19 

Rye grass (Makkhan grass) 2.80 2.71 2.70 2.48 2.44 1.76 

Rye grass (Local rye) 2.77 2.67 2.64 2.45 2.41 1.68 

SEm± 0.03 0.30 0.03 0.03 0.03 0.04 

CD at 5% 0.09 0.11 0.11 0.10 0.10 0.13 

 

 

 Fig 24: Nitrogen % of different forage crops at different cuttings 
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Nitrogen content (%) 

The data pertaining to nitrogen content in plants are given in table-23 and 

depicted in figure-24.Their analysis of variance is given in Appendix- XXI. 

In general, decrease in leaf:stem ratio with advancement in age has been 

attributed to the decreased in nitrogen content of plants (Tyrolova and Vyborna, 

2008). In the present investigation also nitrogen content decreased with advancement in 

age (Table-23).  

Nitrogen content of all crops was higher in 1st cutting and decreased in 

subsequent cuttings. Full dose of nitrogen to leguminous crops and half dose of 

nitrogen to other crops was applied as basal which might have made more availability 

of nitrogen to crop plants at first cutting. Nitrogen content of berseem (Mescavi) was 

significantly higher compared to leguminous rabi season forage crops (lucerne and red 

clover) and other crops at all the cuttings except at 6th cutting where all the three 

leguminous crops had similar nitrogen content but significantly more than other crops. 

Higher nitrogen content in leguminous forage crops at 6th cutting compared to other 

crops might be due to better root system and more active nodulation in the roots fixing 

more atmospheric nitrogen (Halmos, 1982 and Fraser et al., 2004). On the other hand, 

other crops did not get additional nitrogen at later stages leading to reduce nitrogen 

content. Lucerne (Baralfa IN) plants contained significantly more nitrogen compared to 

red clover (Barduro) at 1st and 2nd cutting but at 5th cutting red clover (Barduro) 

contained more nitrogen compared to lucerne (Baralfa IN). The nutritive value of red 

clover (Barduro) forage is influenced by the growing year and environmental con-

ditions (Taylor et al., 1996 and Tamm et al., 2003) which might have caused variation 

in nitrogen content in the present investigation. Among oat varieties, nitrogen content 

of genie oat was higher but it was statistically at par with UPO-212 at 1st, 2nd and 6th 

cuttings while nitrogen content of genie oat was significantly higher compared to UPO-

212 at 4th and 5th cuttings. It might be due to long duration of genie oat than UPO-212 

and less senescence of number of leaves (Table-6). Nitrogen content of UPO-212 was 

significantly higher compared genie oat at 3rd cutting. It might be due to more number 

of leaves (Table-6). Among rye grasses, nitrogen content of makkhan grass was higher 

but it was statistically at par with local rye at all cuttings. This might be due to genetic 

factor, tolerance to change in temperature and more dry mater accumulation through 
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plant (Table-9).The results are in accordance with the results reported by Moser and 

Hoveland (1996) and Crush et al. (2011).  

Table 24: Phosphorus content (%) of different crops at different cuttings  

Treatments 

Phosphorus % of different crops at different 
cuttings 

Cutting 

1 2 3 4 5 6 

Lucerne (Baralfa IN) 0.30 0.32 0.35 0.37 0.38 0.37 

Red clover (Barduro) 0.28 0.31 0.34 0.36 0.37 0.36 

Berseem (Mescavi) 0.32 0.34 0.36 0.37 0.38 0.36 

Oat (Genie Oat) 0.26 0.30 0.32 0.31 0.30 0.29 

 Oat (UPO-212) 0.26 0.30 0.33 0.31 0.30 0.28 

Rye grass (Makkhan grass) 0.27 0.30 0.33 0.32 0.31 0.30 

Rye grass (Local rye) 0.27 0.29 0.32 0.31 0.31 0.30 

SEm± 0.003 0.004 0.003 0.004 0.004 0.004 

CD at 5% 0.01 0.01 0.01 0.01 0.01 0.01 

 

 

Fig 25: Phosphorus content (%) of different forage crops at different cuttings 
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Phosphorus content (%) 

The data pertaining to phosphorus content are given in table-24 and depicted in 

figure-25. Their analysis of variance is given in Appendix -XXII. 

The phosphorus content in plants was least at 1st cutting and increased in 

subsequent cuttings till 5th cut in leguminous crops and till 3rd cutting in other crops. 

It might be due to proper growth and development of plant at initial stage which 

might have led to more uptake of minerals but at later stages decreased due to 

unfavourable environment condition and degeneration of roots (Mayland et al., 

1976). Among leguminous rabi season forage crops, phosphorus content of berseem 

(Mescavi) was higher but it was statistically at par with lucerne (Baralfa IN) at 3rd 

and 4th cuttings while at 1st and 2nd cuttings phosphorus content of berseem (Baralfa 

IN) was significantly higher compared to lucerne (Baralfa IN) and red clover 

(Barduro) however, it was statistically similar at 5th and 6th cuttings in all the 

leguminous crops. It might be due to tap root system which uptake the phosphorus 

from deeper layer for better growth and development of nodules while at later stage 

decreased due to degeneration of roots. It has been observed earlier that P and K 

contents decreased significantly with the increase of the defoliation (Mezni et al., 

2013 and Yahana, 1996). Oat and Rye grass varieties contained similar phosphorus 

at all the cuttings. 

Table 25: Potassium % of different crops at different cuttings  

Treatments 

Potassium % of different crops at different cuttings 

Cutting 

1 2 3 4 5 6 

Lucerne (Baralfa IN) 2.12 2.14 2.30 2.70 2.58 2.65 

Red clover (Barduro) 1.93 1.95 2.10 2.23 2.29 2.26 

Berseem (Mescavi) 2.16 2.20 2.42 2.62 2.63 2.60 

Oat (Genie Oat) 1.27 1.30 1.45 1.43 1.41 1.38 

Oat (UPO-212) 1.27 1.28 1.42 1.41 1.39 1.37 

Rye grass (Makkhan grass) 1.38 1.40 1.43 1.40 1.38 1.35 

Rye grass (Local rye) 1.35 1.37 1.41 1.39 1.36 1.33 

SEm± 0.004 0.01 0.006 0.009 0.006 0.008 

CD at 5% 0.01 0.03 0.02 0.03 0.02 0.02 
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Fig 26: Potassium % of different forage crops at different cutting 

Potassium content (%) 

The data pertaining to potassium content are given in table-25 and depicted in 

figure-26. Their analysis of variance is given in Appendix- XXIII. 
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Organization for Economic Co-operation and Development Paris (2005) and 
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Among rye grasses, potassium content of makkhan grass was significantly higher 

compared to local rye at 1st cutting while at 2nd, 3rd, 4th, 5th and 6th cuttings makkhan 

grass was statistically at par with local rye with respect to potassium content. Among 

oat and rye grass varieties the potassium content increased till 3rd cutting and at later 

stages decreased. Potassium content in oat has been found quite high at the early stages 

but steadily decreased with advancing maturity (Mayland et al., 1976).  

Table 26: Green forage and dry matter productivity per day of different forage crops 

Treatments 
Green forage 

productivity per day 
(q/ha) 

Dry matter  
productivity per day 

(q/ha) 
Lucerne (Baralfa IN) 4.73 0.98 

Red clover (Barduro) 2.08 0.36 

Berseem (Mescavi) 4.65 0.78 

Oat (genie oat) 2.25 0.32 

Oat (UPO-212) 2.44 0.38 

Rye grass (Makkhan grass) 2.90 0.48 

Rye grass (Local rye) 2.44 0.40 

SEm ± 0.04 0.01 

CD at 5 % 0.12 0.03 

 

 

 Fig 27: Green forage and dry matter productivity per day of different forage crops 
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Green forage and dry matter productivity per day 

The data on green forage and dry matter productivity per day are presented in 

table-26 and depicted in figure-27. The analysis of variance is given in Appendix- 

XXIV.  

      The productivity per day of newly introduced Baralfa IN variety of lucerne giving 7 

cuttings was comparable to that of local Mescavi variety of berseem which gave 6 

cuttings, however, the dry matter productivity per day of Baralfa IN was significantly 

more compared to berseem. The productivity per day of Barduro variety of red clover 

was significantly less than other crops. Oat and rye grass varieties gave six cuttings. 

The productivity per day of oat variety UPO-212 was significantly more compared to 

newly introduced variety genie oat. In case of rye grass varieties, the newly introduced 

Makkhan grass variety had significantly higher green forage and dry matter 

productivity per day compared to local rye grass. 

Baralfa In variety of lucerne had shown more promising as reflected by higher 

productivity per day under Tarai agro-climatic condition. This newly introduced 

variety had higher dry matter accumulation (Table-9), L:S ratio (Table-10), green 

forage yield (Table-11), dry matter content (Table-12) and dry matter yield (Table-13) 

which might have led to higher productivity per day compared to other legumes crops. 

Similar were the observations on UPO-212 variety of oat and Makkhan grass variety of 

rye grass reflecting into more productivity per day.                 
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Summary and Conclusions  

  

The present investigation entitled “GROWTH, YIELD AND QUALITY OF 

RABI SEASON FORAGE CROPS UNDER TARAI REGION OF 

UTTARAKHAND” was conducted at Forage Agronomy Block of Instructional Dairy 

Farm, Nagla, G.B. Pant University of Agriculture and Technology, Pantnagar (Udham 

Singh Nagar), Uttarakhand during Rabi season of 2012-2013. The experiment laid out 

in Randomized Block Design with five replications. Treatments consisted of seven 

winter season forage crops viz. Lucerne, Red clover, Berseem, Rye grass (Makkhan 

grass and Local rye), and Oat (UPO-212 and Genie Oat). The salient findings of the 

study are summarized in this chapter and listed below:  

1. Plant height of berseem (Mescavi) was more compared to red clover (Barduro) 

and lucerne (Baralfa IN) while shorter plants were observed in red clover 

(Barduro). Among oat varieties, plants of UPO-212 were taller than genie oat. 

Among rye grasses, local rye had more plants height than makkhan grass. 

2.  Berseem (Mescavi) had more number of tillers than red clover and lucerne 

variety. Among oat varieties, tillers of UPO-212 were more compared to genie 

oat. Among rye grasses, makkhan grass had more tillers than local rye. 

3. More leaves were observed in lucerne (Baralfa IN) plants and least in berseem 

(Mescavi) plants compared to remain leguminous rabi season forage crops. 

Among oat varieties, leaves were more in genie oat than UPO-212. Among rye 

grasses, local rye had more number of leaves compared with makkhan grass. 

4. Dry matter accumulation through leaves was highest in lucerne (Baralfa IN) and 

least in berseem (mescavi) than other leguminous forage crops. Among oat 

varieties, dry matter accumulation through leaves was more in genie oat 

compared with UPO-212. Among rye grasses, makkhan grass had more dry 

matter accumulation through leaves than local rye. 

5. Dry matter accumulation through stem was highest in berseem (Mescavi) plants 

and least in red clover (Barduro) than remaining leguminous rabi season forage 

crops. Among oat varieties, dry matter accumulation through stem was more in 

Chapter 5 
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genie oat than UPO-212. Among rye grasses, dry matter accumulation through 

stem was more in local rye than makkhan grass. 

6. Lucerne (Baralfa IN) plants accumulated highest dry matter than red clover and 

berseem variety. Among oat varieties, dry matter accumulation by crop was 

more in genie oat than UPO-212. Among rye grasses, dry matter accumulation 

by crop was more in makkhan grass than local rye. 

7. Lucerne (Baralfa IN) and red clover (Barduro) had more leaf:stem ratio than 

berseem (Mescavi). Among oat varieties, leaf:stem was more in genie oat than 

UPO-212. Among rye grasses, leaf:stem was more in makkhan grass than local 

rye. 

8. Highest green forage yield, dry matter yield, crude protein yield and digestible 

dry matter yield was obtained from lucerne (Baralfa IN) crop and least from red 

clover (Barduro) than remain leguminous rabi season forage crops. Among oat 

varieties, green forage yield, dry matter yield, crude protein yield and digestible 

dry matter yield was higher in the UPO-212 than genie oat while among rye 

grasses, these yields was higher in the makkhan grass than local rye. 

9. Among leguminous rabi season forage crops, dry matter per cent was more in 

the lucerne (Baralfa IN) compared to red clover (Barduro) and berseem 

(Mescavi). Among oat varieties, dry matter per cent of UPO-212 was more than 

genie oat. Dry matter per cent of both rye grass varieties was almost similar. 

10. Crude protein per cent was highest in berseem (Mescavi) plants than lucerne 

(Baralfa IN) and red clover (Barduro). Among oat varieties, crude protein per 

cent was higher in genie oat than UPO-212. Crude protein per cent was higher 

in makkan grass compared with local rye. 

11. Dry matter digestibility was higher in red clover (Barduro) compared to 

Lucerne (Baralfa IN) and berseem (Mescavi) while lowest digestibility was 

observed in berseem (Mescavi) crop than other leguminous rabi season forage 

crops. Among oat varieties, dry matter digestibility of genie oat was more than 

UPO-212. Dry matter digestibility of makkhan grass was slightly higher than 

local rye. 
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12.  NDF, ADF and Hemicellulose per cent of berseem (Mescavi) was higher 

among leguminous rabi season forage crops. Among oat varieties, higher NDF, 

ADF and Hemicellulose per cent was observed in genie oat compared with 

UPO-212. Among rye grasses, NDF, ADF and Hemicellulose per cent of 

makkhan grass was slightly higher than local rye. 

13. Cell content of red clover (Barduro) was highest and least in berseem (Mesacvi) 

compared with remaining leguminous crops. Among oat varieties, UPO-212 

showed slightly higher cell content compared to genie oat. Among rye grasses, 

cell content of local rye was relatively higher than makkhan grass. 

14. Among leguminous rabi season forage crops, Ash content of red clover 

(Barduro) was mostly similar to berseem (Mescavi) crop while ash content of 

lucerne (Baralfa IN) was lowest among leguminous rabi season forage crops. 

Among oat varieties, ash content of UPO-212 was higher compared to genie 

oat. Among rye grasses, ash content of makkhan grass was higher compared to 

local rye. 

15. P and K contents were higher in the berseem (Mescavi) plants compared with 

Lucerne (Baralfa IN) and red clover (Barduro). Among oat varieties, P content 

of both varieties was similar while K content of genie oat was higher than UPO-

212. Among rye grasses, P and K contents in makkhan grass was higher 

compared to local rye.  

16.  N per cent was highest in berseem (Mescavi) plants than lucerne (Baralfa IN) 

and red clover (Barduro). Among oat varieties, N per cent was higher in genie 

oat than UPO-212. Among rye grasses, N per cent was higher in makkan grass 

compared with local rye. 

Conclusion  

On the basis of the present investigation it is concluded that among leguminous 

rabi season forage crops lucerne, among oats UPO-212 and among rye grasses 

Makkhan grass, were found to have higher yield and quality of fodder and therefore can 

be suggested to cultivate under Tarai region of North India.  However, it required 

further study for conformity of results.     
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Appendix - I    

 
Standard meteorological weather data during crop season (2012-13) 

 
Daily Weather Data October, 2012 

 

Date 

Temperature 
0C R. Humidity % 

Rainfall 
(mm) 

Wind 
Velocity 
(Km/hr) 

Sun 
shine 
hrs. 

Evap. 
(mm) 

Max. Min. 
0712 
am 

1412 
pm 

1 34.1 23.0 90 57 000.0 1.9 08.9 3.5 
2 33.8 23.4 88 56 000.0 1.1 08.7 3.6 
3 33.1 23.9 87 60 000.0 1.1 07.0 2.9 
4 32.1 21.0 88 60 000.0 1.5 02.4 2.4 
5 32.0 18.9 93 59 000.0 2.9 08.9 3.6 
6 31.9 18.4 85 59 000.0 3.5 09.4 3.6 
7 32.6 18.4 86 50 000.0 2.4 09.9 4.8 
8 33.0 19.4 74 54 000.0 2.7 09.2 3.8 
9 32.0 17.8 90 57 000.0 4.7 10.0 3.8 
10 32.2 18.9 87 56 000.0 2.4 09.2 2.8 
11 31.0 18.9 85 46 000.0 2.5 08.1 2.9 
12 31.8 16.2 91 48 000.0 2.6 08.9 3.4 
13 31.5 16.4 89 42 000.0 2.5 08.8 3.3 
14 31.6 17.0 79 44 000.0 1.9 09.5 3.0 
15 31.9 17.8 87 45 000.0 2.3 09.3 3.7 
16 32.0 17.9 87 51 000.0 4.1 08.2 3.0 
17 31.0 15.3 89 40 000.0 2.5 05.9 2.7 
18 31.2 13.9 76 35 000.0 3.3 09.6 3.7 
19 31.0 14.3 91 34 000.0 2.0 09.7 4.0 
20 31.5 14.4 89 35 000.0 1.5 09.4 3.0 
21 31.2 13.6 87 36 000.0 1.7 09.5 3.2 
22 30.0 13.6 93 33 000.0 1.6 08.9 3.5 
23 30.6 11.9 92 33 000.0 2.5 09.2 3.5 
24 30.8 13.9 91 36 000.0 5.0 09.2 3.8 
25 29.5 11.4 93 38 000.0 3.2 08.6 3.4 
26 28.0 12.9 89 35 000.0 1.8 07.9 2.7 
27 29.0 12.7 90 33 000.0 1.8 08.3 2.3 
28 28.4 10.8 91 35 000.0 2.4 07.8 2.7 
29 29.6 10.4 94 36 000.0 1.8 09.7 2.4 
30 30.0 12.3 90 34 000.0 2.3 07.1 2.1 
31 31.0 12.9 89 34 000.0 1.5 09.4 3.5 

Total 969.4 501.6 2730 1371 0.0 75 266.6 100.6 
Averg. 31.2 16.1 88 44 - 2.4 8.6 3.2 
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Daily Weather Data November, 2012 
 

Date 

Temperature 
0C R. Humidity % 

Rainfall 
(mm) 

Wind 
Velocity 
(Km/hr) 

Sun 
shine 
hrs. 

Evap. 
(mm) 

Max. Min. 0712 
am 

1412 
pm 

1 30.0 12.3 84 35 000.0 1.6 08.5 2.9 

2 30.2 11.9 89 38 000.0 1.7 09.3 2.4 

3 29.1 11.5 80 35 000.0 2.1 07.6 3.2 

4 28.8 12.8 88 36 000.0 2.3 08.2 2.3 

5 29.0 13. 89 35 000.0 1.3 07.2 2.0 

6 28.2 12.4 91 38 000.0 1.5 04.8 1.9 

7 27.0 12.9 89 38 000.0 2.4 00.0 2.1 

8 27.8 10.8 93 31 000.0 2.0 03.7 1.8 

9 28.0 10.0 90 36 000.0 2.5 07.1 2.6 

10 27.0 11.4 89 38 000.0 2.1 07.4 2.5 

11 26.8 12.8 90 37 000.0 5.0 06.5 3.2 

12 28.0 10.4 90 40 000.0 1.8 05.2 2.6 

13 27.0 10.3 90 40 000.0 1.8 06.5 1.8 

14 26.2 8.8 95 41 000.0 2.0 02.4 1.7 

15 26.6 9.4 90 41 000.0 1.5 07.0 2.1 

16 27.0 10.0 90 42 000.0 1.6 07.1 2.4 

17 27.2 9.9 90 38 000.0 2.8 08.4 2.8 

18 28.5 9.7 90 37 000.0 1.9 08.2 2.7 

19 29.4 9.5 90 37 000.0 2.0 08.5 2.4 

20 28.0 9.1 92 36 000.0 2.0 08.5 2.6 

21 27.6 9.4 91 36 000.0 1.7 08.6 2.2 

22 27.2 9.1 92 40 000.0 1.7 08.0 2.1 

23 25.8 8.5 94 39 000.0 2.7 06.7 3.0 

24 25.2 8.3 92 39 000.0 2.0 05.3 3.4 

25 26.4 6.4 94 39 000.0 2.5 07.5 3.7 

26 26.2 6.8 94 37 000.0 6.8 08.6 4.2 

27 24.1 5.9 97 37 000.0 2.6 07.9 2.9 

28 24.0 5.8 94 39 000.0 2.3 08.3 3.0 

29 23.7 7.9 92 39 000.0 2.6 07.5 2.3 

30 26.0 11.6 93 37 000.0 3.9 06.9 5.6 

Total 816 298.6 2722 1131 0.0 70.7 207.4 80.4 

Averg. 27.2 9.9 90 37  2.3 6.9 2.6 
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Daily Weather Data December, 2012 
 

Date 

Temperature 
0C 

R. Humidity % 
Rainfall 

(mm) 

Wind 
Velocity 
(Km/hr) 

Sun 
shine 
hrs. 

Evap. 
(mm) 

Max. Min. 0712 
am 

1412 
pm 

1 25.3 6.3 95 35 000.0 6.2 08.7 2.7 

2 25.1 6.8 92 40 000.0 2.4 08.7 2.3 

3 24.4 6.1 90 30 000.0 2.4 08.9 1.6 

4 24.6 6.0 92 35 000.0 4.8 09.1 2.5 

5 24.6 5.8 93 49 000.0 5.5 08.5 2.1 

6 23.5 5.5 95 46 000.0 3.9 07.4 2.3 

7 23.5 6.7 94 47 000.0 3.0 07.6 3.7 

8 23.2 6.9 94 51 000.0 2.1 03.9 2.3 

9 22.8 7.8 94 49 000.0 1.6 02.9 2.3 

10 24.2 7.6 92 51 000.0 2.5 06.4 3.0 

11 26.2 9.8 9 46 000.0 1.8 07.6 3.6 

12 24.8 6.9 94 46 000.0 7.3 04.3 4.6 

13 23.5 10.1 93 43 000.0 3.2 07.7 4.0 

14 24.5 13.0 91 55 000.0 4.9 06.9 5.0 

15 21.4 8.0 94 46 000.0 4.6 00.7 3.3 

16 24.6 10.9 93 43 000.0 2.4 04.3 3.2 

17 23.3 9.4 95 43 000.0 7.7 00.7 2.8 

18 23.0 8.3 95 56 000.0 11.7 08.1 3.8 

19 20.7 6.9 94 54 000.0 3.3 03.3 1.7 

20 20.6 4.9 97 84 000.0 4.4 05.1 2.5 

21 15.0 10.2 88 80 000.0 3.9 00.0 0.8 

22 14.5 7.4 94 59 000.0 2.8 00.0 0.9 

23 18.0 4.8 96 62 000.0 1.6 00.0 1.2 

24 20.2 4.9 97 78 000.0 3.0 06.0 1.6 

25 15.0 9.9 95 85 000.0 3.4 00.0 0.6 

26 13.0 9.4 95 86 000.0 5.2 00.0 0.5 

27 12.9 8.9 95 58 000.0 3.2 00.0 0.6 

28 18.2 2.9 100 74 000.0 2.2 01.2 1.0 

29 20.5 2.3 97 62 000.0 2.6 07.1 1.9 

30 21.4 3.5 97 53 000.0 2.8 08.3 2.0 

31 18.4 3.9 100 66 000.0 4.1 02.1 1.0 

Total 660.9 221.8 2840 1712 0.0 120.5 145.5 71.4 

Averg. 21.3 7.1 91 55 - 3.8 04.6 2.3 
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Daily Weather Data January, 2013 
 

Date 

Temperature 
0C 

R. Humidity % 
Rainfall 

(mm) 

Wind 
Velocity 
(Km/hr) 

Sun 
shine 
hrs. 

Evap. 
(mm) 

Max. Min. 0712 
am 

1412 
pm 

1 15.5 4.7 100 67 000.0 6.8 04.2 1.0 

2 14.0 1.4 100 62 000.0 2.4 00.5 0.6 

3 17.1 4.4 97 94 000.0 4.3 07.5 0.9 

4 9.0 4.9 100 74 000.0 5.8 00.0 0.5 

5 12.1 4.4 100 91 000.0 3.8 00.0 0.7 

6 8.6 3.8 100 94 000.0 4.0 00.0 0.4 

7 7.5 3.9 100 91 000.0 6.7 00.0 0.5 

8 7.2 2.4 99 94 000.0 7.1 00.0 0.5 

9 6.0 +0.4 97 78 000.0 2.3 00.0 0.3 

10 9.3 1.3 100 77 000.0 1.8 00.0 0.4 

11 13.1 -0.8 100 59 000.0 1.5 01.2 0.5 

12 17.4 2.8 97 93 000.0 2.1 05.3 0.9 

13 21.2 5.4 97 35 000.0 3.2 07.3 1.4 

14 23.5 5.9 91 52 000.0 2.8 07.7 2.1 

15 22.6 6.0 97 39 000.0 2.4 04.9 1.2 

16 23.5 7.9 86 43 000.0 5.1 05.9 1.1 

17 24.5 10.7 77 37 000.0 2.9 06.5 2.4 

18 26.5 14.0 92 72 017.8 8.2 05.9 5.6 

19 18.1 7.4 99 58 023.4 12.6 00.1 3.0 

20 20.0 8.4 97 78 000.0 7.1 07.4 2.2 

21 15.5 6.8 100 91 000.0 4.1 02.4 1.1 

22 15.0 8.7 97 88 000.0 3.1 02.5 0.7 

23 14.6 8.0 97 77 000.0 4.7 01.4 1.0 

24 15.2 8.4 97 67 000.0 5.5 04.5 1.2 

25 18.0 7.1 97 75 000.0 4.4 06.3 1.3 

26 16.0 6.9 94 90 000.0 3.4 03.7 1.1 

27 12.6 7.9 97 90 000.0 3.4 00.4 0.5 

28 11.8 6.9 100 82 000.0 2.0 00.0 0.5 

29 17.5 4.6 100 52 000.0 3.3 01.7 0.6 

30 21.6 5.4 96 49 000.0 2.5 05.7 1.2 

31 23.0 5.8 94 43 000.0 2.0 04.2 1.6 

Total 497.5 175.4 2995 2192 41.2 131.3 97.2 37 

Averg. 21.3 7.1 91 55 - 3.8 04.6 2.3 
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Daily Weather Data February, 2013 
 

Date 

Temperature 
0C 

R. Humidity % 
Rainfall 

(mm) 

Wind 
Velocity 
(Km/hr) 

Sun 
shine 
hrs. 

Evap. 
(mm) 

Max. Min. 0712 
am 

1412 
pm 

1 24.2 6.1 89 42 000.0 2.4 07.2 2.0 

2 24.5 10.5 85 44 000.0 1.7 08.8 1.7 

3 22.5 8.3 94 52 000.0 0.7 02.2 1.0 

4 24.5 14.3 80 60 000.0 0.7 04.6 1.1 

5 21.3 14.2 91 93 009.2 6.6 00.2 4.0 

6 15.5 13.3 94 62 026.7 9.8 00.0 5.7 

7 23.5 10.7 95 49 012.4 7.0 04.7 4.0 

8 24.0 7.6 94 62 000.0 7.7 06.9 1.4 

9 21.2 7.2 97 54 000.0 3.4 05.7 1.3 

10 23.2 8.3 92 42 000.0 3.5 06.9 1.8 

11 23.5 7.2 93 46 000.0 2.8 08.5 2.0 

12 24.0 8.6 92 50 000.0 4.2 09.2 2.1 

13 25.0 8.2 92 50 000.0 4.3 07.0 1.9 

14 24.0 7.4 93 51 000.0 4.3 0.69 2.0 

15 24.5 10.4 87 66 000.0 3.7 07.7 1.9 

16 21.0 13.1 93 94 006.0 10.4 01.2 2.6 

17 15.0 10.9 90 60 053.6 12.8 00.0 8.2 

18 20.0 7.7 89 57 000.0 5.2 07.3 1.9 

19 21.8 9.4 97 61 000.0 4.6 10.1 2.3 

20 21.0 9.2 95 49 000.0 3.3 03.2 1.6 

21 23.5 9.3 95 48 000.0 5.3 09.5 2.0 

22 24.2 10.3 77 47 000.0 2.6 03.2 1.5 

23 26.0 11.9 89 91 000.0 2.8 08.9 2.2 

24 18.6 10.4 90 51 024.2 10.3 01.2 4.0 

25 25.2 10.0 93 50 000.0 3.3 10.0 2.3 

26 25.0 9.4 97 49 000.0 4.9 10.0 2.6 

27 26.0 11.0 84 48 000.0 2.8 08.9 2.3 

28 25.8 11.3 94 46 000.0 4.5 09.3 2.1 

Total 638.5 276.2 2551 1574 132.1 135.6 163.09 69.5 

Averg. 22.8 9.9 90 56 - 4.8 05.8 2.5 
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Daily Weather Data March, 2013 
 

Date 

Temperature 
0C 

R. Humidity % 
Rainfall 

(mm) 

Wind 
Velocity 
(Km/hr) 

Sun 
shine 
hrs. 

Evap. 
(mm) 

Max. Min. 0712 
am 

1412 
pm 

1 25.0 10.3 95 45 000.0 14.0 10.0 4.5 

2 25.0 9.9 95 47 000.0 9.4 09.8 3.0 

3 24.5 11.4 97 45 000.0 3.5 06.9 1.5 

4 27.0 12.9 93 49 000.0 4.3 08.7 2.6 

5 28.0 13.0 92 47 000.0 3.0 09.0 2.8 

6 29.5 13.5 89 45 000.0 3.0 10.0 3.2 

7 30.0 11.0 93 49 000.0 4.2 09.4 3.4 

8 28.4 13.8 91 44 000.0 1.5 08.3 2.6 

9 29.2 13.4 93 44 000.0 1.7 08.9 2.3 

10 29.0 13.6 86 50 000.0 4.1 09.0 3.7 

11 28.9 13.9 86 45 000.0 6.0 08.0 3.4 

12 30.1 13.4 88 44 000.0 2.1 09.2 2.8 

13 29.0 11.0 90 46 000.0 2.4 07.1 3.0 

14 30.0 14.3 78 45 000.0 1.7 09.4 3.0 

15 29.8 14.8 91 50 013.4 2.9 07.8 7.0 

16 28.2 12.6 91 47 000.0 4.3 08.8 3.3 

17 29.5 11.4 90 39 000.0 3.9 09.6 3.8 

18 28.0 11.9 90 38 000.0 9.6 10.0 5.6 

19 27.8 13.5 93 50 000.0 8.1 09.3 4.2 

20 29.0 14.8 90 46 000.0 1.1 09.3 2.8 

21 30.0 14.4 93 46 000.0 1.4 05.7 2.7 

22 30.7 14.9 91 49 000.0 2.4 09.4 4.8 

23 29.2 15.1 90 37 000.0 1.6 08.0 3.2 

24 31.4 17.4 78 35 000.0 2.0 08.2 3.4 

25 31.0 16.0 79 36 000.0 1.1 08.5 3.9 

26 30.0 12.8 83 40 000.0 2.2 10.2 5.5 

27 29.8 12.7 91 42 000.0 2.7 08.5 4.2 

28 30.0 14.7 87 38 000.0 1.5 06.5 3.5 

29 31.5 16.9 89 38 000.0 1.3 08.8 3.4 

30 30.4 12.4 91 37 000.0 2.7 05.1 4.7 

31 31.1 15.4 87 38 000.0 4.8 10.5 7.0 

Total 901 417.1 2770 1351 13.4 114.5 267.9 114.8 

Averg. 29.1 13.5 89 44 - 3.7 08.6 3.7 
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Daily Weather Data April, 2013 
 

Date 

Temperature 
0C R. Humidity % 

Rainfall 
(mm) 

Wind 
Velocity 
(Km/hr) 

Sun 
shine 
hrs. 

Evap. 
(mm) Max. Min. 

0712 
am 

1412 
pm 

1 31.0 16.3 88 34 000.0 1.4 10.0 4.5 

2 32.6 13.4 87 30 000.0 1.2 10.4 4.8 

3 34.0 20.9 69 30 000.0 1.7 10.9 3.6 

4 34.2 14.9 74 27 000.0 1.5 08.8 5.1 

5 31.9 13.9 87 25 000.0 8.7 10.5 8.5 

6 31.5 12.4 81 24 000.0 15.5 10.5 10.0 

7 33.0 12.9 76 16 000.0 6.4 10.8 7.4 

8 36.1 15.4 79 16 000.0 15.0 10.5 9.6 

9 37.0 15.9 87 27 000.0 9.4 10.9 9.7 

10 38.0 19.5 59 27 000.0 7.4 10.6 9.4 

11 38.1 17.0 62 27 000.0 5.5 06.8 6.5 

12 36.2 16.8 72 18 000.0 5.0 09.2 7.8 

13 36.4 16.4 66 18 000.0 5.3 10.6 8.2 

14 36.7 22.9 61 19 000.0 8.1 10.4 10.6 

15 36.0 16.8 71 24 000.0 6.1 07.0 7.7 

16 35.0 16.9 54 22 000.0 4.3 10.5 7.0 

17 36.7 21.9 60 24 000.0 5.3 09.4 8.2 

18 35.5 17.9 62 25 000.0 4.3 10.6 7.4 

19 35.7 15.9 52 27 000.0 6.7 10.1 7.6 

20 36.2 19.2 43 25 000.0 7.0 10.9 8.4 

21 34.4 18.1 81 38 008.4 13.7 05.2 9.4 

22 29.3 17.5 73 40 000.0 10.0 09.3 6.5 

23 30.2 18.4 62 35 000.0 4.4 10.4 5.7 

24 32.8 20.4 69 35 000.0 4.1 10.1 5.7 

25 35.0 19.8 64 31 000.0 5.1 08.3 6.0 

26 36.8 20.4 60 32 000.0 5.6 08.5 7.1 

27 35.5 18.4 72 27 000.0 6.1 07.0 6.1 

28 38.0 19.9 56 27 000.0 13.1 10.4 12.6 

29 36.5 18.9 63 22 000.0 11.9 08.7 11.0 

30 39.0 20.4 64 19 000.0 8.5 11.0 12.8 

Total 1049.3 529.4 2054 791 008.4 208.3 288.3 234.9 

Averg. 35.0 17.6 68 26  - 6.9 09.6 7.8 
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Daily Weather Data May, 2013 
 

Date 

Temperature 
0C 

R. Humidity % 
Rainfall 

(mm) 

Wind 
Velocity 
(Km/hr) 

Sun 
shine 
hrs. 

Evap. 
(mm) 

Max. Min. 0712 
am 

1412 
pm 

1 40.5 20.1 62 21 000.0 8.8 10.8 11.2 

2 39.6 18.0 71 21 000.0 8.9 10.8 13.0 

3 38.1 15.5 57 20 000.0 9.0 11.0 12.3 

4 37.8 17.5 54 19 000.0 5.1 11.0 11.1 

5 39.1 21.2 56 27 000.0 4.0 10.6 10.3 

6 38.0 20.9 53 36 000.0 7.5 05.7 9.0 

7 37.6 20.4 57 30 000.0 5.7 09.0 8.5 

8 38.8 18.4 60 19 000.0 6.9 09.5 9.5 

9 41.0 20.0 54 19 000.0 8.9 10.8 13.0 

10 41.8 18.4 51 18 000.0 7.1 11.7 10.8 

11 40.0 19.9 63 20 000.0 2.0 06.4 9.3 

12 40.2 22.4 50 50 000.0 3.5 07.2 11.2 

13 31.2 18.4 62 26 001.2 1.9 00.4 4.9 

14 36.6 22.4 65 20 000.0 3.3 11.0 8.6 

15 39.0 23.4 63 21 000.0 3.5 10.0 9.0 

16 40.0 20.9 53 32 000.0 3.8 10.7 11.2 

17 37.5 23.9 54 31 000.0 1.9 05.3 7.4 

18 38.2 23.5 58 35 000.0 3.1 09.0 8.6 

19 39.0 25.4 62 40 000.0 2.7 07.7 9.0 

20 38.5 27.4 68 42 000.0 3.0 07.6 10.0 

21 39.5 28.4 67 47 000.0 2.8 00.0 8.2 

22 38.0 28.7 68 49 000.0 5.1 00.0 9.2 

23 38.5 29.7 86 41 000.0 3.7 00.0 9.5 

24 39.5 28.4 70 45 000.0 5.4 02.4 10.0 

25 38.4 29.5 66 48 000.0 2.6 10.1 9.4 

26 39.0 30.0 68 42 000.0 2.6 07.9 10.6 

27 41.2 28.9 65 39 000.0 2.8 09.8 10.2 

28 40.8 26.3 59 36 000.0 6.0 08.6 11.0 

29 40.0 28.4 61 33 000.0 2.3 10.5 9.2 

30 39.6 22.4 62 37 000.0 3.1 09.5 8.8 

31 38.2 25.4 69 40 000.0 2.7 10.6 9.4 

Total 1205.2 724.1 1914 1004 001.2 139.7 245.6 303.4 

Averg. 38.9 23.4 62 32 - 4.5 07.9 9.8 
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Daily Weather Data June, 2013 
 

Date 

Temperature 
0C R. Humidity % 

Rainfall 
(mm) 

Wind 
Velocity 
(Km/hr) 

Sun 
shine 
hrs. 

Evap. 
(mm) Max. Min. 

0712 
am 

1412 
pm 

1 36.5 24.9 74 49 Trace 2.8 09.4 9.4 

2 33.5 25.8 68 43 000.0 2.0 00.3 6.8 

3 36.9 27.4 75 47 000.0 2.2 05.6 7.0 

4 36.0 26.4 64 40 000.0 1.9 06.5 7.6 

5 38.6 28.4 67 51 000.0 2.1 08.2 9.0 

6 37.5 28.9 70 70 000.0 2.3 02.8 9.0 

7 31.6 22.4 83 58 019.8 3.3 00.0 5.3 

8 34.1 27.3 76 61 000.0 4.9 05.9 9.5 

9 35.0 28.4 79 62 000.0 1.4 06.0 5.0 

10 33.7 27.5 89 53 003.8 2.0 00.1 4.3 

11 36.0 23.5 93 71 034.0 5.4 02.3 8.2 

12 29.4 24.9 72 53 015.2 9.0 00.6 4.4 

13 36.2 25.3 82 53 Trace 8.2 11.6 8.2 

14 35.2 26.7 74 56 000.0 3.8 07.9 5.7 

15 34.6 27.9 73 60 000.0 8.7 03.4 6.2 

16 33.0 24.5 74 71 001.2 8.8 01.6 4.0 

17 30.5 23.4 95 95 069.4 18.0 00.2 Of 

18 25.0 22.0 91 72 130.6 17.6 00.0 Of 

19 29.0 24.0 81 65 000.0 6.1 02.0 2.5 

20 32.2 24.9 89 67 000.0 5.2 10.7 4.0 

21 33.4 27.5 83 55 000.0 5.2 06.6 4.0 

22 36.0 28.4 85 68 000.0 3.7 01.8 5.1 

23 32.8 24.4 89 83 001.4 10.8 00.0 4.0 

24 31.0 25.4 92 79 041.0 4.0 00.0 4.0 

25 29.2 24.4 98 93 141.8 6.7 00.0 Of 

26 28.1 24.5 96 68 110.4 8.7 00.9 Of 

27 32.2 24.6 93 70 010.0 4.4 01.8 3.6 

28 32.5 25.2 90 68 000.4 4.1 04.5 3.4 

29 31.6 25.9 82 63 000.0 4.1 03.8 3.0 

30 34.0 25.6 91 75 024.4 6.3 04.6 5.4 

Total 995.3 770.4 2468 1919 603.4 173.7 109.1 148.6 

Averg. 33.2 25.7 82 64 - 5.8 03.6 5.7 
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APPENDIX - II   

Analysis of variance for Plant height 

Source d.f. 
Mean sum of square 

I II III IV V VI 

Replication 4.0 9.03 4.68 16.46 2.03 1.60 11.53 

Treatments 6.0 41.52** 52.76** 106.13** 257.86** 267.92** 292.76** 

Error 24.0 4.10 3.62 3.66 2.93 3.73 5.60 

**Significant at 5% level 

 
                                                           APPENDIX – III   
   

Analysis of variance for number of tillers per plant 
 

Source d.f. 
                                        Mean sum of square 

I II III IV V VI 

Replication 4.0 0.37 3.24 4.40 8.46 0.70 1.63 

Treatments 6.0 2.06** 12.708** 16.41** 14.06** 39.62** 30.49** 

Error 24.0 0.16 1.41 1.79 2.23 2.34 1.92 

**Significant at 5% level 
 
 

APPENDIX – IV 
 

Analysis of variance for number of leaves 
 

         
Source 

d.f. 
                                          Mean sum of square 

I II III IV V VI 

Replication 4.0 10.74 283.75 438.46 145.19 31.21 7.94 

Treatments 6.0 10160.66** 22271.93** 4516.86** 9564.23** 19459.85** 16705.90** 

Error 24.0 27.19 139.63 929.02 398.75 39.80 7.64 

**Significant at 5% level 
 

APPENDIX – V 
 

Analysis of variance for dry matter accumulation through leaves 
 

Source d.f. 
                                          Mean sum of square 

I II III IV V VI Total 

Replication 4.0 2.72 0.58 1.36 3.91 15.48 8.12 107.28 

Treatments 6.0 2.58ns 29.04** 35.97** 15.34** 41.33* 57.02** 245.70** 

Error 24.0 1.78 2.35 1.07 2.88 11.07 1.91 23.95 

**Significant at 5% level 
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APPENDIX – VI 
 

Analysis of variance for dry matter accumulation through Stem 
 

Source d.f. 
                                          Mean sum of square 

I II III IV V VI Total 

Replication 4.0 0.25 0.26 4.19 9.38 36.20 19.1 133.60 

Treatments 6.0 0.52* 8.67** 32.18** 42.68** 27.23ns 50.97** 180.10** 

Error 24.0 0.19 1.30 3.91 5.89 14.11 3.44 29.78 

**Significant at 5% level 
 

APPENDIX – VII 
 

Analysis of variance for dry matter accumulation through Plants/m row length 
 

Source d.f. 
                                          Mean sum of square 

I II III IV V VI Total 

Replication 4.0 5.27 1.60 7.27 25.09 105.92 50.35 300.51 

Treatments 6.0 5.30ns 65.21** 127.18** 74.91** 123.51* 206.99** 615.97** 

Error 24.0 3.51 6.80 7.06 14.94 49.06 10.12 106.17 

**Significant at 5% level 
 

APPENDIX – VIII 
 

Analysis of variance for leaf: stem ratio 
 

Source d.f. 
                                          Mean sum of square 

I II III IV V VI 

Replication 4.0 0.33 0.11 0.27 0.007 0.003 0.002 

Treatments 6.0 1.92** 1.47** 0.92** 0.35** 0.12** 0.11** 

Error 24.0 0.315 0.093 0.191 0.053 0.010 0.008 

**Significant at 5% level 
 

  APPENDIX – IX 
 

Analysis of variance for green forage yield 
 

Source d.f. 
 Mean sum of square 

I II III IV V VI Total 

Replication 4.0 3.85 123.72 52.12 33.98 5.81 15.44 477.04 

Treatments 6.0 2119.58** 9095.28** 18895.70** 30882.10** 44220.51** 34147.85** 359313.3** 

Error 24.0 33.32 101.85 9.85 7.87 21.71 3.88 312.55 

**Significant at 5% level 
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APPENDIX – X 
 

Analysis of variance for dry matter content 
 

Source d.f. 
                                          Mean sum of square 

I II III IV V VI 

Replication 4.0 1.04 1.04 0.34 1.08 0.63 2.68 

Treatments 6.0 5.78** 3.15** 11.70** 16.12** 33.01** 25.57** 

Error 24.0 0.38 0.27 0.19 1.02 1.21 1.48 
**Significant at 5% level 
 
                                                                  APPENDIX – XI 
 
Analysis of variance for dry matter yield 
 

Source d.f. 
                                          Mean sum of square 

I II III IV V VI Total 

Replication 4.0 0.48 2.22 0.29 2.44 0.20 3.13 12.97 

Treatments 6.0 27.74** 146.73** 409.88** 1188.96** 1956.11** 1940.36** 18663.90** 

Error 24.0 0.64 1.90 0.60 2.42 3.41 1.08 17.53 

**Significant at 5% level 
 

APPENDIX – XII 
 

Analysis of variance for crude protein content 
 

Source d.f. 
                                          Mean sum of square 

I II III IV V VI 

Replication 4.0 0.19 0.09 0.24 0.15 0.33 0.85 

Treatments 6.0 75.93** 66.76** 56.12** 71.45** 94.32** 126.84** 

Error 24.0 0.19 0.21 0.27 0.23 0.19 0.40 
**Significant at 5% level 
 
                                                                  APPENDIX – XIII 
 

Analysis of variance for crude protein yield 
 

Source d.f. 
                                          Mean sum of square 

I II III IV V VI Total 

Replication 4.0 0.03 0.07 0.04 0.15 0.04 0.12 1.10 

Treatments 6.0 1.11** 3.43** 16.54** 73.78** 110.52** 69.05** 935.12** 

Error 24.0 0.03 0.07 0.04 0.15 0.14 0.08 0.84 

**Significant at 5% level 
 



Appendices.........! 

APPENDIX – XIV 
 

Analysis of variance for dry matter digestibility 
 

Source d.f. 
                                          Mean sum of square 

I II III IV V VI 

Replication 4.0 9.03 3.83 9.71 3.14 3.42 11.53 

Treatments 6.0 41.52** 116.72** 140.80** 420.76** 315.92** 292.76** 

Error 24.0 4.10 3.96 4.51 3.14 2.82 5.60 
**Significant at 5% level 
 

APPENDIX – XV 
 

Analysis of variance for digestible dry matter yield 
 

Source d.f. 
                                          Mean sum of square 

I II III IV V VI Total 

Replication 4.0 0.34 1.18 1.81 3.77 0.33 1.31 12.06 

Treatments 6.0 22.16** 101.26** 336.14** 578.73** 674.90** 708.00** 6632.63** 

Error 24.0 0.44 1.40 1.18 2.20 2.22 0.49 14.69 

**Significant at 5% level 
 
                                                        APPENDIX - XVI   
         

Analysis of variance for neutral detergent fibre 
 

Source d.f. 
                                          Mean sum of square 

I II III IV V VI 

Replication 4.0 1.83 8.24 71.43 9.64 31.07 45.36 

Treatments 6.0 57.50** 40.60ns 81.67ns 203.09** 214.05** 218.33** 

Error 24.0 8.41 36.66 46.85 42.98 48.57 17.44 
**Significant at 5% level 
 
                                                                APPENDIX – XVII 
 

Analysis of variance for acid detergent fibre 
 

Source d.f. 
                                          Mean sum of square 

I II III IV V VI 

Replication 4.0 1.71 0.76 3.33 1.71 0.47 1.60 

Treatments 6.0 7.85** 22.12** 10.16** 20.78** 13.90** 15.58** 

Error 24.0 1.68 0.79 1.58 2.05 1.54 1.53 
**Significant at 5% level 
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APPENDIX – XVIII 
 

Analysis of variance for cell content 
 

Source d.f. 
                                          Mean sum of square  

I II III IV V VI  

Replication 4.0 1.99 8.24 71.43 9.64 31.07 45.35 

Treatments 6.0 56.79** 40.60ns 81.67ns 203.10** 214.05** 218.33** 

Error 24.0 11.02 36.66 46.85 42.98 48.57 17.44 
**Significant at 5% level 
 

APPENDIX – XIX 
 

Analysis of variance for hemicellulose per cent 
 

Source d.f. 
                                          Mean sum of square  

I II III IV V VI  

Replication 4.0 6.40 10.04 67.74 9.96 35.26 46.24 

Treatments 6.0 75.63** 66.38ns 44.03ns 133.50* 194.89** 155.99** 

Error 24.0 8.87 35.39 49.16 51.26 48.07 19.52 
**Significant at 5% level 
 

APPENDIX – XX 
 

Analysis of variance for ash content 
 

Source d.f. 
                                          Mean sum of square  

I II III IV V VI  

Replication 4.0 0.45 1.54 3.26 1.14 2.17 2.46 

Treatments 6.0 178.80** 177.52** 8.71* 12.76* 5.07* 3.85ns 

Error 24.0 1.74 3.81 2.35 3.48 1.97 3.66 
**Significant at 5% level 
 

APPENDIX – XXI 
 

Analysis of variance for nitrogen content in crop plant 
 

Source d.f. 
                                          Mean sum of square  

I II III IV V VI  

Replication 4.0 0.005 0.003 0.008 0.004 0.016 0.013 

Treatments 6.0 1.955** 1.714** 1.471** 1.822** 2.502** 3.264** 

Error 24.0 0.006 0.007 0.007 0.006 0.006 0.010 
**Significant at 5% level 
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APPENDIX – XXII 
 

Analysis of variance for phosphorus content in crop plant 
 

Source d.f. 
                                          Mean sum of square 

I II III IV V VI 

Replication 4.0 0.0008 0.0005 0.004 0.0006 0.0002 0.0003 

Treatments 6.0 0.002** 0.001** 0.001** 0.005** 0.008** 0.009** 

Error 24.0 0.0005 0.0009 0.0005 0.0007 0.0008 0.0009 

**Significant at 5% level 
 

APPENDIX – XXIII 
 

Analysis of variance for potassium content in crop plant 
 

Source d.f. 
                                          Mean sum of square 

I II III IV V VI 

Replication 4.0 0.004 0.002 0.006 0.006 0.0007 0.016 

Treatments 6.0 0.846** 0.857** 1.062** 1.587** 2.710** 2.263** 

Error 24.0 0.0009 0.006 0.002 0.004 0.002 0.003 

**Significant at 5% level 
 

APPENDIX – XXIV 
 

Analysis of variance for green forage and dry matter productivity per day of 
different forage crops 

 

Source d.f. 

                                          Mean sum of square 

Green forage productivity 
              per day 

Dry matter productivity 
 per day 

Replication 4.0 0.011 0.0003 

Treatments 6.0    6.439**    0.3184** 

Error 24.0 0.007 0.0004 

**Significant at 5% level 
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ABSTRACT 

              The experiment was conducted at Forage Agronomy block of Instructional 

Dairy Farm (IDF), Nagla of the Govind Ballabh Pant University of Agriculture and 

Technology, Pantnagar, Udham Singh Nagar, Uttarakhand, India during rabi season of 

2012-13. The experiment was laid out in Randomized Block Design consisting seven 

(7) treatments with five (5) replications. Growth, yield and quality of native and exotic 

cultivated forage crop’s varieties was determined along with their cuttings potential.  

            UPO-212 and exotic Genie oat (Netherland) varieties of oat, local rye and 

exotic Makkhan grass (Advanta) varieties of rye grass, Mascavi variety of berseem, 

exotic Baralfa IN (Netherland) variety of lucerne and exotic Barduro (Netherland) 

variety of red clover were tested for their yield attributes, yield and quality. 

           The dry matter per cent, green forage yield, dry matter yield, crude protein yield, 

and digestible dry matter yield was highest from lucerne variety Baralfa IN than 

remaining leguminous rabi season forage crops. Among oat varieties, dry matter per 

cent, green forage yield, dry matter yield, crude protein yield and digestible dry matter 

yield was highest in the UPO-212 than genie oat while among rye grasses, yields was 

higher in the rye grass variety makkhan grass than local rye. Crude protein per cent, 

neutral detergent fibre content, acid detergent fibre content and hemicellulose per cent 

of berseem was higher than lucerne variety Baralfa IN and red clover variety Barduro, 

while among oat and rye grass varieties, genie oat and makkhan grass had higher 

respective quality characters. Dry matter digestibility was higher in red clover variety 

Barduro than remaining leguminous rabi season forage crops. Among oat and rye grass 

varieties, dry matter digestibility was more in genie oat and makkhan grass 

respectively. 

           On the basis of the present investigation it is concluded that exotic lucerne 

variety Baralfa IN, Oat variety UPO-212 and Rye grasses variety Makkhan grass, best 

option for rabi season forage crops. 



Ukke  %  cztfd’kksj iztkifr ifjp;kad  %  44087 
l= ,oa izos'k o"kZ % izFke "kVekl 2012&13 mikf/k  %  LukrdksRrj ¼d`f”k½       
eq[; fo”k;  %  ‘kL; foKku      foHkkx  % ‘kL; foKku foHkkx    
'kks/k 'kh"kZd %  mRrjk[k.M d s rjkb Z {k s= e sa jch ekSle d h pkjk Qlyksa d h c< +okj] 

mit ,o a x q.koRrk 
ijke’kZnkrk %  MkW0 dsoykuUn 

Lkkjk a' k 

 pkj as d h fofHkUu Qlyksa d h fdLe sa tb Z d h ; w-ih-v ks&212 ,o a fxUuh tb Z] jkb Z ?kkl d h 

LFkku h; jkb Z ,o a eD[ku ?kkl ] cjl he d h e sLd koh] Y; wlu Z d h ckjkYQ k bu ,o a j sMDyksoj d h 

ckjM ªk s d h c<okj] mit ,oa xq.koRrk ewY;kadu gsrq o’kZ 2012&13 jch ekSle esa “kS{kf.kd Ms;jh 

QkeZ uxyk] xksfoUn CkYyHk iar d`f’k ,oa izkS|ksfxdh fo”ofo|ky; iaruxj ¼m/keflag uxj½] 

mRrjk[k.M ] Hkkjr d s pkjk ,x zk su kWe h i z{k s= e sa ik Wp ¼5½ i qu ko `fRRk; ksa d s l kFk j sUM kekbt CykWd 

fMt kbu e sa ijh{k.k fd;k x;kA  

 Y;wluZ dh fdLe ckjkYQk bu esa gjk pkjk mit] “kq’d inkFkZ mit] dzwM izksVhu 

mit] lqikP; inkFkZ mit ,oa “kq’d inkFkZ izfr”kr ckdh Qyhnkj jch ekSle dh pkjk Qlyksa 

l s v f/kd ik;k x;kA tbZ d h fdLeksa e sa ; w-ih-v ks&212 d k gjk pkjk mit] “kqq’d inkFkZ mit] 

dzwM izksVhu mit]  lqikP; inkFkZ mit ,oa “kq’d inkFkZ izfr”kr  lcls vf/kd ik;k x;kA 

jkbZ ?kkl dh fons”kh fdLe eD[ku ?kkl dh mit LFkkuh; jkbZ ?kkl dh vis{kk vf/kd ik;h 

xb ZA 

 Ckjlhu dh esLdkoh fdLe esa dzwM izksVhu izfr”kr] rVLFk f MVtsZaV Qkbcj izfr”kr] 

,flM fMVtasZV QkbZcj izfr”kr vkSj gsehlsY;wykst] Y;wluZ dh fdLe ckjkYQk bu vkSj 

j sMDyksoj d h ckjM ªks fdLe l s vf/kd ik;k x;kA tb Z d h fdLe fxUuh tb Z ,o a jkb Z d h fdLe 

eD[ku ?kkl e sa mijksDr x q.k mPp ek=k e sa ik, x,A 

“kq’d inkFkZ lqikP; jsMDyksoj dh fdLe ckjMªks esa “ks’k jch ekSle dh Qyhnkj Qlyksa ls 

v f/kd ik;k x;kA tb Z d h fdLe fxUuh tbZ ,o a jkb Z d h fdLe eD[ku ?kkl e sa mijksDr x q.k 

mPp Lrj d s ik, x,A  

 orZeku “kks/k ls ;g fu’d’kZ fudyrk gSa fd Y;wluZ dh fdLe ckjkYQk bu] tbZ dh 

fdLe ; w-ih-v ks&212 ,o a jkb Z d h fdLe eD[ku ?kkl jch ekSle e sa mRrjk[k.M d s rjkb Z {ks= ksa d s 

fy, vf/kd o `f} ] mit ,o a x q.koRrk d s fy, i z; ksx g sr q mi; qDr g SA  

 


