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1% INTRODUCTTON

An insight of the present day dairy industry of the country would
reveal that most of our animtls are ill-fed: Semi-starvation or malmutrition
is the rule andL§§z~milk produdtiof 45 well as the working officiency is
stendily deelinings According tc the estimates of the Imstdtute of
Agricultural Resesrch Statisticsy an average Indian cow produces 173 kg milk
per annum as compared to its counterparts in Denmnmerky Netherlandsy U.Ke and
UsSiAsy which produce 3,310, 4,180, 3,680 snd 3,580 kg ¥ilk per snnun,
respectivelys It is primarily for this reoson that most of the work on
livestock improvement has so far been directed towards breeding and digsase
ccntrol, while feeding, without which reither of these can be fully
effective, has been grossly neglected,

The Nutriticn Adviscry Committee of the Indian Council of Medical
Research and the Animal Nutrition Committee of the Indian Council of
hgricultural Research (1952) jointly estimated the shortages of the ordor of
abut 58 per cent in case of the xoughawe® ahd 80 per cent in case of the
cencentrates for the whole of India, Kehar (1953) puts the fecd requirement
of India's bovine :populaticn as 80 million tonnes of Digestible Crucs
Protein and 210 million tommes of Starch Equivalcont, whereos the present
supplics from all aveiloble sources are just 235 and 38 per cent,rospectively
of the needed amountse iccording to the estimates of thé Feeds and Fodder
Sub-Conmittec of the Centrzl Council of Gosaivardhana (1961),therc exists o
wide gap betwoen the demand and supply of feads and fodder fn the coﬁitf&.
The shortages rumning to the tune of 258 million tennes in case of green
frdder, 26 million tonnes in case of straw, Kedbi and stover and 2348

tillion tonmnes in casce of the concentrntos.



How to solwe, then this vexed problem of animal feeding? In view

of the just balanced position of human food in the ccuntry, it is not
dvisable to divert riore gquantitics of concentrates, particularly groins, for
livestock feedinge The sclution weuld, fherefore, appeor Fp lie in the
adoption of o new system of aninal feceding which inter alia envisages the
increascd use of gresn fodders and roughnges and cutting down the roguirement
of concentrates, thereby tackling both the problems of human nutrition as
vell ng livestock feeding simultancouslye. This systen will net only reduce
the cost of production of milk, cnobling the availability of neore milk to the
nasses at a cheapter rate, but will also spare 1ot of conventional
concentrates feeds like barley, gran, unizey ctcey for human conswiption,
The use of nutritious green fodder rich in vitazins, nincrals and proteins
will help the bovine populstion in several ways;vincrease the nmilk production,
raise the efficicncy of werking aninmals ond provide conmparstively faster
growth rate to the young stocks In nosmt of the sgriculturelly doveloped and
dairy advanced countrius, sound aninmel husbandry is doveloped around the
practice of green fodder production and pasturage.

At present, the ares devotad te fodder production in India is very

o]

smally only about 4 t~ 5 per cent of the tots~l cultivated acrenge, as compared
to about 25 per cent in U K, pnd 60 per cent in UShi, A thriving dairy
industry invarinbly demands cultivation of groen fodders. Sen and Roy (1964)
have pointed ocut theot the problem of .feeding the milk production wmilch
aninals can c¢asily be solved if, by some rcorientaticn of the cropping

programre, about 10 ner cent «f the total arable acreage of th: country cculd

groduslly be appropriated for crgoniscd production of fodder cropse



>
fecordingly, Singh (1967) recommended that the fermer should be cacouraged
to adopt n blanced agricultural policy by the adeption of mixed farming
pattern of crcp rotations, whick should includs suitable foddors specially
legunes to provide nutritious fodder for cattle besides onriching the soil
fertility,

Keeping in view these r~gro-aninzl husbandry conditions, the
present investigations were planned to identify for the mid-hills of
Himochal Prodesh the new vistas of forage production whercby it moy be
pessible to preduce the increased quantities cf fodler and hnrvest the
enhanced supplies of feed units per unit arca of land through the use of
fertilizers and inproved agro—tochniques. The objectives were:

Te To assess the conparative performance of bersecm and oat grown in pure
ard mixed stend for fodder production,

2e tc study the ¢ffect of three levels cach of nitrogcn and phosphorus on
the growth, yicld mnd quelity of cat and borscew grown in pure -nd
nixed stand,

3e  to study the economics of fortilizer application to oat and berscen

l

cultivated in pure an? nix. | stands,and
by to find cut the =ffect of leguie ond nemelegune association on the

fertility status of the scila



2 REVIEW OF LITHRATULRE

241e BERSEEM

Berseem (Trifolium alexandrinum Juslen) is one of the most nutritious

fodders containing about 14,10 ki crude protein per 100 kg of dry matter

(Sen and Ray, 1964)a According to Nelson et zl, (1965) berseem hay made at
bud stage contains about 15,4 per cent crude proteiny compared to P43 per

cent protein from milk stage oatse Patel et al. (1958) found it four times
richer in calcium than coreal fodderse Khatta and Katoch (1981) reported that

amongst the Rabi fodders studied, T,alexandrinum was found to contain 27.6

per cent crude proteins

‘ Saini and Malik (1949) opined that berseem is capable of giving very
high yields of green fodder in 4 to 5 cuttings from November to Hay under
suitable environments and the fodder is highly nutritious and palatable as
evinced by the contents of various constituents (protein $1.20 to ¥7.4 %,

Cald 2463 to 4,06 9% znd P 0429 to 0,69 %).

s

Tiwari (4966) reported that out of the winter legumes grown under
irrigation, bersecm is the most productive crop, yielding 2,6 tons green
matier per hectare followed by lucernc with 30.6 tonse Bonadslc (1567) also
concluded that berseem is the only high yielding Rabi forage with groon
fodder yiclds averaging 34 tons wor hectarc,

As quoted b Khan et al,(1954) increased yicld of legumcs due to
manuring were obtained by ‘iayman (1943) and Roberts and Allison (1943),
Accorddng to Chandneni (1958) manuring of bersecm is cconomical and helps

&

to increasge its quantity as well as qualitye

2e1e%e Effcct of nitrogen: HNitrogen application for legume establishment

is appoarently ansociatcd with the concept that inoculated legumes benefit

1e 1 ton = 14016 tonnet:,



' 5

from nitrogen during the prefixation stage (Sherwin, 1923)e It is desirablc
to add little guantitiecs of nitrogen for carly growth and nodulation in
legunes (Giobel, 1926; Webcr, 1930) because of its stimulatory effect on the
lcgumo plant in the early stages; at no stage it is known to have a
retarding cffcct. However, inorganic nitrogen at high levels is known to
interfere with normal nodulation of certain legumes, otesides reducing
emergence cgused by reduced germination and seedling plasmolysise, Several
workers from different parts of the world have found the gpplication of
small quantity of nitrogen to legumes to be rationals, With sbundent supply
of othor mincrals, the application of nitrogen helps in increasing the
yiclds of clover (Chandnani =nd Obhrai, 1955).

Results contrary to this havc also been obtaincd on thi basis of
n series of experiments, Parr and Bosc (1944, 1945) reperted thzt bersecm
did not respond to purely nitrogenous fertilizers and nmsximum growth was
not obtained even with Wigh dose of FWi{y Similarly, in a 3 yoar tridd,

Gonguli mnd Relwani (19617 observed that berseem yields d4id not increase

ny

due to direct or residual effect of the application of 20 and 60 1b~ nitrogen
per acre3 in the form of (mmonium‘sulphate to paddy and/or berseem crop in a
paddy-hersecm rotations Shah (1965) found that the quality of berscen forage
as determined by ‘crude protein percentage is not affected by higher level of
nitrogecn application,

During the cbursa of investigations on the cultivation of bersecn
in Egypt, Shaaban et a1,(1966) noted that cxtra nitrogen epplicd to berscom
or to berscem mixed with wheat/barley or field becans increased the yiclds at

the first two cuts. Jimeno mnd Lozano (1966) conducted trials on nitrogen

nutrition in berseem in which borscem was grown in the pots in the open.

2¢ 1 pound (1b) = 0.45% kg
2 1 acrc = 0,405 hectare.



Nitropgen was applied at rates equivalent to 109 150 and 300 kg per hectare
two third before sowing and one third when the plants were 3cm highe The
sead was inoculated, Herbage yields increased with the plant age; being
higher with 150 kg nitrogen., 11 general, nitrégen content in the herbage
also inereased with the rates of applied nitrogens

Tomar and Singh (1968) noted that the forage yields were very
much improved when L 4 kg nitrogen per hectare was applied to bersecm,
Howevery on the basis of experiments conducted at Sarkanda farm, Bilaspur
(M.P.), it appeared to Bondale (1967) that doses of 20 and 40 kg nitrogen
per hectarce were too high and detrimental to the foragee Tomar and Arora
(1971) also ohserved that berseem was not benefitted by higher doses of
nitrogen application. Sinha et als(1982) experienced that nitrogen dose
beyond 40 g per hectarc proved detrimental to berscom poscibly due to some
injurious effect on symbiotic bacteria and as a result it reduced the green
fodder yield significantlye. For general soil, Arora and Jacksen (1969)
rccomuended = dose of 25 kg N'per hectare to bersecm, Accerding to Touer
and Arora (41971) nitrogen applicaticn beyond 40 kg nitrogen per hectare
did not show beneficial effect on berseem, rather the forage yield declined
to the axtent that at 80 kg N per hcctare the yicld was cven lower as

compared tc control (No nitrogen).

2+1e2+ Effect of phosphorus: Extensive work conducted in India as well as

abroad has established that phosphatic manuring of legumes, cspecially of
berseem, helps in increasing yiclds and improving the quslity of legumes in
addition to building up soil fertility (Chandnani =nd Obhrai, 1955)s As
cited by Sen and Bains (1952), the results of numerous field trials

(Yohltmann and Bergene, 1902; Trucsdell, 1917; Erdman and Vilkins, 1925;



West, 1936; Blaser et als,1941} Robinson, 19423 Parr and Bosé, 1944;
Mursell, 1944) have shown that legume fodders (Alfalfa, lucerne, soybean,
etcs) respond markedly well to the application of phosphatic fertilizerse
There is cvidence to indicate that the application of phosphorus results in
the production of fodders of better quality (Sewell and Latshaw, 1931;
Rogers and Sturkie, 1939; Parr and Bose, 1944; Singleton et ala,1945;
Greaves and Pitman, 1946). Incrcases in bacterial action, weight of plants
and total dry matter of legume crop due to phosphatic¢ manuring have been
noted by Mac Taggart (1921), Hutchinson (1923), Mercer (1948); Bartholonew
(1950), Scn and Bains (1952) and many others, Wost (1938), and Coricke
(1938) simultancously reported that phosphatic fertilizers improve the
quality of legume fodders. Singleton et al.(1945), however, concluded that
application of phosphorus did not show response to alfalfa when sown on new
lands having sufficient P205 supplye |

Through a serics of experiments Parr and Bose (1944, 1945) clearly
demoustrated the importance of phosphatic manuring of legumes, particularly
of berseem under Indian conditionse The results of their trials indicatcd
that application of superphosphate increased (i) the fodder yiecld from
400 to 150 per cent and (ii) phosphorus content of berseem plant by 250 to
40O per cent over no manure. Concentration of phosphorus in;bersgom foragce
incrcascd with the increasing doses of phosphoruse It was further obscrved
that in the year of low yields, the phosphorus gontont tended to decrease
while that of calcium increascd.

In lysimeter studies of crop rotations, Desai ct al. {19538
obseryed‘that berseem fertilizcd with phosphorus in the form of

supcrphosphate gave very good responsc in yield varying from 81 to 2% per



centy, They further observed that phosphatic fertilizetion did not alter
the nit?ogen content but increased the P205 content and decreased the KZO
content, whereas the application of phosphorus at 200.1b per acre increased
the Ca0 content (1953b)e Sen .ud Bains (1952) concluded, interalia, that
application of superphosphate alone or in combination with potash to berscem
brought about marked increases in yicld over controle The nitrogen content
of the cropbremained unaffected by phosphatic treatments but this
materially increased the ?éos content end slightly inereascd th: Cad content
in the plant materisl, thereby improving thc quality of fodder for fecding
purposes. Rao and Ghose (1954) noticed in their pot experiments that
application of increasing doses of phosphorus progressively reduced the
reddening of leaves (which was very marked in soil deficient in available
phosphorus) and increased the yield of fodder, Bains (1961) rcported that
fodder yiclds of berscem showed a substantial cunulative response to
phosphorus over 3 cycles of 3 year rotation, In trials in which N, P, K,
FYM and 6 micronutrients were applied alone. or mixed to bcrséem, Kanyar
(1962} observed that yield increases resulted only by applying P (with or
wvithout K or ..N singly or in combination or FY#, ‘Chandnani ond Obhrai
(1955) concluded that, in gencral, application of P205 to berscem improves the
quality of bersecm fodder; the soils having adequate supply of P205,
however, may not show response to the application of P205.

Singh and Verma (41953) conducted a replicated experiment to
study the influence of varying rates of phosphorus application on the yield
and quality of berscem, It was seen that per cent increases in yicld over

untreated plots given by application of 66, 132, 198 and 264 1b P.0g per

acre were 37,66, 53,43, 63,94 and 67.58 per cent, respectively, The



The corresponding crude protein contents were 20419, 19,38, 18.94 and 21
per cont, respectivelye In a 3 year trial, Gangwli and Relwori (1961)

applied 0, 20 and 60 1b & anc 0, 30 and 160 1b PEO per acrc to rice ond

5
berseem in 1 yoar rice-berseen rotation on a loany soil low in nitrogen,

The only significent response was in respect of yicld of berscom or to the
preceding rice crop. There was, howsver, no significant difference¢ in the
yields of berseem due to 80 1b and 160 1b P05 dosese Economically, 80 1b

P205 dose wss highly romuneratives. Sen and Bains (1952) observed that the
rate of 50 1b P205 per acre was as effective as the double dose of 100 1b
P05 per arre din meintdning the yiclde On the other hand, Singh et al,
(1957) concluded that atleast an application of 56 to 64 lb.Pao5 per acre

in the form of superphosphate is required to dérive maxinum profit with
regard to bersecem green fodder and secd production. In an experiment at
Punjeb Agricultural University (1967-63), application of 80 kg ¥,0g por
hectare appreciably improved the formge yields, Bondale (1967) reported

that application of phosphorus almost doubled the yield of berscem over
controls, A furthcr increase in phosphorus level from 40 to 80 kg per hectare
did increcasc the yicld but it was not significant, Tomer and 3ingh (1968)
observed that forage yields weres much improved with en application of 4.0 kg
POg per hectares On the other hond, Singh =nd Singh (1977) noticed bettcr
performance of berseem when phosphorus application was made at 320 kg per
hectarce It resulted in maximum green fodder yield except during 2nd and bth
cutting when it was found to be at par with 160 kg PZQS per hectare, During
3rd cutting, application of 320 kg PZOB per hectare was significantly better
than 160 kg P205 per hectare when accompanied with 2 kg of Mo per hectarc.

It resulted in maximum profite.
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Sinha et al, (1982) reported that application of phosphorus
markedly enhanced the fodder yicld of berseems A dose of 35 kg P per
hectarc incrcased thé fodder yicld significantly over. controls Further
increasec in P level to 70 kg 1 shed up the yicld over 35 kg P per hectarc
to significant levcl, but was not statistically different from 105 kg P
per hectare, Thus response to P was quadratic in naturce Arora and Jackson.
(1969) noticed that phosphate application made at 100 kg per hectare resulted
in maximum contents of Ca and P in the plant, Phosphorus uptake increased
sufficiently over the control when applied at 50 and 100 kg P205 per hectare.
The maxdmum percentages of both Ca and P were recorded when the crop was

fertilized at the rate of 50 kg N =nd 100 kg PzO per hectarce According to

5
their observation 50 kg’PZO5 per hectare seemed to be a suitable dose for
most P deficient scils, whereas the yiceld increased upto 100 kg P295 per
hectare in medium phosphorus soils with lesser moisture,

Singh et al. (1972) demonstrated that an application of 120 kg
PEQB per hectare gave higher dry matter yield of bverseem, Husain st al.
(1976) observed theot the application of phosphorus tended to exercise its
differentinl effect on protein content of shoots even in the first cut, but
the differences werc not sufficient enough to attain the level of

significance, However, the differences in the subsequent cuts were well

markede

2e1e3e Complementary effect of nitrogen and phosphorus: Many workers have

postulated that the combined application of nitrogen and phosphorus to bersecm
crop results in better'production than single application of these nutrients,
Chopra {1950) noted that berseccm nceds application of both nitrogen and

phosphorus, The recommended dose is 80 1b nitrogen per acre in the form of
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ammoniun phosphate which not only supplies nitrogen but also the requisite
yuantity of phosphoruss The work done in the Division of Agroncmy, Indian
Agricultural Rescarch Institute,y New Delhi confirmmed that application of
apmoniun phosphate to berscem has always given better rosults than the
cpplication of P205 in the form of superthSphate and rock phosphate
(Annual Report of the Division of Agronony, IART 1950-1951)s Scn and Bains
1951) also observed that anong phosphatic fertilizers such as amzoniun
phosphate, superphosphate, basic slag and bone mealy best response vas
obtained by ammonium phosphate possibly because it supplied both nitmmgoen
and phosplicrus simultaneouslye Chandnoni and Obhrai (1955) concluded that
application of both nitrogen ond phosphorus is necessary for berscem ond of
Al the ferms tricd ammonium phosphate gave the highest yield per acre as
2O5 applicd,

Tomer and Singh (1968) reportcd that though the forage yicld was

well o6 the highest response per 1b of P

improved by separate applications of nitrogen and phosphorus, this
improvenent was further cnhanced vhen nitrogen ond phosphorus were opplied
in combination, 1In five crop treatments, oat-berscem mixture responded most

to the combined application of nitrogen and phosphorus ond they recomiznded

a dose of 44,8 kg per hectarc of .nch of these nutricnts for Agra regicn. In

O\

an oxperinent ot Pun.ub Agricultursl University (1967-68) it was ncted that

green forage yicld of berseen ~nd oats grown in pure a8 well as nixed stands
improved mpprefiably with the combined applicstion of 80 kg cach »f nitrogen

and P205 ner hoctare (Yomer swd dvova 19771 Jo Bl Gindi ot 23, (1963) observed

that boerscem fertilized with 150 kg supcrphosphate with or without 100 kg

Coleium nitrate per feddan (1 feddan = 0442 hn) in two sprlicctions cut

£

yiclded by 12 and b4 per cent per feddan, respectively.

-
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Bains (1961) conducted trials at I.A.R.I. on the phosphate
fertilization of berseem with and without potash end/or nitrogen and found
that fodder yields of berseem showed a substantial commulative response to
phosphorus over 3 cycles of a 3 year rotation and additional benefit
accrued only when nitrogen and no potassium was administered alongwith
phosphorus, Khen et al, (1954) reported that fertilization of berseem with
thSpﬁorus alone or in combination with nitrogen and potaﬁh wad adventageous
and higher yields were obtained in the presence of Ny P and K in comparison
to an application of one or two of these fertilizers, The increases in yield
with the complete minersl treatment ranged between 44 and 140 per cent over
control in different years, But Shekhawat et al. (1973), while working on
the same lines, obtained maximum yiclds of berseem and senji (M.indica) from
the combined application of nitrogen and phosphorus without potashe They
recorded that the fresh fodder yicld of berseem was higher than that of

genji and application of 40 kg N plus 30 kg P O per hectare gave the

2
highest yield of the former,

On the basis of the experiments conducted at Sarkanda Farm,
Bilaspur (M.P.), Bondale (1967), however, reported that nitrogen in

conjuction with phospliorus gave slightly lesser yiclds as compared with the

corrcsponding dose of phogphorus alone,

242, QAT

Oat (Avena sativa Linn) is the most important cercal forage grown

in the north west region of India for providing greon forage from November %o
Marchy It is highly palatable nutritious cnergy rich forage and is highly

valued for feeding livestocks According to Joshi and Parsad (1979) it is
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valuable in the sense that it gives a & hich green fodder yield as X0
guintal per hectare with a crude protein content of about 7 per cent,

Patel et als (1958) have reported the composition of oat fodder as below:

Period of Crude protein Phosphorus Calcium
growth (9% (% (%)

1 month after sowing 18,81 0439 0e73

% months after sowing 5.26 0.16 O3

2e2e1e Effect of nitrogen

Nitrogen is the most important element for oat as it increases
the vegetative growth so essentially desired for the production of
incressed quantities of fodder, Significant increases in the yield of oat
by application of nitrogen have been reported by many Indian workers
including Sen and Kavitkar (1958), Datta and Bains (1960), Dabadghao and
Sikka (1961), Pal and Sikka (1961), Bhaid (1964), Hunsigi and Mani (1966)
and Tomer and Singh (1968).

In preliminary trials at IeA.R.I., Chopra (1961) obscrved tiat
application of 16,8 and 13,6 kg nitrosen per bectare gave upto 117 and
123 per cent incrcased yields of green fodder over control, respectively.
Sinha (1963) found that growth, yicld and quality of oat increascd
considerably as the doses of nitrogen increascd from O to 120 kg per
hectare, Singh and Joshi (1961) recomended the application of 112 kg
ammonium sulphate per hectare at the time of Ist irrigation to 'Kent!
grown for fodder or grain in Delhi, Punjab and Tarai regions of Uttar
Pradeshe, Bokde (1968) reported yield incrcass  of the order of 128,7

234e2 and 329.,7 quintals per hectare in grecn fodder, 2.1, 3579y 58.98 and
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75«32 quintals per héctéfokin dry matter and 232.1, 368.2 and S75.4,kg~per
hectare in total proféiﬂ‘frgm the applicztions of 33.6, 6743 and 100.9:kg
nitrogen per hectaré;“féépectiVCly, over those from controle Differences =
between yields af‘differcﬁt levels of nitrogen were significant, Appplicd
nitrogen wos more effective in increasing the total protein yicld then in
increasiné the green fodder or dry matter, ‘Hc further observed that the

nature of response tc nitrogen levels was linesr when only onc cutting was

taken, whereas it was quadratic under tﬁo cuttingsftreatmcntkgiving higher

- -

yield increases at lower levels of nit-régen but lowe‘i"yi;cid increases at
highcr levels of nitrogen. Economically also; application of nitrogen was
found to be highly remunerative end incoms rose wiﬁﬁtincréasing ni trogen
applicatione :‘ .

Miski and Nose (1967) observed that the apblicaticn of 25 kg
nitrogen per acre'caused“a marked increase¢ in the érudc protéin content éf
oat forage at the vegqtative and boots stages, while. erudec protein
digestibility incréa,sed signifi‘ca.ntly at 211 stages (l.ce vegetative, boot
head and milk stage)e Weisemuller (1963) found that nitroge; inéreased
yvield and protein content as'well'as the Concentration'bf’ééiuble nitregen
and amide nitrogen in green plants of meadow fescuc and oats, DBurczyk and
Cwojdzinski (1967) noted that appliCQtion of 360 kg nitrogen per hectare
doubled the crude protein content of forage, tripled the dry matter'ﬁields
and increased the crude protein content yield five fold in SOmé forage
crops including tall oat grasse Crofts (1966) observednthdt‘nitrogen at
90 1b per zcre increased the total dry matter yields of the forage in
winter by more than 1600 1b ver acre¢ and fairly increaseéd thé'crude protein

centent of oats.
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Nehring anc Schutt (1961) noticed increascd contents of carotene
and chlorophyll in green oet fodder fertilized with nitreogens Dzurkov
(1962) mand Scharrcr snd Druke (1953) Also found that application of
nitrogon alone or in combinati o with phosphorus increased the carotenc
contenty According te latter workers niﬁro@cn in thce nitrste form was more
cffective in tha biosynthesis of carotene than the amuonium saltsa
Contrary to this Stallcun c¢t 21,(1960) reportcd that the observed
differcnces in crude protein, and cellulosc contents duc to levels of
fertilization tried (20, 40 or 60 1b per sacre in the form of’ammonium
nitrate) were not significonts

During the¢ course of field investigations carried out during
Rabi 1975-76 and 1976-77 at Forage Production Farm, Ancdhra Praodesh
lgricultural University, Rajundra Hagar, Veera Raghcveizh (1979) reported
that oat sced rate of 50 kg per hectarc was optimum for obtaining higher
fodder yicld and net incomces It was also observed thot application of 80 kg
N/ha resulted in higher yicld of green fodder (447 g/ha) and gave a higher
net income of Rs.3041/ha from oat fodder grown on soils medium in available
nitregen and phosphorus, high in potash =nd having a pH of 7.64 However,
the interaction betwoon sced rave x nitrogen levels did not oxhibit any
significant cffect on green forage yicld omnd the protein percentage was
highest (10.15%) with 50 kg seed/ha. Joshi =nd Porsad (1979) obtaincd a
significant rcesponsc to nitrogen upto 200 kg por hectarce for the totg
green forage yielde This indicated that cat forsge can be fertilized upto
200 kg nitrogen per hectarc or even beyond, From the cconomic analysis
they observcd that while the application of first dose of 100 kg N per

hectarc gave an increasc of 22 tonnes por ho of grecn forage the next dosc



16
of 100 kg N per hectare gove an additional yield of 15 tonncs per hoectare,
Thus cconomically, nitrogen application was found to be highly remuncrative
ond income rose‘to Rs,800/- per ha due to first dose and Rs.450/- per ha

Jue to the noxt dosce of 100 kg ¥ per hectare,

2e2e2s Effcct of phesphorus

Tomcr (19€9) cbserved that application of 50 kg P.0g per hectare
proved bencficial as yicld, crude protuin content and mincral matter werc
incressed and carbohydrates were ducreascds. Chhiller (1961 recorded

significent response of ozt to the opplicaticn of 40 kg P205 per hectare

vhereas Tomer and Arore (1971) noticed thot pure oat wes lcast responsive
to phosphate opplication. Similarly Kirpal Singh ct o1, (1975) olsc
observed that phosphorus =zpplicatiom had nc effect on green and Iry nmatter
vieli of ont. Recently Koeftasa (1985) wnils working under highland of
Arsi region of kithopia reported that no significant response to P rates
was obtaincd,

Tripathi ¢t «1.(1979) reported that increasing phosphate levels
increased the green end dry foreoge yields of pat, the highest forage vi-ld
was obtained with the application of 60 kg P205 per heetarc, They further

obscrved that applicotion of 20 kg per hectore receorded significontly

on5
higher green ond dry fornge yieclds over the control (No phosphate) during
3 yeor study pericds Similar results have been reperted by Singh ct ole

(1973), who recorded significant response of forage oat to the applicaticon

of 35 kg PZOE per hectore under the mid-hill conditions of dimochal

prasicshis
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2e2.3. Complermentary cffect of nitrogen and phosphorus
It is o general belief that comparatively the beneficinl effccts
o nitrogen cnd phosphcorus arc mor< when applicd together, Smith ot ol
(1950) unde studies on the utilization of fertilizer and soil phosvhorus

by pure stands of oats and clover (Trifoliun incarnatum)e The trcatnonts

comprised Oy 30 and 60 1b per zcre of nitregen and O, 60, 120 and 180 1b
per acre of phosphorus in 211 possible combinations ond potassium was
applied tc all the plots at the ratc of 60 1bﬁK20:per acres Application of
phosphorus but not that of nitregszn increased the total phosphorus content
of the oat foragcs The greatest amount of fertilizer phosphorus rcmoval
was observed with 30, 120 ond 60 1b per acrc of W, P =nd K application,
Bornk (1963) studied the effccts of superphosphate -nd its
ermenification on oat and barley ond observed that amrioniated superphosphats
of 248 per cent nitrogen content was as effective as powdercd superphoesphate,
out an increased degree of ammeniation (upte 11.88 per cent nitrogen)
depressed average Yyields and caused on increasc in nitrogen contente
Datta and Bains (1961) studied the effoct of soil appiication of i,
P and K 2lene cud in conjunction with some micronutrientse The test crops
were sorghum, oat ond ropes An eopplication of 40 1b ¥ 4+ 60 1b PEQS + 30 1b
KZO per acre increased the yixld of 21l creops significantly, Extrao yiclds
duc to Ny P and K averaged 79.82, 10,00 ~md 2,56 mr‘\st+ per acre for scrghun,
ats and rape, respectivelyes Ivanke (1960) noticed that the amino acid content

~

incre-scd at the end of vegetative

]

in oat declined at the flowering stage and
cycle especially when Ny P ond K fertilizers were addeds Tripathi et ola
(1879) reported that spplication of 120 kg ¥ ~longwith 60 kg P 0g por hectare
gove the highest crude protein in catse They ascribed the higher crule

T+. 1 moun.d = 3?.324 kg
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protein content in oat to the combined effect of N and P in enhancing cell
division and accumulation of protein bodies and their derivatives through
better translocation and assimilation of the gbsorbed nutrients, Similar
observations were also made by Bokde (1963), Tomer (1969) and Sandhu et al,
(1976), Mukherjee et al, (1981) reported that under short and mild winter
conditions of West Bengal, the effect of nitrogen and phosphorus was
additive and the highest yield of 62.5 tonnes per hectarc vas obtained at
120 kg N and 30 kg P205 per heetare and in the like manner nitrogen and
vhosphorus contents of forage oat were also high when combined application

of nitrogen and phosphorus was made.

2¢3, BERSEEM OAT MIXTURE

L]

Many workers have reported considerable increases in forage
yields when berseem is growh mixed with another forage crop, perferably
a non-legume, and berscem + oats form onc of the best combinations. Shah
(1965) conductcd an experiment to find out the influence of companion crops

on the yield and gquality of berseem (Trifolium alexandrimum Juslcn).

Berseem was grown (a) alone, or with a companion crop (b) Tetraploid

berseom (c) Melilotus alba (d) Cats Cy, 'Kent' (&) Phalaris minor or (f) an
unnamed Brassica spp. He concluded that (i) yicld of berseem fodder, dry
matter and crude protein in the first cutting of bersecm could be increascd
to the extent of 20 to 120 per cent by growing with it another fodder crop;
(ii) the quality of berscem plants determined by crude protein content was
not affected by the esosicafed growth of companion crops, (iii) companion
crops tended to increase the totzl yield of grecn fodder, dry matter and
protein during the season; (iv) non-legumes werc better companions than

legumes and (v) oat at 50 kg per hectarc seed rate with berseem at 25 kg per
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hectare proved to be the best combination markedly increasing the yield of
green fodder, dry matter and protein in the first cutting as well as during
the scasone Tomer znd Singh (1968) also concluded that cat+berscem mixture
was thc best for the production of green forages berscem in pure stand being
next best among five crop trcatments, Viz, berscem, oat, senji, oat +
berseem and oat + senji. Saini ond Malik (1949), however, found Cat +
berseem combination next to rape + berseemy In their trials at Sirsa during
1942.45, avcrage mean yield of the green fodder wos 1197, 143%0, 1291 and
1218 mds per acrec from berseem alone, berseem + rape, berseem + oat ond
berseem + senji, rnspectivcly,

In an experiment at Hissar Agricultural University (1967-68) and
1968-69) bersecrm and ont were sown in five sced proportions, viz.,bersecm
alone, 2/3 berseenm + 1/3 oat, 1/2 berseem + 1/2 oat, 1/3 berscen + 2/3 oat
and oat alone with 3 levels each of nitrogen and phosphorus, vize, 0, 40 and
80 kg per hectares The secds of berseem (diploid) and oat (Weston IT) were
broadecast at the rate of 25 kg per hectare and 65 kg per hectare,
respectively, The pooled data showed that 1/2 berscem + 1/2 oat yielded
significantly higher forage yicld over thosc obtained from berseem pure and
oat purc, However, the variations betwecn 1/2 berscem + 1/2 oat, 2/3 berscen
+ 1/3 ozt and 1/3% bersecem + 2/3 oat mixture were not significonte

In mixed stond, the yield proporticn of oat was higher than that of
legune in the first cutting, while in the successive cutings owing to better
regenerction ond growth of berseem the yicld results of mixture wers
superior to pure culturgs, (Hlenderson and Davics, 1955, and Tomer ond

Singh, 1968),
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The lower yiclds under high proportions of oat might be duc to the
fact that ozt as compared to bersecm gives lesser number of cuttings, while
lower yields under high proportions of berseem may be because it gives
poor yield during the first cut. Thus egual proportions of legume and
non-lcgume componcnts gave the meximum yield. The forage yields increased
vith thc increase in the rnitrogen levels The improvements brought about
by the application of 40 _  and 80 kg ¥ per hectare were significant over
that from no nitrogen treated plots. However, the superiority of 80 kg N
over 40 kg N with regerd to yield was not significant, With the application
of 40 kg and 80 kg phosphate per hectare, the forage yields were
significantly improved over those from no phosphate opplied plots, However,
the improvement brought sbout by 80 kg P205 over 40 kg P05 per hectare
was not significant, Nitrogen application did not show beneficial cffect
on berscem ond 2/3 bersecm + 1/3% cate 1/2 borseen + 1/2 oat and /3
berseent + 2/3 oat responded significantly only upto 40 kg N per hectare,
whilc oat pure was most responsive to the aopplicestion of nitrogen even upto
the level of 80 kg N per hcctarge

Berseen pure respondud well to the applicition of phosphorus and
significantly higher yiclds were obtained with the increasing levels of
phosphorus, 4/3 berscem + 2/3 oat and 1/2 berscem + 1/2 oat mixture
responded only upto 40 kg PZOS per hcctare, beyond this dosc no significant
incrcase wos noticed, 1/3 berseem + 2/3 oat ond oat pure did not respond
to the npplication of phosphorus (Tomer ond Arora, 1974).

Desalc (1974) obtained total yield of 252.5 tonnes fresh fodder
per hectare when bersecm was sown 20 cm apart on 1 November, maize +

tecosinte hybrid between the rows of barscem after 3rd cut on 14 February and
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sorghun Cv, MPKV-q in Hay after harvesting the berseem/hybrid mixturce

In this system of crop cafetaria, the first, second and thizd crop
contributed 75; 90 and 87.5 tonnes of fresh fodder yield per hectare in a
cnlender year, respectivelys Raii(1973) recomnended that tetraploid and
diploid berseem should be sown rixed in 2:1 ratio using 25-2%0 kg sced ger
hectare or with fodder sarson using 2 kg sced per hectare, For this practice,
a fertilizer dose of 50-60 kg P per hectare and 25-30 kg N per hectarc was
the best. According to him, additionol nitrogen at the initial stege helps o
in better and quick growth when nodules are still not forrmed, Hagoom

et al.(1974) recommended that berseem and lucerne should be growm with oat
for augmenting iow fodder yield in the first cute.

Rao et ale, (1979), while studying the effect of cultural
practices on the yield of forsge cercal-lcgunc mixture, noted that cercal
componcnt yieclded more in mixture than in monoculture, The highest ceral
cercel green fodder yield (32,5 tonnes per hectare) wps obtained with 1:1
cercal legume mixturcs The legume componcnt yielded lowcr in mixture than
in pure stande In pure stand, green fodder yield was similar under line
sowing a5 well as when broadcast. Total yicld of the mixture was similar
to the yield of cereal component alonc, indicating that response of the
nixtures was mostly contributed by cereals

Relwani et al1.(1971) while studying the comparative performance
of tetraploid and dipleid berseem at varying sced rates and their mixtures
in different combinations, found that increasing the sced rate from 25 to 50
kg per hectere increcascd yiclds from 69.1 to 86.1 tonnes fresh fodder fron 8.5
to 1041 tonnes dry matter and from 1,71 to 2,02 tonnes crude protein per

hectare in tetrapleid berseem, whereas diploid berseem gave the highest
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yiclds of 9647, 13«1 and 2,57 tonnes per hectare, respectively when sown
at 25 kg per hectared Mixing 37.5 kg secd of diploid secd with 1245 kg
of tectraploid berscem gave the highest yield of 103.7, 14.6 and 3.06
tonnes per heoctare, respectively.

Kaufhold end Martin (1973) found that 'Egyptian Clover!

(Teclexandrinum ) and Persian Clover ({f.resupinatum) gave higher total

yicld when grown with forage cover crops of which the best were spring
forage on the lighter scils of Northern GDR snd forage oat elsevhcre, then
in pure standse, Two clovers and clover + western worlds rye grass nixturc
did not differ in dry matter and crpde protein yicldse Dry natter and
crude protein contents of the dry matter tendcd to be higher in 'Persian
Clover' than in berscem, Without cover grops, clover + western world rye
grass mixturc gave significantly higher yiclds then did purc stands.
Further, 20 lzg N per hectare applied after each cut increazsed the mixture
yicld by 5-8 per cent, Purc western world rye grass given 200 kg N per
hectare gave yield equal to that of clover given 90 kg nitrogen per ﬁectare,

Rao et ale (1979) obtained the highest yield of green fodder
(67342 o/ha) and protein yield (26 to 99 ¢/ha) from pzired rows of oat crop
at 20 c¢m spacing and intercropped with one row of bersecm in between two
pairs of ocat while using cat and berseem seed rates of 100 kg and 25 kg
per hectare, respectively, Singh et 21.$1978) suggested that growing 15
to 20 quintal of stem cutting of napier and broadcasting 30 kg per hectare
of bersecem as intercrop increascd the fodder yields besides building wp
soil fertility., Shivastava and Varshney (1983) rcported that berscem

and oat grown either in pure or mixed stand with different sced proportion



gave marked increascs in dry matter yield and crude protecin content

of both crops with increesing levels of nitrogen (0-75 kg N/ha)e Howcver,
the proportion showed no mark:d effect on yicld and qualitye. Keftasa
(1985) concluded that use of legumes in wixture should be aimed more at

increasing crude protein content rather than dry matter yiclda



3, MATERIALS AWD METHODS

The present investigations were conducted at the Agronomy and
hgrometeorology Farm, Satya Nand Stokes Nagar, PsO.Nauniy Solan, of Himachal
Pradesh Krishi Vishva Vidyalaya during Rabi 1980-81 and 1981-382, The
details of the material used and the techniques employed during the course

of these investigations have been described in this chapter,
3e8s GENBRAL
3s1s1e Location

The Satya Nand Stokes Nagar is situated about 15 kilometres from
Solan on Solan - Rajgarh roady and is located between 30051'N latitude and
77011'E longitudes The elevation of the campus ranges between 950 and

1 350m above MeSels

3e1e2s Climate

In general, the climate of the campus is temperate to sub-tropical
(Semi~arid) and is characterized by moderately hot summers, May and Junc are
the hottgst months and January and February are the coldest ones, Long term,
average annual precipitation at experimental site ranges between 1000 and
1300 mm, of which 75 per ccnt i: received during nonsoon months (June to
September) and rest between October and May. HMean weekly meteorological
data, pertaining to the period of experimentation, have been appended in
. Appendix I \and are shown graphically in Fige.1. The monthly averages of the

weather c_iata have becen tabulated in Table 3,1a

3.1.3‘ Rabi (19&)-81)
Though the crop was irrigated dupending upon the etmosphoric demsnd,
the total dry conditions during Scptember and October adversally affccted

initial scedling growth and subsequently its establisnmentes The low
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temperatures during January accompanied by unusual snowfall of about 9 mm

gave great set back to the crop growth and reduced the regereration

capaecity of berscem,

thereafter were helpful for crop growth,

Howevery normal and frequent rains during March and

Table 3¢1s Mean monthly meteorological data for the crop duration (1980-81

and 1981-82)

Mean Relativé‘ Total

Burddity (%), . Rainfall(ms)

Honth e Bne Ton
Rabi_1980-81
Septenber 29,08 18,20 23,64 69.25
Dotober 25405 14,90 19495 88400
Ne¥enier 2142 16411 13476 90425
December 16,88 2,75 9.81 88475
January 10422 2,07  6uth 7.5
February 17455 6olshs 11.€3 82475
March 15,83 8416 11499 62450
April 20,22 13,96 17,09 72425
Hay 22461 19,11 20486 88450
Rabi 1981-82

September 20,22 17elth 15,83 79,00
Octoher 18,61 12416 15438 73400
Hovenber 17427 861 12494 91400
Decenber 11,33 by 16 774 75400
January 11.8h 501 Bol2 92,00
February 10,22 0.05 513 78400
March 117.61 136 11 15436 85.25
April 19.50 12455 16,02 75450
May 19.72 15.83 1777 81450

3.0
10,8
2040
60,5
2640
9040
1265
2548

47,0

7840
5¢0
2645
118.2
172.4
56,40

84,0

D i o T ]



3. 1 .1+a Rabi ( 198 1"82)

Timely rain at the time of sowing had favourable effect on
secdling establishmente The rains from the beginning of first week of
January were fairly well distributed and this had favourable effect on the
crop growth and its regeneration capacity.

Ze1e5e S0il characteristica

These expcriments were laid out on the two well levelled and flat
terraccese The slight variation in slope was made good by the levelling of
individual plots.

In order to fully characterise the s0il of the experimental
terraces, composite soil samples were taken from O to 15 cm depth from cach
experimental plot at sowing time. These werc run for mcchanical and chepical
analyses, thc¢ results of which are presented in Table 3.2

The soil of the experimental fields was neutral in reaction and
sandy loam in texture, Although the experimental fields had very high
organic carbon content, their fertility was ﬁedium in respect of available
nitrogen and phosphorus and high in potassium.'
3e16e Cropping history

The experimental terraces have been under different medicinal and
cronatic crops till 1977-78. In 1978-79 and 1979-80 a general crop of maize
during Xharif and wheat during Rabi was grown using uniform fertilizer doses
In Kharif 1980-81 cowpea was grown for ‘fodder purpose.

3e1e7e Pests and diseases

There was no incidence of insect-pests on the crop throughout the
period of experimentatione However, during the first yeor, berseem in few

plots was damaged particularly at seedling stage due to stem rot which is a
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Tablc 2e2s Mcchenical and cheomical analysis of the experimental ficlds

SNce Particulars

Experivent T

Experiment- II DMethod crmployed

w

X v

Ae Mechanical analysis

Cowrce sond (%)
#inc scnd (%)
Silt (%)
Clay (%)

‘Be Cheinical analysis

Available nitroscn
(kg/ha)

Available phosphorus
(ko/ha)
Availuble potassiun

(kg/ha)

Orgaric carbon (%)

Soil pH

CEC nme/100g soil

1980-81 1951-82

h345
144

3240
18.0

LoB4lr

245

21548

0.9

746

1240

42,3
1546
a9

1140

50,6

22146

Y=

77

1248

1980-81 1981-82

4e3
1843
2949
1042

480,6

5246

2208

1.0

748

1.2

205
17l
293

1361

50043

2238

Te1

Intcrnational pipette
ricthod (Robinson,

1922)

Alkaline permenganate
nethod (Subhia and
Asija, 1954).

Olsen's method (Olsen
et als s 1951’5’) -

Arvionium acctatc wmethod
using flume photometer
(Marwin and Pcech, 1950).

Walklecy and Black's
titration methad
(Piper, '1966)0

Potentiometeric method
using soil=water ratio
1:2

Anmoniun acetate mothod
(Black et aleq1961)
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kind of damping off caused by Rnizoctonia solani. The seedlings dcveloped

vellowish patchesy which in few days tufnod dark brown and dicde In the
loter stoges this diseasc reduccd the stand per unit arcae
3¢2¢ LEFoRIMENTAL PROCEDURE
2e2¢1a Layout
This study compriscd two experiments, which were laid out
simultaneously during Rabi season of 1980-81 and 1981-82, In both thc crop
seasons the experiments were laid out in the same terraces following similar
randomizztions The layout plan are given in Figures 2 and 3, recpectivelys.
The experiment-wise details of treatments are given below:

2e2e2¢ Experiment I

Treatments comprised of 2 pure stands and 3 mixtures according to
proportions of individual crop viz., 1:1, 1:2 and 2:1 using oat sced rate
as 120 kg and that of berseem as 30 kg per hectare, respectively as per
details given belows

Whole plot treatments

Cropping systen Proportions
Oat @ 120 kg/ha Pure
Berseem @ 30 kg/ha Pure

Oat + berseen 1:1

Oat + berseen 1:2

Oat + berseen 2:1

Subw=plot treatments

A1l possible combinations of 3 levels vach of nitrogen and

phosphorus for pure oat, pure berseem and their mixturc were a5 follows:
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I | _Pso P120 | Pag Pgo P80 | Pao | P40
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Rzi { Pag | Pi20 | P120 Peo | ?120 | P20 | Pao |
Neo | Neo Nge N120 ' Nso | N120 N30
‘ i Pao | P80 %3 2120 | P4c | Pap
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| = Ml M3
" 'Neo i N60 | N30 Na0 | N120 |- N®o N30 | N&0 )
| Pao Pao | P80 P40 | P40 | P80 P120 | P80 | P40 Pac_ | P120 | Pap
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FIG2 FIELD LAY OUT PLAN
EXPERIMENT NO- I
M SUB-?L‘ﬂ—

M, PURE OAT @ 120 XG/ MA.
M, PURE BERSEEM @ 30 %G/ HA
M3  OAT +BERSEEM (:1
M, OAT -BERSEEM  (1:2)
Mg OAT +BERSEEM  (2:1)

SUFFIXES OF N E'P ARE DOSES OF
NITROGEN AND PHOSPHOROUS KG
PER HECTARE

GROSS PLOT SIZE = 4X3 sgm

DESIGN OF EXPERIMENT "- SPLIT PLOT.

D D —
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Pure Oat Purc berscei Hixture (1:1, 1:2 ~nd 2:1)
(Doscs of N and P2p5 kg/ha)
N, 0Po N sPlo Vo Puo
LAV NaPro NeoPuo
M ooFlo sPio . NP
M)0Pao K,oPgq NoPgo
NooP80 N30P80 NeoFeo
"120%80 NusPgo NooF 80
Nio® 120 ¥15¥ 120 308 120
8ot 120 N3P 120 NeoP 120
Na20P 120 NisP 120 NooF 120

Design of layout Split plot

Replications 3 3
Plot size ! Gross: 2x bk ma(accomodating 12 rows of oat 25 cn apart
ond having a length of 4 n),
Net 2x3 mz(accomodating 8 rows of oat 25 cn apart

and having a length of 3 n),

Experiment IT

Treatments

These comprised 3 sec” rates of oat, 3 s2ed rates of berseem and
their mixtures in 3 proportions of individunl crop vize, 1:1, 1:2 ond 231 in
21l possible combinationse There were 36 trentments for the purpose of study
which also included 3 dumny treatments as per details given below:
1e Pure ocat @ 80 kg sced/ha
2e Pure oat @ 120 kg sced/ha

Pure cat- @ 160 kg secd/ha

AN
D

Le Pure berseem @ 20 kg sced/ha
S5e Pure berscem @ 30 kg sced/ha

fo Pure berscen @ 40 kg sccd/ha



- TREATMENTS
Ty F RE OAT BOKg/HA :75 ‘l:g:ZO 1
1 ” . 2 1
. e S 7 16020 11
, 13 = 0 160 Kg/HA T8 60430 11
Tg » » 30 kg /HA 11;3150.30 21
i T¢ » ” 40 Kg [ HA 131 16040 11
\ MIXTURE I 90:4 14
(RATID) T BDL0
T 80s 20 W0 T 70030 1 DUSMY
A 80420 12 B 1 Dt
Tg 8020 21 %
o 80+30 1
Typ 80+ 30 12
Tyz 80«30 21
13 80440 11 A A OT SIZE = 4¢3 Sgm
ne s It DESIGN OF EXPERIMENT~ INCOMPLE TE SLOC
‘vé u(,w/L 14 AMPLE  LATTICE HESICN
117 120+ 20 1:
T 120+ 20 21
Tyg 120+30 1
120120430 12
121 120430 21
5 122 120+40 1
;:_5__‘ . 23 120%40 12
T2 120e4L 2

FIG3 FIELD LAYOUT PLAN
EXPERMMENT NO- II

e : -
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Mixtures

Seed rate of

oat (keg/ha)

Seced rate of
berseen (kg/ha)

&8® &8

80

30

80

120
120
120
120
120
120
120
120
120
160

160
160
160
160
160
160
160
10
120
120

+ o+ o+ o+

-+

SIS
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Ratio

141
1:2
231
1:1
12
21
1:1
1:2
21
1:1
112
2:1
1:1
1:2
2:1
1:1
152
2:1
11
1:2
2:1
121
1:2
2:1
1:1
132
2:1
1:1 (Dunnmy)
1:2 (Dunny)
2:1 (Dunny)



31

Design : Incomplete block simple lattice design
Renlications: 2

Plot size :Gross: 3 x 4 n (accomodating 12 rows of oat 25 cm apart
an? having a length of & r1)

Net : 2 x 3 n (accomodating 8 rows of oat 25 cm epart
and having a length of 3 n),

3e2¢3e Seed taterial and sowing

In beth the crop séasons, the sced of Algerian oat was procurred
from the Seed Production Scientist, Satya Nand Stokoes Nogar, FeOlNauni,
Solan of Himachal Prodesh Krishi Vishva Vidyalayne The seed of berseem
(BL-1) was procurred from the Economic Botanist, Department of fnimal
Science, Punjab Agricultural University, Ludhiana, These crops were sown
using pre-assigned seud quontitices of each crops .
2e Oat sowing: Oat sowing was done in furrows length-wise in the plots,
25\cm aport ond seeds were placed at a depth of 5 cu,

be Berseen sowing: Berseem sceds as per quantities werked out per plot

were sonked in beaker containing water for overmight. Thecse sceds were
then inoculated with oppropriate strain of Rhizobia prior to seeding by

broadcast in pre-irrigated fields,

2. 2elte Water managencnt

Irrigation interval for bersccem was broadly 10 days during
Scptenber, October and November, 15 days during Deczmber =nd Jonuary, 12
days during February, March, April and May and for oat 15 days, the
objective being to nmaintain soil noisture above 75 per cent availability

in the 15-30 co soil laycre.
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Je2e5e Cutting interval

During 1980-81, & cuttings were taken from oat, berseem and oat+
berseem mixture, while from the crop of 1981-82, 3 cuttings werc taken from
oat and 5 from berseem and oat+berseem mixture, The first cutting from oat,
berseem and mixtures was taken after 60 days of sowing, whilc the
subsecuent ones were taken at an interval of 40 to 45 days after the plants

attainced the height of about 40 cm,

Ze2eDe Fertilizer application

ae Nitrogen differential: 1n case of pure bersecm and nixed plots,

calculated quantities of nitrogen as per treatment was added by surface
broadcast at the time of sowing whereas in case of purc oat plots, half of
nitrogen was applied in furrow at the time of SDWing and remaining half
tOp-dresseé after the first cuttinge 'Fertilizer, Calcium zmmoniun nitrate

(2% M) was used a3 the source of nitrogen in cach year,

be Phosphorus differcential: VWhole quantity of phospherus as per treatment

was broadcast on the surface and throughly incorporated in the soil one day
before sowing. Fertilizer, Single supcrphosphate (164 P205) was used as the
sourcc of ?hOSphorus application in each yuar. No potassic fertilizer

was applicd,

Je2e7. Cultural operations

The =chedule of culturgl operations carricd in both the
experiments during the two crop seasons is given in Table 3.3,
3e3e OBSERVATIONS RECORDED

The follewing obscrvations werce recorded from each experimental

plot (at cach cutting wherever possible) with a vicw to assessing the effect
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szasons (1980-81-82),

Schedule of cultural oporaticns carried out during the twe crop

€ e -t

I

IT

11X

v

v

15¢ 11,1280 to

161141980
20« 186 1280
31.12. 1980

to

14,2.1981 to

154201981

21431981 to

1o 4s 1981

Sre. Particulsrs of Dntis Bricf account of
Mo. operation 1930-51 168182 operation
Jo .2 ST by e e
fxperiment T
1le  Preparatery tillage  1.9.1980 3,9,1980 First twe ploughing with
~powcr tiller ond third with
desi ploush coch followed
with ploanking.
2e¢  Laoyout 569+ 1980 7.9.4981 Each replicate was divided
into five nain plots which
were raked and lovellced
individually ~nd then sube
divided into ¢ sub-plots,
3 501l sopling 8e9e 1980 8.9, 1030 Detail deseribed in the toxt,
ke, Fertilizer application12.9.1980 17+9.1981 Detnil described in the text,
5 Sowing 12.9.1280 18.9.1981 ~d 0w
6. Irrigation
I 13.9.1980  18.%.1981 Irrigation water wos applicd
IT 25,9.8980 12.10.1981 in chock besins of the sisc
I1I 5¢10,1980  23.41.1981 4 x 3m diked from all
Iv 206101980  11.12.71981  sides to control overflow
v 3041061980  22412.1984  of water.
VI 154 114 1980 3e1. 1982
VII. 20.11.1980  22.2.1382
VIII 15. 12« 1980 ko3, 1982
IX 204121980  15.3.1982
)4 12e1e 1981 30,3,1982
XI 2hete 1381 0.4.1982
1T 2e2e 1981 -
AIIT 1he2e 1981 -
X1iv 26.241981 -
v GeBe 1981
Xy 18¢ 3. 1964
XVIT 28.3.1984
7. Cutting intervals

18e1161981 to

19. 111581

e 12. 1981 to

31 1Pa 1981

14,2.1982 to

156 20 1962

314341982 to

1.4,1982

505. 1983 t(‘.

65,1982

Condt, -~
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Table 343 Condt,

—ls S s

P —

126 EN kb Se . —
Ixtperiment II
Te  Preparatnry tillege 4.9.1980 649,1981 As followed in Experiment I
2, Layout 6:9.1980  8.9.1981 Bach replicate was divided
: inte aix blocks consisting of
s8ix plots in each blucks
3¢ 501iY sampling 9¢9.1980 10,941981 A5 in Exptel.
by Fertilizer spplicationile941980 19.9.1981 60 kg nitrogen through Coleiun
' Armoniun nitrate and 80 kg
phosphorus through single
superphosphate was brondcast
a day before sowingz of the
crop during each ycar.
5 Sowing 150961980 20,0.1981  is in kxptl.I.
6e Irrigaticn As in Exptel
I 15.9,1980 20.9,19381
11 25¢9.1980 30.9.1961
I11 $.10.1980 10.10.1981
Iv 151041980 20.10.1981
v 25,10.1980 5.11.1981
VI 54111980 20411.1981
VII 15.11.1980 5.12.1981
VIII 25¢11.1980 25.12.1981
IX 5.12.1280 5,1, 1982
x 20.12.1980 20.1.1982
Xt 30,12.1980 25.1,1982
Xar 154141981  5.2.1082
X111 706161981  17.2.1982
XIv 1242, 1981 -
Xv 2h, 2,138 -
XV1 6.3' ’398‘3 P
XVII 164 3¢ 19831 -
XVIII 26.3.1981 -
7  Cuttings
I 15,11.1960 20.11.1981 4s in Expt.I
IT 3041241980  3.1. 1982
11 14,2, 1984 17.2. 1982
v 31,3.1982  31.4, 1982
v - 14, 5.1982.
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of treatments on the growth, yield and quality of the forsge as well as

chemical properties of the soils

Ze3s1e Crop growth and yicld

fe Plant height

be Leaf : stem ratio

ce Proportions of berseem and oat in mixture
de Groen forage yield (g/ha)

*Ce Dry matter yield (g/ha)

fo Dry mattor content in forage (%)

363426 Crop analysis

ae Nitrogen econtent (%) in forage

3e343s Soil anslysis

ae Organic matter content (%)

be Available nitrogen (kg l/ha)

Ce Available phosphorus (kg P205/ha)
de. pH

ee CEC (mc/100g scil)

3elte TECHNIQUES EMPLOYED

2, lie1e Plant height

 Height of 5 plants selected at random in casc of pure crops and
10 plants in case of mixed stand was measured in centimetres from ground
level to the base of the last fully opencd leaf at each cutting, Cumlative
tican piant height was determined by sumning up of the mean plant height over

different cuttings,
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3. 4e2¢ Leaf : stem ratio

Samples were collected by haond clipping from two 30 cm sections in
cach plot, These two sampling areas within each plot were within the area
to be harvested for forage yicld detormination and 1 m apart; otherwise, they
were randomly selcctecd at cach harvest, Sampling areas werc delineated for
hand-clipping by use of n 'U' shaped metal rod, having 40 cm long arms and
a basc of 30 crne Forage from each sampling area was scparated into oat and
berseen: fractions in casc of mixed stand and fractions froi the two sampling
arcas in each plot were compositeds The lcaves were detached carefully with
hand from stems and their respective weight in kgs were recorded, Leaf:stem
ratio at each cutting was computcd by taking leaf weight as numerator and
stenn weight as denominatore The weighted averages of leafistem ratio was

worked out over different cuttings,.

3ele3s Proportions of berscem and oat in rixture

Immediately after harvest for yield determination, forage in mixed
Stands wns separated into oat and bersecn fractions and their respective
weights in kgs were recorded to determine the composition of each component

at each harvests

Beltelte Greon and dry weights

Green forage samples werc obtoined by harvesting from e delineated
arca of 1 metre square quadranglé. The sampling arca within each plot was so
chosen, albeit randomly, that it fell within the area to be harvested for
vield determination., Thc samples were weighed in the ficld immcdiately after
the harvest, dried in a forced air dryer at 720°C for 48 hours and roweighed
to record their respective dry weightse The dry matter content was determined

by the relationship :
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Dry weight of sample
Dry matter content = Green weight of sample x 100

Zolte54 Forage yield determination

is Forage yields The non-experimental area - 0,5 metre all round each plot

wes removed by field harvesting, The remaining forage within 6 square metre
area including the sampling area of 1 sq. netre was harvested and weighed
immediately for green forage yield, determination, In mixed crop stands,
forage yields of oat and berseem fractions were recordeds The total yield
for cach plot was adjusted upward to include the fresh weight removed in

the hand-clipping samples taken for determination of leaf:stem ratio.

ii, Dry matter yield: Dry matter yield was computed with the help of

following relationship:
Dry matter content x grecn forage yield per met plot
100

3elte6e Plant chemical studies

ie Nitrogen content: The samplss collected at different harvests for green

and dry weight determinations were run for estimation of total nitrogens
iepresentative samples, weighing 1 g werc collected after grinding and total
N was determined by the modificd Xjeldahl method (AOAC, 1970)e Crude
protein of harvested forage was determined for each plot at each harvest
from samples cmployed in estimating DM yield and nitrogen contente Crude
protein contents of purc stand and as well as mixture was computed as 6425
times total nitrogcn, Crude protein yicld was calculated with the help of

following relationship:

Percentage crude protein content
100

x Dry matter yicld
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3elte?e S0id chemical studies

Soil samples werce collected from 0-15 and 15«30 cm depths from cach
sub-plot beforc sowing and at the end of crop scason. These samples were
composifed and analyscd for determining the organic matter contentgavailable
nitrogen, phosphorus, CEC and pH by the methods mecntioned in Table 3e2e

3.4e8¢ Economic studics

cebstimation of production functiony The estimation of optimum doscs for

different fertilizers has been done through regrossion analysise The
following type of production function has been used to examine the
relationship between the yield of green fodder and input of different
fertilizers:

2

Y= a®% bx + cx

Where Y

Green fodder yicld in g/ha

X

H

the input dose of fertilizer nutricnt
asb and ¢ are the constants,

In the cbove regression cquation, 'a' is the intercept which
indicates the yicld of fresh fodder when no nutrient fertilizer is applieds
The sign of squarc term (xa) indiecates the scale of returnsy ieee increcasing
returns if it is positive and decreasing rcturns if it is negative,

be Estimation of optimum dose: The production function has been used to

estimate the optimum dosc of fertilizcr which zives maximum profite The
mathematical computation used in arriving at the optinum is as follows:

Y=2a+ bx ¢ cx2 N &

dy _ -

dx = b + ZCX ooooo-oo--(ll),

Equation (ii) which is the first derivative of equation (i) shows the
narginal physical product, In order to get the optirum dosc of input the

following condition nust be satisfiede
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(MPPx) (PY) = Px

i,ce(Marginal physical product) (Price of output)s pricc of input

or MVPx = px erseesss(iii)

isce Marginal Value produet = Price of inpute

From equation (iii) the dose of 'x' which gives the highest net
profit can be estimatedy Thus, the optimum dose, yield of the crop at the
optinum dose, value of the crop at optimum dose, cost of the fertilizer at
optimum dose have all been computed and the net profit has been estimated by
deducting the cost of fertilizer at the optimum dose from the value of the
crop at the optirmun dose, This is the moximum profit which can be derived
from the crop by applying the nutricnt at the optimun doscs

3elte9s Statistical onalysis

Observation recorded in this study were subjected to statistifzl
analysis adopting the method described by Cochran and Cox {1963)Y, Since crop
stand differcd widely in growth habit and longivity, the plant height and
green forage as well as dry natter yiclds of individual plots were sumned
over cach cutting for obtaining cumulative plant height and‘total'green
forage as well as dry matter yiecld, The variance analyses of leaftstenm ratio
per cent dry matter content, crudc protcin content and protein yield were
conducted on the basis of weighted average of different cuttingse The data
recorded at differont cutting stages on plant height, lecaf stem ratio, green
and dry fodder yield have beoen presented diagramnaticallye The per cent values
of the data were tested and found within the accoptable range, hence were not
transformed into angular values before subjecting them to statistieal

analysise The level of significance 'F' and 't tests was kept at 5 per cent,



Ly EXPERIMENTAY RuSULLS

The treatment effects observed during the course of this
investigation conducted in Rabi 1980-81 and 1981-82 through two experiments
have been described in this ch- ,ter, The results have bean presented with
the help of data tables and suitablé diagrams, wherever neccssarye The

relevant analysis of variance have been given in Appendix sections

Ae BXPrRIMENT o I

-~

%e1e Growth, Yield and Quality

Effects of stand type, crop, seed proportions as well as nitrogen
and phosphorus levels on the growth (plant height and leaf:stem ratio),
yicld {(green and dry matter yiclds), forage quality (dry matter and crude
protein contents) and crude protein $¥¢ld have been presented through
Table 4,12 .to 4,12« The corresponding snzlysis of variance have been

appended in Appendix II.

bhe1e1. Tffect of stand typz (Purc Vsemixturc)

The growth of forage was not significantly influenced by stend
type in 1980-81; but during 1981-82 while the cumulative plant hcight of
the mixcd stand was significan'iy more than that of the pure stand, in casc
of leaf:stem ratio the purc stand was significantly superior to the mixed
stand (Table 4.1a)e The fodder yield (gzreen as well as dry) wes not
significoantly influenced by stand typc in the first scason (1980-81);
but in the following onc, maintaining‘a similar trend, oat+sberseem mixture
rccorded significantly higher grucn and dry fodder yields than those obtained
from the purc stande Similarly, dry matter content in purc stand did net
differ significantly with that of mixed stond in 1980~C1, vhereas during
1061-82 the dry matter content of purc staond was significantly more than

that of the mixed stand,
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Tabl: bela, Bffect of stand type on growth (cumulative plent height ond
leaf:stem ratio) yield (green fodder and dry matter yiclds)
quelity (dry matter and crude protein contents) n~nd protein

vield,
Stond Grovth Vioid(g/ho) T Qunlity . Protein
tyve Plant  Leaf: Green Dry bry Protein vield
height stom fodder matter matter content (g/ha)
——efem)  ratio  yield  yicld _ content(%) (%)
1980-81
Pure 16540 1,04 226,35 50,08 22,70 1499 7463
Mixture 15645 1,01 228,38 52,55 23438 20014 1078
SEd, 7o 0,04 18,10 345 0496 Do k2 0461
CD%% NS NS NS NS NS 097 1.84
1981-82
Purc 212s5  0.64 437,46 73,19 17459 W2 12497
Hixture 28947 0,51 733488 120,01 16438 18,53 22497
SEds 7«8 0,01 31,46 3,69 0e33 Ge59 0658
CD% 18,0 0,02 72,61  8.52 0477 136 T34

The crude protein content of the forage was significantly
influenced by the stand type in both the crop seasons (Table 4eta)s  The
forage producedby mixed stand contained significantly higher cwude protein
than that observed in the pure stands These effects werce roflected in the
like manner in the crude protein yield per unit srea; the increases being
of the order of 41 and 77 per cint in the two crop scasons, respectivelys

The data recordec »n growth ond yield choracters ot differcnt
cutting stages (Appendix I¥ | could not bz mnalysed statistically, but the
averages have been illustrated graphically in Fig.l which demonstrate that in
1980-81 plant hoight at different cutting stages did not very much =8 a
function of stand type,y but in 1981-82 wixed stand had comparatively tallcr

plants from sccond cutting stage enwords. The lcaf:stem ratio of pure stand
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wos more thar that of the mixed stand and similar trend wos maintained at
each cutting, Contrary to this, the green fodder yield was morc in mixed
stand c¢xcepting the first stoge in 1980-81. Identical trend was reflected

in the dry matter yicld os well.

" ho1.2. Effcct of crops (within pure stand)

Although the data on plant height of pure ozt ond pure berscem were

recorded and analysed statistically, yet due to the inherent differcnces in
their growth habit and physiology, the statistical comparison between the two
sPecieé are redundent and have, therefore, been omitted; The leaf : sten
ratio would gppear to be the only meaningful growth charccter for comparing
pure oat and berssems Tablc 441b shows that during both thc crop scasons
pure oat recorded significantly nore leaf:sten ratio as compared to pure
berseem, As compared to 1981-82, thez leaf:stem ratio wes higher in 1980-81
but fhe magni tude of the difference betwecn the two crops was high during
the seconq 5€a30N.

Though purc berseem gave highor gresn efid dry fodder yields than
pur: oat in both the se¢asons, yet the differences were sigrificantly
manifestea in 1981-82 only (Table 4.1b). In a normal season (198182) purec
berseem produced 4,5 and 4,0 times more green and dry fodder than pure oat.
Contrary to this, dfv natter content in pure ont was higher thon that in
pure berseem duriqg:both the scasons, but the diffcriénce between the two
was significeont oﬁly in 1981-82.

As wouic;be expected, the per cent crude protein content of pure
berseem on dry mettor basis wos sigmificantly higher thon that of purc oat
during both the r:3ascns. It was seen that pure berseem contained 141 por

cent and 126 per cent more crude protein than was the case with purc oat in
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Table L4,1b, Effect of crops on growth (cumulctive plant height and leaftstem
, ratio) yicld (green fodder =nd dry matter yields), quality (dry
natter and crude protein contents) and protein yield,

____Growth ___Yield(g/ha) Quality ~ Protein
Crops Plant Leaf : Groon Dry Dry Protecin yield
height sten fodder matter matter content (g¢/ha)
(em) . ratio . yield _ yield content(%) ().
1980-31 ‘
Pure oat  179.3 1.12 206,83 48,74 23,55 8,79 b, 34
Pure Berscem150.7 0,96 245,87 51,44 20,92 21620 10,94
SEd. . 0,06 28,04 5,34 1,48 0.64 1025
CD%% T 0.1k NS NS NS . 149 2.88
1981-82
Pure oat 150,0 0.92 160,82  30.07 18.86 3.4 273

Pure Borscen 274.& 0.36 714011 11632~ 16.32 20.01 23,22

SEd, . 0402 W87k 5.72 0.52 0.59 0.90
CDH% TLL 0.04 112,39 13,19 . . 1.0 137 2,08

1980-81 oand 1981-82, respectively (Table 4,1b)e The total protein yield,
calculated on the basis of crude protein COnteﬁt and dry matter yicld was
olso significantly higher in pur: berseem than oat during both the BeASONSe
The increases werc about 2.5 and 8,5 times higher than pure oat in 1980581
and 1981-82, respectively. |

The cffect of crops on@charactepahlike leaf:stem ratio,green fodder
and dry matter yields =t differerit cutting stages has been illustrated
graphically in Fig.5 and the corgéSponding data have besn given in
Appendix ¥ o The leaf:sten ratio of pure oat was higher than that of pure
berseent at all the cutting stages (Fig.5). On the contrery, oxcept for the
first and second cutting stages in 1980-84, the green and dry fodder yields

were nore in case of bersecne
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ho1e3.Effect of seed proportions (Ratios within mixture)

o oud. b

The relevant data presented in Table k,1c show that during both
the crop seasons, mean cumulative pilant height was not significantly
influenced by any of the three seed proportions tried in this study, albeit
meen cumulative plant height tended to be more during 1981-82 than in
1580-814, Similarly, leaf:stem ratio was also not significantly affected
by thc seed proportions during both the crop ssascnse. However, unlike
mean cumulative plant height, leafistem ratio was low during 1981-82, Again
groen fodder yield was not significantly influsnczd during both the crop
seasons, but the dry matter yicld was significantly influcnced by the sued
proportions during 1950-81 only., The dry matter yield was comparatively
low in 1980-84, Mixing the secds of oat+berseem in 2:1 ratio recorded
significantly higher dry matter yield than their mixture in 1:1 proportion.
Mixtures of oat + bersgem in the ratio of 1:2 wes statistically 2t par with
their mixturcs in 1:1 and 2:1 proportions,

During 1980,81»thé'dry‘ﬁatter’as wsll as crude protein contents
wers not éignificantly influcnced *y the sced proportions (Table h.1c),
but in 1981-82 the former was significantly affected whercas the latter
wos not by the seed proportionse Dry matter content of fodder obtained
from 1:3 oot + berscem mixture wss not only minimum but zlso significently
inferior to 1:1 and 2:1 proportions in that order, Protein yicld was.also
significantly affected by secd proportions in 1980-81 crop scason onlye The
crop raised from oot + bersecm mixture of 2:1 secd ratio vhile remqining at
par with that raised from 1:2 sced ratio, recorded sizgnificantly higher
protein yicld as compnred to one reoised frow 1:1 sced ratio, the latter

two proportions bheing statisticolly at par.
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Table 4.1c, Bffect of sced proportions on growth (cumulative plant height
and leaf:stem ratio) Yield {green and dry matter yicld) quality
(dry matter and crude nrotcin content) and protein yiclds

L W A S,

Scod rowth . Vi:ld (o/ha) " quality  protein
proportions Flant Leofs Creen Dry matter Dry Crudc yicld
(Ratic with height stom fodder vield matter protein  (g/ho)
in mixture) (cm) ratio yiold contentcontent
- (% )
1980-81
121 146 4 1.03 207,80 43,9 22,05 19497 8,82
1:2 156,5 1.01 216,04 53.7% 25.28 21419 116 37
2:1 166.5 1400 261431 59.96 22.83 2.k 12,14
STrsy 8e1 0.03 19.83 3,77 1,05 015 Q.38
CD% NS NS NS 12432 s NS 2.38
1981-82
131 286,3 0.50 739.88  120.57 16.13 18406  21.82
12 302.7 0451 761,93 117.65 15451 19410 22,47
2:1 280.2 0451 699.60  121.83 17.49 18,42 22.23
SEins 8,6 0.01 Bl b6 4,0k 0,37  0ul2 0.64
CD5 RES NS NS NS 1020 NS ND

— A g

The effect of se¢:d proportions on growth, yiold and quality
poarmmeters has also been shown graphiczlly in 35@;3. The corresponding data
arc given in Appendix V,  The cumnulative plant height did not appear to be
influenced consistently by sced proportions, thereas at one stage 2:1 seed
ratio produced tallcr plents, while at the other stage 1:2 sead proportion
produced taller plants. It was intceresting to note that lcafistem ratio
was high at first cut under all the scod proportions but with the advencement
of cutting stmage the ratio went on decrcasing, 7The grocn as well as dry

matter yiold increassd progressively upto the third cutting stage in 1980-81
Y y up 5

)
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ad upto the fourth cutting stage in 1981-82,  The superiority of 2:1
sced proportion in rospect of dry mattor production in 1980-81 was ~lso

reflected at diffcrent cutting stages (1'ig.5).

“elelis Bffcct of nitrogon levels

Data perteining to the effcct of nitrogen levels have been given
in Table 4,1d, which shows that mean cumulstive plant height was
significantly affected by the levels of nitrogen in both the scasonss 1In
general, plant height increased with the increasing levels of nitrogen,
Duéing 1980-81 the medium andhigh levels of nitrogen produced significantly
taller plants than the low level of nitrogen, However, in 4931-82, only the
high level of nitrogen resulted in significantly taller plants than the low ‘
and medium levels which in turn were statistically at par with each other.
Levels of nitrogen had no significant effect on leaf : stem ratic which,
however, tended to be high st the low and medium nitrogen levels in both the
geasons (Table 4,1d),

The grecn fodder yield was significantly influenced by nitrogen
lebels in both the scasons. During 1980-81, green fodder yicld increascd
with an increasc in nitrogen level andthe differences turned out to be
signficant, How:zver, in the second crop season only high nitrogef level
registered a significant increase over the low and medium nitrogen levels,
which were statistically at par vith each other,

The dry matter yield was also significahtly higher st high lovels
of nitrogen as comparcd te low and medium levels in 1980~814 But in 1981-82
no such influsnce was observed,

The dry matter cortoent pemained unaffscted by nitrogen levels in

both the scasonse On the other hand, crude protein content was significantly
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affectedy During 1980-81, crude protein content incrcased significantly
with increasing nitrogen lcvels, It was the highest {19.4%4) at high nitrog
level and the lowest (16.8%4) at low nitrogen level. However, in 1984-82
.the medium and high nitrogen le..ls, while remaining at par with each other
rocordcd significantly higher crude protein content than that observed

in the casc of the low nitrogen level,

Table 441de Effcct of nitrogen levels on growth (cumulative plant height and

lcaf kstem ratio), yicld (green fodder and dry matter yiclds)
quality-(dry matter and crude protein contents) and protein yielt

Fitrogen — Growth “Yicid (a/ha) Quality Proteis
levels Plant Leaf & Green Dry Dry Crudd yield
(kg/nha) height stem ratio fodder matter matter protein  (g/ha)
(cm) vield vicld content (%) content (%)
1980-814
Low (29)  154.2 1,02 203.81  47.79 23,66 16483 8,36
Medium(58) 160.1  1.03 227.47  50.23 2%431 18457 9.28
High (87) 165.4  1.01 25130 56.69 23435 19,43  10.93
SEm+ 2.0 0.02 6.53  1.83 0471 0.26 003
CD5% 5.6 NS 17,48 4, NS 0476 0,96
198182
Low (29) 254,9 0.58 603.32 100,40 16.85 15.86 17.50
Medium(SR) 256.9  0.56 6GC 48 100,17 7429 17431 18.66
High (87) 264,7 0.55 642,14 103,28 1644 17.49 19432
SEms 1.98 0,01 11.38 2,67 0.h42 0.20 0.59
CD%4 566 NS 20,46 NS NS . 0.55 NS

*ivebaced over cropving systems tried in this studv, the 10wy medium and high
levels of N work out as inaicatad in paronthesise ST ’

The cffect of nitrogen levels on protein yicld was oxactly the sane
as observed in case of dry matter yield (Table 4.1d)e In 1980-31 the protein

yield was significantly higher at high level of nitrogen as compared to low

2861
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and medium levels, In 1981-82, howe#er, there wes no such influence of
nitrozen on protein yicld which though, tended to inecrcasc with the
increasing nitrogen levels,

The offcct of nitrogen levels on nlant height, leaf:stem ratio,
green and dry matter yields at various cutling stages has been illustrated
graphically in Fig.], The corresponding data have been given in Appzndix
VX, A perusal of Fig.7 shows that except for the fourth stage during both
the years, the wmedium and high levels of niftrogen had s tendency to producc
taller plantse HNot much of the difference was observed in leaf @ stom rati
at different cutting stages. Bxcept for the third cutting stage in 1980-31
the green fodder yicld went on increasing with the increasing levels of
nitrogen, Yorc or less a similar trend was obscrved in casc of dry matter
production also except that in 1980-81 there was slight devistion from
this trend, That is why, perhaps, there was no sigunificant cffect of

nitrogen levels on the total dry matter yield during this year (Table 4.1d).

4e1e5e Effcct of phosphorus levels

The data presented in Table 4.4e show that, except for green
forage wield in the first scasm (1981-82) and crude protein content in
both the scasons no other growth end yield characters were affocted
significatitly by the phosphorus levelse - During 1981-82, wcdiun snd higf
levels of phosphorus, bechaving statistically slike, gave green forage yiolds
vhich were significantly higher than that obtained from tho low loevel of
phosphorus applicatione However, thc crude protein content behaved in the
like manner in both the seasons. The protein yield was also not affceted

by the phosphorus levels tried in this study,.
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Table Le1ees Effect of phosphorus levels on growth (cumulotive plant huight
and leaf : stom ratio) yicld (green fodder and dry matter yiclds
quality (dry matter and crudc protein contents) and protein

y‘.i.(}}_do
Phosphorus __ Growth Vicid (kg/hw) Quality “Protein
levels Plant Leaf : Green Dry Dry Protein  yield
(kg/ha) hoight sten todder  matter natter  content  (g/ha)
(cm) ratio yigxd yi<ld content (%)
(%)
1980-81
Low (40)  159,9 1403 232437 51490 2242 1724 2.07
Medium(80) 158,41 1603 225651 50427 22.78 19, 14 9.73
High (120) 161.7 1.01 224,70 52,50 2L, 13 1840 9,76
SEm+ 1,98 0,02 6465 10832 0.71 0.26 Ou S
CD5% NS NS NS NS Ng 0476 R
1981-82
Low (40) 2%6.3 0,56 590637 99.73 17.15 16,12 1733
Medium(80) 260.9 0,56 631,11 101.78 16477 17441 19407
High (120) 259.3% 0456 624,17 102,36 16,66 1714 19,07
SEne 2.0 0.C1 114 38 2.67 1678 0.20 0.09
174 NS NS 30,46 NS 3 0e55 s

- A v - - b P

The Fige @ (data given in Appendix VIII)shows that there was no
definite pattern of the influcnce of phosphorus levels on plant height, loof
stem rotio ond dry matter yield, Only the groen fodder yield in 1981-82 was
seen to increase as the phosphorus level wns raised fron low to medium level,

Increasing the phosphorus level further demonstrated an increase in greocn

fodder yicld only at the second cutting stages ~
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Lo2e Interaction cffects

The effect of inﬁeraction batwesn various treatments on the growth
yield and quality of oat/bersecm fodder or as rixturc have been prescnted
in Tables L4,2a to %e2ke The corresponding analyses of varisnce have been
given in Appendix I,

be2.1e Effcct of nitrogen x phosphorus (N x P) interaction

The N x P interaction significantly affected the dry matter yield
(Table: b4e2a) crude protein content (Table 4,2b) ond protein yicld (Teble &2c
in both ths crop seasons,

Table 4,210, Effect of nitrogen x phosphorus interaction on dry wotter yield

(g/hn)

Nitrogcn levels ,
PhOSpLOI‘uS 1980-81 - o 19_8’\-82

ovels  yoorsoy Wodiam(58) Hiph (B7) Tow(38)  Hediws (58) High (7
Low (40) 49,50  hb2.88 63436 97.9% 106,02 95,22
Medium (80) 47,91 504 34 52,58 104,00 99415 102,18
High (120) 45.88 57,49 5k 16 9927  95.35 112446
Skmt k&9 6.5
CD%% 8.95 ' ' o 13406

GG e pmee g e momnn i et
shversged OovGr cropping systems tried in this study, the low, medium eand high
devels of N worlk cut es ipdicaied in parenthesise

At low phosphorus level, in 1980-84, dry matter yicld was moxirum
25 well as significantly more than its medium and high levels when nitrogen
was administered at high lovel, the latter two being statistically at peor
(Table Le2a)e At medium levels of phosphorus (80 kg PZQ5/ha) the effcet of
nitrogen levels was not significante ITowever, undcr high nhosvhorus (120 kg
P205/ha) fertility conditions the medium nitrogen level recerded significantly
more dry natter yicld thon the lower nitrogen dose., incrcasing the phosphorus

dose resulted in a decrease though not significant. The combinations of low



phosphorus and high nitrogen gave the highest dry matter yield followed by
the high phosphorus and medium nitrogen combination. During 1981-82 the dry
matter yield was not significantly affected by the nitrogen levels at the
low and medium levels of phosphorus, But under the condition of high
phosphorus status, the highest dose of nitrogen tried produced maximum dry
matter yield which was significantly supcrior to those obtained with the
administration of low and medium levels of nitrogens
Ehe‘effeot of N X P interaction on crude protein content was

significant in both the crop seasons (Table 4.2b)e At low level of
rhosphorus, high lovwel of nitrogen gave maximum crude protcin content, which
behaving statistically akir to medium dose of nitrogen, was elgnificantly
superior to its lower level;, in effect the significant increase was obtained
only at medium lovel of nitrogene However, at the high level of phosphate
manuring, crude protein content increased with the incrcasing levels of
nitrogen in both the crop scasons., At medium phospherus level, while in
1980-81 the effect of nitrogen levels was not significently manifested, but
in 1981-82 thc medium phosphorus and medium nitrogen combination recordsd
the hipghest crude protein cont ¢ which was significantly superior to the
other two combinationse The interaction effect prescnted in Table 4.2b
clearly demonstrates that both the nutrients when administered at their
respcctive high levels recorded the highest crude protein content in the

Terage on dry weight basis.
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Table 4.2b, Effect of nitrogen x phosphorus (M x F) interaction on crude
protein content (%)

- - o 2N m————

Phosphorus _Nitrogen levels o L
levels(ke Paoq/ha) 1950--31 _ 1981-82
L g Low(29)* Mediu (50)*High(37)* Low(20*) Hedium(50%) High{d7:
ko 15.7 179 18.2 15e1 16,4 16,8
80 1845 19,6 19.3 17.0 18.1 17.0
120 1.3 184 1 20.8 15 & 1761t 18.6
SEm_-); 0.6 005
CD>% 1.3 049

*Averaged over cropping systems tried in this study, the low, wedium and high
levels of N work out as indicated in parenthesis,

The ¥ x P interaction significantly affected tho protein yicld
in both thc crop seasons, albeit the offccts were diffcrently manifested in the
two crop scasons (Table b4.2¢), In 1980-81, low phosphorus ond high nitrogen
combination guve uaxicum preisin -yiold which .was -sigpificanily supericr to
ihe .comtinations wherein low phosphorus was supplenented by low or medium doses
of ritrogen, At medium phospherus level the dose »f nitrogen tried failed
tc significantly influence the protein yield. However, at high phesphorus
level the protein yield increasec¢ with the increasing doses of nitrogen
but nc significant increase was obtained when the dose of nitrogen was
increased from medium to high levels

In 1981-82 at low level of phosphorus an incrcase in nitrogen dose -
from low to medium lovel significantly increascd the protein yield but
further increase in nitrogen level had no significant effect, Again, zwﬁ
medium level of phosphorus incrcasing levels of nitrogen had no siznificant

effect on the protein yield, Like the preceding year, at high level of
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phosphorus protein yield increased with increasing levels of nitrogen
but the significant increase over the lowest nitrogen dose was observed
only with the highest dose of nitrogen, which com™ination recorded wmexinuia

protein yield (Table 4.2c).

Table Le2ce #ffcect of nitrogen x phospherus (N x P) interactiecn on protein
yield (g/ha).

Phosphorus . Nitrogen levels ) ~»A“f:fi:m
levels 1989-81 1981-832 ——
(kg P2Q5/ha) Low(29%) Medium(58*)High(87*) Low(29*%) Medium{ #)Hizh{l /#)
Lo 8.22 743 11 38 16.15 1881 17.0%
80 9¢19 9.87 10414 19,45 19421 18456
120 7.67 10,34 11427 16.90 17455 22,36
SEm+ 0.8%4 0e55
CD%e; 237 1655

* Averaged over cropping cystems trizd in this study, the low,medium and
high levels of N work out as indicated in the warenthosis.

Lo2e2e Effect of stand type x nitrogen level interaction

The interacticn off -t bebmeen stand type end unitrogen lovels
on leaf : stew ratio and crude protein content in 198182 has been
presented in Table bo2d,

Within the pure stand lesf : stem ratio narrowed significantly
vwith the incressing levels of nitrogen, whercas within the mixed stand it
reunained constant irrespective of the dosc appRicd (Table Le2d), It wee,
therefore, to be expected that at the same level of nitrogen pure stend
had significantly higher leaf : stew ratio than that exhibited by the

mixed steand,
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Toble 4.2d, Effcet of stand type x N levels interaction on leafisten ratio
and cruce protein centent in 961-82

Hitrogen Leaf : stom retio Crqu‘brotein content
Jevels Stort tyne 0 . Stond tyes
e et e Pure oo o Mxed . Fure ... Mixed
Low (27.5%)0.68  (30%)0.51 (27.5*) 12.99 (%0*) 17.78
Yediun (55%) 0.64 (60) 0.51 (55%)  he7h (60F) 19.02
High (82.5%)0.,60  (90%)0.51 (82,5%) 15,54 (90%) 16,79
SEd, (1) 0.02 C.h0

CD5% 0.04 0,80

SEd, (1i) 0.02 0. b4k

CD5% 0.04 0438

58d.(iii) 0.02 0.36

CD5% 0.04 0472

*Averaged over the cropping systems tricd in this study, the low,icdiunm and

high levels of N worked out as indicated in parenthesis,

i. For the comparison of difference betwcen two stand type meons at the
same level of nitrogen,

iie For the comparison of diftfeorence between two nitregen levels wmcans in
purc stand.

iiisFor comparison of difference between two nitrogen levels neor in a
nixed stand,

Irrespective of the 10,21 of nitrogen tried in this study, cruds
protein content in forage obtained fron the mixed stand was significantly
higher than thnat of purc stand (Table 4.2d)e In pure stand crude protein
contont in forage increascd with the increasing levels of nitrogen,. the
difference between the medium and high levels being not significante In ceosc
cf nmixed stand crude protoin content increased significantly over low level
vhen mediuw or high levels of nitrogen were aduinistered buk.the differcnce

between the latter two doses was not significant,
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Le2e3e Effect of stond type x P level interaction

Crude protein centent and pretein yield were significantly
influerced by the interaction between stand type x P level in 1580-81,
The summary of thesc obscrvations have been presented in Tobles 4.,2¢ and

bL2f, ruspectively.

Table kh.2c., Bffsct of stend type x phosphorus levels interaction on crude
protein content(9) .in 1980--81

Stand. type

Phosphcrus levels (kg/ha)

Purce Mixed

ho 14,39 19.15

o 5. 16 2179

120 15. 43 20437
Sisd. CD%%

For the comparison of differcnce betwesn two
phosphorus level means in nure stand 0.60 1620

¥er the comparison of difference betwecn two
Y, . - Q
phospiorus level means in wixcd stand 0.49 0,96

For thc comparison of differcnce between two
stand type neans at samce level of phosphorus 0.87 1673

The crude prrotein content in the forsge obtained from nure stand
was not significantly affected by the »nhosphorus levels tried in this study
(Table 4,2¢). In mixed stand, however, an increase in phosphorus level
from low to medium resulted in a significant increase in the crude protein
contents A further increase in the level of phosphatic manuring rezulted
in a slight decreasc in crude protain content in forage obtained from the
mixzd stand but the differcnces was not significsnt. Again the forage
obtained from fhe mixed stand had significaitly more crude protein content
as comnared to that obtained from the purc 3tand irrespective of the level

of phosphatic panuring.
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Like crude protein content, protein yield was significantly more
in mixed stand than the pure stand irrespective of the level of phosphorus
(Table %4,2f)s However, withir -ure stand maximum protein yield was obtained
with the highest level of phosphatic manuring, whereas in casc of mixed
stand wedium dose of phosphorus accounted for the highest protein yield.
Both these combinations were significantly supcrior to medium dose in casc
of the foraer and Jow dosé in casc of the lattcr.

Table 4,24 Effect of stand type x phosphorus levels interaction on protein
yizld (o/ha) in 1980<81

?hosphorus levils ’ Stand type
( P205 kg/ha) Pure Mixcd
La , 7,45 10.15
8o 6,94 11.59
120 8.52 10.58 -
SEd, CD5

For the comparison of difference between two
phospliorus lev:l means in purc stand 0.76 152

For the comparison of diifcrance between two
phosphorus level means in mixed stand 0.62 102k

¥or the comparison of difference between to stand
type mcans at the same level of phosphorus Ce 70" 1639

Lo2.,be Effecct of stand type x N x P intoraction

The sccond order interaction betwesn stand type x ¥ x P influcnced
the leaf : stoem ratio significantly in 1981-82. The interaction effect has
been presented in Table 4.26, The widest leaf : stem ratio in pure stand was
obtaincd at medium level of nitrogoen end phosphorus. This, however, was at

par with low level of nitrogen and phosphorus, low level of nitrogen and
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medium level of phosphorus, low level of nitrogen and high level of
paospliorus and high lcvel of nitrogen and phosphorus. The purc stand
administered with high level of nitrogen and medium dose of phosphorus
gave the narrowst lcaf : stem ratio. In case of mixed stand the widest
leaf @ stem ratio wes obtained when administered with high level of
nitrogen and low level of phosphorus which was statistically at par with
all the levels of nitrogen ond phosphorus cxcepting the combination
cmploying high levels of nitrogen and phosphorus, which recorded the
narrowstleaf tstom ratio.

Tablc 4e2.g. Effcct of stand typs x N x P levels intcraction on leaf :
stem ratio in 1981-82

Fertilizer lovels ~_Stand tyne
N PZOS . Furc Mixed
Low 0.69 0.52
Hedium Low 0,60 0.52
LC‘ W C o 67 0 - 50
HMedium Medium 0.71 0,49
Hig&_ O. 5 ) O‘SO
LO‘J\] 0.68 OO 50
Fediun High 0.61 0.51
igh o 0.67 0448

5id. CD5%
For the comparison of difforence betw.en NP 0.0% 0,08
levels in pure stand.
For thc comparison of difference between NP 0.03 0,06
levels in mixed s%and
For the comparisom of difference between stand 0.04 0.07

type at the same or different lavels of NP

raiia
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The leaf : stem ratio of the forage cbtained fronm pure stand was
wvider than that rccorded by the mixed stand and the differounces were
significent in ali the treatment combinations of mitrogen and phosphorus
levels except for the combinations high 1svel of nitrogen and low os well
s mediud levels of phosphoruse In these trectmoent cdonmbinetions, leaf

stem ratio in pure and mixed stand was at par with each other.

ke2.5. Effect of crops x mitrogen level interaction

The interaction between crops and nitrogen level significantly
influenced green and dry matter yields in 1980-81 and the mean cumulative
plant height in 1981-32, The relevant data have been prescnted through
Tables 4.2h to 4.2}.

The interaction between crops x nitrogen application levels
significantly affected the grebn and dry matter yieclds in %580-841 (Table
L,2h and 4,2L). While isolating the offects involved in this intcraction
it was seen that in case ef purc oat, increasing level of nitrogen

¢sulted in significantly higher green fodder yield, Zach increase in
nitrogen level resulted in a sienificant increass in green fodder yicld,
In case of pure bursesmy however, increase in the level of nitreogen from
low (15 kg N/ha) to medium (30 kg N/ha) did increase the green forage
vicld but not to a level of significancc. At higher level of nitrogen

(45 kg M/ha) the forage yieid was supnressed which indicated that the dose
beyond 30 kg N/ha wes detrimental to pure barscome

Further comparison of the two purc stands at a figed lcvel of
nitrogen application demonstrates that pure berseem, both at low (15 kg N/ha)

and medium (30 kg N/ha) level of its nitrogen apnlication resulted in
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higher green formge yield compared to oat receiving low (4O kg N/ha) and
medium (80 kg N/ha) level of nitrogen, respectively. Howwver, the

difference was significant only at low lovel cf nitrosune

Table 4.2h. Crops x nitrogzen level interaction effoct on grecn forage
yicld (g/ha) in 1980-81

Mitrogen ~ Crops T
levels Purc ost Pure berscem
hg NW/ha Kg li/ha
Low ko 149,63 15 226,20
Medium 80 205.9L 0 259.38
igh 120 264,91 45 251493
SEd. CD%%
For thc comparison of differvnce betwcen two 20,67 k1. 21
nitrogen level means in the same crop.
For the comparison of differsnce between two crop 45.10 89.93

mcans at the samc or different lovels of nitrogen

s i

At high level of nitrogen application, two crops did not differ
significantly from cach other, The hirghest yicld was obtsained in case of
pure oat at high level of nitrocgen but it did not differ significantly
with berscem yield at any of the nitrogen lovzls,

Crops x nitrogen lovel intevaction significan¥ly influcnced the
dry matter yield in 1980-81, ‘The relevent data have been prescnted in
Table by 2L . |

An analysis of the effects inhcrent in this intoraction reveals
that the nitrogen spplication made at its low level (L0 kg N/ha) in case of
pure oat resulted in significantly low dry mattcr yield than thet accurring

frem medium and high 1level of nitrogen applications which in turn were
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statistically alike. The nitrogen levels however, dic not influence the
dry matter yield of bersecm. Further, examination of this interaction
cffect reveals that oat and bersecm dry matter yicld did not differ
significently at sanc or duffercnt levels of nitrogpn.

T=ble 4.2& affcet of crops x nitrogen interaction on dry matter yicld (q/ha)
in 1980-81

» Crops o
g N/no kg W/he
. Low 4o 26,95 15 51.79
Medium 80  51.98 B - B9
High : 120 57.22 ks 52456
SEde CD%%
For the comparison of difference between twe 5.80 10,97
nitreger levils at the same crop stand.
For the comparison of difference of two crop ncans 10437 20,69

at the samc or different lovel of nitrogen.

o

- e Ai0n ) g

Crops x nitrogen level interaction olso influsnced the mean
curulative plant height in 1981-%2, The intcraction effect has beer
presented in Table 4.2}.

It is clearly evident from the Table 4,2i thet purc oat at its
high level of nitrogen application (120 kg %’hzn) produccd plants which were
significantly taller than these aduinsterced with leow 4o kg H/ha) snd medium
level (80 kg N/ha) of nitrogen, respzetively. How:ver, in case of pure
birssen, nitrogen livels did not bring out the diffcrernce to a significant
levels Rather a deceruasing trend in plant height was observed with ezch

increnent of nitrogen level,
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Tablc h.zj« Effect of crop x nitrogen level interaction on mcan cunulative
plant height (cm) in 1981-82

e -

Nitrogen levels Oat . Berscem
Kg N/ha Kg/N/ha

Low ko 135.9 15 2771
Medium 80 147.9 30 27542
High 120 167.7 45 2707

~ SEd, CDH%b
For the comparison of difference between two 63 1263
nitrogen levels at the same crcp stand.
For the comparison of difference of two cron means 8,90 1772
at the same or different lovel of nitrogen

As stated earlicr also, because of the difference in plent speciocs
the comparison of plant height between two crops (i.c. ozt and berseen) has

not been made,

Le2464 Effecct of crops x N x P intcraction

The leaf : stem ratic was significantly influcnced by the creps x
N x P level interaction in 1981-02. The dats pertzining to these
obscrvations have be:n presented in Table b2k

An pssessment of the effects inherent in this interaction
demonstrates that in case of pure oat the wddest loal :sten ratio was
obtained at redium level of nitrogen supply (80 kg N/ha) accompanicd by
medium level of phosphorus (80 kg P295/ha). This however, wes at por with
low levals of nitrogen and phosphorus (40 kg each of ¥ ond P205/ha) and

high levels of nitrogen and phosphorus (120 kg cach of N and P205/ha).
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Nitrogon and phospheorus levels did not scem to have influenced the leaf
sten rotio sigrificantly in case of purce bersvem. Further, it wos seen
that at all levels of NP combinrtions pure ocet resulted in significantly

wider leal ¢ sicm ratio as compared to purc bersccms

Table h.2k. BEffect of crops x N x P level interacticn on lenf @ sten ratio
in 1981~82

Fortilizor levels Crops —
ditrezen .. Phosphorus Pure ont Pure bergeen
Low 1.01 e 37
Medium Low 0,87 0433
High 0.79 035
Low Ca ok 0440
Medium Medium 1,07 0.3
High 0.76 0. 34
Low 0.93% 0,43
Mediun High 0.58 . 0335
High 1.01 Oo3H
Sad, CD%%
For the comparisan of different betweeun twe WP 0.06 0e 11
lcvels in purc stand
For the comparigon of differcnce betwcen two pure - 0.05 0.1

stand at same cr different level of NP
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Le3.80il Chemical Proportics

The soil camples after the harvest of the crop were analysed for
s0il pll, cation exchange capacity (CEC me/100 g soil), per cent organic
matter, available soil nitrogen and available phosphorus, The relevent
data have been summarised in Tables U, 3a through 4.3es The corresponding

analyses of variance have been appended in the Apvendix III,

be3.14 Effect of stand type (Pure Vs mixture)

The data pertaining to the effcct of stand type on various
so0il chemical propertics presented in Table 4.3a show that the cation
exchange capacity and the organic matter (%) were not influenced by the stand
type during both the years. In 1980-81, significantly higher pH wae
observed in pure stand in comparison *o mixed stande¢ The trend was more or
less samz in 1981-82 but the diffsrence was not significante Significantly
higher avatlable nitrogen was observed in mixed stand in_1980-81 in
comparison to pure stand. In 1981-82 also higher aveilable nitrogen was
found in the plots having oat + berszem together (mixed stand) but the
differcnce was not significant. The gquentity of available phosphorus was
affccted by the stand type only in 1981-82 where it was scen that
significently higher guontity of available phosphorus was found in mixed
stend.

“e3e24 Effoct of crops (within pure stand)

A ———

The dats in respect qfwthe cffect of crOpé on differont soil
chemical propertics have been nresented in Table 4,3b, A perusal of the
data shows that only available nitrogeﬁ in the soil was affccted by
different crops. £t was seen that during both the years significantly higher
available nitrogen wss found in the soil having nurce berseen, Rest of the

chemic:d properties studied vemained unaffocted during both the yeors.
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Table 4,3z, Lffect of stand type on soil pH, CEC, organic matter,available
nitrogen and phosphorus in 1930-81 and 198182

Tréatments Soil pH CEC me/100¢ Organic ivailablo Availeble
(stand type) 501l matter(®) N kg/ha F 05 kg/h=
1980-81
Purc 731 14,20 171 533475 4,26
Mixed 7401 14,06 1. 76 555415 39411
Side 0.02 0613 0,02 6.69 1486
CL5% 0.04 NS s 15, 4k NS
1981-82
Mixcd 7.0 154 47 1.90 559454 57495
Siide 0.3 0,21 0.04 3.93 1499
CD% NS NS NS NS L.59

Table 4,3b. Effcct of crop on soil pH, CEC, organic matter, available
nitrogen and phosphorus in 1980-81 and 1981-82

e e —_———

Crops Soil pH  CEC m:/100g Organic “Availabic Available

soil matter(%) N kg/ha P05 kg/ha

| 1980-81 “ |
Turc oat 7.36 13,90 152 Lsh, 2oL 4,53
Purc berscer 7,27 1l b9 1.89 613427 37.69
Std, 0.20, 0,73 0.19 10438 2,00

CDS NS 1S NS 23.93 NS
1981-82

Pure oat 7e22 15454 1481 L62,89 50418
Purc bersecom 7,12 15¢11 1.9k 62L.70 5'te89
SEd, 0620 0471 0406 13485 3,08

CD%4 NS NS NS 31,93 NS

e m—a
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b, 2,3, Effect of sced proportions (Rotios within mixture)

Th comparison of seed proportions (Ratios within mixturs) in
respect of different soil chemical properties (Table L4,3¢) shows that only
in 1580-81 available nitrogen in the soil was influenced due to sesd
proportions, It was scen that the highest availsable nitrogen was found in
the fields having oaots + berseem in the ratio of 1:1. This was however,
at par with o=at+berssem having a ratio of zZ:1 , Both these ratios resulted
in significantly higher available nitrogen when comparcd with oat+boersecem
plets having a sesd proportion of 1:2, Other proportion of soil were not
affected significantlyes In 1980-84, howcver, none of these chumical
proportics of the s0il were influcnced significantly by tho sced propertiona

Table 4.3c., Effect of sccd proportions on soil nH,CEC, organic matter,
aveilable nitrogen snd phosphorus in 1980-81 and 1981~382

Sewd Soil pi  CaC (me/100g  Orgonic  Availsble  Availsblo

proportions 5011) matter{(%) N (ke/ha) P205(k3/ha)

(Ratic within mixturc) 1960-81

1:1 7.18 13.79 1681 561652 35456

1:2 7.07 1351 172 539, 4k 394 14

2:1 6.77 14, 86 1e76 564,58 b1,62
Skg+ 0. 14 0.52 0,84 7 34 2,05
CD5% NS N3 RIS NS NS

1381-82

1:1 7.02 15418 1.87 581.12 57.26

2:1 6.92 15.71 1489 574,84 56.05
SEm+ 0.26 0,28 Oul5 92.79 2418

CD5% NS 1S NS 27.62 NS
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Le3,4y Effcct of nitrogen lovels

The data in rcspeet of the effect of nitrogen levels on various
s0il chemical properties have “een presented in Table 4,3d, It will be
scen from the data table that soil pH, cation exchange canacity and organic
matter (%) remzined unaffaected duc to nitrogen levels during both the years.
The available nitrogen andphosphorus contents of the soil however, were
inTluenced significantly, With cach increasc in the nitrogen level a
significant increasc in the availablc nitrogen was observed during both
the yearss More or less similer trond was observed during both the years.

Table 4%,3d, Effect of nitrogen levels on soil pH, CEC, orgonic mattor,
available nitrogen snd vhosnhorus in 1980-~81 and 1981-82

Nitrogen levels Soil pi CEC'(me/100g Organic  Avedlable  Available
(kg/ha) ' s0il) matter(%) N (kg/ha) P05 (kg/he)
1980-81
Low (29%) 7.2 13.94 1,73 472426 33,40
Medium(53%) 7.05 1414 1470 545,53 k0410
High (87%) 7ok 14420 179 622.0k L35
Skm+ 0,08 0.33 0.0% 6.43 0,49
CDs% NS N3 NS 18412 1.38
Iow (29*) 6.99 15.33 2,90 76,34 54,61
tiedium (58%) 7.0l 154 44 193 545, 7k 52432
High (87%) 7.20 15.48 1.85 637.64 57. b2
SEm+ 0,08 0.36 0406 5407 | OeL5
CD5% NS NS NS 16,55 1428

* Averaged over the cropping systems tricd in this study the low, mediunm
and high levels of ¥ work ~ ocut ns indicated in porenthesis,
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liore or leés similar trend was obscrved in case of available phosphorus
~lsoy but in 1980-81, the significant increase¢ was observed only when
nitrogen level was raised from low to mediume Further increase to high
level did not result in significant incrcase in available phosphorus in
the soil, On the other hand in 1981-32 it was scen that an increasc in
nitrogen lovel frowm low to mediun did not rusult in significant increose
in availoblc soil phosphorus. Only high level of nitrogen resulted in

significant incrcase.

4,3.5, Effcct of phosphorus levels

The data pertaining to effect of phosphorus level on scil pif,
cation exchange capacity, orgonic nattor and available phospheorus of the
30il heave been presented in Table 4.3%3ce ILike the effect of nitrogen 1levels
in this case alsc it was scen that the soil pH, cation exchange capacity
and orgaonic matter romaoined unzffected during both the yoars duc to
variation in phosphorus lovels. However, unlike nitrogen the available
phosphorus of the scil also renained unoffecteds Only available nitrogen
in tht s0il wes influencced significantly duc to phosphorus levels.

Dmpring Both the ycars an increase in the available soil nitrogen
was obscrved as the phosphorus levels were increased from low to medium
and from medium to high, However, in 1980-81 it was observed that only
low and highvlcvelsvofgphosphorus resulted in significont difference in
available soil nitfogén whercas in 1981-82 cven the mcdium level of
phosphorus resulted {u significant incrcasce During both the
yeors the medium and high levels of phosphorus renaoined at par with eoch

othire
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Table 4,7%c, Effect of phosphorus on soil pH, CHEC, organic umutter, avedlaoble
nitrogen cnd phosphorus in 198:-81 and 1981-82

E%Sg%horus S0il »H CEC (me/100g  Organic Avealable | Available
levels 5013, matter(s) N (kg/ha} P05 (kg/ha)
1230-81
Loy 7.02 14429 107k 532,86 39,97
tedium 725 13,97 177 546,05 Fe51
High 7612 14,08 1471 560.92 4o 43
Sim+ 0.08 04323 0.0k 6,43 C.h9
CD5, i3 NS s 18412 NS
198182
Low 7.05 15427 1488 531461 55411
Medium 7e12 15,05 1.86 559.93% 56430
Hich 7.05 15.93 109k 5685.18 52«92
SEr+ 0,08 0.% 0.06 5.87 0ok
CD5% s NS N 16.53 N3

bol, Interaction Effects

The interaction ¢ffect of verious treatments that influcnced the
s0il chemical propertics significantly have been prescented in Table 4ula
through Table 4,4h, The corresponding annlyscs of variance have becn given

in Appendix ITI,

holie1e Bffect of stand type x phosvhorus level interaction

During both the years stand type x phosphorus levels significantly
influenced the available soil nitrosen, In 1980-81, the prosence of stand
type x P levels interaction (Table 4.ka) indicated that the mixture

receiving fairly high level of phosphorus (120 kg P2Q5/hn) resalted in
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significantly higher soil njtregen valuc as compared to low and mediun
phosphorua levelss The 1étter two levels were at par with each other.

In pure stand, howevery medium 1level of phosphorus while renaining at par
with high level rcsulted in significantly higher soil nitrogen values

Table lL.4a. Effect of stand #ype x P levek internction on available soil
nitrogen (kgz/ha) in 1930-81 and 1981-82

Phosphorys levels o 1080-31 1981-82
(kg/ha) Purg Mixed Purc Fixcd
Loy (40) 5984l Sh2, 47 528.25 53385
Hedium (80) 551,78 542;23 565458 556415
High (120) 531,04 580. 84 537.55  588.60
1980-81 1981-82
SEd. 'm “8Ed, CD%%

For comparison of difference betwcen two 1, 3? 28,65 13412 26.16
phosphorus level memns in pure stand :

For the couparison of difference between 11.73  23.39 10.72 21,38
two phosphorus levels mean in mixed stand

For the comparison of differcnce between 13.12 26416 11.98 23,39
two stand types at the some of different -
levels of phosphorus

In 1981-82 more or less similar trond wes obscrved, During this
scason in pure stand the medium lcvel of phosphorus resulted in highest
available soil nitrogen. It was significantly higher than that cbiained
at loy icvel of nitrogene Further increase to higher level of phesphorus
resulted in 51vn1flcant decrc e in u,v'u.lgbl 5011 N, 1In nixed stand,
hewsver, each increase in the phosphorus level resulted in a significent
- increage in available soil nitrogen. During both yerrs high level of
phosphorus (120 kg P205/ha) in mixed stand resulted in highest available
soil nitrogen ond exéept for thce available nitrogen obtained at medium

level of phosphorus in 1981-82 in pure stond the difference was significant,
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Loli,2, Effect of stand type x nitrogen x phosphorus interaction

Stand type x nitrogen x phosphorus level interaction influenced
s0il pH and available soil nitrogen significantly during both the years.
The data depicting the influence of this interaction have been presented
in Table 4.4b. It will be seen from the data table that in 1980-81 low
level of nitrogen accompanied.by medium level of phosphorus in pure stand
resultod in_highest pH of 7.7+ However, it differed significantly only
from low level of nitrogen and phosphorus and medium level of nitrogen
plus low level of phosphorus. In 1984-32, however, the highest pH of 7.7
was found in the plats having high level of nitrogen and low lovel of
phosphorus. However, this was found to be at par with low level of
nitrogen accompanied by medium level of phosphorus and differed
signiticantly from lov level of nitrogen and phosphoruse

In case of mixed stand during both the years mediuﬁ lcval of
nitrogen and phosphorus rosulted in highest pi (7.2 and 743, respectively)
but significant differunce was obscrved in 1980-81 only where it differcd
significantly from medium level of nitrogen accomapnied by high level of
phosphorus,

A clos: perusal of data table indicates that the highest pH of
7«7 that wes obtaincd by supplying low level of nitrogen and medium level
of phosphorus to purc crop in 1980-81 was significantly higher to the
highest pH of 7.2 that was obtained in mixed stand by supplying medium level
of nitrogen and phosphorus, Similarly, in 1981-82 zlso, it was seen that
the highest pH of 7.7 that was obtaincd in purc stand by supplying high level
of nitrogen and low levzl of phosphorus was significantly higher thean pH valuc
of 7.3 in mixed stand resulted by supplying medium level of nitrogoen and

pnosphorus.
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Table 4eitbe Effect of stand type x nitrogen x phosphorus level interaction
on soil pH and available nitrogen in 1980-84 and 1981-82

NP levels Soil pil  Available N (kg/ha)

. _1980-81 98982 1980~81 o _1981-82

Pure _ Mixed Pure Mixed Pure  Mixed _Purg Mixed
L 740 7e2 648 7,0 47,8  LU6.6 h70.3  Lhbe3
M L 740 6.3 7¢3 6.8 WOl  557.3 509.6  548.8
H T4 6.8 7e7 740 593.6 623.5 60448 60845
L 787 7.0 7.1 6.8  U73.2 471k k92,8  489.0
NN 7 7.2 70 7.3 55846 S60.1 5711 52949
H 73 740 71 73 623.5 595.1 6328 659.6
L 7.2 7e2 7o 6.8 452,00  51ke5 55,2 500.2
Mo H 75 6.6 742 6.8. Sho,0  5h7,2 548,7 5637
H w2 7e2 70 72  599.2 680.,7 60ke7  701.9

Side  CD5%  Skd, CDS% 6Ed.  CDS% SEd, CD%%
de 0.3 0.6 0.3 0.6 2l 9 1i946 2247 k5.3
iie 03 0¢5 0.3 0.5 2043 4045 1846 370

iii. 0.3 0.6 0.5 0.6 22.7 45,3 1748 3,6

L: Low, lM: Medium and H : High

i. For the comparison of difference between two NP levels in purc stand

iieFor the comparison of difference between two NP levels in mixed stande

iii. For the comparison of diffcrence between two stand means at the
Szme or different levels of NP

Stand type x nitrogen x phosphorus intersction affect also presented
in Table 4ebb shows that in pure crop stand during both the year at cach
level of nitrogen alongwith phosphorus brought an increase in available soil
nitrogen and except for low and medium level of nitrogen at low level of

rhosphorus the diffcrence was significante It was intcresting to note that
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during both the years high level of nitrogen accompanied by medium lcevel
of phosphorus resultcd in highest available soil nitrogen and was found to
be at par with high level of nitrogen each at low and high lcvels of
phosphorus,.

In case of mixed stand it was seen that during both the years
high level of nitrogen accompanied by high lcvel of phosphorus resulted in
highest available soil nitrogen, Only in 1981-82 it was found to be at
per with high level of nitrogen accompanied by medium 1l¢vel of phosphorus
otherwise this treatment was found to be significantly superior to rest
of the treatments, A close =xamination of the table will further indicate
that during both the years in pure stand as well as in mixed stand low
level of nitrogen accompanied by low level of phosphorus resulted in lowest
available soil nitrogen. Further, it was seen that during both the years,
the highest available soil nitrogen that was obtained by supplying high
level of nitrogen and phosphorus in mixed stand was significeantly higher to
the corresponding highest quentity of available soil nitrogen ohtained in
pure Stand by supplying high lovel of nitrogen and medium level of

phosphorus,

4.4,3.‘Effbct of crops x nitrogen level interaction on availsble phosphorus

Crops x N lcvel interaction significently influenced the available
soil phosphorus valuc in 1981-82 (Table &,kc).

It was scon that available soil phosphorus incrcased significantly
with cach increase in nitrogen level in case of plots sown with purc oat
and not in case of plots sown wi th pure herceeme In latter case slightly
decreasing trend in soil phosphorus was observed with e¢nch incresse in

nitrogen levels However, .the comparison of two crop means at the same level
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of nitrogen indicated that both at low and medium level of nitrogen pure
berseem resulted in significantly higher available phosphorus as compared
to pure cat. Again, purc berscem plots administered with its low, medium
and high level of nitrogen registered significantly higher available socil
phosphorus as compared to oat plots administered with low level of N,

Table 4olice Effect of cfops x N level interaction on available soil
phosphorus in 1981-82.

Nitrogen levels (kg N/ha) Oat Borscem
Low (40) 45,31 (15) 55.48
Medium (80) 49.% (20) 55.05
High (120) 55.92 (45) Shek

SEd,  CD%%
For the comparison of difference between two 1o 12 2.84
nitrogen level mcans in the same crop

For the comparison of difference between two 2.85 5.69
crop means at same or different levels of N

Lolt ity Effect cf crops X phosphorus lgvel interaction

Crops x phosphorus interaction influenced the available soil
nitrc;gen significantly during both the yearse The rclevant data have been
prescnted in Table 4.hds It was scen during both years that in purce oat
an incrcase in phosphorus level from low to medium resulted in significant
increase in available soil nitrogens Furthor increasce to high level resulted
in a significant decresse in available soil nitrogen. However, low and
high levels of phosphorus were found to be at par with each other, On the
other hand the phosphorus levals did not influence the available seil
nitrogen significantly in pure berseem plotse. A further examination of the

data table ind cates that during both the years at each level of phosphorus
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the availaeble soil nitrogen was significantly higher in purc berscen in

comparison to that obtained in pure ocat plots,

Table Lohd, Effect of crops x phosphorus levels interaction on available
soil nitrogen (kg/tia) in 1980-81 and 1981-82

Phosphorus lovels Oat 1980~ggrseem _‘01281;82, Bersecn
4O kg P,0g/ha 4z3,0 62345 L2745 609.4
80 kg P205/ha « 51542 61640 50062 60345
120 kg Paos/ha 4ho b 634,7 425,0 62740
1980~.81 198182

SEd., CD5% SEd, (D4
For the compariscn of difference betwcen 20,3  40L5 1846 57+0
two phosphorus levels at the same crop

For the comparison of difference between 19.95 33.80 16,96  33.86
two crop means at the same or different
levels of phosphorus

T A N A, L e - TN it

hoby5, Effect of crops x I x P interaction

The soil pH and CEC were significantly influenced by the crops
x N x P level interaction ic 1930-81 end 1981-82, respectivelys The data
rclevant to these observations‘nave heun presented in Table 44lice

An assortment of the effects inherent intthis interaction
demonstrated that in casc of purc oat the highest soil pH was cbscrved when
nitrogen and phosphorus were applicd at their respective mediun levels,
Howevery it differcd significantly only from high level of nitrogen when
accoripanicd by low lovel of phosphorus and low level of nitrogen accoupanicd
by high lcvel of phosphoruse In case of pure berseem.high level of nitrogen
supplerient with low level of phosphorus tested significantly higher ph as

conparcd to low and medium level of nitrogen supplement with low level of
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phosphorus and medium and high level of nitrogen accompanied by medium level
of phosphoruse Further comparison of two crops at the some or different

NP combinations showed that in case of pure berseen nitrogen at higher level
supplemented with low level of phosphorus resulted in significantly higher
pH as compared to high level of nitrogen supplementzd with low level of
phosphorus or at low level of nitrogen accompanied by high level of
phosphorus,

Toblc Uylic, Effect of crops x nitrogen x phosphorus interaction on soil pH
anc. CEC in 1980-81 and 1981-82 :

-

N x P levcls Sﬁ%‘ﬁ% — _CEé%?)g}%gOg Soil)
e 02 Borscen Oat __ ____Berscem _
Low 73 6.8 15,8 1548
Mo dd ua Low 742 6.8 107 1643
High 6.9 749 1641 13
Low 78 77 1643 1140
Hediun Mediun 7.9 6.9 1642 123e3
High 7.7 649 14,5 1646
Low 6.9 75 16,5 1540
Medium High 75 7.5 17.6 173
High 7.1 73 15,7 1644t
1980-81 1581~ 82

SEd.  Cb% . SE4, OEA

For the cunparison of differcnce botween Oult 0.9 20 LeO
two NP level means in the same crop stand

For the comparison of differcnce between Q.4 0.9 167 365
two pure stand means at the samc or
different levels of NP
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/

Further examination of Table 4.?0 reveals that in case of pure
oat medium level of nitrogen acéompanied by high level of phosphorus resulted
in highest CEC (17,6 me/100g soil), however, it differed significantly only
from that obtained by applying medium level of nitrogen supplemented with
low level of phosphoruse In case of pure berseem also mcdium level of
nitrogen accompanied by high level of phosphorus resulted in highest CEC
(17.3 me/100g soii). However, it differcd significantly only from low level
of nitrogen accompanied by medium level of phosphorus, Interestingly it
was seen that at medium level of nitrogen hav;ng low supply of phosphorus,
berseem plots results in significantly higher CEC in comparison to oate
On the other hand at low level of nitrogen accompanied by medium level of
phosphorus oat resulted in significantly higher CEC in comparison to bersecem,
The highest CEC (%7.6 me,/100g ;oil») which was tested in casc of pure oat
vhen the medium level of nitrogen was supplemented with high level of
phosphorus differed significantly from berscem plots when low or medium

level of nitrogen were accompanied by medium level of phosphoruse

bolrabo Effect of sced proportion x nitrogen level interaction
Secd proportion x nitrogan level interaction significantly

influenced the soil pH in 1980-81. The interaction effect on ava;}able soil
nitrogen was obscrved during both the yearse The deta pertaining to these
interaction effects have been presonted in Table A.4f. An examination of
Teble 4.4f show that low level of nitrogen resulted in significantly higher
;oil pH in comparison to that undor med um nitrogen level in seod proportion
of 1:1. Howeve;, it did not diffur significantly with the high level of
nitrogene Under other secd proportions (1:2 and 2:1) the nitrogen levels did

not result in a significant difference in soil pH. The highest soil pH (7.4)
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that was obtained in 1:1 seccd proportion at low level of nitrogen wes
significantly higher than that obtaincd at medium or high level of nitrogen
in 2:1 sced proportion.

Table L.4fe Effect of seed proportions x nitrogen level intcraction on soil
pH 1980-81 and available soil nitrcgen in 1980-81 and 1981-82

Nitrogen Soil pH Available soil nizgggggngggéggl_______
lovels 1980-81 . 1980-81 1901=62
181 1:2 231 1:1 122 2:1 121 1:2. 2:1
%9/ ha
Low (o) 7ek 6.8 7.1 6.9 492,8 U472,9 U477.,8 49k,1 48146
Medium@o)648 7e2 66 55ks1 558.1 55244 56347 50747 5709
High (Go) 7,2 7.2 6.6 663.6 567.3 6684 01,8 586,1 672.0
SEd, CD%% SEd. CDS% SEd, CD5%
ie 0.2 Okt 2.3 41,5 18.6 3741
ii. 0.3 0.6 314 62,6 312 6241

1e Tor the comparison of diffcrence between two nitrogen levels at the
same sced proportion,

ii. For the comparison of differcnce between two seed proportions at the
same or different levels of nitrogen,

The availablc soil nitrogen data showing the influence of seed
proportion x nitrogen level intevaction also presented in Table 4,4f show
that during both the years as the nitrogen level was increased from low to
medium or from medium to high an increase in available soil nitrogen was
observed under each secd proportion. Except for the difference between
medium and high level of nitrogen in 1980-81 under 1:1 sced proportion and
between low and medium level of nitrogen under the samc seed proportion in
1981-82 the increase was significant,

In respect of the highest available soil nitrogen that was obtained

under different proportions the results were more or lcss consistent during
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both the yearsy In 1931-82 the highest quantity of available nitrogen was
tested at high level of nitrogen in 1:1 sced proportions This was followed
by 2:1 sced propprtion at the samc level of nitrogen. ‘The differcnce however,
was not significant, On the other hand in 1980-81 the highest available

soil nitrogen was tested at high lovel of nitrogen in 2:14 seed proportion

at the same nitrogen levels, The difference alhiet was not significants

b b4y7 Effcct of sced proportions x _phosphorus level intcraction

Secd proportion x phosphorus lovel interaction significantly
affeccted the soil available nitrogen value in 1980-81 onlye. . The relevant

data have been presented in Table 4.lg.

Teble LelgaEffcct of secd proportions x phosphorus level interaction on
available soil nitrogen (kg/ha) in 1980-81

B N

PhOSphorus levels :EFT_,iiaai_pﬁgggzzigﬂﬁ 2:1 N
Low (40) 55545 53943 53246
Medium (80) 5395 503+5 583.6
High (120) 589.5 5755 5775
SEd,. CD%%
For the comparison of difference between two 2043 b0e5

phosphorus level means at the samce sced proportion.

For the comparison of differcnce between two seed 1841 31
proportion means at the same or different level of
vhosphorus,

It is scen from data table that high level of vhospheorus
application registered significantly higher available so0id nitrogein in casc

of plots having sown with oat + berscem in 1:1 and 1:2 ratio as comparcd to
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medium level of phosphorus and remained at per with low level of phosphoruce
In this instancc low =nd medium level of phasphorus did not differ
significantly from each othcr, However, in casc of 2:1 secd proportion
mediunm and high level of phosphorus while remaining at par with cach othor
resulted in significartly higher available sc’l nitrogene On the other
hand thc comparison of seed proportions at a fixed level of phosphorus
demonstrated that at low lovel as well as at high level of phosphorus
application, the secd proportions did not differ significantly in

available soil nitrogen. However, at medium lovel of phosphorus, both 421
and 1:2 seced proportions bechaving statistically alike toested significantly
lower available soil nitrogen value as compared to 2:1 seed proportion,
While comparing two sced proportion means at different lovels of phosphorus
it was seen that the highest available soil nitrogen that wes obtained in
131 sced proportion at high level of phosphorus differed significantly from
1:2 aced proportion at low and m2diwm level of phosphorus and from 2:1 seed

proportion at low level of phosphorus only,

LBy Effcct of secd proportions x nitrogen x phosphorus levels intergction
Sced proportions x nit: -en x phosphorus lovels interaction

significently influenced the available soil nitrogen in 1980-81s The data
presented in Table Yo4h show that both under 1:1 and 1:2 seed proportion
high level of nitrogen accompanied by high level of vphosphorus rcsulted in
highest available scil nitrogen. In 2:1 seed promortion also this fertility
lovel combination resulted in 202.6 kg available soil nitrogen per hectarc
vhich was nore or less the same as that of high lovel of nitrogen accompanied

by tiedium lovel of phosnherus (703.7 kg N/hn)e
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&o

Effcct of seed proportions x nitrogen x phosphorus internction

on ovailable soil nitrogen (kg/ha) in 1980-841

M x P levels

seed nroportions

ek

N N 11 1:2 . 2:1
Low 403.3 k579 L5147
Medium Low 56742 5577 54740
High £69,0 6024 & 59940
Low 456.9 L80 b 47741
Medium Medium 540.0 5701 7062
High 62147 46041 703e7
Low 5135 54042 400,0
Medium High 55540 56,7 54040
High 700, 2 679, 70246
SEd. CD%%
#or the comparison of differonce betueen two NP 3562 70e2
lovels at the same sced proportion
For the comparison of diffcrence between seed 3549 7146

proportions at the some or different levels of NP

The highest available soil nitrogen that was obtained at high

level of nitrogen accompanicd by high level of vhosphorus in 1:1 and 1:2

secd proportions was found to be at par with high level of nitrogen ond

low level of phosphorus and 4 iffered significantly from rest of the

treatments,



81

In 2:1 sesd propertion high lovel of nitrogen and high level
of phosphorus was found to be at por with high level of nitrogen and
mediun level of phosphoruss  Both the treatrents differed significently
from rest of the treatments, The highest available soil nitrogen that
wes found under different sced proportions romeined statistically at
pare In this case also it was seen that the lowest available soil
nitrogen under each sewd proportion was obtained at low level of
nitrogen having low level of phosphoruse An increase in nitrogen
level fron low to medium at the same level of phosphorus resulted in

significent fncreasc in aveilable soil nitrogene
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B, EXPERIﬁENT I

Experiment II was planned with an objoctive of finding out the
gseed rates of individﬁal crops either in pure stand or in mixed stand in
respective seed ratios of 1:1, 1:2 and 2:1. Only the total green fodder
and the dry matter yield was recorded during both the years. The data were
analysed in Incomplete Block Simple Lattie Design. The data in respect of
green fodder yield have been given in Table 4.4i and that of dry matter
yield in Table 4.4js The corresponding analysis of variance have been given
in Appendix

A perusal of green .odder yield data given in Table 4.4i revezls
that during both the years pure oat as well as pure berseem yield did not
differ gignificantly due to seed rates. Further examination of the data
table indicates that in 1980-81 the highest fodder yield that was obtained
with a seed rate of 120 kg ocat + 20>kg berseem per hectare in the ratio of
2:1 (TB) was fcund to be at par with 120 kg oat + 30 kg berseem per hectare
in 131, 1:2, or 2:1 ratio (T19, T349T35 and T36). In 1981-82 the highest
green fodder yield was, however, obtained by having a seed rate of 160 kg
oat + 40 kg berseem per hectare in the ratio of 1:1 (T31) but it was also
found to be at par with the seed rate of 120 kg oats + 30 kg berseem per
hectare in all the three ratios i.e. 1:1, 1:2 or 2:1 (T19, Togr Toqe Tzy
and T35)'

This therefore, shows that a seed rate of 120 kg oat + 30 kg berseen
per hectare can be used in any of the seed ratio (1:1, 1:2 or 2:1) for
getting stable green fodder yield. This also confirms the results of
Experiment-I where the geed ratios did not influence the green fodder yield

significantly during both the years (Table 4.1c).



83

Table 4.4i. Green fodder yield (q/ha) as affected by different treatments
in 1980-81 and 1981-82

Green fodder yield (q/ha)

Treatments 1580-61 1961-62
1. Pure oat @ 80 kg/ha 194.79 106,50
2. Pure oat @ 120 kg/ha 292,12 185.09
3. Pure oat @ 160 kg/ha 236,67 206,00
4. Pure berseem @ 20 kg/ha 218,71 730.83
5. Pure berseem @ %0 kg/ha 282.91 691.08
6. Pure berseem @ 40 kg/ha 184.75 711.41
T. Oat + berseem 80+42C kgZha 1:1 240.45 726.83
8. J " 122 218,22 770.58
9. " " 221 288.92 690,50
10. " 80+30 111 307.80 745.75
11, " " 132 243.06 754.75
12. " " 2:1 308.97 641.41
13, " 80440 11 220.81 794 .08
14, # " 1:2 220.54 858.8%
15. " " 221 220,39 687.75
16. " 120420 121 216.31 753 .91
17. " " 122 188.86 756.50
18. " " 2:1 379.65 611.58
19. " 120430 131 305.00 725.91
20. " " 1:2 23%2.87 77%.05
21. " " 2:1 213,77 726,25
22. " 120440 121 234.20 858.60
23. u " 122 245.81 747.08
24, " " 2:1 225.17 859.66
25. & 160+20 131 284.99 TATT5
26, " L 122 236.58 819.08
27. " " 211 277.85 . 549.75
28. " 160+30 141 312,71 729.58
29. " " 1:2 242.45 15733
30. " " 251 217.41 748.50
31. " 160448 131 248,67 867.91
32, * L 132 209.01 703,58
33, + " 241 2%2,10 780.50
34. " 120430 1:1 (dummy) 318.75 807.41
35. " " 1:2 (dummy) 282.17 774.58
36, " " 2:1 (Gummy) 271.32 617.91

SEmy, 40.09 55499

CD5% 114.91 163,11
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Table 4.4j. Dry matter yield (q/ha) as affected by different treatments
in 1980~81 and 1981-82

Dry matter vield (q/ha)

Treatments )
1980--81 1981-82
1. Pure oat @ 80 Kg/ha 34.08 24.94
2. Pure oat @ 120 kg/ha 61.67 34,20
3. Pure oat @ 160 kg/ha 59.83 27.64
4. Pure terseem @ 20 kg/ha 46,33 112.31
5. Pure berseem @ 30 kg/ha 76.17 112.05
6. Pure berseem @ 40 kg/ha ' 52.08 194.61
T. Oat + berseem 80+20 kg/ha  1:1 46.92 124.53
8. " n 122 46.42 114.54
9. " " 231 38.58 108.94
10. " 80+30 1:1 71.58 112.82
11, " w 1:2 50.50 126.46
12. " " 2:1 68.25 82.92
13, " 800 151 42,08 125.44
19, " " 1:2 41.83 131.25
15, " " 231 48.42 118,50
16. " 120420 1:1 49.08 130.69
17. . + ] 1:2 37.00 135.92
18. - " 2351 84.67 - . 101.69
19, " 180430 131 60.83 114.05
20, " 122 62.50 116.56
21- " 2:1. 46.67 123.37
22. 120448 121 44.42 135.66
23, " 142 45,92 133.93
244 " 2:1 52.92 120.21
25. 160420 - 121 51.67 111.60
26. " 1:2 43.50 119295~
27‘ " 231 46-33 82.12
28. . 160436 121 66.42 128.01
29. " 132 47.92 116.27
30. " 2:1 62.58 119.64
31. 180+40 121 ATAT 164.32
32, " 1:2 38.67 111.10
33. " 2:1 47.83 115,79
34. 120430 1:1 (Dummy) 58.50 107.82
35, " 1:2 2Dummy 50.75 120.78
36. " 231 (Dummy) 54.67 95.94
SEm+ 9.43 12.41

CD5% 0 27.04 35.67
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The data pertaining to dry matter yield presented in Table 4.4§ show
that in 198081, the dry mcotter yield of pure oat increaBed significantly as
the seed rate was increased from 80 ho 120 kg per hectare (T1 and TQ). A
further increase to 160 kg per hactare (T3) was fcund to be at par with T,
and T2. In respect of pure berseem also the dry fodder yield increased as the
seed rate was increased from 20 to 30 kg per hectare (T4 and T5)‘ Further
increase to 40 kg per hectare (TG) brough a significant detrease in dry matter
yield, In 198182, however, the dry matter yield of pure oat or that of pure
berseem did not differ signifiaantly due to seed rates.

In 1980-81, like green fodder yield, the dry matter yield was also
highest when a seed rate of 120 kgnoats + % kg borseen per hectare was used
in the ratio of 2:1 (T18). Fowever, this was found to be at par with 120 kg
oats + 30 kg berseem per hectare in the ratios of 1:1 or 1:2 (T19, TZO and
T34). Other seed rates such as 80 kg oats + 30 kg berseem and 160 kg oats +
30 kg berseem in 2:1 seed ratio (T12 and TBO) respectively also proved to be
equally effective for the production of dry matter yield.

Contrary to 1980-81, in 1981-82 the highest dry matier yield was
obtained by using a seed rate of 160 kg oat + 40 kg berseem per hectare in the
ratio of 1:1 (T31) but it was found to be at par with 120 kg oats + 20 kg
begseen per he§taie in the ratio Qf.1=1 (T16) or in the ratio of 132 (T17).
This was also fould to be at par with the 80 kg oats + 40 kg berseen per
fectare and 120 kg oat + 40 kg berseem per hectaye in the raéio of t:¢ (T1ﬂ,gn§

T,3» Tespectively).

C. ECONOMIC STUDIES

‘This section deals with the economics of nitrogen =nd phosphorus
fertilization of the crops/crop mixture., The economic optima have been

estimated through production funmctions by the rrocedure discussed in detail
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under maferials and methods. The prices of outputs and inputs have been
shown in Table Ly K '

The regression equations have been estimated for the crop season
of 1980-81 and 1981-82 with respect do nitrogen and phosphorus fertilizer
application for pure stand vizy pure oat and pure berseem and their mixture
in different propertions viz., 131, 1:2 and 2:1,

It may be pointed out here that in the production equation while
one nutrient has been varied to study the response on the yield of crop, the
doses of the second nutrient has been kept constant. Thus the estimation of
the net profit is over and above the variable nutrient under study.

Table 4.4k. Prices of output and inputs

Price (Rs/a) .

Commodity 1960-61___1961=62
Green fodder 20 25
Nitrogen (Calcium ammonium nitrate) 25% 384 640
Phosphorus(Single superphosphate) 16% 850 850

4.5 Eeonomics of nitrogen fertilization

Table y yepresents the vroduction function of nitrogen fertilization
on the green fodder yield of pure oats, pure berseem and crop mixture in
differen£ éeed ratios du:ing two crop seasons. It can be seen from the
Table W4 @ that the quadratic fypé of resporse of nitrogen fertilization was
obtained only in case of pure berseem and in crop mixture in the‘ratio of
1:2 where the coefficient of N2 had negative signs. The production fuﬁction'
have also been presented graphically in Fig.9. The magnitude of the response
to nitrogen fertilization in pure berseem was more in 1981-8 . To some extent
this can be attributed to seasonal variation which ise apparent from Table yué

which shows that where no nitrogen is applied the berseem fodder yield was
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15269.0922 kg/ha in 1980981 and 6374.0884 kg/ha in 1981-82. Similarly in -
122 crop mixture also it is seen that when no nitrogen was applied the
fodder yield was 17,689.4476 kg/ba in 1980-81 and 71023.0386 kg/ha in
1981-82, Like pure berseem the magnitude of response in this case also

was more in 1981-82,

Table 4.41« Quadratic functions of green fodder yield of oat, berseen
and their mixtures in relation to nitrogen fertilization.

Crop/crop Year Equation Intercept . Coefficient Coefficient

mixture No. (a) of N (b) . of N2 (c)

Pure oat 1980-81 1 9596. 7871 13%0.8381 0.0829
1981-82 2 12606.2069 -22.0429 0.7016

Pure berseem 1980-81 3 15269.0922 625.8644 -9.00732

198182 4 63874 .0884 AT75.738 ~6.40T1

Crop mixture

131 1980~81 5 21946.8197 14},‘{636 1.7473

1:2 6 17689.4476 83,9101 -0.2666
2:1 7 25672.5548 ~39.3199 0.6708
131 8 81895.0791 ~478.3480 4.9508
1:2 1981-82 9 71023,0386 152.7714 ~0.9516

?:1 10 95916.5674  «1042.1040 8.7125
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Table 4.4m. Net profit from green fodder yi=ld at optimum dose of

nitrogen
Crop/crop Year Optimum  Yield at  Value of Cost of  Net
nixture dose Cptimum crop at nitrogen  profit
dose opt imum at optimum
doge dose
(kg/na) _ (q/ha) (Refha)  (Rs/ha) _ (Rs/ha)

Pure oat 1980-81 =~ - - - -

1981-82 - - - - -
Pure berseem 1980-B1 332,68 261.31 5226.20 192,32 5096.88

1981-82  35.11 726.71 18167.76 224.70 17943.06
Crop mixture
131 - - - - -
1:2 1980-81 121.36 239.46 4789,20 466,02 4%23.18
1:2 1981-82  66.82 769.82 19245460 477465 18817.90
2: 1 -~ - - L -

Table 4.4m. presents the net profit from the crop(s)/crop mixture
at the optimum doses of hitrogen in both the years. It can be seen from the
table the table that the optimum dose of pure berseem was more or less same
during both the years (33,68 and 35.11 kg/ha, resp:ctively). But there was
a large difference in the net profits. The net profit in the years 1980-81
was estimated at Rs.5096.88 as against Rs. 17943.06 per hectare in 1981-82.
On the contrary the optimum dose of nitrogen in 1:2 ecrop mixture which
showed a quadratic type of : response was 121.36 kg/ha in 1980-81 whereas it

wag 66.82 kg/ha in 1981-82. Also the net profit was more in 1981-82
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(R8.18817.95/ha) in comparison to that of 1980-81 (Rs.4323.18/ha).

4.6, . Boconomics of phosphorus fertilization

The response equations of green fodder yield of pure oat, pure
bergeem and crop mixtures in different seed ratios during two crop seasons
have been given in Table

It can be seen from the table that the sign of coefficient of p2
in pure oat during both the seasons, pure berseem in 1981-82 2:1 crop mixture
in 1980481, and that of 1:1, 1:2 and 2:1 in 1981-82 was negative indicating
that yield increased at diminishing rates due to the phosphorus application.
It can be further secuw from the regression equation Pr pure oat that the
magnitude of the b and ¢ were relatively much higher in 1980-81 as compared
to that in 1981-82. This shows that the marginal physical product in
cagse of oats in 1980-81 were greater than the marginal physical product in
1981-82. More or less a similar trend was observed in case of 1:2 crop
mixture in comparison to other two ratios (121 and 2:1 ) in 1981-82.

The production function have also been presented graphically in
Fig.10.

Table 4.4n., Quadratic functior of green fodder yield of oat, berseem and
their mixtures in selation to phospl “rus

Crop/crop Year Equation Intercept Co-efficient Co-efficient
mixture | No. (2) of P (b) of P2 (c)
Pure oat 1980-6¢ 1 12255.4508  251.3%869 -1.5648
1981-82 2 11762.5958  122.3316 -0.7349
Pure berseem 1980-81 3 27663.2982 -124.4298 0.9212
1981-82 4 55515.1483 364.4523 ~1.7759
Crop mixture |
131 1980-81 5 33052.4007 -332.8167 1.9222
1:2 n 6 25757.4315 - 68.8084 0.1810
2:1 " 7 23930,6152 75-6001 ~0.5153
1:1- 1981-82 8 56930.0567  404.4728 -2.0491
122 " 9 66190.3279  352.0046 -2.4319
2: " 1

0 60705.4440 154.3711 -0.4114
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The net profit from the fodder yleld at the optimum doses
of phosphorus fertilization have been computed and presented in
Table 4,4m For pure oat the optimum dose of phosphorus was more or
less same during both the years (56.75 and 60.10 kg/ha in 1980-81
and 1981-82, respectively)., However, the net profit was more in
1980-81 (Rs.3845.22/ha) in comparison to 1981-82 (3609.19/ha). The
quadratic type of response which was observed for pure berseem fodder
yield in 1981-82 only worked out a optimum dose of phosphorus as
93,04 kg/ha resulting in a net profit of Rs.1772.88/ha. 2:1 crop
mixture resulted in a quadratic type of response during both the years
but the magnitude of response was quite different during both the
years, Where the optimum dose in 1980-81 worked out as 32.12 kg/ha,
it was 146,29 kg/ha in 1981-82. The net Profit was Rs.17377.53/ha
in 1981-82 in comparison to Rs.4892.40 in 1980-81. Among the crop
mixture im 1981~82 1:2 seed ratio appeared to have resulted in
reasonably good economic returns. The optimum dose of phosphorus
was worked out as 65.38 kg/ha. in contrast to 91.40 kg/ha in case
of 2:1 seed ratiol Also the net profit was more in case of 132 seed‘
ratios (Rs.19146.55/ha) in comparison to Rs.18418.29 per ha of 1:1

seed ratio and Re.17377.53/ha of 2:1 seed ratio.



Table 4.40.

M

Net profit from green fodder yield at optimum doge of

phosphorus
Crop(s)/Crop Year Opt imum Yield at Value of Cost of Net
mixture dose optimum crop at  phosphorus profit
dose opt imum
: (kg/ha)  (q/ba) (Rs/ha) (Rs/ha)  (Rs/ha)
Pure oat 1980-81 66.75 220,63 4412.60  567.35 3845.22
1981-82 60.10 164.80 4120,00 510.85 %609.15
Pure berseem 1980-81 - - - - -
1981-82 93.04 T740.51 18512.70 T790.84 17721.86
Crop mixture
121 1980-81 - - - - -
132 " - - - - -
2:1 " 32.12 258.27 - 5165.40 273,02 4892.40
1:1 1981-82 91.40 767.81 19195.19 776.90  18418.29
132 " 65.38 788.09 19702.28  555.73  19146.55
211 " 146.29 744,84  18621,00 1243.47 17377.53




5. DISCUSSION

The experimental results emanating from the present investigation

" Bffect on growth, yield and quality of oat (Avena sativa linne) and

berseem (Trifolium alexandrint Juslen) grown in nure and mixed stands at

varying levels of nitrogen and phosphorus" have becn described in the
proceding chapter and are discussed here with sultable reasoning to
cstablish cause and cffect relationship in the light of available cvidences.

This study extcnded over two crop scasons Rabi 1980-.81-82, The
green forage and dry matter yicld obtained during the two crop sessons
differcd :considerably; the sccond year rocording higher yields than the
first year. The low yield during the first erop scason (1980-81) may be
ascribed to the following reasons:

1e  Berseem was grown for the first time in thg field,

2. Though irrigations were applicd to the crop depcnding upon atuospheric
demand, thec weather immediately after sowing remained‘comparatively hot
and dry for zbout five weeks (Fig.1) which tended to advorsely affect
the crop growthe.

3¢  in unususl snowfall of 90 mm during the month of January 1984
adversely affectsd the crop stand of berscem when it was in its carly
stage of growth; consequently its rcgeneration was affected adversely,

ke In the first year, the ragponse to variocus levels of phosphorus was low
probably owing to its fixation and thus over all yield levels were lows

Contrary to this, the weather immediatcly after sowing the crop in

198182 was comparatively cool and humid and intermittent light showers

during the first two wecks after sowing helped in better establishment of

secdlings, The total rainfall of 581.7 wn received during this crop season

was distributed normally throughout groving scascn (Fig.1)e This also
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hclped in.diSPensing with irrigation from third weck of Februory till the
end of crop scasone It is also quite obvious that there might have becn
feirly good supply of available phosphorus as indicated by the soil
phosphorus valuc (Tabls 3.2), This might have helped in better formetion
of root nodules thus enhancing the activities of Rhizobia -nd resulting in
higher green and dry forage yiclds during this scnsone

That the berseom yicld was low during the first grop scagson
(1980-81) either for its cultivation for the first time in the experimental
fiold or due to unusugl snowfall during the month of Jonuary is further
substantiated by the¢ data on proportionate contribution of oat and berscem
to the green forage yicld (Appendix X ), which show that the oat
contribution remained more or less constant during beth the years, whereas

the proportion of bherscem was quite high during the second crop seasons

5e%e Effcct of stand type (Comparison of purc stand with mixed)

The superiority of mixed stand, particularly during 1981-82 crop
scason, cstablished the impertance of the principle of forage sced mixtures,
It was secn thot in terms of yicld (green as well as dry matter) mixed
stand resulted in significently highcr yields (Table 4.1a)e Increased plant
height which wight have contributed to high yicld wss obtoined in mixed
stonde  During 1980-81 nlsey more or less a similar trend was observed, but
the difference wos not significant., This situntion enviseged that under
favourable cnvironment the two specics can grow in association without
impinging on thc cnvironment of its neighbouring plant, i.c., thore is
practically no competition, Not only the total forage yield but the mixture
of two species was superior in respect of quality (reflected by per cent dry

matter, crude protein content and the totsl protein yield)alsos lhe crudc
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protein content as well as the protein yield were significantly higher in
rnixed stand during both the years, The ocat + berseem mixture therefore, can
be considercd a desirable proposition beth from yield (forage ond the
protein) snd quality point of view,

Increased forage yieclds from the nixed stands of oat and berscen
or legume-ncnlcgume forage in association has nlso been reported by Bacher
(1949), Henderson nnd Daviss (1955) and Tomer and Arora (1971), This
situation is also truc in case of grass-=legume association under natural
pasturce Baylor (1974) observed that inclusion of legumc in sward usually
resulted in increased forage yicld, high quslity and improved scasonal
distribution of forage under natural pastures, The sole objective of o
cropping systen should not be riercly to harvest higher yiclds of the crops
in gquestion but should be to naintain the soil fertility alsos A mixed
stond had a moderating ¢ffect on soil pH and marginal increases in organic
natter (Table 4,3a)e The influence, howcver, wes not significants - Since
even a marginal differencc in these so0il cheuicol propoertics moy have a
bearing in the control of scil fertility, statistical significance may not
be of much relevancce The cumul-tive offcct of these scil chomical
propertics was noticed in the mvailable soil nitrogen in 1980-81 and
available soil P205 during 1961-82 whoure nixed stand rosulted in significontly
highcr volues in comparison to that of pure stond. Though the differences
werc not significnnt in respect of availsble scil nitrogon during  1981-82
and available P205 during 1980-81 yot the trend wes more or 1ess 5uac, This
increase in plant mutrients, particularly available P205, was quito natneal
duc to highor organic matter content and the decrease in pH (Table 4,3a),
The reclease of carbon diexide during organic matter decomposition is thought

to be importsnt in the rélease of inorganic phosphorus via carbonic acid
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-influence which is formed in the soil (Tisdale and Helson, 1970)¢ The
formation of this carbonic acid can also be held responsible for the
temporary reduction in soil pH.

The better soil fertility conditions that were obtained under
mixed stand can also be held responsible atleast in part for the increased
green fodder and dry matter yields obtained from this stend during the

sccond year of oxperimentations

S5e2¢ Effcct of crops (Comparison of purc oat with purc berscem)

Since favouréble conditions did not exist as indicated carlier
for the growth of berscem during 1980-81, no significant differcnce was
observed between pure oat and pure berscem as far as greea and dry matter
yiclds were concerncds However, during 1931-82 when favourable conditions
existed for the grewth of the berseem, it out yielded pure oat significantly
and yield increcases in respect of green and dry fodder were 4,5 and 4,0
times, re8pectivoly; |

Significantly lower leaf : stem ratio that was observed in pure
berscem may not be a desirable trait but it was to be e¢xpected since the
leaf : stem ratio was based on 7resh weight basis and the shoot of berscem
usually contain morc moisture in comparison to those of oat plants, This wes
rcflected in the per cent dry matter content also which was significantly
lower in the pure berseem (Table 4,1b)s As expected, the crude protcin contont
and the protein yicld of purc bherscem were significantly highor during both
the yearse. The lagumenous nature of berscem was evidently exhibited by the
available soil nitrogen status after harvest of the crop during both the
years of experimentation (Table Le3b)e Pure berscem recorded significantly
higher available s50il nitrogen in comparison to pure oat during both the years,

Thus berseem crop not only can grow and yicld higher forage yiclds at
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considerably low levels of nitrogen but can bencfit the succceeding crop by
way of atmospheric nitrogen fixation,

Se3e Bffoct of soed proportions (Comparison of sced ratios within mixture)

‘The mixing of two forage species at an empirical rate of varying
seccd proportions viz., 131, 1:2 and 2:1 of oat-berscem mixture showcd that
there was no significant influence on the mean cumulaetive plant height,
Leaf ¢ stem ratio, green forage yicld and crude protein content during both
the seasons (Table 4.1¢c)s This suggest that both the specics uscd their
share of cnvironment without impinging on the environment of each other when
they are grown in association in any of the seed proportions, While
corroborating the results with the data presented in Table 4,1b it may be
suggested that for high yields the crops should be taken in mixed stand and
they can be sown in any of the seed proportion (i.e. 1:1, 1:2 ar 2:1)a
However, 2:1 seed ratio resulted in significantly higher dry natter
production and protein yields compared to 1:1 seed ratio in 1980-81, This
may be atiributed to higher component yield of oat fraction in this seced
proportion compared to that obtained in 1:1 seed proportion (Appendix X).
This superiority of 2:1 seed pr- ortion for the total dry matter production
was reflected in differcnt cutting stages also (Fie, S).

That the green forage yield in all the sced proportions vize,
11y 132 and 2:1 using an empirical rate of 12C kg per ha of oat and 30 kg
per hectare of berseem in Zxperiment I behaved statistically alike was
confirmed through fxperiment IT also, wherz it was seen that mixturc in
these ratios gave morc or less the same gresn forage yield during both the
scasons (Tablc 4.4i); In 1950-81, bersccm contribution was low in all the

secd proportions and just the reversc position held good during 1984-82
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Fipe11 and corresponing dats proscented in Appendix XI illustrate the

sensitivity of the two specics of contrasting hsbits to the sced proportion

g

¢ time of cuttings, In the first crop scason (1980-01) the yicld proportion

of oct was higher than that of . rseem at first ond sccond cutting stage,

4]

while in the subscquent cuttings owing to bettur regencration of berscem in
comparison to oat the yield proportions of bersccem improved in &ll the seed
proportions. In a normal scason (1984-82) yicld nroportion of berscem was
high in all the 3 sced proportions (ratios within mixture) at z11 cutting
stoges except the first cutting stage in 2:1 oat-borscem sced proportion,

The improved forage yicld during sccond season as stated carlier may be duc to
the favourable weather conditions, The experimental data on thesc aspects are
inadequate but it is reasonable to suggest that the two spacies though
possussing contrasting habits with respect to leal distribution, plant
height, root distribution, mineral untaskoe, merphological as well a5
physiclogicel characters, arc oble to exploit ths enviromment more
effectively in mixed sterd than in purc culturc, thercby giving increased
over 211 yicld (Table 4ac, Appendix X).

The statistical significance not withsts-nding, 2:1 seed proportion
which tendecd to record higher dry watter yicld (Table 4e1c) alse had =z
tondency to record higher availablsc nitrogon status ofter harvest of the crop.
During 1981-82, thc differcncs was oven significant when compared with 1:2

sced proportion (Table L.3c).

S.4s Effcct of nitrogen levels

Riging costs of commercisl nitrogeun, cssential for incrcased
forage yiecld have renewed the intcrest of forage specialists in srasse

logunme associations In this study nitrogen application significontly
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increased the plant height which accounted for the significont increasse in
gresn as well as dry matter yiclds and crude protein content (Table la1d).
The better responsc was the result of higher productivity of plots
recciving high level of nitrog.— thnn theose raceiving lower or medium
fertility levals of nitrogene The increasc in green as well as dry matter
production with each increasing level.of nitrogen may be atfributed to
higher meristamatic activity helping in better growth and ultimately
resulting in higher yields vis-nevis reduccd formation of polysaccharides
which generally occountcd largcely for increased crude protein in forage
during both thc scasons, These results are portially in agreement with
thosc of Rathi and Vaishya (1983) who reported thet incrensec in nitrogen
epplication resulted in higher green forage yicld, promotud dry matter
production and accumulation of crude protcin but adverscly affected the

dry matter content of the forage oot. The significant effect of nitrogen on
s0ll chemical properties like pH, CEC, =2nd organic matter was not evidont
but cach level of nitrogen brought a significant increase in availabic soil
nitrogens In respect of availeble seil PZOS also, there was significont
incrcasc as the nitrogen level was increased from low to medium level
during 1980-81, During 1981-82, however, low and medium levels of nitrogen
did not differ significantly, but a further increase te high level resultcd
in significantly higher available soil P205 (Teble 4,3d)e It can thercfore
be surmised from Tables 4,14 ond 4,3d that increase in nitrogen loviis not
only resulted in increased grecn ~nd dry natter yiclds but also increased
the avoilsbls so0il nitrogen wnd phosphorus status which is an important
fenturc in the maintenance of soil fertility particulerly vhen exhaustive

forage crops arc grown,



5¢>e Effect of phosvhorus levels
In the light of the fact that nhosphorus being an important

constituent of nucleic acids phospholipids, the co-enzyncs, NAD, NADP ond

that of ATP -nd conseguently i35 invelvenent in ths synthesis of nccleco-

proteins, it noy not be difficult to cxplaiu that the increase in

5/ha resulted in significant increase

in crude protecin content of forage during both the years (Table ky1e), Thrt

phosphorus levels from 40 to 80 kg PBO

phosphorus is found in the nucleic acid moiety of aucleoproteins molecule
and is invelved throuzh ATP in the activation of amino ncids for the
synthesis of protein noisty, the importance of this compound ic well
documented (Devlin, 1973)e further, incrensc to higher levels of 120 kg
P295 may not be required. Phosphorus nct only helped in efficient nitrogen
metabolism in plants but also therc was more residual nitrogen in the soil
when phosphorus levels were incressed from low to high, iecey 40 to 120

kg P205/ha (Table 4e%¢). This further explains the desirability of
phosphorus fertilization of forage crops particulorly when logume is one

.of the componentse.

S5ebe Bffcct of interaction

NVitrogen x phosphorus (N x P) was cne of the most conspicuews
interactions which influenced the dry matter yield, crudc protoin content
and protein yicld during both the seasons (Tables 4e2a, 4e2b and 4e2¢)e
Phesphorus at low level when applied in conjunction with high level of
nitrogen resulted in significantly higher dry natter yield of the forage
as coupared to all cother eombinntions excepting high Jevel of phOSphoru§

supplenented with medium as well zs high level of nitrogen in 198081,

In 1981~82, the highest dry matter yicld that was obtoined with a nutricnt
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combinztion of both nitrogen and phosphorus at high levels was found
statistically at par with low level of phosphorus supplemented with medium
level of nitrogen or vice-vers-. Thus there seems tc ba a synergistic
effect when both the nutrients are applied in conjunctione This may also
imply that if the fertility level of soil is such that it supplies at
leost 40 kg of available phosphorus, a high dry matter yield of forage
can be obtained by adding sufficient gquentity of nitrogens In this case
nitrogen and phosphorus appear to have acted as an economic substifute
for each other, This concept of substitution does not imply physiological
substitution of nutrients but only that either of nutricnts will increase
dry matter yicld when applied to soil. This is probably due t§ the fact
that addition of one nutriont might help in better utilization ¥ other
nutrient, Further, the higher crude protcin content obtoined dye to the
cpplication of nitrogen alongwith phosphorus (Table 442b) both et high
level may be escribed to the combined cffect of nitrogen and phogphorus in
enhancing cell Adivision and accumulation of protein bodics and their
derivatives through increased c¢fficiency of water utilization by a fornge
crop and better translocation -ad assimilation of absorbed nutrients which
in turny have resulfcd in higher crude protein content visezevis pretcin
yiclds Similar obscrvations were slso recorded by Bokde (1968), Towg
(1969)y Sandhu ct aley (1976) and Tripathi ct ale (1979) in case of
forage oat,

The next important interaction which influenced the green and dry
matter yields significontly was the crop x nitrogen levels during 1980-84
crop season (Table 442h and Le2i)e It was observed that with each

successive increase in nitrogen level groen forage yield of pure oat
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incrcased significantlys Whilc the application of 80 kg nitrogen per hectare
gave an additionnal yicld of 56431 g/ha of grecn forage over 40 kg N yper
hectare, next dose of 120 kg N per hectarc registered an incrensce of 58497
g/ha over 80 kg N per hectare, Liberal availability of nitrogen is expected
to increasc the meristematic activity of plants which might have rosulted
in an increasc in green forage yiclds at higher levels of nitrogens Gild
ot 2ley (1968), Singh (1971), Sexana ct al.(1971), Singh ot 2l.,(1975),
Hukkeri ot al., (1977) ond Tripothi ot ale, (1979) have also reported higher
forage yiclds of oat due to increasing levels of nitrogen application,
Likewisc, Joshi and Proshad (1979) have cobserved r significont linear
response to nitrogen upto 200 kg per hectarce, Further investigntion of this
significant interaction showed that green forage yicld of pure berscem wes
not influenced due to the nitrogen appliccotion levels., Although the forage
yicld incrcsscd os the nitrogen dosc was increascd from 15 kg to 20 kg N/ha
but further incrense to 45 kg /ha had a retarding cffect, This quadratic
type of respomse in casc of purc berseem ~ppuars to be owing to the lower
responses in ylelds at the higher levels of nitrogen primerily causcd by ¢
possible injuricus effect of ni’ ogen on Rhizobine, Sinha ot ol.,(1982)
have also experienced that the dose beyond 40 kg N/ha proved detrimentsl te
borsern possibly due to come injuricus cffect on symbiotic bucterio ond as a
rcsult the grecn forage yicld was reduced to significant levels More cor
less similar trond was reflected in the dry meatter production also
(Table 4,21),

The significant influence of stand type x P lavels interoaction on
protein content and protein yield during 1980-81 (Trbles 4.2¢ and L, 21)

indicated that both protein content as well os protein yicld werc high in
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mixced stand, This is also indicative of the fact that oat + berscem mixture
formed n compatible mixturc. Further, a highor dosc beyond 80 kg Paos/ha
for the mixture may not be rcoquired both from protein contént g well as
protein yicld point of vicwe

Stand tyne x P levels interaction which significantly affected the
protcin content ond protein yield of the fernge plants during 1980-81 (Toblec
Leoo end 4,2F) also affected the available soil uitrogen during 1930-81 os
well o5 during 198182 and the cfféct wos more or less similare A5 v
increase in phosphorus level resulted in significont increase in protein
content and protecin yield of forage plonts, more or luss similar trond was
obscrved for the availablc nitrogen also. However, during 1980-81, 40 ond
80 kg PZOS/ha did not differ significantly from uvach other but 420 kg Pzps/ha
resnlted in significont incrcsse in comparison to the lower two lovels,

It can, therefore, be swrmisud that adegquate supply of phosphorus
in grass-legumes mixture ns thot of ~at + bersecen not only helps in
improving the quslity of the fodder but also results in the meintenance of
501l foertility.

Crop x P level interaction vhich significrntly influenced the
avallable soil nitregen during both the years indicsted thot ot each 1ovel
of phosphorus borscem significantly out yiclded the pure oazte This

indicat2d¢ that nhosphatic fertilization is more renumcrotive in burscem that

The 2:1 seed prepertion which resulted in significantly higher dry
natter yicld in 1980-81 at high level of nitropen ~lso resulted in foirly
high ~mount of availsble soil nitvogen, the difference albeit wos not

gignificonte This foct is indicatad through Toble 4,4k, which represented
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the cffeet of sced proporticon x nitrogen lcevel interacticn on aveailable
s0il nitregen during 1580-81 and 1981-32. In 1980-31 available soil
nitrogen in this proportion at high lovel of nitrogen was the wexirum where
in 1981..82 though the highost availeble soil nitrogen was tested in 1:4
scud proportion but it was at par with 2:1 sced proportions

There were fow nther interactions which influcnced onc or the
cther character significently but the intcerzsction influcnces werce not

consistent over years, Hence they have been oxcluded from the discussion.

Ye7e hcononic znzlysis

The production functions werc obtzinced with the help of second
degrec parabola fof the type Y= a + bx + cx2 with o view to ascertoining
the econonmic optima for nitrogen and phosphorus fortilizatién.in diffcrent
cropping systoeme in both the yearsa

It con be visualized from cquation 1 ond 2 (fable 4o41) that the
naturc of response in case of pure oat was such that green Torage yicld of
purc ont went on increasing with cach successive increase in nitrogen dose
during 1980-81 and more or less sinilar trend was obscerved in 1981-82 also
but response ot low loevel of nicrogen was poor rmd steadly incrcased at
higher levels, EBarlier workers (Bokde, 1968, Tomer, 1968 . .
el sexana et al,,1971) have also tusted N deses varying from O to 120
kg N/ha ond invariably the highest yields were obtrined at the highust dosc
testeds A lnear rclatienship betwicn green foroge yicld of cat and
apnlicd I was obtained in this study also which suggusts the newd for

testing still higher deoses,
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However, in casc of purc bersccen wherce dininishing roturns were
observed with nitrogen applicotien during both the crop scason (equation 3
and by respectively) the optimun dose worked out to wore or less the some

3%46% ond 35,11 kg N/ha during 1580-81 and 1981-824respectivily,

value leta,
Tha net profit acgurring from thesg optima was R5.5096,88 /ha in 1980-31

g ngoinst Rs.1794¥.06 /ha in 1981-82, This moy be attributed te the
scasonal variation which is apparent from the valuc of intercept ‘a'e The
net profit in 1981-82 wos 252 per cent higher coupared to 4980-81 cven when
the cost of nitrogen increased,

In 1:2 crcp mixture diminishing roturns werc nbserved due {o
nitrogen gpplication during both the scosons (equation 6 and 9yxvespuctively)e
The optinum dose worked out to 121.26 kg ii/ha in 1980-81 as ng-inat 66,82
kg ¥/ha in 1981-82, The net profit in 1981-82 was 33% per cond higher
comparcd to 1980-81, This nay be attributcd to higher grocn forage yield of
berseen component in this mixture,

In rcspect of phosphorus arplication the mixture of oat + berseenm
in 1:2 seced proportion registercd the highest net profit which was 4 ond 10
per ceént higher compared to 131 -nd 231 sced proporticn, respectively in
1681-82¢ The net profit from purc berscem in 1931-82 was also relatively
highor thon 2:1 sced proportions The highor net prefit from the ocixtures of
1¢1 and 112 ore attributed to higher green forage yicld of berseem conponent
and better responsc to P in these mixturesn as compered te that in 2:4 sced

proportion,
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The study ontitled " Effect on growthy, yicld and quality of Oat

(Avena sativa Linn.) and berscem (Trifolimm aloxandrinum Juslen) grown in

pure and mixed stands at varyirs levels of nitrogen ond phosphorus" was

carricd out at the Agronomy and Agronometcorology Farmy Himachal Pradesh

Krishi Vishva Vidyalaya, Satya Mend Stokcs Nagar, P.Oe.Nauni,Solan during Rabi

1980-81 and 1981-82 with the following objectives in view:

(i) To assess the couparstive nerformance of berscen nnd oat grown in
pure and mixed stonds for fodder preduction,

(i1)  to study the effsct of threc levels cach of nitrogen and phospherus

cn the growth, yiecld and quolity of oat and berscen grow in pure

(iii) to study the econonics of fertilizer application to oat and borscur
cultivated in pure and mixed stands, 2nd
(iv) to find cut the effect of legume and non-legume associgtion on the
fortility status of the soils
The farm is situnted on an clevation of about 950 metres nbove
rneaon sca level and, based on long-teri averoge, the anmunl precipitotion
renges botwoen 1000 and 1300 e It roceived an unusual snowfall of about
90 rm during the first crop scason, Soils of the oxperimental fields were
neutrod in reaction, sandy loam in texture, high in organic caorbon, nodiuw
in respect of aveilable nitrogen ond phosphorus and high in potassiune
Two field experiments chc laid out simultancously during both tho
vearse Experiment I was laoid out in 2 split-plot desizn with 3 replications,
Tha main plots conprised 5 cropping systons, viz., nure oaty purc berscon,
1/2 oat + 1/2 berscem, 1/3 oat + 2/3 berssen and 2/3 oat + 1/3 berscen,

Threce levels cpch of nitrogen end phosphorus forming 9 all possibli
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combinations were assigned to the sub-plotse In view of the differences
inherert in the nutritional needs of the cropping systems studied, the
nitrogen levels tried were 40, 80 and 120 kg li/ha for cat, 15, 30 and 45 kg
N/ha for berseem and 30, 60 and 90 kg N/ha for mixture - phosphorus levels
tried were 40, 80 and 120 kg P205/ha for both the pure and mixed stands,

The Experiment II was planned with the sole objective of finding
out the best seed rate of oat and berseem either in purc or in mixed stands.
The treatmcnts comprised 3 sced rates of pure oat (80, 120 and 160 kg/hal,
3 seeds rates of pure berseem (20, 30 and 40 kg/ha), 27 all possiblc
combinations of the mixed stands of oat and berscem (3 sced rates of oat x
% seed rates of berscem x 3 proportions - 1:1, 1:2 and 2:1) and 3 dummy
trcatments, Thus there were 36 treatments which were laid out in 6 x 6
incomplcte block simple lattice design, Only total green and dry matter
yields verc rucorded.

The observations on growth (cumulative plant height and lcaf @
stem ratio), forage yield (green and dry matter yields), forage quality
(dry mattcr and crude protein contents), protcin yizld and soil chemical
propertics, (pH, CEC, organib ¢+ tter, availablc nitrogen and phosphorus)
were recorded with a view to cxplaining the bohaviour of the treatments,
The important results obtainced during two y.ars of study are swmarised in
this chapter,

6ele Effcet on growth

Te The growth of forage (cumulative plant height and lcaf : stem
ratio) was not significantly affccted by the stand type (pure vs mixture) in
1980-81, but during 1981-82, whilc the cumulative plant hoight of the mixed
stend was significantly morc than that of the pure stand, the purc stand

¢xhibited significantly wider leafsstem ratio than the mixed stande
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2o The leaf : stem ratio, which appesred to be the only meaningful
growth character for comparing pure oat and pure berseem, was significantly
wider in pure oat as compared to pure berseem in both the seasons.

3 Mean cumulative plant height and leaf : stem ratio were not
significantly influenced by any of the seed proportions tricd in this study.
Although, the former teneded to be taller and the latter narrower during
1981~82 than in 1980-81,

Ly In general, cumulative plant heignt increased with the incrcasing
levels of nitrogen., In 1980-81 , the medium and high nitrogen levels produccd
significantly taller plants than low level of nitrogen. But in 4984«32 only
high lecvel of nitrogen r¢sulted in significantly taller plants than the low
and mediwm levels which dn turn were statistically ot pare Leaf : stem ratio
vhich tended to bc wide at the low and medium levels of niﬁrogen during both
the season did not differed significantly from that obtaincd with high

lcevel of nitrogen,

Se The mean cumnlative plant height as woll as leaf @ stom ratio was
not significantly affected by varying levels of phosphorus during both the

Crop seasons,

6e2 Bffoct on grecn and dry fodder viclds

1o The forage yicld (green =s well as dry matter) was not significantly
influcnced by the stznd type in the first season (1980-81); but in the
following one, maintaining a similar trend, oat + borscem mixture rccorded
significantly higher green and dry foragc yieclds than thosc obtaincd from

the pure stand,

2e Though pure berscem gave higher green and dry fodder yiclds than

pure oat in both the seasons, yet the diffcrences were sipgnificantly manifested
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in 1981-82 only. During t'is season pure bersecm produced %5 and 4 times
morc grecn and dry fodder yields than purc oats

2 Green forage yield wos not significantly influenced by the sced
proporiions during both the seasons, But in 1980-81 the dry matter yield
was significantly influcnced by the seced proportions tricd in this study.
Mixing the seeds of oat + berseem in 2:1 ratio resulted in significantly
higher dry mzstter yield than mixing them in 1:1 proportion, Further, the
mixed stand of oat + berscem raiscd in the ratio of 4:2 was statistically
at par with the mixed stands raised in proportions of 1:1 znd 2:1 .

by The green fodder yield was significantly influenced bj nitrogen
levels in both the seasonse, During 1980~81 green fodder yield increased
siénificantly with an increase in nitrogen levels; the increascs at high
nitrogen level being 23 end 10 per cent over than obtained at low and
medium levels of nitrogen. However, in the sccond crop scason (1981-862)
only high nitrogen level registored a significsnt incrcase over the low
and medium levels, the latter two being statistically at par with cach others
Dry matter yicld was significently higher at high level of nitrogen as
comparced to low and wedium levels in 1980-81, the incrcases boing of the
order of 19 and 12 pur cunt,

5e During 1981-82 green foragc yicld was significantly influenced by
the phosphorus lovels, The medium and high phosphorusilovels, behaving
statistically alike, gave green foragc yields which werc significantly

riorc then that obtained fyom low phosphorus lavele
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Ge3s Effcct oy quality

Te Dry matter content in purc stond forage did not differ
significantly with that of wixed stend forsge in 1980~81, whercos during
1681-82 the formor was significontly superior to latter, The crude protein
content of the mixed forege was significently higher than that of the purc
stand, These effects were reflected in the like manner in the crude protein
yicld per unit arca, the increases being of the order of 41 and 77 per cent,
respeetively in 1980-81 nnd 1981-82,

2e Dry matter content in pure oat was higher then that in pure berscenm
during both the scasons, but the difforence between the two wes significant
only in 1981-82. Furthermore, the crude protein contint of pure berscen
(dry weight basis) was significantly higher than that of pure et during

both the scasons. Pure berseen containcd 141 and 126 per cent nere crude
protein than pure oat in 1980-81 and 1981-82, respuctively, Total protein
yiedd aee plso significently higher in purc bersecm than purc oat during
both the scasons, These increases werc sbout 2,5 and 8.5 times of the values
exhivited by pure oat in 1980-81 and 1981-82, respectivelys

Se During 1980-81 the dry matter a5 well os crude protein contents wore
not significently influcnced by the secd proportions, However, in 1981-82
the dry matter but not the protein content was significantly affected by the
sced proportions trend, The dry nmatter content of the fodder obtained from
132 oat + berseem nmixture was significantly inferior te 1:1 and 2:1
proportions in that crder, Protein yicld was also significantly affected

by sced proporticns in 1980-81 crop scason onlye. The nixture of 2:1 sced
ratio, while remaining at par with that of 1:2 secd rotio, recorded
significantly higher protein yield as compnred to 1:1 seod ratio, the latter

two proportions being statistically at pare
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b, The dry matter centent remained unaffected by nitrogen levels in
both the seasonss On thc other hand, crude protein content was significantly
affected, During 1980-81 crude protein content incrcased signiricantly

with an increase in nitrogen lev. 18, It was the highcst (19.,4%6) at high
nitrogen level and the lowest (1648%) at low nitrogen level, However, in
1981~-82, thc mediun and high levels, whilc giving similar values, recorded
significantly higher crude protein content than that observed in case of

the low nitrogen levels In 1980-81, protein yield was significantly higher
at high level of nitrogen as comparcd to low ond mediun levels, In 1981-82,
however, no such influence was observied though the protein yiold tended to
increase with the increasing nitrogen levels,

Se Only thc crude protein content was significantly influcnced by the
phosphorus levels tried during both the seasons, The forage produced by
medium and high levels of phosphorus, bchavimg statistically zlikey contained
tiore crude protein comparcd to that obtained with low lovel of phosphorus

during both the scasen,

6.4 Effect on chemical propertics of soil

1o Barring onu exception, the soil cheimical propertiee auch as pH,

CECy ond organic catter content were not significeantly influenced by the main
ceffects of this studys However, th- soil pH during 1980-81 wes significantly
higher in pure stand than in mixcd stand.

2e During both seasons a margincl increasc in organic matter content
was observed ia plots sowm with oat + berscem, compared to thosc sown with
nure oat and purc berscine

3. In 1980-81, the plots sown with oat + bersecm recorded significantly
hizher available soil nitrogen than was the case with these of purce stond,

Similar trend was observed in 1981-82 but the difference was not significant,
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b, The plots sown with purc berseem exhibited significantly higher
available soil nitrogen during both the seasons thon those of pure oate
Se In 1981-82, the highest availeble nitrogen that was tested in
the ficld having beon sowm with oat + bersecm in the ratio of 131 bchaved
statistically akin to 2:1 see ratios These raticsgin turn, recorded
significantly higher avoilable soil nitrogen content as compared to 1:2
secd ratio,

6. Significant increases in available soil nitrogen were obscrved

with cach increase of nitrogin level during both the years,

7e Significantly higher available soil nitrogen was obtainad when
phosphorus was adninisterced at high and mediun levels as éompared to that
obtained at its 1low level, The former two levels, however, rcmained
statistically alike during bnth the years,

Se In 1981-82, significantly higher availsble soil phosphorus was
recordec in plots sown with cat + berscen as compared to those sown with
purc ont and berscer,

% The available scil phosphorus renmained uwnaffected by the crops,
sced prororticns and phogphorus 1l.vols tried, However, nitrogen lovels
significantly influenced the available scil phosphorus status during both
the scascns,  In 1980-81, mudium and high nitrogen levels, behaving
statistically alike, oxhibited significantly higher available soil phosphorus
vzalues than the low nitrogen level, Howevery in 1981-82, high levels of
nitrogen resultcd in sigrificantly more available soil phosphorus value as
corpared to low and mediun nitrogen application lovilse The latter tw being

statistically at par with each other,
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6.5. Interaction effects

1o The N x P intoraction significantly influenced the dry nzt ter
yicld, crude protein contcnt and protuin yicld during both the crop scasons.
Invariavly, both the nutrionts when aduinistered in combination at their
respective high leve.s recorded maximun dry aatter yicld, crude protcin
content and protein yield, which were sigrificantly supcrior to the
kcombination involving low levels of phosphorus and nitrogen,

2e The interaction between crop and N levels significantly affected
the green and dry forage yiclds in 1980-81, The pure oat green forage yicld
increascd significantly with the incrensing levels of nitrogen, whercas the
pure berscem green forage yield was not significantly influenced by the
nitrogen levels tried in this study, At the respective low levels of the
tuo croﬁs, the green forage yicld of pure berseen was significantly higher
then that of pure oat, Dry natter yicld of pure oast was significantly nmore
at high (120 kg ¥/nz2) and medium (80 kg N/ha) levels of nitrogen compared to
its low (4O kg N/hs) level, The latter two werc statistically at pare The
nitrogen levels failed to significontly influence the pure berseen dry
satter yiclde TFurther, the dry 1atter yields of pure oat and purc bersecn
did not differ significantly from cach other, irrespcctive of the nitrogen
levels tricde

3 Thz green forage and dry vatter yields were not significantly
influcnced by thc crop x P, seed propertion x N, sced proportion x P,

crop x N x P, and seced proportion x N & P intcractions during both the

Crop Seasons,



Ge6e Economic cnzl-sis

Under th: favourable weather conditions of 1981-82 the responses to
appliec nitrogen ard phosphorus were better than in the unfavourable season
(1980-01)s  Taus, bigher net profits were obtained in the 1984-82 cropping
S€as50ile /

The oat - berseem cropping system, where the two crops were sown
in the proportion of 1:2 gave more net profit (Rs.18817.90/ha) than pure
bersecem (Rs.17,943.06/ha), The optimum nitrogen doses for the two cropping
systems worked out %o 66,82 kg N/ha and 3511 kg N/ha, respectively., The

ptimum dose of phosphorus for oat + bersesm grown in the ratio of 1:2 was
found to be 65,3 kg PZOS/ha' At this lecvel of manuring, the net profits

amounted to Rs.1914€.55/hae
CONCLUSICN

The studies convincingly demonstrated the superiority of pure
berseem over purce ozt in grecn and dry matter production as well as protein
yields Growing of the two fodder crops in a mixcd stand, irrespective of :
their individual sceding proportions, proved to be a sound practice both
from the yicld as well as quality point of view. The optimum dose of nitrogen
for pure berscem ranged between 33 and 35 kg per hectare, The optimum dose
of phosphorus for vure oat ranged bctween 60 and 67 kg per hectares In
the absence of consistent results during the two years the optimum doses of
nitrogen for pure¢ oat and mixturcs and that of phosphorus for purec berscem
and mixtures could not be worked out and therefore need further

confirmation before passing on the rccommendations to the farmers,
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APPENDIX I

tlcan weekly weather data during the erop scason (1980-84 and 1951-82)

Wocks TemperaturcoC Relative Roinfall
TMox. Mine humi.dity(%) (rara)
ds — s, . LR 4, B>
1960-81
Septe u? %42, 19.3 81.5 -
3=k 3042 2045 677 -
15-21 28.6: 17.9" 577 -
22-28 26. 7( 16-0‘ 7105 -
29— 5 OCto 2904 16-9' 8707 -
Oct. 5-12 21.6 14,6t 8345 340
13-19 25.8 1548 8345 -
20-26 23,0 1y L 82.0 -
27- 2 Nov, 22.5 1146 852 340
Nove 3 =9 21,8 101 85.0 2.0
10-16 21.6 58 90,7 -
17=23 271 3.8 89,7 -
230 2048 340 8942 5.8
Dece 1 =7 17.8 2.9 81,0 -
8l 174 068 7540 -
15-21 19,8 23 66,7 -
22-28 14,8 5e1 74,0 20.0
29-4 Jon.81 14,5 2.2 88.2 -
Jan 5=11 709 0e2 5240 L5
1218 763 1e5 87.0 -
19-26 1345 5.6 88.5 56.0
26~1 Feb, 13.8 1e1 755 20,0
Fcby 2-3 141 23 81.2 6.0
315 13.6 7e5 8240 -
16-22 8.5 9.2 7640 -
2%~1 March 14,6 R 82,0 14,0
March 2.8 14,6 747 68.0 -
9-15 1.9 7¢5 85.2 -
1622 173 7e 0542 7640
23-29 16 .2 9.0 8547 340
0.5 April 18.8 14, 30,7 o5
April 6-12 18,7 13.6 91,0 -
13=19 22,0 16,0 65.0 5.0
2026 19.0 1340 7540 1160
27-3May 2340 17.0 70.7 -
Moy L4e10 2560 1340 7945 14,0

Total “éﬁ%’f@“

———

Contd,



APPENDIX I CCNTD.

Te ! Ce _30, § l_“_g__ 5. i i s
198182
Septe 1= 7 1246 10 8040 -
8"19‘ 16.9 703 9200 Lol
15-21 20.9 13.8 7140 22,0
22-28 25.1 1363 , 83,0 250
295 Oct. 18,6 - 12,0 8640 -
OCto 6-12 1807 12.5 8300 -
13-19 18.8 11 b 84,0 -
20~-26 19 4 135 59.0 -
27--2 Nov, 1841 121 7040 10,0
Nove 3-9 164 7% 1149 50,0 625
10~16 1746 8ol 69,0 S5e5
17""2} 16-9 505 8100 b
2ha20 17.6 6e5 7940 2.5
Doc,  1=7 12.7 5¢1 81.0 245
-1k 1049 L4 84,0 -
15«21 1041 2.9 82,0 -
22-28 © 1261 362 86,0 -
29"'1+ Ja-". 1340 2-1" 70,0 -
JC‘J’lo 5-11 8.6 3.2 5300 1005
19-25 9.6 8k 60.0 -
26-1 Feb 14. 7. 1 87.0 930?
Febe 2-8 10,0 2.2 82,0 8e5
9"'15 9.2 2.7 81.0 4600
16-22 10.8 341 82.0 9¢5
2%¢1 March 11.6 Ly 7640 -
Harch 2¢8 1648 157 81.0 13440
9-15 1642 11 bt 67.0 29,0
16-22 1840 141 85,0 340
2%3-29 1840 1146 84e0 350
30-5 April 222 1440 82.C -
April 6-12 17,8 13.0 80.0 1040
13=~19 19.0 1340 59.0 1640
20-26 18,0 13,0 78,0 20.0
Hay U410 2140 15,0 80,0 1540

Total 581e7

B A A

- NP e ac



Appendix - 11

Analysis of variance of plant height, leaf:stem ratio, green fodder yield,
dry matter yield, dry matter content T crude protein content and
protein in 1980-81 and 1981-82 (Mean: sums of squares)

Source of duf Cumila~- Teaft Gyeen Dry Dry Crude Protein
variation it tive plant stem fodder matter matter protein yield
height Ratio yield yield content content
1980-81
Replication 2 5778.368 0.076 7.951 0.665 101.147 180.335 0.224
Stand type 1 2356.272 0.032 0.483 0.T14 15.325 959.986 1.143
»* * W ¥
Crops 1 11028.164 0.340 T4.096 0.362 111.658 2080.350 2.115.
Seed proportions 2 2724.093 0.005 B80.684 6.328 77.051- 11.779 0.961
Error (a) 8 1800.607 0,054 38.216 1.388 29,686  5.611 0.076
*¥ ¥ ¥ - % L a3
Nitrogen levels(N)2 1414.580 0.004 91.391 3.450 22.593 78.332 0.275
Phosphorous 2 146.924 0.005 2.879 0.216 36.542  40.853 0.020
levels (P)
_ H% *% A%
AXP 4 281.506 0.007 12.498  2.335 32.853 15.309 0.075
Stand type X N 2 65.760 0.004 17.507 0.472 27.865  4.804 0.007
Stand type X P 2 91.826 0.015 10.696 0.T13 52.926 11.476 0.075
Stand type X N X P 4 198,508 0.034 1.917 0.336 24.754  2.208 0.016
Crops X N 2 484,526 0.028 35.067 1.803 39.076  5.035 0.023
Crops X P 2 274.202 0.000  9.792 0.247 2.943  0.825 0.010
Crops X NX P 4 347.472 0,013 7.232  0.327 44470  2.683 0.014

Seed proportion X N 4 143.813 0.006 1.416 0,072 5.446 6.618 0.006

Seed proportion X P 4 383,921 0.051 5.776 0.399 30.935  6.197 0.014

Seed proportion X 8 160.131 Q.005 6.471  0.339 11.595 6.530 0.016
NXP | a -
Error (b) 80 176,972 0.027  6.922 0.545 23,222  3.250 0.019

Appendix-IT contd....



AppendiX-II Contd. ¢ose v

Source of ‘ Cumula:‘ Leaf: éreeh "Dry Dry Crude ~ Protein

variation defe  4ive plant stem fodder matter matter protein yield
heigh ratio yield yield content content
— 1-85 - ‘
Replicetion 2 7187.245 0.007  356.609 4.576 4.751  0.342 0,162
Stand type 1 93438.618  0.565710248.35%°255.68% 47.591" 545.905°  9.867"
Crops 1 90253.725 4.128 14878.085 361,502 86,691 1686.614 20.398

Seed proportions 2  3653%3.3%371 0.001 96.323  0.445 27.55* T.460 0,011
Error (a) 8 1991.084 0.004 115.480 1.593 3,656 4,746 0.0%9

*% * ¥
?igrogen levels 2 1217.567° 0.010  87.771 0.486 8.006 35.450  0.137
N ,
Phosphorous levels 2  240.461 0.001  77.398 0.309 2.913 20,867  0.164

P
(P) . ”
N x P 4 87.307 0,006 10,982 2.939 20.929 10.876  0.214

* *
Stand type X N 2 80.260 0.021 23,679 2.348 - 4.400 6,610 0,055

Stand type X P 2 61.958 0.012 0.468 0.247 5.415 4,482 0.013
Stand type 4 52.429 0.013* 232,281 1.463 5,086 1.116 0.076
XNXP .

Crops X N 2 1708.195° 0,008  11.701 0.825 0.003  2.119  0.040
Crops X P 2 82,009 0,001 16.295 0.046 4.766 3.687 0.019
Crops X NX P 4 72.243 0.02§* 3,292  0.8%4 18.000 0.467 0.019
Seed proportion 4 113,497  0.005 30.394  1.071 8.718 3,093 0.033

XN

Seed proportion 4 73.294  0.004 28,118  0.346 3,517 2.985 0.050
XPp

Seed proportion 8 56.062 0.006 10.632 0.889 5.742 0.939 0.021
XNXP

Error (b) 80 178,216 0.005 204990 1,160  8.161 1.741 0.056

* Significant at 5% level.
*% Significant at 1% level.



Appendix - III

Analyses of variance of Soil pH, C.E.C, Organic matter, Available soil
N and Py0g (Mean sums of squares

Souros of . C.E.C.  Organic Available Available
varition d.f.  Soil pH 0 /100gr. matter N P05 (ke/ha)
s0il (%) (Kg/ha)
T980-67

Replication 2 1.408 ~ 0.005 1.288 9437.933  366.515
Stand type 1 3.037°  0.586  0.096  14873.878 149.260
Crops 1 0,125  4.741  1.830  341420.T11 " 689.160
Seed proportions 2 1,187  14.115  0.054  5080.841- 115.196
Error (a) 8 0.548 7.201 0.516 1453,571 111.824
Fitrogen levels (N) 2  0.297  1.442  0.099 252457.550°  93.534°"
Phosphorous levels(P)2 0.593  1.226  0.049  6869.827  9.205
NX P 4 0.163  7.383  0.047  3084.922  16.430
Stand bype X N 2 0.149 0.849 0.03%2 597.922 30.45
Stand type X P 2 0.077 4.363 0.124 9562.329** 5.445
Stand type X NX P 4 0;743* 4.756 0.033 6280.575* 12.572
Crops X N 2 0.400  1.336  0.091  3235.813  30.295
Crops X P 2 0.458  0.939  0.076  10625.834 17.125
Crops X I X P 4 0.766  6.567  0.058  1644.220  21.715
Seed proportion X N 4 0.747°  2.597  0.094  12956,055°  9.720
Seed proportion X P 4 0.156  9.518  0.234  5587.060 24,757
Seed proportion X N X P8 0.553  4.538  0.045  4197.872° 11.791
Error (b) 80  0.289  4.969  0.096  1859.276  10.841

contdyeeess
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Source of 7. Soil C.E.C.  Organic  ivailable Available
varition ***  pH me/100g; matter N Xg/ha P205(kg/ha)
soil _ (%)

1981-82
Replication 2 1,112 1,387 0.081  5175.660 22,120
Stand type 1 0.841  0.675  0.022  8029.667 950.972"
Crops 1 0,135  1.492 0,217  353468.281 299.344
Seed proportions 2 0.180 2.009 0,040 27827.553* 146.134
Error (a) 8 0,550 6.804 0.057 2588.876 128.136
Nitrogen levels (N) 2 0.538  0.275  0.080  294597.450  96.336
Phosphorous levels(P)2 0.081 9.557  0.085  16551.626  16.656
N x P 4 0.161  4.752  0.077  1614.416  3.687
Stand type X N 2 0.048  0.969  0.120  4460.144  2.227
Stand type X P 2 0.524  7.555  0.053  10707.768  7.482
Stand type X NX P 4 0.851"  6.739  0.141  4421.907  2.449
Crops X N 2 0.329 13,645 0.084 3553.,227 164.860
Crops X P 2 0.101  13.014  0.129  12592.927 10.846
Crops X N X P 4 0.469  17.117  0.411 2125.399  4.465
Seed proportion X N 4 0.332  9.229  0.086  T773.83%1  4.540
Seed proportion X P 4 0.352  13.314  0.064  2561.331  2.932
Seed proportion 8 0.426  10.596  0.045  1800.393  4.465
XNXP
Error (b) 80  0.297  5.831 - 1550.495  9.132

* Significant at 5% level.

** Significant at 1% level.



Appendix IV

Effect of stand type on plant height (cm), leaf:stem ratioc, .green fodder
and dry fodder yield(Q/ha) at different cuts in 1980-81 & 1981-82

d Tharadies
Treatment 1980-81 - (a) Plant height (cm) 198182
T 11 1T IV I___ 11 TIL_ Iv_V

Pure stand 36,5 33,8 48.4  47.0 52.2 41.4  56.3 70.0 55.0

Mixed stand 30.9 29.6 49.8  47.3  49.9 48,3 67.3 7T0.0 55.0
(p) leaf:stem ratio

Pure stand 1.5 1.2 0.8 0.7 0.8 0.7 0.4 0.3 0.4

Mixed stand 1.4 1.1 0.8 0.7 0.8 0.6 0.4 0.4 0.4
(c) Green fodder yield(Q/ha)

Pure stand 68.0 37.0 96.0 24.5 93.0 94.5 11.5 102,5 %5.0

Mixed stand 44.3 382 1139 3.4 99.1 169,1' 176.4 221.8 70.2
(4) Dry fodder yield (Q/hé)

Pure stand 13,5 4.6  21.4  10.2 13,5 10.9  17.1 18.3 13.1

Mixed stand 8.0 7.7 23.4  12.8  11.9 18.4 26.0 39.0 24.5




Appendix-V

Effect of crops on height (cm), leaf:stem ratio, greem and dry fodder
yield (Q/ha) at different cuts in 1980-81 & 1981-82

, B , Characters
Treatments _ 1980-81 e (a) Plant height (cm) 1981-82
T 1T 11T Iv 1 11 111 IV v
Pure oat 51.5 41.4 43.3 43.3 58.2 43.2 49.5 - -

Pure berseem 21.4 26.2 53.5 50.7 48.2 39,7 63.1 68,1 54,9

(b) ngf:stem‘ratio

Pure oat 1.7 1.2 0.8 0.8 1.2 1.0 0.6 = -

Pure berseem 1.3 1.2 0.8 0.7 0.4 0.4 0.3 0.3 0.4

(é) Green Fodder yield

Pure oat 109.0 38.0 48.0 12.0 58.0 66,0 38,0 - -

Pure berseem 27.0 36,0 144.0 37.0 128.0 123.0 185.0 205.0 70.0

(d) Dry matter yield

Pure oat 22.1 5.7 15.3 4.9 12.86 . 10.0 . 7.1 - -

Ture berseem 4.8 3,5 27,4 154 14.1  11.8  27.1 36,5 96.1




Effect of seed proportion on plant height (cm), leaf:stem ratio, .gweén

Append ix-VI

and dry fodder yield (Q/ha) in 1980-81 and 1981-82

Character
Treatments 1980-81 (a) Plant height {(cm) 1981-82
I 11 TiI__ 1V i 11 I Iv_ v
Seed proportions
121 28,8 28.0 46.0 45.0  4T7.1  4T7.4  64.3 70,5 55.0
112 31.0  30.9 48.6 46.5  56.5 50.2 T1.9  T1.3 54.2
211 33.2  29.9 54.6 50.7  45.9 47.4 65.8 67.1 55.3
(b) leaf :stem ratio
131 1.4 1.1 0.8 0.8 0.8 0.6 0.4 0.3 0.4
152 1.4 1.0 0.7 0.8 0.8 0.7 0.4 0.4 0.4
2:1 1.3 1.1 0.8 0.7 0.8 0.6 0.4 0.4 0.4
(c) Green fodder yieid (Q/ha)
121 41.5 28.1 109.1 28,5 113.0 166.7 186,1 215.0 59.3
1:2 38.7  37.5 106.5 32.8 104.2 167.3 187.8 233.2 79.1
231 52,7 49.0 120.1 32,9  80.0 173.3 155.4 217.1 72.2
(4) Dry matter yield (Q/ha)
131 7.9 5.0 18.7 1.7  13.2 18,0 27.9 37.1 22.1
1:2 7.0 7.9 24,9 13.7 1.8 17.4  27.3  37.3 25.2
231 9.0 10.2 26,7 13.1 10.8  19.7 22.8 42,2 26.2




Append ix-VIL

Effect of phosphornus levels on plant height(em), leaf:stem ratio, green
and dry matter yields at different cuts in 1980~81 and 1981-82

Characters
Level of e (2) Plant neight (on) g
phosphorous I IT I1I Iv I 1T ITT IV v
Low 33.0  37.0  50.8 49,3 49,7 45.4 62,3 68.6 52.8
Medium 32,0  30.4 46,9 48:5 50,0 45.1  64.2  69.9 53.8
High 3404 3144 48.3 49.6 50.9  46.1 62,2 69.2 54,9
(b) Leaf:Stem ratio
Low 1.4 1.2 0.8 0.7 0.8 0.7 0.4 0.5 0.4
Medium 1.5 1.1 0.8 0.8 0.8 0.6 0.5 0.3 0.4
High 1.4 1.1 0.8 0.7 0.8 0.6 0.4 0.3 0.4
(¢)_groes Fodder yield (@/na)
Low 53.3 38,7 111.2  29.0  90.2 134.9 147.1 206.1 73.0
Medium 52,5 37.3 106.1  29.1 100.3 139.0 155.9 - 228.5 66.4
High 55.9  37.3 104.5 27.9 190.01 144.0 148.1 218.5 T1.5
(4) Dry matter yield (Q/ha)
Low 10.53  6.60 22.40 11.67 11.13 15.47 22.67 39.50 25.17
Med ium 8.53  6.40 23.07 12.13  11.07 14.27 17.2  35.33 24.62

High 11.67  6.40 19.13 10.6 13.13 17.31 22.2  37.33 26.92




Appendix - VIIT

Effect of nitrogen level on plant height (cm), leaf:stem ratio, green ,
yield and dry matter yield (Q/ha) at different cuts in 1980-81 and 1981-82

' Characters
Treatments 1980-81 . - {a) Plant height (cm) L 1981-82
Levels of Cuts cuts
nitrogén I I 11T v - I 1T III Iv__ v
Low 30.5 30.0 49.0 50.8  48.3 46,0 62.0 T72.0 54.4
Medium 32:5  31.3  50.1  47.1  50.5 45.4 63.5 68.5 52,1
High 363 32,6 48.5 48.0  54.9 47.3  63.3  67.3  54.3

(b) Leaf:stem ratio

LOW 10'4 1"92 008 007 0.8 On6 OIS 0.4 0¢4
Medium 1.4 1.1 0.8 0.7 0.8 0.6 0.6 6.3 0.4

High 1.5 1.1 0,8 0.7 0.8 0.6 0.4 0.4 0.4

(¢) Gpeén Fodder Yield(q/ha)

Low 38.1 31,3 109.3 26,1 92.7 133.5 146.9 219.0  68.00
Medium 54.7 37.2 106.5 27.9  93.6 138.0 146,5 213.6 71.20
High 68.9  44.1 105.9 32.1 104.2 146.5 157.7 220.7 T1.60

\ -(d) Dry matter yield (Q/ha) '
\\\\\\\53? 8.27  5.20 23.93 l1o.95 12,47 T.27 22.27 36.75 27.58
Me&gam"“.\ 9.20 6,60 20.80  11.27 12.27 14.47 21.93 41.17 21.50

High : 13.00  7.60 23.07 13.00 12.87 16.53 23.13 35.92 25.67




APPENDIX TIX

Analysis of variance of green and dry matter yicld during 1980-31 and
1981-82 (ikon sum of squarcs), .

Source of duf e sun of sguerc, e e

variation °-e __ _Grecu fodder yield Dry natter yield

S 198081 _1981-82 98081 983=82

Replication 1 Ly L5k 558,394 1,063 254235

Treatnents 35 13.569% 214,091 .k 0,928% 5,985%

{Adjusted 205.883)

Block within 10 3 11.42L4Eb 25.578Lb 0.607Eb 0.4393b

replication adjusted 35

Intra-block error 25 11.630Ece 204399 Oa.722%¢ 1e 310k
(Pooled ( Ponled (pooled

11571) 0.641) 1.109 )
Toted 71

5b < Fe no adjustment of the treatment total is requirecd and the

experimont is being annlysed as ReDBele



APPENDIX X

Reletive contributicn of oat and berscen in

forage mixturc (g/ha)

fiixture Ont 198%;§;quL‘ Totol Ot 198;:§§ecm’ Total
121 1Ce35  97.45 20780 105,19 634,69 739.88
1:2 114,80 101.24 216,04 63,44 698,49 761.93
2:1 137.58 123,73 260431 110,90 568.68 69%.69

APPENDIX XTI

Relative contribution of the two fodders in the mixture -t differont cuttin

stages.

Seed ratio

Cuttine stages

A W A

oat + ) I N 11 TIT v Tot al

berscen 0 4+ B 0 4+ B 0 + D O _+._5 0 +1
1960-81_

1:1 39 3 2h L 38 7116 19 1M1+ 97

1:2 36 2 21 6 7 69 10 25  41L4102

2:1 38 L 25 14 L6 51 g 24 133+423
Cutting stages

I TT III IV v Total

121 60 53 4O 177 5 181 il 215 nil 59 1054635 |

132 32 72 25 L2 6 182 Wil 233 nil 79 63+708 -

211 s 26 53 116 8 448  Nil 217 @il 72 1114589

Os oal” i

berseem

R-



