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.An insight of the pl'esant (~ay dairy industl'jy t)f the oountry 'WOuld 

is the rule 

stu::dily doeliningi Aoc0rc1ing to tho: cstir.iates of the It.til tute of 

f-!gricnlturnl'Rose"'l'ch :>tatistics. on nv(;r~lL~E) Indian cow produces 173 kg milk 

pct' annum M eonparcd to its cour.tcrpe.rts in Dennerk. NethorlarK1s, U.K. and 

r0spoctiv0ly, It it> primarily for this r0:'.Son that most of th& work on 

ll.vestock improvement has 30 far oo(;:n directed towards breeding and disease 

C(.·ntrol t while feeding, wi thout which r.ei tht)r "f these CDll be fully 

effectiv(:t has be~n grossly neglected. 

Thu Nutriticn Advisory Committee of the Indian Counoil of liediovl 

Resenrch and the ltrlirnal Nutri tion Comrni tteo of th...-: Indion Counoil of 

Agl"iculturru. Resl)lll'ch (1952) jointly estimated tho short!lgos of the ardor of 

a'bout 58 per cent in case of thG ~ough~ and !30 per ct:nt in case of the 

~efJntr:ttGs fDr the wh()le of India. Keh."1!' (1953) puts the fcod l'0qUiromcnt 

of India's bovine ~popul<ltic;n 813 80 million tonnes 0f Digestible Cruc:a 

Prot~in and 210 million tonllCS of l)tarch Equivnlcnt, wherens th~ prosont 

supplios frcm all nvailo.ble S0UFC~S nro just 23 nnu )8 per oent ,rospectively 

of th(~ needed amounts. According to the ostimntes of tho Foad~ and J!'oddor 

Sub-Cor.trrd.ttoo of the C(;ntrcl Council of GosOl,wartlhana (1951;) t there exists v 

wide g~p bot~on the demnnd and supply of fe"dr.. nnd foddor in thu oQuntry. 

The shortnges running to the tune of 258 nillion tonnes in CN'30 of ~f;n 

f~dc!er, 26 million tonn~s in case of strm.!. Kadbi nnd stovcr tmcl 23.8 

[Jillion toones in CBBe of the concE:ntrntos. 
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HOlt! to sr,].VC t then this vexed pro bIen of' nnincU. fC8dinc? In view 

of the ju,c-:t balancE';] pOGititln r)f human fC10cl in the cCEntry, it is not 

ndvisabli:) to divert nore qU'1nti ties ;)f conc8ntrator:, p.:>rticulnrly gr::cins, fo:!' 

livestock foeding. fue solution 1rfculd, tharei:Jro,. o.ppe~:r to lie in thd 

ad"l)timl nf [t noy! oystcr'] 0 f o.nincJ. fo,dinS \.,rhich .?:P_t(:£, _~ Gnvisages the 

incrc:J.sod U8G of gr08n fodders and r:)ug-hngc:s ,:'.ne' cut tine (;.:)\0/11 tho roquircl'lcn t 

of c~)ncontrntes, thereby t.')ckling both the problems of hum'lll l1utri tion OJ3 

y)ell [\/} livestock feeding sir:1Ultanuously. This systOL! 'ttill not only reduce 

tho cost of production of milk, c:IL~bling thE; p.vL.tilabili ty. of [.lore milk to the 

t:.[lSses at a choaptcr rnto, but hrill also Sp2r8 l:lt of conventional 

concentrat()s feeds like b'll'loy, grnLl, iJGizc, otc., for humnl1 consllrll)tion. 

Tho use ()f nutritious green foddor rich in vi tW:1ins, IJinorals end proteins 

\'.'ill help the bovina populc:tion in sGvGrd \.Jays; incronsC ''::he niH:: production. 

raise the (;fficioncy of ",crldnG 8lll.uels anc: pruvide; C(,,·!,p~>.:c ::.tiv01y faster 

Sl"olrrth rnt€; tn th(:; young stnck. In nr,f;t cf tho ~),gricul turelly d\jv(~lo:r>od nnel 

dairy arlvw'1c'jll countries, S0un.:; 8ni~.·lOl husbandry is d.;vel';p0cl nl'·:mnc1. thG 

prartico of sroen fodd(;r production c;J.d p.'lStUI'Og0. 

8.~·!,ul, only about It t r 5 par c~nt of tho toti"l cultiv::.toc.l v.cre':'.gO, as cl)T!lpnred 

tc, about 25 per c;:;nt in U.K. pn'! 60 p(;r CGnt in U::;;,. .::.. thl'iving d;-,iry 

industry invnri'!bly d~rJands culti vntion of cr'.~'c:n f:> rlrlors. S(.m ;:mcl Rcy (1%4) 

have pointed Gut th:,t tho p!'cbl&r.1 ()f .,.fGcd.ing the; milk product~.()n 8ilch 

nninnls C[\l1 0:1Gily be solved if t by 00:10 rC(jriont:;1ti<:n r;f tho cropping 

progromr:1C, nbout 10 -:;er c~nt c·f the-; tnt,~ nrailllo Qcro,:igo of th:: country could 
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/~cctlrdingly, SinGh (1967) ro COr:.1BO nc; 8 l'. thn:t thl; fcrrJOT 5hcuL1 be- c1.cour,"ijoJ 

to ad()pt .n. blnnccd ngriculturnl policy by th,,- Cirloption of nixod farf.1.ing 

patb:rn of crop rot8tions, whicr shcmld i!lclu~,:; sui t.-1blo :forlclors speciclly 

1(;Sur.10S to Ilro'1idc nutritious lode'.;r i\:r c<ltt1c' besideG (;nrichil1i:; the Gail 

fsrtiEty. 

KeepinG in vi\?\'/ th<~s{) r:gro-onincl husb,mclry conditions, the 

present invGstigntiom: wer;; pln.rmecl tc: identify for tho r,id-hills of 

HimGchnl Pr:)..dcsh ttw ne,., vist N3 r;f' fCl'agc prGd uct ion \'fh0ro by it EiD.y be 

possiblo to lJrcduc;) the incrt)Cl,Scrl qunntities of fc;d'~er ,mc1 hf1.rvest tho 

E:nhanccd supplies of foed units per u!li t o.roC1 of lund throuGh the use of 

fertilizers and improved ogro-techniques. l'he objectives wen:: 

[IJ'(2 ::lixodsh~nrl fCT foddvr },1TQduction, 

2. to study the effect (if three lovels (:9.ch of nitrc.c;(;l1. cmcl phosphorus on 

tho grotvth, yi>.::lcl :mrJ qU2li ty of (-u.t :mel bcrs:;i;;,rd gro\.m in pur8 -;.nJ 

nixed stand, 

3. to study the ()conor~lics cf fcrtiliz\:;1' application to ,,")~t 8ncl b0:t'seeo 

culti votE)(~ in pure ~,1 rJix, '. stnnds,ort,] 

4. to find nut the ,:;ffect of 11:gunG 2nd nC"'1-lc:;urJG associntion,m the 

fortili ty stntus of the soil. 



2. Iili'VIEW OF' LI'f}~RATar.;E 

Berseem (Trifolium alexandrinum Juslen) is one of the most nutritious ... ~--~.--'P 
fodders containing about' 14.10 lq:: crude protein per 100 kg of dry matter 

(Sen a.'"l.d Ray, 1964) .. According to Nelson et W.e (1965) berscletn hay made at 

bud stage contains about 15.4 pe~ cent crude protein, compared to 7.8 pcr 

cent protein from milk stc>.ge oats. Patel et al. (1958) found it four times 

richer in calcium than cureal fodders. Khatta and Katoch (1981) reported that 

amongst tho ~ fodders studied, 1.a1exarLcIr~ was found to contain 27.6 

per cent crude proteine 

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 Nay undor 

3m t.ablc environments cmd thE. fodder is highly nutritious and pala.table as 

evinced 'by the contents of various constituents (PI'otc1.ti 11.CU to i1f7. 1i1/.,%, 

CaO 2.6, to 4.06 % and P 205 0.29 to 0.69 %). 

Tiwari (1966) repcrted that out 0f the winter legumos grovm illlder 

irrigation, bcrs0c::m is the most productive crop, yielding 24.6 1 tons gr(:Gn 

matter per hectare: follo\llOd by lucerno ,..1 th 2-0.6 tons. Bonadalo (1967) also 

concludod that bcrso.-:.m is th', only high yielding ~1abi forage lath gr<'on 

fodder yields averaging 34 tons ~0r hectare. 

As quoted b~T Khan at al.(1954) increased yiold of legumos due to 

manuring ",ION obtained by ~ia:JTIIan (1943) and RoblJrts cllld Allison (1943). 

According to Chendneni (1958) manuring of b~rs~cm is economictil and helpn 

to incrE;as~ its rttlnntity as 1.~1()11 as quality. 

Hi trogen a:pplicCltion for lcgumu establishment 

is appnrcntly DtlSOcia':;cd ,.tith th0 concopt that inoculated legumes benefit 
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from nitrogen during the prcfixation stage (Sherwin, 1923). It is desirablo 

to add little quantities of nitrogen for cClrly lSro1.;th and nodulation in 

legum •. w (Giobel, 1926; l:1ebc,r, 1930) b0CaUS(; of its stimulatory cffcct on the 

lcgilll1C rlant in the early stG:(~t:s; at no steec it is kno\m to have .:l 

retarding affect. HO .... lf:;;ve:r, inorganic nitroGen nt high levols is kno1:Jll to 

interfere wi th normul nodulation of certain legumes, besides reducing 

emergence oaused by reducod germination and seedling plasmolysis. Several 

1rJOrkcrs from different parts of thE: ,",orld havo fOl.Uld the applicntion of 

small quantity of nitrogen to logum(;s to be rationaL. lflith :::.bundunt supply 

of othGr minerals, the application of nitrogen hulps in increasing the 

yields of clover (Chnndnnni Md Obhrai, 1955). 

Results contr!3I'Y to this have olso been obtained on th:" be;.sis of 

"J. sories of expcrim~m tSt Parr and Bose (1944, 1945i) r<:pol"ted thc.t oorsee:m 

did not respond to purol3' nitrogenous fertilizers and. f:1DximtUY! gro,.rth \vQ.S 

not chtaincd QV0n with high dose of FYH. Simil[l!'ly, in a. 3 yG[!X tri81, 

GDl1guli ,'JIld Relw,:mi (1961' obsc!'Vcd th[Lt borsecm yields did not incrensc 

dUG 
;;> 

to direct or residual effect of th(-~ a,p1}lication of 3J iJl1d 60 lb- nitrogon 

per acrc3 in the form of nmr:lOnium SUlphate to p:1dcly and/or bcrsecm crop in n 

pRddy-bcrse0m rotation. Shah (1965) found that the quplity of bcrsccrJ forage 

2.S deterninor:l by crudc protoin percentage is not affected by hiGher lovel of , 
nitrogon application. 

During thG course of invGstigations on the cultivation of bersuom 

in Egypt, Shaaban et al.(1966) noted th::::.t extra nitrogen ~:plicd to bors0c"n 

or to bersoem r.lixed \rJi th 1r/heat/barley or field bonns incI'Onscd thv yields ,:It 

th\;~ first two cuts. Jimeno r;nd Lozano (1966) conductod trials on ni trogon 

nutrition in bcrscom in which b0rsccm was gro1rm in tho pots in tho open. 

2. ,. pound (Ib) = 0.4536 kg 
3. 1 acre: = 0.405 hectare. 
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Ni tro~en was applied at rates equivalent to 10~ 150 and ?f)O kg per hectare 

two third before sowing and one thir'd when the plants ,~re 3cm high. 'rhe 

seed was inoculated. Herbage yields increased w.i. th the plant age; being 

higher Ni th 150 kg nitrogen. in general, nitrogen content in the herbace 

also increased ,,.d. th the rates of applied nitroe;en. 

Tomar And Singh (1963) noted that the forage yields '-Jere very 

much in~roved ~nlen 44.4 kg nitroGen per hectare was a~plied to bersecm. 

Ho,~vcrt on the basis of experiments conducted at Sarka~da farm, Bilaspur 

(H.P ~), it appeared to Bondale (1967) that dosas of 20 and lJ0 kg nitrog~n 

per hectare W'Orc too high end detrimental to tIl(: forage. Tomar and Arora 

(19?1) also observed that berseem was not benefitted by higher doses of 

nitrogen application. Sinha at al.(1982) experiencbd that nitrogen dose 

beyond 40 kg per hectare proved detrimental. to bersccm posf:ibly due to some 

injurious effect on symbiotic bacteria and as a result it reduced the grcc,n 

fodder yi0ld significantly. For B8neral soil. Arora and Jackson (1969) 

rccomTJ1ended El dose of 25 kg N pGr hectare to bt:rscom. According to TOl!ler 

and Arora (1971) ni trag-en application beyond 40 kg nitrogen per hectare 

did not ShOlli' beneficial effect :>n berseem, rather the forAge yield declined 

to the e;ctent that at 80 kg N per hectare the yiold 11laP even lOt-lCr as 

compared to control (No nitrogen). 

2.1.2. Effect oJlphosph~us: Extensive Hork conducted in India as "JCll as 

abroCld has established that phosphatic manuring of llJgum0s, ospecially of 

borseem, helps in increasing yields cmd improving thl; qup~ity of h:gumos in 

addition to building up soil fertility (Chandnani rilld Obhrni, 1955). As 

cited by Sen and Bains (1952), the results of muncrous field trials 

(l:lohltmann and Borgene, 1~2; TruesdGll, 1917; Erdman and Hiltins, 1928; 
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West, 1936; Blaser et al. t 1941; Robinson, 1942;. Parr and Bos. t 1944; 

Hursell, 1944) have shown that legume fodders (Alfalfa, lucerne, soybean, 

etc.) respond markedly well to the application of phosphatic fertilizers. 

There is ovidence to indicate that the application of phosphorus results in 

the production of fodders of better quality (SQ'Well and Latsha\,l, 1931; 

Rogers and Sturki(;l, 1939; Parr and Bose, 1944; Singleton et al •• 19~5; 

Groavus and Pi tman, 1946). Increases in bactorial action, \olE;ight of plants 

and total dry matter of legume crop dU0 to phosphatic manuring hav~ b0cn 

noted by Mac Taggart (1921), Hutchinson (1923). Hcrccr (1948); Bartholonow 

(1950), Son and Bains (1952) and many others. Wost (19:;8), and Coriclw 

(1938) simultaneously r~ported that phosphatic fertilizers improv~ the 

quality of legume fodders. Singleton et al.(1945), howev~rt concluded that 

application of phosphorus did not show response to alfalfa ,,-,h~n sown on new 

lands having sufficient P
2
0
5 

supply. 

Through a seri~s of experiments Parr and Bose (1944, 1945) clearly 

domonetratod tho importance of phosphatic manuring of legumes, particularly 

of berseem undbr Indian conditions. The results of their trials indicated 

that application of superphosphate increased (i) the fodder yiold from 

100 to 150 per cent and (li) phosphorus content of berseem plant by 250 to 

400 per cent over no manure. Concontration of phosphorus in.be~s0om forago 

increased with tho increasing doses of phosphorus. It was further observed 

that in the year of low yields, thu phosphorus content tended to decrease 

while that of calcium increased. 

In lysimetcr studies of crop rotationo, Desai et al. {1953A 

observed that berseem f(;rtilizcd with phosphorus in th;) form of 

superphosphate gave very good response in yield varying from 81 to 2~ per 
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cent~ They further observed that phosphatic fertilization did not alter 

the nitrogen content but increased the P20
5 

content and decreased the K20 

content, whereas the application of phosphorus at 200.lb per acre increased 

the CaO content (1953b). Sen , ... ld Bains (1952) concluded1 interalia, thDt 

application of superphosphate alone or in c~mbination ,-Ii th potash to bers0em 

brought about marked increases in yiold over control. The nitrogen content 

of the crop remained unaffected by phosphatic treatments but this 

materially increased the f205 cQJltent end e1iShtl,. inel'ea5ed the Cc() content 

in the plant material, thereby improving the quality of fodder for feeding 

purposes. Rao and Ghose (1954) noticed in their pot experiments that 

application of increasing doses of phosphorus progressively reduced tho 

reddening of leaves (which was very m~ked in soil deficient in available 

phosphorus) and increased the yield of fodder. Bains (1961) reported that 

fodder yields of bersuem showed a substantinl cumulative response to 

phosphorus over 3 cycles of 3 year rotation. In trials in which N, P, K, 

FYH ruld 6 micronutrients were applied alone or mixed to bcrseem, KDnlllQr 

(1962} cbs9rvod that yield increases reeulted only by applying P (",ri th or 

",ri thout K or .. N singly or in combination or FYr1. ChandniUli DIld Obhrai 

(1955) concluded that, in general, application of P P5 to borscem improves the 

quality of berseom fodder; the soils haVing adequate supply of P20
5

, 

however, may not show response to the application of P205-

Singh and Verma (1953) conducted a replicated experiment to 

study the influence of varying rates of phosphorus application on tho yield 

and quality of borseom. It was soen that per cent increases in yield over 

untreated plots given by application of 66, 132, 198 and 264 lb P
2
0
5 

per 

acre wcr~ 37.66, 53.43, 63.94 and 67.58 per cent, respectively. 'rho 
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The corresponding crude protein contents wero 20.19, 19.38, 18.94 and 21 

per cent, rGspecti voly. In a 3 YGar tria .. l, Ganguli .'IDa. Rohnm.i (1961) 

a.p:Dlied 0, :JJ [lnd 60 ). b N erl(~ ° t 30 and 160 I b P 205 pGr ocrc to rice 2nd 

berseem in 1 ycrrr rico-bcrs88t:l l'otc.tion on a loo;::y soil lou in nitrogen. 

Thl; only significant response l<ln.S in respect of yi()ld of bers0cm or to the 

preceding rice crop. Thero was, however, no significant diffcrencG in tho 

yields of bcrseem due to 80 lb :lnd 160 lb P 205 doses. Economic~ly, 80 Ib 

P 205 doso \v[':.f> hif,hly remunerative. Sen and Berins (1952) observed ·chat the; 

rate of 50 lb P 205 per {lcre \t/as o..s eff\:ic ti ve as the double dose of 100 Ib 

PzO, DOl" Ar.l","' in mc6..utaunl.ng the yi<::ld. On tho oth8r hend, Singh et 0.1. 

(1957) concluded that atlc3St an application of 56 to 64 lb P 205 pE:r acre 

in the form of superphosphate is rOQuired to derive mrodnum profit uith 

regr:rd to berS0E:m grl:en fodder and S<;:0Q. production. In an experiment :J.t 

Punjab Agricultural University (1967-63), application of 80 kg P205 per 

hectare approcic.bly i~rovod tho forr:',gc yiolds. Bondalc (1967) reported 

that application of phOSphorus nlrnost doubled the yiold of b;:-lrsoom over 

control. A further increase in phosphoru..s lovol from 40 to 80 kg per hect~~trs 

did incrcaso tho yield but it W&'3 not significent. Tomar and ;,)ingh (1968) 

observed that forag,) yields wor(;; much improved with [ill application of Lr4.?') l~g 

p 205 :per hectare. On the oth(,r h:md, Singh end Singh (1977) noticod. bet tor 

performrnc(; of bcrscom when phosphorus application 1 • .,!]f3 nmde 2.t 320 kg p0r 

hectClI'o. It resulted in mmdmum grocn fodder yield 0xcept during 2nd ~nc1 4th 

cutting whE:n it ,,,ns found to be at p~1.I' \d th 160 kg P 205 per hoctcre. During 

3rd cutting, application of 320 kg P205 por hectare lIms signific"mtly botter 

th.:m 160 kg P 205 per hectnre "'hen accompanied 1tri th 2 kg of No per hecte.ro. 

It resultod in r.laximum profit. 
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Sinha et al. (1982) reported that application of phosphorus 

markedly enhanced the fodder yield of berseem. A dose of 35 kg P per 

hectare increased the fodder yield significantly over. control. Further 

incree..so in P level ttl 70 kg J" ihed up the yi0ld ·;)ver 35 kg P pur hectare 

to significant levc-I, but \-ras not statistically different from 105 kg P 

per hectare. Thus response to P was quadratic in nature. Arora and Ja~on 

(1969) noticed that phosphate application made at 100 kg per hectere 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 maximum percentages of both Ca and P were recorded when the crop wns 

fertilized at the rate of 50 kg N and 100 kg P205 per hectare. According to 

their observation 50 kgP205 per hectare seemed to be a suitable dose for 

most P deficient soils, \mereas the yield increased upto 100 kg P205 per 

hectare in medium phosphorus soils with lesser moisture. 

Singh et ale (1972) demonstrated that an application of 120 kg 

P 205 por hectare gave higher dry matter yield of berseem. Husain at nl. 

(1976) observed thct the application of phosphorus tended to exercise its 

differenti.il effect on protein content of shoots even in the first cut, but 

the differences were not sufficient enough to attain the level of 

significance. However, the difforences in the subs~quent cuts v~re v~ll 

marked. 

2.1.3. COmplemcntar~ effect of nitrogen ;:mel ,Ehosphorus: Nnny 1rlOrkers have 

postulated that th& combined applicntion of nitrogen and phosphorus to bersecm 

crop results in better production thnn single application of these nutrients. 

Chopra (1950) noted that berscan needs application of both nitrogen and 

phosphorus. The recommended dose is 80 lb nitrogen per acre in the form of 
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nmrlOniul'J phosphute \-/hich net only supplies nitrogen but nJ.GO th'j r'oquisi tG 

qUC".!!1ti t;y of phosphnrus. The \oJOrk done -in the Division of Agronowy, Indi3l1 

Agriculturr.1 Rcsearch Institute, Now Delhi confimcd that npplice,.tion of 

.:C't:lmoni uu ~)hoG}.h,~.tc- to bersc0m hns [11 y,!D.ys given bet tel' rr)sul ts thr.ul the: 

c.pplication of P 205 in tho form of f.Juj)erphos:phnte and rock phosphate 

(Annual Report of the Division of A.gronorJY, lAR! 1950-1951). Son and Bmns 

(1951) also observed thn.t unone; phosphatic fertilizors such ClS [u:1c:oniu:!] 

phospho-to, superphosphate, bnsic sIng and bone: r1cru, bost rC8pons,; \.'[1/3 

obtoined by mmoniulTI phosphi1tc possibly because it SUpplii:<l both nitr)gon 

cnd phosphorus simultaneously. Chanunnni cmd Obhrai (1955) conclud'.::d tho.t 

8.pplic<1tion of both nitrogen 3nd phosphorus is necessary for bGrS0Crl nnd ()f 

nll tho fcrr..s tried :lr.l!;';OniUD phosphr'.b~ gave the hiehost ylalcl ]101' 2cr<; as 

" .. ell Qi3 the high<:st response per Ib of P20c: o.Pl)liod. 
- :;I 

Tomer .'1nd Singh (1968) reported t\::tt thougl1 the fornGc yic'ld ...,iJJ3 

inlJroved by separn.te 2..pplicotions of ni trog0rl .'lnd ph.:.>sphQrus, this 

ilnproVC[lCmt \1W3 furthor cnhancod ,·!hen ni trogon:::md phosphorus \\lOre "l1rlied 

in cOr:lbination. In fi'/e crop tr()atmdnto, ant-borsco:;) C1ixturo rOSi)onciecl most 

to the; combined .:tpplic[ltion of ni trogon and phosphorus onll th,)y rcco:.1LEmdoQ. 

a dese of 44.8 kg per hectnrc Df.;~ch of th'Jo0 nutrients fer ftgro. rogion. In 

.0111 oxperi~71ent~,t Punjnb Agricultur31 Unive:rsi ty (1967-68) it 1.1Q[J notcc! that 

groon forage ;yi'.:ld of bors0or.1 .... nd oat£) groi·J!1 in puro :.l.S 'Vloll c-13 clixcd stnI1.ds 

inprovcd ~J)prcciably vii th thf~ combinod n.pplic.,:,.tion of 80 kg oc_ch r)f ni trogon 

~.md P205 pGr hoctnr(j (io"W'ieYAo.cLA-...:r.....19"11). El- GinrJi ct <:;1. (1963) .,Jbscrvccl 

that bcrSO()J:1 fcrtilizccl \o"!ith 150 kg supc-rphosphc:t,:; Nith or wi tllOut 100 kg 

, 
j"i(;lr':~d by 12 rmd 4 p\~r c(;nt pC!:, focl0.Wl, rospocti ve:ly. 
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Bains (1961) conducted trials at I.A.R.I. on the phosphate 

fertilization of berseem with and without potash and/or nitrogen and found 

that fodder yields of berseem sho\olE'd a substantial commulati ve response to 

phosphorus over 3 cycles of a 3 year rotation a.'1.d additional benefi t 

&ccrued only when nitrogen and no po tassium was administered :llong.,'!i th 

phosphorus. Khan at ale (1954) reported that fertilization of berseem \dth 

phosphorus alone or in combination with nitrogen and potash \<1a.6 advantageous 

and higher yields were obtained in the presence of N, P and K in comparison 

to an application of one or two of these fertilizers. The increases in yield 

with the complete mineral treatment ranged betyJeen 44 and 1l-lO iler cent over 

control in different years. But Shekhawe.t et ale (1973), v1hi18 It.'Orldng on 

the sarne lines, obtained maximum yields of berseem and senji (~.~~~c~) from 

tho combined application of ni trogen and phosphorus without potash. They 

recordod that the fresh fodder yield of berseem was highor than that of 

s·enji and application of 40 kg N plus 80 kg P20c: per hectare gave the 
.') 

highest yield of the former. 

On the basis of the experiments conducted at Sarkanda Farm, 

Bilaspur (M.P.) t Bondele (1967) t hO\o}evor, reported that ni troe;en in 

conjuction "lith phosphorus gave slightly lesser yid.d.'3. as compared \-nth the 

cor-rosponding dose of phosphorus alone. 

2.2. 2A'£ 

Oat (A!.<;Pi! ~'!tiva Linn) is tho most important cereal foragil gro\<6l 

in the north west region of India for providing green forage from November to 

l1arch. It is highly palatable nutritious energy rich forage and is highly 

valued for feeding livestock. According to Joshi and Parsad (1979) it is 
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valuable in the senSe tha.t it gives a 5 high ~een fodder yield as ?f)O 

quintal per hectare vlith a crude protein content of about 7 per cent. 

Patel et ale (1958) have reported the eomposi tion of oat fodder as below: 

Period of 
!!,owth 

Crude ~rotein PhoS)horus Calcium 

.. ----.... ( ..... ~---~-.---.~,.~----~,-. -----
1 month after BOl.ang 18.81 0.39 

0.16 

0.73 

3 months after so,,;ing 5.26 

--.. ---------.. "'-.......-......-------...~ ... ---~-----.-------..----..~--

Ni trogen is the most important eloment for oat as it incrGases 

tho vegetative growth so essentially desired for the production of 

increased qUantitit;6 of fodder. Significant increasos in the yield of ant 

by application of nitrogen have been reported by many Indian workers 

including Sen. and Kavitkar (1958), Datta. and Bains (1960), Dabadghao and 

Sikka (1961) t Pal and Sikka (1961) t Bhaid (1964) t Hunsigi and Hani (1966) 

and 'fomer and Singh (1<)68). 

In proliminary trials at I.A.R.I., Chopra (1961) obs0rved t;?at 

application of 1G.8 and 13.6 kg nitrogen per h0ctare gave upto 117 rold 

123 pur cent increasod yields of g~)en fodder over control, respectivoly. 

SinhCl (1968) found that gro\oltht yield and quality of oat increased 

considorablyas the doses of nitrogen increasod from O·to 120 kg per 

hecttlre. Singh and Joshi (1961) rccotnnlOndcd the application of 112 kg 

ammonium sulphate per hectare at the time of 1st irrigation to 'Ktmt' 

gro~~ for fodder or grain in Delhi, Punjab and Tarai regions of Uttar 

Pradush. Bokde (1968) reported yield incrcas~' of the order of 128.7 

234.2 and 329.7 quintals per hectare in greon fodder, 2.1, 35.79, 58.98 and 



75.32 quintals per hectare in dry matter and 232.1, 368.2 and 575.4 kg per 

hectare in total protein frgm tho applications of 33.6, 67.3 ::md 100.9 kg 

nitrogen per hectare, respectively, over those from control. Differences' 

between yields at uifforont lev(;ls of nitrog'::n "101'0 significant. Appnliod 

nitrogen \'1D.S more effective in increasing the total protein yiold then in 

increasing the green foddDr or dry matter. He further observed that tho 

nature of response to nitrogen levels was linepr when only one cutting was 

taken, "rhereas it was quadratic under twa cuttingp treatment giving higher 

yield increases at lower levels of nitrogen but lower' yield incr&n{3cs at 

higher levels of nitrogen. Economically also, 3pplicution of nitrogen was 

found to be highly remunerative and incom:; rosCt wi til increosine- ni trogen 
'. ,-., 

application. 

Hiaki and Nose (1967) obserycd that the c::pplicaticn of 25 kg 

nitrogen per acr& caw>cd" n marked increase. in thE:c"rudo protoin content of 

oat forage at the veg~t8.t±ve and boots stnges t \"lhilE::crudh protein 

digestibility increased significantly at ell st.ag9$ (i.c. vegetotive, boot 
. . 

head and milk stage). t>/oisemuller (1963) found that ni trog€:il increased 

yield and protein content as \>1011 os the concentration of soluble nitrpgen 

ro1d mnidc ni trogun in gre8n plants of meadow fescue and oats. Burczyk 2,nd 

Cwojdzinski (1967) noted that applicc1tion of ;60 kg ni trogen per hcct::ITG 

doubled the crude protein content of forage, triplod the dry matter ~~clds 

and increased the crude protein content yield five fold in some forago 

crops including tall oat grass. Crofts (1966) obsorvcdT.thnt nitrogen at 

90 lb por acre increased the total dry matter yields of the for3.gc in 

winter by more than 1600 Ib per aert; 8.nd fairly increased the crude protein 

content of oats. 
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t;ehring nne. Schutt (1961) noticl:d incrc3$(:d contents of c~ot,.mc 

and chlorophyll in grt:en oe.t fodder fertilized Hi th ni trogen. Dzurkov 

(1962) and SchnrrG:.' r:md Brukc (1953) ,<1so found thnt Clpplic2.tion of 

ni trog.m ru.0110 or in combin?t::: "~1 Hi th phosphorus incr0n.sec1 the ct'.rotol1o 

content. According to latter workers ni troscn in the nitr::: .. t8 form W'J3 mere 

offecti V~ in th,') biosynthesis of c2.rotenc; thon the aTnl,lonium s;:,.lts. 

Cr.1l1trnry to this Stn11cup et cl. (1960) rcportud thot the obsGrved 

differr.mcas in crude protein, nncl cellulose contents du',j to li.;v.:;ls)l 

fertilization tried (20, L-fO or 60 Ib pcr P.cr;.; in thl) form of ammonium 

During the: course of fi~)ld inventig[!tions cctrriod out during 

Rilbi 1975-76 and 1976-77 at Foro.ge Production JTnrm, Andhra PrD.u8.sh 

Agricultur:iL University, Raj(;nc1ra l';agnr, Veora Haghcvnip .... h. (1979) rGported 

that oo.t :.oed rate of 50 ~'; per hectaro "ms optimum for obtaining highor 

fodder yield and nd incom:;. It w['"s::].so observHl that .:lpplicntion of 80 kg 

lI/hn resulb.,d in higher yic~ld of eroen fodckr (447 q/ho.) :mel gc:.vo :.1 higher 

net income of Rs.3041/ha from ont foddor gro\,m on soils r.:!Odium in aVD.ilabl.:;; 

ni trogen ancl ph,JGphorus, hiGh in potnsh ~m.,~~. hn.ving n p~ of 7.6. However, 

the internction be tW'.::al Ge,:d !.'[:ti::O x ni trog-on levuls :.lid not exhibit r:..'X!.y 

cignificnnt effect on green forage yi(;ld ."':.L'1d thl.) protein porccmtnge 1tl2J3 

highest (10.1~,0) ,-lith 50 kg sced/h1. Jc)shi ::1!l:l PnrsBd (1979) obbincd a 

significnnt rosponso to nitrogen upto 200 kg pcr h0ctnro for the totd 

grean forage yiehl. This indicated th.::t oat forugc can be f(;rtilized upto 

200 kg ni trogon per hect:..1re or even b0yond. From thL (;c':Jl1omic anciLYf;is 

they observed th8.t while the: application of first ciOS0 of 100 kg 

hcctnro gnVfJ on incNn.so of 22 tonnc:s per he. elf green forage the noxt uose 
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of 100 kg N pOI' h8ctnre gr,Vu on Cl(ldi ticn,tl yield of 15 tonnca per hcCt::tr0. 

Thus 0c·)nomicnlly, nitrog~n opplic:ltion w·::tS found to be highly rcr;lUncr~~tivo 

cne1 incom<.: roso to Rs.80o/- por he. JU2 to first d,)s€; n.n(~ REi.l+50/- per h~' 

cue to the n'xt dc-se sf 100 ke; N per hoct3I'c. 

Tomer (1969) cbserve:cl th'J.t np]ilic~tion of 50 kg P 205 pOI' h ... ct:1l'O 

proved benofici<ll i~S yi':ld~ crude protr..;in cGntent .'Inc r:Iinornl tlotbr '.Jero 

incroo...sod nnd carbohydrates W0re d:..crc::LScd. ChhillrT (1931.) rccor:l<:d 

signi ficnnt response of oct to the application of 40 kg P 205 pur h0Ct::XCj 

l·meren.'3 rEamer and F.rO!'2 (1971) noticcC: th~~t pure ,Ylt 1:1['.8 least respunsiv(; 

to phosphate ~plicnti()r.. Similorly Kirpcl Singh at d. (1975) c.lsc 

obsorvea thnt phosphorus applicClti'_'D hQd ne effoct on green nml :lry r1:::.tter 

J'i.Gl,: of a.ct. Recently KGftnsn (1985) uhil-a working under highlClnd cf' 

Arsi region of Ethopin repnrtecl that no significont reSpOnG8 to P r,".tes 

Tripdhi ct ,',1. (1979) reported thnt incN.-}sin~ phosphate lovels 

incre[lSod the groen Dnd dry forC,f;e yields of oat, the highsst fc)r2{jG =dd(~ 

\;,ns obtnincd 1.n th the tlP:9licdi0n of 60 k.; P 205 p,:;r h',;e'tnre. They furthor 

observed that npplic:,tion of ?fJ kg P205 per hcctrro recorded signific::'l1t1y 

hi:~her Gr0cn ;mcl dry £;)rr.[';8 yields over th(~ cC;Jtr,:Jl (No pnosph.-::te) '::uring 

3 yeOI' stuc.:y period. Sir.rll::cr results h:we bcun rQPorted by SiuSh ct d. 

(1973), \oIhn r<::cord(;d significnnt rusponse of fc)rngo ('Rt to th0 n:9plico.tinn 

of 35 kG J? 205 por ht;cbro un::.1cr th~;; mie-hill condi ti:.ms of i:Iimo.chnl 

prc,ksh. 



2.2.3. gopPlcr1(;mtary effect of ni trop;cn ond phosphorus 

It i3 n gcncr.:U beliot' thDt compnrati voly the: bendici 1',1 effc.cts 

c:f: ni trogcn ,'nd phosphr.rus or;: mor'';; wh0n applied together. Sni th at cl. 

(1950) u:d,\: studies on tho utilization of fcrtiliz\..r i\l1d soil phosphorus 

by pure st:mds of oat;::; n..'1d clovor (Trifoliun i£.cnrnatum). rEhe trcnt:n,;nts 

c0mprisod 0, 30 and 60 Ib per ~cre of nitrogon nnd 0, 60, 120 roH,,~ 180 10 

per .'lcro i)f phc,sphorus in nll possi ble cOfJbinations C'.!l~l potc.ssium W:::.!5 

applh·u tc nIl the- plots at the Tate:)f 60 1 b"'K20~'PGr acre. Application of 

phcsphorus but not th,~t of ni troi~r::n incrcDE(;c1 tho tct::11 ph0sph:)rUD contcmt 

of tho oat foroge. JIbe grcatc;st ~:nount 0f fertilizer phosphorus re;r.l0vrJ. 

."a.'3 observed with ;0, 120 nne 60 Ib per acro of Nt F ::>.n:-: K npplicoti r!l1. 

Bcrnk (1963) studied the effects cf superphospho.tc ~J1(:' its 

cI'.ocniiicat:iion em out ['nd b<U'10Y ~nd obscrvo-:l thc::.t n!':lnoniated suporphosph!1.t') 

of 2.8 per cent nitrogen content wns ns cff(;ctiv<:.: '.\s powdered supcrphosphi.ltc, 

but ;J!l increx;cd r1egreo of '-ci1nr;niaticn (upto 11.88 per c..;nt ni trogcn) 

depress0d nvcragf: yiolds nn:i cnusnd on increase in nitrogen content. 

Datta nne: Bnins (1961) stuc1iec~ thr, eff(:ct of s0il npplic.::ltion of H, 

P and K clone .:-:nr1 in C(l!ljtmction ~d th soo(: r:JicrGnutriGnts. The test crops 

"Jere sorghut!l, oat rm.:l r:cpe. An o.pplicc,tion of 40 Ib N + 60 J..b P P5 + ;0 10 

I'~20 pGr acre increas0d the yi,}l(~ of 2.11 crops significcmtly. Extra yiio:lc.3 

(':u(; to N, P ::,nd K GVGrt'.ged '19.82, 10.00 ''.n<1 2.56 l'::vls 
4 

uer .:-~crc f,')r scrghuo, 

oo.ts :m:1 rape, rospectively. IYDllkc (1960) noticed that the nrlino G,cid c::mtunt 

in ant cbclino'] at the fIoh'Gring stngo :mr~ incre :.~-:cd nt tho vnu '~i vcg(:tCLti vo 

cyclc cspccin11y ",hen Nt Pend K fertilizers were a·l(i-:c~. Trip;:~thi &t <:'1. 

(1979) reported that npplici"ltion of 120 kg Ii -uong'-d. th 60 kr; P 205 per hoct;:u'c 

gr·v:: tho highest crud(; prott:in in oats. They 8sc:ri bod tho ~ighc'r cru20 

-T.'1 mound == 377324 kg --"-



protein content in oat to the combined effect of N and P in enhancing cell 

division and accumulation of protein bodies end their derivatives through 

better translocation and assimilation of the absorbed nutrients. Similar 

observations were also made by Bokde (1968), Tomer (1969) and Sandhu at ale 

(1976). Mukherjee et ale (1981) reported that under short and mild vrinter 

conditions of West Bengal, the effoct of nitrogen and phosphorus \.,3/:3 

addi tive and the highest yield of 62.5 tonnas per hectarn \-,as obtained at 

120 kg N and 30 kg P 205 per hoctare and in the like mannur nitrogen and 

phosphorus contents of forage oat were also high when combined application 

of nitrogen and phosphorus was made. 

Hany workers have reported considerable increases in forage 

yields ~men berseem is grown mixed with another forage crop, perferably 

a non-legume, and berscem + oats form ono of the best combinations. Shah 

(1965) canductod an experiment to find out the influence of companion crops 

on the yield and quality of bcrseem (Trifolium a1.£.xand!'iJJl~ Juslcn). 

Bcrsecm was grown (a) alone, or t1.i th a companion crop (b) Tetraploid 

berseem (c) I1elilotus ulba (d) O.'1ts ev.. 'Kent' (;,;) Phalaris minor or (f) an ........ -=-...-0-. _.~ ., . __ 

unnamed qassica spp. He concluded that (i) yield of berse(;m fodder, dry 

matter end crude prote-in in the first cutting of burs€cm could bt:; increased 

to the extent of 20 to 120 per cent by grolang with it another fodder crop; 

(ii) the quality of berscem plants determined by crude protein content was 

not affected by tho asosica~ed growth of companion crops, (iii) comp311ion 

crops tended to incroase the total yield of groen fodder, dry matter and 

protein during tho seasonj (iv) non-legumGs were better companions than 

legumes and (v) oat at 50 y~ per hectare seed rate with berseem at 25 kg por 
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hectare proved to be the best combination markedly increasing tho yield of 

green fodder, dry matter and protein in the first cutting as well &s during' 

th<J season. Tomer F,nd Singh (1968) also concluded that oat+borsoem mixture 

was the best for the production of gr(:cn forage; bcrscC:l!! in pure st&nd being 

next best among five crop treat~cnts" Viz, be rseem , o~tt senji, Out + 

berseem and ont + sonji. Saini and M~lik (1949), however, found Oat + 

bcrseem combin~tion next to r~pe + berseem. In their trials ~t Sirsa during 

1942-45, nvor,"Jgo mean yield of the green fodder wns 1197, 14:;0, 1291 :md 

1218 mds per acre from berseem Rlon;a, bers.aerll + rrtpe, bersccm + oat [md 

bcrseem + senji, r~spectivcly. 

In on experiment at HissDr Agricultural University (1967-68) nnd-

1968-69) bersecm and o~t \~re SO\~l in five seed proportions, viz.,berseem 

alone, <13 borseem + 1/3 ont, 1/2 berseem + 1/2 oat, 1/3 bersccm + <13 oat 

ond oat alone with 3 levels c:"..ch of nitrogen nnd phosphorus, viz .. ~ 0, 40 :md 

80 kg per hectare. Tho seeds of berseem (diploid) a.nd o.:tt (Weston II) \oICre 

broadcast nt the r~lto of 25 kg per h€;ct.::re rmd 65 kg pe:r hect.3l'o, 

rcspec ti vely. The pooled dat n shO.""ed th 3.t 1/2 bCt'sE€m + 1/2 oat yi(;lded 

significnntly higher forngc yi 01 d over those: obt.:.tined frat:! bcrsccm pure and 

ont pUN. HOl-,rever, tho vnrintions betWGc:n 1/2 borscem + 1/2 oat, 2/3 bcrs(:cn 

+ 1/3 OL";t cmd 1/3 bcrseoon + 2/3 ont f,lixturc were not significnnt. 

In mixed stDnd, the yi':11d proportion of ont was higher than thnt of 

lcguoe in th~ first cutting, while in the successive cutings o~nng to better 

rogencrc"tion end growth of bcrseem the yii.:1d rasul tG of mixture M~r':J 

superior to pure culturf)s, (Henderson ilne! Do-vies, 1955, ,-tnd 'rODO!' n..l1d 

Singh, 1968). 



The lO\o/Cr yields under high proportions of on.t might be due to th(; 

fnct that oct as comparod to borsocm gives lesser number of cuttings, whil() 

lo, ..... ar yields under high proportions of bcrseeIU may bE; bE:cause it gives 

poor yield during the first cut. 'lliu.., Oqunl proportions of legume Mel 

non-legume compon~nts gnvo the m~ximum yield. The forage yields increased 

trith the increasG in the nitrogen level. The improvements brought ~bout 

by the o.pplication of 40 and 80 kg H per hectare were Significant over 

thnt from no nitrogen treated plots. Ho~~vor, the superiority of 80 kg N 

over 40 kg N ~ath regard to yield w~s not significant. With the ~plicntion 

of 40 kg :md 80 kg phosphate: pf:r hectare, the forage yields Here 

signifi ccmtly improved over those from no phosphcte applied plots. H01tJevor, 

tho improvement brought ['.bout by 80 kg P 205 over 40 kg P 205 per hcctnre 

",as not Significant. Nitrogen application did not sho,,, boneficial effect 

on oorsccm and 2/3 'berse~I'1 + 1/3 ont. 1/2 bbrS6dt1 + 1/2 oat nnd 1/3· 

bersecr.l + 2/3 oat rosponded significrtntly only upto LIC) kg N pur hectDl'o. 

~milo oat pure was most responsive to the applicet10n of nitrogen even upto 

tho level of 80 kg N per hoctnr~. 

BcrSC0!:l pure ro.spondlJd well to th", "'Pplic:ltion of phosphorus and 

significnntly higher yiblds wc.rc obtnincd \'lith th0 incroasing levels of 

phosphorus. 1/3 bcrsccm + 2/3 oat ~d 1/2 borsGcm + 1/2 ont mixture 

responded only upto lKJ kg P 205 per hectare t bGyond this dose no signi fic::;nt 

incr(;ase was noticed. 1/3 bersecm + 2/3 oat C'nd ont pure .did not respond 

to the appliCation of phosphorus (Tomer and Arora, 1971). 

Des~o (1974) obtnined totnl :yiold of 252.5 tonnus fl"Qsh fo.ddor 

por hectare ,,,hen bcrseem tl:).S sown 20 cm npart on 1 NovoMber, mniz(J + 

teosinte hybrid betwo0n the rows of barst)cM after 3rd cut on 14 Fobrunry and 
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sorghum ev. 11PKV-1 in HDY after harvesting thG bcrseom/hybrid mixture. 

In this systen of crop cafetnr~at tho first, second and third crop 

contributed 75; 90 and 87.5 tonnes of fresh fodder yield per hect8re in n 

cnlondcr ye['x, respectively. Red. (1973) recommended that tetro-plaid and 

diploid bcrscem should be sown mixed in 2: 1 r':1.tio using 25-?fJ kg soed per 

hectare or wfth fodder sarson using 2 kg socd por hectare. For this practice t 

n fertilizer dose of 50-60 kg P per hectnrc 8nd 25 .. ?O kg N per hectare war; 

thl:: best. According to him, addi tionDJ. ni trogen at the ini ti al stc:gc helps 

in better and quick,. growth when nodules are still not formed. Hagoon 

at nl.(1974) reconmendGd that berseem and lucerne should be gro\m \~th oat 

for augmenting 10\0/ fodder yield in tho first cut. 

Rae at al... (1979) t while studying the effect of cuI tural 

practices on the yield of ~ornge cereal-legume mixture, noted that ceroal 

component yi8lded nore in nixturc thnn in monoculture. The highest eeral 

cereal green fodder yl81d (32.5 tonnes per hectare) W~ obtained ~th 1:1 

ceroal legume ni~. The legucc component yielded lower in nixturc than 

in pure stand. In puro stand, grucn fodder yield l'ms similar under line 

s01-ring as \'1011 ~ when broadcast. Total yield of the mixture w~ sinilnr 

to the yield of cereal component alonG, indicnting that response of the 

mixtures was mostly contributed by cerenl. 

Relwani at al.(1971) while studying the comppxative performance 

of tetrnploid and diploid berseem at varying seed rates and their mixtures 

in diffcront combinations, found thnt increClsing the sced rate frau 25 to 50 

kg p~r hectere increased yields from 69.1 to 86.1 tonnes fresh fodder from 8.5 

to 10.1 tonnes dry matter Cll1d from 1.71 to 2.02 tonncs crude protcin pcr 

h0ctar8 in tctrnploid bcrseern, whereas diploid berscem gave tho highest 
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yiolds of 96.7, 13.1 and 2.57 tonnos per hectare, respectively when SOvtn 

at 25 ke per hcctn.rcJ Hixing 37.5 kg seed of diploid sou] \.ri. th 12.5 kg 

of tetraploid bcrsocm gave the highest yield of 103 .. 7,. 14 •. 6 nnll ,3.06 

tonn~s per h8ctaro, respectively. 

Kaufhold [,nd Hru-tin (1973) founel that 'Egyptian Clover I 

(T.clcxunc.lrinum ) ond Persian Clovar ('l'.r~su'))inatum) gave higher total - -.....-...-- - --_ .. -
yiGlcl when gro,.m, '!/ith forage c()v(~r crops of 1t-Jhich tho best were spring 

for;lfSO on the lighter sdls of Northern GDH ['nd forngc ont elsewhere, th1"l1 

in pure stonds. TlrlO clovars and clover + wcstorn vlorlds rye gr3ss I:1ixturo 

did not differ in dry f.jntter and CI1tde protein yie:lds. Dry nattor Md 

crude protein contents of tho dry matter tende:d to be high,:r in 'Pcrsinn 

Clover' than in berscbm. ~~ithout cover ~rops, clov""r + Western world rye 

grass mixture gave significantly high0r yields then did pUl~ stnncs. 

Further, 2f) kg N per hcctC\!'c applied e,ftor each cut inCr03J3(;d the rrixturc 

yi(;ld by 5-8 per cent. Pure \']Sstorn we-rId rye grass given 200 kg N per 

hect~ gave yield equal to that of clover given 90 kg nitrogen per hectare. 

Hao at al. (1979) obtained the highest yield of green fodder 

(673.2 q/ha) and protein yi~ld (26 to 99 q/ha) from peired ro"JS of oat crop 

at 20 em spacing and intercropped with one row of bersecm in between two 

pairs of oat while using oat and b€:rseem seed rates of 100 kg and 25 kg 

per hectare, rcspcctiv€ly. Singh at ale (1978) suggested that gro\'1ing 15 

to 2f) quintal of stem cutting of napier and broadcasting ?fJ kg per hectare 

of berseem as intercrop increased the fodder yields besides building up 

soil fertility. Shivastava and Varshney (1983) reported that borscem 

and oat grOtm either in pure or mixed stand ~dth different sced proportion 
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gave marked increases in dry matter yield and crude protein content 

of both crops \\ri th increasing l~vds of nitrogen (0-75 1% N/ha). However, 

the proportion showed no mark:.d effect on yield and quality. Kcftasa 

(1985) concluded th'3.t US(~ of 10gum0s in mixture should be aimed more at 

increasing crude protein contant ~athcr than dry matter yield. 



3. MATERIALS AND Mh'THODS 

The present investigations were conducted at the Agronomy and 

J..grometeorology Farm, Satya Nand Stokes Nagar. P.O.Nauni, Solan, of Himachal 

Pradesh Krishi Vishva Vidyalaya during Rabi 1980-81 and 1981-82. The 

details of the material used and the teChniques employed during the course 

of these investigations have been described in this chapter. 

The Satya Nand Stokes Nagar is situated about 15 kilometres from 

o I 
Solan on Solan - Rajgarh road. and is located between ~ 51 N latitude and 

o t 
77 11 E longitude. The elevation of th0 enmpus ranges between 950 and 

1350m above m.s.l. 

In genernl. the climate of the campus is temp~rate to sub-tropical 

(Semi-arid) and is characterized by moderately hot summers. May and Juno nrc 

the hottest months and January and February are the coldest ones. Long term, 

average nnnual precipitation at experimental site ranges between 1000 and 

1300 mm, of , ... hich 75 per cent :',3 received during [Jonsoon months (June to 

SeptGmbor) nnd rest bchJeen October and Hay. HeM weekly meteorological 

data, pertaining to tho period of experimentation, have be~n append0d in 

Appendix I and are shown graphically in fig.1. '!'he monthly averagos of tho 

weather data have been tabulated in rfable 3.1. 

Though the crop was irrigatod d~p'.:nding upon tJofe etmosph£n'ic ~d, 

the total dry condi tiona during St:ptember Dnd October advQrsruly affected 

initial seedling growth and subsoquently its establishment. The low 
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temp~ratures during January accompanied by unusual snowfall of about 9 mm 

gave grent set back to the crop gro1:rth and reduced the regCEeration 

capacity of bers0em. However. normal and frequent rains during March and 

theI'eDiter \';'Qre helpful for crop gro1trth. 

Table 3.1, Mann monthly meteorological data for the crop duration (1980-81 
MO 1981 .. 82) 

Month ... - Te~£'1~.ir-- - Hean" RelativO'Tot;i 
~_~. __ ,-___ .. ___ ~I1¢mum _Jjjni.I1l.!:YlL._~ __ .. Hupidij;;y ~~ •. I~ro.njgl,J...(mm) 

aepteober 

Ootober 

December 

January 

February 

March 

April 

Soptembf:r 

Octobor 

December 

,Tanuary 

February 

Hnrch 

April 

May 

29.08 

10.22 

17.55 

20.22 

Z>.22 

17.27 

11.33 

5.01 

10.22 0.05 

19.50 12.55 

19.72 15.83 

Rabi 1980 .. 81 
.,.- , H_ • 

23.64 

19.95 

13.76 

9.81 

6.14 

11.99 

17.09 

20 .. 86 

12.94 

5.1.3 

15.36 

17.77 

88.00 

90.25 

88.75 

&r.~ 

82.75 

72.25 

88.50 

79.00 

73.00 

75.00 

92.00 

78.00 

85.25 

75.50 

12.5 

25.8 

47.0 

5.0 

172.4 

--~--------------.-.--------.. -.--..... -. -......,~-........................... 



Timely rnin at the time of so"r.ing had favourable effect on 

seedling 0stablishment. The rains from the beginning of first week of 

January '-Jere fnirly well distributed and this had fnvourable effect on the 

crop gro"~h and its regeneration cap~city. 

}.1.5. Soil characteristics .... .... 
These exporiments were In:id out on the tYlO well levelled and flat 

terraces. The slight variation in slope was made good by tho levelling of 

individual plots. 

In order to fully chnractorise the soil of the experimental 

terracos, composite soil samplos '-Jere taken from 0 to 15 em depth from each 

experimentnl plet at sowing time. These were run for mcch~ccl. and chemical 

analyses, the result6 of which are presented in 'rable 3.2. 

Tho soil of tho oxperimental fields was noutral ilJ. :reaction and 

sandy leam in texture. Although the experimental fields had very high 

organic carbon content, their fertility "roB medium in respect of available 

nitrogen and phosphorus and high in potassium. 

The experimentnl terraces have been under diff8ront nedicinal and 

r:ronatic crops till 1977-78. In 1978-79 rmd 1979.80 a goneral crop of naize 

during ~ari! and wheat during ~~ was grown using uniforn fertilizer doses 

In Khnrif 19&:>-81 cowpea Vias gro\oJll for 'fodder purpose. 

3.1.7. Pests and diseases 

There \-las no incidence of insect-pl.::sts on thE: crop throughout the 

period of experimentation. However. during the first yec::r, borseem in fow 

plots was damaged particularly at soedling stage dUe to sto~ rot which is a 
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Tabl.:: 3.2. Ne:chanicnl and chemical analysis of the GXporir.lcntal fiold3 

_____________ ... u __ ~_ • ...... _. __ ... __ -..- .... __ _ 

S.Nce rnrticulars Expcrir0(mt I Experir.lent- II N<ethod :..rlIJloyod 
------------.---~-------------

Cowco sand ('}6) 

Silt 32.0 

Clay 18.0 11.0 

AvClilable ni trog-en 498. J,. 503.5 480.6 500.3 
(kg/hu) 

Availablo phosph~rua 42.5 50.6 52.6 50.4 
~k3/ha) 

AvailGblo potas3iuo 215.8 221.6 220.8 223.8 
(kg/h::<) 

OrGnr.ic carbon (%) 0.9 1.2 1.0 1.1 

Soil pH 7.6 7.7 7.8 G.8 

CEC ne/100G soil 12.0 12.8 

Intornationc~ pipette 

nuthod (Robin30n, 

Alkr.lino pcrr;10ngM:lt~; 
(lcthod (,subhi!J. DllQ. 
Asijn, 1954). 

OlsGn's f:1()thod (Olson 
ot n..1. t 1951~). 

tlJ];:loniuITI acotr..tc n:othod 
using f1;.;,Oo photot:lctcr 
(Harlan Mel Ponch, 1950). 

1!1alkloy nnd Black's 
t:l trution l:'!8thod 
(Piper, 1966). 

Potuntiomctcr.i.c method 
using soil-water rntio 
1: 2 

_!;nCOnillD acctntc f!dthod 
(Black et alet 1961) 

------------.. ---~------,--------------,.--- .... - - ... . 



kind of damping off caused by Rhizo~~.~~ ~Ia~!. The seedlings dovelap~d 

yellovJl.sh patchtos, which in fHW do.ys turned dark brOtVil cm.d didd. In tho 

Inter otogus this disease reduced the stand per unit nl.'GtlA 

'l'his study conpris(;d hlO exporiuents, which \>lCro ldd out 

sir1ul tnneously during ~ SODSon of 1980-81 Dnd 1981-82. In both th(: crop 

BenBOnS the experinents vlere laid out in the samo terraces following sioilar 

rcmdomizr:tion. Tho layout plnn 8I'0 given in Figures 2 and 3, reopectively. 

Tho eXperirJent-"tise datails of trcatnents are given bolow: 

'l'reatmonts conprised of 2 pure stands nnd 3 nixtures according to 

proportions of' individual crop viz., 1:1, 1:2 vnd 2:1 using oat seed rr:.te 

as 120 kg nnd thnt of berseem 0.8 ?JJ kg per hoctnro, r(~.spectiv(;ly as per 

do tai ls gi von be low: 

Ont @ 120 kg/hn Pure: 

Pf.;rseem 0 30 kg/ha Pure 

O.qt + berseGr:: 1:1 

Oat + berseoCl 1: 2 

Oat + berseer.1 2 - ., 
- I 

All possible conbinnti0ns of 3 levels bnch of nitrogen o..'1d 

phosphorus for pure oat, pure- borseem nne! their oixturc "J0re ('.0 follotlTEi: 
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Plot size : Gross: 3 x 4 o2(nccooodating 12 rows of ant 25 en apart 
:md having a length of '+ 11). 

Not 

~o:'FJEent I~ 

Trc·atments .. , 

2 x 3 ri(accorJodating 8 T'J\liS of oat 25 em c.part 
r:!I1d hrwing n length of 3 m)" 

These cOl:Jprisecl 3 130('-' reter: of oat, 3 8-3od rateD of borseo!] i1nd 

their r::ixtures in 3 proportions of individurJ. crop viz .• , 1:1, 1:2 nnd 2:1 in 

all possible eOlJbinntions. There v.erc ~ trentments for the purposo of study 

which GIso included 3 dUl10y tr~at8cnts ns por details given below: 

1. Pur~ oat @ 80 kg s(:od/ha 

2. PUre o.:lt @ 120 kg sced/hn 

3. Purr; (lat· @ 160 kg secd/ha 

4. Pure berseem @ 20 kg seed/hn 

5. PUro ber300m @ 30 kg seed/hn 

r. Pure sarscen @ 40 kg sCQd/ha 
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EXPERlfvlENT NO - II 
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ZII\ 

'i('\ 
TREATMENTS 

r, t -'£ OAT 801(1'1 i-lA 

'2 II "'20 ft..t.,j/ H 
'1" .. 16QKQ/-_ 

'UR£ BFRSEEM 2CJ " .. {HA-
T_ 
T6 " 

30 .... Q /1-iA 
I.U 1\0/ Ht>. 

MIXTURE 
(f(.~ /0) 

1 2 
21 

T2S li()o20 l' 
';><- 160-- 20 1 2 
T.. 160-20 21 
TlI! l6O'lO 11 
1]9 lbO')() 12 
TlO 160')(} 21 
Tj! 16C.~ 11 
T 12 16(. •• 1,() 1 1 
T)3 ~O·4{) 1 
T>. '"lO 11 
T7., •• )() 12 
TJf .3() 21 ~y 

~o· 
80. LC 

T'1 80. 20 
110 80· 30 
TlI 80.30 
T'L so.)' 
'! 80.·.e 

r,Lo ao.~1"'1 

TIC: PO .... 

1 L 

21 
11 
1 2 
2' 

~ aT SIZE: •• , <,qm 

DfS/ufl/ Of E:XPfI<lMt NT- t 

lit) 'iU.2( 
r,~ 120-1C. 
TIll '20·20 
T'9

'
]0.)0 

12,120'3L 
T21 \~() '3C, 

'21 '}0'4C 
.!"i 'lO ·£. 
"i,. '20+"" J 

" 

l1 
11 
12 
2-' 

.:MPLE: L t. ---I(.l .·f '>4 
E '7l..l .. 
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1(. 

9. 
10. 

11. 

12. 

13. 
1/+. 

15. 

19. 

20. 

21. 

22. 

23. 
24. 

25. 
2.6. 
27. 
28. 
29. 

30. 

34. 

35. 

80 

80 

80 
80 
80 
80 

80 

80 
80 

120 

120 

120 

120 

120 

120 

120 

120 

120 

160 

160 

160 
160 
160 

160 
160 
160 
120 

120 

120 

Hixtures 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

20 

20 

30 

30 

40 

40 

40 

30 

30 

30 

Rntio 

1-,1 

1:2 

2:1 

1:1 

1: 2 

211 

1:1 

1: 2 

2:1 

1:1 

1t2 

2: 1 

1; 1 

1: 2 

2: 1 

1:1 

2: 1 

1:1 

1 :2 

2:1 

1: 1 

1:2 

2: 1 

1:1 

1:2 

2:1 

1: 1 (Duur.JY) 

1 : 2 (Duo:".lY) 

2: 1 (Dumny) 
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Design Incoi'nplete block sinple lattice dosign 

Renlications: 2 

Plot sizQ :Gross: 3 x 4 n (accor:1odrtting 12 rONS of oat 25 cn apart 
an') hewing n IE:ngth of 4 Ll) 

Net 2 x 3 n (accomodating 8 ro,,~:; of Oett 25 en apcrt 
Dna hr:tving a langth ui 3 r.I). 

In bcth the crop SC,1.S0nS t the; scod of Algerie>n oat \if!JJ3 procurr0d 

from the Seed Production Scientist, Satya Nand 3tokos Nngnr, P.O.Nuuni, 

Solun of Himachal Pradosh Krishi Vishva Vidyahty::t. T'nc sced of bersecr:l 

(BL-1) ",a,5 procurred froo the EconoMic Botnnist, Dopnrtment of pnirJal 

Science, Punjab Agricultural University, Ludhiana. These crops 1t}0ro sown 

USing pro-assigned E;()cd quCtIlti tics of each crop. 

n. ~at s.~ng: Oat sowing was done in furrows length-VAG" in tho plots, 

25 cr.l e~0Xt Dnd seeds VIOro plaeeel at n depth of 5 eEl. 

b. ~rseom sowing: Borseem seeds ns per quanti tics worked out per plot 

v~re sonked in beaker containing water for overnight. These Boads were 

thon inoculated with appropriate strai.n of Hhizobio prior to sooding by 

brondcnst in pre-irrigated fiel':ls. 

3.2.4. Water man§l€jcnont 

Irrigation interval for bE)rS00m W18 broCldly 10 dnys during 

Scptcnbor, October nnd Nover.lber, 15 do.ys during Doccnber "md January, 12 

days during Fobruary, i"larch, April and Nay and for oct 15 dayrJ, the 

objective being to nnintain soil noisturc above 75 per cent availability 

in the 15-~ en soil lay~r. 
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3.2.5. £~ing intervaf 

During 1980-81, 4 cuttings were ta)teu from oat, berseem and oat+ 

bcrseem mixture, while from the crop of 1981-82, 3 cuttings t-JC1'(;.' taken from 

oat and 5 from bOl'seem and oat+berseem mixture. 'll1e first cutting from oat, 

b..'::rseem and mixtures was taken after 60 days of 50Ning, 'rJhi 10 the 

sUbsequent onos wcre taltcn at an interval of 40 to 45 days after tho plants 

attainod th::: heiGht of about itO em. 

3.2.6. Fertilizer ~lieation 

a. ra_t~:''l-.diff~rent~al: In case of pure bers€om and fJixed plots, 

calculated quanti ties of nitrogen 8.5 per treatmc'nt 'vas adde·d by surface 

broadcast at the timE:! of sO'.-ring ,.,rhcreas in ca.-so of pure oat plots, half of 

ni trog-on was applied in fUrr01J at thQ time of soving and remaining half 

top-dressod after the. first cutting. Fertilizer, Calcium ammonium nitrate 

(2!3P/o N) ,.,an used {1S the source of ni trag en in oach yec.U'. 

b. ~E.~sphorU6 differontial: ~lliole quantity of phosphorus as per trontm0nt 

"!DS broadcast on th0 surface and throughly incorporated in thE} soil onG day 

before sOHing. Fertilizer, Single superphosphate (16),0 P205) UQS us.~d as thlJ 

souret: of phosphoruG application in cf.lch yl.;ar. No potasSiC fertiliz(;r 

\'TelS appliod. 

"j.2. 7. CuI tura1._O.E.eratio~ 

Tho schedulo of cultur~ operations ca~riGd in both the 

3.3. OBSERVATIONS,RECORDED 

The folln.n .. ng observations '-Nrc rocordod from v<tch ~')xI:<.'riment1:u 

plot (At cach eu tting wherever possible) Hi th a vie':! ta' asseSsing tho <)ffoct 
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Tnblo 3.3. Schc.:'iulv of cultural op<:)rnticns c['.rricd out c~uring thG two Cl"Jp 

SODsons (1980-81-82). 

Sr: P.~cul~;'-;·;T----- D:lt-1S---- Brief ::tccount 'of 
i!.?_ •. ~.'::'Jl~'ltion _~ _____ • ...J.980-8:i':"_-12~1-1I~._ opor~ti('ll ___ ~_._, ___ . 
h ___ ?.!..___ __-___ •. ~ __ ~. _.-.2±.!.. _____ 2!..-.._ .. ____ . __ .. ____ ~. ~_." 

1. 

3. 

·4. 

5. 

7. 

Preparatory tillngc 

L:).y()ut 

Exneriment I 
1.9.19~ ~9:19PD 

5.9.1980 

8.9. '1980 9.9.1980 

First t't[C' pbu(;hinS 1:1i th 
. pm'1cr tiller :md third 1t1i th 
deGi plc1ugh '::c'_ch fol1n~",,)d 

1Iri. th pI rUlki ns .. 

E:).ch r0jJlicrtt(;, ''1:).S eli villod 
intn fiv~ f1~u.n plots 1:lh:;_ch 
were raked iln~l lovollccl 
indi vUuRlly (":n~~ them sub­
dividod into 9 sub-r1oti3. 

Detilil JoscribeJ in thc; tGxt. 

Fertilizor applicntion12.9.1S80 17.9.1981 Dotnil dcscribed in th~ tuxt. 

Irri!J::-.ticn 
'I---~ 

II 
III 
IV 
V 
VI 
VII. 
VIII 
IX 
X 
XI 
XII 
XIII 
XIV 
Xv 
XVJ 
A'VII 

.2E,~}-niLj.;..n_i;.o!.Y1!::1.!! 
I 

II 

III 

IV 

V 

13.9.1980 
25 .. 9.8980 
5.10.1980 

20.10.1980 
30.10.1980 
1?11.1980 
30.11 .. 1980 
15.12.1980 
30.12.1980 
12.1. 1q81 
24.1. 1,81 
2.2. 1981 

14.2. 1981 
26 0 2.1981 
6.3. 1981 

18.3.1981 
28.3.1981 

15.11.1980 
16.11 .. 1980 
3O.1!.1Q80 
31.12.1980 
14.2.1981 
15.2.1981 
31.3.1981 
1.4. 1981 

to 

to 

to 

to 

18.9.1981 
12.10.1981 
23.11.1981 
11.1201981 
22.1201981 
3.1.1982 

22.2. 19S2 
h.3. 1982 

15.3.1982 
30.3.1982 
10.4.1982 

18.11.1981 
19.11.1981 
30.12.1981 

-do-

Irri£i.:lticr: w'1tcr \·n.s npp1ic,J 
in chc:ck besins :'f thCJ [3i:?;(; 

4n x 3"1 llikoel fr~;t:1 nll 
sieles t\.) contr;)l ;)vl;rfln':J 

to 

to 
31. 12. ~!981 

14.2.1982 tc 
15.2.1982 
31.).1982 to 

1c4.19B2 
5.5.198a tc 
6.5.1982 

Condt. -



Table 3.3 Condt. 

E~perioent II .... ' -
1. Prcpar':1t'1ry tillage 4.9.1980 6.9.1981 As follo\<.red in Experiment I 

3. :30:1.1 snrnpling 

6.9.1980 8.9.1981 Bach raplicnte l-m,S '.:\i viucd 
into aix blocks consisting of 
six plots in each bl(}ck. 

4. Fortiliz<3r npplico.tion14.9.19&') 19.9.198160 kg ni trog(;n through CdciuD 
l1nnoniut:! ni tro.tc· 3.l1d 80 kG 
phosphorus through Single 

supcrphoaphato \JnP bro:::\.dcost 

5. Sowing 

6. Irrigaticn 
I 

7. 

II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
K 
XI 
XII 
XIII 
XIV 
XV 
XVI 
XVII 
XVIII 

Cuttings 
I 
II 
III 
IV 
V 

a dry b(·fore sOl'/ing of thu 
crop during e~ch year. 

15.9.1980 20.0.1981 j~S in l:;xpt.I. 

15.9.1980 20.9.1981 
25.9.1980 30.9.1981 
p.10.1980 10.10.1981 

15.10.1980 20.10.1981 
25.10.1980 5.11.1981 
5.11.1980 20.11.1981 

15.11.1980 5.12.1981 
25.11.1980 25.12.1981 
5.12.19rD 5,1. 1982 

20.12.1980 20.1.1982 
30.12.1980 25.1.1982 
15.1.1981 5.2.1982 
30.1.1981 17.2.1982 
12.2.1981 
2l~.2.1)81 
6.3.1981 

16.3.1,)81 
26.3.1981 

15 .. 11.1980 
30.12.1980 
14.2. 1981 
31.3.1982 

20.11.1981 
3.1. 1982 

17.20 1982 
31.4. 1982 

14. 5.1982. 

k:; in Expt.l 

As in Expt.I 

·----------_~. ____________ Z'._IIO·_ ... I _ __....,_.~_.....___~...__..._ 
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of treatments on the gro\>/tht yield and quru.i ty of the forage as ,,1011 aJ3 

chemical properties of the soil. 

3.3.1, 2!0l? growth and. ],ield 

a.. Plant height 

b. LcD! : stem ratiQ 

c. Proportions of berseem and oat in mixturo 

d. Grcon forage yivld (q/ha) 

-c. Dry matter yield (q/hu) 

f. Dry matter content in forage (%) 

3.3.2. CroE anal..E,i .. s 

a. Nitrogen content (%) in forage 

3.3.3. e.oil onvl~i.§. 

a. Organic matter content (%) 

b. Available nitrogen (kg l'J/ha) 

c. Avnilable phosphorus (kg F 20tjha) 

d. pH 

e. CEC (mo/100g soil) 

3.4. TECHNIQUES EMPLOYW 

3.h.1. Eb'1llt h~ight 

HQight of 5 plants sel(;cted at random in case of pure crops and 

10 plants in case of mixed stand was measured in centimetres from ground 

lovel to tho base of the last fully opened loaf at 0ach cutting. Cumulative 

flean plant height \ola,.'3 determined by summing up of the menn plant height Qv,,"r 

different cuttings, 



3.4.2. ~ . ...L stem ratio 

Samples were collected by hand clipping from two 30 cm sections in 

each plot. These two salllpling areas within each plot wore within the nrea 

to be harvested for forage yield determination and 1 i1 a.part; other ... .rise, thay 

W(}rc randomly se10cbd at each horvest. Sampling areas were delineated for 

hand-clipping by use of a ru r shaped ~etal rod. having 40 cm long aros and 

a base of 30 cn. Forage from c:;ch sampling area .. las separated into ont and 

bersecn fractions in case: of mixed stood £1.nd fractions froL1 the two sampling 

nroas in each plot were composited. ~hc le8v0s were detnched c~efully with 

hand from stems and their respective weight in kgs wer~ recorded. Lenf:stem 

ratio at each cutting wns computod by tnking leaf ,,]eight as numerator and 

sten weight as denominator. The ... ~ightod nV0rages of loaf:stcm ratio was 

worked out over different cuttings. 

3.4.3. Proportions of. ~rscem and oat in uixturc 

Immediately niter harvest for yield dctermin~tion, forage in nixed 

stands \tinS separated into oat and berseotl fractionc nnd their rospuctivc 

weights in kgs were recorded to deterr.une tho composition of cnch component 

at each harvest .. 

3.4.4. Gr~ and dry ~ights 

Green forage snnples were obtnined by harvesting from ~ delineated 

arcc. of 1 metre square quadranglo. The sanplins area within each plot Wa!3 so 

chosen,. albai t randomly, that it fell wi thin the tll'0a to be harvested for 

yiold determination. The samples ~re weighed in the fiuld i~cdiatcly aftor 

the harvest, dried in a forced air dryer at ?Ooe for 48 hours and reweighed 

to record their reSpective dry weights. The dry matter content ~ro$ dotvrmined 

by th~1 relationship : 
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Dr~~ight of sampl~ 00 Dry matter content - G ... ht f sam Ie x 1 reen we1g 0 P 

3.4.5. ~orage ~eld dete~~atio~ 

i. Forage .;t!elds The non-experimental area - 0.5 .metre all round each plot 

was removed by field harvesting. The remaining forage ~thin 6 square metre 

area includin$ the sampling area of 1 Sq. metre was harvested and weighed 

immediately for green forage yield. determination. In mixed crop stands, 

forase yields of oat and berseem fractions were recorded. The total yield 

for each plot w~ adjusted upward to include the fresh \-.reight removed in 

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

ii. Drj matter :yield: Dry matter yield waP computed with the help of 

follo~dng relationship~ 

:: Dry matter c,.Qntcnt x green forMe .Yie!.ct.-p£r aet plq,t 
100 

i. !!,i trogc:n content: The samples collocted at different harvests for green 

and dry weight detonninations ,,,ere run for estimation of total nitrogen. 

l1eprescntativc: samples, ~ighing 1 g W8r(~ collected aft(;r grinding and total 

N ''las dotorminod by the modified ;(jeldBhl. method (AOAC. 1970). Crude 

protein of harvested forage \ias detormined for each plot at each harvest 

from samples employed in estil:lating .oM yield and nitrogen content. Crude 

protein contents of pure stand ond as ,,1011 as mixture was computed as 6.25 

times total ni troge:n. Crude prot(;in yield ,,,as calculated with the help of 

following relationship: 

Percentage crude prot~Jl'£pnten-t x Dry mnttor yi01d 
100 
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3.4.1. Soil chemical studies -, . 
Soil samples wore collected from 0-15 and 15-30 em depths from each 

sub-plot before sowing and at the end of crop season. Those sar.~los wore 

compositoQ and analysod for dete~ining the organic matter content,uvailablo 

nitrogen, phosphorus, GEe and pH by tho metho1s montioned in Tab1~ 3.2. 

a.~i~~tion of prod~ction function: ~e csti~ation of optimum doses for 

different fertilizers has bean done through rcgr0.ssion aDalysis. Tho 

following type of production function has been used to examine tho 

relationship between the yi~ld of gr8en fodder end input of different 

fertilizers I 

Y ::: a :.: bx + cx2 

Where Y = Green fodder yiold in q/ha 

x = the input dose of fertilizer ~triont 

at b and c are th~ constDll ts. 

In the D.hove regression oquation, 'a' is the intercept which 

indicntes tho yield of fresh fodder when no nutrient fortilizer is applied. 

The sign of squorc torm (x2) indioates th.:; scalC? of returns, i.e. increasing 

returns if it is positive and decreasing returns if it is negative. 

b. Estimat:f:.gp. of opti£l1U1!1 dose: 'llhl p!'oduction function has been U$fJd to 

estimato the optimum doso of fertilizer which gives mnximum profit. The 

mnthcmaticnl. conputntion used in nrriving at the optir.1ur.l is ns follo\J6: 

Y = a + bx + cx2 •••••••••• (i) 

~ = b + 2cx •••••• o ••• (ii). 

Equation (ii) which is the first cterivntivo of equation {i) shows ~c 

l7lDrginal physical product. In order to gf~t the optiFiut1 d060 of input the; 

following condition Quat be satisfied. 
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(MPPx) (py) = Px 

i.c.(Marginal physical product) (Price of output): price of input 

or MVPx = px •••••••• (1ii) 

i_e. Marginnl Value produot = Price of input. 

From equotion (iii) the dose of 'x' ... !hich gives the highest net 

profit can be estim~ted. Thus, the optimum dose, yield of the crop at th~ 

optimum doso, value of the crop at optimum dose, cost of tho fertilizer at 

optimum doso bave all been computed and the not profi t has been estir.:atod by 

deducting thG cost of fertilizer ot tho optimum dose from the value of the 

crop at the optimun dose. This is the f.1<J.Ximum profi t which can be derived 

from the crop by applying th~ nutriont at the optimuM dose. 

3.4.9. !,t~t.istica1 Dllalysif! 

Observation reco!'dcd in this study '\lOre subjected to statistif'al 

unalysis adopting the method doscri bed by Cochran [l1ld Cox (196,~. Since crop 

stnnd differed ... :idely in gro1trth habit and lOJlst:'t'!,;" tho plant heiGht and 

green forago as well a,.<; dry ,.latter yields ef individual plots were sUl11r.\ed 

over each cutting for obtnining cumulative plant height and total green 

foroge as ,,!O11 as dry matter yio1d. The variance annlyses of leaf:stem ratio 

per cent dry matter content, crudc protein content and protein J~~ld wer~ 

conducted on the basis of weighted aV<:rag.3 of different cuttings. The data 

recorded at difforent cutting stages on pLmt hoight, IGaf ,']tCr.l ratio, gNen 

and dry fodder yield havo b~on prusentcd dingramtlaticolly. The per cent values 

of thl::! data wc-re tested anu found wi thin th~' acc(;ptable rang<i. honce wer\) not 

transformed into angular values before subjecting thoQ to statistioal 

annlysis. The lovol of .si17,nificance IF' nnd It' tests wo.s kept at 5 per cont. 



The treatment effects observed during the courso of this 

investigation conducted in Rnbi 1980-81 and 1981-82 through t~ro experiments 

have been described in this cb' ;)ter. The results have been presented with 

the help of data tables and sui te,ble diagrams, wherever necossary. I~e 

relevant analysis of variance have boon given in Appendix section. 

A. EXPLHll'IENT - I ..... -

Bffects of stand type, crop, s~cd proportions as l~ll as nitrog2n 

and phosphorus levels on the gro~~h (plant height and leaf:stom ratio), 

yie:ld (green and dry matter yields) t forage quality (dry matter and crudc.' 

protein contents) 8'1d crude protein ~fld have been presented through 

Table 4.1a ,to 4.1e. The corresponding Malysis of variance have bOEm 

Clppended in Appendix II. 

The growth of forage wns not significantly influonced by sb::nd 

type in 1980-81; but during 1981-82 lI!hilo the cumulative pllJ!lt hc:ight of 

the mixed stand "mS significnl; '~L.y mol"\.~ than thi.l:: of th.:; puro stand, in CaPQ 

of loaf:stem ratio the pure stand was significantly superior to the mixed 

significnntly influenced by stand type in the first season (1980-81); 

but in the folloNing on!.:, m3intnining a similar trend, oc.t+bcrsocm mixturt) 

rocorded Significantly higher gr'c'()u Md dry fodder yields than those obtainod 

from tho pure stand. ,similarly, dry matter content in puro stnnd did not 

dl."ff'r S1" 1'f" tl "th th l; f ' d t d" 1oQ,.... "A' d' "" € gn lCon y \'.lJ. a' 0 mJ.xc 13 011 J.n /",lJ-(}', ':!l1erGa5 urJ.ne; 

1981-82 th2 dry mntt<.r contc.mt of pure stn.ml vms signific,?\Tltly morc than 

thr.:,t of th{. mixed stand o 



Tnbl;) 4.1n. Effuct of stnnd typo on grm".th (cumulative p18nt height ::',:ld 
leaf:stcm r.qtio) yi21d (grf;.:m fodder !.1<.'lG dry mCl.tter yil.:lds) 
qUcli ty (dry motter and crude protein contents) ,'-lOd protein 
yield. 

'St~;l~ ·:-G70,,1.~_ ·-==·~'::'~~:[IG~0:cl~ -.~--~nl~£i :'=.~~::·--Pr~tcin 
type PInn t L(.::J: Gr(;c:1 Dry Iiry Protein yield 

h(:.:ight st0rn fodder rilatt<:r mp.ttE:!' content (q/ho) 
_4> •• __ . __ lc.ll1) •. __ r_atj.2..-._~_~..,.l;i._c1.cL ___ £.2n tent <1J (,%,) u •• _~ __ 

PUre 165.0 

i'iixturc 156.5 

SEd. 7.l~ 
CD5";6 NS 

Pure 

Hixture 

SEd. 
CD5% 

1.04 

0.04 
NS 

0.64 

0.51 

1930-81 ....... -- ~.-, 

226.35 50.08 

18.10 3. 16 
NS NS 

733.88 

31.46 
72.61 

73.19 

22.70 

23.38 

0.96 
NS 

17.59 

0.33 
0.77 

14.99 

0.42 
.0.97 

0.81 
1.84 

12.97 

22.97 

0.58 
1.34 

---------~-~--.-.. ,.~---~-
The crude protein content of the forag0 \-JUS significantly 

influonccd by th" stnnd type in both the crop sdasons (rrablc 4.10.). The 

fOI'rlgU producudby mixed st$ld contrd.nc.d significantly high",r c»ude protein 

thn.Yl th~t observod in the 'PUTU stand. '1'h(:S0 effects \of)ro reflected in the 

like mnnnor in the cr;.ldo protoin yil~ld p0r unit Drea; the incrcDSos being 

of the order of 41 .3nd 7? pe:c c::;nt in the t,,?O crop seasons, resp(;ctivoly. 

Tho dv.tu recorder:' ·")n growth nnd yield chnractcrs at different 

cutting stages (Appendix IY ; could not be c:nnlysed statisticDlly, but the 

avcrnges have been illuBtrctb::d graphic311y in F'ig.l.j vll'lich demonstrate that in 

1980-81 plant height nt different cutting st~e}, did not vexy much B..S a 

function of .st:lnd type, but in 1981-82 miXdd ;-:;tnno hnd cOllJpnra.ti voly tal10r 

pl8J1tn from seoond cutting stag(') on'<J3!'ds. '1'11<; lC c1f:st0m ratio of pur(~ stand 

,. 
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W"u/3 mora thDri that of the mixed stand and similnr trend was maintained at 

each cutting. Contrary to this. the green fodder yield \10.6 marc in mixed 

struld 8xcepting the first st[~e in 1980.81. Identical trend was reflected 

in the dry matt(~r yield as ,,}OIl. 

Although the data on plant height of pure oat and pura bcrscem wore 

recorded and analysed statistically, yet dutl to the inherent difforoncoG in 

their growth habit anu physiology, the statisticol cOl'!lparison betW0n the t\\R) 

species arc redundant and havo. thurefo!'e, been omitted. The leaf: stoel 

ratio would appe~ to be the only meaningful growth chnr~ctcr for comparing 

~ure oat and berseem. Table 4.1b shov~ that during both the crop seasons 

pure o:\t recorded significantly uorc lonf:stcm ratio as comporcc1 to pure 

herseem. AIs compared to 1981-82, tho) leaf:ster.l rotio wcs higher in 19&1-81 

but th(: magnitude of the difference between tho two crops ,,,as high during 

the second season. 
, 

Though pure bcrsecr.l gave high or gre~n afia dry fodder yields than 

pur;} oat in both the: seasons, yet th\~ differenc0s wore significontly 

manifested in 1981-82 only (T::bl0. 4.1b). In 0. nOI'r.\a1. $)[lPon (1981 ... 82) puro 

berscem produced 4.5 nnd 4.0 timeD fil0re green Dlld dry fodc!er thon pure o~t. 

Controry to this, d~~,T r.'lntt0r content in pure o~t wns higher thnn that in 

pure berDcom during' both tho seasons, but tho differ,mee between tho two 

wns significcnt only in 1981-82. 

As woul~ oe oxpected, the per cent crude protein content of puro 

berseern on dry m~ttor bnois w~ signific~~tly higher than th3t of pure oat 

during both tho II~aScns. It WrIS seen that pure bcrs~em contoinod 141 POI' 

cent and 126 pc!"' cent more crude protoin than was the C~ ~th pure O'J.t in 
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Table 4.1b. Eff~ct of crops on growth (curnulctive plant height and lcaf:stcm 
ratio) yield (green fodder and dry matter yields), quality (dry 
matter nnd crude protein contents) and protein yield. 

---. Growth' ,. ___ - Yield (g/h~ __ ~l9J.i t;y --Pr;tein" 
Crops P'i.rult:';;;"';;'-L~e;';;'['-:·.lf=----G~r-cO:l! Dry Dry Protein yield 

height stem fodder matter mnttcr content (q/ha) 
_______ (.::;i;jcm~)"". uti 0 . yield. yield .... cwntpnt(%) .CW. 

Pure ont 179.3 1.12 

Pura Bersoern150.7 0.96 

Pure 

Pure 

SEd. 
CD50,.6 

or..t 

Borseem 

SEd. 
CD~,.b 

0.06 
. 0.14 

1-50,-0 0.92 

274.4 0.36 

0.02 
0.04 

206.83 

245.87 

28,,04 
NS 

160.82 

714.11 

·48.74· 
112.39 

1980-81 

48,71 

51.44 

5.34 
NS 

1981-82 

;1).07 

116.32 '" 
5.72 

13.19. 

2'.5~ 

20.9'2 

1.48 
NS 

18.86 

16..32 

0.52 
1.20 

'8.79 

0.64 
1.49 

8.84 

20.01 

0.59 
1.37 

2.73 

23.22 

0".90 
2.08 

-d • --------.-----------------------------------------------~.------~~ 

1980-81 ::md 1981-82, rcsp.::ctively (Table L~.1.b). 'ilia total protein yield, 

calculatod on the basis of crude protein content and dry matter yield was 

also significantly higher in pur·} berseem than oat during both the sea.sons. 

Tha increases were about 2.5. and 8.5 tiQOS higher than pure oat in 1980-81 

and 1981-82, r~spectively. 

The offoct of crops on.;cnaractl&rs. .like loaf:stem ratio,green foddor 

nnd dry matter yields :::t ·different cutting stages has been illustrated 

grf.IPhicru..ly in ,Fig.5 andthd corresponding dnttt have be;3n given in 
. . 

Appendix ~ • Tho lenf:steo. ratio of pure ont ",as high~1r than that of ~~ 

bersoof;l at till the cutting stages (Fig.S). On tho contrDl'Y, oxcept for th,:; 

first and second cutting stages in 1980-81, tho greer, and dry fodder y:J.elds 

were nore in case of b~r6eolJ. • 
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4.1. 3.~.fl.2...'Lt...2Ue_c:.d proI?.9Lti.Q~jB.?-tio'§_!L~ tl}J.n.milC..t~e )~ 

The relevant data presented in reable 4.1c sho\'1 that during both 

tho crop seasons, mean cumulative plant height vmS not significantly 

influenced ~Jy any of the thr;;;e seed proportions tried in this study, albeit 

maen cumulat.i VE; plant height tended to be w,=,re during 1981-02 than in 

1980-81. Similarly, leaf:stem ratio \>1aP also not significantly affected 

by the sGed proportions during both the crop S8a6Cns. HOlt/ever, unlike 

mean cumulative plant h\:dght, l;;;af:stem yatio ''laB low durinc 1981-82. Again 

gr::en fodder yield was not significantly influ(jnc(~d during both the crop 

seasons, but tho dry m3tt,~r yic.'ld vms significl)ntly influ:mced by the s(;;"d 

~ proportions during 1980-81 only. The dry matter yi.!)ld Has com:'Jarativcly 

10Vl in 1980-81. Nixing thL: seedG of ont+berseem in 2: 1 ratio recOl'ciod 

significantly higher dry matter yi(::ld the.n their mixture in 1: 1 proportion. 

Hixtures of oat + be:rseem in the ratio of 1: 2 ':w.s sto.tisticslly at par I.'/i th 

their mixtures in 1: 1 ilnd 2: 1 proportions. 

During 1980-81 . the- dry mattE:r a.s '.,!sll GJ3 crude protein contents 

were not sisni fican tly influ(;nced r·y the seed pro-portions (Table 4.1c), 

but in 1981-82 the' form0r "188 s\snificmtly affected vrh0rcas th~ letter 

~.J'_'s not by th::) sce:d proportions. Dry rrintti;r content of fodder obtain~d 

from 1: 3 o,:·t + bc:rseem mixture W0.s not only minimum but dso sie;nificnl') tly 

inferior to 1: 1 .:md 2: 1 proportions in that ordul'. Protoin yield ",as. olso 

Significantly affected by scad proportions in 1980-81 crop St;;ason only. Th0 

crop rmsed from o~t + borsGom mixture of 2: 1 aeed r'ltio \-!hila remaining at 

pill' \-lith that raised from 1: 2 s.;;(;d ratio, recorded si[~nificDl1tly higher 

protein yield as compDXed to one rDis0d. from 1: 1 seed ratio, the lc~tt2r 

h.ro proportions boing stCltisticrJ.ly nt par. 
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TC\ble 4.1c. Effect of socd proportions on g-rol,rth (cumulntive plsnt height 
nnd l€:J.f:stem ratio) Yield (green ('rd dr:y mutter yield) qucli ty 
(dry mutt(~r and cl'udc ,!!rotcin cont(;nt) and prot0in yield. 

'S~~d--'U .u·· .. ---~~;th- - .. -........ ···Y;.·~id"Rh~). :- ~,,_u~~'Q~iti~-:== .. hotcin 
proportions P!ar.t LCDf: .. Gro8U- Dry matt~r Dry Crud(; yil:..ld 
(Rntio ,',lith height st'.Jm foddor yield mat ter protein (q/h::'l ) 

in mixturo) (en) ratio yL:ld contontcontunt 
(%) (°6) 

~- ______ , .. _,-. _ ........... __ .. ~ .. ~ .• __ ____ ........ ___ .• ____ ... ~ _____ ... _ ........... ___ 4._ ~_._._ .. _ 

1980-81 

1:1 146.4 1.03 207.80 43.96 22.05 19.97 8.82 

1: 2 156.5 1.01 216.04 53.73 25.28 21.19 11.37 

2'1 .. 166.5 1.00 261.31 59.96 22.8.'5 20.14 12.14 

SI!hr 8.1 0.03 -CD3'.t6 NS NS 
19.83 3077 

£IS 12.32 
1.05 0.L5 a.88 
11S NS 2.88 

.1c:81- 82 _ 

1:1 286.3 0.50 739."88 120.57 16.13 18.06 21.82 

1:2 302.7 0.51 761.93 117.65 15.51 19.10 22.47 

2: 1 280.2 0.51 699.60 121.83 17. l:-9 18.42 22.23 

SEm+ 8.6 0.01 
CD5% T'~S IllS 

31+.4-6 4.o~-
NS NS 

0~37 0.42 0.64 
1.20 NS l'lD 

---_._--..... --....,..--...... .-- --""'- - --- ... -*---- .... -

The) effect of so:d proportions 011 grovJth, yi.;ld fJld quail ty 

pnrnr.1Gtors hnE; £lIso boen GhO'f1l1 gTi1phic::lly in li"":i.g.6. Th<.: correSponding dat[~ 

nrc: gi von in Appondix V .1"(; cur:1Ult\ti vc plrmt h(;.iBht did not C'lppC8l' to bo 

infIu,}nced conSistEntly by soed proportions. ~','h()rbaS 'It one stage 2: 1 seed 

ratio producod tnllcr pl.::nts, ',Thile at the oth~r stag\;; 1:2 sead proportion 

T"-~odl)C0d talll:!.r pIenta. It W[J£J intvrcsting to note thn.t li..:n!:stem ratio 

vms high nt first cut under all the sC.)d :rroportions but with tho adv~ncement 

of cutting stl'\ge thE; ratio ",]ent on decro<:1sing. 'The gr';~~n as \-Fvll as dry 

matter yL,ld il1crc', .. sf-;(l progressively upto the third cutting ste.gc in 1980-81 
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,'J11d upto the fourth cutting stn.g'c in 1981-82. 

soed proportion in r,;spoct of' dry mnt tor production in 1980-81 \"'13:,160 

reflcch:d at difc(;I'cnt cutting stages C'ig.5). 

[1-.1.'+. Effoct Gf ni tro~::m IGvvls .-..-..-----------.-..-..---,,-----

Data pcrtnining to the cff(jct of ni trogf-.:n lcv~ls have been given 

1.11 'fn.blc 4.1c., \vhich sho,,}S th",t monn CUlliulDti va ph1l"lt height V!aS 

significantly nffc'ctcd by the levels of ni trogen in both the: sonsons. In 

gc:noraI, plant height incret'll.sed w:ith the increasing levels of nitrogen. 

During 1980-81 the medium andhigh levels of nitrOGen produced significantly 

taller plants than the low level of nitrogen. Ho\<!Cver, in 1981-82, only the 

high level of nitrogen resulted in significantly taller plants than the lov) 

and medium levels ",hich in turn were statistically at par ",lith each other. 

J.Jevols of nitrogen hael no significant effect on leaf : stem ratio which, 

hO"JevIo::r, tended to be high at the low and medium nitrogen levels in both the 

acasr:)Us ('fable 4.1d). 

The groGn foddGr yi(~ld ~Ta3 significantly influ8ncod by nitrogen 

le~ols in both the: sr.::asons. During 1980-81, gT(~Gn fodder yield incr8aBod 

,'\1i tIl an incroaDc in ni trogen level andthe diffE:.r<::ncos turned out to b0 

signficant. How~ver, in th<.: second crop season only high ni trog-en l€vel 

registered a significant increase OV",l' tho 101,/ and medium nitrogen lovols, 

~..mich "'/cr(~ statistically at p~r ui th each oth<.:r. 

The dry mattf)r yield was also significantly higher sot high 10v:~ls 

no such influ:mce "laS obse):"v-;d. 

The dry matter content remainod unaffectud by ni trogen levels in 

both the SQasons. On tho other hC:1l10, crudf.) prot,;;in contcmt "'Jas sibrnificantly 
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affected. During 1980-81, crud/) protein content increased significantly 

wi th inoroDsing ni trogcn lovels. It WDS the highest (19. ~'3';b) at high ni trag 

lovel and the lowest (16.8yfo) at low nitrogen loval. lIo\,!8Var, in 1981-82 

the medium and high ni trowm l(~,ols, ,,!hile remaini:lg at par vith each other 

r.:)cordcd significantly higher crudE'; protein content than that observ.:-d 

in the case of thG low nitrogen level. 

Table 4.1d. Eff0c~ of nitrogen levels on growth (cumulative plant height and 
loaf Lstom ratio), yiold (green fodder and dry matter Tlolds) 
quali ty~(dry matter and crude protein contents) and protein yiell 

·r:frtrogi;---G-·~;~'----·-·-_--Y-i-0-ld-(""t"J(--""'h-a""':)---ou' .. --?1-_-i-t;y;-, --._---Pr-otcil 

levels Plant Leaf t Green Dry Dry Crudd yi8ld 
(kg/ha) heigllt stem ratio fodder matter matter protein (cV'ha) 

(em) yield yi0l?_ cont~nt (~{,)coEj:~_nt <%.1_. __ 

154.2 

Hodium(58) 160.1 

High (87) 165.4 

SEm+ 2.0 
CD5% 5.6 

1.03 

1.01 

Hodium(58) 256.9 0.56 

High (87) 264.7 0.55 

1.98 0.01 
5.6 NS 

.1j8o-81 

203.81 47.79 

227 .. 47 50.23 

251.30 

6.53 
17. Lt8 

56.69 

1.83 
4.90 

1981-82 

603.32 100.4<> 

23.31 

23.35 

0.71 
NS 

16.44 

0.42 
NS 

0.26 
0.76 

15.86 

17.31 

0.20 
0.55 

8.36 

9.28 

10.93 

0.34 
0.96 

17.50 

0.59 
NS 

*"Jjii,j,;3;G:ed-o·ver croPDln;,-sy.c:iti:-ms- tried in -t"hfetstudy,-"t'Fi7;low,- medium aIlcf"h1.g11-

le"vela of l'J""ork out a..,:; fna~ca"C0d .J.n pi;l'r;mtI1CW1.s. 

Tho (;ffcct 6f ni trogcn lov~ls on protein yield NaP 0xactly tho S3';)(J 

as observed in case of dry matter yield (Table 4.1d). In 1980-81 tho protcir. 

yield was significantly highor at high level of ni trog<::rl as comparvd to I01!l 



end medium levels. In 1981-82, however, there 'vms no such influ'",ncc of 

ni trO,)'l;;)n on protE:in yi(;ld \.midl though, tcnd.sd to incronso vii t!. the 

increasing nitrogen levels. 

The off;.oct of nitrogE:n l<3"\i<_ls on nlant hGigilt, lcaf:stcm r&ti0. 

gr(;~.m and dry mattCi' yidds at various cut :_ing stClgcs has boen illustrated 

h ' '1 . F' grap ~c[,-- y ~n ~g."J. Tho corrc;:sponding data h;w·::; bo",n tSivcn in Appc:ndix 

vn. A pBl'usnl of I!'ig.73hovJS th"t except for the fourth stage during both 

tho yem:'G, the, medium and high lov..:ls of nt trogen had CJ tendency to produce 

taller plMts. Hot much of the difference w<"s observed in leer : sceo TCih 

C':t difforent cutting stages. Except for the third cutting stngc in 1980-81 

the grc,en fodder yil.',ld. went on increasing \\1 th the incruasing lev81G of 

nitrogen. :'iorc or less a similar trend \"GS obsorved in cc~se of dry math,!' 

production also except thr;!t in 1920-81 thGrc Wl.S slight ciovi,dion from 

this trend. That is vlhy, perhaps, thore ... ras r.o Gignificnnt affoct of 

ni trogen levaln on the tot'1l dry mgtt<:r yield during this yocrr (T~blo 4,. 'lelL 

lj.1.5. E£,fect of phosJ2.t.orus J..ovel~ 

The data p!'0nentcd in 'rnble 4.10 ShOl" that, 0xcept for green 

fornge yiold in the first sunr~'" (1981-82) nnd cr1.1de protdl1 content in 

both the SoaSons no other growth Dnd yield chttractors vICr€! affected 

Gigl1ific;:llIltly by the phoi3phorus lovcls. . During 1981-32, mudiura [';nd high 

levels of phosphorun, bohavir.g ctatistically Dliko, 8::tVO gr0en forng.:. yL:J.ds 

t.,hich "JOro significMtly higher than thnt obt2inod from th::: 10,\>1 lovel of 

phoD!1horu8 upplication. HO\~0V0r, the crude: protein content DtJhnvcd in thJ 

liko manner in both the 600330n8. 'TIle protein yi..::ld \>J[1,'3 also not affcctod 

by the phosphorus levels tried in this study. 
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'-rablc 4.10,. Effect of phosphorus levels on gro~!th (cumulo.tiv0 plant h'Jight 
nnd Ion£' : stem ratj.o) yi.::ld (gNOll fodder and dry mattor yiulds 
qua.lity (dry mnttcr and crude protoin contenb) cmd protein 
yield. 

PhO"sphorus-:~Otvth-=-~-l.ioid-(~2~:"',-~~~=-~==-P;;~ 
lovels Plant Leaf: ~r@!en Dry Dry Prot0in yi01d 
(kg/hD) hdght ctom iudd('X' matter ::lnttor content (q/ho.) 

(em) rntio yi~d yi~d content (%) 
_.-___ .. ... ....-._.....-...-._____ .~L __ ~_~~-___ ... 

LO\1 UK)) 159.9 1.03 

Moclium(So) 158.1 1.03 

High (120) 161.7 1.01 

SEm+ 1.98 0.02 
CD5<'fo NS NS 

Low (1-10) 0.56 

Medium{Bo) 260.9 0.56 

High (120) 259.3 0.56 

2.0 
NS 

0.01 
NS 

. 1980-81 

232.37 51.90 22.42 

225.51 50.27 22.78 

224.70 52.50 24.13 

6.65 1 .. 83 0.71 
NS NS NS 

1981:.tL~ 

590.37 99.73 17.15 

631.11 101.78 16.77 

624.47 102.36 16.66 

11.38 2.67 1.78 
~.46 NS N8 

-.-.----~----.... , •• ->~ ... -.---------~--.--..--

17.24 9.07 

19.14 9.73 

18.40 9.76 

0.26 0.34 
0.76 :W:) 

16.12 17.33 

17.1t1 19.07 

17.14 19.07 

0.20 0.09 
0.55 u.s 

--.. --~---....----- .--~ ... - ........ 

'lb.o Fig. ~ (data given in Appendix VIn) sho\,!s that thoro W::J3 no 

d()fir>.i to p,'1ttorn of thu influ.::nc(; of phosphorus 1cvels on plnnt hC'ight, 1cd 

stet:] ratio nnd dry f.1nttor yh:ld. Only the gr·:xn foc1d~:r yield in 1981-82 l'lEla 

secn to increase ns the phosphorus level W,::!3 raised froD. low to medium lc,vel. 

Incr0C1Sing the phosphorus level furthe:r det:]onstratod nn incr8as0 in gr~(;n 

fodder y"l::::ld only at th(; Gf)cond cutting stClgc. ' 
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4.2. Inte~action effcct~ 

'Lhe effect of inter:>ction betWCi.,n various treatments on the growth 

y:i.t:;ld Dlld qu81i ty of oDt/bcrseom fodder or !1S d.xturo have been pl'Csented 

in Tnble.s 4.2n to li-.2k. 1he corresponding nn'.tlysGI3 of vn.ricmce hnvt: bO'-'ll 

gi von in Appendix II. 

Tho N x P interaction signific:1ntly oi'fected thE", dry r.lattcr yield 

(Tnbl" 4.2n) crude protein content (TClble It.2b) Gnu protein yi:;ld (Tco.blo 4.2c 

in both th,::: crop seasonl3. 

Tnblc 4.2rt. Effnct of nitrogen x phosphorus int(';rn.ctton on dry n::-,ttor yield 
(q/ha) 

Low (40) 42.88 

j'tcdium (80) 

High (120) 

SEm+ 4.49 

97.94 

104.00 

99.27 

99.15 

95.35 

6.55 

CD~fo 8.95 13.06 

95.22 

102.18 

112.46 

.'Avei.:-;ge"cf ~ovGr~c·r-oppingsY8-t(·ms':rr~crID-~flli_ssTu:r:Y,-Th(:-TO\,:;-(oedlUm~·;n(rh1gh 
. ....J.su:ols Q,f H ..liQrk ouL~~:j,c~\l:'"' .. \L1!L~£lllli'.2§i§~ __ . ______ ~_~_~.-.~ __ . __ ._,_ 

At low phosphorus level, in 19fu-8,,:, dry r.l.'lttc::r yield wns r:lnxir.1U1:: 

!:.S vJ€ll EtB significantly morG th(1J1 ito me:diu111 arid l1igl1 levels ~·/h~n ni troE~Gn 

'.>mE 3.dministered at high lovel, the luttor' two b<..;ing statistically 2tt prcr 

(Table 4.20.) .. At medium lcvel.s of phosphoruG (80 kg P 205/ha) th<' effect of 

ni tragcn leveln lynS not significant. iTo\>reveor, under high '~)hos~'horuG (,20 kg 

p 205/h o.) fertility conditions the nodiur;) ni trogcn level recordod signific~lntly 

t!iorc dry L1atter yiG10. th;:1n the lC'1,rer ni trof,'cm dose., incrCJDSing thc- phr-spho!'uc 

dose rosult",d in n decroase though not significant. ifh8 combinations of lo;.v 
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}lhosphorus and high ni trogen gave the highest dry matter Ji.eld fo1101'led by 

the high phosphorus and medium nitrogen combination. During 1981-82 the dry 

matter yield "las not significantly affected by the nitrogen levels at the 

10\>1 and medium levels of phosphorus. But und6r the condition of high 

phosphorus status t the highest dose of ni trogen tried produced l'!l(?ximlUl1 dry 

matter yield v/hj.ch was significantly superior to those obtained ~.rith the 

administration of 10\10' and medium levels of nitrogen. 

'I'ha otftiot of N X P 1nteraction on crude protein con tent ,,,as 

significant in both the crop seasons (Table 40 2b). At low level of 

phosphOrus, high 1cy.el of ni trogen gave maximum crude protoin content, 1'lhich 

behaving statistically a.lcin to modium dose of nitrogen, viaS e:.gnificnntly 

superior to its lo",,er lev€l; in effect the significant increase It/as obt8incd 

only at medium l(~vel of nitrogen. How-c:ver, at tho high level of phosphat', 

manuring, crude protein content increased ",lith the incr'i:lasing levels of 

ni trogen in both the crop s(;a;:;ons. At medium phosphorus level, \'/hi10 in 

1980-81 the effect of ni trogon levels 'lIas not significantly manifestod, but 

in 1981-82 the medium phosphorus end medium nitrogen combination reco~d'2d 

the hir,:hest crude protein cant t which ",!as significantly 8uporicr to th0 

other two combinations. The interaction effect pres~nted in Table 4.2b 

cl'0al'ly d~;l!lor,strp!tE)s that both the nutrients when administ0red Gt their 

respective high levels recorded the highest crude protein content in tho 

forage on dry w\;)isht b.3Bis. 
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'rnble 4.2b. Effect of nitrogen x phosphorus en x p) interaction on crude 
protein content (%) 

40 15.7 17.9 18.2 15.1 16.4 16.8 

80 18.5 19.6 19.3 17.0 18.1 17.0 

120 16.3 18.1 20.8 15.4 17.4 18.6 

SBm+ - 0.6 0.5 

CD5% 1.3 0.9 

The f~ x P interaction significantly "ifcctod tb protein yield 

in both thc crop seasons, albeit th0 cff~cts WON diffc.rondy m@ifested in thi. 

tvlO crop seC'.sons (Tnble 4.2c). In 1980-81, low phosphorus ';:lnd high nitrogen 

.tho .cac1:inationti whorein 10,", phosphoru,g war::; 3upple8ontcd by 10';1 or medium dos"s 

of nitrogen. At mediuLl phos-pharus le-.rel the dose oJf nitrogen tried failed 

to siGnific.mtly influence thE; pr"te:in yield. HOlJ1"]vcr, at high phcsphorus 

lovel the protein yield increasO( ',lith the incr0a~in~-; doses of nitrogen 

but DO signific8Jlt incr8.:l.SC v/aJ3 obt3.ined \Olh8n the: dose of nitrogen wns 

increased from medium to high level. 

In 1981-82 at 10"1 level of phosphorus an incroase in nitrogen do.\;) . 

from 101.-1 to medium lovel significr::ntly incroa8od the protein yitJld but 

further increase in ni trogcm level hr.1d no significant effect. Agnin, at 

modium lovel .. f phosphorus increasing levels of ni trogc,n h[1.d no sisnificnnt 

effect on the protoin yield. Like tht: preceding YODI', at high lGvol of 



phosphorus protein yield increased 1;/ith increasing levels of nitrogen 

but the significnnt increase over the lowest nitrog8n dose v/aB obaervcd 

only wi th the highest dose of ni trog-cn, Hhich cOJ'1'1.""ination 1'0co1"(1.<:;o. ma.xi;;:ui:l 

protein yield (Table 4.2c). 

T(';i.bl0 4.2c.::i.:ffoct of nitrog.:;n x phosphorus (N x p) intoraction on proto;.n 
yield (q/ha). 

40 8.22 7.43 '11.38 16.15 18.81 17 .. 03 

80 9.19 9.87 10.14 19.45 19.21 18.56 

120 7.67 10.34 11.27 16.90 17.95 22,,36 

SETH 0.84 0.55 

CD5% 2.37 1.55 

._ ..... -..-. _ _ _;00_. __ __ ._. ___ "-. ____ .:_ .... _-....._....-. _____ ..... --'" ___ .*'-"""-..,' __ .• ~_. 

'" Averageo ovur crupping zystCt1'lS tri.;;:d in this study, the lo,."medium D.ni 
high levels of N Nork out as indicntccl in the: 1::2renthosis. 

'I'ho interaction off' t b<)'b~cn stand tY',Jc ~.nd ni trag..:!} lcv(;;ls 

on le[1.f : stem ratio "llvJ crude protein content in 1981-82 hG.f.i boen 

~n thin thi? pure stand lec3f : st.;m T'ntio norrot~'0d Gignificm1tl~' 

Hi th tho inCrE;&3ing lovolD of ni trogen, ~"hOrL:;aLi 'tD. thin tho mixed staLd i +. 

therefore, to be 0xPGctcd that ftt ttlf'; Saf.18 lev01 of ni tragon purr.o st."ud 

had significantly higher lenf : ste:;; ratio then that t.;xhibi ted by tho 

;'.!ixed st emd. 
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Table 1.l-.2d. Eff.:::ct of stand typo x N l6vols int("rClction ':'11 l(;af;stC:~~1 ratio 
nnd cru~~ protein cnntcnt in 1981-82 

.--....... ~ ... --.-.. --.-----..... --.. "---- ....... ----:: 
Hi trogcn Led : st·::Jm r;:.:tio CrU<~G_ .p.l:.'?~td...!.~.22P.J~:'p..t ___ . 
levels -- ,S.!.<:r:.-1 tr)C __ . ____ .§t::!1..d_~.? ___ '". " __ " 
, ~,. __ ,, ______________ p~.£. _____ " __ .)~~XC? __ ... __ •. __ l'~_~F...:.3. __ ~_ .. __ 1~;;:.0.,. ______ _ 

Lm>! (2'7.5"')0.68 00* )O.~)1 (27.5* ) 12.99 ('5J* ) "17.78 

Ilediur;l (55~' ) 0.64 (60 ) 0.51 (1::5*' ) ) 1'+. 7ft (60') 19.02 

High (82.5* )0.60 (90"")0.51 (82.5*) 1 ~).54 (90*) 18.79 

Sl;-;t.l. (i) 0.02 0. 110 

CD576 0.04 0.80 

SEd.(ii) 0.02 0.4~, 

CD5";6 0,,04 0.88 

SEd. (iii) 0.02 0.36 

CD5% 0.04 0.72 

.~;;7i over the c;;Pping '"S'y;te'rr!G "'tri0~in th~t'~dy-:-·tlNlo-;':;-;di;;r.l o.nd 
high lev~ls of N "lorked out as indicatE,d. in pEll'onthcsis. 

i. For the cOr:lperiGon of diffcronc~ bah/cen twostenc.~ type U80::LS ot th", 
Garno lGvcl of nitrogen .. 

ii. For the conparison of differonce: bott-/ce;l1 tHo ni tl'ogcn lev(lG Dec:m[; in 
puro stand. 

iii.:E'or cOlJparison of diffcr(;nce oot\J',';CD. h'0 nitroGon levels nCClr, ir. Cl 

mixed stand. 

IrrospectivB of tho 1.01 of nitrogen tr'cd in this study, crud,,, 

protein content in forage obtcin(;d fr·')n the "1ixtHl sbnd 'iVn.G .sigr..ific[;1ntly 

hi~~hor thnn th;-:!t of pure; stnnel (Tabla 4. 2d). In pure stcmd crude :protein 

content in forage increa$8c1 ",ith the incrt":1oing level:;:: of nitr0£:"sn,..tht:-

difference between the pwdiuf:l nnd high level:;, buing not :..,ignificGnt. In cc,sc 

cf nixed stand crude protoin content increas",d significrmtly oV\Jr lO~'J IDvcl 

1tJhon ml.:diun or hiC;h levolr.> of ni trog-en •. ,ere ,c~d!J1iniGtcr<1d bJ..t.thc differonce 

bah.reen thE: latter tl10 doses was ne,t signi fic(1!1 t. 
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Crud(: protein Gontcmt i)nd p!~ctein :yield t·,IOre significantly 

influor.cQrJ by the interD..ction bd\r!oJn ~"t(1nd t~'P0 x P 10v(;1 in 1980-81 .. 

'Lllo sli:.1nnry of th0SC ob~>0rv[ltions have been prcs(;nted in Tables 11-.20 and 

4.2f, rospectively. 

Tnblo 4.20. Effi:;ct uf strnd tyno x phos:c)horus lcv,~l~) intor[1.ction on crud(; 
pr.)bin cont..;nt(%) .in 1~)80-81 

PhosphcruG levels (kg/ho) 
_StDJ;1d. t1J2(:_=-'-~-----'- '. ,~,-
Pur;:, Nixod ______ ,. __ ., ____________ .. __ .~ _______ • __ ._w ____ ,, __ ~ __ . __ 

80 

120 

For the cOr::1p1'1rison of diffo!'cmc0 bot\r;(;<';n two 
phosphorun levlJl r;JC"Ol1S in 'lur,) stond 

}'or the GOr.Jp2.rison of di fference bah-leen tt-JO 
phosph0rllS level r:1.enns in mix(;d stand 

For the; comparison of diffGrcmcc bohICen tHO 
stMC! tyP(; f1eanc nt snrx: h;vul cf nho,sphorus 

19.15 

2'1.79 

20.37 

;.)j':;(I. CD5% 

0.60 1.20 

0.49 0.98 

0.87 1.73 

__ , ___________ • ____ • -._-----.--._._--------------...-.. __ 00 .... ____ ' 

r['he crudo pl'otein content in the forage obtained from :;ure stand 

to/a.S not signi ficantly affected 1Jy tIcl;) ~lllOsphorus levels tried in this study 

(rCable 4.2e). In mixed stand, h01hJ6v;:;\', an increase in phosphorus level 

from low to medium resulted in a significant increase in the crude protein 

content. A further increase in th," Jevel of phosphatic mantu'ing re;:;ult0d 

in a slight decrease in crude protein con',~,"nt in forage obtain8d from tho 

mixGd ,stand but the differcncas was not 5,:.r;ni ficent. Again til", forog'~ 

obtpinod from tho mixed stand had signii'icll1tly man crudo protein contc;nt 

as comnared to that obtaint"d from thE) pure :3tand irrespective of the h'vel 

of 'phosphatic llanuring. 



Like crude protein content, protein yield Wa!3 significantly more 

in :nixed stand than the pure sta.'1d i t'respectiv.~ of the level of phosphorus 

('_['able '+. 2f). However, 'Ad.. thir 'ure stand ma.ximum protein yidd weB obtainod 

"ri th thE: highest lev(:l of phosphatic manuring, ·,.ro....::reas in caSJ of:1ixed 

st&nd j.1<;·dium dose of phoslihorus accounbd for the, highest nrotein ylsld. 

Both the·so combinations '.-NrC) sip.;n.ificantly superior to medium dose iiI CaP':: 

of the fo:r~j()r and low dOSI:;' in caSt;; of the lat tGr. 

'l'ab10 Lj-.2l ~ffect of stand type x phosphorus lE:v2lr;i interaction on protein 
yi::ld (q/ha) in 1980 ... 81 

Phosphorus lcv(;Ts • ..---'-.-_--:.-.:.---~_~~'1d_ typc'-------

(P20 kg/ha) Pure Mix0d .-...:..n ____________________ . __ . ___ -_ ... -. <-' -- ---- ----.-- __ _ 

40 

Be 

120 

6.9'+ 

8.52 

For thu comparison of difforence bGhMCn hiO 
1.'hosphorus lev:l mi')'illS in pun- otand 

For thu comnarison of diff(;rGnce bet1:/t.-en two 
phosphorus lovel means in mixod stand 

lo'or tho comparison of diffor,mce b(;hJ(~Gn to 
type mc-anr; at the same level 0:; )hosphorus 

stand 

10.15 

11059 

10.58 
SEd. CD5'k 

0.'76 1.52 

0.62 1.24 

G.70 1.39 

• ---"_..-__ .. __________ .-..-_____ · .... ___ 4 _____ ,·#- _______ _________ _ 

The second order interaction bobtlWoD f,tand Jeyp <.: x N x P influ:mc.jd 

the: loaf : stem ratio significantly in 1981-82. 'I'hu interaction cffuct has 

been presented in Table 4.cg. The widost loaf : stom ratio in pure stand was 

obtained at medium h,vol of nitrogen end phosphorus. ThiS, hO\-JE;ver, "'3.6 c:lt 

par ,rl th 10\\1 leval of n1 tro[Scn and phosphorus, lov} h:v0l of ni trogcn Cl.nd 
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modium level of phosphorus, lo ... ! level of nitrogen nnd high levQl of 

phosphorus and high level of nitrogen and phosphorus. Tho pure stand 

sdminist.::rcd \<Jith high level of ni trogcn and madiuo dos,') of phosphorus 

gaV8 the narrowst loaf : stem ratio. In CasE: of mixod stand tho t·Jidost 

lon.f : stem ratio VTBS obtained ".,heu D.dminist·.:red •. ~ith high Ibv01 of 

ni trop:cn and low h;vel of phosphorus \.,hich was stntisti cally ct par \-Ji th 

cll the levels of ni trogun Dnd phosphorus i.;xcepting trw combin~tion 

employing high levels of ni tro;l;(;n [.t!ld phosphorus, .",hi cl:l rccord-:;d th8 

n'U'ro .. ~atleaf :st,;m rntio. 

Table: 4.2.g. Effect of stand typG x H x P lc:vels int.:-r3ction on led 
sturn ratio in 1981-82 

.------. 
Stand tyPe 

Furo -- 1v1ixod 

0.69 

0.60 

High 0.57 

1c·t·.' 

Hodiun1. I'1edium 0.71 

High 0.55 

Lo,", 

Hieh 0.61 

High 0.67 

ror th\.) comparison of diff0T8nce bot\<l,~·on NP 
levels in pure stand.. 
For tho comparison of difference bct1rJ8cn NP 
lcv(:ls ir; mixed soi;and 
For the comparis()~ of difi'crence bcb,</Co:J. stand 
t:"iP'; at the same -jr di fforvnt I,:::vols of NP 

0.52 

0.52 

0.55 

0.50 

0.49 

0.50 

0.50 

0.51 

0.48 

,s:t.;d. (;05% 

0.04 

0.08 

0.06 

0.07 

.. ----.. -~,---~-----. -- ------~-----
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ThG leaf : stS1!) ratio of the forago obtained fron pure stnnd WfJ,S 

1,'ider them that recorded by the mixed stand and th~ diffcr;mces ',-lOre 

significant in all the troatC10nt conbinntions of ni t:r.-08'011 and phosphorus 

10vo16 exc(::pt for tho cOf:1binntions }tigh l·.;ivel of ni trogon and 10\11 D..S well 

~;s medium lCVt:ls of phosphorus. IL theso tro.?.ti:1C.:!1t cn~.1bin&ti()nG, lODf 

steFl ratio in pure and mixud str:.!nd was at pFlr \lith each other. 

The interaction between crops and ni trog-en level significa.'1.t1y 

influenced green and dry matter yields in 1980-81 and U"1i~ mean cUnlll.lativo 

plant height in 1981-82. The relevant data have been presented through 

Tables 4.2], to 4.2f. 
The interaction bet1,o,rf;lcn crops x ni trogQn application levels 

significantly affected the green and dry matter yields in 1980-81 ('I"ablc 

4.21l and lj·.2L). ~lhile isolating the effects involved in this interaction 

it ",as 3e"Sn that in case (!f~ purE: oat, incroasing level of nitrogen 

T0sulted in significantly higher grG8n fodder yield. Each increase in 

ni trogon level Nsul ted in a signific.-mt increase. in green foddor yield. 

In cas r ; of pur'; b'jTS8Cm, 11'..)l:JCvcr, iW~I'()a'3e in th" level of nitroe:en from 

low (15 kg N/ha) to ,;lOdium (30 kf, U/ha) did incroas(~ the: groon forage 

yield but not to a level of significanco. At higher 18v~1 of nitrog.:.;n 

(4·5 kg N!ha) the forago yield 1t-la8 sup,r,:ss8d 1:1hich indicated t;1at the dose 

beyond 30 kg N/ha '''DS detriment.al to pure berso,:;m .. 

Furthe::r comparison of the· t,<.fO pure stand8 at a fixod leve:l 0: 

ni trogen application demonstrates that pure bursoem, both at 101.: (15 kg N/ha) 

and modium (30 kg N/haJ lovel of its nitrogen ap"Dlication rGstl.l ted in 
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hie-her green forage yi21d compared to oat rcc"iving 10"1 (LIO kg N/ha) aJld 

Te>.blc 4.21. Crops x ~i t.rof0n lovel intcracti on efL·c t on green foragc 
yield (q/ha) in 1980-81 

.....-......,.. ..... _ . ., .. _--- --.-----.----.~-.-..... -- '**- -----•. ..;;. ..... ----- ...... -.--.---

Ni trog~n - -. .. ___ Cr?'p'::~~_.~ __ ._. 
love Is Puro o('t Pure bcrscem 
----~~.------... ----~-------.-.. - .. ~-----.- --_ ... , ... .----.---.... -~-

l~..ELha .. -- ~ 

149.63 

Hcdium 80 205.9L:-

High 120 264.91 

For the, comparison of differ,mcG bchJC;Gn t\o,ro 
nitrogrc;n lovel means in the 88m2 crop. 

15 

45 

E'or th,,: comparison of diffor;:mc(; bctW'".;cn t1Jo!0 crop 
means at the snmc or diffE:rbnt lovels of nitrogen 

226.30 

259.3<1 

251.93 

SEd. CD5% 

20.67 41021 

45.10 89.93 

~ ___ .... .-.. ____ ~_ ........ ~ _'W_~'" ..... ________ ._~ _______ .. ___ ~ _____ . _______ .• _ .. __ 

At high lCVGl of ni trogGn ?pplication, t.,.,O crops did not diffor 

significantly from each othor. The hif:h(;st ~licld l·mS obt",incd in Casi~ of 

pure oat et high leval of ni trcgen but it did not r:1.iffer si,";nif:i.cantly 

"d. th borso(;:!11 yi~ld at: f.lIly of the; ni trogen l~N·.jJ.s. 

Crops x nitrogen l.::vcl int01'2.ctior., significantly influenced th0 

dry mat tor yield in 1':')80-81. j:'he relcv:.:nt dato. have becn prcGGntcd i;:l 

Table 4.2~ 

.1m analY:.3is of the 0ff8cts inhOl'eut in this interaction reveals 

th:::t the ni trogGP nppl:tcation made G.t its 10\"1 levol (llO kC; N/ho,} in cas", of 

pure oat resulted in significantly 10v' dry rf;nttcr yiold thnn that accurrin[£ 

from medium and h:Lghlc:v<.:l of ni trogcn applic:::ttions which in t"o.lrn ,·,r.:;r(; 
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statistic2J.ly alike. The ~itrogen levels h01:JGvGr, di~:: not influence the 

dry l:Jdtcr yi<.::ld of b0rS()Om. Further, examination of this int~raction 

effect reveals that oat and be::rsGcm dry rnntt!.:r yidd did not differ 

significc;ntly [it S[:IIYl0 or (hffGront levols of ni trog-cn. 

T~b10 4.2t :;:~ffQct of crops x nitrogen interaction on dry matter yiuld. (q/ho) 
in 1980-81 

--......----,--------, .. .--.---.. .. _-------,-----_.-.-_ .•. _- ---~------~--------
Nitrogen levGls ~--~~INI.....2r£E.s _, _____ .-.....-

Pure oat Pur<- bcrs00m ______ _ ------- .......... ----.---.• -.--~----:;.. ... -.... -------.---.. ....----------
~_ Nf.h.~: ~..&~r~ 

10\\1' 40 ;/:J.95 

Medium 80 51.98 

High 120 57.22 

/'01' the cot:lpc..rison of difference between two 
r.i trcger lev.:;ls at the sarno crop strmdo 

15 

JJ 

45 

~For th,; c(,IDparison of difference of two crop !:10c:ms 
at the sume or diffe:r8nt level of ni trogGn. 

~-~---.--.------.--

51.79 

49.99 ,. 

S:&l. CD5% 

5.80 10.97 

10.37 3).69 

---.-~. ----.•. ~-~-.--.... , 

Crops x ni trogon lev.:;l interaction Dlso influ'onc(;d thr.;: D("!al1 

cUl;1Ulntivo plnnt height in 1981-0,2. TrH~ intor'lction cff(;ct has bCG! 

proscntud in 'Table 4.~. 

high h;vGl of ni tragan r..pplic;::tion (120 kg iii /hc') produced plants ""hich 'tiCro 

signifiCEilltly t811cr th1'm these- adninsterod 1Hith lO~'1 (l.jo kg N/ha) 2nd nsdiun 

lcvEJl (80 kg N/ha) of ni t:rog~:n, r:.osp':;cti vuly. Ho',r,-,v, r, in caso of pure 

bc.rS80r:1, nitrogen J.:;vels did not bring out the c1iffcrc:1:c;:, to a sigrdfic211t 

levGl. Bather C1 docroasing t;rend in :plant h,"ight 1Il;-JJ3 c'!)serv.::d vii til. cc:,ch 

increw;:nt of ni trogen level. 



TobIe 1~.cJ Effect of crop x ni trag-en level interaction on mcClll curJulati vo 
plC'..'1t hdght (CD) in 1981-82 

----_ .. - --- -----~-- ...... -.------.-.. ----
Nitrogen levels Crops 

~ N/h.,ct l~N/hD. 

Lo,of I.j() 135.9 15 277.4 

l·k:diUl:l 80 147.9 ?IJ 275.2 

High 16) 167.7 45 270.7 

For the comporison of diff0r(;Dcc bot"Joen hlO 6.3 
nitrogon l6v8ls at the same crcp stand. 

For th\") cor::tparison of differonce of hlO cro1? mOMS 8.90 
at the same or different lcvol of ni trogen 

12.3 

17.75 

----~------------,~---" ... (--------~-.-- .. ~-.. ,--------
As stated oarli~~ also, because of tho difference in plant species 

the cOrJpari3on of plant height bet'WCon two crops (i.c. ort ~l1d b&rS0er:.l) h').8 

not OOon made. 

'Ihe len! : stem r",tio \,,[1.8 signific:mtly influcnc~d by the crops x 

N X P level, interaction in 1981--,)2. rpte datt' porte:aining te> theso 

observations h[lVU' bo':'n pres~nted in Tablo 4.2'k.. 

An p,SSCSSG1Gn t of the effects inht:!rol1t in this interaction 

demonstrates that in case of purl: oot the _d0lSt lco...l :stera ratio t-lDi3 

obt.:tincd at mcdiur.1 level of nitrogen supply (80 kg Nih",.) accol]p .. micd by 

mddium level of J?hosphorus (80 kg P 205/h[).). This hOWBv:::r, weB at pL'X with 

lOv-l lGv,::ls of ni trogon ane. pho,sphorus (40 kg each of l'r end P 2°111;).) aJ."1d 

high lovt;ls of nitrogen and phosphorus (120 kg each of 1'1 D.nd P 20 rjh D..) • 



Hi trog:m Dnd phosphc7.'uS lev<::lG did not .3ccm to havt.· influf;nced the loaf 

stvc r<l.tio significantly in case of pure bers"Jl:l. Further, it "/0.6 Se0:l 

thrl.t ':tt nll levds of HP combin'tions pure oet result.:?d in signific.:-..ntly 

wider leaf : stom rflt:l.o as cOLlpared to pure be::csc\:.:n. 

'l';;tble 4.2k.. Effect of cropG x N x P level interacticn on l",~,f 
in 1981-82 

steD ratio 

------..... _-------_ .. -------------_ .... -._-----_ ... _-----... ~ ... -----.--
Fertilizer level s 
l'ift-;o~:;0n Ph-o.sphor_us 

_____ C;.;r~o;;.lp:.s::_ _____ ..• __ . ~ _ 

---......:. ..... ~....-..-.. - - ----- Pure oat Pure boraccrn ----------'-----_ . ., .... ..-.-..... --...... _-_ ...... _ .. 

1.01 

Modium 0.87 

High 0.79 

11ediu!.1 Hcdi u.r:J 1.07 

High 0.76 

Hediun 

High 1.01 

For tho cOrJpariG()n of difforent bot1',1Q811 t",o HI' 
levels in pure stend 

For the comp&ioon of difference b0tNcen h,o puro 
stnnd at snr.:lC cr different level of NP 

0.37 

0.33 

0.35 

0.40 

0.:1> 

0.3}.;. 

0.43 

0.35 

0.34-

SuI. CD5'.t6 

0.06 0.11 

0.05 0;.11 

.... --.-""-----.------.--....... ------~-----.----------- ... --- ".. ... ----- ... _-_ ......... 



L., .3. ~o1d...-C~c.E-)"lr?fl.s!~ 

The soil samples after the harvest of the crop were analysed for 

soil pH, cation exchange cape.city (CBC me/100 g soil), per cent organic 

matter, available .soil nitrogen and available phosphorus. The l'clavent 

data have been summarised in Te.bles 4.3a through If·.3e. The corresponding 

analyses of variance have been appended in the Appendix III. 

4.3.1. !.ff~c.t of I3tap._<i..~J?UA~..Y..q, mixj;urel 

The data pertaining to the t.:ffcct of stand type on 'iarious 

soil chemical properti0s presented in Table 4.3a show that the cntion 

excha .... l.go capacity and the organic matter (%) i-JOre not influonc8d by tho stand 

type during both th0 years. In 1980-81, significantly high(;r pH wa/3 

observed in pure stand in comparison +'0 mixed st1".nd. 'l'h(; trend waP more or 

19s6 sam':'! in 1981-82 but the diff~renee was not significant. Siy"nificantly 

higher avE111~t>le nitrogen was observed in mixed stand in 19[10-81 in 

cOr.JparistIlln to pnre stand. In 1981-82 also higher available nib:'og~n W·:JP 

found in the plots havine oat + borS0em togother (mixed stand) but the 

differencE:; w;;:.S not significant. 'rho quantity of available phosphOl~US .... '313 

affected by th8 stand t~rpu only in 1981-82 "There it was scan that 

significrmtly high<.'r qu::-:ntHy of avail'.'lblc phosphorus w~s founel in mixed 

4.3.2. ~ffoc t .2.f_.?.!o.£sJyi thiI.!. EU~_~ 

The dat3 in rusPE:-ct of tho:' effect c,f crops on di1t'oront soil 

chcmicnl propcrtie:s have been 11Nsc'ntGd in Tabh 4.3b. A porusru of the 

data shows that ontY ::lvailab18 nitrogen in the soil waS affcct,-,d by 

different crops. :.:t 1'10.5 seon that during both the Y'.:&.s signific3l1tly highlJ.l' 

cwcQ lable ni trog-en '''8S found in tht; so il having ~')uX'G be rS<;'Clil. Rest of t DQ 

chcmic::.J.. :proport'5.es sh1.diod L'cmainod unaff,::cted during both the yc.:o.rs. 



TabL: 4.3a. Effect of stand type on soil pH, CEC, organic matter,8vailublc 
nitrogen and phosphorus in 1930-81 and 1981-82 

1'r"catme"nts Soil pH 'CECmei100e 0.r-i;;r;·---j:;;il~.bY;-·~·AV;fi2,bl--;--·~--~--
(ct,md typ0) ;30il mDtt8rC~) N kg/he. r

2
05 ky'h.,:,c 

... ~---.__ . _____ • ...._,... L~·". .. _________ . _ .. __.---...-..-_ _ .-....-..--.--

,19~-81 

Pure 7.31 14.20 1.71 533.75 41.26 

I1ixed 7.01 14.06 1.76 555.18 39.11 

S~d. 0.02 0.13 0.02 6.69 1.86 
CD;P~ O.Olj· NS NS 15.4l! N3 

12.(3.1-_~~ 
Pure 7.17 15.33 1.88 543.79 52.52 

MixQd 7.01 15.47 1.90 559.51r 57.95 

S}!;d. 0.13 0.21 0.04 8.93 1.99 
CD;p~ NS NS NS NS ll-.59 .. ~--.. .. -->--.".-.---... -- -* 

Table.. 4.3b. Eff0ct of crop on soil pH, CEC, organic fil;ttter, nvailnblu 
nitrogBn ~nd ~hosphorus in 1980-81 2nd 1981-82 

Pur.:.: 02.t 7.:1) 

Pure berS'Jon 7.27 

SEd. 0.20., 
CD5'A NS 

l?'!.lr0 oat 7.22 

Pure bcrscom 7.12 

SEd. 0.20 
CD5;'~ NS 

---.-.~"---

13.90 

1 L~o ll·9 

0.73 
rTS 

15.54 

15.11 

0.71 
tiS 

.~~!.:.E}j. 

'i.52 

0.19 
Hi) 

1981-8~~ 

1.81 

0.06 
NS 

454.24 

613.27 

10.38 
23.93 

462.89 

62 l ;..70 

13.85 
31093 

2.00 
"lIS 

50 .. 18 

5'1-.89 

3.08 
I'm 



Thd comparison of s8ed proportions (Hntios within mixture) in 

r')spect of different soil cherr.i(:,0.1 proportics (Tr:.ble 4.3c) sho1tJ/3 tht::.t only 

in 1980-81 nVi1i1eble nitrog&n in the soil 1 ..... as influenc2d due to s00d 

pro1)ortion~3. It 'J!2f..'> s\O:Gn that 1;he highost. Gvail(~b10 ni trog0n vms found in 

tho fiolds h8ving oots + berseem in the r'ltio of 1:1. This '\>1iJf.3 howevt::r, 

in sig:rdficontly higher available ni trogen \"h;;;n compa:t'cd '4 th Oo.t+b<'Ts08m 

plots having ~ seGd proportion of 1:2. Other proportion of soil ~~rs n0t 

affected significzmtly. In 1980-81, hOl--QVer, none of thene ch,.micn} 

proporties of the soil llJCre influenced significn!1tly by th::· soed proportion. 

Table 4.3c. E::fect of sC0d 'Proportions on soil pH,CEC, ore;n.nic matter, 
nVDilnble ni h'ogen nnd phosphorus in 1,:80-[;1 and 1981-82 

Sc'.:d Soil pH - GEe (mo/100g·' Orgo.~-Ava{18.blc Avail~bl:----'-
proportions .soil) mattorC%) N (kg/hn) ~f?(kg/h_a) _~. 
{I<ati.;-~vit~:Gt;rc)~-~--··--ii8~7_~1--·· -- -
1:1 7.18 13.79 1.81 561.52 36.56 

1: 2 7.07 13.51 

2:1 6 0 77 14.88 
SBql+ 0.14 0.52 
CD~70 NS NS 

1:1 7.02 15.18 

1 :2 7.09 15.53 

2' 'I , . 6.92 1~. 71 

,sEm+ 0.26 0.28 
CD~:Z jY'" HS _Ie 

1.72 

1.76 
O.8L~ 
-\T(I 
ho 

1981-82 
-~.----." 

1.87 

1.95 

1.89 

0.45 
NS 

539.44 

564.58 

7.34 
NS 

581.12 

522.64 

574.34 

9.79 
27.62 

41.62 

2.05 
NS 

57.26 

GO.54 

56.05 

J\S 

"'~---_~_' ______ ' __ -.....-__ .. , .......... __ . ______ • __ • ____ ~~ ____ . _____ . __ J 
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The data in respect of tho effect of nitrogon levels on various 

soil chemical properties havc,e.:m presonted in Tnblo 4.3d. It \'lill be 

soen from the dnt[t table thnt soil pH, cntion (;xch<lJ1ge CDllGcity Iilld orgnnic 

matte'r (%) r01'1;:;inGd unaffGc ted duo to ni tro5un l.::v(;ls during both the years. 

The avoi 1 able: ni t:r:wogcn andphosphorus contents cf t'10 soil hOllJOver, v,!Cre 

influonc8.d significnntly. vii th each incre·3so in the ni trogon level a 

signific1J!1t increase in the available ni troge:n \</($ observed during both 

the ye;n"'s. Hors or less similo.r trend W1S observed during both thE.: YODX's. 

Tnblc 4.3d. Eff8Ct of ni trog.2n levcJls on soil pH, CBC, or8':'.l1ic TIl.::ttt0T., 
IWnil"blc nitrogen Ilud phosr>horus in 1900-81 Olld 1981-82 

~--------.----.---------Nitrogen levels Soil pI{ 
(kg/hn) 

---~~--.-.----~--.. -.... -------------.-. ~~ .. ~-~ .. --.. ~.-

Low (29*) 7.21 13.94 

Hedium(53*) 7.05 14.11 

Hib'h (87* ) 7.14 14~ ?IJ 

SEm+ 0~08 0.33 
CD:;% NS !'Ii3 

Le,,! (29*) 6.99 15.33 

i-ledium (58*) 7004 15.44 

High (87*) 7.20 15.48 

;3Em+ 0.08 0.36 
CD% NS NS 

1.73 

1.70 

1.79 

0.04 
NS 

1.93 

1.85 

o~06 
!IS 

472.26 

5 l15.53 

622.04 

6.43 
18.12 

476.34 

9+5.74 

637.64 

5.87 
16.55 

38.40 

40.10 

41.35 

0. 1+9 
1.38 

54.61 

55.32 

57.42 

0.L;.5 
1.28 

-:--:--~--::---~-----~-- ~-.-- ---.---.-------
• Averaged over tho cropping systCr1S trLd in thic, study the lOl?t modi un 

nnd high lovoln of N l.!ork . out ::tS indi co.ted in p<":',I'cnthosis. 
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hore or less sir:Jilar trend was obsorved in case of avail3.blE: phosph(.~rus 

,.lso, but in 1980-81, th',,: significant increase- vms observed only whon 

ni trog",n level \JaS raised from low to medium. Further incr~ase to high 

love:l did not rosult in signific~mt increaso in available phosphorus in 

tha soil. On the: oth0r hMd in 1981-82 it wco") seen that nTJ. incress.} in 

ni trogon lcv(;l frcm low to nodiur:l did not l'l.,)sUlt in significant incronsc 

in [lVailablo soil phosphorus. Only high lovol or nitrogen rcr:}ultcd in 

signific~nt incrGnso. 

Tho data pertaining to effect of phosphorus 18v61 on soil pH, 

c['..tion 0xchnnge cnpnci ty, orgnnic oattcr and [tvnile.blo phosphorus of th/j 

soil hnve bC0n presented in Tnbl<.. 4.30. Like thE: effoct of nitrogen l,"vels 

in this case also it was SCE;n that tho soil pH. c.3.tion E:XChWliSC c3pacity 

and organic mattor roaoincd unaffected during both t~l;:) y(~e;rs eu:.) to 

vn:ria.tion in phosphorus l(:vclG. However, unliko ni trogcn the; available 

in th,,· soil wes inf1u<3!.lccd sig-niiic;mtly due -Co phosphorus l0v01s. 

D~ing both the Y0D.l'G <1n increase in the ovailnblc soil ni trogcm 

,.,as obsorvcd a..'3 th< ... phosphorus lovulG 1,,'Cr-;) increased from 10\1 to medium 

~~d from DDdium to ~i~h. However, in 1980-81 it W1B observed that only 
, I. 

low ~d high levels of phosphoruG resulted in significant difference in 

availa.ble soil ni trog::m ",herens in 1981-82 cven the rn0dium 1(;'101 of 

phosphorus rOGulwd loll sie;nificnnt incl~oaso. During both tho ~ 

yeDXS the DediUD ~nd high levels of phosphorus r(~t\cinod at por vr.i th wC(ch 
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'fublr,:) L:-.3<::_ EffGct of phosphorw:> on son pH, CEG. orGcmic u[:,ttcr, C's,i.l'-l.bL; 
nitro[':on Ctnd phosphorus in 198 :~.81 (;\nd 1981-82 

..15':' 3o..:.[i.~ 

WI!1 '1.02 1~·.29 1.74 532.86 39.97 

EediUr1 '7.25 13.97 1.77 546.05 39.51 

High 7.12 1L:·.08 1.71 560.92 40.43 

SErrl+ 0.08 0.3.3 0.04 
L'D5?6 NS NS HS 

6.1.;3 o. Lr9 
18.12 NS 

j 9~J.::.~.~~ 

10V! 7.05 15.27 1.88 531.61 55.11 

FioG.ium 7.12 15.05 1.86 559.93 56.30 

IIir:h 7.05 1:-5. q3 1.9lT 568.18 55.92 

JEm+ 0.08 0.36 0.06 
CD5% t~S NS No 

5.87 0.45 
16.53 NS 

---......------ ----~-----.---------...-....---.--------.. -."-~. 

Tho interaction .affect of vr'rious trc:o.tncnts th[tt inflU0nccd tho 

soil chcmicn.l prr:portics signific~:U:ttly h:w{; boon prcG,:mt'.:d in TDble 4. il·o. 

through To):;lo 4.4h. Th0 corrl;Gponding <"In.-clysee; of v:rri:ncc !1c;VG beGl". givc'n 

in Apponc.ix III. 

DurinG both th0 y(,,,rs ,st:tCJ.d type x phGsphoruG If..:vd.s .sig'1iric;m tly 

inflwmc",r] the <,-v:lilabl;:; soil ni trorsfn. In 1980-81, the: prcGol1ce of stand 

tYPe) X P levels interaction ('rn.blc: 4 .. L~a) indicated that the: uizture 



si(~ific,~,Jltly highE::r soil uitoogcn value: D.S cO!:lpnrcd to low C'lnd nediut:1 

phosphorus levels. 'I'he latter two lcv:::ls 1.l}(:re at pur ,·lith each other. 

In pure stnnd t hO'<'Nvar. r.wdium love 1 of phosphorus 1I1hile rCrJaining o.t pD!' 

"tith h:Lgh lovel rosult&d in sigllificc-r.tly higher soil nitrogen value. 

Tnblc ~·.41:l. Effect of stcmd :typo xP lavols intcr:1ction on avail:1b].l' soil 
nitrolJ,'on (k;:;/h.9) in 1900-81 cnd 10.81-82 

"'. • . 
12.SO-B"1 Ph(Jsphor~ levols -, __ \!sgLh.a2 Put:£. _Mixed 

LC'\-J (40) 518.44- 54·2.47 

H(;dium (8D) 551.78 542.23 

High (120) 531.04 580.84 

For comparison of difference oot\'JO€ln t\..10 14.37 
phosphorUfi lc~ol means in pure stQl'1d 

For the cot.'lpar;i.r;on of difference bet'<Je',m 11.73 
t~ro phoGphorus lev8ls no~ in mixed st3Ud 

For the compariGon of difforencc betltlOCn 13.12 
t .... l0 st.:md types at tho S[W;]C of diffE:rsmt 
lcv~ls of phosphorus 

_ 1981-82 
Pure 

• c· }!i~~. 

528.25 533.85 

565.58 556.15 

537.55 588.60 

1981-82 
·-S~--... o..-..C~'D;;-;rj;;-

26.16 

23.39 10.72 

----~-,.--- .... ---- ---_._._-_._---_._._-_ ... _-----
In 1981-82 Plore or kss aimilor tronc. wns observed. During this 

Son,son in pur€ stand the t:lodiut:l lc.v!')l of phosphorus NsultGd in highost 

avnilab1e soil ni trogt)n~ It wa.'3 significD.l!t1y higher than that obtai:led 

vt 10"1 level of ni tr'ogen'- Furthor increnso to higher love1 of phosphorus 

• 
resul tod in significant decrcsc in nvnilable ::30il N. In nixed stand, 

hOl-r:::ver. each incren.ee in the ph()sphorus level rosu1tGd in i} significcnt 

increnoe in nvnile.blc soil ni trog(;n. During both yor.rs high lovel of 

phosphorus (120 kg P 20;!ha) in nixed stand resulted in highest avro.l-:tble 

soil nitrogen rmd except for th<.: aVctiloblc ni trog..:m obt~dned D.t mCCaU!] 

lovc:l of phosphorus in 1981-82 in pure: stand tho difference \>10.8 sigr2ific.:tnt. 
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L~.4.2. !g~t of stnr~~. type 1L..!litrogcm x.Pl:1osphoJUS iI)..i(;rnction 

Stand type x nitrogen x phosphorus level interaction influenced 

soil pH and available soil nitrogen significantly during both the years. 

'fhe 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 nihogen accompanied by medium level of phosphorus in pure stand 

rcsult~d in highest pH of 7.7. HONover, it diff&red significantly only 

from lo"r level of nitrogen and phosphorus and medium level of nitrogen 

plus 10\01 level of phosphorus. In 1981-82, hO\!J(lvL'r, tho:; higll(.~st pH of 7.7 

was found in the plats having high levd of ni trog-on and low h'vel. ~ 

ph08phorus. HO"Jevox'~ this was found to be at par , .. "ith low level of 

ni trogcn accompanied by medium level of phosphorus and differed 

signi1'icantly from 10\1 level of nitrogen and phosphorus. 

In case of mixed stand during both th<.:; yoars medium lov(.;l ot 

ni trof;on and phosphorus r ,::,' suI ted in hight:;st "pl~I (7.2 and '7.3, rcspcc ti voly) 

but significant differ.:mcc \'1aS obsorvGd in 1980-81 only "Jhorc it differod 

significantly from mc;dium level of ni trogun accomapnied by high l(;v"l of 

phosphorus. 

A clos;) perusal of data table indicates that the highest pH of 

7.7 that \,reS obtain(:d by supplying 10\<1 12vel of :oi trogdn and medium level 

of phosphorus to pure crop in 1980-81 1rIClS significantly higher to tho 

highest pH of 7.2 that was obtain;jd in mixed stand by supplying medium level 

of nitrogen a.'1d phosphorus. Similarly, in 1981-82 ~lso, it v18S soon that 

the highest pH of 7.7 th8.t \1o.S obtained in pUl'G stand by supplying high lovel 

of nitrogen and 10\" level of phosphorus was significa'1tly higher then pH: valur; 

of 7.3 in mixed stand resulted by suppl;)'i.ng medium leva 1 of ni trog.:m <.:nd 

phosphorus. 
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Table 4.4b. Effect of stand type x nitrogen x phosphorus level interaction 
on soil pH and available nitrogen in 1980-81 and 1981-82 

-.--------- -
.___ Avail-~r.;2L .Qt.&&.af=== fIj P level~ Soil-Pfi 

<--'1 &5Jr 1 -1- g 1.0]"'2 . ___ 12..80-.81 " 1981-82 ___ __ l2 __ ~ 9~ ._. ___ 
Pure Mixed Pure Mixed Pure -~?--.. Pure I'fixed .......... -........-.-----. ,"' ____ ••• ___ 1'> _____ -_' __ a.'-'-"-

=* 

L 7.0 7.2 6.8 7.0 11)7.8 446.6 470.3 444.3 

H L 7.0 6.8 7.3 6.8 49L+.o 557.3 509.6 548.8 

H 7.4 6.8 7.7 7.0 593.6 623.5 604.8 608.5 

L 7.7 7.0 7.1 6.8 473.2 471.4 492.8 489.0 

H t-i 7.4 7.2 7.0 7.3 558.6 560.1 571.1 529.9 

H 7.3 7.0 7.1 7.3 623.5 595.1 632.8 649.6 

L 7 .. 2 7.2 7.4 6.8 452 .. 0 514.5 459.2 500.2 

i'1 H 7.5 6.6 7.2 6 .. 8 542.0 547.2 548.7 56,3.7 

H 7,,2 7.2 7.0 7 .. 2 599.2 680.7 604.7 701.9 

SZd. .. CD5"J, S:r~d .. CD5% SEd. CD.:t'h SEd. CD5'h 

.i. 0.3 0.6 0.3 0.6 24.9 If-9.6 22.7 45.3 

ii. 0.3 0.5 0.3 0.5 20.3 ~0.5 16.6 37.0 

iii. 0.3 0.6 0.3 0.6 22.7 45.3 17.8 34.6 

L: Low.~i,i7'Medi urn andH: High ---.- ---~.----~-.--

i. For the comparison of difference between two NP levelS in pure stand 
ii.l!~or tlw comparison of difference beh".;:en two NP levels in mixed stand. 
iii. For the comparison of difference between tt~ stand means at the 

same or different levels of 1'1P .. 

Stand type x nitrogen x phosphorus interaction ,~ffect also presented 

in 'l'able lJ..4b shol,o/s that in pure crop stand during both the year at oach 

levol of nitrogen alongl~th phosphorus brought an increase in availablu soil 

ni trogen and except for low and medium levGl of ni trogon at 10'\1' leval of 

phosphorus the difference "las significant. It was interesting to notE: that 
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during both tho years high level of nitrogen accompanied by medium lovel 

of phosphorus resulted in highest available soil ni trogen and was found to 

be at par with high If.)vel of ni trog\~n each at 10, ... and high levels of 

phosphorus. 

In case of mixed stand it "laS seen that during both the years 

high lovel of nitrogen accompanied by high level of phosphorus resulted in 

highest 8;vailable soil ni trog-cn. Only in 1931-82 it ",as found to be at 

par ~th high level of nitrog~n accompanied by medium l0vol of phosphorus 

othcr\-Jl.se this treAtment was found to be siVJ.ificantly superior to rest 

of tho tr~atmen te. A close .:i:xamination of the table 1.dll fUrthc"r indicato 

that during both the years in pure stand a,<3 wall as in mixed stand 10lf 

level of nitrogen accompanied by low level of phosphorus rosultcd in lo~~st 

availablo soil nitrogen. Further, it was seen that during both the years t 

the highest available soil nitrogen that was obtained by supplying high 

level of nitrogen and phosphorus in mixed stD1ld lIJOfJ significantly higher to 

the corresponding highest quantity of available soil nitrogen obtained in 

pure stand by supplying high lovel of nitrogen a~d medium level of 

phosphorus. 

4.4.3 • . ~!.~1:._.of crops x..EitrggetLlcv~_:i£~tf$.{',cti:£.rLon avci.l.a.blc pho~Q1'_u.'3 

Crops x N levu 1 intc:raction r;ignificc.:.ntly influ('.'Tlc,-"d tho uvailable 

soil phosphorus ValU8 in 1981-82 {Table 4.40}. 

I t was GtJrm that availnb10 soil phosphorus incroClsed significantly 

wi th cach incroase in ni trog(.m lovol in case of plots sown \-Ji th pure oat 

and not in case of plots so\·m wi th pure oorseem. In lstter case slightly 

decreasing trend in soil phosphorus was ob6crv~d with o~ch increase in 

ni trogon level. However. ,the comparison of two crop means at tho scme lcvc:l 
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of nitrogen indicated that both at low und medium level of nitrogen pure 

borsecm resulted in significantly higher available phosphorus as comparod 

to pure oat. Again, pure bersoem plots administered with its low, ffiodium 

and high lovel of nitrogen registered significantly higher available soil 

phosphorus as compared to oat plots admininterr.:d with 10111 lovol of N. 

Table 4.1tc. Effect of crops x N level interaction on available soil 
phosphorus in 1981-82 • 

.... --- ...... 
Ni trogcm lovals (kg N/ha) Oot ---
Low (40) 45.31 

Nedium (80) 49.30 

High (120) 55.92 

For the comparison of difforenco between h10 

ni trogen level means in the same crop 

For the comparison of difference botwuon tw 
crop moans a.t SaJIlC or different levols of N 

B0rsocm 

(15) 55.48 

(30) 55.05 

(45) 54.14 

~lEd. CD5',r6 

2.8L~ 

-----------------------_._-----------------------

Crops x phosphorus intGr[l()tion influenced the aVcdlable soil 

11i trogen significantly during b~)th the: years. Thu rolevant data hlJ.V0 b~n 

presented in Tablo 4.4d. It \oms 680n durine: both YODI'S that in puro oat 

nn iDcro8S0 in phosphorus levol from 10".1 to modium rC:3ulted in significnnt 

incrense in ava:i.labL; ,'Jail ni trogun. Furth~r increase to high love 1 rosul ted 

in a Gignificnn t dacr(;asc: in available soil ni trogcn. Hm,]Cv0r t lo\or and 

high levels of phoGphorus were fou.ud to bo at par "lith each other. On tho 

othor hand the phosphorus lovols did not influuncc the availablo sdl 

ni trogon significnntly in pure oorseem plots. A further· examination of tho 

data table ind cntos that during both the years at each lovel of phosphorus 



the availablG soil nitrogen '-IUS significantly higher in pure borace!".1 in 

comparison to that obttuned in pure oat ~lots. 

Table 4.4d. Effect of crapo x phosphorus levels intera.ction on availablo 
soil nitrogen (kg/ha) in 1980-81 Dnd 1981-82 

-------------------~~~-B------·'~------1~~1~~g~2----------Phosphorus luv01s __ ,..l..-=-..'1.--_ . 
Oat Borsoe:m Oat _. Ber_s~._c_;,;;;-_m ____ _ ----.• ~------- .. -----------~---------- -'-

40 kg P20iha 433.0 623.5 427.5 

80 kg P 20rjha . 515.2 616.0 

120 kg P 205/hn 440.4 63'+.7 

For the comparison of difference between 20.3 40.5 
t~~ phosphor~s levels at tho same crop 

For tho comparison of difference between 19.95 33.80 
two crop meAns at the SaInf.1 or different 
levels of phosphoruB 

10.6 37-0 

33.86 

___ .... __ . ___ ........ __ ..JIIL<--.-.. .... _-........ ____ __ ~ ___ ~-... ________ ._ .• , ________ " .... ~ ______ .. _ 

The soil pH and C-~ .... I€rc Significantly influenced by the crops 

x N x P l\.lvel interaction io 1930-81 c.l1d 1981-82,' respectivuly. The data 

relevant to th(;se obscrvo.tions Hel\T!::! bo·,;n presented in Table 4.4Q. 

An assortment of the effects inhorGnt intthis intera.ction 

d01Donstratod th~t in Case of puro ont the hi ghost soil pH 'ir0J3 observed when 

ni trogcn and phosphorus ~J8rC appliud nt their respectiv~ me di utI levols .. 

However, it differed Significantly only from high level of ni trag-on ,'Ih,;:;n 

accoE1paniod by loy! level of phosph0rus and loy, level of ni trogcn acco!]pnni()d 

by high lovel of phosphorus. In eDse of pure bersG"n high lovel of ni trogon 

supplonent with low level ()f phosphorus tested sienificnntly higher ph ClJS 

corrpurod to lO\i and medium level of nitrogen SUl)rlolilent with low lovel of 
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phosphorus and tn.:;diur.J and high lovt;}l of nitrogen accl")opanitid by !:lcdiuo lovel 

of phosphorus. Further comp{':xison of t\'!O cropo nt the: S~m1C or different 

NP combinntions shoillOd that in coso of puro bersGon nitrogen at hie;hor 10v01 

supplmuonted with loi" 1ev(;1 of phosphorus resulted. in significantly hi:~hor 

pH as cOr:Jpnred to high level of nitrogen supplor.1en t::d "lith 10\·! level of 

phosphorus or at 10\'1 1.;vol of nitrogen nccorr!pnnicd by high lovol of 

phosl)horu6. 

Tnblo 4.'10. }!:ffect of crops x ni trog(m x phCisphorus intcrn.ction on soil pH 
and CEe in 1980-81 and 1981-82 

. ...........--- .~~.--- .... ---------- ..... --... ~-"... ... -'" 
N x P lovels ___ ~:-81 -- _~~Z~iL_-

~~:l...£H _ --2E~t:'Je 120[1 soil) er:'lt _. BOrS0Gf,1 Ont furscem ......---...-.....----.--..... -~--- ..... -... ---,--~ .. - --.. -.. --.--... -,--,- .. ----- .... - ... -- .... ------... -.-;..;;.;;;---~ 

7.3 6 .. 8 

Low 7.2 6.8 

High 6.9 7.9 

Low 7.8 7.7 

r18diUEl Hodiun 7.9 6.9 

High 7.7 6.9 

G0 9 7.5 

Hcdium High 7.5 7.5 

High 7.1 7 .. 3 

For thG e')i:1'Pnrison of diff~r"nc0 bCit,,}0an 0 .. 4 0 .. 9 
t~ NP level moans in th€: aarJ0 crop stAnd 

:E'or the cOl"l-parison of differ(..nc~ bet\oJG~n 0.4 0.9 
h.PO pure stnnd r.lenns at the sam.:.) or 
different lcv()ls of NP 

15.8 15.8 

10.7 

16.1 

16.8 11.0 

16.2 

14.5 

16.5 15.0 

17.6 

15.7 

2.0 4.0 

t ____________ -..---..._--.....,,_a.-~.~· __ .. ___ .....-· ...... __ ~_._.._ ... - ___ ~_......__ ... ____ .... , __ ._.--.... .. 



Further eXar:Jinl1tion of Trtb10 4.40 revoals that in caso of pure 

oat modium level of nitrogen accompanied by high level of phosphorus resulted 

in highest CEC (17.6 me/100g soil), ho~revert it differed significantly only 

from that ob:,-.ained by applying medi urn level of ni trog~n supplemented wi th 

low level of phosphorus. In caso of pure berseem also medium level of 

ni trogen accol'npanied by high level of phosphorus resu.l ted in highest CEC 
/ 

(17.3 me/100g soil). Ho~~v0r, it differed significantly only from low leval 

of n'1 trogen accompanied by m<3dium level of phosphorus. Interestingly it 
,-

was seen that at medium level of nitrogen having lO~1 supply of phosphorus, 

berseem plots results in significantly higher CEO in comparison to oat. 

On the other hand at ~ow level of n1 t!'ogen accompanied by iOOdiUftt l~l or 

phosphorus oat resulted in sip.;nificantly higher aBC in comparison to b~r6eem. 

The highest Cb~ (17.6 me/100g soil ) ~hich was tested in case of pure oat 

Hhen the medium level of nitrogen ,>las supplemented with high level of 

phosphorus differed Significantly from b0rscem plots "rhcm 10\-1 or medium 

level of nitrogen wer8 accompanied by medium level of phosphorus. 

4.4.6. ~fect._of seed Hoporti.2.n..._x_~iJ~.l'ogen.J._q,ve1 ~nt~r~ctiol! 

Seed proportion x nitro,;.:tn level interaotion significantly 

influenced the soil pH in 1980-81. Tho interaction effeot on available soil 

ni tror:,cn Has obscrv0d dvri:J.g both th0 years. '!he data pertaining to these 

interaction effects have been pros,:mted in Tnble !+.4f. An examination of 

Table 4,4f show ~hat low level of nitrogen result(:d in significantly higher 

soil pH in comparison to that under mv&um nitrogen level in seed proportion 

of 1: 1. Ho,tIevcr, it (tid not diffGr significan tly vIi th the high lovol of 

nitrogc~ Under other sc~d proportions (1:2 and 2~1) thv nitrogen levels did 

not result in a significant differonc~; in soil pH. The highE-st soil pH (7.4) 



77 

that was obtained in 1:1 se0d proportion at low level of nitrogen W~~ 

significantly higher than that obtained at medium or high lovel of nitrogen 

in 2:1 seod proportion. 

Table 4.4£. Effect of Good proportions x ni trog'on levul interaction on soil 
pH 1980-81 and available soil nitrogen in 1980-81 and 1981-82 

k:J/k 
Le\': (00) 7.4 

Mediu~o)6.8 

High (90) 7.2 

ii. 

SEd. 

0.2 

6.8 

6.6 

CD5'fo 

0.6 

SEd. CD5'10 SEd. CD~1o 

41.5 18.6 

62.6 

~----.-----------------~-------__ •• ___________ , ______________ • __ ~_r ______ ~~ _____ _ 

i. For the comparison of difference bet"roen ttVO nitrogen levels at the 
s~e seed proportion. 

ii. For the comparison of differ0nce betwo.:m t\.J(.l seed proportions at tho 
same or different levels of nitrogen. 

The available soil nitrogen data showing the influence of seed 

proportion x nitrogen level interaction also presented in Table 4.4f show 

that during both the years as the ni trogen level vias increasGd from low to 

medium or from medium to high an increaso in available soil nitrogen 'ltJas 

observed under each aeed proportion. Except for the difference between 

medium and high level of nitrogen in 1980-81 under 1:1 se~d proportion and 

botvNen low and medium leval of nitrogen under the sam0 seed proportion in 

1981-82 the increase was significant. 

In respect of the highest availablo soil nitrogen that was obtained 

und0r different proportions the results \~re more or loss consistent during 
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both the years. In 1981-82 the highust quantity of available ni trogen was 

tested at high 1ev.')1 of nitrogen in 1: 1 sGed proportion. This "las follONed 

by 2: 1 sced propDrtion at thu same lovol of ni trogcn.Tho difference ho\orever, 

,..,as not significant. On the oth\:~r hand in 1980-81 thQ highest available 

soil ni b'ogen ",as tested at high loval of ni trogon ill 2: 1 sc(:d proportion 

at tho same ni trogcn lcvc:ls. The difference albiot was not significcnt. 

4.4.7 !Stfeet of seed EF9J?,9rtions x ..Pho.§J2horus lE;,vcl i,ntcraciJ..<?.ll 

Seed proportion x phosphorus lovel interaction significantly 

affected the soil available ni trogon valuc; in 19&::>-81 only •. Tho relevant 

data have been presented in Table 4.4g. 

Table It.4g.Effoct of seed proportions x phosphorus level interaction on 
available soil nitrogen (kg/ha) in 1980-81 

. ____________ ~ ~------~---.--.-~ .. 4.-.".----'--. 
___ S ..... c;.;t:d ptoportions_ Phosphoru[-'; levels 
1:1 1:2 2:1 __________ ........-... __ "". ___ . ___ .. _______ ...:..o..""-_._, ____ -...... _.~ ..... ~- ........... _........-.~.-.-. 

Low (ltC) 

Medium (80) 

High (1,?O) 575.5 

For the comparison of diff{.;r~nce bot".roen tHO 
phosphorus level mOans at the .sarno seod proportion. 

For the comparison of differoncc b~tv~cn two .scud 
proportion means at the same or differont lGv~l of 
phosphorus. 

532.6 

583.6 

577.5 

SEd. CD5% 

20.3 40.5 

18.1 36.1 

It is seen from data table; that high l~vcl of phosphorus 

application rcgisterc,d significantly higher avail().bl,~ soil ni troecn in caso 

of plots having SOHn wi th ont + bcrs0em in 1: 1 and 1: 2 ratio as comparod to 
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modium level of phosphorus and remained at pnr v.r1.th 10111 loval of. phosphorus. 

In thil3 instance low .:'J1d modiu:n level of phosphorus did not diff0r 

significantly from each other. HO'llover, in CaSO of 2: 1 socd proportion 

rnediuf:1 El!1d high level of phosphOl:·I.lS 1>lhi10 rCrlaining ct p.3l' ".lith each other 

reoul ted in si~ni fica;' tly highnr available Gc.~l ni trog('n. On the other 

hand thel compnriGon of soed proportions ,:"t a fixod level of phosphorus 

dcr..ons"tratod that at low lcvtl as well as at high level of' phosphorus 

appli cation, the secd proportion::: did not diff'.;r significantly in 

available soil nitrogon. Howover, CIt medium lov .... l of phosphorus, both 1~ 1 

nnd 1:2 seed proportions b(;;having statisticallY aliko tested siprificanUy 

loWtJr availablo soil nitrogen valu\:! as compared to 2: 1 seed -proportion. 

vJhilc compc>..ring b:iO seed proportion monns at differf.'nt lc:V'cls of phosphorus 

it wa.s ncen th~lt the highest availablo soil ni troge:n that vT8.iS obtained in 

1: 1 soed proportion at hiGh l·:::vel of phosphorus differed signific;:mtly fror.l 

1: 2 aeed proportion at low ttl1.d m::.'di t\t1 level ,if phos-phoruG and from 2: 1 s00d 

proportion nt low lGv~l of pllOsphorus only. 

4.4.8.~!f'cct =c?'V~i p:L'~~2.C_...;"litr9Z~' 1f._U.h.9'~l)hoLl£l J.eY{::l:..l2..J:ptwGrJo~,:t~.~~ 

S0ed proportions x ni t::'t)n x phospho!'us lilvalr. interaction 

Dignificontly influenced the available Gail ni trogen in 1980-81. Thl: data. 

prc,::;cllted in Tahle; Lj-. !+h GhOl", that both uud'JY' 1: 1 [)nc1 1: 2 seud proportion 

high 10T10l of nl trog.:Jfl 8.(;compcmicd by hi[~h lQVQl of phoGphorus resulted in 

highest avni labl;,) scil nitrogen. In 2~ 1 S0Gd proportion [".130 thi:.:, fortili ty 

lcvol cOGlbinntion rosul t(Jd in 702.6 kg availabl; .. soil ni trogen por hcct.:u'('; 

'ilhicll ,,1Flf] norc or loss the Garn;:; Grs that of high laval of ni trogon acconp~licd 

by i:;odium lrjvol of phoG~)horu.s (703.7 kG N/ha). 
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Tnblc 4. lth. Effect of seed proportions x nitrog(;n x phosphorus in+.orC1.ction 
on nvnilnblo sail nitrogjn (kr.!hn) in 1980-81 

---.----.--~. ---.~-... --- - -----... ------.-----...-. ......... .-..------.;-~.~.-~-
;300d nronortion£;: 

N x P l-;:;v(;ls 171-~----~-1:2----··- 2:1 
... ~ .. --.... ,,---..... --..---...... -~---...... ~---.~-----------~-----

Lov' 

McdiuEl Low 

High 669.0 

Medium Hediurn 

High 

Lo,", 513.5 

Modium High 555.0 

High 700.2 

PGr the compariso:l of diffc:rcmcc ?I.ob,;ecn two NP 
lovclc nt thn SamE' 6,;vd proportion 

1"0)" tho co~ari6on of rliffe:r(mc·;) bQt,,;/Gcn Geed 
proj)ortionlC; at t::1C': sen\) cr difforont le VGls of NF 

457.9 

557.7 

480.4 

460.1 

540.2 

546.7 

Lt51.7 

547.0 

599.0 

477.1 

570.2 

703.7 

49:).0 

540.0 

SEd. CD5".0 

35.2 

35.9 71.6 

The highest available .soil ni trogcn thnt W(1!3 obta.inud at high 

level of nitrogen acc0nnani(xl by high level of :phO::1Jlh(1l~US in 1: 1 2J1(t 1:2 

so(;d proportions wDS fC'tmd to bs at per , .. 1.t.h high leval of ni trQgcn C'lld 

low le'lo1 of phosphorus and d ifforod significantly fr.>:"1 rest cf the 

trontu<mts. 



In 2: 1 30<:0 proportion high kve1 of ni trog-en and high level 

of phosphorus Wa!3 found to bo nt p!1r "lith high levol of ni tl'01;(,jT1 and 

modiun leve;1 of phC.sp:1·:Jru.s_ .doth tho trcatconts diffored IJignific£',nt1y 

fron rest of thc- trcah10nts. The highost avnilnb10 soil nitrogen that 

ww frund under diffc!'llnt seed proportions r,meined statistically at 

p~. In trd.n case; also it Wi'lS Gcen that thi; lO\>J(;lst nvei1ablQ soil 

ni trogun under each sC'vd proportion I>!n13 0btrri.ned at 10"1 level of 

11i trog-cn hnvine; 10\'1 lovel of p~lOGphorus. An inCrCeBG in nitrogl;;u 

level fran low to r.10diur·1 at the- SO.iT.0 love1 of phos:nhorus renul t(;d in 

si,:;nific~nt :incrons~ in [lVdlnb18 Gail nitrogen. 



13. EXPERIMENT II 

Experiment II was planned with an ob~otive of finding out the 

seed rates of individual crapo 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 4.41 and that of dry matter 

yield in 'rable 4.4j. The corresponding analysis of variance have been given 

in Appendix 

A perusal of green •. odder yield data given in Table 4.41 reveE,ls 

that during both the years pure oat as well as pure bersee~ yield did not 

differ significantly 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 oat + 20 kg berseem per hectare in the ratio of 

2:1 (T8 ) was t~und to be at par with 120 kg oat + 30 kg berseem per hectare 

in 1:1, 1:2, or 2:1 ratio (T19, T34,T35 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 191 (T31 ) but it was also 

found to be at par with the seed rate of 120 kg onts + 30 kg berseem per 

hecb.re in all the three ratios i.e. 1:1, 1 g2 or 2~1 (T19, T20 , T21 , T34 

and T35). 

This therefore, shows that a seed rate of 120 kg oat + 30 kg bersE'em 

per hectare can be used in any of the seed ratio (1~1, 1~2 or 2:1) for 

getting stnble green fodder yield. This also confirms the results of 

Experiment-I where the se8d ratios did not influence the green fodder yield 

significantly during both the years (Table 4.10). 
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Table 4.41- Green fodder yield (q/ha.) a.s affected by different treatments 
in 1980-81 and 1981-82 

.. ~--~ .-
Green fodder-;Yield TgJhaI Treatments 1980-81 1981-82 

1. Pure oat @ 80 kg/ha 194.79 106.50 
2. Pure oat @ 120 kg/ha 292.12 185.09 
3. Pure oat @ 1 60 kg/ha 236.67 206.00 
4. Pure berseem @ 20 kg/ha 218.71 730.83 
5. Pure berseem @ 30 kg/ha 282.91 691.08 
6. Pure berseem @ 40 kg/ha 184.75 711.41 
7. Oat + berseem 80+20 kg/ha 1~1 240.45 726.83 
8. n " 1:2 218.22 770.58 
9. tI II 2 :1 288.92 690.50 
10. " 80+30 1 :1 307.80 745.75 
11. tI " 1 :2 243.06 754.75 
12. " " 2 :1 308.97 641.41 
13. " 80+40 1:1 220.81 794.08 
14. * 11 1:2 220.54 858.83 
15. " n 2:1 220.39 687.75 
16. " 120+20 1 :1 216.31 753.91 
17. " " 1 :2 188.86 756.50 
18. " " 2: 1 379.65 611.58 
19. " 120+30 1 g 1 305.00 725.91 
20. tI " 1:2 232.87 773.05 
21. " 

., 2 :1 213.77 726.25 
22. " 120+40 1 ~ 1 234.20 858.60 
23. It tt 1: 2 245.81 747.08 
24. " 1\ 2 :1 225.17 859.66 
25. ... 160+20 1 :1 284.99 747.75 
26. " " 1 :2 236.58 819.08 
27. " " 2 :1 277.85 549.75 
28. It 160+30 1 ~ 1 312.71 729.58 
29. " " 1~2 242.45 757.33 
30. " tI 2~ 1 217.41 748.50 
31. " 160+4e) 1 :1 248.67 867.91 
32. It 11 1:2 209.01 703.58 
33. + " 2 ~ 1 232.10 780.50 
34. " 120+30 1 :1 tumrDY

) 
318.75 807.41 

35. " " 1: 2 dummy) 282.17 774.58 
36. " " 2 ;1 duIIllllY ) 271.32 617.91 

SEm± 40.09 55.99 

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 

PEl matter iield {gZhal = 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 nerseem @ 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 -reP4.61 
7. Oat + berseem 80+20 kg/ha 1:1 46.92 124.53 
8. n tl 1:2 46.42 114.54 
9. " " 2 :1 38.58 108.94 
10. " 80+30 1 : 1 71.58 112.82 
11. tt " 1 :2 50.50 126.46 
12. " " 2 :1 68.25 82.92 
'3. " 80+4() 1 ~ 1 42.08 125.44 

1 

" " 1~2 41.83 131.25 14 ... 
15. " " 2~ 1 48.42 .118.50 
16. " 120+20 1 :1 4~.~8 130.69 
17. + 11 1: 2 37.00 135.92 , 
18. " 2 :1 84.67 101.69 
19, It 1!0+30 1 : 1 60 •. 8; 114:05 
20. ft 1:2 62.50 116.56 
21-. " 2:1 46.67 123.37 
22. 120+49 1 :1 44.42 135.66 
23. " 1:2 45.92 133.93 
24 .. " 2 :1 52.92 120.21 
25. 160+20 - 1: 1 51.61 111.60 
26. " 1 :2 43.50 11~~95:' 
27. " 2 :1 46.33 82.12 
28. 160+3A 1 :1 66 .. 42 128.01 
29. " 1 : 2 47.92 116.27 
;0 .. " 2 :1 62.58 119.64 
31. 100+40 h1 47.17 164.32 
32. " 1 g 2 58.67 111.10 
33. It 2~ 1 47 .. 83 115.79 
34. 120+30 1:1 (llumn\T l 58 .. 50 107.82 
35. II 

1:2 ~Dummy 50.75 120.78 
36. " 2:1 Dummy 54.67 95.94 

SEm+ 9.43 12.41 

CD5% 27.04 35.67 
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The data pertaining to dry matter yield presented in Table 4.4j show 

that in 1980-81, the dry IIk':.tter yi.eld of pure oat increaSed. significantly as 

the seed rate was increased from 80 no 120 kg per hectare (T1 and T2). A 

further increase to 160 kg per h2ctare (T3) was fcund to be at p~ ~ith T1 

and. T2• In respect of pure berseem also the dry fodder yield inoreased as the 

seed rate was increased from 20 to 30 kg per hectare (T4 and T5). Further 

increase to 40 kg per hectare (T6) brough a significant deorease in dry matter 

yield. In 1981-82, however, the dry matt~r yield of pure oat or that of pure 

berseem did not differ signifiQantly due to seed rates. 

In 1980-81, like green fodder yield, the dry matter yield was also 

highest when a seed rate of 120 kg 01.ts + ro kg'oorscem per heotare was used 

in the ratio of 2:1 (T18). lbweYer, this was found to be at par with 120 kg 

oats + 30 kg berseem per h9ctare in the ratios of 1:1 or 1:2 (T19, T20 and 

T34 ). Other seed rates such as 80 kg oats + 30 kg berseom and 160 kg oats + 

30 kg berseem in 2:1 seed ratio (T12 and T30) respectively also proved to be 
, 

equally effective fo~ the production of dry matter yield. 

Contrary to 1980-81, in 1981-82 the highest dry matter yield was 

obtained by using a seed rate of 160 kg oat + 40 kg berseem per heotare in the 

'ratio of 1:1 (T31 ) but it was found to be at par with 120 kg oa.ts + 20 kg 

be_se •• per hectare in the ratio ~f ,1:1 (T16) or in th~ rati~ of 1:2 (T17). 

This was also fould to be at par with the 80 kg ~1ta + 40 kg oor8e~ per 

hectare and 120 kg oat + 40 kg be~seem per hectare in tQe ratio or lzl(T14 and 

~23' respectively). 

c. JJ00NOMIC STUDIES 

This section deals with the economics of nitrog&n and poosphcrus 

fertilization of the crops/crop mixture. The eoonomic optima hElve been 

estimated through production funct.io-M by the procedure disoused in detail 
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under materials and methods. The prices of outputs and inputs have been 

shown in Table 1." \.{ ~ 

The regression equations have been c>stimated for the crop season 

of 1980-81 and 1981-82 with resT!8ct to nitrogen and phosphoruf:l fertilizer 

application for pure stand viz; pure o.J.t a.nd pure berseem and their mixture 

in different proportions viz., 1 :1, 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 responso 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 ~bove the variable nutrient under study. 

Table 4.4k. Prices of output and inputs 

Price (Rs/g) .: 
1980-81 1981-82 

Commodity 

Green fodder 20 25 

Nitrogen (Calcium ammonium nitrate) 25% 384 640 

Phosphorua(Single superphosphate) 16% 850 850 

4.5 Economics of nitrogen fertilization 

Table~.1t~presents the ~:roduction function of nitrogen fertilization 

on the green fodder yield of pure oats, pure berseem and crop mixture in 
> 

different seed ratios during two crop seasons. It can be seen from the 

Table ~'4 t that the quadratic type of respoRse of nitrogen fertilization was 

obtained only in case of pure berseem Ell1d in crop mixture in the ratio of 

1:2 where the coefficient of !? had negative signs. The production function' 

have also been presented graphically in }'ig.9. ThE! ffi.3.g!litude of the response 

to nitrogen fertilization in pure berseem was more in 1981-8. To some extent 

this can be attributed to seasonal v8.riat ion which is apparent from Table "1.4 t. 

which shows that where no nitrogen is applied the berseem fodder yield was 
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15269.0922 kg/ha in 1980~81 and 6374.0884 kg/ha in 1981-82. Similarly in 

1:2 crop mixture also it is seen that when no nitrogen was applied the 

fodder yield was 17.689.4476 kg/ha 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 oat9 berseem 
and their mixtures in relation to nitrogen fertilization. 

Crop/crop Year Equation Intercept Coefficient Coe ffic ient 
mixture No. (a) - of N (}}} ,of N2 (c) 

Pure oat 1980-81 1 9596.7871 130.8381 0.0829 

1981-82 2 12606.2069 -22.0429 0.7016 

Pure berseem 1980-81 3 15259.0922 625.8644 -9.00732 

1981-82 4 63874.0884 475.738 -6.4071 

Crop mixture 

1 : 1 1980-81 5 21946.8197 14~.y636 1·7473 

1 ~ 2 6 17689.4476 83.9101 -0.2666 

2~1 7 25672.5548 -39.3199 0.6708 

1 :1 8 81895.0791 -478.3480 4.9508 

1 :2 1981-82 9 71023.0386 152.7714 -0.9516 

2:1 10 95916.5674 -1042.1040 8.7125 
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Table 4.4m. Net profit from green fodder yio.ld at optimum dose of 
nitrogen 

Crop/crop Year Optimum Yield at Value of Cost of Net 
mixture dose Optimum crop at nitrogen profit 

dose optimum at optimum 
dose dose 

~kg/ha) (g!ha) (Rs!ha) (B£/~_ (Rs/hal 

Pure oat 1980-81 

1981-82 

Pure berseem 1980-81 33.68 261.31 5226.20 192.32 5096.88 

1981-82 35.11 726.71 18167.76 224.70 17943.06 

Crop mixture 

1~1 

1 :2 1980-81 121.36 239.46 4789.20 466.02 4323.18 

2 :1 

1 : 1 

1 :2 1981-82 66.82 769.82 19245.60 417.65 18817.90 

2: 1 

Table 4.4m. presents the net profit from the crop(s)/crop mixture 

at the optimwn doses of nitrogen in both the years. It can be seen from the 

table the table that the optimum dose of plrre berseem was more or less same 

during both the years (33.68 and 35.11 kg/ha, resp~ctively). But there was 

a large diffcrence 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 contr~ry the optimum dose of nitrogen in 1~2 crop mixture which 

showed a quadratic type ot;response was 121.36 kg/ha in 1980-81 whereas it 

~as 66.82 19/ha in 1981-82. Also the net profit was more in 1981-82 



• 

.. 
& 

! • d 

'" ... 
i .. , , ... .. . 

~ : ., . 
.. . 
• 0 + .. 
o • .. ~ .. . 

.. ... • 
~ .. , ... , 
o 
o .. 
\II 

t 
:: l :; 

.,; 0 

E : ; · .. - ~. ;.;.~~ 

,) .. +-
t , ' .. 

• ':-0..-1 I : ,1 t 

. ~ . . ' . 
~ " . , , , 
~ "..' 

to, "" .. 
• r- _ 

g ! ... 

t 

. , 

.. • r .. 
4 

J • 
, .. 

'l 

J 
.l 
I 
i 
• • • 1 

! 
" 

I 

'I. 

~ 
I 
1 .. .. 
~ 
• • .. 
a .. • 
t 

f ! 

, I 

i .. 

8 .. 

o O.;:J; 0 
'- :' C" ~ • • 

- (YH/O) OlllA If)~ N ... 1-rJ 

! 

o .. 

o 

o 

o 

I 

i 

. : 
I ! a .. 

. • ! . 

'" % -" III 

I 



(Rs.18817.95/ha) in comparison to that of 1980-81 (Rs.4323.18/ha). 

4.6 •. f~onomics of phosphorus fertilization 

The response equat ions of green fodder yield of pure oat, pure 

bersec;m :·md crop mixtures in different seed ratios during two crop seasons 

have been given in Table 

It can be seen from the table thc'1.t the sign of coefficient of P 2 

in pure oat during both the seasons, pure berseem in 1981-82 2:1 crop mixture 

in 1980~81, and that of 1~1, 1~2 and 2g1 in 1981-82 was negative indicating 

that yield increased at diminishing rates due to the phosphorus application. 

It can be further seer. from the regression equat ion:fOr pure oat that the 

magnitude of the b and c were relatively much higher in 1980-81 as compared 

to that in 1981-82. This shows that the marginal physical product in 

case 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 (1:1 and 2~1 ) in 1981-82. 

The production function have also been presented graphically in 

Fig.10. 

Table 4./~n. Quadratic functior of green fodder yield of oat, berseem and 
their mixtures irJ. ..::elation to phospr~rus 

Crop/crop Year Equation Interc"'pt Co-efficient Co_efficient 
mixture No. (a} ~ of P (~ of p2 {cL 

Pure oat 1980-8' 1 12255.4508 251.3869 -1.5648 
1981-82 2 11782.5958 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 
1 g 1 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 
1~2 " 9 66190.3279 352.0046 -2.4319 
2 :1 " 10 60705.4440 154.3711 -0.4114 



The net profit from the 'odder yield 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 (56.15 and 60.10 kg/ha in 1980-81 

and 1981-82. respect i vely ) • Hm.fever, 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 phosphor~s as 

93.04 kg/ha resulting in a net profit 'of Rs.17721088/ha. 2~1 crop 

mixture resulted in a quadratic type of response durir>.g 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 ~rofit was Rs.17377.53/ha 

in 1981-82 in comparison to Rs.4892.40 in 1980-81. Among the crop 

mixture lft'1981~82 1:2 seed ratio appeared to have resulted in 

reasonably good economic returns. The opt~mum dose of phosphorus 

was worked out as 65.38 kg/ha. in contrast to 91.40 kg/ha in case 

of 2:1 seed ratio,~ Also the net profit was more in case of 1:2 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. 
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Table 4.40. Net profit from green fodder yield at optimum dose of 
phosphorus 

Crop (s}7crop Year Optimum Yield at Value of Cost of Net 
mixture dose optimum crop at phosphorus profit 

dose optimum 
(kg/ha) (q/ha) (Rs/ha) (Rs/ha) (Rs/ha) 

Pure oat 1980-81 66.15 220.63 4412.60 561.35 3845.22 

1981-82 60.10 164.80 4120.00 510.85 3609.15 

Pure berseem 1980-81 

1981-82 93.04 140.51 18512.70 190.84 17721.86 

Crop mixture 

1 : 1 1980-81 

1 :2 " 
2 :1 " 32.12 258.27 5165.40 273.02 4892.40 

1 : 1 1981-82 91.40 761.81 19195.19 716.90 18418.29 

1 :2 tI 65.38 188.09 19702.28 555.13 19146.55 

2 :1 " 146.29 744.84 18621.00 1243.41 17317.53 



5. DIscussrOH 

The experimental results emane.ting from the present investigation 

" Effect on gro'1Jth, yield and quality of oat (,".vo..!!§: ~ati v~ Linn.) nnd 

bersElElrn <,Tri.~.o]'i~. ~a:'h.ex_8.:''l<!r.iE.I Juslen) grown in 1jure and mixed stClnds at 

varying l~vcls of nitrogen and phosphorus!! havE; be:-;n dHscri bed in th", 

proccding chaptor and are discussed h8re ,;,d.. th sui table r€:asoning to 

establish Cause and effect relationship in th0 lieht of available evidences. 

This study extended over two crop seasons Rabi 19~ .. 81-82. The 

groen foraso and dry matter yi • .:ld obtained during tho tloJO crop SOE,,'30nS 

differed :eonsiderablYj the second year rncording higher yields than the 

first yoar. Tho low yield during tlw first crop soason (1980-81) may be 

ascribed to the following roasons: 

1. Berseem waB grown for the first time in thp field. 

2. Though irrigations t1l'ere a"Qplicd to the crop depondins upon atl'iosphcric 

demand. tho wcath0r immediately after sovri,ng remained comparatively hot 

and dry for about fi va l-Joeks (Fig.1) lr/11:i.ch tended to advorsGly affect 

tho crop growth. 

3. lm unusucl sno1.lrfn..l..l of 90 mr.l during th(; month of January 1981 

adversely ;;If'f,)cLd th;.; crop stu.nd of b0l's()sm ,,,hen it was in its \.)arly 

I3tage of grOi'lth; cons:::quentlY its rogo:10ration W1S affected advorsely. 

4. In tho first YOM, tho :C'Jsponse to vOX'ious h:vcls of phosphorus 1.rlCiS low 

pr,:)b2bly owing to its fixation and thus ovor all yield levels l'JOre 1m,/. 

ContrtU'y to this, the lrr":ather ir;lmedintoly aftor so\ving the crop in 

1981-82 vms cwparativ0ly cool and humid smd intermittent light sho1:JOrs 

during the first two v}(:eks aftfjr s01.>ling ht.lpcd in bet. tel' est ablishment of 

s€;cdlings. 'file total rainf''ll:L of 581.7 ltJr:J reed ved during this crop season 

W.:lJ3 distributed normally throughout groving soasen (Fig.1). This ru.so 
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helped in dispensing with irrigation from third woek of February till the 

end of crop SGnson. It is !:llso qui to obvious thc:t there might havo beon 

fairly good supply of nvcilablc phosphoru3 as indicntIJd by the soil 

phosphorus value (Tabh 3.2). This might have h<Jlpod in botter fO:Cnlntion 

of root nodules thuE: onhuncing the [lctivitics of Eh.i.z.9b~q ::md rr::sulting in 

highE::r green [;nd dry foragc· yields during this sor..son. 

That tho bers00m yie:ld was 10\,1 during the first grorJ seDDon 

(1980-81) oi ther for its cultivation for tho first time in the experinc.:ntnl 

fi old or due to unusual snow! nll during the month of ,J Dllu:iry i3 furthor 

substantiated by thG data on proportionate contribution of Q.at nnd bcrsecm 

to the green forage yiold (Appendix X ), which sho\., thnt the oat 

contribution remained morE: or less conr;tant during both tho ycc.rs, l'!h0rcas 

tho proportion of borscem ,."as qui to high during thf) second crop seo.son. 

5.1. ,¥:Lt2,S.t of ~tQ!l<! .!JIl?0 (ComJ2,nrison ..£,f......J2.1lLo st'.md with _mixeq.) 

The 6up'3riori ty of mixod stand, particulnrly durilcg 1981-82 crop 

senson, established th(J importnnc0 of th~ princip10 of forage sood mixtures. 

It was Gt:c:n th::,t in terms of yic:ld (grocn a3 \'1Cll <'\8 dry matter) mixed 

stMd resulted in oignific2ntly hif,hcr yieldo (Table 4.1a). Increasod plnnt 

height Hhich might hnvc contributed to high yi~ld V1013 obteinect in mixed 

st;-:nd. During 1980-81 .~u.['c .. morc or 188s n simile:';r" trund WnP observed, but 

the diffcroncQ waG not Gignific~nt. This situntion onvisagod that under 

favournblc environment tho b"0 E'(lecic:G c-m grO'ljJ in associo.tion ",r.i thout 

impinginc on the environment of its neighbouring plnnt, i.o., there is 

prDcticr.L'.ly no cOf,lpeti tion. Not only th.::: totL'll forego yiold but the nixturc 

of hro spocicG wns superior in roGPcct of qur;li ty (reflcct",d by per cant dry 

r:attcr, crude protein content rmd thc: tot~l protein yield) :11so. 1'110 crud(~ 
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protein ccmtent ns well an the protoin yield hlCro significl1TItly hiGher in 

r.1iX0d stand during both tIl" yoarG. Th0 oat + beraeem mixture therefore, ca.'1 

be: considerod '1 desirable proposition beth fr08 yield (forage rmd tho 

protoin) ~nd qUnli ty point of vie,,!. 

IncI'0n8cd forage yields from the ciixed 8b.nds of oat nnd bcrsoeu 

or logumo-ncn1e:gume fornge in C1i3socintion h!V3 [;180 beon re:portod by B,::.chor 

(1949)t Hendernon ~nd DnVi68 (1955) and Tonor and Arora (1971). 1his 

situation is also true in case ef gr8.SG-1egume [tSsoci[',tion under nllturru. 

pasture. Baylor (1974) observed thF.tt incluGion of leg-uno in s\lnrd Ul3uruly 

r06ulted in increased forage yield, high qu~lity and improved SOnGonru 

distribution of fornge under n~turru. pD:>ture. The soh; objoctive of CI 

cropping systen should not b€. merc·ly to harvost higher yiolds of the: crops 

in quoGtion but shoulc1 bo to I1nin t"in tho soil fcrtili ty ulso. A mixed 

stnnd hod n modernting ~ffect on soil pH mld onrginru. incrcnnes i~l or£;&'1ic 

Elntter (Tn.bl€ 4.3<::.). The influ(",r..cc, hONover, was not signific:1..~t.· Since 

eVGD n nnrginal difference in thus.: soil Chci;licnl proportics l'i1D.y have [\ 

bearing in the control of seil fertility, stntistical sisnific~'1cu ~ny not 

be of much relevance. The cumuJ~.tive cff,)ct of these scil ch-.ir:J.icnl 

prop<)rtil:s was noticed in the nvnilab1e soil nitrogen in 1980-81 Dnd 

nv .. :ri.lnblc- soil P 205 during 1981-82 whur(! l1iX8G {, b..11U !":Gul ted in signific.-mtly 

highvr V':-~U6S in conpnrison to th!'lt of pure stcmd. Though the differences 

\llCro not significnnt in rOspl~ct of D.vc-tilDb~_c soil ni tr0G;;n during 1981-82 

Dnd avmlable P 205 durinG 1980-81 yot the trond "IIOS l::orC or loss Sr;U";10. This 

increnso in pl::lllt nutrients, particuL.."l!'ly nv.-:d.lablc- P205' \.!:~ qui t~ naturnl 

dUE; to high(.;r or~mlic nt'.ttcr contont and tho dccrcnS(; in pH ('J'nblo 4.30.). 

The r(;lol'..Bc of c['J"bon dioxicl(· durinG' GrGD..'1.ic l:1::>.ttor decooposition is thouGht 

to be inport"'~T).t in the r~loL'..sE;: of infJrgnnic phnsphorus vin c[!!'bonic 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 atl~ast in part for the increased 

green fodder and dry matter yields obtained from this stand during tho 

second yeC).r of oxprJrimentation. 

5. 2. ~.f1..cct of crops (Com.parison of pure oat 1I>1i th .12uro ber~~.Em). 

Since favourable conditions did not exist as indicated carlier 

for tho growth of bcrscem during 1980-81 t no .significan t differenc0 \'ias 

observed bet~~en pure oat and pur~ bors0em as far as green and dry matter 

yielQ.<5 "]ere conCf.irncd. However, during 1981-82 ,..men favourable conditions 

oxisted for too g~th of the berseem, it out yielded pure oat significantly 

and yield incroae~ in r .. spe.ct of greHn and dry fodder were 4.5 and 4.0 

times, respoctivdy. 

Significantly lower leaf : stem ratio that was observed in pure 

bcrscem may not be a desirablo trait but it was to bG 0xpected since the 

lE:af : stem ratio was based on :c:,csh weight basis aDd the shoot of oorsoem 

usually contain more moisture in comparison to those of oat plants. This was 

rofluctcd in the- per cc'nt dry mattor content EUSO which "las significantly 

lower in the pure borsoom (Table 4.1b). As expected, the crude protein content 

and thl:' protein yield of puro oorsGcm 'NOr;:! significantly higlY.:;r during both 

the y"ars. The lcgumenous nature of b~,rs";(Jm \l)'aB evidently oxhibi ted by the 

available 60il nitrogen status after harvest of the crop during both the 

yeors of experimentation (Tablo 4.3b). Pura bcr,socm rocord0d significantly 

higher .:lvai labIa soil nitrogen in compnrison to pure oat during both the years. 

Thus bcrsc€iffi crop not only can grow and yiQld high~r forage yiQlds at 



considerably 10", levels of ni troB,:n but caD benefit the Succ(~cding crop by 

way of atmospheric ni ttog(m fixation. 

5.3. £ffcct of seog" ;aro;aortions (qotnll::;g:'i.s~~:.~~t!.9.§ ... ~j;hin q=h.~ure). 

'rhu mixing of two for ago ~pccies at (1..11. empirical ro.te of varying 

acod proportions viz., 1:1, 1:2 and 2:1 of oat-bersoem mixture sho,vcd that 

thoro 1,/aB no Significant influence:: on the mean cumulative plant height, 

Loaf : starn ratio, gre::cn forage yield and crudt; protein content during both 

the seasons (Table 4.1c). rl'his suggost that both the species UJ:3cd thdr 

share of environment .... 1 thout impinging on the (;;nvironment of each ether tvb,;n 

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 aT 2:1). 

However, 2:1 seed ratio resulted in Significantly higher dry matter 

production and protein yields comrarcd to 1:1 seed ratio in 1980-81. This 

may be attributed to higher component yield of oat fraction in this sced 

proportion compared to that obtroned in 1: 1 sced proportion (Appendix X). 

This superiority of 2: 1 seed pr' ortion for t~o total dry matter production 

tvas reflect0d in different cutting stages also (Fip;. 5). 

That thc; grorm forag~ yield in all the sGed proportions viz., 

1:1, 1:2 and 2:1 using an empirical rate of 120 kg per ha of oat and ?fJ kg 

per hGctaro of b(~rseem in aperiment I bohav0d statistically alike 'i!a8 

confirmed through Experiment II a.lso, "1here! it 1J.r8S seen that mixturo in 

these ratios gave more: or lcss thG same grcsn forago yiGlrl during both the 

seasons (Table. 4.4i). In 1980-81 t ber800m contribution ."a5 10\<r in all the 

seed proportions and just the reVE;rsc poeition hc:ld good during 1981-82 
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r'ic:. -11 and corrcsponr:ing d,').tc. proscmt.cd in Appandix XI illustrotc th(; 

sensitivity of the two species of contr3.Sting habits to tho seed proportion 

and tim(:) of cutting. In t.h; first crop season (1980·,-01) th0 yi,;ld proportion 

of oct V'JaS higher than th8t of, rS08m at firGt ond second cutting stage, 

,,!hile in the subs(Jqu~mt cuttings O\.,inG to l)(;,th;r rGgoncrntion of b0rSG8m in 

comparison to oat thl: yield proportions of berSGlrii improvad in all the seed 

proportions. In a normDl sonGon (1981-82) yield :proportion of bersoem HaS 

high in all the 3 sGed proportions (:ratios v:ithin t:lixturo) cl'~ G11 cutting 

stages except th<3 first cutting stct,g\~ in, 2: 1 ()at-borsvcm seed pro-portion. 

The improved forage yiGld d1.lring second SG';lGon aD stated earlior may bo dUG tC) 

the favourable weather conditions. Tho G'xperim(mta.l c;dta on these nspocts aro 

in2.dcquat.:.> but it is rensonablu to suggest thi'lt the t'·.10 GpC:':cics tholl[h 

possussing contrn;:;ting habits Itlith respect to l8af distributi0n, pLmt 

height. root distribution, mineral u\~tcl,-.), morphologicD.l as ~'lell 0.3 

physiologiccl chvractc:rD, nr', cblc to exploit th::; i.mvirol1mont more 

cff0ctiv0ly in mixed stvTld thnn in pure culturo, theroby t;iving inCTGOSvd 

over all yiold (TobIe 4.1C, Appcmdix X). 

Tho statistical si2;nifi crmcc not ;,;i thst:-:nding, 2: 1 seed proportion 

."hich tendod to r(~cord :1ighor cir y mv.ttc'r yield (Tablo 4.1c) also had n 

tondcncy to record highe:r 2.vnilabl:; ni trog~:;n status ,-".ftcr harvcf;t of the crop_ 

During 1981-82, the diff;,;rcncG 1,1a[; (:von r;if,'nific[lnt ,,!hen compared ,vith 1:2 

sced proportion (Table 4.3c). 

5.4. £~'t. of ni tro5on lcvcl.s __ 

Hising costG of comncrci.:,l nitrog(.il. (;Gst.mti~l. for inCrCru3(;d 

forq;o yield hava rc!no\tKd thrJ interest cf forugc :)poci c:.>lists in ;,;rncs-

legume nGsocintion. In this study ni trogol1 ap:plicdion signiliccntly 
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inCND.Sed th0 plant hvight 1rlhich nccounted for tho Gignific.:mt incI'G;;:,3o in 

gru;n [to \.,011 as dry matter yields nnd crude protein content ('l'nblo 4.1d). 

Th,) botter rOGponsc: was tho r03ult of higher procluctivi ty of plots 

re:cci ving high levul of ni trag," thnI1 thonG r(:cci \ling 10\'iCr or modiun 

forUli ty lev(;ls of ni trogon. The incroos0 in gr0en as ~",all ,'1fj dry matter 

production wi tb. each increasing lE;vel.of nitrogen mo..y bo 0.ttribub:d to 

higher moristnoatic activity helping in bettor gro~,th and ultimately 

rl~nulting in higher ;yioldG vis-a-vis reducod forlTI::l.tion of polysncchro'idl.;s 

which gen'.;rol.ly occountcd largoly for incrc:::.sed crudo protoin i~ forago 

during both the seasons. Th'.;:se results are portiruly in neroumont ui. th 

those of Rnthi cmd V n.i.shyn (1983) who r':portcd th~t incre~1.Se in 11i troDon 

()..pplication resulted in highcr greon for,'Jg0 yield, promotLd dry 8a.tter 

production nnd nccUlilulation of crudv protein but ndvorsuly affoctod tho 

dry matter content of the forage ov.t. Tho signific[mt effect of ni tragen on 

soil chemicat properties like pH, GEe, end organic mAttor ",ns not ovicbnt 

but eo.ch level of ni tro8'nn brought n significnnt inCre,:1p0 in avn.i1nblc soil 

ni trogcn. In respect of cynilo.ble: soil P 205 ruso, thoro ,,,ns signific8nt 

incrense DS thv nitrogen lovel .... ns incro2J3cd from 101" to medium level 

during 1980-81. During 1')81-82, hO't,ov<..>r, 10\,1 Dnd mediur;J le'Jcls of ni troGcn 

did not diffor significantly, but a further incronsc tv high lev.::l resulted 

in significnntly highvr 2.vro.lnb10 .soil P205 (T"blc It.3d) 0 It eun thcrGforo 

be surmisod from Tnblos 4.1d end 4 .. 3J that incrGosl:) in nitrogen 10v,.ls not 

only resulted in incrG[lscd greet! ,~nd dry r.latter yiulds but nl130 incrcL1J3ed 

the; nvci l~bl;.;; f:j oi 1 ni trogcn -::.nd phosphorus st ."J.t US 1.>:hi ch is [ill iClport «nt 

fer.turc· in the 1iwintcm:::nce of soil fertility perticuli"rly Hhen Gxhnu.stivo 

forogo crops nrc gro .... m. 
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In the:, light of th,:; fact thDt phosphorus buing 3Yl irJport.:m.t 

COnfititucmt of nucleic ncids pllOl.3J?llOlipicis t th0 cO-0nzym0s, NAD. HADP ond 

that of NIP :"1nd c0nsC'qu2utly i~:; invclvc.tymt int:::l:} synthosis of nccloc(\-

proteins, it r10y not be difficult tn (;X"tlln:L th::.t thJ incrl;a'3~ Ll 

phosphoru.s levels from 40 to 80 kg P205/hn rcsultBct in significant inCNaGC 

in crude protein content of forDge durinG broth th." yeors ('I'nblc [1-.10). Th"t 

phosphorus is found in th.; nucle:ic acid P.1oiuty of nucleoprotiJins r.lOlcculo 

r.mc1 is involved through NIP in the .'lctiv;,tion of amino '1cids for the 

synthesis of protein l:loiety, the importance of tllis coopound ic well 

documented (Devlin, 1973). Furth0r, incrcr"so to highur levels of 120 kg 

p 205 may not be required. Phosphorus !'lot only helped. i'l Gffic:L(mt ni trogc-n 

rnetn.bolism in plrmts but also thoro Nas more rosidu~tl ni troGon in thcj s~:dl 

~lhcn phosphorus 1ev(.:ls t'lCrE: increc,scd froQ lat.' to high, i.o., 40 to 120 

phosphorus forti li.zdion cf forage cr(\pl': pr:trticulc.rl;y '.rh(;l1 l()gl.ll1le io8 ono 

. of th,; C()rnpoDen ts. 

5.6. Bffcct of intcrnction 
~ • ..-_ I •. ___ ~~ 

Ni troG8n x phosphorus (N x p) 1.·lnS 0no of the most cono8pic~s 

int.:;r'1cti:Jn.s which inflwmcod the; dry l::lnttcr yield, cl'udc prot,)ill content 

nnd prott:in yiuld during both tho 6casons (Tables l1-.2a, LI-.2b 2nd 4.2c). 

Phosphoi~u3 d low lovel vlhon npplied in conjunction \Vi. th high lovel of 

nitrogon resulted in siCnificMtly higher dry i:lattl:r yield of the for esc 

<1J3 cor.lprlZ'od to :Jll ether (':oobinations excolJting high lev,.:l of phosphor'us 

SUp-plcr,lCnted \-lith rd~diui7t as \01011 ci.S high lovel of nitrngon in 19&)-81. 

In 1981-82, the- hi£;hc~st dry nntter yield th2.t vns obtDin",d with a nntricnt 
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C0i:'lbin["~tion of both nitrogen and phosphorus at high lovels \-J1»S fourl.d 

stntisticolly at pnr \-.Ii th low level of phosphorus supplemented " .. i th medium 

level of nitrogen or vice-ver6~.. Thus there seems to b(\ a synerrsistic 

effect ~men both the nutrients are applied in conjunction. This may also 

imply that if the fertility 10',e1 of sail is such th11.t i-t supplies at 

least 40 kg of avrtilable phosphorus, ::1 high dry mutter yield of forage 

cun be obtained by adding sufficient qu::mtity of nitrogen. In this cc.se 

nitror:en and phosphorus appenr to have ncted us nn economic Ilubstitu·i;c 

for oach other. This concept of substitution does not imply physiologiccl 

substi tution of nutrients but only thr.t eithE-r of nutrients \-t.ioll increase 

dry matter yield when nppliud to soil. This is probably dUG t, thG fact 

thut addition of one nutri8nt might help in better utilizotio~~ other 

nutrient. Further. the higher crude protGin conwnt obtdned d,a to the 

npplication of nitrogen nlongwith phosphorus (Table 4.2b) both n\; high 

lcvol may be cscri bed to tho combined cffoct of nitrogen ond pho/.lphorus in 

enhnncing cell r1ivision and c.ccumulation of protein bodies and thtJir 

derivatives throug-h increased s.fficio!1cy of vlnter utilization by a forogo 

crop pnd bGtt\3r tr~.nsloc[1tion -·[ld assimilation 0':' absorbed nutriont.1 "Thich 

in turn. have rcsult8d in higher crude protein content vis-a-vis protein 

yield. Similar obsurvntions wore £11so rocorded by Bokde (1968), 'rrJlll;. 

(1969), Snndhu ct 111., (1976) nnd Tripnthi et n1.. (1979) in C.::1:Je of 

forage ont. 

The nuxt importcnt intlJrnction ,,,,hich influencGd tho grcGn rul6 dry 

matter yields signific8Iltly "IDS the crop x ni trog\:m levels during 1980-1}1 

croll sonson (Table 4.2h and 4.2i). It wns obsJrvud th~t t4th ocJ.ch 

6UCC0Ssiv€ incronso in ni trogon level gr,)cn forngc yi01d of pure oat 
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incroQsed significantly. vJhilo the application of 80 kg nitrogen pur hectarE 

gave r.n odditionnl yield of 56.31 q/ha of groen forage ovc:r 40 kg N per 

heotare, next dose of 120 kg N p<·:r h..::ctarG rvgistorod nIl incr<~2Sc of 58.97 

q/ho oV0r 80 krr N pGr heotare. L.i berru. nvailobili ty of nitrogen is expected 

to increase the mcristcmntic ncti vi ty of p1n:nts which might hav\) rvsulted 

in nn incre[1Bu in green for;:cgc yi0lds at higher lUVGls of ni trogon. Gill 

ot cJ .• t (1968) t Singh (1971), Sux(Jnn et 0.1. ( 1971) t ,singh ?t cl., ( 1975), 

Hukkcri at al., (1977) Gnd Trip[lthi at 131., (1979) hove also rGportcd high,;r 

forngc yields of ont due to incrensing lovols of ni trogon application., 

Liko'lttisG, .Joshi and Pro.shnd (1979) havo observed <'. Gignific['!1t lincC1I' 

respons.::: to nitrogen upto 200 kg per hectaro. Further invcstiG[~tion of this 

r:;ignificQXlt intornction sho;.,ed th::,t groon fornga yield of pUN' bersocm \18.S 

not influenced due to the nitrogen npplicc:tion lovels. Although the forage 

yic:ld incrc:'.sudns the nitrogen do so wns increRscd from 15 kG to ?JJ kg N/ha 

but further incN,'\so to 45 kg N/hn hpd ,";1 r.::brding offect. This quadr:ltic 

tyt)EJ of response in Case of "pur,:; borseem rlppGDrS to bi} o'l>ling to the lower 

rosponsGs in yields at the hiG'her l;-)vcls of ni trog0n primerily causc..:d by c 

possiblo injurious offcct of ni' ')g0n on Hhizobi.,q. Sinha (Jt 01., (1982) 

hnv:; ;11so expcri8;lced th~lt tho dose beyond 40 kg N/hn provod d8trimcnt,:;l tc' 

b~;rCO(:1;1 possibly cU<J t,~ come injuric:us (;ff8ct on symbiotic bc;.ctor-.i.o. ;::.:nd nC 0. 

result the: gre;::n fornge yi-:.ld 1<JOS rcduc0d to significnnt lovel. Horo c,r 

10313 similro- trend \"10.13 reflocted in th<; dry m;,ttor production dso 

(T:),blc 1+. 2i) • 

The significant influ8nc0 of staYJ.d type x P l'lvols intcrc.1 ction all 

protein content r:nd prot0in y-lold during 1980-81 (T::-:blcr; 4.20 ::U1d 4.2f) 

indicated ti1[lt both prot;.;in contant DB Noll ns prdci;l :yidd WL·ru high in 
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mixl:d sb.nd. This is also indicdive elf tho fs.ct that ont + b0rtJ-:,:;m mixtur(; 

forme;d ."'. comp,:-ttiblo mixtur;:. Further, n higher dos.:.. beyond 80 leg P 205/ho 

for the mixtur(} mny m't be :ccquirvu. both fro![i protein cont.:ont ,',p well DB 

protein yi (;ld point of vi(;l· ... 

Sbnd type x P levels into!':1ction ,·,hich signific[lptly affectud th0 

protoin cont,:nt ~nd prot,;in yic,ld of the fcr,~:e.:.: })LlntD during 1980-81 (Tc.blE;[ 

4.20 [~nd 4.2f) n130 affocted the nv[:ilnbll.· Goil :litrogtm durinG 1980-81 C!S 

~JG11 [}]3 during 1981-82 ilnd th.., cffoct ':1:~.S more.: or less cimil::u:-. AD:lJ.l 

increr:.30 in phosphorus level r,)sultr:.-d in signific.~'llt incrCnse in protein 

coutout ond rrotcin yield of forago pl.:'.uts, moro or 10GS Gimilm' tr(;nd t.,ras 

obs0rvcd for tll'. :w:1il'1b10 ni troge'll ciso. However, during 1980-81, l1Q cnd 

80 kg P 205/h~l did not diffc.:r significantly from v.qch 0tht:r but 120 kg P 205/ho.. 

resulted in signific:::nt incrc,).s~ in compnri:30n to the lOhror two It;vc.ls. 

It can, thor.-:forl..', b0 surmis,;d the,t r;d:.:: qu,:tto supply 0f phosphorus 

in grnss-lcgumcfl mixture ,18 that uf r;E'.t + bersE-on not o:lly hl:lpB in 

ir.Jproving the qu.~-'li ty oT the fodder but ,::'.1130 rC3ul ts in the r;Jdnt(m::::ncc of 

soil fcrtili ty. 

Crop x P levul inturDction \thich sir;n'ificnntly influonct:d th·:; 

[lvnilDbL: f.;oil nitror;-un ~.uring both thu YC:;:lrG indic:::tcd th"t c,t (';2ch lc:v,;l 

of phos:!,jhoruc bcrsocm si~nific;;:.ntly out yi.,lc.l .... ci th:; rJurG or:t. This 

indicQt'JQ th8t ~h,)sphr;tic fc.rtilizr'ttic'n is mor(] renumcr~:tivl! in b;.;;rsoem th;:;t 

in O:lt. 

'.Lbo 2: 1 so"d prcportiol1 1>!hich resulted in Bignificnntly l1i;)101' dry 

[latter ;;'l.,.;ld in 1980-81 at high Ivvol of ni tror.:clJ. ",1s(1 re'mltcd in fnirly 

high :;mount of ;)vcil2.bh) s~il nih":'58n, th(. d:iffor'..!nc:.; oJ.bcit "1'1;3 not 

BigT'.ific:··~t. Tnis fi'!ct :is indiccltr::d through T.~blo 1+.Lill. which re;pJ.~Q;3cntcd 
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the: of'foct lif sood proportion x ni trogon level interaction on r:.vdlablo 

soil nitrogen during 19&:>-81 ~d 1981-82. In 1980-81 availab10 soil 

ni trog,:;n in this proportion at high l(.:'vc::l of nitrogen WIJ's th0 lil,::xinum , ... hare. 

in 1981 .• 82 thou[Sh the hie;h0st ;:wni.lohlc soil ni trogcm woP tost<;:d in 1: 1 

s8_:cl proportion but it "1u..S Qt par with 2: 1 s(;cd proportion. 

Thoro .... roru fc\., nth,.r i14teractions liThich influ(;ncl:d one or thu 

other ch<.!r:).ctor ,']ignific::mtly but tho tntc.·rc:.ction influ.:;ncos Horw not 

consistent ovc:r y\)arB. He1'lco they hnvc bct'J!l Qxcluded from the discw:;sion. 

5.7. Econonic an~J.ysis 

The production functions W'.!rc obt(\in-.;d with tho help of second 

degree: pa.r::tbola fef th0 type Y "" n + b 2. th ., t . . x + ex ItU' e. V:L01:! -r;o of-;ccr ~J:LnJ.ng 

the eC(JnoElic optinn for ni trogcn rmJ phosphorus fortilizil.ticIl ill diffe:rvDt 

cropping systom[; in beth the yeDI's. 

It Cilil be visuclizl.;u from 0quntion 1 nnel 2 ('r:::.b10 L:.41) thQt the 

nL' ... turc of response in CCJ)8 of pure 0nt wns such thnt green fornGc yic.;ld of 

pure ant \'iCnt on increasing t:li th e~ch zuccos,'3i ve incren8~; in aitro[SGl1 dose 

during 1980-81 (mel r:or;) or 1(;[38 .sillil,r trcmd l'IGS ObS01'Vcd in 1981-82 D1S(~ 

but rosl)ons0 :::.t 1o", lov01 of ni;rogon "inS poor rmc:, stcndly incr(;usod at 

hic;hor lcve:ls. E:nrlh~r \"Iorkcrs (Bckde, 1968, Ironer, 1968 

eni} .3c:x.:ma ct [u., 1971) h':WG Illso ti.)stcri N dOGc'] v2rying fror.l 0 to 120 

kg N/ha [lnd invnrinbly ths highClGt yi.;ldG \\l0rO obt-:-inuei nt th'-" hiGhc;st doso 

npnliod P ,,10.:3 obtained in this study Dlno which sugS',:;stG the nc(:;d f0r 

testing Gtill hic;hcr noses. 
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i!owevert in CD.SC cf pure bersc-HiLl "hero c!Llinishing roturns ,·erc 

obsorvl.)d ",lith ni tX'og",n 2PTJ lic.'1-rs.on during both the) crop soason (oquntion 3 

Clnc1 4, respocti vvly) the- optinur.1 doec wOl'fed out to Gore or loss th<.: [j,Jl:1C 

valUQ i.'J., 33.6il :\ud 35.11 kg N/ha during 1980-81 <stnd 1981-82,rospecti ve:ly. 

Th·:: not profi t .. ~,c,urring fror.'! ~hnse optimr:: 11!1)B Rs.5096.88 It.'). in 19&)-81 

n,s ngoinc;t HS.1794J.06 /hr: in 1981-82. This r,lc.y bi.: c.ttributcd tr:- tho 

scr;uonnl vnrintiol1 \Jhich is np~~":l!'Unt from the v::llu(; vf interc.Jpt 'Zl'. Th() 

net profit in 1981-82 ",0G 252 per cont highe;r cGupD.rcr] to 1S00-a1 0VCll lIlhon 

the cost of nitrogvn incrcased. 

In 1: 2 crcp r:!ixbrt;; diminishing returns wore 0bscrvGd due to 

nitrogen npplico.tion during both thE:: SGOSOll0 (cquntion 6 ,mel 9tX'o5~cti"rol~. 

ThG optinllr.1 dose wor1<cd out to 121.26 kG ;'Vh:l in 1980-81 ['.8 .".g'clnat 66.82 

kg N/hn in 1981-82'. 'l'h~; net l?r.)fi t in 1981-82 1t!r:oS 3~ pd' cent hibtlCT 

coopnrud to 1980-81. I"nis rlO.y be nttribute:d to hiGh.:;;r gl~(.~(;n fornr;o y:lqd of 

borsQ\)(1 cooponont in this nixturo. 

In respect of phof.iphorus [l"'pliccltion tho r;iixturc of ont + b{;rSGcr:l 

in 1:2 seed proportion registcTe:c! the highl;st ri(:t profit \rlhich waD 4 ~d 10 

per c..:;nt high(2!' compCll'0d t-) 1: 1 ",«1 2: 1 sued proporticn, r<..:spectivoly in 

1981-82. Tho nct profit fron pure. bt;rscc.m in 1931-82 wo.D also relnti vcly 

hiGh;:;r th'::lD 2: 1 seed ;>!'oportion. The. li.iGhuX' not prcHt fro;n the, Gixturos of 

1:1 nnd 1:2 :-:TC attributod to highor green forc.ge yield of bers'-!i;:ID conpon0nt 

and. batter response: to P in thos:.; nixturoG Ctrj conp ... .recl to tho.t in 2: 1 Go",d 

proporti c1n. 



6. SUHHARY 

'Tho Gturly entitled " l~fiuct on [jrc)lrth, yi(;ld [\nd qu:uity of O['..t 

(Avena sativa Linn.) and. bere;eem (Trifolium aloxandrinum Jusl·:m) groHn in -.........-~ ~_________ _.... FFT?aI_ ,._ 

pure and mixed stands at varyiIl:J levols of ni trog.::n and phoaphorus ll ~la.s 

earried out at the Agronomy and Agronomei;coroloGY Farm, Himacha). Pradesh 

Krishi Vishva '1idyalaya, Satya .N,Ul.d Stoko~ Nagar, P.O.Nauni,Solan d~ing ~ 

1980-81 DnG 1981-82 with the following objectives in vie\·t: 

:(i) To nSSCGS t118 COl:Jp[).rDti vo ;lorforr:l:::t11ce ·')f biJrSuor:l ::end o:>.t gro\Jn in 

pure, nnd nixed st::>.nJs for f0cli.lcr production, 

(ii) to study tho ,.)ffc-;ct of threo lc,vc:ls c3ch c.f ai trog811::1)i'J phoGphorus 

nnd nixc:(l st "ncb t 

( ... ) 
,11~ tc study the 0c('JDonics of fcrtiliz0r Rpplicatioll t,) o:J.t cud bc.rs(>'.:rJ 

cultivCltcd in pure: 2.n(~ mixod sto.nds,Jud 

(iv) to find out the effect of luguffi0 o.n:} non-lcgU!'1G 2~3soci[lticm on thE.. 

f0rtili ty stC\tus of' tho soil. 

The fr.rr:! is situr:tGd ~n on Glovntiml of ,"bout 950 mutr<;;s ::.bOVG 

fJc:tn 8(; 2 l(:v(,l and, based on long-tcru over ~~go, the, nnnunl procipi t::.tion 

90 !!,',1 during thG fir;3t crop Genson. Soils:-'if tho C'xp0rir,1entnl fiulc1s \N!'C 

nuutrcl in rcn.cti0n, s:mdy loxi in texture t hiGh in orgn..n.ic c.:,rb0n, n,jc.iuD 

in respect of nvdlnblc ni trogc-H nnd rhosph()ruG :m(~ high in P()t~ssiUD. 

Two field exp8rimentr.; Here lci.d ~,ut siElUlt[J.'1~ously during both the 

:'rcnrs. Exporiment I ..... rC'.S bid ,)ut in :l split-plot d83i,::;11 \1i th 3 re::plic:1ttuns. 

1/2 ant + 1/2 Q~)rsccm, 1/3 '.'n.t + 2/3 bers0m:! nml 2/3 ()r.tt + 1/3 bc;rs(,·Cl1. 

Three lovels o{\ch of ni trogGn [:nll phos)]hilrUS forrning 9 nll possibl;, 
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combinations were assigned to the sUb-plots. In view of the differences 

inherent in the nutri tional needs of the cropping systems studied, -ehe 

ni trogen levels tried w-ere 40, 80 and 120 kg IJ/ha for oat, 15, 30 and 45 kg 

N/ha for bers8em and 30, 60 and 90 kg N/ha for mixture - phosphorus levels 

tried were ljo, 80 and 120 kg P 205/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 (:Ii thor in pure or in mixed stands. 

The treatments comprisod 3 seed rat~s of pure oat (Bo, 120 and 160 l~/ha), 

3 seeds rates of ~ure berscbm (20, 30 and 40 kg/ha), 27 all possible 

combinations of the mixed stands of oat and bcrsGcm (3 s!;::ed rates of oat x 

3 socd rates of berseem x , proportions - 1:1, 1:2 and 2:1) and 3 dummy 

troatments. 'l'hus there worG ~ treatm0nts \'!hich "Jore laid out in 6 x 6 

incomplvte block simplo lattice design. Only total green and dry matter 

yields vor(: rvcordcd. 

The observations on gro1l!th <cumulativ;.;) plant hoight and lc.:af : 

sbm ratio), forage yield (green and dry matter yL,1ds), foras'J quality 

(dry mattor and crude prot0in contonts), protein yi~:ld and soil chemical 

properties, (pH, GEe, organic i ttcr, available: nitrogen and phosphorus) 

wcr0 recordod with a vic\-! to explaining the b"haviour of the treatments. 

The: important reaul ts obtainud during hIO y'_ars of study art- summarised in 

this Chapter. 

6.1. ~i.:~1sLo~n ..z.ro\;;t1! 

1. The gro~~h of forage (cumUlative plant hoight nnd loaf: stem 

rntio) was not significf\!lt1y effoctod by the stand typo (pUN V$ mixture) in 

19&J-81, but during 1981-82, )I1hilo the cumulativG plant hvight of the mixod 

strJ1d \'UlS significantly morc: than that of ths Tlurc stEU1d, the pure stand 

t;xhibi ttJd significantly widor loaf:stcn ratio than the: rnixvd stand. 
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2. 'l'he leaf ~ stem ratio, which appeared to be the only meaningful 

gl'o1Jlth character for comparing pure oat Md pure berseem, "las significantly 

1.-r.ider in pure oat as compared to pure berseem in both thtl seasons. 

3. Mean cumulativ(; plant height and leaf: stem ratio \"",re not 

significantly influenc(;:d by any of the seed proportions tried in this study. 

Although. the former tem:d(;d to be tell0r and tho latter narro"Jer during 

1981-82 than in 1980-81. 

4. In geu8ral.. cumulative plant height increased with th.c increasing 

levels of nitrogen. In 1980-81 • the medium and high nitrogon levels producod 

significantly taller plants than low level of nitrogen. But ill 1981-32 only 

high Ie-vel of nitrogen rosulted in signific.:mtly talkr plants than the low 

and medi'Ul'lt le?€:ls ",hich.in turn "Jere statistically at p~r. L0f.lf: stem ratio 

\'lhich tended to bo wide at the lo~·] and medium lcv.;ls of nitrogen during both 

the season did not differed significantly from thut obtainod \iLth high 

level of nitrogen. 

5. The mcan cumulati vo plant height as ,.,.011 as leaf : stem r1:l.tio ,,,as 

not Significantly affected by varying levels of phosphorus during both tho 

crop sensons. 

6.2 moet C't'. .. 1Z..eon 8E.d_dr..Y fodder yj,elAs 

1. 'rho forog(; yic;ld (green r:.s well os dry matter) 'V,as not significantly 

influl..mcod by the stcmd typu in the: first season (1980-81); but in thc.: 

following one, maintaining a simil~ trend, oat + b&rsccm mixture recorded 

significantly higher green and dry forage y.iGlds than thoso obtained from 

the pure stand. 

2. Though pure bcrs(;;om gave highc:r gl'8cn Dnd dry foddor yields than 

pure oat in both the seasons, yet the diffc:rences were significantly manifested 
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in 1981-82 only. During Fis sea~:Fm pure bersccm produced 4.5 a.'ld 4 timvs 

more green and dry fodder yiolds than purG o~t. 

3. Gr&cn forage yi&ld wos not significantly influenced by the seod 

proportions during both the sonsons. But in 1980-81 the: dry matter yield 

"las significantly ir!fluonccd by the seed proportions tried in this study. 

Mixing the seeds of oat + bersecm in 2:1 ratio resulted in significantly 

higher dry metter yield than mixing them in 1: 1 proportion. Furthur, the 

mixed stmd of oat + bersaem roisc,d in the r;:..tio of 1: 2 wat: statistically 

at par Ni th the mixed stands raised in proportions of 1: 1 and 2: 1 • 

4. The green fodder yield Has significantly influencod by ni trogc:n 

levels in beth the seaSons. DurinG 19~-81 green fodd(:r yield increased 

significantly "lith an increase in nitrogen levels; tho increasc.s at hig..'l 

nitrogen level being 23 end 10 per c0nt over than obtained at low and 

medium levels of nitrogen. Ho~~vert in th~ second crop seaSon (1981-82) 

only high ni trogcn level rcgistc:red a signific:;nt increase over th~ 10vl 

w'1d medium lcvr:ls. t':le lo.tter t~40 boing statinticfllly at pO!' \'lith each oth0r. 

Dry matter yield was signific8ntly higher at high Itvcl ~f nitrogen as 

compared to 1N# nnd !n.::dium lcv~ls in 19&3-81, the incr.oases being of th8 

order of 19 and 12 per c0nt. 

5. During 1981-82 gref"m for~0 yiclc! was aignificnntly influencod by 

the phosphorus levc:ls. Th~ r;;edium D..'1d high phosphorus levels, oohaving 

statisticp1ly alike, gave green forago yi01ds which wero significantly 

!:lora th8n that obtainod froro 10'." phoGphorus hivel. 
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1. Dry mnttcr content in puro stnnd forqg0 did not differ 

siCni ficantly \>r:l th that of mixed strm,j forngu in 1980-31. v:hcrcciS during 

1981-82 the fOrt1Hr \1813 signific!\T'.tly supurior to latter. Tho crud.:; prot~in 

cont€:n-c of tho mixod forago ,..,[IS significcntly higher th£m that of tho pure 

stand. Th(wG effects worE:: reflected in tho like manner in the crude protdn 

yi0ld per unit area, the; incrcas8s being of thlJ IUrdor of 41 end 77 })Jr cont, 

rQspi)cti voly in 19<b .. 81 nnd 1981-82. 

2. Dry matter content in puro o~t ~/ns highor thnn that in pure oorGc(;:t;J 

during both tht.; SCt:lsono, but the cliffvl'ol1cC between th,,: t"lo W8]3 oignificant 

only in 1981-82. Furth6rli10re, thG crude prote:in conbnt of pure: bcrs8"n 

(dry \vcight bDBis) "![IS significantly hiESher them that of ;;ure cat during 

both thQ Soasons. Purr; bor3cen containod 141 Md 126 per cont merc crude 

pl'otGin than purC;j ant in 19&:1-81 nnd 1981-82, rosp':Jcti v,:..;ly. 'rotal protein 

y.i".lA 4~"""" alGo significc;l1tly highGI' in pure bw-s 0 c.:r;1 than pure oat during 

both tho GOn30ns. rrho3o incr0nGos "'Qr;:~ [;bout 2.5 .:J...Yld 8.5 tim()s of -":;he values 

exhibi t0d by pure oat in 1980-81 and 1981-82., respectively. 

3. During 1980-81 tho ury fMltt(;r as woll DiJ crude protein contol1tG vora 

not signific[:ntly inflw.mcvd by the Sel.,d pre-portions. HOl·!Gvc.:r. in 1981-82 

tIw dry Platter but not thu protf.dn content 1:laG significMtly nffected by tho 

Docd proportions trend. Tho dry [latter content of the fodder obtainod from 

1: 2 oat + borscGm Mixture was si8'l1ificp.ntly inforior to 1: 1 Md 2: 1 

proportions in tha.t cj;·dsr. Protein yi0ld W(13 nlso aignificontly affectod 

by seod proporticnG in 1980-81 crop sor:1J3on only. Tho uixture of 2: 1 SC(jC 

ratio, while rct;laining nt par '!Ii. th that of 1: 2 s~<.:d rc-tio, rocordud 

signific&'1tly hiGher protoin yiold 8,S compr:red tu 1: 1 s~ud rntio, the lattLr 

two proportions being r;tatisticnlly at par. 
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4. 'l'hu dry matter ccntent romained unoffectc,d by ni trogon lov,:;ls in 

both the seasons. On tho other hand f crude protein c0ntent woo significantly 

affoctcd. During 1980-81 crude protoin cont~nt incrcns~d significantly 

wi th on incrcf.ls€ in ni trogo!! lev Is. It was th0 high(st (19.43}6) at high 

ni troga!! leva1 and tho lo\~st (16.8%) at 10to.{ nitrog(;l1 lev.:l. Hot-rev",r, in 

1981-82, the mGdium and high levels, whilG giving similar values, recorded. 

significantly high0l' crude protcincontont thnn that obsorved in case of 

the 10\"1 nitrogen levl:;l. In 1980-81, protein yield vJaS significnntly higher 

at high level of nitrogen as conparocl to 10\1 :md ll)l:)diu[;} It:v",ls. In 1981-82, 

however, no such influence was observ'::d though the protein yi'Jld tended to 

increaso with the incre~~ing nitrogen levels. 

Only tho crude protein content "Ias signific.::mtly influ<Jncod qy the 

phosphorus 10'1<018 trit)c during both the setIDons. Th<.: forago produced by 

rJOdiUl:1 and hiSh levels of phosphorus, behaving statistically aUk;, containud 

noro crude protein cor.lpnrcd t{j that obtained "Ii th lo\'! lov€:l of phosphorus 

during both the cooson. 

6.4 E.ffect.£.n ~c~ ;eroRorties of pOM 

1. Barring ond excepti0n, the soil chonicnl propertie@- -euch ".5 pH, 

eEG, and orgnnic cattcr content W<)re not significantly influQncou by the main 

effects 0f this study. HO"10ver', tk' Eioil pH during 1900-81 \>/D.2 Gignificcmtly 

highr.:;r in pUN stnnd thM in mixed str'\lld. 

During both senson::; n nargin31 increase: in organic matt~r content 

was ob[,wrv0d ia plots srJ\>Jtl wi th oat + bnrsGom, cor:lpD1'ed to those, 30wn wi th 

:pure ant nnd pure berso(;f:l. 

In 1980-81, thu plots Balm with ODt + oorssow record~d significnntly 

hic;hcr avnilnble soil ni trogon than "las the CnBe: Hi th these of pure stond. 

Similar trend HaG observed in 1981-R2 but th(; difforencc was not siSTJ.ificant. 
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4. Tho plots sown with pur~ berseem exhibited significantly higher 

Qvnil['.blo .soil ni trogon during both the soasons th.:m those of puro oat. 

In 1981.82. th;.- highdst nVnilc.blc ni trogen th.3t was tested in 

the field lwvin;s b~>":m SG1"m vri th ant + berS8CC! in thG rc-,tio of 1: 1 behi1vcd 

ntCttisticclly akin tc: 2: 1 see ratio. Those l'ntieos.in turn, r€;cardod 

cignificnntly higher nvo.ilnblo soil nitrogen content as compnt'o'l to 1: 2 

SCud r::ltio. 

6. Significnnt incrODSes in Llvailnble soil nitrogen were observed 

,.r,i th (;ach incI'Cn.se of nitrogon lovel rlurin[; both tho years. 

7. SignificiJntly higher avrolable soil nitrogen ,,!os obtain.:c. t-men 

phosphoruf~ WaD adr.1inisterod at hiGh and r.:Gdiur.1 levols as cOr.1pared to th:lt 

obtoined nt i ts 1')~'\1 level. Tho fomer two l.;vcls, hO\-Nvor, romained 

statisticruly alike during b"th tho years. 

8. In 1981-82, significantly high~r available Goil phosphorus 1I1N3 

recorded in plots so\-m ",i th oat + bersoon as cOiJpared to those SO\r1Il with 

9. The: available soil phosphorus ronainod. unaffectc;d by the crops, 

SOud pronortictW an<1 phoGphorus 1 Jvuls triode Hovlover. ni trogon kVblD 

significnntly influenced the availnblc soil phosphoruo status during both 

the GC,'~Gr.:l1G. In 19PJ0-81, rJ;,;diuI;1 and hiGh ni trog'e;n lov0lo, bohzwing 

statistically aliko, exhibited significnntly hi,zher availablv soil phosphorue 

vcluo:::: thnn tho low nitrogun lovol. However, in 1981-82, high lovels of 

nitrogen resultod in significnntly more available Doil phosphorus viluo as 

cOLlpared to low nnd L1Cdiur1 ni trog-on application lov,:.,ls. Tho latter tw) being 

statisticruly at ptl!' with each other. 
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1. The N x P int0raction cigpJ.ficantly infl_uGncod tho dry T:1nttcr 

yield, crude protein content Dnd pr0t'.Jin yL:lc1 during both the crop seasons. 

Invo.rin~;ly, bdh ~hc nutrients , ... hon adcinisterod in conbinc.tion at their 

respective high lov(;~s recorded naximuTJ dry dattcr yi;;;ld, crude protoin 

content Clnd protein yield, ",hich ~!.:;;ro sie;nificcntly ,superior to the 

conbinntion involving low h~v01s of phosphorus ,:md ni trogon. 

Tho intcrncti')n bot",cen crop nnd N h:v.:;;ls .3iZ;nificcntly nffect()d 

the green nnd dry for[16o yic::lds in 1980-81. The pure ')S".t grc\m f01'<'.[;0 yi01cl 

incrc8Bcd significantly ,.,ith th<:i incNW3inG levelS of ni trGg0n, ",l1CrCe8 the 

pure bors0cr,1 green forage yield vms not sisnific;;.ntly influenced by thv 

ni trogon lc:ve:ls tried in this study. At the resp~ctiv0 10\-[ l0vcls of tho 

t"IO crop'-"t the croen f<;r[1[;o yield ()f puro OOrfjU(J8 wClS sisnific[1ntly hiGher 

then that of pure 03t.. Dry r1i1ttcr yiulcl of pure' ot:;t WJJi5 sig'nificnntly norc 

at high (120 kgN/hrJ ::md ~'1ectiurl (80 kg N/h3) IGvi"ls of ni trcgen co~pared to 

its 10\" (40 kG N/hd level. The l,ltt';r t",o 'l<J0l'O sta.tisticclly at pDr. The 

ni tro{;cn levels failod to significcntly influence the pure bersean dry 

rJnttor yield. }'urthor, tho drY1['tter yields of pure oat WlI.: puro ber::::wot:l 

did not differ significantly from 0[1ch other, irrespective ()f tho nitroGcn 

h1V~ls triGd. 

Tho green for~e and dry lJattGr yields wer'.: nf)t significcmtly 

influonced by the crop x P, seed proportion x N, s,:::cd proportion x P, 

crop x N x P, and s00d proportion x N x P intoracti')ns during both thu 

crop seasons. 
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6.6. Economic 2ncl~;cis 

Under th,c. fav')uJ'able weather conditions of 1981-82 the responses to 

applieci nitrogen atd phosphorus were better than in the unfavourable season 

(1980-(,1). Tims, higher net profits \-rere obtained in the 1981-82 cropping 

season. 

The oat -'. berseem cropping s:ystem, ",here the two crops were sown 

in the proportion of 1:2 gave more not profit (Rs.18817.90/ha) than pure 

berseem (Its. 17 ,9L:-3.06/ha). The optimum ni trogen doses for the tv.ro cropping 

systems l-rorked out ~o 66.82 kg N/ha and 35.11 kg N/ha, respectively. 'llie 

optimum dose of phosphorus for oat + berS60m grON!l in the ratio of 1: 2 l'las 

found to be; 65.3 kg P205/ha. At this lcv~,l of manuring, the net profits 

CONCLUSION -
The studies convincingly demonstrated tho superiority of pure 

borsccm over pure oat in green and dry matter production as "ICll as protein 

yield. Growing of the t1NO fodder crops in a mixed stand, irrespective of 

ttwir individual s(;:8ding proportions, proved to be a sound practice both 

from the yield as "'011 as quality point of view. The optimum dose· of nitrogen 

for pure berscem ranged between 33 and 35 kg per hectare. The ¢ptimum dose 

of phosphorus fo~ Duro oat ranged between 60 and 67 kg per hectare. In 

the absence of consistent results during thb two y~ars the optimum doses of 

ni trog-en for pure: oat and mixtures and that of phosphorus for pure bersGem 

and mixtures could not be worked out and therefore need further 

confirmation beforf; passing on the recommendations to the farmers. 
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APPENDIX I 

ncC"m \·J(.okly 1ri0Rthor d;)tn during the crop season (1980-81 nnd 19(11-82) 
_______ ...-_~ __ ~ ___ ... _* . ...a: ____ '-'*-_..-....-..,,.... _____ . ____ ~_""'_ __ ..__.,_._.._. ____ ._ ___ . ____ _ 

~ICQks .. Te~c2:fl't:..1¥'coC _ .. _ ... _" Rolnti va Hninfru.l 
Mox. Hin. humidity(%) (mm) 

.1! .. -__ ~_.~ __ .~ __ . ___ ;;~ __ , ___ ~ .. _ .• .J_. __ ._.* .... ___ . __ ~~ ___ .. ~,~_ .... 2.'_ .. ~ .. ' __ -. __ ... -____ . 
1980-81 

Sopt. 1-7 3142~ 19.3- '-81~'5 
3-14 30.2.) CD.5' 67.7 

15-21 28.6, 17.9'1 57.7 
22 .. 28 26.7( 16.0· 71.5 
29- 5 Oct. 29.4 16.9' 87.7 

Octo 5-12 21.6· 14.61 88.5 
13-19 25.8 ' 15.8 83.5 
20-26 23.0 \ 14.l« 82.0 
Zl- 2 Nov. 22.5t 11.6) 85.2 

Nov. 3 -9 21.8 10.1 85.0 
10-16 21.6 5.8 90.7 
17-23 21.1 3.8 89.7 
24-30 20.8 3.0 89.2 

Dec. 1 -7 17.8 2.9 81.0 
8-14 17.4 0.8 75.0 
15-21 19.8 2.3 66.7 
22-28 11+.8 5.1 74.0 
29-4 J[1n.81 14.5 2.2 88.2 

J;:;n 5-11 '7.9 0.2 52.0 
12-18 7.3 1.5 87.0 
19-2~ 13.5 5.6 88.5 
26-1 Feb. 13.8 1.1 75.5 

F0b. 2-8 14.1 2.3 81.2 
9-15 13.6 7.5 82.0 

16_2Z 8.5 9.2 76.0 
23-1 Harch 14.6 7.4 82.0 

Hnrch 2-8 14.6 7.7 68.0 
9-15 1lt.9 7.5 85.2 

16-22 17.3 7.3 05.2 
23-29 ,6 <2 9.0 85.7 
30-5 April 18.8 14.6 80.7 

April 6-12 18.7 13.6 91.0 
13-19 22.0 16.0 65.0 
20-26 19.0 13.0 75.0 
27-3Hny 23.0 17.0 70.7 

Mny 4-10 25.0 18.0 79.5 

3.0 

3.0 
2.0 

5.8 

20.0 

56.0 
20.0 
6.0 

14.0 

76.0 

5.0 
11.8 

Contd. 
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----....... - . -. - - .:2~ _____ ~~~_._~ ___ ::_3.----=-=-::~: . :!..~~-~--.--~---~~-~---
.1 Q.8J.:8 2. 

Sept. 1- 7 12.6 '10.0 80.0 
8-1~ 16.9 7.3 92.0 

15-21 20.9 13.8 71.0 22.0 
22-28 25.1 13.3 83.0 25.0 
29-5 Oct. 18.6 . 13.0 86.0 

Oct. 6-12 18.7 12.5 83.0 
13-19 18.8 11.4 84.0 
20-26 19.4 13.5 59.0 
27-2 No'\('. 18.1 12.1 70.0 10.0 

fJov. 3-9 16.3 11.9 80.0 62.5 
10-16 17.6 8.4 69.0 5.5 
17 .. 23 16.9 5.5 81.0 
24-30 17.6 6.5 79.0 2.5 

Doc. 1-7 12.7 5.1 81.0 2.5 
8-14 10.9 4.4 84.0 

15-21 10.1 2.e 82.0 
22-28 12.1 3.2 86.0 
29-4 Jarr. 13.0 2.4 'iD.o 

J ~J1o 5-11 8.6 3.2 53.0 10.5 
12-18 tJ.9 3.2 92.0 16.0 
19-15 9.6 8.4 60.0 
26_1 Feb 14.4 7.1 87.0 93.7 

}t'o b. 2-8 10.0 2.2 82.0 8.5 
9-15 9.2 2.7 81.0 16.0 

16-22 10.8 3.1 82.0 9.5 
23.1 Horch 11.6 4.7 76.0 

i'larch 2,,8 16.8 15.7 81.0 1YJ..O 
9-15 16.2 11.l~ 67.0 2Q.O 

16-22 18.0 11t01 85.0 3.0 
23-29 18.0 11.6 8L~.0 35.0 
30-5 April 22.2 14.0 82.C 

April 6-12 17.8 13.0 (b.0 10.0 
13-19 19.0 13.0 59.0 16.0 
20-·26 18.0 13 .. 0 78.0 20.0 
27-3 19.0 13.0 82.0 33.0 

hny 4-10 21.0 15.0 80.0 15.0 

Totol --~ 
.-..-. ... ..-.-~ 



Appendix - II 

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

' . crude protein content and 
sums of squares) 

Source of 
d .. f. Cumula- Leaf:-- GJoeeb. Dry Dry Crude Protein 

variation tive plant stem fodder matter matter protein yield 
height Ratio yield yield content content 

1980-81 

Replication 2 5778.368 0.076 7.951 o. 665 101. 147 180.335 0.224 

Stand type 1 2358.272 0.0:52 0.483 0.114 15.325 959.98t* 1.149 

* * ** ** Crops 1 11028.1(4 0.340 74.096 0.362 111.658 2080.350 2.115 

Seed proportions 2 2724.093 0.005 80.684 6.32~ ** 71.051 - 11.779 0.961 

Error (a) 8 1800.607 0.054 38.216 1.388 29.686 5.611 0.076 

Nitrogen .levels(N)2 ** ** ** ** ** 1414.580 0.004 91.391 3.450 22.593 78.332 0.275 

Phosphorous 
levels (p) 

2 146.924 0.005 2.879 0.216 36.542 ** 40.859 0.020 

** ** ** IXP 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 0.113 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 1.809 39.076 5.035 0.023 

Crops X P 2 214.202 0.000 9.792 0.247 2.943 0.825 0.010 

Crops X N X P 4 347.472 0.013 7.232 0.327 4-.470 2.683 0.014 

Seed proportion X N 4 143.813 0.006 1.416 0.012 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 0.005 6.471. 0.339 11.595 0.530 0.016 
NXP 

Error (b) 80 176.972 0.027 6.922 0·545 23.222 3.250 0.019 

Appendix-II contd •••• 



Appendix-II contd •••••• 

Source of 
d.f. variation 

ReIll iea.t ion 2 

Stand type 1 

Crops 1 

Seed proportions 2 

Error (a) 8 

Nitrogen levels 2 
(N) 

Phosphorous levels 2 
(p) 

NxP 4 

stand type X N 2 

Stand type X P 2 

Stand type 4 
XNXP 

Crops X N 2 

Crops X P 2 

Crops X N X P 4 

Seed proportion 4 
X N 

Seed proportion 4 
X P 

Seed proportion 8 
XNXP 

Error (b) 80 

I 

Cumula ... Leaf: llrGen Dry Dry Crude 
tive ~lant stem fodder matter tnC<tter protein 
heigh ratio yield yield content content 

i' t t 

I 1181-:82 
787.245 0.007 356.609 4.576 4.751 0.342 

*"II- ** -lI-* ** ** 93438.648 0.563 10248.357 255.687 47.591 545.909 

** ** * 90253.725 4.128 14878.082 361.502 

3653.371 0.001 96.323 0.445 

1991.084 0.004 115.480 1.593 

** * 0.486 1217.567 0.010 87.771 

240.461 0.001 * 71.398 0.309 

* 87.307 0.006 10.9J2 2.939 

80.260 * 0.021 23.679 2.348 

61.958 0.012 0.468 0.247 

** 1.463 52.429 0.018 23.281 

** 0.008 1708.192 11.701 0.825 

82.009 0.001 16.295 0.046 

** 72.243 0.027 3.292 0.834 

113.497 0.006 30.394 1.071 

73.294 0.004 28.118 0.346 

56.062 0.006 10..632 0.889 

178.216 0.005 20.990 1.160 

* Significant at 5% level. 

*"* Significant at 1% level. 

** ** 86.691 1686.614 

*" 27.55 7.46fJ 

3.656 4 .. 746 

8.006 ** 35.450 

** 2.913 20.867 

20.929 10.87-r 

* 4.400 6.610 

5.415 ;1,.482 

5.086 1.116 

0.003 2.119 

4.766 3.687 

18.000 0.467 

8.718 3.093 

3.517 2.985 

5.742 0.939 

8.161 1.741 

P,rotein 
yield 

0.}ei2 

9~86f 
** 20.398 

0.011 

0.039 

0.137 

0.164 

** 0.214 

0~055 

0.013 

0.076 

0.040 

0.019 

0.019 

0.033 

0.050 

0.021 

0.056 



Appendix - III 

Analyses of variance of Soil pH, C.E.C, Organic ~~tter, Available soil 
N and P205 (Mean sums of squares) 

Source of 
d.f. Soil pH C .E.C. Organic Available Available 

varition me/100gr. matter N P205(kg/ha) 
soil (;Va) (Kg/ha) 

1980-81 
Replication 2 1.408 0.b05 1.288 9437.933 366.515 

* * Stand type 1 3.037 0.5?6 0.096 14873.878 149.260 

** * Crops 1 0.125 4.741 1.830 341420.711 689.160 

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 

(N) ** ** lJitrogen levels 2 0.297 1.442 0.099 252,137.550 93.534 

Phosphorous levels(P)2 0.593 1.226 0.049 8869.827 * 9.205 

NXP 4 0.163 7.383 0.047 3084.922 16.430 

Stand type X N 2 0.149 0.849 0.032 597.922 30.45 

** Stand type X P 2 0.071 4.363 0.124 9562.329 5.445 

* 4.756 ** Stand type X N X P 4 0.743 0.033 6280.579 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 N X P 4 * 0.766 6.5@7 0.058 1644.220 21.715 

Seed proportion X N * ** 4 0.747 2.597 0.094 12956.053 9.720 

Seed proportion X P 4 0.156 9.518 * 0.234 5587.060 24.757 

Seed proportion X N X P 8 0.553 4.538 0.045 * 4197.872 11. 791 

Error (b) 80 0.289 4.969 0.096 1859.276 10.841 

contd, ••••• 
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Source of d.f. Soil C.E.C. Organic 
varition pH me/100g::: m'1.tter 

Replication 2 

Stand type 1 

Crops 1 

Seed -proportions 2 

Error (a) 8 

Nitrogen levels (N) 2 

Phosphorous levels(F)2 

N x P 4 

Stand type X N 2 

Stand type X P 2 

Stand type X N X P 4 

Crops X N 2 

Crops X P 2 

Crops X N X P 4 

Seed proportion X N 4 

Seed proportion X P 4 

Seed proportion 8 
XNXP 

Error (b) 80 

soil C%) 

1281 - 82 

1.112 1.387 0.081 

0.841 0.675 0.022 

0.135 1.492 0.217 

0 •. 180 2.009 0.040 

0.550 6.804 0.057 

0.538 0.275 0.080 

0.081 9.551 0.085 

0.161 4.752 0.071 

0.048 0.969 0.120 

0.524 7.555 0.053 

"* 6.739 0.851 0.141 

0.329 13.645 0.084 

0.101 13.014 0.129 

0.469 11.117 * 0.411 

0.332 9.229 0.086 

0.352 13.314 0.064 

0.426 10.596 0.045 

0.297 5.831 

* Significant at 5% level. 

** Significant at 1% level. 

Available Available 
N Kg/he. F205(kg/ha) 

5175.660 22.120 

* 8029.667 950.972 

** 353468.281 299.344 

** 146.134 21e27 .554 

2588.876 128.136 

** ** 294597.450 96.336 

16551.62r'" 16.656 

1614.416 3.687 

4460.144 2.227 

** 10707.768 7.482 

** 4421.907 2.449 

3553.227 164.e.60 

** 10.846 12592.921 

2125.399 4.465 

** 4.540 7773.831 

2561.331 2.932 

1800.393 4.465 

1550.493 9.132 



Al2Eend l.X IV 

Effect of stand type on plant height (em), leaf:stem ratio, .g.reOll fodder 
and dry fodder yield(Q!ha) at different cuts in 1980-81 & 1981-82 

- Chai-a.~"Z' 
Treatment 1280- 81 . ~al Plant height ~cml 1981-82 = I II III IV I' II III IV V 

Pure stand 36.5 33.8 48.4 47.0 . 52.2 41.4 56.3 10.0 55.0 

Mixed stand 30.9 29.6 49.8 47.3 49.9 48.3 67.3 70.0 55.0 

(b) 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 ~.O 

Mixed stand 44·3 38.2 113.9 31.4 99.1 169.1 176.4 221.8 70.2 

(d) DrY. fodder ~ield !9Lha) 
Pure stand 13.5 4·6 21.4 10.2 J 3.5 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 



Append ix-V 

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

Characters 
Treatments 1980-81 ~ a ~ Plant he i~ht {cm~ 1981-82 

I II III IV I II III IV V 

Pure oat 51.5 41.4 43.' 43.3 58.2 43.2 49.5 

Pure berseem 21~4 26.2 53.5 50.1 48.2 39.7 6}.1 68.1 54,9 

(b) Leaf: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 

(21-Green Fodder yield 

Pure oat 109.0 38.0 48.0 12.0 58.0 66.0 38.0 l1li 

Pure berseem 27.0 36.0 144.0 37.0 128.0 1 ~3.0 185.0 205.0 70.0 

(d) Dry matter yield 

Pure oat 22.1 5.7 15.3 4.9 12.B 10.0 7.1 

Fure berseem 4.8 3.5 27.4 1'~4 14.1 11,.8 27.1 36;5 26.1 



Appendix-VI 

Effect of seed proportion on plant height (em), leaf:stem ratio, .g1!een 
and dry fodder yield (Q/ha) in 1980-81 and 1981-82 

Character 
Treatments 1980-81 ra1 Plant hei5ht ~cml 1981-82 

I II III IV I II III IV V 

Seed proportions 

1 :1 28.8 28.0 46.0 45.0 47.1 47.4 64.3 70.5 55.0 

1 :2 31.0 30.9 48.6 46.5 56.5 50.2 71.9 71'.3 54.2 

2 :1 33.2 29.9 54.6 50.7 45.9 47.4 65.8 67.1 55.3 

(b) Leag .:stem ratio 

1: 1 1.4 1.1 0.8 0.8 0.8 0.6 0.4 0.3 0.4 

1: 2 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.,1 0.4 0.4 

(c) Green fodder yield (Q/ha) 

1 :1 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 

2 :1 52.7 49.0 120.1 32.9 80.0 173.3 155.4 217.1 72.2 

Cd) Dry mat.ter yield (Q!ha) 

1 : 1 7.9 5.0 18.7 11.7 13.2 18.0 27.9 37.1 22.1 

1 :2 7.0 7.9 24~9 13.7 11.8 17.4 27.3 37.3 25.2 

2:1 .9.0 10.2 26.7 13.1 10.8 19.7 22.8 42.2 26.2 



Appendix-VII 

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

~naJ:'acte1"8 . 
Treatment 1980~e1 (a.) Plant height (em) 1981-82 
Level of cuts cuts 
phosphorous I II III IV I II III 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 34.4 31.4 48.3 49.6 50.9 46.1 62,2 69.2 54~9 

(b) Lea.f: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 O.~ 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 

(c) £l!.B Fodder yield (gjha) 

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 27.9 100.0 144.0 148.1 218.5 71 .. 5 

(d) A;Ymatter yield (Q/ha) 

Low 10.53 6.60 22.40 11.67 11.13 15.47 22.67 39.50 23.17 

Medium 8.53 6.40 23 .• 07 12.1 ; 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 - VIII 

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

Characters 
Treatments 1280- 81 ~aJ .Plant. heisht ~cml 1~81-82 
Levels of Cuts outs 
nitrogen I II III IV I II III IV V 

ww 30.5 30.0 49.0 50.8 48.3 46.0 62.0 72.0 54.4 

Medium 32;5 31.3 50.1 47.1 50.5 45.4 63.5 68.5 52.1 

High ~6~3 32.6 48.5 48.0 54.9 47.3 63.3 ,67.3 54.3 

(b) Leaf:stem ratio 

Low 1.4 1.2 0.8 0.7 0.8 0.6 0.5 0.4 0.4 

Hedium 1.4 1 ~ 1 0.8 0.7 0.8 0.6 0.6 0.3 0.4 

High 1.5 1.1 0.8 0.7 0.8 0.6 0.4 0.4 0.4 

(c) Green. Fodder Yield(Q}ha) 

ww 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 71.f:I:J 

~ 
. Cd) Dry matter yield (g/ha) 

8.27 5.20 23.93 10.93 12.47 7.27 22.27 36.75 27.58 

Medium 9.20 6.60 20.~0 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 



APPBNDIX IX 

Anolysis of vP,riancG of grcHm Dnd dry Dattor yield during 198o-r31 ond 
1981-82 01enn SUEl of GqU8l'cs). 

n'::plication 1 4.454 558.894 

35 13.569~ 21~-.091 ~. 
IAdjusted 205.883) 

10 1\ 11. 4241!:b 
replic2tion adjusted 35 

Intrn-block error 25 11.630Ee 

Block within 35.578Eb 

20. 399Ee 

Total 71 

(Pooled 
11.571) 

0.607Eb 

00722;,;0 

( Po()l~d 
0.641) 

25.235 

5.985-

1.3101~e 

(poole;d 
1.109 ) 

------------'-. ------ --.-.,------------~------ ... ---------, -----_ .. -
.sJj .c Eu no adjustn8nt of tho trontQcnt tab]l is required Dud thE:: 

oxporim:;nt is being Clnc:lysGci \.IS .tt.D.D. 



Relative contributicn of ant and bersG0E1 in forf{~c mixture (q/hn) 

1 '10.35 97.45 

114.80 101.24 

137.58 123.73 

207.80 

216.0L~ 

105.19 634.69 739.88 

110.90 5G8.68 

----.-~--.-----~~--.. ---,.-

J1PPBNDIX XI 

Relo.tivc contribution cf tho tvrD fodders in th,; E1ixture c·t dHfc!";.mt cubtin 
st."JgCS. 

Seed rdio 
oat + 

1: 2 

1:1 

2:1 

0 .. 00...1.:" 

~.. P.,e"Y see.'W\ 

39 

36 

38 

60 

32 

Lt5 

3 

2 

4 

I 

53 l!Q 

72 25 

36 :;8 

.. .. --,.-~~------~. 

.1980- 8.L 

2L~ 4 38 71 10 19 111+ 97 

31 6 37 69 10 25 11L~+102 

35 14 1-16 81 9 24 138+123 

Cut~ing stages 
II III IV V TotnJ. 

l' , 5 181 Nil 215 nil 59 10~+635 

142 6 182 lJil 233 nil 79 65+708 -

116 8 148 Nil 217 nil 72 111+589: 

--- ------~. --------.,~~ ......... ----


