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Rcscarch (iui<.k Dr. S. II. Shindc 

I )epart Incn t :\gn.Hl0111Y 

An L'xpcri 111L'l1t 011 i I1tcgr~1tL'd l1utricnt Inanag_enlent svstenl for 

productivity potel1ti~lI or sorghlllll-\\'hcat SCqUCI1CL' undcr irrigated condition 

\vas carried out at thL' j\ilaill (. 'L'ntrc for (. 'roppil1g Systenl Research Project, 

l'v1.P.I<..\' .. Rahuri I{)r t\\O COl1sccuti\·c YL';'lrs during 1999-2000 and 2000-2001. 

Tcn treatlnents cOlllprised 01' use or chclllic!I fertilizers alone and III 

con.iunction \\ ith di ITcrel1t organic In~1I1LlrcS \·iz., fa rill yard Inanurc (FYM). 

\vheat cut stra\\ (\\'CS) ~lIld gliricidia !c .. I\·CS \\'CTC bid out in randonlizcd block 

dcsign. An ~Itlelllpt \\· .. IS Inadc to c!c\'clop appropriate intcgrated nutrient 

Inanagelncllt S\'Slclll (I Nj\/IS) ill\'OI\'illt! bal<.IIlCL' proportion of chenlical 

fertilizers and orgdllic 11lanUrL'S as thL' Inain COll1pOllcnts for sustaining crop 

producti\"ity Oil long tL'rtll basis. The cXpCrill1~nt \\ as conducted on the Satlle 
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sile \\'ithout ch;'_lnging the ranclol111zation or treall11cnls to assess the residual 

effect or lertili/'L'rs Oil crop yield atlL'r 17:" cycle or crop rotation. 

Thc soil t)'- L':\perilllL'lllal plot \\~IS cLr~ .. e: in texture \vith le)\\ Irl 

3\'ailable nitrogcn ( 1 ~_) kg h;'1- 1 L 11le<.iiulll in ~l\';'_lil:.thle phosphorus (14.0 kg ha-
I ~ 

and rich in ;J\'aiLlhle pot;'lsh (-+<)(LO kg !1;'I-I) \\ illt slightl)' alkaline in reaction 

(pH 8.2). 

The n,.'sults re\'caiL'd th;'_lt ;'111 gro\\ ll1 par~lIneters in sorghunl \vere 

hi~hest \\'ith thL' <.lpplicatiol1 or ~() per cent reconllllL'IH.led dose of fertilizers in 

conjunction \\ ilil org;'lllic Illallllrcs ~lt ~5 to ~() per cellt N substitution through 

F'{lVJ and g/iricidi~l k'a\'cs to sorgJllllll. ('OI1sL'qllcntl~! sorghUl11 grain and 

fodelL'l" Y'iclcls \\ L'rL' tilL' highcst \\ ith 50 per CCl1t ~' substituted through I:Yivl 

coupled \vith 50 pcr cenl rccolll11h_'llded dosc or lL'rtili/.ers and \vere at par \\'ith 

100 per cent rL'C0111Jllellded dose or cheillic.li l'crtili/'L'rs i.c. 120:60:60 kg NPK 
, 

ha-·. /\lllong tl1L' org;'lllic sources \ 1/ .. g.liricidi;'_l r~ll1kcd second in respect or 
yield oJ'sorghulll. 

;\11 thL' gn)\\ tit characters 0 r \\. hL'~lt \\'crL' si t!,ll i ficant I v higher In .._ ~ ~ 

treatnlcllt 100 PL'I" Cl.'lll reCOlllIl1L'IH.kd dOSL' oj' fertili/ers (i.e. 120:60:60 kg 

NPK ha-
I

) O\'cr 7~ per cel1t reC0I1111lL'IH.lcd dosc of Icrtili/.crs (R[)F) and control. 

:\ i trogen lll~lllagelnent st rategy sho\\ cd relllarkabi v i nCrelllent In gn)\vth 

attributes of \\·he~ll. :,\:--, ~l rcsult. the 1l1~lXilllLll1l ~ll1d significantly' higher grain 

and str~l\\' vields \\ere Ohl<.lined h) the IO() 1)L'r L-cnt R()F applied to \vheat 

~() pLT CL'lll :\ through FYM applied to 

sorgh Llill. 

Additioll (Ji' 1·"\']\/1 III cOlllhinalioll \\ itll chclllical Icrtilizcrs had 

pronounced positi\'e L'ITect Oil 111Cal1 grain producti\'ity or sorghuill and w'heat 

ill sorghulll-\\'hL'at crop sequence O\'C'l" years. COlnp~lrablc productivity \vas also 
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I'ound due to application of 100 per cent NPK dose or fertilizers and 50 per 

cent N substitutl.'d either through gliricidia leaves or \vheat cut strel\V to 

sorghul11. Sustain~lbilil~\" )/ield index (SYI) and Inean grain productivity on 

pooled Inean ba~is in sorghulll and \\'heat crop elnanated the necessity of use 

of FYM, gl iricidia IC~1\"Cs and w'heat CLlt stra\v along \vith chenlical fertilizers to 

sLlstain crop and soil proclucti\"ity in long run. 

The highest uptake or NPK .. b)' plant and a"ailable NPK status in soil 

\vere observed in application or SUb-oplin1ulll levels of inorganic fertilizers in 

cOl11bination \vith org~lnic 111allures 'for 50 per cent N substitution or optin1unl 

level or chell1ic~ll fertilizer alone. The trend in sLlstaining the residual fel1ility 

due to organic sources \\as in order oj" I:YVI :> ~Iiricidia leaf n1anure > \vheat 

CLlt stravv. 

/\vailable N. P and K balance in sorghuln-\vheat crop sequence \vas 

influenced by conjoint use of organic and inorganic fertilizers as well as 

inorganic lcrtili:t.ers alone ~lnd nlagnitu<.ie of rl.'ciuction \\.:as decreased \vith 

increased levels or i"enilizers. 

Incorporation 01' F"'{]VL \vheat cut stra\\' and gliricidia leaves for 25 to 

50 per cent 1'( substitution in conjunction \\-'ith balanced dose ofNPK fertilizers 

increased the inli Itration rate. \\/aler stable aggregates and organic ll1atter 

content or soil and decreased the hulk density: due to in1proVCll1cnt in structural 

status of soi I. On the other hand. there \vas adverse efTccts due to continuous 

application or inorganic fertilizers alone on bulk density and soil structure. 

f'v1icroll11triel1t content in soil illlproveci due to integrated nutrient 

nlanagcll1ent systelll. ho\vcver. cC)JltinLiOUS cropping \vith reduced levels or 
RL)r- brought their level belo\v. 
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The Illicrohi~d bioll1ass and population In soil obtained \vas 

sign i ficantl:y nl0rc due to app I icatioll 0 r FY\;1 ror substitution of 50 per cent N 

alongv./ith 50 per cent RDF ror sorg!1unl and IO() per cent RDF {'or \vheat 

follow"ed by use or t!liricidi~l k~l\"cS used ror substitution or nin-ogen. } 10\\'C\TL 

it \vas reduced due to lise or only inorganic i'enili/,ers vv'ithout organic Inanures. 

The pro Ii tabi lit;.' 0 r sorghunl-\v!1eat sequence uncler i ntcgn.ltcd nutrient 

Inanagenlent systeln. the organic sources viz., I· Y VI coupled \vith 50 per cent 

RDF applied ciuril1g khul'{lseason to sorghulll ~1I1d 100 per cent RDF applied to 

w'hcat broll~ht alit siL!.lli llcant increase in total net nlonetarv returns (Rs. ha- I) 
~ ~ ..I 

and Benellt:Cost r~ltio rollc)\ved bv 100 per cent RDF to both the crops during 

both the seasons. 

The cnerg)' Ixliance and energy usc efllcienc)' of sorghlllll-\\/heat crop 

sequence indicated the superiority of thL' lrcatlllel1t cOlllprising of 50 per cent 

RIJF -j 50 per cent N through F\';Vl applied during khor{/" season to sorghulll 

and 1 00 per cent R I) 1-" app I i cd to wheat crop. 

Thus, it could be s~tlcly rccolllillelllkd th~lt in the crop sequence or 
sorghunl-\vhcat \\ hLTL' both thL' crops are e~haLlsti vc reeders, it is necessary' to 

incorporate the organIc l11anureS sLlch as F'{iV1. gliriciclia leaves or \vheat cut 

stnn.v as per a\··('lil~lbilit), in substitution or]'-.; to the extent or 25 to 50 f Yo in order 

to have not on h t he rC~lsl)llab h hi g_h sLlsta i nabi I itv. pro 11 tabi Ii ty' 0 r th~ 

producti\'ity of seLJlIL'IlCe bllt also ror Inaint-uining the soil fertility and 

111icrobial activit\ III the soil. 

Pages : I to 348 
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1. INTRODUCTION 

I ndia is the largest country next to China in respect of population on 

the earth and by thc .year 2030, the country \vill have over 1350 Inillion people. 

The current rood availability per capita is aboLlt 190 kg. ;\t this level the food 

avai labi I ity per person for cncrgy intake is 10\\' cOlnpared to energy need as 

reconllnenckd b)' \\lorld Health Organization. I r this increlllent in population is 

Illaintaincd at current population gro\vth (j___l} 1.8(Yo per annUlll, the total food 

production has to reach 350 Illillion tonncs by :.?030. To tllcet OLlt dClllands of 

food grains of evcr increasing population of our country, it IS necessary to 

ilnpro\'e the producti vit:y and production of theA country. . India, \vith 2.4 per 

cent or the global area supports Inore than 15 per cent of the \vorId's hUlnan 

population and Ilearh' 17 pcr cent of cattle population. Interestingly, In a 

country like lndin. 1110re than 70 per cent of population is dependent upon 

agriculture in one 1'01'111 or the other. ()ut or 328.73 Inillion ha geographical area 

of the country at present about 43.20 per cent of the area is Illade available for 

culti\'ation to sustain 1000 l11illion people and further area increase is not being 

visual isecl. III order to increase production further there is no other option 

except to pay greater cnlphnsis on increasing productivity and enhancing the 

croppIng intensity by using available resources l110st efficiently. Systern 

approach IS applicd to agriculture !()r efficient utilization of all resources, 

lllaintaining stability in production and obtaining higher returns. Cropping 

systel11 is the nlost inlportant C0l11pOnent in thc integrated fanning systenl 

l11anagenlent. Adoption or cropping systelll by the f~ll'nlers is greatly influenced 

by varioLlS f~lctors including profit, household needs, resource base. nlarket, 

input supply and so on. it is vcry inlportant to give n basket of nlltltiple choice 



in cropping systclns to suit the need or thc individual fanner. iVlaxiInizing and 

stabilizing j~)()(l production per unit area per unit tilne is the need of the day. to 

Inect the requirenlelH of rapidly ever increasing population. It is necessary to 

Inake the best usc judiciollsly not only or land. labour and capital but also of 

the natural resources 1 i kc tClllperature. radiant energy, soi I Inoisture and soi I 

nutrients by elnploying suitable technologies in Inost effective \vay. 

S L1stai nable agri cui ture i nvol vcs Sllccess I'll I Illanagelllcnt of resources 

ror increased agricultural production to satjsfy changing IHlInan needs. \vhile 

nlaintaining or enhancing thc envirOlllllcnt and natural resources (FAC). 1999). 

To realise sustainable agriculture. it is ilnportant to Inaintain the soil health by 

back up of precision 1~1l·111ing. Apply chenlical fertilizers in conjunction vv'ith 

biosolids (FYiVl, crop residues. industrial and urban \"astes) and biofertilizcrs 

in such a \vay that crop :yicld and nutrient use ellicicncy get rnaxil11ized \vithoLlt 

any deterioration of soi L \valcr and air quality. 

Thc arca undcr kh(/ri( sorghllln occupies 13.1 ) l11ha in India \vith 

production of 12.9() Inillion tonnes. The Inajor sorghuIll grow"ing states are 

iV1aharashtra. Andhra Pradesh, Karnataka, Gujrat. Rajsthan and Tal11il Nadu. 

\\"h i Ie \vheat gn)\vi ng states are Punj ab, Haryana, Uttar Pradesh, Bi har, 

i\.!laharashtra. Gujrat alld part of Andhra Pradesh and Karnataka. Out or 18.97 

n1ha ar~ ~lble area or the lVlaharashtra state, approxinlatel:y. 40.19 per cent of 

area cOlnes under the jurisdiction or iYlahatllla Phule Krishi Vidyapeeth, 

Rahuri. The area under kJu.lr{1 sorghull1 in Maharashtra is 28.8 per cent \vhich 

ranks ri rst in khonl crops. The per cent of the kh(l,.£l sorghllln in the region to 

the state acreage cOlnes to 22.g0 per cent. Anl0ng the rubi cereals, the robi 

sorghunl (:1 .60 nlha) ranks first follc)\:vcd by \vheat. The arca under \vheat in 

Nlaharashtra state is X.81 5 lakh ha. The percentage of \vheat in the region to 
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the state acreage conlcs to 46.40 per cent. About 62 per cent of the area under 

\vheat is in irrigated condition follovv'ed ailer sorghun1, pearl n1illet or SOll1e of 

the khar(lpulscs. 

Sorghu111-\,vheat cropping systcn1 has beconlC vcry i111portant 

production s)istenl and contributes to about onc third or cereal production. 

Research conducted at various research stations suggested that cllllong the 

various crop sequenccs tcsted. sorghuln-\vheat in irrigated uplands \vas the 

1110st productive and profitablc sequence. About 1/3 rd of the irrigatcd vvheat is 

taken undcr sorghU111-\vheat sequence i.e. an area of about I.g I lakh ha is under 

this systelll. The sorghulll-\vheat s:ysten1 has been very popular an10ng the 

fanners o\ving to the ract that these t\VO cereals arc highly producti\,ic '\vith 

advent or nc\v h~,/brids in sorghunl and dvv'arf high yielding varieties in \vheat. 

The fanners are a\,vare or the ne\v hybrids and the chvarr varieties require 

higher doses of fertilizer to get high yields. Because of the high productivity of 

both thcse crops in this systcnl. thc average lllonetary returns are also high. 

Nc\v technologies yvhich could help to achieve a quantunl jlllnp in productivity 

and production are yet to sight. 

\Vith introduction or high yielding cultivars and Inultiple croppIng 

systenl. thc denland for ferti lizcrs has gone up n1ani fold. /\s such the 

production of terti I izcrs nlay not cope lip \\lith the denlalld for nlany years to 

conlC \\lhile the LIse of nlineral fertilizers is the quickest and surest \vay to 

boosting crop production, their cost and other constraints frcquently prevent 

farnlcrs fro III lIsing then1 In rcconllnended quantities and In balanced 

proportions. ;\s a consequences of this and other constraints there secn1S to be 

no option but to ru11)' exploit potcntial alternative sources or plant nutrients. 

Con1plelllcntary use or available renc\vablc sources of plant nutrients (organic/ 
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biological) along\vith the Inineral rerti I izers is of great in1portancc for the 

111ai ntenance 0 I' soi I producti vi ty i.c. soi I structurc, soi I hio-activi ty. soi I 

exchange capacit)· and \vater holding capacity. Results rrOn1 varIOUS croppIng 

systenls and ecologicall)' illustr~lte that positive interactions result fronl the 

integrated usc 0 f nl ineral rerti I izers and organic/biological sources of plant 

nutrients \vithin the n'anle\vork or integrated nutrition systenl (Roy· and Angc. 

1991 ). 

There is quite a bit of accLllnulated inl<Jrnlation on crop yield and soil 

rertilit\ enlanating froln several long tel"ln f~eld trials conducted during the 

past. \,·herein certain notable changes in the nutritional status or the soil have 

resulted alter decades or experitl1entation because of 10\\· intensity of cropping 

and fertilizer LIse. \Vhile the findings arc no doubt or great value they ",·ould 

I~lil to tneet the requiretl1ent or the present systenl or intensive agriculture 

invoh·ing the raising 01" high yielding varieties in nlultiple cropping systenl 

\vi th high leve Is 0 I" ferti I izer input «(J hosh. 1 (76). Ferti lizer use 

recolnnletH.iations \vhich \vere hitherto single crop oriented arc no\·v bcing 

developed for the cropping systen1s. The available data on effects of organic 

Inanures on crop yield suggest that balanced cOlnbination of organic n1anures 

and chen1ical lertilizers are required for sustained soil productivity (Gaur. 

19R2: and Ilesse and Vlisra. 1 (84). The ()r~anic Inatter content or soiL in 

general. detennines soil producti\·ity. This is attributed to the ability ofsotne of 

the organic fractions to Inodi fY the physical and chelnical properties 01" soi I in a 

desirable Inanner, and partly to the fact that organic Inatter serves as nutrient 

source to both tnicro-organisI11S and higher plants. 

Judicious lise of fertilizer is no doubt. the king-pin in agricultural 

production under different agro-clilnatic as \vell as fanning situations. Use or 
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fertilizers in an unbalanced \vav leads to reduce Ixoductivitv and enhance the 
~ ~ 

deticienc:y of other plant nutrients. It is. therefore. necessary to supply various 

types of fertilizers in balanced proportion to "",,~~.~ the nutrient delllancls or the 

crops and also sustain the soil fertility on perpetual basis. The persistent 

nutrient depletion and its g<'lP is a great threat to sustainable agriculture. This 

gap could be Ininilllized through cOlnbined usc of all possible sources of 

nutrients \vith their scienti ric Inanagelnent ror optinlunl gro\vth. yield and 

qual ity of eli tTerent crops and cropping systel11s. although neither the organic 

Illanures nor the cheillical fertilizers alone could achieve the objecti\'e under 

i ntensivc t~lnning \vhere the nutrient relnoval in the soi I-plant systenl has been 

extensive (nis\vas and Benbi. 19~9). The use of organic Inanures, crop residues 
, . '.' 1-'" 

and green lllanuring \\'ith chelnical fertilizers is receivin~r'~ttention in the 
,-... 

intensive 1~1l"lning under integrated nutrient Inanageillent s,ysteln concept. 

The shin in the eillphasis from yield per unit area for each crop to :yield 

per unit area per unit tilne and per unit of input has resulted in an intensive 

cropping proganlnle which rapidly depletes the soil of it's nutrients and thus 

decreases crop production. It has 110\\' bccoille mnply clear that there should be 

.i ud ic iOliS usc 0 r organ ics and i norgan ics Illaterial to restore soi I fertility. 

COlllbined usc of rcrti I izers with InallUl'es. crop residues and green lllanuring is 

kno\\'n to stilnulate l11ineralization and ilnlnobilization of organic nitrogen and 

can in !lucnce the forms and avai labi I ity of phosphorus and potassi lIln in soi I in 

Inanv \vavs. . .' 

Continuous LISe 0 r rcrti I izers and Inanures gl ves l'lSC to \'anous 

nitrogenous COlllpollnds in soil. About 92-96 pcr cent of the total N present in 

soil is in organic rOl"lns. which are Inainly derived rrOl11 plant and ~lnilllal 
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rcsidues. Prasad o~,.( ( 1991 ) reportcd that exchangcabl~ NI-l.,-N \\:as donlinant 

1'orn1 of N contributed directly; or indirectly to nitrogen nutrition of crops. 

Since, various crops behave differently \vith respcct to ren10val and to 

rOrtn of P present in soi L it is desirablc to choosc crop and crop rotations In 

such a \\'ay that they playa cOlnplen1cntar,Y role in nlaking better utilization of 

eli fferent 1'orn1s or P frotn dcpletion and acclllllulation by gro\ving crops. 

Rokinla and Prasad (19tJ I) studied the translonnation of P added In 

cOlnbination \vith organIc Inanures and reported that addition of FY1Vl 

enhanced the bui Id Lip 0 fall fonns or inorganic P that contri buted 1110st either 

d i rcctly or indirectly to\\'ards avai lable P and its subsequent lit i I ization by 

cereal crops in rotatioll. 

The i Inportancc or potassiUlll Inanagelnent In croppIng systen1s \vi 11 

certainly increase vvith cropping intensity, crop productivity etc. Prasad and 

Singh ( 1997) reported that \vater soluble. exchangeable and non-exchangeable 

K increased \"lith increasing ~llnount or K and organic 11lanures and were 

correlated signi licantly \vith K uptake and yield of \\'heat. Prasad and Rokinla 

( 19(1) also indicated increase in \vater soluble, exchangeable and non­

exchangeable K \\'ith the application or FYlVl o\'cr chcInical fertilizer alone 

under integrated lllltri ent Illanagcnlellt inca lcarcolls soi l. 

SOllle of the 111icrol1utrient problenls are likely' to be faced in 11lultiplc 

cropping systell1s. Marked di f'ferences in lnicrollutrient requirelncnts of crops 

to be gnJ\\'n in succession in lnllitiple cropping Inakc the Inicronutrient 

fertilization problcn1. Prasad and Sin~h (1980) observed that continuous usc of 

FYM and NPK fertilizers over a period of 20 years has helped in Inaintaining 

and ilnproving the ~l\'ailable /.11 and Fe status or soil. Also. the application of 
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I: Y!\It for the last eio}ll years \vas effective .:::- - In Inaintaining available 

11licrollutriel1t level and build up of availability' of Zn \vas favoured due to 

organic l11anures (Trehan and (jrc\vaL 1983). 

The augu1l1ental Inicrobial activity can tap the inert nitrogen gas frolll 

the atnlospherc. reduce the leaching losses and regulate the supply of 

phosphorus. In a Inicrobial study. the response or Inicrollora varied \vith the 

type of characteristics of soil and organics used. Application or organics 

influenced bacterial population to a greater extent than fungi and actinonl)occtcs 

«( 'aur e! ul .. 1984). 

Several studies carried out In India have sho\vn the benef~cial effccts of 

addition or organic Inanun:s 011 the soil physical properties. Bis\vas e! (//. 

( 1(71) rq)orlcci that the treatInents consisting of the inorganic fertilizers alonc 

and in various cOIn hi nat ions \\'i th organ ic Inanures at eli ffcrent levels. the 

st ruct ura I stat us. \vater reten t i 011 and bul k dens i t,Y 0 I' the so i I \vcrc sign i fi cant I y 

illlproved by the treatlnents \"itb organic Inanures. The decrease in bulk 

densi tv and increased \\ ater stahle aggregates \\'ere also observed under long 

tenn usc or chenlical fertilizers in cOlnbination \vith organic n1anures In a 
:-~;\ y,,{!'(; 

pennanent Inanurial experilnent by Singh O<\,"\,-l/ (1980). 

It is apparent that there is a need to generate nlore in i'ornlation on 

integrated nutrient rccolnn1endations ror croppi ng systcn1s as a \vhole. tak ing 

into account balancL'ci plant Ilutrition through the con1plcnlent.'!·y sy'nergistic 

effect of con1bincd usc or both Inineral and organic sources for sustained crop 

production through increased soil productivity in long tCrtll experilllcnts. Thc 

inrornla1.ion on the effects or continuous added fertilizers and l11anurcs 111 

calcareous soils under sorghun1-\\'heat cropping is quite n1eagre. 



Several researchers have reported the use of nitrogen incorporation 

through different organic sources and their effect on crop productivity and soil 

fertility. The i'ranle plot experin1ent at Main Centre for Cropping Systen1s 

Research Project (;\IC/\RP), Vlahatn13 Phule Krishi Vidyapeeth, R.ahuri 

(Maharashtra), is bei ng conducted since khar(lI984-X.5 on Typic (~hron1ustert 

(()tur soil series) \vith different treatlnents consisting chcll1ical fertilizers alone 

and in conj unction \vith organic sources viz., l~lnn yard Inanure, wheat stra\v 

and gliricidia leaves. using sorghuIll-\\'heat sequence on a lixed site, \vhich 

provided an opportunity for studying their efrects. 

The present study 011 errect of integrated nutrient InanagenlCl1t 011 the 

yield potential. econol11ics and nutrient availability" in sorghunl-\vhcat-sequencc 

under irrigated condition in vertisol is proposed \vith the follo\ving objectives. 

I. To investigate the long tenn effects of organic and inorganic sources of 

4. 

f"erti I izers on the productivity or sorghun1 and \vheat. 

To assess the availability of nutrient status in the soil. 

To cstinlate nitrogen econOI11Y ill sorghuIl1-\vheat crop sequence. 

To develop suitable integrated nutrient supply systenl for hioher :;:, 

productivity of sorghuln-\vheat crop sequence \\lith better soil health. 
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2. I~EV]EW OF LITERATURE 

The fertility status of soil IS an inlportant factor in crop production 

especially in cere~t1 crops. ('creal crops need large alnount of nutrients to 

achievc high productivity. COlllplelllentary use of available rene\vable sources 

or plant nutricnts (organic/biological) along \\'ith l11incral rertilizers is or great 

ilnportance for the lllaintenance of soil productivity, that is soil structure, soil 

bioactivity', soil exchange capacit:, and \vater holding capacity. The appropriate 

cOlnbination of Inineral fertilizers. organic 111anUres, crop residues, cOlnpost or 

N-lixing crop varies according to the systenl of land usc and ecological, social 

and ecollonlic conditions. To inlplelnent this effectivcly; a lot or basic 

inl()nnation on the sclection or suitable cropping systcln. the correlation or 

their \'ield \\'ith different soil nutrient j(_)rnlS and available nutrients and their 

relati\'c ilnportance in plant nutrition etc. have to be thoroughly explored. 

Keeping this in \'ic\v, the literature pertaining to the above aspects ""vith 

reference to ~, P. K, Inicronutricnts and physical properties of soil along\vith 

crop producti\'ity, econolnics and energy studies of the sequence arc rcvie\ved 

in this chapter under 1'01 knving subheads. 

2.1 

2.1.1 

Effect of integrated nutl·ient Illanageillent on c.·op gro\\·th 
l'hi:u·acter·s a nd yield attdhu tes of so.·gh u III 

Plant height 

!\ signi1icant ill1prOVenlent In height or sorghU111 \vas recorded \vith 

application or nitrogen (\Vaghillarc and Singh, 1984~ I)evascllbo.thy and 

Subbarayalu. 1 c)X6: KUlnar. 1993: ()eshlnukh el (.//., 1996 and Barik el o/.. 

I 9<)8). 
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I. i ke\-visc, appl ication or phosphorus also inlproved the plant height 

(Khot and Narkhede, 1970: (jovil and Prasad, 1972: lvlegl1\\'anshi. 19(2). 

()n the other hand. the plant height V,las not intluenced either by 

nitrogen (Krishn~lInurthy el 01.. 1975 and Korikanthilllath and Palaniappan, 

19R4) or h,Y phosphorus appl ication (J Ions el 01.. 1986: J-lirpara et 01.. 1992). 

\Vhile. Raut and Ali (19R7) and Meghvanshi (1992) observed 

significant influence or both nitrogen and phosphorus application on plant 

height 0 f sorghunl. Ilo\vever . .I adha \' ( 19(4) observed the signi fieant increase 

in plant height \\'ith full close or fertilizers (75 kg N + 50 kg p,)()", Iha) as 

conlpared to hall' dose of fertilizers (37.5 kg N -1- 25 kg P2()" Iha). 

The increase in plant height \~/ith NPK I'ertilization 111ay be due to 

increase in cell di\'ision (Ra_iput er u/., 19R3). 

/\t .Ihanshi (ll.P.). (Jang\var and Singh ( 19(2) reported that plant height 

or sorghunl \vas increased by' 35.33 per cent \vith reconll11cnded level or 

fertilizer over control. \Vhile the studies of ylohanll11ed ef o/. (1995) revealed 

that fertility variation treatnlcnts did not intluence the plant height of sorghlln1 

on alfisol or southern Telcngana region or ;-\ndhra Pradesh. 

A Inaxinlllnl 01" 73(~;;) reduction in plant height in ('VS 15 and InininlUl11 

or 49% in (,Sl 1-14 sorghuI11 \vere observed (Re\'lIrll and CiarucL 199R). T"vlean 

plant height or sorghlll11 \\'as Inaxil1111111 \,vhen fertilizers applied for 60 q/ha 

viekl tanlet and \\'as reduced \\'ith hi~her fertilization. Ilo\vever. fodder vicki 
,.I"'_ '"- ..,. 

and plant height \\'as increased signilicantly due to higher plant density at 3.33 

lakh/ha (Talllbe and Bhoi. 19(9). 
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;\pplication or r'{l'vl at 6 t/ha increased plant height of sorghU111 by 

17.81 per cent over controL on sandy clay' soil at Jhanshi (Ciangv,:ar and Singh. 

1(92). l3angar ( 19(4) reported that the height or sorghlll11 plant \vas affected 

due to utilization or available N ror decolllposition of stra\v through soil 

Inicrobes. \Vhile at l)urgapura (.Jaipllr), application of 20 t r:YM/ha increased 

the plant height by 5.84 per cent o\'Cr control (Kunlar. 19(3). 

2.1.2 Photosy" thctic pa I"Cllllctcrs 

1 ncrease in LA I at 60 I )AS bv 16.10 per cent \vith application of 40 kg 

~/ha ovcr control \vas recorded at I/\RI. Ne\v l)elhi (Balyan and Singh, 1(85). 

/\t Junagarh. application of 120 kg N/ha prot()undly increased LAl at harvest 

by 43.3 per ccnt over control (II irpara el (//.. 19(2). The dry 111atter 

acculnulation and lear Ineasurcnlents are the t\\'o Inajor indiccs of plant gro\vth. 

and ultilnately provide a basis ror grain yield potential. Nitrogen application 

Increases nlllnber or IC3\'eS pcr plant (KLllnar. 1993: Dashora. 19(8) and thus 

Increases I.AI (Bal<:lsubr~llnanian and Ranlanloorthy. 1996~ KUnl(1\Vat and 

Ban saL 1 <) <.) 6 a 11 d 13 a r ike I (/ /.. 1 () <.) R ). 

Studi~s conducted at Udaipur rC'v'caled that appl ication of 80 kg N/ha 

registered signi licantly higher 1,;\1 by 7.14 and 15.38 per cent over 40 kg N/ha 

and control. respccti vely (K Unla\V~1t and Bansal. 19(6). Dashora (199g) 

obser\'Cd that application of 120 kg ~/ha increased 1..;\1 and chlorophyll 

content at Ilc)\,veri ng by 14.5 per cent and 13.6 per cent, over 40 kg N/ha, 

respectively. 

Phosphorus ~lpplication upto 40 kg P~(), Iha also resulted in an Incrcase 

in LJ\l and chlorophyll content at 60 I).AS of sorghU111 (lVleglnvanshi. 1992). 
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Application of 30 to 60 kg Nand 30 kg P2():, Iha to rainfed sorghunl 

grovv'n on vertisol increased the lear area (Raut and Ali, 19X7). Kandiannan and 

Rangasatny ( 1990) concluded that \vhen f'erti I izer appl ication (40 kg N + 20 kg 

P2():' ) ,vas \vithdnl\vn, the 1./\1 \vas reduced to 4.R7 as cotnpared to 6.67 \vith 

all technologies. Increase in 1./\1 \vith Nand P2()" application \vas also 

reported by Singh el uf. (1993). 

()Icksenko and Krasenkov (19XS) observed that application of NPK 

increased chiorophy'li contents. net photosynthetic productivity and leaf area 

duration. Sitnilarly'. an increase in llulnber of leaves per plant and leaf area \vas 

noted \vith appl ie-ation or N PK ferti I izers «(~halldhary and Khade, 19(1). 

()n the contrary. \I1ohalllnled el 01. (1995) reported that fertility 

\'ariation did not intluence the nUlnber of leaves per plant significantly and 

onl,Y 5.03 per cent increase \\itll application of full dose or fertilizer as 

cOlnpared to hal r dose of ferti I izcr \vas noticed. 

\Vhile \vorking. at l)urg_apura (Jaipur), KUlnar (1993) reported that 

application of 20 t F'{fVl/ha increased the lear area by 2.90 per cent over 

control. 

2.1.3 

In the opinion of Shriv(1stava and Singh (1970), the physiological 

effect of nitrogen on carl)' 111aturity' \vas attributed to the devclopnlcnt of leaves 

to the full potential. \\'hich resulted in accelerated photosynthesis. consequently 

the reproductive phasc started carlier in hybrid sorghU111. NUlllber of days to 

attain 50 per cent Ilo\\cring \\'as signilicantly reduced \vith high N fertilization 

( 1 20 kg ~/ha) over n Jtrogcn appl ication at 60 kg ],;/ha (Krishnatnurthy ef 01., 
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1(75). 1\ signilicant reduction in days to blooln \vith increasing levels of 

nitrogen \vas noted (I )c\·asenapathy' and Subbarayalu. 19X6: Poonia, 1997 and 

I )ashora. I 9(8). 

Phosphorus application also reduced clays to ll()\vering (C.ovil and 

Prasad. 1(72). Silnilarly. Sahn.\\\'at el (II. (1995) reported that days to 50 per 

ccnt tl(.)\vering and physiological Inaturit:y \verc signi ficantl)' reduced by 
"" 

phosphorus appl ication on vertisol in ;\ndhra Pradesh. 

2.1.4 ()r"y Inatter" acculllulation 

The extent of increase reported varies \videly. depending upon soil and 

clinlatic conditions. ;\n increase in dry Inatter acclllnulation follo\vin<J Co 

appl ication of 80-90 kg N/ha \\'as reported by Carvalho el 01. (1982). Balyan 

and Singh ( 1 c)R5) noted increase in dry nlatter by 9.3 per cent \vith 40 kg N/ha 

o\'er control at If\RI. ~itrog.en application increases dr:y Inatter acculnulation in 
v.:(. ~ 

sorghunl at all stages of crop g.n)\vth (KucI sOlnannq,r el o/., 1(86). Further 

increase in dose upto 130 kg N/ha had no significant effect. lions el 01. (1986) 

noticed greater response of high energy sorghunl (HF~S) to applied N cOlnparcd 

to other cultivars. They further recorded an inlprovclnent in bioillass by 40 and 

60 per cent \\'i th X4 and 1 ()8 kg N/ha. respectively over control. /\t 

Ra.iendranagar (;\.1>.). shoot dry 11lattcr \\'as found to increase upto 100 kg N/ha 

(R'i_dd:y el 01., 1 <.JXX). In CiujraL increasing rate or N fronl 40 to 120 kg/ha 

enhanced biolllass bv 16 per cent (Raj and Patel. 1989). Positive response or 

nitrogen application upto 120 kg ;\/ha on dry Inatter production \vas also 

reported b:y [vIal i k (.'1 (1/. ( 1 9(2): K Ulnar ( 1993) and Dashora ( 1998). 

;\pplication or phosphorus reduced the lodging under heavy nitrogen 

application due to increase in strongness of steIn and enhanced dry nlattcr 
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acculllulation (Khot and Narkhede, 1(70). Whi Ie I-Ions e/ 01. (1986) and 

()gunlela (1988) found that dry Inatter acculnulatioll \vas not affected by 

phosphorus application. 13ishnoi and Singh (1990) and [)as ef 01. (1996) also 

reported increase in dry' Inatter acculllulation \vith appl ication of phosphorus. 

Raut and Ali ( 19R7) observed that application of nitrogen at 30 to 60 

kg/ha and phosphorus at 30 kg/ha increased dry Inatter production of rainfed 

sorghunl. The studies or Niranjan and /\r)"a ( 19(2) at Jhansi revealed that dry 

Inaner yield of sorghulll \vas the highest \vith application of 100 per cent 

reconllnended dose of Nand P (60 kg N + 40 kg P:2():, Iha). Mcgh~~vvanshi 

( 1(92) reported 1'r0111 Udaipur that appl icatioll or 80 kg N/ha and 40 kg P~05 

/ha sign i ficantl),' increased dry nlatter accUll1ulatioll per plant. Increase in dry 

n1alter acculnulation by 26.9 per cent \vith 100 kg N + 50 kg P205/ha over 20 

kg N + 10 kg P:2():,/ha \vas reported by' Singh ef 01. (1996). Palanis\vanlY' ef al. 

( 19(8) noted that contribution of leaves, stenl and panicle vveight towards total 

dr)! Inatler production at harvest \vas 10.15. 36.45 and 30.41 per cent in 

different cultivars. 

Siinilarly_ Chaudhary and Khade (1991) reported that application of 

NPK. fertilizer increased dry Inatter production. 

Ciangvv'ar and Niran.ian ( 1991 ) have also reported increase in dry Il1atter 

yields due to appl ication of I,'YM. Cha.udhari (1992) reported that there were 

signiiicant genotypic differences in photosynthetic rates (AGR.) and total dry 

n1atter accunlulation at harvest. Hybrid CSH-5 and CS1-[-9 sho\ved significant 

superiority over p.nn< in total dry' ll1attcr accUlllulatiol1. Appl ication of FYM (j_i). 

6 t/ha increased dry rnattcr accLlnlulation of sorghU1l1 by' 29.93 per cent over 

controL on sandy clay soil at .Jhansi (Ciang\var and Singh, 1(92) and 20.04 per 
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cent over control \-\lith 20 t FYM/ha at [)urgapura (Jaipur) (Kun1ar, 1993). A 

111axinlunl dry 111atter production \\las recorded \vi th appl ication of Zn + Mn 

during 35. 65 and 115 dayls of gro\vth period. The soil application of 

Inicronutricnt \\-'as found to be superior to foliar application in increasing dry 

nl<1ttcr/plant (Khaprc et ul .. 1994). 

2.1.5 \/ield attributes 

A.ppl ication of nitrogen fron1 0 to 120 kg/ha increased grain weight per 

panicle as \vell as test \\ieight (Ro:y and ~!right~ 1973b). Ho\vever, further 

increase in dose upto 180 kg did not in1prove the yield (Krishnanlurthy et aI., 

1975). In hybrids, the response to nitrogen application \vas recorded upto 150 

kg N/ha (Kudson1annavv'ar el 0/ .. 1980). Various scientists noted favourable 

effect or nitrogen fertilization on :yield cOlnponcnt (Shukla and Seth, 1976~ 

Pan\var. I <)82~ Singh el o/., 1986~ Bhoseker and R.aikhelkar, 1990; Kunlawat 

and Bansal, 1996~ I<..ush\vaha and (~handeL 1997 and [)ashora. 1998). 

Increasing rates or N upto 150 kg/ha in1proved panicle \veight, grains/panicle 

and test \veight by' 100, I 18 and 20 per cent. respectively over control 
(.\ 

(BaS",\laraju and R0I11111egO\,vda, 19R2). A.t I ARI (Ne\,v Delhi), Nappi ication 

upto gO kg/ha hliled to alter test \veight (Halyan and Singh. 1985). Applications 

or 150 kg N/ha recorded the highest grain yield of 42 q/ha at I Iissar (Singh et 

o/., 1986). ;\t Parbhani. (Maharashtra). Byale et al. (1987) recorded average 

response of 18.3 kg grain/kg N \vhcn crop 'vvas fertilized upto 120 kg N/ha 

con1parcd to 8.7 kg grain/kg 1'.: \vith 40 kg N/ha. Cirain :yield of sorghun1 was 

found to increase linearly fronl 26 to 42 q/ha \\lith increasing levels of nitrogen 

Crolll 0 to 150 kg N/ha. but decreased after that \,vith 200 kg N/ha (Singh el 01., 

I 987). S0I11e other \vorkers reported response () r sorghunl upto 90 kg N/ha 

(Ciupta et a/. , 1 986~ /\1 i and R.ao. 1 987 and J ay:akU111ar cl ul., 1987). IIo\vever, 
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Singh te'\- ~.5,.I( 1987) failed to observe significant effect ofN on earhead/ha 

hut recorded in1pn)Ven1ent in grain yield/earhcad upto 80 kg N/ha. ThLlS~ the 

response of increasing levels of nitrogcn \vas round curvilinear (Locke and 

I Ions~ 1(88). The responsc per kg or N at 50, 100 and 150 kg N/ha \vas 12.4, 

10.8 and 9.4 kg grain/ha~ respcctivel,Y (Thakre el 0/., 1989). Por\val and Singh 

( 1989) noted increase in grain \\'cight per earhead by 33 per cent at 80 kg N/ha 

o\'er no N at AICSIP. Udaipur. Significant linear increase in earhead length 

rr0111 I X.2 to 23.3 cln and test w'eight fron1 25.3 to 30.7 g \vith increasing 

nitrogen lcvcls rrOn1 0 to 150 kg/ha \vas reported (Thakre e/ a/., 1989). field 

experin1ent conducted undcr I\(CSIP, Udaipur. revealed that application of 80 

kg N/ha recorded n1axil11Un1 grain :Y'ield (35.05 q/ha) \vhich \vas higher b:y 14 

per cent and 57 per cent o\'cr 40 kg N/ha and no nitrogen (Anon),'n10Lls, 19(0). 

In other locations. sorghun1 has shc)\vn its response upto 120 kg N/ha 

(l\;1ahakulkar et 01., 1992: Kusl1\vaha and ('handel. 1997 and Barik e/ o/., 

1<)98). Ilo\vcver. at nellary (Karnataka). R.an1an1ohan Rao c.:1 ([/. (1995) failed 

to record an)' influence of N on :Y'ield attributes. KU1l1a\Vat and Bansal (1996) 

recorded 2~'L 43 and 10 per cent increase in grains per earhead. graIn \veight 

and test \\"eight \vith application of RO kg N/ha. over controL respectively. 

Sin1ilarl:-.". application or Xo kg 1'-.:/ha increased grain and fodder yield of 

sorghun1 b~' 56 and 40 per cent over control on clay loan1 at the sanlC location 

( K Ulna \vat and Bansa I_ 1 99(). 

The increase in grain and fodder yield of sorghuI11 \-\lith application of 

60 kg N/ha \'vas reported by Savithri <:1 ([/. (1997) and Balasubrarnanian et a/. 

( 1986). I: urther. »0011 ia (1997) noted that crop terti I izcd \vith 80 kg N/ha 

produced n1<.lxil11Un1 grain yield ( 10.2 q/ha). \vhile fodder yield \vas the highest 

(45.2 q/ha) \vith 120 kg N/ha. L)ashora (1998) observed silnilar results. Earhcad 
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vveioht and orain vield })er earhead \vas increased sionificantlv \vith a})})iication 
b b./ b wi 

or gO kg N/ha. 11()\VeVer, sllccessi ve increase in N dose did not alter 1000 grain 

\veight (Dashora. 1(98). 

K hot and Nark hede (1970) reported that phosphorus appl ication upto 

80 kg/ha significantly increased the grain \veight per earhead. Likc\visc, 

Shrivastava ( 1971) also found that application or phosphorus up to 100 kg/ha 

increased the carhead \veight and grain \veight per panicle conlpared to no 

phosphorus application. The increase in \vcight pcr panicle, nunlber of grains 

per panicle. 1000 grain \veight and panicle length by 12.85. 33.70, 11.80 and 

10 per cent, respecti \i'ely' \vith appl ication of 26 kg P20:;/ha over control \vas 

also observed by' Roy' and \Vright (1973b) at lARI (Nc\v f)elhi). Phosphorus 

inlproves the harvcst index by partitioning greater portion of dry 111atter into 

grain (Lanjc\var and K.hot, 1978) and, thcrefore, increases nunlber or grains 

and \\'cight per panicle. but its ctTcct on incrcasing 1000 grain \vcight is lTIuch 

slnaller Cfurkhade and Prasad. 1980: ()Qunle lao 1988 and Singh et 01., 1 996). 
~ ~ 

LInder rainfccl conditions. Singh L'f U/. ( 19~).p) suggested a 111can optilllunl level 

01" 40 kg P:?()) /ha 01" sorghul11. The response or sorghulll to phosphorus 

applicatioll have been extensivcly reported and thus P application is generally 

ITconllnendeci (l\non)'111ouS. 1(82). Ilo\\iCVer, the quantuI11 or response or 
sorghul11 to phosphorus application varies v·/ith soil, genotype and initial soil 

fcrti I itv status. Bishnoi cf u/. (1983) reported significant response of applied 

phosphorus to sorghunl on I () sites at cultivator's neld in Ludhiana district and 

found that incrcase in yield due to applied P decreased at higher level of P. 

Jadhav ef uf. (1983) noted significant increasc in grain yield or 
sorghunl \\/ith 60 kg P2()' /ha and I(Klder :yicld \vith 90 kg P~05 Iha. llo\vever. 

the pcr cent utilization or P decreased \vith increase in rates of P~()5' The 
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econonllc dose of phosphorus \\'as 25 kg P:::O:, Iha. ()n 111cdiunl black soi I of 

Indore, R.aghu\vanshi e! (//. ( 199X) observed that application or 40 kg P:::Os Iha 

increased grain .yield (32.92 q/ha) significantly over control (29.2 q/ha). (Jill el 

(//. ( I 98R) found that the optinluIll dose of phosphorus to be appl ied to sorghu111 

\vas 59 and 57 kg P:::():)ha on lo\v and 111cdiunl soil. respectively and response 

\vas 0.44 and 0.4 1 kg dr)" lllattcr per kg of P2():-; appl ied in respective soi Is. 

L)urais .7_ dIlly e/ 01. ( 1990) k)L1Ilci that appl ication of P:::()5 had no effect 

on grain :yicld or sorghunl at Coinlbatorc. Shrivastava and Siddique (1992) 

and :Vlahakul kar et 01. (1992) lloted response of sorghulll to appl ied P upto 60 

kg/ha. An increase in grain, fockler and biological yield "\vith appl ication of 40 

kg P:::()5 Iha \vas also rcported by I\/legh\vanshi (1992). Sorghul11. responded 

cven to higher doses or phosphorus L1pto 80 kg P:::O, Iha on allisols (Donagle el 

01., 19(3) and upto 90 kg P:::()5 Iha on vertisols (Sahravv'at el a/. , 1995). 

Zade el 01. (1995) observed that appl ication or 30 kg P20:,; Iha 

increased average sorghUl11 yield fr0l11 20.5 to 26.68 q/ha. I-k)\vcver. higher 

rates did not further increase grain yield. Singh ct ul. (1996) reported higher 

yield attributes \\ ... ith increasing application of phosphorus except for 1000 grain 

\vcight.()n clay soil at Indore (I"vladh) ... a Pradesh), Shanna el (II. (1998) noted 

increase in 1000 grain \veighl and nunlbcr of grains per panicle due to 

phosphorus apl')l ication at I 1 0 kg/h~l. 

In a long terlll l1eld experinlent at Ne\\l I)elhi involving nlultiple 

cropping \\'ith high .yielding pearl Illillet-\vheat-co\vpea (fodder) on slightly 

alkaline allu\/ial sandy loanl it \vas observed that applicatio11 of Nand P 

significantly increased the Y'ielcl or all the crops (S\,varup and Ghosh. 1979). 

Increase in sorghUlll yield by' 15.9 per cent \vith application of 60 kg N + 60 kg 
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P 2()S Iha over control (48.8 q/ha) \vas rccorded by Olckscnkc 
I--:..J (,- _: .,I_<,:'.f 

.J I I 988). -rhe 
/", 

utilization of fertilizer Nand P \\'as 22-36 and 9-24 per cent. respectively. In 

(jujrat. sorghunl C\'. (d-37 produced significantly' higher grain yield (41.1 

q/ha) \,vith appl ication or 80 kg 1\ ! 40 kg P2C)S Iha (Patel ef 01. ~ 1989). Whi Ie 

\\'ork i ng at L udhiana. Brar e/ o/. (1990) reported that grain Y'ield of sorghul11 

\vas enhanced upto ~o kg Nand 20 kg P_2()s Iha, ho\vc\,cr. higher fertility ratc 

did not givc further increase in grain .yield. A l~lvollrable il11provelllent in yield 

attributes viz,. grain yield per plant and test \\!eight \vere observed \vith 

application of Nand P at Junagaclh. Ciujrat (Hirpara e/ (fl.. 1(92). At lJdaipur. 

iVlegh\vanshi (1992) reported that :yield attributes. vi::,. grains/panicle, graIn 

\veight/panicle and 1000 grain \\'eight \vere inlproved significantly \vith 

application of 80 kg Nand 40 kg P 2():, Iha. I\.t Jhansi (Uttar Pradesh) 

l11axinl11ln dry Inatter Y'ield \vas recorded (52.7 q/ha) \\lith application or 100 

per cent reC01111l1Cnded level or '\I and P (60 kg N + 40 kg P.2C):, l11a) (Niranjan 

and A.r:ya. 1(92). TOlnar and Raghu (1993) also observed silnilar results. }\1 

Pantnagar. application of 100 kg N j- 50 kg P::,C):, /ha produced significantl): 

higher grain and st<.)\'er yields of sorghuln (Singh et u/ .. 1996 and Pal ef o/., 

1996 ).More el of. ( 1(94) obtained a higher grain yield of sorghunl \vith 50 kg 

~ and 25 kg P~():, /ha as conlpared to 50 kg N/ha alone. 

Jadhav (1994) reported that the il11portant yield conlponents or 
sorghuill viz .. length or carheacL \veight or earhcad. \veight of grains r~' earhead 

and 1000 grain \veight \vere significantly' increased v,,1ith rull dose of fertilizers 

(75 kg N .- 50 kg P_"C):, /ha). as cOlnpared to hall' of the recoll1111cncied dose. 

j'v1ohalllnlcd ef o/. ( 19(5) concluded that the test \veight il11provcd fronl 18.7 to 

22.6 g \\ ith increase in fertilizcr rates 1'1'0111 20 -:- 10 to 80 -! 40 kg N +- [>20=, Iha 

and grain yield per plant signiricantly' increased rrOI11 45.6 to 84.2 g in response 
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or increasing. fcrtilizer rates frol11 20 -~ 10 to 100 + 50 kg N + P~O:, Iha, 

\vhercas, panicle length \\'as not inlluenced by fertility variation treatlnents. At 

Pantnagar. Singh c! ([/. ( 19(6) noted that appl ication of 100 kg N +50 kg P20 S 

recorded an avcrage 30.4. 14.5 and 22.3 per cent highcr panicle \\:eight per 

plane grains per panicle and grain yield per plant, respectively over 20 kg N + 

10 kg P~(}~ on light silty clay loan1 soil having Inediun1 availablc phosphorus. 

1 n addition to the effect of ferti I ization on gr()\vth and dcveloplnent. its real 

effect is being renecteel on the grain and foddcr yield. 

;VI i nhas and ;Vlehta (I 9R4) reported that uncler \vheat-n1aize rotation. 

the grain :yield of both the crops increased \vith higher levels of fertilizer 

application and' the ellect \vas signi Ii cant as \vell as consistent. Rana el 01. 

( 1984) observed that under constraints or fertilizers and irrigation, a reduction 

in rertilizer dose fron1 100 per cent of the recon1111endeci c.unounts ofN and P to 

75 and 50 per cent Ic\'els resulted in an overall decrease in grain yield of crops 

under Inaize-\vheat-greengran1 rotation. Singh and Nalnbiar (1986) revealed 

that balanced ferti I ization '"vith i': PK at 100 per cent based on the initial soil test 

values produced an average grain yield of 6.02 to 10.2 t ha- I over years in 

Inaize-\vheat, soybcan-\vheaL rice-rice and rice-\vheat cropping systelns. 

Incorporation of FYiv1 at 10-15 t ha- I along \vith optilnal dose or N, P and K 

enhanced the grain yield by o.x to 1.2 t ha· 1 over optilnal nutrients inputs. 

I.al and ~Vlathllr (19SX) reported that fertilizers alone increased the 

Y'ields or Inaize and \vhcat upto 15 111 years but sharp reduction \vas observed in 

the subsequent t\\'o :years under N. NP and NPK treatIncnts. ()rganic 111anure 

alone or in cOlllbination \vith fertilizers 111aintained yield of both the crops over 

years. Results froln a cxperilnents on rice-\\'hcat sequence \vith graded levels of 

fertilizers. indicated that continuous application or recolnlnended dose of NPK 
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could sustain high yields or both the crops and very little scope of reducing or 

skipping any an10unt of NPK. dose (Soni e/ aI., 19R8). '('he graIn yield of 

sorghun1 is highly associated \\'ith panicle \veight that has Inaxinlunl positive 
(., ('.( / 

direct efrect on )iield (Ninlbalkar ef 01., 19R9 and JayaprakashA_1997). 

;\ccording to Kandiappan and RangaS\VanlY ( 1(90), the contribution of 

fertilizer \vas the highest in increasing the sorghu111 yield. /\pplication of 100 

kg ~ + 60 kg P~()~ -+- 40 kg 1(2()/ha produced significantly higher grain :yield 

( 2 1 .3 q Ih a) 0 f so rgh Ut 11 0 V e r 50 kg N +- 30 kg P 2 C):, + 20 kg 1<'1 () 1 h a (1 5.85 

q/ha) (Raghu\vanshi e! (fl., 1(90). Dakore and l\IIungikar (1991) noted an 

increase in dr)' 111attcr )'ield \vith application of NPK fertilizers. Sin1ilarly, 

Chaudhary and I(hacie (1991) also observed a progressive increase in grain 

yield \\"ith increasing rates or NPI(. ,1\ linear increase in grain yield of sorghunl 

cv. ('SI-I-9 \vas noted \vith 50. 75 and 100 per cent rccon1n1endcd dose of 

ferti I izers ( 120 kg N -+- 60 kg P:,O~ -:- ()O kg K~()/ha) (Kasole e! 01., 1994). 

Raghu\vanshi and lJInat (1994) observed that fertility level of 120 kg N + 60 

kg P~C):, ! 40 kg K 20/ha gave n1axin1unl grain yield (42.97 q/ha) as cOll1pared 

to control (14.81 q/ha). -rhe studies of .ladhav ( 1994) at Pune (Maharashtra) 

revealed that grain and fodder :y"ield or sorghu111 decreased respectively. by 

1().74 and 12.0] per cent \vhen I"ertility level \vas reduced to half. \Vhile 

studying the elTect or continuous usc of balanced fertilization. I3hatia and 

Sikar\var ( 1995) found a decreasing trend for sorghunl-\vheat production vvith 

the appl ication of nitrogen alone indicating a need of a Pappi ication in 

addition to nitrogen for sustaining crop production. -rhcy concluded that 

continuoLis appl ication 0 r 1 20 kg N -i- 80 kg P:?O~ + 40 kg K. 2C)/ha could sustain 

the yield \\'ithout serioLls depletion in soil fertility. Balasubralnanian and 

Ranlan10 orthy (1 <J,)()(.l) conc I uded that 120 kg N + 60 kg P20)ha \vas the 

'J 



optinlunl dose for getting highcr yields of sorghunl. Every corresponding rise 

in fertility; Icvels to 50. 75 and 100 per cent recolllnlcndcd dose to sorghun1 

significantly enhanced the grain production upto the highest level of 100 kg N 

-:- 60 kg P~()) -\- 40 kg K.~()/ha (I)ube:y el 01., 1997). IVlahakulkar el (I/. (1998) 

also concluded that reconlnlcndcci dose of fertilizer proved productive and 

profitable than the other nutrient treallnents tried in sorghunl based cropping 

systelll at /\kola. In Kolhapur district or Maharashtra. the response-fertilizer 

ratio \vas InaxilllU111 (7.29) at rCCOlll111en(.kd level of 120 kg N -.- 60 kg P~():, .• -

60 kg K.~()/ha under irrigated conditions. The sallle ratio \\/as obtained at 50 per 

cent of this rCC0111nlCndecl dose under rain red conditions (Shanna el o/., 1999). 

Pardhi (1976) 1()llnd non-signi1icant elrcct or FYM in illlproving the 

gro\vth and yield attributes or sorghuln at ;\kola. Rahate e! o/. ( 1979) reported 

that application or nOl"1nal dose or fertilizers uscd in cOlnbination \vith a sinall 

dose or :=; t i1a- 1 or J'""{r'vl ovcr a long pcriod of 1 1 years gave 25 to 30 per cent 

higher crop yields than those obtained by' use or fertilizers alone. I-Ielkiah e! 01. 

( 1 Y81 ) cOin pared organic and inorganic sources of fertilizers on a black soil 

and reported that organic sources at different levels in cOlllbination \vith 

inorganic lertili/.crs signiticantly increased the grain and stra\v yields of hybrid 

sorgi1un1. Prasad and Sink(\ (19X I) also observed that increasing levels of 

1ertilizers in conlbination w'ith organic Inanures in a long ternl 111anure and 

tertilizer experilncnt conducted for 0 years at Ranchi, reported the highest yield 

In intensive cropping. 

Bhatia and Shukla ( 1 <.)g2) reported that continuous application of fYl'vl 

for 1~\"e years helped in nlaintaining and illlproving yield of Inaize as c0111parcd 

to application or ci1elnical tertilizers alone in a penllancnt lllanurial trial. 

Kulkarni and I(ulkarni ( 1982) obser\'cd that in lllany situations under long tenn 



effect studies \\"ith various cropping sequences, FYM plus NPK \vas better than 

NPI( alone upto <)0:45:45 IcY'el. But at 120:60:60 level of fertilizers, FYM had 

a I ittle effect. iVlandal el a/. (19~3) reported increasing fibre yield after eight 

years of intensive cropping and 111anuring in an annual rotation of jute-rice­

\\'heat. The increase in fibre production due to 100 per cent NPK dose over 50 

per cent N PK \vas signi ficant. 

Narkhede and (jhllgarc (19R7) found that addition of lellcaena 

loppings caused an incrcase in yield or \vinter sorghunl in drylands. In a five 

vears study', on nutrient Inanagelnent in cotton-\vheat rotation on sandy 10a111 

soils, no residual and cunlulative effects of Nand P \vere observed in cotton 

and \\'heaL ho\vever gn)\ving co\vpea ror green Inanuring after \vheat increased 

the yields or both the crops. I )c\'arajan e! ([/. ( 1(87) concluded that application 

or lOt FYM/ha increased grain Y'ield or sorghull1 fr0111 34.X q/ha to 43.2 q/ha. 

(jl"ain vield did not increase further \\'ith application of 20 t FYivl/ha. In the 

sanle gesture, applic~ltion 01'4,5 and 6 tonncs FYM per hectarc increased grain 

yield of sorghuln by 27.5 per cent at Indore (Shanna. 1(87),9.82 pCI' cent at 

l)har\var (Cioudrcddy ef (I/.. 1 9~9) and 37.1 1 per cent at Parbhani (13hosekar 

and Raikhelkar. 19(0). respectively. /\charya and Bishnoi ( 1(88) observed that 

the trcatlnents recei\'ing FYl'vl and 100 per cent of the recolll111cnded NPK dose 

gave signi ficantly higher crop yiclds than the other treatlnents after 13 years of 

continuous cropping and Inanuring. /\pplication or F'{M increased yield 

attributes viz .. nunlbcr of grains per panicle and 1000 grain \veight (Cioudreddy 

el al .. 19R9 and Bhosekar and Raikhelkar. 1990). I·lo\\,cver. Duraisanl): ef al. 

( 19(0) opined that application or 5 or lOt FYM/ha had no effect on yield or 

sorghunl on red non-calcareous sandy loaln soil at Coilnbatore. 



24 

i\/luthus\\-alni ('I 01. (1990) observed that grain and stra\\- yield or ragi~ 

nlaize and co\vpea, receiving the SLH11e fertilizer levels over a period of 16 years 

sho\ved significant eli Iferences in yield of crops. Balanced application of NPK 

fertilizeL based on soil test in conjunction \vith FYivl produced the highest 

yield orall the three crops. /\nd \vhcn the dose orNPK \vas halfofthe fertilizer 

level. yield decreased. But at 150 per cent level. signi ficant yield increase \\'as 

recorded. Baclallur c:1 o/_ (1990) reported that incorporation of l.ellCaeJ10 

iC:lfC()Cej)/7u/u (Subabul) loppings (ll 5 t ha- 1 gave significantly higher sorghulll 

grain yield as conlpared to sunhell1p. sorghulll stubbles and sunflower stalks. 

l jda/,soorian ( 1990) found that all10ng the organic lllanure treatlncnts glYTicidia 

lear nlanure (CiLr'vl) recorded the highest grain yield in k/7uJ"I/ and sunl111cr 

under rice-rice cropping s)"stel11, Lnder continuous application of organic 

1l1anUres and ferti I izers over a period or <.) years. (j I jvl plus 120:60:60 kg NPK 

ha- 1 le\'C1 \vas found to be the suitable cOlllbination for rice-rice sequence in 

Tal11il ~adll, 

IShat (.'1 01. (1991) stated that the beneficial effects of continuous 

rec:--,'cling of crop residues f()r Se\'en years in rice-\\'heat on yield or both the 

crops. l)hilloll and Dhillon (1l)l)I) also found that the application of crop 

residues and <.1i ncrent le\'CIs or rerti I izers increased the vicki or groundnut and 

\vheat crop over suboptinlulll level or chclllical fertilizers alone. Grevv'al et 

0/,( 19(1) studied the L'lfect or phosphorus. potasSiUI11 and t~ll'lnyard n~anllre for 

potato based crop rot~ltions and rcvealed that the residual effect of PK 

fertilizers and 1,"'y'\/I applied to potato \\'cre sufficient for the succeeding cereal 

crops like \vheaL lllaize and paddy, l)irect and residual effects of FYiV1 \vcre 

cOlnparati\'cly n10re than PK fertilizers. FYM incrcased the yield of 11laize and 

paddy. 
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KUlnar el (II. (1993) I-cported that in rice-\vheat cropping systenl, nce 

grain yield in green nlanuring treatlllent \,vas conlparable 'v\lith 150 kg N ha- I 

through fertilizer. Incorporation or crop residue \vith grcen nlanuring sho\ved 

no decreasing effect on rice yield, \vhen conlpared \vith green 111anuring or urca 

treatillent alone after five vears of experinlcntation. iVlaskina ( 1993) obscrved 

that \\'heat residue application reduced Inaize grain Y'icld in first year and 

second year as conlparcd to control treatnlcnt. }--ic)\VCVCL \vheat yield increased 

due to residual incorporation on long tertn basis. COlnbination of inorganic 

fertilizers and crop residue gave additive effect over the inorganic fertilizers 

alone. Sidhu el 01. (1093) reponed that grecn nlanuring and FYl\Il treatJllents 

sho\\':cd positive effect on sustainable yield index over 12 years of 

experinlentation In nlaize-\vhL'at sequence. KUll1ar (1903) observed that 

appl ication 0 flO and 20 t F'{ iVl/ha increased rockier vielel by 1 2.08 ad 23.36 

per cent. respectively over control. 

13cllakki and l3adanur (1994) observed that incorporation or subabul 

alone recorded sorgh unl production on par \vith 

reC0l11111eJH.ieci close or fertilizer. Sorghunl stubble v·;ith subabul loppings either 

every ~ .. ear or alternate ~/ear gave significantly higher grain vielel than control 

and stubble alone. \i1ore (1994) also found that (-"{\/l and \vheat stra\v 

increased the yield of both thc crops significantl.Y over control under rice-\vheat 

sequcnce over years. The effect of organic and inorganic terti I izers alone and 

in cOlnbination on yield or sorg_hllnl-\\/heat cropping systcnl grovvn on nlediunl 

black soil \\'as studied by Raghuvanshi and Ulnat (1994). they' reported that 

FYM. crop residue ~1lH.1 green nl~lnllre in conjunction \vith inorganic 1ertilizers 

leading to increase average grain .yield of both the crops and indicatcd that the 

possibilit)· to save!'.: at b:y applying F))'1\11 or crop residues 
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or green nlanuring to sorghul11. ;\rokiaraj and Kannappan ( 1(95) obtained the 

highest grain (IS.X2 q/ha) and fodder ( 123.60 q/ha) yields, and B:C ratio (1.18) 

\vith application or 5 t FYi\/l/ha on 1110cleratel,y sodic clay IOal11 soil at 

Tiruchirapalli (Tan1il ?\:adu). Ilegde (1996) opined that \vithout any significant 

reduction in producti\'ity in rice-rice systeill. about 25-50 per cent N need or 

crops could be substituted by organic 11lailUreS like )-,'{\ll and green 1l1anuring 

in coastal area. Tilak and Singh (1996) obsen'ed that incorporation of \\'heat 

residues before rice planting increased the yield or both the crops in rice-\vheat 

sequence. Patil (1997) indicated that pearl Inillet-\vheat cropping systcn1 \vith 

green 111<lnuring in SUI111ner gave high grain and biol11ass productivity/ha per 

rupee invested on fcrt iii /er thal1 other crop seq ucnces and red uct i on in fert i I izer 

dose to 50'Yo 0 r both the crops. 

;\pplication or 10 t FY1'd/ha increased grain yield of sorghuI11 Croll1 

77.4 q/ha to XX.O q/ha (1lul1shal e/ o/.. 1(89) and ti'onl 21.6 to 26.1 q/ha 

(Kush\vaha and Kush\\'aha. 19(5). 

Appl icatiol1 or FY\/l at I () tlha increased grain and fodder yields of 

sorgllll1ll signilic<.lntly (I)asalkar e/ o/.. 1992~ Saranglnath e/ (I/. , 
,'-

I 994 and Pat i 1 and Varade. 1 9(8). 

2.1.5.1 I hll"vest index 

/\ si gn i ticant i III prOVC111cnt In han'est index 0 f sorgh unl \vas observed 

\\'ith application or nitrogen upto XO kg 0J!ha \"'as recorded (lvlegI1\vanshi. 

19(2). I_OI11tl' L'/ (II. ( 19(4) concluded that there \\'as cfiicicnt utilization of N 

upto XO kg/ha under dr~ so\\'n condition. Ilybrid CSI-I-9 and CSII-I 1 \vere 

superior to CSV-I () I()r the grain yield. but CS\i-IO \\-as superior to fodder 

vickI. The application of XO kg ?\:/ha significantly increased the harvest index 
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(27.g(Yc» over 40 kg ~/ha (27.0 per cent) and control (25.8 per cent), 

respectiv'ely' (KlIlna\val and B8ns8L 19(6). Poonia ( 19(7) reported that harvest 

index \vas increased significantly upto ~o kg N/ha (32.40/0) and decreased \vith 

further increase in the 1'.: rate upto 120 kg N/ha (26.05 per cent). Shanna (1997) 

also reported silnilar results. Shanna and Jain (1997) observed that nitrogen 

application at 9{) kg/ha increased harvest index of sorghulll (2~.43o/c» over 30 

kg N/ha (27.27(X)). Ho\vever. the difference bet\veen 30-60 and 60-90 kg N/ha 

\vas not significant. /\pplication of nitrogen upto 120 kg N/ha significantly 

increased harvest index or dual purpose sorghuln during 1994. \vhereas, the 

in flucncc of 11 i trogell appl ication on h~lJ"\'est index \vas not signi ficant during 

1995 ([)ashora. I 99X). 

Lange\var and Khot (I ()7g) observed supenor harvest index of 

sorghllnl \vith phosphorus application. \I1egh\vanshi (1992) observed that a 

successi ve increase in phosphorus appl ication llpto 40 kg P:(), /ha signi ficantly 

increased harvest index of sorghllnl. 

A,lnrutsagar and Sonar ( 19(9) reported that the highest grain and stra\v 

):ield or sorghllnl (45 and 57 q/ha) \vere recorded by application or 120 kg 1<2() 

I -I 
1a . 

The h~lr\'est index of sorghulll CSII-6 increased \vith full dose of 

f'ertili/.er (75 kg N -+- 50 kg P:(), /ha) as cOlnpared to half dose (Jadhav. 1(94). 

I-i()\ve\lcr, Singh e! ul. (199()) noted that the harvest index did not differ 

significantl:y <.1ll1ongst fertility Ic\·cls. as the grain )'ield did not increase 

proportionatel)' to slo\'er yield \vith increase in NP fertilization. 

ChQudhari (1992) reportcd that hybrid CSII-5 and CSI--I-9 sho\ved 

significant sliperioril:y over P.JXK, an old genotype through higher nunlber of 
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grains and harvest index. /\t I-Ianlllnangrah and 13ichpuri both the pearl Inillet 

and \vheat sho\ved declining trend in yields over years cven \;\/ith NPK 

appl ication. Ilo\vcver, at Juna~arh, there \vas an increasin~ trend in the vields 
...... ...._,..I 

of both crops over )'ears \\·ith NPK application (Hegde and Kat:yaL 1999). 

!\pplication or organic IlHlnUre and fertilizers in different cOlllbination 

signi ficantly increased the grain yield ovcr control. Considering the nlean yield 

or l' appl ication increased the yield froll1 16.29 to 34.47 q ha· l
. The efficiency 

of 0-J \vas trell1endollsly increased \vhen P \vas applied in conlbination raising 

the yield level to .:\.5.05 q ha- I (l)eshlll11kh el o/.. 1(94). Rasal et (I/. (1996) 

observed that in sorghull1 phospho-cOll1post not only replaced the single super 

phosphate but also saved 30 kg nitrogen reqllireIllent \vith an increase in 

bioll1ass yield by X<Yo over the application of reCOllll11ended dose of single super 

phosphate alone. 

The appl ication or 120 N/ha along\vith Azotobater and 

/\zospirillunl seed inoculation to sorg.hunl (CSH-9) gave l11axiIl1Ul11 grain yield 

(4X.95 q/h) and I()dck'r yield (127.47 q/ha) (Pa\var et u/.. 19(6). Cirain yield of 

sorghunl (CSII-C» \vas increased \vith increase in fertilizers applied lIpto 80 

q/ha of yield target beyond \\"hich the crop indicated adverse effect on grain 

and fodder yields. The j()(lder yields rCIl1aincd unaffected due to fertilizers 

applied lIpto 00 q/ha yield target. The harvest index relnained altnost stable 

bevond fertilizer application at X() q/ha yield target (Tall1bc and 13hoi. 19(9). 

;\ long terln lield trial on i ntegratecl nutrient suppl y. in pearl Ini llet­

\,·heat crOppIng. svste1l1 \vas concluded 11 years at 3 locations and results 

revealed that at Ilisar. 5(}(Yo l"Ccollllnended NPK + 5()(Yo ~ through FVlVl in 

khar!l follo\ved by I OO°/c) N PK in ruhi gave SYStClll' s yield of 6.16 t/ha \\fhi Ie at 
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Hanulllangarh. 50(~() reconl111cnded 1\ PK -\- 500/0 N through grcen 111anuring in 

khu"flfollo\\'cd by I O()% reCOnlll1endccl NPK in ,.obi gave systcnls productivity 

5.R6 t/ha and at S.K. Nagar. 75(~1,.) recol11111ended NPK + 25 0
/0 N through crop 

residue applied in khuri/ follo\v'cd by 75 cyo recol111nendcd NPK in rahi gave 

11la~inlUnl systeln productivity or -L2-i t/ha (Katyal ef u/.. 1(99). Patil ef al. 

( 19(9) revealcd fronl pooled results that increasing fertility levels significantly 

increased the grain and fodder yields of sorghunl over control \vhere 500
/0 NPK 

;- 500~) N through FYiV1 applied to sorghU111. Patidar (2000) revealed that 

application or lOt FYiVlIha. 75(~) RI)F and Azospirillunl and PSB inoculation 

gave 111axinHlnl sorglHlIl1 and fodder yield (52.15 and 117.0R q/ha). 

2.1.5.2 Pr4 0tcin content 

/\pplication or nitrogen upto 100 kg/ha increased protein content In 

sorghunl graIn (Kohale cf u/.. 19X6). Thakre ef u/. (1989) observed 

ill1prOVenlent in grain protein upto 150 kg N/ha. The crude protein content and 

protein yield also sho\\'cd inlprO\'cll1ent upto application of 120 kg N/ha (Malik 

el u/ .. 19(2). Sorghulll fertilized \\'ith ISO kg l'/ha recorded signiiicantly higher 

protein yield bv sorghunl grain (Kusha\vaha and ChandeL 1997). I)eshora 

(I <)98) observed that !\ lertilization did not significantly affected protein 

content in grain but it had a significant effect on protein content in stover of 

dual purpose cultiyar CS\l-JS. Kehar Singh and I3al.yan (2000) reported that 

the protein content in sorghU111 (CSH-t)) grains did not differ significantly due 

to di f1"erent cropping systcnls. Lach increase in nitrogen level upto 120 kg/ha 

signilicantly increased the protein content orsorghunl grains. 
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The protein content or sorghuln grain \vas increased \vith P application 

(/,adole and Padole. 1<)84). I-Io\\-'ever. Patel ct o/. (1993) found that protein 

content \\'as una ffected by P~():, appl ication. 

/\pplication or 100 per cent recolnlnended level or fertilizer (60 kg N + 

30 kg P~()" Iha) yielded signi ticantly higher protein content than 50 pcr cent 

recon1n1cnded dose and control (Ciang\var and Singh, 1992). Silnilarly. Jadhav 

( 1(94) also reported that protein content and protein production increased \vith 

full dose of fertilizers (75 kg N ;- 50 kg P]C):, Iha) as cOlnpared to half dose. 

Pal et 01. (1996) I(Hlnd that protein content \vas hig.her by' 57.6 per cent \vith 

application of 100 kg ~ :- 50 kg P]C)" /ha as cOIn pared to 20 kg N -+ 10 kg P~():, 

Iha. 

2.2 Effl'Ct of integr"atcd nut.-ient Inanagelucnt on c."OP gro\\'th 
character"s and yield attributes of\\'hcat 

\/lost or the in\'estigations reported that the nitrogen. phosphorus and 

potassi liln f~l\'ourahly in 11 uenced the gn)\vth and gn)\vth contri buting characters 

viz .. plant height. tillering. nUlnhcr of functional leaves. leaf area and dry 

Inatter production in \\'heat. Silnilarly. the yield and yield contributing 

characters viz .. prodllcti\'e tillers. length of panicle. nUlnber of spikelets per 

panicles. nU111ber or grains per panicle. grain \veight per panicle. thousand grain 

\\;eight and total biolnass .yield etc .. arc also found to be favourably influenced 

by judiciolls application ofNPK. 

2.2.1 Plant height 

Studies on so\\'ing dates. seed rates and fertilizer doses on gro\vth and 

yield 0 f late so\\"n \\'heat bv ;\ lit i (1 YXO) indicated that variet'\' Sonal i ka \vith 
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the appl ication or 100 kg N ha- I produced 4 Cll1 rnore plant height than that of 

6(} kg N ha- I
_ 

()huka e/ 0/. (1991) indicated that increase in N levcl also increased 

plant height sign i lic~lIHly _ Ifo\vevcr. thc studies conducted by J\ \,vashti and 

Sura_ibhan (199]) to test the perf'onl1ance of \vhcat varieties \vith different 

levcls of nitrogen In 1110isture scarce condition revealed that increased levels 

upto 60 kg N ha- I increased the plant height signi ficantly·. Moreover. at 

Ludhiana field eXperill1Cnts conducted by Sclll1ra and Dhillion ( 1(93) rcvealcd 

that the applicatioll or N relnarkably' increased the plant height upto 180 kg 

ha- I
. Silnilarly. the rcsults reportcd by (Juriqbal Singh and Brar (1994) 

indicated that increasing levels upto 150 kg N ha- I increased the plant height 

(79.50 Clll). Significant increase in plant hcight \vas noticed at Junagarh. vvith 

thc application or 120 kg Nand 60 kg K. 2() ha- I (X3.5 elll). Further, increase in 

~ IC\Ocl \\'as not bene licial as I~lr as plant height \vas concerned (Patel ef aI., 

1995 ). 

( fooda and /\gnl\val ( 19R7) noticed that at harvest plant attained 6 ell1 

1110rC height \vith npplication of 120 kg N o+- 60 kg P20~ ha- I
. 

~ikaln (19X5) studied the effects of different sources and levels of 

fertilizer on gro\\th. yield and quality of \vheat c". I ID21 X9. It \vas observed 

that the plant height recorded \\ ith the appl ication of 120 +- 60 + 60 kg NPK 

ha- I 
\\"<lS the highest during entire gn)\\'th and it \vas signi licantly 1110re than 

rest of the reduced levels tried. Sinlilar results have been reported by' Barve 

( 1 987). Raj put c/ 01. (I 9~ 7) reported that the balanced dose of ferti I izer 

increased the plant height. V~/adile (1995) noticed that the plant height \vas 

highest during the entire gro\\oth and \\'as signi ficantly 1110re \vith the 
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tried except at the 60 lil day' at \·vhich the sanle \vas at par \vith that recorded with 

90 -I 45 - 45 kg. ~_ P,'()' , K--() ha- I
. Silnilar results \\'ere reported by ;-\uti 

( 19(6). 

[_)csai cl 01. (1999) obser\'cd 111aXI111Uln gn)\vth, dr:y lnatter and grain 

yield (35.77 q/ha) of \vheat \vas obtained \·vith an application of 120 kg N/ha 

hal r through venni-colnpost and hal r through urea. Balyan ( 19(2) reported that 

residual effect of leguI11c incorporation into the soil increased the yield 

attributes: N cOl1centration and ~ uptake by \vheat plants. Cirain yield, gn,)\vth 

attri butcs, N concentration and uptake in \\'heat and avai lable N in soil sho\ved 

an increase vV'ith N level upto 80 kg/h~l. 

2.2.2 Lca f n U III bCI" a nd leaf a I-t'a 

Zope ( 19R I) round that the lear area \vas increased signi ticantly \vith 

the increase in the nitrogen levcls frol11 120 kg to 160 kg N ha- I
. /\\vasthi and 

Sura.jbhan (I (.)<)]) sho\\.'L'd that increasing level or N upto 60 kg ha- I increased 

the lear area index. Increasing ~ application upto 1 gO kg ha- I resulted into 

signiiicant increase in the lear area and gn)\vth rate over control has been 

reported by ;\shok K UI11ar <.:1 (II. ( I 994 ). 

/\uti ( 19XO) observed that the 11llll1bcr or functional leaves and leaf area 

pcr plant \\'ith rull dose of lertilizer i.c. 100 kg N -7- 50 kg P_?():, ha- I \vas 

si~nifical1th' Inore lhan the reduced dose or fertilizer i,e. 60 k12. N -1- 60 kg P')()" 
l-- _ ..._ .._ - ~ 

I -1 1<.1 . 

\\lhile, Nikan1 (19X5) reported the highest functional leaves and leaf 

area per plant duc to application or 120 ;- 60 +60 kg NPK ha- I throughout the 

gn)\\,th. Silnil<.1r results ha\'c been rcported b:y Bar"e (19g7). 
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Jadha\' ( 19X9) observed that an increase In leaf area per plant \vas due 

to Increase in le~l1' nlln1bcr and its ex.pansion \vith the increased levels of 

t'crti I izer. 

2.2.3 -rillc.-ing (rota) and p.4oductivc) 

Results or a tield trial conducted at Rahuri (Horsc and Mahajan, 1(80) 

revealed that the productive tillers per plant \vere significantly n10re due to the 

application or 100 kg ;-...: ha- I and SO kg ~ ha- I O\'cr control. ho\vever. 

ditTerences an10ngst theln \\!ere at par. Sin1ilarly, Rao and Bhardwaj (1981) 

noticed that there \\ as signi ficant increase in car bearing shoots per n1cter 

length upto 120 kg ~ ha- I. i\1alik (It)Xla) observed that effective tillers per 

square l11eter increased \\-ith increase in 0l level 1'rOn1 0 to 120 kg ha-
I
. J\desh 

Bhal~i e! u/. ( I (87) found that elfectivc tiller per n1eter n)\v length significantly 
" increased \-vith increase in N level rrOI11 () to 160 kg ha-

I
. I [o\vever. there \vere 

no signi ficalH di ITerences het\\'cen 120 and 160 kg ~ ha-
I
. Sil11ilar findings 

have been reported by Barvc ( 1(87) and P,l\var e! ul. (1988). 

Soni e! ul. ( 19X9) observed that effective tiller per plant increased \vith 

increase in N level rronl 0 to 125 kg l1a- l
. Patel and Upadh~~)'a'i( 1(93) reported 

that increasing the rate of N upto 120 kg N ha- I significantl:y increased the total 

and elTcctive tillers In-I. \Vhilc. /\shok KUll1ar e! af. (1994) reported that the 

I1ulnber of producti\'e tillers increased signilicantly \vith increase in N dose 

1'r0111 () to 1 XO kg. h~l-I. The signiticant increase in effective tillers per plant \vith 

i ncreasi ng h.~\ el 0 r I'-: upto 90 kg ~ ha· 1 \\-as obsen'ed by l'vi ishra e! 01. ( 1994). 

(iautan1 e/ ul. (I <)<.) I) revcaled that application or P either alone or in 

cOlnbination \vith N. produced signilicantly n10rc Ilulnbcr of effective tillers 

than their respective control. The study conducted by Singh e! o/. (1995) 
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revealed that nitrogell, phosphorus appl ications increased the e ffecti ve ti llers 

per Ineter square significantly' upto 120 kg N + 60 kg P2(}" ha- I
_ 

Nikan1 ( 19X~) reported that the llulnber of total and productive tillers 

per plant due to the application of 120 -I- 60 + 60 kg N, P2():' ' K.2() ha- I were 

the highest at all stages of grc)\vth and significantly n10re than those recorded 

\·vith 60 + 30 -1- 30 kg N, P2():', K 2() ha- I
• (,irothia e! al. (1987) studied the 

response 01" \\"heat culti\'ar to so\ving tin1C and fertility' levcls and observed that 

120 ·f 60 +- ()() kg N t P2()5 + K 2() ha- I \\/as the optinlUlll dose for \vheat \vhich 

produced significantly nl0re clTectivc tillers. Thc nUlnber \vas 73.9 and 71.8 

per lneter ro\\' lenoth durin o 
t=> ::::-. 1983-84 and 1984-85. respectively. Field 

expcrin1enl \\/[1S conducted by Singh e! 01. (1993) 011 \vheat to study the 

responses of planting Inethod. seed rate and fertilizer. It \vas indicated that 

application or sub-optilnuln levels or fertilizers (60 kg N -+ 30 kg P2():' + 25 kg 

K 2() ha-
I

) significantly reduced the tiller per square nletcr and caused poor 

grovv,th or crop and provided 11lore space for \\ieed to grow. \Vadilc (1995) 

opined that the n1ean nUlnber of tillers per plant produced \vith application of 

1 20 f- 60 -t- 60 kg N, P 2()~ , K:2() ha -I \vas the highest at all the stages of grovvth 

and \vas signi I-icalltly 11l0re than that recorded at rest of the levels. Silnilar 

1indings have bcen reported by /\uti ( 19(6). 

2.2.4 D."y Inatte." (l"oductioll 

The rcsults or the ticlcl experinlent conducted to study the effect or 

eli ITercnt levels of nitrogen and phosphorus 011 gnn,vth, yield and quality of 

\\'heat b:y Jadha\' (1 ()7()) indicated that dry ll1atter per plant increased \:vith 

increase in the lev'els of nitrogen ~1l 80 day's after so,"vi ng. /\ppl ication of 180 kg 

i'J ha-
I 

increascd the dry Inatter per plant signi licantly ovcr 60 and 120 kg N 

I -1 
1'-1 . Significant response to nitrogen fertilization in increasing dry nle:Hter per 
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plant upto 100 kg N ha- I over 50 kg N ha- I has been reported b:y Horse and 

Maha_ian (1980). \Vhile studying. the response of \vheat varieties t(~ seed rates 

and nitrogen. Shann<.l and I)hillon (1987) reported that dry· l11atter yield 

increased upto 140 kg ~ ha- I and gave dil11inishing returns \vith higher rates. 

1\ \vasth i and Suraj bhan ( 19(3) shc)\ved that increasing lev·cls of N llpto 60 kg N 

ha- I increased the dry Inatter production. 

Raundal <.'1 (II. (I <)99) reported that appl ication of 60 kg P2():- Iha to 

pre\·lous crop produccd significantly higher gro\vth. dr\· l11atter. :yield 

contributing characters and :yield or \vheat gn1\Vn in rahi season. 

Studics conducted bv f-\uti (1980) revealcd that the dry· 111atter 

accunlulation \vas inlluenced significantly b:y fertilizer levels. on all the days of 

observation. The fertilizer dose of 100 kg Nand 50 kg P~(}, ha- I produced 

significantly 1110re dry nlallcr than 60 kg nitrogen and 30 kg phosphate ha- I
. 

Pandey ('I 01. ( 1(86) obscn-ed that the total dry Inatter yields increased 

\vith N application upto 120 kg N ha- I
. The differences bet\veen 120 and 180 

kg N ha- I \vere not significant. /\t the sanle titne application of 120 kg N + 60 

kg P~().:; i ncreasecl the dry Inaller yield signi fic<Jntly over the hal f dose I.e. 60 

kg N -I- 30 kg P.,().;; ha- I at all the stages of thc crop. These results are 111 

confonnity of Ban·e ( 1(87) and .Iadhav ( 1 <)89). 

Nikaln (1985) noticed that the total dry tllatter increased significantly 

\vith c\ ery successi\-e increase in the level of fertilizers. The dry Illatter 

production \vith 120 I 60 1- 60 kg NPK ha- I \vas the highest and significantly 

l110re than that in the other lo\ver levels of fertilizer. The study· conducted by 

Singh £.'1 of. (19(')~) revealed th~lt crop fertilized \vith 100 per cent 

recollllnendcd dose or rertilizer increased dr:y Illatter significantly than that of 

50 per cent of the reCOnlJllCnded dose or ferti lizer and the control. 
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/\uti (1996) obscrved that thc Inean dry' Inatcr increased signi ficantly 

\vith e\'crv succcssivc increasc in the lcvel or fertilizers and the highest dry 

Inatter \\'as produced \vith 120 -; 60 + 60 kg N. P~():, . K~() ha- I at all the 

gn.)\\"th phascs and \vas signi licantly Illure than those obtaincd in the rest of the 

levels of fertilizer triecl. The valucs or total dry Inattcr accuIl1ulated vvith 120 .+­

()(} -T- 60 kg \.:PK ha- I \'ere 0.196.3.523. X.OS7 and 9.09 g per plant on the 30th
, 

60 th and 90 tll clav or crOI) a~e and at harvest. reSI)ectivclv. Sinlilar findinQs have 
.I "- .,I C7' 

been reported by \Vadilc ( 1(95). 

2.2.5 Length of panicle 

Singh and /\gnnval ( 1983) observed that the application of 120 kg N 

ha- I produced the nlCJxiIl1UIn spike length. \vhile stud:Y'ing the effect of sonle 

\vheat genot)-'pes to .120/()/Jocler and .·l::()spirillulJl inoculation and effects of 

these inoculations under graded levels of nitrogen. Zalnbre (1983) observed 

that the car length (Clll) incrcased \\'ith cach succcssivc increase in the levels of 

nitrogen upto 90 kg ~ ha- I
. The values \\'Cre 6.33,7.29,7.97,8.55 and 8.52 C111, 

respcctiv·cly. rvlorcover. C)O kg and 120 kg N ha- I \vere at par \vith each other. 

Pandcy' el ul. (l l )X6) i nel icatcd that increase in the spi ke length \\.'as observed 

upto 120 kg l" l1a- l
. I)ube;.' c.:1 uJ. (1989) reported that increasing level or N 

increased the car length. The results or the experilnent conductcd by Shanna 

and Malik (199]) at Ilissar indicated that length of ear (cln) increased only 

upto 120 kg N ha- ' . !\shok KUlnar el 01. (1994) observed that panicle length 

increased signi flcantly \vith successive increase in the level of N fronl 0 to 180 

kg ha- I
. Patel ct 01, ( 19(5) reported that the Icngth or spike increased onl),' upto 

120 kg N ha- ' . Further increase in l" level \vas not found benefIcial. 

i\uti (19XO) reported that the carheacl length \vas signi ficantly 1110re 

\vith 100 kg :-.; -; 50 kg P:():, ha- I than that \,vith 60 kg N -1- 30 kg P20:, per 
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hectare. The experil11ent conducted bv Patel and Upadhyay (1993) indicated 

that ear length \vas increased upto I 20 kg N ha-
I

. l-lo\vever, appl ication of 60 

kg and 75 kg P2()" ha- I gave no signi ficant di rrerences. 

N i k (.1 111 ( 19~5) found that the panic Ie length recorded \vith 1 20 + 60 + 

60 kg NPK ha- 1 \\'~lS the highest (R.19 Clll) and \\'3S significantly nlore than 

those obtained \\'ith ()() +30 . 30 kg NPK ha- 1 (7.66 cnl). Ciirothia <.:1 (1/. (1987) 

revealed that ear length significantly increased \\!ith increasing rertilizer dose 

upto 120 + 60 + 60 kg N -j- P2():' + K~() ha- 1
• Further. increase in the level of 

fertilizers i.e. 180 kg N + 90 kg P2()" -I- 90 kg K 20 ha-
1 

did not influence the 

additional length or earhead to the level of significance. This clearly indicated 

that 120 ~- 60 + ()() kg or ~ .~- P2()' - K 2() ha- 1 \vas optin1l1nl dose. Rajput et a/. 

( 1(87) found that the t'crti I il'.er dose 0 I' 120 kg N -1 60 kg P2()-; i 60 kg K 20 ha­

I increased the car length. Pa\\'ar <.'1 u/. (19~8) re\'ealed that the length or 

panicle \vas significantl)' l110re in reCOll1111ended dose or fertilizer (9.1 cnl) as 

cOlllpared to 50 per cent of the reC01l1ll1ended level (8.2 elll). 

Singh el ul. ( 19(3) revealed that \\·heat crop fertilized \vith 120 + 60 + 

40 kg NPK ha- I gave signilicantly l110re length ol"spike than that 01'50 per cent 

or the recol11nlcnded fertilizer and the control. \Vadile ( 19(5) observed that the 

panicle length recorded \vith 120 I ()() ; 60 kg NPK ha-
1 

\vas the highest (8.30 

enl) and \vas signiticantly superior to the rest or the lertilizer levels tried. 

Sinlilar findings have been obtained by' J\uti (1996). 

2.2.6 i' uln ber of spil{clets pcr pa n iele 

. J 
1 t \"as re110rted lyv Sinh and SharnHl (1976). the n Llill ber of ferti Ie 

~ ,A. 

spikelets per panicle increased significantly upto 120 kg N ha-
1 

and declined 

thereafter. Silnilar tindings have been reported by Rao and I3hardvv'aj (1981). 

Ciailli (.'1 01. (19~6) reported higher spikelet nlllllber per spike \vith 120 kg 
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N ha- I. 1 10\\ ever, increase in the leyel of N fr0111 120 kg to 160 kg ha- I did not 

di IYer signi ficantly as I~H· as the nUlllber or spikelcts per panicle arc concerned. 

I k)\VeVeL [)huka <-'I 01. ( 10(1) foulld that increase in the level of N increased 

the spikelets per spike. Shanna and iVlalik (1993) reported that fertilizer 

spikelets per car increased only upto 120 kg N ha- I. Further increase in N level 

upto 150 kg ha- I decreased fertile spikelets. 

(>~ltel and l Jp~ldhya:. ( 19(3) revealed that the l1lll11ber of spikelets per 

panicle increased upto 120 kg ~ ha- I
. Ilo\\evcr, l1Ulllber of spikelets per panicle 

\vith 45 kg, 60 kg and 75 kg p .. ~():, ha- I did not eli frer signi ficantly. 

Patel el ul. ( I <)9~) reported that nUlnbcr of spikelcts pcr spike increased 

\vith increase in ~ and K level upto 150 and 60 kg ha- I, respectivcly. 

/\ ut i (I 9XO) obscr\'ed that the nUlll bcr 0 f spi kc lets per earhcad \vas 

siu.nificantlv nlore \\'ith recolllnlcnded level or fcrtili7.crs than those \vith .._ _. 

rcduced le\'cl of ferti I izers. These results are in agreenlcnt of the findings of 

Nikanl ( 19X5). Ban'L' ( 1997) obseno'L'd the higher ( 16.(6) spikelet nUlnher per 

panicle \\Oith reCOlllll1L'nded dose than the reduced le\'cls or fertilizer. It \vas 

reported by \Vadile (1995) that the spikelets nlllnber produced \vith 120 + 60-\-

60 kg ~f>I<. ha- I 
\Vets the highest (20.X()) and \vas significantly superior to the 

spikelet nlllnber due to reduced levels. Silnilar findings have been reported hy 

;'\uti ( 19(6). 

2.2.7 ~ lllll bCI' of g.·a i ns pcr· pa n icl(~ 

Horse and lvl<lha.ian ( I tJXO) round that there \vas a signi 1icant response 

to nitrogen l'crtili/.atiol1 ror nUlnbL'r of grains per ear \\'ith application or 100 kg 

~ h~l-I over 50 kg N ha- I and the eli ITerence in the grain llulllber pcr ear \vas not 

significant due to 100 and 160 kg \J ha- I. 
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/ope ( 19X I ) reported that \\'ith increasing nitrogen levels, the nUlllber 

of grains per ear \V~IS signilicantl:y increased rrOn1 120 to 160 kg N ha- J
• 

/alnbre ( I 9X3) found that \\'ith increasing Ic\'Cls. the llulnbcr of grains per car 

increased signifIcantly, The values \vere 28.32. 32.43. 33.53. 37.50 and 38.09 

I()r O. 30. ()O. 90 and 120 kg nitrogen per hectare. respectively. The t\VO levels 

\'iz., 90 kg Nand 120 kg T" ha -I \\ ere at par \vith each other. The nUll1bcr of 

grains per car incre~lsed significantly upto 150 kg N ha- J \\-'as reported by 

K Ulnar and Prasad ( 1 9X6). 

(',lIlli e/ 0/. (1986) rcv'caled th~ll llulllher or grains per paniclc due to 

120 and 160 kQ ~ ha'i did not differ si~nilicantlv but it \vas si~niticantl\' higher ..__. ~,./ '-,./ '--

as corllJxlrL'd \vith lo\,\'er level or N, Pnndey <.:1 (II. (19X() observcd that \\lith 

increasing IC\'els or \.: upto 120 kg N ha- J increased the grains per spike. 

I lo\\'e\'cr, the di fTercnces alll0ngst 120 and 180 kg N ha- J \\'crc not significant. 

The study conducted hy :\uti (1980) re\'ealed that the application of 

100 kg N !. 50 kg P~()~ per hectare produced signiflcantl~y' 1110rc nUlnber or 
grains per car thal1 ()O kg N ' 30 kg J>2():, per hectare. Singh <.:1 ul. ( 19(5) found 

that grains per ear increased significantly \vith thc application of N upto 180 kg 

ha-
J

• Phosphorus application lIpto 60 kg ha- I increased the grains per car. 

Patel and l jp~ldh:'a)' (1993) rc\'ealed that grain per spikc increascd 

significantly' upto 150 kg N ha- I and application of 60 and 75 kg P]05 ha- I 

ga\'c no signi Ilcant <.Ii fferenccs. Patel ('I (II. ( 1995) reported that grains pcr spike 

increased upto ISO kg ~ ha'i ~lnd ()O kg K::,C) ha- I 

~ikanl (I ()XS) revealed that the nunlbcr of grains per panicle \vas 

incrcased signilic~lntly w'ith e\'cr_)/ successivc incrclllent in the level of 

fertilizer. Ilo\\'c\-cr. the diflerence bet\\'een 120 +-60+60 and IO()+SO+50 ko 
~ 

NPK ha-
J 

le\'cls \\,IS 110t signilic<.lnt and the nLllnber or grains per panicle 
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recorded In 120 -\- ()() i 60 kg NPK ha- I \vas the highest (39.60 grains per 

panicle). rvlahatinl Singh el (II. ( 1(87) SIH)\vcd that application of 120 kg N + 

40 kg P:,().; t- 40 kg K 2() ha- I increased the grains per spike \vhich enhanced 

the grain and stn.1\V yield_ Raj put er (/1. (1987) found that I 20 + 60 + 60 kg 

NPK ha- I had increased grains per car significantly over control and lo\ver 

doses 01" fertilizer. Sill1ilar tindings are reported by I3arve (19R7) and Pav.iar el 

([/. ( 1988). Patra ( 19(0) reported that the highest nUIllbcr of grains per ear \vith 

120 + 60 + 60 kg NPK ha- I \\as obtained than that of reduced level of 

terti I izers. 

TOlnar <.'1 01. (1993) revealed that the increasin~ rate of l'ertilitv '- .. 
increased the grains pL'r ear signi licantl~. N. P and K (jl~ 120. 60 and 40 kg ha-

I 

gave 11laxilllUlll grain per spike as cOlllpared to reduced level of fertility i.e. 60 

I ]0 + 20 kg NPK ha- I
. \Vadilc (1995) round that thc nUlnher of grains per 

panicle recorded \,·ith 120 -~- 60 ~- 60 kg \JPK ha- I \\"as the highest and Inore 

(42.15 grains per panicle) than those oi1tained in rest 01" the levels. Sinlilar 

lindings have been obtained hy ;\uti ( 19(6). 

2.2.8 (; nlin ,,,eight pc.· plant at IUlI·vcst 

\V·hile studying the response or late so\vn vv·heat \·arieties to nitrogen. 

J\desh Bharati c:1 uf. (19~7) reported that grain \\lcight per ear increased 

signi fieantly \vith increase in the le\"el of nitrogen upto 120 kg ha-
I

. Shanna 

and rVlalik (1993) ohserved that \\·eight of ear and grain \veight per car 

increased only upto 120 kg ~ ha- I
. l~·urther increase in ~ level, did not increase 

the values of thesL' characters t~l\:ourably _ Patel el ul. (1995) reported that the 

grain \\·eight per spike increased signi lieantly Llpto 120 kg N ha- I
• and the 

differences bet\\"cen 120 kg and 150 kg l\ \\·cre not significant. 
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l ;paclhya:ya and Dubey ( 19(1) reported that the successive increlnent 

or fertility" level upto 120 -1- 60 -+ 40 kg NPK, ha- I increased the \veight of grains 

per plant. \Vadi Ie ( 1 ()95) fOLlnd that the appl ication of 120 -,- 60 +- ()O kg NPK 

I -I 1a produced the highest grain \veight per plant (2.23 0) \vh ich \vas 
t::' 

signi tlcantly superior to that recorded duc to the rest of the reduced levels tried. 

Silnilar lindings have l.)een reported by /\uti (1996). 

2.2.9 ~rhOllsa nd UTa in \\'ci(Jh t t-. t-. 

The study conducted by /.~ll11bre (19g3) revealed that the nitrogen 

levels significantly' increased the thousand grain \veight \\'ith each successivc 

increased level I"rol11 O. 30. 60. l)O and 120 kg N ha- I and the 1l1ean thousand 

grain \veight values \vere 2X.().). 34.3(). ]7.60.41.09 and 43.38 g. respectively 

incase of c". 1~1l)-2 I ~<). (ial11 i ef 01. (1l)~6) reported that the thousand grai n 

\veight increased \vith increase in the level upto 160 kg N ha- I. l-h)\vevcr. thcre 

\\'as no signi tlcant eli rtcrence bet\\'eel1 120 kg and 160 kg N ha- I. 

The thous~lnd grain \veight increased significantly due to successive 

increase in level 01" N rrOI11 50 to 150 kg ha- I observed bv KUll1ar and Prasad 

( 1(86). So.Ari}t~.Q, ~\nd I)h ilion ( 19(3) reported that the appl ication of 0, 40, 80, 

120 and 160 kg ~ h~l-I increased the thousand grain \\'cight. Ciuriqbal Singh and 

Brar ( 1994,) at Ludhiana indicated that thousand grain \veight \vas decreased 

\vith each successive incretl1cnt in the levcl of nitrogen and it \vas 42.4 (g) \vith 

60 kg N ha- I and ::;~.X (g) \\'ith 1.50 kg \J ha- I. Patel (1999) reported that the 

grain and stnnv yield increased signi lic(lntly upto 120 kg N/ha: this Inight be 

ascribed to the cOlllbincd efrect of signi tlcant inlprovenlent in gro\vth and yield 

paran1cters i.c. plant height. l1unlbcr of productive tillers/plant. length of 

panicle. nUlnbcr of grains/panicle and 1000 grain \\'eight \vith N application. 
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(iautanl c/ (II. (I ')C) I) round that application or P either alone or in 

conlbination \vith N produced significantly l110rc thousand grain 'vveight than 

their respective control. 

\Vhile stuci::ing the response or \vheat genotypes to nitrogen and 

phosphorus. Singh ('I (//. (199)) reported that thousand grain \veight increased 

\vith increase in the level or ~ rronl () (36.7 g) to 160 kg ha- 1 (47.3 g) and P 

le\'el li-onl () (42.1 g) to ()O kg ha- 1 (43.6 g). 

'rhe thousand grain \\'cight recorded \vith 120 1- ()O -j 60 kg NPK ha- 1 

\vas significantly n10rL' (43.87 g) than those obtained in the rest of the reduced 

levels tried (Nikan1. 19X)). Barve ( 19X7) opined that the thousand grain \\'eight 

recorded \vith recol111ncnded dose of 120 +- 60 t- 60 kg NPK ha- 1 \vas 

signilicantly Inore (42.11 g) than that \vith reduced level or 60 + 30 -+- 30 kg 

NPK ha-'. (jirothia cl u/. ( 19K7) I(Hlnd that the thousand grain \veight increased 

\vith increase in the IC\'cl or IcrtilizL'r upto the highest level or I gO + 90 -+- 90 kg 

NPK ha-
1

• Mahatilll Singh cl u/. ( 1 ()g7) concluded that application of N, P and 

K had Inarkcd cfrect 011 yield attributes. ThoLlsand grain \veight did not sho\v 

signi 11cant incrcase beyond 80 kg N ha- 1 but the application or 120 -+ 40 + 40 

ku. NPK ha-' increased the thousand L'.rain \\'eiu.ht. Pa\\'ar e/ o/. (1988) revealed 
~ ~ ~ 

that the thousand grain \veight \\'as significantly )norc in rcconl111ended dose 

or terti I izer (42. I g) ~lS cOlllpared to SO per ccnt or the reCOl1l1nended level 

(40.7 g). 

2.2. 1 () C; 1"4:1 ina n d s t nl \\' y i c I d 

/\t R~lhuri. Rorsl' and iVlaha_ian ( 19XO) reported that the application of 

nitro~en at a ratc of I ()O and ISO k~ N ha-' si~niricantl\' increased the ~rain and 
'- ..__..._...... '--

stra\\ yields or \\ hL~at O\'L'r 50 kg \: ha-'. \Vhilc studying the response or \vheat 

vari cti es to di ITercnl k'vc Is of 11 ilrogen under Sangaria (Raj.) cond ition, Mal ik 
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( I <.)g I) found that the grain vicki increased \vith the incrcasing levels of 

nitrogen upto 120 kg N ha- I (45.70 q ha- I
) and thereafter there \vas no 

significant increase in the grain yield (4-1-.90 q l1a- l
) at 160 kg N ha-

I
. Chillar 

and I)argan (19g2) ~lt K.arnal reported that the increasing levels of nitrogen 

increased the grain :yield signilicantly. The grain yield increased nearly 5 tinles 

\\'ith 120 kg N ha- I as cOlllpared to control. 

The experi Inent conducted at Rahuri b:' Zall1bre ( 1(83) indicated that 

the grain yield increasL'd signi licantly \vith increase in each successive level of 

nitrogen. Maxilllul11 ~llld si~nilicalltly 1110re ~rain :yield C~g.70 q ha·
l

) \vas 

produced by 120 kg ~ h21- 1 o\'er 0_ 30. 60 and 90 kg ~ lla-
I
. 

Regl11i el (/1, ( 1(84) reported that at IAR!. nitrogen application to \A/heat 

increased both grain and stra\\' yield signiticantly \vith each increasing N dose 

lIpto 120 kg ha- I . This \V<'\S in conf'orlllity \\'ith the results obtained by Singh 

and Singh ( 198-l). ThL' application or 1)() kg ~ ha- I produced higher grain yield 

(3~)'5() q h~l-I) O\'L'r 120 kg ~ h~l·1 L")(L 70 q h~l-I) \\'as observed by Ciurbachan 

Singh ( I 9X6). 

The data or a trial conducted hy Pandey el o/. ( 19X6) at Pantnagar \vith 

rOllr levels of N i.c. O. ()O. 120 and I XO kg ha-' revealed that the grain yield and 

total dry nlatter yield increased signi ficantly upto 120 kg N ha-
I
. The difference 

bet'\veel1 1 20 kg and 1 ~o kg 1'-: ha- I \vere not sign i ficant. S i nl i lar trend was 

11 () tic c d by 1\/1 a I i k (' 1 ({ I, ( 1 9 X 6) a t I lis a r. S han 11 a and [) hill 0 n ( 1 987) 1'0 U n d t hat 

thc grain yield increased signi licantly llplO 120 kg N 11(1-1 (40.80 q l1a-
l

) but 

further increase in the dose upto I ()() kg N ha· 1 had no elfect. The stn.l\\· yield 

also increased L1pto 120 kg. l' ha- I. Khan and T0111ar (1988) observed that 

higher grain yield \\'as recorded LInder 120 kg. N ha-
I 

as cOlnpared to 60 kg N 

l1a- l . L)l1uka el ul. ( 1 <)C.) 1 ) I~Hlnd that the grain vicki and stnl\'" yields at 80 and 
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120 kg ~ ha-
I 

\vere sill1ilar hut significantly superior to those obtained \vith 40 

kg N ha-
I

. Lath\val el ul, (199 I) ohserved that application or 120 kg N ha- I 

significantly increased the grain as \\'ell as stra\\' .yield. '("his Inight be due to 

Inore production of photos:-'nthates and their translocation to the sink (yield 

attributes) under adequate irrigations and higher doses of N. Silllilar results 

\\ ere obtained by Rathore and Patel ( I <)l) I). 

c':, ,~( 

The studv conducted by I\shokkulnar"" ( 19(4) re\'caled that the graIn 

viekl of \\'heat increased by 6X.2. I 15.0 and I 41.X per cent \vith application or 

60. 120 and I gO kg N lla- I over control. Lach sLlccessive increase in N fronl 0 

to I XO kg N ha-'. ga\'L' significantly higher ,Y'ield. Patel ( 199<)) reported that the 

grain and stn.l\V :yiclds of\vheat increased significantly lIpto 120 kg N/ha. Patel 

(I <)<)<) reported that application or N in split doses recorded better grain yield. 

A,ppl ication 0 r N i n ~l ratio () r 50:25 :25 per cent at so\ving :2 I and 45 I)AS_ 

respectively' recorded significantly higher grain yield (34.30 q/ha) c0l11parecl to 

other nlethocls of ~ appl ication, 

Reddy' and Bhard\\'a_j (Il)X3) revealed that nitrogen application upto 

1 20 kg ha -I sign i ficant I) increased the grain and stra\\' vielel of \vheat. 

Sinlilarly. phosphorus application also increased the grain and stra\v yield upto 

50 kg ha-
I 

le\'cl. Patel and Upadhyay ( 1(93) conducted the lield experilnent at 

/\nand and found that the grain ~lIH_I stra\v yields increased significantly with 

increasing rate or ~ L1pto 120 kg ~ ha- I
• The application or 60 and 75 kg P~():" 

gave highcr stra\\ vickI over 45 kg P')()" . the graIn yield increased upto 75 kg 

P .., (_)" h a -, _ 

'rhe study conducted bv ~ i kanl (1 C)t)S) under Rahuri cond itions 

indicat~d that per hectarc g.rain and stra\\' yields obtained due to 120 -r- 60 + 60 

kg NPK, ha-
I 

\\'ere tilL' highest (4 1.70 q ha- I
) and significantly 11lore than th~ 
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other reduced levels tried: except 100 : 50 -1- 50 kg NPK ha-
I 

\vhich \vas on par 

(J9.60 q ha- I
). 

Singh el u/, (19::)6) obsen'Cd that the average response to N at 40, 80 

and 120 kg ~ ha- I \\as 7.74.13.47 and 17.70 q ha- I
, rcspecti\'ely. The average 

response to P at 20. 40 and 60 kg P~():, ha- I \vas 4.37. 5.77 and 6.78 q ha-
I

, 

respectively. The response to K at 20. 40 and ()O kg. K~() ha-
I 

\vas 1.72. 2.43, 

4.S6 q ha· I
, respecti\'ely'. Response to zinc \vas not significant. The highest 

grain yield \'vas obtained clue to 120 + ()() -;-- 60 kg NPK ha·
1 

(46.00 q ha·
I
). The 

data or a trial conducted by (iirothia <.'1 £II. (1987) at Indore \\'ith fOllr levels or 

0i. P and K indicated that the grain yield (40.70 q ha- I
) increased \-vith increase 

in the le\'el of the fertilizer dose upto 120:60:60 kg ~PK ha·
l

. The results of 

the experin1ent conducted hy Pa\\'ar <.'1 ul. (1988) at rVIPK \/. Rahuri for t\VO 

years indicated that the yield oj' \\'heat (c\. 111)-2189) \\'as drastically reduced 

\\'hen terti I izer dose \\'as reducL'd to )() per cent of the recoll11nended level 

(47.l){) q ha- I
). The yield obtained \\'ith recon1n1ended level \vas 54.0 q ha-

I
. ()n 

an ;j\'erage reduction 01" 3.6 q 01" grain and 5.6 q or stnnv ha-
I 

\\'as observed 

\"hen c0l11pared \\'ith 100 per cent l"ccolnnH~nded level. 

Nakhtorc and Kc\\'at (1989) obser\'ed that ~rain and stnl\\' yields 

increased significantly \"ith increase in lertility level fron1 zero (13.20 q ha-
I
) to 

100 per cent recoll1n1L'llckd doc of 120 -\- 60 -! 40 kg :";PK ha-
I 

(37.20 q ha-
I
). 

S i In i I a r resu Its \\'ere reported by Patra ( 1990). TOlnar el (I/. 

( 1(93) observed that graill and stnl\\' yields increased significantl:y due to 

120:60:40 kg l"PK h~l'! o\'Cr 60:30:]0 kg. NPK l1a-
l

. 

Ila_jra el ui. ( 1 (.)82) noticed that application of \"heat stra\-v alone did not 

significantly affect the yield or \\'heat grain. llo\vevcr. N alone or \vheat stra\v 

plus:"; increased the yield of \\'heat grain over control. Nlishra el (I/. (1999) 
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reported the results Oil direct cfrect or lilne. organic and inorganic nutrients on 

,vhcat producti'\!ity. Patil <.'1 01. (1999) revealed fro 111 pooled results that 

increasintl tertilit'\" le\'el siu.niticanth' illcrcased tlrain and stra\\' vielcls of \vheat 
'-- .. -- .., '-- .. 

to \vheat \vas gi \Tll. 

2.2.1 1 PI-otcin in \vhcat oTain 
~ 

.Jadha\' ( 1(76) found that the protein percentage in grain increased \vith 

increase in the le\'els or nitrogell fn)1l1 () to I XO kg ha-
I
. The Inaxinlunl value or 

13.X per cent protein \\'as obscl"\'ecl at I XO kg nitrogen le\'el and the lo\vest 

value of" 12.5 per cent \vas recorded in control treatnlellts. Singh and /\\vasti 

( 19X3) reported that the protein content in grain increased significantly \-vith 

increase in the le\'els of nitrogen upto 1.50 kg ha-
I

. 'fhe study conducted by 

Patel and LJpadh:'~\y ( 19(3) indicated that protein content in grain increased 

due to 150 kg N hu· l
. 

S i nl i lar trend \vas observed i 11 case 0 r phosphate also. The protein 

percentag.e increased \\'ith the increase In the Ic\'els or phosphate. The 

rcspective protein percentage \,~llues \vith 0, 60 and 120 kg phosphate levels 

\\'erc 12.9, 13.-+ and 13.5. respccti\·cly. Silllilar, rL~sults have been reported by 

i\ttarde and Khuspe ( I ()79 L I'\uti (19XO). Yada\' and VerIna ( 1983) frHlnd that 

grain protein content increased \\ ith increasing levels of phosphorus. 

Singh and Singh (19 l )-+) reported that the quality character of \vheat­

gral n \V8S 1~l\'oLlrahl:' ill 11 uenced by' the appl ication 0 f phosphorus. -rhe protei 11 

and g.luten yields increased signi1icantly \vith the application of P. The 

pelshenke and sedill1el1tation values \vere higher in P treated plant over the 

control. The J> tertilization increased the \vater absorbing capacity' or chapa!i 
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dough. pufTing. ar0111<.1. texture, s\veeter taste and keeping quality or chapali 

ilnproved \"ith fertiliz~ltion cOlllparcd to untreated one. 

Barve ( 19X7) under Rahuri condition rou11d that the protein ( 14.00 per 

cent). \\'et gl LI ten (.) (). 0.2 per ccnt) as \ve II as dry gluten (1.2 03 4 per cent) 

contents in grain \V<.lS the highest with recollllllelH.leci level ioe. 120 + 60 + 60 kg 

]'.;[>K. ha
o
'. Chollgule el (II. (1993) reported that the protein content \vas 

significantly increased \\'ith Increase in the le\'el of N, P and K fertilizers. 

\.\,lad i Ic ( 19(5) reported that the protei n content in \\'heat grain \vas the highest 

due to 120 :- 60 -0- ()() kg NPK ha-' ( 13.20 per cent) \vhich \\'as significantly 

supcrior to other le"els of" fertilizer. Silllilar findings have bcen reported by 

;\uti (1996). Pandey ('I ul. (1999) reported that protein contcnt in grain \vas 

unaffected by \\'heat varieties and seed rates and it \vas increased vvith 

increasing I'ertilizer k'\'els and recorded the l11a~inlun1 \'<due at 150°/() 1110re 

fertilizer than the reconll11ended dose but significant clirlcrence \vas obtained 

only' L1pto the reCOlllll1encicd dose of I~rtilizers. 

J\ppl ication or 10 tonncs organic l11anure/ha recorded signi ficantly 

highcr protein content In \vheat graIns than \vithout organIc nlanure 

application. IIighcr protein content ~lt higher levels or fertilizer and organIC 

n1anure \vas due to higher :-.; content and N-uptake by the crop (Thakur e/ al., 

1999 ). 

2.3 Effect of integ,-atcd nut,-icnt Illanagelllent on crop sequence 

I Ianunlan Pr~lsad el 0/. (I ()9S) evaluated the effect of continuous pearl 

111 i Ilet-\\"heat croppi ng sequence on soi I rerti I i ty and yield stabi lity. Appl ication 

of" 120 kg N/ha and 40 kg J>:(), /ha to each crop \vas found effective for cereal 

bascd cropping SL'LJUL'I1CC under the condition of" north \vestern Rajsthan. The 

con tin u 0 S i'e rt iii z era p p I i cat ion b u i I t - LI P t 11 c fe rt iii t Y 0 f the so i l. K u n1 p a \v a tan d 



48 

c\ ))d ('c! Ii .. _' / 

Rathore.t.:_ (19<)~) evaluated the effect of continuous 11laize-\vheat croppIng 

s),'stelll. The yield stahility' N (u) 120 kg/ha and P:?():, (ZP 60 kg/ha to each crop 

\\'as e ffeet i \'c 1()r cereal-cereal cropping sequence under selni-h ulnid southern 

1)lains region or Rajasthan. 

Naphade el u/. ( 19(5) re\'ealed that it \vas InList to apply balanced 

alllount of N PK to sorghunl and \vheat crops. I.o\\/el'ing the doses to sub­

optilnal Icvels deceased the yields. \\·hereas application or 150 per cent dose 

than optil11LInl dose ( 100:50:40 I()r sorghUI1l and 120:60:60 for \vheat) produced 

rllaxiI11Ulll sorghulll (._f.).43 l] ha- ' ) and \vheat (22.89 q ha- I
) yields. 

J-Iarsharan S i I1gh Ci rc\val et 01. (1 9(2) reported that III a I ze yield 

response to green 11lanurIng \vas 16 q/ha~ \vhercas. response of sllcceeding 

\vheat to the residual cffect or green 11lanuring \\/,lS 5 q/ha. C,reen Illanuring 

increased the productivity of nl<lizc-\vheat systel11 b)" 21 q/ha. Sinsinvvar (1994) 

reported that \vhcat gro\\'n alter co\vpea ga\'c significantl,Y higher grain yield 

(4.2 tonnes/ha), follo\vL'd bv \vheat alter field bean and eeonolnized fertilizer N 

to the extent of 40 kg N/ha. \Vheat yield in grain sorghulll-vv·heat sequence 

relnained significantly lo\vcr (2.3 tonnes/ha) as both the crops are exhaustive in 

nature. 

L<-~ I 

Roshan_zC'! ul. ( 1(95) concluded that 25~) nutrient requircll1cnt of pearl 

nlillet can be replaced through t~lrtn yard Illanllre or green-111anllre at 25 or 500/0 

level or obtaining the yield at par \vith treatlncnt rcceiving I OOo/c) recollllnended 

dose through chcnlic~" lertili7.crs. Inclusion o{'\\·:hL'at strcl\\" 10r substitution as N 

sOllrce is not cOlllparablc due to poor yields in pearl nlillet-\vheat sequence. 

Patel (!/ ul. (I <)()5) clearlv indicated that 50<?/6 N substitutions through 
~ ~ 

f~lrtn yard Inanure or \\ heat stra\\ had a signi fieant residual e fTect and thereby 

the productivit)· of slIcceeding \,vi1cat crop v'y'as rnaXin1LJ111 in pearl 111iUct-\vf1ca( 
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crop sequence. /\5 I~lr as tot,ll productivity' of the systenl (pearl Inillet-\vheat) is 

concerned. the highest production \vas recorded (43.03 q/ha) \vith 75 0
/0 NPK + 

25<Yo N through (1M in khur{(and 75 % NPK during robi to the systcnl. 

The cOIllbination of green lllanurc \vith di ITcrent ratcs of NPK recorded 

higher grain and str(1\\ yield or rice-\\-heat sequence over crop residuc and NPK 

separatel~y or in cOInbinations (Rajput. 1(95)." 

Patil el (II. (1995) reponed that application or 500/0 NPK through 

chenlical rertilizers and 50<Yc) 1': through r:Yl'vl to sorghunl and 1000/0 NPK 

through chenlical fertilizer to \vheat gave InaXIlnUl11 sustainability yield index 

for ~rain (0.63) and biolnass (0.66). 
~ , 

V· enna ( 1 9(7) \\'orked out the Innst rein uncrati \'C crop sequences for 

L.P and reported that the \\'heat planted alter Illai/_e and pigeonpea gave higher 

~yield and highest I1L't profit on per rupee investInent \vas recorded \-vith 

pigeonpea-\vheat crop sequence (Rs. 1 .OX). 

The results or the experilnent conducted fronl X5-X6 to 92-93 indicated 

that pearlJnillet-\\'heat cropping systelll \vith green Inanurtng In sunlnler gave 

high grain and biolllllSS producti\'ity/ha per rupee in\'ested on fertilizer than 

other crop sequences and reduction in fertilizer dose to 50°/C) or both the crops. 

(irOlll1dnut-\\'heat cropping s).'steln \vith IOO°/C) recolll111ended fertilizcrs/ha \vas 

round highly rellluncrati\-c \\'ith high net rcturns/ha and benefit cost ratio than 

other crop sequences ( Pati I. 1(97). 

Patil (1997) L'learly indicated that highest total productivity v ... ;as 

observed in :;oo/() N through F'{i\,1 plus :;O<Yo ~rK fertilizers to sorghunl and 

1 ()()<~~) RI)F of ~PK to \"heat 111 sorghulll-\vheat sequence to sustain 

productivity' over years as could be obser\'ed fr0l11 SYI and total productivity 
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on pooled n1can basis. \lecl Singh el (/1. (1998) reported that each crop 

sequences ga'v'e its Inaxin111111 econolnic yield and net returns 'vvhcn treated \Nith 

l11axin1Ull1 optin1unl irrigation le\'el. 

;\ field experill1ent \vas conducted at K.handha, (,ujrat to assess the 

production potential ~lnd econolnics 01" di fTerent cotton based cropping systen1s 

and resul ts revealed that colton-\vheat crolJpi ng systclns \vas the 1110st 

relnunerative and suitable for :\annada C0111nland (iVlali\\'al c{ o/. ~ 19(9). 

Singh el of. (1999) obs('rved 1'ron1 the field experinlent conducted at 

Ilissar. integration or chenlical fertilizers and organic l11anures in the I"orn1 of 

F'{jVl or green nlanurL' in the ratio or 50:50 or 75:25 applied in pearl tnillet and 

follo\·ved by 1 OO(~~) rL'colnnleIH.led dose or fertilizers in \vheat crop gave the 

yield at par to that of I ()(YYo rccol11n1cnded dose of fertilizers applied to both the 

crops at' the sequence. These treatl11cnls \vere significantly better than control 

and farnlcTs practice. 

Singh et 01. (1999) reported that Lise or l'PI( ,. FYM gave as high yield 

or rnaize as the sllper-optilll~d dose or 15()(Yo and consistently' higher ).'ield or 

\vhcat grain. lJse of S or Zn or hand \".'ceding shovv'ed no yield advantage. l'he 

F"Y'lVt treatlnent Inaintaincd high Ic\'el 01" f()dder yield or co\vpca. iYJishra er o/. 

(1999) observed the direct elfect of lillle, organic and inorganic nutrients on 

\\'heat and its calTV l)Ver en~ct 011 sovbcan. I.ilne. 1''''{lVl and boron In 

conlbination \\'ith 60 kg:-J 30 kg P::,C)" r 20kg K 2()/ha resulted in the highest 

y.'ield of\vheat (29.3 q .. /ha). 

Rouncial el (/1, (1999) reported that the appl ication of 60 kg P20,:; Iha 

through phospho-col11post signi licantly increased the gn)\vth. dry' Inatter and 

yield ( 18.~3 q/ha) or green grain ovcr application 01" 60 kg P 2():, Iha through 

phospho-n1anures. 'v\/hilc testing the residual effcct of phospho-Inanure on 
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\vheat it \vas fc)und that the Inain plot tn:atnlent of application of60 kg P_2()5 Iha 

to prev 1 ou s crop produced siu.nificantlv hiohcr (Jl"()\vth, dry '- .... Co:::- • Inatter, yield 

contributing characters and yield of w·heat. J-'urther. it \vas observed that 

application or ()O kg P~()" Iha to \\·heat significantly produced 1110re grain yield 

(()()'03 q ha -I) over ~lppl i cati on () I' 30 kg P~()" Iha ~Jnd cOlltro I. 

Patil c.:! (II. (I l)<)9) n.?\·L'aled rn)lll the poolcd results that on nutrient 

Illanageillent experinh_'nL 750/() RI)F -;- 25<Y<) 0: through either FYM or GM to 

sorghunl and 75 0
/0 R))F ofNPK to \\·heat is recolll111cnded for sustainable total 

productivity· in sorghuln-\vhL'<.lt scqucnce. 

Patidar (2000) concluckd that application or lOt FY1VlIha. 75<Yo RI)F 

and /\/.ospirillulll <.lIH.1 PSB inoculation treatnlcnt cOlnbination optinlizcd 

producti\·ity of sorghunl-\\·hcat cropping scqucnCL'. Thus. SYStClll productivity 

indicated the possibility or ecollonlic rerti]izer use to the extent of 250/0 of 

l"CconlI11elH.ied level under irrigated nutrient 1l1anagelllent systcln. 

2 .... 

2 ... '-1 

Effcct of int(.'~nltcd nutl-ie-nt 1l1::lnagcl11cnt on nut.-j(.'ntllnic.-obial 
status~ chcrnical and physical IH-opcr-tics of soil 

N 1I t I- i c n t u pta k e-

The st Lid)" cond ucted h;.· .J adha v ( 197(» revea led that the gral n, strayv 

and total uptake or nitrogen \\"cIT increased \vith increase in the levels of 

nitrogen. The results Oil the \vork done on dircct and residual effect of 

fertilizers on the upulke of nutrients by crops indicated that direct application 

or N increased the uptake or all the Ilutrients by \·vheat an,:1 pearl Inillet crops, 

sign i fi can t I) (CJ~l.i hhy i ae and (iOS\\·<Jll1.). I 9X I). iVlore and Cj honsi kar (1 (84) 

reportcd that ~ lISL' crticicncy in sorgIHllll-\\"heat sequellce \vas lo\ver in all the 

0.: levels. Ilc)\vevcl". pcrcentage recovery or added N by \vheat \vas cOlnparab]e 

\vith grcen gralll-\\·hL'<.lt sequence and it \\'as progressively decreased \vith 

/- 4~29 
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Increase In levels or i"LTtilizer ~ applied. rVlalik el ul. (19~6) observed that the 

increasing levels or N signilicantly increased the N uptake in grain. Nitrogen 

uptake increased upto 120 kg N dose but further increase in N dose decreased 

the N uptake. This Inig.ht he due to lodging \vhich occurred \\'hen 1 gO kg N \vas 

applied. Silnilar results \\"ere reported by Harve (19~7). I)huka el 01" (1992) 

found that N uptake in grain and stra\v \vas significantly Inore \,vith 120 kg N 

ha- I than gO kg and 40 kg J'..: ha- I 
. .Jain and Jain ( 1993) reported that application 

of N significantly inLTeased the uptake or N. P and K over the control. The 

increase \vhen cOlnpared \vith the control \vas 22.9, 40.1 and SS.2 per cent for 

N. 17>.7. ]4.9 and -lX.X per cent for P and 19.2.36.1 and 52.2 per cent tor K due 

to 40. xo and 120 kg ~ i1a- l
• respectively. ;\shokkulnar el ul" ( 19(5) conducted 

a trial and revealed that recovery or applied 0: \\'as higher \vith 120 kg N hu-
I 

con1}Jared \vith I X() k~ N ha· l
" , use efficiencv increased \vith increasin~ N 

~ ~ ~ 

level upto 120 kg I" h~l·1 therea rter decreasi ng trend \vas observed. 

VerIna and Shanlla (1994) reported that P uptake \vas significantly 

increased due to <)() kg P ha -lover control. 

Singh and (ihosh (19X-l) found that the higher doses of potasSiU1l1 (XO 

~lnd 120 kg. K~() h~l-I) entailed higher uptake by" \vheat than lo\ver ones. 

S\varup and Cihosh (1978) observed that per cent recovery" of N by 

pearl Illillet and \\ heat sequL~nce ranged bct\\"een 33.1 and 53.6 per cent and 

phosphorus ITCO\"L'r) by pearl In i Ilet and \\"heat varied froll1 1.3.6 to 24. 1 per 

cenL respectively .... \uti (19XO) indicated that the uptake or nitrogen and 

phosphorus in grain ~\IH..I stra\\ \\"as significantly Inorc due to 100 + 50 + 50 kg 

~ PK ha- I than ()O . ~() -! 0 kg N PK .. ha· l
. 

(jupta <.'/ (II. (19X3) 1()Llnci that nutrient uptake of \\"heat decreased 

significantly \vith decreasing level of fertilizers in bajra-\vheat rotations during 
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both the y'ears. The total uptake or N. P and K ranged frolll 54.2 to 104.2, 14.7 

to 25.g and 117.7 10 1 X9.9 kg ha· l
• respL'ctivcly. It is also apparent that Nand P 

uptake b.y \vhcat \\'as highcr than pearl IllilleL \\'hereas K uptake had a reverse 

trend. I)ixit L'/ a/, ( 1 ()X4) observed that the uptake of N. P and l( by \vheat grain 

and Nand K by \\'hL'~lt stra\\ increased significantly \\'ith increase in levels of 

l'ertili/.er application. It \vas ~llso pointed out that application of Nand P 1110re 

than 100 per cent levL'1 or soil test reconln1endation could not be effectively 

uti I ized by \\'heat crop. ~ ikanl ( 19X5) reported that the total uptake of nitrogen. 

phosphorus and pOlassiulll in grain and stnnv \vere increased \vith the increase 

in the Ic\'els or terti I i/.er. The highest uptake \\'as noticed due to 120 -1' 60 + 60 

k~ NPK ha'i lev'cl and \'~ducs 01" L11)lakc \vere 05.27, 10.88 and 1 15.15 k~ ha- I in 
~ ~ 

grain. stnn\' and as total. rcspecti\'cly. J~1<..lha\' (. 19X9) obscl"\'ed that the total N. 

a\'ailable J> and K hal~l))Ce aner three years \vere deficit and the 111agnitude of 

decline \vas less \\ith the incrL'ased le\'el 01" fertilizer to \vheal. This Inay be 

attributed to increase thL' nutrient status f()r vegetative grc)\vth, yield and uptake 

of these nutrients. Rall1 Na\\a,i ,llld Yada\' (I ()94) reported that the 1110St 

producti\'c systcnl (Illaizc-potato -+- Indian Inustard-black granl) relnovcd 

greater :.:unount or N. P and K (345.<)4. 7~.43 and 387.86 kg/ha/year 

respecti\'ely) ti'onl soi I cOlnpared \\'ith the other systcnls. The balance lor N 

and K \vas negative in ~tli the systell1S but higher depiction or Nand K (1 10.94 

and 267.93 kg/ha/year. rcspecti\'ely) \vas recorded LInder lllaizc-potato ~- Indian 

llHlstard-black gralll s~ StClllS. The halance ror P \vas positive in all the systelns 

and higher bu i It up () I" j> ( 101 .:'6 kg/ha/year) i n surt~lce layer \vas found under 

saine s\'stelns. 

Sen (jupta ( I ()() I) indicated that i\ uptake by 11lalze increased due to 

F'{iVl application and decreased \vhere contilluolls application of chclnical 
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fertilizers. Ballal ('I ul. (19()X) also reported the benelicial effect of green 

Inanun ng on \J uptakl.' by \vheat. S i III i lar observations \Vere also reported by 

Ran1aS\Vc.1lnv and Raj (1974). Nitrogen and phosphorus uptake bv nee \\'as 

increased due to application of ~ alone and green l11anuring. 

In a licld experin1ent continuing ror six years on an acidic, red silty 

clay loa111 soiL balanced use oj' Icrtilizers proved highly elTective in sustaining 

the le\'el of producti\·ity as \\ell as nutrient cOlnposition and uptake of all the 

crops In rotation. In general. ~PK fertilizers in cOlllbination \vith FY1\!J and 

1 i Inc recorded thl.' Inax i 111 uln rell10val () r nutrients b.y \vheat-soybean-potato 

cropping s:ystell1 (Sinh~l el u/ .. 1981 ). Prasad and Sinha ( 19X I) also conducted a 

trial ror ve~l rs and reported that 
. . 
Increaslng levels or ferti I i zers 

cOlnbination \vith organic l11anures \vith lillle gave the highest uptake of 

phosphorus and p(.)t~lssiun1 rrOn1 the soil and gave the positive gain of soil P 

and K in intensive cropping. 

N,lrkhccie ~lIH.l (jhug~lJ"C ( 1907) round that addition of Icucaena loppings 

caused incn.'<.lse in the Nand P uptake significantly by sorghUl11 71.3 per cent 

and 77.5 per cent. respectively. (jClur (1992) revealed that integrated use of 

organic n1anures and fertilizers elTcctivelv checked the deterioration in the 

productivit:)· or 111<li/,.l.' and \\·heat in acidic soil. Bhandari el (I/. (1992) reported 

that an application or Il.'rtilizers or their cOlllbined use \vith the organic Inanures 

increaseci the uptakl.' 01' N. j> (llHJ K significantl:. in a ricl.~-\vheat sequence. 

Kurlckar <.'1 u/. (I ()93) reported that fertility status ofthc soil \vas also in1proved 

by adoption of legunh:.'-ccreal (soybean-\vheat) and cereal-Iegun1e (soybcan­

chickpc<l) than cereal-cereal (sorghu1l1 -\\'hcat) crop sequences under different 

l'ertilit\/ Ic\·cls. RaglHl\Vanshi and L111at (1994) observcd that under integrated 

nutnent n1anagell1cnl In sorgIHllll-\\-heat croppIng systen1. FYM, crop residue 
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and green organic In,lttcrs In cOlllbination \vith inorganic fertilizers proved to 

be better in enhancin~ the total nutrient uptake by' the crop on n1ediu111 black 

soil. L)lIdhat e! ({/. (1997) reported that application or FY1VI alone or In 

cOlllbination \vi til cllelll ical fL,rti I izers sign i ricantly/ i ncreasecl the residual status 

or available Nand j> in soil. /\pplication or either 5 tonncs castor cake -+- 120 kg 

N + 60 kg P~():, or.) tonnes castor cake + 60 kg N -~ 30 kg P20::; Iha or 15 

tonnes Fy'M + 120 kg 1'( I 60 kg P~()5 /ha. being at par \'v'ith each other, 

significantly illlproved gro\vth, yield. qualit), and nutrient uptake b~l \\iheat. 

Singh el ({/. (1999) results or a trial ror Inore than one decade of 

e xperi III ell tat i OIl ~lt j)LTlnanent site i nd icated that the Ilutrient statLls of soi I 

under control and lo\vcr doses of fertilizer application declined to a 11111Ch 

higher degree as cOin pared to the appl ication or either 1000/0 reCOlll111ended 

dose of che111ical fertilizers or conlbination or organic and inorganic fertilizers. 

\/lishra el o/. (1999) reported that the direct and carrv-over effects of 

Ii nle and organic lllanurc ,1Ion o \vith . C' 

. , 

Inorganic nutrients ,lpplicati()n 

significantl,Y increasL'd the uptake of 0.:. P and K b\' \\'heat-soybean cropping 

s),'stenl. 

2.-1.2 /\ v a i I a hie nit r- 0 g en 

Singh .p: ~ r~', (19XO) reported that the concentration or available 

'\.: increased and continuolls huildup in a\'ailable N \\-as observed in soil under 

nlllitiple cropping ~lt thL' end or each rotation as cOll1pared to its initial status. 

( , 0 n tin U 0 usa p pi i cat i () nor F '{ j\.'l and c h C I n i C a I feni I i/.ers 111 lon o tcnn b 

experin1ents under pL'arl n1 i Ilet-\vheat rotation revealed that avai lable N 

increased significantly \vith application of phosphate and FY1VI (C'haudhar:y 

el o/.. 1 <)X I). Silllilar results \\'ere also observed by' -Yaciu\\'anshi and Tripathi 

(1983) in X years or fcrtili/.er experill1cnts and also f(Jund that inherently high 
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status or available ~ did not shcnv sustainable ilnprovell1ent over the initial 

value and sInaI! d~cr~~lse in available N ill a control \vas obs~rved. 

Chahal c/ u/. (1984) obtaincd direct and residual effect of Illanuring 

\vith 50 tonncs ha-
I 

1-'\'\/1 to hoth the crops on available 0.: status LInder pearl 

Inillet - \\'heat seljuL'l1cL' at the end 01" ~ years or cxperiln~ntation. Noticeable 

build up or available ~ \vas also observed b.y rVlandal el 01. ( 1984). Svvarup and 

(ihosh ( 1(84). P~ll)lk'y el ul. (1985) observed that the available N estilnated 

after the harvest or \\ heat r~cordcd the highest \/alue in case or \vheat straw 

application than other crop residucs. Application or 0:. P and K at 100 and 150 

p~r cent based on thL' initial soil test sIH.1\vccI appreciable ilnproVClnent in 

available ~ content ~lnd \vas l11axinllln1 under FY:'vl treatlnent in l11aize-\vheat. 

rice-rice and rice-\\ hL'~lt cropping systcnlS (Singh and Naillbiar. 1986). In a 

long ternl field experilnents under continuolls cropping and application of 

fertilizers in conlhin~ltion \\·jth organic nlanures inlproved the available N 

status after about 14 ~L'ars in ~ln ;\Itisol (Acharya and 13ishnoi. 1988). 

(jupt[\ ef u/. (1988) reported that the available ~ content of soil 

increased upto 20 d~l\ salter FYVl ~lpplication and decreased thereafter in a 

coarse IOan1\ soil. lldaysoorian ( 19(0) repoI1ed that continuous applic[\tion of 

on.!,anic 111anures and fertilizers over a I)eriod or <) years si~nificantlv increased 
'- ..... .._ .,I 

the available N conLL'IH in ricL'-rice selJuence. Bhat ef u/. ( 1991 ) concludcd that 

the nitrogen sLlpplyint-'- capacity or soil \vas higher, \vhere crop residucs v.;cre 

incorporated in the soil. The nitrogen status or soil \\i[\S declined frolll 2 to 31 

kg ha-
I 

\\ hen t\\O cerL'~lls \vere included in crop s~qLlencc i.e. by 1.3 to 20.3 per 

cent (Bhakare e/ u/ .. 1 ,.)(.) 1 ). i\/1ak'\var and Hasnabade ( 1 (93) observed negative 

balance or ~l\'[\ilahle ~ in control and 50 per cent recolnnlended level of 

fertilizers and positi\'c available N balance observcd in n .. 'Colnnlendcd dose or 
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fertilizers and cOll1bination of inorganic and organic Inanures In sorghun1-

\,vheat sequence ~1fter t\VO cycles. Silnilar results \vere also reported by Patil ef 

(II. (] 99]). Thind ('I ,,/. (I ()l)]). ~vlore (1994) and Bhan.hvaj and ()nlanvvar 

( ] 994). Mail~\\'ar and Ilasnahade ( 19())) reported that signi !lcant increase in 

(l\'ailable N \\'as obsen"ed in organic ;- fertilizers treated plots particularly \vith 

F't'rvl or subabul -; ~PK gi\'C11 to sorghuln «(~Sl) 9) and \vhcat (1-11)-2189) crop 

sequence. ivlal<..~\\·ar <-'I o/. (1999) reported that each oil seed based crop 

sequence sho\ved di i'tL'rential effect on the availability or N, P and K in soil. 

Cotton-groundnut rot~llion pnn'eci superior in gaining soil available N. P and K. 

Ilo\\"('vcl". net loss 01" 3.5.4.1 kg. ~. -].(_)O kg P:,C)" and -- 23.05 kg K:?O \vas 

re u i stered II nder cotton -Sli n llo\ver rotati on. C )vcnd 1 results i nd icatcd that the 
~ 

i ncl usion (.) I' legullle in the s~"steln is bene tic ial 1'or 111ai ntenancc 0 r soi I t'erti I ity ~ 

its health and prOdllCli\ ity. except in cottoJ1-sunllo\ver s)'stenl. 

Patidar (20()(») reported that sorghulll-\\'heat svstel11 productivity 

indicated the possi hi I i ty 0 r eCOnOll1 ise ferti I izer LIse to the extent of 250/0 

reconl111elH.led le\'el through use or organic Inanllres under irrigated nutrient 

Inanageillent SYStCll1. 

2.4.3 :\ vailablc phosphot·us 

/\rlll1 Pras~l(.i ('I ul. ( I <)() I ) and 13hat e{ 01. ( 1991 ) reported that availablc 

P also increased signi licantly \\'itb the addition of tree leaves and incorporation 

or crop residues. III l"l.·spect or phosphorus there \vas increasing trend ranging 

I"roll1 3.1 to X.9 kg ha" oYer initial status of soil in all the cropping sequcnces 

(Bhakare e{ 01 .. 19(1). 

Ran and Shanlla (I 97X) reported that the greater increase in available P 

content of soil 1l1l(iL-r Jl:'\cd crop rotations \"ith ] Icrtilizcr constraints after t\\'o 

years. Cont i nllOlIS ~lppl icatioll 0 r F Y 1\11 \vi ih ~ PK ferti I izers under varioLls long 



58 

ternl cxpcrinlcnts \,vith lixcd crop rotations showed that available P increased 

clue to organic 1l1allUres \vith Inincral fertilizer application over a long period 

(('haudhary e! ul., J l)P 1 : \ I! I ('I _ / gra \va ea. , 1987~ I3hriguvanshi, 1988: 

Uday,lsoorian, 1 <)<)0 ~lllci Cieneviri and Tano. 1(91). Pandey e! 01. (1985) 

noticed that {1\'ailablc P cstilnateci aJler the harvest or \vheat recorded the 

rnaxinlunl value LInder Inaize stalk incorporation than sorghulll, \,vheat and rice 

stra\\,l. I3is\vas ct 01. ( 1 ()87) and VerllHl c{ 01. ( 1987) f(_)und that initial soil status 

or available P \vas raised in fertilized plots \vhich decreased in control under 

continuous rotational ~_.Topping in long terIn cXperilllCnts. ('ontinuous cropping 

\vithout fertilization k'ad to the depletion of available P, \,vhile fertilization had 

beneficial effect on ~lvailable P content as obser'v!cd by Bharachvaj and 

Olllan\Var ( 1994). 

l'v1alc\var ane! l-lasnabade (1995) reported that the availability of 

phosphorus increased signi licantl~i o\,'er control due to fertilizer alone or In 

conlbination \virh org;_lllic Illanures \vhich is largely attributed to Illininlization 

of P fixation and organ ic rec:yc ling. Raghu\vanshi ef 01. ( 1991) reported that the 

available P sho\ved delicit ill all \vheat based crop sequences and ranged fronl 

91.2 to 97.3 kg P/ha. 

2.4.4 ;\ vai la bl(.' pot assi 1I III 

Bis\vas c! uf. ( 19R7) reponed that after six cycles of crop rotations In 

lllultipic cropping s)stcnL thl.' availablc K status of soil relllaincd as such \\lith 

all lev'cls of NPK. dose ina conti nllcd ferti I izer experi 1l1ent. M uthUS\Vanl.Y ct al. 

( 19(0) obscr\'ed that avai lable K eli l'Iered signi ricantly and depletion of nati\lc 

soil K \vas observed o\'cr the initial soil K in treatnlcnts \vith balanced 

fertilizers after 1 () \'cars in 111L1ltiplc cropping s.ysteIl1. Raghu\vanshi et af. 

( 1991 ) reported that the a\<li Inblc K \vas ilnproved rangIng bet\vccn 26.9 and 
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140.2 kg/ha in sorgIHlln-\\'heat scquence. (Jther crop sequences shc)\vcd deficit 

or soil K. Bhara(.hva_i ~IIH.I ()n1al1\\'ar ( 1(94) observed depletion of available K 

duc to continuous cropping \vithout I~rtili/.ation and build LIp of available K in 

fertilized plots ulH.ler continuoLls rotational cropping. 

Shanna c/ ul. ( 1984) found that available K status or the soil rClnaincd 

unaffected bv K application but it \\'as increased significantly \\"ith the 

application of J-"'y'!'vl LInder lixcd \\'heat-1l1aizc rotation for 10 vears. Silniiar 

results \\'ere also reported by Bhriguvanshi ( 1(88) and Bhat e! ([/. ( 1991 ). Arlin 

Prasad c/ 01. ( 1(91) noticed that a\'ailable I( content or soil tnarkedly increased 

\\'ith subabul loppings. \ilale\\'ar ~llld llasnabade ( 19(3) noticed that available 

K content \vas InorL' in the treatlllents involving inorganic fertilizers \,vith 

organ ic nlanures except \\'heat stra\\'. Chahal cl ([/. ( 19~4) noticed that avai lablc 

K status decreased \\'ilh continuolls cropping and K application did not sho\v 

any sign i licant c n~ct alter 8 years of experi nlcntation on pearl Ini llet-\vheat 

sequence. l'.!lore ( 1(.)(.)-+) also noticed ra\'oLlrable effects of addition or inorganic 

fertilizers \vith F'{rvl ~lnd \\'heat stra\\' under rice-\\'hcat systenl after three years 

on a\'ailable K. The a\'ailabilit~ or J10tassiulll \vas round Inorc in FYM and 

green nlanuring (11H.i subabul (organic sources) applied in cOlllbination \vith 

fertilizers: \"hieh Inay he ~lttribllted to acidulation as a result of dccolnposition 

or organic l1latter and release or Inineral K 2() in soil solution (Malc\var and 

Ilasnabade. 199:'). 'I Qndon (199:') I'ouncl that the elTcct of sUpplCtllcntary 

fertilizers \\"ith 5 t ila- ' dry k'lIc(lena leaves significantly increased available K 

content or soil hL'caLlse or its higher K contents. Hegde and Katyal (1999) 

reported that a build up or (l\'ailable soil K at Ilanulnangarh due to high silt 

load in the irrigation \\ ~lt('r. 
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2.4.5 Soil rcal,tion 

Rahatc 1..'1 ul. (ll)79) reported that appl icatiol1 0 I' ferti I izcrs used In 

cOlnbi nat ion \vi th a sln~d I dose 0 r ti \'c tonnes F'{ fV1 ha -lover a long period of 

1 1 years under sorghulll-\\'hcat selJucnce resulted in little variation in soil pI-I 

due to variolls treatnlcnts. Continllolls appl ication of 1~1rnl yard Inanure to a 

sien)/.enl soil in thc selni-arid region or i-Iaryana resulted in }r)\\'cring of pl-{ to 

sOlne extent (V'L'rlna ('I ul.. 1990). Chu_lIclhary e! 01. (19g 1) and Khiani and 

IVlore ( 1 ()R4) also obscr\'cd silnilar results due to long tern1 application or FYM 

and In i llcral ferti I iZI.:.'rs. l.OI1He 1./1 ul. (1993) reported that pi I 0 f soi I \vas 

increased due to intercropping CC)\y pea/pigeon pea \vith sorghuln as also 

application or sicvcd FY:Vl (a", 1000 kg/ha cOlnpared to sole sorghU111 (vvithout 

FYIVl). KU111ar and Yadav (1993) and Bharchvaj and ()nlan\Var (1994) also 

observed no Inarkcd cfrcct 01' cOlltilluous rotational cropping and fertilization. 

Rain Na\\·a.i and "{ada\' (I()()-+) rcported that the pI-l oi"lhc soil \vas decreased at 

the end 0 r study uIH.iL'r i ntL'nsi vc cropping systelns. 

2.4.6 Elcctt·ical cond lIcti\'itv 

rVlaur:ya and (J hosh ( 1(72) ohserved no appreciable change in electrical 

conducti\'ity under long tL'rln 111~lnllring and rotational cropping in the Pusa 

pern1<1nent Inanurial c:'\perin1ents over rour dL'c~lc1es. Chahal ef ul. ( 1984) found 

that electrical cOI1<..lLlcti,·ity or soil \\'as Inore or less unat"tected \vith continuous 

application or InanurL'S (lnd rertilizers in a long terlll experinlent under pearl 

Inillet-\vhcat sequence. Silnilar rcsults \vere also reported by C'haudhary et 01. 

( 1981). Bhriguvanshi (19XX) and Badanur e! (II. (1990). I.onHe e! (d. (] 993) 

reported that thc L'lectrical condllcti\·it\· (LC) \vas increased due to 

intercropping CO\'· pca pigL'on PL'~t \,·ith sorgillln1 as also application of sieved 

F'YM (U' 1000 kg/ha cOlnparcd to sole sorghlllll (\\'ithoUl 1:··Y'i\;1). 
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2.-'.7 

Shanna ('I u/, (19X4) f()lInd that organic carbon content or the soil 

increased significantly \\'ith the addition of 1·"Yi\Jl to a fixed Illaize-\,;vheat 

rotation over 1 0 \·I...'ar~ in a calcic lIstochrept. l:ertilizcr Nand P \vith strav,,' 

l11anagen1cnt practices in ricl...'-\\'hl...'at rotation \\'ere round to increase the organic 

carbon content (L)hillon ancll)c\', I()X4). Sin1ilar results \vere also obtained by 

\lern1<:1 ('I ui. (19X7) ~lnd Uclavsoorian el 01. (I ()gg) under intensive rice-\'lheat 

rotation. Bhandari <.:1 (II. (19X9) observed that green Inanllring increased the 

organic carbon contenl orsoil at harvest of crop. Incorporation of tree leaves in 
. , 

cOlllbination \vith fertilizer N significantly increased the organic carbon under 

incubation studies (;'\11 LIthv (.'1 ul., 19(0). I3hat el 01. (1991) also reported " ~ 

increase in organic L'arbon in soil \vhen crop residues \·vere incorporated for 

seven years in rice-\\'heat svstenl. 
~ ~ 

Ilarsharan Singh (Jl'e\val e! u/, (1992) reported that incorporation of 

green-1l1<1I1ure crop at I. ~ and 15 days before 111aize so\ving equally' enicient in 

increasing the productivity' or Inaizc-\vheat systel11. Cireen 111anuring also 

ilnproved the org~1I1iL' carbon content or the soils. Bhandari e! (//. (1992) 

reported that the c0l11hined LIse of organic 111anures \vith l110derate levels of 

fertilizers, increased the organic carbon levels after cOlllplction of three cycles 

or rice-\vhcat croppin~ Systl...'lll. Thind e! (II. (1993) observed that organic 

carbon l11arkedl) increased in I ''''{IVt treatl11cnt f'oIIO\·ved by green l11anunng ]n 

Inaizc-\v!1eat rotation. I,0I111e el u/, ( 19(3) rcported that organic carbon content 

or the soi I \\'as i I1crcascd due to i Iltercroppi ng CO\\· pea/pigeon pea \'lith 

sorghulll as also application or sieved FYM ((i~ 1 000 kg/ha cOll1parcd to sale 

sorghull1 (\vithoul 1:")'\'1). Rain ~a\\'a.i and Yadav (1 ()94) sho\ved that the 

organIc carbon, a\'~lil~lble llitrogen, phosphorus and potasSiUl11 content of the 
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soil \vas decreased rr0l11 their initial content in the intensive cropping systenls. 

Bhar[\(_h\·~l.i and ()ll1an\Var (1994) reported that continuous cropping 

v..-ithout lertilizatiol1 leads to the depletion or organic carbon, \vhcrcas 

continuous fertilization had bel1elicial effect on organic carbon content. Varvel 

( 19(4) reponed that organic carbon could be sequestered at 10 to 20 tonnes 

ha- I ve~ll·-I in SOn1l' cropping systel11s \\'ith sufficient levels or N rertilizers 

during?) years period in the \Vestern Corn Bott. More ( 19(4) also observed 

that t~1I·n1 \vaste and (.)r~anic n1anllres increased organic carbon under rice-

\vheat svstcn1 on sodic vertisol. \I1eclu e/ al. (1994-) concluded that green 
J . ~ 

Inanuring and incorporation oj" crop residues alone or in con1bination \vith 

green 11lanures signi lic~lntly increased soil organic carbon. 

Vlale\\'ar and Ilasnabade ( 19<))) reponed that organic carbon shovved 

build up n10re than t\\(.) tin1es o\'er initial value due to cOlnbincd and long tern1 

use or organic 111aI1UrL'S and Icrtilizers indicating highest organic carbon in 

50:50 inorganic (~J>K) : organic (l-"'{I\/I) sources. Ilegdc and Katyal (1999) 

reported that there \vas a sinall build up in organic carbon but a general decline 

in other parallleters 0 r soi I f'erti I it)' e\'en \\'ith N PI( ferti I ization on all the soil 

types. :Y1ale\var ('/ (/1.( 19(9) reported that cottol1-groundnut sequence in1proved 

the porosity_ \valer slahle aggreg~lles and organic carbon in soil as conlpared to 

other systen1S, \\·hcreas. they \,"ere ~HJ versely a rfecteci due to cotton-sun nOV'ler 

sequence. 

2.4.8 jVlil'l·onutl-ient status of soil 

Randha\\'(.l and /\rora ( I <,)70) revealed that l11ultiple cropping systcn1 

\vithout usc or bulky organic Inanures rendered the soils 1l10re deficient in 

111icronutrienls. lvLlllr\'a and (ihosh (1972) reported that 1''''lM application had 

increased the exchangeable i\'ln content and easilv reducible Mn \vas fairly 
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high in green nlanLlrIng and NPK. fertilizers treated plots In Pusa pernlancnt 

Illanurial experilllent ,lrter 4(} years. 

The avai lable /n content \vas declined \,vith continuolls croppIng 

(His\vas cl al., 1(77). \\'herein acculllulation of Fe. ell ane! Zn in soils treated 

\vith high anal)'sis Chclllical fertilizers under intensive cropping \vas observed 

bv Prasad et ul. ( 1(79). Use () r I."{ IV1 and N PK. ferli I izers over a period of 20 

vears has Inaintaincd and ilnproved the Zn and l-e status of soil and \vas 

declined in control plots (Pr~lsacl and Singh. 1980). 

Trehan and Cjrc\\'~d ( 19X3) reported that green lllallunng In cropping 

sequence proved Illore efrective thall F'{IVI in inlpn.)\·ing available Zn~ Fe, ell 
and 1V1n status of soil under intensive cropping and 1l1anuring for a period of 

eight :lears. Shunlan (1988) also observed that organic lllatter increased the 

a \/ a i I a b iIi t)/ 0 f 1\/1 n a 11 d Fe ,.-1 n d po S sib I ),' dec rca sed t h C a V' a i I a b iii t y 0 f Z n in 

incubation study \vith eight top soils treated \\'ith ground stravv'. IVlandal et al. 

( 1(84) and Bis\vas and Benbi ( I C)~<) found noticeable build up of available Zn 

due to continuolls cropping and Inanuring after 8 yccars jute-ricc-\vhcat and 

nlaizc-\·vhcat rotations. rcs}1cctiv·el_v. The soils \vith hi!2.her oroanic l11atter '- b 

content enhanced nlicrohial activity and thereby increased the Fe, ell and Zn 

content of soi I a ftcr :2 ~ years \vi thoLit sLLpplcrnentation 0 r nlicronutricnts 

through outside in rice-\vheat rotation (I "al and l\iJathur, 19~9). 

Ciupta and IV'1ehta (1993) round !c.)\ver extractable Fe after 6 years in 

control plots than that of higher fertility level. \vhilc 1\/111 content \vas higher. 

'rhind el ul. (1 <-)()]) studied the effect of organic rnanurcs on nlicronutrient 

aV'ailability ailer I] years under nlaize-\\'heat rotation and reported that DTPA 

extractable ZI1 and l\/ln \vas the highest in FYIVI treated plots Collo\\/ed b::'l green 

nl~lnllrIng and the lo\\csl in control plots. Bharachva.i ef ul.( 1(24) observed 
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JllOre depletion of 1)'1'1>/\ extractable Fc. [\lIn. Zn and eu status in unfertilized 

plots than fertilized plots under continuoLls cropping and fertilization. Khaprc 

('I (II. ( 19(4) reported that ,I 111axinll1111 grain yield (58.63 q/ha) \\-as recorded 

\vhen .l.n \,vas applied \vith [Vln. There \vas significant increase in cob and grain 

\veight/plant \\'ith application or Ln, l;c and rVln along\vith ~PK fertilizers. 

Inclulkar <lnd iV1al<.:\\'<:1r ( 1(.)94) pooled data sho\ved that inorganic and organic 

sourccs or zinc illlprO\'ed the direct and residual effect or zinc on sorghUl11-

\\'heat yield uptake and a\'ail~lhle /.inc in soil. COll1paring the effect of organic 

zinc sources, all inl)rg~lnic zinc sources \vere superior \vhen cOlllpared to direct 

erlect of f~lnn yard 11lanurc. :\1l10ng the zinc sources, zinc coated suphala \vas 

found superior to other zinc sources. llo\vever, FYM in cOlnbination \Ivith 

inorganic source or zinc added to the rcsidu~d \'aluc of zinc conlpared \vith 

inorganic source or zinc ,1I011e ill the crop rotation. rvlale\\/ar (1995) also 

reported that pe~lrl 111ilk,t-sorghuI11 sequence had resulted into lo\\' content or 

Zn and eu in \LTtisols. i\lale\\'ar and Ilasnabade ( 1(.)(.)5) reported that sorghurn­

\vhcat sequence has ilnpro\'L'd /.n build up nearly t\\'o tinlL'S Inorc over control 

in cOll1bined application of ort!-~lnic -t- inorganic lertilizcrs. \/leelu (1996) and 

Takkar (1996) revL\~lk'd that Inarkcd increase in ~Ivailablc Zn due to FYM 

application and I:e and \In in grL'en Inanuring treatIl1cnts obtained in long tenn 

experi nlents. 

Patil ( 11..)<")7) rL'!)orted that F\':'VI application for 5()(~;) ~ substitution in 

cOlnbination \vith 50<l/!) NPK l'crtilizers sho\vcd higher content of j;c, Mn~ Zn 

and ell I<JII()\\'ccl by \\'('S and (j\'l application I()r 25 to 50<Y~) ~ substitution for 

s{)l'gll Lllll- \V 11 e,l t selill L' 11l'L'. 
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2.4.9 Physical prop(.'rtics of soil 

K,an\var and Pri har ( I ()()2) observed l11arked increase in percentage of 

\vater stable aggregate \\ ith continued application or F'{iV1 in pernlancnt 

nlanurial plots at RothL'lllsted. I)arra C'/ (II. (196X) reported that green Inanuring 

has decreased bulk densit), \\'ith significantly increased \\'ater stable aggregates 

or large size and inliltr~ltion rate. Ilavangi and \/lann ( 1(70) also observed that 

application or F\'\'l ~'1I1d fertilizer and green 111anUres decreased bulk density of 

the soil and increased the \v,Her stable aggregates \vithout appreciable effect on 

\\:atcr retention ane..! 111~lX i n1U n1 \vater hold i ng capac i ty 0 I' soi I under intensive 

croppIng. 

\Vhile studY'int!- the clllllulativc effect of di fferent lev'els of nlanures and 

fertilizers on ph}'sical properties of soil in the pcnnanent nlanLlrial trial, Biswas 

elol. ( 1971 ) 1()Llnd th~ll strLlctLlr~d status, \\'ater retention and bulk density of the 

soil \,vere significantly illlpro\'eci in the treatIncnts \vith organic nlanures and 

there \\'as very lillk ch~tnge due to inorganic fertilizers alone, Sinlilar results 

\vere also reported hy" Vlathan c/ (II. ( 1(79) in respect or pore volullle and \vater 

holding capacity orsnil under long tenll soil cultivation and intensive cropping. 

Shanlllugalll and Ra\ ikLlIl1~tl' (1980) revealed that there \vas a tnarked 

InlprO\'elllent in ~lg,grc~ate stability' due to incorporation of organic residLles~ 

FYM or pig 1l1<.1I1UI'C fO 2) t ha- I in the red soil to sorghull1 crop. 

Sinha ('I (II. ( I ()XO) and I~hatia and Shukla (1982) observed that use of 

chenlical fertilizers ~t1()ne increased the bulk density_ \vhile application of bulky 

organic lnanurcs ilnpro\'cci structural status of soil. 13url Illeek el oJ. (1982) 

found that continuoLis 111anurc application tor 9-vears increased \vater 

intake/infiltration ratL's in silty clay soils. Magar c/ ul, (I <)~()) also reported 

illlprO\'Clllent in inliltration by about rOllr l()lds and t\VO I'olds due to 
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incorporation or I:Y[Vl and \vhcat str~l\V in black soil. Pandey et ul. (1985) 

observed that infiltration rate 11leasLired in \vheat and rice sll'a\\' treated plots 

increased significantl} hL'C<.lLlSC or bettcr soil aggrcgation. Rise in bulk density 

due to inorganic l"crtilizl...~rs and illlprO\'cnlent in structural conditions due to 

conti n UOliS appl ica t ion of F Y ~vl ~lfter about si x )'ears under nllli ti pIc croppi ng 

\vas obscr\"ed bv Prasad c/ 01. ( llYX3): /\charva and L3ishnoi ( 1(88) and Lal and 

iVlathur ( 1(89). 

Badanur e/ 01. (I <)90) found that organic Inanures and crop residues 

incorporation sig))ilic~lntly il1creased the in1iltration rate and \vater content at 

lield capacity as cOlnparcd to fertilizer treatlllents. Bangar ( 19(1) reported that 

physical properties ('xcept bulk density \verc significantly and positively 

correlated \\lith the grain yield. The bulk density \vas significant and negatively 

correlated \vith grain yield or sorghuln. 1-3hat e/ uf. (1991) found that the 

continuous recycling 01" crop residucs I()l' seven vears in rice-\vheat sequence 

signi licantl y' in1proved the aggregation or soil. (jaur ( 1(92) noticed fron1 the 

several studies 011 the irnpact or organic l11anures 011 soil structure, sho\\led 

in1prOVClnent in \\'Hter holding capacity and il1f~ltration rate by pron10ting 

greater \vater rct('lltioll under long tenn ex})erinlcnts. 

KU111ar c/ ul. ( 1 ()()3) obscr\'Cd that incorporation or organic 111aterials 

pron10ted the f"orll1Llbtiol1 of soil 3g_greg_ates, particularly l110re than :2 n1111 size 

and increased the Ini..'~lll \\'eight. diall1eter. reduced bulk density and enhanced 

cUll1ulati\'c inliltratiol1 du~' to conlbincd use or green 111anUres and crop 
'J 'f- .. ,,(f, rCSl(iUeS alter 1\"1...' \'C~lrs In rtce-\v let se(.luencc. - ~ 

LOlnte c! (fl. (1993) rC\'ealcd that the values of bulk density, \vater 

stable aggregates (,>().2) n1111), infiltr,ltion rate. hydraulic conductivity of the 

soil \vcre increased due lo il1tercropping. CO\\" pea/pigeon pea \vith sorghuln and 
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also application or Sie\'cd FY;'vl (({ 1 000 kg/ha cOlnpared to sole sorghllIn 

( \vi thout F l' ivl ). 

R~lIn '~l\\a.i ~\I1<.l Y~l<.Ia\ (1{)94) reported that the hulk densitv \vas 

reduced and intiltr~lti(')11 r~lte or the soil \vas increased t"ronl their initial values 

to the end or experinh .. 'IH 011 intc....'nsi\·e cropping syslL'nls. 

Bellakki and Badanur ( 1(.)94) also round that the \vater infiltration rate 

and \\'ater retC'ntion characteristics or vertisol increased and bulk density 

reduced \\'ith sorghull1 stubhlcs al(')IlC or in cOlllhination \vith leucaena loppings 

o\'Cr that 01" t"ertili:l.er ~lpplic~lti(.)n. Leucaena loppings alone or in cOlnbination 

\vith sor~hunl stuhblcs increased the \vater stable ~l~u.reu.ates si~nificantlv after 
....... -- '- -- -' 

7 years or experinlenl~ltion. 

Bulk densil\ or soil ckcreasecl signilicantly' due to application of NPK 

fertilizers over initi~d \·~dlle. It \\'~lS further IO\\'ered dO\\'n because of cOlnbincd 

application or NPK I~,rtili/crs . organic Inanures indicating Inore fa\'ourable 

effect of ~()(Y<, ~Pk ~()(~/;, ~ through green 111al1uring and subabul leaves 

(rvlale\\'ar and Ilasnahade. 1 <.)<.))). Patil ('/ 01. (1 <,)95) reported that the fertility 

statlls of soil \\'as illlpr<.)\·ee! by adoption of pigeon pea-\vheat sequence, but 

reduced by cereal-cL'real selJuences. The recycling or organic \vaste \vas found 

benelicial in s<.l\·ing tl1l...' ~lpplicd as \\'ell as efficient in enriching the soil health. 

/\Inongst the recyckd org~lnic In~lnLlrcs. I~lrnl yare! 111al1Ure \vas Inore efficient 

and ,'ollo\\"cd hy \\'he~ll stra\\·. Pat i I ( 19(7) reportcd that incorporation or FYM. 

VV'CS and (irVl i'or~) to 5()(~/():\ substitution in con,iunction \vith balanced dose 

of NPK fertilizers in sorghuI11-\v!1eat sequencc incrcased the inliltration rate. 

\vater stahle agrl...'Cgall...':-.; dl1(1 organic Illaner content of soi I and decreased the 

bulk. densit\' clue to illlprO\'C111ent in structural statlls of soil. ()ilseed-based 

cropping sequL'l1ces hl...,ha\·cd dilferentl\' In inilucncing phY'sico-chernical 
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properties of soil alter 1\\'0 cycles over initial values. ()verall results indicated 

that inclusion or legunlc in thc systeln is benelicial for Inaintcllance of soil 

fertilitv. its h(.'alth ~1l1<.1 productivity. e:'\cL'pt cotton suntlo\\'er SystClll (lvlale\var 

el o/.. I 9(9). 

2.4.10 !Vlict'ohial population studies 

/\Ibuqurque and PatL'1 (1955) obsen'ed \"hile studying the effect of 

different l11anurial trL'~llnlents on Inicrobial population in 'n' type of soil at the 

I~lrtll during periodical 111icrobial cxalllination ill the soil in the l110nth of 

January. /\pril and SL'ptclnbcr. The fungi population \\'as negligible and that of 

bacteria and actillolll~'cL'tcs predolllin~lted. Farlll yard 11lanUre and saftlovver 

cake induced greater ~lcti\'itiL's of the l11icroorganislns as cOlllpared to other 

fertilizers and 111anures. The lllicl"obi81 population \vas rOLInd to bc depressed by 

sulphate or ~llnnlOni~! ~ll1d so<.iiulll nitrate: Super-phosphate sho\\'ed a beneficial 

effect on the total population. hut its elrect \vas particularly seen on the non­

sYIllbiotic nitrogcll li:'\illg org~lllisllls. Sulphate or potash and 11luriate of potash 

did not sho\\' any spL'ci lie di rll.'rL'nCes in their effect. 

Kalnat ( 197X) reported that the di rferent organIc Inattcr nall1elv fann 

)'8rd I11anure. paddy stra\\. dhaincha and karan.i cake \\'ere added to the soil 

salnple III orcler to stucl\' thL' c1cvelopnlent and inlluence of bacteria 

actinolnycetes. fUllgi and ~l/otohacter in the deconlposition of the organic 

Inatter and it \V~lS round that thL' highest population or rungi vvas obtained in the 

soil Inixed \\'itll padd~ stra\\' <111<,1 karan,i cake \\'hile it \\'as seen that the soil 

treated \\:ith t~lnn \ ~lrd nl~lI11lre gave highest por)Lilation or bacteria and 

azotobacter per grain or soil s~llllpk' under aerobic condition. Quantitative 

study of Illicn.)org~lnislll~ re\'e~t1ed that the 11licrobial population \vas nlore or 

higher under ,1erobic condition \\'here ciecolnpositioll rate \\as I~lster \vhile 
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under \\"ater logged conditions, decolllposition delayed and cOlnparativcly there 

\vas a decrease in the Inicrohial population. 

/\pplication or I~lnn yard l11anure on an ~lIlL1vial sandy-loaIll (Kanpur) 

over the y'ears ( 19:'4-71 ) ga\'e the highest \'iable count of azotobacter, but their 

population in conlbination \"ith inorganic N or :\p, \vhcreas the population of 

fungi and actinOlll)'Cetcs correspondingl)' had gone up. ;\pplicatioll of castor 

cake depressed thL' population or bacteria. fungi and actinoillycetcs but there 

\\'as no efrect on the population of the nitrogen fixing azotobacter (Nalnbiar. 

1(94). I·"tlrther he also reported in another experi nlent that the efrect of long 

terIn nlanuring and intensi\'e cropping on Inicrobial population \vas evaluated 

on a red 10al11 at Ranchi, The data clearly' shc)\\'ed that the highest viable COlInt 

\,,:as noted in the case (.) r <.l/,otobacter. bacteria and acti nOln vcetes \.vi th N PK -+ 

FYiVl treatlncnt rollo\\L'd b\ lillle .- ~PK treatnlcnt. Ilo\\·cver. the population 

of fungi reduced hy 1l1orL' than one hall' in the C<.lSL' or linle treallllcnt probably: 

clue to an increasc in thL' soil pi I. The fungi population appcared to be sensitive 

to alkaline pI I. Thus. incorporation or l~lI'nl yard 11l<.lnUrC in cOlllbination \vith 

NPK fcrtilizers. by and large, \V~lS round to provide a l~lV()Urable cnvironnlent 

for the g)"()\vth and de\'L'lopnlent or beneficial soil Illicroorganisnls. 

2.5 Effect of intc~n\h.'d Ilutl'icnt Inanagell1cnt on econolnical studies of 
the seq lIcnc(' 

I)ubc:y ('I ul. (I ~'17) reported that the graIn yield and total profit of 

crops in'both the crop scqucnces \'iz .. ricc-\\'heat and sorghulll-\\,heat increased 

\vith every corresponding illcrc~1se in rcconllllcnded dose upto I o o (Yo level, but 

75 0
/0 or the l"Cconllnencied dose to both crops ill these crop sequences appeared 

optinlunl dose to enhanced cost or lertilizcrs. The results indicated a saving of 
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25-500/0 quantity or costly N fertilizers and sllstainability or grain production in 

the both cropping svstcI11S \vith the integrated LlSe or fertilizer and organic 

Inanurcs. 

Borgohain ('I 01. ( 1 <.)(.) I) reported that Inaxill1ull1 net profit \vas obtained 

I"ron1 j ute-ricc-nlpcsecd rot~lt ion rollo\vec! by .i u tc-rice-\vheat or .i ute-rice-Ientil 

sequence. Badiyala and Verina ( 19<) I) sho\\Td that the application of FYM @ 

12 tonnes/ha alone or incolnbination or biolcrtilizer as \vell as biofel1ilizer 

alone significantly increased the grain ~ ielei or all crops \"iz" l11aize-soybean­

\vheat cropping scquL'ncc. \VhL~at cqui\'alent yield, and gross and net returns/ 

ha/vear \vith the cOlnbined USe or t~ll'nl "ard nlanure and biolcrtilizer and alone 
~ .' 

\vere si In i lar. but InorL' than that I"roln than other supplelllcntal sources. 

Ragl1ll\vanshi ('/ (I/. ( 1991 ) sho\\ed that out or rour sequences soybean-\vheat 

sequence \vas the nlost relnunerative sequence. The urea super granules (j__~, 120 

kg/ha applied to precL',=.ding ricL' proved superior (Rs. X706.65: 1.(4) to neeIll 

cake coated (Rs. X217: I.XX) and prilled urea «()701.35: 1.56) in respect or net 

return/ha and bencfit:coSl ratio in rice-\vheat sequence. /\hlned and 13aroova 

( 19(2). The total net returns \\ ere in the order or c(.)\vpea-chinese cabbage-

\\'heat > co\\'pea-co\\'pea-\\'hL'at > Inaizc-chincsc cabbage-\vheat > sorghul11-

chinese cabbage-\vhc~lt _' Inaizc-Inai/.c-\vheat and lo\vest a ftcr sorghunl­

sorghllln-\vheat cropping sysLL'ln (Kan\\'aljsin~ el 0/..1 <)92). Negi el ([/. ( 1992) 

recorded the rcsponSL' rUl1ct ions to P rerti I ization in \vheat. /\ ppl ication of FYM 

and P to \\'heat ga\'c signilicantly higher grain yield and gross returns. In 

111al/C. FY~v1 resulted in a signilicantly higher grain yield and gross returns~ 

ho\vc\'cr. the net returns \\'erc signi licantly lo\\"er cOlnparcd \vith no FYM. 

Clrain yield as \\'ell as thL" net rcturns froln nlaize crop due to residual P applied 
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to preceding \vheat crop. \vere cOlllparablc \vith the direct application of P to 

Ina ize. sho\vi nt! thereby that llla ize can thri ve \ve lion residual P. 

Singh L'I ul. ( 1 ()<.),2) obsen'Cd <l significant vari~lti()n in yield equivalence 

(in tenllS of rice) and I1L't returns due to eli ITcrent crop sequences. :vlaxinlUl11 

yield equi\'alence \V(lS recorded in rice-potato sequencc \\'ith a net profit of 

Rs. 15.5J4 and Rs.I~, 1 93/ha during first and second year, rcspectivcl.y. 

The crop selJuences \\ ith 300<Yt) cropping intensity gave higher net 

returns than the other sequcnces. The Inaxin1un1 (Rs. 15.~07/- per ha) net 

returns \\'as recorded i"rolll the cOlllpiL,tc forage crop sequence or decnnath 

grass -- Inai/e 1- C()\VPL',l. rice-\\ heat-green graIn and rice-bersccIll-green granl 

sequences. but it \\'as OIl par \vith deennath grass \\'heat -_ () reel1 0 ranl and ::::;. b 

groundnLlt-()~1l-1l1~li/e ! CO\Vpe~l sequences. Prasad and Kerketta ( 1(92). Pa\var 

ef 01. ( 1 <)92) concluded that 1l1axinlLlJll 1110nctar),' returns can be obtained frol11 

grollndn L1t-/"ahi sorgh Ulll crop seq L1e'nce. 

Kurlek~lr Cf ul, ( 1 <)93) obsL'n'ed that out or ten di tTerL'nt crop sequences 

tried. crop scquences \'i/. blackgralll onion nlaize (n chilli-sullllller groundnut, 

baj ra-c~lbbage-ground Ilut/cot tOIl-sunl nler slln 110\\'er. sorgh Ll nl- \V heat-green 

graill/cotton Slll11111er groLllldllLlL sorghull1 chickpea-co\vpca (F )/chilli-SuI11111cr 

groLllldnut \vcrL' rOLlnd 1l1ost productive ~lnd profitable. The net 1l1onetary 

returns recorded hy thL'sL' SL'ljLlcnCL'S \\'cre in the range or Rs. 35 to 40 thousand 

per hectare, \\'hiIL' cost-benefit r~ltio r~lnged Crolll 1 :2.52 to 1 :3.11. These crop 

sequences sho\\ed 11lore lanci LIse elliciellcy and prociuction e1Ticicnc:y over 

others. 

/\n experJlllent to study the cOlllparative perfOrlllanCe or legulne-cereal 

and cereal-lcguI11L' \\'illl cereal-cereal crop sequcnces under different reliility 

levels \\',IS conducted ~lll(.l it \\~lS ohsL'r\'Cd that. gross as \\'cll as net Inonetar.y 
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returns of cereal-cereal green nlanuring (sorghunl-\vheat-sunhcI11p) and legun1c 

cereal (soybean-\vhear) sequences \\'ith 100 per cent recol11111endcd fertilizer 

closes. \\'ere signi licantly 1l10re rCI11unerativc than other sequences tried 

(Kurlckar e/ (//.. ILJ9]). 

1.0l11te el ul. (19()3) sIH.)\\ ed that sorghul11 t pIgc()n pea intercropping 

gave the nlaxilllLlI11 ad\'alltage I"ollo\ved by sorghulll -I CO\V pea intercropping 

\vith inlproving the soil physico-chelnical properties. 

Patel c:1 (II. (I ()(.)4) ohscl"\'ecl that the net 1110netarv returns fron1 25% 

basal N through C~lS1l)r cakL' 7 ~ () / :-" /0 basal ~ through urea to \\'heat \vas 

l11axinllll11 (Rs. ].() 17,iha). The highest net prolit \vas obt::1ined 1'1'0111 200 kg 

N/ha, follc)\ved by 160 kg/ha. Rajput (.'1 al. (1995) sho\\'ed that appl ication of 

I~lrnl yard Inanurc (a/ 10 lonnes/ha .:- full N (20 kg 1\/l1a) as foliar in equal 3 

splits proved superior ~lnd hal I' ~ as basal -+- hal r ~ as foliar in 3 splits, giving 

higher returns thal1 other trL'allllcnts. A dose of 5 kg ZnSo./ha as foliar 

application gave highL'r yields. 11('t returns and N uptake than I () kg /.nSo.l/ha as 

basal and no /.i I1C. 

Sinsin\var ( I ()()_f) rC\'ealed that l11aX1111U111 net returns of R.s. I 1 ~550/ha 

\vas obtained \\·jth C()\\T)ca-\\ h~at sequence. Cirain sorghulll-\vheat rotation 

resulted in the lo\\'cst returns or Rs. 3()~ 1.80/ha. 

KlIrlekar <!T 01. ( I ()l)4) sho\ved that the highest per annU111 gross as \vell 

as 11et l11011etary returns \Vere obtai ned Croll1 sorghuI11-suntlo\vcr-groundnut 

sequence closely follc)\\'cd by sunll()\ver-chickpca-groundnut and cotton­

groundl1ut sequenccs. The cost-hcnclit ratio and productioll elTicicncy \vas also 

Inorc under these sequences. 
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Pat i I ('/ ul, (199.5) reponed that the gross as \ve II as net lnonetary 

returns or pigeon pea-\\'heat sequence \"ith recollllnelH.leci dose or tertilizer to 

both the crops \\'ere round rL'lllunerative and beneficial than other sequences 

tried, This crop sequL'nces recorded Inore land lise efficiency and production 

elliciencv over the others, 

The highest nL'l return \\as found \\'ith rice-\vheat cropping s),steln. The 

higher net return in riCL'-\\'!1eat cropping s:ystelll \vas due to higher total 

production or thL' SYSlL'lll: \\'hile higher net return ill rice-Indian 111ustard and 

rice-gra111 cropping S) stelllS \\'as o\\'ing to high prices of Indian 111ustard and 

graIn. Thus. ricc-\\'hL'~lt t(Jllo\\'L'd by rice-Indian nHlstard ~lppeared the I110St 

rernllnerative cr()ppin~ svsteln «( jal~var el (//.. 1 (_)95). 
~ • A 

Sa\\'arkar (.)/ ul, (1995) sIH)\vcd that \vheat can successfully be gn)\vn 
./ 

after soybean. groundnut and sorghuln. Cirounclnut-\\'heat. groundnllt-chickpea 

and soyhcan-\\ heat g~l\ (. signi ticantly higher total yield or 6.41. 6.38 and 5.83 

tonnes/ha respecti \'C I) than sorgI1l1111-\vheat (4.25 tonnes/ha). and higher 

signiticant net returns or Rs. 14.429. Rs. 13.34.5 and Rs. 13.125/ha. The best 

crop sequences \\'L're found grounclnut-\vheat and grounclnut-chickpca, 

1()lIo\ved bv sovbean-\\'heat I()r L'conOln ic return. 

TOlnar e/ (//. ( 1 ()9(») conducted cxperinlent to evaluate Inost productive 

and econolnic douhk' cropping \\ith pulses and oilseeds against \vheat. The 

product ion potcnt i a I ill lerJllS () r \vheat-gra in eq u i va lent \vas higher in soybean­

chickpea and bl~lCk ~r~lln-chickpea double cropping systel11s. Cinnving or 

chickpea in \vinter alter soybean or black granl \vas highly profitable c0l11pared 

that or \vheat-Indian 111L1stard and linseed \vere found next to chickpea on the 

basis or Inonetarv returns. 
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Patil ( 1 <)97) reported that grounclnut-\vheat cropping systcnl \'.lith 100% 

reconlnlcnded Icrtili/,cr/ha \vas rounci highly rell1llncrative \vith high net 

returns/ha and bencllt:cost ratio than other crop sequences. Ilo\vevcr, reduction 

of 25 (Yo reCOlnn11lcclcd Ic\,'el of fcni I izcr to \vheat in grounclnut-\vhcat cropping 

S)'stClll did not affcct Illuch productivity/ha, nct return/ha, bellei~t:cost ratio per 

rupee invcsted 011 lenilizer cOlllpared to IOOO~) reconllnended fertilizer to both 

the crops. 

(,<ll1g_\Var and Shanlla (I ()97). the results sho\vccl that productivity of 

sugarcane could hc increased to the tUlle or .2()(~~) over I~lrtncr's practice (May 

planting) by planting Sl1g~lI"Cane and \"heat sin1LlItaneoLlsly in n1id-Decenlbcr 

\,vithout tangible dcCrC~IS(' in \,vhcat productivity. Further hi oher net returns of 
~ 

Rs. 35_443/ha/annUI11 can ~dso be obtained under silnultaneous planting 

con1parcd \vilh 1~lrnlcr's pr~lctice \vhich rccorded lo\v'cst net returns or Rs . 

.2 ') ,8 5 7/ll'1/al111l1111. 

Vern1a ( 1 ()<)7) \vorkL'd out the Inost rcnlllilerative crop sequences for 

the C'entral Plains Zone of" Uttar Prad('sh. Maize-Indian lllustard-grecn graIn 

gave highest net returns (Rs. 16,544/ha) folovv"cd b)' rice-Indian n1ustard-green 

granl (Rs. 16.480/ha) and pigeon pea-\vheat (Rs. 15,6]9/ha). I-:lighest net profit 

on per rupee in\'cst111L'nt \\'as recorded \\'ith pigeon pca-\\,'heat crop sequence 

(Rs. I.O~). \/ccl Singh L'/ "f. (109~) reported that the net returns or Rs. 13,8591 

ha/year and Rs. I], I ~K:ha/year recorded respcctively under cottol1-\vheat and 

pigeon pca-\Vhe::'lt \vert' C:ll par and signi flcantly superior to those obtained under 

all other crop sequenccs. 

Tripathi ('/ (/1, ( 19(9) reported that an10ng the crop sequences tried, the 

1110st re111uncrati\'c crop sL'qucnce \\'as the one \vhere PUS,l BaSll1ati \vere gro\vn 

during khoriland \VhC,ll during rohi SC~lson \vith and \vithoul green 111nl1unng In 
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one :year crop rotation It)llo\\'ed by the scquences \\"here a crop or berseen1 \vas 

included during /"ohi or sOY'hean ~1I1d J>usa BaSll1ati \vere gn.)\vn during khar(lin 

t \vo-vcar rotat ion. rvl ~l i /e-\vheat rotal ion gave 10\\Csl a veragl.' returns and the 

least prorit. 

ivla 1 i \\'a I <..'1 ul, (I <)<)<)) resul ts re\'ealed that cottol1-\vhcat croppIng 

s\'stenl \\'as the 1110st n .. 'll1u11erative and suitable ror Nannada c0111111anci. 

FYiVl and I ()O~~) RI)F \vith 

/\/ospirillu111 .-- psn inuculation ll1axilnized net returns or sorghuI11-\vheat 

cropping seljuence. 

2.6 Effect of intl.'gnltl.'d nutl"il.'llt Illanagclllcnt on L·nl.'q.~Y lise for crop 

pl"()d uction 

The quantllll1 ~ll1d proportion or eli Ilcrent ronns of energy depends on 

the extent or lise or inputs and intensity or f~lrnl operations. The highest energy 

consu111ing l~ll'nl oper~llions and inputs are responsiblc for the energy input­

output relationship. Thlls the p~ltlern or energy use in the l~lrl11 operations and 

different inputs pro\'ide a guideline to regulate the cxtent or i11put energy in 

crop production. Sil1~h and VIiglani (1976) sho\\'cd that energy usc per ha 

varied sigl1ific~lntl~' hl.,t\veel1 eli ITerent types or soil crop-clilnate cOlnplexes, 

bet\\'ecn le\'el n" tL'chnology and according to size 01" I~lnll. I)eshpande and 

l)eshlllukh (IYX2) rrOI11 the field study ~ll PKV. /\kola round that rohi \vheat 

production rcquin:d Il)56X.73 \/1.I/h<1. The highest energy required 1"or land 

preparation \vas the e"tent or 37.()O per cent I"ollo\vcd by fertilizer and it's 

application \\'ith 37.0_) per cent and irrigation 12.48 per cent. .fadhav (1986) 

\\"orked at PUlle and recorded that the energy output \vas increased \vith 

sorghuI11-\\'hcat cropping th<.ln grouIH.lnlll-\vhcat cropping. L:nergy balance vvas 

positi\'C in sorghunl-\\ 11eat croppIng. \\·hereas. it \vas negatl\,c in grollndnut-
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\vheat cropping. Lnerg,y USe erlicienc:' \\'as 1110re \vith sorghulll-\vhet cropping 

than groull(.lnut-\\'he~1t cropping. 1·.l1ergy output, energy balance and energy use 

cniciency \vas l110re \\'itb rull dose than half dose applied to khul'{( crops. 1-1e 

further reported that thl...' energy' output or both sorghuIll-\vheat and groundnut­

\vhcat croppIng svstell1S \vas increased \"itb increased le"els of fertilizers to 

\vheat during all the three years. I':nergy' balance of sorghulll-\vheat cropping 

\vas increased \\'ith increased levels or fertilizers during all the three years 

except during I 979-X() \\'here it \\'as increased upto 2/3 or the recollll11cnded 

levels or fertilizer ~Ipplication. Bhatnagar (] (98) considering \vheat-paddy 

rotation estilnatcd the I...'nergy requirelllcnt as 42499 ;VI.J per ha for an average 

productivity or 4- t/ha. Billore <.:1 01, (1994) reported rr0l11 SchorI...' that legU111e­

based cropping systellls consull1ed less energy inputs than cereal based syste111. 

The soybean-granl sl...'qul...'nce \vas found Inost energ}' c nicicnt follo\ved by 

soybean-suntlo\\er. Thl...'Y stated that \\'heat culti\'ation either alter soybean or 

sorghunl sho\\'ecl thL' k'ast energy usc eniciency. S\\'(_lI11inathan er 01.( 1994) 

conlputed energy requirelnent for crop production In T<.ullil Nadu and 

expressed in 111ega .iuuk's. sho\\'ed large variations. The highest energy' required 

for sugarcane (planted) \vas ~22()7 lV1J/ha follo\\'ed by \\'1...'11 irrigated paddy 

()g91 R j\!I.J/h~l and colton 2:'470 \tJ/ha. \Vhercas. can~ll irrigated paddy needed 

onlv 192] i\!U/h~1. \\11ich \\'~IS k'ss than 1'or rainfed crops like j()\var, 2850 

Vl.l/ha: cotton 3 140 )\1.I,'h(l and groundnut ~020 i\/l.I/ha. R<.Ul1 and Khandehval 

( 19(4) using data I'rolll experinlC'rllal lield and f~lrtller's field assessed the 

energy requirenlent "or crop production in :\'1.P. at existing technology. The 

total energy requirelllL'lll \V~lS 22 (JJ/ha '()r paddy-\-vheat rotation and 20 GJ/ha 

for soybcan-\\·h~'~lt. ThL' tout! L'lll...'rgy n:quirelllents 1'01' 1l1a.ior crops varied fr0l11 

3.5 to ~ (J.l/ha resulting in the total output-input ratio lh.)lll 5.~ to 7.0. Bhatia 

( 19(5) reported rrOll1 !'\L'\\' f)I...'lhi that the total energy provided in tenns of 



77 

calories rron) a crop S\.:qUelH.:e. all the crop sequences "'ere at par. soybean-

\vhcat-grcen graIn ga \'l.' higher energy !<JII<.)\vcc! by soybean-barley-green graIn. 

The energy balance and l.'nergy lise efiicienc), of the sequence or intercropping 

or pigeon pea -I soy'bean in 2: 1 rov,' proportion follo\·vecl by w'hcat was 

conspicuollsly l110re than other cropping sequences tested. The \vheat preceded 

by' intercropping ol"pit!eon pl.'a . soybean in difrerent n)\v proportions \vas also 

eflicicnt in energy use than \"hen preceded by sole crop or either pigeon pea or 

soy'bean (Pat i L 10(7). J>~l\\'ar (2000) conc luded that <.l111ong the <.Ii 1'ferent crops 

sugarcane \vas the highest energy COnSUll1 ing crop in both rcgions (i .c. rain fed 

and irrigated). It \\'as 1<)IIl)\\\:~cI by bajra. \\'heat, raiJi jo\var and nlolki in rainfed 

rcgion and w'heaL colton, soybean and bajra in irrigaled region. The yield per 

hectare in tertns or Clll.'rgy j()r crops \vas higher in irrigated region than that in 

rainfed except le\\' crops like I1/Ulki, \"heat and graIn. The energy ratios \vere 

higher for rainiL'd crops than that I()r irrigated crops. The energy input used 

and output obtai ned. both on per I~lrlll and per hectare basis \vere higher in 

irrigated than that in rainl"cd regloll. Ilo\\'e\"er. the energy ratIo \vere higher in 

the raintl.-d region. 
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3. MATERIAL AND METHODS 

The present investigation \vas carried out bv laying out field 

experi Illell t on "Ill tet!.rated IlU triell t Inanagclnent systen1 for producti vi ty 

potential or sorghU111-\vhcat sequcnce undcr irrigated conditions" during 1999-

2000 and 2000-2001. Vll...'thods adopted lor variolls gro\vth observations and 

statistical analvsis ~lnd Inaterial used in this invcstig~:1lioll arc discllssed in this 

chapter. 

3.1 Dctails of the expcl'iHlcntal luatc.-ial 

3.1.1 L 0 cat i 0 11 () f the ex pc.' i 111 C 11 t a lsi t c 

The expcrilllent \\as conducted in survey \;0. 13] or the Main Centre 

ror Cropping Systelns Rescarch Pn)_ject situated at Central Cmnpus fann, 

Mahatllla Phule Krishi Vidynpeeth, Rahuri-413722, [jist. Ahlllednagar, 

Maharashtra State (India). The location of central call1pus is in bet\vecn 19°47' 

N to 19°57' N latitude and bet\vcen 74°19' l to 74°32' E longitude. The 

elevation above \'lean Sea l,evel \'aried frolll 495 to 5(19 Ill. 

3.1.2 (:Iilllatc 

Agro-clin1atically, the area hIlls in sCllli-arid zone (Region-VII) \vith an 

annual rainfall varying froln ]07 to 619 n1111. The clilllate or selni arid 

ecosvsten1 is characterized b\' hot and drv Slllnn1er and \vinter ranoes cool to ~ b 

nlild. The annlml ~lvl'r~lge railll~dl is 520 Inn1 or \vhich ~OO/;) received froln 

South- Vv' est 111011S0011 ,'roln June to Septelnber erratically distributed in 15 to 45 

nunv days \vhilc rest 01" quantity received in the l110nth or ()ctober and 
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Novell1ber rrOI11 North-l':a~;t l11onsoon. Se111i-arid zone is characterized by high 

clinlatic \\'ater dL'IlHlnd and variable and erratic rainf~t11. 1-\ vcrane annual b 

11laxin1Ull1 tell1pcraturc is 37.<.)°C . Agroclill1atically. this tract faJls in a scarcity 

zone hav i ng !c.n\· rai 11 J~lll and dry c Ii 1l1ate. Hovvever. deve lopnlent or irrigation 

has n1adc a size~lble p~lrt or senli arid ecosystell1 11101T productive and stable in 

productioll. 

I)uring the L'lltire gro\\'th period of sorghUl11 (June to ()ctober), the 

Inean IllaXII11unl lelllpCrature fro 111 and n1ean 

InininlUl11 tel111.Jcr;;lturc ranged rr0l11 J 3.4Y C to 22.8 D
(_' during J 999, \vhile the 

corresponding val Lies "or the year 2000 \vere 28.1 °C to 33.4 c C and 13.5°e to 

22.8°C, respectively. The n1ean relative IlllJllidity during n10rning and evening 

ranged rrOlll 74 to C) I ;'lIld 43 to 75 per cent during 19<,)9 and corresponding 

values ror 2000 \\ L'rL' 7;:'; to 93 clnd 2~ to 78 per cenC rcsepctivel:y (Fig 1. and 

Fig.2). 

The receipt oj" rainl~t11 during khor{j\.vas 730.2 111111 and 644.7 n1111 with 

48 and 29 rain)' (bys during 190<) and 2000, respectively. The distribution of 

rainfall during the gn)\\ th period or khur{l crop \\'as satis1~lctory during 1999 

and 2000 )'car of expcrill1enu'ltioll, This has helped in inducing opti111UI11 

gnn·vth or sorghull1 crop. 

IJuring ruhi season (Novenlbcr to March) the Inean n1aXIlnUIn 

tel11J.)l~ratLlre ranged fro III 26.5"e to ]5.3°(' in 1999 and 24.4°C to 35.0°C in 

2000, respectively. The corresponding values or the nlcan n11n11nUll1 

ten1peraturc \vere ().()"C to 15.9°(' and 7.7°e to I ().noe during first and second 

year or cxpcrin1cnt~ltioll, respectivcly. The I11ean relative hUlniclity varied fi'oI11 

5() to 97 and 48 to X7 per cent during 1110rning hours and it ranged froll1 15 to 
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44 and 17 to 44 per L'Cllt during evening hours in the year 1999 and 2000, 

respectively (Table I (Inc! 2). J)lIrin~ rubi 1<)99 no raillf~lll \vas rcceived, 
'--

ho\vever. during 2000 \'CTV n1eagre quantity of rainfall (7.R 111111) \vas received 

in t\VO rainy days i.e. ~lt tilL' tillcring stage of crop, benefitted the grovvth of 

\vheat. resu I t i ng in i nl pro\' i ng the prod ucti \'e till cri ng nature 0 I' \\'heat to S0l11C 

extent in the second year as cOlllpared to lirst :'e'lr. B:" and largc, during both 

the years. the season \\ as congenial for gro\vth and productivity of khar(l and 

,.ohi crops. 

3.1.3 Soil 

The experill1elltal soil \vas Illediulll black \vitll 60 to 90 cnl depth. The 

clOlllin<lnt type or clay Ininerals is beidellite and Illontl1l0rillonilc. This soils arc 

grouped under the order Vertisol and great group of Chn.)lllusterts. The soil 

he long to ()tur soi I seri l.'S. \\ hi cll cOll1prises 1l1CIll bers 0 r 1i nc IllontJnori lIon itic. 

isohypertherJllic llllllily or T:ypic ChrOlllusterts. These soils have lovv' intakc 

rate and high s\\'elling shrinkage properties. 

III order to study the physical and che1l1ical properties of the soil of the 

experinlcntal tield. t11L' suil s~lIl1ples rrOI11 0 to 15 Cill depth fronl ten different 

randonlly selected IOC<.lliollS \VeTe collected in the cxperi n1ental area, before 

laying out the cxpcrin1ent. The con1posite sCln1ple \vas prepared and \vas 

anal:ysed for the physical and chell1ical properties sllch as clay, silt, line and, 

coarse sand and avai I~lble nitrogen. phosphorus and potash, organic carbon and 

pI L respectively. The initial physical alld chcnlical properties of the soil before 

start 0 f ex peri Inell l arc presented i n T~l ble .3. 
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Table I. Vleteorological clat~l ror the venr 1999-2000 

\ilontl1 i'vh .. 'tc- I)~lks I"cl11p('r~ltUrL' (l),o) I H Ulll idi ly ((~/o) Rain1~111 No. or 
01"01-

I 

\b:\i- \1 i 11- j\ll)nlin~ I .. ·: \ CIl i n~ ( III III ) raIny 
u t! i ell IllUlll I IllUlll days 
wL'ck 

/\pril .. 14 2-X 
i 

.~X .. 7 I 1 ~.2 ~() .20 - -
1 t)l)() i 

! I 
I 

I~ 
I 

()- 1 ~ .. ~ () .. -l 15 .. 1 () 1 It) - -
I 

1 () 1 ()-.2 ~ .-;X .. () 14.....J.. I ';' ll) - -

17 .2.)-2() _)X .. X 16.2 )X JO - -
:'\'Iay. IX .)()-() .~ l) _() 1 () .. 4 4() 17 - -
1999 19 7 - I .) 34.~ 20 .. 5 71 2() - -

2() 1-~-.2() .~() .. 2 
I 

20 .. () XO 3q 32.4 ! 

21 21-27 34. () '"), ...., 

X I 4l) 23 .. 8 1 I I 

__ 0. 
, 

" 2X-3 [ _)4.X 2 I ..() X2 4~ )().2 ...., 
-- -) 

.Iunc. ,"'" 4- I () l 3~ .. ) 20 .. l) XI () I - -_.' 
1999 2-l 1 1-17 I .~() .. ~2 22.(1 ()O 72 I _)_).o 4 

j 
2~ 1 X-2 .. -t 2') .. 2 22 .. X XX /, 27.6 ) I I...:. 

i 

2() I 2)-1 
I 

.~ I .. () 22 .. 0 X~ :; () ()().b <) 

.Iu" . 27 i 2-X 3 I .. -+ 21.. 7 XC) ::-'7 )).2 J 
! 1 ()9l) 

2X ()- I ~ 
I 

3 (). () 22A 87 (,() X.2 1 

2') I ()- ~ =: I 2l) .. 7 22.() X5 75 24 .. 6 1 
I 

.) () 23-2l) 29 .. 1 22 .. 7 
I 

XI (L) 4 .. 0 -
--

) I ~ ( ) -."' ":8 .. -1 ) , . ., 
X-+ ()-+ 

I 
()....J.. -

! 
-_._ 

:\ug .. 99 32 ()- ! ~ 27 .. l ) II .) XC) ()() I I.. X ! ---_ -
.., ...... 

I 
I .~ - Il) .~() .. ~ 20 .. X X6 ::-.-+ - -, ') 

i 

34 I 

I 
2 ()- 2 () .)() .. 7 

I 
2().~ 74 51 4.8 1 

_)~ 
I 

27-2 I .) I .. X 19.7 84- ~3 1..4 I -

Sept.. ()() .)() )-() .. '() ... ) 2 I .3 X4 )(1 19.0 I 

.17 I ( )- I () 2X.-+ 2 () .. () ()2 (A 2 j4.0 6 

~X 17-2'. 2Q .. ') 1t).4 X7 (li I () .. X 1 
l 

i .. ) l) _' -j- _'l)_~} _' (J .. -; XX 7~.X 
, 

) 
I I I 

~ I I ()(I 
I I I 

-
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Tahk I (l:ontd .. ) 

i'vlnnth \·klL'- 1 ),-IIL':-; I I L'111 pL'ralllrC I III mid i t Y (0/0 ) Rainf~dl 1"0. of 
orol(.)- I (0'0 ) (I11Ill ) n.l1ny 
gical iV1'-L\.i-

I 
f\ilini- Vlorning Lvcning days 

\\ L'L'k I 11111111 111l1ll1 I 
Oct. ()() 4() I 1-7 I :2t) ,() :2 ().() <)0 ()X 76.0 6 

I 
41 ~- I .. ~ 3() .,' 11.2 01 ()O ~3 .() 5 
.. L~ I I :' - ~ ! 

I ,--:. ( ).:2 ! 

I 7 .. ~ X" -~() (_ - -
I 1 ____ · 

4.' I :22<~~ I 
I 

,'(). I I I (). I XI 4.' 0.6 -

~()V. 99 44 2 ()--~ .'. I . () 13.4 77 -+c. - -

4) 5-1 I i -'I.~ I 5.1..) 77 
I 

31 - -

4() I :2- I ~ 1 .2 (). l) 1 1.5 76 2() - -
I 

47 I t)-2:, 2X.3 I ().) 76 .) 1 - -

1 )L'c. 99 4~ I 2(,-.2 
I 

.2() .-~ I (). I I 7X 30 - -
4 t) 

I , _l) I 
2X.() l~-~ -'I 7X 39 I - -

_j 

:'() I I (J - I (, I .'2 ().) X.2 ) ~ I -~g - -

)1 I I ~ ..,--/ - , 
I .2 7.4 l h. () ~l ( _ 27 - -

52 .24-~1 
I 

~_~. 1 1 12.3 97 40 
I 

- -
I 

.Ian,. I J - 7 I 27.X 7.1 X4 30 - -
2000 --'I X- 1-.+ 2X.-'+ i X.I Xl ...... - -_ _ 

-) -"' 
.... 

I 
I :'-2 I 2<). I I I I . t) I g() 4() "\ 

..,'"') ')~ .i - -

-+ I 2<).) I l). l) 79 44 - -
I 

__ -_( II 

:'> 2l)--1 I .'0.2 I 10.9 X6 I'" 

I - -•• '1 
! 

Feb. () :' - I I j 2X.4 (). () 84 -- ... 
I -' _"). - -

I 20()O 
7 12-1 X I 2X.l) I 9.2 72 .15 - -I 

X I ()<~:' I 2 l), I I I (). () 77 37 - -

<) 2h--1 -' I .4 J 2.2 73 I 3() - -

Vlarch. 10 )- I I 32.() 1 (). <.) + 2X - -
1000 -

I I 12-1 X :; _;.4 I I 1. I .25 - -

I 
12 

I 
Il)-:~ () I 34.4 .0Hj 56 15 - -

13 :2()- I I 3) . .) 14.7 .59 19 - -I 
I'olal I ! I I : 730.2 -+8 ; 
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Table 2. Meteorological data 1()r the )"Car 2000-200 I 

1\.1onth 1\.1cle- I),lks I'cm pc ra t u rL' IIumidil)' Rainfall No. of 
oro10- (0,;) ) ((~-'() ) (Ill In) rmny 
gical r'v1 (I" i- VI il1i- 1\1orl1ing Evcning days 
\vCL'k 111 Lll11 11l1l111 

April. 14 :2-K 3X._~ 1 <) . .3 6.3 26 o.n -
2000 1:-' I 

()-I:-, .~X.S 20.0 h:-' .~2 0.0 -

16 1(1-22 .3 X. I 20.D ()4 .~ 1 0.0 -

17 2.3 - 2 () 3 X. I I X.9 (10 26 0.0 -

May. 1 8 .30-() 39.9 20.1 () 1 
I 27 0.0 -

2000 19 7-1.3 I J().4 21.4 76 .).:..1- 0.4 -

20 14-2() .34.2 22.1 7.:..1- 44 1.2 -

21 21-27 .~ (). 1 22.5 79 37 4' 1 
}) 2X-3 .~4.l) 23. I 82 :;3 34.4 .3 --

.June. 2~ 4- I () J I. 7 2 I . () l)J 61 I ()O.2 5 
2000 24 1 1-17 .~2. I 22.8 79 ,)1 4.6 1 

25 18-2-1 .3 I. X I 21. 7 7X 57 n.o -

2() 25- 1 
\ 

.3 \..) 
\ 21.7 7X 57 (;4.6 ) 

.luly. 27 2-8 I 2l).7 2 I .() got 6J 12.0 1 
2000 28 l)-I~ I 28.() I 21.') 85 7'" 45.4 

..., 
. ) .) 

2l) 16-22 
I 

2K.() 22.0 78 ~8 o.() -
I 

J() I 2.~-2l) 1 -' I .-f 2U.2 W2 -H) o.() -

:, \ t, :'(,1- -::-
I 

~ 2__5 2_t \ . \ it) .-\ \ (\ .~ \ 
\ j 

-
\ , 

\ 
\ \ \ _\ 
I 

'\ \ Aug. 
..... , 

6-\2 I .3 (). () 22 . .3 82 57 5.4 1 -) -
I 

20UO .......... 

\7--\'> l .3 \.2 2 \.6 \ ~p 57- 0.0 -"I ") -
34 2{)-2() 28.1 21.8 

I 
9\ 7X 1 ()<).4 5 

35 J/ , 
I 29.1 I 21.9 88 ()() 16.8 2 ~ J-_ 

Sept. J() .')_l) I 2() .-1- 20.2 86 53 1.7 -
200() 

37 I ()- I () .3 1 .4 1<).0 g5 4"" 0.0 I _"l -

_'K 
I 

I 7-.:2.~ 

I 

.1:2. ~ 20.2 X7 .f..J. I 
() g I . ( -

_) l) I 24-3() 32.2 21.5 i 91 47 I 40.8 
..., 
.) I 

( )et. I -I-() 1- 7 ~~~ .4 I <). () 86 _)l) 4.4 1 
2000 

, 

-1-1 8-14 .~ (). l) 
! 

2U.4 93 5() -1-1.8 2 
42 I ~-~ 1 .~2.6 17.~ 85 31 7.6 1 

-1-.' 22-~X ""'I "'I 

16.~ 87 28 U.O ) -' .. ' -



Table 2 (contd .. ) 

rVlonlh 

Nov. 
2000 

I)cc. 
2000 

.Ian .. 
2001 

Fcb. 
2001 

\/larch. 
2001 

Total 

IVklc­
orolo­
gical 
\\L'L'k 

44 

45 

47 

48 

50 

~ I 

5:2 

4 

7 

() 

10 

I I 

12 

I':; 

Ibks I TL'll1pL'l"at.LlrC Ilullliditv 
( (~/(' ) (o/() 

!~~~--~I~~~~~--~--'-~--~~ 
I i\laxi- . \lini- \/lorning L\'L'ning 

III 1I11l Illum 

.-- I.X 1.,.5 

5-1 I .:; 1.4 14.2 

12-18 ~(). 7 12.3 

I 1.5 

2 <).8 I I I . l) 

~_l) 2l).O l).() 

I ()- I h 7.9 

17-2'!- .::». () I 7.7 

24-,!- I 28.7 8.8 

1- 7 24.4 I 11.1 

8-14 

15-21 I _)().3 
I 

22-28 28.4 

29-4 -' I .0 

5-1 I i 32.3 

12-18 I .~2A 
19-25 I 3.,.7 

32.2 

5-1 1 

12-18 

.) 5. () 

2()- I 

I 

I 

15.1 

8.7 

12.5 

9.~ 

1 () .. ' 

11.8 

13.6 

13.3 

16.0 

15.1 

XO 

78 

71 27 

74 

74 I l) 

72 :21 

84 37 

87 44 

79 40 

7() 

72 27 

67 

17 

2() 

59 1 <.) 

27 

68 II 

69 

()4 20 

48 20 

Rainl~tll 

(1111ll ) 

().O 

0.8 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

3.0 

4.8 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

(l.U 

0.0 

0.0 

n.o 
0.0 

No. or 
ramy 
days 

29 

84 
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Table 3. Physical and chell1ical properties of soil 

Part iculars Initial values 
Soi I order Vertisol 
Soi I sub-order Typic chron1usterts 
Soil series ()tur 

/\ Physi cal prolx'rt i L'S 

Coarse sand (~)) 
6.5 

j:ine sal1d (Ycl) 
15.8 

S i It (Yo) 
26.4 

Cla,Y (~l) 
51.0 

Texture 
Clay 

Rulk density (ivtg. nl-;) I 
1.32 I 

Infiltration rate (cm 11- 1
) 

0.76 
\Vater stable aggregates CYcl) macro (>25 111111) 24.6 

micro (0.25-2.0 111111) 
I 27.2 

13 Chen1ical properties 

p\ \ ( \ :2.5) X.2 
Fe (dSl11- I

) 
\ 0.27 
I ()r ll i.ll1ic carhon (~/()) O.()4 :::--

Available N (kg h~l-I) 153 
;\ \'ai lable P (kg h~l-I ) 14 
Available K (kg ha- ' ) 496 

C DTP /\ - extractable 111 icrol1utricnts (111g kg-I) 

I: e 12.9 
Nt 11 22.1 
/.11 O.X7 
ell 

I 
3.27 
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3.1.4 Expcrilllcntal d'-.'tails 

Linder nutrient In ... 1I1agenlcnt practices for sustaining the Cl'opplng 

s,ystenls, ... \ pernlanl.'nt plot cxperilllcnt 011 integrated nutricnt supply systenl in a 

cereal based crop sequcnce (SorghU111-\Vheat) on a fixed site is in progress 

since Il)X4-X5 under the /\11 Incii'l Co-ordinated Agr0l10111ic Research Project, 

through Main Centre for Cropping S,y'stellls Research Project, Mahatnla Phule 

Krishi Viciyapeeth, Railuri, Vlaharashtra, The frallleci lleld experilllcnt 

consisted of t\v'elve trc~l1nlellts out or \vhich ten treatnlcnts are considered vvith 

rour replications ill\'oh ing use or \'arious levels or 0.iPK fertilizers alone and in 

c0111bination v\"ith or~~lllic sourCeS vi:!',., hlrIl1 \lard nlanllre, \vhcat stra\v and 
~- .... ' 

gliricidia leaves in a rall<.ioillized block design as depicted in Fig. J. The details 

or the treatInents adopted during khor{/ and ruhi seasons are given in Table 4. 

()nly tell treatlncnts ~Ire considered 1'01' interpretation and rClllaining tvvo 

treatll1ents are trt.'atcd ;_lS dUllllllY (I)T). 

3.1.5 Plan of layoll t 

The plan or layout illustrating the relevant details IS depicted In Fig.3. 

The other details or l<l\'out arc furnished belo\v. 

I. 

]. 

4. 
5. 
6. 

7. 

NUlllber 01' trcatlllcllts 
~ulnber rcplic~ltioI1s 

Statistical design 
(iross plot Sl/C 
Net plot si/c 
Spacing 

Reconllllcnclcd dose (.) t 
fertilizer (()ptilllllill level) 

10 
4 
){ l3D 

:: 12.6 ~ 8.1 III 
~ 1 2.0 x 7. '2 III 

... 1. Sorghulll 
h. \Vhcat 

a. Sorghulll 
b. \Vheal 

.+5 ~ 12 cnl 
22,S cn1 bet\veen lines 
~ P~():, K,,?O Iha 

120 ()O 60 
120 : 60 60 
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Table 4. l)ctai Is of thL' trcatIllents l()r field experinlcnt 

Treatlnent 
nUlnber 

4 

5 

6 

7 

10 

l{hurijsorgllLllll (e 'S 1-1-9) 

~o f'crtili/.cr. 110 organic Ill~ltter 
( control) 

so<y<) n .. ?COllllllcIH.lccl N PI<. close 
through lcrt i I izcrs 

7S(Yo reC011111h:~nded NPI<. dose 
through t'ertili/.ers 

I OO(~~) reCOI1l111CIH.lcd ~ PI( dose 
through k'rlilizers 

50<~) ITCOllllllCnded NPK close 
throuoh fertilizers --; SO<X) N ::::-
t h ro ugh I.' \{ \/} 

7 S~/O reC0111111endccl N PK dose 
through fertilizers -:- 25% N 
th rough I.' 'y' \/1 

S()(Yo reCOl1l11lL'ncied N PI( dose 
through lL'rtilizcrs 5()(X) ~ 

through \\'heat cut stra\v (\\/CS) 

75(YcJ rccollllllCIH,kd NPI( dose 
through fertilizers -I 25<Yo N 
through \\'heat cut stnl\\' ( \VCS) 

! 5 O~~) reco 111l11elH,lcd \oj J> I( dose 
through krtili/.crs -! SO(~~) N 
through gliricidia 1c~l\'Cs (eJI.NI) 

75(Yt) recolllillended NPI( dose 
through k,rti I izcrs i· 25% 1" 
through gliricidia Ica\'es (CiLrvl) 

Ruhi \\'heat (H[)-2 1 89) 

No lerti I izer. no organic Inatter 
(control) 

1 OO<y<) rccolllnlcndcd NPK dose 
through fcrti I izers. 

750/0 reCOnll11endcd NPK dose 
through terti I izers. 

I O()<X) reCOllll11ended NPK dose 
through fcrti I izers. 

100% reCOnll11Cnded NPK dose 
th rough t'ert i I izers. 

7YYc) recolllnlcndcd NPK dose 
throlloh fertilizers. 

~ 

I ooo~) reconllnended NPK dose 
through fertilizers. 

75o/c) rccolllillencled NPI<. dose 
through l'erti I izers. 

I OO(X) recollllllclH.led N P K dose 
through l'ertilizers. 

75<Yo recolllll1cndcd NPK dose 
through terti I izcrs. 



PLAN OF LAYOUT 

L. .. • ... I"'" ... 
12.6 m R-I 1 m R-II 

~r- T6 T3 DT T8 T10 T1 E ...-
ex::) 

T4 DT T9 DT T7 DT 

T1 T8 T2 T9 T4 T6 

T7 T10 T5 T2 T5 T3 

E ~~ 

...-
~~ R-III R-IV 
DT T4 T8 T10 T1 T5 

T6 DT T2 T4 T8 DT 

T3 T1 T7 T2 T6 T9 N 

T9 T5 T10 T3 DT T7 t 
DESIGN Randomized Block Design with Four Replications 

PLOT SIZE : Gross : 12.6 m x 8.1 m; Net: 12.0 x 7.2 m 

FIG. 3 
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3.1.6 ('lIltllralop<..'nltions 

The various Ilcld operntions c"rried out in the cxperilllclltal field 

during. the klluJ"!! and ruhi se~lSOIlS 01' the ~ycars 1999-:2000 and :2000-2001 are 

presented ill Table :'. 

3.1.7 Secds and so\\"ing 

The seeds 01' sor~hull1 hYbrid CSII-9 and \vheat \'ariet\" HL)-2189 v .. rcre 
~ . -' 

obtained rr0l11 the VL,lin Centre ror Cropping Systell1S Research Project, 

Mahatln<.l P11lde Krishi \'idyapcL,th. Rahuri. The treated sorghllll1 seeds were 

line sov./n on 27 .6. 1 l)l)<..) and 2.:1.6.2000 \vith rccol111nendcd !"(nv spacing. While 

\\'heat seeds \vcre linc s(.)\\'n on :2(LI 1.1999 and 14.11.2000. 

3. I .8 F c I-ti lizc.- a p pli~a (ion 

The rccon1lnclH.kd closes of rcrti I izcrs for klluJ"{/ sorghlll11 (CSH-9) and 

\vheat (1-ID-2189) \\\,.'re 120:()O:60 kg ha- I as N:P20~ :K20, respectively 

(optinllll11 level). ()rg~1I1ic n1~lnure \·i/ .. t~lrIn yard Inanllres. ,vheat stravv and 

gliricidia le<.l\es \\cre ilKorporated in soil ol1e 1110nth before sO\\'ing or khar(/ 

sorghulll 011 the basi::. uf nitrogen content as per treatn1enlS. ('he nitrogen 

application \\'as donL' in t\\'O splits. hall' or 1'.:, rull dose or P2():, and K 2C) \vas 

applied as a basal and n:111~linil1g hal l' N, at 30 and 21 days after sovving of 

sorghulll ~lnd \\'he~lL rL'specti\·el:. The cOlllposition or organic 111anUres and 

quantity of organic nl~1I1L1ITS and chenlical fcnilizers added ~lre presented in 

Table 6. 7 and ~. 

3.1.9 Intcl-~lIlti\'ation and i'Tigation 

First irrigation \\~lS given to each crop during each year il11111cciiately 

alter SO\\'ll1g to L'IlS11re proper gerlnination and subsequent irrigations \\-'ere 

given as per the critil. .... ~t1 gro'vvth sUlges or the crops. \Veeding and hoeing 

operations \\'CIT carried out (or both the crops as and \\'hen required during 

crop gro\vth. The d~lte\\ ise details or opcr~ltions arc givcn il1 Table 5. 
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I ahk'~. Schcduk or lil.:ld npL'r~ltiol1s carried out in thc e~pcrill1cl1tal plot during kl1(("~l 
~1I1<.1 rohi S,-'~I:--'( III 

Sr. 
\jo. 

:\) Pn.'sowing opl'.·ati()ns 

I. I Ploughing 

2-:-~1 11i.lITo\;il1t! 

~ 

4. 
::; 

I :\pplicali(Jn ,)j" ()l"g~ll1ic 1l1anUI"L'S 

-11.aY~Hll () r c~ peri I1lL'm 

/\pplicalioll oj" knili/i.._Ts 
--+-
6. I op drcssi ng 

B) ,Sowing 
---1-

I. I I.inc so\\'inL! 01' sOr!!i1l1111 
, ~, 

..., ---i~". SO\\ i Il~ \ I I' \\ hL·:;t 

C) I liTigations 

- -1-. I /\ l 1~1 . .' limc 0 I' So\\ i Ilg _ 

2.~t 
,----... , Sect llld 

---
4. 

::;. 

D) 

I. 
I ...., 

, Third 
j 1-\-1 II r-t-'-l --
I 

Post sowing opl'l"atiollS 

(j~IP lilling 

Thinning 

\\'L'L'ding (i) I·irsl 

1- I )atc( s) 0 r opcration 
----.---

/\_!wI"i/ 
. -!l)(.)l) __ "2()()() 2()()()-2()() 1 

-~- --~. 
23.). 11)9'-) I 15.5.20()() 

_-; I .:'. I ()l)() r I X.().2()()O 

1.~_:'. 1(1)9 I ().~.2()OO 

22.h.1( 1)<) 1_ 2().6.2~)OO 
2().(1. I <)()() 22 '().2000 

__ L ---_. 
.2 _~ . /. I ()l)l) 2:'.7.20()() 

Nohi 
I ()1..)<.)-2()()() 2000-2001 

I I . I I . I l) I.) () 

2~.IJ.JI.)<)() 
----

25. I I . I l)<)<) 

I :'. I 2. J '-)9() 

---_ __j 

2?1 0.2000 I 
X. 11.2000 

J J. J J .2000 
I]. J 1.2000 

7.12.2000 

2(). I I. Il)l)<) J 4. I 1.2000 

24.6.2000 2(). I J. I <)<)l) I 14. J 1.200n 

IX./.lt)()l) I 25.7.2000 
------ -

7.X. J <)<)<) 14.X.2UO() 

J ~. I 2. I l) l) I) 

(). J _2()OO 

_~ I .X._I ()~t- 15.9.2(~: __ 2().1.2()O~ _'I' 
- I X.2.2()()O 

12. /.19<,)9 X.7.2()()(J (I. J 2. 19'-)9 

I -; .(). \ ()()') I \ 4.7 .2()()() 
_ 

I (). 7. I ()C)t) 
, 22.7.200(J .2 ~. I :2. I <)<)<) 

].12.2000 

23. J 2.2000 1 

I 2. ()-120()D 

] J . J .200 I-I 
I g . .2.200 I ' 

-I 
2].11.2000 t 

\ 
______ 1 

1 .12.2000 '\ 
-~--

( i i) SL'COlld .:2 1 .7. I <)l)l) 
---- _ 

------

-L I I, ),,' i ng I .,.7. 1 t)99 

9.X.20()() 

I ~.7.2()()O 

I. I .2()(_)() 

1.,.12. J I.)t)t) 
17.12.2(~?~1 
5.12.2000 

Pbnt prolccti( In nlL'~ISUI"L'S 

( i) I, i rSl 

( i i) SL'C(lIH.' 

(iii) I hird 

I E) -j-Ilal'"cstini-

1 . 'Sorghum 
, . 
\ 2. \\'he~lt 

F) Thn'shing 
_L- ~~ 

I. I Sorghull1 

,.g.1999 3 J .7 .20()() I 

-----

- --

I :'.7. I ()()C) J 2.7.2000 22.1.200 I 

(l.g. I ()t)9 2<).7.20()() 

X.I). I ')l)C) I / .X.2()()() 
J I . t) . .2 () () () 

-- =/.1 O.ll)l)l) I 2().IO.20(JO 

29.~.2()O() 10.:1.200 I 

.:2 1.1 I. \ l)l)<) 15.1 1.2U()O 

10.4.20()O 25.:1.2001 _____ J 
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Table 6. Chenlical c0l11posiliol1 ororganic Inanurcs 

1-- Organic--- !\!OisLUl"l.: 1'< 

I _",allllre I __ (>~J_)_ i __ (~() 
_I <.)<)() __j 

P_:>( )..; 

(Y<) ) 

K_:>() 

(IX) ) 
-I-()':~ eTc N ratio I 

( ,()) : 

---- ---, 

t- 15.70 --+ 25.32 ' Farm yard I J! ().6~ 
Inanurc 

\\'heat ____ I /\ir <.[n-' -! -()-. ..f.' --, 0.14-' -I' --1 .. "')-(-) - .H.32 I 79.S I ' 
stra\\ . I I 

Ciliricidia 7() 2.'J() I 0.2(, -- 4.52 '6.27 t· 12.50 I 
~::~(_~s L - -1'- ~ - -t - -1- -'I' I 

I
, Farm yard 1--- ::21- -0.6-7- '1- U'(~-6-- '1' --U.X-O-- [,--I ().-()-o- -,--24.70 

111anurc 

- \\l-h-c-al i\ i r d]'\ , 0.47 O. 1 (, 1 .3::> I -~-5-. _, 7--1 
sir<:l\v __ I 
(i1 i ricidia 

llcavcs __j_ 
" " _,I_ 

_j 
() . :2 X -4 . () () I 

____ 1 ____ _ 

3(>.30 I 13.4 

-- --- ------

Table 7. ()uanlit), or organic Inanurcs added 011 N basis (t ha- I ) 
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Table ~. ()uantity of organic and inorganic fertilizers applied (kg plorl) 

Tr'eat 
111 C Ilt 

;---1 
I 

~: I 

Orgallic 
source 

-5TIII.. 126.65 

I II 1 1='.7/1 

6 I. (:'3.2X 

II. 57.X7 

7 I. 142.RX 

II. 130.33 

R I I. 7/ .44 

II. 65.16 

9 I. 7().42 

II. 93.79 

10 I. "~5.21 

II. 46.95 

lilt lrgall ic S~Hlrcc 1 
.~ /\.'//{/rij (SorghulIl) 

(:("( .. '<'1 I Sillgle I Mllriate I 

: -.; U pe r I l) r 
pllos- pnta'ill 
pilate -_-

O.66() 1.914 
I 

0.528 

O.99X .2.~n~) [0.792 

1.331 3.X27 1 .OS 5 

(). ()(}() 1 .l) 1, .. 1 O.52X 

--- - _j 
0.<)<)8 2.:'nO 0.792 

I 

.----
I (). ()()~ ~.H7() I O.79]_ 

0.528 

() 792 

Top 
dress­
illg of" 

U reel 

0.6(>6 

O.99R 

1.331 

0.666 

O.99R 

Ruhi (\\'heat) 
-----r-~-----i 

I 110 r1,!.a 11 ic source Top 
r-~- -~~~ 

l : rea S i Ilglc Vturiatc clres-
super of sillg of 
pllos- potash' urea 
pilate 

I 

I .3.11 

0.998 

~_3xi7-11 
2.877rlo 

1.055 1.331 

0.792 0.998 

1._)31 1.055 
, 

1.331 

1.33 I 1.055 1.331 

0.998 0.792 n.998 

(Il1_I_t-_3_.827 

O.C)98 0.948 2.870 

[55 
0.792 

1.331 

0.998 

1.331 3.827 1.055 1.331 
I 

! 

().l)98 0.998 2.870 

_:J(~:_ 
Note: Plpt size 12_() \: 8.1 III I:irst vear. II ~ SL'COlld .year 
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Table 8. Quantity of organic and inorganic fertilizers applied (kg plot-I) 

I Trcat I 

: menl II 

:1 

10 

I. 

Organ ic 
source 

126.65 

II. 115.7,4 

I. 70A2 

II. 93.79 

I. ."15.21 

--- --- -- ----
__ A"/wl"i/ (Sorgl~. __ I __ ~hi (\\/IJcaO 

Ill' I J"!.!.'I II ic source rop' 11I~)rgal1 ic source. ~ Top 
I 1"<._'<1-' .'--;(Ilglc I \,luriate dres~- lirea WSillgk . Muriate! dres-

:---lIj)cr or ing or slIpcr of I sing of 

:;::::~ 1
1
"'1"'11 ~l :;::~~ pOlash I urea 

_~_.(:_1_4 ;_(_1._;28 10M,6~[ :31 - 1 ~27 I 0
1
. ·(7:~~· _:_- I . 0 II ... ~ •. )~ _81 

~.g70 0.792, O.99S I 0.9~ 2.870 2---toc:~ 
1.X27 I 1.055 1.331 1.331 I 3.827 , I.O)~ I 1 . ..)31 I 

I 

O.9lJX 

I 1.33 I 

I'()~I 
I 

O.52X_) __ 0.66(; I.D I 3.827 ,,- 0

1

. ·(7)(5)~.1 0

1

.'(:-')'(:-')'8
1 

0.792 I O.9~).998 - 2.870 .:. 

I 

I 

O.52X 1.311 3.827 1.055 1.33-'-[ 

--~ 
, 2.S70 I O.q'Jx·l-o-.9-9-X 

.- -I-
I It) 1--1- 0.528 O.6~1-.331 l3.R17 

0.998 ().792 

O.99X 2.X70 I O.C)08 I 0.998 I 2.870 

1 __ 

1':olc: Plot SiLL' 12.6.\. X.I III 
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3.1.10 Plant protection 1l1CaSUr('s 

/\ n1ild incidence or steIn borer and ar111Y \-\"orI11 on sorghu111 crop and 

aphid infection 011 \vhcat crop \vere observed. Spraying of 35 EC Endosulphan 

~i) of 2.5 Inl per litre ur \valer \\/(15 done to sorghun1 and affected plants were 

rogued and destroy'cd for 11linilnising the attack. As a preventive n1easure for 

n1idgetly and leaf eating caterpiller sparying of 111onocrotophos @2 4.5 nl1/1itre 

or Vi/ater \vas carried out \vith the help of po\vcr spray'cr. 

3.2 

3.2.1 

BiOlllct,4 ic obsc,4 vations (Sorghuln) 

Sa 111 piing tec h 11 iq lit' 

The variolls hio111etric observations \vere recorded on five randoll11y 

selected plants or sorghU111 frOlTl each net plot. \:\/ooden pegs vvere fixed near 

the observational plants fc)r their easy identification. The detail observations 

recorded on the gn_)\vth and :yrield of sorghuI11 during the course of investigation 

are given in Table LJ. 

3.2.2 Initial plant ~Ollilt 

The plant 11 II 111 her \vas recorded by counting all the plants fr0l11 each 

net plot at 20 day's gro\\'th. 

3.2.3 Gro\'vth studics 

The delai Is regard i ng various gro\vth observations are as follov./s. 

3.2.3.1 H('ight of plant 

Height or plant \vas recorded by 11leasuring the length of shoot fr0l11 its 

base ncar the ground level upto the fully opened top 11105t lear till the stage of 

earhead elnergCl1ce. ;\ ncr the eillergencc or earhead, the height \vas lneasured 

upto the base of the e~lrhead. The plant height \vas recorded at 30, 60 and 90 

days of crop gn)\vth and at harvest. 
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Table 9. DctHi Is or bioll1L'tric obSl.'rVi.ltions n .. .'corded I()r sorghum 
-- ~ -; - - -I - ~~---- --~- . 

I ~r.--r !)L'tllils h'clI ll - /\ltersowing I Samp]cslzc 

I Nu. I l.'IKY I 

I A) -I hlitial plant-~'ol1nc -

i 1. - 0o~or-rT(lllts rrt)ll] Ih..'t plot 

B) _l Gn~~~th studi~'s 
'-I . I 1 Ie i ~ h t () r p I;t 11 t (C 111 ) 

1-., 
I _. 

~--I :\i~ I..T rUI1 C t i lIl1 ~t1 

I plant 

-

k~l\ CS 

I " 
-) . -I~I.L'~~ area per plant~ll~ ) -

- 1- -;- -.- - ~ 

l_'-L _l 1.L·;.\I area 1I1dc:\ (I .. \ I) 

). I I);'IYS to 50 pcr cent 11u\\I..'ril1g 

6. 

I I 

_I 

I_C) ~_ Yi_(..i(~ontl·ihut!~-g Cllanlt'tl·.·S- I=-
1 . I I.ength of earllcad (em) r- -- -- --- -

. ~_. __ I~~rth or c~lrhL'~~1 (CI~l_)_ __ 

1

3. r vVcight 0 r earhL'~ld ( g) __ I 
4' __ 1 (~in \\cight pL·r_\..:_~~lrhcad_(g) 
5. J]/U)()S({ \\ L'ight PL'!" L'arhL'~ld (g) 

- --- --

(). \10. or L'arhc~lds 1)1.']" plot 

_j -I 
7. :'-Jo. or grains per L':lrhc<.l<.I 

R.-- i II~drcd ~rain \\L'i!2hl (!2) 
- -- --~ - .. -~ __ I 

1_ I»__j_ Yi(.~ _ -_ -- I 
I. I (irain :vickl pCI' 1"1lot (kg) :111(.1 per 

r2. 
!~ 
I .'. 

I hL·cl<.lre (1I) 

I h)(lder yield PL'!" plot (k~) al1d 
per hL'ctarL' (l] ) 

l~~d hioI11;'ls:-. PL']"- I1L't plot ~llld 1 

I 
pcr hectarc 

r 4. -r-i;uddcr to ~r(lin ratio - -[ 

~ I ~ -~ - ~ -1-- _-

20 
- 1- ------1 

I Plants in each I 
_' ___ net p~_ 

I 
-+ -j 30. (;{land 9()ilil~':sf- 5 plants 

and at han'cst I 
I -r-

-do- 5 plants 

~ -l-j - --d;=- 1 plant 
-- -~ -- 1--

-do- 1 1 plant 
r- 70=90 days - '-From en-ch net \ 

4--! :;0, 60 and 90 days I 1 1~~'~1I I 
=-1 ::::and at haIycst --f- =- -= j 

I i At harn.'st ---t- :) plants I 
1- r- :\t han'cst I 5 plants , 

! _ At harvcst --- ~-~.:; plants I 
j 
__ At harvest _ 1== _ 5 plants .1 

1 
~-r-

I 

.'\ t harn~st ) plants 

At harvest --/-/\11 plants rrom~ 
I net plot 

i\ 1 harvcst ]- 5 ph_ll_lt_s_~__, 
At han'cst ) plants 

r-
/\ t h<.lrvest ~-I-;\ lll')lants· from 

net plot and per 

/\1 harvcst 

/\t harvest 

At harvest 

I hectare 
- -<..10-- ---1 

-- --_j 
j i\ct plot and pcr r 

, ha. 

------~ 
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Table 9 (Colltd ... ) 

Sr. Ikl~lil:-; )'reLju-

h.~o (,1H.'Il~ __ iC_'~_ll_~_"1H lysis J__:l1C) 
Days ancr SOW_il_1_g_~ __ -,_s_,('_"_"Plc size I 

I. Ph\ sical .. lI1d ci1L'l11iGti prnpertiL's 
nj" sui I 

Plant analysis f~)r f'..:itrogen. I 

Phosphorus <.IIH.I Potasislim 

3, :\ vai labk :\ i tr( 1gen. PllOsplH lnlS 

and I'ola"illlll ill ,oiilk),! l1a-') I 

h - -- - ----
~utrient b~ll;lllCL' SllldiL's (kg ha'l) 

_j_ - - -

I 
~, ~icro~triL'11l stat liS (pg: g) 

_F) ~ Quality studit·s 

I I. Prolein percL'nl .. lgL· in gr"lin 

:2. I ProlL'illyiL'ld (ql1 .. t':) 

I (; )-- .VI iCTo hia I stu dies 

II) _~I E("onomic studit's 
I-
I I. (jross rL'lurns ( Rs. kt'i ) 

I) 

2. 1 Net rL'lul'lls (Rs. kt': ) 
.., ---r-r") (--:- ~. ~ 
.'. .,: ratio 

~En(.'q!,y studi<.'s 

I I':ncrg-,·-~'~-~';lp~~ (i'vl.l l1,t" ) 

2 __ i Fncrg~-npw(:\ 1.1 kl'-' )-

Lllcrgy balance ( :\ l.J h~t' r ) 

1

1':nL'rgy h .. tianL'L·.ill))it inpllt 
( [\ 1.1 kt' I ) 

i~ 

I 

-,-

_j 

1 

J_ 
I 

-j-

Ikll)rC so\\ ing or I/~ kt.!. or 
the crop and at the rcpr:::sclltativc I 

C'l1d of" experiment soil samples \vas I 

collected from 
each plot 

:) (-)-1 a-'-lt-S-' -- I :\ ner han'cst 

1\ ner harvest 

At the cnd or 
L'" peri men t 

-do-

-do-

-do-

-do-

~epJ'<:senta(iVe ~' 
soi I samplc li'OIl1 

I 
each l1_et plot __ 

PL'r ha, 

+- -do- ~ 
_I-

---_j 
-do- 1 

-I 
I 

-do--1- -do-

~I­

I 

__ - -_I-=- '-=_-_- ~ 
=~~-~t_)-~~~ - +- ~_ ~::~~ _--' 

-clo-

-\ 
-<.10-

-do-
i- -<.10-

-do-

-do-

-I -do-
--j 

I -do-

I 
I 

i 
-- ~-- ----

-do-

-do-
-! 

I 

-._-

-~-
-do-

I 

--I - -------, 
-do-
--_.1 
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3.2.3.2 NUlnber of functional Icavcs 

NUlllber or rully opelled leaves \vere periodically recorded at 30, 60 

and 90 da)'s gro\vth ~lnd at harvest. The kaf ,vherein lllore than hal r of the total 

leaf area \vas green. \V~lS considered as a functional leaf. 

3.2.3.3 Lcaf aloea pc." plant 

For detcrnlination or the lear area per plant, the total fully opened 

runctional leaves \vere collected fron1 the plant collected for dry 111atter studies 

at di fferent stages viz .. ::10. ()O and 90 days of gro\vth and at harvest and \vere 

separated into three groups viz" Sinai L lllCdi Ulll and big. l.ength and Inaxill1ulll 

breadth or one represcntati\'e lear rrOnl each of the group \vas recorded. The 

total nUlllbcr of Ieavcs ,'rOI11 each group \vas also recorded. Leaf area \vas 

calculated bv llsiIH!. l'orll1ula Qi\'cn bv Stickler el 01. (1961). .....__ '-.- .. 

Leaf area (cn"~) c= Length (cnl) x iVlaxin1L11n breadth (cn1) x 0.747 

The total lear arL'3 or e~lch group \vas calculated by l11ultipl.ying the lear 

area of rcpresentati\'c leaf \vith the IlLllnbcr 01" leaves in that particular group. 

The total lear area per plant \vas cletennined by adding the leaf area of the three 

groups. The leal" arca per pl~lllt \vas tillis recorded in Cll1
2 and converted into 

dln 2 at an inten'~ll 01"::10 days during the season. 

3.2.3.4 Lcaf atOca index (LAI) 

Thc lear area index \\'~1S calculated fron1 the data con1puted rrOn1 leaf 

area per plant at the varioLls gn.1\vth stages of crop v'iz., JO, 60 and 90 days or 

grov\'lh and at harvest by llsing the forllllIla (\Vatson, 1947). 

1./\1 - ., 
Lalld area (CIll") 
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3.2.3.5 Days to fifty pl'.o cen t tlo,vering 

The nlllnber or d~l\"S rC(luircd ror fiftv l)er cent fl<)\verin o bv visual ~ ~ b ~ 

observations \vere n .. 'corded 1'l"<.ll11 the ch.lte or so\ving. 

3.2.3.6 D.oy ll1ath.'IO acclIll1ulalion pelO plant 

F'-or dry 11latter studies, olle plant each fro111 the experilllental plot vvas 

randolllly' uprooted. ;\ ltcr ren10val or roots, the plant \vas kept for air drying 

and then ill all ovell <.1t ()(_)O(' teillperature ti II that attained a constant \veight. 

))ry l11atter acculnul<ltion \vas recorded at the difTercnt gn.)\vth stages viz., 30, 

60 and 90 clays of gn.)\\·th and at h~lrvest. 

3.2.4 Post harvest ohsclovations of sOloghull1 

Post han'est obsen'atio11s \\'L're recorded for eli ITerent plant parts of 

sorghU1l1 and enlisted hL'lo\v. 

3.2.4.1 Earhead 1l1l'aSllIOl'1l1l'nt 

3.2.4.1.1 Lcngt h of l'a I'head 

The length (.) r L';'lrheads (CI11) 0 I' the fi ve observational plants \vas 

l11easured Cronl the tip of the earhead to the base or first spikelet on the panicle. 

3.2.4.1.2 (~i .oth of ea.-ll l'ad 

The Inaxin1Ul11 girth or the earhead \vas recorded frol11 the saIne cars 

\vhich \vere used for tilL' car length studies. 

3.2.4.2 Ea lohead "'l'igh t 

3.2.4.2.1 Weigh t of l'::l dlcad 

The \\ eight 0 r earhead (g) \\'as recorded rrOnl the fi ve observational 

plants a ncr harvest i ng t he SHine ane! e!r)'i ng thenl in sun for about a \veek. 
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3.2.4.2.2 Wcight of gnlins PCI" ea."head 

The \veight or gains per earhead (g) \:vas recorded after separating theln 

rrOn1 the pan ic Ie. 

3.2.4.2.3 \V cigh t of hllO(}.\'(I per ea rhead 

vVcight or hh(}(}s({ per car \vas con1puteci by': deducting the 111can vveight 

of grains per earheacl I'r0l11 the corresponding Inean total \veight of earhead. 

3.2.4.3 Yicld attl"ihllting chanlctc."S 

3.2.4.3.1 N lIlH ber of pia n ts pel" plot 

Total nUlnber (.) r plants rr0l11 each plot \vas counted at the tinlC of 

harvesti ng of sorgh U 111. 

3.2.4.3.2 NUIHbc." of grains pel" ea."head 

The aver~1ge I1Lll11bcr or grains per earhcad fr0l11 each treatinent was 

\vorked out by the follo\\'i I1g l()nnula. 

rvlean \vei oht of grains / earhead o '-' 

/\ vg. No. or gn.lll1s -, 
pcr earhead 

--------------------------------------- x 1000 
l'vleal1 thousand grain \veight 

3.2.4.3.3 I-Iund'"l'd urain \yciuht ,... h 

;\ rand0l11 Sal11pie or 100 graIns \vas taken fron1 the graIn of the 

observational plants rr0l11 each plot and its \\"cight \vas recorded. 
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3.2.5 Yield of s()I"gh uln 

The grain and !()(Ider yields or sorghulll \vere recorded as detailed 

belovv'. 

3.2.5.1 C;,"ain yield 

The dried cars II"on1 each net plot \vcre threshed and grain \veight was 

recorded. The grain vicki per hectare \vas calculated on the basis of yield of 

grain per net plot. 

3.2.5.2 Fodder yil~ld 

The !()(ider vielel 1'ro111 each net plot \vas recorded after conlplcte sun 

drying for 15 clays. Per hectare :yield of fodder \vas C0l11puted on the basis of 

the yield of fodder per plot. 

3.2.5.3 Biological yield 

The biological yield v,,'as recorded by sun11111ng the graln and fodder 

yield obtained fron1 the net plot and converted into hectare basis by 111ultiplying 

the hectare f"~lctOr. 

3.2.5.4 Fodde," to g."aill I"atio 

The ratio \vas COll1PLltcd fro)n the yield of gnlln (q/ha) and fodder 

(q/ha) in the corrcsponding trcatll1cnts by dividing the yield for fodder by the 

vield or oraill. 
-' ~ 

3.2.5.5 Ha,"vest index 

Harvest indcx \·vas calculated bv Llsing the Collo\ving fonnula. 
-' ~ ~ 

Grain vicki 
I Ian/cst index = x 100 

Biological yield 
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3.3 Biolnetric observations (\Vhcat) 

3.3.1 Sa III piing tcch niq lie 

For recording \'m'ious gn)\vth observations five shoots \vere selected at 

randOITI l-i'oIn each net plot. The \vax coated label \vas fixed to each 

obselyational plant f(w easy identification. All the observations viz., plant 

height, nLllnber of leaves. nLllnber of tillers. panicle length. nUIllber of grains 

per panicle, Ilunlher of" spikelets per panicle "vere recorded. The schedule 

adopted for recording \'arious gro\vth observations is given in Table 10. 

3.3.2 

3.3.2.1 Pia n t cou n t 

The nlllnber or plant el1lerged \vere recorded on the 20lh da.y· after 

sow'i ng. I n every net plots at t \,"0 spots of one Ineter length \\'ere se lected at 

randOl1l and the nllln ber of plants per n1eter length \vas recorded. 

3.3.2.2 Height of the plant 

Fi ve randolll h· selected plants \vere used for Ineasunng the height of 

the plant. It \-vas nleasured on the Inain shoot fronl the ground level to the base 

of the last fully opened leaf till the stage of panicle Cl1lcrgence then thereafter 

height \vas l11easllrcd fronl ground level to the base ofpallicle in CIll. 

3.3.2.3 NUlllhe." of functional leaves pcr plant 

The total nlllllber of rull\' opened green leaves per plant v ... ·as recorded 

as t"ul1ctional lea\'Cs. The dried leaves \vere excluded \\'hile coul1tino the 
C: 

1111lnber of functional Icaves. 
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Table 10. Detai Is or hiotl1ctric OhSCIyations t'ecordcd for \\:ileat 

. -r 
Sr. Details Sample size 

1_ 
enc~ 

A) 

I. 

B) 

I. 

, , 

" , 

--+. 

5. 

~ 6. _ 

C) 

I. 

f-

.' . 

--+. 

I 5~ 

J) 
1~ 

I. 

. , 

--+. 
1--

5, 

~ nitial plan_~_~()u Il t 

Count or ~nler~L'llI.:e 
~I-G~wtl~ studil'S 

_1_ 

I I kight or plant (cm) 

"0. or functional leav\.:s per 

_1_ pl<~l11 _ _ _ 

Lear area «1111") l)L'r plant 

Total no. of til lers per plant 

--+-- -I -
I Dry matter per pl;_lnt (g) 

~'-

i'roducti\e tillers per pbnt 

IVicl<lcontr'iIH;ting ch~~actcl~s -r­
LL'ngth or panicle 

-- -_l ~mbL~ of spikL'kts per pal1icl~ 

"'limber 01" grains Ik'r panick' 

\\'ei~ll1 of grains per plant (g) 

1I1ll~drcd gr~~ \\L'ight (g) 

Yidd 

(irain Y'idd per nL'l plot (k~) andT 
PLT IlL'Clare (q) 

Stra\\ yield per 11L'l plot (k~) :l1ld 
per IlL'clare (q) 

-I I -r 
I nlal hionlass Ik'r net plot and 
per hectare _- -

1 Str .. !\\ to grain ratio 

- ~\ 20 I !\t 1 meter length 

- 1- - - -- --1 - - ---. 
4 :'0. ()O. 90 days ) plants i 

and at ilan-cst ' 

30. ()() and 90 days I 

:'0. ()O. 90 days 

I __ al~ al harvcst 

-\-

1-

:,(). ()O_ 90 clays 
and at han'cst 

.\ t harvest 

:\ t harvest 

.\ t harvest 

~ plants 

plant 

/\t I rnetcr length I 

I plant 

At 1 lllelL'r len!2,th 1- --- ---~ 

"' plants 

5 plants --1 
::. plants 

5 plants :\t han cst 

-I - 1\ t harvl:st 
-,-- ---

Sample fr0111 

+ /\t harvest 

'\t halyest 

,\t han cst 

-I At han'cst 

.\t han'est 

cach net plc)t 

'~"'J-~'tplot and per -I 
hectarc 

_1_-
-do-

-do-



Table 10 (Contd ... ) 

~ ;- -I - - - - - - .-

I Sr. Iklads 
~o. 
-~ 

E) 
I J. 

"") 

Chcmical analysis 
-! 

!lilY'sical and elK'mical properties 
l) r soi I 

-

Plant analysis fl.)!" ~it!"ogen. 

10] 

r - - T - - - - - - - - -- --- --1 
I:requ- Days after SO\\'i ng I Sample size 
ency 1 

~ 

I 

Ikll)l'e and at the 
end or experiment 

, \ rter han est 

1-- - ----I 
('ompositc 

I 
representative 
sample r('duccd 
to 1/;: kg from 
samples 

I collected from 
di tTerent spots 
in the 
cxperinh:ntal 

I field 

.:' plants 
_! J>hosph~)rllS and ~otassi lim _ ! _ 

- - - - l------I 

r -4. 
I 

I /\vailable r\itr()g~'I1. Phosphorus 
and Potassi um or soi I (kg ha- I 

) 

• - - -- - - -- ~ 1~ 

I :"..:ulrienl halance studies (kg IHI- ) 

1 

I - .- -s_ 
F) 

1- -
1. 
., 

G) 
II) 

\ - -
1. 

.- -
"") 

--., 

\licronutriL'nt status (pg g-I) 
- _- -- - - -

I Quality studics 
- .. --~---

Protein percentage in grain 
------1 
Protein yield (LJ ha- ) 

~.- - - -' - -- - - :r,: 
,\1 icn)hial studil.'S (1 x 10- ) 

-

I Economic studil'S 
·-<"jn .. ls;retun~1s «({s. l1a'!)-

'et rctu~ons (Rs. h~loi) 

B:C ratio -r- --- - - - -
Encq.~y studil.'s 

-0-- - ~ r--
: l':nergy output ( i\ 1.1 ha- ) 
0_ _ -- _ _ _ -~ I. - -

Fnergy input (\'1.1 ila- ) 
.~ 0 -- - -- - - ~ ~ 1 ~-

-; I l':nergy' balance (1\,1.1 Iw
o 

) 
-- -

4 l':nerg~ balance unit input 
(\.1.1 ha'i ) 

- - - -

Lncrgy use eiliciL']H . .': 

\-
-

I 

1 

_l _ 
~ 

1 

\-

fkl()l'e SO\\ ing and Representati VI...' 

~lt han est 

~ -

/\t the end or 
experiment 

-do-

- \-
-<.10-

-do-

-<.10-

-do-

1- - - - - -

-<.10-
- ,- -

-do-

-do-

saInple frol11 
cach net plot 
-_ - -

Per ha 

..:.------

-dn-
- _---- ---, 

r--- -.- - --- I 
-do-

-do-

-do-

_- ~ --_ - - - __ J 
-do-

-do-

J _-~-=d~- -_] 

~L_~ ____ j 
-do-

~ -- -dl;=- -~. 
-j- -- -~l-- - -I 

-do-

_ \ _ _ _-do- __ I 
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3.3.2."{ Leaf area per" plant 

The plants collected for dry 1l1aUCr study \vere used for 111easuring leaf 

area per plant. The lear area \vas l11easllred \vith the help of alltoillatic leaf area 

IHeter in cn/. The lear area per plant \vas thus recorded and converted into dn1 2 

at an inten'al of 30 days durin~ the season . . ' '-

3.3.2.5 NUlnber" of tille,"s per" plant 

The total l1un1ber or tillers ti'on1 each or one 111eter length rrOnl t\\'o 

randonl locations I"ron1 each net plot \vas counted. The averaoe nlllnber of Co 

tillers per plant \vas COlllputeci by dividing the nUI11ber of tillers excluding the 

nlain shoot b\' the nUlnber or Inain tillers, recorded on 30, 60, 90 days and at 
-' 

3 .3.2 .6 I> r"y III a tt e '" p (.'." pi ant 

The dry l11atter per plant \\'as recorded at an interval of 30 days after 

so\ving. Single plant \vas cut at ground level, air dried and tinal dry \,,/eight \vas 

recorded after elr.ying in 0\ en at 60 c
:(' to 65 c C until the constant \veight \vas 

obtained. 

3.3.3 Post har"v(.·st studies 

3.3.3.1 Length of pa n icle 

The length of panicle \vas l11casured froll1 the basal spikelet to the tip of 

the panicle excluding a\vns I"roll1 five randol11ly selected plants. The lllcan 

length 0 I' pan ic Ie \vas then \vorked out in cln. 
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3.3.3.2 Numb(.'.· of spiJ{cJets (l(.'.' panicJe 

The 1111nlber of spikelets of the panicle \vas counted fn)nl the sanle 

pan ic les \\'h icll \\ ere used for llleasuring the pan ic Ie length at harvest and the 

average nLllllber of spikelets per panicle \vas \\forked out. 

3.3.3.3 NUlnbc.· of g."ains pc." panicle 

The panicles \vhich ,vere used for the study of Inean length. \"'ere used 

for this stud". The graIn nlllllber per panicle \,vas counted and the lllean \vas 

COlllputed. 

3.3.3.4 \Veight of g."ains per plant 

The grain \\'eight per plant rronl five randoll1l y' selected plants \vas 

recorded and average \vas cOlnputed to obtain grain \veight per plant. 

3.3.3.5 Hundrcd (Jnlin ,,'eioht 
~ ~ 

The randolll saJnples of grains ti'onl the total graIn produce fl-0111 each 

llet plot \\ as dnl\\'n. Then hundred grains \vere counted li'onl randolll satnples 

and \\'eighcd to obtain hundred grain \veight for each treatnletlt. 

3.3.4 Yields 

3.3.4.1 Yield of grai n pc.- plot 

('he panicles of the plants \vere threshed after drying and \,vinno\ved. 

The grain \veight obtained \vas recorded as per trcatIncnts. 

3.3.4.2 Yicld of stnn\' pc." plot 

After threshing the panicles. the \\'eight or stra\\' arrived at b)-' 

deducting the \\'eight or grain rroln the \\'eight of total produce per net plot \vas 

recorded. 
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3.3.4.3 Yield of total biolnass (lcr plot 

The harvest produced fron1 the net plot \vas dried In sun for SIX days 

and \vas \,veighed for recording the tolal produce per plot. 

3.3.-'.-' Stnn\' to grain nltio 

The ratio \vas estil11ated fro 111 the yield or grain and stra\v obtained 

frol11 the net plot in the corresponding trcall11ents by dividing the stra\\-" \veight 

by that grain \veight. 

3.4 

3.4.1 

('hclnical analysis 

Soil salnpling 

The rcprcsentat i ve COll1posite soi I san1 pies (0-3 () cln) \vere collected 

rrOn1 each plot treatn1ent\vise beron~ the sO\\"'ing of khari( sorghun1 and rabi 

\,"heat and post harvest soi I s~l1nples were also collected in pol)/thene bags \vith 

the help of \\·oo(.kn peg ror Inicronutrient analysis and \\'ith spadclkhurpi for 

Inajor nutrient analysis, The san1ples \vere then air dried in shade. ground \\'ith 

\\()ocien l110rter and pastil.' and sievcd through 2 111111 sievc (Nylon nctted) and 

analysed ror physical and chelnical properties as per the standard analytical 

Incthocls (Table 1 1 ), 

3.4.2 P I ant s a III pi i n g 

Artcr recording the yield of grain and foddcrlstnnv fron1 individual plot 

s~l111pIcs or grain and 1(_)(.lder/str~l\V were taken separately. The plant smnples 

\\'ere air dried initial" and then dried in an electrical hot air oven at 60°(' till 

constant \,,-'eight. The sal11pIcs \vcre po\vdered in a grinding Ini II and stored and 

analysed as per the standard analytical n1ethod (Table I I ). 
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Table I I. }-\nalvtical 111ethods used for soil and plant analysis 
-- i -

Sr. I >an.1ll1eter Method applied Rekrenee 
l" (.). 

I A) 

I I. 

I Physical --I 
--I I .- - - - -

I [\!leehanical analysis International pipette I Piper ( 19(6) 

Blake and 
I (1 <')X6) 

I lortge : Bulk densit\ Core sanlplcr 

---I 

3. Intiltralion rate I)ouhk ring. infiltronlL'tcr Klute (1986) 

-L I \\· .. itcr stable aggrL'g_ates I \I1odi licd Yoder's 
- - - - - ---1 
Bis\\'(IS er (//. ( 1 <,)61 ) 

r-
I B) C'hcluical 

I 5. Soil pi 1 
~ ! ~ 

6. I·: ketrica I cond lIet i \ it \ 
..., 
/ . ()rganic carhon 

X. 

L-
9. /\\'ailablc J> 

1 (). .:\ \'ai lahk K 

C) I Plant analysis 

I I. 10lal l" 

12. I otal J> 

I .3 . lotal K 

D) ;Vlic.·onutricnt (soil) 

I \\ ct sic\'ing lc..:chniquc I 
~; 

- 1- - -- - -
Jackson (1973) 

( 'ondllctolnetrie 

/\ I ka I i ilL' pernwng_anate 

! 0.5 N 1'\all('()~ at pH X.5 

Jackson (1973) 

I Jackson ( 1973) 

Suhbiah 
( 1 <.) 5 () ) 

and 

-_j 

- -I 

!\sija 

r--~- - - _- -
()Isen ('I (/r (I <,).)4) 

Nelltral 
,lcL'tatc 

mnnlOlllllll1 llan\\ ay and Ilcidal 
1(1952) 

Vanadolllolybdatc yellow 
colour 

F l"llne photOllletric 

- --1 

Po,rkinsoll and /\llen 
I ( 197:=;) 

.lackson ( 1(73) 

l-Chapl~an-- -;;1<.1 
I ( I <)6 1 ) 

-j 

~ 

Pratt I 

I 

I-L 1)'11'/\- c\:ctractahk I:c. /\t()lllic I\hsorption 
\'In. /n .. 111<.1 ell SpL'Ctruphotoll1dCr 

I.indsll\' and NOI"\'~11 I 

( I t)7X) 
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3.4.3 Quality of gnlin 

3.4.3.1 Protcin pc.·ccntage in gnlin 

The protein percentage in grain \vas deternlined by nlultiplying the 

percentage or nitrogen in the grain by the l~lctor 6.25 and 5.70 lor sorghulll and 

\vheaL respecti ve I y. 

3.4.3.2 P.·otcin yield 

'fhe protein yield per hectare \vas calculated by nlLdtiplying the protein 

content by per hectare grain yield of respective treatnlents or sorghulll and 

\,,·heat. The i'ollc)\\"ing ronnula used for estinl<1ting the protein production. 

3.4.4 

Protein production 
(kgha· l

) 

Mic.·ohial studies 

(jrain protein content (Yo) 

100 

The 111 icroorgan iSlll counts In the soi I \\'ere recorded after cOlllpleting 

the crop sequence~ particularly actinolllycetes, azotobacter population 

treatlllcnt\\"ise after han'est 0 r the crop b)' using the Inedia. 

3.5 

3.5.1 

Econo.nic studics of thc seq lIcnce 

(; .·oss n.~tu rns of scq lIcnce 

Per hectare gross 1110netary returllS \vere \vorkcd out by' considering the 

grain and fodder yields of sorghulll and \\'heat frOlll different treatnlents and 

prevailing nlarket prices of the conllnodities. 
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3.5.2 Input cost of cultivation 

The input cost \vas \vorkecl out by considering the aInoullt required for 

the purchase or inputs like seeds, fertilizers, pesticides, irrigation charges and 

an10unt spcnt on the labour charges and bullock charges required for all the 

operations including \\'atch and ward. 

3.5.3 Net returns of sequence 

The net returns \vere \vorked out b.y substractillg thc total input cost of 

cultivation 1'rOll1 the gross returns of the corresponding treatn1ents. 

3.5.4 Bcnefit cost nltio 

The bel1clit cost ratio \vas \vorked out b.y considering per hectare 

v::llucs or gross returns divided by cost of cultivation. The details of prices used 

ror calculation of econolllic or sequences is given in ./\ppendix-I. 

3.6 Enc"gy studies 

Lnerg.y input, output III crop production, energy balance, energy use 

efficiency and energy balance per unit inputs of the sequences \vere \\lorked 

out. The energy output and energy input \vere \vorked out by llsing the 

itelll\\ ise energy- values Illentiollcd in the Appendix-I I. 

3.6.1 Enc"gy 011 tput 

The treatn1ent \vise energy output fron1 gral nand lodderlstra\v of 

sorghun1 and \vheat \vere \vorked out by n1ldtiplying treatnlent\\,'ise grain and 

1()(lder/stnl\V yields or sorglllllll and \\'heat by the energy values of grain and 

fodder/stnn\, of the soru.hun1 and \\-heat. I3v adding energv val ues of grain and 
-- ." f._. '--... ....__ 

rodderlstra\\', total energy output (j\;1.J ha- l
) or sorghunl and wheat \vere 

\vorked out. 
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3.6.2 Eneq~y in put 

'rhe treatlnent\vise energy input \vere \vorked out b:y using the itennvise 

energy values Inentioned in Appendix-II. 

3.6.3 Energy balance 

The treatn1ent \vise energy balance (MJ ha-') \-vas \vorked out by 

substracting the trcatlnent\vise energy input fron1 the treaUnent\vise energy 

output. 

3.6.4 Ene."gy balance pc." unit input 

The treattnent\-vise energy balance per unit input \vas calculated by 

using follo\ving fortnula. 

Energy balance 
Energy balance per unit input (VlJ ha-') 

Energ:y input 

3.6.5 Energy use efficiency 

The treatlnent\\'ise cnergJ' use efticiency \-vas calculated by uSIng 

i'ollo\ving Connula. 

Energ:y output 
Energ.y use ellicicnc)' = -------------------­

Energy' input 

3.7 Statistical analysis 

Statistical analvsis for the yield data. uptake or nutrients b:y plants. 

ChCll1 ical propertics 0 r soi I \vas carried out by using the procedure described by 

Panse and Sukhatn1e (1967) 1'01' standard statistical Inethod "'Analysis of 

vanance \Vhcn the trcatlncnt eli lTerences \\'ere signi ficanL appropriate 

standard error (S.F.) and critical dilTerences (C.D.) \vere calculated at 5 per 
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cent level of signi ticance and w'hen the trcatnlent eli ffercnces 'Nere not 
'--

significant, only SJ·:. \vas calculated. The data \vere also appropriately 

presented in tables and depicted through suitable graphical illustrations. 

Sustainability yield index (SYI) : 

The sLlstainability yield index \vas calculatcd by USIng following 

fonnula. 

y - () 
SYl= 

Y nlax. 

Where, 

Y Estilnatcd average yield of a treatrnent over years. 

() -= F~stinlatcd standard deviation (S.D.) 

y 11laX - ()bserved Inaxilllunl vicki of eXl)crilnent over vears. 
~ t w 
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4. EXPERIMENTAL RESULTS 

The results obtained n'OI11 expcrilnent conducted on '"Integrated 

nutrient 1l1anagenlelH systenl ror productivity potential of sorghU111-\vheat 

sequence under irrigated conditions" during the year 1999-2000 and 2000-2001 

are presented in th is chapter. 

.... 1 Effect of integ.'ated nut.'ient Illanagelllcnt on khar(lsorghul11 

4.1.1 Plant stand 

The plant population or sorghunl as inlluenced by integrated nutrient 

nlanagcnlent l()r sorghu111-\\,heat cropping sequence at 20 cla,\'s ancr so\ving 

(I )AS) and ~lt han est per hectare are presented in Table 12. The data clearly 

rc\'caled that the plant population or sorghulll \\'as not significantly intluenccd 

by the \'ariolls treatl11ents during both the years or experinlentation at 20 DA.S 

and at harvest. The initial l11ean plant population \vas 1844.:28 and 184634 in 

1999 and 2000. respecti\'ely \vhich \vas in the range of 183813 to 184989 per 

ha. and 184009 to 185224 per hectare, during lirst and second vcars. 

respecti\'cly'. Ilo\\'e\'er. at harvest it \vas ranged in het\veen 183152-184009 and 

183250-184303 pcr hectare. respectively \vhich \vas 99.40 and 99.67 per cent 

or the initial plant population. The plant stand reduced as the crop 

acl\'anced and reached the nlaturity during both the years. The reduction \vas 

nearly to 1 o~) \\'hich Inay be attributed to self thinning process and cOlnpetitioll 

L'lTccts bct\vecn health\' and \\'caker. 
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Table 12. Erfect or integrated nutrient nlanagenlent on plant population per 
hectare of sorghulll 

No. 20 D.I\S 

Plant population j. 

- -,- - --- --- ---
:\t han cst the 

_ -- initial 
I 99() I 2000 I \/!eal-l -I I 999 -, -2()()() ~/h..'<~·1 L mean 

-1.- i COI~tt~-)I- -_- ;-184989; 184793 i I 8489-1 -1-18.'813 -, 1 8~<)60 I 1838871 99.46~1 
(~o krtilizers) I I ' 

~ 2·150o~J RJ)-I-" - _ I I 846~)'5 1 I 8489-riI 8479] -1) 8]911 ~I.~3()67 i 183789 j- 99.40~ 
i ~ . 75'Yo I{()i: -- T 18430~ i 184107 i 184205 r 183666+ 183298 h-8348i 1~·(lO I 

4. -I OO'~/(, Rl~ -- . 18]8 I] 18:)087--18445()', 83 152 11X4]O] 1 18]728 I 99.61 ~ 
:, i I I , -j 
r- -5-. -1 5(n'r:- RJ)!: -1- 5 ()'Yt, ~184989 I 185224 i 1851 ()7-r I 84009 ~-I 84205 . 1841 07 r 99.46 ' 

! I i 

- __ -_j_-~ 
75'~/(J RDF .. 25'~o I 84]()] 184]03 184]0] 18]519 I 183:) 19 I 18]519 99.57 

1 ~ (I:Y\i!) 

7. i 50(~;) 'WI-' - 5()1l/;~-i 18]91 1 

~ (\VCS) 
I 

1- 8. 1-75(~/~ RD~1 2:)o/() . J8479.~ 

\: (\VCS) 

() . 184]77 

I ~ (G I. :vl) 

*- - *_- -*- __ 1- _I 
I 184499 I 184205 I 18]470 1 183740 ! 183605 99.67 I 

I 
1 ___ ' _____ _ 

184827 1 184810 1 18]690 I 18410-7--1-8-3-89-(-)+---
I 

I 
99.50 I 

I 
--* 

I I 
-- -_-_ ----~------

18]715 118]7(A I 183739 99.60: 
• ! 

184597 184487 

I 10. I 75(~~) RDF - 25'Yc) I 184107 

N(CiLlV!) 

I 

99.59 

I 
-. 238 I ~](_) -j -i 18(-) -. ~()3'------1 ---- -;.-

S.L. ~j 

I - I C.D. at 5% - .- ~.S. :'-:.S. 1- -- -1- ~.S.-1-l':.~l- - I 

-. -_- -- -- -. -_ !- - .-----_'- ---- --- ~--~--
C;L'nL'ral mean 184428 1846]4 1845] I . 18]632 I 18]781 i 183707 1 99.55 

l - l_ - ---- ~- _ ~ __ 1 . __ ~ _____ --____ L ______ ! 
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.... 1.2 (; r()\\'th stud ics 

.... 1.2.1 Plant height 

The response or sorghuln to integrated nutrient nlanagenlent for their 

Ineall plant height at 30 da:ys interval \vas recorded in Table 13 and depicted in 

Fig. -1.. The integrated nutrient nlanagernent for sorghunl crop resultantly 

enhanced the height at 30. 60. 90 [);\S and at harvest significantly in both the 

years or experinlentation. The 11lagnitucie of increasing in height \vas 1110re 

during second year of experinlelltation than that of lirst year of 

cxperilllentation at 30 ()/\S and trend \\"as reverse during succeeding intervals. 

The plant height at 30. 60. <)0 D;\S and at harvest \vas 27.81. 1 13.91. 160.44 

and 166.86 Cln. respectively. 

The sorghulll plallt attended the 1l1aXlnlUln height (27.55 Clll) \vith an 

application or 50 per cent R[)F .- 50 per cent substitution of nitrogen through 

gliricidia \vhich \\;as at par \vith all the trealInents except controL and 50 per 

cent R I)F - 50 per cent substitution or nitrogen through \vheat cut stnn\; at 30 

[);\S. The reduced height nlay be attributed to the I~lct that the added quantity 

or \\'heat cut stra\\" requires lnore energy" for their dccolllposition by llleans of 

soil organisill as \\ell as ll1oisture. The energy lnight have obtained fronl the 

readi Iv avai lable source of N fro 111 soi I. This f~lct lnakes the shortage of 

llloisture and N to crop plant at their critical gn)\\'th stage w"hich affect the 

height of plant during first year of experilllentation. Ho\·vever. during second 

~ ear or experilllentation. the sorghul11 plant attended the IllaxinlUl11 height 

(]S.30 cnl) \vith the ~lpplication of 75 per cent RI)F -+ 25 per cent N through 

gliricidia \,"hich \vas at par \vith all the treatl11ents except control and trcatlnent 

in \vhich substitution of' 25 and 50 per cent nitrogen through w'heat cut stravv'. 
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The si 111 i I~lr trcnd \vas a Iso round at 60. <)0 DA S and at harvest duri llg both the 

:- e~lr of e:\:pcrinlentation. 

In generaL the application of inorganic fcrtilizer in conjunction vv'ith 

organic Illallurc like 25 and 50 pcr cent substitution of nitrogen through FYM 

and gliricidia \vas bcneficial for enhancing the gn_)\\,th in tertl1S of height of 

sorghulll \vhercas. the substitution or nitrogcn through w·heat cut stn:l\V had an 

adverse L'ITecl on height or sorghurn plant during their gn)\vth period. 

4.1.2.2 ~ulnhel4 of functional leaves pet" plant 

The c1ata in respect of IllC(1n nUlllber of functional leaves per plant of 

soru_huIll as intlucnced bv eli ITerent treatnlcnts at various ~ro\vth stages or - - - ~ 

sorgh unl are prescn ted i n T~l b Ie I -l-. 

The Inean IlLllnber or lea\·cs per plant at 30. 60. <)0 I);\S and at harvest 

\vas 6.7<). 10.07. 7.1 () and 4.36 In 19<)9 and C).I 7. 12.02. 7.17 and 4.37 in 2000. 

respectively. The differences III llleall llunlber of Icaves per plant due to 

different treatnlcnts \\'erc siglliticant at 30, 60 and 90 DJ\S and non-significant 

at harvcst. duri ng both the years of expcri lnentation. The organic sources used 

1'01' 50 per cent substitution of nitrogcn through FYM. w·heat Cllt stnl\V and 

gliriciclia \\ere fC)lllld to bc responsible ror an increase in Inean nUlnber or 

leaves per plant of sorghulll at 30 l)AS during both the ::ears cOlnpareci to 

inorganic source or Icrtilizcrs i.e .. 50. 75 and I ()(J<Yo RDF alld control. During 

further g.rO\\ til period 0 f crop IlO 1-1 xcd trend \vas noti ced ill i ncreasi ng and 

decreasing the Incall llulllbcr 01" leaves per plant of sorghulll at 60, 90 [)AS and 

at han·cst during hoth the years or expcrinlentation due to use of different 

sourccs or nutrients. The IllaxilllLllll lear nUlnber per plant averaged over t\\lO 

se~lsons \vas observed <It 60 DI\S ,,·hich \vas in the range or 10.98 to I 1.88 
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except control. thereafter the leaf nllillber reduced substantially due to 

senescence 0 r leaves at 111aturity. 

4.1.2.3 Leaf ar4 ea pel" plant 

The data pertaining to 111ean leaf area (dn12) per plant of sorghunl as 

influenced periodically h.Y different treatillents tried are presented in Table 15. 

It could be rC'v'caled frolll the data in Tablc 15 that the Inean leaf area 

\vas found to be increased progressivel)' \\lith an advanceillent in the crop age 

and reached Ill3Xil11llI1l Llpto 60 DAS or sorghul1l and further declined till 

harvest of the crop. The nlcan 'v/,lIues of leaf area ranged fronl 7.62 to 37.35 

dill.:' during crop gro\vth period. 

/\t 60 ))AS_ 111aXIInUill lear area of 52.28 dn12 \vas registered due to 

application or I O()(~) R[)F \vhich \vas altllost identical \vith that of 750/0 RDF 

dllrin~ 1999. The values oj" leaf ~lrca clue to above treatInents \vere significantlv 
~ ~ ~ 

nlore than control but at par \vith rest oj" the treatlncnts. In the second ),'car, it 

\-V~lS Inaxill1Ulll (44.] I d1l1
2

) clue to 100 per cent reconlnlended dose of rertilizer 

to sorghUI1l at 60 l)AS \vhich \vas signi Ilcantiy higher than the treatlnents 75 

per cent Rf)F -,- 25 per cent N through v,,'heat cut stra'vv. 50 and 75 per cent RDF 

and control. ;\nlong the organic sourccs Llsed for substitution of nitrogen. the 

sources viz .. ,;'{M and ~l~ricid~l J)erConncd bettcr than the \vheat cut stra\v at 
~ I-

]0 anci 60 r)AS during both the years or experinlentation. Sinlilar trend \-vas 

noticed during the later gro\vth period of the crop v ... 'ith decline in leaf area per 

plant in all treatillents. In control trcatl11cnt 'vvhere no organic and inorganic 

ferti I izers used \\'ere registered less leaf area through out the crop gro\vth 

period during both the _\'cars. 
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-'.1.2.4 Lcafa .. ea index (L;\.I) 

The data pertaining to lear area index (I .AI) per plant as inl1uenced 

periodically bv the LIse of organic and inorganic sources of nLltrients are 

presented in Table I (). It could be observed that the LAI vv'as found to be higher 

(9.6g and g.21 ) at 60 DAS in treatnlent \vhere 100 per cent RDF applied to 

sorghulll during 1 <)<)9 and 2000. respectively \·"hieh vv'as significantly higher 

than the treatnlents cOI11prising or 50 per cent RDF ~ 50 Per cent N through 

\vhcat CLlt str~1\V, 75 per cent RI)F - 25 pcr cent N through \vheat Cllt strc1\\I, 50 

per cent RDr - 5c)LN through gliricidia. control and 50 pcr cent Rf)F in 1999 

and 75 per cent RI)F + 25 per cent l' through \vheat cut str~l\\'. controL 50 per 

cent RDJ.' and 75 per cent RI)F in 2000. AI110ng the organic sources used viz., 

1· .. ·y·l\/1 and gliricidia Ie~l\'es registered higher LAI than the \\'heat cut stn.1\\· at 60 

I)AS during both the :years. The LA] values \vere narro\·ved during later gro\.vth 

stages 0 r crop. but the trend \\'as 1()lllH.I to be si III i lar. I n control treatlllcnt \vhere 

no organic and inorganic sources or nutrients \vas used lower I.A) were 

registered through 

e:'< peri nlcn tat ion. 

out thc crop gro\\,th period 

-'.1.2.5 Days to suey«, tlo\\'cl'ing 

durin o 
~ 

both the vears of 

The data in respect oj' I1lL'Hn nunlber of days required for 50~) 

tlo\vering or sorghul11 crop during both the years \vere recorded and presented 

III Table 17. 

The data clearh· indicated that early tl(.)\vering started in the treatnlcnt 

\vhcre 50 per cent RDI: ~ 50 per ccnt substitution of nitrogcn through FYM 

during hoth the seasons \\'hich \vas significantly' early in respect of 50 CYo 

llovv'cring in sorghulll (i.e. 74.75 and 7] days). This \vas closcly i'ollc)\·vccl by 
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Table 17. Lffcct or integrated nutrient l11anage111cnt S)'StCl1l on day to 500
/0 

lh)\vcrin o or SOro hUI11 
~ :::-

Sr. Trealll1ents 

No. 

1. COIltrol (No Il'rl iIi ZL'rs) 

J_ 
") 501LC) R))F _. 

I --r- -

..., 7:::'0/ R[)F .) . . '() 

-to I ()()e) 0 R I) I~' 

7. I SO° 0 RI)(-" - )Oo,'n ~ ( \\'(·S) 

X. 

--

10. I 75 0
'0 R )),: . 25 1

)0 :\ ((,1.\1) 

S.I 

('.1). ~It 51) () 

-1- -
(il'I1I.:r~1I Illc<II1 

Days to 500
/0 llo\\'cri ng 

1999 2000 -1- Mean 

()().O() ~ ()O.13 

-t- _L -+---~ 

1 

79.25 X4.50 g l.gg 

- -1---- - 1-
77.2) 81.75, 79.50 

7).50 

_I 
7-+.7S 

7).50 

7t ). 7::' 

-

7h.O() 

75.7S 

-- - --i 
75.00 

().()X 

-! 
I . ()6 

77.XX 
-I 

76.75 

7~.()O 

77.50 

X1.50 

--

X~.::'() 

- -

XO'50 

77.50 

0.7<) 

- -~ - --

7().13 

+- -- __ 1 --I 

73.88 

__j--- --_--

_I 
76.50 

- --- -I 
\ 

XO.63 

-

I 79.75 

- --

7X.!3 

--r- --- ----

I 76_25 

1- -1 

--t--- --I 
I 
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treatnlcnt C0J11J1rlSlng of 75 per cent RJ)F + 25% N through gliricidia during 

both the years. \Vheat cut stnn\" appl ication in conj unction \-vi th RDF and 75 

per cent R DF during both the year prolonged the .50 per cent Ihnvering by 

abollt 5 to I () days \\'hile in case or 100. 75 and .50 per cent of RDF applied 

through inorganic fertilizers delayed the 50 per cent Ilo\\'ering b:y about .2 to 3 

days during both the years. 

I n control treallnent \\'ith devoid or added nutrients. the crop delaycd 

the 50 per cent tlowering by about 1.5 to 17 da.ys than the earl iest treatlnent. It 

took <)0 days for 50 per cent flo\\ ering after so\ving of the crop. (t could be 

pointed out that the usc of appl ied terti I izer or any kind hastened the flowering. 

"his \\'as hcnelici~d ror early Illaturity ~llld harvesting so that the lield can be 

c kared up earl y I()r succeed i ng crop in the seq uenee. 

4.1.2.6 Dt"y Inattet" accllrnulation pet" plant 

The c1ata pertaining to mean total dry matter acclllllulation per plant or 
sorgh lInl as in 11 lIenced period icall ~ b\ di fferent trcatnlcnts arc presented in 

Table 1 X and graphically depicted ill (:ig. 5. 

I t could be n:\'ealed rrom the data averaged over the years (Table 18) 

that Inean dry Inatler per plant pnxiuced were 4.35 . .50.<)4. 142.63 and 166.92 

g/plant ~lt 30.£;;0. 90 ()AS and at han·est. respectively. As expected the dry 

111attcr acclllnuiation increased \"ith an acl\'ancelllcnt of the crop age. At 30 

J)AS. the total dry lllatter acculllulation was maxinlulll (5.71 g/plant) due to 

50 per cent RDF . 50 per cent ~ through FY1'vl \vhich \\'as f()lIo\vcC! b\ 75 per 

cent RI)I: i 25 per cellt ]'\ through FYvl. At ()O J);\S, application or 100 per 

cent RD(: recorded maxinllllll (7-L21 g/plallt) dry Illattcr accUlllulatioll \vhich 

\\ as 1'01 !tnved by 50 per cent R DF ! 50 per ce11t N through F Y 1\11. ;\ I 1110st 
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silnilar trend \vas noticed in dry Inatter accllinulation at 90 DAS and at harvest. 

The 1l1axinluln (230.42 g/plant) dry Inatter acculnulation \vas observed at 

harvest due to application or 100 per cent RDF. In generaL alnongst the 

organic sources viz.. FYiVL wheat ClIt stra\\' and gliricidia lIsed for N 

substitution along\vith the 
. . 
InorganIc ferti I izers, the hioher drv b .; Inatter 

acculnulation pcr plant of sorghuln \vas observed by the source or 1~lnn yard 

Inanure during all the intervals of thc gro\vth or crop. I hnvever, \\:hen 

cOlnpared \vith dirfcrent levels (50. 75 and 100 per cent RDF) or inorganic 

ferti I izers appl ied to the crop. resultantl v sho\ved the higher dr:y Inatter 

accLllllulation \vith thc treatlnent or 100 per cent RDF at 60, 90 I)AS and at 

harvest except at 30 DAS. \"hile 75 per cent RDF sho\ved better perl()rnlance. 

4.1.2.7 L(.·ngth and gi .-th of ea ."head 

The data in rcspect of Incan length and girth of carhcad at 90 DAS and 

at harvcst as influenccd by di tTcrent trcallnents are prcsented in Table 19. The 

data presented in Table 19 clearly indicated that the n1can Icngth or earhead at 

90 l)/\S of sorghull1 \\'as Inaxinlllll1 (30.45 and 2g.60 cnl) in the trcatlnent 

\\'here 50 per cent RDF + 50 per cent substitution of nitrogen through fYM 

\vas supplied during both the seasons. This \vas at par \vith all the rest of the 

treatlnents except control and 50 per cent RDF in 1999 and only control in 

2000 i nd icating its superiori t:). Anlong the chcln ical I"erti I izers. the earhead 

lenoth at <,)0 D/\S and at han cst increased \vith increase in the dose of 
~ 

fertilizers in both the \'cars. \Vhilc in N substitution throuoh oroanic sources. ~ b 

FY \t1 sho\\'cd its superiority O\'er wheat CLit strc:l\V and gl i ricidia \vhen the data 

\vas averaged o\'er t \\'0 years. 

The Inean gi nh 0 r earhead (.) r sorgl1Llln crop \vas found to be 

signi ticantly higher in the treatInent \\'here 50 per cent RDF -t 50 per cent N 
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through F'{rvl (21.45 C111) in 1999 and 75 per cent RDF -+- 25 per cent N th~;ough 

w'heat cut str~1\V (2 1.40 Cll1) at 9() [)AS in 2000 \vhich \vere at par \vith all the 

treatI11ents except 75 per cent RDr -I- 25 per cent N through \vheat cut stra\v 

and control during first year and control trcatIl1ent during second year. The 

girth of earhead or sorghLlll1 lo\\'erec! do\vn at harvest \vhich \vas 111aXlnlUl11 

( 15.90 Clll) in the treatnlcnt \vhere 50 per cent RDF ' 50 per cent N through 

FYivl applied to sorghull1 during first year and 75 per cent RDF '~- 25 per cent 

~ through FYiVJ appl ied ( 1 8.85 Cll1) duri ng second year. These trcatIl1ent~ \vere 

significantly superior over control. 50 per cent RDF. 75 per cent RDF +- 25 per 

cent ~ through FY[v1. 50 per cent RDF .~ 50 per cent N through \vheat cut 

stnn\' and 75 per cent ROF -1 25 per cent N through vv'heat CLlt stnl\V in 1999 

and control in 2000. 

4.1.3 Yield contt"ibuting chanlctcl"S 

The data pertaining to Y'ield contributing characters VIZ.. em'head 

length. \\'eight 01" earhcacL grain \\'eight of carheacL nllll1ber or grains per 

earhead and 100 grain \veight as influenced by different trcatlnents considered 

under integrated nutrient nlanagcnlent svstenl are presented in ensuIng Table 

20. 

4.1.3.1 Ea I"head length 

The data presented In Table 20 indicated that the l11ean length of 

earhead per plant 01" sorghuln crop at harvest \vas 26,32and 27.67 Cll1 in 1999 

<Ind 2000. respectively. During both the seasons. the treatll1ent cOlllprising or 
50 per cent RDr .~ 50 per cent N through FYM recorded l11axill1Ulll (29.30 Clll 

ill 1999 and 30.00 CI11 ill 20(0) eat'head length \vhich \\'3S significantly superior 

and at par \vith those obtained I"rol11 other trcatnlcnts under study except 
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control. i\nl0ng thc levels of fertilizcrs. 100 per cent ROF proved its 

superiority over 75 per cent and SO per cent RDF even though the differences 

\"ere not signi ticant in both the seasons . 

.... 1.3.2 \Veight of ca.-head 

The data pertaining to Inean \veight or earhead/plant of sorghUln 

presented in Table 20 clearly indicated that the nlean \veight for carhead \vas 

X9.65 g \\'hen <:l\'eragcd oycr t\vn Years. In 1999, the Inaxinlunl (101.51 g) 

\vcight/earhead \vas recorded clue to appl ication of 50 per cent RI)F +- 50 per 

cent ~ through FY['v1 \,'hich \\'as at par \"ith those obtained fronl rest of the 

trC<.Hlnents cxcept 50 per cent RDF -j 50 per cent N through \\'heat cut stravv' 

and control sho\\'cd significant difrercnces. \Vhilc in 2000 season. InaXl111Unl 

( I 19.8{) g) and signi ficantly Inore \veightlearhead \vas observed due to 

application of 75 per cent RDF -I-, 25 per cent N substitution through FYM than 

that or 75 pcr cent RI )1: T 25 per cent ~ substitution through \vheat cut stra\v 

and control <'llHj at par with rest of the treallnents . 

.... 1.3.3 \Veight of grains pl'.- ca.-head 

The perusal of the data regarding Inean weight of grains per eat'head of 

sorghun1 in Table 20 indicated that the 111<:lxinlUnl average grain \veight per 

earhcad 0" sorghllln \\ as 84.7X g dUL' to the treatlnent of 100 pcr cent R[)F. 

\Vhilc in indi\'iclLl<.ll yean' ise data, it could be seen rrOn1 the first season of the 

stuc.h. the Inaxil11111n grain weight pcr earhead n~O.15 g) was obtained due to 

application or 50 per cent RDI: ~ 50 per cent N substitution through FYM 

which \V~lS signil'icantly l110re than those obtained rrOlll application or 75 per 

cent RDI: \ 25 per cent N through FYiV1. 50 per cent RDF T 50 per cent ~ 

through \"heat Cllt str~l\V, 75 per cent RDI: + 25 per cent N through \vhcat cut 



stnl\\" and control. and on par \\"ith rest of the treatlnents. \Vhi Ie I n season, 

appl ication 0 I' i llorganic lerti I izcrs alone (ei: 100 per cent RI)F registered 

significantly Inorc grain \\"eight per earhead (96.40 g) than that of 75 per cent 

RI)(-" L 25 per cent ~ substitution through \\'heat cut stnnv and control and 

alrnost identical \\"ith rest of the trealll1ents in respect of producing grain 

\\·eighvearhead. 

-'.1.3.-' ~lIll1hcl" of ~I"ains P('I" ('al'h('ad 

The data in respect of nlllnber or grains per em'he~ld or sorghunl (Table 

20) indicated that n1a~illlun1 and significantly higher nllillber of grains (3451) 

per earhe<'l(.i \vas obtained in the trcallllent 50 per cent RD)-" ;_ 50 per cent N 

through I:Yi'vl applied during lirst year \\"hich \vas at par ,,"ith all the treatnlents 

e~cept treatnlents of :=;0 and 75 per cent RDF and 50 and 25 per cent N through 

\\heat cut stra\\ and control. \Vhilc during second .year or e~perinlentation it 

\\"as Ina~inlulll and significantly higher (34R7) clue to application or 100 per 

cent RI)I-' than that or control. Rest of the treatlllcnts \vere at par \vith each 

other in respect of llUlllbcr or grains/earhead. The a\'erage Inaxinll1nl lllllnbcr of 

grains per e<.uhead \\' .. IS 3366 observed in treatnlent 50 per cent RI)I: -; 50 per 

cent' substituted through FYi\1. \\'hereas Illinilllunl nunlher or grains per 

earhead (537) \vas recorded bv the control treatillent ","here no ferti I izcl- and 

Inanure appl ied. 

4.1.3.5 H u nd I"('d ~ .. ai n ,,'cigh t 

Thc data regarding Illean hundred grain \\'eight of sorghunl (Table 20) 

re\"e~ded that thL' ;.l\crage 1l1a~illlunl hundred grain \\-eight (2.61 g) \vas 

J'L'corded in the treatlllcnt 100 pcr cent RDr:. 1-'r0111 yean\ ise data. it could be 

noticed that the l11a~inlllnl <2.53 g) and signilicantl) higher hundred gralll 
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\\ eight or sorghulll graln~ \vas registered b,Y the treatnlent 100 per cent RDF 

and 75 pcr ccnt RDI: (2.76 g) during lirst and second years or cxperilnentation. 

respecti\'ely. Both the treatnlents \\'ere significantly superior o\'er control onl)' 

and at par \·vith rest of the treatillents during both the years. The Inininlulll 

,\\'enlge hundred grain \vcight of sorghulll (1.70 g) \"as recorded in the control 

treatInent \vhere no krtilizers and Inanurcs \\:'crc applied, 

~.I.~ Yit'ld stlldit's 

Thc data ill respect or the 1l1Ci..1l1 grain. fodder and pooled Ineans. 

hiological yield (q ha· I
). han'cst index and FctJdt':'Y "-"':-sv::"r:ratio as influenccd 

h)' eli ITerent treatlnents through usc or organic and inorganic sources or 

nutrients for the \'C,lr 1999 and 2000 arc presented in Table 21 and also 

gr,lphically depicted ill Fig. 6. The i llt('o nlted o llutrient Inanagelnent ror 

sorghuln crop in sorghuln-\\'heat cropping systetll responded signi ficantly for 

gr'llll. ItH.ider and hiological yield or sorghuln during both the \-ear or 
experinlents. The values oj" grain. f()(lcier and biological :yields \-vere 41.39. 

7().90 and IIX.OO In 1999 and 40.07. 64.12 and 104.16 q/ha in 2000. 

respectively. 

4.1.~.1 (; I"::li n yield 

Thc application or 50 per cent RDF ,; 50 per cent substitution of" 

nitrogen through I:'{\/l during 1999 and 2000 produced significantl~ Inorc 

gr~lil1 )--icld to the tUlle or 54.25 ,1l1d 49.03 q ha'i. r~sp~etivcly- \\-'ilh po()l~d 111Can 

or :) 1 .64 q!ha. During lirst year of c:--.:perilllentation. this trcatlncnt \vas at par 

\\ ith 100 pcr cent RI )1: and signi lieantly superior over rest or the treatlllcnls. 

\Vhilc in sL'conci ye'lr. saine trcatlnent \\'as at par \\'ith 100 pcr cent RI)F. 75 per 

cent RDF :' 25 per cent ~ through FYiVl and 50 and 75 per cent RDF \\'ith 50 

and 25 pL'r cent ~ substitution through gliricidia and signilicantly Illure than 
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the rest of the treattnel1lS. \Vhen the data \vere pooled over seasons. it could be 

seen that 1l1,1Xinll1l11 grain yield (51.64 q/ha) \vas observed due to 50 per cent 

RDF ~ 50 per cent N substitution through FYM \vhich \vas at par \vith that of 

100 per cent RDF. 75 pcr cent RDr -I_ 25 per cent N substitution through FYM. 

50 per cent RDF -. 50 per cent N through gliricidia and 75 per cent RDr T 25 

per cent 0.i through gliricida and significantly 1l10re than the control. 50 per cent 

RDI:' 75 per cent RDF. 50 per cent RDF + 50 per cent N through \vheat cut 

stn:l\\" and 75 per cent RDr -~ 25 per cellt N through \vheat cut stn1\v. Reduced 

level or Icrtilizer and \\"heat cut straw" application retlected in the reduction in 

grain yield of sorgl1l11l1 during both the years. 

"".1.4.2 Foddel- :vit'ld 

The scrutiny of data prescllted in Table 2 I regarding l11ean rodder "yield 

per hect~lre reve~llcd that the fodder yield or sorghulll \\"as signi ficantl:y 

higher in 50 per cent RDF -~_ SO per cent substitution or 0.: through FYM 

( 102.32 q ha-') than those or othcr treatlllcnts . I lo\\"e\'er. this \\"as follo\ved by 

I ()(} per Cellt RDr (9.1.()4 q ha- I
) and 50 per cellt RDF -, SO per cent substitution 

of nitrogen through gliricidia (90.1 () q ha-') during first vear. \Vhilc. in 

subsequent year. the treatlllent 75 per cent Rl)F j 25 per cent ~ substituted 

through I:Y\:1 recorded significantly higher (7S.11 q ha-') rockier yield \vhich 

\vas at par \vith all the trcatlllL'llts except control. The pooled fodder yield data 

re\"ealecl that the Illaxiinuill rodder yield to the tune or 84.3 I q/ha \\·as obtained 

duc to applicatioll or Ion per cent RDF \vhich \vas significantly superior over 

control and at par \\ ith rL'st of thL' treallnents. 

"".1."".3 Biologica I y il'ld 

The perusal of the data presented in Table 2 I rcgardin o 111ean ._ :::-

biological yield of sor~hun1 per hectare revealed that the average (pooled over) 



132 

nlaXll11Unl biolog.ical :-"icld \vas 140.15 l) ha- I
. I-i<nvever. in 1999, it \vas 156.57 

q/ha froln 50 pcr cent Rf)F -~- 50 per cent N substitution through FYM being 

nlClXl1l1Unl and sig.niticantly· nlore than those obtained I'roll1 rest of the 

treatnlents. Vv'hile in 2000, application of 100 per cent RDF to sorghunl 

produced significantly nlore ( 123.93 q/ha) biological yield than those obtained 

i"ronl controL 75 per cent RI)F and 50 pcr cent RI)F + 50 per cent N substituted 

through \vheat CLlt stra\\' and \\'as at par \vith rest 0 r the treatl11ents. 

4.1.4.4 Fodder to gl'ain nltio 

The data of Incan ro(kler to grain ratio of sorghun1 presented in Table 

2 I clearly indicated that the 1<._)(lder to grain ratio obtained rrOll1 organic sources 

\·iz., FYM, \\'heat cut stnnv and gliricidia leaves applied to sorghun1 crop along 

\\ ith 50 per cent RDF \vere in the range rronl I .~5 to I .XC) during lirst year and 

1.39 to 1.79 during. second year. II()\vc"er, \\'here certain levels of fertilizers 

\·i/ .. 50. 75 and 100 per cent applied to sorghuln during first year. the values of 

fodder to grain ratio \vere 2.04, 1.91, 1.~4 and in the second year 1.47, 1.62 and 

1.53, respectively. This Inight be due to decreased grains and fodder yields by 

di fferent le\i'Cls of inorganic fertilizers used. In control trcatlncnt. the rooder to 

gr:"UI1 ratio obtained \\'as 7.43 Clnd X.02 during first and second year. 

respectively·,IH)\\Tvcr. it \vas highcr becausc or less )'icld or grains obtained In 

control plot. 

4.1.4.5 Iia I-vest index 

Thl.' data of 1l1ean han'cst inde:\: of sorghunl (Table 21) revealed that 

the trcatnlent cOin prisi ng the appl icatioll of organ ic sources viz .. FY t\1, \vheal 

Cllt stn.1\\ and gliricidi<l lor ~ substitution along\vith 75 per cent RI)F recorded 

higher harvest indices of 36.42. 3().X~ and 3().70, respccti\.el)l and it \,vas 
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lo\vered do\\ n to _:).5.~ 1 to ~ 2.97 \vhere i norgan ic i"cni I izer levels \verc tried 

during first year oj" experilnentation. Ilo\\'ever, during the second year or 

eX]1erilllentation the inorganic fertilizers levels tried sho\ved increasing trend in 

harvest indices rather than LIse of organic sources or fenilizcr ror N substitution 

except gliricidia application. The gliricidia application \vith 50 or 75 per cent 

RI)I: rCQistered the sil.2,nilicantlv hi!.2.hcr harvest index durin!.2. second vear. 
.__ '-- .' '--- "'_,.1 

--'.2 Effect of intl,'gnltcd nutl-ient Inanagclnent on raiJi "'heat 

4.2.1 Plant population 

The <.hna perla i ni ng to Inean plant count at in itial stage (20 [)J\S) of 

\\'heat as influenced hy di ITercnt treatillents are presented in Table 22. 

It \vould be seL'n fro III the data in Table 22 that nL'ither the fertilizer 

levels nor thc dilrcrcl1t sources of rertili:l'.ers L1sed in prc\.'ious seasons had an,Y 

significant effect on pl~lnt population indicating that the initial plant population 

\vas ullifonll in all the treatnlents during both the years of ex perin lent at ion. The 

Inean nUlllber or plallts per Ineter kngth \\'as observed to be X6.58 and 79.28 in 

19<)9 and 2000 seasons, respectivcly. I·:v'cn though the eli J"fcrences vvere not 

signi licant. the 11l3XilllUIll initial plant population \\as observcd \vhere 75 per 

cent RDr to \vheat \\ith 75°/() RI)F -1 25 pcr cent N substitution through FYM 

to sorghuI11 \\'as applied. ;\11110st silnilar trend \vas noticed during second 

seasoll. ho\\·ever. it \\ <IS I X.5 per cent less than the first seasOI1. 

..... 2.2 (;I"()\\,th att,-ihutes of "'heat 

Studies 011 g_ro\\ th includes observations on various grc)\vth characters 

\ IZ .. plant height. llUlllher and arL'~l or functional lea\'es per plant. dr,Y Inatter 

aCCllln ulat ion b\' \\'ho Ie plant and total llUln bel' of ti IIcrs per plant at successi ve 

phases (.) r crop gn,)\\,th. 
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Table 22. Lf'fect of integrated nutrient Inanagelnent on plant population per n11 
length or \vheat crop. 

- -

Sr. I 

No. 

'I'rcatlnents 

1-

1. 

KhoJ"{/ 
sorghuln 

j-. 
( oillrol 
(~() fertilizers) 

4. I I ()()(~(' RDF 

5. 

6. I 7:'°/(, RDI-" 
2:,('-'~, :'\J (I: Y\,l ) 
--

I 

7. :'0°/(, RDF 
son;;, 1': (\VCS) 

')-0, ,: \"('(.' _ 1--=" /(1 ~" (_" ,,,> ~ 

9. 5 ()O/o RDI-" 
5()(I/o ~ «(j I. \'1 ) 

Ruhi \\'heat 

Control 
I (\40 I'crti I iZLTs) 

I ()()\~;) R D I: 

RI )1, 

RDF 

I ()()(~, R I ) I: 

I 

Mean I1l11nber of plants/n1 length at 20 
[);\S 

1999 

76.25 

83.25 

75.75 

83.25 

75.00 

102.50 
-1-

100.00 

83.75 

89.50 

2000 iVlean 

74.25 i- -7-5.2-5-. 

- --j 
7].00 78.13 

--.----
I 

83.00 I 

79.3R 

R5.75 

R2.00 I -7-8.-5-0 

-I 
83.50 

74.50 

81.75 

_ -_~L 
79.25 

93.00 

87.25 

82.75 

84.38 

-I 

-I 

-1 

- . - - - - .. - -- - - -. - ----

10. I 75(~/;, RDF 96.50 75.75 86.13 
I 25°~, l\: (CiI.\I) 

--. 
S.L. : 

i 

9.91 4.49 
-.- - - - 1- - _l 

C.D. at 5(~'(1 N.S. N.S. 
--.----~ 

(iL'IlL'I'al mean 86.58 
I 

79.28 82.93 
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4.2.2.1 Plant height 

The plant height generally indicates the vigour and gro\vth of the plant. 

The data regarding the nlean plant height of \vheat as intlucnced periodically 

b)" various trcatIllcnts undcr study' are presented in Tablc 23 and shown 

graphically in Fig. 7. The valucs ofnlcan plant height at 30, 60. 90 I)AS and at 

harvest \vere 25.47. 4(.).<.)0, 72.<)0 and 77.87,in 1999 and 22.40, 50.11, 77.12 
c ..... ". A. 

and 78.27..zin 2000. respcctivcl.y. The nlean plant height increased at t~lster rate 

uptn 90 days and thereafter till harvest it \\las slo\vecl dovvn. The 111ean 

l11axilllunl plant height or \vheat \\'as 29.40 Clll at initial stage of 30 days and 

reached to its nlaxinlulll as crop age advanced upto harvest and it \.vas 84.95 cnl 

per plant due to the treatlllent of 75 and 100 per cent Rf)F to \vheat \vith 

application or 50 per cent Rl)F -: 50 per cent N through \vheat cut stnn\' and 

100 per cent Rr)F to sorghulll, respectively' during first year and \vas 25.65 and 

X4.43 cnl per plant at 30 days aftcr so\\'ing and at harvest. respectivel)' in 100 

per cent R))F each to w'heat and 50 per cent RDF -+- 50 per cent N through 

FYi'vl and 50 pcr cent RDF to preceding crop of sorghunl, respectively during 

second year of cxpL'rinlcntation. The <.Ii fTerences in the nlean plant height 

recorded at \'arious phases 0 f crop gn.)\vth \vere signi ficant due to levels of 

fertilizers. The tnean plant height \\'as Inaxilllulll during entire gro\-vth or \.vheat 

crop due to application or 120+()O!60 kg N. P20~. K 20 ha- I (ROF) irrespective 

or inorganic and organic fertilizers applied to sorghulll than the rest or reduced 

levels tried during. both the years or expcrilllentation. 

4.2.2.2 Fu nctiona I lea f n Hill be." per pia n t 

Data regarding the Inean l1ulnber or fUl1ctional leaves per plant as 

allected periodically b) different levels of i"cl1ilizers are presented in Table 24. 
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I )ata Cronl T~lhle 24 revealed that the lllean IHllllber of functional leaves 

per p}ant increased \\'ith all acivancelllent in the age or the plant upto 60 I)AS 

anc! thereafter till h~lJ"\'CSt leaf nunlber per plant reduced substantially during 

both the seasolls. Since. the lo\·ver leaves started drying. the nUlllber or 
rllnction~ll leaves decreased at I~lster rate as the crop age advanced. The lllcan 

values of" lear nUlnber per plant \vcre S.X2. ().31 and 2.XR in 1999 and 7.19. 

7.X6 and 2.6X in 2000 at 30. 60 and 90 OA,S. respectively. In first year of the 

experilnentation at 30 I)AS the nlaxinlUl11 (6.15) lear nUInber per plant \vas 

observed \\'here ~o per cent RI)F + 50 per cent ~ substitution through FYM to 

so rg h Uill and 1 00 pe r c e n t R I) F to \·v h eat \ve IT a p pi i e d \ V hi c h \va sat par \v i t h 

rest of the treallllents and signi ticantly lllore than those of control and 50 per 

CL'llt R DF ~- 50 per cellt , through \\'heat cut stra\\' to sorghunl and 100 per 

cent RI)I: to \vhcat. AiInost silllilar trend \vas noticed during second year. 

Ilo\ve\Tr. at 60 J)/\S. sallle treatnlent sho\vcd Inaxinlunl leaf nunlber per plant 

but \\'as signiticantly superior to control. 7S per cent R[)F +- 25 per cent N 

through I:Y\/I to sorghulll and 75 per cent RDF to \\'heat and 50 per cent RDF 

j- ~o per cent N through gliricidia applied to sorghunl and 100 per cent R.r)F 

~lppliecl to \\'heat and at p~lI' \\ ith the reillaining. treatnlents. \Vhile in second 

)L'.lr. it \vas signiricantl) nlore than that orcontrol and 75 per cent RI)}-" applied 

to \vheat preceded b::-- 75 per cent RDF ~- 25 per cent N through \vheat cut stra\\' 

to sorghulll. At <)0 D:'\S. evell though the <.Ii flerenccs \",ere not significant 

d LI ri ng 1i rst .YL'ar. the S~lnlC treatlnent sh(.)\ved its superiori ty ror produci ng 1110re 

nllll1bcr or lea\cs per plant during both the years. The nllinber of functional 

leaves increased due to application or organic sources vi/ .. FYM and gliricidia 

to preceding crop in ~o per cent proportion \vhile reducing trend \vas noticed 

due to appl icatioll or \vheat cut stnnv for 50 per cent N substitution to previous 

crop irrespecti\'e or levels or RI )): to \\'heat. This trend \\'as observed 
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throughout the gn.)\vth phases of the \vheat during both the years. A.1110ngst 

inorganic fertilizers. ~lpplied (({, 50. 75 or 100 per cent or ROf to preceding 

crop \\ i th 75 and 1 00 per cent le\'c Iso r RL) F appl ied to \vheaL re t1ectcd in 

reducing the nUlnber of functional le<:l\'Cs per plant as cOlnpared to organic 

sources appl ied to prc\'iolls crop of sorglHlln. This has shovv'ecl the residual 

significant effect or organic sources on nUlnber or functional leaves per plant of 

\\'heat during both the year 01" experinlcntation . 

.... 2.2.3 Lea fa tOea (LA) pc." pia n t 

The data regarding lear area per plant (dll12) as influenced bv different 

treattnents arc prescntcd in Table 25. 

It coul d be observed that thc Incan lea I' area per plant average over t vvo 

scason \\'as increased rapidly lIpto 60 da,::.'s after sO\\'ing (2.65 dn12) and then 

decreased subsequently being 0.63 dlll~ at 90 DAS. The lear area increased in 

greater rrOI11 1.01 to 2.01 dlll~ and 0.77 to 1.01 dll1 2 30 ));\S bv the treatnlelll 

100 per cent RI)I: applied to \vheat during first and second years. respectively. 

The ditferences in lear area clue to various levels or fertilizers applied to \vheat 

prececkd by i norgan ic and organ ic l'eni I izers appl ied to sorghul11 \\'erc not 

significant at all the lhlVS or observation durin o :::- both the years of 

experill1entation except 30 and 90 I )/\S during 1999. By and large. it \\'as 

observed that Illaxillluln leal" area per plant 3.43 dn1 2 and o.~ I dnl~ due to 100 

per cent Rl)F to \\'heat preceded by 50 per cent RDF -- 50 per cent l' 

substituted through I:Y:VI to sorghU111 at 60 and 90 OAS. I-Io\vevcr. there \"-:as 

no speci lic trend in leaf area due to \'arlolls trcatnlcnts under study'. The lllcan 

values 01" leaf area obtained Inaxi111llnl at 60 l)/\S indicated that lise of variolls 

organic sources coupled \\'ith inorganic Icrtilizers applied to preceding crop of 
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sorghuln and 100 per cent and 75 per cent RDF to yvheat registered n10re leaf 

area per plant of \,,,heat c0111pared to reduced levels of inorganic terti lizers and 

control. 

.... 2.2.4 ~ U In ber" of tillers PCI" pia 11 t 

RL'!cvant data on Inean nllln ber of ti Ilcrs per 1)lant as in tluenced 

periodically by different trcatlnents arc presented in Table 26. 

The average lllean llull1ber or tillers per plant at 30, 60, 90 DAS and 

harvest for both the .years \vas 1.94. 2.38. 1.64 and 0.75. respectively. 

Reductioll ill the llulnber of tillers \vith an acivanCClncnt of the crop age fro111 

90 DAS to han'est \\ as clue to exposure or \\'heat to adverse allllospheric 

tClllpCrature in the l11ol11h or I:cbruarv and rVlarch. The di fTerences in the Illcan 

llLllllber of tillers per plant. due to fertilizer levels \vas significant through out 

the gn)\vth phases under stud). The optill1U1l1 level or fertilizers ( 100 per cent 

RDF) produced higher nUlllber of tillers cOlllpareci to those produced by its 

lo\\'er level (75 per cent RDI:) of rertilizer irrespective or inorganic and 

organic sources 0" rertilizers applied to preceding crop or sorghull1. Ilo\vever. 

sign i ficantly, lo\vest nUlll ber 0 I' tillers \vere recorded in control duri ng both the 

years of experilllelltation. Alllong the organic sources. appl ied to previous crop 

or sorghuill. \vith IO() and 75 per cent RDF to \vheat did not influcnce the 

lllllllber or tillers signiticantl.y at all the gn)\vth phases. Thc tillers per plant 

increased L1pto 60 DAS. The l110rtality of tillers started thereafter being lowest 

Illllnber or tillers per plant at han·est. This 111ight be due to the higher 

suppressing errect or high populatioll or lllain plants right rr0l11 beginning to 

harvest and due to the shy tillering habit or the cultivar undcr stud)'. During 

both the SC~lS()ns. the 11laX i 111UIll II Llill ber 0 r tillers per plant \vere recorded due 
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to 100 per cent RDF to \\'heat \vith 50 per cent RDF plus 50 per cent N 

substitution through FYM. The respective values \vere 3.05 and 3.02 in 1999 

and 2000. respectively. This \\"as significantly superior over rest of the 

treatn1ents except 100 per cent RDF to \\/heat and sorghun1 in 1999 and 100 per 

cent RI )1·- to \\ heat and sorghun1 and I ()O per cent RDF to \vheat preceded by 

50 per cent RDI: to sorghlln1 in 2000. At 90 DAS and at harvest saIne 

treatn1ent sho\vecl its superiority over rest of the treatl11ents during both the 

years of e~perin1entation. 

4.2.2.5 Dr-'\' Inattcr- acculllulatioll 

Data pertailling to the 1l1ean total dry" 1l1allcr acclln1ulation pcr plant at 

30.60.90 Di\S and han-est arc presented in Table 27 and graphical I): depicted 

III Fig. 8. 

The total dry 111 <:1tter accuIl1ulation per plant \vas increased \vith 

incren1elll in age of the crop till harvest during both the seasons. The 111ean 

\ a I LIes 0 I' dry 111atter aCCllll1ltlation per plant averaged over t\VO seasons \vere 

O.()9. 3.0 I. :'.67 and 4.:'7 g/plant at 30.60.90 [)i\S and han'est. respectively" 

The highest dry 111atter \\-eight per plant of" \vheat recorded at 30 [)/-\S by the 

treatn1ent 100 per cent RI)F to \vheat during first (0.88 g) and second years 

(0.83 g) \vith 50 per cent RDF ~- 50 per cent N through FYM to sorghu111 and 

J 00 pcr cent RDF to \"heat and 50 per cent RI)F to sorghull1 and 100 per cent 

RDF to \\'heat crop. respectively l.'ven though the differences in dry n1atter 

accLlnllilation \\"ere 110t signilic~lnt in both the years. \Vhilc at 60 D!\S during 

[irst )-car, the dry 111atter \\·eight of 5.2~ g/plant \vas registered by the treattHent 

or 100 per cent R DF to \\"heat and 50 per cent RDF -+- 50 per cent N through 

I:Y!\.ll to previolls crop i.c. sorghull1 \vhich \vas significantly superior to 
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all the trcatlllellts except opti nlunl dose i.e. ] 00 per cent RI)F appl ied to \vheat 

\vith 100 and 50 per cent RDI: alone and 50 per cent Rl)F -,- 50 per ccnt N 

through \\-heat cut stra\'- and gliricidia. respectiycl:y applied to preceding crop 

or sorgl1LII11. During second year at 60 I)AS, the dry l11atler accLllllulation per 

plant 0 r \\"heat \\"as a flected non-signi ficantly' by d i ITerent trealillents. 

/\t lid phase i.e. 90 [)AS of crop grovv,th the dry l11atter accLllnulation 

per plant or \,-heat \,-as affected signi fic<.lntly during both the years of 

experinlentation. The treatnlent \\'hich c0l11prised \\lith 75 per cent RI)I~- to rahi 

and 75 per cent RI)F . 25 pcr cent N through gliricidia to kharl/crop recorded 

the highest (4.73 g:'plant) dry l11atter accul1111latiol1 \,-hich \vas significantly 

l110re than control and \vas on par \vith rest oj" the treallncnts. Silllilar trend \vas 

also noticed during second year. 

The Illaxilllllnl dry l11atter accunlulation in \"heat per plant at harvest 

stage \\ as 5._:)() and :).50 g due to I 00 per cent R DF to \\ heat preceded by 50 

per cent RI)I,' plus 50 per cent' through FYM applied to sorghulll crop during 

first and second ~ car of cxpcrilll(.'ntation. respecti\ ely. These values \vere 

significantly highL"'r than the control \\;'hereas all other trcat111ents \\lere at par 

\\ ith each other during both the years. :\ltnost silnilar trend \vas noticed \\-hen 

clat,l \\ ere pooled ror t \,"0 seasons. In gCllend. opti 11lU111 and SlI b-opti 111 U 111 levels 

(.) I" terti I izer appl ied to ruhi crop i.e. \\'heat grC)\\'11 a ftcr sorghuI11 \vith sub­

nptinlUl11 le\ els of RDI: coupled \\"ith organic sources yiz .. gliricidia. \vheat cut 

stra\\' and FYM \\'cre rcsp()nsiblc for increl11ent in the dry l11atter accul11ulation 

per plant 0 f \\-heat. 

4.2.3 Yield cont"ihuting chanlctcrs 

Data regarding l11ea11 nlllnber of productive tillers per plane length of 

panicle. nlll11ber of spikelets per panicle. 11111nber or grains per panicle. grain 



\\'cight per plant at harvest and hundred grain 

presented in Table 2~ . 

.... 2.3.1 NUlnbcl' of IH'oductiv(.' tillcr's pc.' plant 
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\vci (Jht arc recorded and 
~ 

It could be e\'idcnt li'on1 the data in Table 28 that the 11lean nLllnber of 

producti\'C tillers per plant o\'cr ycars \\as 0.74. The differences in the 11lean 

nUlnber or productive tillers per plant, due to levels or fertilizers tried. \vere 

signi ficant. Thc nUlnber or productivc ti IIcrs obtained \vith application of 120 + 

()() + 60 k g ~. P 2()" . K ~() h~l- I (I 00 per cent R () F to \"-'heat) \vas the highest 

(O.l)7 per plant) and \\'as significantly superior to trcat1l1cnls to \\'hich sub­

optinlllJll lc\'cl of fertilizcr (7-:" per cent RDF) \\'as applied during lirst year. 

I)uring the second year of experilllenlation, silllilar trend \vas noticed in respect 

or nUlllher or producti\'c tillers per plant at harvest. The treallnenls \vhich had 

the organic sources for substitution or N along \vith the 50 per cent RI)F to 

khetri! sorghunl and 100 per cent RDF to ruhi \\heat increased the productive 

tillers per pbnt ~lt h~l)"\est during hoth the years. This could be attrihuted to the 

beneficial residual L'lfcct or the organic and inorganic sources of" nutrients 

applied to previous crop plus optin1ulll level or fertilizer applied to succeeding 

crop . 

.... 2.3.2 Lcngth of panicle 

The data in Ti.lblc 2~ revcaled that the average Incan length of panicle 

\vas 8.09 cn). \\'here thc 1l1axin1un1 and significantly n10rc (~.65 and 9.gg Clll in 

1999 and 2000. respecli\'Cly) length or panicle \vas registered in the treatn1ent 

or 100 per cent R()F to \\'heat \\'ith 50 per cent RDF plus 50 per cent N through 

I·"Y \'1 to previous crop or sorghun1 than those of control. 75 pcr cent RDf to 

\\ heat and 75 per cent RDF to sorghuln. 75 per cent RDF to \vheat preceded by 
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75 per cent RDF -. 25 per cent N through FYfvl applied to sorghurn. 50 per cent 

R 1)1-" _- 50 per cent 0.: through \vheat cut stravv' to sorghllll1 and 100 per cent 

RDI: to \\'heat and 75 per cent RDr: to \vheat preceded by 75 per cent RI)F + 

25 per cent N substituted through \\'heat cut stn.l\\' in sorghull1 and \vas at par 

\\ ith rest of the treatlnent in lirst year or experilnentation. vVhile in 2000, the 

saIne treatlnent \vas signi ticantly superior to control and all rest of the 

treatlnents \vere at par and were signi licantly superior to control in respect of 

length or panicle per plant at h~.lr\'est or \\'heat. This \vas follo\\'cd by' 100 per 

CL'nt R DI: to \\'heat ~ll1d 100 per cent RDI: to sorghull1 during both the seasons, 

4.2 . .3.3 ~ulllhel" of spikdcts pet" panicle 

The Inean nlllnber or spikelets per panicle produced ( 15,1) \\'as 13J) 

and 16.4 during I ()99 and 2000. respectively (Table 28), The Inean InaXlnlUll1 

( 1 ().O) nlllnber or spikelets per panicle \vas recorded due to 100 per cent RDt-' 

to \\'heat preceded hy 50 per cent RDI: -.- 50 pCI' cent N substitution through 

1·")'\11 in sorghu1l1 \vhich was signitic<lntly' nlore than those or control. 50 per 

cent RDF to sorghulll and IO() per cent RDr to \\'heaL 75 pcr cent RDF to 

sorghun1 and \\ heat and 75 per cent RDr to \vheat preceded by 75 per cent 

RDF ,- 25 per cent :'\ through \\'heat cut slra\\' applied to sorghun1 and \vas a1 

par \vith rest of treatlnents during 1999. \Vhereas in second season san1e 

treatll1ent registered n1axill1ull1 ( 18.1 ) nlllnbcr or spikelcts per panicle. All the 

treallnents preceded by usc or orgw1ic and inorganic sources 01' nutrient at 

certa ill Ieve I sand su b-npti 1l1Ulll Ic\'e I (.) I' ferti I izers to succeed i ng crop of \vheat 

\vcre at par \\'ith each other but signi1icantly lllorc than control. 

4.2 . .3 .4 N 1I 111 he t4 0 f g t· a ins p t' '" pan i cI l' 

It \\·as c\"idel1l (Table 2~) that the Inean l1111nbcr of grains pCI' panicle 

\\';'IS 3-t,21 <llld -to,~() during 1999 and 20()O. respectively. The differences in the 
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ll1eal1 Ilulnhcr or grains per panicle due to levels of fertilizer and application of 

organic and inorganic fertilizers to preceding crop \vere significant during both 

the seasons of experilnentation. The highest values of l1unlber or grains per 

panicle \verc registered to be 41.75 <'1I1d 46.70 due to appl icatioll of 100 per cent 

RI)F to \vheat and 50 per cent R[)F .- 50 per cent N through FY.\II to sorghulll, 

respecti\'Cly' during lirst and second yea", respccti\,·ely. These valucs vvere 

signi ficantly 11101'C than those obtained rrOn1 control and 75 per cent RDF 

apl")lied to \,vheat during first year and control during second 'y'ear. II<,)\vever, 

the relnaining treatlllcnts \\'CIT at par \vith each other. The control treatnlent 

rL'gisterecl X.()O and 1 ~.73 grains per panicle during first and second year 

respectively, vv'hich \verc signilicantly' less. 

It \\'oulcl be secn fronl Table 28 that the Inean graIn \veight per plant 

\vas 1.57 anci 1.54 g during first and second year, respectivel~y. The differences 

in the 1l1Can grain \\'Cight I-,er plant clue to optilllunl (100 per ccnt R[)F) and 

suh-optinlunl (75 pcr cent RDI:) levels of fertilizcrs applied to \vheat \vere 

significant and the highest grain \\eight or 1.96 and 1.79 g per panicle \,vas 

n~gisterecl due to I (}O pCI' cent RDF to \\'heat preceded by SO per cent RL)F -+- 50 

pcr cent N substitution through F'{[VI in sorghulll crop ciuring lirst and second 

)'CaL respecli,·cly. This treatnlent \vas significantl)' superior to that or control 

and the treatnlcnts \\'ith 7~ pcr cent RDr applied to \vheat in first scason. 

\\/ hereas, In second vear it \vas sign i licantl)' superior to contro I on I \' 

i rrespect i ve 0 r preccd i ng fen i I izer trcatnlcnts to sorghU1l1. Rest of the 

trcatnlents \vcre at p~lr \v'ith each other. 
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..t.2.3.6 II u nd ,"cd g."a i n "'cigh t 

The 111Can hundred grain \\'eight or \"heat rcgistercd In 1999 \vas 4.15 

g. \\'hile it \vas ].97 g in 2000 (Table 28). The highest and signiticantly 

superior treatlnent invoh'ing 100 per cent RDr during khartl and rahi season 

recorded 4.4~ g hundred grain \veight but \vas at par \vith all the values of other 

treatIncnts except 7~ per cent RDF and control precedcd by' 75 per ccnt RDF 

and 2~ per cent N through \vhere stnl\V applied during first y'car. \Vhcreas it 

\vas Inaxi lnunl (4.1 () g) by 100 per cent RDF to \,,'heat \vith 50 per cent RDr + 

50 per cent N through FYl'vl to sorghllll1 and \vas at par \vith all the treatInents 

except 100 and 75 per cent R DI-' to succeeding crop \vith preceded by 50 and 

7~ per cent RDF coupled \vith 50 and 25 per cent N substitutcd through \vheat 

CLlt str~l\V and control during second year. Control treatlnent recorded 

signilicantly lo\\er hundred grain \,,'eight during both the years. Altnost silnilar 

trend \\'as observed \\'hen data on hundred grain \veight \vere pooled for t\VO 

seasons . 

..t.2 . ..t Yicld studics 

The data pertaining to 111ean grain, stra\v and biological yields of 

\,,'heat, Inean stnl\\' to grain ratio and Inean harvest index of \,,'heat as influenced 

hv di tTerent treatll1ents are presented in Table 29 and graphically dcpicted in 

Fig. 9. 

4.2.4.1 (; ."ain yield 

The data in Table 29 indicated that the nlaXlnlunl and signi1icantl)' 

higher (44.49 and -+2.6-+ q ha'l) grain yield \vas obtained due to application of 

100 per cent RDF to \\'heat and preceded ""ith 50 per cent RDF .,... 50 per cent N 
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through FY1VI to sorghulll than those obtained ti'on1 rest of the treatIllcnts in 

\vhich optinlL1ll1 and sub-optinlL1I11 levels vv'erc tried inclusive of control during 

first and secolld year or experillleI1tation. except it \vas at par \vith 100 per cent 

RDF to sorghunl and \vheat in second year. Anl0ng the organic sources viz .. 

\\'heat cut str<.1\V and gliricidia applied during kharij"season to sorghulll, residual 

effect \\·as observed an increase in grain yield of \vheat \vith the application or 

1 ()O per cent RDI: by O.X5 to 2.62 q ha- I in gliricidia and ,,·heat cut stra"v 

application c0I11pared to 100 per cent RDF each to sorghuln and \\·heat during 

first year or experinlentation. Whereas. the \vhcat grain yield "vhen preceded by 

50 per cent RDF -:- 50 per cent ~ substituted through gliricidia \vas l110rc (39.93 

q h21- 1
) and \vas on par \\-·ith 75 per cent RDF -+ 25 per cent N through gliricidia 

(3X.62 q ha- 1
) applied during second year experilllent. It \vas also interesting to 

note that \",.heat \\·hen preceded either by FYiVL \vheat cut straw· and gl iricidia 

applied 25 per cent in proportion and \\·ith 75 per cent RDF to \vheat affected 

grain ~ ield drastically_ indicating superiority or higher quantity of either r-Y!'v1. 

gl i ric iel ia or \vheal CLlt stra\v during both the years. The control treatn1cnt 

recorded significantly lo\\·est grain yield (6.94 and 7.64 q ha- 1
) during the year 

1999 and 2000. ()n the basis or pooled Inean. it could be clearly indicated that 

application or 50 per cent inorganic fertilizers \\·ith 50 per cent N substituted 

through I:Yi'vl applied to sorghul11 and 100 pcr cent RI)F applied to v"heat 

L'xhibited signi tic<.lnt higher grain yield or \\·heat. 

4.2.4.2 Stnnv yield 

The data in Table 29 rl.'\·ealed that the llH1Xlnl11nl (62.9R q ha- I
) stnl\\· 

vicki \vas obtained due to 100 per cent RDF to \vheat and 50 per cent ROF + 

50 pcr cent ~ through l:Yi\il applied to sorghlllll \\·hen data \\·cre pooled for t\VO 

SC<'lsons. It \vns si~ni ficantly· nlore than that or control and 75 per cent RDF 
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each or sorghull1 and \\ heat crop and \vas at par \vith rest of the treatlnents. 

\;\'/hcre<'ls, indi"vidual ~/car data revealed that Illaxinlulll 111ean per hectare stravv' 

yields obtained \Vere 57.79 and 68.17 q ha- I during first and second year of 

experilllentatlon, respectively by the use of optlnlunl ( 100 per cent R[)F) levels 

or fertilizers to \\ heat and 50 per cent RDF -+- 50 per cent N through FYM to 

sorghulll. Th~';'e \'allies \vere signi ficantly superior ovcr than those obtained 
I' 

I"rol11 rest of thc treallnents during both the y·cars. The stra\,y yield registered 

\\"ith preceding use of organic sources viz., \\'hcat cut stra\v and glil·icidia \vas 

the highest conlpared \\'ith suh-optinluill (75 pcr cent RDF) levels of fertilizers 

used during kh(/rijdllring both the year. Further, it \\as noticed that stra\v yield 

level (q h;]-I) \vas highcr in <.111 the treatillents during second year than the first 

Y'car of experilllcntatioll. This Illight be duc to congenial clill1atic condition 

retlected in profuse g_ro\vth of crop . 

..... 2 ...... 3 Yield of hioillass 

The 111CHn 111a:"ClnlUl11 biological yield of \vheat \·vas 102.27 and I 10.81 

q ha- I d uri ng fi rst ~lIH.I second season 0 f experi Illentation, respect i ve I y' (Table 

29). The eli ITerellces in the total hioJll::lSS yield due to varioLls levels or 
fertilizers tried \vere significallt. The per hectare total biolllass production 

obtained \\'ith l"Cconlnlcnded dose or fcrtilizer or 120 + 60 + 60 kg N, P~C), and 

K 2() ha- I ror ruhi and preceded \\ i th ::'0 per cent RI)f ,- 50 pcr cent N through 

F'{ ;\/1 \\'as the highest and signi licantly nlorc than that recorded in reduced 

lc\l~ls nr Icnilizers. The l11e<.ln biological Y'icld differcd significantly' duc to 

preceding of .50 per cent R Dr . 50 pr cent N through \vheat cut strav,: and 

gliricidia during both thc year \vhich \Vere at par w'ith each other. ()n pooled 

1l1Can basis si 111 i l<'lr trend \\ as observed in total biol113sS production due to 

varioLls treatlllcnts LInder studv. 
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In general. it is revealed that the yield or biolnass or \vheat increased 

In' the use of combination or organic and inorganic sources of rertilizers during 

preceding khori/season applied to sorghum coupled with use or optilnum dose 

(100 per cent RJ)I:) of tertilizer to wheat crop. The residual llutricnt status 

Inight be responsible for improving the yield of total bion1ass of succeeding 

crop of wheat in sorghuln \\'heat cropping system. 

-t.2.-t.-t Stnlw to grain ratio 

The di Ilerences in stra\\ to grain ratio due to di Ilerent treatll1cnts \vere 

signi licant during both the years. Among the di tTerent treatn1e11ts tried. 

Ina~ i mum mean str(1\\ to grai n ratio \\ as obsen'ed to tUlle 0 f 1.42 and 1.75 

during tirst ~llH.l second season. respecti\'ely (Table 29) which \\'ere obtained 

through the treatment of use 01' 100 per cent RDF for both the seasons during 

lirst year and 75 per cent RDF '! 25 per cent N through FY:"vl to sorghllll1 and 

75 per cent RDF to wheat during second year and it was significantly higher 

than rest of all the treatments tri~'d during both the years e~cept in 2000. it was 

at par \\'ith \vhich comprising of 1 ()() per cent RDF to \\ heat and preceded with 

the treatments consisting 01' 50 per cent RDF " 50 per cent l' substitution 

through \\·heat cut straw and 1 ()O per cent RDF to wheat and 50 per cent to 

sorghum duri ng kl!([rij season 0 I' second :year of experi nlentation only. 

-t.2.4.5 Ilarvcst indcx 

The mean han'cst in(k~ or \\'heat (Table 29) \Vas 42.~7 and ~9,~~ per 

cent. during Ii rst and second season. respectively. The eli fferences in harvest 

inde~ due to variolls le\ els or fertilizers tried during rohi and cOlnbined use of 

organic and inorganic source or nutrients to preceding khorU' season were 

signi ticant. The highest han'cst index was obtained ill 75 per cent RDF 't' 25 
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pL'r cent N substitution through FYl\/l to sorghLlln and 75 per cent RDF to \vheat 

(45.09) and 75 per cent RDF to \\ heat preceded by 75 per cent RDF T 25 per 

cent ~ through gl i ricidia appl ied to sorglulln (41 .X6) treatlnents c0111prising or 

75 per cent RDF to \\·h;~ preceded \\·ith 25 per cent N through \vheat cut straw' 

and 75 per cent RDF only to khor// sorghuln at rirst year and during second 

year. it \\·as 75 per cent RDF to \\ heat and 75 per cent RDF ,- 25 per cent N 

through gliricidia to sorghum. These values were at par \vith 75 per cent RDF 

each of sorghulll WH.I \\·heat and 50 per cent RDF _:- 50 per cent N through 

\vheat cut stnl\\" appl ied to sorghulll and 100 per cent RDF to wheat treatlllcnts 

in 1999 and control. 75 per cent RDF each of sorghlllll and \vheat. 100 per cent 

RDF each or sorglulln and \\·heat. 75 per cent RDF + 25 per cent N through 

\\ heat cut stra\\ appl ied to sorghum and 75 per cent RDF to wheat and 50 per 

cent RDF ; SO per cent N through gl iricidia appl ied to sorghLlln and 100 per 

cent RDF applied to \\ heal crop in 2000 and significantly superior to relnaining 

treatlnents. 

4.2.4.6 SOI"gh U In g."a in cq 1I iYa Icnec 

The 11lean productivity or the croppll1g sequences \vere also judged by 

the total producti\·ity in tenns of sorghuln grain equivalence. The data 

pertain i ng to the sorghunl gr~ll 11 equivalence as ill fluenced by vanous 

treatllh:nts tried in sorgllllln-\\·heat cropping sequences for the first and second 

years of experilnentation arc l))"esL'llted in Table 30. 

The data ti'oln the T~lblc 30 revealed that IneHn gratn equivalence \vas 

95.1 () and 9-1-.69 q ha- I 
111 lirst and second vcars or experinlentation 

respe...:ti\·ely. !'Vl; .. L',illlllln sorghuln grain equivalence to the tunc or 122.29 q ha· 1 

III lirst year and 1 1--L~-l q h£1· 1 in second year \\·as observed due to application 



I 

I 

Tnble 30. Effect of integrated nutrient nlanagenlet1t systenl on grain 
equivalence in tertllS or sorghUtll grains (q ha-1) 

Sr. Treattllents 
-- ----~-

Cirain eqllivnlence (q ha- ) 
No. 

------,---------::----

I(/ulr{f Rahi \vheat 
sorghull1 

---- ----

'--1-9-9-9- - j----2000 1 Pooled 

111ean 

1. Control Control 12.11 14.52 13.52 

I 
(\in I(,rtilizers) ( J\: 0 rc rt iii /crs ) 

'") 5()(~;) RDr I ()()(~'~ RI)F 
--1-

90.10 102.97 96.54 
1 

.., 
75(Y;) RDF 75%) RDI: 

I 
98.:;':; .) . 95.2J 96.79 

4. 1 ()()(~o RDF 1 OO(~~) RDr 110.06 II J.51 I I 1.79 
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I ,--
5. 5 ()(Y;) RDr - 50°/;) 1 O()(~) RJ)I: 122.29 

N (I-"Y\:I) 
1 14.24 II~ 

t---

l-

7. 

X. 

I 

75(Yc) RJ)F 
!\ (FYlvl) 

5()O/o RDF - 5()(~;) 

\i ( \\"CS) 

1

75%) RD. I-" + 25(~) 
\; (\VCS) 

1 

0. .5 ()(~/() R [) F _- ,:; 0 0/0 

\J «(iJ.i\il) 

I O. 75()/~) RDr . '") ",0/ __ 1 0 

I ]\.; «( i 1.i\/1) 
-_., 

S.I·:. ::: 

_--+'- --- - ---

I (icneral mean 

-1-

104.75 

102.07 

100.22 

IOI.<>_' 

~-- 04.':;1 

I 

<)7.17 

103.34 

I _ 98.29 

1-- 98.70 

---l _____ +---___ _ 

IOX.90 I07._)l) 

10] .06 105.44 +
_108.15 

104.25 

1.62 2.25 3.06 
----+- -_. 

__ 6.5., 1 ___ 9.7_9 __ 

l)4.6<) , 94.94 

4.69 

9':;. ]9 

! 
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or 50 per cent RDF -I- 50 per cent N substitution through FYM to sorghU1l1 and 

100 per cent RDI: to \vheat in sorghurn-\vheat crop sequence. These values 

\\'cre signi licantly supcrior over rest or the treatlnents except in second year 

100 per cent RDF e;\ppl ied to each or sorghU111 and \\'heat crop \vhich \vas at par 

\\'ith cach other. III pooled IlleallS sil11ilar trend \vas also observed, Moreover, 

grain equi\'alcnce \V~lS spectacularly increased due to usc of organic and 

inorganic sources or rertilizers as cOlllpared to sub-optinlun1 (50 and 75 per 

cent RDI:) le\'els or fertili/,ers \vithout organic Inanures. Lo\vest grain 

equi\ alence (12.11 q ha· l
) \\'as obtained in absolute control plot. I)llI"ing the 

second year () r c~peri l11el1tat ion Saine trend \V~lS noticed i 11 respect of grai n 

equivalence in tCrIllS of sorghul11 grain . 

.... 2 .4. 7 A" c nl g c p." 0 d 1I C t i v i t Y and S 1I S t a ina b iii t Y Y i c I din d c x 

The sListainability of cropping sequence \\'as also judged by the total 

productivity' in terIns or tot,d biological Inain produce or crops \·vhich re1l1ain 

stable or incrcased its stability in a crop sequence, 

The data pertaining to average producti\'it: or a crop (q ha·
1 

yr-
I

) as 

in Iluenced by the d i Ilerent treatnlents under stud~> and sustainabi I ity yield 

index orthe sanlC arc presented in Table 31 and graphically depicted in Fig. 10. 

The ci<lla on a\'erage producti\'ity (q ha- I 
y(l) or sorgi1unl and \vheat as 

inlluenced bv addition of FYVl. \\'heat cut straw' and gliricidia leal" l11anure over 

last Se\'ellleCIl \'cars ane! sllstainabi I it \' \'ie Id index (S Y I) at thc end of 

sC\'entcenth year and data or pooled Inean (1 9R4-X5 to 2000-2(01) clearly' 

indicated that the treallncnt involving different organic 111anUrCS recorded the 

highcst crop productivity and S'{l. Thc nlean 111<1xill1Ull1 total productivity of 

sorghulll and \\'heat <.\\'cragcd o\'cr 17 years \vas 50.63 and 37.3 t q ha-
I 

yr-
I

, 
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respecti\"el~' in treattnent cotnpnslng or 50 per cent R[)F + 50 per cent N 

through FYM to sorghunl and 100 per cent RDF to \\'heat crop in sorghunl­

\\'heat sequence. The superiority of this treatJnent \vas obsen'ed since last 17 

years. The highest val LIes of sorghU1l1 and \vheat as tnentioned above \vere 

signi licantl:y superior over rest or the treatInents. The productivity of both the 

crops in a sequence \vas at higher tnagnitude due to integrated nutrient 

tnanagelllent systelll cOlnpared to sub-optinlU1l1 levels or inorganic fertilizers. 

llo\\·cver. it is interesting to note that this \vas rollo\ved by application of 100 

per cent RDF to each 0 r sorghLlll1 and \vheat. ;\ Ilnost saIne trend \vas observed 

In fodder and stn.l\\' yield or sorghuln and \vheat. respectively'. 

The \'::l1ues of sustainability yield indices (SYI) indicated the reduction 

In the treatnlent invoh ing use or sub-optinlull1 levels of inot'ganic fertilizers 

alone. I I <.)\vever. SYI was irnpn)\ed or Inaintained in the trcatnlcnts involving 

use of either 1-')"\11 or gliricidia or \,'heat cut stra\\' in cOlnbination \vith 

rertilizers every" )'ear to khurt/season. lVlaxinlunl SYI for sorghunl (0.66) and 

\\'heat (0.75) \vas obsen'cd in the trcatillent consisting 50 per cent NPK dose + 

50 per cent N through 1·"Yl\I1 1'01' khan/and 1 00 per cent NPK dose for ruhi crop 

in\'olved in sequence. 

4.3 Effcct of integl"ated Ilutrient Illanagclllent on Huh"ient availability 
and soil pl"opel"ties 

The data in rcspect or nutrient uptake or grain. rodderlstra\v, available 

nutrient and nutricnt balance in the soil \\'as assessed and reported here\\·ith. 

4.3.1 Uptake of Ilutl-ients - SOI"ghulll 

~ utricnt content csti tl1atccl i 11 grai n and fodder \.\'ere Llsed to C0111pute 

~_ P and K uptake h~ the crop. l'he data pertaining to ~PK uptake (kg 11a-
l

) by 
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sorghull1 grain, lodder as ill n uenced by cI i fferent tre::ttnlcnts tried under study 

are presented in Table ]2. 3] and 34. respectively. 

4.3.1.1 U pta I{(~ of n i t."ogen 

The data regarding CJuantity or nitrogen relnoved b,Y sorghunl grain and 

rodder and total uptake during first and second year or experilllentation are 

presented in Table 32. 

The response of sorghun1 to i nte o rated ~ 
nutrient Inanagclnent for 

nitrogen uptake in grain and fodder indicated that substitution of 50 per cent 

nitrogen through I~lnn yard Inanure + 50 per cent RDF to sorghunl crop 

significantly incn:-asL'd the nitrogen uptake during both the :years of 

experilnentation in grain and fodder than those recorded in rest of the 

treallnents. ;\n10ng tl'lL' organic and inorganic treallnents. the uptake or N due 

to use or gliricidia during both the years \\'as next in order or Inerit. 

S i In i lar trend \vas obsen'ecl ror nitrogen uptake in sorghunl fodder. 

I-Io\\"e\·el". the values or nitrogen uptake \vere nUlnerically less during second 

ye~lr of experinlent~ltion. During both the seasons. the Inaxilnunl (<) 1.~ ·co' .. 

ha· l
) uptake or N through fodder was recorded \vhere 50 per cent RI)F -\- 50 per 

cent j\ substituted through FYVI in sorghllln. This \'vas signilicantly Inore than 

those obtai ned 1'ron1 other treatlnents. The values of total uptake of nitrogen (kg 

l1a· l
) renloved by sorgi1unl in the treallnent of appl ication or 50 per cent R[)F -t­

)0 per cent ?\ substitution through FY\,1 \\'as 210.3 and 1 X2.1 7 kg ha-' during 

Ii rst and second year or L':'\:peri 111entat ion. respccti \'e Iy \\ h ic h \vas sign i licantl y 

higher than rest oj" all the trcatlllcnts tried. \Vhell data \\'ere pooled over 

seasons. it could he seen that salnL' trcatlllelH (50 per cent RDF -+- 50 per cent N 

SlI hst i tut i on through F Y \;1) sho\\ cd its sllperiori ty' over rcst 0 r the treat lllents 
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except 100 per cent RDF, 75 per cent RDF + 25 per cent N through FYM, 50 

per cent RDF -j 50 per cent N through gliricidia and 75 per cent ROP + 25 per 

cent ~ through gliricidia. 

4.3. 1.2 Uptal{e of phosphorus 

The valucs of phosphorus uptake by' sorghunl as influenced by' 

integrated nutrient 111anagenlent in sorghunl-\vheat sequence are presented in 

Table 33. The uptake of r)hosphorlls by sorghulll \vas significant during both 

the years of experinlclltation. It \vas significantly' higher in grain and f(Jdder 

during first year of experinlcntation due to 100 per cent rcconl1nended dose of 

fertilizer application. Vv'hercas, in the second year the phosphorus uptake by 

sorghulll grain \vas significantly higher (12.75 kg ha- I
) at 50 per cent RDF + 50 

per cent nitrogen substitution through FYM. In case of uptake of P by 

sorghLlll1 fodder, it \vas observed that 100 per cellt R[)F l-cnl0ved significantly 

higher phosphorus (26.22 kg ha- I
) thall rest of the treatnlents during first year 

of eXpCri111entation. Hovv'cver, phosphorus uptake \vas significantly reduced in 

fertilizer application as SO per cent IZDr. The higher doses of phosphorus 

application nlaintained the equilibriull1 or phosphorus in soil and soil solution 

as result increased the availabilit), or phosphorus in soil to the crops. During 

second season, al1110S1 siI11ilar trend in respect or uptake of P through fodder 

\vas noticed. 

The appJ icatioll or feni I izer to sorghunl crop as SO per cent RDF + SO 

per cent N through gliricidia. 75 per cent [{DF + 25 per cent N through 

gliricidia and 75 per cent RDF -I- 25 lJer cent N through vvhcat cut stra\\/ vvere 

equally responded l~ .. )r phosphorus uptake by sorghulll in both the vears of 

experi nlentation. 
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In general. the highcr doses of phosphorus application or In 

conjunction \vith organic nlanure (FYl\Il) \vas fC)LlIld beneficial for total uptake 

or phosphorus by sorghunl in intcgratcd nutrient rnanagel11cnt or sorghunl­

\vhcat sequence. being Illaxinlunl or .3 1.09 P kg ha- I \vhen poolcd over the 

seasons due to appl ication or 100 per cent RDI: applicd to sorghuill \vhich \vas 

t"ollo\ved by 50 pcr cent RI)F - 50 per cent ['..: substitution through FYM in 

sorghuill. 

4.3.1.3 lJ pta kc of potassi U III 

The data pertaining to the nlean uptake or potassiunl b:" the graIn and 

rodder 0 r sorgiluill as ill tlucnced b.y di ffercnt treatJnents are presented in Table 

J ... L 

The intcgr~ltcd nutrient Illanagelllcnt ror sorghulll-\vheat sequcnce \vas 

found to he significant for potassiulll uptake by sorghunl. The 50 per cent 

reCOlllll1Cnded dose (.) I' rerti I izer along'vvith 50 per cent substitution of nitrogen 

through FY;vl recorded significantly higher (17.36 kg ha- I
) potasSiU111 uptake 

by sorgl1l1111 during 1999 year of experilnentation. The f'ertilizer application to 

sorghuill as 100 per cellt RDF. 50 per cent RDF + 50 per cent N through 

gliricidia and 75 per cent R[)I: ". 25 per cent N through gliricidia \vere found at 

par \\ ith each other. 

The K uptake in sorghunl crop \vas signiricantly higher (19.60 kg ha- I
) 

\vith 100 per ccnt recol11nlencicd close or fcrtilizer applied to sorghLllll during 

second year of experilllcntation. The potassiulll uptake in grain \vere found at 

par due to 75 per cent RDF . 25 per cent 1'\ through ","heat cut straw. 50 per 

cent RI)I: . 50 per cent r.,: through gliricidia and 75 per cent RDF -, 25 per cent 

~ through gliricidia. respectively during the year 2000 \vhereas in case of 
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potassiunl uptake in fodder by sorghunl did not shcnv consistcnt rclations \vith 

integration of organic and inorganic fertilizer application. Thc average 111can 

uptake of total potassiunl by' sorghulll crop \vas higher ( 176.09 kg ha· l ) in 50 

pL'r ccnt RDF ~ :;0 per cent N substituted by FY:vt follow'ecl by 100 per cent 

R])F (172.46 kg ha- ' ). Thus. the conjoint usc of organic fcrtilizcrs and 

in()rg'~lic Icrtili/,ers or only inorganic fertilizer \vith optilllLllll level vvere found 

beneficial for potassiurn uptake by sorghunl. 

4.3. I .4 A va i I a b len 1I t ." i e n t s tat II sill so i I 

The data in respect ofa\'ailablc nutrients viz .. nitrogen. phosphorus and 

potClssiuln status in sl)il as alTected by di ITerent treatnlcnts tried. cstilllatcd after 

han'est or sorglllllll crop arc presented in Table 35. 

The data or the residual lertilit,Y or soil aftcr the harvest or 

e~pcrinlental kh(/r~Isorghulll crop during the year 1999 and 2000 arc presentcd 

in Table 35, re'.ocakd that the nutrient status in respect or nitrogen, phosphorus 

and potassiulll \\'ere I{Hllld to be signi Ilcant after harvcst of sorghllnl during the 

) cars under experilllcntatiol1. I'he values or nitrogen. phosphorus and 

potassllllll in soil \\ere nunlcrically' higher in seconcl .year of experilllcntation as 

cOlllpared to previous year. The integration of organic (FYNO and inorganic 

lerti I izers in the proportion I: 1 \vas found sign i licantly supcrior to bui lel up the 

nitrogen status in the soil alter the harvest or sorghunl during the year or 

experilllentation. The application or 75 per cent ROf along,\vith 25 per cent 

nitrogcn substituted through F\·;-.. .. 1 \\(.\s t{)llnd at par \\'jtb 100 per cellt RDF. 50 

per cent RDF - 50 per cent '\j through \\ heat CLlt stra\v for building the nitrogen 

content III soi I during 1999. 11()\\'c\'cr. during the second \'car of 

e~ peri 111entat ion 1 00 per cent recoIn ll1endcd dose 0 r fert iIi /cr \\'as f()llnd on par 
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\vi th 50 p~r cent R DF -\ 50 per cent N through wheat cut straw' and 50 per cent 

RDF l SO per cent ~ through gliricidia leaves. ()n the pooled Incan basis 

Inaxilllllll1 and significantly 1l10re (.l\'ailable ?'\ \vas observed in SO per cent 

RI)I-' -; SO per cent ':\ substitution through Fyrv1 cOlllparecl to other treatlnents. 

The avai I~lbk phosphorus content of soi I ancr halyest of the sorghunl 

\\'as found signi ficantly n10re ( 1 X.96 kg ha- I
) due to SO per cent RDF -+- 50 per 

cent 0.: through F'\{\il o\'er control. 50 per cent RDF. 75 per cent RDF + 25 per 

cent 1'i through gliricidia lear Inanun .. ' and 75 per cent RDF + 25 per cent '\j 

through \\'heat cut str~l\\. \Vhereas. it \\'as at par \vith the rest or the treatIllents 

during the )'ear I <)99. The application of 50 per cent RDF -!- 50 per cent ~ 

through \\'heat cut stra\\' recorded significantly higher (1~.96 kg ha-
I

) soil 

,l\'ai lable phosphorus after the hal'\'Cst of sorghunl during 2000 \vhich \vas 

signiticantly superior o\'er rest of the tre3tn1ents in second :year. llo\,vever. 

there was no cOl1sist~nt relationship in rest or the treallnents for the soil 

;'lvai I able phosphorus. Pooled Inean indicated that the usc of f~lrn1 yard n1anurc 

for the substitution of 50 per cent nitrogen along \\'ith the 50 per cent nitrogen 

through inorganic fertilizer \vas t(.HlI1d significantly superior over the rest of the 

tr~atn1ents except SO p~r cent RDF -; 50 per cent N substitution through \vheat 

cut stra\v. \Vhereas. there \vas no any specific trend for building the residual 

fertility of potassium in soil due to the integration or different sources of 

organIcs in cOlllbination \\'ith an 
. . 
InorganIc fertilizers. llc)\\'cvcr. It \vas 

lnaXlnlUlll «(L)7.()() kg ha- I
) in 50 pcr cent RI)F SO pcr cent N through FYM 

indicating strong huilding lip 01 a\'ailability of potassiLlln in soil b\ lise of 

I:YiVl. 

Thus. th~ conjoint lise or j~lnll yard Inanure as a substitute for 50 per 

cent nitrogen al(')l1~with the SO per cent recolllinended dose of inorganic 
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tertilizers \vas found beneficial for building and sustaining the residual fertility 

or soil in respect or nitrogen, phosphorus and potassiunl after harvest or 
sorgiulln in sorghuln-\\'heat crop sequence, 

4.3.2 Uptake of nutt-ients - \Vheat 

The data pertaining to nlean uptake or NPK (kg ha'l) by \vheat graIn. 

str<.l\\' and tota I as in 11 uenced b\ d i ITerent trcatments tried duri ng ti rst and 

second veal' or e)\perimentation arc presented in Table 36, 37 and 3g, 

respect i ve I y, 

4.3.2.1 l :ptakl' of nitl"ogl'n 

The nitrogen uptake oj" \\ heat as int1uenced by the integrated nutrient 

nlanagenlent for sorg.hunl and g.raded levels of RI )[: for \vhcat arc reported in 

Table 36, 

The nitrogen uptake in grain by the wheat crop in sorghull1-\vheat crop 

sequence \\'as found signiticantl:-- higher (137,92 kg ha-
I

) due to 100 per cent 

fertilizer applicatio1l ~IS per recolll111c1lckd dosc to wheat and 50 per cent RDF -+-

50 per cent N th rough I: Y i'vl to sorgh um duri ng ri rst year (.) f ex.pcri nlcntation, 

\Vhereas. it \\ as 101..),72 kg ha-' \\'here 100 per cent RDF each to sorghllln and 

\\'heat \\'hich \\'as signi ticantly superior over rest or the treatJnents during 

second vear. I~oth these treatments showed their performance when (J\'eraged 

over two years. [n else or uptake or N by straw indicated that Inaxilnunl 

relno\'al or nitrogen \\ as observed in 100 per cent RDF to \\ heat prececkd b) 

IO() per cent RI)I: 10 sorghum ()1,30 kg ha- I ) and 100 per cc...?nt RDF to \vheal 

preceded b\ 50 per cellt RI)I: ,- 50 pCI' cent ?" through I'Y~1 applied to 

sorghunl (77,71 kg h~l-I) during 1099 and 200(), respectivel:y, These uptake 
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values of nitrogen by stn.l\V \vere signi ficantl:y superior over rest of the 

treatn1ents. The total j-enloval of nitrogen by vV'heat crop revealed that 

Inaxi n1 LI n1 of 1 9(). <)() kg ha -I and 1 79. 1 9 kg ha -I N \vas ITlll(yveci by' \vheat 

fertilized \vith 100 per cellt RDF applied \vheat preceded by 50 per cent RDF 

~ 50 per cent ;\ through FYM applied to sorghunl w'hich \,vas retlected on 

pooled 11leans too ( 1 ~8.05 kg ha- I 
). 

4.3.2.2 Uptake of phosphol"uS 

The phosphorus uptake of \\'heat as illlluellceci by the integrated 

nutrient Illanageillcllt for sorghuIl1 alld optilllllln and sub-optin1Ul11 levels of 

fertilizers f()r \-vheat are presented in Table 37. 

It revealed rroll1 Table 37 that sin1ilar \vas the trend observed in case of 

phosphorus uptake by \vheat crop as obser'ved ill case of nitrogen uptake by 

\\'heat crop duri llg both the .years () I" cXperiI11elllation. The Inean n1aX111111ln 

values of uptake or P by' grain, stra\v and total \·vere 15.89, 28.87 and 44.75 kg 

ha- I
, respectively. 

4.3.2.3 Uptal{e of potassiulll 

The values or potassiull1 uptake or \vheat as intluenced by the 

integrated nut ri ent 1113nagenlent for sorgh Ull1 and opt i 111 Ulll and sub-optinlu 111 

Ie\'cls or fertilizers I()r \\'heat arc presented in Table 38. 

It revealed frolll Table 38 that silnilar trend \\"as Iloticed in case of 

potassiunl uptake by \Vhe~lt crop as observed III case of nitrogen and 

phosphorus uptake bv \vheat crop during the vear 1999 and 2000 of 

experi Inentatioll. The l11axi nUlI1l potassi UI1l relnoved by' \vheat grain and straw' 

and its total \\'ere 1 (). 7(), 126.43 and 14].19 kg ha- I
• respectively due to 100 pcr 
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cent Rl)F applied to \vheat preceded bv 50 per cent RDF + 50 per cent N 

through FYM applied to sorghuln. 

I n general. the appl ication of organic Illanure as f~lnll yard Illanllre to 

substitute the 50 per cent nitrogen to that of 50 per cent rccollllllencicd dose to 

the sorghurn crop during kh(/rij season \V3S round to enhance the nutrient 

uptake by \vheat crop during sLicceeding r(/hi season \vith 100 per cent 

recoll1 n1ellcied dose l)C inoroanic ::::: l'cnilizers In 

sequence during both the ye<.lrs or cxpcrilllcntation. 

4.3.2.4 A'vailablc Ilut"ient status in soil 

sorghulll-W'hcat croppIng 

The data in rcspect 0 f ~l vai lable nutrients viz., Il i trogen. phosphorus and 

potassiun1 status In soil as intlucnced bv di tTerent integrated nutrient 

n1anage111ent trealll1ents tried. estin1atecl after harvest or \vhcat crop are 

presented in Table 3<.). 

The nutrient status of nitrogcn. phosphorus and potassiun1 ailer the 

cOlnplct ion 0 l' sorghuln-\\'heat croppl ng sequence as in 11 uened by integrated 

nutrient Illanagel11L'nt for sorghum during khori( season and optin1un1 and sub­

optilllun1 levels or inorganic lertili:l'.ers for \vheat crop during rahi season 

indicated that the integrated nutrient Illanagelnent for rirst crop and graded 

Ie\ cis or recon1n1elH.led dose or fertilizers to second crop in sorghulll-\vheat 

sequcnce cropping \\'as signilicantl~ influenced the residual rertilit~y status of 

soi I c xcept i"or phosphorus d uri ng I <.)<.)<.) year 0 r experi n1cn tat ion. 

The conjoint usc or organic source as farl11 yard Il1anUre and inorganic 

terti I i/crs i 11 the I: I proport i on to rulli II the req u i rel11ent 0 f reCOlll n1endcd dose 

or lertilizers \vas \'en Inllch useful to 11laintain the soil fertility in rcspect of 
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available nitrogen. phosphorus and potassiulll an~r the harvest of 1\\'0 crops in 

the sorghulll-\\'heat cropping sequence. The Inagnitllde or sustaining the soil 

I~rtility in respect or nitrogen and phosphorus after the harvest of t\VO crops in 

sorghulll-\vheat cropping sequ~nce \\'as the high~st in 50 per cent substitution 

or nilrog~n through FY~v1 (233.()O. 17.18 and 674.40 kg NPK ha- I
), follo\ved 

b) 25 p~r c~nt subst i t ut ion 0 r nitrogen by FY;V1 and 50 per cent subst itution or 
nitrogen through \\'heat cut stra\\' and leaf Inanure respecti'vel_) 

coupled \\'ith inorganic fertilizer le\·els. \Vhile. in case of potassiunl. there \vas 

no consistency for potassi unl rerti I ity du~ to integration 0 r nutrient through 

organic and inorganic fertilizers. 

In general. sustainability of nutrient fcrtilit) or soil alter cOlllpletion or 
the sorgl1lIl11-\\'h~at cropping sequenc~ \\'as possible by using the di 11crent 

sources or organic n1:..lIlUrCS irrespective or inorganic fertilizer. The trend In 

sustaining the residu<.tl rertility due to organic Inanures \vas in the order of 

FYiv1 >- gliricidia ic<'lf 111anure :.> \\'heat cut stra\\'. Ilo\\'e\'el". in second crop of 

\\'heat in sorghunl-\\'heat sequence \\'ith 100 per cent recollllllended dose or 

I~rtilizers \\'as fOLlnd bene1icial to sLlstain the residual soil Icrtilitv rollo\\'ed by 

75 per cent reC0111n1endecl close or rertili/er. 

-4.J.3 'utl"ient balance sheet 

The nutrient halance after harvest or sorghuln and w'heat crop 

considered in sorghlllll-\\'heat crop sequence \vas assessed during the studv 

period to check the gain or deficit obs~I"\'ed due to lise of organic and inorganic 

Icrt i I izers. The n utriellts \·i/.. 11 i trogen. phosphorus and potassi un1 balance 

sheet as arrected by eli fie-rent treatlllents tricd is prescnted in Tables 40 to 45. 

respccti\'cly alter han'est ofseqllential crops. 
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4.3.3.1 N itr'ogen hata nee sheet 

Thc add cd ~llld i nhcrent soi I llutrient uti I izcd by sorghunl crop in 

sorghulll-\\/heat crop sequellce \vas significantl)/ inlluencecl by the integrated 

l1utrient Illanagclllel1t ror sorglullll crop. The data presented in Table 40 

indicated that the ~lpplication or 50 per cent RDl: in cOlllbination \vith 50 per 

cent nitrogen through l~lnll yard Inan urc ( .3 <).2 kgN ha -I ), 100 per cent 

reconlnlencied dose of fertili/',ers ( 13.4 k~ha-I) and 50 per cent RI)F along\vith 

50 per cent ~ through \\-heat cut stra\\" (5.9 kgNha- l
) \verC found beneficial to 

pn)\'ide thc nutrients to sorghulll crop during their gro\\,th period. This l11ight 

be due to the addition of organic Inanures as a substitute t()r nitrogen governing 

thc phenolllcllon of Inineralization of nutrients. Ilo\\'c\,cr, the inlluence or 

fertility levels on N h~lbnce indicate that the usc or 50 per cent and 75 per cent 

n,:colll111ended dosL' of fertilizers to sorghulll crop sho\\-ed the negative values 

of N status in soil. Thcse results sho\ved that 50 or 25 per cent reduction in 

nutrient \'iz .. nitrogen to sorgllLllll crop scverely suffered their gn1\vth and 

de\'e loplllellt. \\-'hereas. use 0 I' \\ heat Cllt strcl\V and gl i ricid ia a long\vith 75 per 

ccnt recollllllcndcd dOSL' of tert i I izers \VCre not hcnefic ial j()r supply balance 

llutrient to sorghunl crop. 

Thc nutricnt balance or nitrogcn to \vheat crop as influenced by the 100 

,lnci 75 per ccnt rccollllllelH_kcl dose or fertilizers are prescnted in Table 41. The 

LI sc of 1 00 pcr cel1 t reCOll1l11cIHJeci dosc of fert iii zers to \\'heat crop \vhere 1 00 

per cent RDF e~lch or both crops and 50 per ccnt RDF 50 per ccnt ~ 

substitution through 1:''(['v1 \vas applied to previolls sorghunl crop and 100 per 

cent RDF to \\'heat. rcspecti\'cly \\'ere round to delicient in supply or nutrient to 

crop in the tllllC or -1-L9. -14.() and --5.), -4.7 kg/ha during 1999 and 2000 year 

or cxpcrinlclltation. rcspectively. The negative valucs of nitrogen indicated that 
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the \\'heat crop rullill its nc-ed or nitrogen apart rrOn1 added and inherent 

nutrient status. 

-4.3.3.2 Phosphor-us balance sheet 

The data perulining to the phosphorus nutrient balance to the sorghllrn 

crop in sorghllIl1-\\"hc-at cropping systen1 as intlucnced by' the 

Ilutrient Inanagcll1ent for sorghu1l1 crop arc presented in Table -+2. 

The conjoint use or organic and inorganic fertilizers as \vell as 

inorganic fertilizers alone did not sho\,vc-d consistent relationship in respect of 

phosphorus nutrient balance to sorghull1 crop. Ilovv'evcr, highest P nutrient 

apparent loss \vas not iced in the treatInent 50 per cent R 1 )1: -t- 50 per cent N 

substituted through 1,"'y'j\/l (-()l.O and 78.2 kg ha'l) Collov\'ed by 75 per cent 

RI )1: ~ 25 per cent 1" through I:yf\/l (-52.0 and -54.1 c) kg ha'l) during the ycar 

1999 and 200(L respecti\'cl: or experill1entation. 

The phosphorus nutrient balance to \vheat ~rop In sorghuln-\vh~t crop 

sequence as inllllenced by' lise (Jr optinlLI1l1 :..ri.r~l sub-optin1un1 levels of 

fertilizers I()r \\"heat arc presented in T~lble 43. The application of optin1u111 and 

sub-optin1uln dose or ICrtilil'.er to \\'heat preceded by conjoint use or organic 

llnd inorganic fertilizers to khorij sorghuln did not sho\\ consistent relationship 

in respect or phosphorus nutrient balance to \\'heat crop. Ilc)\\cver. significant 

phosphorus balance \V~lS not available in soil after harvest or \vheat in sorghutn­

\\'heat crop sequcncL' during study period. 

-4 . .3 . .3.3 Potassi 1I III ba la nCl~ s heel 

The e1fects or inorganic f'ertilizers alone and in con1bination \vith 

organic fertilizers on nutrient supply or potassiulll Iln sorghu111 crop arc 

recorded in Table -l-l. 
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The data rrOI11 Table 44, reyealed that the supply of potassiulll either 

through organic 1l1anUres or an inorganic fertilizers get fixed in soil as a result 

unavailable to crop and hence all the values of potassiulll nutrient balance or 

sorghull1 crop sho\vec! the llegative \'alueso ThL' lixatioll or potasSiUI11 is a 

natural phenoll1cnon occurred in soi I to Inui ntai n thc equi I i bri utn 0 f potassi unl. 

110\\'C\TL it \vas Illorc pronoullced in 50 per cent RDF 50 per cent N 

substitution through \v!1eat-stnnv (-117.6 kg ha
OI

) foll()\·ved by 75 per cent RDF 

-.- 2:=; per cent N through \vheat cut stnnv (-98.0 kg h~l-' ) and 50 per ccnt ROr- .;­

:=;0 per cent N through gliricidia (-~ 1.2 kg ha- I ) applied to kharU sorghunl 

during lirst year or cxpcrinlcntation. \Vhereas, it \\'as tnorc pronounced during 

second year or experi nlentation in 50 per cent RDr 1- 50 per cent N through 

gliricidia (-72.6 kg hu") foll<.)\ved by' 75 per cent RDr + 25 per cent N through 

gliricidia (-4~.3 kg hu") applied during khori(season. 

The pot;:lssiulll nutrient status ror wheat crop In roh; season as 

intlucnced by 75 per cent and IOU per cent recollllllended dose or rertilizer are 

presented in Table 45. It \vas observed rron1 the Table 45 that thc application 

either 75 pcr cent recon1n1encied dose or 100 per cent ITCOI1l111Cndcci dose to 

\vheat crop in sorghuln-\vheat crop sequence \vas found benelicial to nlaintain 

the nutrient balance in respect of potassiu1l1. It \vas in the range 1'ron1 2.8 to 

and I. I to 42.0 kg ha'i durin o first and second vear ot o 

4.3.4 Soil Ill·OPCI·tics 

The ph:ysical and chclllical properties of soil as inllucnced by clilTerent 

trcallnenls \\cre qudicd after han'cst of sorghLlln and \\'hcat crop during the 

pcriod oreXperill1elltation. The chell1ical soil properties viz., pl-L EC, organic 
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carbon and phy'sicai properties \iIL_ bulk clensit),_ infiltration rate, hydraulic 

conciuctivit)i_ \,vater stable aooreoates and or~anic lllattcr \vere studied and the . be b ;;:::' 

data in respect or all above properties are presented in Table 46 to 49, 

respectivel)', 

4.3.4. I {~helnical propel"ties 

4.3.4. I. I Soi I I"eaction (p II) 

The data on soil reaction before sO\\,lng of kh(/"~f sorghlllll, after 

har'\,'cst or sorghulll ane! \vheat as inllucnced by the i nte o rated b nutrient 

Inanageillent to sorghunl crop and usc of optinlunl and slIb-optilllUlll levels of 

fertilizers to \vheat crop in sorghunl-yvheat crop sequence are presented in 

Table 46, 

The conjoint use or organic and inorganic fertilizers to sorgllllIn and 

\vheat CI-OP did not in 11 uenced so i I react ion sign i 1"i cantl y d u ri ng both years of 

experi lllentation. 1-10\\ evcr. the results indicated that p!--I 0 I' soi I rClllai ned Inore 

or less unaftL'cted under various treatlnents as cOlllpared to initial soil reaction 

1l1easured in ternlS or pi I. 

4.3.4.1.2 E lect."ica I co nd uctivi ty (EC~) 

The data on electrical conciuctivit,y hefore so\vlng and after han/cst of 

sorghulll and wheat ill sequence arc presented In Table 47. F lcctl-ical 

conductivity' or the soil at the initial and post harvest had not undergone any 

appreciable change due to contillllouS applicatioll of chelnical fertilizers and 

Illanures over the ye~lrs. Ilo\vever, therc \vas little nUlllerical increase in 

electrical conducti\'it\, III soil by the conjoint application of organIc and 

i norgan ic terti I izcrs. 
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Tablc 46. Effect of integrated nutricnt 111anagenlcnt 011 soil reaction in soil 

Sr. 
No. 

1 n:atlllellts 

A:flUri! Rllhi 

·--I.-\C·{)lltl'ol <. '(llll rol 

1 

(\Jl) krtili.l:crs) 

1 (lou/I, RI)F 

RDI· 

I ~c ((.)1'1.:.' sorgh lll1l 

Soil reactioll (pi I ) 

;\ ncr sorgh 1I1l1/ 

Be ('(H'C' wheat 
Aftcl \v heal I 

Iii')') 2111)q \kall '~I 21)11(1 I \kall i~' :o( III \kall I 

~x. I g.1 --8-.2-' 

l __ ._._ 
X_. I_I g ~___:I I __:_ I . 

8 . .:' x.~ 8.1 :\ 8.0 X 1 

8.:' ; 8. lsi 
8.~ 8.2 

I X.I X.I 8.1 

X.2 l~ I X.I:\ 1 R.O I X.O 8.0 X.I 
-- • --. -- - .--- • __ 1 ---i-

8.2 X.2 8.0' 8_' ._1 _I. 8.11:i I 

--1---

·1. 

5. 

I 

(). 

~. 

IO()U,o RDI 

) ()'~" RDF 
:') 0"/" ]\,; (1·'{\·1 I 

7 )II/() Rf)F 
.2:,)'% \J (FYM) 

1 :')()O/" RDI: 
:')()o/c, ~ (\\,('S) 

I 

7 )O/(J RDI: I 

2:')1)~. \J (\VCS) 

I 

5 ()O/(, RDI' 
) ()'~/(J ~ « i I . :\11) 

I ()()O~, I{[)F 

1 ()()()/o RDI: 

7 ~(.~/·() Rf)1 

1 ()()'~/;. R f) F 

I{ 1)1' 

I 00 '>., R f) F 

10. 7)"1' R[)F 7:'''i. RDI· 

I 

I 251~.() ~ (i I.iv1) 
-. - -- --_ 

I 
S I · -I-.... 

(.D. at 5°i. 

I -. (i~l..:ral Illcal) 
_L..- __ _ 

1_ 
I III ilial \ alul.... 

I 8.2 

g T 8.1 t ~I 1--;-;-1 g 11 R.O< 1 ::~ I ::~ I :.~ 
g I X.I I~-! 
f-~"--I 

X. I 1 X.I 

1_. 
I 8. I:' X.I 8.2 X.I 

_l 
s. I 1 S.2 1 S.15 

-' -1-- - .. T~;-
X.I 1 X. I , X. I I R. I I S.I 

X.o I 8.0:' 

X.I 

X 1 X I:' X.I , . 

1 _I ---

X.I 
1 

X. 
1 

x. 

I 

X g.1.' ·~.I-Ig I I X.I rs I X.I~-

~- l- -L v 1--;- ~. I-~' 1-- ~. 1+8 .., --r
g
', 1-_ 

-I X .. : 

X. X. I X. I o. . .'1. O. I o. <.-'. :-- I 

I 0 o<X i~71 1-. ~'3 i-;;04+- . -. 0 ~~ ~nx41 
1\ .S. 

X. I:" 

-- -- -----1 --.-_ .. ---

I 'J.S. I - N.S .. 1\ S I - :--.J.S. C S. II 

1~.11s.1.~-8.-1~1- 8-1-'~i~ 18.::: - 8.1.5 

X I:' 

1- L_. 
I X.I - I 

_l_.l_j 



196 

Table .:.+ 7. Effect of integrated nutrient Inanagelnent on electrical conductivity 
( d S 111- I) in so i 1 

Sr. 
:'-J n. 

Trcatmcnts Electrical conductivity (EC) (dSm· l
) 

""uni Ruhi 

n't) krtilizcrs) 

Artcr sorghum/ 
Be Con: whcat 

Aftcr wheat 

-II 19'1') .2U()I) 1 \l<:al1 I I(Nt) I 20()() i\kall I 1<)<)') 200(l \ ;-' .. kal1 ,. -- -\-:--·--t-I-~--
('ontl'nl 0.26 I 0.25 I 0.26 0.2~,' 0.26 0.27 - 0.25 0.25 0.25 

(No fertilizers) I 
50(Yt) ({DF ---I-()-O-o/-~ RDI:---+--0-.2-5 0.25 I 0.25 I 0.29 I 0.30 O.3-0--+--0-.2-5-!---0-.2-6-)~I-(-)-.2-6-,I, 

0.26 0.2X 0.2X 0.28 0.26 0.24 I 0.25 I 

I. .t- CtHltrol 

3. I 75(Y.) R DF 
I 

~I. T~/~,~~ D F 

r - 5. 5()(~(, RDF _ 
5()'~;,:'-J <1:Y~l) 

6. 

7. 

75(~/1) RDF 
2.5(~(, ~ (F'l' [\'1) 

s(n,-;, ({DF + 
50'~/;, l" (\VCS) 

X. 75 0
;(, RDF 

25'~o ;'\ (\VCS) 

9. 5(n;, RDF 
5 (l'Y;, ~ «(j LV1 ) 

75°/,\) R J) F 1 () • 2 5 0.26 

I O()'~;(l R[;I~~ I 0.25 0.26 (- O.-2-7__'_-O-.-.,-()-l 0. 29 1'-(-)-.2-5-;"'-0-.2-)-- 1 0.25 

.--.--
1 

0.25 O.2 .. i I 0.25 0.28 0.32 I 0.30 I 0.24 0.26 I 0.25 

75(~o RDF 0.25 

1 0.25 0.23 

75%, R()I' 0.25 0.25 

lOWY'o RDI: 0.23 

0.24 

0.24 

I 

0.29_\,_0_.3_(_> _t-<_L_3_
0

-r-_<_>._2_S_t-_O_.2_8_. -f--
O
-"-' -7-1 

0.30 0.3,) 0.32 0.23 0.30 O:~71 
-------- -1---1 

I 0.24 I 0. 25 1 

0.32 r 0.3 I - 0.23 I 0.241 0.24 I 

0.25 0.30 0.32 0.31 0.25 

0.24 0.29 

'_---. ___ '--' __ I __ j 
0.30-1 0.30 0.24 i 0.26 0.25 

r----+-- - --- - --

I (). 7 :') 'y.) R D F +- 7:) O/r, R [) F () . .2 3 () . .2 -J. () . 2 ~~ I (). 3 0 
2:,)(Y<) 1\ ((i l.M) . 

________________ +-___ . I 

S.L. _t. 

---'------ -

(iCIH.:ral mean 

Illitial \aluc 

0.013/ 0.0 I 0 I 0.0101 ()'OI2: 
i 

, 0.010 0.008: 

0.2:' 

N . S. ---- -I ~ . s. I (). 0 3 (, f-----,-'-j-; .-S-. -1-
0
-. (-)-2-2--------l 

() .2·-1 I () . 2 :') 1 0 . 2 9 0 . 3 0 - i 0 . 3 0 ~). 2-L~ I 0 .26- () .:2 5 

0.35 0.29 I 

__ I 
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..... 3.4.1.3 ()r'ganic car"hon 

()rganic carbon contents 0 f soi I be I'ore and a Iter harvest of each crop in 

sequence are presented in Table 48. The organic c~lrbon content of soi I after the 

h~lr\'cst 01" sorghulll as \vell ~IS \\'heat crop \vas significantly influenced by 

con,joint use of organic and inoq~.aJlic fertilizers to sorghulll and also bv the 

graded levels of' recolnnlcnded dose of' fertilizers to \vheat crop_ The LIse or 
organic source ot' nutrient as I~lnn yard Inanure. \vheat cut stnn\' and gliricidia 

leaves as the substitute ror nitrogen along \vith an inorganic fel-tilizers \,vere 

round beneficial to increase the organic carbon content of soil. J,lo\vever. after 

the han'est or \vheat crop the level or organic carbon \vas Inaintained in all the 

trL'atnlents. ()rganic carbon content v<lried frolll O.l~ to 0.73 per cent before 

so\ving ofsorghunl and \vas slightl) increased at harvest orcrop. 

The values or organIc carbon content \vere signilicantly Inore In the 

treatnlent \vhere organic sources \'i/ .. , I-'YM. \\'heat cut stra\\' and gliricidia 

leaves \vere used as ,.1 source of' nitrogen along \vith the inorganic source of 

lerti I i/ers. 

4.3 ...... 2 Physical pn)pcr"tics of soil 

The ph)-!sic~ll properties or the soils VIZ., bulk density, in1iltration rate. 

hydraulic conductivity. \vater stable aggregates and organic InaUer content 

\vere nleaSLlrecl at the harvest or \vheat or the vear 2000-2001 and data arc 

rurnished in Table 49 . 

..... 3 ...... 2. 1 B II IIi d c n sit ~; 

The datzl presented In I'able 49 indicated that bulk (knsit\ \\'as 

increased slightly \\ ith increased levels of inorganic I~rtilizers, \vhereas 
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Table 48. Effect or integrated nutrient nlanagenlent on organic carbon content 
'- ~._.. 

Sr. 
~(). 

CYo) ins (_) j 1 

'1 rcatmell ts 

f:lwrij 
1-

Ruhi Before sorghul1l 

I 'J'I') 2 () (.1 I, 1 j\ .. k'lIl 

Organ ic carbon (%,) 

A ftcr surghul11,/ 
Before \vheat 

It)l)() 
I 20l)fl 

After whcat 

I 
------.---.- _____j 

I~,~ I')'N 200() 

-i --j 
I. CUl1trol (. \) 11 t ro I 0 . .) 7 () . .3 SO. -' :'; 0.39 OAn 0.40 

0._3 __ :';-j-(_)._3<'_)_; () 391 

0.46 I 0.45 0.46 0.46 

3. 

... J.. 

5. 

7. 

~. 

9. 

(Nu f'crtili7crs) (No krtilill.crs) I 

-----

I o ()(Yc) RDF O.·tS OA5 0.45 0.46 O.4() 

7S°,/;) RDI: 0.50 0.53 O.SO 0.51 0.52 0.52 0.53 0.53 
, () S3 i 

100% RDF I ()()(~(J RDF O.S3 I n.S3 0.53 0.56 0.56 0.56 -r 0.53 0.55 0.54 

50(% RUI: + I oorj~) RDI· 
5Cn,'() N (F'{i'Vl) 

75(1/0 RDF 
25(~/;, N (FYI"1) 

75(% RDI· 

50°/(, RDF , I (}(l"/" RDF 
50°/;, N (\\··CS) 

75(~,~) R[)F 

25%, ~ (\VCS) 

5 ()% R I)J-
5()(~';, N «(j L:',,1) 

0.73 0.72 0.73 0.72 O.7,t 0.73 0.72 0.73 0.73 

0.71 ! o.n 0.72 0.671 0.70 0.69 0.7.1 0.74, 0.74 

(1.71 (1.71 n.71 0.64 (l.70 OJ)7 n.71 0.69 0.70 

O.()S 0.70 0.69 O.()6 O.6S '0.67 0.70 O.6~ 0.69 

0.69 0.72 0.71 0.67 0.68 O.()X 0.72 0.70 0.71 i 

--1-
10. 75(Yr) RDF 

25(Y() N «(j l.iV1) 
0.65 O.(,S 0.67 0.68 a.()7 O.6R i 

0.023 0.010 .l S.L. --:- O.OOS 0.02.) 0.019 0.0 t 7 

0.05/1 0.050 ~).0661 O.02~ I 

0.60 0.62 0.61 

0.64 

0.59 0.6 I 0.60 0.62 '0.61 IO~21 
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Table 49. Effect of integrated nutrient Inanagel11ent on phY'sical properties of 
soil alter end of seq lienee (2001). 

Sr. 
No. 

TrC<.lUllCnlS 13ul k 
k/w/'i( R (fhi wl1L'at density 

(VIl!. 111:') 

I. 

~ 

-) . 

.1. 

5. 

sorghum 

( . 01111'01 

<"it) r~:rtilizcrs) 

S()<~'f' RI)I' 

1 ()()O,o RDF 

I 

50(Y.) RI)F , 
:; ()~,-;, ]'; (1-)/1\1) 

i5°/" RDI: 
j .2:; (~~ N (I'''Y \'1) 

7 . :; ()'~/;, R [) F 
:;()<~f) :\ (\\CS) 

x. -'I~~'~~' RDF 
I 25°/;. N (\\'CS) 

(). I ~;~:;~:. RDF .. _L"_!' «(il.M) 

1 O. I 75'% RDF 
.25°/;, ]'.; (Ci L\J) 

-r~S.'" 

(H.:nt.-ral 11H:;1I1 

Initial \allic 

( 'ul11rol 

(1'-:0 f'crtili/L'rs) 

IO()"/o RDI: 

1 ()()~.() R U I 

7 5(~" R 1)1' 

1.31 

1 .2'> 

1 . -' () 

1.25 

1.22 

1.24 

(),()34 

1 ~1.2X 
_~I_-

Inliltra­
lion rate 
(cm hr- I

) 

-~~ -~-----,----.----=---
Hydra- \\'SA Organic 

ul ic 
condll­
ctivit'v' 

(cmhr".') 

~vl \\-' [) matter 
(Illm) eX») 

_--- -~---+----------

O.8() 1 A4 0.70 

0.79 0.78 1.-L2 I n.72 
-·-------+·----_,----~I 

I
i 

,_ 0.72 j~.89 0.76 lAO 

0.75 0.96 

0.89 1.8() 1.27 

0.85 

(). <)() 

1.84 O.X2 1.20 I 

1.94 i () 9~-t-.~~~-_1~.2-()--j 
1.l)O ! 0.92 1.17 

1_-
(LXX 1~7()~ 
---- I 

1.17 

0.84 1.72 O.X2 1.10 

(),OI4 r- O.()OX 0.012 (),OI4 

0.03<) (),()()2...J. 0.041 

()_ X...J. 1.67 O.X I 1.()4 

0.76 0.74 I . I () 
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application of FYM, \vheat CLit stravv' and oliricidia in b conjunction \vith 

chelnical fertilizers reduced the bulk density. The bulk density \vas increased 

\vith increased dose of NPK fertilizers fronl 50 per cent to 100 per cent 

reC01111nended dose or fertilizer to both the crops. ]-[oV\leVer, the bulk density 

reduced to 1.25, 1.22 and 1.26 fVlg nl-3 in respect or 50 per cent N substituted 

through FYi\ll, \,vheat cut stnl\V and gliricidia GM respectively'" to sorghulll as 

against 1.3.2 Mg 111-; under control (untreated plot). 

4.3.4.2.2 I nfilt."ation nlte 

In alnl0st all the treatnlcnts receiving FYM, \vheat cut stl·a\\1 and 

gliricidia Icar 111anurc In conjunction \~/ith inorganic fertilizers judicioLLsly 

CVC1··V \lear to sOnZhU111, the in Ii ltration rate of the soi I relnarkablv increased as """ ... ..___. .,/ 

eonlpared to other treatnlents (Table 49). J-[ovv'evcr, I_,'YM, ""heat cut straw and 

gliricidia applied to soil registcred highcr intiltration rate \vith the range fronl 

O.gg to 0.92 eln hr-I. ()n the other hand, there \vas shol-t change in infiltration 

rate clue to continllolls L1SC or ChcIllical fertilizers observed in the range fronl 

0.76 to 0.78 enl hl·- I
. 

4.3.4.2.3 I-Iydraulic conductivity 

The hydraulic conductivit)/ of the soil \~./as signi lieantly affected due to 

addition or organic Inanures viz., \vheat cut stnn\!, FYM and gliricidia leaf 

nlanure. The hydraulic conductivity of soil v ... 'as higher (1.94 cnl hr- I
) in 

treatnlent involving 50 per cent RL)F + 50 per cent N through \vheat cut stra"v 

during khorl/and 100 per cent RDF during rabi and significantly nlore than the 

rest or the treatlncnts (Table 49). The treatrncnt conlprising or 50 per cent RDF 

---'- 50 per cent N through I ·{M and 100 per cent RL)F (1.86 cnl hr- I
) and 75 per 

cent RDF -I- 25 per cent N thn~Llgh F'{M and 75 per cent RI)F (1 .R4 eln hr- I) 
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\\·as found to be supenor OVCI' usc of gliricidia in proportion \vith 50 per cent 

( 1,76 cnl hr- I
) and 25 pcr cent (1.72 Cl1l 111'-1) for substitution of N In 

cOl11bination \\"ith inorganic fertilizers, Usc or i Ilorg<'111 i c fer·ti 1 izcrs \·\/itll 

varying levels during both thc season reduces the h)!draulic conductivity of 

soi l. It \vas ranged fronl 1,40 to 1,42 CI11 hr- I in Optil11Ull1 and sub-optinlulll 

le\·els of inorganic fenilizers tried. 

4.3.4.2.4 \Va tel' sta hlc agg."cgatcs 

The data on \,vater stable aggregates as in Ilucnccd by vanous 

lreatl11ellts arc presented in Table 49. I nCI'eased rertil izer le'v'els ti'Olll 50 to 100 

per cent to both the crops, decrease in \vater stable aggregates and ranged froIll 

0,1'2 to 0,75 l11n1 \vhich indicated that the anti-effects of chel11ical fcrtilizers on 

soil structurc, \Vhcrc,ls \vatcr st~lblc aggregates increased I1larkedly 1'1'0111 0,82 

to 0.96 111111 due tu lise or I:Yl\l1, \\·heat CLlt stra\\ and gliricidia Inanure along 

\\ ith ChClllical fertilizers showing signi i"icant inlpact or organic nlanure in 

in1pl'ovcn1ent of soil structure thereby providing better environlnent ror root 

de\·elopnlent and aeration, 

4.3.4.2.5 ()t"ganic Inatte," contcnt in s()il 

Illcorporaliol1 or org::lnic Inanures VIZ,. FY]'v1. \vheat cut stnn,\! and 

gliricidia in soil ill cOlllbination \vith balanccd close of chel11ical fertilizers 

shov,'ec! a contrasti ng and sll'i king reat u re on ol'gan i c nlattcr content in soi I after 

end of expcrinlcntation as cOlllpared to the ertects of ChCl11icai fertilizers alone 

(Table 49), I I O\\·c\·cr. cUlllulative etTect of NPK fcrti I izers over years 

Ina i n tai ned thc Ievcl or organic 1l1atter In soil «().79 to 0.960/0) as that of 

unfcrtili7.cd plot (0.6 7°/(»). S II ppJ clllcntati on or]',; either through FYM, \",·heat 
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cut stra\\' and gliricidia Gl\!J in conjoint \vith chelnical fertilizers invariably 

increased the on!.<lnic matter status of soil (1,10 to 1.27~o). 

In general. continuous application of fertilizers in conlbination \-vith 

organ ic 1l1<:lnUreS \' i z.. F Y l\!J. \\'heat cut stra\v and gl i ricicl ia lea f 1l1C1IlUre in 

continuous cropping illlproved the infiltration rate, size of \vater stable 

aggregates, organic nlatter content of soil and decreased bulk density of soil 

over their initial \'ailies. 

4.3.5 !VI ic n)1l u t.-iell t sta tus of soil 

After end or the experilllentation soils \vere exaillined for DTPA 

extractable Fe, 1Vln. /11 and C'u content. The results are presented in Table 50 . 

.... 3.5.1 Fecontcnt 

The data presented in Table 50 revealed th~lt the Fe content in soi I after 

h~ln'est or \\'heat crop considered In sorghllnl-wheat sequence affected 

signi ficantly due to the di fTerent treatments under study. The Fe status \vas 

rOllnd signi'icantl) Illore (5.91 lllg kg") dlle to 100 per cent RDF to each of 

sorghunl and \vheat than rest of the treatillents. This \vas follt)\vcd by 50 per 

cent RDF to sorglllll11 and 100 per cent RDF to \\'heat (5.R7 lng kg"). The 

treallnent invoh'ing 50 per cent RI)F -i- 50 per cent ~ through \\'heat cut stnl\V 

for sorghLllll and 100 per eellt RI)}-" f(_)r w'heat \vas found 10\\' in fe content in 

soi I (4 . .+5 Ing kg" ) a tier han'est () I' \\'heat crop . 

.... 3.5.2 Nln content 

The ;'v1n content III soil ~lli.er harvest of sequenced crop of \vheat \-vas 

24.X<.J Illg kg-' ill treatillent consisting or 50 per cent RDr -! 50 per cent N 

through F'r'jVl I()J" sorghum and 100 per cent RDr f'or \\'heat \vhich \vas 

signiticantl:y higher than rest orthe treallnents f(_)llowed by 75 per cent RDF + 
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Table 50. LITect or inte~ratcd nutrient IllancH.!.enlent on nlicrol1utriel1t content 
in soil (Ing ki- I

) ~ 

Sr. 

.1 No. 

Treatillents 

I. Control 
(No fertilizers) 

'") 

t--
.., 

i -' • 

4. 

5. r-sO(Y<> RDF ~-
50<~;) ~ (F 'y. f'v1) 

! (). 7S<Yo RDF -j 

25°~, N (FY]'vI) 

7. 

1 x. 

l __ 
9. 

50<Yc, RDF 
SO<Yo N (yVeS) 

75 CJ,I;) RDF 
2S(X) ~ (\\/CS) 

5 ()<X, RDF 
I 5 ()U~, ~ ((J L \/1 ) 

[-10. 7YX) RDF ·1 

2 S<Yo N (Cr L :VI ) 

S.L. : 

(jencral nlcan 

Huhi 

Control 
(No fertilizers) 

I 000/0 R [) F 

I 

100<Yo Rr;r- I 

1000/0 RDF 

75<Yo RDF 

DTP/\ extractable Inicronutrient 

Fe 

S.49 

5.87 

5.56 

5.91 
I 

k ·1 (Illg g ) 

Mn Ln ell 

16.76 0.46 2.0 I 

18.05 0.60 2.16 
___ L __ 

16.24 0.59 I 2.63 
---1---

20.75 0.64 2.25 

5.25 - -1-24.89 0.84 2.38 

4.56 22.35 

4.45 21.81 

4.99 19.20 

5.49 16.05 

5.45 19.12 

0'()79 0.051 

0.229 0.148 

S.30 19.52 

12.95 22.10 

0.74 

I 

---.--

0.65 

0.69 

0.47 

i--
0.51 

0.013 

0.039 

0.62 

0.87 

2.28 

2.34 

2.25 

1.89 

2.24 

-~---- -_ 
I 0.014 

0.042 

2.24 

3.27 
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25 per cent N through FYM to sorghulll and 75 per cent Ror to \\-!heat 

(22.35 nlg kg-'). The LIse or organic source or fertilizer sho\ved increasing trend 

in Mn content in soil (Table 50). 

4.3.5.3 Zn contcnt 

The data ill respect of Zn content ill soil (Table" 50) revealed that the 

integrated nutrient nlanagenlent ror khur(l crop and use or opti111U111 and sub­

optinlunl levels or rertilizers to ruhi CI'OP sho\ved higher level or /en content in 

soil than only' inorganic fertilizer application. The treatlllent involving 50 per 

cent ROF -+- 50 per cent N through FYM and 100 per cent RDF vvas 

significantly superior (0.84 'ng kg-') over rest of all the treatnlcnts follo\ved by 

the treatlnent 75 per cent RI)I: .L 25 per cent N through FYM (0.74 111g kg-I). 

The 50 per cent RDF + 50 per cent N through gliricidia to sorghunl and 100 

RL)l" to \·vheat sho\ved Inininlunl value (0.47 Ing kg-') in respect or Zn content 

in soil. Hc)\\'evcr, use of ITconlnlendeu dose of fertilizer for khar{l as \vell as 

ruhi crops increased the Zn content in soil. 

4.3.5.4 C:u contcnt 

The data (Table 50) indicated that the eu content in soil \vas at higher 

111agnitude (2.63 111g kg-') due to 75 per cent ROr- to each of the sorghunl and 

\\,'heat crop \vh ich \vas signi ficantly' 1l10re than rest of the trcatnlents under 

study flJllo\ved by' 50 per cent RDF -;- 50 per cent N through FYM to sorghulll 

and 1 no per cent ROF to \vheat (2.3R nlg kg-'). Hl)\VCVer, eu content in soil as 

affected by' the trcallllcnts involving use or organic sources viz., FYM, \vheat 

CLlt stra\\ and gliricidia ill conjunction \vith the inorganic fertilizers during 

khon/ season and onlv inorganic fertilizers \vith optilllllill and sub-optinlUI11 

levels j()r rohi did not SIH.)\vcd signdicant difference in bet\veen the treatnlents 

tried. 
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I n general. contcnt 0 f DTP;\ Fe, eu in soil \vere hiuher III the C" 

treatlnent involving inorganic Ievcls of fertilizers \vhercas 1Vln and Zn values 

\vcre lo\ver in 50 pcr cent N substitution through cithcr FYM. \\'heat cut stra\-v 

or gliricidia over the reduced dose of fertilizers. Ilc)\vever, the DTPA 

extractable Inicronutrients \\'cre built up over thcir initial status except Fc. 

.4.3.6 Micn)bial status of soil 

The 111icrobial status or the soil at the end of second year after harvcst 

or \,,'heat in sorghunl-\vheat sequence as intlucnccd by' thc intcgrated nutrient 

Inanagerncnt \vas 111easured and presentcd in Tablc 5 I . 

Thc total Inicrobial bionlass in soil \vas observcd significantly 1110re 

(53 .46 ~lg/g soi I) due to appl icalion of I~ll'ln .yard 111anure for the substi tution of 

50 per cent nitrogen along\vith 50 per ccnt Rf)F ror sorghunl and 100 per cent 

RI)F for \vheat in sorgIH1111-\vhcat sequence, \vhich \vas signi ticantly rnore than 

the rest of the tre,ltnlcnts this \vas closel): lollov;ed by usc of gliricidia for the 

substitution as 50 per cent nitrogen along \vith 50 per cent RDF for sorghunl 

and 100 pr ccnt R DF for \vhcat (5 I .6 7 ~lg/g soi I). I }(nvevcr, the use of an 

i norgan ic rerli I izers \\ ithout organ ic 111anurcs reduced thc Inicrobial biolnass 

signi licantl)' as cOll1parcd to the conjoint use or organIc and 
. . 
InorganIc 

fertilizers. 

The differcnccs In bacterial population \vere significant due to variOUS 

treatnlents under stud\. The usc or 50 per cent RDF in c0l11binatiol1 \vith 

gliricidia leaf Inal1L1re ror the substitution of 50 per cent nitrogen for sorghu111 

and 100 per ccnt R))F f"or \vhcat crop recorded Inaxin1unl (,1.7 CFU lC)"l/g soil) 

bacterial count \\,11 ich \vas signi licant ly 11lore than the rest or the treatlnents. 

Further, critical study revealed that lise or organic sources viz., FYM. \vheat 
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Cllt str<.l\V and gliricidia in cOll1bination \vith inorganic fertilizers enhanced the 

bacterial count as cOlllpared to inorganic fertilizers only. The c0l11bined use or 
50 per cent RDF and 50 per cent nitrogen substitution through \vheat cut straw 

\\I'as found beneficial for fungi population in soil (47.5 CFU 103/g soil). 

I Io\vevcr, thc population or actenolllycetes, azotobacter and phosphorus 

solubilizing organislns \\'ere signifIcantl.:- higher due to use of 50 per cent RDr 

and 50 per cent nitrogen through FYM to sorghulll and 100 per cent RDF to 

\vheat crop in sorghulll \vheat cropping sequence. It \vas 68.1 CFU 1 Q'/g soil, 

17.3 CFLJ I 03/g soil and 24.X CFU I 02/g soil, respccti\,'cly. 

In gcnenll. the conjoint use of organic and inorganic fertilizers as a 

sourcc or Ilutrients ill sorghLllll-\vheat cropping sequcnce \vere beneficial for 

illlprC)\'ing and sustaining the Inicrobi<lI biolllass as \vell as population in soil. 

The usc 0 f i llorgan ic j(_Tt i I izers alone to sorghulll-\\"heat C roppi ng sequence has 

3n adverse effect on 1l1icrobial bionlass and their population in soil. 

4.3.7 Quality studies 

The quality p~lralllcters \ IZ., protein content or sorghunl and \vheat as 

intluenccd by integr,lted nutrient 1113nagelllent for sorghulll-\vheat cropping 

scquence is reported in Table 52. 

ThL' data i 11 Ta b I c 52 i!lel i cated that an integrated n u tricnl lllanagenlent 

ror sorgh uIl1-\vheat croppi ng sequence \\'as sign i ficantly inn ucnccu the protein 

cOlltent in both thc crops during the )'car of cxpcrill1cntatiol1 except in sorghU111 

d uri ng I 999. ThL'l'e \\'cre no I .. : OilS i Slent re lat i ol1sh i pill thc val ues 0 r protei n 

content of son2,hlllll ~111c1 \vhcat bv the lise or or~anic and inor~anic fertilizers. 
'-- ... ~ '--

I (o\vevcr, thc) .. \\L'I'C slightl)' higher in conjoint lise of organic and inorganic 

fertilizers as cOlnparecl to inorganic alone. 
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Tablc 52. Effect of integrated nutrient l11anagclncnt systcn1 on protein contcnt 
('Yo) in grains ofsorghun1 and w'hcat crop 

r S ; 

I 
. r. 
No. 

! 

1 rL'atI11L'llts 

Sorghul1l \Vh~al J' 

--.--
A"/wri/sorghul11 Rahi \\'h~al 200() Pooled I ()<)<) 2000 Pooled' 

I.-I Control -~ 
I (No 1l.:rlili/(Ts) 

..., 
.' . I 75°/;, R J)I: 
-~-- ~--~ 

4. 1 ()Ol~, R I) F 

5. '5()1?/11 j{J)J. 

5()% .V (I-'V,\/) 

--1 
7 . ~ ()O (I R J) I· 

r- - --

I 5()1~·o \: (\VCS) 

~UO/O RI)I: 
501~ (I "J «(i Li\ I) 

1 O. 7 5 l~/o R I ) F 
25°o"l «jl.\l) 

_, --

S.I· .. : 

[---i 

( i~l1~ral 111~<.1ll 

( 'ontrol I_) .X 13.1 
("Jo krlili/.~rs) 

I ()()(~/(I R I) I: I:; .X 13.5 

- j 
I .-l. <.) 13.5 

I O()ll,'-;. R I) I: I .~ . X I .) . () 

1 ()()l~() j{ J) I: 14.7 13.4 

, 

-!- -1-

14.0 I 

I-~ .--

I ()()O'O RDF 14.0 13.3 

-r- ---

75°/() RDF 14.7 13,4 

--I-

I O()O'O RI)I-' 14,4 13.6 

--i--

75°'0 RDF 12. <) 13.<) 

-----j- ---

l1l~an I mean 

13.5 . 12.;-1 10.6 1 I. 7 

I -j---j 
13.7 14.2 I I I. 7 13.0 

----j---..., j 
14.2 I 14.4 12.3 

I':;. <) r 15.2 14.X 

14.1 17.7 I:; .6 

13.1 

13.7 17.7 13.3 

I 1----

14.1 IS.X I 13.0 

14.0 15.X 13.1 

13.4 14.4 12.7 

I 1.,.4 

I 

--j 
15.0 

15.7 

14,4 I 
I 

- - j 

14.4 

14.5 

-0----
1306 

I O._)<) 0.12 n.36 0.37 0.14 0.57---j 

o ___ ~ \_ 
-

'.S. ()'35 1.14 1 1 .OX 0.41 I.R4 I 
--- --0- -I ~- - -. 

14.1 13.5 I-~.g 15.3 12.X 14.1 
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The data pertaining to protein yields q l1a- 1 of sorghuI11 and \vheat as 

inlluenced by variolls treatlnentsG;ye t)resented in Table 53. It could be clearly 

indicated that on thc basis of pooled nlcan, application of 50 per ccnt RDF + 50 

per cent N substitlltion through FYVI registered nlaxillluln protein yield or 

sorghulll (7.2() q ha- I
) and ol"\\'heat (6.X2 q ha- I

)_ The values of protein yield or 

sorglllll11 due to organic and inorganic sources or fertilizers \\'cre at higher 

Inagnitude than those of reduced levels of only inorganic terti I izers and control. 

I\l1nost silnilar trcnd \\'as noticed in case of protein yield of\vheat. 

4.4 Effect of intcgt-ated nutr-icnt 1l1anagl.·1l1cnt on econoillic evaluation 

Thc data pertaining to the gross nlonetar,Y returns (Rs. ha-
I
). cost of 

cultivation (Rs_ ha- I
). nct lllonetary' returns (Rs. h(1-I) and B:C ratio of different 

crops under study ~llH.l croppi ng sequence as a \vhole as in tlucnced by di fferent 

treatlnents are presented and givcn bclo\\'. 

4.4.1 EconOlllic cvaluation of sOt'ghUlll 

The pan,lll1ctcrs studied \\'ere gross nlonctary return. cost of cultivation, 

net l11onetar\, return (Rs_ ha- I
) alld B:C ratio worked out and presented in 

Table 54. 

4.4.1.1 (; ross l110ncta toy t-ctu t"llS 

The data of Incan gross 1110netary returns presented in Table 54 

revealed that l11ax i lllUlll gross Illolletary returns or sorghunl averaged over t v,,'o 

years \vas Rs_ 25()20 ha- I due to application or 100 per cent ROF to sorghulll 

this \vas I'ollo\vcd by (Rs. 2:'4~7 :::1-1) 50 per cent RDt-" T 50 per cent N through 

FV\l1 to sorghul11. The gross 11l0netary returns or sorghLllll ranged fro III 

Rso 1 RSOO to Rs. 2]299 due to LIse or organIc and inorganic sources of 

fertilizers and these \'alues \\'cre higher than reduced levels or inorganic 

rerti I izers alone and control. 
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Tahle 5~. 1·:I"I<:ct or intcgrated nutrient Inanagclllent systenl on protein yield 
(q ha- I 

) in grains or sorghunl and \vhcat crop 

Sr. 
~(). 

1 re<.llll1elHS 

I 

1 ... .'lw,.i/ 
St lrghul11 

Nuhi \\ heat -r-~)<)9 

I~­

I. ( 'ul1trol <. '(liltrol 0.2 I 
(1'u I(Tti I i/.ers) (~(l krtilizers) 

1 ()OO (I R DF 

1 ()()O (' R 1 ) F 

5()"·() r~l)r: -+- 100°/1) RDI: 

7. 

:') ()"~, ~ (I, '1'['\,1 ) 

75°" RDF -­
I 25 0

,(, N (I:Y\'!) 

:;;()Oo RDF 
5()u/o " (\\'CS) 

X, I 75",'" RDr 
25" (' l'\ (\\'CS) 

t) , 5(n" RDI: + I()()(~';) RDI: 
5 0 0

'1) ~ « ii, [\"1 ) 

1(). 75 0
.;, RDF '.' 

25"/(, l'\ (<. iI. \,1) 

S.L. 

r ----;---- ----

75"-'" RI )1, 

h.51 

---l-

7.0-+ 

().27 

0,77 

5,X5 

Protein Y'ield (q ha- I
) 

Sorghum \Vhcat 

2000 Pooled 19<)9 2000 I Pooled 
Inean 111ean 

0.37 0.29 O.XX O.X 1 0.X5 

:;;.90 5.36 5.13 -+.53 4.tn 
I 

5.91 ! 5.13 4.82 

(1.79 6.06 

7.26 7.X5 5.79 6.X2 

I-
5.89 4.79 I 5.34 

5.17 7.27 5.02 6.15 

(). I 1 5.()5 4.74 5.20 

I 
---~- - ---.-----. 

().22 5.2-' 5.7-' 

6.44 6.34 5.15 4.89 5.02 

0.2-+ 0.38 (). 1 7 0.10 0.-+2 

(),69 l- ~ .22 ! __ ()_.4_9_' -'-_(_) ._3_0_+--_I_,_3_-'-1 

5,-U 
I 

5.64 I 5.50 -+.66 5.0X 



:,...... .. 
:..... -.v __. 
CJ ,.-

C ,.-
!:: 

c 
~ .-:..... ....... 
:::; 

= 

::: 
:::; 
,.-

""3[) 

o 
(f) 

,­
I-

I~ 
'e:::: 

.~ 

I 

\~ 
1-
!(""I 

I ~-
C" r--

1

6 IS 

?, 

Ig: 
\~ 

I
'g: 
o 

\

(",,1 
('I 

-;­
I-

I 

-i --,-

Ie 
j'~ 
'-

I~ 

-, 
x 

-_ --I 

lor. 1 .. '-' 

(""I I~ I"~; 

1("",1 

I 

i ~:--

l--
I 

I~ I~ -.:::: -r 
'" 'r, r 1 (" 1 

I~ I~I \i

X 
1- -:::i' rr, 

rl - rl 

-r 
rl 
X 

rl 

r-­
,r 1 
1-':::: 

I~ 

\ -(-

(""'1 

C" 
(""I 
-;­
r-­
rl 

r-­
(""I 

-r 
(""I 

1

0 
rl 
r--
-;-

rl 
rl 

I~ 
Irl 
(""I 

1--

! ' 

'X 11t----
\

-::;- -. , 

8 -

--1-

I

.e 
X 
-r 

I 

'x 
IX 
I-

I 
-~, ---

...0 
'rl 
o 
rl 

21 1 

1", \.1 

I 

i---;---

I ~ -::;-

.:/'; 

o 
0:3 

L 

Ir-: 

Jj 

w..':J 
0:;;: 
c:::: 

L. 
~?f. 
tr,lr, 
r-- (""·1 

l ~ .. ,.., 
"T 
01 

~~'d':.2f-
o b lr~ lr~ 
II', Ir, r--. ("'..1 

2 
g 
v 

~\_ G_---"_:-_;_ .... 

I I 



212 

4.4.1.2 C:ost of cultivation 

The cost of cultivation of sorghunl (Table 54) \vas not analysed 

statistically, inferences are. therefore. dra\vn on the basis of Inean values. 

It is evident that, the costs or organic sources viz. FYM. \'vheat cut 

straY\i and gl iricidia applied in 50 per cent proportion are Rs. 19245. Rs. 19286 

and Rs. 17875 ha- I \vhich \'\i'ere higher due to additional expenditure done on 

purchase and appl ication charges of thesc organic sources. H()\.vcver, the cost 

of inorganic fertilizcrs \vas l()\v (r{s. 17764 ha- I) applied in optinlUl11 level (100 

per cent RDF). The cost of cultivation reduced proportionately \vith every 

sLlccessive reduction in level of inorganic fertilizers. In absolute control In 

\vhich no organic and inorganic fel-til izers vvere appl ied and saved the cost of 

application recorded le)\v (Rs. 15227 ha- I
) cost of cultivation. 

4.4.1.3 Net 11101letal'Y retunlS 

The data in respect of the econonlIC evaluation of the kharfl sorghul11 

on the basis of 111ean net Inonetary returns of sorghunl crop as influenced by 

eli fferent treallnents tried are presented in Table 54. 

The data regarding the net Inonetar,Y returns indicated that the 

InaxinlLllll 111ean net 111onetar.y returns \·\i'cre Rs. 9()65 and Rs. 587 I ha- I during 

the year 19<)9 and 2000. respectively~ \vhich \vere closely f"ollov·/cd by the 

treatnlent cOlnprising of 50 per cent RDF + 50 per cent N through FYM (Rs. 

7905 and Rs. 4579 ha- I
) applied during both the )'ears. respectively. Thc 

treatnlcnt involving 100 per cent rccolllnlcndcd dose i.e. 120 -+ 60 + 60 kg N, 

and K::>() ha- I to both the crops recovered signi ficantly higher net 

Illonctar)' rcturns and treatll1ent involving the organIc sourccs vi:!'". FYM and 
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gliricidia \\'erc at par \\'ith this superior treatnlcnt In respect of net nlonetary 

returns. Alllong the organic sources, \vhcat cut stra\v has sho\ved vcry poor 

perl()rnlanCc ill respect of net 1l1onetary returns obtained during both the years 

or experinlentation. Reduced it.'vcls of inorganic rcrlili/.ers sho\·ved the rcducing 

trend in net nlonetary retllrn~ during both thc year~ of expcril11cntation. 

4.4.1.4 Bencfit cost ."atio 

The data ill Tahle 54. it \\"oltld he seen that average Illean 1l1aXlnlUlll 

£3:(' ratio \vas Rs. 1.45 per rupee spent on input \,vhercas it \vas 1.55 and 1.34 

during first and second year or study, rL'spccti\'ely' observed in trcatlllent 100 

per cent RL)I" applicd to sorghllnl. ThL' l3:(, ratio obtaincd fronl application of 

100 per cent RDt-" for the first year \\'as significantly supcrior over ITst or the 

treatrllents and \vas foll()\vcc! by 50 per ccnt R I) F ,- 50 per cent 0J through 

FY[\!l appl ied duri ng ri rst year. ll(nvevcr. in sccond )'ear e\'cn though the trcnd 

\\'as sinlilar. there \\as no consistency in n : C ratio" the second best treatlnent 

\vas 50 or 75 per cent R()F t 50 or 25 pcr cent]'.! through gliricidia applied to 

sorglllllll during second year of study. Thc \\'heat cut stnl\\' application secl11ed 

to be not beneficial in respect of l~:C ratio ~lS cOlnpared to other sources applied 

to kllu,.il sorgllllln. This source has not givcn the illllnecliate effect to the 

current crop but it \vill be found effecti\"C during later period. Sill1ilar trend also 

noticed due to LIse oj" sub-optilllLl1l1 Ic\cls oj" fertilizers applied to sorghulll 

during both the )'e~lrS of L':,\:pL'rilllclltatioll. 

........ 2 EconOlllic cvaluation of ,,'IH.'at 

The saine parallleters \vcrc studied III \vhcat during ,.ohi season and are 

presented in Table 55. 
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4.4.2.1 (; I"OSS l110ncta t"~" ."ctu tons 

The data or 111can gross Illonetary' returns presented in Table 55 

rcvealed that average n1ean IllaXllllUlll gross nlonetarv returns of 'vvheat \vas 

Rs.2957() ha-
I

. During first y'car the Inaxil11UI11 and significant gross 1110netary 

returns or Rs. 30_073 ha-
I 

\vere recorded in the treatnlcnt 100 per cent RDF to 

\vheat preceded by' 50 per cent RDF t 50 per cent N through F'r7M applied to 

son2.hulll. The rest or all the trcatnlents could 110t reach the significance level. ~' ~ 

The other organic sources viz., \vhcat cut stra\\/ and gliricidia used with 50 ))cr 
~ ~ 

cent RDF to sorghulll and 100 per cent r{Op to \,vheat \vere on par w"iih each 

other in respect or gross 1l10netary' returns during tirst )'car of experinlentation 

w'hereas red L1C i ng the opti III Ulll lcve Is of rerti Ii zer duri ng khor{f and rabi season 

resulted in reduction in gross Inonetary returns during the salnc year. 

During the second year of experilnentation. it \vas observed that (l1Can 

Inaxillllll11 and signi licantly higher (Rs. 29079 ha- I
) gross 111onetar:y returns 

\vere regi stered in 100 per cent RDF at I"ohi and 50 per cent RDF + 50 pcr cent 

N through FYi'vI applied to sorghUll1 \vhich \\'as closely J"olk)\ved by 100 per 

cent R()F applied (Rs. 28657 ha- I
) during both the season crops. Further, the 

trend noticed in bet\vcen the rest of all treatlllcnts \vere silnilar as observed 

during lirst )'car ofexperilllcntation. 

4.4.2.2 C~ost of cultiv::l tion 

Data In Table 55 pertaining to the cost of cultivation of w"heat \vere 

not analysed statistically. Inferenccs are, therefore, based on L11ean values. It 

revealed that the higher (Rs. 15281 ha- I
) cost or cultivation \·vas recorded \vhere 

IO() per cent recoIn 1l1cndcd close of rerti I izers appl ied to \vhcat. it \vas due to 

usc or nptinlulll level of fertilizer increased thc cost or fertilizers applied. 
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\Vhilc in case orsub-optilllUll1 !e\'el it \vas only' Rs. 14647 ha- I and in control it 

\vas Rs. 12744 ha-
1 

\vhere no expenditure \vas incurred on fertilizers. 

4.4.2.3 ~(_·t Illoncta,'v .'ctu,'ns 

I: ron1 belle fi t po i Ilt o!" vi e\v. the net 1l1onetary returns \vere \vorked out 

\vhich indicated that the a\'erage Illean InaXln1UIll net Illonctary returns 

(Rs. 14295 ha-
1

) \vere obtained bv the treallnent consisting of 100 per cent 

RI )I: to \\ heat and precedcd by ~() per cent RI)F :- 50 per cent ~ through FYM 

applied to sorghulll. This \\i~lS signillcclntly superior over rest or all the 

treat n1en ts tri ed d u ri ng II rst year () r st udy. F u nher. it \\'as not i cccl that the 

treatlllents preceded by the application o!"\vheat cut straw' and gliricidia applied 

in cOlllbin<..ltion \\'ith 50 per cent R[)F to sorghull1 and 100 per cent R.r)F to 

\\'heat \\'cre on par to each othcr and rest of tre~1tn1ents \v(,l-e not affected 

significantly in respect of net n1ollcta!'\' returlls during the year 1999. I )<)\vever, 

during the year 2U()(). sil11iLlr trend \vas obsCT\'cc! in decreasing the net 

1l10netarv returns per hectare cOlnp,-lrL'd to superior treatll1ent except the 

treatlllent conlprising or application or 100 per cent RI)F during both the 

seasons \vas on par \",ith the siglli II cant treatn1ent. Reduced levels of fertilizers 

shc)\ved reducing trL'IH.I ~lnd absolute control resulted in loss in net profit ha- I 

during both the years or cxperiI11L'ntation. 

4.4.2,4 BCI1(_'fit cost ,'atio 

It could be seen that avenlge nlean InaXIIl1Un1 13:(' ratio \vas Rs. 1.94 

per rupee spent on inputs. It \vas Rs. 1.<)7 and 1.91 during the first and second 

year or study. respectively. These 13:C nltios \vere round to be significantly 

superIor o\'Cr all otl1L'r treatlllents under stud, during both the years of 

ex per i n 1 l_' 11 tat i l) 11 . This highest B:C r~lti() \vas recorded by the treatn1ent 
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consisting or 50 per cent RDF I 50 per cent N through I:YM to sorghun1 

succeeded \vith IO() per cent RDF to \vheat applied during the vear 1999 and 

2000. The reducing lc\'els of inorganic fertilizers during khan/and rubi season, 

reduces the I ~:c rat io. Ilo\\"eveL \\'hen COll1 pared to other sources viz.. \\.'hcat 

cut stra\\' and gliricidia loppings \vith reduced level or RDF applied to khar{l 

crop It \vas increased to SOll1e e:"(tcl1t but not reached to the level of 

significance. 

4.4.3 EcoJlolnic evaluation of soq:~hlllll-"'heat c."OP sequcnce 

The eC0l1011l ic parailleters viz .. gross and net 1110netary returns. total 

cost of cultivation or sequence and bcnefit : cost ratio \vere studied for .iudging 

the pro fitabi Ii ty 0 r thL' sequence. ThL' data recorded treatInent \vise arc 

presented in Tablc )() and graphically depictcd in Fig. 1 1 . 

4.4.3.1 (;."OSS 1l10neta."v ."ctunlS 

The data on nlcall gross 1110nctary returns (Rs. ha- I
) on pooled 111ean 

basis (T~lblc 56) re\'ei.I1ed tl1,lt ,I\'erage nle<.ln In{lxi 111L1111 gross returns recorded 

by' the sequence \V,IS Rs. 5506() ba- I due to 50 per cent RDI: t- 50 per cent N 

through FY!'vl for sorgl1LlIl1 and 1 ()() per cent RDF to \"heat crop. The sorghu1l1-

\vheat cropping sequence had registered significantly higher gross Inonetary 

. returns or Rs. 5722::-; ha
o, 

during first year and Rs. 52903 ha
ol 

during second 

~ ear of study by thl' salnc treatl11ent. These nla:,,-:inlunl gross returns \vcre 

obtained I"rol11 the trL'~ltlnent consistin~ 50 per cent RDF ~.o 50 per cent N 

through I:Y1VI applied to sorghuln and 100 per cent RDF to wheat applied to 

the respt.'ct i ve crops (.) r the seq uence duri ng cal' h year. H()\vever. the trcat111cnt 

recci\ing 100 per cent RDF during both the season for both the crops \vas 

ri.lnking second \\'hich \vas on par \\'ith gross returns obtained frolll the 
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treat111ent cOlnpnslng 50 per cent RI)F T- 50 per cent N through gliricidia 

~I ppl i ed to kllo!"i! sorghum and I no per cent R D F to \\"heat (Rs. 509R 1 ha- I
). 

:\ mont'- the organ i c SOLI rCeS. \\"heat CLlt stra\\" appl i cd be fore khari( crops 

<'Iss()l:iated \vith the inorganic lL'rtilizL'rs and optin1l1111 or sLlh-optimLllll level of 

1~'rtilizer to ruhi crop yielded poorly which rellected in lo\\"ering the gross 

11HH1etary returns. Aln10st same tre11d in respect of gross 11101h:tar:y returns \vas 

not iced duri ng the second year oj' experi melltat ion. !\ hso I LIte control had 

registered X to 9 timL's Il)\\"er gross returns than Ion per cent RDF to \vheat 

prececkd hy 50 per CL'nt RI»).' .- 50 per cent N substitution through FYM for 

sorghu111. 

4.4.3.2 Cost of eu ItiYa t ion of s(.'q lH'nec 

The cost 01' culti\"atiol1 or sorghum-\\he~lt sequence \\ere not analysed 

st~lt i st iC<l11 v. Inli:rL'llces arc thL'r\...' forc based 011 I11L'an \"(lIues, I t revealed frolll 

the data reported in Table :'() thalthe higher (Rs, 34567 ha· l
) cost ofculti\'ation 

\\'as recorded \\ IlL'rc ~ () per L'ent reL'on1111el1<,kd dose () r fert iii zer COlll bi ned \vi th 

~ 0 per CL'l1t ~ th rough \\"heat cut stra \\" appl ied to sorgh 11111 and I 00 per cent 

RD': to whcat In a '"car. "I Io\\"c\ el". this \Vas tl1110wcd by treatlllent cOll1prising 

of 1:\'i\1 for substitution or :\ in a SI.'<.]L1el1Ce (Rs. 3452() ha- I
), This Inight be 

hecause or higher rates or 1:'{\1. For other treatn1ents thc cost of cultivation 

\\"a:-. ranged from R~, _) 1777 to ,)~ 172 ha'i in a \car Icn sorghulll-wheat crop 

-4.4.3.3 ~ct 1l10Ill'tal'Y r'ctur'ns 

The !lle~1l1 l11aXInHIl11 net l110nL'tarv returns rr0111 sorghuln-\vhcat 

cropping ~eqLlL'!1CC \\"CrL' Rs, 22702 and Rs. 1<)422 ha'i during 1999 and 20()O. 

I hcsL' h i ghc~t \ ~d Lies () I' net returns Rs, ha'i \\"cre recordcd bv the trcatlnents 

ill\"oh ing 50 per ccnt RI )1: , )() per cent 1\ through I-'Y;\l1 to sorghlllll and I ()O 
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per cent RDF to \\'heat applied during tirst year and 100 per cent ROF for both 

the crops appl ied during second year. respectively and these values \vere 

signiticantly higher th~ln rest or all the treatlnents tried during study and \vere 

at par \\'ith each nthL'r during second year. f\nlong the organic sources VIL. 

I:YlV1_ \vheat cut str .. l\V clnd gliriciclia tested for the' substitution. rYM ranked 

the ri rst and gl iric id i~l \vas the second one. \Vheat cut straw had adverse effect 

on the net Inonetar\' returns rrOI11 sequence. Use of sub-optinlunl levels of 

l"crt i I izers reduced the !eve I () I' net 1l10nctarv retu rns 0 I' the sec1ucnce durin 0 
~ -1 b 

both the \Tars. Absolute control had registered the negati\'c values in respect or 

nct lllonctarv returns. 

4.4.3.4 Benefit: cost 1"<.1 t io 

The average n1ean 1l1aXll11Ul11 benetit : cost ratio or sorghull1-\vheat 

cropping scq uenee \vas I .C)O per rupee spent on ill put \\'hereas it \vas I .66 and 

\ .53 during the first and second :year. respectively. Thc higher benefit: cost ratio 

\\'as obtained clUL' to lise of 50 pCI' cent RDF : 50 per cent N through FYI\1 to 

sorghUlll and IOU per cent R[)I: to \\llL'at w-ilich \vas significantl)-' higher than 

rest of all thc treatlllelHS studied except treatlncnt involving 100 per cent RDF 

during both the scasons and they \,-ere on par \\ ith each other during second 

year of expcrilnentation. ;\nlong the organic sourccs or gliricidia and \vheat cut 

stra\\' \vas found to be signi ric~llltl) beneficial in respect or benefit: cost ratio 

during both the :'cars. '-he rcspccri\'e values \vcre 1.54 and 1.37 during the year 

19(,)0 and I .49 and I .2~ duri ng the yC~lr 2000. Reduced leve Is or ferti I izer. 

reduccd the values ofhenelit : cost ratio. 

4.5 Effect of intcgnlted nut.-ient l11anagelllcnt on enc.-gy studies 

Thc data pert"lining to cnergy output (M.I l1a- I
). energy input (iVIJ ha-I). 

cnergy balance (i\ll.l 11,-1- 1
). energy balance per unit input (M.I ha- I

) ane! energy 
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LIse efficiency of sorgl1LlIll , \',heat and sorghulll-\vheat crop sequence as 

influencL'd b:., different tre~ltillents are presented in Table 57 to 59, respectively_ 

4.5.1 Encr·gy studics of so .. ghunl 

The ener.t!.Y p~lrailleters studied \\'erc OlIPlIt energy', input energy, 

energy balance, L'nergy balance per lIn i t input (j\!lJ ha -I) and energy use 

efficiency \vorked Ollt and presented in Table 57. 

4.5.1.1 Enc.'gy output 

The l11e<.ln In~L\:ilnunl energy output of sorghLIIll frolll the treatlllent of 

application of :;0 1)L'r cent RDF : :;0 per cent 0-i through FYM \vas 263918 

\lU ha-
t 

and 206915 \IJ h~l-I during first year \\'hile in second season it \vas due 

to I 00 per cen t R I) F to sorgh Ulll_ These \'~lIl1es \\'CIT si gn jf-ic~llltl:y higher than 

other treatInents tried. 

/\nlong the organic sources used for N substitution, FYM ranked first 

rollo\\eci by gliricidia during first season and F'{\il ranked tirst follo\\'cd by 

\\'heat cut stra \\' d uri ng second year in respect 0 r energy out plI t (MJ ha -I )_ 

Reduct ion in opti lllLlln levels 0 r lerti I izer sho\\'ec! decreasi ng trend in energy 

oLltPlIt than organic sources coupled \"ith inorganic fertili/er. 

4.5.1.2 Encr'gy input 

I:Ilergy \'~lIl1es (Llble 57) rcvealed that InaXllllUlll l11ean energy input 

obtained \\'as 35507 \:1.1 ha- t and 3()X61 i'vU ha- l during the first and second 

SL'ason of sorghulll, \\here the organic source or gliricidia leaves \vere added 

into the soil. This \\'as rollo\\'eci by the treatlllcnt or 100 per ccnt RDF applied 

to sor~hlllll (22625 \'1.1 ha- ' durill~ lirst seaSOll and 22000 !VLJ ha- ' during 
~ .__ '-
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second season). I )ecreasing trend in energy' input \\'as observed in use of sub­

optinlUll1 doses or rertilizer to sorghLlln. Absolute control rcgistered the low'cst 

energ,Y input values during both the khurtfseasol1s. 

4.5.1.3 Ene,ogy balance 

The..: data pe..:rtaining to the cne..:rgy balance studies in sorghull1 indicated 

that the l11axi111Uln eI1L'rg)' balance \vas rcgistere..:d by sorghUI11 crop due to 

application or 50 pe..:r cent RDI: -- substitution or 50 pcr ccnt N through FYM. 

The..: values "'CIT 2-1-1 16() ivl.l ha- I and I ~5320 ivl.l ha- i during first and second 

ye..:ar ofexpe..:rilncntation. respe..:cti\'Cly. These values \\'cre significantly o"er rest 

or the treatlne..:nts e..:.\:cept in se..:concl :e~lr it ,vas at par \\'ith 50 pe..:r cent RDF, 100 

pcr cent RDI'-. 75 per ccnt RI)F ~ 25 pcr cent N through FYM. 75 pcr cent 

RI)F -+- 25 per cent :-\ through \\'heat cut stra\\' and 75 per cent RI)F -i- 25 pcr 

cent N through gliricida applie..:d to sorghunl. In a nutshell. 50 per cent RDF + 

50 per cent N through FYl\/1 applied to sorghun1 during both the vcars found to 

bL' sign i fi can t i 11 respL'ct of cnergy ba I ~lI1CL' . 

..... 5.1. .... Ene"gy balance P(·.o unit input 

The..: averagL' 111ean l11a.\:il1HII11 e..:nergy balance per ullit input for both thc 

vcars \\-as I 1.16 \'1.1 h(:1-1 obtained rrOn1 the treatlnellt involving 50 per cent 

RDF j 50 per cent N through 1:''1''1\11 (Tablc 57) \vhercas it \Vas 13.59 and 8.73 

VlJ ha - I d uri ng the t'i rst and second k hun/ seasons and \\'as si gn i ficantl y 

superior OVL'r all other trcatlllL'llts during lirst year and closely follo\ved by 50 

<lnd 100 per cent RI )1: k,'cls and 75 per cent RDI: -. 25 per cent N through 

I:YM C1pplied during sccond year or eAperinlcnwtion, The energy balance per 

unit input \\"as decreased and \\',-lS in the range frol11 4.00 to 6.60 \IlJ ha- I in the 

treatnlcnts \\here gliricidi::l lear Inanure \vas incorporated \\'ith the soil during 
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both the years. ~o doubt, absolute control registered the least values of encrgy 

balance per unit input during both the years. 

4.5.1.5 Eneq~~y usc efficiency 

The a\'er~lge 111e<1n Ill<.lxiI11Unl value of energy use erticienc).· \vas 12.16 

and it \vas 14.59 and 9.73 during lirst ~lI1d second year of expcrilllentation, 

respectively (fable 57). The significantly higher energy use efficiency' \vas 

noticed fron) the treatn)cIH involving 50 per cent RDF coupled \vith 50 per cent 

N throu12.h FY\;J clurin~ first se~lson or sor~hun) \\'hereas durin12. sccond season 
~ '--, ~ ...._. 

it \\as at par \\'ith the treatillents applied 50, 75 and 100 per cent RI)F and 75 

per cent RDF coupled \vith 25 per cent N through \vheat cut stra\v or FYM. 

The usc or gliricidi~l leaf lllanurc in cOlnbination \vith 50 or 75 per cent RI)F 

ckcreased the energ.y Lise enicieI1c~ during both the \ ears. The lo\vest energy 

use effic iencv \vas observed i 11 control treatn1ent. 

4.5.2 Enel-gy studies of ,,,heat 

The enl:.?rgy panlllleters studied under khor{/ sorghulll \verc considered 

in rohi \vhL'at also ,111d presented in the Table 5X. 

4.5.2.1 Encl-gy out put 

The IllCal1 111 .. 1:\: i 111 unl energy output 0 f \\'heat \vas 137628 MJ ha- I and 

147893 \/1.1 ha- I J"L'gistered by the trcallnent cOlnprising or 50 per cent ROF + 

50 per ccnt N through FYM to sorglllll11 and 1 ()O per cel1t RDF applied to 

\\'heat during first and second year. rcspectively. This \vas found to he 

signi f"ical1tly superior over all other relnaining treatlnents during both the years. 

Ilo\\"c\'cr, the encrgy ulltput registered 125036. 12:1X2 I and 120943 MJ ha- I by 

the treatrncnts 100 per ccnt RDr during rohi season preccded by' 100 per cent 
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Rf)F, 50 per cent RDF + 50 per cent N through v .... heat cut stra\v and 50 per cent 

RI)F' + 50 per cent N through gliricidia, respectively ancl they \vere observed at 

par to each other during first year and l1on-signi ticant results vvere observed 

during second year. Reduced levels or fertilizers during khar~I follov\"ed by 

oplinlunl and sub-optilllUlll levels of tcrtilizers ciuring ruhi sho\,ved decreasing 

rate in energy output. The control treatnlent registered 32079 and 24546 MJ 

ha- 1 energy output v~lIues during both the years or study'. 

--'.5.2.2 Enc.-gy input 

The cnergy valucs obtained 1'roln the vanous inputs applied during 

stud", period are \vorkcd out ~\l1d presented in Table 58_ It \\-'as noticed that 

11laXIlllunl Inean energy input or 22169 and 22792 l\ILJ ha-
I 

during first and 

second years or c~pcrilnentation. respectively_ These values \vere obtained 

\vhere trcatlnents <lpplied 100 per cent reconl111cndcd dose of fertilizer to 

\\'heat. Ho\vever. 19727 and 20350 [VU ha- I energy input \vas recorded for first 

and second year by' the treat1l1ents appl ied 75 per cent recolllnlendcd dose of 

ferti I i zer. \V hereas. clccreascd v~d ltes \vere recorded by the contra I treatillent. 

4.5.2.3 Enc.-gy balance 

Energy halance obtained fronl the various trcatnlents (Table 58) 

indicated that the nl~1~inl111l1 nlean energy' balance obtained \vas 115459 MJ 

ha- I and 125102 rvLl ha- I during first and second year of ruhi season. These 

val ues \VCIT round to be sign i fica Ilt over a II other tre3tlncnts tried during both 

the veal's. 'These significant cnergy balance values \vere obtained due to the 

treatnlcnt 100 per cent RDF to rohi \\.'heat preccded by' the 50 per cent RDF + 

50 per cent N through I:YM applied to khori/, sorghuln of both the year of 

experinlcntation- The energy balance recorded by the treatnlent applied 100 per 
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cent RI)F for \vheat pr~ceded by 100 per cent RDF, 50 per cent RDF + 50 per 

cent N through \\·hc~lt cut stra\v and gl iricidia to kh{//"~l sorghunl were at par to 

each other during first and second year of study. I Io\vever_ LIse of sub-optinlunl 

Ic\·cls of Icrtili/_crs sho\vcd reducing trend In energ.y balance ror both the year 

of" expcrill1ent. rhe cOlltrol plots rccorded 11llnlll1llln values of" energy balance 

during both the years. 

4.5.2.4 Enc"gy balancl.' pcr unit input 

The average nlcan nlaxinlllJ11 encrgy balance per unit input for both the 

year \\·as 5.35 i\vl.l l1a- 1 
\\ hich obtained rrOI11 the treatlncnt involving 100 per 

cent RDF to ruhl season preceded by 50 per cent 1<.1)1-" ,- 50 per cent N through 

Fyrvt applied to pn .. ?\·ious sorghulll crop during both the year (Table 58). it \vas 

InaxinlUll1 of 5.21 \iLl ha- I during first y·ear and 5.55 ivLJ ha- I during second 

year registered due to treattnent c0111prising \vith 100 and 75 per cent ROF to 

/"(/hi \vheat \vhich \V~lS preceded by 50 ~lnd 75 per cent RDF coupled \vith 50 

and 25 per eent ~ through FY fV1 appl ied to khuri( sorghlllll to respective years 

only .. It \vas interesting to noll.' lhat sub-opti111UI11 level or inorganic fertilizer 

i.e. 75 per cent RDI: applied to /"0171 \vheat \vhich preceded b::v· the sub-optinlU111 

levels of fertilizers coupled either \,ith or w·ithout organic sources of \vheat CLlt 

strav,' or gliriciclia k~lves \vere found to be at par \vith each other in respect of 

energy balance per unit input during lirst and second ~ .. ear of study. (t \vas also 

noticed that decreasing in oplilllUl11 levels of" RDF decreased the energy 

balance pcr unit input I()l- both the years. 

4.5.2.5 Enl."·gy lISC l.'fficicnc:v 

The average 111t.'an Ill<.lxinl111l1 cnergy use clTicicllcy \vas 6.35 recorded 

by· the treatnlcnt consisting 100 per ccnt I<.DF to \vheat preceded by' 50 per cent 
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R I)F -~ 50 per cent ~ through F'{ ivl appl ied to sorghunl during both the years. 

It \vas obtained 6.21 ~lnd ().55 during 1999 and 2000 i"ronl the treatlnent applied 

optinlunl and sub-optilllUlll levels or fertilizer to \\'heat preceded by SO per cent 

RDF I 50 per cent N through l:Y\lI and 75 per cent R[)I: and 25 per cent N 

through F'{iVl. respectively. TilL' energy usc ei'liciency recorded by the above 

treatnlent \\'as round to be signilic~lntl:y superior over rest or all the trcatillents 

except treatlllent conlprising or 100 per cent ROl-" to r([iJi and 50 per cent RDf 

i 50 per cent N through Fyrvl during second year only. !\lllong the organic 

sources Llsed to preceding season. in a proportion \vith 75 per cent RDF 

coupled \\'ith 25 per cent' through organic sources \'i/ .. FYIVt \",heat cut stravv' 

and gliricidia and 75 per cent R()F to succeeding season recorded 6.55,6.11 

and 6.23 cnergy use eniciency \vhich \\'as at par \\'ith each other during second 

year only. \\hereas tlL'xibility obscr\'ed during lirst year. The non-significant 

results \\'ere obsen cd in the treallllellts \\'here optilllUl11 and sub-optinlunl 

le\ cis or Icrtilitv ill r"hi and preceded by optilllUl11 and sub-optinlunl levels 

\vithollt organic s()urces during khurif' season that l11eans the cnerov :;:,_, use 

elliciency \vas decreased to SOllle extent ill these treatlllents. The energy use 

elTiciellcy obt,lined in the control treatl11ent during both the vears \vas 2.S9 and 

4.5.3 Encq.!.y studil'S of sor"ghulll-\\'hcat c."OP scqlH .. ·ncc 

The dat~l pcrt~l i 11 i ng to energy out put (:\/1.1 ha -I ). energy input (MJ ha -I ), 

energy balance t\:'l.I h~l-I). energy balance per unit input (MJ ha-
I
) and energy 

usc erticiency or the crop sequence as inllucnced by' di fTerent treatlllcnts tried 

during study' period an .. ' presented 111 Table 59 ~lnd depicted graphically in 

1-'ig.12. 
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-t.S.3.1 E I)(~.-gy ou tpu t of (TOP seq lIencc 

I"he data pooled over SL'~lsons. indicated that average lnean nlaXInlU111 

cncrgy output \\as 377992 \,:1.1 h~l-I \\"hcreas year\\"isc it \\'as 401546 MJ ha- I 

and .3544]X l\11.1 ha- I during thc :v'car 19()c) and 2000, respectively (Table 59). 

These \'~dues \\'1...'1'1...' registered in the treatIl1ent cOll1prising or 50 per cent RDF + 

50 per cent r-.: through 1,"Y;',,1 to sorghlllll and 100 per cent RDf to \vheat and 

\vere signi licantly higher than the other treatnleI1ts tried during tirst :year and 

\\'ere at par \"ith the treatnlents conlprising or 100 per cent RDF for both the 

crops during both the se,lsons and 75 per cent RUF ';- 25 per cent N through 

FYi'vl to kh(lri/ sorghlllll and 75 per cent RDF to ruhi \\'heat applied during the 

year 2000 (i.e, ]455..:.j.() i'vLl ha'i and]] ()2~:S iVl.I ha ,I. respect i VI...' I):). The organic 

sources \'1/ .. , \\ he~l t C Ll t st ra \\ and gl i ric id ia cOin pared \\' i th each other. the 

gliricidia use in cOlnhination \vith inorganic fertilizers perl()rnled better than 

the \\'heat cut str~l\\ during both the years, Higher energy output \vas evolved 

by a p p I i cat ion 0 r g I i ric i d i a (3 5 4 ~ () I l\,1.1 h a ' I) t han \ \' h I...' a t cut s t r a v .. ' (3:2 0 04 1 1\11 J 

ha- I) during lirst (.3 I X~()9 \/1.1 ha- I ) and (.3 132~2 \iLl ha- I
) during second )'ear 

study. IO() per cent RUt· to both the season round signi lic<lntly superior over 

suh-optinll1l11 1c\'Cls or ICrtiti/.ers during both the )'cars. The absolute control 

recorded 111ininlll111 energy output values during both the years of study. 

4.S.3.2 Enc.-gy input of c"op sequcnce 

The L'I1L'r~y \ ~tlllL'S prl.,.'~L'l1tL'd in Tabk 59, re\'ealed that a v('rage 

111<lxill1L11n ll1can L'nerg~' input nhtained \\'as .5R637 !Vl.I ha'i \\'hereas vcanvise it 

\\'as 57670 and 5 l )()O-l \/1.l ha'i during lirst and second y'ear of study. These 

\~llues \vere registered through application or gliricidia leaves into the 

sequence. \\'hereas other sources \'i/ .. I:'{f'vl and \\'heat cut stra\\' used recorded 

43943 and 439()~ :\11.1 ha- I ~lnd 4-l163 and 43X40 [\/1.) ha'l, respectivel:y during 
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first and second ye~lr or study. The application or 100 per cent recolnll1ended 

dose to each crop in a sequence rL'corckd higher energy input values (44788 

and 445 I 2 !\ILl l1a- l
) than organ ic sources considered for N substitution except 

g.liricidia Inal1l1ring ~llld use or sllb-optil11Un1 Ie\'els or inorganic rertilizers to 

sequential crops during both the years of experinlentation. The control 

treat111ent registered Illinilnllin (2525 I and 25206 i'v1.l ha- I
) energy' input values 

during study period. 

4.5.3.3 EIH.'I"gy balance of c."OP sequence 

The data I'n .. 'sL'lltcd in Table Sl) rcvezded that the Inean highest energy 

balance registered by the sorg.lllllll-\\·he~lt crop sequence \vas 334037 MJ ha-
I 

(pooled Illean O\i(.?r t \\0 }'Cars) and )/eanvi sc, it \vas 3,) 7603 1\11.1 ha .. 1 during 

1999 and 3 10471 \;tJ ha- I duri ng 2000 obtained due to 100 per cent RDF to 

\vheat preceded by 50 per cent RDF : .50 per cent N through r·'YM to sorghun1. 

The 11lean energy h~lbnce eli tTerL'eI signi ficantly due to the di tTerent treat111ents 

tried during first year \\'hcreas they \\'ere at par \\ ith the treatnlents con1prising 

() r 100 per cent R I) I,' to both tilL' crops and 7.5 per cent R DF -+- 25 per cent N 

through F'{:-d to sorgilunl and 7.5 per cent ROf to \\heat applied during second 

year of cxperinlenultion. The energy balance or the crop sequence obtained by 

other organic sources \'iz .. \\'heat cut stnl\\' and gliricidia leaves llsed for N 

substitution ranged rrOnl 267025 to 297131 ;VLJ ha- I and rrOn1 261649 to 

263062 lVl.I ha- I during tirst ~1Il(.1 second year. respecli\'cly. Thus. gliricidia \·vas 

round to be Inore e trecti ve in rL'spect or energy balance, In other treat111ents 

having 110 USe of organic sOllrce and the krtilizers were Llsed only in a reduced 

proportions to RDI: exhibited decreasing trend in energy balance of the 

sequence cluring I..,oth the years and \vas signi licantl)-! deceased the energy 

balance due to sub-optinlunl lc\'cls or fertilizers applied to both the crops in a 
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sequence. The absence of Icrtilizer and 111anure sho\;v'cd nllnl111Ul11 energy 

balance of crops or crop sequcnce. 

4.5.3.4 Eneq,?,y balance pc." unit input 

The nla:":.in1L1111 Inean energ).' balance per unit input on pooled 111ean 

basis for both the years \vas 7.()O \11.1 ha- I obtained clue to the appl ication of 50 

per cent RDF coupled w'ith 50 per cent N through FYM to khari( sorghunl and 

100 per cent RDF to \vheat (Table 59). The Inean Inaxinlunl energy balance per 

unit input '.vas g.14 and 7.06 [\iLl lla- I obtained by the sarne treatnlcnt during the 

year 1999 and 2000, respectively'. This energy balance per unit input \vas 

significantly' higher than th~lt registered in the rest of all the treat111ents during 

lirst year and it \V;_lS at par \vith the trcallnent involving 50 per cent R[)F -1- 100 

per cent RDF (6.92), 100 per cent RDF + 100 per cent RDf (6.77), 75 per cent 

RDF -+ 25 per cent ~ through I_:'YI\il to khurU and 75 per cent RDF to rahi 

(7.02) and 75 per cent R DF j- 25 per cent 1'\ through \\iheat cut stravvl during 

kharfl and 75 per cent RDF cluring rohi (6.49) applied during second year of 

experi nlentation. rhe gl i ricid ia le~lves in conlbination \\/ith sub-optinlU111 levels 

of fertilizers during kh(/l"ij:Jl1d 100 per cent and 75 per cent R.DF during rahi 

crop registered the lowest energ)' balance per unit input during both the y'ears. 

This lT1ight be due to higher energy' input vztlues added to sequence. Control 

treatnlcnt has recorded the least val ue or energy balance per un it input for both 

the )/ears 0 r cxpcri l11cntation. 

4.5.3.5 Encrg)' liSt' efficiency of c."OP sequence 

Thc t\\'o :T~lrs ~lverage l11e<.111 energy LIse elliciency value of the crop 

sequence \vas g.()u :Cl11d yeanvisc it \vas 9.14 and 8.06 for the .year 1999 and 

2000, respectively (Tabk 59). 
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The energy use efliciency obtained by the treallnent consisting of 50 

per cent RDF + 50 per cent N through rYM applied to khur{j'sorgl1unl and 100 

per cent RDF applied to \\'heat during both the years or study \\'as significantly 

higher th~lll the othL'I" treatlnents tried during lirst )iear and it \vas at par w'ith the 

treallnellts cOlnprising or 50 per cent RDF at khur{i to sorghunl and 100 per 

cent RDI: to /"uhi \vheat (7.92). 100 per cent RDF to both the crops during hoth 

the seasons (7.77L 75 per cent RDr !. 25 per cent N through FYM during 

khur{j'and 75 per cent RDF to \vheat (~.02) and 75 per cent ROF -i· 25 per cent 

;'\ through \vheat CLit slra\\' during khun/ and 75 per cent RL)F to \vheat (7.49) 

applied during the second year of experilncnt. The usc or gliricidia lear lnanure 

in cOlllhination \vith 50 01" 75 pL'r CL'lll RDF during khur{/ and 100 or 75 per 

cent RI )1: during rohi dccreasL'd thc cnergy lise efliciency during both the 

years. 1 )ccreasing trend in L'nergy Lise crlicieJ1cy \vas ~llso noticed vvhcrc 

decreasing !e\'els or inorganic l'crtilizL'rs \\'cre lIsed in cxpcrinlcnt during both 

the VC<.lrs. The L'llcrgy Lise L'niciency was \'ery In\\ in absolute control 

t rcatlllen t. 



5. DISCUSSION 

Sorg_hUI11-\\ IlL'at cropping systell1 has hcco111e verv 
w' 

ilnportant 

production sYStclll <lIH,1 contrihutes to ahout 011L' third of cereal production. 

,\ 1110ng_ the \'ari ous crop seq lIeIlCL'S ideI1t i lied. sorghll 111-\\'heat i 11 irrigated 

uplands is the 1110St pnH.ILlcti\'e ~1l1(.1 prolilabk seqllL'I1Ce e\ en though it is cercal­

cerc~d based systel11. This systeI11 is Inost popular anll)I1g the fanners ()\ving to 

the f~lct that these t\\'o cereals ~ln: highly productive becausc of advent of nc\v 

hybrids in sorghull1 and d\\'~ll'r high yielding \'ariL'ties in \vheat. The fanners 

arc also <.l\\'are or thL' I1L'\\' hyhrids and the <.I\varr \'~lriL'ties required higher doses 

() r fcrt i 1 izer to get hi t!-h yi L' Ids hecause 0 r the h i ~h product i vi ty of both these 

crops in this systen1. the aVL'rage nl0net~lry returns ~lrc also high. I-Iovv'cver, to 

Inake this SYStCl11 1l1orL' sust~linable nc\\' agrotechniqllcs pertaining to integrated 

nutrient 111<.lnagelllL'nt s:'stCI11 ~lrc rL'quired to he de\'elnpL'd. 

I:or <.ic\'eloplllClll or il1tegrdLL'd llutrient Ill~ll1age111L'I1t ror Inajor cropping 

systellls to InakL' thL'111 Inor\...' producti\ L' and sust~lillahk. a field experinlent on 

"I n tegra ted 11 LIt ri CI1 t 111~1 n;'_lgL'1 n e III s: StL' In 1i.)1· prod L1L't i \' i ty potent i a lor sorgh Ull1-

\vheat sequL'llcc un<.k'r irrig;'_lLL'd conditiol1s" \\';,_IS conductcd at !\/1ain Centre for 

Cropping Systell1S Research Pro,ject (:\leARP). Rahuri (\/laharashtra). It 

in\'oh'es the USL' or cheillical lL'rtili/ers alone and ill conjullction \vith organic 

Inanures \ 1/,.. 1",lrI11 \ ~lrd 111<.IIlLlrc. \\ heal CLlt stra\\ and gliricidia leaves. 

( "on1p kl11elHar: LlS\...' l) ," ~l \ ~1 i I;'_l bk" 1"\...'l1e\\ ahle hL'ri tages 0 r plant nutrients 

.,dong\\'ith the 11lineral !",..:-rtili/'L'rs is 1..)1' great ilnpon~lllt I'or l11aintenancc of soil 

physical ~lnd chel11iL'~d lL,rtilit\ on sustainahle h~lSis. The il11portant soil ph)'sical 

characteristics L'oI11prisill~ oj" soil structure. soil porosit),. \vater holding 

c;_jpacil~. !l\drauliL' ~l)llducti\ it\ dlld hulk <.kl1sit\. etc. Ilo\\'"e\'cr. the lise of 
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organic nlanures. crop residues and green 111anUrIng along \vith fertilizers is 

reCCI\'lng. attention 111 the intL'I1Si\'c l~lrn1ing under integrated nutrient 

Illanagen1ent systeJ11 conccpt. The shi n in the enlphasis fr0l11 yield per unit area 

for each crop to yiL'ld per ul1it area per unit tilne and per unit input has resulted 

in an intensive cropping progranllnt:? \\'hich rapidly depletes the soil nutrient 

and thus decreases crop production. I t has no\\' bL'colne <un ply clear that there 

should be judiciolls USL' or orL!_(.lnics ~llH.l inor~anic ll1aterial to restore soil . ..__ '-

lertilitv as \vell as L'ni1ancing the crop productivity. In the recent past revic\v 

indicated the nutrient uptake I~lr exceeds than the addition in the soil. In vie\v 

or this the present inVL'stigation \vas carried out to study' the long tenll effects 

or the use of ferti I i/.L'rs and org~lnic nl<lnUreS in crop sequence on the contents 

or available nutrients and Inicronutricnts, physical properties or soil, total crop 

proclucti\'ity. econonlics, energy budgeting and sLlstainabilitv or sorghllln­

\vheat sequence in \'LTtisol. The present in\Tstigation \vas undertaken during 

the year 19<)9 and 2(){)() khuri{ and ruhi seasons. The resul ts of the present 

investigation arc rL'portec! in prL'\'ious chapter and thoroughly' discussed in this 

chapter. 

Soil" \\'catIH .. 'I· and C'"OP dl'ycloplllcnt 

ThL' analysis 01' soil or the expL'rilnental plot at the conlinencelllent of 

experilllent sho\\'ed that the soil \\'as 1l1cdiuln black \"ith clay ill texture, lo\v in 

available nitrogL'n ( 1:'3 kg h~l-I). 1l1cdiuIll in H\'ailable phosphorus (14 kg ha- I) 

and rich in a\ ai lahle potassi lIlll cOlltL'nt (496 kg ha -I) and sl ightly al kal ine in 

reaction. The soi Is ~lre grouped under the order \'crtisol. The expcrinlental field 

\\'as t~lirh unironn \\ ith 0.6 to 0.9 111 depth and \\'ell drained. It \vas thus 

suitable to grc)\\' sorgl1L1111 crop during khuJ'/f season and vvheat during ra/)/ 

season. The sorglulln during kllorij and \\'heat in ruhi \vcre SO\Vll in tilne during 
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both the years or L'xpL'rill1entation. The el11ergence and plant stand \vas 

satisl~lctorv ror SOn2.hUlll and \VhL'at duril1L!. both the \'cars . . ' -- '-... 

The clilnale is onc or the ill1portant parall1cters. \vhich nl0stly decides 

the gn)\\:th and yiL'ld or crops. I)uring the entire gn)\vth period or sorghunl 

(.Iune to ()ctober). tilL' l11ean 111axil11Ul11 tCll1pcraturc ranged fr01n 27.9°C to 

"'- -oe·' I . . II' 1~ 4°(' ,") goC' I . . ")J.) nne lllean Illlnllllllill tenlpcraturc rangec rOlll .1. to _,,-.<" _ (. Llnng 

1999. \,"hile the COITL'SpoIH.iing \"ailles for the year 2000 \,"ere 28.1 °C to 33.4°C 

and 13.5°(' to 22.X ('. respcctivel). The Illcan relativc hUIl1idity during 

Illorning and c\ ening ranged rn}lll 74 to 91 and 43 to 75 per cent during 1999 

and corresponding \"~tlues for 2000 \\L'rC 7'8, to 93 and 28 to 78 per cent. 

rescpctivcly" (Fig 1. and l:ig . .2). 

The receipt of rainl~lll during khurU \\"as 730.2 111ln and 644.7 n1111 \\lith 

48 and 29 rainy days during 1909 alld 2000. rcspectively. The distribution or 

railll~dl during the gn)\\ th period or khurU crop \V.IS satisl~lctory during 1999 

and 2000 YL'ar or cxpL'ri 111entat ion. This has helped in inducing optilnUl11 

g.ro\vth ofsorghuill crop. 

I)uring ruhi season (NO\"clllbcr to ;\"!larch) the l11ean InaX1111UI11 

tell1pCrature ranged rrOlll 26.5°(' to 35.3()(' in 1999 ~lnd 24.4°C to 35.0°C in 

2000. respccti\"ely. I'hc cOITL'sponding values or the 111can 111lnlnlUll1 

te111pcrature \\"cre ().()<:(' to 15.9:)(' and 7.7"(' to 16.0'-;(" during first and second 

year or cxperilnL'J1Ultion, respccti\'cly. The 111C<U1 rL'lati\'C hUl11idit)/ varied fron1 

5() to 97 and 4X to X7 pL'r cent during. llH}rning hours and it ranged frol11 15 to 

44 and 17 to 4-l per l"Cnt during e\"cning hours in the year 1999 and 2000. 

respecti\'ely (Table 1 and 2). I)uring rohi 1999 no rainfall \vas received. 

ho\vc\"cr. during 2000 \"erv nlcag.re quantity or rain1~dl (7.S nll11) \vas received 
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III t\VO n,llnv days i.c. ~lt the tillering stage or crop, benelittecl the growth or 

\\'I1<:a1. resulting in illlproving the productive tillering nature or \vheat to son1C 

extent in the second yL'~lr as cOlllparccl to first year. By and large, during both 

the years. the se,lson \\'as congenial for gn)\vth and productivity of khar(l and 

rohi crops. 110\\ e\ er. thcre \\,lS 1l1ild incidence or shootlly and earhead 

\veb\\'Ornl on sorgllllll1 during hoth thL' years and the crop \vas protected by 

adopting tilnely pl;,lnt protectioll schedule resultantl: this has not caused any 

notable reduction in the productivity or sorghuln. I)uring both the seasons of 

\\'heat. the crop \\ ,1S not su rrered due to any pest and disease and hence not 

affected its gn)\vth and producti\'ity. 

In this L'hapter attelllpts ha\'e been Inade to discuss the effect of 

integratcd nutricnt In~1I1<lgelnent systL'ln 011 tilL' ccreal-ccreal base crop sequence 

(sorglHllll and \\'!1L'at) ~)n the gn)\\ th and yield attributes. their yields, protein 

content. Inonetary returns. uptake or nutrients. nutrient balance. energy balance 

and sorghulll gr<lln equi\'alcnce ha\'e bL'cn assessed and discussed by 

considering rollo\\'ing six categoriL's. 

1. I·: frect or il1tegrllted nutrient Inanagen1cIH sysiL'nl on sorghulll crop. 

FITect or il1tegratL'd nutrient In,lllagL'n1cllt systcln on \vheat crop. 

3. EITeet or integrlllcd nutrient llHlllagclllelH systL'lll on sorghuln-\vhcat 

crop scq UL'llee. 

4. I:lrcct or integratcd nutricnt Inanagcnlcnt on the nutrient availability 

and soi I propert ies. 

5. I·~rfect or integrated nutrient Inanagelnent on ceonoillic c\·aluation. 

(). LIYect or inteQ.rated nutrient Inan,H!elnent 011 el1en!\' studies. - '- ",--.; 
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5.1 Effect of intcgl"atcd nutl"icnt Inanagclllcnt systClll on sOI"ghulll c."Op. 

Initial and liI1~lI pl:'ll1t stand 01" sorghull1 \\'as 1l1~lilltained (Table 12) at 

<)<).() per cent to initial 111ean during season or \...'~periI11entation and did not 

d i ITer si gn i Ii C~lllll:-- ~lt hot h t he stages d lie to i 11 tegrated n utri ent 111al1agc111ent 

s YSte111. Th i s has I'{ )rIl1\...'d C0l111110n seat 1(.)1' COll1 pari son 0 I" cf i fCerent treattnents 

elilninating the population as ~l source ol"varii.ltion. 

The sorgllLllll r\...'ached up its gn)\\,th in tel"lllS 01" plant height upto 

har\'est in hoth thc se~lsons alld att~liI1ed the nl~1~in1uln (Table 13) plant height 

to the tune or 20-L70 and ISS.():' Clll per plant during lirst and second year or 

eXperil11cntation. r\...'spectively. Ilu\\c\cr, the gn)\vth in tenns or height \vas at 

the 1~lster ratc during thirty to nin\...'ty days al'ter SO\\ ing during both the seasons 

i.lnd continued th\...'r\...'~lner upto harvest but at th\...' 10\\'\...'I" rate and reached its 

Inaxinlllnl at har\'\...'st. It h~lS h\...'en ohsel"\'ed that sorghulll attained n10re height 

h~y the application (.)j" ill0rganic i'L,rtili/crs in COI1.iUl1Clic)n \\'ith organic Illanures 

at 2S and 50 pcr C\...'l1t ~ substitution through glirieidia leaf nlanure and FYM. 

\Vhereas. thL' substitlltion or nitrogen through \\ heat cut str~l\\' had an adverse 

errect on height oj" sorghulll during its gro\\th period. This Inight be attributed 

to artit~lct that for <..kconlpositioll or str(.l\V the <.l\'ailablc N in the soil \voldd 

have becn utilized h\' soil 111icrohes \\'hieh rcslllu1ntly' affected the gro\vth III 

lertns or plant in height oj" sorgllLllll (l~al1gar. 1<)<)4). Silnilar behaviour of 

horghulll ill integr;'ll\...'d nutrient nl~l11;'lgenlent S\'steln \vas reported by earlier 

\\'~)rk crs sue h as (iallg \\'~l I' and Singh ( I <.)(.)2) ;'111<..1 K ulnar ( 1993). Nitrogen is 

\\'cil recognized ~lS ;.1 prOlll0ter or \ cg\...,t;.lli\ c g)"(.)\vth. Thus increased availabilit.Y 

of N through eli ITerellt N Inan;'lgellH:?nt practices ill gen\...'ral resulted in higher 

\'alLies or plant height during the seasons or in\'Cstigation. ;\ si on i licant c 

ill1proVClllellt in height or sorghuIl1 \'as recorded \vith application or nitrogen 
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(KUlnar. 1 <.)l)~: ()cslllllukh (.'1 (fl.. 1 t)<.)(} and l~arik (.'1 u/ .. 1 C)l)X). Tallest plant 

\\'as observed in 75 IK'r cent Rl )1: ~. 25 per cent ~ substituted through green 

lear lnanure i.e. gliricidi~l at the early stage or the crop but in the subsequent 

three st~lges it \\as noticed with the ~ suhstituted through FY:-vl at 50 or 25 per 

cent !c\'L'1. This Inight bL' duc to higher quantity of gliricidia applied to crop 

\\'hich rL'sultantly sho\\'ed their henelicial errect during early stage \vhcrcas 

F '{ 1'.,,1 is the slo\\ rL'ic<ls i ng ~ SOLI rce I(Hll1d bene Ii c ia I d uri ng subsequent stages 

of crop. 

The lll11nher or runction~d leaves and total lent" area 11er unit oround ~ 

area IS an illlp()rt~lnt indicator or total source a\'ailable to the plant 1'01' the 

production or photosynthates. \\ hich acculnul~\te in the developing sink (grain). 

;\11 the ~ l11al1agelllL'nt techniLJllL's recorded substantially higher I1l11nber of 

ka\'cs ~lIH.I subsel]UL'IHI: 1.:\1 cOlnpared to control during the t\\'o seasons of 

invcstigation. \':itrogen application increased IHllnber or leaves per plant 

(KUlnar. I <')9~~ ()(lshor~l. I <)l)X) and thus increases L:\I reported by KUlna\vat 

and Bansal ( 19(6) and H,lrik cl ul. (1 <')<')X) . .'\ll1ongst the organic sources used 

ror substitution or nitrogen the sOllrce \'i/ .. l:'{\,l and gliricidia perfonned 

better th~ln the \\ he(1t Cllt str,l\\ ,1t .)0 ~lIH.1 (}O da~ s (lrlL'r sO\\'ing during both the 

years 01' experilllentation. KUlllar ( 19<)_)) also reporlL'd that application or Fyrvt 

20 t ha" increased tilL' lear ~lrea. \:laxinHllll lear area (4X.29 d1l1
2

) \vas due to 

1 00 per cent R I) F to sorghuln at ()O l);\S \\'h ich 111 ight be due to i n1111eciiate 

a\'ailability and 111~lXil1Hlln utili/atiol1 or all nutrients applied through inorganic 

I\:rti I i/ers (Table 15). Sa1l1C trL'IH.I in 1.:\ I \\ as observcd durinQ both the vears of ~. ,.I 

e x peri l11entat i on. S i In i 1(11' rL'sltits \\'L'rL' a Iso I\ .. 'ported hy carl ier researchers 

(Ilil~"par~l <.'1 u/ .. jl)l)2: KUnla\Vat ~lnd I~ansal. Il)l)() and Dahsora. 19(8). Such 

an incre<'lse in LAl \\'hL'J1 conlpared to that in COlltrol plot \vas quite obvious due 
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to lo\\" <.1vailnbilitv 01' l" in control plot ~111(.i hence ~H,kqllate nutrient supply fron1 

inorganic <.1nd organic sources of ~ resulted in hetter perforJn<.1nce of the LAl. 

I':arly 110\\ L'ring of sorghulll st~lned in the treatlnent \vhere 50 per cent 

1<1)1'- ~ )() per cent substitution or ~ through FY!\'l during both the years of 

e~perilllentatioll closL'ly 1'ollo\\"L'd bv gliricidia used \vith 75 per cent RIJF 

\\'hcreas \\"heat cut stra\v application along. \\'ith inorganic fertilizers prolonged 

the tlc)\\"ering. b) .5 to 1 () da\ s. \\'hile In case or \'arying levels or inorganic 

fertilizers delavcd the 50(~'() Ilo\\cring. b\ about 2 to .3 davs during both the 

,years. I n control treallncnL \vhere no ~lppl ication (.) r nutrients \vas clone to the 

crop, delayed the 50 per cent 1h_)\\·cring. by about 15 to 17 da)'s than the other 

treatnlents (Tabk' 17). 1\ signi1icant reduction in days to bloOlll \"lith increasing 

levels or nitrogen \\as "Iso reported by l)e\'~lsL~napathy and Subbarayalu 

( 1 <) 8 6 ): (> () 0 n i a ( I <) 9 7 ) an cI I) ash (.) r a ( I t) 9 X ). I t L' 0 ul d be poi 11 ted 0 II t t hat the II s e 

of applied Icrtili/.er or any kind hastened the Ilo\\ering. and \vas beneticial for 

early lllaturit) and h~ln'estillg so that. the 1ield can be \'acatcd carlv for 

succeeding crop in the sequence. 

~itr(.)gen application strategy sho\\'ed rCI11arkably higher dry 11lattcr 

production cOlnparcd to control., The lindings \\ere in line \vith the earlier 

results or KuclosOlnanllar ('/ ul, (19XO). ;\t carly part or the crop gro\vth 

conlpar~lble <.II") 111atLL'1" production \\','lS obscn'cd ~lInollg inorganic and organIc 

sources or ~ Icrtili/.L'rs used indicating the surticienc) or I()\ver N doses as the 

crop takes tilne I(.)r re-cstablishlnellt bel(.)re being able to utilize the applied N, 

In the nc~t three st~lges. ~lpplicatioll or 0j either in inorganic torn1 or coupled 

\vi th organ ic sources rccorded considerabl y the highest dr); Illatter production. 

Such in1pn)\'elnellt in dry Inatter production could be attributed to optinlulll 

availabilit\ of N at the later crop gn.)\\ th period, /\Inongst the organIc sources 
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viz., F'r'r\,/L \vheat cut stra\v and ~I i ric id ia used ror N substi tution alon~ \vith the 
~ ~ 

inorganic Icrtili/.ers, the highl.·r dry' 1l1atter production per plant ofsorghu1l1 \\'as 

attained by' the source or )·"yrvl during all the intervals of the crop gro\vth. 

Silniiar findings corroborate the results rcported by Brechelt (1991), Gang\var 

and Singh( 1 ()<)2) ~lIH.1 KUlllar ( 19<,)]). 110\\c\'l.'r, \\hell cOlllparcd \vith different 

iL~\'els (:)(). 75 and IO() per cent RI)I') or inorganic Icrtili/.ers applied to the 

crop, higher dry lllatter production \vas observed \\'ith the lreat1l1ent 75 per cent 

RDF at 30 I)AS ('-i-.b2 g) \"hile it \vas higher 1"1'0111 100 per cent R[)F at 60 [)/\S 

(74.:21 g), 90 ))J\S (223.]4 g) ~lnd at harvest (230.42 g) (Table 18). These 

1indings confinned the earlier report or Reddy L'I u/.( 1 C)g8)~ Raj and Patel 

(1989)~ iVlalik (;'{ u/, (ll)92) ~lIl(.Il)ashora (199X). 

Till.' perrOnn~1I1Cl.' or sorghulll as ~lsscssed by ilnportant yield attributes 

VIZ., length alld girth of carhcacl. \veigJn or earhl.'ad. grain \\'cight per earhead. 

llUI11ber of grains per earhe~ld and test \veight or sorhgulll grains (Table 19 and 

20) indic~lted tllat till.' \·~lIl1l.'S or tilL' paranleter~ VIZ., k'ngth and girth \verc 

signilieantly Innre in treatll1ent or :;0 per cent RI)F -1 50 per cent N through 

I'{;'vl (~().45 Llnd 2l).~() cln ~\nd 2i).()O and 2~.K:; Cill at 90 [);\S and at harvest 

during ll)l)9 and 2()()(). respecti\·ely. \Vhereas corresponding values of girth of 

earheacl \vere ill the order 0 r 2 1 .45 and 1:).90 en1 and 19.40 and 17.55 cn1. The 

girth of earhead or sorghull1 reduced dO\\1l at h~lr\'est \vllich \vas 11laxilllUIll in 

the treatnlent \"here ~u per cent Rr)F . 50 per cent N through FYM applied 

during lirst :year ~\lld 75 per cent R[)I: .- 25 per cent ~ through F'{M applied 

during second ye~lr \vhich \vere signilic.lntly superior than 25 or 50 per cent N 

through \\'heat cut stra\\' along \\ ith 75 or 100 per cellt RDF. The length of 

carhead at har\'cst \\ as also higher dul.' to 50 per cent R[)F -+- 50 per cent ~ 

through 1·"'y'j\/1 (29.~0 CIl)) and hy the tre~ltnlent cOll1prising or 50 per cent RI)F 
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t SO per ccnt ]'\ through I· "{\/l (]().()() Cll1) during lirst and second year of 

c:--.:perinlcntatioll. r~:spccti\'ely. This Inight bc due to the tilnely availability of 

nutrients and nloisturL' to thL~ crop during their gnnvth period \vhich ultinlately 

retlected on inlpn)\'elllL>nt ill the productivity or crop. The data on nlcan \veight 

or earhcad revealed that 111<.lxin1Ulll \veight (I () 1.51 g) \vas registered in the 

treatnlL'llt SO per cent 1{1)1: . SO per CL'nt N through FYM applied during first 

vear \vas signilic<.llltly superior o\'er only SO per cent RI)F ~- 50 per cent N 

through \vheat cut str~l\V ~\IH.I control ~llH.I 1 19.~() ~ in \vhich 75 per cent RI)F + 

~5 per cent N through F'{i'vl added during second y'ear and \\'as signiticantly 

higher than \\'eight obtained h;./ 75 per cellt R[)I: : 25 per cent N through 'vvhcat 

cut stra\\' and cOlltrol (Tallie 20). Sin1il~lr trend \\'~lS noticed in grain \veight per 

earhead or sorghuln during both the ).'L.'ar or experill1C'nts. The nunlber of grains 

per earhead \vas 111~\xilllUI1l (.145 I) due to .)() pL~r cellt Rf)F _;_ 50 per cent N 

throll~h I:'{\·l duril1~ lirst \L.~ar ~\lld it \vas 11l<.lxil1Hllll dlH.I si~nilic<.lntlv higher 
..__ - - ..._- _' '--~ 

( .) 4 X 7) i nth c t re a tJ n e 11 t co 111 p r is i II g 0 I' I 00 P L' r c c n t R [ ) I·' d uri n g sec 0 n dye a r, 

thus indicating that thL.' USL' 01' either inorganic or organic source along \\'ith 

inorganic fertilizers did not alrect the llLlI11bcJ' of grains per carhcad of 

sorghulll. These findings ~lrL' ill L.'ol1l(.)rIllity \\'ith thL'se reported b:y .ladhav 

(1l)94). ]\/lohlllI11ad ef U/, (It)95). KUllHl\Vat and I~ansal (1996) and Singh el ul. 

that n1axinHt1l1 hundred grain \vl...'ight or sorglllllll \V~S registered bv the 
~, .". 

treatl11ent consisting or onl:. 100 per cent Rf)l: (2.529 g) and 75 per ccnt R[)F 

(2.760 g) or inorg~ll1ic fertilizers applied during lirst and second year of 
-;-11 <', ".' "i;­

c:--':11erirllcntation. These fil1din~s \\crc al1110st sitnilar to 'earlier \.yorkers like 
~- 1\ 

J ad h a\'( I l) l) -+) and i\ 1 () h n 1 n 1 ad C f (/ I. ( I 9l).) ). 'I h e In i nil 11 1I 111 a v a i I a b iii t y 0 f N i n 

control plot resulted in poor gn)\vth pCrfOr111~lnCC or the crop. which \vas 

ultinlatelv rencctL.'ll ill thL.~ lo\\est \ ielll attributes ~ll11ong all the N 111anagenlent 



246 

Incthods. The car length. car girth. car \vcight. gralll \veight per car, graIn 

nll1nbcr per ear and test \\'cight of sorghull1 grains \vere substantially highcr in 

integratcd nutrient l11anagelnent systen1 than control. This Inight be due to 

better availabilitv or!\ l'rol11 organic and inorganic sources at differcnt critical 

ph.ysiological stages \\hich lnight be I~l\'(_)ured bctter gro\vth of sorghunl. 

Ilo\vever. relnarkablc \'ariation in earht.'acl and grain \vcight and nll111ber or 

grains per carhcad \vas observed during the t\\lO vears or experilnentation 

\vhich Inight be due to scasonal ellect. 

111 cereal-cerea I base crop sequence. n utri ent lllanagcll1cnt is of grcater 

ilnportancc as it stil11ulates better crop g,ro\\th and higher grain production. 

Nutrients should be ll1ade <.\\·ailable to the crop in right quantity and on tinle for 

econolllizing nutricnt use. I:.nsuring adequale a\'ailability of N during crop 

gro\\,th is a pre-rL'<.juisite for higher grain yield. In present study, use of organic 

sources like F'{\;L \\'heal cut stra\\ and gliricidia leaf l11anure cOlnbincd w'ith 

inorganic sources or nutrients are cOlnpared \\'ith \'arying levels or inorganic 

terti lizcrs lnalchcs the crop dClnalld at eli 1lcrcnt physiological stagcs and 

reduces the losses through dcnitril'icatioll and \'olatilization as rellected in 

recording the highest grain yield. Thus the increased availability of nutrients at 

distinct physiological phases \VOllid have supported for better assilllilation of 

photos)'nthates to\\':.1r<.ls grain. Increase in grain yield can also be attributed to 

I~l\'ollrahle effect oj" ~lccckrating the gn)\vth ~1l1<.1 yield characters. The data in 

respect or grain yield of sorghuln re\'ealed that the application of 50 per cent 

Rr)F coupled \\'ith 50 per L'elH l\ through FY~vl produced the highest (54.25 

and 4<).O~ q ha- I
) gr~lin yield during 1999 ~lJld 2000. respectively (Table 21 ). 

\Vhercas treatrnL'nt cOlnprising or 50 or 25 per cent N substituted through 

gliriciclia lnallure conlbined \\'ith 50 or 75 per cent RIJF ranked second to 
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supenor treatn1el1l. 11(.)\vc\'L'r. 1 UO pcr cent RI)F \vas at par w'ith supenor 

trcatnlcnt for both the \cars. Fro1l1 this. it could he clearlv inferred that there is 

scope ror reduction in lertilizL'r c!OSL' ~lt certain IC\'cl \vhen cOlllbined \\'ith 

organic source likL' I:Y]\/I or gliricidia lear l11anure. These findings confinncd 

the earlier reports or Raghu\'~lnshi and l:lnat (1t)t)4)~ Singh el of. (1<)96)~ Patil 

(1997)~ [)ashor,l (191.)X): P~llil <.'1 of. (ll)99) and P<.lliciar (2000). In the case or 
fodder vickI. the treatl11ellt involving use of SO per cent reconl111cnded dose or 

fertilizers In conjunction \\'ith 50 pcr cent :-\ throu o h fyrvI recorded :::-

significantly superior yield th~ln all other trC<1tJnents during first year only'. 

It is ilnplicit t"r0111 the abo\'c inferences that nitrogen nlanagelllent 

ll1ethods had pronounced eflect on the fodder :'ielcl or sorghull1. Alllong the N 

substitution through organic (nallUres like 1-"{i'vI. \\ heat cut strcl\V and gliricidia. 

it coule! hc obsen'L'cI th~ll F\'j\/1 ranked the lirst follo\vccl by gliricidia and \vheat 

cut stnl\\' application o\'er thL' years. Thus, ill thc long run, the dose or NPK 

lertilizers cOlild bc I'L'duccd to 50 per cent by suhstitution or N through these 

organic sources. Thc (neal1 (naXilllull1 biological yield produced \vas 140.15 q 

ha-
I obtaincd duc to 5() per CL'l1t RI)I'- 50 per cent N through FYiVl follo\ved 

by' 100 per cent I{l)r ( I ~.;_L~5 q ha- I
). hO\VC\'L'I" other lrcat111ents \vere 11011-

sigllilicaill. It Inight he c!UL' to thc \ ield tluctuations rct-lected o\vlng to the 

seasonal e frect. 

Thc f<.)cldel' to grain ratio Obl[lincd fron1 organic sources \,IZ., FYM, 

\vheat cut stra\\' ~1I1d tlliricidi'l Ica\'cs applicd to sorghUlll crop along \vith 50 per 

cent RI)F \\'as in thL' rangc rrOn1 1 .X5 to 1 .8l) and 1.39 to 1.79 during first and 

second year study. rL'spccli\ el). IIo\veycr. for \'~Irying levels of fertilizers viz .. 

50. 75 and 100 per cellt RD}'", the corrcsponding values \vere 2.03, 1.91 and 

1.84 during iirst yc,lr and 1.47. 1.62 ~ll1d 1.53 in the second year respectively. 
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This Illighl be clue to decreased graIn and rockier vields by different levels or 
inorganic Icni\i/cr~ lIscd (T~\h\c 2\). 

The treatnlents cOll1prising, the ~lPI..,lication of organIc sources \/lZ., 

I:YlYL \,"heat cut str~\\\' and gliricicli~l ror ;\ substitution along \vith 75 per cent 

Rf) F recorded hi ghel' Il1e~H1 h~lrvest i nd ices of 37.38, 36.91 and 39.2 L 

respecti\'L'ly and il \\as lo\\crcd <.:\0\\'11 10 3~.~2 10 33.3g \vhere inorganic 

fertilizer levels \\'L'I'C triecl. The decrease or incre,lsc in harvest indices due to 

use or organic or inorganic sources of' l·c1'lili/.crs \\'ere dependent on yield levels 

of grain and fodder 1'01' \\'hich seasoll~lI ellcct v\"as ~ds() responsible for variation 

in y.'ields to SOlllC \\hat c-"lenl. Sil11ilc.lr results havc also been reported by 

M e gil'\' a n s hi ( I l) (.):2 ): K.Ulll ~ l\ \' a tan d Ban s a I ( I 99 () ): Po (.) n i a ( 1 997) ~ S h a r III a a 11 d 

J a i n ( I <) <.) 7) ,111(.1 1) ~ \ s h (.) I' a ( 1 () l) X ). 

5.2 Effect of inte~,nlh.'d Iluu-icnt Illanagl'IlH.'llt sYSh.'1l1 on ,,,heat CI-OP 

Thc initi~lI planl populatiol1 \\'as unii'orll1 in all the tr~atnlents during 

both yC~lrs. The dirferences in initial plant population \vcre not significant duc 

to different trcatll1cnts under studY. Thus elilllinated the population as a source 

or vari'ltion. i-"C)!' second \'C~lr thc llUll1ber or plantS/ill length \\"as lo\ver as 

cOlnpared to first \ car. The llleaI1 pl~ll1t popUlation per lllcter length \vas 82.93 

(Table 22). ThL' plallt height (.)1' \\'heat \vas signilicantly' higher \\,lth an 

advanCclllcnt in ~lge or the crop and reached IllaxinlU111 at harvest. The 

d 1 fferences ill lllean rdant height recorded at \ arious phases of crop gro\vth 

\\-.'cre signil~cant due to levels or fertilizers zlpplied ror both the crops included 

in sequence. The ll1L'(\11 pl~lnt height \\<lS Ina~illlLllll during entire gn_)\,vth of crop 

due to ~lpplicati()Jl of 120 ,·()o+ 60 kg N, P2()<; and K 2() ha-
1 

(RDF) (84.12 Clll) 

than thL' rest oi' tl1,-' reducL'd Ic\'els tried during both the years or 



249 

expcrilnentation. Silnilar results \vere also reponed b)" Patel et 01. (1995), 

\\laclile {1995) and /\uti ( 1(06). 

The functiona I lea ves pl.'r 1'1 ant increased to the tune 0 r 6.5 1 to 7.09 

\vith an adVanCC1l1ent in the age or the plant upto 60 L))-\S in both the years 

(Table 24). Thc nllIl1hl.'r or rUllctional leavcs increased due to application of 

organic sources viz., F'{\/l and gliricidia to l")receciing crop and reducing trend 

\vas noticed due to \vhcat cut stra \v appl icatiol1 to previ OLlS crop. Anl0ng the 

inorganic fertilizers Llsed in 50, 75 anci I()O per cent RI)I'" levels for first crop 

and 75 to 100 per ccnt levels or RL)I"' to second crop sho\ved S01l1c\vhat 

reducing trend in nUlnhcr or leaves in \VhL'at ;:-lS Cl)lllpared to organic sources 

applied to previous crop of sorghuln. This could he attributed to the significant 

residual clTect of organic sources applied in sequence. These findings are In 

line \vith the earlier reports of /\uti ( 19XO), Nik;_ln1 ( I 0SS) and Barve (1987). 

Thc lear are;_l per plant \vas illcreased rapidly" upto 60 DAS and 

thereafter dccre~lsed subsequently duc to 100 per cent Rf)F during first and 
) 

second )"Ci..1L respectively. It \vas in higher order rrOn1 1.01 to 2.01 d111- and 

0.77 to 1.01 din_: ~lt 3{) !)/\S for both the year. /\t 60 D/\S, 1113XinlUl11 leaf area 
~ ~ 

(4.35 dn,-" and 2.09 drn-'-) \vas recorded by' the treatlllcnt 100 per cent RDF to 

\vheat \vh ich \vas preceded by'" 50 per cen t ~ through 1-"([\,1 and 50 per cent N 

through \vheat cut stnl\\i to khor(t' sorghulll during first and second )"re3r~ 

respectively ('I able 25). This could be attributed to application of optil11Unl 

fertili/.cr ~dOllg \vith the organic sources \"i:,/.., 1-"'y"f'vL \vheat CLlt stra\v and 

gliricidia to prc\/ious crop and oplilllunl dose or Icnilizcr to vvheat renected in 

increasc in leaf area per plant or \vhcat. SaIne results \vere also reported by 

,.ladhav (I (89), /\\vasti and Sura,jbh8n (1993) and /\sl1okkulllar e/ 01. (1994). 
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The opti111UIl1 levels of fertilizers produced signiticantl.y higher nU111ber 

of tillers than those produced b): lo\ver levels or fertilizer at all the gro\vth 

phases. The lll(;lxilllUll1 i.e. 3.05 and 3.02 tillers per pl~lnt at 60 DJ\S in both the 

y'ears. respectively produced \vith the applicatioll or 100 per cent RI)F to vvheat 

preceded \\.:ith ~u per cent RL)F + 50 per cent ~ through FYM to sorghulll and 

SClll1e trend \vas 110t iced at the another stages of crop grcnvth Crable 26). The 

1110rtalit,Y of tillers started thereafter. This tnight be due to suppressing etTect of 

lllain shoots riu.hl J'rolll bcuinl1il)~ to har\:cst and due to the shv tillering habit of 
..___ '-._...'''__ _'---

the cultiv'ar under study. These findings arc ill the line \vith the earlier results of 

Singh cr 01. ( 199]), j\/1 ishra cf ui. ( 19(4)_ S i I1gh ef uf. ( 19(5) and Auti ( 1996). 

The tot<.ll dry 1l1atter accUl1lLtlated per plant \vas increased \vith an 

advanCetl1cnt in age. The dry' 1l1atter per plant of \vheat at harvest \vas 5.30 and 

5.50 g due to I U() per cent RDF to \vhCal prcceded by 50 per cent RI)F + 50 per 

cent N substituted through FYI\-!I for soruhutll dLlrill~ ilrst and second vear of 
L.. ~''''__ ..,. 

experitllentatiol1. respectivel).' Cr~-lble 27). In generaL optinlU111 and suboptinlU1l1 

levels or lertilizers applied to ruhi crop preceded yvith N substitution through 

organic source's vi;;:., gliricidia. \vheat cut stra\\' and F'{]\1 to kh(u)/ crop are 

responsible I()r all incrcn1cllt ill elr) n1atter prociuctiun. Nitrogen application 

strategy: sho\ved ren1arkably higher dry lllattcr production as cOlnparcd to the 

control. At earlv part of crop gro\vth aln10st cOlllparable dry nlatter production 

\,vas obscr\/cd ('lI11ong optinlun1 and suboptin1Llll1 lev'els or RL)F indicating the 

sufficiency of Ic)\\'cr ~ close as the crop tak~ tinle Il)l" re-establishlllcnt before 

being able to uti I i zc the appl ied l'\. In the next three stages. application of N 

along \\/ith organic sources to pl'C\:ious crop recorded considerabl,y the higher 

[)MP. Such inlprovernent in [)rvIP could be attributed to optin1un1 availability 



251 

or N at the delayed crop gro\vth. The si111ilar results \\lcre also reported by 

Singh ef uf. (1993), 'vVadile (1 <)95). /\uti (1996) and Raundal e! of. (1999). 

The yield ~lttrihutes vi/ .. , productiv'e tillers. length of panicle, spikclcts 

per panick'. l1ulllber or grains per JXlnicle. grain \\-eight per panicle and test 

\veight \\LTL' at tl1l. .. ' higher 111~lgl1itude \vhel1 \VhL'~ll \vas preceded by' application 

or organic sources viz .. F'y':VL \\'h('at cut stra\\ ~lnd gliricidia in cOlnbination 

\\'ith inorganic fertilizers to pn.?vioLls crop and optiinUIl1 and 5uboptinll1111 levels 

or fertilizers to sLlccL'L'ding crop. The valLles or these characters increased 

S i g n i l~ can t I ) of nitroncn and \vere 
~ 

l11axinlun1 due tt') ~lpplication or hundred per cent reconlnlended dose or 
Ilitrogen applied to \\'heat crop ~lIH.1 ~o per cent R1)F : 50 per cent N through 

1'''''1''1\11 to preceding crop of sorghU111. rhe rl...'spectiv'L' \'alucs of these paranlcters 

under tilL' ~lho\'c tre~1tnlent \VerL' 0.97 ~1Il(_I 0.9::-; ror productive tillers. 8.65 Clll 

~lllcl 9.8X CI11 I()t· k'ngth or p~lnick. 16.0 and 1 ::-;.1 1(.,1' nUI11ber of spikelcts pCI' 

p a 11 i c 1 c. -l- I . 7 -:. (_ll) cI -l- (). 7 0 1'0 r n L1nl b 1,:.' r l) r g r a ills per p ~ 111 i c Ie, I. <) 6 g an cl 1. 79 g 1'0 r 

gnlin \\eight per panicle and -l-._)) g and -+.10 g l()I' hundred grain \veight during 

II rst and second ye~lr 0 I' ex pl...'ri 11lCIl tation, respect i ve I y (Table 28). This n1 ight 

be due to better ~lvailabilit\' of ~ l'ron1 organic and inorganic sources at 

di fTcrent I...Titical rd1:'si()logic~1I stages \vhich 1~l\'oLlred hetter gro\vth of\vheat as 

e\·idcnccd by inl...'reased tiller nllll1hers. 1 .. '\1 and consequently' higher dry lllatter 

production. l'hese Iinclings ~lIS() conlinned thl' earlier report of Patel (1999). 

The 10\\ ~l\'dilahilil: of i\ in control plot resulted in poor gro\vth perforlnance 

of crop. \\'l1ich \\~lS ultilllak'ly ret-lccted in the IO\VCSl yield attributes anlong all 

the ~ 1l1~ln\.lgell1ent n1cthods. 

"he Illaxil1lllll1 and signific~llll1y higher gr;_lin )'ielcl \,vas obtained by the 

1 UO per cent RI)I: to \\ heal and preceded \vith 50 per cent RDF ~- 50 per cent 



N through I:Y[vt to sorghunl (44.49 and 42.64 q ha· l
) for lirst and second year, 

respectively. The other sources like \vheat cut stra\\ and gliricidia leaves \vhen 

applied during to sorghunl, residual elfect \\'as observed on the increase of 

grain yield or\\'he~lt C')l).52 ~1ll(.I3l).()7 q ha-: O\'er years) \vith application of 100 

per cent Rl)l: to \vheat (Table 29). It \\as noticL'd that \vheat \vhen fertilized 

\,vith optinlLllll or SUbOplillllllll levels or fertilizers preceded either by FYM. 

\vheat cut stra\\ or gliricidia leavL's in l()\ver proportion \\lere affected 

drastically. indicating. sllperiorit;,' of higher lJuantity of F)f:YL gliricidia or 

\vheat cut stra\\' during hoth the years. AI110ng the ~ substitution through 

org.anlc IllanlllTS like I·YVI. \\'he<.lt cut stra\\ and gliricidia. FYTvl ranked the 

first rollo\\ed by gliricicli~l k'~l\'eS and \\heat cut stra\\' over ):ears. Ensuring 

adequate availability of N during the crop gn_)\\,th is (l pre-requisite ror higher 

grain yield. In the present study. the strategy or applying the reconl1nended 

dose of N ill optilllUlll or suboptilllUlll le\'els 01" l'crtilizers preceded \vith N 

substitution through organic sources during k/uln/ season 11latched the crop 

detnands at di ITerellt phy~iological stages and reduced the losses through 

dpnitrilic~llioll ~lIH.I volatilization as re!lected ill rL'corciing the hiohcst orain '- _ ~ b 

yield. Thus the increased a\,~lilahilit;, or nutrient at distinct physiological 

phases \\'ould have been supported ror better assinlilation or photos:ynthates 

tov,'arcls gr~lin. Increase' in grain yield can also he attributed to favourable effect 

of acceler~lting the gn)\vth and yield characters. Thus. in the long run. the dose 

or NPK. lL,rtilizers could he reduced to sonle extent bv substitution or N 

through lhcsL' org<lnic nl<lnures. Silllil,lr lindings h~l\'e also been reported b)' 
l·, 

nlan_v \vorkcrs (Sonar and /endc. Il)X4 ~ 13hat <.'1 {II.. 1 991 ~ Mask ina. 1 993 ~ 
t", 

Ilegde. Il)l)(): Pati\. 1997: Patil el o/.. 1999 ane! Singh c! o/., 1(99) under 

integrated nutrient Inanagenlcnt In cereal-cereal sequence. "rhe control 

trcalnlcnt recorded nlininlllill grain yield during both the seasons. As discllssed 
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earlier. the poor gnn,vth and y'ield conlponents in control treatlllcnt nlay be the 

reason for decrease in yield and invariably resulted in drastic yield loss as 

cOlnpared to the best treatnlelH. The stri.I\V yield l(,)lIo\ved the sinlilar trend as 

that of ~rail1 \ ielcl in the 1\\'0 seasons. :\i1rl)~CI1 Inalla~Clllent ll1Cthocls had 
..... - ... - '--

pronounced 1..:lfecl in slra\v yield. rilL' eflccti\c \J Illanagel11ent under t\,VO splits 

along \vitll organic 111anuring during k17or(( ~llld t\\'o splits \,vith only N 

fertilizcrs during rohi (i.c. at basal application and top dressing at grand groVv1h 

stage i.e. tillcring sti.lgC) hi.ld enhanced the leaves, tillers and dry l11atter 

production 01' the crop. Such a positi\'e inllucncl.' on the gn)\vth paranleter 

resulted in higher stra\v )'icld (62.9R q hi.l·') over <111 the other N }nanagen1ent 

pract ices. 'I'll i s \\ (IS i 11 agreCl1h.'nt \\ i 1h thl.' carl iL'1" ri nd i ngs 0 r Patil ( 1 ,)07). The 

higher e~pression 01" gn)\vth Chi.lracters clue to addition of organic and inorganic 

sources or nutrients across the season Inight have been resulted in nl0re stravv' 

yield cOlnparccl to 110 t~rtili/.ers (control). The pcr hectare total biornass 

production ohtained \\'ith reconl111cndcd dose or r~.:rtilizer or 120+60+ 60 kg N, 

P~():, and K.,() h:..1- 1 I"or /"ohi and precl.xiL'd \\ ith SO per cent RDF + 50 per cent 

Nth 1'0 LI g hi; '{ Ivt \va s the h i g he s 1 (I ():2.:2 7 ~ 1I )(.\ I 1 (). ~ I q h a -') and \va s 

significantly }nore than that recorded in reduced le\cl 01' fertilizers during both 

the ):cars I"ollo\\'ed by 100 per cent RI)I: and 50 per cent RI)F + 50 per cent N 

through \\'he~1t cut stra\\' or gliricidi~l ror both the crop during both the years. 

The residual nutrient status Inight be responsihle ror ilnproving the yield or 

total bionl(1SS of slIccl.'ecling crop or \\'heal in sorghunl-\vheat cropping syslcnl. 

\V h i k' st lIdy i Ilg the I...' Ifecl 0 I' nit rogen. potassi L1111 ~111c1 zi Ill.' 011 gl'(_)\\'th and y ic Id 

or \vi1CHt. J>~ltel <->1 01. (1l)95) reported thi.lt grain and stra\,v yield increased only 

upto the applic~ltion or 120 kg ~ h~l-I. Further increase in N level \vas not 

round henelicial. The il11prOVel11cnt in )'ield under 120 kg N ha- I Inight be due 

to } nl pn)\'eI11Cn t In i.ll1d auri but i ng characters and hioher 
b 
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photosynthetic acti\'ities at higher level or ~. (jr41in and stnl\\' yields of \\'heat 

\vith 60 kg K~() ha· 1 \\ere signi ficantly higher than no K application \\"hich 

directly played a role in cellular nletabolisnl and reflected in ilnproved gro\vth 

and yield attributing characters. \\'hich ultilnately resulted into higher yield. 

Silnilar results have been reporll.'d by Singh cl o/. (I <,)95). \Vadilc ( 1995) and 

;\uti (19<)()). :\Inong the di rrerL'IH treatlnL'IHs lriL'd. Inaxin1Llln Inean stra\v to 

grain ratio \\'~lS ohtaincd through LIse or 100 and 7'5 per cent Rf)F for the tirst 

and second YL'ar. respectively. In general. 100 pL'r cent Rl)F during rahi along 

\vith USc or organic sources to preceding crop IHight be responsible for 

1111prOVelnent in stn1\\' to graIn ratio of \\'heat. ThL' carr,Y over effect of fertility 

levels applied through organic Illanures : l'crtili/,ers in sorgllllln revealed that 

75 and 100 pL'r cent RI)F significantly dii"l'cred the harvest index values ovcr 

control during e~lch year or in\·estigation. 110\\ L'Ver. the harvest index ,vas at 

par \\'ith the treatlncnt cOlnprising or 100 and 75 pL'r cent RL)F during rahi 

preceded \\'ith 50 per cent R 1)1-' . 50 per cent N through \\'heat cut stnnv and 75 

per cent RI)I: onl)' during k//(lri( season. As I~ll' as integrated nutricnt 

Inanagelnent \\as concerned. the han'cst index in alillost all the N Inanagelnent 

Inethocls \\'as cOlnparahlc during each year or in\'L'stigalion. These tindings are 

in confonnity \\'ith the earlier report or Singh cl u/. ( 19(5). \Vadile (1995), J\uti 

(199()): Patil (1997) and Patil (1(,)99). 

The Ina:'(ilnun1 grain cqui\'alellCc 111 tenns or sorghunl grains \vas 

recorded ill treatnlL'nt in\'oh'ing use or 50 per cent N substitution through FYM 

plus 50 per cent R I)F ( 1 22.29 q ha· 1
) rollo\\'L'd by 100 per cent R I1F and 50 per 

cent RI)F _; :'0 per cent ~ through gliricidia le~l\'Cs (I (H-L90 q hu"). The lo\vcst 

grain equi\'aknce or 12.1 I LJ ha- ' \\'as ohtained in absolute control plot. SaIne 

trend \\as noticed in second )ear orexpcrinlcntation (Table 30). 
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111 gL'l1eraL the study' on sorghun1 graIn equi valence revealed that the 

treatnlents inv'olving use or organic Inanures for substitution of N along \-vith 

balance dose of fcrtili/ers recorded the highest grain equivalence as conlpared 

to the slIb-optin111n1 k'\ cis or fertilizers \\ ithoul organic nlanurcs. 

5.3 Effl'ct of integrated nutl4ient Illanagellll'nt on sOI4ghulll-\vheat 

seq lIcnee 

The sustainabilitv 01' crnpping sequcncc \vas also judged by the total 

productivity in tcr111S or total biological Inain produce or crops \vhich relnain 

stable or increased it's st~lbility in a crop sequence. The SYI over 17 y'ears of 

the crop cycle \'i/ .. sorghun1 and \\·heat :'lS intluenced by' addition or organic 

sources ",i/ .. I'-'{\IL \vheat cut str:'1\\' and gliricidia leaves clearly indicated that 

the treattnents involving application or di l"fe-rent organic Inanures. recorded the 

highest crop productivity and SYI \\'ith increased trend in fertilizer usc 

efficiency or~. The average producti\'ity 01' sorghunl 50.63 and \vheat 37.31 

q ha- I yr'l. respectively \vas recnrcicd in the trcatInent consisting of 50 per cent 

RIJF +- 50 per cent N through I:'{[VI and 100 per cent R[)F to sorghunl and 

\vheaL respectively i'olk)\ved by 100 per cent I{I )1: ror sorghunl (48.17 q ha-
1 

yr- I L 50 per cent N through \\'heat cut stra\·v I 50 per cent N PK to sorghU111 and 

100 per c('nt RIJF to \vheat (35.40 q ha- I yr- 1
) (Table 31 ). Silnilar observations 

\vere rcgistered by Ri.lgh\vaI1Shi and Llnat (1<)()4): Patil ef 01. (1995): llegde 

( 1 <)96) and Patidar (20()() undcr integrated nutrient Inanagenlcnt in cereal­

cercal sequcnce. Thc dat~l on sustainability yield index (SYI) indicated 

reduction in its \ allies in the treallnents in\'oh'ing the lise of chclnical fertilizers 

alone. Ilo\\e\'cr, SYI \vas ilnpn)\'cd or tnaintained in the trcatInents involving 

usc of either F'{lVl or \vheat ClIt stri.l\V or gliricidia leaves in c0l11bination vv'ith 

fertilizers everv veal' to kh(/"~fscason. ['y'la~ilnuln SYI for sorghunl (0.66) and 
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\vheat (0.7)) \vas observed in treatlllcnt consisting or 50 per cent NPK dose + 

50 pcr cent N through F'{lVi for sorghulll and 100 per cent R.Of to \vheat and 

t his \\" as ina g re e In e n t \ vi t h the lin din g s 0 r Sid h 1I C I u I. ( 1 l) <.) 3 ) ~ Pat i let {} I. ( I 995 ) 

and Pati I ( 10(7). 

5.4 Effc{.,t of integ."atcd nutdent Inanagclll{.'nt on nutr"ient availability 
and soil p,"op{.·rtics 

Till.' ~PK uptake by sorghulll grain and fodder in the inorganic and 

organic sources of fertilizers \vere significantly superior to control. ()n pooled 

nlean basis, the highest (200.74, 30.73 and 176.0<) kg ha- 1
) uptake of N. P and 

K. \vas observed ill the trcatlllCnt involving SO per cent NPK plus 50 per cent N 

substituted through 1:'{\/1 (T~lblc 32 to 34). !\s L'.'\.I;ccted, 100 per cent NPK 

applicatiol1 and ~() per cent N substitution through I· 'y"[\lL \,,'heat cut stnnv and 

gliriciclia leaves significantly enhanced the ~PK content and uptake by khal"{/ 

sorghunl O\/(T control (_lnd reduced k','els of fertilizers. Significant influence of 

organic 11l::1nures "i/ ... 1~·\·IV1. \\"hcat cut stnl\\" and gliriciclia leaves on nutrient 

content ~11l(.i uptakL' valucs ha,"e ~liso becn reported by" Narkhcde and Cihugare 

( 1(87) and Raghu\vanshi and Ull1~lt (100-+) under integrated nutrient 

Inanagell1L'llt in L'ercal-cereal rotational experilllenls. In the present study the 

highest uptake of N \vas recordeci \vith the ~ldditi()n 01" N in t\VO splits at basal 

and 30 [)/\S ill cOlnbination \\'ith organic ~ources. This higher uptake of N 

could be ~lttrihutcd to better a\"(lil~lbilitv of nutrient ~lS a result of adequate 

supply oj" N after the estabiishn1cIH 01' the crop. I Iigher dose of N added to the 

soil along \\ith organic 111~lnUrL'S and proper irrigation practices Inight have 

reduced the N losses {111cl cnhanc\:'d the ~ L1pt<-lkc. Considerable enhance1l1cnt in 

P and K L1ptake at Inaturity \vas recorded in ;.111 the \: Illanagen1cnt techniques 

over control. Nutrient uptake being I'unction or both dr::v Inatter production and 
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the nutrient concentration or the dry Inaner. higher values of dry lnatter 

production recorded in these treatlllcnts have resulted in nlorc uptake of 

11 utrients. 

RL'gular application or ~PK rertilizers either ::llonc or in c01l1bination 

\vith F'{[v1, \\ heat cut stra\v and gliricidi::l leaves \vith proper irrigation 

Inanagenlent significantly increased a\'ailable l' content over no fertilizer 

treatlnL'nts. Substitution or )J b}' 25 per cent or 50 per cent through organic 

Inanures along \\'ith balanced application or (> and K through chcnlical 

fertilizers proved to he superior to trcallnents involving chclnical fertilizers 

alone. Ilo\\e\'cr. the Ll\'ailable N in control plots had Inarkeclly knvcred do\vn 

due to continuous cropping. The integration or organic (FYM) and inorganic 

fertilizers on N basis in proportion 01" I: I \\'as round significantly superior 

(236.X and 2"+0.:' kg N h,,·' ror both the years. respectively) to build up the 

nitrogen status In the soil alter harvest or sorghulll during y'cars of 

e~perinH.:nt~llion (Table 3,)). I)at~l also indicated build up of available N \vith 

the usc or organic 111anUres in conjunction \vith NPK fertilizers as could be 

scen frOll1 the available N status or soil bcrore and after harvest of crops in 

scquence. Ncxt to 1:'\'f\/1. \vheat cut stra\v trcatn1ent \vas found to be better 

roIIO\\'L'd bv ~Iiricidia k'a\'Cs. \\ here clI111ulative influence of organic lllanures - ~ ~ 

has ITlani resled. The inlprOVCl11cllt in 1'-: status or soil by addition of organic and 

inorganic N \\'as in line \vith the earlier findings 01' Palil c/ 01. (1993), Thind et 

u/, ( 199~): Pati I ( 19(7) and Patidar (2000). 

/\pplication of optinlUI11 k'vcl or chelnical fertilizers alone or in 

cOlnbinatiol1 \,,;ith organic 11lanUres ror 50 per cent T\ substitution invariably 

sho\vcd iinprOVel11Cl1t III a\'ailable P status over sub-optinlU111 levels of 

rertilizcrs and control lreatlllenlS during both the seasons. The available P 
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status ali.er harvest or sorghulll ranged li'Oll1 ~.36 to 18.96 kg ha- I . The 

avai lable P status in control plot had appreciably' gone do\\'n \vith continuolls 

croppi ng hut regular addition of opti nlunl dose or ~ PK alone or in cOlnbination 

\\'ith FY;'vl. \\'heat ClIt stra\\' ~lnd gliricidia leaves supplelnentation coupled \vith 

proper irrigation InanagenlelH techniques indicated its t~lvourable influence in 

111aintaining P status of soil. Silnilar trl'nd or available P status \vas noticed 

during second year also except \\'heat cut straw' appl ication f()Llnd superior. 

I ({)\VC\'e,", there \\'as no consistent relationship in the rest of the treatnlCJHs. 

Yadu\\anshi ~lIH.l Tripathi (19~:1 L AcharY~1 ~1lH.1 Bishnoi (19g8), Udaisoorian 

(1990). Thind e! u/, (1()t)3) and Patil (1907) also L'xplaineci the significant 

positi\'e role or different organic lllallures along \\'ith rertilizers on build up of 

avai lable P status or soil in cere~t1-cereal rotations under long terIn experilnent. 

The use or FYiVI ror the substitution or ~o per CL'nt ~ along \vith 50 pcr cent N 

through inorganic fertilizers \vas 1 (.)Lll H.l signiticantly superior as the)' have 

produced ()30.0 and 6-+~.1 kg ha- ' during both the years or cxperirnentation, 

respccti\'cl: OVl.'r the rest of the treatnlents in resp(.'ct or K status or soil after 

sorgh lInl \\'hereas. there \\'as no spec i lie trL'nd 1 (>r bui I ding the residual ferti I i ty 

or potassiunl in soil due to the integration or dirferent sources of organics in 

cOlnbination \\'ith an inorg~lnic fertilizers. This Inight bc due to the application 

or F'{;"vI lirstly 111ineralize the nutrients and sit)\viy releasing thenl upon the 

action oj 111icn .. )()rganisln \vith lapse 01 tillle. Seconclh' because of 

Ininerali/,ation process. thl...' losses of l1utriellts I...'itlh .. 'r through leaching or 

volatilization Inight ha\'C' been restricted. \/enna el 01. (19X7). Bhard\vaj and 

()lnan\\'~lr ( 19(..)-+) and Patil ( 19(7) ha\'e also reported silnilar results. 

'1'111...' nitrogen uptake through grain (I 19.70 kg ha· I
). stnnv (68.33 kg 

ha-
I

) and total uptake ( I ~x.o) kg ha- ' ) hy \\'heat crop in sorghurn-\,vheat crop 
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sequence \\as It)ulH.1 significantl,Y higher due to 100 per cent fertilizer dose 

applied to \\'heat and :=;0 per cent RI)I: -~ :'0 per cent N substitution through 

FY:VI to preceding crop or sorghunl during both the years. This IHight be due 

to the higher residual fertility or nitrogen alter h~lr\'Cst or previous crop. The 

rertility \\'as built up due to use or F'{\il as a source of organic Inanurc for 

substitution or:,o per CL'nt ~ (Table ]()), It also helped to ilnprove the soil 

physical conditions. This has Inade the soil condition congenial for rnicrobial 

activity ~IS a result there \vas increased ~ use eniciency of added fertilizers. 

The si 111 i lar trend \vas ohscn'cd i 11 case (.) r phosphorus and potassi un1 uptake by 

\vheat crop. In g.eneraL application or org.anic In<.1I1UrL'S \'i/, .. F'r"ivL \vheat cut 

stra\v and gliricidia leaves cnh~lnced thc uptake or nutrients relnarkably. It can 

he expected due to henelicial et'lcct or oq;anic Inanures on the soil physical 

propertIes \\'hich I~l\·ollrec..l availabilit\ 01 nutrients, These results are In 

con fOrtll it \ \\'i th the resul ts 0 r Vlore ~lIH.i (j honsi kar (I 9~4). Ciaur (1 992). 

Raghu\vanshi and l,lln<.1t (19l )..f) .1IH.I Patil (1997) in sorghunl-\vheat cropping 

svstenl under i nk'grated nutrient Illanagclllel1t and reported that appl ication of 

organic Inanllres inlprO\'ed \\'~ller holding cap.lcity and soil structure \vhich 

provides hetter en\'ironlncnt ror root de\'eloplllcnt .lnd aeration. 

I he nutrient status \'iz., l". P and K in soi I after cOlllplction of sorghunl 

\\'hcat cropping sequcnl.'e as inllucnced by integrated llutrient nlanagclnent for 

sorglHlln during kiluri! se~lson and optill1Llnl and sub-optil1Hln1 levels of 

inorganic k,rtili/ers ItH· \\'heat crop during ruhi season indicated that the 

residual Icrtilit\, or soil \\'as signitical1tly inlluenced except for phosphorus 

during I (){)<.) year or e:'(perilnenlatiol1. The con,ioint usc or organic Inanurc as 

(-"{I'Vt and illorganic k,rtilizer 011 ~ hasis in I: I proportion to fulfill the 

requirelnL'llt 01" R()F \\'as vcn l11uch userlll to 111~lintain the soil fertilitv In 



260 

rcspcct of~, P and K aftcr harvcst ort\\·o crops in the sorghunl-\,\"heat cropping 

sequence. The 111agnitude 01' sustaining the soil fertility in respect or N, P and 

K poolcd O\'er aftcr har\'est or t\\·o crops in sorgIHllll-\\'heat crop sequence \vas 

the highL'st in 50 per cent substitution of ~ through FYM (233.60, 17.1 g and 

()74 . ...J.O kg h~l-') I()!!()\\'ecl by ~5 per cent substitution or N through FYM and 50 

per cent substitution of N through \\'heat cut stra\\' and gliricidia leaves, 

n.~spcctivL'ly coupled \\'ith inorganic fertilizer levels (Table 39). There \vas no 

consi stcnc\ I ())" pot~lssi Ulll lL'rt iii t \. due to in tegrat i on of II utricnt through 

organic ,-tnl! inorganic fertilizcrs. TIlL' results are sill1ilar to thosc obtained by 

other i n\'cst igators (I3hakarc (.'/ o/., I <)<) I: Th i nd (.'/ ul., I <)<) 3: Bharacl\vaj and 

( ) nl an \ \' a r, I L) <) -4 <'11 1<.{ J> a tiL I <) <) 7 ) . 

III gcneral. sustainahility of nutrient rertility or soil after cOlllpletion of 

sorghunl-\\"hcat cropping sequcnce \vas possible by using the different sourccs 

or organic Inanures irrespccti\ L' or inorganic sources. The trend in sustaining 

thc residual fertility' due to organic Inanurcs \\'as in thc order of FYM > 

gliricidia leafll1anUrC 0> \vhcat cut 5tr(.1\\'. Ilo\\·c\·cr. in second crop ofsorghulll­

\vheat sequcnce \\'ith I ()O pcr ccnt recolnnlclH.lcd dose or fertilizers \vas found 

bcneficial to sustain thc rcduced soil fertilit\, follo\\'ccl bv 75 per cent 

reconllllL'lldcd dose of t'erti I izers. Pati I c/ ul. (I L)l)C) and Patidar (.2000) have 

a I so reporLL'd s i 111 i I ar rcsul ts. 

I"h~' llut 1"1 L'lll ba I "lllee (.l ncr han'cst 0 r sorgllllill and \vlleat crop 

dctenn i ncd in sorghulll-\vhcat crop scqucnce ~llH.I \vas asscssed to check thc 

gain or delicit obscn·cd duc to lIS~' or organic and inorganic fertilizers. The 

added ~1l1(.1 illherent soil nutricnt Lltilized hy sorghulll crop in sorghulll-\vhcat 

sCqUCllCL' \\'as signilicantl: inlluenced by the integrated nutrient 111anagenlcnl 

I()r sorhgulll crop. Thc data indicated that the application of 50 per cent RDF in 
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cOll1bination \\'ith 50 per ccntllitrogen through FYM (39.2 kg N ha-
I
). 100 per 

cent ITC0I11nlended dose of lertilizcrs (13.4 kg 1'\ ha- I
) and 50 per cent RDF 

along \\'ith 50 per cent N through \vheat cut stra\\' (5.9 kg N ha- 1) \vcre found 

benetlci~lI to pro\'ide the nutrients to sorghu111 crop during its gro\vth period 

(Table 40). This IHight be due to the ~H,lditi()n 01" org8nic l11anurcs as a 50 per 

cent substitute I()r nitrogen go\'erning the phenoll1enon of Inineralization or 

nutrients. The nutrient rl1ineralization is ~In inlportant phenoll1cnon in soil to 

avoid the nutrient loss and also for nutrient supply to crop plants during their 
i... __ .,~yr~-

grovvth pL'riod. Sin1ilar results reported by' I~hakare e! (II. ( 1<,)91 ). 
'--.... 

/\ddition of organic Inanures also provides ,In energ.y to soil organlsnls 

as a result it helped to inlprove the erlicienc:' or soil 111icroorganislll \vhich 

increase the lise effIciency or added nutrients and also increased the availability 

or inherL'nt soil nutrients. Ilo\\'ever, the intluel1ce of fertility levels on N 

balance indicated that the LIse 01" 50 per cent ~lnd 75 per cent recollllnended 

dose or I"ertilizers the sorghull1 crop sho\\,ed the negative value of N status In 

soi I. These results sho\vecl that 50 or 25 per cent reduction in nitrogen to 

sorghu111 crop severely sulfereci t'or its grc)\\'th ~lnd dcvelopnlent. The other 

sources oj" organic l11anures viz .. \vheat cut stra\v and gliricidia leaves coupled 

\vith 75 per cent RI)F \\'ere not found benelicial ror supply of balanced nutrient 

to sorgh u n1 c rOJ! (' Ll hie 40). I n gL'ner~t1. the use (.) f F Y fVt Cor su bsti tution of 

nitrogen in c0l11binatiol1 \vith 50 and 7-:-' per cellt R[)f and 50 per cent RI_)F 

a long \vi th :) () per cent 1'\ SLI hst i tut ion t hroLlgh \vheat cut stnnv \vere benefic ial 

ror balancL' nutrient supply to sorghuln crop. In general. the usc or F'{M ror 

substitution of nitrogen ill cOlllbination \vith 50 and 75 per cent rCC0l11111encied 

dose and 50 per cellt I{J)F along \vith 50 per cent nitrogen substitution through 

\\'hc~lt str~I\\' \\'CIT henefici~t1 ror b~ILlnccd llutriL'llt supply to sorghunl crop. 
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I h)\\eV(T. lISL' of inorganic fcrtilizers ~done and use or gliricidia and \;vheat 

stnn\' It)!' 2.:' per cent nitrogcn substitution <lcl\:crselv affected the balanced 

nutrient supply Cor sorghulll crop in respect 01" nitrogen. 

The nutricnt balance or nitrogen to \vheat crop \vas innuenced by the 

usc or 1 ()() pL'r cent RL)F each or both crops and 50 per cent RI)}-- + 50 per cent 

N substitlltion through 1-"{i\/l applied to prcviolls sorghunl crop and 100 per 

cent RL)F to \\·heat. respectively \\'cre found to deticient in supply of nutrient to 

crop in thL' tunc or ·14.9, -14.() ane! .:'.:" -4.7 kg h~l-I during 1999 and 2000 

vears 01 L':,\perinlcntation. respectively (Table 41). The negative value of 

nitrogen ilH.licatcd th~lt the \\'he~lt crop fullill its need or nitrogen apart fronl 

~lddcd and inherent llutrient status. This ll1ight be due to the previous sorgllunl 

crop \\as t"crtilized \\'ith organic 111anUres along \vilh ITconlnlended dose or 
I"ertilizers th~lt helped in sustaining the 111icrobial population and their activities 

during crop grc)\vth pLTiod or \vheat \\ hich ful tilled the requireillent or nitrogen 

or \vheat crop. Secondly, since at the h~ll"\'Cst or sorghU111 crop, the nitrogen 

status or soil \\as less probably because or added lJuantity of organic 111anurcs 

111inerali/ed nitro!2.ell content. The Iniller~llized nitnH2,cn content nlight beC0l11e 
~ ~ ~ 

available to sllcceeding crop. Thercl()re. there \\'ere negative values in respect 

of nitrogen nutrient halance to \\"he,lt crop. 

The phosphorlls nutrient balance to sorgl1L1111 crop in sorghunl-vvheat 

cropping. sequence \\'as inlluenced by the conjoint use of organic and inorganic 

fertilizers as \\'ell as inorganic l'crtilizers only' but they did not sho\\' consistent 

relationship In respect of phosphorus nutrient balance to sorghulll crop. 

llo\vever. the highest i> nutrient apparent loss \\"as noticed in the treallnent 50 

per cent RL)I: ~ 50 per cent l' substituted through FYI'v1 (-63.0 and -78.2 kg 
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h,,-I) rollo\\'ccl by 75 per cent R I)F ,- 25 per ccnt N through FYM (-52_0 and 

-54.1 <.) kt!- ha- I) during the y'car Il)l)(.) and 2000. rcspectively (Table 42). 

Thc phosphorus llutrient h~ll~lnce to \\'hL'at crop in sorghunl-\\,'hcat crop 

scquence ~lS inlluenccd by the LISe or optil111l1l1 and sub-optinlUlll levels of 

lertili/'L'rs to \\heat prcceded by conjoint use or organic and inorganic fertili/.crs 

to khul"i/ sorghulll but did not sllo\\' consistent relationship in respect or 

phosphorus nutriellt halance to \\-heat crop. Ilo\\c\'er. signiticant phosphorus 

balancc \\,~lS not a\'ail~lble ill soil altcr h~lr\'est or \vheat in sorghulll-vvheat crop 
..... ~ •• , '1".* 

sL'quencL' during study period (Table 43). Sill1ilar results .reported bv Bhakare 
1\ 

Thc effect or inor(l(.lnic rertili/.crs alollc and in cOlnbination \vith ::::-

organic lenilizcrs on nutrient a\'ailbility or potassiunl to sorghU111 crop revealed 

that tilL' supply or potassiull1 cither through organic 111anUres or an inorganic 

fertilizers get fi~ed in soil as a results L1na\'ail~lblc to crop and hence all the 

\'alLles or potassiull1 nutrient balallCL' or sorgi1uln crop \\'ere negative. The 

fixation 01' potassiulll is a Ilatural phenonlcnon occurred in soil to Inaintain the 

equilihriulll or potasSiUl11. Ilo\\-e\·cr. it \vas 1110re pronounced in 50 per cent 

RI)I'- ~ 50 pcr cent ~ suh~tituted throuu_h \\ he~lt cut stra\\' (-117.6 kg ha-
I
) 

I'ollo\\'cd h\ 75 pL'r ccnt RI )1: 

kg ha- i 
) ~ll1d 50 pcr ccnt RI)): 

'':; pL'r ccnt ~ through \vheat cut stravv' (-9R.O 

50 per c('nt ~ through gl iricidia leaves (-~ 1.2 

kg h~-i) ~lpplied to khoJ'{/ sorghulll during lirst year or expcrilllcntation. 

\\/hercas. it \\'as Inore pronounced during second year or expcrirnentation in 50 

per cent RI)I-"; 50 per cent ~ through gliricidia leaves (-72.6 kg ha- I
) fol10\,ved 

by 75 per cent RI)F ~- 25 per cent N through gliricidia (-48.3 kg ha- I) applied 

during kl1(//'i/ season (Table 44). 
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The potassiUI11 nutrient status I(.)r w'heat crop in /"o/)i season due to 

appl ication or either 7"5 per cent R[)F or I no per cent RDF to \vheat \vas found 

beneficial to 1l1aintain the nutrient balance in respect ol'potassiulll. It \-vas in the 

range 1'1'0111 .2.g to X9.6 kg ha-' and 1.1 to -+.2.0 kg ha-' during first and second 

: ear or e~perinlcntation. respectively'. This l11ight be due to potasSiU111 applied 

to previoLls crop (sorg_hulll) \vas ri~ed in soil to nlaintain the equilibriunl. 

l-lo\vc\'cr, during succeeding crop (\\'heat) there \vas again addition of 

potassiul11 through 75 per ccnt and 100 pl.'r cent RI)F that increased the 

equilibriull1 le\-el of potasSiUl11 in soil as a result potasSiUI11 availability hnJ 

illcreasl.'d to the \\ heat crop. The highest Inean positi\'e K balance of 8<).6 kg 

ha-' \\·as recorded ~ll 100 pl.'r cellt RI)F to \\ heat preceded by· 50 per cent RDF + 

.50 per Cl.'nt 0i through gliricidi~l leaves applied to sorghuI11 in lirst season 

during tirst year f()lIo\\"cd by -+2.0 kg ha" under saine treallnent during second 

season (-I able 45). 

The conjoint Lise or organic ~lnd inorganic l'crtili:/.crs to sorghU111 and 

inorganic k,rtilizl.'rs to \\·heat crop did not e~hibited significant erfcct on soil 

reaction (pi I) durillg hoth the ye~lrs of l.''<pcrilllclltatioll. This Inight be due to 

bUlfcring c~lpacity of soil. Sinlilar results \\'ere also rcported by Chaudhary e/ 

(II. ( 19X I). Khiani and i'/lore ( 19X4) and Patil ( 1(97). 

Thl.' electrical conducti"ity or the soil berore and alter experirnentation 

did not indicatc ~lppl"cciahlc change <.JUl.' to continuolls application of chclnical 

I~rli I izcrs and org,lnlc nlanurcS O'·l.'l" years. This rnight be du~ balancccl ,.. 

application or l'crtilizL'rs in cOlllbillation \\ ith organic nlHllures \vhich did not 

aff'cct the 1',(' by accullutlation of salts. Khiani ~lnd f\.;Jore ( 1984). 13hrig\.vanshi 

(19X8) and Patil (1997) ha\'c also rcported silllilar results. 
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The organic carbon content of soi I a Iter harvest or sorghUl1l as \vell as 

\\:heat crop \vas significantly inllucncccl by' conjoint LIse or organic and 

inorQC1nic lertilizers to son2hulll and also bv the l.2.raded levels ofreconlll1cnded 
~ ~ w ~ 

close or lL'rtilizers to \vheat crop. The use of organic sources viz., FYM, \vhcat 

cut stra\v and gliriciclia leaves etc. as the substitule I'or nitrogen along \-\lith an 

inorganic fertilizers \\'ere found beneficial to increase the organic carbon 

content of soi I. ()rganic carbon content varied fro111 O.3R to 0.73 per cent before 

sovving_ of sorghuill and \vas slightl~y inLTeasecl ~1t han'est of crop (Table 48). 

Th is In ight be d Lie to the use 0 r organ ic lllanures addi ng the 1110re aillount of 

organic l11atler ill the soil resulted in rise or organic carbon content in soil. 

Build lip or organic carbon clue to continLlous applicalion of organic 111anures 

and Icrtilizers, \vhich could be ascrihed to addition 01' organic inaner and also 

proliferation of J"<J01S as evidenced b:)' higher biolllLlSS jJroduction. These result~ 

corroboraLL' the findings of [\/1ure (1994) and Patil ( 1997) for FYM, 13hat et (1/. 

( 1991 ) and P~lli I ( 19(7) for green 11lanuring and \l arvel ( 1994) and Pati I (1997) 

for increased rates of I'crti I izers added conti llUOlISly over long period in cereal-

cereal I"otations. 

The bulk densitv 't'\C,,":' increased slightl::: \vith increased levels of 

inorganic ICl"tili/'.ers. \vhcrcas. <.lpplicalion 01" FVfVI. \vheat cut stn1\\/ and 

gliricidi'l Ica\'cs in COIl.juIlction \\:ith ChclTlical fertilizers reduced the bulk 

clcnsitv. The bulk densitv hc(cl. increased \vith increased dose or NPK fertilizers - -
fronl 50, 75 and 100 per cent RL)(.' to both the crops (ranged Cronl 1.29 to 1.3 1 

[\/1 g 111"). I 10 \ V eve 1", t h L' b LI I k dell sit y r ecl u c edt 0 1 . .2 5, 1 . .2:2 and I. 26M g 111 -
3 

i n 

respcct of )0 per cent N substituted through FYl\,1. \,vheat cut stra\v and 

gliricidia green nlanUrLllg (94.7. 9.2.4 and 95.5 per cent over control) 

respectivel)' to sorghunl as against 1.32 l\/lg 111-'; under control (untreated plot). 
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The illcn_'~lse in bulk density \'as 1l1ainly due to dcterioration or the structure of 

soil byo continuous use or chclnical fertilizers. The decrease in bulk density Inay 

be due to inlprovenlcnt in structural status of soil by _judicious application of 

organic llldnUrC il1 cOlllbination \\-ith ehclnical lcrtilizers. Hangar (1991)~ 

LOlntc ('/ 01. (I <)l)~). Hellakki and Badanur (1 l )<)4) and Patil (1997) also 

rcported sft'h i lar rcsults i nd icating the changcs In bulk density due to 
'" 

application or chcl11ical fertilizcrs individually or along \vith different organIc 

nl<:lnUITS 1(.)1' a long period. 

IOhe tre~Hnlents receiving l:YM. \vheat CLlt stra\v and gliricidia leaves 

Inanure ill conjunction \\"ith inorganic fertilizcrs judiciously every' year to 

sorghuln. the infiltration ratc or soil relnarkably increased as cOll1pared to other 

treatllients ~\nd it \vas registcred higher infiltration rate ,-,vith the range fronl 

O.gS to O.l)2 Clll hr-I. ()n other hand. tht.'re \vas short change in infiltration rate 

due to continuolls Llse of chclnical fertilizcrs obser\ed in thc range rronl 0.76 to 

0.78 Cll) hr- I (Table 49). The lindings arc in con l(.)l-nl it:y' \vith the results 

obtained hy \ ari()u~ \vorkers under long tertn experi Inents (Magar c! 01., 1993; 

13angar. 1991: C_lhulnan e/ 01., 1997 and PatiL 1<,,)97). 

I'he hydraulic conclueti\'ity of the soil \\~IS sig.nilicantly' affected due to 

addition or organic 11l(lJlllreS \"iz.. \\"he~ll cut str<l\\'. F'{\/I and gliricidia leaves. 

The hydraulic conductivity or suil \'vas higher (1.94 cln hr-
I
) in treatnlcnt 

in\'ohoing ~() per cent RIJF -. 50 per cent N through \\heat cut strcl\V to sorghunl 

and 100 per cent RI)F to \vlleat and \vas sign i licantly Inorc than rest 0 f the 

trcatnlcnts I'ollc)\vcd b\' Llse or 1:'{[Vl and gliricidia leaves lor substitution of 

nitrogen c(.Hlplec\ \vith 50 per cent RI)l: to sorghulll and 100 per cent RDF to 

\vhcat ( I.X() and 1.76 enl hr-I. respccti\-ely). Usc uf inorganic fertilizers \vith 

\'ar)/ing levels during both the seaSOll reduced the hvdraulic conductivity or 



267 

soil. It \V{lS rc.lllged frolll 1.40 to 1.42 Cll1 hr-I ill Optill1UI11 and sub-optinlull1 

levels oj" fertilizer alone. The sil11ilar results are reported by Bangar (1991) and 

L (.) 111 tee I (/ I. ( 1 C) l) 3 ) 

Increased fcrtilizer levcls 1'1"<,)111 )0 to IOU per cellt to both the crops. the 

sl/.e or \\(.1tcr stabk' dggregates ranged l'ro111 0.72 to 0.75 111111 \,vhich indicated 

that the ~IIHi-l.,rfects of chelnical f~rtilizcrs on soil structure. \vhereas \vater 

stahle ~lt2t:rcgates increased 111arkccllv I'roln ()'S2 to O.9() Inll1 due to use of 

1:'{[VL \\ hl.'c.ll cut stra\\" and gliricidia lllallurL' c.!long \\"ith che111ical rertilizers 

sho\vin~ signiticant illlpact or organic Illallure in ill1prOVC111ellt in soil structure 

thereby pro\ iding hetter envirolllllent ror root de\,elopll1cnt alld aeration. These 

obscn"atiol1S corrObOrc.lte \\"itll the linciings reported by KUlllar Kuldip er 01" 

( I <) 9.:1 L I ~ L' II ~ 1 k k i lill cI 1-3 a d a 11 II r ( I <) () 4 ), rVI ish r a ~ III d S han 11 a (1 99 7 ) and Pat i I 

( 10(7). 

Incorporation or orgailic 1l1anllres VIZ" I;Y~'vL \\iheat cut stra\v and 

gliricidia Ic~l\"es in soil in cOlllbin~lti()1l \\ ith balanced close or chelnical 

Icrtili/'L'l"s s!10\Ved a contrasting llnci striking ICc.ltLlrc 011 organic Illatter content 

ill soil at the I.:.'ncl or 1.'~pcrilnentatioJl as conlp~lrL'd to the effects of chelnical 

lcrtilizers c.liollc. 110\\L'\,cr, Cllll1L!I~lti\e L'ITect oj" \JPK Icrtilizers over years 

nlaintained the !c\"el ororganic Inatler ill soil (0.79 to 0.06 per cent) as that of 

unfcrtili/ed plot (0.67 per cellt). Suppicillentatioll of N either through FYM, 

\\"heat Cllt str(l\\ or gliricidi~l green lllanuring in conjoint \\'ith chclnical 

l'crti li7.crs ill\ ariably increased the organic l11a11L'r statLls or soil ( 1.10 to J .27 per 

cent). ThL'se observatiolls are in cOnl()rIllity \vitb the results reported by varioLls 

investigators (Sinha ('I ul.. I ()XU: (jauL 1992: kUIl1ar Kuldip el 01.. 1993: 

Bellakki c.lnd 8adanuL 1994: (Jilulllan el u/., 1997 ~lnd Pati!. 19(7). 
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In gL'neraL continuous application of lertilizcrs in conlbination \\,1ith 

organic 1l1anUres viz., FYM, \vhcat CLlt strav, and gliricidia leaves 11lanUre in 

continuotls croppIng iInprovcd the inliltration rate, size of \vater stable 

~lggregates, organic lllattcr content or soi I and decreased bulk density' of soil 

over thL'ir initial values. Aillong the organic 11lanUrCS, FYM application \vas 

J{Hlnd 10 he the nlost clTective i'ollo\vcd by incorporation of \\,Theat cut stravl 

and green 11lanuring \"itll gliricidia leaves. The results arc in agreelllent \vith 

thc findings reported hy' Patil ( 1(.)<,)7) . 

. \t the end or thL' eXpCri1l1Cllt~ltiOll soils \\-ere CX31nined for OTPA 

l'xtrClctahle I:c, Yin, Zn and ('u content and round that Fe content \vas 

signiticantl:' higher in 100 per cent RI)F applied to each of the crop during 

L'XpCrilllClltation. Ilo\\'c\/el", \vhen cOll1parcd a11l011g the organic sources, usc of 

gliricidia lear nlanure for substitution or N in 50 or 2:; per cent level coupled 

\,vith 50 or 7:; per ccnt Ror to sorghunl and optinlunl or sub-optinlunl level of 

fertilizer to \vheat \vas significantly.' superior in respect of Fe content (5.49 nlg 

kg-I) in soi I \\'hereas, the treatlllcnt c0l11prising or 50 pcr cel1t RDF + 50 per 

cent ~ through I:YIV) applied to sorgllul11 and 100 per cent ROf-' applied to 

\\ heal in inorganic I()rlll \\ ~lS siglli lic~ll1tl: superior in respect or Mn and Zn 

(24.89 ~t1H_I O.X4 Ing kg-I) content ill soil. The 111axi111Ulll value or eu content 

(2.38 illS kg-I) \\'as observed ill treallllent \\here )() per cent RI)F + 50 per cent 

N through 1,"'1'\11 for sorghUlll ~ll1d 100 per cent RI)F applied 1'01' \\rheat crop. In 

general. I;L' and ell content in sui I \vere higher in 100 and 75 per cent RDF 

applied to c~lch 01" crop in a year through inorganic fertilizers alone. \Vhercas 

the nlicrollLltricnt contents (viI',., j'v1n ,lnd 7n) in soil \vere higher in integrated ...___ ...__ 

nutrient 11lanagell1ellt in\'ol\'ing 50 per cent i\ substitution through either FYM 

or \\ihe~ll cut stra\v or gliricidi~l leaves as green Inanure over reduced dose of 
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fertilizers. It Inight he due to I~rtiliz~rs carrying thel...' nutrients as ilnpurities and 

organic nlalHlres supporting ~nhanced Inicrobi~li activity' and consequently 

release or organic cOlnplexing substanc~s (chelating agents) \vhich \vould lnake 

lnicrol1utril...'nt cations in soluble 1()rtllS. Th~ results arc in agrcelnent \vith the 

lindings rl...'ported hv Bis\vas and I~~nbi ( 1 <.JX9), Thind (!/ of. (1993) and Patil 

( 1 <,)<)7 ). 

The Inicrobial status 01" the soil ~lS 111~asurl...'d at the end of present 

in\'estig~ltion indicat~d that the total lnicrobial bionlass in soil obtained \vas 

signi tiC~ll1tly lHOlT due to applic~llion 0'- F'{\'l ror th~ substitution or so per cent 

1\ along \\ ith 50 per cl...'lH 1<1 )1: to sorghU111 and 1 OU p~r cent RI)}-, to \vheat 

(53 .... +() pg g-I soil) in sorgllllnl-\\hl...'at crop s~qLlcnce Collo\\'ed by use of 

gliricidi~l k'~l\'~S I{)t° substitution of ~ () 1.()7 pg gO! soil). 11(.)\vc\'~r. the usc or 
only il1()rg~lnic fertilizers \\'ithout organic nl~lnun.?S reduced the Inicrohial 

biolnass signilicantly (Tabk' 51). Thl...' rcduc~d 111icrobial biolnass in soil by the 

us~ of 0111\ IL'rtilizl...'rs lnight h~ due to th~ t~lCt that ~ln inorganic fertilizers could 

not sllppl~ th~ sunici~nt I...'ll~rgy to Illicroorg~lnisnls. \vhile carbon supplied 

sullicil...'l1t I...'nergy through organic Il_·rtilizcrs. 

I'hc L..,act~rial population \\as signilic~llHly increascd (31.7 eFU 10
1 -I 

o 
::: 

soil) h: tilL' LIse 01" SO per c~nt RI)I: -1 50 per c~nt , through gliricidia leaves 

1'01" sorglHIIll and I ()O per C~Jlt 1<1)1: I"or \\ heat cr\.)p. Th~ cOlnbincd usc of 50 per 

cent 1<1 )1: ~lnd 50 p~r CCllt ~ ~llbstitlltion through \\'h~at cut stra\-\ \\'as found 

b~nclici~d I{)r I'llllgi population in soil (47.) CI:ll 10; g-I soil). IIO\VCVCL the 

popul at ion (_) r act i IlOll1ycetcs, ~lzotoh~lCtL'r and phosphorus soIl! hi Ii zi ng bacteria 

\\~re signiticantly higher dLl~ to USI...' or ::'0 pl...'r cent RI)F and SO per cent 

nitrogell through F'{\rl to sorglHllll and 1 00 p~r cent R[)F to \vlleat crop in 

sorgI1l1111-\\ Ill...·at croppIng selJUCnce. Thl...' rL'specti\ ~ \'alues \vere 6g.l, 17.3 and 
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24.X CI:l: I ()' g-I soil. rL'spectively (Table 51). In general. the conjoint use of 

organic and inorganic fcrtilizers as a source or nutrients in sorghU111-\vheat 

cropping sL'qucncc \\'eIT bencticial for illlproying and sustaining the Inicrobial 

bio111~lSS ~lS \\'cll as population in soil. The use or inorganic lertilizers alone to 

sorghllI11-\\'hL~~lt cropping sequencc had an ad\'erse ertL'ct on Inicrobial biolnass 

and populatiol1 in soil. The results ~lre in agrecn1L'nt \"ith the lindings reported 

by J\ I heq urq lie and Patel ( 1 <) 55). Kalnat ( Il)7X) and Nalnbiar ( I (94). 

(\n inlegrated nutrient lllanagellletll ror sorghutn-\vheat cropping 

sequL'nce \\'as significantly inlluenced the protein content in sorghunl as \vell as 

in \vhL'at grains during tl1L' year or experinlentation. I ilnvever, there \vas no 

cOllsisiL'nt relationship in thL' y~dUL'S or protein content or sorghunl and \vheat 

by the USL' (.) r organ ic and i norgan ic fen iii zers but they \\'eIT higher in conj oi nl 

lise of org~lnic and inorganic rertilizcrs as c0111pared to inorganic lertilizers 

alone. ()n pooled lllean basis. the proteill yiL'ld \vas hig.her (7.26 q ha- I for 

sorghull1 and 6.X2 q ha-
I 

Il)r \\'heat) due to ~lpplicaliol1 of 50 per cent RJ)F +- 50 

per cent ~ substituted through 1:\":',,1 to sorghulll and 100 per cent RI)F to 

\\'he<lt (Llhle 53). Sin1ilar rL'slIils ha\ie also hL'Cl1 reported by \\ladile (1995), 

Thakur ('/ Llf. ( 1 ()l)l)) and KL'h~lr Singh and Balyan (~()()()). 

5.5 Effect of integrated llutl4 ient Illanagl'1l1ellt Oil econolnic evaluation 

l'I1L' L'\ aluation or sort?-I1Lllll-\\'he~lt crop sequence under integrated 

nutrient llldnagelllent lechniLJUL' \\'as asscssed (1) the basis of gross and net 

11l0net~lr\ returns and B:C ralio or different crops under study and cropping 

scquL'ncL' ~lS a \"holL' ~lt thL' end or preSL'l1l ill\ cSlig~lti()n ~lnd it \vas clearly 

broug.ht OUl that the I11axilllUln net I110netary rL'lurns \\"L're fetched due to 100 

per cent rccolllnlclldcd dose or l'crlilizers during lirst (Rs. 9665 ha- l ) and 
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second (Rs. 5871 l1a-
l

) )/('ar. \vhich \vere closely': follc)\ved by the treatn1cnt 

cOll1prising or 50 pL'r cent RI)I-- --'- 50 per cent \J through FYM applied to 

sorghuIll_ i\ll1ong the organic SOLlrces. \vhcat CLlt stnl\V has sho\ved very poor 

pcrfOrnl~111Ce in respect of net l110netary returns (Table 54). It 111ight be due to 

the poor decol11posing ~lbility ~lt initial stage resultantly. \vhich l11ight have 

increased the C:N ratio and reduced the llutrient ~1\~lilability to the current crop 

led to le)\\' yield. Silnilarly'. reduceci levels of inorganic fertilizers sho\ved the 

reducing trend in respect or net nlonetary returns during both the years of 
. . 

expcrIlnentatlon. 

The I3:C ratio obtained I"r0l11 application or 100 per cent IZDF for both 

the ye~lrs \\'~1S significantly' superior (1.:'5 and 1.3-+) ~lnd \\as !<Jllo\ved by 50 per 

cent RI)l' t 50 per cent N through I,'')' \/1 ( 1.41 and 1.24) applied during first 

year and :'0 or 75 per cent RI)I: - 50 or 25 per cent :\ through gliricidia leaves 

applied during second year or study' The \vheat cut stra\v application seell1cd to 

be not beneficial in respect or 13:C ratio as cOlnpareci to other sources applied to 

khurU ~orghulll. This has not gi\'en inlll1ediate en~ct to current crop. Sirnilar 

trend "'as ~liso noticed due to use of sub-optil11Lllll k'vels of fertilizers applied to 

sorgh un1. 

111 case of \vheat crop. the highest gross (Rs. 2(576) and net 1110netary 

returns (Rs. 1.:+2(5) per hectare \\TIT ohtained h\ the treatn1ent consisting of 

1 ()() PL'I" CL'lll i{.l)F during ruhl ~Incl IJreccdeci b) 50 pt~r cent RDF coupled yvith 

50 per cent ~ through I:YiVl during kh{//"ij"and found significantly superior over 

rest of nil the trcatnlents during both the ~/ears of ~tud)'. 

RL'st or treatnlents \VeTC not alfected signi ficantly III respect of gross 

and nct Jll0I1etar\,' returns ha- I to \\heat crop. Residual effect or organic sources 
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111 I: I proportion enhanced the gross and net returns ha- I or \vheat over reduced 

le\'el or Il.Ttilizer and control. Reduced levels of fertilizers shovv'ed reducin o 
b 

trend and ~lbsolutc control resulted in loss in net profit ha- ' during both the 

years. The signiticant I~:C ratio( 1.(.)4) \\'as recorded by the treatIncnt consisting 

or 50 per cent RI)F ·t- :;0 per cent ~ through l:\"j'vl during khar(j'succecded \vith 

100 pCI' cent R[)F to /'(/171 crop. The reducing levels or inorganic fertilizers 

during klluri! and /'ohi season reduced the B:C ratio. llo\vever. \vhen cOlnparcd 

to other sourccs \vith reduced k'\'el or Rl)l: 13:(' ratio \vas increased to sonlC 

e:"(tent but not reached the Ic\'el orsignilicLlI1CC. 

'I he prolitability or thl.' sorgIHllll-\vhl.'at cropping sequence under 

integrated IlU triell t nlanagelllent s ystelll till.' organ i c source \' iz., FY 1\1 a ppl ied 

to sorglHllll ill cOlnbination \\ itll :;Opl.'r cent RI)I: ,111d to ,vheat, 100 per cent 

R[)F brought out signilical1t illcrease ill Inean llet returns (Rs. 20540 ha- I
) 

rolk)\\'l."d b\ I 00 per Cl.'l1t R I) I: to both t he crops d uri ng both the years of 

eXperill1entatioll (Rs.1 X960 h~l-I). All1(.)ng the organic sources. I:YM ranked the 

tirst and gliriciclia \vas the second one \\'hile \\heat Cllt stnnv has influenced in 

reducing the net 1110Jletary returns ha· 1 rronl sequence. Usc or sub-optinlU111 

Ic\'cls 01' Icrtilizers reduced the le\'cl or net profit or sequellce \\'hereas, 

absolute control had registered the loss ill net returns. The findings are in 

confonnity \\'ith the results obtained by J>aticiar (200U,). 

The hi~her henelit:cost ratio ( 1.6() ~llld 1 .5~) \\as recorded due to use of 

50 per cent RJ)I: . 50 pCI' cent \.j through F'{\'l to sorghulll and 100 per cent 

RI)F ~\pplicd to \vhl.,~\t and \\,~lS signilicantly higher than rest of all the 

treatnll'nts except 100 pCI' cent RI)I~ applied ror hoth the crops during both the 

years of study \vhich \\'ere on par \\'ith each other only ill the second year. 
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.'\n10ng the organic sources, or \vheat cut stra\v and gliricidia, gliricidia 

Lise \\'~lS significantly superior over \\'he~lt cut stnl\V. Reduced levels of 

fertilizers decreased the values or B:C ratio or the selluence. Such an outconlC 

can be c~pected as thL' grain yiL'ld obtained \vas round to be the lo\vest. This 

has cIL'arl:' hrought out that intL'gratioll 01" organic and inorganic fertilizers in 

the seqllcilce \vith reducing the !c\'el 01" inorganic k'nilizers for both the crops 

has an added advantages to enh~lncing the over~d I net 1110nctary returns rrOn1 

the ccre~tI-cL'real crop sequence though this rotation is less feasible ror soil 

fertility point or \'ie\\' hut acceptable I"or ecollonlic ~lnd total productivity point 

01 VIL'\\ \\ hich is heing ddoptL'd \\·i(.kly in COll1ll1ancl areas. The silnilar 

benellci~tI L'llects 01" N 1l1anagL'lncnt practices h) applying organic and 

inorganic rcnili/.ers to the crops considered in tilL' cropping sequences \vere 

reported h: Inany \\'orkers in rL'spect 0 r increased Illonetary returns 1'ron1 the 

cropping sequences. l'hL' not~lblL' an10ngst then1 arc Kurlekar ef al. (1993): 

I )ubey ('/ ul. ( 19(7) ~lI1(.l »aticlar (2000). 

5.6 Effl'l't of intl'<q"atcd nutl"icnt InanC:l O l'1l1cnt on cnc.·ov studics ~ ~ ~ .. 

l : nder integrated 11 utricn t Inanag_ell1cn t systCll1 I'ollo\\'cd for sorgh llnl 

crop duri ng khuI"i! season. thc energy balance and energy LIse efficiency \vcre 

assessed and the energy bal~lncc regi stl.'red by sorgilull1 crop sLlppl ied \vi th 50 

per cellt RI)I: ; substitution or ~() per cent' through 1-"1''':\11 \vas the highest 

during first and second vear of 

expcrill1ellt~llion. rcspecti\'cly). 1 he si~l1i licantly higher energy llse eflicicnc:y 

\\as noticed rrOI11 the treatn1cnt in\'oh'ing)() per cent RDF coupled v.;ith 50 per 

cent N through FY~Vl during rirst season 01' sorghulll (14.59) \\'hercas during 

second season it \V~lS highest ( 1 O.~2) and at par \"ith the treatnlents applied 100 

per cent Rl)I' and 50 or 75 per cent RI)I: coupled \\'ith 50 or 25 per cent N 
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through J·"'{fV1. 'rhough higher energy input \vas invested in the treatnlent, the 

corresponding increase in energy output due to lrlOre econolnic yield Inight be 

the reason for increase in I·:LE. The LIse of gliricidia leaf 111anUre In 

conlbill~ltion \vith 50 or 75 pL'r cent Rl)F decre~lsed the energy usc efficiency 

during both the )·e~lrs. This Inight he due to higi1L'r \'~·dues of energy input (MJ 

ha-
I

) obt~l i neel due to gl i ri c id ia k'a\''Cs. The I o\\/est energy' use e ffic iency \.vas 

obser\'cd in control plot. 

The averagc IneCln In~lXlnlunl cnergy' balance per unit input for both the 

vears \vas 1 1 .16 \/IJ ha -I obtai ned rr0l11 the treatn1ent in vol ving 50 per cent 

Rl)F ~ 50 per cent N through 1:')-/]\11 ~HH,I \,vas highcr and superior over all other 

treatn1cnts. The energy' balance per unit input \\'as decreased and \vas in the 

range rr0l11 --+.00 to ().60 rvu ha· 1 in the treatnlcnt \vhcre gliricidia leave Inanure 

\vas incorporated \vith the soil during both the years Crable 57). Absolute 

control registered the least values or energ;.' balance per unit input during both 

the ve~lrs. These results are in conronnity \\'jth those reported by ladhav (1986) 

and Patil (1 ()()7). 

The energy consunlc(L energy' olltpUt. energy balance, energy balance 

per unit input anc! encrgy lise efficiency of \"heat crop \vhen preceded by 

inte{Tr~1led llutrient J11ana O CJ11ent svsteJ11 \vere of the hiuher order durin a both b b ~ b b 

the seasons or experinlcntation and \vas closely Ic)lIo\ved by 100 per cent RDF 

during /\/h/l'{l ~lS \VL,II ~IS ruhi SL'dSUIl illdicatillg that these trcatIncnts \vere 

e q Ll a II ;. L' n i c i e J1 tin L' n erg y uti I i 7. ~lt i 011 . 

The I n a x i III Ul n rn can en erg)! ba I a 11 ceo b t a i 11 e d \va s I 1 5459 M J h a-I and 

125102 \/1J ha-
I 

during lirst and second year study in the treatlllcnt of 

application or 100 per cent RI)F to nthi \Vhe~lt preceded b~y the 50 per cent 

R,t)F -t- )() per cellt N through I:'{\!J applied to kilu!"i!, sorghunl. -rhe energy 
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halancc rccorded hy the treatll1L'nt ha\'ing applicd 100 per cent Rf)F for 

\vheat I)receded by 100 per ccnt RI)F. 50 per cent RI)F -+ 50 per cent N through 

\\'heat cut str<-l\\' or gliricidia lea\'es to kllori(sorghunl \vere at par to each other 

dllring both the _:-.'ears of study (I':_lble :'X). 

'1"111..' L'llergy balance and L'ncrgy LIse ellicienc\' or \vheat increased \vith 

ever\ SUL'CL'Ssi\'e increased level 01" RI)I-" applied to \vheat crop and the values 

registered \\'ith 100 pL'r cent recollllllended dOSL' 01" fertilizer \vcre nlaXllllUlll. 

Sill1ilar trL'I1<.1 in rcspL'ct or energy h~lI:_lnce per unit input and energy usc 

L'flicicncy or \\'he~lt crop prL'cL'ded by di tlerent integrated nutrient nlanagelllent 

lreatlllellts !()lIo\·vcd during kllu,-;/' Though higher el1erg) input \vas invested in 

this trc:_11111ent the corresponding increase in L'J1Crgy olltput due to III on? 

econolllic yiL'lcl Inight he the reason It)!' incrc:_lsL' in I:LI'·:. Silllilar trend in 

respect 0 r L'llergy ha I :_lnce per LIn it in pu t and L'llLTgy lise e rficiency of \vhcat 

crop preceded by di Irerent cropping svstCJ11S also reported by Jadha\' (1986) 

and P~ltil ( 19<.)7). 

I ilL' L'ner~\' halancc studics :_lJH.I Cller~\ LIse crIiciencv of SOru.hulll 
'-- - ...._ . ..;...._ 

\vheat crop sequencc indicated the supL'riority or the treatillent cOlnprising or 
50 per CL'nt RI)F ...l.. 50 per cent' through F\'\l1 applied during khar(lseason to 

sorghllnl ~1I1<.1 100 PL'!" cent RI)F applicd during /'uhi season to \\·'hcat crop. It 

\\'as .i57()03 \/LJ h:_l" lllld 310471 !\iLl h~I" during I <)<)C) and 2000, respccti\'cly. 

TilL' L'llcrgy h~lI ancL' () r the L'rop scq L1Cl1ce ohtai ned by other organ ic 

sourccs \ i/ .. \\ heal cut stra\\ ~llld gliricidi':-l ICd\'L'S Llsed ror N substitution 

ranged t"rOll1 267025 to 29713 I ~lllci i'rolll 2() 16..+<') to 2()]062 MJ ha'i during first 

and second yeaL respectivcly. In other tre::llnlcllts having no usc of organic 

sources and the fcrtili/cTs \\erl...' L1sed ol1ly in ~I reduced proportion to Rf)l: 

exhibited decreasing trend ill L'l1crgy halance oj" the sequence during both the 



276 

\'cars. The ~l hscncc 0 f t~rt iii /cr ~lI1<.l 111~1I1Urc shO\\"l.'d 1111 n 1 111 UI11 enero v balance 
0." 

01" erops or crop scquellcc. TIll.' \',liucs of el1l.'rgy usc cnicienc,y and energy' 

halancl.' pl.'r Ulllt input \\'ere also in higher order in sorghunl-\vheat crop 

sequcl1Cl.' In ditTcrcnt treatlllellls L"0l11prising or use of organic and inorganic 

Icrtilizl.'rs ~llld 100 pl.'r cern I"l.'COlnllll.'IH,kd dosl.' oj" inorganic fertilizers onl)-/ to 

both tilL' crops during both the years or e~perilllentation. This could be 

attributed to higher hioillass production in the cropping sequence, where there 

\\'as inh...'gration \\,ith the org<'lnic and inorganic k,rtilizers to khar{/sorghunl and 

optil11Ul11 ~111d sub-optilllLl111 levels or inorg<1I1ic fertili/crs ~lpplicd to rohi \Nhcat. 

1111..' year\\ isl.' Illl.'LlIl 111a~il11Ulll energy b~li"lnce per unit input and energy 

LIse elliciellC\' \\',lS X.14 <'lnd 7.0() iV'Ll ha- I 
,111<.1 9.14 and 8.06 MJ ha- I , 

respecti\'L'ly regisk'red due to the applic<'ltioll or ~() per cent RDr coupled \vith 

50 per CL'I1l ~ through I''''y' \ 1 to klJurij sorgl1l1111 ~llH.j 100 per cent RI)F to \vheat 

(Tabk ~()). Though higher enL'rgy input \V:'lS ill\'csled in this treatlncnt. the 

correspolH.I i ng i ncrcase i n el1erg~ output due to l110re ecol1olnic yield Inight be 

the rC:'lSOI1 ror il1C1"l.'''1SC ill Ll:j· ~llld ellcrgy Ixll"ll1CC per unit input. Usc or 

g I i ric i d i ,1 Ie a \ ' C ~ III a nll rei nco 111 bill a t ion \\ i t h :) () l) I' 7 '5 per c e n t R [) r to 

sorgl1Lllll ,111d 100 or 75 per cellt RI )1,' to \vhl.',1l decreased the energy balancc 

per unit illPllt and energy lise elTiciency ciuring both the years of study. This 

11light he due to the highl.'r energy input \'~lIucs or gliricidia rellccted in 

reductiol) In these v~I1ues. I )ecreasing trend in l.'ncrgy balance per unit input 

'lIH..I ('I1L'r~~ usc ellicicnc\ or the crop sequL'nce \\'as also noticed \vhere 

decreasillg levels of' inorg~lllil." Icrtili/l.'rs \\'crl.' llsed in cxperilnent during both 

the ye;'lrs. I'he energy balance per unit input al1d energy use efficiency \vas vcry 

lo\\' in ~lhs()lute control trc~ltlnL'I1t. The results ~lrL' in confornlity \vith the results 

obtai ned h\' l3 i Ilore el (I/. (I 99.:+). S \\'<1 111 i nat han e! o/. (I 9(4), Bhat ia (I 995 ). 

Patil (I <.)<.)7) ane! P,l\Var (20()O). 
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6. SUMMAI{Y ANI) CONCLUSIONS 

6.1 SUlll III a '"Y 

-+1.,,-

nh..' present ill\ estigation \\ as carried out at \ilain Centre for Cropping 
/' 

Syste111 I{esearch Project (;\I( ·ARP). iVIahat111a Phule Krish1 Vid)/apeeth, 

Rahuri (:Vlaharashtra) on nledililn black soil during the year 1999-2000 and 

:2 000-:2 ()() I to assess t hL' e rrect 0 I' i 11 tegr~l ted Ill! t riel1t lllanagcll1ent SystClll i 11 

sorgh lI111-\vhL'at crop seq lienee 011 gl'l)\\ th ~ll1d y ie I d 0 r crops along \,vi th nutrient 

cconOlll ics ~lI1(.l energy budget i I1g. i\ 11 cxperi 111e11t \\'as conductcd \vith ten 

trcatlllents in\'o!\'ing lise or chelnical !'crtilizcrs ~done and in conjunction vvith 

di ffcrent (.)rg~lnic l11i.ll1UrCS \ iz., rarIll yard lllal1Urc', \\'heat cut stnn\' and 

gliricidi~1 1c~1\'es in sorghuIll-\vheal crop seqLlence. ;\n attenlpt \vas 111ade to 

de\'cl()p i.lppropriate integratL'd nutriellt 111anagen1ent systelll involving balanced 

proportion 01' L'helnical l'ertilizL'rs (lllci org~lllic Ill~lllL1reS as the Inain conlponents 

for sLlstaining crop producti\ ity i.lner I 7 ye~lrs or crop cycle. 

I he soil or expcrinlelltal field \vas clay in texture, lc)\v in available 

nitrogell (I ~3 kg ha- I
). nlL'diulll in a\'ailablc phosphorus (14 kg ha-

I
) and rich in 

(lvai I~lbk P()t~lssi 1I111 (-~l)6 kg h~l·1 ) content and sl ightly alkal ine in reaction (pI I 

X.2). TilL' treatlllents consisted or three orgallic sources viz., F'y'M. \vheat cut 

stra\\ ~llld gliricidia k~l\'CS L1sL'd 1(,)r substitution or N at 50 and 25 pcr cent 

COLI pled \\' i til 5 0 ~llH.l 7 -:-. per Cell t reC0111111elH.1ed dose 0 f ferti I izcrs to kharU' 

sorghulll ~ll)(.1 ollly chelllical fertilizers ~lpplied ~1t different IC\'cls viz., 50. 75 

and 100 per cent recolnnlL'IH.kd dose or k.hul'ij crop w'hilc during rahi season 

onl) optillllllll (100 per cent RDF) 1.111<.1 sub-optil1Hlll1 (75 per cent RI)F) dose of 

inorganic Icnilizers \vas applied to \\·heat. ThL' control trcallnent \vhere no 
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organic and inorganic j"ertilizers \vere applied to both the crops during both the 

) ears or experilllclltation. The design adopted \\'as rand0111izcd block 'vvith four 

replications. The experilllent \\',IS conducted Oil fixed site \vithoLlt changing the 

randollliz~lliol1 or thL' treatlllellts i'or the successivc period or tv\"'o years. to 

assess the rcsiclu~d en~ct. Thc Illost illlportant findings clnerglng fron1 this 

in\'cstigatioll are sUlll11larized lx.'lo\\·. 

6.1.1 Effl'Ct of integnlted nutl"jent 1l1anagl'1l1cnt systcill on sorghurl1 

II1lporlant gro\\th attrihutes or sorghuill \'1/., plant height, nUlllbcr of 

le'lvcs. Ic~lI' area alld dry Ill~lttcr aecuillulatioll per plant \vere intluenced 

signilic,ll1tly by integrated llutrient lllanageillcllt SystL'lll. It has been observed 

that sorglllllll put on nl0rL' height at h~lr\"cst \\'ith application of inorganic 

lertilizL'rs ill conjunction \\'ith orgallic lllallures at 25 and 50 per cent N 

substitution through I:'y' \/1 ( 1 7].()_) elll) and gliricidia leaf l11anure ( 173.88 cnl) 

\vhereas. the substitution of ~ through \\'heat cut stra\\ had an adverse effect on 

height oj" surghuill during its gn.)\\th period. 

:\ II the lllanagelllent techniques recorded substantially hioher c:-

nLllnl)l~r oi' lea\'cs ( 1 1 .X~n and its L;\I (:).05) cOlllparcd to control (4.33 and 

1.1.5, rL'spL'cti\'ely) in tilL' t\\O seasons of in\·cstigations. J\ll1ongst the organic 

sources used ror substitution or nitrogen the source vi/., F'livl (7.03 and 11.88) 

and gliricidia (6.()X and 11.7~) j)L'ri'orlllL'd hetter than \\heat cut stra'vv at 30 and 

()() L).'\S during hoth the ye~lI's or L':,\pcrilllentation. \/laxilllUI11 lear area (48.29 

dI11::) \\ ~IS due to 100 per cent rccollllllended close or fertilizers to sorghun1 at 60 

I)J\S \\'hich lllight be due to illlnlediate (.l\"ailability and InaXil11Unlutilization of 

all nutrieills applied through inorganic Il.'rtilizers. San1e trend in L/\I \vas 

obseJ"\'L'd during both the \'L'~lrs or e:'\perillh.:'lltation. lienee adequate nutrient 
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supply rrOl11 inorganic and organic sources or N resulted in better perfonnancc 

or the 1./\1. Larly Ilo\\'ering of sorglHllll started due to 50 per cent RDF -\- 50 

per CL'l1t ~ through FY\/1 rollo\\'ed by gliricidia LlSL' \vith 75 pcr cent RI)F 

during hoth the years \\'hen:as \\'heat cut stra\\ application along\vith inorganic 

fertilizers ~lnd \'arying le\'cls or inorganic tcrtili/ers prolongs the t1oVv'cring by 

5 to I () and .2 to 3 days. respectivcly and in casc or control the 50 per cent 

tlovv'eri ng \\'as ele la~.,;ed by abollt 15 to 17 days, 

i\ 11l011g_St the organ ic SOLI rces \. i/,. F '{ \.'l. \\'heat cut stnnv and gl i ric idia 

used I'or ~ substitution along \\ ith inorganic jL'nili/ers. the higher dr:y Inatter 

\\'eight per plant ofsorglull11 (.21 1.9X g) \\'as attained by the source of Cartn yard 

nlanure during ~dl the inteJ"\·~t1s or the crop gn)\\th. I I <.)\vever. \-vhen con1pared 

\\ ith di ITerent levels (50. 75 and 1 ()O pL'r cent RDF) or inorganic tertilizers 

applied to the crop higher dr~ Illatter production \vas observed \vith the 

treatnlent 75 per cent RI)F ~lt 30 and 60 L)':\S \vhile it \\'as higher fron1 100 per 

cent R 1)1,' at t)() I )i\S (.2.23 .3-l g) and ~ll han'cst (230.42 g). During crop gnnvth 

period ill the ncxt three stages (except lirst stage), application of N either in 

inorganic tl)rJll or coupled \\'ith oqplnlc sources recorded considerably the 

highest dry Inattcr production. 

I'he perrOnn~lnce or sorghul11 as assessed by inlportant yield attributes 

\·IZ .. Icngth and girth or carhead. \\'L'ight or e~lrhL'ad, grain \veight per earhead. 

nun1ber 01' grains per earhead and tL'st \\eight l)!' sorghul11 grains at harvest 

indicated that the \'~dues or these p~lran1elL'rs like length (29.65 cn1) and girth 

( 16.73 L'ln) or e~lrhead \\ere signilicalllly l11orL' ill trcallnent cOlnprising or 50 

per cent RDF .- :'0 per cent' through 1:'\{:\iI applied to the crop during both the 

years or L'xperilllentation rollo\\ed b\ 50 pL'r cellt RDF -"- 50 per cent N through 

\\'heat Clit str,l\\ during I '\ ~111d 2 1
"i \ e:.lr stud\. respectively. The \veight of 
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earhead ( I ()~.2() g) \\'~lS registered 11la~llnUln hy' the trcatlncnt 50 per cent RDF 

~.~ SO pL'r cent ~ through g,liricidia \\"hereas Ine<.1n grain \veight per earhead \vas 

at h ig,her Inagni tude (X4. 7g g) due to I ()() per cent R[)l: to sorghun1. The use of 

either inorganic or organic sources along \\ ith inorganic fertilizers did not 

affect the llu111ber or grains per earhead of sorglll1111. It v .. ;as noted that 

1l1<.lX1111Ll11l (2.5~ and 2.76 g) and significantly higher hundred grain vI/eight of 

sorghunl \\'as registered by the treattnent cOl1sisting. or only 100 and 75 per cent 

Rl)F applied during first and second year of experinlcntation. The rninilllu111 

<:lvailahilit\ or N in control plot resulted in poor gn)\vth perforn1ance of the 

crop \\'hich \\'as ultilllatL'ly retlected in the expression or the lo\vest valucs of 

the vield attributcs anlon~ all thL' ~ 111al1~H!.enlent l11cthods. 
J ~ ~ 

The Ine~ll1 grain (51.()4 q h~I-I) and fodder (XX.52 q ha-
1

) yield of 

sorghul11 pooled o\,cr seasons \\as signilicantly l110re \\'ith the application of 50 

pL'r cellt Rl)l'- coupled \\ ith 50 per CL'llt ~ through FY\l \vhercas treatlllcnt 

cOlnprising of 50 or 25 per Cellt ~ substituted through gliricidia 111anurc 

cOlnbilled \\'ith 50 or 75 per CL'nt RIJI: ranked second to superior treatn1ent 

(47.55 ~ll11d 77.7>5 q ha- I gr~lill and fodder yield. respectively). llt)\vever, 100 

per cent RI)F (50 .O() and X4.30 q h,l-i grain and rodder yicld. respectively) \vas 

at par \\ ith supcrior trcatlncnt for both the y'cars. It could be clearly inferred 

that thL'rL' L'xists a SCOrk' for reduction of fertilizer dose at certain level \vhen 

cOlllbilll.,.'d \\ ilh organic sources. rhc Illcan lllaxil1l1l111 biological yield produced 

\vas l40.IS q l1a- 1 obtained due to 50 per cent RI)F ; SO per cent N through 

l:'{~vl J'ollo\\ ed bv 1 ()() per cent Rl)I:. The I(H.kk'r to grain ratio obtained fro111 

organic sources \'iz .. F'{\,1. \\heat cut Slr<.1\\ ~lnd gliricidia leaves applied to 

sorghunl crop alone \\'ith 50 per CL'llt RI)I'- \\as ill the range fron1 1.62 to I.X4. 

I-Io\vc\ er, I"or \'ary'lng IC\'els or illOr~<.lnic l"crtilizers \'i/, .. 50. 75 and 100 per 
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CL'l1l RI )F, thL' nl~an corresponding \'alu~s of fodder to grain ratio pooled over 

seasoll~ \\L'l"e 1.75. 1.77 and I.('(), respectively. Sill1ilar trend \vas noticed in 

I"CSPL'ct 0 r har\'L'~ t i I1d iCL'~. 

6.1.2 Efft'ct of intt'gn:ltcd nut."icnt Illanagt'lllt'nt systClll on ,,,heat 

'l"hL' pl~ll1t height or \\'hL'<ll \\'a~ signiticantl:y higher due to levels of 

IcrtilizL"'rs ~lpplied f()r both the crops included in selJuencc. -rhe 111can plant 

height at har\'cst \\'a~ lllaxilllUll1 (X-I-.12 Clll) duc to application of 120+60+60 

kg N. p . .,(), ~llld I,-~() ha- I (RIJl:) than tilL' control but at par \"lith rest ot- the 

trCatll1Cllts. I-he nUlllbcr or functional le~l\'L'S at ()() l)/\S (7.82) increased due to 

applicalion or .)U per cent RI)I" + 50 per ccnt N substitution to FYr-vl I(.)r 

sorgl1Lllll and 100 per ccnt RI)I-" appl iL'd to \\-hL'at and reducing trend \vas 

noticed duc to \\ heat L'Ul stra\\ application and varY'ing levels of inorganic 

fertilizcrs (:-'(). 75 and IO() per L'cllt RI)I") to prc\'ious crop of sorghunl. This 

L'ould bc ~lltributL'd lo thc signi licant residual elfcct or organic sourccs applied 

III sequellCe. The Icar area per pl~\IH \vas increased rapidl),' upto 60 [)AS (3.34 

dlll'~) ;_tnd thL'n decreased subsequently due to 100 per cent FZ[)F applied to 

\vheat crop d u ri I1g fi rsl and second y car. respect i vc I y,' and could be attri buted to 

the applic~ltion of organic sourCL'S \ i/ .. 1:\'\/1. \vheat Cllt stn1\V and gliriciclia to 

previous crop and optil11Ulll dOSL' or fertili/er to \\heat retlected in increase in 

lear arL'~1 per plant 01' \\heat. ()pti1l1UI11 ~l)H.I sub-optill1Ulll levels of fertilizers 

applied to ruhi crop presided \vith ~ suhstitution through organic sources viz .. 

gliricidid k'a\'L's. \vhe~lt cut stra\\ and 1:'{rVI to sorghU111 are responsible for 

increlllent ill dry In~lttL'r production. ~itrogen application strategy sho\·ved 

reillarkably higher dry l11atter production cOlllpared to control. 
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Th\..' optilllUnl Ic\'els or Icrtilizers applied to rohi crop \\··hen preceded 

\\'ith 50 per cent RI)F : :=;0 per cent \.l through I:Y\,1 to Id7(1I'?fcrop produced 

signific~llllly higher l1Ulllber 01' tillers (_:),O-t.) th~ln those produced by' low'er 

The yield attributes viz .. 

prnducti\ \..' tillers. kngth or IXlnicle. spikek·ts per p~lnicle. nun1ber or grains per 

panick" ~rain \\\..'ight per p~lnick' ~111(.1 test \\eight \\'eIT at higher Inagnitllde 

\\'hen \\'he~lt \vas Il.'rti lized \\'ith I {)() per cent RI)I: preceded by application of 

50 per CI...·llt N through 1"\'\/1 and optil1111111 and sub-oplilllUlll levels of ferlili/.ers 

to succel...·ding crop during both the ye~lrs. This \\as 1(.)llo\\'cd bv 50 per cent 

RI)F : ~() per cent ~ through gliricid~1 applil...·d to sorghulll and 100 per cent 

RI)F applied to \\·h\..'at. The 10\\ (.l\ ~lilabilit~ 01' ~ in control plot resulted in poor 

gr<.)\\·lh 1')\..·rl(.)rnl~lllc\..· or thl...· crop. '1 h\..' 111a~il11l111l ~lnd significantly higher 

(-t.4.4l) <'lIH.1 42.()-+ lJ h~I") gr~lil1 ~ ield \\as oblailled b\' the 100 per cent RIJF to 

\\'heat ~llH.1 preceded \\'ith ~{) I')~.·r C\..·llt RI)F \ )(} per cent N through FYivl 

d Ll ri ng kllu I"i/ se~lson I t,)r Ii rst and seCl)J Id ~ C~I r l"\..·spect i \'e I y. The other sources 

Ii k e \\'he~lt cut 5t ra \\ ~lnd gl i ric id i~1 k<'l \·\..·S \\ hen ~lppl ied duri ng khorll season to 

sor~11l1111. residual \..·l'l'\..·ct \\'~IS ohserved on incl"l...'as\..· or ~rain vield or \vheat \vith ___ ..._. ..,I 

application or 1 ()O p\..·r cent RI)F during rohi. It \\,lS also noticed that \vheat 

\\'hel1 l"crtilizecl \\'ith optil11Ul11 or suh-optiI11UI11 levels of fertilizers preceded 

either by I, \'\,1. \"heat cut :-;tra\\' or t2-liricidia k'a\'es in It)\ver proportion \vere 

at't"cct\..·d drastically, indicating supl...·riority or hit!-I1\..·r lluantity of sLlch organic 

SOLlrces during both th\..· ye~lrs. Thus. in the long run, the dose ofNPK fertilizers 

could be r\..'duced to ~() per cent hy substitution or ~ through these organic 

l11anures. The slra\\' \'ield 1(.)lIo\\·cd the :-;ilnilar trend as that of grain yield in the 

t \\ 0 s\..'aSOllS. 'I h 1...' per 11I...,I...·t~lre tot~t1 hioI1la:-;:-; production obtained \vith 

rccon11nellded dose or I"ertili/.er 1'01' \\·h\..·~lt and preceded \vith 50 per cent RIJF + 

50 per I...' \..' I1t ~ through 1:'{\/l \\~IS the high\..·st (106.54 q ha") and \vas 
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si~nilicantl\ InOI"C than that recorded in reduced level of fertilizers during both 
~ - ~ 

the years Oil pooled lllL'an basis ~Ind \\as eli tTercel signi lieantl).: due to preceding 

of 50 pL'r cent RDF -- 50 per cent ~ through \vheat cut stnl\V and gliricidia. 

ivlaxinlUlll ll1ean stra\v to grain ratio \vas obtained through use of 100 

per cent Rl)I: (1.-1-2) ror both the seasons (i.e. kh(/ri( and rahi) during first year 

and 75 per CL'llt Rr)F i 25 pl...'r cent :-J through ry VI at khar{/" and 75 per cent 

RL)F at ruhi season during second year ( 1.75) alld \\'as signiticantl:y higher than 

rest () I' ,111 the t rea t lnell ts. TilL' I nean III ~l:,( 1111 Ulll harvest index 0 r \vheat \-vas 

45.09 and 4()' ~4 per cent duri ng Ii rst and second year, respecti vely obtained 

due to 75 per cent RI)F to \"hL'at preceded \vith application of FYM and 

gliricidi~l in c01l1bination \vith 75 per cent RDF to khar{l crop. 'fhe sorghunl 

grain e(jui\'alencc rc..?vL>~lIed that the treatlnent involving usc or organic nlanures 

ror substitution or ~ along with balanced dose of fertilizers recorded the 

highest grain equivalence (I 10.~7 LJ h~I-') ~IS cOlllpared to the sub-optinlU111 

levels or rertili/.ers \vithout org<'1nic Inanurcs. 

The suslainahilitv or croppIng sequence judged by the total 

producti\'ity or crops indicated that applicatioll of different organic sources, 

register('d the highest crop proclucti\'ity ~llld S',{I \'ellUCS yvith increased trend in 

N use L'lliciency. The sllstain:':lbility yield index (S'{() indicated the reduction in 

its values in the lrcatnlents in\'olving the LIse or chclnical fertilizers alone. ()n 

the contrarv. thL' S''{( \vas it11prOvcd or Illaintainecl in the treatlnents involving 

use 0 r ei thet" F'{ [\;1 or \vheat Cllt slr<.l\v or gl i ric idia leaves in c0111bination \vith 

fertili/crs every year to khurij season. j'viaxilllllll1 SYI or sorghU111 (0.66) and 

\:vheat (J. 7)) \vas observed due to Lippi ication or 50 per cent RllF + 50 per cent 

~ substituted through I:Yr'vl rot" kilun/ and 100 per cent RI)F to rahi crop 

ill'volvecl in sequence. 
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6.1.3 Effect of integn:lh,'d nutl-ient Illanageillent on nutrient status and 
soil pl-opel-tit·s 

Till..' N. p, K lIptak~ b: sorgilUJll graIn and rodder in the fcrti 1 izer and 

organic 111anUre \\'as significantly superior to control. The highest uptake of N 

(200.7-+ kg h~l'i). P (_)().7:1 kg ha- ' ) and K (176.Ul.) kg ha- I
) \vas observed in the 

treatnlent involving 50 per cent NPk. pillS 50 per cent N substituted through 

F'{ iVI \\ hen poolcd o\'er :2 ycars. /\s e~I)(,'ctcd I ()() per cent N PK appl ication 

and 50 pcr cent ~ suhstitutioll through j"'{i'vL \\hcat cut stra\,v and gliricidia 

leaves significantly enh~u1cl...'d thl...' NPK content ~lnd uptake by khor{i sorghunl 

oVer control ~lnd r~dllced \\ ith le\'~1s or tl.,rtilizers. Silnilar pattern of total 

upt:1ke 0'- NJ>K nLltril...'nts b: \\'hl...,~lt during 1"01">1 including the trcatll1cnt of 100 

per cent dose of t"ertili/.ers alone \vas registcred due to residual effect or FYM, 

\vhcat cut str~l\V ~lnd gliricicli~l ((i[Vl) applied during khclI'U: \vhich illlproveci soil 

I...' n \ ' I ro 11 111 I...' n t pO sit i \ 'I...' I y as 1...- () 111 pare d 1 () USe (.) r s u b- 0 P t i nl U nl Ie\' e Iso r 

rCCOnlJlll...'l1lkd dose or fcrtili/.crs trl.'atlllclHS and control. Application or 
optil1111nl k'\'I...'1 or cl1elllical IL'nili/~rs ~dul1e or ill cOinbination \vith organic 

111 a 1111 rl...'s rur 5 (J pcr cl...'n t 1" Sli hs tit uti Ull til rou~h 1'- Y:\!J in variab I y sho\ved 

Ilnpn)\Cnll.'IH in a\ailahl~ ~ (:2_)~.70 kg ha-1L a\ailable P (lg.OO kg ha-
1

) and 

;'l\/ail~lbk' K (()_)7.60 kg ha- I
) status or soil ~lit.cr harvest or sorghull1 over sub-

opt i nlllll1 I eye Iso 1- lert iii 7crs ~llld con tro I t rcatl111...'l1ts duri ng both the seasons. 

Thc con,joint usc of I:Yi\il as a substitutc I~)r 50 per cent nitrogen along \vith the 

50 pCI' cent recollnllendcd dose or Icrtili/crs \vas round beneficial for building 

and sLista in i Ilg. the rl...'s i dual tL,rt iii 1y (.) r so iii n respect 0 f n i trogell, phosphorus 

and potassiunl ~tn.cr sorghllnl in sorghuln-\vheat crop sequence. 

Thl.' conjoint lise or on!.~lnic In;;\I1Ure as F'{VI and inorganic fertilizers in 

the I: 1 propOl"liOll to rulfill the I"cL]uirL'll1ent of recolllnlcncied close of fertilizers 
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\\'as \.(. ... \. 11111ch userul to 111alntaln thL' soil rertility in respect of N. P and K 

alter h~ll"\'est or t\\·o crops in the sorghulll-\vheat crop sequence. The trend 111 

sLlstaining the residual Icrtility due to organic 111anures \vas in order of FYM > 

gliricidia le~lr nl~lnLlrc . \\"heat stra\\·. Ilo\\·c,'er. in second crop of sorghunl­

,vhea t crop seq UellCC \\·i t h I ()() per CCI) t R l) I· \\"as t(.Hlnd bene Ii c ial to sustai n the 

rL'sidual lL'rtilit\· 1(.)llo\\·L'd hy sLlh-optil11Lllll !c,'el or Icrtilizers. 

:\pplic~ltion 0'" ~() per CL'nt RI)I: in L'oll1bination \vith 50 per cent N 

through JO"'{\iJ (]<).2 kg h~l"l). I ()() per CL'llt R[)F (I ].4 kg ha- I
) and 50 per cent 

RI)F plus :;0 per cellt ~ through \\ heat cut stra\\' (5.9 kg ha- I
) \vere found 

hcnefici~lI to pn.)\·ide the nutrient ,·i/ .. , llitrogL'n to sorglullll crop. In generaL usc 

oj" F\'\/) 1(.)1" suhstitution or llitrog~n ill cOlllbin~ltion \\'ith 50 or 75 per cent 

Rl)F and ~() pel" cent R))I: ~lIong \\'ith ~() pL'r CL'nt \J through \vheat cut stravv 

\\'ere hL'lle1icial (or h~lIallce nutriellt supply to sorghulll crop. The use of 100 

per CCllt RI)I: to \\'heat crop \\'llL're 1 ()() pL'r cent RI)I: to both the crops and 50 

per cent RI)I: : 50 per cent ~ through )"'y'jVl to lirst and 100 per cent Rl)F to 

second LTOP \\ L'rc 1"( Hlnel de Ii c i ent in su ppl) (.) r 11 u t ri ent to \vheat crop. 

I !o\\·e,·er. the llegati,'c "~lIUL'S 01" nitrogen indicated that the ,vheat crop fultill 

its nCL'd or nitrogen ~lpart rrOnl alkkd and inhercnt nutrient status 01" the soil. 

The phosphorus nutricnt balancc to sorghunl and \\lheat crop In 

sorghllJ11-\\'heat crop SC(llIenCe \\ as inllucllccd by the conjoint usc or organic 

and inorganic Icrtili/.L'rs as \\cll ,IS inorganic 1l.,rtilizcrs alone but they did not 

sho\\' cOllsiSLL'llt relationship ill rL'spcct or phosphorus balance. The supply' of 

potassiulll cither through org~lllic 1l1,lllurcs or 011 inorganic fertilizers to the 

sorghulll crop got lixcd in soil as ~l n .. 'sult ,111 the ,',lIues or potassiunl nutrient 

balancL' \vas negati\ C becausc the li:--':<ition 01 K IS a natural phenonlenon 

occurred in soil to nlaintain the clluilihriulll 01 K. It 'vas observed fi'ol11 the 
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applicatiun eithL'r 75 or IO() per cent RI)F to \\-heat crop In sorghunl-\vheat 

crop sequence \\-ere round benL'ficial to nlaintain thc nutrient i.e. K balance. 

The soil re~lction (pll) and electrical conducti\-ity (I'C) of the soil at the initial 

and post han-cst had sho\\-n no appreciable change due to continllolls 

application or chel11ic~d l'crtilizers and organic nl~nures over years. The 

integrated nutrient 111,lnagel11ent systeln ~lrt'cctcd the organic carbon content in 

soil. Lsc or organic sources ror 0.: suhstitution along \vith inorganic fertilizers 

to sorghul11 crop \\-cre round heneficial to increase the organic carbon content 

In soil and it \\'as Inaintaincd aftcr han"cst 01' \,"heat. Thc bulk dcnsitv \\,-as 

increased significantly due to increasL'd dose or inorganic fertilizers (1.30 ivlg 

In") \\'hL'rL',lS it \\'~lS reduced duc to applic,ltion or organic sources viz., FYM 

( 1.25 \ Ig In"'). \\'heat cut str,l\\' ( 1.22 \'lg 111-;) and gliricidia ( 1 .26 Mg 111-
3

) in 

conjunctiol1 \\'itb chel11ical l"crtili/er~. The infiltration rate of soil relnarkablv 

incrcased dllL' to addition or orgal1ic 11l~lnure in cOlnbination \vith inorganic 

fertilizers "iudiciousl~ L'\ er'\ year. The hydraulic conductivity of soil \vas 

signific,llllly a!"1'ccted dLle to addition or organic sources viz., \vheat cut stra\v 

(1.<)4 cln hr- 1
), F'{\/l (I_XC) cln hr- 1

) and gliricidia lea\"cs (1.76 Cln hr- I
). l-lighcst 

1 I.e. \\'as recorded in th~ trcallncnt in\"o!\'ing 50 per cent RDF + 50 per ccnt N 

throu~h \\ heat cut stra\\ dllril)~ J.:l!u/"i/ and 100 per cent RDF during rahi 

f'ollo\\"ed hy lISC or }-"y'!\,1 ~llld gliricidia lear 11lanurc. The adverse effect or 
chelnical l'crtilizcrs 011 size ~)r \vater stable aggregates \vas noticed \vhcrcas it 

\vas i 111 pn)\ cd due to lise or I: '{ :'vl. \\"heat stra\v and gl i ricidia leaves along \vith 

ChClllic~d l'cnili/crs sho\ving signilicant inlpact 01" organic Inanure In 

ilnpn.)\"L'111ent in soil structure. Incorporation or organic Inanures viz., FYiVl 

t 1.27·~/()), \\hL'at cut str~l\\ (1.2()·~o) dl1d gliricidia (1.170/0) in soil in con1bination 

\\ ith proportionate dose or chclnical Icrtilizers sho\ved a contrasting and 
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striking 1L'~ltLlrc on organic 1113tler cOlltent 111 soil aiter the end or 

experilllentation as cOlllpared to thc effect or cheillical tertilizcrs alone. 

rhe InicrollutriL'nt cOlltents (viz .. I:e, rVIn, /n and eu) in soil inlprovcd 

duc to integrated l1utrient l11anagL'lnent SystCl11 il1\"olving 50 per cent N 

substitution through either F'y'l\;1 or \\"he~lt ClIt stra\\" or gliricidia leaves as green 

111anuring o\"er reduccd dosc or rertilizcrs. I-Io\\"c\"er. continuollS cropping ,"vith 

reduced RI)I: brought their k'vL'1 belo\\ the initial soil test in soil. The total 

Inicrobial hiolnass ill soil obtained \\as significantly Inore due to application of 

FY'i"vl for thL' substitution or ~() per cent' along \vith 50 pcr cent RI)F for 

sorghLlnl and 100 pL'r cent RI){-, rOt" \\ heat crop in sorghuI11-,\-:heat crop 

scquence (~].4() pg g-I soil) 1()lIo\\ec! hy lise or gliricidia leaves for substitution 

or nitr()~Cll (~1.()7 tlL'. ~-I soil). Ilo\vc\"I...'r. LIse or onlv inorganic fertilizers 
.... _ I"_ '-- ..; ..__ 

\vithout organic 1l1anUrCs reduced the lllicrobial hiolnass and their population in 

soi I signi licantly. 

I I1L'rl...' \\"as 110 consistent rclationship ill the ,"alLies or protein content in 

sorghuill .. 111d \"heat ~r;_1ins thoLlL'.h thev \VI...TC hiuher in conjoint use 0(" orQ:anic ..._. '-- --.. '-- .. -... 

and ill()r~anic rertilizers as cOlnparecl to chelnical rertilizers alone. 

6.1.4 Effect of integrated nut,'icnt Inanagclnent Oil econolnic evaluation 

The higher net 111011I..'U1r:' I"I..'lurns (Rs. 776X) per hectare \vcrc fetched 

due to I (}() per cent R[)I-' closel) 1<'.)llo\\'c<.l by trcatlnent cOlnprising of 50 per 

cent RfJF t ~() pL'r CI...'IH , through 1:\·j\1 (Rs. (242) applied to sorghU111. 

Silnilar trend observed ill res PI...'C t 01' I~:C r~1tio (1.55 and 1.41, respectively) 

during buth the ,'cars or c:\:peri111Clllation. Reducing trcnd in net 1l10lletarv 

returns and 13:(' ratio \VHS noticed due to use 0(" sub-optilllunl levels of 

fertili/"crs appiiL'd to sorgl1L1111 I...TOp. 111 casl...' or \\"heat crop. the highest gross 



(Rs. 2()~ 7(» and net nlonetary returns (Rs. 13 79X) per hectare \vcre obtained by 

treatllll.'nt consisting or 100 pl.'r Cl.'nt Rl)[-" during rohi and preceded by 50 per 

cent Rl)l: -.- 50 per L'clll N through I:yrvl ~lpplicd during khorfl and round 

significantly superior O\'L'r rest 01' all other trcatll1cnts during both the years or 
s t 1I d y. S ~ 1111 c t r e 11 d \ \' ~ 1 S Jl 0 tic L' d i 11 I ~ : <-. rat i 0 ( 1 . 9 -+ ). 

l'hL' prolitability or sorghunl-\\'hc'at cropping sequence under integrated 

nutrient Inanagenlcnt systel1L the orgal1iL' source \'iz .. F'{M applied to kharlf 

season to sorglHlln in cOlnbinatiol1 \\'ith 50 per cent RI)F and during ruhi 

season. 1 ()() pcr cent RI)F to \\'hcat brought out signillcant increase in 11lean net 

returns (l{s . ."2()~-+() j"ollo\\l.'d h;. IO() per cent Rl)l: (Rs. 189(0) to both the 

crops during both the y\..'ars or l.'~perilncntation. /\lllong the organic sources 

\ iz .. I:Y\1 rank\..'d thL' lirst ~111<.1 gliricidi~l \\as thl.' s('cond one \vhile \vheat stra\v 

has inllul.'IH:ed in reducing thc net 1110nctar;. rl.'tllrns ha-
1 

rrOn1 sequence. Sin1ilar 

trend \\ as noticed in respect or B:C ratio or the sequence. Reduced levels or 

fertilizers rl.'dllced net prolit as \\ell as rc'dllcec..i the \'~dues of B:(' ratio or the 

seq uencl.'. 

6.1.5 Effect of integ.-ated llutril'llt Inanagl'IlH,'nt on cnc.ogy studies 

Thl.' energy halancl.· registered b\- sorghuln crop fronl the treatn1ent 

in\'ol\'il1~ application or ~() p('r cent Rl)l' ; 50 per cent N through FYM \vas 

the highest during !irst (2.:+1 166 i\'1.1 ha-') and second (1 X5320 MJ ha-
I

) year of 

e ~ peri 11ll.'l1 tat i un ~llH.l s i ~n i licantl;. higher encrg~ use e nlciency \vas not iced 

i"r0111 tilL' S~lI11c tn_'atI11cnt during lirst ye~lr ;;_ll1d it \\'as at par \vith varying levels 

(.) I- I c rt iii / L' r s ~ 111 d r L' d u L- l_' d k' \ ' L' I s l) ,- l) t h L' r () r g ani L- SOLI r c e s \' i L., \ \' h eat cut s t r a \ \ 

or FY;,\/l during second year. TIl\..' L'l1ergy hal~ll1ce per unit input \vas higher in 

trcatl11ent consisting of 50 pL'r cent Rl )1; : 50 per cent N through FYM ( 11.16 
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\,1.1 h~l-I) ~11l(.1 supL'rior ()\'L~r ~i11 othLT trc~lllnL'nls. The L'nergy consunlecL energy 

output. L'l1crgy balance, L'nerg,Y h~lIal1ce per unit input and energy use efficiency 

oj' \vhL'at crop \\'hen precL'(kd by inlegr~lled nutricllt Inanagen1ent systcln \verc 

oj' the highL~r order during hoth the scasons or experilnentation and closely 

1'0110\\\ . .'<.1 hy I ()() per CL'nt RI)I: during kilurij as \\ell as rohi season indicating 

eq ua II ~ L' ni C i en till l...'llcrgy uti Ii /d t i 011. ThL' I...'nl...'r~ \' hal ancc stud ies (334037 M.I 

I -I 
1(1 ) ~l()d energy USL' L,rliciL'I1I...·\ (~,()()) of sorgIHI111-\vheat crop sequence 

i nd i catL'd thL' Sll peri ori t~ () r 1 hl...~ t rL'~lllllcnt cOIn pri sing 0 r 50 per cent RI) F + 50 

pL'r cent ~ through 1-'')'\/1 appliL'd during khuri/season to sorghull1 and 100 per 

cent RI)I: applil...'d dllrillg ruhi SL'ason to \\'heat crop. The energy balance of the 

crop SL'ljllCllce obtaillcd by other org~ll1ic SOLlI'CL'S \·iz., \vheat cut stra\\' (2751 14 

i\:LJ h~l-I ) ~ll1d gl iriL'iclia k'~l\'es (27~ I ()~ \'1.1 ha- 1 
) used for N substitution shc)\ved 

I()\ver r~lng.c c0J11pared to superior tre~ltll1enl. In other trcC111nents having no use 

or org.anic sources and the lL'rtilizers used only in reduced proportion to RDF 

c xh i b i lI...'d dec reasi ng trend J 11 CllLTgy b~lI ~1I1CL' 0 r the sequence d uri ng both the 

VL'ars. Tile abscllL'C or lL'rtilizcrs ~llH.1 Illanure i.e. control shc)\ved Illinin1U111 

C II C I' g ~ b ~ 11 ~ III C L' (_) () 7 0 ~ \'1.1 h a-I ) u r c I' 0 P s () I' C r (.) p seq II e n c e . 

6.2 ('ollciliSioIlS 

I. ThL' gro\vth and \'ield ~llLrihllting characters. graIn and fodder vicki or 

s(.)rgilull1 ~ll1d sorg.huill gr~lil1 l.'LJui\·alel1cL' \\ere at higher Inagnitu<.ic due 

to illtL'gr~lll...'d Lise 01 50 perCL'llt recoll11nencied dose or fertilizers 

~ Ii (.) Il g \\. i til:' () per c I...~ n t N s Ll b s tit Ll ted t h rOll g hI: Y iVt \ v h i c h \va sat par \v i t h 

I ()() PL'!' CL'nt recoIlllllL'IH.k'd dose 0 r l"ert i I izcrs i.e. 120:60:60 kg N PK. 

h~I-I. :\Illong tilL' or~~lnic sources 10")/\/1 perrol'll1ed better follo\ved by 

g.laricidia and \\ ilL'at slra\\ ill rcspect oJ') ield potential or sorghul11. 
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(,n_)\vth and yield contributing characters and yield potential or 

sLlcccding crop or \vheat \vcre substantially higher due to 100 per cent 

r~'conHnended close () r lerti I i/cr to \,'heat preceded by 50 per cent ROF + 

50 per cent ~ through F'{\;1 to kllur{/sorghuill. 

The highest uptake or l\.:PK by plant a\'ailable NPK and l1licronutrient 

status and nutrient balance in soi I \'vas inllucnced by conjoint use of 

organic ~lnd inorganic Icrtilizers as \"ell as inorganic fertilizers alone. 

The trend in sustaining the residual Icrtility due to organic sources \vas 

in order of" F')/\.il 0> gliricidia leaf nl~lnLlre > \vheat stra\\'. 

3. Incorporation or I:Yl\il. \Vhe~ll strZl\V and gL ricidia leaves for 25 to 50 per 

cent \.: substitution in con,junction \\'ith balanced dose or NPK, fertilizers 

increased the inliltration rate, \vater stable aggregate and organic Illatter 

conk'ill or soil ~lnd decrL'ased the hulk density because or this INM 

systclll and strengthened the chelllicaL biological and physical properties 

0" soil, 

4. The synergistic elTcet or organic sourcc VIZ .. FYM coupled with 50 per 

cent RI )1: applied to sorghull1 and 100 per cent RI)F applied to 

succeeding crop or \\'h('~ll sho\ved sig_nilicant Increase In total 

productivity and sLlstainahilitv viclll index (SYI), net tnonctary returns 

(Rs. h~I-'). hel1ctit:cost ratio, energy balance and energy use cllicienc)' 

\vhich closely t'ollo\vcd hy 10() per cent Rr)F to both the crops in 

sorghull1-\\'heat crop SC<..jLleI1CC \\ ithoLll any ad\'Crse effect on soil health. 
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I~EC()iVl 1\,1 EN DArrl()N 

/\pplication or 50 pCI' cent rCC0111111Cnded dose of fertilizer + 50 per 

centN through l:Y\ll to khurU sorghlll11 and 100 per cent RI)F to \vheat 

enhanced the total grain prodllcti\"ity. grain equivalent. energy use efficiency 

and llH)l1ctary returns or sorghull1-\vheat crop selJuence \vithoLlt any adverse 

effect on soil health. Inicrollora and l11icronutrient assessed after 17 vcars of .; 

crop cycle. 



LITERATURE 
CITED 

• 
-­
lit 



7 . LITERATURE CITED 

Acharya, c. L. and Bishnoi, S.K. 1988. Effect of long tenn application of 

fCl1ilizcrs and organic and inorganic anlendnlents under continuous 

cropping on soil physical and chenlical properties in an Alfiso1. J. 

aglic. Sci. 58(7):509-516. 

Adesh Bharati, Tej Singh, Harbir Singh and Faroda, A.S. 1987. I~esponsc of 

late so\vn \vheat varieties to nitrogen. Indian J. Agron. 32(3 ):250-252. 

Agra\vaL S., Singh, T.A. and Bharad\vaj, V. 1987. Inorganic soil phosphorus 

fractions and available phosphorus as affected by lono- tenn b 

fertilization and cropping pattenl in Nainital Tarai. J. Indian Soc. Soil 

Sci. 35( 1 ):25-28. 

Alllned. A.A .. and 8aroova, S.R. 1992. Efficicncy of nitrogen sources in rice 

(O,yza sativa) and their residual effect on \vheat (TriticlllJl ac>s rivllln). 

Indian J. Agron. 37(1):55-59. 

Albuquarquc, iV1.J. and Patel, O.K. 1955. Influence of different 1l1anUres and 

fertilizers on soil111icro-organis111s. D.S.T.A. 1955, B. 74-81. 

Ali, A.iVl. and Rao, 1~.S. 1987. Effect sublethal rates of phenoxy and triazine 

herbicide and nitrogen all sorghU1l1. Indian J. Agron. 32( 1 ):88-89. 

Al11rutsagar, v.rv1. and Sonar, K.R. 1999. Different fonns of potasSiU1l1 as 

influenced by potash application to sorghu111 in an Inccptisol. J. 

Maharashtra agric. Univ. 24( 1): 14-16. 

AnonYlllous, 1982. I1nprove agrono111ic practices for dryland crops in India. 

l-Iydrabad. India. All India (_~o-ordinated Research Project for 

I)ryland Agric. (AICRPDA). pp. 93. 



293 

Anonynl0us, 1990. Annual Report, All India Co-ordinated Sorghulll 

hnprovclnent Project, 1990-91. Rajsthan Collcge of /\griculturc, 

Udaipur. 

Arokiaraj, A. and K.annappan, K. 1995. Effect of organic \\'astcs on yicld and 

econOlll1CS of rainfed sorghuDl (C~O-25). Madras abrrlc. J. 

82(6~ 7,8):492. 

Arllll Prasad, Totey, N.G., I(hatri, P.K. and Bho\V1l1ik, A.I(. 1991. Effect of 

added tTee leaves on the C01l1position of hutllas and a vailability of 

nlltlients in soil. J. Indian Soc. Soil Sci. 39( 1-4 ):429-434. 

Ashok I(lllnar, Shanna, 0.1(. and Shanna, H.C. 1994. Gro\vth. yicld and \VatLi' 

use efficicncy of wheat (Triticllfll acSriVllllI) as influenced b''; 

irrigation and nitrogen in sodic soils. Indian J. Agron. 39(2 ):220-224. 

Ashok K.lllnar, Shanna, 0.1(. and Shanna, l-I.C'. 1995. Nitrogell Llptak,,-

recovery and N-use efficiency in \vheat as influenced by nitrogcn ull\..! 

ilTi u ation level in senli-reclaitned sodic soils. Indian .I. .A..~roll b ~ 

40(2u: 198-203. 

Attarde, D.R. and K.huspe, lJ.S. 1979. Response of \vheat vatieties to leveL-; (If 

seed rates and nitrogen. J. Maharashtra aglic. lJni\'. 4(3):309-310. 

Auti, A.I(. 1996. Response of wheat (Ji-iticllll1 aestivllln) 110-2189 to d1tferent 

levels and sources of fertilizer. Thesis subnlitted to iVt PK \' ° Rahuri. 

AutL K .. D. 1980. Effect of so\ving dates, seed rates and fertilizer doses on the 

}!Joo\vth and vield of late so\\'n \vhcat (Ji'iticUIJl acstiVUl11 I .. ) varietv 
~ J J 

Sonalika, gro\vn in the ficld vacated by sugarcanc. Thesis subnl1trcd 

to MPKV. Rahuri. 

A\vasthi, V.D. and Surajbhan. 1993. Pcrfonnallcc of \vheat (Triticu/}l aestiVlllJ1) 

varieties \\,1th di fferent levels of nitrogen 1n 1110isture scarce 

condition. Indian J. Agron. 38(2):200-203. 



294 

Badanur, V.P., Polesh, C.M. and Naik, B.K .. 1990. Effect of organic lHatter (J1t 

crop yield and physical and chelllical properties of vertiso 1. J. 1 ndian 

Soc. Soil Sci. 38(3):426-429. 

8adiyala, D. and Venna, S.P. 1991. Integrated nitrogen lllanagclnent In ll1alze 

(Zea 'nays) + soybean (Glycin nlax) - \vhcat (Trificunl aestiVlll1i) 

cropping sequences under Inidhills of I-lil11achal Pradesh. Indian J. 

Agron. 36(4):496-501. 

Balasllbral11anian, A. and R.alllanloorthy, K. 1996(a). Yield and nutrient uptak~~ 

in s\veet sorghunl as influenced by nitrogcn and phosphorus ieveb. 

Madras agric. J. 83(6):386. 

Balasubranlanian, A., Arunachalan1, L. and Palanis\vanlY. S. 1986. Inteb'Tated 

nitrogen lllanagelllent in sorglllllll. Sorghulll Nc\vslettcL pp. 29-39. 

BallaL 0.1( .. Unlale, S.R. and NisaL B.V. 1968. A. studv on aftcr effect uf , ~ 

green l11anllre crops on yield and uptake of nutricnts by \vheat. Indian 

J. A.gron. 13: 165-169. 

Balyan, J .S. 1992. Effect of organic recycling 011 yield attributes. nitrog(;p 

concentration and uptake in \vheat (TrificlIlJl aestiVlII11). Indian J. 

Agroll. 3 7( 4 ):701-704. 

Balyan, J .S. and Singh. S.P. 1985. Effect of plant rectangularity and nitrogen 

on sorglll1111 under dlyland conditions. Indian J. Agron. 30(3 ):391-

392. 

Bangar, A. R. 1991. Quantitative cvaluation of efficiency of soil tests and 

fertilizer responses to sorghu111 cv. C'SH-8R through S0111C soIl 

fertility appraisal techniques under varying 1110isturc reginlcs uf 

drylalld vertisols. A Ph.D. thesis ~ublnitted to MPI(V. Rahuri (:v1.S.). 



295 

Bangar, A. R. 1994. Effects of organics on physical, ChcIllical and biological 

properties of soil. Proceedings on organic fanning of vertisols held (!t 

(~ol1ege of Agriculture, Pune (M.S.), PP. 27-29. 

Barik~ A.l<., Mukherjee, A.K. and MandaI, 13.1<. 1998. Gro\vth and yield of 

sorghU111 (Sorg/zUl1l bieolor) and groundnut gro\vn as sole and 

intercrops under different regilnes. Indian J. Agron. 43( 1 ):27-32. 

Barve, U.S. 1987. Exploring the possibilities of econol11Y in seed and fCltilizcr 

through border ll1ethod of so\ving wheat (Triticlll11 aeslivlII11 L.) C\'. 

HD-2189. Thesis subnlitted to MPI<V, Rahllri. 

Basavaraju, C~.\i. and B0111111cgov·/da, A. 1982. Effect of nitToocn levels. c 

Incthod of N application and spacing on the hybrid seed yield and 

quality of sorghU111 (CSI-I-6). Indian J. J\gron. 2 7( 4 ):468-4 71 . 

Bellakki. M.A. and Badanllr, V.P. 1994. Effect of crop rcsidue incl,.)Jvoration 

on physical and Chcl11ical properties of a vertisol and yield of 

sorghU111. J. Indian Soc. Soil Sci. 42(4):533-535. 

Bhakare. 13.0 .. PatiL B. P., Joshi, /\.C. and Unlrani, N. K. 1991. Effects or 
fertilizcr application and cropping sequences all soil nutrients Nand 

P in vcrtisol. J. l'vlaharashtTa agric. Univ. 16(3 ):4 17. 

Bhandari, A.L., Anil Sood, Shanna, I(.N. and Rana, D.S. 1992. Intcgratcd 

nutrient Inanage111cnt in a rice-\vheat systenl. J. I ndian Soc. Soil Sc i. 

40:742- 74 7. 

Bhandari. /\.L., Shanna, I(.N.,· I(apoor, iv1.L. and Rana, I).S. 1989. 

SUpp1Clllentatioll of N through green ll1anllring for nlaizc gro\ving. J. 

Indian Soc. Soil Sci. 37(3):483-486. 



29( 

Bharadwaj, Y. and Onlanwar, P.K. 1994. Long tenll effect of continuol!! 

rotational cropptng and fertilization on crop yields and SOl 

properties. I I. Effect on EC, pi-I, organic 1natter and a vailabl( 

nutrients of soiL J. Indian Soc. Soil Sci. 42(3):387-392. 

Bharad\vaj, Y., Bansal, S.K .. , Mahesl1\vari, S.C. and 0111a11\Var, P.K .. 1984 

Long tenll effects of continuous rotational cropping and fertilizatiol 

on crop yield and soil properties. I I I. Changes in the fi"actions of N. F 

and K of the soil. J. Indian Soc. Soil Sci. 42(3 ):392-397. 

Bhat, A.K., Beri, Y. and Sidhu, B.S. 1991. Effect of long tenn recycling ~;I 

crop residues on soil productivity. J. Indian Soc. Soil Sci. 39:380-

382. 

Bhatia, A .. I<. 1995. Statistical eValuation of crop sequences. Ann. :\gric. Rc~. 

16(2): 184-187. 

Bhatia, A.I<. and Sikar\var, I-LS. 1995. Yield trends and eCOn01l1tCs 01 

continuous application of balanced fertilizer dose In sorghunl-\vhcat 

sequence .. A.nn. agric. Res. 1 ()( 1 ):6-1 1 . 

Bhatia, I<.S. and Shukla, I<.K. 1982. Effcct of continLlous application (Jf 

fertilizer and Inanure on S0111C physical propcrties of eroded alluvial 

soil. J. Indian Soc. Soil Sci. JO( 1 ):33-36. 

Bhatnagar, G. S. 1998. Input 1nanagcIllcnt of paddy-\vheat sY'stenl tc.':r 

1naintenance of sustainable yields and soil fertility status. First Inter. 

Agro. Cong .. Indian Soc. Agron., leAR, Nc\v [)elhi. PP. 481. 

Bhosekar, \1. \/. and Raikhclker, S. V. 1990. Effects of levels of nitrogen. F'{rvl 

on yield and yield attributing characters of sorghUt11 (CSII-6). J. 

ivlaharashtra agric. Univ. 15(2):251-252. 

Bhriguvanshi, S.R. 1988. Long tenll effect of higher doses of FY\I1 on soil 

properties and crop yield. J. Indian Soc. Soil Sci. 36(4):784-78(). 



2<)7 

Billore, S.D., Singh, K .. and Bargale, M. 1994. Bioenergetics of sorghLlll1 

(Sorgliu/}l hie%r) and soybean (G~))cille 111 ax) based croppIng 

systenls. Indian J. Agron. 39(4):615-618. 

Bishnoi. S. R. and Singh. R. 1990. Estinwtioll of" soil critical liInit of" Cl vailal>ic 

for predicting sorghuI11 response to applied P. J. Indian Soc. Soil Sci. 

38:763-768. 

13ishnoi, S.R., Brar, S.P.S. and Singh. B. 1983. Apply phosphorus to sorghU1l1. 

Prog. Fann. 19: 1 1. 

Bis\vas. (~.R. and Benbi. O.K. 1989. Long tenn effects of l11anure and fertilizer 

on vv'heat-based cropping systenlS in sClni-arid alluvial soil. FcrL. 

Nc\vs.34(4):33-38. 

Bis\vas, C~.R., Asl1\vani K .. ll1nar and Vig, A.C. 19X7. A.ccll111ulation and 

depletion of available phosphorus and potassiu111 in a contillu<xi 

fertilizer experilnent \\'ith a fixed crop rotation. Int. J .Trop. agnc. 

5( 1 ):41-4X. 

13is\\'as. (~.R., Sekhon. G.S. and Singh Rajendcl~jit. 1977. Zn availability to 

lnaizc and \vheat in relation to P and I<. status of the soil in a long 

tcnn fertilizer experilllcnt. J. Indian Soc. Soil Sci. 25(4):414-421. 

Bis\vas. T.O., Gupta, S.K .. and Naskar. Ci.C. 1961. \Vater stable aggregates In 

S0111e Indian soils. J.lndian Soc. Soil Sci. 9:299-307. 

l3is\vas, '1'.1)., Jain, B.L. and MandaI. S.C. 1971. CLllnulative effect of differ~nt 

levels of l11anures on the physical' propcl1ies of soil. J. I ndian Soc. 

Soil Sci. 19(1):31-37. 

B la ke, G. R. a nd 1-10 rtge, K .. 1-1. 1 986. B ul k den sit y. In' Met hods 0 f so i I a na I ys is. 

Part I' I(lute, A. (Ed.), II Edll., ,/\nler. Soc. Agron., Inc. and Soil Sci. 

/\nler., Inc., I\!Jadison, Wisconsin, LTSA, .3 71-3 73. 



298 

Borgohain, B., Aluned, A.A. and Borkakaty, P.l(. 1991. Fertility Inanagelnent 

in jute (Corchorus capsu/aris) based cropping sequences. Indian j. 

Agron. 36(4):625-626. 

Borse, C.D. and Mahajan, Y.K. 1980. Studies on the effect of so\ving depth, 

seeding rates and nitrogen levels on gro\vth and yield of \vhcat 

variety Sonalika. Indian]. Agron. 25( 1 ):45-50. 

Brar, S.P.S., Singh, B. and Singh, B. 1990. Response of sorglllun to Nand P 

for seed production. Indian J. Ecology. 1 7( 1 ):32-34. 

Brenlner, J.M. and Mulvaney, C.S. 1982. Nitrogen-total. In 'Methods of :-;oil 

analysis Part 2, chelnical and ll1icrobiological properties', Page .... \. L. 

(Ed.), II Edn., Atl1er. Soc. Agron., Inc. and Soil Sci. Soc. Alner. Inc .. 

Madison, Wisconsin, USA, 595-622. 

Burl llleck, Grahan Lucy and Donovan T~n")l. 1982. Long tenn e1Tects uf 

111anUrCS on soil nitrogen, phosphorus, potassiunl. sodiull1. C).M. and 

\vater infiltration rate. Soil Sci. Soc. A111Cr. J. 46(5):1014-1019. 

13yale. B.N., Morc, S.D. and Male\var, G.Y. 1987. Studies on N requirerncnt of 

hybrid sorghull1. J. rvlaharashtra agric. Univ. 12: I 17-118. 

¥Carvalho, O.S., Fonter, L.A.N., Cardoso, A.S., rVlourafilho, N. and Defalip ... ). 

B. \l. 1982. Effect of nitrogen fertilizer dry 1l1atter aCCll111Ulation anJ 

grain yield and grain sorghU111 (Sorg/u{]}1 bic%r). Revista Care:.;. 

27(152):403-412. 

Chahal, R.S .. Singh, J.P. and I(hera, A.P. 1984. CUll1ulative direct and rcsidual 

effect of phosphorus, potasSiLl111 and f~llln yard Inanurc 011 crop yield 

and soil characteristics. J. Indian Soc. Soil Sci. 32( 1 ):92-96. 

Chaplllan, I-I. D. and Pratt, P. F. 1961. Methods of analysis of soils, plant and 

\vater. Div. of J\griI-Calif. Univ., lJSA. 



299 

Chaudhari, S.D. 1992. Physiological basis for gra11) yield inlproven1ent in 

sorghull1. J. Maharashtra agric. Univ. 1 7( 1 ):42-44. 

Chaudhary, M.L., Singh, J.P. and Narwal, R.P. 1981. Effect on long tenn 

app lication of P, K. and FYM on S011le soil chcnlical properties. J. 

Indian Soc. Soil Sci. 29( 1 ):81-85. 

Chaudhary, R. V. and I<hade, S.T. 1991. Gro\vth and yield analysis of sorgllll111 

hybrid as affected by NPI<. Ann. Plant Physiol. 5( 1 ):97-1 02. 

Chil1ar. R.K.. and Dargan, K.S. 1982. Studies on the efficient use of 

nitTogenous fertilizer in vvheat under response constraints in senl1 

reclainled sodic soil. Indian J. At:,Tfon. 27(4):443-444. 

Chougule, B.A., K.otecha, P.M., Adsulc, R.N. and l'v1anke. B.S. 1003. Effect of 

fertilizers, irrigations and so\ving dates on quality of \vheat. j. 

[\I1aharasht1'a agric. Univ. 18(2):226-228. 

Dakore. I-I.G. and Mungikar, A.M. 1091. Fertilizer et1ect on sorghull1 and ItS 

residual effect on sunflo\ver. Indian J. Agric. Res. 25(4):211-216. 

I)alTa, B.L., Jain, S.V. and QaIl1ar Uzzan1an. 1968. The influence of different 

green ll1anure crops on soil structure and \vheat yield. Indian J. 

Agron. 13(3): 162-164. 

I)as, S.l< .. Shanl1a, K .. L., Singh, B.R., Rao. B.R.C.P., Shrinivas, 1<. and Reddy. 

M. N. 1 996. Availability of disorbed phosphorus and intenl,! I 

phosphorus requirell1ent by sorghU111 in an alfiso1. J. Indian Soc. Soil 

Sci. 44(3):427-433. 

[)asalkar, J.S., Rudraksha, G.B., La\vand, B. T. and Rachc\vad. S.:-.i. 1902. 

l)irect and residual effect of different zinc sources on °nJ\vth and b 

yield and quality of sorghulll and \vheat. Ann. Plant Physiol. 6(2): 

227-231. 



300 

Dashora, L. N. 1998. Effect of nitrogen, ZInc and plant gn.)\vth regulator on 

productivity of dual purpose sorghUt11 (Sorgllllll1 bie%r). l'hesis 

Ph.D. (Agronol11Y), Departnlent of Agron01l1Y, RAU, Bikancr 

CatllpUs, Udiapur. 

Desai, V.R., Sabale, R.N. and Raundal, P.V. 1999. Integrated nitrogen 

lnanagetnent in \vheat-coriander cropping systelll. J. Maharashtra 

agric. lJniv. 24(3):273-275. 

Deslullukh, S.C., Joshi, R.C. and Sinha, N.K. 1996. Pcrfonnance of sorghulll 

(SorghuIJz hie%r) varieties on a paJ1ialIy reclainled sodic soil under 

different levels of nitrogen. Indian J. Agron. 41 (4 ):650-651 . 

Dcshn1l1kh, v.l'., Naphade, K.T., AtTe, A.H. and Re\vatkar, S.S. 1094. Yield 

and nutrient uptake by sorgl11ltTt as influenced by fertilizer anJ ian 11 

yard Inanurc. J. MaharashtTa abrric. Univ. 19( 1): 120-121 . 

Deshpande, .l.S. and Deshlllukh, v.D. 1982. Energy use pattenl in /"abi \vheat 

production. Project Report sublnitted to CAE, PK,\/. /\kola (I'v1.S.), 

PP. 1-69. 

Dcvasenapathy, P. and Subbarayalu, M. 1986. Effect of nitrogcn. FYiVl and 

1rOll on uptake of nuhients by sorghulll. rvladras agric. J. 73 (1): 

53-56. 

Dcvarajan, R., Savithti, P., Manichanl, T.S. and Kothandaranlan. C.i.V. 19R). 

Effect of F'{M and Zinc on yield of sorghlUll. Madras l\gric. J. 74 

(4-5): 193-197. 

Dhillon, K .. S. and 1)l1i11on, D.S. 1991. Effect of crop residues and phosphorus 

levels 011 yield of groundnut and \vheat in a rotatio11. J. Indian Soc. 

Soil Sci. 39(1):104-108. 



301 

Dhillon, N.S. and Dev, G. 1984. Effect of using fertilizer Nand P \vith stTaw 

111anagelllent practices in rice-wheat rotation. Bull. Indian Soc. Soil 

Sci. 13 :239-297. 

Dhuka, A.K., Sadaria, S.G., Patel, J.C. and Vyas, M.N. 1991. Response of 

in-igated late so\\'n wheat to nitrogen application. Indian J. Ab'Ton. 

36(2):276-277. 

Dixit, M.L., Venna, K .. S. and Chaudhary, M.L. 1984. Response of \vheat to 

different levels of fertilizer application based on soil test 

recolnnlcndations. I-Iaryana agric. Univ. J. Res. 14( 1 ):300-305. 

Donagle, J .I-I. and K.adrekar, S.B. 1993. Yield response of sorgl1lun-rice 

rotation in phosphorus and available soil l110isture in /\ flisol. Trop. 

Agric. 70(3 ):220-225. 

Dubey, O.P., Jain, M.P. and Dubey, B.P. 1989. Response oftall \vheat cultivars 

to nitrogen fertilizer. Indian J. Agron. 34(2)~241-243. 

r)ubcy, S.K .. , Shanlla, R.S. and Vish\vakanlla, S.K .. 1997. Integrated nutnent 

111anagcl11ent for sustainable productivity of iIl1portant croppIng 

systenlS in Madhya Pradesh. Indian J. Agron. 42( 1 ): 13-17. 

Dudhat. M.S., lVlalavia, D.O., Mathukia, R.K. and Khanpara, V.D. 1997. Effect 

of nutTient Illanagell1ent through organic and inorganic sources on 

gro\vth, yield, quality and nutrient uptake by \vheat (Triticllll1 

aesti·vlIll1). Indian J. Agron. 42(3):455-458. 

DuraisalllY, P., PennnaL R. and Baskaran, S. 1990. Yield uptake and efficiency 

as affected by inorganic and organIcs in sorghu111. rVlysore J. agnc. 

Sci. 24(4):458-462. 

f. A. (). 1989. Sustainable developnlcnt and natural resource lllanage111ent. 

Food and Agliculture Organization of the United Nations. RaIne, 

FAO Agticulture Series No. 22, Chpater 3. PP. R4-90 

-;-_ / /(,? 0 a 



302 

Gaik\vad, C.B., Patil, J.~. and Gare, B. N. 1998. C:ropping systenls f()r scarcity 

zone - A revie\v. J. Maharashtra agric. Univ. 23(2): I 07- J 10. 

Gajbhiyac, I(.S. and Gos\vatni, N.N. 198 I. Direct and residual effect of Nand 

P on the uptake of nutrients in \vheat-bajra cropping sequence . .I. 

Indian Soc. Soil Sci. 29(3):382-384. 

Ganli, J .1(., Partncr, M.T., Patel, J.C. and Malavia, D.O. 1986. Effect of rates, 

titHe and tnethod of nitrogen application on d\varf \vheat. Indian J. 

Agron. 31 (4):401-402. 

Gang\var, I(.S. and Niranjan, IZ.P. 199 I. Effect of organtc 1l1anUrCS and 

inorganic fertilizers and rainfed fodder sorghulll. Indian J. r\gric. SCI. 

61(3):191-194. 

Gang\var, K .. S. and Shanna, S.K .. 1997. Silnultaneous planting of sugarcanc 

(Saclzlzan(/l1 officinarlllJz) and \vheat (7i'iticuIJZ aestiVUIJ1) f()r higher 

productivity and profitability of sugarcanc-\vhcat systenl. Indian .I. 

/\gron.42(4):657-660. 

Gang\var, K .. S. and Singh, Y. 1992. Integratcd nutrient lllanagC1l1ellt 111 f()ddcr 

sorghU1l1-gralll cropping sequence under dryland conditioJls. I ndiall J. 

/\gron.37(J):107-109. 

Gang\var. I(.S., Shanna, S.I(. and TOlnar, R.I(. 1995. Evaluation of differellt 

cropping systenls under irrigated upland conditions. Indian .I. :\groli. 

40(3 ):491-492. 

(;aut". A.C. J 9g2. ()rganic l11anures and bio-fcrtilizers. In reVle\\ of soil 

Research in India. 12th 111t. Congr. Soil Soc. Ne\\' I)clhi, pp. 27g-30S. 

Ciaur. A .. C. 1992. 13u1ky organic l11anures and crop residues. In fcrtiJiLers, 

organic l11anurcs, recyclable \vastes and biofcrtilizcrs. FI)C·() Publ.. 

Nc\v De1hi, Tondon, I-LL.S. (Eel.), pp. 36-5]. 



303 

Gaur, A.C., Neelkantan, S. and Dargan, K.S. 1984. Organic 1l1anures. lC'AR 

Pub1., Ne\v Deihi. 

Gautall1, S.I(., Vanna, S.P. and Badiyala, D. 1991. Effect of split application of 

\vater soluble phosphorus In vv·heat (Triticul11 aeslivllJll) ulJder 

resources constraints. Indian J. Agron. 36(4):488-491. 

Geneviri, P.L. and Tano, F. 1991. The effect of 1\vo organic tnanures on soil 

fertility and on the availability of heavy tnetals. AgTochell,ica. 

35: 190-191 . 

Ghosh, A.B. 1976. Changes tn the available nutrient status of soil under 

intensive and continuous systenl of tllanuring and cropping. Paper 

presented at 7th cotnbincd Ann. Workshop of the STC'RC' anJ 

Micronutrients in soils; held in I-Iydrabad. 

Gill. A.S., i\.bichandani, C:.T., Maurya, !{.I(. and Mannikar. N.l). l\.}~x. 

Nitrogen fet1ilizer on fodder sorglllun. Indian J. A.gron. 22( 4): I 71-

175. 

(Jirothia, O.P., NClna, M.L. and Shanna, A.I(. 1987. Response of \vhcat 

cultivar to so\ving tillle and fertiJity level. Indian J. /\gron.32( 1) : 34-

36. 

Goudreddy, B.S .. PatiJ, V.S., Radder. G.B.and ChittapuL 8.1\1. 1989. Rcspon~e 

of rabi sorghull1 to nitTogen, fann yard lllanure and Azotobacter 

under in-igated conditions. J. Maharashtra agric. Univ. 14(3 ):266-2(.)8. 

(JoviL B.P. and r"l~asad, R. 1972. C;ro\vt11 charactcrs and yield of sorghlull 

(SorglzuIJI vulgare) as affected by content of \vater soluble P in TSP. 

I)CP and TSP/rock phosphate lllixturc. J. Agric. Sci. C'olnb. 

79(3 ):485-492. 



304 

Gre\val. I.S.. Singh, R.P.. Saini, S.S. and 8ist, B.S. 1991. Phosph(Jru~. 

potassiU111 and fann yard Inanure for potato based crop rotations. In 

Proc. of Nat. Sytl1p. Micronlltrients in soils and Crops, pp. 35-45. 

Gupta, A.P., /\nt11, res. and Nanval. R.P. 198~:L Effect of FYM 011 organic 

carbon, available Nand P content of soil during different periods of 

\vheat gro\vth. J. Indian Soc.Soil Sci.36(2):269-273. 

Gupta. A.P., Khanna, S.S. and TOlnar, N.K.. 1983. l)irect. n:sidllal and 

cU111ulative effect of N, P and K. fertilizers on the yield and nutrient 

uptake by bajra-\vheat cropping SystCll1. I faryana ;\.gri. Univ. J. Res. 

13(3 ):389-395. 

Ciupta. M.L .. Jain. K.K ... Shanna, O.L. and Yadav, N.S. 1986. Response of 

sorghuln cultivars to nitrogen under dry fanning conditions. Madra~ 

agric. J. 73( 1 0):566-569. 

Cillpta. \/.1(. and lV1chta. I).S. 1993. [)cplction of l11icronutricnts frol11 soil and 

their uptake in rice-\vhcat rotatiol1. J. Indian Soc. Soil Sci. 41 (4): /U.:.;-

706. 

G urbaehan Singh. 1986. Response of \vhcat to sources. doses and n H.:thods of 

nitrogen in a sodie soil. Indian J. Agron. 31(4):352-357. 

CiuriqbaI Singh and Brar. S.S. 1994. Tillage and nitrogen require1l1ent of \vhcat 

(TriticuIJl aesti"vlllll) so\vn after rice (O,yza sativa). Indian J. i\gron. 

3()( 1): 162-163. 

Hajra, J.N .. ~al1di, P.K .. , MandaI, S.K. and [)eb Nath. N.C'. 19R2. Effect of 

incoq)l)ration of undccolllposed f~lnll \vastc on the crop yield. Indian 

J. agric. C:he1l1. 15(2): 149-1 52. 



305 

I-IanUlllan Prasad, l\.1anohar, S.S. and Natha\vat, D.S. 1995. Long tenn effect of 

Inanuring in pearl nullet (PennisetUl11 glaucul11) - \\:heat (Triticu111 

aestivul11) cropping systenl on soil fertility and yield stability. Indian 

J. /\gron. 40(3):357-361. 

I--Ian"vay, J. 1--1. and I-Ieidel, I-I. 1952. Soil analysis Inethods used in 10\\1 A State. 

lOy\' A St. Col1. Agric. Bull. 5 7( 1): 1-3 1. 

l--larshanl Singh Gre\val, Jaspinder Singh Kolar and K.ang, J .S. 1992. Effect of 

cOl11blned use of green nlanure and nitrogen on the productivity of 

l11aize (Zea 111ays)- \vheat (Triticu111 aestivll/}Z) SystCll1. India1, J. 

l\gron.37(4),:635-638. 

Havangi, G. v. and Mann. 1970. Effect of rotations and continuous application 

of lllanurcs and fertilizers on soil propeliics under dry fannillg 

conditions. J. Indian Soc. Soil Sci. 18( 1 ):45-50. 

Hegde, D.M. 1996. Effect of integrated nutrient supply on crop productivity' 

and soil fertility in rice (O/~\'za sativa) rice systenl. Indian J. Agron. 

41(1):1-8. 

Ilegde, D.M. and l<atya1, V. 1999. Long tenn effect of fertilizer LlSc on crop 

productivity and soil fertility in pear1nlil1ct-\vhea t cropping SystCi',1 in 

diiferent agro-eco regions. J. MaharashtTa abTtic. Univ. 24( 1 ): I ()-20. 

Ilelkiah. J., iVlanickanl, T.S. and Naglakshnli, 1< .. 1981. Influence of organic 

nlanures alone and in cOl11bination with inorganics on properties of 

black soil andjo\var yield. fvladras agtic. J. 68:3()O-365. 

I-lesse. P.R. and rvlishtTa, R.Y. 1984. Proc. FAI Scrninar on SYStcll1 iA..pproach 

to Fertilizer Industry, Part-I I. FAl, New· l)elhi. 

Hirpara, [).S .. PateL J.C., Patel, B.S. and Khanpar, \1.D. 1992. Response of 

rainy season hybrid sorghlllll to nitrogen and phosphorus. I ndian .I. 

;\.gron. 37(3 ):5 81-5 83. 



306 

I-lons, F.M., Moresco, R.F., Widenfeld and Cothren, J .T. 19~6. Applied 

nitTogen and phosphorus effect on yield nutrient uptake by high 

energy produced for gain and bioIl1ass. Agron. 1.78(6):1069-1078. 

Hooda, I.S. and Ab'Ta\val, S.K. 1987. Studies on iITigation, \veed control and 

fertility levels on growth and yield of wheat. Indian J. l~groll. 

32(3 ):261-264. 

l-lunshel, C.S., Visl1\vanath, D.P. and Balikari, R.A. 1989. Effect of organic 

alnendtllcnts on sorghurn (klzarif) and their residual effect on \\iheat 

(rabi). J. Maharashtra agric. lJniv. 14(2):21 8-219. 

lndulkar, B.S. and Male\var, G.U. 1994. Response of sorghUt11 (.')'orgllllfn 

hie%r) to different zinc sources and their residual effect 011 

succeeding \vheat (TriticlUl1 aestivllnz). Indian J. Agroll. 39(3 ):368-

372. 

Jackson. M. L. 1967. Soil Chenlical /\nalysis. Prentice-Hall India Pvt. Ltd .. 

Ne\v Delhi: 134-182. 

Jackson, M. L. 1973. Soil CheIl1ical Analysis (Edn. 2). Prentice-I--Iall India Pvt. 

Ltd., Ne\v Delhi: 69-182. 

Jadhav, A.S. 1986. Studies on the \vheat based cropping SystCll1S v/ith reference 

to fertilizer tnanagelllent. A Ph.D. thesis subtnitted to MPI(\/. Rahuri 

(1\1. S.). 

Jadhav. A.S. 1989. Nutrient balance \vith reference to fertilizer ll1anagenlent 

under \vheat based cropping systell1. J. Maharashtra agnc. Univ. 

14(3 ):288-291 . 

Jadhav. /\.S. 1994. Growth, yield and quality of sorgluul1 under double 

cropping systell1S with reference to fertilizer ll1anagenlent. f\!ladras 

a g Ii c. 1. R I (3 ): 1 2 7 - 1 3 1 . 



307 

Jadhav, D.1<., Ghonsikar, C.P. and Tattu, R.K. 1983. Phosphate llse efficiency 

in grain sorghUtll cultivars. Madras agric. J. 70(6):388-392. 

Jadhav, P.S. 1976. Effect of different levels of nitrogen and phosphorus on 

gro\vth, yield and quality of wheat varieties (Triticunl sp.) under 

irrigated conditions. Thesis subnlitted to MPI< \1, Rahuli 

(M a 11 a ra s h tra). 

Jain, R.C. and Jain, P.M. 1993. Effect of preceding rainy season crops on yield 

and nutTient uptake by wheat (Triticllfll aestivul1z) under differellt 

levels of nitrogen. Indian J. Agron. 38(4):643-644. 

Jayakulllar, R., Siddes\vanl, K., Kenlpuchetty, N. and SUbra1l1anian. S. 1987. 

Studies on nitrogen and \veed ll1anagclllent ill relation to nutriellt 

uptake in yield in sorghull1. Madras agric. J. 74( 1 ):21-25. 

Jayaprakash, P., Ganapathy, S. and Pillai, M.A. 1997. Con-elation and path 

analysis in sorghull1 (Sorghlll11 bic%r L. Moench.) .. Ann. agnc. Res 

1 8(3 ):309-3 12. 

l<al11a1, M.S. 1978. Studies on the influence of different tyl)CS of organic ll1attcr 

upon the developlnent of bacteria, actinol11ycetcs, fungi and 

azotobacter in Inediu111 black soil. M. Sc.(Agri.) Thesis sublnitted to 

MPI< V, R.ahuri, PP. 61-66. 

l<andiannan, 1(. and RangaS\VanlY, A. 1990. Effect of production technologies 

on yield of rain fed sorghull1. Indian J. Agron. 35(3):324-325. 

l(a11\var Singh, Surindcr Singh and Narinder Singh. 1992. Fcr1ilizer 

rcquirelnellt of wheat (TriticlllJl aestiVlllrl) gro\vn in diftercllt fodder 

based cropping systen1S; their yields and econoll1ic retunlS. Indian J. 

;\gron. 3 7( 1 ):34-39. 



308 

K.an\var, J .S. and Prihar, S.S. 1962. Effect of continuous application of FYM 

and inorganic fertilizers on crop yields and properties of soil. Ii. 

Chenucal properties. J. Indian Soc. Soil Sci. 10(2): 1 08-120. 

Kasole, K .. E., I<alke, S.D., Kareppa, S.M. and Khade, 1(.K .. 1994. Response of 

sorghu111 (Sorghunl bieolor) to fertilizer levels. \Need 111anagCtl1ellt 

and plant density. Indian]. Agron. 39(3 ):475-476. 

Katole, S.R. and Pashney, N. L. 1995. Peduncle length and grain yield of tillers 

and healthy plants of sorghUt11. J. Maharashtra agric. lJnlv. 20(3 ):450. 

I<.atyaL Y., Gang\var, B. and Gang\var, K.S. 1999. Long tenll effect of 

lnteb,rated Nutrient supply on yield stability and soil health under 

pearl ll1illet-\vheat cropping systenl. J. l\1aharashtTa agnc. uni·,. 

24(2):143-146. 

I(ehar Singh and Balyan, J .S. 2000. Perfonnance of sorghUtll (SorghU!1l 

hieolor) ·i legUlncs intercropping under different planting g(;OIlletlic~ 

and nitrogen levels. Indian J. i\gron. 45( 1 ):64-69. 

Khan, R.A. and TOlllaL S.S. 1988. Response of \vheat to lITigation and 

nitrogen. Indian J. Agron. 35(4):414-416. 

I(hapre, P.R., Pati}, A.S. and More, S.D. 1994. Effects of ZInc. iron and 

lllangancse on gra1n yield and related traits 111 sorghU111. J. 

l\1aharashtra aglic. lJnlv. 19(2):204-205. 

l(hiani, 1(.N. and More~ D.A. 1984. Long tenn effect of tillage operations and 

fann yard 111anure application on soil properties and crop ~/leld in 

vertiso1. J. Indian Soc. Soil Sci. 32(2):392-393. 

I(hot, B.B. and Narkhede, W.N. 1970. Lodging in klza/"ij' jo\var (Sorglzu/}l 

vulgare) as influenced by nitrogen and phosphorus fertilizer. Res. J. 

Mahatll13 Phule .Agric. Univ. 1 (2):75-81. 



309 

K..1ute, A. 1986. Methods of soil analysis. Part-I, 2nd Ed., Agron. Mono No.9, 

Madison, Wisconsin, USA. 

K.ohale, S.K .. , Pandrangi, R.B. and Wankhade, S.G. 1986. Effect of nitrogen 

and phosphorus on nutrient uptake, yield and quality of hyblid 

sorghU1l1. P.K .. V. Res. J. 10(2):99-102. 

Korikanthinlath, V.S. and Palaniappan, S.P. 1984. Influence of the tinlC quality 

of nitrogen application on gro\vth and yield cOll1ponents in sorginul1 

(CSH-5). Madras Agric. J. 71 (10):65] -655. 

Krishnanlurthy, K .. , Rajashekara, B.G., Ranghunathan, G., Jagannath, M.K ... 

Ranlchandra Prasad, T.\l., Venugopal, N. and B01l1111cgo\vda. ;\. 

1975. Structure of yield in hybrid and local sorgluul1 as inlluenced by 

nitrogen and popUlations levcls. Indian J. AgrOll. 20(2):153-157. 

K.udsolnanna\var. B.T., I<ulkanli, G.N. and Patil, V.C. 19RO. Effect of nitrogcn 

and plant popUlation on hybrid sorglnun (CSI-I-5), pattern of D\1 

accu1l1ulation and distribution. Mysorc J. agric. Sci. 14(2): 195-2U 1. 

K.ukreja, K.alll1esh, Mishra, M.M., Dhankar, S.S., I<apoor, K .. K .. and Gupta, 

A.P. 199]. Effect of long tenn Inanurial application on Inicrobial 

bio111ass. J. Indian Soc. Soil Sci. 39:685-688. 

l(ulkanli, K .. R. and I(ulkanli, M.\V. 1982. COll1pJelnentary usc of FYM and 

Chclllical fertilizers in intensivc crop production. Fert. Ne\vs, 27( 10) : 

44-51. 

I<lunar, Alok and Yadav, D.S. 1993. Effect of long tenl1 fertillzation on SOli 

fertility and yield under rice-\vheat cropping systenl. J. Indian Soc. 

Soil Sci. 41(1):]78-180. 



31u 

I<ll111ar, I<uldip, Singh, Y., Meelu, O.P., Singh, B. and IZhera, T.S. 1993. Et1ect 

of b'Teen ll1anurc, crop residue and fertilizer nitrogen on crop yield 

and soil physical properties in a nce-\vheat cropping systenl. ~at. 

Sel11inar on Developnlents in Soil Sci. Abstract: 28. 

Klunar, S. 1993. Effect of faml yard nlanure, nitrogen and Azospirillu1l1 

inoculation on the quality and nutrient uptake in fodder sorgilUlll. 

Ph. D. Thesis, Dcptt. of Agronoll1Y, RCA, Udaipur (Rajastan). 

1< Ulnar. V. and Prasad, V.K. 1986. Response of \vheat to different rates of zinc 

and nitrogen under varying levels of soil 111oisture. Indian J. Agroll. 

31 (4):405-406. 

I<unla\Vat, S.N. and Bansal, I<.N. 1996. Residual effect of sulphur sources ill 

cOlnbination with nitTogen and plant grov\'th regular on sorghll11" 

(SorghulJl bie%r L.). Indian J .. A.glon. 41 (4 ):647 -649. 

K.ull1pa\Vat, B.S. and Rathore, S.S. 1995. Response of Illaize (Zea Inays) -

\vhea t (TrificllJJ2 aes tiVllfl1) cropping seq uence to fertilizer a pp lica t iOli. 

Indian J. J\grol1. 40(1):26-29. 

I<urlekar, V.C., I<ale, V.C. Nagargoje, S.R., Navhat, D.!\. and Tapadia. B.B. 

1993. Production potential and econOll11CS of different \.-rop 

sequences. JJ. Maharashtra aglic. Univ. 18(3 );397-399. 

I<urlekar, V.G .. K.ale, V.C., Joshi, P.S., \!ishanupluikar. R.M. and Kale, M. V. 

1994. Intensive cropping systenlS for sustained crop production. J. 

MaharashtTa abrrlc. Univ. 19(3 ):342-344. 

I<urlekar, V.Ci., I<ale, V.C., Nagargoje, S.R., Vishnupurikar, R.N!., Joshi. P.S. 

and Tapadia, B.B. 1993. Studies on relative ct11cicncy of legllil1c­

cereal and cereal-legulne \vith cereal sequences and soil propertie:-;. j. 

Maharashtra agric. Univ. 1 X(3 ):346-34R. 



3 1 1 

I< .. ushwaha, I-l.S. and Chandel, A.S. 1997. Effect of nitrogen on yield attTibutes 

and quality of sorghlul1 (Sorghulll bieolor) intercroppcd \vith soybean 

(Glycine nlax). Indian J. Agron. 212(2):205-209. 

K .. ushwaha, S.S. and 1< usl1\vaha , B.B. 1995. Studies on fertility I11anagclnent in 

sorghull1 based cropping systeI11. Crop Research (I-lissar). 1 O( 1): 

63-66. 

La!, Suresh and Mathur, B.S. 1988. Long tenn effect of 111anuring fertilization 

and linling all crop yield and sotne physico-chenlical properties of 

acid soils. J. Indian Soc. Soil Sci. 36( 1): 1 13-1 19. 

Lal, Surcsh and Mathur, B.S. 1989. Effect of long tenn fertilization. Inanunn.~ 

and lillling of an alfisol in l11aize, \vheat and soil properties. J. Indian 

Soc. Soil Sci. 37(4):717-724. 

Lal~ Suresh and Mathur, B.S. 1989. Effect of long tenn fertilization. Illallunng 

and li111ing of an Alfisol in 11laize, wheat and soil properties (l I). Soil 

physical properties. J. Indian Soc. Soil Sci. 3 7( 4 ):R 15-81 7. 

Lange\var, 13.1<. and K .. hot, B.D. 1978. Effect of nitTogen. phosphate anJ 

spacing on gro\vth paralnetcrs a 'ld yield 0 r t \VO sorgllll111 va rieties. J. 

Maharashtra A.gric. Univ. 3( 1 ):8-12. 

Latl1\vaL C).P., Rathore~ D.N. and Tej Singh. 1991. Respon~e of wheat 

(TriticlllJ/ aestivlllJ2) to nitrogell under adequate and lirnited \vater 

supply. Indian J. Agron. 36(4):586-588. 

Lindsay. vV.L. and Norvell, W.A. 1978. fJevelopll1ent of DTPA (diethylene 

trianline penta acetic acid) soil test for Zn. Fe. Mn and Cu. Soil Sci. 

Soc. AlllCr. J. 42:421-428. 

Locke. iv1.A. and I-Ions, F.M. 1988. Effect of N rates and tillage 011 yield, N 

accull1ulation and leaf N concentration of grain sorghunl. Soil and 

Tillage Research. 12(3):223-233. 



312 

LOlnte, M.l-l., Ateeque, M., Bhannbe, P.R. and K .. av..'arkhe, P.IZ. 1993. 

Influence of sorghUI11-legul11e associationship on physico-chenlical 

properties of soil. J. Maharashtra agric. Univ. 1 (83): 388-39CJ. 

L0111te, M.H., K .. awarkhe, P.K. and Ateeque, M. 1994. Dry so\ving for 

i111proving the stability and productivity of rainfed sorghU111 in deep 

vertiso1. J. Maharashtra agric. Univ. 19(2): 195-197. 

Magar, S.S., Patil, B.P., K.adanl, R.H., Patil, B.R. and PatiI, B.B. 1983. Use of 

organic alllendtl1ents for il11provenlent of infiltTation in black soil. J. 

Maharashtra agric. Univ. 8(2): 172. 

Mahakulkar, B.V., Wanjari, S.S., Atale, S.B., Potdukhe, N.R. and Deshnlukh, 

J.P. 1998. Integrated nutrient l11anagell1ent in sorghU111 tSorgnulJl 

bieolor) based cropping systenl. J. Ab1Ton. 43(3 ):376-3 B 1 . 

Mahakulkar, B. V., \Vanjari, S.S., Shekhar, V.8., Potdukhe, N. R. and f)hope, 

A.M. 1992. Yield of newly evolved genotypes of rainfcd sorghull1 

under different levels of nitrogen and phosphorus. Indian J. /\g_ric. 

Sci. 82(4):247-248. 

Mahatinl, Singh, Gupta. G.R. and Singh, M.P. 1987. Response of \yheal to 

nitrogen, phosphorus and potassiull1. Indian J. Agroll. 32( 1 ):52-55. 

rvlale'vvar, G. U. 1995. M icrollutnent availability as influenced by cropping 

pattenls in Maratll\vada region of Maharashtra. J. Maharashtra agric. 

Univ. 20(3 ):333-335. 

rvlale\var, G.U. and }-lasnabade, A.R. 1993. Nutlient accounting as influe1lced 

by long tenll IllanLuial experitllents in sorghull1-\vheat sequence. Nat. 

Senlinar on Devc lOp111ent of Soil Sci. Abstract. 69. 

lvlale'vvar, G.U. and Hasnabade, A.R. 1995. Effects of long-tcnn application uf 

fertilizers and organic sources on S0111e properties of \'ertisol. J. 

Maharashtra agric. lJniv. 20(2):285-286. 



313 

Malewar, G.U., Ganure, C.I(., Rudraksha, G.B. and IS111ail, S. 199<). hnpact of 

oilseed-based cropping systenls on physico-chel11ical properties. ::;011 

nutrient dynanucs and nutrient balance. J. Maharashtra agric. Uni\. 

24(2):125-127. 

Malik, B.S., Batra, M.L. and Singh, Jagdev. 1986. Nitrogen and irrigation 

needs of \vheat under shallow ground water table conditions. Haryana 

Agric. Univ. J. Res. 16( 1 ):25-29. 

Malik, C. V.S. 1981 a. Response of \vheat varieties to different leveb 01 

nitrogen. Indian J. ,A.gron. 26( 1 ):93-94. 

Malik, I-LP.S., Singh, H. and Singh, O.P. 1992. Response of nutriellt fodder 

sorghU1l1 (SorghzlIll hie%r L.) cultivars to nitrogen and cutting 

1l1anagetllcnt. Indian J. Agron. 37(3 ):470-473. 

Mali\vaL G.L., Pannar, H.C., Kas\vala, R.P .. , Rana, C.H., PatcL \l1.L. and 

Ranlan, S. 1999. Production potential and econoll1ics of differcnt 

cotton (GossypiuJ1z lzirsutlll11) based cropping systenls. Indian .I. 

Abrron. 44( 1 ):200-202. 

MandaI. 13.C:., Roy, A.B., Saha, M.N. and MandaI, A.l(. 1983. Yield of jute a:; 

influenced by continuous cropping and 111anuring over 8 years In a 

fixed rotation and layout. J. Indian Soc. Soil Sci. 31 (2):224-228. 

MandaI, B.C., Roy, A.B., Saha, M.N. and MandaI. A.I(. 1984. \Vheat yield and 

soil nutrient status as influenced by continuolls croppIng 311J 

Inanuring in a jute-rice-\vheat rotation. J. Indian Soc. Soil Sci. 

32(4):()96-700. 

Mashkina, rvLS. 1993. Effect of crop residues on soil fertility and crop vield. 

Nat. Selninar on developll1ent of Soil Sci. Abstract: 61-C)2. 



314 

rvlathan, I<.K .. , Sankaran, 1<., Kanakabhushini, N. and I<rishnanl00rthy, I<.K. 

1978. Effect of continuous rotational cropping on the organic carbon 

and total N content in a black soil. J. Indian Soc. Soil Sci. 26(3 ):283-

285. 

Mathan, 1<".1<., Sankaran, K., K.anakabhushini, N. and K .. rishnanlo01ihy, I<.K. 

1979. Studies on SOlne physical properties as influenced by 

continuous cropping under intensive cultivation. Madras agT;c. .1. 

66(5):292-295. 

Maurya, P.R .. and Ghosh, A.B. 1972. Effect of long ten11 111anunng and 

rotational cropping on fertility status of alluvial calcareous soil. J. 

Indian Soc. Soil Sci. 20( 1 ):3 1-43. 

Meehl, O.P. 1996. Integrated nutrient 111anagclnent for ecological sustainable 

agriculture. J. Indian Soc. Soil Sci. 44(4):582-592. 

\1eclu. O.P., Singh, Y. and Singh, B. 1994. Green 111anunng for soil 

productivity illlprovenlent. World Soil Rcsource, 76, F AO, ROIl1e. 

IVlcg}1\vanshi. J.C~. 1992. Rcsponse of sorghull1 to nitrogen and phosphonls 

levels in cOll1bination \vith bactin inoculation and plant gro\vth 

rcgulator. M.Sc. (Agri.) thesis subnlitted to RALJ, Bikancr. Canlpus 

Udaipur. 

Minhas, R .. S. and Mehta, R.L. 1984. Effect of continuous application of 

fertilizers on crop yield and SOllle soil chelllical properties under 

\Vheat-Illaize rotation. J. Indian Soc. Soil Sci. 32(4):749-751. 

IVlish1'a. R .. I<., Pandey, P.N. and Bajpai, R.P. 1994. Influcnce of imgatiol1 and 

nitTogcn on yield and water use pattenl of \vhcat CTriticlIlJl aestivunz) 

Indian J. Agron. 39(4):560-564. 



315 

Mishra, S.N., Paikaray, R.I(. and Mishra, K ... N. 1999. Effect of lill1C, organIc 

and inorganic nutrients on \vheat (Trificunl aesfivlll11) - soybeall 

(Glycine nlax) croppIng systenl in acidic red soils. Indian J. /\groll. 

44( 1 ):26-29. 

I\1ohanu11ad, S., I--Iasan, M.V. and Bajelan, B. 1995. Genotypic responses of 

sorghll111 to fertility variation in a scarce rainfall-shallo\v soil eco­

systenl. Ann. Agric. Chern. 1 9( 1 ):369-373. 

More, S. D. 1994. Effect of fann wastes and organic ll1anures on soil properties. 

nutrient availability and yield of rice-\vheat b)TO\Vn on sodic vertisoi. 

J. Indian Soc. Soil Sci. 42(2):252-256. 

More, S.D. and Ghonsikar, C.P. 1984. Nitrogen use efficiency and its soil 

balance as influenced by sorghllnl-\vheat and green Oranl-\vheat o 

cropping sequences. Bull. Indian Soc. Soil Sci. 13:346-350. 

Ivlore, S.M., Malik, S.P., Deshpande, S.S. and PatiL J.D. ] 994. Tinle of 

fertilizer application to \vinter soru hUll1 c 

MaharashtTa agric. Univ. 19(3 ):743-744. 

on fanner's field. J. 

Murthy, LY.L.N., I Iozra, C.R .. and I(ulnar, Alok. 1990. Effect of incorporation 

of tree leaves on soil fertility. J. Indian Soc. Soil Sci. 38:325-327. 

Muthiah, N.D. and Ranlanathan, G. 1983(a). Studies on yield capability of 

different sorghull1 varieties at varying levels of Nand P. :v1 aJras 

agric. J. 70( 10):665-669. 

Muthus\varny, P., Santhy, P. and Rall1anathan, G. 1990. Long tenn usc uf 

fertilizers on soil fertility and yield of crops in irrigated Inccptisol. 

J. Indian Soc. Soil Sci. 38(4):541-542. 

Nakhtore, ('.L. and I(e\vaC I\1.L. 1989. ReSI)Ol1Se of d\varf \vheat to varvlll U 
_. b 

fertility levels under lilnitcd and adequate irrigation condition. indian 

J. Agron. 34(4):508-509. 



316 

Natnbiar, K ... K.M. 1994. Soil fertility ana crop productivity under long tenn 

fertilizer use in India. ICAR Publication, pp. 126-128. 

Nalnbiar, I<.I<.M. and Ghosh, A.B. 1984. Highlights of research of long tenn 

fertilizer experin1ents in India (1971-82), L TFE Research Bull. No. I 

(lCAR). 

Naphade, I<.T., DesllIllukh, V.N., Ra\vatkar, S.S. and Bade, G.I-I. 1995. 

Utilization of nutrients by sorghUtl1-wheat cropping sequence on 

vertisols under varying nutrient lnanage1l1ent. J. M aharashtra agnc. 

Univ. 20(3):355-357. 

t\arkhede. P.L. and Ghugare, R. V. 1987. Organic recycling in drylands. II. 

Effect of organic recycling of subabhul on yield, nutrient uptake, 

l110isture utilization by \-vinter sorghurn. J. I ndian Soc. Soil Sci. 

35(3 ):41 7-420. 

Negi, S.C'., Singh. K ... I<. and Thakur, R.C'. 1992. Econol11ics of phosphorus and 

[ann yard 111anure application in \vhca t (Triticul11 aes (iVII111) - 111a lze 

(Zea IJzays) sequence. Indian J. Agron. 3 7( 1 ):30-33. 

Nikan1. B.T. 1985. Studies on the effects of different sources and levels of 

fertilizers on bTfo\vth, yield and quality of \vheat (I-If) 2189) (Triticlll'n 

aeSriVUIJl L.) in rabi season. Thesis sub1l1itted to l'vlPKV. Rahuri 

(M.S.). 

Nilnbalkar, \/.S., Bapat, D.R. and PatiL R.C. 1988. C0111pOnents of grain yield 

in sorghU1l1. J. MaharashtTa abTfic. lJniv. 13 :206-207. 

'f\:iranjan, I<.P. and Arya, R.L. 1992. Response of organic and inorganic sources 

of nitTogen on fodder sorglHull-gra1l1 cropping sequence' ullder 

dryland conditions. Indian J. Agron. 37(3 ):547-548. 



317 

Ogunlela, Y.B. 1988. Growth and yield of dryland b'Taln sorghU1l1 to Nand P 

fertilization In ferugenous tropical soil. Fertilizer Research. 

17(2): 125-135. 

*Olekscnko, Y.F. and I<.rasenkov, S.Y. 1988. Mineral nutrition and 

photosynthetic activity of s\veet sorghUt11. I<'hinlizatisiya Sellskogo 

I<hozya istva, 5 :64-65. 

Olsen, S.R., Cole, C.Y., Watanabe, F.S. and Dean, L.A. 1954. Estinlation of 

available phosphonls in soils by extraction \vith sodiulll bicarbonate. 

USDA eirc. 939. 

Pal, M.S., Singh. O.P. and Malik, I--I.P.S. 1996. Nutrient uptake pattenl and 

quality of sorghUl11 (SorglzllIJl bie%r L. IVloench) genotype as 

influenced by fertility levels under rainfcd conditions. Trop. A}'!'ric. 
L' 

72( 1 ):6-9. 

PalanisanlY, S., Prasad, M.N., Mohanasundaranl, IZ. and RangasalllY, S.R. 

1998. L)ry lllatter accull1ulation and distribution at different 6'To\vth 

stages in relation to grain yield in sorghU1l1. 1\1adras A.gric. J. 75( 1-2) 

:36-40. 

Pandey, D.S., 1\1ishra, R.D. and Shanlla. I<.C. 1986. Effects of irrigation based 

on pan evaporation and nitrogen on \vhcat. Indian J. /\gron. 31 (4): 

372-373. 

Pandey, LB., Thakur, S.S. and Singh, S.K. 1999. Response of till1ely S0\VIl 

\vheat (TrificlllJZ aestivlll1Z) varieties to seed rate and fertility level. 

Indian 1. Agron. 44(4):745-749. 

Pandey, S.P., I-Iari Shankar and Shanlla, Y.IZ. 1985. Efficacy of S01l1C organIC 

and inorganic residues 111 relation to crop yield and soli 

characteristics. 1. Indian Soc. Soil Sci. 33: 1 79-1 8 I . 



31~ 

Panse, V. G. and Sukhat111e, P.Y. 1967. 'Statistical Methods for Aglicultural 

\Vorkers', leAR. Ne\v Delhi, pp. 359. 

Pan\var, R.S. 1982. Agro physiological response of hybrid sorghll111 (CSI-l-6) to 

soil 1110isture regil11es, nitrogen and phosphorus fertilizer. Thesis 

Abstract. 9(2): 10. 

Pardhi, D.R. 1976. Effect of application of FYM, wheat stTaw and certain 

chelnicals on the efficacy of suphala fertilizer in hybrid sorghuIll 

CSI-l-l. M.Sc. (Agri.) thesis subnlitted to Dr. P.D.K .. V .. i\kola (M.S.). 

Parkinson, J .A. and Allen, S. E. 1975. A wet digestion for detennination of 

nitrogen and other Illineral nutrients in biological l11atelia1. C0111111UIL 

Soil Sci. and Plant Anal. 6 : 1-1 1 . 

Patel. I).M.. Patel. S.IZ. and K.erelia, G.N. 1995. Integrated lIutrient 

111anageIllent in pearl l11illet (Pellflisf'tlllJl glauclll11) - \vheat (Tririclll11 

ae.\·tiVllI11) cropping systenl. Indian]. AgTon. 40(2 ):266-268. 

Patel. J. R. 1999. Effect of levels and ll1ethods of nitrogen application on \vheat 

yield. J. Maharashtra agTic. lJniv. 24( 1): 108-109. 

PateL K .. I., Alha\vat, R.P.S. and Ttivedi, S.]. 1993. Effect of nitrogen and 

phosphorus on nitrogen uptake and protein percentage of forage 

sorghull1. Gujrat Agri1. lJniv. Res. J. 18(2):87-88. 

Patel, N.M., Sadaria, S.C.i., IZancria. 13.13. and IZhanpara, V.I). 1995. Effect of 

nitrogen, potassiull1 and zinc on gro\vth and yield of \vheat (Triricll111 

aesfivllI11). Indian J. Agron. 40(2):290-292. 

Patel, N.R., Thaker, IZ.R. and f3are\'adia, T.N. 1994. Influence of diffcJcllt 

proportions of organic and inorganic nitrogcn on irrigated \vheat 

(T,.iticllI11 aes fiVUIJl ). Indian J. Ab'Ton. 39(4):641-643. 



31lJ 

PatcL R.1--I., Desai, I<.B., Desai, l'v1.S. and Patel, P.C. 1989. Response 0 f 

sorghull1 variety GJ-37 to graded level of Nand P under rainfed 

conditions. Gujrat Agric. Res. J. 14(2):92-96. 

PatcL R.M. and (Jpadhyay, P.N. 1993. Response of wheat (Triticl.l!ll aestivilln) 

to irrigation under varying levels of nitrogen and phosphorus. Indian 

J. A g ro 11. 3 8 ( 1 ): 1 1 3 - 1 1 5 . 

Patidar, M. 2000. Integrated nutrient ll1anageIl1ent in sorgIHl111 and its residual 

effect on \vheat. A Ph.D. thesis subIllitted to Agricultural lJniversity, 

LJdaipur (Rajasthan). 

PatiL B. P. 1997. Effect of integrated nutrient 111anagel11ent on the fonlls of soil 

N, P and 1< and their availability under sorgllll1n-\vheat sequence 111 

vertisol. A Ph.D. thesis sublllitted to MPI(V, Rahuri (Maharashtra). 

PatiL 8.P., Bhakare, B.D., Joshi. A.C. and Ulllrani, :'\1.1<. 1 \Jl)~. 

Supplell1entation of N through organic Illanures in sorghull1-\vhcat 

crop sequence. J. Maharashtra agric. Univ. 1 8( 1 ):7-10. 

PatiI, C. B., PatiI, B. P., Pati1, B. N", Patil, S. R. and Tu\var, S. S. 1999. T\venty­

five years of research in cropping systenlS (1970-1995). fVIPKV/Res/ 

Pub.27, PP.35-38. 

Patil, C.B. 1997. Effect of varying fertility levels on productivity of cropping 

systenls under irrigation in senli-arid regIons of India. Indiall J. 

Agron. 42(2):210-213. 

PatiI, C.B., PatiI, B. N. and Tuwar, S.S. 1995. Sustainability yield index ill 

sorghU1l1-\vheat cropping systenl in North MaharashtTa. Cropping 

Systenl Research Ne\vsIetter, 4( 1 ):4-5. 

Patil, E.N., Jawale, S.M. and Mahajan, M.S. 1995. Production potential. 

econolnics and fertility status of soil as influenced by wht:at (Triticllnz 

aestivlllll) - based cropping systenl. Indian J. Agron. 40( 4 ):544-54~. 



320 

PatiL R. H. 1997. Integrated nutrient nlanage1l1ent systenl In legun1c-\vheat 

cropping. A Ph. I). thesis subnlitted to MPI(V, Rahuri (lVlaharashtTa). 

PatiL R.B. and Varade, P.A. 1998. iVlicrobial populations in rhizosphere as 

influcnced by high input rates of fertilizer application to sorghuT11 Oil 

a vertiso1. J. Indian Soc. Soil Sci. 46(2):223-227. 

PatTa Slldhansu Sckhar. 1990. Response of \vheat varieties to fertilizer dlld 

irrigation. Indian 1. At,'Ton. 35(3):302-303. 

Pa\var. I-I.I(., IZhadc. IZ.I(. and More, V.D. 1992. Studies 011 crop sequence 

under irrigation constraint. J. rvraharashtra agnc. Ul1iv. 17(2):299-

301. 

Paw·ar. K .. 8., I<albhor, H.B., I(onde, B.I<. and Patil, P.L. 1996. /\ study on 

c01l1bined effects of l\zotobactcr and .. Azospirillllll1 \vith IlItrogen on 

yield of sorghuIll. 1. Nlaharashtra agric. l~niv. 21 (3 ):403-406. 

Pa\var. P. P. 2000. EC01l01nic evaluation of energy use efficiency in agriculture. 

A Ph.D. thesis sublnitted to MPKV, Rahuri (M.S.). 

Pa\var. V.S., Joshi, A.C. and lJn1Yani, N.I<. 1988. Effect of Illethod of so\ving. 

fertilizer and seed rate on \vhcat. Indian J. Agron. 33(3):276-278. 

Piper, C.S. 1966. Soil and plant analysis. Indian Ed., I-Ians Pub1., BOlllbay 

223-227. 

Poonia, T.e. 1997. Response of dual purpose sorghU1l1 (Sorg/zunz bie%r L.) 

variety (~SV-10 to nitrogen and plant density. M.Sc. (.t'\gri.) thesis 

subnlitted to RAU, Bikaner, Canlpus Udaipur. 

POr\vaL B.L. and Singh, P. 1989. Effect of Azospirilltull \vith or \vithout 

nitrogen application of yield and yield attributes of sorghull1. Madra~ 

Abrric. J. 76( 11 ):81-83. 



321 

Prasad. B. and Rokil11a, J. 1991. Integrated nutrient 111anagell1ent - I. Nitrogen 

fractions and their availability in calcareous soil. J. Indian Soc. Soil 

Sci. 39(4):693-698. 

Prasad, B. and Singh, A.P. 1980. Changes in soil properties \vith long telln use 

of fertilizers and fanl1 yard lllanllrc. J. Indian Soc. Soil SCi. 

28( 4 ):465-468. 

Prasad, B. and Singh, I<.O.N. 1987. Effect of continuous application of 

ll1anures, fertilizers and lilne on potasSill1l1 equilibra and K supplying 

capacity of soil. J. Indian Soc. Soil Sci. 35(4):748-751. 

Prasad, 13. and Sinha, N.P. 1981. Balance sheet of soil phosphorus anLi 

potassiulll as influenced by intensive cropping and tcrtilizer use. 

Plant and Soil. 60(2): 187 -193. 

Prasad, B., Singh, /\.P., Sinha, 1-1. and Prasad, R.N. 1979. Effect of long tellll 

usc of heavy dose of high analysis fertilizers on crop yield, 

acclunulation and decline of ll1icronlltrients in soil. J. Indian Soc. Soil 

Sci. 27(3):325-329. 

Prasad, B., Singh, R.P., Roy, H.I<. and Sinha, H. ] 983. Effect of fertilizers. 

lil11e and ll1anures on S0111e physical and chenlical properties of red 

10an1 soil under Illultiple cropping. J. Indian Soc. Soil Sci. 3 1 (4 ):601-

603. 

Prasad, N.IZ. and K.erketta, R. 1992. Production potential and econOlll1C 

viability of different cropping sequences. Indian J. Agron. 3 7( 1): 140-

141. 

Puranik, R.B., Balla1, O.K. and Barde, N.K. 1978. Studies on nitrogen [01111S as 

affected by long tellll Inanuring and fertilization in vertisols. J. Indian 

Soc. Soil Sci. 26(2): 169-1 72. 



322 

Raghu'vvanshi, R.I(.S. and lJnlat, R. 1994. Integrated nutrient lllanagetllent In 

sorghUt11 (Sorghul11 bie%r) - 'vvheat (Triticllll1 aestiVlll11) cropping 

systenl. Indian 1. Agron. 39(2):193-197. 

Ragllll\VanshL R.I(.S., Nell1a, M.L. and Dubey, D.O., l;lnaL R. and Thakur. 

I--I.S. 1988. lYlanurial requienlent of long tenll hybrid sorghuln-\vheat 

cropping sequence. Indian J. /\gron. 33(3 ):295-299. 

Raghu\vanshi, R.K .. S., Thakur, H.S., LJnlat, R. and Nenla, M.L. 1990. Crop 

technology for optil11um grain production in sorghuTl1-'vvheat croping 

sequence under resource constraints. Indian 1. Agron. 35(3):246-250. 

Raghu\vanshi. R.I(.S., Li nlat, R., Nelna, M.L. and Dubey. D.O. 1991. Balance 

sheet of nitrogen, phosphorus and potash in soil as influl:nced by 

'vvheat (Triticunz aestivul1z) .- based crop sequences. Indian J. :-'\ gro 1 I. 

36(3 ):322-325. 

Rahate, G.Z., Puranik, R.B., Bapat, M.V., }(ohadkar. \tV.S. and Joshi, R.P. 

1979. Effect of long tenn application of 111anUres and fertilizers on 

phosphorus status of vertisol and yield of jo\var and Inaize. Bull. 

Indian Soc. Soil Sci. 12:216-223. 

Raj, Nl.F. and PateL B.1(. 1989. Influence of nitrogen on the content of 

different nutrients and their uptake by forage sorghUt11. G ujrat Agric. 

Univ. Res. 1. 14(2):82-85. 

Rajput, A.L. 1995. Effect of fertilizer and organ1c 111anure on nce (Oryza 

sativa) and their residual effect on wheat (Triticllnl aestivunl). Indial! 

1. Agron. 40(2):292-294. 

Rajput, A.L., Singh, D.P. and Singh, S.P. 1995. Effect of soil and foliar 

application of nitrogen and zinc with fanll yard tllanure on late sown 

'vvheat (Tritieunl aestivum). Indian 1. Agron. 40(4):598-600. 



323 

Rajput F'-.K .. , Arain. A.S., Rajput, M.S. and IZha'Yvaja, K .. 8. 1983. Effect of ro\v 

spacing and fertilizer levels on the yield and brro\vth of sorghU111. 

Pakistan J .. A.gric. Res. 4: 166-1 7e. 

Rajput R.L .. Bhadoana, S.S. and Jain, V.K .. 1987. R.esponse of \vheat tu 

fertilizers in northenl Madhya Pradesh. Indian J. I:\gron. 32 (2) : 

1 75-1 76. 

Ranl Navvaj and Yadav, D.S. 1994. Changes in physico-chelllical properties of 

soil under intensive cropping systenls. Indian J. i\gron. 39(3) : 

373-378. 

RaIn, R.A. and K.handelwal, N.I<. 1994. Energy requirenlent for crop 

production in M. P. Energy Il1anagell1ent and conservatinll ill /-\gri 1. 

Prod. and Food Processing (Ed. Venna et a/.), LJ.S.Ci. Pub. & Dist., 

Ludhiana. 

RaIna Mohan Rao, M.S., AgnihotTi, R.C. and Patil, S.L. 1995. Effect of 

sources and levels of nitrogen on rabi sorghU111 in vertisol of seInl­

arid tropics of Bellary. Indian J. Agric. Res. 29(3): 145-152. 

RalnaSWaTl1i, P.P. and Raj, D. 1974. Influence of nutrient and green ll1anure 

application on l1utient uptake and yield of nce. IVladras agric. J. 

61 :945-949. 

Rana, D.S., Meehl, O.P., Shamla, I<.N. and Bishnoi, S.R. 1984. Crop yield and 

nutrient uptake in a cropping sequence under resource constraints. J. 

Indian Soc. Soil Sci. 32(2):278-283. 

Randhavva, N.S. and Arora, C.L. 1970. Micronutrient problenls of 111ultiple 

cropping in India. Indian Flllg. (3):19-21. 

Rao, I-I.M.P. 1978. Effect of different levels of nitTogen, phosphorus and 

potasSiU111 on growth and yield of hybrid sorghtun. Mysorc J. ah,rrlc. 

Sci. 12(6):566-568. 



324 

Rao, Nl.iVl. and Shanna, K .. C. 1978. Balance of soil nitrogen and phosphorus as 

influenced by cropping sequences and fertilizer constraints. J. Indian 

Soc. Soil Sci. 26( 1 ):44-48,. 

Rao, Y.G. and Bhardvvaj, R.B.L. 1981. Consulllptive use of \vater. grovvth and 

yield of aestiVU1l1 and dUrll111 \vheat varieties at varying levels of 

nitrogen under 1i1l1ited and adequate irrigation situation. Indian J. 

Agron. 26(3 ):243-250. 

Rasal, P.I-I., Jadhav. B.R., IZalbhor, 1-1.B .. Bhanavase. 0.8., IZondc. B.IZ. and 

Patl1. P. L. 1996. A study on production and evolution of phospho­

cOlnpost on yield of soybean and sorghulll. J. Maharashtra agric. 

Univ. 21 (3 ):361-364. 

Rathore, A. L. and Patel, S.L. 1991. Studies on nitrogen and inigation 

rcquirenlet1t of late so\vn \vheat. Indian.l. Agron. 36(2):184-137. 

Raundal, P.U., Sabale, R.N. and Dah/i, N.D. 1999. Effect ofphospho-tllanures 

on crop yield in green gratn-wheat cropping systell1. J. rvlaharashtra 

agric. lJniv. 24(2): 151-154. 

Raut, M.S. and Ali, M. 1987. Productivity of forage sorghU1l1 as influenced due 

to nitrogen and phosphorus under rain fed conditions on \'crtisols of 

Bundelkhand tract. Indian J. Agric. Res. 21 (3): 1 71-1 74. 

Reddy, IZ.r\., Chandra, G.G., Ba1aih. B., Reddy, G.B. and Reddy, rvl.D. 1988. 

Effect of different levels of nitrogen and nloisture regi1l1CS un the 

perfonnance of hybrid sorghulll. Indian J. Agric. Res. 22(4): 183-1 87. 

Reddy, Salnbasiva and Bhard\vaj, R.B. 1983. Uptake of nitrogen, phosphorus 

and potassiunl by "vheat as influenced by ilTigation frequencies, 

nitrogen and phosphorus fertilization. Indian J. Agron. 28(4):398-

402. 



325 

Regnu. I<.R., Shanlla, R.N. and Pal, M. 1984. Yield and nutrient status of the 

soil as influenced by residual fertility left by cluster bean and direct 

fertilization of wheat in cluster bean-wheat systenl. Indian J. Agron. 

29(2):263-265. 

R.evuru, S.S. and Garud, T.B. 1998. Effect of chlorotic stripe stunt disease on 

plant growth and grain yield of diffcrent sorghurn cultivars. J. 

Maharashtra agric. Univ. 23(3):253-255. 

Roki111a, 1. and Prasad, B. 1991. Integrated nutrient 111anagenlcnt-Il. 

~rransfonllation of applied P into inorganic P fractions in relation to 

it's availability and uptake in calcareous soil. J. Indian Soc. Soil Sci. 

39(4):703-709. 

Roshanlal, I-Iooda. I.S. and Dahiya. D.R. 1995. Effect of nutrient lllanagenlent 

on grovvth and yield of pearl tl1il1et (PellllisetUl71 glaUCUl?l) in pearl 

nlillet-\vheat (Triticllnl aestiVll111) cropping SystC1l1. Indian J. AgrOl1. 

40(2):269-271 . 

Roy, R. N. and Ange, A.I. 1991. Integrated plant nutrition systenls and 

sustainable at:,rrlculture. Proc. F Al Se1l1inar on ()ptinlizing Fertllizer 

Production, Distribution and lJsage, Ne\v Delhi. 

Roy, R.N. and \Vlight, B.C. 1973b. Effect of fertilizer application on 

l11orphology and \veight C01l1pOnents of panicle of SorglllllJl bie%,. 

(L.) Moench. Indian 1. Agtic. Sci. 43(4):419-422. 

Sahrav·/at, I<.L., I:Zcgo, T.J., Burford, J.R., Rahnlan. M.I-I .. l:Zao. 1.1<. and Adal11. 

A. 1995. Response of sorghU1l1 to fertilizer phosphorus and its 

residual va 1 ue in vertisol. Fertilizer R.esearch, 41 (1 ):41-47. 

Sanna, J.S. and Dhillon, S.S. 1993. Effect of seed rate and nitrogen level on 

ne\v genotypes (' PBW 154' and < P13 'vV 222') of vvheat (Trificlll11 

aesfivllll1). Indian J. Agron. 38(1):111-112. 



326 

Saranganlath, P .. A.., It\val, C.l., Basavaraju, P.I(., Bidari. 11.1. and Lingaraju. 

B.S. 1994. Response of rabi sorghU1l1 to application of fann yarJ 

Inanure and fertilizers. I(anlataka 1. Agri1. Sci. 7(3 ):349-351 . 

Savithri. P., Nagalaksh111i, 1(., Paianis\Val11Y, N. and I(rishnarnoorty_ 1< .. 1(. 

1997. Influence of fertilizer applications on the yield and nutrient 

uptake in sorglHl1n. Madras agric. 1. 64(5):335-337. 

Sa\varkar, S.D., Panase, S.K .. and Goydani, B.M. 1995. Econoll1ic analysis of 

\vheat (Triticll!11 aes tivul1z) and chick pea (C~icer arietill1l1J1) .- ba~cJ 

crop sequences. Indian 1. i\gron. 40( 1): 1-3. 

Sen Gupta, M.B. 1961. Studies on the cUl11ulativc effect of inorganic feliilizcrs 

and organic nlanures and their contribution on the yield. chel11ical 

COl11position of Inaize in calcareous soil. Indian 1. agnc. Sci. 31: 

16-22. 

Shanlllugatn. K.. and Ravikutnar. \/. 1980. Effect of organIC residues 011 

physical properties of soil and yield of sorgllll1n CSI-I-5. \tladras 

agric. 1. 67(7):445-449. 

Shanl1a, 1.S. and Dhillon, S.S. 1987. Response of \\i'heat varieties to seed rates 

and nitrogen. Indian 1. Agron. 32(2):167-169. 

Shanlla, I(.N., Rana, D.S. and Bhandari, A.L. 1987. Influence of brr-O\Vlng 

various crops in five fixed croppIng sequences on the changes ill 

phosphorus and potassiUln content of soil. 1. agnc. Sci. 109(2): 

281-284. 

Shan11a, I(.N., Singh, Bijay, Rana, D.S., I(apur, M.L. and Sodhi. 1.S. 1984. 

Changes in soil fertility status as influenced by continuous cropping 

and fertilizer application. 1. A~rr-i1. Sci. Call1b. 1 02( 1 ):215-21 8. 

Shanlla, O.P. and lain, G.L. 1997. Response of sorgllll111 to nitrogen camer 

\vith plant gro\vth reg_ulators. Ann. a~ic. Res. 1 g(l \:404-407 



327 

Shanll'\. O.P., Varnla, S.K .. and Dixit. R.K .. 1998. Response of sorghutl1 to 

different levels of phosphorus under raintcd conditions In a clay soil. 

Indian J. Agric. Res. 22(4):203-208. 

Shanlla. R. P. 1997. Effect of chelllical \veed control and nitrogen levels on 

sorghulll production. M. Sc. (Agri.) thesis sllbnlitted to R.A.U .. 

13ikancr. 

Shanlla, RaIn Pa\v and Malik, C.Y.S. 1993. Effcct of seed rates. nitrogen and 

so\ving lllcthod on yicld of late so\vn \vheat (Triticllnl aesrivlIIJz). 

Indian J. ;\gron. 38(2):289-291. 

Sharnl<1. S.D., Shanna, V.K. and Rao. C.R. 1999. Crop response to fertilizer in 

different agro-clitnatic regions in the country. 

44( 4): 1 7 -20. 23-26. 

Fcrtil izer l' C\vs. 

Shri\'asta va. S. P. 1971. Content and uptake of phosphorus by s\veet sorghUt'l1 

(S'orghllI11 vulgare). Indian J. Agron. 1 ()( 1): 126-128. 

Shrivastava, S.P. and Siddiqlle, A.13.M. 1992. Effect of l\zotobacter cultllt~ 

and p11osphonlS level on 6'TO\vt11 and yield of sorghU111. J. :Vlaharashtra 

a gri c. t: n i v. 1 7 (3) : 3 73 -3 75 . 

Shrivasta va, S. P. and Singh, A. 1970. ASSCSStllent of residual fertility. Indian J. 

Agric. Sci. 40(2): 159-164. 

Shukla. S.P. and Seth, J. 1976. Effect of nitrogen nutrition on the gro\vth and 

yield of hybrid sorghUI11. Indian J. Agroll. 21 (3 ):310-31 1. 

Slul1l1an. L.w!. 1988. Effect of organic Inalter on the distribution of Nln. Cu. Fe 

and Zn in soil fractions. J. Soil Sci. 146(3): 192. 

Sidhu. A.S .. i\gra\val, G.C., Sekhon. N.K. and Thind, S.S. 1993. Effect of 

grcen l11anures and FYM on sustainable crop productivity in lllalze­

wheat sequence. Nat. Senlinar on DevelopI11ent of Soil Sci. Abstract. 

122-123. 



32~ 

Singh, . A. N. and Singh, R.P. 1994. Quality character of \vheat graIn as 

influenced by sources of phosphorus and their tinle and Illode of 

application. Indian J. Agron. 39( 1): 121-123. 

Singh, A.J. and Miulani S.S. 
b ' 

1976. An econo111ic analysis of energy 

require111ents In Punjab Agriculture. Ind. J. Agri. Econ. Vol. 

31(3):165-173. 

Singh, B. and Avvasti, o.P. 1983. C0111parative perfonnance of yield anLi 

quality C01l1pOnents of three \vheat genotypes in solid and inter 10V",· 

Inixed stands of different levels of nitrogen. Indian J. Agron. 

28(4):369-375. 

Singh, D. and Ghosh, A.B. 1984. Effect of graded doses of potassiUlll on dry 

Inatter yield and potasSiU1l1 uptake by Inaize, CO\V pea and \vheal. 

Indian J. Agron. 29(2):246-248. 

Singh, D., Rana, D.S., Pande, R.N. and IZUlllar, IZ. 1999. Respon~e of 

fertilizers in l1laize (Zea nlays) - wheat (Triticunl aestivllln) - Co\\! 

pea (Vigna unguiculata) cropping systelTI. Indian J. Agron. 44(2): 

242-245. 

Singh, G.B. and Nalnbiar, IZ.IZ.M. 1986. Crop productivity and fertility under 

intensive use of chenrical fertilizers in long tenl1 field experill1ellt~. 

Indian J. Agron. 31 (2): 115-127. 

Singh, G.C.P. and Shanl1a, N.N. 1976. Response of dvvarf wheat varieties to 

different levels of nitrogen fertilization and dates of sowing. Indian J. 

Agron. 21 (3 ):282-285. 

Singh, Gurukirpal and Sandhu, H.S. 1980. Studies on ll1ultiple CrOppll1g- II. 

Effect of crop rotations on physical and chenlical properties of soil. 

Indian J. Agron. 25(1):57-60. 



32<) 

Singh, I-I. and Agarvval, J.P. 1983. Studies on nitrogen fertilization and vveed 

111anagclnent in vvheat. Indian J. Agron. 28( 1 ):23-29. 

Singh, I-I. and Singh, R. 1984. Effect of nitrogen and seed rate on \vheat. Indian 

J. ;-\gron. 29( 1):] 29-130. 

Singh, I.. Chauhan, G.S. and Chaudhary, L.S. 1993. Response of sorglll1111 to 

nitrogen and phosphate under \vestern Rajstan conditions. Indian J. 

l\gron. 38(2):305-306. 

Singh. M., Singh, I. and Singh, 1. ] 986. Studies on plant gcol11etTY and nitrogen 

fertillzation on hybrid sorglllun. Indian J. Agron. 3 1 (1 ):33-36. 

Singh, C).P., Pal, M.S. and Malik, H.P.S. 1996. Perfonnance of grain sorghulll 

(S'orglzllnz bic%r) genotypes under rainfed conditions of varyIng: 

fertility level. Indian 1. Agron. 41(2):256-260. 

Singh, R.D .. Prasad, V.K .. and Prasad, T.N. 1992. Effcct of irrigation on 

different rice (O,yza sativa) - based crop sequcnces. Indian J. Agron. 

3 7( 1 ):6-12. 

Singh, R.P., Mundra, M.e., Gupta, S.C. and Agravval, S.K .. 1999. Effect of 

integrated nutrient l11anagel11ent on productivity of pearl tlli11et 

(Pennisetllll1 glaucunz) - \vheat (TriticllJJZ aestiVllJJZ) cropping systen1. 

Indian J. Agron. 44(2):250-255. 

Singh, T., Singh, H. and Singh, M. 1987. Effect of plant geol11etry of nitrogell 

on N uptake in hybrid sorghulll. Indian 1. Agron. 32(4):447-448. 

Singh, T., Singh, K .. N., Anlarjit, S. Bali and Bhatt, G.N. 1995. Response of 

vvheat (Triticunl aestivunz) genotypes to nitrogen and phosphorus. 

Indian J. Agrol1. 40(] ):99-1 0 1 . 

Sinha, N.P., Prasad, B. and Ghosh, A.B. 1980. Soil physical propt:nle~ as 

influenced by long tenll use of Chelllical fertilizer under intensive 

cropping. J . Indian Soc. Soil Sci. 2 8( 4 ):5 1 6-51 8. 



330 

Sinha, N.P., Prasad, B. and Ghosh, A.B. 1981. Effect of continuolls use of 

fertilizer on yield and nutrient uptake in a \vheat-soybean-potato 

cropping systenl. J. Indian Soc. Soil Sci. 29(4):537-542. 

Sinsi11\:var. B.S. 1994. Production potential and nitrogen cconoIll:' In \vheat 

(Triticlll7l aes tivlllll) - based forage cropping systenl. Indian J. /\.gron. 

39(4):522-527. 

Sonar. 1<. R. and Zende. G. 1<. 1984. Influence of crop sequence and fertiliztr 

level on crop yields. J. Maharashtra agric. Univ. 9(2): 12 1-1 23. 

Soni, J.(~., Dubey, /\.K .. , Singh, R.\l., Yyas, M.D. and Singh. P.P. 1989. 

Response of d\varf \vheat to seed rate and nitrogen under linlited 

irrigations. Indian J. Agron. 34(2):240-241. 

Soni. P.N .. Sikar\var, I-l.S. and rvlehta, O.K. 1988. Long tenll effects of 

fertilizer application on productivity in rice-\vheat sequcncc. Indian J. 

/\gron. 33(2): 167-172. 

Stickler, F. C. S., vVeardens and Pauli, A. M. 1961. Leaf area detennination in 

grain sorghU1l1. Agron. J. 53(3): 1 87-1 88. 

Subbiah, B.Y. and Asija, G.L. 1956. A rapid procedure for the estinlation of 

the available nitrogen in soil. Curr. Sci. 25:258-260. 

Subranlanian, 1<.S. and I<'ulllarswalny, 1<. 1989. Effect of continuolls croppIng 

and fertilization on chelllical properties of soil. J. Indian Soc. Soil 

Sci. 37(1):171-173. 

Swan1_inathan, I<.R., V. Murugesan and Narayanan. S. 1994. Energy 

requirc1nent for crop production in Tanlil Nadu. Energy Management 

and Consevation in Agri. and Food Processing (Ed. Yenna et al.), 

U.S.G. Pub. and Dist., Ludhiana, PP. 115-119. 

Swanlp, Anand and Ghosh, A.B. 1978. Recovery of applied nutrients by crops 

under intensive cropping and l11anuring. Indian J. Agron. 23 :63-64. 



331 

S\Varllp, Anand and Ghosh, A.B. 1979. Effect of intensive croppIng and 

111anuring on soil properties and crop yields. Indian J. agric. Sci. 

49(2 ):938-944. 

S\Varllp, /\nand and Ghosh, /\.B. 1984. Effect of continuous and 1l1anunng on 

available nitrogen status in soil and uptake of nitrogen by crops. Bull. 

Indian Soc. Soil Sci. 13:243-249. 

Takkar, P.N. 1996. Micronutrient research and sustainable agricultural 

productivity in India. J. Indian Soc. Soil Sci. 44(4):56-58. 

Tanlbc, S.P. and 8hoi, P.G. 1999. Yield tllaxill1ization of khar(( sorghUtll 

through fertilizer levels. Plant Densities and Plant Grovvth Regular. J. 

Maharashtra agric. Univ. 24(2):212-2 13. 

Tandon, I I.L.S. 1995. Estitl1ating the degTec of inlbalancc III fertilizer 

COllSU1l1ptioll and likely inlpact of sllpplelllcllting fertilizer \\·itn 

organics on 1'.TPI( ratio. Fertilizer Ne\vs, 40(7):5 1-55. 

Thakre, D.E., Soni, J.C., Vyas, M.D., Singh, P.P. and Patel, R. 1989. Response 

of sorghurn hybrid of nitrogen. Indian J .. Agron. 34(2):237-240. 

Thakur. S.S., Pandey, LB. and Mishra, S.S. 1999. Effect of organic I11ani.lre, 

fertilizer level and seed rate on yield and quality of late SO\V11 \vheat 

(Triticunz aestivllll1). Indian J. Agron. 44(4):754-759. 

Thind. S.S., Singh, iVlantl10han and Sidhu, A.S. 1993. Effect of organIc 

111anures on chetnical properties of soil in lllaize-wheat rotation. Nat. 

Senlinar on Developll1ent of Soil Sci. Abstract. 121-122. 

Tilak, I(.V.B.R. and Singh, G. 1996. Integrated nutrient 111anagell1ent In 

sustainable agriculture. Fert. Ne\vs. 41(3):29-35. 

TOlnar, I(.I(.S. and Raghu, J.S. 1993. Response of jowar varieties to fertility 

levels. Bhartiya I(rishi Anusandhan Patrika, 8(2): 125-130. 



332 

TOlllar. R. 1(. S.. Nallldeo, 1(. N. and Raghu, J. S. 1996. Producti\'ity and 

econoll1ics of double-cropping \vith pulses and oilseeds against the 

base crop \vheat (Triticul1l aestivlInz). Indian J. ;\gron. 41(2):205-208. 

T0111ar. R.I(.S., Raghu, J.S., Yadav, L.N. and Ghurayya, R.S. 1993. Response 

of \vheat (TriticllllZ aestiVllJ1Z) \ arieties to in-igation under ditTerent 

rertility levels. Indian J. Agron. 38(2):291-293. 

Trchan. S. P. and Gre\val, J .S. 1983. Available 111icronutrient status of alluvial 

and hill soils as influenced by intensive cropping and lllanuring. J. 

Indian Soc. Soil Sci. 31 (2):343-346. 

Tripathi, S.C., Chauhan, D.S., Shanna, R .. I(. and [)hillon. O.P. 1999. 

Productivity and econoI11ics of different \vhea t (TriticlInl aes tiVlllJl) 

based cropping sequences. Indian J. Agron. 44(2):237-241. 

Turkhedc. B.B. and Prasad, R. 1980. Effect of rates of ti111ings of phosphate 

applications of hybrid sorgllll111. Zackjor-und Pflanzenbau. ] 49:383-

390. 

Udaysoorian, C. 1990. Continuous Inanunng and fertilization on nee-nee 

cropping systen1 in Peryar Vaigal COl11111and Area, Tan1il Nadu. Flng. 

Syst. News Let. 1 :9-11. 

Upadhyaya, S.P. and Dubey, O.P. 1991. Response of \vheat genotypes to 

varylng fertility levels under lilllited and adequate \vater supply. 

Indian J. Agron. 36(2):290-293. 

Varvel, G. E. 1994. Rotation and nitrogen fertilization effect on changes in soil 

carbon and nitrogen. Agron. J. 86:319-325. 

Ved Singh, Shanna, S.l(., Ranl Deo, Siag, R.K .. and Vern1a. B.L. 199R. 

Perfol1l1ance of different crop sequences under various irrigation 

levels. Indian J. Agron. 43( 1 ):38-44. 



333 

Vcnna, K .. P. 1997. Productivity and econOlllICS of different crop sequcnces. 

Indian J. J\gron. 42(3 ):392-395. 

Vcnna, L.P. and Shanna, N.L. 1994. Residual effect of phosphatic fertilizcrs 

applied to \vheat (Triticlllll aestivlllll) on succeeding crop of green 

graIn (Phaseo/lis radiatlls). Indian J. Agron. 39(2):237-240. 

Venlla. L.P., Yadav, D.S. and Sing, Roonl. 1987. EtTect of continuous 

cropping and fertilizer application on fel1ility status of soil. J. Indian 

Soc. Soil Sci. 35(4):754-756. 

Vcnna, R.N.S., Lohia, S.S. and Singh, L. 1980. Effect of continuous 

application of FYM and ChcIllical fertilizers on S0111e soil propenic~. 

J. Indian Soc. Soil Sci. 28(2): 170-172. 

\Vadile. S.G. 1995. Response of \vheat (Trificllnz acsrivuIJz) liD 2lX9 t\.) 

different levels and sourccs of fertilizer. Thesis subnlittcd to 1''/1 PI< V. 

Rahuri (\l1.S.). 

\Vaghl11arc, A.B. and Singh, S.P. 1984. Sorglul1n-Iegull1e intercropping and the 

effect of nitrogen fertilization on yield and nitrogen uptake by crop~~. 

Expt. agric. 20(3 ):251-259. 

Watson. D. J. 1947. COIllparative physiological studies on the grc)\vth of field 

crops. II. The effect of various nutrients supply on NAR and leaf 

area. ;\nn. Bot. PP. 8-1 1, 375-407. 

Yadav. D.S. and Venlla, L.P. 1983. Evaluation of nitrophosphate as source of 

phosphorus in \vheat. Indian J. Agron. 28(2): 137-140. 

Yaduvanshi, H.S. and Tripathi, B. R. 1983. Uptake and nutrient recovery 

behaviour of \vheat and balance of available N, P and K in soil under 

the int1uence of continuous l11anunng and cropping. Proc. Indian Nat. 

Sci. Acad. 49(3):263-272. 



33~ 

Zade, I(.B., Deslul1ukh, P.O., Patil, RJ., Taral, B.\V., I-Iat\var, I(.Ci .. Lakhdiv<: 

B.A. and I(harche, S.G. 1995. COlllparative efficiency of phosphat 

fertilizer in sorglllUll-\vheat cropping systellls. Fertilizer Ne\v~ 

40(3):19-23,25. 

Zadole, S.D. and Padole, V.R. 1984. Yield and llutTient uptake behaviour 0 

hybrid sorghull1 CSI-I-9 as influenced by nitrogen and phosphoru 

fertilizer. P.K.\/. Res. J. 8(2):5-7. 

Zalnbre, M.A. 1983. Response of S01l1e \vheat genotypes to Azotobate 

c/zroocOCClllJl and Azospirillzll1l brasilense inoculation and effect 0 

their inoculation under graded levels of nitrogen on gro\vth and yiel< 

of \vheat (cv. I-ID 2189). Thesis sublnitted to the MPKV, l{alllll 

(wI. S.). 

Zopc. R. E. 1981. Physiological analysis of gro\vth and yield of t\VO \vhea 

varieties (TriticllJJl spp.) as influenced by plant densities and nitrogcl 

levels. Thesis sub1l1itted to MPKV, Rahuri (M.S.). 

-------------------------------------------------------------------

* Originals not seen. 



• lit 
lit 

APPENDICES 

lit 
ilk • 
lit 
tit 



8. APP_ENDICES 

APPENI)IX-I 

l)ct~lils of prices used for calculation or cconolllics 

r-sr. I P~lrticLllars 

! No .. 
I. Labour charges 
~--

1 2-. - I PloLlghing 
'3. : HaITO\\'ing 
14. !Cost 01-' seed 

I 
i (i) ~orghLllll . 

5. 
1 (i i) \Vheat 

Cost or fertilizers 
. (T)LJrea 

0l1ale I 
- --1 

Fel11alc ' 

~- ·1 (i i) Single slIper ·phospflat,=-~ 
I (iii) l'vluriate o!'potash 

6. -1 Cost 0 r l11an llres 
. (1)I"YM 

, (i i) \Vheat str~l\V 
-I-(iii) Cilaricidi::\ IC<1\'cs 

7. -'lITigation ch~\rges 
L3. --Insecticide and pesticides 
I -,-(-i) E)1(iosuipi1al1 

1 (i i) B 1·1 c 5 (~/(l - - - -. 

~i i )NeLlcroll 
--. -- - --. 

I (iv) IJithanc M-45 
<). 1f3ullock pair --

I
' 10 ~-. 'l~~l resh i ng ~llld \\. i 11 no\\' i ng 

I I. l\.i]ain produce 
i- _~i) SorghUl11 

_ lJiiJ Vv' !2_~a t 
12. 13 Y prod Llce 

-- .- -

l._ _I (_i) Sorghulll 
1£) Wheat~ 

--. 

R 'ltes I Rates 
(I~Y~) (2000) 

-- -- J -- 1-- _--- -~----.=1--" 

Rs.41 da\'- heacr \' Rs.41 dav- heatf 
Rs~da;·-:l head- 1 Rs.41 thiy-:-=1 hea(rr~ 
-- - - -I _ 1 -- -- - -------=r-

Rs. 7) hI" Rs. 75 hr 
~. I iIlr- I-- . --Rs. 17 hr-' 

r 
Rs.~() kg-J~_: -Rs.3() ~zg' -I' 

l >s I'") 1'0- Rs I') 1'0-'-... -, t:' • - ~=-

-- - -I -
Rs. () kg I 

-- - - ---:- - 1 .-. 
Rs.))() lit 

--1 

--- -- -,-:;-- . 

Rs. 3.60 kg- , _- -----1-1 Rs.2.80 kg-
l{s.4.80 k~- \ 
-- -_- --- 1 

_- - -- . ----=-r--
Rs. 6 kg-

-- --,...- ;-:-=-r-- --
RS.5)O lIt 

I 

--R 4')~ -1 
S. ~) q 

-') -1-' 
h.s.-l-U q 

--R ~-- -~-I -
'\..s._U LJ 

l- Rs.650 q-=1---~ 
1--- ----_. 

.-.- ~--

Rs.40 q : 
--~ _- ---
_L Rs.20 q_- __ I 



APPENDIX-II 
1':I1~rgy nOrJllS of eli IT~r~nt input and output 

Sr.-! ----

1'\0. 
Input . l :l1it ---' , I-:n~rgy norms (ivi.f-) -

----:,--:---

_ 1_' __ 1 ~,Il~mall labollr 
!/\ d ul t III a 11 
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Sd r prop~ I k .. d mac h i 11~." 

-1-. }-'ann machil1~r\" 

[ St~~1 
i-- --. \\ ~ {)( ;(_-l --

5. Ch~mical krtili/.~:rs 
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----

\ IaI1-h 
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( 'hild-h 
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---. 

1,96 
1.57 

---_. 

O. <)8 
i--

10,10 
I--
I 

: -- -

64,80 
()S"+O 

=l- ()2.70 ---j 
- .--- -- 3(U~O 

60.00 I 
----c--

I 1.10 
--__ I 

J>2()' 
---K:>() 

Kg 
kg 
kg 
Kg 
kg 
I i l. 

--- - - - ---- ---. 

('h~mical 

(-).--j-I:arm yard 111~IIHlr~' (dry) 
7. -iJ)lcs~1 -

8-. -'Tlectrici t: ( I, 763() "\\ h) 
9. i Seed/Output 

i -, 
i 

( 'creals 
Pulses 
()ilseed 

__ l S ugarcal1~' 
__ I ('olton __ 

_ !~ltOll SeL'd 

( )l1ion 

Byc products 
------

rodekr 
S tra\\ 

Sugarcane tops 
]().~l)ul1g 

'-1-1-, I·'tld \\'(Hld 

liard 
Sol'! 

/\gro \\ ast~' 
J-..:.erOSCI1L' 

K\\ h 

(dry) kg 

(dr:)kg 
(dry I kg 

{dr:)kg 
(dr:)kg 
(dry) kg 

(drYlkg 

(dr: ) kg 
(dry)kg 

(dry) kg 

(dry) kg 

(dry) kg 

(dr:)kg 
(dry)kg 

6,70 
.--- --- 1 2()-~(f() 

- --

0.]0 

56.31 
I I,l)] 

14.7 
14..+ 
25.0 
5.3 
11.8 
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1.6 

12.5 
18.0 
6.10 
18.0 

20.70 
18.9n 

,\:-0. IXT \ ~dUL'S or by products 
I,ilr~' --:r1.'3() 

Source: Pancsar I ~.S. and :\. f~, Bhall1agar ( Il)l)4 )~I·.ll~Tg: -11~)J'ms I<'·)r -inputs 
and outputs l)ra12ricultural sector". l'S(i Pub .. l,udhial1c.t. 
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