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1;ielcl experiments were conducted tiusing t\vo consecuti\ e yews ( 2 (  00 ~ 1 1 d  
2001) on sandy loam soils of wet Iiind block of S.\'. Agricultural C'olley,. t - c l ~ ~ ~ ~  

(ANGIUU), Tirupati (Southern Agro- climatic Zone of 4 . P . )  to study the "I'rospects 
of organic ?arming in rice-based cropping system". 'The investigations ne1.e 
conducted for two seasons, with rice during kharifand groundnut during ~-crh~ , ~ n d  laid 
out in randomized block design replicated thrice. ?'he same layout was fi)llowed 
during both the years of study. 'The treatments consisted of twelve N manclgement 
practices (no N, Azospirillt~m alone, (;M Nl ,o. GLM 1\3 FYM Nloo, 1; Nl,,,,. (;M Ni,, 
+ I' Nio, GIJM N50 + F lVso, FYM Ni(, + I' Nil,, GM N<,) + F Nio + Azo., (;I \ 1 '\J,( -i 

1' N5(, Azo. and FYM lV50 + 1: NiO + Azo.) applied to l ihar~f rice and ground i ~ i t  \ \as 
raised to find out the residual effect of the treatments applied to kharif rice. 1 he Lest 
variety ofrice was NIX-145  and that of groundnut was K-134. 

The results indicated that different h nianagement practices to rice ~ceabl? 
altered the growth parameters, yield attributes, yield and nutrient uptake of slce ;is 
well as the post harvest fertility status of soil. The growth attributes ir . .  plant 
height, total tiller m-2, L.AI and dry matter production lvere highest with C i \ l  C,,,,, at 
active tillering and with GLM Nio I; N5() f Azo., at panicle initiation. \\bile at 
flowering and at harvest the highest stature of  the gro\\rth parameters was ;is:.oiintcd 
with FNloo. 

Yield attributes of rice viz.. panic1i:s In'. number of grains panicle' .  iillecl 
grains panicle-' and 1000-grain weight were highest with supply of 100 per ccrit N 
through fertilizer, which were comparable wlth all the recommended N application 
treatments, except the two exclusive organic sources of N supply viz. GM TJ,,,,, and 
FYM NlOO. 



Grain and straw yield of' rice \\as s~gn~ficantly h ~ g h e ~  \ \ ~ t h  the applicat~on 01 
100 per cent N through fertili~er. n h ~ c h  \vas in parity with a11 the integ~,ttcd N 
n-~anagement practices of'GLM Ni,, + 1' W,o + Jzo.,  (iM Nio + F N,,, + i f l o . .  ( ; I  hl l V , ,  
t F NSO, GM N5" + F NsO, FYM Nit, t t Nil) i ,lzo , and 1 YM N,,, + 1. lV,,, 

Quality parameters of rice viz.. whole graln per cent,  nill ling pel. cent. l ~ r o t i ' i t l  

content and amylose content of rice kernels were highest with co~?j~lnctive use ot 
CiLM Nio+F NSO+Azo., while the higllcst hrclkcn grain percentage \ \as  I-ecosdctl i z  ith 
11o N application. 

Nitrogen, phosphorus and potassium uptake of rice was the highest \viiIl (ibl 
Nloo at active tillering and with GLM Nio + I- Nio t Azo. at panicle initiation, \i liilc at 
flowering and harvest the highest N, 1' and I( uptake was registered \irit1i supply o f  
I00 per cent N through fertilizer. 

'The highest organic carbon, aviiilabli: nitrogen and available p o t ; ~ s s i i ~ ~ l ~  
content of soil (post harvest) were noticed with application of 100 per cent N tll~.ollgIt 
I;YM, which was however, comparable N ith all the N a~~plication treatments. cxccpt 
1; Nloo, Azospirillzrm alone and control. 'I'he available soil phosphorus status tlid no1 
vary to a statistically traceable extent. 

The highest gross returns, net returns and BC ratio of rice were recorded ~vith 
application of 100 per cent N through t'erti1izt:r (T6). 

Supply of 100 per cent N through FYM to preceding rice has recorded the 
highest stature of growth parameters viz., plant height, LA1 and dry matter. 
production and yield attributes viz., number of pods plant-1, hundred-pod weight, and 
hundred-kernel weight of rabi groundnut. 

The highest pod and haulm yield of groundnut were recorded with FYh4 N l o o  
imposed to preceding rice, which were however statistically similar to FYM Nio + 

F NS0 (T9), FYM NSO + F Nso + Azo. (TI 1, GI-M N l o o  (T4) and GM Nloo (T3). 

At 30 and 60 LIAS, the nodule dry we& was highest with FYM NIo0  ~~i~pliecl  
to kharif rice, while at 90 DAS anci at hartest the nodule dry tveigtlt \vxs not 
significantly influenced by different N management practices imposed to prec e(1ing 
rice. 

The highest 1\J, P and I( uptake at all the stages of groundnut were recol-ded 
with application of FYM Nloo to preceding rice. 

The highest post harvest soil organic cart)on, available nitrogen ancl pota-;siillij 
content after groundnut were noticed with the application of FYM Nl()(, to preceding 
rice, which was however, comparablt: with all the recommended N applic:~tion 
treatments, except 100 percent N through f e ~  t i  lizer. The post har\,est soil available 
phosphorus status did not show any significant variation. 



I'he highest gross and net r t * l l ~ r ~ l ~  1s \+ell ilS i3C ratio of ~ I .OLII IC! I I I I~  \ \ C I C  

I-ecordcd 1 ~ 1 t h  I.YM Nloo. which \vcrc stat~strcall  similar with 1:YhI Y,,) t I U,,). 

1:YM Nio t F N,o + .4zo., GLM N l o 0 .  G M  Y,,() .  (iLM Nio + I; Ni0, and (;[ 121 Y,,, 
1: N,,, t Azo. imposed to khrrrrf rlcc 

'l'he highest total dry mattes protiuc tion of'tlic cropping system <IS '1 \\ ht)lih \\.IS 

sccordcd with application of C;l,bl Ni,, t I, I'd ;,, t . 4 ~ 0 ,  \vhile the highest ~.lct'-gr'litl 
cclilivalent (economic) yield 01' the cropping system bas  noticed with 1.3 A 1  N,,, t 

1: Nq,. 

I he highest gross rctu~ns 01' i i~e  crclpping system were recorded \\ 1111 1 \ 14 
Nj,+F NsO and the highest net returns were ~vlth 1; Nloo during the first )ear allti \\ith 
I:YM N,,, + I; Nio during the second veal, M hlle the highest BC ratio ere I e;:i\tel oil 
with the application of 100 per cent N through fertilizer. 

'I'he soil organic carbon content tended to increase with each crop of I-1cc a11d 
 roundn nut of the cropping system. Thc avaiiahle nitrogen, phosphorus and potassitlrn 
L 

content oS the soil tended to incr-eajc \\ it11 tlic saising of rice crop and d :cl.e:lsc 
marginally with the raising of groundnut croo. 

'I'he nitrogen balance in the cropping sjstern was negative with the trei tnlents 
of no N (TI), Azospirillum alone ('I?) and 100 per cent N through fer t i l iz .~  ('r6) 
imposed to rice crop. All other treatments rt:corded positive balance of soil a\ ailable 
nitrogen in the cropping system, indicating a ntst gain of soil available nitrogen 

In conclusion, i t  is inferred ii-om the investigations that rice-groundnut 
cropping system can be sustained with any package of integration of 50 per cent N 
each through fertilizer and any of the organic sources, not only in terms of higher 
productivity and economic returns, but also in terms of sustaining the soil fertility 
status at a fairly high level. Even though application of entire recommended N 
through fertilizer co~lld meet the N recluirerr~e~lt of rice, it would not sustain the soil 
fertility status and its residual effecl was meagre for economical prod~tctian of 
groundnut in rice-groundnut cropping system. Impact of Azospirillzrtn was marginal, 
but considering its cost, it can be included for application to rice in rice-bused 
cropping system. Supply of N through exclusi\re oi-ganic sources could not lia ,.z nict 
the timely crop demand o f N  requirement and also the cost of production i\as higher 
with exclusive organic Fa-rni~ig, conip~u-ed to integrated farming or inorg~inic t'a -riling 
I Iowever, organic fanning may gain itnportance in future if the lo\\er ieltls and 
liigher cost of cultivation are compensated with premium pricing of orgarlicallq 
produced rice and groundnut, ~ h i c h  of '  course. depends on consumer pref'eren~:i. a11d 
purchasing powcr. 
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"Exploitive agriculture offers gleat possibilities if carried out in .i scii't~ti t i c  

Ivay, but poses great dangers if carried out wit11 only an immediate profit nlaticc I lit. 

emerging exploitive farming comn~unity in [ndia should become an'lre of thts 

Intensive cultivation of land without conjet vntion of soil fertility \iould Ieatl. 

ultitnately, to the springing of deserts" - I'rof. h4.S.Swaminathan. 

'She green revolution is one 01' the I~iggest success stories of 11idi:t c.itecl 

globally, which enabled the country to convert the nightmarish "begging bo\i I" status 

to that of "self-sufficiency". It also brougl~t about an element of the resilience in 

agriculture to ward-off the threat of famines. The green revolution obviously assured 

the food production of a little over 200 million tonnes by the dawn of the t urrent 

millennium. 

All this had obviously been pos:,ible as a result of the adoption of good cluctlitj 

seeds, enhanced use of fertilizers and plant p~otection practices besides ajsured 

irrigation. Since, production for market 1s the only aim of the green re\,ollttion. 

lactors like crop rotation, crop diversity, soil health, environmental degradation etc 

have been ignored. The seed chemical paradigm of green revolution ha5 I-eac,hed 

plateau and the situation has worsened ~\/hen the productivity of miracle seeds I,.vi'led 

off since 1990. Hence, there is a need t o  I-e\zise the production and man,lgt.nlcnt 

practices towards sustainability in agricultural production. 



The heavy dose of fertilizer application to meet the nutritional demands of the 

modern varieties of crops has depleted the soil in such a way that to gt:t a unit 

quantity of' output more and more quantity of' fertili~ers are needed to he applied. 

every time the land is ploughed. Also. the heavy dependence on high analyt~cal 

fertilizers had resulted in a plethora of enlrironmental problems like cleclining 

productivity, impoverishment of' soil f(:rtilit~, including deficiclic! of' \e \  era1 

micronutrients and environmental pollutio~l. with the result of' \iliic11. n1odt.m 

agriculture became lack of wholesome in its approach. 

The success of' future agr~culture depends upon the sustainatil~t! of 

production systems in the years to conle. Arresting the decline of'soil nrz;lni~ iiI,l\ter 

is the most potent ueapon in fighting again\t abated \oil degradation and i~nperiled 

sustainability of agriculture in tropical regions, and particularly those untlc~ a r ~ d ,  

semi arid and sub humid climate. 'I'hus, shift li-om market orientation to susta  lah hi lit> 

can be done by shift from inorganic to organic. Hence. to keep the ball I-oll~ng. 

organic farming should be initiated. The thought-provoking statement of' Sumn~cr  and 

Farina (1986), "crops do not respond to fertll i~er application per se. but rattier the 

soils respond to that application" would clearly spell out that crop ~ustainahil i t~ I S  i l l  

turn linked to the soil sustainabilitj. 

Organic farming is a holistic management system, which pronloies and 

improves the health of the agro system and emphasizes the management PI-,ictices 

involving substantial rely upon crop rotation. crop residues, animal manure, .  green 

manures, off-farm wastes and biological nitrogen fixation. These component\ in 

addition to rkducing the cost of produc tion. elso ensures clean environment. 



'There is a great potential for organic resources to suppl). plant nutrients 

including micronutrients in the state of' Andhra Pradesh. According to the civailLlble 

information, total nutrient potential ( N  t P205+  K 2 0 )  from crop residues. titung and 

other organic materials during 1998-99 was 2.53 million tonnes. The nutrients 

removed by the crops during the corresponding period was 1.373 millicm tonnes 

(nitrogen, 0.476 million tonnes. ~ ~ O S ~ ~ I C ~ L I S .  0.217 niillion tonneb .111ci p 11.14\111111. 

0.680 million tonnes) and thus, the .itate has possible balance of'nutrit.nt\ t.\ ~~n i t '  all 

the available organic resources alone are ~~ti l ized.  

Rice-groundn~it cropping system is the predominant cropping c~ sten1 01' the 

state. Rice occupies the largest area In the state t'olloued by groundnut ,111d these t \ i o  

crops in order, accounts for the n~aximum removal of nitrogen, p h o s p t i ~ ) r ~ ~ \  ,111d 

potassium. 'The system is often considered as a market insurance. since 111t. price 

commanded by the latter can buffer the lower ~etiirns due to glut of hist1 pl.cd\~ction. 

Reports of stagnation in the productivity oE these crops with the lo\vering of the soil 

organic carbon and possible deterioration of soil ecosystem have raised daub :, o n  the 

sustainability of this important production system. 

Nitrogen is considered as the kej  to the yield potential of tnodern 1 . 1 ~ ~  In 

India, about 67 per cent of rice soils ;Ire est~mated to be deficient in nitrogen. Of  late, 

due to decrease in fertilizer subsidies. the prices have been increasing. So. the current 

trend is to explore the feasibility of supplementing mi~ieral ferti1ii.e~~ 11 ith o .sanlcs 

Also, legumes with their adaptability to different crop-based cropping patte -nh ancl 

their ability to fix nitrogen, may ofier opportunities to increase anti sustain 

productivity in rice-based cropping systems. 



Organic manures and biofertili~ers ha\ z been proved to be viable cotn ,~one~l ts  

of nitrogen management, which car1 supplement and successfully replact c o s t l ~  

fertilizer nitrogen. 7 he possibilities and prospects of exclusive organic :,it-rning 

vis-ci-vis exclusive chemical farming and integrated nutrient management 111 ttie 

cropping systems has not been researched adequately. though such research 1-a\ hetw 

conducted tc! a limited extent irt respect ot indix iduL1I crops. Ilspeciall! I L>\C, I I  cll 

erforts in this direction have not been initiated ill the Southern Agro-climatic / O I I ~ .  ot 

Anclhra Pradesh. 

In the light of the above context. the present study was plant cti cl~lci 

investigations were carried out fi)r t \ \o successix e k/7i1r.{f and rabr season, , l t  '000 

and 2001, with the following objectii es: 

1 .  To study the response of low land rice to organic mancu-ins ~ ~ \ - O - \ I I S  

biological and inorganic sources as well as integration of different soul cc:. 

2. To estimate the influence of different nitrogen management practice I )n the 

grain quality of' rice. 

3. '1.0 investigate the residual ef'fect of' different nitrogen management p1-actices 

to rice crop on succeeding groundnut crop. 

4. To evaluate the soil fertility dynamics in rice-groundnut cropping s) stel11 \\ it11 

different nitrogen management practices. 

5 .  To assess the economics of clif'fererlt nitrogen management practices i l l  rice- 

groundnut cropping system. 





CHAPTER - II  

REVIEW OF LITERATURE 

Introduction of high yielding varieties and intensive cultivation wit11 c\ct:s> 

and imbalance use of chemical fertilizers showed reduction in the soil fertility status 

and crop yields by 38 per cent of' rice and 10 per cent of wheat (Singh et rrl  . 200 I i 

1:xcess and imbalance use of cheln~cal Ikl-tillcers ma) also reduce the ava~ la l~~ l i t>  ol 

micronutrients and yield. Also the cwncelnc about the increased cost and ~ecluced 

availability of fossil fuels, deflating human nutrition and environmental degc-,~datiorl 

have prompted agricultural scientists t o  re-e\ aluate 0 ~ 1 1 -  current agrici~ltural y i acllc.e\ 

and investigate alternative production inethods. Organic farming secms t o  IIC ;ul 

alternative, which may not be acceptable c>n short-tern1 basis. but may be v1,11)lc L, I I  

long-term basis. Undoubtedly. human rust ival depends on agriculti~ral proclirct~~~il 

being increased and the earth's environment being sustained 

The available state of knowledge on karious aspects of diferent ~rganic 

sources and their integration with fertilizers fi)r lowland rice and their residual t'tli'ct 

on the succeeding crop of groundn~~t  is briefly reviewed in this chapter. 

2.1 EFFECT OF ORGANICS OY I,O\Vl,AND RICE PRODIJCI'ION 

'The main natural source of N is soil organic matter, which 1s beins 

replenished by various atmospheric N fixers r IKRI, 1974). 

Organic manuring has been known lo increase the biological N tixat1o11 111 

lowland soils, due to the increased population of heterotropic N fixers. Furt11(!1.. t h ~  

reduced conditions in  lowland soil5 with the ,~pplicatic)n of organic m a n ~ ~ r e s  merv 

found favoured the nitrogenase activity in the soil (Kiriiura et trl., 1979). 



Organic manures play a direct role in supplying macro and micronutricnts and 

indirectly by improving the physico-chemical and biological properties ot t l~e  soils. 

besides supplying nutrients to the cursent crop and quite often leave subst,intiaI 

residual effect on succeeding crops in the cropping systems (Maskina anti hleelu. 

1984). 

In lowland rice cultivation, crop gr-on.th depends niuch on the nlirie . c ~ l ~ / c ( l  N 

li-om soil organic matter (Kai ei (11.. IC)84). 

Application of organic materials inlluenced the growth of rice crop ciirccrl! h! 

providing nutrients (Palaniappan and Balas~~branlanian, 1991) and s t i r n ~ l l , ~ ~ ~ r i ~  tlic 

n~icrobial activity (Kukreja et cil.. 1')') I ) 

'The uptake of soil N \\as LIP to 63 i3er cent between planting to ~-iccl\rloclc 

initiation, 45 per cent between necknode initiation to late stage of' spikelet initiation 

and 50 per cent between late stage of spikelet initiation to heading (U'atia ~ l t  .rl . 

1986). Nitrogen uptake was up to 80 per cent during the period kern p,irlic It, 

primordial initiation to heading (Kitada ~t (11.. 1991 ). whereas the soil h .~Ionc 

contributed to the entire uptake of' h from spikelet filling stage to n ~ a t u r ~ t ~  ( \\ 'lcia 

et crl. ,  1986: Kitada et a/., 1991 ). 

'l'he significance of native soil N usas apparenl from the fact that 61) 10 80 

per cent of N (Manguiat et al., 1994; Ponnarnperuma and Detruck, 1993) abso .bed 114 

the lowland rice crop was derived fronl n a t i ~ e  jot1 N pool, 

Nitrogen in soils is mostly present in organic form in organic maucr a ~ l d  rn 

most of the soils, it is 59-95 per cent (Srivasta~ a and Singh, 1996). 



Saravana Pandian and Rani IJerumal (2000) reported that N l e ~ e l ,  'lntl 

organics have significantly influenced the soil organic carbon content. I'he ne+~l i \ c  

b,llance of  organic carbon was registered \\ith festilizer W alone as well as with the 

combination of Azospit.illz~t~z. l'he conjoint application of N with green Inanul ih ,111d 

I YM has resulted in the build up ol'the coil o~.g:inic carbon content. 

1:fficiency of green manuring with dliaincha or tnungbean after one p cLing 

proved almost at par with or without the prilled ilrea (Singh et al., 2001). 

Masthana Reddy et al. (2001 ) d1c-l not tlotice any significant difference in y a l n  

yield o f  rice with farmyard manure or giyricidia green leaf manure. 

2.2 EFFECT OF GREEN MANURE ON IBWLAND RICE 

Green manuring has been known to favourably alter the availability of plant 

nutrients including the micronutrients (FAO, 19'77). 

Among the various ways to add organic materials to the soil, green m:lnures 

appear to be a practical proposition (Mulongoy anti Akobundu, 1985). 

The N from green manure had a higher agronomic efficiency than that of the 

N from inorganic fertilizers (Morris et r l l . ,  1986). 

'l'he green manure contains two fracbtions, one of which undergoes faster 

decomposition and releases N for the currenr crop. while the other ~-ninel.alizes ,11 :I 

slower rate. Enhanced level of' organic carbon might be due to the late tra;t~oris 

( J3ouldin, 1987). 



Ilalnasanly et crl. ( 1988) reporled that .Sc.vhil17itr aclrleirtc~ (clllaincha) cc,11t~1,11cil 

3.2 per cent N, 0.3 1 per cent P and 1 .  l pel cent K 

Sesbanlll species are well adapted tor iiie 3s a gl.ce~-i munure in rlcs l i t  lcls 

because of their ability to grow under \aslet1 climatic, so11 and stress conclit~o~ls 

(Garrity and Flinn, 1988 ). 

In the tropics, Sesbunicr species especially Seshaiira crcztlenta ( i ih~linch I )  is 

used as green manure in rice based cropping syjtt.lns (Abrol and Palaniappan. 19:<X ). 

About eight weeks old dhaincha plants have been found to contain 3 pcr cent 

N in addition to K, Ca, Mg, P, S and rnic~.onuti ie11ts and about 33 hg N. 1 kg I). I4 I\? 

K, 14 kg Ca, 16 kg Mg and 2 kg S are adcied to the soil i f '  a tonne of d h a i ~ i c h , ~  11r~  

matter is applied (Bhuiyan et al., 1988). Besides being a deep-rooted crop, dhaincha 

absorbs nutrients from the subsoil enriching the rice plough layer upon incorpora ion. 

Padhmanaban ( 1  990) reported that among the organic manures, green manure 

was the cheapest one. Legume-rhizobium symbiosis in most of the green manure 

crops is highly advantageous because, it supplies approximately 80-90 per cent clf'the 

total N requirement. 

Siddeswaran (1992) noticed that ~nlner-alization of' green manures ensureti a 

continuous supply of NH,'-N, which was prelerred and readily absorbed b; thc 

lowland rice crop, resulting in better growth. 

Singh ( 1  994) noticed that a good crop of .Yesbanin clczllentc~ accumulates ;~hout 

20 to 25 tonnes of biomass ha-'. which coilld in turn supply about 175 to 2 0 0  i g  

N ha-'. 



f 
In 45 days, the contribution of N through Seshania nculeata was 1 I 0  kg h i '  

(Ghai et a/., 1988), 105 kg ha-' (Chandrasekar;m, 1989) and 53 to 103 kg 12; ' ( I'ando 

Application of Sesblznia sp. ,tppeased to stimulate the release of soil N. 111~1s 

showing a positive added N interaction et'fec~ (Seneviratna and Kulasoo~iy~l. 1 004 1 

Green manuring with Seshnnic~ ~.ostr-lrfa increased both availabilitj ill soil '111d 

accumulation in plant of Fe. Mn anti C u  due to the development of intense reduccd 

condition, complex formations and greater nutrient binding capacity (13hatt,1ci1;u:v> a 

and Mandal, 1996). 

2.2.1 Growth Characters 

The glow and steady supply of N bj, Sesbanln aculeata, increased tllc \oil 

fertility status and also improved the organic carbon status of the soil (Bh~l.ja11 Singli 

and Brar, 1985) and in turn influenceti the growth of' rice. 

Constant N supply due to slo\it release from the incorporatecl green ln,Iniisc 

would rnatch with the absorption pattesn of rice resulting in improved ct-op 

performance (Westcott and Mikkelson. 198'7) 

Chandrasekaran (1989) reported that green manuring increased th: pl;tnt 

height, number of*tillers, LA1 and dry t~iattel production. 

Green manuring with Sesbuni~r c7c.zileatcr increased the gro\vth, ~ric- ld 

parameters, nutrient uptake and yield o f  rice (I'admavathy, 1992). 



Incorporation 01'  green manures ~ . c s ~ ~ l t r d  in promoting the growth of r ~ c t  cl'op 

h) increasing the plant height (Kaju rt ( 1 1 .  1987: Srinivusulu Reddy, 1988: B~lilhar 

ei crl.. 199 1 and Saravanapandian ancl I<anipc:r~~mal. 1994) and tiller pl.oditi'~  on 

(Itamasamy, 1990: Kolainbe and I'atel. 1994) 

Application o f  N through green 11iani11 es increased the leaf area intie\ ,ir 1t1  cil! 

matter production (Vaiyapuri tJt  rrl . 1095)  C'(iI<, NAR and RGR of rice ( h l , ~ t  \ \< ld t .  

and Sheclavantar. 1904). Vigorous pliints w:th niore number of tillers and b ~ o a d r r  

lcaves could be the possible reason\ fol incteased LA1 of rice recorded i i i th  ytee~l  

nla~iuse and Azospir-lllrlnl conlbination ( 'uagara.ji~ er al., 1995). 

Mahapatra and Sharma (10%) noted that green manuring with S~.\F)(III[II 

(~cu le~ l tu  increased the growth character.; of rice 

Green manures raised during pre-season rice recorded higher values of growth 

parameters and yield of succeeding rice than pre-season fallow (Solaiappan 2 t  al., 

1996 and Subbalakshmi Lokanadhan et al.. 1999). 

Application of green manure (Seshauiicl aczrleata at 6.25 t ha-') along 1vitt1 

Azospirillum recorded significantly shorter period for flowering and highest nt~iiibcr 

ol' productive tillers in-', filled grains panicle-'. panicle length and grain yleltl 

(Shanmugam and Veeraputhran, 2000). 

2.2.2 Yield Attributes 

Green manuring with Sesbatlln r ostrnru has resulted in significant 111cre i jc 1 1 1  

length of panicle, filled grains panicle-1 and 1000-grain weight in coniparlbot \ ~ i t l ?  

recommended dose of N through chernical fertilizer (Matiwade and Sheel'i~ antar 

1094). 



Saravanapandian and Raniperunial ( 1 904) reported that productivc i 1 l less 111 '. : 

filled grains and 1000-grain wt:ight were perceptibly increased h~ y-ecn 

manuring with Sesbania rostratti. 

Solaiappan et al. (1996) observi:d that green manure incol-pol-;~rctl ~ ~ l o ~ s  

recorded higher values of number of gr:lins lialliclel and 1000-grain weipht o! 1 . 1 ~  i'. 

I Longer panicles (Keddy. 108.7 ). nlol t. number of' fil led grain\ i ~ c l l l ~ i l ~  

(Vaiyapuri et a/., 1998), increase i l l  n i ~ ~ l ~ b c r  ot ~ ; I I I I C ~ C S  unit area-' ([3i1dl C ~ I  c ' i  cci.. 

1991) and a moderate increase in thousand grain weight of' rice (Nachirnl~tl~i~ lC)8 i )  

were registered with green manuring prdct~cc 

Green manuring has sigl1ific;lntl~ i~lcse,lst.d Ilic nurnbc~. ol' ~ : I I I I L  1 1  1 1  1 I .  

length and weight of panicles, number of filled gl-aim panicle-' and t l ~ o ~ l \ , t l ~ d - g r ~ ~ n  

weight of rice (Thakur et al., 1999). 

Green manures promoted the suppl:~ o f  assimilates t o  sink, thus incrt. iblrly ille 

length of panicle with more number of spikelets and tilled grains and thou.;, 11(1 y1.,1111 

weight (Thiagarajan, 1991 ; Thakur el 01.. 1999). 

2.2.3 Yield 

Roy et al. (1988) reported that incorporation 01' Sesbnnia acztlecitir '11 i t Ila I 

increased griin yield of rice by 34 per cent over control. 

According to Chandrasekaran ( 1989) the marked increase in grain 1 I C I ~  o t 

rice due to green manuring could be attributed to the enrichment ot' soil tt.1.t111 t \  

resulting from N fixation by rhizobial nodule -1s well as their green matter additlor1 



Yield response of rice to green manuring in India ranged fro111 0 . C 5  to 3 I 

t ha.' in high yielding varieties (Yadvinder Singh et a/. .  199 I). 

Grain- and straw yields of rice were significantly increased. \I hcn ,\'evhiru~~l 

rostrcrtcr was incorporated as green trlanure prior to rice (Halepyati atid Sllcel,l\ antill.. 

1902). 

Manguiat et al. (1992) reported that green tnanure alone i m p r o ~ e d  1l l t1  yrClin 

yield of rice crop by about 18 q ha-' 01 er that ot control. 

Matiwade and Sheelavantar ( 1994) stated that green manurins \\ 1t1i , ' i r \ Iwt l~~l  

~~ostrutn alone resulted in higher grain yield 0 1 '  1-icc (52.07 q ha ' )  t l u n  1Ii:it I .L\ ' I I  ~ , c ' c l  

with applicat-ion of 100 per cent l'ertili~er h (50 51 cl ha.'). 

Pandey et ul. (1995) reported that green manure u a s  capable of'prodi~ciriy ,lnd 

sustaining more than 6 t ha-' of rice yield. mhich was equal to 100 Ag i i o r ~ ~ ~ ~ i i c  

N ha-'. 

Thakur et (11. (1995) proved that seed and strais yield ot' rice i l ~ ~ t . i ~ \ e d  

significantly due to green manuring \vith Seshnlliu aczllecrtrr 

Green manure has not only increased the grain yield but also en11a11ct.d ttit. 

sustainability of soil due to higher residual recoveries of nutrients (Deka M{:clhi :~nd 

De Datta, 1996). 

Green manuring with Seshunicl acuietrtu gave higher rice yield. whic11 Itas at 

par with 20 t ha-] of ITYM (Misra et 01.. 19961 



Green manuring with Sesbania ac.z~lenta gave the highest yield of rict, as 

reported by Paturde and Patankar ( 1'198 1. 

Reducing the recommended fertilizzr dose to half along \\ith iur111emp 

(Crotalaria juncea I,.) green manuring recortled comparable yield of rice \villi t l ldt 01' 

recommended N I' K (Subhash C'hanclra et 111.. 200 1 ). 

2.2.4 Nutrient Uptake 

Tiwari et al. (1980) observed that the nutrient content of rice plant at trllcrlng 

stage has increased from 1.58 to 1 .X8 per cent of N. 0.45 to 0.69 per ce~lt  .;t 1' ,ind 

2.73 to 3.48 per cent of K due to green manut ing. 

'Ihe green nlanures undergo slo\t cleco~nposition and the minercili/c~~ ioii I?ia> 

help in the release of' N to meet the recluirement of' rice crop at the critic 11 \t,iges 

(Meelu et a/. ,  1986). 

0rgai ic  acids produced cluring decomposition of green manures sc~lub~liscs 

insoluble P and increases P uptake (Vent~ir:i ct  01.. 1987). 

The N uptake in grain anti straw increased significantly by the applic at ion o f  

green manure (Ghai et al., 1988). Anti1 el (11. ( 1  989) recorded highest uptake 01' N 

when rice crop was green manured u ith dhaincha. 

Budhar et al. (1991) recorded 1ncreast:d uptake of N P K \\it11 >'cl$hllt:rir 

rostrata as green manure to rice crop. kiighc:r N and I' uptake by rice \v:is not~c.ecl 

with incorpo;ation of Sesbanirr r.ostruta applied with 50 per cent phosphoru: and 110 

nitrogen (Halepyati and Sheelavantar, 1 992 I .  



i 

Green manuring enhanced the uptake of N (Hundal anci I'hinci. 1003), 

P (Siddeswaran, 1992) and K (Sreedevi and 'Thanganl~~thu, 1991). 

Bindra and 7'hakur (1995) observed that green manurins wit11 .S'rshtrnrcl 

nculeata increased N, P and K uptake by rice. 

Nitrogen uptake in grain and sti.a\\ were increased sign~ficantl! h~ tlic 

application of green manures (Ileka Medhi and Medhi, 2000). 

2.2.5 Soil Fertility Status 

Application of green manure influenced the availabilitj of' P a114 orlier 

elements through better mobilization ( Muneendra Naidu, 198 1 ). 

Organic acicis produced during decomposition of green ilianure t-rcsicles 

solubilizing the insoluble I' (Ventura et 01. 198'7). adds substantial quantities ot' other 

nutrients viz., Ca, Mg, S, Cu, Fe and Mn in  soil after ~ncorporation of green tl~anure 

(Ponnamperuma, 1984). 

In water logged soils, green Inallures increasetl the availabilit) ot' I' tI~i.ougll 

the mechanism of' reduction, chelation and favourable changes in soil pkl I 1  luudal 

et al., 1987): 

Green manuring with N fixing legunie crop contribi~ted to a substantia part 01' 

the N requirement of rice and suppliecl organic matter to rice soils (Bo~~ld in ,  1088) 

Mahapatra et (11. ( 1  99 1 )  observed steep increase in organic carbon and total U 

status of the soil following green manuring with dhaincha. 



Significant raise in the total N statlls 01' thc soil clile to incorpos;ltiorl i ) t '  

Sesbania rostratu was noticed by tlalepqat i and Sheelavantas ( 1992 ). 

Green manuring with Sesbllnicr trcrilecrr(z resulted in signiiicantlj. high21- soil 

organic carbon content, available N. I '  anci K than when French bean \\'as i~jc'd ,IS 

green manure (Thakur et nl., 1095) 

Mahapatra and Sharma (1 995) reportttd that inoculation of Sesb~lriicr ut 1 1 I ~ ~ z t i l  

increased the available soil N after harvesting ot'rlce. 

Green manuring with Sesbcrn111 ~.osfr c l f i r  improved the soil organic cLirhon 

available N and K (Sornasundaram et iii.. 1 996 I 

Application of Sesbania acziiecita has enriched the soil organic (.arbon 

(Sriramachandrasekaran et al., 1996). 

None of the inorganic fertilizer treatments was capable of maintaining soil 

fertility except green manuring with 100 or 50 per cent of N P K (Subhash Cllandra 

e l  01.. 2001). 

2.2.6 Equivalence of Fertilizer 

Application of green manure retluced denitrification. tolat i l izat io~~ a11c1 

leaching losses of N and thus reduced the total N loss b ~ .  19 to 46 per cent (hill 'lnd 

Ouian, 1983). 

Sixty days old Sesbaniu ac~~leatir and Se.sb~it7ln rostrutu incorporated p~ lor  lo 

planting of rice contributed fertilizer N equlvalcnt to 60 kg ha-' (Furoc et a/.. 985 ). 

hleelu and Morris (1986) concluded that green rnanuring could contribute fertil lier W 

ecluivalent to 50 to 100 kg ha-'. 



The magnitude of leaching, denitrification and NH3 volatization lossc s tila! be 

lower for green manure-N than for fertilizer-N. especially in the presence ol a rice 

crop, because of relatively slower rate of N release from plant materials (Nasarajah. 

1988). 

Sasavanan ei crl. (19x8) iound higlitr Nlrl l  of 21.5 kg graiii 1,s '4 \ \  itli 

conjunctive use of green manure and prilled urea than prilled urea alone ( 1  7.1 ) 

The cumulative volatilization loss o f  nitrogen \\/as higher ( 1  3" cot' tll:  ~tpplicci 

amount), when N was applied in the form ot' urea alone as basal dressiny ,111d i t  \ \ , I >  

lower (6%) when it  was applied in combination with dhalnclla on  I :I basii (S,~iitt- ,~ 

et crl., 1988). 

Maskina et (11. (1989) reported that <iglit weeks old Sesbanzn ni,lli . ( I ~ [ I  , ~ n d  

Crotalariajuncea can contribute N ecluivalents of 90 to 100 kg ha-' respecti1 :I! 

Integrated use of organic and inorganic nitrogen lowered the azrononiic 

efficiency, physiological efficiencj but enhanced the apparent N reco\ C I  ! ,Inti 

nitrogen harvest index (Siddeswaran, 1992 1. 

In a laboratory study, it was observed that soil amended with green nlaliure 

alone was not having any NH3 volatization (Khind er nl., 1989: Kekhi anc tjal\\a. 

1994). 

The average N loss in flooded soils li-om applied green niatlu.es ivas 

considerably lower (14%) than that of split applied urea (35%) thus resulting in lcss 

pollution to the environment (Becker et [I/., 1494). 



Application of green manure along with urea may reduce NH; Icsses li-om 

urea lowering pH in the flood water (De Datta. 1995). 

Combined application of green manures and prilled urea is the m o s ~  t~t'ticicnt 

fertilization method with relatively l o ~ v  rd losses due to volati1i;lntion and I c ~ , l i l ~ i l ~ ~  

cotupared to prilled urea alone (Ilas et ( I / . ,  109:i). 

Green manuring has significantly 1.ec1uced both leaching and gascolls 10.;. 01 

fertilizer as confirmed from "N studies and remained most efficient ~ln(lt'l cl~-ci~~sl~t 

prevailing at the rice vegetative stage (Bhattacharyj a and Mandal. 1997 ). 

2.2.7 Mineralization of Green Manures 

Bouldin ( 1  988) proposed a simple two-component model to dt.sc~,il-c r l~c  N 

mineralization pattern of green manures. The organic n~aterial was treated its i t  I l1c.l-c 

were two distinct components. one that decomposed rapid1 the ott-t.1 (hat 

deco~nposed slowly. 

The fate and availability of N fionl green nlanures depended i~y-otl [lie 

magnitude and extent of its decomposition and associated N minerali~ation ~~t.occ.;s 

(Palm et a/., 1988). 

Laboratory studies (Beri et al.. 1989a) llave shown that under S L I ~ I ? I ~ I . ~ ~ C I  

conditions obtained in rice paddies. a b c ~ ~ ~ t  80 per cent total N and 40 pel cenl I i iota! 

C in dhaincha was released in about 1 0  days. 1'0 prevent the loss of t h ~ s  relea~,ctl N, 

it is recommended to transplant rice immediately after incorporation of green n- aliul-i. 

and not to wait for 2-3 weeks as recomrnendecl under upland conditions. 



i Following incorporation of dhaincha. the accumulation of soil inlrnonla 

,I \ c1c.clint.d reached its peak at 7 to 20 days after rice transplanting and then gradri, 11- 

(I3eri et al., 1989b). 

Release of NF&+ -N fi-om green manure was initially rapid. but slo\\ t.d do\\  n 

niarkedly with in a short time (Lin anci Wen. 1990). 

Bhandari et L I I .  ( 1992) obser\t:d that Sesbnnln C I C U ~ ~ L ~ ~ L ~  released thc n i y o s  \.art 

of N (25-80 %) with in 40 dajss alter incorpolation. 

During mineralization of' green manures the seleasc o f  NI I 4  -\ I ~ C ~ I L ~ I ~ ~ ~ I  1 1 ,  

peak at 10 days (Recker et 01.. 1 9C)1 ) and at T'O days ( ['iwari et 01.. 109i: 1'11 ,\1j1,1\ , 1 1 i 1  

et L Z ~ . ,  1994) after incorporation into the  oil. 

2.3 EFFECT OF NEEM LEAF MANURE: (GREEN LEAF MASlIItE,) O X  

RICE CROP 

Several green leaf manures vir., neeln, pongamia, calotropis. g1~1.1cidia. 

'fephrosia, Cassia, 1 hespesia and [pcmea arc being used by traditional SILL .  > I  o\\ i b l \  

in Southern parts of India to supplerncnt tht 1t~rtllir;er N .  

2.3.1 Growth Characters 

Santhi and Palaniappan ( 1  987 I reported that leaf area index was high;>[ \\ 1tt1 

incorporation of fresh neem leaf /ru 5 t ha". 

Dudhar et ul. (1991) reported a marli.etl increase in plant height, tiller n u m l ~ e s  

and leaf area index with neem leaf manuring. 



Krishna Murthj and Mathan ( I  995) obie~ . \  cd l l u t  there \\/as 110 b ~ g t l ~ t  I L  ' 1 1 1 ~  

drl'fercncc in plant height of  rice duc to tlif'l'e~ent green leaf manures incluci~ng r l ~ ~ t . 1 1 1  

leal.. 

Nee111 leaf manuring resulted in la l le~ plants. mote n~lmber of tillt'rb. :II g c ~  

leal'asea index and higher quantity o t 'd~- '  inattcl- a c c ~ ~ i ~ i u l a t r o ~ ~  than all ot11c.r \ (  111 cc'> 

ot'nitrogcn (Subba Kecldy. 1997) 

<;rowtli components of rice like plant height. nurnt~er of'tillers, leaf asca i~idcu 

311d dry matter accun~ulation were fi~uncl superior with neem leaf' rncltlusillu, t o  

fertili;/er nitrogen (Vasanth Kuniar, 1996: I lpendra Rao, 1008). 

2.3.2 Yield Attributes 

Budhas et a[. ( 1  071) found that number of tilled grains per panicle \ \as  tilot-e 

with neem leaf manuring. 

Krishna Murthy and Mathan (1 995 ) observed increased panicle length u ith 

neem leaf manuring. 

Yield coniponents of rice viz., paniclcs m-', panicle length and nu rnb~x  oi' 

filled grains pai~icle-' were significantl> higher will1 neenl leaf manuring tl~aii  ottle~ 

green manures (Vasanth Kumar, 1796). 

Velayudham et (11.  (1796) reported elevated level of  ield structui.t. ot r-lee. 

with neein leal' nianuring. Neem leaf manusing lias manifested bettei yield st1 11( {(Ire 

with largcr nuinber of panicles n?.'. longer p;~nicl~:s. more number of lil1t.d - ~ ; i ~ n \  

with higher grain weight than all other soljrces of N (Subba Keddy, 1997). 





Grain yield of rice was significantly higher with neem leaf Inaniirlny. I\ I11cl1 

was in parity with I'ongamia, sunhemp and gljricidia manuring. Neem lc,it' ~ i i : i~~ i~r lng  

was found to be beneficial in economizing ~iearly 50 per cent of the fertilizes 11it1-c-13e1i 

(Vasanth Kumar, 1096). 

Subba Iteddy (1997) recorded cii:;ti~~ctl> higher grain yield witti I I ~ ' L > I I ~  l ~ i i i  

manuring as compared to prillecl urea and neem cake c,oated urea. 

2.3.4 Harvest Index 

Alam and Azmi (1990) ibunci distinct superiority of' neeln leal' 111~1 1 ~ 1 1 . 1 1 1 ~  111 

improving hirvest index of' rice. 

Elasvest index of rice was highel- \vith neeln leaf manuring tc)llo\\eti h! 

pongamia than other green manures (Vasaritli K~unar. 1996). 

In contrast to afore cited results, Hudhar et trl. (1991), Krishnamul-th? , ~ n d  

Mathan (1995) and Velayudham et 111. ( 1  496) did not notice any inlluence of ntst.111 

leaf'manuring on harvest index. 

Harvest index of rice was improvecl b j  neein leaf rnan~iring as \\ell as 

different neem products added to urea (Siibl~a Reddy. 1997). 

2.3.5 Nitrogen Uptake 

Santhi and Palaniappan (1987) repclrtt:d that N recovery and responje to l\j 

was highest with incorporation of fresh neem leaf at 5.5 t ha". 

Nitrogen uptake by rice was higher u ith pongamia and neem leal' rn.~niii-~np 

than with other green manures as we1 1 as fert i l  izer N (Vasanth Kumar, 1996). 



Subba Reddy (1097) proved the superior~t! of neem ledf manuring O C C I  hotli 

neem cake coated urea and prilled urea wlth respect to nitrosen uptake at dillcl cnt 

stages of crop growth. 

Upendra Kao (1098) reported that nltsogcn ilptake with neem leal'manur i1y ;at 

10 t ha-' was eclually effective as that mith 5 0  I..g N ha-' supplied through li.rtil~/t I 

2.3.6 Soil Fertility Dynamics 

Budhar et al. (1091) observed improvement in post h a r ~ e s t  soil nutrient ( N .  I' 

and K) status with neeni leaf manuring. 

Vasanth Kumar ( 1996) revealecl that neem leaf nlanuring at 12.5 t 112 ' \vas 

1i)und to be superior with regard to organic carbon and available nitrogen and alnlost 

I equivalent with respect to soil available t' and K status u i th  120 kg N h as 

fertilizers. 

Neem leaf manuring distinctly proved its beneficial effect in improving the 

post harvest soil fertility status over fertilizer nitrogen (Subba Reddy, 1997). 

Superiority of neem leaf' manusing i l l  improving the different soil fertility 

parameters like organic carbon and available N,  P and K status of soil over f e r3 i l~ze~  

nitrogen was also noticed by Upendra I<ao (1 998). 

2.3.7 Economics 

Vasanth Kumar (1996) observed that rletbln leaf manuring at 12.5 t lia ' :auld 

save 80 kg N ha-'. gave net profit and benetit cost ratio equivalent to those \4 i t t i  IN 

kg N ha-' through fertilizers. 



Neem leaf manuring gave net proiit and beneii t cost ratio cornparilblt t o  those 

with 50 kg N ha-' through fertilizer ( IJpendra Itao. 1998). 

2.4 FARM YARD MANURE (FYM) 

2.4.1 Growth Characters 

'Tripathi et ul. (1990) found that the al~plication of'sraded levels (0. i. l U , ~ n d  

15 t ha-') oEFYM increased the dry niatter production of rice at various stagk, o f  crop 

growth. However, maximum response was tiiund up to 15 t ha.'. 

f3udhar et al. (1991) reported that relativel~. less number of tiller.; 11i 1 1 . '  \ \  '1.c 

observed with the application oEliYhl at i t l1.i-' compared to poultry manu1 c 

Rajput and Warsi (1991 ) concluded {hat the application of FYhI  \$.1t11 ii11J 

without inorganic N significantly increased ti1 l e ~  s hill-'. 

13al et al. (1993) observed that the plant height and dry matter producti ,n \\ ere 

significantly increased with application of'I+Y \/2 at 5 t ha" compared to control t ~ u t  i t  

was on par with glyricidia leaf manure ,it 5 t h a  - 1 

Singh et al. ( 1996) found that the plant height of rice was not sig~iitic ant11 

increased due to application of FYM ( 0  to 20 t ha-' ). 

Ramakrishna Keddy (1996) noticed that the growth parameters lik.: plant 

height, number of tillers m-'and dry matter pi-oduction of rice were higher \$.it11 f:\IrM 

~ipplication compared to neern cake @ j  120 kg PJ ha I .  



2.4.2 Yield Attributes 

Basal incorporation of FYR.1 at 5 t h ; l l  did not differ in producing fi led gl.ains 

panicle-' and test weight of rice grains compared to poultry manure (13~1iihar el ( 1 1 .  

1991). 

13al et ( l l .  (1993) noticed that the i~umber ol' panicles hill-'. p:~nlil< l ~ ~ l l ~ l l r .  

numher ot' filled gsains panicle' anci 1 OOO--gl ain weight wese signilicantlj h i ~ l ~ e i  \t  ~ t h  

application of l7YM at 5 t ha-' compared to control and i t  was inferior t o  g l \  rlclctia 

leaf manure applied at the same rate. 

Ralnakl-ishna Reddy (1906) obserted that the prod~ictivt' tiller, 111 . lillcd 

grains panicle-' and 1000-grain \\eight \vere perceptiblj i~~creased 1 1 )  I 1'4 1 

application at 120 kg N ha-' compared to neetn cake. 

I Singh et al. (1996) found that the panicle lerlgth and grains panicle \ \ere 

significantly increased with increasing level of FYkl fi-on1 0 to 20 t hLi-' t l u t  the 

increase was not significant beyond 10 t ha- ' .  

2.4.3 Yield 

Many researchers have reported that the increase in grain yield of r ~ c t .  due  to 

incorporation of FYM at 10 t ha-' (Maskina ,?t ni.. 1985) 12 t ha-' (I'urushrthani:~n 

et al., 1990) and 20 t ha-' (Tandon. 199 1 ). 

Grain and straw yields were significantly higher with FYM at 5 t h a  I 

I compared to control but it was inferior to lpplication of glyricidia at 5 t ha (t3al 

r t  al., 1993). 



I W h a  Madha\ et a / .  ( 1990) re\e~iletl that thc highest I~arvcst 1 1 1 t l ~  ., \\;I, 

obtaiiled with application of. l:Y M ;it 25 t lw-I. 

Ilubey and \/ crma (1009) c)b,c.r\ cd t tl'lt the g a i n  and stla\\ ! li'ld. \ L , I ( >  

signilicantly higher with 100 pci- cent N supl111t.d through 1:Ykl compased ro t o~ltlol 

iuncl i t  was 011 pas with 100 per cent N tlit-ougll citlier poultry nianuse or g1) 1.1c1c.1,i leal‘ 

manuse. 

Application of F:YM 69 10 t hi' anti h l ~ ~ c  green algae (BGA) inoctiiattol~ 

eithcs alone or in combination. increased the economic ~ i e l d  I'he avera2c it~;ri.,iw 

I in grain yicltl due to I3(;A was 0.24 t h,i ('5.5?6) \vliilc. combined use o!' 1 - J ' : b l  , i t ~ i I  

13GA showed the increase of 0.60 t ha" ( Ic).2?C) ( I  )i.rit and Gupta. 2000). 

2.4.4 Soil Fertility Dynamics 

Application of FYM or con~post at 2 5  t ha-' increased available potarslutn 

content of soil (Udayasoorian et al., 1989). 

Budhar et al. (1991) reported that there was higher aniount of I-esiduril N in  

plots treated with FYPvl or poultry ma1iui.c or biogas slurry at 5 t ha-'. 

Yadvinder Singh et a/. (1995) noticed that fertilizer N ecluivalent of I J hl i l l  

rice ranged ti-om 42 to 52 per cent of thc totctl N 'ipplied and the apparent N tecoi i.1-\I 

w'is 20 per cent fsoni I+YM as cotnpased wit11 35 to 46 per cent in urea. 

Radha Madhav ot al. (1099) re\c:aled r h t  available nitl-ogcn and pho \p l~o t  11s 

status of soil ai'tes harvest of sicc wei-e s ~ g ~ i t i c , l t i ~ l y  more \vith ~ncorporation ot I \r h1 

1 at  120 kg N ha compared to other orgiirlic sour-ces like glyricidia and 1pot1ii"i Irat 

J1l;lnLlreS. 



Dubey and Verma (1999) recorded higher soil organic carbon and available K 

with 100 per cent N applied through F Y M  conipared to control, but it wils on par 

with 100 per cent N through either poultry manure or glyricidia leaf manure. 

Application of 12 t of I:YM ha-' can \ a \ e  40 ky N ha.' to rice and also provicli. 

residual effect eq~iivalent to 30 hg each 01 N ;111d I' ha-' on succeeding \\lc.li c 1.017 

(FAO. 1 980). 

I Substitution of FYM to the Ikrtili/el. nitsogen 6;) 25 kg ha-' ( 5  toilnl-5 ha ot 

FYM) has significantly increased the organic: carbon content of the soil fi.0111 0 I0 to 

0.2 1 per cent (Saran ICam et a/., 2000 ).  

2.4.5 Economics 

Rajput and Warsi (1992) reported that the application of FYM at I 0  t !la I 

could save 50 kg N ha-' and gave mauin~iim J ield of rice. 

Ramakrishna Reddy (1996) c1btaint:d higher net returns and benefit cost ratio 

with 50 per cent substitution of fertili~er N through I T M  or Ipomoea ccjn?p:\rcd to 

neem cake, but it was on par with 100 per c.el~t N supplied through urea. 

Dubey and Verrna (1999) realized higher net returns and benefit cost l.a~ic, 

with 50 per cent N each through FYM and iii-ea compared to 100 per cent N ~ h r o u g l ~  

FYM alone. 

2.5 EFFECT OF AZOSPIRILL,CIM ON RICE CROP 

Inoculation of Azospirillz4m increased the fertilizer use efticierlcq 01. 1 1 1 ~  

applied inorganic N (I-Ieulin et a/.. 1 09  I ). 



Saravanapandian and Raniperunial ( 1994) reported that Azospit~i/l,itir  long 

with 150 kg N ha-' recorded higher grain yield of 5.6 t ha-'. 

The benefit cost ratio (4.52) was nlaxitnum for the treatment app l~ed  with 

50 per cent N as inorganic plus 25 pel- ct:nt N each thl.oug11 SC'S~CIIIILI t ~ c  2 1  i J t i I r i  ,111~1 

Azospiriiizirn (Balasubramanian and Veerabudrii~~. 1997). 

Gopalaswamy and Raj (1 997 ) reported that witliout N fertilizer, applji atiol-I o t 

Azospiriilt~m alone augmented the grain yielci of'sice. 

The highest mean grain yield (11 -45 cl ha'' mas given by .Izos,~it~i/lriii. 00 I,? 

N ha", conlpjred to 29 q ha-' in untreated control (Singh and C'houdliary. 10c -' I 

Rice cv.RP-2365 with Azospirilitrtn hl-asilense recorded highest grain ~elil  h) 

61 per cent compared to uninoculatecl contl-ol (Sudhir l'radhan et 01.. 1908). 

Incorporation oEAzospirillun~ did not show any improvement in the N sti~tus 

of the soil (Saravanapandian and Rani Perumal. 2000). 

2.6 EFFECT OF INORGANIC N ON RICE CROP 

The applied N to rice sufiert:d losses such as denitrilication (Cras\\ell and 

Viek, 1979), volatization (Broadbent, 1 979 I. leaching and runoff (Koshino. 1 0 7 5 )  

The effect of' N on yield attributes is primarily a function of assimilate\ 

accumulation and in turn, facilitating higher N assimilation with adequate silpply 01. 

photosynthates to grain (Krishnakumar, 1986 1. 



Nitrogen fertilizer is a substrate for the synthesis of organic N compo~incis and 

proteins, which are the constituents of' protoplasm and chloroplast. In addition to the 

nutritional status, N can also be looked 1s from the hormonal view poinl. \\iiicli 

s t i ~ ~ i ~ ~ l a t e s  meristematic growth and cy tokir~in b~osynthesis (Budhar et nl., 1 9S1) ). 

2.6.1 Growth Characters 

Narsa Reddy et nl. ( 1987) rcportetl that with each successive i~ict.ernctit o t 

nitrogen by '40 kg N ha-' up to 120 kg N l~a - ' .  dl.) 111atter accun~ulation i~~i.l-c;i~cd 

signilicantly. Increased level of N fio111 O to I50 kg ha ' progressively augmet~tc~i ~IIL. 

dry matter production of rice (Raiu 6.1 111.. I '18'9) 

I,AI was Sound to increase significantl) with added levels of N .  tIo\vr.ves. I i ~ c .  

I respotise was limiteci up to 80 kg N I I ~  . hich was in parity with 120 kg N I 

(1)sasad et LII., 1994). 

I'rasad et a/. (1994) reportetl that number of' tillers showed a sigriiticant 

vat-iation with increasing levels ot'nitrogen i ~ p  to 80 kg U ha ' 

<;opal (1994) observed increaw in p1,int height and tillering up to 140 Ay \ 

ha-', while the dry m;itter production itlcreaseii signilicantly only up to 100 hg N l i ;~  

C3rowth attributes viz., biomass acc u1nulation. leaf area index ant1 t i  l let-~ng 

increased significantly up to 120 kg N ha ' (Raju and Reridy, 1997). 

Plant height and dry matter production of rice has significantly increased \ \  it11 

each siiccessive increase in nitrogen level lrom 0 to 150 kg ha-', beyond \vhicll 111e 

improvement in these parameters was not noticeable (I Iari et nl., 1997). 



2.6.2 Yield Attributes 

Panicle length was increased with increase in N levels up to 60 kg, \\hic11 \\>is 

at par with 90 kg ha-' (Ranla Subba Itetldy el a/.. 1986). 

Madan Mohan Reddy et 01. ( 1987) reported that increasing levels ot n~trogen 

increased the spikelet sterility ancl the reason tor liiglie~. chaftiness was at t~ibutc~l  to 

the accun~ulation o f  inore soluble anci non-productive nitrogen at highcs nitlugen 

levels. 

Singh and Varma (1989) 11ak.e obse r~ed  increased grain  weigh^ \\i t11 

increasing the dose of N up to 170 kg h i \ - I .  

Yield components like number of productive tillers 111.'. filled grains panlclc I 

and thousand-grain weight was enhanced with i~~crcased levels ol' N appl ic ; i t~o~~ 

(Duraisamy and I'alaniappan, 1989) 

Increase in tilled grains per panicle L\ 3s only up to 40 kg N ha-'. At X O  ky U 

ha-' and 120 kg N h a ' ,  the change \% as not st1 iking ( I  Iusain and S hanna. I 90 ) 

Nitrogen application increased the panicle nulnber only up to 40 k <  N lia ' 
beyond which the response was no1 statist~cally accountable (IIusain and Slial-~na. 

1991). 

The length ot'panicle increased only up to 80 kg N ha-', beyond which tIlt.1-c 

was no response (I'rasad et al., 1992). 1,engtIi of the panicle increased w ~ t h  each 

successive increment of N levels from 0 to 150 kg N ha-'  (Shukla et al., 1993). 



'Thakur (1993) reported significant increase in 1000-grain weight up 1 0  80 1;s 

N ha-', beyond which the increase was negl~gible. 

Increase in panicle number with increasing levels of nitrogen h-is heen 

reported b j  a number of' research worke1.s (Reddy et crl . 1987; Thakur. I 9c1.3: t'Li~iclc'! 

and l'ripathi, 1 904) 

Saravanapantlian and I<anipcrurnal ( 1994) obrel-ved that the panicle' I I L I I I ~ ~ ~ I .  

increased only up to 150 kg N ha-' ancl ti~sther increase did not bring \i;:nilical~t 

changes. 

Increasing the level of nitrogen significantly increased the 1 OOO-g~.,iirl \ \  c'iyht 

(C'hannabasavanna and Setty, 1994; S j  ed ha l ee r  Peeran allti Sree Kamuli~. 1')O; ) 

Incseasing the levels of nitrogen significantly ~ncreased the spikelet i ~ e r i l i t  

(Syed Nazeer Peeran and Sree Ramulu, 1995). 

Shashi Kumar et 01. ( 1  995) rroticetl a decrease in the spikelet ste~.ilit! \\lien 

I nitrogen level was increased from 80 kg N ha to 120 kg N ha-'. 

Application of nitrogen had a noticeal,le effect on the number of fillt ti  grains 

per panicle, which increased sigrrificantlj, with increasing levels of' ~ ~ i t r o g e n  

(Saravanapandian and Reniperumal, 1994: Syed Nareer l'eeran and Sree t < i t ~ i i l ~ l ~ ~ .  

1995; Chander and I'andey. 1996: Gupta 1990 and Buclhar and Palaniiippan. 907) 

Yield'components viz., nurnber ol' panicles m-', total number of' gr'iilli. tilled 

grains panicle-' and 1000-grain weight i~ i c~eased  consistently even up to 700 hg 

N ha-' through integrated sources (E3uiiha1- and I'alaniappen, 1997). 



2.6.3 Yield 

Increasing N supply from 40 to 80 kg h i  increased the grain ).ield of rice. 

beyond which the enhancement was not-significant up to 120 kg N h i '  (Pai\di.\ iinii  

Singh, 1987). 

['atra et ul. ( 1  989) reposted that the grain yield increase with iiicrt.i~~i.ci i c t \  c.1 c ~ f '  

N was onl> up to  60 kg N ha I 

Shanmugasundaranl and Seltakulnar ( 1093) observed that the l e ~  el 0 1 '  N I~as  

significant effect on grain yield. Applicatic~n o f N  id 110 kg ha.' recorded t l l c  I~ighest 

grain yielcl (5254 kg ha-'). which \\.as houever. on par with 160 hg \ 11~1 '  

(5 145 kg h i ' ) .  

Increase in the level of nitrogen increased straw y~e ld  up to 120 I,; N 11,1 
I 

which was however in parity with 80 kg b ha". Str:i\v yield was incrca\cd b! 5-4.; 

per cent with 80 kg N ha-' over control ( h l a r a ~ i  et ul., 1993) 

I Iari et ul. ( 1007) noticed (;igniiicallt increase in grain yield with s~ic ccssi\ c 

increase in N level tiom 0 to 150 kg N ha ' ,inil significant increase in strn\\ ! lcltl \I ,I\ 

found even up to 200 kg N ha-'. 

2.6.4 Harvest Index 

Satyanarayana ( 1986) and Karunasagar ( 1989) observed a decrease In bar\ est 

index with increased levels oi'nitrogen application. 

Ilalal and Dixit ( 1  987) did not find any significant difference in hart e: t ~ n d e s  

with increased level of N froni 0 to 120 kg ha- ' .  



De et al. (1992) reported that the harvest index was significantl) increased 

with increased levels of nitrogen. 

According to Dwivedi (1997). highest harvest index was recorded u tth 00 kg 

N ha-', which was at par with 90 kg N ha-'.  

2.6.5 Nutrient Uptake 

Increasing the levels of' ni~rogen from 90 kg to 150 kg ha-' si_cnilic;lntl~ 

increased the uptake of potassium (h4ehta et trl . 1983). 

The supply of fertilizer N along \\ ith other organic sources is 1..1io\\ i; ro 

stimulate the mineralizatioi~ and then inln~r~bil i~at ion of' organic N and ~ . c . , l~~c t . b  the 

losses of N (Meelu rt a/. ,  1985). 

With successive increment in dose ol nitrogen bq 40 kg ha.' liom 0 10 I 2 0  hg 

N ha-' the uptake of phosphorus was found to be signilicantly increased (Ral la Sul7ha 

Reddy et al., 1986). 

Both N content and N uptake 111cseasc.d s~gnifica~ltly with increased V 1c.i el\ 

The percentage increase in N uptake at 80 he - U ha.' over 40 kg N h i '  in ~ I L I I I I  \ i L i b  

65 and in straw it was 60 (Singandhupe and Jtajuput, 1990) 

Sreedevi and Thangamuthu ( 199 1 ) reported highest uptake of N (63.2 kg ha ' ). 
phosphorous (41.2 kg ha-') and potassiuni ( 1  68.4 kg ha ' )  with 120 kg N h;i ' 

Upadhyay and Pate1 (1992) noticed that enhanced supply o f  N Iiad 

significantly'increased N uptake by grain and straw, whereas decreased the ni~rogen 

use efficiency. 



I 
Nitrogen uptake was higher with 120 kg ha applied through inorgan c \ ,IS 

urea alone compared with organics alone or combined use o f  organic and  nor-yan~c 

wurces of N on sandy clay loam soils o f  13apatla ( 1  Iari Prasatl, 1993). 

A gradual increase in uptake of' nitrogen. phosphorus and potass~urt~ \\it11 

increased level o r  nitrogen applicat~on hds been reported from s e ~ e r a l  .tt~ci~c.s 

('I'hakur, 1993; Shukla and Sharrna 1904 and S hashi Ku~nar  el al., 1995). 

2.7 INTEGRATED NITROGEN MANAGEMENT FOR RICE CROP 

Plants absorbs N from three major sources viz., soil, fertilizer and biolc ycally 

lixed nitrogen. ?'he soil and biologically tixed N are rarely sufficient to I I I ~ C I  tllc r4 

requirements of modern high yielding rice genotypes (Yoshida and Anc,?jar. 1073 1. 

Hence, application of inorganic N becomes iml)erative. 

In view of relatively high cost of fertilizers, better management practices 

should be advocated to get high yield of rice with reduced quantity of fertilizer. With 

the adoption of modern technology of intensive cropping with high yielding varieties, 

there is a considerable demand on the soil for nutrients. However, the native f'ertility 

of our soil is poor and cannot sustain high crop yields (Cihosh and Hassan, 1980) 

There is no doubt that mineral fertilizers are essential to realize nlaii~nilnl 

crop yields, but in long term experiments where only mineral fertilizers ha\ i. bccil 

used, crop yield has steadily decreased (FAO. 1982). 

A study on the use of organic. t)iologlcal and chemical fertilizers in r r c ~  tvwcl 

cropping systems by Meelu and Morrls (1986) revealed that INM was benefic 1.11 in 

maintaining soil organic matter, improving soil fertility and rice yields. 



Integrated use oi organic and hiologlc:il >oiil.ces 0 1  N nit11 r n ~ n e r ~ ~ l  t t .~ - t~ I~ /c i  I. 

21 possible way, not only for subititutln ;~ t l ta~; t  part of N. but a l w  ~ o h ~ : \ i n p  

ecologically sound ant1 sustainable agricultuse ( \ \ 4  iuninattlan, 19S7a). 

-1 he best means of maintaining soil fi:rtility and productivity at a I ~ ; I \ I I I I ~ I I I ~  

level is through periodic addition of organic I-ilatlures in conjunction \i rth i ~ l l r ~ c r ~ ~ l  

ti.rtilirers. C'ombinetl use of organic manul-ck and fertilizer nitrogen ti : . i ~~ t l \  

illcreased the rice yielcls in comparison with thc: organic manures or fel-tilircrs , ~ l o ~ l e  

( I IlaLur, 199 I). 

'I'he integrated use of organic nlanures. biof'ertilizers 'ind chemical 1 . ~ 1 - 1  I li/es\ 

not only help to maintain optimum crop y,elds, but also result in long tcrl11 \o11 

productivity. 'The organic source of  nutrient:; could be considered as s ~ i p p l t . m ( ~ ~ l ~ s  1, I 

chemical fertilizers and not as substitutes (Mishra and Kapoor, 1992 and Flegtlt. and 

Ilwivedi, 1993). 

Combination of organics with inorganic fertilizers increased the crop 

production without impairing soil health. Cornbined application of org:inlc ant1 

inorganic N to rice in equal proportion resultecl in higher grain yield than eithel ot' the 

sources applied alone (Rao and Moorthj, 1994; Rqjan~annar et crl., 1995). 

Hegde (1996) observed that integrated use of inorganic and organics ini  I c>~~setl 

soil organic carbon status but had no marked et1'ec:t on available P and  K conrclli 

Combined use of inorganic fert~lizers ,ilc~ng wtth 50 per cent N su l~s  iti~tion 

liom various organic sources recordcd tri3llsr grain values than 25 pt.1 2111 

\ubstituted treatments (Basumatary and 'T'Lil~~kciar 1997). 



Bellaki et 01. (1998) reported that available major and micronutrients t 

increased significantly with combined application of organic and inorganic sources of 

nutrients. 

Sunhemp, 1YM and green gram ccllnbined with prilled urea (1'1 ) proved 

better than PIJ alone and exerted similar ef'fect on panicles 111-'. grain and str,i\i > iclds 

of'rice (Pandey et (11.. 2001 ). 

A significant increase in plant height. number of' ef'fective pan~cles. slain 

weight per panicle, grain and straw yield was observed with integrated wrntment 

con~binations over iull dose of fertilizer F.I Also there was no significant c i t  krence 

among the different combination of integrattsd treatments (Rgini Rani and Sl i i  .lsta\ 

200 1 ). 

2.8 INTEGRATED USE OF GREE:N RIANURE AND FERI'Il,lZ,ER 

NITROGEN ON RICE CROP 

Application of green manure :ilong with inorganic N incre'licd the 

mineralization of soil N, improved the biological activity ot' soil and seciucetl the N 

losses (1 lesse, 1984). 

Application of N in equal proportion through green manure anci ~norganic 

sources hastened the release of ammonical N (Broadbent, 198 l),  promoted ~.oot and 

plant growth (Cao et al., 1983) and finally improved the yield (Palm et (11.. 1088) 

Bhagat et al. (1988) reported that application c)f 50 per cent n i t r o g e ~ ~  throc~gh 

green manure (Sesbania actileatn) and the rest through urea in three splits ~>roduced 

higher grain and straw yield of 3.5 and 4.0 t ha-'. respectively. 



Rice with 60 kg N ha-' and (lhainchn green insnure at 10 t ha-' h:id tiiorc N 

1 
uptake than with 60 kg ha-' of' inorganic IJ and equal to that of 120 ky ha of. 

inorganic N done  (Maskina et a/.. 1089). 

The growth characteristics and j ield '~ttributes were positively in t l u ~  lic.ed b> 

green nianuring along with chemical lt.rtili;.e~ s (Singh c,t crl.. 1990). 

Matiwada and Sheelavantas (199.4) reported that organic and i ~ i o s g a ~ ~ i c  

fertilizers applied in equal proportions could bt* ilsed to realize higher and s~~stained 

yields in low land rice. 

Iluhan and Mahendran Singh ( 1904) sepnsteci that combination 0 1  c l i c ~ i ~ ~ c a l  

fertilizer and green manure yielded better t h a n  either of chemical fertililcsb ,ilonc 01- 

green manure alone. 

Combined application of 60 kg h ha.' through urea and 20 kg N ha-' !11,.0~1gli 

green manuring resulted in increased N uptake b!~ rice. which was cornpara~~lc \\ I 111 

that of 80 kg N ha-' through urea alone. Res~dual soil fertility in terms of' a. .l~lable 

N increased under green manuring. whereas ulea N alone made no impact on t.ct.tiliti\ 

build up (Rathore et ul., 1995). 

Rice yield obtained with green manuring alone was equivalent t ~ i  split 

application of 90 kg N ha-'. C'ombinecl application of green manure and inory.inic h. 

except for Sesbania cnnnnbina 3 45 kg  N ha-' applied at panicle initiatioii g;l~c' 

similar yield to that of recommendetl N at 121) kg ha-' (Mahapatra and Stia~.ni,r. 

1996). 



Application of  80 kg N ha.' as green manure a week before t r a n s p l a ~ ~ t ~ ~ l s  of 

rice gave the highest grain yield of rice but nJas comparable to substitution c 1 '  5 0  per 

cent basal nitrogen through green nlanurirlg and with 50 per cent nitrogen through 

prilled urea (Mahapatra et al. 1997). 

2.9 INTEGRATED USE OF NEEM LEAF AND FEliTILIZEli n'l'l'l<O(;k:N 

ON RICE CliOP 

Neem leaf manuring exhibited compllzn~entar~. effect with fertili;.ev !litsoyen 

in elevating the rice yield (Krishna Murthy and Mathan. 1995). 

I Combined use of 40 kg N ha-' with neem leaf manuring at 12.5 t 11~1 I C , L I I L C ~  

in 10 per cent higher grain yield than with 120 kg N ha-' through fertili/t.~. ~ilrogcn 

alone (Vasanth Kumar, 1996). Also 11 was reported that nitrogen uptake b\ r ~ c c  C I  op 

with neem leaf manuring along with 40 kg fertilizer N ha-' was superior t o  t ,at \\ it11 

80 kg N ha-' through fertilizer alone. 

IHigher net returns and benefit cost ratio were obtained with c o ~ ? j ~ ~ n c l ~ \  L I S C  

of neern leaf manure and 40 kg fertilizer N ha.' than those with 120 kg N ha- '  througi~ 

fertilizer alone (Vasanth Kumar, 1996). 

Growth characters, yield attributes, yield. harvest index, N ~1pta1;c. .;oil 

nutrient dynamics and economics were the highest with combination of n e m  leLif 

along with prilled urea (Vasanth Kumar, 1906. Subba Reddq, 1997 and l Jpentil.a Rae. 

1998). 



'ristcred ,in Conjunctive use of neeni leaf manure and prilled urea has re, ? 

i 

impressive trend on the grain yield. Neem leaf manuring along with 2 5  kg N 11.1 liaa 

resulted in higher grain yield than that with 50 kg N ha-' through other source, At '111 

the levels of N supply ranging ficm 25 to 100 kg N ha-', neem lent, I I I ' I I ~ L I I . I I ~ ~  

displayed distinct superiority over other combinations (Subba Reddy, 1997). 

Yield parameters like liumbes of j ~ ~ l ~ i i t l t ' ~  111 . grains per pLl~l~cli ' .  s ~ ~ ~ i i ~ t !  

percentage and 1000-grain weight resulted d ~ ~ e  to neeill leaf manuring in ~ o i i ~ l ~ 1 1 i ~ l t 1 0 1 1  

with lower levels of fertilizes nitsogen wer,: I'ound eq~lally effective as thohe \\ 1tI1 50  

kg additional nitrogen applied through fcrtili/er alone (Ilpendra Rao, 19C1S) 

lipendra Rao ( 1998) obtained higlit:r net profit and almost ecli~al ht.i-c,lit i o i t  

ratio with combined use of 2 5  kg f'ertili/er N ha-' and Ileem leaf iiianurc tl1.11, \ \  i l l ,  75 

kg N ha-' through fertilizer nitrogen alone. He has also indicateti t l ~ e  po\ j ih~l i t \  01. 

saving 50 kg N ha-' of' ferti l i~es N .  

Murugaiah (2000) revealed that conjunclive use of inorganic fi ' r t i l~/c~. < ~ n d  

neem leaf to supply 5 0  per cent N each. uoiild be fi-uitful in obtaining  high;^. ! ieltls 

of'low land rice. witli profitable retul.iiu. bevides itnprovement in soil ti.rtilil> ~ t < ~ t l ~ \  

2.10 INTEGRATED USE OF FARM YARD MANURE AND FERTIL,I%EII 

NITROGEN ON RICE CROP 

Various studies conducted ha\ e showri tliat combined use of F Y h I  i i  1 :1 t ha ' 
and 60 kg N ha-' (Kulkami et [ri.. 1983) and application of FYM 1 2  t 11~1 I in 

combination with 80 kg N ha-' prodliced rici: grain yield equivalent to that )ht;l~necl 

with 120 kg N ha-' (Maskina et a/., 1085). 



Sharma and Sharma (1994) noticed that an increase in number o1'pani~:les m -. 

when FYM was applied along with urea. ..\pplication of 30 kg N ha ' tlilou;;li 1. J 'hl  

I 
along with 90 kg N h i 1  as urea resulted in more number of spikelets panic li:  a ~ i d  

higher grain yield than other treatmental combinations or when compared wlth other 

individual applications. 

Powar et al. (1995) stated that the tseatnient using urea ancl 40 pel c.cllt 1 \ I  

with 100 kg N ha-' applied in three splits gave the highest rice grain yicld. 

Jana and Ghosh (1996) noticed that the rice grain y~e ld  in winter sca,oli \\'I\ 

the highest with 50 per cent N througtl fertili/er 5 0  per celit N througli I< )  ; \ I .  

Sarkar and Singh (1997) reported that organic manures alone or 111 

combination with inorganic fel-tili~ers incre;ist.d the level o f  organic carbon as ell ,I\  

total N, P2O5 and K 2 0  content of s o ~ l .  Average grain yield of rice was ttlc IIISJIIP,~ 

with the recommended rate of N I' K followetl by application of 50 per cent PJ 1' h + 

50 per cent FYM. 

Application o f 6 0  kg N as urea + 60 kg N as FYM gave the highest sic e g1,11n 

yield and application of N through organic: sources either alone or in co~iit,in,tt~on 

with inorganic N improved soil fertility statils i Roy et i l l., 1997). 

The grain yield of 4.85 t 1la-l with urea \\.as not significantly differed fi.001 

1.63 t ha-' obtained with 4 per cent f l y  ash + FYM at 10 t ha-' + 50 per ceni of i l ~ c  

recommended N P K (Aravinda Kumar et a1 . 1998). 



I>ubey and Vertna (1999) conclitclecl tllat inlegrated list. o f 5 0  pet. cent \ 1 '  h 

1 5 0  pcr cent 1:YM was advantageous i t 1  \ilstaintng the crop and soil procluct~\ 11. ,111d 

ohtaitling higl~cs net returns compared to 100 pel. cent N I' I.; supplied tht.0~1211 i ' i t l l c ' l  

inorganic f'ertilizess or I;YM alone [ tie 1;'r'hl 11-eatments \ v e x  comp:tt.at~lt. L \  i t11  

~x)~t l t sy  manutc. but were superior to g1j ricidiiZ ItA nianurc treatments. 

Application of '  l:YM with and \vitho~tt inorgantc N significantlj incr2,l~ccl 

tillers hill-' ancl stralv jrield of rice ( K q j p ~ ~ t  atid a s i .  190:!). 

Sclvan~ (2000) revealed that cotliuncti~t. uve of 50 per cent fertilizt.~ S - 95 

1x.r cetit each t l ~ - ~ i t g h  I'YM N and green nlanilt t. I\J has resulted in higher ~ S C I I ~ I  ! 1cIc1 

a t ~ d  ecot~ornic rcturns without impairing the wil let tility. 

Incorporation of' farm yard manure (< 10-15 t ha-' with recomnlencled N. 1' 

and K f'ertilizer dose to the khnrlf crop in the sequence in long term krti l i ter 

experiment of ICAR has a pronounced effect In enhancing the efficiency of  che i~~ ica l  

fertilizers (Vats, et al., 200 1). 

Superiniposition of the FYM Cr!  5 t ha-' ocer the inorganic fertilizel-s liLiil i1 

signilicant effect on the crop yields of lice a t ~ d  \vlieat, being 4.92 and 7.05 per cent 

higher compared with the treatment \iithout I.:lrni l a rd  manure (Sharnia and 13,1li, 

200 1 ). 

2.1 1 QlJALlTY CHARACTERS OF' RICE KISRNELS 

Juliano ( 1979) stated that clual~tc in t ict. c~nconipasseti storage, mil l i t lL  ,111ti 

cooking and nutritive cluality of grain. 



Shanmugasundaran (1987) noted that organic manures enhanced the hardness , 

values of rice grain and also found that cooking time did not differ due to organic 

manure application. 

Gruel loss was lower and elongation ratio of rice was higher due to green 

manuring (Shukla and Sharma, 1 994). 

Parida et ul. ( 1995) reported that application of nitrogen increased gs.ii11 ! ~ e l d  

as well as non-protein N and protein content o\.es control. When I' \ \as app icd \\lit11 

N, it increased protein, while addition of I<; t c ~  N and I' decreased non-prote'll N i~nd 

protein contents hut further increased yield to 30 cl h i '  compared t o  34 (1 I1,1 ' n 1t11 

N-tl' and 30 q hn '  with N alone. 1-Ykl application at 10 t l ~ i i - ~  was benetici'll to J ~cld .  

but it decreased protein content. 

Radha (1996) observed that application of organic manures e n h a ~ ~ c e d  the 

crude protein and total ash content in browj~ I ice and the total am) lose conte i t  i l l  the 

milled rice, where as N and protein contents (if grain and straw were not sign fic:lntl! 

affected. 

All characters except test weight and 91-aln length showed a posit~\c. discct 

effect on grain water uptake, while head rlcc recover) Vs test ueigllt haci 11egati\ e 

indirect effects on volume expansion (Singh el a/.. 1996). 

Quality and yield were increased significantly ~ i t h  the application o f  SO kg U 

ha-' as compared to 40 kg N h i 1 .  where as ii turther increase in N rate to 120 kg li.1.' 

had no further significant effect (Patel et t r l . .  I09 7)  

Hemalatha (1998) noted that organic manure application enhancec! crucle 

protein, amylose content and lowered the gruel loss. 



Dixit and Gupta (2000) reported increased quality parameters like hulling 

percentage. milling percentage, protein ar-~d a~nylose content due to applicat~oll of 

FYM at 10 t ha" and blue green algae inoculation either alone or in combinaticu~. 

2.12 RESIDUAL EFFECT OF NITROGEN SOIJIICES APPLIED '10 I<I(:'F 

Nutrients applied through organic ~ n d  inorganic forms to rice crop ase not 

ti~lly ~ltilized by the crop to which ~ h q  are ,lpplied (ItL1o and Bhard\v:!j. 1080) 

Green manuring resulted in increased rlce yields ui th significant cam! ober 

ef'fect on succeeding wheat crop at L,udhiana. India (Meelu and Rekhi. 198 1 ) 

In soils testing low in organlc carbon. combincd use of organic n1anill.c. \ \ i t11 

60 kg N ha-' through mineral i'ertilizes ga\e rice j ields comparable with 100 l\y 

fertilizer nitrogen ha-' with negligible resiclual effect of green manus-lng on 

succeeding wheat crop (Mahapatra er (11.. 198 1 : [KRI, 1984). 

According to Soni and Sikar\var (108 3 )  the rice crop which received past ot' 

the nitrogen through FYM left a significant rrsidual effect on succeeding wh-at crop 

resulting in increased grain yield of w~lieat. 

Meelu and Morris (1984) reported that 13 t ha" FYM and 80 kg N li:~-' 

produced same yield of rice as with 1 :!0 kg U ha-'. in addition to this gave wheal cri'p 

yield equivalent to 30 kg ha-' each of nitrogen and phosphol-us as a residual effect c,n 

the succeeding season. 

?'he pod yield of winter grounclnut was riot iound to be significantly ;lt'tcctt.c! 

by the level of fertilizer applied to ricr: grown it1 the previous rainy season 

(Rarnaseshaiah et ul.. 1985). 



Although rice responds markedly to the applied nitrogen through miner~il 

fertilizers, the efficiency of applied nitrogen is very low. Use of organic manures in 

rice, and/or rice-based cropping systems, therefore becomes imperative, no1 on11 as 

partial substitute for the costly fertilizer nitrogen but also to maintain sustained 

fertility of intensively cultivated soils (Swaminathan. 1987b). 

Pusushotham et nl. (1988) noticed residual effect of' 1;YM as \\ell a s  

phosphorus and potassium applied lo  kharif rice on the succeeding 1.ah1 (.l.op ,~nd 

indicated a possibility of saving phosphorus and potassium in a crop sec1ut.nc.e duc to 

FY M application. 

According to Kulkarni and 1';tlldey ( 1988). high yields in rice-bascd :r-opping 

systems could be maintained with 25 to 5 O  per cent of the nitrogen requirc:me~l~ 01' 

rice when s~~pp l i ed  through green manures. 

Rathore et al. (1993) reported signiticaritly higher residual effect ) f  gl-ten 

manure than fertilizer nitrogen alone to rice on the seed yield and nitrogen ~ ip take  of  

chickpea it1 a rice-chickpea cropping systeln. 

'Thimmegowda and Devakuniar ( 1  904) studied the residual fertility o n  y~eltl of 

groundnut grown in rice fallows and the results revealed that conjunctive: use o f  

nutrients partly through organic manure and fertilizers to khnrif' rice exhibited 

significant residual effect on succeeding groundnut crop by increasing pocl yit:lci. 

Paulraj and Velayudham (1995) reported the highest seed yield ol' bl;lckg~-am 

succeeding rice due to residual effect of FY kl and green manure combination 



Su-jathamma et al. (1996) reported that bermicompost at 50 per cent , , , 

substitution to fertilizer nitrogen applied to khurlf rice produced appreciabl: sesidual 

effects on the succeeding groundnut. Number of pods plant-', pod weigh1 ,111cl pod 

yield as well as haulm yield was highest with this treatment. Application of' osg:inic 

sources of nitrogen to rice exhibited greater residual effect compared to fcl-tili~es 

nitrogen alone and benefited the succeeding groundnut (Sujathamma et 01 100 1'1). 

Nitrogen applied to the preceding ~.kct: at 100 per cent r e c o m m c ~ ~ i i d  dose 

through coinbination of prilled urea and ~'lrying organic sources and prillccl urea 

alone, remained almost at par in incsuasing the seed lield of succeeding Ieni~l ( S ~ n g h  

el cd., 200 1 ). 

Residual N f'ertilit> was the l~iglicst  hen suntlemp was applied. to1 o\ \c t l  h! 

FYM, greengram and rice straw. A negat~vc status of 'N was observed in th t .  corlrsol 

plot (Pandey et al., 200 1). 

In the first year, the yield between the two organic sources vi/.. t~ i~~~i!~i rc!  

manure and glyriciclia green leaf ni,lnure \!ere almost similar, while in th-. \ccond 

year farmyard manure application sho\\/cd higher yield (4.42 t ha-') than & I !  riclci~a 

green leaf manure (3.87 t ha-') indica~ing the residual effect associated ivith firm j;isd 

manure (Masthana Reddy et al., 200 1 ) .  

2.13 INCLUSION OF ORGANICS [N UUTRIENT MANAGEAIE S'I' IN 

Rani  Reddy et al. (1980) revealed that conjunctike use of nutrier-us p;utl\. 

through organic manures and inorganic fertilizers to khnrij rice exhibited si,. ~ ~ I I I  ticant 

residual ef'fect on the succeeding groundnut crop. 



Organic manures play a direct role in .;upplying macro and micro nutrients 

and indirectly by improving the physico-chen~ical and biological properties of 111~. 

soils, besides supplying nutrients to the current crop and verj, often 1eai.e substat~tial 

residual effect on succeeding crops in the cropping system (Maskina and rvleelu. 

'l'he continued imbalanced as well as it~d~scrimiliate use 01' f c ' l ~ i l i ~ t ' ~  \ 1 1 1  1 1 1 ~  

intensive cropping system would result in tetluced crop lield. 1nteyatc.d \ \ c  01' 

organic manures, biofertilizers and chemical festilizess not only help to I I I , I I I I ~ ~ I I I  I 

optimum crop yields. but also result in long terms soil productivit?. I he org'lntc 

sources of nutrients should be considered as ;~tpplemonts to t'ertili~els .inil 120 t  ,I., 

substitutes (Mishra and Kapoor, 1992). 

Singh and Yadav (1992) inferred that integrated nutrient suppl: aticl 

management system (INSAM) not onl> help:; to restore and sustain soil krtili!) allcl 

crop productivity but also check the errlerging deficiency of se~oncinr:~ i ~ i l ~ i  

micronutrients. Further, it brings econotn:, and efficiency in fertilizer tist a11d 

favourably i i  tluences the physical, chemical and biological environment 01. soil i 

According to Yadav and Alok t iun~ar ( 1993) continuous cropping of' cci.eals 

with adequate N I' K fertilizers alone sesultetl in declining crop produeti\ i t )  ant1 

native soil fertility and inclusion of legume crop in the cropping system increasxt the 

yleld of succeeding crops and built up nitrogen status ot the soil. Organic manllres 

also showed their pronounced long-term el fet:t on the physical environmet I , ~ n d  

productivity of the soil. The use of FY M along with chemical fertilizers incl tbascd 

the fertilizer use efficiency (FUE) and sustained the productivity of the system. 



An efficient nutrient supply sjrsterrr requires a judicious mix ol' org;inic and 

inorganic nutrient sources for the maximum expression of yield potential oj'r c.cx (.lose 

Mathew et al., 1994). 

Organic sources applied eitlier alont. or in combination w ~ t h  pi i l i t ~ ~ l  I I I . C C I  

increased the grain yield and nutrient upt3L.e in rice as well as succecdi~l? lt~11111 

(Singh et 01.. 2001). 

2.14 SOIL FERTILITY VARIA'I'ION DIJE 'TO INCLUSION OF OK(1,iN IC'S 

IN RICE-BASED CROPPIN<; SYSTEMS 

Mani et al.  (1980) reported that application of FYM. GM a11d con~post il l  

combination with inorganic N I' I( l ' i ' r t i l i~~r  ~ncreased the organic mattel. c . r , i l t i s11 \  0 1  

the soil. 

Incorporation of crop residues and green manure would incrcasc r!lc so11 

nutrient pool and reduce the losses o f  nutrierits (Rajendra Prasad 1985. ~ZLII-zsli < I I I C I  

De Ilatta 1991). Incorporation of crop stutlbles, green manures and residues I I I  I.IL.; 

based cropping systems resulted in increa\eci organic mattes status oJ' 111~. \oi l  

(Choudhary and Bathla, 1985; Ra-jeswari. I 000). 

'I'himmegowda (1993) reportecl that rht rt:sidual effect of fertility al'tcr 11,11.\ 

of kharlfrice due to the conlbined effect of organic manures (cornpc)st; g1.1 ell I c ; ~ l  

manure) and inorganic fertilizers influenced the concentration and uptake of I\. I '  i111c1 

K to a larger extent compared to inorganic ft:rt\li,cers alone. 

Thimmegowda and 1)evakumar ( 1 904) revealed that conjunctive use < ) t  

nutrients partly through organic manures and inorganic fertilizers to kll iz~ ! i  ricc.. 

exhibited significant residual effect on the succeeding groundnut. 



According to Rathore et al. ( 1995). residual fertility in terms of i~icl.e:~sed 

organic carbon and available phosphorus in plots receiving BGA and FYbl \\it11 and 

without fertilizers was observed. where as these sources had no impact on build-up of' 

nitrogen and potassiun~ in the soil. 

Organic sources applied to the pl-eczcting rice. either alone or in combination 

with prilled urea did not change the 1 7 1 1 .  electrical conductivity, organic c,u-hc-jn. 

available N, I' ancl I( content of soil (after harvest of each crop of rice-lelitil) 

significantly (Singh et a / . ,  200 1 ). 

I hough the rice yields were the higl~est with 100 per cent recommencletl dosc 

of nitrogen applied through fertilizer. tl ~e highest total ancl available I , i t ]  ogcn. 

available phosphorus and potassium content in the soil aticr rice \\as ~.ecoi.c~etl \ \  it11 

50 and 25 per cent substitution through org2inic manures (Sujathamnia et ul.. :'I)() 1 b ). 





CHAPTER-I I1 

MATERIALS AND METHODS 

Field experiments were conducted at the uetland farm of Tirupati c'lrnpus ot 

Acharya N.G.Ranga Agricultural University. Andlira I'rade3h to stud) the " 1'1-ospects 

of' organic farming in rice-based cropping s>.stem" fhr two consecuti\e jc,lls (2000 

and 200 1). The materials used and the methods employed for the i n v e s t i ~  ition :u.c 

described here under. 

3.1 LOCATION OF THE EXPERIMENTAL SITE 

'The experiments were carried out In the wetland farm of S.V.  fI~r1~~11~ii1.al  

College, 'rirupati, which is geographicall) situated at 13.5"N latitude. -'9.5'1 

longitude and at an altitude of 182.9 m aI3oi.e the mean sea leiel in the 5o11theni 

Agro-climatic Zone (Zone 111) of Andhra Pradesh. 

3.2 WEATHER DURING THE CROP PERIOD 

Weather data during the crop period of lice and groundnut. recorded at S.\'  

Agricultural College Meteorological Observatory. I'irupati is presented in ' I  al)lc 3 1 a 

&3. l b and depicted in Fig. 3.1 a&3.l b. 

3.2.1 Rice (khnrif, 2000) 

'The weekly mean maximum temperature during the crop period ranged from 

29.8 to 36.9OC with an average of 32.6"C. The decennial mean maximuni tenip.:rat~~~.t. 

for the corresponding period ranged from 29.6 to 36.2"C' with an akerage of 33.UuC'. 
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Fig.3.la: Standard week wise meteorological data g~.aph d u ~ i n g  the cropping sysfervis 
(09.6.2000 to 24,3.200 I )  



Fig.3.l b: Standard week wise meteot-ological data graph during the cropping syste~its 
(16.6.2001 to 4.4.2002) 



'rlie weekly meiitl niininlurn temperature during the crop period ranged t1-011l 

18.7 to 25.6"C with an average of 23 2"( . ? he decennial mean minimum temper ltllre 

101. the corresponding period ranged li-on, 21 0 to 25.7"C with an average of'?; 5 '  ( 

'r'he weekly mean relatike humidity cluri~~g the crop period rangcd fi-o111 -I I ? 

to 77.5 per cent with an average ot' 61 6 per cent. The decennial mean ~ ' e l a t ~ ~ c  

humidity for the corresponding period rangej from 54.6 to 75.3 per cent \ \ I  11 an 

aberage of 64.5 pcr cerlt. 

During the crop period, a total an~ount llf'587.3 mnl of rainfall was rectli\ t ~ l  in  

34 rainy days as against the decennial a ~ ~ e r a g e  oi'680.8 mln received in 37 rain) da?..; 

for the corresponding period. 

During the crop period, the evaporation (measured from USWB class A open 

I pan Evaporimeter) ranged from 2.0 to 7.9 mm day.' with an average of 4.7 mm d a y  . 

'The decennial mean evaporation for the corresponding period ranged from 3.3 l o  7.2 

mm day-' with an average of 5.4 mni day-'. 

Mean bright sunshine hours day-' during the crop period ranged from I .2 to 

9.4 with an average of' 5.6. The decennial mean for the corresponding period r<~ngeci 

li-om 4.1 to 7.0 with an average of5 .5 .  -.-. _.___ -.__ 1 _ -I- _ _--_ 
. , ,  1 . .  :.. ' 8 

4 f 

3.2.2 Rice (klicrrif, 2001) 

7 I he weekly mean maximum ternperat~irt during the crop period ran, 0t.d fi-oln 

28.6 to 36.5'C' with an average of 32.5"(' The di:cennial mean maximum trmpe .alurc 

li)r the corresponding period ranged from 29.1 t c ~  36.2"C with an average o f 3 2  > "(' 



'1 he weekly mean minimum ~ e t l ~ p e r a t ~ ~ r t .  during the crop period rangcci It.onl 

19.4 to 27.7"( with an average of 24.1°( . I hr: decennial mean minimum ~ernpcsa~i~sc  

liw the corresponding period ranged ti-0111 1 X . f )  to 25.7"C ~vith nn a\erage o f ?  ;.:I"( ' 

'I'he weekly mean relative hum~dity durlng the crop period ranged ti-on1 44 0 

to 80.0 per cent with an average of 03.1 per cent. I'he decennial Iile,lll rcblat~\c: 

humidity for the corresponding paid rangt:cl fionl 53.2 to 75.1 per cenr i t 1 1  ;lrl 

average of 64.7 per cent. 

Iluring the crop period, a total amount o i  662.1 mm of rainfall was rec ti \ rcl 11; 

36 rainy days as againct the decennial Jbel-ag,: 01' 703.6 nlm received in 30 satn\ clay\ 

for the corresponding period. 

During the crop period. the evaporation (measured from USWB class /i opcl-I 

pan E;vaporimeter) ranged from 1.4 to 8.9 mrn (lay-' with an average of 4.5 tnm clay-' 

'I'he decennial mean evaporation for the corresponding period ranged from 3.3 to 7.3 

mm day-' with an average of 5.3 mm day-'. 

Mean bright sunshine hours dav-' during the crop period ranged ti-om 1 7 to 

7.8 with an average of 4.4. The decennial mean for the corresponding period -arlgetl 

lion1 4.1 to 8.0 with an average of 5.6. 

3.2.3 Groundnut (rubi, 2000) 

'The weekly mean maximum ternperatuse during the crop period range l tronl 

27.1 to 37.5"C with an average ot' 3 1 .'I"<'. The decennial mean 111~1,111111111 

temperature for the corresponding period ranged from 28.2 to 37.3"C7 with an a \  cragu 

of 3 1.3"C. 



I t l ~ O 1 1 ~  1 he weekly mean minimum ternperatur.~ cjuring the crop pesiod I-an, 

14.6 to 24.7"C with an average of 18.4"C'. I'he Jecennial mean minimum tenip- '~ .~~t i i~e  

lor the corresponding period ranged G-om 15.9 ro 22.1 "(' with an a\ erage of 1 S 2' ( 

I'he weekly mean relative Jlumidit\i tlusing the crop period ranged ti0111 35 0 

r o  75.5 per cent with an average ot 59.6 per cent. ['he decennial rnc~iil c,lLili\3e 

humidity for the corresponding period ranged li-om 48.4 to 73.1 pel ccnr \ \  1111 a n  

average of 61.6 per cent. 

A total amount of48.3 mnl ot rainfall was received in 5 rainy days as ayainst 

the decennial average of 103.9 mm received in 5.6 ralny days for the ~ O ~ - I - ~ . S ~ ) I ~ J ~ ~ I I I ~  

period. 

During the crop period the evaporat~orl (measured fiom USWB class :I open 

pan Evaporimeter) ranged from 2.9 to 6.3 m n ~  day-' with an average of 4.7 m 11 day I 

'I'he decennial mean evaporation for the corresponding period ranged from 3 6 to '7.5 

mm day-' with an average of 5.2 mm day-'. 

Mean bright sunshine hours day-' during the crop period ranged fi-oln 4. I to 

9.4 with an average of 7.7. 'The decennial mean for the corresponding pel-iocl ranged 

from 6.3 to 9.9 with an average of 8.8. 

3.2.4 Groundnut (rabi, 2001) 

The weekly mean maximum lemperature during the crop period rang eti Iron1 

26.2 to 36.7OC with an average of 31.3"C. Tht: decennial mean n : t \ i r n ~ ~ n l  

temperature for the corresponding period rangetl tion1 28.2 to 3 7 . W  with ,in .I\  cr'ige 

ol.3 1 .')"C. 



'I'he weekly mean minimum tcnlpe1-,iturc. during the crop period ra~lgccl 1 i .0111 

14 3 to 25.7"C with an average of  18.S0('. l ' h e  di:ct:nnial mean minimum temper I ~ I I I - L "  

for the corresponding period ranged li-011-1 15.9 to 215.2"C: with an average of' 18.5' ( 

The weekly mean re la t i~e  h~~nl id i t>  d~1r i113 the crop period ranged fi-o~n 5 1 1  ( I  

to 75.0 p u  cent \vith :in average ot 0 2  0 pt.1 cent. I he decennial rnca1i I C I , ~ I I \ C *  

humiclity tor the corresponding pel-loci r,i~~geci Iron1 48.3 to 72.7 per cent \ \ I  11  , i r 1  

average of 60.3 per cent. 

A total amount of  130.6 rnm o f  raintiill as received in 6 rainy days as a? ; i in\ t  

the decennial average of74.4 nini received in 4.4 days for the corresponding per o t I  

During the crop period the evalx)raLloli (rncasured from USWl3 class 4 O ~ ~ C I I  

1,211 Evaporimeter) ranged from 2.5 to 6.6 Inn1 day-' uith an average of 4.: ti1111 

day-'. The decennial mean evaporation for the corresponding period ranged froin 3 5 

to 7.6 mm day-' with an average of 5.5 mm clay ' .  

Mean bright sunshine hours day-' during the crop period ranged from 1.8 and 

9.8 with an average of' 7.6. The decennial mean for the corresponding period r;~nged 

tiom 6.6 to 9.9 with an average of 8.9. 

3.3 SOILS 

'The study during both the years (2000 and 2001) was conducted on the wmt .  

lield (F.No. 12 of wetland farm of S.V.  Agric~iltural College, 'Tirupati). Soil '1n.11, \ I < ,  

was done initially prior to the start of the thuperiment and samples were t , ~ l \ t ' t l  

immediately after the harvest of rice iind gl-o~~ndnut crops of both the years \o11 

samples were drawn at random from 0- 30 cni depth ol'the experimental field in111 I I I !  

and from the individual plots after tht. la to~it  ot' the experilncnt. I'hc layolit 

undisturbed till the conipletion of the e\perlment. 



The results of physico-chemical analysis ('I'able 3.2) revealed that soil is 

sandy clay loam in texture, slightly alkaline in reaction, low in organic ca1.1x)n and 

available nitrogen and medium in available phosphorus and available potassilln~ 

3.4 CROPPING HISTORY OF EXPERIMENTtlL FIELD 

The details of the crops grown durily thc precccling years are gi\ en l ~ i ' / o \ \  

-- - --t- - -- C 

experiment) I (iro~undnut ( present experiment) 
-- - t - - - -. - -- - - -. . I 

experiment) 1 (;roundnut (present experiment) 
- - -- I L - - - - - - -- - - 

- - - - 

Year 

1906- 1997 
- - - 

3.5 EXPERINIENTAL DE'I'AILS 

- - -- -- - -- - - - - - - - - - 

I 
Khcrrl f I J I ~ ~ I ~ I ) ~ L ' I  

I 

- - -- - -- - - -- -- - - . 

Fallow I c~l lo\ \  

-- - - - - - - -- - - - - . 

3.5.1 Design and Layout 

The experiment was laid out in randomized block design \ \ 1 r 1 1  tl~rce 

replications. The layout plan is given in the Flg. 3.2. 'I'he same layout was t i ~ l l o \ ~ c d  

during both the years of study (2000 and 200 1 ). 

1997- 1998 
.- - - -- 

1998- I999 
- - 

lC)99-2000 

Groundnut (11 ountlnut t 'I I l o x \  

. - - - - - + 

I 

Green gram (iroundnut  I c~llol,\ 

-- - -- - - - -- - -- - -- -- - - -- 
~ 
r 

Fallow t '1110\\ 
I 



'1';lbIe 3.2: Physico-chemical properties of soil of the esperime~ltal field 

S.No. Particulars 0-30 c.m Method 
p--pp-p--p--- - - - -  

I hlechanical Analysis Intet-national pipette n i e t ~ i ~ ~ c l  
(I'iper, 1966) 

('oarse sand (?G) -:t~.(l 

Id'ine sand (96) 43.') 

Silt (%) 4.C 

Clay (%) 20.6 

'I'esture 

11 Chemical analysis 

Organic carbon (%) 0.27 Wet digestion method 
(Walkely and Black, 1934) 

Available nitrogen (kg ha-') 157.5 Alkaline permanganate mt.thod 
(Subbiah and Asija, 1 95 b j 

Available P205 (kg ha-') 22.0 Olsen's method 
(Olsen et al., 1954) 

Available K 2 0  (kg ha-') IC)O.O Flame photon~etry 
(Jackson, 1973) 

pH (1 :2 soil water 
suspension) 

7.:i Glass electrode PI-l meter 
(Jackson, 1973) 

0.17 Conductivity bridge 
(Jackson, 1073) 



Fig 3.2: Lay out plan of the experiment (Klrnrij ant1 Rrrbi, 2000 ant1 2001) - - t 

Layout and Design: 

-- - - -- - - -- - - - - -- - - - -- - - - - - -- -- 

Rice (klrarif, 2000& 2001)  Groundnut (rabi, 20003i 200 1 ) 
- -- - -- -- --- -- - - - - - - - -- - -- 

Design RHI) RBI> 
I<eplications, r'hree 'Three 
Gross plot size 5 . 4 ~  5.1 m 5.4 x 5.1 nl 

Net plot size 4.5 x 3.2 m 4.05 x 4.50 m 
Spacing 1 5 x  15cm 

- - -- -- - - -- - - -- -- -. - - 22.5 x 10 el11 
- - - = 

'f I No 

7 ' 2  Azo. 
rf GM N 100 

rT GLM Nloo  
, . 
1 i I'YM Nloo 
I.(, I' N 1 00 

'r7 GM N jo + F N i o  
'1.8 GLM N50 + F N: (, 
' I>q FYM NS0 + I' N i O  
'1'10 : GM Njo + 1' N i o  1 , ~ Z O  

'1 1 1  GLM Nro + 1: Nio-+ .,lro 

1.1 I Y M  Nso i f: N;,) ! . I  TO 



3.5.2 Treatments 

~t.iiietit There. were twelve treatments comprising oj' different nitrogen illana, 

practices. 

'TI : Control: No nitrogen source ( N o )  

1', : Azospiri1lzi)n alone ('420. ) 

r 3  : 100 per cent recommended nitrogen through dhainclia g e e n  mall\irc 

(GM NlOO) 

'IT4 : 100 per cent reconlmenclecl nilrogen through neeni leal' ~i~at~i i t - t .  

(GI,M N 100) 

7 : 100 per cent recommended 11itrogen thrc~iigl~ k r ~ i  !arc1 I I ~ : I ~ L I I . L .  

(I:L.M N loo) 

'r6 : 100 per cent recommended nilrogen through fertilizer ( F  N1,,,l) 

'1', : 50 per cent recommended nitsogen through dhaincha green manurtx 1 > O  

per cent reconlmended N through lertilizer (GM lViO + 1: Nio) 

Tg : 50 per cent recommended nitrogen through neem leaf manure t 50 

per cent recommended N t h r o ~ ~ g h  fe~tilizer ((3L,M N50 + F N;(I) 

r9 : 50 per cent recommended nitrogen t h r o ~ ~ g h  t'arni yard manure t 10 

per cent reconlmended N through fertilizer ( F Y  hl N5(, + F Nqo) 

I ' lo : 50 per cent recommended nitrogen through dhaincha green manure t i0 

per cent recommended N through ferti1i;ler + Azospirillrl~?~ (GM Ni,, - I 

N Azo.) 

I : 50 per cent recommended nltrogen through neem leaf manure 5 0  

per cent recommended N through fertil~zer + Azospirlllzlm (GLM N,,, -1 I 

Nio+ Azo.) 

: 50 per cent recommended nitrogen through farm yard Inanuse t 5 0  

per cent recommended N through tertil i~er +- Azo.spirillzlm (FYM Ni(, t 1. 

Njo+ Azo.) 



3.6 RICE (kltarif, 2000 and 2001) 

3.6.1 Plot Size 

Gross : 5.4 x 5 l m  

Ne f : 4.5 x 4.2 n~ 

S~-'c~cing : 1 5 x 1 5 c '11 

3.6.2 Variety 

The test variety of rice was NI_I<-145. a popular rice culti\:u. relea;c'c{ t~ )In 

Agricultural .Research Station, Nellore. Antlhra Pradesh. It is o f  medium ~ ~ \ I . , I I  OII 

(135 to 140 days), photo insensitive, compact and profuse tillering. suitable  ti)^ t-otl~ 

khcr~if  and early rabi season. It has a bicld potential of 6.0 to 6.5t ha-'. 

3.6.3 Cultivation details 

3.6.3.1 Nursery. The nursery area was thoroughly puddled and leveled. A b o ~ t  30 ks 

of foundation seed of the rice variety NL,R-I45 was soaked in water fbr 24 hou~  ~ 1 1 ~ 1  

inc~tbated for 48 hours to induce germination. Phe sprouted seeds were broaclt , t \~ t . t i  

unifbrmly ov-er well-prepared seedbed and nu1 sery was irrigated whenever riel:t.u;l1.\ 

'The seed was not given any chenlical treatment prior to soaking and simi1;u-1) t11c 

nursery bed was also not fertilized as done conventionally. 

3.6.3.2 Main field preparatiotz. Primary and secondary tillage operation.; \\ ere 

carried out to get a good tilth for sowing o f  the green manure (dhaincha). I hc 

experimental field was laid out in three rt:plications having twelve treatmc.111\ 

shown in Fig.3.2. Green manure (dhaincha) seed was sown in accordance b11.1) rl-ic 

treatments and the crop was irrigated thrice to ensure required biomass produt t1o11 



\vith in the st~puluteti time period. At 45 d a ~  s ,liter \o\\ tng ~1 green manure. (1~it-111$! 

the 1" year ofexpcsirnentation the ent~l-e lielcl \ \as  puddled using power tiller ~ \ , ~ c i n g  

the green manured plots and the green 1na1lul.eci plots \ \ere puddled separslt.lv by 

I J I  S I ~ Z ~  incorporation of the dhaincha plants. \licro le\eling ot' inciividual plot> \ \ as  

carried out  latter. However, adequate care \\'is tahen lo acoid dift'erence ot \\alt .r  

levels in the individual plots. C'alculatecl cli~nntitie\ o t' organic lnanui e. \L et c 

i~icorporated in the laid out plots to supply prescribed quantity of N as I t'i tiit: 

treatments. 

During the second year of experi~nent~~tion (3001 ). puddling was tioi~e fijt 

itidividual plots using country plough and tho green manure (dhainclia, \\as 

incorporated in sltz~ and the plots ncre  puddled separately as done dur i~  g the 

psevious season. Leveling was done to the individual plots and the inter plot soil 

nlovement was avoided. 

3.6.3.3Marrurrs and fertilizers. The recommended dose of fertilizers was 80 kg N. 

60 kg P 2 0 j  and 40 kg K 2 0  ha-'. The N content in different organic material; was 

determined and the amount of these materials required for substituting a spec~fied 

amount of N as per the treatment was calculated (Appendix A&B). These mat2r1als 

were incorporated into the soil 10 days prior 10 ~ransplanting of rice. As per the 

treat~nents. fertilizer nitrogen in the tbrnl ot' urea was applied in three split doses of 

50 per cent as basal, 25 per cent at ac1ik.e t~ilering and 2 5  per cent at ix~nicle 

initiation. A uniform dose of 60 kg I'zOj and 40 kg KzO ha-' was applied to 1-1 :e in 

[he form of single super phosphate and muriste of potash before transpl'lnt~ng. 

I<ecommended dose of /Izospirillzrrn ((Q 2.5 kg h;i was thilt.oughlj mixed ~vith 1 Y M  

and sand in the ratio of 1:10:20 and applied t o  the trentmer~tal plots just h i  fore 

transplanting. 



3.6.3.4 Trntzsplnntittg. Thirty days old seedlings were transplanted with a si3aci~lg ol 

15 x 15 cm, using two seedlings hill-'. du r~ng  both the years of study. 

3.6.3.5Irrigation. A thin film 01'2-3cm watcr \\.as maintained at the timc ol planting 

and thereafter water level of 5+2 cln \\as maintained during the entire crop gram in? 

period up to completion of grain tilling stag(. t.\cept at the time of'top dress~ng. I Ile 

water from the field was with drawn after co~npletion o f  grain tilling. 

3.6.3.6 Weed cotltrol. Hand weedings  el-c' undertaken at 25 ancl 40 c l . ~ \  \ ,~ltcr 

transplanting. to keep the weeds under check 

3.6.3.7 Plnnt protection. Absolutely no inosgnnic chemicals were used ci~u~liy I he 

entire period of experimentation incli~ding fijr the seed treatment. f Iowever, the C I  017 

was sprayed with neem seed oil and extract from custard apple leaves and iecclv h 

making required dilutions, as and when necessarj. Also extract obtained by -ioalting 

de-oiled neem cake for a period o f  a rr~or~th in closed container was usecl as a 

repellent. 

3.6.3.8Hnrvostitlg ntzd t/zres/litzg. The c1.01, L\ as harvested. when the grain 31ld \11.;1\\ 

turned yellow. The border rows ifrere hanested first and latter net pic t \  \\ere 

harvested separately. The harvested sheavt:~ \I ere allowed to dry for two i l l  I hc 

plots itself and then threshed by using pedal operated thresher for separation o t'grain. 

Grain was sun dried on an open thresh~ng floor to a moisture level of' 14 per cel~t 

Straw was allowed to sun dry to a constant wt'ight in the plots itself. Grain nticl s t r : ~ ~ \  

yields were recorded treatment wise and exprt ssed as kg ha-'. 



3.6.4 Biometric Observations 

Five plants from each net plot were chosen by random sampling a ~ l d  tagged. 

which were used for recording plant height and tiller number at different stases of 

crop growth as given below. 

3.6.4.1.1 Plnnt height. Plant height was measured fiom the base of the plant LO I I I C  tip 

of the longest leaf stretched and expressetl in ~111. Plant height was nieasui.ed at 

active tillering, panicle initiation ancl tlowering. 

3.6.4.1.2 Tiller Nutither. Total number of tillers hill-' were counted at active iiI1c.l ing. 

panicle initiation. flowering and at harvest and expressed as tillers 1 K 2 .  

3.6.4.1.3 Leaf nrecr ittdex. L,eaf area index \\,as worked out at active tillel-ins. panicle 

initiation and flowering stages. L,eat7 area fro111 five destructively sampled ~,l:ults f i .~ )~n  

border rows leaving the extreme rows. was 111easured :is per the method suggestcct 13) 

Palaniswamy and Gomez (1  974) using the formulae as given below: 

Leaf area =I, x W x K 

Where, 

1, = length of the third leaf'fkom the top (cm) 

W = maximum width of the same leaf ( cm)  

K = constant factor (0.75) 

From this, LA1 was computed taking lnto account the area occupied by each 

hill and nunlber of leaves in the hill. 



3.6.4.1.4 Dry mtrtter yrotluction. Five plants at random from the border row:, Icaving 

the extreme rows were destructivelj samplt:d at active tillering, p~inicle ili~tl~ttion. 

flowering and at harvest. These samples bve1.e air-dried and then oven dried 'it 60 '(' 

to a constant weight and expressed as kg ha-' 

3.6.4.1.5 DNVS to 50 per cel~tflo~verir~g.  Nilliibt'r of ~1~14s taken fi)r flowering 0 1 '  5 0  

per cent plant population b a s  recorded 'iiid presc~ited as days to 50 ],el. celit 

llowering. 

3.6.4.1.6 Sl~rrtl cl~loropltyll meter retirlilzgs. lieadings by the Spad clilorophj 1 1  Inctet- 

were recorded at dil'fcrent stages of crop <lo\\ t11 li011i the 3"' lcllf ol' tell r;lnilonll~ 

selected plants and the average readings drtb c.xpressod as Spad chlorophyll meter 

readings. 

3.6.4.2 Yiell attributes artti yielcl. rht: folio\\ lng ?ield components were measul-ccl at 

harvest Gom the five tagged plants. 

3.6.4.2.1 Productive tillers (Ytrnicles I I I - ~ ) .  I'ht: number of ear bearing tillers \\ cre 

I counted li-om tagged plants, averaged to compute productive tillers tiill- ,111cl 

expressed as panicles m-l. 

3.6.4.2.2 panicle length. The length of panicle from the last node to the tip \&:IS 

recorded from randomly selected ten panicles dnd the mean length expressed i n  cm.  

3.6.4.2.3 Total number of groins p a n i c l ~ ' .  Total number of grains fron, tcn 

randomly selected panicles were counted, averaged and expressed as niinlber ol' 

grains panicle-'. 



3.6.4.2.4 Number of f l e d  grabr pnniclr-'. Filled grains from the a t m i  iL [en 

randomly selected panicles were counted, averaged and expressed as nuniber ol' filled 

grains panicle-'. 

3.6.4.2.5 Spikelet s t e r i l i~~ .  From cxic1-1 ol the ten 1,andomly selectecl pa~-ii.lt.\ total 

grains, filled grains and i l l  tilled grain\ \\crc. counted and spikelc.1 ~ , ~ t t - l l i t ~  i3 

expressed in per cent. 

Numbel of i l l  l i l lrd grams panicle-' Spikelet sterility (%) = . - - - --  -- x ~ O O  
l otal n u n ~ b t . ~ .  of gralns panicle-' 

3.6.4.2.6 Test weigltt. I'housand-grains ran(lom1j drawn from the composite salnplt. 

of grain yield of net plot in each treatment (dried to 14 per cent moist~ire content). 

were weighed and expressed in grams. 

3.6.4.2.7 Grain yield. Grain from the net p lo~  was thoroughly sun dried to 14  per cent 

moisture content, weighed and expressecl in kg ha-'. 

3.6.4.2.8Strawyield: Straw obtained from the net plot was thoroughly s u n  dricci u i i ~ i l  

i a constant weight and expressed in kg ha . 

3.6.4.2.9 Harvest index. The relationship 01' economic yield to the total biolo~ical  

yield was expressed as harvest index (111). 

Grain yield 1-11 = -- x l o o  
Total biolgoical yield 



3.6.5 Quality Parameters of Rice Grain and Kernels 

3.6.5.1 Milling per cent. A saniplc of live hundred grams of paddy was t ~ k c n  ti-om 

each plot and milled with -'Satake" grain testing husker and then polished ( (1 one 

Weight of ~nll led rice 
Milling (%) L - . - - -- - -  K I O O  

Weight of unhi~l led 1.1~s 

3.6.5.2 Wllole grrrirz c~ncl broker1 grtiirt per cetzt. The  procedure lbllowed \$as as our 

lined by Ghosh (1971) and expressed as per cent. 

Weight o f  unbroken (whole) rice Whole (;rain (%) = ~ .~ ~ x 100 
M'eigllt 01' unhullecl rice 

Weight o f  broken rice 
Broken Grain (96) = -- - - x 100 

Weight of unhullzd rlce 

3.6.5.3Protein collterzt. The nitsogcn content in the clehulled grain was o t - ~ ~ l ~ l ~ i ' d  

through micro kjeldhal method and was inuliiplied M ith a factor 6.25 to arri vc LII the 

protein content and expressed as per cent ( Ju l~a~ lo  et crl.. 1973). 

3.6.5.4Anzylosr content: -['he amylclse content of grain was estimated :is pc~ .  111c 

procedure outlined by Willianis ef 01. ( 1958) allti exprehsed as per cent. 

3.6.5.5Elongation rtltio. Five gratns of milled rice was added in 50 ml of water . ~nd  

the water containing tubes were cooked for 20 minutes in a boiling water bath l i ~ c  

length of 20 cooked kernels was measured ant1 the ratio between the niean Icnglli\ 

cooked grain by mean length of I-aLv grain is  taken b r  Elongation ratio (I iK) i Khan 

and Ali, 1985). 

Average length of cooked kernals imm) 
ER = - -- - - - - - - - - -. - - - - -- - 

Average length of' uncooked ker~lals (n~rn) 



3.6.6 Plant Analysis 

Plant samples collected for dry matter estimation at active tilleriny.. pan~cle 

initiation, flowering and at harvest were dried, ground into fine powder 2nd i~scd for 

cl~emical analysis. N,  P and K contcnts were analysed by the standard p~.oct,cl~~~-c , ) u t  

- I  lined by Jackson (1973). The uptake of Ic, 1' and K in kg ha at dil'tk~-t,n~ ,tagc.s 01' 

crop growth was calculated by nlultiplying the nutritional content with the 1-1.spt.c.r i t c 

dry matter pl'oduction. 

3.6.6.1 Grrrirt crnrl strt~w ~1t(1ly~i.s. I he nitlogen content 01' grain and \ t ~  a \ \  \\/as 

analysed separately and then iiiultiplied wltll rcspective weights of' grain c~llL! stra\t. 

which were summed up to present N uptake at harvest. 

3.6.6.2 Agrorzonzic efficiencj) (AE). Jt is response in yield per unit input as it;tlicatccl 

by grain produced per kg of applied N and i.; coniputed by adopting the t'o l o v ~ ~ n g  

formula suggested by Yoshida (1 98 1 ) 

Grain yield in - Grain j ield in 

fertilized plot A E (O/o) = -- - ----------- control plot 
.- . - - -. - - - - -- x I 00 

Quantity of fertilizer applied (N) 

3.6.6.3 Pltysiological <fficielacy ( P E ) .  It indicates grain produced per kg of ab:,ot.bed 

N and is computed using the formula suggested bqr Yoshida ( I  98 1). 

Grain yield in - (;rain yield in 

fertili~ed plot control plot 
PE (%) =--- - - - - . -- -- - - - --- x100 

N uptake in - N 11ptake in 

fertilized plot control plot 



3.6.6.4 Apparent recovery of nitrogen. I t  was computed following tl ~e l'c)~-rni~l:i 

suggested by Pillai and Vamadevan ( 1  978) as detailed below 

Ilptake of N in - Uptake of N in 

particular treatment control plot 
Apparent recovery of N (96) = -- xIO(1 

Quantity of N applied for the treatnlent 

3.6.6.5 Nitroget1 tinrvest Itldes. ' I  he nitrogen has\ est index (NI 11) was L O I I ~ ~ > L I I L * ~  ' I \  

per the formula suggested by Spireti. ( 1977). 

N uptake in economic yielcl 
NE-I1 = -- - -- - -- - -- x 100 

N uptake in biological yield 

3.6.7 Soil Fertility Dynamics 

Initial composite soil samples were collected from the field prior to thi. la! out  

of the experiment and was analysed for organic carbon, available nitrogen. ,~i lal>lc 

phosphorus and available potassium. 

Immediately after the harvest of rice crop, soil samples were coll t lc~~il  li 0111 

the individual plots of the treatments and analysed for organic carbon (M'alhlt.\ . I I I C I  

Black, 1934), available nitrogen (Subbaiah and Asija. 1956), available ph0iphO1~15 

(Olsen et nl., 1954) and available potassium (Jackson, 1973). 

3.6.8 Economics 

Gross and Net returns (Rs h i )  were computed considering tlic c k ~ b t ~ ~ i g  

market price of the inputs and outputs. Benefit cost ratio (B(3R) was worked 1)11t for 

different tr&tments by dividing the grois returns by corresponding C O \ I  

cultivation. 



3.7 GROUNDNUT (rabi, 2000 a n d  20UI ) 

Groundnut crop was raised dul-ing I-trh, season Liticr the harvest ol'lill,rr i f  slce 

in thc saliie ~inclisturbed layout. 

3.7.1 Experimental Details 

Groundnut crop was raised to find tht. ~.es~dual  etfect of the treatments ipplled 

to the khnrlf rice crop, The layout of khnr.,f crop \ \as  undisturbeti and ~ ~ r ~ i f o r r n  

sowing of groundnut crop was done. N o  riii~nures and fertilizers were apylied t o  

groundnut crop and the treat~nents consisted of trcatnients imposed to khnrij 'r i~t.  

3.7.2 Variety 

l 'he test variety was K-134 (Velnana), a Spanish bunch type with a duration 

of 100-1 10 days during rabi. It is tolerant to leaf spot with uniform maturity. I t  is a 

high yielding cultivar with no dormancy. 

3.7.3 Cultivation Details 

-7.7.3.1 Prepartrtory cultivation. Each plot of khni.ifrice was ploughed using power 

tiller without disturbing the layout. .['he plots were levelled individually using 

spades. 

3.7.3.2 Seerls N I I ~  sowitzg. The seeds tvere riot gi\.en any chemical or biological 

treatment. Sowing was done with a spacing of'T'2.5 x 10 cnl. 

-1.7.3.3 Fertilizers. No external application. Only residual tertility of khnrif rice 

.J. 7.3.4 PVeerlitlg. Hand hoeing was done twice at 20 and 40 DAS. 



P + 

77'1.5 P l m t  protection. Neeln seed oil (il) 5 ml I' of water was uscil as n 5 

prophylactic and as a repellent of sucking pests and leaf eating caterpillar. 

3.7.3.6 Irrigation. In addition to pre-sowing irrigation, about eight s~~bscclilent 

irrigations were given at 8- 10 days interv'll. 

3. 7.3.7 Harvesting trntl strippi~lg. I hc cl.oy) \\as considered matusc \\hcli 1101.1~ * I I , I I ~  

75 per cent of the pods from randoml> iclected plants (from boal.tlcr arc;l, silo\\ cii 

dark streaks inside the shell. 'I he border sows of each treatment were hasvcstetl tirst 

and treated as bulk. The plants in the net plot area ~vere  pulled sepasalelj clrid poci\ 

were stripped. Pods and haultns were sun drled thoroughly till a constant \\clgllt IS 

arrived and the yields were recorded sepat-atelj for each net plot and cupte.sed ,I\ hg 

ha-'. 

3.7.4 Biometric Observations 

3.7.4.1 Pkrnt height. Five plants from each net plot were chosen by random sn1npling 

and tagged, which were used for recording plant height at 30. 60. 90 IIAS anct ,it 

harvest. 

3.7.4.2 Leaf aretr index (LAI). LA1 was cdlculated at 30, 60. 90 DAS ant! at Iran e\t 

from the destructively sampled plant-s fi-on-I the border rows leaving the eut r t~nc  ~ . o \ \ .  

using the 1,I-COR L,T-3000 portable leaf' drca meter with transparent belt convc\.o~. 

with a electronic digital display and expressecl in c n ~ - ~ .  

LA1 was calculated by dividing the total leaf arca with the cosrcspo~ld~llg 1,111ti 

area occupied by plant as suggested b j  Watson ( 1952). 

'Total leaf area LA1 = .: - - 
Unit land area 



3.7.4-3 Dry mnttsr protluctiorz: The destructively satlipled plants f'or measuring leaf 

r 7 

area were used for estimation of dry matter production. I he sanlples were first air 

dried in the shade and then over dried ar 60°C to a constant weight and cis) nlattes 

accumulation was expressed as kg ha-'. 

3.7.4.4 Notlulr clty weiglit. Five plants along with soil \vere carefully ~ . c ~ ~ ~ c ) \ t . c i  b! 

scooping the soil uith the shekel up to a depth 01' 3 0  cm a1 30. 60. 00 1)iiS ,lniI .lr 

harvest, f i o n ~  destructively sanipling area fi-om each plot. I'he detached ilod llcs Iloln 

the sampled plants were oven dried at 60°C to a constant weight and espres:,cd In 1112 

per plant. 

3. 7.4.5 Spcld c l~loroi~l~yl l  rtzeter retitlirlgs Keadings 17) the Spad cl~loropli v l l ~ l l ~ ~ t c ' s  

were recorded at ciiflerent stages of crop g~o\ t t l i  l'roin the lower leaflets 0 1  4"' l i . , \ f  

from the top of ten randomly selected plants and the average readings are e\ip~.chhc'cl 

as Spad chlorophyll meter readings. 

3.7.4.6 Nunzber mf'potls plruzf': Pods from five randomly selected plants ?om 1li.t 

plots were separated, counted, averaged and expressed as number of pods piai~t ' ri,r 

each treatment. 

3.7.4.7 Hunclred-pod weight. After through drjing of pcbds, fi-om each tieatnl?nt 

weight of five randomly selected 100-pod samples were recorded, averaged ,~n t i  

expressed in grams. 

3.7.4.8 Hutztlretl-kertzel weight. From the uaniples shelled for recording ihclli~lg 

percentage, five sali~ples of hundred kernels each were randonlly drawn. ueighcd. 

averaged and expressed as 100-kernel weight in grams. 



3.7.4.9SItellingper cent. From each treatnlent net plot yield, five randonl s a t ~ ~ p l e s  ot 

100 g of pods were drawn, hand shelled, kernels separated and weights rccorcted. 

The shelling percentage was worked out by the following formula. 

Weight of kel~ials 
Shell ing%= - - > I 0 0  

Weight ol' pods 

3.7.4.10 Pod yield. Pods from net plots were sun dried to a constant \\eight and 

expressed as pod yield in kg ha ' .  

3.7.4.11 Hrrulnz yield. After thorough sun dr j  ing, the haulms l'rom e a c l ~  I I C ~  1)lot.  

were weighed and expressed as haulm yield in kg ha.' 

3.7.4.12 Harvest inclex. ?'he relationship of' economic yield to the total I~~ological 

yield was expressed as harvest index ( H l ) .  

Grain yield HI = - x too 
Total biolgoical yield 

3.7.5 Plant Analysis 

~lant 'samples collected for dry matter estimation at 30, 60. 90 I>4S ,~nci at 

harvest were dried, ground into fine powder and used fhr chemical analjsis. !.I. I' and 

K contents were analysed by the stantlard PI-oredure out lined by Jackson ( 1 O P 7 3  ). I Ile 

uptake of N, P and K in kg ha-' at dilterent stages of crop growth was ca1cul;ltcil h~ 

multiplying the nutritional content with the respective dry matter production. 



3.7.6 Soil Fertility Dynamics 

Soil samples were collected tronl tht: individual plots of the treatmenti, bcfi,rl: 

sowing of the groundnut and after h a r ~  esting. 1 he samples were analysecl k b ~ r  organic 

carbon (Walkely and Black, 1934). ava~lable nitrogen (Subbiah and Asi.la. lC)56), 

available phosphorus (Olsen et crl. 1954) and a \  ailable potassium (Jackson. 107 7). 

3.7.7 Economics 

Gross and Net returns (Rs ha.') \\ere computed considering the vxisting 

market price of the inputs and outputs. Benefit cost ratio (HCR) was workccl out li)r 

different treatments by dividing the gross returns by corresponding cost 01' 

cultivation. 

3.8 TOTAL DRY MATTER PROl>IJC'TION OF THE CROPPING 

SYSTEM 

'rota1 dry matter production of the cropping system as a whole was obtairled 

for each treatment by summing up the dry matter production of rice and grour~dnur. 

3.9 ECONOMIC YIELD (RICE GRAIN EQUIVALENT) OF THE 

CROPPING SYSTEM 

Pod yield of groundnut was converted Into rice grain equivalent (RGE I o n  the 

basis of the prevailing market price using the following formula and expressed in kg 

ha-'. 

I Pod yield of groundnut (kg ha") x Price of groundnut (Rs kg ) 
RGE = --- - 

Price ol' rice grain (Rs kg I )  



By summing up the rice grain ?ield and rice grain equivalent ~iclcl  ot' 

groundnut for each treatment. the total economical yield of the cropping si\ s t cn~  t\ as 

arrived at. 

3.10 NITROGEN BALANCE IN THE: CROPPING SYSTEM 

Soil available N balance in the crclpping system (annual cropping c! cle) \ \ ' I \  

computed for different treatments as per the procedure suggested by Sadana*~dal~  a ~ l d  

Mahapatra ( I  973 ). 

3.1 1 ECONOMICS OF THE CROPPING; SYSTEM 

Gross and net returns per hec(are \vcrth computed for the cropping sysic'ln '1s ,I 

whole, considering the present market price of the inputs and produce. 13ent'fit-cos~ 

ratio for the cropping system was worked out for different treatments, by diviJi11g illc 

gross returns by cost of cultivation. 

'I'he data recorded on \,arious groivth and J ield parameters 01' both t.lcts < I I I ~  

groundnut crops during the course of' in\estigation were statisticallj a~il:~j\t.il 

following the analysis of variance for randomiietl block design as suggested b! l'a~isc' 

and Sukhatme (1 985 1. 

Wherever the treatmental dif'fesences M erc found significant ( 'F '  test). c , ~ - i t i c ; ~ l  

difference was worked out at 0.05-probabilitjr level and the v a l ~ ~ e s  are l i~n  ishcd. 

'I'reatmental differences that were non-signi ticant were denoted as NS. 







RESU LiTS 

The results of the field experiment entitled "Prospects of' organic t.arrilirl? in 

rice-based cropping system" conducted fc~r two consecutive years dur-in: : O O O  L~tid 

2001 on sandy clay loam soils oj' S .V.  Agricultural College Farm. I l t x l r J t l r l  < i ~ c  

presented in this chapter. 

The ;xperiment was conducted tbr two seasons in each yea1 t I . - \ I I  11 

rice during kharifseason and groundnut during ]-obi season. 

4.1 RICE (kltcrrif, 2000 and 2001) 

4.1.1 Growth Parameters 

4.1.1.1 Plant lzeiglrt. Plant height measured at different stages of crop g~.o\\  tli \ I ,  (.. 

active tillering, panicle initiation and flowering was significantly influt.~-icc,ci h! 

different nitrogen management practices, during both the years of study (.l'ablt 4 I , 

4.1.1.1.1 Plant Iteiglit at rrctive tilferitlg. In both the years of study, the ta1lt.s p l , ~ n ~ s  

were recorded with 100 per cent N tli~ough exclusive green manuring \bit11 d l~alni l ia  

(T3), which were however, in parit). with all the treatments of recommcndi~d N 

application, except FYM Nloo ('r5). 'The lowest plant height was registered \+ itti 1 1 0  Y 

application (TI), which was comparable with application of Azospiri//~it?l a1011c' ( I , )  

- 
and the plant height under these two treatments was signiiicantly inl'erior to I.:~I 0 1  

the recommended N application treatments, during both the years of study. 



Table 4.1: Plant height (cm) of rice as influenced by different nitrogen management practices 

SEm +_ 

CD (I'=0.05) 

Treatments 

T 1 

Tz 

T3 

T4 

T, 

T 7 
I 

KhariJ; 2000 KharlJI 200 1 

Active tillering 

38.0 

38.5 

49.3 

45.3 

43.2 

48.5 

48.2 

1 s  1 48.3 I XO 0 I 98.3 

Flowering 

82.6 

85.1 

94.3 

95.7 

Actiye t'illering 

45.5 

46.1 

52.6 

49.7 

Panicle initiation 

62.2 

63.7 

76.6 

77.4 

97.1 

95.5 

96.9 

97.3 

95.6 

5 i .G 

50.1 

5 1.9 

52.0 

50.3 

93.3 

56.6 

98.3 

94.5 

Panicle initiation 

70.8 

7 1 .O 

79.2 

79.4 

Flowering 

80.9 

82.8 

93.3 

94.9 

83.0 

78.2 

80.9 

83.2 

78.6 

75.6 T9 

49.6 I 76.4 I 90.9 

46.1 

70.0 1 89.4 

Tic, 

T I  I 

T12 

99.2 5 1.7 79.8 

77.6 50.9 1 79.9 I 95.7 

82.2 98.9 

95.3 

48.6 I 78.7 

49.3 

46.5 

80.2 

76.3 



A 1.1-1.2 Plrrrtt lzeig-lzt at panicle initiatiotl. The treatment GLM N + F V;,, t ilzo. 

(TI ,) registered the highest plant height during both the years of investigat 011. ivhich 

was comparable with other recommended N application practices, except t J rhl  N,,,,, 

However, all the treatments with recon~n~endeti N application prod~iceci 

significantly higher plant height than no N application ('ITI) and ,I: )sj)1rirlI1itl~ 

application alone (Tz), which were statisticallj similar to each other, dur~ntr hot11 the' 

instances of investigation. 

4.1.1.1.3 Plnrzt lzeiglzt ntJln,vering. I'he lligheht plant height was registered \\ ith 100 

per cent N through fertilizer (1 6),  which itds con~parable with all the treatment\ 01' 

recommended N application, except 100 per cent N through FYM (Ti) during both 

the years of study. The plant height recolded wit11 1;YM N l o o  (1 i) \\.I\ \rc)\\t,\cl-. 

comparable with the integrated N rnanngenichnt practices of 1:YM Nit, t I \. , 110. 

(TI*) and FYM N5(, + F Nio ('T9) and with C X C I U S I V ~  organic sources of N s~ij>pI> 1 I/.. 

GI,M Nloo (T4) and GM Nloo durir~g both the instances of stud\.  I I I C  pl,t~it 

height recorded with no N application ( S l )  anti with Azospirillzlm alone 1 , )  

cornparable with each other and int'eriol- to dl1 the reconlmended N c1p~711~;t11011 

treatments, during both the years of ~nvestigai ion. 

4.1.1.2 Totul number of tillers m-' ' I  otal nlln~her of tillers recorded at diffcrelit s t , yes  

of crop growth of rice viz., active tillt:ring, panicle initlation, flowering and ;il I ~ , I I . ~  e\t 

was significantly influenced by different nitrogen - management practices (.L',iblc. 4 7 r .  

4.1.1.2.1 Tntnl number of tillers w-' ot octivr tillerirzg. The highest nun~ber 0 1  t i  ilcr\ 

m-' was registered with the application of 100 per cent N through dhnincl1.i grct311 

manuring (T3), which was comparable with all the treatments of recon~!ilentied N 

application, except with supply of' 100 per cent N through FYM (?ITi), durins t)or h r l  I C  

years of study. Application of A Z O S ~ ~ ~ I I I Z L I Y ~  done  (1 ? )  was comparable \ \  i l l 1  11011- 

supply of nitrogen (TI )  and signiticantlq interior to any of the treatrncwt\ $ ) I  

recommended N application, during both the instances o F study. 



Table 4.2: Total number of tillers n ~ - ~  of rice as influenced by different nitrogen management practices 

28.1 SEm 5 29.3 2 1.5 C) Q -. ? n  V . V  n - \ I  i 8.4 ?I \  " 

CD ( 1 ) ~ 0 . 0 5  1 82 86 h? 39 S S i 9 54 

- Treatments 

T 1 

T2 

T; 

T4 

Kharzf: 2000 k'har,$200 1 

Active 
tillering 

375 

386 

57 1 

512 

T, I 469 

At harvest 

305 

3 14 

3 75 

405 

366 

Panicle ' 
initiation 

3 84 

402 

555 

565 

492 I 

596 T6 - -- 

Flowering 

385 

3 96 

463 

487 

456 

Active 
tillering 

3 82 

402 

606 

526 

497 

553 

3 89 

3 97 

379 

3 94 

40 1 

3 83 

Flou~ering 

356 

3 72 

448 

47 1 

436 

5 1 5  

Panicle 
initiation 

403 

42 1 

580 

5 82 

522 

566 

T 

T8 

T4 

Tlo 

TI 1 

T12 

At hart est 

30 1 

309 

3 74 

387 

347 

405 59 i I 

538 1 571 1 477 
- I 336 I 426 

548 I 586 / 489 405 

556 

535 

5 92 

599 

538 

488 

454 

480 

50 1 

460 

54 1 

52 1 

562 

565 

533 

619 

53') 

57 1 

620 

547 

41 1 

395 

406 

419 

400 

607 

5 64 

588 

62 1 

567 

5 18 

482 

49 1 

524 

483 



4. I .  1.2.2 Total nrrrnber of tillers nz-2 at ptrnicle initiation. During both tlw 4 ears ol 

study, the highest number of tillers nl-' was recorded with GLM NIli + F Ni,, t Azo. 

(TI  which was comparable with all the treatments of recommended N application. 

except FYM Nloo ('I'5). All the tretitment.; with recommended N applicatloli prodi~ccd 

significantly higher number of tillers m-' than no N application (I',) and .ipplication 

of Azospi~i l lum alone (T2) and both of ~l iem were in parity with each otllcr, d\lring 

both the years of investigation. 

4.1.1.2.3 Total number of tillers ,TI-' aiJlotveriizg. I he highest numbct. o l 11 l l el i 111 ' 
was recorded with 100 per cent h through fertilizel. (FN loo), which was c )~~lpL~tilblt' 

with integrated 1V management praclices of GI,M N50 + F NSo + Azo. [ \ ) .  (rl hl N.,, 

t F N5() ( 18), (3M NjO + F NiO -+ Azo (I  ,(,). GM Nio + 1: N5() FYM Nir, t I Ny i1  r 

Azo. ( T I 2 )  and FY M N 5o + F Nio ('I ,,) and with exclusive green leaf manu1 111g 01  ( ; I  hI 

Nloo (T,). during both the years of study. '1 he treatments of exclusive organic coiu-ce 

of N supply viz., ( i M  Nloo (Ti) and FYM Nloo (Tj) were comparable with t:,icli ()the1 

and also with the integrated N management practices of GM Njo + 1' Njo  t 1-0 ( I 

GM NSo + F Nfo (I.,), FYM Nio F Nio AZO. (1.12) and FYM N,(, i- I N,,, ( I,,). 

during both the years of study. Hut. all 111e treatments with reconln~e~~decl S 

application were significantly superlor to control (no N) and application of 

Azospirillum alone (IT2). which were of course comparable with each other. du~.itig 

both the instances of study. 

4.1.1.2.4 Total number of tillers 11i' at brrrvest. l'iller production was t o  itid to be 

the highest with 100 per cent N supply thl .o~~gh fertilizer (-r6), which was comparable 

with all the integrated N management practices and the treatment of 'exclus~\~t~  green 

leaf manuring GLM Nloo (T4), during both the years of investigation. 'Treartncnti of 

exclusive organic source of N supply viz., GM Nloo (T,) and FYM N l o O  ( I .) were 



cornparable with each other. During both the years of study, the numbel of' tillers 

produced with GM Nloo (T,) was comparable with all the integrated N management 

practices. However, the number of' tillers produced with FYM N l o o  ( 1 ,) \\as 

comparable only with GM Nlo,, (T3). during the first year but in the secontl year of' 

study it was comparable with all the integrated N management practices, except wit11 

GI>M N,o + F N5,, 1 Azo. ( T I , ) .  7'he nunlbt:r of tillers produced with no h ( I , )  and 

Azospirillum application alone ( 1 ? )  \ \as  in parit? with each other. but inlcriol 10 111) 

of the treatments with recommended N application. 

4.1.1.3 Lenf urea itzciex (LAI). Leaf' area index of rice measured at dif'fere~~t go\\ t t ~  

stages of rice viz., active tillering, panicle initiation and flowering was s ig~l~t ica l~t l>  

influenced by di8erent N management practices, during both the yeals 0 1  \ t i ~c i>  

(Table 4.3). 

4.1.1.3. ILenf nren itzdex c~t rrctive tillt~ritzg. Application of 1 00 I c c'nt 

recommended N through dhaincha green manuring ('I'{) has recorded the higll~.st lcat 

area index, which was comparable with all the treatments of recomlnr~~lclcd \ 

application, except with FYM Nloo (Ti). (luring both the years of stud). I hc I 41 

recorded with FYM Nloo (T5) was comparable only with esclu3ive gsccn Icaf 

manuring of GLM Nloo (T,), during the iirst year and with GLM Nlo(, I < l ' M  N,  , 

+ F Njo (T9), FYM Njo + F NSo f .Jzo. (TI?)  and GM N5,, + F NjO (IT7) cliilillg tllc 

second year of study. The 1,Al recorded \\.ith no N ('TI) and with applicltlon of '  

Azospirillum alone (T2) was comparable w ~ t h  each other and significantly ~nr ' e~  ior LO 

any of the treatments with recommended N application. 

4.1.1.3.2 Leaf area index nt priniclr itlitinriotz. Combination of 50 per c.c.ni \ 

through GLPd and 50 per cent N through FV along with Azospirillum ('17, ,) ~-c:cos~lc'ci 

the highest LAI, which was comparable wlth all other recommended N appllcat~o~i 



Table 4.3: Leaf area index of rice as influenced by different nitrogen management practices 

SEm i- 

CD (P=0.05) 

Treatments 

TI 

Kharif: 200 1 KhariJ: 2000 

Flowering Active tillering , Active tillering 

1.06 

1 1.25 3.92 3.20 I 
T; I I 

Panicle hifiation 
I 

Panicle initiation 1 Flowering 

3.76 1 3.08 
. 

1.1 1 I 3.98 I I 3.05 
- 

1.28 I 4.50 1 3.16 

4.69 T 3 - 
2.29 I 2.12 6.35 6.92 

-- I 
4.46 

T4 

Ti 

1.88 6.4 1 I ! 5.03 
-- - 

1.64 I 5.57 I 

1 2.04 6.94 4.85 L- 
1.75 I 5.8 1 1 4.20 

1- 
- -____A - 

9 3.F 
I 

-.-- I 7.0 1 I 5.50 
I 

2.10 I 0.45 I 
I I 

- - 
4.88 

- - 

2.19 I 7.18 1 5.42 
I 

1.97 I 6.86 

- - , 
4.19 

i 
I 1 6 2 05 h 75 5.82 

I 

2 - -  
I 

1 1-1 
I 

1.99 6.53 
I 

5.08 
1 ! - 

I I 
1 I .00 6 O X  Ts , 5.32 

- .  
j T,, i .93 I 6.19 I 

- I 4.9 1 
1 
I 

TIU I 2.09 1 6.68 5.12 

4.65 - 

TI I 2.12 I 7.00 
I I 

T ~ 7  1.97 1 6.29 

5.58 
- 

4.92 

I i 
2.20 

2.26 

2.04 

7.0 1 1 4.97 

7.27 5.48 

6.89 I 4.7 1 



treatments, except FYM Nroo ('l'<), during both the years of investigation. I hc [,A[ 

recorded with FYM Nloo (T5) was in parity with treatments of exclusii c. organic 

source of' N supply viz., GLM Nlo(, ('P41 zind Gh/l N,oo (T,) and i n t e y ~ ~ i t c ~ l  IC 

management treatments of FYM N50 + 1' Nio FYM N jo + 1: NiO + .-lzo ( I ' I I I ~  

GM NSo+F Nso (I,), during both the instances of' investigation. LA1 recolded with 

application of Azospirillum alone ('IT2) and no N ( T I )  \\as conlparable \\ it11 c,~ch (,the1 

and significantly inferior to all the treatnleoti 01 t.econ~mended N applic,ltir,i,. 

4.1.1.3.3 Leaf aren index crtflowerirzg. In both the years of study, the laigcst I AI 

was recorded with 100 per cent N through fcrt~lizer ( I'(,) which was comp,ir,ihle \vith 

all the treatments of  integrated N nlanagt:ment and rxclusive green leal n1,lllusing. 

GL,M Nloo (T4). The LA1 recordecl with G M  Y l o o  ( 1 ;) was howe\ el-. \ ~ ~ ~ t t \ l ~ t . . ~ ~ l l j  

similar to all the integrated N management practices and with exclusiie org~1111c 

sources of N supply, while the I,AI registered with FYM N l o o  (Ti) \\'is c o l n ~ ~ c ~ t C ~ l ~ l e  

with integrated N management treatments 01' EE'M Nso -t I; Njo  ('I'g). F l ' h l  'C,,, t I: 

NSO + AZO. (TI*), GM NS0 + I; NjO ( ' I  ,) and GM N50 t k; Nio + AZO ( 1 ,,I) L \ ~ l ( l  \\ i t h  

exclusive organic N sources of G M  Nl,,(, I I 1 )  and GI,M Nloo  ('I'4), during t ~ l h  the 

years of study. The I,AI recordecl with application of ilzospirilltlm alone ( I and  no 

N (TI )  was statistically comparable and sipntt~tantly itiferior to all the treat1 letlts 0 1  

recommended N application. 

4.1.1.4 Dry matter production. Drj 1nattt:r production recorded at diffcret~r crop 

growth stages of rice viz., active tillering. panicle initiation, ilowering and at 11:ir\ cut 

was significantly influenced by different h management practices, dul-ing I-oth the 

years of investigation (Table 4.4). 



4.1.1.4.1 Dry mutter proriuctio~z nt r~ctivr tilleritzg. Iluring both the years 0 1  s111dy. 

the highest dry matter production was recorded with 100 per cent N through dllaincha 

green manuring (T3), which was compal-able with all other recomrnc:ndecl N 

application treatments, except FYM N ( 1 5 1. I'he treatment FYM N loo ( 1 5 )  lecortleci 

statistically similar dry matter production to that of integrated N ma] aselllent 

treatments of FYM Nii, + F Nio ( I c,). I Y'Pvl h,,, + 1; N,,, + Azo. ('1 12), (;M N,, I h,,, 

and <;LAM N50 t I; NjO ( r8). I00 per cent N through fertilizer ( IT,) atid I00 

cent N through green leaf manuring (-1 ), during both the years of in\ etigalioll. 

During both the years of experimentation, the lowest dry matter productiotl \ \a \  

registered with no nitrogen supplj ( I > , ) ,  w h ~ c h  was of course compa~.al)lt. \ z  l th 

Azospir-ilium application alone (1  ?), and significantly inferior to any of the tt-t.;~tnic~~ti 

with recommended N application. 

4. I .  1.4.2 Dry mutter yrotluctiot~ nt ptrnicle illiticrtion. Con~bination 01' 50 pel cc~lt h 

through neem leaf' manure and 5 0  per cent N through fertili~er a101 g \ \ I I J I  

Azosp~rilluin (TI I )  recorded the highest dry matter production, which was compar,~ble 

with all other treatments of recommended N supply, except FYM NIO,, ( I  .). ~ I L I I . I I I ~  

both the years of the study. The dry matter p~nduction recorded with FYM NIi , , ,  ( I , )  

was however, in parity with the integrated N application treatments of'FYIZ.1 I\;,, I 

NTO (Ts), FYM Njo + F Njo + AZO. ( I )  1 ) .  <;kl Ni( -1 F N i o  (T7) and GM NYo t I '  N,,, t 

Azo. (?',,,) and with exclusive organic >ources of U application treatments of'(;\1 N l  ,,, 
( rj) and G1,M Nloo (T3), during both the years of study. During both the \i(:,lr s ot  

~nvestigation, the treatment with no N s~ippl>~ ( I ' l )  and .4zosplrillum applicatio~ I aloni, 

('S2) registered statistically similar dl!. matrer production, which was s i g n i f i c , ~ ~ ~ t l ~  

lesser to all the treatments of recommer~ded Pi \upply. 



Table 4.4: Dry matter production (kg ha-') of rice as influenced by different nitrogen management practices 

. Treatments 

TI  

T2 

T; 

T-l 

KhnrrJ: 2000 Kllai.IJ; 200 1 

Active 
tillering 

1518 

1558 

2 139 

1908 

i i j 1834 1 

T, 1 2071 
1 

At harvest 

8075 

8484 

10587 

11160 

1031 1 

11661 

Panicle 
initiation 

3767 

4244 

5597 

5625 

1868 

2070 

1 3 9  j 7853 I 9852 

Flowering 

5879 

6143 

824 1 

5686 7761 

5522 I 9435 

Active 
tillering 

1594 

1636 

2146 

- 
I 

5740 1 9888 

r 7 j i947 1 5651 j 9420 I 10919 

Flowering 

5866 

6270 

826 1 

8964 

Panicle 
initiation 

3910 

4260 

6297 

11433 

203s i 6420 I 9187 1 11293 

At harvest 

7638 

800 1 

10223 

10938 
I 

1953 

1 1257 

10722 

11 158 

11318 

10785 

6303 1 9083 
- 

1 1462 

10988 

11382 

1 1549 

1 1096 

962 1 

88 16 

9538 

9858 

8960 

- - 

Tx 

To 

Tlo 

TI I 

T12 

9369 

8810 

9308 

942 1 

8850 

205 1 

2018 

21 13 

2122 

2020 

6536 

6212 

6492 

659 1 

6252 

2025 

1926 

2097 

2125 

1944 

5750 

- 5574 - 

5716 

5 772 

5585 



4.1.1.4.3 Dry matter production atjlowering. .4pplication of 100 per cent hi thrc~\lgh 

fertilizer (?rh) recorded the highest quantity ol'dry matter, which was compLir,ible \\ ith 

all other treatments of reconirnended N application, except the two excluslk t: organic 

sources of N supply viz., GM Nloo ('I i) and FE'M Nlo i ,  (Ti), during both the years of 

study. ?'he dry matter produced with (ibl N i o o  ( I ' ; )  was comparable \ ~ ~ t l i  thc 

integrated N application treatments o f  F Y M  h,,, t I Ni(, (T9), 1:YbI N,, ,  - I \ , t 

Azo. (TTI2) and (iM N,(, + 1; Nio ( 1 7 )  and \\it11 t \ c l ~ i ~ i \ c  orgaiiic N S L I ~ P I )  11 c i ~ ~ 1 ~ c ~ 1 ~ 4  

of GLM Nloo (-IT4) aiid FYM Nioo ('1 ,), ~ L I I  ing both the bears of stud). 1 lo\\ i.\ C I  the 

dry matter pbduced with FYM Nlllll ( 1 5 )  &as coiiipill-able with GM N I I I I  ( 1 ;). 1 \ ,A1 

N5() + I; lVsO (IT9), FYM Njo  + F lVio + Azo ( I ,!) and GLM Nioo (1;) d u r i ~ ~ g  the t int  

year and with only (;M N loo  ( I j) during the seco~id year of investigcit~oli. I he 

quantity of' dry matter produced with A~o~spri-lllz~til application alone ( I - ? )  L t ~ ~ d  I I O  N 

supply ( T I )  was comparable with each othsr and signiticantly inferior t c b  , 1 1 1  the 

treatments with recommended N applicat~on 

4.1.1.4.4 Dry matter yrotiirction at l~rtrvest. The highest dry matter produc~ ioti \ \ a \  

recorded with 100 per cent N through fertilizer (1 h). i~ l i ich  was colnparable \\ i t t i  it:\t 

of the treatnients oi'recommended N supply. except 100 per cent N supply through 

FYM Nloo (Ti), during both the years of stud) The drq matter produced \\ ith I00 per 

cent N through dhaincha green manure ('1 3 )  \bas comparable with FY M K,,, t N,, ,  

('I'9), FYM Njo + 1 Njo  + Azo. (TI2), (3M N ~ o  + t: NiO ( 1'7) and GLM Nlo, ( I',). \\ hile 

the dry matter accuniulated with FYM N I o o  (T i )  \bas statistically siniilar or~l) \vitli 

GM Nloo (1 3), during both the instances of inkestigation. Application of i l ~ o s ~ ~ r r  ~ l l r r t ~ z  

alone has registered an increase of d r j  matter production by 4.75 and 5 0 7  pe1 

cent over no N supply ('TI) during 2000 and 2001 respectively. Ilowe\t.~-. ttic dl.) 

matter accumulation with Azospir~llurn alone ( r2)  and no N ( 1 , )  was comparat)le l t l i  

each other and signilicantly lesser than any other treatments of recommelldecl N 

supply. 



4.1.2 Yield Attributes 

Yield attributes of rice viz., productive tillers (panicles) m-2, nurnbe~ ol 'y-ains 

panicle-', filled grains panicle-' ant1 1000 grain weight varied significant I? due to 

different N management practices, during both the instances of the in\ 2ctigarion 

('Table 4.5). 

4.1.2.1 Productive tillers (pcmicles) }ti2. Among the different N I I I , ~ I ~ , I F C I I ~ ~ ' I ~ ~  

practices, application of 100 per cent N through fertilizer (T,) has produced the 

highest number of panicles m-2. which was comparable with all the inte?l-'ltcd N 

management practices and with exclusive sources of' N supply with GI,hl \.I,,,,, ( I ' , ) .  

during both the years of investigation. Anlong different N managenlent psa i  t lc . tbh to 

supply 100 per cent N, application of 100 per cent N through I2YX1 , 1 ,) 1111.; 

registered the lowest number of pan~cles m". which was however coniparai~lc I\ 1t11 

GM Nloo (T3), FYM NSo+F Njo ('I'9). I Y M  Nio+F Njot.4Z0. (TI2), GL,M N I , , , ,  I a1lc1 

GM Njo+F N50 (T7), during both the years of' study. The nuniber of panicles pt-c1dircc.d 

with the application of Azospirillunz alone (T2) and no N application ( I , ) \\;is 

comparable with each other and significantly inferior to all the t r e a t r n e ~ l ~ ~  o f  

recommended N application. 

4.1.2.2 Number of grrrins pralicle-'. The highest number of grains panic].: ' \vus 

recorded with 100 per cent N through fe~~tilizer (T6), which was in parity \\ith ,111 the 

integrated N management treatments and e?iclusive organic source of N s~lppl?  

through green leaf manure (GLM Nlrlo). dusing both the years of investigation. 

Among the treatments with recommended N management practices, applical ion o t 

100 per cent N through FYM ( I  i) has registered the lowest number ot' grains 

panicle-1, during both the instances 01' investigation. Application of A z o ~ p i ,  illii,,, 

alone (T2) was statistically no better than non-supply of N ( T I )  and both thest \\ere 

signiiicantly lesser than any other treatments o j '  recommended N application, tlul.ing 

both the years of study. 
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4,1,2,3 Number iflfilled grains ilpplication of 100 per cent thl-ough 

fertilizer (Tb) has produced the highest nu~nber of filled grains panicle-'. whicll was 

comparable with all the other recommended N application treatments. eytcept \i ith 

GM Nloo (T3) and FYM Nloo ('I i), during both the years of investigation / in iony the 

treatments with recommended N application. 100 per cent N through FYh4 ( I < )  has 

registered the lowest number of grains panicle-'. during both the years of $tuJ! , I  he 

number of filled grains panicle-' prc,ducetl with non-supply of N ( 1.' ) was stat 15t ~iall!  

similar to Azospiriiiz~m application alone (-1 2) and significantly inferior to [tic r.c'\t of 

N management practices. 

4.1.2.4 Thorrsnitrl-grain weiglit. Iluring both the years of study, thtb li~gliest 

thousand-grain weight was recordecl \?rith the application of 50 pel cent b tlirc~ugh 

green leaf manuring and 50 per cent N through fertilizer along with .4zocp11 / 1 / z 1 1 ~  

(I3,,), which was however, comparable w i ~ h  all other treatments 01' inte:;~-~ltc.ci N 

management. practices and exclusive o rga~~ic  source of N supply through g -c'c'11 1e;ll' 

manuring (GLM N,,,,), during both the years of study. 'The thousand-grain \\eight 

produced with Azospiriilum application alone (.IXr)) was comparable with no t.I iupply 

(TI )  and was significantly inferior to all other treatments of recommended N 

application. 

4.1.3 Yield 

In both the years of study, grain yield and straw yield was signific.antlj 

influenced by different N management practices (Table 4.6). 

4.1.3.1 Grain yield. Application of' 100 per cent N through fertilizer (T6) has rt corcieci 

the highest grain yield, which was however, comparable with all the intt:zrated 

nutrient management practices viz., (jM N5, -I- F N5() ('r7), GLM N5() + F N.( ,  ( , I  *), 



Table 4.6: Grain yield, Straw yield (kg ha-') and Harvest index (O/O) of rice as influenced by different nitrogen management 
practices 

SEm I: 11 7.2 

C'D (P=0.05 i 

" Data \\ere not at is tic all^ anal\ scd 

Treatments 

T 1 

T2 

T3 

T4 

Khal-f, 200 1 Kharlf, 2000 

Harvest index* 

43.6 

44.0 

44.9 

43.0 

Grain yield 

3525 

3750 

4704 

480 1 

Grain yield 

3275 

3572 

4773 

4852 

T i  1 4606 I 5240 

Straw yield 

4550 

4778 

5783 

6358 

I 46.8 

Straw yield 

4263 

442 8 

5449 

6087 

456 I 5550 I 
I 

I 
5181 64SQ 

Harvest indexX 

43.4 

44.7 

46.7 

44.4 

45.1 

- 
43.4 re 5284 I 6149 

5060 1 6293 I 44.6 
, i 36.2 

T 

I - ! 5 140 I 7 0 2 7  46.4 

44.5 

45.3 

44.7 

44.5 

44.9 

5099 

4?77 

5 130 

5143 

4979 

Ts 

7 (1 - 
1 1 0  

TI  I 

T12 

6368 

601 1 

6352 

6407 

6177 

I 
51b8 1 608') 1 45.9 

36.6 

46.5 

45.9 

46.4 

4994 

5191 

5 195 

5006 

5728 

5967 

6123 

5779 



FYM Nso + F Nso (T9), GM Ni(, + F NiO + AZC) (TXl0). GLM N50 + II N ; I ~  t 420 ( 1 I \ )  

and FYM N,o + F N,,, + Azo. (TI,), during both the years of study. 'l'hc p-rCelltape 

increase in grain yield of the best treatment of F Nloo  (T6) over the integrated N 

management treatments of GLM Ni,, + F Uio + Azo., GM N50 + F Nio il;o . ( ; I  M 

N j0 + I: N50 , GM N50 + F Nio, FYA4 NqO + F NiO + A m .  and FYM NFO + 1 NiO \ V ~ S  

1.7, 1.8, 2.2, 2.8, 5.6 and 5.8 respectively, during the tirst year and 0.7. 1.0. 1 0. 2.4. 

4.1 and 4.1. respectively during the second year of study. Similarly, the in:rca\c in 

grain yield by I; Nloo (T6) over exclusibe clrganic N management treatn~ents o l  C i l  M 

Nloo, GM Nloo and FYM Nloo was 8.0. lo.? and 14.7 per cent respectively, d ~ ~ r ~ n g  1 1 1 ~  

first year and 7.9, 10.1 and 13.6 per cenr, respectively, during the second ~ e a l  ot' 

study. 'I'he yield recorded with exclusive green leaf manuring ((;I ikl h ,  ,,,) \ \ a s  

however, statistically similar to all the reconllnended I\i management practice\ c\cispt 

F N100, while that with green manuring with dhaincha (GM Nloo) was coniparahlc 

with the other two organic sources of (3LM IV l o ( ,  and FYNI Nloo and the combinations 

of FYM viz.., FYM NSO + F Njo + Azo and FYM NS0 3 F NZO, during both the years 0 1  

study. However application of 100 per cent N through FYM (T5) was coniparablc 

only with the other two exclusive organic sources of N supply viz., GL,M Pi,,,,, a r ~ d  

GM N 100. 

The treatments with no N supply (-1,) and Azospirillum application alorie ( I ,) 

were comparable with each other, but with significantly lower yield than any o ~ l l e ~  N 

management practices supplying 100 per cent recommended N. I l c  [vever. 

application of Azospirillum alone (T2) has recorded an yield increase of' 9.1 mtl 6.4 

per cent over control (TI)  during 2000 and 200 1, respectively. The yield increase of 1: 

Nloo (T6) over Azospirillum application alone (TI) was 47.9 and 38.2 pel. t:cnt. 

respectively during the first and second year of study arid over the control (no  N) i i  

was 61.3 and 47.0 per cent, respectively during 2000 and 2001. 



4.1.3.2 Strrrw yielrl. The highest straw jield was recordetl with F Nloo ( r , )  duriny t 
4' 

both the years of investigation, which was c.olnparable with other recommended N 

management practices supplying 100 pel. cent recommended N, except the t i \  o 

exclusive organic sources of N supply \ i / .  ( rM Nloo  and FYM Nloo  The stl.,i\\ > it.1~1 

obtained with F Nlno  was comparable only \tith GM Nli,o, which was also ot L.OUSSC 

statistically similar with combinations o f  fasrn yard Inanure viz.. FYM N,, ,  - 1 T,,, 

and I:YM Nio + F N5,) + Azo.. during t ~ o t h  tlie !'ears of investigation. 

The straw yield recorded \$/it11 non-supply of N ('TI) ant1 A ~ o s r ~ r ~ r l l i ~ t ~ ~  

application alone (T2) were at par with each other and significantly louer 11ii1n tlie 

rest of the nitrogen management practices tried. Flowever, applicat~on 

Azospirillutn alone ( ' IT2 )  has recorded an yield increase of 3.9 and 5.0 per cent o x  C I  no 

N application (TI),  during 2000 and 200 1 ,  respectively. 

4.1.3.3 Harvest intlex. Harvest index ot'sict. \Iras not altered to a noticeable e?.lcnt h~ 

different N management practices. fiowevet. maleginally lower values of has\ est 

index were observed with no N application ( I>,), 14zospirillum application a l c ~ ~ c .  ( I ' , )  

and application of 100 per cent N through ncem leaf' manwe (T4), during both (he 

years of study. 

4.1.4 Quality Characters of Rice Kernels ( I'able 4.7a and 4.7b) 

4.1.4.1 Wlzole grain per cent. Different I\.i management practices ha, st lo\\ 11 

considerable variation in whole grain per cent during both the \ ~ . , I I . \  ot 

experimentation. Application of 50 pet cent N throiigh green leaf n~aniire and 5 0  ~ L ' I .  

cent N through fertilizer along with Azo.\pl~.lllzlnz (I',,) has registered the 1rlyhe.s~ 

whole grain per cent, which was in parity w ~ t h  all the recommended N managclncnr 

practices, except 100 per cent through I;YM (Ti), during both the >e(il-\ o f '  



investigation. 'l'lie treatments of no N s u p p l ~  (7 ' , )  anti .4zospi).ilirtl)1 applic:lti, 111  ale-lnc 

('I',) were comparable with each other, ~irith signilicantly lower \\.hole grain l)(:r ccl~t 

than any other N management practices supplyi~lg 100 per cent recommtndtc! ?i. 

4.1.4.2 Milling per cetlt. N managen~cnt p~.a~t ices  hace exerted notice~~ble t. t ltlcl on 

the milling per cent of rice, during both the )tkals of' study. Iluring both ti12 . i. 11 0 1  

investigation, the highest milling per cent w,ls recorded with GLhl Nqo  + F h., t Iro 

( T I ,  ), which was however, in paritj \v~th ail other recomniended N Innn;lgt>lncrlt 

practices, except GM Nloo (T3) and FYM PJ,,,,, (Ti). The t\\o e s c l u s i ~ t ~  119~1nic 

treatments of GM NI,,,, (T3) and FYhl N l o o  ('I  <) were statistically simll,ir \ \ i l l 1  tach 

other, during both the years of study. i\pplicatlon of Azosplriilzrr?l alone ( 1 ? )  . U I ~  null- 

supply of N ( T I )  were at par with each other, ivith signii7cantl> inl'el-ior t a l ~ ~ c . ,  ro < I I I  

the other N management practices, durlng both the years of observation. 

4.1.4.3 Broken grnitt per cent. Treatment w ~ t h  no N application (TI)  has registcrttl 

the highest broken grain per cent, during both the years of investigation, which was 

however, comparable with Azospirillz~m application alone (T2) and both these 

treatments were statistically superior to all other treatments with recommendecl N 

application. All the recommended N application treatments produced statist cal ly 

comparable broken grain per cent, during both the years of'experimentation. 

4. 1.4.4Proteitz cotztetzt. During both the year:; of investigation. the highest protein 

content was registered M ith GLM Nio + 1; Nso + .4zo. (TI ,), whlch \\as in pa r i t  w ~ t h  

the recomniended N application treatments. Application of Azospi~lllziu~ ;tlor~c. 

('I ' ,)  was statist~cally no sciperior than no N dpp1ir:ation ( I T 1 )  during both the J eal\ ot 

investigation and the protein content of these two treatments was s~gniticantlq 

i~ilerior to all the treatments of reco~-nmei~tled N supply. 



Table 4.7a: Quality of rice as influenced by different nitrogen management practices during klrarif, 2000 

Elongation ratio 

1.29 

1.3 1 

1.32 

1.33 

Amylose content 
- (%) 

18.0 

18.8 

21.2 

21.7 

Protein content 

6.7 

6.8 

7.3 

7.5 

Treatments 

TI 

T2 

T3 

T4 

7.3 ! 21.3 I 1.32 Ti 

T ,  

Broken grain per 
cent 

2.40 

2.38 

2.28 

2.25 

Whole grain per 
cent 

76.6 

76.8 

77.4 

77.7 

2.29 

Milling per cent 

71.5 

71.9 

72.5 

72.8 

77.3 72.4 
- 

77.7 72.9 

T7 1 77.7 
- 

72.8 

1.33 

2.23 / .> j 21.8 
- - 

I 7.5 I 2.22 

1 13 

31.9 
t 

-r 
A x 

T9 1 
TIO 

TI I 

Tlz 

- - 
11.8 

77.4 

77 7 

77.8 

77.7 

1.34 

I 1.32. 

1.33 

1.35 

1.33 

2 1 .c) 

21.6 

21.8 

22.0 

21.7 

72.9 1 2 .22 7.6 

7.4 

7.5 

7.7 

7.5 

72.7 

1L.8 7 1 

73 .O 

72.8 

2.27 

2.24 

2.2 1 

2.26 



Table 4.7b: Quality of rice as influenced by different nitrogen management practices during kharif, 2001 

Elongation ratio 

1.3 1 

1.31 

1.32 

1.33 

Amy lose content 
( O/b ) 

18.5 

18.9 

2 1.2 

21.7 

Treatments 

T I 

T? 

T i  

r6 

r 7 

Protein content 
- (96) 

6.8 

7.0 

I 7.4 1 31 5 I 1.32 

7.4 ---- 
7.5 

Broken grain per 
cent 

2.39 

2.38 

Whole grain per 
cent 

77.0 

77.0 

1 

2.28 

77.5 

I 77.7 

77.7 

Milling per cent 

71.8 

72.0 

7-4 

1.33 
1 

72.4 
-- - 

7.5 

I -.L4 1 
I 

77.7 

2.29 

21.8 

1 
7,5 

72.8 1 2.23 

72.8 ? ?  31 7 1 1.33 

1 8  1 77.7 1 72 8 I -.-J 3 3?  

72.8 

7.6 1 21.8 I 1.34 

2.24 

2.26 

2.23 

2.22 

2.25 

1.15 - 

1.34 

1.35 

1.33 

72.7 
71 t i . 8  

72.9 

72.7 

7.4 

7.5 

7.6 

7.5 

To 21.6 

21.8 

31.9 

21.7 

77.6 

T 1 c! I 77 7 

TI 1 

7-12 

, , . ,  

77.8 

77.7 



4.1.4.5 Antylose content. Application of C i I h l  Njo t I: NSO + Azo. (TI registered the * i 

highest amylose content of rice kernels. during both the years of study, hich \\,as in 

parity with all the recommended N application treatments. The treatments with 110 N 

application (TI)  and application ol' Azospirillu?n alone (T2) were statisticallj similar 

to each other and significantly inferior to any of the recommended N application 

treatments. 

4.1.4.6 Elotzgrztiotz rtltio. Elongation ratio rr:sulted from different N ~ i i a ~ ~ a g t ~ ~ l i c ~ i  t 

practices did not differ to any statistically nc~ticeable extent, during both thi: 1. eit1.s of 

experimentation. However. the highest vltlue was recorded with GLM h,,, t t: U,,, t 

Azo. ('I'] I). while the lowest was recorded with non-supply of N (TI).  

4.1.5 Nitrogen Uptake 

Nitrogen uptake recorded at different stages of crop growth of rice \ ir . '~ctive 

tillering, panicle initiation, flowering and at harvest was significantly int1uc:ncccl b j  

different N management practices. during both the instances of the inlest~gation 

(Table 4.8). 

4.1.5. 1 Nitrogen uptnke at active tilleritig. Ipplication of 1 00 per cent U t hr.ougl~ 

green manuring (T7) has recorded the highest N uptake, during both the .dears ot' 

study, which was conlparable with the treatments of recommended N applicatlon, 

except FYM Nloo (IT5). The treatment E:YM Nloo has registered statisticall> s i n ~ ~ l a s  N 

uptake with all the recommended N applicatlon treatments, except 100 per cent N 

through fertilizer (T6), during both the years ot'study. The N uptake with no N 'upply 

(TI)  and Azospirillurtz application alone (T7) was comparable with each ot11c1 and 

significantly lower than other N management practices supplying 100 per- cer~t 

recommended N. 



Table 4.8 : Nitrogen uptake (kg ha-') at various stages of rice as influenced by different nitrogen management practices 

Treatments 

T 1 

T2 

T3 

TJ 
. 

I T, 
r 
A 0 

KharzJ: 2000 Kharg 200 1 

Active 
tillering 

29.5 

31.5 

47.0 

40.9 

1 ,  1 43 7 1 56.3 1 74.6 I 60.2 I 27.7 

Panicle 
initiation 

35.6 

40.2 

54.8 

55.7 

39.5 63.6 7 76 

40.5 I 00 .L 1 1 0 3 . ~  1 3 2 . 8  
- --- 

Flowering 

44.3 

48.5 

67.4 

76.1 

A'ctive 
tillering 

25.6 

27.4 

43.4 

36.5 

' At harvest 

61.3 

61.4 

59.5 

61.7 

62.7 

60.7 

61.2 

' 58.5 

61.4 

62.9 

60.0 

78.7 
- 

72.6 

76.8 

80.0 

Panicle 
initiation 

36.2 

40.2 

60.1 

61.5 
-- 

54.1 I 23.6 

63.5 30.6 
I --- - - 

Flowering 

43.8 

50.4 

70.3 

74.1 

Grain 

38.3 

41.3 

56.7 

58.1 

56.6 I I 39.5 51.1 1 68.0 

30.8 

32.6 

29.8 

31.2 

32.8 

29.8 

77.5 

72.5 

77.2 

78.9 

73.9 

40.2 

3 8.6 

40.9 

41.8 

29.5 

27.3 

27.8 

30.1 

27.7 

59.2 

55.5 

58.6 

60.5 

To: 

T9 

TIU 

TI I 

35.3 

Straw 

18.0 

20.1 

29.5 

31.6 

25 8 
7 -  44.9 / 54.7 

-- 

66.2 

60.4 

64.6 

66.6 

44.4 

42.3 

45.3 

46.0 

-t 
56.2 I , 62.2 

r l  _ 79 7 

At harvest 

80.3 

38.7 I 61 .O 55.6 1 74.0 T12 

Grain 

35.3 

39.4 

55.8 

56.2 

42.6 

Straw 

16.6 

18.7 

24.3 

28.7 



4.1.5.2 Nitrogen uptake at panicle irzitiatiorz. During both the yeass of stud?. 

application of 50 per cent N through green leaf manure and 50 per cent I\r ~ I i r -o i~~ l l  

fertilizer along with Azospirillz~m ( IT l l )  has registered the highest N upta1,e. \ L ~ I C I I  

was in parity with N uptake by treatments of' recommended N applicatiori. elccpt 

with 100 pei- cent N through FYM (Ti), during both the years 01' invt st~gar~c)n 

Application of Azospirillurn alone (T,) has not recorded any appreciable Y ul,r,ll\i. 

compared to no N application ( I ' ! ) ,  during both the years of study and the N i1p1,11,~. ot 

these two treatments was signiiicantlj inferior to any of the reco111m:ndc.d \ 

application treatments tried. 

4.1.5.3Nitrogen uptake ntflowering. In both the years of study, the treatnielit ot I00 

per cent N through lertilizes ( '16)  has registeted the highest uptake ol'N b~ I I C C  ' I  oji. 

which was comparable with the recomniended N application treatments, e\cspl ( 1 \ 1 

Nloii (T,) and FYM Nleo (Tr ) The uptake of P.1 with application ol.Azospi~-rlliiii . , I O I I C  

(T,) was statistically comparable with no h application (TI ), during both the j of 

study and was inferior to all the treatments o f  recommended N application. 

4.1.5.4Nitrogen uptrrke by gmin. The highest N uptake by grain was recorded \I lt11 

100 per cent N through fertilizer ('I,,), which was at par with all the integt-,lted \ 

application treatments, during both the yeas of investigation. Anlong the t1.c tt1n~11t\ 

with recommended N application. the louest N uptake, during both thc >t'al.\ O I  

experimentation was registered with supply of 100 per cent N through t~u.11 ! ,11cl 

manure (T5), which was however, comparable with the other two exclusive ot.g,trlic. 

sources of N supply viz., GLM N l  ,,, (I',) and GM Nloo (Ti) and also wrtl~ tlle 

combinations of FYM viz., FYM Nio t F Nj, ,  ( 19)  and FYM N,, + F N,,, + .4zo ( I , ,). 
No appreciable increase in N uptake was registesed ~ i t h  Azospirillum applic:~t~otl 

(r2) over no N application ('TI) and the N uptake with these two treatments \{'is 

statistically inferior to any of the recomniended N application treatments. 



4.1.5.5Nitrogen uptake by straw. During both the years of'investigation. thth hishest 

N uptake by straw was registered with supply of 100 per cent N through fel-t~l~/er 

(Th), which was comparable with all the tseatrnents of recommended 1V application. 

except with GM Nlo0 (T3) and EYM NI(,(, (Ti). Among the treatnie11t5 of 

recommended N application. the lowest N uptake by straw was registered ~ v i t h  100 

per cent N through FYM (T,-), during both tht. years of study. No significant IIICI t',lci' 

in N uptake was noticed ~ i t h  appllcario11 o f  AZOS~II . I I IZLIPZ alone ( I2 )  O \ ~ ~ I  I I O  h 

application (TI)  and the N uptake by both the treatments was inferior to a11 otllc~. 

treatments with recommended N application. (luring both the years of stud) 

4.1.5.6 Nitroger1 Izcrrvest itzcfex (NHI). 1)iftcrent N nlanagement practices c11d 1 1 0 ~  

exert any marked influence on the NI I1 ol'rice crop (Table 4.9). 

4.1.6 Phosphorus Uptake 

Phosphorus uptake recorded at different stages of crop growth of r i * : ~  \ I / . .  

active tillering, panicle initiation, tlo\vering and at harvest was signiiic'lntly 

influenced by different N management practices. during both the years 0 1 '  htudj 

('Sable 4.10). 

4.1.6. IPlzosplzorus uptcike at active tilleritzg. Iluring both the years of' investi ?a t ion .  

the highest uptake of phosphorus was registered with supply of 100 pel. c . t ' r ~ t  W 

through green manure (T3), which was however, in parity with all the recomn~er~cled 

N application treatments, during both the years of experimentation. The uptak t o t 1' 

with Azospirillum alone (Tz) and with no N application ('I',) was statistically S ~ I ~ I ~ ~ I .  

during both years of study and significantly inferior to any of the treatment, 0 1  

recommended N application. 



Table 4.9: Nitrogen harvest index (%) of rice as influenced by different 
nitrogen management practices 

*Data were not analyzed statistically 

KhnrlJ; 200 1 

68.0 
- - -. -- -- 

67.3 
- - - - -. - -- 

65.8 
-- - - 

64.8 
-- - - -- - - - 

68.7 
- -. - - - -. -. 

65.2 
-- -. - - -. -. -- 

66.6 
- - - - - . -- 

65.3 
- - - - - - -, 

66.6 
- -- 

66.4 
- - -. - -- 

65.7 
-- - - - - 

67.1 

'Treatments 

7-1 
-- 

'1-2 

TJ 

T4 

Ti 

1.6 
- 

'T 
- 

rr8 
- 

IT<I 
- 

T I O  

, [ I  1 

rf12 

Khcrrq; 2 000 

68.0 
-- -- - - - -- 

67.8 
- -- -- - - 

69 7 
- - -- - -- 

66.2 

69.6 
- -- -- - - 

67.5 
- - - -- -- - 

68.5 
- - 

67.5 
- -- - -- - - 

68.2! 
- -- - 

68.8 
- 

67.6 
- -- - - -- - - - 

68.4 



4.1.6.2 PIzospltorus uptake nt pc~nicle initintio~t. 'The highest uptake of' phosphclrus at 

panicle initiation was recorded with 50 per cent IV through green leaf manure atld 

50 per cent N through fertilizer along mith Azospirillzun (TI [), during both !hC J ears 

of study. The phosphorus uptake by all the treatments of recommended N ,ippl~c~\rrc~n 

was comparible with each other and was significantly superior to application ol  

Azospirillurn alone (T2) and no N application ( ' I T 1 ) ,  during both the qea1-s 0 1  sriici~ 

Statistically comparable P uptake was registered with .izospirillzln? applicatl ,ilollc 

(T2) and with no N application (l',), during both the instances of study. 

4.1.6.3Phosplzorus uptake atfloweritzg. Supply of 100 per cent N through li'l.tili/e~- 

(T,) has registered the highest uptake of P b\, rice crop. which was in parit) \\ 1t11 illc 

treatments of recommended N nlanagelnellt practices. except with 100 per i < l l t  N 

through FYM (T5) and 100 per cent N through green manuring ('r3), during l~otll tlie 

instances of' investigation. Application of' .lzospz~-illz~nl alone (T2) did not s l~o\ \  , r ~ l ~  

appreciable increase in I' uptake over that ot no N application ('I [) .  du~. i~ig  1 1 o t I 1  t l l ~  

years of study. The I' uptake of these two treatments \bas significantly lo\vc1 tii,tri i111~ 

of the recommended N application practices 

4.1.6.4Phosplrorus uptake at i~nrvest. During both the years of study. the l i i~r l ic~r  I'  

uptake was registered with F Nloo  (T6) .  uhich was conlparable ~ \ i t h  '11 c ~ ~ l l c ~  

recommended N management practices, except FYM Nloo (Ts) and C;M N , ,  , ( I ;) 

Application ofAzospirillum alone (Tz) could not show any statistical super io r i~~  r,\ ct. 

no N application (TI), during both the years of study and the phosphorus up t , ih~~  1,) 

these two treatments was significantly lower than any of the treatment! \\rth 

recommended N application. 



Table 4.10: Phosphorus uptake (kg ha-') at various stages of rice as influenced by different nitrogen management practices 

SEm I 

CD (P=0.05 I 

Treatments 

Tl 

T2 

T3 

Kharif: 2000 Kharif: 200 1 

. Active 
tillering 

6.4 

T, 

T4 10.5 21.4 

At harvest 

16.7 

18.4 

28.7 

Panicle 
initiation 

12.0 

- 

11.2 
- 

Flowering 

14.9 

15.5 

26.1 

Active 
tillering 

6.7 

7.2 

12.0 

T: 20.0 

Panicle 
initiation 

11.3 

Flowering 

15.3 
- 

9.9 

22.1 

1; I i1.9 

13.3 

20.8 

At harvest 

16.4 

,I.J 
I1 : 

22.3 

20.9 

21.8 

22.5 

Tx 

Tv 

Tlo 

TI I 
pp 

I 20.4 I I 23.8 27.5 24.3 

30.9 1 33.5 I 
I 

11.3 

11.0 

11.9 

11.5 

T12 

17.0 

25.4 

26.4 

30.5 1 32.4 1 12.0 1 22.7 i 29.5 i 31.5 

11.7 "7- 27 1 30 i 

18.8 

28.6 

-d., ?? 4 

32.2 

30.2 

32.2 

32.8 

30.3 

29.9 

28.3 

29.3 

30.2 

28.3 

7.2 

12.4 

23.1 

21.8 

22 8 

23.3 

22.0 

30.8 

26.6 

30.7 

30.8 

12.1 

21.4 

11.1 

32.9 

30 2 

32.5 

3 3.4 

30.4 

11.9 

11.0 

12.2 

12.0 

11.6 21.2 27.9 



4.1.7 Potassium Ilptake 

Potassium uptake recorded at different stages of crop growth of rice L i ~ . .  

active tillering, panicle initiation, flowering and at harvest varied signiticant l q  due to 

different N management practices. during both the instances of the cc)~~rst.  of 

investigation ('Sable 4.1 1 ). 

4.1.7.1 Potcrssiunz uptake at c~ctive tillering. Potassiiirn uptake was found 1 o be the 

highest with supply of 100 per cent N though green manure (T3). \vIi~ch was 

comparable with different recommended N application treatments. exc :pt \I it11 

exclusive organic N source of FYM NIo0 (Ti), during both the years of stud\ 1 lptake 

of K was the lowest with no N application ( ' I  ). which as however, compar:~l~lc \ \  it11 

application af Azospirillum alone (T,), during both the years of stud) and b ) t l ~  \\ cre 

significantly inferior to all the treatments of recommended N application. 

4. I .  7.2 Potnssiuuzz uptake at panicle initiatiotz. Iluring both the years c f stud). 

application of GLM N5" + F Njo + 420. ( T I , )  has registered the highest K uptake. 

which was in parity with the treatments of' rr:commended N application, ex~.ept 100 

per cent N through FYM (T5). No appreciable increase in K uptake \\as noticed 111th 

the application of Azospirillunz alone (T2) over no N application ('I , )  2nd tlic 

potassium uptake by these treatments was inferior to all the treatn~ents of' 

recommende'd N application, during both the j ears of study. 

4.1.7.3 Potassium uptake at floweritzg. Iluring both the years of investigat~o~i. t lie 

highest K uptake was recorded with F NIoo  ( 7  ,,), which was at par with the treatments 

of recommended N application, except with the two exclusive organic sources ot' N 

supply viz., GM Nloo (T3) and FYM Nloo ( 1 5 ) .  The potassium uptake with I 3  bl N , oO 

(T5) was however, statistically similar only with CiM N,,,, (7',), during both the veal-s 



Table 4.11: Potassium uptake (kg ha-') at various stages of rice as influenced by different nitrogen management practices 

Treatments 

7- 1 

T2 

T3 

T4 

KharrJ: 200 1 KharlJ: 2000 

,4t harvest 

161.4 

169.7 

225.8 

238.5 

316.5 

l 5 o  4 

Flowering 

144.5 

150.0 

206.1 

219.7 

Active 
tillering 

57.4 

60.0 

81.5 

72.0 

203 8 

244.8 
-..- - 
~ 3 3 . ~  

239.8 

227 6 

234.5 

244.3 

229.2 

Active. 
tillering 

59.2 

62.0 

80.7 

72.5 
" 'I T= j 1 1 .  (39.3 1 135.8 192.8 --.J- 

75.3 I 154.5 1 234 0 

Panicle 
initiation 

94.8 

101.7 

146.6 

147.4 

Flowering 

130.2 

140.5 

185.0 

202.0 

Panicle 
initiation 

90.4 

101.3 

131.2 

131.5 

I 121.2 174 6 
I 

- 
/ b i  I 147.0 224.1 1 241.1 

At harvest 

15 1.8 

162.6 

214.5 

229.6 

T, I 137.0 / 212.9 
7b.0 1 

244.4 

232.9 

243.6 

246.1 

236.5 

23 1.6 

216.8 

227 9 

232.7 

218.8 

76.4 

77 ? 

80.3 

76.9 

74.7 

203.8 
- - 

308.1 

I 104.5 

207.7 

209.8 

195.3 

155.3 

143.9 1 

151.0 

155.7 

146.5 

I r7 
I 

78.6 ! 34.0 

TY 1 76.9 137.8 

T9 

TIO 

TI  I 

T12 

75.2 

78.9 

I 77.4 

75.9 

128.9 

135.0 

138.8 

130.8 



of examination. Potassium uptake with the application of Azosplt.illz~t~z  lone ( 1':) 

and no N ( T I )  was comparable with each other and significantly inferiot t i )  a11 other 

treatments with recommended N application, during both the years of stud) 

4.1.7.4 Potrrssium uptake clt It rrrvest. lluring both the years of experinlenl at I on,  the 

highest K uptake was recorded wit11 supply of' 100 per cent N throuyh l'e~.tili/el ( 1 ,). 

which was however, in parity with all the tl-zatments of reconimendccl N .!~~~pllc.lrioti. 

except 100 per cent N through t:YIL1 ( 7  < )  mtl through green manure (1 ;). .I ,pl lc,ltlotl 

of ~ z o s ~ z r i l ~ u m  alone (T2) did not show any statistical superiority o\ et no lu 

application (TI)  and these two treatments Lvere significantly inferior to an! of the 

recommended N application practices tried. ciuring both the years of stud! 

4.1.8 Post Harvest Soil Fertility Status 

Nitrogen management practices have exerted significant influence or! [lit: ~ ~ o s t  

harvest soil organic carbon, available nitrogen and available potassium. dui-lt~g hot11 

the years of study (7 able 4.12). 

4.1.8.1 Soil orgcrnic cnrbotz. Application o f  100 per cent N through 1:J'M ( 1 ,) has 

registered the highest value of residual soil organic carbon, which was colnp~llable 

with all the treatments of recommended N application, except with 1. hlOc,  ( [,). 

during both the years of study. Among the treatments of recoll~tiiencleci N 

application. the lowest quantity of residual organic carbon was recorded \ \ ~ t h  

application of 100 per cent N through fertilizer, during both the years of  stud^^ wh~ch 

was significantly inferior to all the recomtnended N application treatment\ and 

comparable only with the application of Azospirillzrm alone (T2) and non-supl~lj of N 

(TI) during both the years of study. ?he resldual organic carbon content accu 1111lated 

with the best treatment of FYM Nl,),) ( I  j) was 29.0, 33.3 and 33.3 per cent higlle~. [han 



--- 

that with F Nloo (T,), Azospirillllm application alone ('T2) and no N (TI) ,  respect11 el?.  

during the fist year of study and 34.4, 34.4 and 38.7 per cent, respectively, cluring t the 

second year of experimentation. 

4.1.8.2 Soil rzvnilrlble tzitrogetz, I n  both the years of study, the highest c l ~ ~ a ~ ~ t i l !  of' 

soil available N was recorded with application of' 100 per cent N through FYR.1 ( 1 ;). 
* 

which was comparable with the tl-catnients of recon~rnended N application. c \ i~cpt  

with F Nloo (T6). Among the treatments of' recommended N application. the Io\.\est 

residual N values were recorded with 100 pet cent N through lertilizer ('1 ,,) In 130th 

the years of study, which was however, significantly superior to appli;atio~l of' 

Azospirillzlm alone ('I',) and no N applicatlorl ( I',). which were comparable it11 ~~ic .11 

other, during both years of studj . 

4.1.8.3 Soil avtrilable pllosp1toru.s. During both the years of' itivestigallon. thc 

residual phosphorous content of soil did not vary to an appreciable e.ctel\t ituc to 

different N management practices. Ilowevcr. in both the years of expcrin-elit,~tion. 

the highest soil available phosphorus was recorded with FYM Nloo ( ' I ' F )  ~ 1 1 1 ~ 1  the 

lowest values of residual available phosphorus was recorded with the control plot 

(TI ). 

4.1.8.4 Soil availrrble potns.siutt1. Iluring t~orh the years of  esperirnenta~~oti. rhc 

highest quantity of residual available potassi\lnl was recorded with the applic:,ltio~l ot' 

100 per cent N through FYM ( ' ITi ) .  which was comparable with sest ot thi. N 

management treatments, except with 100 per cent N through fertilizer (l',), .I:,) ( f , )  

and no N (TI). The lowest values of residuiil available potassium was wit1 cn1li1.01 

plot (TI), during both the years of invest~gation. 



Table 4.12: Post harvest soil fertility status (kg ha-') and organic carbon (%) after rice as influenced by different nitrogen 
management practices 

Treatments 

TI 

T2 

T3 

T4 

KhariJ; 2000 Kharif; 2001 

Available N 

130.8 

136.5 

187.5 

187.5 , 

T; 1 198.3 
T 

Organic 
carbon 

0.32 

0.32 

0.42 

0.40 

0.43 

Available 
K 2 0  

115.8 

1 19.2 

138.3 

149.3 

174.2 194.5 
.- -- 

Available 
P2Oj 

23.8 

24 .O 

25.8 

25 0 

29.7 

Available 
K20 

146.7 

150.7 

176.3 

Organic 
carbon 

0.30 

0.30 

0.39 

0.38 

0.40 

Available N 

143.3 

149.7 

190.6 

1 6  166.5 1 25 7 1 125.0 1 U.31 

Available 
p2os 

24.7 

24.7 

26.3 

171.5 

181.5 

182.7 

187.5 

186.7 

180.5 

183.7 

30.6 

! 89.3 

204.7 

0.36 

0.36 

0.39 

0.37 

0.36 

0.37 

25.0 i 181.0 

' 26.6 i 156.7 1 0.32 

Ti 170.8 26.3 

27.3 

29.3 

26.5 

27.0 

28.3 

T8 

TI, 

Tlo 

TI I 

T12 

0.38 

0.38 

134.2 

139.2 

154.2 

138.3 

137.5 

151.5 

27.3 

27.8 173.3 

177.7 

177.5 

170.0 

175.8 

172.0 

180.7 

30.3 1 189.7 1 0.40 

0.39 

0.38 

0.39 

27.7 

27.7 

179.5 

175.3 

29.0 1 186.5 



4.1.9 Economics 

Gross returns, net returns and benefit cost ratio of rice were alttred t o  a 

noticeable extent by different N managenlent practices applied to rice, d u ~  ing both 

the years of investigation (Table 4.1 3 ) .  

4.1.9.1 Gross r e t u r ~ ~ s .  During both the J ears ot' experimentation, the high:,\ si obs  

returns were realized with 100 pet- tent N application through fertili~er ( I ,  ). 11 111ch 

were comparable with all the integrated N treatments and significantly supesir>i. LO 

exclusive organic treatments of (iL,M N l o ,  (T,). GM Nloo  (T3) and I;YbI b! ,,,,, r I ,). 

Application of Azospirillum alone ( 1 ? )  did not give any significant additional hent.fit 

in gross returns over the control ( I ' ] )  and the gl-oss returns with these two tt.~:,ltnltwts 

were significantly inferior to all the recommended N application practicfs tsied. 

during both the years of study. 

4.1.9.2 Net returns. 'I'he highe5t nt:t setlirns were realized with 100 pel cent N 

through fertilizer (T,), which were significantl\~ superior to all other N man igenlent 

practices, during both the years of' stud! 1:xcluding the treatment of' 1. h ,,,,, ( I ,). 

higher net returns were recorded u ~ t h  (rhI \JYo i F Nio + Azo. (TI,,). \\ h~ ;I1 \ \  

comparable with all the integrated tv ~nanagesnent treatments atid 's tL~t~b~~~.i l l l !  

superior to treatments of' exclusive organic so\irc.es of h supply, during both the J c , ~ r \  

of investigation. Among the treatments ot rt.co~nmended N application, the loli cst net 

returns were recorded with FYM N l o 0  ( l j). which were comparable on11 \ \  l lh  tllc 

other two exclusive sources of N supplj vi l r . ,  GLM lVloo (T4) and GM U , ,, ( I ). 

during both the years of examination Net seturns reali~etl with the app l~c , i~ lo~ l  of 

Azospirillum alone (T2) and no N ( I ' , )  \\ere statistically similar with each otllcr. , I I I ~  

significantly lesser than any of the recommended 1V application treatments. 



Table 4.13: Economics of rice as influenced by different nitrogen management practices 

Treatments 

TI 

T2 

T3 

T3 

I-: 

T tl 

KhariJ; 2000 

I 
3002Ci i i 446 i 

- -  1 1.93 

3027 1 14364 1.90 

29393 I 13986 1.91 

30414 14687 1.93 

30520 14445 1.90 

29483 13008 1.89 

Khai-$200 1 

. Gross returns 
(Rs) 

19572 

21 181 

27952 

28825 

26965 

3 1032 
I - 1  - 

1.- 1 10 145 I !-I586 1.04 

Benefit-Cost Ratio 

1.58 

1.66 

1.83 

1.67 

I 1.66 

2.16 

Gross returns 
(Rs) 

21038 

22334 

27857 

28773 

26XC1? 

Net returns (Rs) 

629 1 

7732 

1271 1 

1 1600 

10740 

?- s 

TQ 

Tlo 

TI I 

Net returns (Rs) 

7757 

8885 

12616 

1 1549 

i 0668 

Benefit-Cost Ratio 

1.47 

1.57 

1.83 

1.67 

1.66 

30407 

29266 
- 

30430 

30567 

39364 

14500 1 1.91 

30765 i 16550 16817 3.18 

13859 

14703 

14492 
pp 

13789 

1.90 

1.93 

1.90 

1.89 



-- 

4.1.9.3 Benefit cost ratio. The highest benefit cost ratio was recordetl ~vith the 

application of 100 per cent N through fertil~zer ('r6), which was significant]) superior 

to all other N management practices. 'I'he treatments GLM Nloo (IT4) and I- \ 'h l  Nl,,,, 

(T5) resulted in lower values than the other recommended N application tl.catrncnt5. 

during both the years of investigation. 1 he benefit cost ratio with the application of 

Azospirillz~rn alone was however. compa~.able with no N application ( 1 , ). I J7hI 

N l o o  (Tj) and G1.M Nlo(,  (T.,). during both the \cars oi'demonstration. 

4.2 GROUNDNUT (Rnbi, 2000 and 2001) 

Groundriut crop was raised during t zb i  season, with the residual l ~ ; l - t ~ l i t \  0 1 '  

treatn~ents imposed to preceding klln?.iJ rice in the same undisturbed la! o~lr .  I Ilt .  

experimental results pertaining to g~.c)u th parameters. yield attributes, yield l r i l l l  lent 

uptake and economics of groundnut. as se l l  as soil fertility dynamics arc ~ ~ l . c ~ s ~ ~ i r c d  

below. 

4.2.1 Growth Parameters 

4.2.1. 1 Plant Izeigftt. I'lant height measured ar dif'ferent stages of groundriilt cr017 L i /  . 

30, 60, 90 days after sowing (DAS) and at harbest has shown considerable sr ,~t l \ l~( .~i l  

variation, during both the years of inquirq ( I able 4.14). 

4.2.1.1.1 Plant Izeiglzt clt 30 DAS. LILII-ing 1)oh the years of investigation. tlic Ii1yli~\t 

plant height .was recorded with the dpplication of 100 per cent N throu, ~ 1 1 1  I:\ h1 to 

preceding rice (T5), which was compiil.able with all the treatments of recori~mc ~icled V 

application, except with the application of 100 per cent N through fertilizer ( l ,,) I t ~ e  

lowest plant height was recorded with no N application (TI),  which was hot\(:\ C I .  in 

parity with all the experimental treatments, except with FYM N,,, + F N;,, ( I,,) ;~nd 

FYM Nloo (T5) applied to preceding rice, during both the years of study. 



'Table 4.14: Plant height (cm) of groundnut as influenced by different nitrogen management practices to preceding rice 

SEm t 

C'D (P=0.05, 

Treatments 

TI 

T: 

T3 

T4 

T; 

T,, I 

Rabi, 2000 Rabi. 2001 

30 DAS 

4.2 

4.2 

4.6 

4.6 

4.8 
1 7  

- - 

T7 1 4.4 1 11.3 i 20 7 33 7 
I 

li. 4 .-I 1 1.6 I - 1 .> I 
I I ? - 93  3 

1 ... - 

At harvest 

20.5 

20.6 

22.4 

23.0 

23.8 

20.9 -t.- I i 0.2 I 1 9 .  1 7 1 . 3  

30 DAS 

4.2 

4.2 

4.5 

4.6 

4.7 
- - 

60 DAS 

10.1 

10.1 

11.6 

11.7 

12.1 

:, 4.3 4.5 

4.6 

4.4 

4.4 

4.6 

I 

i 1.4 1 20.9 1 22 6 

To 

Tie 

TI I 

T12 

3.2 I 1 I . ?  j 20.1 

60 DAS 

10.5 

11.1 

11.9 

12.2 

90 DAS 

19.1 

19.1 

21.3 

2 1.3 

22.8 

11.8 

12.4 

11.6 

11.7 

12.4 

I 
21.6 I 22.4 

4.8 

4.3 

4.5 

4.7 

'90 DAS 

19.7 

19.8 

21.8 

22.4 

At harvest 

22.0 

21.1 

22.7 

22.4 

24.2 - 

23.2 

20.4 

21.6 

22.7 

23.6 

22.3 

22.4 

23.5 

12.1 

1 1  2 

11.4 

12.0 

12.8 1 33.3 
1 

23.5 

22.2 

22.3 

23.1 

22.4 

20.3 

20 8 

2 1.7 



4,2,1,1,2 Plant l~e ig l~ t  at 60 DAS. Supply of 100 per cent N througll to 

preceding rice (Ti) has recorded the highest plant height, which was statistically 

similar with all the treatments of recommended N application, except F \ ( ITt,). 

during both the years of investigation. The lowest I.AI was recorded with no N ( l ' , )  

to preceding rice, during both the years ot'studj . 

4.2.1.1.3 Plnrzt lteigltt clt 90 DAS. r l~s highest plal~t height mas secorciecl \ \  ~ t l i  the 

supply of 100 per cent N through l+YM to 11rt:ceding rice ( I i), d i ~ r i ~ i g  bot l l  1 1 1 ~ '  > t"lr'; 

of experimentation, which was statistically superior only to 100 per cent 'L tIi~-ough 

fertilizer (Tb), Azospcrillz~rn applicat~on alone (T:) and no N supply [Illring Imtll 

the years of study, the louest plant height \\as registered ni th no N applic.,i~ion to 

precedil~g rice ('I , ). 

4.2.1.1.4 Plant lzeigltt (it harvest. Application of 100 per cent N through 1 L'bl Nloc ,  

(T5) to preceding rice has registered the highest plant height during both the instances 

of experitnentation. which was comparable with treatments of recommelided N 

application, except 100 pel. cent N through fertili~er to preceding rice cl-o,>. d[ll.ing 

both the instances of study. The lowest plant height during both the >cars of 

investigationwas recorded with non-supply of nitrogel1 to preceding rice cl.op 

4.2.1.2 Lecif nreci index (LAI). Leaf area index recorded at different stages ot' gr-o\~ndnnt 

crop viz., 30, 60, 90 DAS and at harvest has shown considerable variation, diiring both 

the years of study (Table 4.1 5 ) .  

4.2.2.2.1 Leaf area irl(lrx at 30 DAS. [luring both the years of investigalinn. the 

highest LA1 of groundnut was recorded with application of' 100 per cent N through 

FYM (T5) to preceding rice, which was comparable with other recomn~encieci N 

management practices. except application of 100 per cent N through ferti lilel ( I ,,) 

During both'the instances of investigation, the iowest LA1 was recorded \\it11 n o  N 

(TI) imposed to preceding rice. 



Table 4.15: Leaf Area Index (LAI) of groundnut as influenced by different nitrogen management practices to preceding rice 

SEm z 

cn (p=o.os) 

Treatments 

TI 

T2 

T3 

T3 

Ti 

T6 

T 7 
I 

Rahi, 200 1 Rabi, 2000 

At harvest 

2.73 

2.74 

2.96 

2.98 

3.19 

2.75 

30 DA'S 

0.49 

0.49 

0.56 

0.56 

0.59 
- 

0.50 

30 DAS 

0.49 

0.50 

0.54 

0.55 

0.58 

0 5 1  , I 

0.53 

Tt( 1 0 5 3  I 1.69 

60 DAS 

1.60 

1.64 

1.74 

1.75 

1 .SO 
I 

1.64 

60 DAS - 
1.50 

1.53 

1.70 

1.71 

1.86 

! .58 

0.53 I 1.68 j 3.1U 1 3.92 

To 

3.03 1 2.83 

90 DAS 

2.99 

3.01 

3.20 

3.23 

3.41 

3.02 

1 

0.56 1 1.75 3.27 

3.00 

3.01 

3.20 

90 DAS 

2.88 

2.90 

3.07 

3.08 

3.34 

2.91 

2.93 

3.09 

2.9 1 

2.92 

3.07 

3.06 

2.75 

2 81 

2.96 

At harvest 

2.66 

2.7 1 

2.84 

2.86 

3.1 1 

2.72 

1.63 / 3.00 

3.13 

3.36 

3.05 

3.12 

3.35 

0.55 1 ! .70 

(1 ; 0.52 1 1.62 

2.77 

0.58 

0.53 

0.54 

0.58 

TI I 

 TI^ 

1.79 

1.68 

1.69 

1.78 

0.53 

0.56 

1.69 

1.74 



4.2.1.2.2 Leaf urea inflex nt 60 DAS. lluring both the occasions of expel-itnentatio~~. 

the highest LA1 was recorded with 100 per cent N through FYM to preceding rice. 

which was comparable with rest of' the recommended N applied treatments. eucepr 

100 per cent N through fertilizer ('I(,). Durtng both the years of study, the I Al  %as 

the lowest with no N (TI )  to preceding rict:. 

4.2.1.2.3 Lerf nrerr iilrle-s (rt 90  D:iS'. I'lle highest 1 '41 was recorcled wi t l  I 1 00 pei 

cent N through FYM applied to preceding rice ('Ti). \\liich was at par with i<\r7l\/l N i ,  

+ F N50 (T9). FYM Nq(, + F NiO 4 Azo. ( 1 GI,M NLOO (T4) and GM Nl,,,, ( 1'; 1, during 

the both years of study. '[he lo\vest 1,Al \vas recorded with no N supp1.q ( ' l ' , )  to 

preceding rice, which was however. comparable with other N manageri~ent ~>si~ctices. 

except the combinalions of f'armyard marlure viz.. FYM Nio I- 1; Nio 4 A -o ( 1 , ' ) .  

FYM NSo + F Njo g) and FYM N I, , ( ,  (1 <), during both the years of investigalion 

4.2.1.2.4 Leaf (ireti irzrlex rrt lzrrrvest. Durlng both the years of investigal~on. thc 

highest I,AI was recorded with FYhl  N lo,, ( IYj), which was statistically co~~~pasab l t .  

with I;YM NSo + F NSo ('T9), FYM Nit,  - F N,, + Azo. (TI2), GLM Nloo ('lTL) and G h l  

Nloo (T3). 'The lowest LAI. during both the years of experimentation was recortied 

with no N supply ( I  to preceding rice. uhich was comparable with no hi \ u p p l ~  

(TI)  to preceding sice, which was coniparable with all the treatments, except I\ 11ie 

combinations of farmyard nianure viz.. 1:YM NSo + F NSo + Azo. (TI2) ,  I;YM N,(, + I 

N50 (T9) and FYM N l oo (T5). 

4.2.1.3 Dry matter yrotluctiorz. Dry matter production recorded at different gi.o\jth 

stages of groundnut crop v i ~ . ,  30, 60, 90 IIAS and at harvest were signiticantl 

influenced by different N management practices adopted to precedi~lg rice 

(Table 4.16). 



4 # 2 # ~ # 3 # ~  Dry matter production at 30 DL4S. During both the years of inves~ie:~tiorl, 

the highest dry matter accun~ulation was recorded with 100 per cent N t h r c ~ ~ g h  1 J'h1 

to preceding rice (T5), which was in parity with all the N management practices. 

except F Nloo (T6), Azospirillun~ alone (TI) and no 1V (11)  imposed to pseceding 

rice. The lowest dry matter accumulation was recorded with no N (-1 , )  c~pplit.d to 

preceding rice, during both the yeas5 o t' estigation. 

4.2.1.3.2 Dry matter prodrrctioll (11 60  0.4.5': I'he highest dry mattes procliic~ lo11 \ \as  

recorded with supply of 100 per cent Y through FYM to preceding rice ( ' 1  . ). t11111ng 

both the years of experimentation, \I hich iiras comparable with other N 1112 1l:tgcmcnt 

practices, except with F N,,),, ('1 6). A ; I ~ ~ . ~ p i r ~ / l ~ ~ ~ n  alone (T2) and no N ('I I ) -1pp11t.d to 

preceding rice. During both the instances o f  inbestigation, the loiiest d r j  ll~,Ilte~ \ \ a s  

produced with non-supply ot N ( 1 , ) to pstctding rice. 

4.2.1.3.3 Dry nzatter protluctiott at Y O  LIIIS. During both the j ears of ,I i ~ d l .  the 

highest dry matter accunlulation as registered with FYM N1,),, (.I ,). \ \  li~cll \ \  as 

comparable with FYM N;() + F N5,, (1 9), FYhl Nio + F Njo + Azo. ('I'I,). (;I \ 1  Ui, , , ,  

(T4) and GM Nloo (T3) applied to  preceding rice crop. 'The loiiest dry n a t t e ~  \ \as  

however, recorded with no N application (I to preceding rice. during both the 

instances of investigation. 

4.2.1.3.4 Dry matter prodlrction nt Irarse~t. Application of 100 per cent 1'J rhrough 

FYM Nloo (T5) to preceding rice ha:, registered the highest dry mattes accu nulation. 

during both the instances of experinlentatlor\. which was comparable with 4 )  hl hie 

+ F NS0 ('r9), FYM NS0 + E NiO - Azo. ( GLILl Nloo (T4) and Ghl Y ,,,,, ( I ;) 
imposed to preceding rice crop. [Iurlng both the years of experimentation. the lo\\ cct 

dry matter production was registered with non-supply of N (T,)  to precetllng I Ice, 

which was comparable with all the N managernent treatments, except F Y M  Ni,, t F 

Nio + Azo. (TI2), F Y M  Nro + I; Nio ( 19)  ancl FYM Nlo,, (T,). 



Table 4.16: Dry matter production (kg ha-') of groundnut as influenced by different nitrogen management practices to preceding 
rice 

Treatments 

TI  

T2 

T; 

T3 

T 5 

Th 

1 7  

Tx 

T4 

 TI^ I 

T I  1 

T I ?  

Rabi, 2000 Rabi, 200 1 

30 DAS 

660 

68 1 

754 

75 8 

796 

30 DAS 

664 

669 

728 

73 1 

779 

5787 

5836 

5997 

6130 

1 5795 

5978 

6315 

688 

60 DAS 

2433 

2530 

2843 

2863 

2987 

60 DAS 

2468 

2554 

2649 

265 1 

2882 

2567 

90 DAS 

4723 

4787 

5253 

5307 

5590 

90 DAS 

4565 

4628 

4986 

5026 

' 5390 

At harvest 

6453 

6463 

6893 

6913 

72 13 

At harvest 

5609 

5642 

6008 

6 163 

644 1 

4840 

718 I 2781 / 3143 i 6730 

6540 4684 -- 

746 

780 

71s i ~ o v v  i 4747 

2807 

3913 

4827 

5258 

1 4706 

482 1 

5 146 

72 1 2643 

I 6653 

6750 

7003 

52 10 

5410 

7 14 I 2690 I 5077 

6773 

71 70 

742 

770 

74 1 I 2820 

702 2600 

718 

73 5 

2787 

2893 

26 16 

2797 

5190 

5343 



4.2.1 Yield Attributes 

Yield attributes of ground nu^ via.. rlu~nber of pods hundred [lot1 

weight, hundred kernal weight and shelling percentage varied significantly due ro the 

residual effect of different N management practices applied to preceding I-ice during 

both the instances of investigation (Table 4.17). 

4.2.2.1 Nlrrnber of yocls plcuzfl. 11~1-ing both the yeass of investigation the 111gllc4~ 

number of pods plant-' was recorded tvith the application of 100 per N through I Y b1 

to preceding rice (T5), which was con~parable urith FYM Nio + F Nio ('I 0). 1' k bl N,,, 

+ I; Njo + Azo. (TI2), C;L,M Nloo  ( T I )  and C;M Nloo ( I  3) enforced to preceding r ~ c e  

The lowest number of pods plant ' was registered with non-supply of '  N (1 I . \zliich 

was comparable wilh Azosplrrllurn alone ( I ,  1, E' Nloo (rP6), GM NTo + I: Ni, 1 f ~ o  

(Tlo), GM N50 + F N5() (T7), GI,M Nit, + 1; hi(, + AZO. (I and GLM Njo + I <  N,,, ( I ,). 

during both the years of investigation. 

4.2.2.2 Hunilrerl-pot1 weight. In both the years of study, the residual effect oi. 

application of 100 per cent N through FYhl to preceding rice crop (?Ii) reco~.dcd the 

highest pod weight, which was comparable with all the N management pl-actices. 

except F Nloo (T6), Azuspirill~rn alone (1.J and no IV (N1) applied to preceding 1 . 1 ~ ~  

crop. Hundred-pod weight was the lowest with non-supply of N (I ,) to preceding 

rice, during both the years of investigation. 

4.2.2.3 Huntlred-kernal weight. The hlghesr hundred-kernal weight was resibtcreci 

with 100 per cent N through FYM to k h ~ ~ r i j ' r ~ z e  (Ti), fihich was in parity wit11 all the 

N management practices, except F Nloo (T,). Aaospirillurn alone (T2) and nc N ( ' I  , )  

applied to kharifrice, during both the years of investigation. The lowest huncired- 

kernel weight was registered with no N application (T,), which was h )never. 



Table 4.17: Yield attributes of groundnut as influenced by different nitrogen management practices to preceding rice 

Treatments 

TI  

TZ 

T3 

T4 
- 

T5 

I-6 

Rabi, 2000 

T, I 

Rabi. 2001 

No. of pods 
plant-' 

12.3 

12.4 

13.4 

13.5 

12.8 ? 88.6 1 3 3  C) , -.8 i 2.2 / 82.3 i 33.8 1 73.2 

Shelling (%) 

72.1 

72.4 

74.1 

74.2 
-- 

100 pod 
weight (g) 

87.1 

87.6 

88.5 

89.9 
---- 

,I 1 7  6 I 85.7 I 1 35.1 , 74.4 

11.9 1 799  1 33.3 71 r\ 
I L.7 

loo kernal 
weight (g) 

3 3.2 

33.2 

34.6 

34.6 

No. of pods ' 

11.8 

11.8 

13.0 

13.2 

13.8 , I 91.9 I 35.6 I 74.8 

73.7 

74.3 

73 .0 

73.5 

74.3 

! 22., 1'3 

-1 00 kernal 
weight (g) 

32.9 

33.0 

34.2 

34.5 

100 pod 
weight (g) 

78.8 

79.6 

83.2 

8-3 3 

13.7 1 8 7 7  

34.0 

34.9 

33.8 

33.9 

34.8 

T, 

rq 

1 1 0  

TI I 

T12 

12.3 

11 4 

Shelling (%) 

72.0 

72.3 

73.3 

73.6 

33.3 72.3 

82.9 

83.8 1 

I 

12.0 I 82 2 

- - 

72.9 

! 74.1 

72.4 

72.8 

73.9 

I 

12.9 1 89.3 1 34.0 

12.3 

13.3 

82.8 

84.2 

35.2 

33.8 

34.0 

34.9 

13.7 

12.8 

12.8 

13.6 

I 

91.4 
-. 

88.0 

88.9 

90.1 



statistically similar with F NloO ( IT6), GM Nio + I Ns0 + Azo. (TI0) .  (;k1 Ni,) 1 1 \,() 

(T,), GLM N5, + F N5, + ,420. (TI!), GLM N,o + t+ lVi,, (Ts), GbI Nloo ('1';) a lil (11 bl 

Nlo, (T4) imposed to preceding rice, during both the years of in\ estigation. 

4.2.2.4 Sllefling yercetztcrge. In both the years of in\ estigation. shelling perceiit,tge 

did not show any significant variation due to residual effect of N nia~iagemelit 

practices to khnrfrice. 

4.2.3 Yield 

4.2.3.1 Pod yield. Residual effect of khariJ rlce treatments exerted marked influe~~cc 

on the pod yield of rabi groundnut during both the 4 ears of stud! (Table 4.18 ) 

In both the years of study, application of 100 per cent Y through I \ ' h l  to 

preceding rice crop (T5) produced the 11ight:st pod \ield of groundnut. I l i t  I3e\t 

treatment of FYM l o o  (Tj) was in parity nit11 I;YM Nio + F N;,, (To), FYbl hi,, 1 1, 

N5() + AZO. (TI2), GLM Nloo ('T4) and (;b\/I N l o o  ( . I3) ,  during both the ~eal-5 01' 

investigation. The lowest pod yield waj  registered with no N applicat~oti ( I , )  

imposed to preceding rice, during both the years of experimentation. 

4.2.3.2 Haulm yielrl. Haulm yield of' ground~~ut  was significantl? altered b~ ~ . t s~cl i~al  

effect of kharfrice treatments, during both the years of stud). (Table 4.18). 111 h o ~ h  

the years of investigation, the highest haulrn yield of groundnut was recortlecl \\it11 

100 per cent N through FYM(T5) applied to nce, which was in parity with rest 01 the 

N management practices to kharfrice, except F Nlo(, (T6), Azo. (TI) and 1 1 ~  IV ( I ,). 

during both the years of study. The lowest l~aulm yield of groundnut was I c101 tiecl 

with no N (TI)  to preceding rice, during both the >ears of investigation. 





4.2.3.3 Harvest itlrlex Harvest index of groundnut was not altered to a noticeable 

extent with the residual effect of' different N management practices applied to 

preceding rice (Table 4.18). 

4.2.4 Nodule Dry Weight 

In both the years of' stud). the nodule dry weight of groundn~~t  at 30 c ~ r ~ t l  (10 

DAS was significantly influenced 131 the residual effect of kharifrice trcatl~icnts. h ~ i r  

during the later stages of crop gi-owth I i /  . 00 DAS and at harvest, t h e ~ c  w:ib 110 

significant variation in the nodule dry weight due to  the N management ptacticcs to 

preceding rice (Table 4.19) 

4.2.4.1 Norfufe (fry weigltt crt 30 1)4,5: Nodule (11-4 I\ eight was the highcst L\ i t11 i 00 

per cent N through farm yard manure ( 1 ,) applied to preceding rice, which I\ (15 ' ~ t  p,u 

with other N management practices inlposetl to khni-lf'rice, except with I TJ,,,,, ( 1 (,).  

Azospirillum alone (T2) and no N ( I ,), during both the years of stucly. I lul  ing both 

the years of study, the lowest nod~ile d r j  weight \\as registered with nr N ( I , ) 

imposed to preceding rice. 

4.2.4.2Nodule clry weight nt 60 D1-15'. Llurlng both the years of investigation. tflc 

highest nodule dry weight of 'groundr~~~t  was i~ecorded with the residual ej't'ec ot 100 

per cent N through FYM applied to preccdtng rice ('Ti), which n a s  ho\\ tb\ i .1  

comparable with all the treatments i~nposed to kl?nl-!f rice, except 100 per c,elit \ 

through fertilizer (T6), Azospirillz~m alone i71 ,) and no N ( r l )  applied to 1~rc~ccd111g 

rice, during both the years of investigation I'he lo~vest nodule dl-y wcigl~l 

recorded with no N (I 1 )  applied to preceding rice, during both the years of'stuci! 



Table 4.19: Nodule dry weight (mg plant-') of groundnut as influenced by different nitrogen management practices to preceding 
rice 

SEm k 

C'L, iP-0.05) 

Treatments 

TI  

T2 

T; 

T4 

Rabi, 2000 

1 16.7 

Rabi, 2001 . 

39.7 

30 DAS 

33.0 

33.3 

35.0 

35.3 

143.3 1 122.7 

At harvest 

103.7 

99.7 

112.7 

110.3 

60 DL4S 

1 126.0 

128.0 

134.7 

135.3 

90 DAS 

116.3 

113.3 

114.7 

11  8.7 

139.7 104.7 

30 D,4S 

36.0 

36.2 

39.1 

39.2 

To 

60 DAS 

126.0 

127.0 

136.7 

138.7 

90 DAS 

108.0 

107.0 

112.7 

111.0 

At harvest 

99.7 

98.7 

104.7 

105.7 

33.3 

1 ,  1 7 5 . 0  1 , 1?Q7 

128.0 

1 1 9  I I S . _ ,  7 

108.7 

I i03.7 

T8 

3 8.5 Ii5,- 1 , l i , O  1 1147  1 !1?.3 

105.7 
I 

35.0 1 134 7 1 109.7 

102.7 36 5 

T9 

TIO 

11 I 

T12 

108.7 

1 19.0 

109.7 

1 10.7 

114.7 

120.3 3 8.8 

124.7 

116.7 

1 19.0 

123.7 

136.0 

-39.4 ' 
38 2 

38.6 

39.2 

36.0 

34.3 

35.0 

35.7 

142.7 

132.7 

135.7 

139.0 

136 7 

130.0 

134.0 

135.3 

1 1  8.7 I 1107 
I 

109.7 1 104.7 , 
110.7 

117.7 

103.7 

111.7 



4.2.5 Nitrogen (Jptake 

In both the years of' study, nil]-ogcn cii)tahc at dlffercnt stages ot C I . O ~ ~  21 o~vth 

of  groundnut viz., 30. 60, 90 DAS and at 11nrvest \v:is signific:tntly in t l~~c. i i , ,~ l  1, 

residual effect of different N managemen1 practices applied to kllor.rf rice. ( I ,ihlc 

4.20).  

4.2.5.1 Nitrogel1 irpftike crt 30 D M .  I l u r i n ~  both the years of study. the 111~~hc\(  N 

uptake was recorded with residual effect of' 100 per cent N through ITY fvl ( - I . )  ippl~ccl 

to preceding rice, which was comparable \$.it11 all the N management aitlccs 

applied to preceding rice crop, except I N l o ,  ( I'(,), Azospirill~o?~ alone (1 ? )  '111 j I I O  Y 

( I']) imposed to khar!f rice, during both the )ears of investigation. I l u r ~ n s  b \ ) t l r  ~ h c  

years, the lo\vest N uptake was recorded ~i ith n o  N ('I',) imposed to khnt.1 j ric? 

4.2.5.2 Nitrogen uptnke nt 60 DAS. -['he highest N uptake was recorded i s  'th the 

residual effect of 100 per cent N through FYM applied to kharifrice, during b o ~ h  the 

instances of the investigation. The best treatment of FYM N,,, (T,) was in parity 

with the residual effect of other N management practices applied to precedinz! rice, 

except 100 per cent N through fertilizer (T6), A ~ o ~ p i r i l l ~ ~ ~ z  application alone ( T ,  and 

no N (TI)  applied to kharifrice, during both the years of investigation. I-Io\l ever.. 

during both the years of' study, the lowest N uptake was noticeti with non-siippl~ of'N 

('IT,) to previous rice. 

4.2.5.3 iVitrogr)l rrptnke nt 90 DAS. 11~1-ing both the years of inquiry. the highcb\,t N 

uptake was recorded with the residual effect of' 100 per cent N through 1-1 1 1  I I ' , )  

applied to preceding rice, which was in p'lrity with FYM NFO + F NiO + ,410. ( I '111d 

1'Y M Nso + 1: Nio ('r9), (iLM N I(,O (?'.0 a11d ( iM h (T3) i~~iposed to kl7nt-~f 1 . i ~ ~ '  I I I C  

lowest N uptake was recorded with the residual ~f 'ect of no N ('TI) administercci to 

lilr'~l~.if rice, durlng both the years of ex per1 I nen tat ]on 



Table 4.20: Nitrogen uptake (kg ha") at various stages of groundnut as influenced by different nitrogen management practices to 
preceding rice 

Treatments 

TI  

T2 

T3 

7 4  

Tj 

Rabi, 2000 Rabz. 2001 - 

30 DAS 

14.3 

14.4 

16.6 

T, 14.5 I 68.3 I 79.5 1 8 3 !  14.4 66.8 ( 76.8 j 80.7 

At harvest 

77.4 

80.2 

88.6 

60 DAS 

63.8 

66.5 

75.8 

16.8 1 75.8 1 87.7 1 91 5 

88.5 

89.7 
- 

96.2 

87.9 

89.6 

94.4 

90 DAS 

74.0 

76.4 

83.8 

30 D,4S 

14.2 

14.3 

15.6 
I i i 

83.9 
I 86.5 

93.0 

82.9 

85.0 

91.3 

15.3 ' 68.7 
- .  

'b 1 15.7 

90 DAS 

77.4 

77.9 

87.2 

60 DAS 

64.2 

66.2 

70.2 

96.4 
- 

17.3 

78.8 

T8 

T9 

TIU 

TI I 

T12 

72.1 1 83.8 

At harvest 

81.6 

82.5 

91.2 

90.6 

94 4 
- 

I 

! 5.7 I 7i.6 I 85.3 

77.7 1 93.3 

16.4 

17.1 

15.8 

16.3 

16.9 

74.1 

76.8 

72.6 

73.6 

76.5 

16.6 

15.6 

16.1 

15.4 

15.5 

16.0 

I 

85.0 

90.4 

82.2 

84.6 

88.3 

75.5 1 I 90.0 

, 69.9 I 80.7 

75.0 

68.8 

69.5 

74.4 

88.3 

78.1 

80.1 

87.0 



#,2,5.# Nitrogetz uptake at Itarvevt. During both the years of evaluation. the hi9hest 

N uptake by groundnut crop was registered with the residual effect of 100 ser  cent N 

through FYM (ITs) applied to preceding rlce. which was comparable \kith the 

treatments of FYM Njo + F Nj(, + rizo. ('r12), FYM Nio + F Nso (T9), GI_h/l Nil,, (T,) 

and GM Nloo ('r3). During both the years of experimentation, the lowest h upt,lht. \ \as  

recorded with no N (TI )  applied to preceding rice crop. 

4.2.6 Phosphorus uptake 

Phosphorus uptake at different stages of crop growth of groundnul \ i /  i O ,  

60, 90 DAS and at harvest was significantly influenced by the residual c't-feet ol' 

different N management practices applied to kl~nrif rice (Table 4.2 1 ). 

4.2.6.1 Plzosyhorus uptake rrt 30 M S .  Iluring both the years of invest~g,ltion. the 

highest phosphorus uptake by groundnut crop was registered with the r e s id~~a l  el'fect 

of  100 per cent N through FYM applied to preceding rice crop I'lie best 

treatment of FYM Nl,,(, (Ti) was in parity with the residual effect of FYb1 U, I '  Uio 

(T<,), FYM Njo + F Njo + AZO. GI-M Nl00 (rj), (;M NIo0  (Ti), CTIAbl N,) I Uio 

(Tx) and GLM NSo f 1: N50 + Azo. (TI ) applied to preceding rice crop, during rile both 

years of investigation. During both the years of experimentation. tht. lo\\ est 

phosphorus uptake by groundnut cmp was recorded 11 it11 no N (T i )  applied LO X / / t l ~ . l f  

rice, which was comparable with the residual effect ot'..lzospirillum alone ( I':). t- N r o o  

(T6) and GM Njo+F Nj()+Azo. (Tlo)  administe~ed to khirrfrice crop. 

4.2.6.2 Plzospl~orus uptake rrt 60 DAS. '1 ht: highest phosphorus uptake b? groundnut 

crop during both the years of' observation was registered with FYM Nloo  ( I i) Li/3p11~.d 

to preceding crop of rice, which was in pasity ~ \ / i th  all the N management p1.uct1c.t~~. 

except F Nloo (T6), Azospirillum alone ('Pz) and no N applied to preceding rice crop. 

During both the years of experimentation. the lonest phosphorus uptake \\;is 

registered with no N (TI )  applied to precedirig rice. 



Table 4.21: Phosphorus uptake (kg ha-') at various stages of groundnut as influenced by different nitrogen management 
practices to preceding rice 

Treatments 

T1 

T2 

T3 

T4 

1, I 

TI 

- Rabl, 2000 Rabr. 2001 

30 DAS 

1.9 

1.9 

2.4 

2.4 
,-, 7 

L. 1 

1.9 
0 ,, 

" +- L.3 

At harvest 

8.0 

8.4 

9.2 

9.3 

9.9 

8.5 

8.5 

8.9 

9.8 

8.5 

8.7 

9.3 

60 DAS 

5.7 

6.3 
- 

6.8 

6.9 
- - 
I .> 

6.4 

2.3 1 6.3 1 8.2 

Tx 

T ~ I  

T10 

Ti I 

Tlz 

90 DAS 

7.9 

8.0 

8.7 

8.9 

30 DAS 

1.8 

1.9 

2.4 

2.4 

9.2 

9.5 

10.2 

9 1 

9.3 

10.2 

0.6 1 8.6 

2.4 

2.6 

I 2.2 

2.4 

2.5 

60 DAS 

5.7 

6.0 

6.7 

6.7 

90 DAS 

8.2 

8.5 

9.4 

9.6 

8.4 

9.5 

8.2 

8.2 

9.3 

2.4 

-.3 ? - 

3 -.- 3 

2.4 

2.5 

6.7 

At harvest 

8.9 

8.9 

9.9 

10.0 
3 7 I 7.2 I 
L. I 9.7 I+'-- 

6.5 

6.9 

6.3 

6.4 

6.9 

8.9 

" '  
8.6 8.1 1 9  

7 2 I 9.7 

6.6 1 8.8 

5.0 

6.7 
- 

7.1 

8.9 

9.6 



4.2.6.3 Pl~ospltovus uptake at 90 DAS. Diiring both the years of study. the highest 

phosphorus uptake was recorded mith the residual effect of FYM Nlo(, ('1'5) applied to 

preceding rice crop, which was in parity wlth FYM N50 + F Nio (IT9), 1;YM N;(, + 1: 

NS0 + AZO. (TI*), C;I,M NlOo (Tj) and (;A{ Nloo (T3). during both the years of s t l~dy.  

During both the instances of' in~estigation. the lowest phosphorus uptake \\as 

registered with no N ('I1) applied to khtrrjfrice. 

4.2.6.4 Plrosplzorus uptnke nt lrtlrvest. 1)uring both the instances of study. the highest 

phosphorus uptake was recorded with the rt:sidual effect of 100 per cent N through 

FYM (Ti) applied to preceding rice. which \\'as comparable with the residual el't't'ct 01 

FYM Nio + F Nso + Azo. (TIZ), FYhil N;o -1 F NiO ('Yo). GLM Nloo ('I'4) and (;M N,,,,, 

(IT1) enforced to khcrrif rice. The lowest phosphor~~s  uptake was recorded \i it11 the 

residual effe'ct of no N (TI)  applicd to khruif rice. during both the iristanccs 01' 

investigation. 

4.2.7 Potassium uptake 

During both the years of investigation, potassium uptake at different stages of 

crop growth of groundnut viz., 30. 60, 90 DAS and at harvest was signlticantl~ 

influenced by the residual effect of different N management practices appllecl to 

preceding rice (Table 4.22). 

4.2.7.1 Potnssiunz rrptnke nt 30 DAS During both the years of study, the iilghest 

potassium uptake was recorded with the residual effect of 100 per cent N ihl-ough 

17YM (lYj) applied to preceding rice, which b a s  in parlty with the residual ek'kct o f  

different N management practices, except with F NIoo (T,), Azospirillum alone ( I ,) 

and no N (TI )  applied to kharg'rice. The lovvest potassium uptake was recorded mith 

the residual effect of no N (TI), during both the years of experimentation. 



Table 4.22: Potassium uptake (kg ha") at various stages of groundnut as influenced by different nitrogen management practices 
to preceding rice 

Treatments 

TI 

T2 

T; 

T4 
1 
I ,  

Rabr, 2000 . . Rabi. 2001 

30 DAS 

16.6 

17.2 

19.4 

19.9 
e ,  - 
L I  I 

16 I 17.3 
I 

--+- -- 

41.3 I 61.5 63 x 
- I 

At harvest 

60.1 

60.2 

66.7 

67.4 

' 72.6 

62.Q 

30 DAS 

16.7 

16.9 

19.1 

19.4 

31.2 

1 7  I 

60 DAS 

40.1 

40.5 

46.6 

46.7 

sir 2 

41 4 i , 60.0 
I 

i i i8.8 1 44.1 i 65.0 1 66.0 

60 DAS 

39.7 

40.9 

43.4 

90 DAS 

60.0 

60.8 

67.8 

69.0 

18.5 1 42.8 / 60.7 1 63.8 

T8 

T .> 

TIO 

TI I 

TI? 

90 DAS 

58.4 

59.2 

64.9 

At harvest 

62.4 

62.6 

68.3 

69.5 43.8 1 65.5 

' 48.3 1 I 69.5 72. ? 74.4 

66.0 

70.6 

63.3 

65.3 

69.9 

19.0 

30 3 

1 18.6 

19.4 

21.1 

62.8 

68.9 

61.2 

62.4 

66.9 

18.9 

19.9 

18.0 

19.1 

19.6 

43.4 
o-- 

46.8 

42.9 

43.2 

46.4 

46.4 

48.7 

1 45.7 

45.8 

48.0 

67.0 

69.8 

I 65.8 

66.7 

69.0 

1 

67.5 

72.5 

I 67 0 

67.2 

70.3 



4.2.7.2 Pntncrirrm uptake at 60 DAS The highest potassium uptake was lecorctetl 

with the residual effect of 100 per cent T4 through r'YM (15), which was in p.11it) 

with the residual effect of different N managenlent practices, except with 1 4  N ( 1 (,), 

Azospirillum alone (T2) and no N applicat~orl to preceding rice crop, during hot11 the 

years of investigation. During both the years (sf study, the lowest potassiu~n uptake 

was recorded with the residual effect 01' no N ( 1 I ) applied to preceding rice. \ \ ~ h ~ c h  

was however, statistically similar with all the recommendecl N application trcatmel~t~.  

except the combinations of FYkI VII.. l<Yn/l N ,,, F U,,, -t Azo. I:Yicl Virl 1 I *  

N5(, ('I'9) and FYM N loo  (Tj) imposed to preceding rice 

4.2.7.3 Potassium uptake (it 90 DAS. I he highest potass~um uptake by glc~~inclniil 

crop was noticed with the supply ot 100 pel ccnt  N through FYM ( 1 <) to ~ - ) ~ e c e d ~ n g  

rice crop, which was in parity with IiYM Ni, ,  + I <  Nil)  (Ts), FYM Nio t E N,,, 1 ,l:o 

(TI2), GLM Nloo (T4) and GM N,,,,, ( I ,) applied to kliclrfr~ce, during both the \eclrj 

of study. During both the years of'experimenlat~on, the lowest potassium u p t ~ h c  14 ,IS 

recorded with no N (TI)  application t c ~  preceding rice. 

4.2.7.4 Potassium uptake at Itarvest. Illiring both the instances of' study, tlie li~glicst 

potassium uptake was recorded with the rt:sidual effect of 100 per cent N ! I ~ ~ o t ~ g h  

FYM to khczrifrice ('T5), which was compalat7le with FYM Nio + F Ni(, + : l z o  ( 'I , , I .  

FYM N5() + F N50 (T9), GLM N l o 0  ( T r )  and ( i \ l  N I o o  imposed to preceiiillg rice. 

During both the years of investigatic)~~, the ](\west potassium uptake was re;:lste~.ccl 

with no N (TI)  application to preceding rice. 

1.2.8 Soil Fertility Dynamics 

4.2.8.1 Soil organic carbon. In both the years of study, residual effect of k l la~ l f  rice 

treatments imposed on rabi groundnut exerted significant influence o n  the post 

harvest soil organic carbon status (Table 4.25).  



The residual effect of' 100 per cent Y through FYM to preceding r~c-e ( 1 .) 
1 

recorded the highest value of post harvest :,oil organic carbon, which was coln\~a~-able 

with all the N management practices applied to preceding rice, during both I he i\ e.il.c 

of investigation. During both the years of experimentation, the lowest value 01' \oil 

organic carbon was recorded with no N ( T I )  applied to preceding rice. wl~rc h a, 

however, comparable with Azosplr rllz~m alone (T2) and no N ( 1  , )  ,ippl~ecl 10 

preceding rice crop. 

4.2.8.2 Soil avnilnble rtitrogeil. Iluring both the years of  observation, the h~gl~t . \ t  po\t 

harvest soil available N was noticed ~ i t h  the residual ef'fect of 100 pel cent Y 

through FYM applied to preceding rlce ( I i ) .  which was comparable with o lhe~  h' 

management practices to khnt.iJ rice. except I Nlo0 (T,,), no N (TI) and ilzo.c~)i1,11111111 

alone ('I2) ('l'able 4.23). The lowest i ~ l u e  o r  soil available nitrogen was recortle~i \\ 1tl1 

non-supply of N ( T I )  to kharij rice crop, during both the years of experimentat~ol~ 

4.2.8.3 Soil nvnilnble pliospliorus. In both rl1c years of study, residual effect o 1' k l r ~ l l . l f  

rice treatments did not shob anj  significa~it intluence on post harvest soil a \  ;~ilal~lc. 

phosphorus after groundnut ('I able 4.23 ). 

4.2.8.4 Soil nvtrilrble potnssiunz. In 1~1th the years of' investigation, the highest post 

harvest soil available potassium of'groundr~ut \$!as registered with the residu:~l el't'ect 

of 100 per cent N through FYM applied to preceding rice crop ('I ,), \vh ell \\,I, 

comparable with other N management practices to  preceding rice, exccpt 1. N ,  , ,  ( 1 ,  ). 

Azospirillurn alone and no N ( ' I I  ) ~n~poseiS t o  khar(f  rice. The lowest cl~~arl t~t> oi 

post harvest soil available potassium \bas noticed with the residual effect ol.ncl P? ( I , ) 
applied to preceding rice ('I'able 4 23). 



Table 4.23: Post harvest soil fertility status (kg ha-') and organic carbon ('%) after groundnut as influenced by different nitrogen 
management practices to preceding rice 

Treatments 

T I 

T2 

Rabi, 2001 

T; 

TJ 

1 i 

Rabi, 2000 

Organic 
carbon 

0.33 

0.34 

Available N 

150.7 

156.7 

Available 
K 2 0  

125.0 

134.0 
--- 

-4vailable N 

148.3 

150.3 

0.4 1 

0.42 

177.5 

1725 , 

Available 
P20i  

21.0 

21.3 -- 

Available 
PzO i 

21.8 

22.0 

j 1567  1 23.0 I 1 / 9 2  I 0.30 T 1 

I j 

Available 
K 2 0  

1 14.2 

115.8 

I 1 J J . ,  :? 5 

34.7 I 171.0 
I 

33.0 I i 72.5 

Organic 
carbon 

0.32 

0.33 

24.0 

184.0 1 22.7 177.5 1 0.43 
1 

! 78.3 

- 3 . 1  
? ?  7 i i i6.7 I u.33 

0.38 

0.38 

0.4 1 

0.38 

0.38 

0.41 

-i 0 149.2 0.42 7 7 I 

- - 

1342 

139.2 
- 

146.7 

134.2 

137.5 

145.0 

139.2 

-1 
22.0 

23 .O 

--. 33  0 

24.0 

23.0 

22.0 

T7 

T8 

Tr, 

Tlo 

TI I 

T12 

23.0 141 7 1 0.40 

175.5 

176.3 

182.5 

175.0 

176.0 

180.5 

i67.5 

171.7 

177.5 

163.3 

167.5 

173.3 

! 78.5 

0.3 '1 

-- - 
I 

22.3 167.5 0.39 

23.5 I 171 7 0.40 I 

22.7 177.5 0.42 

24.3 164.0 0.39 

23.3 171.5 0.40 

22.0 177.5 0.42 

181.3 



4.2.9 Economics 

4.2.9.1 Gross retur~zs. In both the years of study. residual effect of krlnr.if rice 

treatments imposed on rabi groundnut exerted marked influence on gross I cturns of 

groundnut (Table 4.24). 

In both the years of investiga~ion, the highest gross returns \vcse obtainccl \I ilh 

the residual effect of 100 per cent IV through T'YM ('I ,) applied to khurlf 1.it.t.. \\hich 

were in parity with the residual effect of FYM Nit, + 1; Nio (T9). FYM Nio  t '  N Y o  + 

Azo. ('Si2). GLM N l o o  (T4), GM Nloo  (;12M Njo t 1; lVi,, (T8) and GI i l / l  N,,, t 1; 

N50 + Azo. ( T I , )  applied to preceding rice crop. he lowest gl-oss I - ~ ~ L I I . I I \  were 

recorded with the residual effect of non-suppl) of' N (-1 I )  applied to precetllllg 1 ice, 

which were however, in parity with .4zoLsp~r~ilz~??~ alone (I 2), 1; NlO0 ( I h ) .  (ibl N,l,  I 

Njo  + Azo. (TI(,) and GM NjO + k Nio enforced to preceding rice. during botlr thc 

instances of investigation. 

4.2.9.2 Net retunzs. Residual effect of khnrf rice treatments imposed 011 rlzhi 

groundnut has significantly influenced the net returns of groundnut, in both tlrc ce:us 

of study (Table 4.24). 

During both the years of study. the highest net returns were r-ecorded i\ rtli thc 

residual effect of 100 per cent N applied through FYM to preceding rice ( I ' < )  \+ll~ch 

were comparable with the residual efit'ect of' F YM Njo 4 F NTo (T9), FYM Nil) 1 1 NiII  

+ AZO. (Ti2), GLM Nloo (T4), GM Nloo (Ti). ( JI-M Njo + F Njo (T8) and GI ,M N.!, -f 1 2  

Njo + Azo. (TI1)  applied to preceding rice. 'The lowest ]let returns were recortletl \ ~ i [ l 1  

the residual effect of non-supply of N ( 1' ) applied to preceding rice, ~vhich melee 

however, in parity with Azospirillunz alone ( 1 2). F NlOo (r1'6), GM NjO + 1: Ni t \  1 .4_70 

(TIo) and GM NjO + F N50 (T7) enforced to p~eceding rice, during both the il~s~:l~rci:\ 

of investigation. 



Table 4.24: Economics of groundnut as influenced bv different nitrogen management practices to preceding rice 

Treatments 

T I 

T2 

l - 7  

TJ 

1, 

Tb 

x 7  
Tx 

Tg 

TIO 

TI I 

T12 

Rabi, 2000 Rabl. 2001 

Gross returns' 
(Rs) 

26438 

26664 

28790 

28950 

Benefit-Cost 
Ratio 

2.15 

2.2 1 

2.38 

2.43 

2.53 

-.-- 7 7 1  

Gross returns 
(Rs) 

23 195 

23877 

25735 

26265 

Net returns (Rs) 

15629 

15855 

1798 1 

18141 

Net returns (Rs) 

12386 

13068 

14936 

15456 

Benefit-Cost - 
Ratio 

2.45 

2.47 

2.65 

2.68 

27335 I 16536 I 
241 15 1 I 3306 

I 2.79 
- - - 

2.51 
, 

1 I 301 57 1 9348 

24457 i 13648 I 2.26 

27294 16485 

27936 

28380 

30102 

27648 

28278 

29277 

2.29 

2.5 1 

2.26 

2.28 

2.48 

24796 

27082 

244 17 

24652 

26768 

13987 

16273 

13608 

13843 

15959 

17127 i 2.58 

1757 1 

19393 

16839 

17469 

18468 

2.63 

2.78 

2.56 

2.62 

2.71 



4.2.9.3 Benefit cost ratio. Nitrogen management practices applied to prcci:d~ng ricr 

crop have significantly influenced the benefit cost ratio of residual grounJnut crop 

(Table 4.24). 

During both the years ol stud). the highest benefit cost ratio was recol.ded 

with the residual effect of 100'Yo 1V through 1;YM ('I',) imposed to ~ / I L I I . I /  I - ~ C L '  \\liich 

was in parity with the residual et'fcct c ~ t  FY M Nio + I Ni, ,  ( rO). 1;Y M Nit, I N.(, 1 

AZO. (TI2), GLM Nloo  (T4), C;M N I l ) , )  ( I i). (~1-n/1 N;o F Nio (T8) and GI bI N,,, t 1' 

N5() + AZO. (TI!) applied to p1.ecedlng sice. 'I'he lo\vest benefit cost ratio ~ecolclccl 

with no N (TI )  applied to khurlf rice, l ~ l ~ i c l ~  wa\ in statistical simila~.~t! \\it11 

Azospirillum alone (1 2), F N i O o  ( 1 6). GILI N.() t F Ni,  t Azo. ('I'lO) and GM Ni,,  i I t  

NTO ('r7), during both the years of experimentation. 

4.3 NITROGEN MANAGEMENT IN THE CROPPING SYSTEM AS i\ 

WHOLE 

Hither to, the influence of dii'fererit nitrogen management practice:, o n  [he 

performance of khnrij- rice crop and the rl=s~dual effect on the succeeding 1*rit11 

groundnut crop in the cropping system have been presented crop wise. l'erfi)l.lnance 

of the cropping system as a whole, under the intluence of different N management 

practices to khnrzf rice as reflected by the p~roducti\lty, economic I-etu~ns a n d  tllc 

dynamics of soil fertility is presented here under in separate sections. 

4.3.1 Total Dry Matter Protluctiorl of the Cropping System 

In both the years of study. total dr\ matter production of ricc-gro~11ld11~1t 

cropping system differed significanl l j  dut: to different N management p~ ac [ices 

applied to rice (Table 4.25). 



Table 4.25: Total dry matter production (kg ha-') of the cropping system as 
influenced by different nitrogen management practices lo  klzcirif 
rice 

SEm + 
CD (P=0.05) 

200 1 

1 <O8 4 
- - -~ 

14121) 
-- - -- 

I 640 5 
-- -. - - - - 

1732 !, 
-- . - -. - - 

1045.! 
-- - - - - - -- 

1 744X 
- - 

17 18') 
- -- - - -- 

17450 

17318 
-- - - - -. -- 

1717- 
- - - - - - - 

1752; 
-- - - - -- - 

1741 1 

Treatments 

'1 I 
-- - 

2 
- 

i 

T4 
-- 

?rs 
- - -- 

T6 
- -- - 

T7 

7r8 

rsv 
- 

Tie 

I 

T12 

1000 

1309 1 
- - - - - - 

13464 
- 

171 16 

1785 1 
- 

17065 
-- -- - 

17973 
- 

17649 
- 

18030 
-- 

17892 
--- 

1781 1 
-- 

18068 
- -- 

17755 



Among the different N management practices applied t o  khi(ri/' rice, 

application of GLM Nio + F Ni0 + Azo. (-1 , I )  recorded the highest quantily ol' dry 

matter, during both the years of cropping system. During both the years, the total dry 

matter production with all the treatments 01' recommended N applicarion \\/as 

coniparable with each other. However, during both the years of study, the total dry 

matter produced with Azo. (T2) and no N ( ' I  I )  applied to rice was comparable t o  e:~cli 

other and significantly inferior t o  ail) OI the treatments with recommi;ndcct N 

application. 

4.3.2 Economic Yield (Rice Grain Equ~valent) of the Cropping Syste111 

1:conornic yield of the cropping system as a tvhole, expressed as r ~ c c  ~ I . , L I I ~  

equivalent yield was significantly iiltered b j  difftrent N managemen1 pl act~ces 

applied to rice in both the years o f  stud! (l'able 4.26). 

'I'he highest economic yield ot' thc cropping system was recorded \ v ~ t I i  tllc 

application of FYM Nio + F NiO (.I'cl) to rice crop. during both the years ol' the 

cropping system. Rice grain equivalent ;,Geld produced with all the treat~nents of 

recolntnended N application was comparable with each other, during both ~ l i c  \ears 

01' experimentation. 7'he economic yield of the cropping system produc-cd \\it11 

application of Azospirillum alone ( T 2 )  ancl no N ( ' r l  ) to rice was statistical1 v ,imiliu 

with each other and significantly inlirior to ill1 other treatments with i-econl~l e~ldeci N 

application to kharif rice, during both the years of investigation. 

4.3.3 Economics of Nitrogen Management l'ractices in the Cropping Systeni 

Various economic parameters \vorked out for the cropping system as ; I  ~vliole 

are presented in this section (cost of' cultivation for various treatments tor the 

cropping system as a whole is presenled in Appendix K).  



Table 4.26: ' Rice grain equivalent yield (kg ha-') of the cropping system as 
influenced by different nitrogen management practices to klinrif 
rice 

200 1 

7449 
- -. - - ---. - . - 

7706 
-- - - .- . -- -- 

0056 
- -. - -- -. - - -- 

925 7 
- - - - - -- - 

920 1 
~ 

926 1 
- - -. . - - - 

9198 
- - - 

9283 

Treatments 

'1.1 

rr3 

7'4 

7 .  

' 1 5  
- 

rl.fi 

- 1 ~ 7  
- 

' l > x  

2000 

7721 
-- - -- - - - - - 

8058 
- - - -- - 

96 39 
- -. - 

9750 
- 

9712 
- -- - - -- 

9806 
-- - -- - 

9852 
- -- 

9962 

'IT9 

TI o 

TI  I 

r 1 3 ~ 2  

- -- - - - - -. 

10082 9569 
- - - - -- - - 

9853 
- - - - - -- - -. - . .- 

99'73 9303 
- - - - 

~ 

9956 95 13 



Gross returns, net returns and benefit cost ratio of' the cropping system \\7erc 

altered to a noticeable extent by dif'ferent nitrogen management practices icpplietl to 

rice, during both the years of study ( lable 4.27). 

4.3.3.1 Gross returns. The highest gross returns were recorded with FYM Ni,, 1 I-; 

N5() (T9) applied to kharfrice. ~vhich were comparable with rest of recomn~eliderl N 

applied treatments. during both the J ears 01' in\ estigation. 'lhe gross returns or the 

cropping system procluced with the applicatio~~ 01' Azospirillzrm alone ( I .? )  ;~1it1 110 N 

(I']) to rice crop were comparable ~ ~ t h  each other and significantly lower 10 <111 0~1it.r 

treatments with recommended N application to kl7ni-if rice, during both the :~'cal.s o f  

investigation. 

4.3.3.2 Net returtls. '['he highest net returns during the first year were recorled \vith 

application of 1; N l o o  and during \econd year they \vex with FYM Ni0 + 1; I,,, (I c,). 

both of which were comparable with all the recommended N management practices, 

except the two exclusive organic sources of 'N application viz., FYM Nlc,o I < )  and 

G1,M Nloo (T4) applied to khrrvzf rice. lluring both the years of expe~-il~~entailoli. the 

net returns obtained with Azospir.lllzttt2 alone (Tz) and no N ('lyI) applied to rlcc. \iicre 

coniparable with each other and significantlq inferior to any of the treatnlellt5 \\/it11 

recommended N application. 

4.3.3.3 Benefit cost rtrtio. During both the >ears of study. the highest benchfir cost 

ratio was recorded with 100 per cent N through f'ertilizer (T6) applied to rice, \vhich 

was comparable with FYM N50 + I; Njo ('lu 1 and FYM N50 + F N5() + AZO. ( ' I  

Among all the recommended N management practices to rice crop, the lowest benefit 

cost ratio was recorded with no N ("I , )  applic.ation, during both the years of' stuci>. 

which was l~owever. coinparable with A z o ~ p ~ ~ - i l l ~ ( t ~ z  alone ( T 2 )  applied to lice c t o o  

However, during both the years, Azosp~rrllut?~ alone (r2) application has recordcd 

statistically similar benefit cost ratio w ~ t h  100 per cent N through exclusive greet1 leal' 

~nanuring (Ti). 



Table 4.27: Econonlics of the rice-groundnut cropping system as influenced by different nitrogen management practices to rice 

SEm & 

C U (l'=u.u> ) 

Treatments 

TI 

T2 

T3 

T4 

Ti 

Cropping system, 200 1 Cropping system 2000 

Benefit cost ratio 

1.84 

1.90 

2.06 

1.96 

2.0 1 

2.19 

2.07 

Gross returns 
(Rs ha- ' ) 
44233 

4621 1 

53602 

55039 

53238 

Gross returns - 
(Rs ha-') 

460 10 

47845 

56472 

57775 

G 7 1 3 7  
2 1 L -- 

I 6  58326 

T7 I 58081 

Net returns 
(Rs ha-') 

20143 

21953 

27552 

27005 

27104 
I 

54880 29856 

54477 18 100 
I 

Net returns 
(Rs ha-') 

2 1920 

23 5 87 

30692 

2974 1 

30088 

3 3 3 02 

31713 

55067 I 2835 1 I 2.06 

Benefit cost ratio 

1.91 

1.97 

2.18 

3.06 

:.!I 

2.33 

2.20 

2.20 

2.26 

2.19 

2.19 

2.22 

Tx 

Tu 

Tlo 

TI I 

 TI^ 

2.15 

2.07 

2.05 

2.13 

56475 

5483 1 

55172 

56252 

30259 

28295 

28288 

29867 

58787 I 3207 1 

59368 

58078 

58845 

5864 1 

33 152 

31542 

31961 

32257 



4.3.4 Dynamics of Soil Organic Carbon In the Cropping Systenl 

Irrespective of the nitrogen management practices adopted to khirrrf rice. the 

soil organic carbon content tended to  ulcrease with the raising of rice crop ii~llowetl 

by groundnut crop (Table 4.28). Hofiever, the increase was relatively highel. \vitli the 

treatments of N supply through exclusive otganlc sources viz., I;YM NII,(,  ( 1 .). (;I M 

Nloo (T4) and GM Nloo (T3) followecl bq integrated combinatio~ls of 12YM N,,, t I N,,, 

AZO. (TI2),  FYM Njo + F IV5(, (-1'')). G I  hl Ih\l<,, + 1' h,,, + ,420. ('TI ,). G M  N ,(, 1 1 N i l ,  

('1 7), GLM Nio 3 F Nso (T8) and CiM Ni,, + 1 '  Nil,  + Aso. (TI()). During botli the 

instances of investigation the increase in organic carbon content of so11 in the 

cropping system was the lowest with no h ( I, I application to rice crop. 

4.3.5 Dynamics of Soil Available Nitrogen in the ('rapping Systenl 

In both the years of study. the ava~lablc nitrogen content of  he soil tericlecl to 

increase with the raising of rice crop and decreased marginally with thc ~xi\in: ol 

groundnut crop ('Table 4.29). Dit'f'erent IV 111anagement practices adoptvd 111 the 

cropping system altered the available N status of' the soil to a considerable extent. 

The highest soil available N status was maintained \I it11 application of FYM N ,,,,, ( I ,) 

to rice crop, while the lowest was associated \\ ith no N application ('1 ]) .  

4.3.5.1 Soil available nitroger1 bnlurlcr irt the croyyi~zg sj)stmz. In both t lic ! car\ of 

study, different nitrogen management practices applied to rice altered the b lla~ict. of' 

available N in the soil (Table 4.3023 and 4.30b). During both the years, nltrogen 

balance in the cropping system u ~ i s  negative with the treatments of no  N ( I ' , ) ,  

Azospirillum alone (T2) and 100 per cent h through fertilizer ('T,) imposeci t o  rice 

crop. A11 other treatments recorded positive balance of soil available nitrogzn in the 

cropping system, indicating a net gain of soil available nitrogen. Amon2 all thc 



Table 4.28: Dynamics of soil organic carbon ( (X , )  as influenced by different nitrogen management practices to rice in rice- 
groundnut cropping system 

. Soil 0 C after 
groundnut harvest 

(rabi, 2001) 

0.33 

0.34 

0.4 1 

0.42 
- -- 

0.43 

0.35 

Treatments 

TI 

T2 

T3 

T4 

T 5 

T, 

Initial soil 0 C prior to 
green manure sowing 

in kharif; 2000 

0.27 

0.27 

0.27 

0.27 

i 0.27 

0.27 

0.38 

0.38 

0.4 1 

0.38 

0.38 

0.41 

T 7 1 0.27 1 0.36 
I 

U.38 I 0.39 

O rice 
harvest (kharIf: 200 1) 

0.32 

0.32 

0.42 

0.40 

0.43 

0 1 2  

Soil 0 C'after rice 
harvest (kharzA 20000) 

0.30 

0.30 

0.39 

0.38 

0.40 

0.3 1 
- -  

0.38 

0.40 

0.39 

0.38 

0.39 

Soil 0 C after 
groundnut harvest 

(rabz. 2000) 

0.32 

0.33 

0.39 

0.40 

0.42 

0.36 

0.36 

0.39 

0.37 

0.36 

0.37 

- 

T8 

T Y 

Tlo 

T11 

T12 

0.40 

0 42 

0.39 

0.40 

0.42 

0.27 

0.27 

0.27 

0.27 

0.27 



Table 4.29: Dynamics of soil available nitrogen (kg ha-') as influenced by different nitrogen management practices to rice in rice- 
groundnut cropping system 

SEm i 

CD (P=O.u5 ) 

. SoilNafier 
groundnut harvest 

(rabi, 2001) 

148.3 

150.3 

181.3 

178.5 

184.0 

Treatments 

T I  

T2 

T: 

TA 

Ti I 

1 

TI 1 157.5 
- 

Initial soil N prior to 
green manure sowing 

in khariJ; 2000 

157.5 

157.5 

157.5 

157.5 
. -- - 
13 /.> 

! 60.5 

rice 
harvest (khnr$ 200 1 ) 

133.3 

149.7 

190.6 

189.3 

194.5 

156.7 171.3 1 153.5 

Soil N after rice 
harvest (kl~ai-iJ: 2000) 

130.8 

136.5 

187.5 

187.5 

I 198.3 

t - 

Soil N after 
groundnut harvest 

(rabi, 2000) 

150.7 

156.7 

177.5 

172.5 
-- 

178.3 I 

T 
1 7  i57.5 

Ts i- 157.5 

170.8 1 167.5 181.5 1 175.5 

TQ 

T I U  

TI  I 

T12 157.5 175.8 173.3 

I 157 5 

157.5 

157.5 

173.3 

I 177.7 

! 77.5 

170.0 

171.7 

177.5 

163.3 

167.5 

182.7 

187.5 

186.7 

180.5 -- 
183.7 

I 

176.3 

182.5 

175.0 

176.0 

180.5 



Table 4.30a: Soil available nitrogen balance (kg ha-') in the cropping system, 2000 

Net gain 
or loss 

-6.8 

-0.8 

+20.0 

c15.0 

+20.8 

Actuaj 
balance 

150.7 

156.7 

177.5 

172.5 

178.3 

Treatments 

T I  

T2 
- 

T3 

T4 

Ti 

'1'0 1 157,5 / 80 1 1 80 94.1 ! 84 1 1 178.2 -98.- I 156.7 1 -0.86 

Initial 
soil N 

157.5 

157.5 

157.5 

I 157.5 

157.5 

+10.0 

+14.2 

+20.0 

+5.8 

+10.0 

+15.8 

Total 
quantity 

of 
removed 

133.5 

140.6 

171.3 

I 176.3 

174.1 

N applied to crops 

167.5 

171.7 

177.5 

163.3 

167.5 

173.3 

Computed 
balance 

-133.5 

- 140.6 

-91.3 

I -96.3 ---- 
-94.1 

Total 
quantity 

o f N  
applied 

8 0 

80 

- 

Rice 

- 

80 

80 

Groundnut 

- 

- 

- I 

80 

I I I 

87.9 1 88.5 1 176.4 1 -96.4 

96.4 
I 

N uptake by crops 

8U 

80 

80 

80 

80 

80 

T, 

Tx 

1'9 

Tlo 

TI  1 

TI: 

90.7 
.. - 

85.8 

89.2 

93 .0 

87.7 

I 
i 80 

I 80 

Rice 

51.9 

58.1 

80.1 

1 84.9 

I 

i 57.5 

157.5 

157.5 

157.5 

157.5 

157.5 

- 

Groundnut 

81.6 

82.5 

91.2 

1 91.5 

89.7 1 180.4 1 -100.4 
- - 

8 0 

8 0 

80 

80 

- 102.0 

-97.1 

-102.6 

-102.1 

96.2 

87.9 

89.6 

94.3 

182.0 

177.1 

182.6 

1 82.1 





nitrogen management practices, the highest net gain of soil available nitsogell was 

recorded with FYM Nloo (IT5), during the first year ot'study and with I;YM N l o o  ( ' I ' , )  

and GLM N5() + F N5() + AZO. (TI I ) ,  during the second year of' study. 

4.3.6 Dynamics of Soil Available Phosphorus in the Cropping System 

In both the years of study. irrespec:tive of the nitrogen nia~~agement 111-acticcs 

adopted to rice crop, soil available phosphorus tended to Increase with the ricc crop 

and decrease with the groundnut crop ('I able 4.3 1 ). Different N rnallclgenicnl 

practices adopted in the cropping system has not altered the available phosphorus 

status of the soil to a noticeable extent, during both the years of experimenta~ion. 

4.3.7 Dynamics of' Soil Available Potassium in the Cropping Syster~i 

In both the years of jnvestigation, different nitrogen management practices 

imposed to kharzf rice altered the available pc,tassiurn status of the soil ('I'ahlt 4 32). 

In general, the available potassium status tended to increase with the i.ice crop 

and decrease with the groundnut crop. but the increase was in greater proportion \vitIi 

the second rice crop. Irrespective of the nitrogen managenlent practices. Ilc filial 

potassiun~ status of the soil after the last crop of experimentation was higher that1  lie 

initial status. Iluring both the years of study. the highest quantity of a\~ail:tble 

potassium content was registered with 100 per cent N through FYM ('I',) aylplied to 

rice crop. 



Table 4.31: Dynamics of soil available phosphorous (kg ha-') as influenced by different nitrogen management practices to rice in 
rice-groundnut cropping system 

* Soil P2O5 after 
groundnut harvest 

(rabi, 200 1) 

21.8 

22.0 

24.7 

24.0 

7 3  7 
"A. l 

Treatments 

T 1 

T2 

T3 

T: 

T, 
- 7  - T, I 22.0 

Initial soil P2O5 prior 
to green manure 
sowing in kharg 

2000 

22.0 

22.0 
7 7 ---0 

I 22.0 

22.0 
I 

Soil P20 j  after 
groundnut harvest 

(rabl. 2000) 

21.0 

2 1.3 

24.0 

i 23.0 1 26.0 1 

Soil PzOi after rice 
harvest (kharlf, 2000) 

23.8 

24.0 

25.8 

I 25 .O 

29.7 

Soil P205 after rice 
harvest (kharlf: 300 1) 

24.7 

23.7 

26.3 

L 3 . 1  
- 

23 7 

26.3 22.0 27.3 22.3 

27.3 23.0 27.8 23.5 

29.3 22.0 30.3 22.7 

26.5 24.0 27.7 24.3 

27.0 23 .O 27.7 23.3 

28.3 22.0 29.0 22.0 

I 23.0 I 25.0 

T: 

T8 

T9 

Tlo 

T11 

Ti2 

22.0 

22.0 

22.0 

22.0 

22.0 

22.0 

22.0 

3n 6 



Table 4.32: Dynamics of soil available potassium (kg ha-') as influenced by different nitrogen n~anagement practices to rice in 
rice-groundnut cropping system 

SEm k 

CD iP-O.05 i 

Soil K 2 0  after 
harvest 

(rabz. 2001) 

125 .O 

134.0 

172.0 

172.5 

177.5 

Soil K 2 0  afier rice 
harvest (kharlf: 200 1 ) 

146.7 

150.7 

176.3 

181.0 

204.7 

Treatments 

T I 
T2 

Ts 

l-1 

T 
1 6  I i i9.G I 123.0 1 1 1 0  2 1 156.7 I 136 7 

Initlal soil K 2 0  prior 
to green manure 
sowing in khar6  

2000 

11 9.0 

1 19.0 

119.0 

1 19.0 I 

I - 1 ! !9.0 i 133.2 

139 2 

Soil K 2 0  after rice 
harvest (kharzf 2000) 

115.8 

1 19.2 

138.3 

149.2 

r. I 1 19.0 

I 

134.2 1 172.0 1 lb7 3 1 7  

Soil K 2 0  after 
groundnut harvest 

(rabi. 2000) 

114.2 

115.8 

139.2 

141 7 

173.2 

- - 

139.2 TS 1 19.0 171.7 

177.5 

164.0 

171.5 

177.5 

- 139.3 

140 7 

134.2 

137.5 

145.0 

r y 

Li, 
T I ,  

TI? 

180.7 

189.7 

179.5 

175.3 

186.5 

I 1 19.0 
I 

154.2 

1 19.0 

119.0 

1 19.0 

138.3 

137.5 

151.5 





Field experiments were conduc~ed at the wetland iarm of Tisupati c-mpus ol 

Acharya N.G. Kanga Agricultural 1 [nivessi t j  . Andhra I'radesh to study the "~'l.ospt.c ts 

of organic farming in rice-based cropping >>stem" for two consecutive ye;ts\ ( 2 0 0 0  

and 200 I ) .  'I'he experimental results presented in the preceding chapter are cliscussed 

here under to elucidate the findings. 

5.1 WEATHER 

Weather during the cropping cqcle 2000 (cropping period of the syslelll li.ol11 

01-07-2000 to 25-01-200 1 ) ancl 200 1 (cropp~ng ~~eriocl of' the system 1io11i 0 5 -  7-200 1 

to 04-04-2002) was congenial for optinl i~n~ pel ti)rmance of rice as well as gsc~tuntlri~~t 

crops. During the crop growth periods of sic2 and groundnut, weather parameters did 

not deviate much from the decenn~al tiwan o f  the location of study and as YLIZI I .  

weather did not constrain the optimal performance of the crops under tlift'c.rcnt 

treatments. Ilowever. there was a llttle fluctuation In the yield levels ot lice . I I I L ~  

groundnut crops between the two years ol' illvestigation, but the flucluation 14as 1101 

so large as to demand pooled analysts. I he minor variations in yield ,t crops 

between years might be due to marginal itnpact of seberal biotic and abiotic stresses 

operated during crop growth period. the situation, ~vlnich IS not uncommon ill licltl 

experimentation across years. 

5.2 JUSTIFI(IATI0N O F  THE STU1)Y A N D  'I'IIEA'rMENTS 

'The experiment was laid out il l  randomired block desigl~ wit17 tllrec 

replications. 'Ihe satne layout was fbllowed during both the years of study (2000 anct 

2001) in order to draw inferences Inore ~~ccurately and also to trace an> ; I L C I . I I C ~  



resjdual effects. There were twelve treatments comprising of di ff'creni 11i L K , ~ C I I  

management practices, applied to rice and groundnut crop was raised l o  slildj the 

residual fertility of kharifrice. 

Nitrogen management practices were formulated with different source\ \ I / . ,  

Azospi?~illtlm, green manure. green leal' manure. farmyard lnanure and festiJi/c~'. \ \  it11 

different combinations. 1 he t~ ie lve  treatments consisted of a control plot \ \ i t 11  ilo N 

application (TI-no N); biological source of N supply through app1i:atioti 01' 

Azospirilltlm alone (T2-AZO ); orgarilc source c-lf N supply with applicatioti 01' 100 per 

cent recommended dose of N through green manure ( I.3-GM NloO), greell leal I ~ ~ ' I I I I L I . C  

('ITJ-GLM Nloo) and farmyard manure ( ITi-PYM Nloo) ;  application ol' 100 pel ccllt N 

through fertilizer (TT6-E'  Nlo, , )  and integr,ltcd management treatments ol'applrc,~l~on 0 1  

50 per cent N each through green n~anurt: and fertilizer (T,-(;M N, , , i  l Tu,,,) 5 0  

per cent N each through green leal rnanrlrc and fert~lizer ( T8-GLM N,,, i- I N,,,). 5 0  

per cent N each through FYM and l'e~-tili~i:r (I 9-FYM Nio+F NiO), 50 pel. cent N edch 

through green manure and fertil l/er along the Azosplrifltlm (Tlo-Gkl N,(, t I <  

Nio+Azo.), 50 per cent N each through green leaf lnanure and fertll i~el ,11011g \ \  lth 

Azosprrillzlm ('ITI I-CiI,M Ni(,-t Ni,, t )Ilzo ) and 50 per cent N each thl-ougll I 1 1\1 ,111d 

fertilizer along with Azospirzllz~n~ ( I , - - I  YM Y ;,, t 1: h7,, tAzo). 

Except the treatments of' no h ('1 , )  ~ n d  .lzosplr.lllzlm alone (T2), the cluantrt> ot 

nitrogen supplied to rice crop through dit'ti:rcnt combinations of nitrogen sol [ L C \ .  c11d 

not dif'fer and the quantity appl~ed \vas as per [he recommendation (80 1\g N ha I )  

made to the region by RARS, -1 irupat~. I he ~reatment. control (no N) was cc-ti\~deled 

as bench mark for ascertaining the peiiolmClnce of other treatment\, wh~lc ,  th'lt ot 

Azo alone was to study the exclusi~,e contribution of the biofertilizer. I < \  ell tliollgh 

the quantity of N supplied in other treatment3 \ \as  same, in the treatment5 I . I , ,itid 



I', the total quantity of nitrogen was supplied through organic sources, L\ hilc In 

treatment T6.the total N was supplied through fertilizer; in the treatments I . anti I I; 

and 'T9 the recommended N supplq was through combination of organic so~il.cc and 

fertilizer with 50 per cent contribution fi-on-I each and in the treatments -1 ,,,. I , , ,uld 

'I 12. the earlier integrated treatments ot' T,, IT8 and were reinforced with 

Azospirillz~m. Thus, there was ample scope in the present study to investigate the 

performance of low land rice crop undel- a ~ i e d  sources of nitrogen nutritioll \ i / . .  

three different exclusive organic souscet;. fertilizer alone and the combinatioll of' 

equal quantity of' N through orgiinic soilrces and fertilizer with and 1 ~ 1 t h  nut 

Azospirillum. 

Groundnut crop was saised during i~rhr season after the 11arvcst 01' k / l t l r l f  1.ic.c. 

in the same undisturbed layout ancl 11 ith out iniposition of any t r ea t~n t ' l~ t~ .  I I I L I S .  

there was adequate scope to determine the residual et'fect of different 1V niai~agenient 

practices to rice on the performance of succeeding groundnut crop. 

A cropping system must be location specityc 'ind acceptability of a clol~ping 

system depends on its efficient utilization of' available resources. :,i~it~lb~lit> to 

climatic conditions and the output of the cropping system must cater thc t~ec.d\ ol'the 

farmers. From this point of vieti. scleccion of rice, the staple f'ood :sop ,111d 

groundnut, the leacling oilseed crop o f  A.l'.. is justified. Also, the systeln I S  vet-) 

popular of'the region and in many parts o f  Andhra Pradesh. 

Application of recommended quantity of nitrogen to the component ( 1 . o ~ ~  in a 

cropping system is often uneconomical. Nitrogen requirement through e~ te rna l  

source to the groundnut crop is relatively less than the cereals. Many tinics tllc crop 

meets the nutrient requirement through biological N fixation and external arlplication 

of costly N without considering the residual N  tatu us may only increase the coil 01' 



cultivation. Thus, recommendation of nitrogen, based on cropping system as a l~ole. 

was considered efficient way of utilization 0 6  the costly input, nitrogen. lfhsrc the 

carry oves effect could be fully utilized by si~cceeding crop of groundnut. 

Hence, there is adequate scope in the present study, to determine 1 1 1 ~  il11.cct 

and residual effect of green manure. green leaf manure, fanilyard 1nanul.c. It .~-l~li/c~ 

and their combinations on the kh~wi f  I icc as \veil as succcetling grouncinut csop I otal 

dry matter production, economic yield and monetary returns of the individual crops 

and the cropping system as a whole and nutrient djnamics of the soil. In ~ l l c  ~ i c c -  

groundnut cropping system were recorded and documented. 

5.3 NITROGEN NUTRITION 10 131 ( 'E CROP 

Nitrogen alone contributes tcj 60.2 per cent of total variation in y~eld  ot lo\\ 

land rice (Yoshida. 1981). the fact that indicates the significance of' adr cl11a1c V 

nutrition to rice crop. Rice crop supplied with recommended dose of' N ti11 ii y i \  ~ I I  

situation ensures adequacy of' its availabilitj in the rhizo-ecosystem and con~fol-table 

level of absorption coupled with fa\ourable translocation to the needed plan parts at 

appropriate tirne during growing pcsiod. 

Rice crop enjoying adequate N supplj produces taller plants, Inore 111 i 1 1 l 7 ~ 1  0 1  

tillers, larger leaf area, higher dry niatter accrual. more number of lengthier pari~cles 

with higher number of sound grains of increased weight, the result of wl~ich is tinall! 

reflected in terms of higher yield. Needless to say, the N uptake by rice planti L ~ L I I . I I I ~  

diff'erent growth stages manifests fi~vorable growth as well as yielcl s t~-i ict i~~c.  

resulting in elevated magnitude of yield and some times the quality of grxln too 

(Rlaise and Rajendra Prasad, 1996). 



It has been well establishecl that ~_xrfbrmance of' modern rice v a r ~ c t ~ c l  1s 

proportional to N supply. When N 1s not supplied through any external S O ~ I I - C  e. I . I ~  c 

crop has to obviously depend upon soil h .  which might not be sufficient to p ~ o c t ~ ~ ~ e  

even a moderate level of yield. In the present study. non-supply of N throtlgl~ -1iiy 

source resulted in poor performance of'i.lce 21s cc~uld l ~ e  noticed by the lowcst ~,tlilc\ 

of all the growth parameters, yielcl at11 ib11tt.s nutrient 11ptake and yield. 

5.4 EFFECT OF INORGANIC' (FEIIIIIJIZE R) NITROGEN O N  I i l ( 'E  

CROP 

Supply of 100 per cent N tliro~~gii l 'e~tili~et- to rice (I'(,) mas l i ) i~~l( l  to  I JC  

superior to any other nitrogen management practice. \\ ~ t h  regard to all the I>ara~l)cttn 

of crop and soil investigated. during tmth tlie !cars of study. l'his si~periosity LL 1111 i l ~ c  

treatment of F Nloo, might be attributecl due  LO ready availability ol' con 101-talllc. 

level of instantly usable nitrogen by sicis c ~ o o .  uliich \could have created la\ or~~al>lc 

environment of nitrogen nutrition in the ~.hi/o-t.cosystcn of lowland rice. I c ~ , t i l ~ / c ~  

N was applied with 50 per cent as ancl t l ~ t :  renlaining 50 per cent in tcco ecli~,ll 

splits at active tillering and panicle lnit~ation stages 01'  rice crop. Such \it11 111011 of 

colnfortable level of instantly usable nit1.ogc.11 ~ ' ~ V O L I ~ S  optiniu~n nitrogen ~~pt,ti,c% 17) 

rice crop at different growth stages. S i r n ~ l ~ i ~  \ ~ t ~ ~ , ~ t i o n  existect duririg the prcseliL , r ~ ~ c i ~  

as reflected by better dry matter production ( i  ig. 5 .  I a C1: 5 .  I b), higher numbel 0 1  to(;rl 

and productibn tillers (Fig. 5.2a 8( 5.;!17). glalli yield ( I  ig. 5.3a & 5.313)and h, I' ,111cl 

K uptake at flowering and hanest of rice crop ( I  ig. 5 . 4 1  & 5.4b, 5.5a Kt 5.5h. :) (,a cYc 

5.6b). 

Increased uptake of N by the tIoatme11t c)i'Ii Nlo0 was the result of'liiglier 1 ) R  II' 

and enhanced absorption of N, while that oi I' arid K might be due to better foraging 

of soil, due to vigorous root growth. thus ~ccumulating more P and I( in 1 ~ 1 ~ 1 1 1 1  i l l  

addition to enhanced IIMP. 



Fig 5.la: Stage-wise dry matter oroduction (kg ha.') of rice as 
influenced by different nitrogen nlarlagement practices - kharif, 2000 

Treatments 

Ed Upto active tillering El Active tillerrng to  panicle i s r ~ t i i  t ~ c  t t r  

Panicle initiation to flowt!r~ny K I  f lowering to  harvest 

Fig 5.1 b: Stage-wise dry matter production (kg ha-') of rice as 
influenced by different nitrogen management practices - kharif, 2001 

Treatments 

Upto active tillering Ptc tive til ler~rig to pantcle ~nitratvor, 
Panicle tnrt~ation to flctwer~t~y Flowering to harvest 



Fig 5.2a: Total and productive trrlers m-2 of rice as influenced by 
different nitrogen nPanagemer~t practices - kharif, 2000 

T 1  T 2  T 3  1 4  T 5  ' *  c 17 TB 73  T l O  ‘131 t 

Treatments 

Productive tillers g Total tillers 

Fig 5.2b. Total and productive tillers rn of rice as influenced by 
different nitrogen management practices - kharif, 2001 

Productive tillers fl Total tillers 



Fig 5.3a: Total dry matter production and grain yield (kg ha ' )  of rice as influenced by 
different nitrogen management practices . kharif. 2000 

T1 T:! T3 T4 TE. '5 T i  T8 T9 T I 0  T I 1  T I ?  

Treatments 

Rosin vieid QT-l dry @Wr 

Fig 5.3b: Total dry matter production and gram yield (kg ha ') of rice as influenced by 
different nitrogen managemepi practices - kharif, 2001 

ClGrain yield flj Total dry matter 



Fig 5.4a: Stage-wise nitrogen uptake (kg ha.') of rice as influenced bv 
different nitrogen managenier~t practices - kharif, 2000 

ill Upto active tillering @Active tillering to panicle initiation 
Panicle initiation to flowering Flowering to harvest 

Fig 5.4b: Stage-wise nitrogen uptake (kg ha") of rice as influenced by 
different nitrogen management oractices kharif, 2001 

I I A 

Treatments 

IH Upto active tillering El Act1 ~e tiilering to panicle initiation 
@I Panicle initiation to flowering Flowering to harvest 



Fig 5.5a: Stage-wise phosphorus uptake (kg ha-') of  rice as 
influenced b y  different nitrogen rnanagement practices - kharif, 20Of) 

Upto active tillering LJAc tlve tlilerrrtg to panic re in lr tat !~ I-" 

Panicle initiation to flower<tlp [I FZlowerlng to harvest 

Fig 5.5b: Stage-wise phosptrol,us uptake (kg ha-') o f  rice as 
influenced by different nitrogen rnanagernent practices - kharif, 2001 

Treatments 

lie Upto active t i l ler~ng [IHc.tlve tlllerlrig to panic le ~nit!at!c 1 

Panicle initiation to flower .,rg El F:lower lrlg to harvest 



Fig 5.6a: Stage-wise potassrum uptake (kg ha-') of rice as influenced 
by different nitrogen rrlanagernent practices - kharif, 2000 

11 r: ro 74 I :  : r? :R 1'1 110 7 1 1  111 

'Treatments 

Ig Upto active tillerlng As tlve tiilering to panicle ~n i t~at to~  r 

Panicle initiation to flowering Flowering to harvest 

Fig 5.6b: Stage-wise potassium uptake (kg ha-') of rice as influenced 
by different nitrogen management practices - kharif, 2001 

llil Upto active trllering 0 At,ti!re t ~ l l e r ~ ~ ~ g  to panicle ~nltlatlobx 

Panicle initiation to flowerrrlg F113&ering tc: harvest 



Favourable effects of N on rice arid its positive response to applied N 11'1\ been 

undisputed and universally established by voluminous research, as was r;v~e\ved 

comprehensively by Mamaril et ul. ( 1 987) 

5.5 EFFECT OF ORGANIC' SOlJRCES C)F NITROGEN ON RICE C'IIOP 

Organic manures under go deconlpositiun at a slower rate iltlder sul)me~-geci 

conditions, releasing ammonical nitrogen in ~xgulated cluantities over a long J-terloci of' 

time. Thus, the rhizo-ecosystem of lowland gets enriched with less leachable tiu-m 01' 

available nitrogen, but many a time. ~nsufflcient to meet the nitrogen reclulretnct1t ol' 

rice crop at appropriate time during c ~ o p  groiz ing period. 

'The decomposition and the availability of nitrosen in the soil solution dcpcnd 

upon the type of organic manures used. I'he results of the present study sho\\ed []?at 

application of 100 per cent N through dhiancha g r e e ~ ~  manuring (T3) has prociuced 

taller plants, more number of tillers m'. larger leaf' area and higher tlr) matter 

production and higher N, P and K uptake at active tlllering stage o f  crop glc)\\th. 

This might .be  due to required amount of readily available nitrogen 111 111e 

rhizo-ecosystem of soil formed from the succulent green manure fsacticm. \\I~lcll 

undergoes quick decomposition and releases nitrogen quickly. 'I he I esul ts 

corroborates the concept of Bouldin (1987), that the green manure contam\ two 

fractions, one of which undergoes faster decomposition and releases N for the cursent 

crop, while the other mineralizes at a slouer rate. However, the S L I ~ ~ L I ~ X ~  crop 

performance of rice during later stages might be due to insufficient 111tl.ogen 

availability at appropriate time of crop requirement. 



The performance of rice ct.op was sub-optinial with the other t \ v o  organic 

sources of N supply viz., GLM hloo (rJ) <ind FYbI Nioo (T5) and they ~v'e1.t' o n l j  

superior to no N (Ti)  and application of ilzc~s~~irillum alone (T2). This might bc due 

to  less readily available nitrogen 1r1 soil solution due to the process ol' slo\v 

mineralisation of these two organic sousces under lo\\ lancl conditions. 

5.6 EFFECT O F  INTEGliA7'111) NITROGEN h4ANi\(;E:hlKNvI' 

PRACTICES ON RICE CliOP 

The perfornlance of rice crop wlth inlegrated 1\J management pract~cc-h \z a \  In 

parity with application of 100 per cell1 N t l l ro~~gh lt'rtilizer. This might 1-c duv lo 

favourable environment of N nutrition In the rhi~o-ecosystem of'lowlantl sic e b) [he  

integration of organic and inorganic: sc)urc:es or  N in eclual proportion. l+el.tlll/c~- 1V 

would be available to crop instantlj immt.diately aHer application, \vliile orgilnlc N 

would be mineralized slowly but contlnuoi~sl~.  'I hus. initial requirenient o t '  \ \i oiild 

be met from the former source and subsequent recluit.etiient of N f ron~ latrel \o~ilc c. 

assuring continuous N supply throughout tlic growing period. Such siti~atio~l 1111 O L I I  b 

N uptake by rice crop at different g r o ~ ~ t l i  stages. Siniilar situation woiild h a v ~  ci~\ lecl  

during the present study, as indicated by lu clptake at dif'f'erent growth stages ( 14ig 5 4 , i  

& b). 

Superior performance of rice ct.op \vith 100 per cent fertilizer N ; I I I C I  its 

statistical comparability with integratt:d Y tnanagcrnent practices, as c.chibitc#l in  ~ h c  

present study corroborates the findings ot Setty atnd Channabasavnnna ( 1000). 

Arumugam et al. (1992), Rathore et ( 2 1 .  ( 1993 J artd .lose Mathew et 01. ( 1094). 



5.7 EFFECT OF AZOSPIRILIAUM ON KlCE CROP 

In the present study, the fruitfulness o f  biofertilizatton with soil appl cclt~oll ot 

Azospirilltlm alone was not traceable, dunng both the instances of invest~gation. 

Though the beneficial effect of Azos~~irrllzrm on lo\\ land rice was repo~ted tsom 

several studies (Gopalaswamy and Rai. 107'7; Sudhir Pradhan et (11. 1908). \ i~c l i  

effect was not noticed in the present ~nvestigatlon. 1 ruitless nature of hio e i t ~ l i / c ~ ~ \  

under field conditions is not uncomnion due to edaphic and climatic I ~ i i i i t a ~ ~ c ~ ~ l ~ , .  

striking impact of biofertili~;ltion with 4zospil rNlrnr could not be ~I.:II c ~ I  111 tllc 

study, which might be due to several possible reasons such as inefticic~nc,! and 

incompatibility of inoculated strain under the agro-eco situation of exper~rnt.nt,~l \ ~ t e  

and insufficiency of dose tried fbr :;oil inoculat~on (though recommended Iosc \\,I\ 

used). 

However, the results obtained in this study in respect of biol'e~-tili/a~ici~~ \ \  it11 

Azospirillzim to low land rice cannot be generalized and the opinio~i t \ l ~ ~ . ~ ~ , s v d  

regarding the fruitless nature of Azo.rpirillz~t~r is only over simplification. 

5.8 COMPARISON OF DIFFEKE:NrT NITROGEN ML~NAG b; h4 l<N717 

PRACTICES TO RICE 

Application of 100 per cent N through fertilizer (Th) has recorded th(: Iliglie\t 

grain yield, which was however. comparable with all the integrated n i ~ t l . ~ ~ ' ~ l t  

management practices of GLM Nio i F NqU+ Azo. Gh4 N50 + F Nso -t Am.  ( ; I  i l l  h , , ,  

+ F NSo, GM Nso + F NSo, FYM Nil) 4 1: N.o + AZO and FYM Nio 4- 1' Ni, .irici t l l ~  

yield increase with F Nloo was 1.7. 1.8, 2.2. 2.8, 5.6 and 5.8 per cent. ~ c \ p c c t ~ \ c l ~ .  

during the first year and 0.7, 1.0, 1.6, 2.4, 4.1 and 4 1 percent, respectivelj . ~ l u r ~ n y  

the second year of study. The increase in grain yield with F l\Jloo (?r6) O V C ~  L\.C I i 1 5 i ~  c 

organic N management treatments of G1,M Nloo,  Ghl Nloo and FYM N ,,,,, L\,14 S 0. 



10.7 and 14.7 per cent, respectivel], during the first year and 7.9, 10.1 a11tl 13.0 per 

I dse uCer cent, respectively, during the second year of study. while the yield incr-, 

Azospirillum alone (T2) was 47.9 and 38.2 per cent, respectively during thc tirst and 

second year of study, and over the contrc)l (no N) it was 61.3 and 47 0 per cent. 

respectively during 2000 and 200 1. 

'I'he percentage yield increase b j  tl1e best treatment ol' 1: N ( ' I  ,,) ('1 ci 01 lic.1 

integrated treatments was only marginal and n a s  not of any statistical sig~iilic;~llce. 

during both the years of study 

'I'he cornpasable performance of rice crop \t ith fertili~er alonc. ~ n d  \\ i t l i  

different integrated N management treatinents and their superiority over ;ucl~lsi\e 

organic sources of N ,  night be due LO la-vourable environment of N nutritiol~ i n  the 

rhizo-ecosystem of lowland rice. Fertilizer N woulcl be available to crop ~l~slal i t l j  

immediately after application, wh~le  organic N woultl be mineralizecl s l l ) \ \ l> hut 

continuously. Thus initial recluirernent of N would I>e met from the fi)rint:i- \olll-ce 

and subsequent requirement of N ti-on1 1atti:r source. assuring continuous '\ sl~ppl? 

through out the growing period. 

5.9 QlJALlTY CHARACTERS OF lil(_'E: 

Except the treatment of 100 per cerit N through FYM (T5). applicxlion o u  

recolntnended dose o f  N did not sho~v any considerable variation in n~illing 

characters of rice grain (whole grain per cent, milling per cent and broken grain per 

cent). The protein and amylase content recorded with I-ecommended dose of Ji f'lkrent 

N management practices was comparable with each other. But all the abovc: cliialit\ 

characters recorded with no N application (I ,) and Azospirilltlrn alone (I',) \bere 

comparable with each other and significantlj inferior to any of the ~.econ~mt,ncied N 

application treatments. 



Itice crop en-joyed comibrtable h nutrition has resulted in better -1ualtty of 

rice. Most of the milling. nutritional artd cooking quality characters are genotype 

dependent and would be altered to d rnarglnal extent by management practices 

There is no published evidence regarding the relationship between N managetilent 

and quality of rice. I-Iowever. lower protein content of kernels observcd \ v i t l i  no h 

(TI) and Azospirillum alone ('I L )  \ \as obviol~sly due to lower N content 111 s p i n  

(Table 4.8). . Biochemicallj~ protein content is dependent on N co11te11~ ( \ O i l C ' .  

1984). Increased protein content of rice kernels with N applicatioll Iias l m n  

documented by Pate1 et rrl. ( 1  997) and similar 1.esu1ts were obtained i n  tllc pl.escnt 

investigation. with the applicatiot~ 01 rcc.o~n~iiended dose of nitrogen. tli1-oi1g1i 

different sources. 

Among the N management practices, application of  100 pel cent h tlit.ot~gli 

green manure ('Ti) has resulted irl  highest uptake of nitrogen, phospliorlt4 and 

potassium at active tillering. The higher uptake of N,  P and K at panicle ~ n ~ t i a t ~ o n  

was recorded with application of :iO per- cent N through green leaf nlanL1t.e ,~nd  

fertilizer along with Azospirzllz~rr~ ( C i [  bl h;,, t I. Nio 1,420 ), during both tile \ C:LI.\ 01' 

study. However, at flowering and at liarvesr. the highest uptake of N. P ,lnd K \vas 

registered with the application of 100 per cent N thro~lgh fertilizer. 

The enhanced uptake of N at various crop gro~vtli stages with tlic 1.cslwctivc 

treatments might be due to higher amount ot avi lable nitrogen it1 1 . 1 1 ~  

rhizo-ecosystem system of soil, while the absorption of I' and K might b(, tltte to 

better foraging of soil, due to vigoroi~s root gro~vth. thus accumulating more 1' ,lnd I( 

in plant. 



The highest nutrient uptake at active tillering with GM Nloo  night be cil~e to 

large amount of nitrogen in the rhizo-ecosysten~ of soil derived fiom thc c l i~ ick l j  

decomposing green manure fraction 

The highest nutrient uptake at p,~tliilt. initiation with GI,M NSo t I *  4:o 

might be due to coincidel~ce 01' greatel net nlineralisation ol' IV I I . O I ~  the 

decomposition ol' neem leaf manure and the supplementdl external applicat~on of' 

fertilization N at panicle initiation and of course. the cc)nlbination has been rcinfi,rceci 

with basal application of Azospirilltcnl. 

'I'he highest nutrient uptake 'it lloneri~lg '~nd at hanest  stage \v~tl I h,,,,, 

might be due to ready availability of'coml'ortable le\ el of instantly usable nit1 oyc.11 \)! 

rice crop supplied through external applicat~on of fertilizer N through top dressirlg 

l'ost harvest \oil status with regard to organic carbon (Fig. 5 .7)  a\ia~l,~ble 

nitrogen and potass~un~ (Fig. 5.8a & 5.8h) was superior with application 01' 100 pcr 

cent N through F YM (FYM Nloo - '1'5 ). which u 3s however. conlparable witt all the 

recommended N application treatmentc, except 100 per cent N through fertili/er ( I ,,) 

'The lowest status of the above mentioned soil festility parameters were recordec! \\ itti 

no N (TI),  which was comparable ~ i t h  ~lzosj~zr .r l lz i~i i  alone ('I ?). 1 IIC '11 I a l ~ l c  

phosphorus status did not vary to a statistically traceable extent due to diffc~ent Pd 

management practices. 



Fig 5.7: Post harvest soil organic carbon (%) after rice as influenced by different nitrogen management 
practices 

Kharif, 2000 Kharif, 2001 



Fig 5.8a: Post harvest so i l  ava~lable N, P and K Ikg ha.') after rice as 
influenced by different nitrogen management practices - kharif, 2000 

Available Nitrogen BAvailable Phosphc~rus Available Potassiurr 

Fig 5.8b: Post harvest soil available N, P and K (kg ha") after rice as 
influenced by different nibogerl management practices - kharif, 2001 

b!! Available Nifroger~ BAvallabIc! Phospnoru!; Available Potassltlrir 



The above trend clearly indicated that application of recommended N either 

through exclusive organic source or the corrtbination of organics and fertilltet lo 

supply 50 per cent N through each, would leave substantial quality of' soil nttli-ients 

after the harvest of rice and increase the soil olganic carbon content (Fig No 7 c l ~ ~ d  Xa 

& b). The results are in accordance with the findings of Maskina and Mecli~ ( 1084). 

that organic manures quite often leave substantial residual e f f  ct on succeed~lip c~ op\ 

in the cropping system. 'The sustainable ad1 aritage noticed in the present studj \L ith 

the integration of organic manures and tertili~er has been amply indic,i~ecl h j  

Srinivasulu Reddy ( 1988), Vasanth Ku~~lar-  ( 1996) and llpendra Rao (I 998) Slowly 

mineralizing organic fractions under anaerobic lowland conditions would Iia\/e leli 

behind enriched status of soil f'ertilitj . el  erl a1tt.r suflicient uptake of n i~t r ient~  I,! 1.1c.c 

crop. 

5.12 ECOFOMICS OF RICE CROP 

'The highest gross returns were recorded with application of 100 prSi.cent N 

through fertilizer (17(,), which were comparilble with all the integrated N iiian,igcnlen~ 

treatments. E-Iowe~er. the net return\ arid the 13(' ratio obtained with 1' N,,,,, nTere 

significantly higher to any of the N managznie~lt treatinents (Fig. 5.9a & 5.913) I lie 

trend of gross returns was similar to grain j ield realized ant1 it was due to tlii:, \ i ~ n l ~ l c  

reason that application of 100 per cent !.I and all tlie integrated N Inan, gcl~~t.nt 

practices were statistically similar. 

Since the cost of N through 1i:rtiIi~cr was relatively cheaper than anj 01' the 

organic sources of N, the net returns and the L3C ratlo realized with 1; N, ,,, ~ict-t. 

signiticantly higher than any of the N managelncnt practices. Supply of 100 cent 

N through fertilizer was distinctly more profitable than either application of organic 

manures alone or their combination with k r t i l i~e r  to the rice crop. 



Fig 5.9a: Economics of rice as irlfltlenced by different nitrogen 
management practices - kharif, 2000 

T I  T2 -r3 T4 15 TE 1 T8 T 9  110 T I 1  112 

Treatments 

L-J Net returns Gross returns --A -- BC Ratio 

Fig 5.9b: Economics of rice as influenced by different nitrogen 
management practices - kharif, 2001 

U Net returns Gross returns -A--BC Ratio 



5.13 RESIDUAL EFFECT OF NITROGEN MANAGEMENT P R , i (  "I'IC'ES 

ON SUCCEEDING CROP OF GROUNDNUT 

Residual effect of different nitrogen management practices iniposecl o n  killrrif 

rice has exerted marked influence on the growth. jield, nitrogen uptake and 

economics of groundnut as well as the post harvest soil fertility. 

Supply of 100 per cent N througli t-\rFhl ( 1 <) to preceding rice has rec.01 decl the 

highest plant height, L A 1  and dry matter yrroduclion (Fig. 5.10a & 5 .  lob), hhich were 

significantly superior to only the treatments oi'no N ( I']), .4zospirillzrm alona.: ( 1 anti 

F Nloo (Ti) imposed to preceding rice 2 h ~ s  might be due to substantial , i~nou~it 01' 

residual nutrients left by the treatments of' preceding rice crop c ~ i  s~icccciling 

groundnut crop. 

The yield attributes of groundnut \. i ~ . ,  number of pods pla~it- ' ,  hi i~-( i~ ed-l?od 

weight and hundred-kernel weight as \yell as pod (Fig. 5.1 l a  & 5.1 lb)a~lcl ha~llrn 

yield were the highest with application of l(10 per cent N through FYM to [,I-cceding 

rice crop ('Ts), which was however, cornparal~le with kYM Nso +F Nio (TI,), I;\r'h/l Nio 

+ I; Nio+Azo (TI*). GLM N ( f l )  and (;M N i This tniglit be d ~ i c  to the 

residual e fkct  with the treatments 01' the combination of FYM and tlic t\clusr\e 

organic sources of N,  uhich \ \a \  s c ~ m p a ~ a t ~ \ e l ~  higher than that ol' t ~ i c  otl~ci 

combinations of organics and fertilizer N applied to preceding rice crop. With i t ?  the 

organic sources, differential residual sesporlsi with different sources can he aiirlhilted 

to their pattern of niineralisation and proportion of their substitution. 111 thc psescnt 

study, the residual et'fect of organic bources ~t higher proportions was evidrsnt tion1 

higher dry matter accrual, nurliber 01' pods j)lant". 100 pod weight, pod ant1 t1;ililt11 

yield and nitrogen uptake as well as post harvest fertility status of the soil I his 

clearly indicates that organic sourccs 'it higher proportions can only s ~ i s i ~ ~ i 1 1  thc 

nutrient status of soil to produce reasonable re~sidual effect. 



Fig 5.10a: Stage-wise dry matteh. production (kg ha ') of groundnut as 
influenced by different nitrogery marlagement practices to preceding 

rite - rabi, 2000 

O Upto 30 DAS LSIB 30-60 DAS E 60-90 DAS 1 9 0  DAS-ha1 vest 

Fig 5.10b: Stage-wise dry matter protfuction (kg ha ') of groundnut as 
influenced by different nitrogen management practices to preceding 

rice . rabi 2001 

Upto 30 DAS 130-60  DAS E 60 -90 DAS 1 9 0  DAS-harvest 



Fig 5.11a: Total dry matter production and pod yield (kg ha") of 
groundnut as influenced by different nitrogen management practices 

to preceding rice- rabi, 2000 

T I  T? T3 T4 ' 5  76  T7 TR r9 T i 0  T I 1  T :  

T eatrnents 

Pod yield QTotal dry matter 

Fig 5.11 b: Total dry matter production and pod yield (kg ha-') of 
groundnut as influenced by different nitrogen management practices 

to preceding rice- rabi, 2001 

TI T2 T3 T ?  T5 ? F  7- T8 T9 T I 0  T I  7 -  

lreatments 

OPod yreld %Total (fry matter 



Organic manures, besides supplying nutrients to the current crop, c l ~ r i ~ r .  olten 

leave substantial residual effect on succeeding crops in the cropping system ( r\/laskina 

and Meelu, 1984). Significant carry over effect due to substitution of nitrogen \ i l l t l i  

higher proportions of organic sources to rice crop on the succeeding crops iv:~s also 

reported by Rao and Bharadwaj ( 1980), Ilathore et i l l .  ( 1  993). 'Thi111mego ngtla itnd 

Devakumar (1 994), Paulraj and Veli ly~~dhan~ ( 1  995) and S~~.jathamnia et  crl ( I 006  1. 

Residual elfect 01' fertilizer nitrogen appllecl lo rice Mas not traceable 011 ~ h c  

succeeding groundnut crop (Ramaseshaiah et nl., 1985 1. 

At 30 and 60 DAS, nodule dry weight was the highest with I00 per ( t ' l l r  N 

through FYM (T5) applied to preceding rice. which was at pal- wit11 otl1t.t. N 

management. practices i~nposed to kl1czr.u lice, except with 1; lVloo ( I  (,), f r o : / ~ i ~  i i l io~i  

alone (T2). and no N (TI) ,  while at 00 [)AS and at harvest, there was no silgn~licant 

variation in nodule dry weight due to dif'ferei~t N management practices to pl-cccciing 

rice. I his was perhaps due to the residual fertilitj, especially soil 1) "i it11 the 

treatments of conlbinations of'organic sources tluring the early stages of csop ~l-o\vth, 

while during the later stages, the effect of sesidual iertllity might be insignificant and 

also the activity of nodules would have been ceased. 

I-iigher uptake of nitrogen (big. ii.12a & 5.12b) by groundnut c10l1 ith 

application df 100 percent N through FYbI (Ti)  to preceding rice crop might be dile 

to higher availability of nitrogen in the soil atid enhanced dry ~liatter productiotl I'he 

higher uptake of P (Fig. 5.13a & 5.1 3b) and K (Fig. 5.143 & 5.14b) with thc m n c  

treatment of FYM Nloo might be dut. to better foraging of soil, due to vigorous root 

growth, thus accumulating more P anti K. in plant in addition to enhanced I I h l I ~ .  

under the intluence of' higher amount of residual N.  



Fig 5.12a: Stage-wise nitroger1 uptake (kg ha-') of groundnut as 
influenced by different nitrogen management practices to precedin:, 

rice - I abi, 2000 

Treatments 

El Upto 30 DAS 30-60 DAS m60-90 DAS m90 DAS-harvest 

Fig 5.12b: Stage-wise nitrogen uptake (kg ha.') of groundnut as 
influenced by different nitrogen management practices to preceding 

rice - rabi 200'1 

Upto 30 DAS 30-60 DAS n 60-90 DAS m90 DAS-harvest 



Ftg 5.13a: Stage-wise phosphorus uptake (kg ha*') of groundnut as 
~nf luenced by different nitrogen rn anagement practices to preceding 

rice - rabr .  2000 

l U p t o  30 DAS 030-60 DAS 080-90 DAS I90 DAS-harvest 

Fig 5.13b: Stage-wise phosphorus uptake (kg ha- ' )  of groundnut as 
influenced by different nitrogen management practices to preceding 

rice rab i ,  2001 

rr Upfo 30 <DA$ E1 3016P DAS 80-90 DAS 1 9 8  D'4S-harvest 



Fig 5.14a: Stage-wise potassium uptake (kg ha.') of groundnut as 
influenced by different nitrogen management practices to preceding 

rice - rabi , 2001) 

T I  T? T3 T 4  T C  Tb I' T3 1 9  T I 0  T I 1  

Treatments 

Bl Upto 30 DAS 30-60 [)AS Ei 60-90 DAS 90 DAS-harvest 

Fig 5.14b: Stage-wise potassium uptake (kg ha-') of groundnut as 
influenced by different nitrogen management practices to preceding 

rice - rabi , 2001 

T I  7'2 T3 T4 TL' 16 T i  *5  -9 '10 T I 1  r l .  

'Treatments 

Upto 30 DAS 30-60 DAS 60-.9O DAS 90 DAS-harvest 



The highest organic carbon (Fig. 5.15). available nitrogen and :i\nilable 

potassium content of' soil (post harvest) NTere noticed with the application oi 100 per 

cent N through FYM (T5) to preceding rice. which was however, comparable with all 

the recommended IV application treatments, except 100 per cent N through fcrtl11;rer 

(Fig. 5.16a & 5.16b). 'The available ~)hosl>horus did not show any s gnilicant 

variation with different N management t~eatn~ents ,  e\cn though it was highcsl \ \ l i t 11  

FYM Nloo, while the lowest was with I '  NI(,(,. 

Slow decolnposition and mineralisat ion of osganic manures adtled i l l  large 

cluantities to preceding rice crop would h a ~ e  enriched the organic carbon. a ~ a ~ l a b l e  

nitrogen, phosphorus and potassi~um status of soil after the harvest of g ~ o i ~ n d n ~ l t .  

'These results are in agreement with those ot' Meelu and Morris ( 1984). K:ljet~dsa 

I'rasad ( 1  985), Buresh and De Datta ( I901 ) 

'I'he highest gross and net returns as well as E3C ratio recorded (Fig 5 17'1 

5.17b) with 100 per cent N through FYM ( to preceding rice, were d ~ t c  l o  higher 

pod and haulm yield realized by t h ~ s  treatment and also since groundnut c ~ o p  was 

raised as residual crop of rice, the cost of cultivation did not differ anlolig  he 

treatments. 

5.14 BIOLOGICAL YIELD O F  RIC'E-<,ROlrNDNUT CROPPING SJ'S'TICM 

Biological productivity of the cropping sq stem expressed in terms o f  total d r ~  

matter production was at the highest (Fig 5 . 1  8 )  with application ol' GI,M N ,(, + I 

N,,,+Azo. ( T I , )  to kharifrice. which was comparable with all the recomlnt.ntled N 

application practices. The superiority of this treatment and its conlparabilit> L\ ith 

other integrated N management treatments c,m be attributed to ready availability oi' 

con1ti)rtable level o f  instantly usable nitrogen by rice crop, adequate residual Ilit~.oge~i 

nutrition to groundnut, favouring in greater absorption of nitrogen, which LII ~nlatelq 



Fig 515: Post harvest soil organic carbon (%) after groundnut as influenced by 
different nitrogen management practices to preceding rice 

Rabi, 2000 Rabi. 2001 



Fig 5.16a: Post harvest soil a~.a i lable  N. P and K (kg h a " )  
after groundnut as inf luei~ced by different nitrogen 

management practices to p1'ec:eding rice- rabi ,  2000 

BlAvaiiable Nitrogen IBA\~allable Pl~o:,ptiorus UAvailable Potass iur~ 

Fig 5.16b: Post  harvest soil avarlable N. P and K (kg ha-') 
after groundnut as influenced by different nitrogen 

management practices to preceding rice- rab i ,  2001 

T I  '2 T ?  1 4  1 5  I , T T 8  T T l 0  i l l  

Treatrr~ e n t s  

BMAvailable Nitrogen IAvailablt> Phosplro-us U A v a i l a b l e  Potass~urrl  



Fig 5.17a: Economics of groundnut as influenced by different 
nitrogen management practices to preceding rice - rabi, 2000 

TI T:' T3 r4 TE 76 T7 r8 T9 T I 0  T I 1  7-12 

Treatments 

=Net returns QJJ Gross returns -- I- . -  BC Ratio 

Fig 5.17b: Economics of grouridtiut as influenced by different 
nitrogen management practices to preceding rice - rabi, 2001 

0 Net retums 3 Gross returns --A- - BC Ratio 





reflected in the higher dry matter production of both the crops in the cropping system 

The deflated performance of rice crop with application N through exclusi\e organic 

sources has been compensated with superior performance of succeeding groundnut 

resulted from higher residual effect of the above treatments, thus the 1,iological 

productivity of the entire cropping systcm as a whole with I-ecornmended N 

management practices was comparable with each other. 

5.15 ECONOMIC YIELD OF I RICE-GROUNDNCJrr ('ROI'PING 

SYSTEM 

Economic yield of the cropping system was altered to a noticeable extenl b j  

different N management practices imposeci to khar-lf rice. 1:conomic ?it  Id 01' the 

cropping system was expressed in terms of' rice grain equivalent yield. I'lie highest 

economic yield of the cropping system was recorded with FYM N5" -1 F N5( (73 (Fig 

5.19), which was however, comparable with all the recommended N nlanagenlent 

treatments. This indicates that for the entire cropping system the econo nlc 1 ~ e l d  

realized with recommended N application tlirough any source could meet the 

nutritional demand of the entire sjstem ecluallj. ?'he lower yields ol' rice \\it11 the 

treatments of higher proportion ot organic 1.i has been compensated with h~gher 

yields of the succeeding groundnut by enhanced residual N by these treatnletlt:, ,lnd 

vice versa, thus resulting in comparable realization of econonlic yield ol' t l ~ e  slce- 

groundnut cropping system with different N management practices to khnr~f rice. 

5.16 ECONOMICS OF RICE-GROUN1)NUT CROPPING SYSTEM 

The highest gross returns (Fig. 5.20a & 5.20b) were recorded with F'ihl hi,, + 

F NS0 (T9) applied to khnrfrice, which were comparable with all the recon~niencletl N 

management practices. This was sirnilar to the economic yield of the rice-groundnut 

cropping system. 



Fig 5.19: Rice grain equivalent yield (kg ha-') of rice-groundnut cropping system as 
influenced by different nitrogen management practices to rice 

Treatments 



Fig 5.20a: Economics of rice-grc,undnut cropping system as 
influenced by different nitrogen management practices to rice - 2000 

r Net returns Gross returns --A- BC Ratio 

Fig 5.20b: Economics of rice-groundnut cropping system as 
influenced by different nitrogen management practices to rice - 2001 

0 Net returns 9 Gross returns A - BC Ratio 



The highest net returns ( F I ~  5.20a &: 5.20b) of the cropping syslc~n \vest. 

recorded with application of F Nl(lll  during the first year and with FYh'I Nqr, 1 I 

NjO (T9) during the second year, both of which were of course comparabl~.: ivith L ~ l l  

the recommended N management 13ractices. except Gl,r\/I NI(,(, (T4) and 1 Y44 N l , , ( ,  

( I ) .  This was due to higher cost in~olvetl in procurement and appli iat~o~i o l  

exclusive organic source of N through neem leat and k Y M .  

Application of 100 per cerlt U thr.ough f'ertili~er (T,,) to khtrtrf rlcc II,I\  

recorded the highest BC ratio (Fig. 5.20a & :i.20b). \\ I~ich was comparable 1tl1 I Y b I  

N,() t 1; Nio (T9) and FYM Ni,,tI N,(,t24zo. ( 1 Iligher econolnic ~ i c l d  01 thc 

cropping system with reasonable cost of the .;aid N management practices, ri'\l~ltetl in 

increased returns per each rupee inve,ted. 

5.17 SOIL FERTILITY DYNAMICS O F  RICE-GROUNDNIIT <'IIOPPIN(; 

SYSTEM 

The soil organic carbon contcnt tendrd to increase with each crop ol 1 . 1 ~ ~  ,111d 

gl oundnut of the cropping system (14ig. 5 .2 .1  ) I'he available nitrogen ( I : I ~ .  5 2 2  ). 

phosphorus (Fig. 5.23) and potassium (}.is. 5.24) content of the soil t t~ided to 

increase with the saising of rice crop anti decrease ~narginally w i t h  the I - ; I I \ I I ~ ~  0 1  

groundnut crop, with the exception of no N ( I ) and Azo.~p~r.~llrln~ ,llone ( 1 1111 

regard to nitrogen dynamics of  soil. I he nitrclgzn baldllce in the cropping syxli'ln \i a\  

negative with the treatments of no h.l ( I ,). A 4 ~ o ~ p ~ t . ~ l I ~ ~ t ~ ~  alonc (rl *) 'lnd 1 .  Pi , ,  ,, ( I ,,) 

imposed to kharf rice. All other treatments recol.ded positive balance 0 1  boll 

available nitrogen in the cropping sqstem. intficating a net gain of' .;oil : l~,t~lahlc 

nitrogen. 



Fig 5.21: Dynamics of soil organic carbon (%) as influenced by different nitrogen management 
practices to rice in rice-groundnut cropping system 

(llfld8 SOII IL hfter rlce 200L after aroundnt~t 700P P f t ~ r  r l r c  7Af7 knr .-...- - -  
, r., rl clue ,.A I 



Fig 5.22: Dynamics of soil available nitrogen (kg ha*') as influenced by different nitrogen 
management practices to rice in rice-groundnut cropping system 

. r. 2 s I  

~nltlai soil hi After rlce 2000 i?fter qrr; i inUn~~~ 2 G O i  After r!re 2C)O I A+tn. _ _ _ I  -. - _ , I , h  



Fig 5.23: Dynamics of soil available phosphorus (kg ha") as influenced by different nitrogen 
management practices to rice in rice-groundnut cropping system 





Substitution of nitrogen through organic manures at higher proportions to rice 

would undergo decomposition slowly releasing N steadily to meet the crop 

requirement to certain extent. Even after the growing period of rice is c~~nipleted. 

certain quantity of'organic manures continue to mineralize nitrogen, which ivould add 

to the soil pool. Also, most of the N taken by the low land rice crop woulcl b e  

derived from native soil N pool. a well known fact and has been cluoted I,! 11i~i1iy 

researchers (Kai et nl., 1984; Mangi~iat et a/., I994 and Ponnan~per~ilna and Lletr~~ck. 

1993). This might be the reason for the illarginal increase in soil available nitrogen in 

the treatments of recommended N application after the harvest of rice crop. 

In spite of the possible enrichment of soil wtth nitrogen d i ~ e  to root 

nodulation, there was a marginal de~l-east. in available nitrogen after y i -o~~~ic l~ i~ i t  

harvest. This might be due to utilization of noclulated nitrogen by the groi~nclniit CI.OP 

itself and the nodular efficiency might not have persisted till the later stage:; of c~.op 

growth and also the mineralization of residual organic matter applied to preceding 

rice might be completed by the time of hanest of groundnut crop. The incrt~use in t' 

and K availability with rice crop and decrease after groundnut crop might be d i ~ e  to 

reduced condition of'soil under submergence with rice cultivation and their tiuatcon 

with groundnut cultivation. 

5.18 OVERVIEW 

The present study of prospects of osganic farming in rice-based csopp i~~g  

system was aimed at investigating the performance of lowland rice to oiganic 

manures and their combinations by adopting different N management practilxs and 

their residual effect on the succeeding crop of groundnut. The study revealed the 

following: 



'3 Supply of 100 per cent N through fertilizer to rice has resultecl 111 better 

perfbrmance of rice crop. I-Iowever, similar magnitude of perl'ormancc ol'rict. 

was noticed with integration o f 5 0  per cent N each through any of thc organic 

sources and fertilizer. 

k Application of dhaincha green manure has enriched the rhizo-ecos!~stem ot' 

soil to a greater extent. resulting in pl.oduction of higher gro\vth para~ncters at 

active tillering. However, the effect could not be continued for a long period 

of crop growth. 

k Application of 100 per cent Y through FYM has shown lower yiel~l of' I Ice 

crop and was however, comparable u ttl1 100 per cent N through dhaiiiclia L ~ ~ i c i  

neem leaf manuring, as well as all other N management practice tried. 

k Biofertilization with il~o~spinllzina did not show any striking impact 011 the 

perfornlance of rice crop. 

b Supply of 100 per cent 1V through FYbl to kllcn-if rice has resulted in bettes 

pertormance of groundnut crop than any other N managenlent ,r,lcticcs 

adopted to preceding rice crop. 

k Soil fertility status was ti~und ~naintdiried or illlproved with suhsti~i~tion of 

either 100 per cent or 50 per cent N through organic manures to rice. 

h Drain in soil fertility due to cropping system of rice-groundnut was noticed. 

with non-supply of N, Azospirillunl application alone and supply ol I00 per 

cent N only through fertilizer to khnr~t-rice. 



i Productivity in terms of rice grain ecluivalent yield ofthe cropping sjxtenl M as 

at the best with 50 per cent N each through FYM and fertilizer to rict crop. 

P The highest gross returns, net returns and HC' ratio of rice were recordccl w ~ t h  

F Nloo, while for groundnut, they Lve1.e with FYM Nlo,,. IIowevcr. 1 0 1  the 

cropping system as a whole, the highest gross returns were reali~ecl \ ~ J I ~ I I  I< \ i ' i \ / l  

NSo +.F N5,,, the highest net returns I\ ele obtained Ivith F Nlo,,. durinr 1l1c lirst 

year and with FYM Nio t k N,(,. ~lluring the second yeas ancl the highe\t 13(' 

ratio was recorded with l<  Nlc,c,, d~~r~ti!;  both the j ears of study 

FUTURE LINE OF WORK 

Exclusive dependence on high analjrical t'ertilwers had resulted in ail ,~I .I .~I\ .  of 

environmental problems like declining productivity, impoverishment 01' soil 1 ~ ' 1 - t 1 l i l >  

and environmental pollution. 'I he success oi' tiituse agriculture depends J ~ O I I  thc 

sustainability of production system and onc: of the important ways to achieve 1111s i \  to 

arrest the decline and increase the soil organic matter status. Information ~>rcscntly 

available on the inclusion of organic n1;inilrt:s as substitutes and supple~iicnts LO 

fertilizers, in the cropping systems is r a the~  irisufticient. Some of the in~port~lnt areas 

which need to be thoroughly investigated in tiiture are outlined below: 

1 .  The extent of economy of' mineral nitrogen to rice through ilit'tcrc~~t 

sources and their residual ei'fect on the succeeding crops necLl to hc 

quantified by radio-isotope studies. 

2. 'The response of legumes to external as well as residual N ~ n d  t l ~ c  

contribution of N from syinbiotic I'd fixation need to be cluantlficd 

radio-isolope investigations. 



3. Potentiality of N iixation by different hiofertilizers r e c o m ~ n ~ ~ l t l c d  (o  

lowland rice has to be tho~,oughly sesearche(l. 

4. The impact of various nutrient interactions especially tlial of 

micronutrients with the inclusion o f  organic manures in higher prcq~)~. t lc~ns 

needs an in depth studj . 

5 .  Soil fertility dynamics and nutrient balance has to be assessetl 1111ilt'l- 

different N management pi.acticzs lvith i~iclusioii 01' ~ a r i o i ~ s  org,1111c 

manures in rice-based cropping systems through long term studies 

6. Scarce information is available on nutrient recycling through crop, ~-cbldueb 

left in the soil in intensive cropl~ing sqstenis. 1;crtilizei. econolll) I I I I . O L I ~ ~ I ~  

crop residue management. neccis c~ itical analysis 
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SUMMARY AND CONCLUSION 

An experinlent on "Cor~lu~lcti\ e Ilse of organic and illorganic \oill.ces of' 

~iitrogeli i l l  rice-based cropping s! stc~ii\" \\us collducteci dur~ng k l l r r i  I /  alld rrrhi 

1999-2000 and 2000-200 1 at C'ollegt' I I .  College ol' Agr~cullure, 

I<rl-jendranagar. I Iydcrabad I Ilc soil ol tllc c.xl,e~-i~licntal site was sallci! cl;~! loa~n 

il l  texture. sligliLI~ alkitline ill rcact~oli. lo\\ ill a \  ail:ible ~iitrogcn and phospliorus 

and ~nediu~i i  in aval lahle potassiilli I 

I'he experiment was co~lducted In a split-plot desigii with lil c l l~troge~i 

rna~iage~iie~it practices to hlllrr.r/ I lcc 1 .1  - . 2 5 pel- cclit N I lirougli I:\r'hl I 75 per 

cclit N tliroi~gli 111-en. 25 per cellt N ~lirougll I.\r'hl i 100 per cellt N tllroi~gh 

urea, 25 pel celit N thrvi~gll (;I h1 1 75 per cc11t N tlirougll ilrea. 25 11c1 cclit N 

tliroi~gli (;I  ht  t I00 1 x 1 -  cent N tl~roi~yli ulea a11d 100 pel- cclit N tlltoi~gli iltea 

in 11lain plols and li,~ir i.uhi crops ( \ \ I I c ; I I .  Illal/c. \oh beall a ~ l d  grou~~dliul)  111 sub- 

plots with lour replicatioris. 

Observatioi~s 011 numbel 01'  lillcrs. 1)klI'. IAl, jpield a~ t r i l~ i~ l e s  a ~ i d  yield 

01' kl2cr1-if'ricc and LIMP. j.ielci attributes!: ;.11ltl !.ield ot' r-clhi cl-ops \\.cl.c r-ccosded. 

'l'llc ecorlol~iic j,ieltJs ol' cor~lporlcrlt crop.; i r l  I-ice-l)ased cl-ol~pillg S > , S I ~ I I I S L ~ ~ I - ~  

coliverteti ilito rice grail~ eclui\.:~lerlt ! icld fi)r colilparisoll. I'llc [let lilo~lctary 

retill-11s. 13:C' ratio. c:u.holl~ tlratc. jlrotci~l arlcl crlcrg! ecluil alcll~ 1 iclds 01'  rice- 

based c~.oj , j~i~lg s~~stcllts \% el-c \\ ot.hcti o t 1 1 .  Soil j)ll! sicill ( 131 ) )  : I I I C I  c l ~ c ~ ~ ~ i c t ~ l  



properties (p1 1 and LC). NI'K uptake 0 1  i.ollll~)licnl crops a ~ ~ d  Nl'k C O I ~ I C I I I  01. 

soil after kllrrr~f rice and rlrhi crops \icrc: esti~liated 

'l'he grain and straw yield oi' khlrr~f'ricc olxerved with applicatron ol' 25 

per cent N either t l~rougl~ ( i l  ,bl or I.'\i'M t 100 per cell1 N tllrorlgli ur.ea 

to rice was col~il>arahlc atid sigrill~ciilit I! Iiigllcl- o\,cr- all olliet- tl.calrllctils. 

.l'he grain and stra\v J ield recorclc:tl \\ . i t11 applicatiotl 01' 1 00 put cell1 N 

through urea to rice \\as sigr~ilicaritl! yrca~er tliarl that ol' 25 per cctit N 

tlirou~~li I:YM 1 75 per celll N lI~r.or~gll r ~ r c ' : ~  ;rpplied to ricyc. 

'I'lie 1)MI' and 1000-grai~i \~ciglll 0 1  rice \\ere sigrliiica~ltly higI1~1. wit11 

applicatioll 01-25 per cent N lllrot19ll GI hl t 100 per ce~it N tl11-0~1gll tlreil 

as conlpared lo 2 5  per ccmr N tI11o11yI1 I Yb1 4 I00 per C C I I I  N tl~roi~gli 

~ ~ r e a .  \\ l ~ i c l ~  i ~ i ~ ~ ~ r t l  rccot ciccl S I ~ I I I  l i ~ ~ i t i ~ l >  Iiiglier I )MI' atld I 000-grtiiti 

weiglit o ~ c r  that 01' applicatic~r~ OI 100 per cent N tllrougll urea to rice. 

'I'he Iia~.vest ilidex ol' rice did 1101 \at-! s~gni i icant l~ ciue lo 111Irogen 

rilanagenie~il praclices to rice 

'l'lie 11itr-ogcl~. pl~osl'llorus a l ~ d  jxjt:i:;si~~~li 11j7t;ikc at Iial-\:esl \\ it11 al>plicatioli 

0 1 .  25 1 7 ~ 1 .  cc*tlI N 1Iit.or1gl1 t iI .hl  1 100 pc~.  cc111 N [ I I I . O L I ~ ~ I  L I ~ C ~ I  lo I-i1;c 

\\:as c o l ~ p ; ~ ; i b l c  \\ ' i l l1 t I l i I l  01' .!5 IJer C C l l l  N ~ l l t . ~ ~ g [ l  I'Y hl 1 100 (let- cell[ 

N l l i~~oi~gli  11rea i~ppliecl to 1 . i ~ ~ ~  ii111,I s i g~~ i l i c~ i t~ t l j  l~igll~,r OL el. i i l  I olllcr 



tre;ltn~ents to rice. 0 1 1  tlie otller Ila~lcj. appl~catioli ol 2 5  Ijel ccXlil N 

througll I 'Y M t 75 per cc11( N t\ii.oi~gli urea to rice recorded s ig~l~l ica~l t ly  

lo\\er i~ptahe 0 1 '  11illogcrl. plioi;plloi 11s aiid 17o~;issi11111 bi\ rice 

S ig~ l i l i c a~~ t l \  I l igl~e~ so11 ; I \  : r ~ l : ~ l ~ l i *  I I I I I O ~ C I I .  ~ J I I O \ I J I ~ O I  11s ; I I I C I  l ~ o l ; ~ s s i i ~ ~ ~ l  

alter ll;ir\esl 01- l t l ~ ~ l t  I /  rice I I O I I I  1 1 1 ~  1111ti;il soil sliili~s as obse~  \ e ~ l  1 1 1 1  

application 01\25 per cent N t1ir0\1gll M t I00 per eelit N tliror~gl~ urea 

to rice as compared tv al7plicalioii ol 25 pcr ceiit 11 tlirougli !<I 'M 1 I00 

N tlir-oi~gli urea. 

Soil pl I and t:C alter bar\ est ol l t lrtrr i f  rlce ( I999 mid 2000)  d ~ d  11ot dil'l'er 

sigriilic;~~itlj ;11lio11g N I ~ ~ ~ I I I ; I ~ . C ~ I ~ C I I ~  I ~ I  :letice\ 10 I ice. 

Signilicantly tligller bulk delisrt! as o h s c r ~  ed alter liar\ est or' / t l l tr t  ~f rrce 

(2000) with applicat io~~ 0 1  100 IR'I cc~lt  N tliroi~gll iirt';i ;is C O I I I ~ ; I I . C ( I  to 

co~i-junctive iisc ot' orgarlic a ~ i d  ~~lorg;iliic SOUI-ccs 01' 1iit1-oge11 1 0  rice. 

I lowever, tlie bulk de~isi t j  recordtbtl 1111 al>plicatio~i 01-25 per cclit N c~tlier 

tlirougli G1,M or 1. Y M  t I00 1 x 1  cclit N tl~roi~gll urea aiid 25 per cell1 N 

either through (rI,M 01. l Y L l  1 7 5  pel cent N tllrougl~ uixa to rice \{:is 

colnpar-able. 

SigrliJicaritl\. I~igllcr ylcltl ol \ \  llcal i111i1 ~ I . O L J I I ~ I I L J ~  1tc1.c OIJSCI \ CCI  \v1t11 

;tpplic;ttion 01'25 per cell[ N cill~el- tIlro11gl1 (;I M or I;>'hl I I00 per ceril N 

lllrougl~ urea as coliipa~ed to ,1~71?1i(:;il1oli 0 1  25  pel cci~t  N tllrougll ( ; I  M i 

75 1x1' cent N tl11ough ureCl to rict ( the o1llc.r Iialici. upy?licatioli ol 2.5 per 



cent N tjlrough (;l,M t 100 per ccni N tlirough urea resulted i l l  s ~ s ~ i ~ l i c : i ~ i t l j  

higher yield 01' r n a i ~ e  and soybcall as compared to 25 p c ~  ccrlt N lhroi~gh 

I:YM t 100 per celit N tlirough urc'a ancl 100 per cent N tl~rougll urea to rice. 

Application 01'25 per cent N tliroi~gh I'YM t 75 per cell1 N througli urea to 

ricc recorded signiticaritl) lo\ver icld 0 1  \\lieat atld ~iiai/c as co~i~l~arccl  lo 

al>plicatio~i 01'25 per ce~i t  N tll~ouglr (;I M 1 75 per cclil N Iliroirgli urea to 

rice. I loweter, i t  \vas con~parahlc i t  ~ t l i  75 per cent N tllrougli (;I h1 I 75 per 

ce~i l  N tlirougli ilrea appl~ed to I I L ~  111 ca\c 0 1  so jbea~l  a ~ i d  g r o i ~ l ~ d ~ l ~ ~ t  

Apj7licatiori of.25 per cc~it  11 cillicr [ h ro~~g l i  (i1.M or lqYhl 1 I00 pel cent 

N tlirougl~ urea to rlcc rcs~~l tcd  In significantl! Iliglic~ tiitroge~i. 

pl~ospllorus and ~ > C ) I ~ W I L I I I ~  11p1ahc I?! 1 I t .  I .  0 l e i  ;ind 

g~.ou~idllut as collipareti lo appl1c~1t1o11 0 1 '  I00 per- ce~l t  N tllroi~l~li t~re;i 10 

rice. Application o f  25 per cerlt N tl~t-oi~gli IsYM 1 75 per ccril N tli~ougli 

urea to ricc lecordeti srgrlilic:i~llli l o \ i e ~  r~itrogcli. pllospliol-11s arld 

pot;issiuli~ uptal\e 1>y \\lieat. Iiial/c. so! t~c;lri a ~ i d  g ro i~~ id r~u t  <is c o ~ i i ~ ~ ~ ~ r e d  

to applicatio~i 0 1  2 5  per cc~i t  N I I I I ~ L I ~ I I  (;I hl 1 7 PCI. C C I I I  N I I ~ I O ~ I ~ I I  

urea to ricc. 

Allel. I~i~l-vesl 0 1 '  I . ( I / J ~  ~1.013s. sig~iilic:~~itl! liiglie~~ soil ~iv:~il :~l~le ~ii~r-oge11, 

pllosl~liori~s and potassii~~il \\ere oblser-\ cci \I itli  applic:itio~i 01 2 5  per- ccrit 

N t l i~~oi~gl i  0 1  ,hl 1 100 per cell1 P4 ~ \ I I . o L J ~ \ ~  i ~ r e ; ~  L O  rice ;IS co~ i i~) ;~rcd  lo 

;ipplic;~tiori 0 1 ~  25  per ceril N l l i ~ ~ o i ~ g l ~  I:l'bl 1 I00 per- ce~i l  N ~Iirot~pll t1re;i 



to  rice \vhich illlurn recortied sigriilicaril I >  higher soil :ivailat?lc NI'K over 

tliat ol' 25 per cent N cilht'r tlirougli C;I,M or I:YM 4 75 pel WC"L N 

111ro~rgll [Ilea i111t1 I00 I I I N 1111ougI1 illca I I  ( o  I ice 

Signilicantly lo\ver soi I ucailablc I ~ I ~ I  ogen. pllospliorus and potassii~~n \\ere 

observed \z i th  applicatior~ ol I00 pel cell1 N tliroi~gli LI ICYI  to rrcc ;IS 

colill~ared Lo 25 pa- cent N tliroilp.li I Y M  t 75 per cclit N tlil.ougl1 urea 

applied to rice. 

• Aliel- harvest 01'  ruhr clops. \i~111lic;1111I~ Iiigller so11 a~a~lahlc .  rl~troge~i. 

pliospllorus ant1 polassiurli \\ crc cll>\cr i ed t i  g r o i l r i i t  o r I s t  0 1  llie 

cl.01~. 0 1 1  tlic otller Iia~ld. slg111 lic ~ r r t l !  lo\\ el- so11 a i  :II lal)lc I I I I I  ogcr1 was 

recorded i ~ i  11i3r/c d~rririg l999-~ '000 i~rid 111 \iI~e:it dirsir1g 20()0-100 I >IS 

cornl~ured to sol bcarl. \\ I~lle. s~grl~licarirl  lo\\ el- soil a \  ailablc j>l~ospliorus 

and potassrurii \\ere recortied it1 \ \  licat as co~iiparcd to ~na i rc  allti \o>bean 

during boll1 tlic jcars. 

'l'he soil p1 1 alicr Ii;u\ cst ol '  t.rr/li cl.ops \\ as 11ot sig~ii lic:l~i~.lj i~~llucnced 

by kllrlr.jf rice treatlnenks and rrr0i csops. In 1999-2000, tlic liC: alter 

harvest o t' rtrbi crops did riot di  l'lkr signilican~.ly due to N ni;irlagc~iient 

lrcat~licnts to kllcrr.~j' rice : ~ r i t i  I . (  ri~r croljs. 111 2000-200 1 . alicr Ilar-\lest ol' 

r a t r h i  crops. cornparablc I . ( '  \ \ a s  ollser\cd \ \ i t 1 1  applici~~ior~ ol' 15 pel. cent 

N Lllroi~gll FYhl 1 7 pcr cc11l k rllrollgll urca arid 2 5  pcr c~cr~l N cithcr 

tlirough I;YM r I 100 per' ccrit N thro~~gll  rlr.ca to rice. 



~ i g l l i ~ i c ; l l i l ~ J ~  I i i g I ~ i ~ ~ ~  I * : ( '  \ \ : IS O I > L ; C , I . \  t%<l 11 1111 :~~>pIic:iliol~ 0 1  I00 I > C I  cc11t N 

tl11.0~1gl1 ~ I I . ~ ; I  i I i : ~ r i  I I I : I I  0 1 '  :ipl>li(::11io11 0 1 '  25 per. cc11t N cillicl~ ll11~011gl1 

(il.hI or I'YM t 75 01 I00 ~ ~ c r  c.cri1 N l l i r o ~ ~ g l ~  r1rc;i lo I-icc-. l lie I:C' 

values 01' soil noticed alicr I1;ir\est 01' groundllut alid soylxali Mere 

co~~~j>; t~-ab le  anti sigriiiica~itl?. Io\\ct. tli;ili tliose alier \vlie:tt alid 111;iize. 

Alier hartest ol'r.trhr crops. .;~gliilici~lltl> Iilgller bulk  densltj \ \as  ~ecorded 

I\ i t11 :ippIlc:itio~i 0 1  I00 pCl cc11t 11 I I ~ I O L I ~ I ~  r11e:i lo I I ~ C  o\  (:I 101 01 tlic 

treatriients to ricc.. I hc. bi~lk de~~i i t !  dld 1101 \;II-\ signrlicatill? \vith 

appl~catioli 01' 25 cent r\l t'ltlli'r tlil.ougli (31 h1 ot 1:)' M 1 -'5 01 I00 

per cent N tllroi~gli U ~ C ; I  ;ipj>Ire(l to rice 0 1 1  the otlier har~d. ~ ~ g r i l l i c a ~ l t l ~  

lo\ver bulk dencilj was rioticed \%. t l l ~  applicatioll ol 25 1 x 1  c a ~ t  N Ihlougll 

1.Y hl + 75 pel cctit N 1111011y11 111c;1 to t lee l lie billk derislf> ohsetceti 

alier harvest o l  groiltidnut :11ic1 \o! heal1 \ \  as coliiparable ;tnd srgllt licanl I }  

lower tlla~l that obset \ ed ill ter l1:11\ c\t 0 1  \\ lieat nrld nlarzc 

SigrliIican1.1p higher llct li~ollclar.!. rctitl.lis. t3:C' ratio and ricc grain 

equivalent yield were ohtailled ill r ice-~ilai~e croppil~g systeni its colnpared 

lo rice-groundnut wit11 ; i~~ l> l i c ;~ t l c~~~  01'  25  per cenl N ttirot~gli ;I ,M t 100 

~ C I .  c~clit N tliroirgli ~II ,C: I  tIi:111 1 I 1 ; i l  01.25 pel- cell1 N I I I I ~ O I I ~ I I  l , k ' h l  1 I00 

per cuit N 11-1rougl1 urea :tricl I00 I)er cerlt N tliroi~gli iIre;I al>plrctl to rice. 

0 1 1  tllc olller hand. signi lic,ar~tl! lo\ier rlct 11lorictar.y 1.et11l-11s. I { : (  ' 1.atio atid 

rice gl.ai11 cqui~.alcnt \,icld \\.cl-e rc.col.cied i l l  rice-so~,bcali c r o ~ ) ~ ~ i ~ i ~ c  ~\~stell i  



as co~lipared to r e - i t  \\it11 ~ I i c t i r  01- 25 per eelit N ~llrol~gll 

I:Y h.1 t 75 per cent N tht.oilgli ustba as coriipared to 25 per cerlt N tlirougli 

( ; l ,n / l  75 per cell1 N ttiroiigli t~rc'ii to rice. 

1 lie t ice-niaile cropping s j  stclli I tacc)t dcd s~grii licatitlj Iirgher carbollqdrate 

and cticrgj arld protein eclui\ alcrlt ! ~clds. rcsl,ccti\ cli\ o~ el rice-\\ Ileal atid 

rice-groundnut croppirig s!ster~i\ \\1t11 npplicatiori 01' 25 per cclit N eltlier 

tliroirgli ( i1 ,k l  or 1 \ M 1 100 per cc~it N tllroi~gli iircti () \el  1I1:il 0 1  I00 

pcr cclit N tIiro~1gli irrc;~ to I I C L .  ( 1 1 1  the otllcr Iiancl. \ig~iilicalill> Io\cer 

carbohycirate a ~ l d  erierg! ,111ci Iwotciri c q u ~ ~ a l e n t  jiclds \ \etc liot~ccd iri 

rice-soqhca~l and rlcc-\i Ileal cr op1711lg \! stcllis. ~cspcctrccly :I\ colrij,arcd 

to rice-grol~ndniit and rrce-coj beall ctol)l>~~ig sjstetn\ \ t i i l l  application oI 

25 per cent N througli I< \ 'h l  t '75 per cent N tlirougli urea tliarl that ol 

25 per cent N tllrough G1.M t 7 5  per ce~lt 1V througll urea appl~cd to ricc. 

Conclusion: 

'l'lie results obtai~icd li.0111 the in\ cstigation iridicated 1Iial appl icatio~i 01' 

25 per cent N tlirougli (;I ,bI -1 I00 ~ C I .  ccrit N t111.0~1gli LII-C;I to /(II(II.I/'  ice  rid 

growing maize during ~ . r r l ) i  \ \ i t11 recocl~i~leridcd dose of' lbrtilizcr- \ \as inore 

remunerati\,c (in tcrlns ol net rctr~rlis. I3:(' ratlo tr~ld ricc gl-ail1 ecluivale~it ~vicld) 

arici sustai~is soil i'e~tilily \vilhol~t clcplc~iori. I'lle rice-grour~d~lt~t cr,oppilig 

scqi~crlcc slio\\cd sigr~ilicarit el'li.cl iri ~r~c~-casirig soil Ibrtilit?, O \ ~ C I .  i r i i t i : ~ l  soil 

status a ~ i d  li,t~iid s e c o ~ ~ d  best cco~lolliic ci'op sc~qtlelicc. 
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