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Investigations were carried out at Tamil Nadu Agricultural University, 

Coimbatore from June, 1993 to February. 199) to evaluate the direct and residual 

effects of non-conventional green leaf manures applied with varying levels of N for 

lowland rice • rice cropping system in comparison with conventional green leaf 

manuring 

Experiment was laid out in split plot design, replicated thrice during Kharif 

season to study the direct effect of applied green leaf manures and different levels of N 

and in split-split plot design during Rabi season to study the residual effect of green leaf 

manures and applied N to Kharif rice During Kharif season four non-conventional green 

leaf manures Viz., Ipomoea rep/am, /o',,:hhornia cras.lipe.l. Ca/o/ropls xigalliea and 

I.ellcaena lellcocepha/a were compared against the conventional green manure, Seshallia 

(leu/ea/a in addition to one control (no green leaf manure application) Four levels ofN 

(0,40,80 and 120 kg N ha-') were also included along with different green leaf manures 

as treatments During Rabi seaso " each sub plot of Kharif main treatment was divided 

into two to accommodate two extra treatments Viz, 0 and 100 kg N ha- I 



This was done to study the residual effect. This cropping system experiment was done 

for two years i.e., Kharif - Rabi of 1993 - '94 and Kharif - Rabi of 19C)4 - '95 

Application of green leaf manures enhanced higher :"-iH. -N as well as NO,'-N 

content both during incubation as well as during main field study Seshania aeulea/a 

released NH,' -N quickly and the release from ('alotropls glgallIea and Ipomoea replans 

was little later Higher N levels (80 and 120 Kg N ha') applied to Kharif rice crop 

showed higher values ofNH. - Nand NO;- N over lower level of N (40 kg N ha") 

Combined application of green leaf manures and fertilizer N recorded the highest NH. -N 

as well as NO,'-N 

Conjunctive use of Seshallla aculeata or Calolropil KiKan/ea or Ipomoea 

replans with 120 kg N ha,j influenced positively the growth components, yield attributes, 

uptake of nutrients and grain as well as straw yields of rice 

Green leaf manures incorporation increased the Harvest Index ( HI ), 

Productivity Score (PS) and Relative Yield Index (RY!), while application of inorganic 

fertilizer influenced only PS and R YI but not HI 

Agronomic Efficiency (AE), Apparent N Recovery (ANR) and N Harvest Index 

(NHI) were improved by the application of Sesbal1la ael/lea/a or ('alotropis KiKantea or 

Ipomoea replans, However, Physiological Efficiency (PE) was not altered. AE, PE and 

ANR were higher in lower level ofN tried (40 kg N ha"), in contrast, the NHI was the 

highest with the highest level ofN tried (120 kg N ha"j 

Ipomoea replans, Leucaena leucocephala and Calotropis Klgantea left 

significantly higher soil available N after the harvest of Kharif rice crop. The increase 

was 8,86,8,19 and 7,01 per cent during 1993 and ]3,26,11.83 and 10.83 per cent during 



1994 respectively over control Increasing levels of N had increased the post Kharif 

harvest soil available N. Computed N balance for Kharif rice was positive when green 

leaf manure + inorganic fertilizer were combined 

Higher residual effect of LClicaena lellcocephala, ('alalrop;s x/galliea and 

Ipomoea replans applied to Kharif rice on Rabi rice growth attributes was noticed 

Levels of N applied to Kharif rice had no effect on Rabi rice growth attributes 

Application of 100 kg N ha' I to Rabi crop alone had increased the growth attributes as 

compared to no N application to Rabi rice. 

Application of Calotropis [;Igantea , Sesban;a acu/eata , ipomoea replans and 

Leucaena lellcocephala in order along with 120 kg N ha,j applied to Kharif rice 

significantly influenced the yield attributes of Rabi rice Levels of N studied on Kharif 

rice did not have any influence on the yield attributes of Rabi rice Recommended level 

of fertilizer application to Rabi crop improved the yield attributes. 

N, P and K uptakes in Rabi rice crop were higher in ipomoea replans, l-ellcaena 

/eucocepha/a, Ca/olropis giganlea and Sesbania aeu/eata applied plots. Application of 

120 kg N ha,j to Kharifrice also had improved N, P and K uptakes in Rabi rice and this 

result was comparable with 80 kg N ha' j 

Green leaf manures application to Kharif rice crop increased the Rabi rice grain 

yield from 12.9 to 78.8 per cent over control. Among them, application of rellcaena 

/eueocephala, Jpomoea replans, Ca/otropis ![igantea and Sesbania aculeala increased 

the grain yield ofRabi rice. Carry over effect of fertiliser N applied to Kharif rice was 

absent in Rabi rice. Application of 100 kg N ha,j to Rabi rice alone significantly 

influenced the Rabi rice grain yield and produced 124 and 72 per cent increased grain 

yield during 1993 and 1994 respectively over no N application to Rabi rice 



Green leaf manuring applied to Kharif crop improved the soil fertility status after 

the harvest of Rabi rice crop also. Incorporation of green leaf manures increased the 

organic carbon, soil available N, P and K Calolropis f{'galllea, I.ellcaella l£,lIcocephala 

and Ipomoea replalls left more soil N in the cropping system studied Application of 

100 kg N ha- I to Rabi rice improved the soil available N status but decreased the P and 

K status in the soil after rice - rice cropping system 

Application of green leaf manures in combination with fertilizer N to Kharif rice 

and fertilizer N to Rabi rice increased the net return The BC ratio was the highest when 

Ipomoea replans + 80 kg N hil were applied to Kharif rice with 100 kg N ha- I applied 

to Rabi rice This treatment was comparable \vith the Bf' ratios obtained under 

Calolropi.\ i!;ganlea or Seshafl/a aeillea/a with the same inorganic fertilizer level to 

Kharif and Rabi rice 

Considering the productivity, soil fertility and economics, the summary goes to 

say that 

Application of Ipomoea replans, a non-conventional green leaf manure at the 

rate of 8 t ha- I in combination with 80 kg N ha- I applied to Kharif rice in addition to 100 

kg N ha- I applied to Rabi rice is recommended This combined treatment had given 

higher Be ratio and also passed out from the partial budgeting Further, this treatment 

had maintained positive soil nutrient balance after rice - rice cropping system 

In the absence of Ipomoea replans, the best bet alternative non-conventional 

green leaf manure would be Calotropis giganlea at the rate of 6 5 t ha- I with the same 

inorganic combination 
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INTRODUCTION 



CHAPTER I 

INTRODlJCTJON 

Rice being the staple food of Asians, especially for Indians, its cultivation has 

spread over to 41 Mha with a total production of 75 Mt in India Thus the productivity 

computes to 1720 kg ha- J Demographers fear that Indian population may cross one 

Billion by 2000 AD To meet the food demand of the growing population, India has to 

produce 21 Mt of exlra rice from the rice cultivated area of 41 Mha (Sampath, 1990) 

Unless the gap between production and consumption is so bridged, India has to face a 

social revolution in the coming years Hence the immediate task of scientists engaged in 

crop production is to generate technologies to increase the productivity of rice from the 

present level, since the rice yield from one hectare could sustain 5.7 persons in a year as 

against 5.3 for maize and 4.1 for wheat ( De Datta, 1981) 

Because of the existing Natural Endowments in India, with obvious constraints, 

the rice crop is being cultivated as monocrop under upland situation and as well as in 

different cropping systems under irrigated condition Among the rice based cropping 

systems in India, rice - rice is the most popular lowland cropping system under irrigated 

condition especially Sundarban delta of West Bengal, Krishna - Gothavari delta of 

Andra Pradesh, Mahanathi delta of Orissa and Cauvery delta of Tamil Nadu. 

Sankaran (1988), during his endowment lecture at Coimbatore opined that 45 

per cent of yield advantage from rice comes from introduction of modem technologies 

over traditional and among them fertilizer is the key point Between major nutrients, 

nitrogen is the kingpin, since the masked yield potential of high yielding rice varieties is 

exploited by its various levels. 



In India, 11 6 Mt of plant nutrients are annually applied to crop production and 

out of this, 40 per cent goes to rice production Hence the quantity of fertilizer used per 

hectare of rice had remarkably increased in the last two decades On the other hand, the 

fertilizer use efficiency has come down to 8.1 kg grain per kg of applied N in 1988 - '89 

from 17.1 kg in 1970 - '71 (Kundu and Pillai, 1991) 

Among the identified reasons for this low fertilizer use efficiency, meeting 

individual crop needs as compared to cropping system approach, practising inorganic 

fertilizer alone, improper technological adoption etc are some of the known reasons 

Nutrient prescription for individual rice crop is usually being made with out any 

consideration on the system as a whole and as a result, the recommendation becomes 

uneconomical Food and Agricultural Organisation has conceptualised the idea of 

system approach for plant nutrition, who's main concept is the integrated use of available 

resources of plant nutrients in the cropping system as a whole 

Indian soils are generally low in N With continuing world energy crisis, the 

fertilizer cost has increased steadily. In addition with the policy on decontrol, the cost of 

fertilizer N still goes beyond the reach of farmers At this context, the N hungry Indian 

soils can not be met with inorganic fertilizers, especially N fertilizer Ukita et a/. (1972) 

opined that chemical fertilizers are not only costly but also pollutants. The enumerated 

facts made the farmers with no option except to fully exploit the potential alternative 

source of plant nutrients atleast to partially substitute the fertiliser N for rice based 

cropping system so as to maintain the productivity Through integrated nutrient 

management, by judicious combination of organic sources especially green manures and 

green leaf manures with fertilizer has a greater scope to increase the productivity by 

proper blending. This approach not only sustains soil fertility and productivity but also 

keeps the environment intact with reduced cost investments (Swaminathan, 1987) 

However, the practice of green manuring to rice is over looked after 1960s for many 

known reasons. 



Presently green manuring in India is adopted only in a negligible extent due to 

two dimensions of time and water and non availability of larger quantities of green 

manure seeds Ho;ever, green leaf manuring is practised to second crop of rice in 

most of the deltaic region with out any scientific rationale Green leaf manuring to rice 

has greater scope over green manuring because of its abundance availability in the nature 

They don't require any management and also they come up ",ith natural rain. These are 

all the added advantages of green leaf manures Among them. the non-conventional 

green leaf manures like Calolmpis J?1J?anlea and Ipomoea repla", come up very well 

under tropical waste lands with least care The other green leaf manures like Ipomoea 

replans, a problematic weed in water ponds and the rellcaena lellcocephala were not 

effectively used for green leaf manuring practices Application of the above 

non-conventional green leaf manures are not popularised with the farmers due to dearth 

of research information 

The system approach to research on nutrient management should have goal 

seeking orientation leading to problem solving. resulting in improved nutrient 

management practices Research work on Integrated Nutrient Management in rice based 

cropping system to develop optimum management strategies has been well studied with 

green manuring, but not with green leaf manuring especiallv non-conventional green leaf 

manuring In this context, the present research agenda was drawn for study with the 

following objectives 

To study the effect of non-conventional green leaf manures application on the growth, 

yield attributes and yield of rice for a cropping system of rice - rice 

- To study the effect of full and partial substitution of chemical N fertilizer with non­

conventional green leaf manures on the growth, yield attributes and yield of rice 

for a cropping system of rice - rice. 



To observe the N release pattern rrom full and partial substitution of fertiliser N with 

non-conventional green leaf manures 

- To study the residual effect of different non-conventional green leaf manures and 

fertilizer N applied to the previous crop to the succeeding rice crop 

- To study the change in soil fertility under the above practices 

To e\olve an integrated N management practice for rice - rice cropping system based 

on economics 



REVIEW OF LITERA TlJRE 



CHAPTER II 

REVIEW OF LITERA TVRE 

Rice is a unique among the major food crops because of its semi aquatic and 

grows best in a flooded soil. By the year 2020, the earth will be home to eight billion 

people and 40 per cent of them would be rice consumers Thus the world's annual rice 

production must increase by 74 per cent from today's production of 519 Mt (Dedolph, 

1993) 

Fertilizer N played key role in increasing the yield of rice and response of rice to 

N was universal (Me Cure and Strangel, 1982) About 75 per cent of leaf nitrogen was 

associated with chloroplast, which implied its physiological importance in dry matter 

production through the function of photosynthesis (Savant and De Datta, 1982). In the 

storage organs of many crops, the deposition of nitrogen was also closely related to the 

sink capacity which intum affected the potential yield performance (Dreyfus el ai, J 985) 

Rice accounts for about 1/3 of the total N consumed in India. Most of the rice 

soils in the world were deficit in N and in India about 67 per cent of rice soils were 

estimated to be deficient in N (Mahapatra et aI, 1985) Unfortunately, the flooded rice 

ecosystem provided a picture in which efficiency of rice to utilize the native as well as 

applied N was very low, seldom exceeding 30-45 per cent ( V1ek and Byrnes, 1986). To 

increase the N use efficiency as well as to keep the soil productivity intact and to certain 

extent reduce the quantity of N fertilizer used, integrated nutrient management concept 

has come in to existence (Morris et ar, 1987). 

Application of split doses at basal and tillering in the presence of green manure 

increased the N use efficiency (Furoc el at, 1988). Substituting atleast a part of chemical 



fertilizer nitrogen with organic and biological sources will keep the ecology sound and 

help in sustainable agriculture 

The research works carried out in India and other countries related to integrated 

N management through green manures and inorganic fertilizer for rice based cropping 

system are reviewed in this chapter 

2.1. SOURCES OF NITROGEN SUPPLY 

Asia is now the largest and fastest growing market for nitrogen in the world. 

Among the Asian countries, annual consumption rates of China, India, Pakistan and 

Indonesia were more than 14 per cent of the fertilizer nitrogen already used ( De Datta, 

1985). But unless N losses are minimized, most of the potential benefits from increased 

N fertilizer use may be lost. Recent endeavors of several International Scientific F OfUms 

have been focused on this aspect leading to many viable recommendations for efficient 

use ofN in rice soils. One of the promising techniques is the conjunctive use of chemical, 

organic and biological sources of N. Nitrogen transformation process and N management 

in low land rice had been adequately summarized in review papers (De Datta and 

Patrick, 1986 , Haynes, 1986 ). 

2.1.1. Contribution of soil nitrogen to rice productivity 

Applied nitrogen and native nitrogen of the soil are the two important 

components of rice production system Many chemical and biological process in the soil 

influence the availability of nitrogen to low land rice. By using 15N technique, measuring 

and accounting for the dynamic changes of mineralization - immobilization process have 

been made possible. The amount of N mineralized in a soil during the crop growing 

season varied with soil and environmental conditions and depends on the measurement 

techniques used. According to Ito and Watanabe (1981), mineralization 



could be 5 times greater for biologically fixed N (23 4 per cent mineralized) than for the 

native soil N (4 6 per cent mineralization) 

Mineralisation of organic nitrogen in flooded soils largely depends on the 

chemical and soil microbial environments. Koyama (1981) and Sahrawat (1983), found 

that 50 to 75 per cent of N was supplied by the soil to the crop Keerthisinghe el al_ 

(1984; 1985), concluded that the exchangeable NH4 and in some soils, the non­

exchangeable NH4 were the most important soil N fractions easily available to low land 

rice at early to mid tillering stages. Moreover organic soil nitrogen might contribute 

substantially to nitrogen supply at the spikelet filling stage. In soils rich in vermiculite, 

the non-exchangeable NH4 should also be considered for N fertilizer recommendation 

to low land rice (Mengel et al_, 1986) 

In many situations it is found that nitrogen from the soil alone is sufficient for 

sizable yield_ Bouldin (1986), reported that upto 3 t ha- l grain yield had been consistently 

obtained without N fertilizer, while the same 3 t ha- l grain yield increase was shown in 

another situation under 100 kg N ha- l using best splits of urea N Inubushi and Watanabe 

(I 988), reported that 79 to 83 per cent ofN in the rice plant at harvest was derived from 

soil N 

2.1.2. Contribution of organic manures to rice productivity 

Increased use of fertilizer in improved varieties with meticulous irrigation 

programjare the key factors on the growth of rice production in Asia and elsewhere. 

Between the first and second halves of the 1970s, average fertilizer consumption grew by 

50 per cent in south Asia, 39 per cent in south east Asia and 53 per cent in east Asia 

(Patnaik, 1978; David and Baliscan, 1981). But such impact hadn't come from organic 

manures Organic manures may not replace the chemical fertilizers, but it can 

supplement / complement the inorganic fertilizers usage (Bin, 1983). 



Organic fertilizers especially green manure crops, traditionally important source 

of nutrient, declined in relative importance with the rapid use of chemical fertilizers 

However, interest in the potential for expanded use of green manure had been renewed 

due to the oil price shocks that resulted in sharp increase in fertilizer price during 

1970 s (Rosegrant and Roumasset, 1985) 

Concern also has been rising over possible long-term adverse effects of heavy use 

of chemical fertilizers on soil structure, crop productivity and off-farm pollution Green 

manures and other organic fertilizers could maintain and improve soil structure. In sandy 

soils, increased organic matter improved water retention and reduced the leaching of 

nutrients In clay soils, added organic matter could improve soil porosity, reducing 

water run-off and erosion losses (Repetto, 1986) and could provide a number of 

micro nutrients not available from chemical fertilizers(Rosegrant and Roumasset, 1988; 

Ishikawa, 1988). Sharma and Mittra (1989), reported 28 per cent yield increase due to 

green manure application 

2.1.3. Contribution of fertilizer nitrogen to rice productivity 

Unlike other cereals, nitrogen is required in large quantities by rice crop to 

produce one kg of photosynthates Response of rice to nitrogen in flooded rice soil 

condition indicated the deficiency / low status of soil nitrogen Tanaka (1961), stated 

that under favorable condition of rice cultivation, the uptake of nutrients was rapid during 

specific stages and therefore, the nutrients must be applied at those stages of maximum 

requirement to obtain increased grain yield. Ishizuka (1965), observed that uptake of N 

by rice followed a sigmoidal curve viz., initial lag with subsequent steady progress 

which leveled off at the end. Vlek el al. (1979), noted that application of 



fertilizer N between two weeks after transplanting at maximum tillering influenced the 

grain yield. Yoshida (1981), noted that N utilization efficiency of rice for grain 

production was about 50 kg per kg of N used in the tropics 

2.2. FERTILIZER NITROGEN 

2.2.1. Nitrogen transformation in rice soils 

The transformation and availability of N in submerged soil are different from 

aerobic soil. Flooding the soil resulted in accumulation ofNJ4-N due to the instability of 

nitrate, coupled with low N released from organic matter decomposition (Savant and De 

Datta, 1982, Farroqui el ar, 1983) The biological, chemical and physical processes 

involved in the transformations of N in the flooded soils include 

(i) Mineralisation of organic nitrogen to inorganic compounds through 

ammonification, nitrification and denitrification. 

(ii) Immobilization of organic and inorganic nitrogen by micro organisms and 

(iii) Clay fixation. 

The objective of good N management in rice should be to maximize the N uptake 

and to minimize the other transformations which compete with the plant for available N 

besides the transformation processes leading to losses. 

2.2.1.1. Ammonification 

The inorganic N fractions, more particularly NH4-N contributed an extremely 

dynamic N system in the soil and was the most influencing factor for rice production 

Ammonification, the first step in mineralisation is defined as the biological conversion of 

organic forms ofN into inorganic N, viz., NJ4-N. It is essentially a catabolism of amino 

acids and presumably includes several types of deamination reactions. 
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The ammonification process was affected by several factors including soil 

temperature, physical treatments like puddling, moisture level, wetting and drying, quality 

of organic matter in the soil, clay content etc. (Ponnamperuma, 1972) Broadbent (1978), 

found that the pH had little effect on the rate of ammonification while soil temperature 

had profound influence (Dei and Yamasaki, 1979: Savant and De Datta, 1982; Sahrawat, 

1983; Marion and Black, 1987) Water logging had positively influenced the rate of 

ammonificaiton as reported by Mahapatra and Khan (1987) and Sannigrahi and Mandel 

(1987) 

2. 2.1.2. Nitrification and denitrification 

lU 

Rice soil system consists of aerobic and anaerobic micro and macro sites The 

aerobic sites constituting both the oxidised surface soil layer and the plant rhizosphere 

favoured nitrification process. The reduced soil layer lying below the oxidised zone was 

highly conducive for denitrification (Yoshida and Alexander, 1970) Nitrification, 

biological oxidation of NH4 to N03 are common in rice soils, lead to the loss of 

nitrogen. This strict aerobic process occurred in the oxidised surface layer where the 

oxygen supply was not limited (Broadbent and Tusneem, 1971: Dancer et ai, 1973; 

Watanabe et ai, 1981) The nitrate formed in the oxidised layer diffused to anaerobic 

zone to undergo sequential reduction to N03, N02, N20 and N2 (Savant and De Datta, 

1982, Mosier et ai, 1982) 

Reddy et al. (J 976), reported that nitrification reaction was a slow reaction 

followed zero order kinetics and was found to be influenced by factors like soil pH. 

organic mater, temperature, moisture, fertilizer management practices, stage of the rice 

crop etc. Katyal and Gadalla (1990), reported that besides soil properties regulating 

nitrification activity, flood water concentration of NH4 ' - N seemed to play an important 

role in nitrification and subsequent denitrification 
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2.2.1.3. Immobilization 

Immobilization ofN was caused by microbial fixation where the applied or native 

inorganic N was converted to an organic form in the soil leading to a decrease in fertilizer 

N availability to rice (Abichandani and Patnaik 1958; De Datta, 1978; Kai and Wada, 

1979). The relative magnitude of the availability ofN was decided by both mineralization 

and immobilization processes which were continuous and simultaneous processes but the 

goal of these processes were opposed to each other Immobilization of fertilizer N might 

not be considered a5 a loss because the N was not removed from the soil system and it 

might become available to rice in the course of time as a result of mineralisation. 

The extent of immobilization depended upon the soil moisture regime and the 

chemical composition of soil organic matter Under anaerobic decomposition, low 

mineral N was found to be immobilized compared to aerobic decomposition Wide eN 

ratio of the added organic matter, the larger was the amount immobilized (Yoshida and 

Padre, 1975) The algal immobilized N could be remineralized. Recent experiments 

showed that 37 to 52 per cent of algal N was remineralised and utilised by single rice 

crop (Wilson et aI., 1980) 

2.2.1.4. Clay fixation 

The NH4-N not extractable from the soil by KCI is generally termed as fixed 

ammonia. The resultant product of mineralization of soil organic matter was subjected to 

chemical immobilization or lattice fixation (Bhattacharya, 1969; Broadbent, 1978) The 

fixation was increasing with increasing levels of added nitrogen (Rajue and 

Mukopadhyay, 1975; Ramanathan et a/., 1977; Doram and Evans, 1983) 



2.2.2. Response of rice to N fertilizer 

Most of the soils in south India are low in available N warranting judicious 

application of fertilizer N for sustained rice yields The nitrogen use efficiency in rice is 

reported to be generally less than 40 per cent depending upon the rate and source of N 

used, method of application, soil characteristics, crop, variety, seasonal conditions, water 

management and cropping system, 

Major breakthrough in rice production was brought about by the high yield dwarf 

and semi dwarf rice varieties with short stem, erect leaves and non lodging characters 

which helped to use solar energy very effectively and hence yielded more when N was 

applied ( Subramanian and Thangamuthu, 198 I ) 

Maximum rice grain yield was obtained with more than 120 kg N ha'! in most 

soils under high solar radiation, whereas a little dose was sufficient for lower solar 

radiation (Fagi and De Datta, 1981) In sandy loam soils, rice responded linearly upto ISO 

kg N ha'! and in clay loam! clay soils, 125 - 150 kg N ha'! was found to be optimum 

dose for maximum rice yields (Rana el at, 1984 ,TRRI, 1986, Balasubramanian and 

Palaniappan, J 989 ), and the rate of response decreased with increasing levels of N 

application Nitrogen application as high as 200 kg N ha'! or more had been tried for rice 

in different parts of India, particularly in Tamil Nadu (Dhanapalan Mosi el at, 1987). 

In the soils with low N status, rice cultivars responded significantly interms of 

grain yield to N application up to 150 Kg ha'! ( Maskina el at.. 1992). The short growth 

period, high demand of N by the crop to cope with the high production of grain and stra", 

made rice cultivars respond significantly to higher N rates ( Mahajan and Tripathi, J 992) 



Application of N before flowering was very effective in increasing yield (Wopereis 

e/ aI., 1993). Thiyagarajan el al.( 1993), reported that the N recommended for short 

(105 days) and long (1 SO days) duration crop ranged between 100 to 1 SO kg ha" under 

Tamil Nadu conditions. 

2.2.2.1. Growth character 

Many workers reported the positive influence of N on growth parameters of rice, 

as indicated by increase in plant height (De Datta, 1981, Ramasamy and Dawood. 1985; 

Ramasamy, 1992, Rajeswari, 1990), tiller production ( Chandrasekaran, 1984; 

Krishnakumar, 1986), leaf area index and dry matter production (Venkitaswamy, 1986; 

Srinivasulu Reddy, 1988) 

In general, increased application of fertilizer N showed a beneficial effect on most 

of the growth components ( Siddeswaran, 1992; Devasenapathy, 1994) of rice 

2.2.2.2. Yield attributes 

Yield components of rice were favorably influenced by N application. Increased 

number of panicles per unit area (Subbiah et al.. 1983; Nachimuthu. 1985; Sivabal, 

1989), longer panicles (Reddy, 1985; Rajeswari, 1990) and increased number of filled 

grains per panicle (Sankaranarayana, 1985; Balasubramanian, 1989) were observed at the 

enhanced level of application of N. Though the added N has not generally influenced the 

test weight of grains (Sivabal, 1989), in some studies, a slight increase was observed 

with higher levels ofN (Srinivasulu Reddy, 1988; Singh el al.. 1990) 

2.2.2.3. Yield 

Enhanced rice yields to N supply have been reported by many rice researchers. 

However, there exists an optimum N requirement for each varieties, each ranges from 



80 to 225 kg ha-
1 

(Stangel. 1979) The positive response of high yielding rice varieties 

to N application as reflected by higher grain and straw yields had been demonstrated by 

several workers (Mongia et ai, 1989; Natarajan and Manickam, 1991, Singh el ai, 

1990; Siddeswaran, 1992; Devasenapathy, 19(4) 

2.2.3. Nitrogen uptake 

Nitrogen is absorbed rapidly during vegetative phase and the maximum rate of 

uptake was reached at flowering (Mikkelsen, 1970, Chaplin, 1972) Both field and 

laboratory studies revealed that N was taken by the rice crop continuously fi-om seedling 

stage to physiological maturity (Kharg and Singh, 1973) 

Uptake of fertilizer N by rice crop occurred mostly between 30 days after 

transplanting and panicle initiation stage There was a rapid uptake of fertilizer N at these 

stages and slower uptake during the later period of growing season Beyond panicle 

initiation N uptake was rather low (Obcema et al.. 1(84) 

Application of N invariably increased the uptake of N (Krishnakumar, 1986, 

Shukla el ai, 1989; Guindo el at. 1994) with a corresponding increase in the uptake of P 

and K (Balasubramanian, 1989; Alagappan, 1990; Siddeswaran,1(92) 

2.2.4. Residual effect offertilizer N 

Jansson (1963), reviewed the research on residual effect of N and concluded that 

fertilizer N, in general had a very little residual effect on the succeeding crops 

Soil retention of the applied 15N fertilizer as residual N ranged fi-om 22 to 55 per 

cent with the inconsistent relationship to either the methods or times of N application. 

Band application usually maintained the highest residual N while the surface or 



broadcast application with standing water registered the lowest retention in the soil 

(Mikkelsen, 1987) Soil retention of about 20 to 30 percent of the labeled 15N was 

reported by Angayarkanni and Manickam (1990), in clay loam soils of Perivar Vaigai 

command area. Ilango et at (1990), reported that in the residual crop of rice, the 15N 

recovered was 3 75 to 3.95 per cent Larger portion of the ISN in the soil was not 

utilized by the residual crop and was retained in soil to aid the building up of soil fertility 

due to conversion into organic forms. 

2.3. Use efficiency 

2.3.1. Recovery of applied N 

Fertilizer N recovery is calculated as the differential N uptake between fertilized 

and unfertilized crop per unit quantity of applied N. It had been reported that the upland 

crops generally used 40 to 60 per cent of the applied N (Mitsui, 1955; Prasad el ar, 
1971) whereas the flooded rice crop used only 20 to 40 per cent (Prasad and De Datt~ 

1979; Krishnappa and Shinde, 1980, Rao and Shinde, 1985; Vlek and Byrnes, 1986 

Manickam el al., 1990) and it rarely exceeded 40 per cent of the applied N according to 

Asian farmers management practices (De Datta, 1981) 

At International Rice Research Institute (lRRI) Savant and De Datta ( 1982), 

using labeled urea found that rice recovered only 25 to 30 per cent of the best split 

applied urea. The percentage recovery of applied N varied to greater extent with soil 

properties, fertilizer sources, application methods, rates and times of fertilizer N 

application and other crop management practices. The total N recovery usually 

fluctuated between 30 and 50 per cent in the tropics with higher values for deep 

placement of N in soil or topdressing of N at later growth stages at lower levels of N. 

Rekhi el al. (1982), reported a recovery of 58 to 72 and 66 to 83 per cent of applied N in 

the first and second year of experimentation respectively 



In a study on the N cycle of flooded rice ecosystem using tracer technique on silty 

loam soil of Loudiana, Reddy (1982), reported a recovery of 33 per cent of N 

Mahapatra and Khan (1983), reported that the recovery of N ranged from 292 to 39 7 

per cent for various sources of applied N According to App el al. (1986), the vield 

potential of rice varieties would also decide the recovery per cent of applied N A 

number of management practices such as split application of N fertilizer and placement of 

N in the reduced soil layer had been designed to improve the recovery of fertilizer N 

which resulted in low retention of the applied N in the soil ( Angayarkanni and 

Manickam, 1990; Scholten, 1992) 

The studies conducted by Natarajan and Manickam (1991), revealed that the 

quantity of N derived from the fertilizer was greater for the short duration varieties than 

medium duration varieties due to higher root densities in the early stages of the crop. 

2.3.2. Nitrogen use efficiency 

Asian farmers have not been able to effectively utilize fertilizer N to boost their 

yields because of excessive losses ( Craswell and Vlek, 1979; De Datta and Patrick, 

1986). The percentage N recovery by rice, in general, varied with the soil characteristics, 

rice varieties and management practices such as the types and sources of N, quantity, 

times and methods of application, use of biological inhibitors, management of weeds and 

water etc. (De Datta, 1986, Watanabe el ar, 1988) 

Increasing fertilizer N application generally led to decreased N use efficiency. 

Escalating fertilizer prices have made it imperative for the rice scientists to develop 

techniques to increase the use efficiency of applied N fertilizers Morris et at. (1986b), 

reported that N use efficiency values of 29 and 31 kg grain per kg N for green manure 

and fertilizer N respectively. Sharma and Mittra (1988), reported that the average grain 
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yield response was 32 kg grain per kg N for green manure Saravanan et al. (1988), 

found higher N use efficiency (215 kg grain per kg N) with conjunctive use of green 

manure and prilled urea than with prilled urea alone (17. I) 

Furoc and Morris (1989), found that the Physiological Efficiency of N recovered 

from green manure was a linear function of N uptake and decreased from 29 to 17 kg 

grain per kg N for 75 and 180 kg ha- 1 of N uptake respectively Mahapatra e/ at (1990), 

reported higher N use efficiency when SesbafITa aculeata was applied along with prilled 

urea (21 kg grain per kg N) than with prilled urea alone (14 kg grain per kg N) 

Schnier et at (1990), stated that Agronomic Efficiency of applied N decreased 

with increasing N levels and it ranged from 60 to 24 kg grain per kg N for N levels of 30 

to 150 kg ha-1 Krishnakumar and Subramanian (1991 j, reported that Agronomic 

Efficiency was 30, 20 and 12 kg grain per kg N at 75, 150 and 220 kg N ha- 1 respectively. 

Thus, Agronomic Efficiency ranging from 17 to 25 kg grain per kg N resulted with 

different methods and kinds ofN material used 

2.4. Rice-based cropping system 

China to sustain intensive cropping with high inputs, used legumes in rotation 

with cereals. Organic and inorganic nutrient source; are integrated with management for 

rice-based cropping systems is the concept being used in "System approach to plant 

nutrition" (SAPN) by Food and Agricultural organization. The concept of SolfllN 

integrated three systems. (i) Integrated plant nutrient systems (IPNS) (ii) Plant nutrition 

based on cropping system as a whole rather than component crop in the system and 

(iii) soil fertility conservation and enhancing soil management system (Roy and Brown, 

1984) According to De Datta (1988), system results should provide basic information 

on the followings 



(I) Technology that is within the management and resource limitation of small farmers. 

(ii) Technology with specific resource constraints 

(iii) Technology which encounters problems that can not be solved or that can not be 
""'~ overcome by a program,_of resource augmentation, market support or extension activities 

The systems approach for nutrient use management should solve the problem 

resulting in improved fertilizer management practices for rice and rice - based cropping 

systems. 

Most recently suitable rice-based cropping systems for different agroclimatic 

conditions had been identified. Rice-rice is the most dominant cropping system under 

deltaic irrigated condition in south and eastern India, whereas rice-wheat, rice-groundnut, 

rice-legume, rice-mustard and rice-potato are some of the dominant rice-based cropping 

systems in different parts of north India (AICARP, 1978) Rice-rice, rice-rice-pulse! 

cotton in south India, rice-wheat-greengram, rice-potato-rice! groundnut in north India 

and Jute-rice-wheat in eastern India are some more examples of intensive rice-based 

cropping systems (Palaniappan, 1986). 

Region specific rice-based systems followed in India had been listed by Pandey 

el al. (1986). Palaniappan and Thangamuthu (1987), reported various rice-based 

cropping systems prevalent in Tamil Nadu. Rice-rice-pulse (green gramlblack gram) is 

the common cropping system for major rice growing areas in Tamil Nadu (Palaniappan, 

1985). 

2.4.1. Nutrient management in cropping system 

Hither to crop production research was focused on individual crops disregarding 

the fact that each crop is only a component of a cropping system Hence the nutrient 
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dosage for the individual crop was calculated based on the response of individual crop 

but not considering the cropping system as a whole This might even led to high and 

uneconomic recommendation of fertilizer dose. Hence fertilization should not be 

considered for individual crop but for the cropping system as a whole (Mahapatra ~I al.. 

1974). 

For increasing the fertilizer use efficiency and economising the use of mineral 

fertilizer, system approach of N supply was emphasized bv Swaminathan (1981) 

Fertilizer use in high intensive cropping systems had been reviewed by Bhardwaj and 

Tandon (1981), Grewal and Sharma (1981), Mandel e/ at. (1981). Meelu and Rekhi 

(1981), Tandon (l983), Pillai et al. (1985) and Biswas ef al (1987) They opined that 

fertilizer prescription approach for the system as a whole was economical and more 

efficient 

For developing the fertilizer schedule for the cropping system, Biswas el al. 

(1987). observed that it was necessary to take irf'to account the residual effect of 

fertilizers applied to the previous crop and the influence of the preceding crop on the 

succeeding crop 

In double crop systems, the Kharif rice recorded a mean grain yield of 4 to 5 

t ha-' and the Rabi crop with 5 to 6 t ha-' with same straw yields, removed 225 to 275 kg 

~, 30 to 35 kg P20s and 325 to 375 kg K20 ha-
1 

The N uptake data indicated very high 

removal of N which often exceeded the recommended dose of N (Mahapatra el al.. 

1990) They recommended a basal dose of 100 to 120 kg N ha- I for both the rice crops 

in the rotation. 
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2.4.2. Nitrogen requirement for rice-based cropping systems 

Purushothaman (1979), reported that each of the rice crops should be fertilized 

with recommended level of N for higher producti\;ty and net return for the rice - based 

multiple cropping systems studied at Coimbatore. Studies conducted at many locations in 

India with rice-rice system indicated that the response to N by the second crop of rice 

was uniformly wide spread, regardless ofN dose to first crop of rice (AICARP, 1980) 

Subbiah and Sachdev (1983), found that each crop of rice in the cropping system 

required N application at the recommended rate. Though considerable proportion of N 

applied to the crop was present in the soil after harvest, its availability to the following 

crop was Jess than three per cent 

2.4.3. Integrated nutrient management in rice-based cropping system 

In soils with low N and organic carbon, combined application of green manure 

with 60 kg N ha- I through mineral fertilizer gave rice yields comparable with 100 kg 

fertilizer N ha- 1 and the residual effect of green manuring was negligible for the 

succeeding crop of wheat (Tiwari et al., 1980; Mahapatra e/ aI, 1981, IRRI 1984) In 

general, N contribution could be 10 to 25 kg ha-1 from grain legumes and 30 to 40 

kg ha-1 from green manures, raised preceding to rice in a rice-based cropping system 

(Mahapatra et aI., 1985) 

Rice responds well to the mineral fertilizer applied but the efficiency of applied N 

was very low. Use of organic manure, biofertilizers and crop residues in rice-based 

cropping systems not only could substitute a portion of the costly fertilizer N but also 

could help to maintain fertility in intensively cultivated rice soils (Swaminathan, 1987) 

The practice of using green manures and biofertilizers and including pulses in the 



cropping system and incorporating their haulms, integrated with inorganic N fertilizers 

received a great deal of attention for efficient and economic management of N for 

rice-based cropping systems (Meelu and Morris, J 987) 

Several multilocation trials conducted to study the management of fertilizer in 

fixed single year rice-rice cropping system revealed that the total productivity, net returns 

and cost benefit ratio of the system as a whole were in favor of combined use of organic 

manures and/or biofertilizers with reduced dose of mineral fertilizers (Mahapatra el aI" 

1990). 

2.4.4. Nitrogen balance in cropping system 

Sharma and Saxena (J 970), found a negative nitrogen balance for four cropping 

sequences with out nitrogen and also with 35 kg N ha I application, while the balance was 

positive with 70 kg N ha- 1 Nair et at (J 973), observed from rice based cropping system 

studies that removal of nitrogen was about 105 per cent against added fertilizer. This 

indicated that rice removed some quantity fi-om soil resource also 

At coimbatore in rice based multiple cropping study, the nutrient balance was very 

much affected by fertilizer nitrogen levels. There was a positive balance when full dose 

of recommended level of N was applied to each rice crop and the balance was negative 

when only half the recommended N was applied to either of the rice crops 

(Purushothaman, 1979). Mahapatra el al. (1985), observed that N balance was negative 

even with 100 per cent of the recommended N for rice-rice system 

In lateritic soils, the nutrient balance study on Nand P in rice-rice cropping 

system showed that removal was almost equal to the amount added at 50 per cent 

optimum level of NPK With higher levels, there was increasing positive balance of 

both N and P However, the K balance was negative at levels between 0 and 90 kg 



N ha-' applied to each crop of rice in the cropping system (Panda and Sahoo, 1989) 

With adequate use of fertilizers under intensive rice cropping system there was no 

appreciable deterioration of the soil health as reported from the long term fertilizer 

experiments in wetland rice (patnaik et at, 1989) 

The adoption of high yielding technologies for crop production was likely to 

deplete the soil nutrients until these were replenished adequately Balance sheet of 

nutrients for six rice-based cropping systems after two complete cycles showed that 

nutrients added as fertilizer and removal by the crops had a deficit of N in all the rotations 

except rice-maize and rice-sorghum. Maximum N deficit was recorded under 

rice-greengram (25.1 kg ha-' yr -1 ). Phosphorus balance was positive in all the rotations 

which varied from 14.2 to 31.9 kg ha-' yr -I Potassium balance was negative in all the 

rotations and the maximum deficit being 145.4 in rice- sorghum ~ cowpea rotation 

( Mongia et ar, 1989). 

Balance sheet of N at two locations in Philippines and one location each in Japan 

and India revealed that there was positive balance in unfertilized control plots and 

negative balance in plots receiving N fertilizers ( Patnaik el ai, 1989). 

2.4.5. Soil fertility management in cropping system 

The influence of cropping system on the dynamic;, of soil fertility could not be 

appraised with in a short period because of the contribution of native soil fertility, residual 

effect of previous crops and seasonal variations took a fairly longer period to assess. 

Manurial experiments conducted at Indian Agricultural Research Institute, New 

Delhi, indicated the cumulative effect of organic manuring in various cropping systems 

(Ghosh, 1981) Mahapatra et a/. (1981), reviewed the rice-rice sequence experiments 



under AICARP (1988) and All India Coordinated Rice Improvement Project (AICRIP) 

and reported higher cumulative effect of organic manuring The addition of organic 

manure in different cropping systems built up the soil fertility over a period of time and 

the nutrient supply was increased. 

2.4.5. t. Soil nutrient status 

Inubushi and Watanabe (1988), considered that the microbial biomass is a small 

but most active pool of bioelements. When green plants and crop residues were 

ploughed in to the soil, considerable quantities of nutrients would be added to the soil, 

which gradually became available to the subsequent crops on decomposition (Srinivasulu 

Reddy, 1988). Legumes grown solely for incorporation as green manure could increase 

the soil N pool provided the legumes effectively fix N, and losses of legume N were 

minimized (Buresh and De Datta, 1991, Joshi et at 1994) 

2.4.5.2. Organic matter status of the soil 

Tropical soils are normally low in organic matter, which contributes much to the 

productivity of soils through mineralisation of nutrients and improvement in soil physical 

and biological conditions The variation in the quantity of plant residues added and 

varying N content of different crops involved in the crop sequence affect the organic 

matter content in the soil. 

Increased organic matter status of soil due to incorporation of green manure and 

pulses residue in a crop sequence had been reported by many authors (Purushothaman, 

1979; Chaudhary and Bathla, 1985; Rajeswari, 1990) 



24-

2.4.6. Residual effect of N in a cropping system 

Regardless of the quantity of fertilizer N applied, its residual value for the 

succeeding crop hardly exceeded three per cent of the original application (Reddy and 

Patrick, 1978) 

Singh and Sharma (1979), studied the response of N application to rice in the 

rice-wheat rotation. The results indicated that 180 kg N ha" applied to rice showed 

significant residual effect on wheat in the second year. However, application of organic 

and biological sources of N and incorporation of crop residues enriched the soil. Beri and 

Meelu (1981), did not observe any residual effect by green manure applied to rice on 

succeeding wheat crop in light soils 

Singh and Rao (1983), reported that N applied as sulphur coated urea to Kharif 

left a significant residual effect for the succeeding wheat at Karagpur Shinde et at. 

(985), observed through 15N studies that when 8() kg N was applied to a field, the firl'>t 

crop of wheat took only 22 kg N from the applied N If the first crop was rice, it took 

only 19 kg. If the second crop was wheat 6.7 per cent of the residual N was taken by the 

crop. If it was rice, it was only 22 per cent. 

Rao and Shinde (1985), conducted a field experiment with four successive 

wetland rice with "N labeled urea application at 100 kg N ha" to first crop of rice. They 

found that recovery of liN labeled urea in four successive wetland rice crops was 27 to 

36 per cent, 7.6 per cent, 4.5 per cent and 3.2 per cent respectively. Westcott and 

Mikkelson (1987), found that a mere quantity 01'7 5 to 8.7 per cent ofN found in green 

manure was available to the second crop of rice. 



2.5. GREEN MANURING 

Green manure is no novelty and the value of this ancient fam1 practice was 

understood by Chinese, Greek and Romans for an unknown time prior to birth of Christ 

( Pieters, 1927) There are records showing that some 3000 vears ago in China, green 

crops, generally legumes were grown and ploughed as a manure for rice The importance 

of green manuring had been recognized as earlv as 500 Bf in India(Kadke. 1965) and 

since then it has been traditionally practiced by rice farmers Sanyasi Raju( 1952), studied 

the relative merits of some green manures like sunhemp( Croto/ana l"m'ca), daincha 

(Sesbama aCII/eata), pillipesara(Phasco/u,1 trI/obus) and cowpeaU"g-t1Ll 1IIl'lIllCil/ata) 

Vanchani and Murthy( 1964), reported that among 100 leguminous green manures 

surveyed, only Croto/ana JliIlcea and Seshallla acu/eala were acceptable to farmers of 

India. 

The improvement on physical and biological properties of soil and their 

persistence under tropical conditions had been investigated extensively in a number of 

short and long term studies (Singh, 1984) Sesbania aClileala is widely grown as green 

manure in view of its high N fixing capacity and its abilitv to withstand a wide range of 

soil conditions like salinity(Dargan et aI, 1982). drought (Brewbabaer and Glover, 

1987), alkalinity and water 10gging(Ghai e/ aI, 1988) On an average Sesbaflla acu/eata 

could produce about 20 t ha'! green matter at 45 days of growth condition, the optimum 

age of turning could be 60 days (Sivabal, 1989) 

Nitrogen requirement of rice crop could be reduced to 40 or 80 kg N ha'! through 

incorporation of weeds like Eichhornia and Ipomoea as green manure at the rale of 5 or 

101 ha'! (lha el ai, 1989; Narsa Reddy el a/, 1987) Shi el al (1980), reported that 

incorporation of 5 t either Eichhornia or Ipomoea per hectare recorded yield levels 

comparable with that of 40 kg N ha'! The yield level of rice crop with Subabul was 

significantly higher than application of urea at 50 kg N ha'! on equal N basis 

(Bottenberg and Harry. 1981; Purushothaman el a/, (990) Incorporation of 



Subabul at the rate of 8 t ha-} increased the uptake of N and yield of rice (Zoysa el at., 

1990). Subba Reddy et at. (1991), proved that incorporation of Subabul in the soil led 

to higher dry matter production, leaf area, N uptake and yield of sorghum compared with 

equivalent amount of N as urea. Application of different green leaf manures and prilled 

urea significantly influenced the uptake of Nand P in grain and straw of rice compared 

with control (Bijan k Mandai el at , 1992; Ventura and Watanabe, 1993) 

2.5.1. Decomposition and transformation of green manure nitrogen in low 

land rice soil 

Broadbent (1978) and Savant and De Dalla (1982), observed that mineralisation 

of complex organic nitrogen to ammoniacal nitrogen was the vital process in the nutrition 

of low land rice. The two process Viz, immobilization and mineralisation occurred 

simultaneously in the wetland and quantity of nitrogen released or fixed was influenced 

by soil and environmental factors. The organic mailer on decomposition released various 

substances including humic substances which appreciably influenced the soil fertility and 

also resulted in a significant change in the total microbial population during the active 

decomposition period 

The ammoniacal nitrogen released from green manure was absorbed rapidly on to 

the anion exchange complex of the soil, with the balance of unabsorbed ammoniacal 

nitrogen in the soil solution. The two forms of ammoniacal nitrogen were in equilibrium 

and could be represented by ammoniacal nitrogen (exchangeable) ~ 

nitrogen (solution) 

ammoniacal 

The relative proportions of the two forms were influenced by CEC and presence 

of exchangeable cations (Keethisinghe el aI, 1985) and some became as non­

exchangeable in vermiculite and illite (Reddy and Patrick, 1986) 



2.5.2. Release of green manure nitrogen 

Unlike the inorganic N fertilizers, green manure N underwent microbial 

decomposition and mineralisation before N became available to the crop (Meelu and 

Rekhi, 1981, Swaminathan, 1984, Nagarajah, 1987; Biswas and De Datta, 1988) It 

generally decomposed rapidly and released N quickly for the first crop following 

incorporation According to Bouldin (1988), green manure contained two fractions, one 

which decomposes immediately upon incorporation (Fast N) and second fraction which 

decomposes slowly over several years (slow N), Thus, if a green manure decomposition 

was rapid and released N quickly, it could be an excellent source of N to the following 

crop, but it would have little impact on the organic matter content in the soil and could 

result in low residual effect in the form of organic matter build up 

Studies indicated that much of mineralized N in a flooded soil was released as 

NH, -N with in 2 weeks of flooding (Aspiras, 1966, Ponnamperuma, 1972, Khind el ai, 

1985), A peak in the formation of KCI extractable NH, -N from the soils applied with 

green manure was observed between 7 and 15 days period (Bhardwaj and Dev, 1985, 

Khind et ar, 1987; Beri et ar, 1989) Moreover, it was noted that there was not much 

difference in the mineralisation of N among different green manures, Mian and Stewart 

(1985 b), reported that about 45 per cent ofazolla N was released in 60 days Nagarajah 

et at (1986), studied the incorporation of rice straw, Sesbama rostrata and azolla in 

lowland rice and found that S. rostrata released NH.,' -N at a higher rate than azolla and 

reached maximum in 16 days after incorporation and decreased after 30 days, while rice 

straw caused net immobilization 

Nagarajah et at. (1989), noted that when Sesbania rostrata and Azalia 

microphylla were added at same N equivalents, there was increase in soil solution and 

exchangeable NH4 -N upto 40 to 80 days after flooding and then leveled off in the 

absence of rice plants, while in ~ :1e presence of rice plant, the soil solution NH, -N 



peaked around 15 and 30 days after flooding and was almost exhausted at 55 days after 

flooding Thangaraju and Kannaiyan (1990), noted that ammoniacal and nitrate nitrogen 

increased upto 5 to 6 weeks and higher amount of release was noticed with Seshama sp 

than Azolla sp. and they further noted that rapid decomposition of azolla incorporated in 

the flooded condition formed a potential nitrogen source for rice 

2,5.3. Factors influencing the green manure N release 

Release of NH; -N from the green manures was influenced by many factors 

including its chemical composition, soil type, method of application, applied mineral N 

etc. The concentration of N, polyphenol and lignin in plant material were generally 

recognized plant factors controlling the N mineralisation rate of plant materials added to 

soil (Vallis and Jones, 1973; Alexander, 1977, Haynes, 1986) The N concentration or 

the eN ratio of the incorporated plant material was often the best indicator of the rate of 

N mineralisation and the N concentration had to be greater than a critical level between 

J 5 and 25 g kg- 1 before net mineralisation would occur (Shi el ai, 1980; Stevenson, 

1986). However, when the plant materials contained high concentration of lignin or 

polyphenols, there might be little mineralisation of plant N in spite of higher N 

concentration than the critical level (Shivaraj, 1981, Maskina et al, 1984; Bouldin, 

1987; Palm and Sanchez, 1990). 

Frankenberger and Abdelmagid (1985), reported that plant N concentration was 

mostly correlated with N mineralisation, but lignin concentration influenced its rate. 

Haynes (1986), believed that lignins and polyphenols reduced N mineralisation rate 

because lignin degraded to phenolic compounds and these compounds as well as 

polyphenols already present combine with plant protein and amino acid to form humic 

polymers that resist decay 



Nagarajah el at. (1986), studied the release pattern of N from S aClileala and 

Croto/aria juncea incorporated at different periods of 15. 35 and 45 days after sowing 

and observed that NH., -N release was maximum at 4S days old plant and lowest with 3S 

days old. However, the release pattern was more or less similar It was noted that with 

advancement of maturity of green manure, there was corresponding increase in lignin. CN 

ratio, fiber content which adversely affected the decomposition and mineralisation 

In another study Nagarajah (1987), found that N released from several green 

manures and crop residue was related to lignin and N content of green manure crop 

Sesbania, cowpea, pegionpea, mung bean and peanut with similar N content and CN ratio 

released almost similar amount of NH4 -N· The initial rate of N release was fastest in 

sesbania, azolla released less N than sesbania, cowpea. pigeonpea, mungbean, peanut 

despite it had much higher N content This was due to its higher lignin content (20 per 

cent in azolla Vs 6.13 per cent sesbania) 

Muller e/ al. (1988), found that the lignin concentration of plant material was 

much better predictor of plant decomposition rate than N concentration. Chemical 

composition other than N also affect the mineralisation of green manure N Nagarajah e/ 

al. (1989), noted that N release was more under S. rostrata than Azolla mlcrophylla 

inspite of N added at same equivalents This because although azolla had low CN ratio, 

the lignin content of azolla was 20 per cent where as 9 per cent for sesbania, which was 

known to retard degradation of organic constituents of plant materials Higher lignin 

content was considered the reason for lower N availability in azolla than in milk vetch 

Fox et al. (1990), in their study with different legume residues observed that 

(lignin + polypenol) . N ratio appeared to be good predictor of N mineralisation rate of 

incorporated legumes Palm and Sanchez (1990), reported that the best predictor for 
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N mineralised in 8 weeks from ten tropical legumes and rice strav. was polyphenol N 

ratio in the residue. They found that N and lignin concentration in the plant materials 

were not correlated with the amount of N mineralised 

2.5.4. Green manuring on availability of nutrieuts 

Organic sources of nitrogen markedly increased the soil available nitrogen 

compared to combination of organic and fertilizer N (Debnath and Hajra, 1972). 

Ramaswamy and Raj (1976), reported that green manure application increased the 

availability of N through reduction in nitrogen loss by leaching and denitrification. 

Bronson (1983), reported increased availability of nitrogen in the soil after green 

manuring. Duraisamy ef al. (1986). reported that incorporation of 2S t ha- 1 of Sesballlu 

aculeata was found to increase available N content 

Swamp (1987). observed that in sodie soil incorporation of 50 days old sesbania 

provided substantial improvement in soil available N over initial status Shukla and 

Pandey (1987) and Abrol and Palaniappan (1988), observed that application of green 

manure increased available nitrogen due to production of organic acids in the soil. 

Jeyaraman (1988), reported that soil available N increased substantially on application of 

leucaena over control. Combined application ofleucaena leaf and fertilizer N gave higher 

available N content than N alone. 

2.5.5. Green manuring on nutrient uptake 

Mahapatra ef al. (1981), observed that bio-organics in combination with chemical 

fertilizers resulted in higher N uptake. Bouldin et at. (1984). noted that application of 20 

kg N ha- 1 in the form of farm yard manure at puddling and 30 kg N ha-
1 

as urea at 

planting provided adequate N uptake in comparison with application of entire 
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amount of N as urea in three splits An invariable increase in the N uptake was noticed 

with combination of inorganic N and green manure N (Ventura el al. 1987, Singh el al.. 

1988; Rabindra el ai, 1 (89) The N, P, K contents in rice :were more in the 

treatments receiving 60 kg N ha-! and daincha compared to the application of 60 kg N 

ha-! alone and that of 120 kg N ha-! as urea (Swarup, 1987) 

Sharma and Mittra (1988), noted that uptake of Nand K increased with 

application of organic materials upto 15 t ha-! and they indicated that nutritional 

requirement of the crop was met by mineralized nutrients from organic matter and the 

effect was greater when FYM and water hyacinth were applied together Sharma and 

Mahapatra (1990) and Pushpavalli el at (1994), revealed that better supply of N was 

made to the crop through combination of inorganic and organic source of N than through 

inorganic source alone. Similar results were also reported bv Balasubramanian and 

Veerabadran (1994) and Lency Thomas (1995) 

2,5.6. Green manure on growth attributes 

Application ofN through green manure promoted the growth of rice by increasing 

the plant height (Srinivasulu Reddy, 1988, Syed Nazeer Peeran, 1988, Sharma and 

Miura, 1988; Sivabal, 1989; Singh el ai, 1990), tiller production (Shanmugam, 1983; 

Sankaranarayana, 1985; Krishnakumar, 1986), leaf area index (Vinaya Rai and Murthy 

1979; Sharma el at, 1987) and dry matter production (Venkitaswamy, 1986; Srinivasulu 

Reddy, 1988). 

2.5.7, Green manure on yield attributes 

Most of the yield components of the rice were favorably influenced by green 

manure application. Green manure gave significantly more effective tillers, number of 

filled grains per panicle, fertiliz~d grains per panicle, 1000 grains weight, panicle length 

(Dargan el aI., 1975, Joseph 1986; Shukla and Pandey, 1987; Srinivasulu Reddy, 1988; 



Singh el aI., 1990; Budhar el ai, 1994) Syed Nazeer Peeran (1988), noted that 

combined application of nitrogen with organic manure, azospirillum increased drv matter 

production, panicle length, number of filled grains per panicle, 1000 grains weight oyer 

the fertilizer N applied treatment. Mahapatra and Sharma (1989), noted that combined 

application of sesbania and prilled urea gave maximum number of panicles m-2, number 

of filled grains panick I ,1000 grains weight compared to azolla and prilled urea or 

combination of sesbania and azolla. Sharma and Mittra (1989) and Saravana Pandian 

(1990), noted that combined application of farm yard manure or water hyacinth with 

paddy straw increased the yield attributes of rice. 

2.S.S. Green manuring ou grain yield 

Bronson (1983), recorded significantly higher yield with green manures and grain 

yields were related to the contribution of N by different green manures Bhardwaj and 

Dev (1985) and Singh el al (1987a), obtained rice grain vield of 4 8 t ha" without 

sesbania and N fertilizer, 7.6 t ha" with sesbania and 9 t ha" with sesbania + 120 kg 

N ha" Ranvir Singh el al (1988), reported that ploughing insitu of Seshama rosfrafa 

before transplanting rice increased yield by 3 7 t ha" while 60 kg N ha" increased by 

only 1.7 t ha" Sharma and MiUra (1989), noted that application of farm yard manure or 

water hyacinth compost at lOt ha" along with paddy straw at 25 t ha" increased grain 

yield by 28 per cent, similar to the increase given by 30 kg N ha I as fertilizer and Beri ef 

al (1989), observed that rice yield with green manure alone was comparable to 120 kg 

N ha'] and green manure with 60 kg N ha'] resulted in yields equivalent to 180 kg N ha'] 

Singh ef al. (1990) and Purushothaman and Padmavathi (1994), observed substantial 

increase in grain yield, when green manure, fertilizer and blue green algae were used 

together in the rice ecosystem. 
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2.5.9. Green manuring on N economy of fertilizer N 

It is difficult to compare the relative efficiencv of green manure with chemical 

fertilizers, even on equivalent nutrient basis. A more rational way is to discover the extent 

to which green manure could substitute for nutrient elements derived from fertilizers to 

obtain crop yield (Singh, 1984) The combined effect of inorganic N fertilizer and green 

manure was significantly higher than that with either of them alone (Dreyfus el al, 1985) 

Experimental evidences showed that green manure could substitute 20 to 80 kg 

N ha'! (Hege 1952, Dargan, et ai, 1975: Chatterjee et ai, 1979, Tiwari et ai, 1980, 

Bhardwaj et ai, 1981, De et ai, 1983) The response of rice to green manures mainly 

depended upon the type of green manure used and the time of its application, since the 

succulence and eN ratio might vary 

Singh et al. (1980), tried with Sesbania aculeata, Crotalanafuncea and r'igna 

unguiculata and with 4 levels of inorganic N viz. 0, 60,120,180 kg ha'! and found that 

incorporation of Sesbania aClileata along with 120 kg N ha'! produced the highest grain 

and straw yields as compared to 180 kg N alone 

Burying of daincha (5'. ael/leata) immediately before transplanting caused 

adverse effect on the crop growth because of N immobilization, low Eh value and 

formation of organic acids on higher partial pressure (Beri and Meelu, 1979) They also 

reported that burying of daincha 10 to 20 days before transplanting at 12 t ha'! saved 60 

kgN ha'! 

Khind el ai, (1983), in their study on 120 kg N ha'! found that 60 days old 

daincha could replace 90 kg N ha'! Shukla el al. (1984), conducted a trail with S. 

rostrata and S. acufeata applied at lOt and 12 t ha ,I respectively and they were applied 



one week before transplanting. They found that lOt of S. rostrala and 12 t of 

S. aculeata ha-' would be equal to 90 kg N ha- I as prilled urea 

34-

Ramasamy and Dawood (1985), reported that daincha applied at 12 5 t ha-' gave 

better yield than 40 kg fertilizer N, daincha at 125 t ha-' with 40 kg N ha-' gave 46 t ha-' 

of grain yield as compared to 80 kg N as urea (4.1 t ha-') Several experiments showed 

that S. acu/eala could replace 60 to 120 kg N ha- 1 ( Watanabe, 1984; Khind el al.. 1985; 

Khind and Maskina 1986; Palaniappan el aI, 1987; Meelu and Morris, 1987; Singh el 

ai, 1987; Sivabal, 1989; Saravana Pandian, 1990) 

Substitution of N by green manure equivalent to 45 to 120 kg fertilizer N ha-' 

with sesbania was reported by several workers (Tiwari el al .. 1980, Bhardwaj and Dev, 

1985; Moms et aI, 1986a; Khind et al.. 1985; Khind and Maskina 1986; Singh el al.. 

1987a, 1988). Singh el al. (1990), studied the relative effect of green manure N and 

inorganic N on the rice grain yield. Green manure crops S. acuieala, sunhemp and 

cowpea were sown and incorporated at 50 and 60 days in sandy loam soil. Green manure 

N was equal or better than urea in increasing the grain yield (Urkurkar el ai, 1994) The 

N equivalence was 35 per cent higher than urea for cowpea, 20 per cent for sunhemp and 

1 5 per cent for sesbania. 

2.5.10. Residual effect of green mannre 

The practice of green manure integrated with N fertilizer received a great deal of 

attention for efficient and economic management of N for rice based cropping systems. 

Mahapatra et al (1981), reported that green manure with 60 kg N ha-' through mineral 

fertilizer gave rice yields comparable with 100 kg fertilizer N ha-' in rice-wheat cropping 

system. Experiments conducted at Ludhiana, showed that green manuring increased rice 

yields with significant carry over effect on succeeding wheat crop (Meelu and Rekhi, 

1981). This was further confirmed by Meelu and Rekhi (1983), with wheat -



summer mung-rice cropping system, where 60 kg fertilizer N ha-1 was replaced by mung 

straw. Mahapatra et al. (1985), observed that N contribution would be 10 to 25 kg 

ha" from grain legumes and 30 to 40 kg ha" from green manure raised prior to rice in 

rice based cropping system. 

Meelu and Morris (1987), observed that green manuring in intensive cropping 

system resulted in saving of 60 to 80 kg N ha" in rice It produced a residual effect on 

the succeeding wheat crop. Malathi (1989), also reported that incorporation ofFYM and 

Sesbania aeu/ea/a each at 12.5 t ha" to the rice crop, resulted in increased grain yield of 

rice and residual effect was higher with Sesbania aeuleata than FYM In rice - rice crop 

sequence studies conducted under AlC ARP and AlCRIP, the cumulative response of 

organic manuring was found to be very high 

From the review of green manure research in India by Sethi e/ al. (1952), it was 

observed that the residual effect of green manure applied to rice crop was negligible. 

Wilson e/ al. (1980), found that only two to three per cent of green manure N could be 

used by the second crop The amount of residual N from one application of green 

manure was very small But continued application of green manure was likely to have 

measurable effect, because of the accumulation of modest quantities of organic N over 

years (Bouldin et al., 1984) It was observed by Westcott and Mikkelson (1987), that 

upto 8.7 per cent ofN was available to the second crop of rice. 

2.6.Integrated nutrient management concept 

The seminar organized by the Fertilizer Association of India (F AI) in \974, 

advocated an integrated nutrient supply approach to crops involving organic, inorganic 

and biological sources to take care of soil health besides improving the crop yields. 

Ramaswamy and Raj (1976), reported that the green manure application was beneficial 

in increasing the ammonifYing power of the soil. The green manure N would only 



3b 

partially meet the N requirement of the rice crop. In a survey of current green manure 

management practices in south, south east and east Asia, Garrity and Flinn ( 1988), found 

that green manuring in no case substituted entirely the chemical N. Therefore, use of 

legume as an N source for lowland rice would typically require integrated use of N 

fertilizer for sustained high rice yields 

Rajkumar Bhajan Singh and Brar (1988), observed that incorporation of 60 days 

old daincha one day before transplanting along with 110 kg N ha'\ applied in three splits 

were found to give higher yields 

Patel el at (1989), studied the integrated effect of organic and inorganic sources 

of N on grain yield of rice var Gr II in sandy loam soil. He found that grain yield with 

S. aClIieala a 10 t ha'\ + 40:2020 kg NPK ha'\ was highest over other treatments 

Shukla et at. (1989), studied the integrated effect of organic and inorganic N on 

rice yield and noted that yield with sesbania alone equaled with yield obtained under 90 

kg N ha'\ as prilled urea Sesbania with 30 kg N ha'\ as prilled urea increased the grain 

yield (9 per cent) which was significantly higher than with 90 kg N ha'\ as prilled urea 

alone and equaled with 120 kg N ha'\ as urea super granule 

Kalidurai and Kannaiyan (1990) and Rao and ~oorthy (1994), evaluated S 

rostrata. S aculeate and Azolla microphylla as N sources lor rice both in dry season and 

wet season in clay soil and noted that Sesbania rostrala and S. acu/eala with 60 kg N 

ha'\ significantly increased grain yield. Thangaraju and Kannaiyan (1990) and Hedge and 

Dwivedi (1994), studied the effect of azolla and sesbania on the yield ofIR 50 in dry and 

wet seasons. Yields were higher with the application ofUSG at 100 kg N ha-\ along with 

Sesbania rostrala 
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From the foregoing review, it could be inferred that voluminous research work 

has been carried out on the influence of organic manures and fertilizer N on rice with 

varying levels of response Possibility of integrating both the sources for successful and 

profitable rice production is evident In the recent past, fertilizer research focused mainly 

on the nutrient demand of individual crop Hence fertilizer N economy has to be 

achieved in rice culture by proper and judicious use of alternative N sources Many 

researchers have studied the effect of organic, inorganic and integrated N sources on the 

growth and yield of rice. However, due to limited availability of green manures, the 

traditional practice of green leaf manu rig may be intensified in rice cultivating areas. But 

only limited information are available on the effect of these green leaf manures on N 

release pattern, N uptake and utilization and yield of the rice crop Similarly, there is a 

lacuna in the current state of knowledge on the integrated use of green leaf manures, 

extent of substitution of inorganic N by green leaf manure N, the residual effect of 

applied green leaf manures on the succeeding rice crop and the yield and the extend of 

fertilizer N economy. In this context, present investigation was taken to study the effect 

of application of non-conventional green leaf manures on the lowland nee, it's N release 

pattern and their residual effect on the succeeding rice in rice - rice cropping system. 
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CHAPTER III 

MA TERIALS AND METHODS 

Field experiments were conducted in the wetlands of Department of 

Agronomy, Tamil Nadu Agricultural University, Coimbatore with the objective of 

evaluating the direct and their residual effect of applied non-conventional green 

manures in lowland rice in comparison with the conventional green manures 

under different levels of fertilizer N from June, 1993 to February, 199) in two 

repeated rice cropping system study of rice - rice. The materials used and the 

methods employed during the course of investigations are described in this 

chapter. 

3.1. MATERIALS 

3.1.1. Field location 

During first year of the experimentation (1993 - '94), both main (Kharif) and 

residual (Rabi) rice crops were grown in field No F of the wetlands of 

Department of Agronomy, Tamil Nadu Agricultural University, Coimbatore, 

while during second year, main and residual rice crops were grown in field No. M 

The location of these fields in wetlands is geographically situated at 11" N latitude 

and 77" E longitude at an altitude of 426. 7 m above MSL 

3.1.2. Weather and Climate 

The normal ( 50 years) climatic condition of the location is as follows A 

mean annual rainfall of 674.2 mm is received in 45.8 rainy days. The mean 

maximum and minimum Lmperatures are 315°C and 210uC respectively. 



Relative Humidity ranges rrom 61 to 9! per cent and !4 to 68 per cent during 

forenoon and afternoon respectively The mean bright sunshine hours per day is 

7.3 hours with a mean solar radiation of 429 car' cnf' day -, 

The minimum required agrometeorological variables recommended by the 

World Meteorological Organisation and International Rice Research Institute 

(IRRI, 1980) for fundamental research in rice have been considered in the present 

study. The weather conditions that prevailed during the experimental period are 
Clnd n 

furnished in annexure I,._and depicted in Fig.! 

The amount of rainfall received during the cropping period was 104.0 

mm and 506.6 mm distributed over 13 and 30 rainy days during Kharif season 

and Rabi seasons of 1993-'94 and 1708 and 467.0 mm distributed over 10 and 

28 rainy days during Kharifseason and Rabi seasons of 1994 -'95 respectively 

3.1.3. Seasons 

During 1993 - '94, the first sequence experiment was initiated with a main 

crop (Kharif crop) during June - September followed by a residual crop ( Rabi 

crop) raised during October - February. Similarly the second sequence 

experiment was conducted with a main crop ( June - September) and a residual 

crop ( October - February) during 1994 - '95 

3.1.4. Soil 

The soils of the experimental fields were moderately drained, deep clayey 

classified taxonomically as Typic haplustalf. medium in available N (270 and 2543 
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kg ha-' in F and M block respectively) and P (162 and 18.6 Kg ha-') and high in 

available K(563 and 465.3 kg ha-') The details on physico-chemical characteristics 

of the soil are given in Table 1 

3.1.5. Crops and varieties 

Two rice varieties Viz, IR 50 and !~ 20 were used during first season (June 

- September) and second season ( October - February) respectively both in the 

first as well a~ in the second year of the study The details on the varieties tested 

are given in Table 2. 

3.1.6. Green mannre 

In the present study. the non-conventional green leaf manures Viz, 

Calotropis giganlea, Ipomoea replans, r;ichhornia crassipes and 1.eucaena 

leucocephala were used The effect of the above green leaf manures were 

compared with the conventional green manure Viz., Seshania a(1t1eata which is 

reported to be the most acceptable green manure among the farmers of India and 

can able to withstand a wide range of soil conditions like salinity (Dargan el 

ai, 1982). alkalinity and water logging (Ghai et al. 1988). The nutrients content 

of non-conventional green leaf manures are given in the Tabl~ 4-"along with the 

nutrients content of Sesbania aculeala. 

Green leaf manures Viz, (' alotropis gigalllea, Ipomoea replans, Eichhorma 

crassipes and Leucaena leucocephala were applied on N equivalent basis on par 

with green manure Sesbama aculeata which was applied at the rate of 6 25 t ha- \ 



Table l. Physico - Chemical properties of the expuimental field soil 

Particulars Composition 
F block ~1 block 

1. Mechanical Analysis 
Clay (%) 458 43 (J 

Silt(%) I 12.2 193 
Fine sand (%) I 199 208 
Coarse sand(%) 22 I 16.1 

II Chemical Analvsis 
Organic camon·(%) 0.61 06.1 
Available Nitrogen (kg ha·') 2700 254 J 
Available Phosphorus (kg ha·') 16.2 18.6 
Available potassium (kg ha·') 56.1 a 465 3 
pH ( 1 2 soil water suspension ) 81 7.8 
EC (dsm·') 0.5 062 
CEC (g. mol. r') 22.7 352 

III Physical properties 
Bulk density (g cc·') 128 I 3 

Maximum WHC (%) 476 479 
Infiltration rate ( cm h(') 1.58 I 52 

Table 2. Important characteristics of the varieties used 

Characters Rice 
IR 50 IR20 

Parantage IR 2153 - 14 X lR 28 lR 262 X TKM 6 
X IRJ6 

Duration ( days) 105 (Summer) 130 -1.15 
130 (Winter) 

Habit Erect Semi - dwarf 

Panicle Long and drooping Medium compact 

Rice colour White White 

Average yield (Kg ha·') 6000 5000 

1000 grain weight (g) 2035 1900 

Grain type Long slender Medium slender 



3.2. METHODS 

3.2.1. Experimental details 

Experiment I and II were conducted in Kharif and Rabi season respectively 

in the same plots Experiment I was conducted to study the direct effect of 

applied green leaf manures on Kharif rice crop and the experiment II was 

conducted to study the residual effect of applied green leaf manures on the Rabi 

rice crop. This sequence was studied in two years from June. 1993 to February. 

1995. 

3.2.2. Treatment details 

The treatments followed for the two experiments during the 

investigation are given below 

Experiment I. Effect of applied green leaf manures on first season rice 

variety IR 50. 

This experiment was conducted during Kharif season (June -

September) with short duration rice variety IR 50 

Treatment No 

Main plots 

M1 control 

M2 Seshama acu/eala 

M, Ipomoea replans 

M, Eichhornia crass/pes 

M, ( 'alotropis xixantea 

M" Leucaena leucocephala 

Sub plots 

S1 No nitrogen 

S2 40 kg N ha,1 

S, 80 kg N ha,1 

S4 120 kg N ha,1 



The experiment was conducted in a split plot design replicated thrice with a 

gross plot size of 8 5 x 5 m. Phosphorus at SO kg ha-' and potassium at SO kg ha-' 

were applied uniformly to all treatments 

Experiment II. Stndy on residual eITect of applied green leaf manures to 

first season rice on second season rice variety IR 20. 

This experiment was a continuation of the Experiment I The layout of 

experiment I was kept undisturbed after the harvest of the crop and each plot of 

experiment I was sub divided into two plots Experiment II was conducted in 

split - split plot design, replicated thrice and the following treatments were 

aUotted. 

Treatment No 

Main plots 

M, 

M, 

Ms 

M" 

Sub plots 

S, 

S, 

S, 

S4 

Sub- sub plot 

control 

Seshania acu/eala 

Ipomoea reptalls 

Fichhornia crassipes 

('alotropis [pganlea 

Leucaena leucocephala 

No nitrogen 

40 kg N ha- 1 

80 kg N ha-' 

120 kgN ha-' 

Introduced 

in the 

experiment 

4-4 

No N fertilizer 

Recommended N 

fertilizer (\ 00 kg N ha-
1 

) 

Introduced in 

experiment II 



Table!. Summary of tbe experimental lay out 

Particulars 1993-'94 1994 - '9:; 

E '\perjmcnf 1 Expcnmcn! II E'1.:pcrlmcn! 1 Expcnmcn! II 

Season Jun - Sep Oct - Feb lun - Sep Oct - Feb 

Variety IR 50 IR 20 IR 50 IR 20 
-

Gross plot size (m') 8.5 x S 0 4.0 x 5 0 8S"SO 40xSO 

Net plot size ( m') 7.5 x 4.0 30x40 75x40 30x40 

Design split plot split - split split plot split - split 

plot plot 

Number of treatments 

Main plot 6 6 6 6 

Sub plot 4 4 4 4 

Sub - sub plot :2 :2 

Numer of replications 3 3 3 3 

Total number of plots 72 144 72 144 

Amount ofP,O, and 

K10applied 50 kg ha- ' each in PlO, and K,O in all the experiments 

Date of sowing 305 1993 18.9.1993 I 36 1994 159.1994 

Date of transplanting 216.1993 15 101993 24.6 1994 1210.1994 

Date of harvesting 159.\993 4.2. \994 209. \994 22\995 



This experiment was conducted during Rabi season (Oct- Jan) with medium 

duration rice variety IR 20 

3.2.3. Preparation of main fields (Common to both the years) 

The selected main fields were ploughed with tractor mounted cage wheel and 

levelled with bullock pairs Plots of the required size ",ere laid out and bunds and 

channels were formed all around For the experiment I, the main plots were 

made "'ith a size of 36 x 5 m The green manure and green leaf manures were 

applied 10 days prior to transplanting, trampled well into the soil with trampler 

followed by flooding Then each main plot ",as divided into four sub plots "'ith 

a size of 8.5 x 5 m and levelling was done sub plotwise just one day before 

transplanting. The e"l)erimentwise details are presented in Table 3 with lay-out 

plan in Fig.2a and 2b. 

3.2.4. Seeds and sowing (Common to both the years) 

Rice seedlings were raised in wet nurseries and transplanted in the main field 

at the rate of two seedlings per hill with a spacing of 15 x 10 em in both the 

seasons The age of seedlings at transplanting was 21 days for IR 50 and 27 days 

for IR 20. In each crop, gap filling was done with in a week of transplanting. 

Plant population was maintained uniformly in all the plots 

3.2.5. Application of manures and fertilizers 

3.2.5.1. Green leaf manures (Common to both the years) 

Nutrient content and CN ratio of the green leaf manures used in the present 

investigation are given in the Tables 4 and 5 After collecting the GLMs, the 

representative sanlples were drawn, analysed for its N content and the quantity to 
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Fig.2a. Field Layout for Kharifseason rice 
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Table 4-. Nutrient content ofGLMs used at the time of incorporation ( 1993 - '94) 

Moisture Nitrogen Phosphorus Potassium Carbon CN Ligmn 
content content conlent contcn! content ra(JO content 

GLMs (%) (%) (%) «(I/o) ( (~ II) (11/0) 

S'eshama aeu/eala 772 3.16 041 :. 93 50S 16 \ 92 
ipomoea replans 730 202 036 1.66 584 291 14.2 
Efchhornia craSSfpe.~ 89.5 \ 90 0.38 0.90 680 36 J 22.0 
Ca/otropis f!,lgantea 67.0 2.25 0.61 1.26 546 241 17A 
Leuroena 65.5 206 OA\ 14\ 650 321 18.0 
jeucocephaJa 

* Data statistically not analysed. 

Table 5: Nutrient content of GLMs used at the time of incorporation ( 1994 - '95 ) 

Moisture Nitrogen Phosphorus Potassium Carbon eN Lignin 

GLMs content content content contenl content raUo content 
(%J (%) ('!o) (lYo) cv.,) (~h) 

,\'esbama aeuleala 70.6 2.97 OA3 3.89 43.8 15 J 90 
ipomoea rep(an~ 65A 2.24 0.34 ],65 585 261 13.6 
Fichhornia CragjlpeS 90.2 ],86 0.33 094 674 361 220 
('afo/rapis glgan/eo 64.2 230 0.65 120 60.8 261 16.7 
Leucaena 60.5 2.02 OA4 135 672 33.1 18.3 
leucocpjwJa 

* Data statistically not analysed 



be applied was calculated at equal N basis of Sesbania aculeala and the quantities 

of green leaf manures applied are given in the Table 6 

3.2.5.2. Fertilizer (Common to both the years) 

The entire dose of P,O, (SO kg ha-1
) and 50 per cent ofN as per treatment 

schedule and 50 per cent of K,O (25 kg ha- 1 
) were applied as basal just before 

transplanting. The remaining 50 per cent Nand K20 ( 25 kg ha- 1
) were 

topdressed in two equal splits at active tillering and panicle initiation stages The 

N source was prilled urea (46 % N) Single super phosphate (16 % P,O,) and 

Muriate of potash (60 % K,O) were used for P and K respectively 

3.2.6. Irrigation (Common to both the years) 

The rice crops were irrigated to maintain five cm water level through out the 

crop growth period from 10 days after transplanting to 10 days before harvest. 

3.2.7. Weed control and plant protection (Common to both the years) 

The rice crops were given two hand weedings at tillering and panicle 

initiation stage respectively Adequate prophylactic plant protection measures 

were given as per the recommendation of crop production guide, jointly published 

by Tamil Nadu Agricultural University and State Department of Agriculture. 



3.2.8. Harvest (Common to both the years) 

Border rows all around the plots were harvested first and th.e net plots were 

then harvested and thrashed The individual plot yield was recorded at 14 per cent 

seed moisture. Straw was sun dried and weight was recorded subsequently. 

3.3. N release pattern 

N release pattern from green leaf manures as well as from applied chemical 

fertilizer plots were studied by obser\;ng changes in soil NH. -N and NO;-N 

contents. For this, after the incorporation of green leaf manures, soil samples 

were collected from each plot daily for the first five days and then on eighth day 

also. After transplanting, the soil samples were drawn daily for the first five days 

and then once in four days, thereafter upto one month after transplanting These 

wet samples were immediately analysed for NH. -N and NO.,- -N contents by 

employing modified method as reported by Bremner and Keeney( 1966). The 

amount of NH.' -N and NO;-N present per hectare was then computed by the 

method suggested by Buresh(l991), after working out the bulk density of the soil 

at each stage 

3.4. Biometric observations (Common to both the years) 

Five plants from each net plot were chosen by random and tagged. These 

plants were used for recording all biometric observations at different stages of 

crop growth as given below 



3.4.1. Growth components 

3.4.1.1. Plant height (Common to both the years) 

Plant height was measured in em during maximum tillering, panicle initiation, 

flowering and at harvest 

3.4.1.2. Leaf Area Index (LAI) (Common to both the years) 

The leaf area index was worked out at flowering as per the method 

suggested by Palanisamy and Gomez( 1974) by using the following formula 

LAI= L x W x K x No ofleav~~QITJlill 

Spacing (cm') 

where, L - Length of third leaf from top (em) 

W - Width of the same leaf blade (em) 

K - Constant factor of o. 7J for Kharif rice and 0 73 for Rabi rice 

3.4.1.3. Dry Matter Production (DMP) (Common to both the years) 

Leaving the terminal two rows on both the sides of each treatment, from 

third and fourth rows with in borders, five plants were removed at maximum 

tillering, panicle initiation, flowering and harvest stages. These samples were first 

air dried in the shade and then oven dried at 60"C to a constant weight and dry 

weight was recorded and expressed in kg ha 1 

3.4.1.4. Dry Matter Efficiency (DME) 

The relative Dill was computed using the formula suggested by 

Krishnamoorthy ef al (1973). 



Grain Yield 100 
DME ~ 

Grain )ield + straw yield Duration ofthc crop In the field (days) 

3.4.2. Yield components (Common to both the years) 

The following yield components were recorded at harvest from the tagged 

plants: 

(i) Number of panicles m-' 

(ii) Panicle length (em) 

(iii) Number of mature grains per panicle 

(iv) Thousand grains weight (g) 

3.4.3. Yield 

3.4.3.1. Grain yield (Common to both the years) 

Grain yield was recorded from the net plot and expressed in kg ha- 1 at 14 per 

cent seed moisture level 

3.4.3.2. Straw yield (Common to both the years) 

Straw yield was recorded from the net plot after enough sun drying and 

expressed in kg ha- 1 

3.4.3.3. Harvest Index (Hn 

The HI or the Partial El'ficiency was computed using the formula 

Economic yield 
x 100 

Biological yield 



3.4.3.4. Productivity Score (PS) 

Productivity score is often used for assessing the biological efficiency of 

plants, because it gives a single rating on the effect or reaction of different 

treatments on grain yield, biological yield and the harvest index The productivity 

score was obtained by summing up the grain yield, biological yield and the harvest 

index for each treatment, as suggested by Singh and Stoskopf ( 197 I ) 

3.4.3.5. Relative Yield Index (RY!) 

The relative yield index was computed using the formula 

Grain yield for each treatment (kg ha i ) 

R YI ~ ---------------------------------------------------------------------- , 100 
10 years mean grain \leld of the Central farm (kg ha,l) 

3.5. Chemical analysis 

3.5.I.Plant analysis (Common to both the years) 

The plant samples removed for dry matter estimation were ground into a fine 

powder in a wiley mill and used for chemical analysis to find out the content of N 

at maximum tillering, panicle initiation, flowering and harvest stages The nutrient 

content of the samples was multiplied with the respective dry matter produced to 

calculate nutrient uptake and expressed in kg ha,1 For calculating nutrient uptake 

of N, P and K at harvest, nutrient contents of grain and straw were analysed 

separately and multiplied with the respective dry weights of grain and straw 

where ever necessary, those have been summed up and reported. 



3.5.2. Soil analysis (Common t04 both the years) 

Soil samples were taken before the start of the experiment and composite 

samples were collected by using screw auger at 30 em depth and analysed for 

mechanical and chemical properties (Table 7) Similarly after the harvest of the 

crops, plotwise samples were taken from the same depth of 0 • 30 em 

3.5.3. Methods used for soil and plant analysis (Common to both the years) 

The details of analytical methods employed for soil and plant analysis are 

presented in Table 6 

3.6. Nitrogen use efficiency (Common to both the years) 

Various parameters used to study the use efficiency ofN are as follows 

3.6.1. Agronomic Efficiency (AE) 

The agronomic efficiency ie, the response in yield per unit input as indicated 

by kg of grain per kg of applied N was computed by the following 

formulary oshida, I 981 ) 

AE ~ 

Grain ;ield In fertilised _ 
plot (kg ha ' ) 

Grain vield in unfertilised 
piot(kgha') 



Table 6. Amount of GLMs applied to each main plot of [xperiment 

GLMs lC)Q3 _ '94 1994 _ '95 
Quantity Added N Quantity Added 
applied (kg ha-') applied N 
(t ha-') ( t ha-') (k u ha-') 

Sesbania aClIleala 6.25 
I 

4503 
I 

625 5457 
Ipomoea replans 8.25 45 OJ 704 5457 
Fichhomia crasslpes 22.57 450:1 2993 54 'i7 
C-a/otropis gigantea 607 4503 I> 62 54.57 
rellcaena /ellcocepha/a 634 4503 68:1 "457 

Tabll" 7. Ml"tbods used for soil and plant analysis 

Name of estimation Authors 

l. Soil 
Texural analysis 
Organic Carbon 

Total nitrogen 
!\fI{,--N and NO,--N 

Available nitrogen 

Piper ( 1966 ) 
Walkley and 
(1934) 
Bremner (1965) 
Bremner 1965) 
Buresh (1991) 
Subbiah and 
(1956) 
Olsen et al.,(1954) 

Methodologv 

International pipette method 
Black Wet digestion method 

Kjeldahl's method 
and Extraction distillation method 

Asija Alkaline permanganate method 

0" M sodium bi carbonate 
extraction 

Available 
phosphorus 
Available potassium Stanford and 

(1949) 
English Flame Photometry 

pH 
EC 
CEe 

II. Plant 
Nitrogen 
Phosphorus 

Potassium 

Jackson( 1973) 
Jackson (1973) 
Chapman( 1(65) 

Bremner( 1(65) 
Jackson(l973) 

Jackson(l973 ) 

1 2 soil water suspension 
Conductivity bridge 
Neutral normal ammonium 
acetate method 

Kjeldahl's method 
Triacid digestion with 
calorimetric estimation 
Triacid digestion with flame 
photometric method 



3.6.2. Physiological Efficiency (PE) 

The physiological efficiency, also known as efficiencv of utilisation as 

indicated by kg of grain per kg of absorbed N ( Yoshida, 1981) was computed as 

follows: 

PE ~ 

Gram yield In feniliscd 
plot (kg ha I) 

N uptake 10 fertilised 
plot (kg ha I) 

Gram \ icld In unfertilised 
pl~1 ( kg ha ' ) 

N uptake In unfertilised 
plol ( kg ha I I 

3.6.3. Apparent N Recovery (ANR) 

Apparent N Recovery, also known as recovery fraction was computed as 

per the formula suggested by Pillai and Vamadevan (1978) 

ARofN(%) ~ , 100 

Where yt = uptake of N in particular treatment (kg ha'l) 

y" = uptake of N in unfertilised plot (kg ha") and 

Nt = quantity ofN applied forthe treatment (kg ha't) 

3.6.4. Nitrogen Harvest Index (NHI) 

The NHI was computed as per the formula suggested by Spiretz (1977) 

N uptake in economic yield 
NHI ~ --------------------------- x toO 

N uptake in biological Held 

5"'1 



3.7. Nitrogen balance in the cropping system 

Soil available N balance in the cropping system ( annual cropping cycle) was 

computed for different treatments as per the procedure suggested by Sadanandan 

and Mahapatra (1973) This was done for two years and reported 

3.S. Economic analysis 

Gross and net rettJrns per hectare were computed for the cropping system as 

a whole, considering the prevailing market price of the inputs and produces 

Benefit - cost (Be) ratio was worked out for different treatments by dividing the 

gross returns by cost of cultivation 

3.S.1 Partial budgeting 

Partial budgeting is one of the planning economic tools used to asses the 

viability of a proposed component technology. Based on this tooL as suggested 

by Gonzales and Van Der Veen (1986), the economic advantages of different 

treatments were worked out and the derived benefits or losses are expressed in 

Rs ha- 1 

3.9. Statistical analysis 

The data on various characters studied during the investigations were 

statistically analysed as suggested by Gomez and Gomez (1984) Where ever the 

treatment differences were found significant (F test), critical differences were 

worked out at five per cent probability level and the values were furnished. 

Treatment differences whic" were not significant are denoted as "NS" 

5"8 
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CHAPTER IV 

RESULTS 

Four field experiments were carried out at wetlands of Tamil Nadu 

Agricultural University, C'oimbatore, ITom June, J 993 to February, J 995 to evaluate 

the conventional and non conventional green leaf manures (GLMs) in economising the 

fertilizer N for low land rice based cropping system The experimental results are 

presented in this chapter 

Experiment I 

Experiment I was conducted during Kharif, 1993 as well as during Kharif, 

1994 with an objective of evaluating selected non-conventional green leaf manures 

under low land rice 

4.1. Effect ofGLMs and levels ofN on Kharif rice 

4.1.1.NH:-N and N03--N contents in the soil 

4.1.1.1. Change in soil NH." -N content as influenced by GLMs incorporation 

during the incubation period ( 0 - 8 days after GLMs incorporation) (Tables 

8 and 9) 

The data on NH" -N content in the soil supplied ",,;th green leaf manures 

indicated that in all the plots applied with green leaf manures irrespective of different 

GLMs crops, there was increase in NIL. --N in soil throughout the incubation period of 

eight days ITom the date of incorporation. But, in the case of control ( no GLMs), the 

trend was different. The NIL. , -N content increased up to second day and there after 



Table 8. Chan~e in the s~il NH;~N content (ppm) as influenced byGLMs 
mcorporatlon durmg the incubation period (1993 ) 

Treatment Davs after application of GLMs 
I 2 , 4 5 

Control 10.13 1047 9.96 798 798 
(336) (- 487 ) (- 1988) (0) 

Sesbania aculeata 1647 21.53 26.63 31 83 35.82 
(3072) (2369) (1953) (1254) 

Ipomoea reptam 14.17 15.72 16.73 2317 2329 
(10.94) (642) (3849) (052) 

Ekhhornia crassipes 10.27 11.24 12.00 1314 13.77 
(944) (676) (95) (479) 

Calo/ropls giga11lea 14.84 16.30 1845 2416 2467 
(9.84) (1319) (30 (5) (2 I I) 

Leucaena leucocephala 14.14 14.28 1543 17.30 2072 
(099) (8.05) (1212) (1977) 

SEd 0.38 0.35 049 074 053 
CD (P = 0.05) 0.85 0.79 1.09 1.64 I 18 

Table 9. Change in the soil NH;-N content (ppm) as influenced by GLMs 
incorporation during the incubation period (1994 ) 

Treatment Da s after application of GLMs 
I 2 3 4 5 

Control 9.78 10.21 10.14 9.83 9.52 
(4.39) (- 0 69) (- 3 05) (-3 IS) 

Sesbama aculeata 14.32 18.63 21 12 2745 34.51 
(3009) ( (336) (2997) (2572) 

Ipomoea rep/am 1387 17.33 19.51 2226 24.83 
(24.95) (12.52) ( 1410) (1155) 

Elchhornia crassipes 11.91 12.44 14.20 \544 15.80 
(4.45) (14 IS) (873) (233) 

('alo/ropis gigantea 15.22 18.91 2277 2536 29.48 
(24.24) (2041) (1137) (1625) 

Leucaena leucocephala 13.13 17.35 18.4 I 22.62 2534 

(3214) (6.11) (22.87) (12.02) 

SEd 0.34 0.36 0.51 0.71 0.67 

CD (P - 0.05) 0.76 0.81 1.14 1.58 1.49 

8 
7.37 

(-7.64 ) 
4009 

(11. 92) 
2470 
(6 OS) 
1567 

(1379) 
26.00 
(539) 
2243 
(825) 

I 34 
299 

8 
9.02 

(- 5 25 ) 
3637 
(538) 
2832 

(14.06) 
2041 

(2918) 
32.63 

(10.68) 
29.83 

(1772) 
1.22 
273 

Figures in paranthesis indicate the percentage change of NIL· - N content over 

previous day 

60 



decline observed In general, between different green leaf manures evaluated for soil 

NH; -N, the contribution from Sesballia aeuleala was significantly bigher over other 

green leaf manures The next one was Ca/o/mpis Kigall/ea which was at par with 

Ipomoea replans. This was seen in both the years of study during Kharif season 

Further, it was interesting to note during 1993 Kharif that the release of 

NH; -N from Sesbania aculeata was quicker and the rate of release when compared 

to the previous day was comparatively lesser and this was observed from the third day 

after incorporation In Ipomoea replans and Ca/o/rol'is K'Kantea. the highest rate of 

release was observed on fourth day and there after the rate of increase in NH, -N was 

in declining trend. During 1994 Khari£, when NH4 -N release between different days 

were compared, the release ofNH4-N from Seshania aeu/ea/a increased up to second 

day followed by a critical decline at the third day and again peaks and troughs noticed 

on the release ofNH4 -N The rate of release from Calo/mpH giKan/ea and Ipomoea 

replans was higher on the second day and there after it gradually decreased. The 

release ofNH.'-N from EichhoTnia crassipes was minimum in both the years and the 

release was delayed till eighth day after application. 

4.1.1.2. Change in soil N03--N content as influenced by GLMs incorporation 

during tbe incubation period (0 - 8 days after GLMs incorporation) 

(Tables lO and II) 

During initial days, release of NO.1' -N from control plot was higher when 

compared to GLMs applied plots. In the case of control, NO;-N content increased 

upto second day and then from third day onwards, the reverse trend was observed. 

The NO.1'-N content in GLMs applied plots got increased from first day after 

application This increasing trend was observed upto fourth day and after this period, 

the trend found declined Among the different green leaf manures, the release of 

NO,'- N was highest with SesbaniC' aculeata in both the years of study 

b.1 



TablelO. Change in the soil N03· - N content ( ppm) as influenced bv GLMs 
incorporation during the incubation period (1993 ) 

Treatment Days after apr lication of GLMs 
1 2 3 4 5 8 

Control 2.02 2.97 287 2 II 186 1.39 
(4703) (- 33.67) (- 2648) (-1185) (- 25 27) 

Sesbama aculeara 191 246 298 3.57 324 303 
(2880) (2114) (1980) (-924) (-648) 

Ipomoea reptans 178 2.23 260 298 2 .83 276 
(25.28) (16.59) ( 1462) (-503) (-247) 

t.'Ichhornia craSSlpes 193 2.54 256 302 282 209 
(31 61) (079) (1797) (-662) (-2589) 

Calotropis gigantea 1.85 2.20 2.34 298 286 268 
(1892) (636) (27.35) (-403) (-629) 

Leucama leucocephala 1.91 2.13 2.21 285 2 S9 212 
(11.52) (376) (2896) (-912) (-1815) 

SEd 0.049 007 0.078 o 150 0.105 0.146 
CD (P = 0.05) 0.109 0156 o J74 0.330 0234 0.325 

Tabletl. Change in the soil NO; - N content ( ppm) as influenced by GLMs 
incorporation during the incubation period (1994) 

Treatment Days after apllication of GLMs 
1 2 3 4 5 8 

ControJ 3.21 3.73 3.50 302 2.33 I 5J 
(16.20) (-658) (- 13.71) (-22.85) (- 35.65 ) 

Seshania aculeata 2.52 2.83 3.31 3.56 377 370 
(12.30) (1696) (755) (589) (-186) 

Ipomoea replans 1.97 2.22 247 2.81 313 3.52 
(1269) (1126) ( J3 77) (11.39) (1246) 

Elchhornia crass/pes 232 2.54 302 347 3.53 3.33 
(948) (1889) (1490) (1.73) (-5.67) 

Calo/rapts gJgantea 2.08 2.31 2.57 2.94 3.14 3.26 

(1106) (1082) (14.39) (6.84) (3.82) 

Leucama leucocephala 244 248 2.62 2.85 304 3.09 
(163) (534) (8.78) (6.67) (165) 

SEd 0.063 0.31 0.126 0.139 0.175 0193 

CD (P=0.05) 0.140 NS 0.28 0.310 0.390 043 

Figures in paranthesis indicate the percentage change of NO., - N content over 

previous day 
NS = Not significant 



Between the days of observation, as compared to the first day after application 

of GLMs in 1993, the NO, '-N content was higher in the .furth day and there after, 

there was no appreciable increase over the previous days of observation During 

1994, soil NO,'-N content from Seshall/a amlea/a applied plot got increased upto 

fifth day after application and then it started declining The same trend was observed 

for fjchhomia crassipes applied plot also In Ipomoea replans, ('a/o/ropis Kixan/ell 

and reucaena ieucocephaia applied plots, the NO;-N content steadily increased till 

eighth day after their application, event hough the increasing trend followed decreasing 

order 

4.1.1.3. Change in soil NH; -N content as influenced by GLMs and levels of N 

after rice transplantation (Tables 12 and ]]) 

Application ofGLMs and levels ofN had significant influence on soil NH,-N 

at all the days of observation in both the years of study in the present investigation 

Application of green leaf manures irrespective of their genus increased NH4 -N 

significantly over control. Among the green leaf manures, during J 993, Seshanio 

lIeuleala registered highest NH., -N upto 17 days after transplanting and it was 

significantly higher than all the other green leaf manures studied upto 13 days, but 

comparable with Caiolropis gigamea and Ipomoea replans on 17th day After 17th 

day Calo/ropis gigon/ea recorded the maximum l\;H4 -N content which was 

significantly superior over Lelleaena leucocephalo and }'IChhornia crassipes, but 

comparable with Ipomoea replans and Seshama aellleala upto 2 I days After 21 days 

Calo/ropis gigan/ea and Ipomoea replans were significantly higher than all the other 

green leaf manures (Table 12) In 1994, Seshania acu/eala found superior upto 

ninth day after transplanting and from 13th day onwards Calo/ropis Rigantea 

registered the maximum NH.,'-N content but it was at par with Ipomoea replans and 

Seshllnia aculea/a and significantly superior to Leucaena leucocephala and 

Eichhorn;a crass/pes (Table 13) 



Table 12. Change in the soil Nil'" - N content ( ppm) as influenced by GLM s 
incorporation after transplanting of rice crop (1993 ) 

Treatment Days after transplanting of rice seedlings 
I 2 3 4 5 9 13 17 21* 

Main plot 

MI 
10.95 15.19 17.92 19.82 20.72 16 -Ib X ~:; 592 1-1-19 

M2 
5188 54.81 64 91 57.28 7]63 1326 72·U 65 }2 7528 

M3 32.31 4Ll2 47.59 50.-17 5238 5872 62.20 61, &S 1667 

~ 24.52 27.6-1 3705 3932 -1102 43.28 -1501 ·n 25 5-189 

Ms 3U6 42.01 4791 52.18 51.75 58.95 610X 6506 77 19 

~ 28.85 3H9 42.98 ..J5.X3 47.6-1 50 18 51 YO 52 14 65 I 

SEd 1.55 1.42 0.96 1.85 1.55 1 50 101 096 087 

CO(p=0.05) 3.43 3.16 2.14 4.13 3.45 334 225 214 I q4 

Sub plot 

SI 26.61 29.4-1 31.23 33.75 36.99 40.88 -1394 ..J570 -'592 

S2 28.U 34.14 4J.87 3673 47.1n 56.89 4891 487' 6047 

S3 31.62 37.77 47.13 5091 5172 5]A1 5248 5(UO 6599 

S4 35.58 -12.30 5175 5507 55.67 5645 -l571 52.2K 7() 112 

SEd 1.30 1.19 0.88 0.63 090 0.80 0.51 055 091 

CO(p=O 05) 2.64 2.42 1.78 1.28 183 162 1.04 1 12 I 85 

Interaction Sig Sig Sig Sig Sig S'g Sig Sig Sig 

Sig - Significant at 5 per cent level 

M, = Control 
M2 ~ Seshania acuieala 
M3 -- Ipomoea replans 
M4 Eichhornia crassipes 
M, - Calofropis giganlica 
M6 leucaena lellcocephala 

o kgN ha-' 
40 kgN ha-' 
80 kg N ha-' 

120 kg N ha-' 

25 29 

11.98 H).(H 

6,29 6079 

{)<) 96 (,).I-I 

49.-1-1 -1-115 

7.163 6592 

5603 5HIS 

1.05 0.81 

2.34 1.80 

-I} -12 -II -13 

5417 49.4() 

"671 53.11 

6191 5605 

0.90 0.76 

183 154 

Sig Sig 



M x S Interaction table 

Treatment Days after transplanting of rice seedlings 
I 2 3 4 5 9 13 17 21 * 25 29 

M, S, 7.11 6.93 6.85 6.n 669 ~77 108 297 2 qo 2 N9 289 

MIS, 8.65 13.59 18.01 2006 22.12 16.8~ 876 .5 2X 15 ()1 12 '14 1027 
M,S, 12.35 17.97 20.07 2301 23.9~ 19AI 1055 6.75 1807 14.19 12.59 

M, S4 15.70 2228 26.71 29.48 3013 2U2 13 44 X 67 21 97 1789 1429 

M,S, 47.80 49.33 52.97 5708 5947 62.~1 6361 61 3.1 579.1 5477 5273 

M, S2 49.80 5309 63. 16 16.15 70.55 n.93 72 46 6417 75,f:, 6616 60.09 

M,S, 52.79 56.21 69.72 75.93 76.41 77 68 75.39 6669 81 51 5956 63.15 

M2 54 57.16 60.64 73.77 79.77 80.11 79112 7829 6890 8621 72 69 6699 

M,5, 28.41 33.93 35.14 39.74 45.18 51.26 5RJ6 (~1A4 5991 5778 5568 

M,5, 30.16 39.95 46.75 ~8 27 4975 58.51 6051 617() 7565 6978 6429 

M,S, 33.19 43.01 52.\2 54.94 55 \2 6098 (,:\ 75 6-l :;; 8251 74.63 6R~9 

M,54 37.00 ~7.58 5636 58.93 59.28 62.15 66.17 6695 8860 77.67 71.71 

M. S, 20.H 22.H 22.68 23.69 28.32 3H9 1795 :\9.49 40H 38 17 37 IX) 

M. S, 22.24 25.39 35.14 38.81 19.60 4248 4nl 42)2 5~ 49 48.16 4414 

M.S, 25.46 29.02 nO] 4564 46.14 -1-695 n71 ~4 87 6099 5432 .+661 

M. S4 29.92 33.90 ~7.14 ~9.15 ~9.82 50.20 50.94 ~6 .1() 6366 57 II 49.66 

M5 5, 30.68 34.60 37.37 ~0.~6 H54 ~9 03 55 26 6173 63.53 6029 55.n 

Ms S, 32.92 39.80 4562 5183 5309 5850 59 -1.7 6482 77 12 7286 65.:j.t) 

M5 $., 35.86 -14.26 52.84 5645 57.97 6250 62.66 6579 8202 78.31 69 <)5 

Ms S4 40.01 49.38 55.80 59.67 60.~0 6578 6693 67.91 8610 8307 72.32 

M" 5, 25.22 29.62 32.37 34.81 38.56 -12.17 4585 -1825 50.84 46.65 44.39 

M6 S2 26.77 33.00 41.97 45.57 47.07 48.60 48.26 51 94 65.13 55.16 52.17 

M" S3 29.88 36.20 46.83 49 -19 50.58 52.97 5483 53.37 70.83 5926 5S.H 

M" S. 33.55 40.06 50.75 53..t3 54.33 5677 58.66 54.98 73.61 610X 6133 

M SEd 1.55 1.42 0.96 1.85 1.55 1.50 1.01 0.96 0.87 1.(15 0.81 

CD 343 3.16 2.14 4.13 1...1.5 334 2.25 2 14 194 234 1.80 

5 5Ed 130 1.19 (J.88 0.63 0.90 0.80 051 055 0.91 0.90 () 76 

CD 2.64 242 1.78 128 1.83 1.62 1.04 1.12 1.85 l.83 15-1 

MxS SEd 2.43 1.81 2.88 3.23 1.55 2.36 126 0.94 2.23 220 1.87 

CD 4.93 3.68 5.85 6.56 .1.15 4.80 2.56 1.91 .+.53 447 l.SO 

SxM SEd 2.51 1.94 3.07 2.73 183 196 1.66 098 2 15 221 186 

CD 5.10 394 6.23 554 3.72 3.98 3.37 2.00 4.37 453 3.77 

* Top dressing of urea was done 



Table 13. Cbange in tbe soil NH; - N content ( ppm) as influenced GLMs 
incorporation after transplanting of rice crop (1994 ) 

Treatment Days after transplanting of rice seedlings 

1 2 3 4 5 9 13 17 21* 

Main plot 

MI 12.77 17.31 IS.!Xl 21.48 22.50 1864 10.81 (, 93 1530 

M2 46.91 51.82 54.15 7UO 7H2 7648 7,40 69.tlJ 7905 

M, 37.63 39.71 4295 6068 63.82 66A2 6881 68.98 81.70 

Mt 28.60 33.47 36.44 42.55 4520 4942 4995 48.91 58.98 

Ms 36.35 4128 44.51 67.85 70.94 7309 7468 7413 82.45 

~ 35.43 39.25 42.75 51.86 5 .. 3.J 5798 6027 6200 7453 

SEd 101 162 145 104 157 0.88 1 12 128 188 

CD(JF(l.05) 2.25 3.61 3.23 2.32 349 1.96 2.50 2.85 419 

Sub plot 

SI 28.49 30.58 33.06 39.33 44.26 48.13 50.41 51.82 5007 

S2 30.50 3H9 37.55 51. .. B 5365 56.16 54.14 51.83 63.53 

S) 34.58 39.59 42.22 57.S5 59.27 6016 5803 5618 71.83 

S4 38.20 4339 46.35 61.87 63.76 6 .. LW 62.69 58.28 7589 

SEd 101 140 1.56 100 142 0.86 105 1.31 191 

CD(JF(l.05) 2.05 2.84 317 2.04 2.88 174 2.14 2.66 3.88 

Interaction Sig Sig Sig Sig Sig Sig Sig Sig Sig 

Sig - Significant at 5 per cent level 

00 

25 29 

11.1) 9 O~ 

6~.62 62.47 

72 91 63.12 

5467 4181 

73.25 63.28 

63.61 52.27 

140 1.26 

3.12 2.81 

4516 42.51 

55.88 47.71 

62.39 50.87 

6668 54.93 

1.39 128 

283 2.59 

Sig Sig 



M x S Interaction table 

Treatment Da s after trans~ lantinl of rice seedlinl!,s 
1 2 3 4 5 9 13 17 21 * 2" 29 

M,S, 8.40 8.23 8.01 7.22 7 ()~ ql ~.22 185 ~.l2 2 qg 292 
M,S, 9.89 15.68 17.56 22.1) 24.20 20.24 971 618 15 16 II 07 811 
M,S, 14.H 20.55 21.24 27.21 2tUn 23.13 11." 8.2.1 2071 IU6 11.94 

M, S4 18.35 24.76 25.17 29.15 29.88 2556 1598 Y 26 22 19 16.22 IU8 
M,S, 42.82 45.31 4823 56.97 6001 6-1. 16 6625 65.21 60.,6 5417 5106 

M, S, JH9 4993 5IJ9 70.13 7+82 7645 7U2 6X 27 7529 6819 6126 

M,S, 48.05 5419 56J7 76.25 80.~(1 81.11 76.56 7081 8767 75'1 ()5.-lS 

M,S4 53.27 57.85 60.62 81.63 832J 8418 79.16 71 72 9286 8(UO 68 ()9 

M,S, H41 34.54 17.61 ·l2.08 50.62 57.87 61.14 6594 6627 6178 5752 

M, S, 35.07 16.26 39.56 58.17 60.31 6189 6520 6721 79.29 69.75 6() 14 

M,S, 19.79 41.21 45.42 67.48 68.21 6Y.11 70.IS 6981 8940 77.25 61.19 

M3 S4 42.22 46.81 49.22 75.00 76.11 74.59 7871 729) 91.82 8286 7I.41 

M4S, 23.62 27.02 29.94 )2.20 38.06 44.14 46.42 47 I" 46·\2 42 41 ,6.96 

M.S, 26.40 30.32 13.38 4124 44.12 48.26 4890 +80) 5850 54.17 4135 

M4 S, 29.99 36.38 38.29 47.31 +7.72 51.45 5078 49.11 6381 59.87 45.52 

M. S4 34.37 40.15 44.16 47.45 50.69 5U4 53.69 SUS 67.27 62.23 50.:W 

M,S, 31.90 35.14 37.60 59.27 6390 65.27 6800 6953 6665 6008 5749 

M,S, 34.32 40.IS 4127 66.22 6890 6929 7221 72)6 82.12 7371 6220 

M,S, 37.53 4354 46.57 72.32 7-125 7690 7714 7626 88.26 7n} 6~ ()7 

M, S4 41.63 46.24 50.57 73.57 76.74 8089 8133 7Y.18 92 75 8188 69.14 

M6 S, 30.84 33.23 36.99 38.26 ~5.93 51.94 5642 5921 57.70 49.36 47. I3 

M,; S, 33.85 37.58 40.22 48.27 49.14 53.&4 5739 60.72 70.85 5821 50.16 

Mr, S3 37.65 41.67 45A3 56.50 56.18 5884 IlII 19 6282 81 IIJ 711.31 548:, 

Me S4 39.:;8 44.50 4837 64.40 6590 67.28 67.0& 6525 88.46 76.57 56.95 

M SEd 1.01 1.62 US 104 1.57 0.88 112 1.28 188 lAO 1.26 

CD 2.25 361 3.23 2.32 149 196 2.50 2.85 4.19 1 12 2.81 

S SEd lOI 140 156 lOO l.42 086 105 131 191 I 19 I 28 

CD 2.05 2.84 1.17 2.04 288 1.74 2.14 2.66 1.88 283 2.59 

MxS SEd 1.88 252 3JI 182 1.71 1.26 I 53 1.75 2.84 2.04 1.65 

CD 3.82 5.12 6.72 1.71 3.52 2.56 3.11 3.55 5.76 4.14 333 

SxM SEd 1.95 2.68 2.98 2.04 186 140 1.57 1.88 3.12 2.23 170 

CD 3.96 5.H 6.115 414 377 284 118 382 6.33 4.52 1.45 

* Top dressing of urea was done Significant at 5 per cent level 



NH.,' -N content between different days were compared and presented in 

Tables 14 and 15. NH.,'-N content increased upto 21 days after transplanting in 

Ipomoea replans, Calotropis KiKallfea and Lellcaena lellcocephala applied plots, 

where as in Sesbania aeuleala the increase was observed upto nine days, then it was 

static upto 13 days and there after it started declining. In f:ichhorma crassil'es, 

increase was noticed upto 13 days and then declined 

NIL -N content in the soil increased with the increase in levels of N The 

highest NIL'-N was recorded at 120 kg N ha·1 Interaction between green leaf 

manures and the levels of N was significant. Irrespective of green leaf manures 

applied, NH,'-N content increased with N levels Combined application of 120 kg N 
~ 

ha'! and GLMs recorded the highest NH. -N content Among the green leaf manures, 

Sesbania aeuleala, Cafotropis xiganlea and Ipomoea reptans were comparable at all 

the N levels with reference to NH. -N release 

4.1.1.4. Change in soil NOJ'-N content as influenced hy GLMs and levels of N 

after rice transplantation (Tables 16 and 17) 

Different green leaf manures and levels of N application had influenced the 

NO; -N at all the days of observation in both the years Among the different green leaf 

manures, highest NO;-N content was observed in Sesbania aculeala up to second day 

after application From third day to 21 st day the maximum NO;-N content was seen 

with ('alotropis gigantea. This was followed by Sesbania aeuleata which was 

comparable with Ipomoea reptans (Table 16) The same trend was noticed in both the 

years. 

Nitrogen levels also significantly influenced the soil NO;-N content and the 

maximum was seen with 120 kg N ha,j The interaction effect between green leaf 

00 



Table 14. Percentage change of soil NH; - N over previous day (1993) 

Treatment 

MIS I 

MIS, 

MIS, 

MI S4 

M,SI 

M2 S, 

M,S, 

M2 S4 

M, SI 

M,S, 

M,S, 

M3 S4 

M. SI 

M. S2 

M. S3 

M, S4 

M,5 1 

M,52 

M,S3 

Ms S4 

M"SI 

M" 52 

M" 53 

M" 54 

2 

-2.51 

57 11 

45.51 

41.91 

-3.20 

6.61 

-6.48 

6.09 

19.43 

32.46 

2881 

28.59 

8.81 

1-1.16 

B.98 

13.60 

12.77 

20.89 

23.99 

23.41 

1744 

23.27 

21.51 

19.40 

-us 

12.67 

11.69 

1988 

73S 

18.97 

24.03 

21.65 

3.57 

1702 

21 18 

18.45 

1.98 

39 18 

48.27 

39.05 

8.(X) 

1-1.62 

19.38 

13.03 

9.28 

27.18 

22.69 

26.68 

Days after transplanting of rice seedlings 

4 9 13 17 21* 

-175 

11.26 

IUS 

10.17 

776 

9 -18 

8.91 

8.D 

no') 

3.25 

-t56 

H5 

980 

606 

4.26 

8.26 

Ll.61 

6.83 

6.93 

7.53 

8.57 

5.68 

5.28 

-(l.SQ 

10.27 

404 

-2.20 

-119 

202 

063 

0.43 

1-1.19 

') 07 

(U3 

0.59 

1954 

2(n 

1.50 

136 

7.61 

243 

269 

1.22 

1077 

3.29 

2.20 

1.68 

-2S.70 

-2'87 

-1762 

-t 94 

479 

166 

-I 3(, 

1736 

1761 

10 61 

18.26 

727 

I :q 

-() 76 

12.60 

1019 

7.81 

8.90 

9.88 

3.40 

4.72 

4.44 

-4565 

45 R5 

I 95 

-199 

-245 

-() 92 

147 

-154 

6H 

13 12 

2.89 

1.61 

1.-17 

1257 

I h5 

0.25 

175 

8.23 

-(J.6'! 

351 

3.32 

-157 

-1973 

~lh 01 

-1549 

-161 

II 16 

-11:<4 

-1199 

"' ,:)6 

.5 24 

091 

I 18 

4.(K, 

-1 18 

-595 

-910 

1170 

899 

499 

1.46 

523 

7.62 

-2.26 

-<'.25 

1847 

1677 

1721 

2222 

25 12 

-088 

1876 

28.29 

'2.H 

241 

2856 

35 n 

3749 

2.91 

18 17 

24.66 

2678 

5.36 

2539 

32.79 

33.88 

* Top dressing of urea was done 

69 

25 29 

-035 

-I) 'II -20.63 

-21 47 -11.28 

-18.57 -20.12 

-)45 -172 

-1211 -9 17 

-1-16(, -89) 

-IS 68 -7.84 

-356 -3.63 

-7.76 -787 

-9.57 -769 

-12 H -7.67 

-561 -307 

-11.61 -8.30 

-10 93 -14.11 

-10.28 -13.05 

-5.09 -7.25 

-5.52 -HUI 

-4.53 -10.67 

-151 -12.94 

-8.24 -484 

-15.30 -5.40 

-16.33 -138 

-1-1.30 -2.77 



Table 15. Percentage change of soil NH; - N over previous day (1994) 

Treat Da, s after transplanting of rice seedlings 

MISI 

MIS, 

MIS, 

MIS, 

M,SI 

M, S, 

M,S, 

M,S4 

M. SI 

M. S, 

M.S, 

MsSI 

MsS, 

M,S, 

M5 S. 

]1 

-100 ·2f,7 -q~6 -149 ·n 15 -1199 

5854 1199 272R 8.2S -\0 .. 1('> -52 OJ 

12n 402 1527 544 091 -)l,j 

8.59 -179 3466 196 114 _)7~ 

:I 38 10:8 11 XR 2029 14 .14 :' 65 

119 '110 47()4 ~67 ~9'"\ 2n~ 

357 ]0.22 4K57 11(j 161 12(', 

10.87 5 15 52 .. 18 1.51 -202 ) 52 

1419 1081 7.5) 1R)9 159'" 516 

1485 J009 2953 24') 888 LU 

21.31 :>.2:- 2156 ORO ?SO -130 

16829.99 7.4.'\ 68] 621 -0.1 

10.16 7.00 5763 781 214 418 

17 07 .., 69 5104 -105 () ."i(, -I 24 

1601 6.96 55.29 2.67 356 01\ 

JI07 9.16 4548 182540054 

775 11.32 3432005 noy 861 

11.02 703 20.0] 20.22 () 06 659 

10.68 902 24.34 -(J 57 473 1 17 

13.00 8.69 33. \4 2.33 2.0Y -079 

* Topdressing of urea was done 

"_q29 

-lR \7 

-410'\ 

_15 7 

·9(,2 

,11 

-() 49 

-762 

IS"" 

-In 

-329 

2.25 

(lIfo( 

-I 14 

-264 

.95 

5.kO 

4.37 

-272 

~1 • " 
-18% ...-449 -201 

\'\\64 -:H14 -1627 

\Nf,J -2690 -17 '\t) 

.744 -992 -241 

lOll< -916 -750 

2~77 -140') -[109 

2945 -1 ~ 42 -15.11 

050 -677 -6S9 

2X()2 -us') -1794 

2590 -975 _[1 Xl 

-176 -X44 -1285 

2179 -740 -2187 

29 91 ~) 17 -2197 

1100 -749 -1(0) 

-414 -985 -411 

1:'49 -]()24 -15.62 

157.\ -121X -1715 

1714 -1172 -1~.12 

-2.55 -16.04 -450 

1668 -17X4 -13.83 

29 10 -13.10 -22.02 

1557 -1144 -25.62 



Table 16. Change in the soil NO] - N content ( ppm) as influencrd by GLMs 
incorporation after transplanting of rice crop ( t 993 ) 

Treat. Days after transplantin! of rice seedlings 
1 2 3 4 5 9 13 17 21* 

Main plot 

MI 8.81 11.85 D.99 1245 10.63 7,4 ,m n3 12.70 

M, 1228 18.57 17.77 16.12 14.29 1149 8.98 ,45 Ib 29 

M, 11.76 16.25 17.57 15.77 1362 '19, 8.45 465 14.77 

M. l\l.79 l3.I& 14.96 l4-.9S LU6 8A2 6.27 4.1'1 12.82 

M, 1142 17.48 19.6J 20.J8 ISOI 1414 1121 (, IJJ 1712 

Mo 993 1464 16.'4 17.28 16.77 10 0, 6.86 ).:'6 1224 

SEd 0.15 0.21 0.15 016 0.23 0.13 0.09 013 013 

CD(FOO5) 0.33 0.47 0.34 0.36 0.51 029 021 028 0.28 

Sub plot 

St 2.33 230 2.28 2.25 2.22 214 2.00 201 1.98 

S, 949 14.84 16.60 16.42 U.76 998 7.38 46] IH4 

S, 13.92 19.70 21.58 20.99 18.37 12.80 981 625 17.76 

S4 16.77 24.46 26.38 24.97 22.31 15.92 1203 717 23 12 

SEd 0.20 0.19 0.03 0.19 0.14 0.17 008 013 0.16 

CD(JF(J.05) 041 038 0.06 0.39 0.28 035 016 0.25 033 

Interaction Sig Sig Sig Sig Sig Sig Sig Sig Sig 

Sig - Significant at 5 per cent level 

25 29 

8.60 4.6J 

12.61 85, 

1188 1\ 39 

9.:q- 6 J8 

120] 8.JO 

S 21 614 

0.07 0.10 

0.17 0.23 

194 1.93 

IIUO 6.67 

LUIS 8.77 

16.50 10.90 

006 0.06 

0.12 013 

Sig Sig 



M x S Interaction table 

Treatment Da S after transJ Ian tin of rice seedlin2s 
I 2 3 4 5 9 13 17 21 * 2S 29 

M,S, UO IJO 1.29 I 28 I 28 U, I 24 122 I 22 I 20 I 20 

M, S, 7.99 10.50 1255 11.21 9 18 629 -l-l9 ",07 12 ~, 842 4.42 

M,S, 11.50 1486 17.61 15.12 D9\) 9.:n 6 .... 9 -U)6 IS 82 10.,0 ,.51 

M, S, 14.43 20.7] 24.54 22.20 18.07 12.-15 801 4.95 21 D 14.27 7.40 

M,S, 3 (~) 296 2.95 291 2 X5 :.> 71 2.26 2 :"1 245 21.1 2.10 

M,S, 10.88 18.,2 18.03 17.11 1,.89 12.91 8.01 -l92 16.49 11.9, 8.2, 

M,S, 15.91 2148 22.17 2051 18.19 14H II 89 6.91 1988 15 43 1041 

M,S. 19.34 29.33 27.94 H93 20.21 15.98 ".74 742 2612 211.74 ll.23 

M.,S, 2.76 2.75 272 266 261 2.S2 2 -l5 218 215 211 2.1 t 

M, S, <) 04 15.92 17 94 1688 1491 10.10 8.22 489 11.64 )022 7.24 

M,S, 1346 20.65 2281 20.33 15.33 II 47 III 55 5.11 18.41 15.56 10 28 

M, S, 1642 25.68 26.82 H21 21.60 15 61 1256 (> 22 2469 1941 1171 

M. S, 2.09 2.115 2.112 2.00 I 95 186 179 I 71 I 70 168 1.66 

M. S, 8.5( 1.1.18 14.12 14.32 12.08 7.76 5.55 344 1163 10 46 (, 39 

M, S, 15.29 1736 20.29 11 16 1793 III 78 7 17 -l95 1:\71 1110 826 

M. S, 1722 211.11 2321 22.11 20.69 11.27 10.58 (,65 2025 14 II 9.22 

M,S, 2.68 266 2.61 258 252 2.44 2.12 2311 2.29 228 227 

M, S, 1047 1666 19.91 211 85 1826 13 47 11.66 (, 91 17 85 12.26 731 

M,S, 15.29 22 15 25.28 2603 2124 1841 14.11 897 21.52 15411 II) 91 

Ms S, 1766 28.·t) 30.71 32.06 28111 21.83 16811 9.43 26.81 18.19 12.70 

M"S, 2.12 210 2.119 2.09 2.07 2 112 1.91 189 I 85 184 182 

M" S, 9.97 14.28 16.85 18.13 1823 935 637 4.511 12.49 846 6.19 

M" S, 12.08 19.69 21 13 22 56 21 52 1244 865 7 -l8 1521 10.28 7.24 

M" S, 15.56 22.48 25118 26.11 25.25 16.39 111.49 835 1919 12.25 912 

M SEd 015 0.21 (US 11.16 0.23 (113 (1119 on 0.13 007 11.10 

CD 0.33 0.47 (1.14 0.36 II 51 029 (UI (128 (U8 017 0.23 

S SEd 0.20 0.19 om 0.19 014 017 0.08 011 016 0.(16 0.06 

CD 041 038 0.06 0.19 028 035 () 16 025 033 012 0.13 

MxS SEd 0.38 0.45 0.69 0.47 0.35 (J 43 (J 19 (J3I (J.40 015 (lIS 

CD 0.77 0.92 1.40 0.95 0.70 0.85 039 0.62 0.81 (1.3(1 031 

SxM SEd (US 0.43 0.62 045 OJ3 I (U8 0.19 0.29 (U7 0.15 0.17 

CD 0.72 O.S7 1.26 091 0.67 I 078 (1.19 0.61 076 (un (U5 

* Top dressing of urea was done Significant at 5 per cent level 



Table 17. Change in the soil NO, - N content ( ppm) as influenced by GLMs 
incorporation after transplanting of rice crop (1994) 

Treat. Days after transplanting of rice seedlings 
1 2 3 4 5 9 13 17 21* 25 

Main plot 

MI 10.11 ]) 60 16 OX I~.'I 12.20 s·n " XI ,82 1462 9.XX 

M2 I~ 67 22 02 20.99 19 ~II 1682 U(..t> to 99 657 IX 77 I:' 0:' 

M) 12.X9 19.77 32.13 20 ], 17.67 I] ()6 10 37 :' 98 IX 75 1-' 6b 

~ 1197 I~ 7. 1650 1670 1~.29 l) ..j.8 6 'IX :' 0, 16.1(} 11.111 

Ms 1]-1-6 18.0.1 2172 22.12 19.99 !5 IIX II X2 (J 97 16 tJ2 11-l2 

M(, II 25 15.38 1927 20.'2 IX.29 II 59 X 86 .5 45 Inl X 62 

SEd 007 009 0.15 0.11 0.21 0.27 lUI (I ~2 II ~~ 016 

CD(poi).1I5) 016 0.20 01:) 029 II ~7 0611 () 69 ()()-l () I)X 0811 

Sub plot 

SI 2.81 277 2.67 258 252 2.H 2 ,_f 22' 2 I~ 2.117 

S2 II II 17.02 1l)61 19.611 1760 1229 X 8" 5 17 15.69 II 99 

S, 16.55 22.55 2,).85 2511 21 88 I~ 58 1155 7.06 21 X9 !5 86 

S4 19 ]() 27 ()9 2966 2809 2~.17 182' 1'.82 8118 26 2~ 18.5' 

SEd on 0.11 017 016 II ~7 0,2 o :'is 055 068 1151 

CD(~)o5) () 26 0.26 0.35 012 () 95 065 I 18 I 12 138 1.0~ 

Interaction Slg Sig Slg Sig Sig Slg Sig Slg Sig Slg 

29 

" 11 

<) 9-1-

9-tO 

7 7~ 

829 

6 ~7 

0,7 

II Xl 

2112 

804 

961 

11.76 

062 

126 

Slg 



M x S Interaction table 

Treatment Days after trans lanting of rice seedlin '5 

1 2 3 4 5 9 I} 17 ~I * 25 29 

M,S, 1.4~ 146 lA.' I ~1 I ~I I 1<) 117 1.1'-; I 'I I 15 I 21 

M,S:, 9.67 12.70 15.1~ n 57 1111 7 (ll .5 ..J-' ,71 15 17 II) 19 .5 )) 

M,S, Ll 01 16.82 1999 17 16 1588 1O.6.J 737 -'.61 17.96 11.92 (> 30 

M, S4 1630 23.42 27.70 25.07 20.~1 141~' 907 5.60 2.J 03 1615 838 

M2 S, 3.69 1.65 1.64 15S ,51 ., 16 1.18 ., 12 1.01 IX7 281 

M, S, 13.08 22.26 2168 20.57 19 I I 1551 <) 61 5.92 1715 14.16 <) 92 

M2S., 19.03 28.09 26.52 24.56 2l.57 1751 14.22 882 2367 18.54 12.54 

M2S4 22.87 .1~ 07 321.1 28.89 2,07 18 2~ 16.85 8 ~I 'I 1)4 N43 1448 

M,S, H2 3 ~I 332 321 1.11 2.89 265 2.59 244 240 218 

M,S, 10.98 1843 21.17 2095 17.32 n.65 I III .) t)4 15.26 II 73 9.83 

M,S, 17.70 26.81 32.16 2461 2529 1671 ) 1.12 7.()4 27 S4 2244 I() tJ& 

M, S4 19.46 30.43 31.87 27.53 24.96 18.97 1438 7.71 2~.76 22.08 H40 

M. S, 2.40 2.36 233 2.23 2.14 2.1.1 21)6 199 I 85 I 71 166 

M. S, 9.87 1<61 16.08 16.00 1429 969 621 485 15 16 1212 891 

M4 S, 16.81 19.96 22.19 23.56 18.51 II 45 8.16 q4 22.56 I~.II <) 50 

M. S4 18.79 21.99 25.38 24.~9 22.21 14.64 1125 785 l5.07 15.97 IO.~ 

M,S, 3.0~ 2.% 2.65 2.50 2 ~~ l40 235 2.11 2'1 228 2.20 

M,S, 12.78 1782 23.41 2S.06 22.82 1584 1226 6.12 1663 1412 740 

M, S, 17.86 25 ~2 28M 29.JO 26.84 16.57 14.24 887 22 17 1734 J(UN 

Ms S4 20.14 28.36 32.17 32.~0 27.84 2551 18.~~ J(U4 2658 19.94 1.1.19 

M6 S, 2.8~ 277 2.65 2.54 2.50 2.44 232 199 1.89 1.86 1.85 

M" S2 10.26 1632 20.12 21.44 20.% 11.44 8.42 4 ]0 14.56 9.20 6.84 

M6 S, 14.85 18.18 25.61 27.65 21.17 I~ 56 1177 6.98 1746 10.80 7.99 

M" S4 17.W 24.24 2870 29.64 26.52 17.<)] 1294 8.53 2093 12.62 921 

M SEd 0.07 0.09 0.15 0.11 lUI 0.27 lUI 0.42 O.H IU6 0.37 

CD 0.16 0.20 0.33 () 29 047 0.60 O.(,l) 094 O.9X O.SO OX, 

S SEd 0.13 0.13 0.17 016 0.47 (1.32 0.58 055 068 051 () 62 

CD 0.26 0.26 0.35 0.32 0.95 0.65 I I~ 1.12 UX I O~ 1.26 

MxS SEd 0.35 0.31 IUS 0.38 0.62 0.81 0.79 0.74 0.81 0.76 o XI 

CD 070 0.62 072 077 126 1.64 1.60 1.50 1.64 154 164 

SxM SEd 0.38 0.37 0.43 0.40 0.69 0.87 0.83 0.81 O.8S 081 0.83 

CD 0.78 0.76 0.87 0.81 UO 1.77 1.68 1.64 178 164 1.69 

* Topdressing of urea was done Significant at 5 per cent level 



manures and levels ofN was significant at all the days of observation in both the years 

Irrespective of green leaf manures application, NO,-·N content increased v.ith the 

levels ofN studied. 

Change in NO;·N content between different days were compared and 

presented in Tables 18 and 19 NO,·N content increased upto fourth day in 

f,'ichhomia crassipes. Calotropis glgallfea and l.elKaella lellcocephala applied plots. 

upto third day in Ipomoea reptam and control and only upto second day in Se"hallia 

aculeata. There after in all the treatments. there was a steady decline in NO'-·N 

content till the topdressing with urea was done on 21 st day When the levels of N 

and days of observation were analysed. the increase in NO;·N content was observed 

upto third day and there was a steady decline in all the N levels 

4.1.2. Biometric observations 

4.1.2.1. Plant height (Tables 20 and 21) 

The plant height increased with the advancement of crop growth and it was the 

highest at harvest During 1993 Kharif, plants grew taller when GLMs was 

incorporated Among the green leaf manures, Seshania awleata (M,) produced taller 

plants at all the four stages of study. However, this was statistically at par with 

Calolropis gIgantea(M,) in all the stages except at panicle initiation(PI) stage The 

other green leaf manures were in the order of Ipomoea reptans(M,) > Lellcaena 

lellcocephala (M6) > }jchhornia crassipes ( M4 ) 

Application of N at all the stages had increased the plant height significantly 

over absolute control (SI) Taller plants were produced under S4(120 kg N ha-' 

followed by S3 (80 kg N ha-!) and S, (40 kg N ha-') 



Tablr 18 Percentagr changr of soil NOj - N over prrviolls day (1993) 

Treat 

M,S, 

M,S, 

M,S, 

M, S. 

M,S. 

M,S, 

M, S, 

M.,S, 

M4 S. 

M,S, 

Ms S, 

M,S, 

Days after transplanting of rice seedlings 

2 4 5 9 Ll 17 21 * 
()()() ..{)77 -07g OO() -214 -(lSI -Itl] (JOO -1{1--t UOO 

-LH -uq -1'(1 -210 --t21 -)7221[95 -'1(, -I Xl) -129 

70.22 -265 -5 to -; 13 -IX 75 -,7 '}() -,S 5X 235 I -2753 -30 % 

_()~(; -110 -22() -113 -1.19 _2'77 -2 X':; .['(j -170 \lOU 

7() J(J 12 (J9 -59[ -I I ()X -1226 -IX 61 ...:j.{) "ij PX') -2507 -291(l 

53--12 IO.\b -lOg.7 -2--1.59 -2S1g -K1l2 -5\5() 2{~1~ -\54~ -:q93 

1354 16S8 ':;2S -I (d)(, -:vnas -"._t9 .. 1()9(i 2174 -2<.)3-1 -2554 

1(178 15-12 --47-1 -6 .. t2 .. ''SS() .. 2()27 -17]':; 2045 -3032 -3-t6() 

-(175 -187 -115 -2.'2 -)12 -1,1 -()86 ~14) -(144 ~'44 

59.12 1'-)62 4.b2 -1242 -1(123 -IJ..J.4 -lll56 1576 -3132 -4()38 

44 86 14.13 247 -)072 -20 n -2125 -1(152 13'14 -2842 -2903 

6()98 SOl -1.4(1 -1263 -226) -230-1 -4387 1843 -32.15 -JOIS 

_()9-t -()48 OUO -()96 -2424.46 -207 -212 -()54 -109 

43.21 18.00 7.60 055 -Ih 71 -3187 -29)6 1766 -3227 -2447 

62998)2 577 -4.61 -1219 -J047 -1)5) IOJ6 -3250 -2957 

4447 11 57 0.20 -1.10 -3509 -3599 -20AO 1322 -3682 -2554 

* Topdressing of urea was de ole 



Table 19 Percentage change of soil NO, _ N over previous day (1994) 

Treat Days after transplanting of rice seedlings 

M,S, 

M,S, 

M,S_, 

MI S4 

M,S, 

M,S, 

M,S_, 

M,S, 

M,S, 

M.,S, 

M_,S_, 

M,S4 

M4 S, 

M,5 1 

M,S, 

M,SJ 

M, S41:_ 
M6 S, 

M" S, 

2 

2914 

-I 118 

7() 18 

476\ 

-029 

67 R5 

5147 

511 37 

-167 

48112 

1874 

-263 

3944 

4233 

40.81 

-246 

59 On 

2242 

4214 

4 

-2 10 

j961 

IS S5 -14 I 

1827 -9 -19 

-(] 27 

-2.61 -511 

-5.59 -739 

-1()1 

-26() -.111 

14 R6 -1114 

1995 -: 93 

-1.27 ---130 

10 ()6 -(J 49 

II 17 (1 17 

114) () 71 

-10.47 -s (lb 

31 37 7US 

1267 210 

1143 II 71 

-4 )) -4.15 

n 28 () 56 

4087 797 

1840 ) 27 

* Topdressing of urea was dune 

9 13 17 21 * 
-074 -141 -141 -I-l'i 

-: .... 6 -324\) -3() 71 

-IS 59 -31 11 -1"'.1(} 

-7 ()9 -IS 73 -:~x (It, 

-1217 -IX K::~ -IH 79 --'797 

-3 12 _707 -x 1() -22(1 

-173 -21 19 -IX hI 

-9.14 -2199 -2420 

-403 -04t> -310 -1.19 -71)4 

-106% -1:: 19 -3571 -232h 212 () 

-21 35 -:H~ 21 -l() I}l) -1493 

-1407 -S 36 -27 71 157 I 

-2 -HI -1 64 -2 OR -0 X5 -II 85 

-894 -30 "i9 -22 (,() -4845 

-754 -:1.,754 -140(J -3771 1449 

-14(]7 -817 -2771 -1.3 93 157 I 

-1.57 -lAO -4.90 -14.22 -5 II) 

-224 -45·n -2() 34 -489) 238 (1 

-J() 20 -3716 -1916 -411711 ISO 1 

-Ill 53 -1239 -2559 -14 liS 1454 

25 29 

-12(1 

-t7 "0 

-47 l:'i 

-127lJ -4R II 

-400 

-\7 2~ _11 t)2 

-.12 20 

-21 29 -4U 7~ 

-1(,.) -0 Xl 

-\(12(l 

-IX 44 -5107 

-25 Xl -147R 

-64(j -405 

-1~.7:\ -27 6~ 

-3746 -3267 

-2498 -11 R5 

-I 30 -151 

-15 ()I.) -474lJ 

-21 7~ -411 14 

-3385 

-159 -0.54 

-2565 

-3S 12 -2602 

-lY 70 -27112 



Table 20. Effect of different GLMs and N levels on the plant height 
at different growth stages (em) - 1993 

Treatment Active Panicle Flowering Harvesting 
Tillering Initiation 

Main plot 
MI 23.8 43.46 66.30 67.71 

M2 27.56 54.60 82.26 83.30 

M, 26.12 50.90 795'2 8151 

M4 24.81 46.01 73.45 74.74 

Ms 27.19 5U7 79.95 82.13 

M,; 25.69 47.65 78.38 80.38 

SEd 0.26 0.52 0.64 0.71 

CD(p=O.05) 0.58 115 1.42 1.57 

Sub plot 

Sl 20.00 40.83 71.36 7311 

Sz 24.59 47.51 74.99 76.69 

S3 28.21 51.91 78.68 80.41 

S4 30.65 55.75 81.54 82.96 

SEd 0.47 0.90 0.84 0.85 

CD(p=O.05) 0.96 1.83 1.71 1.72 

Interaction Sig Sig Sig Sig 



M x S Interaction table 

Treatment Active Panicle Flowering Harvesting 
Tillering Initiation 

M, S, 17.63 3594 6183 6239 
M,S2 22.23 43.17 6562 67.60 
M,S, 26.67 4647 67.67 6905 
M, S4 28.67 48.27 7007 7181 
M, S, 2UO 4482 7776 7930 
M,S, 27.07 53 18 8056 81 18 
M2S, 29.50 5807 8383 8552 
M2S4 32.58 6232 8687 87.20 
M,Sl 20.56 4242 72 33 7468 
M,S, 24.00 48.77 78.06 7952 
M,S, 28.96 5363 8247 84.93 

M, S4 30.94 5876 8523 86.90 

M.Sl 19.10 39.07 67.48 6850 

M. S2 2307 44.53 7150 7366 

M4 S, 27.50 48.07 76.53 77.47 

M4 S, 29.58 5238 7828 7931 

M,S, 2148 42.52 75 12 7799 

M, S2 26.20 49.12 77.87 79.90 

M,S, 29.20 5467 81 73 83.70 

M,S, 3189 59.17 8507 8692 

M"S, 20.10 40.23 73.64 75.82 

M" S, 2497 46.27 76.37 78.25 

M6 S, 2742 50.52 79.83 8180 

M" S4 30.26 53.59 83.69 85.64 

M SEd 0.26 052 0.64 0.71 

CD 0.58 1 15 142 1.57 

S SEd 047 0.90 0.84 085 

CD 0.96 1.83 1.71 1.72 

MxS SEd 070 135 138 146 

CD 1.43 2.76 2.83 2.96 

SxM SEd 0.76 138 1.44 1.58 

CD 1.56 2.83 3.06 3.21 

Significant at 5 per cent level 



Table 21. Effect of different GLMs and N levels on the plant height 
at different growth stages - 1994 

Treatment Active Panicle Flowering Harvesting 
Tillering Initiation 

Main plot 

M] 24.57 41.91 65.89 68.20 

Ml 27.90 55.77 81.89 8380 

M3 26.67 48.35 78.95 80.14 

~ 25.95 43.63 69.05 71.51 

M5 27.30 52.97 81.93 85.09 

M,; 26.56 46.18 71.78 75.30 

SEd 0.31 0.48 0.70 0.72 

CD(p~O.05) 0.69 1.06 1.55 1.59 

Sub plot 

S] 21.23 40.97 69.89 73.56 

S2 25.00 4704 73.80 76.76 

S3 27.80 50.61 76.75 79.03 

S. 31.88 53.89 79.23 80.68 

SEd 0.52 0.97 0.91 0.88 

CD(p~OO5) 1.05 1.96 1.84 1.78 

Interaction Sig Sig Sig Sig 

80 



M x S Interaction table 

Treatment Active Panicle Flowering Harvesting 
Tillering Initiation 

M, S, 20.10 35.25 5985 6339 
M,S, 23.86 41.48 63.62 67.89 
M,S3 25.98 44.51 6882 7002 
M, S4 28.32 46.38 71.25 71.50 
M,S, 22.04 46.60 7542 7747 
M, S, 25.28 5528 8042 8297 
M,S, 29.57 5931 84 OJ 86.23 
M,S. 34.70 6188 8769 8853 
M3 S, 21.26 4l.56 72.33 7522 
M, S, 24.62 4692 7892 7915 
M,S3 28.13 5031 8130 82.16 
M, S. 32.66 54.49 83.26 8402 

M4 S, 2U8 38.23 6534 70.54 

M. S, 24.79 4283 68.24 71.93 

M. S, 27.22 45.11 7045 73.41 

M. S4 30.60 4834 72 18 7417 

MsS, 21.55 44.81 77.65 8184 

M, S, 25.82 5120 8033 83.61 

MsS, 2838 5608 8325 8692 

Ms S4 33.43 59.78 86.53 88.00 

M,; S, 21.22 3936 6874 72 91 

M,; S, 25.64 44.54 71.24 74.99 

M6 S, 27.51 48.31 72.65 7543 

M6 S4 31.86 5249 7448 77.87 

M SEd 0.31 048 070 072 

CD 0.69 106 1.55 1 59 

S SEd 0.52 0.97 091 0.88 

CD 1.05 1.96 1.84 178 

MxS SEd 0.69 122 143 1.51 

CD 140 247 2.90 3.12 

SxM SEd 0.74 1.29 1.50 1.55 

CD 1.59 2.61 3.05 3.14 

Significant at 5 per cent level 



Interaction effect between green leaf manures and levels of N was significant at 

all the stages of observation Application of GLMs along with 120 kg N ha" 

produced taller rice plants. This was comparable with GLMs + 80 kg N ha" 

The same result was observed in 1994 also 

4.1.2.2. Leaf Area Index (LA!) ( Tables 22 and 23) 

In general with the advancement of crop gro"'th, the LAI increased upto 

flowering stage and there after there was a decline towards harvest for all the 

treatments studied. 

In both the Kharif seasons of rice crop. green leaf manuring showed a positive 

influence on LA! at all the growth stages of rice. The highest LAI was registered in 

Seshania aculeata applied treatment, which was statistically at par with Calofropl.l' 

gIganlea and Ipomoea replans applied treatments during AT stage At PI and 

flowering stages Seshania acu/ea/a applied treatment was at par with Calotropi.l' 

gigan/ea, Ipomoea replans and i"ellcaena /eucocepha/a applied treatments and was 

significantly superior to Eichhornia cra.l'sipc.I' and control treatments. At harvesting 

stage all the green leaf manures significantly influenced LAI as compared to no green 

. leaf manured plot However, green leaf manured treatments were comparable. 

Nitrogen levels had a marked influence on the LA! Highest LAI was obtained 

for 120 kg N ha" (S4) which was comparable with 80 kg N ha" (S,) 

The interaction effect was significant at PI and flowering stages. In both the 

stages application of GLMs along with 120 kg N ha" produced increased LA! 

However, this was comparable with green leaf manures .;. 80 kg N ha" 



Table 22. Effect of different GLMs and N levels on the leaf area 
index at different growth stages - 1993 

Treatment Active Panicle Flowering Harvesting 
Tillering Initiation 

Main plot 

M1 1.97 370 4.87 3.52 

M2 3.47 5.30 6.15 4.14 

M, 304 4.79 5.70 439 

~ 2.56 4.31 5.39 3.85 

Ms 309 4.79 5.99 4.28 

M(. 2.72 4.44 573 4.21 

SEd 0.15 0.24 0.27 0.20 

CD(p=O.05) 033 0.53 0.60 0.44 

Sub plot 

S1 1.99 3.05 4.34 2.84 

S2 2.62 4.46 5.31 3.91 

S3 3.08 5.11 ! 6.20 4.46 

S4 3.54 5.59 6.70 5.05 

SEd 0.31 0.39 0.37 0.34 

CD(p=O.05) 0.63 0.79 0.75 0.69 

Interaction NS Sig Sig NS 
" 

NS = Not significant 

B3 



M x S Interaction table at Panicle initiation stage 

Treatment NO N 40 N 80 N 120 Mean 
Control 2.22 3.70 4 12 4 7~ 370 
Seshania aculeata 3.71 5.32 589 628 5.30 
Ipomoea reptan, 328 4.42 546 602 4.79 
Eichhomia crassipes 2.85 430 483 524 4.31 
Calotropis giganlea 3.30 448 542 5% 4.79 
Leucaena leucocephala 2.96 4.56 494 5.31 444 
Mean 3.05 446 5 11 559 

SEd CD 

M 0.24 053 
S 0.39 079 
MxS 0.55 1 12 
SxM 0.71 144 

M x S Interaction table at Flowering stage 

Treatment NO N 40 N 80 N 120 Mean 

Control 3.56 464 529 597 487 

Seshania aculeata 4.82 5.56 6.91 7.31 6.15 

Ipomoea reptans 4.47 4.71 6S2 711 5.70 

Eichhornia crassipes 4.00 5.44 581 6.32 5.39 

Calotrapis gigantea 4.71 567 6.53 703 5.99 

Leucaena leucocephala 4.46 5.82 616 6.47 5.73 

Mean 4.34 5.31 620 6.70 

SEd CD 

M 0.27 0.60 

S 0.37 0.75 

MxS 0.67 1.36 

SxM 0.74 1.50 



Table 23. Effect of different GLMs and N levels on the leaf area 
index at different growth stages - 1994 

Treatment Active Panicle Flowering Harvesting 

Tillering Initiation 

Main plot 

M\ 1.81 :U8 4.77 3.11 

M2 3.59 5.07 6.30 4.53 

Ml 3.19 4.57 5.83 4.21 

N4 2.56 4.12 5.55 4.11 

Ms 332 4.94 6.31 4A9 

M" 2.83 4.38 5.92 4.19 

SEd 0.29 0.31 0.30 OAI 

CD(p=O.05) 0.65 0.69 0.67 0.91 

Sub plot 

S] 2.08 3.00 432 2.78 

S2 2.67 4.23 5A2 3.87 

S3 3.20 4.91 6A7 4.62 

S4 3.59 5.50 6.91 5.24 

SEd 0.27 0.55 0.42 0.48 

CD(p=O.05) 0.55 OAO 0.85 0.97 

Interaction NS Sig Sig NS 

NS = Not significant 
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M x S Interaction table at Panicle initiation stage 

Treatment NO N 40 N 80 N 120 Mean 
Control 211 323 385 433 338 
Se~hania aClIleala 3.56 " 14 5.56 b 01 " 07 
ipomoea replam 3.12 424 5 14 )78 457 
Eichhornia cra~sipes 3.00 378 453 5 15 4 12 
Caiotropis giganlea 326 485 5 52 614 494 
LellcaeJla lellcocephaJa 2.97 416 483 ". ".7 4 38 
Mean 3.00 4 23 4 91 5 SO 

SEd CD 

M 031 069 
S 055 I 12 
MxS 040 081 
SxM 048 097 

M x S Interaction table at Flowering stage 

Treatment NO N 40 N 80 N 120 Mean 

Control 342 4.68 5.11 588 4.77 

Seshania aClIleata 4.92 5.81 702 7.44 6.30 

Ipomoea replans 4.55 482 671 7.22 583 

Eichhornia crassipes 3.89 5 55 621 6.56 5.55 

Calotropis f51ganlea 4.89 579 7 II 7.45 6.31 

Lellcaella Jellcocephala 4.22 5.89 6.66 6.92 592 

Mean 4.32 5.42 6.47 6.91 

SEd CD 

M 0.30 0.67 

S 0.42 0.85 

MxS 0.44 089 

SxM 0.51 104 



4.1.2.3. Dry Matter Production (DMP) 

The DMP of rice was recorded at AT, PI, flowering and harvesting stages and 

presented in Tables 24 and 25 

The DMP increased steadily with the progress of time and reached the 

maximum at harvest. 

Application of GLMs significantly influenced the DMP at PI, flowering and 

harvesting stages. Incorporation of Seshama aeu/mla, ipomoea replalls and 

Calofropis giganfea were at par in increasing the DMP followed by rcumella 

leucocephala and f:ichhornia erassipes Control did exhibit lower DMP 

Application of N produced statistically measurable increase in DMP for all the 

crop growth stages over absolute control. DMP tended to increase progressively with 

increased N levels. The maximum DMP was recorded under 120 kg N ha" (S4). 

The interaction effect between GLMs and N levels on DMP was significant at 

PI, flowering and harvesting stages The highest dry matter was produced under 

GLMs + 120 kg N ha-' treatment However, this was at par with GLMs + 80 kg N 

ha- l 

The same trend was observed in the second year of experimentation also 

4.1.2. 3.1. Relative Dry Matter Efficiency (RDME) 

The mean data on RDME of Kharif rice for the year 1993 and 1994 are 

presented in Fig 3. 
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Table 24. Effect of different GLMs and N levels on the dry matter 
production at different growth stages (kg ha- I

)- 1993 

Treatment Active Panicle Flowering Harvesting 
Tiliering Initiation 

Main plot 

Ml 833.25 2973.00 5859.25 7804.75 

M2 921.50 3906.25 7453.50 13302.75 

M3 933.25 3840.75 7686.75 13184.50 

M4 862.50 3249.75 6397.75 11047.75 

M5 949.25 3799.50 7519.75 13095.25 

~, 898.00 3397.50 6884.75 12169.00 

SEd 37.21 135.82 18835 21244 

CD(p=O.05) 82.90 302.61 419.64 473.32 

Sub plot 

SI 459.20 1960.50 3788.17 8221.50 

S2 930.83 3502.17 7166.00 11672.83 

S3 1080.33 4122.67 8023.50 13353.67 

S4 1128.17 4532.50 8890.17 13821.33 

SEd 230.01 164.22 194.41 233.65 

CD(p=O.OS) 466.92 333.37 394.65 474.31 

Interaction NS Sig Sig Sig 

NS = Not significant 



M x S Interaction table 

Treatment Panicle Initiation Flowering Harvesting 
M,S, 1612 3084 5519 
M, S, 3179 6449 7447 
M,S) 3399 6772 8625 
M, S, 3702 7132 9628 
M,SI 2163 4102 9525 
M,S, 3798 7604 13110 
M,S, 4531 8576 15091 
M,S, 5133 9532 15485 
M,SI 2093 4109 8997 
M)S, 3724 7755 13097 
M,S) 4484 9247 15144 
M, S, 5062 9636 15500 
M.S, 1884 3584 7315 
M4 S2 3214 6518 11025 
M.S) 3871 7076 12718 
M. S, 4070 8413 13133 
M, SI 2137 4077 9227 
M,S, 3768 7635 13264 
M,S, 4419 8802 14776 
M, S4 4874 9565 15114 
MoSI 1874 3773 8746 
Mo S, 3330 7035 12094 
M6 S, 4032 7668 13768 
Mo S, 4354 9063 14068 

M SEd 13582 18835 21244 

CD 302.61 419.64 473.32 

S SEd 164.22 19441 233.65 

CD 333.3 7 39465 474.31 

MxS SEd 187.46 21257 24056 

CD 380.55 431.52 488.34 

SxM SEd 22057 222.68 255.31 

CD 447.76 45204 518.28 

Significant at 5 per cent level 



Table 25. Effect of different GLMs and N levels on the dry matter 
production at different growth stages (kg ha- ' )- 1994 

Treatment Active Panicle Flowering Harvesting 
Tillering Initiation 

Main plot 

MJ 812.50 2917.25 5742.00 811125 

M2 935.00 3752.00 7169.75 13590.50 

M3 887.50 3700.50 7396.75 12915.50 

~ 837.50 3226.50 6328.75 9860.25 

Ms 897.50 3659.25 7234.00 In85.50 

Mt; 862.50 3301.75 6698.00 11388.25 

SEd 23.93 124.65 158.00 19102 

CD(p=O.05) 53.32 277. 72 353.49 425.59 

Sub plot 

SI 448.33 1919.00 3714.17 8133.33 

S2 900.00 3388.67 6928.67 11170.33 

S3 1045.00 3999.17 7780.33 12681.33 

S4 1098.33 4398.17 

I 
8626.33 13784.50 

SEd 44.89 151.29 186.83 225.61 

CD(p=O.OS) 91.43 307.12 379.26 457.99 

Interaction NS Sig Sig Sig 

NS = Not significant 
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M x S Interaction table 

Treatment Panicle Initiation Flowering Harvesting 
M,S, 1592 3027 I 6012 
M,S, 3100 6291 7561 
M,S, 3336 6632 8852 
M, S4 3641 7018 10020 
M,S, 2091 4020 10150 
M, S, 3630 7419 13466 
M,S, 4353 8882 14866 
M,S4 4935 9266 15880 
M,S, 2032 3972 9255 
M,S2 3569 7283 12485 
M,S, 4313 8258 14497 
MJ S4 4888 9186 15425 
M.S, 1876 3569 6458 
M. S, 3174 6423 9562 
M4 S3 3836 7010 11065 
M. S4 4020 8313 12356 
MsS, 2072 3940 8852 
Ms S2 3615 7315 13065 
M,S, 4257 8474 14220 
Ms S4 4693 9207 15005 
M,; S, 1851 3757 8061 
M,; S2 3244 6841 10883 
M,; S, 3900 7426 12588 
M,; S4 4212 8768 14021 

M SEd 124.65 158.66 19102 
CD 277.72 353.49 425.59 

S SEd 151.29 18683 225.61 
CD 307.12 379.26 457.99 

MxS SEd 186.72 201.72 140.93 
CD 37904 409.49 28609 

SxM SEd 103.30 214.16 152.40 

CD 209.70 434.74 309.37 

Significant at 5 per cent 1eVl,1 



In both the years, application of GLMs improved the RDME Among the 

different green leaf manures tried, application of Ca/o/rapls K'X'llllm, Seshllflia 

aeu/eata and Ipomoea reptallS stood equally good and this was followed bv 

Eichhornia crassipes and Leucaena leucoL'ephaia Control recorded the lowest 

RDME in both the years of experimentation 

4,1.3, Yield Components (Table 26 and 27) 

The yield components Viz, number of panicles m", length of panicle, filled 

grain per cent and thousand grains weight were recorded and the results have been 

presented. 

4,1.3.1. Number of panicles m 2 

Application of GLMs and N levels had influenced this parameter significantly 

In 1993 Kharif, highest number of panicles were observed under ('a/o/ropis Kigan/ea 

applied treatment and it was at par with Seshania aeu/ca/a and Ipomoea replans 

applied treatments. During 1994 Kharif, Seshania aeu/ea/a treatment recorded 

maximum number of panicles which was at par with Ca/o/ropis giganlea and Ipomoea 

replans applied treatments. 

In both the years, highest N(l20 kg N ha']) application markedly influenced the 

production of more panicles over no N application (S). The number of panicles per 

unit area was the highest ( 127.94 and 118.76 % in 1993 and 1994 respectively) at 

higher level ofN application 

Interaction effect was also significant in both the years of study. Application 

of GLMs, irrespective of the green leaf manures studied, produced maximum number 

of panicles in conjunction "dh 120 kg N ha') as compared to other levels including 

lower 
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Table 26. Effect of different GLMs and N levels on yield 
attributes of Khanf rice -1993 

Treatment No.of Panicle Filled 1000 grains 
panicles length grain weight 

m-' (em) (%) (g) 
Main plot 

MI 254.75 14.98 78.35 20.28 
M2 350.00 1790 83.03 20.28 
M3 372.50 17.57 81.95 20.10 
~ 294.25 16.03 80.55 19.83 
Ms 363.25 17.68 82.65 20.23 
M;, 315.75 16.81 8105 19.95 
SEd 10.16 0.50 0.59 0.34 

CD(p=0.05) 22.64 III 132 NS 
Subplot 

SI 190.33 1390 734 19.95 
S2 296.00 15.82 80.97 20.18 
S3 380.16 18.10 84.15 20.15 
S4 433.83 19.49 86.53 20.15 

SEd 12.56 0.78 1.04 0.62 
CD(p=0.05) 25.50 1.58 2.11 NS 
Interaction Sig. NS NS NS 

NS = Not slgmficant 

M x S Interaction table 
Treatment NO N 40 N 80 N 120 Mean 

Control 144 234 292 , 349 254.75 

Sesbania aculeata 201 322 410 467 350.00 

Ipomoea replans 239 357 421 473 372.50 

Eichhornia crassipes 150 248 368 411 29425 

Ca[otropis giganlea 232 341 412 468 363.25 

Leucaena leucocephala 176 274 378 435 315.75 

Mean 190.33 296.00 380.16 433.83 

SEd CD 

M 10.16 22.64 

S 12.56 25.50 

MxS 14.17 28.77 

SxM 14.58 29.60 



Table 27. Effect of different GLMs and N levels on yield 
attributes of Kharif rice -1994 

Treatment No of Panicle Filled 1000 grains 
panicles length grain weight 

m·2 (em) (%) (g) 

Main plot 
MI 264.50 15.54 77.85 19.95 
M2 365.5 20.38 84.50 2023 
M3 363.25 20.07 80.95 20.10 
~ 308.00 16.76 75.80 20.10 
Ms 369.25 19.45 82.58 20. L1 

~ 335.75 17.76 79.10 20.05 
SEd 12.85 0.48 0.46 0.41 

CD(p=0.05) 28.56 107 102 NS 
Sub plot 

SI 200.83 15.88 72.53 19.87 

S2 307.50 17.70 76.55 20.20 

S3 389.33 19.13 83.68 20.15 

S4 439.33 20.59 87.75 20.15 

SEd 16.32 0.81 0.85 0.77 
CD(p=O.05) 33.13 1.64 1.73 NS 

Interaction Sig NS NS NS 
NS = Not slgmficant. 

M x S Interaction table 

Treatment NO N 40 N 80 N 120 Mean 

Control 152 240 311 355 264.50 

Sesbania aculeata 222 341 421 478 365.50 

Ipomoea replans 245 332 411 465 363.25 

Eichhomia crassipes 158 272 381 421 308.00 

Caiotropis ~gantea 240 350 415 472 369.25 

Leucaena leucocephala 188 310 397 448 335.75 

Mean 200.83 307.50 389.33 439.83 

SEd CD 

M 12.85 28.56 

S 16.32 33.13 

MxS 30.14 61.18 

SxM 32.58 66.14 



dose of N. Under all levels of N including absolute control, there was positive 

influence on number of panicles when Ipomoea replalls was incorporated and this was 

followed by Calotropis gigan/ea 

4.1.3.2. Panicle length 

Green leaf manured treatments excerted significant influence on the length of 

panicle in both the years of study Longer panicles were observed with Sesha1lla 

aeu/eata treatment and it was at par with the panicle length recorded under ('a/o/ropis 

gigantea, Ipomoea replans and Lel/caena leu('oeepha/a applied treatments In respect 

of N levels studied, application of 120 kg N ha,j had increased panicle length and this 

was at par with 80 kg N ha,j The other doses of N recorded significantly shorter 

panicles 

The interaction effect between GLMs and levels of N was absent 

4.1.3.3. Percentage of filled grain 

Filled grain percentage was significantly influenced by GLMs application and 

levels ofN in the present study. The lowest filled grain percentage was with control 

treatment, where no green leaf manure was incorporated Among the green leaf 

manures, Seshania aeuleala treatment recorded the maximum filled grain percentage 

in both the years. However, in 1993, the same treatment was at par with Ca/otropis 

giganlea and Ipomoea replans applied treatments in registering higher filled grain 

percentage. 

Levels of N application had positive influence on percentage of filled grain. 

The treatment S4 recorded higher filled grain percentage and it was superior to S3, S, 

and S, treatments. 
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In both the years the interaction effect between GLMs and N levels was not 

significant 

4.1.3.4. Thousand grains weight 

Thousand grains weight was not affected by the green leaf manures as well as 

by different levels of N in both the years of study 

4.1.4. Yield of Rice 

4.1.4.1. Grain Yield (Tables 28 and 29) 

Grain yield of rice was significantly influenced by the application of green leaf 

manures as well as by the N levels. Among the green leaf manures, incorporation of 

Sesbania aculeata had increased rice grain yield in both the years of study During 

1993 Kharif, the Sesbania aculeata treatment was at par with Calo/ropis gigan/ea 

and Ipomoea reptans applied treatments, where as in 1994, Seshania aculeaia 

treatment was significantly superior and this was followed by Calotropis gigantea 

treatment(Ms) and the treatment Ms was at par with M, (Ipomoea reptans). The grain 

yields recorded under Leucaena leucocephala and Eichhornia crassipes was higher 

than control, but, they stand next to Sesbania aculeata, Calotropis glgantea and 

Ipomoea reptans (Fig. 4). 

Rice grain yield increased with increase in N application. Application of 120 

kg N ha" increased the grain yield to 70 and 71 per cent over absolute control during 

1993 and 1994 Kharif respectively 

Interaction between sources and levels ofN was significant in both the years. 

During 1994 Kharif, combin~d application of GLMs + 120 kg N ha" registered 

maximum grain yield. Among the different green leaf manures, Sesbania aculeata, 

Ca/otropis gigantea and Ipomoea reptans with inorganic N (120 kg N ha") proved 
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Table 28. Effect of different GLMs and N levels on Grain yield 
of Kharif rice (kg ba-1

)- 1993 

Treatment NO N 40 N 80 N 120 Mean 
Control 2476 3324 )950 4483 3558.3 
Sesbania acuieala 4400 6350 7125 7225 6275.0 
Jpomoea replans 4250 6200 7075 7250 6193.8 
Eichhomia crassipes 3338 5169 6013 6163 5170.8 
CaJotropis giganlea 4400 6225 7050 7175 62125 
Leucaena leucocevhaJa 4010 5610 6430 6510 5640.0 
Mean 3812.3 5479.7 6273.8 6467.7 

SEd CD 

M 63.10 140.6 
S 76.13 1544 
MxS 222.68 451.6 
SxM 206.58 4237 

Table 29. Effect of different GLMs and N levels on Grain yield 
of Kharif rice (kg ba-1

) - 1994 

Treatment NO N 40 N 80 N 120 Mean 

Control 2760 3413 4048 4740 3748.3 

Sesbania a~71/eata 4880 6560 7020 7420 6470.0 

Ipomoea replalls 4380 5920 6860 7220 6095.0 

Eichhomia crassipes 2960 4520 5240 5840 4640.0 

Calotropis gigantea 4240 6160 6840 7160 6100.0 

Leucaena leucocepha/a 3740 5080 5900 6520 5310.0 

Mean 37767 5258.2 5956.7 6433.3 

SEd CD 

M 56.48 125.84 

S 73.70 149.47 

MxS 180.53 366.12 

SxM 217.30 441.12 



to be a best- bet combinations than Lellcaena /ellcocepha/a and /c"ichhomia crassipes 

with 120 kg N ha-
1 

Different result was seen during 1993 Kharif. where in the rice 

grain yields were at par with GLMs applied either with 120 kg N ha-' or 80 kg N 

ha-'. In the absence of any green leaf manure, higher level ofN (120 kg N ha-') alone 

had produced non-statistical comparable rice grain yield at par with GLMs application 

alone 

4.1.4.2. Straw yield (Tables 30 and 31) 

Straw yield was significantly influenced by the sources and levels of N 

Among the main plot treatments. Sesballla acu/eala incorporation registered the 

highest straw yield and it was at par with Ipomoea replans and C'alolropis KiKanlea 

treatments during 1993, while it was at par with Ipomoea replans treatment during the 

Kharif season of 1994. 

Nitrogen supply consistently increased the straw yield upto the highest level of 

N tried, though, the rate of increase was not commensurating with the increase in N 

levels. 

The interaction effect between sources and levels of N was significant in both 

the years. In 1993, application of anyone of the green leaf manures had increased the 

straw yield with 120 kg N ha-' and as well as with 80 kg N ha-' as compared to the 

other two levels tried in the present investigation, where as in the year 1994, during 

Kharif. GLMs application + 120 kg N ha- 1 registered significantly higher straw yield 

over other two levels of N and absolute control. 



Table 30. Effect of different GLMs and N levels on straw yield 
of Kharif rice (kg ha-1) - 1993 

Treatment NO N 40 N 80 I N 120 Mean 
Control 3015 4050 4615 5085 41913 
Sesbania aculeala 4825 6675 7950 8225 6918.8 
Ipomoea replans 4725 6875 8050 8234 69710 
Eichhomia crassipes 3938 5756 6675 6863 58080 
Calo1ropis giganlea 4775 6975 7600 7850 6800.0 
Leucaena leucocephala 4625 6400 7275 7475 6443.8 
Mean 4317.2 6121.8 70275 72887 

SEd CD 

M 158.6 3534 
S 175.2 355.7 
MxS 217.4 440.5 
SxM 243.5 4943 

Table 31. Effect of different GLMs and N levels on straw yield 
of Kharif rice (kg ha-1

)- 1994 

Treatment NO N 40 N80 N 120 Mean 

Control 3239 4129 4769 5276 4353.3 

Sesbania acuieala 5252 6896 7833 8447 7107.0 

Ipomoea replans 4869 6565 7617 8199 6812.5 

Eichhomia crassipes 3490 5033 5817 6503 5210.8 

Calolropis giganlea 4601 6902 7374 7833 6677.5 

Leucaena leucocephala 4313 5795 6675 7486 6067.3 

Mean 4294.0 5886.7 66808 7290.7 

SEd CD 

M 1656 368.9 

S 179.5 364.4 

MxS 231.4 469.7 

SxM 252.6 512.8 

:1.0:1. 



4.1.4.3. Harvest Index (ill) 

The mean data on ill of Kharif rice for 1993 and 1994 are presented in Tables 

32 and 33. The data on harvest index indicated that treatments receiving GLMs 

application recorded higher ill, when compared to control In both the years, 

different levels ofN did not !lIter the ill 

4.1.4.4. Productivity Score (PS) (Tables 34 and 35) 

The Productivity Score was greatly influenced by the application of GLMs as 

well as by levels ofN 

Among the GLMs, application of Seshania ael/leala, Ipomoea replans and 

Calotropis gigantea was found better in increasing the productivity score This was 

followed by Leucaena lellcocephala and hchhornia crassipes. Control registered 

the lowest PS. 

Increasing levels of N, increased the PS The response was found even upto 

120 kg N ha''. 

4.1.4.5. Relative Yield Index (RYI) (Tables 34 and 35) 

R YI of Kharif rice in both the years followed the similar trend as that of rice 

grain yield. The results indicated that application of Sesbania aClIleata recorded the 

highest RYl, followed by Calotropis giganlea, Ipomoea replans, Leucaena 

leucocephala and Eichhomia crassipes. 

Greater response for application of N was noticed with regard to R YI. 

Application of 120 kg N ha" registered the maximum RYI. 



Table 32. EtTect of ditTerent GLMs and N levels on Harvest index of 
Kharif rice -1993 

Treatment NO N 40 N 80 N 120 Mean 

Control 44.8 44.6 458 466 455 

Sesbania aeu/eala 46.2 48.4 47.2 467 47.1 

Ipomoea reptans 47.2 473 467 46.8 470 

Eichhomia crassipes 45.6 469 47.3 469 46.7 

(' alo/ropis giganlea 47.7 46.9 47.7 47.5 47.5 

Lellcaena /eueocepha/a 45.8 46.4 467 46.3 46.3 

Mean 46.2 46.8 469 468 

Table 33. EtTect of ditTerent GLMs and N levels on Harvest index of 
Khanf rice -1994 

Treatment NO N40 N 80 N 120 Mean 

Control 45.9 45.1 458 47.3 46.0 

Sesbania aeu/eata 48.1 48.7 47.2 46.8 47.7 

Ipomoea reptans 47.3 47.4 47.3 468 47.2 

Eichhomia erassipes 45.9 47.3 47.3 47.3 46.9 

('a/otropis gigantea 47.9 47.3 48.1 47.7 47.8 

Lellcaena /eucocepha/a 46.2 46.6 46.9 46.5 46.6 

Mean 46.9 47.1 47.1 47.1 
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Table 34. Productivity score - Khanf, 1993 

Treatment Economic Biological Harvest Productivity Relative 
yield yield index score yield 

(t ha-') (t ha-') index 
M, 3.56 7.80 45.5 5686 79 I 
M, 628 13.30 47.1 6668 1396 
M, 6.19 13 18 470 6637 137.6 
M. 5.17 1 LOS 46.7 6292 1149 
M, 6.21 13.10 475 66.81 138.0 
M,; 5.64 12.17 46.3 64 II 12)3 

S, 381 8.22 46.2 58.23 84.7 
S, 5.48 11.67 46.8 6395 121 8 
S, 6.27 13 35 469 66.52 1393 
S, 6.47 13.82 46.8 67.09 143.8 

Table 35. Productivity score - Khanf, 1994 

Treatment Economic Biological Harvest Productivity Relative 
yield yield index score yield 

(t ha-') (t ha-') index 

M, 3.75 8.11 46.0 57.86 83.3 
M, 6.47 13.59 477 67.76 143.8 

M, 6.10 12.92 47.2 66.22 1355 

M. 4.64 9.86 46.9 61.40 103.1 

Ms 6.10 12.79 47.8 6670 135.5 

M,; 5.31 11.39 466 63.30 118.0 

S, 3.78 8.13 46.9 58.81 84.0 

S, 5.26 1117 47.1 63.53 116.9 

S, 5.96 12.68 47.1 65.74 132.4 

S, 6.43 13.78 47.1 6731 142.9 
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4.1.5. Plant nutrients uptake 

4.1.5.1. Nitrogen uptake (Tables 36 and 37) 

Green leaf manure sources and levels of N had significant influence on N 

uptake at all the stages in both the years 

The N uptake increased with crop growth upto maturity (Fig S) The data on 

N uptake revealed that N accumulation was comparatively faster between AT and PI 

stages, while slower between PI and flowering stages and it increased considerably 

from flowering to harvesting stage. 

During 1994, at AT stage, application of green leaf manures significantly 

influenced the N uptake over control. But in 1993, different green leaf manures did 

not show any measurable difference among themselves In 1994, Seshania acu/eala, 

('alotropis giganlea and Ipomoea replalls were significantly superior as compared to 

Leucaena /ell<:ocephaia and Eichhomia crassipes application in influencing the N 

uptake. In PI stage, all the green leaf manures showed a significant influence on N 

uptake over control. Highest N uptake was found in Seshania aculeala followed by 

('alolropis gigantea which was at par with Ipomoea replans. I"eucaena lellcocephala 

and F;ichhomia crassipes applied treatments registered lesser N uptake as compared 

to the other green leaf manures in both the years During flowering stage also, N 

uptake was the highest in Sesbania aculeala treatment However, this was at par with 

Calotropis giganlea. Ipomoea replans and Lellcaena lellcocephala treatments 

registered highest N uptake when compared to Eichhornia crassipes and control. 

During this stage Eichhornia crassipes failed to influence the N uptake. The same 

trend was noticed in 1994 also. At harvesting stage in both the years, all the green leaf 

manures applied treatments significantly influenced the N uptake of rice. Sesbania 

aculeala and Calolropis ~iganlea applied treatments registered significantly 
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Table 36. Effect of different GLMs and N levels on the N uptake during 
Kharif season at different growth stages (kg ha ')- 1993 

Treatment Active Panicle Flowering Harvesting 
Tillering Initiation 

Main plot 

M] 13.73 38.50 44.65 71.65 

M2 22.15 50.35 61.33 108.88 

M3 21.73 46.38 56.88 99.83 

~ 21.40 41.70 48.65 85.33 

Ms 21.20 47.58 59.83 105.10 

M., 20.90 43.73 53.38 92.38 

SEd 0.59 101 1.97 2.86 

CD(p=O.05) 1.31 2.26 4.39 6.37 

Sub plot 

S] 14.37 37.40 44.80 76.13 

S2 19.48 43.28 52.70 92.23 

S3 24.33 47.70 57.65 100.93 

S4 26.30 50.45 6132 106.13 

SEd 0.91 1.42 2.58 3.11 

CD(p=O.05) 1.85 2.88 5.24 6.31 

Interaction Sig. Sig. Sig. Sig. 

10'1 
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M x S Interaction table 

Treatment Active Panicle Flowering Harvesting 
Tillering_ Initiation 

M,S, IIA 29.6 35.7 588 
M,S, 18.7 37.3 44.6 69.2 
M,S, 23.1 42.5 48.1 774 
M, S. 24.8 44.6 50.2 812 
M,S, 15.3 424 52.3 864 
M, S, 20.6 48.8 59.1 1088 
M,S, 25A 534 64.8 116.1 
M,S. 27.3 56.8 691 1242 
M,S, 14.9 408 47.5 806 
M3 S, 19A 450 55.3 98.1 
M,S, 256 48.6 60.0 1085 
M, S. 270 51.2 64.7 1121 
M.S, 14.6 34.1 38.9 71.9 
M. S, 19.6 40.6 462 83.7 
M.S, 25.0 44.9 53.8 903 
M. S4 26A 47.2 55.7 95A 
M,S, 15.6 40.5 512 83 I 
M,S, 19.6 45.3 58.3 102.1 
M,S3 23.7 50.5 620 1146 
M, S. 259 54.0 67.8 120.6 
M,; S, 144 37.0 43.2 760 
M,; S, 19.0 42.7 52.7 915 
M,; S, 23.8 46.3 572 98.7 
M6 S4 26A 48.9 604 103.3 

M SEd 0.59 101 197 2.86 
CD 1.31 2.26 439 6.37 

S SEd 0.91 lA2 258 3.11 

CD 185 2.88 5.24 6.31 
MxS SEd 0.97 IA8 2.61 3.86 

CD 196 3.01 5.30 7.83 
SxM SEd 100 164 2.73 4.05 

CD 2.04 333 5.54 8.22 

Significant at 5 per cent level 



Table 37. Effect of different GLMs and N levels on the N uptake during 
Kharif season at different growth stages (kg ha ')- 1994 

Treatment Active Panicle Flowering Harvesting 
Tillering Initiation 

Main plot 

MI 21.78 42.08 4738 67.13 

M2 28.00 55.90 62.95 104.75 

M3 26.25 5115 59.83 95.98 

~ 24.05 4730 52.73 75.68 

Ms 26.88 51.98 60.68 97.43 

~ 24.75 48.53 54.20 84.23 

SEd 0.71 115 1.66 2.54 

CD(p=O 05) 1.58 2.56 3.69 5.66 

Sub plot 

SI 16.85 34.17 40.67 59.37 

S2 22.67 47.25 52.78 8308 

S3 29.17 54.50 61.62 98.12 

S4 32.45 62.03 70.10 109.55 

SEd 114 1.62 1.85 2.86 

CD(p=0.05) 2.31 3.29 3.76 5.81 

Interaction Sig Sig Sig Sig 
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M x S Interaction table 

Treatment Active Panicle Flowering Harvesting 
Tillering Initiation 

M,S, 13.1 32.8 35.6 484 
MIS, 20.8 38.6 43A 682 
M,S3 253 456 52.3 72A 
MIS, 27.9 51.3 58.2 795 
M,S, 18.8 37.2 45.2 68.3 
M2 S, 24A 53.4 62.1 96.5 
M,S3 32.5 61.2 68.9 123.5 
M,S, 363 71.8 756 1307 
M3 S, 17.5 344 436 621 
M3 S, 22.6 49.4 56.9 883 
M3 S3 30.7 569 64.7 III 1 
M, S4 34.2 63.9 74.1 122A 
M. S, 16.4 33.6 376 536 
M. S2 21.9 43.8 46.8 73.7 
M.S3 27A 52.3 58.9 79.6 

M. S4 30.5 59.5 67.6 95.8 
M,SI 18.5 33.9 432 65.4 
M, S, 24.8 51.8 590 91A 

M,S3 30.5 581 657 109A 
M, S, 33.7 64.1 748 123.5 

M,; SI 16.8 33 1 388 584 

M6 S, 21.5 465 485 80A 
M,; S, 28.6 52.9 59.2 927 

M,; S, 321 61.6 70.3 1054 

M SEd 0.71 115 1.66 2.54 

CD 1.58 2.56 3.69 5.66 

S SEd 114 1.62 18'; 2.86 

CD 2.31 3.29 3.76 5.81 

MxS SEd 1.22 1.83 2.15 3 12 

CD 2.48 3.71 4.36 6.33 

SxM SEd 1.41 1.89 2.22 3.21 

CD 2.86 3.84 4.51 6.52 

Significant at 5 per cent level 



increased N uptake when compared to other green leaf manures N uptake under 

Ipomoea replans incorporated treatment was also comparable with the Ca/otropis 

gigantea applied plot 

Nitrogen levels had positive influence on the uptake of N by rice at all stages 

The highest dose(120 kg N ha- 1 
) registered the highest N uptake. However. it was at 

par with the N uptake under 80 kg N ha- 1 during the year 1993 The lowest N uptake 

was observed with control. 

Interaction effect was significant in all the four stages of growth in both the 

years At all N levels, green leaf manures addition increased N uptake over fertilizer 

N alone Among different combinations of N levels and green leaf manures studied, 

combined application of Seshania aeuleala + 120 kg N ha-1 registered the highest N 

uptake and was comparable with ('a/otmpis gtgantea at PI, flowering and harvesting 

stages in both the years, but higher than Ipomoea replans. rellcaena /eucoeephala and 

Eiehhomia crassipes 

4.1.5.2. Phosphorus uptake (Tables 338 and 39) 

Green leaf manures and N levels had significant influence on P uptake at all 

stages in both the years 

Green leaf manuring promoted the uptake of P in rice The maximum uptake 

was noticed in Ca/otropis gigantea applied plot upto flowering stage However, it 

was comparable with Ipomoea replans, Seshania aculeata and Leucaena 

leueocephala in the above stages. At harvesting stage, the maximum uptake of P was 

recorded by Ipomoea replans applied plot and was at par with Seshania £leu leala, 



Table 38. Effect of different GLMs and N levels on the P uptake during 
Kharif season at different growth stages (kg ha 1)- 1993 

Treatment Active Panicle Flowering Harvesting 
Tillering Initiation 

Main plot 

M1 3.19 8.75 11.03 20.30 

M2 3.57 10 00 12.90 27.77 

M3 3.51 10.18 12.81 28.64 

~ 3.34 9.24 12.09 22.97 

Ms 3.81 10.45 13.02 27.72 

~ 3.55 9.64 12.33 25.86 

SEd 0.15 0.39 0.51 1.25 

CD(p=O 05) 0.33 0.87 1.14 2.79 

Sub plot 

S1 2.74 6.85 10.11 21.46 

S2 3.28 9.21 12.26 24.50 

S, 3.73 10.86 12.95 26.99 

S4 4.23 11.93 14.13 29.22 

SEd 0.22 0.52 0.67 133 

CD(p=0.05) 0.45 106 136 2.70 

Interaction NS Sig Sig. Sig. 

NS = Not significant 



M x S Interaction table 

Treatment Panicle lnitiation Flowering Harvesting 
M,S, 6.35 875 16.87 
M,S, 9.59 1137 1972 
MIS, 9.00 11.89 21.38 
M, S4 10.07 1211 2321 
M,S, 720 10.93 2294 
M,S, 9.23 12.74 2746 
M,S, 11.33 13.30 295S 
M,S4 12.25 1464 31 13 
M, S, 6.90 1018 2477 
M, S2 9.42 1298 2800 
M,S, 11.41 13. 15 29.49 
M, S4 13.00 14.92 32.30 
M.S, 638 9.52 1871 
M. S, 8.68 1206 21.26 
M4 S, 10.52 12.74 24.32 

M. S4 11.36 14.05 27.59 
MsS, 7.44 11 12 2373 
M, S, 9.58 12.85 2613 

MsS, 11.84 13.33 29.80 

M, S. 12.93 14.79 31.22 

MeS, 6.84 1017 21 73 

Me S, 873 11.58 24.42 

Me S, 11 05 13.30 27.42 

Me S4 11.95 14.28 29.88 

M SEd 0.39 0.51 1.25 

CD 0.87 1 14 2.79 

S SEd 0.52 0.67 1.33 

CD 1.06 1.36 2.70 

MxS SEd 0.68 0.75 1.45 

CD 138 1.52 2.94 

SxM SEd 0.71 0.83 1.66 

CD 1.44 1.69 3.37 

Significant at 5 per cent level 



Table 39. Effect of different GLMs and N levels on the P uptake during 
Kharif season at different growth stages (kg ha ')- 1994 

Treatment Active Panicle Flowering Harvesting 
Tillering Initiation 

Main plot 

Ml 3.26 8.49 11.02 22.69 

M2 4.96 12.76 1541 30.27 

M3 4.67 11.41 1406 29.40 

Mt 4.19 9.84 \ 1.91 24.98 

Ms 4.71 12.96 14.03 30.73 

~ 4.28 10.74 12.71 27.20 

SEd 0.18 0.42 0.72 1.16 

CD(p=O.OS) 0.40 0.94 1.60 2.58 

Sub plot 

Sj 3.15 8.32 10.43 24.28 

S2 4.27 10.29 12.68 26.66 

S3 4.77 12.24 14.14 28.85 

S4 5.18 13.29 15.51 30.39 

SEd 0.31 0.55 0.85 124 

CD(p=O.OS) 0.69 1.23 1.89 2.76 

Interaction Sig. Sig. Sig. Sig. 



M x S Interaction table 

Treatment Active 
Tillering 

Panicle 
Initiation 

Flowering Harvesting 

M)S) 2.64 6.32 873 2083 
M)S, 3.19 8.50 11 35 22.34 
MIS, 3.31 9.02 11 84 2334 
Ml S. 3.88 10.11 12.14 2424 
M, SI 3.76 9.20 1290 2690 
M, S2 482 12.26 14.78 29.48 
M,S, 5.42 14.35 16.33 3159 
M,S4 5.85 1522 1764 33 11 
M,S) 320 8.86 10.21 25.81 
M3 S, 4.58 10.44 13.95 28.98 
M3 S, 5.13 12.38 15.13 3052 
M,S, 5.77 13.97 1696 3229 
M.S) 2.92 7.40 8.55 21.69 
M. S2 437 8.55 l1A2 24.23 
M4 S, 4.56 11.22 13.39 26.36 
M4 S4 4.89 12.19 14.26 27.64 
M,S) 3.34 9A8 1166 26.71 
M,S, 4.54 12.24 1294 2918 

MsS., 5.33 14.79 14.63 3282 

Ms S4 5.64 15.33 16.88 34.21 

M"SI 3 03 8.63 1052 2376 

M6 S, 4.16 9.74 11.62 25.74 

M6 S, 4.89 11.68 1354 28.44 

M. S4 5.02 12.92 15.16 30.86 

M SEd 0.18 042 072 1.16 

CD OAO 0.94 1.60 2.58 

S SEd 0.31 0.55 0.85 l.24 

CD 0.69 123 189 2.76 

MxS SEd OA6 071 101 1.33 

CD 102 1.58 2.25 2.96 

SxM SEd 0.52 0.85 1.22 1.54 

CD I 16 1.89 272 3.43 

Significant at 5 per cent level 



Calotropis gigantea and Lel/caena lel/cocephala F.lchhol'llw crassil'es failed to 

influence the P uptake and was at par with control plot at PI, flowering and harvesting 

stages. 

Phosphorus uptake increased with N levels and maximum P uptake was 

noticed under 120 kg N ha-' treatment at all the stages of observation However, P 

uptake at 120 and 80 kg N ha-' did not differ significantly 

Interaction effect was significant at all the stages except AT stage 

Increased P uptake was recorded with 120 kg N ha-' in the presence of green leaf 

manuring, while lesser P uptake was noticed under control ( no GLMs and no N) 

4.1.5.3. Potassium uptake (Tables 40 and 41 ) 

Levels of N as well as green leaf manures had significant effect on K uptake of 

rice at all stages in both the years of study 

Potassium uptake was significantlv influenced by green leaf manures 

application and the maximum K uptake was with Seshania aculeala, but they didn't 

differ between them 

Potassium uptake increased with levels of" and highest K uptake was noticed 

at 120 kg N ha-', but this uptake was at par with the K uptake under 80 kg N ha-' 

Interaction effect was significant Increased K uptake was seen for combined 

application of 120 kg N ha-' + green leaf manures. 



Table 40. Effed of different GLMs and N levels on the K uptake during 
Kharifseason at different growth stages (kg ha ')- 1993 

Treatment Active Panicle Flowering Harvesting 
1i1lering Initiation 

Main plot 

M, 37.20 78.73 87.97 87.97 

M2 42.55 85.59 96.30 122.42 

M3 40.15 81.98 90.98 117.53 

~ 39.19 77.66 87.32 112.62 

Ms 41.26 83.95 95.12 120.42 

Mts 40.43 80.34 90.29 116.49 

SEd 1.21 2.12 3.35 6.85 

CD(p=O.05) 2.70 4.72 7.46 15.26 

Sub plot 

S, 35.27 74.51 84.73 104.73 

S2 39.29 79.79 89.62 115.18 

S3 42.07 84.18 93.82 121.62 

S .. 43.89 87.04 97.16 125.26 

SEd 128 2.56 3.86 7.22 

CD(p=O.OS) 2.60 5.20 7.84 14.66 

Interaction Sig NS Sig Sig 

NS = Not significant 
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M x S Interaction table 

Treatment Active Tillering Flowering Harvesting 
M I S1 33.22 82.52 99.92 
M1S, 3642 8612 108.83 
MIS, 38.98 90.78 115 15 
M1 S4 40.17 92 47 11937 
M,S1 37.36 8824 10833 
M, S, 41.63 93.27 121.37 
M,S, 44.23 99.07 128.17 
M,S4 46.97 104.63 131.82 
M,SI 34.57 8464 10647 
M, S, 39.05 89.68 116.87 
M,S, 42.62 9317 12177 
M, S4 44.36 9642 12500 
M.S1 35.27 83.17 10017 
M.S2 38.17 8638 110.47 
M.S, 41 13 8897 118.42 
M. S4 42.20 90.76 121.03 
M S S1 35.48 86.04 10709 
M, S2 40.87 9342 \ \8.96 
M,S, 43.10 9837 125.92 
Ms S4 45.58 102.66 129.69 
M" S1 35.73 8376 106.42 
M6 S, 39.57 88.83 114.58 
M" S3 42.38 92.57 120.27 
M" S4 4403 9602 124.67 

M SEd 1.21 3.35 6.85 
CD 2.70 7.46 15.26 

S SEd 1.28 3.86 722 
CD 2.60 784 14.66 

MxS SEd 1.33 401 7.31 
CD 2.70 8.14 1484 

SxM SEd 148 4.16 745 

CD 3.00 844 15.12 

Significant at 5 per cent level 



Table 41. Effect of different GLMs and N levels on the K uptake during 
Kharif season at different growth stages (kg ha 1)- )994 

Treatment Active Panicle Flowering Harvesting 
Tillering Initiation 

Main plot 

Ml 46.03 84.77 90.92 112.43 

M2 5180 92.97 10002 122.75 

M3 50.18 9138 97.48 120.94 

~ 46.94 85.20 93.32 11106 

Ms 52.27 91.37 98.21 12207 

~ 48.59 88.73 95.42 119.30 

SEd 103 187 2.96 4.96 

CD(p=O.05) 2.29 4.16 6.59 11 05 

Sub plot 

Sl 44.89 82.88 8836 113.64 

S2 48.78 87.56 94.35 117.68 

S3 5109 91.39 99.31 120.21 

S4 52.44 94.52 101.57 120.83 

SEd 1.22 193 3.20 5.40 

CD(p=O.05) 2.48 3.92 6.50 10.96 

Interaction Sig. Sig. Sig. NS 

NS = Not significant 



M x S Interaction table 

Treatment Active Tillering Panicle Initiation Flowering 
M,S, 42.62 7634 85.22 
M,S2 45.42 8498 90.44 
M,S, 47.24 87.43 93 17 
M, S. 48.84 9034 9486 
M2 S, 47.27 85.57 9244 
M2 S2 51.39 91.46 9824 
M2S, 5342 9581 103.80 
M2S. 55.12 9902 150.60 
M,S, 45.25 88.23 88.84 

M3 S2 49.20 87.91 9352 

M,S3 52.54 92 48 10295 

M3 S. 53.73 9691 104.61 

M.S, 43.49 7975 8633 

M. S2 46.68 83.53 9224 

M.S, 48.08 8704 9643 

M. S. 49.50 90.47 98.28 

M,S, 46.41 84.89 90.66 

M, S2 51.72 89.62 96.83 

M,S, 54.53 94.38 101.25 

M, S. 56.40 9657 10410 

M" S, 44.32 8212 86.67 

Me S2 48.27 87.83 9480 

M6 S, 50.72 91.20 98.27 

M" S4 51.04 9378 10195 

M SEd 103 187 296 

CD 2.29 4.16 6.59 

S SEd 1.22 1.93 3.20 

CD 2.48 392 6.50 

MxS SEd 1.45 20] 3.31 

CD 2.94 408 672 

SxM SEd 1.56 213 3.35 

CD 3.17 4.32 6.80 

Significant at 5 per cent level 



4.1.6. Use efficiencies 

Agronomic Efficiency(AE), Physiological Efficiency (PE), Apparent N 

Recovery (ANR) and N Harvest Index (NHI) were computed for harvest stage These 

data were not analysed statistically 

4.1.6.1. Agronomic efficiency (Tables 42 and 43) 

The AE was highly improved with the fertilizer N at 40 kg N ha- 1 in both the 

years. The next best was 80 kg N ha- 1 followed by 120 kg N ha- 1 

Agronomic efficiency with GLMs alone, in general, was lower than with 

fertilizer N. Irrespective of N levels, among the green leaf manures, highest AE was 

observed with Sesbania aeuleata. This was followed by Ipomoea replans and 

Calotropis giganlea, both recorded almost equal AE in both the years. The next 

best was Leucaena lellcocepha/a. F:ichhomia crassipes registered the lowest AE 

4.1.6.2. Physiological efficiency (Tables 44 and 45) 

Physiological Efficiency (PE) was higher with lower doses of N When the 

level of N was increased, the PE was decreased. The GLMs applied plots generally 

registered higher PE than their control However, during 1994, the plot receiving 

Sesbania aculeata registered lower PE (46.35) as compared to control(50.55) 

Among the green leaf manures, PE was the highest with F:ichhornia crassipes applied 

plot. Similar results were experienced in both the years of study. 



Table 42. Effect of different GLMs and N levels on Agronomic Efficiency 
-1993 (Khari!) 

Treatment N ~O N80 N 120 Mean 
Control 21.2} 18 ~} 16.7:1 1880 
Seshania aculeata 48.75 ,~ (16 2)25 ,54, 
Ipomoea replans 4875 )5.~ I 2:' 00 :l6.}' 
Eichhornia crassipes 4578 :lU~ 2,54 1425 
Ca/otropis gigantea 4S.6} )1 n 21.11 1,96 
Leucaena leucoc~_p_ha/a ~O.OO 302:' 20.83 }O.J6 
Mean 41.69 10.77 2208 

Table 43. Effect of different GLMs and N levels on Agronomic Efficiency 
- 1994 (Khari!) 

Treatment N 40 N 80 N 120 Mean 
Control 1631 16.S0 1651l 1644 
Seshama aculeata -I2.(X) 2675 21 17 2997 
Ipomoea replans }8.50 11.00 2)67 11.06 
~Elchhornia crassrpes }900 2850 24.00 ,050 
Calotropis ?igantea 48.00 3250 24" 34.94 
Leucaena leucocephala n50 noo 23 17 27.89 
Mean 36.22 27.04 22.14 

Table 44. Effect of different GLMs and N levels on Physiological Efficiency 
- 1993 (Khari!) 

Treatment N40 N 80 N 120 Mean 

Control 8154 77.99 8959 8104 

Sesbania aculeata 87.05 9l.75 74.74 84.51 

Ipomoea replans 111.13 101.25 95.24 102.64 

Eichhornia craSSfpes 155 17 145.38 120.21 140.25 

Calotropis gigantea 9605 84 B 7400 84.71 

Leucaena Jeucocep!JaJa lO3.21 IO{ .. 61 91.58 100A7 

Mean 105.75 101.19 90.23 

Table 45. Effect of different GLMs and N levels on Physiological Efficiency 
- 1994 (Khari!) 

Treatment N 40 N SO N 120 Mean 

Control 32.98 55.00 6367 50.55 

Sesbania acuieata 59.57 38.77 40.71 46.35 

Ipomoea replans 5S.7S 50.61 47.10 52.16 

£ichhomia crassipes 77.61 87.69 68.25 77.85 

Calutropis gigantea 73S5 5909 50.26 6107 

Leucaena leucocephala 60.91 62.97 59.15 61.01 

Mean I 60.62 59.02 54.86 



4.1.6.3. Apparent N recovery ( Tables 46 and 47) 

In both the years, the highest Apparent N Recoverv (ANR) was seen where 

Sesbania aculeala was incorporated This was followed by ('alofl'Opls gigall/ea, 

Ipomoea replans, Leucaena lellcocephala and Fichhorl1la crassipes Lowest ANR 

was registered by green leaf manure control 

Among the levels ofN, the highest ANR was recorded by 40 kg N ha" This 

was followed by 80 kg N ha't and 120 kg N ha" Lower levels ofN (40 kg N ha") 

combined with GLMs registered the highest ANR Higher level of N as fertilizer with 

out any GLMs registered the lowest ANR. 

4.1.6.4. Nitrogen harvest index (Tables 48 and 49) 

Nitrogen Harvest Index (NHI), was influenced by levels of N as well as by 

green leaf manures. All the green leaf manures registered highest NHI than their 

controL Among the green leaf manures, Sesbania aClIleala , Ipomoea replalls and 

C alalrapis giganlea registered nonstatistical comparable NHI This was followed by 

Leucaena leucacephala and Eichhomia crassipes Lowest NHI was observed with 

controL 

Among the levels ofN, 120 kg N ha" recorded the maximum NHI value. It is 

interesting to note that, unlike other three N use efficiency parameters, in the case of 

NHI, the trend was reverse and the NHI values were higher with higher levels of N. 

4.1.7. Post harvest soil available N after Kharifrice (Tables 50 and 51 ) 

Green leaf manuring and levels c~N altered the post harvest soil available N to 

a greater extent Green leaf manuring left higher soil available N when compared to 

no green leaf manuring. Among the green leaf manures, Ipomoea replans, Leucaena 



Table 46. Effect of different GLMs and N levels on Apparent N Recovery 
- 1993 (Kbarif) 

Treatment N 40 N 80 N 120 Mean 
Control 26.00 2325 1867 2264 
Seshania Geu/eala 56.00 37.13 31 50 ~I ,\4 
Ipomoea reptans 43.75 3488 2625 14.96 
Eichhornia crassipes 29.50 2300 19.58 24.m 
C'a/atropis gigantea 47.50 19.38 112:; 19.38 
Leucaena /eucocephaJa 38.75 28.38 22.75 29.96 
Mean 40.25 30.10 2500 

Table 47. Effect of different GLMs and N levels on Apparent N Recovery 
- 1994 (Kbarif) 

Treatment N 40 N80 N 120 
Control 49.50 JO.IX) 2592 
S'esbania acu/eala 70.50 691)() 521111 
ipomoea reptans 6550 61.25 511.25 
Eichhornia crm,.sIpes 50.25 32511 "17 
Ca/otropis glgantea 6500 55.00 48 ~2 
Leucaena leucocephala 55.()() 42.88 1,),17 

Mean 59.29 48.44 41.82 

Table 48. Effect of different GLMs and N levels on N Harvest Index 
- 1993 (Kbarif) 

Treatment NO N 40 N 80 N 120 

Control 431 52.3 55.6 57.1 
Sesbania Geuleala 51J 58.0 59.9 61.0 
Ipomoea reptans 50.8 57.7 597 611 
Eichhornia crassipes 46.4 54.8 574 59.0 
C'alofropis gigantea 511 57.9 611.11 60.7 

Leucaena /eucocepha/a 47.9 55.2 58.0 59.3 

Mean 48.43 55.98 58.43 59.70 

Table 49. Effect of different GLMs and N levels on N Harvest Index 
- 1994 (Kbarif) 

Treatment NO N 40 N80 N 120 

Control 41.7 54.5 55.8 59.1 

Sesbania aculeata 54.4 57.2 57.1 60.5 

Ipomoea reptans 51.8 55.5 56.5 57.4 

Eichhornia cra.'fisipes ~4.0 50.4 54.2 56.7 

Calotropis gigantea 534 56.3 573 60.3 

Leucaena leucocephala 49.6 53.2 54.5 58.2 

Mean 49.15 54.51 55.90 58.70 

Mean 
15.14 
61.83 
59.IX) 
19.31 
56.14 
45.68 

Mean 
52.03 
57.55 
57:10 
54.40 
5743 
55.10 

Mean 
52. 78 
57.30 
55.30 
5U3 
56.83 
53.87 



Table 50. Effect of different GLMs and N levels on post harvest soil 
available N (kg ha-I

) - 1993 (Kharif) 

Treatment NO N 40 N 80 N 120 
Control 236.2 2514 263.6 269.5 
Seshania aculeala 238.3 257.7 270.5 283.3 
Ipomoea reptans 260.4 276.8 281.2 292.8 
Eichhomia crassipes 2404 251.6 265.8 277.9 
Calotropis gigantea 256.2 269.7 2784 288.1 
Leucaena leucocepha/a 259.1 273.3 2804 2914 
Mean 2484 2634 2733 283.8 

SEd CD 

M 2.62 584 
S 3.04 617 
MxS 3.87 7.86 
SxM 4.12 8.36 

Table 51. Effect of different GLMs and N levels on post harvest soil 
available N (kg ha-')- 1994 (Khan!) 

Treatment NO N 40 N 80 N 120 

Control 223.5 233.9 244.1 252.0 

Seshania aCl/leata 230.9 243.5 249.7 266.0 

Ipomoea replans 2532 266.9 274.1 285.8 

Eichhomia crassipes 237.5 242.1 2470 265.2 

C alotropis giganlea 247.2 258.1 2700 281.9 

Leucaena leucocephala 2487 266.1 272.9 278.8 

Mean 240.2 251.8 259.6 2716 

SEd CD 

M 2.71 6.04 

S 2.92 5.93 

MxS 3.16 641 

SxM 3.27 6.64 

Mean 
2552 
262.5 
277.8 
258.9 
273.1 
2761 

Mean 
2384 
247.5 
270.0 
248.0 
264.3 
266.6 



leucocephala and Calotropis giganlea left significantly higher soil available N The 

increase was 8.86, 8.19 and 701 during 1993 and 13.26, 11.83 and 10.86 percentage 

during 1994 respectively over control. This was followed by Seshania acu/eata (2.86 

in 1993 and 3.82 % in 1994 ) and Eichhornia crassipes (I 5 and 4 03 %) 

Levels of N showed a marked increase in post harvest soil available N status. 

Increasing N levels had increased post harvest soil available N The increase was 6.04, 

10.02 and 14.25 Per cent in 1993 and 4.83, 8.08 and 13.07 per cent in 1994 

corresponding to 40, 80 and 120 kg N ha-' respectively over controL 

The interaction effect was also found to be significant The highest values 

were obtained in Ipomoea rep/ails + 120 kg N ha-' which was comparable with 

Leucaena leucocephala and Calo/ropis gigan/eCI at same N level 

4.1.8. Soil available N balance after Kharif rice (Tables 52 and 53) 

During the year 1993, before the start of Kharif rice, the initial soil N status 

was 270 kg N ha-' Green leaf manures were applied at equal N basis and the 

quantity of N supplied through GLMs was 45.03 kg N ha-' As per sub- plot 

treatments fertilizer N was added at the rate of 0, 40, 80 and 120 kg N ha-' The total 

quantity ofN applied ranged between 0 and 165.03 kg ha-' for various treatments. 

Uptake of N by Kharif rice was minimum in absolute control plot and 

maximum in Sesbania aculeata + 120 kg N ha-1 and was comparable with Ca/o/ropis 

gigan/ea + 120 kg N ha-' .The N balance of 1993 indicated that the treatment M.S. 

( Leucaena leucocephala + 120 kg N ha- ' ) had shown a positive computed balance 

of +61. 73 kg against the actual balance of 291. 4 kg , where net gain was +21.4 kg 

ha-' . This was followed by M,C;;. (Ca/o/ropis gigantea + 120 kg N ha-') On the other 

side, higher negative value (-58.8) was obtained for M,S,(no GLM and no N) 



Table 52. Available soil N balance - After Kharif, 1993 

Treat. Initial N N Total N uptake Net 
soil N applied applied quanti!) by the Computed Actual gam 
status as as ofN Kharif Balance Balance or 
Kgha-1 GLMs Urea applied <;rop loss 

Kgha-1 Kgha-1 Kg ha-1 Kg ha- ' 

MISI 270 0 0 0 58.8 -58.8 236.2 -33.8 

MIS, 270 0 40 40 69.2 -29 Z 251.4 -18.6 

MIS, 270 0 80 80 77.4 +26 2636 -6.4 

MI S4 270 0 120 120 81.2 +38.8 269.5 -05 

M,SI 270 4503 0 4503 864 -41 37 238.3 -31.7 

M,S, 270 4503 40 8503 108.8 -23.77 2577 -12.3 

M,S3 270 4503 80 125.03 1161 +8.93 2705 +0.5 

M,S4 270 4503 120 165.03 124.2 +40.83 283.3 +13.3 

M3 S1 270 4503 0 4503 806 -35.57 2604 -9.6 

M,S, 270 45.03 40 8503 98.1 -1307 276.8 +68 

M,S, 270 4503 80 125.03 1085 +1653 2812 +11.2 

M3 S4 270 45.03 120 165.03 1121 +52.93 292.8 +22.8 

M. SI 270 4503 0 4503 71.9 -26.87 240.4 -29.6 

M.S, 270 4503 40 8503 83.7 +133 251.6 -18.4 

M.S, 270 4503 80 125.03 90.3 +3473 265.8 -4.2 

M. S4 270 4503 120 165.03 95.4 +69.63 277.9 +7.9 

M,SI 270 4503 0 4503 83.1 -38.07 256.2 -13.8 

M,S, 270 4503 40 8503 102 I -1703 269.7 -OJ 

M,S3 270 4503 80 125.03 114.6 + 1 0.43 278.4 +8.4 

M,S4 270 4503 120 165.03 120.6 +44.43 288.1 +181 

M"SI 270 4503 0 4503 76.0 -30.97 259.1 -10.9 

M" S, 270 4503 40 85.03 91.5 -6.47 2733 +3.3 

M" S3 270 4503 80 125.03 98.7 +26.33 280.4 +)0.4 

M,; S4 270 4503 120 165.03 103.3 +61.73 291.4 +21.4 



Table 53. Available soil N balance - After Kharif, 1994 

Treat Initial N N Total N uptake Nel 
soil applied applied quantlt\ b) the Computed Actual gam 
N as as ofN Khanf Balance Balance or 

status GLMs Urea applied crop loss 
Kg ha-' Kg ha-' Kg ha-1 Kg ha- l Kg ha' 

M,S, 254.3 0 0 0 484 -48.4 2235 -30.8 

M,S, 254.3 0 40 40 68.2 -2S.2 2339 -204 

M,S, 254.3 0 80 SO 724 +76 244 I -10.2 

M, S4 254.3 0 120 120 79 ') +40.5 2520 -2.3 

M2 S, 254.3 54.57 0 54.57 68.3 -13 73 2309 -234 

M2 S2 254.3 54.57 40 94.57 96.5 -193 243.5 -IO.S 

M2S, 254.3 54.57 SO 134.57 123.5 +1107 2497 -4.6 

M2 S4 254.3 54.57 120 174.57 130.7 +5217 266.0 +]] 7 

M,Sl 254.3 54.57 0 54.57 621 -753 253.2 -II 

M,S, 254.3 54.57 40 94.57 S8.3 +6.27 2669 +12.6 

M,S, 254.3 54.57 SO 134.57 111.1 +2347 274.1 +19 S 

M, S4 254.3 54.57 120 174.57 1224 +5217 2858 +31.5 

M,Sl 254.3 54.57 0 54.57 53.6 +0.97 2375 -16.8 

M. S, 254.3 54.57 40 9457 73.7 +20.S7 242.1 -12.2 

M.S, 2543 54.57 80 134.57 796 +5497 247.0 -73 

M. S. 2543 5457 120 174.57 95.8 +7877 265.2 +10.9 

M,S, 254.3 54.57 0 54.57 654 -10.83 247.2 -7.1 

M, S2 254.3 54.57 40 94.57 914 +3 17 258.1 +3.8 

M,S, 254.3 54.57 SO 134.57 1094 +25.17 2700 +157 

M, S4 254.3 54.57 120 17457 123.5 +5107 2819 +27.6 

M6 Sl 254.3 54.57 0 54.57 584 -3.83 2487 -56 

Mo S, 2543 54.57 40 94.57 804 +14.17 266.1 +118 

MoS, 254.3 54.57 80 134.57 92.7 +41S7 2729 +IS.6 

Mo S. 254.3 54.57 12c
, 174.57 105.4 +69.17 278.8 +24.5 



During 1994, the initial soil N status was 254 3 kg ha-' and the N supplied 

through GLMs was 54.57 kg ha-' The total quantity of N applied ranged between 0 

and 174_57 kg ha-' Similar to 1993, N uptake was maximum in Sesbania lIculealll + 

120 kgN ha- l 

Computed N balance was positive when GlMs -l- inorganic N fertilizer were 

applied. Maximum net gain was observed in Ipomoea replans + 120 kg N ha-', 

followed by Calotropls gigantea, l"ellcaena leucocephala, I,"'ichhorl//a crasslpes and 

Seshania aeuleata. 

In general, soil available N showed a net loss even in higher level of N (120 kg 

N ha-\ if green leaf manure was not combined Similarly, GlMs alone also resulted 

in negative N balance. GlMs + fertilizer N improved the soil N status 

Experiment II. 

This experiment was conducted during Rabi 1993 and 1994 after the harvest 

of Experiment I, to study the residual effect of applied green leaf manures and 

fertilizer N, 

4.2. Residual eITed of green leaf manures and fertilizer'" on Rabi season rice 

4.2.1. Growth attributes of Rabi rice at flowering (Table 54) 

4.2.1.1. Plant height 

The carry over effect of Kharif season green leaf manures was seen on the 

plant height of rice sown during Rabi, 1993. Residual effect on plant height was 

higher in plots applied with Leu _aena leucoeephala, ealOfropis gigantea and Ipomoea 

reptans. This was followed by Seshania aeuieala and Eichhornia crassipes. 



Table 54. Growth attributes of rice at flowering - Rabi 

Treatment 1993 -'94 1994 -'95 
Plant height LAl Plant height LAl 

(em) (em) 

Main plot 
MJ 60.5 5.21 63.2 5.33 

M2 78.3 6.13 75.6 6.22 

MJ 79.2 6.41 77.1 6.31 

Mt 70.5 5.72 70.1 5.79 

M5 80.6 6.38 78.5 6.42 

M;; 8l.2 6.45 79.0 6.40 

SEd 0.75 0.27 1.15 0.22 
CD (P=.05) 1.68 0.61 2.56 0.49 

Sub plot 
SI 75.6 5.98 75.1 5.95 

S2 74.1 5.99 74.0 5.99 

S3 75.3 6.02 73.4 6.14 

S4 76.3 6.21 73.2 6.24 

SEd 128 0.19 1.03 0.20 

CD (P=.05) NS NS NS NS 
Sub-Sub plot 

Fo 59.0 5.07 57.5 5.21 

Fl 92.2 7.03 90.4 6.95 

SEd 5.45 0.23 4.06 0.48 

CD (P=.05) 10.9 0.45 8.12 0.96 

Interaction NS NS NS NS 

NS = Not significant 



Residual effect of applied fertilizer, at all N le,els were not significant The 

result from sub-sub plot revealed that application of recommended level of N (100 kg 

N ha-
1
) to the Rabi rice increased the plant height to a considerable extent as compared 

to no N application (Fo). 

Interaction effect was not significant Similar results were observed in Rabi, 

1994 also. 

4.2.1.2. Leaf Area Index (Table 54) 

Leaf area index at flowering was influenced significantly by all the green leaf 

manures applied during Kharif season except /','/chhonlla crassipes during 1993 and 

Eichhornia crassipes and Seshania aculeala during 1994 which were at par with 

control. Levels of fertilizer N applied to Kharif crop did not influence the LA! of 

Rabi rice crop. Recommended level of N applied to Rabi crop had influenced the LAI 

and was significantly superior over no fertilizer applied treatment (F,,) 

Interaction effect was absent in both the years 

4.2.1.3. Dry matter production (Tables 55 and 56) 

Green leaf manuring done to Kharif rice crop had excerted a significant 

influence on DMP at all the four growth stages of Rabi rice Residual effect of 

Ipomoea replans , Leucaena leucocephala, ('alotTOp/S gigantea and Seshania 

aculeata was observed throughout the growth periods and the effect of these green 

leaf manures on DMP was comparable. Even though Eichhornia crassipes produced 

significantly higher DMP than control, its effect was significantly lower than other 

green leaf manures studied 

Levels ofN had non cignificant influence on Rabi rice DMP 

Fertilizer application to Rabi crop appreciably increased the DMP. 



Table 55. Dry matter production at different growth stages of rice 
( kg ha- I

) -Rabi (1993 - '94) 

Treatment Active Panicle Flowering Harvesting 
rillering initiation 

Main plot 
Ml 943.5 2598.3 3589.3 5833.9 
M2 1042.1 3366.4 5281.4 9345.5 
MJ 1138.3 3473.8 5435.3 9502.0 

~ 910.8 2938.9 3790.9 6666.3 

Ms 1034.0 3592.1 5374.8 9526.3 

Mn 1002.1 3429.9 5428.8 9881.1 
SEd 64.95 148.43 188.82 217.6 

CD (P=.05) 144.7 330.7 420.7 484.8 

Sub plot 
S1 964.6 3197.9 4810.1 8442.9 

S2 1018.1 3235.9 4784.0 8421.9 

S3 1020.9 3233.2 4759.0 8503.3 

S4 1043.7 3269.2 4913.8 8560.3 

SEd I 41.8 54.2 96.3 112.5 
CD (P=.05) NS NS NS NS 

Sub-Sub plot 
Fo 802.4 1416.4 2729.0 4930.6 

F1 1221.5 5051.7 6904.4 1260.6 

SEd 82.2 186.9 225.6 344.0 

CD (P=.05) 164.2 373.8 451.2 688.0 

Interaction NS NS Sig Sig 

NS = Not significant 



Table 56. Dry matter production at different growtb stages of rice 
( kg ba-1

) -Rabi (1994 - '95) 

Treatment Active Panicle Flowering Harvesting 
tillering initiation 

Main plot 
Ml 908.13 2263.9 3212.5 5585.4 
M2 1164.5 4120.5 5361.6 9387.0 
M3 1192.6 4221.8 5523.1 9589.4 

~ 991.0 2959.5 5462.7 6746.3 

Ms 1149.0 4136.4 5565.0 94313 
Mt, 1132.5 4162.3 5401.4 9489.6 

SEd 49.64 71.72 196.68 229.98 
CD (P=.05) 110.6 159.8 438.2 512.4 

Sub plot 
S1 1067.5 3496.7 4799.0 8255.4 

S2 1088.4 3703.8 4881.0 8403.1 

S3 1095.8 3695.5 4895.7 8424.5 

S4 II06.8 3691.2 4864.0 8394.7 

SEd 39.9 64.8 97.5 129.3 
CD (P=.OS) NS NS NS NS 

Sub-Sub plot 
Fo 1015.2 2630.6 3450.0 5976.5 

FI 1164.0 4662.9 6270.1 10762.4 

SEd 70.1 lOLl 148.4 311.6 

CD (P=.05) 140.2 202.3 296.8 623.2 

Interaction NS NS Sig Sig 

NS = Not significant 



Interaction effect between main plot and sub-sub plot was significant at 

flowering and harvesting stages Application of all the green leaf manures except 

Eichhomia crassipes to Kharif crop, followed by recommended level of N application 

to Rabi crop significantly increased the DMP 

The same results were recorded for 1993 and 1994 Rabi rice crops 

4.2.2. Yield attributes (Tables 57 and 58) 

4.2.2.1. Productive tillers 

Residual effect of GLMs on number of productive tillers per m' was more 

pronounced in Rabi crop. Application of Scshama acu/eata to Kharif rice produced 

maximum number of tillers per m' followed by reucaena lClicoccpha/a which was at 

par with Ca/otropis giganlea and Ipomoea replans in the year 1993 During 1994, 

Calotropis giganlea and Ipomoea replans produced maximum number of productive 

tillers. This was followed by Sesbania aeuleata and Lcucaena /ellcoeepha/a Green 

leaf manure control recorded the least number of productive tillers in both the years of 

study. 

Levels of N applied to Kharif crop significantly influenced the number of 

productive tillers in Rabi rice crop during 1994 Higher level of N (120 kg N ha") 

produced maximum number of productive tillers when compared to other levels In 

1993, the levels of N applied to Kharif rice had no significant influence on the 

productive tillers of the succeeding Rabi rice crop The results from sub-sub plot 

revealed that application of recommended dose ofN to Rabi crop produced maximum 

number of tillers in both the years 

The interaction effect was absent. 



4.2.2.2. Panicle length (Tables 57 and 58) 

Panicle length was highly influenced by the green leaf manures Application of 

Leucaella lellcocephala, Ipomoea replans, C'alolropis gwallfea and Seshallia 

aculeata to Kharif rice produced longer panicles when compared to /:'ILhhomia 

crassipes. In both the years, control plot recorded shorter panicles 

Levels of N had influenced the panicle length Higher levels of N produced 

longer panicles. Application of recommended level of N to Rabi crop significantly 

increased the panicle length when compared to no N 

Interaction effect was not significant in both the years 

4.2.2.3. Filled grain percentage (Tables 57 and 58) 

Maximum filled grain percentage was recorded in Ipomoea replalls applied 

plot and was comparable with Leucaella lellcocephaia, Calotropis [jgalltea and 

Seshallia aculeala 

Among the levels of N applied to Kharif rice, 120 kg N ha- 1 registered 

significantly higher filled grain percentage as compared to other doses Application of 

recommended dose of N to Rabi crop recorded 18.62 per cent increased filled grain 

percentage over control plot 

Interaction effect was not significant in both the years of experimentation. 



Table 57. Yield attributes of rice - Rabi (1993 - '94) 

Treatment Productive Panicle Filled 1000 grains 
tillers length grain weight 
( m-2) (cm) _(%) (g) 

Main plot 
MI 253 11.81 6741 18.56 
M2 327 13.30 72.10 18.88 
M, 305 14.16 73.49 18.78 
~ 285 12.26 70.30 18.77 
Ms 306 13.85 72.12 18.96 

~ 315 14.01 7341 19.00 
SEd 4.54 045 0.74 0.24 

CD (P=.05) 10.12 1.012 1.65 NS 
Sub plot 

SI 294 9.95 61.17 1844 

S2 295 12.22 6843 18.62 

S3 293 14.74 72.24 18.73 

S4 291 16.33 7543 19.02 

SEd 2.12 1.74 1.95 0.55 
CD (p= 05) NS 3.53 3.96 NS 

Sub-Sub plot 
Fo 245 9.92 58.33 18.13 

FI 341 17.11 78.14 19.11 

SEd 10.2 4.21 3.78 049 

CD (P=.05) 204 841 7.56 0.97 

Interaction NS NS NS NS 

NS = Not significant 



Table 58. Yield attributes of rice - Rabi (1994 - '95) 

Treatment Productive Panicle Filled I 000 h'Tains 
tillers length gram weight 
( m-2) (cm) (%) (g) 

Main plot 
M1 247 10.79 70.22 18.45 
M2 313 12.51 74.51 18.52 
M3 320 13.33 75.62 18.58 
~ 276 11.56 7133 18.50 
Ms 325 12.64 74.18 18.71 

~ 307 13.81 73.22 18.85 
SEd 3.82 0.68 0.45 101 

CD (P~.05) 8.5 1.51 101 NS 
Sub plot 

S1 231 9.44 66.12 18.33 

S2 252 1156 70.43 18.46 

S3 285 13.47 73.77 18.40 

S4 333 14.82 77.56 18.52 

SEd 5.57 0.93 0.96 0.94 
CD (P~.05) 11.3 1.88 195 NS 

Sub-Sub plot 
Fa 211 8.14 63.17 18.22 

F1 352 16.21 81.79 19.14 

SEd 8.10 163 207 072 
CD (P~.05) 16.2 3.26 4.14 143 

Interaction NS NS NS NS 

NS = Not significant 



4.2.2.4. Thousand grains weight (Tables 57 and 58) 

Thousand grains weight was unaltered due to green leaf manures as well as by 

the levels ofN supplied to Kharifrice However, application of recommended level of 

N to Rabi crop significantly increased thousand grains weight (19.6Ig) over no N 

treatment (17.63 g). 

In both the years of experimentation, the interaction effect was not significant 

4.2.3. Nutrient uptake of Rabi crop at harvest (Table 59) 

The carry over effect of different green leaf manures and levels of N applied to 

the previous rice crop altered the uptakes of N, P and K of Rabi rice crop The 

variations due to the residual effect were large enough to measure statistically 

4.2.3.1. Nitrogen uptake (Table 59 ) 

Application of green leaf manures to Kharif crop significantly increased the N 

uptake of Rabi crop The highest uptake of N was recorded in Ipomoea replans 

applied plot and this was comparable with Leucama leucocephala, Ca/otropis 

Riganlea and Sesbania aeu/eala. F;ichhorma crassipes was next to the above. 

Control recorded the lowest N uptake. 

Among the levels of N, the highest dose (120 kg N ha-') recorded the 

maximum uptake ofN and was comparable with 80 kg N ha-' during 1993 and 80 as 

well as 40 kg N ha-' in 1994. 

In both the years, a"plication of recommended level of N to Rabi crop 

recorded significantly higher N uptake as compared to no N 



Table 59. Nutrient uptake ofrice at harvest (kg ha ' ) - Rabi c.rop 

Nitrogen Phosphorus Pottasium 
Treatment 

1993-94 1994-95 1993-94 1994-95 1993-94 1994 -95 

Main plot 
M) 71.5 68.3 10.32 II 03 1040 103.3 
M, 86.0 826 17.51 1766 119.8 116.6 
M, 913 90.0 18.32 1775 1254 121.3 
Mt 75.8 78.3 1418 1444 113.1 108.3 
M, 88.9 87.9 18.55 17.57 128.6 121.6 
M,; 90.7 87.8 19.53 17.98 1241 120.5 
SEd 2.60 3A2 0.68 0.91 337 275 

CD (p=05) 5.79 762 lSI 202 7.50 613 

sub plot 
S, 78.9 78.5 14.89 1472 117.30 112.0 
S, 83.1 82.3 15A5 15.34 1188 114.3 
S, 85.9 83.8 1638 1647 1202 114.5 
S. 88.3 85A 19.22 1873 121 1 118.3 

SEd 1.89 1.63 1.25 lAO 1.72 2.56 

CD (p=05) 3.83 3.31 2.53 285 3 50 520 

Sub-sub plot 
Fo 54.9 58.6 10A6 12.61 97.63 104.8 

FJ 113.2 110.8 22.51 2002 14104 1258 

SEd 6.95 8A 4.11 3.93 627 7.35 

CD (p=.05) 13.9 16.9 8.21 758 12.54 14.7 

Interaction Sig Sig. Sig. Sig. NS NS 

NS = Not significant 



1993 - '94 
Treat Fo 
MJ 51.0 
M2 54.7 
M3 57.2 

M. 51.9 

Ms 57.4 
M6 57.4 

Mean 54.9 

SEd 
CD(p = 0.05) 

F, 
92.1 
117.4 
125.6 
99.7 
120.5 
124.0 
113.2 

2.65 
5.33 

1993 - '94 
Treat F" 
MJ 6.42 

M2 11.52 
M3 11.86 

M. 8.26 

Ms 14.23 

Me 14.48 

Mean 11.13 

SEd 
CD (p = 0.05) 

FJ 
14.22 
23.50 

24.79 
20.11 

22.86 
24.58 
21.68 

2.90 
5.85 

Nitrogen uptake 

M x F Interaction table 

Mean Treat 
71.6 MJ 
86.1 M2 
91.4 M; 
75.8 M., 
88.9 M, 
90.7 Me 

Mean 

Phosphorus uptake 

M x F Interaction table 

Mean Treat 
10.32 MJ 
17.51 M, 
1833 M; 
1419 M. 
18.55 Ms 
19.53 M6 

Mean 

1994 - '95 . 
F" 

519 
58 I 
628 
558 
609 
62.3 
58.6 

3.40 
685 

FJ 
84.8 
1071 
117 1 
100.8 
115.0 
113.3 
110.8 

1994-'95 . 
F" 

7.77 
14.78 
1401 
974 
14.77 
14.65 

2.29 
4.62 

FJ 
14.29 
20.61 
21.49 
19.05 
2038 
21.31 

Mean 
68.4 
82.6 
89.9 
78.3 
87.9 
87.8 

Mean 
11.03 
17.70 
17.75 
14.40 
17.58 
17.98 



Treat 

Main plot Fo 
MJ 45.6 
M2 50.2 
M3 53.8 

~ 46.6 
Ms 54.0 

M" 54.2 
Mean 50.7 

Smean 

N uptak e of rice at harvest (kg ha-') _ 
M x S x F interaction table _ 

Rabi 1993 · SI S2 S, S~ Mean 

FI Fo Fl Fo Fl Fo Fl 
90A 50.2 91.6 53.4 92.3 54.8 94.0 71.5 
110.6 52.4 116.3 56.6 120.2 59.4 122.4 86.0 
118.4 56.2 124.4 58.3 1283 60.5 131.2 91.3 
96.3 50.8 99.7 54.2 100.2 55.9 102.4 75.8 
111.7 56.6 119.3 58.0 123.9 60.8 127.1 88.9 
115.8 56.4 122.8 58.2 126.6 60.7 130.9 90.7 
107.2 53.8 112.4 56.5 115.3 58.7 118.0 

78.97 83.06 85.88 88.34 

Fo = 54.91 FI = 113.21 

MxSxF 

Treat 
Main plot Fa 

MJ 48.3 
M2 54.1 
M3 58.2 

~ 51.9 
Ms 56.3 

M" 57.7 
Mean 54A 

Smean 

Fo = 58.61 

MxSxF 

SEd 
4.18 

CD 
8.46 

N uptake of rice at harvest (kg ha-') -
M x S x F interaction table­

Rabi 1994 , 
S] S2 S] 

Fl Fo FI Fo FJ Fo 
82.4 51.6 84.2 52.5 85.8 55.0 
103A 58.7 106.6 59.2 108.3 60A 
112.8 62.7 117A 64.8 118.2 65.6 

98.1 55A 100.1 57.5 1013 58A 

110.5 60.0 114.9 62.6 116A 64.5 

108A 62.1 113.2 63.9 114.8 65.3 

102.6 68A 106.1 60.1 107.5 61.5 

78.5 82.3 83.8 

FI = 11 0.84 

SEd CD 
5.05 10.22 

S4 mean 
F] 

86.7 68.3 
109.9 82.6 
120.0 90.0 
103.8 78.3 
118.2 87.9 
116.6 87.8 
109.2 

85A 



Interaction effect between main plot and sub-sub plot as well as between main 

plot and sub plot and sub-sub plot were significant in both the years When main plot 

and sub-sub plot interaction was analysed, the combination of application of Ipomoea 

replans or Leucaena leucocephala or Calo/ropls [{i[{Wl/ea to Kharif rice crop along 

with the recommended dose ofN to Rabi crop recorded maximum N uptake 

4.2.3.2. Phosphorus uptake (Table 59) 

Different green leaf manures applied to Kharif rice crop significantly influenced 

the P uptake in both the years. The highest P uptake of 19.53 kg ha" was observed in 

I>eucaena leucocephala applied plot which was at par with ('a/o/rol'ls [{i[{l1n/ea and 

Ipomoea replans applied plots. This was followed by Seshania aculeala and 

Eichhornia crassipes in 1993 During 1994, all the green leaf manures except 

Eichhomia crassipes were comparable in increasing the P uptake 

The levels of N also had significant influence on P uptake of subsequent rice 

crop. Application of 120 kg N ha" had increased P uptake However, this was 

comparable with 80 kg N ha· 1 The sub- sub plot results revealed that application of 

recommended level ofN to the Rabi rice crop had improved P uptake considerably 

The interaction effect between main plot and sub-sub plot was significant in 

both the years. It is interesting to note that P uptake in Seshania aculeata and 

Calolropis Kigantea applied plots was higher when recommended level ofN was given 

to Rabi rice crop during 1993. In 1994 M I F I (no GLM to Kharif crop + recommended 

level ofN to Rabi crop) recorded higher P uptake and it was comparable with GLMs 

application alone except Eickhornia crassipes. 



4.2.3.3. Potassium uptake (Table 59 ) 

Higher K uptake was observed for application of green leaf manures to the 

Kharif crop. Among the green leaf manures CalOlropis KiKLll1leLl, Ipomoea repTaI/S 

and Leucaena leucocepha/a applied plots recorded significantly higher K uptake 

values. This was followed by Seshania acltleala and Fichhorllla cra,mpes. 

The levels of N also influenced K uptake Higher level of N increased the 

uptake of K, but only to a little extent. Application of recommended level of N 

Rabi crop significantly increased the K uptake 

Interaction effect was not significant in both the years of experimentation 

4.2.4. Yield of Rabi rice 

4.2.4.1. Graiu yield (Table 60) 

to 

The effect of different green leaf manures applied to the Kharif crop had 

significant influence on the grain yield of Rabi rice Application of GLMs to Kharif 

rice had increased the Rabi rice grain yield to the tune of 312.5 to 1862.6 kg ha" (129 

to 77.8 %) over control. Among the green leaf manures, !'eucaena leucocephala 

applied plot recorded the maximum grain yield. However, it was comparable with 

yield obtained under Ipomoea replans, Calolropis Kigalllea and Sesbania aeuleala 

applied plots in both the years. Eiehhomia crassipes produced significantly higher 

grain yield than control. But, it was not comparable with the above green leaf 

manures studied (Fig. 6). 

Levels ofN applied to ¥.harif crop had influenced grain yield during 1993. The 

highest grain yield was recorded at 120 kg N ha" This was statistically at par with 80 



1993 

Treatments 

1994 

rj 
O~~LL~~~~LJ~-LJ_ __ _L~~LU_LlL~L_ __ LJ~_L~ 

M1 M2 M3 M4 M5 M6 51 52 S3 54 Fa F1 

Treatments 

OGrain yield lSJ Straw yield 

Fig.6. Effect of different GLMs and N levels on grain and 
straw yield of Rabi season rice 



Table 60. Grain and straw yield of Rabi season rice (kg ha ') 

Grain yield Stra" yield 
Treatments 

Main plot 
M, 
M2 
M, 
M, 
M, 
M,; 
SEd 

CD (p=.05) 
sub plot 

S, 
S2 
S, 
S, 

SEd 
CD (p=.05) 
Sub-sub plot 

Fo 
F, 

SEd 
CD (p=.05) 

Interaction 

Treat F" 
M, 1170.3 
M, 25583 
M, 2657.8 
M, 1665.8 
M, 2720.0 
M,; 27393 

Mean 2251.9 

SEd 
CD (p= 0.05) 

1993· '94 1994 - '95 1993 - '94 

2424.0 2458.5 3442.1 
4104.0 40650 5348.3 
4215.6 4210.1 5280.5 
2736.5 29930 40001 
4131.5 41755 53905 
4286.6 4172 8 55910 
11239 88.02 2343 
25040 19611 5220 

3558.8 36160 48859 
3542.0 36681 48289 
3674.8 3701.5 48234 
3723.1 3731.0 4830 :l 
7108 86.21 211 1 
144.30 NS ~S 

2251.9 27029 2681 1 

5047.6 4655.9 7003.1 

129.21 1636 4056 

25842 3272 8114 

Sig Sig 1\IS 

Grain yield - M x F Interaction table 

1993 '94 -
F, 

3677.8 
5649.8 
5773.5 
3807.3 
55430 
5834.0 
5047.6 

1133 
228.2 

Mean 
2424.1 
4104.1 
42157 
2736.6 
4131 5 
4286.7 

Treat F" 
M, 1291.5 

M2 3101.0 
M, 3258.8 
M, 21100 

Ms 3207.3 
M,; 3248.5 

Mean 2702.9 

1994 - '95 

31424 
52225 
5377.4 
3751.3 
52544 
53158 
267.6 
596.2 

4636.6 
4594.3 
4720.1 
4686.5 
1782 
NS 

3206.0 
61127 
361.3 
722.5 

NS 

1994 '95 -
F, Mean 

3625.5 2458.5 
5029.0 
5161.5 
3876.0 
51438 
50970 
4655.5 

132.5 
2669 

4065.0 
4210.2 
2993.0 
4175.6 
4172.8 



Treat 
Main plot Fo 

MI 1084 

M2 2528 

M3 2612 

~ 1567 

Ms 2684 

~ 2716 

Mean 2198. 

S mean 

Fo = 58.61 

MxSxF 

Treat 
Main plot Fu 

Ml 1241 

M2 2987 

M3 3222 

~ 2086 

Ms 3179 

~ 3200 

Mean 2652. 

Smean 

SI 
FI 

3658 
5469 
5648 
3706 
5400 
5636 
4919.' 

Grain yield of rice (kg ha ') 
M x S x F interaction table _ 

Rabi,1993. 

S2 Sl 
Fo FI Fo FI 

1163 3670 1210 3683 
2539 5646 2569 5725 

2668 5731 2671 5847 
1674 3866 1694 3811 
2688 5461 2747 5497 
2740 5858 2743 5900 
22453 5038.7 2272.3 ,0772 

S4 
Fo 

1224 
2597 
2680 
1728 
2761 
2758 
2291 3 

3558.8 3642 3674.8 

SI 

FI = 110.84 

SEd 
228.7 

CD 
562.0 

FI 
3587 

4862 

5077 

3840 

5067 

5044 

Grain yield of rice (kg ha ') 
M x S x F interaction table -

Rabi,1994. 

S2 Sl 
Fo FI Fo FJ 

1286 3615 1309 3632 

3108 5022 3136 5086 

3260 2127 3270 5178 

2092 3859 2115 3895 

3208 5107 3219 5190 

3248 5085 3265 5123 

4579.5 270n.3 4635.8 2719 4684 

S4 
Fo 

1330 

3173 

3283 

2147 

3223 

3281 
2739.5 

3616 3668.l 3701.5 

MxSxf 
SEd 
312.8 

Mean 
FI 

3700 2424 
5759 4104 
5868 42156 
3846 2736.5 
5814 4131.5 
5942 42866 
SIS, 

3723.1 

Mean 
FJ 

3668 2458.5 

5146 4065.0 
5264 4210.1 

3910 2993.0 

5211 4175.5 

5136 4172.8 
4723 

3731 

CD 
631.8 



and 40 kg N ha-
1 

Absolute control (S,,). produced the lowest grain yield During 

1994. the grain yield was unaltered due to levels of N applied to Kharif crop 

Application of recommended level of N to Rabi crop significantly influenced 

the grain yield and produced 124 and 72 per cent increased. grain yield during 199, 

and 1994 respectively over no fertilizer application (F"l 

Interaction effect between main plot and sub-sub plot as well as between main 

plot and sub plot and sub-sub plot were significant in both the years The results 

indicated that application of green leaf manures with the recommended dose of N to 

Rabi crop produced significantly higher yields when compared to control. During 

1994, the plots received Ipomoea replans , Ca/otropis glganlea and rellcaella 

/eucocepha/a during Kharif season registered higher grain yield under F" treatment of 

Rabi rice and this was at par with M,F, (No GLM to Kharif rice ~ recommended 

dose ofN to Rabi crop) 

4.2.4.2. Straw yield (Table 60) 

Straw yield ofRabi crop was influenced by the GLMs applied to Kharif crop as 

well as by the fertilizer N applied to Rabi crop Application of green leaf manures 

influenced the straw yield. Rabi rice grown from I~eucaetla /ellc()<:epha/a, Catotropls 

gigantea, Sesbania acuteata and Ipomoea reptan~ applied treatments of Kharif season 

produced comparable straw yield and were significantly higher than Elchhornia 

crassipes in both the years of study. 

The levels of N applied to Kharif crop did not show any effect on succeeding 

Rabi rice crop straw yield. Application of recommended level of N to Rabi crop 

significantly influenced the stT1W yield positively. 

In both the years the interaction effect was not significant 



4.2.5. Use efficiencies 

Agronomic Efficiency, Physiological Efficiency and Apparent N Recoverv 

were worked out and presented The data were not analysed statistically 

4.2.5.1. Agronomic Efficiency (Tables 61 and 62) 

Carryover effect of green leaf manures applied to Kharif rice crop was 

exhibited in Rabi season also. AE was increased by the application of all the green leaf 

manures except Eichhomia crass/pes during 1993, where as in 1994, the trend was 

completely reversed. The green leaf manured plots registered lower AE when 

compared to control. Levels ofN had a very slight positive influence on AE 

4.2.5.2. Physiological Efficiency (Tables 63 and 64) 

Improvement in PE of Rabi rice was seen for control plot as compared to 

green leaf manured plots of Kharif season of both the years of study 

Levels of N had positive influence on PE and higher levels of N showed a 

maximum PE in both the years. 

4.2.5.3. Apparent N Recovery (Tables 65 and 66) 

Green leaf manured plots invariably improved the ANR. Application of 

Ipomoea replalls recorded the maximum ANR in both the years. This was followed 

by Leucaena leucocephala, Calotropis gigantea, Sesbania aculeala and Eichhomia 

crassipes. In 1993, levels of N had positive influence on ANR The ANR values 

were increased with increasi,g N levels. However, in 1994, the effect was not 

significant. 



Table 61. Agronomic Efficiency - Rabi,1993. 

Treatment SI S2 S, S4 Mean 
MI 25.74 25.07 24.73 24.76 25.08 
M2 29.41 3107 31.56 3162 30.92 
M3 31.21 30.63 31.76 31.88 31.37 
M; 21.39 2192 21.17 21.18 21.42 
Ms 27.16 27.93 27.50 30.53 28.23 
~ 29.20 3118 31.57 31.84 30.95 

Mean 27.35 27.93 28.05 28.64 

Table 62. Agronomic Efficiency - Rabi,1994. 

Treatment SI S2 S1 S4 Mean 
M1 23.46 23.29 23.23 23.38 23.34 
M2 18.75 19.14 19.50 19.73 19.28 
M3 18.55 18.67 19.08 19.81 1903 
M; 17.54 17.67 17.80 17.63 17.66 

Ms 18.88 18.99 19.71 19.88 19.37 

~ 18.44 18.37 18.58 18.55 18.49 

Mean 19.27 19.36 19.65 19.83 

Table 63. Physiological Efficiency - Rabi,1993. 

Treatment S1 S2 S, S4 Mean 
M1 57.45 60.55 63.57 63.16 61.18 

M2 48.69 48.62 49.62 50.19 49.28 

M3 48.31 44.91 45.37 4509 45.92 

M; 4304 44.83 46.02 45.55 44.86 

Ms 47.07 44.23 41.73 46.05 44.77 

~ 47.40 46.96 46.15 45.36 46.47 

Mean 48.66 48.35 48.74 49.23 



Table 64. Physiological Efficiency - Rabi,1994. 

Treatment SI S2 S, S4 Mean 
MI 68.79 7144 69.76 73.75 70.44 
M2 38.03 39.96 39.71 39.86 39.39 
M3 33.97 34.13 35.73 36.42 35.06 
M. 37.75 39.53 40.64 :;8.8:; :;9.19 
Ms 34.83 34.59 36.64 37.02 35.77 
Mt, 36.37 35.95 36.50 :;6.16 26.25 

Mean 41.62 42.60 43.16 43.67 

Table 65. Apparent N Recovery - Rabi,1993. 

Treatment SI S2 S3 S4 Mean 
MI 44.8 41.4 38.9 39.2 41.08 
M2 60.4 63.9 63.6 63.0 62.73 
MJ 64.6 68.2 70.0 70.7 68.38 

M. 49.7 48.9 46.0 46.5 47.78 

Ms 57.7 62.7 65.9 66.3 6315 
Mt, 61.6 66.4 68.4 70.2 66.65 

Mean 56.47 58.58 58.65 59.32 

Table 66. Apparent N Recovery - Rabi,1994. 

Treatment SI S2 SJ S4 Mean 

MI 34.1 32.6 33.3 31.7 32.93 

M2 49.3 47.9 49.1 49.5 48.95 

M3 54.6 54.7 53.4 54.4 54.28 

M. 46.2 44.7 43.8 45.4 45.03 

Ms 54.2 54.9 53.8 53.7 54.15 

Mt, 50.7 51.1 50.9 51.3 5100 

Mean 48.18 47.65 47.38 47.67 



4.2.6. Post harvest soil available nutrients after rice- rice cropping system 

4.2.6.1. Soil available N (Tables 67) 

Soil available N status was significantly influenced by the different green leaf 

manures and the levels of N application done to Kharif rice Among the different 

green leaf manures, application of Calolropis glgallfea and ,"ell('aena lell('occphala 

significantly showed higher level of post harvest soil available N. This was followed 

by Ipomoea replans and Sesbania aeuleala Eichhorma crllssipes recorded 

comparatively lower soil available N than other green leaf manures Control registered 

the lowest soil available N. 

Among the different levels of N studied to Kharif rice, application of highest 

dose ( 120 kg N ha-') registered maximum soil available N However, it was 

comparable with 80 kg N ha-1 No N applied plot registered the lowest soil 

available N. 

In sub- sub plot, application of recommended level of fertilizer N to Rabi crop 

shown statistically higher soil available N as compared to no fertilizer N application 

Interaction effect between main plot and sub- sub plot was significant in both 

the years. Application of GLMs to Kharif crop along with recommended level of 

fertiliser N to Rabi crop registered higher soil available N. The above result was 

observed in both the years of study. 

4.2.6.2. Soil available Phosphorus ( Table 67) 

Application of GLMs to Kharif rice improved soil available P in both the years. 

Maximum soil available P wa~ recorded in Calotropis giganlea applied plot and it was 

at par with Sesbania aculeala, Leucaena leucocepha/a and Ipomoea replans 



Higher N application tended to decrease the soil available P In sub- sub plot Fu (no 

fertilizer N ) recorded significantly higher soil available P than recommended dose of 

N applied plot 

4.2.6.3. Soil available Potassium ( Table 67) 

Higher soil available K was observed in GLMs applied plots of Kharif season 

Highest value was recorded for Sesbania aculeata applied plot However, it was at 

par with Ipomoea replans, Caio/ropis gigan/ea and reucaena lellcocephala Similar 

to soil available P, higher N application to Kharif crop and application of N to Rabi 

crop tended to decrease soil available K 

Interaction effect was not significant in both the years 

4.2.6.4. Organic carbon (Table 67) 

Organic carbon content in the soil was significantly influenced by the 

application of green leaf manures in both the years During 1993, incorporation of 

Leucaena lellt'Ocephaia to Kharif rice recorded the maximum organic carbon content 

in the post harvest soil samples of Rabi rice and it was comparable with C a/olropis 

gigantea, Sesbania aClIieala and Ipomoea replalls In 1994, highest organic carbon 

was seen for Sesballia aClI/eala applied plot and was comparable with ('aloirapis 

giganlea, Ipomoea replalls and Lellcaella /ellcocephala. Application of }:ichhomia 

crassipes did not have any effect on soil organic carbon during both the years 

Levels of N studied to Kharif rice did not show any appreciable difference in 

soil organic carbon ofRabi rice soil. Application of fertilizer to Rabi crop also had no 

influence on soil organic carbO'1 

Interaction effect was not significant in both the years. 



Table 67. Post harvest available nutrient after rice - rice cropping system 

Treatment Organic carbon Nitrogen Phosphorus Pottasium 

199,-94 1994-95 1993-94 1994-95 199~-l)..t 1994-95 1 (NV)-l 1994-95 

Main plot 
MI 0.608 0.613 231 1 221.7 13.2 136 482.3 479.6 
M2 0.629 0.649 251.7 2479 205 234 'i829 553.8 
Ml 0.625 0.644 252.4 247.0 19.2 212 572 0 5278 
M. 0.603 0.615 238.7 239.5 18.6 18.2 4988 497.8 
M, 0.629 0.646 262.2 2508 216 235 572.8 5305 
M" 0.640 0.643 262.9 251.7 20.5 22.3 5679 541.0 
SEd 0.007 0.003 4.05 1.43 1.26 117 7.36 628 

CD (p=.05) 0.016 0.007 8.22 3.18 2.81 2. 61 164 15.2 

sub plot 
SI 0.619 0.634 242.9 232.2 198 209 5591 520.5 
S, 0.623 0.636 249.5 240.2 191 20.5 5487 518.0 
S, 0.623 0.639 251.9 243.8 18.7 20.2 541.1 522.4 

S4 0.622 0.629 258.2 2495 18.3 19.9 535.'i 5261 

SEd 0.008 0.006 3.16 339 1.01 086 101 7.19 

CD (p=.05) NS NS 6.41 6.88 NS NS 20.5 NS 

Sub-sub plot 
Fo 0.631 0.625 236.5 226.2 20.25 21.3 553.2 528.3 

F, 0.613 0.644 264.8 257.0 17.59 195 539.0 515.2 

SEd 0.09 0.07 507 7.26 0.98 0.75 8.46 7.4 

CD (p=.05) NS NS 10.2 146 1.96 150 NS NS 

Interaction NS NS Sig Sig NS NS NS NS 

Sig : Significant at five per cent level 
NS Not significant 



4.2.7. Available N balance after rice - rice cropping system (Tables 68 and 69) 

During 1993 - '94, N applied to Kharif crop ranged between 0 and 16S 3 kg 

ha-
1 

and in 1994, it was upto 170.5 kg ha- 1 For Rabi crop, complete control and 100 

kg N ha-
1 

treatments were imposed. Total N uptake from the cropping system ranged 

between 104.4 kg ha- ' (absolute control) to 243.3 kg ha- ' (Ca/otropis xigamea + 120 

kg N ha-' in Kharif and 100 kg N ha- ' in Rabi season) In 1994, it was 48 3 and 241.7 

kg ha-
1 

The trend in the computed N balance based on the total additions and 

removals was the same as that observed during Kharif season except that a positive 

balance was noticed in F" where 100 kg N ha- 1 was applied to Rabi crop. 

The actual balance showed a depletion of soil available N with out fertilizer 

addition to the rice, even if the green leaf manures were applied, compared to the 

available N status at the beginning of the cropping cycle The change in soil available 

N ranged from -682 to +15.2 kg N ha- 1 in 1993 and -60A to +21.6 in 1994 

After examining the N balance at both years of experimentation, it was 

observed that application of GLMs along with 80 to 120 kg N ha- ' during Kharif 

season + application of 100 kg N ha-1 to Rabi season improved the soil available N 

status compared to pre-experimental level No application of fertilizer to Kharif and 

Rabi rice resulted in a sharp decrease 

4.3. Correlation and Regression study 

The variables studied were soil NH. -N and NO,--N at different days after 

transplanting of rice Viz, first day (Xl), second day(x,), third day(x3), fourth day(",,), 

fifth day(x,), ninth day(",,), thirteenth day(x7), seventeenth day(xg), twenty first 

day(x9), twenty fifth day(xlO) wd twenty ninth day(xll) and these were correlated with 



Table 68. Available soil N balance after rice - rice cropping system 1993 _ '94. 

Treatments Initial soil 'S' applicti ~apphO!{) Total \ IIptaA" \. uptak ... TOI<lI \ ('umpull'd k'ttJU! 
~Sla:tusKg to Kharif to Rahi 

1\;:( 
quantitv hythl' h\ the uptake Balanlx Balan~' ha' crop Kg crop Kg of' khan! Rah! cmp 

gam or 

ha' ha· t anoh<XI 
, II's." 

.:ru 

MI SI FO 270.0 0 () 0 SS S 45.6 1044 -IU44 201 S ...()~U 
MI SI FI 2700 0 IO() I()O 5R R 904 149 ::' .... N2 24l) R ~2() 2 
MI 52 FO 270.0 40 0 40 ()(j 2 502 lIt) ...J _;9 -1 204 R ... 6) 2 
MI S2FI 270.0 40 IIJO 140 692 916 1(,0 R -20 ~ 2504 -\9 (, 
MI S3 Fil 2700 81l (j SO 774 5:\ 4 1108 -;;'0 X 210 ::' _'i9 R 
MI S3FI 2700 80 100 IRO 774 ()1, 1(197 +1() ~ 25X () -J20 
MI S4 FO 270.0 120 0 120 Rl ::' 54 R n(lO -1(,O 21'\ R -5(,2 
MI S4FI 2700 120 100 no R12 l)4 () \7';; 2 +448 2607 -9 " 
M2 31 FO 270.0 45.03 0 45 ()~ R64 50 :' 11/,{, -91 ;;'7 221) R -4f)2 
M2 SI FI 270.0 45 OJ 100 1450) RH 110(1 196 4 -Sll"' 258 -\ -llh 
M2 52 Fil 2700 8503 0 8503 1088 :;2 -t 1(,\ .2 -76 r' n.12 -y, x 
M2 S2PI 27IJO 8503 100 IRS 0) lIl8R ) lh 3 225 1 -4007 2627 -7.1 
M2 S3 FO 270.0 12S.03 0 12\ 0) Ilbl S6 {) 172 7 -47 (,7 2474 -28 b 
M2 S3 FI 2700 125 (n 1Il0 225.m 11(,1 1202 2V) _\ -\127 2(,7 -\ -26 
M2 S4 FO 270.0 16503 II 165 OJ 1242 59~ IXl (I -IX ~7 246 (J -214 
M2 S4 FI 270.0 16503 100 265 ()3 124.2 122 -1 2-l6 (I +\R·,n 27-12 +42 
M) SI FO 1700 4503 0 45 ()1 RO (, 5:t X 1144 -R91,7 2)() 1 -397 
M3 SI Fl 270.0 4503 100 145 ()3 806 IIR 4 )(j(j() _,q t)7 259 () -III 4 
M3 S2 FO 270.0 85.0] 0 8501 98 1 5{)2 1';;4 :l -ell) 27 2174 -12 h 
M) S2 FI 270 0 8503 100 1850) ~8 I 1244 222 'i _174'7 26() 7 -91, 

M3 S3 FO 270.0 12503 () 125 OJ fOX :5 58,1 \hfi R -4177 24() 9 -24 I 
M3 S) FI 270.0 125.0) 100 22503 10& 5 1281 236R -1177 165 g -42 
M3 S4 FO 2700 16503 0 ]()503 112 I 6() .5 172 (l -7 :;"7 248.1 -21 7 
M3 S4 Fl 2700 165.0) 100 l()S 03 112 I 111 2 24'1 +2171 27().2 +62 
M4 SI FO 270.0 4503 \) 4503 714 46 (1 IIR.5 -7147 218.2 -51 R 
M4 SI FI 2700 45.0) 100 14503 71 9 96 :; 1682 -23 \7 2454 -246 
M4 S2 FO 270.0 8503 0 8503 X37 508 1345 -4447 2227 -471 

M4 S2 FI 2700 850) lOO 1&503 817 9t) 7 IRJ4 + 1 (ll, 2482 -21 8 

M4 33 FO 2700 125 OJ 0 125.03 90 :I 542 1445 -1947 229.6 -404 

M4 S3 FI 2700 12503 100 22503 90 :; \ ()O.2 1905 +3453 252 R -17 2 

M4 S4 Fa 2700 16503 0 1650) 904 559 lSI ) -In 93 2122 -)7 R 

M4 S4FI 270.0 16503 100 265113 954 1204 197R +67 n 2604 -96 

MS SI FO 270.0 450) 0 4503 83 I 54 () 1371 -92 (l7 241 ) -lR 7 

M5 SI FI 270.0 4503 \Ot) 145 (13 83 I 1117 1948 -w 77 2701 +() 1 

M5 S2 FO 270D 851J3 0 8501 102 I 56 (I 15R 7 -7167 241> S -21 .) 

M5 S2 FI 2700 850) 100 1850) 102 I 119 ) 2214 -1637 27) I +1 I 

M5 S3 FO 2700 12503 0 12503 114 (, 580 172 (, -4757 2501 -197 

M5 S3 FI 2700 12503 IDO 22503 114.6 J23 ') 2385 -1147 2745 +4.5 

M5 S4 FO 2700 16503 0 16501 120 n nO S 1814 -lon 259.1 -Ill 9 

M5 S4 FI 270.0 16503 100 265 ()3 12116 127 I 2477 +17D 2826 +126 

M6 SI FO 2700 4503 0 450:l 76 {) \42 UO.2 -85.17 2436 -264 

M6S1 FI nOll 4503 IIlIl 1451l) 76.0 1158 141 8 -4677 2665 -35 

M6 S2 FO 2700 8503 () 8503 915 564 1479 -6287 245 () -244 

M6 S2 FI 2700 85.(13 100 ISS.U3 915 122, 2143 -2927 2720 +20 

M6 S3 FO 2700 125.03 0 12S.OJ 987 582 1569 -3187 2\2.4 -17 6 

M6 S3 FI 2700 12S.0) 100 22503 98.7 126.6 2253 4127 2798 +9.8 

M6 S4 FO 270.0 165.03 Il 16503 1033 6(1.7 164 (J +10.1 2585 -1\.5 

M6 S4 FI 270.0 165.03 100 26503 103 ) 130.9 2)42 +30.83 285.2 +15.2 



Table 69. Available soil N balance after rice - rice cropping system t 994 _ '95. 

Treatments Initial Napplied " Total " urtal..:: \. uptak" rntul '\ Computed \.:Iua! '.:-I gam soilN to Kharif applied quantit h:- th" h, the lIrt:lk~' Balan.:.:: Balam;c orl(l~ 
st31usKg crop Kg to Ra/:tr \ 01'\" l\.hanfl"-0p Rahl 

ha' ha' ('TOP Kg applied CfOP 
ha-1 

MI SI FO 254.3 0 () Il 484 4R' %7 _q(,7 \9.1 q -Il(l.:j 
MI SI FI 2543 0 lOll 100 4R 4 R2 ~ I ~() X -10 !.: 211 l) -22 ~ 
MI S2 Fa 2543 40 0 40 (18.2 5ill lin -79 R 11)<!1 -5X 2 
M1 S2 FI 254.3 40 100 140 (lR 2 842 1524 -124 2407 -1:1() 
MI S3 FO 254.3 80 0 80 724 52.5 124 " -449 20\ 7 -48 (I 
MI S3 FI 2543 80 100 ISO 724 858 15~ 2 +21 R 24~ () -II) 
MI S4 Fa 254.3 120 0 120 79 :-; :550 L1-L" -1..1" 225 (l -lX 7 
MI S4FI 254 J 120 100 220 79.5 S() 7 In/) 2 +51 ~ 2_1(J \) -174 
M2 SI to 2543 5457 0 54.57 6X 3 54 I 1-12 -~ -X7 X1 222 7 -1It, 
M2 Sl FI 2543 54 57 100 15457 (1~L1 \ln4 1?\ 7 -1713 2"'2 I -] 2 
M2 S2 Fa 25 ... 3 9457 0 9457 965 587 ISS.2 -()\)()1 2317 -22 (1 

M2 S2 FI 2543 9457 100 19-157 %5 106 () )o.i 1 -x 51 2(l(l.5 +(12 

M2 S3 FO 2543 13457 0 J34.57 123.5 59.2 IXl :5 -479) 2.14\) -194 
M2 S3 FI 2543 J34.57 lOU 23457 123 5 j()g 3 nt s -t-l '; 2b(J (1 +121 
M2 S4 FO 2545 17457 II 17457 1107 (l() ..t 191 I -](1q 243 S -105 
M2 S4 Fl 2543 J7457 IIJII 27457 1107 ]()l) l) 2..t(J () +1197 2705 +j(J 1. 
M3 SI Fa 2543 54.57 II 5457 621 5~ 1. 12111 -6" 71 221 X -10 'i 
M3S1 FI 254.3 5457 1110 J54 57 62 ) 1!2 S 17.J 9 -2033 245 1 ~9 2 
M3 S2 FO 254.3 9457 IJ 94.57 gg 3 627 1511) -'i()·n 227 9 -26 -1 
M3 52 FI 254.3 94.57 100 19457 883 117..) 2057 -III) 256 <) +2 b 
M3 S3 FO 2543 1)457 0 13457 Jill (A g ]759 -41 II 2127 -2J (, 
Ml S3 FJ 254.3 13457 JOO 2~4 57 1111 J 18 2 229., +527 26X 0 +D7 
M3 S4 FO 254 3 174.57 0 174.57 1224 65 (; ISS I) -13 -u 245.S -X5 
M3 S4 FI 254.3 17457 JOO 274.57 J224 1211 II 2424 +32 17 275.9 +21 (1 

M4 SI FO 254.3 5457 0 )457 536 51.9 lOSS -50')"; 2097 -441> 
M4 SJ Fl 254.3 54.57 JOII 154.57 53 (1 9!< 1 1517 ,.-2 X7 251 I -32 
M4 S2 FO 254.3 94.57 IJ 9457 737 55 ..) l2l) 1 -1451 2175 -36 X 
M4 S2 tl 2543 94.57 11111 19457 7)7 ilK' I 173 X +2() 77 2585 +4.2 
M4 S3 FO 2543 J3457 (J 134.57 7% 575 137 I -2.53 2211 () -343 
M4 53 FJ 2543 J34.57 JOII 234.57 796 !OJ 3 lRO i.) +53 ()7 263 I +8 R 

M4 S4 FO 2543 17457 () 17457 95 & 584 1542 +211 37 230 R -21 :'i 
M4 S4 FI 2543 J74.57 I()O 274.57 ')58 10) 8 1906 +7497 264 ') + iO 6 

M5 SI Fa 2543 5457 (/ 5457 654 56 "1 121 7 -6713 2357 -IX it 

M5SIrI 2543 54.57 J()n 15457 654 1105 175 () -21 33 2447 -96 

M5 S2 Fa 2543 9457 0 94.57 91.4 60 (j 1514 -5683 23'1() -15.1 
M5 S2 FI 2543 9457 100 194.57 914 l1-t() 206.1 -J J 73 2557 +14 

M5 S3 Fa 2541 134.57 (I 11457 1()94 626 172 () <;741 241 () -11.3 

M5 83 FI 2543 13457 1011 234.57 J09...J 1164 225 S +S 77 2652 +]()9 

M5 S4 FO 254.3 174.57 0 174.57 123.5 (~.5 1880 -1343 24~ 9 -54 

M5 S4 FJ 2543 174.57 roo 274.57 1235 118.2 241 7 T3287 274 J +19 S 

M6 SI FO 254.3 54.57 0 54.57 58.4 57.7 116 I -6J53 238 () -163 

M6 SI F1 2543 54.57 liJO J5457 58.4 )(l84 J668 -1223 2479 -{,4 

M6 S2 FO 2543 94.57 0 94 57 804 62 I 142.5 -479.1 241.9 -12.4 

M6S2FI 254.3 94.57 100 19457 so 4 1132 1936 +097 2555 T12 

M6 S3 FO 254.3 134.57 0 134.57 927 63.9 156 () -22.03 243.7 -10.6 

M6 S3 Fl 2543 J3457 100 234.57 927 1148 2075 +2707 269lJ +156 

M6 S4 FO 254.3 J7457 0 17457 !O54 653 1707 +387 2464 -7.9 

M6 S4 FI 254.3 17457 JOO 274.57 W54 116.6 222 0 T5257 27() 5 +162 



dependent variable, rice grain yield Re6'Tession was also v.orked eut tor both 1993 

and 1994 and are furnished in Tables 70 through 73 

4.3.1. NH:-N content Vs Yield 

It is observed that significant positive correlation existed between yield and all 

the variables (x) studied 

In respect of correlation between different" variables studied, except 

between x, (first day) and x", (twenty fifth day) and also between Xl (first day) and 

x" (twenty ninth day), all the variables were highly correlated with each other 

positively during 1993 (Table 70) In 1994, all the x variables were highly correlated 

with each other positively ( Table 71) 

Linear regression was done and final equations are as follows 

Linear regression equations for i\'H" -l\i at different days 'is Yield for 1993 Kharif 

/'. 

Y 3449.80 67 x, 

'" Y 2958.09 71 \, 

Y 281848 + 62 xo 

y 2087.15 "17 " r-
y 2757.69 5: 

'" 288 L82 52 Y x,. 

y .~178.36 46 ,-
Y 126541 46 x, 
/'-

620.70 75 x) y 
/' 1025J)) Y 76 X'(I 

Y 3051.77 49 XII 



Linear regression equations for NH.' -N at different days Vs Yield for 1994 Kharif 
A 
Y 2551.95 + Xl 

.A. 
Y 2210 69 K6 x: 

A 
y 2IK·UO 81 'I 
A 
Y 2470.95 :"6 XI 

Y 2~5~.24 5~ x, 
y 267~.O7 48 x. 

A 
y 1083.52 -II ,. 
Y 1277.26 18 't' 
/'-
Y 29K2.00 :17 \,; 

/'-y :;097 15 -10 '1 
A 
Y 1097.67 47 XII 

4.3.2. NOi-N content Vs Yield 

Significant positive correlation existed between yield and Xl, x" Xl, X7 and XII 

, where as no correlation existed for X4, x,. xii, X8. XI) and x II> variables with the yield 

during the year 1993 (Table 72). In 1994, all the variables had significant positive 

correlation except x" x9and XIO with the rice grain yield (Table 73) 

Simple linear regression was done and the final equations are as follows 

Linear regression equations for NO;-N at different days Vs Yield for 1993 Kharif 
/' 
y -2408.24 + 711 Xl 

r-
-58.95 y 161 

,... 
Y -189968 441 " _,... 

59959 Y 104 '1 
~ ]39037 + 286 " 
Y 1964.46 .147 . ...:,-. 

/'- H60n y 391 x· 
A 
Y 222983 654 x, 
A 
Y 638.64 340 x" 
,.._ 

119429 y 394 .';;j(J 

A 
Y 1197.28 610 Xli + 



Linear regression equations for NO,-·N at different days Vs Yield for 1994 Kharif. 

" y ·1819.98 ~82 
A 
Y 281.99 296 x~ 
A 
y 29H10 116 \, 
A 

Y ·~88.'9 111 v, 
A 
y 166.9~ 10~ \-

A 
Y 825.17 18~ \, 
A 
Y 151068 .t2:' 
A 
Y 47236 X7'\ \, 
A 
Y ·5?S07 162 \" 

" Y 1726.89 + Ill' X, 

" Y 128070 + 521 \, 

4.4 Economics 

4.4.1. Net return of the cropping system (Tables 74 and 75) 

Net return of the cropping system was greatly influenced by the application of 

GLMs and levels of N All the GLMs applied plots registered higher net return 

compared to no GLMs application In the year 1993 • '94, highest net return was 

observed for Ipomoea replans applied plot followed by Ca/otropis Xigalllea, 

Seshania acu/eala, Leuciana /uecocepha/a and /,khhornia crassipes. During 1994 . 

'95, highest net return was observed for Sesbanw acuieata applied plot followed by 

Ipomoea replans, Ca/otropls gixanlea, i.euciana /uecocepha/a and Fichhomia 

crassipes 

Increased levels of N positively influenced the net return. Among the different 

levels of N tried, application of 120 kg N ha-1 recorded the maximum net return. 

Similarly application of recommended dose of N to Rabi crop also increased the net 

return of the cropping system as a whole 



Table 70. Correlation between NH:-N at different days and yield - 1993 

Days NH,--N content at different days after transplantlllg 

4 13 17 21 25 29 
.985** .990** 924** 991 u 962*'" 92::** X54* Xq* i 7O'S 799'S 

10 991 u 961"'''' 992** 984*" 954** 91 ()~ <) \~. X-l4' Xt>l)" 

'0 964** I (lH 9W.)H 965"" 913· 877 • SolO" 869* 

-I 10 964** 9<)1*'" 99l;** 987** 94(,·· 9"i~*" 9Miu 

'0 989** 964** 912* XX()* ).:4\' XhX· 

9 10 gnu 962 u ')24'" '}()()'" <130" 

n '0 9X6" 910 .... 94X .... '){'''i~'' 

17 )(.1 ')~:u lJX7*'" ')<;l'i U 

21 10 944"" 950" 

25 III '),)(,** 

29 III 

Y,e1d 

Table 71. Correlation between NH:-N at different days and yield - 1994 

DayS NH,--N content at different days after transplantIng 

.j 

n 

17 

21 

25 

29 

Yield 

.995** 

1.0 

99(>"'· 958** 

998** 956** 

III 958"''' 

III 

Significant at five per cent level 
NS Not significant. 

959** 

957** 

960u 

Ion 

111 

11 17 21 25 

967"'* 94X** 92X*" 92X*'" 920"" 

96Xh 940·· 915* 910* 904· 

.97\"* 955** 916"'* 911·' 927** 

99V'* 974** ,)51'" 940" ')34** 

994"'" 976*~ 956"~ 943'" 918** 

1.0 992** 97X** 968** 966** 

\0 996*"' 991" 99{)** 

'" 91")8"'· 996** 

1.0 997** 

II! 

** Significant at one per cent level 

29 

941 .... 

925*· 

943** 

962"'* 

964** 

98J ..... 

996** 

996** 

91")5"'* 

995** 

10 

Y,eld 

!til ~* 

92()U 

920*'" 

990·· 

')]9*'" 

')('6*"' 

9)(7** 

')')')u 

9(,0"-

984" 

99,;u 

III 

YIeld 

9<;\** 

918""" 

917** 

98S" 

987** 

9]3"-

950** 

921(** 

921** 

91 JU 

946** 

'0 



Table 72, Correlation between N03--N at ditTerent days and yield - 1993. 

Days NO, -N content at different da) s after transplanting 

4 5 n 17 21 25 2'1 
88' . 75NS 51N'S 40X<$ 65\JS 7~'\;S 541\S 7("S R9'}. 9,,7.· 

2 1.0 909* 69'!'\S 61'\S 86' 89' TT\S R7Y' RR2* 9~7u 

1.0 .883* 78~'S 964"* 988·· 903X .S7P X01.'.S 886* 

4 ] 0 976** 932*· 87W 979"* 61:\S 46'~ 64"\S 

]0 851- 7..j.~b 9.~7H 46'\S 2XX'\S ~22"S 

10 969*· 964"* 1<57· 7()I'\S 77(>:-';S 

13 10 R8tJ* 922·· 82')8 xn· 

17 10 69'S 51'i\;5 f,72~S 

21 1.0 914*"' Mo· 

25 10 928·· 

29 10 

Y,e1d 

Table 73. Correlation between N03--N at ditTerent days and yield - 1994 

Days NO, -N content at different da)S after transplanting 

1 .93"* .448'"8 648\'S 

1.0 .6JThS 6381'5 

10 570~S 

4 10 

13 

17 

21 

25 

29 

Yield 

Significant at five per cent level 
NS Not significant. 

9 

595!\S 83[· 

S83~S .836* 

523'\5 .5R4!\S 

996"'* 927*-

1.0 90S· 

].0 

13 17 21 25 

858* 90(}* 1<44- 1<75· 

868* l.oS· .873* 909· 

609:"<$ 503:--';:-' 669~S 658'\S 

nO'" 906- 17U-"";S 449~S 

894· 879" 2l)3'\"$ 17R'\S 

997** 972*" 606'\'S 70 1 '!'o:S 

10 .977*'" 642"1'\S 72SSS 

10 639\:5 711r..:S 

] 0 9&4** 

1.0 

Significant at one per cent level 

29 

'}41 u 

924"* 

6421'\S 

583"S 

512,\,S 

73]?\'S 

755 ...... S 

804l\'S 

914" 

92~n 

10 

Yield 

!!94* 

R93* 

867' 

76~S 

72>,,;s 

7!P\,S 

1-:2<;· 

77~S 

(>6\;S 

7J. ..... S 

lJ:\()** 

10 

Yield 

910* 

9:\0" 

65~S 

865· 

827* 

941*" 

964" 

953*"" 

72!':S 

73SS 

930 ... • 

10 



Table 74. Net return oftbe cropping system (Rs ha ') - 1993 _ '94. 

Treat. S, S, S, S, Mean 
Mamplot F" F, F" F, F" F, F" F, 

M, 140 13073 4701 17308 7877 20246 10384 22794 12065 

M2 16012 30969 25941 41730 29931 45984 30:1 12 46366 33406 

M, 16114 31490 25643 41779 30632 46716 31269 47332 33872 

M4 5377 15880 15108 2:;905 19342 29755 19917 30430 20214 

Ms 17215 30980 26571 40560 30789 44622 31197 46579 ~35h4 

M6 15473 30213 23680 39448 27649 43638 27839 43951 31486 

Mean 11722 25434 20274 34455 24370 384<)4 25153 39575 

S mean 18578 27365 31432 32364 

F" ~ 20380 F, 34490 

Table 75. Net return ofthe cropping system (Rs ha ') - 1994 - '95. 

Treat S, S, S, S, Mean 

Mamplot Fo FJ Fo FJ F" FJ F" FJ 

MJ 2080 11579 4846 16853 854<) 19927 11911 23121 12613 

M, 20653 29792 29741 39097 32075 -11577 34049 -13606 33824 

M3 19645 28678 276-11 36687 12289 41592 1198-1 43592 3}flU 

M. 4918 13977 13413 219-15 16950 25554 19965 28476 18150 

M5 18599 27722 28597 37801 31SH -11-126 132JO 42979 32774 

M6 16191 25147 23176 32112 27188 36265 30255 39305 28705 

Mean 13681 23149 21236 30749 2-1814 34390 27232 36880 

S mean 18415 25993 29602 32056 

F.,= 21741 FJ = 31292 



4.4.2. Benefit - Cost Ratio (Tables 76 and 77) 

Benefit - Cost Ratio (BC ratio) had positive influence due to GLMs 

application. Application of Ipomoea rep/ails registered the maximum Be ratio in both 

the years. In 1993 - '94, this was followed by Calo/topis glganlea, Seshallla aCllieala, 

Leuciana luecocephala and Eichhornia crasslpes During 1994 - '95, Seshallla 

aculeala recorded similar Be ratio as that of Ipomoea replans This was followed by 

l'alo/ropis gigantea, Leuciana luecocephala and Fichhomia crassipes 

Levels ofN also had influenced the B-C ratio In both the years, the Be ratio 

increased with increasing levels of N The response was seen upto 80 kg N ha'\ in 

1993 - '94 and after that the BC ratio remained the same. In 1994 - '95 the response 

was seen upto 120 kg N ha,l in increasing the Be ratio Application of recommended 

dose of N to Rabi crop appreciably increased the BC ratio of the rice - rice cropping 

system. 

4.4.3. Partial Budgeting (Table 78) 

To compare the economical viability of the various green leaf manures and 

levels of N, partial budgeting technique was imposed. Only the estimated changes 

were computed with the introduction of the technologies and presented in Table 78 

The information gathered from the table indicated that, after due consideration 

of the added costs and returns and similarly the reduced costs and returns, the green 

leaf manure, Ipomoea replans was economically viable as compared to other green 

leaf manures. Similarly among the levels ofN, 80 kg N ha'\ was economically viable. 



Table 76. Benefit - Cost Ratio of the cropping system (1993 _ '94). 

Treatment S, S2 S, S, Mean 

Main plot Fo F, Fo F, Fo F, Fo F, 

M, 1.01 1.66 125 186 141 1.99 I 52 2 10 160 

M2 178 2.44 224 2.91 241 3.07 240 -' 05 254 

M, 1.80 2.49 2.25 2.95 2.47 -' 14 248 3 14 2.50 

M4 126 1.73 1.72 217 190 0" .... _':" 1.91 234 192 

M, 1.85 2.46 229 2.88 247 3.04 247 3.10 257 

M6 1.77 2.43 2.16 2.84 233 -' 00 :2 11 298 248 

Mean L58 2.20 1.99 260 2.17 276 2.IR 275 

Smean 1.89 2.30 247 247 

Table 77. Benefit - Cost Ratio of the cropping system (1994 - '95). 

Treatment S, S, s, S, Mean 

Main plot Fo F, Fo F, F" F, Fo F, 

M, 1.11 1.67 125 1.82 1.43 196 I 59 210 162 

M, 1.99 2.36 2.40 2.76 2.48 284 2.55 290 254 

M, 1.96 2.33 2.32 2.78 2.52 2.87 2.57 2.93 254 

M., 1.23 163 1.62 1.98 1.78 2.12 1.90 2.23 1.81 

M, 1.90 228 2.36 2.72 2.49 286 2.54 2.89 2.51 

M6 1.79 2.17 2.11 247 2.28 2.63 2.40 2.74 232 

Mean 1.66 2.07 201 242 216 2.55 2.26 26:1 

Smean 1.87 222 2.36 2.45 

Fo~· 2.02 F, ~ 2.42 



Table 78. Partial budgeting 

(1993 - '94) 

Losses (Rs ha- J) Gains (Rs ha- J) 

(MJ Vs M,) 

Added costs 17995 Added returns 23142.2 
Reduced returns 0 Reduced costs 0 

1799.5 2J 1422 

Estimated change (+)213427 

(MJ Vs M 3) 

Added costs 1400 Added returns 23260 :; 
Reduced returns 0 Reduced costs 0 

1400 23260 5 

Estimated change (+)218065 

(MJ Vs M.) 

Added costs 2020 Added returns 101689 
Reduced returns 0 Reduced costs 0 

2020 101689 

Estimated change (+)8148.9 

(MJ Vs Ms) 

Added costs 1450 Added returns 22941 

Reduced returns 0 Reduced costs 0 

1450 22941 

Estimated change (+)21491 

(MJ Vs M,;) 

Added costs 1401 Added returns 20822 

Reduced returns 0 Reduced costs 0 

1401 20822 

Estimated change (+)19421 



(1993 - '94) 

Losses (Rs ha-') Gains (Rs ha -1 ) 

(M2 Vs MJ) 

Added costs - Added returns 643 
Reduced returns - Reduced costs 399.5 

- 4638 

Estimated change (+)463.8 

(M2 Vs M.) 

Added costs 220.5 Added returns -
Reduced returns 12973.3 Reduced costs -

13193.8 -

Estimated change (-)131938 

(M2 Vs Ms) 

Added costs - Added returns -

Reduced returns 201.2 Reduced costs 3495 

201.2 3495 

Estimated change (+)1483 

(M, Vs M6) 

Added costs - Added returns -

Reduced returns 2320.2 Reduced costs 398.5 

23202 398.5 

Estimated change (-)19217 



(1994 - '95) 

Losses ( Rs ha°') Gains (Rs ha°') 

(M, Vs M,) 

Added costs 1800 Added returns 22990 5 
Reduced returns - Reduced costs -

1800 22990.5 

Estimated change (+)211905 

(M, Vs MJ ) 

Added costs 1150 Added returns 22280.2 
Reduced returns - Reduced costs -

1150 22280.2 

Estimated change (+)21130.2 

(M, Vs M.) 

Added costs 2020 Added returns 7611.5 

Reduced returns - Reduced costs -
2020 76115 

Estimated change (+)55915 

(M, Vs M5) 

Added costs 1150 Added returns 21868 

Reduced returns - Reduced costs -

1150 21868 

Estimated change (+)20718 

(M, Vs M6) 

Added costs 1393.8 Added returns 17471.6 

Reduced returns - Reduced costs -
1393.8 17471.6 

Estimated change (+)160778 



(1994- '95) 

Losses ( Rs ha-1
) Gains (Rs ha-') 

(M, Vs MJ) 

Added costs - Added returns -
Reduced returns 710.3 Reduced costs 650 

710.3 650 

Estimated change (-)603 

(M, Vs M.) 

Added costs 220 Added returns -
Reduced returns 15379 Reduced costs -

15599 -

Estimated change (-)15599 

(M, Vs Ms) 

Added costs - Added returns -
Reduced returns 1132.5 Reduced costs 650 

11325 650 

Estimated change (-)482.5 

(M, Vs M,,) 

Added costs - Added returns -
Reduced returns 5518.9 Reduced costs 4062 

5518.9 406.2 

Estimated change (-)5112.7 



Partial budgetin~ (1993- '94) 

Losses ( Rs ha ) Gams (Rs ha ') 

(MJS, Vs M,S,) 

Added costs 667 Added returns 4534 
Reduced returns Reduced costs 

667 4534 

Estimated change (+)3867 

(M,Sl Vs M,S,) 

Added costs 1334 Added returns 53 .... h 
Reduced returns Reduced costs 

i'34 51-1.6 

Estimated change (+)4012 

(M,Sl Vs M,S,) 

Added costs 200J Added returns 5886 
Reduced returns Reduced costs 

200J 5886 

Estimated change (+)3885 

Partial budgeting (1994- '95) 

(M,Sl Vs M,S,) 

Added costs 667 Added returns 2968 

Reduced returns Reduced costs 
667 2968 

Estimated change (+)2301 

(M,Sl Vs M,S,) 

Added costs 1334 Added returns 3838 

Reduced returns Reduced costs 
1334 3838 

Estimated change (+)2504 

(M,Sl V. M,S4) 

Added costs 200} Added returns 4358 

Reduced returns Reduced costs -
2001 4358 

Estimated change (+)2357 



Partial budgeting - Mean for 1993 - '94 and 1994 - '95 

Losses ( Rs ha-') Gains (Rs ha-') 

(M, Vs M,) 

Added costs 1799.75 Added returns 23066.35 
Reduced returns - Reduced costs -

1799.75 23066.35 

Estimated change (+)21266.6 

(M, Vs M3) 

Added costs 1275 Added returns 22770.35 
Reduced returns - Reduced costs -

1275 22770.35 

Estimated change (+)21495.35 

(M, Vs M.) 

Added costs 2020 Added returns 8890.2 
Reduced returns - Reduced costs -

2020 8890.2 

Estimated change (+)6870.2 

(M, Vs Ms) 

Added costs 1300 Added returns 224045 

Reduced returns - Reduced costs -
1300 22404.5 

Estimated change (+)21104.5 

(M, Vs Mo) 

Added costs 1397.4 Added returns 19146.8 

Reduced returns - Reduced costs -
1397.4 19146.8 

-
Estimated change (+)177494 



Mean for 1993 - '94 and 1994 - '95 

Losses (Rs ha") Gains (Rs ha ') 

(M, Vs M,) 
Added costs Added returns n 15 

Reduced returns 355.15 Reduced costs 52V5 
355.15 566.9 

Estimated change (+)20U5 

(M, Vs M.) 
Added costs 220.25 Added returns 

Reduced returns IH76.15 Reduced costs 
14396.-1 

Estimated change (-)143%4 

(M, V. M,) 
Added costs Added returns 

Reduced returns 666.85 Reduced costs 499.75 
666.85 499.75 

Estimated change (-)1671 

(M, Vs M.) 
Added costs Added returns 

Reduced returns 391955 Reduced costs 40235 
3919.55 -10215 

Estimated change (-)35172 

(M,S, Vs M,S,) 
Added costs 667 Added returns 3751 

Reduced returns Reduced costs 
667 3751 

Estimated change (+)3084 

(M,S, Vs M,S,) 

Added costs 1334 Added returns 4592 

Reduced returns Reduced costs 

1334 4592 

Estimated change (+)3258 

(M,S, V. M,S.) 

Added costs 2001 Added returns 5122 

Reduced returns - Reduced costs 

2001 5122 

Estimated change (+)3121 
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CHAPTER \' 

DlSCtTSS10N 

Field experiments were conducted at Tamil Nadu Agricultural University, 

Coimbatore, from June, 1993 to February, 1995 with the twin objectives of evaluating 

the direct and their residual effect of applied non-conventional green leaf manures and 

N fertilizers for low land rice. The experimental results presented in Chapter IV are 

discussed in this chapter. 

Experiment I. Effect of GLMs and levels of N on Kharif rice 

In the first year cropping system of Kharif rice followed by Rabi rice, all the 

green leaf manures under study were incorporated prior to transplanting of Kharif rice 

at the rate of 45.03 kg N ha-1 In the second year cropping system of 1994 - '95, 

because of lower moisture content of Sesbania aculeala , the total quantity of N 

added through GLMs was 54.57 kg ha- 1 This happened because Sesbania aculeala 

was taken as a standard and applied at the rate of 6.25 t ha- ' in both the years of study. 

As a result of decreased moisture content of Sesbania aculeala in the second year, 

eventhough with the application of 6.25 t ha-1 of recommended dose, the applied N 

computed to 54.57 kg ha- ' (Table 6). It was reported by Sriramachandrasekaran 

(1994) that N added by recommended dose of Sesbania aculeala (6.25 t ha-') may 

vary depending on the N content as well as moisture content of the fresh GLMs 

added. 



5.1.1. Effect of green leaf manures incorporation on soil NH/-N and NO
J 

-N 

content during incubation period. 

All the green leaf manures were applied on equal N basis as indicated 

elsewhere, 10 days prior to transplanting and incorporated into the soil 

The data on NIL' -N clearly indicated that application of GLMs increased the 

NH.' -N content throughout the incubation period of 10 days from the date of 

incorporation. Among the different green leaf manures, Seshllnia lIell/ea/a released 

more NIL' -N as compared to other green leaf manures studied (Fig 7) This 

variation in NH. --N released from different green leaf manures could be attributed to 

chemical composition of the specious used as found by Harber and Lynch (1981) 

They reported that the release of NH, -N mainly dependent upon eN ratio and lignin 

content of the applied green leaf manure. However, the NH .. -N content released in 

the incubation period is not beneficial to the crop, since it is bound to undergo various 

losses without crop uptake More over. from the present study, it is clear that 

Sesbania aell/eata does not require any incubation period and the transplanting can be 

done immediately after incorporation. 

NO,--N is an important fraction in submerged soils, since it is rapidly taken up 

by the crop and in the absence of a crop it is susceptible for leaching under flooded 

condition. Incubation study has indicated certain definite trends of its change. NO;-N 

content in GLMs applied plots got increased from first day of application up to fourth 

day. After this period, NO;-N content started declining. Among the different green 

leaf manures, the release was highest with Sesbania aell/eata (Fig. 8). Superiority of 

Sesbania acu/eala in the present study could be attributed to its higher N content(3. 16 

and 2.97 % in 1993 and 1994 respectively), which promoted the higher rate of 

mineralisation and its lower "N ratio (16 1 and 15 I during 1993 and 1994 
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respectively) compared to other organic sources Stevenson (1986). reported that 

organic matter with lower eN ratio (7 to 19 I) recorded higher mineralisation rate 

than the others with wider eN ratio Similar result was reported bv Beri el al (1989) 

and Hameed Khan (1990) 

Poor performance of Eichhornia crassipes could be attributed to its high lignin 

content (Tables 4 and 5) as reported by Alexander (1977). Frankenberger Jr and 

Abdelmagid (1985) It was further reported that lignin content of the plant was an 

indicator for rate of decomposition under flooded soil condition (Muller el al. 1988. 

Palm and Sanchez. 1990) 

5.1.2. Effect of GLMs and levels of N on soil NH4+ -N and N03 -N content after 

rice transplanting 

The two fractions NH.' -Nand NO; . N have particular significance in rice 

culture. since both forms of N are absorbed by the rice plant However. relative 

proposition of these are governed by soil factors. climatic conditions and interaction 

factors (soil temperature. soil pH etc.). In the present study. the data (Tables 12 to 

19) indicated that both NH.'·N and NO; ·N behaved similarly in relation to 

treatmental effect. However, the relative proposition of NR.· . N was much higher 

than NO; -Nat different periods. 

It was noted that Sesbania acu/eata released NH.'. N quickly when compared 

to other green leaf manures and it peaked up to 13 days after planting The release 

from ('alotropis gigantea and Ipomoea replans was little later and the peak was 

observed on 21 st day after planting. Leuciana luecocephaJa and Eichhorllla 

crassipes released comparatively lesser NH.'·N than other GLMs studied (Fig. 9) 

This variation in release of 1.R.'·N might be due to eN ratio and lignin content, 

which are different for different green leaf manures studied. Sesbania acuJeata has the 

lowest lignin content (9%) and narrow eN ratio where as Eichhornia crassipes has 

..LTt 
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Fig.9. Change in soil NH, +·N (ppm) as influenced by GLMs 
incorporation after the transplanting of rice crop 



the highest lignin content of22 per cent and wider [1'\ ratio (36 I) After 2 I days of 

planting there was reduction in NH. -N content in all the green leaf manured plots 

This might be due to ammonia volatilization ( Ponnamperuma, 1978, I1ango, I (89) or 

due to crop removal as pointed out by Nemeth (1976) 

NO,,' -N content in the treatments started declining after fourth day of 

transplanting (Fig. 10) This might be due to leaching or denitrification losses and 

these losses might be least as compared to inorganic N sources (Ramanathan, 1(95) 

With reference to N levels, higher dose of N recorded significantly higher 

values ofNlL -N and NO; -N over lower levels. This could be attributed to higher 

urea hydrolysis mediated by higher urease activity This view was also held by 

Venkataraman (1977) and Hameed Khan ( I 9(0) Quite a fev. workers 

( Siddaramappa and Seshagiri Rao, 1971 , Black and Waring, I (76) also reported 

that application of fertilizer N favorably increased the concentration of NH4 ' - N This 

results of increased NIL -Nand NO,' -N with increasing N levels were also reported 

earlier by Prasad and Prasad (1982) 

Interaction effect between green leaf manures and N levels was significant 

Infact, combined application of urea and GLMs recorded higher NH, -N and NO,'-N 

This indicates that urea hydrolysis was facilitated to a larger extent in the presence of 

easily decomposable green leaf manures This is scientifically called as priming effect 

(De Laune and Patrick, 1970) or Added Nitrogen Interaction(ANI) as explained by 

Jenkinson et aI, (1985). Similar effect on mineralisation of applied urea in the 

presence of GLMs was also reported by many workers (Beri and Brar, 1975; Fenn el 

aI., 1987; Nagarajah, 1987; Hameed Khan, I (90) 
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GDD and rainfall during crop growth period 

For the purpose of relating the \\ eat her that e,isted during ditrerent 

grow1h phases of seasons \\ ith '" uptake, one \I eat her element t Rainti,11 ) and 

one weather product ( GOD ) ha\ e been documented and presl'nted in 

Fig lOa 

The comparison between GOD of KhariL 19l)} and KhanL I <)C)-1 

indicated that the total GOO computed for KhariC I C)'I} was comparati\ek 

greater than the GOD obtained during Kharif 199-l In all stages of KhariC 

1993, the GOD was more than that of the GOD ohtained for the rice crop of 

Khari[ 1994. Since the GOD is the product !fom temperature \I hich has got 

greater control on the grow1h of the plants through enzyme actl\ities It was 

reported by De Datta ( 1(81) that solar radiation should not he a limited one 

from Panicle initiation to 10 days earlier to haf\ est In the pre,ent 

imestigation, The temperature, an output of solar radiation was greater 

through GOD from panicle initiation to haf\est stage of KhariC 1993 mer 

Khari[ 1994 This might h3\ e influenced for greater biomass production 

with greater 'SJ uptake for the rice crop grown during KhariC 1993 Added 

to this optimal rainfall also was recorded for Kharif 19c):l rice crop 

Similarly the same climatological science was observed for the rice 

crop grown during Rabi, 1994 -'95 as compared to the rice crop of Rabi, 

1993 -'94 Hence increased biomass with higher 1\ uptake was noted for the 

rice crop grown during Rabi, 1994 -'95 

Hence the present study indicated that the crop depended mainly upon 

the effective utilisation of temperature preyailed during the cropping period 

as evidentlv proved by ArjuP1n el aI., (1993) 
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5.1.3. Effect of GLMs and levels of N on growth attributes of rice 

Application of either GLMs or fertilizer N led to a noticeable increase in plant 

height when compared to unfertilized control (Tables 20 and 21) This observation 

lends evidence to the fact that, application of N played a pivotal role in enhancing the 

growth rate of a crop. Taller plants were obtained with Seshalllu ael/lema and 

Calotropis gigantea applied treatments. This might be due to better N release from 

the above green leaf manures as explained in 5.1 I and 5.1.2 Similarly taller plants 

were obtained with higher N leveL Taller plants usually provide a better ventilated 

canopy and CO2 exchange might be improved (Novoa and Loomis, 1981) The 

beneficial effect of N and the integrated use of GLMs and fertilizer N on rice growth 

in terms of increased plant height was reported by Premsekar (1993), Ramanathan 

(1995) and Singh and Singh (1995). 

All the growth attributes Viz., plant height, leaf area index and dry matter 

production were increased with the application of GLMs and fertilizer N With the 

conjunctive use of GLMs and fertilizer N, there would have been a balanced N supply 

to the crop with minimum losses, when the crop need it most Thus the integrated N 

source excerted a favorable influence on the growth attributes of rice. 

Nitrogen levels and green leaf manures had significant influence on LAl 

compared to control (Tables 22 and 23). Application of Seshallia aeuleala along 

with 120 kg N ha" produced highest LAL Application of higher levels of Neither 

through inorganic or organic sources increased the leaf length as well as breadth 

( Sriramachandrasekaran, 1994). In the present study also, better utilization of N 

resulted in higher leaf surface area and there by higher LAI in the integrated N 



management treatments. At higher LAl, plants become photosynthetically more active 

(Sharma and Mittra, 1988) Beneficial effect of N application on LAI was also 

reported by Yoshida (1981), Panda and Rao ( 1991 ) and Budhar ( 1994) 

Total DMP increased steadily with time and reached the maximum at harvest 

(Tables 24 and 25) Application of GLMs and fertilizer N produced statistically 

measurable increase in all the crop growth stages over their respective control 

(Fig. II). DMP tended to increase progressively with increased N levels and 

maximum DMP was recorded at 120 kg N ha" Conjunctive use of GLMs and 

fertilizer N recorded the highest DMP. Incorporation of GLMs would have enhanced 

the level of N availability in the rice rhizosphere of the soil at the initial stage of the 

crop and application of fertilizer N might have added synergistic effect on the N 

utilization of rice in influencing the DMP (Watanabe, 1984) Increased levels of 

applied N resulted in its greater absorption and utilization, which accumulated the 

assimilates for faster growth of rice. This in turn, improved the vegetative growth as 

indicated by taller plants and larger LAI In the presence of adequate N and larger 

surface of the source, the dry matter accumulation increased at a rapid rate ( Sharma 

and Das, 1994). 

5.1.4. Effect of GLMs and levels of N on yield attributes of rice aud yield 

The yield parameters Viz., number of panicles per unit area, panicle length and 

filled grain percentage were positively influenced by GLMs and levels of N (Tables 26 

and 27). In turn yield is also greatly affected, since it is the dependent character of 

these yield parameters. 

Steady supply of N due to mineralisation of GLMs increased the productive 

tillers production, resulting in lugher number of panicles per unit area Availability of 

adequate N promotes the supply of assimilates to sink, thus increasing the length of 

panicles. Steady supply ofN due to gradual mineralisation of GLMs enables the rice 
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plant to maintain the optimum N content for various physiological processes 

improving the yield structure. Matsushima (1980) stated that early the tillers emerge 

after transplanting, more they contribute towards the yield Proliferation of tillers 

soon after transplanting is important for increasing the yield (Budhar et aI, 1994) De 

Datta (J 981) reported that N absorbed by the plant from tillering to PI helped rice 

plant to produce more number of productive tillers. In the present study also 

enhanced nutrient uptake was observed as a consequence of better nutritional 

environment offered through cumulative effect of green leaf manuring + fertilizer N 

which resulted in more number of panicles per unit area 

Thousand grains weight was not significantly influenced by the green leaf 

manures and levels of N studied as the weight of individual grain is mainly influenced 

by the genetic make up of the plant as compared to other environmental factors 

(Bhardwaj el aI., 1981, Narayanasamy, 1994) 

Adequate N supply through GLMs and fertilizer N, promoted the supply of 

assimilates from the source to sink which resulted in improving the yield attributes 

Continuous and steady supply of N in to the soil solution to match the required 

absorption pattern of rice plant, enables to meet the nutriphysiological processes, 

which in tum improves the yield ( Srinivasulu Reddy, 1988). In the present study also 

it was evident that combined application of GLMs and fertilizer N improved the 

absorption of N from the soil, which inturn increased the nutrients uptake, there by 

increasing the yield attributes and yield (Tables 28 and 29) 

Application of GLMs at the basal with small booster dose of inorganic N 

fertilizer as well as split application of adequate quantity of fertilizer N at critical 

stages of crop growth matched with the N requirement of the crop leading to 

formation of higher yield 



De Datta (1981) stated that N absorbed by the plant from tillering to PI, helped 

rice plant to increase its number of tillers and panicle and that absorbed during PI to 

flowering increased the number of filled spikelets per panicle Matsushima (1980), 

stated that increasing level of N increased the grain filling percentage Similar results 

were expressed by Dhal and Misra( 1993) In the present investigation also, it was 

found that numbe~offilled graimwere high with GLMs application along with higher 

levelofN. It has been documented that GLMs nitrogen is least subjected to N losses 

and combination of lower rates of fertilizer N with adequate quantity ofGLMs appears 

to be more rational method of N supply to rice (Meelu el ai, 1985; Westcott and 

Mikkelson, 1988) 

5.1.5. Effect of GLMs and levels of N on nutrient uptake 

The plant samples at different stages were analysed for N, P and K contents 

and the data on uptake are presented in chapter IV. The uptake values are dependent 

not only on the concentration of nutrient element but also on the dry matter yields. 

However, higher uptake values could be mediated either through increased 

concentration of nutrient or increased dry matter yield 

Nitrogen appears to be the crucial element as Indian soils are generally 

deficient in N and addition of GLMs, particularly affect the available N status in the 

soil. The results indicated that GLMs, in general resulted in significantly higher values 

ofN uptake, irrespective of the stages (Tables 36 and 37). In grain yield too, the same 

trend was noticed. Sesbania aculeata again proved superior in this regard. Sesbania 

aculeata not only resulted in higher available N status in the soil but also produced 

significantly higher dry matter, straw and grain yields. Thus, the effect is additive on 

N uptake by the crop. The results also indicated that Calotropis gigantea and 

.184 



Ipomoea replans were comparable with Seshallia aCIl/eala Swamp (1987) and 

Rabindra el af. (1989), also reported higher N uptake due to Seshama acu/eala alone 

as compared to other organic sources 

Among the green leaf manures, F.ichhomia crassipes applied rice was noticed 

to register lower N uptake. It might be due to higher lignin content and N release 

pattern through decomposition from Eichhornia crassipes It should also be pointed 

out that all the green leaf manures in the present study were evaluated on the basis of 

equal quantity ofN. This implies that quantum of green leaf manures added to the soil 

varied, though N equivalent was maintained for all the treatments Hence the 

difference was specifically due to nature of green leaf manures, its lignin content, 

carbon content and other chemicals 

The contributioin of N by the green leaf manures were computed from 

the mean N uptake in control as well as in green leaf manure applied plots 

and represented in Fig. 12. 

Sesbania aell/eata contributed more N when compared to other green leaf 

manures. This might be due to quick release of N from the added green leaf manure 

Calotropis gigantea and Ipomoea reptans also registered higher N contribution. The 

combined contribution ofN from green leaf manures was 53.5 per cent The lowest N 

contribution was seen from Eiehhomia crassipes. The possible reason might be the 

higher lignin content in Eichhomia crassipes which led to delayed decomposition 

The importance of N contribution by green manures was also reported by Babu 

(1995). 
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In respect of P, a similar trend was noticed. Green leaf manures in general, 

recorded significantly higher P uptake over control (Tables 38 and 39) Increased 

availability of P in the soils could have been brought by not only the decomposition 

products of GLMs ( Sharma and Mittra, 1988), but also by synergistic effect existing 

between N and P Venkateswara Rao and Govindarajan (1960), reported that green 

leaf manuring helps in increased utilization of fertilizer P P content of the added 

organic matter is perhaps the most important factor in regulating the release of P 

(Singh and Jones, 1976). Hundal e/ al. (1987),stated that in water logged soil GLMs 

increases availability of P, through the mechanism of reduction, chelation and 

favorable changes in soil pH. Alexander (1977), reported that release of P was most 

rapid under conditions favoring ammonification In the present study also it was 

evident, application of GLMs favorably influenced the P uptake of rice crop 

More or less similar trend in respect of K uptake by the rice crop was observed 

(Tables 40 and 41) Increased K uptake in rice due to addition ofGLMs was earlier 

reported by Swamp (1987) and Sriramachandrasekaran (1994). The increase in K 

availability could be due to priming effect on K besides the direct contribution of K by 

green leaf manures. The leguminous green leaf manures have a strong ability to 

absorb the rather inaccessible K in the soil ( Gu and Wen, 1981) 

Increase in levels of N increased the N, P and K uptakes of rice plant in the 

present investigation. This might be due to increase in dry matter at higher level of N 

applied as reported by Budhar (1994) 

5.1.6. Effect of GLMs and levels of N on tbe use efficiency of !II 

The various parameters of use efficiency of N were influenced by GLMs as 

well as levels ofN. 



Agronomic Efficiency (AE) indicates the quantity of rice production per unit quantity 

ofN applied and this is also termed as productive efficiency and often expressed as the 

product of efficiency of absorption and efficiency of utilization In the present study, 

AE was improved when the GLMs was combined with lower level of N (40 kg N 

ha-' ). This only shows that GLMs, apart from contributing organic N, improved the 

efficiency of fertilizer N also. Combination of GLMs with higher levels of N (> 40 kg 

N ha- ' ) tend to show lower AE (Tables 42 and 43) This is because with increased 

quantity of N application, the losses of N from lowland rice soil and flood water 

become larger and inevitable. Such interactive effect of organic and lower levels of 

inorganic sources ofN, leading to higher AE was reported by Morris ef al (1986b) 

and Babu (1995). 

Physiological Efficiency (PE) is the quantity of grain produced per unit 

quantity on N absorbed by the crop and it indicates the efficiency of utilization of 

absorbed N. No clear trend was noticeable in PE due to application of different green 

leaf manures (Tables 44 and 45). Application oflower levels ofN recorded higher PE, 

when compared to higher N levels. In general rate of uptake of N decreased at higher 

level of N supplied, since a greater amount of N applied is lost through several 

mechanism ofN losses in low land rice ecosystem (Saravanan, 1990) 

Apparent N Recovery (ANR), which indicates the efficiency of absorption of 

applied N. GLMs tended to increase the ANR (Tables 46 and 47) and this could be 

explained as follows: The ANR was computed based on difference between uptake of 

specific treatment and control. With green leaf manuring, the uptake of N by rice was 

fairly high. GLMs might have contributed considerable quantity of N upon 

mineralisation making more N available to plants. Naturally ANR becomes higher 

with increased N availability. ANR decreased with higher level of fertilizer N, as 

indicated else where. 



1.89 

Nitrogen Harvest Index (NHI), indicates the proportion of N taken up by the 

crop that is utilised for grain production and may be considered as an indicator of 

translocation from source to sink. Application of GLMs positively influenced NHl, by 

making steady supply of N to rice crop (Tables 48 and 49) In rice crop most of the 

assimilates produced in the post flowering stage would be utilised for grain formation 

and more than 75 per cent of grain yield is decided by the amount of photosynthesis 

that occurs after flowering. The N uptake was enhanced by GLMs through out the 

crop growth period (Tables 36 and 37), and this would have enhanced NHi in GLMs 

applied treatments. Increased NHJ due to application of GLMs was also reported by 

Siddeswaran (1992) In contrast to the above three parameters Viz, AE, PE and 

ANR, the increase in N level increased the NHI Higher values of NHI, at higher 

levels of N application has been reported by Chandrasekaran (1984) and Srinivasulu 

Reddy (1988) 

5.1.7. Post harvest soil available Nand N balance after Kharif rice. 

Incorporation of GLMs and levels of N excerted considerable influence on post 

harvest soil available N status (Tables SO and 51) Whenever green leaf manuring was 

done, there was an improvement in soil available N content, when compared to its 

control. This is attributable to release of N from the green leaf manures incorporated, 

due to steady and slow mineralisation process. Among the green leaf manures, 

Ipomoea replans, Leuciana /uecocephala and Calolropis giganlea left significantly 

higher soil available N. The green leaf manure contains two fractions. One which 

undergoes decomposition at a faster rate and release N to the current crop and the 

second which is fairly resistant to decomposition, but mineralise at a slower rate 

( Bouldin, 1988) The second fraction of GLMs might have contributed to the 

improvement in the post harvest soil available N status in the case of Ipomoea 

replans, Leuciana luecocephalu and Ca/otropis giganlea 



When no fertilizer N was applied, it showed a drastic reduction, while it 

showed a marginal reduction with application of 40 kg N ha-' and there was no 

appreciable change when 80 kg N ha-' was added. There was an improvement in 

available N at 120 kg N ha-\ This indicates that rice removed its N uptake from 

fertilizer N, leaving soil N unutilised and hence higher soil available N was recorded 

The soil available N balance (Tables 52 and 53 ) showed a net loss when either 

fertilizer N alone or GLMs alone was added This brings out the unsustainability of 

the treatment. With 40 kg N ha-', it showed a slight improvement in net balance when 

Ipomoea reptans or Caiotropis gi[!antea or rel/Cialla /uc('occpha/a were added as 

green leaf manures. In the case of Sesbania aeu/eala and [c·,ehhonl/a crassipes , 80 

kg N ha-1 showed a positive N balance The total quantity of N removed from 

different treatments ranged from 58.8 to 124.2 kg ha-' in 1993 and 48.4 to \30.7 kg N 

ha-1 in 1994. This quantity of N would have been made available from the native soil 

pool by mineralisation of GLMs and trom fertilizer N In the case of negative N 

balance, N released upon mineralisation of GLMs and through application offertilizer 

was not sufficient to meet the requirement of the crop in question resulting in N 

depletion of soil available N. 

Experiment n. Residnal stndy 

5.2. Residual effect of applied GLMs and fertilizer N on Rabi crop. 

5.2.1. Growth attributes 

The residual effect of GLMs applied to Kharif rice on growth attributes of Rabi 

season rice was well pronounced in terms of plant height and LA! (Table 54) during 

flowering and DMP at different srowth stages (Tables 55 and 56) of rice. This might 



be due to higher post harvest soil available N after Kharif rice in the case of GLMs 

applied plots. Among the different green leaf manures, the effect was more in 
I).L 

Leuc~na luecocephala, ('alotropis gigalllea, Ipomoea rep/am and Seshallia 

aeu/eala applied treatments F' hh ,Ie orilla crassipes registered higher growth 

attributing characters than control, however, it was not comparable with the other four 

green leaf manures due to its higher lignin content which resisted decomposition 

Fertilizer N applied to Kharif rice did not show any effect on growth 

parameters of Rabi crop, indicating that there is no residual effect for applied N on the 

subsequent crop 

Between N applied and not applied plots of Rabi rice, the results were in 

favour of 100 kg N ha- 1 This might be due to complimentarity of applied N to native 

soil N in the above condition. 

5.2.2. Yield attributes and yield 

The residual effect of green leaf manuring to wetland rice is generally 

measured in terms of grain yield of succeeding crop and the residual effect is often 

location specific, which mainly depends on the climatic conditions prevailed in that 

location (Singh e/ aI., 1991). In the present study, application ofGLMs to the Kharif 

rice showed a favorable residual effect on yield attributes (Tables 57 and 58) and yield 

(Table 60) of subsequent Rabi season rice. The residual effect on Rabi season rice 

grain yield was 6 to 27.7 and 14.6 to 31.1 per cent during 1993 - '94 and 1994 - '95 

respectively. These increases were statistically significant. The residual effect on the 

second crop is true to the hypothesis putforth by Bouldin (1988), that organic 

amendments contain a component that slowly decomposes over several years and 

could be measured only after sufficiently long period. 
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Among the different green leaf manures. the yield attributes and yield were 

higher in Ipomoea replans, rellciana Illecoccphaia and Ca/o/ropi.1 K'Kall/ea applied 

plots followed by Sesbania acu/ea/a and Eichhonua crassipes The probable reason 

might be explained like this: Ipomoea replans, LellC/alla /llecocepha/a and Ca/olropis 

gigan/ea applied plots had more of slowly decomposable organic components because 

of higher lignin content and CN ratio which contributed for ~~eld increase during 

second season, where as Sesballia acu/eala which had a lower lignin content and 

narrow CN ratio decomposed quickly and released most of the organic N for the 

Kharif crop it self (Tables 12 -19 ) In the case of Dchhornia crassipes in both the 

seasons, the effect was not shown much and the reason might be due to the higher 

lignin content which might resist decomposition even after second crop, possibly the 

benefit may accrue to third crop, which is not studied in the present investigation 

The reports of previous workers on the residual effect of green leaf manuring 

are often contradictory. Many workers recorded a favorable residual effect ( Meelu et 

ai, 1986; Morris el aI., 1989; Malathi, 1989; Maskina 1'1 ai, 1990; Siddeswaran, 

1992), while others ( Morris 1'/ aI, 1986b; Westcott and Mikkelson, 1987; 

Srinivasulu Reddy, 1988) didn't find any residual effect The differences in the 

residual effect observed by the earlier workers have been attributed to the quantity of 

GLMs applied (Morris e/ ai, 1989; Buresh and De Datta, 1991). It was also 

found that the residual effect of green leaf manures is location specific as reported by 

Singh e/ ai, (1991) and hence this contradictory views arised Under tropical 

conditions, the residual effect are likely to be smaller than under temperate climate 

(Singh et ar, 1991) because increased microbial activity as a result of increased solar 

radiation. The residual effect of GLMs on the second crop of rice would be very small 

when only one application is made in a year, but the cumulative effect of several 

annual applications are expected to bring appreciable residual effect (Bouldin, 1988) 



5.2.3 Nutrient uptake and use efficiencies 

The residual effect of applied GLMs to Kharif rice on the uptakes of N_ P and 

K by Rabi rice crop was noticed (Table 59) Among the !,'feen leaf manures, l.el/Clalla 

I~tcocephala , Ipomoea replans , Ca/o/ropis ~i~alllea and Seshania (Jel//eala 

increased the N, P and K uptakes. Application of the above green leaf manures, not 

only resulted in higher available N, P and K status in the soil, but also produced 

significantly higher dry matter as well as higher grain yield which resulted in higher 

nutrient uptake. 

Application of different levels of N to Kharif rice also influenced the nutrient 

uptake. This could be attributed to the higher availability of post harvest soil available 

N left after the Kharif rice crop which was effectively utilised for the growth of Rabi 

season rice. Similar results of increased nutrient uptake due to increased level of N 

was als9 reported by Sharma and Mittra (1988) and Siddeswaran (1992) 

Carry over effect of green leaf manures was noticed in different use efficiencies 

Viz., Physiological Efficiency (Tables 63 and 64) and Apparent N Recovery ( Tables 

65 and 66), where as the effect was variable with regard to Agronomic Efficiency 

(Tables 61 and 62). The improvement in PE and ANR in green leaf manured plots 

might be due to steady supply of organic N from slowly decomposable organic matter 

fraction ofGLMs applied to Kharifrice crop. 

5.2.4. Soil fertility after rice - rice cropping system. 

Incorporation of GLMs as well as application of fertilizer N excerted 

considerable influence on the soil fertility status (Table 67). 



Green leaf manuring improved the soil available carbon content from 0.61 to 

0.64 per cent in the case of Lellciana Illecocephaia during 1993 - '94 and from 0.63 to 

0.649 per cent in the case of Sesbania aClIieala during 1994 - '95. The data also 

revealed that the soil organic carbon content was improved when ever GlMs ( except 

Eichhomia crassipes ) was incorporated Bhardwaj and Dey (]985), recorded 

increased soil organic carbon due to Seshama aculeala incorporation to rice A part 

of GLMs which is fairly resistant to immediate decomposition but mineralise at a 

slower rate might have contributed to the improvement in the soil organic carbon 

status (Bouldin, 1988). Soil organic carbon may also increase with the application of 

fertilizer N, but this is always inconsistent. 

Green leaf manuring as well as N levels showed a significant influence on soil 

available N. When ever green leaf manuring was done, there was an improvement in 

the soil available N content Slow decomposition of GlMs leads to steady N release 

to meet the requirement of rice crop at critical stages. Even after the growing period 

GlMs would continue to mineralise N, which would add to the soil pool (Bouldin, 

1988). This helped in maintaining the soil available N, inspite of the depletion by the 

rice crop. This was well pronounced with the incorporation of GlMs along with 

fertilizer N. Eventhough the rice crop depleted the soil N by its high uptake, the 

steady supply of N by GLMs maintained the level of available N in the soil at a fairly 

high level. 

Among the green leaf manures, at the end of second crop, the soil available N 

content was the highest with the application of Calotropis giganlea and Leuciana 

iuecocephala. This was followed by Ipomoea replans and Seshania aClIieala This 

brings out the beneficial effect of green leaf manuring in improving the soil N fertility 

in course of time for sustaining high productivity of the intensive cropping system 

followed. 



When fertilizer N was not applied, the soil available N showed a drastic 

reduction. Application of 80 and 120 kg N ha-! stood on par with regard to post 

harvest soil available N. This indicates that application of 50 per cent of the fertilizer 

N along with adequate quantity of GLMs would improve the soil fertility status 

Soil available N balance after rice - rice crop sequence (Tables 68 and 69) 

indicated that green leaf manuring along with 80 to 120 kg N ha-! during Kharif 

season as well as application of 100 kg N ha-! to Rabi season improved the soil 

available N status, when compared to pre experimental level There was a sharp 

decrease if no fertilizer was applied to Rabi crop This indicates that the nitrogen 

which was released from GLMs and residual effect of applied N to Kharif crop was 

not sufficient to meet the Rabi crop N requirement which resulted in depletion of soil 

N status. 

In general, incorporation of GLMs would cause increase and rapid production 

of C02 which in tum enhanced the solubility of calcium in the soil. Calcium ions 

replace Sodium ions on the exchange complex resulting in pH favorable to rice culture 

(Shivkant and Rajkumar, 1992). Hence, by integrating the fertilizer N along with 

GLMs, the losses of N through volatilisation and leaching are minimized This 

improves the available N status of the soiL Huang el a/( 1981), reported that buried 

GLMs act as a slow release fertilizer and conserve nutrients for longer period 

Green leaf manuring improved the soil available P Under flooded conditions 

much of the soil P itself would become available to the rice crop. Insoluble P in the 

soil would be solubilised to some extent by the organic acids produced by the 

decomposing green leaf manures (Ventura el al , 1987). Contribution from green leaf 

manures would also playa role in supplying P to the soil ( Singh et aI., 1988) All 

these factors increased the pOot harvest available P in the GLMs applied soils. 
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In the case of K also, plots applied "ith green leaf manures did exhibit 

increased availability Besides, the soil was also high in available K Better growth 

of crops \¥lth higher N supply resulted in increased K uptake GLMs also contributed 

K to the soil which probably resulted in high available K in GLMs applied plots 

Among the different levels of N applied to Kharif rice, the post harvest P and 

K were reduced at higher level (120 kg N ha-') "hen compared to lower bel (40 kg 

N ha-') ofN This might be due to enhanced uptake ofP and K at higher le,els of~ 

which promoted higher DMP and yield 

5.2.5. Integrated nutrient management 

Integrated nutrient management involving judicious use of various sources of 

plant nutrients such as chemical fertilizers, organic sources and boifertilizers help to 

maintain or improve soil fertility and sustain crop production It also helps to enhance 

the nutrient use efficiency of fertilizers and there by contribute to environmental 

conservation through decreased pollution of ground and surface water resources 

The escalating cost of chemical fertilizers and dwindling fossil - fuel resources 

needed for the manufacture of N fertilizers, leave us with no option, but to fully 

exploit the potential alternative sources of plant nutrients Renewable resources like 

GLMs is of great importance in this context The crop responses to organics is often 

not asspectacular as for the fertilizer The supplementary and complmlentary use of 

organics, besides improving soil physico chemical properties, increase the use 

efficiency of applied fertilizer ( Buresh and De Datta, 1991) 

In the present study, inclusion of GLMs to the rice - rice cropping system 

showed beneficial effect on th~ yield and productivity of the cropping system as well 



as on soil fertility. Green leaf manuring to Kharif season rice enhanced the grain yield 

by about 45 to 76 per cent while the residual effect was to the tune of 3 5 to 58 per 

cent for the Rabi season rice. Earlier studies showed that economy of fertilizer N 

through green leaf manuring ranged from 30 to 80 kg ha" under varied situations and 

in most instances, it is around 50 to 60 kg N ha" (Ladha et aI., 1988, Srinivasulu 

Reddy et ar, 1990) 

5.2.6. Economic analysis 

Green leaf manuring and fertilizer N at different levels influenced the 

economics of rice - rice cropping system comprehensively. Be ratio increased with 

the integrated N management practice. Application green leaf manures along with 80 

kg N ha" recorded the highest Be ratio (Tables 76 and 77) Among the combination, 

application of Jpomoea replans (8 t ha") with 80 kg N ha-' recorded higher Be ratio 

followed by Calotropis gigantea (6.5 t ha") + 80 kg N ha" and this is followed by 

Seshania aculeata (6.25 t ha") + 80 kg N ha", the conventional method This 

increased Be ratio under Ipomoea replalls + 80 kg N ha" was due to lesser cost 

towards the green leaf manure as compared to Sesba/lla aculeata which included cost 

of its cultivation. 

5.2.7. Partial bndgeting 

The tool partial budgeting , is being employed to pick out the best bet 

treatment based on the highest difference between the added cost + reduced returns 

and added returns + reduced cost In the present investigation, all the GLMs 

treatments were evaluated against control The results indicated, highest estimated 

change ofRs. 21495.35 was obtained under Ipomoea replans applied treatment. This 

was mainly due to lesser added cost and higher additional return. However, Seshania 

acu/eala and Ca/otropis gi!;antea also recorded higher estimated changes of 

Rs.21266.6 and Rs.21104.5 respectively next to Ipomoea replans 
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Similarly, the non-conventional green leaf manures were evaluated with the 

standard Viz., Sesbania aculeata The results indicated that lpomo<'<l reptalls 

recorded positive estimated change ( + 20175) This was due to lesser cost towards 

the green leaf manure as compared to SesDania aculeata which included cost of its 

cultivation. The other comparable non-conventional green leaf manure was ( 'alotroplS 

gigantea. which recorded the minimum negative estimated change (- 167 1) 
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SUMMARY AND CONCLUSION 
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CHAPTER VI 

SUMMARY AND CONCLl'SION 

Field experiments were conducted at Tamil Nadu Agricultural University, 

Coimbatore from June, 1993 to February, 1995' with the objectives of evaluating the 

direct and residual effects of non-conventional green leaf manures applied to the first 

season rice in the rice - rice cropping system in conjunction with different levels of N 

from inorganic source. The experiment was laid out in split plot design. replicated 

thrice during Kharif season to study the direct effect of applied green leaf manures 

and different levels of N and in split-split ptot design replicated thrice during Rabi 

season to study the residual effect of green leaf manures and applied N to Kharif rice 

During Kharif, four non-conventional green leaf manures Viz, Ipomoea replalls. 

Eiehhomia erassipes, Calotropis glganlea and LeucCI61/a lellcocephala were 

compared against the conventional GLM, Seshania aeuleala in addition to one control 

(no GLM application) Four levels ofN (0,40,80 and 120 kg N ha") were also 

included along with different green leaf manures as treatments Green leaf manures 

were incorporated I ° days prior to transplanting of Kharif rice crop The cropping 

system study was carried out during 1993 - '94 and 1994 - '95 The release pattern of 

NH,'-N and NO;-N were studied during incubation period and after transplanting of 

Kharif rice. During Rabi season, each sub plot of Kharif main treatment was divided 

into two to accommodate two extra treatments Viz, ° kg N ha·
1 

and 100 kg N ha" 

This was done to study the residual effect. The conclusions drawn from the study are 

summarised here under. 

Application of green leaf manures increased NH; -N content throughout the 

incubation period. Seshania aeuieata released higher NH, --N when compared to 

other green leaf manures. Tl.~ NO;-N content increased upto fourth day after 



incorporation and then started declining in green leaf manures applied plots In 

control, declining was noticed from the second day onwards. This was observed in 

both the years of study. 

After transplanting of Kharif rice crop, application of green leaf manures 

irrespective of their Genus increased NIl. -N significantly over control throughout the 

observation period Sesbania aculeala released NK,' -N quickly as compared to other 

green leaf manures and the peak reached at 13 days after planting The release from 

Calotropis gif(antea and Jpomoea replans was little later and the peak was observed 

on 21 st day after planting. reueaena lelleoeephala and 1C1chhor/lia cras.wpe.\ released 

comparatively lesser NH," -N than other green leaf manures studied In all the green 

leaf manures, NO;-N content increased upto fourth day and started declining there 

after. 

The nitrogen levels applied to Kharif rice crop did show that higher values of 

NH,'-N and NO;-N were obtained under higher levels of N over lower levels 

Combined application of N and green leaf manures recorded higher NH. -Nand 

NO,'-N release after transplanting of rice crop. 

Conjunctive use of either Sesbania aell/eata or ('alotroplS !(igantea with 120 

kg N ha'i resulted in taller plants, larger LA! and greater DMP The Relative Dry 

Matter Efficiency was also improved with the application of green leaf manures. 

Application of green leaf manures and levels of N significantly increased the 

yield parameters over control. Ca/olropis gigantea or Sesbama aClileata or Ipomoea 

replans with 120 or 80 kg N ha -I had increased number of productive tillers per unit 

area, panicle length and filled grain percentage. No significant difference was recorded 

for test weight of grain due to green leaf manures and levels of N studied Application 

of green leaf manures significantly influenced the N uptake over control. 
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Higher N uptake was seen where Seshama aellleala was incorporated to Khalif rice 

followed by Calotropis gigantea which was at par with Ipomoea replam 1 A.'I1('(1mll 

lellcocephala and E'ichhomia crassipes applied treatments registered lower N uptake 

N application markedly increased the N uptake and the highest value was found with 

120 kg N ha·
1 

However. it was at par with 80 kg N ha· 1 during 1993 Lowest N 

uptake was recorded in control plot Conjunctive use of N at 120 kg N ha·1 with 

Sesbania aell/eara recorded the maximum N uptake. Among the non-conventional 

green leaf manures. Calotropis gigal1lea was comparable with Sesball/a Qelllcaw . but 

superior than Ipomoea replans. Lellcaella leueocephala and f:,chharma GTa.mpe.l. 

P and K uptake followed the similar trend as that of N uptake Green leaf 

manures. in general. increased the P and K uptake over control 

Application of N through green leaf manures increased the grain yield 

significantly. Incorporation of Sesbania a('uleala increased the rice grain yield in both 

the years of study. However. it was at par with Cala/ropls gigalllcu and Ipomocu 

reptans applied treatments. Rice grain yield increased with increase in N application 

Application of 120 kg N ha· 1 increased the grain yield to 70 and 71 per cent over 

absolute control during 1993 and 1994 respectively Combined application of 

Sesbania aeu/eata or Ca/otropis gigantea or Ipomoea replans as green leaf manures 

source along with 120 kg N ha· 1 registered maximum grain yield However. it was 

comparable with green leaf manures + 80 kg N ha· 1 In the absence of any green leaf 

manures, higher level of N ( 120 kg N ha'l ) alone had produced non-statistical 

comparable rice grain yield at par with green leaf manures application alone. 

Straw yield followed the similar trend as that of grain yield and application of 

Sesbania aculeata or Ipomoea replans or Calotrop!s giganrea significantly increased 



the straw yield N supply consistently increased the straw vield upto the highest level 

of 120 kg N ha" tried, though the rate of increase was not commensurating with 

increase in N levels. 

Green leaf manures incorporation increased the harvest index and different 

levels ofN did not alter the HI in both the years 

Productivity score increased with the Seshallia aCllleala followed bv Ipomoea 

replans and Calolropis [!Igalliea application This was followed bv l.eu('(/eJla 

lellcocephala and }~'ichhornia crasslpes Increasing levels of N increased the 

productivity score and the response was seen upto 120 kg N ha" 

Relative yield index was maximum when 5;esballia aClllmla was incorporated 

This was followed by Caiotropls gigantea, Ipomoea reptalls, I.eucaella lellcocephala 

and Eichhornia crassipes The Relative yield index increased with increasing 

levels ofN. 

Agronomic Efficiency was improved by the application of green leaf manures 

but not with greater variation between them. Based on the mean values of AE, 40 kg 

N ha" gave higher AE ( 41.69 in 1993 and 36.22 in 1994) than 80 kg ( 30.77 and 

2704) and 120 kg N ha" (2208 and 22.14) 

In respect of Physiological Efficiency, difference was absent between the green 

leaf manures application and control Levels of N followed the similar trend as that 

ofAE. 

Application of Sesbama aculeala improved the apparent N recovery to a 

greater leveL This was fol:Jwed by Caiotropis glgantea, Ipomoea replalls, 



Leucaena leucocephala and Eichhornia crao"f'pe< L ANR 'ed b ", " ower was register y 

control (no green leaf manures), Maximum ANR was recorded at lower levels of N 

Green leaf manures with 40 kg N ha" registered the highest ANR 

Incorporation of green leaf manures registered the highest N harvest index than 

their control. Sesbania acuieala , Ipomoea replans , and Ca/otropis RfRalllca 

registered non-statistical comparable NHI This was followed bv I.cllcaena 

leucocephala and Eichhomia crassipe.\' Higher NHI value was recorded with 120 kg 

Nha'i 

Green leaf manuring left higher post harvest soil available N , compared to 

control. Among the green leaf manures, Ipomoea replans, i.elJcaena /ellcocepha/a 

and CalotropfS gigantea left significantly higher soil available N The increase was 

8.86,8.19 and 7.01 per cent during 1993 and 13.26, 11.83 and 10 83 per cent during 

1994 respectively over control. Increasing levels of N had increased post Kharif 

harvest soil available N. The increase was 6.04, 10 02 and 1425 per cent in 1993 and 

4.83, 8.08 and 13.07 per cent in 1994 corresponding to 40, 80 and 120 kg N ha" 

respectively over control. Combined application of Ipomoea replans + 120 kg N ha" 

registered the maximum post harvest soil available N. 

Computed N balance after Kharif rice was positive when green leaf manures + 

inorganic fertilizer were combined. Maximum net gain was observed for Ipomoea 

replans + 120 kg N ha" followed by Caiotropi;; gTganlea , LelJcaena /eucocepha/a, 

Eichhornia crassipes and Sesbania aculeata 'with the same N level. 

In general, soil available N showed a net loss even in higher levels of N, if 

green leaf manures were not combined. Similarly green leaf manures alone also 

resulted in negative N balance. 



In Rabi season, the carry over effect of different green leaf manures and 

fertilizer N was studied and presented below. 

Residual effect on Rabi rice plant height and LAI was higher in rel/mel/u 

leucocephala, Calotropis g1Raniea and Ipomoea replans applied plots ((l Kharif rice 

Carry over effect of applied fertilizer at all N levels were not significant Application 

of J 00 kg N ha-
I 

to Rabi crop alone had increased the plant height and LAI to a 

considerable extent as compared to no N application to Rabi rice 

Green leaf manuring done to Kharif rice had excerted a significant influence on 

DMP of Rabi rice at all the four growth stages. Residual effect of Ipomoea replans, 

Leucaena leucocephala" Calotropis g1Rantea and Se"hama aenleu/a was observed 

through out the growth period of Rabi rice and the effect of these green leaf manures 

on DMP was comparable Levels of N applied to Kharif rice had no effect on Rabi 

rice DMP. Fertilizer application to Rabi rice appreciably increased the DMP over its 

control (no fertilizer application) 

Application of Calotropis Rigantea , Sesbania aeuleala , Ipomoea replallS and 

Leucaena leueoeephala and higher levels of N (120 kg N ha I) applied to Kharif crop 

increased the productive tillers per unit area, panicle length and filled grain percentage 

of Rabi rice crop. Levels of N studied on Kharif crop did not have any influence on 

the above parameters. Recommended level of fertilizer application to Rabi crop 

improved the yield ann'butes. The filled grain percentage was increased to the tune of 

18.62 per cent over no fertilizer application to Rabi crop 

Thousand grains weight was unaltered in Rabi rice due to green leaf manures 

as well as by levels ofN applied to Kharifrice crop. However recommended level of 

N appliQltion to Rabi rice si~C'antly increased thousand grains weight (19 61 g) 

over no N treatment (J 7.63 g). 



N, P and K uptakes in Rabi rice crop were higher in ipomot>l1 replallS, 

Leucaena leucocephala, ('a/o/ropl" RiRwlIea and Seshallio oel/leala applied plots of 

Kharif rice Application of 120 kg N ha- ' to Kharif rice had recorded maximum N, P 

and K uptakes in Rabi rice and it was comparable with 80 kg 1\1 ha- ' Application of 

100 kg N ha- ' to Rabi crop also had increased the N, P and K uptakes 

Application of green leaf manures to Kharif crop, increased the Rani rice grain 

yield from 12 9 to 78.8 per cent over control Application Ofrellcaell(/ /ellco('t'l'ha/(/. 

Ipomoea replans , ('a/o/ropis Rigantea and Seshama ael/leala increased the grain 

yield of Rabi rice to a greater extent. Levels of N studied for Kharif rice didn't exert 

any significant influence on the grain yield of Rabi rice during 1994, where as there 

was a response for N application during 1993 100 kg 1\1 ha I to Rabi crop 

significantly influenced the grain yield and produced 124 and 72 per cent increased 

yield during 1993 and 1994 respectivelv over no N application 

Straw yield exposed similar trend as that of grain yield for Rabi rice 

Green leaf manuring applied to Kharif rice in general improved the soil fertility 

status after the harvest of Rabi rice. Incorporation of green leaf manures increased the 

organic carbon content also. Fertilizer application done to Kharif rice did not exhibit 

any influence on the organic carbon content of soil after the harvest of the Rabi rice 

Application of green leaf manures to Kharif crop increased the soil available N, 

P and K after rice - rice cropping system ('a/o/rapi.\' RIRoll/eo, reI/COellO 

lellcocephala and Ipomoea replans left more soil N Application of green leaf 

manures + 120 kg N ha- J or 80 kg N ha- I improved the soil available N Application of 

100 kg N ha- l to Rabi rice improved the soil available N status but decreased the P 

and K status after rice - rice crupping system. 



Application of green leaf manures along with 80 or 120 kg N ha"' during 

Kharif season + 100 kg N ha"' to Rabi season rice improved the soil available N 

which led to a positive N balance after rice - rice cropping system This was observed 

in both the years of study 

Application of green leaf manures as well as fertilizer N to both Kharif and 

Rabi rice increased the net return 

The BC ratio was the highest when Ipomoea replan, + 80 kg N ha"' "ere 

incorporated and applied respectively to Kharif crop + 100 kg !\i ha"' (0 Rabi rice 

crop. It was comparable with the Be ratios obtained under Calotrop" R'):lll11ra or 

Sesbania ar.;uleata with the same inorganic fertilizer level This was followed bv 

Leucaena leucocephala and f:ichhomia crassipes "ith the same level of N 

In conclusion, the integrated use of green leaf manures and fertilizer N sho"ed 

a beneficial effect on growth components, yield attributes, uptake of nutrients and 

grain as well as straw yield of Kharif season rice The favourable effect was evident 

upto 80 kg N ha"1 along with green leaf manures application Conjunctive use of green 

leaf manures and 80 kg N ha"1 to Kharifcrop and 100 kg N ha"' to Rabi crop increased 

growth and yield attributes as well as yield of Rabi crop, resulted in higher Be ratio 

Green leaf manuring improved the soil organic carbon and available N, P and K 

Application of fertilizer N improved the soil available N but reduced the P and K 

Based on these results the following recommendations are made. 

Considering the biological performance and economical performance of rice -

rice cropping system studied for two continuous years, the best bet treatment 

generated from these experiments for recommendation is, Application of Ipomoea 

rep/am, a non-conventional green leaf manure at the rate of 8 t ha"1 in combination 



with 80 kg N ha-1 applied to Kharifrice in addition to 100 kg N ha- 1 to Rabi rice This 

combined treatment had given higher Be' ratio and also passed out from the partial 

budgeting. Further. this treatment had maintained positive balance in respect of N, P 

and K In the absence of Ipomoea reptans, the best bel alternative non-conventional 

green leaf manure would be (' alotropls [:(Igan/ea 



FUTURE RESEARCH NEEDS 

To meet the current shortage of chemical fertilizers caused bv ener!,'V crisis and 

socia economic constraints, it has become desirable to conserve the organic manures 

and recycle them in to the soil to increase the efficiency of soil nutrients in addition to 

maintain the fertility and productivity In this context, the green leaf manuring, a 

renewable source of organic manure has a larger potential to augment the nutrient 

supplies. Studies are needed to identifY the factors responsible for crop responses to 

green leaf manuring and to develop sound scientific strategies for this practices 

Based on the results of the present study, the following are some of the 

research areas suggested for the future study 

In the present study, incorporation of Ipomoea rep/am and ('a/o/ropl., 

Kigantea found promising in influencing the rice grain yield and Be ratio in a 

cropping system of rice followed by rice This recommendation has come up against 

the conventional method of growing Seshama aeu/eala and incorporation This study 

indicated the potential of non-conventional green leaf manures like Ipomoea rep/am 

and Ca/olropis gigal1lea In nature, similar materials exist unnoticingly. Such 

manures should be brought out and studied to meet the future energy crisis 

The study indicated that NH; -N release from green leaf manures were more 

during the initial stage of crop growth (Up to 21 days). Hence studies on whether we 

can skip the basal application of inorganic N source, if the green leaf manure is 

applied, is warranted 



From the present study, it is clear that the release of ~ ITom /':,<,lIllOl"IIw 

crassipes is delayed even up to second crop after it's incorporation Hence. some 

added chemicals may be identified in order to make the green leaf manures to release 

the N to the crop for which it is applied 
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Studies on correct time and method of incorporation of different green leaf 

manures may be taken up 

Long term effects of integrated N management on soil productivity and 

sustainability may be studied 
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APPENDIX I 

Weather data during the cropping period of 1993·'94 

Standard Rainfall Ma,\:. Min. RH RH Evaporatlon Sunshine 
week (mm) Temp Temp (0722) I '~22' Imm) (Houts) 

("C) CC) (%J) (u/o) 

19 - 38.1 24.6 78 36 72 95 

20 22.6 34.5 22.1 86 48 6.9 66 

21 25 34.2 23 5 81 47 53 47 

22 . 34.9 23.6 83 41 65 41 

23 12.2 32.6 24.3 76 51 69 44 

24 6.0 31.7 24.5 76 'i' __ , 67 5.1 

2S 3.7 32.6 23.2 77 44 70 82 

26 1.0 32.7 23.2 75 47 83 73 

27 2.3 31.5 22.6 72 47 7 1 38 

28 . 31.1 24.3 63 48 79 29 

29 27 32.0 22.7 81 45 69 68 

30 24.5 33.2 22.9 74 'i9 71 3 q 

31 - 31.6 24.1 63 48 86 5 5 

32 2.0 32.3 23.6 77 48 6.9 5.2 

33 30 32.0 22.9 74 48 7A 64 

34 10.6 32.6 218 78 47 79 7.2 

35 36.6 30.3 22.2 89 59 3.9 49 

36 3.0 31.1 21.3 89 42 49 21 

37 7.0 32.8 220 84 46 4.5 63 

38 - 333 22.0 83 41 5.9 59 

39 1.6 33.9 217 76 40 73 77 

40 30.8 31.8 225 88 58 4.9 5.3 

41 30.0 30.8 22.3 91 61 3.8 3.7 

42 58.3 30.1 22.5 90 58 2.2 54 

43 193 30.4 219 89 54 3 1 6.2 

44 29.1 29.8 227 88 61 4.2 4 I 

45 112.1 27.6 21.8 88 76 ].9 2.3 

46 124.6 28.7 21.5 92 67 23 6.4 

47 · 29.1 20.5 89 55 3.3 6.1 

48 J.5 28.1 19.8 86 55 3.1 45 

49 171 27.4 20A 90 65 3.2 3.6 

50 · 29.0 18.3 89 46 3.7 6.9 

51 - 27.1 19.3 89 64 2A 0.9 

52 · 27.5 19.5 86 54 3.2 55 

1 · 29.1 19.1 89 49 4.1 8.3 

2 0.2 28.4 19.1 88 51 3.8 6.6 

3 72.5 29.7 215 89 60 3.2 6.3 

4 - 29.0 16.8 90 39 4.3 83 



APPENDIX II 

Weather data during the cropping period of 1994-'95 

Standard Ramfall Max Mm RH RH E\aporatlon Snnshlilc week (mm) Temp Temp (1I72:!) { 1 .. r.~2) (mm) (H011TS) 
CCl CCl ('~ (I) (°'0) 

19 4.5 35.7 23.5 77 43 70 99 
20 10.5 35.3 24.1 81 -18 65 82 
21 9.8 354 23.8 79 45 

I 
72 77 

22 143 323 236 72 57 62 hi 
')0 
~, 8.6 29.7 23.6 78 60 < 0 19 
24 2.1 30.4 240 71 52 59 2 ~ 
25 - 32.7 23.8 67 42 87 85 
26 109 314 238 66 50 67 3 I 
27 2.5 32.7 224 77 52 60 43 
28 112.7 288 228 77 67 41 I 3 
29 - 29.7 23.2 68 54 69 

\ 
36 

I 30 17 303 230 78 58 46 15 
31 75 29.3 22.7 79 53 52 I 28 
32 - 32.2 21.8 84 49 60 61 
33 0.8 31.5 22.2 81 49 58 39 

34 - 324 21.8 83 51 53 2.8 

35 50 30.3 23.1 71 59 55 32 

36 12.2 314 22.9 78 55 67 66 

37 - 32.1 209 84 52 60 76 

38 - 33.8 20.8 80 42 7 I 98 

39 33.9 326 22.6 88 54 44 57 

40 37.8 30.1 224 85 64 44 43 

41 6.1 32.1 22.3 84 56 45 79 

42 32.3 30.5 22.0 89 61 I 3.8 5.8 

43 161.3 28.9 21.8 90 69 2.0 4.7 

44 119.9 28.9 218 90 73 I 26 43 

45 48.7 26.7 21.0 78 74 24 2.1 

46 20.0 27.6 21.3 75 70 2.9 4.8 

47 1.6 28.9 204 85 61 2.8 5.9 

48 - 29.8 17.8 89 61 3.3 82 

49 - 28.6 156 89 54 34 94 

50 - 28.7 18.5 86 57 3.6 9.1 

51 1.6 28.7 16.9 84 60 34 5.0 

52 - 28.7 21.3 86 56 3.7 7.1 

I 1.0 28.2 16.8 89 53 34 5.6 

2 1.8 30.1 \ 21 I 87 57 2.3 7.0 

3 1.0 29.0 20.5 87 66 4.2 5.8 

4 - 304 17.9 86 38 4.6 8.5 




	00001.tif
	00002.tif
	00003.tif
	00004.tif
	00005.tif
	00006.tif
	00007.tif
	00008.tif
	00009.tif
	00010.tif
	00011.tif
	00012.tif
	00013.tif
	00014.tif
	00015.tif
	00016.tif
	00017.tif
	00018.tif
	00019.tif
	00020.tif
	00021.tif
	00022.tif
	00023.tif
	00024.tif
	00025.tif
	00026.tif
	00027.tif
	00028.tif
	00029.tif
	00030.tif
	00031.tif
	00032.tif
	00033.tif
	00034.tif
	00035.tif
	00036.tif
	00037.tif
	00038.tif
	00039.tif
	00040.tif
	00041.tif
	00042.tif
	00043.tif
	00044.tif
	00045.tif
	00046.tif
	00047.tif
	00048.tif
	00049.tif
	00050.tif
	00051.tif
	00052.tif
	00053.tif
	00054.tif
	00055.tif
	00056.tif
	00057.tif
	00058.tif
	00059.tif
	00060.tif
	00061.tif
	00062.tif
	00063.tif
	00064.tif
	00065.tif
	00066.tif
	00067.tif
	00068.tif
	00069.tif
	00070.tif
	00071.tif
	00072.tif
	00073.tif
	00074.tif
	00075.tif
	00076.tif
	00077.tif
	00078.tif
	00079.tif
	00080.tif
	00081.tif
	00082.tif
	00083.tif
	00084.tif
	00085.tif
	00086.tif
	00087.tif
	00088.tif
	00089.tif
	00090.tif
	00091.tif
	00092.tif
	00093.tif
	00094.tif
	00095.tif
	00096.tif
	00097.tif
	00098.tif
	00099.tif
	00100.tif
	00101.tif
	00102.tif
	00103.tif
	00104.tif
	00105.tif
	00106.tif
	00107.tif
	00108.tif
	00109.tif
	00110.tif
	00111.tif
	00112.tif
	00113.tif
	00114.tif
	00115.tif
	00116.tif
	00117.tif
	00118.tif
	00119.tif
	00120.tif
	00121.tif
	00122.tif
	00123.tif
	00124.tif
	00125.tif
	00126.tif
	00127.tif
	00128.tif
	00129.tif
	00130.tif
	00131.tif
	00132.tif
	00133.tif
	00134.tif
	00135.tif
	00136.tif
	00137.tif
	00138.tif
	00139.tif
	00140.tif
	00141.tif
	00142.tif
	00143.tif
	00144.tif
	00145.tif
	00146.tif
	00147.tif
	00148.tif
	00149.tif
	00150.tif
	00151.tif
	00152.tif
	00153.tif
	00154.tif
	00155.tif
	00156.tif
	00157.tif
	00158.tif
	00159.tif
	00160.tif
	00161.tif
	00162.tif
	00163.tif
	00164.tif
	00165.tif
	00166.tif
	00167.tif
	00168.tif
	00169.tif
	00170.tif
	00171.tif
	00172.tif
	00173.tif
	00174.tif
	00175.tif
	00176.tif
	00177.tif
	00178.tif
	00179.tif
	00180.tif
	00181.tif
	00182.tif
	00183.tif
	00184.tif
	00185.tif
	00186.tif
	00187.tif
	00188.tif
	00189.tif
	00190.tif
	00191.tif
	00192.tif
	00193.tif
	00194.tif
	00195.tif
	00196.tif
	00197.tif
	00198.tif
	00199.tif
	00200.tif
	00201.tif
	00202.tif
	00203.tif
	00204.tif
	00205.tif
	00206.tif
	00207.tif
	00208.tif
	00209.tif
	00210.tif
	00211.tif
	00212.tif
	00213.tif
	00214.tif
	00215.tif
	00216.tif
	00217.tif
	00218.tif
	00219.tif
	00220.tif
	00221.tif
	00222.tif
	00223.tif
	00224.tif
	00225.tif
	00226.tif
	00227.tif
	00228.tif
	00229.tif
	00230.tif
	00231.tif
	00232.tif
	00233.tif
	00234.tif
	00235.tif
	00236.tif
	00237.tif
	00238.tif
	00239.tif
	00240.tif
	00241.tif
	00242.tif
	00243.tif
	00244.tif
	00245.tif
	00246.tif
	00247.tif
	00248.tif
	00249.tif
	00250.tif
	00251.tif
	00252.tif
	00253.tif
	00254.tif
	00255.tif
	00256.tif
	00257.tif
	00258.tif
	00259.tif
	00260.tif
	00261.tif
	00262.tif
	00263.tif
	00264.tif



