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1. Introduction

Rice, which is the staple food o f majority o f  people in Asia, is the sustenance 

o f more than half o f  the world population and the backbone o f most agrarian 

economies. Globally, population is increasing by about 80 million people per year 

and by 2050 AD, the world is likely to be inhabited by between 8 and 11 billion 

people, which will eventually require a substantial increase in rice production to meet 

the demands. If the technologies that affect nutrient utilization by the rice crop remain 

unchanged, this production increase will require almost 300 per cent more than the 

present application rate o f nitrogen alone (Fisher and Heilig, 1998).

In developing countries, where the amount o f  arable land per capita is 

steadily decreasing, inherently sustainable local practices and knowledge adopted 

before the Green Revolution era have been systematically replaced. For instance, the 

subsistence agriculture o f  the pre-chemical era that efficiently sustained the N status 

o f soils by maintaining a balance between N lost with the grain harvest and N gain 

from biological N fixation and decomposition o f  residues has been replaced by 

agriculture o f  the modem chemical era, which concentrates on maximum output but 

overlooks input efficiency. Likewise, the traditional, less intensive wet-dry rotation 

o f rice culture has been gradually replaced by intensive continuous wetland rice 

culture, leading to a lower available soil N pool (Kundu and Ladha, 1995).

Stresses (deficiencies and toxicities) due to availability, acquisition and 

utilization o f  nutrients are becoming increasingly widespread in many soils, leading 

to low crop productivity. For example, the yield potential o f cropping systems on 

acid soils, which cover about 395 billion hectares o f the earth’s surface, is restrained 

by deficiencies o f  phosphorus, calcium, magnesium, and potassium, and by toxicities 

o f aluminium, manganese, and iron (Salazar et al., 1997).

Conventionally, fertilizers or soil amendments are used to counter such 

stresses. However, total dependence on fertilizer is neither economical nor pragmatic
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because o f  (a) the inability o f  many formers to buy enough fertilizer, and (b) the 

capacity o f many soils to fix applied nutrients into forms unavailable to plants 

(Sanchez and Uehara, 1980).

There is also increasing evidence that fertilizer alone cannot sustain yields for 

long periods. In continuous rice cropping with two to three crops grown annually, the 

use o f  fertilizer N was increased with time but the yields often remained stagnant 

(Cassman and Pingali, 1995). This reflects a higher fertilizer requirement to produce 

the same yields, implying a decline in yield response to nutrients, possibly because of 

an overuse o f  fertilizer.

Research on nutrient acquisition and management in cropping systems is 

entering a critical phase. While developed countries are mainly concerned about the 

adverse impacts o f  intensive cropping systems on the environment (soil, water and 

air) and society, developing countries are confronted with an ever-growing demand 

for greater agriculture production, while needing to sustain their already fragile 

resource base (Sanchez et al. 1997). Although the concept o f sustainability originated 

mainly in response to pressure from environmentalists in developed countries, 

concern over the long-term viability o f  cropping systems is felt for all scales of 

forming and in all agro-ecological zones. Nutrient-use efficiency o f rice cropping 

systems must be improved, along with yield potential o f cuhivars; in order to improve 

profitability o f  rice production and prevent environmental degradation in irrigated 

areas (Fisher, 1998).

Thus, in the present scenario, where the environment is being extensively 

damaged to obtain a marginal increase in production, it becomes worthwhile to 

consider the possibility o f  substituting a sizeable quantity o f  the chemical fertilizers 

with organic nutrient sources o f  both plant and animal origin.

An alternate environmentally benign approach is to reduce the need for 

fertilizer through more efficient management o f nutrient cycles and precise



3

applications o f fertilizers. Such practices include application o f  organic waste 

residues from animals and crops, green manures, green leaf manuring, crop rotations 

with legumes, improvement o f crop health that may result in better use o f nutrients, 

and split applications o f  fertilizers. The current conventional approach is to apply 

nutrients in the form o f  fertilizers at levels needed for maximum profitability. 

Swaminathan (1987) suggested that an integrated nutrient supply through a judicious 

combination o f  organic and biological sources along with inorganic fertilizers has a 

large number o f  agronomic and environmental benefits over inorganic sources alone 

and it is a concept that is ecologically sound leading to sustainable agriculture.

This can be achieved to certain extent by the use o f loppings o f  commonly 

available trees and also easily obtainable animal manures, which have the ability to 

supply a sufficient amount o f major and minor nutrients. Hence, the present 

investigation was undertaken with the following objectives,

(a) To assess the efficacy o f various sources o f green leaf and organic manures in 

relation to nutrient accretion, rice growth and yield

(b) To elucidate the effect o f  decomposition products on soil and plant chemical 

composition, rice growth, and yield, and

(c) To study the nitrogen mineralization pattern o f  the organic sources.
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2. Review of literature

The role o f manures o f both plant and animal origin, in improving soil fertility 

and enhancing production in agriculture, has been well recognized and been in 

practice for many years. The green manures, green leaf manures, plant residues and 

animal wastes have the ability to release the nutrients present in them over an 

extended period o f  time, and make it available to the plants. In addition to the 

chemical changes brought about, application o f  organic manures can also enhance the 

physical properties o f  the soil making it more conducive to plant establishment and 

growth.

The use o f  organic manures is now achieving prime importance especially due 

to the ill effects o f  chemical fertilizers and also the inability o f  synthetic fertilizers to 

supply a range o f  nutrients, or to improve the soil fertility.

Organic manuring also improves the physical and microbial conditions o f  soil 

and enhances fertilizer use efficiency when applied in conjunction with mineral 

fertilizers. Thus, all the major sources o f  plant nutrients such as soil, mineral, organic 

and biological should be utilized in an efficient and judicious manner for sustainable 

crop production in a rice cropping system.

This review focuses on the fete o f  various organics applied in a wetland rice 

system, their impact on soil fertility and crop productivity and also the possibility of 

an integrated nutrient management strategy.

2.1 M anuring in rice

Though no major expansion o f  area under lowland rain fed rice is being 

anticipated in the foreseeable future, total rice production must increase by 60 -  70 

percent by 2025 AD. It is estimated that rain fed lowland rice alone will have to
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contribute 25 -  30 per cent o f this increased production which will necessitate the 

development o f better production technology, including integrated nutrient 

management (Hossain and Fisher, 1995). In the wake o f  the present energy crisis and 

increased cost o f  fertilizers, it becomesnecessary to lay emphasis on the use of 

renewable environmental resources for sustainable development.

Increased prices and limited availability o f  fertilizers entails a search for 

alternative organic sources to supplement the nutrient requirements o f  crops including 

rice (Gaur, 1982). A combination o f  organic and inorganic nutrient sources is a 

necessary part o f any management strategy to sustain rice yield particularly in areas 

with limited resources (Kundu and De Datta, 1988).

In Kerala, the gap between demand and local production o f rice is widening 

primarily due to the continuous pace at which rice cultivated areas are giving way to 

urbanization. Problems o f  multi-nutrient deficiencies coupled with the fast declining 

grain yield response to NPK fertilizers applied alone, point to the fact that ecological 

recovery o f a soil can be achieved through a balanced use o f  organic manures and 

chemical fertilizers injudicious combination (Pillai and Kundu, 1990).

In sustained rice production, organic manuring plays an important role. The 

combination o f  organic manures and inorganic fertilizers is considered to be more 

productive. Liu and Shen (1992) observed that mixed application o f inorganic and 

organic fertilizer compared to no fertilizer or inorganic fertilizers not only increased 

soil organic matter content but also improved its quality. This resulted in an increase 

in acid hydrolysable N and improved soil structure.

The advantages o f using organic sources o f nutrients is that they can provide a 

wide range o f  nutrients, whereas, inorganic fertilizers only release a single 

nutrient.(eg. Urea N) or a few (eg. Compound NPK). In addition to the ability to
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combat multi nutrient deficiencies, organic sources also provide bulk matter that is 

important in the sustenance o f  soil organic matter (Dobermann and Fairhurst, 2000).

2.2 Green manuring and green leaf manuring

The use o f green manures to increase crop yields is an age-old practice. By as 

early as 500 BC, the importance o f green manuring had been recognized in India 

(Kadke, 1965).

Though, the use o f  green manures was an accepted practice in many countries 

other than India and citations in various ancient texts show that incorporation of 

plants or plant parts as a source o f  nutrients has a positive influence on the crop 

grown. Bin (1983) cited ancient Chinese literature viz., a 3000-year-old book o f  songs 

in which a reference to green manuring has been made as “Bitter vegetable and knot 

weed rot, broom com  millet and millet flourishes'’.

An evaluation o f the use o f green manures in the middle o f the 20*h century has 

been carried out (Raju, 1952) and the extensive surveys that were conducted by 

Vachhani and Murthy (1964) on about 100 leguminous green manure crops in India 

were some o f  the early records o f  activities worth to be considered. They 

recommended several suitable reasons for rice culture using organic manures among 

which Sesbania aculeata and Crotolaria juncea were found to be more acceptable to 

the formers o f  India.

The continuous application o f  manures can modify, in addition to supply of 

plant nutrients, the soil physical properties. Bulky organic manures in particular help 

in the improvement and maintenance o f  soil physical conditions (Biswas et at. , 1970). 

Also they were considered as an expedient to increase organic matter content o f soil 

(Singh, 1962).
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A survey o f  rice formers o f Sri Lanka showed that most farmers used green 

leaves and tender branches o f  selected plant species mainly because o f  their rapid 

decomposition and manurial value (Gunapala and Amarasiri, 1989).

Though in terms o f  nutrient value, green manures were on par with animal 

manures, they were never looked upon as a substitute for animal manures, rather a 

conjoint use o f  the two, to supplement nutrient requirements o f  different crops 

including rice was followed (Gaur, 1982).

Evans and Rotar (1987) reported that Sesbania sp. are well adapted for use as 

green manure because o f  their ability to withstand water logging and flooding and 

grow on fine textured soil and tolerate soil salinity.

Budhar el al., (1991) experimented with neem leaves as a source o f nutrients 

and observed that it was capable o f releasing nutrients in sufficient quantities to 

enable satisfactory growth o f  rice seedlings. Samad and Sahadevan (1952) and Raju 

(1952) listed a number o f  tree species and other plants used extensively as green 

manure in southern States with Neem and Gliricidia as important ones.

Gurung and Sherchan (1996) reported a  significant increase in grain yield of 

rice with green mauring using Sesbania aculeata. Sesbania aculeata grown as a sole 

crop and green manured to rice increased rice grain yield from 30-49 per cent. It was 

suggested that rice should be transplanted immediately after incorporation o f S. 

aculeata green manure in the field.

Leaves o f  Jack {Artocarpus integrifolius), Acacia (Acacia auriculiformis), 

Macaranga (Macaranga peltata) and Terminalia (Terminalia paniculata) were also 

used as potential green manures in rice to supply various nutrient sources.



s

2.3 Influence o f green manuring on productivity o f rice

Green manuring has a pronounced effect on the productivity o f  rice and 

application o f  Gliricidia gave grain yield o f  2.73 t /ha compared to control yield of 

1.49 t/ha (Bal et a l,  1993). In field trials with different doses o f  N and Gliricidia 

maculaia green manure, highest grain yield (5.21 t/ha) was obtained with 50 kg N + 8 

tonnes o f  Gliricidia maculata. However, similar yields were also obtained with 25 kg 

N + 8 tonnes o f  Gliricidia, 50 kg N + 6 tonnes o f  Gliricidia, 100 kg N or 10 tonnes 

Gliricidia / ha (Shinde, 1995).

Turkhede et a i,  (1996) observed that incorporation o f  Gliricidia leaves as a 

green manure at 5 t /ha at the time o f  transplanting significantly increased the grain 

and straw yields o f paddy. Incorporation of Gliricidia leaf foliage at the same site for 

five years recorded increase in grain and straw yield over control plot (Chaphale and 

Badole, 1999).

Dwivedi and Thakur (1999) reported that green manuring with prickly sesban 

or dhaincha gave significantly higher grain yield (47.7 and 40.4 q/ha). Among the 

various organic sources tried, in situ incorporation o f dhaincha gave remarkably 

increased grain (18 per cent) and straw (16 per cent) yields (Hemalatha et al., 2000).

When a 60 day old Dhaincha (Sesbania aculeata) crop was incorporated 10 

days before transplanting rice, highest grain yield (8.79 t/ha) was obtained when 

compared to the incorporation o f  a 40 day old and 50 day old Dhaincha crop. Highest 

rice grain yield (3.3t /ha) was produced by the application o f  S. aculeata alone while 

urea alone produced 3 .1 1 /ha in the second crop season in rice (Haroon et al., 1992).

Mohopatra and Jee (1993) reported that green manuring with Dhaincha alone 

gave yields o f  3.48 tonnes whereas, green manuring + 20kg N/ha top-dressed at 

panicle initiation gave 3.81 t/ha which was on par with 60 kg N/ha as prilled urea.
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Mehla et al. (1997) observed that manuring with green manures and farmyard 

manures increased mean grain yields to 6.89 and 6.74 t/ha as compared to 5.43 t/ha in 

control treatment. Sarmah (1997) showed that rice grain yield and P uptake were 

increased by application o f  green manure and phosphatic fertilizers. Phosphorus 

applied to green manure crops gave better rice yield response than when applied 

directly to rice crops.

Mahapatra and Sharma (1996) observed that yield o f rice was increased 

significantly and was on par with highest dose o f N (120 kg N/ha), with application 

o f  5-6 t/ha o f  green manures (S. cannabina, S. aculeata and S. rostrata). The yield 

increase was attributed to significant variations in number o f panicles/ m 2, 1000 

grain weight and N uptake o f  the crop. These yield attributes and rice yield had a 

significant correlation with wet soil N H / N, which was increased by green manuring 

with Sesbania rostrata.

Hiremath and Patel (1996) showed that incorporation o f  green manures sown 

early with higher sowing rates recorded highest grain yield o f  rice. Rice grain yield 

with incorporation o f  S. aculeata, sown in second crop season using 100kg seed/ha 

was comparable to application o f  100kg N.

Adopting low cost technology for green manuring with Sesbania (Dhaincha) 

raised the productivity o f lowland rice by nearly 1.0 tonne rice /ha (37per cent 

increase). Supplementing green manuring with moderate doses o f  20 kg N/ha (urea) 

at incorporation resulted in a further increase o f 0.5t rice /ha (Behera and Jha, 1997).

Rice yield significantly responded to green manuring whereas response of 

succeeding wheat crops to the residual effect was only marginal. Also manuring with 

dhaincha significantly improved productivity o f rice over some other sources (Thakur 

et al., 1999). Hemalatha et al. (1999) observed that grain quality o f  rice was greatest 

with Sesbania aculeata and 50per cent N + Azospirillum.
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Sharma and Ghosh (2000) suggested that direct seeded rice when intercropped 

with dhaincha is beneficial in substituting urea fertilizer up to 40 kg N ha'1 and 

augmenting crop productivity under flood prone lowland conditions. Khan et a i 

(2000) found that green manuring with Sesbania aculeata increased rice yields by 0.7 

t/ha.

Neem leaves were recommended as suitable manure for rice due to its nutrient 

value (Gunapala and Amarasiri, 1989). Budhar et a i (1991) observed that plant 

height and tiller number in plots into which neem leaves had been incorporated were 

comparable to the same from poultry manure incorporated plots.

2.4 Influence o f green manuring on soil fertility

Green manures have the capability to increase organic matter content and also 

physical properties o f  the soil (Singh, 1962). Green manuring benefitted the soil by 

mobilization o f  plant nutrients absorbed by the green manures and released during 

subsequent decomposition increased soil fertility (Paturde and Patankar, 1998).

The ability o f  green manures to improve soil physical properties and fertility 

was reported by Biswas et a i  (1970). The application o f  green manures at 22.5 per 

cent -  30 t/ha for five years increased the soil organic matter content by 7.3 per cent -  

33.6 per cent compared to control. Also it improved soil organic matter, increased 

active organic matter content, organic complex formation and total humus content by

17.4 per cent, 52.1 per cent and 6.1 per cent respectively (Chen and Wang, 1987).

Green manuring contributed about 60 kg N per ha to rice showed no residual 

effect on succeeding wheat crop but an increased uptake o f Zn, Fe and Mn was 

observed. Soil available P and K were either equal to or higher than initial values at



11

the end o f two year cropping sequence involving green manuring (Narang et al., 

1990).

It was observed by (Budhar el al., 1991) that post harvest soil N and K 

contents were highest after application o f  Sesbania and P content was highest on 

application o f Pongamia glabra. Plant uptake o f  N, P and K was generally increased 

by green manures andN  fertilizer application (Balasubramaniyam et al., 1993).

Nitrogen release from Sesbania and Gliricidia was roughly equal to 21.5 per 

cent and 32 per cent respectively, o f  that from urea, while agronomic efficiency of 

Sesbania and Gliricidia was found to be 42 per cent and 66 per cent respectively of 

that o f urea N. Green manures that attain peaks o f  their nitrogen release between 

fourth and fifth weeks after transplanting rice, were found to be the most productive 

and useful source o f  N for transplanted rice (Kundu et al .,1990).

Budhar et al., (1991) experimented with neem leaves as a source o f  nutrients 

and observed that it was capable o f  releasing nutrients in sufficient quantities to 

enable satisfactory growth o f rice seedlings.

The benefits o f  green manuring include increase in available plant nutrients 

and organic matter content, improvement in physical and biological properties o f  soil 

and an overall increase in crop production (Singh, 1962). Budhar et al., (1991) 

observed that P and K content o f  soil were higher in plots manured with Pongamia 

glabra, poultry manure and Sesbania rostrata.

Though the major effect is through N contribution, the favourable effects of 

organic matter addition and availability o f  other nutrients cannot be overlooked. 

Balasubramaniyam et al. (1993) reported that green manure treatments using 

Pongamia glabra or Crotolaria juncea @ 12.5 t/ha led to an increase in grain yield
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in two or three seasons. Also the plant uptake o f  N, P and K was increased by green 

manure and fertilizer N application.

Marinikumar et al. (1990) studied the effect o f  Pongamia leaf on soil 

microorganisms and showed that it had a positive influence on soil microbial 

population. Balasubramaniyam et al. (1993) used leaves o f  Pongamia glabra as a 

potential source o f  plant nutrients. . Also there was significant residual effect o f  green 

manure with regard to soil organic matter and total N (Gurung and Sherchan, 1996).

Joseph et al. (1991), Bal et al. (1993), Shinde (1995), Turkhede et al. (1996), 

Powar and Mehta (1997) and Chaphale el al. (2000) have all explored the possibility 

o f  using the leaves o f  Gliricidia maculata as a potential green leaf manure for rice.

In addition to this the use o f  neem (Azadirachta indica) leaves as green 

manure was investigated. It is reported that formers in South India puddle leaves into 

the field before transplanting as it serves as an efficient nutrient source.The 

decompostion o f Acacia leaves was studied in depth by Hegde (1995) and Konboon 

et al. (1998) and it was reported that long term addition brought about changes in soil 

carbon content.

Medhi and De Datta (1997) suggested that P uptake was improved with green 

manuring. The extent and rate o f P adsorption declined with P application and green 

manuring while cropping increased it. Phosphorus application and green manuring 

also resulted in decrease in adsorption maxima in all soil types.

The P content o f green manure crops and presence o f  crop are important 

factors worthy o f  consideration in P adsorption studies and better P management o f 

soil (Bahl et al., 1998).
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Green manuring with Sesbania aculeata under submerged conditions led to 

decrease in soil solution pH, pE and increase in CO2, partial pressure and Mn 

concentration (Sadana et al., 1990). Addition o f  plant residues enhanced the rate o f  P 

release in anoxic soil (Hundal et al., 1991). Manguiat et al. (1992) observed that 

available soil N was greatest with green manuring + N application and reached a 

maximum at 4 weeks after Sesbania incorporation.

Swarup (1991) reported that Sesbania aculeata green manure contributed 110 

kg N / ha. He also observed that over four years, rice and wheat grain yields were 

increased on an average by 1.48 and 0.66 t/ha respectively with green manuring.

Application o f green manure (Sesbania aculeata) to wet land rice increased 

the water table aggregates between 0.1 and 0.55 mm size by 62 per cent, reduced the 

soil bulk density and increased infiltration rate. After the crop, the soil water content 

in the 15-90 cm profile was higher in green-manured plots than in unmanured plots. 

Incorporation o f  green manure increased root density and grain yield and also 

improved the physical properties o f  soil under wetland rice (Boparai et al., 1992).

According to Watanabe and Ventura (1992), grain production per unit weight 

o f  absorbed N was lower with green manure than with urea. Residual effects were 

observed with green manure but not with urea.

Treatment with urea produced significantly higher N H / N throughout the 

period o f study (30 days) compared with control and treatments receiving Sesbania 

alone. In all treatments involving urea with or without Sesbania, NH4+ N released 

from Sesbania increased upto 7th day after fertilizer application and 40 day old 

Sesbania behaved similar to 60 day old Sesbania (Biswas and Goswami, 1995).

Sesbania green manuring enriched soil fertility by increasing organic matter 

level and P, K and S availability in soils (Pervin et al., 1995). Wet soil NH4* N 

increased by green manuring with Sesbania (Mahapatra and Sharma 1996).
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Mahapatra et al. (1997) observed that applications o f  80 kg N/ha as green 

manure a week before transplanting rice or substituting the basal dose o f 50per cent N 

through green manuring plus 50per cent through prilled urea gave highest yield, and 

maintained higher available N H / N in soil and decreased losses o f  N through 

leaching and volatilization.

Ahmed et al. (1998) reported that incorporation o f  urea or manures alone or in 

combination with urea resulted in significantly higher leaching loss o f  N than control. 

Amongst organic manures, FYM, S. aculeata and S. rostrata leaching loss did not 

differ significantly. The effect o f green manure (Sesbania) on Fe uptake was 

equivalent to application o f 10 ppm o f  Fe (Chahal et al., 1998).

Green manuring with Sesbania or incorporation o f  Moong bean residue 

resulted in recycling o f  77 -  113 kg N / ha and increased plant uptake o fN  by 12 -  35 

kg / ha (Sharma and Prasad 1999).

Abdul et al. (1999) reported that soil available N was greatest with sunnhemp 

followed by dhaincha and also P decreased the availability o f  N. Significantly higher 

NPK and protein contents were recorded with application o f  dha 'mcha green manure. 

Total nutrient uptake was significantly influenced with dhaincha green manure and 

higher fertilizer application (Dwivedi and Thakur, 1999).

Vendan and Rajeswari (1999) observed that incorporation o f  S. aculeata 

seeded at a higher seed rate and 100 kg inorganic N/ha increased post harvest soil 

total N, available N, available P and organic carbon content but there was a slight 

decrease in available K content.

Hemalatha et al. (2000) observed that organic manures like dhaincha, 

sunnhemp and FYM improved the yield, quality and soil fertility, with dhaincha
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incorporation resulting in pronounced increase o f organic carbon content, available 

soil N, P and K.

Chakraborty el al. (2001) observed that grain and straw yields, N uptake and 

P recovery o f  rice and agronomic efficiency o f  P o f  rice was highest when S. aculeata 

was incorporated followed by fertilizer application @ 30, 15, 15 kg N, P and K/ha as 

basal dose to rice.

Gliricidia foliage application over a period o f 5 years led to increase in 

organic carbon, total nitrogen, available N, P, K and water holding capacity and a 

reduction in bulk density in comparison to control (Chaphale et al., 2000).

2.5 Crop residues and animal wastes

In sustaining agricultural production, the role o f  crop residues like rice and 

wheat straw and animal wastes like cow dung and poultry manure, is o f immense 

importance. These unlike green manure or green leaf manures do not have to be 

grown specially rather they are easily available as by -  products.

Organic manures including animal manures, crop residues, green manures 

and composts were traditionally and preferentially used in developing countries until 

1960’s when inorganic chemical fertilizers began to gain popularity due to their easy 

availability less o f  bulk and thus easiness in transport handling and storage (Dahama, 

1996).

However, over four decades o f  inorganic fertilizer use has left the soil 

depleted and the environment polluted and now farmers are turning back to organic 

fanning practices. The use o f animal wastes and crop residues become as important 

if not more than, green manures as they are bulky organic manures and can supply
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large quantities o f  organic matter but small quantities o f  plant nutrients in comparison 

to inorganic fertilizers (Smaling ct al., 1997).

Farmyard manure o f good quality is perhaps the most valuable organic matter 

applied to a soil and is the most commonly used organic manure in most countries of 

the world. Poultry manure is rich in plant nutrients and the content o f  N, P and K is 

double than that in farmyard manure (Dobermann and Fairhurst, 2000).

Another easily available by * product that has the potential to  be organic 

manure in the rice forming tracts o f  the world is rice straw. It is the only organic 

material available in significant quantities to most rice formers (Dobermann and 

Fairhurst, 2002)

Though a substantial amount o f  the straw produced is used as fodder, the 

possibility o f  incorporating both fresh straw or composted straw or even ash obtained 

from straw burning has been explored and the advantages o f  each have been studied 

by Ponnamperuma (1984), Qi- Xiao (1984) and Verma and Bhagat (1992).

The benefits o f  rice straw addition are recycling o f  nutrients, improving re -  

oxidation o f  topsoil layer and increase in water holding capacity (Brandon et al. , 

1997).

2.6 Influence o f crop residues and animal wastes on productivity o f rice

Rice straw application in soils with high N levels did not become effective in 

improving the growth and yield o f  paddy till the fourth year whereas, in soils with 

tow N, application o f straw resulted in initial retardation o f  growth but was restored 

by the time the crop reach panicle initiation stage, however yield obtained was lesser 

than soil supplied with chemical fertilizer (Anzai el a l , 1989).
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Application o f  rice straw increased straw and grain yields o f  rice variety IR- 

36 (Yodkeaw and De Datta, 1989). Also the incorporation o f  rice straw increased rice 

yields in the no- P plots (Kwak et a/., 1990). Jha et al. (1992) reported high rice grain 

yield with fresh rice straw + green manure and with 60kg N in three split 

applications. Grain yield o f  the following wheat crop was also highest in plots where 

rice had been incorporated along with green manuring.

Stable rice growth and yields would be obtained if  rice straw is ploughed in 

during early autumn @ 60 kg to wet field and 100 kg to semi wet field, together with 

nitrogen basal dressings o f 0.3-0.4 and 0.5 kg respectively (Kubota, 1992). In an 

experiment involving the use o f organic manures in rice production, the highest grain 

yield was obtained by the use o f  poultry manure at 12.5 t / h a .  (Budhar et al., 1991),

Gupta et al. (1995) observed that highest rice yields were obtained with 

combined application o f poultry manure and P. In addition, the concentration o f 

phosphorus in rice tissue at different stages and P uptake at maturity increased with 

the application o f  P and, or manure.

Poultry manure did not perform better than urea in the first year of 

application, but by second and third years 120  kg and 180 kg as poultry manure 

produced significantly higher grain yields than the same rates as urea. Yields 

decreased with the use o f  urea, but poultry manure sustained the grain yields o f  rice 

(Singh et a l,  1996).

Farmyard manure (FYM) is the most widely used organic nutrient source in 

India and possibly the world over, the advantage being that it is readily available in 

sizeable quantities (Sharma and Mittra, 1991). Singh et al. (1996) reported that 

significantly higher grain and straw yields o f  rice and wheat were obtained with 

application o f  10 t/ha o f  farmyard manure.
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Rice grown with annual application o f  either 10 or 20 t FYM / ha gave 

average unpolished grain yield o f  3 .66 1 /  ha with 1 0 1 FYM and 3.53 t  with 2 0 1 FYM 

/ ha (Kobayashi et a l,  1989). Average yields o f rice over a period o f  20 years 

increased from 5.2 t with no FYM to 6.0 t with 2 0 1 FYM and 5.89 t with 30 t / ha o f 

FYM and in a similar trial rice yield o f  6.6 t  / ha was obtained with 40 t FYM / ha 

(Ohyama, 1989). Ikarashi et al. (1990) reported that plant height was the greatest with 

lower plant density and without FYM while leaf area index (LAI) was greater with 

FYM application.

Straw yields per plant and per $q m, were increased by FYM application, as 

was panicle straw ratio. The proportion o f  heavily diseased panicle was lower with 

FYM and higher plant density. Farm yard manure at 10 t /  ha without inorganic 

fertilizers produced 3.54 t o f  grains / ha and gave the highest value o f  input cost ratio 

(Hussain et al., 1991).Applying 10 t  o f  FYM at transplanting increased grain yield o f 

rice as much as applying 30 kg N /  ha (Sharma and Mittra, 1991).

Chandrakar et al. (1990) reported maximum rice grain yield with 5.3 t/ha 

sunnhemp + 40kg N/ha in 1987 and with 8t/ha FYM + 40kg N/ha in 1988. 

Application o f  80kg N/ha was on par with 40kg N/ha + 8t/ha FYM.

Application o f  FYM or wheat straw @ lOt/ha saved 50kg N/ha and gave 

maximum yield o f rice. The carry over effect o f  FYM on wheat also had the trend 

similar to rice. The benefit cost ratio was maximum with FYM @ lOt/ha + 100 kg 

N/ha treatment in wheat and FYM alone in case o f rice (Rajput and Warsi, 1992).

In tall indica rice cultivars, applications o f  cattle manure + NPK fertiliser and 

cattle manure + green manuring + NPK gave highest grain yield in the kharif and rabi 

season crops respectively (Anilakumar et al., 1993). Bal et al. (1993) reported that 

application o f  N fertilizer, green manure and FYM increased N content and uptake.
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Heavy application o f cattle manure increased the plant height, number of 

tillers and grains/panicle but decreased the 1000 grain weight and total yield (Jin el 

al., 1996). Green manuring with Sesbania aculeata or application o f 20 t FYM/ha 

gave the highest yields in both consecutive years (Misra et al. , 1996).

Raman et al. (1996) found that in the first year o f  a trial, yield was highest 

with inorganic fertilizers only. After two-three years, the combination o f organic and 

inorganic fertilizers gave similar yields to the inorganic treatments, while after 

another three-four years; the combined fertilizer treatments started giving higher yield 

than the inorganic sources. Farmyard manure was a more effective organic nutrient 

source than wheat straw and green manuring.

In trials with rice cultivars, Jaya and Bymellu and hybrid KRH-1, yields were 

highest with 5t FYM followed by lOt FYM (Reddy and Shivaraj, 1999).

2.7 Influence o f crop residues and animal wastes on soil fertility

Application o f rice straw increased the uptake o f  Fe and Mn at different stages 

o f  growth but pH and Eh values o f  the soil decreased rapidly with decreasing rice 

straw addition (Yodkeaw and De Datta, 1989).

Successive application o f  rice straw resulted in marginal increase in yields in 

second and third seasons and also increases in uptake o f  silicic acid and potassium 

were observed. The pH o f  the topsoil was lowered along with the amount of 

exchangeable calcium and magnesium, however there was a  gradual increase in the 

amount o f  exchangeable potassium. In the subsoil, the amounts o f exchangeable Ca 

and Mg and available silicic acid were increased. The amounts o f  total nitrogen and 

carbon in subsoil did not increase with application o f  rice straw in spite o f their 

increase in topsoil (Seki e ta l ,  1989).
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Luo and Huang (1990) reported that addition o f  large quantities o f rice straw 

reduced efficiency o f  applied N. Shiga et al. (1990) studied the uptake o f  N by rice 

from a gley paddy soil that had received continuous straw application for 10 years 

and calculated that the limit for continuous application o f  rice straw at an annual rate 

o f 5 t/ha, was 7 years.

Li (1991) suggested the adoption o f rice straw manuring to sustain better soil 

nutrient balance. The amounts o f  percolated total water-soluble organic carbon, 

hexose, Fe2+ and Mn2+ increased with increase in application level o f  rice straw 

(Kimura el a l,  1992). When 200 kg o f fresh rice straw was returned to the field and 

7.5 kg N / 670 m2 applied, yield o f rice increased while bulk density decreased from 

1.165 g / cm3 to 1.135 g / cm3 (Li, 1994).

Application o f pig manure, rice straw or urea increased soil porosity, the 

formation o f  large micro aggregates and organic matter and total N and C contents o f 

the soil. Application o f  rice straw alone decreased the proportion o f  humic acids in 

the extracted humus (Sen el al., 1994).

Drop in redox potential and Fe+2 suggested that the addition o f  straw hastened 

reduction o f  soil even under non-flooded conditions (Rath et al., 1999)

Under continuously flooded conditions, the growth o f  rice was vigorous 

without straw addition and there was a strong response o f  rice growth to addition o f P 

fertiliser. Straw addition enhanced P uptake by rice plants during loss o f soil-water 

saturation, but its beneficial effects could not be attributed to direct addition o f  P, N 

or K to the soil (Seng et al. 1999).

Lai et al. (2000) reported that the incorporation o f  organic manures including 

rice straw significantly increased the populations o f aerobic non-symbiotic nitrogen
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fixing, phosphate solubilising and sulphur oxidizing microorganisms. Incorporation 

o f  the wastes also significantly increased the pH and nutrient status o f  an acid soil.

Udayasoorian (1988) reported that continuous application o f  organic manure 

increased organic carbon content from 0.911 to 1.584 per cent. Among organic 

manures, FYM had a significant influence on organic carbon content (1.275 per cent) 

o f  surface soil followed by green leaf manure (Gliricidia), which gave 1.241 percent.

Manuring with cattle dung increased the soil organic matter, phosphorus and 

potassium contents and pH. It also had a residual effect on soil organic matter 

content for two years, three years for phosphorus and one year for potassium and 

three years for pH. It was recommended that cattle dung be applied every alternate 

year (Hernandez e ta i ,  1989).

Farmyard manure application increased the N uptake by rice (Ohyama, 1989). 

Farmyard manure increased total porosity, gravimetric wetness, volumetric water 

content and available water capacity (Rose 1991). Availability o f  N, P and K in soil 

was increased with previous application o f recommended NPK fertiliser + FYM 

(Selvi and Ramaswami, 1995).

In studies conducted in Bihar the application o f  farmyard manure was found 

to significantly bring down bulk density o f both surface and subsurface soils in 

comparison with the control. Also higher porosity o f  the subsurface soil was 

recorded due to the application o f  FYM. Root length density and dry matter added 

through root was significantly higher in FYM treated plots (Singh el al., 2000).

The levels o f  ammonium nitrogen in soils following application o f  FYM 

showed an increase throughout the growth period o f  the crop (Hideshima and 

Aikawa, 2001). Jeong et a l  (1996) observed that N content o f rice plants was higher 

and silicic acid content was lower in plant given with chicken manure.
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Singh el al. (1996) found that the apparent N recovery by rice decreased from 

45-28per cent on urea application but it remained the same for poultry manure. Also 

organic matter increased in the plots that were manured. A residual effect o f  poultry 

manure applied to rice to supply 120 or 180 kg N/ha was observed in wheat to the 

tune o f 40kg N/ha.

O’Halloran’s et al. (1997) discussed the possibility o f  using green and animal 

manure as a possible cheaper alternative to liming to correct soil acidity. The results 

showed that soil pH increased significantly from 4.92 in control plot to 5.32, six 

months after application o f  chicken manure. KC1 extractable aluminium decreased 

significantly from 0.38 -  0.2 mol/kg along with decrease in aluminium saturation by 

7.71per cent and significant increase in available phosphorus from 34.14 mg/kg in 

control treatment to 178.04 mg/kg.

2.8 Nutrient dynamics

2.8.1 Nitrogen

Nitrogen is the most important plant nutrient, being involved in the formation 

o f  proteins and also the chlorophyll content. A positive correlation between leaf N 

content and chlorophyll was observed by Mitsui and lshii (1938). Increased yield 

with application o f  N was possible upto 180 kg/ha (Singh and Om, 1993 and 

M onaparae/a., 1993).

Jacob (1994) and Musthafa and Potty (1996) found that response o f rice to N 

is limited below 70 kg/ha in laterite soils. Reduced NUE was attributed to increase 

in exchangeable Al and decrease in exchangeable cations (Patiram and Singh, 1993).

Nitrogen applied is taken up by plants or lost from soil/plant system by 

various mechanisms. Nitrogen can be lost by ammonia volatalization, denitrification, 

leaching, surface runoff, erosion and immobilization. (Simpson and Freney, 1974). 

Fertilized rice obtains 50-80per cent o f  its N requirement from the soil (Koyama, 

1971 and Broadbent, 1978).
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Mitsui (1954) estimated that in Japan rice recovers only 30-40 per cent of 

applied N. Yoshida and Padre (1975) reported that with straw addition, the total plant 

recovery o f added ammonium sulphate increased by 21 per cent due to initial 

immobilization and slow mineralization.

Yoshida and Padre (1977) observed that most o f the volatalization losses 

occurred in the first nine days after N application. Knowles (1982) concluded that 

factors controlling denitrification include oxygen, organic carbon, N oxides, pH, 

temperature and metabolic inhibitors

Takamura et a., (1977) reported 16.6 per cent loss o f  N due to runoff and 4.7 

per cent due to leaching, in Japan. Padmaja and Koshy (1978) found that 

approximately 70 per cent o f total applied N was lost when the field was drained on 

same day o f  N fertilization.

Immobilization is regulated by the amount and type o f  carbonaceous material 

in soil (Broadbent and Nakashima, 1965). Koyama (1975) reported that a fairly large 

portion o f  fertilizer, about 30 per cent o f basal N applied is immobilized even when 

no plant residue or compost are added. Smirnov (1977) reported 30 to 40 per cent 

immobilization o f added N in the soil organic matter from pot and field experiment 

with cereals.

2.8.2 Phosphorus

It is one o f  the three most important elements along with N and K. 

Phosphorus is associated with metabolic processes such as synthesis and breakdown 

o f  carbohydrates, fats and proteins (Anonymous, 1961). Majumdar(1973) found that 

recovery o f applied P was only 2 per cent. Mosi et al (1973) concluded that low land 

rice was not as likely to respond to addition o f  phosphatic fertilizers as upland rice.
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The availability o f  P is controlled by soil pH, soluble Fe, A1 and Mn, available 

Ca and Ca minerals, amount and decomposition o f  organic matter and the activity of 

microbes and the availability in acid soils is influenced by the soluble Fe, Mn, and Al 

which results in formation o f insoluble hydroxy precipitates (Brady, 1996).

Release o f  soil P in flooded soil may be attributed to reduction o f  ferric 

phosphate to the more soluble ferrous phosphate by organic anions (Shapiro, 1958). 

However, the beneficial effects o f flooding on phosphate availability depend on 

intensity o f reduction and the anion content o f  soil (Davide, 1960).

When organic residues low in P, but high in other nutrients are added to soil, 

rapid microbial activity takes place and available H2PO4 in soil solution temporarily 

disappears due to absorption o f  inorganic P ions and subsequent conversion to 

organic tissue, thus, immobilising it (Brady,1996). Alam and Azmi (1989), observed 

an increase in content o f  N, P, K, Cu, Mn, and Fe with P application and decreased 

Zn uptake.

2.8.3 Potassium

Potassium fixation in the soil occurs due to nature o f  colloids, wetting and 

drying o f  soil and also due to presence o f  excess lime. The major mechanism by 

which K is lost from the soil is by erosion (Brady, 1996).The requirement o f K by 

plant is high. Mikkelsen and Patrick (1968) indicated that 75 per cent o f  total amount 

o f  potassium is absorbed prior to the booting stage and no absorption takes place 

from grain forming to grain filling.

Dixit and Sharma (1993) observed a significant reduction in concentration o f 

Al, Fe and acidity o f  soil by addition o f  K. Mitra et al. (1990) evaluated effects of 

higher levels o f K on rice in iron toxic laterite soil and reported that Fe toxicity 

symptoms decreased with increased K application.
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3. Materials and Methods

A field experiment was carried out during the Kharif season o f the year 2000 

to assess the efficacy o f  various green leaves and organic manures in relation to 

nutrient accretion, rice growth and yield. In addition to the field experiment, an 

incubation study also was carried out at the College o f Horticulture to study the 

nitrogen mineralization pattern and changes in carbon nitrogen relations in soil. The 

details o f materials used and methods followed for the conduct o f  the experiments are 

presented in the following sections.

3.1 Experiment 1. Field Experiment

3.1.1 Location

The experiment was laid out at the Agricultural Research Station, Mannuthy, 

Thrissur District, under the Kerala Agricultural University, which is located at 12° 

32' N latitude and 74° 20’ E longitude. The site selected for the experiment is located 

at an altitude o f  22.5 m above MSL.

3.1.2 Soil

The soil o f  the experimental field was sandy clay loam in texture. The 

physical and chemical properties o f soil based on analysis carried out on composite 

samples collected from 0 -  30 cm before commencement o f  the experiments are 

presented in Table. 3.1.

3.1.3 Climate

The area enjoys tropical humid climate. The relevant meteorological data 

pertaining to the experiment site during the period o f  investigation are presented in 

Fig 3.1 and Appendix I.
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Table 3 .1  : Physico chemical characteristics o f the experimental field

Particular Value Procedure adopted

Mechanical Composition

Coarse sand ( % ) 

Fine sand (%)

Silt (%)

Clay (%)

27.1 

23.9 

22.8

26.2

Robinson’s International 
pipette method,
Piper ( 1950)

Texture Sandy clay loam

Physical constants o f the soil

Field capacity (0.3)

Permanent wilting point (15 bars)

21.82

9.34

Pressure plate apparatus, 
Richards (1954)

Bulk density g / cm3 

Particle density g / cm3

1.34

2.16

Core sampler method,

Black (1965)

Pycnometer method, 
Black (1965)

Chemical Composition

Organic carbon % 0.66
Modified Walkely- 
Black m ethod, 
Jackson (1973)

Available nitrogen ( kg / ha) 258.4
Alkaline permanganate 
method, Subbiah and 
Asija(1956)

Available phosphorus (kg / ha) 11.5
Ascorbic acid blue 
colour method, 
Watanabe and Olsen 
(1965)

Available potassium (kg /  ha) 94.8

Neutral normal 
ammonium acetate 
extractant -  flame 
photometry, Jackson 
(1973)

Soil reaction (pH) 5.5
1: 2.5 , so il: water 
suspension using pH 
meter, Jackson (1973)
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Fig. 3.1 Weekly weather data during the crop period
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3.2 Cropping history

The experimental site was a double - cropped paddy wetland in which a semi 

dry crop (May -  September) and wet crop (September -  December) are regularly 

cultivated. The land is usually left fallow during summer season.

3.3 Variety

The rice variety used in the experiment was Matta Triveni (PTB -  45), which 

is o f  100 -  105 days duration. It is a high yielding variety with red bold grains and 

is highly suited for conditions in Kerala (KAU, 1996).

3.4 Design and treatments

The experiment was laid out in a randomized block design with three 

replications and 16 treatments in each replication. The plot size allocated in each 

individual treatments was 5 x 4  m2. The layout plan is presented in Fig 3.2

The details o f treatments followed during the experiments are given below.

Tj Green leaf manuring with Neem (Azadirachta indica) + NFR*

T2 Green leaf manuring with Pongamia (Pongamia glabra) + NFR

T3 Green leaf manuring with Mango (Mangifera indica) + NFR

T4 Green leaf manuring with Jack (Artocarpus integrifolius) + NFR

T5 Green leaf manuring with Acacia (Acacia auriculiformis) +NFR

T6 Green leaf manuring with Gliricidia ( Gliricidia maculata) + NFR

T7 Green leaf manuring with Dhaincha ( Sesbania aculeata) +NFR

Tg Green leaf manuring with Terminalia (Terminalia paniculata) +NFR

T9 Green leaf manuring with Macaranga ( Macaranga peltata) + NFR

T 10 Incorporation o f  rice straw + NFR 

T11 Incorporation o f  Cow dung + NFR
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Fig. 3.2: Layout o f field experiment

Ti -  Neem leaf + NFR Tto
T2 -P ongam ialeaf+  NFR Tu
T3 -  Mango leaf + NFR T 12
T4 -  Jack leaf + NFR T,3
T5 -  Acacia leaf + NFR 
T6 -  Gliricidia leaf + NFR T,4
T7 -  Sesbania leaf + NFR T 15
Tg-  Terminalia leaf+ NFR 
T9-  Macarangaleaf + NFR T 16

-  Straw + NFR
-  Cowdung + NFR
-  Poultry manure + NFR
-  No organics

(Normal fertilizer recommendation)
-  Fertilizer equivalent o f organic source
-  50 % o f fertilizer equivalent o f organic 

source
-  Absolute control

►
 Z
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T 12 Incorporation o f  poultry manure + NFR

T u  No Organics (Normal fertilizer recommendation only)

T 14 Fertilizer equivalent o f organic source.

T is 50 per cent o f  the Fertilizer equivalent o f organic source

T i6 Absolute control

*  Normal fertilizer recommendation for short duration HYVs

Fertilizer equivalent o f  organic source (T u) was calculated based on the N, 

P and K content o f  pongamia leaf taking into account the relatively higher contents of 

particularly N and K. All the organic sources were applied at 5 t/ha on dry weight 

basis. Rice straw (Tio), cow dung (T u ) and poultry manure (T12) were sun dried to 

constant weight and applied. Green leaf manure treatments were applied taking into 

consideration the corresponding driage and fresh weight required, driage and major 

nutrients accreted are given in Table 3.2 Absolute control (Ti6) treatment received 

neither organic nor inorganic fertilizers.

3.5 Crop establishment

The soil was ploughed and puddled twice and individual plots were then 

established. Seedlings raised by wet nursery method using seeds from agricultural 

research Station, Mannuthy were used for the study. Twenty-three days old seedlings 

o f  uniform growth were transplanted at 15 x 10 cm spacing on 6th July, 2000 at the 

rate o f  two to three seedlings per hill.

The normal fertilizer recommendation for high yielding short duration 

varieties viz., 70:35:35 kg N, P and K per hectare was followed. Fertilizer materials 

used were Urea (46per cent N), Rajphos (20per cent P) and Muriate o f potash (60per 

cent K). Phosphorus was applied as a single dose at the time o f  final levelling o f  the 

plots. On the third day after transplanting (DAT) water was drained out and basal 

dose o f  fertilizer (half N and half K) was applied. The remaining half N and K was 

top dressed at 40 DAT.



Table 3.2: Fresh weight incorporated, driage and nutrients accreted from organics

Treatments Fresh weight (t / 
ha) Driage (%)

Nutrients accreted at 5 t/ ha
N (kg / ha) P (kg / ha) K (kg / ha)

Neem leaf 15.00 33.33 121 7.5 87.5

Pongamia leaf 14.38 34.78 154 8 90

Mango leaf 16.38 30.51 73 7 66.5

Jack leaf 14.87 33.61 98 6.5 95.5

Acacia leaf
14.06 35.55 50.5 5 82

Gliricidia leaf
17.50 28.57 145 8.5 110.5

Sesbania leaf
17.98 27.81 165 22.5 68.5

Terminalia leaf
15.66 31.93 85 20 81

Macaranga leaf 18.61 26.87 99 10.5 125

Straw
5.00 - 33 4 91.5

Cowdung 5.00 - 27.5 15.5 21

Poultry manure
5.00 - 105.5 35.5 40.5



32

Gap filling o f  missing or dead hills was done on the tenth day after 

transplanting. Water level was maintained at five to six cm o f  standing water in the 

field. Hand weeding o f the plots was done at 20 DAT.

Harvesting was done at 105 days after transplanting. Two rows towards the 

periphery o f each individual plot was harvested and removed first. An area o f  1 x 4 

m 2 next to border plants at one side o f the plot was kept as destructive sampling area. 

The individual plots were then harvested and threshed separately.

3.6 Details o f data collection

3.6.1 Soil Sampling

Initially soil samples were taken with the help o f a spade and a representative 

sub-sample was drawn from this. In the later stages o f  the crop, a soil auger was used 

to take samples from the field.

3.6.2 Plant sampling

In each plot, 3 stakes were driven and the four hills around each stake were 

maintained for data collection with respect to plant height and tiller number.

For laboratory studies, six hills were collected randomly from the destructive 

sampling area o f  each plot at 35 DAT, 70 DAT and at harvest. These samples were 

dried to constant weight, powdered and used for further chemical analysis.

3.6.3 Growth characters

a) Plant height: Plant height was measured from bottom o f  the tillers to the tip of 

the longest leaf at 25, 45, 70 DAT and at harvest.

b) Number o f tillers: The number o f tillers were counted at 25, 45, 70 DAT and at 

harvest and expressed as number o f  tillers per hill.
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c) Root and plant dry matter: The dry weight o f  the roots and shoots at different 

intervals were taken and used to estimate total dry matter production (t ha"1).

d) Cell sap pH and Chlorophyll content: The cell sap pH o f the plants were 

recorded at 30 DAT and 60 DAT and chlorophyll content (ijg/g) was estimated in 

terms o f chlorophyll a, chlorophyll b and total chlorophyll at 35 and 45 DAT. 

For both these analysis, fresh leaf samples were drawn from the field as per 

standard sampling procedure as and when required. Chlorophyll content o f  fresh 

leaf sample was determined at 35, and 45 DAT using acetone extraction method. 

(Yoshida et a i, 1972). The cell sap was analysed for pH by using a pH meter. 

A 1: 2.5-leaf sample: water suspension was utilized (Jackson, 1973).

3.7 Yield attributes:

a) Number o f  productive tillers per hill: The number o f  productive tillers o f 

twelve hills were counted from each individual plot at harvest and expressed as 

average number o f  tillers per hill.

b) Number o f spikelets per panicle: The total number o f  spikelets per panicle was 

obtained by counting the number o f spikelets in each panicle o f  the twelve 

observation hills and average was worked out.

c) Length o f  the panicle: Measured in cm from the base to the tip o f the panicle 

and was recorded as average length o f  the panicle.

d) Percentage o f  chaff: From the total number o f  grains per panicle, the number of 

chaffy grains were recorded and expressed on percentage basis.

e) Test weight: Thousand filled grains were collected randomly from samples 

taken from each plot and weight was recorded in grams.
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f) Yield o f  grain and straw: All hills in the net plot area were harvested and 

threshed and dried to constant weight and the grain and straw yields were 

calculated and expressed on dry weight basis.

3.8 Laboratory studies

3.8.1 Soil analysis

3.8.1.1 Physical properties

The soil samples were analysed for pH and Eh using portable pH and Eh 

meters before the experiment, 40 DAT, 70 DAT and at harvest. The bulk density 

o f the soil was determined by using a core sampler during the above stages. It 

was used to remove the soil samples, which were then weighed and kept for 

moisture determination from which bulk density was determined by dividing 

weight o f  soil by the volume occupied by it and expressed as g/cm3.

3.8.1.2 Chemical analysis

Organic Carbon

Organic carbon in the soil samples was determined using modified Walkely -  

Black method (Jackson 1973).

Available Nitrogen

One gram o f the sieved sample was used to determine available nitrogen by 

the method o f  Subbiah and Asija (1956).

Available Phosphorus and Potassium

Available phosphorus in soil was extracted by Bray No. I Extractant and the 

phosphorus content was then determined by ascorbic acid blue colour method 

(Watanabe and Olsen, 1965) using a Spectonic 20 spectrophotmeter. Available 

potassium was extracted by neutral normal ammonium acetate and read in flame 

photometer (Jackson, 1973).
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3.8.2 P lant analysis

Samples were dried to constant weight in a hot air oven at 70°C and then 

powdered and composite samples were used for analysis.

Kjeldahl digestion and distillation method (Jackson 1973) was used to 

determine the total N content in plant samples. For determination o f  P and K, a 

known quantity o f  the sample was digested in a mixture o f  nitric acid and perchloric 

acid in 9:4 proportions. The P content was determined colorimetrically by vanado- 

molybdate phosphoric yellow colour method and K was determined using a flame 

photometer (Jackson 1973).

Secondary nutrients such as Ca and Mg, micronutrients like Fe, Zn, Mn, Cm 

and Na. The di-acid extract used for analysis o f P and K was used for the estimation 

o f  these elements, which were determined using atomic absorption spectrophotometer 

(AAS) calibrated with suitable standards and read at recommended wavelengths.

3.8.3 Analysis of organics

Samples o f  all the green manures, green leaf manures, crop residue and 

animal wastes used in the experiment were taken and analysed for macro and 

micronutrients, organic carbon, lignin content and crude fibre. The composition o f the 

organic sources used are presented in Table 3.3 and Table3.4

Kjeldahl digestion and distillation method (Jackson 1973) was used to 

determine the total N content in plant samples. For determination o f P and K, a 

known quantity o f  the sample was digested in a mixture o f  nitric acid and perchloric 

acid in 9:4 proportions. The P content was determined colorimetrically by vanado 

molybdo phosphoric yellow colour method and K was determined using a flame 

photometer (Jackson 1973).



Table 3.3 : Concentrations of major, secondary and micro nutrients in organics

Treatments N % P % K % Ca
(mg /g)

Mg
(mg /g)

Cu Zn
(W  /g)

Fe
(mg /g)

Neem leaf 2.41 0.15 1.75 26.68 4.24 13.54 43.96 0.31

Pongamia leaf 3.08 0.16 1.80 16.84 3.55 9.67 31.52 0.19

Mango leaf 1.46 0.14 1.33 20.34 3.08 7.74 23.09 0.69

Jack leaf 1.96 0.13 1.91 18.01 3.11 7.84 20.42 0.24

Acacia leaf 1.01 0.10 1.64 16.01 2.31 5.80 17.76 0.13

Gliricidia leaf 2.90 0.17 2.21 12.34 5.86 9.67 18.20 0.16

Sesbania leaf 3.30 0.45 1.37 34.02 2.02 9.07 28.86 0.29

Terminalia leaf 1.70 0.40 1.62 26.31 4.13 10.03 19.21 0.29

Macarangd leaf 1.98 0.21 2.50 10.01 2.47 11.60 20.42 0.30

Straw 0.66 0.08 1.83 3.36 1.36 8.67 32.33 0.48

Cowdung 0.55 0.31 0.42 28.00 5.01 4.4 36.0 0.14

Poultry manure 2 .11 0.71 0.81 9.10 1.93 2.8 14.5 0.10



Table 3.4 : Organic carbon, lignin and fibre contents of source materials

Treatments
Organic 

Carbon (%) Lignin (%) Fibre % 
(NDF) C/N ratio Lignin / N ratio

Neem leaf 44.6 10.95 26.9 18.51 4.54

Pongamia leaf 49.1 10.06 22.2 15.94 3.27

Mango leaf 37.8 18.46 34.4 25.89 12.64

Jack leaf 38.9 17.88 32.8 19.84 9.12

Acacia leaf 40.8 19.24 39.6 40.39 19.05

Gliricidia leaf 40.7 8.16 22.3 14.03 2.81

Sesbania leaf 48.6 8.94 22.4 14.72 2.70

Terminalia leaf 41.2 14.64 24.8 24.23 8.61

Macaranga leaf 41.5 13.61 30.9 20.96 6.87

Straw 36.7 18.73 40.4 55.60 28.38

Cowdung 22.3 5.61 13.6 14.39 3.62

Poultry Manure 33.8 2.04 8.4 16.02 0.97
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Secondary nutrients such as Ca and Mg, micronutrients such as, Fe, Zn, Mn. 

Cu, and Na, were determined using atomic absorption spectrophotometer (AAS) 

following the same methods used for plant sample analysis.

Lignin content was estimated by spectrophotometric method using acetyl 

bromide (Hatfield, 2001) and crude fibre was estimated following the method 

described by Maynard (1970). Organic carbon content o f  the organic sources was 

estimated using the method suggested by el Wakeel and Riley (1956). The C: N and 

lignin: N ratios were also worked out and are presented in Table 3.4

3.9 Experiment 2. Incubation study

An incubation study using the same treatments as in the field experiment was 

conducted to understand the degradation and decomposition o f  the various organic 

and inorganic sources and establish the mineralization patterns o f major nutrients, 

especially nitrogen at 5 t/ha on dry weight basis. The incubation was carried out at 

saturated moisture status. The study was conducted for duration o f  100 days.

The physico-chemical characters o f  the soil used are given in Table 3. 1. 

Hundred grams o f  the soil was placed in glass conical flasks and corresponding 

amount o f  organic and inorganic fertilizer as in Experiment 1 were applied to the soil 

and maintained at saturated moisture status. Thirty six replications were kept for each 

treatment and three replications were drawn at five day intervals up to 40 days and 

later at 15 days intervals and analysed for organic carbon by modified Walkley - 

Black method (Jackson, 1973), extractable NH44 and N03'(Bremner, 1965), available 

phosphorus by ascorbic acid blue colour method (Watanabe and Olsen, 1965) and 

available potassium by extracting with neutral normal ammonium acetate and read on 

flame photometer (Jackson, 1973). The pH o f  the soil was determined using a 

portable pH meter.

3.10 Statistical analysis

The statistical analyses were done using the MSTAT-C package developed by 

Harvard University.



RESULTS
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4. Results

4.1 Soil characteristics

4.1.1 Soil pH, Eh and Bulk Density

Soil pH, Eh and bulk density were determined to evaluate the effect o f organic 

amendments on degree o f acidity, state o f  oxidation or reduction and density o f the 

soil. Mobility o f  the nutrients is highly dependent on the pH and Eh o f  the soils. The 

results are summarized in Table 4.1.

At 40 DAT pH values, varied between 5.1 and 5.7, in FE treated and 

pongamia leaf treated plots, respectively. Macaranga leaf treated plots recorded 

highest pH o f  5.6 whereas, the lowest value o f 5.1 was observed for the plots treated 

with jack and sesbania leaves, at 70 DAT. At harvest stage, highest pH o f 5.7 was 

recorded in the control plot, whereas, the lowest pH o f  5.1 was observed in the plot 

treated with sesbania leaves.

Soil Eh is indicative o f  the stage o f  oxidation or reduction o f  the soil at a 

particular point o f  time. Variations were observed in the soil Eh values ranging from 

82 mv to 123 mv at 40 DAT. Plots treated with cowdung showed lowest values o f Eh 

whereas, control plot maintained highest values as compared to other plots. The Eh 

values further dropped to 29 mv and 66 mv, respectively, at harvest.

At 40 DAT, the bulk density was highest in poultry manure treated plots (1.35 

g/cm3) while the least value o f  1.32 g/cm3 was recorded for plots treated with 

pongamia, gliricidia and cowdung. At 70 DAT, the maximum value was obtained 

from control plots (1.35 g/cm3) while the least value o f  1.31 g/cm3 was obtained from 

plots treated with cowdung, sesbania and gliricidia leaves. At harvest, the highest 

value was obtained in control plots (1.35 g/cm3) while the lowest value was recorded 

in plots treated with cowdung and pongamia leaves (1.30 g/cm3).



Table 4.1 : Effect of treatments on soil pH, Eh (mv) and bulk density

Treatments
pH Eh (mv) Bulk density (g / cm3)

40 DAT 70 DAT Harvest 40 DAT Harvest 40 DAT 70 DAT Harvest

Neem leaf 5.5 b 5.4 * 5 .6ab 110  de 4 6 ' 1.33 a 1.33 a 1.31a

Pongamia leaf 5.1 d 5.2 * 5.5 * 117* 5 4 * 1.32 a 1.32* 1.30a

Mango leaf 5.3 c 5.3 cd 5.3 d6 1 1 2  d 49 b 1.34a 1.34* 1.33 a

Jack leaf 5.2 ^ 5 .1 e 5.4 115 c 55 d 1.33 ‘ 1.33 * 1.32"

Acacia leaf 5.5 b 5.5 ab 5.3 d6 115 c 52 1.34* 1.33 “ 1.33“

Gliricidia leaf 5 .6 “b 5 .2 * 5.6 ab 1 1 0 de 5 1 f8 1.32 a 1.31a 1.31a

Sesbania leaf 5.3 c 5 .1 e 5 .1 f 108 ^ 49 gh 1.33 a 1.31a 1.31a

Terminalia leaf 5.6 ab 5.5 “h 5.3 d6 119 b 49 gh 1.34 a 1.32* 1.32“

Macaranga leaf 5.5 b 5 .6 a 5.2 102 B 5 1 fB 1.34* 1.32* 1.31 “

Straw 5.2 5.3 ^ 5.3 dc 1 1 1 d 5 3 " 1.34“ 1.33" 1.33“

Cowdung 5.2 cd 5.3 ^ 5.4 “■ 82 29 k 1.32“ 1.31a 1.30a

Poultry manure 5.3 c 5.4 * 5.3 de 91 h 3 4 J 1.35 a 1.34“ 1.34“

No Organics 5.3 c 5.3 * 5.4 cd 119b 53 1.34 a 1.33 * 1.33 a

Fertilizer equivalent (FE) 5 .7 “ 5.2 de 5 .6 ab 106f 60 b 1.34* 1.34* 1.33“

50 % FE 5.5 b 5.4 1,0 5.2 102 s 57 1.3411 1.33" 1.33“

Control 5.6 ab 5.5 ab 5.7 a 123 a 66 a 1.34a 1.35 * 1.35“

Before the experiment 5.5 51 1.34
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4.1.2 Organic carbon content in soils

Concentrations o f  organic carbon in soil at different stages o f the study are 

presented in Table 4.2. No significant difference in the soil organic carbon content 

was observed at 35 DAT, 70 DAT and harvest. However, in all the treatments where 

organics and inorganics were added there was an increasing trend in organic carbon 

content but in the absolute control plots it was reduced or maintained with time. 

Among the different organics, cowdung showed a notable increasing trend in organic 

carbon content.

4.1.3 Available N content o f soil

The values o f  available N content in the soils at different stages o f the crop 

are given in Table 4.3. The highest value o f  available N was obtained from FE treated 

plots (288.1 kg/ha), whereas, the least was recorded from straw incorporated plot 

(238.1 kg/ha), at 35 DAT. At 70 DAT the highest value was obtained for FE with

260.4 k g /h a  with the minimum value o f 230.6 k g /h a  reported from control plot. At 

harvest too, the highest concentration o f  available N was recorded from FE treated 

plots (245.9 kg/ha) whereas, the least concentration was observed from control plot 

211.9 k g /h a .

The difference in available N contents at different stages was worked out and 

between 35 DAT and 70 DAT, the maximum difference was noticed in sesbania 

treatment (30.4 kg/ ha), with cow dung (29.5 kg/ ha), gliricidia (29.2 kg/ ha) and 50 

per cent FE (29.1 kg / ha) being on par. The least difference was observed in straw 

treatment (1 kg/ ha) with mango, jack and acacia also being comparatively less.

4.1.4 Available P  content of soil

The details o f  the observations made are presented in Table 4.4. At 35 DAT, 

the highest content o f available P was recorded in poultry manure incorporated plots 

(15.82 kg/ha) while the least content was recorded from control plot (11.17 kg/ha).
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Table 4.2 : Effect o f treatments on organic carbon content (%)

Treatments 35 DAT 70 DAT Harvest

Neem leaf 0.67 a 0.69 3 0.70 3

Pongamia leaf 0.68 a 0.68 3 0 .703

Mango leaf 0.66 a 0.67 3 0 .673

Jack leaf 0.67 a 0.67 3 0.68 3

Acacia leaf 0.66 3 0.68 3 0.69 3

Gliricidia leaf 0.68 a 0.69 3 0.69 3

Sesbania leaf 0.67 a 0.68 3 0.68 3

Terminalia leaf 0.6 6 a 0.67 3 0.67 3

Macaranga leaf 0.67 a 0.68 3 0.68 3

Straw 0.66 a 0.67 3 0.67 3

Cowdung 0.69 a 0.71 3 0.72 3

Poultry manure 0.66 3 0.68 3 0.68 3

No Organics 0.66 3 0.67 3 0.67 3

Fertilizer equivalerrt(FE) 0 .6 7 a 0.67 3 0.68 3

50 % FE 0.66 3 0.66 3 0.67 3

Control 0.65 a 0.6 6 3 0.66 3

* initial value o f  organic carbon was 0.66 %



Table 4.3 : Effect of treatments on available N content (kg / ha) of soil

Treatments 35 DAT 70 DAT Harvest
Differences in available N content at

35 -  70 DAT
70 DAT- 
Harvest

35 DAT - 
Harvest

Neem leaf 261.6* 249.0 * * 229.4 fgh 12.6 8 19 .6“ 32.2 ef

Pongamia leaf 272.5 c 253.2 b 239.5 b 19.3 e 13.7 8 33.0 rf

Mango leaf 253.9 8 248.9 * * 232.3 de 5.0' 16.6 d 2 1 .6 h

Jack leaf 258.2 f 252.5 * 234.8 c 5.7 bl 17.7* 23.4 h

Acacia leaf 248.1 h 241.2 ^ 2 3 1 .3 " 6.9 h 9.9 b 16.8'

Gliricidia leaf 279.3 b 250.1 tad 230.9 def 29 2 ab 19.2 a 48.4 a

Sesbania leaf 273.2c 242.8 efgh 227.6 ** 30 .4a 15.2 rf 45.6 b

Terminalia leaf 256.4 fg 243.9 ^ 229.3 f8h 12.5 8 14.6 fg 27.1 8

Macaranga leaf 259.0 241.6** 227.5 hi 17.4 f 14.1 8 31.5 f

Straw 238.1j 237.1 h 220.3J 1.0 j 16.8 ^ 17.8'

Cowdung 271.7 c 242.2 fBh 226.31 29.5 a 15 .9* 45.4 b

Poultry manure 273.7 c 246. 8 232.8 ^ 26.9 c 14.0 s 4 0 .9 c

No Organics 265.3 d 240.7fBh 230.4 ef 24.6 d 10.3 b 34 .9 6

Fertilizer equivalent (FE) 288.1 a 260.4 a 245.9 fl 2 7 .7 * 14.5 ^ 42.2 c

50 % FE 267.4 d 238.3 * 229.8 fs 2 9 .1 ab 8.5 ' 37.6 d

Control 243.7 ! 230.6 1 211.9 k 13.1 8 18.7 ab 31.8 r



Table 4.4 : Effect of treatments on available P content (kg / ha) in soil

Treatments 35 DAT 70 DAT Harvest
Differences in available P content at

35 DAT -70 
DAT

70 DAT - 
Harvest

35 DAT - 
harvest

Neem leaf 12.86 116 12.05 * 11.33 ^ 0.81 d 0.72 c 1.53 f
Pongamia leaf 12.92de 12.36c 11.48 def 0.56 e 0.88 b 1.44 8
Mango leaf 12.08** 12.15** 11.43®* - 0.07 8 0.72 c 0.65 1

Jack leaf 12.15®* 12.21 *" 11.65 cd - 0.06 8 0.56 d 0.50 m
Acacia leaf 11.63* 12.07 ^ 11.26 ^ - 0.44 h 0.81 ** 0.37 n
Gliricidia leaf 14.33 * 12.58 b 11.83c 1.75 b 0.75 c 1.00 1
Sesbania leaf 14.86 Bb 12.69 b 12.09 b 2.17" 0.60 d 2.77 b
Terminalia leaf 13.72 ^ 12.22  * 11.83 c 1.5® 0.39 e 1.89 d
Macaranga leaf 12.38 11.93 rf 11.59 de 0.45 0.34 0.79 k
Straw 11.58* 11.73 * 1 1 .2 1 bi -0 .15  8 0.52 d 0.37"
Cowdung 13.03 de 12.65 b 12.39 8 0.38 r 0 .26 f 0 .6 4 ’
Poultry manure 15.82 11 13.53 a 12.45 8 2.29 8 1.08“ 3 .37 8

No Organics 14.98 ab 13.37 a 12.30 a 1.61bc 1.07 8 2.68 c
Fertilizer equivalent (FE) 13.01 de 12.13 cde 11.36fgh 0.88 d 0.77 c 1.65*
50 % FE 12.35 ef 11.60 s 11.08 ' 0.75 d 0.52 d 1.27 h
Control 11.17 8 10.79 h 10.26j 0.38 f 0.53 d 0 .91J
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The poultry manure treated plots recorded the highest concentration of 

available P o f 13.53 kg/ha and 12.45 kg/ha whereas; the least concentration of 

available P at stages o f  75 DAT and harvest respectively was recorded from control 

plot (10.79 kg/ha and 10.26 kg/ha).

The difference in levels o f  available P at different stages was worked out. 

Between 35 and 70 DAT it was observed that values ranged from 2.29 kg / ha in 

poultry manure to -  0.44 kg / ha in acacia. Mango, jack and straw treatments also 

gave negative values which, suggest a higher level o f  P in soil at 70 DAT than at 35 

DAT. Between 70 DAT and harvest, however, no negative values were recorded. The 

maximum difference was observed in poultry manure (1.08 kg / ha) with no organics 

(1.07 kg / ha), being on par. The least difference was observed in cow dung with 0.26 

kg / ha.

4.1.5 Available K  content o f soil

Concentrations o f  available K in soil at different stages o f  crop growth are 

presented in Table 4.5. The highest amount was observed in plot received with FE 

treatment (117.7 kg/ha), while least amount was noticed in control plot (93.81 kg/ha) 

at 35 DAT. At 70 DAT also the highest concentration o f  K was observed for the plot 

treated with FE (109.27 kg /  ha), while the least was noticed in case o f  control plot 

(91.3 kg / ha). Highest value was observed for macaranga leaf treated plot 

(96.01kg/ha), while least value was recorded for control plot (89.76 kg/ha) at harvest 

stage.

The difference in levels o f  available K at the various stages was calculated. 

Between 35 DAT and 70 DAT, the maximum difference was in case o f  pongamia 

treatment (18.27 kg / ha), whereas a difference o f -  3.85 k g /h a  was observed in case 

o f straw, indicating higher available K. content in the soil at 70 DAT. Between 70 

DAT and harvest, maximum difference was in case o f FE treatment (14.2 kg / ha) 

with 50 per cent FE (12.25 kg / ha) and straw (9.94 kg / ha) being on par. The least 

difference was observed in control plot (1.54 kg / ha).



Table 4.5 : Effect of treatments on available K content (kg / ha) of soil

Treatments 35 DAT 70 DAT Harvest
Differences in available K content at

35 D A T- 7 0  
DAT

70 DAT - 
Harvest

35 DAT - 
Harvest

Neem leaf 111  .86 d 98.21 8 92.19 fEh 13-65 h® 6.02 e 19.67 ab
Pongamia leaf 115.15 b 96.88 h 92.33fgh 18.27“ 4.55 c 22.82 a
Mango leaf 100.87 s 95.55 ' 91.35 f8h 5 .3 2 * 4.2 cd 9.52 fB
Jack leaf 99.82 8 95.62 1 91.49 h 4.20 hi 4.13 cd 8.33 f8h
Acacia leaf 96.81 h 94.78' 90.37 j 2.03 1 4.41 “* 6.44 81,1
Gliricidia leaf 114.52 ^ 103.46 c 94.71 11.06 d 8.75 b 19.81ab
Sesbania leaf 106.61 98.63 f8 93.59 * 7.98 ef 5.04 c 13.02 *
Terminalia leaf 108.01 e 98.21 8 92.75 ^ 9.8 de 5 .46c 15.26 cd
Macaranga leaf 106.9 99.48 96 .01a 7.42 fe 3.47 * 10.89
Straw 98.56 * 102.41d 92 .47fB - 3.85 * 9.94 ab 6.09 hi
Cowdung 113.89 ^ 98.64 * 94.62 * 15.25 b 4.02 * 19.27 b
Poultry manure 112.14* 100.24 e 94.01 11.90 ed 6.23 c 18.13 *
No Organics 104.79f 96.74 h 9 1 .7 * 8.05 rf 5.04 c 13.09 **
Fertilizer equivalent (FE) 117.7 a 109.27 a 95.07 b 8.43 ef 14.2 abz 22.63 a
50 % FE 108.01 e 104.51 b 92.26 f8h 3.50 hi 12.25 ab 15.75 06
Control 93.81 1 91.3 j 89.76 j 2.51 1 1.54 d 4.05 1
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4.2 Plant characters

4.2.1 Physiological characters

4.2.1.1 Chlorophyll content

Chlorophyll concentrations recorded during various stages o f growth of 

plants and the ratios o f chlorophyll a  to chlorophyll b are presented in Table 4.6. 

At 35 DAT chlorophyll a content o f all the treatments were on par with pongamia 

leaf treatment (2.45 pg/g) whereas, plots treated with jack leaf showed highest 

amounts o f chlorophyll b (1.04 pg/g). Plots amended with acacia and sesbania 

leaf showed least amount o f chlorophyll b. with both being on par.

In case o f total chlorophyll, plots treated with pongamia leaf (3.33 pg/g) 

showed the higtest concentration, whereas, control plots and plots amended with 

poultry manure and acacia leaves were on par with sesbania treated plots (3.07 

Pg/g)-

At 45 DAT plots receiving 50 per cent FE treatment showed highest 

amount o f chlorophyll a  (2.49 pg/g) whereas, gliricidia leaf treatment gave lowest 

amounts o f chlorophyll a  (2.20 pg/g). In case o f chlorophyll b, all treatments were 

on par. Total chlorophyll content was highest in case of 50 per cent FF. (3.35 

pg/g) and least in control(3.11 pg/g).

4.2.1.2 CeU Sap pH

The variations in cell sap pH are presented in Table 4.7. The analysis 

done at 30 DAT showed no significant difference among the treatments with 

respect to the cell sap pH as all were on par with the value ranging between 6.63 

and 6.83.

In observations carried out at 60 DAT, plants receiving mango leaf 

treatment showed highest cell sap pH o f  6.67 while plot treated with straw and 

jack leaf along with control showed values as low as 6.47.



Table 4.6 : Effect of treatments on chlorophyll content (pg/g) of rice plants at different stages of growth

Treatments 35 DAT 45DAT Chi a :  C hib
C hU Chi .6 Total Chi .a Chi .b Total 35 DAT 45DAT

Neem leaf 2.33 * 0.90 flb 3 .12ab 2.36 8bc 0.90* 3.15 2.59 2.62

Pongamia leaf 2 .45a 1.028 3.33 8 2.36 abc 1.03 a 3 .29abc 2.40 2.29
Mango leaf 2.35 a 0 .97ab 3 .21ab 2.33 abcd 1.02 8 3.23 abcd 2.42 2.28
Jack leaf 2.37 a 1.04 8 3.30 8b 2 .42abc 1.018 3.33 8b 2.28 2.40
Acacia leaf 2.40 8 0.80 b 3.10 b 2.38 abc 0.86 s 3.15 bcd 3.00 2.77

Gliricidia leaf 2 .34a 0.94 ab 3.18 ab 2.20 d 1.028 3.22 abcd 2.49 2.16

Sesbania leaf 2.37 a 0.82 b 3.07 b 2 .41 flbc 0 .918 3 .218bcd 2.89 2.65
Terminalia leaf 2.35 a 0 .90ab 3.14 ab 2.38 abc 0 .88“ 3.15 bcd 2.61 2.70

Macaranga leaf 2.35 a 0.94 ab 3 .19ab 2.43 abc 0.89 s 3.23 w 2.50 2.73

Straw 2 .41a 0.94 ab 3 .24ab 2.42 abe 0 .91“ 3.28 *** 2.56 2.66
Cowdung 2.38 a 0 .87ab 3.14 ab 2.40 abc 0.93 8 3 .21abcd 2.74 2.58

Poultry manure 2 .34a 0.87 ab 3.10b 2.29 01 0.96 s 3 .14cd 2.69 2.38

No Organics 2.35 a 0.92 * 3 .17ab 2.47 ab 0.94 s 3.30 8bc 2.55 2.63
FE 2.38 8 0.90 811 3.18 ab 2.44 abc 0 .918 3 .24sbed 2.64 2.68
50 % FE 2.44 8 0 .86ab 3.19 flb 2.49 8 0.95 s 3.35 8 2.84 2.62

Control 2 .37a 0.84 ab 3.10 ab 2.31 M 0.88 8 3.11 d 2.82 2.63
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Table 4.7 : Effect of treatments on cell sap pH of rice plant.

Treatments 30 DAT 60 DAT

Neem leaf 6.63 3 6.57 ab

Pongamia leaf 6.73 3 6.57 3b

Mango leaf 6.73 3 6.67 3

Jack leaf 6.70 3 6.47 b

Acacia leaf 6.63 3 6.53 ab

Gliricidia leaf 6.63 3 6.53 3b

Sesbania leal 6.67 3 6.63 3

Terminalia leaf 6.70 3 6.57 3b

Macaranga leaf 6.73 3 6.53 ab

Straw 6.67 3 6.47 b

Cowdung 6.67 3 6.63 3

Poultry manure 6.63 3 6.63 3

No Organics 6.83 3 6.63 3

Fertilizer equivalent (FE) 6.83 3 6.57 3b

50 % FE 6.80 3 6.57 341

Control 6.67 3 6.47 b
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4 .3  Crop growth characters

Crop growth characteristics such as height o f tillers, number o f tillers, 

weight o f roots, plant dry matter and total plant weight were determined at 

different intervals and are presented in Tables 4.8 and 4.9.

4.3.1 Height o f plants

Application of different treatments showed significant influence on height 

o f tillers at different stages o f growth o f the crop. At 25 DAT height o f tillers was 

maximum (47 cm) in plots which received poultry manure treatment.

Plots treated with neem leaf were next best followed by plots treated with 

acacia and terminalia leaves. Plots treated with mango leaf, straw, no organics 

and fertilizer equivalent o f organic sources (FE), were on par but the height of 

tillers was less than that o f terminalia leaf treated plots. Cowdung and 50 per cent 

FK were still lesser and on par whereas, the tiller height was least (34.03 cm) in 

control plot.

At 45 DAT height o f tillers in plots amended with poultry manure was still 

highest (63.27 cm) with jack, macaranga and pongamia leaf amendments being on 

par. Gliricidia, sesbania and terminalia leaf treated plots were next best 

treatments while height o f tillers was least in control plot (47.76 cm).

At 70 DAT, poultry manure was still the best treatment recording 87.0cm 

tiller height with jack, pongamia, neem, macaranga and FE treatments being on 

par. All other treatments except mango leaf cowdung and control plots were on 

par and were the next best. Mango leaf treatment was marginally better than the 

cowdung treatment while control plots recorded the least tiller height o f69.23 cm.



Table 4.8: Effect of treatments on plant height (cm) and tiller number

Treatments
Height of tillers (cm) Number of tillers

25 DAT 45 DAT 70 DAT 25 DAT 45 DAT 70 DAT

Neem leaf 43 .70abc 53.03 cde 81.00ab 6 .3 0 * * 7.80 * d 5 .66*
Pongamia leaf 45.53 ab 58.93 8* 81.80 ab 7.63 abc -j 93 abc 6 .2 6 *
Mango leaf 39.23 * 54.66 72.86 cde 6.10 ede 7.06 ^ 5 .50*
Jack leaf 44.93 abc 61.73 * 86.96 8 7.03 8bcde 8.83 ab 6 .4 6 *
Acacia leaf 42.20 * d 54.70 * 74.96 * de 6.86 a* d 7.50 M 6 .3 6 *
Gliricidia leaf 44 .40abe 56.16 ^ 78.56 * 7 16 abed 8 .00abc 6 .3 3 *
Sesbania leaf 44.63 a* 57.20 * 76.26 ^ 7.73 ^ 8 .10 abc 6 .3 6 *
Terminalia leaf 40.90 cde 56.36 bcd 78.00 ^ 6.63 abcde 7.20 cd 5 .9 0 *
Macaranga leaf 44.00 abc 57.53 a* 79.56 abc 7 .30abc 7.50 *** 6.66 *
Straw 38.36 46 53.03 ^ 74.66 * de 5.50 e 7.13 1x1 6.26 *
Cowdung 37.73 50.66 * 70.56 * 5.56 de 6.26 * 5 .8 0 *
Poultry manure 47.00 8 63.26 8 87.00a 8.23 8 8 .80ab 6.83 a*
No Organics 38.20 de 52.76tde 73 bcde 6.20* * 7.00 ed 5.43 c
Fertilizer equivalent (FE) 38.86 de 54.50 * 79.53 a* 6 .70abcde 9.36 a 8 .26a
50 % FE 37.50 53.06cde 76.43 bcde 6.03 ** 7.16 cd 7.13 ab
Control 34.03 f 47.76 e 69.23 e 6.10 cde 5.30 e 5 .53*

C / i

- J
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o
t \ J
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Table 4.9 : Effect of treatments on weight of roots, plant dry matter and 
total plant weight at 35 DAT

Treatments
35 DAT

Plant dry 
matter (t/ha) Root (t/ha) Total dry 

matter (t/ha)
Neemleaf 3.60 b 0.51 * f 4.11 *
Pongamia leaf 3.49 b 0.57 d 4.06 *
Mango leaf 3.19 6 0.53* 3.72 de
Jack leaf 2.98* 0.43 & 3.41 fBh
Acacia leaf 3.11 cd 0.49efg 3.61 cf
Gliricidia leaf 3.45 b 0.82 a 4.27 ab
Sesbania leaf 3.81 a 0.65c 4.46 a
Terminalia leaf 2.81ef 0 .54* 3.35 ^
Macaranga leaf 3.47 b 0.66 c 4.13*
Straw 2.62 8 0.38 h 2.99 1
Cowdung 2.82 0.45 ^ 3.27 h
Poultry manure 3.19° 0.75 b 3.9464

No Organics 2.70 fe 0.51 * f 3.21 “
Fertilizer equivalent (FE) 3.18 c 0.48 efg 3.66 e
50 % FE 3.00 d 0.52 dcf 3.52 efB
Control 2.22 h 0.45 fgh 2.671
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4.3.2 Number of tillers

At 25 DAT poultry manure amended plots recorded maximum number of 

8.23 tillers per hill while mango leaf and 50 per cent FE treated plots fared poorly 

with 6.10 and 6.03 tillers per hill respectively. Straw' amended plot had least 

number o f tillers (5.50). At 45 DAT FE treated plot recorded highest number of 

tillers (9.36) with poultry manure, sesbania, gliricidia, jack and pongamia leaf 

treatments being on par with. Control plot registered the lowest number of tillers 

(5.30). At 70 DAT, FE treatment gave highest number o f tillers (8.26) while 50 

per cent FE and poultry manure treatments were on par with it.

4.3.3 Weight o f Roots

Destructive sampling o f plants at 35 DAT were done to estimate the 

weight of roots, weight o f  plant dry matter and total plant weight. The results are 

presented in fable 4.9

At 35 DAT, the maximum dry weight of the roots was obtained in 

gliricidia treated plots (0.82 t/ha), while the least value was recorded in plots 

receiving straw treatment (0.38 t/ha).

4.3.4 Plant dry matter

At 35 DAT, maximum plant dry matter was observed in case o f sesbania 

leaf treatment(3.81 t/ha) whereas, the least value was recorded for control plot 

(2.22 t/ha).

4.3.5 Total dry matter production

At 35 DA T the highest value was observed for sesbania treated plot (4.46 

t/ha) and the least value (2.67 t/ha) was recorded in control plot.
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Table 4.9 : Effect of treatments on weight of roots, plant dry matter and 
total plant weight at 35 DAT

Treatments
35 DAT

Plant dry 
matter (t/ha) Root (t/ha) Total dry matter 

(t/ha)
Neemleaf 3.60b 0.51 4.11 h*

Pongamia leaf 3.49b 0.57 d 4.06 h*
Mango leaf 3.19 * 0.53 d* 3.72 de
Jack leaf 2.98 d* 0.43 s* 3.41fgh
Acacia leaf 3.11 ^ 0.49 efB 3.61 ef
Gliricidia leaf 3.45 b 0.82 a 4.27 ab

Sesbania leaf 3.81 a 0.65 c 4.46 a
Terminalia leaf 2.81ef 0.54 ^ 3.35 &
Macaranga leaf 3.47 b 0.66* 4.13 h*
Straw 2.62 6 0.38 h 2.99 ‘
Cowdung 2.82 *f 0.45 fgh 3.27 h
Poultry manure 3.19' 0.75b 3.94 *d
No Organics 2.70f8 0.51*'' 3.21
Fertilizer equivalent (FK) 3.18* 0.48 efg 3.66*
50 % FE 3.00 d 0.52 def 3.52 *fg
Control 2.22 h 0.45 fgh 2.67J
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4.4 Elemental composition of rice plant

4.4.1 Nitrogen

Nitrogen (N) content at 35 DA I' and 70 DAT o f rice plains are presented 

in Table 4.10.

At 35 DAT, N concentrations varied between 2.58 per cent (control plot) 

and 3.63 per cent in plants from the plots received FE treatment. Plants in the plot 

treated with no organics showed N concentration o f 3.58 per cent followed by 

plots treated with 50 per cent FE (3.50 per cent), gliricidia leaf (3.50 per cent) and 

sesbania leaf (3.45 per cent). Plants in the control plot had least concentration of 

N during the above period (2.58 per cent) followed by plots treated with straw 

(2.69 per cent) and macaranga leaves (2.85 per cent).

Rice plants analysed at 70 DAT showed total nitrogen concentrations 

between 1.09 and 1.67 per cent o f which plants treated with pongamia leaves 

recorded highest concentration (1.67 per cent) followed by plants treated with jack 

leaves (1.59 per cent). Lowest concentration of N was observed in plants 

collected from control plots followed by 50 per cent FE (1.25 per cent) and FK 

(1.36 per cent). Plants treated with poultry manure (1.37 per cent), cowdung (1.41 

per cent) and straw (1.43 per cent) showed intermediate concentrations o f N.

4.4.2 Phosphorus

Observations at similar intervals as in the case o f nitrogen estimations 

have been carried out for the determination o f  phosphorus concentrations and 

uptake in plants and the results are given in Table 4.10

At 35 DAT, no remarkable variations in the concentrations of P have been 

noticed, it varied between 0.30 and 0.40 per cent. Plots treated with poultry 

manure recorded 0.40 per cent followed by plants treated with no organics 0.37 

per cent. Plants treated with sesbania leaves showed a concentration o f 0.36 per 

cent. Control plots recorded the least value with 0.30 per cent.



Table 4.10 : Effect of treatments on N, P and K content (%) of rice plant at 35 and 70 DAT

Treatm ents
N P K

35 DAT 70 DAT 35 DAT 70 DAT 35 DAT 70 DAT

Neem leaf 3.08 6 1.51 * 0 .3 2 * 0.28 ab 3.26 b 2.70 d6f

Pongomia leaf 3.13 6 1.67 a 0 .3 3 * 0.27 ab 3 .31b 2.61 rfe

Mango leaf 2.95 f 1.46 de 0 .3 1 * 0.28 ab 2 .91 fg 2.87 * d

Jack leaf 3.28 d 1.59h 0 .3 2 * 0.28 ab 2.95 f 2 .91a*

Acacia leaf 2.94 f 1.49 ^ 0.31 * 0.27 ab 2.98 f 2.99 ab

Gliricidia leaf 3.50 * 1.49 ^ 0 .34* 0.28 ab 3.45 a 2 yy cde

Sesbania leaf 3.45 c 1.49 ^ 0 .36“* 0.30 ab 3.27 b 2.65 ^

Terminalia leaf 2.93 f 1 .46* 0 .33* 0.29 ab 3 .06e 2.93 a*

Macaranga leaf 2.85 f 1.46 * 0.31 * 0.27 ab 3.13 d6 3.07 a

Straw 2.69 8 1.43 e 0 .306 0.26 ab 2.92 fB 2.97 ab

Cowdung 2.88 f 1.41ef 0 .3 3 * 0.29 ab 2.86 & 2.43 *

Poultry manure 3.06 e 1.37f 0 .40a 0.32 a 2.98 f 2 .57 fg

No Organics 3.58 ab 1.37f 0 .37ab 0.29 ab 3.16 ^ 2.42 811

Fertilizer equivalent (FE) 3.63 a 1.36f 0.31 * 0 .27ab 3.41 a 2 .6 6 ef

50 % FE 3 .5 0 * 1.25 8 0.30 6 0.26 ab 3 .2 3 * 2.51 fg

Control 2.58 h 1.09h 0.30 c 0.24 b 2.82 h 2 .26b
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Similarly, P concentration in plants at 70 DAT also was observed to be in 

a very narrow range. It varied between 0.24 per cent and 0.32 per cent. Plots 

treated with poultry manure recorded 0.32 per cent followed by 0.30 per cent in 

plots which received treatment with sesbania leaves. The least value was yet 

again from control plots at 0.24 per cent.

4.4.3 Potassium

The results are summarized in Table 4.10. Potassium content o f the plant 

and soil Is o f importance in the electron transfer systems and also on the quality of 

the grains. It also has an important role in maintaining the health o f the plants.

The results stowed that the concentration of K at 35 DAT ranged between 

2.82 per cent and 3.45 per cent. Highest concentration o f K was observed in 

plants from plots treated with gliricidia (3.45 per cent) whereas, the lowest 

concentration (2.82 per cent) was recorded in control plots with macaranga.

At 70 DAT, the range o f K in plant samples was between 2.26 per cent 

and 3.07 per cent of which the highest concentration o f 3.07 per cent was 

observed in plants from mango leaf plots. Plants collected from control plots 

showed K concentration o f 2.26 per cent, which was the lowest value, recorded.

4.4.4 Secondary and micronutrient contents of the rice plant

Analysis have been carried out for the determination o f  secondary 

nutrients such as calcium (Ca), magnesium (Mg), micronutrients like iron (Fe), 

sodium (Na), copper (Cu) and zinc (Zn) and the details are presented in fables

4.11 and 4.12.

Secondary nutrients have important roles to play in tto  health o f plants and 

also an important factor in facilitating or limiting the uptake o f  other nutrients. 

Micronutrients are generally not deficient in soils o f Kerala but their deficiencies 

can limit crop productivity as they play important roles in various enzyme 

systems.
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At 35 DAT plant samples were taken and analysed for secondary and 

micronutrients. The results showed that at 35 DAI Ca content was highest in 

plants receiving macaranga treatment (2.34 mg/g) with all other samples except 

neem being on par. Neem treated plots had least concentration o f Ca (1.23 mg/g). 

In case of Mg also, macaranga showed the highest value o f 1.44 mg/ g with neem 

ard sesbania treated pfots giving concentrations o f 1.02 and 0.97 mg/g 

respectively.

Sodium (Na) concentrations ranged between 0.86 mg/g in neem treated 

plots and 2.92 mg/g in control plots, while concentrations o f Fe showed variations 

between 3.30 and 4.73 mg/g for plants treated with no organics and straw 

respectively.

In the case o f Cu, poultry manure gave highest concentration o f 27.45 

gg/g whereas, the least value was obtained acacia treated plots (14.12 gg/g). 

Highest amount o f Zn was obtained in plot treated with poultry manure (54.17 

gg/g) while the least concentration was obtained in FE treated plots (32.33gg/g).

Concentrations o f various elements analysed in the plants at 70 DAT has 

been summarized and presented in Table 4.12. At 70 DAT, Ca content was 

highest in plots treated with jack (2.58 mg/g) and least in case o f straw treatments 

(1.2 mg/g). Mg content was highest in case of terminalia treatment (1.6 per cent 

mg/g) and least was observed in straw treatment (1.1 mg/g). In the case o f Na, all 

treatments were on par with 50 per cent FE giving highest amount (2.25 mg/g). In 

the case o f Fe also, all treatments were on par with the highest being in straw 

treatment with 3.76 mg/g.

Cu values were all on par. The highest value was obtained for acacia 

(27.45 gg/g) and poultry manure and control treatments gave least value of 14.90 

gg/g. Concentrations of zinc varied between 35.69 gg/g (control) and 47.96 gg/g 

(mango).



Table 4.11 : Effect of treatments on content of secondary and micronutrients of rice plant at 35 DAT

Treatm ents Ca
(mg/g)

Mg
(mg/R)

Fe
(mg/g)

Na
(mg/g)

Cu
(Pg/g)

Zn
(Pg/R)

Neem leaf 1.23 b 1.01 0.348 a 1 .56* 21.96** 35.21 *

Pongamia leaf 2 .2 6 a j 22 abed 0.385 a 1.38*** 18.93 * 36.47 *

Mango leaf 1.91 ab 1.07 w 0.390a 1 32 h2* 21.96** 39 .12*

Jack leaf 1.66 ab j 25 abed 0.403 a 1 .26** 23.53 ab 41 .26*

Acacia leaf 2.22 a j jq  abed 0.367 a 1.45 *** 14.11 c 34 .57*

Gliricidia leaf 1.87 'h 0.399* 1.38 ■** 24.31ab 41 .75*

Sesbania leaf 1.79 •h 0.97 d 0 .441a l 4 ] abede 16.47* 33.30 c

Terminalia leaf 1.75 8b j 14 abed 0.366* 1.64 aW 19.60 abe 35.69*

Macaranga leaf 2 .34 8 1.44a 0.366* 1.50*** 18.07* 34 .86*

Straw 1.59 ab 1 07 bed 0.473 a 1.36*** 27.45 * 40.47 *

Cowdung 2.30* 1 .2 0 abcd 0.376* 1.75 ab 18.82 * 36.96*

Poultry manure 1.87ab 1.36flb 0.352* 1.68 a* 27.45 * 54.17*

No Organics 2.30 a 1 33 0.330* 1 .1 2 * 20.39 abc 43.97 b

Fertilizer equivalent (FE) 1.90 ■h j abed 0.343 * 1 .2 1 ** 17.25 bc 32.33 e

50 % FE 1.45 ab j  22 abed 0.342* I  5 9  abede 21.15** 52.83 a

Control 2.01 ab 1.18 abcd 0.385 * 1.84* 18.82* 36.96*



Table 4.12 : Effect of treatments on contents of secondary and micronutrients of rice plant at 70 DAT

Treatm ents Ca
(mg/g)

Mg
(mg/g)

Fe
(mg/g)

Na
(mg/g)

Cu
(Hg/g)

Zn
(lig/g)

Neem leaf 2.22  ab

»—H 0 .306a 1.55 a 19.60 a 44.45 ab

Pongamia leaf 1.63 ^ 1.25 ab 0 .260a 1 .1 1 a 20.39 a 41.58 *b

Mango leaf 1.87 abcd 1.26 ab 0.288 a 1.25 a 17.25* 47.96 *

Jack leaf 2.58* 1.40ab 0 .260a 0 .8 5 “ 19.60* 40.47 *b

Acacia leaf 1.67 bcd 1.18 ab 0.264a 1.05 a 27.45* 43.18 *b

Gliricidia leaf 1.67 ^ 1.31 ab 0 .269a 1.58 a 21.17* 42.70 *b

Sesbania leaf j 99 abed 1 .11  b 0 .339a 1 .2 1 a 15.68* 44.45 *b

Terminalia leaf 1.63 “ 1.55 fl 0.227 a 1.15 a 17.25 a 43.50 *b

Macaranga leaf 2.07 abe 1.24ab 0.218 a 0.85 a 17.25* 41.74 “h

Straw 1.19 d 1.05 b 0.375 a 0.72 a 18.04* 42.54 *b

Cowdung 1.47 ^ 1.26*b 0 .246a 1.21 a 21.17* 40.15 *b

Poultry manure 1.47 M
ISO' 

<"•■1 
w-H

___
1 0.236a 1.16a 14.90* 47.80 *

No Organics 1.31 ^ 1.22  ab 0 .310fl 1.38a 15.68* 43 .66ab

Fertilizer equivalent (FE) 1.311x1 1 .2 1 ah 0.353 a 1 .2 1 a 15.68* 41.90 ab

50 % FE 1.55 w 1.24 ab 0.324 a 2 .2 4 “ 15.69* 36.64 *b

Control 1.35 cd 1.13 b 0.213 a 1.26a 14.90* 35.69 b
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4.5 Major, secondary and micronutrients in straw and grains

The details o f the analysis of grain and straw for major, secondary and 

micronutrients are presented in Tables 4.13 and 4.14.

The concentration o f  N in straw was highest in case o f cowdung treatment 

(0.88 per cent) and least in case o f control plot (0.71 per cent). In case of P 

content, the highest value was recorded in poultry manure treated plot (0.29 per 

cent) while the least value o f 0.23 per cent was recorded in plots treated with 

neem leaves, pongamia leaves, FH, 50 per cent FE and also in control plots. 

Potassium (K) content was highest in straw treated plots (2.68 per cent) and least 

in cowdung treated plots (2.16 per cent).

[he contents o f secondary micronutrients in straw were also estimated. 

Highest amount o f Ca (8.39mg/g) was observed in case o f poultry manure 

treatment and least concentraion was obtained in case o f control plot (3.19 mg/g).

In case o f Mg, the highest value was obtained in case o f no organic 

treatment (1.77 mg/g) and the least was noticed in case o f  straw incorporation 

(0.89 mg/g) while for Fe and Na, the highest values were obtained for poultry 

manure treatment in both cases with 1.58 mg/g and 1.47 mg/g respectively while 

the least values were recorded in case o f FE (0.79 mg/g) and no organic 

treatments (0.70 mg/g) respectively. Concentrations o f Cu was highest in case of 

gliricidia treatment (15.68 pg/g) and least in case of no organics treatment 

(6.93pg/g) while in case of 7-n it was highest in mango leaf treated plot 

(65.32pg/g) and least in poultry manure amended plot (41.26pg/g).

In case o f grain, the highest concentration o f N was observed in FE treated 

plot (1.3 per cent) while the least was reported from control plot (1.03 per cent). 

Phosphorus content was highest in grain from NO treated plot (0.19 per cent) and 

least in FE and control plot (0.11 per cent) while in case o f  K. the highest 

concentration was recorded in grain from macaranga treated plot (0.34 per cent) 

and the least in control plot (0.27 per cent).



Table 4.13 : Effect of treatments on N, P and K content of grain and straw

Treatm ents G rain N % G rain  P % G rain  K % Straw  N % Straw  P % Straw  K %

Neem leaf 1.26 ab 0.12  b 0 .29 flb 0.87" 0.23 a 2.21

Pongamia leaf 1.13 6 0.12  b 0.32 ab 0.89 8 0 .2 3 “ 2 .26 fgh

Mango leaf 1.07f 0.13 ab 0 .3 1 ab 0 .79cd 0.25 8 2.34 e

Jack leaf 1 .19* 0.12  b 0.32 ab 0.86 ab 0 .24a 2 .5 1 cd

Acacia leaf 1.13 e 0.13 ab 0.32 ab 0.86 ab 0.25 8 2.53 c

Gliricidia leaf 1.26 ab 0.15 ab 0.33 ab 0.85 8bc 0.24 a 2.33 ef

Sesbania leaf 1.29 a 0.15 * 0.30 8b 0 .87a 0.24 8 2.28 efe

Terminalia leaf 1 .17* 0.15 ab 0.32 8b 0.80 M 0.25 a 2.45 d

Macaranga leaf 1 .2 0 cd 0.13 ab 0.34 8 0.83 •* 0.25 a 2.61 b

Straw 1.06f 0.1 1 b 0.33 ab 0.77 d 0.25 8 2.68 8

Cowdung 1.16* 0.12  b 0.28 ab 0.88 8 0.26 8 2 .16 '

Poultry manure 1.21 0.17 8b 0 .29ab 0.84 abc 0.29 8 2.21 m

No Organics 1.23* 0 .198 0 .30ab 0.83 abc 0 .278 2.17 ‘

Fertilizer equivalent (FE) 1.30 8 0.11 b 0 .3 1 8b 0.84 abc 0.23 a 2.28 rfg

50 % FE 1.26 “h 0.12  b 0.29 ab 0.79 ed 0.23 8 2.21

Control 1.03 f 0.1 1 b 0.27 b 0.71 e 0.23 8 2.19 hi



Table 4.14 : Effect of treatments on contents of secondary and micronutrients in plant at harvest

Treatm ents
Ca

(mg/g)
Mg

(mg/g)
Fe

(mg/g)
Na

(mg/g)
Cu

(Pg/g)
Zn

(Pg/g)
Neem leaf 1.84a* 0 .97* 0.92 b 0 .81ab 10.20 b 41 .90b

Pongamia leaf 1.72 abc 1.08 a* 1.15 ab 1 .18* 10.98 ab 43.18 b

Mango leaf 1.03 ed 1 .1 2 “* 1.16 ab 0.87 ab 10.98 ab 65.32 a

Jack leaf 2.08 abc 1.59abc 0.92 b 0.81 ab 9.41 b 45.73 b

Acacia leaf 1 .14* 1.09“* 0.88 b 1 .09* 11.76ab 42 .86b

GUricidia leaf 2.16 abc 1.17 a* 0.93 b 0.86 ab 15.68 a 49.87 b

Sesbania leaf 1.99 a* 0 .9 2 * 1.02 b 0.79 b 10.19 b 52.27 ab

Terminalia leaf 1.00 cd 1.44 a* 1.25 ab 1 .1 2 * 8.62 b 42.38 b

Macaranga leaf 1.72 a* 1.47“* 1.11  ab 0.81 * 11.76* 43.65 b

Straw 1.45* 0.89 c 1.29ab 0.75 b 11.77ah 53.37ab

Cowdung 1.36* 1.38 a* 1.25 ab 0.78 b 10.98 ab 53.37 ab

Poultry manure 1 .39* 1.34 a* 1.58“ 1.47 “ 11.2 1  ab 41.26 b

No Organics 1.06 cd 1.77 a 1.23 8b 0.70 b 6.93 b 55.82 *

Fertilizer equivalent (FE) 2.28 a 1.64 ab 0.79 b 0 .91ab 10.20 b 49 .39b

50 % FE 1 .67* 1.74 a 1 .2 0 ab 0.85 ab 10.98 * 45.09 b

Control 0.98 d 0.93 * 1 .2 0 * 1.09ab 8.62 b 48.59 b
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4 .6 Yield and Yield attributes

Ilie yield attributes such as spikelets per panicle, length o f panicles, 1000 

seed weight, chaff percentage, grain and straw yield, total dry matter production, 

grain straw ratio and harvest index are given in Tables 4.15 and 4.16.

The length o f panicle was maximum for plants subjected to poultry 

manure treatment (18.36 cm) which was on par with no organic treatment (18.15 

cm) and least was noted in control plot (14.96 cm).

Ilie number o f spikelets per panicle was highest for plants treated with 

poultry manure with 81.31 and least was recorded in control with 53.65. The 1000 

seed weight was maximum in sesbania (27.80 g) and least in cowdung treated 

plots (25.76 g).

The chaff percentage was highest in sesbania treated plots (24.13 per 

cent). The number o f productive tillers was maximum in HE plot (7.50) and the 

least number was observed in control plot (5.06).

The quantity o f straw obtained was highest in case of plot receiving FK 

(5.20 t/ha) whereas, it was least in the control plots (2.91 t/ha) on dry weight 

basis.

The grain yield was highest in plots treated with FE (4,37 t/ha) while 

pongamia (4.25 t/  ha), gliricidia (4.27 \! ha) and poultry manure (4.91 Xl ha) were 

on par. The least green yield was observed in control (2.491 /ha).



Table 4.15 : Effect of treatments on yield attributes

Treatments
No. of 

productive 
tillers

Length of 
panide(cm)

Spikeiets /  
panicle

1000 seed wt.(g) Chaff %

Neem leaf 5.33 * 16.97 ^ 72.67 a* d 26.75ab 20 .90“

Pongamia leaf 5 .66* 17.57“* 74.58 ab 27.05 ab 19.13“

Mango leaf 5.13 c 16.65 * 63.84 1x1 26.94 ab 20.23 a

Jack leaf 6 .0 6 * 17.71Bb 75.58 “b 26.70 “b 18.93 “

Acacia leaf 5 .8 0 * 15.57 ef 60.97 de 27.18 ab 19.23“

Gliricidia leaf 6.1 0 * 17.61 “* 67.77 tad 27.69“ 19.06“

Sesbania leaf 6 .0 3 * 16.89 * d 69.14 “ 27.80 “ 24.13 “

Terminalia leaf 5 .73* 16.81 ^ 73.02 abcd 26.79ab 22.80 “

Macaranga leaf 6 .0 3 * 17.74 ab 76.36 “b 26.63 ab 20.53 “

Straw 5 .66* 16.21 * 61.62 de 26.47 “h 19.07“

Cowdung 5 .4 3 * 16.84 *** 66,58 h* 26.76 ab 18.60“

Poultry manure 5.63 * 18.36“ 81.31a 26.60ab 21.67“

No Organics 5.10 c 18.15“ 70.03 abcd 26.24 ab 18.70“

Fertilizer equivalent (FE) 7.50 8 17.37“* 74.89 “* 27.71 “ 21.97“

50 % FE 6 .56ab 16.74 * d 66.49 * d 26.22 ab 21 .53“

Control 5.06 e 14.96 f 53.65 e 26.34 ab 20 .87“



Table 4.16: Effect of treatments on yield

Treatments Grain yield 
(t/ha) dry wt.

Straw yield 
(t/ha) dry wt.

Total dry 
matter (t/ha)

Grain / Straw 
Ratio

Harvest Index 
(HI)

Neem leaf 4.02 * 4.51 ^ 8.53 c 0.89 ab 0.47*

Portgamia leaf 4.25 a 4.68 ^ 8.93 b 0 .91ab 0.48 a

Mango leaf 3.77 d 4.14 f8h 7 .91e 0.91 “h 0.48 a

Jack leaf 3.87 1x1 4.35 ^ 8.22 d 0.89 ab 0.47 a

Acacia leaf 3.41 e 3.66' 7.07 f 0.93 a 0.48 a

Gliricidia leaf 4.27 a 4.79 ** 9.06 b 0 .89ab 0.47*

Sesbartia leaf 4.18 ab 4.87 h 9.05 b 0.86 ab 0.46 a

Terminalia leaf OJ bo : U
l

i 
a 4.41 8.26 d 0.87 ab 0.47*

Macaranga leaf 3 .8 4 cd 4.33 ** 8.17 d 0 .89ab 0.47*

Straw 3 .11 f 3.52 ' 6.63 s 0.88 ab 0.47 a

Cowdung 3.93 ^ 4.41 ^ 8 .34cd 0 .89ab 0 .47“

Poultry manure 4.19 * b 4 .7 1 bcd 8.90 b 0 .89ab 0.47*

No Organics 3.73 d 4.07 811 7.80 e 0 .91ab 0.48*

Fertilizer equivalent (FE) 4.37 a 5.20 a 9.57 a 0 .84 a b 0.46*

50 %  FE 3.75 d 4.03 h 7.78 e 0 .9 3 “ 0.48 a

Control 2.49 s 2 .91J 5.40 h 0.86 flb 0.46*
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4.7 Uptake of nutrients

("he observations made for uptake o f nutrients at 35 DAT and at harvest by 

the plant are presented in Table 4.17.

At 35 DAT, the highest N, P and K. uptake was for sesbania with 131.51 

kg / ha, 13.72 kg / ha and 124.65 kg / ha, respectively. The lowest N, P and K 

uptake at 35 DAT was in control plots with 57.3 kg / ha, 6.66 kg / ha and 62.3 kg / 

ha, respectively.

At harvest, the highest uptake o f  N by grain was in pongamia treatment 

(59.33 kg /  ha), while the least was in case of control treatment (25.67 kg / ha). N 

uptake by straw was highest in FE treated plots (43.73 kg /  ha) and fowest in 

control treatment (20.71 kg / ha).

In case of P uptake by grain, the highest value was obtained for poultry 

manure treatment (7.12 kg / ha), while the least was in control (2.74 kg / ha). The 

P content of straw was highest in poultry manure (13.65 kg / ha) and lowest in 

control (6.71 kg / ha).

In case o f K uptake by grain, highest was observed in gliricidia treatment 

(14.11 kg / ha), while the least was for control (6.73 kg / ha). The uptake o f K by 

straw was highest in FE treated plots (118.69 kg / ha) and least in control (63.88 

kg/ha).



Table 4.17: Effect of treatments on uptake of nutrients

Treatments
Uptake of nutrients at 35 DAT 

(kg/ha)
Grain N 
Uptake 
k g / h a

Straw N 
Uptake 
k g / h a

Grain P 
Uptake 
k g / h a

Straw P 
Uptake 
k g / h a

Grain K 
Uptake 
k g / h a

Straw K 
Uptake 
k g / h aN P K

Neem leaf 110.91 bc 11.52 b 117.39 b 50.65 d 39.26 c 4.82 * 10.38 8 1 1 .6 6 64 99.73 1

Pongamia leaf 109.53 * 11.52 b 115.62 1,0 59.33 a 41.65 b 6 .3 0 * 10.76 16.8“ 105.77 d

Mango leaf 94.16 ef 9.89 de 92.89 cd 40.34 8 32.73 * 4.90 de 10.36 8 11.69** 96.95 ef

Jack leaf 97.84 * 9.54 ef 87.99 d 46.06 f 37.41 * 5.03 de 10.44 8 12.00 ** 109.19 d

Acacia leaf 91.49 9.66 rf 92.74 cd 38.53 b 31.48 ' 4.43 6 9.15 b 10.91 * 92.60 ^

Gliricidia leaf 120.85 flb 11.74 "b 119.13 ab 53.89 c 40.67 * 6 .4 1 * 11.48 e 14.11 b 111.49*

Sesbania leaf 131.51 a 13.72 " 124.65 a 53.99c 42.37 ab 6 .2 8 * 1 1 .6 8 c 12.55 cde 110.04*

Terminalia leaf 82.42 f 9.28 fs 86.07 de 45.10r 35.28 fs 5.78 cd 10.58 fs 12.34 ^ 108.05 6(1

Macaranga leaf 98.92 * 10.76 * 108.64 c 46.09 f 35.95 ef 4.99 ^ 10.82 de 13.06 ^ 113.04b

Straw 70.56 fg 7.87 8 76.59 * 32.97 1 27.13J 3.42 r 8 .81 j 10.26b 94.44fg

Cowdung 81.24 f 9.31 fB 80.68 45.62 f 38.90 ^ 4.72 de 11.49 e 11.0 1 * 95.49fg

Poultry manure 97 .71de 12.72 ab 95.15 «■ 50.69 d 39.53 c 7.12 ab 13.65 a 12.15** 104.02 d

No Organics 96.77 de 10.00 cd 85.41 e 45.94 f 33.82 ^ 7.09 fl 1 1 .0 0 d 1 1 .2 1 fBh 88.43 j

FE 115.51 b 9.86 de 108.51c 56.81 b 43.73 a 4 .81de 11.97 b 13.55* 118.69"

50 %  FE 105.51 * 9.01 8 96.99 £d 47.30e 31.89' 4.50e 9.29 h 10.88 8,1 89.22 hl

Control 57.30 8 6.66 h 62.63 ” 25.67J 20.71 k 2.74 f 6.71J 6.73 j 63.88 j
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The field experiment was replicated as an incubation study to observe the 

variations if any in organic carbon content to understand the pattern o f N, P and K 

mineralization from various organic and inorganic sources. The experiment was 

carried out for a period o f 100 days. Samples were analysed at an interval of 5 

days till 40 days and thereafter at 15 days intervals.

4.8.1 Organic carbon content of soil

Observations for organic carbon content of the soil were made along with 

that tor total nitrogen, phosphorus and potassium. The values are presented in 

Table 4.18. The organic carbon contents did not differ significantly among 

treatments or show any major increase, with values ranging from minimum of 

0.66 per cent initially to a highest value o f  0.75 per cent at the end o f 100 days. 

All the values were on par.

4.8.2 Mineralization o f nitrogen

Organic and inorganic sources showed varied mineralization patterns. The 

N i l /  and NO3' fractions were determined using the method suggested by 

Bremner, (1965). The results o f N H / - N and NO3 -N  are summarized in Tables 

4.19 and 4.20. Total N concentrations are presented in Table 4.21. The results 

indicate that most immediate mineralization occurred in case of inorganic sources 

Le. within 5 days after incubation (DAI), while among the plant materials, 

gliricidia and sesbania were the quickest to release N in to the soil by 15 days 

after incubation. Pongamia and neem treatments attained maximum 

mineralization status at 20 DAI. Cowdung, however, was the quickest airongst 

organic manures to mineralize, attaining a peak by about 10 DAI.

Terminalia treatment showed maximum release at 35 DAI, while in case 

of macaranga it was 40 DAI. Mango and jack leaf treatments recorded maximum 

mineralization at 55 DAI, while straw and macaranga took 70 days for their 

mineralization to reach its peak. Mineralization o f NO? -N  also showed a more or 

less similar pattern as that o f N II4-N.

4 .8  Experiment 2. Incubation study



Table 4.L8 : Organic carbon content (%) during incubation study

Treatm ents DAYS AFTER INCUBATION

5 10 15 20 25 30 35 40 55 70 85 100 M ean

Neem  leaf 0 .67a 0 .67a 0.6 8 a 0.6 8 “ 0 .69“ 0 .6 9 “ 0 .69“ 0 .7 0 “ 0 .71“ 0 .72“ 0 .73“ 0 .72“ 0.70
Pongamia leaf 0.6 8 “ 0.68 a 0.69 a 0 .69“ 0 .70“ 0 .7 0 “ 0 .70“ 0 .7 0 “ 0 .7 0 “ 0.71 a 0 .7 2 “ 0 .72“ 0.70

Mango leaf 0 .67a 0.68 a 0.68 a 0.6 8 “ 0.6 8 “ 0.6 8 “ 0.6 8 “ 0 .69“ 0 .70“ 0.71 “ 0.71 “ 0 .71“ 0.69

Jack leaf 0.67 a 0.68 a 0.68 a 0.6 8 “ 0 .69“ 0 .69“ 0 .6 9 “ 0 .70“ 0.71 “ 0 .72“ 0 .7 2 “ 0 .72“ 0.70

Acacia leaf 0.67 a 0 .67a 0 .6 7 “ 0.6 8 “ 0 .69“ 0 .6 9 “ 0 .69“ 0 .69“ 0 .7 0 “ 0 .71“ 0 .7 1 “ 0 .71“ 0.69

Gliricidia leaf 0.66 a 0 .67a 0.67 a 0.6 8 “ 0.6 8 “ 0.6 8 “ 0.6 8 “ 0 .6 9 “ 0.71 “ 0.73 “ 0 .73“ 0 .73“ 0.69

Sesbania leaf 0.68 a 0.6 8 “ 0.69 a 0.69 a 0 .69“ 0 .69“ 0 .6 9 “ 0 .70“ 0.71 “ 0 .7 3 “ 0.74* 0 .74“ 0.70

Terminalia leaf 0.68 a 0.6 8 a 0.68a 0 .69“ 0 .69“ 0 .69“ 0 .6 9 “ 0 .70“ 0 .70“ 0.71 “ 0.71 “ 0.71 “ 0.69

Macaranga leaf 0.67 “ 0 .67a 0.6 8 “ 0.68 a 0.6 8 “ 0.69 a 0 .69“ 0 .69“ 0.71 “ 0.71 “ 0.71 “ 0 .72“ 0.69
Straw 0 .6 7 “ 0 .67a 0 .67a 0.6 8 “ 0.6 8 “ 0.6 8 “ 0.6 8 “ 0.6 8 “ 0 .6 9 “ 0 .7 0 “ 0.71 “ 0 .7 0 “ 0.69

Cowdung 0.67 a 0 .67a 0 .69“ 0 .69“ 0 .7 0 “ 0-72“ 0 .73“ 0.73 “ 0 .7 4 “ 0 .7 5 “ 0 .75“ 0 .75“ 0.72

Poultry manure 0 .6 8 a 0.68 a 0 .69a 0 .69“ 0 .70“ 0 .70“ 0 .7 0 “ 0 .70“ 0 .71“ 0 .71“ 0 .73“ 0 .73“ 0.70

No Organics 0 .69a 0.70 a 0.70 a 0.71 “ 0 .71a 0.71 “ 0.71 “ 0 .72“ 0 .7 2 “ 0 .72“ 0 .72“ 0 .7 2 “ 0.71

Fertilizer equivalent 0.70 * 0.70 a 0 .70a 0 .7 1 a 0 .72“ 0 .7 2 “ 0 .72“ 0 .7 2 “ 0 .7 3 “ 0.73 “ 0.73 “ 0 .73“ 0.72

50 %  FE 0.6 8 “ 0.69 a 0 .69“ 0 .70“ 0 .70“ 0 .70“ 0.71 “ 0.71 “ 0 .72“ 0 .72“ 0 .7 2 “ 0 .72“ 0.71

Control 0.66 a 0.6 6 a 0.67 a 0.6 6 “ 0 .67“ 0.6 6 “ 0.6 6 “ 0 .67“ 0.6 8 “ 0.6 8 “ 0 .6 8 “ 0 .6 7 “ 0.67



Table 4.19 : Concentrations of NH4 (ppm) during incubation study

Treatm ents
DAYS AFTER INCUBATION

5 10 15 20 25 30 35 40 55 70 85 100 M ean

Neem leaf 9.8 ^ 11 .2  * 13.3 d 15.4 e 19.5 ab 16.4 abcd 14.7 d 13.5 12.6 12.6 d 11.9 * 10 .5** 13.5

Pongamia leaf 1 1 .2 416 14.0 d 17.5 c 2 1 .6 'h 18.9abc 14.7 * * 14.0e 13.8* 13.3 d 13.0* 12.6 d 11.9* 14.7

Mango leaf 9 .6 efg 10.5 ^ 11 .2  * 1 1 .9f 12.0 12 .6 e 15.4c 16.8 a 17.7 a 16.1abc 13.3 c 10 .5** 13.2

Jack leaf 9.2 rfe 10.1 10.9de 1 1 .6 f 12.5 14.0* 14.6 d 15.3 c 18.1a 15.0 ** 12.6 d 11 .2  h* 12.9

Acacia leaf 8 .4 fB 9.8 efg 10.5 * 1 1 .2 f 11.7 f 14 .16116 14.4* 15.0c 16.1 b 18.9a 18.2 a 16.6 a 13.7

Gliricidia leaf 10.5 ef 15.4 d 20.3 b 18.2 cd 16.8 bed 14 7 bcde 14.2* 13.8* 13.3 d 12.6 d 12 .0 e 11.9* 14.5

Sesbania leaf 10.3 19.6 * 25.2 a 2 3 .1 a 22 .1 a 19.0a 15.7 * 14.2 d 13.4 d 13.5 * d 12.6 d 1 1 .2 * “ 16.7

Terminalia leaf 9 .1 ef8 9.8 11 .2  116 1 1 .9 f 12.1 13 .6* 16.8 a 16.1b 14.1c 12.6 d 11.9 e 9 2 c* 12.4

Macaranga leaf 9.8 rfg 10.5 ef 10.9 * 1 1.7f 12.3 12 .6 e 13.3 f 17.2 a 16.1 b 14.0 h* 11.9 e 9 3 * * 12.5

Straw 7.7 s 7.6 s 7 .6 f 7.5 8 8.1 s 8.3 f 9.7 s 11.6  h 14.4c 16.8 ab 14.0 b 10 .5** 10.3

Cowdung 14.1 ' 19.6 ^ 16.1c 15.4e 1 4 .7 " 13 .3* 13.0 f 12.9 8 12.2  fs 11.9 d 10.2 s 9 g bcde 13.6

Poultry manure 13.3* 2 1.1  b 22.3 b 17.5 * 16.3 * d 14.7 ^ 14.2 * 13.1 fs 12.8 e 12.2  d 11.9 * 9 .8 * * 14.9

No Organics 21.7b 2 1 .0 b 20.8 b 20.3 * 18.2 bcd 17.5 abc 13.3 f 12.8 s 12.0 s 11.6  d 1 1 .2 f 8 .4 * 15.7

FE 28.2 fl 24.5 a 21.7b 21.0  ab 18.9a* 17.6ab 16.1b 15.4 e 14.2 c 14.0 h* 12.6 d 12 .6 b 18.1

50 % FE 20.3b 18.2 c 16.8 c 16.1* 15.4 ^ 14.3 * * 14.0e 13 .8* 13.3 d 11.9 d 11.4 f 1 1 .2 * “ 14.8

Control 7.7 s 8.2 fg 8 .4ef 7.9 8 8.0 s 7.9 f 8.1 h 7 .6 ' 8.1 b 7.6 e 7.3 h 7.3 e 7.8



Table. 4.20 : Concentrations of NO3 (ppm) during incubation study

Treatm ents DAYS AFTER INCUBATION

5 10 15 20 25 30 35 40 55 70 85 100 M ean
Neem leaf 5 .6  cde 7 . 7 * 8 . 4 e 8 . 6 = 9 . 1 * 8 .4  c 7 .8  c 7 . 2 * 7 .0  d 6 .6  ab* 6 .3  * * 5 .6  d 7 .4

Pongamia leaf 6 .3  cde 8 .5  c 9 .3  de 10.1 * 9 .8  b 9.1 b 8 .3  b 7 .7  de 7 . 2 * y  q  abed 6 .8  ab 6 .4  b 8 .0

Mango leaf 4 .9  de 5 . 6 e 5 . 7 ^ 6 .1  & 6 .6  * s 7 .3  de 7 .7  * 8.1 * “ 8 .4  b 6 .2  * d 5 .7  h* 4 . 9 e 6 .4

Jack leaf 4 .3  * 4 .9 5 .6  ^ 5 .8 6.3 7 . 0 e 7 .3  d6 8 .4  * 9 . 1 a 8 . 2 * 7 .7 a 6 .1  * d 6 .7

Acacia leaf 4 .2  de 4 .9  rf 5.1 * 5 .6  hi 5 .9  fg 6 . 9 e 7.1 * 7 7 de 8 .2  b 8 .8  a 7 . 9 a 6 . 3 * 6 .6

Gliricidia leaf y y  bcde 11 .2  al* 1 0 .5  * 9 .8  cd 8 .7  ^ 7 .7  d 7 .2  e 6 .3  s 5 .6  f 5 .6  ** 5 . 1 * 4 .7  * 7 .5

Sesbania leaf 7 4  bcde 10.5 ab 11.3 ab 1 0 .7  ab 9 . 1 bc 8 .9  b 8 .4  b 7 .9  cd 7 . 7 c 7 . 0 ab* 6 . 4 a* 6 .1  h* 8 .5

Terminalia leaf 4 .9  de 6 .3  de 6 . 6 f 7 .0  f 7 .6  * e 8 .3  c 8 .5  b 7 .0  f 6 .5  e 5 . 1 de 4 . 9 * 4 .3  f 6 .4

Macaranga leaf 4 .5  ^ 5 .6  e 5 .9 6 . 5 * 7 .3  * f 7 .7  d 8.1 * 8 .6  *b 7 .5  cd y  q  abed 6 .3  ab* 4 .2  f 6 .6

Straw 4 .2  * 4 . 6 * 4 .9  h 5.1 1 5 .6  8 6 .3  f 6.6 f 7.1 f 7 . 3 * 7 .8  abc 6 .4  a* 5 . 8 * 6.0

Cowdung 8.4 bod 10 .9  ab 9 . 1 de 8.8 e 8.6 * d 8 .3  c 7.2 de 7 .0  f 6 .3  e 6 .3  ab* 5 .6  h* 4 .2  f 7 .6

Poultry manure 8 . 4 b* 10 .6 ab 10 .3  c 9 . 1 de 8.2 * 7.7 d 7.0 ef 6 .3  s 5 . 6 f 4 .9 ^ 4 .7  d 4 . 1 f 7 .2

No Organics 1 1 .6  ab 11 .2  ab 9 .8  * 9.1 * 8 . 9 * 8 .4  c 8 .4  b 8.2 b* 7 .7 c 6 .4  ab* 5 .8  h* 5 .6  d 8 .4

FE 1 4 .0 “ 12.1 a 1 1 .9 " 1 1 .6 “ 11 .2  * 10.5  a 10.2 a 9.1 a 9.1 a 8 .4  ab 7.8 " 7 .7 “ 10.3

50 % FE 11.2  ab 9.6 * 8 .5  e 8 .4  e 7.7 cde 7.7 d 7.0 ef 6.9 f 6.5 e 6 .3  abcd 5 .4  * d 4 .3  f 7 .5

Control 3 .5  c 3 .3  f 3 .3  j 3 . 2 J 3 .8  h 3 .6  s 3-5 g 3 .4  b 3 .9  8 3 .4  e 3 .2  e 3 . 1 s 3 .4



Table. 4.21 : Concentrations of total N (ppm) during incubation study

T reatments DAYS AFTER INCUBATION

5 10 15 20 25 30 35 40 55 70 85 100 Mean
Neem leaf 15.4 " 18.9 f 21.7' 24.0 b 28.6 abc 24.8* 22.5 M 20.7 defg 19.6 de 19.2 cde 18.2 1)1x1 16.1 20.8
Pongamia leaf 17.5 * 22.5' 26.8 d 31.7 b 28.7 ^ 23.8 w 22.3 ** 21.5 edel* 20.5 ode 20.0 “* 19,4 * 18.3 * 22.8

Mango leaf 14.5 t{& 16.1 8 16.9f 18.0 i 18.6 fgh 19.9' 23.1 24.9 ab 26.1 ab 22.3 bcd 19.0 w 15.4 M 19.6
Jack leaf 13.5 fg 15.08 16.5 f 17.4 d 18.8 4 21.0 de 21.9 cd 23 7 ^ 27.2 8 23.2 bc 20.3 b 17.3 1x1 19.7
Acacia leaf 12.6 fg 14.7 8 15.6 f 16.8 d 17.6 8)1 2 1 .0 ' 21.5 cd 22 J abedef 24.3 8bc 27.7 8 26.1 8 22.9 8 20.3
Gliricidia leaf 18.2 d 26.6 d 30.8 c 28.0 b 25.5 ^ 22.4 de 21.4 ^ 20.1 efg 18.9' 18.2* 17.16(1 16.6cde 22.0

Sesbania leaf 17.7 d 30.1 * 36.5 a 33.8 a 31.2 8 27.9 8 24.1 abc 22 | bedef 21.1 de 20.5 ** 19.0 bc 17.3 cd 25.2
Terminalia leaf 14.0 fg 16.18 17.8 f 18.9 d 19.7 efg 21.9 de 25.3 ab 23 j abode 20.6 “* 17.7' 16.8* 13.5 f 18.8
Macaranga leaf 14.3 16.1 8 16.8 f 18.2 d 19.6 efe 20.3 ' 21.4 d 25.8 8 23.6 abede 21.0 bcde 18.2 M 13.5 f 19.1
Straw 11.9* 12.2 h 12.5 8 12.6 e 13.7 hl 14.6 f 16.3' 18.7* 21.7sde 24.6 ab 20.4 b 16.3 d' f 16.3

Cowdung 22.5 c 30.5 b 25.2 d 24.2 c 23.3 dsf 21.6 d6 20.2 d 19.9 efg 18.5' 18.2 de 15.8 d 14.0 ' f 21.2

Poultry manure 21.7s 31.7 b 32.6 bc 26.6 h' 24.5 de 22.4 ** 21.2 cd 19.4 fg 18.4' 17.1 * 16.6 cd 13.9 ef 22.2

No Organics 33.3 h 32.2 b 30.6 c 29.4 b 2*̂ j abed 25.9* 21.7** 21.0 *** 19.7 d' 18.0 d' 17.0* 14.0 ef 24.2
FE 42.2 a 36.6 8 33.6 b 32.6 3 30.1 ab 28.1 8 26.3 8 24.5 ^ 23.3 M 22.4 ^ 20.4 b 20.3 b 28.4
50 % FE 31.5 b 27.8 cd 25.3 d 24.5 c 23.1 def 22 0 ** 2 1 .0 cd 20.7 defg 19.8 de 18.2 48 16.8 cd 15.5 cdef 22.2

Control 1 1 .2 * 11.5 h 11.7* 11.1 * 11.8 1 11.5* 11.6 f l l .0 h 12.0 r 11.0 f 10.5 ' 10.4 8 11.3
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4.8.3 Mineralization o f Phosphorus

The incubation study also envisaged assessing the mineralization pattern 

of P from the added organic and inorganic sources. The results obtained are 

presented in Table 4.22. Addition of organic matter showed a slight initial 

increase in P content in soil in case of neem, mango, gliricidia, sesbania, 

terminalia, mar^n-anga and cowdung treatments, whereas, the addition of synthetic 

fertilizers showed a significant increase. However, the amount of P released in 

soil decreased between 25 and 40 days for all treatments though the decrease was 

less pronounced in case of synthetic fertilizer treatments.

4.8.4 Mineralization o f Potassium

The observation relating to mineralization K from various treatments are 

presented in Table 4.23. In case of K mineralization, addition of organic manures 

and synthetic fertilizers, showed an upward trend. However, the release from 

synthetic fertilises was more rapid. The values tended to decrease slightly 

towards the final phase of incubation in case o f some treatments.



Table 4.22 : Concentrations of P (ppm) during incubation study

Treatm ents
DAYS AFTER INCUBATION

5 10 15 20 25 30 35 40 55 70 85 100 Mean

Neem leaf 5.77 rf8 5.64bcdB 5.08 h 4.31j 4.28 d 3.90 * 3.89 8 3.96 8 4.33 f 4.48 8)1 5.37 ^ 5.94 f 4.7

Pongamia leaf 5.73 fgh 5.41 ^ 5.18 8 5.03 46 4.58 d 4.01 8 3.68 h 3.73 b 4.09 s 4.65 s 5.41 4ef 6.04 e 4.8

Mango leaf 5.78 ^ ^ bcde 5 .29f 4.39 4.26 d 3.01 k 3.66 h 3.70" 4 .26 f8 5.19 5 .7104 5.88 fs 4.7

Jack leaf 5.74 rf8h 5.63 bcde 5.48 d 4.92 4ef 4.38 d 3.95 ^ 3.59 bi 4.43 f 4.51 4.98 f 5.51 afcf 5.79 h 4.9

Acacia leaf 5.71 811 5.66 ab 5.37 e 4.65 * 4.29 d 4.01 8 4.21 f 4 .96e 5.38 4 5.64 ed 5.71 04 5.83 811 5.1

Gliricidia leaf 5.77 ^ 5.27 * 4 5.03 b 4.91 4ef 4.47 d 3.76 h 3.45 ,j 3.28 ‘ 4.36 f 5.21 rf 5.98 * 6.17 b 4.8

Sesbania leaf 5.81e 5.08 e 4.87 1 4.48 3 .71e 3 .21j 3.41j 3.99 8 4.76 e 5.93 ab 6.24 b 6.36 4 4.8

Terminalia leaf 5.76 rf8h 5.23 4e 4 .9 1 1 4.56 * 3 .89e 3.45 ' 3.31j 3.36 ’ 4 .3 9 f 5.01f 5.26 fg 6.24 c 4.6

Macaranga leaf 5.78 5 .711,011 5.21 8 4.87 rf 4.53 d 4.22 f 3 .69b 3.45 hi 3.63 h 4.28 h 5.64046 5.89 18 4.7

Straw 5.69 h 5.62 1x40 5.47 d 5 .11 04 4.98 c 4 .7 1 4 4.38 e 4.45 f 4.63 e 5.01 f 5.54 5.71 1 5.1

Cowdung 5.79 rf 5.41 ^ 5.32 4.76 f8 4.32 d 4.51 e 4.93 d 5.10 de 5.48 cd 5.61 04 5.75 c 5.93 f 5.2

Poultry manure 6.43 b 5.84 * 5.49° 4.87 5.16 60 5.38 b 5 .618 5.73 a 5.89 a 6.04 8 6 .7 9 “ 7.03 a 5.9

No Organics 6 .61a 6.45 8 6.23 a 5.87 a 5.48 “h 5.32 b 5.41 b 5 .4 3 * 5 .66* 5 .78* 5 .71cd 5 .91f 5.8

FE 6.05 e 5.92 s* 5.83 b 5.42 b 5 .3160 5.08 e 5.16 c 5.18 046 5.36 4 5.29 e 5.67 c4e 5.87 fg 5.5

50 % FE 5.91 d 5.85 * 5.77 b 5.28 ^ 5 .20* 5 .19* 5.14 0 5 .29c 5.38 4 5.41 4e 5.52 c4ef 5.79 b 5.5

Control 4.75' 4.68 f 4.63 4.618bi 4 .6404 4.60 8 4.63 4 .67e 4.69 e 4.71 8 4.70 8 4.71J 4.7



Table 4.23 : Concentrations of K (ppm) during incubation study

Treatments DAYS AFTER INCUBATION

5 10 15 20 25 30 35 40 55 70 85 100 Mean

Neem leaf 49.3 bod* 49.8 e 50.4 * 50.7 cdef 51.7“ 53.3 c 54.2 h* 56.4 ab 56.1 ab 55.7 b 55.1 abc 54.8 “ 53.1
Pongamia leaf 49.6“ 50.1 * 51.3 “ 51.8 52.6 ** 55.4 b 56.8 a 57.4 8 56.3 8 55.8 b 55.7 ab 56.3 ab 54.1

Mango leaf 48.3 49.2' 49.9 cd 50.4 " 51.6 52.8 * 53.1 53.6 ^ 54.1 be 54.2' 53.8 abcd 52.6 de 52.0

Jack leaf 47.9 efg 48.2' 48.6 d 49.3 e£g 49.9 " 50.4 fg 50.6 ef 51.5"* 53.8' 55.4 b 55.6 ab 54.8 8,5 51.3

Acacia leaf 47.6 fg 47.9' 48.2 d 48.5 49.1 ef 49.4 8 49.8 f 51 9 ^ 53.8' 54.5' 54.2 abcd 53 3 50.7

Gliricidia leaf 50.4 abc 52.1 ^ 55.6 a 57.6 a 57.4 3 56.9 a 56.78 56.4 8)1 55.9 “h 55.6 b 55.4 ab 55.5 abc 55.5

Sesbania leaf 49.8 abcd 50.1 de 50.4 ^ 51.7“* 53.5 b 54.8 b 54.1 ** 53.6 ^ 52.9' 52.7 d 51.6 ■*" 51.9 ef 52.3

Terminalia leaf 48.5 " g 48.7 ' 49.2 d 49_9 defs 50.8 cdef 5 1 .6 " 52.9 ^ 55.3 “ 56.2 ab 55.8 b 55.4 ab 55.7 “h' 52.5

Macaranga leaf 48.7 d'fg 49.1 ' 49.3 d 49.9 defg 50.6 *" 50.9 ef 51.7 cdef 53.8 bede 56.9 8 58.1 8 57.6 8 57.3 8 52.8
Straw 47.5 fg 47.9' 48.3 d 48.5 fs 49.1 ef 50.3 fg 50.9 " 51.8"* 53.6' 53.9' 54.2 ““ 54.8 “ 50.9

Cowdung 48.2 49.3 ' 50.6 ^ 51.4 “h 50.7 cdef 50.4 49.9 f 49.8 % 49.4 de 49.1 f 48.9 ef 49.0 811 49.7

Poultry manure 49.1 cdef 49.9' 50.3 * 51.7 ^ 51.9“ 52.0 ^ 51.8 s" 51.6 " g 50.8 d 50.2' 49.9 def 49.6 & 50.7

No Organics 50.8 ab 52.6 c 53.8 abc 52.9 ^ 52.3 ^ 51.9 ^ 51.4 def 51.1 efg 50.8 d 50.6' 50.8 cdef 50.9 ' fg 51.7

FE 51.3* 56.9 a 57.6 a 56.8 a 56.5 a 55.7 b 55.2 ab 54.9 abcd 53.4' 53.0 d 53.1 52.9 “ 58.8
50 % FE 50.5 abc 54.8 b 54.6 ab 54.1 b 53.9 b 53.4' 53.3 bcd | bcdef 52.9' 53.1 d 52.6 “ ' 52.7 de 53.3

Control 47.4 g 49.1 * 48.3 d 48.1 g 48.3 f 49.1 g 49.3 f 48.7 g 47.5 ' 47.2 g 47.7f 47.8 b 48.2
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5. Discussion

In recent years “sustainable agriculture” has become a topic, which has 

received great attention from environmentalists, agriculturists and consumers. 

Sustainable agriculture has been given a number of definitions but the core 

concepts viz ecologically sound; economically viable and socially just and 

humane remain the same. However, farmers are looking for ways to reduce 

production costs but are also concerned with the rising consumer interest in 

chemical free organic produce and the adverse effect of many conventional 

farming systems on the environment.

This approach could be realized to a great extent by reducing the amount 

of fertilizer added and increasing the efficiency of the fertilizer applied by more 

efficient management of nutrient cycles and precise fertilizer application. Also 

practices like application of green manures, crop and animal residues, crop 

rotations with legumes and improvement of crop health that may result in better 

use of nutrients and split application of fertilizers would have a significant role in 

achieving this objective.

Long-term experiments have shown that neither organic source nor 

mineral fertilizer alone can achieve sustainability in crop production. 

Ifroductivity can be definitely raised through an integrated use o f both organic and 

inorganic sources of nutrients which would be perhaps due to the correction of 

deficienries of secondary and micro nutrients in course of mineralization on one 

hand, and favourable physical and ecological conditions on tte  other. Another 

reason could be the improved microbial condition of the soil leading to increased 

availability of mtrients.

The present study too had specific objectives in, identifying potential 

green leaf manure source among locally available plant species, their 

comparability to already established plant and animal manures and also to
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different levels of inorganic fertilizers. The results obtained are discussed in this 

chapter.

5.1 Composition of source materials

I .eaves and tender twigs of the trees and plants were used tor green leaf 

manuring. The driage, C/N ratio, lignin/ N ratio, fibre content and the nutrient 

contents were estimated in all the organic sources.

The driage varied from 26.87 per cent in macaranga to 35.55 per coil in 

acacia signifying the moisture content o f the leaves and the time of incorporation. 

Together with other characters such as C/N ratio, lignin/ N ratio, fibre content and 

lignin content, moisture content plays an important role in decomposition of 

organic materials and mineralization of elements.

The organic carbon content of the organics varied from a low value of 36.7 

per cent in straw to a high of 49.1 per cent in pongamia. The C/N ratio of source 

materials varied between 14.03 in gliricidia and 55.6 in straw. Straw attained the 

highest C/N ratio not because of its high carbon content but due to its relatively 

low N content. On the other hand, though pongamia had very high carbon 

percentage (49.1 per cent), h had a comparatively Iowa- C/N ratio due to the high 

N content. The lignin/N ratio varied from 0.97 in poultry manure to 39.6 in acacia 

leaf. Each of the above parameters has effected its own influence on the 

mineralization of nutrient elements both in field as well as soil incubation 

situations and this is discussed in detail later on in this chapter.

An overall assessment of the results obtained from this experimoit and the 

research reviews suggest that narrower C/N ratio, narrower lignin/N ratio and 

higher fibre contort dictate the pace of mineral ization in organic sources.
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5.2 Influence of treatments on soil physico-chemical properties

Variations in the soil composition at intevals during the treatments have 

been studied Soil pH did not show remarkable variations. The minor reductions 

in soil pH could be attributed to the release of carbon dioxide and weak acids 

(Rogers and Giddens, 1957 and Agboola, 1974). This can be noticed especially in 

case of pongamia, sesbania, straw and cow dung treatments, wherein there is an 

appreciable decrease in pH in comparison to the initial value. The pH fluctuations 

caused by the addition of external inputs in the organic or inorganic form is 

evident from the mainteiance of a more or less constant pH in control treatment.

However, Eh variations were remarkably significant and indicated stages 

with reducing conditions. This could be a direct effect o f the decomposition and 

the use of available oxygen by microorganisms leading to further shirt towards 

anaerobic condition and hence high Eh values are observed in all green leaf 

manure treatments compared to animal residues.

Bulk density showed minor decreases in spite of addition of large amounts 

of organic matte- except in case of aiw  dung, which showed a notable decrease. 

This could be due to higher organic carbon content, more pore space and good 

soil aggregation (Mishra and Sharma, 1997). The favourable effect of bulky 

organics cm the above charades was well documented by Prasad and Goswami 
(1991).

Ihe organic carbon contents did not vary significantly and this could be 

due to the fact that organic matte addition for a significant length of time is 

required to bring about notable changes in organic carbon content as was reported 

by Odell etal. (1984) and Udayasoorian el al (1988).

5.3 Availability of nutrients

Monitoring of available N, available P and available K during plant 

growth particularly at 35 DAT, 70 DAT and at harvest has brought to light the
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effectiveness of source materials especially in influencing crop growth and yield. 

(Tables 4.3, 4.4 and 4.5). Ihe differences in the available N content of the soil at 

various stages undo- individual treatments may be either due to differential release 

pattern or differential uptake of N by the crop. These variations are nwre clear 

when the differences in available N content between the stages of observation for 

a particular source material is compared.

The absence of high values of available N especially at 35 DAT in acacia 

and straw amended treatments is comparable to the available N content in 

absolute control treatment and this could be attributed to the slow release of N 

from the applied material. The reduced values at 70 DAT compared to 35 DA I is 

due to the uptake of released N by the crop. Mango, jack, acacia arri straw 

incorporated treatments showed minor differences in N content between 35 and 

70 DAI' and may be due to slow deconfmsition o f the material applied.

I'he available P content was in the range 10.26 kg /ha to 15.82 kg / ha in 

the different treatments and at different periods. The available P content is 

generally less in laterite soils due to its fixation by dominant iron and manganese 

in soil. Poultry manure resulted in a higher available P content in soil possibly due 

to high content of P in bio available form in the organic manure. Significantly 

higher P content in organics accept mango, jack, acacia and straw is either due to 

the bio-available P in the material or due to enhanced mineralization due to 

changed soil environment created by decomposition of matoial or by inorganic 

Fertilizer P added to soil. I  he solubilizing effect of decomposing organic matter 

on the release of P was reported by Shrikhande, (1948) and Nagarajah el al. 
(1989). The above four treatments showed a  negative difference between 35 and 

70 DAT due to slow mineralization of P from organic sources. Joseph (1994) 

reported a two-step mineralization of P from green manures. An initial slow 

release from the easily decomposable leaf tissues and a later release from the 
harder plant tissues.
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Ihe observations expressed in case o f N and P are valid in the case of K 

also with regard to the varied differences in K content between different organic 

treatments. However, the K released into soil incorporated with straw is 

noticeable as it was the only treatment which showed a negative difference 

between 35 and 70 DAT period, which indicated its slow nutrient release, with 

maximum release at 70 DAT.

5.4 Influence of treatments on plant growth and related characters

Almost all the treatments irrespective o f inorganics or inorganics in 

combination with organics produced significantly better plants in terms o f height 

as compared to absolute control treatment. However, such a phenomenon was not 

observed with number of tillers. Increase in height is a direct expression o f plant 

growth and is highly related to the nutrients taken up by the plant, however, tiller 

production may be hindered by other physical constraints. Also, enhancement in 

plant height need not be complimentary to rice yield. At 70 DAT, the plant height 

was highest in poultry manure applied treatment closely followed by jack leaf 

amended and then by neem and pongamia leaf amended plots. The concentration 

of major, secondary and micronutrients in poultry manure is relatively well 

balanced with minimum quantity o f iron and zinc, which might have resulted in a 

favourable soil environment for growth. Jack leaf also contained relatively less 

amount of zinc and iron. Bridgit (1999) observed that excess amount o f zinc and 

iron in the rhizosphere limits rice growth in laterite soil.

Cell sap pH estimations made at 30 and 60 DAT clearly showed that the 

pH was above 6.2, which is considered optimum for maximum rice productivity 

as reported by Marykutty et a l (1999). Higher pH o f leaf sap has also been 

reported to be due to non metabolic accumulation o f heavy metals like Fe (Singh.

1970) and in this study the general yield level is low irrespective o f  the treatments 

probably due to inherent dominance o f iron in the soil.
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Chlorophyll contents viz. chlorophyll a, chlorophyll b and total 

chlorophyll are important parameters, which decide the photosynthetic efficiency 

and ultimately the yield o f the crop. Chlorophyll a  is the precursor o f chlorophyll 

b and a decline in the level o f chlorophyll b is indicative o f instability and stress 

(Sindhu, 2002) and hence the ratio o f chlorophyll a  to A becomes relevant in 

giving physiological explanations for yield variations. In this study it was seen 

that the treatments with higher ratio o f chlorophyll a : chlorophyll b produced less 

growth and yield.

5.5 Elemental composition of plants

Ihe elemental composition o f plants is indicative o f the amount of 

available nutrients in the soil. The N content of plant at 35 DAT and leafy part at 

70 DAT was significantly lower in absolute control plot than in all other 

treatments, which received N application either as inorganics or organics + 

inorganics in varied quantities.

In all treatments, the N contents were well above die critical limit, 

however, the utilisation within the plant might have been different. Thomas et ai 

(2001) has reported that it is not the effect o f one element but the net effect of the 

essential elements present in adequate quantity and in balance with other 

nutrients, which decides the productivity. However, those organic treatments 

which are seen to have low decomposition rates such as acacia, macaranga and 

straw are found to have relatively less N content at 35 DAT but the low N 

contents were considerably increased by 70 DAT in comparison to other organic 

and inorganic treatments.

With regard to the P content, the control treatment showed the least P 

content both at 35 DAI and 70 DAT. The maintenance o f  P at a higher level by 

poultry manure application was spectacular signifying the higher bio-available F 

content in the manure. Among the different green leaf manuring treatments.
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sesbania was found to maintain higher P content in rice specifically due to its 

higher P content.

Potassium unlike N and P apparently does not form an integral part o f any 

plant component and its function is catalytic in nature. The rice plant has a high 

capacity of absorbing and exhausting K thus maintaining the concentration at 

constant levels (Su, 1976). However, just like N, the leaf concentration of K in 

rice plants was significantly less in absolute control treatment both at 35 and 70 

DAT. All the other treatments have contributed sufficient quantity o f K into soil 

solution either by mineralization or directly, however, the quantity absorbed by 

plants was more or less proportional to the availability in soil solution.

Ihe levels o f Ca, Mg, Fe, Zn, Na and Cu in the plants at all stages were 

within acceptable limits and the slight differences among the treatments could be 

attributed to the contents and subsequent release o f micronutrients present in the 

source materials. A perusal of the data on leaf, secondary and micronutrients 

showed that all nutrients were above critical limits and none o f  them limited the 

yield due to their inadequacy. The Fe content in plants was much more than the 

requirement and reached toxicity levels, which can be considered as a main 

constraint in not achieving the potential productivity o f  rice. Bridgit (1999) also 

reported that the higher availability o f Fe in soil and its excessive accumulation is 

suspected to be one o f the reasons for low fertilizer response resulting in low rice 

yield in Kerala. Iron is also reported to be an inhibitor o f K uptake by plants.

The crop uptake value o f any nutrient is the resultant of the crop dry 

matter production and nutrient concentration. At 35 DAT, the N uptake was 

significantly lowest in absolute control plots. The higher N  uptake to the extent o f

131.5 kg was observed with sesbania green manuring followed by gliricidia, neem 

and pongamia. The fertilizer equivalent (FI£) treatment also resulted in a similar N 

uptake. In this study, the above leguminous green leaf manure and neem emerges 

out as an alternate for the highest inorganic fertilizer N dose. Those organics with
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high C/N ratio, lignin/ N ratio and higher crude fibre content are not efficient to 

supply the plant with enough N as indicated by lower uptakes at 35 DAT. ihe 

uptakes o f P and 1C also followed a similar trend.

5.6 Yield and yield attributes

A thorough perusal o f data on grain and straw yield as influenced by 

various treatments showed that grain yield from pongamia and glirieidia green 

leal' manured plots were on par with the yield from fertilizer equivalent (PE), 

however, the straw yield was significantly higher in HE treatments. This indicates 

that the nutrient release into soil solution and corresponding uptake and utilisation 

within the plant from the above green leaf manure treatments were almost equal to 

inorganic fertilizer application. These were closely followed by sesbania and 

poultry manure treatments, which indicate the efficiency o f  these organic sources 

lor higher productivity. Those organic sources with slow decomposition were not 

able to produce higher yield because synchronization between nutrient supply and 

plant nutrient demand could not be achieved. Myers et al. (1994) reported that for 

short duration cereals, this asynchrony is the major constraint in achieving 

sustainable yields following organic matter addition. However, these organic 

sources may prove better for long duration crops or annuals in multiple cropping 

systems. So the residual effect o f  these organic sources may prove beneficial to 

the succeeding crop rather than the one it is applied to.

Rice grain yield is a product o f viz. number o f productive tillers, spikelets 

per panicle, test weight of seeds and the fertility percentage. Each o f these 

characters can be influenced by the variations in input sources consequently 

resulting in yield variations. In the FE treated plots, the higher yield was achieved 

mainly due to increase in productive tillers, whereas in glirieidia and pongamia 

treated plots it was possibly due to the reduced chaff percentage and enhanced test 

weight. The higher yield in poultry manure amended plots was mainly due to 

enhancement in the number o f spikelets per panicle. There are critical stages for
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rice plant, for nutrient elements, which may correspond to the different plant 

physiological stages such as tillering, spikelet differentiation, grain lilling, etc. It 

is logical to assume that the nutrients released from different materials have 

positively influenced the various critical physiological processes leading to 

variations in rice yield.

For short duration high yielding rice varieties, the favourable harvest index 

is 0.5 or more. The gradual decrease from this indicates the non-proportionate 

increase in the quantity of straw, which is undesirable and may even be 

responsible for reducing grain yield. Such a tendency can result in higher pest and 

disease incidence and enhance chaff percentage. Such a phenomenon can be 

observed in the case o f FE treatment compared to the organics and. this could lead 

to the usage o f more organics alone or injudicious combination with inorganics as 

against the use o f inorganic fertilizers alone.

Experiment 2. Incabation study

The decomposition process, which is a pre- requisite for often, begins with 

soil macro fauna physically breaking down the particle-size o f organic matter and 

predigesting organic materials. The rate o f decomposition is governed by a 

number o f factors, the important ones being C/N ratio, composition o f organic 

matter, especially lignin concentration and lignin/N ratio, fibre content and 

concentration o f polyphenols and tannins.

Materials with lower C/N ratio, lower concentration o f lignin, fibre and 

polyphenols and higher nutrient content decompose faster. The availability of 

nutrients from other soil pools also enhances decomposition rates if  nutrient 

concentrations are tow in litter.
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The observations at various intervals for organic carbon contents o f the 

soil showed no significant differences among the treatments and also the increase 

especially in cow dung treatment was only marginal. This is because of the 

difficulty in raising the organic carbon levels o f the soil over a very short period. 

To improve the organic carbon status o f the soil, organic matter addition in 

substantial quantities for an extended period is required.

The NIh*-N and N(V-N mineralization pattern and the relative changes in 

their levels in the soil show that inorganic fertilizers release nutrients into the soil 

before the organic treatments (Fig. 5.1 and 5.2) However, differences in the levels 

of'NHj -N and NCb'-N in soil could be attributed to the differential quantities of 

N applied as inorganic fertilizers.

Among the organic materials, cow dung, poultry manure, gliricidia and 

sesbania showed peak N mineralization much earlier than the other treatments 

(Fig 5.3, 5.4 and 5.5). Poultry manure and cow dung are already partially 

decomposed. The narrower C/N and lignin/N ratio, lower fibre content, greater 

moisture content and consequent succulence o f the green leaves might be 

responsible for early and large release of nutrients. In case o f  mango, jack, 

terminalia and macaranga, the comparatively higher C/N and lignin/N ratios have 

played a dominant part in slowing down the decomposition but the most intense 

effect of these factors on decomposition and mineralization can be observed in 

case o f acacia and straw where there is a marked reduction in the rate of 

decomposition. The effect o f these factors on mineralization can be better 

understood by a thorough inspection o f Fig. 5.6 wherein the time taken to 

mineralize and, the peak levels o f NHt+-N and NOT- N together as total N 

mineralized is graphically represented. From the data, it would be safe to assume 

that the NOT mineralization pattern followed a similar trend as NUT 

mineralization though the levels o f NO3' in the soil were lesser owing to the 

partially anaerobic conditioa
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It is seen from the data and also the figures that atter reaching the peak of 

mineralization, in earlier or later stages o f incubation depending on the various 

sources, there is a substantial decline in the N H f and NO3' content. It can also be 

seen that the percentage o f decrease, increased with the quantity of Nil*' and 

NOT mineralized. Since it was an incubation study and all the loss mechanisms 

except gaseous forms are prevented, the losses could only be due to either, 

volatilization and transformation to N(V by nitrification in the case o f NH4' and 

denitrification in case o f NOf. It can be seen that in case o f sesbania, the peak 

NI h  ’ production o f 25.2 ppm was at 15 DAT, which declined to 11.2 ppm at 100 

days. A decrease o f more than 50 per cent in the NHT by either transformation to 

nitrate or volatilization is noticed. For the same treatment the peak NO3' levels 

were observed at 15 days (11.3 ppm), which declined to 6.1 ppm by 100 days 

indicating that almost, 50 per cent o f nitrate is lost by way o f denitrification, 

lhusthe total mineral N production, shows that more than 50 per cent N is lost in 

sesbania incorporated puddled soil over a period o f 100 days in an uncropped 

situation. More or less same trend can be seen in case o f all the inorganic and 

inorganic treatments (Fig 5.6).

Observations made for the P contents o f the soil at similar intervals show 

that in case of P mineralization both organic and inorganic treatments had a 

pronounced influence as is evident from the lact that the levels o f P in the control 

treatment did not vary much. It is worthy to note that in all the treatments except 

control, there was a marked difference in the levels o f P in the soil corresponding 

to a period between 20 and 40 days alter incubation. Beyond this period, however, 

the levels o f P rose steadily and at 100 days, it was at a higher level than the 

initial, in all treatments.

The soil used for the study was lateritic in nature with a predominance of 

Fe and Mn and is noted for its P fixation ability. The mineralized P might have 

succumbed to fixation as phosphates o f these dominant minerals and can be 

solubilised into the soil solution only under changed soil biochemical situation
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created by death and decomposition of microorganisms or by the action o f native 

phosphorus solubilizing bacteria, which may have become active in partially 

anaerobic situations. Similar observations were made by Joseph (1994) while 

studying the fete o f labeled 32P green leaf manure applied to lateritic soil and also 

by Vig e ta i  (1997).

In the case o f K. mineralization, as in N the rate of decomposition had a 

major role to play in the release o f K into soil solution, lhe quantity of K present 

and ease with which the material decomposed had a direct bearing on the quantity 

of K released in the system. This is probably the reason why, higher levels o f K 

are observed in soil treated with macaranga, gliricidia, pongamia and jack. 

However, the comparatively lesser content of K mineralized from straw even after 

100 days could be attributed to inability o f straw to decompose and mineralize 

completely over this period owing to the high C/N and lignin/N ratios and fibre 

content.



SUMMARY
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6. Sum m ary

A field experiment was carried out during the Kharif season o f2000 at the 

Agricultural Research Station, Mannuthy to assess the efficacy of various sources 

of green leaf and organic manures in relation to nutrient accretion, rice growth and 

yield. The interactive effect o f decomposition products on nutrient mineralization, 

chemical properties o f the soil and subsequent elemental composition of the plant 

were studied in relation to rice growth. The changes in carbon: nitrogen relations 

in the soil and the pattern o f nitrogen mineralization were monitored through an 

incubation study conducted at the College o f Horticulture, Vellanikkara. The 

important observations made and the conclusions drawn from them are presented 

in this chapter.

Experiment 1. Field experiment

The field experiment was laid out in randomized block design with three 

replications. The treatments consisted of twelve organic amendments o f both plant 

and animal origin, coupled with the normal fertilizer recommendation for high 

yielding, short duration variety o f rice, v/z.70:35:35 kg/ha o f N, P and K 

respectively, three synthetic fertilizer combinations and an absolute control. All 

organic treatments were incorporated at 5t/ha on dry weight basis. The short 

duration HYV, Matta Triveni was used in the experiment.

I) Among the organic materials used highest content o f N was observed in 

sesbania (3.30%) while P content was highest in poultry manure (1.44%) and K 

content was maximum in macaranga (2.5%). Organic carbon content was highest 

in pongamia (49.1%) and lignin was maximum in acacia (19.24%). The C/N ratio 

was maximum in straw in spite o f  a comparatively low carbon content due to the 

lower level o f N. The converse o f  this was noticed in case o f pongamia where 

even though the carbon content was maximum, the C: N ratio was low owing to 

high N content
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2) Soil pi I and bulk density and organic carbon did not show any major variations 

during the course of the experiment but Eh values showed appreciable changes 

probably due to the shift from aerobic to partially anaerobic conditions and vice 

versa.

3) The content o f available nitrogen in the soil was significantly influenced by the 

different treatments and throughout the experiment the highest values were 

reported from FE treated plot.

4) The content o f available phosphorous in the soil was highest in poultry manure 

incorporated plots throughout the experiment, which could be directly linked, to 

the high percentage o f P in the material.

5) The content o f available potassium too was influenced by the treatments. The 

presence o f high amounts o f available K in FE and macaranga treated plots can be 

attributed to the higher levels o f K received from the source materials.

6) Plant physiological characters like cell sap pH and chlorophyll content were 

only slightly influenced by the different treatments and there were no major 

variations among the values obtained. The ratio o f chlorophyll a  to chlorophyll b 

was highest at both stages o f observation in acacia treatment suggesting stress on 

the plants and also this has affected the yield from the plants. Conversely the 

lowest ratio at 35 IM T was in case o f jack treatment (2.28) and at 45 DAT, it was 

in gliricidia treatment (2.16) and the influence o f this is reflected on the yield. 

Also cell sap pH was higher than optimum levels in all treatments and the 

repercussions could be observed in yield.

7) . The height of tillers was maximum in plots treated with poultry manure with 

pongamia and jack being on par at all stages o f the crop while number of tillers 

especially after 25 DAT was maximum in FE treated plots. However, poultry 

manure treatment was on par with this..
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8) 'i’he elemental composition o f the plants was significantly influenced by the 

treatments and the contents o f nitrogen in plants were high in case o f FK, 

pongamia and sesbania treatments. In case o f phosphorus, the contents were high 

in poultry manure, gliricidia and pongamia treatments, while in case o f potassium 

the major contributors were gliricidia, sesbania and macaranga.

9) Micronutrient contents too were studied and it was observed that all the 

nutrients were well above the critical limits at all stages and none o f them limited 

the yield due to their inadequacy. The levels o f Fe, however, were in excess and 

may have affected the productivity o f rice in all treatments.

10) Among the yield attributes, the number o f productive tillers was highest in FK 

treated plots, and the length o f panicle was maximum in poultry manure treated 

plots. The number o f spikelets per panicle was also highest in poultry manure. 

The test weight was highest in sesbania treatment but so was the chaff percentage.

11) The highest yield o f grain (4.37 t/ha) and straw (5.20t/ha) were from FE 

treated plots but the grain straw ratio (0.84) was the lowest in this treatment. In FC 

treated plot, the higher yield was due to increase in number o f productive tillers 

while in gliricidia and pongamia, it was a result o f reduced chaff percentage and 

enhanced test weight. In poultry manure the increase in yield was due to enhanced 

number o f spikelets per panicle.

12) 'I’he contents o f major nutrients in grains and straw were analysed and highest 

content o f nitrogen in straw was in case o f  cow dung treatment while in case of 

grain it was in FE treatment. Phosphorus content in straw was highest in poultry 

manure treatment and in grains it was maximum in plots receiving no organic 

treatments. Potassium content in straw was highest in straw incorporated plots 

while the content in grains was maximum for macaranga leaf treatment.
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Experiment 2. Incubation study

The treatments in the field experiment were replicated as an incubation 

study to understand the pattern o f nitrogen mineralization and to observe the 

variations in carbon nitrogen relations. A measured quantity o f soil (lOOg) was 

placed in air tight glass bottles and corresponding quantity o f organic manures so 

as to maintain a ratio o f 5t/ha and the fertilizer treatments also in the same ratio 

were incorporated and incubated for a period of 100 days. The observations made 

are summarized.

1) The C/N ratio and lignin/N ratio along with the moisture content, fibre content 

and the amount o f  nutrients present determined the pace o f decomposition and 

mineralization of nutrients in organics, This is clearly evident from the 

mineralization o f straw, mango, jack and acacia.

2 ) The observations at different intervals did not show any major changes in the 

organic carbon values and even after 100 days, there was only a very marginal 

increase in the quantity o f organic carbon in the soils.

3) Ihe mineralization o f  nitrogen was studied as that from both. N lV  and NOj 

and it was observed that in both cases the synthetic fertilizers mineralized within 

the first 5 days, while in case o f organic manures, cow dung, gliricidia and 

sesbania were the first to do so. Straw and acacia treatments were the slowest to 

mineralize achieving peak levels at 70 days after incubation. The general trend 

was attainment o f a peak value and then a  steep decline in the levels, which could 

be directly attributed to losses by way o f denitrification and volatilization.

4) In case of phosphorus mineralization, it was noticed that mineralization in all 

treatments irrespective o f  it being organic or inorganic in nature, tended to 

decrease rapidly after incubation up to 40 days and then gradually increase to 

levels higher than the initial level. This was attributed to the initial P fixation by
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the soil due to high Fe and Mn leveLs and also fixation as constituents of microbial 

cell, which is subsequently released by the action o f weak acids produced as a 

result o f  death and decomposition o f  these organisms. Also the probable activity 

o f phosphate solubilising bacteria especially considering the partially anaerobic 

condition is worthy o f consideration

5) In case o f potassium mineralization, a slow and gradual increase in the leveLs of 

K were observed which was noticed even after 70 days with a slight decrease 

being noticed towards the end in some treatments. The pattern could be solely 

associated with the decomposition and nutrient release pattern o f the organics and 

inorganics.

Conclusion

The results obtained show that organic manures have the ability to 

substitute inorganic fertilizers to a great extent as is understood from the yield 

obtained. It was seen that almost all the organic sources except straw and Acacia 

produced higher grain yields than the normal fertilizer recommendation adopted 

for short duration HYV o f rice. Also they were better than the 50% FE treatment 

with some treatments like pongamia, sesbania and gliricidia being only marginally 

inferior to the best treatment (FK), which involved substantially high amounts of 

nitrogen. Also with respect to the nutrient uptake by plants, receiving pongamia 

treatment was better than even FE treated though only marginally, whereas in case 

of phosphorus uptake poultry manure treatment was the best. Only in case of 

potassium did the fertilizer treatments fare better but only marginally as compared 

to macaranga, sesbania and macaranga.

Thus, it can be inferred that substitution o f a major quantity of inorganic fertilizers 

is possible by the use o f organic manures. However, considering the 

mineralization patterns, a better option would be combined use of inorganic and 

organic manures whereby the synthetic fertilizers meet only the initial nutrient
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n

requirement o f the crop as they are readily available to the crop during the initial 

exponential growth phase. By adopting this method additional expenditure that 

may arise from the need of ploughing in o f the manures, especially green manures 

before planting o f the crop can be avoided by coupling manure addition and final 

ploughing o f the field just prior to transplanting. The inorganic fertilizer provides 

the initial requirement while in the later stages that slow but consistent release 

from the organic sources would make nutrients available throughout the growth 

period. Also additional expenditure involved in top dressing o f fertilizers can be 

done away with.

Future line of work

1) Kxplore the possibility o f using a mixture o f organic manures so as to enable 

steady supply o f nutrients in available forms taking into consideration the rates of 

mineralization especially nitrogen. Also mixing manures such that an optimum 

supply of all nutrients is ensured by in where one source may make up for the 

lesser content o f a certain nutrient/s in the other and vice versa.
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Appendix-1
Weekly weather data 1 July, 2000 -  14 October, 2000

Date
Temperature Relative humidity (%) Wind speed Sushine Rainfall Evaporation

Max. UC Min. UC Morning Evening (kmph) hrs. (cm) (mm)
4-6-10 6 28.9 22.4 96 83 2.0 3.1 31.97 2.5

1 1 6 -  176 29.9 22.8 94 75 3.6 3.3 10.69 3.7

18 6 - 24/6 29.6 23.2 95 74 3.7 3.1 5.59 3.3

2 5 /6 - 17 29.4 27.5 94 75 4.0 4.1 10.43 2.8

2/7 • 8/7 28.9 22.0 93 76 3.8 1.5 8.78 2.5

9 /7 -  15 7 29.2 21.5 94 74 3.8 3.5 17.0 3.1

6 /7 - 2 2 '7 30.1 22.8 93 66 4.0 5.7 4.89 3.6

23/7 29 7 30.9 23.2 92 62 3.7 8.5 0.59 4.3

30/7 - 5/8 31.1 23.6 92 69 3.2 6.4 0.9 3.6

6 /8 -  12'8 29.0 22.8 94 80 3.6 2.5 9.33 3.7

13/8- 19/8 29.4 22.6 93 78 2.7 4.1 13.95 2.9

20-8 - 26 /8 27.7 22.0 95 88 3.8 0.3 23.28 2.3

27/9 - 2/9 29.4 22.1 94 73 3.6 4.6 4.42 3.2

3/9 - 9/9 30.6 22.9 92 69 3.1 7.1 3.19 3.5

10/9- 16'9 31.2 23.3 90 65 3.4 7.5 0.0 7.6

17 9 -  23/9 30.4 22.9 92 72 2.9 3.9 1.62 3.1

24 9 -  30/9 30.7 23.3 90 76 3.2 4.6 15.00 2.7

1 1 0 -7  10 28.9 - 22.2 92 79 2.9 3.2 7.93 2.7

8 1 0 -  14/10 30.9 22.1 91 65 2.7 7.1 1.81 3.6
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Abstract

A field experiment was carried out during the Kharif season o f 2000 at the 

Agricultural Research Station, Mannuthy to assess the efficacy o f various sources of 

green leaf and organic manures in relation to nutrient accretion, rice growth and yield. 

1'he interactive effect o f decomposition products on nutrient mineralization, chemical 

properties of the soil and subsequent elemental composition o f the plant were studied 

in relation to rice growth. 1'he changes in carbon: nitrogen relations in the soil and 

the pattern o f nitrogen mineralization were monitored through an incubation study 

conducted at the College of Horticulture, Vellanikkara.

The field experiment was laid out in randomized block design with three replications. 

Ihe treatments consisted of twelve organic amendments o f both plant and animal 

origin, three synthetic fertilizer combinations and an absolute control. All organic 

treatments were incorporated at 5t/ha on dry weight basis. The short duration HYV, 

Matta Triveni was used in the experiment.

Treatments had a significant effect on the content o f  major nutrients both in 

soil and plant. Micronutrients did not affect the yield by their inadequacy, however. 

I’e content in plants was found to be excess and may have negatively influenced the 

yield

The growth characters o f  the plant like height of tillers, number o f tillers, 

weight o f roots, plant dry matter and total plant weight were largely affected by the 

treatments. The height o f tillers was highest in plots treated with poultry manure at all 

stages of the crop, while number o f tillers especially after 25 DAT was maximum in 

FH treated plots and this was also the case in the number o f productive tillers.

Among the yield attributes, the number o f spikelets per panicle and the length 

o f panicle was maximum in poultry manure treated plots. The chaff percentage was 

highest in sesbania treated plots. The number o f productive tillers was maximum in 

FE treated plots.

1'he highest yield o f grain (4.37 t/ha) and straw (5.20 t/ha) were from FK 

treated plots but the grain straw ratio (0.84) was the lowest in this treatment. In case



o f I f  treatment, the high yield was as a result o f increase in number of productive 

tillers, while in case o f pongamia and gliricidia, it was due to reduced chaff 

percentage and enhanced test weight. A higher yield was obtained in case o f poultry 

manure treatment due to enhancement o f number of spikelets per panicle

Ihe treatments in the field experiment were replicated as an incubation study 

to understand the pattern o f nitrogen mineralization and to observe the variations in 

carbon nitrogen relations. A measured quantity of soil (lOOg) was placed in glass 

conical flasks and corresponding quantity o f organic manures so as to maintain a ratio 

o f 5 t/ha and the fertilizer treatments also in the same ratio were incorporated and 

incubated for a period o f 100 days.

Ihe mineralization o f nitrogen was studied and in case o f organic manures 

cow dung, gliricidia and sesbania were the first to do so. Straw and acacia treatments 

were the slowest to mineralize achieving peak levels at 70 days after incubation that 

were due to the quantities o f lignin carbon and fibre in the organic manures. In case 

of phosphorus mineralization, it was noticed that mineralization in all the treatments 

irrespective o f it being organic or inorganic in nature, tended to decrease rapidly after 

incubation up to 40 days and then gradually increase to levels higher than the initial 

level and in case o f potassium mineralization, a slow and gradual increase in the 

levels o f K were observed which was noticed even after 70 days with a slight decrease 

being noticed towards the end in some treatments. The rate o f decomposition and 

mineralization was affected by the C/N ratio, lignin/N ratio and also moisture content, 

content o f fibre and nutrients present in the organic material.

Substitution o f a major quantity o f inorganic fertilizers is possible by the use 

o f organic manures. However, considering the mineralization patterns, a better option 

would be the combined use of inorganic and organic manures whereby the synthetic 

fertilizers would meet the initial nutrient need of the crop as they are readily available 

to the crop during the initial exponential growth phase and in the later stages the 

organic manures would provide the required nutrients.


