
"EFFECTS OF IN SITU LITTER BURIAL (TREE) WITH 

EARTHWORM AMENDMENT ON SOIL CHEMO-EDAPHIC AND 

NITROGEN BUDGETS, AND CROP PRODUCTIVITY (MAIZE)" 

THESIS 

SUBMITTED TO THE NORTH EASTERN HILL UNIVERSITY IN PARTIAL 

FULFILLMENT OF THE REQUIREMENTS FOR THE DEGREE OF 

MASTER OF SCIENCE IN FORESTRY ( AGROFORESTRY) 

BY 

R.VANLALCHHUANGA 

DEPARTMENT OF FORESTRY 

NORTH EASTERN HILL UNIVERSITY, SCHOOL OF LIFE SCIENCES 

MIZORAM CAMPUS : AIZA WL- 796012 

2000 



North Eastern HilllJniversity 

Dibyendu Paul_ !'h . n. 
Lectu rer, Plant Protection 

CERTIFICATE 

DEPARTMENT OF FORESTRY 
MIZORAM CAMPUS 

AIZAWL - 796012 

INDIA 
PHONE - 91 # 389 342182 

FAX - 91 # 389 340313 

I certify that the thesis entitled "Effects of in situ litter burial (tree) with 

earthworm amendment on soil chemo-edaphic and nitrogen budgets, and crop pro­

ductivity (Maize)" submitted by Mr.R. Vanlalchhuanga in partial fulfillment for the 

Degree of Master of Science in Forestry (Agroforestry) to the North Eastern Hill 

University embodies the record of original investigation carried out by him under my 

supervision. Further, this work has not been submitted for any degree of any Univer­

sity nor has it been published in part or full. 

I wish Mr.R. Vanlalchhuanga all success in life. 

Place : Aizawl 

Date : 2.<(. II, 260 ° Supervisor 

(ii) 



ACKNOWLEDGEMENT 

First of all, I would like to express my gratitude to Shri R. Thansanga and Shri 
Dr. O.P.Singh, the former and the present Director of Agriculture and Minor Irrigation, 
Mizoram,Aizawl respectively for their support and help which enabled me to join and complete 
the course. 

Valuable teachings and suggestions that I have received from the faculty 
members of Forestry Deptt., NEHU, Mizoram Campus are, of course, the backbones of this 
study. Many thanks to Prof.L.K.Jha, Dr.Rakesh Mohan, Dr.D.Paul and Dr. U.K.Sahoo. 

I am thankful to the staff of Soil Testing Lab.,Directorate of Agri.,Aizawl for 
their help during the soil analysis. I am also indebted to Shri Dr. Vanlalzara, Senior Scientific 
Officer, Science, Technology and Environment Cell, Planning Deptt., Mizoram for helping me 
in getting the meteorological data. 

I am also grateful to Mr.Pradip Chhetry, Directorate of Agri.,Aizawl, 
Mr.Lalrinliana and Mr.K.Lalrintluanga Chaltlang and other friends for their help in 
computerising this thesis. 

My special thanks are due to my classmates Lalrinsangi, Van/alhruaia 
Hnamte, B.Laldikpuia and Lalnuntluanga for their help and co-operation. 

I am very thankful to Mr.Santosh Singh, Fieldman (Plant Pathology), Forestry 
Deptt., NEHU, Mizoram Campus for his help and support in statistical analysis and others. 

I offer my deep sense of gratitude and sincere thanks to my Supervisor, 
Dr.D.Paul for his untiring and valuable guidance, thoughtful suggestions, fruitful exhortation 
and endless support throughout the entire work. 

My hearty gratefulness is due to my beloved wife Lalthanzami (Seni) for her 
efficient typing and help in all possible ways during the entire period of study. My delicate 
daughters, Vanlalhriatpuii and Lalthlamuanpuii never deny for any possible help. Thank you 
so much my sweethearts. 

Lastly, but not the least, I thank the Almighty God for His blessings and 
guidance throughout the study. 

Place : Chaltlang, Aizawl. 
Date : ~7. //. Z!Jtr7 

(iii) 

~-----/2-
(R. VANLALCHHUANGA) 



CONTENTS 

PAGE NUMBER 

1. INNER COVER (i) 

2. SUPERVISOR'S CERTIFICATE (ii) 

3. ACKNOWLEDGEMENT (iii) 

4. INTRODUCTION 1- 8 

5. REVIEW OF LITERATURE 9- 18 

6. STUDY AREA 19-22 

7. MATERIALS AND METHODS 23-32 

8. RESULTS 33-49 

9. DISCUSSION 50-53 

10. SUMMARY 54-55 

11. CONCLUDING REMARKS 56-57 

12. REFERENCE 58-73 



LIST OF TABLES 

PAGE NUMBER 

Table I Monthly records of meteorological data during the 27 
study period. 

Table II Monthly records of soil moisture content (o/o) during 36 
the study period. 

Table III Monthly records of mean soil pH and conductivity 38 
during the study period. 

Table IV Monthly records of Soil Available Nitrogen (% ). 3 9 

Table V Monthly records of the biotic factors/performance 43 
of Maize. 

Table VI Yield of Maize crop after harvest from the study plots. 44 

Table VII Correlation 'r' between height of maize crop and 4 7 
meteorological factors (Rainfall and Air Temperature). 

Table VIII Correlation 't' between height of maize crop and 48 
meteorological factors (Rainfall and Air Temperature). 

Table IX Correlation (rand t) between Height of Maize and 49 
Abiotic factors. 



Figure 1 

Figure 2 
/ 

Figure 3 

LIST OF FIGURE 

PAGE NUMBER 

Map ofMizoram showing location of 

the study site. 

Design and Layout of the experiment. 

A vail able N (%) in soils of the different 

treatments. 

22 

26 

41 



LIST OF PLATES 

PAGE NUMBER 

Plate No. I Layout of the experiment (Pit digging) 28 

Plate No. II Filling of pit with leaf litter 28 

Plate No. III Dried leaves of Erythrina india and 28 
Schima wallichii. 

Plate No. IV Erythrina indica tree 45 

Plate No. V Schima wallichii tree 45 

Plate No. VI Maize plants in the experimental plot 45 

Plate No. VII Maize plants in the experimental plot 46 

Plate No. VIII Maize cobs harvested from different treatments 46 

Plate No. IX Maize cobs harvested from the experimental plots 46 



INTRODUCTION 



INTRODUCTION 

1.1 Agroforestry- A Historical Perspective : 

Historically, the practice of combining tree species with crops had 

existed in some form or the other in most countries. Agroforestry has been 

practiced in China since ancient times. During the Han Dynasty (206 BC - AD 

220), administrators recommended the development of forests together with the 

raising of livestock and crops according to different site conditions (Zhu et a/., 

1993). The integration between forestry and agriculture has been adopted in 

Egypt long before the term "Agroforestry" was coined (EL.Lakany, 1987). It has 

also been reported by Olufenai (1987) that a form of agroforestry system called 

'Taungya' started in 1927 in moist regions of Nigeria. Agroforestry has also 

been an age-old practice in India. It is reported that the system of raising trees 

along with agricultural crops has been in vogue in Forest Department for over 

100 years (Taungya cultivation) in which forest lands were leased out to the 

cultivators for raising cereal crops, the cultivators in tum were expected to 

protect the tree seedlings and saplings. 

1.2 The Science of Agroforestry : 

As an applied science, agroforestry is of recent origin. Jha (1991) 

has opined that the setting up of the International Council for Research m 

Agroforestry by the Food and Agricultural Organisation (FAO) in 1878 is a 

landmark in the developmental history of agroforestry. In agroforestry, co­

existence of farm and forestry is adopted on a scientific basis and consequently 



the total yield of land is raised significantly. An efficient agroforestry system 

should aim at systematically developing integrated land use systems and practices 

where the positive interactions between trees and crops are encouraged and 

maximized. Pathak (2000) has mentioned that agroforestry is being viewed as a 

restoration agent, rehabilitation process, bioremediation mechanism and foster 

mother to high input agriculture on fragile lands. According to the State of 

Forest Report (1997), India has a total forest cover of 63.34 million hectare. 

Currently, the area under agroforestry (including farm forestry) covers over 66 

million hectares (Pathak,2000). 

1.3 Defining Agroforestry: 

Because of its wide scope, agroforestry has been defined in various 

ways by several investigators across the world. Westly (1990) has pointed out 

that researchers define agroforestry practices differently depending on the focus 

of their work. 

In practice, agroforestry refers to "land use system and technologies 

in which woody perennials (trees, shrubs, palms, bamboos, etc.) are deliberately 

combined on the same land management unit with herbaceous crops and/or 

animals, either in some form of spatial arrangement or temporal sequence". 

In agroforestry systems, there are both ecological and economic interactions 

among the different components (ICRAF, 1986). This definition is widely 

accepted as it is very comprehensive and covers all aspects of agroforestry. 

According to King and Chandler (1978), "agroforestry is a 
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sustainable land management system which increases the overall yield of land, 

combines the production of crops (including tree crops) and forest plants and/or 

animals simultaneously or sequentially on the same unit of land, and applies 

management practices that are compatible with the cultural practices of the local 

population". This is one of the most common definitions, but fails to make a clear 

demarcation between 'tree crops' and 'forest plants'. 

According to Rao (1989), the term 'agroforestry' in a broad sense 

encompasses any and all techniques that attempt to establish or maintain both 

forest tree and agricultural production on the same piece of land. This definition 

may be applicable in a broad sense, but is not explicit from a strict scientific point 

of view. 

Rao and MacDicken (1991) have given a more precise definition of 

agroforestry as a land use that involves deliberate retention, introduction or 

mixture of trees or other woody perennials in crop/animal production fields to 

benefit from the resultant ecological and economic interactions. This definition 

may be considered more appropriate as it includes all aspects of scientific 

agroforestry, incorporates the concept of the age-old systems, and also covers the 

economic point of view. 

The Annual Report (1999-2000) of Indian Agricultural Statistics 

Research Institute (I CAR) defines Agroforestry as "the science of designing and 

developing integrated self sustainable land management system, which involves 

introduction/retention of woody components including trees, shrubs, bamboos, 

canes, palms, along with agricultural crops including pastures/animals 

simultaneously or sequential on the same unit of land, and at the same time meets 



the ecological as well as socio-economic needs of the people". 

Considering the different perspectives, agroforestry may be defined 

'as a sustainable land management system that optimizes land productivity by 

harnessing positive interactions between trees, crops and/or livestock'. 

1.4 Importance of Ae:roforestry : 

Agroforestry is designed to meet the growmg requirements of 

mankind by improving the productivity of plants and animals, and is based on the 

principle of optimum utilization of land. When agroforestry is successfully 

implemented it can generate several positive environmental impacts. Young 

(1989) has mentioned that an appropriate agroforestry system has the potential to 

control erosion, maintain soil organic matter and physical properties, augment 

nitrogen fixation, and promote efficient nutrient cycling. 

The adoption of agroforestry on a scientific basis is found to be 

important for generating the supply of fuelwood at a convenient distance for the 

consumers, small timber to meet the requirements of the rural population, fodder 

for feeding livestock and production of food crops, fruits, vegetables, etc. 

Agroforestry also helps in raising the income of the rural farmers as it creates 

employment opportunities. It even helps in obtaining an ecological balance in 

rural areas. 

It may be stated that the agroforestry programmes always fulfil the 

objective to raise the total yield of land considerably in comparison to the 
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traditional system of land management consisting of a dichotomy between 

forestry and agriculture, horticulture and animal husbandry. 

In Mizoram, traditional forms of agroforestry have been practiced by 

some farmers in their own way. Cultivation of Paddy (Oryza sativa) as an 

intercrop in the first year or establishment stage of Teak (Tectona grandis) 

plantation is one of the common practices adopted by the farmers. Cultivation of 

Paddy, Maize (Zea mays) or vegetables along with Tung (Aleurites fordii) is 

another common combination in the state. Other prominent agroforestry systems 

include combination of a variety of trees along with horticultural crops. 

1.5 Identification of Problem 

In Mizoram, majority of the farmers are still practising traditional 

system of farming, commonly known as ' Shifting Cultivation ' or ' Jhumming'. 

Local tall varieties of paddy (Oriza sativa) occupies the major portion of jhum 

land. Vegetables like Pumpkin, Brinjal, Cowpea, Chilli, Bittergourd and Maize 

are grown as mixed cropping with paddy. 

In earlier years the fallow period between two jhums was long 

enough to permit natural regeneration of vegetation . But on account of 

population pressure, the fallow period is now extremely reduced and does not 

permit the desired growth of natural vegetation and replenishment of soil fertility 

with the result that the land is progressively becoming infertile . This is 

compounded by heavy soil erosion losses and surface run-off ( Sarma and Jha, 

1993 ). 
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Since large areas of forests are clear-felled and burnt each year for 

jhum land, the practice of shifting cultivation adversely affects the ecology , 

enhances soil erosion, increases run-off and loss of soil nutrients. The use of fire 

in shifting agriculture is also found responsible for huge amount of volatilization 

losses of Carbon, Nitrogen, Phosphorus, etc.( ITTO Report, 1994 ). 

·The State of Forest Report (1997) has mentioned that shifting 

cultivation remains the single largest factor for the loss of forest cover. Between 

1995 and 1997 assessments, 1,875 Sq.Km. of forest area, mainly concentrated in 

the states of Manipur, Nagaland, Assam and Mizoram was lost because of 

shifting cultivation, and out of this 292 Sq.Km. of forest area was lost in 

Mizoram due the same reason. 

To replenish the soil physico-chemical and nutrient status, and to 

harness the nutrients in organic matter (particularly the continuous input of 

organic matter from the tree component), the present agroforestry experiment is 

being attempted with Schima wallichii Choisy and Erythrina indica Lam. as the 

tree components and Zea mays (Maize) as the crop component . The former are 

indigenous to the region, and are extremely popular with the local farmers. The 

latter forms the second most important food crop coming only next to paddy. 
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1.6 Objectives: 

The present study is being carried out with the following objectives : 

(1) To estimate the rates of N-release of the two litter species 

through the activity of earthworms. 

(2) To compare the nitrogen inputs from buried litter of two different 

tree species, i.e. Erythrina indica Lam. and Schima wallichii 

Choisy., both with and without earthworm amendments. 

(3)To estimate the yields of Maize (Zea mays) and compare such 

yields among controls and the two types of litter buried. 

(4)To analyse the chemo-edaphic factors such as pH, Conductance 

and Soil moisture. 
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REVIEW OF LITERATURE 

2.1 The Tree Component : 

A number of research works have been carried out on vanous 

aspects of agroforestry. Patil et al., (1998) stated that the most important factor 

in designing agroforestry systems is selection of suitable tree species. Altieri et 

al., (1987) have also mentioned that micro-site enrichment through improvement 

in the soil organic matter and mineral nutrient pools is an important attribute of 

trees and shrubs in agroforestry. The performance and potential role of 

individual tree species on nutrient cycling affect the suitability of each species for 

soil rehabilitation and for its combination with agricultural crops. Knowledge of 

each species' potential, then, is important in influencing tree species choice. 

Decomposition rates and the release of nutrients from decomposing litter provide 

valuable information on the capacity of different species to replenish nutrient 

concentrations in the soil over time (Glover and Beer, 1986; Szott et al., 1991). 

If Nitrogen-fixing tree species (NFTs) are planted in the system, soil 

nitrogen increases considerably. Further, foliage of some NFTs contains 

considerable nitrogen which when mixed with soil improves the soil nitrogen 

status (Jha and Sarma, 1993). George and Kumar (1998) also reported that the 

Nitrogen-fixing tree species (Leucaena, Casuarina and Acacia) in general were 

associated with higher concentration of soil N, available P and K. Studies 

conducted by Montagnini et al., (1991) showed that soil N available was higher 

under the N-fixing tree (Stryphnodendron microstachyum) than under those of 

non-N fixing species. The result of the studies conducted by Patil et al., (1998) 
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on the nutrient status of soil under different canopies at Prabhunagar clearly 

indicated that Eucalyptus and Casuarina improved organic carbon content of the 

soil, and at higher rates, as compared to other species, contrary to the belief that 

Eucalyptus decreases the fertility status of the soil. An investigation conducted 

by Peter (1986) in Eastern Ethiopia on farmers field also indicated a statistically 

significant increase in the crop yield by 56% on an average for the crops under 

the tree canopies compared to those away from the trees. 

2.2 Litterfall and Decomposition : 

Although many works on litter dynamics and nutrient turnover in 

tropical forest ecosystems are available, aspects of decay and the resulting 

changes in soil nutrient pool are scarce and poorly described in tropical situations 

(George and Kumar, 1998). 

Some workers have reported positive effects of litter fall and litter 

decomposition on soil. Anon (1978) mentioned that the influence of leaf litter 

and decomposition of organic matter largely determine the fertility level of the 

forest soil. Paulsamy eta!., (1990) reported that the mineral input of the soil is 

mainly dependent upon the nature and type of litter and the rate of its 

decomposition; and that decomposition is influenced by various environmental 

and biotic factors. 

The addition of tree leaves and branches as mulches to soils has 

been shown to improve site microenvironmental conditions (Buldelman, 1989) 

and increase the productivity of agricultural crops (Duguma et a!., 1988; 

Gutteridge, 1990; Onim eta!., 1990; Tiraa and Asghar, 1990; Yamoha and 
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Burleigh, 1990). It has also been reported that mulch from leaf litter can protect 

soils against erosion, decrease weed growth, release nutrients to the soil via 

decomposition, and moderate soil moisture loss and temperature fluctuations 

(Buldelman, 1988, 1989; Montagnini eta!., 1993) 

Das and Ramakrishnan (1985) studied the litter dynamics in Khasi 

Pine of North East India and stated that litter on the forest floor acts as an input­

output system for nutrients. Litterfall and its subsequent decomposition forms 

the major source of energy and nutrient for the soil and litter organisms of the 

woodlands (Pande, 1999), and as litter decomposition proceeded, the 

concentration ofN in the residual mass increased (George and Kumar, 1998). 

The time taken for complete litter decomposition may differ from 

species to species. King (1978) reported that litterfall and litter decomposition 

rates have positive effect on soil and is one of the important characteristics which 

a tree species intended to be grown in conjunction with crops should have. 

George and Kumar (1998) have mentioned that Casuarina and Leucaena litter 

decomposed completely within 6-7 months. 

2.3 Schima wallichii and Ervthrina indica in Agroforestrr : 

Only very few research findings could be traced out regarding S. 

wallichii and E. indica. Brewbaker (1986) listed over 200 species of 

multipurpose leguminous trees that might be used in agroforestry systems, and 

genera that have shown promise include Erythrina (Pezo et al., 1989), and this 

genus contains several species widely used in agrforestry systems in the tropics 
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(Thulin, 1983; Lazier and Mengistu, 1984; Teketay, 1990; Muthuchelian, 1992). 

The result of the field survey conducted by Khaleque (1987) indicated that 

Erythrina spp. is one of the most common fuel trees in Bangladesh. Jha and 

Sarma (1993) mentioned that Erythrina suberosa is a promising multipurpose 

tree for humid and semi -arid western ghats of India. 

Alrim (1988) mentioned that Erythrina spp. is one of the most 

common shade trees planted to shade Theobroma cacao in Brazil. Erythrina spp. 

is also regarded as an important tree species which can be grown as companion 

species (Reddy,1993), and is also planted for fencerows, nurse tree in Coffee 

plantation and also as windbreaks (Brewbaker,l993). 

Combe (1982) opined that species belonging to genera Erythrina 

produces valuable fodder. Troup (1975) also mentioned that the lopped leaves of 

E. indica are valuable as green manure and as cattle fodder. Salazar et a/.,(1993) 

studied crop-tree interactions in alley cropping systems on alluvial soils of the 

Upper Amazon Basin and concluded that under conditions favourable for crop 

production, the use of rapidly decomposing nutrient- rich mulches of Erythrina 

spp. resulted in greater crop production, presumably due to their ability to supply 

readily available nutrients to the crops. 

The farmers of Mizoram believe that Schima wallichii decreases the 

fertility status of soil and always avoid planting of crops near and under the tree. 

But researchers have reported that this tree is planted and used for some 

meaningful purposes. Abdurachman (1989) reported that S. wallichii has been 

planted in Sukabum Community Forests (West Java). The tree is also planted to 
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shade Large Cardamom plantation m eastern Himalayas (Kumar and 

Bhardwaj,l993). Venugopal (1986) also mentioned that Sechim edule, a 

vegetable crop, is raised near S. wallichii which offers support and aerial space 

for the vines of the former to grow and spread over the entire canopy. This puts 

luxuriant vegetative growth with abundant fruits and is often fed to pigs. 

2.4 Maize (Zea mars) in A2rofrestry : 

Maize (Zea mays) occupies an important place among the cereals 

throughout the world. It is used both for food as well as fodder. It forms the 

second most important food crop coming only next to paddy in the North Eastern 

states of the country. Maize is extremely popular as a companion crop m 

Mizoram. It is grown mixed with Paddy ( Oryza sativa) in the jhum lands. 

For Maize, a good N supply is important during vegetative growth, 

but the N requirements are less during flowering and ripening. Reduced shading 

is also important (Nygren and Jimenez, 1993 ). Maize growing under alley 

cropping has been shown to have significantly higher N availability under 

Erythrina poeppigiana than in the sole crop controls due probably to higher N 

mineralisation and release from the mulch (Haggar, 1991 ), which is reflected in 

higher yields. 

The result of the mulch experiment conducted by Montagnini 

et.al.,(l993) has shown that tree mulches played a significant role in maize 

seedling growth. It has also been reported that the addition of mulch of 

'leguminous leaves has a positive influence on Maize growth (Hussain et al., 
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1990; Kaufusi and Asghar, 1990; Tiraa and Asghar, 1990). According to the 

study conducted by Grewal et al., (1992), combination of Leucaena with Maize 

gave significantly higher net returns as compared to pure Maize. Wilson and 

Kang (1981) also reported that in alley cropping system based on Leucaena, 

Maize was promising because Leucaena tops maintained Maize grain yield at 

reasonable level with no additional nitrogen input on a sandy soil. Legume with 

Maize as an intercrop is also reported to generate yield advantage (Singh et al., 

1978). 

2.5 Earthworms in Agroforestry : 

Earthworms have received the attention of many workers. There are 

many different genera and species with widely varying habitat requirements, 

which occur from low-elevation agricultural soils to high-elevation sub-alpine 

forest soils. Earthworms are respon~ible for large-scale soil mixing. They 

transport surface organic matter deep into the mineral soil, promoting good soil 

structure, and bringing mineral material from lower horizons to the soil surface. 

Soils with abundant earthworm activity are generally well aerated, well 

structured and fertile (Kimmins, 1987). The worms convert the organic mater to 

a condition that is more favourable to microbial decomposition, and this may be 

the most significant overall effect of earthworm (Satchel, 1967). 

Earthworms can be used as an indicator species for evaluating the 

soil status as well as the vegetation community of different natural and 

man-managed ecosystems (Daugbjerg et al., 1988; Krivolutzkii and 

Pokerzhevskii,l991; Fragoso and Rojas,1994; Dennis et a/.,1994). When natural 

vegetation is altered, the earthworm communities change proportionately and in 

some cases, may even be eliminated (Fragoso et al., 1997). 
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Earthworms have been shown to be important in plant residue 

decomposition by incorporating and mixing surface residues into the soil through 

their burrowing, feeding and casting activities. Increased earthworm activity can 

result in increased aggregate stability (Hopp and Hopkins, 1946), water-holding 

capacity (Stockdill,1982), pore size and infiltration rate (Ehlers,1975). In the , 
absence of an active population, however, plant residues have been shown to 

remain and accumulate near the soil surface (Raw, 1962; Edwards and 

Heath,1963; Barley and Kleining,l964). It has been reported that earthworms 

generally have their periods of greatest activity in late autumn and again in the 

spnng. 

Mackay and Kladivko (1985) conducted an experiment on 

earthworms and rate of breakdown of Soybean and Maize residues in soil and 

found that earthworms did not increase Maize shoot and root growth in the 

greenhouse study. They further mentioned that increases reported in plant 

growth due to the activity of earthworms (Barley and Jennings, 1959; Mackay et 

al., 1982) have often been attributed to the effect of earthworms on plant­

available soil N and P pools. Some studies have also shown that earthworm 

castings improved nutrient availability to plant (Krishnamoorthy and 

Vajranabhaiah, 1986) and contained higher number of microorganism and 

enzyme activity (Dash et al., 1979; Tiwari et al., 1989). 

The importance of earthworms in breaking down organic matter and 

incorporating it into soil, thereby improving soil structure, aeration and drainage 

is well established (Darwin, 1881; Edwards and Lofty, 1977; Edwards, 1981). 

With recent development of minimal tillage and direct drilling of crops into 
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uncultivated soil, after the use of a broad spectrum herbicide, earthworm activity 

may be even more important in maintaining soil productivity (Edwards and 

Lofty, 1978, 1980). There is evidence that earthworm populations are influenced 

greatly by availability of organic matter for food and this may come from plant 

residues or from animal or human waste applied to the land. Edwards and Lofty 

(1982) reported that more earthworms occurred with increasing rates of inorganic 

and organic N and there was a strong positive correlation between earthworm 

populations and amounts of nitrogen added. A study on 'Nitrogenous fertilizers 

and earthworm populations in agricultural soils' suggests that the higher 

concentrations of N influence earthworms by increasing the amount of plant 

material and when this dies, in turn, the amount of decomposing organic matter 

mcreases. 

Lee (1982) conducted a study on the influence of earthworms and 

termites on soil nitrogen cycling and concluded that earthworms have an 

important role in the transfer of nitrogen from decaying plant tissue into the soil, 

and its release in chemical forms that can be rapidly taken up and recycled for 

plant growth. A study on microbial biomass and activity in contrasting soil 

materials after passage through the gut of the earthworm Lumbricus rubellus 

concluded that the passage of soil through earthworm guts changes its 

physiochemical properties and the level of microbial activity (Daniel and 

Anderson, 1992). 

From the above reports and findings of some researchers, it can be 

concluded that selection of suitable tree species plays a very important role in 

designing good agroforestry systems. Tree species which have positive influence 
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on the physical and chemical properties of soil as well as on productivity of crops 

have to be chosen. Besides, the sustenance of a healthy decomposer community 

is also desirable and the multifaceted role of earthworms in modulating soil 

physical conditions, nutrient budgets and augmenting the microbes (primary 

decomposers) is evident. 
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STUDY AREA: 

3.1 Location : 

Mizoram, a hilly state is located in the north-east comer of India. 

Geographically, the state lies in between 20° 58' - 24° 35' N latitudes and 92° 15' 

- 93° 29' E longitudes, and having a land area of 21,087 Sq. Km. The state is 

mostly mountainous and hilly with precipitous slopes. According to the State of 

Forest Report (1997), Mizoram has a forest cover of 18,75 Sq. Km. Which is 

89.03 per cent of the total land area. 

The field experiment was carried out in Chaltlang which is situated 

at the outskirt of Aizawl town in the state of Mizoram. 

3.2 Climate : 

Mizoram enjoys a moderate climate, and can be summarised as 

humid tropical, characterised by short winter and long summer. The winter 

temperature ranges from 11 °C to 21 °C and the summer temperature ranges from 

20°C to 31 °C. The average annual rainfall of the state is 2500 mm. 

3.3 Soil: 

The soils of Mizoram vary from sandy loam, clayey loam to clay. 

The soils are generally young immature and moderate to highly acidic in nature. 
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Potash and Phosphorus contents are low but the Nitrogen content is high due to 

heavy accumulation of organic matters. This is true of forest soils and soils 

denuded of forest cover for the first jhum cycle. In arable land however, nitrogen 

pools are considerably reduced. 

3.4 Site Characteristics : 

The study site, Chaltlang is located at 20° 20' to 24° 27' N latitudes 

and 90° 20' to 93° 29' E longitudes, and is about 1100 meter from MSL. The soil 

of the site is lateritic, clay loam, reddish to black in colour and slightly acidic in 

nature. The average annual rainfall ranges from 1969 mm to 2782 mm during the 

last five years. The study site is moderately sloped. 
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FIG. i. LOCATION MAP OF STUDY AREA (CHAL TLANG) 
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MATERIALS AND METHODS 

4.1 Design and Layout of Experiment : 

The study was carried out following Randomized Block Design 

(RBD). The experimental block consisted of 6(six) experimental plots, 0.5x0.5 

meter in size, and having a spacing of 15 em between the plots. The basic 

experimental blocks were replicated thrice. The experiment was initiated by 

digging up the plots upto a depth of 15 em. Each plot received 250 gm of litter of 

the assigned species and 50 gm of earthworms for the assigned treatments. The 

controls were without any amendments. The soils were returned to the pits and 

allowed to remain thus. The treatments and controls were as under : 

Leaf litter of Erythrina indica with Earthworm. 

Leaf litter of Erythrina indica without 

Earthworm. 

Leaf litter of Schima wallichii with Earthworm. 

Leaf litter of Schima wallichii without 

Earthworm. 

Only Earthworm without leaf litter. 

Control (without Earthworm and leaf litter). 
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The detailed plan and layout of the experiment is given in Figure 2. 

Fallen leaves of E. indica and S. wallichii were collected separately 

and sun-dried. Earthworms were collected from the nearby areas. 

Zea mays (var. Vijaya Composite) was sown in lih April,2000 in 

each experimental plot. Four plants were accommodated in each plot leaving a 

distance of30 em between the plants in a plot. 

4.2 Sampling Programme:. 

4.2.1 Meteorological Data : 

Daily records for rainfall and temperature (maximum and minimum) 

were collected from the Scjence, Technology and Enyjronment CeJJ, Planning 

Department, and Directorate of Agriculture, Government of Mizoram. The 

monthly means were calculated for the study period, i.e. November, 1999 to 

July,2000. 

Soils : Soil samples were taken monthly from each plot by 

removing 5x5x5 em soil from just below the litter level. Sampling was continued 

for 4(four) months to estimate the followjng parameters. 
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DESIGN AND LAYOUT OF THE EXPERIMENT 

T5 T4 T6 T1 T3 

T3 T6 T2 T5 T1 

T1 T2 T4 T3 T5 

Fig.i : Randomized Block Design (RBD) Layout for the study site. 
T1 => Leaf litter of Erythrina indica with earthworm 
T2 => Leaf litter of Erythrina indica without earthworm 
T3 => Leaf litter of Schima wallichii with earthworm 
T 4 => Leaf litter of Schima wallichii without earthworm 
T5 => Only earthworm without leaf litter 
T6 => Control (Without leaf litter and earthworm) 

I 

T2 

T4 I 

T6 



'"P" 

METEOROLOGICAL DATA . 
Parameters 1999 2000 

NOV DEC JAN FEB MAR APR MAY JUN JUL 

Minimun 15.5 12.94 11.32 12.11 15.44 17.03 18.01 19.4 19.2 
Temperature (°C) 

Maximum 26.15 22.95 23.48 22.87 26.14 28.6 26.98 26.8 27.7 

Total Rainfall (mm) 13 13 21 16 144 292 543 223 165 

Table I: Monthly records of meteorological data during the study period. 



Plate No. I 
Layout of the experiment 

(Pit Digging). 

Plate No. II 
Filling of pit 

with leaf litter 

Plate No. III 
Dried leaves of Erythrina indica 
and Schima wallichii 



4.2.2 Soil Moisture : 

The collected soil samples were carefully labeled and packed in 

polythene bags~ and transported to the laboratory. Soil moisture loss on drying to 

constant weight was determined for 1 00 gms of fresh soil. The soil moisture 

content was expressed as 

Moisture % = Fresh weight- Dry weight x 100 
Fresh weight 

4.2.3 Chemo-edaphic Factor : 

(i) Soil pH: 

The soil pH was measured by using a Systronics double electrode 

digital pH Meter (Model 331 ). Soil suspension in distilled water in the ratio of 

1 :5 was stirred by using magnetic stirrer for 5 (five) minutes and allowed to settle 

before the readings were recorded. Soil pH measurement was done in the Soil 

Testing Laboratory, Directorate of Agriculture, Government of Mizoram, Aizawl. 

(ii) Soil Conductance : 

Soil conductance was determined by usmg Microprocesso 

conductivity meter (LF 320). The soil suspension in distilled water in the ratio of 

1 :5 was stirred for 5(five) minutes and allowed to settle before the readings were 

recorded. Soil conductivity determination was done in the Soil Testing 

Laboratory, Directorate of Agriculture, Government ofMizoram, Aizawl. 
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(iii) Available Nitrogen : 

Estimations of available Nitrogen for each treatment was done for 

each sampling programme by using Spectrophotometer (Systronics, 1 06). The 

estimations were done in the laboratory of the Forestry Department, NEHU, 

Mizoram Campus, Aizawl. 

4.2.4 Biotic Factors - Maize : 

The following parameters were used to estimate the performance 

and yield of Maize plant : 

(a) Height: The height of Maize plants were measured and 

recorded in all the treatments at every one month interval from May 2000. The 

measurements were done from the base to the tip of the top leaves by using a 

Centimeter (em) scale. The mean height was taken for each replication of the 

treatment. 

(b) Girth : Stem girths of Maize were also measured monthly. 

Girth measurement was done at the base of the plant near the ground level with 

the help of a Centimeter (em) scale. 

(c). Number of Leaves : The number of leaves per plant in 

different plots were counted monthly. The number of leaves were averaged for 

each plot and recorded. 

(d) Yield : Number and weight of Maize cobs, number of grains 

per cob, weight of grains per cob and the total yield of Maize per plot were 

calculated and recorded. 
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4.2.5 Statistical Analysis : 

Correlation coefficient The statistical formula used for 

measuring the magnitude and direction of the relation between two or more 

related estimates is known as correlation coefficient. Correlation coefficient was 

calculated by the Karl Pearson's formula-

where, r = Correlation coefficient. 

x = Independent variable. 

y =Dependent variable. 

The estimates of the different parameters and growth characteristics 

of maize were correlated with meteorological, physico-edaphic and chemo­

edaphic factors by using the above formula. 

Students t-test : Students t-test is used to test the significance of a 

single mean or for the comparison of two sample means. It is used in a situation 

where the sample size is less than 30 and the population variance is known. 

The significance of correlation coefficient (r), when it is estimated 

from a small number of pairs, can be calculated by the following formula -
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Where 'r' is the estimated value obtained from 'n' pairs. It has been 

shown that this ratio is distributed in sampling as 't' with n-2 degrees of freedom 

(df). The significance of an observed correlation (r) can therefore, be tested by 

reference to the 't' table. If the ratio exceeds the 't' value for p = 0.5, we have 

the reason to believe that the sample indicates a real correlation between the two 

variates. The degrees of freedom for the calculation was N -1 as the number of 

sample were <30. 

F - test : F - test is used to test the significance of differences 

between the treatment means. The comparison is done by finding the ratio of the 

mean sum square concerned to the error mean square. This ratio is known as 

'variance ratio' and is denoted by the symbol 'F'. It is calculated by the formula 

Where, 

p::::LMSS 
:LEMS 

F -

MSS = 

EMS-

Variance ratio. 

Mean sum of square of treatments. 

Error mean square of treatments. 

The calculated 'F' ratio from the analysis of variance (ANOVA) is 

compared with the 'F' table values for significance at different levels of 

probability and for different degrees of freedom for the numerator and 

denominator of the ratio. The table of 'F' gives the values for the level of 

significance commonly used, namely 5 and 1 per cent levels. If the calculated 'F' 

value is greater than the 'F' table value at 5% and 1% then it is said to be 

significant. 
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RESULTS 



RESULTS 

5.1 Abiotic Factors : 

The results of the abiotic factors accounted for during the present 

investigation are grouped under three categories : 

(i) Meteorological factors- Minimum and maximum 

temperature, and rainfall. 

(ii) Physico-edaphic factor - Soil moisture. 

(iii) Chemo-edaphic factors -Soil pH, Conductivity and Available 

Nitrogen (N). 

5.1.1 Meteorological factors : 

Meteorological data were collected from Science, Technology and 

Environment Cell, Planning Department, and the Directorate of Agriculture, 

Government of Mizoram, Aizawl. The daily records of temperature as obtained 

were averaged for their monthly values. The daily rainfall records were added 

and calculated the monthly total rainfall. The monthly fluctuations of the 

meteorological factors are depicted in Table I. 

Temperature : 

During the experimental period (November 1999 to July 2000), 

monthly maximum temperature varied from a low of 22.87°C (February,2000) to 

a high of26.8°C (April, 2000 ). Mean monthly minimum temperature recorded 
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was lowest in January, 2000 (11.32°C) and highest in June, 2000 (19.4°C). The 

temperature started increasing from the month of March (Table 1 ). 

Rainfall: 

During the study period minimum monthly rainfall was recorded in 

the month of November and December, 1999 (13 mm), and the number of rainy 

days were 3 and 2 respectively. It was observed that there were 15 rainy days 

with a total rainfall of 543 mm during May, 2000, whereas during June, 2000 

there were 18 rainy days with only 223 mm total rainfall. Maximum total 

monthly rainfall was recorded in May,2000 (Table 1). 

5.1.2 Physico-edaphic Factor : 

Soil Moisture : The moisture content of the soil taken just below 

the litter level from each replication showed a general trend of lower moisture 

during November, 1999 and higher moisture in March, 2000. The moisture 

content of soil was lowest in November, 1999 under the treatment of Schima 

wallichii without earthwonn (9.97%). The highest soil moisture content was 

observed in March, 2000 under the treatment of Erythrina indica with 

earthworms (22.84%). It was observed that rainfall influenced the moisture 

content of soil, the more rainfall the higher the soil moisture content. The 

experiment also depicted that the rate of increase in moisture percentage was 

highest in the plot treated with E. indica and earthworms (Table II). 

5.1.3 Chemo-edaphic factors : 

The chemo-edaphic factors which were included in the study are 

Soil pH, Conductivity and Available Nitrogen. 
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MOISTURE CONTENT OF SOIL(%) 

Treatment 1999 2000 
NOV DEC JAN FEB MAR 

E. indica with earthworm 10.07 12.37 15.43 11.68 22.84 

Tl (0.036) (0.13) (0.052) (4.057) (2.07) 

E. indica without earthworm 10.01 12.5 15.03 14.12 21.04 

T2 {0.043) (0.088) (0.085) (0.15) (1.715) 

S. wal/ichii with earthworm 10.05 12.5 15.1 14.02 21.09 

T3 (0.036) (0.065) (0.131) (0.288) (1.69) 

S. wallichii without earthworm 9.97 12.29 14.59 13.47 20.2 

T4 (0.062) (0.088) (0.168) (0.645) (0.879) 

Earthworm without leaflitter 10.1 12.13 14.83 13.18 18.25 

Ts (0.072) (0.062) (0.426) (0.918) (1.175) 

Control 10.15 11.52 14.25 12.29 17.47 

T6 (0.07) (0.079) (0.223) (0.968) (1.574) 
- - - -- - - ~--

Table ll : Monthly records of soil moisture content (%) (Standard Deviation in parenthesis). 



Soil pH : The mean monthly records of the pH value of the 

different treatments under study are depicted in Table III. The soil pH at the start 

of the experiment was found to be 5.4. The highest pH value recorded was 5.8 in 

February, 2000 under Erythrina indica with earthworm treatment (TJ), and the 

lowest was 5.36 in November, 1999 under Schima wallichii without earthworm 

treatment (T 4). The overall soil reaction was acidic throughout the experiment in 

all the plots. 

Soil Conductivity : The mean monthly records of the soil 

conductivity value of the different treatments under study are depicted in Table 

III. The lowest value of soil conductivity was observed in the month of February, 

2000 and highest value in the month of November, 1999, both records were for 

the Control plot. 

Available Nitrogen : The amount of available Nitrogen present 

in the soil under different treatments were estimated in percentage and are 

depicted in Table IV. Highest percentage value was observed in the month of 

March, 2000 in respect of E. indica with earthworm treatment, and lowest in 

March, 2000 in respect of control plot. It was also observed that there was a 

significant increase in available Nitrogen percentage in all the plots treated with 

leaf litter. There was also marked differences in the nitrogen contents between 

the two litter species. 

5.1.4 Biotic Factors : 

Performance of Maize The parameters accounted for in the 

present study to observe the performance of maize plant i.e. height, stem girth 

and number of leaves in different treatments are depicted in Table V. 
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SOIL pH AND CONDUCTIVITY (d s/cm) 

1999 
Treatment Parameter November December January 

Mean S.D. Mean S.D. Mean 
pH 5.4 0 5.7 0 5.6 

E. indica with earthworm (T1) 
Conductivity 0.086 0 0.088 0.0006 0.084 

pH 5.36 0.057 5.7 0 5.7 
E. indica without earthworm (T2} 

Conductivity 0.08 0 0.072 0.001 0.075 

pH 5.36 0.057 5.5 0.1 5.4 
S. wallichii with earthworm (T3) 

Conductivity 0.089 0.001 0.073 0.001 0.078 

pH 5.36 0.057 5.6 0 5.46 
S. wallichii without earthworm (T 4) 

Conductivity 0.08 0.0006 0.078 0.0006 0.074 

pH 5.36 0.057 5.7 0 5.7 
Earthworm without leaf litter (T5} 

Conductivity 0.086 0.0006 0.088 0 0.081 

pH 5.4 0 5.63 0.057 5.7 
Control (T6} 

Conductivity 0.091 0 0.086 0.001 0.083 

Table Ill Monthly records of Soil pH and Soil Conductivity during the study period. 
(S.D.= Standard Deviation) 

S.D. 
0.1 

0.0006 

0.1 

0 

0 

0 

0.057 

0 

0 

0.001 

0 

0 

2000 
February March 

Mean S.D. Mean S.D. 
5.8 0.057 5.4 0 

0.081 0.0006 0.08 0 

5.5 0 5.5 0 

0.073 0.001 0.078 0.0006 

5.6 0 5.7 0.1 

0.074 0.0006 0.076 0.001 

5.6 0 5.7 0 

0.071 0.0006 0.079 0.002 

5.6 0 5.6 0 

0.073 0 0.077 0.001 

5.6 0 5.6 0 

0.068 0.001 0.076 0 



AVAILABLE NITROGEN IN SOIL(%) 

Treatment 1999 2000 

NOV DEC JAN FEB MAR I 

' 

E.Indica with earthworm 0.726 0.813 0.883 0.976 1.093 

Tl (0.061) (0.032) (0.02) (0.025) (0.30) 

E. indica_ without earthworm 0.580 0.550 0.680 0.726 0.856 

T2 (0.03) (0.036) (0.02) (0.041) (0.07) 

S. wallichii with earthworm 0.733 0.740 0.620 0.656 0.746 

T3 (0.04) (0.036) (0.02) (0.015) (0.023) 

S. wallichii without earthworm 0.566 0.563 0.553 0.660 0.683 

T4 (0.02) (0.02) (0.02) (0.026) (0.02) 

Earthworm without leaflitter 0.550 0.560 0.540 0.576 0.593 

Ts (0.01) (0.01) (0.02) (0.015) (0.02) 

Control 0.546 0.560 0.530 0.526 0.520 

T6 (0.005) (0.01) (0.026) (0.03) (0.026) 

-- - - - - - - - - - ----

Table N : Monthly records of Available Nitrogen(%) released in the soil. 
Standard Deviation (SD) in parenthesis. 



Height : It may be seen from the data that the monthly mean increase in plant 

height ranges from 28 em to 220 em in different treatments during April to July. 

Maximum increase in plant height was observed during May i.e. after one month 

of planting in E. indica leaf litter with earthworm treated plot (T t). It was also 

observed that the treated plots showed higher increase in plant height than the 

control plot. Further, the plots with earthworm amendment showed better 

increase in plant height than the others. This increase in plant height was found 

to be significant at 1% level. 

Stem Girth : The data depicts that the monthly mean increase in stem girth 

ranges from 2.6 em to 5.65 em in different treatments during the study period. 

The mean maximum increase in stem girth was recorded in the plot of E. indica 

with earthworm treatment (T1), and mean minimum increase was recorded in the 

control plot (T 6). This increase in stem girth was found to be significant at 5 % 

level. The plants with only earthworm treatment showed lesser increase in stem 

girth as compared to those with leaf litter treatment. 

Number of leaves: The mean number of leaves was found to be 4(four) in 

all the treatments during April. Variation in number of leaves was observed from 

the month of May. The mean maximum number of leaves per plant i.e. 12 was 

observed in the month of July in three plots viz. E. indica with earthworm (T 1), 

E. indica without earthworm (T2) and S. wallichii with earthworm (T3) 

treatments. The mean minimum number of leaves i.e. 11 at the end of the study 

period was observed in the control plot (T6). The increase in the number of 

leaves was found to be significant at 1 % level. 
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Fig. 3 Available N (%) in soils of the different treatments 
1,1 Erythrina + earthworms 1,2 Erythrina - earthworms 
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Yield of Maize : The yield of maize crop after harvest from 

different treatments are depicted in Table VI. 

Number of cobs : It was observed from the study that one plant bore only one 

cob. There were some plants which failed to bear even a cob. The mean 

maximum number of cobs was recorded in E. indica with earthworm treatment 

(T1). However, the number of cobs was found to be non-significant. 

Weight of cobs : The mean maximum weight of a cob recorded was 0.117 kg 

in E. indica with earthworm (T1) treatment followed by 0.099 kg in E. indica 

without earthworm (T 2) treatment. Mean minimum weight of a cob recorded was 

0.081 kg in only earthworm without leaf litter treatment (T5). The weight of cob 

was found to be significant at 5 % level. 

Number of Grains : The mean maximum number of grains was observed in 

E. indica with earthworm treatment (T1) i.e. 343.32 and the mean minimum 

number of grains recorded was 234.99 in only earthworm without leaf litter 

treatment (T5). However, the number of grains was found to be non-significant. 
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BIOTIC FACTORS (MAIZE PERFORMANCE) 

APRIL MAY 
Treatment Parameter Mean S.D. Mean S.D. Mean 

E. indica with earthworm Plant Height 31 1 116 11.13 163 
T1 Stem Girth 2.7 0.1 3.25 0.09 5.24 

No.of Leaves 4 0 8 0 10 

E. indica without earthworm Plant Height 30 1 110 10 160 
T2 Stem Girth 2.65 0.132 3 0.25 5 

No.of Leaves 4 0 8 0 10 

S. wallichii with earthworm Plant Height 30 1 122 12.48 158 
T3 Stem Girth 2.7 0.1 3.05 0.2 4.8 

No.of Leaves 4 0 8 0 10 

S. wallichii without earthworm Plant Height 28 2 108 10.58 155 
T4 Stem Girth 2.6 0.1 3 0.25 4.6 

No.of Leaves 4 0 7 1 9 

Earthworm without leaf litter Plant Height 29 1 103 13.74 134 
T5 Stem Girth 2.6 0.132 3.1 0.2 4.35 

No.of Leaves 4 0 8 0 10 

Control Plant Height 29 2 101 12.48 125 
T6 Stem Girth 2.6 0.132 3.08 0.17 4.1 

No.of Leaves 4 0 7 1 9 

Table V: Monthly records of the biotic factors I Performance of Maize (Plant height and Stem girth in em.). 
(S.D.= Standard Deviation) 

JUNE JULY 
S.D. Mean S.D. 

8.18 220 22.91 
0.144 0.35 

0 12 0 

10 215 20 
0.3 5.25 0.492 
0 12 0 

12 215 24.06 
0.36 5.24 0.691 

0 12 0 

12.12 210 22.27 
0.4 5.12 0.72 
1 11.5 0.5 

18 202 18.33 
0.589 5.08 0.811 

0 11.5 0.5 

13.74 198 17.08 
0.6 4.8 0.721 
1 11 1 



., 

YIELD OF MAIZE CROP AFTER HARVEST 

Treatment Number of Cobs Weight of Cobs Number of grains 

E. indica with earthworm 0.915 0.117 343.32 

Tt (0.17) (0.37) (127.3) 

E. indica without earthworm 0.875 0.099 298.33 

T2 (0.25) (0.049) (143.79) 
I 

S. wallichii with earthworm 0.875 0.096 292.49 l T3 (0.25) (0.045) (138.28) I 
S. wallichii without earthworm 0.875 0.087 274.99 I 

T4 (0.25) (0.041) (142.34) I 

Earthworm without leaflitter 0.875 0.081 234.99 

Ts (0.25) (0.03) (139.78) 

Control 0.915 0.087 243.91 

T6 (0.17) (0.016) (103.52) 
I 

- - -- - - - - -

Table VI: Yield ofMaize Crop under different treatments after harvest. 
Standard Deviation (S.D.) in parenthesis. 



Plate No. IV 
Erythrina indica tree 

Plate No. V 
Schima wallichii tree 

Plate No. VI 
Maize plants in the 
experimental plot 



Plate No. VII 
Maize plants in the 
experimental plot 

Plate No. VIII 
Maize cobs harvested 
from different treatment 

Plate No. IX 
Maize cobs harvested from 
the experimental plots 



Treatment Rainfall Air Temperature 

E indica with earthworm (T 1) 0.434 0.7269 

I 

E indica without earthworm (T 2) 0.1015 0.7413 I 

I 

S. wallichii with earthworm (T 3) -0.00004 0.7271 

S. wallichii without earthworm (T 4) -0.00002 0.7358 

Earthworm without leaf litter (T 5) -0.4319 0.7326 

Control (T 6) -0.4215 0.7378 

- ·-- ·- - - - --

Table VII Correlation 'r' between Plant Height of Maize and me· Meteorological Factors. 



Treatment Rainfall Air Temperature 

E. indica with earthworm (T 1) -0.68 NS 1.4973 NS 

E. indica without earthworm (T 2) 0.144 NS 1.5621 NS 

S. wallichii with earthworm (T 3) -0.00004 NS 1.4968 NS 

S. wallichii without earthworm (T 4) -0.000006 NS 1.5367 NS 

Earthworm without leaf litter (T 5) -0.6772 NS 1.5222 NS 

Control (T 6) -0.6574 NS 1.5481 NS 

Table VIII : Correlation 't' between plant he height of Maize and Meteorological Factors. 
( NS = Non Significant ) 

I 

I 

' 



CORRELATION (r&t) BETWEEN HEIGHT OF MAIZE AND ABIOTIC FACTORS {tin parenthesis) 
-. 

Treatment Soil pH Soil Conductivity Moisture Content Nitrogen Concentration 

Tt 0.891* 0.1497 0.9661** 0.0997 
(1.963) (0.1514) (3.741) (0.101) 

T2 0.9733** 0.0 0.9007** 0.858* 
(4.2409) (-) (2.0729) (1.286) 

T3 0.8483* -0.8214* -0.9619** -0.0562 
(1.6070) (-1.44) (-3.5182) (-0.0562) 

T4 0.127 -0.7722 -0.9856*** 0.7444 
(0.128) (-1.2152) (-5.8285) (1.1144) 

Ts 0.891 * 0.0 -0.9984*** 0.872* 
(1.9625) (-) (-17.6707) (3.638) 

T6 0.6621 0.0 -0.9914*** 0.9802*** 
(0.8835) (-) (-7.5621) (4.95) 

- - -- - - -- --

Table IX :Correlation (rand t) between Height of Maize and Abiotic Factors (tin parenthesis). 
***Significant at 1.0% level 
** Significant at 5.0% level 
* Significant at 10.0% level. 



DISCUSSION 



DISCUSSION 

Agroforestry systems through the incorporations of tree species 

ensures a continuous input of litter. Under the conventional jhum system of 

agriculture as practiced in the North East, such litter along with other forms of 

slash is heaped up in rows and burnt, resulting in release of nutrients in the form 

of ash. The burning in itself has been found to be detrimental to the soil, as the 

physical characteristics such as cohesion of soil particulate matter is reduced, due 

to destruction of the humus component. This itself increases the potential for 

erosion during the subsequent monsoon. Additionally, the process of burning 

induces volatalization of a large fraction of the nutrients held up in the litter. 

This component is therefore lost from the system ( ITTO Report,l994). Besides, 

soil biota (microflora and fauna) are also reduced to a large extent resulting in 

sharp fall in total soil metabolism. 

The present investigation is an alternative attempt to harness the 

nutrients in the litter component without allowing for the negative interactions to 

operate. Although the contribution of soil fauna to total soil respiratory 

metabolism is low in comparison to soil microflora (Reichle,l997; Persson et 

al., 1980; Visser,l985) groups like earthworms are important as they ensure 

passage of a large amount of soil and litter through their guts, wherein, size 

modification and resource quality are altered, often to the benefit of decomposer 

microflora ensuring faster colonisation and mineralisation of such ingested 

resources ( Wallwork, 1970; Crossley, 1977; Swift et a!., 1979 ). It is , therefore 
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envisaged that the incorporation of earthworms would catalyse the rates of N 

release in the soil, thus affording a continuous Nitrogen pool for agricultural 

output on a sustained basis. 

Analysis of the available Nitrogen output in the different treatments 

reveal that for both the species of leaf litter, the output is more in treatments 

inoculated with earthworms when compared to those without earthworms and the 

controls. Thus it is evident that inoculation with earthworms enhanced the rates 

of N release and the amount going to the soil pool is also considerably more in 

the earthworm inoculated treatments as compared to the others. This is in 

consonance with earlier works which reported enhanced N mineralisation from 

litter inoculated with earthworms (Anderson et a/., 1985; Anderson and Ineson, 

1984; Anderson et a/.,1983). 

Between the species of litter, it was seen that Erytrhina which is a 

N-fixing species evidenced a greater amount of N release than Schima litter, the 

latter a non-N fixing species. This lends strength to the contention that the N­

fixing species litter is more palatable to earthworms. Further, as most of the 

Nitrogen ingested in the form of litter is voided as cast in the soil, often in 

amounts greater than that incorporated into the metabolism (Lee, 1982) as their 

assimilation efficiency is very low (8-1 0% ), therefore this has far reaching 

implications on the release and availability of Nitrogen and other nutrients from 

the faeces, which forms an indispensable resource for plant growth. Besides it is 
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also reported that litter of N-fixing species exhibits faster decomposition rates 

and enhanced release of nutrients (Sharma et a/.,1997; George and Kumar,1998). 

The correlation of different abiotic factors with height of maize crop 

which is an indicator of growth potential also exhibited significant values (both r 

and t) as shown in Table IX. 

Comparison of the growth (height of maize) reveals that the 

treatment of Erythrina with earthworms which had the largest output of available 

N also exhibited the best growth of maize (Table.V). Similarly, the yield of maize 

was also consistently higher for this treatment as compared to all other 

treatments. 

A test of ANOV A however did not reveal any significant differences 

among the different treatments with respect to available Nitrogen budgets in the 

soil. Due to some unavoidable constraints the replication had to be kept to a 

minimum and this probably resulted in insignificant F values of the ANOV A. 

Moreover the inoculation experiment as outlined elsewhere was undertaken with 

the onset of winter between November and March, and this could have resulted in 

reduced metabolic activity of the earthworm and other associated decomposer 

microflora which could have also contributed to insignificant F values. 

Nevertheless, the N release patterns from the two different species of litter and 

the two different treatments clearly show marked differences. Further, the 

positive effects of earthworm amendments are also clearly indicated, and could 

have logically contributed to increased yields. 

-53-



SUMMARY 



SUMMARY 

A Randomized Block Design (RBD) experiment to analyse the 

effect of earthworm amendment to buried leaf litter and consequent release of 

Nitrogen from two different species (one N-fixing and the other Non-N fixing), 

both indigenous agroforestry tree component species popular with the farmers of 

Mizoram, was undertaken. After a period of five months of such inoculation, the 

different treatment plots were used for growing Maize (var. Vijaya Composite), 

and the growth patterns of the crop in the different treatments, and yield of maize 

were recorded along with a host of abiotic and meteorological factors. Results 

reveal a significant correlation of most of the edaphic factors with crop growth. 

The N release showed a distinct pattern of increased output in treatments with 

earthworm amendment for both the species of litter as compared to the controls. 

Between the two species Erythrina exhibited considerably higher output than the 

non-N fixing counterpart. The insignificant results of ANOVA could have been 

due to lesser number of replications and timing of the experiment which 

coincided with the oncoming winter, probably resulting in reduced metabolic 

activity of the earthworms and other decomposer microflora. 
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CONCLUDING REMARKS 

Agroforestry as a scientific discipline is increasingly gammg 

popularity as a means of increasing the potential of a unit of land to produce a 

variety of products. It is also felt that various models of Agroforestry can reduce 

the gap between supply and demand in the present situation of an increasing 

population burden. 

In the context of the North East where subsistence level sifting 

agriculture is predominant, it is often felt that this mode of agriculture is 

detrimental to the overall ecology of the region. Further more it is also 

insufficient to provide for an increasing population. Here too, Agroforestry 

seems to hold promise in alleviating the problem. The present study is a feeble 

attempt to provide an alternative to the use of fire practiced in jhum for 

harnessing the nutrients in litter and other forms of slash. The results of the 

investigation are indicative of the positive interactions triggered by the 

inoculation experiments. A more detailed long term experiment to develop this 

idea into working efficiency of the model with possibilities of specific inclusions 

of the tree component to ameliorate specific soil deficiencies, and additionally 

also to attempt at synchronisation of nutrient release from the litter component 

with the growing period of the crop to extract maximum benefit by way of 

agricultural produce. 

-57-



REFERENCE 



REFERENCE: 

Abdurachman (1989) Multipurpose tree species research for small farmers (A 

case study on small scale form of use of Jeunging Paraserianthes 

fa/cataria in Sukabami, West Java). Strategies and methods; Proceedings 

of an International Conference held on November 20 - 23, 1988 in Jakarta, 

Indonesia. pp. 203-208. 

Altieri,M.A.; Trugillo,F.J. and Farell,J.,(l987) Plant insect interactions and soil 

fertility relationships in agroforestry systems : implications for the design 

of sustainable agroecosystems. In : Agroforestry -Realities, Possibilities 

and Potentials. Gholz H.K. (Ed). Martinus Nijhoff and ICRAF, Dordecht, 

The Netherlands. pp. 89- 109. 

Anderson,J.M.; Huish,S.A.; Ineson,P.; Leonard,M.A. and Splatt,P.R. (1985). 

Interactions of invertebrates, micro-organisms and tree roots in nitrogen 

and mineral element fluxes in deciduous woodland soils. In: Ecological 

Interactions in soil- Plants, Microbes and Animals. Fitter,A.H. (Ed.). 

Blackwell Scientific Publications, Great Britain. Pp.377-390. 

Anderson,J.M. and Ineson,P. (1984). Interactions of invertebrates, rmcro­

organisms and soil invertebrates in nutrient flux pathways of forest 

ecosystems. Invertebrate- Microbial Interactions. Anderson J.M.; Rayner 

A.D.M. and Walton, D.W.H. (Eds.), pp. 59-88 Cambridge University 

Press, Cambridge. 

-59-



Anderson,J.M.; Ineson,P. and Huish,S. (1983). Nitrogen and Cation release by 

macrofauna feeding on leaf litter and soil organic matter from deciduous 

woodlands. Soil Biology and Biochemistry, 15: 463-467. 

Annual Report (1999-2000) Indian Agricultural Statistics Research Institute 

(ICAR), New Delhi, pp. 20- 21. 

Anon (1978) Soil Survey Manual, USDA. Oxford and IBH Publishing Co., New 

Delhi. 

Barley,K.P. and Jennings,A.C. (1959) Earthworms and Soil Fertility III. The 

influence of earthworms on the availability of Nitrogen. Australian 

Journal of Agricultural Research 10: 364-370. 

Barley,K.P. and Kleinig,C.R., (1964) The occupation of newly irrigated lands by 

earthworms. Australian Journal of Science 26: 290-291. 

Brewbaker,J.L.(l986) Leguminous trees and shrubs for Southeast Asia and the 

South Pacific. In: Forages in Southeast Asia and South Pacific 

Agriculture. Blair,G.J., Ivory,D.A. and Evan,T.R. (Eds.). ICIAR 

Proceedings series No. 12, ICIAR, Canberra, pp. 43- 50. 

Brewbaker,J.L. (1993) Nitrogen fixing trees in Agroforestry. In: Agroforestry for 

Rural Needs. Khurana,D.K. and Khosla,P.K. (Eds.). Indian Society of 

Tree Scientists, Solan, Volume II, pp. 698 - 713. 

-60-



Budelman,A. (1988) The decomposition of the leaf mulches of Leucaena 

leococephala, Gliricidia sepium and Flemingia macrophylla under humid 

tropical conditions. Agroforestry Systems, 7: 33-45. 

Budelman,A.(1989) The performance of selected leaf mulches in temperate 

reduction and moisture conservation in the upper soil stratum. 

Agroforestry Systems, 8: 53-66. 

Crossley,D.A. (1977) The roles of terrestrial saprophagous arthropods in forest 

soils. Current status of concepts. The Role of Arthropods in Forest 

Ecosystems. Mattson,W.J.(Ed.), pp.49-56. Springer-Verlag, New York. 

Daniel,O. and Anderson,J.M. (1992) Microbial biomass and activity in 

contrasting soil materials after passage through the gut of the earthworm 

Lumbricus rubellus Hoffmeister. Soil Biology and Chemistry ,Vol. 24, 

No.5, pp. 405-470. 

Darwin,C.,(l881) The formation of vegetable mould through the action of 

worms with observations of their habits. Murray, London. 

Dash,M.C.; Mishra,P.C. and Behera,N, (1979) Fungal feeding by a tropical 

earthworm. Tropical Ecology, 20: 9- 12. 

Das,A.K. and Ramakrishnan,P.S. (1985) Litter dynamics in Khasi Pine of North 

East India. Forest Ecology Management, 10: 135- 153. 

-61-



Daugbjerg,D.; Hige,J.; Jenson,J.P. and Sigurdardottir,H. (1988) Earthworms as 

indicators of cultivated soils. Ecology Bull., 39: 45-47. 

Dennis,R.L.; Hendrix,P.F.; Coleman,D.C. and Van Vilet,P.C.J. (1994) Faunal 

indicators of soil quality. Defining soil quality for sustainable 

environment. Doran,J.W.; Coleman D.C.; Bezdicek,D.F. and 

Stewart,B.A.(Eds.). SSSA Special Publication No. 35: 91- 106. 

Duguma,B.; Kang,B.T. and Okali,D.U.U. (1988) Effect of pruning intensities of 

three leguminous species grown in alley cropping with maize and cowpea 

on an alfisol. Agroforestry Systems, 6: 19-35. 

Edwards,C.A. and Heath,G.W. (1963) The role of soil animals in breaking down 

of leaf materials. In: Soil Organisms. Doeksen,J. and Van der Duft,J. 

(Eds.), North Holland, Amsterdam, pp. 76- 80. 

Edwards,C.A. and Lofty,J.R. (1977) Biology of Earthworms. Chapman and 

Hall, London. 

Edwards,C.A. and Lofty,J.R. (1978) The influence of arthropods and 

earthworms upon the root growth of cereals after five seasons of direct 

drilling. Journal of Applied Ecology, 15: 789-795. 

Edwards,C.A. (1981) Earthworm, Soil fertility and Plant growth. In: 

Proceedings of workshop on the role of earthworms in the stabilization of 

organic residues. Kalamazoo. Vol. 1, pp.61 - 85. Michigan Beach Leaf 

Press, Michigan. 

-62-



Edwards,C.A. and Lofty,J.R. (1982) Nitrogenous fertilizers and earthworm 

populations in agricultural soils. Soil Biology and Biochemistry, Vol. 14, 

pp. 515-521. 

Ehlers,W. (1975) Observations on the earthworm channels and infiltration on 

tilled and untilled loose soil. Soil Science, 119: 242-249. 

El-Lakany,M.H. (1987) Agroforestry in Egypt. In: Agroforstry for Rural Needs. 

Vol.I. Khosla,P.K. and Khurana,D.K.(Eds.). Indian Society of Tree 

Scientists, pp.21-26. 

Fragoso,C. and Rojas,P. (1994) Soil biodiversity and land management in the 

tropics. The case of ants and earthworms. Etchevers,J.D.(ed.). Trans. 15th 

World Congress of Soil Science. Vol. 4a. Commission III, ISSA, 

Acapulco, Mexico, pp.232-237. 

Fragoso,C.; Brown,G.G.; Patron,J.C.; Blanchart,E.; Lavelle,P.; Pashanasi,B.; 

Senapati,B.K. and Kumar,T. (1997) Agricultural intensification, soil 

biodiversity and agro-ecosystem function in the tropics: the role of 

earthworms. Applied Soil Ecology, 6: 17- 35. 

George,S.J. and Kumar,B.M. (1998) Litter dynamics and cumulative soil fertility 

changes in silvopastoral systems of a humid tropical region in Central 

Kerala, India. International Tree Crops Journal. Vol. 9, pp.267-282. 

-63-



Grewal,S.S.; Mittal,S.P.; Dyal,S. and Agnihotri,Y. (1992) Agroforestry system 

for soil and water conservation and sustainable production from foothill 

areas ofNorth IndiaAgroforestry Systems, 17: 183- 191. 

Glover,N. and Beer,J. (1986) Nutrient cycling in two traditional Central 

American agroforestry systems. Agroforestry Systems, 4: 77 - 87. 

Gupta,S.R. and Malik,V. (1996) Soil Ecology and sustainability. Tropical 

Ecology, 37(1): 43-55. 

Gutteridge,R.C. (1990) The use of the nitrogen fixing trees as a source of 

nitrogen for maize. Nitrogen Fixing Tree Research Reports, 8: 27-28. 

Haggar,J.P. and Beer,J.W. (1993) Effect on Maize growth of the interaction 

between increased nitrogen availability and competition with trees in alley 

cropping. Agroforestry Systems, 21:239-249. 

Haggar,J.P. (1991) The effect on Nand P dynamics of introducing legume trees 

to a tropical annual cropping system. Ph.D. Thesis. University of 

Cambridge. 

Hopp,H. and Hopkins,H.T. (1946) Earthworms as a factor in the formation of 

water-stable aggregates .Journal of Soil and Water Conservation, 1 : 11 - 13. 

Hussain,A.; Ranjha,A.M.; Sharar,M.S. and Ghaffar,A. (1990) Release of 

nitrogen during decomposition of legume tree leaves. Nitrogen Fixing 

Tree Research Reports, 8: 51-53. 

-64-



ICRAF (1986) An introduction to agroforestry diagnosis and design. 

International Council for Research in Agroforestry, Nairobi, p. 55. 

ITTO Report ( 1994) Fire in Rainforest - Lessons from East Kalimanthan, 

T.F.U., 4: 5, 1994,pp. 18- 19. 

Jean Combe (1982) Agroforestry Techniques in Tropical countries. Potential 

and limitations. Agroforestry System I : 13 - 27. 

Jha,L.K. (1991) Agroforestry : Its objectives, techniques and implementation. 

In: Social Forestry, Ashish Publishing House, New Delhi. pp. 40-52. 

Jha,L.K. and Sarma,P.K.S. (1993) Multipurpose Trees and Shrubs for 

Agroforestry systems (Annexure-I). In: Agroforestry- Indian Perspective. 

Ashish Publishing House, New Delhi, p. 59. 

Kaufusi,P. and Asghar,M. (1990) Effect of incorporating plant materials on com 

growth. Nitrogen Fixing Tree Research Reports, 8: 81 - 82. 

Kibriaul Khaleque (1987) Homestead Forestry Practices in Bangladesh. In : 

Agroforestry for Rural Needs. Khosla,P.K. and Khurana,D.K. (Eds.), Vol. 

I. Indian Society of Tree Scientists. pp. 1- 12. 

Kimmins,J.P. (1987) Forest Ecology. The University of British Columbia, New 

Jersey, p.244. 

-65-



King,K.F.S. (1978) 50th Agric. Conference Paper, Amsterdam. 

King,K.F.S. and Chandler,P. (1978) Agroforestry - a new system of land 

management. Proc. 50th Symp. On Tropical Agril. Bull. 303. Department 

of Agri. Research, Amsterdam, pp. 1- 10. 

Krishnamoorthy,R.V. and Vajranabhaiah,S.N. (1986) Biological activity of 

earthworm casts. An assessment of plant growth promoter levels in the 

casts. Proceedings of Indian Academy of Science (Animal Science), 95: 

341-352. 

Krivolutzkii,D.A. and Pokarzhevskii,A.D. (1991) Soil fauna as bio-indicators of 

biological after-effects of the chemobyl atomic power station accident. 

Jeffrey,D.W. and Modden,B. (Eds.). Rio-indicators and Environment 

management. Academic Press, New York, pp. 135- 141. 

Kumar,D. and Bhardwaj,S.D. (1993) Present status and future prospects of 

integrating agricultural crops and fodder in temperate Himalayas. In: 

Agroforestry - Indian Perspective. Jha,L.K. and Sen Sarma,P .K. (Eds. ). 

Ashish Publishing House, New Delhi, pp. 131- 140. 

Lazier,J. and Mengistu,S. (1984) Erythrina, a genus with browse potential. Plant 

Genetic Resources Centre, Ethiopia/International Livestock Centre for 

Africa Germplasm Newsletter, 5: 20 - 22. 

Lee,K.E. (1982) The influence of earthworms and termites on soil nitrogen 

cycling. New Trends in Soil Biology. Proceedings of the VIII Inti. 

-66-



Colloquium of Soil Zoology, Louvain-la-Neuve (Belgium), 1982, pp. 35-

48. 

Lungdrean,B. and Raintree,J.B. (1983) Sustained Agroforestry. Agril. Research 

for Development Potential and Challenges in Asia. The Hague, ISNAR, 

pp. 1-25. 

Mackay,A.D.; Syers,J.K.; Springett,J.A. and Greg,P.E.M. (1982) Plant 

availability of Phosphorus in Superphosphate and a phosphatic rock as 

influenced by earthworms. Soil Biology and Biochemistry, 14: 281-287. 

Mackay,A.D. and Kladivko,E.J. (1985) Earthworms and rate of breakdown of 

Soybean and Maize residues in soil. Soil Biology and Biochemistry, Vol. 

17. No.1, pp. 851-857. 

Montagnini,F.; Sancho,F.; Ramstad,K. and Stijfhoom,E. (1991) Multipurpose 

trees for soil restoration in the humid lowlands of Costa Rica. In: 

Research on Multipurpose Trees in Asia. Proceedings of an International 

Symposium, November, 19-23, 1990. Los Banos, Philippines. 

Taylor,D.A. and McDicken,K.G. (Eds.), pp. 41-58. Winrock International 

Institute for Agricultural Development, Bangkok. 

Montagnini,F.; Ramstad,K. and Sancho,F. (1993) Litterfall, Litter 

decomposition and the use of mulch of four indigenous tree species in the 

Atlantic lowlands of Costa Rica. Agroforestry Systems, 23: 39-61. 

-67-



Muthuchelian,K. (1992) Erythrina: Neglected multipurpose trees of the tropics. 

Agroforestry Today, 4: 10. 

Nygren,P. and Jimenez,J.M. (1993) Radiation regime and nitrogen supply in 

modelled alley cropping systems of Erythrina Poeppigiana with sequential 

maize-bean cultivation. Agroforestry Systems, 21:271-285. 

Olufemi Omiyale (1987) The role of Agroforestry in the Savana areas of 

Nigeria. In: Agroforestry for Rural Needs. Khosla,P.K. and 

Khurana,D.K.(Eds.). Volume I. Indian Society of Tree Scientists, pp. 36-

39. 

Onim,J.F.M.; Mathuva,M.; Otieno,K. and Fitzhugh,H.A. (1990) Soil fertility 

changes and response of maize and beans to green manures of Leuceana, 

Sesbania and Pigeonpea. Agroforestry Systems, 12: 197-215. 

Pande,P.K. (1999) Litter decomposition in tropical plantations: Impact of 

climate and substrate quality. Indian Forester, Vol. 125, pp. 599-608. 

Pathak,P.S. (2000) Agroforestry- Issues and Strategies for the New millenium. 

Indian Farming. March, 2000, pp. 20- 26. 

Patil,H.Y,; Patil,A.B. and Patil,S.A. (1998) Studies on the nutrient status of soil 

under different tree canopies at Prabhunagar. My Forest (Quarterly journal 

of the Karnataka Forest Department), Vol. 34, June 1998, pp. 811-813. 

-68-



Paulsamy,S.; Sayeenagavadivel,R. and Manian,S. (1990) Decomposition of 

forest litter in two different habitats : Silvipastoral systems in India 

(Proceedings of a National workshop on Silvipastoral Approach for 

Wastelands Development held at IGFRI, Jhansi from August 6- 8, 1990). 

Pathak,P.S. and Panjab Singh (Eds.), pp.l27-129. 

Persson,T.; Booth,E.; Clarholm,M.; Lundkvist,H.; Soderstrom,B.E. and 

Sohlenius,B.(l980) Trophic structure biomass dynamics and carbon 

metabolism of soil organisms in a Scots Pine forest. Structure and 

Function of Northern Coniferous Forests-An Ecosystem Study. 

Persson,T.(Ed.). Ecological Bulletins (Stockholm), 32:419-459. 

Peter Poschen ( 1986) An evaluation of the Acacia albida based Agroforestry 

practices in Hararghe highlands of Eastern Ethiopia. Agroforestry Systems, 

4: 129- 143. 

Rao,Y.S. (1989) Why, What, How and Where Agroforestry in the Asia Pacific 

Region. Forest News (Tiger Paper), Thailand, pp. 1-9. 

Rao,Y.S. and MacDicken,K.G. (1991) Foreward. In: Agroforestry in Asia and 

the Pacific. Mellick,W.; Rao,Y.S. and MacDicken,K.G. (Eds.). RAPA 

Publication, pp. 1-2. 

Raw,F. (1962) Studies of earthworm populations in orchards. Leaf burial in 

apple orchards. Annals of Applied Biology, 50: 389- 404. 

-69--



Reddy,A.N.Y. (1993) Agroforestry as an alternative source of energy 

requirements of our nation. In: Agroforestry - Indian Perspective. 

Jha,L.K. and Sen Sarma,P.K. (Eds.), pp. 61- 68. 

Reichle,D.E. (1977) The role of soil invertebrates in nutrient cycling. Soil 

Organisms as Component of Ecosystems. Proceedings 61
h International 

Colloquium of Soil Zoology. Ecological Bulletin (Stockholm), 25 : 145-

156. 

Salazar,A.; Szott,L.T. and Palm,C.A. (1993) Crop-tree interactions in alley 

cropping systems on alluvial soils of the upper Amazon Basin. 

Agroforestry Systems, 22: 67-82. 

Sarma,P.K.S. and Jha,L.K. (1993) Prospects and problems of Agroforestry- An 

Alternative Agriculture. In: Agroforestry - Indian Perspective. Ashish 

Publishing House, New Delhi, pp. 9- 16. 

Satchell,J.E. (1967) Lumbricidae. In: Soil Biology. Burgers,A. and Raw,F. 

(Eds.). Academid Press, London, pp.259- 322. 

Sharma,R.; Sharma,E. and Purohit,A.N.(1997) Cardamom, Mandarin and N­

fixing trees in Agroforestry systems in India's Himalayan region. 1. 

Litterfall and decomposition. Agroforestry Systems 35:239-253. 

Singh,A. and Singh,M. (1980) Effect of various stages of shifting cultivation on 

soil erosion from steep hill slopes. Indian Forester, 106: 116- 121. 

-70-



State of Forest Report (1997) Government of India. 

Stockdill,S.M.J. (1982) Effects_ of introduced earthworm on the productivity of 

New Zealand pastures. Pedobiologia, 24: 29- 35. 

Suzanne Visser (1985) Role of the soil invertebrates in determining the 

composition of soil microbial communities. In: Ecological Interactions in 

soil - Plants, Microbes and Animals.Fitter,A.H.; Atkinson,D.; Read,D.J. 

and Usher,M.B. (Eds.). Blackwell Scientific Publications, Great Britain, 

pp. 297-317. 

Swift,M.J.; Heal,O.W. and Anderson,J.M. (1979) Decomposition in Terrestrial 

Ecosystems. Studies in Ecology. Vol.5, Blackwell Scientific publications, 

London. 

Szott,L.T.; Femandes,E.C.M.and Sanchez,P.A. (1991) Soil-plant interactions in 

agroforestry systems. Forest Ecology and management, 45: 127- 152. 

Teketay,D. (1990) Erythrina burana : Promising multipurpose tree from 

Ethiopia. Agroforestry Today, 2; 13. 

The Hindu (1937) A National news Paper of India. Dated 61
h November, 1937 

(Cross Ref.). 

Thulin,M. (1983) Leguminosae of Ethiopia. Opera Botanica, 68: 122. 

-71-



Tiraa,A.N. and Asghar,M. (1990) Com growth as effected by nitrogen fixing 

tree and grass plant materials supplemented by P and K fertilizers. 

Nitrogen Fixing Tree Research Reports, 8:83-84 

Tiwari,M.B.;Tiwari,B.K. and Mishra,R.R.(1989) Enzyme activity and Carbon 

dioxide evolution from upland and wetland rice soils under three 

agricultural practices in hilly regions. Biological Fertility of Soils, 7:359-

364. 

Torres,F. (1983) Agroforestry : Concepts and Practices. In: Agroforestry 

Systems for small scale farmers. Hoekstra, D.A. and Kuguru,F .M. (Eds. ). 

Proc. ICRAF/BAT, Workshop, Nairobi, Sept.,l982. ICRAF, Nairobi, pp. 

27-42. 

Troup,R.S. (1975) The Silviculture of Indian Trees. FRI Press, Dehra Dun. 

Published by the controller of Publications, Delhi.pp. 278-284, 286-288. 

Venugopal,K. (1986) Prospect of agroforestry in Sikkim. In: Agroforestry 

system -A new challenge. Khosla,P.K.; Puri,S. and Khurana,D.K.(Eds.). 

Indian Society of Tree Scientists, UHF, Solan, pp. 69-7 4. 

Wallwork,J.A. (1970) Ecology of Soil Animals. McGraw-Hill Publishing 

Company Limited, London. 

-72-



Westly,B.Sidney (1990) Defining agroforestry technologies, Agroforestry Data 

bank. Agroforestry Today, Vol. 2(1), p.21. 

Wilson and Kang,B.T. (1981) Agroforestry plantations. Agroforestry and 

Wasteland. Singh,M.P. and Tiwari (Eds.). 

Yamoha,C.F. and Burleigh,J.R. (1990) Alley cropping Sesbania sesban L.Merill 

with food crops in the highland region of Rwanda. Agroforestry Systems, 

10: 169- 181. 

Young,A. (1989) Hypothesis for soil agroforestry research. Agroforestry 

Today. Vol. 1, No.1, pp. 13- 16. 

Zhu Zhao Hua (1993) Agroforestry in China- An Overview. In: Agroforestry 

for Rural Needs. Vol. II. Khurana,D.K. and Khosla,P.K. (Eds.). Indian 

Society of Tree Scientists, pp.378- 388. 

-73-


