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Zusammenfassung 

Mit steigender Bevölkerungszahl und wachsendem Bedarf an Lebensmitteln wird die 

Landnutzung für die agrarische Erzeugung auf den Hangterrassen der „mid-hills“ von Nepal 

intensiviert, was zu einer zunehmenden Belastung der inhärent fragilen und nähstoffarmen 

Böden führt. Bracheperioden zwischen Anbauphasen werden kürzer oder fallen ganz weg, 

mit dem Erntegut exportierte Nährstoffe und die durch Bodenbearbeitung mineralisierte 

organische Substanz werden in der Regel nicht ersetzt, der Unkrautdruck steigt und die 

Standorte verlieren zunehmend an Produktionspotential. Der Einsatz von 

Bracheleguminosen während der Übergangszeit zwischen der Ernte der Monsun-Kultur 

(September) und der Aussaat der Vorfrucht (Februar) könnte den Böden organische 

Substanz und biologisch gebundenen Stickstoff zuführen und Unkrautwachstum 

unterdrücken und somit zur Wiederherstellung von Bodenfruchtbarkeit und des 

Produktionspotentials der degradierten Terrassen beitragen. Die Effizienz der 

Bodenverbesserung und Unkrautunterdrückung durch Bracheleguminosen erfordert eine 

hohe Biomassebildung und biologische Stickstoffbindung und dürfte standort- und  

artenabhängig sein. Ein Feldversuch zur vergleichenden Bewertung von sechs 

Bracheleguminosen wurde auf zwei unterschiedlich stark degradierten Terrassenböden in 

Kaule im Kathmandu-Tal während der Zwischensaison 2009/2010 durchgeführt. Die 

Biomassebildung, Stickstoffbindung (δ15N Methode) und Bestandesverunkrautung (Biomasse 

und Artenzusammensetzung) wurde 28, 56 und 84 Tage nach Aussaat der Brachepflanzen 

untersucht. Wachstum und Biomassebildung waren aufgrund der marginalen 

Bodenbedingungen (K, Ca und Mg Mangel) und der ungünstigen Klimabedingungen (kühle 

Temperaturen und Kurztagbedingungen während der Untersuchungsperiode) generell 

gering. Signifikante Biomasseerträge (>80, 145 und 50 g m-2) wurden mit Phaseolus, Pisum 

und Mucuna erreicht. Nur die aus Nepal stammende Mucuna war in der Lage große Mengen 

an atmosphärischem N zu binden (Ndfa >60%). Während die Brachevegetation zu einer 

Verschiebung des Artenspektrums führte, konnte keine der Arten die Unkrautmasse 

reduzieren. Gründüngungsleguminosen haben das Potential, der fortschreitenden 

Degradierung der Terrassenböden in den bäuerlichen Kleinbetrieben Nepals 

entgegenzuwirken. Allerdings wird der künftige Erfolg solcher verbesserter 

Brachemaßnahmen die externe Zufuhr der limitierenden Nährstoffe K, Ca und Mg  erfordern 

und einer längeren Feldanbauperiode bedürfen.  
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Abstract 

With demographic growth, the agricultural production in the mid-hills of Nepal is being 

increasingly intensified. Reduced durations of fallow periods and the absence replenishment 

of exported nutrients and mineralized soil carbon results in soil degradation, increased weed 

infestation and a loss of the production potential. The use of fallow legumes during the 

transition period between the harvest of the monsoon crop in September and the seeding of 

the first-season crop in February is seen to contribute to a restoration of the production 

potential by adding carbon and biologically-fixed nitrogen and by suppression of weed 

growth. The benefits of such improved fallows will depend on biomass accumulation, N2-

fixation and weed suppression ability and consequently varies between species. A field 

experiment was conducted on two differently degraded terraces at Kaule in the Kathmandu 

Valley during the off-season 2009/2010. Biomass accumulation, N2- fixation (δ15N Method) 

and the biomass and composition of associated weeds was determined at 28, 56 und 84 

days after seeding of the fallow species. Growth and biomass accumulation were generally 

low because of the marginal soil (K, Ca and Mg deficiencies) and unfavorable climatic 

conditions (low temperatures and short day length during the study period). Significant 

Biomass (>80, 145 and 50 g m-2) was accumulated only by Phaseolus, Pisum and Mucuna. 

Sole Mucuna which is native to Nepal was able to fix substantial amounts of N from the 

atmosphere (Ndfa >60%). While the composition of the weeds was altered, none of the 

fallow species was able to significantly reduce the biomass of weeds. Fallow legumes have 

the potential to contribute to the restoration of degraded terrace soils in the Nepalese mid-

hills, provided that the limiting nutrients K, Ca, and Mg are added and that the duration of the 

fallow period is increased.  
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1. Introduction  

1.1 The importance of green manure legumes in terra ce farming in Nepal 

The rapidly growing world population puts considerable pressure on the scarce natural 

resources, and there is an urgent need to develop more efficient and sustainable agricultural 

production systems to feed the growing population. Nitrogen is one of the most important 

elements for plant growth. Legumes are able to fix atmospheric nitrogen by symbiotic 

bacterial (i.e. rhizobial) nodulation in their roots. An ecological and economical profitable 

method to increase soil fertility is the cultivation of legumes, and their subsequent 

incorporation as green manure into the soil. Farmed terraces in the mid-hills of Nepal 

comprise up to 30% of the mountainsides. This region is densely populated and an 

expansion of cultivated land surface is no longer possible (Shresta, 1992). In total, the mid-

hills constitute some 28% of Nepal’s farmland, corresponding to an area of about 2.5 million 

hectares (FAO, 2006). The current strategies of land intensification involve a year-round 

production of food crops on the same fields, but without the use of external inputs (Regmi et 

al., 2002). While the emerging double and triple cropping increases the output in the short-

term, the lack of inputs leads to severe degradation of the soil resources and loss of medium-

term production potential (Becker et al., 2007). Main factors associated with the land 

degradation are a soil fertility decline (mainly C and N) and an increased weed infestation 

(Pande and Becker, 2003). Such degradation phenomena are becoming increasingly 

apparent and lead occasionally to the abandoning of land and to the migration of the rural 

population to the growing urban slums. With demographic growth and the growing demand 

for food, it becomes imperative to reclaim the abandoned, degraded terraces and to transfer 

them into sustainable production systems. With low capital availability in the predominant 

low-input systems, this reclamation must be based on systems’ internal resources (Pandey 

et al., 1999). While animal manure has been shown to effectively restore degraded soil 

(Mussgnug et al., 2006), the number of farm animals in the mid-hill area is generally too low 

and the manure too valuable (use as fuel or fertilizer for higher-value crops in home-gardens) 

to be used on the degraded terraces that are often remote from the homesteads (Hobbs and 

Pasuquin, 1999) and additionally mineral fertilizers are hardly affordable for the rural 

population and difficult to transport from urban areas to remote places. However, an 

alternative to chemical and animal fertilizers is the integration of legumes into the crop 

rotation. Several farmers have been cultivating peas (Pisum spp.) or beans (Phaseolus 

vulgaris, Vigna spp.) during the dry season, but not for the purpose of the so-called green 

manure and thereby the improvement of soil quality. This is in general not an established 
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practice or even considered as an option by the farmers. During the rainy season, mainly rice 

and, to a lesser degree maize are cultivated in the mid-hills, thereby extracting nitrogen. The 

terrace soils are losing their production potential over time and there is an urgent need for 

improvement of soil quality and ecological sustainability. Furthermore, the mid-hills of Nepal 

are very steep, causing erosion and associated nutrient losses. The annual monsoon season 

with its high amount of precipitation adds to the nutrient losses massive erosion through 

nutrient leaching and gaseous N losses (Carson, 1992). While vegetables can be cultivated 

in the dry season in September and October, most fields lie fallow during this time. It is 

essential to keep the amount of bare fallow land as small as possible, as terraces lose their 

stability when they are not cultivated. Areas with dense population and high rates of 

cultivation are usually most protected from landslides (Gerrard and Gardener, 2002). 

Consequently the end of the monsoon season (September/October) would be the best time 

to cultivate green manure legumes to improve soil fertility in a sustainable manner on the one 

hand and to recover the soil on the other hand. It has been shown that green manure 

legumes potentially increase soil organic C (Becker and Ladha, 1996), add biologically-fixed 

N (Becker et al., 1995; Becker and Johnson, 1999), suppress the growth of certain weed 

species (Sauerborn, 1999; Kent et al., 2004), control soil erosion (Bunch, 2002), and 

enhance the production potential of food crop systems of West Africa, Latin America, and 

Southeast Asia (Becker and Johnson, 1999; Carsky et al., 2001; Smith et al., 2002; Becker, 

2003; Uphoff, 2006). While green manuring has a long tradition in the subtropical lowland 

area of the Nepalese Terai (Dwivedi et al., 2003; Becker et al., 2007) little is known to date 

about how green manure or cover legumes can be best adapted to the conditions in the mid-

hills where the need for soil quality improvement is largest. Despite their potential, the use of 

leguminous cover crops has been declining in recent years (Garrity and Becker, 1994; 

Becker et al., 2000). The main reasons for this decline are the lack of appropriate social-

ecological niches for this technology (Becker et al., 2007). Hence, niches where green 

manures or cover crops can be profitably integrated into the existing cropping system are 

characterized by marginal soils with a low use efficiency of mineral nutrients but a sufficient 

availability of soil Phosphorus for legume biological N fixation (Becker et al., 2005), the 

availability of land and labor for the growth and the incorporation of the green manure 

(Becker et al., 2000) and a lack of access to capital or external inputs (mineral fertilizers) 

(Becker, 2007). 

Because the farmers' diet and income depend on the productivity of their small terrace fields, 

cultivation methods that increase soil fertility are an essential factor in Nepalese agriculture. 

Arable land is partitioned following the tradition to bequeath all sons of a family with land 
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(real split inheritance). Smaller farming surfaces and a growing population in certain regions 

produce a lower crop yield and require intensified farming (Mahat, 1987; Rai, 2006) and thus, 

an improvement of crop yield per unit land is desirable on a global scale. In the context of an 

agroforestry project, implemented in a small village in the mid-hills of Nepal, the farmers are 

guided to cultivate legumes to enhance soil fertility. 

 

1.2 Agroforestry Project in Kaule, Nepal 

In Kaule, terraces are artificially built on the mountain flanks near the houses of the farmers. 

The major agricultural cereal crops in the mid-hills are Oryza sativa (rice), Zea mays (maize), 

Panicum spec. (millet), Triticum spp. (wheat), Raphanus l. (radish) and Hordeum vulgare 

(barley) (AICC, 2005). Furthermore, oilseeds particularly Brassica japonica or Brassica nigra 

(mustard), Fragaria (strawberry) and Solaum toberosum (potato) are cultivated as cash 

crops. In the village of Kaule, a German-nepalese project aims for the gradual transformation 

and change from subsistence oriented terrace cultivation into a farming system of 

agroforestry. 15 farmers take part in the project with 0.05 – 1 ha of their cultivated farm land. 

The aim is  to change their cropping system (in total 3.5 ha farm land).  Subsistence-oriented 

terrace cultivation is here defined as the cultivation of vegetables and crops on terraces in a 

way that ensures survival, but does not allow for additional revenue. An accompanied socio-

economic Ph.D. research project by Dipl. Biol. Alina Schick (University of Hohenheim, 

Germany) runs for a period of three years from 2009 - 2011 to monitor the impact of the 

system change on both environmental (biodiversity and soil quality) and socio-economic 

conditions (local market offer, income and labor time). While the first aim is to introduce the 

system change, a second goal of the project is to find and document the appropriate 

combination of cultivation of plants for agroforestry which fit in the local topography and are 

suitable for local climate conditions.  

Agroforestry is a method that features integration of a tree component into an agricultural 

production and land-use system (Steppler, 1982). Such systems have been widely acclaimed 

as a solution to tree depletion, soil degradation, and declining yields under shifting 

cultivation. As defined by King and Chandler (1978), agroforestry is a sustainable land 

management system which increases the overall yield of the land. It combines 

simultaneously the production of trees and the production of crops and/or animals on the 

same unit of land, and it comprises management practices that are compatible with the 

cultural practices of the local population. Lundgren and Nair (1985) add that in agroforestry 

there are both - ecological and economic interactions between the different components. 

Agroforestry systems create living space for insects, birds and other animal species through 
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the integration of tree and shrub varieties. In comparison to mono-cultured terrace farming, 

agroforestry fosters the ecological structure and the balance of the area (Sharma, 2006). On 

the ecological side, advantages include the promotion of the natural nutrient cycle, of 

keeping the soil fertile, managing erosion risks, of carbon sequestration by planting trees and 

nitric sequestration when planting legumes, improvement of water quality for people who live 

down the hills, maintaining biodiversity and finally creation of shadowy areas. In addition, the 

ecosystem becomes more solid given the fact that the co-cultivation of different plants 

diminishes the relative impact and vulnerability against vermin (Martin and Sauerborn, 2006).  

The success of the agroforestry project in Kaule is exemplified by Dhaai Jus Ram Tamang 

and his family. Jus Ram changed his land use system to agroforestry about 20 years ago 

and he is now able to live a more prosperous life, compared to other farmers in the region. 

Due to the change, he does not have to work as a day laborer anymore; instead he and his 

family are able to live off their own land. Not only does he provide a relative high living 

standard for his family, but he is furthermore able to sell products from his farm and can thus 

afford to send his oldest daughter to the Tribhuvan University in Kathmandu. They have 

minimized the risk of losing an entire yield from mono-cultured crops due to hazards by 

cultivating a greater variety of plants. Cultivating forages for the animals saves him time, i.e. 

there is no need to gather fodder in community forests anymore. To date, Jas Ram Tamang 

serves as a role model for agroforestry farming in Kaule and consequently some farmers are 

highly motivated to engage in the program and change their farming system to a similar 

agroforestry system. 

This Diploma thesis is part of the agroforestry project of Kaule e.V. with the aim to provide 

data on how to improve soil quality by cultivating green manure legumes during the dry 

season. While agroforestry approaches are based on the use of perennial species, their 

provision of goods and services, and a soil fertility restoration in the medium to long term, the 

present work addresses the immediate benefits of annual green manure legumes and the 

short-term soil improvement. 
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2. Hypothesis and Objectives 

 

The off-season cultivation of fallow legumes and their subsequent incorporation as green 

manure has been shown to enhance soil productivity by adding N and organic C and by 

suppressing problem weeds. These effects are likely to vary by legume species, requiring a 

site- and system-specific selection and identification of adapted and adoptable green manure 

legumes. In the mid-hills of Nepal the target legumes must show a vigorous growth in the off-

season under conditions of low rainfall and of declining photoperiod and temperature.  

The general objective of this study was to assess measures that improve the soil quality of 

degraded terraces by adding N via biological fixation and C via organic matter. Two different 

land types were chosen to compare legumes growth and weed suppression. One site was 

located next to a farmer house and received regular inputs (home field). The second site, 

located further away from the households, received little or no external inputs (out-field). 

 

The following objectives were addressed: 

 

1. Determination of plant growth pattern and biomass accumulation of fallow species. 

2. Determination of N accumulation, nodulation and N2-fixation of the fallow species. 

3. Determination of biomass accumulation and species composition of weeds associated   

    with the different fallow species. 

 

This thesis is structured into seven chapters. After a general introduction, chapter three 

reviews the literature and introduces the agricultural sector and the environmental conditions 

of the mid-hills of Nepal. Furthermore, an overview is provided to explain the situation and 

reasons for the current conditions of the terrace farming. Finally, prospects and constraints of 

the involvement of green manure legumes into farming processes are described. Chapter 

four describes the study site and details the experimental procedure, the sampling and the 

data analysis techniques. Chapter five presents the results on growth, N2-fixation and 

nodulation of the fallow legumes and the biomass and composition of associated weeds of 

the field study. In chapter six, the results are discussed with a focus on prevailing soil 

conditions. Chapter seven concludes the study by presenting a summary of the main findings 

and by providing suggestions for future research. 
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3. Literature review 

3.1 The mid-hills of Nepal 

3.1.1 Topography 

Nepal has a total of 2.97 million hectares of cultivated land and is highly influenced by 

diverse geo-climatic conditions. 27.5% of Nepal’s cultivated land is situated in the mid-hill 

region, ranging between 500 and 3000 m above sea level. It presents 42% of the total land 

area (Basnyat, 1995), and constitutes 4.44 million ha (Carson, 1992) of which approximately 

one quarter is cropped (1.22 million ha; LRMP, 1986). The mid-hill zone is of generally 

rugged mountain topography, the altitude can vary considerably within short horizontal 

distances. Accordingly, climate and the vegetation show great variation over a very short 

distance, and give rise to great ecological diversity and complexity. In general, the area rises 

towards the north, to the main Himalayan plateau. Up to 30% of these slopes are divided 

traditionally into cultivated terraces, being the only arable land available in the region, apart 

from some highly productive valleys. Apart from the great rivers of Nepal, many streams rise 

on the slopes of the mid-hills, but these are frequently seasonal and unpredictable. The 

erratic discharge of these smaller rivers during the monsoon can cause severe damage by 

cutting their banks, but at the same time they are invaluable for irrigating one of the main 

crops, paddy rice (FAO, 1992).   

3.1.2 Climate 

Nepal’s “normal” climate for its latitude, the subtropical monsoon type, is strongly influenced 

by mountain barriers and elevation (Manandhar, 2002) which lead to various micro-climates. 

Overall, the climate of the region is characterized by a humid cool-subtropical/temperate 

climate. The temperature ranges from 20 to 28°C in summer and 2 to 12°C in winter with a 

mean annual temperature of 19.8°C (Becker et al., 2007). The winters (November-March) 

are in general very dry. During the summer, from June to September, the extensive summer 

monsoon season accounts for up to 80% of the annual rainfall (Maskey et al., 2001). The 

summer monsoon rains can reach up to 5000 mm in some places in the south Himalaya 

region, in contrast to areas to the north of the Himalayas where rainfall can be as little as 250 

to 350 mm per year (FAO, 1992). 

3.1.3 Population and Agriculture    

Population growth trends in Nepal between 1971 and 1991 indicate that the distribution of 

the population has changed. This is the result of outward migration from the Hill Districts to 
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the Terai (lowland region in the south of Nepal) because of better economic opportunities 

there. However, there has still been no overall reduction in the population of the hill regions 

because population growth compensates for migration. The rural population density per unit 

area of arable land is over 1500 km2, or 15 per hectare, and this overpopulation has a 

detrimental effect on the available resources. Crop production is declining, and between 

1970 and 1980, cereal grain production of the mid-hills decreased by 6.7%, largely as a 

result of a decline in soil fertility (Karki, 1984). This trend of decreasing yields of grain 

continues, which has forced the people to encroach into the remaining forest areas, which 

are steep and inherently unsuitable for agricultural development. The results are increased 

landslides and erosion in many places. In general, the steep slopes and dry parts of the 

region are left as forest, grassland or bushy pasture land. Areas with gentle slopes and 

reliable rainfall are generally extensively cultivated. Slopes up to 30% are traditionally formed 

into innumerable terraces for growing crops (FAO, 1992). It is generally accepted that no 

more land is available for development for arable cropping in the hill regions. However, 

people are still actively involved in swidden agriculture, moving onto steep slopes and 

cultivating without constructing proper terraces. This has created major hazards and 

disasters, such as soil erosion, landslides and loss of crop land and production. In this way, 

the ecosystem is being continually degraded, and numerous forest species and agricultural 

crops are under threat (FAO, 1992). Cropping systems are generally subsistence in nature 

and are based on either rice or maize (Basnyat, 1995). More than 80% of employment and 

40% of the gross domestic product is dependent on agriculture. Of the rural and agricultural 

output, crop production accounts for 60%, livestock 30%, and forest products 10% of the 

total (Manandhar, 2002). The traditional farming practices of the region have evolved into a 

complex system where livestock husbandry, forestry and arable cropping are practiced 

together and any changes in one component will exert a significant effect upon the others 

(Mahat, 1985). The difficult topography, and the great climatic variation, means that the 

whole farming system is extremely labor intensive.  

3.2 Terrace farming in the mid-hills of Nepal 

3.2.1 Land types 

Two distinct cropping types exist, distinguished by either being irrigated or rain-fed. The rain-

fed land is cultivated unbounded upland, on sloping terraces, which is predominantly cropped 

with maize (Zea mays L.) up to an altitude of 2500 m. The second is irrigated land, 

supporting rice (Oryza sativa L.) cultivation below 1800 m (Pilbeam et al., 2000). Rice and 

maize are the two major staple crops of the region. Wheat, millet, barley, potato, mustard 
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and some other minor crops also make important contributions to hill agriculture (FAO, 

1992). More than a quarter of the total cultivated land in Nepal is estimated to be under rice-

wheat double cropping (about 0.5 million ha; Hobbs and Morris, 1996). The cultivation period 

of rice and maize is between June and October; the one of wheat between November and 

April (Becker et al., 2007).  

Most of the farmers are small landholders and the average household has about 0.5 ha rain-

fed land (Krishna et al., 2009). Nationally, 70% of the cropped areas are rain-fed terraces, 

while irrigated land constitutes the remainder (LRMP, 1986). On average, a household owns 

approximately twice as much rain-fed land as irrigated land (Turton et al., 1995). Irrigated 

land is usually highly productive, and has a better cropping potential compared to rain-fed 

land. In total acreage, rain-fed land far exceeds irrigated-land, and so the latter is much more 

valued in the regions where it is available. Where small-scale irrigation schemes can be 

introduced, farmers invariably convert rain-fed land into irrigated land at lower altitudes. Rain-

fed land makes up the primary livelihood and source of income for poor mid-hill farmers 

(Krishna et al., 2009). Sharma (1996) reported that, on average, land holdings were divided 

into 3.9 different pieces of land. The size of the terraces can vary between 15 m2 and 150 m2. 

3.2.2 Declining yield trends  

Farming practices dominated by the production of subsistence cereal crops without adequate 

replacement of soil nutrients through manure, compost or artificial fertilizer applications will 

deplete resources, thus making hillside farming systems unsustainable. Globally, reduction in 

inherent soil fertility and soil loss are increasingly severe limitations to crop production on 

sloping hillsides in the tropics and subtropics (Gardner and Jenkins, 1995). Consequently, 

field crops such as rice and wheat have to rely largely on native soil fertility for their nutrition 

(Ladha et al., 2000). 

The 0.5 million ha of rice-wheat in Nepal are primarily produced in low-input systems (Hobbs 

and Morris, 1996) with less than 30 kg mineral fertilizer ha-1 year-1 (Pandey and Joshy, 2000). 

Therefore yields rarely exceed 2 t ha-1 in rice and 1.3 t ha-1 in wheat (Pandey et al., 1999). 

From long-term field experiments it has been concluded that N is the most limiting factor for 

the production of both rice and wheat in Nepal (Regmi et al., 2002; Gami et al., 2001) and at 

least partially responsible for the recently observed declining yield trends (Ladha et al., 

2003). The yields of rice and maize in the Hills of Nepal have either remained static or 

declined gradually over the last 10-20 years (Hobbs and Morris, 1996) because of 

exhaustion of soil fertility.  
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3.2.3 Cropping Intensification 

Cropping intensification is a result of the growing population on the one hand and of the 

declining yields which relate to depleted soil fertility on the other hand. In recent years, the 

cropping patterns changed e.g. from maize-millet cropping patterns to vegetable cropping 

intensification (Krishna et al., 2009). Vegetable selling on markets and thus higher income for 

the farmers is positive, but in turn the cropping requires a higher nutrient demand which can 

also lead to increased weed stocks. Weeds could be one factor responsible for yield 

reduction. Becker and Johnson (2001) identified more weed biomass on the more intensively 

cultivated terrace lands in West Africa.  

3.3 Soil degradation processes  

3.3.1 Soil degradation in terrace farming 

A significant amount of nutrients (more than 90%) is lost through crop harvest, particularly N 

and K (Hartemink, 1997; Dechert et al., 2005; Acharva et al., 2007; Krishna et al., 2009). 

Next to crop harvest, soil degradation in terrace farming constitutes the highest nutrition 

export. This results in dramatic decline of soil fertility if there are no adequate methods or 

fertilizer to improve soil quality or techniques to compensate degradation.  

The loss of soil nutrients is a major factor contributing to degradation. Becker and Johnson 

(2001) reviewed that the intensification-related decline in soil N supply was significantly 

correlated with grain yield decline in West Africa. Reduced pH and soil organic C has 

generally been associated with land use intensification. Furthermore, the continuous removal 

of crop residues resulte in a declining soil organic matter content (Hobbs and Pasuquin, 

1999) and hence a low soil N supplying capacity (Adhikari et al., 1999; Regmi, 1997; Gami et 

al., 2001). Large N losses are expected at current crop and land management practices. 

Each year, large amounts of soil and nutrients are lost from sloping uplands in the Hindu 

Kush Himalaya region, mainly as a result of intense cultivation during the rainy season (Ya 

and Murray, 2004). In Nepal an estimated 1.3 million tons of plant nutrients are displaced 

annually (MOPE, 2004).  

3.3.2 Nutrition export due to erosion, leaching, ru noff and gaseous losses 

Several studies have indicated that farmlands in the hills have been losing soil at the rate of 

5-26 t ha-1 per year due to erosion (Carson, 1992; Fleming, 1983; Schreier et al., 1998; 

Partap and Watson, 1994) with an amount of 5 -109 kg N ha-1 a-1 (Brown 1997; Partap and 

Watson, 1994; George et al., 1995; Pande and Becker, 2003), up to 40 kg K ha-1  a-1, 20 kg P 
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ha-1 a-1 (Partap and Watson, 1994) and 25.5 kg SOC ha-1 a-1 (Acharya et al., 2007). Acharya 

et al. also found that the losses of nitrate-nitrogen and potassium through runoff were 

comparatively low but losses from leaching were 45 and 180 kg N ha-1 year⁻¹. Generally, the 

P concentration in leachate is small presumably due to sorption of P by deficient sub-soils 

(Sharpley and Rekolasinen, 1997). Higher amounts of N losses were measured in eroded 

sediment than runoff. Data showed that more than 50% of the N was lost in sediment rather 

than runoff (Krishna et al., 2009). This could be due to the large amounts of SOC (soil 

organic carbon) removed (mainly as particulate organic matter) with associated high N 

contents in the eroded sediment (Munodawafa, 2007). It was observed that rain-fed lands 

become degraded because of high rainfall intensity, steep slopes, adoption of high nutrient 

exhausting crops and decreasing replenishment with manure application (Gardner and 

Gerrard, 2003; Acharya et al., 2007). Singh et al. (1991) reported that about 13% of urea 

fertilizer was lost due to leaching in coarse textured soils. 

After the harvest of a winter crop of wheat, the terrace land lays fallow until the onset of the 

monsoon rains and the transplanting of lowland rice (April to June). During this 6-10 weeks 

long dry-to-wet season transition (DWT), soil moisture rises gradually. Before the onset of 

the rainy season, the soil contains mostly organic and little mineral N (Aulakh et al., 2000). 

With the re-wetting of the soil, a flush of N mineralization occurs (Birch, 1960). Repeated 

drying and wetting cycles have further stimulatory effects on N mineralization (van Schreven, 

1968). With the onset of the monsoon rains or irrigation of paddy fields, the soil profile gets 

saturated, and N losses of up to 90 kg ha-1 occur (George et al., 1992). Their extent and the 

prevailing loss mechanisms depend on the amount of soil nitrate, the intensity of the rain and 

the flow of water in the soil profile (Buresh and De Datta, 1991; Wulf et al., 1999). Thus, N 

losses are likely to be dominated by nitrate leaching in well-draining sandy soils and by 

denitrification in saturated heavy-textured soils (De Datta and Buresh, 1989; Bognonkpe and 

Becker, 2000).  

The seasonal nutrient losses from runoff and soil loss are significantly higher during the pre-

monsoon season from the rain-fed land (Krishna et al., 2009) indicating need for better soil 

management during this period. The higher nutrient losses were likely due to higher 

concentration of nutrients in the runoff water and eroded sediment and higher soil loss rates 

in this time (Krishna et al., 2009). Even low to medium precipitation in the pre-monsoon 

season produced higher soil and nutrient losses compared to peak-monsoon season. Upland 

farmers start to use FYM (farmyard manure)/compost and cultivate the land (tillage 

operations) at the beginning of the pre-monsoon, particularly on upland terraces (rain-fed 

land) for maize or vegetable crops and again during the post-monsoon period for the second 
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crops. Lowest losses are observed during the peak-monsoon due to lower fertilizer 

application. Farmers usually plough the field, and apply FYM as well as chemical fertilizers 

before planting the crops in both seasons. These activities create low ground cover and 

loose soil conditions which in turn leads to enhanced soil erosion and consequently a high 

nutrient loss during the pre- and post-monsoon (Tiwari et al., 2007). The variability of the 

rainfall characteristics, topography, soil properties and methodologies makes it difficult to 

define if nutrient losses depend on soil erosion, runoff or leaching. Although difficult to 

determine, the dynamics of erosion and deposition processes must be assessed over an 

entire hill slope including multiple terraces for accurate determination of soil/nutrient losses. 

Options to increase farm income while minimizing nutrient losses in the existing farming 

system of Nepal are needed to uplift the economy and well-being of the mountain farmers of 

the country. A large amount of nutrients can be saved if these losses are minimized (Krishna 

et al., 2009). 

3.4 Nutrient balance  

That large quantities of nutrients are removed by different crops is well realized by farmers, 

although they are at large unaware of the exact figures. The farmers have adopted different 

traditional manuring methods to maintain their crop production profile. The major limitation 

faced in mid-hill livestock production is a deficit in feed, which shortage occurs during the dry 

winter period and causes the whole region ecological imbalance (FAO, 1992). To counteract 

this imbalance farmers exploit the surrounding environment. At this time there is a net 

movement of nutrients from the forest to the cropped area via livestock production (Turton et 

al., 1995). 

Between 25 and 100 kg N are applied as FYM ha-1 year-1 (Pandey, 1996; Subedi et al., 

1996). Recommended application rates of N fertilizer for improved varieties of rice and maize 

are 100 and 120 kg N per ha respectively, and 80 kg N per ha for wheat (LARC, 1997). The 

fertilizer demand of the crops should be measured on land type and soil fertility, but the 

fertilizer application depends in many cases on the farmers’ economic status. The 

hypothetical amount of N of a cereal crop at harvest is generally consistent between years 

and locations. The annual total N removed from maize, rice and wheat is calculated to be 

23.1, 11.6 and 14.4 kg N ha-1 per household (Pilbeam et al., 2000).  

Pilbeam et al. also showed that N losses at an average of 57 kg N ha-1 a-1 are affected by 

runoff, soil erosion, leaching and crop harvest. The losses caused by rain vary considerably 

during the monsoon season according to intensity of the precipitation. N addition of up to 

max 235 kg N ha-1 a-1 are affected by rainfall and deposition (30 kg N ha-1 a-1), chemical 
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fertilizer (26 kg N ha-1 a-1), tree fodder/grass (79 kg N ha-1 a-1) and manure/compost (100 kg 

N ha-1 a-1). With these results Pilbeam et al. (2000) concluded that the hypothetical 

household in the mid-hills of Nepal seems to be in balance with respect to N. Subsequently, 

current agricultural production may be sustainable, albeit at a modest level of productivity 

relying on imports from external N sources. For livestock production nutrient movements 

from the forest are accessed and a major pathway for the flow of N within the system (Turton 

et al., 1995). Through forages fed to livestock and the application of manure the farmers 

produce crops. Agriculture at this level may not be sustainable in the long-term (Pilbeam et 

al., 2000).  

In contrast Becker et al. (2007) presented an N balance with general N depletion of 37 to 82 

kg N ha-1 a-1, without the negative gaseous N losses, which were not accounted. There is 

agreement that at least the low-input rice-wheat systems seem to generally show negative N 

balances (Yadav et al., 2002; Timsina et al., 2006; Pathak et al., 2006). Becker et al. (2007) 

concluded that despite reduced N losses and increased grain yields the proposed options 

need to be complemented with additional N inputs to sustain long-term productivity. The 

extent of the prevailing loss mechanism depends on the amount of nitrate present in the soil 

solution, the quantity of easily mineralizable carbon sources, the intensity of the rain and the 

flow of water in the soil profile (Li, 2000; Pathak et al., 2002). Avoidance of that loss may 

improve N nutrition of the succeeding crops of rice and wheat and improve the largely 

negative N balances (George et al., 1992). 

Brown and Kennedy (2005) reported significantly increased farm income through vegetable 

cultivation compared to cereal crops in the mid-hills of Nepal. Intensive cultivation of the 

commercial vegetables with increased use of agrochemicals and decreased FYM/compost 

application is likely to lead to nutrient depletion and soil fertility decline on rain-fed lands 

(Brown and Kennedy, 2005). Cropping intensification without adequate restoration of soil 

fertility may threaten the sustainability of agriculture (Roy et al., 2003). Soil erosion and 

nutrient loss were considered critical barriers for the sustainability of the commercial 

vegetable production (Poudel et al., 1999; Brown and Shrestha, 2000). Fertility management 

and soil conservation practices should be undertaken while adopting vegetable farming in 

those areas (Krishna et al., 2009). 

A study of Krishna et al. (2009) suggests that maintaining the soil nutrient balances and 

increasing farm income through vegetable farming, legume based vegetable production with 

integrated nutrient management such as application of FYM/compost and small amounts of 

chemical fertilizer could be most appropriate for upland farming in the mid-hills of Nepal. 
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Vegetable farming requires greater amounts of nutrients than other crops. Krishna also 

showed in his results that in comparison a maize-legume treatment required a low amount of 

nutrients and also improved the soil fertility through recycling of the plant biomass. 

3.5 Organic fertilizer application  

The existing traditional hill farming system has been entirely dependent on locally available 

manure for maintaining soil fertility. Farmers in the mid-hills generally cannot afford chemical 

fertilizers, both due to a lack of cash needed to purchase them, and due to the costs and 

logistic difficulties transporting them to remote areas. Furthermore, there is no properly 

established infrastructure for an assured supply in this unstable economy. With population 

growth and increasing land shortage, short fallow systems start to dominate, resulting in a 

negative effect on soil fertility and systems productivity. Alternative approaches include 

replacing natural short-fallow vegetation by planted fallows of higher quality (Carsky et al., 

2001). Improved fallow systems are not viable if they completely displace a food or cash 

crop. Where chemical fertilizers can be acquired their use may provide more immediate 

results at lower yield risk than green manure (Ali and Narciso, 1995). Weber et al. (1996) 

hypothesized that improved fallows are more likely to be practiced in more remote areas of 

poor market access, to restore degraded uplands or maintain moderately fertile uplands. In 

systems where land-use intensification is stimulated by access to market opportunities, 

improved fallow is not likely to be used for soil maintenance because of the better availability 

of fertilizer compared to more remote farms (Carsky et al., 2001). 

In regions where chemical fertilizers are not available, the farm crop production without 

organic manuring would decrease to a very low level. As a consequence, utilizing all the 

available organic manure, and minimizing soil erosion, has been the main process by which 

soil fertility has been maintained on hill farms (LRMP, 1986). Forest biomass and livestock 

are crucial components in this process, both to exploit and cycle the nutrients available in the 

region, and for this reason, large amounts of leaf litter (forest biomass) are collected every 

year to maximize compost production. Because the agriculture production system in the 

region has a multidisciplinary approach, without which no sustainable agriculture can be 

conducted in the mid-hills, some farmers have adopted an agroforestry system, planting 

fodder/fuel-wood trees and cereal crops together (FAO, 1992).  

3.5.1 Improved fallows 

To create an improved fallow system, farmers cultivate fast-growing plants after harvest of 

the crops for land rehabilitation. Usually, nitrogen-fixing plants (e.g. Crotalaria spp., Mucuna 
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spp.) are used, because they are vigorous, deep-rooted, tolerant of drought, and have the 

ability to accumulate atmospheric nitrogen (Wilkinson and Elevitch, 2010). Food crops in 

Nepal and in other development countries are mainly produced in extensive production 

systems where farmers traditionally rely on extended periods of fallow to restore soil fertility 

and control insect pests and weeds (Nye and Greenland, 1960; Johnson and Adesina, 

1993). N supply of West African soils has been shown to be larger in fallow than in cropped 

land (Juo and Lal, 1977) because the plants accumulate nitrogen from the air and from deep 

layers of the soil, and drop their leaf litter to enrich the soil and conserve moisture (Wilkinson 

and Elevitch, 2010). In subtropical climates, organic matter additions from long term fallows 

have been reported to stimulate bacterial activity, and to improve structure and penetrability 

of soils (Padwick, 1983). Cover crops and improved fallow species fill the space and are also 

realistic technologies designed to reduce the buildup of weeds caused by cropping 

intensification (Becker and Johnson, 2001).  

3.5.2 Farmyard manure (FYM) and crop residues 

Soil fertility inevitably declines if nutrients are not redistributed in a sustainable manner. 

Nutrients (N and P) are lost annually through erosion, runoff, leaching and crop harvest. 

They could be recovered either by applying double dose of FYM or by incorporation of more 

than 30% of the crop residues back into the soil, which is a positive indicator for sustainability 

of the upland farming systems (Krishna et al., 2009). Diversification of cropping systems and 

an improved supply of N via legume N2-fixation have been proposed as ways of stabilizing 

food production, recharging soil N reserves, and improving the potential productivity of cereal 

crops (Hobbs and Morris, 1996; Dahal and Dahal, 1998; Schulz et al., 1999). Nutrient 

supplies in the rain-fed land through FYM/compost application can be increased through 

improved quality and quantity of FYM/compost production and application utilizing locally 

available high N containing plant species for composting (Tiwari et al., 2006). 

Smith et al. (2007) reported that nutrient losses could be effectively minimized if chemical 

fertilizers would be applied at different crop growth stages and FYM would be properly 

incorporated into the soil.  

Simple practices may have large effects on soil improvement. A return of the wheat straw, 

which is normally removed or burnt, does not only return substantial quantities of carbon and 

potassium, but may also reduce N losses by temporary immobilization of Nmin in the soil 

microbial biomass (Verma and Bhagat, 1992; Bhogal et al., 1997). Growing nitrogen-fixing 

crops may additionally contribute N from the atmosphere to the system (Peoples et al., 1995; 

George et al., 1998).  
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Despite the positive findings of residue incorporation, they need to be critically evaluated in 

view of the widespread alternative uses, i.e. wheat straw used as bedding for animals or as 

fuel and legume stover needed as animal feed. Generally, farmers have low adoption of 

green manure technologies (Becker et al., 1995; Dawe et al., 1993). 

3.6 Potential of leguminous green manures 

Green manuring refers to the application of fresh plant material to arable land as fertilizer for 

soil improvement or for crop sanitation purposes. There are many reports of increases in the 

growth and yield of crops sown after incorporation of green manures (Giller, 2001). A green 

manure legume is one that is grown specifically for use as organic manure and this obviously 

maximizes the amount of N from the legume that is available for a subsequent crop. The 

primary reason for green manure use is related to the addition and/or conservation of 

nitrogen but has additional benefits. Advantages of growing legumes are not solely due to 

the provision of N, but are often due to other beneficial effects of organic matter additions 

and root penetration on the soil structure and water-holding capacity (Hulugalle et al., 1986), 

or on incidence of pests or diseases (Abawi and Thurston, 1994). Green manure is also 

superior in comparison to other types of manure. As, by definition, the green manure is 

returned to the soil whilst the plant material is still green, it will have a higher moisture 

content and higher N content than grain legume residues.  

3.6.1 Experiences, relevance, benefits of green man ure 

Apart from experimental results (Pilbeam et al., 1998; Schulz et al., 1999), little is specifically 

known about the capacity of legumes to fix N in Nepal where extremes in topography and 

climate are combined to produce a diverse range of agroecosystems. There appears to be 

considerable potential for enhancing N2-fixation inputs by integration of more leguminous 

components in rotations such as the wider use of intercropping, or the introduction of 

legumes to areas of fallowed or degraded land. Changes to farmer practices so that legume 

residues are incorporated into the soil rather than removed after grain harvest could also 

have a huge impact on the subsequent field crops.  

Legumes rank fourth in area after rice, wheat and maize. The total area sown to legumes in 

1998/1999 was 308.008 ha, compared to 3.2 million ha sown to cereals in the same year 

(Agricultural Statistics of Nepal, 1999). The mid-hills of Nepal appear to present good 

requirements for a potential adoption of green manure cover crops. Land is available on 

abandoned terraces, the soils can be considered as marginal for crop production (low C and 

N and acid pH) but contain sufficient available soil phosphorus. Capital is lacking in the 

predominantly low-input systems. Consequently, green manure cover crops are seen to have 
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a realistic potential to reclaim degraded soils and control problem weeds on the degraded 

terraces of the mid-hills, particularly in the post-wet season cropping niche (September to 

March). 

Despite advantages of green manures, the drop in its use is dramatic, and the adoption is not 

wide spread (Ali, 1999). One of the principal reasons for the success of legumes as green 

manures and cover crops is their ability to grow in poor soils, which is of course in no small 

part due to their ability to fix N₂. It is unusual for green manures to be adopted solely for their 

beneficial effects on soil fertility, but where other benefits are also found – for instance, 

suppression of weeds, reduction of incidence of pests or control of soil erosion – then 

farmers may choose to use them (van der Heide and Hairiah, 1989). 

Apart from increasing yield gains due to N addition, physical, chemical and biological 

advantages have been observed. Because of the multiple potential advantages of green 

manure reported in the literature, green manures and fertilizers can be compared using a 

number of agronomic (e.g., yield and total dry matter), soil (e.g., bulk density, water holding 

capacity, organic matter content and porosity of soil), and biological (e.g., insect and disease, 

and weed infestation) criteria (Ali, 1999). Green manures can be intercropped or relay-

planted by undersowing within a crop. But if the legume is vigorous and fast in growing 

conditions it should be planted in delay to the field crop, to reduce its competitiveness. 

However, in climates like Nepal, with a long dry season there is often little choice but to grow 

the legume as a sole crop (Gilbert, 1998). 

3.6.2 Nitrogen effects of green manure 

Nitrogen (N) accumulation by green manure legumes in cropping systems is an important 

function influenced by water regime, soil fertility, photoperiod, inoculation, and crop growth 

duration (Buresh and De Datta, 1991; Becker 2003). The amounts of N accumulated vary 

with species, season, and site. Values range from as low as 7 to more than 300 kg N ha-1 

with mean values of 88 kg ha-1 for legumes (Peoples et al., 1995; Becker et al., 1995). 

The proportion of a plants’ N that is derived from N2-fixation is strongly influenced by the N 

amount available out of the soil, and the ability of the plant to capture and utilize that N. 

Where the amount of N available in the soil is very limited, grain yield will be directly 

proportional to the amount of N2 fixed. The proportion of N derived from N2-fixation will be 

smaller when large amounts of soil N are available. Plant characteristics that contribute to 

the amount of N2-fixation are also influenced by the environment and by the rhizobial strain. 

Amounts of N2 fixed commonly exceed 100 kg N ha-1 within 6 month, with the maximum 
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amounts of N2-fixation recorded in upland soils of 220-230 kg N ha-1. Many of legume 

species are able to fix 80% or more of their N when growing well (Giller, 2001). The %N from 

N2-fixation in the legumes showed a loose positive relationship with shoot N accumulation, 

indicating that poor nodulation and N2-fixation were linked to poor growth in general. Of 

course, green manure legumes cannot fix large amounts of N2 if other nutrients are not 

available in the soil (Giller, 2001). 

In a study of Maskey et al. (2001) winter-grown crops derived >60% of their N from N2 

fixation (lentil: 72 kg N ha-1, grasspea 80 kg N ha-1, chickpea: 84 kg N ha-1), summer legumes 

showed a wider distribution (mashbean: 28 kg N ha-1, soybean: 59 kg N ha-1, pigeonpea: 412 

kg N ha-1, groundnut: 153 kg N ha-1).  

The N2 fixation of Phaseolus vulgaris from several studies is documented in Giller (2001) with 

an amount up to 125 kg N ha-1 (0-73%). Crotalaria juncea is documented with a range from 

16 to 223 kg N ha-1 (36 to 86%), Lablab purpureus with 3 to 70 kg N ha-1 (35 to76%) and 

Mucuna pruriens with 18 to 224 kg N ha-1 (36 to 83%) (Giller, 2001). 

Estimated amounts of N losses due to soil flooding reach up to 109 kg ha-1. By absorbing 

between 15 (weedy fallow, West Africa) and 65 kg N ha-1 (Sesbania sp., Philippines) the 

support of vegetation cover during the transition season acted as a sink for soil Nitrogen. N 

losses are likely to be dominated by nitrate leaching in well-draining sandy soils and by 

denitrification in saturated heavy-textured soils (George et al., 1995; Pande and Becker 

2003). Their loss mechanisms depend on the amount of soil nitrate, the intensity of the onset 

of the monsoon rain and the flow of water in the soil profile (De Datta and Buresh, 1991; 

Pande and Becker 2003). More than 95% of 15N-labelled nitrate fertilizer were lost from the 

soil by denitrification after only 9 days of flooding (Buresh et al., 1989).  

Green manure crops grown before the soil is flooded are able to absorb much of this mineral 

N and help to reduce N losses from the soil (Buresh et al., 1993; George et al., 1993). A 

vegetation cover, like green manure legumes during DWT, can absorb nitrate and immobilize 

it in the biomass (nitrate catch crops). Crops during DWT varied in total N accumulation 

between 54 kg ha-1 (maize), 80 kg ha-1 (mungbean) and 108 kg ha-1 (mucuna) (Becker et al., 

2007). Growing legumes with a low N harvest index will not only cycle soil N but also add N 

by biological N2 fixation. The effectiveness of a nitrate “catching” vegetative soil cover in 

curbing N losses has been shown for a weedy fallow (Geroge et al., 1995), grain legumes 

(Dwivedi et al., 2003; Singh and Dwivedi, 2006), forage legumes (Ladha et al., 1996), 

vegetables (Shrestha and Ladha, 2000) and green manures (George et al., 1998; Kondo et 
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al., 2000; Pande and Becker, 2003). Specifically, George et al. (1994) reported a reduction in 

nitrate-N losses from 107 to less than 20 kg N ha⁻¹ when green manure legumes occupied 

the field during DWT. 

3.6.3 Non-nitrogen effects of green manure 

Many other advantages of green manure use have been cited: green manure adds organic 

matter and improves soil physical properties (Ladha and Furoc, 1991; Meelu et al., 1992), 

neutralizes soil pH (Qixiao and Tiaren, 1988), breaks the cycles of insects and diseases 

(Arunin et al., 1988), and reduces weeds (Kulasooriya et al., 1985). 

Nutritional effects (other than N) include the mobilization of P, Si, Zn, Cu, Mn and other 

elements as a result of increased microbial activity and a decrease in redox potential. 

Incorporation of a rapidly decomposable biomass, with a C/N ratio <20 can increase the 

microbial biomass. This conserves nutrients in a “biological pool” with a high turnover and 

enhances the heterotrophic N2-fixation, which depends on the amount of organic Carbon 

(Giller, 2001). Green manure can also improve soil physical parameters, increase the cation 

exchange capacity, improve soil buffering capacity and help reclaim alkaline and acid 

sulphate soils. Increased soil biological activity as a result of green manuring accelerate the 

mineralization of persistent pesticides and their metabolites and has been shown to reduce 

the incidence of bacterial diseases, insect pests and nematodes in rice (Giller, 2001). 

Planting a green manure instead of leaving the land fallow can help control weeds, 

particularly through the use of “creeping” cover legumes. These additional benefits are less 

obvious and more difficult to quantify (Becker, 2008). If weed suppression or erosion control 

is a major goal, then rapid development of a dense soil cover is essential, but if the major 

aim is to intercrop with a cereal, species that grow slowly initially or that have a more erect 

growth habit are more suitable. When sown as cover crops, the legumes are normally sown 

alone to develop as uniform stands that can smother weeds (Giller, 2001). 

3.6.4 Green manure effects on grain yields 

The effects of N saving strategies on the subsequent increase of grain yields depends on soil 

type, climate, and the technical option between -0.3 (net N immobilization) and +3.2 t ha-1 

(Becker et al., 1995; Yadvinder-Singh et al., 2004). Appropriate use of green manures on 

farmers’ field (mostly on poor soils) significantly improves rice yields in low land areas, 

confirming earlier claims that green manures improves soil quality in the long-term (Ali, 

1999). A review of comparisons with green manure legumes and no fertilizer situations 

reported an increased rice yield with an average of about 1 t ha-1 (Ali, 1993). 
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3.6.5 Constraints to green manure use 

The most important economic factors affecting green manure use, besides the price of 

mineral fertilizer, are the input prices for land and labor (Ali and Narciso, 1993). Whenever 

land can also be used for the production of cash crops, strictly soil-improving legumes cannot 

compete. The niches for green manures are limited to environments where both land and 

labor is available (Becker, 2008). Green manure is not a cost-efficient option. Mineral 

fertilizer are more economical than green manure as a nutrient source. In Nepal, land 

preparation for green manure required four pair-bullock days ha-1 and another 5-6 pair-

bullock days to incorporate green manure (Ali, 1999). And even this is an underestimate as it 

is not possible to use bullocks in most regions in the mid-hills of Nepal, because of the steep 

slopes and the involved erosion risk (J. R. Tamang, pers. com).  

Water shortage is a major constraint in green manure cultivation, yet whenever water is 

available, other crops then become more economical than green manure legumes (Ali, 

1999). On the other hand, in regions with less rainfall, the effects of green manure legumes 

tend to be attenuated. The numbers of rhizobia in soil declines drastically as soil dries (Giller, 

2001). 

Several reviews and regional surveys identified a high price (or low availability) of land and 

labor, and a relatively low mineral fertilizer price as the major constraints to green manure 

use in lowland rice production systems. Consequently, niches for green manure use are 

likely to be characterized as situations where mineral fertilizer are either unavailable or 

expensive (Garrity and Becker, 1994) or where green manures outcompete mineral N 

sources with regards to N use efficiency (Becker et al., 1995). Furthermore such niches 

comprise situations where the availability of land and labor is sufficient to allow farmers to 

invest in green manure. An economic evaluation of different green manure legumes indicated 

that only those species that could control weeds effectively, and reduce labor costs, gave 

increased saving over continuous cropping (Giller, 2001). Another problem is the shortage of 

good quality seed. The basic constraints to seed production can be varietal, environmental, 

biological, or socioeconomic. 

Despite high N accumulation, with a large share derived from biological N2-fixation, the 

outcome of an investment in a green manure measure is frequently uncertain and hence 

risky (Giller, 2001).  
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3.6.6 Green manure species – Adaption to climatic a nd edaphic conditions 

High temperatures can prevent nodulation or, if nodulation does occur, can inhibit the activity 

of N2-fixation in legumes (Day et al., 1978). Conversely, cool temperatures lead to delayed 

development of plants, including delays in the formation of nodules, and so decreased rates 

of N2-fixation. The optimum temperatures for growth and N2-fixation vary widely between 

legume species and reflect their environmental adaption (Giller, 2001) 

A better understanding of the photothermal influences on the phenology of legume crops is a 

necessary step towards improving and sustaining crop production from disadvantaged 

hillsides (Keatinge et al., 1996). For all tropical and subtropical species, the warmest 

temperature combined with the shortest photoperiod hastened flowering and fruit maturity. All 

temperate species both flowered and matured sooner at the warmest temperatures 

combined with the longest photoperiod (Keatinge et al., 1998). Green manure legumes need 

to be screened for growth (biomass accumulation), phenology (flowering behaviours under 

short-day conditions), N accumulation (large share of N derived from the atmosphere), weed 

suppression (leaf area index, sequential biomass of associated weeds in both the legume 

and the subsequent food crop), and crop productivity after legume incorporation (maize 

biomass and yield during the subsequent wet season). 

If N2-fixation does not occur or is minimal, it is largely due to drought, or some other 

environmental constraints such as high temperatures (Phaseolus vulgaris), or nutrient 

limitations. If nodulated plants often show less well-developed root systems, the ability to 

capture nutrients is decreased, particularly phosphorus (Cassmann et al., 1980). A deficiency 

of phosphorus (due to less developed roots or P deficiency in the soil) can also prevent 

nodulation, due to its importance for nodule metabolism (O’Hara et al., 1988). Largest 

amounts of N2-fixation have been recorded if there were long, favorable growing seasons, 

predominantly on research stations under optimal photothermal conditions (Giller, 2001). 

3.6.7 Mucuna as green manure and cover crop 

Mucuna pruriens is subject of considerable research because of its extremely rapid growth 

and its potential to maintain soil fertility. The Mucuna fallow system is the most adopted 

cover cropping system in West Africa. Mucuna mulch decomposition is rapid if rain arrives, 

because it is a high quality organic residue (Carsky et al., 2001). Therefore residues are 

likely to decompose rapidly if temperature and moisture conditions are favorable for microbial 

activity (Tian et al., 1995). Van Noordwijk et al. (1995) estimated that 83% of Mucuna-N was 

available to all subsequent maize crops. 
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Ground cover during the off-season and the application of organic matter improved soil 

physical, biological and chemical properties (Steiner, 1994; Adetunji, 1997). Rapid 

groundcover by Mucuna can protect the soil from raindrop impact and prevent compaction of 

surface soil, thereby reducing the runoff of rainwater and soil erosion, and helping to 

maintain soil physical properties. In addition, Mucuna leaf litter returns organic matter to the 

soil. The benefits of Mucuna to soil fertility and weed suppression are related to total biomass 

accumulation and persistence. The legume has potential benefits other than improvement of 

soils and suppression of weeds, including human food, animal fodder, and the suppression 

of parasitic weeds and nematodes (Carsky et al., 2001). Mucuna significantly reduced weed 

biomass in the fallow, regardless of agroecological zone (Becker and Johnson, 1998). 

However, the Mucuna fallow probably benefits the weeds in the subsequent crop, possibly 

due to improved N nutrition (Carsky et al. 2001; Becker and Johnson 1998). Giller (2001) 

found significantly lower soil bulk density after Mucuna relay fallow than after natural 

regrowth fallow in southern Cameroon. The improved N nutrition of a subsequent cereal crop 

is the most common benefit of a Mucuna fallow.  

A synthesis of results from researcher-managed trials shows that Mucuna fallow led to an 

increase in maize grain yield of approximately 1.6 t ha-1
 for continuous maize cultivation and 

1.0 t ha-1 for natural fallow (Lathwell 1990; Becker and Johnson, 1998; Dogbe 1998; Segda 

and Hien 2000). The results from rice-based systems are similar. Mucuna as dry season 

fallow increased upland rice grain yields by an average of 310 kg ha-1 (Becker and Johnson, 

1998). Carsky et al., (2001) identified that this additional grain yield corresponded to a 

mineral fertilizer substitution, of about 50 kg ha-1 from urea. Small effects are observed when 

a long dry season separates the Mucuna fallow and the subsequent non-legume crop 

(Carsky et al., 1999). Greatest effects occur when Mucuna residues are incorporated into the 

soil (Carsky, 1989; Smyth et al., 1991) or when the non-legume crop follows the Mucuna 

fallow immediately. Furthermore, Becker et al. (2007) observed NO3
- leaching of 12 kg N ha-1 

ha in a bare fallow control treatment while leaching in a treatment with Mucuna and 

incorporation of 3.0 t straw ha-1 showed the lowest leaching amount of 0.6 kg NO₃-N ha-1.  

Becker at al. (2007) identified in their study that 116 kg N ha-1 were accumulation of straw 

amended Mucuna, 69 kg N were derived from biological N2 fixation, compared to 46 kg N   

ha-1 in sole Mucuna. The highest wheat grain yield of 1.84 t ha-1 and the maximum N uptake 

of 52 kg ha-1 were also observed in that wheat straw-amended Mucuna treatment. The 

lowest grain yield in this study was obtained in the bare fallow pre-treatment with 1.2 t ha-1 

and a minimum N uptake of 31 kg ha-1. Generally grain yields were higher with pre-rice 
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legume (cultivated 6 to 12 weeks before rice crop and incorporated during land preparation 

or weeding) than with pre-rice fallow or maize treatments. Highest grain yields were obtained 

in systems where wheat straw and the DWT crop biomass were fully returned as green 

manure (5.63 t grain ha-1 a-1 in case of straw amended Mucuna pre-treatment) (Becker et al., 

2007). Pande and Becker identified (2003) that combining wheat straw application with the 

growth of green manure legumes appears as most effective way to reduce N losses and to 

increase rice grain yields.  

Major constraints to Mucuna biomass accumulation are low soil phosphorus availability and 

high soil acidity. Mucuna is fairly tolerant to acid soils but for optimum yields, a pH above 5 is 

required (Kay, 1979). Researchers reported low biomass on acid soils in Indonesia (Hairiah 

et al., 1993) and small effects of Mucuna fallow on maize yields (Utomo et al., 1992). Becker 

and Johnson (1998) also found soil P to be an important factor in Mucuna biomass 

accumulation during the dry season. Mucuna appears to produce relatively little root 

biomass, especially in acid soils. Hamadina et al. (1996) estimated that 93% of Mucuna roots 

were located in the top 10 cm of soil.  

Published estimates of the amounts of N derived from the atmosphere (Ndfa) by Mucuna in 

different agroecological zones and different growing length range from <20 to more than 200 

kg ha-1 (Carsky et al., 2001). Estimates of the percentage of Ndfa range from 60 to 80% 

(Becker and Johnson, 1998; Sanginga et al., 1996). Low Ndfa was observed under 

conditions of acids or low P soil (van Noordwijk et al., 1995; Becker and Johnson, 1998) or 

moisture stress (Carsky et al., 1999; Johnson and Becker, 1998).  

Simultaneous planting of maize and Mucuna, results in maize yield reductions of 

approximately 25% because of the Mucuna competition (Carsky et al., 1998) and renders 

maize harvest very difficult. It is not recommended to plant Mucuna associated with another 

yield crop. Farmers cannot expect dramatic increases in subsequent crop yield without 

reducing the yield of the crop associated with mucuna. Results suggest that the effect of 

Mucuna fallow is relatively short-lived, the benefit to the second crop being less than half of 

the benefit to the first crop after the fallow (Carsky et al. 2001). Sanginga et al. (1996) 

reported observations of poor nodulation on many farmers’ fields. When farmers have an 

alternative for soil management, such as fertilizer, animal manure, or an adapted grain 

legume, the adoption of Mucuna is limited (Carsky et al. 2001).  

Observations have shown that the main effects of improved Mucuna fallow and the main 

reasons for its adoption by farmers are related to increased maize grain yield from rapid N 

release and weed control, and these effects are short-lived (Carsky et al., 2001). 
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It may be summarized that green manuring with annual legumes provides best possibilities 

for the short-term reclamation of degraded land, the addition of substantial amounts of 

biologically fixed nitrogen an numerous additional benefits on soil health and fertility.  
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4. Material and Methods 

4.1 Environmental conditions  

The field experiments were conducted from September 2009 to January 2010. The study site 

was located in Kaule, a small village about 23 km North-West of Kathmandu in the midhills of 

Nepal (27°48’38’’ N, 85°15’07’’ E) at an elevation of 1800 metres. Kaule is part of the 

Okharpuwa Village Development Committee (VDC) adjacent to the administrative district of 

Kathmandu (Figure 4.1). Nepal is located in the subtropical zone, but a wide range of 

climates exist due to complex topography of this small country and the enormous variation in 

elevation. Kaule is mainly covered by subtropical vegetation and around 80% of the 

precipitation occurs during the monsoon months between June and September (FAO 2010).  

The total annual precipitation is about 2100 mm in the region. The highest annual 

temperatures vary between 16.6ºC from December to January and 28.5ºC from July to 

August; the lowest vary between 0.4ºC from December to January and 18.4ºC from July till 

August (FAO 2008). The day-length varies between 10 hours in December and 14 hours in 

July.  

 

Figure 4.1  Geographical location of the study 
site Kaule in Nepal, located in the 
Okharpauwa VDC Village Development 
Committee) (Source: Survey Dept. Nepal, 
2002). 

 

 

 

 

 

 

The specific climatically conditions (temperature and precipitation presented in Figure 4.2 

and 4.3) during the experimental period were monitored every morning at 9 am at the Kaule 

agroforestry office, which is located at an exposed position, approximately 50 m higher in 

elevation than the study sites, thus the presented data are an approximation to the real data 

at the field. The total rainfall from October 1st 2009 to January 15th 2010 at the Kaule office 

was 98 mm with an average temperature (measured daily at 9 am) of 18°C. Most 

precipitation (93 mm) occurred during the week after sowing (October 2nd to October 9th). The 

mean temperature in October was 20°C, in November 1 9°C, in December 15°C and from 1 st 
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to the 15th of January 18°C. At nighttime, temperatures in Dec ember were occasionally close 

to ice point (0°C). The precipitation after 15 th October until the end of the experiment on 

January 15th was some 5 mm, meaning there was almost no rain. Therefore the experimental 

plots were watered over the experimental period three times a week with approximately 15 l 

per plot. Day length declined from October 1st with 11:53 hours to 10:23 hours until 21th 

December and then increased to 10 h 34 min on 15th January.  

 

Figure 4.2  Temperature over the experimental time from October1st to January15th, 
measured every morning at 9 am at the weather station at Kaule office. 

 

Figure 4.3  Precipitation over the experimental time from October 1st to January 15th, 
measured every morning at 9 am at the weather station at Kaule office. 

 

4.2 Selection of the study sites 

Two terraced fields, measuring 150 m² each and possessing contrasting land use 

characteristics were selected and called “home field” for the field closest to homesteads and 

“out-field” for the field further away which led to gradients of decreasing soil fertility with the 

distance from the homesteads (Tittonell et al., 2005). Both selected lands were homogenous 

and south-exposed. A water source was next to each field. The home field was under fallow 

vegetation on a lower terrace next to farmhouses, and the out-field (Figure 4.4) was partially 

degraded, but still cultivated and was located land on the upper terraces. The field study on 
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the out-field stretched over three terraces. The crop rotation of this “intensely” used field 

consisted of mustard (January - April), maize (April - September) and radish (September - 

January). The history of fertilizer application was largely unknown due to the unsystematic 

practice by the farmers. When asked, the farmers mentioned that “a handful” of mineral 

fertilizer, namely “urea” was applied with each crop plus an additional “basket of buffalo 

dung” that was incorporated. A full basket contains about 20 kg of manure with 

approximately 0.07 kg N (Pilbeam et al., 2000). 

 

4.3 Soils in the study area  

The slope of the farms around Kaule is approximately 15-40%, imposing severe erosion 

hazards. The farm land is divided into small terraces to minimize soil and nutrient loss. The 

soils on the hill slopes of the Kaule region are classified as Leptosol (pers. comm. Ghimire, 

R.). Geologically, the area in the midhills and around Kaule consists of granites, gneisses, 

and schists (Manandhar, 2002) which are highly weathered due to the high precipitation of 

the monsoon season and temperature variability. The soils on the slopes are very shallow 

with weakly developed horizons. Soil texture of the top 25 cm layer is according to the “soil 

textural triangle” (Juo and Franzluebbers, 2003) classified as sandy loam on the home field 

and loamy sand on the out-field. Measurements of pH showed acid values of 5.1 and 4.4. 

The measurements of the home field show significant higher P values than the samples 

taken from the out-field. Also the values for cation exchange capacity of the home field show 

higher bonding potential for all the basic cations, K (potassium), Ca (calcium) and Mg 

(magnesium) than for the out-field. But the cation exchange capacity and the soil content in 

basic cations are extremely low with values of 0.31 and 0.03 for K, 7.04 and 5.31 for Ca and 

0.54 and 0.15 for Mg (Table 4.1). 

Figure  4.4 Out-field: three 
terraces with 6 plots on the 
upper terrace, 11 on the 
middle and 13 on the lower, 
with each plot measuring 
approximately 4 m2. 
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Table 4.1  Physical and chemical soil properties of the study area in Kaule, Nepal 

  
Home field   Out-field 
 mean SE mean SE 

Texture 
(%) Sand 65 1.2 66 1.2 
(%) Silt 28 0.4 21 0.9 
(%) Clay 8 0.8 13 0.5 

pH (H2O) pH 5.1 0.2 4.4 0.1 
Carbon (%) Corg 0.43 0.04 1.22 0.10 
Nitrogen (%) Ntot 0.04 0.00 0.10 0.01 
Phosphorus (mg kg⁻¹) available 38.0 0.2 16.4 3.5 
Potassium (cmol kg⁻¹) exchangeable 0.3 0.2 0.03 0.01 
Calcium (cmol kg⁻¹) exchangeable 7.0 0.2 5.3 0.2 
Magnesium (cmol kg⁻¹) exchangeable 0.5 0.1 0.2 0.0 

CEC (cmol kg⁻¹) CECeff 5.1 0.2 7.1 0.5 
Means of soil samples of the home field (n=2) and the out-field (n=3), collected before the 

field experiment started. 

Composite soil samples of 50 g were collected from 0 to 25 cm soil depth from two different 

spots (top right, down left) in the home field and of each terrace of the out-field with an 

“Eijkelkamp auger for arable land” (13 mm/25 cm). The samples were air dried and passed 

through a 2 mm sieve. The soil samples were transferred to the Institute of Crop Science and 

Resource Conservation (INRES) of the University in Bonn, Germany for chemical analysis of 

soil pH, soil organic matter (SOM), total nitrogen, available phosphorus, exchangeable 

potassium, calcium and magnesium and cation exchange capacity.  

4.4 Experimental set-up 

4.4.1 Selection of the plant material  

Members of the Nepal Agroforestry Foundation (NAF) were advised to get regional, adopted 

legume seeds in a seed-shop in Kalanki, Kathmandu. Legumes that were selected because 

of their likely adaptation to the subtropical/temperate climate in the midhills were Mucuna 

pruriens L., Trifolium repens L., Dolichos lablab L., Flemingia macrophylla Willd., Phaseolus 

vulgaris L. (var. Kidney Bean and var. Black bean), Pisum sativum L. and Crotalaria juncea 

L. In addition, Fagopyron esculentum Munch. was used as a non-fixing reference species for 

the determination of the amounts of nitrogen derived from the atmosphere (Ndfa) for 

biological N2-fixation by the legumes.  
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4.4.2 Plant characteristics  

Pisum sativum is an annual cool season crop and plays a more important role in the 

agriculture practices of temperate or Mediterranean regions (Giller, 2001). Pisum is well 

adapted to fertile, moisture-retentive, neutral and basic (alkaline) soil. The plants prefer light 

(sandy) and medium (loamy), well-drained soils. It is frost sensitive and cannot grow in the 

shade. It is a long-day species in its flowering response. Its habit is trailing and curling 

(PFAF, 2008). Pisum sativum is not only a green manure legume. It is used in Kaule, Nepal 

as grain legume which is cultivated on terrace fields in the off-season. The pods are a protein 

contribution to the farmer’s diet.  

Mucuna pruriens is an annual and indigenous Nepalese species and well adapted to humid 

and subtropical climates. Prime niches for Mucuna fallow are the dry season in areas with 

high rainfall or on soils with high water-holding capacity. Mucuna was found to be relatively 

drought tolerant when soil P and pH are adequate (Burle et al., 1992) but it is not tolerant to 

water-logging. It prefers well drained, medium to high fertility soils but can be grown 

successfully on sandy soils and will tolerate and be productive in a very wide range of soil pH 

(pH<5.0–8.0). Mucuna prefers humid climates with an annual precipitation of 1,000–2,500 

mm, but will grow in environments with annual precipitation as low as 400 mm and requires a 

high light intensity. The plant is susceptible to frost and performs best at altitudes from 0–

1,600 m asl (above sea level), but can be grown up to 2,100 m asl. The optimum 

temperature range is 19–27ºC. Its habit is spreading or trailing and flower formation responds 

to short day length conditions (Tropical Forages, 2005). After processing, Mucuna seeds are 

used for food and fodder. Plant residues provide hay for livestock (Giller, 2001). 

Crotalaria juncea is cultivated in the dry and moist tropics, but also to a lesser extent in the 

subtropics and even in the cool temperate steppes and in hot, semi-arid to arid areas with an 

average annual rainfall as low as 200 mm. It is an annual short-day species with vegetative 

growth being favored by long days. It can tolerate light frosts, with up to -2°C and is very 

drought tolerant. It is best adopted to fairly light textured soil (sandy loam or loam) of at least 

moderate fertility and also grows well on well drained clay soils. While it is adapted to pH 

from 5 to 8.4, it prefers the neutral range (pH 6-7), that favors phosphate availability. 

Crotalaria is an erect, herbaceous, laxly branched annual shrub, 1-4 m tall, with a deep 

strong tap root, and well-developed lateral roots bearing numerous multi-branched and lobed 

nodules, up to 2.5 cm in length (Tropical Forages, 2005).  

Trifolium repens (white clover) is a perennial temperate legume, well adapted to the 

conditions of the mid-hills in Nepal (Schulz et al., 1999, 2000). It is adapted to cool climates 

of the tropical highland. While being naturally perennial, white clover is often short-lived in 



    Material and Methods   

   

                                                                         Page 29 

the subtropics, its persistence depending upon good conditions for natural seedling 

regeneration each year. This prostrate legume spreads by creeping stolons which root freely 

in moist soil. It is not drought-tolerant, and rarely flourishes in subtropical areas receiving less 

than 900 mm of annual rainfall (PFAF, 2008). Trifolium grows best on free-draining 

nutritionally poor loams, silt loams but will thrive on poorer soils if fertilized. It requires neutral 

and basic (alkaline) soils and can grow in very alkaline soil. Trifolium requires moist soil, 

sunny positions, cannot grow in the shade and is a long day species in its flowering 

responses (Tropical Grasslands, 2003). Trifolium is a pasture species (Giller, 2001) and can 

be harvested for fodder. 

Dolichos lablab is a drought-tolerant annual legume, widely cultivated in central Africa and 

Asia (Giller, 2001). The best growth occurs at average daily temperatures of 18-30°C and it 

is tolerant of high temperatures and growths at low temperatures (down to 3°C) for short 

periods. Dolichos is frost susceptible, but tolerates very light frosts. It is adapted to annual 

rainfall regimes of 650 – 3,000 mm and altitudes ranging from sea level to elevations of up to 

2,000 m asl in tropical environments. It is easy to grow in well drained poor, acidic to alkaline 

soils with pH from 4.5 to 7.5, from deep sands to heavy clays. The habit of the herbaceous 

plant is trailing to 3-6 m in length with a growing period of 90-150 days from sowing to 

maturity. Full sunlight exposure favors best growth and the plant is intolerant of moderate to 

heavy shading (Tropical forages, 2005). Additionally, Dolichos has a potential use for human 

diet (Giller, 2001) and is also grown as a cover crop for livestock fodder (Christman, 2008).  

Phaseolus vulgaris (var. black bean, var. kidney bean) is adapted to temperate and 

subtropical zones, and the tropical highlands. It prefers neutral and basic (alkaline) soils, 

which are well-drained and preferably light with plenty of moisture. Phaseolus dislikes heavy, 

wet or acid soils. The optimal pH ranges between 5.5 and 6.5. It is frost tender, cannot grow 

in the shade and requires warm sunny positions. It is found from sea level up to 3,000 meters 

above sea level. The optimum monthly temperature for growth is 15.6°C – 21.1°C, the 

maximum ca 27°C, the minimum ca 10°C. Germination i s rapid at soil temperatures above 

18°C. Phaseolus is an annual trailing and winding genus. There are both short-day and day-

neutral species (New Crop Resource Online Program, 1998). Phaseolus is primarily 

cultivated for its beans, which are used as a vegetable (Giller, 2001).  

Flemingia macrophylla is adapted to humid and subhumid tropics as well as subtropics with 

minimum rainfall of about 1,100 mm, and up to 3,500 mm year -1. It tolerates up to 6 months’ 

of dry season and is consequently very drought tolerant. Optimal growth ranges occur at 

temperatures between 22-28ºC, minimal growth above 36°C and below 12°C. It is adapted to 

elevations from sea level to 2,000 m asl. Flemingia grows on most soils, with very low to 

moderate (and even high) fertility, best at a pH range from 4-8. It is capable of surviving on 
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very poorly drained and occasionally waterlogged soils and is adapted to infertile soils. 

Flemingia is a perennial, deep-rooting, leafy shrub which rarely reaches up to 3 m with erect 

growth habit. It has a short-day plant with a high shade tolerance (Tropical Forages, 2005). 

Flemingia is a rapidly growing tree which is often chosen as a component in agroforestry 

systems. Besides contributing to soil fertility as a N2-fixing legume, its branches are used for 

livestock fodder (Giller, 2001) and its leaves for mulching. Fuelwood is a by-product 

(Budelman, 1989). 

The reference plant Fagopyron esculentum (buckwheat) belongs to the Polygonaceae family 

and is used as non-fixing reference species. It is a fast growing annual plant that responds to 

drought by producing a mass of fine roots. Its stems are ascending or erect up to 15-90 cm. 

It is found at an altitude of 0 to 3,852 m. The range of the soil pH has its minimum with a pH 

of 5.1 and its maximum at 9.0. It needs to be exposed to full sun, but is cold resistant. In 

general, common Fagopyron is considered a short-day plant (Zipcodezoo, 2009).  

4.5 Treatment application 

4.5.1 Field experiment, Land preparation and plant cultivation 

Home field: To protect the legumes from damage by animals (dogs, goats and chickens), 

playing kids and curious adults from the nearby farmhouse a 1.5 m high fence was build with 

bamboo poles and barbed wire surrounding the 150 m² area. 30 plots were defined as 4 m2 

plots and arranged in squares (5 x 6 rows) in a randomized block design (Figure 4.5). 

Out-field: The study site extended over three terraces located above each other. The lower 

terrace was protected by a small creek and trees. To protect the field from the footpath on 

top and to keep out marauding livestock, barbed wire fences were constructed on the upper 

field and from the top to the lower field shielding the open sides. The plots (approximately 4 

m2) were distributed on the three terraces, six plots at the upper terrace, 13 at the middle and 

11 at the lower (Figure 4.5), arranged in a complete randomized design. 

After clean weeding, tilling and land leveling the ground, 30 plots with the size of 4 m² and 3 

replications of each plant species (10 plants, including fallow) were defined using a 

measuring tape. The space between the plots was 50 cm. Each plot involved at least seven 

rows of fallow plants (Figure 4.5). The distance between plant rows was 25 cm. Planting 

distances within rows ranged from 5 cm for Trifolium, 10 cm for Crotalaria and 20 cm for all 

other species.  

To ensure germination and an even crop establishment, every seed-point was sown with at 

least two seeds. The depth of sowing depended on the seed-size. Large seeds like Mucuna 



  

 

 

and Dolichos were seeded in 2.5 cm depth. Middle sized seeds of 

and Pisum in 2.0 cm, the small ones of 

cm depth. Double germinated plants were thinned out 14 days after seeding.

Figure 4.5  Simplified presentation of the a) test area with b) 30 test plots and the c) test 
array, which shows the distribution and replication of the plants on the two fields in Kaule. 
Plants: 1 Crotalaria juncea, 2 
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were seeded in 2.5 cm depth. Middle sized seeds of Fago

in 2.0 cm, the small ones of Trifolium in 0.5 cm and of Crotalaria

depth. Double germinated plants were thinned out 14 days after seeding.

Simplified presentation of the a) test area with b) 30 test plots and the c) test 
array, which shows the distribution and replication of the plants on the two fields in Kaule. 

Dolichos lablab, 3 Phaseolus vulgaris (var. Kidn
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Fagopyron, Phaseolus 

Crotalaria/Flemingia in 1.0 

depth. Double germinated plants were thinned out 14 days after seeding. 

 

 

Simplified presentation of the a) test area with b) 30 test plots and the c) test 
array, which shows the distribution and replication of the plants on the two fields in Kaule. 

Kidney bean), 4 



    Material and Methods   

   

                                                                         Page 32 

Mucuna pruriens, 5 Flemingia macrophylla, 6 Phaseolus vulgaris (var. Black bean), 7 
Trifolium repens, 8 Pisum sativum, 9 Fagopyron esculentum, 10 bare fallow. 

Twenty days after seeding, 95% of the plants germinated. Subsequently, a second clean 

weeding after plant cultivation was carried out.  

For the sampling a home-made 25 cm x 100 cm wooden frame (Figure 4.6) was used to 

define a part of an interrow (row 2, 4, or 6) for the samples. The first and the last row of each 

parcel were not used in the sampling so that the sampling would not affect the adjacent 

parcels. In addition neighboring rows were never sampled for the same reason, i.e. that a 

sampling of a given row would not affect the adjacent row (e.g. 1st sampling: row 2, 2nd 

sampling: row 4, 3rd sampling: row 6). Data that were collected were:   

• Fresh and dry biomass of 10 plants (Crotalaria) or 5 plants (all other species) at 28, 

56, and 84 days after the second clean weeding using a scale to the nearest 0.1 g 

(Kern Taschenwaage, TCE 200-1). For Trifolium the 1 m space of the frame was 

subdivided into 20 cm plots and these were sampled separately to obtain 5 

measurements for each row.  

• Fresh root biomass (up to 25 cm depth with a spade) and nodule number based on 

10 plants (Crotalaria) or 5 plants (all other species) at 28, 56, and 84 days after the 

second clean weeding. For Trifolium the 1 m space of the frame was subdivided into 

20 cm plots and these were sampled separately to obtain 5 measurements for each 

row. Root mass was obtained by shaking the soil of and using a scale to the nearest 

0.1 g (Kern Taschenwaage, TCE 200-1). Nodules of the complete root were counted. 

• Fresh and dry aboveground biomass of monocotyledon and dicotyledon weeds and 

composition of dominant species based on three 1-meter interrow areas per plot at 

28, 56 and 84 days after clean weeding. 

• The samples of the legumes and Fagopyron were transferred to the Institute of Crop 

Science and Resource Conservation (INRES) of the University of Bonn, Germany for 

the chemical analysis of C, N and the share of N derived from the atmosphere (Ndfa). 
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To determine the dry aboveground biomass of the legumes and weeds a solar dryer from a 

strawberry farmer in Kaule was used (Figure 4.7). A solar dryer is a simple appliance which 

is used in Nepal for drying herbs, mushrooms, meat or fruits. Plants get dried with a 

generated heat flow without exposure to direct sunlight. During the day the temperature can 

rise up to 70 °C. Plants were dried for three days.  After drying the plants were weighted 

again using a scale to the nearest 0.1 g (Kern Taschenwaage, TCE 200-1) at the Kaule 

office.  

4.5.2 Pot experiment  

The experiment on the home field was destroyed by goats and chicken in mid-November. To 

obtain at least some information about the comparative conditions of the out-field a pot-

experiment was set up, but no results of the pot experiment can be presented, because the 

plants did not germinate.   

4.6 Methods of soil analysis 

Available phosphorus (P) was determined by the modified Olsen method using an extracting 

solution of 0.5 M sodium-bi-carbonate adjusted to pH 8.5. Two point five grams of soil 

sample were weighed into 50 ml bottles. Twenty-five milliliters of extracting solution were 

added and the suspension was shaken for 10 minutes on horizontal shaker and filtered 

Figure  4.6 Sampling of Crotalaria with 
wooden frame. 

Figure  4.7 Opened solar dryer for drying 
the plant samples. 
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through MN 619 G ¼ 185 mm filter paper. Phosphorus was measured by adding 2 ml of the 

filtered extract, 8 ml of distilled water, and 10 ml of freshly prepared P color reagent into a 50 

ml bottle. After one hour the extinction was measured using a Perking-Elmer Lambda 20 

spectrophotometer at 880 nm. The amount of P was reported in mg P kg⁻¹. 

The pH was measured in a 1:2.5 suspension of soil to water with a pH electrode, after 30 

minutes of shaking. 

Soil samples of 5 g dry matter were extracted with BaCl2-Triethanolamin-Solution at a pH 

value of 8.2 for determination of the exchangeable cations potassium (K), calcium (Ca) and 

magnesium (Mg). After 5 min centrifugation (Beckman Coulter Avanti J-20 Centrifuge, USA) 

by 3000 rpm the content was filtered through MN 640 M 185 mm filter paper. The amount of 

exchangeable cations of K, Ca were determined on the Eppendorf Elex 6361 flame 

photometry and Mg was measured on the Perkin Elmer atomic absorption 

spectrophotometer. A MgCl2-solution was used to extract barium (Ba) and to determinate the 

effective CEC after centrifugation on the flame photometry.  

To determine soil carbon and nitrogen, the dried soil was ground to powder and 25 mg were 

weighted (Toledo PL602-S with 0.001 g precision) into tin capsules. The Elementar Analyser 

EuroAE 3000 Series calculated data into peak areas and determined the content of the 

elements carbon and nitrogen.  

Soil texture is determined by a sedimentation procedure. After removing organic matter by 

oxidation, the soil sample is dispersed with a chemical and high-speed blender. The 

sedimentation procedure relies on the principle that the velocity of sedimentation of each soil 

particle is proportional to its size. Stroke’s Law is V = kd2, where V is velocity of settling, k is 

a constant related to the acceleration due to gravity  and the density and viscosity of water, 

and d is the diameter of the soil particle (Jou and Franzluebbers, 2003). 

4.7 Methods of plant analysis 

Plant nitrogen was determined by an automated CNS elemental analyser (CNS EA 2300, 

HEKAtech, Wegberg, Germany ) after DUMAS. About 5 mg of powdered plant material was 

weighted into tin capsules (5x9 mm), using a scale (Toledo PL602-S) with 0.001 precision. 

For determination of 15N (delta air‰ N), 5 mg powdered plant material was also weighted into 

tin capsules and analyzed on a mass spectrometer (IRMS ANCA SL/20-20, Europa 

Scientific, Crewe, UK). The Automatic Nitrogen & Carbon Analyser (ANCA SL) with 

integrated GC operates similar to the elementar analyzer. This device is coupled to the mass 

spectrometer (IRMS 2020) and is used to determine %N and δ15N of the plant samples.  
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The δ15N-method evaluates the origin of nitrogen in the plant by analyzing the stable isotopes 
15N and 14N (Amarger, Kohl, Mariotti, 1982). This ratio is constant in the atmosphere with 

0.3663 atom % 15N (Mariotti, 1983). The 15N of the soil tends to be higher than that of the 

atmosphere. Thus the heavier N load taken from the soil will be diluted with the lighter N load 

from the atmosphere. This difference is expressed as δ value with the unit 0/00 
15N in excess 

of the atmospheric content, which per definition has a δ value of 00/00. 

δ15N -sample (0/00) = (R sample – R Standard / R Standard) x 1000 

R = 15N/14N- Ratio; Standard = Air-N2 

Ndfa (%) = (δ15NReference plant - δ15
Legume)/( δ15NReference plant ) x 100 

The natural differences between the N-isotope ratio of the air and the N-isotope ratio from 

the soil result from the fractioning of isotopes in the process of reactions in the nitrogen 

cycle. Atmospheric nitrogen (N2) has per definition the value δ15N of 0 0/00. Through the 

assimilation of N2 from the air during the symbiotic nitrogen fixation, the δ15N value of the 

leguminous biomass shifts towards the value of N2. The δ15N values from the reference plant 

determine the N-portion originating from the soil. Fagopyrum esculentum was used as the 

non-fixing reference plant. The evaluation relies on the assumption that the non-fixing 

species and the legume have similar rooting patterns, exploiting the same volume of soil, and 

discriminate for or against the heavy isotope in a similar way. Buckwheat as the non fixing 

referent plant derives its entire N from the soil and has a higher intake of soil nitrogen than 

the legume and by so doing has a greater amount of δ15N in their tissue than the N-fixing 

legume.  

Plant carbon was ground to a powder and 5 mg of it were weighted (Toledo PL602-S with 

0.001 g precision) into tin capsules and determined with the Elementar Analyser EuroAE 

3000 Series.  

4.8 Data analysis 

Data were entered into a tabulation program (Microsoft Excel, 2007) and analyzed for 

descriptive statistics (mean, standard derivation, standard error). Deviation from normality 

was tested using a Shapiro-Wilks test, to assess whether the data can be analyzed using a 

parametric or a non-parametric test. For most variables a conservative non-parametric test 

was appropriate. The comparison of median and variance were performed using a Kruskal-

Wallis-Test followed by a multiple comparison post hoc test. Data for nitrogen concentration 

were analyzed with an ANOVA (analysis of Variance) and significant terms of groups were 

assessed with a tukey hsd post hoc test. Statistical analyses were conducted using Statistica 

version 8. 
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5. Results 

The results of the five selected legumes, of the reference plant Fagopyron and of the fallow 

are presented. The legumes not presented comprise Phaseolus vulgaris (var. Kidney bean), 

Dolichos lablab and Flemingia macrophylla, because of their low germination (Phaseolus: 

<10%, Dolichos: <50%) or very little biomass accumulation (Flemingia). Data of the following 

legumes are shown: Crotalaria juncea, Mucuna pruriens, Phaseolus vulgaris (var. Black 

bean), Trifolium repens, Pisum sativum.  

In chapter „Germination, flowering and maturity“ and „Stress symptoms“ the data (e.g. 

flowering, maturity) started with the seeding date (October 1st) . In paragraph “Biomass 

accumulation of the fallow species”, clean weeding counted as day zero (October 23th). 

When no date is given, the data always relate to the date of clean weeding. The 1st sampling 

was 28 days (November 21th), the 2nd sampling 56 days (December 19th) and the 3rd 86 days 

(January 16th) after clean weeding.  

5.1 Plant growth pattern and biomass accumulation o f the fallow species 

Germination, flowering and maturity of the fallow s pecies 

One hundred % of the legumes (Crotalaria juncea, Mucuna pruriens, Phaseolus vulgaris, 

Trifolium repens and Pisum sativum) and of Fagopyron germinated after 10 days. Some 85% 

of Fagopyron flowered 30 days after sawing. Flowering of Pisum started 65 days after 

sawing and of Phaseolus after 76 days. Trifolium, Crotalaria and Mucuna did not develop to 

the flowering state. Maturity of Fagopyron was reached after 71 days. Pisum produced pods 

after 72 days and Phaseolus after 85 days. Fagopyron started to wither after 80 days and 

Phaseolus after 100 days. Prematurely, Mucuna stopped biomass accumulation after 60 

days (data not shown).  

Stress symptoms of the fallow species 

Both abiotic and biotic plant stress symptoms were detected on the study site: Abiotic stress 

symptoms were expressed as necrosis of leaf edges and chlorosis on the blades of older 

leaves, indicating deficiencies in K, Ca and Mg. Biotic stress symptoms in the form of fungal 

diseases on Phaseolus and Mucuna occurred after 98 and 71 days, respectively. 

Additionally, larvae and adult Coleoptera of Tenebrionidae (Gonocephalum spp.) and also 

adult sap-feeding Aphidoidea were found occasionally on roots and aboveground plants 

parts of the legumes and Fagopyron. 
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Biomass accumulation of the fallow species 

Fallow legumes differed in their growth pattern and biomass accumulation over the sampling 

period (Figure 5.1). Plant biomass accumulation of Fagopyron, Phaseolus and Mucuna did 

not further increase after the second sampling, 56 days after seeding. Pisum, on the other 

hand, continued to grow and accumulated biomass until the end of the experiment at 84 days 

tended to have the largest dry mass of all legumes (Kruskal-Wallis Test: n = 105, H = 62.40, 

p<0.001) in comparison to the other plants with 19, 79 and 136 g m-2, respectively for days 

28, 56 and 84. Dry mass however was not significantly different compared to Fagopyron (p = 

1.00) und Phaseolus (p = 0.24). Fagopyron (54, 110 and 55 g m-2) and Phaseolus (24, 68 

and 66 g m-2) stopped growing after the 2nd sampling (Day 56) and Mucuna (42, 40 and 33 g 

m-2) after the 1st sampling (Day 28). The aboveground biomass accumulation of Crotalaria 

and Trifolium was small, with 6 and 3 g m-2 on day 28, with 10 and 9 g m-2 on day 56 and 11 

and 14 g m-2 on day 84, respectively. For Crotalaria the results were not significantly different 

between samplings (K-W-test: n = 90, H = 1.41, p = 0.49). While Trifolium and Pisum 

continued to accumulate aboveground biomass throughout the experimental period, but data 

for sampling 2 and 3 did not differ (K-W-test, multiple comparison post-hoc test; Trifolium: n = 

45, H = 13.61, p = 0.69; Pisum: n = 45, H = 27.58, p = 0.21). 

Root biomass of Pisum and Phaseolus was declining after the 1st sampling (Pisum: n = 45, H 

= 16.39, p<0.001; Phaseolus: n = 45, H = 21.48, p<0.001) whereas root biomass did not 

differ significantly between the 2nd and the 3rd sampling (Pisum: n = 45, H = 16.39, p = 1; 

Phaseolus: n = 45, H = 21.48, p = 0.39). Trifolium showed little biomass accumulation 

throughout the experiment (between 2nd and 3rd sampling: n = 45, H = 9.21, p = 1). Root 

mass of Crotalaria and Fagopyron was not different between the samplings. Mucuna showed 

a non significant trend to gain mass after the 1st sampling but decreased between the 2nd and 

the 3rd sampling (n = 40, H = 6.45, p<0.04).   

 

 



  

 

 

Figure 5.1  Dry belowground and aboveground
a period of 84 days. Samples were taken 28 (1
sampling) days after clean weeding of the experimental 
of the mean (n = 3). 

 

5.2 Nodulation , N accumulation

The plant species differed in nitrogen

decrease with increasing age. 

contents in the biomass then the legumes

biomass declined over the experimental period in

plant ages of 28, 56 and 84 days, 

Trifolium from 3.3 over 3.2 to 2.7%

Crotalaria and Mucuna declined after day 28 from 4.2% and

4.9% on day 84. The results of 

from a comparison of the mean values using a multiple comparison Tukey's HSD (Honestly 

significant difference) test following an ANOVA is given by letters in 

  

 

                                                                      

and aboveground biomass of the legumes and 
a period of 84 days. Samples were taken 28 (1st sampling), 56 (2nd sampling) and 84 (3
sampling) days after clean weeding of the experimental plots. Bars indicate standard errors 

, N accumulation  and N2 fixation of the fallow species

The plant species differed in nitrogen (N) concentrations and the concentration tended to 

decrease with increasing age. The non N2-fixing Fagopyron showed generally lower N 

contents in the biomass then the legumes (Figure 5.2). The total concentration of N

over the experimental period in Fagopyron from 2.2 over 1.5 to 1.3% at 

plant ages of 28, 56 and 84 days, respectively, in Phaseolus from 3.8 over 3.7 to 3.5%

from 3.3 over 3.2 to 2.7% and Pisum from 2.3% over 1.7 to 1.4%

declined after day 28 from 4.2% and 4.1% and increased 

ults of Fagopyron and Pisum showed the lowest N

from a comparison of the mean values using a multiple comparison Tukey's HSD (Honestly 

significant difference) test following an ANOVA is given by letters in Figure 5.2 
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biomass of the legumes and Fagopyron over 
sampling) and 84 (3rd 

ate standard errors 

fixation of the fallow species  

concentrations and the concentration tended to 

fixing Fagopyron showed generally lower N 

concentration of N in the 

from 2.2 over 1.5 to 1.3% at 

from 3.8 over 3.7 to 3.5%, in 

from 2.3% over 1.7 to 1.4%. The N amount of 

and increased to 4.5%, 

showed the lowest N-values. Results 

from a comparison of the mean values using a multiple comparison Tukey's HSD (Honestly 

Figure 5.2 (Appendix 3). 
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Figure 5.2  Nitrogen concentration in the aboveground biomass of the legumes (n = 3) and 
Fagopyron (n = 1) at the 1st, 2nd and 3rd sampling (28, 56 and 84 days, respectively). Bars 
indicate standard errors of the mean. Letters on top of 3rd sampling bars indicate significant 
differences by Tukey's HSD  (p<0.05).  

 

The highest C/N ratio with values exceeding 30 was at the 3rd sampling of Fagopyron and 

Pisum. The ratios of the other plants, Crotalaria, Mucuna, Phaseolus and Trifolium were 

lower, ranging between 8 and 15. The smallest ratio was found at the 3rd sampling of Mucuna 

with a value of 8.5, which is presented in Figure 5.3. 

 

Figure 5.3  C/N ratio of the dry aboveground biomass of the legumes and Fagopyron at the 
1st, 2nd and 3rd sampling (28, 56 and 84 days, respectively). 
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The number of root nodules differed significantly between species and sampling dates 

(Figure 5.4). Only Pisum showed the strongest increase in the number of nodules over the 

experimental period with 197 nodules on Day 28, 767 on Day 56 and 1400 m-2 on Day 84. 

Crotalaria also increased the number of nodules, but to a much lesser degree (295, 337 and 

376). In total, Phaseolus showed the lowest nodule number with 23 nodules m-2 at the 2nd 

sampling. Nodulation of Trifolium was highest at the 3rd sampling with 735 nodules m-2 in 

comparison to the 1st and 2nd samplings with 144 and 153 nodules m-2. Interestingly, 

nodulation of Mucuna was reversed between the 2nd and 3rd sampling, starting with 168 at 

the 1st sampling, 213 at the 2nd and the lowest value of 153 at the final sampling. The results 

of the determination are presented in figure 5.4. 

 

Figure 5.4  Mean number of nodules on the sampled legume species at the 1st, 2nd and 3rd 
sampling (28, 56 and 84 days, respectively). Bars indicate standard errors of the mean        
(n = 3). 

Both, the shares of N derived from biological N2-fixation (Ndfa) as the amounts of N 

accumulated from the soil (Ndfs) differed between species (Figure 5.5). Fagopyron as non-

fixing reference plant obtained its entire N from the soil. Trifolium, Crotalaria, Phaseolus and 

Pisum fixed low amounts of atmospheric N2 throughout the experimental period. At the 3rd 

sampling 22 % (0.46 mg) for Phaseolus, 24 % (0.4 mg) for Pisum, 24 % (0.11 mg plant-1) for 

Crotalaria and 27 % (0.09 mg) for Trifolium were derived from fixation. Mucuna derived with 

an amount of 0.88 mg (69 %) most of its N from the atmosphere. Over the experimental 

period the N fraction originating from soil increased for all species. Mucuna was the only 

exception, with N contents derived from the atmosphere increasing continuously (60, 62 and 

69% at days 28, 56 and 84, respectively).   
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Figure 5.5  Mean Ndfa (Nitrogen derived from air) and Ndfs (Nitrogen derived from soil) of 
each legume species (n = 3) and the reference plant Fagopyron (n = 1). Values presented 
over the experimental period from seeding date (0), 1st sampling (1), 2nd sampling (3) and the 
3rd sampling (3). Bars indicate standard errors of the mean. 
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was greater than 50% for all species, except in the fallow parcels which showed the reverse 

with no dicotyledons species being presented. Pisum appeared to have the greatest weed 

biomass consistently with 34.9 g m-2 at the 2nd sampling and 79.6 g m-2 at the final. The most 

dominant occurring monocotyledon weed was one species of the Poaceae family, which 

could not be identified (no flower). The second most dominant species was Equisetum spec. 

The most abundant dicotyledons weeds were Drymaria diandra, Bidens pilosa and 

Galinsoga ciliate. 

 

Figure 5.6  Proportional weed biomass pooled over all three samplings, showing the 
dominance of the dicotyledons (41.7 g m-2 to 76 g m-2) in comparison to the monocotyledons 
(6.7 g m-2 to 56.7 g m-2). Exception is the fallow plots, where monocotyledons (52.1 g m-2) 
have more total biomass than dicotyledons (22.7 g m-2). Bars indicate standard errors of the 
mean (n = 3). 
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It is to summarize that growth, biomass accumulation, nodulation, N

and composition of the associated weed flora differed between the tested fallow species. 

Mucuna, Pisum and Phaseolus showed highest biomass and N accumulation. The highest 

N2-fixation occurred in Mucuna. A suppression of weed growth by the fallow legumes was not 

observed.  

Figure  5.7 Cumulative dry weed biomass 
1st, 2nd and 3rd sampling (28, 56
number 1-3. Bars indicate standard errors of the mean

  

 

                                                                      

that growth, biomass accumulation, nodulation, N2-fixation and the amount 

and composition of the associated weed flora differed between the tested fallow species. 

Mucuna, Pisum and Phaseolus showed highest biomass and N accumulation. The highest 

fixation occurred in Mucuna. A suppression of weed growth by the fallow legumes was not 

ry weed biomass divided in dicotyledons and monocotyledons 
56 and 84 days, respectively); sampling dates depicted by 

Bars indicate standard errors of the mean (n = 3). 
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fixation and the amount 

and composition of the associated weed flora differed between the tested fallow species. 

Mucuna, Pisum and Phaseolus showed highest biomass and N accumulation. The highest 

fixation occurred in Mucuna. A suppression of weed growth by the fallow legumes was not 

divided in dicotyledons and monocotyledons at the 
sampling dates depicted by 
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6. Discussion 

This chapter will discuss the results presented on the growth and biomass accumulation of 

the fallow species, their N accumulation and N2-fixation and their effects on the biomass and 

composition of associated weeds. 

6.1 Plant growth pattern and biomass accumulation o f the fallow species 

The results presented in Chapter 5.1 showed that fallow legumes differed in their growth 

pattern and biomass accumulation but also that the legume performance was generally very 

poor. The reasons for this poor performance may lay in soil and climatic conditions as well as 

in pest and disease problems which will be discussed thereafter. 

Effect of the soil parameters on the performance of  fallow species 

Soils are the basis for crop production and their suitability or production potential is linked to 

the profile depth, texture and organic carbon content (related to water-holding capacity), pH 

value and the stocks and availability of essential plant nutrients. The soils of the study area 

are classified as acidic Leptosols and are hence very shallow, little developed with coarse 

texture. Soil penetration by roots is limited by the rocky subsoil and the weakly developed 

lower horizon. In addition, part of the already shallow topsoil has been removed by erosion 

(Dion, 2010). The pH values of the experimental soils ranged between 4.4 and 5.1 and 

hence the soil is classified as strongly acidic (pH < 5.2). The content in basic cations of the 

base material (granite) is inherently low and has been further declining due to crop uptake 

leaching from an acid sandy soil with an extremely low cation exchange capacity (CEC) in an 

high-rainfall environment (Juo and Franzluebbers, 2003). Besides influencing the availability 

of basic cations in the soil, an acid pH can further reduce the CEC, limit the occurrence and 

activity of soil microorganisms and potential induce aluminum-toxicity. It may hence be 

desirable to increase the soil pH to improve nutrient supply, increase CEC and also to 

prevent Al-toxicity. This may be achieved by the application of lime or by organic 

amendments. Lime is relative expensive and generally unavailable in Nepal. Farmyard 

manure is principally available but its application is limited to the home field close to the 

homestead and is rarely applied to the remote out-fields. Green manures may provide an 

option in those sites. This aspect, however, was not tested in the present study. The amount 

of soil exchangeable K of the home field was 0.31 cmol kg-1 (within the sufficiency range) 

while that in the out-field was only 0.03 cmol kg-1 (severe deficiency - Juo and Franzluebbers, 

2003). The values of Ca ranged between 5.3 and 7.0 cmol kg-1. With the critical value for 

plant growth being defined at 12 cmol kg-1, calcium is yet another severely limiting nutrient 

element in the soils of the study area. In addition to K and Ca limitations, the soil Mg content 
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was very low with 0.15 cmol kg-1 in the out-field and 0.54 cmol kg-1 in the home field. These 

low values of the basic cations are linked to the low CEC of the soils. The smaller the soil 

particles are, the higher the CEC. Sandy soils have a weak potential to bond basic cations by 

negative bounding potential due to their low specific surface (Epstein and Bloom, 2005). The 

clay minerals in the area are mainly kaolinitic, further negatively affecting the CEC (Juo and 

Franzluebber, 2003). As a result the CEC of the out-field soil was extremely low with 6-8 

cmol kg-1. The amount of plant available P depends on the P content of the parent rock 

material, the soil pH and the presence of P-binding cations such as Ca or Fe. The 

experimental fields showed amounts of 16.4 (out-field) and 38 mg kg -1 (home field), which is 

relatively low, but not insufficient for legume growth. The mean N-reserves of the upper 25 

cm of the soil in Kaule ranged between 0.04% (home field) and 0.1% (out-field) and N is 

consequently deficient for non-leguminous crops in the absence of external application. 

Finally, the soil organic carbon content was extremely low with 0.43%. Sand texture 

combined with low organic C will result in a low water-holding capacity of the soil. Hence the 

soil water reserves are low and rapidly depleted after the rains have stopped. This in addition 

to the low cation reserves and the low soil pH may have affected the growth of the off-season 

fallow vegetation and explain the rather poor legume performance.  

To minimize the degradation of terrace soils by erosion on the strongly sloping lands (>15%) 

of the mid-hills, it is indispensable to keep the soil surface continuously covered by 

vegetation. This however is seldom the case, increasing hazards of soil erosion and even the 

complete destruction of terraces with resulting landslides. The main aim for medium- or long-

term reclamation of the soil fertility is the addition of organic C and N to improve soil fertility in 

a sustainable way. Without additional external (mineral or organic) inputs of K, Ca, and Mg, 

such legume-based solutions may be insufficient to achieve the goal of restoring and 

maintaining terrace soil fertility for intensified crop production. 

Effects of climatic conditions on the performance o f fallow species 

Main climate-related limitations to fallow growth are the availability of water and the 

daylength (photoperiod response of the legumes). 

In Nepal, water availability is depending on seasonal weather conditions. During the 

monsoon season 80% of the annual precipitation is occurring while it becomes rapidly dry 

after the end of the monsoon, and continues with minimal precipitation between October and 

the monsoon season in the following year in April. However, it is this dry season which is the 

only available cropping niche for fallow legume growth. Providing adequate water supply 

during the growth is essential, because plant roots absorb nutrients from the soil solution. 

Under the prevailing conditions of sandy soils with low water-holding capacity, no adequate 
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water supply is possible without supplementary irrigation. Drought stress is intensified by 

high temperatures and results in increased evapotranspiration. Because it rained only 5 mm 

after 9th October it was indispensable to water the plots regularly. Watering took mostly place 

in the late afternoon, at a time with no directly solar radiation and low evapotranspiration. 

This is however no real option for small-scale farmers and water provision for fallow species 

must be achieved by either advancing the planting date into the late rainy season and/or by 

increasing the soil water-holding capacity, e.g. via addition of organic material. The declining 

day-length from 12 to 10.5 hours per day during the fallow growing period corresponds to the 

requirements of short day species which react with a shift from the vegetative to the 

reproductive growth stages with decreasing day-length. Early flower formation under short-

day conditions have affected the growth and N2 fixation of Crotalaria compared to that of the 

temperate long-day species such as Phaseolus, Pisum or Trifolium. Under the experimental 

conditions Crotalaria grew up to a maximum of 15 cm in 84 days but did not show any signs 

of flowering formation. The passage from the vegetative to the reproductive growth stage 

must hence have been hampered by other factors than photoperiodism. Possibly, the 

temperatures were insufficient to achieve the temperature sum required for this tropical 

legume. Mucuna, being an indigenous species of Nepal, is well adapted to the subtropical 

growing conditions. Despite being a short-day plant, it did not flower during the experimental 

period and showed highest rates of biological N2-fixation. The long day species Pisum was 

flowering after 65 days, Phaseolus after 76 days and Fagopyron after 80 days. 

Photoperiodism may explain the relatively better performance of some of the long-day 

species but cannot explain the poor performance of Trifolim or the relatively good 

performance of Mucuna. Other factors such as temperature, drought tolerance and soil 

nutrient supply need to be considered. 

Stress symptoms of the fallow species 

Nutrient deficiency syndromes (mainly K, Ca and Mg), diseases and pests affected all 

species (Figure 7 and 8 in appendix). Pest infestation of Aphidoidea caused additional 

nutrient removal due to feeding on phloem sap. The attacked leafs were curling and 

withering. Tenebrionidae (Gonocephalum spp.) are an environmental indicator for 

malfunctioning habitats caused by deforestation and clearing and have been found to be 

abundant. The larvae feed on the roots and reduce water absorption and nutrient uptake. 

The extensive damage through pests and diseases observed in the legumes may also be 

related to their poor growth and low capacity to compensate damage on vegetative organs 

through vigorous growth. 

To counter the nutrient deficiencies it is paramount to improve soil fertility. This is difficult 

because of the high costs and availability of external inputs like mineral fertilizer and 
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pesticides. Only internal inputs are available and affordable, which suggests again that the 

addition of organic matter by green manures combined with other organic amendments (e.g. 

farmyard manure, biogas sludge, etc.) is indispensable.   

6.2 Nodulation, N accumulation and N 2-fixation of the fallow species 

The amount of total plant nitrogen of the fallow species is declining over time. Young tissues 

always show higher N-contingents than older tissues, and the highest N requirement is at the 

time of the main leaf development (Finck, 2007). Figure 5.2 shows that the N content of 

Fagopyron lies clearly among the predicted amount for legumes, caused by the ability of the 

legumes to fix nitrogen from the air on the one hand and to the high ratio of stalk to leaf mass 

on the other hand. The ratio of the legumes except Pisum shows a similar ratio between 3 

and 5%. When plant tissues grow older, the contingent of lignin is increasing, causing a 

higher C/N ratio and resulting in older tissues to decompose slower (Giller, 2001). The C/N 

ratio is an important factor and relates to the microbial decomposition potential of plant 

material after incorporation into the soil. With a lower C/N ratio, the faster the microbial 

decomposition takes place. As a general rule, a lower value than 20 leads to readily 

mineralization and N release of ammonium to the soil solution (Juo and Franzluebbers, 

2003), with consideration of the environmental conditions respective to the microbial 

population (Dion, 2010). If the ratio is very low, the nutrient release lasts only in short-term. 

Incorporated crop residues decompose at a faster rate than those left in the field as mulch. 

Warm and moist soil conditions results in rapid decomposition of organic matter added to the 

soil. This is a benefit, because if they are rapid decomposed by microorganism, nutrients are 

also immediate available, but also results in that little organic matter generally accumulates. 

The legumes showed values lower than 15 (except Pisum) and hence they should be fast 

decomposable under good soil conditions for microbial activity. Fagopyron showed at the 1st 

sampling a ratio below 20 (19), and then increased to 27 and 32. Pisum showed a similar 

value of 19 at the 1st sampling, 25 at the 2nd sampling and 32 at the 3rd sampling, and 

mineralization is predicted to take more time but soil nutrients should be available over a 

longer period.  

Nodulation is the precondition for the legumes to fix atmospheric N. Pisum showed the 

highest increasing rate of nodulation over the experimental period, with a mean of 1400 on 

the 3rd sampling. Crotalaria also increased the number of nodules, but to a much lesser 

degree (295, 337 and 376) and Phaseolus showed the lowest nodulation on each sampling 

date. At the 2nd sampling date the highest nodulation was 23 nodules. Previous studies 

documented that Phaseolus shows generally poor nodulation in the field (Giller, 2001). The 

nodulation of Trifolium was increasing over the experimental period and may be related to 

the continuous accumulation of biomass. The quantity of nodulation during the experimental 
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time may have been also affected by the nutrient deficiency of the soil (Giller, 2001). The 

importance for the ability of rhizobia to infect the roots of legumes is related to calcium 

(O’Hara, 1988) and Ca has been limited in the soil.  

The simplest test to demonstrate that legumes fix atmospheric nitrogen is to compare the 

nitrogen-fixation of legumes with reference plants that are not able to fix atmospheric 

nitrogen (Giller, 2001). Expectedly, Fagopyron as a reference plant did not fix any 

atmospheric nitrogen. The total N content of Fagopyron was the lowest for all analyzed 

species. The fixed N contained in the legume residues on the other hand is a net-addition of 

N to the system and could act as N source for subsequent crops. Such N2-fixation 

contributions however were very low with maximum Ndfa values of 24% in Crotalaria, 22% in 

Phaseolus of, 27% in Trifolium and 24% in Pisum. Only Mucuna showed Ndfa values in an 

excess of 60%. The amount of fixed N of Mucuna was documented in previous studies with 

values of 60 to 80% (Becker and Johnson, 1998; Sanginga et al., 1996), which meets the 

results from this study. Phaseolus showed in previous studies fixed amounts with high 

variation up to 125 kg N ha-1 (0-73%) (Giller, 2001). In the field study in Kaule only 0.1 kg ha-1 

were fixed. The amount of the N-fixation is depending on the length of the growing season 

and is associated with the adaption of the legumes on climatically and soil conditions 

(nutrient supply, mainly P). These edaphic and climatic conditions were apparently too 

marginal at the Kaule study site to support large amounts of N2 to be fixed from the 

atmosphere. In addition, it cannot be excluded that the lack of appropriate symbionts for 

legume nodulation may have affected the fixation rates of the legumes in this study. 

6.3 Weed biomass associated with fallow species  

One object to be tested in this field study was that the cultivation of vigorous growing 

legumes has positive effects on weed suppression. The fallow acted as control-plots which 

were predicted to show different growth patterns of weeds. Weed suppression can be 

caused by shading of leafs or by competing for nutrients and consequently it is assumed that 

the control plot shows higher amounts of weed biomass accumulation. Hence, the result 

showed that the highest weed accumulation occurred within the Pisum plots at the 1st and 3rd 

sampling, which also showed the highest legume biomass accumulation and had therefore 

the highest potential to outcompete weeds. The fallow control plot showed the lowest weed 

biomass at the 2nd sampling. On the fallow control plot mainly monocotyledonous weeds 

grew (at the 1st and 3rd sampling exclusively, see Figure 5.7), whereas on the most legume 

plots dicotyledons were the dominant species. To suppress weeds the plants would have to 

grow vigorous and additionally they need to produce constantly a high amount of biomass in 

order to be highly competitive. Both conditions were not fulfilled by the legumes on the study 
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site. The assumption that weeds were less suppressed under erect growing legumes and 

more under trailing legumes was not observed, given that the amount of weed biomass was 

not significantly different between the different legume species. Noticeable was a difference 

on the three terraces at the out-field along a moisture gradient, being highest at the lower 

terrace and lowest at the upper terrace. The dry upper terrace showed the smallest amount 

of weed vegetation, whereas the amount of the lower terrace was highest. The lower terrace 

was probably influenced by a water stream nearby; where soil moisture was clearly higher 

than on the other terraces. The middle terrace showed weed vegetation that ranged 

quantitatively between the upper and the lower terrace. Statistical analyses were not 

conducted, because of the different number of plots located on each terrace (upper terrace: 6 

plots, middle terrace: 13 plots, lower terrace: 11 plots). The biomass accumulation of the 

legumes was apparently not influenced by the moisture gradient of the terraces.  
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7. General Discussion and Conclusions 

With demographic growth and emerging land shortages, agricultural production in the mid-

hills of Nepal is being increasingly intensified. With the prevailing low-input practices, soil 

nutrient stocks are depleted, weed infestation increases, and the soils lose their production 

potential. Short-season fallows with leguminous cover crops were hypothesized to help soil 

restoration by adding biologically-fixed nitrogen and suppressing weed growth. 

This hypothesis could not be confirmed by the work presented. Marginal soil (mainly K, Ca 

and Mg deficiencies) and unfavorable climatic conditions (low temperature, short day length) 

generally limited biomass accumulation and biological nitrogen-fixation by the legumes. 

However, large species differences were apparent with Mucuna, Phaseolus and Pisum 

outperforming the other species in terms of biomass accumulation. While only the indigenous 

Mucuna was able to derive substantial amounts of N from the atmosphere, none of the 

species was able to significantly reduce the biomass of weeds. 

The following can be concluded from the data: 

• Legume biomass, nodulation and N2-fixation differed between species. 

• Largest biomass accumulation was observed in Pisum (>145 g m2). 

• Largest N2-fixation occurred in Mucuna (>60% Ndfa). 

• None of the species was able to reduce weed growth. 

• Overall, legume performance was poor on the degraded terrace soils. 

While fallow legumes are seen to have the potential to contribute to the restoration of 

degraded terrace soils in the Nepalese mid-hills, such beneficial effects will require the 

addition of the main limiting nutrients by adding mineral or organic sources and by an 

extended growth duration for the fallow species, i.e., by an earlier crop establishment at the 

end of the rainy season. 
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Appendix 1.  Dry belowground and aboveground biomass (g m-2) of the legumes and 
Fagopyron over a period of 84 days. Samples were taken 28 (1st sampling), 56 (2nd sampling) 
and 84 (3rd sampling) days after clean weeding of the experimental plots. SE = Standard 
Error 

    1st sampling 2nd sampling 3rd sampling 
    Day 28 SE  Day 56 SE Day 84 SE  

------------------------------ Dry biomass (g m-2) ----------------------------------- 

Fagopyron 
aboveground 54.0 15.3 109.9 26.6 55.0 9.8 
belowground 7.5 2.8 7.4 1.4 4.1 1.3 
total 61.5 18.0 117.3 28.0 59.1 10.6 

Crotalaria 
aboveground 6.1 1.4 9.9 3.5 10.9 3.8 
belowground 1.2 0.2 3.0 1.6 2.1 0.9 
total 7.3 1.6 12.9 5.1 13.1 4.6 

Mucuna 
aboveground 41.6 8.4 39.6 4.8 33.3 4.2 
belowground 9.9 2.8 14.7 3.7 10.5 3.4 
total 51.5 6.2 54.3 8.5 43.8 1.2 

Phaseolus 
aboveground 23.7 3.5 68.0 27.2 66.1 44.5 
belowground 3.5 0.5 12.2 1.6 8.3 2.0 
total 27.3 3.5 80.2 27.9 74.4 46.3 

Trifolium 
aboveground 3.1 0.4 8.7 2.6 13.9 5.3 
belowground 2.1 0.5 7.1 2.9 8.3 2.1 
total 5.2 0.8 15.8 5.1 22.1 7.4 

Pisum  
aboveground 16.8 0.2 78.7 8.7 136.0 10.2 
belowground 5.2 0.4 15.0 1.1 13.2 2.5 
total 22.0 0.3 93.6 8.0 149.2 12.5 

 

 

Appendix 2. Nitrogen concentration and C/N ratio of the aboveground biomass of the 
legumes (n = 3) and Fagopyron (n = 1) at the 1st, 2nd and 3rd sampling (28, 56 and 84 days, 
respectively). 

  1st sampling 2nd sampling 3rd sampling 
  Corg% N % C/N ratio Corg% N % C/N ratio Corg% N % C/N ratio 
Fagopyron 41.2 2.2 19 42.2 1.5 27 41.7 1.3 32 
Crotalaria 42.6 4.2 10 42.8 4.1 10 42.9 4.5 10 
Mucuna 43.4 4.1 11 42.3 3.8 11 41.6 4.9 8 
Phaseolus 40.6 3.8 11 39.7 3.7 11 39.5 3.5 11 
Trifolium 40.8 3.3 12 40.6 3.2 13 39.9 2.7 15 
Pisum 43.7 2.3 19 43.6 1.7 25 42.4 1.4 31 
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Appendix 3. Results for the N-concentration at the 3rd sampling using an ANOVA Tukey hsd 
post hoc test. 

  Fagopyron Crotalaria Mucuna Phaseolus Trifolium Pisum 

Fagopyron 0.000189 0.000188 0.001004 0.028392 0.999994 

Crotalaria 0.000189  0.929077 0.172558 0.004856 0.000193 

Mucuna 0.000188 0.929077  0.062244 0.002645 0.000191 

Phaseolus 0.001004 0.172558 0.062244  0.278806 0.001173 

Trifolium 0.028392 0.004856 0.002645 0.278806  0.034852 

Pisum 0.999994 0.000193 0.000191 0.001173 0.034852   
 

 

Appendix 4. Number of nodules on the sampled legume species (n = 3) at the 1st, 2nd and 3rd 
sampling (28, 56 and 84 days, respectively). SE = Standard Error 

1st sampling 2nd sampling 3rd sampling 
  Day 28 SE  Day 56  SE  Day 84 SE 

------------------------------  Number of nodules (# m-²) --------------------------- 
Crotalaria 295 30 337 105 376 55 
Mucuna 168 83 213 114 135 86 
Phaseolus  3 3 23 17 5 5 
Trifolium 144 74 153 13 735 208 
Pisum 197 25 776 65 1400 228 
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Appendix  5. Mean Ndfa (Nitrogen derived from air) and Ndfs (Nitrogen derived from soil) of 
each legume species (n = 3) and the reference plant Fagopyron (n = 1) at the 1st, 2nd and 3rd 
sampling (28, 56 and 84 days, respectively). SE = Standard Error 

         Sampling Ndfa SE Ndfs SE Ndfs SE Ndfa  SE 

    ----------------  (%)  ---------------- ---------- (mg plant-1) ------------ 

Fagopyron 
1 0.0 1.5 100.0 12.0 0.9 0.00 0.00 0.00 
2 0.0 1.5 100.0 12.0 1.6 0.00 0.00 0.00 
3 0.0 1.5 100.0 12.0 1.8 0.00 0.00 0.00 

Crotalaria 
1 17.7 4.7 823 21.7 0.2 0.05 0.04 0.01 
2 6.5 3.6 93.5 51.6 0.3 0.19 0.02 0.01 
3 24.0 12.0 76.0 37.8 0.3 0.17 0.11 0.05 

Mucuna 
1 60.1 4.5 39.9 3.0 0.6 0.04 0.85 0.06 
2 62.1 5.7 37.9 3.5 0.5 0.05 0.88 0.08 
3 68.8 7.0 31.2 3.2 0.4 0.04 0.88 0.09 

Phaseolus 
1 26.4 8.8 73.6 24.5 0.6 0.20 0.21 0.07 
2 27.0 9.9 73.0 26.7 1.4 0.51 0.51 0.19 
3 22.0 11.0 78.0 39.0 1.6 0.82 0.46 0.23 

Trifolium 
1 23.6 3.7 76.4 12.1 0.1 0.01 0.02 0.00 
2 29.5 8.8 70.5 21.1 0.2 0.05 0.07 0.02 
3 27.3 2.3 72.7 6.0 0.2 0.02 0.09 0.01 

Pisum 
1 27.1 2.3 72.9 6.1 0.3 0.02 0.09 0.01 
2 19.3 0.2 80.7 0.9 1.1 0.01 0.26 0.00 
3 23.7 6.4 76.3 20.7 1.3 0.35 0.4 0.11 
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Appendix  6.  Dry weed biomass of monocotyledonous and dicotyedonous at the 1st, 2nd and 
3rd sampling (28, 56 and 84 days, respectively) (n=3). SE = Standard Error 

    1st sampling 2nd sampling 3rd sampling 
    Day 28  SE Day 56 SE Day 84 SE  

  

--------------- Dry biomass of weeds (g m-2) ----------------- 

Fagopyron 
Monocotyledons 1.3 0.1 6.7 0.6 4.3 3.9 
Dicotyledons 5.3 2.2 16.0 5.4 27.3 12.1 
total 6.7 2.1 22.7 5.1 31.6 15.7 

Crotalaria 
Monocotyledons 1.1 0.6 3.3 0.4 2.3 2.3 
Dicotyledons 3.6 1.5 18.8 12.6 30.7 22.9 
total 4.7 2.0 22.1 12.4 32.9 22.2 

Mucuna 
Monocotyledons 1.6 1.6 13.9 9.1 8.3 7.1 
Dicotyledons 3.1 0.8 9.1 3.7 29.6 13.9 
total 4.7 2.3 22.9 11.5 37.9 16.9 

Phaseolus  
Monocotyledons 3.2 1.7 6.9 5.1 3.6 3.6 
Dicotyledons 3.3 2.1 11.7 5.4 21.6 1.2 
total 6.5 3.7 18.7 10.3 25.2 4.8 

Trifolium 
Monocotyledons 2.4 1.0 1.6 1.6 12.9 9.2 
Dicotyledons 4.4 3.6 22.3 13.9 45.6 18.2 
total 6.8 3.5 23.9 12.7 58.5 14.7 

Pisum 
Monocotyledons 13.7 6.2 19.5 8.3 23.5 13.1 
Dicotyledons 4.4 1.1 15.5 1.7 56.1 25.6 
total 18.1 6.7 34.9 7.9 79.6 27.9 

Fallow 
Monocotyledons 2.8 1.4 22.3 11.1 27.1 13.6 
Dicotyledons 0.4 0.2 14.4 7.2 7.9 5.2 
total 3.2 1.6 36.7 18.3 34.9 18.1 

 

 

 

 

 

 

 

 

 

 

 

 



    Annex 

Appendix 7. Ca-, Mg- and K-deficiency symptoms at Phaseolus: Chlorosis of younger (Ca) 
and older (Mg) leafs. Nekrosis on the leaf edges (K). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 8.  Fungal disease on the leaf blade at Mucuna. 
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Appendix 9. Home field, next to the farmer house. 

 

 

 

 

 

 

 

 

 

 

 

 

  

Appendix 10. Clean weeding on 20th October on the out-field. 
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