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Abstract—Green manuring is one of the most effective and 
environmentally sound methods of sustaining soil productivity in 
Agriculture. The effectiveness of a green manure crop, however, is 
related to its ability to produce more biomass and to sequester large 
amount of plant nutrients in a short period of time. Therefore, any 
agronomic practice that enable the green manure crops to 
accumulate more biomass by the time they are turned in does help in 
improving the effectiveness of green manuring. Seeding density and 
phosphorus application going to effect the biomass, nutrient 
accumulation and seed production by green manure crops.  
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1. INTRODUCTION 

Interest towards green manure crops has been renewed with 
the growing emphasis on sustaining soil productivity in 
Agricultural systems. Green manuring, a practice of turning 
the green plant biomass into the cultivated fields, is one of the 
most effective and environmentally sound methods of 
manuring crops, which offer an opportunity to improve soil 
physico-chemical environment and to cut down the use of 
chemical fertilizers, which are often blamed for causing 
environmental pollution and escalating cost of cultivation of 
crops. 

The effectiveness of green manure crop is related to its 
biomass and nutrient accumulation by the time of flowering at 
which stage the crop biomass is turned into the fields. Biomass 
accumulation by green manure crops, however, is mostly 
affected by their seeding density and the soil fertility status 
especially phosphorus availability. Enhancement in phosphors 
supply to green manure crops, which are mostly of 
leguminous, may increase their ability to fix up more 
atmospheric nitrogen and result in better accumulation of 
biomass. Further, the availability of adequate amount of 
quality seed of green manure crops is a constraint to go for the 
practice of green manuring. The available literature on the 
effect of seeding density and phosphorus levels on biomass, N 

accumulation and seed production by green manure crops is 
reviewed hereunder. 

2. GREEN MANURE CROPS AND THEIR BIOMASS 
PRODUCTION 

On sandy loam soils of New Delhi, Chandnani and Oberoi 
(1956) recorded the highest green matter production by 
sunnhemp (Crotalaria juncea ) than that by dhaincha 
(Sesbania aculeate). Similarly, on clay loam soils of 
Coimbatore, sunnhemp produced the highest biomass 
followed by dhaincha and pillipesara (Vigna trilobus) at 45-60 
days after sowing during wet season (Abrol and Palaniappan, 
1988). Bhardwaj (1982) reported maximum green matter yield 
by dhaincha at 65 days of growth on sandy loam soils of 
Palampur. Ghai et al (1985) reported that with increase in the 
age of dhaincha, there was a significant increase in biomass 
production up to 54 days after sowing and thereby started 
levelling off.  

Research in India and elsewhere has shown that among all 
green manure crops, dhaincha and sunnhemp are the most 
predominant during pre monsoon season (Beri et al. 1989; 
Meelu et al., 1992). Halepyati and Sheelavantar (1991) 
recorded the highest dry matter with Sesbania rostrata and 
was followed by sunnhemp and dhaincha. They also reported 
the highest dry matter at the 8 th week cutting and the lowest at 
the 5 th week cutting during kharif on sandy loam soils of 
Dharwad. Such an increase in biomass with increase in age of 
the green manure crops (S cannabina, Sunnhemp, Soybean, 
Lablab purpureus, Indigofera tinctoria, pigeon pea, cowpea 
and mungbean) was also reported by Meelu et al. (1992) 
during kharif season. Sunnhemp produced the highest amount 
of dry matter followed by cowpea and dhaincha, which were 
almost at par, on sandy loam soils of Ludhiana, Punjab 
(Hundal et al., 1992). Between 50 and 70 days after 
establishment, the above ground biomass of Sesbania speciosa 
was doubled and the maximum was recorded at flowering 
stage (Weerakoon et al., 1992). Manandhar (1993) reported an 
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overall better performance of sunnhemp in the production of 
biomass than Sesbania rostrata and Aeschynomene afraspera. 
Sekhon et al. (1994) reported that the biomass of sunnhemp 
was higher than that of guar throughout the growth season on 
sandy loam soils of Ludhinana, Punjab. In contrary to the 
earlier reports, Hiremath and Patel (1994) recorded the highest 
biomass production by dhaincha than that by sunnhemp during 
kharif season at Navasari, Gujarat. Similar observations were 
made by Solaiappan et al (1996) on sandy loam soils of 
Madurai. 

In the winter season, however, dhaincha and sunnhemp 
produced significantly higher biomass than that produced by 
Sesbania rostrata at 75 days after sowing (DAS) (Hiremath 
and Patel, 1996) and at harvest on clay soils of Navsari, 
Gujarat. Similar observations were made by Choudhary and 
Thakuria (1996) during winter season on clayey soils of 
Assam. Among the four green manure crops (dhaincha, 
Sesbania rostrata, Indigofera tinctoria and sunnhemp) 
sunnhemp reported to be the best suitable green manure crop 
due to its faster biomass production (Alam et al., 1997). 
Dhiancha recorded higher fresh biomass on the 40 th day, 
while S rostrata recorded that on the 60 th day after sowing at 
IARI, New Delhi (Kaliduri, 1998) 

As noticed earlier, the season of growing green manure 
appears to be a prime factor to determine their productivity. 
Velvet beans produced the highest biomass production 
followed by sunnhemp in kharif season while rabi season was 
more favourable for pillipesara on clay loam soils of 
Coimbatore (Thomson and Palaniappan, 1998). Among the 
legumes, sunnhemp produced the highest green biomass 
followed by cowpea and dhaincha during rabi under 
intercropping situation on heavy black soils of Kovilpatti, 
Tamil Nadu (Solaniappan et al., 1999).  

3. GREEN MANURE CROPS AND N 
ACCUMULATION 

On sandy loam soils of Karnal, Bhardwaj (1982) reported, the 
highest N accumulation by dhaincha green manure crop at 65 
DAS than at 45 or 55 DAS. N accumulation was higher with 
sunnhemp followed by dhaincha during kharif season on 
sandy loam soils of Dharwad (Halepyati and Sheelavantar, 
1991). This was in confirmation with the result of Hiremath 
and Patel (1996). As the age of green manure crops increased, 
the N accumulation was also increased and the highest was 
recorded at the 8 th week cutting and the lowest was at the 5 th 

week cutting (Halepyati and Sheelavantar, 1991). Nitrogen 
accumulation in biomass of Sesbania rostrata was 2-3 times 
higher in wet season than that in dry season (Becker et al., 
1995). Dhaincha accumulated the highest N followed by 
sunnhemp at 75 DAS on clayey soils of Navsari, Gujarat 
(Hiremath and Patel, 1994). Thomos and Palaniappan (1998) 
stated that velvet beans accumulated more nitrogen in 60 days 
compared to that of sunnhemp and pillipesara on clay loam 
soils of Coimbatore. S rostrata accumulated higher N during 

kharif season followed by summer and rabi seasons. Similar 
trend was observed in dhaincha and sunnhemp on clay loam 
soils of Tamil Nadu (Jayaram and Pannerselvam, 1999). 
Sunnhemp showed maximum nutrient accumulation when 
compared to that of dhaincha, berseem and cluster bean at 
Anand, Gujarat (Meisheri et al., 2001) 

4. EFFECT OF SEEDING DENSITY ON BIOMASS 
PRODUCTION 

4.1 Sunnhemp 

Biomass production of sunnhemp found to increase with 
increasing seeding density, and reached the maximum at 100 
kg ha-1 during winter season on vertisols of Navsari (Hiremath 
and Patel, 1996). Similarly, Thomos and Palaniappan (1998) 
reported maximum biomass production of sunnhemp at a 
higher poplation density of 1.67 lakh ha-1 than at lower 
densities, 1.11 or 0.83 lakh ha-1 on clay loam soils of 
Coimbatore. 

4.2 Dhaincha 

Seeding of Sesbania rostrata @ 60 kg ha-1 resulted in 
maximum biomass compared to that at lower seeding rates of 
20 and 40 kg ha-1 (Padre and Ladha, 1990). In case of S 
rostrata, high population density (6.67 lakh plants ha-1) 
produced the highest dry matter followed by medim (4.44 lakh 
plants ha-1) and low densities (3.33 lakh plants ha-1) on clay 
loam soils of Dharwad (Halepyati and Sheelavantar, 1991). 
Similar increase in dry matter production of S speciosa with 
increased planting density was reported by Weerakoon et al 
(1992) in Srilanka. On clayey soils of Navsari, Gujarat, 
seeding of dhaincha @ 100 kg ha-1 resulted in the maximum 
biomass compared to that at lower seeding densities rates of 
50 and 75 kg ha-1 during winter season (Hiremath and Patel 
1996). S rostrata planted at 15 cm intra row spacing recorded 
higher biomass than the other intra row spacings (30, 45 and 
60 cm) on sandy clay loam soils of Tamil Nadu (Grace et al., 
1998). Significantly higher biomass of Sesbania sps. was 
recorded under 60x15 cm spacing than under 90x15 cm and 
120x15 cm spacing during kharif and summer seasons on deep 
clay loam soils of Coimbatore (Rengalakshmi and 
Purshothaman, 1999). Vendan and Rajeswari (1999) stated 
that biomass production of Sesbania sps. increased with 
increasing sowing rate and the highest was recorded at 50 kg 
seed ha-1 by broadcasting. 

4.3 Pillipesara 

The population of 1.67 lakh plans ha-1 recorded more biomass 
than that of 1.11 or 0.83 lakh plants ha-1 in kharif and rabi 
seasons on clay loam soils of Coimbatore (Thomos and 
Palaniappan, 1998) 
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5. EFFECT OF SEEDING DENSITY ON NUTRIENT 
ACCUMULATION 

High density population (6.67 lakh plants ha-1) in S rostrata 
recorded the highest nutrient accumulation followed by 
medium (4.44 lakh plants ha-1) and low (3.33 lakh plants ha-1) 
plant densities (Halepyati and Sheelavantar, 1991). With 
increase in seeding rate, the N accumulation was significantly 
increased and the highest was recorded at 100 kg seed ha-1 
than at 50 and 70 kg seed ha-1 in sunnhemp and dhaincha 
during winter season on clayey soils of Navsari (Hiremath and 
Patel, 1996). Padre and Ladha (1990) also reported similar 
increase in N accumulation during winter season. Thomos and 
palaniappan (1998) reported higher N accumulation by velvet 
beans, sunnhemp and pillipesara green manure crops under 
high density (1.67 lakh plants ha-1) followed by medium (1.11) 
and low (0.83 lakh plants ha-1) densities on clay loam soils of 
Coimbatore. 

6. EFFECT OF PHOSPHORUS ON BIOMASS 
PRODUCTION 

6.1 Sunnhemp 

Chandnani and Oberoi (1956) noticed an increase in green 
matter yield of various legumes with the application of 
phosphorus. Results from several studies have shown 
increased biomass of green manure crops with P application 
(Beri and Meelu, 1981; Sharma and Mittra, 1988; Herrera et 
al., 1989). Application of 50 kg P2O5 ha-1 favourably and 
significantly influenced dry matter production over no 
application, while the 50 and 75 kg P2O5 ha-1 were found to be 
at par in production of dry matter (Salgado et al., 1984). These 
results were in confirmation with those of Bodke and Shelke 
(1996). Enhancing the level of P application to 50 kg P2O5 ha-1 
significantly increased fresh biomass of sunnhemp at all stages 
of growth in both kharif and rabi seasons on clay loam soils of 
Coimbatore (Thomos and Palaniappan, 1998). Pattanayak et 
al. (2001) observed similar increase in biomass of sunnhemp 
with the application of phosphorus through various phosphors 
sources during kharif season on sandy loam soils of 
Bhabaneswar. 

6.2 Dhaincha 

Singh (1972) reported that dry weight of Sesbania cannabina 
increased significantly with the application of 67.4 kg P2O5 ha-

1 and it was at par with that of 101.1 kg P2O5 ha-1 on sandy 
loam soils of Varanasi. Becker et al. (1991) reported 
maximum growth, nodulation and nitrogen fixation in 
Sesbania rostrata with the application of mineral fertilizers. 
Application of phosphorus @ 150 kg P2O5 ha-1 significantly 
increased the dry matter at all stages over control in S rostrata 
during kharif season on clay loam soils of Dharwad, 
Karnataka (Halepyati and Sheelavantar, 1992). Hundal et al. 
(1992) reported that graded levels of phosphors up to 26 kg P 

ha-1 increased significantly the dry matter yield of dhaincha on 

sandy loam soils of Punjab. Fertilizer P application at seeding 
significantly increased the total dry matter yield at all stages of 
growth in S rostrata (Herrera et al., 1997). Pandher et al 
(1997) stated that the phosphorus application @ 64 kg P2O5 
ha-1 significantly enhanced biomass production in dhaincha. A 
combination of basal application of super phosphate and foliar 
spraying of 2 per cent diammonium phosphate increased the 
dry matter production of dhaincha during kharif season on 
sandyloam soils of Kumulur (Kavimani etal., 1997) 

6.3 Pillipesara 

Enhancing the level of P application to 50 kg P2O5 ha-1 
significantly increased the biomass in pillipesara at all stages 
of growth on clay loam soils of Coimbatore (Thomos and 
Palaniappan, 1998). 

7. EFFECT OF PHOSPHORUS ON N 
ACCUMULATION 

Chandnani and Oberoi (1956) reported that the application of 
phosphate to different legumes has helped to increase all the 
three major nutrients (N,P,K) in the crop over no application. 
Higher nitrogen accumulation and phosphors uptake due to 
phosphorus application were also observed by Balasubramani 
and Kannaiyan (1991). Application of phosphorus @ 150 kg 
P2O5 ha-1 increased N accumulation by S rostrata during 
kharif season on clay loam soils of Dharwad. Graded levels of 
P application up to 26 kg P ha-1 to green manure crops 
increased significantly the P content and P up take on sandy 
clay loam soils of Punjab (Hundal et al., 1992). Hiremath and 
Patel (1994) recorded maximum N accumulation with the 
application of 25 kg N+ 50 kg P2O5 ha-1 by dhaincha green 
manure crop on clayey soils of Navsari, Gujarat. Herrera et al. 
(1997) reported that nutrient accumulation by S rostrata 
increased significantly with increasing seed rate only when P 
was applied. Enhancing the level of P application p to 50 kg 
P2O5 ha-1 significantly increased N accumulation at all stages 
of growth in all the three crops (velvet beans, sunnhemp and 
pillipesara) on clay loam soils of Coimbatore (Thomos and 
Palaniappan, 1998) 

8. SEED PRODUCTION BY GREEN MANURE 
CROPS 

Production of seed by sunnhemp was found to be higher in 
rabi season than in kharif season. Thomos and Palaniappan 
(1998) reported the highest seed yield by velvet beans 
followed by sunnhemp and pillipesaaa on clay loam soils of 
Coimbatore. In Tamil Nadu, summer season was found ideal 
for seed production of Sesbania sp (Rengalakshmai and 
Purshothaman, 1999). 

9. EFFECT OF SEEDING DENSITY ON SEED 
PRODUCTION 

The seed rates of 20 and 30 kg ha-1 were at par and both were 
found significantly superior to 10 kg ha-1 seed rate in 
producing seed yield of sunnhemp during kharif season on 
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clay loam soils of Akola (Deshmukh et al., 1997). Thomos and 
Planaiappan (1998) reported the highest seed yield at lower 
density (60x20 cm) followed by medium (45x20 cm) and 
higher densities (30x20 cm). Increased seed yield of dhaincha 
green manure crop was obtained with wider spacing (45x20 
cm) than that with narrower spacing (30x30 cm) during kharif 
on sandy clay loam soils of Kumulur (Kavimani et al., 1997). 
Similar increase in seed yield of Sesbania species with wider 
plant spacing (120x15 cm) than with the narrower plant 
spacings (60x15 cm and 90x15 cm) during kharif and summer 
season on deep clay loam soils of Tamil Nadu was reported by 
Rengalakshmi and Purshothaman (1999). Sowing of pillipeasa 
at 45 cm spacing gave the maximum seed yield which was 95 
per cent and 18.1 per cent higher than that at 30 and 60 cm 
row spacings, respectively (Yadav, 1998). The reduction in 
seed yield of legumes with increase in planting density was 
reported by a few other researchers (Akinola and Whiteman, 
1975). 

10. EFFECT OF PHOSPHORUS ON SEED 
PRODUCTION 

The influence of P on seed yield of green manure crops was 
well documented by Singh (1972). The increase in seed yield 
of sunnhemp under high fertility level was reported by Mohan 
(1973) and Iruthyaraj et al. (1979). Application of P @ 25 and 
50 kg P2O5 ha-1 proved superior to no P application in 
producing seed yield, however, 50 and 75 kg ha-1 were found 
to be at par in sunnhemp (Salgado et al., 1984). At Varanasi, 
Singh (1972) reported significant increase in seed yield of 
dhaincha up to 67.4 kg P2O5 ha-1 during rainy season. 
Rengalakshmi and Purshothaman (1999) reported an increase 
in seed yield of Sesbania species with phosphorus application 
(50 kg ha-1) than without on deep clay loam soils of 
Coimbatore. Application of P @ 40 kg P2O5 ha-1 significantly 
increased the grain yield of pillipesara over that of 20 and 30 
kg P2O5 ha-1. Bhati et al. (1988) reported significant increase 
in yield of pillipesara with the application of 40 kg P2O5 ha-1 
and decreased with 60 kg P2O5 ha-1. Seed yield of pillipesara 
significantly increased with increasing level of P application 
rates from no application of P to 40 kg P2O5 ha-1 (Sain and 
Keshwa, 1997). 
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