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Investigation on the silvicultural and ecological 

aspects of Prosopis juliflora (Swartz) DC. were carried out 

both through field and pot culture experiments. Totally 13 

experiments were conducted throughout the course of 

investigation. 

Big sized seeds with 100 seed weight of 3.07 g 

sown at a depth of 2 to 4 cm resulted in early germination, 

shorter germination period, higher cumulative germination 

percentage and higher DMP of seedlings. Sowing hot water 



treated seeds of P.juliflora upto 15 days after hot water 

treatment did give better germination indicating that such 

seeds could be kept for a fortnight without any loss of 

viability. DMP of above ground portion (Shoot) of six months 

old seedlings shall be taken as a scientific parameter for 

selecting better planting stocks of P.juliflora, instead of 

considering seedlings height alone. 

Higher plant density of 4444 plants -1 
(1. 5 ha x 

1.5 m) recorded higher total biomass compared to that of 

medium plant density of 2500 plant ha 
-1 

(2.0 2.0 m) and x 

lower plant density of 1600 plants ha 
-1 

(2.5 2.5 m) in x a 

short rotation energy plantation of 2.7 years. The total 

biomass production jncreased with the age of the first cut 

and coppicing duration at all the plant densities. The total 

biomass production was higher at the age of 15 MAP (months 

after planting) compared to 9 and l2 MAP. Similarly the 

total DMP was higher at longer coppicing duration of 12 MAFC 

(months after first cut) compared to 6 and 9 MAFC. Coppicing 

P.juliflora upto J5 MAP was not beneficial. For coppicing, 

the age of the crop must be definitely more than 15 MAP. 

P.juliflora gave higher total biomass when grown 

in alluvial sandy soil and black soil than in red soil. 

Charcoal recovery increased with the increase in the 

diameter of P.juliflora fuelwood billets and the recovery 



was higher in root stocks than in the fuelwood billets of 

same diameter class (>10.5 em). 

Comparative performance of P_juliflora with other 

six MPTs (Multipurpose tree species) at 4th year revealed 

that in terms of total biomass ha- 1
. the MPTs were in the 

order of Eucalyptus tereticornis > Prosopis juliflora 

Eucalyptus camaldulensis > Acacia nilotica Azadirachta 

indica Casuarina equisetifolia Acacia leucophloea. 

prosopis juliflora was on par with both the species of 

Eucalyptus. However, considering the utilizable biomass 

yield (fuelwood). the MPTs were ranked in the order of 

Eucalyptus camaldulensis > Eucalyptus tereticornis > Acacia 

nilotica >Prosopis juliflora > Casuarina equisetifolid 

Azadirachta indica > Acacia leucophloea wherein Eucalyptus 

camaldulensis and Eucalyptus tereticornis were comparable 

and they were significantly superior to other tree species. 

A_niloti~a and P_juliflora were also comparable. The 

utilizable biomass (UB) of P_juliflora was 49.5. 48.7 and 

11.7 per cent, 

E_camaldulensis. 

respectively, 

E_tereticornis 

lower than that of 

and A_nilotica. In 

P.juliflora basal diameter (BD) contributed more directly to 

UB and total biomass (TB) while branch number (BN) 

contributed more to the non-utilizable biomass (NUB). Both 

BD and BN were found to be important parameters for 

prediction of UB, NC3 and TB of P_juliflora. 



The nutrient uptake increased with the increase in 

UB in all the MPTs studied. Highest total uptake of macro as 

well as micronutrients were seen in both the species of 

Eucalyptus, followed by P. jUliflora. The microbial 

population (bacteria. fungi and actinomycetes) was highest 

.n the soil under A.leucophloea followed by A,nilotica and 

P.juliflora. 

Eucalyptus 

Lowest microbial load was registered under 

camaldulensis and Eucalyptus tereticornis. 

Similarly the understorey weed biomass was also lowest under 

them. The weed biomass was highest under C.equisetifolia 

followed by Azadirachta indica. The soil fertility in terms 

of soil organic carbon content, available NPK and 

micronutrients (Fe, Mn. Zn and Cui had increased under the 

canopy of all the MPTs evaluated compared to the open field 

\control) . 

Except C.equisetifolia, all other MPTs put forth 

coppice shoots when cut at 4th year. In respect of coppice 

numbers per stool, the trees were ranked in the order of 

P.juliflora >Azadirachta indica Acacia nilotica > 

E.tereticornis > E.camaldulensis > A.leucophloea but they 

were all comparable statistically except the last 

terms of coppice height E.camaldulensis 

one. In 

recorded 

significantly higher height growth compared to all other 

MPTs followed by E.tereticornis. Acacia leucophloea was the 

poor coppicer among the MPTs. 



P.juliflora leaf litter inhibited the germination 

of blackgram, sorghum and P.juliflora due to its 

allelopathic effect of phenolic compounds, Allelopathic 

effect was persistent upto two weeks. Sowing blackgram and 

P.juliflora after one week and sorghum after two weeks of 

P.juliflora leaf litter incorporation found to mitigate the 

allelopathic effect. Prosopis juliflora leaf litter though 

found to be allelopathic in the initial stages, it added 

more of nutrients to the soil at later stages, a possible 

cause for increase in soil fertility under field conditions. 

Prosopis juliflora leaves were mineralized within 30 days of 

leaf incorporation. Bacteria and fungi were responsible for 

the degradation of P.juliflora leaf litter. Prosopis 

juliflora leaf litter mulch at one per cent level (W!W 

basis), root extract and leaf extract at five per cent 

concentration reduced the germination per cent as well as 

m1P of Parthenium hysterophorus. Fresh and dry leaf 

incorporation of P.juliflora into the soil reduced the 

population of root-knot nematode (Meloidogyne incognitaj as 

well as their egg masses in the roots of tomato inoculated 

with root-knot nematode and reSUlted in an increase in fruit 

numbers and fruit field per plant. 
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CHAPTER I 

INTRODUCTION 

The genus prosopis consists of 44 species 

(Burkart, 1976) and accounts for one-third forest area in 

the world (Chojnacky, 1991). Globally it is used for fuel, 

charcoal and fodder. It is found to occur almost in all 

continents except the icy continent of Antartica. 

In India, the current availability of fuelwood is 

about 58 million tonnes against the demand of about 157 

million tonnes. Hence, there is a wide gap for fuelwood 

(Da~ar and Sin~h Gurbachan, 1994). This gap is further 

widened with the increase in population. Considering this 

trend of fuel shortage, the FAO panel (FAO, 1977) and the 

National Academy of Sciences, WaShington (NAS, 1980) had 

recommended fast growing Prosopis species for ener':Jy 

plantations in the arid and semi-arid regions of the world 

includin'd India. Felker and Bandurski (1979) and Felker 

(1979), sug<,jested that the Prosopis is the ideal tree legume 

for minimal energy input agriculture in semi arid re':Jions. 

About 175 million hectares of wastelands in India 

are of different cate':Jories (Puri and Viswanatham, 1988) 

with 4 million hectares of wastelands in Tamil Nadu. 

Prosopis species can be better exploited for fuel, charcoal 



and fodder in such of those areas, as it is an aggressive, 

fast spreadiny and highly adaptable species for all types of 

soil including saline and alkali soils, except cold desert 

and water stagnant areas (Troup, 1983; Singh Gurbachan, 

1994). Prosopis juliflora is a versatile tree species that 

could come up almost in all categories of wastelands besides 

withstanding the biotic influence of people, goats, cattle, 

highly etc. Hence its establishment becomes easy in 

neglected as well as uncared wastelands of any category. 

Eventhough the estimate of wasteland in Tamil Nadu 

is around 4 million hectares, the area under Prosopis 

juliflora has been roughly estimated to be 3 to 4.5 lakh 

hectares, that too mainly confined in five southern 

districts viz., Ramanathapuram, Pasumpon Muthuramalinga 

Thevar, Kamarajar, Chidambaranar and Nellai Kattabomman 

districts (Kondas, 1992). As fuelwood and charcoal, Prosopis 

juliflora offers employment to the tune of 6.34 million man 

days and 7.03 million woman days per annum in the above five 

districts (Kondas, 1992). These facts and figures imply the 

socioeconomic importance of this tree crop for Tamil Nadu. 

In the survey conducted by the Department of 

Statistics, Tamil Nadu, it has been spelt out that about 53 

per cent of total fuelwood in rural Tamil Nadu comes from 

forest tree species. Of which, Prosopis juliflora alone, as 
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a single dominant species, accounts for 36.94 per cent, 

followed by Acacia nilotica (23.22 per cent), A.planifrons 

(6.4 per cent), A.leucophloea (4.85 per cent), Casuarina 

equisetifo1ia (3.79 per cent) and other species (24.79 per 

cent) (Dept. of Statistics, 1984). This again reiterates the 

importance of P.ju1iflora for rural Tamil Nadu. 

Besides being fuelwood for household purposes, 

P.juliflora fuelwood is also being used extensively for 

brick kilns, tile works, lime kilns, blacksmithy and 

carpentry works (Kondas, 1992). It is not an exaggeration if 

we say that but for prosopis juliflora the forest areas in 

the Western ghats of Tamil Nadu might have shrunken, inspite 

of the protective measures taken by the forest department. 

This is because P.juliflora acts as a buffer and protective 

forest along the boundaries of or adjacent to the reserved 

forests (Reynolds and Wood, 1977). P.julif1ora also helps to 

maintain ecosystem of wastelands by giving a green cover 

over barren soils besides giving shelter for varieties of 

wildlives. 

Against the importance of this tree, the policy 

makers provide little attention to maintain 

purity as well as to reduce the genetic 

P.julif1ora. Wunder (1966) remarked that the 

the genetic 

erosion of 

discrimination 

of Prosopis species by many as 'not a forestry tree' and 



consequently the disregard of its many advantages, has 

resulted in the lack of research on this species. This is 

quite true under Indian conditions also. Lot of research 

work have been done on this tree from 1904 to 1980 in South 

and North American countries as evident from the 

bibliographic compilation by Pedersen and Grainer (1981). 

Still work is in progress with greater intensification on 

Prosopis species. In India, research work on Prosopis 

species is very much limited and that too restricted in 

Rajasthan and Gujarat states. Of late, CAZRI, Jodhpur, 

Central Soil Salinity Research Centre, Karnal and IGFR1, 

Jhansi are concentrating more on Prosopis species. In other 

parts of India, the work on Prosopis is yet to gain 

momentum. In fact seed to seed silvicultural/agronomical 

packages for Prosopis cultivation is not available. 

Information on silvicultural aspects of Prosopis 

juliflora viz., scientific parameter for selection of better 

planting stocks, effect of seed siz~s and depths of sowing 

on germination, germinability of hot water treated Prosopis 

seeds with lapse of time; biomass production potential of 

Prosopis in different soil types, effect of plant density, 

age of first cutting and coppicing duration on the biomass 

production of Prosopis, comparative performance of Prosopis 

with other multipurpose tree species, coppicing potential of 

Prosopis, Charcoal recovery from Prosopis fuelwood etc., are 
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very much lacking. Similarly informations on the ecological 

aspects of Prosopis juliflora viz., allelopathic effect; 

dynamics 

nutrient 

of understorey ve~etation; soil 

cycling; microbial load in soil and 

fertility and 

leaf litter; 

exploiting allelopathy for biocontrol of pests including 

weeds are very less. 

Hence, considering the importance of P.juliflora, 

especially for Tamil Nadu, studies on the silvicultural and 

ecolo~ical aspects of Prosopis juliflora were undertaken at 

the Tamil Nadu Agricultural University, Coimbatore. The 

studies comprised of 13 experiments with the following maJor 

obJectives. 

To find out the relationship between root and shoot 

length and also between root and shoot wei9ht of 

P.juliflora seedlings. 

To compare the growth, biomass production and wood 

density of P.juliflora with other multipurpose tree 

species (MPTs). 

To develop linear regression models for prediction of 

biomass in P.juliflora and other MPTs. 

To find out the effect of different plant densities, 

ages of first cutting and coppicing durations on the 

biomass production of P.juliflora under short rotation 

of 2. 3 years. 



To find out the influence of different soil types on 

the biomass production of P.juliflora. 

To find out the charcoal recovery from different 

diameter classes of P.juliflora fuelwood. 

To develop silvicultural practices like seed 

yerminability under different conditions. 

TO study the allelopathic effect of P.juliflora leaf 

litter and plant extracts on the yermination and DMP of 

test crops. 

To study the effect of leaf litter and plant extracts 

of P.juliflora on the germination and DMP of weeds and 

control of root-knot nematodes in tomato. 

To find out the time needed for mineralization of 

P.juliflora leaf litter in the soil. 

To find out the soil fertility changes due to 

P.juliflora leaf litter addition. 
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CHAPTER II 

REVIEW OF LITERATURE 

More than 70 per cent of the total cultivable area 

in India is under rainfed agriculture, where crop production 

is dictated by vagaries of monsoon rainfall. In majority of 

these areas frequent crop failures are not uncommon. Tree 

cropping may form an alternative for these areas as a 

component of agroforestry systems. In the wastelands, 

especially degraded, saline and alkali lands, Prosopis 

ju1if1ora is found to colonise aggressively in nature. 

Though Prosopis is the main source of fuel wood in many parts 

of India. its pods also are used as animal feed, especially 

for sheep and goats. Its value as a potential source of 

charcoal adds further to this tree crop. Its viability in 

agroforestry and energy plantations has not been fully 

exploited and understood. Research work conducted on this 

tree crop is reviewed and presented in this chapter. 

2.1. The genus Prosopis 

2.1.1. Description and origin 

The genus Prosopis belongs to the family 

leguminosae (sub-family Mimosoideae). The genus represents 

44 species in nature and occur both in arid and semi-arid 

regions of the world (Burkart, 1976). The members of the 

~enus Prosopis ar( called 'mesquite' or 'screw beans' in 



North America and 'algarrobo' in South America (Robelo, 

1948. p. 548 as quoted by Simpson and Solbrig, 1977). 

prosopis is basically a new world species, its native home 

has not been clearly identified. Kaul (1956) and Duthie 

(1960) reported that Prosopis was indi genous to Central 

America. But Burkart (1976) proposed that the genetic centre 

of Prosopis was in South America. 

2.1.2. Distribution of Prosopis in the world 

prosopis species are seen in lower California, 

Southern Colorado, Utah, Arizona, Texas and Northern Mexico 

extending upto Argentina, Southern Brazil, Republic of Chile 

and drier parts of the islands of Jamaica. It \vas 

successfully grown in arid tracts of Asia, Australia, South 

Africa and Sudan where the rainfall varied from 4 to 8 

inches per year (Raizada and Chatterji, 1954, Burkart, 

1976). Of the 44 species reported, 35 are found in South 

America, three species (Prosopis cineraria, P.farcta and 

P.koelziana) occur in Asia and Africa and one species viz., 

P.africana in Africa (Burkart, 1976). 

exactly 

on the 

The geographical area under Prosopis is not 

known in view of its dynamic fast spreading nature 

one hand and its indiscriminate continued 

exploitation for fuel, charcoal etc., on the other hand. 

Prosopis is reporteu to occur in an area of over 30 million 
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hectares in semi-arid areas of Oklahoma, Texas, New Mexico, 

Arizona, Nevada and California (Parker and Martin, 1952. 

p.70). Though Prosopis grows extensively in semi-arid 

regions of Argentina, Chile, Venezuela, North East Africa, 

the Middle East and India (Griffith, 1961), area under 

Prosopis cultivation has not been quantified so far. 

2.1.3. Botanical and taxonomical exploration of Prosopis 

The earliest botanical account of Prosopis 

juliflora (Swartz) DC. was published in 1788 by the Swedish 

traveller Swartz, who found natural vegetation of the 

Prosopis in jamaica (Raizada and Chatterji, 1954). Later 

there was a lot of confusion in distinguishing different 

species of Prosopis until 1975. This confusion was cleared 

with the detailed taxonomical publication of Burkart (19761. 

His monograph on the genus Prosopis is the only taxonomical 

reference available as on date. 

2.2. Introduction and distribution of Prosopis juliflora 

(Swartz) DC. in India 

Introduction of Prosopis to India was reported as 

early as 1857 from Mexico (Gupta and Balara, 1972) and 1878 

from Kew (Raizada and Chatterji, 1954). Confirming this, 

Konda Reddy (1978) stated that Prosopis was introduced 

during 1876 at Camalapur of Cuddapah district in the old 

Madras Presidency by Lt. Col.R.H. Beddome, conservator of 



forests, and from there it had spread to other parts of 

India. On the contrary, Kaul (1956) was of the opinion that 

it was first introduced in Sindh during 1877. Later, Rawat 

et al. (1992) reported that Prosopis was first introduced in 

PunJab during 1875 and from there it had spread to other 

parts of India. Though reports on the first introductlon of 

Prosopis juliflora varied, it can be generalised that it was 

during 1870's in India. The indigenous introduced 

P.cineraria was existing in India long before the 

introduction of P.juliflora, which was introduced mainly 

because of its fast growth and wider adaptability than that 

of indigenous P.cineraria. 

Though Prosopis juliflora was exotic (Verma, 

1987), it was declared as the 'royal plant' in 1940 by the 

former Jodhpur state and it was placed under government 

protection (Kaul, 1956). Different morphological 

were reported in India among the natural 

variations 

stand of 

P.juliflora and the attributed reason was the existence of 

five different forms viz., Argentine form, Arid form, 

Mexican form, Peruvian form and Australian form (Raizada and 

Chatterji, 1954). At present very prolific and predominant 

growth of Prosopis is found in Rajasthan, GUJarat, Punjab, 

Haryana, Uttar Pradesh, Karnataka, Andhra PradeSh, Orissa, 

Tamil Nadu and West Bengal (NAS, 1980). 

1 



2.3. Socioeconomic importance of the genus Prosopis 

Prosopis species is one among the members of the 

leyuminosae family and this family accounts for nearly one

third of the world's forest (Chojnacky, 1991). This is 

mainly due to its multipurpose use and wider adaptability. 

2.3.1. Fuelwood and Charcoal 

2.3.1.1. Fue1wood 

Prosopis was a very suitable fuelwood in view of 

its high calorific value of 8050 BTU per pound (Singh 

Gurbachan and Singh, 1993). The fast growing Prosopis 

species were recommended allover the world to meet fuelwood 

demand (NAS, 1980. p. 237). More than 1.5 billion people in 

the developing countries depend on wood and charcoal for 

cooking and heating (Arnold and Jongma, 1978). 

2.3.1.2. Charcoal 

Charcoal is the residue of wood as a result of 

heating it to high temperature in a closed space without 

free access of air and allowing to coolon its own without 

entry of air. During the process, wood becomes bone dry at 

1100C and further rise to 300 0 C initiates pyrolysis, which 

breaks down the wood into wate~ vapour, gases, wood acids 

and tars with the evolution of heat resulting in charcoal. 

Good commercial charcoal contains 72 per cent fixed carbon, 

17 per cent volatiles, 8 per cent moisture and 3 per cent 

ash. Charcoal is commonly used for drying, raising steam and 

smelting metals in steel and polyfibre industries. It is 



used in carbide and ferro-silicon industries. The broken 

pieces of charcoal and its powders are used for agarbathi 

manufacturing. Charcoal is a much sought after fuel in 

houses (Kondas, 1992). 

2.3.2. Timber 

The potential of Prosopis as a construction timber 

has not gained momentum because of poor tree form with 

crooked branches as well as lack of long straight trunks or 

stems (Leakey and Last, 1980). But considering its quality 

in terms of striking grains and polish (Sekhar, 1955), its 

timber value was equated to that of walnut, rosewood Dr 

mahogany in certain parts of the world (Dobio, 1943 as 

quoted by Verma, 1987). In South Western parts of the US, 

prosopis was one of the chief sources of wood for making 

furniture, floorings, sports goods and craft articles (Singh 

Gurbachan and Singh, 1993). 

In India, Prosopis timber was mainly accepted for 

making fence post and small pilings (Verma, 1987). If teak 

is considered as the royal timber, then Prosopis is to be 

considered as loyal timber for the poor in India (Konda 

Reddy, 1978). 

2.3.3. Feed and forage for animals 

Due to high phenolic content in the leaves of 

Prosopis juliflora it is not liked by the cattle (Lyon et 

al., 1988). But the leaves of P.cineraria (indigenous to 
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India) are relished by sheep, goats, cows and camels (Bohra, 

1980; Srivastava and Hetherington, 1991). The pods of all 

the Prosopis species including Prosopis juliflora are 

relished by the animals (Felker, 1981; Talpada and Shukla, 

1992) as they contain 12 to 14 pcr cent crude protein, 20 to 

30 per cent sucrose (Figueirdo, 1975), 44 to 55 per cent 

carbohydrate (Contreras, 1978; Felger, 1979) and amino acids 

to the magnitude of 0.11 to 1.54 per cent (Talpada and 

Shukla, 1988) besides considerable quantity of 

micronutrients (Talpada, 1988). The feeding of Prosopis 

juliflora pods at 15 to 30 per cent of body weight was found 

to be safer and reduced the cost kg- l of milk production by 

about 5 to 10 per cent, respectively (Talpada, 1988). 

2.3.4. Human use 

2.3.4.1. Food 

The pods and seeds of many Prosopis species 

including Prosopis juliflora were consumed by the West 

Indians and white pioneers either as raw or after 

processing. The flour of Prosopis pods and seeds was used 

for bread making and it formed a staple desert food (Forbes, 

1895; Felger, 1979). Prosopis pods and seeds form food of 

the human since seeds contain 34 to 39 per cent protein and 

7 to 8 per cent oil (NAS, 1979). It also contains 15 types 

of amino acids (Beri et al., 1982). The protein quality of 

Prosopis was reported to be comparable with those of maize, 

rice and certain beans (Felker, 1981). 



2.3.4.2. Honey 

The honey extracted from prosopis species ;,vas 

reported to be of superior quality with attractive flavour 

(Verma, 1987) . In India, about one lakh kilogram of honey 

came annually from the Prosopis infested Kutch district of 

Gujarat (Verma, 

predominant tree. 

1987), where Prosopis juliflora is the 

2.3.5. Biochemicals, industrial products and medicinal value 

of Prosopis 

2.3.5.1. Biochemicals 

Many types of biochemicals viz., tannin (Doat, 

1978) , ellagic acid glycocides (Malhotra and Misra, 1981) , 

amino acids (Beri et al., 1982), steroids (Pant and Bishnoi, 

1982), alkaloids (Ahmad et al., 1989), phenols (Pancholy et 

al. I 1989; Ikramov et al., 1990), growth regulators like 

triacontanol (Khan et al., 1992) etc., were reported to be 

present in different Prosopis species. 

2.3.5.2. Industrial product 

The potential of obtaining several industrial 

products such as alcohol, gums, cocoa powder substitute and 

sweetening agents from pods of Prosopis species was reported 

(CENDES, 1981 as reported by Marangoni and AlIi, 1988; 

Anderson and Wang, 1989). 
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2.3.5.3. Medicinal value 

In India Prosopis cineraria was used as indigenous 

medicine for rheumatism and also against miscarriage (Chopra 

et al., 1956). Some of the alkaloids of prosopis species 

were reported to be antifungal (Ahmad et al., 

antibacterial (Zainal et al., 1988). 

2.3.6. Paper making 

1989) and 

In India, laboratory and pilot studies had shown 

that writing and printing papers could be produced from 

Prosopis juliflora logs (30 to 50 cm in girth with 50 per 

cent cellulose and 30.9 per cent lignin). As the wood was 

very crooked, difficulties were observed in chipping (Guha 

et al., 1970). 

2.3.7. Shelterbelts 

Prosopis juliflora alone as well as in combination 

with other tree species is found to be a very good candidate 

for shelter belt (Rao, 1964) for conserving soil and 

moisture besides increasing crop yields to some extent 

(Prajapati and Nambiar, 1977; Gupta and Ramakrishna, 1988). 

It also increased the WUE of different crops (Mertia et al., 

1988) . 

2.3.8. Agroforestry 

A dual cropping system of Prosopis juliflora and 

Hordeum vulgare (Larely) was reported in Arizona, where 



barley was raised as intercrop in both summer and winter 

rainy seasons (Fowler and Ffolliot, 1986). 

Prosopis cineraria was a promising agroforestry 

tree in many parts of Rajasthan (Shankarnarayan et al., 

1987; Puri and Bangarwa, 1992) and it was also a suitable 

component for silvipasture systems (Chouhan et al., 1992) 

because of less allelopathic effect. Prosopis juIifIora 

intercropped with Karnal grass (Diplachne fusca) in a highly 

sadie soil (ESP 94) at Karnal was found to be the best 

biological means to reclaim the sadie soil economically 

(Singh Gurbachan and Singh, 1993). Under this system both 

fuelwood and green grass were obtained besides great 

improvement in soil fertility. Prosopis juliflora as a major 

component in agroforestry was recommended for reclamation 

and profitable return from alkali soils (Ahmad, 1991), salty 

lands and semi-arid lands (Singh Gurbachan, 1994). 

2.3.9. Bioconservation in arid regions 

In new Mexico, Prosopis juliflora seeds were the 

principal food of the quail (CaIIipepIa sqamata) (Davis et 

al., 1975). Prosopis leaves, flowers, pods and seeds were 

important source of food for varieties of insects (Cates and 

Rhoades, 1977; Simpson et al., 1977) and animals, including 

small to big mammals (Kingsolver et al., 1977; Mares et al., 

1977). Prosopis leaves and pods in wilderness was a food for 

deers (Beason et al., 1982). Many species of insects, 

snakes, lizards and wild animals like jackals, wolves, hares 
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etc., got shelter under Prosopis due to its dense growth and 

shade (Sharma, 1981). In widespread thickets of Prosopis 

species, 20 to 40 per cent more rain was reported than the 

open area and 4 to 7°C reductioll in temperature under 

Prosopis over the open area was observed (Sharma, 1981). 

2.4. Ecological aspects of Prosopis 

2.4.1. Soil 

Though Prosopis came up in a wide range of soils 

from salt deserts to fertile alluvium (Troup, 1983. p. 126-

137; Vima1 and Tyagi, 1984. p. 117-142) , it was very 

invasive and prolific only when the soil was relatively deep 

with ground water very nearer to the surface (Harding and 

Bate, 1991). It was found to adapt to non-humus nitrogen-

less soil; being a legume it derived its own nitrogen 

requirement through fixation (Coventry, 1922). 

2.4.2. Climate 

In Western Rajasthan Prosopis juliflora seedlings 

frequently suffered from frost injury, whereas Prosopis 

cineraria was frost resistant IMuthana, 1977). Some of the 

accessions of Prosopis species were found to tolerate 

varying degree of cold and frost (Felker et al., 1982a). 

Prosopis was not only confined to the low rainfall arid 

regions, but also in areas of significantly higher rainfall 

in South Africa (Harling and Bate, 1991). 
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It has been found to tolerate a temperature level 

upto 46o C. Greatest growth of Prosopis seedlings was 

observed in full sunlight compared to shade (Bush and Auken, 

1990) as it was a great demander of light (coventry, 1922). 

2.4.3. Adaptation 

Mesquite roots, under dry situations, were found 

commonly upto 7m depth and occasionally observed upto 18m 

depth (Meinzer, 1927), a typical pheratophytic adaptation 

(Robinson, 1958). Under certain situation the roots of 

Prosopis were found up to 50m depth (Philips, 1963). The 

lateral roots were recorded upto 48m in a shelter belt 

plantation of Prosopis juliflora (Prajapati et al., 1971). 

The smaller leaves of Prosopis were found to 

reduce the heat load (Martin, 1943; Mooney et al., 1977) in 

day time when the insolation was higher and during night 

time the smaller leaves with unusual epicuticular 

configurations (Hull and Sleckmann, 1977) were able to trap 

atmospheric moisture (Sudzuki, 1985) and dew (An&erson, 

1988). The presence of polyanions in the stomata (Serrato 

Valenti et al., 1989) in the walls of special cells were 

found to be helpful for trapping the moisture and dew. 

Prosopis was found to behave like a 'xerophyte' , 

though it was not strictly so, due to its smaller leaves, 

spines etc., a typical adaptation under arid condition. It 

was considered a 'halophyte' as it could tolerate salinity 
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equivalent to sea water (Felker et al., 1981b). Prosopis was 

found to behave like a 'pheratophyte' as it was able to draw 

water from deeper soil layers through its deep root system 

when the water table is very low. It was also found to be a 

'facultative pheratophyte' in sites with shallow water 

table, as it mostly depends on its lateral roots to absorb 

water under such condition (Ansley et al., 1990). 

2.4.4. Phytosociology of Prosopis 

2.4.4.1. Understorey vegetation 

Only few plants of Tephrosia purpurea, 

Dactylocteniurn sindicurn and Peristrophe bicalyculata were 

found to be present, with reduced ground cover of only 0.18 

to 0.25 per cent, under Prosopis juliflora (Lahiri and Guar, 

1969). 

At CAZRI, Jodhpur, maximum number of annuals and 

perennials came up well under prosopis cineraria as compared 

to Prosopis juliflora under similar soil and climatic 

conditions (Aggarwal et al., 1976). 

In Savanna woodlands of Southern Texas, the 

establishment of other woody species under mesquite was 

found to occur within 10 to 15 years. The understorey 

species richness increased rapidly for 35 to 45 years and 

became asymptotic afterwards (Archer, 1989). 
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2.4.4.2. Associative Vegetation 

The associative vegetation with Prosopis species 

in natural environment was found to differ with climatic and 

edaphic factors. [,t San Diego, Chile, mesgui te had grown in 

association with live oak (Quercus agrifolia). In USA, 

Prosopis species were found growiny in association with 

other trees like Acacia redolens, Acacia salicina, 

Eucalyptus microtheca, Nerium oleander etc., in free way 

landscape (Niemiera and Goy, 1990). In Ennore backwaters of 

Madras coast, Prosopis cineraria had come up well in 

association with some mangrove species (Selvam et al., 

1991). Prosopis cineraria was also found to grow with 

Opuntia monocantha in the adjoining mangrove forest of 

cauvery basin in Muthupet (Gunasekaran et al., 1992). The 

association of Prosopis cineraria with Azadirachta indica 

has been reported in CAZRI campus (Arya et al., 1992). Such 

reports are not available for Prosopis juliflora. 

2.4.5. Prosopis-nematode complex 

The number of nematodes found in mesguite infested 

soil was within the range of values as reported for other 

woody species in desert ecosystem (Freckman and Virginia, 

1989; Virginia et al., 1992). The density of plant-feeding 

nematodes was significantly correlated with total N, 

and extractable P of soil under Prosopis (Virginia et al., 

1992). The nematoc=s had been found to increase the 

mineralization of Nand P of the soil under Prosopis. even 



though the bacterial populations were less. This has been 

attributed to the grazing of rhizosphere microf1ora by the 

nematodes and microarthropods (Setala and Huhta, 1991). 

In Prosopis chilensis seedlings, gall formation on 

the roots, upto 15 to 50 per cent, was reported due to two 

species of root-knot nematode viz., Meloidogyne javanica and 

Meloidogyne species in the nursery in u.P. (Mehrotra and 

Sharma, 1990: 1992). However, no extensive damage was 

observed in Prosopis elsewhere. 

2.5. Si1vicu1tura1 aspects of Prosopis 

2.5.1. Phenology 

Prosopis julif10ra was reported to be an evergreen 

or semi-ever green tree (Troup, 1983. p. 126-137). In 

general, flowering occurred twice a year. First flowering 

was found from September to October while the second 

flowerin~ had been noticed from February to March. 

Occasionally third flowering occurred between June and 

August in some forms of Prosopis. Similarly pod ripening was 

observed from November to January, April to June and 

September to November, respectively, for the first, second 

and third flowering phases (Troup, 1983. p. 126-137, Ta1pada 

and Shukla, 1992). 

Maximum fruiting was seen from first flowering 

(49.20 per cent), followed by second flowering (45.30 per 



cent) and least in third flowerlng (5.50 per cent) under 

North Indian situations (Talpada and Shukla, 1992). 
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In Tamil Nadu, it was found that the pods attained 

physiological maturity 91 days after anthesis in P.juliflora 

(Masilamani, 1992). Kigh variability in respect of 

branching, flowering, number of seeds per pod, pod length 

and seed weight was observed in Prosopis species (Peinetti 

et al., 1991). Morphological variations in pod and seed 

characteristics had also been reported due to geographicaJ 

locations (Masilamani, 1992; Man]it Singh et al., 1993). 

2.5.2. Seeds 

2.5.2.1. Viability and vigour 

Mesquite se~ds were found to remain viable in the 

soil for 10 years and even up to 50 years when put under dry 

stora~e (Reynolds and Glendening, 1949). Seeds of Prosopis 

juliflora collected from the middle position of the pod was 

found to be more vigorous compared to that from proximal and 

distal position (Masilamani, 1992). 

2.5.2.2. Seed germination Vs Scarification techniques 

2.5.2.2.1. Dry method 

Shaking the seeds of P.juliflora for 10 to 15 

minutes in a metal or glass containers resulted in 95 per 

cent germination (Nambiar, 1944). Scarification of seed by 

pounding them wit' sand was also found to give more 

germination (Khudari, 19S6). Nelson et al. (1978) observed 



increased germination by exposing the Prosopis seeds to 

various periods of radio frequency. But while subjecting the 

P.juliflora seeds to different doses of gamma rays (5 to 60 

Krad) the germination did not improve; at higher doses (50 

tu 60 Krad) the survival percentage of seedlings was 

slightly affected (Goel. 1987a). 

2.5.2.2.2. Wet method 

Simply immersion of Prosopis seeds in cold water 

for 24 hours slightly improved the germination (Griffith. 

1945) and soaking for 72 to 96 hours resulted in 75 per cent 

~crmination (Marmillon. 1986). Seed soaking in hot water or 

boilin~ water for 24 hours gave higher germination 

percentage (Ffolliot and Thames. 1983a). Cowdung curing of 

seeds for 49 days was found to give 95 per cent germination 

(Rawat et al .• 1992). 

Acid scarification gave better results than 

mechanical scarification and hot water treatment (Flynt and 

Morton, 1969). Treating with O.lN HCl for 24 hours gave 

better results (Vasavada and Lakhani, 1973). By treating 

with acid the seed coat permeability was increased (Mahmoud 

and EI-Sheikh, 1978). 

Similarly treating the Prosopis seeds with 

concentrated sulphuric acid for 10 minutes (Nimbal et al., 

1990; Pharande et ul., 1990) and for 24 minutes (Lopez and 

Aviles, 1988) had resulted in higher germination percentage. 



2.5.2.2.3. Germination period 

Studies at C~ZRI, Jodhpur revealed that up to 4th 

day of sowing there was no germination of Prosopis seeds. 

The germination was very slow during the earlier stages but 

between 6th and 9th day of sowing maximum germination was 

recorded. The total germination percentage recorded after 17 

days of sowing was 67 per cent (Gupta and Balara, 1972). 

2.5.2.3. Seed germination Vs agronomic practices 

Direct sowing of Prosopis seeds in pits, trenches, 

contour ridges, contour ploughed furrows etc., was the very 

practical when large area is to be sown for 

afforestation programmes (Kaul, 1956). Direct sowing gave 

only 50 per cent survival after three months 

1986). 

(Marmillon, 

Soil type is also found to influence the 

germination of seeds. Kuleshov (1946) reported that light 

loam soils gave better germination than medium and heavy 

loam soils. Studies in Iraq with sand, clay and loamy soils 

had shown that sandy soil was the best medium for 

germination; loamy soil was better for seedling growth for 

the test crop of Prosopis juliflora (Al-Kawaz and Allawi, 

1989). 

Depth of planting and temperature was found to 

play major role in radical emergence in Prosopis (El-

Sharkawi et al., 1989). The optimum temperature for 
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ge.mination was about 28 0 C for Prosopis species (Scifres and 

Broc~, 1970). The same authors stated that some pre-

treatment of soil by ridging was advantageous for seedling 

survival, especially for hard soils. 

Fertilizer apl"lication I,vas another aspect. 

Influencing germination and srowth of 

application did not influence the hypocotyl 

P.juliflora (EI-Sharkawi et al., 1989). Soil 

also one of the important criteria for 

Prosopis seeds. An irrigation interval of 

recommended for better germination of seeds, 

seedlings. 

emergence 

moisture 

germination 

one day 

survival 

N 

in 

was 

of 

was 

and 

growth of P. tamarugo seedlings (AI-Kawaz and Allawi, 1989) 

although the seedlings exhibited drought resistance 

characteristics at different degrees when irrigated at 2, 3 

and 4 days interval. 

Regeneration of Prosopis using seeds in animal 

droppings is a common practice in Sudan (Ahmed, 1986) and 

Argentina (Marmillon, 1986). 

2.5.3. Seedling establishment 

2.5.3.1. Methods of planting 

Site preparation to produce saucer-pits, ridges 

and furrows was successful for establishing P.chilensis in 

Sudan (Ahmed, 1986). In Arizona, water harvesting technique 



using nicrocatchments had increased the survival of Prosopis 

(35.n per cent) than without microcatchment (Fowler and 

Ffolliot, 1986). 

Mesquite growth was better when planted by auger 

hole (15 X 90 cm) and pit (30 cm 3 ) method over trench 

method (30 x 30 x 24 em) of planting in a highly sodic soil 

(ESP 94), when filling was done with a mixture of original 

soil l 3 kg gypsum and 8 kg FYM per plant (Singh Gurbaehan 

and Singh. 1993). 

2.5.3.2. Planting depth and irrigation 

Planting depth and irrigation were found to affect 

seedling survival of Prosopis. Studies in Iraq revealed that 

planting seedlings at 70 cm depth gave higher survival 

percentage compared to 30 and 50 cm planting depths. 

Irrigation at 15 days interval was the best compared to 30 

and 45 days interval (AI-Kawaz and Allawi. 1990). Frequent 

irrigation in early stages tended to make the Prosopis bushy 

(Troup. 1983. p. 126-137). 

2.5.3.3. Planting material 

Transplanting of one year old seedlings after root 

pruning (Keeping about 1 1/2 feet root and pruning all side 

roots) was also found to establish well when it was planted 

on the same day (Kaul. 1956). Successful establishment of 

Prosopis plantatior using seedlings raised in earth ern pots 

(Rao. 1964) and polypots (Marmillon. 1986) was reported. 



Planting pre-rooted stumps of one year old was also found to 

have good sprouting and survival in adverse condition (Jha 

and Choudhary, 1990). 

2.5.3.4. Age of seedlings 

Under rainfed conditions transplanting of 9 to 12 

months old Prosopis seedlings rather than direct sowing of 

seeds was better (Muthana et al., 1976). Three to six months 

old seedlings had established successfully in sadie soils 

with the addition of amendments (Sinyh Gurbachan et al., 

1988). 

2.5.3.5. vegetative propagation 

2.5.3. ~l. Cuttings 

Propa9ation of Prosopis juliflora through branch 

cutting was found possible. But it took long time to sprout, 

needed very frequent watering and were susceptible to white 

ant attack besides very low sprouting and survival 

percentage (Kaul, 1956). Better sprouting and survival of 

root and shoot cuttings had also been reported (Felker and 

Clark, 1981; Dick et al., 1991; Sandys-Winsch and Harris, 

1991). 

2.5.3. ~2. Grafting and air layering 

Success in grafting of prosopis species had also 

been observed. In a grafting study, eight years after 

grafting, scions fr m thornless branches remained thornless; 

whereas scions from thorny branches remained thorny (Wright, 

2; 



1976. p. 130- 133). Air layering of P.juliflora without 

using growth regulator has been reported by Kurian et al. 

(1983) . 

2.5.3.5.3. Tissue culture 

Ve~etative propagation through tissue culture had 

been attempted in P.juliflora, P.cineraria and P.tamarugo 

(Goyal and Arya, 1984; Jordan, 1988). But it was success in 

laboratory condition. Still there are many barriers for 

success under field conditions (Nandwani and Ramawat, ]992). 

2.5.4. Biomass productivity of Prosopis 

Prosopis juliflora is considered as an excellent 

candidate for short rotation energy plantations considering 

its fast growing nature and higher biomass production with 

good coppicing potential. 

2.5.4.1. Comparative performance of Prosopis 

Comparative evaluation of Prosopis species with 

Leucaena leucocephala and Parkinsonia aculeata in a green 

house experiment in California revealed that some of the 

Prosopis selections had greater productivity than the above 

two genus (Felker et al., 1983a). 

In Gujarat, three years old plantations of 

P.juliflora was found to produce a total biomass of 114 dry 

tonnes (dt) ha- l which was on par with Dalbergia 5is500 

under same environ~ent (Kimothi et al., 1983. p. 135-153). 



In an another energy plantation at Gandhinagar, Gujarat, 

P.juliflora ranked first amongst the high biomass producing 

native trees of arid and semi-arid regions of India. 

At the age of 18 months P.juliflora produced the 

highest 
-1 -1 

biomass of 19 dt ha as against 13.6 dt ha of 

Eucalyptus under similar edaphic and climatic conditions. In 

the same plantations at the end of fifth year, Prosopis 

produced a total biomass of 167.2 dt ha- 1 as against Albizia 

lebbeck (66.3 dt), Dalbergia sissoo (82.0 dt), Eucalyptus 

hybrid (83.4 dt), Cassia siamea (85.4 dt), Acacia nilotica 

(113.5 dt) and A.tortilis (116.9 dt) under rainfed condition 

(Gurumurti et al., 1984). 

The highest yield of Prosopis was attributed to 

its ability for higher solar energy conversion efficiency, 

which was 0.59 per cent at 18th months to 1.68 per cent at 

48th months with a peak value of 1.87 per cent at 36 months 

(Gurumurti et al., 1984). 

The higher biomass production potential of 

Prosopis was comparable with that of C4 pathway plants that 

fixed cO 2 effectively during photosynthesis. This pathway 

which was found to operate in sugarcane, sorghum, maize 

etc. , had, however, been not reported in any of the trees 

(Mathur et al., 1984). 
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2~5.4.2. Intra and inter-specific variations in biomass 

productivity of Prosopis 

For a range of Prosopis varieties, yield 

variations from 13 to 8000 kg hD- l was also on record 

(Ahmed, 1961). Ecologists have reported that net primary 

productivity of Prosopis dominated ecosystem in 

receiving 360 mm annual rainfall to be 14500 Kg 

India 

-1 
ha 

(Murphy, 1975). Annual yield of P.juliflora was found to 

vary from 3 to 5 m3 ha- l (Webb et al., 1980). 

Nearly 20 to 30 fold difference in biomass 

productivity was observed among different accessions of 

Prosopis species in Texas (Felker et al., 19B1a; 1983b). 1n 

a two years old Prosopis plantation, planted at a uniform 

spaclng of 1.5 m, there was wide variation in the biomass 

productivity of Prosopis species (7 to 14.5 dt ha- l 

in California (Felker et al., 1983a). 

-1 
year ) 

In Northern Chilean salt desert, p.tamarugo was 

found to produce 14000 kg ha- l year-1 including leaves and 

pods (Salinas and Sanchez, 1971). A stand of P.glandulosa 

near the Salton sea, California, had produced 13000 kg ha- l 

above ground biomass with a productivity of 3700 

year- l (Rundel et al., 1982). 

Wide variations in productivity of 

kg 
-1 

ha 

Prosopis 

species had been greatly attributed to variations in 

management practices (Esbenshade, 1980), genetic materials 



(Felker et al., 1981a), soil fertility and rainfall or soil 

moisture (Wightman and Felker, 1990). 

2.5.4.3. Effect of silvicultural practices on 

production of Prosopis 

2.5.4.3.1. Plant density Vs biomass 

biomass 

The tree biomass yield of fully stocked stands was 

independent of the number of stems ha- 1 over a wide range of 

spacing in accordance with ttlC 'law of constant final yield' 

of Hozumi et al. (1956). In some tree species, increasing 

plant densities was found to increase the current drymatter 

increment passing to the stem (Mitchell, 1975) and the total 

wood biomass yield was asymptotically related to planting 

density (Ek and Dawson, 1976) . In P. juliflora, the fJMP 

tree 
-1 

was higher under closer spacing of x 1 m (10000 

plants ha- l ) than under wider spacing of 2 x 1 m (5000 

plants ha- l ) (Singh Gurbachan and Singh, 1993) . 

2.5.4.3.2. Irrigation Vs biomass 

At California, 40.3 dt ha- 1 in 2.5 years with 

three season total irrigation plus rainfall of 1390 mm had 

been reported (Felker et al., 1983b). Depending on the 

species, 5 to 10 times increase in the biomass of Prosopis 

had been reported under irrigated condition (Johansson et 

al., 1990). 
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15000 

after 

Prosopis juIiflora planted at 1 x 

-1 
ha I produced 39 kg OM tree-l, while at 2 

plants ha- l ) the DM accumulation was 32.2 kg 

7 years, under irrigated conditions (Singh 

and Singh, 1993). 

2.5.4.3.3. Intercropping VS biomass 

m (10000 

x 1 m 

-1 
tree I 

Gurbachan 

Yield reduction due to intercropping has been 

reported in Prosopis. When karnal grass was intercropped 

with prosopis juliflora, planted at 2 x 2 m, x 3 m and 4 x 

4 m spacing, three-fold reduction in biomass of Prosopis was 

recorded due to grass in two years old crop (Singh Gurbachan 

et al., 1988). In the same studies, the lateral branches of 

Prosopis were lopped to facilitate better grass growth. The 

lopped biomass of Prosopis was higher under 2 x 2 m spacing 

compared to 3 x 3 m and 4 x 4 m spacings both at 16th and 

40th months after planting. 

2.5.4.4. partitioning of biomass 

In P.glandulosa, 51.5 per cent of the total 

biomass was allocated to trunk and branches and 33.6 per 

cent to leaves in Sonaran desert of California (Sharifi et 

al., 1982). At the age ot years, P.juliflora which 

produced 114 dt ha- l was found to accumulate 88.87 dt -1 
ha 

in stems and branches as utilizable biomass (Kimothi et al., 

1983) . 
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2.5.4.5. Production strategy for higher biomass in Prosopis 

After considering the wide variations in the 

biomass production of Prosopis, Felker et al. (19S1a) 

a production strategy of employiny 

materials of Prosopis at 3 x 3 m spacing, for three 

harvest cycle (rotation), to derive 45 kg DM tree- 1 

resultant production of 50 dt ha- l at the end of third 

and subsequent 3 years rotation for coppice growth. 

2.5.4.6. Coppicing 

clonal 

years 

and a 

year 

Coppice method of reyeneration of plant was most 

promising for short rotation intensive culture (SRIC) 

because it allowed at least for a limited number of years 

and for repeated harvesting at short intervals and 

exploitation of exceptionally high-early growth rates 

(Blake, 1980). 

In forestry literature, the term coppice used as 

noun is referred to the shoots or sprouts that develop on a 

stump following cutting. Used as a verb, the term refers to 

the act of cutting trees under a coppice silvicultural 

system to promote regeneration from the stem sprouts (Blake, 

1983) . 

In P.cineraria, annual lopping resulted in maximum 

forage yield without detriment to its growth. The forage 

yield from trees below 45 cm girth was significantly low, 



su~~esting a lower girth limit for the trees to be lopped 

(Srivastava. 1978). P.jullflora was found to withstand 

annual coppicin~ from the second year of planting (Tiwari, 

1983). 

Seasonal influence on the lopped forage yield in 

p.cineraria was observed~ Lopping in spring and summer was 

found detrimental. Winter was found to be the ideal season 

for lopping as it had given not only good quality fodder but 

also boosted up the plant height and bole diameter of trees. 

One year rest period was found essential for sustained 

forage yield (Sharma and Gupta, 1981). 

Pruning or topping of shoot tip in young plants of 

prosopis chilensis increased the number of branches and 

biomass of stem and leaves. but reduced the length of 

branches resulting in bushy appearance. By pruning, the 

biomass production was increased by 147 per cent over 

control (Kathiresan and Kumaravel, 1990). 

An increase in tree diameter was observed 31 

months after pruning, with chain saw, to single stem and one 

per cent NAA application in P.glandulosa. Pruning improved 

tree form and P.glandulosa was found to have potential as 

lumber producing trees suited to xerophytic regions of South 

West USA (Meyer and Felker, 1990). 



For P.juliflora, scientific information on 

coppicing age, coppicing interval (rotation), optimum stump 

height for coppice, season of coppicing, yield of coppicing 

etc. I are laCking. 

2.5.5. Water relations of Prosopis 

2.5.5.1. ET VS water table 

The ET of mesquite was found to vary between 3.8 

and 10.4 mm day-] during May and June, respectively, in 

Arizona valley (Anderson, 1970). Diurnal water table 

fluctuations under mesquite vegetation of 80 per cent canopy 

cover was found to be 30 mm in USA. The water table beneath 

mesquite decreased as ET increased (Tromble, ]977). 

2.5.5.2. ET Vs water potential 

The leaf water potential of pheratophytic trees 

was found to be due to the combined result of ground water 

availability and transpiration from the leaves (Nilsen et 

al., 1991). Water limitations had induced an increase in 

fruit production in P.glandulosa (Nilsen et al., 1991). 

positive relationship between water availability and 

transpiration (Cuomo et al., 1992), pre-dawn leaf water 

potential and daily stomatal conductance were established in 

Prosopis species (Ansley et al., 1992). 

2.5.5.3. Seasonal variations in water use 

Seasonal variations in water use has been reported 

and maximum loss was found during November under North 



Indian condition in P.cineraria and P.juliflora (Mathur and 

Sen, 1972). 

2.5.5.4. Water use VS plant density 

It was reported that as much as 222 rnm of water 

was lost to the atmosphere annually from p.cineraria when 

the plant density was SO trees ha- l and the annual rainfall 

was 366 mm (Lahiri and Kumar, 1967). Daily water loss was 

found to vary with soil type, plant density, age of the 

trees and the availability of soil moisture or ground water. 

When ground water was not limiting, the daily water loss was 

as high as 30 to 75 litres tree- l in p.glandulosa in Texas 

(Ansley et al., 1991). 

2.5.5.5. Water use efficiency 

P.chilensis produced 13.4 dt ha- l year- l with 460 

rnrn water in California and the WUE was found to be 345 kg 

water Kg DM- l , which was considered greater than for some of 

the domestic legumes, which ranged from 500 to 900 kg water 

kg DM- l (Briggs and Shantz, 1914; Ludlow and Wilson, 1972). 

This could be compared favourably with maize and sorghum 

whose WUE is 240 to 315 and 223 to 360 kg water Kg DM- l , 

respectively (Briggs and Shantz, 1914). strong relationship 

between biomass and water consumption in tree crops, 

including Prosopis, has been established. One year old 

P.juliflora tree was found to consume 3588 litres of water 

for producing 4.01 kg biomass (Chaturvedi et al., 1988). 
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2.5.6. Regeneration 

2.5.6.1. Natural regeneration 

The seeds of Prosopis were found to reyenerate 

naturally without human effort with the help of some of the 

hioloyical and non-bioloyical dispersal agents. For example, 

the seeds yot dis~ersed throuyh rodents, ants, birds, hares, 

cattle etc .. which were all biological agents (Reynolds and 

Glendenin~, 1949). Rain \Jater and wind are the non-

t)iolo~ical aycnts associated with the dispersal of Prosopis 

seeds. 

Goats and sheep were found to be effective for 

Jon0 distance dispersal (Ahmed, 1986). The Prosopis seeds 

collected from yoat droppinys recorded maximum germination 

(Masilamani, 1992) as against the sheep droppings which had 

less yerminability as the whole pods eaten by them were 

found to be destroyed (Harding, 1991). 

Prosopis juliflora was found to produce thousands 

of seeds per plant. One kilo~ram of freshly collected ripe 

pods contained about 333 pods \Iith 5661 seeds. One kilogram 

of seeds contained 37037 seeds (Rawat et al., 1992). Atleast 

few hundreds of seeds will definitely reyenerate accounting 

for after all the natural calamities. 

2.5.6.2. Artificial regeneration 

In artificial re~eneration, seed dormancy due to 

hard seeds was a common problem in nearly all cultivated 

3i 
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s~ecies helon~in~ to le~umino5ae and P.juliflora is not an 

cxce~tion (Harrington, 1916). The im~ermeahility of hard 

seed coat was attributed to fatty or waxy substances in the 

cuticle (Rees, 1910). Nelson (1926) was of the opinion that 

ttar~ness was the result of thr evaporation and deposition on 

the seed surface of the watery fluid surrounding the seed in 

the immature pods. 

Ffolliot and Thames (1983b) stated that two 

~rocesses must take place for ~ermination to occur in 

Prosopis : water imbibition and gas exchange. Hard seed coat 

causes impermeability to water, oxyyen and physiological 

barrier to the radical and all resulted in dormancy. They 

suyyested that one possible exception to this state of 

physical dormancy of the genus Prosopis is the freshly 

collected, undried seeds which can yerminate rapidly without 

ani treatment. 

Histochemical investiyation on the P.juliflora 

seed coat indicated that the occurrence of a 'hydrophobic 

strip' as the primary water barrier. Its position and 

structure and histochemistry of the palisade cells of the 

seed coat differed according to their location on the seed. 

These differences might he responsible for variations in the 

water permeability of various parts of the seed coat 

(Serrato Valenti et al., 1990). 



2.6. Nutritional studies in Prosopis 

2.6.1. Nutrient cycling 

Nutrient addition under natural condition, was 

found to happen throuqh litter fall, rain water a~d nitrogen 

fixation in leguminous trees. Tn rainless reqions of Atacama 

desert mesquite leaf litter accumulation to a depth of 45 cm 

had teen observed. This was the result of ]psser or no 

decomposition for want of soil moisture in ad~i~ion tn 

hiyhcr litter fall (Ehlerinyer et al., 1992). 

Under Indian conditions, leaf litter fall under 

P.juliflora was found to vary between 500 to 1000 9 m- 2 at 

different sites in RaJasthan dependiny on the aye and plant 

density (Lahiri and Gaur, 1969). In a 4 to 6 years old 

P.juliflora, litter fall of 5 to 8 t ha- l year- l has heen 

reported at Karnal, which was found to add to the soil about 

88 to 132 kg N, 8 to 16 kg P and 60 to 70 ky K ha- l 

(Sinyh Gurbachan and Singh, 1993). 

-1 
year 

In Tamil Nadu, in a t\vO years old P.juliflora 

plantation, litter fall of 3715 kg ha 
-1 -1 

observed year "'vas 

which contributed to the soil about 16.2 kg N, 6.2 kg P, 

34.6 kg K, 72.8 ky Ca and 29.6 kg Mg ha -1 -1 
Among 13 year 

tree s~ecies tested, P.juliflora was found to add maximum P 

and K through litter fall (M.ShanmuCjam, Personal 

Communication, 1994) . 
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2.6.2. Nitro~en fixation 

Nodulation in P.juliflora has been found both 

under uninoculated natural condition (Pokhriyal et al., 

1990) and with inoculation of indi~enous soil rhizobia 

(Basak and Goyal, 1975) and b,' the combined inoculation of 

rhizobia and azotobacter (Basu and Kabi, 1987) in India 

under ~recn house pot culture ex~eriments. 

Nodulation under hi~hly saline condition has also 

been reported (Bala et al., 1990). Absence of nodulation 

under field conditions u~to 1 rn soil depth (Tea et a1., 

1988; Miettinen et al., 1988) has caused some speculation 

that mesquite may not fix N in field settinys (Allerd, 1949; 

Bailey, 1976) . But Felker and Clark (1980; 1982 ) 

demonstrated in a pherotophytical1y simulated yreen house 

experiment that nodulation and acetylene reduction had 

occurred at 3.2 m depth, suggesting that nodulation at field 

conditions could occur at soil depths below 3 m. 

Studies at California desert revealed that 

Prosopis species produced 30 ky N ha -1 when their crown 

coveraye was 34 per cent of the land area and it was 

sU'jgested that uflto 100 ky N ha 
-1 -1 

might be fixed by year 

Prosopis species with yreater ground cover and better 

management (Rundel et al., 1982). 



2.6.3. Nutrient uptake 

Nutrient contents were the highest in leaves of 

Prosopis juliflora, decreasin9 in the order of leaves, 

branches and stems. The nutrient contents were com~aratively 

More in roots than in stems (Sinyh Gurbachan et aI. I 1990). 

The N content of leaves was hi~her than that of P and K 

(Sharma, 1984; Gary, 1993). The N content was found to vary 

from 0.35 to 3.60 per cent; while Ca and K contents ranged 

from 2.14 to 2.64 per cent. The P and Mg contents were less 

than 1.0 per cent (Sharma, 1984). 

The P and K contents of the soil were fairly 

related to their foliar concentrations. Such relations were 

not significant in respect of other nutrients (Sharma, 

1984). The leaf nutrient contents were found to vary with 

season and advancement of time (age) (Garg, 1993) as 

observed in 15 years old P.juliflora trees. 

In soils under Prosopis, the inorganic P fractions 

were not affected; but the total P, organic P and available 

P were affected (Sereno and Hang, 1989). Compared to other 

tree species, P.juliflora was found to have more efficient 

uptake of P in P deficient sites (Nyami, 1991). 

In year old 

concentrations of P, K, Ca, MS, 

P.juliflora 

S, Mn, Zn 

trees, 

and Cu 

increased with an increase in the levels of 

the 

were 

'iypsum 



application in a highly sodic soil (Singh Gurbachan et al., 

1989). The foliar concentrations of all the above nutrients 

exce~t Ca, Mg and S were highly correlated with soil 

nutrients, especially when the silt content of the soil was 

morc. Similar trend was observed in respect of Na and Fe 

also \Wiyhtman and Felker, 19QO). 

As far as Na content of leaves of P.juliflora is 

concerned, it was low compared to the high concentration of 

salt in the soil as well a5 the water used for irrigation. 

However Na concentrations were found to be high in the soil 

under mesquite. This suggested that Prosopis appeared to 

exclude Na very effectively (Virginia and Jarrell, 1983). 

Under Sandy soils of Thar desert (pH 7.0 to 7.9), 

Prosopis leaves were fairly rich in Na to the tune of 3.94 

to 4.51 per cent, as reported by Sharma (1984). This 

indicates further that Na uptake was more in sodic soils 

with slightly lower pH compared to sodic soils with high 

salt concentration and Prosopis appeared to exclude Na under 

high salinity. 

Another possible reason for hiyher Na in the soils 

under Prosopis and lesser Na in the leaves is due to 

addition of litter fallon the one hand and leaching of leaf 

Na to the soil by rain water as in spruce (picea abies) and 



pines \Pinus sylvestris), in which 2 to 3 kg each of K, Na 

and Ca were found to be leached out to the ground by rain 

water (Tamm, 1951; Sviridova, 1960) on the other hand. 

2.6.4. Effect of Prosopis on soil fertility 

An improvement in physical and chemical properties 

of soil underneath P.cineraria compared to open fields was 

observed (Aygarwal et al., 1976). Soils under P.juliflora 

were found to be two to three times richer in organic matter 

and N than the soils more distant from the trees (Falpler 

and Maines, 1977 as quoted by Verma, 1987). The sand dunes 

of Nevada under the coppice Prosopis were found to have hiyh 

organic matter, lower bulk density and less silt than the 

interdune soils (Wood et al., 1978). 

Soil fertility was improved considerably under 

tree cover (Sharma and Gupta, 1989) compared to fallow land 

(Rao et al., 1989). The build up of organic carbon and N was 

found to be maximum under P.cineraria and lowest under 

P.juliflora compared to Albizia lebbeck, Tecomella undulata 

and Acacia senegal in a loamy sand over a period of 14 years 

(Aggarwal and Lahiri, 1977). 

Prosopis juliflora was found to reduce soil pH, 

salinity and alkalinity (Shah, 1957) and increased the 

status of oryanic matter and N in the upper 15 cm soil 

layer, though soluble salts increased to some extent below 

15 cm depth (Yadav and Singh, 1970). 



The available micronutrients (2n, Mn, Cu Fe) 

content of soil were greatly influenced by both P.cineraria 

and P.juliflora in a 14 years old plantation (Aggarwal et 

al., 1976) as well as under other tree species (Muthana et 

al., 1976). 

The increase in the DMP of pearl millet by 2 to 

~lDes on soils collected under P~cineraria (Aygarwal et al., 

indicated an enhanced soil fertility build up 

underneath P.cineraria (Aggarwal and Kumar, 1990). 

2.6.5. Microbial load under Prosopis 

The population of bacteria, fungi, actinomycetes, 

free living N fixing bacteria and nitrifying bacteria in 

soil beneath different tree species, including Prosopis was 

found to be higher, compared to those found in the bare site 

(Rao et al., 1989). Among different organisms, actinomycetes 

were abundant as indicated from the studies at Kenya 

(Meiklejohn, 1957) and at CAZRI, Jodhpur (Rao et al., 1989). 

The attributed reason was the greater resistance of this 

group of 

desiccation 

organisms to higher soil temperature 

(Pochan et al., 1957; Sasson, 1972). 

and 

Rao et al. (1989) suggested that the leguminous 

trees were better than Eucalyptus in building up of the soil 

fertility and this was closely linked with the activities of 

soil microorganisms (Shankarnarayan, 1988). The microbial 
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numbers, microbial biomass and N transformations were 

influenced by soil types and vegetation types (Theodorou and 

Bowen, 1983; Theodorou, 1984). The microbial density on leaf 

litter was dependent on type of leaves (species), their 

physical and chemical properties (Witkamp, 1966). 

In mesquite dominated Sonaran desert, higher 

carbon content and lower C/N ratio for mesquite soil was 

found to re~ult from the decomposition of leaf litter. This 

suggested that carbon rich mesquite soil provided readily 

utilizable energy source which allowed bacterial reactions 

such as denitrification to proceeo at much higher rate 

(Virginia et al., 1982). 

Prosopis juliflora leaf litter was found to be 

resistant to biodegradation in soil suspension and inhibited 

the growth of bacteria and fungi, including a clinical 

isolate of Candida albicans. This effect proved to be 

antibacterial (or bactericidal) (Zainal et al., 1988). Leaf 

extracts of P.juliflora also reduced the total number of 

cellulolytic and symbiotically nitrogen fixing bacteria. 

These results suggested that soil receiving Prosopis leaf 

litter were particularly low in fertility (Zainal et al., 

1988). 

2.7. Allelopathic effect of prosopis 

Allelopathy is the direct or indirect deleterious 

effect of one plant upon another (Muller, 1969). Whittaker, 



1970 (as quoted by Tukey, 1970) had suggested the term 

"allelochemics· to describe chemicals from one plant which 

influenced 

reaction. 

another, without specifyinS the nature of 

Lack of herbaceous growth under multipurpose tree 

species was very often attributed to allelopathy (Suresh and 

Rail 1987; 1988). Lack of understorey vegetation as 

allelopathic effect in Eucalyptus (del Moral and Muller, 

1969; 1970; Florence, 1986), Casuarina species (Story, 

1967), Leucaena leucocephala (Kuo et al., 1982; Chou and 

KUQ, 1986), Acacia auriculiformis (Setiadi and Samingan, 

1978) , Populus species (Shoup and Witcomb, 1981) and 

Prosopis juliflora (Sankhla et al., 1965; Srivastava and 

Hetherington, 1991) were reported. Leucaena leucocephala was 

not autotoxic since the dominant understorey species was 

L.leucocephala itself (Suresh and Rai, 1988). 

Different types of plant extracts from different 

plant parts of tree species were found to have allelopathic 

effect on other tree species. For example, aqueous leaf 

extracts (lor 2.5 per cent) of Cupressus lusitanica, 

Eucalyptus globulus, E.camaldulensis and E.saligna had 

significantly reduced both germination and radical growth of 

field crops like chick pea, maize and pea (Lisanework and 

Michelsen, 1993). 



Mulchin9 of dry leaves or aqueous leaf extracts of 

Leucaena leucocephala, Casuarina equisetifolia and 

E.tereticornis were found to affect germination. root length 

and DMP of sor9hum. cowpea and sunflower. The maximum 

deleterious effects were observed in Eucalyptus and minimum 

in Casuarina (Suresh and Rai. 1988). 

Allelopathy has been found to be a potential cause 

for the failure of regeneration in many forest species 

(Horsley. 1977; Fisher et al .• 1978). Re~eneration failures 

due to allelopathy has been reported in Birch species (Bode. 

1958). blacK locust. red clover. black alder (Larson and 

Schwarz, 1980) and slash pines (Hollis et al .• 1982). 

Allelochemics were found produced in all parts of 

the plant. but the hiyhest concentrations was seen in the 

foliage and fruits. Allelochemics were released by 

volatilization or by leaching and exudation from the 

foliage. fruits and the roots (Fisher. 1980). Many 

allelochemics were responsible for allelopathic effects. But 

among them the most often implicated ones was phenols and 

terpenoids (Fisher. 1980). 

Monoterpenes such as alpha-pinene. 

camphor, cineole and dipentene were somewhat 

camphene, 

volatile 

inhibitors isolated from Eucalyptus and several desert 
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shrubs (del Moral and Muller, 1970). Gant and Clebsch (1975) 

found that sassafras produced alpha-pinene, alpha-

phellandrene, citral and eugenol, all terpenoid phytotoxins. 

A range of phenolic compounds, from the simple 

hydroquinone of manzanita (Arctostaphylos) (Chou and Muller, 

1972) to the complex quercetin of Eucalyptus (del Moral and 

Muller, 1970) had been found to be allelopathic. 

Sometimes, the reduction or failure of germination 

under leaf mulchinS was mistaken for allelopathic effect. 

The decreased germination of winter wheat due to mulching of 

straw (Kimber, 1973) and the retardation of the growth of 

maize due to mulching of Eucalyptus leaves (Adams and 

Attiwil, 1986; Trenbath, 1991) were attributed to temporary 

immobilization of nutrients as a result of high C/N ratio 

(Sanginga and Swift, 1992). 

The allelopathic potential of some of the tree 

species could be better exploited for controlling 

problematic weeds. For example, Leucaena leucocephala 

suppressed hagonoy (Chromolaena odorata), a noxious weed in 

the Philippines (Benge and Ciesielski, 1977). 

The soil beneath the tree species was sometimes 

found to have allelopathic chemicals that affect 

germination. Rhizosphere soils collected from 3 years old 

Leucaena. E.tereticornis and Casuarina plantations were 

found to affect the germination and growth of cowpea, 



sorghum and sunflower (Suresh and Rai, 1987) in pot culture 

studies, in Tamil Nadu. The results from Nigeria was quite 

contradictory to the above findings. Maize, sorghum and 

~roundnut recorded the highest yields when grown on the 

soils collected under Eucalyptus species and Prosopis 

juliflora (Verinumbe, 1987). This might be due to short term 

persistence of phytotoxins in the soils as reported by Rice 

(1979) under certain situation when there was no constant 

input through litter fall. 

2.8. Wasteland development 

2.8.1. prosopis for reclamation of wastelands 

Tn India about 175 million hectares of wastelands 

have been identified under different categories (Puri and 

Viswanatham/ 1988). Among them the salt affected (salinity 

and alkalinity) soils alone accounts for about 8.11 million 

hectares (Singh Gurbachan, 1994). 

Prosopis juliflora is a suitable candidate for 

arid zone afforestation and sand dune stabilization (Sharma 

and Gupta, 1989; Alonso, 1990). They come up in all types of 

land such as abandoned lands, degraded forest lands, denuded 

hills, rocky terrains with shallow soil depths, mined 

wastelands, etc., (Sastry and Kavathekar, 1990. p. 569-610; 

Singh Gurbachan, 1994). 
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Prosopis juliflora seedlings established 

satisfactorily even with saline water of EC as high as 7 to 

dSm- l (Tomar and Yadav, 1985). Prosopis species was the 

first 

water 

legume known to grow in salinities equivalent to 

(Felker et al., 1981b). Approximately EC 28 dsm- 1 

considered the potential threshold for mesquite 

tolerance (Jarrell and Virginia, 1900). 

The P.juliflora was superior in terms 

sea 

was 

salt 

of 

yermination, survival and growth rate compared to other tree 

species viz., Acacia nilotica, A.auriculiformis, Dalbergia 

5i5soo, Eucalyptus species and Terminalia arjuna in a non-

saline sodic soil (pH 9 to 10; EC 430-955 -1 dSm , 

exchangeable Na 5.6 Lo 12.28 me 100 g-l soil), in U.P (Goel, 

1987b). 

2.8.2. Prosopis as biological means for reclamation of 

wastelands 

Under certain specific situations where the 

amendments are either costlier or scarce the only solution 

would be the use of tree crops as a biological means for 

reclamation of highly saline and alkaline lands (Singh 

Gurbachan et al., 1991). Prosopis species along with 

eucalyptus, casuarina, tamarix, populus, leucaena, acacia 

and salt bush have been recommended to act as 'biological 

pump' to mitigate s~linity problems along the canal command 



areas, as they could transpire large quantity of water 

(Singh Gurbachan, 19941. 

At Lucknow, U.P., four tree species viz. , 

P.julifiora, Dalbergia sissoo, Eucalyptus hybrid and Acacia 

nilotica were evaluated for their relative efficiency as 

biological means for improvement of sodie soils. Maximum 

reduction in EC and pH was brought about by P.juliflora 

after two years of growth. The organic carbon content was 

increased under tree cover. The efficiency of trees in 

enriching soil with N was in the order of Prosopis juliflora 

Dalbergia sissoo > Acacia nilotica > Eucalyptus hybrid 

(Shukla and Misra, 1993). A reduction of pH from 10.3 to 

8.03 and an increase in organic carbon from 0.12 to 0.58 per 

cent has been reported for a 20 year old Prosopis plantation 

(Singh Gurbachan and Singh, 1993). 

Maximum reduction in Na content of surface soil 

layer (upto 45 em); increase in Ca content and hydraulic 

conductivity of soil (Khanduja et a1., 1986. p. 54-61; 

Shukla and Misra, 1993); reduction in bulk 

increase in WHC (Pathak et al., 1964) were 

P.juliflora compared to other tree species 

Misra, 1993). 

2.9. Correlation and regression studies 

density 

brought 

(Shukla 

and 

by 

and 

Non-destructive estimation of tree biomass through 

regression equations is known as 'dimension analysis of wood 



plot' (Whittaker, 1961) and 'allometry' (Kira and Shidei, 

1967). About 50 observations, made independently and 

randomly, were found to Justify the assumption of regression 

analysis (Mishra, 1976). Tree weight was found to be closely 

related to the size and increasing proportionally to 

jiameter raised to the power between 2 and (Satoo and 

Madgwick, 1982. p. 152). 

In P.juliflora the diameter at breast height (DAH) 

and tree height were positively correlated with fuel yield. 

For predicting fuelwood, OBI! alone was quite sufficient 

(Kaul et al., 1964; Bhimaya et al., 1967). Biomass of 

Prosopis species was estimated using linear regression 

equations (Whisenant and Burzlaff, 1978) as well as log-loy 

regression equations (Felker et al., 1982b). 

From the above review, the following research lacunae have 

been identified for Prosopis juliflora 

Silvicultural studies on phenology, seed size, depth of 

sowing, growth and biomass production under different 

plant densities and under different soil types have 

been done only to limited level and further studies on 

coppicing and biomass are lacking. 

In Prosopis juliflora only few information on the 

biomass production is available, that too for a 

plantation of 4 to 6 years. But there is no information 



on the biomass production in a short rotation energy 

plantation of less than three years, which may meet the 

present day increasing demand for fuelwood. 

Regarding build up of soil fertility under prosopis, 

only limited irlformation is available. Further 

intensive research is needed. 

The allelopathic effect of Prosopis on field crops 

under field conditions has not been clearly 

demonstrated. 

The charcoal productivity and its potential use in 

industry need more evaluation. 

Work on hybridization in Prosopis is another area to 

increase the biomass in short rotation energy 

plantations. 

Propagation of elite Prosopis clone through tissue 

culture is still in its infant stage. We have to go a 

long way to implement the laboratory results in the 

fields. 

The mechanism of salt tolerance of Prosopis is not 

fully understood. 

Work on the potential use of Prosopis under different 

agroforestry systems is very much lacking. 



The water relations of P.juliflora under different 

situations, ~round water fluctuutions and soil moisture 

depletion needs more attention, especially, under arid 

conditions, where moisture is limiting. 

The monoculture of Prosopis may create problems like 

pest and disease build up and elimination of other 

useful MPTs. Hence the concept of mixed wood lot by 

including 

evaluated. 

other MPTs with prosopis have to be 

Prosopis though considered as a menace in fertile and 

culcivable lands, its presence in arid and desert lands 

sreatly helps to improve the environment and ecosystem. 

More studies are needed on these aspects. 

Research on screening of different Prosopis species 

with straight stem will be very useful for using it in 

paper making and for use as timber. 

The potential of Prosopis species has not yet been 

fully exploited as cattle feed, poultry feed, hUman 

food and timber and for producing biochemicals, 

industrial prodUcts and paper making. 

Eventhough the agenda for further research is 

longer as cited above, in the present study the following 

aspects of Prosopis juliflora were taken for research. 



Allometric relationship in Prosopis seedlings; 

germinability of hot water treated seeds under different 

times of sowing; effect of seed size and depths of sowins on 

the ~ermination of Prosopis; comparative performance of 

Prosopis with other MPTs in terms of growth, DMP, nutrient 

uptake, soil fertility, coppicing potential, under storey 

weed dynamics etc., effect of plant density, age of first 

cutting and coppiciny duration on the DMP of Prosopis raised 

under short rotation plantations of less than three years 

and its impact on 50il fertility; comparative performance of 

Prosopis in different soil types; charcoal recovery from 

Prosopis fuelwood; allelopathic effect of Prosopis on field 

crops; possibility of exploiting Prosopis for weed control 

and biocontrol of nematode; nutrient addition through litter 

fall and microbial load in Prosopis leaf litter. 
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CHAPTER III 

MATERIALS AND METHODS 

An investigation on the silvicultural and 

ecological aspects of Prosopis juliflora (Swartz) DC. was 

carried out both through field and pot culture experiments. 

The entire study was divided into three parts viz., Part I, 

part II and part III and totally 13 experiments were 

conducted throughout the investigation as listed in Table 1. 

The materials and methods adopted in the 13 experiments are 

described in this chapter. 

3.1. Location 

The investigations were carried out in the 

following three locations. The climate and soil types of the 

locations and the details of experiments conducted therein 

are described below. 

3.1.1. Mettupa1ayam 

Experiments I, 2 and 3 were conducted at the 

Forest College and Research Institute, Mettupalayam which is 

situated at 11020'N latitude and 76 0 57'E longitude. The 

altitude is 300 m above MSL. Mettupalayam is at the foot 

hills of Kothagiri of the western agroclimatic zone of Tamil 

Nadu. The mean annual rainfall is 830 mm (average of 10 

years) distributed in 45 rainy days. The total rainfall 
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Comparat lve 

perfDrm;,nce of 

Prosopis jultflora 
(Swartz) DC, with 

other mu It 1p\.lfpOSe 

tree spec ies (MPTs) 

Nature of 
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Pc ljpot 

C'J 1 ture 
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3. Effect of plant Field experiment 
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production lind 
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interact ion effect 
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on the biomass productic 
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length of germinat ion 
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November 1993 To study the allelopathic 

to effect of Prosopis leaf 
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on the germination and 

dry matter product ion 

of fie ld crops. 
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Febr;Jary 1994 period of germinatio11 

of test crops due to 

Prosopis leaf litter. 

I") To find out the 

opt imum time of SJWllll1 

of field crops tll 
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('ffect of Prosopis 
leaf lHter, 

January 1994 To study the effect of 

to 

March 1994 

leaf 1 itter and plant 

extracts of Prosopis on 

the germinat ion and DMP 

of weeds. 

January 1994 (i) To find out the 

to effect of Prosopis 
Apr; 1 1994 leaf litter Md plant 

extracts on the 
nematode popu lat ian 

and egg maSSes uf tomatu 

inoculated with r:~t-kn()t 

nematode, 

(i i) To s.tudy the effect 

of leaf incorporatHm 

and plant extracts '}f 

Prosopis on fruit number 

and fruit yield of tomato 

inoculated with root~knot 

nematode. 

December 1993 (i) To find out the time 

to 
March 1994 

needed for decomposition 

of leaf litter in the 

soil. 

(i1) To nnc out the 

nutr ie'1t add it ion through 

leaf 1 itter. 

February 1994 To find out the microbial 

population in the 

Prosopis leaf litter that 

are responsible for the 

degradat ion. 



received during the cropping period. from nursery to final 

harvest, was 2092.8 mm in 132 rainy days. The maximum and 

the minimum temperature, respectively, ranged from 19.6 to 

28.90C and 17.1 to 37.SoC during the cropping period 

(Table 2). 

3.1.2. Tiruchuli ta1uk 

Experiments 4 and 5 were conducted at Tiruchuli 

taluk of Kamarajar district which is situated 

latitude and 78°25'£ longitUde. Tiruchuli taluk is in the 

southern agroclimatic zone of Tamil Nadu. The altitude is 50 

m above MSL. The mean annual rainfall is 736.2 mm 

distri0uted in 41 rainy days (mean of 10 years). The 

rainfall and temperature particulars during the experimental 

period are furnished in Table 3. The prevailing environment 

of this taluk is favourable for the natural growth of 

Prosopis. About 45 per cent of the people living in this 

taluk are dependent on felling of Prosopis and processing it 

for charcoal making. 

3.1.3. Coimbatore 

Experiments 6 through 13 were conducted at the 

Agricultural College and Research Institute. Tamil Nadu 

Agricultural University, Coimbatore which is located at lION 

latitude and 77
0

E longitude. The altitude is 426.72 m above 

MSL. Coimbatore is also in the western agroclimatic zone of 



Table 2. Rainfall and temperature during the cropping period 
(May 91 to Dec. 93) at Mettupalayam 

Year 

1991 

1992 

1993 

Month 

May 
June 
July 
Aug. 
Sep. 
Oct. 
Nov. 
Dec. 
Total 

Jan. 
Feb. 
Mar. 
Apr. 
May 
June 
July 
Aug. 
Sep. 
Oct. 
Nov. 
Dec. 
Total 

Jan. 
Feb. 
Mar. 
Apr. 
t1ay 
June 
July 
Aug. 
Sep. 
Oct. 
Nov. 
Dec. 
Total 

Grand total 

Rainfall 
Imm) 

56.6 
81. 2 
33.6 
21.8 
38.9 

125.0 
166.5 

8.1 
532.3 

29.8 
63.8 
40.2 
18.8 
64.8 

208.9 
72.5 

231.0 
13.0 

742.8 

43.4 
37.2 
29.0 
58.0 
11.6 
33.4 
31. 6 
41.4 

177.5 
320.8 

33.8 
817.7 

2092.8 

Rainy 
days 

3 
3 

.9 
9 
1 

36 

3 
5 
7 
3 
2 

12 
5 
9 
2 

48 

2 
3 
3 
2 
1 
4 
4 
4 

11 
12 

2 
48 

132 

Mean TemperatureO C 
Maximum Minimum 

36.9 
33.2 
34.2 
35.1 
32.6 
32.5 
31. I 
29.3 

28.3 
36.2 
37.8 
36.3 
36.9 
41. 9 
38.8 
38.1 
38.7 
38.8 
38.4 
38.9 

29.6 
30.2 
34.8 
35.8 
36.7 
30.7 
31.1 
32.8 
33.0 
30.7 
29.8 
29.9 

25.0 
24.9 
24.3 
24.6 
24.2 
23.0 
20.4 
20.8 

20.2 
25.6 
22.7 
25.1 
25.0 
21. 9 
22.9 
22.1 
18.5 
17.1 
18.8 
18.5 

19.6 
20.2 
20.5 
24.0 
25.9 
22.2 
23.6 
22.5 
22.0 
21. 2 
21. 2 
18.3 

6 



Table 1. Rainfall and temperature duriny the cropping period 
at Tiruchuli taluk for 1993 

Month 

Januar,:' 
Februar/ 
March 
April 
~1a,! 

June 
July 
August 
September 
October 
November 
December 

Total 

Rainfall 
(mm) 

3.1 
1.5 

52.5 
101.2 

94.0 
17.5 

Ill. 4 
165.3 
276.5 
113.9 

936.9 

Rainy 
days 

5 
6 
5 
2 
5 
8 

15 
5 

51 

Mean TemperatureOc 
Maximum Minimum 

29.5 19.7 
32.0 20.6 
35.7 22.8 
37.2 24.3 
38.8 28.4 
35.2 25.6 
36.6 25.0 
35.8 24.3 
34.4 23.7 
31. 3 23.9 
28.8 22.1 
28.3 21. 9 



Tamil Nadu. The mean annual rainfall is 640 mm (average of 

83 years) received in 47 rainy days. The rainfall and the 

tem~eraturc particulars for the experimental period are 

furnished in Table 4. 

3.2. Materials and Methods 

PART I STUDY 

3.2.1. Experiment 1 

Study on the allometric relationships of the Prosopis 

juliflora (Swartz) DC. seedlings 

Prosopis seeds were treated in hot water (500 ml 

of water was boiled in a vessel. About 200 g seeds were 

immersea in boiling water immediately after the vessel was 

removed from the stove). The seeds were kept overnight 

soaking for imbibition. Next day morning water was drained 

and the seeds were shade dried. About 2 to 3 seeds were sown 

in each of 5000 polypots (35 x 20 cm size of 400 gauge) 

containing nursery medium (native soil: sand FYM at 3:1:1 

ratio). Before sowing, the nursery medium in the polypots 

was saturated with water for uniform wetting. After sowing 

the shade dried seeds, watering was done immediately. 

Thereafter watering was continued through rose can twice a 

day. On 30th day when seedlings were about 15 cm height, 

thinning was done leaving one healthy seedling per polypot. 

Thereafter watering was done regUlarly once a day to keep 

the seedlings without any moisture stress. At sixth month, 



Table 4. Rainfall and temperature during the cropping period 
at coimbatore (TNAU Campus) for 1993 and 1994 

'{ear 

1~93 

Jan. 
Feb. 
March 
April 
May 
June 
July 
Aug. 
Sep. 
Oct. 
Nov. 
Dec. 

1994 

Jan. 
Feb. 
March 
April 
May 
June 

Rainfall 
(mm) 

17.5 
39.7 
10.0 
55.6 
21.9 
30.5 
28.9 
24.3 

154.5 
248.7 

29.1 

72.7 
29.0 
6.0 

138.3 
31. 3 
28.0 

Rainy 
days 

1 
2 
1 
4 

2 
4 
3 

12 
11 

5 

2 
3 
1 
7 
5 
3 

Mean TcmperaLureO C 
Maximum Minimum 

30.4 15.7 
32.4 18.5 
34.3 22.0 
36.3 23.1 
35.8 23.8 
32.8 23.8 
31.1 23.2 
31.9 22.8 
32.5 21. 0 
30.5 22.3 
28.5 21.1 
27.7 19.5 

29.2 18.6 
31 .8 20.5 
35.1 20.4 
33.9 23.4 
35.0 23.6 
31.1 22.3 
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500 seedlings were selected randomly from the lot of 5000 

seedlings. The selected seedlings were removed from the 

~olypots carefully to secure roots intact by immersing the 

ball of soil around the roots in a bucket of water. 

Then the root and shoot length were measured 

(Saravanan, 1991). The dry matter production (DMP) of 

seedlings was estimated by drying the seedlings first in 

open air and then in hot air oven at 7S
o C till a constant 

weight was obtained. The dry weight of both root and shoot 

were also recorded separately for each seedling. A simple 

correlation and regression was done between shoot length (Y) 

and root length (X) as well as between shoot weight (y) and 

65 

root weight (X) following the procedures outlined by 

Snedecor and Cochran (1968). 

3.2.2. Experiment 2 

Comparative performance of Prosopis juliflora (Swartz) 

DC. with other mUltipurpose tree species (MPTs) 

Four years old existing plantations of following 

seven MPTs available at the Forest College and Research 

Institute, Mettupalayam, were utilized for this study. 

1. Prosopis juliflora (Swartz) DC. 

2. Casuarina equisetifolia Forst. 

3. Eucalyptus camaldulensis Dehnh. 

4. Eucalyptus tereticornis Sm. 



5. Azadirachta indica A.Juss. 

6. Acacia nilotica (L.) willd. 

,. Acacia leucophloea (Roxb.) willd. 

The trees were planted already on 15.10.1988 at a 

uniform spaciny of 2 x 2 m in a compact block of 0.063 ha. 

Par the study purpose a plot size of 20 x 20 m was taken for 

each MPTs to block them under RED with three replications on 

14.1U.199l. The layout of the experiment is furnished in 

Fi~.l. Immediately after blackings, the cultural operations 

hitherto followed from the time of planting were continued. 

A circular basin around each tree was formed with a radius 

of 0.5 m from the base of the tree and with a depth of 10 cm 

at the centre of the basin to harvest and conserve the rain 

water around the root zone. The basins were kept weed free 

besides maintaining their shape by cleaning them once in a 

month. The above cultural operations were carried out from 

the day of blocking to felling. Biometric observations viz., 

tree height and diameter at base (basal diameter) were taken 

at monthly interval from the day of blocking to felling. 

The trees were felled in the fourth year 

(15.10.1992 to 18.10.1992) to estimate the biomass of 

different MPTs. After felling, the tree height, basal 

diameter, the diameter at breast height and biomass were 

recorded as follows : 
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FIG.1 FIELD LAYOUT PLAN (Experiment. 2 ) 
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3.2.2.1. Tree height 

From the base of the tree trunk to the tip of the 

t~r~inal shoot of the felled trees, the height was measured 

for all the MPTs and expressed in meter (Srinivasan, 1989). 

In the case of Prosopis since there were about 2 

tCI branches, the height of the tallest branch in a stool 

from the base to the tip was recorded and the same was 

treated as tree height. The data on tree height were 

analysed statistically. 

3.2.2.2. Basal diameter (BD) 

The diameter of the tree trunk at the base was 

measured after felling in all MPTs by using both vernier and 

tree calipers and expressed in ern (Srinivasan, 

data were analysed statistically. 

3.2.2.3. Diameter at breast height (DBH) 

1989). The 

For all the MPTs except Prosopis the diameter of 

the felled trees at breast height level (1.37 m from the 

base of the tree) was measured using vernier and tree 

calipers (Srinivasan, 1989). In the case of Prosopis the DBH 

of individual branches was measured at 1.37 m from the base 

and then the average DBH per tree was worked out and 

expressed in em. The data on DBH were analysed 

statistically. 



3.2.2.4. Biomass 

3.2.2.4.1. Utilizable biomass (UB) 

This is the weiyht of the trunk (stem) and 

branches of more than 2.5 cm in diameter. This is because 

the branches with less than 2.5 em diameter are not used for 

fuel wood considering their burning quality and economics 

and hence they were not considered for UB. The UB was 

recorded in situ on fresh weight basis at the time of 

felling. The UB on dry weight basis was estimated after air 

drying the samples of UB first and then in hot air oven at 

7S oC till a constant weight was obtained and expressed in ky 

tree- l and kg ha- l . The data were analysed statistically. 

3.2.2.4.2. Branch Biomass (BB) 

This is the weight of branches of less than 2.5 cm 

diameter without leaves. The BB was recorded on dry weight 

basis and expressed in kg tree- l and kg ha- l . The data were 

analysed statistically. 

3.2.2.4.3. Leaf biomass (LB) 

This is the weight of leaves alone (removed from 

the VB and BB) recorded on dry weight basis and expressed in 

ky tree- l and kg ha- l . The data were analysed statistically. 

3.2.2.4.4. Non-utilizable biomass (NUB) 

Since the BB and LB are generally considered as 

unsuitable for fuelwood, the combined biomass of branches 
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and leaves were grouped under NUB and expressed on dry 

weisht basis as kg tree- 1 and kg 

analysed statistically. 

3.2.2.4.5. Total biomass 

-1 ha . The data were 

This is the combined weight of both UB and NUB 

expressed on dry weight basis as kg tree- 1 and kg ha- 1 . The 

data were analysed statisticallY. 

3.2.2.5. Moisture content 

Twenty five samples each of UB, BB and LB were 

taken at random for each MPTs while felling in situ. The 

fresh "eight was recorded immediately. After air dryin<j the 

samples were dried in hot air oven at 75 0 C till a constant 

wei<jht was obtained. The difference between fresh and dry 

weight was considered as moisture and the average moisture 

percentage of different plant samples were worked out and it 

was used to estimate the dry weight from the fresh weight. 

3.2.2.6. Wood density 

Twenty numbers of small billets of the tree 

species (about 15 cm length) of different diameter 

representing the main trunk and branches of more than 2.5 cm 

diameter were randomly selected. Their initial weight was 

recorded. Then the volume of water displaced by each billet 

was recorded using a measuring cylinder. The density of each 



billet was worked out as per the following equation (Worsnop 

and Flint, 1971. p.23). 

Density 
-3 (g cm ) Mass (g)/volume (cm3 ) 

The wood density was estimated both on fresh and 

dry weight basis of the billets and expressed in g cm- 3 The 

data were analysed statistically. 

3.2.2.7. Microbial load 

Rhizosphere soil samples were collected from upper 

30 em soil layers, using soil auger, for all seven MPTs at 

the time of felling. The population of bacteria, fungi and 

actinomycetes were estimated by serial dilution plate 

technique (Praner and Schmidt, 1964. p. 107) using soil 

extract agar for bacteria (Allen, 1953. p. 69-70). Martin's 

rose bengal agar for fungi (Martin, 1950) and Kenknight's 

agar medium for actinomycetes (Allen, 1953. p. 69-70). The 

soil samples collected from the adjacent open field was 

treated as control for this study. The data were analysed 

statistically. 

3.2.2.8. Weed flora 

Ten quadrates were randomly placed for each tree 

species. Similar quadrates in the open area served as 

control. Weed species in each quadrate were identified and 

their numbers were counted. Then the relative density (RD) 
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and relative frequency (RF) of each weed species were 

computed and the importance value <IV} was worked out 

,Bhandari, 1981) using the following formulae. 

Absolute density for a given species Relative 
density 
(RO) 

---------------------------------------- x 100 
Total absolute density for all species 

Absolute frequency value for a 
given species Relative 

freyuency 
(RF) 

---------------------------------------- x 100 
Total of absolute frequency values for 

all sfJecies 

Importance value (IV) = RD + RF 

The dry matter production (OMP) of weeds under 

each tree species was also estimated. The data on DMP were 

analysed statistically. 

3.2.2.9. Nutrient studies in MPTs 

The content of nitrogen, phosphorus, potassium, 

sodium and the micronutrients viz., Fe, CUI Zn and Mn were 

estimated for different parts of the trees viz., leaves and 

stems (wood) as per the standard procedures (Table 5). The 

nutrient uptake of the MPTs was estimated by multiplying the 

nutrient content with the concerned dry matter. The data 

were statistically analysed. 

3.2.2.10. Soil fertility Changes under MPTs 

Soil samples were collected at random from each 

plot under all MpTs from 0 to 45 cm depth using soil auger. 

The soil samples collected from the adjacent open field 



Table 5. Methods of soil and plant analysis 

Parameters 

SOIL ANALYSIS 

1. Soil reaction (pH) 

2. Electrical conduc
tivity (cc) 

3. Organic carbon 

4. Available 
nitrogen 

'>. Available 
phosphorus 

6. Available sodium 
and potassium 

7. Available Fe. Cu. 
Zn and Mn 

PLANT ANALYSIS 

8. Nitrogen 

9. Phosphorus 

10. Potassium and 
sodium 

11. Fe. Cu, Zn and Mn 

~l"thod 

Potentiometry (1 :2.5 
soil, water ratio) 

Conductometry (1:2.5 
soil. water ratio) 

Chromic acid wet 
di'Jestion 

Alkaline permangnatc 
method 

0.5 M sodium bicarbo
nate extract 

Neutral N NH4 OAc 
extract read through 
flame photometer 

DTPA extract - read 
through Atomic Absorp
tion Spectrophotometer 
(AAS) using appropriate 
cathode lamps 

Micro K]eldhal (Diacid 
extract) 

Vanadomolybdate yellow 
colour (Tri acid 
extract) 

Flame photometry 
(Tri acid extract) 

Reference 

3ackson (1 0 7)) 

Jackson (1973) 

Walkley and 
Black (1034) 

Subbiah and 
Asi]a (1956) 

Olsen et al. 
(1954) 

Hanway and 
Heidal (1952) 
Stanford and 
English (1949) 

Lindsay and 
Norvell (1978) 

Humphries (1956 

Piper (1966) 

Piper (1966) 
Standford and 
English (1949) 

Triacid extract - read Jackson (1973) 
through AAS 



served as control. After shade dryin~1 the soil samples were 

processed by quartering method and sieved through 0.5 mm 

wire mesh for analyziny or~anic carbon content and through 2 

nun wire mesh for analysing nutrients. 

The soil samples were analysed for Ee, pH, organic 

carbon content, available N j P, K, Na and micronutrients 

VlZ., CUI Fe, Zn and Mn following the standard procedures 

(Table 5). The data were analysed statistically. 

3.2.2.11. Coppice growth/regeneration 

After felling the trees, coppice growth 

(regeneration) from the stumps (or stools) of the trees were 

observed. The number of coppice shoots per stump, the height 

and the basal diameter of the coppice shoots were recorded 

on 10th and 15th month af~er felling. The data were 

statistically analysed. 

3.2.2.12. Path coefficient and regression analysis 

The relationship between different component 

traits viz., tree height, BD, DBH etc., and the biomass 

viz. I utilizable biomass, non-utilizable biomass and total 

biomass and the direct and indirect effect of different 

component traits on the biomass yield were analysed using 

path coefficient analysis (Dewey and Lu, 1959). Simple and 

multiple regression analysis were done as per the procedure 

outlined by Snedecor and Cochran (1968). 
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3.2.2.13. Historical data 

From the history of this plantation, the data on 

tree height and BD recorded from January 1989 to December 

1992 were gathered from the experimental records of Forest 

College and Research Institute, Mettupalayam and were 

utilized along with the data collected now at the time of 

felling for working out mean annual increment (MAl) and 

current annual increment (CAl) of tree height and basal 

diameter. 

3.2.2.14. Statistical analysis 

The parameters listed from section 3.2.2.1. to 

3.2.2.11 were statistically analysed adopting the procedure 

of Sukhatme and Amble (1985). 

PART II STUDY 

3.2.3. Experiment 3 

Effect of plant densities, ages of first cutting and 

coppicing durations on the biomass production of 

Prosopis juliflora (Swartz) DC. 

This experiment was conducted at the Forest 

College and Research Institute, Mettupalayam. The soil type 

in the study area is gravelly red loam with a depth of 45 

em. The physico-chemical properties of the soil are 

furnished in Table 6. Six months old polypot seedlings 

(already raised for the first experiment) were planted as 

per the following "reatment schedule. 



~able 6. Phjsico-chemical properties 
site at Forest ,ollege & Res. 

of the experimental 
Instt., Mettupalayam 

Soil type: Non-calcareous red sandy loam (Irugur series) 

PHYSICAL PROPERTIES 

A~~arent density 

~bsolute specific gravity 

Maximum water holding capacitj 

Porespace 

Volume expansion 

CHEMICAL PROPERTIES 

Soil reaction (pH) 

Electrical conductivity (Ee, 

~vailable nitrogen 

Available phosphorus 

Available potassium 

Organic carbon 

1.52 ':l 
- -~ em -

2.5 

25-30 per cent 

42.5 per cent 

1.5 per cent 

7.2 

0.15 dSm -2 

180 kg ha 
-1 

4.5 kg ha 
-1 

195 kg ha 
-1 

0.48 per cent 



3.2.3.1. Treatments 

A. Main plot treatments 

I. Plant dansity 

" 4H4 plants ha -1 (1.5 1.5 m spacing) c'1 x 

d 2 
2500 plants ha 

-1 
(~. 0 2.0 spacing) x m 

1600 plants -1 (2.5 2.5 spacing) d] ha x m 

II. Age of first cutting 

a 1 
Cutting at 9 MAP' 

a 2 Cutting at 12 MAP 

a 3 
Cutting at. 15 MAP 

(MAP : Months after planting) 

B. Sub-plot treatments 

III. coppicing duration 

°1 Allowing the coppice growth for 6 MAFC' 

c 2 Allowing the coppice growth for 9 MAFC 

c 3 Allowing the coppice growth for 12 MAFC 

M,\FC : Months after first cut 

Design : Split-plot; Replications Three 

3.2.3.2. Planting 

The soil of the experimental area formerly 

supported a degraded scrub jungle. After clearing the scrub 

growth, the area was ploughed once with disc plough followed 

by cultivator once. Then pits of 30 cm 3 were dug out in the 

ploughed field as per layout. The seedlIngs were planted on 



10.10.1991 with the onset of NE monsoon rain. Only one 

seedling was planted per pit. No fertilizer was added. 

Similarly no plant protection was given. The rainfall duriny 

the crop including nursery period was 2092.8 mm in 132 rainy 

days (Table 2). After planting, a circular saucer basin 

around the Prosopis seedlings was formed with a radius of 50 

em from the base of the tree seedlings with a depth of about 

10 em at the centre of the basin. This microcatchment was 

formed with the aim to harvest and conserve the rainwater 

around the root zone. The basins were kept weed free besides 

maintaining their shape through periodical cleaning once in 

a ~onth. This was the only cultural operation carried out 

throughout the study period. 

The size of the main plot and sub-plot were 30.0 x 

12.5 m and 12.5 x 10.0 m, respectively. The layout plan of 

the experiment is shown in Fig.2. The details of the net 

area and the number of plants or stools felled for biomass 

estimation both for first cutting and coppice cutting under 

each plant density (Fig. 3) are furnished below. 

Plant 
density 

d l 

d
2 

First cut Coppice cut 

Net 
arZa 
(m ) 

81.0 

144.0 

No. of 
plants 

36.0 

36.0 

27.0 

48.0 

No. of 
plants 

12.0 

12.0 

d_ 112.5 18.0 37.5 6.0 
----~----------------------------------------
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FIG.2 FIELD LAYOUT PLAN (Experiment 3 ) 
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3.2.3.3. Establishment of seedlings in the mainfield 

Initial stand count was made in each plot two 

months after planting (MAP) and the mean 

establishment was worked out and reported. 

3.2.3.4. Biometric observation (first crop) 

3.2.3.4.1. Tree height 

percentage 

Pive trees were selected randomly for each plot 

and tagged. The tree height was measured from the collar 

region to the tip of the main stem (Srinivasan, 1989) at 

monthly intervals upto 9 MAP and expressed in cm. The data 

were statistically analysed. 

3.2.3.4.2. Basal diameter (BD) 

Using vernier calipers the BD of trees were 

measured at collar region of the tagged plants (Srinivasan, 

1989) at monthly intervals upto 9 MAP and expressed in cm. 

The data were analysed statistically. 

3.2.3.4.3. Number of primary branches 

The number of primary branches per tree was 

counted in the tagged plants at 6 and 9 MAP. The data were 

analysed statistically. 

3.2.3.4.4. Relative water content (RWC) 

The RWC of leaves of tagged plants were estimated 

by following the procedures outlined by Barr's and Wealherly 

8. 



(1962) at monthly intervals from 2 to 9 MAP. The following 

formula waS used. 

Relative water 
content (RWC) % 

Fresh weight - Dry weight 
x 100 

Turgid weight - Dry weight 

To relate the RWC of leaves with actual soil 

moisture, soil samples were taken at two soil depths (0 to 

30 cm and 30 to 60 cm) for each plot within a radius of 60 

em from the base of the trees. Since the roots had gone 

beyond 60 Cm depth with the advancement of age beyond 9 MAP, 

estimation of actual soil moisture was done only upto 9 MAP. 

The collected data were not analysed statistically because 

data were collected from only one replication. 

3.2.3.4.5. Biomass estimation 

All the trees in the net plot were cut leaving 

about 10 to IS cm stump from the ground level for coppice 

growth. The biomass of leaves and sterns were recorded 

separately in situ on fresh weight basis. Sufficient samples 

for each treatment were air dried first and then, they were 

dried in hot air oveIl at 7S oC till a constant weight was 

obtained. Dry matter production (DMP) for each treatment was 

estimated based on the dry weight of the representative 

samples. Leaf/stem ratio (LSR) was also worked out on dry 

weight basis to elucidate the partitioning of biomass. The 

data were statistically analysed. 
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3.2.3.5. Biometric observations <Coppice crop) 

3.2.3.5.1. Number of coppice shoots 

For each coppice duration five trees in the net 

plot were tagged. The number of coppice shoots per tree was 

recorded at monthly intervals up to 6 MAFC and the average 

number of coppice shoots per tree was worked out. The data 

were statistically analysed. 

3.2.3.5.2. Height of coppice shoots 

Five coppice shoots per tree (already tagged for 

counting the number of coppice shoots) were tayged. The 

height was measured from the base to tip of the coppice 

shoot at monthly intervals up to 6 MAFC and expressed in cm. 

The data were statistically analysed. 

3.2.3.5.3. Basal diameter (BD) 

Using vernier calipers the diameter of each tagged 

coppice shoots was measured at the base at monthly intervals 

upto 6 MAFC and expressed in cm. The data were statistically 

analysed. 

3.2.3.5.4. Biomass estimation 

All the trees in the net area were cut and the 

leaf and stem biomass \·lere recorded separately on fresh 

weight basis. The DMP was estimated as done in the first 

crop and expressed in kg ha -1 Leaf/stem ratio (LSR) was 

also worked out 01 dry weight basis to elucidate the 

8~ 



partitioning of biomass. The data were analysed 

statistically. 

3.2.3.6. Nutrient uptake 

The dried samples of leaves and stems of Prosopis 

were ground into powder separately. The nutrient content of 

nitrogen, phosphorus, potassium l sodium and micronutrients 

(Cu, Fe, Zn and Mn) were estimated following the standard 

procedures listed in Table 5. The nutrient uptake of 

Prosopis was estimated by multiplying the nutrient content 

with the concerned dry matter. The data were analysed 

statistically. 

3.2.3.7. Soil fertility changes under Prosopis plantation 

At the end of the experiment (2.j years old), soil 

samples were collected at random from each plot at 0 to 45 

cm depth. The soil samples were processed and analysed for 

Eel pH, organic carbon, available N, P, K, Na l CUI Fe, Zn 

and Mn as done in experiment 2 following the standard 

procedures (Table 5). The data were analysed statistically. 

3.2.3.8. Statistical analysis 

For the analysis of the above listed parameters, 

the procedures outlined by Sukhatme and Amble (1985) were 

followed. The parameters viz., tree height, BD and the 

number of primary branches of the first crop were analysed 

in RBD (Randomizec Blocks Design) while the biomass was 

analysed in FRBD (Factorial Randomized Blocks Design). In 



the coppice crop, the parameters viz., number of coppice 

shoots per stool, height and BD of coppice shoots were 

analysed in FRBD. The biomass, nutrient uptake of the plants 

and available nutrients in the soil were analysed in split-

plot design. 

3.2.4. Experiment 4 

Comparative performance of Prosopis juliflora (Swartz) 

DC. under different soil types (off station study) 

Natural stand of four years old Prosopis were 

selected at random in seven locations for each soil type 

(black soil, red soil and alluvial sandy soil) at Tiruchuli 

taluk of Kamarajar district of Tamil Nadu. In each location, 

a sample plot of 10 x 10 m2 was marked in such a way that 25 

stools were accommodated to simulate the population of about 

2500 plants 
-1 

ha (2 m x 2 m spacing). This was done to 

compare the biomass production at uniform plant density. 

Biometric observations viz., tree height, BD, DBH 

and number of branches per stool were recorded in five 

tagged trees for each sample plot. Biomass on fresh weight 

basis was recorded separately for UB, NUB and total biomass 

at the time of felling in situ and later on DMP was 

estimated after air drying the samples and then drying them 

in hot air oven at 750 C till a constant weight was obtained. 

All observations were recorded as per the procedure 

indicated in experiment 2. The data were analysed 

statistically in RBD (Sukhatme and Amble, 1985). 
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3.2.5. Experiment 5 

Study on the charcoal recovery from Prosopis juliflora 

(Swartz) DC. fuelwood (off station study) 

The fuelwood billets of about 75 cm length were 

sorted into six different diameter classes viz., (i) less 

than 2.5 cm, (ii) 2.6 to 4.5 cm, (iii) 4.6 to 6.5 cm. (iv) 

6.6 to 8.5 em. (v) 8.6 to 10.5 cm and (vi) greater than 10.5 

cm. Prosopis root stocks (approximately more than 10.5 em 

diameter) were also included in addition to the above 

categories. In each category 200 kg dry matter was taken. 

They were subjected to burning under anaerobic condition 

following the charcoal making procedures adopted by the 

local people (Karimoottam). The charcoal recovery percentage 

in terms of utilizable charcoal (ue) and non-utilizable 

charcoal (NUe) was estimated. This experiment was conducted 

in a farmer's field at Manikattienthal village of Tiruchuli 

taluk of Kamarajar district, Tamil Nadu. The data were not 

put under statistical scrutiny since this study was made 

from a single location. 

PART III STUDY (Feeder experiments) 

3.2.6. Experiment 6 

Germinability of hot water treated Prosopis juliflora 

(Swartz) DC. seeds under different times of sowing 

In large scale afforestation of Prosopis it is 

difficult to adopt recommended seed rate due to many 

practical diffic~lties viz., loss of vigour of seeds, 



presence of hard seeds. ill filled and chaffy seeds etc. 

Hence. naturally higher seed rate has to be used giving 

allowance for these problems. Under such situation surplus 

yuantity of hot water treated seeds may be available after 

sowing. Presently there is no information on the longevity 

of the surplus hot water treated Prosopis seeds. With the 

above objective this experiment was designed. 

Hot water treated Prosopis seeds were sown in pots 

filled with nursery media (native soil : sand : FYM at 3: 1: I 

! ,1 

8'; 

ratio) during November 1993. The treatments consisted of the 

following. 

Tl Sowing the seeds on the day of HWT 

T2 Sowing the seeds DII.HWT 

T3 Sowing the seeds 2 DAHWT 

T4 Sowing the seeds 3 DAHWT 

TS Sowing the seeds 4 DAHWT 

T6 Sowing the seeds 5 DAHWT 

T7 Sowing the seeds 6 DAHWT 

TS Sowing the seeds 7 DAHWT 

Tg Sowing the seeds 8 DAHWT 

TIO Sowing the seeds 9 DAHWT 

Tll Sowing the seeds 10 Dl\HWT 

T12 Sowing the seeds II DAHWT 

T
13 Sowing the seeds 12 DAHWT 

T14 Sowing the seeds 13 DAHWT 

TlS So",ing the seeds 14 DAHWT 



8S 
T16 Sowing the seeds 15 DAHWT 

HWT Hot water treatment; 

DAl!\-IT Day(s) after hot water treatment 

Desi0n CRDi Replications : Three 

Prosopis juliflora seeds were treated in hot 

water as described elsewhere (Experiment 1). One hundred 

seeds were sown in each pot commencing from 2.11.1993. 

Germination count was taken on 10th day of sowing for each 

treatment. The germination percentage was worked out and the 

data were analysed statistically in CRD after necessary arc 

sine transformation (Sukhatme and Amble, 1985). 

3.2.6.2. Experiment 7 

Effect of seed sizes and depths of sowing on the 

germination of Prosopis juliflora (swartz) DC. 

In large scale afforestation of prosopis through 

broadcasting of seeds, there was a problem in getting 

uniform population due to gaps in the field even in the same 

type of soil. This may be possibly Gue to variation in seed 

size and depth of sowing. To find out the influence of seed 

sizes and the depths of sowing on the germination of 

Prosopis this experiment was designed. 

Based on the seed size (visual grading) and 100 

seed weight, two groups of seeds were sorted out viz., small 



seeds (2.438 g/lOO seeds) and big seeds (3.070 g/lOO seeds) 

from a seed lot of Prosopis. The treatment details are given 

belo\;J. 

Tl Small seeds sown at 2 em depth 

T2 Small seeds so\.;rn at 4 em depth 

T3 Small seeds sown at 6 em depth 

T4 Small seeds sown at 8 em depth 

TS Big seeds sown at 2 em depth 

T6 Big seeds sown at 4 em depth 

T7 Big seeds sown at em depth 

T8 Big seeds sown at 8 em depth 

Design : CRD; Replications : Three 

The hot water treated seeds were sown as per the 

treatment schedule in the pots containing nursery media 

(native soil: sand FYM at 3:1:1 ratio) at the rate of 100 

seeds per pot. Sowing was done on 3.11.93. Germination count 

was recorded everyday starting from the first day to 16th 

day after sowing to find out the peak period of germination 

and the length of germination period. Finally the 

germination percentage was worked out. The data were 

analysed statistically in CRD after arc sine transformation 

(Sukhatme and Amble, 1985). On 30th day the DMP per plant 

and per pot was estimated and statistically analysed. 
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3.2.6.3. Experiment 8 

Allelopathic effect of Prosopis juliflora (Swartz) 

DC. on field crops 

It was observed that the germination and the 

growth of field crops were much affected in the vicinity of 

both the live fence and the dead fence of Prosopis in the 

farmers l fields. Similarly no crop or even weeds comes up 

under Prosopis when the crown closure is almost full. This 

could be due to many reasons viz., root effect, shade 

effect, allelopathy etc. The experiments 8, 9 and 10 were 

designed to study only the allelopathic effect of Prosopis 

on field crops and weeds. 

Top soil (0 to 30 cm) and sub soil (30 to 60 cm) 

were collected around the root stocks of about 10 years old 

natural stand of Prosopis from Fd.No.37 of eastern block of 

TNAU, Coimbatore. Similarly, top soil (0 to 30 cm) was 

collected from the adjacent open fallow field where there 

was neither Prosopis nor any field crops. This served as 

control for the study. The soil type in both locations was 

clay loam. Two kg in each category of soil were filled up in 

the pots and the treatments were imposed as detailed below. 

Tl Top soil (UP) 

T2 Sub soil (UP) 

T3 Top soil (FL) + PLL I per cent 

T4 Top soil (FL) + PLL 2 per cent 

TS Top soil (FL) + PLE 1 per cent 
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T6 Top soil (FL) + PLE 2 per cent 

T7 Top soil (FL) + PLPE per cent 

1'8 Top soil (FL) + PLPE per cent 

'To Top soil (FL) + PRE per cent 

1'10 - Top soil (FL) + PRE 2 [Jer cen.t 

Tll - Top soil (FL) + tap water (control) 

UP : under Prosopis; FL : Fallow land; 

PLL : Prosopis leaf litter; PLE: Prosopis leaf extract 

PLPE : Prosopis leaf powder extract; 

PRE : Prosopis root extract; Design : CRD; Replications 3 

Prosopis leaf litter was incorporated into two ky 

soils before sowing test crops, at the rate of 1 per cent 

and 2 per cent (w/w basis) for thc treatments T3 and 1'4. The 

different extracts of Prosopis (leaf, leaf powder and root) 

were added after sowing the test crops in the concerned 

treatments. The test crops were Sorghum (Co.26), sunflower 

(Co.2) , blackgram (Co.5) and Prosopis (local). One day 

before sowing the test crops, all the pots were saturated 

with tap water to allow the soil to settle intact. Fifty 

seeds in each of the test crops were sown in the pots as per 

the treatment schedule on 5.11.93. Prosopis seeds were 

treated with hot water before sowing. The plant extracts 

were added at the rate of 250 ml per pot only once 

immediately after sowing. Subsequently daily watering was 

done "i th tap "'ater in such a way that there is no 



percolation/drainage from the pots so that the different 

extracts of Prosopis added already did not get leached out. 

3.2.6.3.1. Preparation of extract 

The different plant extracts were prepared (w/v 

basis) by soaking the fresh leaves, dry leaf powder and 

fresh roots of Prosopis in tap water for 24 hours. The 

final extracts were obtained by filtering through two layers 

of muslin cloth (which was approximately equal to or less 

than 0.5 mm '-lire mesh) as per the procedure given by Usha 

Goel et al. (1989). The extracts so prepared were used 

immediately for imposing the treatments. 

3.2.6.3.2. Germination count 

Germination count of test crops was taken on 10th 

day of sowing. The test crops were pulled out on 15th day. 

The DMP per plant was estimated by drying the plant samples 

first under natural condition and then in hot air oven at 

75°C till a constant weight was obtained. 

The data on germination were analysed 

statistically in CRD after arc sine transformation and the 

data on DMP were analysed as such in CRD (Sukhatme and 

Amble, 1985). After 15 days of estimation of DMP of first 

test crop, the same test crops viz., blackgram, sunflower, 

sorghum and Prosopis were sown as residue crop in order to 

assess the persist ,nce of allelopathic effect of Prosopis 

plant materials. 
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3.2.6.3.3. Estimation of phenols and CoN ratio in plant 

materials of Prosopis 

The phenolic content of dry bark, fresh roots, dry 

leaves, dry leaf powder, fresh leaves and dry stem (without 

bark) of Prosopis were estimated following the procedure 

outlined by Bray and Thorpe (1954) and expressed in mg 
-1 

9 

of plant material. The C:N ratio of Prosopis leaves was also 

estimated as per the procedure outlined by Piper (1966). 

3.2.6.4. Experiment 9 

Effect of different times of sowing of test crops to 

mitigate the allelopathic effect of Prosopis 

juliflora (Swartz) DC. leaf litter on the germination 

and DMP of test crops 

From the previous experiment it was found out that 

the dry leaves of Prosopis had more inhibitory effect on 

test crops (except sunflower) than the other extracts. The 

inhibitory effect of dry leaves of Prosopis on the 

germination of test crops was found due to the phenols 

present in the Prosopis. Hence the present experiment was 

designed. 

For this study, only the top soil from the fallow 

land (Fd.No.37) was taken. Similarly, only the dry leaves 

( leaf litter) were used at two levels ( 1 per cent and 2 per 

cent on W/w basi~). Sunflower was not included as test crop 

as it was able to withstand the inhibitory effect of 



Prosopis leaf litter. The different times of sowing of test 

crop were as follows. 

T 
1 SO\vinS at the time of LI 

T2 Sowing 1 WALl 

To Sowing 2 WALl 
J 

1'4 Sowing 3 WALl 

1'5 Sowiny 4 WALl 

1'6 Sowing 5 WALl 

T~ Sowing 6 \-lALl 
I 

(Ll Leaf litter incorporationi WALl Week after leaf 

litter incorporation) 

Design : eRDi Replications 3 

Two kg top soil was taken in 21 small pots and the 

prosopis dry leaves were incoq)orated on 2.1.1994 ilt the 

rate of 1 per cent and 2 per cent (w/w basis) to hilve 

different quantity of dry leaves in a known quantity of 

soil. The test crops viz., sorghum (Co.26), blackgram (Co.S) 

and Prosopis (local), were sown as per schedule. Right from 

the first sowing, water was sprinkled to all the pots 

containing soil incorporated with leaf litter in which 

subsequent sowings are to be taken at different weeks as per 

the treatment schedule. The water was sprinkled almost 

everyday to all the pots so as to accelerate the process of 

leaf degradation or decomposition. Fifty seeds each of test 

crops were sown in the pots. The Prosopis seeds were sown 

after hot water treatment. Before sowing all the pots (soil 



with dry leaves) were saturated with tap water as done in 

the previous experiment. 

Germination count was taken on 10th day of sowing 

of respective treatments. On 30th day, the seedlings were 

pulled out and the DMP per plant was estimated after drying 

the plant samples in shade first and then at 75 0 C till a 

constant weight was obtained. The ~ermjnation data were 

analyzed statistically in CRD after arc sine transformation 

and other data were analysed as such in CRD (Sukhatme and 

Amble, 1985). 

3.2.6.5. Experiment 10 

Effect of leaf litter and plant extracts of Prosopis 

juliflora (Swartz) DC. on weed control 

About 12 kg soil (clay loam) was taken in each of 

36 pots. Three test weed species viz., Cyanodon dactylon 

(Haryali), Cyprus rotundus (Nut grass) and Parthenium 

hysterophorus (Parthenium) were selected for this study. Two 

per cent extracts of Prosopis fresh leaves and fresh roots 

were prepared (w/v basis) as per the procedure given by Usha 

Goel et al. (1989). Prosopis leaf litter was incorporated 

into the soil at the rate of 2 per cent (w/w basis) before 

sowing/plantin~ of test weeds. The extracts of leaves and 

roots were added after sowing of weed seeds/ stolons/ 

rhizomes. The following is the structure of the treatments. 

Tl HS + PRE 

T2 HS + PLE 



HS + PLL 

ffS + ta~ water (control) 

NG + PRE 

NG + PLE 

NG + PLL 

NG + tap water (control) 

Partheniurn + PRE 

Parthenium + PLE 

'f
11 

- ParttleniuD ~ ~}LL 

T12 - Parthenium + tap water (control) 

HS Haryali stolon; NG Nut grass rhizome; 

PRE - Prosopis root extract; PLE - Prosopis leaf extract; 

PLL - Prosopis leaf litter; Design: eRD; Replications: 3 

AS per the treatments. 10 stolons of haryali. IO 

rhizomes of nut grass and 50 seeds of Parthenium per pot 

were sown separately. on 10.1.94. 250 ml of extract was 

added to the pots as per treatment immediately after 

sowin~/planting of weeds. Germination count was taken on 

10th day of sowing and DMP per pot was estimated on 20 DAS. 

Since there was only little inhibition on the germination of 

test weeds, this experiment was repeated with sOme 

modifications viz .• the concentration of leaf and root 

extracts was increased from 2 per cent to 5 per cent. The 

quantity of leaf litter was reduced from 2 per cent to 1 per 

cent. Instead of incorporating the leaf litter. it was 



applied on the soil surface of the pots as a layer 

simulating the natural fall of leaf litter like a mulch. In 

addltion to weeds, sorghum was also included as a test cro~. 

The germination count was taken on 10th day of sowing and 

the OMP per pot was estimated on 45th day of sowing after 

pulling out the weeds from the respective pots. The 

yermination data were subjected to arc sine transformation. 

Then 011 the data were analysed statistically in eRO design 

(Sukhatme and Amble, 1985). 

3.2.6.6. Experiment 11 

Effect of leaf incorporation and plant extracts of 

Prosopis juliflora (Swartz) DC. on the control of 

root - knot nematode (Meloidogyne incognita (Kofoid 

and White, 1919) Chitwood, 1949) in tomato 

(Lycopersicon esculentum Mill.) 

It has been observed in the farmers' fields that 

application of Prosopis leaf litter to the tomato crop in 

their kitchen garden as manure has incidentally controlled 

the nematode infection. To ascertain the nematicidal effect 

of Prosopis this experiment was designed to get some more 

additional informations. 

The pot mixture (red soil and sand at 2:1 ratio) 

was sterilized with formalin at the rate of 20 ml per kg pot 

mixture. Tomato (Co.3) (test crop) nursery was raised using 



pot mixture on 1.1.94. The treatment details were as 

follO\,s. 

TI Control (no plant extract) 

1'2 Dry stem extract of Prosopis 

1'] Fresh bark extract of Prosopis 

1'4 Dry bark extract of Prosopis 

1'5 Charcoal powder extract of Prosopis 

1'6 Dry leaf powder extract of Prosopis 

1'7 Fresh root extract of Prosopis 

1'8 Fresh leaf extract of Prosopis 

1'9 Incorporation of dry leaves of Prosopis 

1'10 - Incorporation of fresh leaves of prosopis 

Design : eRD; Replications : 3 

Two kg pot mixture was taken for each pot. Fresh 

leaves of Prosopis ,,,ere incorporated (1'10) into pot mixture 

10 days earlier to planting of tomato. Dry leaves were 

incorporated one day before transplanting tomato seedlings 

in the pot. Twenty five days old tomato seedlings were 

planted in the pots at the rate of 2 seedlings per pot on 

29.1.94. After 10 days of transplantin~, the root-knot 

nematode (Meloidogyne incognita) larvae were inoculated to 

the pots having tomato seedlings at the rate of 2000 larvae 

per pot (2 kg pot mixture). Before inoculation thinning was 

done and only one plant per pot was maintained. After 

inoculation, the treatments were imposed immediately. The 



dry and fresh leaves were incor~orated at the rate of 1 per 

cent (w/w basis). The different extracts of Prosopis were 

;orcjJared at 1 per cent concentration (w/v basis) as per the 

[,roceoure given by Usha Goel et al. (1989). About 200 ml of 

extracts were added per ~ot as per treatment. Subsequent 

watering was done every day with enough care against 

leaching of extracts added already. 

The fruits were harvested on 4th month after 

planting, in a staggered way as and when they ripe. The 

fruit numbers and fruit yield per plant were recorded. The 

nematode number per 200 g of rhizosphere soil and the number 

of egg masses per gram of root were estimated in the 

laboratory following the standard procedure (Heald et al., 

1989). The data were analysed statistically in CRO (Sukhatme 

an~ Amble, 1985). 

3.2.6.7. Experiment 12 

Estimation of nutrient addition through Prosopis 

juliflora (Swartz) DC. leaves 

It has been observed that Prosopis leaf litter 

contributes very much to the soil fertility. The time taken 

for mineralization of the Prosopis leaves and the quantum of 

nutrients it adds to the soil and hence the ultimate change 

in soil pH, EC and organic carbon are unknown. To elucidate 

these information this experiment was designed. 



About two kg of red loamy soil was taken in 

plastic trays of 45 x 30 x 10 em size. Two grams of dried 

leaves of Prosopis was incorporated to a depth of 2.5 of 

soil layers in the trays. Ttlen the trays were watered to 

IT!a~c the soil wet and kept for incubation. Subsequently 

wa~er was s~rinklcd whenev~r !lair line cracks were observed 

at the surface of the soi]. The soil samples were drawn from 

the trays at specified interval of time viz., 3D, 45, 60, 75 

and 90 days after leaf incorporation. A control treatment 

was also maintained without leaf incorporation. The sotl 

samples were analysed for EC, pH, organic carbon, available 

N, P and K following the standard procedures (Table 5). The 

data were analysed statistically in CRD (Sukhatme and Amble. 

1985) . 

3.2.6.8. Experiment 13 

Enumeration of microbial load in Prosopis juliflora 

(Swartz) DC. leaf litter collected from the field 

Mineralization of Prosopis leaf litter depends on 

many factors viz., leaf moisture, soil moisture, soil 

temperature, microorganisms etc. With an objective of 

finding out the specific group of microorganisms involved in 

the mineralization process, this experiment was designed. 

Prosopis leaf litter was collected from two 

locations viz., Fd.~0.62 (About 10 years old natural stand) 

and Fd.No.37 (About six years old natural stand) of the TNAU 
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main campus during Feb. 1994 . The soil type of these fields 

was clay loam. The leaf litter was grouped into two classes 

VlZ. , (i) the tal' layer of undecomposecl leaves of Prosopis 

of about 0.5 to 1.0 cm thickness; (ii) the bottom layer 

fJartly/fully decomposed leaves of about 0.5 cm thickness 

which had close contaCt with soil surface. About 1 em 

Lhickness of such soil layer was also scrapped out for 

analysis. 

It was assumed that any microorganism degrading 

Prosopis leaf litter must be capable of degrading tannjns 

(Polyphenolic compounds) as there is some guantity of 

tannjns present in Prosopis leaves as reported in section 

3.2.6.3.3. Hence two levels of tannin viz., 0.1 per cent and 

0.25 per cent were jncorporated into the respective media 

for screening the microorganisms present in the Prosopis 

leaf litter. The population of bacteria, fungi and 

actinomycetes were eslimated in the two layers of leaf 

litter and top soil layer following the standard procedures 

outlined elsewhere (Section 3.2.2.7). 

3.3. References 

References have been presented based on the latest 

guidelines of the American Society of Agronomy, USA, 

published in Agronomy Journal, 85(6): 1280-1281? 1993. 
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CHAPTER IV 

RESULTS 

The results of the 13 experiments (Table 1) 

conducted on the silvicultural and ecoloyical aspects of 

Prosopis juliflora tlave been presented in this chapter. 

PART I STUDY 

4.1. EXPERIMENT 1 : Study on the allometric relationship of 

the Prosopis juliflora (Swartz) DC. Seedlings 

In order to find out the fundamental relationshi~ 

between root and shoot of six months old Prosopis juliflora 

seedlings, this experiment was conducted. 

Simple linear regression study was done to find 

out the influence of shoot length on root length of Prosopis 

juliflora seedlings. Similarly the relationship between 

shoot and root weight was also probed. 

The regression result was not significant when 

shoot length was related to root length of Prosopis 

juliflora seedlings. The simple regression equation obtained 

for this study is written as follows. 

O.326NS) 

Where, SL Shoot length; RL Root length. 

At the same time, it is evidently proved from this 

study that the shoot weight had profound influence on root 
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weight. This is seen throu0h the si~ple linear regression 

c~~uatlon devclo~ed. 

0.909**) 

Where, SW = Shoot weight; RW ~ Root weight. 

Hence, the result of the present study could be 

interpreted that the DMP 0f shoot (Shoot weight) could be 

considered a scientific parameter for evaluating six months 

old Prosopis juliflora seedlin~s for the selection of better 

planting stocks as compared to the other parameters like 

height of the seedlings. 

4.2. EXPERIMENT 2 : Comparative performance of Prosopis 

juliflora (Swartz) DC. with other multipurpose tree 

species (MPTs) 

Prosopis juliflora has been found to grow very 

fast even in degraded and uncared waste lands. But its 

growth. biomass production and its impact on soil fertility 

in comparison with other exotic and indigenous MPTs are very 

much lacking. Hence, this study was undertaken to assess the 

relative performance of Prosopis ju1iflora with other MPTs. 

4.2.1. Biometrics 

4.2.1.1. Tree height, BD and DBH 

The dat~ on growth of Prosopis ju1if1ora in terms 

of tree height, BD and DBH was compared with other MPTs and 

presented in Table 7. 
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Table 7. Mean tree height. BD and DB" of the MPTs (4th lear) 

Tree styecies 

1. Azadirachta indica 

2. Acacia nilotica 

Acacia leucophloea 

4. Prosopis juliflora 

5. Casuarina equisetifolia 

(, . Eucalyptus camaldulensis 

7. E.tereticornis 

SEd 

CD ( P c O. OS) 

Tree 
hei.ght 

(m) 

4.50 

4. :)8 

l. 47 

4.40 

S. 91 

6.77 

6.68 

0.49 

1. 06 

Basal 
di.ameter 

(em) 

s. en 

5.41 

4.51 

5.33 

4.75 

6.91 

7.56 

0.48 

1. as 

DBB 
(em) 

4.51 

4.18 

3. (, 8 

3.0'i 

3. r, 4 

5.43 

S.G3 

O. ') 4 

1. 1 7 



The tree height of Eucalyptus camaldulensis was 

slc;nificant1y 

E.tereticornis 

hic;her and it was comparable with that of 

and Casuarina equisetifolia. Acacia 

leucophloea recorded lesser tree height. On comparison, tree 

heisht of Prosopis juliflora was ]5.0, 34.1 and 25.6 per 

cent lesser than that of E.camaldulensis, E.tereticornis und 

C.equisetifolia, respectively. 

H 

Significantly higher BD and OBI I were observed in 

E.tereticornis, E.camaldulensis and Azadirachta indica which 

WGre comparable. The lowest BD and DBH were recorded in 

Acacia leucophloea. The BD of prosopis juliflora was 29.S, 

22.9 and 9.8 per cent, respectively, which were lower than 

that of E.tereticornis, E.camaldulensis and A.indica. 

Similarly, the DBH of Prosopis juliflora was lesser than 

that of E.tereticornis, E.carnaldulensis and A.indica by 

29.8, 27.3 and 12.4 per cent, respectively. 

4.2.1.2. Current annual increment (CAT) and mean annual 

increment (MAl) of tree height and BD (Table 8 

and 9) 

During first and second year, the CAl of height 

\{as higher with Eucalyptus carnaldulensis, E.tereticornis 

and Casuarina equisetifolia, while in the 3rd year it was 

higher in Azadirachta indica, Acacia nilotica and Prosopis 

juliflora. But in 4th year there was no such significant 

difference among Eucalyptus camaldulensis, E.tereticornis, 
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Table 8. Current annual increment (CAl) and mean annual 
increment (MAl) of heisht growth of MPTs 

C/II (cm) 
Tree species --.--------------------- M/IT 

T st 2nd 3rd 4th \ cn)) 
year year year year 

l. Azadirachta indica 77. J 31.7 156.9 38.2 84.9 

2. Acacia nilotica 62.4 49.9 104.2 39.8 73.6 

3. Acacia leucophloea 39.8 81.4 64.2 47.0 61.7 

4. Prosopis juliflora 59.6 83.7 89.8 52.9 80.8 

5. Casuarina equisetifolia 113.7 107.0 78.2 77.7 99.6 

h. Eucalyptus camaldulensis 216.9 167.7 35.7 62.6 12".7 

7. E.tereticornis 187.9 146.6 53.6 81.5 ]) 1. H 

SEd 43.1 29.3 22.3 12 . ~) 6 . ~) 

CD ( P 0.05 ) 105.5 71. 6 54.7 30.6 15. ') 



Table 9. Current annual increment (CAl) and mean annual 
increment (MAl) of basal diameter of MPTs 

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

CAl (em) 
Tree st)ecies _-----------_--------_-- MAT 

Tst 2nd 3rd 4th (em) 
lear lear fear year 

---------------_----------_----------_---_------------_-----

1. Azadirachta indica 1 .J 9 0.86 2.0 j 1 .25 1 .64 

2. Acacia nilotica J • lO 1. 05 1 .95 J .42 J .44 

l. Acacia leucophloea 0.69 1. 28 1 .11 1. 43 j .19 

4. Prosopis juliflora 0.90 1.n7 1 .40 1.13 1 .2(, 

5. Casuarina equisetifolia 1.21 1. 97 0.41 1. 33 1.27 

6. Eucalyptus camaldulensis 2.89 2.56 0.60 1 .37 1 .90 

7. E.tereticornis 1. 13 2.21 1. 22 J .12 1 . sq 

SEd o. IS 0.17 0.21 0.07 O.2() 

CD (P = 0.(5) 0.45 0.42 0.51 NS n. s n 

J 
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Casuarina equisetifolia and Prosopis juliflora (Fig. 4). ln 

~eneral the same trend was observed for CAT of basal 

diameter also (Filj. 5). 

P,monC) all the seven MPTs evaluated, A.leucophloea 

was found to be very slow in growth as evident from lesser 

MAl of tree height and BD (Fig. 6). 

4.2.1.3. Biomass (DMP) 

The DMP of leaves, branches, NUB, UB and tolal 

biomass on per tree and per hectare basis for Prosopis 

juliflora and other MPTs are presented in Table 10; Fig. 7 

and 8. 

The leaf biomass on per tree basis was the highest 

in E.tereticornis and was comparable with that of 

E.camaldulensis, Prosopis juliflora, Acacia nilotica and 

Casuarina equisetifolia. The leaf biomass was the lowest in 

A.leucophloea. 

The branch biomass per tree was significantly 

higher in Prosopis juliflora compared to other MPTs. It was 

the lowest in A.leucophloea. Similar to branch biomass 

trend, the NUB (leaf + branch) was also higher in Prosopis 

juliflora and was comparable with that of E.tereticornis. 

Lowest NUB per tree was recorded with A.leucophloea. 

The UB (fuelwood) per tree was higher in 

E.camaldulensis and was on par with E.tereticornis and 



Fig. 4 Current annual increment of 
height of MPTs 
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Fig. 5 Current annual increment of 
basal diameter of MPTs 
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F' 6 Mean annual increment of height 
Ig. and basal diameter of MPTs 

Height (em) Basal diameter (em) 2 

120 

80 

o 
2 5 6 

_ Height C::::I Basal diameter 

1 - Azadirachta indica 5 - Casuarina equisetifolia 

2 - Acacia nilotica 6 - Eucalyptus camaldulensis 

3 - Acacia leucophloea 7 _ E.tereticornis 

4 - Prosopis juliflora 
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Fig. 7 Biomass production In MPTs 

Biomass !~g/tree) 
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l eat 

Total 
UB 

NUB 
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MPTs 

1 - Azadirachta indica 

2 - Acacia nilotica 

3 - Acacia leucophloea 

- Prosopis juliflora 

5 - Casuarina equisetifolia 

- Eucalyptus camaldulensis 

7 - E.tereticornis 
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Fig. 8 Biomass production of MPTs 

810mass (t/ha) 

MP1B 

1 - Azadirachta indica - Casuarina equisetifolia 

2 - Acacia nilotica - Eucalyptus camaldulensis 

3 - Acacia leucophloea 7 - E.tereticornis 

4 - Prosopis juliflora 



Acacia nilotica. The UB of prosopis juliflora was 49.5, 48.7 

and 11.7 per cent, respectively, lower than the UB of 

E.camaldulensis, E.tereticornis and A.nilotica. The lowest 

UB was obtained in A.leucophloea. 

As far as thE tola1 biomass (leaf + branch + stem) 

/-Ji;:'r t.ree \\1QS concerned IE. tereticornis, E .camaldulensis and 

Prosopis juliflora were statisticalJ}' on pdr. 1'hc lowest 

tot~l biomass per tree was recorded in A.leucophloea. 

Regardin0 partitioniny of biomass on per tree 

basis the leaf, branch, NUB and UB in Prosopis juliflora 

accounted for 16.48, 54.82, 71.30 and 28.70 per cent of its 

total biomass. respectively. The NUB was higher than UB in 

Prosopis juliflora. In Eucalyptus tereticornis and 

E.camaldulensis the trend was quite different wherein the UB 

was higher than NUB (Table 10). 

In E.tereticornis, the UB, NUB, leaf and branch 

biomass accounted for 54.60, 45.21, 22.21 and 23.20 per 

cent, respectively, to the total biomass on per tree basis. 

Similarly, in E.camaldulensis, the UB, NUB, leaf and branch 

biomass contributed 57.88, 42.12, 21.35 and 20.78 per cent, 

respectively, to the total biomass on per tree basis 

(Tab1" 10). 

With reference to biomass production per hectare, 

these parameters behaved similar to biomass production 

observed on per tree (Table 10). 

11., 



'7 

116 
The above results indicated the superiority of 

Eucalyptus tereticornis and E.camaldulensis in producing 94 

to 97 per cent higher UB over prosopis juliflora (Fig. 9), 

though prosopis juliflora was on par with Eucalyptus 

tereticornis and E.camaldulensis in terms of total biomass 

~roduction at 4th year. 

4.2.1.4. Wood density 

The wood density on fresh weight basis was marc 

than 1.0 g cm- 3 for all the MPTs studied except Casuarina 

equisetifolia. Acacia leucophloea recorded significantly 

hiyher wood density and \,.'as comkJarahlc to that of 

E.camaldulensis, Prosopis juliflora ~nd E.tereticornis 

iTable 11). 

On dry weight basis higher wood density was seen 

\·:i lr, alJ ~PTs studied except for Acacia nilotica and 

Prosopis juliflora. The wood density was the lowest in 

Prosopis juliflora and it was comparable with that of 

A.nilotica, A.leucophloea and Azadirachta indica. 

4.2.2. Microbial load (Table 12) 

4.2.2.1. Bacteria 

Among the three microbes studied, bacteria was the 

most predominant group followed by actinomycetes and fungi 

in the soils under different MPTs evaluated. The bacterial 

p02ul ation in the soil under different MPTs studied ranged 

from 24.40 x lO~ to 104.60 x 10 5 numbers g-l dry soil. 
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Fig. 9 Utilizable biomass (fuel wood) 
production by different MPTs at 4th year 

(2) 7.24 

(6) 12.67 
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Table 11. Mean wood dcnsit}" of MP1's (4 years old) 

-----------------------------------------------------:j-----
Wood density Iy em ) 

Tree s.i_Jecies 

1 . Azadirachta indica 

2. Acacia nilotica 

l. Acacia leucophloea 

4 . Prosopis juliflora 

S. Casuarina equisetifolia 

G. Eucalyptus camaldulensis 

E~tereticornis 

SEd 

CD ( P 0.05 ) 

Fresh wciyht 
basi.s 

1.019 

1. 051 

1.132 

1.070 

0.969 

1.074 

1.057 

0.035 

0.076 

Dr}" we i 'J11 t 
basis 

1.118 

1.001 

1. 064 

0.028 

1 .22G 

1.13g 

1.306 

0.11 3 

0.246 



11S 

Table 12. Mean microbial ~oplllatlon under four years 01el 
different 'IPTs 

Tree sf)ccies 

1. Azadirachta indica 

2. Acacia nilotica 

J. Acacia leucophloea 

4. Prosopis juliflora 

5. Casuarina equisetifolia 

". Eucalyptus camaldulensis 

E~tcretjcornis 

SEd 

CD ( P ~ 0.05) 

Bactel;ia 
~1 10:) 

'3 dry 
so i 1 

32.67 

81.67 

104. GO 

42.67 

J 4.20 

26.00 

24.40 

2.87 

6.26 

Fun'3~ 

x ~r 
9 
dry 

soil 

8.35 

20.00 

23.20 

G.OO 

6.00 

3. G 7 

2.67 

2.25 

4.91 

Actino
mycetss 

x 1W 
-1 

lj clry 
soil 

17. G 7 

64.ll 

100. or] 

S9.0[1 

2:1. 10 

27.10 

1 ~. on 

7..5 S 

5.Sf) 
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~aXlmun' number of bactcri~ \~as recorded under A.lcucophloea 

followed by A.nilotica. The observed bacterial population 

un,ier Prosopis juliflora was third in the o.cdcr, next to 

A.nilotica. The lowest bacterial ~opulation WQS observer] 

~~der E.tereticornis and E.camaldulensis. 

4.2.2.2. Fung i 

The fungal population varied from 2.67 x 10 3 -1 
g 

IE.tereticornis) to 2].20 x 10 3 g-l dry soil 

(A.leucophloea). Under Prosopis juliflora the fun~al 

population was moderate (6 x 10 3 number g-l dry soil). As in 

the case of bacteria, lowest funsal ~opuJation was observed 

under Eucalyptus tereticornis and E.camaldulensis. 

4.2.2.3. Actinomycetes 

The population ranged from 19 x 10 5 g-1 dry soil 

(E.tereticornis) to 100 x 10 5 g-l (A.leucophloea). The 

actinomycetes population under A.nilotica and Prosopis 

juliflora were on par with each other and significantly 

higher than that of Azadirachta indica, Casuarina 

equisetifolia. Eucalyptus tereticornis and E.camaldulensis. 

It is inferred that among the MPTs evaluated. 

A.leucophloea recorded the highest number of bacteria. fungi 

and actinomycetes popUlation followed by A.nilotica and 

Prosopis juliflora ranked third next to them. Lesser 

microbial population were recorded under Eucalyptus 

tereticornis and E.camaldulensis. 
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4.2.3. Weed flora (Table 13) 

In the cxpcrimcIltal site under the canopy of the 

different MPTs studied, 15 weed species were identified. 

weed dcnsit~· (number m- 2 ) was observed under 

Casuarina equisetifolia (13), followed by Azadirachta indica 

(18), Prosopis juliflora (0), E.camaldulensis (8), while the 

~lnlmUln was recorded under A_nilotica (7) and A.leucophloea 

( 7 ) . 

Based on relative density (RD), relative frequency 

(Rf) and the importance val ue (IV) , Oscimum canum Clnd 

vernonia cinera were the dominant weed species under 

Prosopis juliflora and Casuarina equisetifolia. Under all 

,~ther ~PTs as well as in ttlC adJacent o~erl field (control), 

':!rass/ \,'oeds such uS Andropogon purnilus, Cymbopogon martini 

and Eragrostis s~ecies were predominantly observed. 

In terms of DMP of weeds, it was significantly 

higher under the canopy of Casuarina equisetifolia followed 

by Azadirachta indica, ,,,hile the Dr1P of weeds was lower 

under E.camaldulensis and E.tereticornis than in the open 

field (control) and under other MPTs. The DMP of weeds under 

the canopy of Prosopis juliflora was comparable with that of 

A.leucophloea and the open field (control). The DMP of weeds 

under prosopis juliflora was 36.9 per cent of the DMP under 

Casuarina equisetifolia and 43.4 per cent of the DMP under 

Azadirachta indica. 
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4.2.4. Nutrient uptake in MPTs 

The u~take of eight nutrients such as N, P, K, Na, 

fe, MO, Zn and eu was studied in the ~resent investigatic)n. 

Though Na is strictly not a major/micronutrient, in the 

~rescnt investigation, its uptake by different MPTs with 

123 

reference to its availability in tile soil was studied for 

the [allowing reasons. Prosopis juliflora appeared to 

exclude Na very effectively under saline-alkaline soil as 

inferred throu~tl review of literature. At the same timo, 

there \vere reports that Prosopis juliflora leaves \\TeTe' 

rich in Na to the tunc of 3.94 to 4.51 per cent in 

alkallne soils. The above re~orts sug~csted that Na uptake 

was more in sadie salls and Prosopis juliflora appeared to 

exclude Na under saline-alkaline soil. Information on the 

relative u~take of Na by different MPTs including Prosopis 

juliflora in normal soil is lackiny. ~ience, in the present 

investiyation, 

nutrients. 

study on Na was done along with other 

4.2.4.1. Macronutrients (Table 14 and 15) 

Higher leaf NPK u~,take was observed with Prosopis 

juliflora followed by Eucalyptus tereticornis and 

E.camaldulensis, while the leaf Na u~take was found highest 

".ith the leaves of Eucalyptus tereticornis and 

E.camaldulensis followed by Casuarina equisetifolia and 

Prosopis juliflora, 
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The uptake pattern of stem (UB) was quite reverse. 

Both the species of Eucalyptus recorded higher stem uptake 

of NPK and Na followed by Prosopis juliflora (Table 15). 

Lowest leaf and stem uptake of all the above four 

nutrients was observed in A~leucophloea and 

equisetifolia. 

Casuarina 

The leaf uptake of NPK was in the ratio of 14:1:10 

in Prosopis juliflora while, the ratio between Na and K wns 

1: 40. In Eucalyptus camaldulensis and E.tereticornis the 

uptake in the leaves was in the proportion of 21:1:10 for 

NPK and 1:16 for Na and K. 

On the contrary. there was a change in the 

f?roi_)ortion of the uptake or accumulation of nutrients in t!lC 

stems (UB). In Prosopis juliflora it was 11:1:2 ratio for 

NPK and 1:2 for Na and K. Whereas. in Eucalyptus 

camaldulensis and E.tereticornis the accumulation of NPK was 

in the order of 9:1:3 and for Na and K it was 1:4. 

4.2.4.2. Micronutrients (Table 14 and 15) 

In general the uptake of all the four 

micronutrients studied viz., Fe, Mn, Zn and CU was hi~her in 

the stems (UB) than in leaves for all the MPTs. Among them. 

Fe and Mn were removed from the soil relatively in larger 

guantities than Zn and Cu. 



Maximum accumulation of Fe was found in the leaves 

of Casuarina equisetifolia while it \>las minimum in the 

leaves of A.leucophloea. The ufJta~c of Fe in the stem was 

the highest in Eucalyptus camaldulensis and E.tereticornis, 

followed by A.nilotica and Prosopis juliflora and the lowest 

in A.leucophloea. 

Regarding the uptake of Mn, it was the hi~hesl in 

the leaves of Eucalyptus camaldulensis and E.tereticornis 

and lowest in A.leucophloea. Uptake by stem was the hi~hesl 

in Eucalyptus camaldulensis and E. tereticornis, followed by 

Prosopis juliflora and least in A.leucophloea. 
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The uptake of Zn and Cu was found to be higher in 

Eucalyptus camaldulensis and E.tereticornis both in the' 

stem and leaves while, they were the lowest in the leaves 

and stems of A.leucophloea. 

The total uptake of all the nutrients studied were 

highest in both the species of Eucalyptus camaldulensis and 

E.tereticornis. Prosopis juliflora was next to them. Lowest 

total uptake of nutrients was observed in A.leucophloea 

(Table 16 and Fig. 10 and 11). 

The total nutrient drain from the soil through 

plant uptake was in the order of N > K > P > Na for the 

macronutrients and for the micronutrients it was in the 

order of Fe > Mn > ~n > Cu (Table 16). The quantum of total 

depletion of nutrients was the highest by Eucalyptus 
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Fig. 10 Total uptake (leaves and sterns) 
of 1-.1, P, 1(. <ind Na o( !vIPTs 

Total uplHke (kg/hal 

2 3 4 

IIIIDNa 

5 
MPTs 

p 

6 

1 - Acacia nilotica 5 - Azadirachta indica 

2 - Prosopis juliflora - Acacia leucophloea 

3 - Eucalyptus tereticornis 7 - Casuarina equisetiiolia 

4 - Eucalyptus camaldulensis 

129 



12 

10 

8 

6 

4 

2 

0 -

Fig.11 Total uptake (leaves and stems) 
of Fe. Mn. Zn and Cu of MPTs 

Total uPtake (kg/hal 

I M 

- ---
3 4 6 

MPTs 

_eu Zn Mn _Fe 

1 - Acacia nilotica 

- Prosopis juliflora 

3 - Eucalyptus tereticornis 

4 - Eucalyptus camaldulensis 

5 - Azadirachta indica 

6 - Acacia leucophloea 

7 - Casuarina equisetifolia 

NB: For clarity of results, fi~ures have 
dra').vn in t he order of CU I Zn I Mn and 
according to the level of their uptake 
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camaldulensis and E.tereticornis, followed by Prosopis 

juliflora and Acacia nilotica. The nutrient uptake or 

depletion got increased with the increase in total biomass, 

especially when the UB was in higher proportion (Table 10). 

4.2.5. Soil fertility changes under MPTs (Table 17 and 18) 
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There was significant increase in the soil or0anic 

carbon content (Fig. 12), available N, P, K and decrease in 

Na under all the MPTs studied compared to open field 

(control) (Fig. 13). The Ee and pH of the soil were not 

significantly altered by the MPTs evaluated in the present 

study. 

Though there was significant increase in soil 

organic matter under different MPTs compared to control, 

such increase in organic carbon content of the soil among 

the different MPTs did not differ. A similar trend was 

observed for Nand K and not for P. The available soil P was 

significantlY higher under Prosopis and lower under Acacia 

nilotica. There was no significant difference in available 

Na in soil under different MPTs evaluated. 

There was a trend of increase in the available 

micronutrient contents in the soil under different MPTs 

compared to control (open field) but the result was not 

significant except for Mn. There was significant increase in 

Mn availability und_r MPTs compared to control but among the 
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Table 18. Mean available soil micronutricn s 
MPTs (4th yeari 

Tree srecies Fe f1n 

I. Acacia nilotica 

2. Prosopis juliflora 16.07 21.71 

3. Eucalyptus tereticornis 13.20 22.16 

4. Eucalyptus camaldulensis 17.87 21.% 

5. Azadirachta indica 17.67 20.46 

6. Acacia leucophloea 16.20 20.6] 

I. Casuarina equisetifolia 15.73 20.ll 

O~en field (control) 14.20 16.1] 

SEd 1.83 1.28 

CD (P ~ 0.05%) NS 2.74 

I 
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Zn 

n.sn 

0.57 3.21 

0.43 c.81 

0.57 2.(j8 

0.47 :? . ! fl 

0.43 

0.50 7.G4 

0.08 

NS 

------------------------------------------------------------
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Fig. 12 Effect of different MPTs on 
soil fertility in terms of organic 

carbon content 

Organic carbon ('II) 

r 
I 

-l 
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\ II 
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6 

MPTs 

1 - Acacia nilotica 5 - Azadirachta 

I' 
Conlrol 

(Open field) 

indica 

2 - Prosopis juliflora 6 - Acacia leucophloea 

3 - Eucalyptus tereticornis 7 - Casuarina equisetifolia 

4 - Eucalyptus camaldulensis 
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Fig.1~ . Effect of different MPTs on soil 
fertility in terms of available N, P. K 

and Na 

Avail2ble nutrients (kg/hal 
! 

2 3 6 Control 

MPTs 

1 _ Acacia nilotica 5 - Azadirachta indica 

? _ Prosopis juliflora 6 - Acacia leucophloea 

3 _ Eucalyptus tereticornis 7 - Casuarina equisetifolia 

4 - Eucalyptus camaldulensis 
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~PTs the differences were not siynificant (Table 18 and 

F i ':]. 1 -4 ) • 

4.2.6. Coppicing potcntial of MPTs (Tablc 19) 

Except Casuarina equisetifolia, all other MPTs tlJd 

~lven coppice shoots. Acacia leucophloea was found to be a 

~oor cop~icer as indicated by the lowest number of coppice 

shoots at 10 months after first cut among the MPTS 

evaluated. 1'hc coppice numbers per stool was in the order of 

Prosopis juliflora > Azadirachta indica > Acacia nilotica 

E.tercticornis E.camaldulensis. but they were 

com~arable statistically. 

The ~oor coppicin~ na~urc of Acacia leucophloea 

was further confirmed by lesser height growth and I~n of 

shoots compared to that of other MPTs. 

E.camaldulensis recorded maximum coppice height of 191.2 em 

which was significantly greater than that of other MPTs. The 

coppice height of E.tereticornis (161.6 cm) and A.nilotica 

(153.6 cm) were on par. Next in the order was Prosopis 

juliflora whose coppice height (91.7 cm) was on par with 

Azadirachta indica (89.1 cm). 

However, there was no significant difference among 

these MPTs in res~ect of BD of coppice shoots. 

At 15th month after first cut. there was slight 

reduction in cop~ice number per stool in all the MPTs 

indicatin<J self-thinning of coppice shoots with the 
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Fig.14 Effect of different MPTs on soil 
fertility in terms of available Fe. Mn. 

Zn and Cu 

Available nutrIents (ppm) 

2 3 4 6 

MPTs 

_Zn Cu Fe Mn 

- Acacia nilotica 

2 - Prosopis juliflora 

3 - Eucalyptus tereticornis 

4 - Eucalyptus camaldulensis 

5 - Azadirachta indica 

6 - Acacia leucophloea 

7 - Casuarina equisetifolia 

Control 

~Open field) 

13i 

NB: For clarity of results, figures have been 
drawn in the order of Zn, Cu, Fe and Mn 
according to their available levels 
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ac!VdnCf2rTlCnt of d00. The hOlsht and nl1 ()f coppice shoots 

lnC!'L'3SC.'d cons.icicr.J.bl~· ,1nj tilL' ~~iffcrcncC's .J.r~1()n:J the MPTs 

,,;ere al;:[ost in similar term ~iS observed to In()nths after 

4.2.7. Path coefficient and regression analysis 

1'tlC data on the rCSllits of ttlC ~ath and reyrcsslnn 

an31ysis of the seven MIlTs cv~luatc~ 3rc presented in this 

section (Table 20 to 33). 

4.2.7.1. Prosopis juliflora 

The plant com~oncnt viz., branch number (AN), tree 

(IlEII) 

basal diameter (Bn) and diameter at breast 

had sisnificant positive correlation witt! 

utllizablc biomass (UR), non-utilizable biomass (NUB) and 

total oiOfil.ass (Til) (Table 2~). Amony them, IlN had the' 

lllshest direct effect on Nun arid total biomass, followed hi 

BIl. But the highest direct contribution to the UB (stem) was 

from SO followed by SN. 

Based on the above res~lts, stepwise linear 

r~gression models were devc10~ed to predict the UB, NUB and 

total biomass (Table 21). The results indicated that both ED 

and BN could be used as better ~redictor variables. 

4.2.7.2. Eucalyptus 

The variables viz., TH, SD and DBH had significant 

positive correlation with UB, NUB and TB for both the 
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10 !'at.h c<,,'c!ficicnt .3llcl ~ ~'s lS ill Prosopis juliflora \ 4 
}'cUrs old) bet\.;C'cp c()m_tJclnerd tr~l i ts 

m; DF.I\ 

(i With total biomass 

BN 0.514 -n.OO(1 ~n. (\6l -()_ 002 
TH -0.037 0.098 n. _17:2 il . n j ) 

PD -D.nss 'I. ,r l (:-1 0.573 (1. n 42 
nEt{ -0 _()In p.(I'7(1 IJ. S 0 0.046 

I 1 i ) ~'J it h uti 1 j zab) c biomaSS 

fiN 0.461 - o. n()(j .(). 064 0.001 
T'!I -0.029 0.149 (1. 3~O -0.008 
Bfl -0.040 I). ng"7 0.602 - o. n 10 

:)~ql - O. (117 O.10f, n. 5 S 6 -0.011 

\ j_ i i '1'; it h non-utilizable biomass 

HN 0.568 n. 6 G 1 -0.053 -0.00') 
TH -0.016 -0.005 '1.320 O. I n 3 
BP - o. n h 1 -0.001 0.493 0.134 

mill -0.021 - 0 . n 'J 3 il. 456 0.145 

Dia~ona1 values denote the direct effect 
+* Significant at one per cent level 

BN Branch number 
Ttl Tree hei~ht 
BD Basal diameter 

DBH Diameter at breast hciyht 

Correlation 
(',)cfficicnt 

( r) 

0.445--
0.471*-
0.624-* 
0.626*' 

0.389'-
0.502** 
0.640** 
0.634** 

0.511** 
0.382** 
0.563** 
0.577** 
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s~ecies of Eucalyptus (E.tercticornis anJ E.camaldulensis) 

\T3ble 2~ and ~3). 

In E.tereticornis, :-'I;}j I.iid exhibit the hi':]hcst 

jlr~ct contribution to t!lC ['n and ~un. Wllcreas for tho TA, 

Ir. E.camaldulensis thL' trend \.Jas qui tc different. 

to TP and U13. T!lC bas~l rlja~ctcr was found to contribute 

more directly to NL'B. The DBI! hud ncyatlvc effect on UB, Nllr~ 

and TLJ. 

Stepwise linear re~ression models based on these 

results revealed that for E.tercticornis, DBH alone was 

sufficient to predict the Ufi Qnd 'rn and DI) for ~rcdjctiny 

NUB. llo\vever, the prediction v;as better in respect of UB, 

, 
NCB dnd TD with hi-jh R- values when tree: height, BD and DBI! 

were lncluded in the model (Table 24). Similar results were 

'Obtained for E.camaldulensis (Table 25). 

4.2.7.3. Acacia nilotica 

All the three tree component traits viz., TH, 80 

and DBH had significant positive correlation with UB, NUB 

and TB (Table 26). The DBH for UB and TB; the ED for NUB 

were found to have more direct contribution. The TH had 

negative direct effect on UB, NUB and TE. This was confirmed 

in the stepwise linear regression models (Table 27). 
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Pattl coeffIcient arlal}'sis in Eucalyptus 
tereticornis 14 ~'oars 01ct) between component 
traits 

Til nBH 

( i) 1\ i t_ h t,) tal LJ i omu S S 

T!: 
Sf) 

DBB 

'I'ff 

olD 
DRH 

0.297 
().10] 
o. l2~ 

\ i.i } 

0.382 
0.258 
0.2Q4 

". ,I 1 b [). [lin 

0.026 [). ] ,8 
O_(l2C, 0.151 

\,i th utilizable bjomass 

- o. J 78 [) • 437 
-0.263 0.546 
. n. 2 S·J 0.567 

(_ii 1 ~'ll t h non-ut i 1 i:::ablc bi ()!lldSS 

'!'J! -0.083 - 11. 'Hl ~ II. 4(,H 
-0.nS6 -0.536 O."i86 
-0.064 -n.,)H 0.608 

~iagonal values denote the direct effect 
* Significant at one per cent level 

Tfl Tree height 
SD Basal diameter 

DBH Diameter at breast hei~ht 

Correlation 
coefficient 

(r) 

0.944** 
0.935** 
0.923*~ 

0.651** 
0.705** 
0.753** 

0.558** 
0.879*· 
0.879*·' 



T'ablc .. !l. Path cnefficient analysis in Eucalyptus 
camaldulensis \4 years cdel) between component 
traits 

Til Rll 

\ i h'ilh tot.Jl bicmlass 

Ttl 0.342 (1.21 n - 0 . ,1 3 
BD n. 2 g:' 0.246 - (1. 336 

;IBIl 0.10(; r; . ) 16 -0.350 

( i i) With utilizable biomass 

1'H 0 .. 525 D. 6~ -0.418 
Dr; 0.44 9 0.315 -0.449 

!)HIJ 0.4(,0 n. ? Ij:> -0.468 

( i j i .l With nO!1-ut j 1 i zablc biomass 

')'l! 0.078 n. 21 n - n . 34 q 

~-H' 0.06: 0.246 - C1 • "374 
I)BI! 0.069 o. nG -0.390 

Diagonal values denote the direct effect 
~+ Significant at one per cent level 

Tfl Tree hei'Jht 
BO Basal diameter 

DBli Diameter at breast height 

C'orrelation 
coefficient 

(r) 

0.985" 
0.950** 
0.990** 

0.743*' 
0.735** 
0.734** 

0.681** 
0.782** 
0.778** 
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r t' ~ r t':.:' , ~." t';:; ... ,1 t 1'; 1, S i ~ ) l , 

;.; t'lJ res:, ll": eq".3 t 1,~ I' ~ R V<ll:J(' 

"'tt'l,t,'.' 

- 14.6: 
~ S N <; 

71;: nBH 1,.1:,s TH -

-, , 
-1753: 0.890" 

lV. Y 

-~. 4JG 2. B~'u 

[', J8i) Tri!\', \).678' • 

- ~ . ~ 7 2 D. DB\; 
~s 

\. 7~' 64 \-... 

-4. l'4u Blln u. j'~ I 
N\ 

(l.6?1 •• 

-, .606 107 :;BH*' 

_c, .7u 1 BU" u.67:1'· 

-So 207 1.861 
NS 

1H 

" -17.915 i.4'Z Be 
r,s 

3.341 [iSH 
'I 

(.1,769 1H 
NS 

869" 
~) 1 • T,il S S 

-21. 872 3.,69 BD*" 736 1H 
NS 

(J.840 " 

-14. 'j78 4.239 BO" 0.830" 

1',. j -15, 614 5. 371 DBH-- 11 " 
Y. y -14. 937 4.24 DB~ 

N: 
1,('68 3D 

'L, 

y; . , -14. 346 . \.565 OBk U 

-24.124 • 6.142 T\1** 0.543** 

B i cmas ~, TH - Tree ne 1 gh t 

BG Basal JliHlleter; OBH - Dlametl'f at breast nelght 

Nc,. trees taken for regress ion ana 1) sis 

Sign i f lean t at five per cent leve 1 

S i 9'1 i f ieant at One per cent leve 1 

N S N:] t ~ 1 9 n If i can t 



""H"f; Z~. Est]:natLr ,'1' l,5, ~uB an;) t;tJ' ti-:';ldS~ d Lc".aldulensis (4 ~'eQrs (11dl U~li"] 

re:; res s 1 un eq'J il t 1 L' 11 ~ \ ~ 

"( 

l1.78:l . 6:'7 ~IH!" 

\_\. 673" 

-11 . .114 2. S:!3 51'''' 

NuB -6. 263 u.513 8D 
NS " CBh*' u.549 TH 

757 'J66 88'" i).323 Ty 
'I 

" 1 ~ . 
, G6S .93S 'c DBI-\H TH 

V_. 

". , -7 858 .U()J 8BH" 5:' 

-7 .17\ ,:_'b Ltl,'·p .. 

-8. M . 252 BO" IJ.7SU·· 

lda1 - 18 .37' ,).792 ~ 
III 

4.777 DBrl'" ('.397 TH 
1'1:' 

-25. 386 3.%7 BD' .- 2. 147 T,' 1).83,' • 

-19. 11 ~4 5. 14:; B:J·· 

-17. 4S4 , 631 Darl'" TH 
r~ ~ 

(j .8(;9" 

-17. 221 ~. uo3 l!8r1 h U. (J73" 

vi. -16. 353 "7 DB ~ ... 0.872** 

B ion,a5s t TH - Tree he ight 

3D Basdl diameter; Dar! - Diamder at bn:a"t fH:lgrlt 

N - Nu.Gf treeS takef1 for regress1ur, analysis 

Sign 1 f irant at fi ve per cent ieve 1 

Sign 1 f icant at onE' per cent leve 1 

NS He:t s~gnH")tant 
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Table 26. Path coefficient analysis III Acacia nilotica 
4 years old} bct\~'Qel1 component traits 

TH BL [ll\ll 

Til -0.164 G.281 O. S] 8 
BD -0.124 0.371 0.(,22 

flBH - 0 . 1 33 0.3G0 0.640 

l i i) With uLilizablc LJiornass 

TH -0.090 O. L 8 'J n. ') G S 
BD -0.DG8 0.244 11 .G78 

DF\! ·-8.073 C\. =J l,h <l.69B 

( i i j , 1·li th llon-util j zablc bi.or~ass 

TH -0.233 0. 4~) 4 n.l71 
Sf) -0.17: 0.599 0.448 

UBH - r). 189 0.582 0.461 

Diagonal values denote the direct effect 
~~ Significant at one per cent level 

TH Tree heiyht 
BD Basal diameter 

DBH Diameter at breast heiyht 

\'orr-cl at ion 
cocfficienl 

~ r ) 

0.635** 
0.869*-
0.867** 

0.660** 
0.854** 
<l.B63** 

0.594*' 
0.870-* 
0.854** 



-3b1r ::'7. t_~t1"'a:ior' c'f liS. NUB !lnd t()tiI1 t)iC'~h\S.S .'f Acacia ntlotica t4 }t'drS C'ldl 

r"c;reS$lCr; £QJdt ,N 1 JJ \ 

'-,"", 

·"uF 

',',3 

\'1 1 

, , 

111.1 

V1. Y 

• 1. Y 

'11. Y 

_ 1 1 . ~,' <. J. ~: i B~'" • 

11 c. I ltD [l ~ H' 

" " :h.:' .Sol': ~.: B H 

~ j 3 . 34 • 4. J:_ 1 ~) B H •• 

-7.211. I. 

-10.003.3.674 SDH 

-3.578 • 4. 2:Jtl DBI"I" 

-8.824.3.315 DBH"" 

-12.368 3.241 SOH 

- 1 ~. 1)4 3. 1 1 7 B D N~, 

NS 
.34£ TH 

" ~J B H 

NO 
-27.657 7.865 SOu lJ.7-j2 Th 

-14.372 .3)', 

t-<:, 11; 
-26.4SS' 3.755DBH 3.G3S BD 

22.076 • 7.635 DBH" 

3 h~ n,d S s. TI"I - Tre t n e 1 9 h t 

B:: 31sal :llameter, D8H - Diameter at breast height 

"'0.0f trer: s taken for regre s ~ i::, n anal y::, is 
:i~1 ificant at flV€ pef cent level 

:"1gn,ficant at one per cent level 
... ;:. Net Significant 

LI.736·· 

C. 74~H 

(1.740" 

0.730' • 

.76j·· 

(J. 7 ~ 2' • 

U.733" 

- 1.42U 

U. 7 56 ~ • 

0.763- • 

U.752"" 

I I ' 

14 



f '4 

149 

4.2.7.4. Acacia leucophloea 

;d 1 the tree com~oncnt traits had positive 

~i~nificanl correlation with UI5, NUB and Tli (Table 28). 

Hi<:i:lcst direct contribution for TB, DB and NUn was found 

:rO;fl :_)BH, fol1o ..... ·cd by ED a~)d TH. nut +.:.hc l.in(;'ar rC(jrcssion 

~c,ricl had sho\.,rn that both DB!! .:lnd BO had almost similar 

~r~.jictio~ capacit}' for Uli, ~Ui~ ~nd TR lTable 29). 

4.2.7.5. Azadirachta indica 

The Tll, BD and DBfl hZld siynificant positive 

correlation with UB, NUB and TR (Table 30). DRlI had exerted 

morc direct effect on UB while ~ree height was found to 

C(Jnt_rilJutc morc directl):' to NUB and TB. Hut neither DRIl nor 

T:l found to siynificant]y lJrcdict the UB, NUB und TB in 

stcp\vise 1 incar reyrcssion !:1odcls dcvclol_.Jcd ('ruble 31). HI) 

c()ntinuC:'u to be a siynificant i:Jrcd_ictor variable for UB, NUB 

Clnd TB. 

4.2.7.6. Casuarina equisetifolia 

All the independent variables tested had positive 

sisnifieant correlation with UB, NUB and TB (Table 32). 

Maximum direct contribution to the TB, UB and NUB was found 

to be due to tree heiyht followed by DBH. This result was 

not reflected in stepwise linear regression models except 

for UD. The tree height was found to be a significant 

predictor variable in respect of UB while BD was found to be 

better signifiea' c predictor variable for NUB and T8 

(Table 33). 
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'i'3b10 ::FI. Path 2,--,effic!Ollt ':Inalf.·sis in Acacia leucophloea 

TH 

I'll 
£OD 

fiEf-! 

\4 ~'ears old, between com~0nent traits 

Til 

0.116 
0.084 
[I.n;4 

0.203 
J. l4 q 

,l , 1 ~~ () 

nPll 

Ii) l\itL t(_)tal biomass 

li. ":! 3 7 
0.325 
11 • ~ 1 l 

0.3 S 1 
0.528 
0.549 

(ii) v.,'ith utjli~able bjornass 

C) • ) ") S 

0.321 
n . ~j:l () 

n. 11 S 
0.474 
0.493 

(iiil Vnth nOll-utilizable biomass 

0.016 
().012 
n. 011 

0.L48 
0.340 
n.327 

0.377 
O. ')68 
0.590 

Diagonal values denote the direct effect 
+* Significant at one per cent level 

Tli Tree height 
BO Basal diameter 

~BH Diameter at breast hClyht 

rorre 1 at i elf] 

coefficient 
\ r) 

0.704** 
0.937** 
0.936** 

0.753** 
0.944** 
0.932** 

0.64]** 
0.920** 
0.928*' 



Estlr:"t v f ~ B. N~· Ban ct t~· t" 1 t, 1 , 'f Acacia leucophloe. (4 .It',ln c ld 

634 ."it- H ., 
,":S 1 ~ 0:: 7 :'r"" 

- ~; ':I\::4 1 77:' :,6" ~ S 

-4. ~ \,_I 1 j ~ l ~:illi" 

-·L289 , 1, 

N' N' 
l:B>j • U.l166 If' 

1.487 8::J H ;,.;:'68 " l' 

1.126 
I,S 

8B'" -4.393 .'.:Jr,::, Bt' 
N.) 

.824 UBt1" 

-4 . .)66 1 . 4 1 ~ Ben 

. 281 .060 SD 
tiS ,. "6 DB" 

'I 
0.972 TH 

~) 1 • I 1'1 ass 

-9.230 2.8511 ED'" ( .345 Trl " 

1'1. Y -8964 1.772 OBiS 

-9. Gub 3.762 UBH"" 

·ii. 

!:l'''ldSS, TH - Tree helght 

3D 3a5dl diamder; D8H - Didmeter (it brea')t ne'g'lt 

!1 C .. f tree s t d ken f G r reg re s S 1 C nan d 1 y ~ ~ S 

': 1']1" 1 f iC.d'lt at f lve per cent leve 1 

~1]I,]ti(.ant at 0ne per cent level 

~ ~ - " c t s: g'l if i can t 

38U·· 

(J.87U·· 

U. 8 ~ 3' • 

U.866" 

NS 
0.889' • 

U.884u 

u . 88 ~ ~ • 

o. Be1" 

U.881 •• 



T,~lb:C' \,1. PClt~~ (__'(_lcfficicnt 3nctl'1'~ds in l\zadirachta indica l·l 
~;ears old) bct\veCll c(lr:1pnncnt traits 

;'11 

\ i I hij til l(_~tu 1 biomass 

TH 0.285 -n.2SS 0. 18 9 
Dr' 0.245 -0.435 n.7()7 

i)fl,!; 0.24'1 ~n .421 0.216 

\ i j ) with utilizable hiomass 

1':1 0.121 D. 1 4 iJ () . 1 (IS 

Btl n. "104 0.174 n.] 39 
!,BH n. lOr. n.](,~ 0.353 

(j i1) b'j th non-ul iIi zablc biomass 

Tl: 0.189 -0.317 () . 1 S 'J 
of) 0. 1 61 -0.369 (). 1 75 

DBB o . 16~) -0.354 0.183 

!liagona1 values denote the direct effect 
~+ Significant at one per cent 1cvel 

TH Tree height 
SO Basal diameter 

DBB Diameter at breast hc:i'Jht 

Correlation 
coefficient 

(r) 

0.912--
0.909** 
0.911*' 

0.935*' 
0.991--
0.987** 

0.851*-
0.95]*-
0.943** 
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Table 32. Path coefficient analysis in 
equisetifo1ia (4 years old) between 
traits 

Casuarina 
component 

TH BD DBH 

(i) With total biomass 

TH 0.446 -0.066 0.096 
BD 0.280 -0.105 0.161 

DBH 0.206 -0.081 0.208 

(ii) With util izable biomass 

TH 0.512 0.007 0.221 
BD 0.322 0.012 0.371 

DBH 0.236 0.009 0.480 

(iii) With non-utilizable biomass 

TH 0.139 0.003 0.027 
BD 0.087 0.004 0.045 

DBH 0.064 0.003 0.058 

Diagonal values denote the direct effect 
** Significant at one per cent level 

TH Tree height 
BD Basal diameter 

DBH Diameter at breast height 

Correlation 
coefficient 

(r) 

0.750** 
0.873** 
0.715** 

0.784** 
0.784** 
0.778** 

0.490** 
0.774** 
0.581** 
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PART II STUDY 

4.3. EXPERIMENT 3 : Effect of plant densities, ages of first 

cutting and coppicing durations on the biomass 

production of Prosopis juliflora (Swartz) DC. 

Inforffiation on ttl~ 0ptimu~ plQnt rlcnsity for 

~10tler biomass ~roduction, tile appropriate aye of Prosopis 

juliflora for covpiciny, tho ~()ssibi]ity of incrcasiny the 

total biomass by coppicinS Prosopis juliflora at vcr~' early 

stagc(s) and their influence on the partitioninu of biom~~;s 

(Leaf/stem rat-io) 0.re very much lackiny for sh()rt rotiJ.t lOTI 

~lantations of less ttlan three years. fience, this experiment 

Has conducted. 

4.3.1. Establishment of seedling population in the mainfield 

Six months old I:JolYf_)ot seedlings of Prosopis 

juliflora \\'ere l_)lantcc1 in tile muin fieJd. The data on 

pcrcentaye of establishment of secdlinys in the mainfic]d 

under different plant densities are presented in Table 34. 

Table 34. Percentage of seedlings establishment 

Plant density Mean percentage of establish
ment at 2 Ml\P 

~~-~-~~~~-;~~~~~-~~:l------------------------~~~~;----------

(closer spacing) 

d2 : 2500 plants ha- l 

(medium spacing) 

d~ : 1600 plants ha- 1 

(I'lider spacing) 

98.35 

99.12 

15 



) 

15'1 

The rosuJ ts of the aloo\·o table indicated the 

proper establishment of required seedlin~s per unit arCQ in 

ttlC treatments studied. 

4.3.2. Adaptation of Prosopis juliflora for moisture stress 

The relative WQtcr content (RWC) of Prosopis 

juliflora leaves were rccordcJ fronl 2 to 9 MAr to study the 

aria~lation of Prosopis juliflora to ~oil moisture stress irl 

~_h(_' rna inf ic1 d. III ':]oncrd1 I i :-rcspccli \'c.' of the o.yt' of cr0t-> , 

1esse!' un(]cr hiyher tJ];:,nt density (cll) 

followed bi medium (d2) and lower (d3) density, throuyhout 

the ~eriod of observations (2 to 9 MAP) (Fiy. 15). 

Similarly irrespective of soil depths and actudl 

soil moisture content, the RWC in yeneral, ranged from 61 tC) 

"In tJcr cent, 7n to 72 per cent and 71 to 74 per cent, 

rcspcctjvcly, under high, rtedium and lower v1ant dc:nsjties, 

From ~1l\P on\vards, the RWC of the leaves 

yenerally got increased beyond 71 r)~r cent. It ranged from 

7] to 75 per cent under higher density, 73 to 79 per cent 

under medium density and 76 to 83 per cent under lower 

dcnsit/. The RWC was influerlced by the actual soil moisture, 

witt) higher RWC when the actual soil moisture was more (Fiy. 

15) . 

The var~ations in the RWC of the leaves of 

Prosopis juliflora between earlier (upto 5 MAP) and later 



Fig.15 Relationship between soil moisture and RWe 
of leaves of Prosopis juliflora 
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~eriod 16 M~P) was on]~' 5 to 9 per cent under different 

~lant densities. This sUYQcstcd that Prosopis juliflora was 

able to maintain its H\';L' .].t fd.irly higher level even duriny 

t!lC period of moisture stress. 

4.3.3. Biometrics (First crop) 

4~3.3.1. Tree height, DO and number of primary branches per 

tree (Table 35) 

There was no si~nificant difference between 

different plant densities studied in influencing the plarlt 

basal diameter and L~C' nUr.1bcr of l-'rimary branches 

~cr tree of prosopis juliflora at different months after 

f.Jlantln(_J (MAP). This indicated ttlnt up to q MAP, plant 

lCflsitiLs GlU not CJ.ltC'r the abc)'v'\..: ch(}rD.ctcr~,. 

4.3.3.2. Biomass (OMP): First crop (Table 36 and 37; Fig.16) 

A~ a result of increased plant density per unit 

15 

area, the DMP of stern and total biomass of Prosopis 

juliflora were significantly increased. Similarly as the age 

of the first cutting increased from 9 to 15 MAP. the DMP of 

stem, and total biomass were also found increased 

significantly. But in the case of leaf DMP there was an 

increase upto 12 MAP and thoreafter it was comparable with 

the leaf DMP obtained at lS MAP. With increase in plant 

densitj. the leaf DMP also got increased. 



Tabll' ~S.l. Mean tree heisht of Prosopis juliflora \cm} 
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Table 3S_3_ Mean number of ~rimary branches ~er tree in 
Prosopis juliflora 

~onths after plantiny (MAP) 
Plant density 

q 

~1 2.5 1.2 

d) 2.8 5.\) 

el3 ] -_. , 2.9 

SEd 0.5 S n. 35 

C[) If' (). 0 S) NS NS 



Table J&. Effect of ~lanL densities. ages of first cuttiny 
and their interactioll effect on DMP of stem. leaf. 
total biomass Qlld leaf/stem ratio (LSR) of 
Prosopis juliflora lFirst crop) 

~':-eatm0nt 

Stc:n 

1)1 ant dens i_ t / 

dl 618 

d2 

dl ltl7 

SEd 2-: 

r'O \ p ().DS) :;7 

""':f c of first cut 

3: ~ ') t, 

de 4nl 

a-) 85-3 

SL
d 

27 

(,D1P n. OS) '57 

Tnteraction effect 

SEd 

CD(pcO.OS) 

46 

98 

(d x a I 

-1 
(klj IlZl ) 

Mewn 
Leaf TOlul LSI{ 

41 ::., 

.~ q 1 

:?(In SG8 II. GG 44 

22 30 (]_n~17 

47 N;; 

~)} 4 (). HoPI) 

-'I~ 4 7(,') 

-31 8 1171 

22 30 (). 0 'll 7 

47 63 n. I 'J 4 j 

'52 [). 1 ')88 
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Table Tntcr~ctlon effect 
first cuttins ('n 
Prosopis juliflora 

{)f tJ1~"1nt dcnsit ios and a0cs 
ttle ~?an nMP of leaves 

lky tla ) .l'irst crop) 

,'\0...:' 11[ f i r::;t cut t 1 fllj 

Platlt c1onsit}' r.1can 
al a? 

dl 57(1 161 41 r_; 

d2 =58 100 116 291 

d3 100 224 277 201l 

Mean 224 .164 ] 1 8 

Source CD (P 0.05 ':.i 

d x a 82 

18'2 
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Fig. 16 Effect of plant densities ages 
of 1st cut & coppice durations on the 
total biomass production of P.iuliflora 
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Coppice for 9 MAFC 

Coppice for 12 MAFC 



The Lns1yht ot lnteraction between the aye of 

:-l:-St cut and d:J.ffC'rcnt iJL ... 'l..llt jel\Slty ~TaLJlc 37) for leaf 

D.lU:":ld~S production at 9 and \_S HAP \vere comparable. 

t--'rodurtion under three a~os of first cutting were 

statlsticall}' on par. 13ut in ttlC case of wider spacing, the 

leaf biomass production at 12 and ]5 MAP were comparable. 

i\t .J.nd ]S :--ll\p/ tho hi'.._shor density and medium 

rtCIlsity pO?Ulatlons \12rc able to ~roducc com~arable leaf 

biomJss. While such trend was not observed at 12 MAP wherein 

ttle leaf biomass si~nificanll)' differed witl} different plant 

syacinus studied. 

In the case of stem and totCll bjomLlss, the 

In~erClction revealed the following_ In both cases under 

medium spacing the stem and total biomass production, 

restJectively, were comparable between 9 and l2 MAP. 

The study on the leaf/stem ratio (LSR) indicated that there 

was a decrease in LSR with the increase in age of first cut 

and this was siynificantly lesser at 15 MAP. However, LSR 

recorded under 9 and 12 MAl) were comparable in registering 

hlgoer values. Different plant densities failed to influence 

tnls parameter. The interaction effect was also absent 

(Table 36). 
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4.3.4. Uptake of nutrients (First crop) 

4.3.4.1. Macronutrients 

leaves, 

The data all the u~Lakc of N, P, K and Na hy 

stems and the total uptake are presented in Table 

In ':jenora] the utJtakc of N une_! K were hiyllcr in 

leaves than in sterns \,'hile the utytEli.z(;: of rand Na were 

al ['lost 1n si~ilar ~ro~ortic1rlS ill leaves "nd stems, 

irrcs~ective of plu~lt density and ayes of first cut. 

Oifferent tJlant densities had siynificanLly 

influenced the u~take of N, Il, K arId Na ttlrough leaves wiltl 

~aximum uptake undcr higher plant density (dl). As far as 

t:le uptake throuyh sterns is concerned, plant densities had 

altered siynificantly onli' the u~takc of P and Na. 

Considering the total u~takc, all ttlC nutrients 

studicrt viz., N, P, K and Na were significantly influenced 

due to variations in pJant densIties as in the case of leaf 

u~take. The total uptake of N was significantly greater 

under higher plant density (dlJ than in the other two 

densities (Fig. 17). Similar results were obtained in 

respect of total uptake of P, K and Na for higher plant 

density (Fig. 18 to 20) but this was comparable with the 

u~take under medium plant density (d2). Lowest uptake of all 

these nutrients was observed under lower plant density (d3). 
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Fig. 17 Effect 01 plant densities, ayes 
of 1st cut & coppice durations on the 

total N uptake of P.iuliflora 
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Fig. 18 Effect of plant densities. ages 
of 1st cut & coppice durations on the 

total P uptake of P.juliflora 
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Fig. 19 Effect of plant densities, ages 
of 1st cut & coppice durations on the 

total K uptake of P.julifiora 
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Fig. 20 Effect of plant densities, ages 
of 1st cut & coppice durations on the 

total Na uptake of P.juliflora 
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17.1 

0ifferent ages of first cut also did alter the uptake of 

nu~rients studied. TtlC uptake irlcrcased wittl the increase in 

the aye of first cut. flo .... ,:e\·c!:' I tho uptakE' of rand Nu in 

leaves was not influenced b~· rliffcrclll a~cs of first cut. 

TIle total uptake of all the Ilutrients were ttlC highest at 

~hC' dSe of 15 ~1!\P cOr!1lJared to ()thcr ayes of first cut. 

The interaction effect was significant only in 

res~eet of leaf N (Table 39) and K (Table 40) uptake. Higher 

Ilpt-Llke of N und K \vas observed .:it the a~Jc of 12 MAP (a2) 

com~ared to 15 MAP (a3) under hiyher plant density (dl). 

~~lcreas under medium and lower plant densities, ttlcrc was 0 

:rcnd of increase in u~tako ~;ittl ttle a~e. Thjs result 

clearl)' indicated that there is a decline in uptake of N anrl 

K with advancement of a~e when the ~lant density was hiyhcr 

fJer unit area. 

4.3.4.2. Micronutrients (Table 41) 

Neither ~lant density nor the aye of flrst cut or 

their interaction effect did influence the leaf uptake, stem 

uptake and total uptake of micronutrients. In general, the 

~ptake of iron was more under different treatments followed 

by Mn, Zn and eu (Fiy. 21 to 24). Iron uptake was more in 

stems, while Mn uptake was more in lcaves~ The Zn and eu 

JptaKe were almost if 1 similar pro~ortions both in leaves and 

stems. 



Table 39. Interaction effect of ~lant densities and ages 
first cutting at Q, 12 and 15 MAP on the 
'J?~'i'Ke of N in 1 eaves of Prosopis juliflora 
ha ) \First crop) 

Plant denslt)' 

~ i~ 
0, 

mea;l 
(kg 

~~e ot first cut 

ill 

ell d3 Mean 

R .1)] <) I c :' 1 ,; 4.7, 

I 1 .j l~ 4 81 c.nl 

8 . , ·1 4 r) ~.) 1 -. 

4.32 4.(14 

Source C'[' lP O.OS'{,) 

d 0.')1 1.00 

a 

d x 3 11.80 1 .88 

Interaction effect of r:-Jlant densities and atj€'!::'i 
first cutting at ~ 12 and 5 MAP on the 
lJP~~ke of K in Jeaves of Prosopis juliflora 
ha ~ I \ First crop / 

Pl cHit dcnsiti 

of 
mean 

Iklj 

t\Se of first cut 
dl d2 d3 Mean 

al 1 .65 1. 30 0.87 1.27 

a2 1.70 J. 1 1 

a3 2.81 2.80 7.26 2. G:) 

!'1ean J.42 1.98 1 . 61 

Source cn IP 0.0"%) 

d 0.97 

a 0.49 0.97 

d x a 0.80 1. 69 
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Fig. 21 Effect of plant densities. ages 
of 1st cut & coppice durations on the 

total Fe uptake of P.julif/ora 

Fe uptake (kg/ha \ 
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Fig. 22 Effect of plant densities, ages 
of 1st cut & coppice durations on the 

total Mn uptake of P.julif/ora 

Mn uptake Ikg/ha) 
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Treatments 

CL da combination dac1 _ dac2 dac3 
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al - First cutting 9 MAP 

a2 - First cutting 12 MAP 

a3 - First cutting 15 MAP 

c1 - coppice for MAFC 

c2 - Coppice for 9 MAFC 

c3 - Coppice for 12 MAFC 



o 1 

0.08 

0.06 

0.04 

0.02 

o 

Fig. 23 Effect of plant densities. ages 
of 1st cut & coppice durations on the 

total Zn uptake of P.juliflora 

Zn uptake (kg/ha) 

d1a1 d1a2 d1a3 d2a1 d2a2 d2a3 d3a1 d3a2 d3a3 

Treatments 

~ da combrnatlon dac1 _ dac2 , dac3 

d1 - High density 

d2 - Medium density 

d3 - Low density 

a1 - First cutting 9 MAP 

a2 - First cutting 12 MAP 

a3 - First cutting 15 MAP 

c1 - Coppice for 6 MAFC 

c2 - Coppice for 9 MAFC 

c3 - Coppice for 12 MAFC 



008 

0.06 

004 

0.02 

o 

Fig 24 Effect of plant densities, ages 
of 1st cut & coppice durations on the 

total Cu uptake of P.julif/ora 

Cu uptake (kg/hal 

dta1 d1a2 d1a3 d2a1 d2a2 d2a3 d3a1 d3a2 d3a3 

Treatments 

da combination dac1 dac2 L._ dac3 

dl - High density 

d2 - Medium density 

d3 - Low density 

al - First cutting 9 MAP 

a2 - First cutting 12 MAP 

a3 - First cutting 15 MAP 

cl - Coppice for MAFC 

c2 - Coppice for MAFC 

c3 - Coppice for 12 MAFC 
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4.3.5. Biometrics (Coppice crop) 

4.3.5.1. Number of coppice shoots per stool (Table 42) 

T~le plarlt densities fai led to alter the numbers of 

'-~':';-"t-)l:::-C i)0:- st_oo1 rC'cordc~i Jt j_, ~) and 6 ,~1AFC (Months after 

~irst cut). Similarly the int~raction effect between tile 

i:Jlant Jerlsiti and tho cl\jC nf first cut also revea1ed no 

statIstical diffcrcrlce. 

studied, 

But in ~!lC C3SC of ~iiffcrcnl l10cS of first cut 

there \>/dS an influence on the numbers of cop}Jic(.' 

stool due to treatments. In ull ttH2 months of 

u!Jscr\'Qtions viz. I 1, 3 and G ~'1l\FC, Lho numbers of cOPlJicc 

S~loots increased wilh the increase in aye of first cut. 

In ,,1] these three rnonths of obscr\.."ations, 

initiatinlj the fir5t cut al 15 f.,1\P had siynificantly 

increased the cop~ice numbers ~er stuol, followed by first 

cut at J2 MAP. The first cut glven at 9 MAP registered lower 

coppice numbers vcr stool. 

4.3.5.2. Coppice height (Table 42) 

The plantiny density, ay~ of first cut and their 

interaction effects had significantlY influenced the coppice 

hei0ht right from to 6 MAFC. With regard to plant 

denslties studied, the lower plant density (d3) had shown 

inc rea. cd coppice height throughout the period of 

observaLions (1 tu 6 MAFC) and it was significantlY superior 

to othc:- treatments. 
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The hi0hcr and medium plallt densities exhibited 

e''-.-';'l;<lr:1Dle COtJ.(:.J1CC hCl,:lhl nL':-..l ll.) lL'ss ... ~r ~iL"n~i ty treatment 

durjn~ 3 and 6 ~~FC. 

niffcrent .J.0cS of first cut had also influenced 

~~c co~?ice height. TtlC flrst cut siven at 15 MAP (a3) gave 

siSnifica~tl~' hiyhcr co~picc ~lci011t as comtJarcd to 12 and 9 

'i/\I' only in curly st(l,:]c (1 ,"'It·. Fe ) and ut lQter stuycs \ J un::i 

f; ~1!\F'C) it \\fClS cOnli_l,J.rdhlc h'ith other alJc~ of first cut V1:::'1 

l:~ drld 0 ~1t'\I'. 

This indicated that even though there \-/<)5 

~ i0rllficant. di ffcronce duriny tho early months after firsl 

C'-lt, ttlC treatments com~cnsutcd at later staycs. Tile 

i!ltcraction between ~larlt clcnsity and aye of first cul 

lTable 43) which was observed at 6 MAFC indicated that at 

all the ayes of first cut. the Lower ~lant dcnsity (d3) was 

able to increase the co?pice heiyht significantly exce~t Ql 

early agc of first cut (9 MAP). Similarly, at all plant 

densities studied, in general, the coppice height under each 

aljE:' of first cuttin(_d ",'as compdrable, except under lower 

~lant density. 

4.3.5.3. Basal diameter of coppice shoots (Table 42) 

The plant density, aye of first cut and their 

interaction effects did not influence the BD of coppice 

shoots siynifican ly at all the months of observations. 



Table ~J" Inleractic)ll effect of ~)lilrlt densities and ages of 
first cllt.tin,:] a.t '), L"' ~!nd 1~' "U\P on the mean 
height :Jro\,"th len' <.-~f C'oPt-licc shoots in Prosopis 
juliflora <1t 0 ~l:\FC 

c11 d3 MC<1n 

al ] -n -) 14 0 _ G 1 1 (, . 3 

Cl=: 1 55.--: 1') [)" 7 141 .7 

a3 141 1 1 'I C • '1 ]'4.0 14i.1 

, .... 1can 1 10. l J 4 (I. 1 1 48.4 

Source Cfl(P O.OS'i. 

a 4. L' 8.73 

d 4.17 8.71 

a x d 4. . , J n. 1 2 



4.3.5.4. Biomass (DMP) : Coppice crop (Table 44) 

Plant densit~·, a~e of first cut, coppice duration 

3~d t'leir interactions Ililct s~jnific~ntl¥ increased the stcn" 

and tot.::11 biof:1.3SS. H1 shcr plant density (dl) 

18 

s l e:-::, leaf and total biomass at the end of the coppice 

;_'1 U:--'t-J1r1:_] tJerio,j oS COl'iiJo.rcd tu IllC'diurn ld~) ,Hhl lo\\'cr" (d3) 

~Jant densIties. The :JMrl duo l~ different ages of first cut 

rc\'ca 1 cci cultins .:.It 15 ~lAI' (cd) f"O<j.islcred 

~i0nificantly higher stern and total biom.:rss. But \.;ith 

reference to leaf biomass tJrociuction, it was comparable \vith 

trlC r)~1r) obtained in the first cut at 12 MAP. 

l'tlC data on cop~jcc duration on the biomass 

~roduction indicated that with incrcasiny coppice duration, 

the stem, leaf and total biolnass vroduction was incrc~scd 

:inc:! the Dr1P oLtained \.;a~ trlc hir:lhest at lon~er coppice 

duration of 12 ~AFC comparcri to ttlC ottler two coppice 

durations viz., 6 MAFC and 9 MAFC. Allowing coppice ~rowth 

for shorter period (6 MAFe) had resulted in the lowest DMP 

of stem, leaf and total biomuss. 

In respect of total biomass production of coppice 

crop (Table 44), at all levels of plant density, the first 

~ut ~lven at ]5 MAP was found to register higher tOlal 

biomass (Fig. 16). However, at medium plant density (d2), 

the total biomas, production at 9 MAP and 12 MAP was on par. 



1~ 

Table ~4. Effect of plant densities. ages of first CUttll10 
at q 12 and 15 ~ll\r, C'oppicing durations of 6, q 

and l~ MAFC and their interaction effect on the 
DMP of stem. leaf. total biomass and leaf/stem 
ratio lI,SRl 0f Prosopis juliflora lCOi)~ice crop' 

--------------------------------------------:y--------------
Mean t'i0mass pr0.iuctir'Tl lk~ tla ) 

"t'! al~ ,jer1s it,!, 
! 1 ~ () :) 

1 -, 

Aye of first cut 
a J 14l 

::3 I If I 
n. ,", '_)1.) 21 

~-"(J!?r:JicC' duration 
r! 142 

28:1 

478 

SE 8 
CD?po n. as t, ) 17 

Interaction effects 

SEd CD 

d x a 17 37 
r1 ,. C C at d 15 29 

d at C 16 32 
0 X r C at a 15 29 

a at C 16 32 

Leaf TClt2'l1 

r.1can 
LSR 

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

'1-\ G n '1 n. r. (, 11 

1," ·L'fj (). S8t:"l!') 

l" 1 J 2 ') n. S 4 S() 

14 0.0307 
1 n 3n n.nGr;~ 

11 - 260 0.7044 

1 -; j 41 4 0.('92G 

1 (.4 G81 O. ',n7 4 

1 4 (). () 11l~ 

!n JO n.ClGS;; 

G C, 207 O.589fi 

1 36 419 0."704 

251 731 0.6344 

6 8 0.0588 
P 17 NS 

SEd CD SEd CD SEd CD 

8 18 24 51 0.0532 0.1128 
11 21 14 29 0.1018 NS 
10 20 18 38 0.0887 NS 
11 21 14 29 0.1018 NS 
10 20 18 38 0.0887 NS 



At the a~e of 9 and 15 MAP, all these three platlt 

jensltlcs studied sisnjficantl~' differed in reyisterin~ 

~0~al bio~ass (T~blc 45). i1ut 3t l~ MAP, the medium densiLy 

ld2) and lower density \dJ) were ()[l ~ar. TtlC interaction 

~hat the hiShcst Lotal D!'H' \~·3.S Clchic\'cd under hiStier p]Clnt 

";!'~FC) (1',3010 4G). 

Si~il~rl}' interaction bctWCCfl ~0es of first Cllt 

3nd cop~icin~ duration tlad shown that maximum total flMI' 

':ouio DC obtained by ,tJrolonyiny the aye of first cut (ie. l5 

'~,\i') as \','011 ilS lhe COl .... !1icin,.J durdlicHl t12 r"'1AFC) {'rable 47). 

4.3.5.5. Leaf/stem ratio (LSR) (Table 44) 

The LSR. amony different l?lant densities and ayes 

of first cut varied siynificantlYI wtlilc significance wa~ 

not ohtained for different cop~icing durations studied. The 

interaction effect was absent. 

As the plant density decreased, the LSR was found 

decreasin,:], and least LSR was observed with lower ~lant 

density (d3). In the ~asc of the ages of first cut, the 

earliest first cut given at 9 MAP was found to register 

hiyher LSR and it decreased with the increase in the aye of 

first cut. This indicated that cutting Prosopis juliflora at 

early stages will ultimately give more of leafy biomass than 

utilizable biomass (stem). 



.lO\} 

Table 45. Interaction effect between plant densities and 

" ; 

de 

cn 

\lCdn 

Tat)lc 4G. 

ages of first cuttiny at n, l~ and: 15 MAP on the 
tO~fl [lMP \ lc~f + stcnl' of Prosopis juliflora (k~l 
ha ) (Coppice cr0~\ 

A~p of first cutlin~ 
Mean 

.31 

147 f,Sl 810 ()nC"l 

2 1] 1 (1 R GRn 4 =~ 6 

141 .'H ~ ss:: l? C, 

~) Ii ,-: 41 4 (,81 

Source ('[l (P (). Osy, 

cl 14 ,0 

a I 4 In 

d x u SI 

Jnteractiorl effect l)ctwcen ~lant densities 
cop~icc durations of 0. 12 and 15 MAP on the 
DMP (leaf + stem) of Prosopis juliflora \ky 
(Co?picc ero!!) 

Clnd 
lot;;>] 
hd-' 

~0~pice duration 
Plant dcnsit/ rJJCCln 

cl c2 c1 

dl 293 569 0S4 605 

d2 187 389 702 426 

d3 142 298 535 325 

r-1ean 207 419 731 

Source CD(P-O.05%) 

c 8 17 

c at d 14 29 

d at c 18 38 



Inter,-Ict Ion l~ff(_ ... C't bet-v,:cc[) ")'JCS (~f fi r'st 
and CO?t:Jicc durat i~ns on the total Ql'f' 
stc~: of Prosopis Juliflora (kS tld 

ero?) 

('o~pjcc juration 
.'\ye '_If first 

c ~~ t cl 

,,1 1 i'. '4\ 421 

a? lSe) 6G8 

a', 318 11()2 

:vIean 2C17 41 ~ 

~O){I 

cut tin:; 
11 eaf 
( ('Oppi,'l'" 

.~10Cln 

41 4 

SRl 

Source SE
rl 

C'I,(p·o.nS~) 

d 14 ]0 

c 17 

c <It Cl 14 2g 

a at c 18 38 



4.3.6. Comparison of DMP between first crop and coppice crop 

of prosopis (Table 48) 

In (jeneral, 

diffcrl'nt plant densities and ~SC~ c,r first cut in the fir·~t 

crOi) was yreatcr than that of the coppIce crop unJcr 

different coppice durations (Fi~. 16). TIljS Ilad been c].car!:" 

c~tlil)ited through the OM incrcnent obtained between 9 and 12 

MAP and between 12 and L5 MAP under all plant densities. 

The results indicated that cop~iciny of Prosopis 

juliflora at the early stayes viz., 9, 12 and 15 MAP was not 

beneficial for achieviny hi~llcr bio~QSS ~r()ductjon. F'or mor0 

biomass production through coppiciny the a~c of first cUl 

should be more than 15 MAP as dcmons~rated from the results 

of present investigation. 

4.3.7. Uptake of nutrients (coppice crop) 

4.3.7.l. Macronutrients 

The data on the u~takc of N, P, K and Na throu0h 

leaves, stems and the total ~lant u~take are furnished in 

Table 49 and Fiy. 17 to 20. 

Different plant densities had influenced the 

uptake of all the nutrients through leaves, stems and their 

total uptake except for the u~take of P in stems. Tile 

uptake, in general, was maximum under higher plant density 

Idl) and lesser Udder lower plant density (d3). 
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It was obscr\"ed that rliffer0nt a~cs of first CJ: 

also altered sisnificantly the uptake of all ttle nutrients 

in leaves I slcns :u:.,j the total utJtake. Similar results were 

(.)btZllflcd for different cotJtJlcin~1 ,jur.3.tions of the cr{)~) 

T_:ptakc of all ti1(~ nut r icnts incrcast.,cl wi til the BJC 

:_)1 the cr-ofJ and their ulJlakc \\las maXImum a.t. the (lye of lr.::. 

MAP (aJ) except for P. The I) ulJtakc was the highest at car]~· 

staye of the cro~ (~ MAIl) com~,arcd to later stages l12 and 

15 ~AP). Similarly the uptake of all the nutrients increased 

, ... ·lth the duration of coppiciny, with hi,:]hcr uptake Clt 12 

'-';!·TC (c3). 

l'hc intcr~ction effect on ttlC uptake of nutrients 

1n stc~s Qnd leaves was found to be significant for certain 

nutrients and absent for ottlcr nutr~cnts (Table 49) • 

However, the total u[-!take of all nutrients were 

si~nificantly influenced by all the interactions studied 

cxce~t d x c interaction In r~s~cct of Nand Na. 

The total u[-!tak0 of N (Table 50 and 51) and K 

(Table 54 and 55) were maxi~um at the age of 15 MAP at all 

densitles and their uptake was also higher at all ages of 

first cut under higher plant densities (Fig. 17 and 19). 

Si~ilarly with the advancement of age and coppice duration, 

the total uptake increased, with maximum uptake being at the 

a'Se of first cut 'liven 1 5 r~I\P (a3) and allowing for longer 



TablE' SO. 

a1 

.\1ean 

Tnteraction effect between ~lant 
ages of first cuttln~ at 9. 1~ and 
tO~i'l mean,lIt'take of N in prosopis 
i1o. '\ (~,-)!-'tJ 1 ce ~~r"')t-' 

r~1ant dcnsit}" 

dl dJ 

4. 11 ,I - ~ 1 (If; 

8. :;""' 4 1 1 :\ . :H; 

- 8b G~ 

'0 S~ 4 B 

densities 
15 MAP on 
juliflora 

Mean 

1. 67 

S. ::7 

8. :~ 7 

~ourc(' ('D l P n. OS"{) 

a il.44 n.02 

cI 0.44 

d ;.: a 1.60 

191 

and 
the 
Ik-J 

l'able Sl. Interactiorl effect between ayes first cuttiny at 
~. 12 and lb MhP and cOJ~~ce durations of 6, ~ and 
12 MAFr on the t2~al mean u~tak0 of N in Prosopis 
ju1if1ora i ky ha .) .Cclp)Oice crop) 

\ye of fj rst 
cut 

aJ 

a2 

a3 

.\1can 

Source 

c 

c at a 

a at c 

cl 

l. 51 

2.08 

3. 14 

2.24 

c2 c3 Mean 

6.41 1.67 

9.23 5.27 

14.78 8.27 

4.83 10.14 

st: 
d 

CDiP 0.05%) 

D.73 1. 49 

1.27 2.57 

l.12 2.29 



copPlce duration of 12 MAFC ~cJ). ~ similar trend was 

observed for t!le total u~tako of ~a also (Table S6 and 57; 

FlS· ~,)). 

Total I) ui-->takc \~'~1:_"; ,:;rc~ltcr at the earl)' stayc ()f 

~.2.a.i1:_ jensit/ (Table 52). ~~il~\.llurlj' the total P uptake WiJ.S 

;ll';..l~lcr \~'hcn first cut was clone at t?arly aye of q :v1AP (al) 

and allowed for shorter co~~icc duratio[l of ~\IIFC (cl) 

\'l'Jblc 53). 

4.3.7.2. Micronutrients (Table 58; Fig. 21 to 24) 

Only ttle uptake of Fe throuyh 1 C'.J.vcs I stems llS 

well dS its total uptake Wil5 found to be siynificantly 

influenced by different co~~icc duratlons studied. The total 

'lur.J.tion of 12 :,1l\FC (c3) com~arcd to other cotJEJ_iciny 

lurations \'lZ./ G and 9 ~AFC. l\~lc interac~ion effect WilS 

absent. 

The u~take of other micronutrients was not at all 

altered sivnificantly by any of the treatments and their 

interaction effect studied. It may be concluded that the 

uptake of all the nutrIents, in yeneral , were more in first 

cro~ than in the co?~ice cro~. The uptake of nutrients were 

in t~1e order of N > K > P > Na. N uptake was nearly two 

times ~i~her than that of K under all treatments. Among t~E 

micronutrients studied, Fe uptake was higher followed by Mn, 



Table 52. Interaction effect between plant densities and 
ages of first cutting at 0, 12 and 15 MAP on the 
to~~] nean uptake nf r in Prosopis juliflora (k~j 
ha ) \Co~pice cropl 

j"1ant c1cnsit~' 

;":]0 of first 
cut Mean 

ill -, 86 " 21' () 1 2 J .08 

a ~) -, - ~) 4 1"1, :' ; o. ~] n.14 

al 'l ')2 ;1 ,', S 0. 42 0.50 

;"1ean i 11 (\ 1(, 0 ~r; 

Source 

a 0.40 

d n.J (1 n.40 

a x d n. 31 0.69 

'1'ah~c S3. Interaction effect between ayes of first cuttiny 
at g, 12 and 15 !'1i,\P ana coppiciny durations of 6, 
~ and 12 MAFC on the to~~l mean uptake of P in 
Prosopis juliflora Iky ha ) (Coppice crop) 

l'v0E' of first 
Cut 

al 

a2 

a3 

~ean 

Source 

c 

c at a 

a at c 

cl 

2.67 

n. l5 

0.23 

1 .02 

r()~pice duration 

c2 c3 Mean 

n.21 0.36 1 .08 

n _ 'l1 0.56 O. 34 

~) . 44 0.81 0.50 

0.32 0.58 

SEd CD(P~O.05%) 

O. J 8 0.39 

0.33 0.67 

0.29 0.63 



19:.l 

Table 5~. Interaction effect between plallt densities a"d 
ages of first cuttin':;1 at 9, 1:: and 15 MAP on the 
to~tl mean uptake of K in Prosopis juliflora (ky 
~a \ ,("Oi_lf..licC' C"r,'1t.-" 

rlant ~l.en.s i tl' 

,,1 jl 

<11 1 . S.' (\.91 1.GS 

1 • ~.j I .8', 

d :~ 4. J q ·1 . ~'H 

_\._J,' .PG 7. • n (, 

Source 

d n.':8 n.S0 

a n.:?8 

d X (1 CJ.4H 1. 02 

':'anlc> OJ"), Intcr.::lctioll cff(~\t bet\vC'E:n ayes of first cutt 
at ~). 17 and JS ~Ar and cop~icin~ duralic)ns of 
~ and 12 MAFC on lhe tO~fl mean uptake of K iI. 
Prosopis juliflora iky ha ) (roppice crop) 

r\ye (if first 
·,~t 

al 

a2 

a3 

Mean 

Source 

c 

c at a 

a at c 

cl 

0.51 

n.73 

1. 54 

0.93 

Co~pice duration 

c2 

I .0 S 

2.18 

1 . (J 8 

2.30 

SEd 

0.30 

0.52 

0.4 9 

c3 

3.39 

4.77 

7.62 

5.26 

Mean 

1 . (; 5 

2.S6 

4. :'8 

0.61 

1. 06 

1. 02 



Table 56. Effect of 
c-uttins at 
uptake :._;f 

a 1 

al 

'1. 4 j 

Source 

d 

a 

d x a 

plant densities and ages of 
Q 1~ and 1S M~fl 0n ttlC total 

~a In Prosopis juliflora (kg 

1'!<11\: density 

first 
m,!~n 

ha ) 

j\1can 

'1 . ."\ () . 1:; 

n.37 (). 'i 2 

(1.25 

("0 (P 0.0 S \, ) 

r).fl4 

(J.n4 n.00 

n. 15 

r"aDle ~7. Interaction effect between ayes of first cuttirl~ 

at 9, 12 and 15 MAP and cop~icing duratio~s of ~. 

g and 12 MAFC on the tot",! mean uptake of Na '" 
Prosopis juliflora (kS ha ) (Coppice crop) 

l~ye of first 
cut 

al 

a2 

a3 

Mean 

Source 

c 

c at a 

a at c 

cl 

n. 1 2 

0.18 

0.28 

0.19 

Coppice duration 

c2 c3 Mean 

0.36 0.23 

0.20 0.51 O. 33 

1).53 0.76 0.52 

0.35 0.54 

SEd CD(P~O.O'i%) 

0.03 0.06 

0.05 0.11 

0.06 0.12 
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,n arId Cu. The uptake of all tho nutrients increased with 

~he ase of the crop and cop~ic~ dllrations. Such increase in 

J~tQ~~ was maxi~um un~1cr hi~llcr plant dcnsit~'. 

4.3.8. Soil fertility changes 

The rl.atu ,Hl 50 i ] mucro und 

'1icronuLrionts ond a1 so tile :...n"l-_ianic carbon content arc 

!-,rosenled in Table Sf} and b n . 

4.3.8.1. Organic carbon (Table 59) 

The oryanic carbc'n content of the soil at the 

clos~rc of the ~xpcrimont did not vary siunlficantly bctw0cn 

~.!lC different treatments studied viz., ulanl density, a'J':: )f 

:irst cull cotJt_.Jicc durati.on dnd lhei.r interactjons. 

4.3.8.2. Macronutrients (Table 59) 

There was siynificant change in the availatJlc so11 

~ ~ctween dlfferent 21ant densities and also between 

different coppice durations studied. Lower plant density 

i d 1) and medium plant density (d2) were on ~ar in 

re~isterins higher soil N. Similarly longer cop~ice (luration 

of 9 and 12 MAFC were comparable in respect of hiyher 

soil N. 

The treatments did not differ significantly for 

av~ilable soil P. 

With reference to available soil K, significance 

was obtained only between different plant densities studied. 
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YiSrlcr ova] lablc soil }\ \,,'as l'lhs(,I-\'cd \>Jith the treatment oj 

(lower densit}'l and it \~~S si0nificantl)' superior to other 

~lant densities stlldicd. 

Different JSCS of first cut jiffcrcd siynificaI1tl)' 

~ \.:r _:_Ivailablc oS_)11 Na \\"1111L", I..)lhcr factors did not vLlry. 

iff'~rcnt dl]CS .:>f first cut the treatment, 131 

rflrst (:ut at ~ ~1AI)) and a= (fir"st cut at 12 MAP) were able 

to exhibit hi';.)her 3.va113u1t' :'~l)11 Na. Siynific3.ntly lesser 

a.vailable soil Na \,,'';)5 secn \-,rith treatment. a3, where.in the 

first cut \'>"<.1S ir.llJoscci at 15 !'1/\P. 

4.3.8.3. Micronutrients (Table 60) 

Different trcatncnts studied. in ttle present 

investigation did nnt inflllcncc siynificantly the available 

soil micronutricnts viz. I Pc, ~n, Zn and Cu. 

4.4. EXPERIMENT 4 : Comparative performance of Prosopis 

iuliflora (Swartz) DC. under different soil types (Ofr 

Station study) 

This study was conducted to evaluate the influence 

of diffE:!rent soil types on tL(: yro\vth and biomass production 

of Prosopis and the relevant data are presented in Table (,] 

and Fig. 25. 

The parameters taken for this study viz. 1 number 

of branches per tree, tree height, BD, NUB per tree as well 

as per hectare were not significantlY altered by the 

different soil types. However, different soil types had 
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Fig. 25 DMP (Biomass) of Pjuliflora 
(4 years old) under different soil types 
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influenced the other paranetcrs such as DBH, UB per tree and 

~nons tile thr~c soil t~·~cs, trlc irlflucncc of rc(i 

12 was siynificarltl}' lower as compared to alluvial sandy 

S(q! ZInG blacK s<.)il~ on t:1C' z-d)()\'C' parun1ct.crs. The nnH, 11H 

;:-!cr tree, UB tJcr hectaro, tL)tal biomds~ tJcr tree a!ld per 

:lectare of Prosopis juliflora \\'crL' s.i'jnificuntJy lj['catcr ill 

ZllJ'.Jvial sandy soil. l!O\\'C'\'C'r, lhjs result \,'0.5 comparulllc 

\"ltn t.he values ()utained fro!":"l Prosopis juliflora ruiscd in 

3Ck.. tioil. [vcnthou':]h, UB/~~l:Il ratio \,:as the hil_lflcst for trle' 

Prosopis raised in black soil I this was also com~arablc wittl 

t~c Prosopis juliflora raised in alluvial sandy soil. 

TtlC results indicat..ed the superiorlty of aJluviQl 

sandj soil and black soil over red soil for obtainin~ bcltcr 

growth and yreater biomass from Prosopis juliflora. 

4.5. EXPERIMENT 5 : Study on the charcoal recovery from 

Prosopis juliflora (Swartz) DC. fuelwood (Off station 

study) 

The results on the recovery of utilizable charcoal 

(UC) , non-utilizable charcoal (NUe) and ash obtained from 

anaerobic burning of 200 k~ DM in each of six diameter 

classes of Prosopis juliflora fuelwood billets and one 

dia~cter class of Prosopis root stock are presented in Table 

62 and Fig.26. 
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Fig. 26 Charcoal recovery from the fuel 
wood of P.juliflora billets/root stocks 

of different diameter classes 

2.6-4.5 4.6-6.5 6.6-8.5 8.6-105 '10.5 '105 
Roof slork (,m) 

Unbroken charcoal _ Broken charcoal /'i" M;h [':, 'JI {lS<; 
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The com~arlson between different billet sizes anct 

root 5tOCKS in tCrI7lS ~"}f ttC' recovery indicat..cd the 

5~~crloriti· of ttlE' root stocks ('ver ttlC fuelwood billets of 

::lne :iiar::eter (") In.~; em) JnJ fuclwo,Jd hill,~ts of < lO.S em 

::::l.c1,:lctcr rlasses stu.:!iC'·.j. I\l't\~'cel1 different l,il1et ;-)i~:L"~; 

i_:,\,·uIUdtcd, ttlC charcoal rccov('r~' ir1 terms elf DC 

,·:.;.th the increase in t.he cllClf:lctL'r of b111cts and it \:Cl~; 

~isher with the billets uf lCl • .s em i.n di.ameter. ~...,'i.ttl t.hc 

lncrease in the billet diar:lctcr the quantit.y of Zlsh yield uS 

',.'oJ} as ttlC iJrOk-Jortinn of NUC' obtained was also found 

:jccr~asin0 indicaliny lesser lossc~. 

These results suc_;~(;,;:;t that for clbtain.iny hiyher 

recover'/ of com:Tlcrciu) :._;radc ch<:lrcoql, both root stocks and 

fuel\Je)ori billets of 

anaerobic burnin~. 

PART III STUDY 

4.6. EXPERIMENT 6 

lel.S em dinmolcr could be used for 

Gerrninability of hot water treated 

Prosopis juliflora (Swartz) DC. seeds under different 

times of sowing 

The results obtained for the seeds sown upto 15 

dajs after hot water treat~ent are presented in Table G3. 

ThE:: current recommendation is to sow the hot \later treated 

seeds after shade drying. There seems to be a physical 

narrier for the adoption of the above technology by the 

far~inS community due to their various activities. Hence, 



'!'abJ e fi 3. Gcrmlnabilit)' of 
juliflora seeds at 

hOl water tI"eateri Prosopis 
different times of sowiny 

Trca t :":"'1£:'::' t S Mean ycrmination 
percentaye 

---------------------------- ------------------------- - ~- --

Sowing th!2 seerls ,,""'n the ,-1 Z1 ';- I,r !n"l!' , , . 1 \. G 1 . R) 

T~ So,~'iny the seeds D,\fjh"I' 7G. -: \ h I .·1 ) 

Sov..'i n':] the seeds :~('\ 11\\'-[ ~ ' •. 1 I. Gil. ~ ) 

j 
SOH1ng the seeds Dl\l-!h"T 7:l. 3 (63.2) 

TS So, ... ·lng the seeds n;dlh'T 78.7 \. G:2. "7 ) 

'T' SO\·.;i ny the seeds D:'\flV,lT 78.0 dj:?()) 

1- SO\vi ny the seeds DilHWT 7(,.0 \ cn. H ) 

T~ Sowiny the seeds Dt'\Hh'T H::. (i \. (, S . r J ) 

Tn Sowing the seeds 8 [J,\lI\"i1' SO.n ( (i ') • ') ) 

1']0 Sawin':] the seeds q !J/\f-l\"lT 74. 7 \ G (). 0) 

'1'11 So\Vin~ the seeds In Dr\11~,.T'T 7G. r. ( f)i · 4 i 

'" s::::l\ ... ·J ns the seeds 1 I flAIl\·:T 77.7 ((,1 .8 i '1 ? 

T 
1 3 

Sowiny the seeds 12 Dld I I-JT 77.3 ( 61 · Ii ) 

1'14 So\..;rin<j the seeds 1 ] DAmv1' 7S.7 (60.5) 

T'] 5 Sowing the seeds 14 DAHl-IT 77. n (Ii 1 • S) 

1'16 Sowinlj the seeds l'i DAIl\,v'T 75. () ( 6 n. 2 ) 

SEd 3.7 

CD IP~O.05't) NS 

Th0 fi0ures in parenthesis refer to transformed mean values. 
HWT Hot water treatment 
DilHWT : Days after hot water treatment 
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the viability of seeds was tested upto 15 days after hot 

water treatment for practicallle ~rld acceptable purposes. 

Bct",,'ecn trcat::lcnts there \ ... ·..15 nc, statistical 

5i~nificance indicatin0 tllC suitabilit) of tile Prosopis 

juliflora seeds for Sl.l\\:ill,:_1 ui:Jtc, l~l days .:lftcr hol water 

-creat:-1ent. 

4.7. EXPERIMENT 7 Effect of seed sizes and depths of 

sowing on the germination of Prosopis juliflora 

(Swartz) DC. 

The data on the effect of differont seed ~;i~:{.'~; and 

different depths of sowing on the earliness arId the lonyt.ll 

of yermination period is ~res0ntcJ aJongwith tile DMI) ~cr 

~lant and DMP per pot rcc?rdcd 10 days after plantin~ in 

Table G4. 

First ycrminatlon was ()bserved only on 3rd day 

after sowing and that too under em depth of sowing for 

small and big seeds and 4 em de~th of sowlny for big seeds 

only. 

In general, as tL>=.: dCtJth of sowing increased, the 

cumulative germination percenta~e recorded at 16 days after 

sowing was found decreasin~ for the small size seeds. But 

thlS was different for bigyer size seeds wherein there was a 

nike in germination percentage at 6 cm depth of sowing as 





21 
compared to 4 em depttl. Considering the seed sizes, big si=~ 

seeds increased the yermination ~ercentage over smaller si~c 

seeds. 

The first yerminalion was delayed by 2 to 3 days 

~hen sown deeper than 4 em In C3S0 of smaller seeds and G em 

for L:iy~cr secds. The 0cnnin3.tlon continueJ uplo 16th dJy 

after so\~ing for tiJe smaller Si2~ seeds sown at 2 em depth. 

But such obscrvatio~ WilS :l(lt founrl for other dc~ths of 

sowlny ado~tcd for snlaller seeds and all dcpttlS for bj~ycr 

size seeds. 

Nearly 50 per cent of ycrmination was observed 

between 5 dnd days after sowiny when ttlC seeds were sc)wn 

at em dCf.-.>th irrest->cctivc of It\~ ~->C'cd sizc;>s studied. ltv'tlC!l 

sown deeper than 2 em, SO t->CI cent ycrrninLlliof] (lccurrvd 

between 7 to 10 days after sowin~. flowever, ncarly 7S ~~r 

cent of total yer~inaticn was comp10ted 10 days after 

sowing , 

sowinCj. 

irrespective of different seed sizes and depths of 

Thus it is evident that the peak period of 

germination occurred between 5 to 10 days after sowing under 

different depths of sowiny with different sizes of seeds. 

However, p~ak yermination was observed on days after 

sowing for both smaller and bigger seeds Sown at 2 cm depth. 

Different seed sizes and different depths of sowiny failed 

to alter DMP of single plant. But total DMP per pot was 



Sl~nlficantly influenced b~' different depths and sizes of 

the seeds in stud}". 

Between the treatments cvaluat~d. 

hiyher DMP per pot was observed for bigyc~ seeds sown at 

em depth and this was 73 per cent and 251.6 per cent higher 

than smaller seeds sown at 2 el~ depth and biyyer seeds SOW[) 

at 6 em depth, res~ectively. 

This treatment of sowirl~ bi9~cr seeds Qt ~:~ 

dc~th was cJoscly follu\Jcd by small seeds sown Qt 2 em de~ttl 

and bigger seeds sown at 6 em de~th and the latter were 

COrnf)arablc. The lowest D~lP per pot was observed witt! bis~('r 

seeds sown at 8 em dC2th. 

4.8. EXPERIMENT 8 Allelopathic effect of prosopis 

juliflora (Swartz) DC on field crops 

The data on germination percentage and [)MP of tc~t 

ero2s are presented in Table GS and 66; Fiy. 27. 

Three field crops viz., blaekgram, sorghum and 

sunflower and Prosopis juliflora were sown in the soils 

collected from Prosopis juliflora stand and this was 

compared with the top soil collected from open field wherein 

Prosopis juliflora leaf litter, leaf extract, leaf powder 

extract and root extracts were added. The aim of the study 

was to find out the allelopathic effect of 

juliflora on Crod germination and DMP. 

Prosopis 
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Fig. 27 Allelopathic effect of 
P.juliffora on the germination of test 

crops (10 DAS) 

Germtnatlon (%) 

T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T" 

Treatments 

I Prosopis i Sorghum ! J?Jackgram .. SunfJowp-f 

Tl - Top soil (UP) 
'1'2 - Sub soil (UP) 
'1'3 - Top soil (FL) + PLL 1 per cent 
'1'4 - Top soil (FL) + PLL 2 per cent 
TS - Top soil (FL) + PLE 1 per cent 
'1'6 - Top soil (FL) + PLE 2 per cent 
'1'7 - Top soil (FL) + PLPE 1 per cent 
'1'8 - Top soil (FL) + PLPE 2 per cent 
'1'9 - Top soil (FL) + PRE I per cent 
'1'10 - Top soil (FL) + PRE 2 per cent 
'1'11 - Top soil (FL) + Tap water (Control) 

2. 



Among the crops tested l sunflower germination was 

not at all affected either by the soil collected from fields 

under Prosopis stand or b)-' the addition of Prosopis 

juliflora leaf litter (Pl~t0 1) and other cxtra~ts as 

indlcated in the trcat~e!lts. 

It \";US obs{."'r\'od that. both in iJlackgrarn ,:'.ll1d 

thp ,:::!crminution \,rdS reduced siynifiC'antly when 

Prosopis juliflora leaf litter was added at 1 per cent und 2 

per cent level to the top soil collected from fallow land 

(i'] ate 2 and 4). This reduction \vas higher at 2 per cent 

level of Prosopis juliflora leaf litter. The remainin~ 

treatments did not affect the germination ~ercenta~c of lest 

crops. The same trend was observed in res~ect of germinatiorl 

rJi Prosopis juliflora seeds SQ\ln (Plat.e 7). 

Compariny the different test crops under study, 

t:he ~ermination percentage of Prosopis juliflora \vas 

~unsiderably lower than that of blackyram, sorghum ano 

sunflower. 

The other plant extracts of Prosopis juliflora 

such as leaf extract, leaf powder extract and root extract 

did not exert any siynificant effect on the yerminability of 

all the test crops including Prosopis juliflora, at per 

cent and 2 per cent, respectively. 

It is very interestiny to observe that the DMP 

plant-
1 

of the test crops studied was not significantly 



:t l~te j . Sunflower : GE:nllfJot. lO;) net of:~ctl c.. Ly 
allelo1&tnic e:fect cf lr0so~is lE'~f lit.t8r 
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chansed even thouyh there was sl~nificant variations in the 

~er~lnatlon of test cro~s as ~ited clSe\~tlerc ~Tablc 65). 

~\fter the' cstimuti>..;n of the l)i'lP (~f first S0v.;n tl~sl crop::_~ t1" 

the same test cro~s VIZ., bl~c~~ranl, sunf 1 \,.)\\.'01 , 

S0rst1u~ and Prosopis juliflora were so\~n a0ain ill the snme 

tr~at~cnts as residue cro~s witllC)ut any external ap~licati()n 

,-.,f t_:,c i:Jla!1t materi31s on 3nth day after first crop sowin'jl 

lea\·l;1S 1::, du_}'s as a [cJlJOh' ~)(:ril_'xl between first and ;..;ccond 

test crOi:Js. 

The results on :icnnination pcrccnlLl.(_i(' uf tile 

second test crotJs (residue Crl)t's) cJrc tJroscntcd in Table G7. 

Tt,c statlsticcJ] ~nu1ysis 0[1 yermin~tion pcrcentayc 

sunflo'dcr, 5()r~Jl'lum and Prosopis julifJora 

indicated the abs~nce of si0nificancc between treaLrncnts 

(,\'aluatcc1. This sU0CJcstcd th<lt the allclopathic effect. of 

Prosopis juliflora leot Jitter at land 2 per cent level 

11'able 65) that was observed in lhe first crop was aL)scnt in 

the second crop. Thus, it was found that the allelo~athic 

effect seen as a result of leaf litter addition existed only 

for t\JO to t.hree weeks after the leaf litter incorporation. 

After studyiny the effect of leaf litter of 

Prosopis juliflora on the yerminability of test crops, 

assuminy the role of phenolic contents as a cause for 

allelopathic effect in Prosopis juliflora, plant materials 

such as dried bark, fresh roots, dry leaves, fresh leaves, 
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jr~' leaf ~owder and stc~ ~o~dcr of Prosopis juliflora were 

3ssessed for tht' t-',hcnolic ,_"":Olltcnts and the data are 

~rescntcj in 1'ablc ~H. 

TtlC ptlcnolic contcllts vJricd from 0.950 to I.S00 

,- 1 ,of "L.nt ClatcrlQ1 fo!" dj fferent plant. parts of 

Prosopis juliflora. Fn: .. 'sh rl\ot uf Prosopis juliflora had 

5ho\.;0 hi'-jh~r phenolic contL'nt fc)llo\>"L'd by drjed stem and 

bark. T:ie dry }C'(}f i--'o',..'d0r :...::ont.<-linc:d lo\.,rl:r LHnount \.)f lJhcnols. 

C:N ratio was also estimated for both leaflet and 

veins of Prosopis juliflora leaves and presented ill Table 

~0. 1'he leaflets had 11.02 per cent carbon and 2.2 per cent 

(C/N ratio 5:1) l·:hi]c, In trlC' veins the car{Jon ann N 

S:l}. These results indic.J.te that the C:N r()tio of Prosopis 

juliflora leaves is well \vithin the accepted norms. 

4.9. EXPERIMENT 9: Effect of different times of sowing of 

test crops to mitigate the allelopathic effect of 

Prosopis juliflora (Swartz) DC. leaf litter on the 

germination and DMP of test crops 

The allelopathic effect of Prosopis juliflora leaf 

litter on the germinability of the test crops viz. I 

blackgram, sorghum and Prosopis juliflora was evident from 

the results of the previous experiment (Table 65) when the 

test crops were sown at the time of Prosopis juliflora leaf 

incor.:J:Jration. 



'!'3blc 68. Phc'nu1 ic ("'\._)nlent j jJ diffL"rcnt plant lJarls nf 
Prosopis juliflora 

1 qar~ \ DCr' ) 

Root (Frc~h) 

J . Dri 1 C(1\,C~', 

~ . fresh leaves 

5. [In' leaf fJu\·:dcr 

G. Dry ste!l', t?0\vder 

1\1ean Phenol ic content mY/(_i of 
i_-.llant tissue 

1 .370 

1 • :-,(10 

1 .140 

1 . n HI 

0.950 

1 .420 

'I'aLlo 69. C:N ratio of Prosopis juliflora leaves 

Plant t,Jarts 

Leaflets 

Leaf vein 

1I.1can ccl.rbon 
con lent 

ltJer cent} 

11 .02 

0.01) 

Mean nitr01j0n 
con lent 

(per cent) 

2.20 

1.50 

CoN 

ratio 

5: 1 

5: 1 



Irl order to assc.s~~ the effect of different- tir;rcs 

of sowlny of test cro~s after Prosopis juliflora leaf 

i.nC'ortJoratlon, 

Pro50pis juliflora 'lll 

jCr':lnatlon pcrcentu0c of bt,1C\..;.01-<.-U:11 soryhum and Prosopis 

juliflora <:dld their D;>1P (~n Jll [It .. S arc prc5cnted in TabJe 70 

4.9.1. Germination (Table 70 to 72) 

There \\'05 Si,:P1ific.J.nt red.uction on the (jCrmillCltil)tl 

!Jcrccntase of sor1j'huITI, ulacklJr.:111 dIld prosopis juliflora bolh 

ver cent leaf litter incorpor,J,tic)n trcdtrncnls iJS 

':(\:-:l~dre(j tf; control ~ no 1(:,). f 1 j tt~cr i ncorpora t j on) \"hon !:;(Hvn 

=tT t,;'-)C t~mc of leaf Incori::)OrrJtlO.Y; (Pl..Jtc 2, 4 and 7). ilmoT)Y 

ttl(' LWO levels of leaf inc()r~oration, the reductic)n 1fl 

~er~irlatlon ~crcentaye of all tile test cro~s was tli0t1er at 2 

~cr cent than at 1 per cent. 

When the sowiny was dela/cd by one week aftc'r leaf 

Incor~orati()n, the germinati0n ~~lcentagc of bJackyram and 

Prosopis juliflora was not at all affected (Plate 3 and 8); 

but rather improved. Whereas, the yermination of sorghum was 

drastically affected u~to one week after leaf incor~oration 

(Plate 5). This effect was seen at both 1 and 2 per eent 

leaf litter incorporation. This indicated the susceptibility 

of soryhum to Prosopis juliflora leaf litter upto one week 

from its leaf incorporation. 
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U. Effect of dlffcn.~nt times ~)f f'o\o,'iI10 to tniliyate 

the adverse influence of allelopathy of Prosopis 
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SO\vln(j WALl 94 7 ! II "j 
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ern!' il.US,,) 7.8 5.5 NS 

Ll Leaf incorporat ion, 
NLJ No leaf incorporation (control) 
WALl Week after leaf incor2oratlGn 
Fi0ures in the ~aranthesis indicate transformed values 
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Table ~l. Effect of different tlnl1..-'S L)f sowinq lu mit l'j.:ltC' 
the adverse inflllcflCC of 31lclopat~}' of prosopis 
juliflora lCDf lItter on the ycrmination of 
soryhum ICO 26 10 OASl 

Treatments 
2'L LI NL! 

SO\<llny at 1,T \:'. '7 '.j. R i 1 n. - ( i e. 2 1 8S.[I (G 7. -1 ) 

.'~()h' i_ n'j' .,:\[. I l!) . - I 1 . , \ )'1.·1) Fl (, • il ,; fI q. (I i 

T, So\"in'j \'j';\LI ')0. r. \ 
" .. .4; '1n.7 \ I::. S) R G . r) \ () (I. :: ) 

Sowinlj ~'i'\Ll b('. 7 \ C·l. 4 qO. -; \ 7:' . '> ) r)r).7 \ 7::. ') I 

Tr, SC)\~, i n'j I,IIL! H5. ". f, 7 7 i q().O (77.21 '13. I \ 7'). f.. 

tr; SOl,ollrJ':j \v!\L 1 (Jr). !} 
\ 7:!,(i '11.6 ( 7~) . 6 ) 9:>.(1 ( 71. ) ) 

T 
7 Sc)\,vinlj WilLI 86.7 \ (, K • B ) 10. 7 ( 77.:)) BB.7 ( 71 . n i 

S!-:.;} -1. r. 3.8 

CUI,1-'- f).ns't; 'I. e. 8.3 

Ll Leaf incor~oration, 
Nt.] No leaf incorporatiun : control ) 
WAr.] Week after leaf incor2oratjon 
*Fi~ures in the paranthesis indicQlc transformed values 
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Tab] e Effect of diilcrcllt tlmc~ of sowing to 
the adverse influence of allclo~athy of 

mjti~atC' 
Prosopis 
Prosopis leaf litter on the ::JertTl_ination of 

juliflora seeds l111 [lAS) 

Mean 9crnination pcrc0nta~c of Prosopis 
Treatments 

1, L T 2i LI NLT 

T] So .... 'i ng at LJ :::: S . () \ .~ 1 . Hi 14 . 7 (::'1 . 1 ) C") '1. ] ( r)n. 4 ; 

T ;> SO\\1in'-] \-.JAL 1 72. , ( '-di . H I G().3 (r)(;. G) 6 c). 1 \ rJ(;. 4 ) 

'1'1 SO\,;' 1 ny Wl\L1 -: 2. C'J ( ~) R . 2 ) (,4.7 IS].5 ) 70 . ~) ("7.0, 

T 
4 

Sowiny I,oJld, T IO.n " S () . q ) 72.n ( SR. 2) 7"l. l ( sq. 0) 

T,_ Sowiny WIlLI GS.O ( :-) r) • 4: ) 7t. 1 ( ~) 7.7 ) 70.n ( ') () • <) " 

or; Sowiny \-IM.] "7] .0 \ :) 7.7 ) r; 7. 1 I 'i',. 2) "G.n (S4 .41 

T 7 
SO\,;j ns W/\Ll f"i8.6 \ S r). r) ) Gti.O 154.4) 70.0 (Sf). f,; 

SEr] 4., 4. S S.7 

CEIP 0.05% ) 9. g. f, NO' 

I.T Leaf incor2oration, 
NLI : No leaf incorporation 1 cont::::-o]) 
~ALT : Week after leaf incorporati0o 
4Figures in paranthesis indicate trunsformed va1ues 
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Fig. 28 Effect of different times of sowing of test crops 

to mitigate the allelopathic effect of P iu/if/ora leaf litter 

Germin~UOf1 ('\.) 
BO 

60 

40 ' 

20 

T1 T2 

Germinatrol" I",) 
100 

Tl T2 

Germination ('l.l 
100 

80' 

60 I 

40' 

20 i 

0' 
T1 T2 

1'1 
f2 
1'3 

PrOSODts 

T3 14 

Treatments 

Sorghum 

T3 14 
Trealments 

Blackgram 

I f ;~\ ! [ 

Ii: I 
'I' l. 
II ' 
f'! I 

T5 

.! , 

! II 
\ 1 
III 

i Ii 
! II 
! ,I 
T5 

13 14 15 
Treatments 

1% LI 

Sowing at LI 
Sowing 1 WALl 
SowIng 2 WAU 

T6 

Tli 

T7 

I! 
Ij 
11 
I! 
! I 
n 

II' 
Fi 

II 
b 

II , I 

T6 17 

1'4 -
T5 -
1'6 -
1'7 -

~ ~ 
OM!' (~'p('ll 

25 i: 
j, I! i 1 

I' 15 Ii i I I! 
I I 

r' 5 ' II ! I L. ! 
11 1? 

30 
()MP (Q/pO\) 

" 
20 

15 

10' I 

T1 l' 

DMf' (Q/r){lt 1 

, 
"I 

; I 

:1 ; 
I 

:1! 

2% LI 

So.fing 3 WilLI 
SOIvi ng f/llLI 
Sowing 5 WALl 
SOlving 6 WALl 

Pr()SODI~ 

10 14 r!1 Hi 17 

irl'Mm,HQs 

Sorghum 

1 j 
T:l T4 r, ,c If 

lwalrnp.nt!l 

Blackgram 

T3 14 15 

Tr9alml'lnts 

NLI 
(Control) 

[1 - Leaf incorporation 
Nt] - No leaf incorporat 
WALT - Week aft:€'r le-3f 

incorpora tj on 



231 

4.9.2. Dry Matter Production (Table 73) 

Ttle recorded r~p on 30 DAS for Prosopis juliflora, 

(NO leaf litter inCOl-i)oratic)n) had nut exerted Qn~' 

lr'f]uen~e on the :1~p of diffcr~rll trealmcnLS studied. In ttlC 

.::'a.sc of Prosopis juliflora illl,j !)lack.'-jr.:ll'~ siynificulltly lower 

D~H' \,,-..1S observcd ;,,'ncrl sO\~'in:; \vd.~-; <..ione immediately after 10<]1 

IflCOTtJorution both at 1 C1nd ;: tJ("T cent level. But such 

eff(:'ct \Jd~; not seen for t!lO ~owinss taker) WI\L 1. 

1'1-;(.> D!·lP of thC' other test crotJ \·i?., soryhum \";:lS .:lffeClcd 

both at I and 2 per cent level of Prosopis juliflora le~f 

incor~orCltion even if sDwiny was Laken at WALl <)0(; 

thereafter normality was restored. This trend was similar to 

the observation made on the ~('rmination of soryhum with lhe 

leuf litter addition. 

One interesting phenomenon was observed in respect 

0f D~P pot- l in all the test crops studied. That is at all 

the times of sowing treatment except sowing at the time of 

leaf incorporation, compared to the control (no leaf 

lncorporation), the DMP was in the increasiny trend due to 

leaf litter incorporation both at one and two per cent level 

and the DM increase was slightly higher at two per cent 

level. The OM increase was spectacular in sorghum and 

blackyram compared to prosopis ju1iflora with 119 to 150 per 
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cent increase over control in sorgtlum and 51 to 78 per cc~t 

over control in blac~yr0rl at ~iff0rent limes of sowin~ 

l Table 73). 

4.10. EXPERIMENT 10 Effect of leaf litter and plant 

extracts of Prosopis juliflora (Swartz) DC on weed 

control 

Prosopis root CX!l.lct, 

litter at 

:don':i\vith uno contrDl tt.:lP 1,:atcr) em tile l_](.>rrninat ion c!nd IH\1!' 

of important i!roblcfficJtic h'ccds 1 ike hc!ryaJ i, nut,:]r(Jss .Jnd 

~arthenium. The d~ta on ':ierml~QLlOn ~crccntayc of weeds anrl 

their DNP studied in the tjYL's(.'nt invC'sti':./ation arc presented 

In TZlblc 74. 

The ,:]crt;'lination t)crccntat.jc unci flMI' uf the test 

weeds were not at all affected by the treatments (roul 

extract, leaf extract and leaf litter incorporation at 2 per 

cent level) studied. This is in contrast to the ohservations 

made on the germination of blackyram, sorghum and Prosopis 

juliflora in the experiment wittl the addition of Prosopis 

juliflora leaf litter (Table 65). 

23 

The comparison of the results furnished in Table 

65 and 74 indicated that 2 ~er cent concentration of 

Prosopis leaf litter incorporation was found to be harmful 

to the field (",ops like soryhum, blackgrarl and Prosopis 

juliflora, but weeds like haryali, nutyrass and partheniuITI 



Table "74. Effect of ~lunt 
Prosopis juliflora 
:-Jf-1P of \\'(;ed~ 

Trciltmcnts 

'IS PHI-: 

T, tiS ['LF 

liS + PL! 

'1'4 lIS + ta" ',.· ... utor (contL(~l J 

N"; + PRF' 

I' r--:c + PLE c 

T~ N(; . Pl.L 

l\Jr; J tab-> \"a ter l c()ntr,-)l ) 

T Parthenium Plif: ''1 

'1'11'1 Parthenium + PLE 

"' Parthenium + PLL '11 

T]/ Parthenium + 
tal' water (control ) 

SEd 

C'n IP~O,OSt) 

L~xtr~1cts and leaf 1 ittcr 
lIn the ,;]C'rmin,]ti,-Hl tJ0r cent 

r-'C3il 

,_:crmino.t ion 
t.lcr ccnt-
\ 1 f) 1)l\S) 

4: I, 1_ 1'1 \ ')('.:' 

, I 1 (l . (I ) 

J ,_ " I. --lll . ') ) 

H,. i \ 4:-L Cl; 

4(1. ( 3 B . 2 ) 

10.0 127. B) 

lfl.O { 27.8 J 

·1(1.(1 : 1 q _ 7 ) 

1 B .11 (:2 S. n ) 

14. (I ( 21 . h) 

14.7 (21 . S! 

14, () un. f) I 

14,1 

NS 

!'-1can ~:;1I"l 
\,:j .) 

[lTlS) 

n . (\ .~ f) 

(I. 4 G ') 

[I.·j'le 

() . 0:~ q 

n.4f)7 

0.8S5 

n. lH 7 

(l. -) r) 1 

1 .4~H 

1 .6fJ4 

2. 428 

2.]05 

n.B4n 

NS 

The figures in parenthesis refers to transformed values. 
HS Haryali stolon, NG : Nut yrass, 

cor 
and 
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PRE Prosopis root extract, PLE: Prosopis leaf extract, 
PiL Prosopis leaf litter incorporation 



were not ~ffcctej. This indicated the sub-optimal level (11 

Prosopis juliflora ~lant ~atcrial on the control of weeds in 

the ~rcsent invcsti03tion. 

a second cx~)crimcnt was condllctcd witt1 

slisht modifications (1'hc concentration ()f leaf Qnd roo! 

t(~ ~) por cent; t he lc~,: 

11ttor was added as a mulch at per cent level against 

~er cent incorporation tried ill the earlier experlmclll; 

sor0hum was found to be a susceptible crop [or Prosopis 

juliflora leaf litter incorporation as seen in previouE; 

ex~crirnent and hence this was also included as test crop in 

·)Odlt.ion to Heeds). The data on yermination percentage and 

J~il' of \vceds .J.nd soryhum arc bJresC'nted in Table 7S. 

The yermination percent aye of parthenium (Plate 0) 

and soryhum were significantly affectec} with the a~plicati()rl 

of root extract} leaf extract and leaf litter mulch of 

Prosopis juliflora. In the control also similar reduction 

was observed. This needs further probing. 

with reference to nutgrass, the treatments were 

com~arablc with each atncr in rcyistering hiyher germination 

percentalj€, revealing tho failtlre of the treatments over 

nutgrass rhizome germination under control. 

With reference to haryali, with the introduction 

of treatments, the germination percentage of stolon was 
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Table :0. effect o~ ~larlt 
Prosopis juliflora 
and D~P of weeds 

Treatr'1cnts 

fJ5 PRI' 

qS p ~,F 

:lS PLL 

" tap v;ut (.'r \ cont r\...' : 
4 

- !\:c - PRE 

N(; PI,I. 

'J P, ;-,;(~ 

TIl 11arthenium PLl, 

1'12 Parthenium , 
La? water (control) 

1'1 <, Sorghum + Pln: 

1'14 Soryhum + PI,r: 

" Sor\jnum + PLL . 1 ) 

']6 SoryhUr:l + 

tilj) water {control, 

extracts and leaf 
on the sermination 

1 itt or 
per 

:'-1ean 
':]en:ll nat ion 

per cent 
\ 1 n [)f\S) 

R(\. - ( (,8. if ; 

~,(I . P 1..:1·1, :), 

1.1") I. t;"). q J 

:-", -:; . ~) \ 4 -; , [1 ) 

'-)6. - (8'1. (j) 

qi).7 \ 81. ') i 

'1(1,(, (81. B I 

(Jr, . () (8.1.6; 

:j!!.fl ( 1 q . ;: ) 

l r"1 • () \ 27.8) 

2.7 ( 'J. 3) 

47.n (43.4) 

60.7 ( c,4 .8) 

r;8.7 ~ S 6.2 ) 

=it":.n ( 48.6 J 

iG.G ( 61 .8) 

7.8 

15.7 

~e.3 n I?11~) 
\'! , 

(4 Di\S) 

10.[1 

i 4 , f) 

(;(1. 

l r
l. 

l r,. 

:' 3 . 4 

r J 4. S 

Jf,. ') 

q " 

0.3 

2.1 

lO.S 

13. n 

11.0 

17.8 

9.3 

4. 1 

8.2 

HS Hariali stolon, NG Nut grass; 
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of 
cent 

PRE: prosopis root extract, PLE: Proso[Jis leaf ('xtrac:t, 
PLL: ?roso[Jis leaf litter mulch 
Figures in parenthesis refers to transformed values 



fa~nj hishcr aver its control. Tilis situatioIl also war'rants 

furt~ler indepth study 

III rC5~cct of :JMP 0f different weeds QIld soryhum, 

~] I treatments cxt1ibited r~juction in DMr except Prosopis 

juliflora leaf Ii ttcr p',ul ch in,;i for nut']rass and Ilarya 1 i 

stolon. 

4.11. EXPERIMENT 11 : Effect of leaf incorporation and plant 

extracts of Prosopis juliflora (Swartz) DC. on the 

control of root-knot nematode (Meloidogyne incognita 

(Kofoid and White, 1919) Chitwood, 1949) in tomato 

(Lycopersicon esculentum Mill.) 

237 

Since ttle leaf litter incor~oration was found to 

affect the 0crmination of £i01(1 cro~s and certain at)nl)xiou~ 

weeds arJ inr!ovativc stud}' was made in the prescnt experiment 

to assess the effect of different plant extracts of Prosopis 

juliflora besides dry and fresh leaf material on the control 

of root-knot nematode. The menace of root knot nematode is 

increasingly felt in many of the cultivated field cro2s, 

especially in tomato. The data collected on nematode 

population per 200 g of rhizosphere soil, number of egy 

masses per gram of root, the fruit number ana yield per 

?12nt of test crop tomato are presented in Table 76. 

There was visible difference in the growth of 

tomato due to different treatments (Plate 10). The nematoje 

population varied signifjcantly between different treatment' 
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Table -';" ffect of leaf incor~oration and plant extracts of Prosopis 
uliflora on mean frui t number. fruit vield, nematode 
o~ulation and eys mass at the time of har~cst in tomato 
nocl~lated with roal-knot nematode (4th month) 

:-1CClTl f'.1can Mean MeaL 

Trcat.i.\Cllt;::_; 

frll j t fruit nematode Fg!] mtl~; r 
nu:nbc~ 1 ,ie1cl populaticll) \No.':j 
fJ1ant I!] 

~ 1 (Numbers roots; 
tJ 1 ,J.nt per :'00 'J 

50; 1 I 

l' ('em tro 1 (No ;olant cxtral~t I I 
~ 44. :1 :1 1 J. :1 14 . 

1 

1'2 Dr ~' stem c:xtract~ , . -;- 10.6 1 q 3.3 /4.~ 

1'1 Fresh bark extract :2.0 45.1 63. ] 1 ).i; 

T 
4 D!"'1 bark extract 3.3 41. 2 86.7 1 :~ . 

T, ,"'hCtrcoa 1 powder extract 2.0 29.8 86.7 \. , 

-;- ~"r :' Leaf powder extract 2. 1 S 1 .4 80.0 11 

T F'rcsh root extract 1 . ] 17.0 160.0 I' 

'~ Fresh leaf extract 2. n 30.1 80.0 'J. 7 

1'0 :)r;/ leaf incorporation 3.7 66~4 36~7 4.7 
1 i_Jer cent) 

"- Fresh leaf incorporation 3 ~ 3 45.6 43.3 4.7 ' 1'1 
1 per cent) 

SEd ~.f. 7.1 19.1 2.2 

CD { p,- 0.0')'1 1 . ~J 14.8 40.1 4. S 

* All extracts at 1 per cent concentration 
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e\aluated. ~s com~arej to control, the nematode populatioIl 

\JQS reduced 9reatly under Jiff~r~nt plant extracts of 

Prosopis juliflora. 'r'tlC reductioIl was maximum urldcr DIll' per 

cent. lncortJoration of dry 10J.\·''_:>::;. 'I'll is reduction wa~; 88.3 

:-,cr cent over control. This trl..:at.Plcnt •• 'CiS c(lmpClralJlc ..... ·i~ It 

~tl~ other two trc~t~er\ts \·i~., fresh leaf incorporation at 

one vcr cent lcvc.l .Jnd frC'sh bClrk extract at ("Inc por cent 

c::uIlcentratio:1 ill contrcl 111n':J the lH'l:1dtO,h.' pupu1ution. 

Thl' SC:W\c' ~,rcnd \.,ras u\}~lL'rvC'd on lrH7 cDnlrol of ("~;J 

:nass of nematodes bJrescnt in U1C' r<.YJts. In tht'sc rt:'f>ul ts dr~' 

teaf inCOrl:JOriltiotl as v:cl 1 3~ frC'::;h lcuf irlcor~oration ~l 

c_}riC' t.ler cent ]0\,'0] D.nd frCS~l LeLlf ('xtrLlct at one pcr cent 

cJ~ccrltrQtioll were statisticalJi' on ~ar in rcduciny the cyy 

r;\asses of nematode f-Jer 0L11:t of roots. 

l\s a result of better control of nematode: 

~uf-Jl]latlon and eyy ~asses, tliyncst fruit number fJcr plant 

;tornato) was observed under the treatment dry leaf 

incorporation at onc ~er cent level. This was com~arablc 

with fruit yield obtained undc'r fresh leaf incorfJoration at 

one fler c0nt level and dry bark extract at per cent 

concentration. The lesser fruit yield per plant was 

reylstered by the trcatr:lents viz. I fresh leaf and root 

extra~t, dry leaf powder extruct, dry stem extrcict, contr~l I 

fresh bark extract and charcoal powder extract. 
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When the fruit i'ield ~~r ~lant was reviewed for 

treaLrnent v3.riatio:ls tht.:, hl.l.Jhcst frUIt yield \v'us rcC'orde,i 

~njcr the trcat~cnt dr)' leaf incor~oration at one ~cr ce:lt 

l);)ly. I'thcr treatments \\'L?rL' si:Jni ficant ly InferioI Ii; 

rcsisterin0 fruit )'iclll per" ~].111t. 

4.12. EXPERIMENT 12 Estimation of nutrient addition 

through Prosopis juliflora (Swartz) DC. leaves 

"\PK, chanYL' in Fe anc~ i:)i! dUL' t(_~ different trC<.1tmcnt::; dr(: 

~resc~ted in Table 

The CC of soil Clfld the avaj)ab1c Il cnnlcnt were 

:-Flt a!fcctcd by the treatments studied. With reference to pH 

r,f thv soiJ it ~~s siynificantl}' reduced at 45 days aftor 

leaf l_lttcr incorporation an;] ttlercaftcr a steady incY('usC' 

~_!-j i:-'li \,.:35 observed u!-'to 90 days. 

As a r~sult of Prosopis juliflora leaf lilter 

incor~oration a s~urt in organic carbon content was nc)ticed 

on 30 days after leaf litter incor~oration. Thereafter it 

~ot decreased on par with l~~ organic carbon content of 

control treatment. It indicated that the Prosopis juliflora 

leaves got decomposed within 0 month. 

In the case of available N. significantly higher 

yuantity was observed on 30 days after leaf lit:c:-

incorporation and statistically same level was maintained 

upto (0 days after leaf litter incorporation. The increase 
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In available soil N on l0 da~'s after leaf litter 

i~~or~oratiorl Wd~ 1:.8 per cent O\'cr control. 

In the CZlse c"'\f i-)(_)t'::1ssiul"':", ~11s() sl'_JIlificanlly hiytter 

;',:cr central. The Q\·uil3.ulc soil K ~;(lt dcC'rcaspc! from 

4.13. EXPERIMENT 13 Enumeration of microbial load in 

Prosopis juliflora (Swartz) DC. leaf litter collected 

from the field 

!\!:lon,:, thL' three micr()Or'J~H1isms cultured in 0.1 per 

~ent tJnnin incoriJorated mc(lj~, only bacteria ane! funUi werc' 

i)rescnt and the <)ctinoE1/cetcs ~lerc ilbscnt in thL' washln~s (,f 

the lop lajcrs of leaf litter and to~ solI wushinys. 

~hercas, all tt!C three ~icrc)bcs were absent in ttlC cullure 

medium containiny 0.25 ~er cent tannin (1'able 78). 

The resul ts sUSCJcstCG that microoryani 5ms prcsc· .. ·n 

in the \-iashings of the Prosopis juliflora leaf litter won> 

inhibited by higher concentration of tannin (O~25 per cent). 

In the top layer of leaf litter collected from Fd. No.3) 

(Six years old Prosopis juliflora), all the three 

microorqanisms were absent while in the bottom layer of leuf 

litter and the soil below the bottom layer of leaf litter, 

the bacteria and fungi were present. On the contrary, in 

Fd.No. 62 (10 years old Prosopis juliflora), bacteria an~ 
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f~n0i were present in both la~'0rs of leaf litter and tO~l 

5(-i 1 • 

The f,Jopul...1tion u[ b.:lct.t..'riu ..Jnd 

collected fron Fd.~"::'.3-:' cClnthl.rcd to that of Fd.No.G2. l\m(,r.'J 

t_hC' L\VO oryanisms, the /JotJu.lution elf buc-tcri3 ........ as mor'c' lr~<'jn 

tunyi in both locatiorlS. l'~li~ revealed vQriati()!lS 1-' 

rnicrobi<)l _load .J.r.:'-.)li:_; dlffcr ..... 'nt locAtions as ,,\'('11 i)!:-; a'Jc ()f 

tyli1ntations. 

The above results indicated ttlQt baclcria arlel 

had yrcutcr roJ c (1n the d('com}-losit.ion 

'-:llnC'ri11izC1t.ion of Prosopis jul if1 ora leaf 1 it tL'r, 

i:::-reSiJ0ctivC' of th(.' d'JC' of ttl(._' lcZlv('~;. 
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CHAPTER V 

DISCUSSION 

Thirteen experiments were conducted on 

sil\-icul tural and ecological aspects of Prosopis juliflora. 

The resul ts of these experiments have been furnished in the 

earlier cha?ter. The discussion made on the results obtained 

is presented in this chapter. 

PART I STUDY 

5.1. EXPERIMENT 1. Study on the allometric relationship of 

the Prosopis juliflora (Swartz) DC. seedlings 

Allometric models develo~ed in the lJresent 

investigation revealed that the above ground DMP (shoot 

weight) of the Prosopis juliflora seedlings could be 

considered as the most reliable scientific parameter for 

selecting better planting stocks as the dependence of shoot 

weight on root weight was evidently proved through simple 

linear regression model. 

The Prosopis juliflora seedling attributes such as 

faster juvenile growth rate, higher number of secondary 

roots per seedlings and maximum biomass production had been 

found responsible for the superiority of Prosopis juliflora 

over other 

auriculiformis, 

tree species evaluated viz. I 

Acacia nilotica, Dalbergia 

Acacia 

sissoo, 

Eucalyptus hybrid and Terminalia arjuna in a non-saline 

sodic soils of Uttar Pradesh as reported by Goel (1987b). 



The above ground DMP of Prosopis juliflora 

seedlings (shoot weight) was a result of its root density 

and volume. The dependence of shoot weight on the root 

weight might be attributed to the fact that root biomass 

served as carbohydrate reservoir (source) in the early stage 

for the above ground biomass (sink). It could also be 

interpreted that appreciable shoot weight served as an 

indicator for higher root bio~ass (root \~eiyl1t). Hence, 

without destroying the Prosopis juliflora seedlings, the 

aboveground biomass could be estimated using simple linear 

regression equations with GD and height of the seedlings as 

independent variables since the regression model computed in 

experiment 2 (Table 20 and 21) indicated the direct 

contribution of BD over height to the UB, NUB and TB of 

Prosopis juliflora. 1'tlis will serve as a non-destructive 

method for the selection of better root stock for successful 

plantation. 

Eventhough there was a positive correlation 

between shoot length and root length, it was not significant 

in the simple regression study which indicated that seedling 

height was independent of root length. The reason for this 

behaviour needs further study. However, several workers 

suggested that height of seedlings in many tree species 

could be considered as a good measure of growth potential 

(Nair, 1971; Chavarse, 1977 and Rai et al., 1982). But, this 

2 



was not observed in the present investigation for prosopis 

juliflora. 

5.2. EXPERIMENT 2. Comparative performance of Prosopis 

juliflora (Swartz) DC. with other multipurpose tree 

species (MPTs) 

The mUltipurpose tree species evaluated viz., 

Eucalyptus tereticornis, E.camaldulensis, Azadirachta 

indica, Prosopis juliflora, Casuarina equisetifolia, Acacia 

nilotica and A.leucophloea were felled down at the close of 

the 4th year from planting. The data recorded on these trees 

after felling down are discussed in this section. 

5.2.1. Biomass 

Total biomass production (DMP) serves as a tool to 

evaluate the efficiency of any tree sub-system. In the 

present investi~ation tile yrowth and yield parameters viz., 

tree height, BD, DBH, UB (stem), NUB (leaves and branches) 

and wood density have been found to contribute to the total 

biomass. 

The results showed that the total biomass was 

higher with E.tereticornis, E.camaldulensis and P.juliflora. 

The lowest was observed with h.leucophloea. The increased 

biomass obtained in E.tereticornis and E.camaldulensis was a 

result of higher tree height, BD, DBf! (Table 7), UB, NUB 

(Table 10) and wond density (Table 11) obtained from these 

trees. It was also observed that for the first two years the 
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CAl (current annual increment) of tree height and BD (Table 

8 and 9) were also higher with these trees as compared to 

other trees evaluated. This indicated the fast juvenile 

growth potential of Eucalyptus tereticornis and 

E.camaldulensis. 

The P.juliflora tree was comparable in terms of 

higher total biomass to E.tereticornis and E.camaldulensis. 

This performance was mainly due to increased production of 

NUB from P.juliflora (Table 10) as inferred from the 

partitioning of leaf biomass and branch biomass. Eventhough 

E.tereticornis and E.camaldulensis exhibited higher CAl of 

tree height and BD during the first two years, at the third 

year P.juliflora exhibited increased CAl of tree height and 

BD and as a result it was comparable to E.tereticornis and 

E.camaldulensis in registering higher total biomass. 

The highest total biomass thus obtained from 

P.juliflora, E.tereticornis and E.camaldulensis could be 

also related to their higher photosynthetic efficiency as 

reported by Gurumurti et al. (1984). According to them, the 

solar conversion efficiency of P.juliflora was higher 

compared to that of Albizia lebbeck, Dalbergia sissoo, 

Eucalyptus hybrid, Cassia siamea, Acacia nilotica and Acacia 

tortilis. It was reported that the photosynthetic pathway of 

Prosopis juliflora might be similar to C4 plants. But this 
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phenomenon was not reported in any of the trees (Mathur et 

al., 1984). This might be one among the reasons for higher 

total biomass production in Prosopis juliflora. 

Eventhough Azadirachta indica and Acacia nilotica 

showed higher CAl of tree height and BD at the third year 

similar to prosopis juliflora, this was not reflected on the 

total biomass and hence these two trees exhibited lesser 

total biomass compared to P.juliflora, E.tereticornis and 

E.camaldulensis. 

The comparison of partitioning of biomass in 

P.juliflora with reference to that of E.tereticornis and 

E.camaldulensis revealed the following partitioning of 

biomass of P.juliflora was comparatively poor due to 

multistems with more side branches that lack straightness. 

The UB and NUB contribution to total biomass production were 

28.70 and 71.30 per cent, respectively, for Prosopis 

juliflora. while it was 54.60 and 45.21 per cent, 

respectively, for E.tereticornis; 57.88 and 42.12 per cent, 

respectively, for E.camaldulensis. 

This indicated the lesser partitioning efficiency 

of the P:juliflora as compared to Eucalyptus camaldulensis 

and E.tereticornis. This area needs further probing in order 

to increase the UB of Prosopis juliflora through any 

silvicultural an~/or chemical manipulations since greater 



NUB accumulation was observed in leaves and branches of 

Prosopis juliflora. 

Among all the MPTs, the least total biomass 

production was observed in Acacia leucophloea. This is 

attributed to lesser BD, DBII, tree height, MAl of tree 

heiyht and SO in A.leucophloea compared to other MPTs 

evaluated. Eventhough such characters were observed with 

A.leucophloea, 

higher wood 

considering 

it also had onc positive attribute viz., 

density on fresh 

the wood density 

weight 

on dry 

basis. 

weight 

However, 

basis, 

A.leucophloea was on par with all other MPTs including 

P.juliflora 

(Table 11). 

that recorded the lowest wood density 
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The observed variations in wood density among 

different MPTs evaluated is attributed to the inherent wood 

property (genetic character). However, wood density was also 

influenced by the moisture content of the wood as confirmed 

in the present investigation wherein variations in wood 

density between dry and fresh wood were observed (Table 11). 

The density of P.juliflora on fresh weight basis was higher 

than that of its dry wood density. This was attributed to 

highest moisture content of 55.7 per cent in the stern (UB) 

of prosopis juliflora against 48 to 49 per cent moisture in 

both the species of Eucalyptus, 49.8 per cent in Azadirachta 

indica and less tnan 45 per cent in other MPTs at the time 

of felling. 



5.2.2. Microbial load 

The soil under four years old Acacia leucophloea 

recorded the hi~hest population of bacteria, fungi and 

actinomycetcs per gram of dry soil, followed by A.nilotica. 

P.juliflora ranked third next to them. Lesser microbial 

population was recorded under both the species of Eucalyptus 

camaldulensis and E.tereticornis (Table 12). 
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The variations in microbial load in the present 

investigation might be attributed to many factors such as 

soil moisture, soil temperature, soil organic carbon 

content, available nutrients, the root exudates in the 

rhizosphere region, nature of leaf litter over soil surface. 

soil types and vegetation types as reported by Theodorou 

(1984) . 

Comparatively lesser organic carbon content of 

soil under E.tereticornis and E.camaldulensis than that of 

A.leucophloea, A.nilotica and P.juliflora (Table 17) might 

have been the reason for lesser microbial population in the 

soil under E.tereticornis and 

allelopathic effect of Eucalyptus 

E.camaldulensis. 

camaldulensis 

The 

and 

E.tereticornis leaves might have been more potent than that 

of the leaves of other MPTs in inhibiting the growth of 

microbes as the microbial density on leaf litter was found 

to depend on types of leaves (species), their physical and 

chemical properties (Witkamp, 1966). As a result of mare 

organic carbon content of the soil, the activity of microbes 



might have been induced under A.leucophloea, A.nilotica and 

P.juliflora. Relatively speakin~ the allelopathic effect of 

leaf litter of A.leucophloea, A.nilotica and P.juliflora 

ought to have been lesser compared to Eucalyptus 

camaldulensis and E~tereticornis. This is another favourable 

factor responsible for increased microbial population under 

these tree species. It is assumed that with the increase in 

microbial activity the fertility status of the soil also 

would be altered favourably as the soil fertility was 

related to microbial activity (Shankarnarayan, 1988). 

5.2.3. Weed flora 

There was a shift in weed flora in terms of 

relative density (RD), relative frequency (RF) and 

importance value (IV) under the canopies of different MPTs. 

Maximum number of weed species was recorded under Casuarina 

equisetifolia and Azadirachta indica while lesser number was 

seen under E.camaldulensis, P.juliflora, A.nilotica and 

A.leucophloea (Table 13). 

Under the canopy of P.juliflora and 

C.equisetifolia, the weeds viz., Oscimum canum and Vernonia 

cinera were dominant, while srassy weeds such as Andropogon 

pumilus, cymbopogon martini and Eragrostis species were 

predominantly seen under all other MPTs as well as in the 

adjacent open field (control) (Table 13). 
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The observed shift in weed flora under different 

MPTs could be attributed to variations in soil moisture, 

incident PAR under the canopy, differential allelopathic 

effect of leaf litters and related leachates. 

In the 4th year, before felling the trees, more 

than 80 per cent of crown closure was observed only in 

Prosopis juliflora because of its spreading umbrella like 

Crown and branching nature. Hence, the dominant understorey 

of Oscimum canum and Vernonia cinera might be due to their 

tolerance to more shade. At the same time their dominance 

under the canopy of Casuarina equisetifolia may be due to 

more incident PAR as well as due to their capability and 

their wider adaptation under shadeless condition This 

indicated the better adaption of Oscimum canum and Vernonia 

cinera to both light and shade. 

But, the dominance of grassy weeds under all other 

MPTs as well as in the open field (control) suggested that 

grassy weeds could grow well under hi~her incident PAR, as a 

result of loose and open crowns of these trees. 

In respect of DMP of weeds m- 2 , it was the highest 

under the canopy of Casuarina equisetifolia, followed by 

Azadirachta indica while, the DMP of weeds was the lowest 

under both the species of Eucalyptus camaldulensis and 

E.tereticornis. TIle DMP of weeds under P.juliflora was 

comparable with that of A.leucophloea. The highest DMP of 

25 



weeds under Casuarina equisetifolia, followed by Azadirachta 

indica must be only due to lower allelopathic effect exerted 

by the,", as cOl~pared to Eucalyptus camaldulensis and 

E.tereticornis and other MPTs. In addition] with the receipt 

of enough sunlight the DMP of weeds wa~ higher under all 

these species except Prosopis juliflora. 
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More suppression of herbaceous growth under 

Leucaena leucocephala, Eucalyptus tereticornis and lesser 

suppression under Casuarina equisetifolia had been 

attributed to al1e1opathic effects rather than physical 

competition for light, water and nutrients. E.tereticornis 

showed greater a1lelopathic effect while C.equisetifolia had 

the lowest (Suresh and Rai, 1988). The lesser DMP of weeds 

under P.juliflora must be due to allelopathic effect as 

confirmed in the experiment 8 (Table 65 and 66). Shade 

effect might have further affected DMP of weeds under 

P.juliflora crown. Lesser number of annuals and perennials 

as well as their reduced growth and phytomass under Prosopis 

juliflora compared to P.cineraria under similar edaphic and 

climatic conditions was attributed to some unidentified 

toxin present in the leaves of the former (Srivastava and 

Hetherington, 1991). 

5.2.4. Nutrient uptake 

The tota' uptake of both macro and micronutrients 

were the highest in E.camaldulensis, E.tereticornis followed 



by P.juliflora and least with A.leucophloea (Table 16). This 

was mainly due to increased biomass of both leaves and sterns 

recorded under E.camaldulensis, E.tereticornis and 

P.juliflora. 

N K 

evaluated. 

The nutrient u~take in general was in the order of 

P > Na > Fe > Mn > Zn > eu in all the MPTs 

Though P.juliflora, E.tereticornis and 

E.carnaldulensis were statistically on par with each other in 

terms of total DMP (Table 10), it was not so in respect of 

total nutrient uptake. The uptake was higher in Eucalyptus 

carnaldulensis and E.tereticornis than in P.juliflora because 

of two reasons viz., (i) higher nutrient accumulation was 

found only in sterns than in leaves in Eucalyptus 

carnaldulensis and E.tereticornis compared to P.juliflora 

(ii) the stem biomass (UB) of Eucalyptus camaldulensis and 

E.tereticornis was 94 to 97 per cent higher than that of 

P.juliflora (Table 10) due to increased tree height with 

straight stems, BD and BH (Table 7). It was also observed 

that on unit area basis, the maximum amount of all nutrients 

was found in wood followed by branches and minimum in bark 

in 10 years old Eucalyptus globulus (Negi and Sharma, 1984; 

George and Varghese, 1991). In the present investigation 

also maximum amount of all the nutrients studied was found 

in stem (wood or UBI compared to leaves in all the MPTs 

except for K in Prosopis juliflora and Azadirachta indica 
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wherein K accumulation was higher in leaves than in stems 

(Table 14 and 15). 

The total nutrient u~take increased with biomass, 

especially when the proportion of stern biomass (UB) was 

higher as in Eucalyptus carnaldulensis and E.tereticornis 

indicating a positive relationship between total nutrient 

uptake and UB. This trend is quite obviously seen when we 

look into the UB and total biomass production of different 

MPTs (Table 10) and their corresponding level of total 

uptake of nutrients (Table 16). 

The total uptake of Nand K in higher quantities 

compared to other nutrients I in all the tree species, might 

be due to higher concentrations of these nutrients in the 

plant parts. The N content ranged from 1.5 to 2.8 per cent, 

P content from 0.07 to 0.16 per cent and K from 0.43 to 2.01 

per cent, in the leaves of different MPTs. Since, the total 

uptake of the trees is the product of nutrient 

concentrations and DMP of trees, the uptake of all the 

nutrients in general, Nand K in particular, were found to 

be in higher quantity in accordance with DMP. 

Prosopis juliflora has been considered the most 

tolerant species to P stress compared to other tree species 

viz., Calliandra calothyrsus, Gliricidia sepium and Leucaena 

leucocephala (NY21i, 1991). In the present investigation, 



considering the poor status of available soil P of 4.50 kg 

ha- l in the experimental soil (Table 17), the uptake of P 

(Table 16), by Eucalyptus camaldulensis and E.tereticornis 

as well as P.juliflora was high indicating their efficiency 

in extracting the unavailable fixed P. 

5.2.5. Soil fertility 

There was significant increase in soil orgarlic 

carbon build up under different MPTs compared to adjacent 

open field (control). Similar result was obtained for 

available NPK also. There was a decrease in available Na 

under tree cover compared to control (Table 17). The 

available micronutrients were also in the increasing trend 

under different MPTs (Table 18). The EC and pH of the soil 

were not significantly altered by the MPTs evaluated 

(Table 17). 

Inspite of considerable uptake of nutrients from 

the soil by different tree species, especially by 

E.tereticornis, E.camaldulensis and P.juliflora, the 

available nutrients were found increasing under different 

MPTs compared to control. Similar performance was reported 

elsewhere (Sharma and Gupta, 1989). This was attributed 

mainly to nutrient recycling by litter fallon the one hand 

and by the understorey vegetation such as weeds on the other 

hand. 



The build u~ of organic carbon under different 

MPTs was also ascribed to the undcrstorey weeds which adds 

considerable anlount of DM to soil throu0h their roots and 

shoots decay, besides litter fall and root residues from 

trees (Shukla and Misra, 1993). Increase in soil oryanic 

carbon content and N under different tree cover. including 

Prosopis juliflora, compared to open field (fallow land) had 

been re~orted elsewhere (Aggarwal and Lahiri. 1977; Rao et 

al., 1989). Soil under Prosopis species was found to contain 

2 to 3 times more organic matter and N than soils collected 

away from the tr~e canopies (Rundel et al., 

Gurbachan et al., 1990). 

1982; Singh 

The increased available N under leguminous trees 

such as A.nilotica. P.juliflora, A.leucophloea and in 

actinorhizal tree (Casuarina equisetifolia) compared to 

control (Table 17) might be due to dinitrogen fixation 

through the micrObial syrnbionts, which resulted in increased 

rates of 

(Dommergues, 

1988) . 

But 

soil N mineralization and nitrification 

1963 ; Binkley, 1986. p. 25-36; Montagnini, 

the increase in the available N under 

Eucalyptus camaidulensis and E.tereticornis (Table 17) "hich 

are Clot N2 - fixing trees might be due to their shade 

influence exerted by the tree canopy, that improved the rate 
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of mineralization of soil nitrogen (Wilson, 1990). A 30 per 

cent increase in growth of grass (Paspalam notatum) within a 

plantation of non-leguminous Eucalyptus grandis compared 

with the growth of the same grass in an open field was 

reported in support of this hfpothesis (wilson, 1990). In 

the present investigation also, more number of grassy weeds 

viz., Andropogon purnilus. Cyrnbopogon martini and Eragrostis 

species were encountered under the canopy of Eucalyptus 

camaldulensis and E.tereticornis (Table 13). However, the 

DMP of understorey weeds were very less under Eucalyptus 

carnaldulensis and E.tereticornis compared to that of other 

MPTs due to allelopathic effect. Though the above three 

grass species were lesser in numbers under the canopy of 

Azadirachta 

overall DMP 

Azadirachta 

indica which is also a non-N2-fixing tree, the 

of understorey weeds was highest under 

indica (Table 13) compared to Eucalyptus 

camaldulensis and E.tereticornis due to the presence of 

other non-grassy weeds. The available soil N was also very 

high under Azadirachta indica (Table 17). This once again 

confirms the above hypothesis of Wilson (1990). That is 

improved mineralization of soil N due to shade influence. It 

is true that bigger crown of Azadirachta indica with more 

foliage did cause more shade. 

The significant increase in available P, under 

different MPTs, especially under P.juliflora, 

E.tereticornis, E.carnaldulensis and C.equisetifolia compared 
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to control (Table 17) may be imputed to the ability of these 

trees to tap the sub soil P from deeper soil layer in view 

of their extensive root system/root volume per unit area on 

the one hand and return of P through litter fall on the 

other hand. This confirQcd the findinss of Sereno and Hang 

(1989) who reported higher P availability in the immediate 

vicinity of Prosopis 

fallo\v lalld. 

species compared to the adjacent 

Besides increase in available NPK, considerable 

reduction in soil pH, RC, Na content and bulk density had 

been reported under different tree cover such as Dalbergia 

5is500, Eucalyptus hybrid, Acacia nilotica, with maximum 

reduction under P.juliflora in a sodic soil (Shukla and 

!1isra, 1993). However, in the present investigation, there 

was no significant difference in soil pH and EC and 

available Na under different tree canopies (Table 17). The 

above result had clearly shown that under saline-sodic soils 

the tree cover brought down Na, EC and pH levels 

considerably while, in a non-saline sodie soil such as the 

one in the present investigation, the above drastic changes 

could not be expected to happen due to lesser uptake and/or 

concentration of Na in plants. This is further strengthened 

by the fact that in two years old Prosopis juliflora under 

sodic soil, the concentration of P, K, Ca, Mg, S, Mn, Zn and 

eu had increased. while Na decreased, with the increase in 
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the level of gypsum application (Singh Gurbachan et al., 

1989). 

The available micronutrients viz., Fe, Mn, Zn and 

eu were found to increase under the different tree cover 

compared to open field. Similar results were reported 

elsewhere (Muthana et al., 1976). The improvement of 

micronutrient status of the soil under the crown of 12 years 

old Prosopis juliflora and P.cineraria at CAZRI, Jodhpur 

(Aggarwal et al., 1976) confirmed the above findings. The 

improvement of micronutrient status under MPTs might be 

ascribed to tapping of micronutrients from deeper soil 

layers than from top soil by the extensive root systems/root 

volume of the trees on the one hand and litter fall 

nutrients cycling on the other hand. 

By harvesting whole trees there might be 

considerable drain of nutrients. But some of them would be 

recycled when the leaves along with branches/twigs were left 

in situ. Nutrient budgeting studies in Eucalyptus hybrid 

plantations 

application, 

by George (1977) advocated fertilizer 

in sites where Eucalyptus was harvested for 

whole tree. As an alternative, he had suggested that if 

certain components like bark and leaves were left in the 

field at the time of harvesting, the nutrient depletion may 

not be a serious one. When the biomass production was 

higher, the nutr~ent depletion was also more (Table 14, 15 

and 16) and in turn the nutrient return through leaves or 
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twigs would also be more. However, the most efficient 

nutrient recycling was not necessarily associated with the 

best biomass production (Abrams, 1990). Relatively higher 

available NPK under A.leucophloea and C.equisetifolia (Table 

17) though they happened to be with lower DMP potential in 

the present investigation supported the above hypothesis of 

Abrams (1990). 

Due to continuous drain of nutrients without 

proper nutrient recyclin~ through repeated coppice cropping, 

there is a possibility of fertile land to become a low 

productivity site in the long run. At low productivity site, 

nutrients such as P, Cu, Fe, Zn were found to affect the 

yield of Prosopis species as confirmed by foliar analysis 

(Wightman and Felker, 1990). 

Soil fertility is also dependent on microbial 

population. A positive relationship between soil fertility 

and activities of soil microorganism was established in 

Prosopis at CAZRI, Jodhpur (Lahiri, 1981; Shankarnarayan, 

1988). Leguminous trees were superior to Eucalyptus in 

building up of soil fertility and this was closely linked 

with the activities of microbes (Rao et al., 1989). In the 

present 

bacteria, 

leguminous 

A.nilotica 

investigation highest microbial population of 

fungi and actinomycetes were seen under the 

trees such as A.leucophloea, followed by 

and P.juliflora (Table 12). But the soil 
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fertility in terms of available NPK and organic carbon under 

the above leguminous trees was on par with Eucalyptus 

camaldulensis and E.tereticornis. These results ayreed with 

the findings of the above researchers that the microbial 

load increased with soil fertility in respect of all MPTs 

studied except in both the species of Eucalyptus. Though the 

fertility of soil under both the species Eucalyptus was on 

par with other MPTs, the microbial load was lesser which is 

imputed to the inhibition of Clicrobial grOl,·th by fairly 

hisher alleloi--'athic tJotcfitiill of E.tereticornis and 

E.camaldulensis com;oared to other MPTs evaluated. 

5.2.6. Coppicing potential of MPTs 

When the trees were cut at 4th year, except 

Casuarina equisetifolia all other MPTs had put forth coppice 

shoots as observed 10 months after cutting (Table 19). 

However, coppiciny was very poor in A.leucophloea as the 

coppice numbers per stool, coppice height and BD of coppice 

were lesser compared to other MPTs. In respect of coppice 

numbers per stool, the trees were ranked in the order of 

P.juliflora > Azadirachta indica > Acacia nilotica > 

E.tereticornis > E.camaldulensis > A.leucophloea. But they 

were all comparable statistically except the last one. 

Whereas, in respect of coppice height E.camaldulensis 

recorded significantly higher height growth compared to all 

other t4PTs followed by E.tereticornis (Table 19). 



The variations i~ the coppicing potential might be 

attributed to the inherent rcsenerating capacity of 

concerned. ~lPTs . The stool in 

E.tereticornis had been found to vary with stool diameter 

and the numbers increased with the increase in stool 

diameter (Kondas et al., 1976; Rathinam and Surendran, 

1982). The higher coP?ice gro\vth in E.camaldulensis and 

E.tereticornis might be ascribed to their greater 

regenerating vigour compared to other MPTS due to bigger 

stump size as indicated by the BD of Eucalyptus 

camaldulensis and E.tereticornis which was significantly 

greater than that of other MPTs (Table 7). Bigger stumps are 

expected to possess higher root biomass and hence they could 

serve as food reserves. Steinbeck and Brown (1976) while 

working for fixing the coppice rotation for American 

Sycamore (Platanus occidentalis) stated that large mass of 

roots acted as carbohydrate reservoirs for trees and were 

vital for vigorous sprout growth. Basal diameter (stump 

size) had been found to influence the above ground biomass. 

This had been confirmed from the path analysis and 

regression models for different MPTs (Table 20 to 33) 

wherein the BD of the trees had contributed more directly 

or indirectly to either UB or NUB or total biomass. 

At 15th month after first cut, reduction in the 

coppice numbers per stool was observed in all the MPTs 

indicating self thinning under natural condition. This could 
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be confirmed by the observation of Rathinam and Surendran 

(1982) wherein they had found reduction in the number of 

coppice shoots irrespective of stool diameter or size with 

the increase of age of crop. 

This is attributed to stiff competition among the 

coppice shoots in sharing the reserved food from root stock 

and/or 

fittest, 

stumps. As per the concept of surv1val of the 

few less vigorous and lanky shoots might have 

withered not withstanding competition. 

5.2.7. Path coefficient and regression analysis 

In Prosopis juliflora, BD was found to contribute 

higher for the UB and TB while BN was responsible for the 

NUB (Table 20). However, the BD and BN together explained 

more than 60 per cent of variations in biomass yield (Table 

21). The low R2 values for different regression models 

(0.628 to 0.659) indicated that the four parameters viz., 

tree height, BD, BN and DBH taken for the present study were 

not sufficient enough to explain the variations in biomass 

yield and still some more variables contributing/responsible 

for the biomass yield need to be incorporated in the 

regression models for better prediction efficiency (Kalla, 

1977). The other parameters such as crown diameter, active 

root zone around each tree, soil depth, soil fertility, soil 

moisture, soil type etc., may be included in future for 

better prediction efficiency. 
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For trees like Prosopis juliflora which is more 

like a bush due to its branching nature. BD was the most 

important parameter than average DBH of the branches/shoots 

and tree height. This is confirmed by the results obtained 

for some of the shrub species wtlercin stem diameter at 

ground level (5 to 15 cm height) was found to be closely 

correlated with total above ground biomass (Alaback. 1986; 

Thakur et al., 1993). 

For trees such as Eucalyptus camaldulensis and 

E.tereticornis having single and straight stem with 

open/loose crown. the parameters viz .. TH. BD and/or DBH 

were found to contribute more either directly and/or 

indirectly to the total biomass (Table 22 and 23). When all 

the three parameters (TH. BD and DBH) were included in the 

regression model. the individual contribution of either all 

the three parameters or any two of them though found not 

significant. the R2 value of resultant regression equations 

was found significant (Table 24 and 25). This was mainly due 

to the fact that either all the three parameters or two of 

them might have contributed either directly and/or 

indirectly or SOme times negatively (Table 22 and 23) and 

hence their individual contribution became insignificant in 

this model but the overall prediction efficiency of 

regression model did increase and became significant with 

higher R2 value (Table 24 and 25). 



stepwise linear regression models 

revealed that for both E.tereticornls and E.camaldulensis, 

DBH alone was sufficient to predict the UB, NUB and TE most 

" reliably with fairly high R- values. 

Linear regression models developed to predict the 

DMP of 4, 6, 8 and 10 years old Eucalyptus hybrid plantation 

by Tandon et al. (1993) revealed that among the predictor 

variables tried ID 2H, DEH and D2), DBH alone was found to 

give reasonably precise estimate of biomass. This is in good 

agreement with the results of present investigation. 

For trees such as A.nilotica, A.leucophloea and 

Azadirachta indica with single stem (which need not 

necessarily be as straight as in Eucalyptus) and bigger 

crO\vns, either BD and/or DBH were found to be the better 

predictor variable(s) of biomass. This is ascribed to the 

fact that the BD and DBH contributed more directly to the 

biomass as indicated by path analysis (Table 26, 28 and 30) 

and their contribution was almost in equal proportion as 

indicated by stepwise linear regression models (Table 27, 29 

and 31). Inclusion of tree height did not influence very 

much the R2 value of the regression models (Table 27, 29 

and 31). 

For straight and single stemmed trees such as 

Casuarina equisetifolia with very light, small and open/lose 

crown, the tree height (TH) had been found to contribute 
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more directly to the UB, NUB and TB followed by DBH as 

indicated by path analysis ,Table 32). The contribution of 

TH was confirmed h}" the stepwise linear regression model 

anI in respect of UB. For NUB and TB only BD was found to 

be a better predictor variable than DBB and TH (Table 33). 

The reason for the highest direct contribution of 

TH to the UB (fuelwood) is that TH was associated/influenced 

by ED and DEH and vice-versa. Moreover, only the main stem 

was used as fuel wood and the side branches of less than 2.5 

cm are not used as fuelwood. Hence, naturally higher the TH 

higher would be the UB yield. In E.tereticornis and 

E.camaldulensis also the contribution of tree height to UB 

was very high due to its strait single stem. 

PART II STUDY 

5.3. EXPERIMENT 3. Effect of plant densities, ages of first 

cutting and coppicing durations on the biomass 

production of Prosopis juliflora (Swartz) DC. 

5.3.1. Adaptation 

Prosopis juliflora was well adapted and thrived 

well even under prolonged soil moisture stress when the 

actual soil moisture content was as low as 2.49 per cent 

(1"% FC). This indicated the ability of P.juliflora to 

maintain fairly higher leaf RWC (Fig. 15). The RWC was 

slightly lesser under higher plant density of 4444 plants 

ha-
l 

(1.5 x 1.5 m spacing) compared to the other two plant 

densities. This was due to greater intra-species competition 



for moisture, in addition to limited soil moisture 

availability. Increased depletion of soil moisture under 

higher plant density with more root volume per unit area in 

search of moisture was reported by man~' workers ~Malwade, 

1986; Chandrasekariah, 1987). 

This confirmed the review of Lahiri (1975) that 
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changes in moisture condition in the upper soil layers did 

influence the transpiration and relative turgidity of 

seedlings/young trees with limited root system. But such 

influence was hardly discernible in well established trees 

due tG change in top soil moisture. When the top soi1 

moisture was inadeguate. prosopis species had been found to 

behave like facultative pheratophytes (Wan and Sosebee, 

1991). Pheratophytes had been reported to send their roots 

fairly deeper in search of water (Robinson, ]958). 

Reduction in RWC of leaves might lead to reduced 

water potential as there existed a positive relationship 

between soil moisture content and pre-dawn water potential 

of leaf and between soil moisture and average daily stomatal 

conductance (Ansley et al., 1992). Relationship between RWC 

and photosynthetic rate had been also established by Cat sky 

(1965). Prosopis species had been reported to 

photosynthesize actively at air temperature of 4SoC when 

leaf xylem wate~ potential was as low as minus 4500 KPa 

(Moone:.',1977). 
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Serrato Valenti et al. (1986) proposed t\vO 

hypotheses on the water balance of Prosopis tamarugo which 

explains the adaptation of Prosopis species, when top soi1 

moisture was inadequate: (i) root absorption deep down in 

the soil, l ii) fol iar absorption of atmospheric moj sture. 

The first hypothesis was supported by Aravena and Acevedo 

( 1985) , Mesquite roots commonly reached 7 m depth, 

occasionally 18 m (Meinzer, 1927) and 50 m depths (Philips, 

1963) where moisture is abundant. The second hy~othesis was 

supported by Sudzuki (1985), 

Small leaflets of Prosopis leaves also seemed to 

be an adaptation for escaping drought. Martin (1943 ) 

suggested that most important advantage of small leaves in a 

dry environment was that they did not become over heated, 

therefore, did not trans~ire excessivc]y when exposed to 

strong insolation. Wan and Sosebee (1991) reported that 

Prosopis glandulosa had developed mechanisms such as leaf 

orientation. wax accumulation. and reduction in canopy 

development to avoid drought, besides stomatal closure. 

5.3.2. Biomass production 

In general, the tctal biomass production increased 

with the increase in plant density, age of first cutting and 

eoppicing duration (Table 36 and 44). 

In the _irst crop when the cut was given at 15 MAP 

highest total biomass was obtained under higher plant 
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density of 4444 plants ha- l (dl) (Table 36). Similar result 

was obtained by Rai and Srini~asan ,]990) in a hiyh density 

short rotation years old E.tereticornis 

e.equisetifolia. Prosopis juliflora planted at 

(10,000 plants ha- l i accumulated 39 kg OM 
-1 

tree 

and 

x 1 m 

and at 

2 x 1 m spacing (5000 plants ha- 1 ) it accumulated 32.2 kg OM 

tree- l . after seven years under irrigated condition in sodic 

soils of Karnal (Singh Gurbachan and Sinyh, 1993). 

Higher biomass under higher plant density in the 

present studt might be attributed to (i) more number of 

plants per unit area, (iii better developed root stocks or 

stumps with more basal diameter as well as increased below 

ground root biomass or root vo]ume per unit area which 

served as carbohtdrate reservoir. besides helping to extract 

more soil moisture and nutrients for the better yrowth of 

aboveground biomass arId (iii) increase in photosynthesis due 

to increase in crown size and leaf area with the advancement 

of aye. 

Similarly. in the coppice crop higher total 

biomass was obtained when the first crop was cut at the age 

of 15 MAP (a3) and allowed for longer coppice duration of 12 

MAFC (e3) under higher plant density (Table 44). This is 

ascribed to (i) mOre number of plants per unit area; (ii) 

more coppice numbers per stool and better coppice growth 

(Table 42 and 43. and (iii, increased photosynthesis due to 

increase in leaf area, crown size and leaf area duration 



under longer coppice duration of 12 MAFC compared to 6 and 9 

MAFC. 

Coppicirlg at I. 2 and 7 years interval in American 

sycamore (Platanus occidentalis) plantations revealed that 

ver}' frequent coppicing annually resulted in less root stock 

mass than those coppiced on longer cycle (Steinbeck and 

Nwoboshi. 1980). Similar effect might have occurred to the 

below ground root mass of P.juliflora in the present study 

and this cou1d have been the reason for the less biomass 

yield recorded when first cut was given at 9 and 12 MAP 

compared to 15 MAP and when allowed for shorter coppicing 

duration of 6 and 9 MAFC compared to 12 MAFC. 
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Studies in 10 years old E.tereticornis at Oehradun 

revealed that the average number of coppice shoots did not 

vary significantly due to variations in the diameter of the 

stumps of same age but the height and diameter of coppice 

shoots were significantly hiyher in the stumps of larger 

diameter (Neelay et al., 1984). However, there are reports 

stating an increase in the number of coppice shoots with 

increase in stool diameter in E.tereticornis at Tamil Nadu 

(Kondas et al., 1976; Rathina~ and Surendran, 1982). But in 

the present investigation, the coppice number per stump 

varied with the age and size of the stump and also due to 

variation in p12~t density (Table 42). The stump diameter 

was found to range from 1.57 to 1.61 cm. 1.75 to 1.79 cm. 
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1.86 to 1.90 cm under different plant densities. at the age 

of first cut viz .. 9. 12 and ]5 MAP. respectively. Similarly 

there was a significant variation in coppice height due to 

the difference in the a~e and size of stump but the ED of 

coppice shoots did not vary (Table 42) . Regarding 

partitioning of biomass both in the first and coppice crops 

ITabJe 36 and 44). the leaf biomass increased with the 

increase in plant densit}" and decreased wittl increase in the 

age of first C1Jt and c02picc duration as indicated by the 

LSR (Table 36 and 441. 

This was due to more accumulation of 

photosynthates only in the tender parts of the plants viz .. 

leaves and twigs at the early stages of crop. When the 

Prosopis juliflora was cut at the early ages of 9. 12 and 15 

MAP and again allowed to coppice for 6, 9 and 12 MAFC the 

resultant biomass was only the immature leaves and stems 

contributing an unutilizable biomass. Singh et al. (1983) 

reported that regular coppicing led to generation of more 

soft tissues which were not suitable for direct burning or 

pyrolysing. Howevel, these CQuld find a variety of uses 

through bioconversion for production of biogas (fuel) and 

slurry (fertilizer) or for extraction of chemicals including 

insecticides and pesticides. 

Comparison of total biomass production in the 

first crop of l.juliflora and its coppice crop (Table 48) 

revea:ed that under all plant densities. at all ages of 
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first cut, the DMP of first crop was higher than that of 

coppice crop. This had clearly shown that coppicing in 

P.juliflora at early stage upto 15 MAP \~as not advantageous. 

Generally, coppicjng is considered advantageous 

only when the coppice yield is either equal or greater than 

that of the first crop. Such advantages had been reported in 

some ornamental plants (Wilkins, 1984. p. 127-147: Ciridhar 

et al., 1985), shrub or bushy plants such as Ipomea 

fistulata and Adathodo vasica (Arvind Singh et al., 

in Eucalyptus species (Pawlick, 1989) and in many other tree 

species. 

Two to three times higher growth and yield was 

obtained from coppice crop than from seedling origin crop of 

Eucalyptus hybrid, E.tereticornis and E.camaldulensis at 

Jabalpur (Ram prasad, 1989). In poplar (Populus deltoides), 

coppice crop gave 30 per cent more yield than the first crop 

lCannell, 1980). However. such increase in biomass yield was 

not obtained in Prosopis juliflora when coppiced at early 

stages in the present investigation. This clearly indicated 

that the age of first cut for coppicing P.juliflora should 

be more than 15 MAP and also the coppice duration must be 

more than 12 MAFC to derive the advantageous of coppicing. 

However, the optimum age of first cut for coppicing and 

coppicing duration for higher biomass are not within the 

purview of the present studies. This needs further study. 



Thouyh P.juliflora had been reported to be a good 

information on the optimum age for coppicing and 

optimum coppicing duration for higher utilizable biomass 

(fuelwood) is still very much lacking. Tiwari ( 1983) 

reported that P.juliflora tolerated annual coppicing right 

from the second year of planting. The present investigation 

gave some more added information on these lines. That is 

P.juliflora tolerated coppicing even at the early stage of 9 

MAP. 

However, pruning of shoot tip of the young plants 

of Prosopis chilensis had increased biomass production by 

147 per cent over unpruned control (Kathiresan and 

KumaravQl, 1990). !lut in the present investigation, 

coppicing of P.juliflora at early stages did not increase 

the biomass production compared to uncoppiced crop of same 

age. This indicated that the resultant effect of pruning and 

coppicing in P.juliflora were guite different. This was 

attributed to the fact that in pruning only the unwanted 

side growth or the apical dominance was curtailed and 

accordingly the growth of P.juliflora either in vertical or 

horizontal dimension was encouraged or stimulated. But in 

the case of coppicing a new flush of growth was encouraged 

that may produce either lesser or more biomass compared to 

the first crop yield which by and large depended on the size 

and age of the stump. 

._ . , 



5.3.3. Nutrient uptake 

The total nutrient uptake was in the order of N 

K Na) P in the first crop with Na in third place lTable 

38) while it was in the order of N ~ K ~ P ~ Na in coppice 

crop where Na was irl 4th ylace ('rable 49). This suggested 

that the preference of Na uptake was greater in the first 

crop than in coppice crop. This might be attributed to 

higher OMP in the first crop than the coppice crop. 

~77 

In the first crop the uptake of Nand K increased 

upto 12 MAP and thereafter lhe uptake declined under higher 

plant density ldl). But under medium (d2) and lesser (d3) 

plant densitj treatments. the uptake was only in increasing 

trend even with the advancement of age of the crop (Table 39 

and 40). This was ascribed to the fact that there was 

greater competition for Nand K among the trees at higher 

density with advancement of age, especially after one year 

of growth (12 MAP). 

However. in the coppice crop the uptake of N. K 

and Na except P were in the increasing trend under all plant 

densities with the advancement of age of first cut and 

coppice duration (Table 49 and 56). The P uptake decreased 

with the increase in age of first cut only at higher plant 

density. The same trend was observed at shorter coppicing 

duration (Table 49. 52 and 53). with maximum uptake of P at 

the age of 9 MA~ and shorter coppicing period of 6 MAFC (Cl) 

under higher plant densitj (dl). 



The increase in uptake of N, K and Na in the 

coppice crop with increase in the age of first cut and 

coppice duration suggested that these nutrients were in 

demand continuousl~' throuyhout the COPiJicing period in 

higher proportion as against the demand for P only in the 

early stagels). 

The reason for hiyhor P uptake at early stage of 9 

MAP under higher plant density was mainly due to greater 

foraging of its voluminous root system for P for nodule 

formation to prepare itself for N2-fixation. Similarly the 

higher P uptake at the shorter coppicing duration of 6 MAFC 

under higher plant density when the plants were given first 

cut at 9 MAP was due to the fact that when the above ground 

shoot waS cut for coppicing, the below ground root growth 

would be activated. As a result, increased root biomass with 

greater food reserve ought to have happened. which 

subsequently supported the newly sprouting coppice shoots. 

Regarding the uptake of micronutrients, neither 

plant density nor the age Df first cut or their interaction 

effect did influence the leaf. stem and total uptake of the 

first crop (Table 41). But in the coppice crop. only the 

uptake of Fe through leaves. stems as well as the total 

uptake WaS affected significantly by different coppice 

durations studi.ed (Table 58). The total uptake of Fe was 

significantly higher under longer coppice duration of 12 



27S 
MAFC (c3) compared to other coppicing durations viz., 6 and 

9 MAFC. This was attributed to the increased biomass 

production under lonyer coppicin0 period. 

5.3.4. Soil fertility 

In the present investigation there was no 

significant difference in soil oryanic carbon content under 

different treatments at the end of the experiment (Table 

59). Leaf litter was the major source of organic matter 

build up in the soil under Prosopis juliflora in addition to 

accumulation of died ~c)rtiQn5 of root masses and under storey 

weeds. The insignificant difference in the soil organic 

carbon content amony different treatments of P.juliflora was 

mainly due to the shorter rotation period of 2.) years of 

the experiment conducted. This 2~) years was too small a 

period for organic matter build up in the soil, especially, 

when the crop was not allowed to grow continuously without 

any interference. In the present experiment the first crop 

was cut down as per the treatments viz., 9, 12 and 15 MAP 

and again coppice growth was allowed for a shorter duration 

of 6, 9 and 12 MAFC. Under these situations, the leaf fall 

might be insufficient to build up the organiC carbon content 

as expected. 

In experiment 12 it was evidently proved that the 

addition of P.juliflora leaf litter (3t ha -1) had increased 

the organic c-rbon content within a shorter period of 30 

days. But this positive performance was not observed in the 



2.3 years old P.juliflora plantation possibly because of (i) 

shorter duration of 2.7 i'ears, (ii) lesser fall of leaf 

litter because of shorter growth durations of the treatments 

studied and liii) rapid decomposition of Prosopis leaf 

litter. At this context, if the results of experiment 2 

were compared with the results of the present investigation 

(Ex~eriment 3), in the former because of longer duration of 

four years, there was an increase in organic carbon content 

in the soils under P.juliflora compared to the open field 

(Table 17). Rundel et al. (lQS2) was of the opinion that 

soil under Prosopis species did contain 2 to 3 times more 

organic matter than soils away from tree canopies. 

There was slgnificant increase in available N 

between different plant densities and different coppice 

durations, with higher available soil N under lower plant 

density (d3) as well as under longer coppice duration of C3 

(15 MAFC). The available soil P was not at all altered. The 

available K was significantly varying between different 

plant densities with higher soil K under lesser plant 

density (d3). The available Na significantly varied under 

different ages of first cut with higher available Na at the 

age of 9 MAP. 

The lesser availability of Nand K in soils under 

higher plant density is attributed to higher total uptake by 
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these treatments (Table 4g1 as a result of higher biomass 

j)roduction. 

The higher available N at 9 MAP and its decline 

with the advancement of age of first cut (12 MAP and 15 MAP) 

was imputed to increased uptake with the advancement of age 

due to higher DMP. 

However, despite the uptake by plants the 

available Nand K were found to be hi9her while soil 

available P was lesser in the soil under Prosopis juliflora 

compared to the initial status of the soil (4.5 kg P ha-ll 

(Table 61. The increase in available Nand K was ascribed to 

nitrogen fixing mechanism of Prosopis juliflora, 

decomposition of understorey weeds and addition of leaf 

litter to a little extent. A similar trend was observed with 

the increase in a~e of Prosopis juliflora as observed on 

years old plantations (Table 17). 

N2-fixation by Prosopis juliflora root nodules was 

also one of the reasons for higher available soil N as cited 

elsewhere. Prosopis species had been found to fix 30 kg N 

ha- 1 year- 1 when their crown coverage was 34 per cent at 

Californian desert. It had been suggested that upto 100 kg N 

ha- 1 year- 1 might be fixed by Prosopis species with greater 

ground cover and better management practices (Rundel et al., 

1982) . 



The lesser available P under Prosopis juliflora 

\2.3 years old) in this particular experiment was attributed 

to the depletion of soil P in higher proportion by the roots 

of Prosopis juliflora for its initial establishment before 

the first cut as well as for the development of new roots 

after first cut to support the coppice growth put forth from 

the coppiced stools, besides using P for nodule formation 

for N
2
-fixation. However. when tho crop was not coppiced and 

allowed to yrow contirluously. with the increase in the age 

of Prosopis juliflora the soil available P waS also found 

increasing. This had been confirmed in the experiment 2, 

under 4 years old Prosopis juliflora (Table 17). This was 

mainly due to addition of p through litter fallon the one 

hand and tapping of unavailable fixed P by the deeper root 

system of Prosopis juliflora from sub soil layers on the 

other hand. 

There was no significant difference in the 

available micronutrients under Prosopis juliflora (2.:1 years 

old) due to plant densities, ages of first cutting, 

coppicing durations and their interaction effect (Table 60). 

Even at the age of 4 years, there was no significant 

difference in respect of available micronutrients of soil 

exoe?t for Mn under Prosopis juliflora (Experiment 2). The 

Mn content of the soil increased significantly under 

Prosopis julifl(ra compared to control (Table 18). In fact 

the a~ailability of all the other micronutrients were in 



increasing trend compared to open field \control) but such 

increase was not siynificant. 

These resull~ suggested that in general. the total 

uptake of rnicronutricnts was very small in Prosopis 

juliflora at the early staye due to different treatments 

during the cropping period of ~.3 years (Table 58) and hence 

there was 110 significant difference in respect of available 

micronutrients. However, the uptake of micronutrients 

increased with the age and DM accumu1ation of Prosopis 

juliflora as observed under 4 years old Prosopis juliflora 

(Table 16). Despite higher uptake. all the available 

micronutrients were in increasing trend under 4 years old 

Prosopis juJiflora compared to open field (control) (TabJe 

18). This is mainly attributed to addition of micronutrients 

due to litter fall and the understorey weeds. 

5.4. EXPERIMENT 4. Comparative performance of Prosopis 

juliflora (Swartz) DC. under different soil types (off 

station study) 

The DBH. UB per tree. UB per hectare, total 

biomass per tree and per hectare and UB/NUB ratio were 

positively influenced in Prosopis juliflora when raised 

under alluvial sandy soil and black soil over red soil. The 

increased growth components and yield (DBH, UB per tree, UB 

per hectare, total biomass per tree and per hectare and 

UB/NUB ratio) in Prosopis juliflora obtained under alluvial 



sandy soils and black soils might be due to the favourable 

structure and texture of these two soils. prosopis juliflora 

has been found to grow well when the soil was relatively 

dee2er with ground water nearer to the surface (Harding and 

Bate. 1991). 

The soil depth. soil moisture content and soil 

fertility of these two soils were comparatively greater than 

red soil. The soil depth was 2.0 m and 1.25 m, respectively, 

for alluvial sandy soil and black soil with a water holding 

capacity (l'Ille) of 40 and SO per cent. respectively. But in 
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the case of red soil. the soil depth and WHC were 0.70 m and 

25 per cent. respectively. Soil fertility has been found to 

be influenced by soil texture. Total soil N was reported to 

be highest on sites with high claj content and lowest in 

aeolin sand dunes (Virginia and Jarrell, 1983). Since, the 

alluvial sandy soil and black soil contained more of clay. 

naturally the WHC and soil fertilitj also would be higher. 

As a result of these favourable soil environments the 

Prosopis juliflora growth and biomass yield were higher 

under alluvial sandy soil and black soil. 

In the case of red soil because of its poor soil 

characteristics viz., shall~w depth, poor WHC and low 

fertility, the growth and yield of Prosopis juliflora was 

lesser compared to that of alluvial sandy 50il and black 

soil. 



5.5. EXPERIMENT 5. Study on the charcoal recovery from 

Prosopis juIiflora (Swartz) DC. fuelwood (off station 

study) 

The utilizable commercial yrade charcoal recovery' 

increased with the increase in the diameter of billets. 

Comparison of fuelwood billets and root stocks of same 

diameter class (, 10.5 cm diameter) had shown that 

utilizable charcoal recovery was higher for root stocks than 

fuelwood billets. With the increase in the diameter of 

fuelwood the proportion of non-utilizable charcoal (Broken 

charcoal, and the ash yield were found to decrease and 

resulted in lesser loss and higher recovery of charcoal. 

This was attributed mainly to the increase in the proportion 

of heart-wood with the increase in the diameter of the 

billets as well as in the root stocks. The hard and heavy 

heartwood had been found to be responsible for good quality 

charcoal (Kondas. 1992). 

Based on the proximate chemical analysis of logs 

of Prosopis juliflora the ash con~ent was found to vary from 

0.29 

197 0) • 

per cent (Verma, 1987) to 0.52 per cent (Guha et al., 

Because of lesser ash content of Prosopis juliflora 

wood, i t5 charcoal had beer, val ued as an excel lent charcoal 

of gun powder quality which is termed as 'Arthracits coal' 

(Verma, 1987). However, in the present investigation, 2.6 to 



..zoo 

4.1 per cent ash was obtained as residual waste at the end 

of charcoal making process (Table 62). 

This was due to some technical snag in the local 

method of charcoal making known as "Karimoottam" wherein 

while opening the "Karimoottam" after an anaerobic burning, 

some of the red hot charcoal came into contact with open air 

(ox}'gen) and hence such of ttlose red hot charcoal started 

burning still faster which resulted in more astl as residue. 

1'0 put off such bnrnin~, cold water is doused by the 

charcoal maker which resultcci in further increased yield in 

broken charcoal as well as ash. According to Kondas (lg92) 

the charcoal is the residue of wood as a result of heating 

it to high temperature in a closed space without free access 

of air and allowing to coolon its own without entry of air. 

But such practice is not strictly adopted by farmers In the 

Karimoottam process. 

Eventhough root stocks and fuelwood billets of 

more than 10.5 em diameter were used, as a result of this 

local Karimoottam procedure, the charcoal maker obtained 

poor charcoal quantity because of the technical snag 

explained above. Hence, a better local technology is to be 

generated against this local method of charcoal making 

(Karimoottam) . 
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PART III STUDY 

5.6. EXPERIMENT 6. Germinability of hot water treated 

Prosopis juliflora (Swartz) DC. seeds under different 

times of sowing 

There was no information on the keeping quality of 

hot water treated Prosopis juliflora seeds with reference to 

its germinability. It was found in the present investigation 

that the hot water treated Prosopis juliflora seeds could be 

sown without any loss of yermination upto 15 days. It was 

reported by Reynolds and Glendening (1949) that untreated 

Prosopis seeds had been found to be viable in the soil upto 

10 years and upto SO years 0nder dry storage due to 

hardseededness. Eventhough such advantage existed for 

untreated Prosopis seeds. if it is sown under field 

condition because of its hard seed coat the germination 

rarely exceeded SO per cent. Hence, in order to obtain 

higher germination percentage. hot water seed treatment has 

been recommended. 

The hot water treatmenL converted the outer 

impermeable hard seed coat into soft and permeable layer for 

the easy entry of soil moisture and gas exchange as reported 

by Ffolliot and Thames (1983b). 

The endosperm of the seed was not at all affected 

in this process. As a result, increased germination 



percentage was obtained under hot water treatment. By shade 

drying of hot water treated seeds of Prosopis juliflora, the 

moisture content of the seeds was brought to the origina] 

level without any damage to endosperm. When such treated 

seeds were sown in so11s, as a resu]t of intact endosperm, 

the germination was not reduced significantly upto 15 days 

after hot water treatment. 

Since the present investigation stopped the 

testing of germinability of hot water treated Prosopis 

juliflora seeds upto 15 days from the hot water treatment, 

the fate of the germination of such seeds sown after ]5 dats 

after hot water treatment was not known, 

for further research on this line. 

throwing avenues 

5.7. EXPERIMENT 7. Effect of seed sizes and depths of sowing 

on the germination of Prosopis juliflora (Swartz) DC. 

Germination was early when Prosopis juliflora 

seeds were sown at 2 cm depth, irrespective of big and small 

sized seeds. When sowing depth was increased to 4 cm, the 

big sized seeds alone proved to be viable as compared to 

smaller sized seeds. First germination in these treatments 

was observed on 3 DAS. Due to the fact that lesser energy 

required for the plumule of both big and small sized seeds 

to break open the thin later of soil surface, higher 

germination percentage "as recorded for these big and small 

sized seeds when sown at 2 cm depth. 



When sowing depth was increased from 4 to 6 em. 

small sized seeds. for want of energy. did not come up to 

the expected level, while big sized seeds came up rightly by 

pushing dense soil layer. This indicated the benefit of big 

sized seeds for 4 to 6 em depth of sowing. 

With the increase in the depth of sowing the 

cumulative germination perccntaye was found affected. This 

might be due to rotting of seeds as a result of higher soil 

moisture and lack of aeration in deep soil layers. 

The germination continued upto 16 CAS for small 

seeds when sown at 2 cm depth and the total germination 

percentage was 56.67 per cent. Under same depth of sowing. 

the total germination percentage for big seeds was 60.37 but 

the germination was over on 12th DAS. Higher germination due 

to large and medium sized seeds compared to small seeds had 

been reported in Colophospermum mopane (IGFRI, 1988). 

At other depths of sowing, the germination period 

as well as germination percentage was reduced both for small 

and big seeds. Similar observations had been made by Gupta 

and Balara (1972) who reported that zero germination was 

recorded till 4 DAS in Prosopis juliflora and the 

germination period extended upto 17 days of sowing, with 

total germination percentage of 67. They had also reported 

that maximum ger~ination was recorded between 6 and 9 DAS. 



In the present investigation also the peak period 

of yermination occurred between 5 to 10 days after sowing 

under different depths of sowing for different sizes of 

seeds. However, maXlmum peak germination was observed on 5 

DAS for both smaller and big seed sown at 2 cm depth. This 

indicated that the optimum depth of sowing was 2 cm for 

quicker and higher germination percentage (Table 64). 

The DMP per plant/seedlings did not vary due to 

different depths of s~winy and seed sizes. This wns 3scribed 

to the fact that irrespective of the germination percentage. 

the germinated seeds shared the availabJe growth environment 

viz. , soil moisture, nutrients, sunlight etc., egually for 

better growth of seedlings. This indicated an auto-

adjustment among seedlings in sharing the growth environment 

profitably. However, the DMP pot- l was significantly altered 

by different seed sizes and depths of sowing (Table 64). 

This was due to variations in the popUlation of seedlings 

per pot as a result of variations in germination percentage. 

5.8. EXPERIMENT 8. Allelopathic effect of Prosopis juliflora 

(Swartz) DC. on field crops 

Germination of blackgram. sorghum and Prosopis 

juliflora was reduced significantly when Prosopis juliflora 

leaf litter was incorporated at one and two per cent level 

to the top soil collected from fallow land. The other 

treatments viz .. leaf extract. leaf powder extract and root 

extract added to the soil at one and two per cent level did 



not affect the germination of the above crops. Germination 

of sunflower was not at all affected by any of the 

treatments. 

The rcductioTl jll tl1c ~crnination of the test crops 

viz. , sorghum and Prosopis juliflora due to 

Prosopis leaf litter was attributed to the allelopathic 

effect of phenolic compounds present in the leaf litter 

(Table 68). 

The reduction on the yermination of Prosopis 

juliflora seeds due to Prosopis juliflora leaf litter 

indicated that there was an autotoxic effect. which might be 

responsible for the absence of or poor understorey growth of 

Prosopis juliflora seedlings in nature under the crown of 

well grown Prosopis juliflora trees. The lesser understorey 

weed number and weed biomass under Prosopis juliflora in 

experiment 

effect of 

2 (Table 13) would suggest the 

Prosopis juliflora. Especially. when 

allelopathic 

the crown 

coverage was higher, total absence of regeneration of either 

understorey weeds or eVen Prosopis juliflora seedlings were 

noticed due to thick layer of fallen leaf litter and their 

allelopathic effect on the one hand and lesser or non

availability of sunlight under such crowns on the other 

hand. 



A wide range of phenoli~ compounds of plant origin 

had been found to be allelopathic idel Moral and Muller, 

1970, Chou and Muller. 19721. In the present investigation 

though phenolic compounds were present in the extracts of 

fresh leaves, dry leaf powder and fresh roots (Table 68) 

the}' did not affect the serMination of the test crops 

because the phenoJic compounrls in the extracts added to the 

surface of the soil mi~ht have slow1)' moved down along with 

water to the bottom due to inward movement and hence their 

effect on the germination of plumule or radical might have 

been reduced in view of lesser contact between radicals and 

the extracts. 

Whereas, the phello1ic compounds present in the 

leaf litter incorporated in the soil might have released the 

phenolic compounds slowly for longer period of time till all 

the leaves got decomposed and thereby created a potential 

toxic level of allelochemical (phenols) besides better 

contact between radicals and the allelochemicals that could 

inhibit the germination of all the test crops except 

sunflower. Sunflower seemed to resist against the inhibitory 

effect of phenolic compounds of Prosopis juliflora. 

Sunflower was also a plant of higher allelopathic effect. As 

a result. the allelopathic effect of Prosopis juliflora was 

nullified and hence sunflower had germinated well. 

SornetiJnes. the reduction or failure of germination 

under leaf mulching was mistaken for allelopathic effect. 



The decreased germination of winter wheat due to mulching of 

straw (Kimber. 1973) and the retardation of the growth of 

maize due to mulching of Eucalyptus leaves (Adams and 

Attiwil. 1986, Trenbath, ]~91) were attrjbLted to temporary 

immobilization of nutrients as a result of high C/N ratio 

(Sanginga and Swift. 1992). 

However. in the present investigation the 

possibility of temporary immobilization of nutrients as the 

cause for reduction of germination in the test crops due to 

high C:N ratio was ruled out as the C:N ratio of Prosopis 

juliflora leaf litter was lesser (S:l) and within the 

accepted level (Table 69). 

It was interesting to note that the OMP plant- l of 

the test crops studied at 15 DAS did not change 

significantly even though there was significant variations 

in the germination of test crops (Table 65). This was 

ascribed to the fact that the germinated seeds shared the 

yrowth environment viz., soiJ moisture. soil nutrient. 

sunlight etc .. to their fullest advantage indicating a sort 

of auto-adjustment. 

This result once again confirmed the result 

already obtained (Experiment 7) wherein the DMP plant-1 in 

Prosopis jUliflora did not vary significantly due to 

variations in d~~ths of sowing and size of seeds (Table 64). 



After estimating the DMP at 15 DAS, same test 

crops viz., blackgram. sunflower. sorghum and Prosopis 

juliflora were sown as residue crops on 30th day, leaving a 

fallow period of 15 days, in the respective pots (same 

treatments) without any further external application of the 

Prosopis juliflora plant materials such as leaf litter and 

other extracts. On 10th DAS of residue crops. germinatjon 

count was taken and there was no significarlt difference in 

the germination of test crops ITable 67), This had clearly 

shown that the allelopathic effect of Prosopis juliflora 

leaf litter observed in the first crop was absent in the 

second crop (Residue crop). Thus it was evident that the 

allelopathic effect due to leaf litter addition was seen 

only for a period of two to three weeks after incorporation 

of Prosopis juliflora leaf litter. 
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5.9. EXPERIMENT 9. Effect of different times of sowing of 

test crops to mitigate the allelopathic effect of 

Prosopis juliflora (Swartz) DC. leaf litter on the 

germination and DMP of test crops 

The decrease in germination as well as DMP of 

blackgram, sorghum and Prosopis juliflora (Table 70 to 73) 

when sown at the time of Prosopis juliflora leaf litter 

incorporation both at I and 2 per cent level was mainly due 

to the allelopathic effect exerted by the Prosopis juliflora 

leaf litter. It has been reported in the earlier experiment 



(Experiment 8) that phenolic compounds was one amon~ the 

chemicals responsible for allelopathic effect. 

The satisfactory 0ermination percentage and DMP 

pot- 1 of blackgram and Prosopis juliflora wten sown one week 

after leaf incorporation ,1WALI) was mainly due to two 

reasons. One might be the disintegration of phenolic 

compounds into non-harmfu1 substances within a week of leaf 

litter ir:.corporatjon tllat \\'as not toxic t() blackgram and 

Prosopis juliflora. The second reason might be the 

capabilities of both blackgram and Prosopis juliflora to 

tolerate the allelopathic effect even if the phenol was 

present at lower dose or concentration after one week of 

leaf litter incorporation. 

The spurt in the DMP 
-1 

"ot of both Prosopis 

juliflora and blackgram when sown one week after leaf 

incorporation (1 WALl) both at 1 and per cent level might 

be attributed to the release of ~rowth regulating substance 

like triacontanol. It was reported by Khan et al. (1992) 

that Prosopis juliflora leaf contained triacontanol. When 

Prosopis juliflora leaf litter was incorporated, 

triacontanol might have been released in a sequence next to 

phenol. Addition of leaf litter might have also enhanced the 

soil fertility as evident from the results of experiment 2 

and 3. In the present investigation one lab experiment was 

conducted to eSLimate the nutrient addition through Prosopis 

juliflora leaf litter (Experiment 12). The result supported 



the fact that with the addition of Prosopis juliflora leaf 

litter there was a spurt in available NPK (Table 77). 

Triacontanol was found to influence the OMP or yield of 

plants by increasing the nutrient uptake (Ries et al., 1977; 

Patel. 1992). 
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\Vhen the blackgram and Prosopis juliflora were 

sown 1 WALl the germination and OMP were not at all affected 

but rather the DMP pot- l was increased both at I and 2 per 

cent leaf litter incorporation. This might be due to the 

fact that these crot-'s might have escaped from the phenol 

injurj with a lapse of one week time and hence higher 

sermination percentage was recorded. But at the same time 

they benefitted hy the growth regulating substance, 

triacontanol that was released from Prosopis juliflora leaf 

litter after one week of leaf litter incorporation, in 

addition to nutrient addition by leaf litter. Hence, 

satisfactorj germination and DMP of both Prosopis juliflora 

and blackgram were obtained when sown I \vALT. 

But in the caSe of sorghum the 

percentage was affected even when sown 

germination 

\VALl. This 

performance was similar to the sorghum crop sown at the time 

of Prosopis juliflora leaf incorporation. This indicated the 

susceptible nature of sorghum to the lowest level of 

allelopathic eff",ct of Prosopis juliflora leaf litter which 

was seen one week after leaf litter incorporation. 
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Eventhough the germination of sorghum was affected 1 WALl. 

there was enhancement in the DMP pot- 1 of sorghum at 1 per 

cent leaf litter incorpc1ration. This might be due to the 

accrued from the 0rowth promotinq substance 

'triacontanol) released fr0m Prosopis juliflora leaf litter. 

Larson and Schwarz ,lgSOJ reported lhat the leaf litter of 

wild carrot was found to stimulate the growth of black 

locust at low concentration and inhibited the growth at 

higher concentration. This was true in the present 

investigation wherein at per cent leaf litter 

incorporation the DMP ~ot-l of sorghum was irlcreascd. whi lc 

there was reduction in n~r 
-1 

pot at 2 per cent leaf litter 

incorporation. when soryhum was sown WlILI. 

I'lhen the result was probed further it was 

interestingly observed that by sowing sorghum 2 WALl. the 

germination was not at all affected (Table 71) and also 

there was an increase in DMP pot- l both at 1 and 2 per cent 

leaf litter incorporation compared to control (Table 731. 

This performance again confirmed the findings in 

experiment 8 wherein allelopathic effect was found to 

persist upto two weeks after Prosopis juliflora leaf litter 

incorporation. The results also further indicated that 

sorghum did not tolerate even the low level of allelopathic 

effect of Prosopis juliflora leaf litter addition that 

existed upto on p week after leaf litter incorporation. 



The reasons for persistence of allelopathy for 

such a shorter period of two weeks might be attributed to 

the fact that the leaves mi0ht have got decomposed quickly 

within two weeks as a result of microbial activity. Another 

possibility is that the allelochemicals might have got 

degraded and converted into a non-toxic substance with the 

lapse of time. Moreover there was no further addition of 

leaf litter. Whereas under field conditions, the persistence 

of allelopathy might be there as long as the tree is there 

since there will be continuous addition of leaf litter. 

The results clearly indicated that sowing 

blackgram and Prosopis juliflora I WALT and sowing sorghum 

at 2 W/iLI are the management strategies against the 

allelapathic effect of Prosopis juliflora leaf 

addition. 

5.10. EXPERIMENT 10. Effect of leaf litter and 

litter 

plant 

extracts of Prosopis juliflora (Swartz) DC. on weed 

control 

Since sorghum was affected due to allelopathic 

effect of Prosopis juliflora leaf litter upto 2 WALl as 

evident from experiments 8 and 9, the sorghum crop was taken 

as an indicator plant to compare the control of three 

important obnoxious weeds viz., parthenium, 

harya~i. 

nutgrass and 



The results indicated the possibility of 

exploiting Prosopis juliflora plant parts for the control of 

the three weeds tested. With the application of root and 

leaf extracts and leaf litter mulCh, the DMP of both sorghum 

and parthenium got reduced. Except Prosopis juliflora leaf 

litter mulch. the other treatments viz., leaf extract and 

root extract of Prosopis juliflora had profound influence on 

the DMP of nutyrass and haryali. Reduction on the DMP of 

weeds and sorghum miyht be due to allelopathic effect of 

Prosopis juliflora. 

However. the allelopathic effect of leaf litter 

mulch was found to be inadequate to control the rhizomes of 

nutyrass and stolon of haryali which were buried deeper in 

soil away from leaf litter layers due to less or no direct 

contact. The contact distance between the leaf litter mulch 

and the stolon and rhizomes of these weeds was very yrcater 

and hence the allelopathy of the leaf litter mulch had 

little effect on the control of nutgrass and haryali. On the 

other hand as extracts, the root and leaf extracts of 

Prosopis juliflora that percolated down to the rhizome and 

stolon points through soiJ water movement and got absorbed 

in clay complex and as a result there was growth retardation 

and reduction in the DMP of nutgrass and haryali. 



However, a further research is needed under field 

conditions to test verify the effect of Prosopis juliflora 

plant parts on the control of weeds. 

5.11. EXPERIMENT 11. Effect of leaf incorporation and plant 

extracts of Prosopis juliflora (Swartz) DC. on the 

control of root-knot nematode (Meloidogyne incognita 

(Kofoid and White, 1919) Chitwood, 1949) in tomato 

(Lycopersicon escu1entum Mill.) 

The root-knot nematode population and their egg 

masses in tomato were reduced significantly 

of dry leaves and fresh leaves of 

by the 

Prosopis incorporation 

ju1iflora at one per cent level compared to plant extracts 

of Prosopis julif10ra and control (Table 76). This had 

ultimately reflected in higher fruit numbers and fruit yield 

of tomato per plant. 

Toxic effect of leaf extracts of Ricinus communis, 

Leucaena leucocephala, Populus deltoides, Azadirachta 

indica, Lantana camera and Eucalyptus hybrid on Meloidogyne 

incognita had been reported (Chhabra et a1., 1988). 

The reduction in nematode popUlation and egg 

masses due to leaves and plant extracts of Prosopis 

juliflora might be mainly due to the toxic effect of 

allelochemicals (Phenols) present in Prosopis julif10ra 

(Table 68). Phpnolic compounds are known to playa major 

role in the defence mechanism of plants against various 

30~ 



external and infectious agents in general. since distinct 

correlation between the degree of plant resistance and the 

phenolics present in plant tissues had been well established 

(pitcher et al .. 1960; Troll and Rhode, 1966, Brueske and 

Dropkin. 1973). Phenol content may provide resistance to 

nematode attack either b~ repelling the larvae or by 

adversely affecting the development of larvae that entered 

into the roots (Singh et al .. 1383). 

Amending soil with neem cake or neem leaves did 

increase phenolic content in crops like tomato (Sin~h et 

al .. 1985. p. 108; Ramachandran. 1986) and bhendi (Jonathan, 

1988) which might have helped in reducing the nematode 

population. Similar mechanism might have operated in 

reducing nematode popUlation and egg masses when Prosopis 

juliflora leaves or extracts were added to tomato crop in 

the present studio 

5.12. EXPERIMENT 12. Estimation of nutrient addition through 

Prosopis ju1iflora (Swartz) DC. leaves 

Due to the addition of leaf litter of prosopis 

julif10ra there was a spurt in the or~anic carbon content, 

available NPK and soil pH on 30 days after 

incorporation compared to control (no leaf litter) 

leaf 

(Table 

77). But after 30 days, a decline trend was Observed. There 

was no change in EC of soil. 



This might be due to the decomposition of leaf 

litter before 30 days. At the end of the experiment (90 days 

after leaf incorporation~. the oryanic carbon content, 

available NPK and Sell] pH \~'ere L~n par \\'ith c0T1tro1. This 

might be due to the 1 C)SS of nutrients throu'i h 

volatilization, fixation in the soil and utilization by soil 

microbes. Also there was no continuous input of leaf litter 

to maintain the status quo. However. this trend might change 

due to continuous addition of leaf litter under field 

conditions, with the increase in the aye of ~lantations, 

leading to build up of organic carbon and available NPK as 

observed In experiment 

\ Table 59). 

2 \Table 17) and experiment 

5.13. EXPERIMENT 13. Enumeration of microbial load in 

Prosopis juliflora (Swartz) DC. leaf litter collected 

from the field 

Only bacteria and fungi were found and 

actinomycetes were totall} absent in the washings of top 

layer of leaf litter of the Prosopis juliflora as \vell as 

the top soil below the leaf litter under 0.1 per cent tannin 

incorporated culture media. Whereas all the three microbes 

were absent in the culture medium containing 0.25 per cent 

tannin. 

This result suggested that the growth of microbes 

was inhibited when the tannin content was 0.25 per cent in 

the culture media while microbes (bacteria and fungi) were 



found growing in O.l~ tannin based media. When Prosopis 

juliflora leaves. bark. root etc., were analysed for the 

presence of phenolic compounds \since tannin is a 

pol/phenolic compound), it was 

contained 0.114 per cent phenol 

found that dry leaves 

as compared to 0.104 per 

cent in fresh leaves (Table 68). This facilitated both 

bacteria and fungi to degrade the Prosopis juliflora leaf 

litter containing approximately 0.1 per cent tannin. 

The bacterial and fungal population were 

relatively higher in the bottom leaf litter compared to the 

top litter and top soil. This was due to the following 

reasons: (i) more moisture content in the bottom litter 

which is in contact with top soil compared to the top 

litter, Iii) since the bottom litter will be fairly older 

than top litter. there might be more of organic matter in 

addition to lesser C:N ratio which acted as a source of 

energy for more microbial activity. 

There was also variation in microbial load between 

the two locations studied. This was attributed to variations 

in the age of the leaf litter, soil moisture, soil 

temperature, the nature of decomposin~ leaf litter and 

aeration as reported by Omkar Singh et al. (1993). 



SUMMARY AND CONCLUSIONS 



CliAPTER VI 

SUMMARY AND CONCLUSIONS 

Investi0atiotl on the silvicultural and ccoloyical 

as?ects of Prosopis juliflora ~Swartzl nco wore carried out 

both thrQu~h field and ~l~t culture experi~cnts at Tamil Nadu 

A;ricultural Univcrsiti', Coimhatore. Totally']] expcrimpnts 

were conducted duriny th0 course of investiyation as 

enumerated in Table 1. The Sllffimarj of the results obtained 

arc 2resenteo hereunder. 

Studies on the allometric relationshi~ of the 

Prosopis juliflora seedlinys revealed that there was a 

correlation between shoot and root lenyth as well as between 

shoot and root weiyht. But the dependence of shoot wei~ht on 

root weight alone was found signifjcant, 

was not significant as indicated by 

regression models. The shoot OMP can 

scientific parameter for selection of 

stocks. 

while the 

the simple 

be taken 

better 

lenyth 

linear 

as a 

planting 

The performance of 4 years old Prosopis juliflora 

was compared with other MPTs of same age. The results 

indicated that Eucalyptus camaldulensis and E.tereticornis 

were found to be fast growing in terms of higher tree 

height, ED and DBH compared to P.juliflora and other MPTs. 



The CAl of tree heisht and BD were higher for Eucalyptus 

camaldulensis, E.tereticornis and 

durin~ the first and socond j'ears, 

Casuarina equisetifolia 

while in the 3rd year. 

these were hi0her in Azadirachta indica, Acacia nilotica and 

P.juliflora. 

difference 

In the 4th year. there was no significant 

between F..tereticornis. E.camaldulensis, 

Casuarina equisetifolia and P.juliflora. The growth of 

Acacia leucophloea was comp3rati'Jely p()o:r-pr among the MP'T's 

compared. 

Rot~l on ~er tree and per hectare basis, the NUB 

was si~nificantli higher under P.juliflora. In terms of UB. 

E.tereticornis and E.camaldulensis recorded significantly 

higher biomass than other MPTs. However, in respect of total 

biomass, E.tereticornis. P.juliflora and E.camaldulensis 

were comparable and significantly su~erior to other MPTs 

evaluated. Comprehensively. based on the UB. MPTs could be 

rated in the order of E.camaldulensis) E.tereticornis 

Acacia nilotica > P.juliflora > Casuarina equisetifolia 

Azadirachta indica> Acacia leucophloea. However. the UB of 

A.nilotica and P.juliflora were statistically on par. The UB 

of E.camaldulensis. E.tereticornis and A.nilotica ",ere 97.7. 

94.5 and 13.0 ver cent, respectively. sreater than that of 

P. jul iflora. 

The wood density was the highest for Acacia 

leucophloea ann lowest in Casuarina equisetifolia on fresh 



"eight basis. However, an dry weight basis, the trend was 

quite different with Casuarina equisetifolia recording 

maximum wood density' and the lowest beiny with P.juliflora. 

Hi~he5t microbial load in terms of bacteria, fungi 

and actinomycetes population was found in the soils under 

Acacia leucophloed, followed bj A.nilotica and P.juliflora. 

Based on RD, RF and IV, Oscimum canum and Vernonia 

cinera were predominant weed species under P.juliflora and 

Casuarina equisetifolia. Grassy weeds such as Andropogon 

pumilus. Cymbopogon martini and f:ragrostis species were 

p~edo~inant under a]1 other MP'rs. The DMP of weeds was 

hiyhest under th~ cano~j of Casuarina equisetifolia followed 

bj Azadirachta indica and it was lowest under Eucalyptus 

camaldulensis and E.tereticornis. 

The nutrient uptake increased with the increase in 

biomass. The total nutrient uptake was the highest in 

E.camaldulensis and E.tereticornis followed by P.juliflora 

and lowest uptake was registered vIi th Acacia leucophloea. 

The total nutrient uptake was in the order of N > K > P > Na 

> Fe > Mn > Zn ~ eu in the MPTs studied. 

The soil fertility under MPTs had increased 

significantly in terms of soil organic carbon content and 

available NPK compared to control (open field). There was no 



i1Uj 

significant difference in the available Nand K in the soil 

under different tree species evaluated, while there was 

significant difference in respect of available P. Available 

P was higher under P.juliflora which was on par with all 

other ~PTs except A.nilotica that rec~rded the lowest 

available P. However. there was no significant difference in 

available Na. EC and 0H under different MPTs. Availability 

of all the micronutrients was in the incrcasiny trend under 

different MPTs compared to contra]. But such increase was 

siynificant]y greater only j.n respect of Mn. 

Except Casuarina equisetifolia, all other MPTs had 

put forth coppice shoots. In respect of co?pice numbers per 

stool. all the MPTs other thtin C.equisetifolia were 

comparable except A.]eucophloea \;hich recorded the lowest 

coppice shoots per stool. Eucalyptus camaldulensis recorded 

maximum cop[.!ice height followed bj E.tereticornis, 

A.nilotica and P.juliflora and minimum height was registered 

with A.leucophloea. 

Based on path analjsis and linear regression 

models, it was found that in P.juliflora, BD contributed 

more directlj to the UB and TB while BN contributed more to 

the NUB. Both BD and BN were found to be important 

parameters for prediction of UB, NUB and 1'B of P.juliflora. 



For Eucalyptus tereticornis and E.camaldulensis, 

DBH alone could be used to ~redict the UB, NUP and TB. In 

Azadirachta indica. Acacia leucophloea and A.nilotica both 

13D and DBH were fC)llnd to contriblltc more direct]j' and almost 

c~ua}l}' to the ['B and NUR. lnclusion of both nn and DRH in 

the regression model was found to offer better prediction 

" with fairly higher R' value. 

In Casuarina equisetifolia, tree 

contributed mor0 direct1j to the UB, NUB and TH. The tree 

height for UB and BD for NUB and TB had been found to be the 
, 

better predictor ~ariablcs with hi~h R· values in regression 

models. 

The Rwe of the P.juliflora leaves was slightly 

lesser under hiyher ~lant density compared to medium and 

lower plant densities. The RWe was influenced by the actual 

soil moisture. Prosopis juliflora was able to maintain its 

Rwe fairly at higher level even during the period of soil 

moisture stress indicating its pheratophytic and xerophytic 

adaptations through its prolific deeper root system besides 

its smaller leaves. 

The total biomass production of P.juliflora 

increased with the increase in plant density with more 

biomass under higher plant density of 4444 plants ha- 1 ( I .5 

x 1.5 mJ followed by medium plant density (2500 plants ha- l ) 



and lower plant densit}' ~1600 ~lants ha- 1 ). Similar1}', the 

total DMP increased with the Bse of plantation with higher 

biomass at the ~se of lS ~AP compared to q afld 12 MAP. 

CoP?icing P.juliflora for 10flycr ~criod of 12 M~FC recorded 

the highest biomass compared to other coppicing durations of 

6 and 9 MAFC respectivel}·. The interaction was significant. 

Total biomass yield was maximum under hi9her plant density 

when cut at the a~e of 15 MAP and allowed to co~pice for 12 

~AFC. The leaf biomass. in yeneral increased with plant 

density and decreased with the advancement of aye of first 

cut and coppice duration as indicated by leaf/stem ratio. 

The total biomass production of the first crop was 

higher than that of coppice crop indicating coppicing 

P.juliflora at th~ earlj age of q, 12 and ]5 MAP was not 

advantageous. Also this study indicated that for coppiciny 

the age of P.juliflora must he definitely yreater than l5 

M~. 

The uptake of NPK and Na as well as the 

micronutrients were higher in the first cro~ and lesser in 

the coppice crop in view of higher DMP in the first crop 

than that of coppice crop. The uptake of all the nutrients 

increased with the age and pJant densitj except for P. The P 

uptake was higher only in the early stages upto 9 MAP. 

However, the uptake of Nand K were found to decline after 

12 MAP under hiuher plant density. 



There was no significant difference in the soil 

oryanic carbon content under P_juliflora due to different 

plant densities, ayes of first cut and coppice durations and 

their interaction effect. Tho available Nand K docreased 

with increase in plant dcnsi~i_ The available N alone 

increased with increase in co~~ice duration. The available 

p. K, Na and the micronutricnts were not influenced by any 

of the treatments studied for P.juliflora. 

COM~arative ~erformanc0 of Prosopis juliflora 

under different soiJ types (off station study) was studied. 

The UB and TB yield were higher when Prosopis juliflora was 

raised in alluvial sandi soil and bJack sojl. Prosopis 

juliflora raised under red soil recorded the lowest un and 

TE. 

O.LU 

Studies on the charcoal recoverj from P.juliflora 

fuelwood (off station stud"' I re'Jea led that the uti 1 i zable 

commercial ~rade charcoal recoverj increaseJ with the 

increase in diameter of billeLs. The recovery of charcoal 

was higher for root stocks than fuelwood billets of same 

diameter class (> 10.5 cm diameter!. With the increase in 

diameter of the fuel wood billets the yield of broken 

charcoal and ash decreased and the total loss was lesser. 

Germinability of hot water treated Prosopis 

juliflora seeds sown at different times of sowing indicated 



that the hot water treated Prosopis juliflora seeds can be 

kept u~to 15 dajs without any loss of germination/viability. 

Studies on the effect of seed sizes and depths of 

sowing on the ~ermination of Prosopis juliflora su~yested 

that irrespective of seed sizes, sowin0 at 2 em depth yave 

higher germination per cent. llowevcr, the ~ermination per 

cent was hiyher for biy seeds compared to small seeds at 2 

cm depth of sowing. Irrespectjve of seed sizes, the 

sermination decreased with jncrease in sowing depth. First 

germination was observed 3 DAS and extended up to 1(1 DAS. The 

peak period of germination waE S to 10 DAS, with peak 

germination on 5th DAS. The DMP per plant did not vary even 

though there was variations in population pot- 1 Rut the DMP 

pot- 1 varied significantly due to variations in population 

pot- 1 . 

Allelopathic effect of Prosopis juliflora on field 

crops was studied. Germination of blackgram, sorghum and 

Prosopis juliflora were affected significantly due to 

allelopathic effect of Prosopis juliflora leaf litter both 

at one and two per cent level, with maximum reduction of 

germination at two per cent level. The germination of 

sunflower was not at all affected. The leaf extract, leaf 

powder extract and root extract did not affect significantly 

the germination of all the test crops. The DMP plant- l was 

not altered oy Prosopis juliflora leaf litter. The 



allelopathic effect was found to be due to phenolic 

compounds present in Prosopis juliflora leaf litter. The 

persistence of al1elopathic effect was observed U?to two 

weeks as indicated by the residue crops raised. 

Studies on mitigation of the a11elopathic effect 

of Prosopis juliflora leaf 1 elt,or on 'Lhe l]Crmination and DMP 

of test crops indicated that the germination and OMP of 

Prosopis juliflora and black sram was not affected when 

sowing was done 1 WALl both at I and 2 per cent leaf litter. 

But germination of sorghum was affected even u2to one week 

after leaf incorporation (lWALl) and not affected when sown 

at 2WALI. The DMP of sorghum was not affected at lesser dose 

of per cent leaf litter while its DMP was affected 

drasticaly at 2er cent leaf litter when sown at WALT. 

When sorghum was sown at 2 WALT through 6 WALl, the 

germination and D~!P were not affected. Infact the DMP was 

increased considerably. 

Effect of leaf litter ~nd plant extracts of 

Prosopis juliflora on ,;eed control was studied. The 

germination of parthenium and the test crop sorghum were 

si~nificantly affected by the root extract, leaf extract (5 

per cent) and leaf litter mulch (one per cent) of Prosopis 

juliflora. The germination of other weeds viz., haryali and 

nut grass were not at all affected by Prosopis juliflora 



leaf litter, root and leaf extracts. The extracts and leaf 

litter of Prosopis juliflora reduced the DMP of parthenium. 

Study on the effect of leaf incorporation and 

plant extracts of Prosopis juliflora on the control of root-

knot nematode \Mcloidogyne incognita) in tomato 

\Lycopersicon esculentum ~1ill. I was made. Thc nematode 

~opulation in the soil under tomato and their eyg masses in 

the roots of tomato were significantly reduced by the 

Prosopis juliflora leaf litter and different extracts (dry 

stem, fresh bark, dry bark, charcoal powder, dry leaf 

powder, fresh root and leaf extracts) at one per cent 

concentration, with maximum reductiorl due to dry' leaf and 

fresh leaf incorporation at one per cent level. This had 

resulted in increased fruit numbers and fruit yield [Jer 

plant in tOMato, with highest fruit numbers and fruit /ield 

under dri leaf incorporation followed by fresh Jeaf 

incorporation. 

Studies on nutrient addition through Prosopis 

juliflora leaf litter indicated that there was a spurt in 

the organic carbon content, availabJe NPK and soil pH on 30 

days after leaf incorporation. But after 30 days, a 

declining trend was observed. After 90 days of leaf 

incorporation, the organic carbon content, available NFK and 

soil pH were comparable with the control (no litter 

addition;. There was no significant change in EC of soil 

throughout the period of investigation. 



Enumeration of microbial load in Prosopis 

juliflora leaf litter collected from the field revealed that 

only bacteria and fungi were present in the washings of the 

leaf litter. Actinoffi)'cetcs were Qbsent. This indicated that 

bacteria and fungi had greater role in the nlincralizalion of 

Prosopis juliflora leaf litter. The yrowth of bacteria and 

funSi was inhibited at 0.25 per cent tannin based culture 

media while. their growth was not inhibited at 0.1 per cent 

tannin based media. The population of fungi and bacteria 

were relatively hiyher in the bottom layer of leaf litter in 

both locations. However, the variations in the bacterial and 

funyal popUlation between two locations revealed that 

microbial load was influenced yreatly by the variations in 

edaphic and climatic conditions besides aye of plantations. 

Based on the summary of the present investigation 

the following conclusions have been drawn. 

Shoot biomass of P.juliflora seedlings can be taken as 

a scientific parameter for selecting better planting 

stocks, as evident in six months old seedlings. Height 

and BD of seedlings can be used to estimate the shoot 

biomass without destrofing the seedlings. 

Eucalyptus camaldulensis. E.tereticornis. P.juliflora, 

Azadirachta indica and Acacia nilotica can be allowed 

far coppiei g after four fears of planting. 



Branch numbers and basal diameter IBD! for P.juliflora. 

~ree height. BD and DRH for E.camaldulensis and 

E.tereticornis, sn and nRB for A.nilotica. Acacia 

leucophloea and Azadirachta indica; tree height and nRH 

for Casuarina equisetifolia shall be used as better 

predictor variables to ~rcciscl~' estimate tho 

utilizable biomass (fuelwood) using regression models. 

For a short period plantations of years old 

P.juliflora. a combination of higher plant density (1.5 

x 1.5 m) with the first cut at 15 MAP and subsequently 

coppicing for 12 MAFC can be recommended for obtaining 

higher total biomass. 

Though P.juliflora is a~enable for coppicing even at 

the early stages of g. 12 and ls MAP. it is not 

economical because the coppice crop yield was lesser 

than that of the first crop yield. 

P.juliflora can be recommended for areas where soil 

moisture stress exists for crop production. 

Alluvial sandy soils and black soils can be effectively 

utilized for raising P.juliflora. 

For higher charcoal recovery fuelwood billets and root 

stock of higher diameter class (> 10.5 cm) are 

recommended. 



P.juliflora seeds could be used for sowing upto 15 days 

after hot water treatment without any loss of 

germination/viability. 

P.juliflora seeds of bigger size with IOn seed weight 

of more than] g is recommended for early ycrminatjon 

and better growth of the seedlj~9s. 

Sowiny of P.juliflora seeds at to 4 em depth is 

recommended for better germination and ljrowth of the 

seedlings. 

Sowing of P.juliflora and blackgram after one week and 

sorghum after two weeks of P.juliflora leaf litter 

incorporation is recommended against allelopathic 

effect of P.juliflora leaf litter. It needs further 

confirmation in field studies. 

The leaf litter of P.juliflora could also be used as a 

source of organic manure as it had increased the DMP of 

sorghum. blackgram and P.juliflora crops when they were 

sown two weeks after the incorporation of P.juliflora 

leaf litter in the soil. 

There is a positive indication that the alleJopathic 

potential of P.juliflora could be exploited for the 

control of abnoxious weed like Parthenium 

hysterophorus. This needs further confirmation under 

field. 



Incorporation of both fresh and dri leaves (leaf 

litter) at one per cent \\'i'/h" basjs) can be recommended 

for blocontrol of root-knot nematode (Meloidogyne 

incognita) in tomato I Lycopersicon esculentum). It 

warrants further confirmation in field. 

Soil fertility could be improved through P.juliflora 

leaf litter. 

FUTUROLOGY 

Based on the experiences gained in the ~rcsent 

investigation the following future lines are suggested. 

The comparative performance of P.juliflora with other 

MPTs, particularly trees like E.camaldulensis, 

E.tereticornis, A.nilotica and Azadirachta indica in 

terms of biomass production needs to be evaluated at 

different aye series under different edaphic and 

climatic conditions. 

Besides tree height, BD, RN and DRH some more new 

parameters need to be included in the regression model 

to estimate the biomass yield of P.juliflora precisely. 

Optimum plant density for different ayes of first cut 

and for different durations of coppiciny 

higher UB needs to be fixed. 

to obtain 



Th~ optimum age of first cut of P.juliflora for 

coppicinS and optimum cop~icing duration for higher 

fuelwood need to be studied since in the ~rescnt 

investigation expected bi0mass was not obtained, when 

the age of first Cllt W~5 too earl~' with shorter 

coppicin~ duration. 

A refined method of cha~cQal making instead of laca] 

dlH 

method tKarirnoottam) 

charcoal recover}". 

is very much needed for hiytlcr 

Detailed indepth studies are needed for expJojtjn~ 

P.juliflora as biopesticides to control weeds and root

knot nematodes. 
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