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CHAPTER 1

INTRODUCTION o

Agroforestry; the new multidisciplinary science
encompasses ; groawing of trees 1in farm lands wiéh
agricultural crops inordgr to susta;n productivity. There
is a growing awareness, .all over the world today on the
scientific principles of agroforestry. This has generated
~enthusiasm among resedrchers, developmental experts and
‘bolicy makers concerned with tropical land use system. Tree
15 an integral part of the agroforestry , and hence there is
a‘renewed awareness on the productive aﬁd protective valde
of treeé. Efforfs are now being made, throughout the world

to device scientific methods of integrating- - trees most

efficiently in farm lands .

‘ Of the variety of trees wused, nitrogen fixing
trees play a vital role in agroforestry systems. These
trees have many useful attributes and provision for a number
of end products ;nd services. They, K have the capability of
fast g;owth rate, talerance to environmental extremes and

have the poténtial for rapid-genetic improvement.

Nitrogen fixing trees are also playing an
important role as a major source of nitrogen that enters

the ecosystem through nitrogen cycle. 8Since, these trees
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are‘generally subsistence crops and can fix nitrogen, their
use will helﬁ to reduce the use of ‘inorganic nitrogen
fertilizers. Therefnke, " integration of ~fast grcw@ng
mul tipurpose nitrogen fixing trees in farm lands has ' been
considered as crucial and vital. However 1its operational
aspects including management practices are yet to be

studied.

Popularising trees in farm lands calls for
findiﬁg out suitable ;pecies, both indigenuué and exotic and
also their rapia multiplication . including nursery
techniques. Hence, streamliging the nursery Eractices has
been considered.as an important area of research, qhich will
help .iﬁ large scale production of quglity seédlinbs. Data
available Shawé lack of sufficient informations on the
germination thqviour of different tree legumes :under
Kerala conditions. It is generally observed that seeds of

many trees possess hard and impermeable seed coats and this

oo

-leads to dormanéy and erratic germination ‘behaviour of
seeds. Under the circumstances faster multiplication of
quality -seedlings will be a difficult task. Hence

investigations are to be initiated in these lines urgently.

Enhanced growth of plants 1is reported to be
through improved mineral nutrition during the early stages

of growth. ' Mineral nutrient deficiency 1is - a major



"constraint limiting legume nitr;gen fixagion by 1egume;' and
their yield below maximum potential. It.is also a fact that
association of tree legumes with suitable straips of
rh{zobia could enhancé the seedling vigour and the -soil
fertility status. It is, therefore, essential to undersfand
the influence ‘“of _nutrients on the legume—Rhi;obium
symbiosis. Scientific knowledge on the various strains of
rhizobia and their inteﬁaction with nutrients in legume
trees under our conditions are also lack?ng._ So there is an

urgent need to take up research programmes in the above

- 1‘ R
aspects on a priority basis. :

Keeping the above aspects in mind , the present
iﬁvestigatien was cgrried D;t_as a preliminary study to
determine the effect of Rhizobium inoculation and nutrient
Jevels oan noQulation and seedling growth in tree: legqumes,
under Kerala conditions_and this investigation was carried

out as three separate _experiments with the following

objectives.

(1) Ta find out the effect of different scarification
methads on the germination of seeds of some commonly
grown and newly introduced tree legumeé .

(2) To screen out the best among the native and exotic
“rhizobial isolates' along with different phosphorus

levels in selected tree legumes.

3
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(3) To study the effect of Rhizobium inoculation and

nutrient levels on nodulation rand seedling growth of

tree legumes.
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CHAPTER 2
REVIEW OF LITERATURE

Literature available on the  various aspects
related to the present investigation on the germination of
tree legumes in relation to different scarification me thods

and the effect of Rhizobium inoculation and nutrient levels

on nodulation and seedl}ng_grnwth in tree legumes have been

briefly reviewed here.
‘2.1 Bermination studies an multipurpose tree species

Physical on seed coat dormancy in which hard

seedness prevents germination is a general phenomenon in
=

many leguminous trees, eg. Parkia clappretoniana (Etejere

et al. 1982), Dialium guineeuse (Gill and Bamidele, 1981),

"

Delonix reqia (Bill et al 1981) and Cassia nodosa, Cassia

cieberiana and Cassia spectablis (Gill et al. 1982). The

strength of dormancy varied according to latitﬁde,

provenance and from year to year even in seeds from the same

parent (Willian, 1985).

Impermeability to water and gases is also observed
to be anothér most common form of seed coat dormancy and is
characteristic to many legumes. (Krugman et al. 1984).

2.1.1 Pre-soaking of seeds with water

Various seed pretreatment methods have been found

to be useful in breaking the impermeability of hard seed



coat to water in many species (Alvarei et al. 19773

_Heydecker and Coolbecur, 1977) . . -

Favourable effect of presoaking ﬁf dormant sSeeds
of trees have been reported by various workers (Motilal and
Gilkar, 19673 Yeou-Der, .1968; Webb and Dunbroff, 1972;
Kawecki, 1970). azcora;ng to Ntumbula et 3l. (1990) there

was 73 per cent germination for seeds of Albizia lebbeck

when soaked in water for 24 hours, compared to ?.5 per cent

germination 1in control.

Germination could not be detected in seeds of

Cassia occidentalis soaked for 24 hours in water

(Anitha kumari and Kohli, 1984 ).

2.1.2 Mechanical scarification

Moffett (1950) reported mechanical scarification

as a suitable method to remove seed dormancy in Acacia Spp.
Rﬁbbing seed coat with a raior or sand paper was found to be
affective in increasing gerdination in . Acacia seeds
(Larsen, .1264).

Scarification of seeds with sand papér came out to

be the most effective method of breaking dormancy in Acacia

farnesiana, resulting in 98 per cent germination (Gill et

al. 1986). In Albizia lebbeck, mechanical -scarification

[



resulted an 70 per cent germination compared to 9.3 per

cent germination in control.. Seeds of . Cassia occidentalis
which were surface scrafched'did not germinate (Anithakumari

and Kohli, 1984).

Hawton and Drennan (1980) reported cent per cent

germination in Crotalaria goreensis, when seeds were rubbed

with glass paper. Mechanical scarification by rubbing the

seeds of Leucaena leucocephala across-a piece of sand paper

enhanced germination (Visocky and Felker, 1989).

1

2.1.3 Germination in relation to time and hot water

treatment

"Variable response aof boiling water treatments in
relation to time in diffesrent leguminous species have been

reported (Anon., 19485 Oseni, 1979; Gill et al. 1981).

Immersion ia'water at 90°C water for 30 seconds
was recommended to enhance gefmination in Acaéia angium
(Misra and Singh, 1981). According to Doraﬁ _an& Gunn
(1986), germination aof certain fdustralian acacias was
enhanced bf-immersing the seeds for one to five miﬁutes in
boiling water. PoiIing water treatment ' improved
germination by &0 to 80 per cent in Acacia catechu’ (Babeley

and Kandya, 1985; Doran and Guan, 1987). Bhatnagar et al.

(1988) observed germination of 85 per cent for seeds of



Acacia maeonochieona and BO per cent for fAcacia ampliceps

.when treated with boiling water for one mindte.

Accarding to de Hoogh (1989), seeds of Acacia

auriculiformis which were immersed in hot water for ane

minute and left to soak for 24 hours resulted in 235 per
cent germination. Immersion in boiling water for one minute

resulted in 73 per cent germination - for Acacia

wanyu (Gunn, 1989) .

When seéeds of Acacia auriculiformis were treated

with boiling "water for one minute, there was 76 per cent

germination and by the same method, there was 93 per cent

germination for Acacia holosericea (Marunda, 1989).

Seeds of Acacia ampliceps, Acacia liqulata, Acacia

salicina, Acacia saligna, Acacia victoriae, pretreated with

boiling water for one minute, resulted 1in germination
percentage of 790, 55, 50,45 qnd 35 respectively (Khajuria

and Singh, 1990).

Seeds of Acacia farnesiana given boiling water

treatment at 90°C for one and two minutes, resulted in poor
germination percentage of 40 and 24 respectively (Bill et

al. 1986). Seeds of Acacia murrayana when- treated with

boillng water for &0 seconds resulted in poor germination of

seven per cent (Bhatnagar t al. 1988). Acacia xiphopbhylla
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ana Acacia coriacea sceeds showed less than 15 per cent

germination (Gunn, 1989+ There was only- 30 per cent

germination in seeds of Cassia occidentalis which were kept
in water for one minute at 100°C (Anithakumari and Kohli,

1984) .

Seeds of‘Acacia auricuiiformis when treated with

boiling water for one minute ,the germination percentage was

85, whereas in Acacia holosericea- the germination was 93

per cent (Marunda, 1989). Seeds of Acacia trachycarpa

- responded favourably to immersion in boiling water for five

minutes with a gérmination percentage of 93 [Gunn, 19821].

However, Albizia lebbeck:seeds when soaked in hot’

water ;¢ goep for five minutes and 10 minutes showed poor

germination of two and zero per cent respectively. Hot

/

water treatment of seeds of Dichrostachys cinerea for 10

minutes resulted in poor germination percentage of 24 {Roy

t al. 1984).

2.1.4 Scarification in relation to time and acids

The use of various arids for softening the hard
seedcoat is already known in overcoming the dormancy in

Acacia albida (Ford—Robertson, 1948), Acacia cyanophylla

(Shaybany and Roughani, 1974), Phaseglus munqQo (Subburamu

and Sridhar, 1977), Cuscuta campestris (Hutchinson and
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Ashton 1979), Sesbania exaltata (Johnston et al. 1979) and

Acacia farnesiana (BGill et l. 1986). - Sulpburic acid

treatment has been regorted to be effective in improving the
germinétion of some Australian acacia seeds (Doran et 1.

1983; Kariuki 1987, Acoba 1987).

Acacia-farnesiana seeds, scarified with con.

nitric acid for 10 minutes gave &5 per cent germination.
But con. hydrochloric acid was found to be less effective in

prquting germination of Acacia farnesiana, which gave only

I3 per cent germination (Bill et al. 1986).

Seeds of Dichrostachys cinerea treated with can.

sulphuric acid for five minutes, resulted in : 11.66 percent
germination . (Roy et al. 19B84). Soaking of Albizia
lebbeck seeds for five minutes in con.sulphuric acid gave
germination of 15 per cent as compared to boiling . water
treatment for three minutes and mechanical scarification

(Ntumbula et al. 1990)."

6ill and Bamidele (1981) reported 90 and %4 per

cent seed- germination in Dialium quineeuse and Parkia

clappretoniana with con.sulphuric acid for 10 minutes.

However, seeds of Dichrostachys cinerea treated wilth

sulphuric acid for 10 minutes resulted in germination

percentage of 13.33 only (Roy et al. 1984).
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Soaking seeds. in con. sulphuric acid for 15

minutes produced 33.33 per cent germination‘in_Dichrastachlg

cinerea (Roy et al. 1984), 50 per cent germination in

Acacia auriculiformis and 30 per cent in Acacia holosericea -

{Marunda, 198%9).

In Acacia farnesiana seed scarification with

"rap,sulphuric acid for 20 minutes gave &4 per cent’
germination (Gillet 2l1.198&). Sulphuric acid scarification
of seéds for 20 minutes resulted in 95 per cent' germination

in Acacia holosericea (Sivasubramaniam et al. 1991).

Pretreatment of seeds of Cassia occidentalis fqr
20 ‘minutes in con.sulphuric acid brought about B8 per cent
germination (Anita kumari and Kohli, 1984). Seeda of

Dichrostachys cinerea treated with con.sulphuric acid for 20

minutes gave 24.66 per cent germination (Roy et al. 1784).
Natarajan and Uinayarai.(1988) found that scarification with
con.sulphuric acid for éO minutes increased germination in
Acacia planifrons. Seeds of Dichrostachys cinerea treated
with con.sulphuric acid for 25 minutes gave 63.33 per cent

germination fRUy t al. 1984).

Soaking seeds in sulphuriec acid for 30 minutes

produced @5 per cent germination in Acacia auriculiformis

(Marunda, 1989). According to Dijk (1991) germination rate

of Acacia auriculiformis could be increased from '25 per
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cent with hot water treatment to 58 per cént with sulphuric

acid treatment for 30 minptes.

2.2 Effect of Rhizcbium inoculation and nutrient levels on

nodulation and seedling growth in legumes

Most of the rpsearch workers to this day are of
the qgeneral opiﬁ;on that Leguﬁes and nodules are always
associated. Hutton and Coote (1972) haﬁe suggested that
legume species may be selected for quicker and more
efficient nodulat%on, although there is siﬁilar potential to
select for more effective straias of Rhizobium (Norris and
Date, 197&6). Barnett (1986) showed the importance of
inoculation with its specific Rh%zobium on the. growth of
manylindigenous lequme tree species. However, the knowledge
of symbiotic association with tree legumes is much less
uﬁ@erstood than .with leguminous crops. According to O0'Hara

Y

et QL..(IQBB), mineral nutrient deficiencies limit nitrogen
fixation by- the iegume ~ Rhizobium symbiosis in many
agricultural soils and as a result seriously depress legume
yields below their maximum potential. Researcﬁ results in
these lines are meagre. The literature available on .the
influence of Rhizobium inuculation and nié;ogen and
phosphorus levels on growth and nodulation of. tree iegumes

and other related species pertaining to the nursery stage is

reviewed here under.



11

2.2.1 .Effect of Rhizobium inoculation an ‘nodulation and

seedling growth in tree legumes
2.2.1.1 Growth characters

Early growth of some nitrogen fixing trees have
been reported to be sloy_(g;ay et al. 1585). It was found
that Rhizobium inOCQIQtion had a significant positive effect
on their growth characters (Balaji and Rangarajan, 1987;

Khajuria and Singh, 1%20).

Barnett '(1986) reported significantly increased
nursery growth of indigenﬁus legume tree species inoculated

.with specific Rhizobium strains.

In Acacia .mangium, Umali-Garcia et al.(1988)

observed an increase d&f 13.22 per cent in plant height over
s il

the conrol. They found increase in plant height from 1464.48

cm in the.control to 23.15 cm in inoculated seedlings in

Paraserianthes falcataria.

However, inoculation, did not give significant
increase,fin plant height in Acacia cyanophylla (Gardezi -et

al.1988).

There was an increase in seedling . height from
T1.29 to 34.64 cm by inoculation with local isplate and

<1.27 cm to 36.36 cm by inoculation with exotic isolate in
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Leucsena . (Balasundaram and Mohammed Ali, 1988). Jiang et

al. (1991) found an increase of 27.7 pér cent in plant

height by inoculation alone. In Gliricidia sepium,
Ngulube (1989) observed an increase in plant height from

16.9 to 18.8B cm by inoculation.

Chang (1986) observed that Acacia seedlings

inoculated with Rhizobium had greater shoot dry weight,
compared to uninoculated plants. According to Balaji and
Rangarajan (1987) there was 21.28 per cent increase in shoot

dry weight of Acacia nilotica by inoculation. An increase

in shoot dry weight from 89 g to 92 g 1n Albizia lebbeck
in oterile soil was observed by inoculation (Ntumbula et

al., 1990).

In Leucaena leucocephala (K-B) Mohammed (1988°

noticed an increase in shoot dry weight from 1.41 to 3.86 g

plant - ! by inoculation.

However, Rhizobium inoculation, did not give
significant response in shoot dry weight in Acacia
cyvanophylla (Gardezi et al. 1988) and in Gliricidia ﬁegiud

(Ngulube, 1989).

Significant differences in root dry weight due to
inpculation were not observed in Acacia mangium and

Paraserianthes falcataria (Umali-Garcia et al. 1988) and in
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Leucaena . leucocephala (Ezenwa and Cobbina, 1991). In

Leucaena an increase of 54.9 per cent over control with
respect to root dry weight by inoculation was noticed (Jiang

t al. 1991).

In Blackgram and horse gram, Sahu (1973) noticed

an increase in root dry weight by inoculation.
2.2.1.2 Nodulation characteristics

According to Balaji and Rangarajan (1987)
Rhizobium inoéulated'plants gave 2.2 nodules per plant in

Acacia nilotica, as compared to no nodules in control. In

Albizia lebbeck, inoculation increased the number of nodules

per ﬁlant from zero to 13 (Ntumbula et 1. . 1990).

Prabhakaran et al. (1991) observed an increase in- nodule

qumber from 2.4 to 9.4 plant-! by inoculation in Acacia

holcdsericea.

Daroy et al. (1987) reported that nodule number of

Sesbania rostrata was significantly increased by
inoculation. . 1n Leucaena leucocephala Gunawardena and

Pushpakumari (1988) reported that the number of nbdules per .
plant increased.frém 29.2 to 45.8, and where as an increase
in number of nodules from 5.30 to 26.20 was noticed by
Mohammed (1988) by inoculation. Pahwa (198%9) observed that

in Leucaena, the number of nodules per plant increased from
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four 1n the control to 127 in inoculated  plants.
Gunawardena and Senanayake (1989? fouhd Fhat number of
nodules per plant 'bhad increased from ©0.30 to 4.08 in

Leucaena.

In Acacia nilotica , nodule dry weight reached 2

maximum of 119.&6 mg-plant-! in inoculated plants (Balaji and

Rangarajan, 1987). Umali-Garcia et al. (1988) observed 350

times increase in nodule dry weight of inoculated plants in

Paraserianthgs falcataria. Prabhakaran: et 1. {(1921)

observed that nodule dry weight .had increased from 15.3 to

'42.3 mg plant -*' by inoculation in Acacia holosericea.

Mohammed (1988) observed that nodule dry weight
in Leucaena increased from 0.003 to 0.145 g plant~! and
Gunawardena and Pushpakumari (1988) noted an increase 1in
nadule dey weight from 0,29 to O.46 g  plant-? by

inoculation.
2.2.1.3 Nitrogen uptake

Nitrogen content of Acacia pilotica was increased

from 7.B4 per cent to 30.39 per cent due to rhizobial

inoculation (Balaiji and Rangarajan, 1987).

Mohammed (1988) noted an .increase 1in nitrogen
uptake from 27.72 to 94.23 mg plant-* in Leucaena. Pahwa

(1989) observed that nitrogen uptake in Leucaena was
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increased to 441.0mg planf" from 336.7mg-plant". Nitrogen
uptake 1N pPlgeon pea was also increased by inoculation (de

Lurena Costs and Paulino, 1989).
2.7.1.4 Phosphorus uptake

Mohammed (19688} noticed an increase 1n phosphorus
uptake 1n Leucaena from 2.84mg per plant to 5.13mg plant™!
Sy, inoculation. Ah increase 1n phosphorus uptake due to
inoculation was observed 1n pigeon pea (de lLucena Costa and

Paulino, 1989).

2.2.2 Effect of nitrogen and phosphorus on seedling growth

and noddlatiun of tree legumes

s

Umali-Garcia gt al (1988} ohserved that the
average increase 1in plant height was highest 1in plants

fertilLsed with ZO0kg N ha™*'.

In Erythrina suberosa, i1ncrease in plant height
due to n}trogen fertiliser application was reported by Jones
(1985) and Moloney et al (1986). Hussain gt al (1989) fén_md
that 1n Leucaena, ni1trogen applicatlon at the raté of 20kg N
ha*! resulted in an increase in height from F0cm -103cm.
Sanginga gt al (1988) and Cobbina (1991) reported

significant response to applied nitrogen 1in Leucaena‘durind
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early growth when fhe plant had not started'nodulation and
nitrogen fixation. Accohding to Cobbina et al. (1990)
nitrogen application at 20 Kg N ha;‘ increased plant height
atj84 dayé after planting of Leucaena and Gliricidia. Heiéht
of Leucaena was significantly higher in inoculated plants
and without applied nitrqggn (Ezenwa and Cobbina, 19%91).

P

H
"3

In Dalbergia sissp, Sheikh and Afzal (1985)
observed 4.5 per cent increase iq_plant height over the
coﬁtpol ;s a result of nitrogen addition. ‘H#ssain et al.
_(1990) noticed an increase in plant he%ght upto 50 Kg N-ha“

$ix months after sowing in Dalberqgia $isso.

On the contrary, plants fertilised with 100 Kg
N ha-?!', exhibifed stunted growth over plants receiving 0-460

Kg N ha-!' in Paraserianthes falcataria (Umali-Garcia et al.

1988).
As the level of nitrogen application increased
above 50 Kg N ha-',a reduction in plant height was observed

in Dalpergia‘sisso (Hussain et al.- 1990}.

. Steward and Gwaze (1988) noticed that shoot dry

weight of Acacia albida had significantly increased at

nursery stage when nitrogen at the rate of 32 Kg ha-?! -was
applied. On the contrary, according to Umali-Garcia et al.

(1988) shoat dry weight was not significantly affected by

nitrogen application in Paraserianthes falcataria and Acacia
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mangium. .Accaording to Maasdorp aéd Gu#ter;dge (1284),
apﬁlication of 100 Kg N ha-! . increased shoot. dry weight of
Sesbania sp. Hussain §£ gL. (1990) rnoticed an increase ;n
shoot dr; weight from 28.7 té 1.9 g plant~*' by ‘application
of 20 Kg N ha"*' atSixmonths after planting in Dalbergia

S5iss0.

Shoot dry weight of inoculated Leucaena plant,
without applied nitrogen was significantly'higher than the
control (Bunawardena and Pushpakumari, 1988; Ezenwa and

Cobbina, 1991).

Shoot dry weight of Acacia albida was found to be
increased with application of phosphorus at the rate of 24

Kg ha"*' (Steward and Gwaze, 1988).

. Shoot dry Qéight of pigeon pea increasad by 32
per cent by application of phosphorus at the rate af &0 Kg
. ha-* (Srivastava and Verma, 1984). Shoot dry weight of
Leucaena was found to be significantly increased with
application of phosphorus at the rate of 50 Kg ha-? from
55.03 g to B87.75 g plant~! (Hussain et al. 1988). A three

fold increase in shoot dry weight of Leucaena leqcoceghala,'

Acacia albida, Tephrosia vogelii, Segsbania rostrata,

Secbania punctata and Sesbania gqrandiflora was attained when

plants grown in pots were applied with phosphorus at the

rate of 250 mg super phosphate per pot (Sanginga, 1988).



According %o Hussain et al. (1989) the shoot dry weight

showed an increase from 28.7 to 31.9 g in the case of

.Erythrina suberosa dué to 50 Kg ha-! phosphorus application.

Root dry weight of plants was not significantly

affected by application of nitrogen at the rate of 30,60 and

100 Kg N ha~* in Paraserianthes falcataria (Umali-Garcia et

1. 1988).

In Erythrina suberosa, nitrogen application at the

rate of 20 Kg ha-' increased the root dry weight from $5.70 g

to 7.18 g plant-! (Hussain et al. 1989).
Increase in root dry weight from 26.88 g to 30.04
g plant-* by the application of phosphorus at the rate of

50 kg ha"! was reported by Hussain et al.(1988) in the case

aof Leucaena.
4

Accarding to Ezenwa and Cobbina (1991), root dry
weight of Leucaena plants without applied phosphorus was

significantly lower.

Adverse effect of nitrogen fertilization . on

nodulation of Albizia procera was reported by Hussain et al.
(1986) and in Paraserianthes falcataria by Mcloney gt 1.

{19886) . They observed that Paraserianthes falcataria have

nodulated in both nitrogen fertilised and unfertilised pots,

but effective and bigger nodules were observed in the later
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treatment. Unali-Barcia et al. (1988) noticed that

nodulation was best in unfertiliégd- -treatments in

Paraserianthes falcataria and nodulation in the absence of

nitrogen exceeded those fertilised .

In Ervthrina suberosa,the nodule number per plant

v

was found to decreége'ffom 13.60 to 9.33 due to application

of nitrogen at the rate of 20 kg ha"? (Hussain et al. 1989).

In Leucaena, suppresgion in nodulation by
apﬁlication of nitrogen fertiliser was noticed by Cobbina et
al. (1990).

Accaraing to Hussain et al. (1990), in Dalbergia
sissg, nodule number reduced to 42 . from 88 with 25 kg N ha™
after SEx months. Sundaram et gi. (1979) reported reduced

nodulation with increased levels of nitrogen in bengal gram.

Application of 15 to &0 kg N ha-! significantly increased

nodulation of Vigna radiata (Raju and Verma, 1984).
Similarly, nitrogen application'at the rate of 20 kg N ha™!
was also found to increase nodulation of pea (Srivastava and

Verma, 1985).

Manguiat et al. (1987) observed  that best
nodulation was obtained with application of phosphorus up to
X0 kg ha-*. In Leucaena, an increase in the number of

nodules from Six in the control to 10 was obtained where

phosphorus was applied at the rate of 50 kg ha™!® (Hussain



t al. 1988). In Erythrina suberosa, the number of nodules

per plant increased from 13.60 " to 24.47 by phosphorus

application 50 kg ha-* (Hussain et al. 128%9).

Srivastava and Verma (1985) reported that
increasing the bhosphorus rate upto 60 Kg ha™!? markedly
increased the nodaiétion in pigéon pea. According to Singh
and Faroda (1986) the number of nodules per plant increased

.significantly with phosphorus application upto 40 kg ha-! in

pigeon pea.

In Acacia mangium, Umali—Garcia et 1. ((1988)
reported 15.2 per cent increase in nodule dry weight aover
_ control by nitrogen application at the rate of 15 kg N ha-t.
They also reported an incre#sa of 97.17 per cent in
nodulation by application of 30 kg N ha-* and beyond that

they could not find 1increase in nodule dry weight in

Paraserianthes falcataria.

In Erythrina suberosa, nodule dry weight per plant

decreased from 0.20 to 0.18 g by nitrogen application ﬁt the
rate of ~20 kg ha-! (Hussain et al., 1989). - In Dalbergia
sisso, application of nitrogen upto 25 kg ha-t decreased.the
nodule dry weight per plant from 6.20 to 0.10. g and

thereafter there was an increase in the dry weight aof

nodules with nitrogen upto 150 kg ha~! (Hussain et al. 1990).



Gunawardena and Sénanayakel‘ (1789) observed
increased nodule dry weight per plant when phm%phorus was
applled at the rate of 15 kg ha-! in Leucaéna. In Erythrina
suberosa the nodule dry weight per plant was increased from
0.20 g to 0.40 g by application of 'phosphorus at the rate of
S0 kg ha!'. (Hu§5ain_g£ al. 198%9). Nodule dry weight per
plant had increased significantly with <0 kg ha-!

application in Arachis hypogea {Sankar et al. 1984).

According to Singh and Faroda (1986), the nodule
‘dry weight per plant was found 'to increase with application
. ¢
of phosphorus. upto 40 kg-ha", in pigeon pea.
According to Umali-Garcia gt gl..(lqaa), nitrogen
application did not give any significant difference with
respect to plant nitrogen content in fAcacia mangium,. They

also found a significant increase in plant nitrogen content

from 1.97 to 2.12 per cent by nitrogen application.

Iﬁ Erythrina suberosa, nitrogen content of planté
increased from 1.17 to 1.21 pér cent by the application of
nitroggn at the rate of 20 kg ha -*. According to Cobbina

t al. (1990) appiicatinn of nitrogen increased~the nitrbgen

content of Bliricidia and Leucaena.

Oganwale and Olaniyi (1978) reported a significant

increase of phosphorus content for pigeon pea as a result of
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phosphorus  fertilization. In Leucaena, Hussain 2% al.
(1788) noticed an tncreased in phoéphoru; uatake from 1.14
to  1.73g. An 1ncrease in the phospharus cﬁntent from -1.17
per cent to 1.28 percent was observed by the application. of

5Ckg ha ' (Hussain gt al. 198%97.

.

The role aof waoady pérennial legumes 1n agro-
forestry have been described by various authors (Brewbaker
and Hu, 19813 Nair, et al. 1984)., The existence of dormancy
and erratic germination of lseeds rema;ns as a major
constraint 1n large scale.multxpiication of seedlings for
agroforestry ‘programmes 1in a single grdwing season. The
"limited research work done an the germinatiop behaviour of

the different tree species reveals the necessity for further

studies especially with respect to Kerala conditions.

s,

Investigations on 1dentification of spectfic
micro-organisms along with selection of suitable tree
species, for better and quicker nodulation under Kerala

conditions are also less debated.

':Mineral nutrient deficiencies are a majar
constraint limiting legume nitragen ftixation and yield below
theirr maximum potential, The review of literature of‘ the
earlier studies undertaken on above aspects, showed that the
attempts to understand the nature of 1imitationslimpnsed by‘

mineral nutrient deficiencies on the |, tegume—-Rbhizobium

s
.

symbiosis especially under Kerala canditians are meagre.
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CHAPTER 3

MATERIALS AND METHODS

An invéstigation was carried out . with the
obj;ctive of determininé the effect of Rhizobium inoculation
and nutrient levels on nodulation and seedling growth in
tree legumes. rnis ;nvestigation was car}ied out as three

separate experiments, the details of which are given below.

Experiment I

To find out the effect of different scarification
methods on the germination of seeds of some commonly grown

and newly introduced tree legumes.
Exbériment II

To screen out the best among the native and exotic

rhizobial isoclates aloﬁg with different levels of bhospharus

in selected tree-iegumes.

Experiment ITY

To study the effect of Rhizobium inoculation, and
nutrieat levels on nodulation and seedling gfowth of tree
legumes.

The experiments were carried out using the
laboratory and ngEnhouse facilities available in the

College of Agriculture, Vellayani.



%.1. Materials
L R Seeds

Seeds used for the i1nvestigation were procured
from Pratap nursery, Dehradun and from the Department of
Spcial Forestry, Government of Kerala. Nine species of tree

lagumes were considered for Experiment —-I, namely, Acac1la

catechu, Acacia arabica, Albizia moluccana, Paraserianthes

falcataria, Cassi1a fistula, Acacaia mangium, Cassia javanica

and Sesbania grangiflora. Dut of this, the following tree

specles were used for experiment IT and TIII.

Acacia. arabica is a small, thorny, irregular

leguminous tree af the South Asian plains with a variety of
human uses viz., fire wood, timber, tannin, gum, fodder and
/s

tharn hedges. 1t grows on sites with annual rainfall

between 100 to 950 mm and five to 11 months dry period. The

plant tolerate daily temperature upto 45°C (Plate 1.

Acacia catechu 1s the mast indigenous acacia 1n

Nepal - and 1s graown 1n plantations in terai regién of
Northern Gangetic plain, for its multipurpose pfoducts. 1t
grows well 1n altitudes ranging from 50 m to 2000 m and also

in a wide range of climatic conditions (Plate 27.

Paraserianthes falcataria (previdusly known as

albizia falcataria )} is a valuable mulfipurpdse legumlnous

]
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Plate 2: Acacia catechu at 180 DAS




tree for the humid tropics. One of the fastest-grwang af
all tree %qecmea, 1t 1s'used_for pulp gng ather wood
products, fire wood, orqamenfal planfinés and -éhade- for
caffee, tea and cattle. It Hat;rally occurs 1in ‘Indonesia,
Papua New Guxnea, and the Solomon islaﬁds from LOOS to SOON.
It grows from sea level to 1200 m above MSL with an annual
rainfall ranging from 2000 .toc 4000 mm, a dry season of less
than two months, and a temperatQPE range of EZOC to 340C
(plate ). | |

3.1.2 Surface sterilizing agent

The seeds were surface sterilized by using 0.1 per
cent mercuric chléride-solutIGn in Experiment I. Mercuric
1Eh10r1de _énd 70 . per cent ethyl alcohol were used for

>

isolation purposes in Experiment II.

J.1.3 qaterialﬁ far scarifications

Analar éuality‘ con.HCl, con. HNDz and con; H2804
were used far acid gcgfifiéation; Sand paper was used for
.mechan1cal scarification and water at BOOC for hot water
treatment. quled distilled water was used for presocaking

the seeds: 1n Ehe cantrol treatment.

3.1.4 Filter paper and petri dishes

»

Steam sterilized petridishes with moist filter

paper 1nside were used for placing the scarified seeds.



Plate 3: Paraserianthes falcataria at 180 DAS




3.1.5 - Potting mixture

The potting mixture used for the study  consisted
of <o0il, sand and dried cowdung in the ratio 13%1:1.

Sterilized potting mixture was used for Experiment II.
3.1.6 Experimental site .

Experiment 1 was carried out under laboratory
conditions and the site chosen for Experiments II and III .
was a green house attached to the Department of Agronomy, in

the College of Agriculture, Vellayani.
3.1.7 Season

Experiment 1 was carried out from .August 1990 to
September 1990. Experiment II was carried out. from October
1990 to January 1991 and Experiment II1 from January to July

1991.
'3.1.8 Weather conditions

The experiment site enjoys a tropical humid
climate!. Data on the maximum temperature, minimum
temperature, rainfall and relative humidity during fhe
experimental period were collected from the Meteorological
Observatory at ihé College of Agriculture and is presented

as monthly averages in Appendix I and Figure I.
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On -comparison, it was revealed that normal weather

conditions prevailed during the experimental period.
X.1.9 Palybags

Black coloured polybags (500 guage) of size I0x20

cm were used for gfnwing the seedlings.
3.1.10 Rhizaobial inoculants

For Experiment II, native and exotic rhizobial
isolates for Acacia sp. and Albizia sp. were used . For
Experiment III, the best among the two isolates for each

species were selected, based on Experiment II.

Native isolates were isolated from nodules of tree
legumes, collected locally. Exotic isolates used for Acacia
sp. was TAL 1B48 and for Albizia sp. was TAL 45.. Exotic

isolates were obtained from NIFTAL Project, Hawaii (USA) .
3.1.11 Fertilizers

Phosphorus as superphosphate analying 16 per cent
P05 waé used for Experiment II and III. In Experiment III

urea analysing 44 per cent nitrogen was wused.
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' J.2.Methaods
3.2.1 Design and lay out

All the experiments were laid out in completely
randomised design, Experiment I with five replications,

Experiment II with three replications and Experiment III

-

with four replications.

3.2.1.1 Experiment I

Design - CRD
No. of treatments - 195
Replications -5
Treatments
The treatments consisted of different

‘scarification methods done in 9 species of tree fegumes as

given below.

Methods of scarification

s, con.HC1 1 minute
sz - Do S5 minutes-
S3 Do . 10 minutes
Sae Do ' ‘ 15 minutes
g, con. HNO; ' 1 minute

= Do S minutes



=1 Coh- Hz SU.

Si0 Do
Si1 Do
S:2 Do

s, 3 Hot water:
treatment

10

15

10

15

3

minu£es
minutes
minute

minutes
minutes

minutes

minutes

5.« Mechanical scarification using sand paper

s,s Soaking in cold water 24 hrs.(Control)

I

Tree Species

Acacia arabica

Acacia catechu -

Acacia mangium

Paraserianthes falcataria

Albizia lebbeck

3.2.1.2 Experiment I1

Design

Number of treatments

Albizia moluccana
Cassia fistula

Sesbania grandiflora

Number of replications - 3
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deatments

Treatments consisted of three levels of Rhizabium

and three levels of phosphorus as detailed below.

Rhizobium Inoculation

re =— no inoculation

r, - inoculation with native Rhizobium
isolate )

r. -~ inoculation ‘with exotic isolate.

Phosphorus levels

Po - 0 kg ha-!

p: —,25 kg ha"!
pz- - 50 kg ha -!

Treatment combinations

Treatment combinations are as follow:—

'1 — To Po ) 6—-r. Pa
2 - re P 7— Ts Po
I —'ro Pz 8- P.l P
4 = T™ Po - T's P2
S - rmops

Tree species

_AcaC}a arabica

Acacdia catechu
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¥.2.1.3. Experiment III

Design : ~ CRD
Number of treatments - 1B
Number of species -3

Number of replications - 4

Treatments

Two levels of Rhizobium, three levels of nitrogen

and three lévels of phosphorus and their combinations were

fixed as the treatments.

Inoculation To - no inoculation
’ re -~ inoculated with selected Rhizobium
isolate.
Nitrogen (g '— 0 kg ha-!
n -~ 20 kg ha-!
Na - 40 kg ha-!
Phosphorus Po - 0 kg ha~=t
P - 25 kg ha-?
P2 - 50 kg ha-!

Tree specles

Acacia arabica

Acacia ' catechu

Paraserianthes falcataria
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Treatment combinatians

1 = TeNoPo 10 - 7 Fenope
2 - o Mo P 11 - rs fio Ps
3 - o No Pz 12 - TeNoPa
q - To Ny Po 13 - Te i Po
] .: To Ny P ‘ 14 - TeMNy Ps
b - ToNi Pz 15 - CeNi P2
7 - roNaPo’ o -16 - . N2 Po
8 - roNapPi 17 - T+ N2 P
9 - o N2 Pa ' - 1B - rs N2 P2

Selection of seeds

Fully developed undamaged seeds were selected from

>
séedlots for the experiments.

Cleaned seeds were surface sterilised with O.1 per
cent mercuric chloride for one minute and then rinsed with

distilled water.
3.2.3 Methods of seed scarification

Acid Iscarificatiun was done by soaking the seeds
in acids, viz., con.HCl, con. HNG; and con. Hz S04 for one
minute, five minutes, 10 minutes and 15 minutes

respectively.
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Mechanical scarification was done by rubbing the
seeds against sand paper. .

Hot water‘tfeatment was done by dipping the seeds

in water at BO° C for one minute.

Soaking the seeds for 24 hours in distilled water
served as controls THe study .was conducted at ambient

temperature.
3.2.4 Preparation of Rhizobium isolates

for Experiment II, the native isolate of rhizobia
was made by.streak plate'method of WVincent (1970) using
~yeast extract mannitol agar medium. Composition of yeast
extract mannitol agar medium is_given in Appenaix 11 ag

given by Allen (1933).

Besides these, two exotic isolates of rhizobia
were obtained from NIFTAL project, University .of Hawaii.
They were TAL 1868 for Acacia species and TAL 45 for

Paraserianthes species.

-The abave isolates of rhizobia were tested for
purity by gram 5taining (Vincent, 19270). Strains which were
short to medium sized rods and gram negative were used for
the study. Pure cultures of all these iéolates were
maintained on yeast extract mannitol agar slants at 4 ° C in

a refrigeratar.
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3.2.5 Preparation of potting mixiuré

For Experiment 1II, the  potting mixture was

sterilised by autoclaving for two hr at 120° C.

Three—fourth of the polybags were filled with this

sterilised mixture, each weighing 1.5 kg.

™

For Experiment IIi, the polybags were filled with

non sterilised potting mixture, each weighing 3 kq.

3.2.6 Inoculation of Rhizobium isolates

Fur Experiment- II, seeds of each species was
inoculated with native isolates and exotic isolates and the
best  isolates selected for -e;ch species based on the
performa6ce of the Experiment II was used for Experiment

I11.

4

3.2.7 Fertilizer application

Phosphorus in the form of super‘.phosphafe was
applied at the rate of 0,25 and 30 kg ha-! in Experiments II

and TIII.--

In Experiment III, in addition to phosphorus, .
nitrogen was applied as urea at the rate of 0,20 and 40 kg
ha-!'. The entire quantity of nitrogen and phosphorus was

applied as basal dose at the time of sowing seeds.



I3.2.8 Seeds and sowing

Bold seeds .were' selected‘ for sbwing. For
Experiments Il and III,the %eeds were subjected ta suitable
pretrea?ment to enhance the germination based on the result;
of Experiment I. The soaked seeds of each species were

inoculated with Rhizobium as per the treatments.

Two to three seeds were sown in all the bags. The

bags were irrigated .immediately after sowing.
3.2.9 Maintenance of 'the crop

In both the experiments, “irrigation was given
daily wupto one week after sowing.. Thereafter, irrigation
was qiven on alternate days. Hand‘wgeding was done for

both the experiments as and when reqguired.

F

3.2.10 Plant protection

No pests and diseases were observed in the polybag
experiments and hence there was na necessity for plant

protection qperations during the experimental period.
3.2.11 Harvest

The plants were harvested at 90 DAS and-at 180 DAS

far Experiment II and 111 respectively.



3.3.0bservations
In both the experiments, observations on growth
characters of all the plants were taken from all the

replications.
3.%3.1 Grawth characters

3.3.1.1 Height of plants

The height of the plants were measured from the
base to the growing tip at 90 DAS for Experiment II and at

180 DAS for Experiment III and expressed as cm.
3.3.1.2 Number of root nodules per plant

The plants were carefuily uprooted and the roots
were washed carefully with water. The root nodule number

was counted and expressed as mean value.

/

3.3.1.3 Dry weight of nodules per plant

The dry weight of nodules per plant was determined
after drying the samples to a constant weight at 70°C in a

hot air oven and expressed as g plant -?!.
%X.3.1.4 Dry weight of roots

Dry weight of the below ground portibn of each
plant was taken after drying the samples to a constant

weight at 70°C in a hot air oven and expressed as g plant-3.



3.3.1.5 Dry weight of shaoots

Each plant was dried separately and dry weight of
the above ground portion of each plant was recorded and

expressed as g plant ~*.
3.3.2 Chemical analysis _ .

The plant samples collected from each polybag at
180 DAS in Experiment III were dried to constant weight in a
hat- air oven at 70° C, ground and passed through a 0.5 mm
.mesh in a Willey mill. The required quantity of samples were
then weighed . out accuraéely in an electronic balance,
-subjected to triacid extraction as given by Jackson (1973)
and-‘tﬁe nutrient contents were_determined and expressed as

percentage on dry weight basis.
3.3.2.1 Total nitrogen content of plant

Total nitrogen content in plant was estimated by

modified microkjeldahl method as given by Jackson (1973).

3.3.2.2 Total phosphorus content of plant

J

Phosphorus content was estimated colarimetrically
by Vanado-molybdo—- phosphoric yeéllow color method (Jackson,

1973) and read in Klett Summerson photoelectric colorimeter.



3.3.3 Statistical analysis

In Experiment 1, the germination studies were

conducted twice and the average of the twe observationswere
taken for statistical analysis. The data were analysed

using angular transformation employing F test.

"

For Experiment II and III, the data relating to
each character were analysed using the analysis of wvariance
"technique, as applied to cnmpietely randomised design.
Whereever the effects were founq to be significant, critical
differences were calculated for effécting comparison among

the mean.
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-

RESULTS
4.1 Experiment I

The results of the investigation on the effect of
different scarification methods on the germinatién of seeds
of various mu}tipu;boséllegqminous tree species are given
below.

4.1.1 Germination percentage
'The data on the mean germinatiuﬁ perCEﬁfage are

. presented in Table 1 to 3.

The._data revealed that highest germination was
obtained with hot water treatment (s,3) in the case of
Acacia mangium and lowest with treatments s,4 and Sis . In
the case of Acacia arabica, treatment with con.H250, faor
fi;e minutes (s;0) recorded high per cent gerﬁination
compared to other .treatments. However, Acacia catechu
sHowed comparatively high pef cent germination with all the
treatments. The highest germination was .obtained with

con.H,S0,  treatment for five minutes (s10) which was at’

par with.hot water treatment.

The germination of Albizia lebbeck was max imum

with treatment s;. Treatments s, and sz also recorded high
per cent germination. Acacia moluccana séeds had

significantly higher germination with treatment ss. The per
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Table—1. Effect of different scarification methods on seed
germination (%)

e e e et . o e ke S — — — T S S ol S T o T T P o e A M S S (ot St (e e e D W S i =S

Treatments Acacia manqium Acacia arabica Agacia catech
o ‘com. HCI 1 min.  21.39 29.96  91.23
s, 5 min. 15.77 46,39 87.42
sy ¢ 10 min. 13.79 37.99 89.40
se L 15 min. 09.38 39.58 88.40
s con.HNO; 1 min. 15.77 45.99 _ 89.83
Sa c 5 min. 05.30 '49.59 78.02
Sy o 10 min. ) 10.35 ' 58.41 75.61
sa ° ° 15 min. 12.07 49.99 69.61
Sy con.Hz S0, 1 min. 39.19 42.15 - 21.12
Sie 5 min. 35.19 &9.84 99.41
S11 10 min. 29.99 17.94 80.01
CYP R 15 min. 11.18 11.15 ! 00.00
s;3 hot water treatment 74.38 42.73 98.99

(3 min.?

5,4 mechanical

scarification 00.00 34.08 . 70.94
s1s s0aking 24 hours

in ‘water 00.00 00.00 592.82

CD 07.47 04.52 03.61

CD at 5 %4 level.
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Table—2 Effect of different scarification methods on

seed germination (%)

Albizia lebbeck Albizia moluccana Paraserianthes
falcataria

s, con. HC1 1 min 23.34 34.7% 22.59
Sz S min. 90.02 26.77 24 .34
ss 10 min. 82.03 ' 25.58 27.59
Sa Y 15 min. 87.24 45 .99 15.146
Ss con. HNO3 1 min, B7.63 39.99 192.98
S © o "5 min. 82.04 19.57 29.98
sy - 7 20 min. 98.27 - 27.58 19.53
S» o 15 min. 93.23 33.57 23.97
s¢ con. HzS0¢ t min. 19.55 80.44 19.05
Sio0 = 35 min 34.96 77.57 14.468
S v 10 min. 0B.86 70.21 19.39
Sy 2 s 15 min. 08.48 05.77 -10.40
5,3 hot water treatment 09.54 72.33 . 74.61
(3 min.)

Sia meéhanical

scarification 29.05 29.76 15.93
si1s soaking 24 hours

in water 04 .85 29.3% 11.35
e os.38 02.79 03.46°

CD at 5% level.



Table—-3.

__._-.___...____-___..—_....._.-.._.___.____—__.-—_._.._—_.—__.-.——-...—_—_.——————_.—__-—__.__.

Sy 3

S 4

Sy s

germination, (%)

10 min.
15 min.

con. HNO, 1 min.

10 min.
15 min.
caon. Hz280, i min.
5 min.
10 min.

0 15 min..

hot water
treatment
(X mina.)

mehcanical
scarification

soaking 24 hour

40.99

43.99

49 .80
35.47

19.57

22.99 .

27 .39

- 09.76
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Effect of different scarificafioﬁ-methods an seed

37.99

27 .56

21.78

34.41

70.14

32.39

28.99

G0.00

29.39
31.19
41.39
25.99
45.41
30.59

16.99

68.55

-.-__..—____-—__—___.._—__--—_______-—___...—__.—__—.——_..——____.—-...————_...—-...——‘_—.-.._-_.—__—

CD at 5% level.
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cent germination under con. Hz SO0 treated and hot water
.treated seeds were on par. In the case "of Paraserianthes

e __——_—,————

falcataria, high per cent germination was recorded with hot

water treatment (s:3:.

High per cent germination was observed in Cassia
fistula with égn;HCI treatment for one minute (s, ) and
other treatments recorded comparatively lower values. The
lowest value was recorded for mechanical scarification (s.4)
and soaking for 24 hours (S;p). In thé case of Cassia

'
javanica, the different_treatments‘gave lower values of
germination.’ Among these, the highest value was recorded
with treatment s;., which was éfjpar with treatment s:;s«. AS
comp;red to other treatments: in the case of Sesbania

grandiflora, better germination was obtained with hot water

treatment .
4.2 Experiment II

The results of the investigations  to screen out
the ‘best among the native and exotic rhizobial isolates
along with different levels of phosphorus in selected tree

legumes are given below.
4.2.1 Height of plants

The data on mean plant height at 18C days aftgr

sowing are presented in Table 4.



5

-
!

Tab&gfd. Effect of Rhizobium inoculation and phosphorus
- levels on plant height (cm)

Treatments Acacia arabica Acacia catechu Paraserianthes.
falcataria

e e e e o e e e e et S S o T T e e e o o T T M e o e S L B T Y e k£ RS R SR S S

o 31.81 11.84 08.84

r 32.1; 16.83 07.60

Ty 33.50 18.96 10.40
e N o1.95 01.15

Po 34.80 15.96 08.31

P 32.18 16.46 08.68

D2 30.70 15.22 10.06
e e Ns otas

CD at 5% level NS - Not significant
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Inoculation with different isolates of Rhizobium
had significant effect on plant‘hefghf-iﬁ all the tree
spegies studied éxcépt A. arabica. In A. gatechu and P.
falcataria the exotic isolate (ra) produced significant

increase in plant height.

=

In &.' catechu, Ta produced significantly lower

plant height compared to r, and r,..

Phosphorus application had significant effect on

plant height in/P. falcataria only and highest plant height

was resulted at p. level.
4.2.2 Dry weight of shoots

The data on the mean shoot dry weight of plants as

affected by the treatments are presented inn Table 5.

/

Rhizobium inoculation had significant influence on

-shoat dry weight of A. catechu and P. falcataria.

In Acacia catechu,_ Ts p#oduced significantly
higher shoot dry weight followed by r, and re which were on
par. |

Inoculation levels had no signi?icant i&fluence on

shoot dry weight in A. arabica and P. falcataria.

Among the three species studied, phosphorus

application increased shoot dry weight in the case of A.



Table-5. Effect of Rhizobium inoculation and phospharus
levels on shoot dry weight (g)

T e e e e e o o = — et e e e e ey e — A e S —— {—— it . o o " S T — — et it At s fe e

Treatments Acacia arabica Acacia catechuy Paraserianthes
falcataria
o 0.ar 0.1z  o.za
™ ~0.37 0.18 0.23
Ty 0.43 0.27 0.41
cc s 0.06 NS
o 0.z 018 0.3a
P ' 0.33 _0.19 0.31
Pz . 0.49 0.19 0.27
coc o.09 T NS

€D at 5% level. ) " NS - Not slgniflcant
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arabica only. Here pa level recorded highest value, whereas

effects of p. and po were on par.
4.2.3 Dry weight of roots

The mean data on the root dry weight are presented

in Table A.

P

Inoculation levels had significant influence on
the root dry weight in A. arabica, A.catechu and P.

falcataria.

In A. arabica , ry produced highest shoot dry

weight and was at par with r,. Treatment r, recorded lowest

root dry weight which was on ‘par with r,.A. ‘catechu

exhibited same pattern with the exception that rs recorded

significantly lower wvalue, But in P. falcataria, r, was

Fs

found to be superior with' r, which was on par with ro.

Phosphorus levels had. significant influence on the
root dry weight of P. falcataria . Highest root dry weight
was recorded by p, level in P, falcataria which was on par

with pa andafhe effects of p: and p, were at par.

4.2.4 Number of root nodules per plant

The mean data on nodule number are presented 1in

Table 7.
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falcataria

ro 0.08 0.05 0.07
r 0.12 0.11 0.08
re o.;e 0.14 0.15
o 0.0s o.0a 0.0
o o1t o.u1 0.09
P 0.12 0.08 0.11
P2 0.13 0.11 0.10
co T N 0.0t

CD at 5% level. ' NS - Not signlflicant



Table-7. Effect of Rhizobium inoculation and phosphorus
levels on nodule number per plant.

Treatments Aicacia arabica Acacia catechu Paraserianthes
falcataria.

To 0.00 1.00 1.44
™ 122 1.33 2.78
e 2.00 2.11 15.00
_____ cc o0  o.ss 1.8
_____ P 07 133 sar
P 1.22 1.67 7.89
P2 . 1.33 1.44 3.22
"""" o o0 - ~ns . 1.5

CD at 5% level. ' NS - Not significant
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Inoculation_leveis produced significant influence
on nodule nAumber in all the speéieﬁ. —Tnm A.arabica, r.
increased nodule number followed by r; and re. 1In fA.catechu
and P. falcataria, treatment r, was found to be

significantly superior compared to r, and re.

P

Sigﬁificant influence on nodule number was

exerted by phosphorus application in A. arabica and P.

falcataria. In A. arabica, p2 produced highest nodule
number and was on par with p;. A reduction in the nodule

number with increasing levels of phosphaorus was recorded in

P. falcataria.
4.2.5 Dry weight of nodules per.plant

The data on mean nodule dry weight of plants are

presented in Table 8.

Nodule dry weight of plants waé significantly
influenced by levels of inoculation. In al{ the species,
treatment r, was significantly-superior to all others and
To recqrﬁed the lowest wvalue. In A. arabica and . P.
falcataria, éreatmeﬁts rn and r, on par, whereas in A.

catechu ro was significantly inferior to r,.

Levels of phosphorus 4jd not influenced the nodule

dry weight of plants in all the three species.
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Table—B8. Effect of Rhlzoblum inoculation and phosphorus
levels on nodule ‘dry weight (g)
Treatments Acacia arablca Acacia catechu Paraserianthes
falcataria

To 0.000 0.001 0.000
T 0.000 0.018 ¢.000
Ta 0.614 0.037 0.040
o 0.007 o.00a 0.010
. o.001 o.020 0.010
P 0.003 0.017 0.020
Pz 0.009 6.180 0.010
co s s NS

CD at 5% level. ' NS - Not significant
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4.3 Experiment III

The results - QH the effect ) of Rhizobium
inoculation, nitrogen and phosphorus application ‘on
seedling growth and nodulation in A. arcabica , A. catechu

and P. falcataria are given below.

-

4.%.1 Growth characters
4.3.1.1 Plant height

The data gn the mean height of plants as affected

13

by the treatments are presented in Table 9.

Rhizobium inoculation had significant effect on '

plant height far all the species except, A. arabica.

Nitrogen application had significant effect in
plant height in A. arabica. Significantly higher  plant
height was recorded by n, and the effects of no and na were
on par. In ﬁ{ catechu, n; had significantly increased
plant = height followed by n: and ne. Nitrogeﬁ application
did not have significant effect with respect tao this
parameter"in the case of P. falcataria. Application- of
different levels of phosphorus Qiso V ”-had- influenced
plant height significantly in A.catechu. Treatment Pi
recorded highest value for plant height and it was at par

with p2 and- treatment p, recorded the lowest value.
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Table—%. Effect of Rhizobium inoculation, nitrogen and
. phosphorus levels on plant height {(cm).

e e e e e e e e e i e e L T S e € ey L R e =

Treatments Acacia arabica Acacia catechu Paraserianthes
falcataria

ro 129.63 119.95 69.72

. 132.28 125.44 82.32
_____ T T T e Teenzs 10.e1
T T T lzies 1os.7s 75.28

ny 154.88 131.94 : 79.96

N2 126.13 126.42 72.85
T oitiae 0 oos.es . ws
T T T T mes | 17.e8 | 7208

ey 125.50 126.75 72.55

Pz 132.67 123.67 83.44
e e ooses NS

e e e e e o A o e P P e T o o L i T S o S S P o ek LS e e P S A (o S S S

CD at 5% level - NS --.qﬂot significant
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4.3.1.2 Dry weight of shoots

The mean ﬁable on shoot dry weight is given 1in

Table 10 and Fig.2.

Inoculation did not have significant effect with

respect to this parameter in all the three species.

Nitrogen application had significantly influenced
the shoot dry weight of plants. In A. arabica, a reduction
in shoot dry weight was noticed with increasing levels of

nitrogen application, maximum with ng level and minimum with

n> level. ° In the case of P. falcataria, n; level had

produced maximum shoot dry weight, which was on par with ng

level aﬁd ny recorded the lowest shoot dry weight.

Phosphorus application had exerted significant
effect in shoot dry weight in the case of A. catechu.
" However, the pattern of influence was not similar. In

A.catechu, po level produced maximum shoot dry weight which

was on par with pj.
4.3.1.3 Dry weight of roots

The mean data on root dry weight are given in Table
11. The effect of inoculation was found to be significant
except in A. catechu. In the other two species, inoculation

-

(r+)'recorded higher root dry weight. Nitrogen applicatian



Table—-10. Effect of Rhizobium inoculation, nitrogen and
phosphorus levels on shoot dry weight (g} .

Treatments Acacia arabica Acacia catechu Paraserianthes

falcataria

ro 37.25 28.06 19.56

T 37.48 - 28.82 22.74
o0 N N NS
e atas 27.49 - 22.58

ny 28.95 31.63 24.75

Nz 32.29 ' 26.19 146.10
oo 02,64,  ot.42  os.2s
e s7.92  26.35  21.69

P1 36.28 29.08 21.10

P2 38.19 29.88 20.645
e ns otaz s

ek e e e e e . T . S S o T B . LR, . ek ik e el e e b e e e e e o Bkl Bk e by e sy T by Ty k£ S e e e

CD at D% level. NS - Not significant
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Table—11. Effect of Rhizobium inoculation, nitrogen and
phosphorus levels on root dry weight (g)

Treatments Acacia arabica Acacia catechu Paraserianthes
falcataria

o 5.15 19.06 11.05

re 6.73 ~ 19.78 12.91
e ot N 01.57
e s.0  1s0s  izior

n. &.08 20.89 13.75

Na b.14 19.33 10.16
oo ns . orsy T o1.92
e a5 1sas TTiziee

P 7.18 21.31 12.17

Pz 5.89 18.81 12.47
o o.e8 o1.37 N

CD at 5% level. NS - Not significant’

6
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had significant influence on root dry weight in all species
except A. arabica. Maximum root dry'weighf was recorded at

ny level, in A. catechu .and P. falcataria.

Phosphorus application had significant effect on

root dry weight on all the three species. Highest. value was

- .

recorded by py level in A. arabica followed by pp and pgo
which were on par. In ﬁ; catechu, the level pg resulted in
lowest root dry weight with py 'pruducing significantly

higﬁer value,

4.3.2 Nadule characters
"4.3.2.1 Number of nodules per plant

The mean data on the nodule number per plant are

presented in Table 12 and Fig.3.

Data revealed that inoculation had significantly

influenced the nodule number per plant.

Nitrogen application had not influenced this
parameter  in all the three species, maximum number of
nodules being produced at the lowest nitrogen - level;

which was significantly higher than ny; and np level.

In A.arabica and A.catechu, np was significantly
superior to ny and np. In P. falcataria ng and , nj were on

par and no recorded the lowest value.



Table—12.
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Effect of Rhizobium inoculation, nitrogen and
phosphaorus levels an nodule Anumber per plant

Treatments Acacia arabica Acacia catechu Eggggg;iggﬁhgg
falcataria
e 0675 02.60 .  186.69
T 15.91 08.78 244 464
oo 0z.45s  oo.91 25.92
e TTiezs itz zssas
n, 10.91 09.44 241.13
Nz 04.87 03.25 152.54
I 03.00 Cotaz 31,75
e o2 o279 . z33.96
P 12.83 09.0B 221.79
P2 12.29 07.25 191.25
o os00 otz 3,75
CD at 5% level. NS - Not significant
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The number of nodules  per plant varied
significantly in all the = species with phosphorus
epplicatioq. . In A aeabica, pi recorded highest value which

was on par with pp. In A. catechu, pj level produced
significanély higher number of nodules per plant, followed
by p2 and pg. In P. falcataria number. of nodules per plant
decreased significantly with increese in phosphorus levels,

po level recording maximum value which was at par with py.
4.3.2.2 Dry weight of naodules per plant

The data on the mean nodule dry weight per plant

are presented in Table 13'.

With respect to Rhizobium inoculation, significant
increase in nodule dry weight was noticed due to inoculation

in all the species.

Nitrogen application had significant effect on
nodule dry weight in all the species. In A. arabica, ny
recorded highest nodule dry weight whiﬁh was on par with no,
followed by"nz. In A. catechu, effect of ny was

significantly superior with respect to this parameter

followed by ng and np. Nitrogen levels did not exert any:

influence on nodule dry weight. In P. falcataria , ﬁl level

recorded maximum dry weight which was on par with nsp.
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Table—13. Effect of Rhizobium inoculation, nitrogen and
' phosphaorus levels on nodule dry weight {(q)

e e o e o e ko o T S o o R S M i Ty e A e Y o L S e e —

Treatments Acacia arabica Acacia catechu Paraserianthes
falcataria

Fo 0.29 0.01 07.72

r. 0.36 7 0.26 10.69
o TTees T o8 oet20
T T T T T e ze T oz T omos

Ay 0.40 0.28 09.92

N 0.16 0.01 09.61
T T T T oee T T oot ot
T T e Teot | omem

P 0.25 0.26 10.65

P 0.31 0.13 08.89
oo e o.01  oit.a7

CD at 5% level.
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Phasphorus application had“.'exerted profound
influence on nodule dry weight.. In A. anab?ca;-pl rgcorded
sxgn1f1cantly superior value with respect to this parameter.
'Treatments po and pp were found to be on par. Highest nodule
dry weight was recorded at pjy level in A.catechu and pg
recorded lowest value. It. was a}so found that in

P.falcataria, pq level produced highest nodule dry weight

and effects of pp and pg were on par.

4.3.3 Analysis of plant samples

4.3.3.1 Total nitrogen content of plant

The data on total nitrogen content of plan@s are

.given in Table 14.

Inoculation was found to have a significant

influence on this parameter, with ry, recording higher value.

Nitrogen application had significant influence on

-

the total nitrogen content of plants. In A. arabica and A.
catechu, significant increase in nitrogen content was seen
at ny level..fln P. falcataria, highest value was recorded

at ny level which was on par with ng.

Phosphorus application had significantly
influenced the nitrogen , content, with P1 recarding

significantly higher value.
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Table—-14. Effect of Rhizobium inoculation, nitrogen and
phospharus 1eve15 on plant nitrogen content (%)

Treatments Acacia arabica Acacia catechu Paraserlanthes )

falcataria

LT o.86 1.8

. 1.62 .- 1.08 1.469
o o 009 0.8
T s T T T Tees L iaas

N 1.48 1.13 1.51

Na 1.23 0.86 1.35
T T T o T o2 ower
T T T T T eee L h2a

P 1.42 1.03 1.80

Pa 1.33 1.01 1.27
T o0 T ez o7

___...-__._-.-—__.._—__-..._____-..—.__....._.—__—-—._—-...——__-.—_._—————.-.--—._—_-—.-...-—

CD at 5% level.
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4.X.3.2 Total phosphorus ceontent of plant

The mean data on the total phosphorus content of

the plants are presented in Table 15.

Different levels of inoculation did not influentie

the P content “in all the species under study.

Nitrogen application significantly influenced the
total -pﬁospharus content of the different species. In A.

arabica, as the nitrogen level increased from ng ta ny, the

total phosphorus content of the plant also increased .

Effects of nj and né were on par. In P.fslcataria, ny
recorded highest value which was on par with ng: In

A.catechu, effect of nitrogen application with respect to

this parameter was not statistically significant.
/

Phosphorus application exerted significént
influence on the total phosphorus content of plants. In
A.arabica and A. gatechu, pp recorded significantly higher
values. In Q; arabica effects of pg gnd py were qt par. In

A. catechu effects of pgy and pg were on par. In B,

falcataria, phosphorus application did not -have

significant effect on phnsphbrus content .
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Table-15. Effect of Rhizgbium inoculatian, nitrogen and
phosphaorus levels on plant phdsphorus cantent (%)

Treatments Acacia arabica Acacia catechu Paraserianthes
falcataria

re 0.161 0.153 0.146

re 0.160 - 0.157 0.147
oo w0 N N
T T g tsa  oo1ae . o.148

Ny 0.167 0.152 0.149

2 0.161 0.156 0.141
oo o.o0e - ns o.008
e ouss 0.1s7 0.146

P 0.152 0.161 0.148

Pa 0.178 0.169 0.145
oo o.o06  o.006 N

Ch at 5% level. NS - Not significant
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CHAPTER 5

-DISCUSSION

5.1.EXPERIMENT I

an experiment was undertaken to determine the‘

effect of different scarification methods on the germination
of various tree legumes. The results obtained are discussed

below.’
5.1.1 Germination percentage

The data depicted in Table 1, 2 and I3 in general
revealed significant increase in germination percentage by

different scarification methods.

In Acacia mangium, high per cent germination

(74.38)was recorded with hot water treatment for three
minutes. However, germination was zero with mechanical
scarification and soaking for 24 hours in water. Acid

scarification was also-found to be less effective in this

species, with wvalues ranging from 5.30 per cent for.

treatment with con.HNOy for five minutes to 39.19 per cent

for treatment with con.Hz;S50, for one minute.

In the case of Acacia arabica, treatment with

L3 .
con.Hz S0, for five minutes recorded high per cent
germination of &9.84 compared to other treatments. The

lowest values of zero and 11.15 per cent were obtained with

*
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soaking for 24 hours and treatment with can.Hz2S04 for 15

minutes respectively.

Scarification with con.H;50. for five minutes and

hot water treatment for three minutes recorded high per cent

germination in Acacia catechu with values of 99.4 per cent

and 98.99 per cent resﬁecti#ely. The lowest value of zero

was pbtained with con.HzS504 treatment for 15 minutes.

In Albizia lebbeck, scarification with con . HNO;

for 10 minutes recorded maximum germination per cent of
98.27. Treatments witH con.H; S04 for 10 ﬁinutes and five
minutes recorded only 8.86 per cent and 8.48 per cent
respectively. The lowegﬁ value of 4.85 per cent was

obtained with soaking the seeds in water for 24 hours.

/

Scarification with con.Hz504 for one minute

recorded 80.44 per cent germination in Albizia moluccana and

soaking far 15 minufes recorded lowest germination
percentage of 5.77 . Hot water treatment for three minutes

recorded 72.33 per cent germination.

In the case of Paraserianthes falcataria, the

germination per cent was highest (74.61) with hot water
treatment and lowest (10.40) with con.H;S0. treatment for 15

minutes.



In Cassia fistula, the highest germination  per

cent of 70.03 was recorded for scarification with ;on.HCl

for’ one minute. Germination percentage was zero with

mechanical scarification and soaking for 24 hours.

In Cassia javanica, the germination per cent was
highest (70.14) with co;lH,SO. for one minute. Zero wvalue
was obtained for hot water treatment and socaking for 24

hours.

In Sesbania grandiflaora, the germination per cent
was highest (68.55) with hot water treatment for three
minutes and lowest (12.97) with con.HCl scarification for

five minutes.

Among the nine species studied, the highest
germinatiaA percentage of 99.41 and 98.27 were abtained for
A. catechu and A. lebbeck respectively. The highest
germination percentage of A. mangium, A. arabica, A.

moluccana, P. falcatéria, €. fistula, C. javanica and S.

qrandiflora were 74.38, 69.84, 80.44, 74.61, 70.03, 70.14

and &8.55 respéctively.

Aamong the different scarification me thods,

employed, hot water treatment for three minutes proved to be

effective in bringing more than S0 per cent germination in

all the species except A. arabica, A. lebbeck, C. ficstula
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and .QJ javanica. Acid scarification with con.H;S04 ° for

varying durations were found to be effective in.A. arabica,

A. catechu, A. moluccana, and cC. javanica. Acid
scarification with con.HCl significantly improved the
germination percentage in C. fistula only. Further

scarification with con.HNO; improved germination percentage
from 4.85 to 98.27 in A. lebbeck. More than 80 per cent
germination could be achieved by acid scarification with

con.HMC1 in A. lebbeck and C. fistula fér varying durations.

Scdrificatiod with mechanical means such as sand
paper and soaking .the seeds in water for 24 hours promoted

more- than 50 per cent germinationin A. catechu .

It is presumed that like many aof the lequmes the
tree species under the present study also are found fo
invarfaély possess hard and impermeable seed coats whfch
act as a mechanical barrier to entry of water and gaseous

exchangé and thus do not permit the protrusion of the

radicle out of the seedcoat, if at all imbibition occurs.

Promotion of germination beyond 50 per cent in A.

manqium, A. catechu, A. moluccana, P. falcataria and S.

gqrandiflora may probably be due to softening and dissolvind

of waxes that may be present on the seed coat. It may be
expected that the waxy material could be dissolved with hot

water treatment . Similar results of increased QErmination
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with hot water treatment were also ﬁepo?téd Tin C.
occxdentalls. (Anitakumar: .and:.Kohli, 1984); in ficacia
maecnochieona and Acacia ampliceps (Bhatnagar gt al.
1988):Acacia ceoriaceae. (Bunn, 198%9); Acacia holasericea

{Marunda, 198975 and 10 Acacia spp. (Khajuria and Singh,

19207,

The fact that pretreatment of seeds with con.HzS50.
for one mrnute resulted 1n abaove BO per cent germfnation in
A. moluccana and above é5 per cent with five wminutes 1n
A.arabica, A. catechd and C. javanica, indicated the
predominant effect of HCl treatment to dissolve the waxy
coating of. the seeds and thereby reducing the seed coat
resistance and enabling the penetration of water through

the testa. The use of H,S80, for softening the hard seed

coat and also as an efficient chemical far breaking the seed

dcrdancy. had already been reported in Acacia cyangphylla

{(Shaybany and Roughani, 197&6); Sesbania exaltata (Johnston

et al. 1979); OAcacia farnesiana (Gill et al. 1984); Acacia

planifrons (Nata%aaan and Vinaya rai, 1988); and 1n Acacia

holosericea (Sivasubramaniam et al. 1991) . Decrease in

germ1naf1on percentage with an increase in the duration of
soaking in acids cbserved in the present study may probably
be due to the damaging of the tissues by caontact and direct

action of +the chemical with seed coat and acid. Similar
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results of reduced germination percentage aof leguminous tree

species had also be been reported by Same gt al (198%).

Similarly, germination percentage aof 70 was
recorded, where the seeds were treated with con.HNO; for 10
minutes 1n the case of Q.*lébbéék and with con.HCl treatment
~for one minute 1n the case of C. fistula . Similar results

of 1mproves germination of seeds with con.HNO: were also

reported 1n Acacia farnesiana (Gill et al. 1986%.°

Mechanical scarification and spakihg for 24 hours
enchanced germxnatldg ébove S50 per cent 1n A. catechu. This
Lndxc;ted that the hard seed coat in. A. catechu will ' not
permit water wuptake and gaseaus gxchange which could bhe
avercome hy mechanical means such as softening by surface
scratchxég or presoaking method. The result is in confarmity
with the findings of Anitakumar: and Kohli, (1984) and Gill

at al (19B&).

5.2 EXPERIMENT I1

The results of the experiment conducted to screen
out the best among the native and exotic rbizobial isolates
along with different levels of phasphorus 1in selected tree

lequmes are discussed below.
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D.2.1 Growth characters

5.2.1.1 Plant height, shoot dry weight and root dry weight

An appraisal of the data depicted in Table 4

revealed significant wvariations in growth parameters by
inoculation with different strains of Rhizobium. However,

the influence of phosphorus on growfh characters was much

less as compared to different strains of Rhizobium.

Types of Rhizobium had significant influence on
plant height in all the species except Acacia arabica. In

Acacia catechu and Paraserianthes falcataria, inoculation

with exotic isolates TAL 1848 and TAL 45 produced highest

plant heights of 1B.926 cm and 10.&0 cm respectively.

Different phosphorus levels had significant effect

only 1in P. "falcataria, in which plant height showed .an

increasing trend with increasing levels of phosphorus.

Shoot dry weight was not much influenced by

different treatments as evident from Tabhle 5.

Exotic Rhizobium isolate TQL 1868 produced maximum
shoot dry weight in A. catechu, which increased shoot dry
weight from 0.12 to 0.27 g plant7?. Phosphorus levels ha&
significant effect only in A. arabica, wherein application
of phospharus upto 50 kg ha-! inereased the shoot dry weight

fram 0.37 to 0.4%9 g plant-t.

50
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Results of the study showed that exotic isolate

produced maximum root dry weight as revealed from Table 6.

81

Lowest root dry weight has been recorded in all tﬁe species -

with no inoculation. It could be seen that the increase 1in
rocot dry -weight was from 0.08 to 0.16 g plant-? in A.
arabica and fram 0.05:-tg 0.14 g plant-* in A. catechu.
E%otic isolate increased the root.dPQ weight from 0.07 to

0.153 g plant-! in P. falcataria.

Phosphorus Ereatments exhibited .significant
variation with respect to this_parameéer in P. falcataria.
The resultant radt dry weight by phosphorus abplicatian
upto S0 Kg ha-' (0.10 g plant -!) and upto 25 kg ha-t -(0.11

g9 plant-*') were on par.

95.2.2 Nodule characters

The data on the nodule number are depicted in
Table 7. ‘

An appraisaliof the data indicated that the exotic
isolate was effective in producing higher nodule numﬁer per
plant in all’£he species. Lowest nodule number per plant
was obseryed where there was no inoculation. |

Phosphorus application had a significant positive
influence on nadule number per plant in A. arabica. With
increase in phosphorus levels upto 50 kg ha-* the ;nodule

number per plant increased from 0.467 to 1.33 in.&; arabica.
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With increasing levels of phosphorus, a decrease

.in nodule number per plant, ie., from B.11 ta ‘3.22l was

abserved in P. falcatarial Phosphorus application had not
significan?ly affected nodule number per plant in A.
catechu.

Scrutiny of Table B. revealed significant increase
on nodule dry weight by inoculation with exotic isoclate in
all the species. In A. arabica, the increase was from zero
to 0.01 g plant -!. Nodule dry weight per plant increased
from ze;o to 0.04 g planmt~* in A. catechu and from zero to
0.04- g plant -* in P. falcataria. In all .species, lowest
nodule dry weight wés observed in the control . Phosphorus
had Ao significant effect in all the species with respeét to

- this parameter.

; Selection of indigenous and exatic isolates was

done to compare the relative efficiency of both types of

strains . for nodulation and other beneficial characters in.

the tree legumes studied. In general, the results' suggest
that inoculation with suitable specific Rhizobium stréin is
to be adopted far better and effective performance of - these

species with respect to growth and nadulation.

It could be further noted that growth and
nodulation was increased by inoculation with exotic isolates

in A. arabica, A. catechu and P, falcataria as compared to
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native isolates. An increase in growth and nodulation with
treatment of exotic strairis of Rhizobium was ™ reported in
Leucaena (Bunawardena. aﬁd'Pushpakumari, 1988), in Acacia
nilotica. (Balaji and Rengarajan, 1987) and in Acacia
mangium' and P. falcataria (Umali-Barcia gt al. 1988).

Similar results were -also reported.in trials undertaken with

different isolates of rhizobia by Subba Rao st al.(1974),

Ramachandran (1979) and Dean et al. (1980).

Phosphorus is considered to be. essential for
increased root growth which in‘ turn helps 1in better
absorption of "other nutrients by plants. This leads to
better plant gréwth (Gauch, 19575 Ohlrogge, 19&2 and Tisdale
et al. 1985). Increase in root dry weight and plant height
in the different species observed in the present study

indicates the beneficial effects of phosphorus application

on plant growth.

However, recent studies indicate that rhizobia
should be able to grow well at the'phosphorus concentrations
commonly _found in soil solutions ( Cassman gt al. 1981
Robson and Pitman 1983; Smart et al. 1985) . According to

them additional supply of phosphorus may also enhance : the

rhizobial activity and general growth of plants..

In this connection, it is also worth mentioning

here- that work carried out in Saoybean. revealed that
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phosphorus requirements for its nodulatiqn and maximum
nodule activity were much higher than plant growth
(Edwards, 1975). For enhancing rhizobial activity '_and
nodulation hiéher levels of phosphorus application was
essential (de Mooy and Pesek, 1964), This was alsao
supported by the';indiﬁg of Luse et al. (1975) in which
higher levels of phosphorus ‘application was found to
increase nodule number, nodule activity and seed yield in

cowpea.

Straiqs of rhizobia exploré in differing ways to
obtain mineral nutrients from the environment for their
growth and development (0 Hara 6t al. 1988). The absorption
of nutrients from soil by planés also depends upon the
inherent capacity of the plants to respond to varying levels
ofi nutrients and the form in which it is available :to the
plants. The observed variation in nodulation characters in
eéch species with respect £o phosphorus application in the
present study could be attributed to the abov; facts. This
is further established by difference in rooting pattern

exhibited by the species of plants (Fig 4,35 and 6).
5.3 EXPERIMENT III

This experiment was undertaken to determine the effect

of Rhizobium inoculation, nitrogen and phosphorus levels on
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noculation and seedling growth in tree legumes. The results

of the study are discussed here under.'
5.3.1 Growth characters

An appraisal of the data in Table 9 indicates that
Rhizobium inoculatian did not have significant influence on
plant height in @A. arabica. In all other species,
inoculation had a positive influence on plant height.

However, nitrogen application ‘had significant
influence in enh;ncing plant height. Maximum height of
‘154 .88 cm was- recorded with nitrogen at 20 kg ha“t*  and as
the nitrogen level increased to‘40 kg hiﬁhe plant height was
126;13 cm in A. arabica. An increase in plgnt height from
109.75 cm to 131.94 cm was recorded when nitrogen
application increased from O - 26 kg ha"* in the case of A.
catechu. Nitrogen application did not significantly
influence this paﬁameter in P. falcataria. This lack of
response may berdue to genetic character of -the species to
respsnd to higher doses of nitrogen even though‘the rate of

production of nodules are higher (Table 12).

Phosphorus application did nof have ﬁuch influence
with respect to this parameter in A. arabica and P.

falcataria. Phosphorus application upto 25 kg ha~*' resulted

in highest plant height of 1256.75 cm in A. catechu.
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The data presented in Table 10 and Fig. 1 revealed
that Rhizobium inoculation had not influenced the shoot dry
weight. of all the three species. However, a marginal

increase in shoot dry weight was ocbserved.

Nitrogen appl%cgtion had a significant influence
with respect to thi; ﬁarameter for all the species. In A.
arabica, the influence of zero nitrogen and nitraogen
application at 20 kg ha~! were on par with respect to this
parameter. Appliqation of nitrogen upto 20 kg ha-?
resulted in highest shoot dry wefgﬁt in A. catechu (31.463 g)

and P. falcataria (24.75 g).

Phosphorus application had significant influence
on shoot dry weight of A. catechu and phosphorus application
uptq 50 kg ha -' increased the shoot dry weight from 24&.35

to 29.88 g plant -3,

The data from Table 11 revealed that Rhizobium
inoculation significantly increased root dry Qeight in A.

aragbica from 5.15 to 6.73 g plant-t. Inoculation had

significant influence on root dry weight in P. falcataria
and it increased from 11.05 to 12.91 g plant-?* ., However,
in the case of A. catechu inéculation had not- influenced

this parameter,
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Nitrogen application did not. significantly
increasé root dry weight in A. arabica. 'The incéease in
root dry weight was from fB.04 to 26.89 q -pfant -3 in A.
catechu and 12.01 to 13.75 g plant -* 1in &.‘falcataria when
nitrogen level was increased from O to 20 kg ha~!'. Nitrcéen
application upto 40 kg ha ~-*! decreased this parameter in

-

both the species.

With 1increasing levels of phosphorus application
upto 25 kg ha -', there was an_incfease in root dry weight
in Q. arabica from 4,75 to 7.18 g plant -', whereas the root
.dry weight per plant increased in A. catechu frem 18.15 to
21.31 Q. waéver, phosphorus application had not
-signifjcantly influenced the -root dry weight in P.-

falcataria.

‘ According to Barnett (1984) the nursery growth of
lequme tree species can be significantly increased by
Rhjizobium inoculation.It ma; be presumed that in the
present study selection of suitable rhizobial strains, its
inoculation combined with nutrients would have helped to
activate.:the bacterial strains and Subsequentty nodulation
and this would have resulted in better performgnce of ¢the
tree species . Reports of similar increase of gqgrowth "with

Rhizobium inoculation visa-a-vis increased growth of plants

were reported in other species like Acacia pilotica (Palaji-
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énq Rangarajan, 1987), Acacia mangium and P. faldataria

(Unali -Garcia et al. 1988) and Leucaena leucocephala (

Mohammed, 1988; Jiang et al. 1991).

Nitrogen application was observed to increase the
growth characters favourably in the present study 1in the
case of A. catechu ﬁqd Q,.arabica: In this connection, it is
worth mentioning here éhe role of nitrogen, as an essential
element, necessary for plant growth and. development.Small
amounts of nitrogen added during the n1trngen hunger period
probably help leguminous plants for steady growth and better
-development in the initial stages ¢ Olvepa et al. 1982;
Gunawa;dena ana éenanayake, 1989). Significant response to
;ppligd nitrogen during early growth of Leucaena ‘when the
plant had not started nodulétingland fixing nitrogen was

reported (Sanginga et al. 1988 and Cobbina, 1991). The
reséonse to nitrogen -application upto 20 kg ha-! :by an
increase in the growth parameters of the two épecies in the
preéent study could be att;ibuted to the above facts ;

Similar results were also reported in A. mangium and P.

falcataria (Umali- BGarcia et a2l1.1989) and Dalbergia sisso

(Hussain et al. 1990). It may be furthur stated that after
a certain period of time, with grdwth and development. of
raots, the plants become pot bound and thereafter the

chances of response to increased doses of fertilizers is

very little. The lack of response of fertilizer nitrogen
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beyond 20 kg ha -1 far P. falcataria in this study may
probably be due to this reason. Results of reduction in
growth with higher doses of fertiliser nitfogen ‘was also

reparted by Belen, (1987), Powell and Webb (1972) and Umé}i—

Garcia et al. (1988).

Like nitrggen,: - phosphorus is alse an essential
element neéessary for the growth of plants especially for
root growth. In A. catechu, phosphorus application resulted

in an increase in growth as evident from the increased

growth parameters.: The same trend was also reported in
Gliricidia (Manguiat et al. 1987). However, response to

_phosphorus application in improving growth characters was
not observed in A. arabica and P. falcataria. It ﬁay be due
to the differences among the species and their own
inherent capacity to absarb phosphorus from the medium,.
Phosphorus would have helped better absorption of nitrogen
and its utilisation which might have resulted-in increasing

the growth characters by increasing the protoplasmic

activity.

vin this context, in the present investigation thg
rooting pattern studies undertaken is worth mentioning. It
can Be seen from Fig.4,5 and & that the density of -root
hairs and root spread is maximum in the peripheral layers

of the soil in the case of P. falcataria. The raots in the



93

ﬁlqugh layer would be active énd in" constant touch qikh the
rich Hutrient medium. This ‘"would _fa;iljtate faster
absorption of nutrients'ana translocation to growing parts
of the plants. The plant also would have utilised mﬁre
minerals from the sail Sblution than in the applied
fertilizers. Naturally a lower fertilizer response could be
expEcted-. Baoth A. é;tecﬁ; and Q.'arabica are deep rooted,
with more number of nodules being located deeper in the
soil. Thus the variation in rooting pattern and nodulation
in the tree species might also be the réasons of poor

response to added nitrogen fertilizers.-
5.3.2 Nodule characteristics
5.3.2.1 Number of root nodules per plant

An  appraisal of the data in Table 12 and Fig.3
revealed that Rhizobium inoculation significantly increased
nodule number per plant from &.75 to 15.91 in A. arabica,

2.64 to B.78 in A. catechu and 186.69 to 244.64 in

P. falcataria.

It may be furthur seen that there was an adversél
effect of nitrogen application on nodulation in 511 the
three gpecies. Higﬁest number of nodules were produced -at
zero level of nitrogeﬁ. When nitrogen level increased from

zero to 20 kg ha-!, the nodule number reduced from 16.25 to
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10.91 per plant in A. arabica, 11.42 to 9.44 per plant in A.

catechu and 253.33 to 241.13 in P. falcataria.

While consideri%g the groth . pattern and
nodulation in relation to different levels of nitrogen '}n
the case of P. falcataria, it may be noted that the growth
characters were not significantly influenced by nitrogen
application. Howevé;,'tﬁé nDQule'number per plant in this
species is much higher and it recerded almost twenty to
thirty fold increase. This is an indication of the better
establishment of the species, its suitability and
adaptability in th; agro-ecological - conditions of this
region. As compared to other species, P. falcataria
performed well. Because of higher number of nodules present,
the Eafe of fixation of biological nitregen in  this tree

will be high and hence it can be safely recommended as a

suitable agroforestry species.

Phosphorus application had signifidant influence
an .the nodule number per plaﬁt. The effect of phosphorus
was positive and the number of nodules incréased as the
level of phosphorus increased and the order of increase was
B.?2 to 15;83 in A. arabica and 2.79 to 9.08 in A. catechu,
with application of phosphorus from O kg Ha“ to, 25
kg ha-*. However, beyond 25 kg ha ', a decline in nodule

number in both the species were noticed.
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Many -aof the leguminous- plants -are generally
congideréd to have specific strain requirements for
nodulation, In the preseﬁt study also the responses to

inoculation were highly variable. The probable reason fpr
the wvariation in the response and nodule number might be
due to the soil effect, preferably acidity of the saoil and
also the resultant ™ nitéogen —  nodulation interaction.
Investigations an plant rant-— s0il — nutrient interaction
are to be considered and taken up in .future and research
prégrammes are to be initiated to evaluate the performance
of these species,eépecially when adaptability ¢trials are

undertaken.
5.3.2.2 Dry weight of nodules per plant

Data from Table 13 revealed that inoculation had a
positive influence on the dry weight of root nodules per

plant in all the speciés.

Nitrogen applicatiah had significant effect on

nodule dry weight per plant in all the species studied.

In A. arabica nodule dry weight per plant
increased from 0.39 éa 0.40 g when the level of nitrogen
increased %rom zero to 20 kg ha~* and they were on pér.
There was decline in the value (0.16) when the level of

nitrogen was increased to 40 kg ha ?.



96

An increase in nodule dry weight (from _0.12 to
0.28 g plant--!' ) was recorded in A. _catec?u, when the
nitrogen level increased f;om zero to 20 kq ha -1, However
a sharp decline 1in the nodule dry weight was recorded Qhen

the nitrogen level was raised to 40 kg ha-t.

In P. falcataria nodule dry weight per plant
increased from B.09 to 9.92 g as the nitrogen level
increased from zero to 20 kg ha-* and then decreased
to 9.61 g with increase in nitrogeﬁ level to 40 kg ha-t.

Phosphorus application also influenced this
parameter. An appraisal of the data indicated that as the
‘level of phosphorus increased lfrom zera to 25 kg ha-', .
the -nodule dry weight was also increased in A. arabica, A.

catechu and P. falcataria. The increase was from 0.25 to

0.40 per plant in A. arabica, 0.01 to 0.24 g per plant in

A. catechu and 8.08 to 10.63 g per plant in P. falcataria.

The direct role nf-inoculation on nodule formation
is widely accepted . (Increased ‘nodulation ;nd nodule dry
weight due to Rhizobium inoculation of legumes has been
reported nby workers like Vincent (1958), Buna@atdena and

Pushpakumari (1988) and Pahwa (1989).

Mineral nutrient defeciencies could specifically

limit nodulation at root infection stage of the nodule®
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bacteria in legumes (O'Hara et al. 1988).. .The depressive
1nfiuence ‘of nztrogén Dn'nqdulathn and nitrogen fixation
using lucerne as the test plant has heen shown by Subba Rag

et al (1274), Lower levels of nitrogen application was

found to 1ncrease the nodulation and nodule dry weight% and

1 —

decrease wi1th higher levels was reported in Glycine max

(Kotoch e al. 1983), A. mangium and P. falcataria (Umali -

Garcaa et l. 1988){. Once the Rhiéobium. have filled a
prol1fér;t;ng cell in roots , they change the;r form into a
)
bdcteroid for which it requires opt}mal‘amaunt aof - nitrogen
and uther Autrients and subsequently increasing the nodule
si1ze (Russell, 1957). Increase in nodule dry weight at 20 kg
ha-? n;erogen yevell.may be attriguted to .this reason.
However, the process of infection and nodule formation can

be digturbed 1f the nitrate or ammonium concentration afound

the plant rogts is too high (Russell, 1977).

Phosphorus is necessary for enhancing nadule
number -and nodule activity in many legumes as demonstrated

by deé Mooy.and Pesek (196&4) on soybeans and Luse et al..

(1975) on cowpea. Positive influence of phosphorus on
nadule number and nodule dry weight was reported by
Srivastava and Verma (1983) in pigeon pea, Manguiét-gg al.

{1987) in Gliricidia, Hussain et QL. (1988) in Leucaena and

Hussain t at. (1989) in Erythrina suberosa. Résults of

-
_
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this experiment are also in confarmity with the findings of

the above warkers.
5.3.3.Total nitrogen content of plant

It can be seen from Table 14 that inoculation had
resulted in an increase in nitrogen content in all the
species.

Nitrogen application upto 20 kg ha™! resulted in
an increase 1in nitrogen content and then a reduction in the

parameter beyond application of 20 kg ha-?! .

The nitrogen application in excess of 20 kg ha -!
‘might have been utilised for the growth and cell division of
plants as the seedlings were activily growing. Naturally a

reduction in the nutrient content could be expected.

’

Phosphorus application upto 25 kg ha-! geﬁerally
resulted in an increase in nitrogen content of plants and
thereafter a slight reductioA beyond 25 kg ha-! . Phosphorus
application thus, would have synergistic éffect on the
absorptign of nitrogen in plaqts. This might have resulted
in favou%able effects on absorption of nitrogea in plants.
The increased nitrogen content with appiication of
phosphorus was reported earlier.(Tisdale and Nelson, 1985;

Russell, 1977).



5.3.4 Total phusﬁhorus content of plant

An appraisal of the data given in Table 15 showed
that inoculation had no sjgnificant infldence with respect

to thi§ parameter.

Nitrogen application had a gignificant influence
on phospharus content of plant in A. arabica and P.
“falcataria . Nitrogen application at the ‘rate of 20 kg ha~?
gave the highest phosphorus content in A. arabica (0.147 and

p. falcataria (0.149 ).

Phosphorus application at 50 Kg ha-! gave highest

phosphorus cortent 1in Acacia arabica (0.178 ) and in A.

99

catechu (0.169). In P. falcataria , phosphorus application

had no significant influence with respect to this parameter.
This might be due to the higher numﬁer of nodules produced
in ‘this species. Phosphorus is highly essentia¥ for
nodulation and increase in the nodulation, in turn will
reduce the plant phbsphorUS'content And this would have

happend in this case also.

a-

Rhizobium inoculation was resulted in increase of

nitrogen content in Acacia nilotica (Balaji and Rangarajan,

1987), Leucaena (Mohammed, 1988; Pahwa, 1989). Rhizobium

inoculation increased nitrogen uptake in Leucaena (Mohammed,

1988) and pigeonpea de Lucena Costa and Paulino (1989) .,Results
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.of the present study are also in confarmity with the above.
findings.

hccording to %anaka et él.(19é4), the nutrient
content in plants is generally controlled by factors "like
nutrient availability in soil, nutrient absorption power of
roots and rate of increase of dry matter production. Hence,
the nutrient content 6% plants at any stage of growth is
mainly related to dry matter production. Nitrogen and
Qhosphorus application resulted in an increase 1in growth
ﬁarameter showing an increase in dry matter production.
Similar results we}e reported by warkers like Dreyfus gt al.
(1985), Manguiat et QL; (1987) and Umali—-Garcia et al.

(1988) in different legumes.
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CHAPTER & - . 192

SUMMARY

An investigation was carried out at College of
Aériculture, Vellayahi during Augqust 1990 to July 1991 to
determine the effect of Rﬁizobium inoculation and nutrient
levels on nodulatibn and seedling growth in tree legumes.
This investigation Hwas_.carried out as three separate
experiments. The main objective of Experiment I was to find
out the effect of different scarificatign methods on the
germination of seeds of some commonly grown and newly
intrbduced tree leqgumes. The aim of Experiment II was to
‘screen out the best amang the native and exotic rhizobial
isolates aloﬁg- with different levels of phospharus 1in
éelecﬁgd tree lequmes. The objective of Experiment III was-
to determine the effect of Rhizobium inoculation, nitrogen
and phosphorus levels on nodulation and seedling growth. The
exp;riment(s) were carried out in a completely randomised
design with Tfive, _three and four replications each for

exﬁeriment I,II and III respéctively. The results of- the

experiment(s) are summarised below.

(1) Hot n'water treatment fdr three minutes enhanced

germination per cent to 74.38 in Acacia mangium.

(2) Con.H; S0, treatment for five minutes recorded 69.84

per cent germination in Acacia arabica.
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In Acacia catechu, 99.41 per cent - dgermination was

recorded by treatment with con.‘H,SO. for five minutes

and 98.99 per cent germination with ° hot water

.treatment.

-Scarification with con. HNO; for ten minutes resulted

in 98.27 per cent germination in Albizia lebbeck.

.=

Treatment with con. H,S0. for one minute gave B80.44 per

cent germination in Albizia moluccana.

Hot water treatment for three minutes gave 74.61 per

cent germination in Paraserianthes falcataria.

Scarification with con. HCl for one minutg resul ted

+70.03 per cent germination in Cassia fistula .

Con. H:80, treatment for five minutes gave 70.14 .per

cent germination in in Cassia javanica.

Hot water treatment for three minutes resulted &8.55

per cent germination in Sesbania qrandiflora.

EXPERIMENT I1I

Type of Rhizobium had significant influencé on plant
height. Inoculation with exotic isclates TAL 1868 and
TAL 45 produced highest plant heights of 1B.96 cm and

10.60 cm in A. gcatechu and P. falcataria respectively,
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(2) Shoot dry weight was significantly influenced by

inoculation in A. catechu.

(3) Inoculation of Rhizabi;m with TAL 1868- p;oduced root
dry weight 0.16 g and 0.14 g per plant in A. arabica
and A. catechu respectively. Inoculation with TAL 45
produced root dry weight of 0.15 g per plant in P,

Pl

falcataria.

(4) Plant height was significantly influenced by phosphorus
application in P. falcataria. Maximum plant height was

recorded by 50 kg ha-! phosphorus application.

(5) Shoot dry: weight of A. arabica was significantly

increased by phosphorus application upto 50 kg ha-?*,

{6) Root dry weight of P. falcataria reached maximum with

25 kg ha-! phosphorus application.

/

{7) Inoculation with exotic isolate TAL 1848 produced the
. maxinum number of nodules per plant in A. arabica and
A. catechu,. fh P. falcataria inoculation -with exotic

isolate TAL 45 produced 15 nodules per plant.

(8) Exotic isolate TAL 1868 produced maximum nodule dry-
weight per plant 1in A. arabica and ﬁ; catechu.
Inoculation with exotic isolate TAL 45 produced maximum

nodule dry weight per plant in P. falcataria .
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(b’. The nodule number per plant intreased from 0.67 to 1.33
in A. arabica by application of phqsphorus upto 50 kg

tha-*.

Results of screening for suitable rhizobial
isolate clearly indicated that growth and nodulation of all
the species under the study were improved by inoculation
with exotic isolates in combination with phosphorus
application.

EXPERIMENT III

(1) Inoculation with Rhizobium had significant influence on
plant height. Plant height reached maximum in A.

catechu and P . falcataria by inoculation with exotic

isolates of Rhizobium.

(2) .Inoculation resulted in highest root dry weight per

plant of 6.73 g in A. arabica and 12.91 g in P.

falcataria.

(3) Nitrogen application had sign{ficantly influenced plant
height. Maximum plant height was recarded in A.
arabica and A. catechu due to application of nitrogen

upto 20 kg ha-t.

(4) Application of nitrogen upto 20 kg ha-? resulted in

highest shoot dry weight per plant in A. catechu and
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in P. falcataria, where as in the case of A. arabica,

nitrdgen application did not influence this character.

(5) As the level of nifrqgen increased upto 20 kg ha-!,
root dry weight per plant had increased in A.

catechu and P . falcataria with 20.89 g and 13.75 g

per plant respectively.

(6) Levels of phosphorus appiication had significantly
influenced plant height in A. catechu, maximum value

-being recorded with 25 kg ha-t' .

(7)) Application of phosphorus uptﬁ 50 'kg ha-? produced

maximum shoot dry weight of 29.88 g in A. catechu.

(8) Application of phosphorus at 25 kg ha-! resulted in

maximum root dry weight in A.arabica and in A.

catechu .

r

(?) Inoculation with Rhizobium increased nodule number per
plant in A. aEabica, - in A.catechu and in P.

falcataria.

(10) There was significant increase in nodule dry weight .

by inoculation in all the species.

(11) There was no increase in the number of nodules per

plant with nitrogen application in all the species.
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(12) Nodule dry weight per plant increased with application

of nitrogen upto 20 kg ha-!' in all species.

(13) Phosphorus appliéatinn upto 25 kg ha -t resulted _in
maximum number of nodules per plant in A. arabica and
A. catechu . Whereas, in P. falcataria y hnodulation

was not affected by nitrogen application.

(14) Nodule dry weight per plant was not affected ' by

phosphorus application in A. arabica. On the
contrary, application of phosphorus at the rate of 25

kg ha-! resulte& in highest nodule .dry weight per plant

in A. catechu and P. falcataria.

(15) Rhizobium inoculation had influenced plant nitrogen
content in all the species. Rhizobial inoculation

resulted in increase ‘nitrogen content.

(14) Rhizobium inoculation did not influence plant

. Phosphorus content.

(17) Application of nitrogen upto 20 kg ha-? recorded

maximum plant nitrogen content .

(18) Similarly, plant Phosphorus content reached ‘maximum

values in A. arabica and P.falcataria. with 20 kg ha -!

nitrogen application.
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(19) With phosphérus application at 25 ég ha-t*, plant
lnitrogen content increased to 1.42 per cent  in A.
arabica, 1.03 per Cent.'in A. Catéchq and 1.80-per cent

in P.falcataria régpectively. Appiication of
phosphorus (50 kg ha -!') recorded 0.178 per cent ana

0.169 per cent phosphorus in A. arabica and A. catechu

respectively. =
The investigation clearly revealed that
application of nitrogen and phosphorus along with
inoculation using specific strains of Rhizobium is

essential for better growth and nodulation = of leguminous

tree species .

It may be worthwhile to take up future studies on
the interaction of soil/fertilizer/ species under different

agroclimatic conditions for confirmatory results.
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‘APPENDIX I °
Weather data during the crapping period

(October 20 to July 1991)

Month Average " Maximum Minimum Relative
rainfall temperature temperature humidity
{mm) (°C) (°C) (%)
Dct. 90 6.11 30.34 23.23 81.62
Nov. 0 47 .74 . 30.14 23.27 B81.58
Dec. 90 2.86 31.01 22.78 -, '78.10
{an. ?1 7.14 +  30.80 . 22.30 77.80
Feb. 9 : : '
. ! 6.63 31.10 21.30 71.20
Mar. 91 8.00 |
. 32.30 23.989° 76.10
Apr. 91 . 6.24 . ' :
33.40 25.40 78.70
May. 9 10.93 "
3 78.44
un. 91 27 88 .
p =BG 29.50 ,
24,00
: * 9-40 ;
. 23.47 '
83.50




122

APPENDIX Ir

Cdmposition of Yeast Extract Mannitol Agar ‘ Medium
(Adllen,1953) | )

1 Mannitol 10.0 g
2 'bipdtasaium hydrogen phosphate 0.9 9
3 Nagne§iUm sulphate 0.2 g
4 Sodium chloridel : 0.1 49
5 Calcium carbona;e 3.0 g
& -Yeast extract '1.0 Q
7 1’%'Aquecus solut?on of Congo red 2;5 ml
8 Agar 1 15.0 g
9 Distilled water 1000 ml

pt

7-0'
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.(f§§i:EE£EEEEE>.investigqtion- entitled Rhizobium
ation and . seedling

inogculation and nutrient levels on nodula

growth in tree legumeg Qas carried out at College of

. . 3 - 1.
Agriculture, Vellayani during(theﬂbﬁrlndﬁﬁugust 1990 to July

separate

1991. The investigation was carried out as three

I was to

experiments. The main objective of Experiment

.determine the effect of differént scarification‘methods on
- the germination of some commonly grown and newly 'intﬁoduced
legﬁmgs, - the cbsective of'Experiment~fI was. to screen out
the best among the native and exotic isolates of Rhizobium

~differen§ levels of pﬁosphorus on the nodulation and

Periment I1j was tq
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germination per cent 1n

percentage of 28.27 was

1

Cassia fistula. Germination

recorded with con.HNO;  treatment

for 10 1nutes. In Acscia arabica, Acacia catechu and Cassia

Javanica maximum germination was obtaimed with con.H:z50,,

treatment for five

mInu

tes, while that for ane .minute

resulted 1n highest gérmination in Albizia moluccana.

Exotic isolates, TAL 1868 and TAL 45 were proved

.

to be the best among the rhizobial isolates for Acacia and

Albizia sp. respectively with respect to growth and

nodulation characteristics as coﬁbared to the local strains.

Plant height, shoot dry weiéht and root dry weight were

significantly influenced by phosphorus appligation. Nodule

number per pl&nt had increased from 0.67 to 1.33 in Acacia

arabica.
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N1 trogen

-

application along with “1noculation

significantly influenced grawth ;hhracters such as plant

height, shoof dry weight and root dry weight. Maximum plant

height was racorded

due

to application of nitrogen tho 20

kg ha"! in Acacia arabjcs and Acacia catechu. Nitrogen

+

application upto 20 kg ha -*' resulted in highest shoat dry

weight and root dry weight in both Acacia gatechy and

Paraserianthes falcataria.

Application of nitrogen did not

2

'
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increase nodule number per plant in all 'the tree species.

- However, nadule dry weight "per plaﬁt increased with
application of nitrogen upto 20 ‘'kg- ha™!. Phosphorus

application upto 50 kg ha~* produced maximum shoot and root

dry weights in Acacia catechu. Application of phosphaorus at

253 kg ha"?!' resulted in maximum root dry weight in Acacia

arabica and Acacia catechu. Phosphorus application upto 25

E ol

kg ha"! resulted in maximum number of nodules per plant in

Acacia arabica and Acacia catechu. Highest nodule dry
weight per plant was recorded with phosphorus application
upto 25 kg ha-!? in Acacia catechu and Paraserianthes

falcataria. Nitrogen applicafion upto 20 kg ha -*! resulted

in an increase 1in plant nitrogen content and reduction

.thereafter. Phosphorus application upto 25 kg ha -!' resulted
in an increase in nitrogen content of ﬁlants and a
reduction was noticed beyond 25 kg ha ~-t. Nitrogen

application had significant influence on phosphorus content
of plants in A arabica and P.falcataria. Phosphorus
"application at 50 kg ha-* 'gave highest phosphorus content in

A. arabica and A. catechu.

mr——t — ——

T
. On the basis of &hqigresent sﬁﬂib it can be

concluded that nitrogen and phosphorus application along
with Rhizebjium inoculation using specific strains is
essential for better growth and nodulation. of leguminous

tree species.
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