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although a vide range of effectiveness vas demonstrated, Based on this expe
rizent, a group of 10 effective rhizobia were tested in pots. Only two
rhizobia (IRe 1045 and IRc 1050) isolated from leucaena performed well and
were .further tested in the field. At I,I,T,A., only inoculated plants
nodulated while at Fashola, all the plants produced mnodules. At both loca-
tions, inoculation with Rhizobium IRec 1045 or IRc 1050 increased total N
and dry matter of leucaena as compared to the uninoculated plants. This
effect was statistically equal to the N treatment, In addition to their
effectiveness, these strains were comptetitive and survived well in the,
field one year after their establishment,
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INTRODUCTIOX

- — -

Leucaena leucocephala has been described as a widely adapted
crop of exceptional potential for the tropics (Nstional Academy of Science:
1977)..It can produce nutrition forage, firewood, timber and orgamic

fertilizer rich in nitrogen.

However, there exists a number of soils where leucaena cannot
establish well, Leucaena grows poorly in acid (RALLIDAY, 1981) and mineral
deficient soils (National Acadermy of Sciences, 1977), and iun some atreas
due to the asbsence of nodules plant roots (Ahmad and Ng, 1981; Diatloff,
1973; Mafuka, 1984),

A sufficient nucber of appropriate rhizobia in the rhizosphere
of legumes is a prerequisite for adequate nodulation and nitrogen fixation
llowever, published reports on the population sizes of rhizobia and nodu-
lation of leucaena in Nigeria soils are lacking. Informationm on rhizobial
nurbers in some soils and their ability to form nodules on the roots of
leucacna plant would help workers to assess the need for inmoculating

leveacne.,

The present study was undertaken to (i) ronitor nodulation and
rowth of leuvcaena in relation to the populacion .ofpative rhizobia, (ii)
clate and chzracterize the incicenous rhizchia nodulating Leucaena and

L
iii

<
i
(iii) sclect the best rhizotial strains in terrs of effectiveness in

‘~Eiring capebility ir syvetiosis with lecvcaena.

IJif LUD NPTTCOrS,

foil sarples werc collected at ten sites in Iigeria that kad
received ro fertilizer for thc past 18 ronths., These sites were selected

to provide diversity in soil znd cliratic factors (Table 1).

A soil auger of Z cn diameter was used to collect soils at 3¢
cc Cupth, ler cores collected at randoc were thoroughly wized into compo-
sit> serrles and stored at 4°C votil the analysis,

Leucaene thizotia were enumerated bty the nost probable munbar
and tla plamt infcctior rethod (Vincent, 107C), A 10-fold Cilution series
vith five replicates per dilution vas usec. L, leucogccphala ver., Z-28 was

the liost to enurerate lecvcaen: rlizobia.
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2. vodulatian, isolation ant prelicioary characterization of rliizobial

vegelii, feshanin grandiflora, &, pumctata, £, rostratz, Acagiz allbida and

containing soils fror a field cropped to leucaena and fror a secondary
forest at I.I.T.A., and soil from a grassland at Fashola (70 Vr llorth of
I.I.T.A.). Uhysico~chenmical projerties of these soils and the population

of indigenous leucaena rhizobia were deterrined prior to planting.

Soils were then air dried, sieved and transferred in five
kilogram portions in plastic pots. A randomized complete block design was
used with five replications and following treatments were applied :

(i) no fertilizer, and (ii) fertilization with 250 mg P/pot as single supe
phospate, SO mg K/pot as muriate of potash and 5 ml of a complete frit of

micronutrients (Lo 0.05 %X; Mg 0.05 X; Zn 0,005 %; Mo 0,005 I and Cu 0,002

per pot.

At 8 weeks after planting (WAP), shoots of these legumes
were cut at the soil line and were oven-dried at 65°C for 48 h. Roots and
nodules in each pot were removed carefully, Nodules were counted and

weighed, ,
Isolation of rhizobia was performed as described by Viancent

(1970) and single~colony isolates were maintained in Mc Cartney bottle on
yeast extract mannitol agar (YMA). In order to characterize the isolates
and to determine their generation time, cultures were grown in yeast
extrect vannitol broth (YMB) at 28°C on a reciprocal shaker. Samples were
taken durinpg the exponential growth phase and the viable counts of
thizobia perforred, The level of intrinsic resistance to antihiotics were
determined using YMA supplemented with 0,50; 100; 250 or 500 ug/ml of
filter-sterilized streptomycin and spectinomycin. Compatibility of
thizobial isolates with leucaena vas assessed by inoculating seedlings of

leucaena in plastic pouches, and examining nodulation after 42 days.,

3. Screening_of rhizobial isolates.

P2 L - L T

Preliminary screening of 32 thizobial isolates for effecti~
veness wvas done in leonard jar assewmblies containing sterile, washed sand

and N-deficient Jensen's soclution (Vincent, 1970),
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Ten rhizobial isolates selected from the Leonard jar
trials were futher studied in potted soils collected on the previous
sites at IITA,-Ibadan and at Fashola, Soils were ai:—dried! sieved,

weighed and fertilized as described above,

Leucaena seeds were scarified with concentrated 82804
for 30 min,; rinsed several times in sterile water and then inoculaced
with the appropriate strains. Inoculation was performed at sowing by
pipectting 1 »1 of broth culture (lOgcells/ml) on the seed, Controls inclu
ded uninoculated plants and those fertilized with 75 mg !N/pot as ures.
Fach treatrent was replicated five times and randorized within blocks,
Pots contained 5 Kg of soils. They were set in screenhouse and watered
recularly. Plents were harvested at 10 "JAP and the nurber of nodules and
their éry veight assessed, In addition, plant dry weight, shoot total
nitregen and nitrogenase activity (Eardy et al., 1273) were recorded.
fhoot dry weirht was used to calculate the relative effectiveness defined
e the dry veight of inoculatad plants expressed as a percentage of the

ritrogen ceontrol (Ahmad et al.,1931),

‘. Eicld erizl.

The two best strains selected fror the pot experiment were
ther tested in the field at I.I.T,A, and Fashola, At Fashola, the field
experi‘cent was located ir the same area from which soil vas collected for
tue pet experirmenct, The I.I.T.A, trial was conducted on an Alfisol of
tue Ivo scries with the following cheracteristics : pl. (EZO),G.Ot clay,

T %, sard¢, 05 I; sile, 5 Z; organiec C, 0.92 X; total ¥, 0,14 %; C.E.C.,
5.5 weq/10C of soil; Available 2 (Bray !); 42.33 ppz and the number

© 5
of rhizobia; 2,6 x 107 /g of soil,

At toth locations, the experimental design was a three
replicated split-plot having three basic treatrments : plants inoculated
vith the two rhizobial - . isolates, plants pot inoculated, and plants oot
iroculated but fertilized with nitrogen at 150 Kg N/Ha urea applied in 3
equal Qeses. tiineral putrients (phosphorus and micronutrients) were
apglied in subplots and their results have been described elsevhere

€zngings et al., 1934).
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The main plots measured 6 x 13.50 m with a spacing of 75 cm
between rows and 20 cm within rows. Leucaena seeds were surface sterilized
as described above and inoculated with peat inoculant containing either
Rhizohium IRc 1045 or 1050. The number of rhizobia at planting was approxima-

7
tely 1 x 10" /seed.

Five seeds per hill were hand-sown immediately after inoculation,
Seedlings were thinned to two per hill and the plots were weeded as necessa-

rY.

At 12 WAP, 10 plants were harvested at random in three meter
section within the second row of each replicate plot at both sites. Nodule
nunber and dry weight, shoot dry weight, plant height, shoot nitrogen and
phosphorus, and nitrogenase activity were assessed. The rhizobia fn 40 nodu-
les selected at random from the roots of ten other plants in each replicate
plot were serotyped with antisera against IRc 1050 using the ELISA technique

(Clark and Adams, 1877) and on the basis of the intrinsic resistance of
IRe 1045 ©© 500 ug/ml of streptomycin (Schwinghamer and Dudman, 1973). At

24 VAP, plant height, shoot dry weight, total nitrogen and phosphorus con-

tents vere determined on 10 plants.

In order to assess the effect of inoculation one year after
plantiny leucaena, 5 Kg of soils were collected at random at 30 ex :iepth
in all plots. Following air drying, the soil was sieved, potted and ar 2nged
in a randomized complete block design with five replications. Four s rface
sterilized leucaena seeds were sown per pot. Plants were harvested at 10
AP and data were recorded as in the previous experiments.

RESULTS AND DISCUSSION.

Rhizobia capable of nodulating leucaena were absent in six soils
(Table 1), These data show that there is likely some geographical selection
on adaptation to stress in these soils, The detrimental effects of physical
and chemical stress on rhizobia in the tropics are well documented (Boonkerd
and Yeaver, 1982; Hartel and Alexander, 1984; Osa-Afiana and Alexander,
1982). The lack of leucaena rhizobia in Zaris soil may be explained by the
effect of drought and highs temperatures. Inability of leucaena to nodulate
in Onne, Iseini and Ntije soils gscems to be correlated with their low pH.
In fact, the host plant is poorly adapted to acid soils (Ahmad and Ng, 1981;
Halliday, 1981).

420



Data presented in table 1 and 2 show that numbers of rhizobia
and nodulation of leucsena were high in the soil collected from a field
cropped to leucaena. Several investigators have observed marked increases
of native or introduced rhizobia in rhizospehere soils of various legumes
(Bushby, 1984; Mulongoy et al., 1982; Robert and Schmidt, 1983). Our data
substantiate the selective stimulstion of rhizobial growth in the rhizosphere
of legumes, and indicate that leucaena crops build up the population of
compatible rhizobia in the root zone. Low rhizobial numbers at Fashola and
at I.I.T.A. secondary forest (Table 1) explain partly poor nodulation of
1leucaena in these soils, (Table 2), Because there were usually fewer than
1.000 rhizobia per g of soil at the two sites; theses locations should be
suitable for leucaena inoculation as little competition with the resident
population is expected.

The results indicate better leucaena growth in I,I.T.A. soils
as compared to that in Fashola soil (Table 2). This could be attributed
higher nutrient status of I.I.T.A. soils (Table 3)., Growth of leucaena was
closely correlated with clay content (r = 0.98) , organic carbon (r = 0.92),
total N (r = 0.82) and phosphorus (r = 0.99), Fertilization with P, K and
micronutrients improved leucazena growth in all soils but plants in Fashola
soil remeined smaller (Table 2), This can probsbly be explained by the low
level of nitrxogerin Fashola soil (5 times less than in I.I.T.A, soil cropped
to leucaena) and suggest that leucaena in this soil can respond either to
nitrogen application and/or to inoculation,

Rhizobia isolated from the legumes studied were divided into
two groups (Table 4). Twenty-six rhizobia from L. leucocephala, S. grandi-
flora, S. kostrata and S, punctata were fast growing and acid producers.
The other sixteen isclates obtained from T, vogelli., A, albida and V. ungui-

culata were slow growing and produced alkali in the media. The mean genera-

tion times of the fast-growing and slow-growing strains were less than 5

and more than 8 hours, respectively, Slow-growing organisms raised the ini-
tial pH of the defined medium while the fast-growing organisms lowered it.
The results of the inoculation tests are contained in Table 4, Leucaena

was infected both by fast and slow growing rhizobis, exceptly those from
S. gprandiflora and V. unguiculata, Our finding are in agreement with that
of Dreyfus and Dommergues (1981) who noted in Senegal that leucaena vas
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‘nodulated not only by fast growing strains of Rhizobium (Halliday, 1981;
.Trinick, 1980) but also by slow growing ones, The results in Table 4 also
show that rhizobia isolated from leucaena grown in the grassland soil from
Fashola and in the secondary forest soil from I.I.T.A. showed resistance
to the probably highest concentrations of streptomycin and spectinomycin.
This probably suggest that antibiotic resistance is needed for rhizobial

survival in these soils.

The symbiotic performance of the 32 isolates nodulating leucaena
were not identical., Based on the response of leucaena to inoculation in
Leonard jars, 10 rhizobial strains were the most effective ones (Table S5).
They produced more shoot matter than uninoculated plauts and were equal
or more efficient than the nitrogen control treatment., Ineffectively nodula-
ted plants were stunted and greatly retarded in growth, they showed signs
of nitrogen deficiency (Figure 1). Evaluation of strains for effectiveness
in aseptic conditions however, is only an initial phase of strain selection.
Effective strains from Leonard jars should be then tested under natural
conditions (Date, 1982).

In this study, Rhizobium IRe 1045 and IRe 1050, two elite strains
under sterile conditions performed also well in natural soils, but others
did not. This was shown by their high shoot dry matter, nitrogenase activity
and total plant N content (Table 6). Their symbiotic effectiveness was over
100 Z relative to the N control. The relative effectiveness of IRc 1042,
IRc 1046 and IRc 1048 was poorer than the uninoculated control. This emphasi-
zes the interplay of both bioclogical and non-biological factors in the natu-—
ral environment in modifying the expected symbiotic response (Dart, 1974;
Vincent, 1965).

The performance of IRc 1045 an IRc 1050 isolates were then tested
in the field. At I.I.T.A., only inoculated plants nodulated and all the
nodules were produced by inoculants strains (Table 7), The absence of nodules
at this field confirms that leucaena has specific Rhizobium requirements
(Halliday, 1981; Trinick, 1980) and can benefit from inoculation. Mafuka
(1984) found similar results at I.I.T.A, as well as at Fashola. In the field
at Fashola, nodules were found in all the treatments (Table 6). Seventy-
five percent of the nodules from inoculated plants were produced by the
introduced rhizobia. In inoculated plots with IRc 1045, 21 Z nodules contai-
ned IR¢ 1050. In the uninoculated treatments, nodules were due partly (69 %)
to Rhizobium 1050 used in a previous inoculation trial with leucaena and

other legumes at this site,
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Strain IRc 1045 iselated from Fashola performed better at I.I.T.A.
and I2c 1050 isolated from I,I.T.A, was more effective at Fashola. Mulongoy
et al. (1982) in & review on cowpea nodulation and response to inoculation
also concluded that a strain of Rhizobium isclated at a particular location
was not necessarily a better inoculant at that location than isolate from
other environments. In both soils, shoot dry weight, total nitrogen and
phosphorus contents were statistically equal in inoculated and N fertilized
plants and the values were superior to the ones in uninoculated plots (Table
7). Plants in the latter treatments were stunted, lacked vigour and had
yellow leaves at 24 WAP (Figure 2). Ahmad and Ng (1981), Diatloff (1983)
and Mafuka (1984) reported th-:' adequate nodulation and nitrogen fixation
helps young leucaena plants to become established and to grow well. The
results presented here show .nat the inoculum was effective and able to

provide the plants with their requirements for nitrogen.

To assess the residual effect of inoculstion and fertilization
of leucaena, the persistence spn¢ the symbiotic effectiveness of introduced
rhizobia was studied in pots containing soils from the above field experiments.

Soils from inoculated plots contained more rhizobia and promoted
increased nodultation and shoot dry matter production (Table 8). Nodule
typing indicated that most nodules were formed by the introduced strains.
This indicate that Rhizobium IRc 1045 and IRc 1050 survived well, cutcompered
ted the indigenous strains and were stimulated in the leucaena rhizosphere wivh
nitrogen-fixing ability one year after their establishment. Thus we can
assume that if adequate strains of rhizobia are introduced into a soil,
the populations will survive, eventually, multiply over the Yeara under
continous leucaena cropping without additional inoculation. Inoculation
constitue an evident advantage over nitrogen fertilization which is to be
applied frequently for consistent high yields,
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Soil Oripin Fcological Zone Py TOTAL N NUMEFR of rhizobhia
(1,0) €3] (MPN / G soil)
- 4
IITA leucaena plot transition forest 5.30 0.18 7 x 10
savanna
) "
I1TA secondary forest " ‘! 5.90 0.10 3.1x 107
2
Fashola grarsland derived savanna 6,00 0.04 5.8 x 10
Annurakawa " " S.10 0.18 0
MOXWA guineen savanna 5.30 0.05 0
Nkalagu " " ' -5.00 0.15 0
Zaria sudan savanna 4.90 0.00 0
Cnne Forest 4,30 0,14 (Y
lseini " 4,40 0.06 10

Meije " 4.90 0.07 0



Table 2. Nodulation and growth of leucaena leucoceochala in pots containing soils fertilized
or not vith P, K and micronutrients, at 8 weeks after planting

Treatments Soil Origin Nodule Nodule Shoot Height
number dry weight dry weight
(No/planc)  (mg/plant)  (g/plant) (cm)

No fercilizer Leucaena fallow 27 79.00 1.5 35.40
Secondary forest 10 63.60 1.5 31.40

Grassland at Fashola 10 31.20. 1.0 25.40

With fervilizer Leucaena fallow 39 91.60 3.7 54.20
Secondary forest 1 65.80 2.5 40.80

Crassland at Fashola 12 65.40 1.6 35.60

LSD (5%) (1) for the same treatment 10 21.07 0.4 5.95
(2) for different treatments 7 14,90 0.3 6.21
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Table 3 . Some physical and chemical properties of soils collected at IITA
and Fashola

Soil Characteristics Soil origin
Leucaena fallow Secondary forest Grassland
IITA IITA Fashola
Sand (Z) 85.00 85.00 83.00
Sile (R) 6.00 12.00 16.00
Clay (Z) 9.00 3.00 1.00
pH (HZO) 5.30 5.90 6.00
Organic C (%) 1.40 1.03 0.48
Total N (%) 0.18 0.10 0.04
Available P (ppr) Bray 1 8.30 9.30 3.80

!\'HA-Acetate extractable
cations (meq/100g)

Ca 7.30 15,23 4,15

Mg 0.89 0.58 0.42

Mn 0.02 0.02 0.03

K 0.19 0.19 0.1

Na 0.06 0.07 0.03
Total acidity 0.02 0.02 0.01
(meq/100g)
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Table 4. Cultural characteristics of rhizobia isolated from sare legures and their canpatibility with

L. leuwcccephala

Soil origin Host of No of Gereration  fH Nodulation  Imtrinsic

isolation isolates  time reaction on lewaena resistance

to antbictics
(he) (ug/ul)

Lleucaena fallow L. leucocephala 2 5 w + S0 spe
OTA T. vogelii 2 8 (0. + -

S. grandiflora 2 5 Kt - -

S. puctata 2 5 A + -

S. rostrata 2 5 H* + -

A, albida 2 8 o108 + -

V. wgriculata 2 8 ai” - -
Secondary forest L. leucocevhala 2 5 K S0 str, spe
IOTA T. vogelid 2 8 o -

S. grandiflora 2 5 Ht - S0 str

S. punctata 2 5 u* + -

S. rostrata 2 5 H + 250 str,100 spe

A. albida 2 8 v’y + -

v, unguiculata 2 8 o - -
Grassland L. leucocechala 2 S '\ + 50 str, spe
Fashola T, voeslii 2 8 o + -

S. grandiflora 2 5 wt - -

S. pnctaca 2 S H* + -

S. rostrata 2 5 il + -

A, albida 2 8 ol + -

V. wadculara 2 8 o - -
IITA L. lewcoceghala 1 5 wt + 0 str, spe
Hanadi L. leucocethala 1 5 i + -
spe = spectamcin

Sstr = streptamycin
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Table 5.
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1042
1642

1044
1645
1061
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Yost of isolation

Jar experiments at 6 weeks after planting.

Shoot dry weight

Effect of inoculation of leucaena with the best 10 Rhizobial isolates in Leonard

Symhiotic

and origin (eg/plant) effectiveness (Z)

Q¢

124 10¢
Levcaena (IIT?) ee 151
Leucaens (ITY2) 222 17c
fa_rostrata(ITT:) 17 1e?
Leveaera (TIITA) 104 122
Leucaens (Fashola) 224 11
Leveacna (Faslola) 1647 12¢
&. xostrata (Tashola) 175 141
Teveaeuwa  (1I112) 14¢ V17
1. vopelii (Yecholrn) | 10 [
Leuvucoena (TX°20) Ies 15?2
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en

and a secondary forest at IITA and from a grassland at Fashola)

Tabl: 6 Lffect of pot inoculation with different rhizobia on nodulation, growth and nitrogenase
activity of L, leucocephala (meaﬁ values for the soils from leucaena fallow plot,

Treatments Nodule per plant Shoot Height Total N Nitrogenase
Number Dry weight: dry weight activiry
(mg) (g/plant) (cm) (mg/plant) (umoles/plant/hour)
tininoculated 7 36 3.07 63 104 6.0
Uninoculated + N 4 21 4.30 67 185 2.6
fRe 1041 39 62 3.4% 58 111 4.9
IRe 1042 15 54 3.03 58 84 8.1
TRe 1043 32 61 3.09 57 97 10.9
IRe 1044 44 78 3.19 60 108 5.9
TRc 1045 32 95 4.58 64 146 21.5
TRc 1046 58 96 3.00 57 93 9.8
TRe 1047 32 83 3.46 50 107 9.3
TRe 1048 38 42 2,99 58 96 9.3
IR 1049 42 59 3.53 59 111 8.3
TRe 1050 28 81 4,47 75 182 16.4
LSD (5%) 10 15 0.48 7 28 0.3
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L SVt ot ineenlation with Fhizobimm anl fertilization vith uren on wodabation ad groah of L, Tewcorepdnla at 1TTA sl

Fiedwibir, Nigeria . MW\

TETLTRTIES Ronfules Nev® Medules?* {rom Newlules® Qwar Pl Pt N Nitroponse Tora) phwspivins
per plant: inculant stmins  dry weight  dry weight height activity
(4] ' (me/plant)  (p/plant) (cm) (kM) (unoles/plant Mour) (kg/ta)

FRWILA
hieralin oo 3 (i) 1™ .8 IR 82 0.48 5.07
10 Ly X Axy i ) 7 72 174 mn 0.1 15,22
Mivobivn 1R 107 o m 5 » a2 7.} 4.9 15.00
Rhizebiom 1We 1065 1% % 174 (65} 14 29 2.5 12.85
ITTA
Uhinoculatad 0 0 0 S1 152 174 0.00 14.62
1) ke Ny 0 0 0 k) 161 45 0.00 5.9
Phizohiua IRe M) 17 0 196 103 170 8 2.65 26,91
Fiizobitm Re 1049 3 100 m 121 220 448 10.25 35.9%
1SD (37) Faddola 1 ND 23 12 35 53 0.12 1.90

TTTA 12 ND 25 22 24 (i3} 0.17 0.60

* Nodule maher and dry weight and percent of nodules fram inoculant strains were recorded at 12 WAP
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IITA and Yashola solls from previous inoculation trials at 10 WAP
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il origin and nodvle N° per Nodules from shoot dry Height MPN

cvious treatment plant inoculant (%) veipht (g/plant) (cm) leucnena
rhizobia/g

............................ ——— - e e _— soil ______.
IHOLA
inoculated 32 82 1,08 48 11 » IO3
izobium/Te 1050 47 100 144 sk 2.8 x 10°
" JRc 1045 33 98 2,21 64 3.5 x 10"
ra
2
inoculated 4 . 100 2,37 65 6.8 x 107
{zobium/Re 1050 18 100 3.38 70 16 x 104
4
/Rc 1045 23 100 3.86 a7 16 x 10"
e (S 1) 1) 7.9 ND 0.46 7.9 ND
(2) .6. ND 0.54 8.6 ND
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(1) Sare treatment

(2) different treatment

ND PNRot determined
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