












Nodulation 

Assessment of Growth, Nodulation and Nitrogen Fixation of 
Lesser-Known Leucaena Species Inoculated with Different 

Rhizobium Strains in Greenhouse Conditions 

G. Lemkine1 and D. Lesueur1* 

Abstract 

The symbiotic behaviour of lesser-known Leucaena species was studied in a greenhouse exper­
iment where 14 Leucaena species were inoculated with seven Rhizobium strains isolated from 
Leucaena diversiJolia, L. leucocephala, Cal/iandra calotllyrsus and Prosopis juliJlora. The Rhizo­
bill/n strain LDK4 isolated from L. diversiJolia gave the highest shoot and nodule dry weight and 
shoot total nitrogen content for the majority of the Leucaena species tested. There were significant 
strain x species interactions, suggesting that the significant differences in growth, nodulation and 
nitrogen fixation in Leucaena species are the results of the Rhizobium strain x host plant genotype 
interaction. The Leucaena species were sorted into three groups according to their growth and 
capacity to fix atmospheric nitrogen. The best species were L. trichodes, L. macropllyl/a, 
L. leucocephala, L. shannonii and L. pallida. However, all these results need to be confirmed by 
further experiments in field conditions. 

LEVCAENA leucocephala has been the subject of 
many studies which demonstrated an exceptional 
capacity to produce high amounts of biomass and 
protein when plants are associated with Rhizobium 
(Sanginga et al. 1995). For this reason, it has been 
widely used in many tropical countries. However, 
the psyllid problem and low tolerance of acid soils 
limit its utilisation, and it has become necessary to 
explore the natural diversity within Leucaena in 
order to identify alternative species not limited by 
these factors. 

It has been demonstrated that L. collillsii subsp. 
collillsii and L. pallida are resistant to the psyllid 
(Hughes 1993), and that L. diversifolia, L. shallllollii 
and L. macrophylla exhibit some acid soil tolerance 
(Brewbaker 1987). Nevertheless, other characteris­
tics also need to be investigated before these 
Lellcaella species can be promoted for use. The 
behaviour of these species has to be evaluated in 
field conditions in terms of N2 fixation and forage 
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production . Both these parameters could potentially 
be improved by inoculation with appropriate 
Rhizobium strains. 

In many tropical soils, the presence of inadequate 
or non-effective Rhizobium populations may limit 
both N2 fixation and forage production (Singleton et 
al. 1992). There is limited information on the sym­
biotic characteristics of these lesser-known Lellcaella 
species (Halliday and Somasegaran 1983). 

The objectives of this study were: (1) to identify 
Leucaella species of greatest potential in terms of 
growth and symbiotic nitrogen fixation; (2) to select 
Rhizobium strains which could be used for the inocu­
lation of plants in field conditions. 

Methods 
Seeds of 14 species of Lellcaella (Table 1), mainly 
provided by the Oxford Forestry Institute, were scar­
ified for 30 minutes in sulfuric acid. Eight-day-old 
seedlings were transplanted into 12 x 8 plastic pots 
filled with a sand-vermiculite mixture. N-free nutrient 
solution (Broughton and Dilworth 1971) and distilled 
water were alternately added. For each Leucaena 
species, six plants were inoculated with each of seven 
strains of Rhizobium (Table 2). The plants were 



Table 1. Accession and corresponding Rhizobillm strain which produced the highest shoot and nodule dry weight, nitrogen 
fixed per plant and the ratio N2 fixed/nodule dry weight. 

Species Accession Shoot dry weight 
code (g/plant) 

L. magnifica 19/84 U)K4 
L. salvadorellsis 36/88 CB3060 
L. Irichodes 61/88 TALS82 
L. plllverulenla 83/87 TALS82 
L. mllllicapilllla 81/87 LDK4 
L. macrophylla 47/85 LDK4 
subsp. nelsollii 
L. leucocephala 79/02348 LDK4 
L. lempiralla 6/91 LDK4 
L. lanceo/ala 43/85 LDK4 
L. pallida 52/87 LDK4 
L. esclllenla 47/87 CB3060 
L. Iriclwndra 53/88 CCRIO 
L. diversifolia 83/92 CB3060 
L. collinsii subsp. collinsii 52/88 LDK4 

. Best strain LDK4 (57%) 

Table 2. The origin of the seven Rhizobium strains used. 

Strain Original host 

CCK13 
CCRIO 
LDK4 
CB3060 
TALS82 
CB3138 
PJ12 

Callialldra calolhyrsus 
Calliandra calolhyrslls 
Lellcaena diversifolia 
Leucaena diversifolia 
Lellcaena leucocephala 
l.ellcaella leucocephala 
Prosopis jlllij10ra 

harvested 12 weeks after planting. Data were sub­
jected to a three-way analysis of variance and means 
were compared with the Fisher multi-range test. 

Results 

Identification of the more effective Rhizobium 
strains 
The highest values of shoot and nodule dry weight, 
and shoot total nitrogen content were obtained 
mainly with plants inoculated with strain LDK4. 
Among the seven Rhizobium strains tested, this 
strain was the most effective with the 14 Leucaena 
species (Table 1). 

Although results obtained with strain CB3060 
(also known as TAL 1145), which is usually used for 
the inoculation of L. leucocephala in field con­
ditions, were significantly lower than those obtained 
with strain LDK4, strain CB3060 also produced a 
higher shoot total nitrogen content (data not shown) 
compared to the control and the other strains tested. 
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Nodule dry weight 
(g/plant) 

LDK4 
CCKlJ 

PJ12 
LDK4 
LDK4 
PJ12 

LDK4 
LDK4 
LDK4 

C83138 
LDK4 
LDK4 
LDK4 
LDK4 

LDK4 (71 %) 

N2 fixed/plant N2 fixed/nodule dry 
(mg/plant) weight 

LDK4 TALS2 
CB3060 CB3060 
CCRIO TALS82 

TAL582 TALS82 
LDK4 CCK13 
LDK4 CCK13 

LDK4 CCK13 
LDK4 CCK13 
LDK4 CCK13 
LDK4 CCK13 

CB3060 CCK13 
CCR10 CCKI3 
CB3060 TALS82 
LDK4 CCRIO 

LDK4 (57%) CCKI3 (57%) 

Reference 

Lesueur et al. 1996 
Lesueur et al. ] 996 

Halliday and Somasegaran 1984 
Halliday and Somasegaran 1984 
R.A. Date pers. comm. 
Diagne 1988 

In terms of N2 fixed/nodule dry weight, the 
highest values were obtained in plants inoculated 
with strain CCK 13 isolated from C. calothyrslIs. 
This parameter indicates the efficiency of nodules. 
The CCK13 strain formed very efficient nodules 
which were capable of fixing a high quantity of 
atmospheric nitrogen with eight of the 14 Leucaena 
species. 

However, the disadvantage of this strain is that it 
forms a low number of nodules on the root system 
(average of 35 mg of nodule dry weight per plant 
compared to 69 mg per plant in the case of LDK4 
strain; data not shown). Thus this strain is not really 
well adapted for inoculation of Leucaena in field 
conditions in soils where competition with indige­
nous Rhizobium strains could be important. 

A preliminary experiment carried out in Senegal 
showed that the growth of L. leucocephala seedlings 
cultivated in unsteril ised soil in a village nursery and 
inoculated with the strain LDK4 was two or three 
times higher than growth of uninoculated plants 



cultivated in the same conditi ons (Sougoufara and 
Lesueur, unpubl. data). T hi s indicates that the 
effectiveness o f strain L DK4 in the nursery could 
also apply in f ield conditions. 

Rhizobium strains x Leucaena species interaction 
Statistica l analysis show ed highly significant effects 
for Leucaena species, Rhizobium strains and th e 
spec ies x strain in teraction for all var iables ana lysed. 

Th is demonstrates that vari ati on in growth, nodu­
lation and nitrogen fixation among Leucaena spec ies 
could be the resu lt of the Rhizobium strain x 
Leucaena species interactio n. 

Performance of Leucaena species in symbiosis 
with Rhizobium 
T he results presented in T able 3 suggest th at it may 
be poss ible to d iv ide the 14 Leucaena taxa into three 
groups according to the ir growth, nodulat ion and 
nitrogen-fix ing po tential. 

The first group of spec ies (L. IriciJodes, L. macro­
phylla subsp. nelsonii, L. leucocephala, L. magnifica 
and L. pallida) produced high b iomass, had good 
nodulat ion and formed very effi c ient nodules w ith 
Rhizobium . 

T he second group (L. esculell ta, L. lempiralla, 
L. Irichandra, L. diversifolia and L. collinsii subsp. 
collinsii) is designated as inte rmed iate. 

T he thi rd group (L. lanceolala, L. plllveru/enla, 
L. salvadorellsis and L. fIl ullicapilula) demonstrated 
low potent ia l in terms of shoot producti on and 
nitrogen fi xation. 

T hese results should be vi ew ed in association with 
o ther agroforestry parameters suc h as fo rage qualit y 
(espec iall y tannin content), seed product ion, behav­
iour w ith nematodes, and adaptab il i ty to li m it ing so i l 
facto rs before spec ies are chosen for f ield testing. 

Field tri als in t ropical countri es should use a 
combination o f highly effective Rhizobillm strains 
(LDK4 and CB3060) and concentrate on the better 
performing Lellcaella spec ies (first group of spec ies) 
in order to iden tify th e best symbio ti c associat ion for 
fo rage producti on. 
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Cold tolerance 

Selection and Agronomic Characterisation of Leucaena 
Genotypes for Cold Tolerance 

M.C. Goldfarb and J.F. Casco 

Abstract 

Fifty-six accessions of Leucaena species and hybrids were evaluated in order to identify those 
with tolerance to low temperature and with desirable characteristics as a forage crop. Selection was 
done in two phases. In phase 1,2800 seedlings (92 days old) were subjected to one of two temper­
ature treatments (-8 °C and _3 °C) for 14 hours. Plants that had 50% of live leaves remaining after 
the cold treatment were selected for further evaluation. One plant was selected from the -8 °C 
treatment and 16 from the _3°C. In phase 2, 17 plants from 1 I different biotypes were planted in 
the field and agronomic characteristics were measured. Only one plant maintained live stem and 
meristematic tissue after a -8.8 °C freeze occurrence, but several selections showed good agro­
nomic adaptation and greater chilling tolerance. 

LEUCAENA leucocephala has great potential for 
animal production in the humid subtropical area of 
Argentina. At Corrientes, beef production of 150 
kg/ha/year (Gandara and Casco 1993) has been 
obtained with a mixed pasture of L. lellcocephala 
and pangola grass, which doubled the production of 
45-70 kg/ha/year obtained on range pasture. 

At Corrientes weather conditions (mainly temper­
ature and rainfall) are favourable for the rapid growth 
of L. lellcocephala during most of the year. However, 
frosts of different intensities limit the growth of 
L. leucocephala during winter, but plants are gener­
ally not killed. An improvement of L. leucocephala 
forage production during the winter period could lead 
to an increase of beef production under grazing. 

The purpose of this study was to evaluate 56 bio­
types of Leucaena species and hybrids in order to 
identify those with cold tolerance and with desirable 
agronomic characteristics as a forage crop. 

Materials and Methods 
Fifty-six Lellcaena biotypes were planted in pots 
with 1.5 kg of soil in July 1990. Selection was car­
ried out in two phases. In phase 1, 92 day old seed­
lings (n= 1400 per treatment) were exposed during a 
14-hour period in a growth chamber to one of two 
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temperature treatments - 8°C (T I) and - 3 °C (T2). 
Humidity was held constant at 90%. A seedling was 
selected as cold tolerant if 50% of live leavcs 
remained afier the cold treatment was applied 
(Goldfarb 1992). 

In phase 2, plants selected in phase 1 were trans­
planted with an average age of seven months to field 
conditions on a Molisol soil. Phenology and standing 
crop dry matter (SCDM) were measured over three 
years. SCDM cuts were carried out during the winter 
and summer of the first year of field evaluation and 
in the spring, summer and fall of the second year of 
field evaluation. SCDM yield was composed of 
leaves, stems up to 5 mm diameter and green pods. 

Results and Discussion 

Phase 1 
From the 2800 plants exposed to temperature stress, 
seventeen plants were selected from eleven different 
biotypes. Only one plant (plant 11 , L. lellcocephala x 
L. diversifolia SF 9043) survived Tl. Sixteen plants 
were selected from T2 (Table 1). 

Phase II 
The significant variables measured in the field condi­
tions and their results were: 

Cold Tolerance: Plant 17, L. lellcoceplwla K 72 
SF 8073, was the most tolerant of field conditions 
during the winter of 199] , 1992 and 1993. During 



Table 1. Details of the 17 plants selected for cold tolerance and their dry maller production in the field. 

Plant Origin Dry maller production (g/plant) 

1991 /92 1992/93 1993/94 

1 L. lellcocephala x L. diversifolia SF 9036 31 19 3 
2 L. lellcocephala SF 9033 309 383 137 
3 L. plllverlllenta SF 8696 121 131 54 
4 L. lellcocephala x L. diversifolia SF 9071 171 101 51 
5 L. lellcocephala x L. diversifolia SF 9067 410 793 207 
6 L. lellcocephala x L. diversifolia SF 9071 126 136 36 
7 L. plllverulellta Sel 22 SF 8696 220 164 52 
8 L. IClIcocephala x L. diversifolia SF 9071 250 271 90 
9 L. lellcocephala cv. Cunningham SF8612 268 287 83 

10 L. lellcocephala x L. diversifolia SF 9031 298 419 146 
II L. lellcocephala x L. diversifolia SF 9043 155 191 56 
12 L. lellcoceplzala x L. diversifolia SF 9050 28 55 10 
13 L. lellcocephala K72 SF 8073 259 299 93 
14 L. lellcocephala x L. diversifolia SF 9050 122 71 16 
15 L. lellcocephala cv. Peru SF 8635 158 380 106 
16 L. lellcoceplzala x L. diversifolia SF 9069 153 250 87 
17 L. lellcocephala K72 SF 8073 234 207 70 

1992 and 1993 (mild winters) this plant maintained 
between 40% and 70% of live leaves. In the winter 
of 1991 , the most severe historical freeze occurred 
(-8.8 QC at soil level). At that stage, cold to lerance 
was assessed by observing stems and buds, since 
leaves were totally killed. 

Dry matter yield: Dry matter yield of the 17 
selected biotypes is presented in Table 1. Pl ant 5 was 
the most productive, with plants 2, 8, 9, 10, 11 , 13 
and 15 also growing well. 

Height: Plant 2 was the highest (260 cm) and 
plant 12 the smallest (60 cm). 

Diameter: Plant 17 showed the greatest diameter 
(3 cm) at 143 days after planting. 

Seed production: Eight plants (Nos . 1, 2 , 5, 10, 
1], 12, 14 and 15) did not produce seed. Three plants 
were characterised by their high seed production 
from the first year of evaluation: plant 6 (79 glplant), 
plant 3 (20 glplant) and plant 16 (18 glplant). 
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Frost Tolerance of Leucaena spp. in Subtropical Australia 

S.A. Dalzelll, D.R. Miller2 and B.C. Miller3 

Abstract 

The frost tolerance of lesser-known Lellcaella spp. was compared to that of commercial 
cultivars of L. lellcocephala subsp. glabrata in subtropical Australia. Despite originating in high 
altitude environments, accessions of L. diversifolia, L. pa/lida and L. trichalldra were not as frost 
tolerant as L. leucocephala subsp. glabrata cv. Cunningham and cv. Tarramba. The KX2 hybrid 
and L. co/lillsii subsp. collillsii were the least frost tolerant of the accessions evaluated. 

LEUCAENA leucocephala plays an important role in 
animal production systems in the tropics as a forage 
protein supplement to low quality roughage diets 
during the dry/cool season. However, L. leuco­
cepIJala has been reported to be poorly adapted to 
cool environments and susceptible to frost damage 
(Brewbaker 1982). Frost damage to L. lellcocephala 
causes leaf shedding and stem death (dieback) 
resulting in a shortage of leucaena forage during 
winter, when leguminous browse is most needed to 
supplement ruminant diets. Cooksley et al. (1988) 
observed that only 20% of annual leaf production 
remained on L. lellcocephala stands following 
frosting or very dry winter periods in subtropical 
southeast Queensland. However, these authors noted 
that leaf N was not lost from the grazing system but 
was retained through the increased productivity of 
inter-row pasture grasses. 

Perceived susceptibility to frost damage is a major 
limitation to the adoption of L. lellcocephala in high 
altitude tropical, and subtropical areas (Lesleighter 
and Shelton 1986). Many lesser-known Leucaena 
spp. originate from high altitude (1000--2500 m) 
environments (HughesI993; Bray et al. 1997) and 
may have frost tolerance (Brewbaker 1982). Stem 
survival and leaf retention could confer a consider­
able yield advantage over frost susceptible genotypes 
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and provide high quality forage during the winter 
feed gap. 

The frost tolerance in the establ ishment year of 
agronomically desirable lesser-known Leucaena spp. 
was evaluated in subtropical Australia and compared 
to that of commercial cultivars of L. leucocephala 
subsp. glabra/a. 

Material and Methods 

Site description 
The experiment was conducted 25 km west of Dalby 
(27°12'S, 151 °00'E), southeast Queensland, altitude 
340 m. The site receives an average annual rainfall 
of 640 mm and experiences mean monthly max­
imum/minimum temperatures of 32/18 °c in January 
and 19/4°C in July. Extreme minimum screen 
temperatures reco rded for the Dalby district are 
_6°C, -4 °c .and _3 °C in June, July and August 
res pectively, and the si te receives an average of 
30 frost days annually. An experimental site was 
selected where three common soil types were found 
within close proximity (100 m) of each other, in 
order to minimise microclimatic differences in frost 
intensity . These soil types were an alfisol (a hard­
setting texture contrast soil), an entisol (a deep 
loamy sand) and a vertisol (a black earth). Weeds 
were removed by cultivation prio r to planting. 

Experimental design 
The experimental design was a randomised complete 
block design (RCBD), with nine Leucaena acces­
sions as treatments in three blocks. The blocks were 
spaced 4 m apart and treatments (individual trees of 



each accession) were spaced 2 m apa rt within bl ocks . 
T he RCBO was replicated on each of th e three so il 
ty pes. The data o f a ll 3 RC BO were ana lysed in a 
combined analysis of variance. 

Plant material 
Seven Leucaena accessions that were agronomically 
superio r in frost- f ree a reas of southeast Q ueens land 
and two co mmerci al c ultivars were selected fo r 
eva luat ion. The latitude and altitude (Bray et al. 
1997) of the coll ection s ite o f these accessions are 
presented in Tabl e 1. Other species renown for fros t 
to lerance, such as L. greggii and L. relusa (Hughes 
1993), were excluded due to poor agron omic per­
fo rmance. Seedlings of all access ions were grown in 
plastic propagating tubes fo r 10 weeks in a gl ass­
house at the Univers ity o f Queens land, SI. Luci a, 
prio r to fie ld planting. The exce ption was the KX2 
hybri d, whi ch was sown in A ugust 1995. T hese 
plan ts were p runed to 30 cm and regrown as above. 
All seedlings were inoculated with Rhizobium s train 
CB3060 three weeks before trans pla nt ing . 

Establishment and management 
T he seedl ings were transpl anted on 28 September 
1996, to avo id premature frost ing, into a full prof il e 
of so il mo isture. The plants we re placed in 30 cm 
deep ho les and then watered to pro mo te soil-root 
contact and minimise the ri sk of dehydration. W ire 
tree-guards were pl aced around each seedling to pro­
tect them fro m wildl ife predation and the experi­
mental s ite was conventio nally fen ced to exc lude 
livestock . Weeds were controll ed during the experi­
ment by inte r- row cult ivatio n and manual c hi pping. 

Observations and measurements 
T he incidence and severity (minimum screen temper­
ature) of frosts were recorded 2 km from the s ite. A 

frost damage rating (FOR) sca le of 1- 5 was deve l­
o ped to assess the propo rtion o f defo liatio n caused 
by frost damage (1 : no fo lia r damage; 2: 1 %-25% 
defo liation; 3 : 25 %- 50% defoliatio n; 4: 500/0-75 % 
defo liation; 5 : 75 0/0-100% defoli ati on). Stem death 
observatio ns (>80% of stem dead) were made o n all 
pl ants that experienced 100% defoliatio n. Frost 
damage ratings and pl ant surv ival were recorded o n 
30 August 1997 at the end of winter. 

Results and Discussion 

Frost incidence and severity 
During the wi nte r of 1997, o nly 10 frost days 
occurred at the tr ia l s ite. However, these frosts were 
historica ll y severe fo r the location reaching _3 °C, 
with an average screen temperature of - 2 cc. 

Frost tolerance 
Fros t dam age ratings fo r the establi shmen t yea r are 
presented in Table 2 . Plants grow ing on the verti so l 
so il were more severel y frosted (P<O.Ol ) th an those 
g row ing on the enti sol and alfi sol so il s (Table 2). 
Thi s difference between soil types could be attri b­
uted to microcl imatic effec ts, despite th e ir close 
proximity, and to di ffe re nt so il heat co nduct iv ity and 
heat radi ance cha racteris ti cs. There was no inter­
action between access ions and so il ty pes in the 
response to frosting . 

Both access io ns of L. leucocephala subsp. 
glabrata were more f ros t tolerant , ave raged over all 
soil types, than Illost other accessions (P<0.05). O n 
the less frosted s ites (ent isol and a lfi so l) , the co m­
merc ial L. leucoceplwla cultiva rs reta ined mo re leaf 
than the other access io ns. Under severe fros t con­
d itions (verti so l s ite), all L. leucocephala stems 
s urv ived, even reta ining >25% of the ir leaf, wh ile 

Table 1. Lellcaella accessions eva luated a nd the latitude and altit ude (m asl) of the ir collection site*. 

Spec ies 

L. collillsii subsp. coltinsii 
L. diversifolia 
L. leucoceplrala subsp. glabra/a 
L. lellcocephala subsp. glabrata 
L. pallida 
L. pallida 
L. paltida x L. leucoceplrala subsp. glabra/a (KX2) 
L. trichandra 
L. /riclrandra 

KX2 L. pallida parents 

* Bray et al. (1 997) 

Accession ID. 

OF1 52/88 
K784 
cv. C unningham 
cv . Tarramba 
CQ3439 
K376 
(K748 x K806) x K636 
CP I46568 
OF1 53/88 

K748 
K806 
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Latitude Altitude (m) 

16°36' N 475 
18°52' N 1175 

(Bred vari ety) 
25°25' N 1575 

(Compos ite) 
17°08' N 1675 

(Hybrid) 

1450 

2000 



Table 2. Frost damage ratings of Lellcaena accessions during the first year of establishmenl. 

Accession Frost damage rating 

Alfisol Entisol Venisol Accession mean 

L. leucocephala cv. Cunningham 2.7 2.0 4.0 2.9 a# 
L. leucocephala cv. Tarramba 2.0 2.0 4.7 2.9 a 
L. diversifolia K784 2.7 2.5 5.0t 3.4 ab 
L. trichalldra OF153/88 2.7 2.8 5.0t 3.5 ab 
L. trichalldra CPI 46568 3.0 3.8 5.0t 3.9 bc 
L. pallida CQ3439 3.3 3.7 5.0t 4.0 bc 
L. pallida K376 3.5 3.7t 5.0t 4.1 bc 
L. collillsii OFI 52/88 3.5 4.3 5.0t 4.3 c 
KX2 hybrid 4.3t 4.0t 5.0t 4.4 c 

Site mean 3.1 a* 3.2 a 4.9 b 

• Site means followed by different lellers are significanlly different (P<O.OI). 
# Accession means followed by different lellers are significantly different (P<0.05). 
t Stem death observed. 

100% of the stems of the other accessions were 
killed to ground level. Glumac et al. (1987) also 
observed significant frost tolerance of established 
hedgerows of L. leucocephala which suffered 
moderate defoliation (25%-75% of leat) at _5 °C, 
stem dieback at temperatures below _ 7 °C and 80% 
rootstock survival after 169 h of continuous subzero 
temperatures, which reached _12°C. 

Despite originating from high altitude environ­
ments, the L. diversifolia, L. pallida and 
L. trichalldra accessions eval uated were not frost 
tolerant (Table 2). These species shed large amounts 
of leaf on the mildly frosted soil types and the stems 
of all plants were killed on the vertisol site. Simi­
larly, Williams (1987) observed that L. diversifolia 
was no more frost tolerant at -4 °C than L. leuco­
cephala in Florida. L. collinsii subsp. collinsii, which 
originates from low altitudes, was also susceptible to 
frost damage in subtropical Queensland (Table 2). 

The vigorous KX2 hybrid (Mull en, Shelton et aI., 
these Proceedings) was the least frost tolerant acces­
sion evaluated (Table 2). The large stems (mean 
length 1.5 m and diameter 1.3 cm) of the hybrid were 
killed to ground level even on the mildly frosted 
alfisol site, even though one of the L. pallida parents 
(K806) originates from 2000 m asl. 

Gutteridge and Sorrenson (1992) reported that a 
KX3 (L. diversifolia x L. leucocephala) hybrid was 
extremely frost resistant to temperatures of approxi­
mately _10 °C, suffering minimal vegetative damage. 
Differences between the frost tolerance of the KX2 
and this KX3 hybrid could be attributed to genetic 
differences between the L. diversifolia (CPI 33820) 
and L. pallida (K806xK748) parents. 
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Conversely, Williams (1987) found that the frost 
resistance of a different KX3 hybrid was no better 
than L. leucocephala, highlighting the genetic diver­
sity of frost tolerance within Leucaena interspecific 
hybrids. 

The data presented here only represent the frost 
tolerance of seedlings (9-months-old). Stem survival 
and leaf retention of mature hedgerows of Lellcaena 
spp. may be considerably different. 

However the frost tolerance exhibited by L. /euco­
cepllala seedlings would be of considerable advan­
tage in improving the success of establishment in 
subtropical, frost prone areas. This is important in 
the context of the high failure rate of commercial 
leucaena plantings and the negative effects such fail­
ures have on L. lellcocep/wla adoption (Lesleighter 
and Shelton 1986). 

It is also significant that the data has shown the 
feasibility of large-scale plantings of leucaena in 
frost prone areas such as the Darling Downs in 
southern Queeilsland. While leaf loss may occur in 
winter, there is clearly an opportunity to promote the 
use of leucaena as a summer forage. 

Plant survival 
There was no s ignificant difference in accession 
mortal ity, as all Lellcaella spp. surv ived frost 
damage on all sites, with the exception of a single 
L. collillsii subsp. collillsii plant on the heavily 
frosted vertisol site. 

Pl a nts suffering stem death recovered by 
res hoo ting from the stem base. Rate of regrowth in 
spring will be an important characteristic for selecting 
Lellcaena accessions for frost prone environments. 



Conclusion 
None of the Ll:iiCaena accessions tested was resistant 
to frost. L. lellcocephala subsp. glabra/a was the 
most frost tolerant of the taxa evaluated, with stems 
surviving severe frost and retaining >25% leaf. The 
stems «1.5 m) of all other accessions were killed to 
ground level by severe frost. 

All Lellcaella spp. survived the frost, reshooting 
vigorously from the stem base. L. diversifolia, 
L. pallida, L. /richandra and the KX2 hybrid are 
genetically diverse taxa and require further more 
comprehensive screening for frost tolerance. 

Further research should investigate the effects of 
frost frequency, duration, severity and frost inter­
actions with stage of plant development and plant 
density, on the leaf retention and stem survival of 
L. leucocephala subsp. glabra/a. 
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Soil improvement 

Improvement of Soil Properties under Long-Term 
Leucaena leucocephala 

B. Lalljee, S. Facknath and A.M. Osman 

A bstract 

T his paper brie fl y d iscusses improvements in soil ph ys ical , chemical and biological propert ies 
brought about by long-term (9, 12, and 21-year) growth of Leucaella lell cocephala . Soil properti es 
such as bulk density, infiltrat ion rate, pH, and contents of ni trogen, potassi um, organic matter, 
zi nc, iron and boron were improved in soil under L. leucocephala. Respiration rate, microbia l 
biomass C, N, and P, and earthworm populations were also higher in so il under L. leucocephala. 

T HE maintenance of so il fert ility, and th erefore of 
crop productiv ity, is crucial to the development of 
sustainable agricu lture. M odern agricultural systems 
depend heavily on large inputs of chem ica l ferti lisers 
for maintenance of crop productiv ity. However, 
env ironmentall y f ri end ly systems based on the use o f 
nitrogen-fi xing trees such as Leucaena lellcocephala 
have been reported to brin g about favourabl e 
changes to so il properties by promotin g so il con­
serva tion, reducing soil degradati on and achiev ing 
sustainabl e production ( Ingram 1990). 

Th is is an important step towards sustainable 
agriculture that can main tain product iv ity over a long 
period of time wi thout depleting renewable 
resources. L. lellcocephala was used for shade and 
so il improvement in Java as earl y as 1900 (D ijkman 
1950). It can grow in humid, subhumid or even in 
the marginal semi-arid zones. A ccording to Young 
(1991), the exceptional ability of L. lellcocephala in 
improving so il fertilit y is due to i ts high biomass 
production, high ni trogen f ixa tion, and substantial 
amounts of nitrogen, phosphorus, potassium and 
calcium in the leaves. 

In M auritius, L. leucocephala was int rod uced in 
1967 (Osman 1979). Research on L. leucocephala as 
f irewood and fodder, as well as spaci ng and va ri ety 
trial s, started as early as 1970 at the University of 
Mauritius. T his paper br iefly discusses the changes 
in the physical, chemical and bio logical properti es of 

Faculty of Agricu lture, U niversi ty of Mauritius, Reduit, 
M auritius 
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so il under long-term (9, 12 and 21-year) L. lellco­
cephala on the Univers ity farm. 

Materials and Methods 
L. leucocephala trees were grown on a low humic 
latosol (USDA: t ropect ic haplustox; FAO: humic 
nitoso l) in a hu mid climate. T he so il s exam ined w ere 
under 0 (adjo ining open fi eld), 9, 12, and 21 years of 
experi menta l L. leucocephala in w hich the prun ings 
were removed fro m the plots. T he land was fla t and 
we ll drained and no crops were cult iva ted between 
Ihe rows of L. lellcocephala. 

Soil ana lyses were conducted fo llow ing the tech­
niques of A nderson and Ingram ( 1993) . A mmoniu m 
and nitrate ions were determined by selecti ve ion 
electrodes. Micron utrient determin ati ons were per­
fo rmed in accordance w ith methods outlined in 
Sillaanpaa (1990). 

Results and Discussion 
Table 1 i llustrates the phys ica l properti es of the soi l 
under L. lell coceplwla and in the open fi eld. T he 
bulk densiti es w ere lower (8 18, 826, and 812 kg/m3) 

under L. lellcocephala co mpared to th e open fi eld 
(916 kg/m3). T his di f ference was probably due to the 
higher percentage of organic matter in the 
L. lellcoceplwla so il (Table 2). However, the particl e 
density was lower in the open f ield than under 
L. lellcoceplzala . 

The poros iti es o f the so il s were slightl y different, 
the reason being that in the open fi eld the so il has 
been continually culti va ted through ploughing, 



Table 1. Physical properties of soil under L. leucocephala and in an open f ield. (Where significant differences exist, means 
within a column followed by the same letter are not significantly different at P = 0.05). 

Site Bulk Particle Porosity Infiltration Penetrometer Particl e size 
density density rate resistance 

Years under 
L. leucocephala kg/m3 kg/m3 % cm/min kg/cm2 Sand (%) Silt (%) Clay (%) 

0 916 a 2552 b 64 .1 b 0.60 d 3. 15 a 41.8 26.6 31.6 
9 8 18 bc 2663 a 69.2 a 0.88 c 2.69 b 41.9 25.8 32.3 

12 826 b 2698 a 68.7 a 1.50 b 2.52 c 42.1 26.2 31.7 
21 81 2 c 2668 a 69.5 a 1.66 a 2.34 d 40.9 26.7 32.4 

Table 2. Soil nutrient status under L. /ellcocephala and in an open fi eld. (Where significant differences exist, means within 
a co lumn followed by the same letter are not significantly different at P = 0.05). 

Years under pH Total N Available P 
L. lellcocephala % % 

0 4.93 c 0.23 c 11.0 
9 5.85 b 0.35 ab 12.0 

12 6.80 a 0.33 b 11.6 
21 6.95 a 0.38 a 10.0 

fo rking and disc harrowing. It is al so known that 
so il s unde r L. lellcoceplw la have good aggregate 
structure and a large pe rcentage of macropores 
(Young 1991). 

T he infiltra tio n rate was highe r in the so il s under 
L. lell cocephala , aga in probabl y d ue to the larger 
number o f macropo res. Penetro meter readings were 
much higher in the open field than in the L. lel/co­
cephala so il , demonstrating the deleter ious e ffects o f 
intens ive cultivatio n. The dry so il co lo ur was not dif­
ferent in the various fi e lds (Tabl e 1). Results of par­
ticle s ize determin atio n al so showed no d iffe rences . 

Tabl e 2 shows the nutri ent status of so il s in the 
open field and under L. lellcoceplzala culti va tio n. 
The pH was higher (5.85-6.95) under L. lellco­
cephala than in the open field (4.93). Total n it rogen 
of the L. lellcocephala so il ranged between 0 .33% 
and 0.38%, compared to 0 .23% in the open fi eld . 
T his substant ial inc rease of 65 % in total nit rogen 
corrobo rates the effic ien t nit rogen-fixing ab il ity of 
L. lellcocephala . 

T he ava il abl e phospho rus was, however, not s ig­
ni ficantl y diffe rent among the vari o us trea tments . 
The ox isol s, having good phospho rus-fixi ng proper­
ties, may have been responsibl e for locking phos­
phorus released from L. lellcocephala leaves and 
litte r. The avail ab le potass ium in the so il inc reased 
from an average o f 138 ppm in the o pen field to 
424 ppm un der 21-year L. lellcocephala, an inc rease 
of more than 200%. Si milar ly, an increase of 74% in 
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A vailabl e K Organic NH4+ N03-

% matter % ppm pprn 

138 d 2.62 d 102.2 40.0 c 
304 e 3.50 c 108.4 62.0 b 
368 b 3.77 b 98.5 56.8 b 
424 a 4.56 a 104.8 71.8 a 

o rga ni c matter was obse rved in the L. lellcocephala 
so il. Ammonium nitrogen and nitrate ni trogen did 
not di ffe r s igni ficant ly in the different so il s, probably 
du e to the high mo bil ity of these io ns in so il. 

Mi c ronutri en t leve ls in the so ils are shown in 
Tabl e 3 . T he o nly differences were in z inc, iron and 
boron co ntents. For bo ron, an inc rease of 135% was 
o bserved in the 21-year L. lellcocephala so il co m­
pared to the open fi eld . 

Among the b iological prope rties of the so il s, res­
p iration rate, percent age b iomass C, bio mass Nand 
b io mass P were all higher in L. lellcoceplzala soil 
than in the o pen fi eld (Table 4). T he higher co ncen­
tration of organ ic matter and its co mparati vely easy 
decompos ition .under L. leucocephala may explai n 
these observatio ns . Eart hworm popul ati on, whi ch is 
anoth er index of so il fertility , was significan tly 
higher in so il s under L. lellcocephala. 

T he above results confirm the benefi c ial effects of 
L. lellcocephala (Kang et al. 1985). It can also be 
concluded that the lo nge r the L. fellcoceplzala trees 
are in the so il , the better the soil is in terms of its 
chemi ca l, phys ica l and bio logica l properties. 

T he I imi ta tion to L. lellcocephala in Mauritius and 
in many parts of the world (Young 1991) appea rs to 
be the L. lellcocephala psy llid (He /eropsyl/a 
cl/bana). T he autho rs a re presently studyi ng the 
effec ts o f L. diversiJolia , w hi ch has been observed to 
be resistant to the psy ll id, o n so il propert ies. 



Table 3. Soil micronutrient status under L. lellcocephala and in an open field. (Where significant differences exist, means 
within a column followed by the same leller are not significantly different at P = 0.05). 

Years under Cu (ppm) Zn (ppm) Mn (%) Fe (%) B (ppm) 
L. lellcocephala 

0 15.6 26 .0 b 0.42 0.17 a 0.85 c 
9 19.4 28.6 b 0.40 0.13 b 1.67 b 
12 19.4 30.8 b 0.40 0.11 b 1.80 ab 
21 19.8 42.4 a 0.40 0.12 b 2.00 a 

Table 4. Biological properties of soil under L. lellcocephala and in an open field. (Where significant differences exist , 
means within a column followed by the same letter are not significantly different at P = 0.05). 

Years under Respiration Earthworm 
L. lellcocephala rate x 10-9 population 

g/g/s* per m2 

at 30 cm depth 

0 1.37 c 123 c 
9 1.84 b 144 bc 

12 2.43 a 178 b 
21 2.50 a 268 a 

* g/g/s = grams CO2 per gram air dried soil per second. 
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Leucaena leucocephala and Calliandra calothyrsus for 
Soil Productivity Improvement in Sub-Humid Highlands 

of Kenya 

J.N. Mugwet, M.K. O'Neill2 and D.N. Mugendil 

Abstract 

The feasibility of integrating Leucael/a leucocepilala and Cal/ial/dra calotilyrsus into a maize 
produclion syslem for soil productivity enhancemenl was invesligaled in the sub-humid highlands 
of central Kenya for seven cropping seasons during the period 1993 to 1996. The experiment 
consisted of four hedgerow inlercropping and six sole maize (Zea mays) crop trealments. In six of 
Ihese trealmenls, fresh leaf prunings of tree species (L. leucocephnla and C. calothyrsus) were 
applied, Ihe prunings being oblained from hedgerows grown in situ (intercropped) or ex situ (cut 
and carry) from olher sources. There were no significanl differences in maize grain yield during 
Ihe 1993 long and short rainy seasons. During the 1994 long rains, although Ihere was an allack on 
maize seedlings by chaffer grubs (Cye/ocepilnla spp.), ferlilised Irealments significanlly (p<0.05) 
out-yielded all other IrealmenlS in terms of maize grain yield. The decrease in yield in Ihe non­
fertiliser plols was altribuled to low soil fertilily Slalus caused by greater nUlrient removal Ihan 
could be replenished via pruning applicalions due 10 low shrub biomass produclivily. During 
subsequenl seasons, when fertiliser P (triple superphospale) supplemenlalion was carried OUI in all 
pIOIS, mean yields averaged over four seasons showed Ihal inlercropped Irealmenls wilh 
L. leucocepilala produced higher yields than ferlilised sole maize IrealmenlS wilhout prunings 
applicalion. C. cnlorilyrsus was found to be more compelitive Ihan L. leucocepilaln wilh the 
maize crop. 

IN TH E central highlands of Kenya, soil productivity 
has been declining because of nutrient mining in 
intensively cultivated fields and soil erosion on steep 
slopes. This has resulted from increased population 
pressure with figures of 400--800 persons per km 2• 

Land holdings are very small, ranging from 0.1 to 
4.0 ha with an average of 1.5 ha, and land is 
intensively cultivated with two crops every year 
(Minae and Nyamai 1988). Soil nitrogen and phos­
phorus have become major limiting nutrients for 
crop productivity. Fertilisers are expensive for small­
scale farmers, and appl ications are usually below 
recommended rates. On-farm manure production is 
not sufficient to replace nutrients removed as crop 
products (Kihanda 1996). 

1 Kenya Forestry Research Inslitute (KEFRI), Regional 
Research Centre, PO Box 27, Embu, Kenya 
2 International Centre for Research in Agroforestry 
(ICRAF), PO Box 30677, Nairobi, Kenya 
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Leguminous shrubs can either be incorporated 
into the farming systems by growing a linear 
arrangement of tree species in situ as in hedgerow 
intercropping (HI) systems or by an ex situ cut and 
carry system. In HI systems, trees are lopped at the 
beginning of, and sometimes during, the growing 
season. Leafy prunings are incorporated into the soil 
with the aim'of providing nutrients to the adjacent 
crops. In the cut and carry system, niches for 
growing leguminous shrubs are utilised and leafy 
prunings obtained from these shrubs can subse­
quently be carried to cropped areas. Despite these 
potentials, the use of green manure by farmers in the 
coffee-based land use system has been minimal 
(Murithi et aI.1993). Results from HI work carried 
out elsewhere have been variable depending on site 
conditions (Ong 1994; Kang 1993), but I ittle work 
has been carried out in the Kenyan central highlands. 
The aim of this study was, therefore, to evaluate the 
feasibility of using leaf prunings of L. /eucocepJw/a 
and C. ca/otlzyrslIs for soil productivity improvement 
in both HI and sole cropping systems. 


