




















Table 1. Accession and corresponding Rhizobium strain which producced the highest shoot and nodule dry wcight, nitrogen

fixed per plant and the ratio N fixed/nodule dry weight.

Species Accession  Shoot dry weight
code (g/plant)
L. magnifica 19/84 LDK4
L. salvadorensis 36/88 CB3060
L. trichodes 61/88 TALS82
L. pulverulenta 83/87 TALS82
L. multicapitula 81/87 LDK4
L. macrophylla 47/85 LDK4
subsp. nelsonii
L. leucocephala 79/02348 LDK4
L. lempirana 6/91 LDK4
L. lanceolata 43/85 LDK4
L. pallida 52/87 LDK4
L. esculenta 47/87 CB3060
L. trichandra 53/88 CCR10
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.

Nodule dry weight  Nj fixed/plant  Ns fixed/nodule dry

(g/plant) (mg/plant) weight
LDK4 LDK4 TALS52
CCKI13 CB3060 CB3060
PJ12 CCRI10 TALS582
LDK4 TALS582 TALSK2
LDK4 LDK4 CCK13
PJ12 LDK4 CCK13
LDK4 LDK4 CCKI13
LDK4 LDK4 CCK13
LDK4 LDK4 CCKI13
CB3138 LDK4 CCKI13
LDKA4 CB3060 CCK13
LDK4 CCR10 CCK13
LDK4 CB3060 TALS582
LDK4 LDK4 CCR10

LDKA4 (71%) LDK4 (57%)  CCKI13 (57%)

Strain Original host

CCKI13 Calliandra calothyrsus
CCR10 Calliandra calothyrsus
LDK4 Leucaena diversifolia
CB23060 Leucacna diversifolia
TALS82 Leucaena leucocephala
CB3138 Leucacena leucocephala
PJ12 Prosopis juliflora

harvested 12 wecks after planting. Data were sub-
jeeted 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 scven Rhizobium strains tested, this
strain was the most cffective with the 14 Leucacna
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 Jower than those obtained
with strain LDK4, strain CB3060 also produced a
higher shoot total nitrogen content (data not shown)
comparced to the control and the other strains tested.
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In terms of N, fixed/nodule dry wecight, the
highest values were obtained in plants inoculated
with strain CCK13 isolated from C. calothyrsus.
This parameter indicates the efficicncy of nodules.
The CCKI13 strain formed very cfficient nodules
which were capable of fixing a high quantity of
atmosphceric 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 ficld
conditions in soils where competition with indige-
nous Rhizobium strains could be important.

A preliminary experiment carried out in Sénégal
showed that the growth of L. leucocephala scedlings
cultivated in unsterilised 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 conditions (Sougoufara and
Lesucur, unpubl. data). This indicates that the
ctfectiveness of strain LDK4 in the nursery could
also apply in field conditions.

Rhiz-  m strains x Leucaena species interaction
Statistical analysis showed highly significant cffects
for Leucaena specics, Rhizot 'um strains and the
species x strain interaction for i variables analysed.

Fhis demonstrates that variation in growth, nodu-
lation and ritrogen fixation among Leucaena specics
could be the resuit of the Rhizobium strain x
Leucaena species inte-action.

Performance of Leu. 2nu species in symbiosis
with Rhizobit

The results presented in Table 3 suggest that it may
be possible to divide the 14 [eucaena taxa into three
groups according to their growth, nodulation and
nitrogen-fixing potential.

The tirst group of specics (1. trichodes, I.. macro-
phylla subsp. nelsonii, 1. let rocephala, i.. magnifica
1d L. pallida) produced high biomass, had good
wdulation and formed very ctficient nodules with
Rhizobium.

The second group (1. esculenta, 1. lempirana,
L. trichandra, 1. diversifolia and . collinsii subsp.
collinsii) is designated as intermediute.

The third group (1. lunceolata, i.. pulverulenta,
L. salvadorensis and 1. muticapitula) demonstrated
‘ow potential in terms of shoot production and
nitrogen fixation.

Thesce results should be viewed in association with
other agroforestry parameters such as forage quality
(especially tannin content), sced production, behav-
iour with nematodes, and adaptability to limiting so’l
factors before species are chosen for field testing.

Field trials in tropical countrics should usc a
combination of highly cffective Rhizobium strains
(LDK4 and CB3060) and concentrate on the better
performing Leucaena specices (first group of species)
in orcer to identify the best symbiotic association for
torage production.
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Species Accession Shoot dry weight
coue (e/plant)

L. magnifica 19/84 1.11f

L. salvadorensis 36/88 0.59ab

L. trichodes 61/88 1.79h

L. pulverulenta R3/87 0.45a

L. multicapitula 81/87 0.65abc

.. macrophylla 47/85 1.12¢

subsp. nelsonii

1. leucocephala 79/02348 1.48g

1. lempirana 6/91 0.74bced

L. lanceolata 43/85 1.03c¢f

1. pallida 52/87 1.56gh

1.. esculenta 47/87 0.92def

L. trichandra 53/88 0.89¢dcf

L. diversifolia 83792 0.83bcde

1. collinsii subsp. collinsii 52/48 0.92def
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Nodule dry weight 45 fixed/plant (4 fixed, nodule dry

(mg/nlant) (mg plant) weight
40cd 2201 5.2g
243 88ap 3.lbc
S8¢ 348g 5.5¢
254 554 2.1a
36bhed 109abc 2.7ab
35bed 189def 5.0fg
64c¢ 200¢f 3.1bc
30ab 137bcde 4.0de
33abc 2 24abcd 3.7cd
43d 220f 5.7g
36bed 131bcde 3.6cd
40c¢ 155bcdel 4.3¢f
40cd 160cdce? 3.5¢cd
44d 157bcdet 3.5bed
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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 cvaluated in order to identify those
with tolerance to low temperature and with desirable characteristics as a forage crop. Sclection was
done in two phases. In phase 1, 2800 scedlings (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 tor further evatuation. One plant was sclected from the -8 °C
treatment and 16 from the =3 °C. In phase 2, 17 plants from 11 difterent biotypes were planted in
the ficld and agronomic characteristics were measurcd. 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 arca of
Argentina. At Corrientes, beef production of 150
kg/ha/ycar (Géandara and Casco 1993) has been
obtained with a mixed pasture of L. leucocephala
and pangola grass, which doubled the production of
45-70 kg/ha/ycar obtained on range pasture.

At Corrientes weather conditions (mainly temper-
ature and rainfall) are favourable for the rapid growth
of L. leucocephala during most of the year. However,
frosts of different intensitics limit the growth of
L. leucocephala during winter, but plants arc 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 purposc of this study was to cvaluate 56 bio-
types of Leucuena species and hybrids in order to
identity those with cold tolerance and with desirable
agronomic characteristics as a forage crop.

Materials and Methods
Fifty-six Leucaena biotypes were planted in pots
with 1.5 kg of soil in July 1990. Selection was car-
ricd out in two phasces. In phase 1, 92 day old seed-
lings (n= 1400 per trecatment) were exposed during a
14-hour period in a growth chamber to one of two

INTA Instituto  Nacional de Tecnologia  Agropecuaria.
Casilla de Corrcos 57. 3400 Corrientes Argentina
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temperature treatments =8 °C (T1) and -3 °C (T2).
Humidity was held constant at 90%. A scedling was
selected as cold tolerant if 50% ol live lcaves
remained after the cold treatment was  applied
(Goldfarb 1992).

In phase 2, plants sclected in phase 1 were trans-
planted with an average age of seven months to ficld
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 ficld evaluation and
in the spring, summer and fall of the second year of
ficld cvaluation. SCDM  yicld was composed of
leaves, stems up to 5 mm diameter and green pods.

Results and Discussion

Phase 1

From the 2800 plants c¢xposed to temperature stress,
scventeen plants were sclected from eleven different
biotypes. Only one plant (plant 11, L. leucocephala x
L. diversifolia SF 9043) survived T1. Sixteen plants
were sclected from T2 (Table 1).

Phase 11
The significant variables measured in the ficld condi-
tions and their results were:

Cold Tolerance: Plant 17, 1. leucocephala K 72
SF 8073, was thc most tolerant of ficld conditions
during the winter of 1991, 1992 and 1993. During



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

Plant Origin Dry maticr production (g/plant)
1991/92 1992/93 1993/94
1 L. leucocephala x L. diversifolia SF 9036 31 19 3
2 L. leucocephala SF 9033 309 383 137
3 L. pulverulenta SF 8696 121 131 54
4 L. leucocephala x L. diversifolia SF 9071 171 101 51
S I.. leucocephala x L. diversifolia SF 9067 410 793 207
6 L. leucocephala x L. diversifolia SF 9071 126 136 36
7 L. pulverulenta Sel 22 SF 8696 220 164 52
8 L. leucocephala x I.. diversifolia SF 9071 250 271 90
9 L. leucocephula cv. Cunningham SF 8612 268 287 83
10 L. leucocephala x L. diversifolia SF 9031 298 419 146
3 L. leucocephala x L. diversifolia SF 9043 155 191 56
12 L. leucocephala x L. diversifolia SF 9050 28 55 10
13 L. leucocephala K72 SF 8073 259 299 93
14 L. leucocephala x L. diversifolia SF 9050 122 71 16
15 I.. leucocephalu cv. Peru SF 8635 158 380 106
16 1. leucocephala x 1. diversifolia SF 9069 153 250 87
17 L. leucocephala 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 scvere historical freeze occurred
(8.8 °C at soil level). At that stage, cold tolerance
was assessed by observing stems and buds, since
leaves werce totally killed.

Height: Plant 2 was the highest (260 c¢m) 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. I, 2, 5, 10,
11,12 14 and 15) did not producce sced. Three plants
were characterised by their high seed production
from the first year of cvaluation: plant 6 (79 g/plant),
plant 3 (20 g/plant) and plant 16 (18 g/plant).

Dry matter yield: Dry matter yicld of the 17
sclected biotypes is presented in Table 1. Plant 5 was
the most productive, with plants 2, 8,9, 10, 11, 13
and 15 also growing well.
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Frost Tolerance of Leucac.

“spp. in Subtropical Austra a

S.A. Dalzell’, D.R. Miller? and B.C. Miller®

Abstract

The frost tolerance of lesser-known Lewcacna spp. was compared to that of commercial
cultivars of L. leucocephala subsp. glabrata in subtropical Australia. Despite originating in high
altitude environments, accessions of L. diversifolia, I.. pallida and I.. trichandra were not as trost
tolerant as L. leucocephala subsp. glabrata cv. Cunningham and cv. Tarramba. The KX2 hybrid
and L. collinsii subsp. collinsii 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 dicts
during the dry/cool scason. However, . leuco-
cephala has been reported to be poorly adapted to
cool cnvironments and susceptible to trost damage
(Brewbaker 1982). Frost damage to L. leucocephala
causes lcat shedding and stem dcath (dicback)
resulting in a shortage of leucaena forage during
winter, when leguminous browse is most nceded to
supplement ruminant dicets. Cooksley et ai. (1988)
obscerved that only 20% of annual leaf production
remained on . leucocephala stands  tfollowing
frosting or very dry winter periods in subtropical
southcast Qucensland. Howecever, these authors noted
that lcaf N was not lost trom the grazing system but
was retained through the increased productivity of
inter-row pasture grasscs.

Perecived susceptibility to frost damage is a major
limitation to the adoption of L. leucocephala in high
altitude tropical, and subtropical arcas (Lesleighter
and Shelton 1986). Many lcsscer-known  Leucaena
spp. originate from high altitude (1000-2500 m)
environments (Hughes 1993; Bray ct al. 1997) and
may have frost tolerance (Brewbaker 1982). Stem
survival and lcaf retention could confer a consider-
able yicld advantage over frost susceptible genotypes

'School of Land and Food, University of Queensland,
Brisbane, 4072, Australia

2 Qucensland Department of Primary Industrics, PO Box
519, Longreach, 4730, Australia

Y+Shiloh’, M.S. 902, Dalby, 4405, Australia
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and provide high quality forage during the winter
feed gap.

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

Material and Methods

Site description

The experiment was conducted 25 km west of Dalby
(27°12'S, 151°00’E), southcast Queensland, altitude
34(0) m. The site receives an average annua  rainfall
of 640 mm and cxperiences mean monthly max-
imum/minimum temperatures of 32/18 °C in January
and 19/4°C in July. Extreme minimum screen
temperatures  recorded for the Dalby  district are
—6°C, 4°C and -3°C in June, July and August
respectively, and the site receives an average of
30 frost days annually. An cxperimental site was
sclected where three common soil types were found
within close proximity (100 m) of cach other, in
order to minimise microclimatic differences in frost
intensity. These soil types were an alfisol (a hard-
setting  texture contrast soil), an cntisol (a deep
loamy sand) and a vertisol (a black carth). Weeds
were removed by cultivation prior to planting.

Experimental design

The experimental design was a randomisced complete
block design (RCBD), with nine lLeucaena 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 apart within blocks.
The RCBD was replicated on cach ot the three soil
types. The data of all 3 RCBD were analysed in a
combined analysis of variance.

Plant material

Seven Leucaena accessions that were agronomically
superior in frost-frec arcas of southcast Quecnsland
and two commercial cultivars were sclected  for
cvaluation. The latitude and altitude (Bray ct al.
1997) of the collection site of these aceessions are
presented in Table 1. Other species renown for frost
tolerance, such as .. greggii and .. retusa (Hughes
1993), were excluded due to poor agronomic per-
formance. Secdlings of all accessions were grown in
plastic propagating tubes for 10 wecks in a glass-
house at the University of Quecensland, 5t. Lucia,
prior to ficld planting. The exception was the KX2
hybrid, which was sown in August 1995. These
plants were pruncd to 30 cm and regrown as above.
All scedlings were inoculated with Rhaizobium strain
CB3060 three weeks before transplanting.

Establishment and management

The seedlings were transplanted on 28 September
1996, to avoid premature frosting, into a full profile
of soil moisture. The plants were placed in 30 ¢m
deep holes and then watered to promote soil-root
contact and minimise the risk of dehydration. Wire
tree-guards were placed around cach scedling to pro-
tect them from wildiife predation and the experi-
mental site was conventionally fenced to exclude
livestock. Weeds were controlled during the experi-
ment by inter-row cultivation and manual chipping.

Observations and measurements
The incidence and severity (minimum screen temper-
ature) of frosts were recorded 2 km from the site. A

frost damage rating (FDR) scale of 1-5 was devel-
oped to assess the proportion of dcefoliation caused
by frost damage (1: no folhar damage; 2: 1%-25%
defoliation; 3: 25%-50% dcfoliation; 4: 50%-75%
defoliation; 5: 75%—100% defoliation). Stem dcath
obscrvations (>80% of stem dead) were made on all
plants that expericnced 100%  defoliation.  Frost
damage ratings and plant survival were recorded on
30 August 1997 at the end of winter.

Results and Discussion

Frost incidence and severity

During the winter of 1997, only 10 frost days
occurred at the trial site. However, these frosts were
historically severe for the location reaching —3 °7,
with an average screen temperature of =2 °C.

Frost tolerance

Frost damage ratings for the cstablishment year arc
presented in Table 2. Plants growing on the vertisol
soil were more severely frosted (P<0.01) than those
growing on the entisol and alfisol soils (Table 2).
This difference between soil types could be attrib-
uted to microclimatic cffects. despite their close
proximity, and to ditferent soil heat conductivity and
heat radiance characteristics. There was no inter-
action between accesstons and soil types in the
response to frosting.

Both accessions  of L. leucocephala  subsp.
glabrata were more frost tolerant, averaged over all
soil types, than most other accessions (P<0.05) On
the less frosted sites (entisol and alfisol), the com-
mercial L. leucocephala cultivars retained more leaf
than the other accessions. Under scevere frost con-
ditions (vertisol site), all L. leucocephala stems
survived, even retaining >25% of their leaf, while

Table 1. l.cucaena accessions evaluated and the latitude and altitude (m asl) of their collection site¥.

Species

.. collinsii subsp. collinsii

.. diversifolia

.. leucocephala subsp. glabratu

.. leucocephala subsp. glabrata

.. pallida

.. pallida

. pallida x I.. leucocephala subsp. glabrata (KX2)
.. trichandra

.. trichandra

e leie el e el

KX2 1. pallida parents

* Bray ct al. (1997)

Accession ID. [Latitude Altitude (m)
VB S2/. 16°36° N 475
K784 18°52" N 1175
cv. Cunningham (Bred variety)
cv. Tarramba 25925' N 1575
Q3439 (Composite)
K376 17°08" N 1675
(K748 + KB06) x K636 ( /brid)
CPI46568 — —
OF1 53/88 14°49" N 1450
K748 — —
K806 18°37" N 2000



Table 2. Frost damage ratings of Leucaena accessions during the first year of establishment.

Accession

Alfisol
L. leucocephala ¢v. Cunningham 2.7
1.. leucocephala cv. Tarramba 2.0
L. diversifolia K784 2.7
L. trichandra OFI 53/88 2.7
L. trichundra CP1 46568 3.0
L. pallida CQ3439 33
L. pallida K376 3.5
1. collinsii OF1 52/88 3.5
KX2 hybrid 4.3t
Site mcan 3.1 a*

Frost damage rating

Entisol Vertisol Accession mean
2.0 4.0 2.9 a#
2.0 4.7 2.9
2.5 5.0 3.4 ab
2.8 5.0 3.5 ab
3.8 5.0% 3.9 be
3.7 5.0% 4.0 be
3.7F 5.0t 4.1 be
4.3 5.0 43¢
4.0 5.0% 44c
3.24a 49b

* Site means followed by different Ietiers are significantly different (P<0.01).
# Accession means followed by different letters are significantly ditferent (P<0.05).

1 Stem death observed.

100% of the stems of the other accessions were
killed to ground level. Glumac ct al. (1987) also
observed significant frost tolerance of established
hedgerows  of 1. leucocephala which  suffered
moderate defoliation (25%~75% of lcaf) at =5 °C,
stem dicback 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, 1. pallide and
L. trichandra accessions cvaluated were not frost
tolerant (Table 2). These specics shed large amounts
of feat 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 1. leuco-
cephala in Florida. L. collinsii subsp. collinsii, which
originates from low altitudes, was also susceptible to
frost damage in subtropical Quecensland (Table 2).

The vigorous KX2 hybrid (Mullen, Shelton ct al.,
these Proceedings) was the least frost tolerant acces-
sion evaluated (Table 2). The large stems (mean
length 1.5 m and diamcter 1.3 ¢m) of the hybrid were
killed to ground level even on the mildly frosted
alfisol site, even though onc of the 1. pallida parents
(K806) originates from 2000 m asl.

Gutteridge and Sorrenson (1992) reported that a
KX3 (1. diversifolia x L. leucocephala) hybrid was
extremely frost resistant to temperatures of approxi-
mately =10 °C, suffering minimal vegetative damage.
Difterences between the frost tolerance of the KX2
and this KX3 hybrid could be attributed to genctic
differences between the 1. diversifolia (CP1 33820)
and I.. pallida (K806xK748) parcents.
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Converscly, Williams (1987) found that the frost
resistance of a different KX3 hybrid was no better
than 1.. leucocephala, highlighting the genetic diver-
sity of frost tolerance within Lencaena interspecitic
hybrids.

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

Howecver the frost tolerance exhibited by L. leuco-
cephala scedlings would be of considerable advan-
tage in improving the success of cstablishment in
subtropical, frost prone arcas. This is important in
the context of the high failure rate of commercial
lcucacna plantings and the negative cffects such fail-
ures have on L. leucocephala adoption (Lesleighter
and Shelton 1986).

[t is also significant that the data has shown the
feasibility of large-scale plantings of leucacna in
frost prone arcas such as the Darling Downs in
southern Quecnsland. While Icaf loss may occur in
winter, there is clearly an opportunity to promote the
use of leucacna as a summer forage.

Plant survival

There was no significant ditference in accession
mortality, as all Lewucaena spp. survived  frost
damage on all sites, with the exception of a single
L. collinsii subsp. collinsii plant on the heavily
frosted vertisol site.

Plants  suffering  stem death  recovered by
reshooting from the stem base. Rate of regrowth in
spring will be an important characteristic for selecting
Leucaena accessions for frost prone environments.



Conclusion
None of the Leiicaena accessions tested was resistant
to frost. L. leucocephala subsp. glabrata was the
most frost tolerant of the taxa cvaluated, 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 Leucaena spp. survived the frost, reshooting
vigorously from the stem base. L. diversifolia,
L. pallida, L. trichandra and the KX2 hybrid arc
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 devclopment and plant
density, on the lcaf rctention and stem survival of
L. leucocephala subsp. glabrata.
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Soil improvement

Improevement of Soil Properties under Long-Term
Leucaena leucocephala

~La ":e, S. Facknath a- A.M.C man

Abstruct

This paper briefly discusses improvements in soil physical, chemical and biological propertics
brought about by long-term (9, 12, and 21-year) growth of Leucacna leucocephala. Soil properties
such as bulk density, infiltration rate, pti, and contents of nitrogen, potassium, organic matter,
zine, iron and boron were improved in soil under 1. leucocephala. Respiration rate, microbia’
biomass C, N, and P, and carthworm populations were also higher in soil under L. lenucocephala.

THE maintenance of soil fertility, and thercfore of
crop productivity, is crucial to the development of
sustainable agriculture. Modern agricultural systeras
depend heavily on large inputs of chemical fertil sers
for maintenance of crop productivity. Howecver,
cnvironmentally friencly systems based on the use of
nitrogen-fixing trees suchk as leucacna leucocephala
have bheen reported to bring  about  favourable
changes to soil propertic: by promoting soil con-
servatior, reducing soil degradation and achieving
sustainable product-on (Ingram 1990).

This is ar importart step towards sustainable
agriculture that can maintain productivity over a long
period of time without depleting  renewable
resources. 1. leucocephalu was used for shade and
soil improvement in Java as early as 1900 (Dijkman
1950). it can grow it Fumid, subhumid or cven in
the marginal semi-arid zonces. According to Young
(1991), the exceptional ability of L. leucocephala in
improving soil fertility is duc to its high biomass
production, high nitrogen fixation, and substantial
amounts of nitrogen, phosphorus, potassium and
calcium in the leaves

In Mauritius, /.. leucocephala was introduced in
1967 (Osman 1979). Rescarch on L. leucocephala as
firewood and fodder, as well as spacing and varicty
trials, started as carly as 1970 at the University of
Mauritius. This paper bricfly discusses the changes
in the physical, cemical and biologicai properties of

Faculty of Agriculiure, University of Mauritius, Reduit,
Mauritius
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soil under long-term (9, 12 and 21[-year) L. levco-

cephala on the University farm.

Materials and Me s

I.. leucocephala trees were grown on a low humic
latosol (USDA: tropectic haplustox;  AO: humic
nitosol) ir a humid climate. The soils cxamined were
under 0 (adjoining open field), G, 12, and 2. years of
experitental 1. leucocephala in which the prunings
were removed from the olots. The land was tlat and
well draincs and no crops were cultivated between
the rows of L. leucocephala.

Soil analyses were conducted following the tech-
niques of Anderson and Ingrar (1993). Ammonium
and nitrate ions were determined by sclective ion
clectrodes. Micronutrient determinations were per-
formed in accordance with methods outlined in
Sillaanpaa (1990).

Results and Discussion

Table 1 illustrates the physical propertics ot the soil
under /.. leucocephala and in the open field. The
bulk densities were lower (818, 820, and 812 kg/m™)
under L. leucocephala compared to the open field
(976 kg/m?). This difference was probably duc to the
higher  pereentage  of  organic  matter  in the
.. leucocephala soil (Table 2). However, the particle
density was lower in the open ficld than under
1. leucocephala.

The porositics of the soils were slightly different,
the reason being that in the open ficeld the soil has
been  continually  cultivated  through  ploughing,



Table 1. Physical properties of soil under L. leucocephala and in an open ficld. (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
density density
Yecars under
L. leucocephala kg/m?3 kg/m* %
0 916 a 2552 b 64.1b
9 818 be 2663 a 69.2 a
12 826 b 2698 a 68.7 a
21 812 ¢ 2668 a 69.5 a

Infiltration  Penctrometer

Particle size

rate resistance
cm/min kg/cm? Sand (%)  Silt (%)  Clay (%)
0.60 d 3.15a 41.8 26.6 3.6 7
0.88 ¢ 2.69b 41.9 25.8 323
1.50 b 2.52¢ 42.1 26.2 31.7
1.66 a 2.34d 40.9 26.7 324

Table 2. Soil nutricnt status under 1. leucocephala and in an open field. (Where significant differences exist, means within
a column followed by the same letier are not significantly difterent at P = 0.05).

Years under pH Total N Available
L. leucocephula % %
0 493 ¢ 0.23 ¢ 11.0
9 5850 0.35 ab 12.0
12 6.80 a 0.33 b 11.6
21 6.95 a 0.38 a 10.0

forking and disc harrowing. It is also known that
soils under L. leucocephala have good aggregate
structure and a large pereentage of macropores
(Young 1991).

The infiltration rate was higher in the soils under
I.. leucocephala, again probably due to the larger
number of macropores. Penetrometer readings were
much higher in the open ficld than in the L. leuco-
cephala soil, demonstrating the deleterious cffects of
intensive cultivation. The dry soil colour was not dif-
fercr @ in the various ficlds (Table 1). Results of par-
ticle size determination also showed no differences.

Table 2 shows the nutrient sfatus of soils in the
open ficld and under /. leucocephala cultivation.
The pH was higher (5.85-6.95) under 1. leuco-
cephala than in the open field (4.93). Total aitrogen
of the L. leucocephala soil ranged between 0.33%
and 0.38%., compared to 0.23% in the open ficld.
This substantial increase of 05% in total nitrogen
corroborates the ctficient nitrogen-fixing ability of
i.. leucocephala.

The available phosphorus was, however, not sig-
nificantly different among the various treatments.
The oxisols, having good phosphorus-fixing proper-
tics, may have been responsible for locking phos-
phorus released from L. leucocephala leaves and
litter. ‘The available potassium in the soil increased
from an average of 138 ppm in the open field to
424 ppm under 21-year /.. leucocephala, an increase
of more than 200%.. Similarly, an increase of 74%. in

P
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Available K Organic NH4* NO;y-
V. matter % ppm ppm

138 d 2.62d 102.2 40.0 ¢

304 ¢ 3.50 ¢ 108.4 62.0b

368 b 3.77b 98.5 56.8b
424 a 4.56a 104.8 71.8 a

organic matter was observed in the L. leucocephala
soil. Ammonium nitrogen and nitrate nitrogen did
not differ signiticantly in the different soils, probably
duc to the high mobility of these ions in soil.

Micronutrient levels in the soils are shown in
Table 3. The only differences were in zine, iron and
boron contents. For boron, an increase of 135% was
observed in the 21-ycar . leucocephala soil com-
pared to the open field.

Among the biological propertics of the soils, res-
piration rate, percentage biomass C, biomass N and
biomass P werc all higher in [. leucocephala soil
than in the open ficld (Table 4). The higher concen-
tration of organic matter and its comparatively casy
decomposition under 1. leucocephala may cxplain
these observations. Earthworm population, which is
another index of soil fertility, was significantly
higher in soils under /.. leucocephala.

The above results confirm the beneficial effects of
L. leucocephala (Kang ct al. 1985). *t can also be
concluded that the lTonger the L. leucocephala trees
are in the soil, the better the soil is in terms of its
chemical, physical and biological properties.

The limitation to L. leucocephala in Mauritius and
in many parts of the world (Young 1991) appears to
be the L. lewcocephala  psyllid  (Heteropsylla
cubana). The authors are presently studying  the
cffects of L. diversifolia, which has been observed to
be resistant to the psyllid, on soil propertics.



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

Ycars under Cu (ppm) Zn (ppm) Mn (%) Fe (%) B (ppm)
L. leucocephala
0 15.6 26.0b 0.42 0.17 a 0.85¢
9 19.4 28.6b 0.40 0.13b 1.67 b
12 19.4 30.8b 0.40 0.11b 1.80 ab
21 19.8 424 a 0.40 0.12b 2.00a

Table 4. Biological properties of soil under 1. leucocephala and in an open field. (Where significant differences cxist,
means within a column followed by the same Ietter are not significantly different at P = 0.05).

Years under Respiration Earthworm Microbial biomass ~ Microbial biomass ~ Microbial biomass
L. leucocephala rate x 107 population C (%) N (%) x 10 ¥
p/g/s* per m? P (%)
at 30 ¢cm depth

0 1.37 ¢ 123 ¢ 0.018 d 0.041 d 68 ¢

9 1.84 b 144 be 0.040 ¢ 0.140 ¢ 9.6 be
12 243 a 178 b 0.054 b 0.255b 1280
21 2504 268 a 0.063 a 0.352 a 16.8 a

* g/p/s = grams CO; 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. Mugwe!, M.K. O’Neill2 and D.N. Mugendi!

Abstract

The feasibility ol integrating Leucacna leucocephala and Calliandra calothyrsus into a maize
production system for soil productivity enhancement was investigated in the sub-humid highlands
of central Kenya for seven cropping scasons during the period 1993 to 1996. The cxperiment
consisted of four hedgerow intercropping and six sole maize (Zea mays) crop treatments. In six of
these treatments, fresh leat prunings of tree specics (. leucocephalu and C. calothyrsus) were
applicd, the prunings being obtained from hedgerows grown in situ (intercropped) or ex situ (cut
and carry) from other sources. There were no signiticant ditterences in maize grain yicld during
the 1993 long and short rainy scasons. During the 1994 long rains, although there was an attack on
maize scedlings by chaffer grubs (Cyclocephala spp.), lertilised treatments significantly (p<0.05)
out-yiclded all other treatments in terms of maize grain yield. The decrease in yield in the non-
fertiliser plots was attributed to low soil fertility status caused by greater nutrient removal than
could be replenished via pruning applications duc to low shrub biomass productivity. During
subscquent scasons, when fertiliser P (triple superphospate) supplementation was carried out in all
plots, mean viclds averaged over four scasons showed that intercropped  (reatments with
L. leucocephala produced higher yiclds than fertilised sole maize treatments without prunings
application. C. calothyrsus was found to be more competitive than L. leucocephala with the

maize Crop.

IN "tHI: central highlands of Kenya, soil productivity
has been declining because of nutrient mining in
intensively cultivated ficlds and soil crosion on steep
slopes. This has resulted from increased population
pressure with figures of 400-800 persons per km?.
Land holdings arc 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 cvery year
(Minac and Nyamai [988). Soil nitrogen and phos-
phorus have become major limiting nutrients for
crop productivity. Fertiliscrs are expensive for small-
scale farmers, and applications are usually below
recommended rates. On-farm manure production is
not sufficient to replace nutrients removed as crop
products (Kihanda 1996).

"' Kenya Forestry Rescarch Institute (KEFRID), Regional
Research Centre, PO Box 27, Embu, Kenya
ZInternational Centre  for  Rescarch  in
(ICRAF), PO Box 30677, Nairobi, Kenya
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Leguminous shrubs can cither be incorporated
into the farming systems by growing a lincar
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 somctimes during, the growing
season. Leaty 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 lcaty
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 ¢t al. 1993). Results trom HI work carricd
out clsewhere have becen variable depending on site
conditions (Ong 1994; Kang 1993), but little work
has been carried out in the Kenyan central highlands.
The aim of this study was, therctore, to cvaluate the
feasibility of using lcat prunings of .. leucocephala
and C. calothyrsus for soil productivity improvement
in both HI and sole cropping systems.



