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Abstract

Growth of Leucaena leucocephala and Albizia lebbeck trees was investigated under
low water supply in the field using a complete randomized block design at the
Research and Experiments Station of the College of Food Science and Agriculture,
Riyadh, Saudi Arabia. The trees were irrigated at either 160 (well water supply) or
500 mm (low water supply) of a class "A" evaporation-pan records for two years.
Differences were occurred between L. leucocephala and A. lebbeck trees across
irrigation treatments with greater values for L. leucocephala in most of the growth
characteristics measured. Comparing with L. leucocephala, leaves of A. lebbeck
comprises only small proportion of the total weight of tree while allocated equal
proportions to their branches and roots (41%).while L. leucocephala trees allocated
almost similar proportions to their branches, stem and roots (27-28%). Low water
supply decreased stem by 19.5% with stem diameter was unaffected. Leaf, branches,
stem, root and consequently total dry weight of the trees decreases by 42, 51.5, 45, 51
and 94% in low water supply. However, the performance of L. leucocephala and A.
lebbeck trees endured low irrigation conditions in terms of survival and maintaining

reasonable growth.

Introduction

Harsh environmental conditions characterize the majority of Saudi Arabia that makes
the need for more tree plantations to alleviate such conditions of the most priority.
Although many tree species were imported to the country and planted during the last
three decades, however, the most suitable tree species to be planted in the central part
of the country is still not defined. We thought that adopting a tree species to be
planted over a large scale must take in consideration its ability to cope with prevailing

environmental conditions in terms of survival and growth and offers additional



benefits and uses to community. Multipurpose tree species that bring subsoil nutrients
to the surface, provide shade, slow erosion, provide fodder, living fence-posts, fruit
and other edible parts, fuelwood, woods for domestic affairs, have some role in soil
stabilization and offer quality-of-life benefits like beauty is recommended for planting
in arid and semi-arid regions. Among tree species that have these characteristics or
some of them are leguminous tree. In addition, they have the ability to fix the
atmospheric nitrogen. Leucaena is the most common leguminous tree for intensive
forage, fuel, stabilizing sloping soils and providing green manure (Brewbaker 1987).
Leucaena is also attractive because of its adaptation to a wide range of soil and
conditions, fast growth and ease of propagation (Hulman et al. 1983). The genus
Leucaena is reported to contain 16 species (Brewbaker and Sorensson 1993) of which
Leucaena leucocephala is the most widely planted species and known as leucaena
(Shelton and Jones 1994). Albizia lebbeck is one of several Albizia species that are
very important in many tropical regions with monsoonal climates. It can grow five m
in one year and produce 100-120 kg edible dry matter per year (Lowry 1989). Albizia
lebbeck is particularly promising as a fodder tree for semi-arid regions in the tropics
and subtropics, and it has many other uses as well (Prinsen 1988). Its seedlings
develop a long, stout taproot at an early age and are drought-tolerant (Parrotta 2003).
Although Albizia lebbeck tree is a well known in the Indian subcontinent for its range
of uses and geographical widespread, little is known about the species outside India
(Lowry et al.1998).

The aim of the present study is to examine the performance of Leucaena leucocephala
and Albizia lebbeck under low water supply in the open field.

Materials and methods

Site description

The site where the experiment was conducted has temperature ranged between 10°C
in winter and 37°C in summer (as an average of season) and 50 mm rainfall, annually.
The soil of the site was sandy loam with average content of 61, 23 and 15% for sand,

silt and clay, respectively (Aref, 1987).

Plant material
Six months old seedlings of Leucaena leucocephala (Lam.) de Wit. and Albizia

lebbeck L. (Benth) grown from seeds were planted in a field trial at the Agricultural



Research and Experiments Station of King Saud University, 50 km southwest Riyadh
city, Saudi Arabia.

Statistical design and treatments

Six seedlings of Leucaena leucocephala and other six of Albizia lebbeck were planted
in six experimental plots (10 x 10 m) in a randomized complete block design with
three blocks. Each block had two plots. Each plot had two parallel ditches with three
meters apart, which were designed to receive two different irrigation levels with four
seedlings planted in each ditch. The spacing between each two consecutive seedling
within the plot was three meters. In April 1999, half of the seedlings were irrigation at
160 mm and the other half at 500 mm of cumulative readings of Class-A evaporation

pan representing well water supply (WWS) and low water supply (LWS) treatments.

Tree harvesting and sampling

In April 2001, all the trees were felled for biomass data collection. Total tree height
and diameter at base (10 cm aboveground) were recorded. Each tree was separated
into leaves branches, stem and roots. The number of roots was counted and
representative samples from each tree component were taken for dry biomass
determination. The samples of leaves were oven dried at 70°C for 24 h, while those of
branches, stems and roots were dried at 102+3°C. Total dry biomass of each tree was

calculated and biomass allocation to each component was determined.

Statistical analysis

The collected data were organized in a factorial experiment design with two factors
included species and irrigation treatments with two levels each. Data were analyzed
using analysis of variance statistical method through SAS computer program (SAS,
1987). The means of treatments were distinguished using Duncan's Multiple Range
Test (Steel and Torrie 1982).

Results

Analysis of variance procedure showed that Leucaena leucocephala and Albizia
lebbeck trees differed significantly across treatment in most of the growth
characteristics measured in the present study. L. leucocephala trees had greater



number of root (P=0.02), total leaf area (P=0.002), leaf area ratio and specific leaf
area (P<0.0001) than A. lebbeck. It also had greater leaf (P<0.0001), branch
(P=0.004) and total dry weight (P=0.02) than A. lebbeck. Both species had almost
similar values for stem height and diameter (Table 1). L. leucocephala trees had mean
leaf, branch and total dry weights were 5, 3 and 2 folds as much as those of A. lebbeck
trees (Fig. 1). Dry matter partitioning to tree parts also differed significantly between
the two species. L. leucocephala trees had greater leaf and stem weight ratio
(P<0.0001) and lower branch and root weight ratio (P<0.0001) than A. lebbeck. The
variation in dry matter partitioned to different tree parts between the two species
reflects the growth habit of both (Fig. 2).

Low water supply treatment significantly decreased stem height (P=0.04) (Table 1),
leaf, branch, stem (P<0.05), root (P=0.006) and total dry weight (P<0.01) of trees.
Leaf, branch, stem, root dry weights of trees decreased by 42, 52, 45 and 51% due to
low water supply and resulted in 94% reduction in their total dry weight (Fig. 1).
Total leaf area also decreased in low water supply treatment but to a lower extent
(P=0.08). Dry matter partitioning did not change due to irrigation treatments.

There were species x treatment interactions for only leaf dry weight (P=0.07)
suggesting changing the magnitude of treatment effect on this trait with either tree
species. The absence of species x treatment interactions for the other variables

measured indicating that both factors had independent effects on these variables.

Discussion

L. leucocephala surpassed A. lebbeck trees in some growth traits measured across
irrigation treatments. The mean values of total leaf area and the number of roots of A.
lebbeck trees were 33 and 32% of those of L. leucocephala. Comparing with L.
leucocephala, leaves of A. lebbeck comprises only small proportion of the total weight
of tree. This may reflect the growth nature of A. lebbeck as it has a spreading
umbrella-shaped crown of thin foliage (Parrotta 2003). The estimated foliage
production (dry weight) of L. leucocephala trees in the present study was 2976
kg/halyear comparing with 599 kg/ha/year for that of A. lebbeck trees. However,
Albizia lebbeck stands in hedgerows at a row distance of 3 m produced 2500 kg/ha/yr
as foliage that compares favorably with a leucaena yield of 1500 kg/ha/yr in the same
region, which indicates that A. lebbeck could serve as an alternative to leucaena in the

lower rainfall tropics and subtropics (Prinsen1988). This estimate seems to be lower



than the foliage production of the present study and that of two years-old L.
leucocephala grown at 2.1 m spacing in Riyadh, Saudi Arabia which was 2260
kg/halyear (Aref et al. 1999). This discrepancy may result from the variation in site
characteristics where the trees were grown. Shelton and Brewbaker (1994) asserted
that the edible forage yields (leaves and young stems) of L. leucocephala trees
depending on soil fertility, row spacing, rainfall and temperature. On the other hand,
while L. leucocephala trees allocated almost similar proportions to their branches,
stem and roots (27-28%) A. lebbeck trees allocated equal proportions to their branches
and roots (41%) which were fairly larger than those of L. leucocephala. Root biomass
of Albizia lebbeck trees was the greatest among nine 6-year-old tree species from arid
north-western India evaluation for Above-ground and below-ground biomass
allocation (Toky and Bisht 1993).

Effects of water stress on the growth of trees has been well documented (Koslowski
1982). However, the level of stress that results in a reduction in growth varies with the
condition under which the plants are grown (Begg, 1982). Decreasing stem height in
low water supply concurs with other results for L. leucocephala (El-Juhany and Aref
1999), some acacias (Aref and El-Juhany 1999). Benson et al. (1992) found that stem
growth of Pinus radiata was very sensitive to tree water stress at mild and moderate
levels. Many workers have reported on decreasing tree height due to water stress in
seedlings (e.g. Ibrahim et al. 1997, 1998) and in mature trees (e.g. Snowdon and
Benson 1992). Although the reduction in both height and diameter in low water
supply (19.5%) across both L. leucocephala and Albizia lebbeck trees was similar,
however, the later was not statistically significant. Contradictory, decreasing stem
diameter of woody species due to water stress was extensively reported (e. g. El-
Juhany and Aref 1999, for L. leucocephala and Aref and El-Juhany 1999, for some
acacias and Pokhriyal et al., 1997, for Acacia nilotica).

Low water supply caused decreases of 42, 51.5, 45, 51 and 94% in leaf, branches,
stem and root dry weight across L. leucocephala and Albizia lebbeck trees. Similar
results were obtained previously (Ibrahim et al., 1997, 1998). El-Juhany and Aref
(1999) reported decreases of 72, 65, 29 and 64% in leaf, stem, root and total dry
weight of L. leucocephala after 12 weeks of water stress treatment. However, Sampet
and Pattaro (1987) found that the growth of three legumes included L. leucocephala
was decreased by water stress during the dry season but L. leucocephala appeared to

have better growth during the dry season. In an investigation of the effects of watering



every 1, 4 or 7 days on five multipurpose tree species in the nursery for four month,
Albizia lebbeck had the greatest root growth among those species and their stem
height and root growth were affected due to treatment (Mohan et al., 1999).
Moreover, among 14 tree species grown from seeds and subjected to water stress for
six weeks, Albizia lebbeck with other two tree species had high productivity under
favourable and unfavourable water relations therefore, they were recommended for
planting in semiarid regions (Bimlendra et al. 1992). This supported by the work of
Paliwal and Kannan (1999) who concluded that Albizia pavonina and A. lebbeck have
become well adapted to the climatic conditions of the semi-arid zones of India.
Leucaena is very drought tolerant even during establishment (Lowry et al. 1998).
Studies have confirmed that leucaena exhibits better drought characteristics than a
number of other tree legumes (Swasdiphanich 1992). Recently, Reddy et al. (2000)
postulated that L. leucocephala withstood drought better than the other legume

species.

References
Aref, 1. M. (1987). Provenance trail of Casuarina sp. in Riyadh region of Saudi
Arabia. A MSc. thesis, King Saud University, Riyadh, Saudi Arabia.

Aref, 1. M. and El-Juhany, L. I. (1999). Effects of water deficit on the growth of
Acacia asak, A. tortilis and A. gerrardi. Mansoura University Journal of Agriculture
Sciences, Egypt, 24 (10): 5627-5636.

Aref, I. M. and El-Juhany, L. I. and Nasroon, T. H. (1999). Pattern above-ground
biomass production and allocation in of Leucaena leucocephala (lam.) de Wit. trees
when planted at different spacing. Saudi Journal of Biological Sciences, Saudi
Biological Society, Saudi Arabia, 6 (1): 27-34.

Begg, J. E. (1980). Morphological adaptation of leaves to water stress. In: N C Turner
and J P Kramer (eds.), Adaptation of Plants to Water and High Temperature Stress,
pp. 33-42. John Wiley & Sons, New York, Chichester, Brisbane, Toronto.



Benson M L, B J Myers and R J Raison (1992). Dynamics of stem growth of Pinus
radiata as affected by water and nitrogen supply. Forest and Ecology Management
52:117-137.

Bimlendra, K.; O. Toky and P. Sing (1992). Performance of tree species in relation to

water requirement in semi-arid regions of Haryana. Myforest 28 (2): 235-240.

Brewbaker, J. L. (1987). L. Leucocephala: A multipurpose tree genus for tropical
agroforestry. In: Agroforestry: A Decade of Development, H.A. Steppler & P.K.R.
Nair, ed. 289-323. Nairobi, Kenya: ICRAF

Brewbaker, J. L. and Sorensson, C. T. (1993). Domestication of lesser-known species
in the genus Leucaena. In: Leakey, R. and Newton, A. (ed.) Tropical Trees-the

Potential for Domestication. Institute of Terrestrial Ecology, Edinburgh, UK.

Djogo, A. P. Y., Siregar, M. E. Y. and Gutteridge, R. C. (1995). Opportunities and
limitations in other MPT genera. En H.M. Shelton, C.M. Piggin,. J. L. Brewbaker,
eds. Leucaena - opportunities and limitations. Proceedings of workshop, Bogor,
Indonesia, p. 39-43. ACIAR Proceedings No. 57. Canberra, Australia, Australian

Centre for International Agricultural Research.

El-Juhany, L. I. and Aref, I. M. (1999). Growth and dry matter partitioning of
Leucaena leucocephala (lam.) de Wit. trees as affected by water stress. Alexandria
Journal of Agriculture Research, Egypt, 44 (2): 237-259.

Hulman, B., Naseeven, L. K. and Teeluck (1983). Leucaena leucocephala — its use

and limitations for animal production. Tropical Veterinary Journal 1:97-102.

Kannan, D. (1996). Growth pattern of woody seedlings under nursery conditions and
its impact on early field performance. Ph.D. thesis, Madurai Kamaraj University,
Madurai, India. 144 pp.

Kozlowski, T. T. (1982). Water supply and tree growth. Part. 1. Water deficits.
Forestry Abstracts 43(2): 57-95.



Lowry, J. B.; J. H. Prinsten and D. M. Burrows (1998). Albizia lebbeck-a Promising
Forage tree for Semiarid Regions. In: R. C. Gutteridge and H. M. Shelton (eds),
Forage tree legume in tropical agriculture. CAB International, Wallingford, U. K., 7-
14.

Lowry, J. P. (1989). Agronomy and forage quality of Albizia lebbeck in semi-arid
tropics. Tropical Grassland 23: 84-91.

Mohan-Jha; Chaudhary-LD; Jha-M (1999). Effect of water stress on growth and
development of potted seedlings in nursery. Van-Vigyan 36 (2,3,4): 134-137.

Paliwal, K. and D. Kannan (1999). Growth and nutritional characteristics of four
woody species under nursery conditions and growth after transplantation in semi-arid

field conditions at Madurai, India. Journal of Arid Environments 43: 133-141

Palmer, B., Macqueen, D.J. y Gutteridge, R.C. (1994). Calliandra calothyrsus - a
multipurpose tree legume for humid locations. En R.C. Gutteridge y H.M. Shelton,
eds. Forage tree legumes in tropical agriculture, p. 65-74. Wallingford, Reino Unido,
CAB International.

Parrotta, J. A. (2003). Albizia lebbeck L. (Benth.), Reforestation, Nurseries, and
Genetics Resources (RNGR), USDA, Forest Service, US.

Pokhriyal, T. C., Uma-Singh, Chukiyal, S. P. & Sing, U. (1997). Effects of water
stress treatments on growth parameters and nitrogenase activity in Acacia nilotica.
Indian Journal of Plant Physiology 2(1): 72-74.

Prinsen, J. H. (1988) Albizia lebbeck - a promising fodder tree for semi-arid regions.
NFT Highlights, 88-03, NFTA, Hawaii.

Prinsen, J.H. (1988) Albizia lebbeck - a promising fodder tree for semi-arid regions.
NFT Highlights, 88-03, NFTA, Hawaii.



Reddy, V. S.; Shankaranarayana, V; Thirumalaraju, G. T.; Reddy, M. N. N. and
Venkataramana P. (2000). Alley cropping of field crops with perennial legume

species under rainfed condition. Crop Research Hisar 19(3): 377-384.

Rowan, S. J. (1986). Seedbed density affects performance of slash and loblolly pine in
Georgia. In: South, D. B. (ed.), International Symposium on Nursery Management

Practices for the Southern Pines, pp. 126-135. Aubrn University, Alabama, US.

Sampet, C; Pattaro, V. (1987). Sesbania grandiflora, Gliricidia maculata and
Leucaena leucocephala as fodder crop. Thai-Journal-of-Agricultural Science 20 (4):
303-313.

SAS (1987) SAS Application Guide. SAS Institute. Cary, North Carolina, USA.

Shelton, H. M. and J. L. Brewbaker (1994). Leucaena leucocephala — the most widely
used forage tree legume. In: Gutteridge, R. C. and Shelton, H. M. (ed.), Forage Tree
Legumes in Tropical Agriculture. CAB International, Wallingford, U. K., 15-30.

Shelton, H.M. and Jones, R.J. (1995). Opportunities and limitations in leucaena. In:
Shelton. H.M., Piggin, C.M. and Brewbaker, J.L. (eds), Leucaena - Opportunities and
Limitations. Proceedings of workshop held in Bogor, Indonesia. ACIAR Proceedings
No. 57, pp.16-23.

Steel, R. G. D. and T. H. Torrie. 1982. Principles and Procedures of Statistics.
McGrew-Hill International Book Co., 3" Ed., London.

Swasdiphanich, S. (1992). Environmental influences on forage yields of shrub

legumes. Ph. D. thesis, The University of Queensland, Australia.

Toky, O. P. and Bisht, R. P. (1993). Above-ground and below-ground biomass
allocation in important fuelwood trees from arid north-western India. Journal of Arid
Environments 25 (3) 1993: 315-320.



Table 1. Effects of irrigation treatments at 160 mm (Well water supply, WWS) and at
500 mm (Low water supply, LWS) according to the records of Class "A" evaporation
pan on some growth traits of Leucaena leucocephala and Albizia lebbeck trees after
24 month.

Trait Species Treatments

L. leucocephala | A. lebbeck | WWS LWS
Stem height (m tree-1) *3.94 4 3.474 4102 3.30b
Stem diameter (cm tree-1) 7114 7114 7.824 6.322
Total leaf area (cm? tree-1) 165145 @ 54652 D | 1407042 | 821482
No. roots (root tree1) 13.1 8.9b 11.94 10.1 2

*Means followed by the same superscript letter within each two consecutive boxes are not statistically
different according to Duncan's Multiple Range Test.

Table 2. Dry matter production (kg ha'l) by Leucaena leucocephala and Albizia
lebbeck trees after 24 month of irrigation at 160 mm (Well water supply, WWS) and
at 500 mm (Low water supply, LWS) according to the records of Class "A"
evaporation pan

Species Irrigation Dry matter (kg ha-1)
treatment | Leaves | Branches | Stem | Roots Total
L. leucocephala WWS 2976 5760 4716 5112 18564
LWS 1608 2832 2664 2412 9516
A lebbeck WWS 599 2064 3888 | 3576 10116
LWS 248 696 1992 1740 4440
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Figure 1. (a) Leaf, (b) branch, (c) stem, (d) roots and (e) total dry weight of Leucaena
leucocephala and Albizia lebbeck trees as affected by irrigation either at 160 mm
(Well water supply, WWS) or at 500 mm (Low water supply, LWS) according to
records of a Class "A" evaporation pan.
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Figure 2. Partitioning of dry matter of Leucaena leucocephala and Albizia trees
into leaves (leaf weight ratio, LWR), branches (branch weight ratio, BWR),
stem (stem weight ratio, SWR) and roots (root weight ratio, RWR) after 24
month of irrigation at 160 mm (Well water supply, WWS) and at 500 mm (Low
water supply, LWS) according to the records of Class "A" evaporation pan.



