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Abstract— A field experiment was carried out at the site of the public authority for agriculture and fish resources, Kuwait, 
during March 2014 to February 2015 to investigate the influence of spacing on the early performance and biomass 
production of Gliricidiasepiumprovenances in an alley cropping system. Three between-row spacings of 1, 2 and 3 m were 
combined with three within-row spacings (0.25, 0.50 and 1.00 m) and 10 provenances were used in a split plot experimental 
design with five replications. The observations were recorded for plant morphological characteristics, biological nitrogen 
fixation and total biomass and analyzed using ANOVA. The result revealed that the relativeplant growth of Gliricidiasepium 
provenances planted at a spacing of 3 m x 1 m recorded the significantly higher values (p≤ 0.05) for plant height, canopy 
area, collar diameter, and leaf area, and number of branches. In general this research showed that the lower the density of 
planting the better the performance of the individual trees, and consequently the greater the yields per hectare. Total biomass 
production per unit area was, expectedly, greatest where the spacing between hedgerows were closest, while production per 
plant decreased with closer within-row spacings. The highest biomass (77.6 ton ha-1) was produced from the high density 
planting (1 x 0.25 m) followed by 20.5 ton ha-1 (2 x 0.5 m) and 8.2 ton ha-1 (3 x 1 m). Among the Gliricidiasepium 
provenances, Samala, Retalhuleu at a spacing of 3 m x 1 m ranked first in all plant growth characteristics and hence can be 
recommended for landscaping under the urban conditions of Kuwait. 
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I. INTRODUCTION 
 
Kuwait has extreme harsh climatic conditions, with 
limited resources available for crop production. The 
climatic conditions are typical of an arid environment 
with high temperatures during the summer season, 
very low rainfall, frequent winds, and sand storms 
leading to extensive soil erosion. Arid regions of the 
world are more susceptible to land degradation and 
desertification with serious implications for the 
sustainable use of the natural environment (Brown, 
2003). Kuwait’s soil is predominantly sandy in 
texture with low organic-matter content, and poor 
moisture and nutrient-holding abilities. These adverse 
climatic conditions have collectively contributed to a 
severe loss of greenery in the country. With the rapid 
development of the urban and suburban areas in 
Kuwait, including residential and commercial areas, 
the demand for greenery and beautification is 
increasing on a large scale. The increase in demand 
for greenery areas in Kuwait is proportionate to the 
increase in the urban development; the need to 
increase the greenery has become vital not only for 
aesthetic purposes but also to ensure a healthier 
environment. Hence, it has become essential to 
explore alternatives that could enhance greenery and 
landscape development. This can only be 
accomplished by plant introduction after screening 
under the prevailing weather conditions of Kuwait. 
 
Horticulturists in Kuwait depend mostly on limited 
species such as Conocarpus, Acacia, Albizzia, 
Eucalyptus, Casuarina, Prosopis, date palm, etc., 
which were previously introduced to the country. 
Diversification in the varieties of plants is required to 

develop attractive landscape projects. It is essential to 
introduce plants that have pleasing characteristics 
during all seasons to enable interplanting for a well-
planned landscape. Gliricidiasepium has many 
benefits when compared to other ornamental plants 
available, such as fast growth rate, adaptability, 
tolerance to extreme climates, and nitrogen-fixing 
ability. Furthermore, Gliricidiacan reduce disruption 
or even total failure that may occur to the hedgerows 
or avenues, due to drought and disease infestations. 
The plant G. sepiumwas described by Sridhar et al. 
(2001) as a ‘fast-growing woody perennial’. Even 
though G. sepiumis a native of Central America, it 
adapts to a variety of climatic conditions. It is grown 
in fifty-one countries and is one of the most popular 
multipurpose trees used in agroforestry in semiarid 
regions (Stewart and Dunsdon, 1994). Besides, this 
plant is used as fuel, fodder, and green manure, and 
for erosion-control purposes. G. sepiumand 
Leucaenaleucocephalaare well known for their 
ability to provide large quantities of high-quality 
forages and to maintain a sustainable environment 
and soil fertility through nitrogen fixation (Simons 
and Stewart, 1994).  
 
Despite its potential advantages in making 
landscaping more sustainable, the introduction of a 
hedgerow system on arable land reduces the area 
available for cropping, hence, in agroforestry 
systems, the number and arrangement of trees grown 
per unit area have important practical and economic 
implications. Few studies have been conducted on the 
growth potential of either alley cropping or 
alternative plants in Kuwait. Most studies on the 
spacings of the woody component have been carried 
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out by varying the distances between the hedgerows 
without the involvement of varieties or provenances. 
Moreover, the available data are not sufficient for the 
precise estimation of the potential benefits under 
Kuwait’s growing conditions. This research paper 
investigates the influence of spacing on the early 
performance and biomass production of 
Gliricidiasepiumprovenances in an alley cropping 
system.  

 
II. DETAILS EXPERIMENTAL  
 
2.1. Description of the Experimental Site. 
The study was conducted at the ‘Peace and 
Friendship garden’ of the public authority for 
agriculture and fish resources (PAAFR), located 
inKaifan, Kuwait. The site is located at the 
northwestern end of the Arabian Peninsula between 
latitudes 28°30’and 30°5’ North and longitudes 
46°33’ and 48°30’ East. Annual rainfall ranges from 
100 to 140 mm, which averages 110mm. The yearly 
maximum temperature fluctuates between 4 °C for 
January and 55 °C for July. The rate of evaporation 
ranges from 3.0mm d‐1 in January to 14.1mm d‐1 in 
July. Texture of the soil is from fine sand to very 
coarse sandwith an organic matter content of less than 
0.1%. The soils are alkaline (pH, 8.1) in nature with 
high salinity (electrical conductivity (EC) and Total 
dissolved salts: (TDS). 
 
2.2. Design and Treatments.  
Plants in this comparative study were arranged in a 
randomized block design. A unit plot consisted of six 
parallel strips of Gliricidia rows with spacing of 1, 2, 
and 3 m, whereas within-row tree spacing (between 
provenances) was 25, 50, and 100 cm, respectively. 
The entire block design was replicated five times to 
ascertain the interaction between these plants. 
Diversion canals (50 cm deep) were dug between 
each hedgerow to minimize soil movement between 
alleys for a length of 10 m. Thus, in a block, 40 
plants(four per provenance), 20 plants(two per 
provenance), and 10 plants (one per provenance) of 
Gliricidiawere used in the first treatment (1 m x 0.25 
m), second treatment (2 m x 0.5 m), and third 
treatment (3 m x 1 m), respectively, at random along 
the rows. This means that a total number of 70 
Gliricidiaplantswere used in a single replication. All 
of the plants, irrespective of the provenances, and 
treatments, were unfertilized during the trial period in 
order to estimate the nutrient transfer, and beneficial 
effects of nitrogen fixation.  
 
2.3. Data Yield.  
The observations were recorded for plant 
morphological characteristics such as growth rates 
(height, canopy, stem diameter, and number of 
branches), leaf area, seasonal variations, and 
biological nitrogen fixation. Plant height and canopy 
were recorded using a measuring scale and were 

expressed in centimeter. Stem diameter was 
calculated at 10 cm elevation above the surface. Leaf 
area was measured in cm2 using a portable leaf area 
meter (Model CI-202L).  
 
2.4. Estimation of Biological Nitrogen Fixation.  
The field estimation of nitrogen fixation was 
determined by the N-difference method, suggested by 
Beck et al. (1993). Nitrogen fixation was calculated 
by measuring the total amount of Nitrogen in the 
Gliricidia plant and the nitrogen content in a non-
fixing reference crop (non-leguminous crop). The 
nitrogen content remains in the soil, from 
Gliricidiaand the reference crop, were also analyzed 
to determine the enrichment of soil through nitrogen 
fixation. For the present study, Cassia siamea was 
used as the non-fixing reference crop. The principle 
of this method is that the N2 fixing plant is assumed 
to have a source of soil mineral N and atmospheric N, 
whereas the non-N2 fixing plant has only the soil 
mineral N. Since both plants have to use the same 
amount of soil mineral N, the difference between the 
two is estimated as the amount of nitrogen derived 
from the atmosphere (Danso et al. 1993, Unkovich et 
al. 2008). The amount of nitrogen fixed was 
estimated using the following equation modified by 
Soon and Arshad (2004): 
BNF = N leg – N ref + (N soil – N soil ref)…... (1) 
 
where, BNF: biological nitrogen fixation; N leg: 
legume nitrogen content; N ref; reference crop 
nitrogen content: N soil; soil mineral nitrogen before 
planting: and N soil ref: soil mineral nitrogen after 
harvesting the reference crop. 
 
2.5. Surface Soil Chemical Properties. 
Soil samples were collected at start of the trial and 
termination and analyzed to correlate the transfer of 
nutrients due to alley panting.  
 
2.6. Above and below ground Mass Measurements. 
During February 2015, single plants of G. 
sepiumfrom each treatmentwere selected for the 
determination of shoot and root weight. The G. 
sepiumplants were selected randomly irrespective of 
the provenances and subjected to destructive 
harvesting. The plants were excavated with a shovel, 
in a sphere of 1.5 to 2 m of radius and 0.8 to 1 m 
depth, and then washed in order to separate the roots 
from soil particles. Fine sieves were used to prevent 
any loss of root biomass. Then, the fresh and dry 
weights were recorded for calculating the total 
biomass. 
 
2.7. Statistical Analysis.  
A two-way analysis of variance (ANOVA) using 
Statistical Package for the Social Sciences (SPSS - 
version 16.2) was performed on the final data and 
treatment differences were determined with a post 
hoc least significant difference (LSD) at p<0.05. 
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III. RESULTS AND DISCUSSION 
 

3.1. Nutrient Balance after Alley planting.  
The soil properties at the establishment of the trial in 
March 2014 and termination in February 2015 are 
shown in Table 1. The results showed that Gliricidia 
alley planting did not affect the levels of soil 
alkalinity (pH, 8.0) and salinity9.8 mS /cm than 
initial soil analysis. However, the level of water 
soluble cations, namely Ca, Mg, Na, and K were 
slightly increased to 208, 104, 728, and 18.7mg/kg, 
respectively. The extractable P, exchangeable Mg and 
K were maintained at more or less same levels till the 
termination of the experiment. The values of Cl-, 
HCO3, and CO3, respectively did not vary much from 
the initial soil sample results. Similarly, the planting 
of Gliricidia plants under alley planting did not 
contribute to the fertility levels of sulphate 
(701mg/kg), phosphate (2.0 mg/kg), or nitrate (8.52 
mg/kg) in the soil as a result of alley planting. There 
was noevidence of a noticeable transfer of nutrients 
due to the alley planting applications.  
 
Table. 1. Surface Soil Chemical Properties at the 

Establishment and Termination of the Study 

 
 
3.2. Total biomass and nitrogen yields. 
After one year of growth, the above-ground biomass 
forGliricidia was estimated as 1.49, 1.56, and 1.86 kg 
tree-1 for the spacings of 1 x 0.25 m, 2 x 0.5 m and 3 
x 1 m, respectively. The total below-ground biomass 
was 0.45, 0.49, and 0.57 kg tree-1 for the spacings of 
1 x 0.25 m, 2 x 0.5 m and 3 x 1 m, respectively. The 
total biomass for Gliricidia was calculated on a per 
hectare basis and the highest biomass (77.6 ton ha-1) 
was produced from the high density planting (1 x 
0.25 m) followed by 20.5 ton ha-1 (2 x 0.5 m) and 8.2 
ton ha-1 (3 x 1 m). Total biomass production per unit 
area was, expectedly, greatest where the spacings 
between hedgerows were closest, while production 
per plant decreased with closer within-row spacings. 
The total fresh and dry weights of leaves and stems, 
as well as leaf nitrogen yields per unit area were 

strongly influenced by between-row spacing and less 
so by within-row spacing. This trend was not 
unexpected, since earlier studies in many regions of 
the world have found similar results (Dugumaet al. 
1994), and the relative weight of plants commonly 
increases with favorable conditions.  
 
The nitrogen fixation value estimated for Gliricidia 
was 3.4 g N tree-1 under the urban conditions of 
Kuwait. This is equivalent to 15 kg N ha-1 at a plant 
density of 2500 trees ha-1. Even though Gliricidia 
plants have a great potential in interplanting systems 
due to their fast growing characteristics, their N2-
fixing ability was found to be very low under arid 
conditions of Kuwait. This value was very low when 
compared to the average value of 19.3 g N tree-1 
(equivalent to 86 kg N ha-1 at 5000 trees ha-1) in OFI 
12/86 to 61.7 g N tree-1 (equivalent to 309 kg N ha-1) 
in tropics (Liyanege et al. 1994). In alley-cropping 
systems, the leguminous trees can play an important 
role through the ability to thrive in N-deficient soils. 
Danso et al. (1993) accounted 72% of its N from 
fixation when G. sepium was grown in concrete 
cylinders sunk 1 m into the ground. This decreased 
nitrogen fixation might be due to the low organic 
content of the native soils or may be due to the non-
inoculation of suitable microorganisms. This finding 
was in agreement with Souza et al. (2013), where the 
inoculation ofGliricidiasepium with the mycorrhizal 
fungus increased root colonization by 89% under 
adequate watering, whereas L. leucocephala had only 
a 38% increase in root colonization under the similar 
conditions.  
 
3.3. Effect of Differential Spacing on relative Plant 
Growth.  
The ANOVA (Table 2) indicated that the periodic 
growth of Gliricidiasepium provenances varied 
between them at p<.05. Of these, the Samala, 
Retalhuleu recorded ‘highly’ significant higher values 
than all of the other provenances in growth 
parameters of plant height (84.6 cm), canopy cover 
(66.6 cm),stem thickness (30.3 mm), and number of 
branches (7.9), and leaf area (7.5cm2) at a spacing of 
3 m x 1 m.Thevariation within Gliricidia provenances 
in relative growthrate might be attributed toindividual 
tree differences between provenances from which the 
seeds were collected, or may be due to different 
individualecological requirements. Differential 
spacing treatments caused significant variation in 
relative plant growth rate. When the spacing between 
and within rows increased, relative growthrate 
increased.  

 
 
 

Table 2. Effect of the Alley Planting of Gliricidiasepium Provenances on Plant Growth 
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Least significance of difference (LSD) is at p<.05;* and ** denotes the significant difference at p<0.05 and p<0.01 respectively; 
NS: Non-significant. 
 
There is competition for light and space, water, and 
nutrients between the plants in the planting 
environment. As the planting density increases, 
competition increases and hence tree growth 
decreases. Moreover, denser plant stands caused by 
higher planting densities would result in mutual 
shading with reduced photosynthesis rates, which 
would in turn lead to lesser plant growth also. 
Schroth(1995) investigated the interactions between 
Gliricidiasepium and maize and upland rice in an 
alley cropping experiment and observed that nutrient 
accumulation tended to be higher in alley cropping 
than in sole cropping.  
So, the interplanting study can be concluded that the 
relative plant growth is negatively related to plant 
density for G. sepium. The effect of differential 
spacing on the plant growth of GliricidiaSepium 
provenances supports this finding of the correlation 
between planting densities. Souza et al. (2013) 
evaluated the species of Mimosa caesalpiinifolia, 
Gliricidiasepium, and Azadirachtaindica in an 
intercropping study and observed thatincreased 
planting densities reduced plant height and canopy 

diameter in the tree species. An increase in canopy 
diameter, as observed in the present study, was also 
reported by many other researchers (Makinen and 
Hein, 2006; Rondon, 2006). The increase in plant 
height of plants under increased planting densities 
may be due to the biological nitrogen-fixing ability of 
the Gliricidia plant and subsequent enrichment of the 
soil. Under high density planting, a higher release of 
nitrogen occurs than the low density planting, thereby 
beneficial to the companion crop. 
 
This research study indicated that the low density 
planting is ideal for the Gliricidia provenances to 
grow profusely. Therefore, Samala, Retalhuleu at a 
spacing of 3 m x 1 m ca n be recommended for 
landscaping under the urban conditions of Kuwait. 
Nitis et al. (1996) studied the effect of Gliricidia 
provenances on alley cropping in Indonesia and 
ranked Retalhuleu as the first.This finding was 
supported by Ngulube (1994) by recommending 
Retalhaleu provenance from Guatemala as the 
superior one in view of its growth observed in 
southern Africa. Ngulubeet al. (2006) alsoranked 
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Retalhulea (14/84) as the most outstanding 
provenance for the alley planting in Malawi.  
 
CONCLUSIONS 
 
1. The lower the density of planting the better the 

performance of the individual trees, and 
consequently the greater the yields per hectare. 

2. The the relativeplant growth of Gliricidiasepium 
provenances planted at a spacing of 3 m x 1 m 
recorded the significantly higher values (p≤ 0.05) 
for plant height, canopy area, collar diameter, 
and leaf area, and number of branches. 

3. Among the Gliricidiasepium provenances, 
Samala, Retalhuleu at a spacing of 3 m x 1 m 
ranked first in all plant growth characteristics and 
hence can be recommended for landscaping 
under the urban conditions of Kuwait. 
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