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Abstract
This study aimed to assess the effects of tree manures in comparison with NPK fertilizer on growth of Acacia senegal 
seedlings. It was conducted in the nursery of the Faculty of Forestry, University of Khartoum, Shambat (Lat.: 15o 39′
387″ N and Long.: 32o 30′ 871″ E), during August 2008 and January 2009. The growing media were prepared by mixing 
ground foliage of trees with sandy soil (weight/volume) as follows, Albizia lebbeck (AL): 25 g, 50 g and 75 g; Azadirachta 
indica (AZ): 25 g, 50 g and 75 g; Khaya senegalensis (KH): 25 g, 50 g and 75 g; NPK fertilizer: 30 g per seedling. 
Albizia lebbeck and Azadirachta indica manures and NPK fertilizer have stimulated the Acacia senegal seed germination 
percentage in comparison with the control, with respective values of 89, 82.7, 81 and 71%. Khaya senegalensis manure 
has suppressed the Acacia senegal seed germination percentage with a value of only 49%. Effects of treatments on 
the seedlings growth parameters varied in the following percentages, in comparison to the control, shoot height: AZ 
62.9%, AL 46%, KH 9.9% and NPK 27.8%; root length: AZ 25.8%, AL 31.5%, KH 30.6% and NPK 4.4%; diameter: 
AZ 75.2%, AL 37.1%, KH 34.3% and NPK 20%; Shoot biomass: AZ 319%, AL 195.2%, KH 57.1% and NPK 42.9%; 
root biomass: AZ 288.9%, AL 116.7%, KH 55.6% and NPK 16.7%%;. Thus, the effectiveness of the used substrates 
on the growth performance of Acacia senegal seedlings occurred in the following descending order: Azadirachta indica＞
Albizia lebbeck＞Khaya senegalensis＞NPK fertilizer. These results assert clearly the ameliorative and fertilizing character-
istics of tree manures that can be reliably used for raising seedlings stocks in the nurseries.
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Introduction

Trees are known to contribute in ameliorating the soil 
conditions and replenishing nutrients to crops. Trees and 
forests accumulate organic matter and nutrients within their 
ecosystems through biogeochemical cycling, capturing at-
mospherical depositions and biological fixation. Through 
the biogeochemical mechanism, trees are capable to cycle 
and immobilize huge amounts of nutrients in their biomass 

and the solum (Montagnini et al. 2000; Young 2002; Deans 
et al. 2003; Harmand et al. 2004; Laclau et al. 2010; Carnol 
and Bazgir 2013). However, much of the nutrients immo-
bilized in the woody biomass are not readily available, and 
would be sequestered until the end of the tree revolution 
age or exploitation by the human being. The most dynamic 
part of the tree biomass is the litter, constituted mainly from 
dead foliage and roots that is turned-over annually (Nair 
1993; Mafongoya et al. 1998; Bot and Benites 2005; Xiaogai 
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et al. 2013). Annual litter fall in tropical forests ecosystems 
may amount to 10-15 tons ha-1yr-1 (Duchaufour 1984; NAP 
1992; Muoghalu et al. 1993; Descheemaeker et al. 2006).

Tree manure (biomass) can be incorporated into exploitable 
systems such as agroforestry, either naturally or artificially. 
It can be collected, transformed and transferred to other 
utilization practices such as farms, orchards and nurseries 
(Rao and Mathuva 2000; Mandal et al. 2003; Schroth and 
Sinclair 2003; Sangakkara et al. 2004). The choice for man-
ure quality will depend on the utilization strategy, whether 
quick or slow decomposing substances is needed (Bot and 
Benites 2005; Mubarak et al. 2008). Usually, tree manure 
has sufficient nutrients to satisfy the crop requirements of 
the basic elements. In addition, the tree manure is consid-
ered a clean source of nutrients to the terrestrial ecosystems, 
i.e. it is environmentally friendly (Eghball et al. 2004). 
Nevertheless, some inconveniences may arise when using 
fresh forms of tree biomass, from being allelopathic to crops 
and from harboring diseases and pests (Khan et al. 1999; 
Uddin et al. 2007; Zeng et al. 2008; Whiting et al. 2009).

One of the great concerns in raising and producing stur-
dy and healthy nursery stocks is the choice and usage of 
seedlings growing media. Growing media functions can in-
clude, availing sufficient water and nutrients to the seed-
lings and assuring support and space to their growth 
(Landis 1990; Miller and Jones 1995). The tree subjected 
to bioassay test in this study was Acacia senegal (L.) Wild. 
Acacia senegal is one of the main tree species that produces 
gum Arabic that constitutes a source of income for the 
Sudan and other African countries. Thus, research on re-
generation and growth of this species are needed to assure 
adequate establishment in the field, in which conditions are 
becoming more precarious due to natural and anthro-
pogenic factors. On the other hand, the choice of tree man-
ures used was based on the presence of the species (Albizia 
lebbeck (L.) Benth., Azadirachta indica A. Juss. and Khaya 
senegalensis (Des.) A. Juss.). Khaya senegalensis (Des.) A. 
Juss. is indigenous to Sudan, while Albizia lebbeck (L.) Benth. 
and Azadirachta indica A. Juss. are exotics but almost natu-
ralized since their introduction in the early 20th century (El 
Amin 1990).

This study aimed: to assess the effects of some tree man-
ures, viz Albizia lebbeck, Azadirachta indica and Khaya sene-
galensis on regeneration and growth of Acacia senegal seed-

lings in nursery mixtures with sandy soil and in comparison 
with NPK fertilizer; to screen the appropriate tree manures 
and the adequate doses suitable for good nursery stock 
raising.

Materials and Methods

The study was conducted in the nursery of the Faculty of 
Forestry, University of Khartoum, Shambat, on the eastern 
bank of the Nile River (Lat.: 15o 39′ 387″ N and Long.: 
32o 30′ 871″ E).

Acacia senegal was chosen for the bioassay test to tree 
manure and NPK fertilizer. its seeds were procured from 
the Tree Seed Center, Forestry Research Center, Khartoum. 
The seeds were delivered deliberately pretreated by conc. 
H2SO4 for 30 minutes to break seed-coat dormancy and to 
enhance germination. The containers for nursery stock rais-
ing consisted of black cylindrical polythene bags (15x25 
cm, flat), sealed at one end, and perforated to their third 
length; they were acquired from the local market. The 
growing media ingredients consisted of sandy soil and tree 
manures from Shambat area and NPK fertilizer (17-17-17) 
acquired from the local market. The tree manures were pre-
pared from air-dried and ground foliage (=0.5 mm) of 
Azadirachta indica, Albizia lebbeck and Khaya senegalensis trees. 
The fresh foliage was collected from different trees (5 for 
each species and at various positions on the crowns).

Tree manures were thoroughly mixed with the sandy soil 
and then packed in the polythene bags. Three doses of 25, 
50 and 75 g from each tree manure type were chosen. The 
NPK fertilizer was added in five doses of 6 g per month (30 
g in total) during the experimentation period, lest that the 
stuff might cause burning to the seedlings. Each treatment 
was replicated for 25 times, in order to withdraw 5 bags 
(seedlings) monthly and thus the total prepared bags were 
275. The bags were arranged in the nursery beds in a ran-
domized complete block design. The resulting treatments 
were: 1/ Control: sandy soil without any addition; 2/ NPK: 
with addition of 6 g per month per bag; 3/ AL1: with addi-
tion of 25 g of ground Albizia lebbeck foliage powder; 4/ 
AL2: with addition of 50 g of ground Albizia lebbeck foliage 
powder; 5/ AL3: with addition of 75 g of ground Albizia 
lebbeck foliage powder; 6/ AZ1: with addition of 25 g of 
ground Azadirachta indica foliage powder; 7/ AZ2: with ad-
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Table 1. Chemical characterization of manures of Albizia lebbeck, Azadirachta indica and Khaya senegalensis tree species

Tree species OC† (%) OM‡ (%) Protein (%) N (%) C/N Ca (%) Mg (%) K (%) P (%)

Albizia lebbeck 47.7 95.4 20.5 3.3 14.5 2.1 0.8 2.0 1.1
Azadirachta indica 48.2 96.4 19.8 3.7 13.0 2.4 0.6 2.4 1.1
Khaya senegalensis 48.5 97.0 9.1 1.5 32.0 2.5 0.6 0.9 0.8

†OC, organic carbon; ‡OM, organic matter.

dition of 50 g of ground Azadirachta indica foliage powder; 
8/ AZ3: with addition of 75 g of ground Azadirachta indica 
foliage powder; 9/ KH1: with addition of 25 g of ground 
Khaya senegalensis foliage powder; 10/ KH2: with addition 
of 50 g of ground Khaya senegalensis foliage powder; 11/ 
KH3: with addition of 75 g of ground Khaya senegalensis fo-
liage powder.

Acacia senegal seeds were sown on 28th August 2008 di-
rectly in the prepared polythene bags (2 to 3 seeds per bag) 
and thinly covered with own substrate. Watering (tap wa-
ter) was done once every two days over the experiment 
period. Other silvicultural operations including weeding, 
seedling lifting and root cutting were carried out as rou-
tinely run in the forest nurseries. The seedlings were later 
thinned to one plant per polythene bag. Monitoring of nurs-
ery trials lasted for 5 months. Growth parameters measure-
ments started after one month from sowing date, the pa-
rameters measured monthly were: shoot length; shoot di-
ameter; root length and shoot and root biomasses.

Soil and tree manures physicochemical determinations in 
the laboratory were carried out according to the interna-
tional procedures (Klute 1986; Kalra 1998). Air-dried 
composite-samples of soils and tree manure (mixture of 3 
samples) were used to analyze particle size distribution, bulk 
density, pH, electrical conductivity (Ec.), soluble cations (Ca, 
Mg, Na and K), Nitrogen, Phosphorous and organic carbon.

Data from intermediate readings of growth parameters 
were processed by excel software and presented into tempo-
ral variation curves. While the final measurements of the 
growth parameters were subjected to analysis of variance by 
SAS program (SAS 1990) and the significant differences 
between the means of the treatments were assigned accord-
ing to Duncan Multiple Range Test.

Results

Characterization of the growth media (soil and tree 
manures) and seed germination

The particle size distribution of the soil used was pre-
dominated by sand (68.7%), whereas silt and clay contents 
were successively 11.1% and 20.2%, therefore the soil tex-
ture class was sandy. The soil reaction was slightly acidic 
(pH 6.8). The soil was also non-saline and non-sodic, with 
Ece of 0.4 dSm-1 and SAR of 2.2, respectively. It had low 
contents of exchangeable cations: 3.5 mmoll-1 Ca+Mg, 2.5 
mmoll-1 K and 2.5 mmoll-1 Na. The organic carbon, total 
nitrogen and available phosphorus contents of the soil were 
also very low with values of 0.1%, 0.01% and 2.7 ppm, 
respectively.

The tree manures used in this study have similar con-
tents of organic carbon and organic matter. Albizia lebbeck 
and Azadirachta indica have higher protein and nitrogen 
contents than Khaya senegalensis, with magnitude values of 
more than 2 folds (Table 1). Carbon to nitrogen ratio (C/N) 
values in Albizia lebbeck and Azadirachta indica manures 
were similar and can be categorized as medium range values. 
Nevertheless, C/N ratio in Khaya senegalensis manure was 
about 2 folds of that in the other tree manures and can be al-
located in the higher range values of this index. No great 
differences were found in the calcium and magnesium con-
tents in the manures of these trees. Even though, potassium 
and phosphorus contents in Albizia lebbeck and Azadirachta 
indica manures were slightly higher than that of their re-
spective values of Khaya senegalensis manure.

Acacia senegal seeds were directly sown in the different 
types of growing media. It was found that the highest ger-
mination has occurred in the media containing Albizia leb-
beck manure with average germination percentage of 89%. 
The next highest germination occurred in the media with 
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Fig. 1. Comparison of Acacia senegal seedlings’ shoot growth variation in the
control (Cont), NPK fertilizer (NPK) and tree manures of Albizia lebbeck
(AL), Azadirachta indica (AZ) and Khaya senegalensis (KH). (A), (B) and (C)
designate tree manure application doses of 25, 50 and 75 grams.

A B

C

Azadirachta indica manure with average value of 82.7%. 
Acacia senegal seed germination values in NPK fertilizer and 
the control averaged to 81% and 72%, respectively. The 
media containing Khaya senegalensis manure induced the 
lowest germination percentages, with mean value of only 
49%.

Temporal growth variation of Acacia senegal seed-
lings as affected by tree manures and NPK fertilizer

A) Shoot height: Comparison between the control, NPK 
and the tree manure doses of 25 g has shown that, Acacia 
senegal seedlings had similar average heights (Fig. 1A) at 
the initial measurements in September 2008. However, 
there after a great divergence occurred in the seedlings 
shoot height growth in the various treatments. Azadirachta 
indica and Albizia lebbeck manures have induced strong 
shoot height growth of the seedlings, which continued with 
strong vigor and high mean increments (6 cm per month). 
Shoot height growth in these treatments was sustained at 
upper parallel level to that in NPK fertilizer. Seedlings 
height growth in the control and Khaya senegalensis manure 
became identical as from the third month onwards and de-
murred at the lower parallel level compared to the other 
treatments.

Comparison between the control, NPK and the 50 g 
doses of tree manures has revealed approximately similar 
pattern of the seedlings shoot heights as pointed out for the 
25 g dose of tree manures (Fig. 1B). The major exception 
was that mean seedlings shoot height in the Khaya senegal-

ensis manure was less than that in the control and persisted 
at the lower parallel level through out the monitoring 
period. 

Comparison between the control, NPK and the 75 g 
doses of tree manures has shown that the shoot height was 
almost identical to that outlined for the 50 g tree manures. 
In addition, there was distinct divergence in the shoot 
height growth trend between all the treatments (Fig. 1C).

B) Root length: Root lengths of Acacia senegal seedlings 
in 25 g doses of tree manures and NPK fertilizer were very 
close to each other at the commencement of measurements 
(September 2008). There after, root length growth in 
Khaya senegalensis manure increased with strong vigor, with 
6 cm average increment per month, and passed at the upper 
parallel echelon line to the rest of the treatments (Fig. 2A). 
Root length growth in Azadirachta indica and Albizia lebbeck 
manures occurred at the lower parallel level to that of the 
above-mentioned treatment and had almost identical val-
ues, particularly from October 2008 onwards. Root length 
growth in the control and NPK fertilizer was almost identi-
cal during the monitoring period and was the lowest in 
comparison to the other treatments. 

The comparison between the 50 g doses of tree manures 
with the control and NPK fertilizer showed that the tree 
manures have induced stronger root length growth than the 
NPK fertilizer and the control (Fig. 2B). Root length 
growth in Albizia lebbeck and Azadirachta indica manures 
went on with sustained increasing increment ever since the 
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Fig. 2. Comparison of Acacia senegal seedlings’ root growth variation in the 
control (Cont), NPK fertilizer (NPK) and tree manures of Albizia lebbeck
(AL), Azadirachta indica (AZ) and Khaya senegalensis (KH). (A), (B) and
(C) designate tree manure application doses of 25, 50 and 75 grams.

A B

C

start of measurements. Root growth in Khaya senegalensis 
manure was less strong than in the two other manure types 
during the first months of observations. Nevertheless, in 
the latter months (November on wards) growth resumed 
with very strong rate so that in January the root lengths be-
came very similar to the rest of tree manures. In the NPK 
fertilizer and the control root lengths of the Acacia senegal 
seedlings had almost identical values and occurred at the 
lower rate to the other treatments.

The comparison between the control and NPK fertilizer 
with 75 g doses of tree manures (Fig. 2C), revealed that 
root length growth patterns in the various treatments was 
very much similar to that illustrated in the Fig. 2B. The 
major deviation from this pattern was that root length 
growth rate in Khaya senegalensis manure was less strong 
and did not reach the values attained by the other tree man-
ure treatments.

C) Diameter: Diameter growth performance of Acacia 
senegal seedlings in 25 g doses of tree manures and NPK 
fertilizer has shown that, the seedlings had nearly the same 
average diameter value in September 2008. There after, di-
ameter growth rate began to diverge out (Fig. 3A). Diame-
ter growth in the Azadirachta indica manure was the stron-
gest, that in the control was the weakest and that in the other 
treatments occurred in a mid-way rate.

In the two other sets of comparison between the control, 
NPK fertilizer and the 50 and 75 g doses of tree manures 
(Figs. 3B and 3C), the seedlings diameter growth pattern 

was very much similar. The general trend was that, diame-
ter growth rate in Azadirachta indica manures was higher 
than in the rest of the other treatments; meanwhile, the con-
trol induced persistently the lowest diameter growth rates. 

Final growth parameter values of Acacia senegal 
seedlings

The performance of Acacia senegal seedlings growth in 
the different growing media has shown the highest shoot 
lengths were recorded in media containing Azadirachta indica 
manures and which were significantly different (p≤0.05) 
from most of the other growing media types (Table 2). The 
second best performance of the seedlings shoot height 
growth was detected in Albizia lebbeck manures and which 
were significantly different from values pertaining to Khaya 
senegalensis manures and the control. The performance of 
seedlings shoot heights in NPK fertilizer and the control 
followed in the third and fourth places, respectively. Khaya 
senegalensis manures induced the shortest seedlings shoot 
heights. The growth vigor of tree manures on Acacia senegal 
seedlings shoot heights increased with increasing applica-
tion doses; this trend was depicted by augmentation in the 
case of Azadirachta indica and Albizia lebbeck and diminution 
in the case of Khaya senegalensis manure.

All the types of tree manures used have induced the 
Acacia senegal seedlings root length growth with equal vigor. 
Root lengths in these treatments were invariably greater 
than that of NPK fertilizer and the control. The mean root 
length difference between the tree manure treatments and 
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Fig. 3. Comparison of Acacia senegal seedlings’ diameter growth variation in 
the control (Cont), NPK fertilizer (NPK) and tree manures of Albizia lebbeck
(AL), Azadirachta indica (AZ) and Khaya senegalensis (KH). (A), (B) and (C)
designate tree manure application doses of 25, 50 and 75 grams.C

A B

Table 2. Acacia senegal seedlings growth parameters as affected by tree manures and NPK fertilizer in mixtures with sandy soil

Treatments‡ Shoot height
(cm)

Root length
(cm)

Shoot/Root
length ratio

Diameter
(mm)

Shoot 
biomass (g)

Root 
biomass (g)

Shoot/Root 
biomass ratio

Control 26.6cd 43.1a 0.6 3.5d 0.7d 0.6d 1.2
NPK 34.0bc 45.0a 0.8 4.2c 1.0d 0.7cd 1.4
AL1 38.ab 49.6a 0.8 4.5c 1.7c 1.0cd 1.7
AL2 39.2ab 56.8a 0.7 4.6c 2.0b 1.2c 1.7
AL3 39.3ab 63.6a 0.6 5.3b 2.5b 1.7b 1.5
AZ1 41.1ab 51.5a 0.8 5.3b 2.2b 2.1ab 1.0
AZ2 43.3a 51.2a 0.8 6.2a 3.1a 2.4a 1.3
AZ3 45.6a 59.9a 0.8 6.9a 3.5a 2.5a 1.4
KH1 26.6cd 59.5a 0.4 4.6c 0.8d 0.9cd 0.9
KH2 23.3d 55.5a 0.4 4.6c 1.2c 1.1c 1.1
KH3 22.0d 53.9a 0.4 4.9bc 1.3c 0.8cd 1.6

‡Control (zero addition); NPK fertilizer (addition of 30 g); AL, Albizia lebbeck; AZ, Azadirachta indica and KH, Khaya senegalensis; 1, 2 and 
3 correspond to 25, 50 and 75 g of tree manues. Values in the column followed by different letter (s) are significantly different at p＜0.05.

the control reached to about 12.6 cm; however, no sig-
nificant differences (p＞0.05) were found between all the 
treatments. The shoot/root length ratio values were very 
close to each other in all the treatments, averaging to 0.7, 
except in the Khaya senegalensis manures where the average 
ratio value was 0.4.

Azadirachta indica manures and the highest manure dose 
from Albizia lebbeck have induced the greatest increase in 
the Acacia senegal seedlings diameter, with average value of 6 
mm, and which was significantly different from the other 
treatments. Albizia lebbeck (the small and medium doses), 
Khaya senegalensis manures and NPK fertilizer have pro-
duced the next greater diameter size of the seedlings and 

that was significantly different from the rest of the treat-
ments. The smallest seedlings diameter size was found in 
the control and that was significantly different from the other 
treatments.

Azadirachta indica manures, particularly the medium and 
the higher doses have produced the biggest shoot biomass, 
and which was significantly different from the other treat-
ments. Albizia lebbeck manures yielded the second bigger 
shoot biomass. Khaya senegalensis manures came in the third 
place in increasing the shoot biomass. Then in the last rank 
in increasing the seedlings shoot biomass were the NPK 
fertilizer and the control treatments, and that were signi-
ficantly different from many other treatments.
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The various tree manures and NPK fertilizer have af-
fected the growth of the root biomass in a pattern very similar 
to that outlined for the shoot biomass. Thus, the root bio-
mass values have varied in the following descending order: 
Azadirachta indica＞Abizia lebbeck＞Khaya senegalensis＞
NPK fertilizer＞control. The shoot/root biomass ratios 
were generally above unity, but they did not show a definite 
trend of variation in the different categories of amendment 
or fertilizer applications.

Discussion

The contents of protein, N, P, K and organic carbon in 
the Khaya senegalensis manure are lower than that in the 
Azadirachta indica and Albizia lebbeck tree manures. Organic 
carbon contents in these tree species are similar to what is 
observed in leguminous tree species by Roy et al. (2006). 
C/N ratios in Albizia lebbeck and Azadirachta indica are low 
(15) denoting rich manure, which should decompose readily. 
Nevertheless, C/N ratio in Khaya senegalensis is twice higher 
than that in the precedent species, which implies that the fo-
liage of this species is of acidic type (with high contents of 
polyphenols) which would not decompose easily and may 
tend to accumulate.

Acacia senegal seed germination percentage was higher in 
the tree manure, particularly in the media containing Albizia 
lebbeck and Azadirachta indica manures and NPK fertilizer 
when compared with the control. Seed germination percen-
tages in Khaya senegalensis were the lowest to all other media. 
The higher germination percentages recorded in the media 
of Albizia lebbeck and Azadirachta indica manures could be 
attributed, partly, to the fact that tree manure when mixed 
with sandy soil tends to ameliorate the media structure and 
its bulk density, increases aeration and water holding ca-
pacity that should eventually stimulate germination condi-
tions. This observation is in agreement with works of many 
researchers (Önemli 2004; Sangakkara et al. 2004; Bot and 
Benites 2005; Kung’u et al. 2008) who found that different 
forms and compounds of organic matter (humic and fulvic 
substances, compost, rice straw and fresh Gliricidia spp. 
Leaves…etc) have stimulated and improved seed germina-
tion of various plant species. Even though, Khaya senegal-
ensis manure did not stimulate Acacia senegal seeds germina-
tion with the same vigor as the other tested tree manures. 

This might be attributed a phenomenon observed by many 
authors (Magdoff and van Es 2000; Kung’u et al. 2008; 
Mubarak et al. 2009) in which some types of organic mat-
ters are known to suppress seed germination through a 
process generally termed as allelopathic effects; through 
which phytotoxic compounds damage or inhibit seed ger-
mination of many plant species.

The summary of results of the effects of tree manures 
and NPK fertilization on the growth of A. senegcal seedlings 
has shown that the performance of the various treatments 
were as follows: Azadirachta indica (AZ)<Albizia lebbeck 
(AL)<Khaya senegalensis (KH)<NPK<control (Cont). It 
is remarkable that the performance of Acacia senegal seed-
lings growth parameters was vigorous in the tree manures 
media, particularly, that of Azadirachta indica and Albizia 
lebbeck of all application doses and that the seedlings growth 
stimulation in the NPK fertilizer was relatively mediocre. 
The stimulation of Acacia senegal seedlings growth by these 
tree manure substrates was due to their amelioration of the 
physicochemical conditions of the growing media. This in-
dicates that, the manures of these tree species are easily de-
composable and release plenty of nutrients, and in addition 
to the organic matter that amends the media and nourish 
the seedlings, these observations are in agreement to reports 
in the literature by several researchers (Mafongoya et al. 
1998; Giller 2001; Young 2002; Mandal et al. 2003; 
Schroth and Sinclair 2003). Besides, manure of Azadirachta 
indica is known to act as pest and disease control, which is 
shown by many workers (NAP 1992; Agyarko et al. 2005; 
Mordue et al. 2005; Helmy et al. 2007; Solomon et al 
2008), and thus helping to create healthy growing environ-
ment for the seedlings. The weak effects induced by the 
soluble NPK fertilizer on the Acacia senegal seedlings growth 
parameters might be attributed to the loss of nutrients from 
the porous sand media by irrigation water and hence the 
seedlings could have less available nutrients to absorb.

The low growth of Acacia senegal (except the root growth) 
observed in the media amended with KH tree manure in 
comparison to the other tree manures could be due to poor 
nutrient contents in this material and reduced decom-
position rate due to high C/N ratio, and this in agreement 
with reports by Bot and Benites (2005) and Roy et al. 
(2006). More over, the seedlings growth might has been af-
fected by high lignin and polyphenols in the KH manure, 
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which are considered as phytotoxic substrates for some 
plants, where similar cases were shown by Giller et al. (2006) 
and Zeng et al. (2008). However, seedlings in KH manures 
had longer roots than the other used manure types; a plau-
sible reason to this response may be due to the fact that, the 
manure of KH had low nutrient content and in addition its 
high lignin might have caused further nutrients immobili-
zation, especially N and P, from the media. In such con-
ditions, roots have to explore more soil volume in search of 
nutrients to satisfy the growth needs of the seedlings, and 
this observation is in agreement with literature reports by 
Harris (1992) and Sileshi et al. (2007).

Generally, the results from this study, have shown the 
great potential of tree manures which can be incorporated 
in the nursery growing media. Azadirachta indica tree man-
ures applications induced the highest effects on Acacia sene-
gal seedlings followed by Albizia lebbeck. Khaya senegalensis 
manure was found to be less effective in stimulating Acacia 
senegal seedlings shoot height growth, but it induced root 
growth. Tree manures effects on Acacia senegal seedlings 
growth increased with increasing amounts of applications: 
75 g＞50 g＞25 g doses.

References

Agyarko K, Kwakye PK, Bonsu M, Osei BA, Asante JS. 2005. 
Effect of neem and organic amendments on nematode pop-
ulations in a coastal savanna tropicals soil. Phytoparasitica 33: 
343-346.

Bot A, Benites J. 2005. The Importance of Soil Organic Matter: 
Key to Drought-Resistant Soil and Sustained Food Production. 
Food and Agriculture Organization of the United Nations, 
Italy, Rome.

Carnol M, Bazgir M. 2013. Nutrient return to the forest floor 
through litter and throughfall under 7 forest species after con-
version from Norway spruce. Forest Ecology and Management 
309: 66-75.

Deans JD, Diagne O, Nizinski J, Lindley DK, Seck M, Ingleby K, 
Munro RC. 2003. Comparative Growth, Biomass Production, 
Nutrient Use and Soil Amelioration by Nitrogen-Fixing Tree 
Species in Semi-Arid Senegal. Forest Ecology and Management 
176: 253-264.

Descheemaeker K, Muys B, Nyssen J, Poesen J, Raes D, Haile M, 
Deckers J. 2006. Litter Production and Organic Matter Accu-
mulation in Exclosures of the Tigray highlands, Ethiopia. Forest 
Ecology and Management 233: 21-35.

Duchaufour P. 1984. Abregé de pédologie. Masson, Paris, France, 

220 pp.
Eghball B, Ginting D, Gilley JE. 2004. Residual Effects of Manure 

and Compost Applications on Corn Production and Soil Pro-
perties. Agron J 96: 442-447.

Elamin HM. 1990. Trees & Shrubs of the Sudan. Ithaca Press, 
Exeter, England, 484 pp.

Giller KE. 2001. Nitrogen Fixation in Tropical Cropping Systems. 
CABI Publishing, Wallingford, Oxon, UK, 423 pp.

Giller K, Misiko M, Tittonell P. 2006. Managing Organic Resour-
ces for Soil Amendment. Leisa Magazine 22: 16-17.

Harmand JM, Njiti CF, Bernhard-Reversat F, Puig H. 2004. 
Aboveground and Belowground Biomass, Productivity and 
Nutrient Accumulation in Tree Improved Fallows in the Dry 
Tropics of Cameroon. Forest Ecology and Management 188: 
249-265.

Harris RW. 1992. Root-Shoot Ratios. Journal of Arboriculture 18: 
39-42.

Helmy WA, Amer H, EL-Shayeb NMA. 2007. Biological and 
Anti-Microbial Activities of Aqueous Extracts from Neem Tree 
(Azadirachta indica A. Juss., Meliaceae). Journal of Applied 
Sciences Research 3: 1050-1055.

Kalra YP. 1998. Handbook of Reference Methods for Plant An-
alysis. CRC Press, Taylor & Francis Group, LLC, Washington 
DC, 291 pp.

Khan MA, Khitran TA, Baloch MS, Sulemani MZ. 1999. 
Allelopathic Effect of Eucalyptus on Soil Characteristics and 
Growth of Maize. Pakistan Journal of Biological Sciences 2: 
390-393.

Klute A. 1986. Methods of Soil Analysis. Part 1: Physical and 
Mineralogical Methods. American Society of Agronomy, Soil 
Science Society of America, Madison, Wis, 1188 pp.

Kung’u BJ, Kihara J, Mugendi DN, Jaenicke H. 2008. Effect of 
Small-Scale Farmers’ Tree Nursery Growing Medium on 
Agroforestry Tree Seedlings’ Quality in Mt. Kenya Region. 
Scientific Research and Essay 3: 359-364.

Laclau JP, Ranger J, Gonçalves JLM, Maquère V, Krusche AV, 
M’Bou AT, Nouvellon Y, Saint-André L, Bouillet JP, Piccolo 
MC, Deleporte P. 2010. Biogeochemical Cycles of Nutrients in 
Tropical Eucalyptus Plantations Main Features Shown by 
Intensive Monitoring in Congo and Brazil. Forest Ecology and 
Management 259: 1771-1785.

Landis TD. 1990. Containers and growing media (Vol. 2). In: The 
Container Tree Nursery Manual (Landis TD, Nisley RG, eds). 
US Department of Agriculture, Forest Service, Washington 
DC, pp 41-85.

Mafongoya PL, Giller KE, Palm CA. 1998. Decomposition and 
Nitrogen Release Patterns of Tree Prunings and Litter. Agrofor-
estry Systems 38: 77-97.

Magdoff F, Van Es H. 2000. Building Soils for Better Crops. 
Sustainable Agriculture Network, Beltsvile, MD, 230 pp.

Mandal UK, Singh G, Victor US, Sharma KL. 2003. Green 
Manuring: Its Effect on Soil Properties and Crop Growth un-



Daldoum Mohamed A. Daldoum and Ghassan Habib Hammad

J For Env Sci 31(4), 303-311     311

der Rice-Wheat Cropping System. European Journal of Agro-
nomy 19: 225-237.

Miller JH, Jones N. 1995. Organic and Compost-based Growing 
Media for Tree Seedling Nurseries. World Bank, Washington 
DC.

Montagnini F, Jordan CF, Machado RM. 2000. Nutrient Cycling 
and Nutrient use Efficiency in Agroforestry Systems. In: The 
Silvicultural basis for Agroforestry Systems (Ashton MS, 
Montagnini F, eds). CRC Press LLC, Boca Raton, Fla.

Mordue AJ, Morgan ED, Nisbet AJ. 2005. Azadirachtin, a 
Natural Product in Insect Control. Comprehensive Molecular 
Insect Science 6: 117-135.

Mubarak AR, Elbashir AA, Elamin LA, Daldoum DMA, 
Steffens D, Benckiser G. 2008. Decomposition and Nutrient 
Release from Litter Fall in the Semi-arid Tropics of Sudan. 
Communications in Soil Science and Plant Analysis 39: 
2359-2377.

Mubarak AR, Daldoum DMA, Sayed AM. 2009. Note on the 
Influence of Leaf Extracts of Nine Trees on Seed Germination, 
Radicle and Hypocotyl Elongation of Maize and Sorghum. 
International Journal of Agriculture & Biology 11: 340-342.

Muoghalu JI, Akanni SO, Eretan OO. 1993. Litter Fall and 
Nutrient Dynamics in a Nigerian Rain Forest Seven Years after 
a Ground Fire. Journal of Vegetation Science 4: 323-328.

Nair PKR. 1993. An Introduction to Agroforestry. Kluwer Academic 
Publishers in cooperation with International Centre for Research 
in Agroforestry (ICRAF), Gainesville, Florida, 489 pp.

National Research Council (US). 1992. Neem : A Tree for Solving 
Global Problems. Report of an Ad Hoc Panel of the Board of 
Science and Technology for International Development, National 
Research Council. National Academies Press, Washington DC, 
152 pp.

Önemli F. 2004. The Effects of Soil Organic Matter on Seedling 
Emergence in Sunflower (Helianthus annuus L). Plant Soil 
Environ 50: 494-499.

Rao MR, Mathuva MN. 2000. Legumes for Improving Maize 
Yields and Income in Semi-Arid Kenya. Agricultural, Ecosys-
tems and Environment 78: 123-137.

Roy RN, Finck A, Blair GJ, Tandon HLS. 2006. Plant Nutrition 
for Food Security. A Guide for Integrated Nutrient Manage-
ment. FOA, Italy.

Sangakkara UR, Liedgens M, Soldati A, Stamp P. 2004. Root and 
Shoot Growth of Maize (Zea mays) as Affected by Incorporation 
of Crotolaria juncea and Tithonia diversifolia as Green Manures. 
Journal of Agronomy and Crop Science 190: 339-346.

SAS. Institute Inc. 1990. SAS/Graph User’s Guide, Release 6.04. 
SAS Institute, Inc. Cary, N.C.

Schroth G, Sinclair FL. 2003. Trees, Crops and Soil Fertility: 
Concepts and Research Methods. CABI Publishing, Wallingford, 
UK, 451 pp.

Sileshi G, Akinnifesi FK, Mkonda A, Ajayi OC. 2007. Effect of 
Growth Media and Fertilizer Application on Biomass Alloca-
tion and Survival of Uapaca kirkiana Müell Arg Seedlings. 
Scientific Research and Essay 2: 408-415.

Solomon MG, Okon PB, Umoetok SBA. 2008. Effects of Neem 
Extracts on Soil Properties, Microbial Populations and Leaf 
Area of Fluted Pumpkin (Telfairia occidentalis). Research Journal 
of Agronomy 2: 12-17.

Uddin MB, Mukul SA, Arfin Khan MAS, Hossain MK. 2007. 
Effects of Phosphorous Fertilizer on Seedlings Growth and 
Nodulation Capabilities of some Popular Agroforestry Tree 
Species of Bangladesh. Journal of Forestry Research 18: 283- 
286.

Whiting D, Card A, Wilson C, Reeder J. 2009. Using Manure in 
the Home Garden. CMG Garden Notes #242. Colorado State 
University Cooperative Extension. 242(1-4). Website: www.cmg. 
colostate.edu.

Xiaogai G, Lixiong Z, Wenfa X, Zhilin H, Xiansheng G, Benwang 
T. 2013. Effect of Litter Substrate Quality and Soil Nutrients on 
Forest Litter Decomposition: A Review. Acta Ecologica 33: 
102-108.

Young A. 2002. Effects of Trees on Soils, The Natural Farmer 
(Special Supplement on Agro-Forestry Soil Fertility and Land 
Degradation). Website: www.nofa.org.

Zeng RS, Mallik AU, Luo SM. 2008. Allelopathy in Sustainable 
Agriculture and Forestry. Springer, New York, 389 pp.




