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Abstract

The response of three timber
tree species of Azadirachta indi-
ca, Khaya ivorensis and K. sene-
galensis (6-year- old) grown on
loamy sand soil to different
NPK- fertilization levels were
studied during 2008 and 2009
seasons at the Tropical Farm,
Kom- Ombo, Aswan, Egypt.
Levels of N, P and K in the ferti-
lizer mixtures were variables as
N 30, 45 and 60; P 20, 35 and 50;
and K 20, 30 and 40 g and influ-
enced the growth parameters of
the tree. Chemical analysis
showed that the highest foliar
concentrations of P and K were
obtained by fertilizing with N 45-
P 35- K 30 g/tree. These amounts
were divided into three equal
doses added at August, Septem-
ber and October during both sea-
sons. Data obtained showed that
the mixture of N 45- P 20- K 40
g/tree produced the longest and
thickest stems. The maximum N
content in leaves was obtained by
applying N 60- P 20- K 20 ¢/
tree. Concerning the effect of
NPK- fertilization on wood spe-
cific gravity of the three woody
tree species, all fertilization lev-
els resulted in significant in-
crease in this parameter, while
the mixture of N 45- P 20 — K 40

o/ tree was more effective in re-
spect of wood specific gravity.
Introduction

Applications of fertilizer to
the soil beneath trees and shrubs
are sometimes needed to replen-
ish essential mineral elements
and promote healthy. However,
trees require nutrients to live and
thrive. When one or more of the-
se nutrients are deficient in the
soil, the tree will not reach its full
landscape potential, be more sus-
ceptible to disease and insect
problems, and have a shorter life
than the well-fertilized one.

Basic plant nutrition involves
the uptake of sixteen mineral el-
ements essential to plant growth.
The elements nitrogen (N), phos-
phorus (P) and potassium (K) are
required in a greatest abundance.
Research in woody plant nutri-
tion has shown however that ni-
trogen is the element that yields
the greatest growth response in
trees and shrubs. For this reason,
high nitrogen fertilizers with N-
P-K ratios of 4-1-1, 3-1-1 or 3-1-
2 are generally recommended for
feeding  established  woody
plants. These include fertilizers
with analyses such as 8-2-2, 15-
5-5, 24-8-16 and similar formula-
tions. The analysis refers to %
nitrogen, % phosphorus and %
potassium in the fertilizer
(Kujawski and Ryan, 2010).
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In England, Mitchell and
Chandler (1939) showed that
there is a strong relationship be-
tween nitrogen supply and radial
increment of several deciduous
trees of the Northeast and esti-
mated that only 15% of the soils
supporting hardwood species had
an optimum nitrogen status.
However, Hoyle and Bjorkbom
(1969) emphasized that not only
N but also P and K in mineral
soils in New Hampshire were
deficient for growth of yellow
birch.

Dickens et al. (2003) pointed
out that many acres of southern
pines potentially benefit from
improved forest nutrition and
result in sizeable investment re-
turns. Proper fertilization should
be considered as an integral part
of a good forest management,
and be based on the pine species
grown, site and stand characteris-
tics, target product goals, and
market prices.

The impact of fertilization on
wood quality in hardwoods has
been less widely investigated
than effects upon softwoods.
However, increased specific
gravity in trees from fertilized
stands has been shown in tests
involving red oak (Szopa et al.
,1977) and red oak and white ash
(Mitchell, 1972).

On the other hand, a 60-year-
old northern hardwood stand
treated with NPK fertilizer ob-
served that growth rate of sugar
maple, paper birch, and yellow
birch were increased over un-
treated trees by 128, 69, and
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51%,
,1973).

Samuelson et al.(2001) stated
that Sweet gum trees under irri-
gation and fertigation had in-
creased height, diameter, and
production of foliage, stem, and
branch mass. Fertigation in-
creased annual increment in
woody net primary productivity
and projected leaf area index.

Nutrient concentration in soil
solution has been of interest for
many decades as indicators of
soil fertility in agriculture (Hoa-
gland et al., 1920) and forestry
(Wang and Zabowski, 1998).

Khaya senegalensis (Desr.)
A.Juss. is the most common spe-
cies in the mahogany family
(Meliaceae) in Egypt particularly
in the South. It produced a valua-
ble wood for carpentry, joinery,
furniture, cabinet work, ship
building and decorative veneer. It
is suitable for construction, floor-
ing, interior trim, vehicle bodies,
railway sleepers and pulpwood
(Arbonnier, 2004).

Khaya ivorensis A. Chev.;
the wood (trade name: African
mahogany) is highly valued for
furniture, cabinet work, decora-
tive boxes and cases, and veneer,
and is also commonly used for
window frames, paneling, doors
and staircases. It is suitable for
light construction, light flooring,
ship Dbuilding, vehicle bodies,
handles, sporting goods, musical
instruments and  pulpwood
(Phongphaew, 2003).

Azadirachta indica A. Juss.,
referred to neem tree, is a mem-
ber of the Meliaceae family. This

respectively  (Safford
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tree can reach heights of 30m
with a trunk girth of 2.5m and
live for over two centuries. Parts
of this tree have been used for
medicine, shade, building materi-
als, fuel, lubrication, and most of
all as pesticides (Menn, 1990).

Recently reclaimed soils are
low in organic matter, N, P, K
and micronutrients particularly in
the tested area according to the
previous studies of Sayed (2001).
Keeping all this in view, the pre-
sent study was conducted with
the following objectives: (1)
would this relatively fast growing
stand respond to different rates of
NPK fertilization, (2) would
there be an increase in N, P, and
K content in leaves of the tested
trees with fertilization, (3) is the
specific gravity of wood affected
by using these treatments and
what is the proper combination of
NPK- fertilizer that produced
more woody yield?.

Materials and Methods
Plant material:

This invistigation was con-
ducted at the Tropical Farm,
Kom-Ombo, Aswan (Southern
Egypt) during 2008 and 2009
seasons to study the effect of
NPK fertilization on growth, nu-
trient levels and the specific
gravity of wood (as the most im-
portant of physical properties) of

45

6-year-old Khaya senegalensis,
K. ivorensis, and Azadirachta
indica trees at a spacing of 3.5 by
3.5 m. The soils of these planta-
tions are newly reclaimed (loamy
sand), their chemical properties
are presented in Table (1).
Methods:

The major nutrient fertiliza-
tion combinations available were
the following: NOPOKO(control
or no fertilizer), N30P20K20,

N30P20K40, N30P35K40,
N30P50K20, N30P50K30,
N30P50K40, N45P35K30,
N45P20K40, N45P35K40,
N45P50K20, N45P50K30,
N45P50K40, N60P50K40,
N60P20K20, N60P35K20,

N60P35K30 and N60P50K20 g
fertilizer per tree. These amounts
were applied at the first week of
August, September and October
during both seasons and given as
ammonium nitrate (33%N), cal-
cium superphosphate
(15.5%P205) and potassium sul-
phate (50%K20).

A split plot design with three
replicates was done, one tree of
the tested trees for each replicate.
The main plots were assigned to
the woody trees of
K.senegalensis, K. ivorensis and
A. indica and fertilization treat-
ments as sub- plots.
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Table (1): Some chemical properties of the soil before NPK-

fertilizer application.

Character Value
EC.ms/s 0.24
pH 8.5
CaCo3 % 4,79
Ca™ Meg/L 1.26
Mg Meg/L 0.43
Na* Meg/L 0.36
K" Meg/L 0.11
CO?; Meg/L
HCO3 1.36
Meg/L
Cl" Meqg/L 0.26
SO,% Meg/L 0.34
N% 0.17
P mg/kg 1.70
K mg/kg 76.13
0.M.% 0.33

Collected data:

The following parameters were
obtained for K.senegalensis, K.
ivorensis and A. indica trees:
mean annual of height growth
(m), mean annual of diameter
growth (cm) and number of main
branches. Nitrogen content in
leaves of the tested trees was es-
timated by using semi-micro-
kjeldahl method. Phosphorus and
potassium contents in leaves of
the trees were determined.
Specific gravity (SG) determina-
tion:

A -Wood samples preparation:

Wood samples were randomly
obtained from tree stems at di-
ameter at breast height (dbh) that
is, 130 cm from the ground in
such a way that the samples ob-
tained represent all the wood
types (sapwood, transition wood
and heartwood) by taking sam-
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ples from different position radi-
cally across the bole at this posi-
tion and thoroughly mixing them
together to ensure randomization.
Samples were adequately coded
for easy identification and taken
to the laboratory for SG determi-
nation.

B - Measured of SG:

SG was measured for five (5)
samples from each of the eight-
een (18) trees per species of pre-
determined weight using the wa-
ter displacement method at mean
ambient temperature of 25 C
after oven dry the wood samples.
A volume of 200 ml was used in
a 250 ml beaker which made it
possible to measure the wood SG
directly without bark.

All means were compared us-
ing LSD at 5 % level according
to Gomez and Gomez (1984).
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Soil analysis:

Samples were collected from
the surface soil (0-20cm) under
trees and was analyzed after the
two seasons of NPK fertilization
using Walkely and Back's meth-
od (Jackson 1973), the soil pH
was detected in 1:1 soil-water
suspension using pH meter, elec-
trical conductivity (E.C.) in 1:1
soil-water extracts using electri-
cal conductivity meter was esti-
mate.

Results

I-Response of the tested melia-
ceous trees to NPK-
fertilization:

a- Mean of annual height
growth of trees (m):

Significant increases were ob-
served of mean annual height
growth of trees due to applying
different fertilization treatments.
The tallest tree resulted from us-
ing N45P20K40 level in both
seasons while, the shortest tree
was observed in the control
treatment (Table 2). Concerning
the general effect of the tested
trees on the mean annual height
growth of trees regardless of fer-
tilization treatments, it is obvious
that the differences between trees
were significant. The tallest stem
length was K. senegalensis and
the shortest one was A. indica.
The interaction between NPK-
fertilizer rates and tree species
was significant only in the se-
cond season. Meanwhile, the
tallest trees were obtained from
K. ivorensis which fertilized by
N45P20K40.

b -Mean of annual diameter
growth of trees (cm):
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Mean of annual diameter
growth of trees was significantly
affected by all different NPK-
fertilization treatments as shown
in Table (3). However, the high-
est value (2.99 cm) of annual
diameter growth of stem was re-
sulted from N45P20K40 level,
whereas the lowest value (1.25
cm) in the mean of seasons was
obtained from unfertilized treat-
ment. In addition, the highest
value (3.31 cm) of this character
in the mean of two seasons was
obtained from K. ivorensis trees.
Concerning the interaction be-
tween treatments and tree spe-
cies, fertilizing of K. senega-
lensis with N45P20K40 level
followed by using N60P50K40
on K. ivorensis proved to be the
most effective treatments to pro-
duce the thickest stem.

C -Number of main branches:

Mean number of main branch-
es as affected by different NPK-
fertilizer treatments on the tree
species are given in Table(4) for
the 2008 and 2009 seasons.
N30P50K40 level pronouncedly
increased the number of main
branches, while using
N45P35K40 level resulted in the
least one. The trees of K. ivoren-
sis gave the highest number of
main branches, while K. senega-
lensis trees gave the lowest num-
ber of main branches. The inter-
action between tested fertilization
levels and tree species indicated
that fertilizing K. ivorensis with
N30P35K40 rate gave the highest
number of main branches in both
seasons.
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I1-Nutrient contents in tree
leaves:
a-Nitrogen % in tree leaves:
Trees fertilized with NPK had
significantly higher foliar N con-
centration than leaves from un-
fertilized trees. The increment of
nitrogen percentage in tree leaves
reached to 221.62 % in the mean
of seasons due to applying the
N60P20K20 level compared to

the control (Table 5). When there
were significant differences in
foliar N% of tree species, A. in-
dica contained more pronounced
of nitrogen in their leaves than
the other tree species. The inter-
action between fertilization levels
and the tested trees reveals that
rate of N30P35K20 gave the
maximum foliage content of N
compared to the other treatments.

Table (2): Effect of NPK fertilizer treatments on the mean annual
height growth (m) of Khaya ivorensis. K. senegalensis and
Azadirachta indica trees during 2008&2009 seasons.

Treatment First season (2008) Second season (2009)
2 K%}
4 N < = N4 N2 < =

NOPOKO 054 | 058 |0.32 | 0.48 | 0.57 | 0.60 | 0.33 | 0.50
N30P20K20 | 1.05 | 0.84 | 057 | 0.82 | 1.15|1.09 | 0.62 | 0.96
N30P20K40 | 1.15 |1.33 |0.60 | 1.02 |1.32|1.48 | 0.67 | 1.16
N30P35K40 | 1.03 |0.96 |0.61 |0.87 |1.16| 1.08 | 0.67 | 0.97
N30P50K20 | 1.38 | 1.08 | 0.62 | 1.03 | 1.16 | 1.20 | 0.70 | 1.02
N30P50K30 | 1.16 | 1.00 | 0.83 | 1.00 | 1.33 | 1.10 | 0.93 | 1.12
N30P50K40 | 0.96 | 157 |0.67 | 1.07 | 1.06 | 1.18 | 0.74 | 0.99
N45P35K30 | 0.97 |1.06 |0.69 | 091 |1.08|1.19 |0.77 | 1.01
N45P20K40 1.38 |1.33 | 0.75|1.15 | 154|147 | 083 |1.28
N45P35K40 | 1.07 |1.24 | 067 | 099 |1.20|1.36 | 0.75 | 1.11
N45P50K20 | 1.19 [ 0.94 | 0.65 | 093 |1.33|1.04 | 0.73 | 1.04
N45P50K30 | 1.13 | 1.19 | 063|098 |1.26|1.34 | 0.70 | 1.10
N45P50K40 1.17 | 1.23 | 0.78 | 1.06 |1.33|1.36 | 0.86 | 1.18
N60P50K40 | 1.20 | 1.14 |0.78 | 104 | 131 |1.28 | 0.86 | 1.15
N60P20K20 | 1.11 |1.17 | 0.69 | 099 |1.20 | 1.31 | 0.76 | 1.09
N60P35K20 | 0.92 | 1.25 |0.75|0.97 |1.05|1.38 | 0.83 | 1.09
N60P35K30 | 1.03 {091 | 074|090 |1.16|1.02 | 0.84 | 1.00
N60P50K20 | 0.86 | 1.23 | 0.68 | 0.92 | 0.96 | 1.35 | 0.77 | 1.03
Mean 1.07 | 1.11 | 0.67 1.18 | 1.21 | 0.74

LSD at 5% A=0.19 B=0.11 A=0.13 B=0.06

AB=N.S. AB=0.10
A: Trees B: NPK fertilization rates AB: Interaction
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Table (3) : Effect of NPK fertilizer treatments on the mean annual di-
ameter growth (cm) of Khaya ivorensis. K. senegalensis and
Azadirachta indica trees during 2008&2009 seasons.

Treatment First season (2008) Second season (2009)
2 2

@ S %) o

S |5 |3 S 1% |

Y ¥ < b= X X < =
NOPOKO 203 | 119 | 044 [ 122 | 211 | 1.25 | 0.48 | 1.28
N30P20K20 | 3.36 | 1.67 | 0.83 | 1.95| 3.80 | 1.87 | 0.93 | 2.20
N30P20K40 | 2.75 | 2.61 | 0.91 | 2.09 | 3.08 | 2.87 | 1.01 | 2.32
N30P35K40 | 3.11 | 1.91 | 0.59 | 1.87 | 3.45 | 2.16 | 0.65 | 2.09
N30P50K20 | 2.99 | 235 | 0.87 [ 2.04| 3.21 | 263 | 0.96 | 2.27
N30P50K30 | 3.12 | 195 | 092 [ 200 | 3.44 | 216 | 1.03 | 2.21
N30P50K40 | 2.70 | 3.08 | 0.92 | 2.23 | 3.02 | 3.38 | 1.04 | 2.48
N45P35K30 | 2.71 | 1.95 | 0.50 | 1.72 | 3.03 | 215 | 055 | 1.91
N45P20K40 | 3.51 | 451 | 092 [ 298| 3.90 | 4.04 | 1.03 | 2.99
N45P35K40 | 3.32 | 3.25| 0.85 | 247 | 3.75 | 357 | 0.95 | 2.76
N45P50K20 | 3.24 | 191 | 0.73 | 196 | 3.60 | 2.14 | 0.82 | 2.18
N45P50K30 | 3.61 | 2.76 | 0.65 | 2.34 | 3.97 | 3.11 | 0.71 | 2.60
N45P50K40 | 2.94 | 3.13 | 0.76 | 228 | 3.29 | 351 | 0.83 | 255
N60P50K40 | 3.63 | 257 | 1.00 | 2.40 | 4.06 | 2.83 | 1.11 | 2.67
N60P20K20 | 3.46 | 2.04 | 1.05 | 2.18 | 3.85 | 2.27 | 1.21 | 2.44
N60P35K20 | 3.69 | 2.49 | 0.64 | 2.27 | 406 | 2.78 | 0.71 | 2.52
N60P35K30 | 3.43 | 1.90 | 058 | 1.97 | 3.77 | 211 | 0.64 | 2.18
N60P50K20 | 3.03 | 2.87 | 0.92 | 227 | 3.36 | 3.21 | 1.03 | 2.53
Mean 3.14 | 245 | 0.78 3.49 | 272 | 0.87
LSDat5% | A=0.30 B=0.19 A=0.12 B=0.14

AB=0.32 AB=0.25
A Trees B : NPK fertilization rates AB : Interaction
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Table (4) : Effect of NPK fertilizer treatments on the number of main
branches of Khaya ivorensis. K. senegalensis and Azadirachta
indica trees during 2008&2009 seasons.

Treatment First season (2008) Second season (2009)

2] N2
2 2
2 k) 2 | o
N Y < = N ¥ < >
NOPOKO 43 |27 |57 42|47 | 30 | 6.3 | 4.7

N30P20K20 3.7 336344143 |43 |73 ] 53
N30P20K40 3.7 20|73 43|47 |30 83|53
N30P35K40 73 143]60(59[80]|50 73] 68
N30P50K20 60 | 57|67 (6167 |63 |77]69
N30P50K30 27 | 57160483763 |70 57
N30P50K40 87 140706693 |50 83|76
N45P35K30 53 | 47140 48|63 | 53 |57] 58
N45P20K40 73 17143 44|77 | 23 |53 ] 51
N45P35K40 57 127120 (34|67 |37 33|46
N45P50K20 53 | 47140 |47]60| 53 |53]| 56
N45P50K30 73 |50]40 548057 |50] 6.2
N45P50K40 7016063647770 73] 73
N60P50K40 60 | 67|37 |54]|60]| 77 |47] 61
N60P20K20 6.0 [ 30|80 |57 |67 | 40 | 90| 6.6
N60P35K20 57 | 63|53 58|67 | 73 |67 69
N60P35K30 3.7 |40[50 42|43 |50 ]60] 51
N60P50K20 6.3 |57 ]53|59|73]|63|67] 6.8

Mean 57 |43 | 54 6.4 | 52 | 6.5
LSD at 5% A=0.4 B=0.6 A=0.3 B=0.4
A: Trees B: NPK fertilization rates AB: Interaction
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Table (5): Effect of NPK fertilizer treatments on the nitrogen percent-
age in leaves of Khaya ivorensis. K. senegalensis and Aza-
dirachta indica trees during 2008&2009 seasons.

Treatment First season (2008) Second season (2009)
2 R%)
S |8 |2 |g |2 |g |2 |§
N 4 < = 4 N < >
NOPOKO 107 | 1.17 | 1.08 | 1.10 | 1.08 | 1.17 |1.09 | 1.11
N30P20K20 | 1.12 | 2.11 | 2.05 | 1.76 | 1.16 | 2.17 | 2.09 | 1.81
N30P20K40 | 1.82 | 190 | 1.86 | 1.86 | 1.89 | 1.96 | 1.90 | 1.92
N30P35K40 | 199 | 162 | 1.68 | 1.76 | 2.07 | 1.65 | 1.73 | 1.82
N30P50K20 | 1.80 | 1.85 | 2.35 | 2.03 | 1.96 | 191 | 242 | 2.10
N30P50K30 | 1.57 | 1.72 | 2.06 | 1.78 | 1.60 | 1.77 | 2.12 | 1.83
N30P50K40 | 1.87 | 2.06 | 1.62 | 1.85 | 1.91 | 2.14 | 1.65| 1.90
N45P35K30 | 1.74 | 1.78 | 2.14 | 1.89 | 1.79 | 1.83 | 2.18 | 1.93
N45P20K40 | 1.89 | 1.89 | 2.31 | 2.03 | 1.93 | 1.95 | 2.40 | 2.09
N45P35K40 | 1.80 | 1.74 | 2.08 | 1.87 | 1.84 | 1.78 | 2.12 | 1.91
N45P50K20 | 2.03 | 1.91 | 2.01 | 1.98 | 2.08 | 1.95 | 2.07 | 2.03
N45P50K30 | 1.67 | 1.44 | 169 | 161 | 1.72 | 149 |1.74 | 1.65
N45P50K40 | 1.77 | 196 | 1.87 | 1.87 | 1.81 | 2.04 | 192 | 1.92
N60P50K40 | 152 | 1.76 | 2.19 | 1.83 | 1.59 | 1.83 | 2.23 | 1.88
N60P20K20 | 2.16 | 1.64 | 1.99 | 1.93 | 2.24 | 1.69 | 2.03 | 2.99
N60P35K20 | 1.84 | 1.96 | 2.20 | 2.00 | 1.89 | 2.02 | 2.29 | 2.07
N60P35K30 | 158 | 2.14 | 261 | 211 | 1.61 | 2.19 | 2.66 | 2.15
N60P50K20 | 1.81 | 1.39 | 198 | 1.73 | 1.86 | 143 |2.04 | 1.78
Mean 1.73 | 1.78 | 1.99 1.78 | 1.83 | 2.04
LSD at 5% A=0.09 B=0.01 A=0.05 B=0.06
AB=1.15 AB=0.10
A: Trees B: NPK fertilization rates AB: Interaction

b -Phosphorus % in tree leaves:

The fertilized trees had signifi-
cantly more P% in their leaves
than unfertilized ones (Table 6).
However, N45P35K30 fertiliza-
tion increased phosphorus con-
tent in tree leaves compared to
the other treatments. A. indica
shows an apparent response to
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NPK fertilization in its foliage
during the two successive sea-
sons, whereas the least response
was K. senegalensis tree. The
interaction  between fertilizer
treatments and tree species for
P% in the foliage was significant.
Repeated N45P35K30 fertiliza-
tion level on A. indica trees for
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two seasons produced more P
content in their foliage than the
other treatments.
¢ -Potassium % in tree leaves:
Significant increase was ob-
served in leaf K content as a re-
sult of using different NPK- ferti-
lizer treatments. The highest K
content in leaves resulted from
applying N2P2K2 fertilization
level while, the lowest K content
was observed in the con-
trol(NOPOKO) as shown in Table
(7). Concerning the general effect
of different tree species on potas-
sium content regardless of treat-
ments, it is obvious that differ-
ences between trees were signifi-
cant. The highest K content was
recorded with A. indica leaves
and the least one was K.ivorensis.
The interaction between NPK
treatments and tree species was
significant, applying N45P35K30
level with A. indica proved to be
the most effective treatment to
produce more K content.
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I11-Specific gravity of wood
(SG):

Table (8) showed highly sig-
nificant variation in the data ob-
tained for the specific gravity
from each species as affected by
NPK treatments. Generally, K.
senegalensis had the lowest
value(0.593) of SG while A. in-
dica had highest with a value of
0.674. On the other hand, the
highest values of SG in wood
samples of the tested trees result-
ed from using N45P20K40 ferti-
lization level followed by
N45P50K40 one.
v-Soil properties :

The results of soil properties as
shown in Table (9) indicated that
fertilization increased most soil
nutrients. Positive changes in
chemical properties of soil under
trees, particularly in Ca, Mg, N,
P, K, and organic matter, were
recorded two years after fertiliza-
tion treatments.
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Table (6) : Effect of NPK fertilizer treatments on the phosphorus per-
centage in leaves of Khaya ivorensis. K. senegalensis and
Azadirachta indica trees during 2008&2009 seasons.

Treatment First season (2008) Second season (2009)

K% k) k%) k)

2 g = g 2 g | B g

Y 4 < = 4 N < p=
NOPOKO 0.125 | 0.097 | 0.133 | 0.120 | 0.140 | 0.100 | 0.140 | 0.127
N30P20K20 | 0.194 | 0.143 | 0.207 | 0.183 | 0.210 | 0.153 | 0.213 | 0.192
N30P20K40 | 0.153 | 0.120 | 0.257 | 0.184 | 0.187 | 0.120 | 0.267 | 0.191
N30P35K40 | 0.124 | 0.137 | 0.233 | 0.173 | 0.157 | 0.140 | 0.243 | 0.180
N30P50K20 | 0.154 | 0.133 | 0.187 | 0.162 | 0.177 | 0.143 | 0.197 | 0.172
N30P50K30 | 0.183 | 0.090 | 0.260 | 0.177 | 0.183 | 0.090 | 0.270 | 0.181
N30P50K40 | 0.107 | 0.177 | 0.230 | 0.179 | 0.137 | 0.170 | 0.233 | 0.180
N45P35K30 | 0.172 | 0.203 | 0.237 | 0.201 | 0.170 | 0.213 | 0.243 | 0.209
N45P20K40 | 0.121 | 0.120 | 0.227 | 0.160 | 0.143 | 0.127 | 0.243 | 0.171
N45P35K40 | 0.109 | 0.163 | 0.183 | 0.160 | 0.140 | 0.177 | 0.183 | 0.167
N45P50K20 | 0.123 | 0.133 | 0.243 | 0.170 | 0.140 | 0.143 | 0.250 | 0.178
N45P50K30 | 0.191 | 0.150 | 0.270 | 0.199 | 0.183 | 0.160 | 0.273 | 0.206
N45P50K40 | 0.173 | 0.113 | 0.240 | 0.177 | 0.183 | 0.120 | 0.250 | 0.184
N60P50K40 | 0.176 | 0.127 | 0.207 | 0.157 | 0.143 | 0.130 | 0.217 | 0.163
N60P20K20 | 0.161 | 0.140 | 0.210 | 0.169 | 0.160 | 0.147 | 0.217 | 0.174
N60P35K20 | 0.183 | 0.160 | 0.213 | 0.178 | 0.163 | 0.170 | 0.223 | 0.186
N60P35K30 | 0.156 | 0.130 | 0.250 | 0.177 | 0.160 | 0.157 | 0.250 | 0.189
N60P50K20 | 0.161 | 0.157 | 0.217 | 0.184 | 0.183 | 0.163 | 0.227 | 0.191
Mean 0.157 | 0.139 | 0.222 0.164 | 0.146 | 0.230
LSD at 5% A=0.008 B=0.005 A=0.008 B=0.005

AB=0.008 AB=0.009
A: Trees B: NPK fertilization rates AB: Interaction
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Table (7) : Effect of NPK fertilizer treatments on the potassium per-
centage in leaves of Khaya ivorensis. K. senegalensis and

Azadirachta indica trees during 2008&2009 seasons.

Treatment First season (2008 Second season (2009)
2 2
wn [%2]
© kS g% 5
E = |2 |§ |28 |8 |2 |§
N N < = N N < =
NOPOKO 069 | 0.72 | 0.84 | 0.75| 0.70 | 0.73 | 0.85 | 0.76
N30P20K20 1.13 | 0.79 | 1.30 | 1.13 | 0.83 | 0.98 | 1.33 | 1.05
N30P20K40 083 | 111 | 1.16 | 1.03| 0.85 | 1.15 | 1.19 | 1.06
N30P35K40 076 | 1.17 | 1.16 | 1.03 | 0.78 | 1.19 | 1.18 | 1.05
N30P50K?20 0.86 | 1.07 | 1.07 | 1.00 | 0.88 | 1.09 | 1.10 | 1.03
N30P50K30 1.01 | 1.07 | 1.13 | 1.07 | 1.04 | 1.09 | 1.16 | 1.10
N30P50K40 0.93 | 0.80 | 1.07 | 093 | 0.94 | 0.83 | 1.09 | 0.95
N45P35K30 093 | 116 | 153 | 121 | 096 | 1.20 | 1.58 | 1.24
N45P20K 40 091 | 0.77 | 1.16 | 095 | 0.93 | 0.79 | 1.18 | 0.97
N45P35K40 093 | 1.08 | 1.20 | 1.07 | 0.96 | 1.10 | 1.23 | 1.10
N45P50K20 093 | 123|128 115|096 | 1.27 | 1.31 | 1.18
N45P50K30 1.01 | 093 | 1.14 | 1.02 | 1.04 | 095 | 1.16 | 1.05
N45P50K 40 0.90 | 1.00 | 1.07 | 099 | 0.92 | 1.02 | 1.09 | 1.01
N60P50K40 091 | 1.00 | 1.14 | 102 | 0.93 | 1.03 | 1.17 | 1.04
N60P20K20 0.70 | 1.01 | 0.96 | 0.89 | 0.71 | 1.04 | 0.99 | 0.91
N60P35K20 096 | 1.08 | 1.01 | 1.02 | 1.00 | 1.12 | 1.03 | 1.05
N60P35K30 1.12 099 | 125|112 114 | 101 | 1.29 | 1.15
N60P50K?20 0.87 | 1.00 | 1.04 | 0.79 | 0.90 | 1.02 | 1.06 | 0.99
Mean 0.91 1.01 | 1.14 091 | 1.03 | 1.17
LSD at 5% A=0.05 B=0.03 A=0.06 B=0.05
AB=0.06 AB=0.08
A: Trees B: NPK fertilization rates AB: Interaction

Table (8): Wood specific gravity response to NPK- fertilizer treat-
ments in Khaya ivorensis, K. senegalensis and Azadirachta
indica trees during 2009 season.

Treatments | K.ivorensis | K.senegalensis | A.indica M
NOPOKO 0.597 0.510 0.630 0.579
N30P20K20 0.623 0.523 0.670 0.605
N30P20K40 0.630 0.600 0.680 0.636
N30P35K40 0.623 0.573 0.660 0.618
N30P50K20 0.640 0.570 0.683 0.631
A= Trees B= NPK fertilization rates AB= Interaction
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Table (9): Some chemical properties of soil under Khaya ivorensis, K.
senegalensis and Azadirachta indica plantations during the

2008& 2009 seasons.
First season(2008) Second season
Characters (2009)
2 2
wn 2] [%2) 0
= |5 |2 |3 |§ |<
X 7] X 7]
% %
EC.ms/s 0.29 | 0.27 | 0.21 | 0.28 | 0.30 | 0.23
pH 83 | 83 84 | 83 82 | 81
CaCo3 % 4.1 5.0 51 | 50 | 52 | 5.0
Soluble Ca™ 141 | 155 | 1.16 | 1.30 | 1.70 | 1.30
cations Mg™. [0.69| 0.47 | 0.30 | 0.72 | 0.50 | 0.44
Meqg/L Na" 061 | 0.47 | 0.34 | 0.52 | 0.42 | 0.32
K* 0.15| 0.14 | 0.15 | 0.15 | 0.22 | 0.16
Soluble CO%; - -- - - - -
anions HCO; | 160 | 1.78 | 1.50 | 1.28 | 1.24 | 1.42
Meq/L CI 040 | 035 | 0.26 | 0.26 | 0.29 | 0.22
SO, |0.87| 051 | 0.24 | 055 | 0.40 | 0.10
N% 0.26 | 0.23 | 0.20 | 0.27 | 0.25 | 0.22
Pmg/kg | 1.95| 199 | 2.02 | 2.14 | 2.18 | 2.20
Kmg/kg | 80.2 | 855 | 83.1 | 947 | 95.3 | 91.1
OM% |042| 0.49 | 0.40 | 0.47 | 0.52 | 0.51
Discussion elements concentration in the

Growth responses:

The soil type on which the ex-
periment was established has
been defined as loamy sand
(newly reclaimed) soil , and large
growth increases have been ob-
tained on this soil type from ap-
plications of fertilization (Sayed,
2001).However, the constraint on
growth from nutrient deficiency,
measured as low of the major

55

foliage before fertilizing at this
site, was relieved with applica-
tion of fertilization resulting in
an increase in stem volume, com-
pared with unfertilized trees.
Large growth responses result-
ing from applied N fertilizer
could be sustained by further fer-
tilizer additions, recycling of N
within the trees, or supply from
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mineralization of accumulated
soil N (Neilsen et al, 1992).

The results of this study indi-
cated that species of the tested
trees may respond differentially
to fertilizer treatments. These
results suggest that research into
the possible use of nutrient ma-
nipulation as a means of influ-
encing growth of wood in the
newly reclaimed soil is needed.
Moreover, NPK application to
Khaya ivorensis, K. senegalensis
and Azadirachta indica planta-
tion resulted in increases in their
growth that depend on NPK lev-
el. Moreover, NPK application at
N2P1K3 rate resulted in the
highest values of annual height
and diameter growth, while using
the N1P3K3 level pronouncedly
increased the number of main
branches of trees. On the other
hand, application of NPK ferti-
lizer levels stimulates growth by
increasing the availability of nu-
trients generally, thereby enhanc-
ing crown development and the
size of photosynthesizing surfac-
es. These results are in agreement
with those reported by Aro
(2000) on scots pine and Caisse
et al. (2008) on black spruce.
The most obvious effect of ferti-
lizer addition on nutrient- limited
sites is an increase in growth
rates. This has been demonstrated
for different conifer species in
different locations (Nicholls,
1971; Bendtsen, 1978; Cown and
McConchie, 1981 and Shepard,
1982).

Specific gravity responses:

Of all indices that characterize

wood properties, specific gravity

56

is used universally to define
wood quality. The strong rela-
tionship of specific gravity to
mechanical  properties, fiber
yield, and other properties rele-
vant to the end use of forest
products, and the relative ease of
its determination, make it a sim-
ple and a good descriptor. How-
ever, it appears that density is
little affected by rapid growth
induced by fertilizer. In the pre-
sent study, applying NPK ferti-
lizer resulted in significantly in-
creased of wood specific gravity
and the most pronounced effect
was due to using the N2P1K3
rate. In this respect, slightly in-
creased specific gravity in trees
from fertilized stands has been
shown in tests involving red oak
and white ash (Mitchell, 1972).
Zobel and Talbert (1984), after a
review of findings by a number
of investigators and found sever-
al observations; these observa-
tions are interesting since they
raise the possibility of adjusting
fertilizer formulations to achieve
wood quality as well as growth
rate objectives. Otherwise, as
Larson (1969) explained fertiliza-
tion may have an adverse effect
by reducing the rate of crown
recession and prolonging the ju-
venile period.
Nutrient content in leaves:
Increased growth in this study
was associated with increased in
foliar N, P and K content and
improved visual and actual health
of the tested tree species. How-
ever, the highest values of K and
P contents in leaves resulted from
applying N2P2K2 rate, while the
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highest value of N content re-

sponses have been obtained with

the level N3P1K1 application.

Following fertilizing, increased

nutrients in tree leaves have been

noted by several studies; Hunter
and Hoy (1983); Ballard(1984);

Neilsen et al. (1992); Abd EI-

Aziz(2000) ; Sayed (2001) and

Abdou and El-Sayed(2002) .

Soil chemical properties:

There are many reports of for-
est management, including ferti-
lization, on chemical properties
of soil and can be compared in a
broad sense with our results. A
similar trend was evident in Eu-
calyptus regnans plantations
(Weston and Attiwill, 1996)
where concentrations of total or-
ganic and inorganic matter in-
creased in surface soil after ferti-
lization treatments. On the other
hand, the primary processes held
responsible for the formation of
high fertility soils around trees
relate to enhanced biological
processes with the seasonal and
long — term return of nutrients
accumulated in trees to the soil
through litter fall, root decay and
exudation and their mineraliza-
tion, as well as leaching of nutri-
ents stored in canopies ( Boffa,
1999).
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