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Effect of native soil fertility and mineral fertilizer on 
growth of pine seedlings in Uganda 
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Abstract. Commercial tree planting in Uganda is constrained by a lack of 
good quality seedlings due to poor soils used in nurseries. Two experiments 
were carried out; to evaluate the effects of different soils on the growth 
of the pine seedlings (experiment 1) and to compare the performance of 
seedlings provided with different NPK fertilizer formulations and amounts 
(experiment 2). Soils were collected from four forest reserves: Katugo (K), 
South Busoga (S), and Mbarara (M) and from Mubende forest reserve.  
Treatments were: 0, 0.5 kg and 1.0 kg levels; NPK fertilizer formulations 
25−5−5 (A), 17-17-17 (B) and 18−4−14 +TE (C) mixed in 1 m3 of soil. 
Composite soil samples were taken for laboratory analysis. Experiments 
were laid out in a completely randomized block design, but with a factorial 
treatment structure for experiment 2. Routine nursery management practices 
were carried out. Seedling heights and diameter were recorded. The results 
showed that SOM (site 1), total N (site 2) and available P, K, Ca and Mg 
were below the critical values. Low nutrient concentrations reduced growth, 
with seedling height highest in Katugo and girth highest in the Mbarara. 
Results of experiment two showed that there were no significant differences 
in mean heights for fertilizers A and C after a 1½ months application and B 
had a significant difference in the mean height and girth. However, fertilizer 
C girth results were significant with (Pvalue = 0.021, Pvalue = 0.001) at 1½ 
months and 3 months respectively. After 3 months, fertilizer B had the best 
mean height and mean girth at level 0.5 kg with (16.75 cm, 0.23 cm) re-
spectively, compared with fertilizer C and A with (13.42 cm, 0.175 cm) and 
(12.44 cm, 0.174 cm) respectively. From the results, a general NPK fertiliz-
er formulation 171717 is recommended for use at a rate of 0.5 kg m3 of soil.  
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Introduction

Soil fertility decline is a major problem in 
sub-Saharan Africa (Sanchez et al. 1997). In 
order to determine the extent of the soil fer-
tility problem in Uganda, soils from 62 sites 
distributed over the country were sampled to 
determine soil nutrient concentrations in the 
1960s (Foster 1981). The same sites were re-
sampled during the Uganda Land Management 
Study (1999−2002). Results showed that soil 
pH, calcium (Ca), extractable phosphorus (P) 
and potassium (K) were often below critical 
concentrations for most plants, although the 
amount of soil organic matter (SOM) had not 
changed signifi cantly (Ssali 2002). In some 
cases, the concentrations of available P, Ca and 
K in the top soil had declined by 20−70% com-
pared with the levels in the 1960s. This implies 
that the soils cannot supply optimum and bal-
anced amounts of nutrients for plant growth. 
 Irrespective of the soil fertility problems, the 
government of Uganda through the National 
Forestry Authority (NFA) and other donors 
(such as the Sawlog Production Grant Scheme 
– SPGS, which supports plantation investors 
with >30 ha) have embarked on a massive tree 
planting campaign, which requires a constant 
supply of good quality seedlings. Uganda has 
lost a signifi cant proportion of its forest cover 
from 108,000 km2 in 1890 to approximately 
49,000 km2 as of 2002 (MWE 2012). This is at-
tributed to poverty, political instability and in-
creasing demand for forest resources (Kayanja 
& Byarugaba 2001). The rate of deforestation 
is estimated at 55,000 ha per year and occurs 
mainly outside protected areas on private lands 
mainly due to agricultural expansion and fuel 
wood demand (Winterbottom & Eilu 2006). 
With Uganda’s population increasing from 
16.7 million in 1991 to an estimated 32 mil-
lion in 2009, the demand for forest products is 
greater than the supply (UBOS 2009). 
 However, as natural forests decline, estab-
lishment of plantation forests has increased 
globally to meet the ever increasing demand 

for forest products and environmental services 
(FAO 2005). Many private plantation inves-
tors have come up mainly in central Uganda, 
leading to an increase in demand for good 
quality seedlings. Pinus caribaea var. Hondu-
rensis (PCH), a fast growing, drought tolerant 
and versatile species is preferred, because of 
a 10−14% higher rate of returns, as compared 
with Eucalyptus (Jacovelli et al. 2009). Tree 
planting is envisaged to reduce poverty either 
through direct sales or employment, contribute 
to carbon sequestration, help to fi ll the current 
gap between timber supply and demand, and 
supply fuel wood. 
 Although most nurseries use imported seed 
from Australia and Brazil, seedlings spend 
a long time (4−6 months) in the nursery, are 
of poor quality due to the poor soils used and 
management (Jacovelli et al. 2009).  The ma-
jor nutrient requirements for pine growth are 
N, P, K and Mg, with N considered being the 
limiting element (Schöll 2006). Phosphorus is 
required for fi brous root development in order 
to increase the surface area for nutrient ab-
sorption. Balanced fertilization leads to the de-
velopment of a large and functional leaf area, 
which is crucial for enhancing pine productivi-
ty (Dickens et al. 2004). The ratios of the nutri-
ents required for Ugandan soils to increase the 
pine growth rates are not known. In Uganda, 
there are several NPK fertilizers on the market 
such as 17−17−17, 25−5−5, 25−5−5 + 5S and 
18−4−14 + T.E (trace elements like Zn, Mg, 
B, Mo). Surprisingly, these fertilizers are sold 
at the same price (US$ 50 per 50 kg bag) de-
spite the differences in nutrient concentrations. 
Therefore, there is a need to study the effects 
of low soil fertility on pine growth, evaluate 
pine responses to NPK fertilization and deter-
mine the best fertilizer and the right quantities 
to use. 
 In this paper, we present results from two 
experiments: 1 carried out to evaluate the 
performance of pine seedlings grown in soils 
from the major pine plantations in Uganda and 
2 carried out to evaluate the effects of differ-
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ent NPK fertilizer formulations and quantities 
on pine seedling growth. The objectives of 
the studies were to: (i) determine the effects 
of soils from three major plantations on pine 
growth, (ii) compare the formulations and 
quantity of NPK that produces the recom-
mended seedling height and diameter and (iii) 
determine the best formulation and quantity of 
NPK that produces the recommended seedling 
height and diameter. 

Materials and methods 

Experimental sites

Experiment 1 was carried out at the National 
Tree Seed Centre (NTSC), Namanve located 
in central Uganda (0 20’ N 32 41’ E; elevation 
1155 m.a.s.l.) and operated by the National 
Forestry Authority (NFA) (Figure 1). Mean an-
nual rainfall is 1200 mm, with two rain seasons 
(March-May and August-December). Mean 

annual temperature ranges between 21−23°C. 
Experiment 2 was carried out at Mubende 
Gatsby Club tree nursery project in Mubende 
district (0 30.9’ N 31 29.3’ E; elevation 1218 
m.a.s.l.), western Uganda (Figure 1). Mean 
rainfall and temperature range are similar to 
values for site 1.

Seeds, soil procurement, mixing and potting

For experiment 1, mycorrhizal soils were col-
lected from Katugo (K) – pine stand 35 years, 
Mbarara (M) and South Busoga (S) - pine 
stand 14 years, while sand and top soil used 
were obtained from the NTSC. Mixtures were 
made in the ratio of 1:2:3 (sand: mycorrhizal 
soil: top soil) (Evans & Turnbull 2004), but the 
control had only sand and top soil. For experi-
ment 2, the top forest soil used was collected 
from Mubende forest reserve and mycorrhizal 
soil was obtained from Boma hill pine planta-
tion (>20 years). Soils were mixed thoroughly 
in the ratio of 7 mycorrhizal soil:10 top forest 

Map of Uganda showing the study sites, Namanve (central Uganda)  - site 1 and Mubende (west-
ern Uganda) – site 2

Figure 1 
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soils in order to make approximately 1 m3 of 
mixed soils (SPGS 2009). This ratio was used 
because the soils have a high proportion of 
sand (Table 1). For both experiments, the dif-
ferent soil mixtures were then sieved through 
a 2 mm sieve mesh. The soil heaps of each soil 
mixture were covered with a polythene sheet 
and left intact for two weeks to allow weed 
seeds germinate. For experiment 2, three NPK 
levels were used 0, 0.5 and 1.0 kg in 1 m3 of 
mixed soils and three NPK mineral fertilizer 
formulations 25−5−5+5S (A), 17−17−17 (B) 
and 18−4−14 + TE (C). Mixing was done, for 
example to make A0.5, 0.5 kg of crushed NPK 
fertilizer 25−5−5+5S granules were added fi rst 
to 5 kg of mixed soils (pre-mixing) and then 
mixed thoroughly with the remaining quantity 
of soil. The same procedure was followed to 
make the other treatments. All the soils were 
covered and left to stay for two weeks for the 
mixture to stabilize. Pots of 2.5 inch wide by 
4-inch tall were used for both experiments. 
Seeds were obtained from the NTSC. 

Experimental design

The experiments were laid out in a completely 

randomized block design (CRBD). For experi-
ment 1, the treatments were K, M, S and Con-
trol (C) replicated four times. Each replicate 
contained 50 pots, giving total of 800 plants. 
For experiment 2, a factorial treatment struc-
ture was used with four replications. Each 
plot had 15 seedlings (Figure 2), each block 
consisted of 405 seedlings, and a total of 1620 
seedlings were used. 

Soil sampling and analysis

For experiment 1, fi ve sub-samples from each 
soil treatment were collected at different heap 
depths and mixed to obtain a composite sam-
ple, giving a total of 4 composite samples. For 
experiment 2, fi ve sub-samples were collected 
at different heap depths and mixed to obtain a 
composite sample, giving a total of 4 compos-
ite samples. The samples were analyzed at the 
Makerere University soil and plant analytical 
laboratory for soil pH, organic matter, total ni-
trogen, available phosphorous, exchangeable 
calcium, magnesium and potassium. Soil sam-
ples were oven dried at 50°C for two consecu-
tive days, ground to pass through a 2 mm sieve. 
The organic matter content was determined us

Chemical composition of the soils used in the experiment analyzed at the soil and plant analytical 
laboratory, College of Agriculture and Environmental Sciences, Makerere University

Table 1 

Note. Abbreviation: OM - ...

Site /
Treatments

OM 
(%) pH %N Av. P

mg kg−1
K
cmolckg−1

Ca
cmolckg−1

Mg
cmolckg−1

Soil particle
composition

Sand 
(%)

Clay
 (%)

Silt
(%)

Site 1
Katugo (K) 2.6 4.6 0.22 4.8 0.74 3.8 2.21 52 32 16
South Busoga (S) 2.9 5.1 0.22 5.2 0.99 6.5 3.78 46 26 28
Control (C) 3.0 5.0 0.36 8.4 1.23 5.1 2.96 44 26 30
Mbarara (M) 4.3 5.2 0.34 12.4 1.02 8.1 4.74 40 22 38
Site 2
Sample A 3.5 5.3 0.18 6.28 0.44 7.0 2.68 77 11 12
Sample B 3.5 5.0 0.19 8.11 0.43 5.4 2.74 75 15 10
Sample C 3.9 5.4 0.17 8.60 0.37 8.6 2.85 69 19 12
Sample D 3.5 5.2 0.11 7.99 0.44 7.0 2.68 77 10 13
Average 3.6 5.2 0.16 7.75 0.42 7.0 2.74 74 14 12
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ing the  Walkley-Black method; pH was de-
termined using de-ionised water with a soil 
to water ratio of 1:2.5, nitrogen content was 
determined by Kjeldahl method. The available 
phosphorus was determined by Bray-1 meth-
od. Exchangeable bases were extracted using 
ammonium acetate. Potassium was determined 
using a fl ame photometer and other bases us-
ing the atomic absorption spectrometer (AAS). 
The soil separates (sand, clay and silt) were de-
termined by mechanical analysis (Okalebo et 
al. 2002). 

Experimental establishment and management

Pot fi lling was done after two weeks of soil 
stabilization at both sites. Seeds of Pinus car-
ibaea var. hondurensis of germination percent-
age (80%) were soaked in cold water for 24 
hours, alternately removing and adding fresh 
water every 6 hours and planted in pots. Seed-
lings at both sites were watered twice a day 
i.e. at 10.00 am and at 3.00 pm during the fi rst 
month later only in the evening. Dithane M−45 
fungicide was sprayed on the seedlings every 
two weeks for one month, to control damping 
off. Durban pesticide was used once a month 
to control pests. Replacement for the seedlings 
that died with in the fi rst 2 weeks was done 
immediately using similar seeds that had been 
planted in transplant beds. The palm leaves 
providing shade were removed gradually after 
one month from the time germination. Weeds 
in the pots were removed by hand.  

Data collection and analysis

Seedling heights were measured using a 30 cm 
ruler and stem girth were measured at root col-
lar using a Vernier caliper at two week inter-
vals, two weeks from germination. Data from 
each plot and block was recorded separately. 
 Analysis of variance (ANOVA) was done 
and the mean heights and mean diameters were 
separated using the standard error of difference 
(S.E.D).  A 5% level of signifi cance was used. 

Results

Soil analysis results (experiment 1 and 2)

Soil analysis results from experimental site 
1 showed that organic matter decreased in 
Mbarara > Control > South Busoga > Katugo, 
with a range 4.3−2.6% (Table 1). The pH level 
was highest in Mbarara mixture with 5.2, fol-
lowed by South Busoga, Control and Katugo 
with the least pH of 4.6, indicating some acid-

Possible combinations in a single block 
arising from three NPK fertilizer formu-
lations (A, B, C) and three treatment le-
vels (0, 0.5 and 1.0 kg) for experiment 2

Figure 2  

1 A0   B0   C0 A0. 5   B0   C0 A1.0   B0   C0

2 A0   B0   C0. 5 A0. 5   B0. 5   C0 A1.0   B0   C0. 5

3 A0   B0   C1.0 A0. 5   B1.0   C0 A1.0   B0   C1.0

4 A0   B0. 5   C0 A0. 5   B0. 5   C0. 5 A1.0   B0. 5   C0

5 A0   B0.5   C0. 5 A0. 5   B0. 5   C1.0 A1.0   B0. 5   C0. 5

6 A0   B0. 5   C1.0 A0. 5   B1.0   C0. 5 A1.0   B0. 5   C1.0

7 A0   B1.0   C0 A0. 5   B1.0   C1.0 A1.0   B1.0 C0

8 A0   B1.0   C0. 5 A0.5   B0   C0. 5 A1.0   B1.0   C0. 5

9 A0   B1.0   C1.0 A0. 5   B0   C1.0 A1.0   B1.0   C1.0

Seedling arrangement in the experimental 
plots, where x = 0, 0.5, or 1.0 kg. For ex-
ample a factorial combination A0B0C0 had 
5 plants A0, 5 plants B0 and 5 plants C0. 
This gives 15×27 plants in a block, and a 
total of 1620 plants for the four blocks

Figure 3  

Ax Bx Cx

* * *
* * *
* * *
* * *
* * *
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ity. The nitrogen content was highest in the 
control (0.36%) followed by Mbarara, Katugo 
and South Busoga. Available phosphorous de-
creased Mbarara > Control > South Busoga > 
Katugo (Table 1). The highest amount of po-
tassium was recorded in the Control with 1.23 
cmolc kg−1 of soil. The amount of calcium was 
highest in Mbarara mixture at 8.1 cmolc kg−1of 
soil, and least in Katugo (3.8 cmolc kg−1). 
Similarly, the amount of magnesium was di-
rectly related to the amount of calcium. Soils 
from Katugo were sandy clay loams and loam 
for the other sites. Average soil chemical and 
physical properties of soils used in experimen-
tal 2 were organic matter (3.6%), pH (5.2) in-
dicating that soils were slightly acidic, total N 
was low (0.16%), available P was low (7.75 
mg kg−1), exchangeable K was very low (0.42 
cmolc kg−1). Ca, Mg and Na were 7.0, 2.74 and 
0.05 cmolc kg−1 respectively (Table 1). The soil 
texture was sandy loam (74% sand, 14% clay 
and 12% silt).

Allometric relationships at the end of the 
experimental period

At the end of the research period (4 months) 
for experiment 1, there was a weak relation-
ship between girth and height, with R2 = 
0.1858. The distribution of seedlings was more 

clumped together (Figure 4A). At the end of 
the experimental period (3 months) at site 2, 
the relationship between girth and height of the 
seedlings had R2 = 0.3245 (Figure 4B), indicat-
ing a better relationship. 

Comparison of the mean heights at experi-
mental sites 1 and 2

At experimental site 1, there was no signifi -
cant difference in mean height of seedlings at 
the end of the 1st, 3rd and 4th month (P–values 
= 0.152, 0.542, 0.066) respectively, but after 
the 2nd month (P-value = 0.023) (Table 2). 
At the end of the 2nd month, seedling heights 
decreased from Mbarara > control > Katugo 
> South Busoga. At the end of the 4th month, 
seedling heights in the various soil treatments 
ranged from 10.99-10.26 cm decreasing in the 
trend: Mbarara > Katugo > control > and South 
Busoga (Table 2). 
 For site 2, after 1½ month, there were no 
differences in height (H1) for the fertilizer A 
(P−value = 0.828) and C (P−value = 0.288), 
signifi cant differences were noted for ferti-
lizer B (P−value = 0.001) (Table 3). At the 
end of the experimental period, fertilizer B 
had a signifi cant difference in the height (H2) 
with (P−value = 0.000). There was no signifi -
cant difference in the height for fertilizer A 

Relationship between girth (cm) and height (cm) of the seedlings measured at the end of the ex-
perimental period (4 months) at site A and 3 months at site B

Figure 4  
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(P−value = 0.211) and C (P−value = 0.183).  
All the fertilizer interactions were not signifi -
cant at all the periods of the experiment.  

Comparison of the mean girths at experimental 
sites 1 and 2                                                
                                                                           
There was a signifi cant difference in girth at 
the end of the 1st month (P-value = 0.002) and 
no signifi cant difference at the end of the 2nd, 
3rd and 4th month (P-values = 0.262, 0.170 and 

The mean seedling heights (cm) in the soils mixture at different stages of pine growth measured at 
experimental site 1

Table 2 

Plant height means half way (1½ months) and at the end (3 months) of the experimental period at 
site 2

Table 3 

Note. S.E.D. - Standard Error of Difference, H1, H2, H3, H4 - mean seedling heights at 1st, 2nd, 3rd and 4th month.

Soil mixture Mean heights of seedlings (cm)
H1 H2 H3 H4

Katugo (K) 2.760 5.05 7.54 10.61
South Busoga (S) 2.840 4.98 7.77 10.27
Control (C) 2.910 5.16 7.26 10.54
Mbarara (M) 2.910 5.32 7.73 10.99
Grand mean 2.850 5.13 7.57 10.99
S.E.D. 0.078 0.12 0.38   0.27
P-value 0.150 0.02 0.54   0.06

Fertilizer Level Height 1 (H1) Height 2 (H2)
A (NPK 25−5−5) 0.0 9.168  (0.0601) 14.320  (0.1112)

0.5 9.155  (0.0605) 14.060  (0.1121)
1.0 9.118  (0.0601) 14.110  (0.1110)

Grand mean 9.147 14.163
P−Value 0.828   0.211
B  (NPK 17−17−17) 0.0 8.992  (0.0603) 13.680  (0.1116)

0.5 9.310  (0.0605) 14.560  (0.1118)
1.0 9.138  (0.0600) 14.260  (0.1110)

Grand mean 9.147 14.167
P −Value 0.001   0.000
C  (NPK 18−4−14+TE) 0.0 9.076  (0.0604) 14.010  (0.1119)

0.5 9.155  (0.0607) 14.300  (0.1121)
1.0 9.209  (0.0596) 14.190  (0.1104)

Grand mean 9.147 14.167
P −Value 0.288   0.183
Interactions
A*B ns ns
A*C ns ns
B*C ns ns
A*B*C ns ns
Note. In paranthesis are standard deviations measured for seedlings with NPK fertilizer formulations A, B, C and levels 
0.0, 0.5 and 1.0. ns - not signifi cant at 0.05 level, T.E. – trace elements.
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0.231 respectively) (Table 4). At the end of 
the 2nd month, the mean girths of treatments 
Mbarara and Katugo were similar (1.291 mm) 
and decreased in control > south Busoga. At 
the end of the 4th month, mean girths decreased 
in the trend: Mbarara > South Busoga > con-
trol and Katugo. Control and Katugo were 
equal (2.145 mm). 

 At experimental site 2, after 1½ month, there 
were no differences in the girth (G1) for fer-
tilizer A (P−value = 0.096), signifi cant differ-
ences were noted for fertilizer B (P−value = 
0.003) and C (P−value = 0.021) (Table 5). All 
the treatment interactions were not signifi cant 
at 0.05 level. At the end of the experimental 
period, fertilizer B had a signifi cant difference 

The mean seedling girth (mm) in soils mixture at different stages of pine growth measured at ex-
perimental site 1

Table 4 

Soil mixture Mean girth of seedlings (mm)
G1 G2 G3 G4

Katugo (K) 1.1005 1.2910 1.7413 2.1450
South Busoga (S) 1.1360 1.2653 1.7227 2.1570
Control (C) 1.1058 1.2780 1.6935 2.1450
Mbarara (M) 1.1168 1.2910 1.6911 2.2130
Grand mean 1.1147 1.2814 1.7122 2.1650
S.E.D. 0.0100 0.0150 0.0239 0.0384
P-value 0.0020 0.2620 0.1700 0.2310

Plant girth means (cm) half way (1½ months) and at the end (3 months) of the experiment at site 2Table 5 

Note. S.E.D. - Standard Error of Difference, G1, G2, G3, G4 - mean seedling girths at 1st, 2nd, 3rd and 4th month. 

Fertilizers Level Girth 1 (G1) Girth 2 (G2)
A (NPK 25−5−5) 0.0 0.1073  (0.000484) 0.1822  (0.00155)

0.5 0.1081  (0.000487) 0.1819  (0.00156)
1.0 0.1066  (0.000484) 0.1809  (0.00155)

Grand mean 0.1073 0.1816
P −Value 0.096 0.8340
B (NPK 17−17−17) 0.0 0.1062  (0.000485) 0.1733  (0.00155)

0.5 0.1086  (0.000487) 0.1886  (0.00156)
1.0 0.1072  (0.000483) 0.1830  (0.00155)

Grand mean 0.1073 0.1816
P −Value 0.0030 0.0000
C (NPK 18−4−14+TE) 0.0 0.1063  (0.000486) 0.1768  (0.00156)

0.5 0.1076  (0.000489) 0.1849  (0.00156)
1.0 0.1081  (0.000480) 0.1832  (0.00154)

Grand mean 0.1073 0.1816
P −Value 0.0210 0.0010
Interactions
A*B ns ns
A*C ns ns
B*C ns ns
A*B*C ns ns
Note. In paranthesis are standard deviations measured for seedlings with NPK fertilizer formulations A, B, C and levels 
0.0, 0.5 and 1.0. Abbreviations: G1, G2 mean seedling girths at 1st, 2nd, 3rd and 4th month, ns - not signifi cant at 0.05 level, 
T.E. – trace elements.
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in the girth (G2) with P−value = 0.000 and fer-
tilizer C with P−value = 0.001. There was no 
signifi cant difference in the mean girth for fer-
tilizer A. There was a big increase in the mean 
girth at treatment level 0.5 for both fertilizer B 
(NPK 17−17−17) and C (NPK 18−4−14+TE) 
as compared to that in level 0.0 and 1.0 (Table 
5).

Height to girth ratios

At site 2, there were signifi cant differences in 
the treatments (P <0.001) (Table 6). The con-
trol treatments had higher height to girth ratios 
but they were not signifi cantly different for the 
three fertilizers used. Levels 0.5 and 1.0 were 
not different for the three fertilizer types, sig-
nifi cantly different from the controls. The dif-
ference between the treatments at site 1 were 
not signifi cant (P−value = 0.459)(Table 6). 
         

The best fertilizer formulation and level

Further analysis was carried out at the 0.5 fer-
tilizer level to fi nd out the best fertilizer for-
mulation. Results showed that fertilizer B after 
1½ months and 3 months was the best formu-
lation with mean height of 10.26 cm, (P−value 
= 0.005) and 16.75 cm (P−value = 0.000), 
respectively. Fertilizer A (NPK 25−5−5) had 
a slightly higher mean height (8.94 cm) than 
fertilizer C (8.85 cm) after 1½ months, but this 
was not signifi cantly different from B. After 3 
months, fertilizer C had a better mean height 
(13.42 cm) than fertilizer A (12.44 cm)(Table 
7), although they were not signifi cantly differ-
ent. For mean girth at the 0.5 level, fertilizer B 
had the highest mean seedlings girth (0.1159 
cm, P−value = 0.014) and (0.2259 cm, P−value 
= 0.000) after 1½ months and 3 months, fol-
lowed by fertilizer C and A (Table 5). 
 

Plant height to girth ratio means at the end of the experimental period at site 1 and 2, with three dif-
ferent NPK fertilisers and three different levels and site 1, with soils collected from four sources

Table 6 

Site 2 Site 1

Fertilizer A
(NPK 25−5−5)

Level Height to girth ratio Treatment Height to girth ratio
0.0 82.690 K 49.810
0.5 76.760
1.0 78.770

Mean 79.200 S 48.140
Fertilizer B 
(NPK 17−17−17)

0.0 82.600
0.5 76.930 C 49.760
1.0 78.700

Mean 79.390

Fertilizer C (18−4−14+TE)
0.0 82.270 M 49.740
0.5 78.390
1.0 77.560

Mean 79.630
Grand mean 79.410 49.360
S.E.D. (treatments)   1.424   1.240
S.E.D. (fertilizer)   0.822
P-Value (treatments)  <0.001   0.459
P-Value (fertilizer)   0.873
Note. S.E.D. - Standard Error of Difference.
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Discussion

Soil analysis results

The pH ranges 4.6−5.2 (site 1) and 5.2−5.4 
(site 2) showed that the soils used were fairly 
acidic (Table 1). Soil acidity is important be-
cause it infl uences availability of nutrients 
such as phosphorus (Zingore 2006), which 
is crucial for root development. However, P. 
caribaea generally grows well on moderately 
acid soils (pH 3.5−6.0) and very poorly on al-
kaline soils (Evans 1992, Nieto & Rodriguez 
2003). Soils used at experimental site 1 had a 
lower sand fraction (40−52%), which is typi-
cal of the heavy soils from central Uganda and 
higher proportions of clay (22−32%) and silt 
(16−38%), as compared with 69−77% sand 
and 10−14% for both clay and silt at site 2. 
The higher proportion of sand allows quicker 
drainage of the excessive water. Kungu et al. 
(1991) noted that a substrate with a high water 
holding capacity may cause reduced seedling 
growth due to water logging and increased 
chances of damping off. At site 1, SOM was 
low at Katugo (K) – 2.6% and South Busoga 
(S) – 2.9%, and adequate in the control (C) and 
Mbarara (M). Soils used at site 2 had adequate 
levels of soil organic matter (average 3.6%), 
indicating that the variations in growth were 
due to the treatments. Studies have recom-
mended SOM levels of 3−5% in mineral top 

soil (Behari 2005). SOM has a big infl uence 
on soil chemical and physical properties; it 
contains 98% of the total N available (Zingore 
2006). Despite high levels of SOM at site 2, 
nitrogen levels were below the 0.2% threshold 
for good plant growth (average 0.16%). At both 
sites, available phosphorus was below 15 mg 
kg−1 required for good plant growth (Landon 
1986). At both sites the levels of exchangeable 
K, Ca and Mg were below the critical levels 
required for pine growth. May (1984) recom-
mended that the nutrient levels in pine nursery 
soil should be 75−100 mg P kg−1, 125−175 mg 
K kg−1, 600−900 mg Ca kg−1 and 60−90 mg 
Mg kg−1 for loamy sand and sandy loam; and 
75−125 mg P kg−1, 150−250 mg K kg−1, >900 
mg Ca kg−1,   and > 0 mg Mg kg−1 for loam, silt 
loam and clay loam. 

Relationships during growth

At experimental site 1, there was a weak rela-
tionship (R2 = 0.1858) between girth and height 
(Figure 3). This was also attributed to the size 
of the seedlings and the nutrient defi ciencies, 
especially phosphorus that is important for 
root growth and development. At this stage, 
the plant can not absorb nutrients from the soil 
without mycorrhizal association. Inadequate 
P thus affects the growth and functioning of 
the entire root system. For experimental site 
2, there was a fair relationship between girth 

Plant height and girth means (cm) half way (1½ month) and at the end (3 month) of the experi-
ment

Table 7 

Fertilizer Level Height 1 (H1) Girth 1 (G1) Height 2 (H2) Girth 2 (G2)
A (NPK 25−5−5) 0.5   8.937  (1.241) 0.105800  (0.0107) 12.437   (2.025) 0.17370   (0.0353)

B (NPK 17−17−17) 0.5 10.259  (1.281) 0.115900  (0.0142) 16.753   (2.005) 0.22590   (0.0368)

C (18−4−14+TE) 0.5   8.853  (1.533) 0.106300  (0.0076) 13.421   (2.188) 0.17470   (0.0222)

S.E.D.   1.308 0.000086   3.048 0.00072

P−Value    0.005 0.014000   0.000 0.00000
Note. S.E.D. - Standard Error of Difference, H1, H2, G1, G2 - mean seedling heights and girths at 1st, 2nd, 3rd and 4th month 
respectively. In paranthesis are standard deviations measured,  for seedlings at 0.5 fertilizer level  of the different NPK 
fertilizer formulations A, B, C at site 2.
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and height R2 = 0.32 (Figure 4). The increase 
in girth is not much affected by the increase 
in the height, probably because measurements 
were taken after only 3 months in the nursery. 
The relationship is highly correlated to the age 
of the tree in the plantation (Shibu et al. 2006). 
Seedlings tend to be taller to carter for the solar 
radiation capture. Nonetheless, the better rela-
tionship between girth and height is attributed 
to the different treatments that supplied the re-
quired nutrients, most especially phosphorus 
as compared to site 1.

Height, girth measurements and ratios

At experimental site 1, there were no signifi -
cant differences in the mean seedling height in 
the 1st, 3rd and 4th month (Table 2), probably 
due to limited variation in soil characteristics 
that favor plant growth. However, the discrep-
ancy in the 2nd month may have been caused 
by differences in soil conditions that infl u-
enced the plant nutrient uptake. At the end of 
the 4th month, mean heights were in the trend: 
Mbarara > Katugo > control > South Busoga. 
The height noted in Mbarara could be attrib-
uted to the higher SOM content (4.3%), nitro-
gen (0.34%) and available Phosphorus (12.4 
mg kg−1), as compared to other treatments 
(Table 1). However, the height attained of 10.9 
cm after 4 months was lower than the recom-
mended height by National Forestry Authority 
of 12−15 cm. The lengthy stay in the nursery 
increases seedling production costs, affects the 
quality of the seedlings and reduces the profi t-
ability (SPGS 2009).  
 The signifi cant difference (P-value = 0.002) 
in the girth at site 1 may be attributed to the 
vigor at seedling emergence (Table 4). Seed-
lings that emerge faster attain a relatively big-
ger girth. This is affected by the bulk density 
which affects porosity such that some seeds 
take longer time to germinate in the different 
media. Scagel & Davis (1988) observed that 
poor aeration affects roots leading to decreased 
growth. There was no difference in girth at the 

end of the 2nd, 3rd and 4th month. At the end of 
the 4th month, the control and Katugo registered 
the lowest mean girth (2.145 mm) in compari-
son to Mbarara (2.215 mm) and South Busoga 
(2.157 mm). The highest girth values may be 
attributed to the SOM level, available P and the 
presence of mycorrizial soil. Mycorrhiza takes 
in nutrients, which are diffi cult to acquire from 
the soil, moves elements and distant nutrients 
using the hypha, hence increasing plant growth 
(O’Keefe & Sylvia 1991). The low available 
P is probably responsible for the low value in 
Katugo as in the control. This is in line with 
Fox et al. (2006) who observed that a mini-
mum level of phosphorus in the soil is required 
for growth and to have a signifi cant mycorrhiza 
infection on the root especially for poor soils 
such as Ultisols. 
 At site 2, there was no signifi cant difference 
between the mean heights and mean girth of 
seedlings for fertilizer A (NPK 25−5−5) and 
C (NPK 18−4−14 + T.E) and at all levels (Ta-
ble 3 and 5). This is probably attributed to the 
low proportion of P in the two fertilizer for-
mulations, because the soil was poor (Table 
1). In soils very defi cient in P, the low nutri-
ent absorption by the plant may also affect the 
metabolism of other nutrients in the tissues, 
especially nitrogen. This is due to the addi-
tional energy requirement for reduction of 
N-NO3

- (Marschner 1995). Also a defi ciency 
of K may lead to a marked reduction in plant 
growth (Nicoloso 2001). At the end of the ex-
perimental period there was a slight increase in 
the mean height and girth for the two fertilizer 
formulations A and C. One posible reason is re-
lated to some root hairs that had developed but 
nitrogen and other nutrients were also limiting. 
Low nitrogen application rates, improper tim-
ing and faulty application methods may con-
tribute to the loss of nitrogen and the low effect 
of fertilizer to the crop (De Datta et al. 1983). 
 For the fertilizer B (NPK 17−17−17), there 
was a signifi cant difference in mean height and 
girth of the seedlings at 0.05 signifi cance level 
and at all different fertilizer quantities applied 
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(Table 3 and 5). This is attributed to the ferti-
lizer formulation having equal amounts of the 
different elements N, P and K by composition, 
indicating that all these nutrients were equally 
limiting. The seedlings in this treatment ben-
efi tted from balanced N, P and K supply, hence 
greatly increasing the height and girth. There 
was also a great variation in the mean heights 
of the seedlings at the different fertilizer quan-
tities applied. There was a minimum increase 
in the mean height and mean girth at level 0.0, 
followed by 1.0 and 0.5 levels. This showed 
that however much one increases the fertilizer 
quantity from 0.5 kg to 1.0 kg m−3 of soil, it 
has a very little impact on the mean height and 
girth increment. In this case, the experimental 
results contradict with the earlier recommen-
dations of 1 kg of NPK 17−17−17 m−3 of soil. 
Although the responses for the seedlings for 
fertilizers A and C in terms of the mean height 
were quite similar, there were some differ-
ences in the results of girth for treatment C 
(NPK 18−4−14 + T.E). There were signifi cant 
differences with (P−value = 0.021, P−value 
= 0.001) at 1½ months and 3 months respec-
tively, compared to fertilizer A with (P−value 
= 0.096, P−value = 0.834) for mean girth. This 
was attributed to the additional trace elements 
(T.E) in treatment C that are required for seed-
ling growth, while P and K in NPK 25−5−5 
were low with no trace elements. The major 
nutrient requirements for pines are N, P, K and 
Mg, with N considered being the limiting ele-
ment for tree growth (Schöll 2006). Nicoloso 
et al. (1999) observed that plant height, number 
of nodes on the stem, number of leaves, root 
length, dry matter and plant nutrient content in 
plant tissues decreased sharply with the omis-
sion of isolated P, S, N and K fertilization, both 
in A or B horizon soil.
 The height/girth ratios are widely used to as-
sess the quality of nursery seedlings (morpho-
logical vitality) and in many cases these have 
been correlated with seedling survival and/or 
growth after out planting (Bayley & Kietzka 
1997). However, it has been noted that height 

and diameter alone do not correlate with seed-
ling field performance in all cases (Jacobs et al. 
2005), due failure to account for differences in 
seedling physiology. Higher ratios (82:1) indi-
cating slender seedlings were observed at site 
2, especially for the control treatment (Table 
6), which may be attributed to an unbalanced 
nutrient supply. Higher ratios (80:1) have been 
reported to lead to stem bending and breakage 
in ponderosa pine (Wonn & O’Hara 2001). At 
site 1, the ratios were lower (49:1) and this 
may be attributed to soil quality (higher clay 
content and low fertility), which constrained 
both height and girth increment. 

The best fertilizer formulation and level

On comparison of the results for the differ-
ent fertilizer formulations and level (quantity 
applied) basis, fertilizer B (NPK 17−17−17) 
had the best mean height and mean girth in-
crement at the 0.5 level with 16.75 cm, 0.23 
cm respectively, compared with fertilizer C 
(13.42 cm, 0.175 cm) and A (12.44 cm, 0.174 
cm) respectively after only three months in the 
nursery (Table 7). The height level was above 
the recommended 12−15 cm by the National 
Forestry Authority and the Sawlog production 
grant scheme (SPGS) which recommends that 
pine seedlings to be planted in the fi eld should 
have attained an average height of 20 cm (min-
imum: 15 cm, maximum: 25 cm) (Jacovelli et 
al. 2009). This was due to the equal propor-
tions of the constituent elements in fertilizer B, 
most especially P which is highly required at 
the tender stage for proper root development. 
Therefore, the use of NPK 17−17−17 fertilizer 
at 0.5 kg m−3 of soil should be recommended 
to nursery operators in order to ensure faster 
seedling growth and to reduce time seedlings 
spend in the nursery.
   
          
Conclusions

(i) Soils from the three pine plantations had 
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low nutrient concentrations; consequently 
seedlings failed to attain the recommended 
height and girth after 4 months in the nursery.
(ii) Fertilizer formulation B resulted in the best 
mean height and mean girth increments (16.75 
cm, 0.23 cm) respectively, compared with fer-
tilizer C (13.42 cm, 0.175 cm) and A (12.44 
cm, 0.174 cm) after 3 months in the nursery.
(iii) NPK fertilizer formulation 17−17−17 at 
a rate of 0.5 kg m−3 of soil produced the rec-
ommended seedling height and diameter after 
only three months in the nursery. 
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