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ABSTRACT

Objectives: Pterocarpus angolensis trees are being harvested at an alarming rate in Zambia because of its
high value timber. Considering the low number of seedlings that recruit into adults in forests, efforts have
been devoted without success to propagate trees in nurseries. This study aimed at formulating a suitable
growth substrate to foster its propagation in nurseries.

Methodology and results: Soils underneath mature trees were collected and examined for the presence of
beneficial microorganisms. Laboratory analysis confirmed mycorrhizal contamination. Then, four subset soil
treatments were constituted and amended with chicken manure to enhance plant growth. They were (1)
sterilized soil without chicken manure in which mycorrhizae were destroyed, (2) sterilized soil with manure,
(3) unsterilized soil without manure and (4) unsterilized soil with manure used in a completely randomized
experiment with four replications to grow P. angolensis seeds. Seed germination was assessed, and plant
height, diameter, taproot length and biomass were recorded 30 and 70 days after germination. There was
no difference in seed germination rate between soil treatments. However, significant statistical differences
were found between soil treatments (P<0.05) for all the plant growth parameters assessed. Mycorrhizae-
colonized soils amended with chicken manure consistently resulted in significantly enhanced seedling
growth and profuse plant biomass production. Seedlings in mycorrhizae-colonized soil with chicken manure had
7.94% and 5.94% overall increment in height and stem collar diameter, respectively compared to 5.64, 5.28 and
6.85% height increment and between 3.33 and 4.64% collar diameter increment for the other treatments.

Conclusion and application of findings: The growth of P. angolensis seedlings in nurseries can be improved
by adding chicken manure and mycorrhizal inocula to the soil substrate. This silvicultural management is
cost-effective, as no fertilizers are needed since mycorrhizae increase considerably plant uptake of nutrients
mainly phosphorous and nitrogen. The enhanced seedling growth achieved necessitates expanded field
testing of the technology to ensure the feasibility of wider afforestation and reforestation programs that
have great potential for P. angolensis conservation in Zambia and within the region.

Key words: Pterocarpus angolensis; mycorrhizae; chicken manure; biodiversity conservation, Zambia

1054


mailto:kankolongo@cbu.ac.zm
mailto:mambayeba@yahoo.com
http://www.biosciences.elewa.org/

Moola et al.

J. Appl. Biosci. 2009. Effect of mycorrhizae on Pterocarpus angolensis

INTRODUCTION

Pterocarpus angolensis DC [Family: Fabaceae
Syn Papilionaceae] is an important forest tree
species that is found in the miombo woodlands of
Zambia and also in the dry evergreen and dry
deciduous forests (Storrs, 1995). It is also common
in Angola, Botswana, Democratic Republic of
Congo, Malawi, Mozambique, South Africa,
Swaziland, Tanzania and Zimbabwe (Aubrey,
2003; Caro et al., 2005; Chisha-Kasumu et al.,
2006). P. angolensis grows in mixed stands with
several other tree species such as Brachystegia
speciformis, Julbernardia paniculata, J. globiflora,
Parinari  curatellifolia, ~ Syzygium  guineense,
Uapaca species and [soberlinia angolensis
(Chisha-Kasumu et al., 2007). All these species
play an important role in the miombo ecosystem by
providing high value timber and non-timber forest
products that are at the core of local livelihoods
(Ng'andwe et al., 2007). Moreover, they constitute
a habitat for wildlife (Aubrey, 2003).

This tree species is highly sought after by
furniture makers for its high value timber (Aubrey,
2003; Mwitwa, 2004). The reason behind its heavy
commercial exploitation is the quality of wood
which is easy to work on when making carvings,
furniture, joinery, veneer and as multipurpose
timber (Aubrey, 2003; Hengari et al., 2004).
Furthermore, it has medicinal properties and is
able to cure ringworms, ulcers, eye infections,
malaria and stomach ache, and to increase blood
and the supply of breast milk (Storrs, 1995;
Aubrey, 2003). However, the rate at which P.
angolensis trees are being harvested is alarming
considering the low rate at which seedlings are
recruited into adult populations in nature (Caro et
al., 2005). Due to its high value timber, loggers
increasingly harvest even small-sized immature
trees in order to satisfy the expanding market
demand (Stahle et al., 1999).

Nursery propagation of P. angolensis has
not been successful (Hengari et al., 2004) and
attempts to grow the species commercially have
also been unsuccessful (Caro et al., 2005). In
addition, natural regeneration of P. angolensis
remains a problem due to failure of the seedlings

to survive during establishment (Chisha-Kasumu et
al., 2007). Recent studies of the seed bank
structure of P. angolensis in the Copperbelt
Province of Zambia found no seeds of the species
up to a depth of 20 cm and with only 95 saplings
per ha in disturbed miombo woodlands (Mimba,
2008; Musaba, 2008). This low survival rate has
been attributed to several factors including adverse
environmental and physical conditions of the
miombo woodlands that are characterized by long
dry seasons, continuous fire outbreaks and
browsing by animals in some areas (Stahle et al.,
1999; Aubrey, 2003; Mwitwa, 2004) as well as
recurrent annual dieback of seedlings, competition
from other trees mainly for light and delayed seed
production (Caro et al., 2005). The study by
Hengari et al. (2004) in South Africa showed that
P. angolensis trees in nature grow in association
with arbuscular mycorrhizal fungi (AMF) that
improve uptake of minerals such as phosphorus,
zinc, copper and iron required for plant
development. AMF also boost plant tolerance to
stresses, enhance photosynthesis, stimulate
production of plant growth hormones, and induce
production of antimicrobial compounds as plant
defense mechanism (Mishra & Mishra, 2004;
Arpana & Bagyaraj, 2007; Javaid et al., 2007).

According to Mwitwa (2004), the low rate
of natural regeneration dynamics of P. angolensis
and the inexistence of appropriate silvicultural
technology for seedlings management in the
nursery constitute major problems in the
propagation of this species. In South Africa,
Hengari et al. (2004) studied a soil with
mycorrhizal colonization levels of 45 and 75% and
found that P. angolensis seedlings with high AMF
colonization levels had fewer and smaller leaves,
produced less biomass and were less vigorous
than the seedlings with lower mycorrhizal
colonization levels. These observations indicated
there is need to determine the most suitable
environment for improved symbiosis between P.
angolensis and mycorrhizal fungi.

Thus, this study was undertaken to
ascertain the nature of mycorrhizal association
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with P. angolensis in forests in Zambia and to
formulate a suitable growth substrate for nursery
beds to enhance propagation of seedlings at large

MATERIALS AND METHODS

Soil collection and sterilization: The soil used for the
study is yellowish red, fine loamy and well drained
chromi-haplic acrisol and was collected underneath
mature P. angolensis trees in Mwekera National Forest
Reserve No. 6 (12°45 and 12°52'S; 28°16" and
28°30'E; 1200 to 1300m above sea level) situated 20
km South-east of Kitwe District in Copperbelt Province,
Zambia. The province is in the Agroecological Region
[l and experiences three seasons annually, i.e. a warm
and rainy period from November to April, a cold and dry
period from May to August, and a hot and dry period
from September to October. The annual rainfall ranges
between 1300 and 1800 mm with high temperatures
oscillating  between  27-33°C  and  minimum
temperatures between 9-14°C. The soil was obtained
at depth of between 10 and 20 cm which has high
levels of mycorrhizal activities (Negi, 1996). A subset
soil sample was wetted and steam-sterilized for 1 h at
120°C and 28.9 psi to destroy soil microbial activity.

P. angolensis seed sowing and germination: Seeds
of P. angolensis were purchased from the Zambia
National Tree Seed Centre and sown at Copperbelt
University (CBU) nursery in Kitwe. A portion of the
sterilized and the unsterilized soil samples were
separately amended with chicken manure, while other
portions were not amended. Chicken manure was used
to improve plant growth as it has been shown to
increase plant nutrient uptake (Aryantha et al., 2000;
Rdper et al., 2005). The treated soils were thoroughly
mixed with manure, and both treated and untreated
soils were wetted and filled in 10 cm diameter and 15
cm length polythene pots. Prior to sowing, seeds were
carefully nicked by removing a portion of the seed coat
to break seed dormancy (Chisha-Kasumu et al., 2007)
and planted 1 seed per pot at 2-3 cm depth. The pots
were then watered twice daily, in the morning and
afternoon, to facilitate seed germination and plant
growth. Germination was recorded starting when the
first seed emerged from soil, which was considered as
day 1.

Experimental layout and soil treatments: The
experiment consisted of four soil treatments, i.e. (1)
sterilized soil (mycorrhizae-uncolonized) without
chicken manure, (2) sterilized soil (mycorrhizae-
uncolonized) with manure, (3) unsterilized soil

scale commercial level to support the trees
afforestation and reforestation programs in the
country.

(mycorrhizae-colonized) without manure and (4)
unsterilized soil (mycorrhizae-colonized) with
manure. After assessment of seed germination, 36
pots with the most vigorously emerging seedlings were
chosen from each treatment to have in total 144 plants.
They were split into four replicates in a complete
randomized block design with 9 seedlings per
replication. In this design, the treatments are compared
within blocks without interference of block-to-block
variations (Clewer & Scarisbrick, 2001).

Mycorrhizae cultures and identification: The
remaining soil without manure was filled into pots and
used to grow maize seeds for in-vivo culture of
mycorrhizae (Brundrett et al., 1996; Wright &
Upadhyaya, 1996). To ensure effective soil
mycorrhizal colonization, additional inoculum in
small root pieces of 2-months old maize was applied to
the unsterilized soil treatments. Other roots were gently
removed from pots by washing under running tap water
and processed as described by Hengari et al. (2004).
They were stored in 50% ethanol for 1 day, rinsed with
sterilized water and soaked in 10% KOH solution
before autoclaving for 1 h at 90°C and 17.5 psi while in
the solution for delignification and making plant cells
flexible for free entry of water and dye. They were again
rinsed with sterilized water, immersed in 1% HCI
solution for 10 min and autoclaved as describe above.
After the last rinsing with sterilized water, they were
stained with 0.05% aniline blue solution and autoclaved
for 1 h. From the autoclave, they were kept in staining
solution for 3 days after which they were distained in 25
ml sterilized water and 475 ml lactic acid solution for 4
days. Thin root slices (about 20-30 um thick) were then
cut with razor blades, placed on microscope slides and
observed under light microscope for possible
modification of the roots as a result of the presence of
fungal mantle on the surface, and development of
arbuscules and vesicles inside root cells. Further
observations were done under a compound microscope
for additional fungal structures to identify mycorrhizae.
Determination of mycorrhizal colonization of maize
roots: Counting of the roots colonized by mycorrhizae
was done by observing fine maize roots, of 3 sub-
sample plants, from the distaining solution under
dissecting microscope using the gridline intercepts as
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described by Brundrett et al. (1996). The formula of
Dubey & Maheshwari (2002) was used to calculate the

% MC =

Total number of root segments showing Mycorrhizae association

mycorrhizae colonization percentage (%MC) as:

X100

Total number of observed root segments

Plant growth performance: Seedlings germination
rate was recorded 24 days from sowing when the first
plant emergence occurred and assessed for a period of
23 days after which no additional emergence was
observed. Plant health was evaluated for prevalence of
aphid, and for incidence of leaf spots and root rot. At 30
and 70 days after seed germination, plant height, stem
collar diameter and taproot length were recorded and
dry weight biomass productivity for both above and
below ground plant parts were determined. Plant height
was measured from the stem-root collar to the highest
terminal bud using a ruler whereas the stem-root collar
diameter was recorded using vernier calipers adjusted

RESULTS
Microscopic observations of maize roots showed that
they were colonized by VAM (Fig. 1) and the presence
of fungal hyphae, arbuscules and vesicles was
apparent in the roots as indicated by the aniline blue
stained areas in root cells (Fig. 2). Nearly all the root
cells were colonized by aseptate fungal hyphae in the
form of bundles of fine threads, intracellular branched
haustoria like arbuscules and round to oval thick walled
vesicles. Overall, the colonization of maize roots
observed amounted to 49.3%, thus confirming the
presence of VAM in the forest soil used for the study.

Seed germination started 24 days after sowing
when the first seedling emerged from soil and it varied
among the different soil treatments. The germination
ranged between 57.8% for soil without mycorrhizae but
with chicken manure and 76.6% in soil without
mycorrhizae and manure. The germination pattern of P.
angolensis seeds for the various soil treatments is
shown in Fig. 3. Neither damage from aphids nor leaf
spot symptoms were observed on the seedlings.
However, 5.6% of the seedlings grown in soil without
mycorrhizae but with chicken manure developed root
rot symptoms (Table 1).

ANOVA of plant height and stem collar
diameter data at 30 and 70 days after seed germination

to the nearest 0.1 mm. Taproot length was measured
from the stem-root collar site to the tip of the taproot
also using a ruler. Seedling biomass was assessed by
collecting roots from the pots after rinsing with running
tap water, dividing them into shoot and root parts, oven-
drying at 80°C for 24 h and estimating the plant dry
weight using an electronic beam balance.

Statistical analyses: Recorded data were subjected to
one way analysis of variance (ANOVA) using GenStat
Discovery Edition 3 software (VSN International Ltd,
UK). Fisher's least significance difference (LSD) test
was then used to compare the treatment means when
F-statistic values were significant.

revealed statistically significant differences (P<0.05) in
both plant growth parameters between the soil
treatments (Table 2). Since trends of data after ANOVA
were similar at 30 and 70 days, only the outcomes of
the analysis at 70 days are shown in Table 2. Though
there was an increase in plant height and stem collar
diameter in all the soil treatments tested, mean height
and collar diameter of the seedlings grown in
mycorrhizae-colonized soil amended with chicken
manure was significantly greater (P<0.01 and P<0.001,
respectively) than the height and collar diameter of
seedlings in the other soil treatments (Table 1).
Seedlings in mycorrhizae-colonized soil with chicken
manure had 7.94% increment in height 70 days after
sowing as compared to 5.64, 528 and 6.85%
increment for seedlings in mycorrhizae-uncolonized soil
without manure, mycorrhizae-uncolonized soil with
manure and mycorrhizae-colonized soil with no
manure, respectively. Similarly, seedlings growing in
mycorrhizae-colonized soil with chicken manure had
the highest collar diameter increment (~ 5.94%) 70
days post emergence compared to between 3.33 and
4.64% for the other treatments (Table 1).
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Figure 1: External morphology of roots of maize grown in soil collected beneath mature Pterocarpus angolensis from
Mwekera Nation Forest Reserve in Kitwe, Zambia. (A) Blue stain between root epidermal and cortex tissues showing
inside presence of mycorrhizal colonization; (B) Untransformed roots despite mycorrhizal colonization; (C) Normal
maize roots showing blue staining due to mycorrizal colonization and (D) Non-modified normal roots without blue
staining indicating lack of mycorrhizal colonization
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Figure 2. Growth and development of fungal hyphae inside roots of maize grown in soil collected beneath mature
Pterocarpus angolensis from Mwekera Nation Forest Reserve in Kitwe, Zambia. (A) Blue staining showing vesicles
and bundles of fungal hyphae inside root cells and (B) Arbuscules at root tips.
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Figure 3. Germination pattern of Pterocarpus angolensis seeds sown in mycorrhizae-colonized and non-colonized
soils from high rainfall area of Zambia.
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Table 1: Growth and health status of Pterocarpus angolensis seedlings grown in mycorrhizae-colonized and non-
colonized soils collected beneath mature P. angolensis in Mwekera Nation Forest Reserve in Kitwe, Zambia.

Soil % Plant Height % Collar Diameter (%)
Treatments? incidence (cm)e Increased (cm)e Increase
Root Rot 30d 70d 30d 70d
(%)
Mycorrhizae-uncolonized soil 0.00 6.74 712 5.64 0.18 0.17 3.33
with no chicken manure
Mycorrhizae-uncolonized soil 5.64 5.87 6.18 5.28 0.16 0.17 3.25
with chicken manure
Mycorrhizae-colonized soil 0.00 6.86 7.33 6.85 0.18 0.18 4.63
with no chicken manure
Mycorrhizae-colonized soil 0.00 7.68 8.29 7.94 0.21 0.22 5.94
with chicken manure
Average 1.41 6.79 7.23 6.48 0.18 0.19 5.56
CV (%) 7.90 8.20 6.30 6.70
LSD (P<0.05) 0.86 0.95 0.02 0.02

aSoil obtained from Mwekera National Forest Reserve underneath mature P. angolensis trees

bncidence determined as percentage of the number of roots with rot over the total number of seedling roots in each
treatment

¢Height measured from the stem-root collar to the highest terminal

dPercent increment plant height estimated 70 days after seed germination

eDiameter measured at root collar area

Table 2: Analysis of variance for growth parameters of Pterocarpus angolensis seedlings grown in mycorrhizae-
colonized and non-colonized soils from Mwekera Nation Forest Reserve in Kitwe, Zambia, amended with or no
chicken manure.

Mean Squares?

Plant Collar Taproot Plant Biomass (g) Dry Weight
Source of Variation Height (cm) Diameter (cm)  Length
(cm) Above Below
Ground Ground
Replication 3 0.34 0.040 0.59 0.05 0.013
Soil Treatment 3 2.98** 0.217** 3.60** 45.96*** 239.800***
Error 9 0.35 0.016 0.27 0.03 0.008
Total 15 0.87 0.061 1.00 9.33 48.000

aMean squares of Pterocarpus angolensis growth parameters 70 days after seed sowing. Diameter and above and
below ground biomass values have been multiplied by 100, 1000 and 10,000 respectively.
b** and *** statistically significant at P<0.01 and P<0.001, respectively

There were also statistically significant
differences (P<0.001) for taproot development and
plant biomass between soil treatments (Table 2). The
average taproot length of 12.22 cm for seedlings grown
in mycorrhizae-colonized soil with chicken manure was
significantly longer (P<0.05) than the length of 10.44,
10.06 and 10.68 cm for seedlings grown in
mycorrhizae-uncolonized ~ soil ~ without  manure,
mycorrhizae-uncolonized soil with manure and
colonized soil without manure, respectively (Table 3).

The mean dry weight of biomass above and below
ground for seedlings grown in mycorrhizae-colonized
soil amended with chicken manure was similarly
significantly greater (P<0.05) than that of seedlings in
the other treatments (Table 3). The greatest weight of
biomass above and below ground of 0.40 and 0.29 g,
respectively, was for seedlings grown in mycorrhizae-
colonized soil with manure; while the lowest was for
seedlings grown in mycorrhizae-uncolonized soil with
manure, which were 0.15 g and 0.12 g, respectively.
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DISCUSSION

Overall, germination of P. angolensis seeds was low
across the treatments and this could be due to several
factors such as poor storage of the seeds before
purchase and unfavorable temperature at the time of
sowing that might have affected seed Vviability.
According to Dzwonko & Gawronski (2002),
temperature plays an important role in seed
germination; with very low temperature delaying or
reducing germination of seeds in certain tree species.
In this study, seeds were sown during the month of
August with the prevailing average temperature of
about 20°C which is mild. In an earlier study by Chisha-
Kasumu et al. (2007), germination of P. angolensis
seeds ranged between 30-70% over 3 weeks to 6
months from sowing and varied considerably with seed
source. This corroborates our observation whereby
57.8% germination occurred within 3 weeks in
mycorrhizae-uncolonized soil with chicken manure and
76.6% in mycorrhizae-uncolonized soil with no manure.
It was observed that seed germination was often low in
mycorrhizae-uncolonized soil amended with chicken
manure possibly due to presence of antimicrobial
compounds from microorganisms in the manure that
could have suppressed or inhibited seed germination
(De Brito Alvarez et al., 1995). On the other hand,
seeds sown in mycorrhizae-colonized soils with or
without chicken manure had high germination rates
mainly due to the influence of mycorrhizae on seed

germination as has been
(Takawira-Nyenya, 2005).

In this study, maize was used to culture
mycorrhizal inocula in-vivo, which were used to
ascertain fungal association types in soil. Laboratory
analysis of maize roots confirmed the presence of
VAM in the soil used mainly because of the absence
of root surface modification by a fungal mantle that is
characteristic of ectomycorrhizae (ECM), and also the
presence of arbuscules, vesicles and fungal hyphae
inside the root cells (Brundrett et al., 1996; Tate, 2000).
This finding is important for our study as it concurs with
results by Hengari et al. (2004) in South Africa showing
that mycorrhizae present underneath mature P.
angolensis are VAM. VAM forms an association
between fungi and plant root cells in which fungi live
(Coleman & Crossley, 2003). They penetrate the host
intracellularly to form terminal vesicles and highly-
branched hyphal arbuscules. The later grow and ramify
in a tree-like pattern inside the root cells (Hogberg,
1992; Coleman & Crossley, 2003) and act as an
interface for transfer of soil nutrients from the fungus to
the host and for carbon compounds from the host to the
fungus (Hogberg, 1992; Farahani et al., 2008). Vesicles
on the other hand constitute the storage structures for
oil products (Hogberg, 1992; Coleman & Crossley,
2003).

previously reported

Table 3: Root development and biomass of Pterocarpus angolensis seedlings grown in mycorrhizae-colonized and
non-colonized soils from Mwekera Nation Forest Reserve in Kitwe, Zambia, amended with or no chicken manure.

Soil Taproot Length Plant Biomass¢ (g) for
Treatments? (cm)b
Above Ground  Below Ground Totald
Mycorrhizae-uncolonized soil with 10.44 0.30 0.25 0.55
no chicken manure
Mycorrhizae-uncolonized soil with 10.06 0.15 0.12 0.27
chicken manure
Mycorrhizae-colonized soil with no 10.68 0.32 0.25 0.57
chicken manure
Mycorrhizae-colonized soil with 12.22 0.40 0.29 0.69
chicken manure
Average 10.85 0.29 0.23 0.52
CV (%) 4.80 1.80 0.40
LSD (P<0.05) 0.83 0.01 0.001

aSoil obtained from Mwekera National Forest Reserve underneath mature P. angolensis trees
b ength from stem root collar sites to tips of taproots estimated 70 days after seed germination
Biomass on basis of shoot and root dry matters 70 days after seed germination
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dTotal of above and below ground plant biomass

The chopped maize roots were mixed together with soil
and added to unsterilized soils, already colonized by
mycorrhizae, to enhance the colonization of the roots
and boost P. angolensis seedlings growth and
development. In addition, chicken manure was applied
to the potting mix and this considerably enhanced plant
growth especially in mycorrhizae-colonized soils as
suggested by Brundrett et al. (1996). They observed
that this often enhances mycorrhizal colonization and
improves growth of the inoculated seedlings. Plants like
maize, sorghum, onions and other grasses are able to
culture mycorrhizae in roots (Brundrett et al., 1996;
Wright & Upadhyaya, 1996). This is mainly because of
the fibrous root characteristics which can capture
massive fungal hyphae, numerous spores and other
soil-borne mycoflora. Generally, the P. angolensis root
system is coarse with few lateral hairs and low surface
area for fungal hypha entanglement (Hengari et al.,
2004). However, several studies have revealed that P.
angolensis grows in association with VAM in natural
habitat (Hengari et al., 2004; Takawira-Nyenya, 2005),
an association which assists the trees in getting
essential nutrients for growth, e.g. phosphorous. As a
result of hyphal growth and elongation beyond the
immediate root zone of the host plant, mycelia channel
and concentrate soil nutrients from far away for the
plant (Hogberg & Piearce, 1986). Furthermore,
Brundrett et al. (1996) observed that addition of manure
to soil with mycorrhizae enhances colonization of
mycorrhizal fungi on the host roots. As reported by
Buee et al. (2000), chicken manure contains microbial
populations some of which are parasites to plants.
When these parasitic microbes attack plant roots, the
roots react by secreting profuse exudates in the
rhizosphere which in turn activate mycorrhizal
germination, growth towards the fine roots and
transcriptional activity often with inhibitory effects on
potential host pathogens and beneficial impacts on the
plant growth.

Consistently, significant differences (P<0.05) were
recorded in plant height, collar diameter, taproot length
and plant biomass between seedlings grown in
mycorrhizae-colonized soils and more so when chicken
manure was added. The increase in all the plant growth
parameters in these soil treatments could have been
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attributed to an increase in activity of meristematic cells
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the reduction in seedling growth caused by chicken
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From our findings, we conclude that the
growth performance of P. angolensis seedlings can be
considerably improved by addition of chicken manure
and mycorrhizal inoculum to the soil substrate in
nursery beds. This silvicultural management is cost-
effective as no fertilizers are needed since mycorrhizae
increase considerably plant uptake of several
nutrients; particularly phosphorous and nitrogen.
With the achieved improved growth of P. angolensis, it
is necessary to expand first field testing of the
technology to ensure the feasibility of wider
afforestation and reforestation programs of the species
on a commercial level that have great potential for its
conservation in Zambia and within the region.
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