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Abstract
The present study was conducted in two locations in Acacia Agricultural Company (Nawa and Elrahad locations) for three
successive seasons; 2007/2008, 2008/2009 and 2009/2010), 37 km south east of El Obeid city, North Kordofan State. The
objective is to access the effect of tree locust infestation (natural defoliation) and artificial defoliation on gum arabic quality.
Experiments were conducted, where four blocks were chosen randomly, and the following treatments were arranged in a
randomized complete block design: control (no defoliation), light natural defoliation (LND), moderate natural defoliation
(MND), high natural defoliation (HND), light artificial defoliation (LAD), moderate artificial defoliation (MAD) and high
artificial defoliation (HAD). Trees in all treatments were tapped and the gum was collected. The results revealed that in both
natural and artificial defoliation the mean values of gum viscosity at different blocks and treatments for all seasons decreased
at all levels of defoliation compared to the control. In all levels of defoliation, gum viscosity was higher in artificial defoliation
than in natural defoliation. Defoliation reduced gum viscosity and the reduction was statistically significant (P≤0.001) between
all means except between light natural defoliation and light artificial defoliation. The correlation between all levels of
defoliation and gum viscosity is shown in Appendix 1. There was a negative correlation between all levels of defoliation and
gum viscosity which arranged from - 0.94 to - 0.99 for natural and artificial levels of defoliation, respectively. Results show
that the means of gum specific optical rotation at different blocks and treatments were negative values. Defoliation reduced
gum specific optical rotation but there was no significant difference between means in all treatments.
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1. Introduction
Gum arabic is one of the main crops produced in the
traditional rain-fed agricultural sub-sector in Sudan. It is a
non timber forest product of the genus Acacia; namely
Acacia senegal L., locally called hashab tree [4 and 22].
Among the main constraints of the production of gum arabic
are insect pests, particularly the Sahelian tree locust,

Anacridium m. melanorhodon, arabic name: Sari al leil (night
wonderer), the name “Sari al leil” which means “The
nocturnal vagabond” [13 and 4]. There are about a dozen
species and a few are economically important pests. These
are:
a. aegyptium (Linné, 1764), the Egyptian Tree locust,
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distributed from the Mediterranean zone to the Middle East
b. melanorhodon (Walker, 1870) and A. wernerellum
(Karny, 1907), found in Africa, the Sahel and Sudan
c. arabafrum (Dirsh, 1953), in East Africa and Arabia;
d. moestum (Serville, 1838), in South Africa.
In the Sudan, A. melanorhodon and A. wernerellum have a
wide range of distribution in the east at the Red Sea maritime
plain and it has been noticed breeding regularly in the Red
Sea hills. From there it extends south as far as Eritrea and on
the west through Kassala to the Nile valley. It appears to be
most abundant in the south- west (Darfur and Kordofan)
where it is the pest. From Khartoum it extends up the Blue
Nile and Gezira district, between the Blue and White Niles
[2]. According to [15] there are five to six instars for male of
A. m melanorhodon and six or seven for female. [7] recorded
six instars for both male and female, while only five nymphal
instars were recorded by [13 and 19]. Copulation takes place
after the first rains and copulating pairs stay on trees until
eggs lying begins (June-July). Eggs are laid in damp soil
during the rainy season 10-20 days after copulation. A female
lays 1-3 egg pods containing 150-200 eggs. The incubation
period takes two weeks but no evidence of diapause has been
found. The eggs hatch to give hoppers. If hatching take place
before the mid of August, the situation will become more
severe. First instar hoppers live on the ground or roost on low
branches in loose groups, their diet is flexible and
miscellaneous eating different forbs (non-graminaceous diet).
They are geophilic negatively geotropic and strongly
positively phototropic. Their arboreal behavior is more
obvious from the third instars. They climb on Acacia sp and
Balanites sp trees and eat their leaves. When hoppers
populations are dense, with few perches, they swarm but do
not move in cohesive groups. The development of the hopper
stages takes 48-69 days; the first fledglings appear in
September-October ([13, 15 and 16]. Imagoes remain in a
resting maturity stage until the first rain of the following year
in May- June [13 and 4]. Tree locusts are important
occasional pests of fruit trees, rice, sorghum, and cotton. In
tropical regions, gum arabic producing acacias are the most
severely affected trees. Swarms of migrating imagoes
(gregarious phase) chronically attack them in the dry season
thus reducing gum production. [18, 22, 4 and 6]. [9] reported
that a winged locust weighing 2 grams, during its gregarious
phase, can eat an amount of fresh leaf equivalent to its body
weight per day, and a swarm covering 1Km2 (50 million
locusts) can consume a hundred ton of vegetal material. In
the Sudan, [3] reported that the infested area in 1987 was
estimated at 20000 ha, increasing to 224000 ha the following
season, reaching an unprecedented level in 1989 of 1.366.762
ha. It was the most serious outbreak of tree locust, because
the entire gum arabic belt in western, central and eastern
regions of the country were infested and gum production
decreased. Damage was reported mainly on A. senegal in
addition to other Acacia species, B. aegyptiaca, Z. spina
christi, fruit trees and sorghum in the milky stage. In mid-60s
around 50,000 tons of gum was annually exported, but that
decreased steadily to 18.000 tons during the 1990’s [8]. Over

the last two decades and since the inception of the drought
years during the 1970’s coupled with pest outbreaks, gum
arabic production has decreased significantly [23]. Quality
measures for non-wood forest products are almost lacking,
except for gum Arabic, and this includes basic grading and
cleaning operations (excluding physiochemical properties).
Except for export supplies, products are hardly graded. In
general, there are no processing or quality requirements to be
observed by producers. Large quantities are sold according to
weight or volume, regardless of quality. However, producers
have developed experience and some skills by which they
could differentiate between good and inferior quality
products which, in most cases, is based on the origin (source)
of the produce. Nevertheless, there is no basis for carrying
out grading and standardization processes. In general, the
quality (viscosity and optical rotation) of the product alone
doesn't influence the pricing system, and research in the field
of viscosity and optical rotation of gum arabic is neglected or
paid little and/or no attention, Within the Acacia senegal
species, the main factors affecting grades of gum Arabic
quality are different botanical sources (varieties), tapping
methods, harvesting period, environmental factors and
insects factors [11, 2 and 1]. [17 and 5] reported that the
viscosity of gum arabic is affected by a number of factors
which include biotic and non-biotic factors. [14] reported the
economic importance of tree locust and its devastating effects
on the quantity and quality of gum arabic.

2. Materials and Methods
2.1. Field Survey
Four blocks in each location (Elrahad and Nawa location)
were selected randomly. Each block was divided into 7 plots
(experimental units). In each plot (treatment) there were 15
Hashab trees. The treatments were arranged in a
randomized complete block design (RCBD). the treatments
were: control, light natural defoliation (5 of 15 trees were
caged with tree locusts to be completely defoliated i.e. 33%
naturally defoliated), moderate natural defoliation (10 of 15
trees were caged with tree locust for complete defoliation
i.e. 66% naturally defoliated), high natural defoliation (all
the 15 trees were caged with tree locusts and completely
defoliated i.e. 100% naturally defoliated), light artificial
defoliation (5 of 15 trees were completely defoliated with
1% diluted ethereal defoliant spray i.e. 33% artificially
defoliated), moderate artificial defoliation (10 of 15 trees
were completely defoliated with ethereal defoliant i.e. 66%
artificially defoliated) and high artificial defoliation (all the
15 trees were completely defoliated with ethereal defoliant
i.e. 100% artificially defoliated). Both artificially and
naturally defoliated trees were selected randomly. The
control and the trees in other treatments which were not
naturally or artificially defoliated were sprayed weekly
using neem seed water solution extract 1% as recommended
by [21] as antifedant and repellent for tree locust and other
pests.
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2.1.1. Collection and Preparation of the
Neem Seeds
Fruits of neem tree (Azadirachta indica) were collected from
Elobeid area, washed and left to dry. The seeds were then
decorticated and the kernels were ground into a fine powder,
stored in a glass jar tightly closed and kept at room temperature.
2.1.2. Preparation of Neem Seed Aqueous
Extracts (Aqu-extr)
One kilogram of the prepared neem seed powder (N.S.P)
was mixed with 40 liters of water as recommended by [21] in
a bucket and stirred vigorously using a wooden stick and left
overnight. The mixture was stirred again before it was
filtered using a piece of cloth. The filtrate was mixed with
liquid soap as an emulsifier at a ratio of 4:1 (v/v), 1% gum
Arabic solution as a sticker and anti-oxidant and 1%
molasses as uv-light protecting.
2.1.3. Tapping and Gum Collection
Trees in all treatments were tapped during the period from
mid-October to end of November using a tapping tool
(Sunki) made of steel with a long wooden handle; the first
picking of gum began 40 days after tapping followed by a
series of subsequent pickings up to seven pickings at 14 days
interval. Gum in each treatment was collected, mixed and
weighed separately. The percentage of loss in gum produced
is calculated in all levels of defoliation with respect to gum
produced in the control.
2.2. Laboratory Experiments
2.2.1. Preparation of Gum Samples
Gum nodules in each treatment were dried at room
temperature, and then cleaned by hand to ensure a quality
free from sand, dust and other impurities, then ground using a
mortar and pestle, sieved and kept in labeled containers for
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qualitative analysis.
2.2.2. Gum Viscosity (%)
Gum viscosity is the resistance of gum liquid to shear
forces and hence to flow. In each treatment, a sample of 25g
of gum powder was taken and dissolved in 100 ml of distilled
water. The viscosity of gum solution was measured using a
viscometer (model DV.II+ England).
2.2.3. Specific Optical Rotation
The specific optical rotation of gum is a measure (finger
print) by which different gum types can be sorted and
identified and it has negative values in the case of hashab
gum (-22 to -35) and positive for other acacia gums [10].
Solution of gum powder 1% (on dry weight basis) in each
treatment was prepared and measured at room temperature
using an optical activity polarimeter (type AA-10 automatic
polarimeter, England). The solution was passed through filter
paper before carrying out measurements; triplicate readings
were taken and averaged.

3. Results and Discussion
At Nawa and Elrahad locations, seasons 2007/2008,
2008/2009 and 2009/2010 show that the mean values of gum
viscosity at different blocks and treatments for all seasons
decreased at all levels of defoliation compared to the control.
In all levels of defoliation, gum viscosity was higher in
artificial defoliation than in natural defoliation. Defoliation
reduced gum viscosity and the reduction was statistically
significant (P≤0.001) between all means except between light
natural defoliation and light artificial defoliation (Table 1).
There was a negative correlation between all levels of
defoliation and gum viscosity which arranged from -0.94 to 0.99 for natural and artificial levels of defoliation,
respectively (Table 2).

Table 1. Mean values of gum viscosity (%) at different blocks and treatments at Nawa and Elrahad locations (seasons 2007/2008, 2008/2009 and 2009/2010).
Block No.
1
2
3
4
Total
Mean±SE

Gum viscosity %
Control
35.5
34.6
34.0
34.0
138.1
34.5a±0.09

LND
34.5
34.5
34.5
34.5
138
34.5b±0.03

MND
32.1
32.1
32.1
32.0
128.3
32.1c±0.03

HND
30.9
30.9
30.9
30.9
123.6
30.9d±0.02

LAD
34.6
34.6
34.6
34.6
138.4
34.6b±0.2

MAD
32.7
32.7
33.4
32.6
131.4
32.9f±0.1

HAD
31.5
31.5
31.6
31.4
126
31.5g±0.1

Mean±SE
Mean values of gum viscosity in each column with same superscript letter showed no significant difference at p = 0.001 as separated by Tukey test.
Table 2. Correlation between natural and artificial defoliation and gum viscosity (%) at Nawa and Elrahad locations (seasons 2007/2008, 2008/2009 and
2009/2010.
Level of infestation
LND
MND
HND
∑
Mean
R = -0.94
Y = 36 – 0.36 X

Intensity of infestation X
5
10
15
30
10

Gum viscosity % Y
34.5
32.1
30.6
97.2
32.4

XY
172.5
321
459
952.5

X2
25
100
225
350

Y2
1190.3
1030.4
936.4
3157. 1
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Level of infestation
LAD
MAD
HAD
∑
Mean

Intensity of infestation X
5
10
15
30
10

Gum viscosity % Y
34.6
32.9
31.5
98.9
32.9

XY
173
329
472.5
974.5

X2
25
100
225
350

Y2
1197.2
1082.4
992.3
3271.9

R = -0.99
Y = 36.1 – 0.32 X

Results show that the means of gum specific optical rotation
at different blocks and treatments were negative values.
Defoliation reduced gum specific optical rotation but there was
no significant difference between means in all treatments.
These qualitative effects (gum viscosity and specific optical
rotation) could be attributed to physiological changes caused
by tree locust infestation, because hashab tree absorbed more
water through the root system in order to compensate for the
loss caused by defoliation. Therefore the tree sap becomes
more diluted thus affecting gum viscosity. [7] reported that; in
season 1991, gum viscosity was slightly reduced by defoliation
although the reduction was not statistically significant as
compared to the control, but in season 1992 the gum viscosity
was reduced by defoliation and the reduction was highly
significant as compared to the control. He attributed this to the
internal physiological changes occurred in hashab tree that
were caused by tree locust.

4. Conclusion
The gum Arabic tree (hashab), Acacia senegal, suffers
from attack of tree locust Anacridium melanorhodon
melanorhodon Walk during years of outbreak. This pest
causes defoliation, and thus decreases gum quality.
Therefore, there is a high necessity to investigate the
qualitative effect caused by such pest as a prerequisite for
gum specifications and standards. The study recommended
that:
Further studies should be conducted for extra investigation
in this field as a prerequisite for gum specifications and
standards.
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