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Abstract

The allelopathic effect of three tree species (Azardiracta indica, Vitellaria paradoxa, and Parkia bi-
globosa) on germination and growth of cowpea was investigated in the Southern Guinea Savannah
agro ecological zone of Nigeria. The experiment was laid out in Randomized Complete Block De-
sign (RCBD) with three (3) replicates. Data were collected on germination, plant height, stem dia-
meter, number of leaves, number of branches, root length, the above grand biomass and the below
grand biomass and were subjected to statistical analysis using Analysis of Variance (ANOVA) while
the significant mean was separated using Duncan’s Multiple Range Test (DMRT) at 5% possibility
level. Results showed that the tree species brought about considerable inhibition in the germina-
tion of cowpea seeds and in its growth parameters. The statistical germination value of the cowpea
seeds under the tree species had decreased value thus indicating that growth inhibitions were se-
riously felt. It was apparent that Parkia biglobosa (53.33) and Vitellaria paradoxa (60.00) had
more inhibitory effect on cowpea seeds germinability than that of Azardiracta indica. (63.33)
while all the treatments are lower than that of control (100). The tree species had similar inhibi-
tion capability in the cowpea plant height, stem circumference, number of leaves, above grand
biomass and below grand biomass. However, in all treatment, statistic showed that there is no sig-
nificant difference (p < 0.05) among the means.
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1. Introduction

Allelopathy has been defined as an adverse influence or interference of one plant or microorganism on another
(Rice, 1984). Interference refers, therefore, to the overall effect of one plant upon another and encompasses both
allelopathy and competition. Competition involves the removal or diminution of a shared resource, while allelo-
pathy involves the addition of a chemical compound, which negatively affects other neighboring plants, in the
environment through different processes (Rice, 1984; Putnam, 1985). In agricultural practice, allelopathy is ex-
ploited for weed control (Kohli et al., 1998). Association and dissociation pattern between certain plant species
are widely known. Such phenomenon may be governed by direct competition for necessary growth factors or
through addition of allelopathic chemicals into the soil environment (Einhelling, 1996; Ashrafi et al., 2007). It
has been documented that allelopathy may play an important role in plant-plant interference by those chemical
compounds (Inderjit & Dakshini, 1992). Some of those compounds are released into the environment through
leaching, litter decomposition, root exudation or direct volatilization, and could affect (either positively or nega-
tively) germination and growth of other species (Gross & Parthier, 1994; Seligler, 1996). A number of weed and
crop species have been reported to possess allelopathic effects on the growth of other plant species (Rice, 1984).
Chemicals with inhibitory activity are present in many plants and in many organs, including leaves, flowers,
fruits and buds (Inderjit, 1996; Ashrafi et al., 2007).

Azadiracta indica, or Neem Tree, is an evergreen tree native to Southeast Asia. All parts of the tree have been
used medicinally for centuries. It is widely used in toothpastes, soaps and lotion today, as well as biological in-
secticide. Neem (Azadiracta indica, A. Juss) is a versatile tree native to South and Southeast Asia, Japan, tropi-
cal USA, South America, Australia and Africa (Bokhari & Aslam, 1985; VVon Maydell, 1986). Butyrospermum
parkii is a member of the Sapotaceae family, and is divided into two subspecies: nilotica and paradoxa. The
ranges of the two are mutually exclusive, although they have been found within 175 km of one another (Hall et
al., 1996). The difference between the two subspecies occurs primarily in the consistency of the fat content
found within its nut (Boffa, 1999). Butyrospermum parkii is also referred to as Vitellaria paradoxa Gaertn.f
(Booth & Wickens, 1988; Von Maydell, 1990; Hall et al., 1996). In French it is called Karité or arbre a beurre
(butter tree) and in English “the Shea Butter Tree”. Vitellaria is a deciduous tree of medium size, with a spheri-
cal crown. It often reaches heights of 10 - 15 meters, with rare recorded occasions of up to 25 meters (\Von May-
dell, 1990). Vitellaria is a light demanding, slow growing tree, with a thick and fissured bark. Shea nut “butter”
has many uses and may or may not be refined. Shea butter is mostly used for cosmetics. Throughout Africa, it is
used extensively for food and medicinal purposes, and is a major source of dietary fat (Maranz et al., 2004). Lo-
cust Beans belong to the Familiy Fabaceae-Mimosoideae, and Synonyms to Minosa biglobosa Jacq. Parkia big-
lobosa is native to Africa and is an important multipurpose tree of West African savannah land, and one of the
most common species of the pack land agroforestry system (ICRAF, 2011). It is prominent in strongly seasonal
climates where the dry season lasts 4 to 8 months. It regenerates well in nature but the wildings are often dam-
aged by bush fires (Hopkins, 1983). The seeds of Parkia are used in preparation of dawadawa, a protein and fat
rich food (Mertz et al., 2001). The dried powder is often mixed with water to produce a drink called dozim by
the Dagbani tribe and bololo in Hausa (Hall et al., 1997). However, very few reports or literatures available
concerning the allelopathic potential of tropical and subtropical plants like Neem (Azadiracta indica) have been
published.

Cowpea (Vigna unguiculata L. Walp.), is an annual legume. It is also commonly referred to southern pea,
black eye pea, crowther pea, lubia, niebe, coupe or frijole. Cowpea originated in Africa and is widely grown in
Africa, Latiin America, Southeast Asia and in the Southern United States. It is chiefly used as a grain crop, for
animal fodder, or as a vegetable. The history of cowpea dates to ancient West African cereal farming, 5 to 6
thousand years ago, where it was closely associates with the cultivation of sorghum and pearl millet (Davis et al.,
1991). Cowpea seed is a nutritious component in the human diet, as well as a nutritious livestock feed. This ex-
periment was set up to investigate the possibility of using the trees under which the agronomy crops were plant-
ed as on-farm agroforestry plants. The use of such trees will enhance green agriculture to mitigate against cli-
mate change.

2. Methodology

The experiment was carried out at the Teaching and Research Farms of Ladoke Akintola University of Techno-
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logy, Ogbomoso, Oyo State, Nigeria, which falls within the guinea savannah agro-ecological zone of Nigeria.
Ogbomoso lies between Longitude 4°10'E and Latitude 8°10'N. This location is found to be cold and dry from
November to March and then warm and moist from April to October. It is characterized by bimodal rainfall dis-
tribution whereby the early rainy season starts in late March and ends in late July/early August, followed by a
short dry spell in August and finally the late rainy season from August to November. The annual mean rainfall is
between 1150 mm and 1250 (Olaniyi et al., 2006).

Cowpea variety (82E9) was obtained from International Institute of Tropical Agriculture (IITA) Ibadan.
Three (3) tree species; neem, (Azardirachta indica), locust bean (Parkia biglobosa) and shear butter (Vitellaria
paradoxa) used were found as volunteers plants. Three beds each 3 m by 3 m dimension were prepared at a
spacing of 90 cm x 30 cm under each of the trees respectively. Weeding was manually done using hoe as at 2, 4,
6, and 8 weeks after sowing. There were three replicates thus making a total of twenty seven (27) beds. Seeds
cowpea was planted on each of the beds. The treatment combinations were replicated four (4) times and the trial
was laid out in a Randomized Complete Block Design (RCBD). Control experiment was also set up along the
treatments outside the canopy of the trees which were also replicated in three times. For the pot experiment, two
seeds of maize, cowpea and sesame were planted in the 5 kg of soil collected from under the canopy of Azardi-
racta indica, Parkia biglobosa and Vitellaria paradoxa. Another soil from open space was included as control
for the planting of the studied arable crops. The control was laid out in a completely randomized design (RCD).
Data were collected on seedling emergence at 4, 6, 8, and 10 days after sowing (DAS) and later converted to
percentage emergence. Seedling growth parameters measured included plant height using measuring tape, stem
girth with venier calipers which first gave the value of the diameter, which was later converted to circumference
using a fomular of © D (i.e. 3.142) multiplied by the obtained diameter (D) value, number of branches deter-
mined by direct counting of all well-developed branches per plant and number of leaves. These were measured
at 2, 4, 6, 8 and 10 weeks after sowing (WAS). Seedlings root lengths were measured at harvest using measuring
tape. The results obtained from the plants under these tree species were compared statistically to those obtained
from the control experiments following the procedure of analysis of variance (ANOVA) where differences were
observed, Duncan’s Multiple Range Test (DMRT), at 5% level of probability, was used to compare differences
among the treatment means.

3. Results

Allelopathy had been reported on a wide range of plant species. It however appears to be best developed in pe-
rennial and woody species of arid environment and early successional species of more humid regions. In addi-
tion, incorporation of trees into the farm lands is well recognized under agro-forestry systems for maintaining
soil fertility and crop productivity (Singh et al., 1997). Results of the present study showed that the tested tropi-
cal tree species inhibited the germination of the cowpea seeds. Statistically, there was no significant difference
among the means. According to Rice (1984), plants are known to exhibit allelopathy by releasing water soluble
phyto-toxins from leaves, stem, roots fruits and seeds and such metabolites play an inhibitory role in delay or
complete inhibition of seed germination. This resulted into stunted growth and injury to root systems of plants.

Cowpea germination both on the field and in the pot experiment were significantly affected by the tree species.
Faster germination was observed in the control than the treated plots across the number of days the experiment
was monitored. Statistically however, there were no significant (p < 0.05) difference in both the rate and total
germination of cowpea treated with tree species in the two experiments (Table 1). In cowpea, the control treat-
ments were better than the treated plots except in number of leaves. However, with the detrimental effects of the
tree species on cowpea number of branches, the effect is likely to be very pronounced in cowpea grain yield.
Shaukat and Siddiqui (2001) had attributed reduction or outright stoppage of growth to inhibitory substances, in
the soil which in this case is suspected to have been deposited by the tree species.

The control treatment was superior to the treated plants in the plant height, stem diameter and numbers of bran-
ches in the two experiments (Tables 2-5) in the two experiments. Cowpea response to the treatments was similar
over the period of monitoring in the two experiments except at 2 WAS in the pot and 2 WAS and 4 WAS in the
field experiment where Neem was superior to other treatments with respect to plant height (Table 3 and Table 4),
but affected cowpea number of leaves (Table 5) at 4 WAS and 6 WAS in the field experiment than others. Lo-
cust was less detrimental to cowpea number of branches at both experiments. The tree species visually vegtatively af-
fected cowpea plant height, stem diameter, number of leaves and root length on both the field and pot experiments.
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Table 1. Effect of allelopathy of selected agroforestry trees on cowpea germination.

Tt

TOC
TNC
TSC

TLC

POT Percentage germination

4 DAS 6 DAS
58.33 a 86.67 a
5.00 b 46.67b
8.33b 46.67b
5.06 b 53.33b

8 DAS

96.67 a

61.67b

70.00 b

70.00 b

10 DAS

100.00 a

86.67 b

83.30b

90.00 b

4 DAS

50.00 a

3.33a

0.00b

1.67b

FIELD Percentage germination

6 DAS

83.33a

40.00 b

46.67 b

40.00 b

8 DAS

100.00 a

63.33b

60.00 bc

53.33¢

10 DAS

100.00 a

76.67 b

76.67 b

80.00 b

Note: Means followed by the same letters within the same column are not significantly different at p < 0.05, using DMRT. TOC =
Top soil from open space, TNC = Soil under Neem Tree, TSC = Soil under Shear butter Tree, TLC = Soil under Locust Tree.

Table 2. Allelopathic effect of selected agroforestry trees on cowpea plant height at different growth stages.

Trt

TOC

TNC

TSC

TLC

2 WAS

10.00a

7.70b

6.90c

7.33¢c

POT Plant Height (cm)

4 WAS
19.00 a
1083 b
11.70b

10.53 b

6 WAS
3473 a
16.27 b
18.13b

17.23b

8 WAS
36.97 a
19.83Db
21.93b

20.43b

10 WAS
38.00 a
21.87b
23.80b

22.87b

FIELD Plant Height (cm)

2 WAS
10.13 a
8.23Db
6.83¢c

7.43bc

4 WAS

16.77 a

11.87b

11.23 ¢

10.30¢

6 WAS

8 WAS

2840a 3213a

15.83d

19.13b

16.90 ¢

17.73¢c

20.77b

18.20¢

10 WAS
35.03a
19.53b
23.53b

20.10c

Note: Means followed by the same letters within the same column are not significantly different at p < 0.05, using DMRT. TOC =
Top soil from open space, TNC = Soil under Neem Tree, TSC = Soil under Shear butter Tree, TLC = Soil under Locust Tree.

Table 3. Allelopathic effect of selected agroforestry trees on cowpea stem circumference at different growth

stages.
POT Stem Circumference (cm) FIELD Stem Circumference (cm)

T 2WAS 4WAS 6WAS B8WAS 10WAS 2WAS 4WAS 6WAS B8WAS 10WAS
TOC 0.53a 097a 217a 260a 293a 0.50a 0.83a 193a 2.07a 227a
TNC 0.43b 0.57b 0.63b 0.57b 1.15b 0.40b 0.57b 0.70b 0.83b 0.93b
TSC 0.40b 0.60b 0.70 b 0.87b 1.33b 0.43 ab 0.57b 0.70 b 0.83b 0.93b
TLC 0.47ab 0.60b 0.70 b 0.93b 1.10b 0.43 ab 0.57b 0.77b 0.77b 0.87b

Note: Means followed by the same letters within the same column are not significantly different at p < 0.05, using DMRT. TOC =
Top soil from open space, TNC = Soil under Neem Tree, TSC = Soil under Shear butter Tree, TLC = Soil under Locust Tree.

Table 4. Allelopathic effect of selected agroforestry trees on cowpea number of leaves at different growth

stages.
POT number of leaves FIELD number of leaves
T 2WAS 4WAS 6WAS 8WAS 10WAS 2WAS 4WAS ©6WAS 8 WAS 10 WAS
TOC 7.00 a 16.67a 31.67a 3533a 41.00a 733a 17.67a 27.33a 2833a 37.00 a
TNC 8.00a 11.33b 21.00b 2433b 3233b  633a 11.33c 20.33c 22.33bc 25.33b
TSC 733a 13.00b 1867b 2333b 29.00b 7.00ab 13.00b 19.00c 20.67c  25.00b
TLC 7.67a 1367b 2200b 2433b 28.00b 8.00a 1433b 2267b 2367b  28.33b

Note: Means followed by the same letters within the same column are not significantly different at p < 0.05, using DMRT. TOC =
Top soil from open space, TNC = Soil under Neem Tree, TSC = Soil under Shear butter Tree, TLC = Soil under Locust Tree.
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Table 5. Allelopathic effect of selected agroforestry trees on cowpea number of branches, root length and
biomass yield at different growth stages.

No of Branches Root length (cm) Biomass yield (g) Biomass yield (g)
Tt At Harvest
Pot Field Pot Field Pot Field
TOC 7.33a 7.33a 51.67a 55.20 a 52.23a 4514 a
TNC 267c 3.67b 40.00 b 41.83b 28.80b 31.67b
TSC 3.67 bc 4.00b 44.03 ab 45.33b 32.17b 30.84b
TLC 467b 433b 45.20 ab 45.63b 32.44b 30.05b

Note: Means followed by the same letters within the same column are not significantly different at p < 0.05, using DMRT. TOC =
Top soil from open space, TNC = Soil under Neem Tree, TSC = Soil under Shear butter Tree, TLC = Soil under Locust Tree.

4. Conclusion

In the tropics, tree stands on the farm or the cropping plots are a common occurrence for variety of reasons as
have been listed earlier. However, this experiment had confirmed that Neem tree (Azardiracter indica), Locust
tree (Parkia biglobosa), and shear butter tree (Vitellaria paradoxa) have inhibitory characteristics on both the
germination and growth of cowpea. It is not unlikely that the tree species will have similar effects on other crops.
Thus, in spite of other reasons for which trees are kept, farmers should also note these detrimental effects and
therefore, if unavoidable ensure that the trees are widely spaced. Since the tree species understudied in this ex-
periment are seldom grown by farmers (they are volunteers), it is advised that wherever they grow in clusters,
the stands should be reduced if cropping will be carried out on such plots.
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