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Abstract. Enyiukwu DN, Amadioha AC, Ononuju CC. 2021. Evaluation of some pesticides of plant origin for control of anthracnose
disease (Colletotrichum destructivum O’Gara) in cowpea. Asian J Agric 5: 4-11. Anthracnose is a common disease of cowpea in many
bean growing areas of the world. This study evaluated the effects of Alchornea cordifolia, Tabernaemontana pachysiphon, and Lantana
camara as low-input biopesticides for control of the disease. The experiment was laid out in randomized complete block design (RCBD)
made up of 14 treatments with 4 replications. The results indicated that all the plant materials irrespective of carrier solvent and
concentrations of application significantly (P<0.05) minimized the incidence and severity of the disease, as well as improved the yield
and yield parameters of the treated crop than the control. Amongst all evaluated dosages of the plant materials, 50-100 % concentration
of L. camara gave the best disease control and yield improvement of the crop, followed by full strength of T. pachysiphon and A.
cordifolia was the least. However, comparative to benomyl a standard fungicide, the plant-derived pesticides demonstrated lower
fungitoxicity against the pathogen apart from 50-100 % extracts of L. camara which were statistically (P>0.05) at par with the effects of
the fungicide. Therefore, all the plant extracts could be used at higher doses as prophylactics to stem the disease; however, L. camara
could be applied at lower doses to achieve the same level of control. These plant materials overall could therefore contribute as effective

bio-fungicides towards improving productivity of cowpea in the humid tropics.
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INTRODUCTION

Cowpea (Vigna unguiculata L. Walp.), otherwise called
southern pea, is an important legume in tropical Africa and
some parts of Asia where it is widely consumed as leafy
vegetable and grain legume (Nielsen et al. 1997; Enyiukwu
et al. 2018a). Anthracnose caused by Colletotrichum
destructivum O’Gara has been identified as one of the
major pathogen-induced challenges affecting its production
in the humid tropics (Adegbite and Amusa 2008; Enyiukwu
et al. 2014). Owing to the many drawbacks associated with
use of synthetic pesticides in agriculture and public health,
alternatives from natural sources especially higher tropical
plant species are being vigorously sought (Awurum and
Enyiukwu 2013; Awurum et al. 2016).

Alchornea cordifolia (Euphorbiaceae) is a staggering
evergreen small tree that occurs sporadically in the rain
forest and savannas of the tropics. On the other hand,
Tabernaemontana pachysiphon (Apocynaecea) is a tropical
evergreen tree used occasionally as ornamental plant, while
Lantana camara (Verbenaceae) is a prickly invasive shrub
found in many countries of Africa and Australia (Enyiukwu
2017). These plants have a long history of usage as
phytotherapeutic agents against several human bacterial
and fungal pathogens such as: Klebsiella sp.,
Staphylococcus sp. Proteus sp. and Candida sp. (Okwu and
Ukanwa 2010; Enyiukwu 2017). Recently methanol
extracts of these medicinal plant species demonstrated
considerable fungi toxic activity against C. destructivum
O’Gara, a destructive plant pathogen responsible for

anthracnose disease of some legumes in vitro (Enyiukwu
2017).

Therefore, this work aimed at evaluating the effects of
aqueous and methanol extracts of L. camara., T.
pachysiphon, and A. cordifolia against the initiation,
development, and spread of anthracnose disease caused by
C. destructivum O’Gara in cowpea and performance of the
treated crop in the screen-house.

MATERIALS AND METHODS

Experimental site and location

The experiment was conducted at the Plant Health
Management Laboratory and Greenhouse of the College of
Crop and Soil Sciences of Michael Okpara University of
Agriculture, Umudike (MOUAU), Nigeria in August to
October, during the 2015 cropping season. The
environmental parameters of the location during the study
months were: rainfall between 276-280.20 mm, a
temperature range of 25-30°C, and relative humidity from
74-87.0 %. The soil type was sandy clay with organic
carbon recorded at 68000 ppm, while organic matter was
10300 ppm, pH 4.17; phosphorus 26.55 mg/kg and calcium
2.10 Cmol/kg. The location stands at an altitude of 121.08
meters above sea level (GPS Coordinates 2017).

Preparation of extracts of the plant materials
Leaves of A. cordifolia T. pachysiphon and L. camara
were washed under running tap and rinsed in 500 ml of
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sterile distilled water, air-dried on the laboratory bench for
3 weeks, and then using a hand milling machine they were
separately milled into fine powder (300 g of each
specimen) and stored separately in air-tight bottles. About
25, 50, 75, and 100 g of each powdered specimen were
weighted out and soaked separately in 100 ml of sterile
distilled water or same quantity of 30 % methanol
contained in 250 ml conical flasks and allowed to stand for
6 h. Thereafter they were sieved separately through 4-folds
of cheesecloth into different 200 ml sterile beakers to
obtain the filtrates of 25, 50, 75, and 100 % concentrations
of the aqueous and methanol extracts respectively
(Amadioha 2003).

Isolation, identification, and preparation of spore
suspension of the causal agent

Culture medium was prepared using dehydrated potato
dextrose (PDA) (Oxo0id™ ThermoScientific Product,
England, UK), while the pathogen was isolated from
infected cowpea, subjected to pathogenicity tests, and
identified. The spores suspension of the isolated pathogen
was subsequently prepared and standardized using a
hemocytometer counting slide to 1.0 x 10° spores/ml of
sterile distilled water (generally reported in literature as the
concentration of pathogenic fungal spores in experiments;
that can effectively initiate infection in susceptible host
plants) (Amadioha 2003; Alberto 2013; Nwaoguikpe et al.
2014).

Evaluation of the effects of the extracts of the plant
materials on infected cowpea in the screen-house

Four weeks after sprouting, healthy cowpea (Var. IAR-
48) seedlings growing in pots containing heat-sterilized
topsoil (4 kg) were spray-inoculated to run-off with spore
suspension of C. destructivum (1x10° spores/ml), and
subsequently grouped into two groups A and B; which
were simultaneously treated with the test bio-pesticides.
Seedlings in Group A were sprayed with aqueous
suspensions of the different concentrations (25, 50, 75, and
100%) of the plant extracts, while those in Group B were
sprayed with corresponding concentrations of methanol
extracts of the plant materials. The control experiments
were set up in a similar manner but sprayed only with
suspension of the fungus and sterile distilled water or
benomyl. The experiment was arranged in a randomized
complete block design (RCBD) made up of 14 treatments
and 4 replicates. The incidence and severity of the disease
on the inoculated cowpea seedlings were assessed
according to the formula adopted by Amadioha (2003) as
follows:

% Incidence = Number of diseased plants x 100
Total number of plants examined

The disease severity was assessed by visual assessment
of the test plants with typical symptoms of the anthracnose
disease, using the descriptive scale of 1-10 as outlined by
Enyiukwu and Awurum (2013b):

Where :
1. no disease;
2. 1-25% of seedling with anthracnose disease;

4. 26-50% of seedling with anthracnose disease;

6. 51-75% of seedling with anthracnose disease;

8. 76-100% of seedling with anthracnose disease and

10. Stem breakage, girdling or death of seedling due to
anthracnose disease.

The fungitoxicity of the extracts was evaluated as
reduction in severity of anthracnose disease on the potted
seedlings sprayed with spore suspension and the extracts of
varying concentrations compared to the control
experiments treated with water or benomyl alone
(Amadioha 2003).

Evaluation of effects of extracts of the plant materials
on height, number of leaves, and biological yield of
cowpea

The growth parameters (height and number of leaves)
of the two groups of the inoculated potted cowpea plants
after exposure to the various concentrations of the test plant
extracts were recorded at weeks 6 and 8 after planting
(WAP). However, the effects of the treatments on the
biomass accumulation of each treated plant were recorded
only at 8 WAP. At this time, the treated cowpea was
harvested (uprooted) and oven-dried at 60°C for 3 days and
the weight of the dry matter content of the treated plants
was measured using a digital balance and recorded
according to the protocols adopted by Awurum and
Ogbhonna (2013) and Awurum et al. (2016).

RESULTS AND DISCUSSION

Effects of the extracts on the incidence and severity of
anthracnose disease of cowpea in the screen-house
Results of Table 1 indicated that high mean incidence
(83%) and severity (approx. 6) of anthracnose disease were
recorded on the untreated cowpea (control experiment)
compared to nearly 19.00 % and 1.45; 20.40 % and 1.80;
27.00 % and 2.06; and 30.00 % and 2.22 recorded for
incidence and severity of the disease on benomyl, L.
camara, T. pachysiphon, and A. cordifolia treated cowpea
respectively. The result of the effects of the concentrations
of the different botanicals revealed that the crude extracts
of the test plants significantly inhibited the initiation,
development, and spread of the fungus in cowpea (Table
1). The 100 % concentration of the L. camara reduced the
incidence of C. destructivum induced anthracnose disease
in the test cowpea from 55 % and 85 % recorded on the
control at 6 WAP and 8 WAP to 10 % and 20 % for the
methanol and 10 % and 22 % for water extract
respectively. Also, the disease severity indices were
reduced from 4.1 and 5.71 recorded on the control
experiment to 1.0 and 2.02 for methanol extract (100 %)
and 1.0 and 1.90 for water extract of L. camara after 6 and
8 WAP. Both methanol and water extracts of T.
pachysiphon and A. cordifolia at 100 % concentration
recorded lower disease incidence and severity when
compared with the control (Table 1). There was no
significant difference between the results recorded with
benomyl (benzimidazole) and 75-100% concentration of L.
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camara extracts in terms of disease severity. There also
was no significant difference in fungitoxicity of benomyl
when compared with methanol and water extracts of the
test plants in disease incidence on cowpea both at 6 WAP
and 8 WAP (Table 1).

The toxicity profile of the botanicals was L. camara>T.
pachysiphon>A. cordifolia. The results also revealed that
irrespective of the type of plant material evaluated, the
fungitoxicity increased with the concentration of the test
plant extracts. The fungi toxic activity of the aqueous
extracts was not statistically (P<0.05) superior to methanol
extracts of the plant materials against the target fungus.

The mean effects of the different levels of the bio-
pesticides on the disease progression of the C.
destructivum-inoculated cowpea (Figure 1 and 2) (see
Table 3) indicated that the disease progressed very rapidly,
increasing exponentially between 4 and 6 WAP hence the
sharpest slope and largest area under the growth curve
within this period. However, it increased at a decreasing
rate from 6-8 WAP. This suggests that the disease caused
by C. destructivum was severe within two weeks (6 WAP)
having severity index of 1.6 times greater than infection
rate at 4 WAP.

Effects of the plant extract on the growth parameters
and biological yield of cowpea

The results presented in Table 2 indicated that the plant
extracts had significant effects on the growth and biological
yield of cowpea. Amongst the plant extracts, the best dry
matter yield of 4.30 g, 4.41 g, and 4.52 g were obtained
from L. camara treated cowpea at 50 %, 75%, and 100%
concentrations respectively. There was no significant

difference in the dry matter yield (4.62 g) obtained from
benomyl (benzimidazole) and those recorded with 50-
100% concentrations of the methanol extracts of L.
camara. Also, there was no significant difference with
benomyl (4.49 g) when compared with respective yields of
419 g, 438 g, and 441 g from 50, 75, and 100%
concentrations of the water extracts of the plant materials
on the test cowpea 8 WAP (Table 2). However, the dry
matter yields obtained from all the extracts of the test
plants irrespective of concentration, and solvent of
extraction were statistically (p<0.05) greater than those
recorded for the control experiment.

All the extracts irrespective of concentration and type
of plant material significantly (P<0.05) enhanced the plant
height and number of leaves as well as dry matter yield of
the crop over the control. In terms of number of leaves,
except for T. pachysiphon at 50% concentration, all the
assayed plant extracts irrespective of concentration and
carrier solvent significantly (P<0.05) increased the number
of leaves of the test crop over the control 8 WAP and
compared favorably (P<0.05) also with those recorded for
benomyl treated cowpea at both 6 WAP and 8 WAP.
Similarly, all the plant extracts tested at 100 %
concentration had a better performance than the control
experiment in improving the height of the cowpea at 6
WAP and 8 WAP except A. cordifolia. In general, the best
yield and yield attributes were recorded when the crop was
treated with L. camara followed by T. pachysiphon.
However, in terms of dry matter yield 50%, 75%, and
100% concentrations of methanol and water extracts of L.
camara was statistically (P<0.05) at par with result
obtained from benomyl treatment.

Table 1. Effects of the aqueous and methanol extracts of test plants and benomyl against Colletotrichum destructivum in cowpea eight

weeks after planting (8 WAP)

Disease incidence (%), severity, and time of planting (weeks)

Treatment 6 WAP 8 WAP 6 WAP 8 WAP
DI DS Dl DS Dl DS Dl DS

Alchornea cordifolia

25% 30 2.0 41 3.23 28 2.0 35 2.20

50% 30 2.0 40 2.84 27 2.0 32 2.20

75% 24 2.0 33 2.45 22 2.0 31 2.17

100% 22 2.0 32 241 22 2.0 30 2.08
Tabernaemontana pachysiphon

25% 25 2.0 35 231 23 2.0 30 2.11

50% 23 2.0 33 2.30 21 2.0 30 2.01

75% 23 2.0 32 2.40 20 2.0 29 2.01

100% 20 1.8 30 2.22 20 2.0 27 2.00
Lantana camara

25% 20 2.0 28 2.18 20 2.0 30 2.10

50% 18 2.0 26 2.05 18 2.0 24 2.05

75% 15 1.5 23 2.03 16 1.0 26 1.95

100% 10 1.0 20 2.01 10 1.0 22 1.90
Benomyl (3g/l) 11 1.2 17 1.69 10 1.0 20 191
Sterile water 55 4.1 85 5.71 51 4.0 82.9 5.64
LSD (0.05) 7.3 1.1 4.2 0.78 1.9 0.9 5.02 0.57

Note: Values are means of 4 replicates in two separate experiments; DI disease incidence (%); DS: disease severity
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Table 2. Effects of aqueous and methanol extracts of test plants and benomyl on height, number of leaves, and yield of cowpea 6 and 8

WAP
Agronomic parameters and time of planting (weeks)
Treatment 6 WAP 8 WAP 6 WAP 8 WAP
PH NL PH NL DM PH NL PH NL DM
Alchornea cordifolia
25% 23 3.01 32 4.04 3.18 22 3.00 30 411 317
50% 23 3.02 33 4.08 3.24 23 305 31 414 321
75% 27 3.40 37 434 3.38 25 312 32 417 3.49
100% 28 3.40 41 441 373 30 321 35 428 361
Tabernaemontana pachysiphon
25% 25 3.00 32 422 3.90 24 320 33 421 358
50% 23 3.00 34 3.30 3.90 25 320 33 422 368
75% 24 3.20 33 431 4.09 25 331 38 430 378
100% 23 3.40 33 440 4.10 27 340 39 430 3.97
Lantana camara
25% 23 3.20 36 4.05 4.10 23 310 34 415 4.12
50% 24 3.41 36 418 4.30 23 323 34 433 4.18
75% 24 3.50 38 443 441 24 328 36 438 429
100% 26 3.51 40 461 453 25 340 42 495 4.38
Benomyl (3g/l) 26 3.45 41 457 4.62 25 329 38 481 4.49
Sterile water 23 2.38 29 3.16 205 21 248 29 264 218
LSD (0.05) 22 025 6.02 078 0.38 192 09 51 057 033

Note:PH: Plant height (cm); NL: Number of leaves; DM: Dry matter content of biological yield of treated whole cowpea plant (grams)

Table 3. Mean effects of different concentrations of water and methanol extracts of the plant materials on anthracnose incidence in

cowpea

Extracting solvent and weeks after planting (WAP)

Plant materials Week 4 Week 6 Week 8
Both solvents Water Methanol Water Methanol

Alchornea cordifolia 0 25.00 26.50 32.00 36.50
Tabernaemontana pachysiphon 0 23.30 2280 30,50 32.50

T. camara 0 16.00 15.80 25.00 24.30
Benomyl 0 10.00 11.00 20.00 17.00
Distilled water 0 51.00 55.00 82.90 85.00
Total 0.00 125.00 131.10 190.40 195.30
Mean 0 25.00 26.22 38.08 39.06
Discussion et al. 2015). Hence, the poor phosphorus (26.55 mg/kg) and

The results of Table 1 showed that high mean incidence
and severity of anthracnose disease were recorded on the
untreated control experiment. Mohammed (2013) reported
that high ambient temperature, rainfall, and relative
humidity encourage the initiation, development, and spread
of anthracnose disease of cowpea. The high mean
incidence (83%) and severity (approx. 6) recorded on the
untreated control experiment in this study may have been
favored by high ambient temperature (29-31°C), rainfall
(276-280.2 mm), and relative humidity (74-87%) which
lasted for up to 23 days in the study months (September-
October 2015). Well-drained, slightly acidic, sandy clay
soil with a pH 5, that was rich in organic matter, organic
carbon, and low in salt (sodium) content permits optimal
growth and performance of cowpea (Anyanwu et al. 1980;
Timko et al. 2007). Similarly, low calcium and phosphorus
contribute to poor development of resistance mechanisms
in crops (Owolade et al. 2006; King et al. 2012; Boumaaza

calcium (2.10 Cmol/kg) status of the greenhouse soil may
have informed the poor resistance of the test crop to C.
destructivum resulting in the high mean incidence and
severity of anthracnose disease recorded on the control
experiment in this study.

Table 1 also indicated that irrespective of type of carrier
solvent and concentration of application of the botanicals
used in this study, all the test extracts performed well in
minimizing the incidence and severity of anthracnose
disease of cowpea in the field which was statistically
greater (P<0.05) than the control. However, benomyl
demonstrated a superior fungitoxicity over the botanicals
except for 50-75% concentration of L. camara. This
implies that all of the test plants could be used as
prophylactics against anthracnose disease of cowpea since
they minimized the development and expression of the
disease at 4 weeks after planting in the field.



8 ASIAN JOURNAL OF AGRICULTURE 5 (1): 4-11, June 2021

Several workers have demonstrated the efficacy of
pesticides of plant origin against several pathogenic fungi
in the field. Field trials in Nigeria and Brazil showed that
extracts of Ocimum sanctum, Piper nigrum, Vernonia
polyanthus Xylopia aethiopica, Cymbopogon citratus, and
C. flexuosus seriously affected the development and spread
of anthracnose caused by C. lindemuthianum on cowpea
(Amadioha 2001; 2003; Lemos da Silva et al. 2015).
Similarly, P. guineense seed extract was reported to
effectively minimize C. destructivum-induced anthracnose
lesions on treated cowpea in the field (Enyiukwu and
Awurum 2013). The effectiveness of these botanicals was
found in most evaluations to compare well with the effect
of the synthetic fungicides such as benomyl, thiophanate-
methyl or Celest® in a dose-dependent manner (Enyiukwu
and Awurum 2013; Masangwa et al. 2013). The findings in
this study where the extracts of L. camara, T. pachysiphon,
and A. cordifolia reduced the incidence and severity of
anthracnose disease of cowpea in the field in a dose-
dependent manner are in agreement with the earlier reports
by other scientists as mentioned above.

Botanicals are reported to contain several bioactive
chemical groupings such as terpenoids, alkaloids, saponins,
steroids, flavonoids, tannins, glycosides, and fatty acids;
these have been reported to underpin the bioactivity of
these plant materials (Edeoga et al. 2005; Enyiukwu and
Awurum 2013a). Presence of alkaloids, flavonoids,
saponins, tannins, polyphenols, glycosides, and terpenoids
have been reported in L. camara, T. pachysiphon, and A.
cordifolia used in this study (Duru and Mbata 2010;
Pradhan et al. 2012; Nwaoguikpe et al. 2014). Fatty acids
including 9,12-Octadecadienoic acid methyl ester, 9-
Octadecenoic acid methyl ester, and Dodecanoic acid
(1,2,3-propanetryl ester) isolated from these plant materials
(Enyiukwu 2017) are known to be antimicrobial
compounds (Okwu and Njoku 2009; Akpuaka et al. 2013);
suggesting that the fungitoxicity of the plant materials used
against the test pathogen in this investigation may be due to
these compounds. The high presence of these fatty acids,
especially dodecanoic (lauric) acid in L. camara followed
by T. pachysiphon , may have informed their higher
antifungal activity over A. cordifolia on C. destructivum
O’Gara in this study (Enyiukwu 2017).

Earlier field evaluations from Amadioha and Obi (1998;
1999) reported the superiority of fungi toxic activity of
extracts of Xylopia aethiopica and Azadirachta indica over
benomyl in minimizing Colletotrichum lindemuthianium
incited anthracnose lesions in cowpea. Awurum and
Ucheagwu (2013) also found Piper guineense in a similar
manner to out-perform benomyl in protecting cowpea seeds
in storage against Fusarium and Colletotrichum induced
deteriorations over a 3-month period. Findings from this
study, however, did not agree with these submissions since
the extracts of the test plants used in this assay were not as
effective as benomyl in arresting the initiation,
development and spread of the pathogenic fungus (Table
1). The development of resistance of Colletotrichum spp. to
benomyl (Tu 1981) and tolerance to its close chemical
relatives carbendazim and thiophanate-methyl (Emechebe
and Florini 1997) have been reported and this may explain

the lower sensitivity of the pathogen to the fungicide as
reported by the other investigators.

The disease progress curves (Figures 1 and 2) suggest
that the control strategies against cowpea anthracnose
disease should be preventive and such measures must be
initiated early in the cycle (4 WAP) to stem the disease.
High incidence and severity of Colletotrichum spp. induced
anthracnose, brown blotch, and related fungal diseases
following natural or artificial infection of seedling of
Allium cepa and cowpea at 2-4 WAI have been reported by
Owolade et al. (2004) and Awurum et al. (2016)
respectively. These investigators maintained that the
diseases were very severe during this period, progressing
rapidly and extensively 2-3 weeks post-infection with the
pathogens. Data from this study affirm that the attacks and
severity of C. destructivum induced anthracnose disease in
the test cowpea progressed rapidly and severely at this
same period on the test seedlings. Extracts of the botanicals
should therefore be applied early in the growth cycle of
cowpea on or before the appearance of anthracnose
symptoms on cowpea to minimize its spread and damage to
the crop. The figures (Figures 1 and 2) further suggest that
A. cordifolia and T. pachysiphon may be applied at higher
doses to effect good control, unlike L. camara which could
be applied at lower doses for effective control. Therefore,
the closest alternative and/or substitute for the synthetic
fungicide in this study is L. camara.

Frequent synthetic chemical sprays on cowpea and
other crops to stem fungal diseases 2-3 WAI has also been
reported (COPR 1981). Edema and Adipala (1994) and
Oparaeke (2007) reported that weekly sprays with
mancozeb or extracts of P. guineense on cowpea 2 WAP
until flowering and podding significantly controlled brown
rust (Uromyces vignae) and bruchids in the crop. In another
study, Bretag (2008) found that for effective control of
anthracnose disease of lentil, the fungicide Bravo 500 (50%
Chlorothalonil) should be applied prior to onset of the
disease and repeated a fortnight later. Awurum et al.
(2016) reported that maintaining biweekly sprays of
botanicals on onion and Amaranthus significantly checked
the initiation, development, and spread of wet rot and
anthracnose disease in the crops which corroborates the
recommended control period at 4 WAP than 6 WAP for
anthracnose of cowpea caused by C. destructivum in this
study.

Time of application of chemicals and botanicals prior,
simultaneous or after infection affects the efficacy of the
product (Bretag 2008). Amadioha (2003) and Falade
(2016) reported that the initiation, growth, and spread of
anthracnose  disease of cowpea caused by C.
limdemuthianum in cowpea were checked significantly
(P<0.05) better with extracts of P. nigrum, O. sanctum, D.
strammonium, J. gossipifolia and T. procumbens when
applied 2 days prior to the inoculation or arrival of the
pathogen on the crop than when applied simultaneously or
2 days after infection with the pathogen. Also, X.
arthiopica and A. indica demonstrated higher fungitoxicity
against the organism at 2 days before inoculation of the
pathogen than at other application times (Amadioha and
Obi 1998).
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e Stegile distilled water
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Week 4 Week 6 Week 8
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Figure 1. Mean effects of different concentrations of methanol
extracts of the plant materials on disease incidence in cowpea 8
WAP

This suggests that plant extracts, besides direct toxicity
to the test fungus, seem to stimulate host plant immunity
towards resisting the disease and this may explain the
higher control effects from the extracts of the test plants
when applied at two or more days before than simultaneous
or 2 or more days after inoculation of the pathogen on the
crop. The less efficacy of the test extracts especially A.
cordifolia and T. pachysiphon recorded in this study where
the extracts and the pathogen were simultaneously applied
on the test crop collaborate these findings.

The influences of phyto-pesticides in improving crop
yields have been reported. Aqueous extracts of Piper
guineense and C. papaya in a greenhouse trial on cowpea,
besides reducing the development and spread of
anthracnose disease caused by C. destructivum on the crop,
improved the leaf area index, plant height, and biomass
accumulation of test crop (Enyiukwu and Awurum 2013b).
Also, extracts of Hyptis marrubioides, Aloysia gratissima
and Cordia verbenacea significantly improved seedling
emergence and dry matter content of treated soybean
challenged by the anthracnose disease agent C. truncatum
(Da Costa et al. 2012) Similar reports on field trial on
Amaranthus cruentus (Amaranth) and Allium cepa L.
(onion) exposed to phytochemicals derived from Dennettia
tripetala, Azadirachta indica and Spondias mombin noted
that besides significantly reducing the damage attendant
from C. curcubitarium causing wet rot and C.
gloeospoirioides incitant of anthracnose  disease
respectively on the crops, enhanced the yield and yield
attributes of the test plants (Awurum and Nwaneri 2011;
Awurum et al. 2016). According to Mark et al. (2015)
essential oil derived from A. sativum L. effectively
improved the number of leaves, leaf area, plant height and
stem girth of treated cowpea. Findings from this study
whereby the extracts of the test plants (L. camara, T.

90

B0

70

= alchornea cordifolia
—— Tabernaemontana pachysiphon
50 — Lantanina camara

—Benomyl

sterile distilled water

Disease incidence (%)

20

10

Week 4 Week 6 Week 8

Weeks After Planting (WAP)

Figure 2. Mean effects of different concentrations of water
extracts of the plant materials on disease incidence in cowpea 8
WAP

pachysiphon and A. cordifolia) significantly (P<0.05)
improved the plant height, number of leaves and dry matter
yield of cowpea agree with the foregoing submissions.

The better performance of the methanol extract in
improving the biomass content of the test crop over the
water extracts (Table 2) may be due to a better extraction
and synergism of the active compounds in the methanol, as
extracting solvent rather than water. Or it may be that the
active principles dissolved more or were more soluble in
methanol, as extracting solvent than water which translated
to better control of the disease and yield of the crop. It
could also be possible that water extracts of the test plant
contained more inhibitors to the active principle than the
methanol extracts (Amadioha 2001). Similarly, the better
performance of benomyl over the plant-derived
phytochemicals may have been a result of its longer
persistence in the eco-system when compared with the
phyto-pesticides which are easily degraded by heat and UV
radiation (Enyiukwu et al. 2014).

The improvement in the yield and yield parameters of
the crop recorded in this study is thought to be brought
about by two mechanisms-reduction of the growth and
spread of the fungal pathogen causing the anthracnose
disease and stimulating or priming of the crop immunity to
resist further attacks by the disease-causing organism
(Enyiukwu et al. 2016). Biopesticides derived from
Gliocladium virens showed strong antibiosis against
Alternaria helianthi evidenced by bursting of the hyphae of
the pathogen and inhibiting its cellulose, cutinase and
chitinase activities (Anitha and Murugesan 2012). Phyto-
chemicals gleaned from Dennetia tripetala, Azadirachta
indica and Spondias mombin improved the yield and
quality of the treated crops by stemming the fungal attacks
on the vegetables. These plant materials contain phenols
and phenolic acids. Phenols are aromatic alcohols, which
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are constituents of various ranges of pesticides (Okwu and
Njoku 2009; Enyiukwu and Awurum 2013a). In bio-
systems this class of phytochemicals has been reported to
block cell division, slow cellular growth and elongation,
hamper sporangia formation, spore development and
impair a wide array of microbial enzymes (Enyiukwu and
Awurum 2013a). Reynoutria sachalinensis a phyto-
pesticide containing the anthraquinone compound and is
reported to induce defense mechanism in the host through
stimulation and boosting of chitinases production,
phytoalexin synthesis, papilla formation, vacuolization of
infectious haustoria, inhibiting reactive oxygen species
(ROS) and enzyme phenolic pathways (Lehnohof 2007).
Likewise, Reboledo et al. (2015) in agreement reported that
extracts of Phyacomitrella patens activated defense
responses against C. gloeosporioides in susceptible hosts.
The phenolic-like compounds of the extract inhibited the
advancement of the pathogen by inducing certain genes
coding for the formation and incorporation of protein-like
polymers that re-inforced the host's cell wall. Also,
bioactive fatty acids and essential oils containing functional
groups or substituents such as furans, aldehydes, oxides,
ketones, phenols, lactones, coumarins, and terpene
hydroxides could induce resistance in treated crops through
induction of host enzyme peroxidases against invading
pathogens (Lemos da Silva et al. 2015). In beans
(Phaseolus vulgaris L.), increased enzyme peroxidase
activities due to fatty acid-containing phytochemicals have
been associated with resistance to anthracnose disease
caused by C. indemuthianium in the crop. The mechanism
of this action has been linked to ability of extracts of
Cymbopogon flexuosus and Vernonia polyanthes to induce
host enzyme peroxidases to produce free radicals (H20>)
toxic to the pathogen in an oxidative burst and participate
in lignin synthesis that strengthened host cell wall (Lemos
da Silva et al. 2015). Applying phytochemical controls
early enough was thought to have supplied phenols or
improved the production of infection-fighting phenolics or
radicals such as hydrogen peroxide in the onion plants
through re-enforcing the structural components of its walls
thereby reducing the advancement and damage due to
fungal pathogens resulting in improved yield and quality of
produce (Awurum et al. 2015). Therefore, the ability of the
phytochemicals used in this study to improve the yield and
quality of the treated cowpea may be due to these
protective mechanisms developed by the host due to the
phytochemicals from the test plant materials.
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