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present study investigated the roles of seed coat (condensed and free
tannins, flavonoids, total phenolic content and their anti-oxidant
activity) and cotyledon (carbohydrate, proteins and a-amylase
inhibitory activity) biochemical compounds in conferring cowpea seed
resistance to bruchid infestation. None of the seed coat biochemical
traits were associated with the seed resistance parameters. With the
exception of protein content which was only associated with weight
loss, all the cotyledon biochemical traits were strongly associated with
all of the seed resistance parameters. These results indicated that seed
coat biochemical traits have no role in conferring resistance but
cotyledon biochemical traits namely, o-amylase inhibitory and
carbohydrate content are involved in conferring resistance to bruchid
attack by reducing the growth and development of the pest. These traits
can be used as biochemical markers for quick and accurate selection of
cowpea genotypes resistant to bruchid.
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Introduction:-

Cowpea (Vigna unguiculata (L.) Walp.) is the second most important and widely consumed grain legume in semi-
arid and subtropical regions of Africa (NRC, 2006). It is cultivated primarily as a pulse, vegetable and as cover and
fodder crop (Faye, 2005). Cowpea seeds provide a rich source of protein, carbohydrate, minerals and vitamins,
particularly for the poorer sectors in many developing countries (Gongalves et al., 2016; Hamid et al., 2016). In
Uganda, cowpea is the fourth most important legume crop after beans, groundnut and soybean (Ddungu et al.,
2014). It is grown by approximately 2.2 million smallholder farmers on total area of 77,000 ha (FAOSTAT, 2011)
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but the crop’s production is limited by a variety of constraints including insect pests, diseases and parasitic striga
(Terao et al., 1997). In storage, cowpea bruchid (Callosobruchus maculatus) is the most destructive pest (Deshpande
et al., 2011) resulting in partial or total stored crop losses (NARO, 2012; Joel and Hyuha, 2010).

More than 63% of cowpea growing farmers in northern Uganda use synthetic pesticides to minimize losses due to
bruchids (MBAZARDI, 2014). However, the use of synthetic insecticides to control bruchid infestation has
widespread environmental contamination, toxicity to non-target organisms and negative effects on human health
(Isman, 2008). The growing concerns about the harmful effects of pesticides have stimulated investigations in new,
safer alternative pest control strategies, including the use of resistant genotypes (Castro et al., 2013; Tripathi et al.,
2015). An understanding of the mechanisms of resistance to the bruchid is one of the key pre-requisites for
designing effective and efficient strategies to breed resistant genotypes. Many studies have indicated that chemical
compounds, such as phenolic acids, tannins, and flavonoids and a-amylase inhibitor may confer cowpea seed
resistance to C. maculatus (Ojwang et al., 2012). For example, Lattanzio et al. (2005) reported elevated level of a-
amylase inhibitor as the main mechanism for resistance to bruchid. Gatehouse et al. (1979) reported that elevated
level of trypsin inhibitor in TVu 2027 cowpea seeds was responsible for resistance to C. maculatus. In contrast,
Baker et al. (1989) found no significant correlations between the levels of trypsin inhibitor and C. maculatus
development time or mortality. There are also conflicting reports on the effect of seed coat tannin content on the
oviposition and survival of C. maculatus. For instance, Lale and Makoshi (2000) reported a positive association
whereas Lattanzio et al. (2005) found no significant association between seed coat tannin content and seed resistance
to bruchid. Also, Edde and Amatobi (2003), in their experiments using 22 cowpea varieties found no significant
differences in number of eggs deposited, adult mortality and mean developmental periods between cowpea with and
without seed coat, suggesting that seed coat had no value in protecting cowpea seeds against attack by C. maculatus,
rather the resistance factors were carried in the cotyledon and embryo of the seed. Thus, it seems that cowpea seeds
do not rely on one type of chemical defense, implying that resistance might be due to the accumulation of several
biochemicals. However, direct evidence of the protective roles of these compounds against bruchid is limited. In
view of this, the aim of the present study was to examine the influence of biochemical attributes including protein,
carbohydrate, flavonoid and tannins content, phenolic compound and their anti-oxidant activity; and a-amylase
inhibitory activities in three resistant and four susceptible cowpea genotypes on C. maculatus infestation.

Materials and methods:-

Sources of germplasms:-

Seven cowpea genotypes differing in response to bruchid infestations used in this study (Table 1) were identified out
of 145 cowpea genotypes by a no-choice laboratory bruchid damage bioassay (Miesho et al. unpublished
manuscript). All the genotypes except TVU-2027 were obtained from the Germplasm Maintenance Project of
Makerere University Agricultural Research Institute, Uganda.

Experimental design and data collection:-

The experiment was laid in a completely randomized design (CRD) with three replicates per genotype. For each
replicate, data were collected on biochemical parameters namely, free and condensed tannins, phenolic content and
their antioxidant activities, flavonoids, carbohydrates, proteins and a- inhibitor activity.

Extraction and quantification of biochemical parameters:-
Prior to biochemical analyses, the seeds were soaked in phosphate buffered saline for one day and dehulled
manually.

Seed coat biochemical analysis and anti-oxidant assay of extracted phenolics

The seed coat biochemical attributes were assessed by refluxing defatted seed coat flour in 80% hexane using a
soxlet apparatus. Total phenolics, flavonoids, free and condensed tannins were extracted, quantified and recorded.

Total phenolic and total flavonoids

Total phenolic content was extracted with 80% aqueous methanol containing 1% HCI (1:50, w/v) by refluxing in a
boiling water bath for 30 minutes. The refluxed material was concentrated under vacuum in a rotary flash evaporator
(RU 10 C S099, IKA, Germany) and used for determining the total phenolic content (TPC) and total flavonoid
content (TFC). The TPC of each extract was determined using the method described by Chandrasekara and Shahidi
(2010) and the contents expressed in mg of gallic acid equivalents (GAE) per gram of defatted flour. The TFC of
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flour was measured by the aluminium chloride colorimetric assay method described by Kim et al. (2003) by reading
the absorbance at 510 nm (Biowave ii+, Cambridge, England) and the contents expressed in percent of gallic acid
equivalents (GAE) per gram of defatted flour.

Free and condensed tannins

To determine free and condensed tannins, about 0.1g of cowpea defatted seed coat flour was placed in a 1.5ml
Eppendorf tube and 0.5ml acetone (70%): ascorbic acid (1%) solution was added. The solution was shaken for 20
minutes using an orbital shaker (Unimax 1010 DT, Germany). Thereafter, petroleum ether (0.5ml) was added and
the solvent left to evaporate. 0.3ml of distilled water was then added and the sample centrifuged at 10 rpm for 10
min. An aliquot of 0.1ml was taken and 0.4ml of HCI-butanol solution (5%v/v) added. The tube was placed in a
water bath at 80°C for 70 minutes. Absorbance was then read at 550 nm to quantify the amount of free tannins. For
condensed tannins, the remaining solution was drained from the tubes, and 0.2ml distilled water and 0.8ml of acid-
butanol solution were added and the tube placed in a water bath (80°C) for 70 minutes. Absorbance, which is
directly proportional to the tannin content, was read at 550 nm (Biowave ii+, Cambridge, England). The contents
were expressed in mg of tannic acid (TA) per gram of defatted flour.

Ferric ion-reducing capacity assay (FRC)

The extracted phenolics were assayed for their antioxidant activities following the method of Pownall et al. (2010),
with slight modifications. Briefly, various sample dilutions (500 puL) in 50 mM phosphate buffer (pH 7.0) were
mixed with 250 pL of 1% (w/v) potassium ferricyanide solution and incubated for 20 min at 50°C. Thereafter, 500
puL of 10% (v/v) trichloroacetic acid was added and centrifuged at 3000 r/minute for 10 minutes. The supernatant
was mixed (500 pL) with 100uL of 0.1% (w/v) ferric chloride (freshly prepared) and 500 uL of distilled water
followed by additional incubation for 10 min, absorbance was immediately measured at 700 nm (Biowave ii+,
Cambridge, England) against a blank consisting of phosphate buffer and the appropriate volume of solvent, treated
in the same manner. The results were expressed as absorbance units at 700 nm, which was considered as a measure
of reducing power. Higher absorbance of the reaction mixture indicated greater reducing power.

Cotyledon biochemical analysis and a-amylase inhibitory assay

Total protein assay

Total protein was quantified using the Bradford method (Bradford, 1976). A sample of 0.1g of cotyledon flour was
added into a falcon tube containing 5ml of distilled water. The solution was agitated for 30 minutes at 50°C on a
thermomixer (Eppendorf AG, Hamburg, Germany). From this protein solution, 0.1 ml was pipetted off and stained
with 3 ml of Bradford reagent (Commassie brilliant blue + 95% Ethanol + 85% Phosphoric acid + Deionized water).
The stained proteins were quantified by measuring absorbance in a spectrophotometer (Biowave ii*, Cambridge,
England) at a wave length of 595nm against standard albumin.

Total carbohydrate

Total carbohydrate was determined as total starch and sugar content by hydrolysis of 0.1g sample with 5ml of 10%
(v/v) Sulphuric acid at 80°C in a waterbath (Grant TXF 200, England) for 30 minutes. The sample was left to cool to
room temperature and the resultant sugar as well as the original sugar was quantified using the method of Dubois et
al. (1956). 0.5 ml of solution was diluted with 1ml of deionized water and dehydrated using 1ml of concentrated
sulphuric acid. The resulting furfural compound was estimated by adding 0.5ml of 5% phenol and the resulting
colored compounds quantified by measuring its absorbance at a wavelength of 490 nm in a spectrophotometer
(Biowave ii*, Cambridge-England) against a starch soluble standard.

The a-amylase inhibitors assay

To determine the a-amylase inhibitory activity, ten grams of finely ground de-hulled seeds were incubated in an
eppendorf thermomixer (Eppendorf AG, Hamburg, Germany) at 200 rpm with 0.15M NaCl (1:5, w/v), followed by
centrifugation at 12100 x g for 60min. The supernatant was buffered by adding 0.2M Na-succinate, 0.1M CaCl2
(pH 3.8) (110 plml-1) and was heated in a water bath at 70°C for 15min. The protein precipitate was removed by
centrifugation (12100 x g for 60min) and the clear supernatant was brought to pH 5.6 with NaOH. Ethanol, (19%
final concentration) was added to this solution and the mixture was stirred for 3.5h at 4°C and then centrifuged
(Moreno et al., 1990). The protein inhibitory activity of a-amylase inhibitor extracts was determined using the
Bradford method using bovine serum albumin as a standard (Bradford, 1976). A sample of 10ul of extracted a-
amylase inhibitors was added to 50ul of standard a-amylase enzyme (extracted from Aspergillus Oryzea and
supplied from SIGMA) in a total volume of 1.2 ml of barbital buffer solution, pH 6.5. The mixture was incubated at
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37°C for 10 minutes followed by the addition of 0.2ml of substrate solution (0.1% potato starch solution in water).
After incubation at 20°C for 10 min, the reaction was stopped with 0.2ml 3M HCI. The undigested starch was
determined by adding 0.4ml of potassium iodide (12—KI) solution (1.2 and 1.8mM, respectively) and by measuring
the change in absorbance at 620 nm. Controls without inhibitors were included to determine the amylase activity of
each preparation (expressed as amylase units, i.e., the amount of enzyme that gave 50% hydrolysis of the added
starch) (Silano et al., 1975). The a-amylase inhibitory activity (percentage of control) was expressed as a percentage
of the a-amylase activity values in the absence of pre-incubation with the seed extract.

Statistical analysis

A one way analysis of variance (ANOVA) was used to test differences in biochemical characteristics among cowpea
genotypes. Least significant difference (LSD) test was used to separate means. Pearson correlation was used to
examine the association between each biochemical characteristic and seed resistance to bruchid parameters (number
of eggs, median development period, growth index, average number of holes, percentage weight loss, percentage
pest tolerance and Dobie susceptibility) for the studied genotypes. Multiple linear regression was used to identify the
relative significance of each biochemical attributes in determining the seed resistance. All analyses were conducted
using GenStat Discovery, 16" Edition statistical package.

RESULTS:-

Cowpea genotype biochemical resistance characteristics

There were significant differences (P< 0.001) in the seed nutritional (total protein and total carbohydrate) and anti-
nutritional factors (free tannins, condensed tannins, phenolic compounds and their ferric ion-reducing capacity assay
(FRC), flavonoids and a- amylase inhibitor activity) among the cowpea genotypes (Table 2).

Cowpea seed nutritional contents and their effect to C. maculatus

The studied cowpea genotypes varied significantly (P< 0.001) in their seed nutritional contents (Table 3). High total
protein content was recorded from susceptible genotype IT109 (29.0%) whereas the lowest was obtained from
another susceptible genotype WC69 (19.4%). The highest total carbohydrate content was recorded from resistant
genotype WC42 (69.5%) and the lowest from susceptible genotype IT71 (59.0 %) (Fig. 1 B).

Cowpea seed anti-nutritional contents and their effect on C. maculatus

The studied cowpea genotypes showed significant differences in their seed anti-nutritional contents (Table 3). There
were more condensed tannins and phenolic compounds in seeds than free tannins and flavonoids. The mean
condensed tannins and phenolic compounds were 4.70mgTA/g and 17.02mgGAE/g, respectively. The mean
condensed tannin content was about four times higher than that of free tannins (1.33mgTA/g). Susceptible genotype
WC69 (7.62mgTA/g) had the highest amount of condensed tannins whereas the lowest (2.91mgTA/g) was recorded
also from susceptible genotype IT71. The amount of free tannins ranged from 1.10mgTA/g (susceptible, WC69) to
2.19mgTA/g in susceptible genotype SECOW2W. Flavonoids ranged from 0.26%GAE in resistant genotype 2419 to
1.83%GAE in resistant genotype WC42. The highest phenolic compound was recorded from resistant genotype
WC42 (38.48mgGAE/g) and the lowest from resistant genotype TVu 2027 (11.09mgGAE/g). The highest Ferric
ion-reducing capacity assay (FRC) was recorded from susceptible genotype WC69 (76.76) and the lowest again
from susceptible genotype 1T109 (22.74). Highest a-amylase inhibitory activity was recorded on resistant genotype
2419 (13.356ul) and the lowest was recorded from susceptible genotype WC69 (44.97ul) (Fig 1A).

Relationship among cowpea biochemical attributes and resistance parameters to bruchid:-

The extent to which the studied traits contributed to increase resistance to bruchid was given by information
obtained through correlation studies and multiple regression analysis. Total carbohydrate content was positively and
significantly (P<0.001) correlated to median development period (r = 0.82) and pest tolerance (r = 0.79); and
negatively correlated to percentage weight loss (r = -0.85), number of eggs (r = -0.72), average number of holes (r =
-0.78), insect growth index (r = -0.79) and Dobie susceptibility index (r = -0.79). The a-amylase inhibitory activity
was positively and significantly (P<0.001) correlated to the percentage weight loss (r = 0.81), number of eggs (r =
0.75), average number of holes (r = 0.80), insect growth index (r = 0.71) and Dobie susceptibility index (r = 0.78);
and negatively correlated to median development period (r = -0.55) and percentage pest tolerance (r = 0.80) (Table
4). The multiple linear regression analysis showed that 87.7% of the total variability in Dobie Susceptibility could be
predicted using a-amylase inhibitory activity, total protein and total carbohydrate content of the seeds (Table 5).
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Discussion:-

Results of the study confirm the importance of certain biochemical attributes for resistance against cowpea bruchids.
Among the biochemical attributes, only total carbohydrate content and a-amylase inhibitory activity of the seeds
were associated with resistance to bruchid (Table 4). Although all the analyzed genotypes contained varied
quantities of proteins, condensed and free tannins, flavonoids and phenolic compounds and ferric ion-reducing
capacity assay, none of them was associated to seed resistance to bruchid (Table 4). For example, cowpea line TVu
2027, an accession classified as bruchid-resistant line showed low concentration of condensed and free tannins
whereas WC69 and SECOW2W, the susceptible lines contained very high concentrations of condensed and free
tannins. Additionally, the highest and lowest flavonoid contents were recorded only from resistant genotypes WC42
and 2419, respectively. Likewise, the highest phenolic compounds and ferric ion-reducing capacity were recorded
from resistant genotypes WC42 and TVu 2027, respectively (Table 3). The lack of correlations between all of the
individual seed coat biochemical attributes and the seed resistance parameters found in this study showed that seed
coat biochemical attributes were not effective barriers against C. maculatus. Similar results were reported by Baker
et al. (1989) and Lattanzio et al. (2005). Also, Edde and Amatobi (2003) found no significant correlation between
numbers of eggs deposited, adult mortality and mean development periods on cowpea seeds with and without seed
coat. These findings, as well as our study suggest that the seed coat may not be a useful aspect to consider for
breeding of resistant cowpea varieties to bruchid, rather the resistance factors are carried in the cotyledon and
embryo of the seed.

Additionally, the results of the study provides strong evidence that elevated level of a-amylase inhibitory activity in
the cotyledons of cowpea genotypes is responsible for conferring resistance of cowpea genotypes to C. maculatus
(Fig. 1 A). Previous work by Lattanzio et al. (2005) also found a positive relationship between Dobie susceptibility
index and the level of a-amylase inhibitory activity suggesting the existence of negative effect of a-amylase
inhibitory on bruchid growth and development. Also, a-amylase inhibitory activity has been shown to prolong insect
developmental period, cause reduction in the levels of adult emergence and retardation in insect growth by inhibiting
enzymes responsible for starch digestion resulting in carbohydrate starvation (Macedo et al., 2004). Amongst the
studied cowpeas, the inhibitory activity in 2419, a genotype showing a resistance to the pest, was found to be about
three times higher than in WC69, a susceptible genotype (Fig. 1A). When the amount of a-amylase inhibitor was
considered, resistant genotypes 2419 and WC42 needed 13.35 and 17.04 ul of a-amylase inhibitors to inhibit 50% of
the insect a-amylase enzyme, respectively. On the other hand, susceptible genotypes IT71 and WC69 needed 33.28
and 44.97ul of a-amylase inhibitor. The results also showed that, amongst the different genotypes of the same
resistance level, a great variability in the inhibitory activity could be detected, indicating the existence of different
types of a-amylase inhibitor in the tested genotypes (Franco et al., 2002). Lattanzio et al. (2005) on cowpea and
Wisessing et al. (2010) on mungbeans had reported o -amylase inhibitory activity as the main factor of seed defense
against bruchid infestation.

The higher total carbohydrate content in seeds of resistant genotypes compared to those of susceptible ones (Fig. 1
B) is an indication that carbohydrate content could also offer seed defense against bruchid infestation. Carbohydrate
content increases resistance by increasing seed hardness (Ajeigbe et al., 2008) thereby making seed penetration by
the insect difficult. Furthermore, greater roles of carbohydrate in imparting seed resistance to bruchid damage was
fully reflected by its strong correlation with seed resistance parameters and dobie susceptibility index, a measure of
resistance to bruchid damage (Dobie, 1974) (Table 4).

Multiple regression analysis results also confirmed the role of a-amylase inhibitory and seed carbohydrate content in
conferring resistance to bruchid. The negative correlation relationship between a-amylase inhibitory and median
development period, one component of DSI, indicated that prolonging insect development period might be due to a-
amylase inhibition. Similarly, the negative relationship between carbohydrate content and median development
period also indicates that carbohydrate is responsible for prolonging insect development period in addition to
offering physical barrier. On the other hand, the negative association between seed carbohydrate content and a-
amylase inhibitory may be an indication that the two traits are controlled by different, overlapping, linked genetic
loci (Acquaah, 2012). This information could guide breeders on how to improve resistance in cowpea genotypes by
focusing on elevating the level of seed a-amylase inhibitory and carbohydrate content. The regression and
correlation results indicate that the a-amylase inhibitory and seed carbohydrate content should be considered when
selecting resistant genotypes to bruchid since they had strong correlation and higher contributions to variation in
genotypes for resistance to bruchid attack (Table 5).
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Table 1:- Cowpea genotypes used in the study (data from Miesho et al. Unpublished manuscript)

Genotypes | NE | MDP (days) | Gl ANH PWL | PPT (%) | DSI | Resistance | Cultivar Origin
status type

IT109 124 | 21.5 292 | 7.8 276 |0 8.8 | Susceptible | Improved | IITA

SECOW2W | 87.3 | 22.8 3.92 | 7.7 242 |0 8.3 | Susceptible | Improved | Uganda

WC69 141 | 23 242 | 1.7 359 |0 8.2 | Susceptible | Landrace | Uganda

IT71 87 22.8 3.56 | 6.9 447 10 8.1 | Susceptible | Inbred HTA

line

WC42 17.3 | 32 0.23 | 0.1 0.5 90 0.3 | Resistant Landrace | Uganda

TVu 2027 7 42 0.37 | 0.1 0 93.3 0.2 | Resistant Improved | Nigeria

2419 39.7 | 42 003 |0 0 96.7 0 Resistant Landrace | Uganda

NE: Number of eggs, MDP: Median development period, GI: Growth index ANH: Average number of holes, PWL.:
percentage weight loss; PPT: percentage pest tolerance and DSI: Dobie susceptibility

Table 2:- Results of one-way analysis of variance for differences in seed biochemical traits among the studied
cowpea

Source  of | df Mean squares of traits

variation CT FT TFC TPC FRC Protein Carb a-Als
Genotype 6 |1147 0447 |1.07 |278.037 |1498.08" | 86.68° |43.847 | 360937
Residual 14 | 0.06 0.00 0.00 1.70 0.06 0.44 0.31 7.76

CT; Condensed tannins, FT: Free tannins, TFC: Total flavonoid content, TPC: Total phenolic compounds, FRC:
Ferric ion-reducing capacity assay of the extracted phenolic compounds, Carb: Carbohydrate, and a-Als: a-amylase
inhibitory activity. *** P<0.001

Table 3:- Estimates of seed biochemical constituents in resistant and susceptible cowpea genotypes to bruchid.

Genotype CTmgTA/g | FT mg TA/g | TFC TPC mg GAE/g | FRC Protein | Carb | a-Als (ul)
%GAE % %

IT109 4.71 1.18 0.67 15.04 22.74 | 29.0 61.9 | 24.59
SECOW2W 4.37 2.19 0.83 13.21 2756 | 28.4 63.5 | 32.53
WC69 7.62 1.10 1.80 13.32 76.76 | 19.4 64.3 | 44.97
IT71 291 1.28 1.14 12.42 35.61 | 26.2 59.0 | 33.28
WC42 7.10 1.16 1.83 38.48 67.42 | 22.2 69.5 | 17.04
TVU 2027 3.03 1.14 0.70 11.09 27.02 | 275 65.5 | 20.79
2419 3.16 1.27 0.26 15.57 33.12 | 26.9 65.0 | 13.35
LSD 0.45 0.10 0.09 2.28 0.44 1.2 1.0 | 4.88

CT; Condensed tannins, FT: Free tannins, TFC: Total flavonoid content, TPC: Total phenolic compounds, FRC:
Ferric ion-reducing capacity assay of the extracted phenolic compounds, Carb: Carbohydrate, and a-Als: a-amylase
inhibitory activity.

Table 4:- Correlation between cowpea seed biochemical traits with phenotypic bruchid resistance parameters.

CT FT TEC TPC FRC Protein carb a-Als
CT 1
FT -0.23™ 1
FLNDS 0.907" -0.23™ 1
TPC 0.36™ -0.19"™ 0.527 1
FRC 0.907" -0.37™ 0.897 0.40" 1
Protein -0.21™ 0.24" -0.47" -0.43" -0.39" 1
carb 0.28™ -0.29™ 0.30™ 0.21™ 0.39™ 0.36™ 1
amylase 0.35™ 0.20™ 0.427 -0.29™ 0.29™ -0.46~ -0.48" 1
PWL_ 0.09™ 0.19™ 0.14™ -0.17™ -0.04™ -0.55" -0.85 0.817
NE 0.32™ 0.11"™ 0.16"™ -0.35™ 0.11"™ -0.20"™ -0.727 075
MDP -0.22™ -0.35™ -0.07™ 0.06™ -0.01™ 0.24"™ 0.827 -0.55"
ANH 0.16™ 0.38™ 0.11™ -0.32™ -0.08™ -0.23™ -0.787 0.80
PPT -0.15™ -0.37™ -0.12™ 0.27™ 0.09™ 0.27™ 079 -0.807"
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Gl_value

-0.03™

057

-0.00™

-0.25™

-0.27"

-0.21"

-0.79"

0.7

DSl

0.14"™

0.36™

0.09™

-0.29™

-0.11"™

-0.23"

-0.797

078"

Ns = non-significant; values with *, ** and *** implies significant at P = .05, P < .01 and P < .001, respectively

Table 5:- Results of multiple regression analysis for the relationship between the biochemical attributes of cowpea
seeds and Dobie susceptibility index.

Parameter

Regression

coefficient (b)

Adjusted R-square

P-value

a-amylase inhibitory activity

0.24

Total protein

0.22

Total carbohydrate

-0.67

87.72

0.000

0.008

0.000
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Conclusion:-

This study provides evidence that the biochemical traits, particularly a-amylase inhibitor and carbohydrate content
are responsible for cowpea resistance to C. maculatus. These traits were strongly associated with all seed resistance
parameters and resistance was indicated by reduced insect population growth and prolonged insect development
period. Future studies need to investigate the mode of inheritance of the biochemical traits to guide breeders in
introgressing these factors into adapted but susceptible cowpea varieties.
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