academic]ournals

Vol. 12(20), pp. 1684-1688, 18 May, 2017
DOI: 10.5897/AJAR2016.11935

Arficle Number: 04788D864214

ISSN 1991-637X

Copyright ©2017

Author(s) retain the copyright of this article
http://www.academicjournals.org/AJAR

African Journal of Agricultural
Research

Full Length Research Paper

Evaluation of cowpea root system and yield traits in
humid tropical agro-ecology

Macauley A. Ittah* and Chioma L. Arua

Department of Crop Science, Faculty of Agriculture, Forestry and Wildlife Resources Management, University of
Calabar, P. M. B. 1115, Calabar, Cross River, Nigeria.

Received 10 November, 2016; Accepted 20 February, 2017

Roots are essential to plants and can be the focus for yield improvement in the environment the plant
grows. The objectives of this study were to evaluate some yield components and root traits in cowpea
(Vigna unguiculata (L) Walp) and establish the linear association between the yield and root traits to
explore improvement potentials of the crop in humid ecosystem. Ten cowpea accessions were tested in
Calabar, Nigeria with humid tropical rainforest ecology. The accessions were grown in perforated
polyethylene pipes arranged in completely randomized design, in five replications and on the field
arranged in a randomized complete block design, in three replications. TVu-215 had longest roots,
heaviest root biomass and largest root volume. TVu-10983, TVu-1515 and TVu-7906 also had long roots.
TVu-7857, TVu-1130, TVu-1131, TVu-215 and TVu-1515 had the greatest root density. With respect to
yield traits, TVu-1131 and TVu-16196 had the highest yield per hectare; TVu-7857 also had high yield per
hectare. Root traits did not significantly correlate with most of the yield traits, but there was significant
negative moderate correlation (-0.51) between root volume and number of pods per plant. Root of
cowpea does not require much robustness in humid ecology to absorb water and nutrient, which
accounts for the non-significant correlation between root system and yield traits in the environment.
TVu-16196, TVu-1130, TVu-1131, TVu-215, TVu-7857 and TVu-1515 are selected for the improvement of
the root and yield traits.
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INTRODUCTION

The root system is an essential part of plants; it is
responsible for anchorage of the plant to the surface on
which it grows, it also aids the process of water and
nutrient uptake from the soil and involved in the biotic
interactions between the plant roots and the

microorganisms within the soil region, such as creating
barrier that inhibits pathogen and pests penetration into
the plant (Ma et al., 2014; Radhakrishnan et al., 2014). In
some species, the root functions as reservoir of nutrients
in addition, for example, cassava roots store starch. The
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root system also contributes to soil health, which refers to
the capacity of the soil to function as a living ecosystem
that sustains microorganisms, plants and animals (Xue et
al.,, 2014; Saikia et al., 2015). The root system is also
explored for soil erosion control (Ola et al., 2015). Some
plants can absorb heavy metals and other toxic
compounds from the soil and accumulate the substances
in aerial parts which can then be harvested and disposed
off in a process known as soil phyto-remediation (Glick,
2003).

Roots are capable of actively foraging resources from
their environment. The root system is the interface
between nutrient in the soil and the ability to achieve yield
in plants. The availability of nutrients in the soil solution
determines root growth and proliferation (Lynch, 1995;
Akpan and Mbah, 2016). Nitrogen and phosphorus are
the most important inorganic nutrient for plant growth,
and they often limit the primary productivity in natural
systems as well as cropping systems, unless when they
are supplied as fertilizer (Treder et al., 2014). The length
of the root is related to the amount of nutrient the plant
can take in, while the limit to which the root grows affect
the plant productivity and yield (Lynch, 1995; Hodge et
al., 2009). Quantifying the morphology and spatial
distribution of the rooting system (root architecture) is
important as a means of determining the availability and
accessibility of water and nutrients and hence improving
crops and managing soils for higher crop yield (Gregory,
2009). The root architecture includes the entire root
system or a large part of the rooting system of an
individual plant. This character has not been measured in
most crops in the humid rainforest zone of Nigeria, most
especially; no study has focused on the relationship
between cowpea yield and its root traits. Yield in crops is
guantitatively inherited, improvement of vyield trait
requires an approach of selecting plant characteristics
that have high heritability and which correlate with yield.

The root system arises from the coordinated control of
an endogenous genetic system and the action of
environmental stimuli such as the pH, temperature, water
level, microbial and chemical constituent. The nutrient
level, health and type of substrate strongly influence the
rooting characteristics, that is, the root growth, structure
and architecture of the root system, as such, a healthy
root system play vital role in the crop productivity. Most
plant breeding efforts fail to focus on the relationship
between root system and crop yield, probably because of
the underground location of the root system. Paez-Gracia
et al. (2015) submitted that plant breeding efforts centred
on the modification of root traits to increase crop yield
can result in the development of more stress-tolerant
crops and enhance the capacity of the plant to explore
the soil for better absorption of water and nutrient. The
ability to improve root traits to translate into higher yields
would be remarkable accomplishment for the breeder,
such parental lines with the desirable root characters can
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be selected as breeding lines to be advanced through the
crop improvement process.

Cowpea (Vigna unguiculata (L) Walp.) is an important
legume crop grown in the West African cropping systems;
it is a very useful source of plant protein. Cowpea has
many beneficial qualities, such as (1) it has early
maturation characteristic; many cultivars flowers in 48
days and reach maturity in 60 days, (2) it is highly
digestibility, (3) it fixes atmospheric nitrogen (N) in the
soil, (4) it has high phosphorus (P) use efficiency, (5) it
can reproduce itself by seed dispersal, (6) it is a desired
forage and cover crop, (7) it can improve soil structure
with its deep roots, (8) it reduces erosion and weeds
through its rapid growth and soil coverage (Singh et al.,
1997; Ola et al.,, 2015). Cowpea is nutritionally very
useful; it has high digestible protein, 15 to 26%;
carbohydrate 55 to 66%; several minerals and vitamins,
such as iron, zinc, B-vitamins (Umoren, 1997), the leaves
and green pods are also consumed as a leafy vegetable
and as animal feed. The average area under cowpea
cultivation is about 11.3 million hectare and the world
production is 3.67 million tonnes (Singh et al., 2002), yet
the production is grossly insufficient based on the
demand for the crop as dependable protein source.
Cowpea is a severely neglected crop because of its
African origin, it deserves greater attention especially for
people living in sub-Saharan Africa.

The objectives of this study were to evaluate some
yield components and root morphology traits in cowpea,
and establish the relationship between the vyield
component and root traits. The result of this work can
serve as novel resource for plant breeders and others
interested in elucidating the valuable factors affecting root
architecture for practical crop improvement.

MATERIALS AND METHODS

The experiment was conducted in the Teaching and Research
Farm of the Department of Crop Science, Faculty of Agriculture,
Forestry and Wildlife Resources Management, University of
Calabar, Calabar, Nigeria. Calabar (latitude 4.5 °N; longitude 8.0
°E) is in the rainforest ecology; it is rain-fed with rainfall ranging
between 2000 and 3500 mm, temperature ranging from 27 to 35°C
and relative humidity of 70 to 85% annually. The rainy season
spans from March to October annually, it is bimodal with peaks in
July and September and has a short dry spell in August, although,
there is really no month without rain which results in persistent
flooding. Udoimuk et al. (2014) deduced that the rainfall pattern in
Calabar has enhanced wind erosion and desertification, soil erosion
and coastal flooding.

Ten accessions of cowpea were obtained from the Genetic
Resource Centre, International Institute of Tropical Agriculture,
Ibadan, Nigeria; the accessions were TVu-215, TVu-1130, TVu-
1131, TVu-1515, TVu-7838, TVu-7857, TVu-1358, TVu-7906, TVu-
10983 and TVu-16196. The accessions were grown in polyethylene
pipes; 60 cm long, 15 cm in diameter, perforated along their length.
Three seeds were sown per polyethylene pipe, placed in a
completely randomized design, in five replications; the number of
seedlings per pipe was thinned down to one on the 15" day after
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Table 1. Root traits of the cowpea accessions grown in humid tropical ecology.

Accession Root length Root Root volume  Root density (g Lateral root Root dry Root moisture
(cm) biomass (g) (cm3) per m3) number matter content
TVu-10983 105.67° 13.12¢ 12.00° 1.125% 17.67% 1.89° 11.23%
TVu-1130 100.00" 15.85° 10.33° 1.538% 17.00%° 3.41° 12.44°
TVu-1131 81.00% 15.69° 10.67° 1.4832 11.67¢ 3.59" 12.10%
TVu-1358 77.00° 7.47° 10.33° 0.728° 16.67%° 1.79% 5.70%
TVu-1515 100.67™ 13.09° 10.33° 1.325% 13.00%° 1.79% 11.30%
TVu-16196 99.67™ 18.76" 23.00° 0.821" 18.33% 3.68" 15.07°
TVu-215 137.13% 39.78% 28.00% 1.4352 13.67%° 6.76° 33.02°
TVu-7833 88.00¢ 7.03°f 11.67° 0.605° 12.00* 0.99° 6.04°
TVu-7857 95.67° 12.79° 11.67° 1.67° 12.67%¢ 1.72% 11.07¢
TVu-7906 100.00* 6.02' 9.00¢ 0.673° 15.0%° 1.42¢ 4.60'
CV% 43 45 16.0 20.2 9.05 8.9 5.9
SE 3.49 0.547 1.789 0.1797 0.872 0.196 0.586

Mean with the same letters in the same column are not significantly different at 5% probability level of Duncan’s new multiple range test. CV =

coefficient of variation in per cent; SE = standard error

sowing. The pipes were filled with top soil to two-third their length
before seed sowing; the pipes were placed outside the screen
house and irrigated manually as needed. At maturity, the pipes
were slit open and the soil soaked in water to loosen the roots for
measurement. The second experiment was on 338 m? field; three
seeds were sown on 30 plots measuring 3 x 2 m each, laid out in a
randomized complete block design, in three replications; the
planting distance of 50 cm intra-row, 60 cm inter-row and 100 cm
inter-block.

Data were taken on the following traits at harvest: root length
(cm); root volume (cm® determined by measuring volume of
displaced water after gently dipping root system into water in
Eureka can; root biomass (g) measured with Havana weighing
balance model SP 20; root density (g per m®) equals biomass
divided by volume; number of lateral roots; weight of root dry matter
(g) and root moisture content (g) equals difference between root
biomass and root dry matter. The yield component traits were
number of days to pod maturity, number of pods per plant, pod
length per plant (cm), number of seeds per pod, weight of pods per
plant (g), weight of seeds per plant (g), shelling percentages and
100-seed weight. Standard agronomic practices regarding ridge
making, weeding and pest control were carried out. The data
collected were subjected to analysis of variance (ANOVA) using
GENSTAT (2005) software and significant means were separated
with Duncan new multiple range test (DNMRT).

Linear correlation coefficient (r) was computed between the
cowpea root and yield traits:

o = COVixy)
Xy -
\/vay

Where; ryy = correlation coefficient between trait x and trait y; coviy)
= covariance between x and y; vy = variance of x and vy = variance
of y.

RESULTS

Means of the root traits of the cowpea accessions grown
in the humid tropical rainforest agro-ecology are

presented in Table 1. TVu-215 had significantly the
longest roots (137.1 cm), TVu-1358 had the shortest
roots (77 cm). TVu-215 had the heaviest root biomass
(39.8 g), TVu-7906 had the least biomass (7.47 g). TVu-
215 had the largest root volume (28 cm3), followed by
TVu-16196 (23 cm3). TVu-1130, TVu-1131, TVu-215 and
TVu-1515 had the largest root densities. The number of
lateral roots per plant ranged from 11.7 in TVu-1131 to
18.3 in TVu-16196; TVu-10983, TVu-1130, TVu-1358,
TVu-215 and TVu-1515 also had large number of lateral
roots. The root dry matter of the cowpea accessions
ranged from 0.99 g in TVu-7833 to 6.67 g in TVu-215.
TVu-215 also had the most moisture content of 33.0 g,
while TVu-7906 had least root moisture content (4.6 g).
Yield characteristics in the ten cowpea accessions are
presented in Table 2. The number of days from planting
to pod maturity ranged from 64.3 days in TVu-16196 to
75.67 days in TVu-10983. TVu-16196 had the highest
number of pods per plant (32.3), while TVu-215 had the
least (16 pods). TVu-16196 had significantly the longest
pods (26.3 cm) and TVu-1358 had the shortest pods
(13.3 cm). TVu-16196 also had the most seeds in a pod
(19.67), while TVu-1358 had the fewest seeds per pod
(11 seeds). The weight of pods per plant ranged from
22.5 g in TVu-1515 to 140.6 g in TVu-16196; the weight
of pods per plant in TVu-16196 was significantly the
heaviest among the accessions. TVu-16196 also had
significantly the heaviest seeds per plant (118.3 g), TVu-
1515 had the lightest seeds (19.2 g). TVu-16196 with
19.9 g had significantly the heaviest 100-seed weight and
TVu-10983 had the lightest (10 g). TVu-7906 had the
least shelling percentage of 69.3%, while TVu-1130 had
the highest (89.7%). TVu-1131 and TVu-16196 had
significantly the highest yield per hectare; 1583.5 and
1286.4, kg/ha respectively, TVu-7857 produced 986.2
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Table 2. Some yield characteristics in the cowpea accessions grown in the humid ecology.
Days to Pod Number of Wt of 100 Shellin Seed wt per
Accession p}:)d Podls [:ier length per ~ seeds per  pods per Wt Ofl seteds seeds percentga hectarg
maturity pian plant (cm) pod plant (g) per plant (g) weight ge (Kg/ha)
TVU-10983 75.67° 16.33% 18.33 13.67 29.50™ 21.11° 10.0° 70.90° 58.6°
TVU-1130 64.67°% 21.33" 21.00° 17.33% 50.10° 44.50° 13.0%° 89.74° 123.6°
TVU-1131 67.00%°  20.33" 18.67 17.67% 69.80%° 57.00%° 16.1%° 81.94% 1583.5°
TVU-1358 64.67% 22.67° 13.33° 11.00° 36.00° 30.00% 13.0% 83.37% 833.4°
TVU-1515 72.00° 6.67° 21.33" 15.67"° 22.51° 19.20° 18.7%° 77.55 533.4°
TVU-16196 64.33' 32.33% 26.33% 19.67% 140.60% 118.30° 19.9% 86.16% 1286.4°
TVU-215 70.33" 16.00" 18.33™ 13.33% 36.20" 27.80% 14.5%° 76.61" 772.3%
TVU-7833 67.33° 16.33% 17.00° 13.67 25.90° 20.00° 10.3° 77.21% 555.6°
TVU-7857 70.00" 18.67°% 19.000° 19.00% 44.91* 35.5% 10.6° 79.05" 986.2°
TVU-7906 68.33% 18.33% 21.00° 16.00" 37.9" 26.30% 10.1° 69.34° 730.6"
CV% 0.90 2.90 3.30 2.30 3.60 4.20 39.9 3.20 4.22
SE 1.11 1.78 0.85 1.19 7.40 5.9 19.0 4.28 5.9
Mean with the same letters in the same column are not significantly different at 5% probability level of Duncan’s new multiple range test.
Table 3. Linear correlation coefficient of root and yield characters in cowpea accessions grown in humid tropical ecology.
DPM NLR RBM RDM RMM RLM RMC RVM NPP PLP SPP SHP WPP WSP
100SD 024 009 027 013 034 -003 025 034 -009 043 001 035 058 058
DPM 047 034 080* 023 031 036 -006 -085 -0.21 -0.04 -042 -0.25 -0.28
NLR 004 -027 005 008 -0.04 016 011 009 -0.09 -0.04 022 023
RBM 046 0.95* 0.82* 099 0.88* -0.35* 0.20 -0.04 0.14 0.06 0.08
RDM 043 032 049 0.08 054* 0.16 0.31* 0.05 0.04 0.02
RMM 0.68* 0.93* 0.82* -020 021 008 025 021 022
RLM 0.84* 0.72* -047 035 -0.02 -0.28 -0.17 -0.16
RMC 0.87* -0.38 020 -002 012 003 0.05
RVM 052 030 0.05 0.38 0.27 0.31*
NPP 0.09 052 0.70+ 0.65* 0.66*
PLP 0.71* 0.12 0.63* 059
SPP 0.49 0.76* 0.73*
SHP 0.73* 0.77*
WPP 0.99*

*Significant correlation at 0.05% probability; 100SD = 100 seed weight; DPM = number of days to pod maturity; NLR = number of lateral roots; RBM =
root biomass; RDM = root density; RMM = root dry matter; RLM =root length; RMC = root moisture content; RVM = root volume; SHP = shelling
percentage; NPP = number of pods per plant; PLP = pod length per plant; SPP = number of seeds pet plant; WPP = weight of pod per plant; WSP =

weight of seed per plant.

kg/ha, TVu-1358 produced 833.4 kg/ha, while TVu-10983
had the least seed yield per hectare.

The linear correlation coefficient expressing the
relationship between the cowpea root and yield
characters are presented in Table 3. There was poor
correlation (p > 0.05) between 100-seeds weight and root
volume (0.34). Number of days from seed sowing to pod
maturity correlated (p > 0.05) positively and highly (0.8)
with the root density. High but negative correlation (-0.85)
was observed between number of days to pod maturity
and number of pods per plant. Root density correlated (p

> 0.05) moderately with the number of pods per plant
(0.54) but poorly with the number of seeds per pod
(0.31). Negative moderate correlation was observed
between root volume and number of pods per plant (-
0.52), and positive but low correlation was found between
root volume and the shelling percentage (0.38) and
weight of seeds per pod (0.31).

DISCUSSION

Most studies on crop yield improvement focus on shoot
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biomass, branching, other shoot traits, diseases and
pests resistance, and hardly on the root traits. The root
system is underground in most plant species, including
cowpea,; it is a very important character in plants because
of its roles in water and nutrient absorption from the soil,
in anchorage, in interfacing with the soil microorganisms
and as food storage structure. According to Akpan and
Mbah (2016), the root system is the link between the soil
nutrient and plant productivity. Paez-Garcia et al. (2015)
noted that different root traits enable plants to respond,
adapt and thrive in different environments, which implies
that root traits can be the focus of crop breeding effort.
Watanabe et al. (1997), Singh et al. (1999) and Comas et
al. (2013) identified large root diameters, long roots and
heavy root biomass and density as traits associated with
the development of plant productivity in drought
conditions. Some traits in this study were at variance with
results of Watanabe et al. (1997), Singh et al. (1999) and
Comas et al. (2013), for example, root biomass related
inversely with the number of pods per plant. Most of the
root traits had poor correlation with the yield traits.
Therefore, root system traits in the humid ecology do not
need robustness to capture water and nutrients from the
soil.

Secondly, some root traits such as root volume, root
biomass and root length are controlled by multiple genes,
indicating that non-genetic factors would play significant
role in the inheritance of the traits, whereas the yield
traits such as number of seeds per plant, pod length and
number of pods per plant are controlled by single genes
(Sangwan and Lodhi, 1995). Cowpea is a self pollinated
crop, therefore adoption of mass selection as breeding
method to improve root and yield traits at the same time
would be slow.

TVu-16196, TVu-1130, TVu-1131, TVu-215, TVu-7857
and TVu-1515 were the best in yield performance, these
accessions are therefore selected for improvement of the
root and yield traits and recommended for the humid
tropical agro-ecology.
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