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Visual observation of cowpea pod elongation to predict nitrogen accumulation 
in immature seeds
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ABSTRACT
Cowpea is an important low-cost protein source for millions of people in West Africa. Although 
mature seeds are the primary food source, fresh green pods are also consumed to survive food 
shortages before the harvest of main cereal crops. To increase protein intake from green pod 
consumption, a visual indicator of pod elongation, namely relative pod length, which enables the 
nitrogen content of immature seeds to be estimated, was developed. This is a simple visual 
method to ascertain the optimal time for green pod harvesting and is therefore highly practical 
for local farmers, the primary consumers of green cowpea pods. The nitrogen content of immature 
seeds was estimated using Fourier transform infrared spectroscopy. This method was also applied 
to genetic resources to select cowpea accessions with high nitrogen content in immature seeds.
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Introduction

Cowpea (Vigna unguiculata (L.) Walp.) is extensively 
grown in West Africa as a low-cost and high-quality 
protein source. Mature cowpea seeds contain 23–32% 
protein on a dry base (Cruz et al., 2014) and thus play an 
important role in food security for millions of people in 
economically disadvantaged communities (Jayathilake 
et al., 2018; Tarawali et al., 1997). Although cowpea is 
grown mostly for its edible mature seeds, its green pods 
with immature seeds are also consumed as a vegetable 
(Ehlers & Hall, 1997; Mortimore et al., 1997). In West 

Africa, consumption of green cowpea pods is important 
for avoiding famine (Badiane et al., 2014; Hall, 2012) 
during food shortages before the harvest of the main 
cereal crops. However, consumption of green cowpea 
pods is generally not considered to contribute to human 
protein intake, because seed nitrogen content peaks 
during pod maturity (Muchow et al., 1993).

Awolumate (1983) reported that nitrogen accumula
tion in cowpea increased substantially from 10 to 
20 days after flowering (DAF), which indicates that pro
tein intake from green pods might be improved by 
adjusting their harvest time to this increasing phase. 
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DAF is difficult to identify by simple visual observation. 
As a result, it is not feasible for local farmers to recognize 
the increasing phase of seed nitrogen content to 
improve protein intake. In contrast, the use of pod 
length to estimate pod growth stages via visual observa
tion is more feasible. However, the relationship between 
pod elongation and seed nitrogen accumulation is 
poorly understood. The objective of this study was 
therefore to develop a visual indicator of pod elongation 
and to clarify the relationship between this indicator and 
nitrogen accumulation in immature seeds.

In this study, the nitrogen content of immature cow
pea seeds was estimated using a Fourier transform infra
red (FTIR) spectrometer, which enables high-throughput 
evaluation compared with the conventional Kjeldahl 
method (Pampana et al., 2016) or the dry combustion 
method. The nitrogen content of 207 accessions of cow
pea genetic resources was estimated via the FTIR tech
nique to select accessions with higher nitrogen content 
in immature seeds for green pod consumption as ‘vege
table cowpea.’

Materials and methods

Plant material and growth conditions

Two cowpea accessions with different seed protein con
tents were grown in an experimental field at the 
International Institute of Tropical Agriculture (IITA) in 
Ibadan, Nigeria (7°29ʹN, 3°54ʹE). The soil was sandy 
loam with moderate acidity (pH 5.8–6.2). Soil organic 
carbon, total nitrogen, and available phosphate contents 
(according to the Bray-1 method) were 4.3 g kg−1, 
0.39 g kg−1, and 3.1 mg kg−1, respectively. Before sow
ing, machine plowing was performed to uniformize soil 
conditions in the field. Seeds of TVu456 and TVu2723, 
low- and high-protein accessions, respectively, were 
sown in early September 2018 in a 4 m single-line plot 
with 20 cm interplants on ridges 1.5 m apart. The total 
number of plants per plot was 21, and each accession 
had three replications. The total area of the experimental 
field was 4 × 7.5 m. Weeding was performed manually as 
required. Fertilizers and irrigation were not applied. The 
total precipitation, average minimum/maximum tem
peratures, and average solar radiation during the grow
ing period were 549 mm, 22.6/30.8°C, and 15.2 MJ d−1, 
respectively. The rainfall pattern was bimodal with a dry 
spell in early–mid August. Because cowpea was sown 
with the onset of precipitation in September and har
vested in mid-November, i.e., before the dry season, no 
symptoms of water stress occurred during the growing 
period. Additionally, the plants did not show any signs of 
nutritional deficiency or insect damage.

Definition of pod elongation stage

Twenty flowers were randomly selected from different 
plants of each accession and were tagged with the 
flowering date. The pod length was recorded every 
two to three days until full pod maturity was reached. 
Relative pod length (RPL) was determined as the relative 
value of pod length at any stage of pod maturity to full 
pod length. The pod elongation curve represented by 
the RPL relative to DAF was determined using logistic 
regression. Coefficients of the regression curve were 
obtained through hierarchical Bayesian analysis using 
accession as the hierarchical parameter according to 
Iseki and Olaleye (2020).

Five pod elongation stages were defined: RPL 0.4–0.6 
(stage 1), RPL 0.6–0.8 (stage 2), RPL 0.8–0.95 (stage 3), 
RPL > 0.95 (immature; stage 4), and RPL > 0.95 (fully 
mature; stage 5). The end of stage 4 was determined 
three days after RPL exceeded 0.95. The Bayesian analy
sis was performed using the statistical software R version 
3.4.1 (R Core Team, R, 2018) with the package ‘rstan.’

Pod length and seed sampling

After the flowering period, 30 pods were sampled as one 
bulk sample for each pod elongation stage, and three 
bulk samples were prepared per stage for both acces
sions. Total seed number and fresh seed weight were 
measured for each bulk sample, after which the seeds 
were oven-dried at 80°C for 24 h to determine the dry 
weight. This procedure was confirmed through 
a preliminary experiment in which the seed dry weight 
was not changed when the sample was oven-dried for 
more than 24 h. Seed water content of the bulk sample 
was calculated as (fresh weight – dry weight)/fresh 
weight × 100 and expressed in percentage. The dried 
seed samples were then ground into a flour using 
a mixer mill (MM200, Retsch, Germany) and subjected 
to FTIR analysis.

Genetic diversity in terms of seed nitrogen content 
of green pod

A total of 207 accessions from the world cowpea germ
plasm collection developed at IITA (Fatokun et al., 2018) 
was grown in the same experimental field. Before sow
ing, machine plowing was performed to uniformize soil 
conditions in the field. Seeds were sown in early 
September 2019 in a 2 m single-line plot, with 20 cm 
interplants. The total number of plants per plot was 11, 
and each accession had three replications with 
a randomized block design. The total area of the experi
mental field was 0.12 ha. Weeding was performed 
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manually as required. Fertilizers and irrigation were not 
applied. The total precipitation, average minimum/max
imum temperatures, and average solar radiation during 
the growing periods were 609 mm, 22.2/33.9°C, and 13.2 
MJ d−1, respectively. No symptoms of water stress, nutri
ent deficiency, or insect damage were evident during 
the growing period. In stage 4 of pod elongation, a total 
of 15 green pods were harvested from the three replica
tions. The total seed number and fresh seed weight were 
measured for each bulk sample, and the seeds were 
oven-dried at 80°C for 24 h to determine the dry weight. 
The seed water content of the bulk sample was calcu
lated as described above. The dried bulk samples were 
then ground into a flour and subjected to FTIR analysis.

Seed nitrogen content

The seed nitrogen content in each pod elongation stage 
was estimated from diffuse reflectance spectra of the 
mid-infrared region (400–7000 cm−1) obtained with an 
FT-IR6100 spectrometer (JASCO Corporation, Tokyo, 
Japan) at IITA. The total number of samples was 30, 
comprising three bulk samples, five pod elongation 
stages, and two accessions. To calculate seed nitrogen 
concentration (%), a calibration model for mature seed 
flour by Muranaka et al. (2015) was expansively applied 
to the immature seeds. To examine the reliability of this 
calibration model, the total nitrogen content of 10 sam
ples, comprising five pod elongation stages and two 
accessions, was measured via the dry combustion 
method with an elemental analyzer (SUMIGRAPH NC- 
220 F, Sumika Chemical Analysis Service, Tokyo, Japan). 
Seed nitrogen content was determined using the follow
ing equation: seed nitrogen content (mg nitrogen 
seed−1) = seed nitrogen concentration (%) × total seed 
weight of bulk sample (mg)/total seed number of bulk 
sample. Subsequently, the nitrogen contents obtained 
through the FTIR and dry combustion methods were 
compared.

Statistical analysis

One-way analysis of variance was performed to detect 
statistically significant differences in seed water content, 
nitrogen content, and dry weight between the acces
sions. The analyses were conducted using the statistical 
software R version 3.4.1 (R Core Team, R, 2018).

Results and discussion

Pod formation and subsequent elongation were 
initiated within 5 DAF (‘lag phase’), when RPL was less 
than 0.4 (Figure 1A). During this period, the seeds were 

less than 2 mm in size (Figure 1B). Pods elongated sub
stantially in the ‘log phase’ 5–9 DAF, and the seeds grew 
slightly in the pod. This period corresponded to stages 1 
and 2. In stage 3 (around 10 DAF), the pod elongation 
rate started to decrease, and seeds in the pods enlarged. 
Pod elongation reached the ‘stationary phase’ in stage 4 
(13–15 DAF), after which seeds and pods shrank slightly 
because of dehydration, and matured in stage 5. The 
pod elongation curves were similar for both accessions, 
although the maximum pod length in stage 4 was longer 
for TVu2723 than for TVu456. The time taken to reach full 
pod maturity after flowering was similar for the two 
accessions, namely 22.2 and 21.3 days for TVu456 and 
TVu2723, respectively.

The trends in seed water content, nitrogen content, 
and dry weight during pod elongation were same for 
both accessions (Figure 2). Seed water content was 
high (>60%) until stage 3, after which it gradually 
decreased in stage 4 and dropped sharply as the pod 
matured after stage 4. Seed dry weight and nitrogen 
content increased slightly during stages 1–3 and sub
stantially during stages 4–5. This indicated that the 
protein content of cowpea seeds was low during the 
pod elongation period and increased greatly after full 
elongation.

From these results, we concluded that RPL can be an 
effective indicator for detecting the best timing for 
consuming green pods to optimizing protein intake. 
The best time to harvest green cowpea pods to ensure 
maximum protein content was at full maturity. 
However, harvesting in stage 4 might be another 
option to improve protein intake, especially under 
adverse circumstances, such as food shortages. Green 
pod consumption also contributes to the intake of 
other nutrients, such as vitamins, which largely 
decrease before maturity (Deol & Bains, 2010; Nielsen 
et al., 1997). Therefore, considering nutrition balance, 
we recommend that the best time for harvesting green 
pods for consumption is right after full pod elongation, 
which corresponds to stage 4.

Although the nitrogen content in stage 5 was signifi
cantly higher in TVu2723 than in Tvu456, the opposite 
was true in stage 4, when nitrogen content was signifi
cantly higher in Tvu456 (Figure 2). This indicated that the 
nitrogen accumulation rate during pod elongation was 
not correlated with the final nitrogen content at matur
ity, and thus the variety with a high nitrogen content in 
stage 4 was not necessarily a high-nitrogen variety in the 
mature stage. This might be because the nitrogen accu
mulation rate depends on the nitrogen sink/source bal
ance in a plant (Gambín & Borrás, 2009). The higher 
nitrogen accumulation rate of TVu456 was attributed 
to the green leaves being maintained as a nitrogen 
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source during pod maturity, which was related to the 
longer flowering period of this variety than that of 
TVu2723 (Iseki et al., 2020). On the other hand, the 
lower final nitrogen content of TVu456 at maturity was 
attributed to the substantially higher amount of seed 
per plant than that of TVu2723, which resulted in 
reduced nitrogen distribution to each seed.

The analyses of the genetic resources revealed large 
genetic diversity in terms of the nitrogen content of 
immature green seeds in stage 4 (Figure 3). The average 
nitrogen content (mg seed−1) of the 207 accessions was 
2.21 ± 0.79 (mean ± SD), the median value was 2.13, 
and the maximum and minimum values were 4.91 and 
0.56, respectively (Supplemental Table 1). In particular, 
TVu13437, TVu14173, TVu14759, TVu15610, TVU15661, 
TVu5473, and TVu6855 had high seed nitrogen content 
(>4 mg seed−1) in stage 4. The seed nitrogen content 
was not related to seed water content, indicating that 
the genetic variation in terms of nitrogen content in 
stage 4 was not related to variations in physiological 
maturity, i.e., seed dehydration; instead, it was related 
to varietal characteristics, such as nitrogen mobiliza
tion, metabolism, and symbiotic fixation (Cregan & 

Berkum, 1984; Eaglesham et al., 1977; Peoples et al., 
1983).

Although the FTIR method tended to overestimate 
the seed nitrogen content in higher nitrogen levels 
(>4 mg seed−1), the correlation between the FTIR and 
dry combustion methods was highly significant (Figure 
4). This indicated that the FTIR method developed for 
mature cowpea seeds (Muranaka et al., 2015) could be 
applied to immature green seeds. The FTIR method is 
a cost- and time-saving technique that does not require 
chemical reagents or gases. Therefore, it can be 
a powerful high-throughput phenotyping tool for cow
pea breeders and researchers, especially in developing 
countries, where timely nitrogen/protein evaluation of 
genetic resources and crossing lines is crucial in crop 
breeding.
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Figure 1. Cowpea-pod growth stages. TVu456 and TVu2723 are low- and high-protein cowpea accessions, respectively. (A) Pod 
elongation curve relative to days after flowering. Red line represents logistic regression, and black vertical line with triangle represents 
full maturity. (B) Pod and grain size in each pod growth stage. Photographs of TVu2723 are shown.
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Figure 2. Seed water content, nitrogen content, and dry weight 
in different cowpea-pod growth stages. Data are means ± 
standard error for three bulk samples. * and ** represent sig
nificant difference between accessions at p = 0.05 and p = 0.01, 
respectively, and ‘ns’ represents no significance between 
accessions.

Figure 3. Genetic variability in terms of seed nitrogen and water 
content of green cowpea pods in stage 4 of pod growth. 
Histograms on x- and y-axes indicate distribution of seed water 
and nitrogen content, respectively. Each point represents one 
accession and data point. Total of 207 accessions were plotted.

Figure 4. Relationship between nitrogen content estimated from 
Fourier transform infrared (FTIR) spectroscopy and dry combus
tion methods. Dotted line represents regression line. ** indicates 
statistical significance at p < 0.01.
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