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Genotype-based testing for aluminium tolerance in the pea (Pisum sativum)
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ABSTRACT

Aluminium (Al) is detrimental for the growth of pea under acidic soil condition with poor growth and low yield. To
enhance the production, tolerant genotype is very important; therefore, we aimed our study to screen pea geno-
types for Al tolerance in acid soil. The screening of 25 pea genotypes was carried out in a naturally ventilated
polyhouse with 3 levels of Al (control, 12 ppm and 24 ppm) and replicated thrice. The screening was done using
growth and yield parameters. The parameters were significantly reduced due to Al treatment in genotypes except
in some. K-mean clustering was carried out to categorize genotypes into tolerant, intermediate and susceptible.
Based on clustering at a higher level of Al (24 ppm), Kashi Samrath, Kashi Samridhi and EC9485 were classified
as tolerant whereas ‘Matar Ageta-7’, ‘Pb-89’, ‘AP-3’, ‘Lincoln’, ‘Arkel’, ‘Kashi Ageti’, ‘Kashi Shakti’, ‘VRPE-29’,
‘CHFGP-7’, ‘CHFGP-15’ as susceptible genotypes. These genotypes have potential to improve yield in acid soil
affected regions of India and assist in further breeding of pea genotypes for Al tolerance.

Key words: Acidic soil, Aluminium toxicity, K-mean clustering, Pisum sativum

Pea (Pisum sativum L.) is an important legume crop
grown all over India and it provides important dietary pro-
tein to millions of people (Chandel et al., 2022). Many
abiotic stresses affect the production of pea (Nasreen and
Farid, 2003). Out of which, Aluminium (Al) toxicity in
acidic soil is a major constraint for pea growth and physi-
ology. The productivity of pea is very low in acid soil af-
fected states such as Arunachal Pradesh, Meghalaya,
Assam, Uttarakhand, Mizoram, Nagaland, Sikkim and
Meghalaya. It shows considerable variability in physiologi-
cal properties against Al toxicity (Kichigina et al., 2017).
The primary effect of phytotoxic Al is the inhibition of root
growth in pea and injury to root tips making it hard and
subtle (Motoda et al., 2010). Plants have a mechanism to
defend Al toxicity through various methods. Therefore, for
expansion of its cultivation in acidic soil predominant area,
there is an urgent need to evaluate the new germplasm of
pea to select high yielding and aluminium tolerant geno-
types that can be adopted for commercial production. Fur-
ther, it will also add in opening scope for preliminary

multi-location testing that can be incorporated in the future
breeding programmes for the improvement of yield and
quality traits having resistance to diseases, especially pow-
dery mildew. Currently, continuous emphasis and interest
have been given for inclusion of vegetable legumes in im-
proved cropping systems on the acid soils (Kushwaha
et al., 2017). Hence, the successful inclusion of garden pea
will depend on the mitigation of the Al toxicity constraint.
The selection of varieties with genetic potential for toler-
ance to the Al stress associated with acid soils will be one
of the low input approaches to solving this problem.

Fast and reliable screening technique for Al toxicity is
one of the most vital tools essential to efficiently develop
Al-tolerant cultivars. Optimum Al concentration is a prime
requisite for efficient screening among the genotypes.
Therefore, the present experiment was designed to screen
important genotypes of garden pea under greenhouse in
pots containing Al added soil.

MATERIALS AND METHOD

The pot experiment was carried out at the poly-house
complex of College of Horticulture and Forestry, CAU,
Pasighat, Arunachal Pradesh during 2019–2020 during
rabi season. The experiment was designed in two factorial
CRD with three replications and the experiment was re-
peated twice. The first factor comprised of 25 pea geno-
types (Table 3) and the second factor comprised of 3 lev-
els of Al (control, 12 ppm and 24 ppm). Plastic pots (30 cm

Based on a part of Ph.D. Thesis of the first author submitted to CAU,
Imphal in 2021 (unpublished)
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× 30 cm) were filled with 7 kg soil and the treatment was
imposed using AlCl

3
.7H

2
O. The soil had pH (6.00), EC

(0.01 d S/m), organic carbon (1.5 %), available N (100.8
mg/kg), available P (19 mg/kg), available K (120 mg/kg),
Exchangeable Ca (8 mg/kg), Exchangeable Mg (2.4 mg/
kg), available B (0.3 mg/kg) and exchangeable Al (KCl)
(0.2 ppm) levels prior to sowing.

Screening parameters
For screening of genotypes biomass, length, dry matter

of root and shoot was recorded at 20 days after sowing.
Plants were uprooted and separated into root and shoot and
biomass was recorded using precision balance. Length of
root and shoot was also recorded and the samples were
kept in hot air oven (60 °C, 48 hours) for drying and dry
matter was recorded. At harvesting pod length, pod weight,
number of pods plant-1, number of seed pod-1 and yield
(kg ha-1) were taken for screening.

K-Mean Clustering
Using K-mean clustering analysis all the genotypes were

grouped into three clusters. K-mean clustering was done
for each character using the difference value obtained by
subtracting the control value with the value obtained under
Al stress were ranked as tolerant for the highest score, in-
termediate for medium score and susceptible for lowest
score based upon 95% confidence interval (Bitencourt
et al., 2011).

Statistical analysis
The ANOVA was carried out by procedure outlined by

Gomez and Gomez (1984). K-mean cluster analysis was
carried out by using SPSS software (Version 21).

RESULTS AND DISCUSSION

Growth characteristics
In terms of growth genotypes reacted in numerous ways

to the aluminum treatments. There was significant variation
among treatments in biomass, length, dry weight of seed-
ling showing that roots were shorter and thicker in Al
stressed conditions.

Root and shoot Biomass
Averaged across genotypes, Al treatment significantly

decreased root biomass by nearly 20% (p<0.05) at 12 ppm
Al and 26% (p<0.05) at 24 ppm Al level. At 24 ppm Al
level, the highest significant reduction was recorded in
‘CHFGP6’ followed by CHFGP1, ‘Arka Priya’, and ‘Kashi
Shakti’ (Table 1). However, root biomass of genotypes in-
cluding Kashi Samridhi, ‘AP3’, ‘Arkel’, ‘EC9485’, ‘Matar
Ageta-7’, ‘Pb89’, ‘Lincoln’, ‘P.S.M3’, ‘Kashi Ageti’,
‘VRP5’, ‘EC  9485’, ‘CHFGP-14’, ‘CHFGP-55’, Priya

was not affected by the higher level of Al (24 ppm). It
might be attributable to the capacity of certain genotypes to
express normal biomass even at stress conditions as opined
by Kushwaha et al. (2017). Kichigina et al. (2017) also
observed similar results, in which root biomass of all pea
genotypes decreased except few genotypes which they
classified as tolerant.

Averaged across genotypes Al treatment significantly
decreased shoot biomass by nearly 18% (P<0.05) 12 ppm
Al and 27% (P<0.05) at 12 and 24 ppm Al level compared
to control (Table 1). Interaction between Al treatment and
genotypes was found significant shoot biomass and it at
par with control for ‘Kashi Ageti’, ‘EC–9485’, ‘Priya’,
‘AP–3’, ‘Arkel’, ‘Kashi Samrath’, ‘Lincoln’, ‘PSM–3’,
‘Arka Apoorva’, ‘Kashi Samridhi’, ‘NO–17’, ‘CHFGP–
55’, ‘Priya’, ‘KK–10’ genotypes at 24 ppm Al level.

Root and shoot length
Averaged across genotypes significant reduction of

nearly 9% at 12 ppm and 15% at 24 ppm Al treatment in
root length was observed compared to control. Application
of 12 ppm Al showed a reduction in root length only in
‘CHFGP15’, ‘Arkel’ and ‘Kashi Samridhi’ suggesting that
lower concentration had a less negative effect on root
length. At 24 ppm Al level, the highest significant reduc-
tion in root length was observed in CHFGP–15 followed
by ‘VRPE–29’, ‘CHFGP–7’, ‘CHFGP–1’, ‘Kashi Ageti’,
‘NO–17’ at 24 ppm Al level with respect to control (Fig. 1).
Root length inhibition is the most typical symptom of Al
toxicity and is known to show rapid growth retardation
even within minutes of exposure. The promptness of the
root growth inhibition upon exposure to Al indicates that
Al quickly disrupts root cell expansion and elongation,
before inhibiting cell division (Frantzios et al., 2001). As a
result, root length inhibition caused by aluminium toxicity
is the most studied parameter and has been extensively
evaluated in an array of plant species.

Fig. 1. Influence of Al treatment on root length of pea genotypes
(20 days after treatment), C.D for factor (G)=1.30, Factor
(Al)=0.46 and factor (G×Al)=2.29, * indicates significant
difference from control)
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The shoot length of the pea genotypes varied signifi-
cantly among themselves. Al treatment had a significant
effect on the shoot length of 20 days old pea plants. Due to
Al treatment significant reduction of 13% at 12 ppm and
18.6% at 24 ppm Al treatment in shoot length was ob-
served at and 24 ppm Al treatment, as compared to control
(Table 3). The findings of shoot growth inhibition are in
agreement with the outcomes of Yang et al. (2009) in
soybean.

The interaction effect was found significant for shoot
length in 20 days old seedlings. At 24 ppm Al level, shoot
length of ‘CHFGP6’, ‘Kashi Samrath’, ‘VRP–5’, ‘VRPE–
29’, ‘EC–9485’, ‘Kashi Samridhi’ and ‘Lincoln’ was found
significantly at par with control (Table 3). Legesse et al.
(2017) also reported a substantial reduction in plant height
with Al treatment in Phaseolus vulgaris.

Root and shoot dry matter
Mean shoot dry matter of pea seedling across Al con-

centration was found significantly different. Averaged
across genotypes, shoot dry matter was significantly less
than the control at both levels of Al. Interaction between Al
and genotype was found significant. At 24 ppm Al level,
shoot dry matter of ‘Pb–89’, ‘Arkel’, ‘P.S.M.3’, ‘Kashi
Samrath’, ‘EC–9485’, ‘NO–17’, ‘Priya’ and ‘KK–10’ was
recorded at par with control (Table 1).

A significant difference was recorded in mean root dry
matter across Al concentration among different genotypes
of pea at the seedling stage. ‘VRP–5’ recorded the highest
root dry matter which was at par with ‘Kashi Ageti’ and
‘Matar Ageta–7’ (Table 1). Averaged across genotypes root
dry matter significant reduced at 12 and 24 ppm Al level.

 Interaction between genotypes and aluminium treat-
ment was found significant. At 24 ppm Al level, root dry
matter of ‘Matar Ageta–7’, ‘Pb–89’, ‘AP–3’, ‘Lincoln’,
‘Arkel’, ‘P.S.M. 3’, ‘Kashi Samrath’, ‘Kashi Samridhi’,
‘VRP–5’, ‘EC–9485’, ‘CHFGP–7’, ‘CHFGP–14’,
‘CHFGP–55’ and ‘Priya’ was significantly at par with con-
trol (Table 1). Ansari et al. (2019) observed a decrease in
dry matter of Dolichos bean in susceptible genotypes but
was not affected in tolerant genotypes. Similarly, Vieira
et al. (2008) reported a significant decrease in dry matter in
the Dolichos bean.

Screening based on yield and yield contributing charac-
ters

Yield is the most important factor which is taken for
screening purposes of Al tolerance. Screening based on
morphology is fast but less reliable; therefore the yield of
the plant has to be taken into account for the screening of
genotype. Pea genotypes with externally added Al resulted
in a marked reduction in yield, number of pod per plant and

pod characters.
A significant variation was observed among 25 geno-

types of pea for pod length and pod weight due to Al treat-
ment both pod length and pod weight was significantly
(Table 2). ‘CHFGP-7’, ‘Arka Priya’, ‘Pusa Pragati’, ‘Kashi
Shakti’, ‘Kashi Samrath’ were superior for pod length. At
the lower level of Al (12 ppm), pod length was affected in
few genotypes only and at 24 ppm Al level, pod length
decreased in pea genotypes except in ‘Arka Priya’, ‘Arka
Apoorva’, ‘Kashi Samrath’, ‘Kashi Samridhi’, ‘Kashi
Ageti’, ‘VRP-5’, ‘EC9485’, ‘CHFGP-6’, ‘VRPE-29’,
‘NO-17’, ‘CHFGP-7’, ‘CHFGP-14’ and ‘CHFGP55’
(Table 2). Similarly, due to Al treatment pod weight also
reduce in pea genotypes except for ‘Arka Priya’, ‘Arka
Apoorva’, ‘Kashi Samrath’, ‘Kashi Samridhi’, ‘CHFGP-1’,
‘EC-9485’, ‘CHFGP-6’, ‘NO-17’, ‘CHFGP-7’, ‘CHFGP-
14’, ‘CHFGP-55’, ‘CHFGP15’, and ‘KK-10’ which were
found at par with control (Table 2). Similarly, Legesse
et al. (2017) reported a substantial decrease in the pod
length and yield of Phalseolus vulgaris in response to the
addition of a higher concentration of Al (100 mg Al/kg
soil). The result is in conformity with the findings of Ansari
et al. (2019) where pod length and weight were affected in
susceptible Dolichos bean genotypes.

A significant difference was observed for mean yield
across Al concentration in 25 different pea genotypes. Av-
eraged across genotypes significant reduction of 18%
(p<0.05) and 33% (p<0.05) in yield was observed in 12
and 24 ppm Al levels, respectively compared to control.
‘Kashi Samrath’, ‘Arka Priya’, ‘CHFGP-14’, ‘CHFGP7’,
‘CHFGP1’, ‘CHFGP55’, ‘Kashi Samridhi’ and ‘Arka
Apoorva’ were found superior for yield.  From the present
result, it was clear that the higher level of Al caused a
marked negative effect on yield. The addition of Al (24
ppm) decreased the yield of genotypes significantly except
for ‘Pusa Pragati’, ‘Arka Priya’, ‘Arka Apoorva’, ‘Kashi
Samrath’, ‘Kashi Samridhi’, ‘EC9485’, ‘CHFGP6’ and
‘KK10’  (Table 3) suggesting that these genotypes can tol-
erate Al and perform better in toxic condition. Valle et al.
(2009) reported that toxic concentration of Al in acid soils
inhibited root growth and caused a considerable decline in
yields of Alsensitive crops.

A significant reduction in the number of pods/plant was
recorded in Al treatment in both levels (Table 2). The dif-
ferent genotypes of pea showed a significant difference
in the number of seeds/pod. Significant reduction in the
number of seeds/pod was recorded in Al treated plants, at
12 ppm Al 19% (p<0.05) and at 24 ppm Al 27% (p<0.05)
reduction was obtained as compared to control.

Interaction between Al treatment and genotypes was
found significant. ‘CHFGP-7’, ‘Arka Apoorva’, ‘Arka
Priya’, ‘Kashi Samrath’ and ‘Kashi Samridhi’ were found
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good for the number of seeds per pod (Table 2). Similarly,
Legesse et al. (2017) reported significant reductions in the
pod length and yield of common bean in response to apply-
ing the higher level of Al (100 mg Al/kg soil), however at
12.5 mg Al/kg soil, they observed no significant difference
for all the yield components compared to the control.

Clustering of genotypes
Al tolerance among pea genotypes was evaluated in this

study using Kmean cluster analysis of the data for morpho-
logical and yield traits. The advantage of using multivari-
ate analysis in the evaluation of Al tolerance is that it
permits simultaneous analysis of several characters to in-
crease the accuracy of the genotype ranking. The tolerance
level of the genotype is done by overall performance but
not only based on a single character which may prove un-
reliable.

Based on the K-clustering score sum of all the studied
characters ‘Kashi Samrath’, ‘Kashi Samridhi’ and
‘EC-9485’ were classified as tolerant at 24 ppm Al level
(Table 3). ‘Matar Ageta-7’, ‘Pb-89’, ‘AP-3’, ‘Lincoln’,
‘Arkel’, ‘Kashi Ageti’, ‘Kashi Shakti’, ‘CHFGP-7’ and
‘CHFGP-15’, ‘VRPE-29’ were classified as susceptible
genotypes and the remaining was intermediate performing
(Table 3). Kichigina et al. (2017) classified pea genotypes
into tolerant and susceptible using clustering using the
Ward method based on morphological and economic traits.
The results are in agreement with Kumar et al. (2016)
where they used Hydro and aeroponic technique for rapid
drought tolerance screening in maize.

These genotypes have potential to improve yield in acid
soil affected regions of India and assist in further breeding
of pea genotypes for Al tolerance.
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