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Abstract Among the tropical tuber crops, cassava (Mani-
hot esculenta Crantz) deserves special attention as regards
to its higher biological efficiency in terms of dry matter
production which incidentally implies to the higher amount
of nutrient extraction from the soil resulting in better
response to the application of manures and fertilizers.
Among the major nutrients, Potassium (K) is considered as
the key nutrient for cassava owing to its influence both in
tuber yield and tuber quality. The above facts as well as the
availability of sufficient cassava genotypes in the germ-
plasm collection of ICAR-CTCRI made us to initiate
research work to screen cassava germplasm including the
pre breeding lines. The objective being to identify K
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efficient genotypes which can yield well under limited
availability of K so that the external application of K can
be reduced. This paper describes the wide variation noticed
during the pre evaluation of 83 elite genotypes which was
done as a prelude in the screening and identification of K
efficient genotypes. The characters studied were tuber
yield, tuber characters, plant dry matter percentage, plant K
content, tuber quality (starch, cyanogenic glucosides)
attributes, physiological efficiency and plant biometric
characters. The variation among the genotypes for the
above traits was assessed by making some yardstick for
classification which in turn helped in determining the
percent distribution of genotypes in each category. The
variation among the genotypes were further affirmed
through principal component analysis, wherein the first five
components explained more than 77% of variability and
the cluster analysis performed grouped these genotypes
into five clusters. The biplot showed the traits which are
closely linked to the genotypes. The dendrogram con-
structed indicated similar genotypes to that of the clusters
to the extent of more than 50% revealing the association of
members with similar traits in clusters and dendrograms.
The study helped in establishing the drastic variation
among the genotypes along with identification of six
genotypes viz., Aniyoor, 7 Sahya (2), 7 Il E3-5, W-19, CR
43-8, 6-6 for further detailed experimentation to identify K
efficient genotypes.

Keywords Cassava - Genotypic variation - Physiological

efficiency - Principal component analysis - Cluster
analysis - Biplot - Dendrogram
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Introduction

Tropical tuber crops play a significant role in the food and
nutritional security of millions of people globally espe-
cially in the developing and underdeveloped countries.
Among the tropical tuber crops, cassava is the most
important with respect to the area under cultivation, pro-
ductivity, ability to thrive under marginal soil and envi-
ronmental conditions, tolerance to pests and diseases, the
high and quality starch content of the tubers which in turn
can be utilized for the preparation of many value-added
products of industrial use. Being the National repository of
tuber crops germplasm in India, ICAR-Central Tuber Crop
Research Institute (CTCRI), Kerala, India conserves more
than 2000 genotypes comprising of indigenous, exotic,
landraces and breeding lines including wild relatives of
cassava. Cassava breeding research was started about
50 years back after the establishment of CTCRI in 1963
and 20 high yielding varieties of cassava were released so
far (Edison and Sheela 2008; Malik et al. 2020). Out of the
50,000 edible plant species, cassava is one among the 15
plant species with tuber as the economic produce providing
90% of the world’s total food energy intake (More et al.
2019).

The research experience under the long term fertilizer
experiment (LTFE) at ICAR-CTCRI since 1977 (Susan
John et al. 2005) clearly revealed the strong positive
response of cassava to manures and fertilizers. Among the
major nutrients, potassium (K) is considered as the ‘key
nutrient” with respect to its significant role in increasing
tuber yield and improving tuber quality through reduction
in cyanogenic glucosides responsible for bitterness in
cassava tubers and enhancing the tuber starch content
through its role in influencing the starch synthetase enzyme
responsible for starch production (Susan John et al. 2010).
The package of practices (PoP) recommendation of K for
cassava is 100 kg K,O/ha. The source of K usually used is
muriate of potash (MOP) having 60% K,0. MOP is an
imported chemical fertilizer, its price for unit of K is high
and sometimes, it is not available at times of need. More-
over, as the laterite soils (Ultisols) of Kerala where the
study was carried out was under humid tropical climatic
situation, these soils are very low in K (< 150 kg ha_l)
due to K fixation. K efficient genotypes being worthy in
low K soils, attempt was initiated by utilizing the germ-
plasm conserved at ICAR-CTCRI, to identify K efficient
genotypes which can mobilize the fixed soil K for plant
uptake so that the external application of K can be reduced.

The selection of 83 genotypes for pre evaluation to
identify K use efficient genotypes was based on key traits
like tuber yield, tuber shape, starch content, plant archi-
tecture, harvest index and CMD tolerance of the genotypes
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available at the field gene bank of cassava comprising of
landraces and pre breeding lines (Sheela et al. 2008;
Ceballos et al. 2016).

This study forms a part of the pre evaluation we have
conducted in these genotypes as a prelude of the mega
activity to identify the K use efficient genotypes. The
objective of the preliminary screening was to see the
variation among genotypes and to identify genotypes with
better plant traits relevant for K use efficiency. The
important characters studied were growth (plant height,
stem girth) attributes, plant (leaf, stem, tuber) dry matter
percentage, tuber yield and tuber characters (number of
tubers, length, girth), plant K content, physiological effi-
ciency (PE) of K, tuber quality attributes (starch and cya-
nogenic glucosides), as they have direct or indirect bearing
on K use efficiency. In addition, some general plant attri-
butes like branching, percent sprouting, cassava mosaic
disease (CMD) tolerance and flowering which are impor-
tant in the final selection of K efficient genotypes also were
considered. It is known that variation among genotypes
with respect to characters related to soil fertility and plant
nutrition management is ultimately assessed in terms of
nutrient use efficiency (NUE) (Baligar and Fageria 1997).
According to Graham (1984), the genetic potential of a
crop differ widely among plant species and cultivars within
species also differ in their absorption and utilization of
nutrients and such differences are attributed to morpho-
logical, physiological and biochemical processes in plants
and their interaction with climatic, soil, fertilizer, biologi-
cal and management practices. Moreover, there are several
reports indicating nutritional differences among cultivars
and strains of plants to inorganic plant nutrition due to
genetic makeup (Clark and Duncan 1991; Duncan and
Carrow 1999). Here, we aimed to elucidate the distinct
genetic variation with respect to the above plant attributes
that exists among the genotypes by employing some arbi-
trary yardsticks for the observations taken on plant attri-
butes. Principal component analysis (PCA) was done to see
the extent of variability through the PC’s and the contri-
bution of the plant attributes to each PC’s. Cluster analysis
grouped genotypes with similar traits in one cluster and
biplot and dendrogram methods were also done to confirm
the close linkage of characters among genotypes belonging
to same clusters/groups.

Since the soil under which the present study carried out
was low in K, identification of genotypes with better
attributes as above can definitely be a criteria in the
delineation of K use efficient genotypes. In addition to the
above objectives, identification of good performing geno-
types can be a source material for further breeding process
to evolve K use efficient hybrids.
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Table 1 Description of the cassava genotypes used in the pre evaluation study to screen K use efficient genotypes

S1. No Genotypes Origin S1. No Genotypes Origin

1 Aniyoor Landrace, Kerala 43 2-18 Breeding line, CTCRI
2 TH3/2 Breeding line, CTCRI 44 Ambakkadan Landrace, Kerala

3 Sree Rekha Released variety, CTCRI 45 7/39 Breeding line, CTCRI
4 CR43-11 Breeding line, CIAT 46 CR 9A 125 Breeding line, CIAT
5 Sree Sahya Released variety, CTCRI 47 7 I C2-5 Breeding line, CTCRI
6 H-97 Released variety, CTCRI 48 I H5-8 Breeding line, CTCRI
7 Sree Vijaya Released variety, CTCRI 49 Kadakkal Landrace, Kerala

8 TH5/2 Breeding line, CTCRI 50 Ummanvella Landrace, Kerala

9 4/31 Breeding line, CTCRI 51 Neelagiri Landrace, Tamil Nadu
10 4/21 Breeding line, CTCRI 52 CR 54 A-3 Breeding line, CIAT
11 Kalpaka Released variety, KAU* 53 New 1 Landrace, Kerala

12 7 IVA3-1 Breeding line, CTCRI 54 25/26 Breeding line, CTCRI
13 CR-43-8 Breeding line, CIAT 55 MN7 Breeding line, CTCRI
14 7IIIE 1-6 Inbred line, CTCRI 56 Ullichuvala Landrace, Kerala

15 H-226 Released variety, CTCRI 57 CR 59-8 Breeding line, CIAT
16 Sree Jaya Released variety, CTCRI 58 7 Sahya (2) Inbred line, CTCRI
17 Sree Prabha Released variety, CTCRI 59 New-2 Landrace, Kerala

18 H-165 Released variety, CTCRI 60 99/14(3) Inbred line, CTCRI
19 C-59/8R Breeding line, CTCRI 61 43-7 Breeding line, CTCRI
20 Sree Prakash Released variety, CTCRI 62 7 ulli-2 Breeding line, CTCRI
21 II D 79-6 Inbred line, CTCRI 63 Vellayani Hraswa Released variety, KAU*
22 1 D2 (6-7) Inbred line, CTCRI 64 H-1687 Released variety, CTCRI
23 ID7C 13 Inbred line, CTCRI 65 7-99 MNA Breeding line, CTCRI
24 C-1848 Landrace, Kerala 66 6-2 MN4 Breeding line, CTCRI
25 C-21 Landrace, Kerala 67 CR 5/8 Breeding line, CIAT
26 M4 H Breeding line, CTCRI 68 TMNG6 Breeding line, CTCRI
27 7 I E3-5 Inbred line, CTCRI 69 TEMNI Land race, Kerala

28 71V E3-5 Inbred line, CTCRI 70 7/49/MN3 Inbred line, CTCRI
29 71II C 8-2 Inbred line, CTCRI 71 TMN?2 Land race, Kerala

30 4-2 Triploid variety, CTCRI 72 CR43-2 Breeding line, CIAT
31 5-3 Triploid variety, CTCRI 73 4-21 Breeding line, CTCRI
32 7 IVC 4-4 Inbred line, CTCRI 74 CR 43-7 Breeding line, CIAT
33 6-6 Triploid line, CTCRI 75 35/8(2) Breeding line, CTCRI
34 17/5 Breeding line, CTCRI 76 CR114-0 Breeding line, CIAT
35 16-12 Breeding line, CTCRI 77 43-11 Breeding line, CIAT
36 IH5/15 Breeding line, CTCRI 78 CR-26-1 Breeding line, CIAT
37 35/8 Breeding line, CTCRI 79 T Amba Landrace, Kerala

38 43-2 Breeding line, CTCRI 80 CR43-6 Breeding line, CIAT
39 W-19 Breeding line, CTCRI 81 4-31 Breeding line, CTCRI
40 4/3 Breeding line, CTCRI 82 25/2 Breeding line, CTCRI
41 MNGA Released variety, CTCRI 83 CR 43-5 Breeding line, CIAT
42 Sree Harsha Released variety, CTCRI

KAU Kerala Agricultural University

Materials and methods Block V of the experimental farm of ICAR-CTCRI. The
soil of the experimental site was sandy clay loam with
A total of 83 elite cassava genotypes (Table 1) were  acidic pH (4.5-5.0), medium in organic matter
planted in a row trial with 10 plants each in a row without  (0.6-0.75%), low in available N (110-150 kg ha™"), high

external application of any fertilizers in a laterite soil at

@ Springer
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in available P (above 50 kg ha™") and low in exchangeable
K (< 110 kg ha™").

The cut stems called ‘setts’ were used as planting
material. Periodic growth observations, plant dry matter
percentage and plant K contents were taken by destructive
sampling at 3, 6 and 9 months after planting (MAP).
Destructive sampling at these intervals were carried out to
see the variation in the above parameters over time and is
taken for the purpose of identifying genotypes with better
characters. However, in this study, the mean of the three
observations for the parameters indicated were included.

In the case of the basic general parameter viz., percent
establishment of the setts, number of setts sprouted out of
100 setts planted was taken. As regards to CMD tolerance,
it was randomly assessed using virus indexing (Hahn et al.
1980) to see the extent of CMD tolerance in the selected
genotypes. In the case of branching, the classes included
were branching, top branching and non branching. Obser-
vation on flowering was also taken.

Plant height was measured with a metre scale from the
base of the lengthiest branch to the topmost new leaf. Stem
girth was taken as the diameter of the base of the same
branch measured with a twine and the length of the twine
was taken in a 30 cm scale. The plants were harvested after
9 months of planting and tuber yield per plant was taken
along with number of tubers per plant, length and girth of
three tubers selected randomly. Length of the tuber was
measured using a 30 cm scale. In the case of tuber girth,
the mean of the diameter at three portions of the tuber
measured using a twine converted to 30 cm scale was
employed. The major determinant used for screening the
genotypes for further experiments to identify the K use
efficient genotype was the inherent nutrient use efficiency
of the crop for K termed as physiological efficiency (PE) of
K computed following the formulas suggested by Soon
(1992).

PE (K) = Biological yield (BY) (kg/plant)/K uptake
(kg/plant). Biological yield is the total of the vegetative and
tuber yields. Since the nutrient uptake is on dry weight
basis, the yield of vegetative parts like leaves and stem and
economic part like storage root (tuber) was taken on dry
weight basis. For computing the biological yield on dry
weight basis, destructive sampling as indicated earlier were
done and the fresh weight of plant parts like leaf, stem and
tuber were taken and 50 g each of these samples were kept
for drying in an oven at 65 £ 5 °C till we got stable re-
sults. From the dry weight percentage and fresh weight of
each plant part per plant, the dry matter yield of each plant
part per plant was arrived. Adding leaf, stem and tuber dry
matter yields, the BY per plant was obtained on dry weight
basis.

For computing the K uptake, the K content in the leaf,
stem, tuber were determined. For this, after collection and
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processing, the plant K was analysed using triacid digestion
with nitric: perchloric: sulfuric acids in the ratio 10:4:1
followed by direct reading in flame photometer (Systronics
128) (Singh et al. 2005). By multiplying the dry matter,
yield of each plant part with their respective K content, the
K uptake of each plant part was obtained. After adding the
K uptake of leaf, stem and tuber, total K uptake of the plant
was computed (AOAC 1984).

Tuber quality attributes like cyanogenic glucosides and
starch content in cassava tubers were determined following
the procedure suggested by Padmaja et al. (2005) and both
are expressed on fresh weight basis.

The variation among genotypes with respect to the
characters studied was initially attempted through an
arbitrary classification by fixing an upper and lower value
for each parameter and calculating the percentage of
genotypes falling under each class. This was further sci-
entifically tested following different statistical tools like
principal component and cluster analysis, biplot and den-
drogram methods.

Statistical analyses

The statistical analyses performed included principal
component, cluster, biplot and dendrogram analysis. For
performing these analyses, as the data set need to be
complete, the missing values observed in the data set were
imputed using Fully Conditional Specification (FCS)
implemented by the Multivariate Imputation by Chained
Equations (MICE) algorithm as described in Van Buuren
and Groothuis-Oudshoorn (2011). MICE package in R
environment was used to perform the statistical
computation.

The principal component analysis (PCA) was carried out
to extract the variation in terms of the principal compo-
nents which in turn reflects the importance of the largest
contributor to the total variation at each axes of differen-
tiation. Cluster analysis was undertaken to group the
genotypes with similar traits with respect to the characters
studied. Hierarchical cluster analysis with complete linkage
method has been suggested for classifying entries of
germplasm collections based on the degree of similarity
and dissimilarity (Van Hintum 1995). A combination of
cluster and principal component analysis as suggested by
Crossa et al. (1995) also had been used to classify the 83
accessions. PCA and Clustering were carried out using the
R environment for statistical computing (R version 3.4.1).
Biplot and dendrogram analysis also was done to see the
associated genotypes with similar traits in each group.
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Results and discussion

The variations observed with respect to the different plant
characters studied in the preliminary evaluation trial was
analysed using different methods and is summarised below.
The details as per the arbitrary concept indicating the
variation among genotypes as the percentage of genotypes
in each group is as follows.

General plant characters It is known that, general traits
studied are very important in the selection of genotypes for
specific traits for popularization of the identified K efficient
genotype or breeding purpose. So, we have taken ample
care in finding the percent distribution of 83 genotypes
under the various general plant characters. It is seen that,
there exists distinct variation among the different geno-
types as 54, 34 and 12% are branching, non-branching and
top branching respectively. As regards to the sprouting/
establishment of the planted cassava stem cuttings, 54% of
the genotypes recorded more than 75% establishment. The
incidence of CMD at sprouting ranged from 0 to 100%
with a mean value of 49%. At this stage, 44% showed more
than 75% CMD incidence and 6% had less than 25% of
CMD incidence. At harvest, CMD was severe in 43% of
the genotypes, less severe in 12% and there was no CMD
noticed in 45% of the genotypes as per the procedure
undertaken based on Hahn et al. (1980). As regards to the
flowering, 31% was flowering and the rest were non-
flowering. These type of observations presently made in
this evaluation is in conformity with the reports indicating
the variation with respect to different general plant mor-
phological and phenotypic attributes as in Acacia (Daehler
et al. 1999), tomato (Kouam et al. 2018), hop (McA-
damet al. 2014) to trace the genetic variability in the
selection of superior genotypes for crop improvement.

Biometric characters The plant height ranged from 1.25
to 3.35 m with a mean value of 2.43 m (Fig. 1). However,
4% of the genotypes had less than 1.5 m and 7% had more
than 3 m height. The mean stem girth of the genotypes was
9.24 cm with values ranging from 6.0 to 13.58 cm where
70% of the genotypes had 811 cm girth and 10% had
more than 11 cm stem girth. However, there were 20%
genotypes with less than 8 cm girth. This is in agreement
with the reports of Jordan et al. (1979) and Dar et al. (2018)
in maize, Agong et al. (2001) in tomato, McAdam et al.
(2014) in hop, Silva et al. (2019) in castor observing drastic
variation in growth parameters during the evaluation of
germplasm for the selection of better genotypes for
breeding purpose.

Tuber characters and tuber yield The mean tuber
number of the genotypes was seen as nine with the number
of tubers per plant ranging from 4 to 15. Out of the total,
76% of the genotypes recorded 5-11 tubers per plant, 7%

with less than five and 1% with more than 14 tubers per
plant. The tuber length ranged from 13 to 52 cm with a
mean value of 32 cm. Out of the total genotypes, 79% had
2540 cm tuber length and there was 1% with less than
20 cm tuber length and 7% having more than 40 cm tuber
length. In the case of tuber girth, the mean was 18 cm and
it ranged from 11 to 24 cm. A total of 70% genotypes had
15-21 cm tuber girth and there were 4% genotypes with
less than 12 cm tuber girth and 16% having more than
21 cm tuber girth.

The tuber yield ranged from 0.01 to 7.52 kg per plant
with a mean value of 3.24 kg per plant. It is found that 53%
yielded 2—4 kg per plant and 8% of the genotypes had less
than 1 kg tuber yield and 7% with more than 6 kg tuber
yield per plant. These observations are in conformity with
the findings of McAdam et al. (2014) in hop, Chowdhury
et al. (2016) in soybean and Otayk (2019) in wheat indi-
cating significant differences in yield and yield attributes in
the process of estimating the quantitative genetic parame-
ters for the genetic improvement of these crops.

Plant dry matter percentage The leaf dry matter per-
centage (LDMP) ranged from 21.92 to 32.44% with a mean
value of 27.50%. A total of 77% genotypes had LDMP in
the range of 25-30% with 8% of the genotypes with less
than 25% and 15% with more than 30% LDMP. Similarly,
the stem dry matter percentage (SDMP) ranged from 26.83
to 48.24% with a mean value of 34.92%. Out of the total,
51% of the genotypes had SDMP in the range of 35-40%.
There was observed only one genotype with more than
45% and 13 genotypes with less than 30% SDMP. The
tuber dry matter percentage (TDMP) ranged from 12.14 to
39.46% with a mean value of 29.04%. Majority of the
genotypes (63%) had TDMP in the range of 25-35%
(Fig. 2). These conclusions adhere to the observations of
Jordan et al. (1979) in sorghum and Igbal et al. (2019) in
cotton revealing significant variation in root and shoot dry
weight while studying the genetic variation among
genoptypes under phosphorus use efficiency trials.

Plant K content The leaf K content ranged from 0.84 to
2.03% with a mean value of 1.34%. Out of the total, 49%
had leaf K in the range of 1.25-1.5% and there were 7%
genotypes with less than 1% and 1% genotype with more
than 2% leaf K. The mean stem K content was 0.97% but
ranged from 0.445 to 1.742%. A total of 65% had the stem
K content ranging from 0.75 to 1.25%. However, there
were 4% genotypes each with less than 0.5% and more
than 1.5% stem K. The tuber K content ranged from 0.490
to 1.839% with a mean of 1.149%. A total of 58% geno-
types had tuber K in the range of 1-1.5% and there were
12% genotypes with less than 0.75% and 7% genotypes
with more than 1.5% tuber K (Fig. 3). These findings were
supported by the views of Lopez et al. (2008) and Wang
and Chen (2012) in cotton while studying the K uptake and
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Fig. 1 Contrasting canopy architecture of genotypes under different clusters
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Fig. 2 Variation in leaf, stem and tuber dry matter content (%) of the genotypes

K use efficiency with respect to different genotypes where
they observed significant variation in the leaf, stem and
boll K content and hence its uptake.

Physiological efficiency The PE of K computed ranged
from 68 to 244 kg biological yield per kg K uptake with a
mean value of 106 kg/kg. The distribution of PE of the
genotypes is shown in Fig. 4. Out of the total, 79% of the
genotypes had PE of K ranging from 75 to 125 kg/kg.
However, there were 5% genotypes with PE less than
75 kg/kg and 2% with PE more than 175 kg/kg (Fig. 4).
Isfan (1990) indicated physiological nutrient efficiency is a
genetic trait of the genotype, which can be used in the
breeding program to detect high yielding potential geno-
types. Sadegh (2017) studied the physiological efficiency
of three cultivars of soybean under different levels of
potassium and found PE(K) is significant under different
levels of K.
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Tuber quality attributes The starch content on fresh
weight basis varied from 6.07 to 25.80% with a mean value
of 16.31%. A total of 52% had tuber starch in the range of
15-20%. However, there were 4% genotypes with less than
10% and 3% genotypes with more than 25% tuber
starch (Fig. 5a). As regards to cyanogenic glucoside (HCN)
content in cassava tuber, it ranged from 24 to 378 ppm
with a mean value of 97 ppm. A total of 53% had HCN in
the range of 30-90 ppm. There were 4% genotypes with
less than 30 ppm and 7% genotypes with more than
180 ppm tuber cyanogen contents (Fig. 5b). These obser-
vations confirm to the studies of McAdam et al. (2014) who
observed significant genetic variation among different
species of hop of the two families for biochemical traits
like colupulone, a-acid and B-acid. Agong et al. (2001) also
found significant variation in biochemical quality attributes
of different species of tomato.

Statistical tools employed in the genotypic analyses
under the pre evaluation trial

The different statistical tools used included PCA, cluster,
biplot and dendrogram analysis. Multivariate analysis such
as principal component and cluster analysis require com-
plete data set for performing exploratory data analysis and
classification of the observations. If there are missing
values in the data set, the analysis followed by its inter-
pretation will deprive of some valuable information. If the
number of missing values are very small compared to the
total size of the data, leaving out few samples with missing
features can be adopted. Usually, while dealing with large
number of data like this, we come across missing values
and the solution is not so trivial. Under such situation,
Multivariate Imputation via Chained Equations (MICE) is
one of the commonly used packages by R users to impute
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Fig. 5 Variation in tuber quality attributes of the genotypes

missing values with plausible data values. These plausible
values are drawn from a distribution specifically designed
for each missing data point. Here, we used the MICE
package in R with method = pmm for imputing the missing
values. Predictive Mean Matching (PMM) is a semi-para-
metric imputation approach. It is similar to the regression
method except that for each missing value, it fills in a value
randomly from among the observed donor values from an
observation whose regression-predicted values are closest
to the regression-predicted value for the missing value
from the simulated regression model as suggested by
Heitjan and Little (1991) and Schenker and Taylor (1996).

Principal component analysis (PCA)

Here, the PCA was carried out on the standardized dataset
(after employing MICE) comprising of 83 genotypes. PCA
resulted in extracting six principal components which
contributed 77% of the total variability and is presented in
Table 2. Sett establishment, plant height, tuber girth, tuber
yield and number of tubers per plant contributed signifi-
cantly to PC1 whereas stem girth, tuber length and stem
K% contributed to PC2. Stem dry weight%, leaf K% and
leaf dry weight% had significant effect on PC3. PC4 is
found influenced by leaf dry weight%, HCN content, sett
establishment and PE. The Leaf K%, tuber dry weight%
and starch content contributed to PC5. Leaf K%, starch%
and HCN content contributed to PC6. Hughes et al. (2015)
reported that, the principal component analysis combined
with clustering can be a better tool for genetic divergence
studies which in turn can be further exploited in crop
improvement including breeding programmes.
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Table 2 PCA analysis of the

studied traits of cassava Variable PC1 PC2 PC3 PC4 PC5 PC6

genotypes Eigen value (Root) 2.040 1.743 1.562 1.177 1.027 1.002
% variation expressed 24.5 17.9 14.4 8.1 6.2 59
Cumulative variation expressed (%) 24.5 42.3 56.7 64.5 71.1 77.0
Establishment — 0.379 0229 — 0.158 0.373 — 0.042 0.146
Sprouting — 0.091 0266 — 0.264 — 0.108 — 0.187 —0.038
Plant height - 0387 —-0.122 —-0216 —0.0002 —0.113 0.285
Stem girth - 0232 —-0.372 0.060 — 0.058 — 0.050 —0.048
Leaf dry weight —0.125 0.115 0.344 0.412 — 0.209 0.329
Stem dry weight — 0.281 0.204 0.128 —0.143 —0.230 —0.226
Tuber dry weight —0.173 0.444 0.154 0.112 0359 —0.022
Leaf K —0.042 —0.058 —0.365 0.033 0.526 — 0.409
Stem K 0.169 —0.251 —0.304 0.120 0.300 0.444
Tuber K —0.131 —-0.076 —0472 —0.147 —0.285 —0.099
PE 0.068 — 0.090 0.355 —0.577 0.033 —0.169
Starch —0.235 0411 —0.011 0.010 0.364 0.092
HCN — 0.056 —0.177 0.102 0.611 —0.012 —0418
Tuber number —0.326 —0.237 0.033 — 0.205 0.129 0.253
Tuber length —0.241 - 0.260 0.219 - 0.021 0.307 0.014
Tuber girth - 0370 —-0.076 —0.114 0.086 —0.138 —0.290
Tuber yield —0.330 - 0.246 0.222 — 0.004 0.107 — 0.024

Cluster analysis

The hierarchical cluster analysis performed with complete
linkage methods on the Euclidean distance matrix of the 83
genotypes using R package resulted in five clusters. The
results of the cluster membership is presented in Table 3.
The number of genotypes in clusters 1,2,3,4 and 5
respectively were 9, 48, 17, 5, 4. The members of the
clusters had almost similar traits. Among all the clusters,
the Cluster 2 had 48 members followed by Cluster 3 with
17 genotypes. The mean values of the different parameters
of the five clusters with the grant centroid values are pre-
sented in Table 4.

Mean of the plant characters of the clusters over the
grant centroid along with the important members in each
cluster as well as the characters important for each cluster
are described as follows. Among the five clusters, cluster 1
comprised of some important genotypes viz., Aniyoor, 7 III
E3-5 and 7 Sahya 2 which were selected later as K efficient
based on detailed K level experimentation. These geno-
types were selected from pre evaluation trial as candidates
for further detailed K experimentation due to their high
PE(K) coupled with high values on characters like % sett
establishment, plant height, stem girth, leaf, stem, tuber dry
weight percentage, starch%, tuber characters viz., number,
length, girth and yield. After strict K level experimentation

Table 3 Cluster composition of the evaluated genotypes of cassava for K use efficiency

Cluster Number of Cluster members
genotypes
9 Aniyoor, C59/8R, ID2(6-7), 7 III E3-5, CR54 A-3, MN7, 7 Sahya (2), 43-7, TEMNI
2 48 IH3/2, Sree Rekha, CR 43-11, Sree Sahya, H97, Sree Vijaya, IH5/2, 4/31, 4/21, Kalpaka, 7 IVA3-1, CR 43-8, 7III
E-1-6, H 226, Sree Jaya, Sree Prabha, H 165, Sree Prakash, I D 79-6, I D 7C 1-3, C-1848, C-21, M4 H, 7 IV E3-
5,7 I C 8-2, 4-2, 5-3, 6-6, 17/5, 16-12, IH5/15, 43-2, W-19, 4/3, Sree Harsha, 2-18, CR 9A 125, Kadakkal,
Ummanvella, New 1, 25/26, Ullichuvala, CR 59-8, New 2, 99/14(3), 7 Ulli-2, Vellayani Hraswa, 6-2MN4
3 17 7 IVC 4-4, 35/8, 7 111 C2-5, Neelagiri, CR5/8, 7/49/MN3, TMN2, CR43-2, 4-21, CR43-7, 35/8(2), CR114-0, CR
26-1, 25/2, CR43-5, 43-11, 4-31
5 MNGA, Ambakkadan, I H5-8, 7-99 MNA, T Amba
5 4 7/39, H1687, 7TMN6, CR43-6
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Table 4 Mean values of the

different parameters of the five Parameters Cluster 1  Cluster 2 Cluster 3  Cluster 4  Cluster 5  Grand centroid

cluster Establishment (%) 78.70 89.10 15.80 28.80 29.50 48.38
Sprouting (%) 26.0 64.10 12.80 47.20 50.00 40.02
Plant height (m) 2.59 2.56 1.84 1.62 2.59 2.24
Stem girth (cm) 9.63 9.18 8.73 7.58 12.54 7.73
Leaf dry weight (%) 28.67 27.51 26.73 27.49 24.87 27.05
Stem dry weight (%) 35.80 35.51 29.83 31.87 30.87 32.78
Tuber dry weight 31.61 30.63 22.62 32.09 17.92 26.97
Leaf K (%) 1.25 1.37 1.32 1.17 1.40 1.30
Stem K (%) 0.68 0.97 1.22 0.88 1.19 0.99
Tuber K (%) 0.95 1.23 1.02 0.84 1.41 1.09
PE (kg/kg) 135.70 102.80 113.90 122.0 161.0 127.08
Starch (%) 16.76 17.64 11.51 16.60 9.66 14.43
HCN (ppm) 106.82 93.83 113.92 66.84 76.45 91.57
Tuber number 11.22 8.81 7.35 4.60 9.75 8.35
Tuber length (cm) 37.33 31.67 29.82 20.00 38.25 31.41
Tuber girth (cm) 21.33 19.04 1541 12.00 19.25 17.41
Tuber yield (kg/plant) 6.50 3.07 247 1.00 343 3.29

in a split plot design for 3 years and testing under farmer
participatory trials, Aniyoor and 7 III E3-5 were identified
as K efficient which could yield well without K and at half
the recommended dose of K as 50 kg/ha K,O. The geno-
types under this cluster possessed the maximum plant
height (2.59 cm), leaf (28.67%) and stem (35.80%) dry
weight percentage, tuber number (11.22), tuber girth
(21.33 cm) and tuber yield (6.50 kg/plant). Some released
hybrids viz., H 97, H 226, H 165, Sree Rekha, Sree Sahya,
SreeVijaya, Kalpaka, Sree Jaya, Sree Prabha, Sree Prakash,
Sree Harsha, Vellayani Hraswa and some very popular
local cultivars were seen grouped in cluster 2. The geno-
types under this cluster had the highest sprouting (64.1%)
and starch percentage (17.64%). In addition, they had high
plant height, stem girth, leaf, stem, tuber DW %, leaf and
tuber K % and tuber attributes like number, length, girth
and yield. Some CMD resistant accessions like CR 5/8, CR
43/2, CR43/7, CR114-0 including a local popular cultivar
‘Neelagiri’ was found in cluster 3 which in turn possess
highest stem K% (1.22%) in addition to high stem girth and
leaf K %. Among the five genotypes in Cluster 4, MNGA
and Ambakkadan are popularly known for their CMD
resistance and high yield respectively. They have high
sprouting %, leaf and tuber DW %, high starch and lowest
cyanogen content in the tubers in addition to the highest
tuber dry weight percentage (32.09%). As regards to cluster
5, it contained the most popular hybrid variety H-1687
associated with characters like high sprouting%, plant
height, stem girth, leaf, stem and tuber K content, PE (K),
low cyanogen and tuber atributes like number, length, girth
and yield. This cluster also had maximum plant height
(2.59 m), stem girth (12.54 cm), highest leaf (1.40%) and

tuber (1.41%) K%, highest PE (K) (161 kg/kg) and highest
tuber length (38.25 cm). These type of clustering was
undertaken by Pahadi et al. (2017) in maize with the aim of
identifying better performing genotypes based on impor-
tant traits. Suryanarayana et al. (2017) grouped 30 geno-
types of maize into six clusters based on non-hierarchical
Euclidean cluster analysis in the process of studying their
genetic divergence. Contrasting genotypes under different
clusters are illustrated in Fig. 6.

Biplot analysis

The biplot of the studied characters and the associated
genotypes is presented in Fig. 7. The biplot shows the
characters which are closely linked with the genotypes or
genotypes which behave similarly with respect to different
plant characters. If we see the genotypes under different
clusters (Table 3) along with the biplot diagram, it can be
seen that, for instance, Nilgiri belonging to cluster 3 is
associated with high stem K%. Similarly, 6-2 MN4 and
Ummanvella in cluster 2 and TEMNI in cluster 1 had high
HCN. CR 43-2 under cluster 2 have high stem girth and
tuber length. 7 Sahya (2) under cluster 1 is with high tuber
yield and tuber length. New 1 under cluster 2 is with high
starch too. This in turn indicated the linkage of the plant
characters with genotypes under biplot to the important
attribute of the cluster under which the genotypes belong.

Dendrogram analysis

The cluster dendrogram (Fig. 8) divided the genotypes into
5 groups with the number of genotypes as 11, 42, 16, 12
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Fig. 6 Contrasting tuber characters of genotypes under different clusters

and 2 in each group. An analysis of the linkage of the
genotypes in the five clusters (Table 3) with the genotypes
in the five dendrogram sections revealed the percentage
analogy of the members in clusters 1, 2, 3, 4 and 5 to the
genotypes in sections 3, 2, 4, 1, and 5 of the dendrogram
are 44.44, 68.75, 47.06, 80 and 50% respectively.

As per cluster (Table 3) and dendrogram (Fig. 8), some
important genotypes which was grouped as common in
both the above analyses are Aniyoor and 7 Sahya (2)
(cluster 1, dendrogram section 3), the released varieties
from CTCRI viz., Sree Sahya, H 97, Sree Vijaya, H 226,
Sree Prakash, Sree Jaya, Sree Harsha (Cluster 2, dendro-
gram section 2), CMD resistant genotypes viz., CR43-2,
CR 43-7 and CR 43-5 (Cluster 3, dendrogram section 4),
the CTCRI released CMD tolerant variety, MNGA, the
very popular local lanrace Ambakkadan (Cluster 4, den-
drogram section 1) and the most popular hybrid released

@ Springer

from CTCRI, H 1687 (cluster 5, dendrogram section 5).
The six genotypes screened from the pre evaluation trial for
further field experimentation at different levels of K to
identify the K efficient genotypes were Aniyoor, 7 Sahya
(2), CR 43-8, W-19, 7 III E3-5 and 6-6. Among these,
Aniyoor, 7 Sahya (2) and 7 III E3-5 belonged to cluster 1
which in turn had high PE(K), % sett establishment, plant
height, stem girth, leaf, stem, tuber dry weight percentage,
starch, tuber characters viz., number, length, girth and
yield. Similarly genotypes viz., W-19, CR 43-8 and 6-6
belonging to cluster 3 possessed high sprouting and starch
percentage, plant height, stem girth, leaf, stem, tuber
DW%, leaf and tuber K%, and tuber attributes like number,
length, girth and yield. As regards to the characters linked
to these genotypes as per biplot, it was seen that, the above
six genotypes are linked to most of the characters evaluated
and specifically associated with characters like percent
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Fig. 7 Biplot comparison of 83 cassava genotypes

establishment of the setts, tuber number, tuber girth, tuber
yield, starch, stem dry weigh percentage, tuber and leaf
K% which in turn have a bearing on selection of genotypes
for further detailed experimentation to arrive at the best K
use efficient genotypes. The ultimate aim of this pre
evaluation trial being to trace out the dissimilarity among
genotypes and the similarity or linkage among genotypes

of the same cluster/dendrogram units resulted in selecting
valid genotypes for further detailed K experimentation to
evolve better genotypes with specific traits as K use effi-
ciency. Rahim et al. (2010) already carried out similar
studies and showed that, if genotypes are with maximum
dissimilarity/high variation, it can help in the evolution of
better hybrids with the required traits like good yield and
nutrient use efficiency.

Conclusion

It is important to have wide genetic variability along with
better genotype traits to evolve good varieties either
through selection or through breeding targeting on some
specific traits. In cassava, as a prelude to screen and
identify K use efficient genotypes, pre evaluation of 83
elite genotypes was done to establish the distinct variation
among genotypes through different statistical tools like
principal component, cluster, biplot as well dendrogram
methods in addition to an arbitrary analysis. These analyses
revealed the wide variation among genotypes with respect
to the characters evaluated like plant dry matter percentage,
plant K content, tuber yield and other tuber attributes like
number, length, girth, physiological efficiency of K, growth
characters like plant height and stem girth, tuber quality
traits like starch and cyanogenic glucoside content of cas-
sava tubers. The six principal components extracted could
account for 77% of the variability in the genotypes along
with information on the most important traits responsible
for each PC’s. The five clusters generated through cluster
analysis grouped the genotypes based on the close linkage/

Cluster Dendrogram of K efficient genotypes
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Fig. 8 Cluster analysis of the 83 cassava genotypes based on physiological efficiency
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similarity of certain traits in addition to giving details of
the important genotypes in each cluster. The major char-
acters linked to different genotypes were understood
through biplot. The dendrogram also separated the geno-
types into five groups. A close analysis of the different
statistical tools together showed that, genotypes viz.,
Aniyoor, 7 Sahya (2), 7 III E3-5, W-19, 6-6 and CR 43-8
selected as candidates for further detailed testing through
field experiments at different levels of K to evolve K use
genotypes were the common members in groups/clusters
generated under the different statistical analysis. These
genotypes in turn posessed important traits like percent
establishment of the setts, tuber number, tuber girth, tuber
yield, starch, stem dry weigh percentage, tuber, leaf K%
and physiological efficiency (K) which in turn have a
bearing on K use efficiency. Among these genotypes, fur-
ther experiments resulted in evolving Aniyoor and 7 III E3-
5 as K efficient, W-19 and CR 43-8 as N efficient. Hence,
the present pre evaluation helped in confirming the wide
genetic dissimilarity among genotypes as well as helped in
identifying valuable genotypes with valid characters for
further trials in the process of evolving K use efficient
genotypes.
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