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Abstract
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1037-1042

The threshing loss in chickpea (Cicer arietinum L.) is influenced by environmental conditions, the genotypes and their
status during the harvesting, the trashing technology and machines, as well as the parameters of their operating mode. The aim
of the study is the evaluation of number of chickpea genotypes, part of the National Gene Bank collection, in terms of their
resistance to pedicel detachment, combined with other valuable traits. In the course of two years (2020-2021), chickpea acces-
sions were assessed in field experiments by economically important traits according to the International Chickpea Descriptor
(UPOYV, 2019). By laboratory tests, through an experimental setup, the energy to detach the pedicel of the pod from the chick-
pea stalk was determined. The phenotypic and genotypic coefficients were also determined.

The highest average energy value to detach the pod pedicel was established in BOE0014 accession, followed by BGR23151,
A8E0412 and B9E0149. The BOE0014 accession was characterized by tall plants, high setting of the first pod and big mass of
100 grains, while BGR23151 distinguished by big numbers of branches, pods and grains per plant. Phenotypic and genotypic
coefficients of variation were distinguished by high values. It was found that resistance to the pod pedicel detachment was
mostly influenced by the interaction between the genotype and the moisture of the grains, followed by genotype with p = 0.04
<o =0.05. The genotype BGR23151 is recommended for direct implementation in practice.
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Introduction

The chickpea (Cicer arietinum L.) is the second most
important legume crop after bean (Varshney et al., 2013).
The world chickpea production is estimated at 11.30 million
tonnes from an area of 12.14 million ha, with an average
yield of 931 kg/ha (FAOSTAT 2012). It occupies a strategic
place as a protein crop in the structure of world agricultur-
al production in regions with warm, temperate, semi-arid
and arid climates (Anbessa et al., 2006). This crop is grown
in 54 countries, with nearly 90% of the area in developing
countries. Almost 80% of the world*‘s chickpea are produced

in South and Southeast Asia. India ranks first in the world,
followed by Australia, Turkey, Myanmar and Ethiopia
(FAOSTAT, 2012; Gaur et al., 2012).

Traditionally, chickpea has been harvested by pulling
the entire plants to avoid any kind of losses. But this type
of harvesting has many disadvantages: quality of feed is re-
duced, the nodules of nitrogen-fixing bacteria do not stay in
the ground and the working costs are increased compared to
other harvesting systems (Bansal & Sakr, 1992; Konak et
al., 2002). The main long term objective of farmers in de-
veloping countries was the mechanization of Cicer arieti-
num L. harvesting. This was difficult task because of the low
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structure and uneven ripening of the chickpea plants, low
yield of the crop and high losses from the detachment of pod
pedicels. Many researchers applied conventional combine
harvesters for chickpea, but losses were significant (Haffar et
al., 1991; Siemens, 2006). Chakraverty et al. (2003) reported
that the losses from the mechanized harvesting of chickpea
were 5.5%. The main reason for this is that combines have
wide header that does not adapt to unevenness in the ground,
which causes pod shattering losses. The use of chickpea
harvesters with Shelbourne Reynolds’ stripper header also
caused high losses (Behroozi-Lar & Huang, 2002).

The main disadvantage of stripper headers is that they
have excessive losses in low yield, and/or immature crops
(Tado et al., 1998). Golpira et al. (2013) create prototype har-
vester, which has potential to improve chickpea harvesting
systems with saving cost and time and provide an alternative
to manual harvesting. Farmer experience has shown yield
losses of up to 30% if harvest is delayed 2-4 weeks. Accord-
ing to Patil et al., 2014, the results of machine harvest indi-
cated lower harvest losses for tall genotypes (ranging 2.64
to 4.96%) and higher loss (20%) for semi-erect genotype as
compared to manual harvest (3.12 to 5.40%). The mecha-
nized harvesting of chickpea grains, at humidity above 12-
15%, is not accompanied by significant losses from their
scattering, approximately they are around 5% (Vishwakarma
et al., 2019). At technological maturity, the humidity of the
pods drops significantly in a few hours and their pedicels
become tender. This leads to their detachment from the stalks
and scattering of the detached pods on the soil, as a conse-
quence of the mechanical impact of the harvesting machine.
In order to reduce the losses under the Bulgarian growing
conditions, it is recommended the mechanized single-phase
harvesting to be carried out before noon, while the pedicels
are not dried out and are still tough. This practically extends
the period for harvesting the crop and there is a need to select
varieties with a stiff pedicels at full maturity.

The losses from the mechanized harvesting of chickpea
are determined by the following groups of factors:

— The environmental conditions;

— The harvesting technology — single-phase, or two-phase;

— The harvesting machines and the parameters of their
working mode;

— Indicators of the genotype and its status during harvest.

Different types of mobile and stationary threshers or
combines are used for mechanized harvesting of chickpea.
Harvester operating mode has been determined to have the
most significant effect on mechanized harvesting without
significant losses from pods scattering and mechanical seed
handling (Olaoye, 2004; Olaoye et al., 2010).

According to many researchers, the main factors that
cause loss in mechanized harvesting of chickpea are the en-
vironmental factors, such as grain moisture content (Olaoye,
2004), resistance of pod pedicels to detachment and grain
hardness (Paulsen et al., 1981; Zeren et al., 1991), and the
degree of genetic determination of this resistance is essential
for any breeding program.

The aim of the present study was to assess the pedicels
resistance to detachment in number of IRGR-Sadovo chick-
pea accessions parallel to some other valuable traits.

Material and Methods

Plant material

The two years experiment was conducted at the IRGR —
Sadovo experimental field (2020-2021). The study included
nine chickpea genotypes of different ecological-geographic
origins, maintained at the National gene bank. Most of the in-
vestigated genotypes were of Bulgarian (B9E001, 86E0265,
A8E0412, ASBM0071, B9E0149, BO9E0014 and A9E0121)
and two (5953 and B7000117) of foreign origin (Table 1).

The evaluation of the agronomical traits was done in ac-
cordance with the International Descriptor for Cicer arieti-
num L. (UPOV, 2019). Randomly selected ten plants from
each chickpea genotype were manually harvested at full
maturity and stored in a well-ventilated storage room. The
following morphological traits were assessed: plant height

Table 1. Passport data of the studied Cicer arietinum L. Accsessions

N | BGR/ Cat. Ne/Cultivar Year Accename Origin Status Collecting source

1 BY9E001 2008 Local BGR Traditional cultivar Farm/Cultivated habitat
2 | BGR23151 1986 Local BGR Traditional cultivar Farm/Cultivated habitat
3 | ASE0412 2008 Local BGR Traditional cultivar Farm/Cultivated habitat
4 | Balkan 2008 Local BGR Traditional cultivar Farm/Cultivated habitat
5 | B9E0149 2009 Local BGR Traditional cultivar Farm/Cultivated habitat
6 |BGROO1 2017 Foreign ROM - -

7 |B9E0014 2009 Local BGR Traditional cultivar Farm/Cultivated habitat
8 |A9E0I121 2009 Local BGR Traditional cultivar Farm/Cultivated habitat
9 | BGR21208 1959 Foreign AZB — -
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(cm), plant height to the first pod (cm), number of productive
branches, number of pods per plant, number of grains per
plant, number of grains per pod, mass of grains per plant (g),
mass of 100 grains (g) and mass of the whole plant (g).

Experiment setup

According to Ishpekov et al. (2021), the energy required
to detach the pod pedicels from the stem determined the re-
sistance of a single accession. For the purpose, a special de-
vice was used, composed of a pendulum apparatus, fixtures
for the stem and an electronic data collection system that
registers and records the angle of rotation of the pendulum —
¢ (Figure 1). The required consumption energy for dynamic
pedicels detachment was determined by the dependence:

AT= AT, - AT,

where:
AT, — the energy to detachment and move the pod, J;
AT, — the energy just to move the same pod, J.

il

Fig. 1. Pendulum apparatus for determining the energy
to detach the pod pedicels from chickpea stem

Statistical analysis

The obtained experimental data were subjected to the fol-
lowing statistical procedures:

— The method of significant differences with visualiza-
tion of the results through a Box and Whisker plot for mean,
mean +SD and mean £1.96SD (SD — standard deviation).

— A two-factor analysis of variance to determine the in-
fluence of energy for to detach the pod pedicels on the gen-
otype-environment system. The dependent variable was the
energy to detach the single pod pedicels and the independent
variables were the genotype type and moisture content of the
grain.

— Phenotypic and genotypic variances were estimated
according to the method proposed by Burton & Devane,
(1953):

Environmental variance (62e) = Mse

Phenotypic variance (62p) = (62g + 02e)
Genotypic variance (02g) = Mse — Mst
Phenotypic and genotypic coefficients of variation:

2
Phenotypic coefficient of variation (PCV)=100Y"2~
X

2
Genotypic coefficient of variation (GCV)=100375%,
X

where:

o is the variance;

p — phenotypic coefficient;

g — genotypic coefficient;

e — environmental coefficient;

x — average value of the sample;

Mse — mean square error;

Mst — mean square treatment.

According to Johnson et al. (1955) genetic advance (GA)
and genetic advance as a percentage of mean (GAM) were
determined.

Genetic advance GA =§—>i—@>if—:§,
o’p
where:

k — standardized selection differential at 5% selection in-
tensity (K =2.063);

o’g — the genotypic variance;

o’p — the phenotypic variance.

Genetic advance as percentage of mean cameo =0,
where: *

x — the average value of the sample;

GA — Genetic advance.

The statistical program SPSS 19 for Windows was used
for the two-factor analysis of variance and for the determi-
nation of phenotypic and genotypic variances, as well as
genetic progress. The method of significant differences with
visualization of the results by Box and Whisker plot was
conducted using the STATISTICA 12 statistical processing
program.

According to Deshmukh et al. (1986), if PCV and GCV
values bigger than 20% were considered high, while values
below 10% were considered low and values between 10 and
20% were considered medium.

Results and Discussion

Experimentally obtained energy, required to detach the
pod’s pedicels, varied from 0.005 to 0.0252 J (Figure 2). The
genotype B9E0014 had the highest average value, followed
by BGR23151, A8E0412 and B9E0149. The lowest average
energy was observed for BGR21208. The highest energy dis-
persion was reported for accession BOE0014, indicating that
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Fig. 2. Box and Whisker plot for mean, mean + SD and
mean + 1.96 SD of energy required to detach the pod’s
pedicels

the plants within this accession differed according to their re-
sistance to detachment. The least variation, or homogeneity
for this trait was observed in BOE0149 accession.

The agronomical traits of the evaluated accessions varied
in the following limits: plant height (29.67-50.83 cm);
height to first pod (12.67-23.33 cm); number of branches
(1.50-3.14); number of pods per plant (20.50-51.33); num-
ber of grains per pod (1.03—1.80); number of grains per plant
(24.67-51.83); mass of grains per plant (6.23-22.55 g);
mass of 100 grains (13.70-53.05 g); mass of the whole plant
(10.48-46.83 g) (Table 2).

Several accessions were selected possessing valuable
traits. B9EOO14 accession was distinguished by the highest
energy required for pedicel’s detachment, with tall plants,
high formation of the first pod and big mass of 100 grains.
The genotype BGR23151 standed out with a big number of
branches, pods and grains per plant. The accession BOE0149
had average plant height and number of branches, high for-
mation of the first pod and mass of 100 grains above aver-
age for all studied genotypes. The results, obtained from this
study corresponded to the results reported from Petrova et
al. (2021). The variability of agronomic and biological traits
has shown high genetic diversity in evaluated grain legume
accessioins and increased the possibilities for their use in the
breeding-improvement activity (Petrova, 2015; Petrova et
al., 2021).

The effect of the genotype, moisture of the grains and
their interaction (Genotype x Moisture) is presented on Ta-
ble 3. It was obvious that the energy to detach the pedicel of
the pod statistically was most influenced by the interaction
between the both factors — Genotype x Moisture with a prob-
ability of significance p = 0.016 < oo = 0.05, followed by the
influence of genotype with p = 0.04 < a = 0.05. According
to the obtained results, the influence of grain moisture at full
maturity of chickpea did not significantly affect the resis-
tance of pedicel of the pod p =0.853 > a = 0.05.

The phenotypic coefficient of variation has a value of
154.7%, and the genotypic coefficient of variation has a val-
ue of 35.7%. According to the argument used by Deshmukh
et al. (1986), and both coefficients are with high value and
reflect the degree of influence of environment and geno-
type on the strength of the pod’s pedicel. This shows that

Table 2. Assessment of chickpea accession according to their agronomical traits

Ne | Accession Plant Height to | Number of | Number of | Number of | Number of | Mass of Mass of Mass of

height, cm | the first branches pods per | grains per | grains per | grains per | 100 grains, | the whole

pod, cm plant pod plant plant, g g plant, g
1 |B9E001 38.00 17.67 3.00 29.50 1.20 27.83 8.35 30.05 25.22
2 |BGR23151 36.14 16.43 3.14 48.43 1.11 48.00 15.77 33.30 30.87
3 | A8E0412 48.00 22.50 2.67 42.17 1.03 42.17 22.55 53.05 46.83
4 |Balkan 34.67 17.67 2.33 38.50 1.33 39.50 13.43 34.15 26.77
5 |B9E0149 39.50 22.00 2.50 20.50 1.37 24.67 10.14 42.00 23.62
6 [B7000117 32.83 12.67 1.50 31.83 1.80 47.50 6.95 14.60 14.35
7 |B9E0014 50.83 23.33 2.50 33.33 1.33 36.67 16.53 47.30 33.13
8 |A9E0121 49.00 16.17 2.33 51.33 1.10 51.83 19.10 38.10 42.08
9 |BGR21208 29.67 15.67 2.50 34.17 1.37 46.67 6.23 13.70 10.48
X 39.85 18.23 2.50 36.64 1.29 40.54 13.23 34.03 28.15
min 29.67 12.67 1.50 20.50 1.03 24.67 6.23 13.70 10.48
max 50.83 23.33 3.14 51.33 1.80 51.83 22.55 53.05 46.83
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Table 3. Analysis of variance for the influence of the stud-
ied factors on the energy required to detach the pod’s
pedicels at grain moisture from 10.30% to 4.37%

Source Mean Square Significance (p)
Corrected Model 0.00109 0.013
Intercept 0.02369 0.000
Genotype 0.00118* 0.040
Moisture 0.00008 ns 0.853
Genotype x Moisture 0.00117%*** 0.016
Error 0.00053

ns — non significance

the selection can be effective, based on this trait and its
phenotypic manifestation is informative about the genetic
potential. The genetic progress was with high value (GAM
= 17.0%), which gives reason to consider that there is a
rich material in the studied collection to start breeding im-
provement work in regards to the resistance of the pedicel
to detachment.

Conclusions

The experimentally obtained energy required to de-
tach the pod’s pedicels under the experimental conditions
ranged from 0.005 to 0.0252 J. The highest average value
of energy was obtained for genotype BOE0014, followed by
BGR23151 and B9E0149. The lowest one was observed in
BGR21208. Homogeneous reaction for this trait i.e. least
energy dispersion was established within the plants of ac-
cession BOE0149.

The interaction between the factors Genotype x Mois-
ture is statistically the most significant on the resistance to
detach the pod’s pedicels, followed by the influence of the
genotype with p=10.04 <o =0.05.

The carried out investigation helped to select several
accessions possessing good resistance to pedicel detach-
ment, combined with other valuable agronomical traits.
The BGR23151 accession, possessing these traits, can be
implemented directly into practice.
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