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ABSTRACT

The present study was carried out to enhance the genetic variability in Kinnow mandarin (Citrus nobilis Loureiro
x Citrus deliciosa Tenora) using ethyl methanesulfonate (EMS) during 2016—17 and 2017-18. Plants created with
different doses of EMS concentration, viz. 0.05%, 0.1%, 0.2% and 0.5% were examined for the various physiological
and biochemical alterations in putative mutants aged six years and compared with the wild type (WT). A dose-dependent
decrease in leaf area was recorded in the mutants with increasing doses of EMS concentration and as compared to
WT, maximum reduction of 135.52 and 104.92% was witnessed in the mutants E-19 and E-17 developed from 0.5%
EMS, whereas the leaves were more succulent in E-16. Chlorophyll a content was higher than chlorophyll 4 in the
mutated population. As compared to WT, maximum decrease in chlorophyll a, total chlorophyll was noticed in the
mutants E-19 generated from 0.5% EMS. Contrary to the physiological alterations, the total phenol, proline and total
protein content in the mutants were upregulated by nearly two fold in the mutants developed beyond 0.1% EMS.
Significant increase was also noticed in the antioxidant enzymes SOD, CAT, POX and GR activity in the mutants E-16
to E-20 induced from 0.5% EMS. The variation in traits of interest observed in the present study such as better leaf
succulency and upregulated antioxidant enzyme activity in the mutant E-16 (0.5% EMS) suggests that the developed
mutant could be utilised in Kinnow improvement for abiotic stress tolerance.
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Kinnow mandarin (Citrus nobilis Loureiro % Citrus
deliciosa Tenora) is a preferred fruit crop by the orchardist
of the arid and semi-arid regions of the country. This
beautiful golden orange mandarin has revolutionised the
citrus industry in these regions owing to its prolific bearing
habit, higher yield, better economic return and consumer’s
preference. Besides fruit, the demand of Kinnow juice in
the recent past has also increased because of its high juice
recovery per cent. The processing sector, however, could
not make much dent in this direction because of certain
intrinsic trait, i.e. the high number of seeds (30-35 seeds/
fruit) which causes bitterness in the juice due to crushing
of seeds (Kumar ef al. 2019). The crop, therefore, needs to
be improved for certain traits such as the low number of
seeds/fruit (<10) as compared to 30-35 seeds/fruit, dwarf
statured plant, fruit maturity, quality attributes etc.

Varietal improvement in citrus through conventional
breeding had been rather slow because of several inherent
biological factors. Facultative apomixis, self and cross-
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incompatibility, long juvenile period and high heterozygosis
are some of the vast arrays of impediments faced by citrus
breeders in conventional hybridization. Valuable mutants
through chemical mutagen such as ethyl methanesulphonate
(EMS) have been used as a breeding tool for creating
variability and developing variety with traits of interest as
it produces random point mutations in the genetic material
(Predieri 2001, Dhakshanamoorthy et al. 2010, Mallick et al.
2016, Rime et al. 2019) through the morpho-physiological
and biochemical alterations. Significant alteration in EMS
induced mutants have been reported to alter leaf area,
chlorophyll pigments, total phenolic, proline and protein
content etc. by various researchers (Ghani et al. 2014,
Deepthi and Ramesh 2016, Rime ef al. 2019). The mutated
plants have been reported to regulate the anti-oxidant
enzymes defence system to protect themselves against the
harmful effects of reactive oxygen species (ROS). Enhanced
SOD, CAT, POX and GR activities in the EMS treated plants
were reported in different crops. Thus in the present study,
the varying effect of EMS was conducted to understand
the physio-biochemical alterations in the putative mutants.

MATERIALS AND METHODS

Experimental procedure and plant material: The
present experiment was conducted at the Division of
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Fruits and Horticultural Technology, ICAR-IARI, New
Delhi. The experimental site (77° 12' E; 28° 40' N 228.61
masl) is characterized as semi-arid and subtropical, with
hot and dry summers and cold winter. Twenty putative
mutants of Kinnow mandarin developed during 2011 with
varying doses of EMS concentration, i.e. 0.05% (E-1 to
E-5), 0.1% (E-6 to E-10), 0.2% (E-11 to E-15) and 0.5%
(E-16 to E-20) were compared with non-treated Kinnow
(wild type) of the same age. The mutants and wild type
(WT) were developed from the same source of bud wood,
budded on Jatti Khatti (Citrus jambhiri Lush) rootstock,
and field planted during 2011 at a spacing of 3m % 3m. The
plants were maintained under uniform cultural practices
recommended for Kinnow. The data on physiological and
biochemical alterations were recorded on five plants from
each treatment for two consecutive years, i.e. 2017 and 2018
and the mean of two years were computed for statistical
analysis. The methods used for determining the various
physiological and biochemical parameters in the present
study are given below.

Physiological parameters: Leaf area (LA) was recorded
using a L1 3100 area meter (Li-Cor, USA), thereafter fresh
and dry mass of 10 leaves was recorded. Several indices
of leaf sclerophylly were calculated by the formulae
suggested by Ennajeh et al. (2010). Chlorophyll fractions
were extracted from fresh leaves by following the method
of Barnes ef al. (1992).

Biochemical parameters: Total phenol in leaf tissue
was assayed following the protocol of Malik and Singh
(1980). Proline content in leaf tissue was estimated by
acid ninhydrin method suggested by Bates et al. (1973).
Proteins concentration in the leaf tissue was determined by
the method given by Bradford (1976). For determining the
antioxidant enzymatic activity, fresh leaves were collected in
icebox to prevent the proteolytic activity. One g of cleaned
sample was ground in pre-chilled mortar and pestle at 4°C
in 5 mL of chilled phosphate buffer (50 mM; pH 7.0).
Homogenates were centrifuged at 15000 x g for 20 min at
4°C. The supernatant stored at -20°C was used to measure
the activities of superoxide dismutase (SOD), catalase
(CAT), peroxidase (POX) and glutathione reductase (GR).

Statistical analyses: The experiment was conducted
in a complete block design (CBD) with 4 replications.
The pooled data of 2 consecutive years were subjected
to analysis of variance using the SAS package (9.3 SAS
Institute, INC., USA) followed by Tukey’s Honest test. P
values <0.05 were considered as significant.

RESULTS AND DISCUSSION

Physiological parameters

Leaf sclerophylly: Variation in leaf sclerophylly
characteristics was recorded in the putative mutants (Table
1). As compared to the WT it was de-escalated by 135.52
and 104.92 in the mutants E-19 and E-17 developed from
0.5% EMS. Leaf fresh weight was higher in the mutants
E-1 and E-2 (0.05%), while a significant reduction in leaf
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fresh weight was noticed in the mutants E-19 and E-20
generated from 0.5% EMS. Density of foliar tissue (DFT)
was more in E-12 (0.2% EMS) and less in E-8 (0.1% EMYS).
Leaf succulency in terms of values was indexed maximum
in the mutants E-16 and E-20 created from 0.5% EMS. The
increased values in the leaf sclerophylly characteristics at
higher doses might be due to the stimulatory and inhibitory
effect of this alkylating agent on plant morphogenesis, which
was also evident from the growth data recorded on plant
height and plant spread (data published, Kumar et al. 2020).
The literature on the effect of different EMS treatments
on phenologoical variation in leaf characteristics is scanty
except those reported by Kaur and Rattanpal (2010) in rough
lemon (Citrus jambhiri Lush) and Deepthi and Ramesh
(2016) in okra (4belmoschus esculentus (L.) Moench).
Photosynthetic pigments: The data generated on
photosynthetic pigments showed that chlorophyll ‘a’ was
more than chlorophyll ‘6’ in the EMS derived mutants
(Table 1). A general decrease in chlorophyll ‘@’ and total
chlorophyll was noticed in the mutants and the decrease was
maximum in E-19 induced from 0.5% EMS. The chlorophyll
‘b’ content, in general, was more in the mutants than the
WT except E-19 generated from 0.5% EMS. Chlorophyll
‘@’ and ‘b’ in the mutagenic population unveiled a general
decrease and was significantly lowest in E-14 (0.2%
EMS). A general decrease in the photosynthetic pigments,
chlorophyll ‘a’, total chlorophyll, and chlorophyll a:b in
the EMS induced mutants, particularly at higher dosimetry
may be due to the damage in the thylakoid membrane
the buds have undergone during their treatment with the
alkylating agent. The damage in the chloroplast might
have inhibited the catabolic and enzymatic activity. Wani
et al. (2011) observed an increase in the frequency of
chlorophyll mutation at higher mutagen dose. Alterations in
the photosynthetic pigment of EMS induced mutants have
also been reported in banana by Bidabadi et al. (2011) and
in cowpea by Gnanamurthy and Dhanavel (2014). Lowest
chlorophyll content in Abelmoschus esculentus treated with
3% EMS has been reported by Deepthi and Ramesh (2016).

Biochemical parameters

Total phenol: The total phenol content in the EMS
derived mutants as adjudged against the WT exhibited an
ascending increase in the TPC values and was maximum
in mutants created from 0.5% EMS (Table 2). Increase
in the phenol content at higher mutagen dose showed a
positive correlation with the antioxidant enzymes and could
be aptly correlated with plant resistance mechanism for
overcoming stress. Ghani et al. (2014) found a significant
increase in total phenol concentrations in in-vitro raised
plants of Gerbera jamesonii with increasing dose of EMS
treatment exhibiting maximum values at the highest dose of
1% EMS. Similarly, Rime et al. (2019) reported an increase
in the total phenol content in mango leaf in 0.8% of EMS
treated mutants.

Proline: A trend analogous to phenol content was also
witnessed in the proline content, thus exhibiting a correlated



1017

PHYSIO-BIOCHEMICAL RESPONSES OF KINNOW MUTANTS

July 2021]

670 800 S0°0 S00 01000 P8¢l $000°0 €9°¢ L00 €10 IL¢ (500> d) as1
Spagy€€'E Byt 1 iy €0 syll'] (IST0°0 w9t 1 EV 33511070 ysLE L8 ¥80°1 w0S'C w96'€6 0c-d
pqooSSE (et ¥6C°0 1C0'1 2912070 gIv'6LE o1€10°0 y0€9L 760 wb?'C ol9'1L 61-d4
3poogy1 €€ n6¢’ [ y€€0 w90'l ig[910°0 pal0°SOY 30110°0 3SE16 b4 yI18°C 1€6°€01 81-d

3991°¢ 0yl iy €0 yl0'1 o¥C20°0 yc0v0€ 186000 99T 01 wl80 1§9°C u0€'C8 L4
9069°¢ wch'l yI€0 syl I'T £00€0°0 n0CT0LT sI110°0 33CC06 yel'l LTV 1S9°101 914
pqeal9'€ 3y8¥1 yCe 0 901 q0820°0 186'76C JpoL110°0 q8ES8 €'l o0v' ¥ NOLOTT si-d

160°C appC8’l 26570 3€C1 p8SC00 66°9LT 166000 po6C 101 al€l pvLv 18L7CEL vi-d

qL9°¢ Byly'l 5C€E0 sST'T e910°0 oqlTITY pa6110°0 0¥ ¥8 qOy'l (ree (8S°LTT el-d
3y80°¢ 30S°1 SiyLE0 s€l'1 svL10°0 el 1Y q8€10°0 1S9°CL 139571 1CS°¢ y6'CII cr-d

n9s'C 99L'1 poq0S°0 J9C1 J0610°0 vqlL°SEV eLV10°0 w0€'89 v90°C pELV y89°0v1 -4

199°C L1 poa8Y°0 9C1 540L10°0 eECTIYY q¥€10°0 NS YL vL0'C p89°Y 208°€ST or-94
ql9C ql6’l ©qSS0 paclt’l 195100 paq0S 0T 33€110°0 p3Ey 88 391 yP8°¢ 3q08°¢Y 1 6-d
8pqa;9€°€ 20p€8’l 3pCr 0 polt’l 2692070 16C°09C 556000 q98°S01 yl€'l oLTS syT Syl 8-d
spe0'€ opS8’I p9Y°0 pa6El pPSC0°0 0Ly 98¢ qc010°0 poL1'86 3¢S°1 IR 189611 L4
3paoy€C'€ agp8L'1 3V 0 9¢1 3q0L10°0 potv €1V p0CI0°0 1reges oCL'l STy syEL eVl 9-d4
q€8'¢ 20pC8’l s8¢0 paot ¥l n€S10°0 v8C8EY p0CI00 (A%} q86°1 oCSY oSES9T ¢d
3paoy€€E 2881 3pEY°0 poobt'l 16510°0 2qS6' 1Ty 2911070 Qe 98 opC8'l e pESLST v
pgo99°€ opS8'l 3q07°0 qSP'l 3q0L10°0 36L°€9¢ 1£600°0 qL17°€01 3CS°1 38I'Y paS99G1 €d
388°C q00°C p2qCS0 q8¥'1 212200 y81°LOE 186000 2607201 pl8’l q68°¢ q6L V81 (4!
spagL1'€ v01'C €S0 eL9°] o¥220°0 nLS 98¢ ¥0600°0 eSO'TIIT 2681 ©09°9 ©98°60C -4
v6€°S ql6’1 &5I€0 2991 9100 88°C6¢ ys010°0 295°S6 opLL’l g 2597891 IM
(M 3/3w) (zwo (34/3) (wo (B/7wo) @) @)
q:v [Aydoroyo (Mg 8/8w)  (md S/3w) /O%H Sw)  onssn oferoy  /3) ySom BOIR ySrom ySrom (zwo)
11&ydoory) reloL q 11Aydoiory) » [Aydoiofy) Aousnoong  jo Ausuo@  Jeo[ oyroadg  Jed oyroadg AI1p Jeo| ysolj Jed| BAIR JBO] jueInW JO 9PO))
sjueynw mouury] oaneind jo syuowSid onoypuisoloyd pue sonsujoereyd A[[Aydoid[os Jes| ur uoneureA | d[qeL



1018

KUMAR ET AL.

[Undian Journal of Agricultural Sciences 91 (7)

Table 2 Variation in biochemical parameters and antioxidants enzymes activity of putative Kinnow mutants

Code of mutant Total phenol  Proline (uM/g  Total soluble Superoxide Catalase Peroxidase Glutathione
(mg/g FW) FW) protein (mg/g dismutase (mg/ (umol of H,0, (umol tetra-  reductase (mg/
FW) protein min) hydrolysed guaiacol protein min)
mg/protein formed mg/
min) protein min)
WT 48.79h 0.36" 9.11 0.92f 24.39h 1.30dfge 1.15¢
E-1 58.13¢f 0.718 13.74h 1.09¢ 24.93h 1.22hfee 0.824
E-2 58.27¢f 0.728 14.99f 1.08¢ 24.12h 1.15hi 0.764
E-3 57.94¢ 0.78¢f 16.354 1.09¢ 24.47h 1.18hei 0.744
E-4 57.948 0.74¢f 14.89f 1.01f 24.28h 1.20hfe 0.814
E-5 59.41f 0.748f 14.92f 1.06¢ 24.67h 1.03i 0.814
E-6 64.04¢d 0.844 14.75% 1.58¢d 28.35¢ 1.15hi 0.884
E-7 62.87¢ 0.80¢d 16.184 1.524 29.01¢f 1.14hi 0.904
E-8 64.744 0.81¢d 17.14b2 1.504 28.87¢f 1.13hi 0.89¢
E-9 64.08¢d 0.824 17.38b2 1.534 29.27¢f 1.20hfe 0.834
E-10 64.384 0.834 14.531 1.514 29.70¢ef 1.20hfe 0.834
E-11 68.68¢ 0.90¢ 14.96f 1.69¢0 31.39¢d 1.34dfee 1.08¢
E-12 69.71¢ 0.94bac 15.24¢ 1.71b 31.634 1.37dce 1.21¢b
E-13 68.79¢ 0.95ba 15.23¢ 1.72b 31.26% 1.49¢ 1.22¢b
E-14 69.12¢ 0.94bac 17.75% 1.69¢0 30.05¢df 1.40d¢ 1.22¢b
E-15 69.12¢ 0.972 12.76! 1.780 30.51¢df 1.44de 1.370
E-16 82.062 0.92b¢ 13.82h 2.002 41.79ba 1.95ba 1.752
E-17 81.47ba 0.844 13.95he 2.012 42322 2.00? 1.732
E-18 80.85° 0.834 16.90b¢ 2.00? 39.79¢ 1.95ba 1.812
E-19 82.43% 0.834 14.481¢ 2.102 40.34bc 1.84 1.892
E-20 81.99ba 0.81¢d 16.204 2.06* 42322 1.81° 1.892
LSD (P<0.05) 1.46 0.04 0.64 0.12 1.88 0.15 0.17

dose-dependent increase of more than twofold in the mutants
E-13 and E-15 derived from 0.2% EMS (Table 2). The
increase in proline content in the mutants as compared to
WT confirms osmo tolerance in the mutagenic population.
Such findings have also been supported by Mallick et al.
(2016) in Kinnow mandarin and Kumar and Pandey (2019)
in Coriandrum sativum.

Total soluble protein: The TSP content in EMS induced
mutants exhibited a trend similar to the proline content,
thereby revealing an increase of almost two-fold in the
mutants E-14 (0.2% EMS), E-8 and E-9 (0.1% EMS) (Table
2). Higher TSP in these mutants might have accumulated
under stress due to the alterations in the protein pathway.
Very little effort has been made to understand the effect of an
alkylating agent such as EMS on the leaf protein alteration
in fruit crops. The present finding is in agreement with
Kumar and Munirajappa (2013) who reported higher protein
accumulation in mulberry leaves generated from 0.35%
EMS. Stimulated increase in total protein concentrations
at 1% EMS have also been reported by Ghani ez al. (2014)
in gerbera (Gerbera jamesonii Hook.).

Antioxidant enzymes activity: Anti-oxidant systems
provide a protective mechanism to eliminate or reduce ROS
levels in plant cells (Kumari ez al. 2010). The activity of

antioxidant enzymes in contrast to WT demonstrated a dose-
dependent increase in SOD, CAT, POX and GR activity and
was significantly up-regulated in the mutants E-16 to E-20
induced from 0.5% EMS (Table 2). As adjudged against the
WT, decrease in the GR activity was noted in the mutants
E-1 to E-10 developed from 0.05-0.1% EMS. The increase
in the antioxidant enzyme at higher dosimetry in the putative
mutants may be ascribed to its role in protecting the plant
cells from the destructive effects of ROS as key components
of'the cellular antioxidant defense system. The finding of the
present study is in consonance with Acedo (1983) and Rime
et al. (2019) who reported elevated antioxidant enzymes
in the EMS induced mutants of Arabidopsis and mango.
This study showed that chemical mutagens have
significant effects on the physiology of Kinnow plants. The
decreases observed in chlorophyll concentrations confirmed
the negative effects of EMS on plant pigment levels. The
detection of higher levels of total proteins and phenolic
compounds in all mutants supports the roles played by
these molecules in the plant defence system. Mutagenesis
also led to the activation of enzymatic antioxidant defence
system by increasing its capacity to scavenge ROS. Thus,
anti-oxidant enzyme activities can be used as indicators of
the sensitivity of plants to EMS and developing genotypes
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for use in the future breeding programme for developing
varieties of traits of interest.
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