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[image: image2.jpg]Table 1. Physiological traits of blackgram varieties under 50 ppb ozone stress

Variety

co6
[TVBN1
VBN 2
VBN 3
VEN 5
VBN 6
VEN T

Stomatal conductance

Photosynthetic rate
Control 50 ppb
18.48+0.37 13.33:0.22
20.5210.28 14.72+0.44
18.79+0.67 13.15+0.85
19.63+0.55 13.04+0.47
20.16+0.35 13.60+0.13

21.15+0.33
18.02+0.35
18.53+0.68

ANOVA

(P values)

15.02+0.27
13.71+0.33
13.67+0.71

Photosynthetic rate
(HmolCOz2 m2s°Y)

Varieties
Treatment
Varieties xTreatment

Treatment means

Control

Ozone

n=9 (Sample size, N=144)

Control
0.52+0.04
0.51+0.04
0.48+0.01
0.48+0.01
0.49+0.01
0.4910.01
0.50+0.01
0.48+0.01

<0.001
<0.001
0.520

18.53
13.67

Chlorophyll content U }4
50 ppb Control 50 ppb
0393001 285720.70 19.32:0.70
038001 29.37:0.60 19.75:0.87
0.33:002 28931085 18340.35
034:002 29.83t090 19.190565
033:001 29.00:100 19.30:0.66
035:002 29.83:096 19.47:0.84

0.36+0.03
0.37+0.01

Stomatal

29.231+0.33

30.30+0.50

I conductance

(molH20 m-2sd)

0.064

<

0.001

0.821

0.49
0.36

19.5010.70
20.67+0.55

Chlorophyll
content

0.340
<0.001
0.964

29.38
1944
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Figure 3. Relative growth tralts of blackgram varieties under 50 ppb ozone stress
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Figure 4. Relative yield tralts of blackgram varieties under 50 ppb ozone stress

Volume xxx | Issue xxxx | 11




[image: image4.jpg]co6

VEN 7 o

Relative physiological traits

Figure 1. Relative physiological traits of blackgram varieties under 50 ppb ozone stress
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Figure 2. Relative biochemical tralts of blackgram varieties under 50 ppb ozone stress
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of leaves per plant decreased by 25.7 and 24% under 70.9 ppb ozone stress (Chaudhary et al., 2015). The

reduction In yield traits might be due to extended closure of stomata and decline in carbon fixation thereby
reducing the avallability of assimilates to its reproductive parts. Alterations in physiological and
biochemical characteristics under ozone stress might in turn would have altered the growth and yield traits
In blackgram varieties. VBN3 and VBN1 exhibited senescence due to ozone stress which might be ascribed
due to the Induction of genes associated with senescence (Miller € al., 1999). Similar resufts were also
observed by Chaudhary et al. (2015) in mung bean and by Ghosh et af. (2020) in maize. The relative root.
plant length, iumber of nodules per plant, number of branches per plant, number of leaves per plant and

plant weight had a mean value of 88.32, 96.89, 92.50, 84.66, 83.60 and 83.23% (Fig.3). The relative
number of pods per plant, number of seeds per pod, pod length and 100 grain weight had a mean value of
69.73, 93.93, 97.93 and 91.85% respectively (Fig4). The Pearson’s correlation depicted a negative
correlation between leaf injury percentage and other characteristics. Similarly, a positive correlation was
observed between stomatal conductance and photosynthetic rate, between chlorophyll content and
photosynthetic rate and between chlorophyll content and stomatal conductance. Likewise, linear
relationship was observed between photosynthetic rate and growth traits (number of seeds per plant and
pod length).

CONCLUSION

The present study exhibited varietal variation amongst blackgram cultivars to ozone stress. Results
Indicates that elevated ozone condition increased the leaf injury percentage; while all physiological traits
like photosynthetic rate, stomatal conductance and chlorophyll content declined at a significant level.
Similarly, in biochemical traits, malondialdehyde and proline content increased; while ascorbic acid content
decreased under ozone stress. Significant reduction in the gowth and yield traits were also observed in all
blackgram varieties under elevated tropospheric ozone condition. The study revealed that among the
blackgram varieties under study,

VBN3 is sensitive and VBNS is tolerant to ozone stress. Hence, this study
serves as a preliminary base to evaluate and assess

the choice of cultivars to regions experiencing high
tropospheric ozone concentration and for future breeding programmes.
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results corroborate with studies given by Tetteh ewf (20186). The relative physiological characteristics cvl
blackgram varieties varied among each other with a mean value of 70.80, 71.39 a!nd_ 66.63% for stomatz_l
conductance, photosynthetic rate and chlorophyll content (Fig.1). Greater deviation was observed in

stomatal conductance indicating that stomatal conductance is highly responsive to ozone stress compared
to photosynthetic rate and chlorophyll content.

Blochemical tralts

In all blackgram varieties, malondialdehyde content (MDA) significantly increased under ozone stress

tion was also observed. The MDA content ranged from 1.07 to
1.49 pmol g1 FW in control and from 2.27 to 2.97 pmol g1 FW under 50 ppb ozone stress. The entry of
tropospheric ozone into the plant system induces the generation of reactive oxygen species (ROSWD)/
damaging the membrane components;i:}lipids, chloroplast, nucleic acids and proteins (Blokhin¥ et al.,
2003; Hasanuzzaman et al., 2012; Saxeffa et al., 2019). The induction in MDA content under ozone stress
is related to its sensitivity suggesting greater lipid peroxidation of the membrane compared to ambient
condition. Furthermore, destruction of membrane components due to ROS generation inhibits the
scavenging ability of the plant cell (Sanmartb’gual., 2003). The results corroborate with the findings of
Mishra and Agaowal (2015) who observed 30.8 and 21% increase in MDA content of mung bean cultivars
under 68.9 ppb ozone stress. Significant reduction in biochemical traits were observed in cauliflower
(Sethupathi etaf;, 2018), garlic (Gayalhvi\et%l., 2019)and rice (Ram: tal.:gOZOa = cleck yeas

Unlike MDA content, the ascorbic acid content w.

as found to decline in all blackgram cultivars under ozone
stress compared to control. The ascorbic acid i i

ROS toxicity (Caregnato etal., 2013) and the red
In insufficient detoxification by AsA (Tetteh e eased under ozone stress
varying from 4.81 to 6.08 Mmol g FW under ambient condition and from 10.15 to 13.46 Umol g1 FW
under 50 ppb ozone stress. This increased proline content might be attributed due to Scavenging ability of
proline under ozone stress (Gill and\F(teja, 2010; Rejeb el al., 2014). The relative biochemical traits
showed variation with mean values of 201.01, 60.11 and 202.00% in MDA, AsA and proline content

condition of AsA becomes unstable eventually resulting
-+ 2016). The proline content incr

least was observed in VBN1 (2.33). The numbei

- Similarly, VBN8 recorded the highest number of
of seeds per pod (5.67), pod length (4.83 cm),

B and plant weight (18.60 €. The reduction w:

traits Signifying its sensitivity to ozone stress. Reduced photosynthetic capacity under elevated ozone

condition might in tumn decve;;a the plant biomass 2}|Lerlng the allocation of photosynthates to several
pars of the plant (Sarkar an¥Agarwal, 2010- Fengetal, 2011; Chaudhadyt al, 2013; Ruiz\éra et al ,
2017; Ghosh et af, 2020) Similar results were observed in mung bean where the plant height and number

r of nodules per plant ranged
pods per plant (11.00), number
number of leaves per plant (59.00), 100 grain weight (4.23
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ssed ' anafse all physiniogical and biochemical traits. For growth and yield traits, sampling was done
dunng the narvest of CTOp Matury stage.

Piant anatysss

Leaf mpury perceniage (LUP) ranging from O to 100 was given to all the blackgram varieties (ChauXharyet
2l 2013, Paysiological parameters like photosynthetic rate (A), stomatal conductance (gs) and chiorophyll
content was measured at different points of the leaf during day light (09.30 AM to 12.00 PM) before and
afier 10 days of ozone exposure. Youngest leaf was chosen to measure the physiological traits. Portable
photosynthetic system (ADC Bio Scientific LCpro-SD System. UK) was used to measure A and gs; while
chiorophyll content meter (CCM-200+, USA) was used to measure the chlorophyll content. Biochemical
waits ke malondiaidehyoe (MDA) content, proling.and ascorbic acid (AsA) content were also analyzed. The
standard protocol gven by Heath and Packef (1968) was used to measure MDA, while proline was
measured using the procedure given by Bates et Wl. (1973) and for ascorbic acid (AsA) content the method
@ven by Keller and (1977) was followed.

Duning the harvest stage. growth traits like root length (RL), shoot length (SL) and plant weight (PW), yield
trats like number of branches per plant (NBP), number of nodules per plant (NNP), number of leaves per
plant (NLP), number of pods per plant (NPP), number of seeds per plant (NSP), pod length (PL) and 100
gain weight (100 GW) were measured.

Statistical analysis

The significant difference amongst the cultivars and treatment were statistically evaluated using one way
ANOVA test: while their interactions were done by two-way ANOVA test. SPSS (Ver. 16.0.0), a statistical tool
was used to perform the tests. The variation among the treatment means were studied using Tukey
method and Pearson’s cormrelation coefficient was used to determine the degree of correlation.

RESULTS AND DISCUSSION
Leaf injury percentage
o O

with increasing exposure period. Younger leaves wmtic symptoms were identified in
VBN1 VBN2. VBN3 and CO6 indicating its sensitivity towards ozone stress. The LIP for the above-
mentioned varieties were found to be 40.00, 40.00, 50.67 and 40.33% respectively. Similarly, varieties
like VBNS (27.00%), VBN6 (34.00%), VBN7 (36.67%) and VBN8 (23.67%) exhibited lesser injury validating
its tolerance to ozone stress. Amongst all cultivars, the highest LIP was observed in VBN3 (50.67%) while
the least was observed in VBN8 (23.67%). Furthermore, cultivar-specific variation reported in this study
demonstrated that our test blackgram cultivars have varying levels of resistance to high ozone exposure.
This tendency might be explained by a greater rise in reactive oxygfﬂ__spegjgs (ROS) in comparison to an >
increase in ozone levels. According to/Ascher and Hess (1993)) under ozone exposure, superoxide is
produced thereby causing leaf damage. Chaudhary ew((2013), revealed that extended ozone exposure
intensified the leaf injury in mung bean cultivars and that foligr LIP can demonstrate different levels of
ozone sensitivity of test cultivars. Similarly, Mishra and wal (2015) found that the buildup of ROS
nside the plant system caused foliar and cellular damage.

e’.”‘a ( The leaf injury percentage (LIP) varied among the cultivars under study. The symptoms were observed to
.

Physiological traits

Elevated ozone exposure significantly reduced the physiological traits like photosynthetic rate, stomatal
congductance and chiorophyll content in all blackgram varieties. The photosynthetic rate varied from 13.04
te 15.02 pmol CO; m2 s Similarly. stomatal conductance varied between 0.33 to 0.39 mol Hz20 m? gt
and chiorophyll content between 18.34 and 20.67 (Table 1). Among the varieties, VBN3 recorded the
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(Sharma and Nagaveen: 2016), Tirunelveli (Usha et . 2018) were reported to experience higher
concentration of ground level ozone.

Pulses being one of the vital agricultural cwnccupies 252.29 lakh hectare of agricultural land with a

production of 16.47 million tonnes (DAC & M, 2018). They are higyensitive to tropospheric ozone and
a critical level of 40 ppb is required for 5% A, 20

MATERIAL AND METHODS
Study Locatlon and plant materlals

The study was conducted at Wetland (11.00°

N. 76.92° E at an elevation of 426.72 m above mean sea 4|
level) of Tamil Nadu Agricultural University, During the experimental period, the maxim

um temperature
ranged from 29.9 to 30.8°C; while the mini

maximum relative humidity was from 71 to 85% and the minimum relative humidity varied from 48 to 54%,
The study area is located in the under semi i i i

classification as Typic Haplustalf. The PH was found to be 8.05 with an E
nitrogen was found to be low (217 kg ha-1)

available potassium (295 kg ha-1). The soil had

C of 0.39 dS m-1. The available
with medium available phosphorus (11.8 kg ha-1) and high
low organic carbon content (0.48%).

The study was performed on eight ruling black
VBN 8 and C06) ICh Was procured)from
Nadu. Soil test Crop response
maintain uniform soil moisture,

gram varieties (VBN1, VBN 2, VBN 3, VBN 5, VBN 6, VBN 7,
National Pulses Research Centre situated at Vamban, Tami|
based fertilizer application was given with regular irrigation to

t.Ll“*"LJ

in two Open Top Chamber (OTC) of standard size (3.5 x 3,
te and consists of two treatments - Contro|
O3 (50 ppb). The elevated ozone was given

Experimental design

Pot experiment was conducted
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and NFC + elevated
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5 m), which were
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RESEARCH ARTICLE
Response of blackgram Varieties to elevated tropospheric ozone

ABSTRACT

Tropospheric ozone, being a secondary pollutant, is inadvertently

increasing every year thereby causing severe loss to agricultural crops. This

study aims at evaluating the response of tropospheric ozone against

blackgram varieties. Eight ruling blackgram varieties (VBN 1, VBN 2, VBN 3,

VBN 5, VBN 6, VBN 7, VBN 8 and CO 6) were exposed to elevated

tropospheric ozone concentration (50 ppb) in an open top chamber. The

exposure was given during 31 days after sowing (DAS) to 40 DAS for seven

. ) hours (10.00 h-17.00 h). The changes in physiological, biochemical, growth

X )’-(\ \ and yield traits were observed by comparing them with control (ambient
h g,‘ A condition). Results indicate that physiological traits like photosynthetic rate,
: \ “,,(‘ﬂL stomatal conductawe®=amd chlorophyll content significantly decreased due

- -
QLL Similarly, a<hbiurhemicaltraits, malondialdehyde content and proline
content increased under ozone, while ascorbic acid content was found to

branches per plant, number of leates per plant, plant height and number of
[n nodules per plant; and yield attributes like number of pods per plant,
- L”’ < number of seeds per pod, pod length and 100 grain weight were also found
L"‘ to decline under elevated ozone oncentratior@e reduction was higher in
VBN3 and least ip VBNS8 indicaling that VBN highly sensitive to ozone

stress and VBN8(j)tolerant.

Ve

v

Keywords: Tropospheric ozone, Black gram; Physiological; Biochemical; Growth; Yield attributes

INTRODUCTION

Tropospheric ozone (03) has become one of the world's most widely dispersed toxic pollutants in the last
several decades\lPCC 2007'2 Brayer et al., 201 exée}zing severe impact on humans, plants and animals
(Awisworth, 2017; ﬁatnokleous et al,, 2018; Osborn&’et al., 2019). This secondary pollutant, under bright
sunshine, is produced by a series of photochemical reactions involving carbon mongxide (CO), methane
(CHa), nitrogen oxides (NOx), as well as volatile organic compounds (VOCs) (Collins &t al., 1997; Mor¥é et
al., 2015). Apart from anthropogenic activities and other industrial emissions, transportation also
considerably contributes to ozone production in metropolitan areas. Ground level ozone is an issue in rural
places as well. Although being hundreds or thousand miles away from the original source, higher
concentration of tropospheric ozone is experienced in rural as wherein majority of land are devoted to
agricultural operations (Prather e‘(al., 2003; Agrawal et¥al, 2006; WilliaMis et al, 2016). In recent
decades, the background Os concentration has risen by between 0.5 and 2 percent every year (Vingafzan,
2004). The projected trends in ozone precursors emission rises the global average tropospheric ozone
concentration by 20-25% between 2015 and 2050, further raise by 40-60% by 2100 (Meekf et al.,
2007). Crop yield losses are predicted throughout the world by the year 2030, and India would be suffering
the worst situation when it comes to relative yield (Van Dingenb{:te al, 2009). It has been estimated that

for 40% (Van Dingenéfi et al., 2009; Danh et'§l., 2016; Ashrafu¥zaman
Mills etal., 2018).

al., 2017; Harmens ¥t al., 2018;

Ozone enters the leaf through stomatal pores, and generates reactive oxygen species (ROS) as they reach
the intercellular spaces, and exerts an oxidative stress by reacting with plant's leaves (Amsv)d{v‘\, 2017)
So, the antioxidant defence system is activated, which plays a vital role in keeping ROS levels under
control, thereby preserving the equilibrium of the cell's redoy potential. It is therefore clear that Og stregs
results in decreased carbon assimilation as well as altered carbon partitioning in plants (McCrady-&nd
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