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Abstract

Plants continuously adjust to their surroundings to organize the growth and photosynthesis activity in response to
environmental fluctuations. The growth and photosynthesis response is mostly achieved by linking multiple environmental
signals. Drought stress is one of the environmental setbacks which negatively affects growth and physiological processes of
plants. In this study drought stress was applied to C. communis biotypes to provide the basic information and to detect the
efficiency of photosystem II. Three different biotypes of C. communis (JL-1-1, LN-8 and HB-9-1) were used and compared
each other in this study. These biotypes were treated with 100% field capacity (control) and 60% field capacity followed by
10 days drought stress condition. Under drought stress, plant growth, biomass partitioning and chlorophyll fluorescence
were significantly decreased in all three biotypes as compared to control. In conclusion C. communis biotypes JL-1-1 under
drought stress showed a healthy status having a superior photosynthetic capacity than LN-8 and HB-9-1. This study revealed
the survival and competitiveness mechanism of C. communis biotypes under drought stress conditions and may serve as a

theoretical basis to protect C. communis populations.
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Introduction

Plant growing in ecosystem faces various types of
ecological stress such as drought, minerals, temperature,
heavy metal etc. (Ravanbakhsh et al., 2018; Aysin et al.,
2020; Chernyshuk et al., 2020). Among stressors
drought is the main factor which adversely affect plant
outturn by imposing certain changes at growth stages
(Abid et al., 2017). The water changes effect on growth
and distribution of plant is more and more prominent.
Previous studies focused on various plant species and
their response to soil moisture changes (Wu et al., 2007;
Dahiya & Chaudhry, 2020). Castillo et al., (2006) found
Lantana camera a successful plant, maintain most of the
functions of photosynthetic system Il and also maintain
high photosynthetic rate under drought conditions.
However, some studies have shown that some weed
species such as Wedelia trilobata (L.) Hitchc. C.
communis L. and Chenopodium album L. are highly
dependent on the water and susceptible to water
environment (Song et al., 2009; Haroon et al., 2019;
Dahiya & Chaudhry, 2020).

In order to determine the photosynthetic damage
affected by drought stress, chlorophyll fluorescence is one
of the promising and important powerful technique for
screening of plant photosynthetic activities (Sajbidorova et
al., 2015). There are different changes occurring in
chlorophyll fluorescence during environmental stress. The
absorbed light energy is directed in three ways; used to
drive photosynthesis, dissipated as heat or remission as
fluorescence (Miiller et al., 2001). The results revealed
that drought stress causes a reduction in maximal
fluorescence  (Fm), photochemical efficiency of
photosynthesis II (®PSII), photochemical quenching (qP)

and increase in non-photochemical quenching (qN) (Guo
et al., 2015). Similar outcomes have also been described in
Coronnilla varia (Yang et al., 2013) indicating that
drought stress significantly affect chlorophyll fluorescence
parameters. Drought stress is a different dimensional stress
severely affect plant growth, biomass and photosynthesis
activities (Bolat et al., 2014; Zarafshar et al., 2014). In
general, plants under drought stress illustrated a negative
effect on photosystem II quantum yield, photochemical
quenching, electron transport rate and more heat
dissipation (Xiang et al., 2013).

C. communis is a fast-growing annual herb, native to
East Asia and northern part of Southeast Asia (Santiago &
Micheal, 2009). Additionally, C. communis has a broad
ecological plasticity that allow it to survive better and
maintain its dominance in some harsh environments
(Kutbay & Uckan, 1998). C. communis is known for its
excessive growth habit having adventitious root system
(Huang et al., 2000; Li et al., 2008; Pysek, 2001; Santiago
& Micheal, 2009). At present it is the most common weed
of China. Wherever it goes, it extrudes the crop and form
a dense community. It is of great significance to control
the harm and the trend of C. communis. Therefore, this
study was carried out to determine the drought stress
effect on C. communis for predicting their future
spreading trend and effectively controlling their harm.

Materials and Methods

A greenhouse-based experiment was carried out in
Institute of Plant Protection, Graduate School of Chinese
Academy of Agricultural Sciences, Beijing-China. Seed
of C. communis biotypes were collected from three
different provinces of China i.e., JL-1-1 (Minzhu Village,
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Xiwei Town, Yitong Manchu Autonomous County, Siping
City, Jilin Province Corn field), LN-8 (Zhalan Village,
Dasijiazi Town, Zhangwu County, Fuxin City, Liaoning
Province Corn field) and HB-9-1 (Experimental base of
Hebei North University, Zhangjiakou City, Hebei
Province Road sides). The seed of C. communis were
grown in big pots (Height 29 cm and width 37 cm) May,
2018. After seeds emergence, the seedlings (4 cm) were
transplanted into a free draining pot (Height 12.5 cm and
width 14 cm) having 2:1(v/v) mixed with surface soil and
nutritional soil (organic content >15%) and were allowed
one C. communis seedling per pot. All the seedlings were
well water until well established.

Drought stress treatment: The experiment layout
consists of three biotypes (JL-1-1, LN-8 and HB-9-1) and
treatment layout included control and drought stress. All
the experimental pots were well water until all the
seedling well established. The control plants were grown
under 100% field capacity (FC) and drought stress treated
plant were grown under 60% FC for 30 days then the C.
communis plants were exposed to drought stress for 10
days and not watered for succeeding days. All the
experimental pots were under a mobile rain shelter to
avoid rainfall during drought stress.

Growth and biomass parameters: At 40 days of the
experiment, the plant height (cm), number of leaves,
leaves biomass (g), stem biomass (g), root biomass (g)
and total plant biomass (g) were determined. The shoot
mass ratio (S:M) was calculated by shoot mass and total
biomass and root shoot (R:S) ratio was calculated by root
biomass and shoot biomass.

Chlorophyll fluorescence: Determination of
Chlorophyll  Fluorescence Parameters: Chlorophyll
fluoresecence parameters were assessed using imaging-
PAM Mini-Series (IMAG-K5, WalZ Germany) for plant
determination under drought stress. Before the
measurement, the living plants were placed in a dark for
30 minutes to adapt to the test. Six circular test target
regions (AOI, area of interest) were selected from the
fully unfolded leaf. The dynamic curves of chlorophyll
fluorescence parameters were detected in the kinetics
window of the software. The corresponding data could
be directly derived from the report window. The related
chlorophyll fluorescence parameters are expressed as
follows: maximum fluorescence (Fm'), quantum yield of
PSII (®PSII), photochemical quenching (qP) and non-
photochemical quenching coefficient (NPQ). The non-
cyclic photosynthetic electron transport rate (ETR) of
PSIT was calculated by a systematic formula: ETR =
Yield x PAR x 0.5 x Abs. in which PAR
(photosynthetically active radiation) refers to the
intensity of photochemical light; Abs., the absorption
coefficient of the leaf, which can be calculated by the
function of measuring the absorption of light from the
leaf of the instrument itself; 0.5, the absorption value of
each AOI assigned to PSII.
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Statistical analysis of experimental data using 3
repeated mean using SPSS.11.5 for two-way ANOVA
analysis and significant differences between the indicators
using LSD method for multiple comparisons.

Results and Discussion

Plant height (cm) and number of leaves: The analyzed
data exhibited that drought stress greatly influenced
growth and biomass partitioning of C. communis
biotypes (Table 1). The growth and biomass trend of
three C. communis biotypes was found normal under
normal supply of water (control) and a significant
decreased was observed in mild stress followed by 10
days of drought stress (p<0.05). By comparison among
biotypes, the JL-1-1 plant height was maximum (38.67
cm) than the other C. communis biotypes. Similarly, the
plant height under normal supply of water (control) was
found normal as the plant height was decreased during
drought stress (30.44 cm). As interaction of drought
stress and biotypes was found non-significant (Fig. 1).
The interaction of biotypes and treatment showed that JI-
1-1 x control resulted maximum plant height (43.33 cm)
as HB-9-1 x drought recorded minimum plant height (28
cm). In addition, data regarding number of leaves
showed that among biotypes maximum number of leaves
(54.17) was observed for LN-8 under normal water
supply (control). As a decreased trend was observed in
drought stress and recorded minimum number of leaves
(20.44). Moreover, the interaction of biotypes and
treatment showed an in increase in number of leaves
(64.00) for LN-8 x control as minimum values (30.66)
was observed in JL-1-1 x drought stress. Under the
consideration of above results, C. communis biotypes
plant height and number of leaves were greater in
control. As their plant height and number of leaves was
greatly affected and a decline trend was observed under
drought stress. This experiment was designed to quantify
the C. communis biotypes ability to tolerate drought
stress damage. Drought is one of the important limiting
factors which negatively affect plant growth and
productivity (Tatrai et al., 2016; Nawaz et al., 2020). It
stimulates several biochemical and phenological
changes (Maraghni ef al., 2014) resulted in plant growth
reduction (Benjamin et al., 2014). Some studies
observed a reduction in plant height, number of leaves
per plant, shoot biomass and shoot biomass under
drought stress condition (Riaz et al., 2013; Guo et al.,
2016). Likewise, Bravo et al., (2017) observed that
maximum plant height and plant biomass of 4. palmeri
ecotypes collected from corn field as compared with
biotypes collected from short canopy crops i.e.,
vegetables. Some studies have reported reduction of
growth and production with increasing soil water stress
i.e., Amaranthus palmeri (Chauhan, 2013; Sarangi et al.,
2015). Likewise, some studies have shown that some
weed species such as Wedelia trilobata (L.) Hitchc. are
highly dependent on the water and susceptible to
drought environment (Song et al., 2009).
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Table 1. Growth and biomass parameters of different C. communis biotypes as affected by drought stress.

Population mean Treatment mean
Parameter
JL-1-1 LN-8 HB-9-1 Control Drought
Plant height 38.67 a 3533b 34.67b 42.00 a 30.44b
No. of leaves 44.17b 54.17 a 4450 b 5733 a 37.88b
Leaves biomass (g) 06.78 a 07.22a 0641 a 08.01 a 05.61b
Stem biomass (g) 16.75 a 19.82 a 12.81Db 21.07 a 11.84b
Root biomass (g) 04.14a 02.12b 1.57b 03.05a 02.16b
Total plant biomass 22.16b 28.13 a 1711 ¢ 27.89a 17.03 b
Shoot: mass ratio 0.70 a 0.73 a 0.66 b 0.72 a 0.67b
Root: shoot ratio 0.26 a 0.11b 0.13b 0.189 a 0.144 b
Means of the same category followed by different letters are significantly different at p<0.05 level using LSD test
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Fig. 1. Interactive effect of C. communis biotypes and drought stress on plant height (cm) and number of leaves.

Biomass (g): Likewise, growth parameter it also affects
the plant leaves, stem, root and total plant biomass and a
decrease trend were recorded in drought stress treatment
(Table 1, Fig. 2). By comparison among biotypes, the
maximum leaves biomass was recorded for LN-8 (6.78
g) and followed by JL-1-1 and HB-9-1, respectively. As
a significant lowest leaves’ biomass was observed in
drought stress (5.61 g). However, the interaction was
also found non-significant, as maximum leaves biomass
(8.16 g) was recorded for JL-1-1 x control while
minimum leaves biomass (5.31 g) was recorded for HB-
9-1 x drought stress. The data regarding stem biomass
showed a significant effect of drought stress on three C.
communis biotypes. Among the biotypes, the obvious
maximum stem biomass (19.82 g) was observed for LN-
8 statistically which followed by JL-1-1. As the biomass
was rapidly decreases during drought stress and
recorded the minimum stem biomass (11.84 g), the
general trend is opposite to control. Likewise leaves and
stem biomass, drought stress also arrested the root and
total plant biomass. During the experimental duration,
among biotypes maximum root biomass (4.14 g) was
recorded for JL-1-1 while a significant marginal
difference was observed in treatment and minimum root
biomass (2.16 g) was under drought stress. The
interaction was also found significant and recorded
maximum root biomass (4.71 g) for JL-1-1 x control as
minimum root biomass (1.34 g) were observed under

HB-9-1 x drought stress. In this experiment, the total
plant biomass of C. communis biotypes significantly
affected by drought stress. However, interaction was
found non-significant (NS). By comparison, among
biotypes the total plant biomass increased in LN-8
(28.13 g) followed by JL-1-1 and HB-9-1. Over all the
trend was decreased in drought stress. Moreover, among
biotypes a significant increase was found in shoot: mass
(0.73) for LN-8 as decrease trend were found in drought
stress with minimum shoot: mass ratio (0.67). However,
the interaction of biotypes and treatment was found non-
significant. The root: shoot was observed to be
significantly higher in JL-1-1 (0.26), as a decrease trend
was observed in drought stress (0.14). The interaction of
biotypes and treatment was also found non-significant.
C. communis biotypes produce more leaves, stem and
root biomass due to its higher growth in control than
drought stress treatment. Likewise, different study
reported the effect of water availability and limitation on
plant growth, biomass, biochemical and physiological
process (Bortolheiro & Silva, 2017; Zulfiqar et al.,
2020). Water is one the most important constituents for
plant growth and for longtime survival (Kebbas et al.,
2018). Similarly, Chahal et al., (2018) reported the
highest growth and biomass production of 4. palmeri for
100% FC as compared to treated plants. Most of plant
species manage the variability in water supply by
changing the biomass pattern.
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Plant photochemistry: The results showed that drought
stress greatly affects the photochemistry of C. communis
biotypes (Table 2). The results showed that drought
stress significantly affect the maximal fluoresecence
(Fm'") of three C. communis biotypes i.e. a decline trend
was observed during drought stress. Among biotypes the
maximum Fm' value were recorded for JL-1-1 (0.1779)
as among treatment minimum Fm' value was observed
under drought stress. The interaction of treatment and
biotypes was also found significant, as the maximum
Fm' value was observed for JL-1-1 x control (0.2456)
while minimum Fm' value was recorded for JL-1-1 x
drought stress (0.0962). In addition, the drought stress
significantly affects the quantum yield of PSII (®PSII)
while the interaction was also found significant. As
among biotypes the maximum value were recorded for
JL-1-1 (0.3526) whilst the minimum quantum yield of
PSII were observed when the plant subjected to drought
stress (0.2242). As for interaction of biotypes and
treatment, the maximum quantum yield of PSII were
recorded in JL-1-1 x control (0.4495) as the decline
trend was observed in HB-9-1 x drought stress (0.1998).
The non-photochemical quenching (NPQ) shows the
energy proportion, that is absorbed by the PSII
pigments, as dissipated in the form of heat. The data
regarding non-photochemical quenching showed a
significant affect among biotypes and treatment as
interaction of biotypes and treatment was found
significant. Among biotypes the maximum NPQ were
recorded in LN-8 (0.7212) as a decrease trend was
observed in control recorded minimum value (0.4979).
Moreover, the variation trend of photochemical
quenching among biotypes were affected by drought
stress while their interaction was found non-significant.
Photochemical quenching of C. communis biotypes
increase in control and the maximum value were
recorded for JL-1-1 (0.6281) as a decline trend was
observed in drought stress having minimum P value
(0.4904). As for interaction of biotypes and treatment,
the maximum qP value were recorded for JL-1-1 x
control as minimum value were recorded for HB-9-1
(0.4354). Electron transport rate (ETR) shows the
transport of electron in the PSII reaction center under
light conditions. C. communis biotypes were
significantly affected by drought stress as the interaction
was found non-significant. Among biotypes highest ETR
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were recorded in JL-1-1 (23.561). However, ETR is
greatly affect by drought stress with a decline trend and
recorded minimum ETR value under drought stress
(14.559). As for interaction of biotypes and treatment it
was found significant, the maximum ETR value were
recorded for JL-1-1 ¢ control (30.36) as minimum values
were found for HB-9-1 x drought stress (12.837).

The results showed a significant difference in C.
communis photochemistry due to drought stress
treatments (Fig. 3). The maximal fluoresecence (Fm'),
quantum yield of PSII electron transport (®PSII), non-
photochemical quenching (NPQ), photochemical
quenching (qP) and electron transport rate (ETR) are
the important parameters for chlorophyll fluorescence
which are used to study plant under drought stress (Fu
et al., 2012; Murchie and Lawson, 2013). At drought
stress, the parameters of chlorophyll fluorescence of
different biotypes was considerably reduced. Drought
stress  stimulates various inhibitory effect on
photosynthesis via destruction of photosynthetic
pigments and components (Massacci et al., 2008),
photosynthetic apparatus (Takahashi & Murata, 2008;
Zlatev, 2009; Kumari and Sharma, 2010). In our study
Fm', ®PSII, qP and ETR significantly decrease under
drought stress while an increase trend was observed in
NPQ values under drought stress. Similar results have
been reported by (Li et al., 2008; Guo et al., 2015)
maximal fluoresecence (Fm'), maximum photochemical
quenching (qP), electron transport (ETR) declines
while nonphotochemical quenching (NPQ) increases
under drought stress in cucumber seedlings. Similarly,
many studies reported that drought stress reduce the
efficiency of chlorophyll fluorescence parameter of
many species i.e. Coronnilla varia, and L. ruthenicum
(Yang et al., 2013; Guo et al., 2016). Besides, stress on
plant photosynthesis in the study of photosynthetic
efficiency can make effective evaluation on plant
photosynthesis, although different ecotypes have
different mechanism and functions of stress resistance.
Therefore, in the study of C. communis stress tolerance
using Y(II) to evaluate the overall stress or stress early
warning is superior to other parameters. In addition, C.
communis biotypes JL-1-1 under drought stress showed
a healthy status having a superior photosynthetic
capacity than LN-8 and HB-9-1.

Table 2. Chlorophyll fluorescence parameters of different C. communis biotypes as affected by drought stress.

Population mean Treatment mean
Parameter

JL-1-1 LN-8 HB-9-1 Control Drought
Fm 0.1709 a 0.1666 a 0.1365b 0.1971 a 0.1189 b
OPS 11 0.3526 a 0.2589 b 0.2516 b 0.3511 a 0.2242 b
NPQ 0.4813 b 0.7212 a 0.6638 a 0.4979 b 0.7463 a
qP 0.6281 a 0.5357b 0.5137b 0.6279 a 0.4904 b
ETR 23.561 a 16.774 b 16.453 b 23.300 a 14.559b

Means of the same category followed by different letters are significantly different at p<0.05 level using LSD test
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Conclusion

This study showed that C. communis biotypes
showed different response to tolerate drought stress. In
conclusion, growth, biomass partitioning and chlorophyll
fluorescence of C. communis biotypes have been observed
under drought stress. It is evident that growth, biomass
partitioning and chlorophyll fluorescence of C. communis
biotypes were severely affect by drought stress. In case of
biomass of C. communis biotypes was limited may be due
to reduction in photosynthesis efficiency in order to
reduce the damage caused by drought stress to
photosynthetic apparatus. By analyzing chlorophyll
fluorescence parameters JL-1-1 biotypes is drought
resistant as compare to LN-8 while HB-9-1 is a drought
sensitive biotype. Therefore, in the study of C. communis
stress tolerance using ®PSII to evaluate the overall stress
or stress early warning is superior to other parameters.
This research showed the survival strategies of C.
communis biotypes under drought stress and may serve as
a theoretic base to protect C. communis populations.
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