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Abstract

Phthalates are synthetic chemical compounds avowed for their use in the plasticization of plastic products
particularly of polyvinyl chloride (PVC). The widespread applications of plastic products made phthalates
ubiquitous in all the environmental compartments. Therefore, the present study was conducted to assess the
detrimental consequences of DBP on the barley seedlings under in vitro conditions because little work has been
done on the effects of phthalates on higher plants. In higher plants, germination is a crucial stage of life cycle
therefore the present study is mainly focused on the germination indices viz. percent germination (%Q),
germination speed (GS), peak value (PV), germination vigour index (GVI), germination rate index (GRI), seed
mortality (SM), mean daily germination (MDG), mean germination time (MGT), germination value (GV) and
growth indices viz. shoot length (SL), root length (RL), shoot fresh weight (SFW), root fresh weight (RFW),
shoot dry weight (SDW), root dry weight (RDW), shoot weight ratio (SWR), root weight ratio (RWR), shoot/root
ratio (SRR), root/shoot ratio (RSR) and net primary productivity (NPP). The results showed that DBP
significantly affected the germination and growth indices of barley seedlings. In barley seedlings, the roots were

observed to be more vulnerable than shoot to DBP stress.
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INTRODUCTION:
Phthalates are high consumption organic synthetic chemical
compounds which were introduced in early 1920s,
particularly known for their use as plasticizers in numerous
products. The estimated worldwide consumption of
phthalates is 5 million tons/year [1]. The other well known
applications of phthalates are use in cosmetics, lubrication,
glues, building materials, personal care products, packing
materials, medical products and blood bags etc. [2, 3, 4].
Phthalates may contribute up to 60% (by weight)
particularly in PVC [5]. The huge consumption of these
products have contributed towards the contamination of
each component of environment with phthalates. In these
products, phthalates possess only physical bonding rather
than covalent bonding and this chemical property also
enables their emission into environment. Thus, the ubiquity
of phthalates in different environmental matrices can lead
to direct/indirect exposure to animals and humans through
inhalation, dietary uptake and dermal absorption etc. [6].
The evidence for the exposure of phthalates to animals and
humans is confirmed because of the presence of phthalates
and their metabolites in different body tissues and fluids [7,
1]. In living organisms, the phthalates are suspected to act
as endocrine disruptor, inducer of hepatotoxicity,
carcinogenecity, teratogenecity, mutagenecity, reproductive
toxicity etc. [8, 9, 10, 11, 12]. In last decades, there has
been some speculation and concerns about the phthalates
induced toxicity in animals, their fate in different
environmental media, phytotoxicity, bioaccumulation,
biomagnification etc. The soil contamination of phthalates
was also reported by many workers especially in

agricultural soils. The reported concentration of di-(2-
ethylhexyl) phthalates (DEHP) in soil ranged 0.107-29.4
mg/kg, 1.15-7.99 mg/kg [13]. While, the content of DBP
ranged from 2.75- 29.37 mg/kg [14]. The allowable
concentration of DEHP in soil is 4.35 mg/kg as per the
recommendations of New York State of US [15]. The
phthalate contamination of agricultural soil was widely
reported in China [16]. It was observed that the main
source of phthalates in agricultural soil is the increasing
popularity of making use of plastic and plastic products like
plastic mulching etc. From agricultural soil, phthalates
may transfer to the living beings through food chain. Thus,
the presence of phthalates in different environmental
matrices raised a great deal of concern for the monitoring
of phthalates and phthalates induced effects in crop plant.
Therefore, present study has been designed to evaluate the
detrimental effects of DBP to a cereal crop i.e. barley.
Barley (Hordeum vulgare L.) was chosen as experimental
model due to its fast growth and convenience during
handling. It is one of the principle crop after rice and
wheat. In India, it is mainly cultivated in Rajasthan, Uttar
Pradesh, Punjab and Haryana states [17]. In Punjab, it is the
second most important rabi crop after wheat and is mainly
cultivated in central and south-western districts of Punjab
[18].

MATERIALS AND METHODS:
Chemicals, plant material and treatment procedures
DBP (CAS: 84-74-2) was procured from HiMedia Pvt. Ltd.
Mumbai, India and all the other chemicals used were of
analytical grade. The seeds of Hordeum vulgare var. VLB-
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118 were procured from Himachal Pradesh Agricultural
University (Palampur), India. Before treatment, the seeds
were surface sterilized using 0.01% mercuric chloride for 1
min. followed by 8-10 times washing with distilled water.
Then, seeds were dried in the folds of filter paper and
presoaked. To avoid background phthalates contamination
the glassware washed and dried at 150°C for 25 min. The
stock solution of DBP (1600 mg/L) was prepared according
to the method of Kaur et al., 2017 [19]. The working
concentrations viz. 25, 50, 100, 200, 400, 800, 1600 mg/L
were prepared through serial dilution. Petri plates were
lined by autoclaved double layer of Whatman filter paper
no. 1. The seeds were treated with different concentrations
of DBP periodically and were kept in seed germinator at
2540.5°C and photoperiod of 16 h for 7 days. The seedlings
were observed daily for germination and morphological
indices.

Study of germination indices of barley

The effect of DBP on barley seedlings were analyzed for
following germination indices:

Germination percent was the first parameter studied to
know the impact of DBP on viability of barley seeds. The
indices like percent germination (G%), germination speed
(GS), peak value (PV), mean daily germination (MDG)
and germination value (GV) were calculated according to
the method given by Czabator et al., 1962 [20]. The mean
germination time (MGT) determined using the method of
Ellis and Robertis, 1981 [21]. Seed vigour index (SVI),
phytotoxicity index (PI), germination rate index (GRI) and
seed mortality (SM) were determined according to the
method of Orchard et al., 1977; Mekki et al., 2007, Wang et
al., 2004 and Osman, 2004 respectively [22, 23, 24, 25].
The formulae for each index are as followed:

G%=(No. of germinated seeds/total number seeds)> 100(1)

GS =nl/dl + n2/d2 +n3/d3 + ..... 2)
Where, n is number of germinated seeds and d is number of
days.

PVy=Fina1 germination percentage/Number of days 3)
MGT

=nlxd1+n2xd2+n3xd3+....../No. of observation days (4)
GV =PV x MDG %)
Where, PV is the peak value and MDG is the mean daily
germination

MDG = Total germinated seeds / No. of observation days (6)
GRI=) Gt/ Tt (7

Where, Gt is germination percentage at t"day and Tt is the
days of germination test

SVI=SL x G% ®)
Where, SL is seedling length (cm) and G% is germination
percentage

SM = (Number of non-germinated seeds / Number of

observation days) x 100 9)
Pl = RLC - RLT
Rit (10)

Where, R, ¢ is the root length of control and Ryt is the root
length of treatment.

The value of PI ranged between 0 and 1 and the higher
value indicates the toxic effects and lower one indicates the
stimulatory/positive effects [26].

Study of early growth indices of barley

The barley seedlings (30) were randomly selected from
each treatment and length of shoot and root was measured.
The root and shoot inhibition percentage was determined
by comparing the length of control to treatment [24]. The
fresh weight and dry weight were measured using the
method of Lin et al., 2012 [27]. The root weight ratio, shoot
weight ratio, shoot/root weight ratio and root/shoot weight
ratio were recorded according to the method given by
Rogers et al., 1992 [28]. Net primary productivity (NPP)
was calculated as per the method given by Malik, 2009
[29].

Statistical analysis

The results were analyzed for mean, standard error, one and
two-way analysis of variance (ANOVA). The differences
(p<0.05) among means were compared by honestly
significant difference (HSD) using Tukey’s test [30] and
the results were expressed in MeantS.E. All the
experiments were performed in triplicate.

RESULTS AND DISCUSSIONS:

Effects of DBP on seed germination

The germination consequences under the exposure of DBP
are summarized in Table-1 and Figure-1. The %G was
decreased greatly at higher concentrations and the percent
decrease with respect to control ranged 37.37-62.63%.
Here, the decrease in %G can be considered as indicator of
stress induced by DBP. Germination speed (GS) decreased
with the increase in concentration and the percent decrease
ranged 19.20 to 54.44% when compared to control. Peak
value (PV) was significantly decreased with the increase in
concentration and followed the similar trends that of %G.
The mean daily germination (MDG) and mean germination
time (MGT) significantly decreased and the percent
decrease ranged 37.37-62.63% and 31.25-59.56%
respectively. The maximum percent decrease was 84.56%
(at 1600 mg/L) for germination value (GV) and the seed
vigour index (SVI) of the treated seedlings of barley was
reduced greatly than control. The percent decrease in SVI
was 42.77%, 49.22%, 53.38%, 63.43%, 71.44%, 78.25%
and 83.79% at 25, 50, 100, 200, 400, 800 and 1600 mg/L of
DBP respectively. Germination vigor index (GRI) was also
decreased significantly with the increase in concentration
of DBP as compared to control and the maximum percent
decrease was 54.44% (at 1600 mg/L). The toxicity potential
of DBP was measured in the terms of PI and seed mortality
(SM). Both were increased as the concentration increased.
As the germination is a metabolically active stage of an
inert quiescent seed and starts with the adsorption of water
[31] and controlled by both endogenous and exogenous
factors [32]. The endogenous factors like the plant growth
regulators (PGRs) play an important role in germination
and early growth. The decline in %G might be due to the
disturbance of PGRs functioning and the enzymatic
activities of barley seedlings under DBP stress. Moreover,
the germination is supposed to be the most vulnerable and
sensitive stage to the abiotic stresses [33]. The stress may
lead to the imbalance in the osmotic potential and may
result into various morphological and physiological
perturbations in plants [34].
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Figure-1 Effects of DBP on germination indices of barley seedlings (i) Germination percentage (ii) Germination speed (iii) Peak value
(iv) Mean daily germination (v) Mean germination time (vi) Germination value (vii) Germination rate index (viii) Seed vigour index (ix)
Seed mortality (x) Phytotoxicity index. Different letters indicate a significant difference for treatment. Results are presented in
Mean+S.E.
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Figure-2 Effects of DBP on growth indices of barley seedlings (a) Shoot-root length (b) Shoot-root fresh weight (c) Shoot-root dry
weight (d) Shoot weight ratio, Root weight ratio (SWR-RWR) (e) Shoot root ratio, root shoot ratio (SRR-RSR) (f) Net primary

productivity.

Table-1 Germination indices of barley seedlings under DBP exposure

(%%?E) %G GSs PV MDG GV MGT GRI svi SM PI

0 82.50+5.48 10.43+0.58 11.79+0.78 1.77+0.12 21.48+2.57 26.80+1.62 69.54+3.88 | 1894.75+29.99 37.50+11.75 -
25 51.6743.27 8.43+0.33 7.38+0.47 1.11+0.07 8.40+1.05 18.43+0.99 56.19+2.23 | 1084.38+21.89 | 103.57+7.01 0.22+0.04
50 50.00+4.54 7.82+0.60 7.14+0.65 1.07+0.10 8.10+1.35 17.64+1.46 52.14+3.99 962.17+£26.94 107.14+9.73 0.22+0.03
100 47.50+6.48 7.69+0.81 6.79+0.93 1.02+0.14 7.81+2.13 16.91+2.10 51.29+5.42 883.34+29.26 112.50+13.88 0.21+0.04
200 40.00£3.56 6.24+0.48 5.71+0.51 0.86+0.08 5.17+0.80 14.11£1.19 41.63+3.21 692.93+21.47 128.57+7.64 0.26+0.03
400 33.33+3.09 5.36+0.42 4.76+0.44 0.71+0.07 3.61+0.63 11.79+0.92 35.73+2.81 541.06+13.92 142.86+6.61 0.32+0.03
800 34.174£5.41 5.57+0.60 4.88+0.77 0.73+0.12 4.20+1.44 12.12+1.69 37.73+4.04 412.09£15.02 141.07£11.59 0.45+0.04
1600 30.83+4.35 4.75+0.49 4.40+0.62 0.66+0.09 3.32+0.91 10.84+1.42 31.68+3.27 307.17«11.77 148.21+£9.33 0.59+0.03

One-way ANOVA summary

F ratio F-ratio a, F-ratio 7,5 F-ratio 7,59 F-ratio a, F-ratio 7,59 F-ratio 7,5 F-ratio a F-ratio 7,232) F-ratio 7,5 F-ratio (6,209

s6)12.81 11.46 12.81 s6)12.81 15.55 12.52 s565.33 507.39 12.81 18.04

HSD 20.77 2.48 2.97 0.45 6.69 6.54 21.22 95.68 4451 0.14

%G, Germination percentage; GS, Germination speed; PV, Peak value; MDG, Mean daily germination; MGT, Mean germination time; GV, Germination value; GRI,

Germination rate index; SVI, seed vigour index; SM, Seed mortality; PI, Phytotoxicity index.

Results are presented in Mean+S.E. ™ Significant at p<0.01 " significant at p<0.05.
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Table-2 Effect of DBP on growth parameters of barley seedlings

(rcn‘g}l‘i) SL(m) | RLm) | SFW(q) RFW (g) SDW (g) RDW (g) SWR RWR SRR RSR | /pgss o)

0 11.69 11.28 0.1223 0.0896 0.0169 0.0156 0.496 0.504 1.342 1.182 0.0047
+0.18 +0.26 +0.0126 +0.0150 +0.0048 +0.0031 +0.078 +0.078 +0.592 +0.276 +0.0007

25 10.77 8.68 0.1278 0.0886 0.0142 0.0099 0.588 0.412 1.438 0.707 0.0034
+0.30 +0.44 +0.0117 +0.0104 +0.0011 +0.0005 +0.015 +0.015 +0.084 +0.048 +0.0002

50 10.12 8.74 0.1060 0.0507 0.0119 0.0071 0.620 0.380 1.763 0.648 0.0027
+0.31 +0.33 +0.0195 +0.0105 +0.0020 +0.0011 +0.043 +0.043 +0.287 +0.129 +0.0004

100 9.69 8.82 0.1151 0.0558 0.0117 0.0069 0.631 0.369 1.877 0.612 0.0027
+0.35 +0.39 +0.0069 +0.0059 +0.0012 +0.0011 +0.041 +0.041 +0.381 +0.105 +0.0002

200 9.12 8.21 0.1072 0.0705 0.0116 0.0078 0.591 0.409 1.489 0.712 0.0028
+0.35 +0.29 +0.0073 +0.0106 +0.0015 +0.0006 +0.030 +0.030 +0.152 +0.135 +0.0003

400 8.68 7.55 0.0981 0.0443 0.0107 0.0075 0.591 0.409 1.475 0.701 0.0026
+0.29 +0.30 +0.0051 +0.0085 +0.0008 +0.0009 +0.022 +0.022 +0.151 +0.057 +0.0002

300 5.96 6.10 0.0781 0.0494 0.0086 0.0063 0.597 0.403 1.693 0.721 0.0021
+0.19 +0.40 +0.0052 +0.0050 +0.0005 +0.0013 +0.051 +0.051 +0.421 +0.135 +0.0002

1600 5.35 4.61 0.0501 0.0342 0.0059 0.0034 0.640 0.360 1.842 0.576 0.0013
+0.22 +0.29 +0.0052 +0.0196 +0.0005 +0.0004 +0.028 +0.028 +0.213 +0.072 +0.0001
One-way

Two-way ANOVA Summary ANOVA
summary
F-ratio SL x RL SFW x RFW SDW x RDW SWRXRWR SRR x RSR NPP
Treatment Féj?;xﬁ*m) F ralm(l.64)53-55” F ratio (1, 64) 15.197 F rat|0(1.64)77‘90" F ratio (1, 464) 50.01
Dose F r;él(ég;;tw F raio 7,60 794" F raio (607537 F 1o (7. 64)0.000008 F ratio (7, 64)0.18 F r;ltc;(l);«:m
Treggim b F ratzl'ozz’%“ F ratio (7,64)0.93 F tatio 7, 64)0.27 F ratio (7, 64)2.16* F ratio (7. 64) 1.05
HSD 1.52 0.56 0.0087 0.30 1.26 0.0015

SL, Shoot length; RL, Root length; SFW, Shoot fresh weight; REFW, Root fresh weight; SDW, Shoot dry weight; RDW, Root dry weight; SWR, Shoot weight ratio; RWR, Root
weight ratio; SRR, Shoot root ratio; RSR, Root shoot ratio; NPP, Net primary productivity. Results are presented in Mean=S.E. ** Significant at p<0.01 " significant at p<0.05.

Table-3 Shoot, root and seedling elongation inhibition

Results are presented in Mean+S.E.

Conc. (mg/L) Shoot inhibition ratio Root inhibition ratio Seedling inhibition ratio
25 1.14+2.12 15.17+3.50 8.15+2.09
50 12.64+2.77 18.93+3.18 15.89+2.39
100 16.21+3.09 20.98+3.42 18.72+£2.69
200 21.51+3.31 26.29+2.88 23.93+2.77
400 25.79+2.20 32.19+2.88 29.06+1.81
800 48.58+1.87 44.93+3.90 47.10+2.11
1600 54.18+1.80 58.53+£2.75 56.42+1.67

Effect on early growth indices of barley seedlings

The effects of DBP on the growth indices of barley are
shown in Table-2 and Figure-2. Both shoot and root length
were decreased with the increase in concentration of DBP.
The inhibition ratios (Table-3) showed that the roots were
more vulnerable to DBP exposure at higher concentration
than shoots. Similar trends of inhibition in root elongation
were recorded in mung bean seedlings [35]. Here, the
responsible factor may be the direct contact of roots to
DBP. The shoot and root fresh weight, shoot and root dry
weight were observed to decline under the exposure of
different concentrations of DBP and at higher concentration
the percent decline was more than 50% as compare to
control. The decline was more prominent in case of root
fresh weight, root dry weight (61.88%, 78.49%
respectively) than shoot fresh and dry weight (59.09% and
65.17% respectively). The similar observations were made
by Ma et al., 2013; Ma et al., 2014 [16, 35]. The
information regarding the dry matter allocation in shoot and
root play an important role in different agro-ecosystems.
Therefore, the seedlings analyzed for different weight ratios
like shoot weight ratio (SWR), root weight ratio (RWR),
shoot/root ratio (SRR) and root/shoot ratio (RSR). RWR
and RSR were decreased with the increase in

concentrations of DBP. In case of trees under normal
conditions RSR ranged 1:5 to 1:6 [36, 37] and this ratio is
the indicator of dry matter distribution in different parts of
a plant [38]. As all the growth indices related to roots like
root elongation, root fresh and dry weight, RWR and RSR
showed similar trends of inhibition which can be attributed
to the more sensitivity of roots to DBP stress. The study is
also supported by the work of Dueck et al., 2003 who
studied the effect of DBP on the morphology and
physiology of six plants and revealed that the roots of
Phaseolus and Plantago were more vulnerable to the DBP
stress than shoots [39]. NPP was decreased and the percent
decrease was 54.19%, 59.14%, 59.0%, 61.88%, 65.17%,
78.48%, 28.45%, 51.28% and 71.56% at 25, 50, 100, 200,
400, 800 and 1600 mg/L of DBP respectively when
compared to control. According to Muller and Kordel, 1993
the uptake of DBP from treatment media took place via the
cuticle of roots and the accumulated DBP might led to
impairment into the metabolic processes related to the
normal growth of seedlings [40]. The increase in SWR and
SRR was noticed at similar conditions and percent decrease
was 28.85% and 37.25% respectively and possible reason
might be the hormone like acting behavior of phthalates as
reported by Gao et al., 2016 [41].
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CONCLUSIONS:

The present study elucidated that the exposure of DBP
under controlled conditions significantly affected the
germination and early growth indices of barley seedlings.
Thus, the DBP induced the significant detrimental
consequences to the barley seedlings. Moreover, the roots
of seedlings showed more sensitivity to DBP stress than
shoots. However, the further studies are required to
understand the responsible mechanisms for the DBP
induced stress consequences to barley seedlings.
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