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Abstract

Two Job’s tears cultivars, yy18-1 (high resistance to drought stress) and
yy12-7 (susceptible to drought stress) were used to investigate the responses
of seed germination, root and seedling growth, and seedling antioxidant cha-
racteristics to drought stress simulated by polyethylene glycol (PEG) 6000
solutions with 0, —0.05, —0.1, —0.15, and —0.2 MPa osmotic potentials. The
results showed that the germination energy, germination rate, germination
index, root and seedling lengths, root and seedling diameters, root and seedl-
ing fresh masses, root and seedling dry masses, and seedling relative water
content (RWC) decreased with the decrease of the osmotic potential of PEG
6000 solution. The contents of hydrogen peroxide (H,0O,), malondialdehyde
(MDA), and proline in seedling increased with the decrease of the osmotic
potential of PEG 6000 solution. The activities of peroxidase (POD), catalase
(CAT), ascorbate peroxidase (APX), and glutathione reductase (GR) in
seedling increased and then decreased with the decrease of osmotic potential
of PEG 6000 solution. —0.1 MPa was the optimal osmotic potential of PEG
6000 solution simulated drought stress at germination stage for Job’s tears.
The proline content and activities of POD and CAT were important mechan-
isms for the maintenance of drought resistance in Job’s tears seedling.

Keywords
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1. Introduction

Job’s tears (Coxi lacryma-jobi L.) belongs to the Coix of Gramineae, which has a
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long cultivation history as a traditional Chinese herbal medicine. It is widely cul-
tivated in some Asian countries including China, Japan, Korea, Philippines,
Thailand, Vietnam, and Burma. China is the largest producer of Job’s tears, es-
pecially Guizhou province in southwest China [1]. Job’s tears has been praised as
the king of Gramineae crops due to its high nutritional value. It is rich in pro-
tein, essential amino acid, vitamins, minerals, dietary fibre, fatty acid, carbohy-
drates, oligosaccharides, coixenolide, and coixol, which is used as porridge,
flour, noodle, or drink [2]. Besides, Job’s tears can be used to defend against
cancer, cure warts, suppress colon carcinogenesis, regulate blood sugar level,
cure chronic diarrhea, cure dermatophytosis, prevent gallstone formation, cure
edema, and clear heat [3].

Drought is one of the most devastating environmental stresses, which is a
major environmental factor contributing to the reduction in growth, develop-
ment and production of crops. It has been estimated that over 26% of cultivated
lands worldwide are affected by drought [4]. Germination is one of the most
important stages in the crop life cycle and resistance against drought during the
germination makes a crop stable [5]. Drought stress is responsible for both inhi-
bition or delayed seed germination and seedling establishment. The first symp-
tom of drought stress is rapid inhibition of shoot and, to a lesser extent, root
growth [6]. The production of reactive oxygen species (ROS) such as hydrogen
peroxide (H,O,), super oxide (O;) , and hydroxyl radical (OH") can disrupt
normal metabolism in drought stress through oxidative damage to lipids, pro-
teins and nucleic acids [7]. The antioxidant defense system is present in the
plant cells for ROS detoxification constitutes both antioxidant enzymes and
non-enzyme antioxidant metabolites. Antioxidant enzymes contain superoxide
dismutase (SOD), peroxidase (POD), catalase (CAT), ascorbate peroxidase
(APX), and glutathione reductase (GR). Non-enzyme antioxidant metabolites
include ascorbic acid, reduced glutathione, carotenoids, and flavonoids [8]. In
drought resistance, high contents of non-enzyme antioxidant metabolites and
activities of antioxidant enzymes are important.

Polyethylene glycol (PEG) is a group of neutral osmotically active polymers
with a certain molecular weight, which is inert, no-ionic, virtually impermeable
to cell membranes, and can induce uniform water stress without causing direct
physiological damage [9]. It has been widely used to study crops response to
drought stress during germination stage [10]. The adverse effects of drought
stress on seed germination, root growth, and seedling growth have been well re-
ported in various crops such as sorghum, pinto bean, and wheat [11]. However,
little is known about the effect of drought stress on germination in Job’s tears,
especially regarding drought stress simulated by PEG. In the present work, five
different concentrations of PEG were used to imitate different levels of drought
stress in two different cultivars of Job’s tears. Changes in seed germination pa-
rameters, root and seedling growth parameters, and seedling antioxidant cha-

racteristics of seedling were examined and compared in two Job’s tears cultivars.
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A greater understanding of that information can provide a theoretical basis for
the researches on drought resistance identification, drought resistance indices
screening, drought resistance cultivar breeding, drought resistance mechanism,

and drought regulation and alleviation mechanism in Job’s tears.

2. Materials and Methods

2.1. Plant Materials and Chemicals

The PEG 6000 was purchased from Shanghai Sangon Biotechnology Co., Ltd,
Shanghai, China. The plant materials were two Job’s tears cultivars with different
drought resistance; yy18-1 is high resistance to drought stress with black seed
coat and yy12-7 is susceptible to drought stress with white seed coat, which were
approved by the Guizhou Crop Cultivar Approval Committee (Guiyang, Guiz-
hou Province, China) in 2016. Seeds of Job’s tears cultivars were kindly provided
by Institute of Upland Food Crops, Guizhou Academy of Agricultural Sciences,
Guiyang, China.

2.2. Experimental Design

The experiments were conducted as completely randomized design with three
replications at the Institute of Upland Food Crops, Guizhou Academy of Agri-
cultural Sciences, Guiyang, China (26.53°N, 106.71°E). Seeds of three Job’s tears
cultivars were surface sterilized with 0.1% (w/v) HgCl, for about 8 min and then
rinsed five times with sterile distilled water. Next, seed soaking with PEG 6000
solutions with 0 (CK), —-0.05 (T1), —0.1 (T2), —0.15 (T3), and -0.2 (T4) MPa
osmotic potentials were applied for 24 h before germinated. Osmotic potentials
were produced by PEG6000 solutions of 0, 50, 80, 100, and 120 g-L™' according
to equation supplied by Michel and Kaufmann [12]. Fifty seeds were placed in
sterilized plastic trays (24 cm x 24 cm x 12 cm) covered at the bottom with three
layers of filter paper that had been autoclaved. The plastic trays were supplied
with 5 mL of tested osmotic solutions (PEG 6000 solutions, osmotic potentials of
0, —0.05, —0.1, —0.15, and —0.2 MPa). Germination tests were carried out in a
controlled growth chamber (RXZ-1000B, Ningbo Southeast Instrument Co., Ltd,
Ningbo, China) at 25 °C + 1°C with 12 h light (340 pmol-m™*s™") and 12 h dark
photo-cycle. The relative humidity was maintained at 85% to prevent high eva-
poration of the medium. A further 1 mL of tested osmotic solutions was added

daily to each plastic tray.

2.3. Determination of Germination Parameters

Seeds were considered germinated when the radicle was at least 1 mm length.
The number of germinated seeds was recorded daily. The germination energy
was calculated as N,/ N x 100% and the germination rate was calculated as N/ N
x 100%, where N, is the number of germinated seeds at 4 days, Nj is the number

of germinated seeds at 8 days, and N is the total number of tested seeds. The
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germination index was calculated as nd, + 0.75nd, + 0.50nd + 0.25nd; accord-
ing to Qin et al [13], where nd,, nd,, nd,, and nd, are the germination rate at 2,

4, 6, and 8 days, respectively.

2.4. Determination of Growth Parameters

Plants were harvested after 10 days of drought stress treatments and five plants
were selected randomly from each plastic tray. The seedling length refers to the
distance from the seedling base to the top of seedling. The root length refers to
the distance from the taproot base to the top of taproot. The diameters of seedl-
ing and root were measured with a digital caliper having accuracy of 0.001 mm.
The fresh masses of seedling and root were the fresh weights of seedling and
root, respectively. The dry masses of seedling and root were measured after dry-

ing in an oven at 80°C for 24 h.

2.5. Determination of Relative Water Content (RWC)

Five seedlings were collected randomly from each plastic tray after 10 days of
drought stress treatments and the fresh mass (FM) was determined, followed by
flotation on distilled water for 12 hat room temperature. The hydrated seedling
tissues were weighed to determine the turgid mass (TM). The seedling tissues
were subsequently dried in an oven at 80°C for 24 h and weighed to determine
the dry masse (DW). The RWC was calculated as [(FM — DM)/(TM — DM)] x
100% according to Smart and Bingham [14].

2.6. Determination of H,02, Malondialdehyde (MDA), and Proline
Contents

H,O, content was assayed according to the method of Gietler et al [15]. 0.5 g of
seedling were collected after 10 days of drought stress treatments and homoge-
nized with a pestle in a mortar, which contained 5 mL of 50 mM phosphate buf-
fer (pH 6.5). The homogenate was centrifuged at 6000x g for 25 min. The su-
pernatant was mixed with 0.1% (w/v) titanium chloride and 20% (v/v) H,SO,,
and then centrifuged at 6000x g for 15 min. The absorbance of the titanium pe-
roxide complex at 410 nm was measured and H,O, content was calculated using
an extinction coefficient of 0.28 uM"-.cm™.

MDA content was assayed according to the method of Akcay et al [6]. 0.5 g of
seedling were collected after 10 days of drought stress treatments and homoge-
nized with a pestle in a mortar, which contained 1mLof 5% (w/v) trichloroacetic
acid. The homogenate was centrifuged at 12,000x g for 15 min at room temper-
ature. 0.2 mL of supernatant was mixed with 1 mL of 0.5% (w/v) thiobarbituric
acid and 20% (w/v) trichloroacetic acid, and incubated in a water bath for 25
min at 96°C. The reaction was stopped by placing the reaction tubes in an ice
bath. Then the samples were centrifuged at 10,000x g for 5 min. Absorbance of
supernatant was measured at 532 nm and the correction for non-specific turbid-

ity was performed by subtracting the absorbance at 600 nm. MDA content was
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calculated using an extinction coefficient of 155 mM™'.cm ™.

Proline content was assayed by a modification method of Bates ef al [16]. 0.5
g of seedling were collected after 10 days of drought stress treatments and ho-
mogenized with liquid nitrogen. The seedling powders were mixed with 1 mL of
3% (w/v) sulphosalicilic acid and centrifuged at 1000x g for 5 min at 4°C. 0.1 mL
of supernatant was mixed with 0.1 mL of 3% (w/v) sulphosalicilic acid, 0.2 mL of
96% (v/v) acetic acid and 0.2 mL acid ninhydrin, and incubated in a water bath
at 96 "C. After 1 h, the mixtures were mixed with 1 mL toluene and centrifuged
at 1000x g for 5 min at 4°C. Absorbance of supernatant was measured at 520 nm
and proline content was calculated using an extinction coefficient of 0.9986

mM™.cm™.

2.7. Determination of Enzymes Activities

Five seedlings were collected randomly from each plastic tray after 10 days of
drought stress treatments and immediately frozen in liquid nitrogen for 30 min,
then kept —60°C for analysis of enzymes activities.

POD activity was assayed according to the method of Wang et al [17]. 0.5 g of
seedling samples were homogenized with a pestle in an ice-cold mortar, which
contained 5 mL of 50 mM phosphate buffer (pH 5.5) and 0.2 g PVP. The homo-
genate was centrifuged at 3000x g for 10 min at 4°C. 0.1 mL of supernatant was
mixed with 1 mL of 50 mM guaiacol, 2.9 mL of 50 mM phosphate buffer (pH
5.5), and 1 mL of 2% (v/v) H,0,, and incubated in a water bath at 37°C. After 5
min, the absorbance at 470 nm was measured by a spectrophotometer. One unit
of enzyme activity (U) was defined as a change of 0.01 in absorbance per h.

CAT activity was assayed by a modification method of Gong ef al [18]. 0.5 g
of seedling samples were homogenized with a pestle in an ice-cold mortar, which
contained 1 mL 50 mM Tris-HCI (pH 7.8). The homogenate was centrifuged at
10,000x g for 10 min at 4°C. 0.2 mL of homogenate was mixed with 3 mL of
reaction mixture (50 mM potassium phosphate buffer, pH 7.7, 10 mM H,0,).
After 30 min, the reaction was stopped by adding 20% (v/v) H,SO, and the resi-
dual hydrogen peroxide was titrated against potassium permanganate. Absor-
bance at 240 nm was measured by a spectrophotometer. One unit of enzyme ac-
tivity (U) was defined as a change of 0.01 in absorbance per h.

APX activity was assayed by a modification method of Nakano et al [19]. 0.5
g of seedling samples were homogenized with a pestle in an ice-cold mortar,
which contained 5 mL of buffer (50 mM potassium phosphate buffer, pH 7.0, 2
mM ascorbate, 5 mM EDTA, 0.2 g PVP). The homogenate was centrifuged at
16,000x g for 20 min at 4°C. 30 uL of supernatant was mixed with 0.97 mL of 0.1
mM H,0, and the absorbance at 290 nm was measured. One unit of enzyme ac-
tivity (U) was defined as a change of 0.01 in absorbance per h.

GR activity was assayed according to the method of Akcay et al [6], with
some modifications. 0.5 g of seedling samples were homogenized with a pestle in

an ice-cold mortar, which contained 5 mL of buffer (100 mM potassium phos-

DOI: 10.4236/as.2018.98069

995 Agricultural Sciences


https://doi.org/10.4236/as.2018.98069

C. Wangetal.

phate buffer, pH 7.8, 1% (w/v) PVP, 50% (v/v) Triton X-100, 0.1 mM EDTA).
The homogenate was centrifuged at 10,000x g for 30 min at 4°C. 0.2 mL of su-
pernatant was mixed with 3 mL of reaction mixture (200 mM potassium phos-
phate buffer, pH 7.5, 1.5 mM MgCl,, 0.2 mM EDTA, 25 uM NADPH, 0.25 mM
GSSH). The absorbance at 340 nm was measured was measured. One unit of

enzyme activity (U) was defined as a change of 0.01 in absorbance per h.

2.8. Statistical Analyses

Analysis of variance was performed with SPSS 19.0 software (Statistical Package
for Social Sciences, SPSS Institute Inc., Illinois), and data from each sampling
data were analyzed separately. Means were tested by least significant difference
at the 5% probability level (LSD, ;).

3. Results

3.1. Seed Germination

Germination energy and germination rate of both cultivars were affected consi-
derably by PEG treatments, and yy18-1 showed higher germination energy and
germination rate than yyl2-7 in the same PEG treatment (Table 1). It was ob-
served that in all of cultivars there were decreases in germination energy and
germination rate due to drought stress increment. Germination energy and ger-
mination rate of both cultivars significantly decreased when they were subjected
to PEG6000 solution with below —0.1 MPa osmotic potential, but no significant
changes were observed at the osmotic potential of —0.05 MPa. Retardations of
germination energy and germination rate were clearer in yyl12-7 when compared

to yyl18-1.

Table 1. Effects of drought stress simulated by PEG on seed germination in Job’s tears.

Cultivars ~ Treatments  Germination energy (%) Germination rate (%) Germination index

CK 66.48 £1.25a 94.45+534a 1.58 £0.14a
T1 62.06 £2.32 ab 87.02 £4.15 ab 1.47+0.23a
yy18-1 T2 53.74+1.87b 75.04 +2.87b 1.09 £ 0.05b
T3 39.10£1.06 ¢ 57.75+2.39c 0.86 £ 0.06 bc
T4 26.75+1.19d 3547 +£2.01d 0.77 £0.08 ¢
CK 5248 +241a 84.31 +3.56 a 1.12+0.16 a
T1 42.96 +2.08 ab 47.72 £4.33 ab 1.01 £0.08 a
yyl2-7 T2 2490 +£0.86 ¢ 33.08 £0.98 ¢ 0.77£0.04 b
T3 10.44 £1.02d 1340 £1.56 d 0.57 £0.01 ¢
T4 5.74+0.54d 9.66 £0.81d 0.44 £ 0.02 ¢

CK, T1, T2, T3, and T4 are polyethylene glycol 6000 solutions with 0, —0.05, 0.1, —0.15, and —0.2 MPa os-
motic potentials, respectively. Data are presented as the mean * standard error of three replicates. Values
followed by different letters within a column are significantly different at the 5% probability level.
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Germination index decreased with the decrease of the osmotic potential of
PEG 6000 solution in both cultivars, and yy18-1 showed higher germination in-
dex than yy12-7 in the same PEG treatment (Table 1). Besides, there were sig-
nificant differences between control and drought stress treatments except for the
osmotic potential of —0.05 MPa for germination index in both cultivars. Com-
pared with the control, the T1, T2, T3, and T4 treatments decreased the germi-
nation index by 6.77%, 30.66%, 45.67%, and 51.37%, respectively for yy18-1, and
decreased that by 9.25%, 31.34%, 49.25%, and 60.30%, respectively for yy12-7.

3.2. Root and Seedling Growth

Root length and root diameter of yy18-1 were higher than those of yy12-7 in the
same PEG treatment, which showed decrease trends with the decrease of the
osmotic potential of PEG 6000 solution in both cultivars (Table 2). There were
significant differences between control and drought stress treatments except for
the osmotic potential of —0.05 MPa for root length and root diameter in both
cultivars. In addition, at the same drought stress treatment, compared with the
control treatment, the decreasing amplitudes of root length and root diameter of
yy12-7 were higher than those of yy18-1.

Root fresh mass and root dry mass of both cultivars were affected considera-
bly by PEG 6000 solution treatments, and yy18-1 showed higher root fresh mass
and root dry mass than yy12-7 in the same PEG treatment (Table 2). It was ob-
served that in all of cultivars there were decreases in root fresh mass and root dry
mass due to drought stress increment. Root fresh mass and root dry mass of
both cultivars significantly decreased when they were subjected to PEG 6000 so-
lution with below —0.1 MPa osmotic potential, but no significant changes were

Table 2. Effects of drought stress simulated by PEG on root growth in Job’s tears.

Cultivars  Treatments Root length Root diameter ~ Root fresh mass  Root dry mass
(cm) (mm) (mg) (mg)

CK 5.87+0.58a 536+0.19a 78.06 £3.28 a 30.88 £2.56a

T1 544+0.17ab  5.13+0.27 ab 7240 +4.78 ab  28.60 + 1.77 ab

yy18-1 T2 521+0.24b 5.06 + 0.35 bc 57.03+546b  25.18 +0.98 bc
T3 4.69+035bc  4.88+0.41 cd 39.10+3.24 ¢ 22.88 £2.35¢

T4 4.00+0.31c¢ 4.38+0.58d 36.26 +5.37 ¢ 19.32+3.41d

CK 440+042a 4.68+0.62a 57.63 +6.54a 17.72£2.87 a

T1 3.95+025ab 4.10+0.33ab 5097 £7.86a 1592 +2.05ab

yyl2-7 T2 3.59+£0.19b 3.92+0.06b 31.64 £3.28b 13.82+1.25b
T3 3.21+£0.08 c 3.56+0.18 ¢ 27.99 +2.59 be 9.51+£0.94c
T4 291+016c  3.34+026c  2554+424c  445+0.86d

CK, T1, T2, T3, and T4 are polyethylene glycol 6000 solutions with 0, —0.05, 0.1, —0.15, and —0.2 MPa os-
motic potentials, respectively. Data are presented as the mean * standard error of three replicates. Values
followed by different letters within a column are significantly different at the 5% probability level.
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observed at the osmotic potential of —0.05 MPa. Retardations of root fresh mass
and root dry mass were clearer in yy12-7 when compared to yy18-1.

Seedling length and seedling diameter decreased with the decrease of the os-
motic potential of PEG 6000 solution in both cultivars, and yy18-1 showed
higher seedling diameter and seedling diameter than yyl12-7 in the same PEG
treatment (Table 3). There were significant differences between control and
drought stress treatments except for the osmotic potential of —0.05 MPa for
seedling diameter and seedling diameter in both cultivars. Besides, at the same
drought stress treatment, compared with the control treatment, the decreasing
amplitudes of seedling length and seedling diameter of yy12-7 were higher than
those of yy18-1.

Seedling fresh mass and seedling dry mass of yy18-1 was higher than those of
yy12-7 in the same PEG treatment, which showed decrease trends with the de-
crease of the osmotic potential of PEG 6000 solution in both cultivars (Table 3).
There were significant differences between control and drought stress treatments
except for the osmotic potential of —0.05 MPa for seedling fresh mass and seedl-
ing dry mass in both cultivars. In addition, at the same drought stress treatment,
compared with the control treatment, the decreasing amplitudes of seedling

fresh mass and seedling dry mass of yy12-7 were higher than those of yy18-1.

3.3. RWC and Contents of H,0;, MDA, and Proline

Under no PEG treatment, both cultivars showed almost identical RWC (91.87%
in yy18-1 and 90.32% in yy12-7). However, drought stress caused the deleterious
effects in RWC of both yy18-1 and yy12-7 (Table 4). RWC of both cultivars sig-
nificantly decreased when it was subjected to PEG 6000 solution with below —0.1

Table 3. Effects of drought stress simulated by PEG on seedling growth in Job’s tears.

Cultivars Treatments Seedling length Seedling diameter Seedling fresh mass Seedling dry mass

(cm) (mm) (mg) (mg)
CK 1138+ 1.17a 6.82+0.74a 127.58 £9.56 a 4740 £597 a
T1 11.14+235a 6.66 £ 0.26 ab 119.97 £ 8.34 ab 4451 +3.37a
yy18-1 T2 10.34 £ 1.87b 6.31+£0.17b 110.60 + 5.65 bc 37.39+2.98b
T3 9.77+£0.24 c 5.78+£0.23 ¢ 103.69 £ 7.43 cd 29.60 £3.05¢
T4 8.99£0.98d 568 +0.31c 93.59+3.58d 25.82+4.04c
CK 9.01 +£0.56 a 4.38 £0.08 a 85.18 £ 4.11a 3717 +2.18a
T1 8.47 £0.34 ab 4.14 £ 0.15 ab 77.27 £3.97 ab 31.60 £+ 1.75 ab
yyl2-7 T2 7.95+0.81 b 4.04 £ 0.86 bc 66.32 £4.08 b 26.93 £2.39 be
T3 7.44+0.48b 3.68 +£0.93 ¢ 61.68 £5.02 ¢ 2248 £2.45cd
T4 6.32+0.57 ¢ 3.52+0.55¢ 5742 +4.39d 19.14 +£1.86d

CK, T1, T2, T3, and T4 are polyethylene glycol 6000 solutions with 0, —=0.05, —0.1, —0.15, and —0.2 MPa os-
motic potentials, respectively. Data are presented as the mean + standard error of three replicates. Values
followed by different letters within a column are significantly different at the 5% probability level.
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Table 4. Effects of drought stress simulated by PEG on RWC and contents of H,0,, MDA,
and proline of seedling in Job’s tears.

Cultivars  Treatments RWC (%) H,0, C(intent MDA coﬁntent Prolineicontent
(nmol-g' FM)  (mmol-g™' FM) (mg-g™' FM)
CK 91.87+535a 6.56 + 0.83 ¢ 10.58 £2.31 ¢ 3.73+0.18 ¢
T1 87.65+4.24a 6.93+£0.35¢ 14.55+1.87bc  3.95+0.21 bc
yyl8-1 T2 7324+638b  7.87+042b 18.35+2.24b 435+0.35b
T3 6736 +£3.21c 8.33+£0.17 ab 20.34 + 3.05 ab 4.76 + 0.47 ab
T4 6241 £1.57 ¢ 9.24+0.54a 2359+291a 538+0.29a
CK 90.32+£8.76 a 6.63+0.38d 1347 +2.88d 2.86+0.33 ¢
T1 81.35+533ab 8.03+0.31c 18.77 £3.02d 3.01£041c
yyl2-7 T2 69.54+£2.19b 9.42+0.27b 2436+1.59¢ 3.32+0.19b
T3 60.13+3.58c 10.15+0.46b 31.58+2.03b 3.54+0.27b
T4 5426 +2.71d 1247 £0.57 a 3974+ 347 a 4.05+049 a

CK, T1, T2, T3, and T4 are polyethylene glycol 6000 solutions with 0, —0.05, 0.1, —0.15, and —0.2 MPa os-
motic potentials, respectively. RWC, H,0,, and MAD stands for relative water content, hydrogen peroxide,
and malondialdehyde, respectively. Data are presented as the mean + standard error of three replicates.
Values followed by different letters within a column are significantly different at the 5% probability level.

MPa osmotic potential, but no significant change was observed at the osmotic
potential of —0.05 MPa. Besides, at the same drought stress treatment, compared
with the control treatment, the decreasing amplitude of RWC of yy18-1 was
lower than that of yy12-7.

Similarly, H,O, content of both cultivars in the no PEG treatment was almost
identical and independent of their drought resistance (Table 4). It was observed
that in all of cultivars there was an increase in H,O, content due to drought
stress increment. There were significant differences between control and
drought stress treatments except for the osmotic potential of —0.05 MPa for
H,0, content in both cultivars. Compared with the control, the T1, T2, T3, and
T4 treatments increased the H,O, content by 5.64%, 19.97%, 26.98%, and
40.85%, respectively for yy18-1, and increased that by 21.12%, 42.08%, 53.09%,
and 88.08%, respectively for yy12-7.

MDA content was affected considerably by PEG 6000 solution treatments, and
yy18-1 showed lower MDA content than yyl2-7 in the same PEG treatment
(Table 4). It was observed that in all of cultivars there was an increase in MDA
content due to drought stress increment. MDA content of both cultivars signifi-
cantly increased when it was subjected to PEG 6000 solution with below —0.1
MPa osmotic potential, but no significant change was observed at the osmotic
potential of —0.05 MPa. Compared with the control, the T1, T2, T3, and T4
treatments increased the MDA content by 37.52%, 73.44%, 92.25%, and
122.97%, respectively for yyl8-1, and increased that by 39.35%, 80.85%,
134.45%, and 195.03%, respectively for yy12-7.

Proline content of yy18-1 was higher than that of yy12-7 in the same PEG
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treatment, which showed an increase trend with the decrease of the osmotic po-
tential of PEG 6000 solution in both cultivars (Table 4). There were significant
differences between control and drought stress treatments except for the osmotic
potential of —0.05 MPa for proline content in both cultivars. In addition, the in-
creasing amplitude of proline content was clearer in yy18-1 when compared to
yyl2-7.

3.4. Enzymes Activities

POD activity was affected considerably by PEG 6000 solution treatments, and
yy18-1 showed higher POD activity than yyl2-7 in the same PEG treatment
(Table 5). POD activity increased and then decreased with the decrease of os-
motic potential of PEG 6000 solution in both cultivars and the maximum value
appeared in the —0.1 MPa osmotic potential treatment. Compared with the con-
trol, the T1 and T2 treatments increased the POD activity by 3.55% and 12.48%
(mean of both cultivars), but the T3 and T4 treatments decreased that by 4.87%
and 19.13% (mean of both cultivars), respectively.

CAT activity of yy18-1 was higher than that of yy12-7 in the same PEG treat-
ment, which exhibited single peak curves with a peak at the —0.1 MPa osmotic
potential treatment (Table 5). Compared with the control, the T1 and T2 treat-
ments increased the CAT activity by 1.17% and 5.72% (mean of both cultivars),
but the T3 and T4 treatments decreased that by 2.69% and 10.61% (mean of both
cultivars), respectively.

APX activity was affected considerably by PEG 6000 solution treatments, and
yy18-1 showed higher APX activity than yyl2-7 in the same PEG treatment

Table 5. Effects of drought stress simulated by PEG on activities of POD, CAT, APX, and
GR of seedling in Job’s tears.

Cultivars  Treatments POD a_ctivity CAT a_ctivity APX a_ctivity GR ac_tivity
(U-mg™' FM) (U-mg™' FM) (U-mg™' FM) (U-mg™' FM)
CK 2347 +1.87b 7.49+0.39b 38.76 £ 5.46 b 17.65+1.93b
T1 2436 +0.96ab  7.58 £0.92 ab 3942 +327b  18.03 £1.46 ab
yyl8-1 T2 26.94+234a 7.64+0.84a 41.35+251a 20.15+2.06 a
T3 23.02+291b 7.24+0.73bc  37.18+1.19bc 17.02+1.97b
T4 20.18 +1.09 ¢ 6.97 £0.15¢ 36.87 +2.92 ¢ 16.39 +2.35¢
CK 20.45+3.36 b 7.03+0.44b 32.41+3.05b 1542 +3.16 b
T1 21.12+2.54a 7.11£0.19 ab 32.85+4.13b  15.61 £0.99 ab
yyl2-7 T2 2246+ 1.81a 7.27£0.26 a 34.38+2.77 a 1692 +1.58 a
T3 18.76 £2.05b 6.54+0.31c¢ 30.17 £ 1.86 ¢ 13.29+2.36 ¢
T4 1534 +3.11¢ 6.01 £0.87 ¢ 27.65+1.09 d 12.18 +1.05 ¢

CK, T1, T2, T3, and T4 are polyethylene glycol 6000 solutions with 0, —0.05, 0.1, —0.15, and —0.2 MPa os-
motic potentials, respectively. POD, CAT, APX, and GR stands for peroxidase, catalase, ascorbate perox-
idase, and glutathione reductase, respectively. Data are presented as the mean * standard error of three rep-
licates. Values followed by different letters within a column are significantly different at the 5% probability
level.
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(Table 5). It was observed that in all of cultivars there was an increase and then
decrease in APX activity due to drought stress increment and the maximum
value appeared in the —0.1 MPa osmotic potential treatment. Compared with the
control, the T1 and T2 treatments increased the APX activity by 1.55% and
6.41% (mean of both cultivars), but the T3 and T4 treatments decreased that by
5.37% and 9.34% (mean of both cultivars), respectively.

GR activity of yyl18-1 was higher than that of yy12-7 in the same PEG treat-
ment, which showed an increase and then decrease trend with the decrease of
the osmotic potential of PEG 6000 solution in both cultivars and the maximum
value appeared in the —0.1 MPa osmotic potential treatment (Table 5). Com-
pared with the control, the T1 and T2 treatments increased the GR activity by
1.72% and 12.10% (mean of both cultivars), but the T3 and T4 treatments de-
creased that by 8.35% and 13.61% (mean of both cultivars), respectively.

4. Discussion

In general, germination is often considered to contain the process from sowing
until the full emergence of the cotyledon leaves [20]. There are, in fact, three dif-
ferent phases during this germination period, ie., seed germination, root
growth, and seedling growth. If all three of these phases are better understood
and dealt with together, it would be helpful in the evaluation of the drought re-
sistance in crops [21]. Parameters of seed germination (germination energy,
germination rate, and germination index), root growth (root length, root di-
ameter, root fresh mass, and root dry mass), and seedling growth (seedling
length, seedling diameter, seedling fresh mass, and seedling dry mass) are im-
portant indicators to evaluate the drought resistance at germination stage in the
crops production [9]. In the present study, at the same PEG treatment, means of
all tested indices of yy18-1 were higher than those of yy12-7. Thus, yy18-1is a
cultivar with high resistance to drought stress and yy12-7 is a cultivar with sus-
ceptible to drought stress, which are consistent with their field performances.
Generally, seed germination is determined by the seed quality and environmen-
tal conditions [4]. In our study, at the control treatment (without considering
drought stress), the significantly higher germination energy, germination rate,
and germination index of yy18-1 compared with yy12-7 (P < 0.05) indicated that
the seed quality (at the same environmental conditions) of yy18-1 was better
than that of yyl2-7. Besides, both root growth and seedling growth of yy18-1
were also significantly higher than those of yy12-7 (P < 0.05) also confirm the
above conclusion. This may be due to the different 1000-grain weights (113.64 g
and 95.47 g for yy18-1 and yyl12-7, respectively), which could provide different
nutrient supplies for seed germination, root growth, and seedling growth.
Drought stress is the main constraint for crop production in the world and a
better understanding of germination responses to drought stress may be helpful
in crop improvement program directed toward the generation of drought resis-

tance cultivars [10]. Drought stress simulated by PEG at the germination stage
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affected the seed germination, root growth, and seedling growth in various crops
[11]. In the present study, the germination energy, germination rate, and germi-
nation index decreased with the decrease of the osmotic potential of PEG 6000
solution in both cultivars, which are in agreement with those reported by Gho-
lami et al [22]. However, Almansouri et al [23] concluded that moderate
drought stress only delayed germination while high drought stress reduced the
final germination rate. Further studies are needed to determine the cause of
these differences. The root growth and seedling growth provide some important
clues to the responses of crops to drought stress [4]. In this study, a special re-
duction in the root length, root diameter, root fresh mass, root dry mass, seedl-
ing length, seedling diameter, seedling fresh mass, and seedling dry mass of both
cultivars was observed because of drought stress simulated by PEG. The results
are in agreement with the earlier study who reported the drought stress affects
the root growth and seedling growth negatively [24]. In addition, at the same
drought stress treatment, compared with the control treatment, the decreasing
amplitudes of all tested indices of yyl2-7 were higher than those of yyl18-1.
Therefore, Job’s tears cultivars showing high resistance to drought stress, had a
higher defense capability than other cultivars.

Germination is one of the most important stages in the crop life cycle and re-
sistance against drought during the germination makes a crop stable [5]. The
PEG is an inert, water-binding polymer, with a nonionic and virtually imper-
meable long chain, which accurately mimics drought stress under drought con-
ditions. If the optimal osmotic potential of drought stress simulated by PEG is
better determined, it would be helpful in the drought resistance identification,
drought resistance indices screening, and drought resistance cultivar breeding in
crops [10]. In the present study, compared with the control treatments, parame-
ters of seed germination, root growth, and seedling growth of both cultivars did
not show significant differences when the osmotic potential of PEG solution was
more than —0.1 MPa. In addition, excessively inhibition of above indices was
appeared in both cultivars when the osmotic potential of PEG solution was less
than —0.1 MPa. Based on the present results, it is suggested that —0.1 MPa was
the optimal osmotic potential of PEG 6000 solution simulated drought stress at
germination stage for Job’s tears.

RWC expresses the capacity of conserving cellular hydration under physio-
logical water starvation through osmotic adjustment. H,O, is a strong oxidant
that can initiate localised oxidative damage leading to disruption of metabolic
function and losses of cellular integrity at sites where it accumulates. MDA, the
product of membrane lipid peroxidation, is one of the major indices estimating
damaging extent of membrane system by drought stress [10]. In this study,
RWC, H,0, content, and MDA content of seedling were significantly affected by
PEG treatment. It was observed that in all of cultivars there were increases in
H,0, and MDA contents and a decrease in RWC due to drought stress incre-
ment, which are in agreement with those reported by Du et al [25]. However,
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Akcay et al [6] concluded that the H,O, content increased and then decreased
with the decrease of osmotic potential of PEG 6000 solution. Further studies are
needed to determine the cause of these differences. Furthermore, our results in-
dicated that yy18-1 showed higher RWC and lower MDA and H,O, contents
than yyl2-7 in the same PEG treatment. Besides, at the same drought stress
treatment, compared with the control treatment, the decreasing amplitude of
RWC and increasing amplitudes of MDA and H,O, contents of yyl8-1 were
lower than those of yy12-7. These results also suggested that Job’s tears cultivars
showing high resistance to drought stress, had a higher defense capability than
other cultivars.

Proline, which is an osmoprotectant, is not only play adaptive role in mediat-
ing osmotic adjustment and protecting subcellular structures in stressed plants,
but also help plants to perform better in terms of growth, photosynthesis and as-
similate partitioning to grain filling [26]. In the present study, proline content
was increased under drought stress simulated by PEG 6000 solution in Job’s
tears cultivars, and yy18-1 showed higher proline content than yyl2-7 in the
same PEG treatment. These results are in agreement with those reported by
Alexieva et al [27]. Therefore, proline was an essential part of the protection
mechanism against drought stress in Job’s tears.

Antioxidant enzymes activities constitute the major part of the plant antioxi-
dant defense system. POD is located in cytosol, vacuole as well as in extracellular
space scavenge H,O, by oxidation of various substrates. CAT eliminates H,O, by
breaking it down to H,0 and O,, which does not require any reducing equiva-
lents [6]. A PX is located in cytosol and various organelles convert H,O, to H,0
using ascorbate as an electron donor [28]. GR has a central role in maintaining
the reduced glutathione pool during stress [29]. In this study, activities of POD,
CAT, APX, and GR increased and then decreased with the decrease of osmotic
potential of PEG 6000 solution in both cultivars, and yy18-1 showed higher en-
zymes activities than yy12-7 in the same PEG treatment. This might be due to a
toxic effect of PEG 6000 solution on seeds at higher concentration. Therefore,
increases in the activities of POD, CAT, APX, and GR might have provided pro-
tection during drought conditions. However, compared with the control treat-
ment, POD activity showed higher increasing amplitude than activities of CAT,
APX, and GR during mild drought conditions (above —0.1 MPa osmotic poten-
tial) and CAT activity showed lower decreasing amplitude than activities of
POD, APX, and GR during heavy drought conditions (below —0.1 MPa osmotic
potential).These results indicated that POD and CAT were important mechan-
isms for the maintenance of drought resistance in Job’s tears seedling.

5. Conclusion

Drought stress had significant effect on seed germination, root and seedling
growth, and seedling antioxidant characteristics in Job’s tears. The germination

energy, germination rate, germination index, root and seedling lengths, root and
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seedling diameters, root and seedling fresh masses, root and seedling dry masses,
and seedling RWC decreased with the decrease of the osmotic potential of PEG
6000 solution. The contents of H,0,, MDA, and proline in seedling increased
with the decrease of the osmotic potential of PEG 6000 solution. The activities of
POD, CAT, APX, and GR in seedling increased and then decreased with the de-
crease of osmotic potential of PEG 6000 solution. —0.1 MPa was the optimal os-
motic potential of PEG 6000 solution simulated drought stress at germination
stage for Job’s tears. The proline content and activities of POD and CAT were
important mechanisms for the maintenance of drought resistance in Job’s tears

seedling.
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