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In this study, we investigated the physiological effects of three synthetic 1,2,3-thiadiazole compounds (compound I: 4-
[1,2,3]-Thiadiazole-4-yl-phenol, compound II: 1,3-Bis[4-(1,2,3-thiadiazol-4-yl)phenoxy]propane, compound III: 4-(4-
{2,3,4,5,6-Penta[4-(1,2,3-thiadiazole-4-yl)phenoxymethyl]benzyloxy } phenyl)-1,2,3-thiadiazole) treatments on plants
via the characterization of y-aminobutyric acid metabolite level, the accumulation of reactive oxygen species (ROS),
total protein contents, total carbohydrate contents, fresh weight and dry mass in two lentil (Lens culinaris Medik)
cultivars (Jordan 1 and Jordan 2). In response to the three synthetic 1,2,3-thiadiazole compounds (I, II and III)
treatments. A significant increase in y- aminobutyric acid (GABA) and malondialdehyde (MDA) levels and a
significant reduction in carbohydrates and protein levels and fresh weight and dry mass were obtained in both lentil
cultivars. Jordan 2 cultivar showed the highest GABA and MDA accumulation and significant reduction in the
carbohydrate and protein levels under the various thiadiazole compounds treatments. This suggests that GABA
molecule may act as a defense mechanism and signaling molecule in carbohydrate metabolism and other physiological
systems in lentil. In conclusion, our results revealed that the synthetic 1,2,3-thiadiazole compound II (1,3-Bis[4-(1,2,3-
thiadiazol-4-yl)phenoxy]propane) had the strongest physiological inhibitory effect on lentil.

Keywords: carbohydrates; gamma- aminobutyric acid (GABA); lentil; oxidative damage; proteins; Syntheticl; 2; 3-

Thiadiazole; Thiadiazole

1. Introduction

Plants interact with many surrounding environmental
conditions such as: water, soil content, climate, other
organisms and external chemicals. Thiadiazole com-
pounds are chemicals that interact with plants, cause
physiological responses and affect their growth (Khalil
2007). Thiadiazole compounds have both sulfur and
nitrogen atoms and many properties that allow plants to
grow rapidly in research field (Wang et al. 2011). Many
thiadiazole derivatives such as buthidiazole and
tebuthiuron have herbicidal activity and are used for
selective weed control in corn (Zea mays L.) and sugar-
cane (Sacchan officiaum L.) (Kubo et al. 1970; Hatzios
et al. 1980; Nomura & Hilton 1982). The herbicidal
effects of these thiadiazole derivatives occurs through
inhibition of photosynthesis, prevention of starch
accumulation in bundle sheath, ultra-structural disruption
of mesophyll chloroplast and inhibition of electron trans-
port and photophosphorylation (Hatzios et al. 1980).
Another derivative of thiadiazole compounds is 3-Aryli-
mino-5,6-dihydro-3H-thiazolo[2,3-c][1,2,4]thiadiazole

which also has herbicidal activities (Hagiwara et al.
1993). During the treatments of foliage Amaranthus ret-
roflexus with this derivative, plants showed fast acting
and light dependent herbicidal action, bleaching symp-
toms, wilting, desiccation and finally plant death (Hagi-
wara et al. 1993). Similarly; a new series of 2-
cyanoacrylates containing 1,2,3-thiadiazole ring moiety

have herbicidal activity against amaranth pigweed, rape,
alfalfa and hair crabgrass (Wang et al. 2010). In addition
to the herbicidal activity, [1,2,4 ]triazolo[3,4-b][1,3,4]
thiadiazole derivatives showed growth regulatory effects
on different plants due to the presence of toxophoric N-
C-S moiety (Khalil 2007). 2-Aminothiazoles were
known to be intermediates in the synthesis of some anti-
biotics and synthetic dyes (Gholivand et al. 2010). Some
of the 5-substituted-1,3,4-thiadiazol-2-yl) urea and
pyrimidine derivatives especially some fused hetero-
cyclic-2H-1,2,4-thiadiazolo[2,3-a] pyrimidine have also
herbicidal activity (Kubo et al. 1970). Thiadiazuron and
its derivatives mimick the adenine-type cytokinin result-
ing in the stimulation of ethylene production and
growth of callus of Phaseolus lunatus cv kington (Yip
& Yang 1986). Tiadinil, which has 1,2,3-thiadiazole
group, is a fungicide for rice blast and has antibacterial
effect for rice leaf blight disease (Tsubata et al. 2000).
Benzo (1,2,3)-thiadiazole-7-carbothioic acid-S-methyl
ester (BTH) is a synthetic thiadiazole which induces
disease resistance by activating the systemic resistance
signal transduction pathway in many plants such as
bean, cauliflower, cucumber, tobacco, apple and pear
(Oostendorp et al. 2001; Soylu et al. 2003). In addition,
BTH decreases disecase severity against powdery
mildew in wheat and cucumber (Gorlach et al. 1996).
Because Thiadiazole compounds cause many physiologi-
cal, developmental and biochemical changes, they are
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expected to play an important role in the accumulation of
y-aminobutyric acid (GABA), which is likely mediated
via increased synthesis from glutamate and possibly by
decreased catabolism or changes in intracellular or inter-
cellular transport (Kuznetsov and Shevyakova, 1999).
Various abiotic stresses lead to the overproduction of
reactive oxygen species (ROS) in plants which are
highly reactive, toxic and cause damage to proteins,
lipids and carbohydrates (Gill & Tuteja 2010). Under
such stress conditions, plants may make specific
changes in protein synthesis that enable them to cope
with stresses (Salama et al. 2011). Synthesis, accumu-
lation or depletion of different families of proteins are
known to be associated with plants response to stresses
(Timperio et al. 2008).

To the authors’ knowledge; the physiological effects of
three synthetic 1,2,3-thiadiazole derivatives; (compound I:
4-[1,2,3]-thiadiazole-4-yl-phenol , compound II: 1,3-Bis
[4-(1,2,3-thiadiazol-4-yl)phenoxy] propane and compound
. 4-(4-{2,3,4,5,6-Penta[4-(1,2,3-thiadiazole-4-yl)phe-
noxymethyl]benzyloxy}phenyl) 1,2,3-thiadiazole) on
plants including lentil were not previously determined.
Therefore; the objective of this study was to determine
the physiological effects of these three thiadiazole deriva-
tives on two lentil (Lens culinaris Medik) cultivars
(Jordan 1 and Jordan 2) in terms of seed germination,
plant growth, GABA accumulation, oxidative damage,
total protein and total carbohydrates contents.

2. Materials and methods

2.1. Spynthetic 1,2,3-thiadiazole compounds (I, 1l and
11):

Three synthetic 1,2,3-thiadiazole compounds (compound
I:  4-[1,2,3]-Thiadiazole-4-yl-phenol, compound II:
1,3-Bis[4-(1,2,3-thiadiazol-4-yl)phenoxy]propane  and
compound III: 4-(4-{2,3,4,5,6-Penta[4-(1,2,3-thiadia-
zole-4-yl)phenoxymethyl]benzyloxy } phenyl)1,2,3-thia-
diazole) (Figure 1) were obtained from Dr. Mousa
Al-Smadi Laboratory, Department of Chemistry,
Faculty of Science and Arts, Jordan University of
Science and Technology. Compounds I & III were pre-
pared according to AL-Smadi and Meier (1997) and
compound II was prepared according to Al-Smadi
et al. (1997). The three compounds were used to
prepare stock solutions by dissolving each one in
Dimethyl Sulfoxide (DMSO, 78.13 g/mol) which act
as surfactant (Galaz-Montoya & Maldonado 2006).
Then four different concentrations (0, 5, 25 and 50 pg/
L) from each stock solution were prepared in distilled
water and used for plant treatments.

2.2. Plant materials and growth conditions:

Two Jordanian lentil cultivars (Lens culinaris Medik);
Jordan 1 and Jordan 2 used in this study were obtained
from Jordan National Center for Agricultural Research
and Extension (NCARE). Jordan 1 cultivar seeds were
selected from the land race accession number UJC176,
with yellow cotyledon, which grows well in medium to

Compound I: 4-[1,2,3]-thiadiazole-4-yl-phenol

Compound II: 1,3-Bis[4-(1,2,3-thiadiazol-4-yl)phenoxy]propane
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O
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Compound III: 4-(4-{2,3,4,5,6-Penta[4-(1,2,3-thiadiazole-4
yD)phenoxymethyl]benzyloxy}phenyl) 1,2,3-thiadiazole
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Figure 1. Chemical structures of the three synthetic 1,2,3-thia-
diazole compounds that were used in this study.

high rainfall areas (Snobar & Haddad 1993). Jordan 2 cul-
tivar seeds were selected from cross between
UJL195XILL4400, the selection number was 82S15
with red cotyledon and large seed, which grows well in
medium rainfall areas (Snobar & Haddad 1993). The
lentil seed lot that used in this study for both cultivars
was produced in 2013 (NCARE). All experiments were
conducted in a growth chamber using synthetic soil
(promix). Seedlings were grown for 14 days under con-
tinuous illumination (40umol m~2s ~") provided by cool
white fluorescent lamps at 25°C. 14 days old seedlings
were sprinkled completely to saturation level with 100
ml of four concentrations (0, 5, 25 and 50 pg/L) of the
three synthetic 1,2,3-thiadiazole compounds (I, II and
III) separately for three days. After one week, treated
plants shoots were collected for the experimental analysis

2.3. Seed sensitivity to synthetic 1,2,3-thiadiazole
compounds (1, II and III).

Fifteen surface sterilized seeds of each lentil cultivar were
placed on one layer of cotton as artificial growth surface
supplemented with 2 ml of 1,2,3-thiadiazole compounds
(I, IT andIII) at concentrations of 0, 5, 25 and 50 ug/L sep-
arately for three days. Seeds were allowed to germinate
under continuous light at 25 °C for 7 days. Emergences
of radicles from seeds were scored 7 days post germinat-
ing. The effect of 1,2,3-thiadiazole compounds (I, II and
III) on seed germination were calculated as germination
percentage and compared to the non-treated plants. The
average of three replicates was used for each treatment.

2.4. Plants growth determination

For determination of the plant growth, two parameters
were applied for each treated seedlings from both lentil
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cultivars compared to the control; shoot fresh weight and
shoot dry mass. Shoot fresh weight (gm) was determined
by collecting the shoot of each seedlings sample after
treatments with four 1,2,3-thiadiazole concentrations (0,
5, 25 and 50 pg/L) of each compound, separately and
weighing them directly, while the shoot dry mass was
determined by air drying the shoot of each seedlings
sample after the treatment with the three different thiadia-
zole compounds using different concentrations (0, 5, 25
and 50 pg/L) separately.

2.5. Oxidative damage assay (TBARS assay)

Three separate sets of two-week old seedlings of each
lentil cultivar were grown on synthetic soil and sprayed
completely to saturation level with three 1,2,3-thiadiazole
compounds (I, IT and III) for three different concentrations
(5, 25, 50 pg/L) to saturation level for 3 days. The level of
malonaldehyde (MDA) as a reference for reactive oxygen
species in shoot tissues of seedlings sprayed with 1,2,3-
thiadiazole compounds (I, II and III); separately was
determined using the TBARS assay (Heath & Packer
1968). Three plates with 50 seeds each were used in
each replicate for each treatment. Shoot tissues were sep-
arated and frozen in liquid nitrogen. Tissue (0.5 gm) was
grounded using pestle and mortar, and 0.5 mL of 0.5%
(w/v) thiobarbituric acid in 20% (w/v) trichloroacetic
acid and 0.5 mL 175 mM NaCl in 50 mM Tris-HCI, pH
8 was added to the grounded tissues. Tubes were heated
to 90°C for 25 min. The supernatant was collected after
the samples were centrifuged for 20 min at 13000 rpm.
The absorbance of the supernatant was measured at
532 nm. The level of malonaldehyde (MDA) was deter-
mined as nmol/mgFW from a standard curve of MDA.

2.6. GABA-shunt metabolites extraction

GABA was extracted according to Zhang and Bown
(1997) with the following modifications: harvested
shoot tissues of two-week old seedlings of each of the
two lentil cultivars grown on synthetic soil and sprayed
with 0, 5, 25 and 50 pg/L thiadiazole for three days
were grounded separately with pestle and mortar then col-
lected in 1.5 ml microcentrifuge tubes. 400 uL. Methanol
was added and the samples were mixed for 10 min.
Liquid from samples was removed by regular evaporation
overnight. 500 uL. of 70 mM lanthanum chloride was
added to each tube. The tubes were mixed for 15 min,
and subsequently centrifuged at 15000 rpm for 5 min.
Supernatants were removed to new tubes and mixed
with 160 uL of 1 M KOH. After 10 min mixing, tubes
were centrifuged at 13000 rpm for 5 min. The supernatant
containing metabolites was transferred to a new tube and
used to determine the quantity of GABA metabolite.

2.7. GABA (y-aminobutyric acid) Level
Determination

GABA (y-aminobutyric acid) was measured according to
Zhang and Bown (1997) with the following

modifications: The reaction mixture contained 50 uL. of
sample extract, 14 uL of 4 mM NADP", 19 uL of 0.5
M potassium pyrophosphate, pH 8.6, 10 uL of (2 u/uL)
GABASE enzyme (GABASE enzyme was suspended in
0.1 M potassium pyrophosphate, pH 7.2 containing
12.5% Glycerol and 5 mM B-marcaptoethanol), and 10
pL of o-ketoglutarate. The change in absorbance at
340 nm after addition of o-ketoglutarate was recorded
after 90 min incubation at 25°C using the nanodrop-spec-
torphotometry (ND-1000). The level of GABA, nmol/mg
FW, was determined using an NADPH standard curve.
The average of three replicates was used for each
treatment.

2.8. Total carbohydrates content determination

Total carbohydrates content was determined by using
total carbohydrate protocol in which total saccharides
were estimated by the anthron method (Gerhardt et al.
1994) with the following modification: 50 uL. from all
treated shoot samples were obtained and added to COD
tubes and placed on ice to chill, 0.1 ml of already
chilled 75% H,SO, was added and all tubes were
mixed for 5 minutes; then 0.2 ml of already chilled
anthron solution was added to each tube. All COD
tubes placed in water bath at 100°C and removed after
15 minutes and cooled down to room temperature. The
amount of total carbohydrates in samples was estimated
via reading absorbance at 578 nm against glucose stan-
dard curve.

2.9. Total proteins content determination

Total proteins content was determined by using SMART
BCA Protein Assay Kit (Intron Biotechnology, Korea)
according to manufacturer instructions with the following
modification: 50 uL of each treated sample was obtained.
1 ml of working solution was added to each tube and
mixed well. Each sample was incubated at 37°C for 30
min and cooled at room temperature. The absorbance
was measured for each sample at 562 nm and protein con-
centration was determined by using BSA standards
curves.

3. Experimental design and data analysis

Randomized complete block design was the experimental
design for all studies. Treatments were replicated three
times for the three synthetic thiadiazole compounds.
There were no interactions among assays for all treat-
ments. The mean and standard deviation (SD) values
were determined for all assays parameters. The results
were expressed as the mean £ SD from triplicate assays.
The data from each study were analyzed by one-way
analysis of variance (ANOVA) using the Least Significant
Difference (LSD) multiple comparison tests on the
means. All statistical analyses were performed using the
statistical product and service solution (SPSS Inc.)
version 16.0. p <.05 were considered significant.
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4. Results and discussion

4.1. Plant growth determination of Lentil (Lens
culinaris Medik) in response to synthetic 1,2,3-
thiadiazole compounds treatments

There was no seed germination detected in both lentil cul-
tivars under all treatments of 1,2 ,3-thiadiazole com-
pounds compared to 73 and 77 germination percentage
in Jordan 1 and Jordan 2 seeds, respectively at no treat-
ment. Our data indicate that 1,2,3-thiadiazole stress has
a powerful destructive effect on seed germination in
both cultivars. Fresh weight and dry mass for shoot
under all treatments for both lentil cultivras were deter-
mined. Data showed the same effects of the three 1,2,3-
thiadiazole compounds on lentil seedlings. Shoot fresh
weight and dry mass values reduced significantly with
increasing concentrations of compound I, II and III treat-
ments. Under the treatment of compound I, the fresh
weight of Jordan 1 and Jordan 2 seedlings shoot tissues
were reduced significantly (p=.004, .001). The same
results were observed under compound II and compound
III treatment for Jordan 1 (p =.003, .02) and for Jordan 2
(p=.002, .026) seedlings, respectively (Table 1). Simi-
larly, shoot dry mass values reduced significantly with
increasing concentrations of compound I, II and III treat-
ments, separately. Under the treatment of compound I, the
dry mass of Jordan 1 and Jordan 2 seedlings shoot were
reduced significantly (p=.002, .008). The same results
were observed under compound II and III treatment for
Jordan 1 (p=.001, .036) and for Jordan 2 (p=.004,
.04) seedlings, respectively (Table 2). Data showed that
Jordan 2 seedlings were more sensitive than Jordan 1
under all treatment of the three synthetic 1,2,3-thiadiazole
compounds used in this study.

In agreement with our data; it has been found that pro-
panil and diuron herbicides inhibited the photosynthetic
electron transport of photosystem II (PSII) in chloro-
plasts, also inhibition of growth of L. minor during treat-
ment with propanil was observed (Mitsou et al. 2006).
Kozlowski and Torrie (1965) reported the effect of sima-
zine herbicide on red pine in which the plant seedlings
were killed when exposed to simazine treatments. Other
finding showed that treatment of maize with the rec-
ommended field dose of rimsulfuron, imazethapyr, ala-
chlor, atrazine and fluometuron significantly reduced the
magnitudes of increase in shoot fresh and dry weight of
10-day-old maize seedlings during the following 12
days (Martinetti et al. 1995; Ketal et al. 1996). In addition,
chlorimuron-ethyl had toxic effects on wheat (7riticum

aestivum) by inhibiting the germination rate, root, and
shoot elongation (Wang & Zhou 2006). Furthermore,
AL-Quraan et al. (2014) study indicated a direct effect
of cold, heat, salt and osmotic abiotic stresses on seed via-
bility and photosynthetic pigments in two lentil (Lens
culinaris Medik) cultivars (Jordan 1 and Jordan 2) that
are grown in Jordan. Moreover, a marked seed germina-
tion reduction under salt and osmotic stress was reported
by AL-Quraan et al. (2013) in five wheat cultivars
(Hurani 75, Sham I, Acsad 65, Um Qayes, and
Nodsieh) in response to salt and osmoic stress treatments.
Adam and Duncan (2002) revealed a reduction in seed
emergence and reduction in percentage of germination
in many plant species under the diesel fuel contamination
stress.

4.2. Ocxidative Damage in Lentil (Lens culinaris
Medik) in response to treatment with synthetic 1,2,3-
thiadiazole compounds

Malonaldehyde (MDA) concentration increased in Jordan
1 and Jordan 2 lentil seedlings with increasing 1,2,3-thia-
diazole compounds (I, II and IIT) concentration, indepen-
dently (Figure 2).

The effect of compound I on the level of oxidative
damage was increased about 137.5% at 5 pug/L concen-
tration, while it increased about 216% and 260% at 25
ug/L and 50 pg/L, respectively, in Jordan 1 seedlings
(p=.001). Jordan 2 seedlings were more sensitive to
1,2,3-thiadiazole compound I treatment. Our results
showed that MDA concentration increased coordinately
(p=.008), it was increased about 9%, 95% and 154%
at 5, 25, and 50 pg/L concentrations, respectively,
(Figure 2(a)). The data showed significant increase in
MDA concentration for compound II at 5 ug/L where it
reached 192% in Jordan 1 and 40% in Jordan 2. Under
25 pg/L treatment, MDA level in Jordan 1 was about 3
folds higher than the control compared to 96% increase
in Jordan 2. At 50 ug/L, MDA accumulated in Jordan 1
up to 391% (p=.005) and 325% (p=.035) in Jordan 2
compared to the control. The oxidative damage was
approximately the same in Jordan 2 in contrast to
Jordan 1 at 50 pg/L (Figure 2(b)).

The effect of compound III was the lowest compared
to compound I and II. At 5 pug/L treatment, the MDA
level increased up to 61% in Jordan 1 and about 65% in
Jordan 2, while at 25 ug/LL concentration, the MDA
level reached 172% in Jordan 1 and 84% in Jordan 2

Table 1. Lentil shoot fresh weight (gm) in response to the three 1,2,3-thiadiazole compounds treatment.

Compound I Compound II Compound III
Thiadiazole concentration Jordan 1 Jordan 2 Jordan 1 Jordan 2 Jordan 1 Jordan 2
0 png/L 2.6 2.1 2.45 2.06 2.2 1.94
5 ug/L 2.04 1.74 2.4 1.96 1.7 1.63
25 ng/L 1.92 1.45 1.8 1.65 1.54 1.25
50 ug/L 1.4 1.1 1.52 1.35 0.6 0.45
p-Value .004 .001 .003 .002 .02 .026
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Table 2. Lentil shoot dry mass (gm) in response to the three 1,2,3-thiadiazole compounds treatment.

Compound I Compound II Compound IIT
Thiadiazole concentration Jordan 1 Jordan 2 Jordan 1 Jordan 2 Jordan 1 Jordan 2
0 pg/L 1.9 1.73 1.85 1.74 1.76 1.62
5 pg/L 1.64 1.55 1.62 1.46 1.37 1.32
25 pg/L 1.53 1.32 1.44 1.33 1.06 1.01
50 pg/L 1.21 0.75 1.23 0.94 0.3 0.23
p-Value .002 .008 .001 .004 .036 .04
compared to the control. At 50 pg/L, it was about 222%
(a) Compound I in Jordan 1 (p =.005) and 89% in Jordan 2 (p =.00) com-
20 - =o=lordan'l pared to the control (Figure 2(c)).
= 18 4 Jordan 2 T Many abiotic stresses lead to the overproduction of
= 16 1 reactive oxygen species (ROS) in plants. ROS are
E I ! highly reactive, toxic and cause damage to lipids and
o 12 4 >
E 10 4 /}/* result in oxidative stress (Gill & Tuteja 2010). Our
S 81 T . results come in agreement with Jiang et al. (2009) who
3 67 1 proved that MDA content was elevated with the increase
) : / of salinity concentration. Hua and Wang (2003) reported
= 0 . . . ; that a marked increase of MDA content was observed
0pg/L 5ug/L 25 ug/L 50 ug/L during leaf senescence in hybrid rice. Various types of
L . herbicides cause oxidative damage and result in MDA
1,2 % Thiagliszole concentrstion formation. Quinclorac is herbicide that can induce oxi-
dative damage in Echinochloa oryzicola Vasing and a
(b) Compound i high-level of O*" production in maize roots and results
35 - ierifan i in lipid peroxidation (Sunohara et al. 2010). Cummins
2 30 J et al. (20006) reported that when plants were exposed to
L Jordan 2 I synthetic compounds such as diphenyl ether herbicides,
E &1 | notably lactofen, they elicit isoflavone accumulation in
= y , they
g 20 4 , soybean leaves through the generation of ROS. Luo
< 15 1 _—_{ et al. (2004) found that fluazifop-P-butyl increased the
g 10 - ]- ; /% MDA content in a concentration-dependent manner in
< . / } bristly starbur (Acanthospermum hispidum DC.). ROS
S § formation has been described after several abiotic stres-
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Figure 2. The levels of malondialdehyde (MDA) in 10 days old
seedlings of Jordan 1 and Jordan 2 lentil cultivars exposed to
1,2,3-thiadiazole compounds (I, II and III) independently deter-
mined by TBARS assay as described in materials and methods.
MDA level was determined as nmol/mg fresh weight. (a) MDA
levels in response to 1,2,3-thiadiazole compound I. (b)
MDA levels in response to 1,2,3-thiadiazole compound II. (c)
MDA levels in response to 1,2,3-thiadiazole compound II1.

ses, such as herbicides (Shaner 1991) including triazines,
ureas, diphenyl ethers, bipyridyls and phenoxycarboxylic
acids (Bowler et al. 1992; Romero-Puertas et al. 2004).
MDA content was increased significantly in leaves of
imazethapyr (IM)-treated plants after 10 days of treatment
(Zabalza et al. 2007). MDA level increased significantly
in response to cadmium treatment (Hegedu et al. 2001).
The herbicidal damage of the antioxidant defense
system of plants treated with high concentration of chlor-
imuron-ethyl herbicide in which the increased MDA level
was detected in leaves and roots after one day of exposure
(Wang & Zhou 2006). Treatment of white lupin plants
with cadmium results in membrane lipid peroxidation
which was observed through the significant increase of
MDA levels in nodules (Carpena et al. 2003).

4.3. GABA level in Lentil (Lens culinaris Medik)
seedlings under the treatment with 1,2,3-thiadiazole
compounds.

GABA accumulated in both lentil cultivars in response to
the three concentrations of the three 1,2,3-thiadiazole
compounds (I, II and III) independently. Also, it was
observed that GABA level in Jordan 2 was higher than
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Figure 3. Gamma-aminobutyric acid (GABA) levels in Jordan
1 and Jordan 2 lentil cultivars sprayed with different concen-
trations of 1,2,3-thiadiazole compounds (I, II, and III) indepen-
dently. GABA was extracted and determined according to the
materials and methods. The level of GABA was determined as
nmol/mg FW. (a) GABA levels in response to 1,2,3-
thiadiazole compound I. (b) GABA levels in response to
1,2,3-thiadiazole compound II. (c¢) GABA levels in response
to 1,2,3-thiadiazole compound III.

GABA level in Jordan 1 under the three 1,2,3-thiadiazole
compounds concentrations used in this study (Figure 3).
Under compound I treatments, GABA level increased
in response to 5 pg/L treatment. GABA increased up to 4
folds in Jordan 1 and to 5 folds in Jordan 2 compared to
the control. Furthermore; in response to 50 pg/L treat-
ment, GABA level in Jordan 1 and Jordan 2
declined sharply up to 61% (p=.025) in Jordan 1 and
99% (p=.018) in Jordan 2 seedlings (Figure 3(a)).
GABA level under compound II treatment was also
increased coordinately with concentrations. At 5 pg/L,

GABA level was increased about 5 folds in Jordan 1 and
Jordan 2 seedlings while at 25 pg/L, the GABA level
increased up to 6 folds in Jordan 1 and about 5 folds in
Jordan 2 compared to the control. At 50 pg/L, GABA
level was sharply reduced up to 86% (p =.016) in Jordan
1 and about 95% (p=.017) in Jordan 2 compared to the
control (Figure 3(b)). This observation might be explained
by the lentil sensitivity and inability to tolerate the high
thiadiazole compound concentration on GAD expression
machinery, which might inhibit GABA production and
accumulation in response to stress treatments.

The effect of the treatment with compound III was the
lowest on GABA level accumulation under the three con-
centrations in both cultivars seedlings (Jordan 1 (p
=.003) and Jordan 2 (p=.004)). At 5png/L, GABA
level was increased up to 3 folds in Jordan land 2 folds
in Jordan 2 and it increased coordinately to reach 4
folds in Jordan 1 and Jordan 2 compared to the control
under the 25 pg/L concentration. At 50 pg/L, GABA
increased in both cultivar and reached 4 folds in Jordan
1 and 5 folds in Jordan 2 seedlings compared to the
control (Figure 3(c)).

The 4 carbon non-protein amino acid (GABA) pre-
vents the accumulation of reactive oxygen species under
different environmental stresses and the sudden increase
in GABA accumulation after exposure to abiotic stresses
such as treatment with chemical compounds is an indi-
cation of its role in metabolism adjustment under
stress., In agreement with our results, Renault et al.
(2010) reported that GABA readily accumulated during
NaCl treatment in A.thialina at the whole metabolic
level. AL-Quraan et al. (2013) reported that high accumu-
lation of GABA metabolite occurred under salt and
osmotic stress; where authors found that GABA was the
only non-amino acid out of three intermediates of
GABA-shunt pathway that increased dramatically in
response to osmotic stress in wheat (Triticum aestivum
L.). Furthermore; the exposure of wheat seedlings to
20% polyethylene glycol for 28 h caused significant
GABA accumulation (Bouche et al. 2003). Glyphosate
herbicide caused GABA accumulation in treated plant
tissues (Ulanov et al. 2009).

4.4. Carbohydrate contents reduction under 1,2,3-
thiadiazole compounds treatments

Our study showed that the carbohydrate content
decreased coordinately with the increase of the three
1,2,3-thiadiazole compounds concentration treatments
(Figure 4). Under the treatment with compound I, the
carbohydrate content decreased under the three concen-
trations treatments in both cultivars (Jordan 1 (p=.003)
and Jordan 2 (p =.012)) compared to the control. Carbo-
hydrates contents were reduced up to 19% and 38% at 25
pg/L and 50 pg/L concentrations in Jordan 1 and 5%,
42%, 55% in Jordan 2 at 5, 25 and 50 pg/L treatments,
respectively (Figure 4(a)).

Similar results were obtained under compound
Il treatment. The carbohydrate content decreased
significantly at the three concentrations of both Jordan
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Figure 4. Total Carbohydrates levels in Jordan 1 and Jordan 2
lentil cultivars sprayed with different concentrations of 1,2,3-
thiadiazole compounds (I, Il,and III) independently. Carbo-
hydrate levels were determined by using Anthron method as
described in the materials and methods. The level of carbohydrate
was determined as (mg/L)/FW. (a) Carbohydrates levels in
response tol,2,3-thiadiazole compound 1. (b) Carbohydrates
levels in response to 1,2,3-thiadiazole compound II. (c¢) Carbo-
hydrates levels in response to 1,2,3-thiadiazole compound III.

1 (p=.025) and Jordan 2 (p=.035) seedlings. At
5 ng/L, the carbohydrate level was reduced up to 74%
in Jordan 1 and 62% in Jordan 2 compared to the
control. At 25 ug/L, reduction level reached 83% in
Jordan 1 and 63% in Jordan 2. At 50 pg/L, the
reduction reached 84% in Jordan 1 and 83% in Jordan
2 compared to the control (Figure 4(b)). The effect of
1,2,3-thiadiazole compound III on the carbohydrate
content reduction was the lowest. It decreased at 50
ug/L to reach 43% in Jordan 1 (p=.019) and 15% in
Jordan 2 (p=.001) under all concentration treatments
compared to the control (Figure 4(c)).

Carbohydrates are a major category of compatible
solutes which accumulate in response to stress (Mustafa
et al. 2007). It has been found that carbohydrates
(starch and sucrose) level increased significantly in the
two kinds of leaves (first and second leaves) in cucumber
plants (Cucumis sativus) under copper stress (Alaoui-
Sosse et al. 2004). Other results suggested that drought
induced changes in carbohydrate status and metabolism
in crop reproductive structures (Liu et al. 2004). Lower
carbohydrate concentrations in roots of flooded plants
were observed (Chen et al. 2005). In addition, it has
been demonstrated that heavy metal stress reduced the
rate of glycolysis and pyruvate content accompanied by
an increase in the contribution of oxidative pentose phos-
phate pathway and residual respiration (Rakhmankulova
et al. 2003). In these conditions, plants can switch bio-
chemical carbohydrate pathway from primary to second-
ary metabolism (Pradoa et al. 2010). On the other hand,
ozone might impair phloem loading and therefore alter
carbon partitioning, causing a decrease in root carbo-
hydrate concentration (Thomas et al. 2005).

In agreement with our results, under the increasing of
biomass power plant effluent concentrations of carbo-
hydrates in leaves and roots of Arachis hypogaea
L. showed dramatic declining trend (Nagajyoti et al.
2009). Propanil and Diuron are herbicides which inhib-
ited the photosynthetic electron transport of Photosystem
IT (PSII) in chloroplasts and could prevent carbohydrates
production (Ahemad & Khan 2010). Conte and Lloyd
(2011) found that Diuron which is a phenylurea herbicide
-used for pre and postemergence control of weeds in agri-
culture- inhibited photosynthesis and lead to reduce
carbohydrate content and lipid synthesis in treated plant
tissues.

4.5. Proteins contents reduction under synthetic 1,2,3-
thiadiazole compounds treatments.

The protein content decreased coordinately with the
increasing concentrations of the used 1,2,3-thiadiazole
compounds (Figure 5). The level of proteins content
was reduced even at lowest concentration (5 ug/L) of
compound L.; proteins content decreased up to 19% (p
=.007) and 31% (p=.01) in Jordan 1 and Jordan 2 seed-
lings, respectively, in contrast with the control. Further-
more; protein level reduced up to 48% in Jordan 1 and
about 53% in Jordan 2 at 50 pg/L treatment (Figure 5(a)).

Under compound II treatment , the proteins content
decreased in response to the 5, 25 and 50 pg/L concen-
tration in both lentil cultivars (Jordan 1 (p=.001) and
Jordan 2 (p=.001)). Proteins content showed 1%, 13%
and 26% reduction in Jordan 1 and 7%, 9%, 11%
reduction in Jordan 2 at the three concentration treat-
ments, respectively (Figure 5(b)).

The data showed that treatment with compound III
reduced the proteins content in response to the three con-
centrations in both cultivars seedlings. At 25 pg/L,
protein level was reduced up to 4% in Jordan 1 and to
22% in Jordan 2, while at 50 pg/L the reduction
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Figure 5. Total Protein levels in Jordan 1 and Jordan 2 lentil cul-
tivars sprayed with different concentrations of 1,2,3-thiadiazole
compounds (I, IL,and III) independently. Protein levels were
determined by using SMART BCA Protein Assay Kit according
to the materials and methods. The level of Protein was deter-
mined as (ug/L)/FW. A) Proteins levels in response to 1,2,3-thia-
diazole compound I. B) Proteins levels in response to 1,2,3-
thiadiazole compound II. C) Proteins levels in response to
1,2,3-thiadiazole compound III.

reached about 10% in Jordan land about 26% in Jordan 2
(Figure 5(c)).

Under such stress conditions, plants may induce
specific changes in protein synthesis to enable them to
cope with stress (Salama et al. 2011). It has been found
that exposing Vigna unguiculata (L.) plants at the age
of 14 days to 75 mM sodium chloride resulted in a signifi-
cant reduction of soluble protein content (Qados 2011). In
agreement with our study, Jiang et al. (2006) showed that
soluble protein concentrations of seedling roots of two

cotton cultivars were decreased in response to 50 and
100 mM NaCl treatments. Also it has been suggested
that exposure to ultraviolet radiation reduces plant pro-
teins, total sugars and starch contents (Salama et al.
2011). Under water stress, Avena coleoptile cells
showed a quantitative reduction in the rate of incorpor-
ation of leucine into proteins resulting in reduction of
protein contents in stressed plant tissues (Dhindsa &
Cleland 1975).

Glyphosate herbicide inhibits the synthesis of essen-
tial aromatic amino acid which causes a decline in the
synthesis of proteins. It inhibited synthesis of proteins
in mainly perennial plants (Nielsen & Dahllof 2007;
Ulanov et al. 2009). Nemat Alla et al. (2007) reported
that chloroacetanilide herbicide, affected some cellular
metabolic processes like reducing the rate of protein syn-
thesis in treated plants.

Treatments of maize with the recommended dose of
rimsulfuron, imazethapyr, alachlor, atrazine and fluome-
turon resulted in significant decrease in leaf protein
content (Scarponi et al. 1996; Hassan & Nemat Alla
2005). All these herbicides induced a general reduction
in maize growth and protein content. Fluometuron and
atrazine inhibit photosynthesis, therefore they indirectly
retard protein skeleton formation and subsequently
enzyme activity (Nemat Alla et al. 2007). Endothall her-
bicide is a strong inhibitor of plant serine/threonine
protein phosphatases and causes membrane dysfunction
and reduction in protein synthesis (Dayan & Watson
2011).

Zabalza et al. (2007) reported that after 7 days of ima-
zethapyr (IM)-treatment; pea plants showed a modified
metabolism, including a decrease in soluble protein
levels. In addition; Deng et al. (2012) found that thioben-
carb at concentrations ranging from 2 to 6 mg/L led to
significant decrease in growth, DNA, RNA and total
protein content of Nostoc muscorum and the nodule con-
centrations of soluble protein decreased by 23% com-
pared with the control treatment values. In agreements
with our study; Carpena et al. (2003) showed that the sul-
fonylurea herbicides-chlorsulfuron and sulfometuron
methyl- act on plant tissue by blocking the biosynthesis
of the amino acids valine and isoleucine which reduce
the protein content in treated plants (Ray 1984).

In summary, our study showed that there was an inhi-
bition effect on germination and a remarkable decrease in
the fresh weight and the dry mass of both lentil cultivars
(Jordan 1 and Jordan 2) under the three 1,2,3-thiadiazole
compounds stress compared to the control . Also there
was a significant increase in GABA metabolite and
MDA level and a significant decrease in proteins and
carbohydrates contents in Jordan 1 and Jordan 2 cultivars
under treatment with the three 1,2,3-thiadiazole
compounds.

From this study, we revealed that compound II had the
strongest inhibition effect so we recommend using it as
herbicide. Also it has been found that Jordan 2 cultivar
was more sensitive than Jordan 1, so Jordan 1 cultivars
showed higher adaptation to herbicidal stress. Further
investigation on the GABA-shunt roles in different
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plants in response to changing environmental and gen-
etics perturbations is recommended.
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