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Abstract

Mung bean (Vigna radiata L.), also known as green gram, is a short-season summer
legume widely grown in tropical and subtropical regions, particularly in countries like
Pakistan, China, India, Thailand, Indonesia, and the Philippines. Despite its agricultural
importance, little is known about its response to mercury (Hg) stress. This study
evaluated the biochemical and physiological effects of varying Hg concentrations (0,
50, 100, 150, 250, and 350 mg/kg) on two mung bean varieties, NM-06 and AZRI-06.
Key growth parameters such as shoot and root length, as well as biomass, were
measured to assess the impact of Hg during germination and growth. Results showed a
dose-dependent decline in plant growth and biomass. Nutrient content in leaves was
also affected: levels of carbon, nitrogen, phosphorus, potassium, and magnesium
decreased, while sodium increased. Photosynthetic rate, chlorophyll, protein, and
proline levels were significantly reduced under Hg stress. Yield components were
adversely impacted, with the greatest effects observed in pod number and seed weight.
A maximum harvest index of 8% was recorded. AZRI-06 showed greater tolerance to
Hg than NM-06. Higher Hg doses (250-350 mg/kg) caused more severe damage
compared to lower doses. The findings indicate that Hg stress negatively affects mung
bean morphology, physiology, and yield. Further research is needed to understand the

underlying stress-response mechanisms in germinating seeds.
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1.0 INTRODUCTION

Heavy metals have significant role in ecological
pollution due to anthropogenic activities i.e.
mining, electro plating, energy and fuel production,
agricultural practices, use of sludge and industrial
effluent etc [1-3]. Mercury, lead, cadmium, and
chromium are non- essential heavy metals and causes
many phytotoxic impacts in plants. Mercury
poisoning become a severe problem due to
environmental pollution worldwide [4] as being used
for agricultural lands along with sludge, fertilizers,
manure etc. Mercuric chloride (HgCl,) is commonly
used as catalysts in the manufacturing process of
plastics, acetaldehyde, Hg is also used in the
production of batteries, street lamps, and causes
toxicity into aquatic environment [5, 6]. Mercury
enters in plants from sewage disposal as inorganic
forms during methylation after being absorbed from
the soil remains deposited mostly in the root tissues
and its critical toxic level in plants is assumed up to
8 ppm [7, 8]. Toxicity of mercury at its lower dose is
considered as injurious to plant growth [9].

Several researchers [10, 11] reported limited seed
germination at higher concentration of Hg heavy
metal due to ion toxicity associated with the
alterations in cellular permeability, inhibition of
protein activity or toxicity to the embryo and
seedling  [12].

Sivasubramanian (1990) studied percent seed

growing Kalimuthu and
germination, root and shoot length in maize seedlings
and found noteworthy decrease with increasing dose of
both lead and mercury [13]. Cadmium and mercury
toxicity affected seed germination, growth
parameters, photosynthetic pigments, and total

protein level in Pisum sativum [14]. Leaf

Phytopharmacology Research Journal (PRJ) Open access

biochemistry and various developmental stages of
tomato plant found adversely affected by Hg doses
[15]. Root, stem elongation, leaf performance, and
chlorophyll content negatively affected in groundnuts
due to Hg treatment [16, 17]. In various Vigna spp. Hg
affected germination process, root, shoot length and
leaf coloration [18]. WHO-approved levels of heavy
metals in plants are necessary for both humans and
animals, as concentrations above critical thresholds
have a negative impact on development, mental and
general health, and social behavior in people (WHO,
trace elements in human nutrition and health, Geneva
-1996) [19].
contaminated with heavy metals due to the discharge

Pakistan's pre-urban areas are
of untreated sewage water and garbage from various
industries into water bodies [20, 21]. Heavy metal
pollution in Pakistan is caused by a variety of
industries, including paint, Dbatteries, textiles,
agriculture, and pharmaceuticals, as well as numerous
kinds of home wastewater. Mung bean plants are the
major source of pulses which are protein enriched and
a part of our daily diet. It is playing a significant role
in export economy of Pakistan. Looking towards
possible health risks from use of contaminated crop
yield in the area, present study was conducted to
understand hazards of heavy metal pollution caused by
mercury.

Mung bean (Vigna radiata L.) (Fabaceae) has been
growing extensively throughout the tropics and
subtropics. It is a highly significant short-season
summer-growing legume that adapts well to a variety
of cropping systems. Considering the nutritional
advantages and nutraceutical qualities of mung bean,
it is essential to analyze the hazardous effects which

impact on its seed germination and on different growth
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factors. Although there are many mung bean cultivars
in Pakistan, M-1, NM-6, AZRI-6, NM-92, and NM-
98 are more frequently grown because of their
superior yield, shorter growth times, and resistance to
various challenges (such as water and temperature).
In Pakistan, they are typically consumed as one of the
most popular pulses. The information provided here
is likely to benefit food crop growers and
consequently optimize production economically
under stressed soils. In present research two mung
bean varieties were grown in slightly alkaline sandy
loam soil in Bio-Park of Bahauddin Zakariya

University, Multan.

2.0 EXPERIMENTAL

2.1 Selection of plant variety

From a local seed supplier, certified and healthy
mung bean (Vigna radiate L. Wilczek) varieties NM-
06 & AZRI-06 were collected. To prevent fungal
infection, a diluted solution of sodium hypochlorite
was applied to the seeds' surface and left for a minute.
The seeds were transplanted to 90 mm diameter Petri
dishes with filter paper at room temperature after

being cleaned with distilled water.

2.2 Seed germination test

In the Bio-Park of Bahauddin Zakariya University
(BZU) in Multan, a pot experiment was carried out.
A ten-day room-temperature seed germination test
was conducted in the botany department of BZU. In
accordance with Akinci & Akinci (2010) [22], the
experiment was planned systematically and in an
ideal environment. For experiment, earthen clay pots
of 12-inch diameter were taken, washed with water

and dried for 24 hours. The selected pots were filled
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with the soil prepared for experiment. Furthermore,
500 kg of sieved soil were prepared, and after
weighing and combining HgClI; Hg mg/kg of soil, a 3:1
ratio of fine canal sand and clay was combined with
humus and poured in labelled pots. A white colored
HgCl crystalline salt (Merck-Germany) was employed
as a source of mercury heavy metal. Different Hg
dosesi.e. 50, 100, 150, 250, 350 mg/kg of pot soil were
thoroughly mixed within the pots.

2.3 Seed sowing process

Each variety's healthy, uniformly sized mung bean
seeds were selected and they were planted 2 cm deep
in the soil bed in against to each of the six treatments
i.e.,, 0, 50, 100, 150, 250 and 350 mg/kg Hg doses,
including control. Six repetitions of each treatment
were then added, and a total of 72 pots of both types
were set up in a randomized block pattern. Physio-
chemical characteristics of oven dried soil were
evaluated by using method according to standard
protocol [23, 24] from the quality control laboratory of
D.G. Khan Cement Company. Soil mineral
composition, electrical conductivity (EC), organic
carbon (%) were determined by loss on ignition (LOI
%) technique by following Konare et al. (2010) and
Abella et al. (2007) [25, 26]. Organic matter (%) and
organic Nitrogen was estimated by Kjeldahl method.
After necessary preparations and seed sowing process,
the pots were left until growth of seedlings. Thinning
was performed when seedlings attained an
approximate height of six inches after twenty-five
days. Four healthy plants pot? were sustained as
harvest till maturity and various parameters were
studied to explore the effects of Hg heavy metal on
plants. Physiological Analysis of Plant was carried out

by following Ahmad et al., 2011 and Vernay et al.,
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2008 [27, 28].

2.4 Morphological analysis
Morphological and plant biomass parameters, such
as; root length (cm), total plant height, shoot length,
leaf area per plant (cm?), number of leaves, number
of flowers plant?, Dry weights (DW g plant?) and
Fresh weights (FW g/plant) were recorded [27, 29].
Fluctuations in leaf color were noted for necrotic and
chlorosis studies. Along the gradient of mercury

content, a change in leaf color was observed.

2.5 Biochemical analysis

Biochemical Analysis of Plant such as; total
chlorophyll contents, protein and proline levels,
organic carbon and nitrogen, leaf K*, Na*, Mg?* and
P3* were recorded through standard methods [27, 30-
32]. Ultimately, the Perkin-Elmer atomic absorption
spectrometer was used to quantify Cr at 357.9 nm
[29, 33, 34]. Yield parameters of plant such as;
number of pods per plant was calculated by following
method described by Nanja et al., 2003 and Auda et
al., 2010 [35].

2.6 Analysis of data
One-way ANOVA, linear regression graphs and
Duncan multiple range tests were used to evaluate the
data using SPSS-17.0 statistical software and the MS-
Excel 2010 program.

3.0 RESULTS AND DISCUSSION

3.1 Effects of mercury on seed germination
Almost all tested seeds from both varieties NM-06 &
AZRI-06, were germinated 100% at day 8, up to 50
mg/kg of Hg dose. Reduction in seed germination
was observed at 100-350 mg/kg dose (Fig. 1).

Regression graphs, Duncan multiple range tests, and
analysis of variance demonstrate a strong impact of
mercury dosages on the percentage of germination in
two mung bean cultivars. The sandy loam soil used in
the experiment had a slightly alkaline pH of 67.6 %
sand and 19.0 % clay. Soil organic carbon was 5.9 %

and organic nitrogen was 1.15 %, while soil electrical

Visar MB 20.5 20
i 20
s 19.5
i g 19
£ OVx-
fa 2 s 18.3
2a T
i = 18
® =175
: k1 100 10 150 33 17
etz Wariety- A WVariety- B

conductivity and organic matter were 1.75 % and 7.1

%, respectively.

Fig. 1: Seed germination (a), Comparison of mean
reduction in seed germination for mung bean Variety-
A (NM-06) & Variety-B (AZRI-06) under mercury
stress (b).

3.2 Effects of mercury on physiological parameters

On mung bean plants, mercury was found to have
significant effects as shown in Figure 2. Reducing
internal carbon use (Ci), stomatal conductance (Gs),
and transpiration rate (E) resulted in a drop in
photosynthetic rate (A). Hg had an impact on the
transpiration  rate, internal  carbon  usage,
photosynthetic rate, and stomatal conductance of
mung bean variety A (NM-06). A rapid decline was
shown at higher Hg doses (150-350 mg/kg) by 9.10-
1450 %, 12.5-17.1-28.6 %. Results in Variety-B
(AZRI-06), for same parameters were 6.2-12.2 % to
18.1-25.3 %, respectively. However, water use
efficiency (WUE) of plants increased with increasing
Hg doses (Fig. 2).
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250-350 mg/kg i.e. 16.9 - 20.6%, 12.8 - 17.7 %, 17.9 -
21.5%, 19 - 22.5 %, 8.5 — 13 %, respectively.

For mung bean test variety- B (AZRI-06), the available
results at Hg dose 50-150 mg/kg were 3.9 — 11.01 %,
1.2-11%,8.1-13.81 %, 2.5—-13.01 %, 1.9 — 8.1 %,
respectively while at higher mercury doses i.e. 250-
350 mg/kg these were 16 - 20.42 %, 15.51 - 18.92 %,
17.7 - 21.33 %, 19.8 — 22 %, 9.6 — 13.1 %,

respectively. Analysis of variance was compared with

Duncan multiple tests (Table-1.1) and linear

regression was also performed that shows significant

effect of Hg on plants. Mean reduction in plant

Fig. 2: Reduction in internal carbon use (Ci) and rate morphological & growth parameters was calculated

of photosynthesis (A) in Variety-A (a), transpiration for both varieties (Fig. 3).

rate (E) & stomatal conductance (Gs) in Variety-A

(b), % internal carbon use and rate of photosynthesis Table-1. Analysis of variance for total plant height (TPH), root
length(RL), shoot length (SL), No. of leaves/plant (Lf. P) and leaf area

in Variety-B (c), transpiration rate & stomatal (LA)in mung bean varieties A&B.

conductance in Variety-B (d), Increase in water use DF | MS F
o ) ) Var-A |Var-B |Var- A
efficiency (WUE) in plant (e), Comparison of mean o Between Groups |5 5065 513 247
reduction in plant physiology for mung bean variety- Within Groups 30 |2.052 -
: 1.487
AJB under Hg stress (f). Total 35
) RL Between Groups 5 1.8 23 6.7
3.3 Effect of Hg on morphological and growth — :
Within Groups 30 [.263 284

parameters :

I o . h h Total 35
From Table-1, it is determined that mercury has a sh L Between Groups |5 344 25,00 343

significant effect on mung bean plants. Different Within Groups 0 |1L.002 L 065

growth parameters like total plant height (TPH), root

length (RL), shoot length (Sh.L), number of leaves | ¢ p ;Z:j\:een Groups 25 6.03 81 10.15
plant® (Lf. P) and leaf area per plant (LA) were Within Groups 30 |594 93

affected. For mung bean test variety- A (NM-06); Total 35

total plant height, root length, shoot length, number LA Between Groups |5 12.53 14.70 24.45
of leaves plant™ and leaf area stressed by various Hg Within Groups 30 |.513 612

doses (mg/kg) as compared to control. A gradual Total 35

decrease at Hg doses 50-150 mg/kg was 6.5 - 12.8 % ** significant, *** Highly significant values at 0.05 significant level.

0.21-9%, 8.2-13.9%, 2.9 -13.5 %, 2.9 - 8.5 %,
respectively. A rapid decline was noted at Hg dose
Phytopharmacol. Res. J. Vol 4, Issue 3. December 2025, pp. 86-100
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a) Vit & e b) -

Table-1.1. Duncan tests for morphological analysis of plants in o ”

mung bean variety A&B. e e

Hg 0 50 100 [150 [250 [350 | - L

mg/kg o TR

Variety-A S e e T

N 5 - |

TPH. [39.38 | 36.80 | 34.46 | 34.33 | 32.73 | 31.25 9 e - 9 b
Sig. 1.000 | 1.000 |.055 |.055 |.083 |.083 . B e
Subset | 4 3 2 2 1 1 j* 3

R.L 792 |790 |737 [720 [6.90 |655 | ;. K
Sig. 088 |.088 |.147 |.147 | .247 | .247 | i

Subset | 3 3 2 2 1 1 . ;

Sh.L | 31.48 | 28.90 | 27.13 | 27.10 | 25.83 | 24.70 T e s

Sig. 1.000 | 1.000 | .954 .954 .059 .059 : -

Subset 3 3 2 2 1 1 16 151 &

Lf. PI 11.33 | 11.05 | 10.25 | 9.83 9.22 8.78 Wy 22 B

Sig. .529 .082 357 176 .338 .338 . o

Subset |5 4 3 2 1 1 2

L.A 30.58 | 29.60 | 28.78 | 27.98 | 27.60 | 26.57 : 1

Sig. 1.000 | .057 .062 361 361 1.000 E s s

Subset | 5 4 3 2 2 1 .

Variety-B i

TPH. 39.97 | 38.40 | 35.62 | 35.53 | 33.55 | 31.80 :

Sig. 1.000 | 1.000 | .907 .907 1.000 | 1.000 0 !

Su bset 5 4 3 3 2 1 TPHIAB) ShL(A/B) RL{AB) LAAB) LEPAB)

R.L 817 |8.07 |743 |7.30 |6.90 |6.62

Sig. J47 | 747 | 111 | 111 | 364 | .364

SETH 21_92 29_32 ;7_54 57.48 ;6.22 ;5_10 Fig. 3: % Reduction in total plant height (TPH), shoot
Sig. 1.000 | 1.000 | 912 |.912 |.067 | .067 length (Sh. L) and root length (RL) in Variety-A (a),
Subset | 3 3 2 2 1 1 o )

LiPI 1192 | 1162 | 1080 | 1035 | 955 | 933 % Reduction in total plant height, shoot & root length
Sig. .346 .346 .387 .387 937 937 ity 0 ; ;

ubset | 3 3 5 5 1 1 Variety-B (b), % Reduction in leaf area (LA) and
L.A 31.22 | 30.60 | 29.61 | 28.75 | 28.19 | 27.04 number of leaf plant® (Lf. P) in Variety-A (c), %
Sig. 1.000 | 1.000 | .051 .345 .345 1.000 .. o
Subset Reduction in leaf area and number of leaf plant? in

Variety-B under Hg stress (d), Comparison of mung
bean variety-A&B for % mean reduction in plant

growth & morphological characters (e).

3.4 Effect on plant biomass parameters
Table-2 indicates mercury has an adverse impact on
mung bean plants. Biomass parameters like root fresh
weight (RFW), root dry weight (RDW), shoot fresh
weight (SFW), shoot dry weight (SDW), leaf dry &

Phytopharmacol. Res. J. Vol 4, Issue 3. December 2025, pp. 86-100
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fresh weight (LDW, LFW), total plant fresh weight
(Pt FW), total plant dry weight (Pt DW), and plant
dry to fresh weight ratio (DW/FW) reduced,
remarkably. In mung bean variety- A (NM-06) root
fresh & dry weight, shoot fresh & dry weight, leaf
fresh and dry weight, plant fresh & dry weight and
plant dry weight & fresh weight ratio (DW/FW)
adversely affected by Hg stress than control. A
consistent decrease at Hg dose 50-150 mg/kg found
was 6.0-16.0 %, 5.40-16.2 %, 2.5-18.81 %, 6.8-10.5
%, 7.2-11.4 %, 12.3-33.9 %, 6.2-13.7 %, 8.9-24.1 %,
2.8-11.9 %, respectively. A rapid decline was at Hg
dose 250-350 mg/kg by 19.5-19.9 %, 19.8-30.6 %,
28.2-32.9 %, 12.3-18.5 %, 13.1-15 %, 41.4-47.9 %,
17.3-19.4 %, 29.7-36.9 %, 14.9-22 % respectively.
In mung bean variety- B (AZRI-06), plant changes
than control for same parameters at Hg dose 50-150
mg/kg was 7.9-15 %, 5.2-15.5 %, 2.8-18.8 %, 7-11.2
%, 7.3-11 %, 11.8-35.1 %, 6.5-13 %, 8-24.6 %, 1.6-
13.25 % respectively while at Hg dose 250-350
mg/kg 20.4-21.7 %, 19.8-30.1 %, 27.7-33 %, 12.9-
21.2 %, 13-15.2 %, 41.9-47.6 %, 17.1-19.8 %, 29.9-
37.4 %, 15.3-21.9% respectively.

Analysis of variance, DMRT (Table-2, table-2.1 &
table-2.2) and linear regression graphs (Fig. 4)
showed a visible effect of Hg doses on various plant
biomass parameters. Mean reduction (%) in plant
biomass for both test Varieties (Fig. 4) also revealed

a remarkable impact of Hg on plants.
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Table-2. Analysis of variance for biomass parameters in two mung
bean Varieties A&B.

DF [MS F Sig.
Var-A [Var-B |Var-A |Var-B Var-A Var-B
R.F.W Between Groups |5 541 651 15.05 16.01 .000*** .000***

Within Groups 30 |.037 041

Total 35
R.D.W Between Groups |5 251 206 14.15 15.91 .000*** .000***

Within Groups 30 |.018 019

Total 35
SFW Between Groups |5 3.10 3.18 75.52 63.63 .000*** .000***

Within Groups 30 |.041 050

Total 35
S.D.wW Between Groups |5 164 240 4.10 6.30 .005** .006**

Within Groups 30 |.040 038

Total 35
L.F.W Between Groups |5 5.01 5.05 25.72 26.87 .000*** .000***

Within Groups 30 |.195 187

Total 35
L.D.W Between Groups |5 8.75 9.22 9111 g5y .000*** .000***

Within Groups 30 |.096 108

Total 35
Pt.F.W Between Groups |5 21.62 2236 [AL74 4619 .000*** .000***

Within Groups 30 |.518 482

Total 35
Pt.D.W Between Groups |5 13.86 15.32 68.71 67.82 .000*** .000***

Within Groups 30 |.205 230

Total 35
DW/FW  |Between Groups |5 .008 008 59.90 |51 96 .000*** .000***

Within Groups 30 |.000 000

Total 35
RDW. [185 [175 [168 |155 | 148 |1.28
Sig. 202 | .392 |.093 |.392 |.392 | 1.000
Table-2.1. Duncan test for biomass parameters in mung bean variety  Sybset 5 4 3 2 2 1
A (NM-06)
Hg 0 50 100 150 | 250 | 350 SFW. |532 |518 |473 |432 |382 |357
ma/kg Sig. 261 | .261 |1.000 | 1.000 | 1.000 | 1.000
N 6 Subset | 6 5 4 3 2 1
Sig. 1.000 | .110 | .083 | .214 | .214 | .214 Sig. 124 | 247 | 056 | 056 | 056 | .056
Subset | 4 3 2 1 1 1 Subset | 3 2 1 1 1 1
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LFW. 17.05 | 15.82 | 15.30 | 15.10 | 14.82 | 14.48 ) . y=-18257x+ .44
Sig. 1.000 | .051 | .082 |.082 |.201 |.201 Variety- A ooz
Subset 4 3 2 2 1 1 y= -k?z.;;;ﬁ_lﬁ. 703
LDW. 6.63 5.82 5.12 4.38 3.88 3.46 E ¥ =-0.8171x + 11.76
Sig. 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 o oo
Subset | 6 5 4 3 2 1 3
PtFW. 26.25 | 24.62 | 23.47 | 22.65 2172 21.15 Z Py
Sig. 1.000 | 1.000 | .059 | .059 .183 o
Subset 183 =
PtDW. 11.00 | 10.02 | 950 | 835 | 7.73 | 6.93
Sig. 1.000 | 1.000 | 1.000 | .055 | .055 | 1.000 Hg mg/kg
Subset |5 4 3 2 2 1 S
DW/FW | 41.88 | 40.68 | 40.50 | 36.86 | 35.61 | 32.76 b Variety- B T Reossn
Sig. .052 | .052 |.052 |.063 | .063 | 1.000 y=-Lo17lxs 21,127
Subset 4 4 4 3 2 1 - o
E y=-0.8514x+ 12,147
a R*=0.9916
% arFw
o opw
Table-2.2. Duncan test for mung bean variety- B (AZRI-06 350
Hg 0 50 100 150 250 350 Hg mg/kg
mg/kg 9
N 6 . 25 23 226
RFW. 400 |368 |362 |340 |32 3.13 j 20
Sig. 1.000 | .571 | .072 |.072 |.670 | .670 E ol 2 1
Subset 4 3 2 2 1 1 E 111 11
RDW. |[1.93 [183 [177 [163 [155 |1.32 i
Sig. .053 | .053 |.100 | .298 | .298 | 1.000 2 s
Subset 4 4 3 2 2 1 04
SFW. 542 | 527 |482 |440 |392 |3.62 DW(A/B) FW(A/B) DW/EW(AB)
Sig. 252 | .252 | 1.000 | 1.000 | 1.000 | 1.000
Subset 5 5 4 3 2 1
SBW 2033 zlgg zlgé 2125 Zlg; iggo Fig. 4: % Reduction in plant biomass in Variety-A (a),
Subset | 3 2 2 2 2 1 % Reduction in plant biomass in Variety-B (b),
LFW. 17.12 | 15.87 | 15.43 | 15.22 | 14.88 | 14.52 ) o )
Sig. 1.000 | 093 | 393 | 192 | 153 | 153 Comparison of mean % reduction in plant biomass of
Subset | 5 4 3 2 1 1 mung bean variety A/B under Hg stress. DW (dry
LDW. 6.76 | 594 |520 |440 |392 | 353
Sig. 1.000 | 1.000 | 1.000 | 1.000 | .052 | .052 weight g/plant), FW (fresh weight g/plant) (c).
Subset 5 4 3 2 1 1
PtFW. 26.53 | 24.82 | 23.87 | 23.20 | 21.98 | 21.30 . .
Sig. 1.000 | 1.000 | 1.000 | 1.000 | 084 | 084 3.5 Effect of mercury on leaf contents in both varieties
Subset | 5 4 3 2 1 1 Total leaf chlorophyll contents, protein, proline and
PtDW. 11.32 | 10.40 | 9.77 | 853 | 7.93 | 7.10
Sig. 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 leaf accumulated Hg were highly affected under Hg
Subset . .
DW/EW | 2263 | 4188 | 2092 | 3710 | 36.11 | 33.30 stress (Fig. 5). In mung bean variety-A (NM-06), total
Sig. 313 | .203 | .203 | .198 |.198 | 1.000 leaf chlorophyll (Lchl), protein, proline and leaf
Subset 4 3 3 2 2 1
mercury contents were affected by Hg treatment.
There was a less decrease at Hg dose 50-150 mg/kg by
3.2-12.2 %, 7.1-25.2 % and proline increased by 2.3-
36.5 %, respectively. A fast decline occurred at Hg
Phytopharmacol. Res. J. Vol 4, Issue 3. December 2025, pp. 86-100
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dose 250-350 mg/kg which was 14.6-18.2 %, 30.7-
32.3 % while proline increased 42.2-47.9 %,
respectively. In mung bean variety- B (AZR1-06), the
results for these parameters at Hg dose 50-150 mg/kg
were 3.5-11.3 % to 0.55-37 %, respectively and at
Hg dose 250-350 mg/kg by 14.4-18.1 % to 42-48 %,
respectively (Fig. 5).

Results revealed that Hg has adverse impacts on
mung bean plants and there is a decrease in leaf
nutrient contents regarding carbon (C), phosphorus
(P), nitrogen (N), magnesium (Mg) and potassium
(K), but sodium (Na) content of leaf increased with
increase in Hg doses (Fig. 6). In mung bean variety-
A (NM-06), all leaf nutrient contents were affected
under Hg treatment. A gradual decrease at Hg dose
50-150 mg/kg was 0.5-10.3 % to 2.5-34.2 %. A rapid
decline was found at Hg dose 250-350 mg/kg by
19.5-29.5 % to 37.5-42.8 %. In mung bean variety- B
(AZRI-06), at Hg dose (50-150 mg/kg) rate of
reduction in leaf nutrients was 0.96-12.3 % to 3.8-
32.3 % and at Hg dose 250-350 mg/kg it was 18.4-
29.4 % to 36.9-42.3 %. Statistical analysis revealed
significant effects of Hg on mung bean plants from

two test varieties.
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in mung bean variety-A (c), Leaf sodium (Na) and
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magnesium (Mg) in mung bean Variety-B (d). wt 164 | .164 | .174 | .134 | .134 | .134
sig. 3 3 2 1 1 1
3.6 Multivariate analysis subset
Results showed Hg heavy metal has a significant Q| 43.20 | 43.10 | 42.70 | 42.01 | 40.24 | 39.75
adverse impact on mung bean plants. Multivariate  sig. 148 | 148 | .148 | .152 |.152 | .175
yield parameters in both test varieties were found  subset | 3 3 3 2 2 1
affected at 50-350 mg/kg of Hg. Mercury affected
pods plant™ (9.1-43 %), number of seeds pod (7-50 ~ Variety- B (AZRI-06)
%), seed weight plant*(8.5-42 %), 10 seeds weight Pod 11.00 11000 | 9.83 1850 | 7.67 | 6.50
(2.6-16 %) and harvest index (0.5-8 %). At lower Hg plant™ | 1.000 | 499 |.499 | 811 | BL1 ) 811
. sig. 4 3 3 2 1 1
doses (50-150 mg/kg), % reduction was less than at subset
higher Hg doses (Table-3). Mean reduction for saPod 11181 T1051 (990 836 745 1593
different yield parameters in both test varieties sig. 781 | 781 | 236 | 236 | 550 | 1.000
showed AZRI-06 more Hg tolerant than NM-06. ¢ pset | 4 4 3 3 2 1
Analysis of variance, graphs of regression analysis “sqwtP- | 482 | 446 | 411 | 353 | 3.22 | 2.80
and Duncan multiple range tests showed a significant ! 1.000 | .275 | .275 | .275 | .275 | 1.000
effect of Hg on both mung bean varieties A&B (Fig.  sig. 4 3 3 2 2 1
7). subset
10 seed | 3.80 | 3.67 | 3.61 |347 |334 |3.27
Table-3. Duncan test for yield parameters in mung bean variety A ¢ 219 | 219 | 211 | .176 | .176 | .176
(NM-06) sig. 3 3 2 1 1 1
Hg 0 50 100 150 250 350 subset
mg/kg H.I 4262 | 42.40 | 42.24 | 4153 | 4051 | 40.05
Variety- A (NM-06) sig. 163 |.163 | 190 |.190 |.190 | .200
N 6 6 6 6 6 6 subset |3 3 2 2 2 1
Pod 10.00 { 9.00 | 867 | 750 |6.50 |5.66
plant? 1.000 | 1.000 | 511 511 | .766 | .766
sig. 3 3 2 2 1 1
subset
Sd/Pod 11.70 | 10.83 | 9.20 | 7.83 | 6.83 | 5.83
sig. .099 | .061 | .061 .061 | 1.000 | 1.000
subset 4 3 3 3 2 1
SAWtP | 475 | 431 | 410 |350 |310 | 273
! 1.000 | .075 | .075 | .253 | .253 | 1.000
sig. 4 3 3 2 2 1
subset
10 seed | 3.85 |3.77 |3.63 |343 |330 |321
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Fig. 7: Reduction in yield parameters in mug been
Variety A (a), reduction in yield parameters in mug
been variety B (b), reduction in harvest index (HI) for
two mug been Varieties A & B (c).

4.0 DISCUSSION

On account of environmental degradation on a global
scale, mercury poisoning has gained attention these
days. Two-thirds of the intake comes from natural
mercury emissions, with the remaining one-third
coming from human releases. Lumps, fertilizers,
manures and sludge may all contribute significant
levels of mercury to agricultural soil. In present
research two mung bean varieties were investigated.
For Hg treatments, regarding various physiological
and morphological parameters of plant growth rate
observed less at lower Hg doses than higher doses i.e.
250-350 mg/kg [13, 14, 36]. In different
physiological parameters, inhibitions were recorded
i.e. rate of photosynthesis, internal carbon use,
transpiration rate, stomatal conductance and water
use efficiency under Hg doses (Fig. 2). As the role of
heavy metals in inhibition of photosynthesis was
revealed by Murthy et al., 1993 [37]. According to
Boening (2000), reduction in photosynthesis,

transpiration rate, water use efficiency of plants and
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chlorophyll synthesis found associated with increasing
level of Hg, resent study also revealed same results
[23]. Various morphological and growth parameters
found stressed under different Hg treatments reflected
mitotic inactivity in different Vigna spp. [38]. Plant
biomass parameters are affected due to Hg treatments
(Fig. 3). Ratio of DW/FW proved to be important
criteria for accumulation of different metabolites and
its decrease indicated abnormal accumulation of these
metabolites in plants under Hg stress. A 50% reduction
in root/shoot biomass in rice seedlings was recorded at
2.5 mg/kg Hg?" dose was reported in a similar study
[39]. By using same dose of Hg, a reduced transverse
and longitudinal planes of Cucumis plants were
observed in a research work performed by Chaudhary
et al., 2007 [40]. Results from present study also well
agreed with these referred citations. Leaf biochemical
analysis showed decline phase regarding chlorophyll
contents, protein and proline contents increased up to
48% [14]. Both varieties showed a decrease in the
amount of plant biomolecules that were available, and
this decline was also expected to result in a reduction
in the biosynthesis of carbohydrates during
photosynthesis. However, elevated sodium levels may
be associated with decreased leaf performance. Gupta
et al. (1998) and Patra et al. (2004) found a significant
drop in chlorophyll and biomolecules when Hg
concentrations increased from 0.5 to 20 uM [41, 42].
Plant yield characteristics have been changed by each
dosage of Hg. Under Hg treatment, there was a
decrease in the number and weight of seeds, which
impacted pod production per plant. These findings
were supported by previous studies, which showed
that the harvest index is the best criterion to attain more

production [36, 43]. This type of exception is linked to
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dry biomass and irregular plant physiology, both of Competing interests
which reduce harvest index, or net plant yield. The authors declare no relevant financial or non-

financial interests.
5.0 CONCLUSION

This investigation has revealed that mercury (Hg)

Author’s contributions

Tanveer Raza is responsible for Writing, review and
stress poses a considerable effect on a range of editing. Saman Zulfigar is responsible for review,
physiological and growth parameters of mung bean
plants. At higher Hg doses (250-350 mg/kg), which
produced more severe effects than lower ones (50-
150 mg/kg) the two varieties, NM-06 and AZRI-06,

were characterized by strong reductions in seed

editing, and Writing of original draft. Amjad Hussain
is responsible for Visualization, Methodology, and
Investigation. Muhammad Sajid Hamid Akash is
responsible for Formal analysis, and

Conceptualization. Muhammad Sanwal is responsible

germination, photosynthetic rate and metrics of plant for Writing, review and editing Khayala Mammadova

rowth. Higher levels of Hg results in lower . . .
g g g is responsible for Formal analysis and

chiorophyll and protein levels in leaves and high Conceptualization. Muhammad Imran is responsible

levels of proline (a stress response). There was . o .
P ( ponse) for Formal analysis and Conceptualization. Meher Ali

significant nutrient absorption as shown by  the is responsible for review, editing, Writing the original

depletion in vital elements like nitrogen, phosphorus, draft. Muhammad Adnan Ayub is responsible for

potassium, and magnesium.  There was also a Supervision and Methodology. Shoaib Khan is

negative impact on yield parameters, such as pod and responsible for Investigation, and Conceptualization.

seed measures, where AZRI-06 was rather more Sajjad Azam is responsible for Writing, review and

tolerant to Hg stress than NM-06. Itis suggested that editing of the manuscript. All the authors have read

the negative impacts of Hg pollution on the growth of and approved this version of the manuscript.

mung bean and underline the importance of Data availability statement

mitigation measures to protect the crop production of . . .
g P PP All generated or experimental data during this study

the soils contaminated with Hg. are included in this manuscript file.
REFERENCES

[1] D. E. Salt, R. Smith, I. Raskin, Phytoremediation. Annual
The present study does not involve human or animal o\ iew of Plant Biology, 49(1), (1998) 643-668.

Authors Declarations

Ethical approval

subjects and is therefore not applicable in this [2] K. Cseh, E. Baranyi, Z. Melczer, G. Csakany, G. Speer, M.
context. Mung bean seeds were collected in Kovacs, G. Gerd, I. Karadi, G. Winkler, The

compliance with institutional, national, and pathophysiological influence of leptin and the tumor necrosis
international  regulations, with all necessary factor system on maternal insulin resistance: negative

permissions obtained. Voucher specimens (BOT- correlation with anthropometric parameters of neonates in
gestational diabetes. Gynecological Endocrinology, 16(6),

(2002) 453-460.
[3] E. Comino, A. Fiorucci, S. Menegatti, C. Marocco,

156) have been deposited in the Herbarium of the
Department of Botany, The Government Sadiq

College Women University, Bahawalpur, Pakistan.
Phytopharmacol. Res. J. Vol 4, Issue 3. December 2025, pp. 86-100



Research Article

Preliminary test of arsenic and mercury uptake by Poa annua.
Ecological Engineering, 35(3), (2009) 343-350.

[4] M. Patra, A. Sharma, Mercury toxicity in plants. The
Botanical Review, 66(0), (2000) 379-422.

[5] M. Moore, J. Widdows, J. Cleary, R. Pipe, P. Salkeld, P.
Donkin, S. Farrar, S. Evans, P. Thomson, Responses of the
mussel Mytilus edulis to copper and phenanthrene: interactive
effects. Marine Environmental Research, 14(1-4), (1984) 167-
183.

[6] C. T. Driscoll, S. W. Effler, S. M. Doerr, Changes in
inorganic carbon chemistry and deposition of Onondaga Lake,
New York. Environmental Science & Technology, 28(7),
(1994) 1211-1218.

[7]1 H. Woolhouse, Toxicity and tolerance in the responses of
plants to metals, in Physiological plant ecology Il1: Responses
to the chemical and biological environment. 1983, Springer.
p. 245-300.

[8] D. M. Orcutt, E. T. Nilsen, Physiology of plants under
stress: Soil and biotic factors. Vol. 2. 2000: John Wiley &
Sons.

[9] B. L. Vallee, D. D. Ulmer, Biochemical effects of
mercury, cadmium, and lead. Annual Reviews of
Biochemistry, 41(0), (1972) 91-128.

[10] S. S. Shaukat, M. Mushtaqg, Z. S. Siddiqui, Effect of
cadmium, chromium and lead on seed germination, early
seedling growth and phenolic contents of Parkinsonia
aculeata L. and Pennisetum americanum (L.) Schumann.
Pakistan Journal of Biological Sciences (Pakistan), 2(4),
(1999) 1307-1313.

[11] M. N. Al-Yemeni, Effect of cadmium, mercury and lead
on seed germination and early seedling growth of Vigna
ambacensis L. Indian Journal of Plant Physiology, 6(2),
(2001) 147-151.

[12] R. Dubey, R. Dwivedi, Effect of heavy metals on seed
germination and seedling growth of soybean. National
Academy of Sciences, India, Science Letters, 10(4), (1987)
121-123.

[13] K. Kalimuthu, R. Sivasubramanian, Physiological effects
of heavy metals on Zea mays (maize) seedlings. (1990)

Phytopharmacol. Res. J. Vol 4,

Issue 3.

Phytopharmacology Research Journal (PRJ) Open access

[14] S. Mahmood, K. Farzana, M. Zia-Ul-Hag, S. Ahmad, F.
Raiz, Abaidullah, Biochemical responses of Pisum sativum L.
under cadmium and mercury regimes. Journal of the Chemical
society of Pakistan, 29(4), (2007) 379-382.

[15] N. Gauba, T. Siddiqi, S. Umar, M. Igbal, Leaf
biochemistry of Lycopersicon esculentum Mill. at different
stages of plant development as affected by mercury treatment.
Journal of Environmental Biology, 28(2), (2007) 303-306.

[16] R. Pugalvendhan, P. Sharavanan, G. Prabakaran, Studies
on the effect of mercury on germination and biochemical
changes of ground nut [Arachis hypogaea (L). var. VRI-1]
seedlings. Recent Research in Science and Technology, 1(5),
(2009) 207-210.

[17] A. Baya, B. Van Heyst, Assessing the trends and effects of
environmental parameters on the behaviour of mercury in the
lower atmosphere over cropped land over four seasons.
Atmospheric Chemistry and Physics, 10(17), (2010) 8617-
8628.

[18] A. S. Amna Shoaib, A. Q. Ayesha Qmar, S. A. Sundus
Akhtar, Growth of Vigna radiata, V. mungo and V. unguiculata
under abiotic stress of mercury. Mycopath, 9(1), (2011) 1-7.
[19] M. Aliasgharpour, M. Rahnamaye Farzami, Trace
elements in human nutrition: A review. International Journal of
Medical Investigation, 2(3), (2013) 115-128.

[20] M. Khan, H. Khan, H. Aslam, Water quality monitoring of
Hudiara Drain. Pakistan Journal of Biological Sciences, 6(0),
(2003) 167-173.

[21] M. M. Maria Mussarat, A. Bhatti, F. Khan, Concentration
of metals in sewage and canal water used for irrigation in
Peshawar. Sarhad Journal of Agriculture (Pakistan), 23(2),
(2007) 335-338.

[22] I. E. Akinci, S. Akinci, Effect of chromium toxicity on
germination and early seedling growth in melon (Cucumis melo
L.). African Journal of Biotechnology, 9(29), (2010) 4589-
4594,

[23] D. W. Boening, Ecological effects, transport, and fate of
mercury: a general review. Chemosphere, 40(12), (2000) 1335-
1351,

[24] S. Crane, T. Barkay, J. Dighton, The effect of mercury on
December 2025, pp. 86-100



Research Article

the establishment of Pinus rigida seedlings and the
development of their ectomycorrhizal communities. Fungal
Ecology, 5(2), (2012) 245-251.

[25] H. Konare, R. Yost, M. Doumbia, G. McCarty, A. Jarju,
R. Kablan, Loss on ignition: measuring soil organic carbon in
soils of the Sahel, West Africa. African Journal of
Agricultural Research, 5(22), (2010) 3088-3095.

[26] S. R. Abella, B. W. Zimmer, Estimating organic carbon
from loss-on-ignition in northern Arizona forest soils. Soil
Science Society of America Journal, 71(2), (2007) 545-550.
[27] K. Ahmad, A. Ejaz, M. Azam, Z. |. Khan, M. Ashraf, F.
Al-Qurainy, A. Fardous, S. Gondal, A. R. Bayat, E. E.
Valeem, Lead, cadmium and chromium contents of canola
irrigated with sewage water. Pakistan Journal of Botony,
43(2), (2011) 1403-1410.

[28] P. Vernay, C. Gauthier-Moussard, L. Jean, F. Bordas, O.
Faure, G. Ledoigt, A. Hitmi, Effect of chromium species on
phytochemical and physiological parameters in Datura
innoxia. Chemosphere, 72(5), (2008) 763-771.

[29] M. Ahmad, A. Wahid, S. S. Ahmad, Z. A. Butt, M. Tariq,
Ecophysiological responses of rice (Oryza sativa L.) to
hexavalent chromium. Pakistan Journal of Botony, 43(6),
(2011) 2853-2859.

[30] N. Panichev, K. Mandiwana, M. Kataeva, S. Siebert,
Determination of Cr (V1) in plants by electrothermal atomic
absorption spectrometry after leaching with sodium carbonate.
Spectrochimica Acta Part B: Atomic Spectroscopy, 60(5),
(2005) 699-703.

[31] F. K. Zengin, O. Munzuroglu, Effects of some heavy
metals on content of chlorophyll, proline and some
antioxidant chemicals in bean (Phaseolus vulgaris L.)
seedlings. Acta Biologica Cracoviensia Series Botanica,
47(2), (2005) 157-164.

[32] K. Aftab, M. Ali, P. Aijaz, N. Beena, H. Gulzar, K.
Sheikh, Q. Sofia, S. Tahir Abbas, Determination of different
trace and essential element in lemon grass samples by x-ray
fluorescence spectroscopy technique. International Food
Research Journal, 18(1), (2011) 265.

[33] J. Ryan, G. Estefan, A. Rashid, Soil and plant analysis
Phytopharmacol. Res. J. Vol 4,

Issue 3.

Phytopharmacology Research Journal (PRJ) Open Access

laboratory manual. 2001: ICARDA.

[34] W. De Vries, S. Lofts, E. Tipping, M. Meili, J. E.
Groenenberg, G. Schiitze, Impact of soil properties on critical
concentrations of cadmium, lead, copper, zinc, and mercury in
soil and soil solution in view of ecotoxicological effects.
Reviews of Environmental Contamination and Toxicology,
(2007) 47-89.

[35] M. Abou Auda, E. E. S. Ali, Cadmium and zinc toxicity
effects on growth and mineral nutrients of carrot (Daucus
carota). Pakistan Journal of Botany, 42(1), (2010) 341-351.
[36] Y. Nanja Reddy, R. Uma Shaanker, T. Prasad, M. Udaya
Kumar, Physiologi al approaches to improving harvest index
and productivity in sunflower. Helia, 26(38), (2003) 81-90.
[37] S. Murthy, P. Mohanty, Mercury ions inhibit
photosynthetic electron transport at multiple sites in the
cyanobacterium Synechococcus 6301. Journal of Biosciences,
18(0), (1993) 355-360.

[38] A. S. Amna Shoaib, A. Q. Ayesha Qmar, S. A. Sundus
Akhtar, Growth of Vigna radiata, V. mungo and V. unguiculata
under abiotic stress of mercury. (2011)

[39] X. Du, Y.-G. Zhu, W.-J. Liu, X.-S. Zhao, Uptake of
mercury (Hg) by seedlings of rice (Oryza sativa L.) grown in
solution culture and interactions with arsenate uptake.
Environmental and Experimental Botany, 54(1), (2005) 1-7.
[40] N. Y. Chaudhry, A. S. Khan, Role of mercury and
exogenous IAA on xylem vessels and sieve elements in
Cucumis sativus L. Pakistan Journal of Botany, 39(1), (2007)
135-140.

[41] M. Gupta, P. Chandra, Bioaccumulation and toxicity of
mercury in rooted-submerged macrophyte Vallisneria spiralis.
Environmental Pollution, 103(2-3), (1998) 327-332.

[42] M. Patra, N. Bhowmik, B. Bandopadhyay, A. Sharma,
Comparison of mercury, lead and arsenic with respect to
genotoxic effects on plant systems and the development of
genetic tolerance. Environmental and Experimental Botany,
52(3), (2004) 199-223.

[43] A. Ghafoor, M. Zubair, B. Malik, Harvest index in
mungbean. Pakistan Journal of Agricultural Research, 14(4),

(1993) 309-313.

December 2025, 86-100

Pp.



