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Evaluation of allelopathic stress of St. John's wort (Hypericum
perforatum) on the germination, physiological, and biochemical
characteristics of green pea (Pisum sativum), the benchmark plant
sensitive to allelochemicals

Ebrahim Gholamalipour Alamdari"’, Meisam Habibi’, Mohammad Hadi Masoumiz, Maral
Babayani’, Ali Asghar Saravani*
Extended abstract

Introduction: In agricultural systems, several environmental stresses can remarkably alter the growth,
physiological, and biochemical responses of plants under stress. One of these factors is the biochemical
reactions between plants along with the production of secondary compounds. Allelochemicals mainly have
defence and cell wall ligninization roles in plants and do not directly play a role in the growth processes of
plants. Thus, an experiment was carried out to evaluate the effect of allelopathic stress of Hypericum
perforatum on the germination, physiological, biochemical, and antioxidant activity characteristics of green
pea, the benchmark plant sensitive to allelochemicals.

Materials and methods: The treatments included different concentrations of H. perforatum at 11 levels
(i.e., 0, 10, 20, 30, 40, 50, 60, 70, 80, 90, and 100% of the aqueous extract). This research was carried out as
a completely randomized design with three replications at the weed science laboratory of Gonbad Kavous
University in 2023.

Results: The results of this study showed that one of the factors influencing the physiological, and
biochemical characteristics of green pea is the concentration of the H. perforatum extract. In most cases, the
percentage and rate of green pea germination, radicle and plumule length, and dry weight of radicle and
plumule decreased with increased concentration of aqueous extract compared to the control, so that the
greatest reduction in these characteristics was observed in 100% of H. perforatum extract. In contrast, the
content of compatible osmolytes such as proline and soluble sugars, phenolic and flavonoid compounds, and
antioxidant activity of green pea roots and plumules increased significantly in all studied treatments, with the
highest increase in these characteristics observed at the concentration of 100% of H. perforatum aqueous
extract. In general, the decrease in the dry weight of green pea seedlings due to the increase in the
concentration of the aqueous extract of H. perforatum, despite the relative increase in the content of
physiological and biochemical traits, indicates the high intensity of allelopathic stress of H. perforatum
extract and their insufficiency, which leads to cytotoxicity against oxidative stress.

Conclusion: Considering the heterotoxicity effect of H. perforatum on green pea sensitive to
allelochemicals and its distribution in gardens, barren lands, and wheat and corn fields, the possible effect of
their residues in the next planting and even in case of presence in mixed cultivation should be considered.

Keywords: Allelopathic stress, Antioxidant activity, Aqueous extract, Oxidative stress, Phenolic
compounds, Seedling dry weight

Highlights:

1- Aqueous extract obtained from the H. perforatum drastically reduces the germination and seedling
growth of green peas.

2- The difference in the effect of the aqueous extract of H. perforatum on green pea, the benchmark plant
sensitive to allelochemicals, depends on their concentration threshold.

3- The high intensity of allelopathic stress of H. perforatum extract and insufficient non-enzymatic
antioxidants lead to oxidative stress.
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Table 1. Analysis of variance for the effect of different concentrations of H. perforatum aqueous extract on the
germination and growth characteristics of green pea sensitive to allelochemicals

Mean square <l po Sileo

S regll oo 39
(T o S Jsb sk waran) RSl O ses
Ol s ol; " ; dyady
L ET ey Sl azany,  arels (amails o T sl
S.0.V df L L . T . Radicle :
Germination ~Germination Radical Plumule Alometric Seed vigor dr Plumule
percentage rate length  length coefficient index Weight dry
(Radical/shoot) weight
s 10 11627.12 81.17 45.5 9.51 0.28 830796.86 1071.10 93.87
L> Error 22 17.58 1.02 3.87 0.67 0.10 29126.80 3.84 3.51
ROV SV
(252) 6.70 7.63 14.34 11.17 16.88 18.13 6.48 10.87
Coefficient of

variations (%)

PR

2, o 5 ) JL“':"" C—"-‘*‘ )° (5)|~> S cMJQL.‘Z.J o
indicate significance at the 1 and 5% probability level, respectively.
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Table 2. Mean comparison (Mean=std) of different concentrations effect of H. perforatum aqueous extract on
the germination and growth characteristics of green pea sensitive to allelochemicals

il e ] S 03 SiS 038
o lackle Gl asys  EUUTTIT s b apaile b Spmdllens han el arasy, szl
Concentrations ~ Germination GCI‘II);I:UOH Radicle Plumule Alometric Seed vigor Radicle dry ~ Plumule dry
(%) percentage (No./day) length (cm)  length (cm) coefficient index weight (mg weight (mg
per plant) per plant)
0 96.00£4.00°  19.86x1.41° 1639+0.61° 11.22+0.78" 1.46+£0.057  1583.30£6.62°  51.51x1.73% 27.33+2.52°
10 ?fgj 19.2940.42°  17.90+3.31°  8.61+0.35°  2.09+0.47%®°  1601.40+250.59° 50.33+0.58°  21.67+1.53°
20 86.00£5.29°  18.57£1.29®  17.0424.31*  8.40+0.72%  2.03+0.44™  1458.38+433.49* 49.33+1.15°  21.67+2.89°
30 82.0042.00°  17.2940.42*  16.83x1.63" 8.15£0.26"  2.07£0.27°°  1390.30£166.21® 49.00+1.73*  20.00+0.00*
40 73.00+5.00¢  16.71+1.58°  16.00+1.24®  7.04+0.28%  2.28+0.26°  1173.90+103.25° 48.67+1.15°  18.00+2.00%
50 54.0042.00°  11.36+1.07% 15.00£1.55® 7.27+1.16%  2.09+0.39®  819.00£113.73°  20.00+0.00° 18.67+1.53"¢
60 52.6743.06°  10.64+0.20%  13.42+0.78%  7.20+£0.63°  1.88+0.28"°  713.40+46.45°Y  18.33+1.53"  16.67+2.89¢
70 47.00£1.73%  1.36£1.35¢  13.20£2.04°  6.47£0.90  2.04+£0.04®  627.00£102.87%  15.00+5.00°  15.67+2.08¢
80 42.00+2.00%  18.14+0.15° 11.27+0.98%  6.45+0.59¢  1.76+0.29°¢  487.60+18.00%  11.67+1.53¢  9.67+0.06°
90 3533+5.77¢  7.55£0.61°  8.1620.44%  4.98+0.22° 1.64+0.16"¢  293.13+69.00%  10.67+£1.15%  9.33+1.15°
100 31.33£7.03¢"  1.7120.977  5.74£0.54°  4.88+1.75°  1.28+0.45¢ 186.50455.25"  8.50+1.50%  11.00£1.01°
LSD 5% 7.10 1.71 3.33 1.39 0.54 288.99 3.32 3.17

o sime B JBlas 5051 Golasl 3 aoy0 B Jleis] mhans 50 lo sixe Siglds pae a0 lis oygim ,o 40 ailive g,

Similar letters in each column indicate non-significant difference at the 5% probability level based on the least significant

difference test.
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Table 3. Analysis of variance for different concentrations effect of H. perforatum aqueous extract on the
physiological characteristics, biochemical, and antioxidant activity of green pea sensitive to allelochemicals

Mean square Sle . L.

PR

e s I sl e e
s ¥ . - laath gl slasch gy N L5z . -
i e ot e 1t o PP TR PR P = [
S0V ":“‘ s, . ety Jime arail e Radicle azadl X " . a
Radicle - Radicle Plamule saluble Plurmule = o TS “
profine Flumule soluble sugar  soluble sugars phenalic phenalic Radicle Plunmle Radicle Flummle
comient proline context conbend compound flavomaid  flavonold  amtiowddant  antiocidans
comient conbend :z:‘mlcm conient condent activity activity
Treatment gl 1 J4E105™ 40577 143,35 (LN 838" EAE00™ L wn~ 1775 TE1E™
Error les n 498 665 315 249 2574 .l 018 028 240 163
flapab il ad o
i i 1299 1428 1287 1149 B0 1035 2347 1770 1127 1396

Coefficient of variations (%)

**: indicates significance at 1% probability level
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Table 4. Mean comparison (Meantstd) of different concentrations effect of Hypericum perforatum aqueous
extract on the physiological characteristics, biochemical, and antioxidant activity of green pea sensitive to

allelochemicals
okl Gdyn leime Gddon Glge Gloaid Glgime Sly=e LS 5 slyime Sly=e Sly=e Slyme codlad el
(22,9) araly, el azaly; Joloe slaoss arasy, Job oS 3 olS 3 PO S RVONC Y S O KV (g
Cor}cent Radi'cle Plumule Radicle Jslxe Radicl; azails Jgi Sadsidls ERRRAE azady, azails
rations proline proline soluble sugars . phenolic Plumule . Radicle Plumule
(%) content content content (mg azails compounds henolic R Zany) gl antioxidant  antioxidant
(umol per g (umol per g per 100 g Plumule content (mg pm nd Radicle Plumule fivity (%) tivity (%)
fresh fresh sample dry soluble GAEin100 g zc())n ts:tu (ms flavonoid flavonoid ~ actvity (¥o) - activity (7o
weight ) weight ) weight) sugars sample dry GAEin | 0% content (mg  content (mg
content (mg weight) sample QE/g QE/g
per 100 g dg P ht sample dry ~ sample dry
sample dry ry weight) weight) weight)
weight)
0 3.51+0.762 4.03+0.99¢ 5.33+2.20° 4.99+1.76"  46.42+337°  18.89+5.07°  0.92+0.07°  0.71£0.31°  3.63+0.08%  2.68+0.29¢
10 10.79£0.02%  5.05+1.43¢ 5.59+0.67° 5.8540.29%"  51.7342.70°  25.30+6.96°  0.84+0.24"  0.76£0.09°  3.97+0.78%¢  6.31+1.13"
20 15.63£0.01¢  7.49+1.01% 8.96+1.96¢ 8.10+1.36®  48.85+4.95¢ 51'42f8‘53 0.97£0.15"  1.07£0.15%  3.25+0.60¢  8.64+1.32°"
30 192352.93° 11526093  10.86+145°  820:0.73% 61204557 ° 0'9437‘66 1.2240.42°7  1.26+0.10%°  9.76£1.29"  8.99+3.30%f
40 23.6245.18%  12.13+1.21° 11.6740.15°  9.0822.57%  6326:3.78¢ 11 1f5‘75 1.30+0.03%"  1.73+£0.02¢  13.19+1.55° ”'303;0‘97
c cd b
50 20674259 18.54£1.00° 12894243  [IBO6T o5 g0i3 gatea  SHI0ETSOT LAZO20T g gpee 15365131 12.6120.32
a cd c
60 45.9264.80°  23331346c  12.07:003° 1 LAOELI3 6 0gig ere 038952027 19380447 6 g pgee  17:33E195 11.66£0.05
a c b
70 57.47+£1.34°  20.2142.85% 16.6142.51"  16.6241.60°  66.70£9.79%¢ 03 '1051‘47 1.99+0.24%  2.77+0.64° 17‘95(‘*2'14 12'42f0'01
80 55.8548.57° 24342395 16.28+1.71° 2226270 gy g9s536n  OLO8EAA0 ) oi033c  27ps005c  ZLIHELS0 g 9500 og0
90 61.40+7.11°  30.7142.23%  25.16£2.48"  25.17+0.62°  75.24+5.64% 70'37f0‘06 2.85+1.01°  5.70+1.38b 20'1‘tf0‘83 17.96+1.12°
100 100.35+8.96"  41.82+5.94° 26.26£1.48"  27.46x1.67°  71.44£2.66"°  72.09+3.00°  4.39+0.51°  12.93+0.56" 25.56+2.89° 20.47+2.51"
LSD 5% 8.46 438 3.01 2.67 8.59 9.29 0.71 0.89 2.62 2.75

Sogime B JBlas yge3l ulul 5 ao,0 O Jleix! mhaw 10 lo g Gglas pas saiaolid (gt o 0 alin By ,>
Similar letters in each column indicate non- significant difference at the 5% probability level based on the least significant
difference test.
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Hypericum ) e, J5 o1 o)lac cilizee glacdale cos (55,5 3456 (wyp 390 Slho  Sred ol o .0 Jouz
(perforatum

Table 5. The correlation coefficient of studied characteristics of green pea under the aqueous extract of
different concentrations of Hypericum perforatum

Slas
Characteristics

12

azady, SES s
Radicle dry weight
azadle St gy
Plumule dry weight
azaiy, Odan slye

Radicle proline 856" -0.749™ 1
content
azaile oy n Slyne
Plumule proline 08717 0719 0957 1
content
Jsloe slaaid slgimme
Tty -0.772"  0.6197  0.902"  0.927" 1

Radicle soluble
sugar content

Jslmo (glodid (glyime
szl 0.841" 06767 09297 0928  0.926" 1

Plumule soluble
sugar content

b Sl 3 Sl
e -0.766"  -0.676"  0.740"  0.779™ 0.797" 0.761% 1

Radicle phenolic
compound content

b Sl 3 Sl
il -0.759" 0.703" 0.748™  0.802" 0.798™ 0.744™ 0.770"" 1

Plumule phenolic
compound content

0.763" 1

35338 LS 5 (glgiome
azady, -0.716" 05917 0.883"  0.863™  0.867"  0.842"  0.6777  0.668 1

Radicle flavonoid
content

DS 5 sl

arails sasginlh 20.580" 05197 0.857"  0.847"  0.829"  0.802"  0501° 058"  0.892" 1
Plumule flavonoid

content
ShaST gl clsd e

e -0.896"  -0.801"  0.8977  0.932"  0.851**  0.868" 0.832" 0.818"  0.784"  0.693" 1
Radicle antioxidant

activity (%)
LSJI.\:.,S\S'JI codld Ql-)_,,,

azeils -0.790"  -0.688"  0.8917 09157  0.887%*  0.885" 0.808™" 0.863"  0.797" 0.776"  0.883**
Plumule antioxidant

activity (%)

**: indicates significance at 1% probability level s yo V Jleisl mhaws 53 (5l e saimslas
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