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Extended abstract

Introduction: Borage plant (Caccinia macranthera) belongs to the family of Boraginaceae. Botanically,
it is an annual, herbaceous, and wild plant. Secondary metabolites are often limited to a small group of plants
within a species whose bioactive compounds, unlike primary metabolites, are found in specific organs or
phenological stages of plants. Borage plant shows potent antioxidant, antibacterial and medicinal properties
and it has high biomass in the arid and semi-arid regions of the eastern areas of the Golestan province.
Usually, the release of allelopathic compounds from some wild plants and weeds into the environment, poses
a serious challenge to the germination, morphological, and physiological characteristics of crops and even
weeds. This study was conducted to evaluate the allelopathic potential of C. macranthera on germination,
seedling growth, physiological, biochemical characteristics, and antioxidant activity of Pisum sativum as a
plant sensitive to allelochemicals.

Materials and Methods: The experiment was carried out based on a completely randomized design with
three replications in 2024. For extracting, 5 g of the whole powdered C. macranthera (by weight) was mixed
with 100 mL of distilled water (by volume). Then different concentrations (i.e., 20, 40, 60, 80 and 100%)
were prepared from the extract obtained from the base solution. Distilled water was also used as a control
sample.

Results: The results showed that germination characteristics such as percentage and rate of germination,
length of radicle, plumule and seedling, allometric coefficient, seedling length vigor index, dry weight of
radicle, plumule and seedling, seedling weight vigor index in addition to the total chlorophyll pigment
content of P. sativum were significantly reduced under different concentrations of C. macranthera. In
contrast, the mean time to 50% germination of P. sativum increased with increasing the concentration of
aqueous extract of C. macranthera. So that the difference in the effect of different concentrations of C.
macranthera was dependent on their concentration threshold. This may be due to the accumulation of more
harmful compounds present in the aqueous extract with increasing concentration, especially alkaloids and
phenol. The physiological characteristics such as adaptive osmolytes (proline content and soluble sugars),
total phenol, and antioxidant activity in P. sativum radicle and plumule had an increasing trend under
allelopathic stress of C. macranthera aqueous extract. Therefore, the decrease in germination characteristics
and seedling growth of pea can be related to the insufficiency of these protectors against high oxidative stress
of C. macranthera.

Conclusions: Considering the demonstrated harmful effects of wild plant of C. macranthera and its high
biomass in arid and semi-arid regions, especially in the east of Golestan province. It may be possible to use
the bioactive compounds in this plant as an environmentally friendly herbicide. Further studies are needed to
confirm its positive effects on other species before its application as a bioherbicide.
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Highlights:

1. The difference in the accumulation of allelopathic compounds of the aqueous extract from C.
macranthera causes a different reduction effect in morphophysiological traits Pisum sativum.

2. The bioactive compounds in C. macranthera can be a suitable option for the production of
environmentally friendly herbicide.
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Table 1. Analysis of variance (mean squares) for the effect of different concentrations of Caccinia macrantera aqueous extract on germination and seedling growth traits of
Pisum sativum
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Sy alie - L. ETHIESRWERR Az, S yiogl] . " ddily, ax>asle axals
sl Germination : Germin C Plumule . Seedling vigor " ' C vigor
S.0.V Time to 50% . Radical leneth Alometric leneth Radicle Plumule Seedling ;
df percentage S ation engt . engt length . X . weight
germination rate length coefficient index dry weight dry weight  dry weight index
Treatment Lo 5 2241.39" 1.79* 0.04" 89507 1822.82" 0.25* 3413.04™  25980.76"  395.66" 130.08"  828.86" 1760.34™
Errorlas 12 43.06 0.05 0.001 167.77 158.71 0.03 209.84 608.36 2.51 6.99 9.89 8.78
Sl s
(4052) Sl 22 9.34 8.02 7.65 7.25 9.54 13.30 4.66 11.12 6.24 12.28 6.70 8.27

Coefficient of variation (%)
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** Indicates significance at the 1% probability level
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Table 2. Mean comparison (mean + standard deviation) for the effect of different concentrations of Caccinia macranthera aqueous extract on germination and seedling growth traits of
Pisum sativum
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(%) percentage 1me 10 9V7 " Germinatio length : dry weight length Radicle dry  Plumule dry  Seedling dry weight
germination o length (mm)  coefficient ind ! a ’ ind
(day) nrate (d7) (mm) (mm) mdex weight (mg)  weight (mg)  weight (mg) mdex
0 100.000.00° 1.8120.02¢ 0.55+0.01* 11903'1(Zf 101.6+9.0° 1.92+0.27° 294.6+6.3° 294.6+6.3" 48.6+2.31° 29.540.50° 78.17+2.36" 78.142.36"
20 93.33+5.77% 1.85+0.15¢ 0.54£0.05*  203.6+20.6° 132.3+8.6° 1.5440.23>  336.0£11.9* 313.5+26.3° 22.542.50° 25.0+1.00® 47.50+6.29° 42.5+4.05°
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100 33.33+5.77¢ 3.72+0.10° 0.27+0.01° 126.1+4.5¢ 104.0+2.3¢ 1.2140.10% 230.246.2¢ 76.7+14.7°¢ 18.5+0.50° 10.0+2.00¢ 28.50+1.80¢ 9.5+1.88°
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Different letters in each column indicate significance at the 5% probability level based on the least significant difference (LSD) test
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Table 3. Analysis of variance (mean squares) for the effect of different concentrations of Caccinia macranthera aqueous extract on physiological traits of Pisum sativum
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. . . R Sy Slgoe S Sy S Sy =
8.0.V @bl addsls b Jds,ls S5 Jde,ls Laadgsg LS oo il ks i, Sl amaile Jybus azals sl
Df  Chlorophyll  Chlorophyll Total Carotenoids araiy, = e oo B Seedling
a content b content chlorophyll content R i dicl Plumule Seedling Radicle Plumule soluble
content adicle proline proline soluble sugars  soluble sugars sugars
proline content content content content content
content
Treatment Lo 5 18.24™ 19.46™ 73.39" 0.19™ 298.71" 376.11° 1283.22%* 55.60"" 136.19™ 341717
Error Ua> 12 0.16 0.51 0.95 0.002 1.64 8.43 7.58 3.01 1.92 5.49
(22,0) Olyuss o i
Coefficient of variation (%) 14.20 23.33 16.50 12.75 6.49 10.59 5.84 20.23 14.37 12.85

** Indicates significance at the 1% probability level
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Continued Table 3. Analysis of variance (mean square) for the effect of different concentrations of Caccinia macranthera aqueous extract on total phenol

content and antioxidant activity traits of Pisum sativum

Sy gl sllers  Sdeme Sl S Uale Geesbhods ghesbliods o0
Radicle total Plumule total Seedling total Radicle Plumule Lo
.. _ Seedling antioxidant

phenol content phenol content phenol content antioxidant antioxidant ..

.. .. activity

activity activity

Treatment Lo 5 1097.67" 740.78* 3617.92" 89.60™ 123.94™ 393.99"
Error Uz 12 12.05 20.033 45.20 4.81 15.06 23.44
(42,2) ool a2 6.30 8.36 6.16 9.46 17.18 10.58

Coefficient of variation (%)

** Indicates significance at the 1% probability level
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Table 4. Mean comparison (mean * standard deviation) for the effect of different concentrations of Caccinia macranthera aqueous extract on physiological traits of Pisum sativum

lyee SlEme sl s SR e i e ardle odsn e aelS Ggp lse SRS Sl sloasd sl $loaS slyiee
el 3 3 = 5 e . _ . _ _ - - LS
ekl AU DU s s B e S i eSadiase)  OeSadeeSe  THR D 7l Jsle LS Jstne
o) peSek) peSde) G5 o395 2 ek (aids 4o (aids 4o (aids o 5 PNV eSSk Ve e Sk Vi eSSk
Concent (5 ... ¢ (5 039 5 Total (5 039 5 Radicle proline Plumule proline Seedling proline (a3 (359 (S 39 05 (a2 39 p55
rat;/o - Chlorophyll ~ Chlorophyll Chlorophyll Carotenoids content content content Radicle soluble Plumule soluble Seedling soluble
) a content b content content content (uMol per g FW / (uMol per g FW / (uMol per g FW / sugars content sugars content sugar content (mg
(mg/gFW) (mg/gFW) (mg /g FW) (mg/ g FW) min) min) min) (mg /100 gDW)  (mg/100 g DW) 1100 g DW)
0 7.81£0.31°  7.94+0.87° 15.75+0.97 0.78+0.09* 8.67+1.32¢ 14.08+1.87¢ 22.76+1.57 1.64+£0.41° 0.57+0.06° 221+ 0.41°
20 2.13+0.33%  3.77+1.29° 5.90+1.61° 0.28+0.02° 9.10+1.40° 21.97+2.26¢ 31.07+1.37° 7.2242.15° 1.800.90¢ 9.01+2.84¢
40 1.7120.42%¢  2.27+0.65° 3.98+1.04° 0.28+0.02° 18.31+0.74¢ 21.20+2.68¢ 39.51+1.95¢ 6.68+1.97 11.52+10.0¢ 18.20+2.08¢
60 2.36£0.42°  1.59+0.17° 3.95+0.59° 0.32+0.04° 22.2241.55¢ 27.91+2.89° 50.1243.63° 10.99+1.26 13.43+0.96" 24.4242.21°
80 1.40£0.49¢  1.50+0.43¢ 2.90+0.64° 0.09+0.01° 26.24+1.53° 33.32+3.87° 59.56+2.40° 11.14+1.00° 14.56+2.72% 25.70+3.36%
100 1.57£0.40%  1.3620.16° 2.94+0.55° 0.09+0.01¢ 33.77+0.92° 46.01+3.39° 79.77+4.28° 13.76+2.61° 16.04+1.17° 29.80+2.04°

Pisum sativum

(LSD) o sixe B JBlaz g0l Golesl  aio 0 B Jlais o 15 (5,15 sire 0aimoLid g o 30 Sglite g >
Different letters in each column indicate significance at the 5% probability level based on the least significant difference (LSD) test
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Continued Table 4. Mean comparison (mean + standard deviation) for the effect of Caccinia macranthera aqueous extract on total phenol and antioxidant activity traits of

(a2 Il Pl ko) azain, U Job lsize o5 o) azadle IS b lyme 0,5 ) azalS IS J5id (lyime ShaShly colles ShaShly el e

Concentrations (=i 039 £ V07 0 el SJE - (Sas 5595 Vo0 0 sl SJE (St G395 Ve vy sl SIS (W2)3) azad, (%2,0) azadln (w2)3) azals
(%) Radicle total phenol content Plumule total phenol content Seedling total phenol content Radicle antioxidant Plumule antioxidant ~ Seedling antioxidant

(mg GAE 100 g DW) (mg GAE 100 g' DW) (mg GAE 100 g DW) activity (%) activity (%) activity (%)

0 27.43+3.35¢ 32.00+6.13¢ 59.43+5.72° 14.42+1.23¢ 12.94+0.20° 27.35+1.04°

20 36.40+2.08° 39.74+4.36° 76.14+6.42¢ 22.79+2.26° 16.51+1.18° 39.31+3.44¢

40 58.66+2.47° 51.85+2.04¢ 110.5143.73° 20.82+2.57° 24.2942 38 45.12+0.43%

60 62.04+4.125° 60.98+2.43° 123.02+6.24° 23.43+3.56" 24.9943.56° 48.42+6.77

80 72.3145.80° 67.91£5.75%® 140.22+11.07° 27.61+1.24° 27.83+3.27° 55.44+4.30%

100 74.00£0.26° 71.33+4.71% 145.33+4.65° 30.04+1.19° 28.95+7.74° 58.99+7.95°

LSD) o sire S JBlax yg03] bl 3 a0 30 0 Jlaim| mhaws 40 (5,10 sine saimdGlts gt 10 50 Sglise By >
Different letters in each column indicate significance at the 5% probability level based on the least significant difference (LSD) test
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Table 5. The correlation of the germination, seedling growth, physiological, biochemical and antioxidant activity traits of Pisum sativum

LS ol LS el J89,lS lgimee Slgiee Olon Sl slauss glye 5 Jss slyime ShaeSToly ol
e Sl ey el Sis gy S ST S S Js i S apals aleS oo apals apals
< . . . a 59559 . ) . . o
Characteristics Germination Seedh'ng dry Chlorophyll  Chlorophyll Total Carotenoids Seed!lng Seedling Seedling total Sc.aed.hng
percentage weight a content b content chlorophyll content proline soluble sugars phenol antioxidant
content content content content activity
Sy de s 1
Germination percentage
T S i 0.734" 1
Seedling dry weight
E gz ) *
@ J23l5 sl -0.677 -0.567 1
Chlorophyll a content
b : I3 *% *k ok
555 slsime -0.832 -0.645 0.926 1
Chlorophyll b content
5 g ok ok sk ok
S 25 sl -0.771 -0.619 0.980 0.982 1
Total chlorophyll content
laasgise, S clgn sk P *x Hk Hk
IR S -0.779 0.704 0.936 0.905 0.938 1
Carotenoids content
L3 - o sk *% *k *k sk sk
s ""J”ﬁ' Sl 0.957 -0.818 0.794 0.884 0.856 0.891 1
Seedling proline content
A;&Lf J}J.?u) slead ‘519&4
Seedling soluble sugars -0.878" -0.860™ 0.576 0.682" 0.642" 0.761" 0.900" 1
content
WLj ‘JS J# 6‘}m ok ok * ok ok ok ok
Seedling total phenol -0. 891 -0.829 0.584 0.703** 0.658 0.746 0.912 0.951 1
content
aalS SlaSTl coulled
Seedling antioxidant -0.860" -0.870™ 0.590™ 0.746"" 0.683"" 0.732"" 0.855"" 0.921" 0.882" 1
activity

R

0o, 0 ) Jliol maw 1o o ey (6o g saumslis
* and ": indicate significant differences at a 1 and 5% probability level, respectively.
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