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Allelopathic effect of hemp leaf on germination and growth of some crop
and weed species
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ABSTRACT: At present, farmers are increasingly on hemp (Cannabis sativa L.) cultivation due to its wide range of
applications, resulting in a significant increase in agricultural waste materials. It has been reported that hemp
produces allelochemicals, which can inhibit the growth of neighboring plants. The objective of this experiment is
to study the allelopathic effects of hemp leaves on the germination and growth of 10 different species (rice, corn,
wheat, itchgrass, feather pennisetum, chinese kale, lettuce, pea bean, waterkanon, and siam weed), and to
investigate its autotoxicity, using the sandwich method. The result showed that hemp dry leaves release
allelochemicals that significantly inhibit the germination, shoot length, root length, fresh weight, and dry weight of
all 10 tested plant species. Increasing the concentration of the dry leaf further enhanced the inhibitory effects,
with a stronger tendency to inhibit dicotyledonous plants compared to monocotyledonous plants. The dry leaf
had the most significant inhibitory effect on the germination and growth of waterkanon. After exposure to a
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concentration of 1.43 mg DW/mL agar, it resulted in inhibition levels exceeding 80% for germination, shoot length,
and root length. Moreover, when subjected to a concentration exceeding 7.14 mg DW/mL agar, it led to complete
inhibition, reaching 100%. Regarding autotoxicity, hemp dry leaf with low concentrations did not affect the
germination and promoted the growth of hemp seedlings. However, hemp dry leaf with a concentration of 7.14
me DW/mL agar or higher significantly inhibited the germination and seedling growth of hemp. These results
revealed that hemp dry leaf had the allelopathic potential to control germination and growth of other plant
species.
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Table 1 Methods for breaking the dormancy of seeds

Species Methods for breaking the dormancy of seeds
Rice Soaked in lukewarm water for 24 hours

Wheat Soaked in water for 6 hours

ltchgrass Soaked in gibberellic acid 50 ppm for 30 min
Feather pennisetum Soaked in gibberellic acid 50 ppm for 30 min
Pea Bean Soaked in concentrated sulfuric acid for 15 min
Waterkanon Soaked in gibberellic acid 50 ppm for 1 hour
Siam weed Soaked in gibberellic acid 50 ppm for 1 hour
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Figure 1 Hemp leave after drying processes (A, left) and hemp leaf powder (A, right). Allelopathic effects of hemp

leaf powder experiment using sandwich method for large seed (B).
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Figure 2 Effect of hemp leaf powder on germination of monocotyledonous and dicotyledonous species after
treatment with different concentrations. Bars with different lowercase letter in each plant species are
significantly different at p<0.05 by DMRT.

Germination percentage of control (0 mg DW/mL agar) of all tested plants is 100.0 + 0.0%.
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9N AINUE1ILEN AVETITIN niTnan LLazﬂfWﬁfﬂLLﬁwmﬁaaadLﬁmqﬁu \dlevaaeusieds sandwich Tnesede (2564)
'ﬁwmmdﬂmsﬂszﬂawNmﬁ‘ﬁ'ﬁ’aymmmmﬂamﬂdaaaaﬂm launanslungu cannabinoids, tetrahydrocannabinol,
flavonoids ua¥ terpenoids uaz Patane et al. (2023) Tsniuiansafndasihanlufyusiiansusznaunduituea Tneile
duenuiduduresansadn Uiuuasussneufiuentgifiutu egndlsinu delifisenuiinsssyriavesarssailownd
eafilufyweantdesesnun Samsinisdnwsdely

Tufgyeefinnududusifivnitlunmsduasunisaiydulndusenvesiivnageunatesiin liua 91ilne 1and
NQYUATIUABNLAN ARYrs uavAziingen (Tables 2 waz Figure 3) @anAdediu Al-Shatti et al. (2014) 189711815993

lawndfineauisiialupnududuiaaiusonsziunisasyiulavesiivld aenndesiusiedures Koodkaew and Rottasa
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(2017) Fasrpauilulussusnduafianadudus (1% uay 2%) dsmanszduaueisenvesioshsanisnadeulu
wesufuRnisuarlulsaiou uenaini wutlufyueiidnenimlunissudsanuenisinvesiianaaouldynein deldam
duduiunntuanansaduimuensnvesionageuldddu Tneasiuldilufysaansadudiauenisnlduinnin
aggen nakeunnnaniduduidudaiuiuiulaenss Sdldsunnuduiivinansdadlaniinoauinnitduvessen
uazansdadlaninoaunswiaileingdufivudarliannsandeudiolunmudiuding 9 vesity (Rice, 1984) Fawanismnans
flannndosfuduiin (2559) finuiransatnaintuiis 13 sdaddnsamlunissudsanugnisinvesinniaveusinniien
gon

Mnmaneassaziuhlufyruniiussaninmwlunissudinisenuasmaivlavesiesis uavauido Fadudinly
Aesdléd Fsorandnildilufymeiiuulilunmsdudinsenuasnsaiyifivinvesivlubdssgldfnifisludoands 2 s
denndosiun1sfnuves Pudetko et al. (2014) s1ea1ud ansafaaniufyviaansadudnisenuarmsiasayivines
ﬁ‘zfl:uL?ﬁumﬁﬂﬁmmdﬂmgwﬁm d1u Al-Shatti et al. (2014) 51897471 Nan9dadlanSvesdu Conocarpus lancifolius
(Engl) dsradudsiivluiesginnninludeaien doivldsumssadlanfinoatissfumamdutusiiu wuifisludseiio
UsgAnsnmnisliuaasdnanisvudedidnasousninfitludsaien uenainid Elkhawas et al. (2005) :1891u 1 Ha
n198adlandvesiuenalle (Acacia nilotica (L) Wild. Ex Delile) waggadusa (Eucalyptus rostrata Schltdl) deua
udafirludssguinnirfidluidsndontomnilefivludoaielsivassadlandaon fivazannsnaidusiuusia
diodFessziadoudrsmaielifiundudngauna danalndanfstuameluidludsadeuidy

nnsEnenanedadlanidvedluigusionisienuaznisiiulavesiiv 10 ¥ila Wneuvadufiaugn 5 viia laun
11 $13lne 919ed retheen wazinnanen wa ity 5 ¥ia loud nelugs navasaunenidn fa deef wavanuide
wansAnualiduTludysdidneamlunssudimasenuasnaiulnvesTuitldR Tnsdaunn deldamududugadus
7.14 un Ahinuie/an fu dsaliiainissudinsenuasmaiauiaunndt 50% feiu Felanauduldldlunsfinwuas

Waneldludysdunisaivauivivssly
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Table 2 Effect of hemp leaf powder on shoot length, root length, fresh weight, and dry weight of

monocotyledonous and dicotyledonous species after treatment with different concentrations

Species

Concentration

(mg DW/mL agar)

Inhibition rate (%)

Shoot length

Root length

Fresh weight

Dry weight

Rice

0
1.43
7.14

14.29

0.0 + 0.0°V (8.9%
5.1+ 1.7°(8.4)
25.5 + 1.9% (6.6)
45.0 + 2.1° (4.8)

0.0 + 0.0° (8.3)

62.5 + 0.9° (3.1)
80.7 + 0.4% (1.6)
82.8 + 0.7° (1.4)

0.0 = 0.0°(0.27)

23.2 +0.1°(0.21)
42.1 + 0.1 (0.16)
49.0 + 0.0% (0.14)

0.0 = 0.0™¥ (46.2)
2.4+ 0.0 (42.1)
5.3 + 0.0 (40.8)
1.5 + 0.0 (40.0)

Corn

1.43
7.14
14.29

0.0 = 0.0 (6.9)
-32.4 +4.2°(9.1)
-15.1 + 2.4°(7.8)
283 + 1.1° (4.7)

0.0 + 0.0° (6.6)

55.6 + 1.2° (2.8)
72.2 + 0.8 (1.6)
78.6 + 0.4 (1.4)

0.0 = 0.0° (1.63)

-3.8 + 0.6° (1.58)
56.1 + 0.5% (0.66)
65.8 + 0.4 (0.52)

0.0 + 0.0™ (202.1)
19.9 + 0.0 (146.1)
52.8 +0.1(84.9)
583 +0.1(84.3)

Wheat

1.43
7.14
14.29

0.0 + 0.0°(11.3)
9.1 +2.4°(12.0)
15.7 + 2.8 (9.6)
26.0 + 2.3° (8.4)

0.0 + 0.0°(12.2)
66.3 + 1.4° (4.1)
72.9 + 2.1°(3.2)
87.8 + 0.4 (1.5)

0.0 + 0.0% (0.64)
-14.2 + 0.1° (0.74)
-1.5 + 0.1%° (0.65)
18.6 + 0.1% (0.53)

0.0 + 0.0™ (102.0)
-17.7 £ 0.0 (120.0)
-8.4 + 0.0 (110.0)

-14.4 + 0.0 (116.7)

ltcherass

1.43
7.14
14.29

0.0 = 0.04(3.6)
24.1 + 0.1°(2.7)
80.2 + 0.0°(0.7)
100.0 + 0.0° (0.0)

0.0 + 0.0°(1.2)
3.7 +0.1°(1.1)
62.4 + 0.0° (0.4)
100.0 + 0.0° (0.0)

0.0 + 0.0° (0.051)
47.7 £ 0.0° (0.024)
90.6 + 0.0% (0.004)
100.0 + 0.0° (0.0)

0.0 = 0.0° (10.1)
18.8 + 0.0° (8.1)
87.2 + 0.0°(1.2)
100.0 + 0.0° (0.0)

Feather

pennisetum

1.43
7.14
14.29

0.0 £ 0.0™ (2.7)
-14.0 + 0.6 (3.0)
-3.1+£0.5(28)
5.0 +0.5(2.6)

0.0 +0.0°(1.4)

121+ 0.1°(1.2)
60.8 + 0.1? (0.5)
78.6 + 0.0° (0.3)

0.0 + 0.0° (0.022)

32.8 + 0.0° (0.015)
71.0 + 0.0% (0.006)
82.2 + 0.0% (0.004)

0.0 = 0.0°(1.9)

21.5 + 0.0° (1.5)
73.4 + 0.0% (0.5)
82.4 + 0.0% (0.3)

Chinese

kale

1.43
7.14
14.29

0.0 + 0.0* (2.7)

-56.2 + 0.0° (4.3)
-1.47 + 0.0° (2.8)
6.05 + 9.4% (2.6)

0.0 + 0.0°(2.7)

33.1 +0.2° (1.8)
75.1 + 0.42 (0.7)
84.9 + 0.1% (0.4)

0.0 + 0.0%* (0.20)
-57.7 + 0.0° (0.28)
1.4 + 0.0°° (0.18)
24.1 + 0.12 (0.14)

0.0 = 0.0° (24.7)
5.2 + 0.0° (26.0)
14.3 = 0.0%° (21.3)
36.3 + 0.0° (16.0)

Lettuce

1.43
7.14
14.29

0.0 = 0.04(2.9)

46.21 + 0.0° (1.5)
63.21 = 0.0° (1.1)
100.0 + 0.0° (0.0)

0.0 +0.04(3.5)
80.2 + 0.1€(0.7)
93.2 + 0.0° (0.2)
100.0 + 0.0° (0.0)

0.0 + 0.0¢ (0.043)
6.7 + 0.0°(0.039)
32.0 + 0.0° (0.027)
100.0 + 0.0° (0.0)

0.0 = 0.04(1.7)
36.8 + 0.0° (0.9)
15.9 + 0.0° (1.4)
100.0 + 0.0° (0.0)

Pea bean

1.43
7.14
14.29

0.0 + 0.0° (8.7)

13.8 + 0.0° (7.4)
51.6 + 0.0°° (4.2)
66.5 + 0.0° (2.8)

0.0+ 0.0°(7.7)

77.6 + 0.4 (1.4)
87.0 + 0.5° (0.8)
93.5 + 0.0° (0.3)

0.0 + 0.0 (0.27)
-50.8 + 0.1 (0.40)
39.3 + 0.0% (0.15)
82.0 + 0.0% (0.04)

0.0 = 0.0° (23.0)
0.81 + 0.0° (22.6)
20.8 + 0.0° (17.7)
68.6 + 0.0% (7.0)

Waterkanon

1.43
7.14
14.29

0.00 + 0.0° (0.7)
86.7 + 0.0° (0.1)
100.0 + 0.0 (0.0)
100.0 + 0.0 (0.0)

0.0 + 0.0° (1.5)
94.7 +0.1° (0.1)
100.0 + 0.0 (0.0)
100.0 + 0.0? (0.0)

0.0 + 0.0° (0.020)
68.0 + 0.0% (0.006)
100.0 + 0.0 (0.0)
100.0 + 0.0 (0.0)

0.0 + 0.0° (4.3)
54.0 + 0.0° (2.1)
100.0 + 0.0 (0.0)
100.0 + 0.0? (0.0)
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Table 2 Effect of hemp leaf powder on shoot length, root length, fresh weight, and dry weight of

monocotyledonous and dicotyledonous species after treatment with different concentrations (continue)

Concentration Inhibition rate (%)
Species
(mg DW/mL agar)  Shoot length Root length Fresh weight Dry weight
Siam weed 0 0.0 + 0.0 (1.5) 0.0 + 0.0°(1.2) 0.0 + 0.0° (0.009) 0.0 + 0.0°(1.3)
1.43 704 +0.0°(0.4)  94.0 +0.0°(0.07) 63.7 +0.0°0.003)  69.8 + 0.0° (0.4)
7.14 97.7 + 9.4°(0.03)  99.3 + 0.0* (0.01)  95.6 + 0.0% (0.0004) 100.0 + 0.0% (0.0)
14.29 100.0 + 0.0% (0.0) 100.0 + 0.0% (0.0) 100.0 + 0.0% (0.0) 100.0 + 0.0% (0.0)

" The values represent the mean + SE of six replications and the same letter in the same column in each tested
plant species are not significantly different at p<0.05 by DMRT.

? Numbers in parentheses in each column show shoot length (cm), root length (cm), fresh weight (g), and dry
weight (mg), respectively.

*ns = not significant at p<0.05 by DMRT.

nan19gaalansvasluiyysuanissanissantaznisiiulnvasnyys
Pnran1sAnwanTisadlaniSvesiyvsionistenuaznisiivlavesiyys nuitlufyvsuaiirnududusi 1.43

un dhvifnuie/aa fu ikalun1ssudsannuennsn wasdaasuanueneen vilvinihasuasiuiinuielliuiu e

Wisuifeufugaeuas uwilalunisdudsanuensn vauzilusyraudududud 7.14 undwdnuiyus fu aamns
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v
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Figure 3 Characteristics of the tested plant species, rice (A), corn (B), wheat (C), itchgrass (D), feather pennisetum

(E), chinese kale (F), lettuce (G), pea bean (H), waterkanon (1), siam weed (J) after treatment with different

concentrations of hemp leaf powder.
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Figure 4 (A) Effects of hemp leaf powder on germination, shoot length, root length, fresh weight, and dry weight
on hemp. Bar with different lowercase letter in each parameter are significantly different at p<0.05 by
DMRT.

(B) Characteristics of hemp seedling after treatment with different concentrations of hemp leaf powder
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