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INTRODUCTION

Allelopathy is defined as “any direct or indirect harm-
ful or beneficial effect by one plant (including microor-
ganisms) on another through production of chemical 
compounds that escape into the environment” (Rice, 
1974).  It refers to the release of certain compounds with 
promoting or inhibitory effects.  These compounds are 
mostly secondary metabolites produced by plants during 
metabolic processes (Bhowmik and Inderjit, 2003).  They 
inhibit stomatal movement and respiration, internode 
elongation, alter biomass partitioning to the leaves, and 
strongly interfere with the germination and growth of 
neighboring flora in several ways (Muhammad and 
Majeed, 2014). 

Many plant species possess the capability to produce 
and release allelochemicals to suppress the growth of 
other plants (Weston, 1996).  Among them, sorghum 
(Sorghum bicolor L. Moench.) is a potent and allelo-

pathic crop whose allelochemicals and allelopathic effects 
on crops and weeds are well documented (Cheema and 
Khaliq, 2000).  All parts of the sorghum plant such as 
roots, leaves, and stems as well as germinating seeds 
release phyto–inhibitors that can affect weed growth.  
Chemical constituents of sorghum include tannins, phe-
nolic acids, anthocyanins, phytosterols, and policosanols 
(Awika & Rooney 2004).  Among these chemicals, phe-
nolic acids have been most frequently identified as the 
phytotoxin (Blum 1996).  A literature review indicates 
that water extracts of different plant parts of potential 
allelopathic crops can have significantly different sup-
pressive effects on the growth of weeds (Ashraf & Akhlaq 
2007).  Water extract of matured sorghum plants were 
used by Cheema and Khaliq (2000), and they reported 
that water extract spray application reduced weed bio-
mass by 35–40% and increased wheat yield by 10–21%.  
Sorghum root exudates reduced growth of various weed 
species at very low concentrations (Roth et al., 2000). 

The objectives of this study were (i) to analyze the 
phenolic compound contents in sorghum, and (ii) to 
study the allellopathic suppression of sorghum shoot 
extracts on weed germination and on weeds treated by 
foliar application.

MATERIALS AND METHODS

Plant materials
At full stage, a sorghum cultivar named Donganme 

was harvested from the National Institute of Crop 
Science, Jeonju, Korea in 2016.  After the collection, the 
sorghum was dried at Chungnam National University.  
The dried shoots were chaffed into 2–3 cm segments 
and then crushed and powderized by blender machine.
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Sorghum shoot extraction
A schematic diagram of the extraction method is 

shown in Figure 1.  Firstly, sorghum powder was soaked 
in ethanol for 24 hours at room temperature and shaken 
to form a solid–liquid mixture, followed by the filtering–
out of the solid residue from the mixture to obtain a 
solution.  The solution was divided into five volume–
equal parts and the solvent was completely evaporated.  
Secondly, the mixtures remaining post evaporation were 
extracted by dissolving them into different solvent/dis-
tilled water 50:50, including chloroform (CHCl3), hexane 
(C6H14), ethyl acetate (C2H5–OOC–CH3), and methylene 
chloride (CH2Cl2).  These solutions were separated into 
two liquid phases, in which the polar phase was removed.  
The solvent remaining in the non–polar phase was com-
pletely evaporated and finally dissolved with distilled 
water for quantitative analysis of the total phenolic con-
tent by HPLC.  Finally, five extracts of sorghum from five 
solvent systems were obtained including ethanol, etha-
nol–chloroform, ethanol–hexane, ethanol–ethyl acetate, 
and ethanol–methylene chloride, which were referred to 
as ‘ethanol’, ‘ethanol–chloroform’, ‘ethanol–hexane’, ‘eth-
anol–ethyl acetate’, and ‘ethanol–methylene chloride’, 
respectively.

High–performance liquid chromatography (HPLC) 
analysis of phenolic compounds 

The five extracts of sorghum including ‘ethanol’, 
‘ethanol–chloroform’, ‘ethanol–hexane’, ‘ethanol–ethyl 
acetate’, and ‘ethanol–methylene chloride’ were ana-
lyzed by HPLC.  HPLC quantification of phenolic com-
pounds was performed using a Futecs model NS–4000 
HPLC apparatus.  The analysis was monitored at 280 nm 
and performed using a C18 column (250 mm × 4.6 mm, 
5 µm).  The mobile phase consisted of acetonitrile and 
0.15% acetic acid under gradient conditions.  Column 
temperature was set at 30°C.  The flow rate was set at 
1.0 mL/min and the injection volume was 20 µL.  The 
quantities were calculated using a standard curve.  All 

samples were run in triplicate. 

Effect of different sorghum shoot extract on weeds 
Study of germination test under laboratory condi-
tions

To study the effectiveness of sorghum shoot allelo-
pathic properties for germination inhibition, four weed 
species including: Echinochloa crus–galli (Ec), 
Digitaria sanguinalis (Ds), Abutilon avicennae (Aa), 
and Amaranthus retroflexus (Ar) were tested for ger-
mination with different concentrations (1 g/mL, 0.5 g/mL, 
and 0.25 g/mL) (1 g/mL: 1 g dry–weight sorghum–equiv-
alent per 1 mL extract) of the extracts including ‘ethanol’, 
‘ethanol–chloroform’, ‘ethanol–hexane’, ‘ethanol–ethyl 
acetate’, and ‘ethanol–methylene chloride’.  Different con-
centrations of the aforementioned extracts were diluted 
with distilled water at several volume ratios.  The exper-
iment was conducted as follows: ten weed seeds were 
placed into one petri dish (60 × 15 mm) with two filter 
papers (Hyundai 10, 50 mm).  Five mL of extracts at dif-
ferent concentrations were added into each petri dish, 
sealed by parafilm.  After that, they was kept in the 
growth chamber (for 8 hours under dark condition/ 
16 hours under illuminated conditions, 25ºC/30ºC).  The 
control was treated with distilled water only.  The exper-
iment was carried out in triplicate.  After one week, inhi-
bition of germination was checked and evaluated. 
Study of foliar application under greenhouse condi-
tions

All five prepared extracts (‘ethanol’, ‘ethanol–chlo-
roform’, ‘ethanol–hexane’, ‘ethanol–ethyl acetate’, and 
‘ethanol–methylene chloride’) were tested on four weed 
species Echinochloa crus–galli (Ec), Digitaria san-
guinalis (Ds), Abutilon avicennae (Aa), and 
Amaranthus retroflexus (Ar).  Weeds were grown in 
the green house (25 ± 5ºC).  Each type was separately 
grown in one cup in triplicate.  When 2–3 weed leaves 
appeared, the sorghum extracts were sprayed on these 
weeds.  One week after spraying, the shoot of each weed 

Fig. 1.   Schematic diagram of phenolic compounds extraction from Sorghum shoots with different sol-
vents (ethanol, ethanol–chloroform, ethanol–hexane, ethanol–ethyl acetate, and ethanol–meth-
ylene chloride).
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species was collected for biomass determination.

RESULTS AND DISCUSSION

Analysis of the phenolic compound contents in sor-
ghum extracts

Chemical analysis of the extracts (‘ethanol’, ‘etha-
nol–chloroform’, ‘ethanol–hexane’, ‘ethanol–ethyl ace-
tate’, and ‘ethanol–methylene chloride’) by HPLC indi-
cated the presence of several phenolic acids including 
4–hydroxybenzoic acid, chlorogenic acid, caffeic acid, P–
coumaric acid, ferulic acid, and kaempferol (Table 1).  

The results showed that weed numbers and growth 
were more inhibited by sorghum cultivars with higher 
amount of 4–hydroxybenzoic acid and p–coumaric acid 
in their residues.  However, the role of other phytotoxins 
in sorghum residues cannot be excluded.  The significant 
growth reduction of companion weeds indicated that 
allelopathy may be the causative factor responsible for 
the reduction in growth and population of weeds 

observed in stands of the test sorghum genotypes with 
competition probably accentuating its effect.  The results 
led to the conclusion that different sorghum cultivars 
had different allelopathic potential and that the exploi-
tation of cultivars with higher allelopathic capacity 
would be of value for weed control.  Especially, sorghum 
shoot extract in ‘ethanol–ethyl acetate’ had the highest 
amount of phenolic compounds in the cultivar.  
Additionally, the biggest amount of 4–hydroxybenzoic 
acid and P–coumaric acid, was also found in sorghum 
extract by solvent ‘ethanol–ethyl acetate’. 

Study of germination test under laboratory condi-
tions

The germination test was performed on four weed 
species including Echinochloa crus–galli (Ec), 
Digitaria sanguinalis (Ds), Abutilon avicennae (Aa), 
and Amaranthus retroflexus (Ar) as shown in Table 2.  
Result from the study revealed that almost all weeds 
were sensitive to shoot extracts containing phenolic com-

Table 1.  Isolation and quantification of phenolic compounds in sorghum shoot extracts by different organic solvents 
Unit: mg/g

Phenolic compounds

Organic solvent

Ethanol
Ethanol – 
Chloroform

Ethanol – 
Hexane

Ethanol –
Ethyl acetate

Ethanol – 
Methylene chloride

4–hydroxybenzoic acid 2.55±0.18 0.60±0.04 1.25±0.07 3.75±0.18 0.10±0.06

Chlorogenic acid 0.17±0.01 0.25±0.01 0.25±0.00 0.25±0.00 0.25±0.01

Caffeic acid 0.05±0.00 0.05±0.00 0.05±0.00 0.07±0.00 0.05±0.00

p–coumaric acid 0.53±0.02 0.18±0.01 0.32±0.01 0.80±0.02 0.31±0.02

Ferulic acid 0.02±0.01 0.03±0.00 0.03±0.00 0.04±0.00 0.04±0.00

Kaempferol 0.01±0.01 0.00±0.00 0.02±0.00 0.01±0.00 0.02±0.00

Total 3.34±0.21 1.11±0.04 1.91±0.08 4.92±0.18 1.66±0.08

Table 2.  Inhibition of germination in weed species as affected by different concentrations of sorghum shoot ex

Weed
species

Concent–
ration

 (g/mL)

Sorghum extract in various solvents

Ethanol
Ethanol – 
Chloroform

Ethanol –
Hexane

Ethanol –
Ethyl acetate

Ethanol – 
Methylene chloride

Abutilon 
Avicennae

1 100.0±0.00 96.7±0.58 96.7±±0.58 100.0±0.00 93.3±0.58

0.5 90.0±0.00 83.3±0.58 76.7±2.31 93.3±0.58 83.3±0.58

0.25 50.0±1.73 40.0±1.73 46.7±2.08 50.0±1.73 53.3±0.58

Digitaria 
sanguinalis

1 100.0±0.00 100.0±0.00 100.0±0.00 100.0±0.00 100.0±0.00

0.5 77.8±0.00 59.3±2.08 55.6±1.00 85.2±1.53 51.9±1.15

0.25 63.0±1.53 55.6±1.00 44.4±1.73 70.4±0.58 44.4±1.00

Amaranthus 
retroflexu

1 100.0±0.00 100.0±0.00 100.0±0.00 100.0±0.00 100.0±0.00

0.5 100.0±0.00 100.0±0.00 100.0±0.00 100.0±0.00 100.0±0.00

0.25 62.1±2.31 55.2±1.15 44.8±0.58 75.9±1.15 48.3±1.00

Echinochloa 
crus-galli

1 83.3±0.58 73.3±0.58 63.3±0.58 86.7±0.58 73.3±2.08

0.5 40.0±1.00 33.3±2.08 40.0±1.00 50.0±1.00 26.7±0.58

0.25 20.0±1.00 33.3±2.08 20.0±0.00 36.7±0.58 16.7±0.58
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pounds.  As reported by Weston et al., 1989, 4–hydroxy-
benzoic acid is known for being a most potent and effec-
tive allelochemical.  In addition, p–coumaric acid is also a 
strong inhibitor of seed germination (Weston et al.,1989, 
Rimando et al., 2001).  This is completely consistent 
with our results from Table 1, in which the total amount 
of 4–hydroxybenzoic acid and p–coumaric acid of the 
extract by ethanol–ethyl acetate had the highest con-
centration showing that shoot extracts by ethanol–ethyl 
acetate was the most effective (Table 2).  Moreover, the 
effect of all extracts increased at higher concentrations.  
The percentage of inhibitory effect on germination of the 
three weed species (Aa, Ds, and Ar) at 1 g/mL concen-
tration was 100% and 86.7% for Ec.  In addition, the per-
centage of inhibitory effects on germination at 0.25 g/mL 
concentration decreased by 50.0% (Aa), 70.4% (Ds), 
75.9% (Ar), and 36.7% (Ec).

Study of foliar application under greenhouse con-
ditions

To further investigate the allelopathic activities for 
potential weed management purposes, all extracts (‘eth-
anol’, ‘ethanol–chloroform’, ‘ethanol–hexane’, ‘ethanol–
ethyl acetate’, and ‘ethanol–methylene chloride’) were 
tested on weeds as shown in Figure 2.  All tested chemi-
cal solvent extracts (Non–polar phase) of sorghum 
shoots significantly inhibited the weed growth.  Results 
showed that in all treatments, extracts from sorghum in 
‘ethanol–ethyl acetate’ had the highest effect on weed 
and the total weed biomass was significantly reduced 
compared to that of the control (Figure 2).  The sor-
ghum extracted by ‘ethanol–ethyl acetate’ had the most 
effect on weeds at 1 g/mL concentration of the extract 
(75.59% in Aa, 83.87% in Ds, 84.37% in Ar, and 32.26% 
in Ec).  In this study, ‘ethanol–ethyl acetate’ extracts of 
sorghum shoot caused the greatest inhibition of weeds 
growth, hence, ‘ethanol–ethyl acetate’ proved best 
extraction solvent to obtain the maximum yield of phe-
nolic compounds from sorghum shoots. 

CONCLUSIONS

This study provided evidence that sorghum extracts 
can potentially be used as biological herbicides.  The 
results of the germination test and bioassay in green-
house proved that sorghum extracts were enabling the 
reduction of seed germination, growth, and development 
of weeds, aided by phenolic compounds of extracts.  
Indeed, this study established a phenolic compound 
extraction method in sorghum namely Donganme cultivar 
in different solvents (ethanol, ethanol–chloroform, etha-
nol–hexane, ethanol–ethyl acetate, and ethanol–methyl-
ene chloride).  Among them, shoot extracts from sor-
ghum by ethanol–ethyl acetate performed the best in 
partitioning the phenolic compounds (especially high 
content of 4–hydroxybenzoic acid and p–coumaric).  
Aqueous shoot extracts of sorghum from all solvents 
also exhibited high percentage of inhibitory effects on 
germination of different weed species, Echinochloa 
crus–galli (Ec), Digitaria sanguinalis (Ds), Abutilon 
avicennae (Aa), and Amaranthus retroflexus (Ar). 

Hence, the study determined the basic for the allelo-
pathic potential of sorghum in weed management.  
Furthermore, additional studies are required to evaluate 
the herbicidal efficacy of sorghum shoot extracts against 
different weed species before these methods can widely 
be applied and recommended to farmers for use.  If 
proven to be an efficient method of weed management 
and adopted successfully, it can lead to significant accom-
plishments in the development of sustainable agriculture.
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