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Abstract

The aim of this research was to evaluate the allelochemicals in jering
pods and sorghum biomass extracts combined with premixed
formulations of the herbicides, atrazine and mesotrione. The research
was conducted in the laboratory and experimental field of the
Department of Agronomy, University of Bengkulu, Indonesia, from
December 2019 to July 2020. The allelochemicals in jering pods and
sorghum biomass extracts and their combination with the herbicides
were tested on seed germination, and weed control was tested on corn
grown in polybags. The results showed that aqueous extracts of jering
pods and sorghum biomass combined with the herbicide mixtures of
atrazine and mesotrione did not inhibit the seed germination of corn
but suppressed the length and the weight of the radicles and plumules.
The study of the efficacy of jering pods and sorghum biomass extracts
on the weeds (total of grasses and broadleaves) revealed that the two
agents, when applied separately, suppressed weed biomass by 27 and
32%, respectively. When the two extracts were combined, their
combined efficacy increased to 56%. Furthermore, the plant height,
stem diameter, and corn stover weight increased with the
allelochemicals and herbicide treatments. The cobs yield per plant
increased from 19 to 22% with the separate application of the
allelochemicals found in the jering pods and sorghum biomass,
respectively, and from 27 to 34% when the allelochemicals were
combined with the herbicides. This research provided a novel
approach using the allelochemical extracts from jering pods and
sorghum biomass as natural herbicides for weed control.
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1. Introduction

Herbicide use for weed control continues to be a common practice [1]. Using synthetic herbicides
for a long time can have a negative impact on the environment, and the emergence of herbicide-
resistant weeds is an ongoing concern [2, 3]. Therefore, nowadays the agricultural practices are
turning to alternative natural control methods such as the use of allelochemical compounds [4, 5].
Exploration of allelochemicals from local promising plants as methods of weed control that are
sustainable and safe for the environment is being carried out [6, 7].

Allelopathy is an ecological event where a plant indirectly has a negative or positive
influence on other plants around it through the release of chemical compounds [8, 9]. Allelopathy
from plants can occur in several ways including evaporation, leaching, the release of exudate
through roots, and decomposition of plant residues [10]. The allelochemical compounds of plants
can be found in various plant organs: the leaves, stems, roots, rhizomes, flowers, fruits, and seeds
[8, 11]. Allelochemicals are not evenly distributed in all plant organs, so their working power
depends on the amount of allelochemicals contained in the organs used [12]. Currently, the potential
of allelopathic compounds as a natural alternative herbicides for weed control are attracting broad
research interest [13]. Previous studies reported that jering fruit pods and sorghum biomass showed
a potential as allelochemicals on various plants tested [12].

Archidendron jiringa (Jack) 1.C. Nielson, Pithecellobium jiringa (Jack) Prain,
Pithecellobium lobatum Benth. or Zygia jiringa (Jack) Kosterm, are the botanical names of jering
[14]. Since jering beans are consumed in some countries such as Indonesia, their pods are remaining
in an abundant amount and are usually disposed of as waste [15]. It was reported that freshly jering
pods applied onto paddy fields functioned not only as soil amendments but also as weed inhibitors.
This evidence indicated that jering pods showed potential as an organic herbicides [12]. Some
chemical compounds that are contained in the pods can be extracted aqueously for use as
allelochemical compounds in agriculture. Sitanggang et al. [16] showed that a concentration of 10%
sorghum extract was able to suppress the seed vigor index of mustard and cucumber.

Sorghum is a cereal plant that is cultivated to produce food or feed. Several countries such
as the United States, China, and India, also cultivate sorghum as a raw material for the ethanol
industry [17]. Sorghum has a strong adaptability, especially in drought-stressed areas because
sorghum plants are very efficient in using water and can grow well in dry marginal soil conditions
like those found in the coastal areas of Indonesia [18]. Sorghum contains allelochemical compounds
that can suppress weed growth, so sorghum biomass is a very promising natural herbicide [19-21].
Sorghum biomass has abundant allelochemicals, such as benzoquinone (sorgoleone), phenolics, and
acyanogenic glycoside (dhurrin) [4]. Sorghum plant extracts and residues can suppress weed
development due to the presence of allelochemical compounds produced from the secondary
metabolite processes. Molecules of cyanogenic glycosides (dhurrin) are toxic to plants because they
are able to release hydrogen cyanide (HCN) through a process catalyzed by hydroxynitrile lyase
(HNL). Farooq et al. [22] showed that the extracts and residues of sorghum biomass were effective
in reducing weed biomass weight by up to 23%, and were very effective in increasing maize yields.

A premixed formulation of atrazine and mesotrione is a relatively new herbicide that has
been marketed since 2001 [23, 24]. The ratio of the mixture is (500:50) per liter. It is recommended
as an early post-emergence herbicide that is highly effective for controlling some broadleaf weeds,
grasses, and sedges [25]. This formulation is widely used as a selective herbicide for maize, wheat,
sorghum, and sugarcane, and it efectively controls atrazine resistent weeds [26]. Atrazine is one of
the herbicides in the triazine group which is effective in controlling grass and broadleaf weeds in
corn [27]. The mechanism of action of atrazine is to inhibit electron transport in photosystem II [28].
Mesotrione is a new organic herbicide in the triketone group [29]. The mechanism of action of
mesotrione is to inhibit the enzyme of p-hydroxy-phenylpyruvate dehydrogenase (HPPD) which
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functions in the biosynthesis of carotenoid pigments that cause symptoms of bleaching in the leaves
[30]. The objectives of the study were to investigate the allelochemical potential of aqueous extracts
of jering pods and sorghum biomass as a natural herbicide and to study their use in combination
with a premixed formulation of atrazine and mesotrione for corn plants grown in polybags.

2. Materials and Methods
2.1 Research location and experimental design

The research was carried out in the Agronomy Laboratory and experimental field of the Faculty of
Agriculture, Bengkulu University, Indonesia, over the period of December 2019 to July 2020. Eight
treatments were combination of aqueous extract of jering pods, sorghum biomass and herbicide
mixture of atrazine and mesotrione (Table 1), arranged in a completely randomized design (CRD).
The laboratory experiments and the polybag experiments consisted of 5 and 3 replications.

Table 1. Treatment of allelochemical extracts of jering pods and sorghum biomass in combination
with the premixed formulation of atrazine and mesotrione

No. Treatment Combination Concentration

(%)

1 Control 0

2 Extract of jering pods 10

3 Extract of sorgum biomass 10

4  Extract of jering pods+Extract of sorgum biomass 10+10

5  Premixed formulation of atrazine and mesotrione (Calaris) 0.5

6  Calaris+Extract of jering pods 0.5+10

7  Calaris+Extract of sorgum biomass 0.5+10

8  CalaristExtract of jering pods+Extract of sorgum biomass 0.5+10+10

2.2 Allelochemical preparations

The experiment began with the preparation of aqueous allelochemical extracts of jering pods and
sorghum biomass following the protocol of Sitanggang et al. [16]. The pods of fresh jering fruit
were cleaned and chopped to the sizes of 1 cm, and then blended with sterile water at a ratio of 1:1
(w/v). The blended materials were squeezed into a beaker and shaken for 24 h, and then filtered
using Whatman #1 filter paper. The filtrate was then considered to be the 100% stock solution for
the jering pod alleochemicals, and was stored at 5°C. Similar protocols modified from Murimwa et
al. [21] were carried out to extract the allelochemicals from the sorghum. The biomass used was
sorghum plant stems and leaves that had been chopped and dried in the sun to a constant weight.
The dried biomass was blended with sterile water at a ratio of 1:1 (w/v). The next processes were
squeezing, shaking, and filtering. The filtered extract was then taken to be the sorghum biomass
extract allelochemical stock solution of 100%, and was stored at 5°C. A herbicide combined with
allelochemicals is Calaris, a premixed formulation of atrazine and mesotrione. The final solutions
of the treatments were prepared according to the concentrations shown in Table 1.
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2.3 Bioassay on seed germination

The efficacy of the allelochemical extracts combined with the herbicide Calaris was tested on the
germination of corn seeds. The procedures were followed from Murimwa et al. [21]. The
experiment was carried out in the germination room. Five corn seeds were planted in a 10 cm
diameter petri dish, which was replicated 5 times. The planting medium used was straw paper soaked
with 5-ml of treatment solution (according to the concentration of the treatment) while the control
was soaked with the same volume of water (Table 1). The petri dishes were closed and placed in the
germination chamber at room temperature. Maintenance of germination was done by adding
sufficient treatment solution every day to maintain the humidity of the germination media. Sprouts
were observed at 2 weeks after planting (WAP). The variables observed included percentage of
germination, length of radicle and plumule, dry weight of radicle and plumule.

2.4 Study on the effect of allelochemicals on corn and weeds

The efficacy of allelochemical extracts combined with Calaris herbicide was tested on corn planted
in polybags. The procedures were modified from Cheema et al. [19] and Farooq et al. [22]. Ten kg
of planting media mixed with ultisol soil and manure (1:1) were filled into each polybag. As many
as 3 corn seeds were planted per polybag at a depth of 2 cm. The polybags were arranged with a
completely randomized design (CRD) by placing in an open area with a distance of 0.5 mx 1.0 m
with sunlight. The maintenance carried out included watering, thinning, fertilizing, and pest and
disease control. The plants were watered every day (morning) when there was no rain. Thinning was
done one week after planting. The plants were fertilized with N, P,Os, and K,O fertilizers at doses
of 200, 150, and 150 kg/ha, respectively. Fertilizers were spreading evenly on the surface of the
planting medium. Pest and disease control were carried out if there were real symptoms using
insecticides and fungicides. Weeds were not controlled in any other way than by the treatment being
tested. The application of Calaris herbicide and allelochemical extract at the concentrations
described in Table 1 was carried out at 2 WAP following James ef al. [24]. The treatment solutions
were sprayed directly onto the soil surface using a hand sprayer with a spray volume of 400 L/ha.
Harvesting was carried out at 14 WAP or when the cobs had met the harvest criteria. Data observed
included plant height, number of leaves, stem diameter, dry weight of the corn biomass, length of
cob, diameter of cob, and weight of cob. The weeds were harvested by cutting them at the soil
surface and separating them by group into grasses and broadleaves weeds. The weeds were dried in
an oven at 72°C for 3 x 24 h. The dry weight of weeds was measured after reaching constant weight.

2.5 Data analysis

Statistical analysis was performed by analysis of variance (ANOVA) at the 5% level. Means of
significant data were separated by Duncan's Multiple Range Test (DMRT) at 5%.

3. Results and Discussion

3.1 Effect of allelochemical extracts on seed germination

The results showed that corn seed reached 100% of germination. However, there was discoloration

of the sprouts from the treatment of premixed atrazine and mesotrione herbicides and their mixtures
with allelochemical extracts (Figure 1). The symptoms of discoloration or bleaching were caused
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Figure 1. Germination seeds on control (1); treated with allelochemicals of jering pod extract (2);
treated with sorghum biomass extract (3); treated with jering pod + sorgum biomass extracts (4);
treated with Calaris herbicide (5); treated with Calaris + extract of jering pods (6); treated with
Calaris + extract of sorghum biomass (7); treated with Calaris + extract of jering pods + extract of
sorghum biomass (8)

by the mechanism of action of mesotrione, which inhibits the formation of the carotenoid enzymes
that function in photosynthesis. According to Chahal et al. [25] and Székacs [27], abnormality of
sprout color also occurs during early growth in the field, but sprout color becomes normal after 4
weeks of herbicide application.

Analysis of variance of germination parameters showed that the treatments tested had a
significant effect on the length and weight of the radicles and plumules. Table 2 shows that the
longest radicle was found on the control (without allelochemical and without herbicide) at 16.80
cm. Radicle length decreased significantly with the treatments of allelochemical extracts of jering
pods and sorghum biomass, and the shortest radicles were seen in the herbicide and herbicide
mixtures with allelochemical treatments. A similar indication was observed on the plumules where
the longest one was seen on the control and the plumules significantly decreased in all treatments.
The radicle and plumule weights also decreased due to the treatment with allelochemical extracts
and the combination of allelochemicals with herbicides. Germination is the initial phase of plant
growth and is very sensitive to external chemical compounds such as allelochemical compounds
and herbicides [21]. The initial process of germination is imbibition of water which degrades the
endosperm to become a source of energy, so plumules and radicles are very susceptible to chemical
compounds in the medium [16].

According to Nurjanah et al. [12], jering pods contain chemical compounds like alkaloids,
steroids, triterpenoids, saponins, flavonoids, and tannins. Sorghum biomass extract contains
allelochemical compounds such as phenolics, quinones (sorgoleone), and dhurrin which are toxic to
several weed species [4]. All of these allelochemicals, as well as the herbicides of atrazine and
mesotrione, can inhibit the germination process of plant seeds. Some processes that may occur after
water absorption into the seeds are cell division, respiration, and the activity of various germination
enzymes such as amylases, proteases, and lipases which function to remodel the food reserves of
the seed endosperm [30]. Efficacy or growth retardation of sprouts at the radicle is significant
because allelochemical compounds and toxic herbicides come into direct contact with the radicle.
The retardation efficacy of allelochemicals of jering peel extracts has also been reported to suppress
germination of weeds in rice plants [12]. An aqueous extract of sorghum biomass significantly
inhibited the germination of mustard and cucumber seeds, reduced the vigor-index of the
germination of rice, mustard, and cucumber seeds, and suppressed the growth of the radicle length
of mustard sprouts [16].
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Table 2. The effects of allelochemical extracts of jering pods and sorghum biomass combined with
Calaris on seed germination variables of corn

Percent of Length  Length  Weight Weight

Treatment Combination Seed of of of of
Germination Radicle Plumule Radicle Plumule
(%) (cm) (cm) (2) (2

Control 100 16.80* 14.58* 2.08? 2.10°
Extract of jering pods 100 15.08° 12.56° 1.53% 1.79°
Extract of sorgum biomass 100 12.55¢ 12.16° 1.35° 1.96*
Extract of jering pods+Extract of 100 12.82¢ 10.51¢ 1.44° 1.33¢
sorgum biomass
Calaris herbicide 100 8.88¢ 11.220 1.35° 1.41°
Calaris+Extract of jering pods 100 9.834 11.11° 1.42° 1.73°
Calaris+Extract of sorgum 100 9.024 10.42¢ 1.56° 1.67°
biomass
Calaris+Extract of jering 100 9.96¢ 10.88¢ 1.44° 1.56b
pods+Extract of sorgum biomass
ANOVA (5%) ns * * * *

Notes: Means of data in a column were separated by DMRT at 5%; ns = non-significant effect,
*= significant effect of the treatment.

3.2 Efficacy of allelochemical extracts on weeds

The efficacy allelochemical of jering pods and sorghum biomass combined with Calaris herbicide
on weeds of corn grown in polybags was conducted after harvesting corn. Weeds were harvested
and separated into broad leaves, grasses, and sedges. Analysis of variance was carried out after data
transformation because the data obtained did not show statistical normality. The premixed
formulation of atrazine and mesotrione inhibited the emergence of weeds completely (100%
efficacy), while the allelochemical extracts showed partial inhibition of weed emergence. Overall,
the sedges weeds were not found in the plant polybags (Table 3). The allelochemicals from jering
pod extract, sorghum biomass extract, and the mixtures of both showed efficacies on grass weeds
observed as the suppression of weeds biomasses of 26, 34, and 65%, respectively, and efficacies
against broadleaf weeds of 28, 25 and 18%, respectively. The data indicated that allelochemical
compounds were more effective at inhibiting the broadleaf weeds [16]. Previous study reported that
allelochemicals in jering pod extracts suppressed the dry weight of narrow-leaf weeds to a higher
degree than the broad-leaf weeds , the results being 74.4 and 37.5%, respectively [12]. Data in Table
3 showed that the efficacies on total weeds (average of the efficacy of grasses and broadleaf weeds)
were 27, 32, and 56%, respectively. These data suggest an additive interaction of the mixture of
jering pods and sorghum biomass extracts on grass weeds [28].

The application of a premixed formulation of atrazine with mesotrione was able to prevent
the emergence of weeds. The addition of allelochemical compounds did not raise the level of
efficacy; or the addition of allelochemical compounds did not increase the herbicide efficacy
anymore as it had already reached 100% efficacy. This was because the dose of herbicide mixture
applied at the early post-emergence was sufficient to inhibit the emergence of weeds, and the level
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Table 3. Allelochemical efficacy of jering pods and sorghum biomass extracts combined with
Calaris herbicide on weeds of corn grown in polybags

Broad-leaves

Grass Weeds Total Weeds
weeds
Treatment Combination Dry  Efficacy Dry Efficacy Dry Efficacy
Weight (%) Weight o Weight (%)
(g/m?) @m) P (gm)
Control 75.2° - 16.6* - 91.8° -
Extract of jering pods 55.4b 26 12.0° 28 67.4° 27
Extract of sorgum biomass ~ 49.8° 34 12.5% 25 62.3° 32
Extract of jering 26.4¢ 65 13.6° 18 40.0¢ 56
pods+Extract of sorgum
biomass
Calaris herbicide 0.04 100 0.0° 100 0.04 100
Calaris+Extract of jering 0.04 100 0.0° 100 0.04 100
pods
Calaris+Extract of sorgum  0.0¢ 100 0.0° 100 0.04 100
biomass
Calaris+Extract of jering 0.04 100 0.0° 100 0.0¢ 100
pods+Extract of sorgum
biomass
ANOVA 5% * - * - * -

Notes: Means of data in a column were separated by DMRT 5 %; *=significant effect of the
treatment; Efficacy was calculated from the decrease of weed dry weight of a treatment compared
to control.

persisted for one season [24, 31]. To evaluate the mixing effects, it is necessary to test the
combination of herbicide at a lower dose combined with allelochemicals so that the synergistic
efficacy of the mixed compounds can be observed [25]. On the other hand, the additive effect of
mixing allelochemicals of jering pods with sorghum biomass extracts was more significant in grass
weeds compared with the broadleaf weeds. This result was different from the previous research
which stated that the allelochemical efficacy of jering pods on broadleaf weeds and narrow leaf
weeds was similar [12].

3.3 Growth and yield of corn

The combination of herbicide mixtures with jering pod and sorghum biomass extracts showed a
significant effect only on corn stover weight, but not on plant height, number of leaves, and stem
diameter (Table 4). However, the plant height and stem diameter showed a tendency to increase in
all treatments, while the number of leaves did not respond to the treatments (Table 4). The lowest
plant heights and stem diameters (169.16 cm and 2.78 mm) were found in the control (without
allelochemicals and herbicide treatment). These then increased in all treatments, and the maximum
was observed in the combination treatment of herbicides with allelochemicals of jering pods and
sorghum biomass extract, which were 182.52 cm and 3.14 mm, respectively. Corn stover weight
experienced an insignificant increase in all treatments, except in the combination of herbicide with
the allelochemicals of jering pods and sorghum biomass extracts, where it was 70.2 gram per plant.
The weight of this stover was significantly different from all other treatments and controls. The
results for corn stover were in line with the increases in plant height and stem diameter.
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Table 4. The effect of allelochemical extracts of jering pods and sorghum biomass combined with
Calaris herbicide on the growth of corn grown in polybags

Plant Number of Stem Corn Stover
Treatment Height Leaves Diameter(cm) Weight
(cm) (sheets) (g/plant)
Control 169.16 11.6 2.78 54.8°
Extract of jering pods 184.38 11.4 2.74 56.4°
Extract of sorgum biomass 178.98 11.0 2.77 57.8b
Extract of jering
pods+Extract of sorgum 178.32 11.2 3.01 56.2°
biomass
Calaris herbicide 188.14 11.4 2.93 55.0°
Calaris+Extract of jering pods 175.34 11.0 2.94 59.0°
Qalaris+Extract of sorgum 180.42 112 3.04 60,85
biomass
CalaristExtract of jering
pods+Extract of sorgum 181.52 12.2 3.14 70.2%
biomass
ANOVA 5% ns ns ns *

Notes: Means of data in a column were separated by DMRT at 5%; ns=non-significant effect,
*=gsignificant effect of the treatment.

The yield and yield components were not significantly affected by the treatments applied,
but descriptively there were increases in cob length, diameter of cob, and weight of cob (Table 5).
The three variables were observed to be the lowest in the control at 20.42 cm, 41.87 mm, and 175
grams per plant, respectively, while for the allelopathic treatments, the yield and yield components
increased and the maximum values were obtained for a combination of herbicides with
allelochemicals from jering pods and sorghum biomass extracts, and were 25.12 cm, 44.16 mm, and
234.6 grams per plant, respectively. Moreover, it appears that corn yield was observed to have
increased by 19, 22, and 22%, respectively, as the cob weight per plant increased in all treatments
starting with jering pod extract, and sorghum biomass extract and the mixture of jering pods and
sorghum biomass extracts. The increase in yield with herbicide treatment was 27%, while with a
mixture of herbicides and allelochemical compounds, the yield increased to 33-34% (Table 5). The
increase in yields indicates that there was a synergy when the allelochemical compounds were mixed
with premixed formulation herbicides [28].

The increase in growth and yield is an indicator of better metabolic processes in plants.
Plant growth as observed as increase in corn stover weight, and corn yield in terms of increase in
cob weight per plant was caused by the effectiveness of weed control on the planting environment.
The herbicide mixture of atrazine and mesotrione was able to prevent the emergence of weeds while
the allelochemical treatments were able to control the emergence and growth of weeds partially [7].
Weeds are strong competitors for crops, occupying the growing space, and competing for nutrients,
CO,, water, and sunlight [8]. Inhibition of the early emergence and suppression of weed growth that
decreases the weed weight of grasses and broad leaves can be seen in Table 3. As a consequence,
the plants did not experience significant disturbances from weeds, or there was minimal competition
[26, 28]. Crop growth process that proceeds at maximum metabolism can produce optimal organic
carbon levels which accumulate vegetatively and increase crop yields.
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Table 5. The effect of allelochemical extracts of jering pods and sorghum biomass combined with
Calaris herbicide on the yield variables of corn grown in polybags

Cob Cob . Yield
Treatment Length Diameter C?b/ \?;e{:,tg)ht Increased
(cm) (mm) &P (%)
Control 20.42 41.87 175.0 -
Extract of jering pods 23.38 43.45 208.8 19
Extract of sorgum biomass 23.26 46.52 213.8 22
Extract of jering ppds+Extract 2238 4391 214.0 2
of sorgum biomass
Calaris herbicide 23.46 44.61 222.8 27
Calarist+Extract of jering pods 22.22 43.46 235.0 34
Calarls-i-E)?tract of sorgum 23.60 4531 2342 33
biomass
Calaris+Extract of jering
pods+Extract of sorgum 25.12 44.16 234.6 34
biomass
ANOVA 5% ns ns ns -

Notes: Yield increase was calculated from the increase in cob weight of a treatment compared to
control; ns=non-significant effect of the treatment.

4. Conclusions

Aqueous extracts of the allelochemicals from jering pods and sorghum biomass, as well as those
extracts in combination with a herbicide mixture of atrazine and mesotrione, did not inhibit corn
seed germination but suppressed the growth of radicles and plumules. Water extract of the jering
pods and sorghum biomass, and a mixture of both, were able to suppress grass more significantly
than broad leaf weeds. The efficacy of allelochemicals from jering pods, sorghum biomass, and their
mixture against weeds reached 27, 32, and 56%, respectively. Mixing the allelochemicals of jering
pods and sorghum biomass showed an additional level of efficacy. Premixed formulations of
atrazine and mesotrione and their combination with allelochemicals controlled weeds, while
allelochemical compounds had only partial control. The effect of partial weed control and total weed
control improved the yield of cob weight by 19-22% and 27-34%, respectively.

5. Acknowledgements

We would like to thank the Dean of the Agricultural Faculty and the Department of Crop Production,
the University of Bengkulu, Indonesia for facilitating and supporting the research. We also
acknowledge the staff of the Laboratory of Agronomy, the University of Bengkulu for helping us
with the fieldwork.



Curr. Appl. Sci. Technol. Vol. 23 No. 5 M. Simarmata et al.

References

[10]

[11]
[12]

[14]

[15]

[16]

[17]

[18]

Oerke, E.C., 2006. Crop losses to pests: a centenary review. The Journal of Agriculture
Science, 144(1), 31-43, DOI: 10.1017/S0021859605005708.

Zachary, N.Z., Chynoweth, R., Gunnarsson, M., Rolston, P. and Buddenhagen, C.E., 2020.
A herbicide resistance risk assessment for weeds in wheat and barley crops in New Zealand.
PLoS One, 15(6), DOI: 10.1371/journal.pone.0234771.

Carbonari, C.A. and Velini, E.D., 2021. Risk assessment of herbicides compared to other pesticides
in Brazil. Advances in Weed Science, 39, 1-6, DOI: 10.51694/AdvWeedSci/2021;39:00006.
Weston, L.A., Alsaadawi, [.S. and Baerson, S.R., 2013. Sorghum allelopathy from molecule
to ecosystem. Journal of Chemical Ecology, 39(2), 142-153, DOI: 10.1007/s10886-013-0245-8.
Jabran, K., Mahajan, G., Sardana, V. and Chauhan, B.S., 2015. Allelopathy for weed control
in agricultural systems. Crop Protection, 72, 57-65, DOI: 10.1016/j.cropro.2015.03.004.
Macias, F.A., Molinillo, J.M., Varela, R.M. and Galindo, J.C., 2007. Allelopathy-a natural
alternative for weed control. Pest Management Science, 63,327-348, DOI: 10.1002/ps.1342.
Sathishkumar, A., Srinivasan, G., Subramanian, E. and Rajesh, P., 2020. Role of allelopathy in
weed management: a review. Agricultural Reviews, 41(4),380-386, DOI: 10.18805/ag. R-2031.
Duke, S.0., 2015. Proving allelopathy in crop-weed interactions. Weed Science, 63(SP1),
121-132, DOI:10.1614/WS-D-13-00130.1.

Macias, F.A., Duran, A.G. and Molinillo, J.M.G., 2020. Allelopathy: the chemical language
of plants. In: A.D. Kinghorn, H. Falk, S. Gibbons, J. Kobayashi, Y. Asakawa, and J.-K. Liu,
eds. Progress in the Chemistry of Organic Natural Products. Volume 112. Cham: Springer,
pp- 1-84.

Simarmata, M., Sitanggang, C.D. and Djamilah, 2015. Shifting of weed compositions
and biomass production in sweet corn field treated with organic compost and chemical
weed control. Agrivita, Journal of Agriculture Science, 37(3), 226-236, DOI:
10.17503/Agrivita-2015-37-3-p226-236.

Bhadoria, P.B.S., 2011. Allelopathy: A natural way towards weed management. American
Journal of Experimental Agriculture, 1, 7-20, DOI: 10.9734/AJEA/2011/002.

Nurjanah, U., Setyowati, N. and Simarmata, M., 2020. Allelopathic potential of aqueous
extract of Archidendron jiringa (Jering) pods for weed control in the swamp paddy field.
International Journal of Agriculture and Technology, 16(5), 1153-1164.

Cheng, F. and Cheng, Z., 2015. Research progress on the use of plant allelopathy in
agriculture and the physiological and ecological mechanisms of allelopathy. Frontiers in
Plant Science, 6, DOI: 10.3389/fpls.2015.01020.

Bunawan, H., Dusik, L., Bunawan, S.N. and Amin, N.M., 2013. Botany, traditional uses,
phytochemistry and pharmacology of Arhidendron jiringa: A Review. Global Journal of
Pharmacology, 7, 474-478, DOI: 10.5829/idosi.gjp.2013.7.4.824.

Barceloux, D.G., 2009. Djengkol Bean (Archidendron jiringa (Jack) 1.C. Nielsen). Disease-
a-Month, 55, 361-364, DOI: 10.1016/j.disamonth.2009.03.005.

Sitanggang, A.F., Simarmata, M., Simanihuruk, B.W. and Nurjanah. U., 2021. Allelochemical
potential of aqueous extract and mulch of plant biomass of Sorgum bicolor L. Moench
(Indonesian). Jurnal Ilmu Pertanian Indonesia, 23(2),121-128, DOI: 10.31186/jipi.23.2.121-128.
Dahlberg, J., Wolfrum, E., Bean, B. and Rooney, W.L., 2011. Compositional and agronomic
evaluation of sorghum biomass as a potential feedstock for renewable fuels. Journal of
Biobased Materials and Bioenergy, 5(4), 507-513, DOI: 10.1166/jbmb.2011.1171.
Simarmata, M., Barchia, F.M. and Simatupang, S.N., 2017. Prospect for growing sorghum
(Sorghum bicolor L. Moench) at marginal dry land in coastal area retrieved with organic soil
amendments. Asian Journal of Crop Science, 9(4), 118-124, DOI: 10.3923/ajcs.2017.118.124.

10


https://doi.org/10.51694/AdvWeedSci/2021;39:00006
https://doi.org/10.1016/j.cropro.2015.03.004
https://doi.org/10.31186/jipi.23.2.121-128

Curr. Appl. Sci. Technol. Vol. 23 No. 5 M. Simarmata et al.

[19]

[20]

(21]

[22]

(23]

(24]

[25]

[26]
(27]

(28]
[29]

[30]

(31]

Cheema, Z.A., Khalig, A., and Saeed, S., 2004. Weed control in maize (Zea mays L.) through sorghum
allelopathy. Journal of Sustainable Agriculture, 23(4), 73-86, DOI: 10.1300/J064v23n04 07.
Glab, L., Sowinski, J., Bough, R. and Dayan, F.E., 2017. Allelopathic potential of sorghum
(Sorghum bicolor L. Moench) in weed control: a comprehensive review. Advances in
Agronomy, 145, 43-95, DOI: 10.1016/bs.agron.2017.05.001.

Murimwa, J.C., Rugare, J.T., Mabasa, S. and Mandumbu, R., 2019. Allelopathic effects of
aqueous extracts of sorghum (Sorghum bicolor L. Moench) on the early seedling growth of
sesame (Sesamum indicum L.) varieties and selected weeds. Hindawi International Journal
of Agronomy, 2019, DOI: 10.1155/2019/5494756.

Farooq, M., Khan, 1., Nawaz, A. and Siddique, K.H.M., 2020. Using sorghum to suppress
weeds in autumn planted maize. Crop Protection, 133, DOI: 10.1016/j.cropro.2020.105162.
Mitchell, G., Bartlett, D.W., Fraser, T.E., Hawkes, T.R., Holtz, D.C., Townson, J.K. and
Wichert, R.A., 2001. Mesotrione: a new selective herbicide for use in maize. Pest
Managament Science, 57, 120-128.

James, T.K., Rahman, A. and Hicking, J., 2006. Mesotrione is a new herbicide for weed control
in maize. New Zealand Plant Protection, 59, 242-249, DOI: 10.30843/NZPP.2006.59.4403.
Chabhal, P.S., Jugulam, M. and Jhala, A.J., 2019. Basis of atrazine and mesotrione synergism
for controlling atrazine- and HPPD inhibitor-resistant palmer amaranth. Agronomy Journal,
111(6), 3265-3273, DOI: 10.2134/agronj2019.01.0037.

Owen, M.D.K., 2016. Diverse approaches to herbicide-resistant weed management. Weed
Science, 64, 570-584, DOI: 10.1614/WS-D-15-00117.1.

Székacs, A., 2021. Herbicide mode of action. In: R. Mesnage and J.G. Zaller, eds.
Herbicides. Amsterdam: Elsevier, pp. 41-86.

Zimdahl, R.L., 2018. Fundamentals of Weed Science. 5" ed. London: Academic Press.
Shaner, D.L., 2014. Herbicide Handbook. 10" ed. Lawrence: Weed Science Society of
America.

Emendack, Y., Hayes, C., Chopra, R., Sanchez, J., Burou, G., Xin, Z. and Burke, J.J., 2017.
Early seedling growth characteristics relate to the staygreen trait and Durrin levels in
sorghum. Crop Science, 57(1), 404-415, DOI: 10.2135/cropsci2016.04.0284.

Vollmer, K.M., VanGessel, M.J., Johnson, Q.R. and Scott, B.A., 2017. Relative safety of
preemergence corn herbicides applied to coarse-textured soil. Weed Technology, 31, 356-363.

11


https://doi.org/10.1016/bs.agron.2017.05.001
https://doi.org/10.1155/2019/5494756
https://www.sciencedirect.com/science/article/abs/pii/S0261219420300958#!
https://www.sciencedirect.com/science/article/abs/pii/S0261219420300958#!
https://www.sciencedirect.com/science/article/abs/pii/S0261219420300958#!
https://www.sciencedirect.com/science/article/abs/pii/S0261219420300958#!
https://doi.org/10.1016/j.cropro.2020.105162
https://doi.org/10.30843/NZPP.2006.59.4403
https://acsess.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Emendack%2C+Yves
https://acsess.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Hayes%2C+Chad
https://acsess.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Burke%2C+John
https://acsess.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Sanchez%2C+Jake
https://doi.org/10.2135/cropsci2016.04.0284

	Marulak Simarmata*, Wendy Yosevin Siahaan, Prasetyo Prasetyo and Marlin Marlin

