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Herbicidal Activity of Rotation Crop Residues on Weeds and Selectivity to Crops
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ABSTRACT

Allelopathic activity of rotation crop residues to common weeds and selectivity of crops were studied for developing an
alternative weed control strategy in upland organic farming. All rotation crop residues with various ratios suppressed weed
growth, but the growth of crop species stimulated a little when those were grown with the mixture of rotation crop residues
except a few crop species. Among the rotation crop residues used in this study hairy vetch was the most effective, followed
by Chinese milkvetch, barley and rye in suppression of weed growth. The 90:10 (crop:soil, v/v) treatments incorporation rate of
crop residues such as hairy vetch and Chinese milkvetch suppressed completely the growth of all weed species tested in this
study. The effect of crop residues on suppression of weed growth reduced to 90% when the incorporation rates decreased to
60% [60:40 (crop:soil, v/v). It was noticed that broadleaf weed species were more susceptible to rotation crop residues than
grass weed species. In the influence of crop residues on the crop growth, no growth inhibition was found in red pepper,
lettuce and perllia at any incorporation rates, but tomato, cucumber and corn were slightly inhibited in a few cases at their
highest incorporation levels. This study demonstrated that rotation crop residues especially hairy vetch and Chinese milkvetch

have high herbicidal effects against weeds without inhibiting the growth of crop species.
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[. INTRODUCTION

Allelopathy is a natural and environment-friendly technique
which may prove to be a unique tool for weed management
and thereby increase crop yields. Allelopathy involves direct or
indirect (harmful or beneficial) effects of one plant on another
through the production of secondary chemical compounds that
escape into the environment. Chemicals with allelopathic
potential are present in virtually all plants and in most tissues,
including leaves, stems, flowers, roots, seeds and buds.

Weed suppression has been in some cases attributed to
physical interference (Teasdale 1996; Samarajeewa et al. 2006)

and in others to chemical competition (Mohler and Teasdale
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1993; Weston 1996; Caamal-Maldonado et al. 2001; Singh et
al. 2003; Weston and Duke 2003). Growth inhibition or stimulation
resulting from the release of secondary plant compounds is
termed allelopathy (Molisch 1937). Allelopathy also includes
plant derived compounds that possess allelopathic properties after
microbial transformation. When released into the soil, either by
root exudation or residue decomposition, allelochemicals have
the potential to influence neighboring plant life, depending on
the quantity and persistence of the chemical (Putnam 1988).
Changes from conventional to conservation tillage practices
can cause shifts in weed species and densities (Wilson and
Foy 1990). Similarly, changes in crop rotation sequences can
also affect weed populations (Hume et al. 1991). Any
agricultural practice may create changes in the weed flora on
a given site (Holt and LeBaron 1990). Crop residues are
defined as crop or its parts left in field for decomposition after
it has been thrashed or harvested (Kumar and Goh 2000).
Earlier these were regarded merely as waste, but now because
of their usefulness they are considered an important resource

that can bring significant physical, chemical, and biological
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changes in the agricultural soil after amendment. In the
conservation tillage system, the retention of crop residues
improves soil, increases water filtration, reduces labor, and
suppresses weeds under some situations by bringing a shift in
weed flora or directly suppressing them (Moody 1995; Jones et
al. 1999). The presence of crop residues on the soil surface as
mulch suppresses weeds through allelopathy and thus reduces
a greater reliance on herbicides (White et al. 1989; Worsham
1991; Batish et al. 2001). However, additional management
practices are required (Yenish et al. 1996). Some residues are
also known to enhance the efficiency of herbicides (Teasdale
et al. 1991); however, much depends on crop residues, its
placement, environmental conditions, and cropping patterns.
Currently, there is an interest in legumes species especially
hairy vetch and Chinese milkvetch for their easily
decomposable potential to use as cover crop or rotational crop
or use as crop residues to suppress weed growth. Information
regarding crop residues of hairy vetch and Chinese milkvetch
are very limited yet. Therefore, this study intends to determine
herbicidal activity and crop injury of four different rotation

crop residues.

I1. MATERIALS AND METHODS

1. Plant materials

Barley, rye, Chinese milkvetch and hairy vetch were used in
this study. Barley straw was collected from experimental farm
of Chungnam National University in harvest period. Hairy
vetch, Chinese milkvetch and rye were collected from Rural
Development Administartion (RDA), Korea. Thirteen weed species
i.e. grasses (Echinochloa crusgalli, Digitaria sanguinalis, Arthraxon
huspidus, Poa annua and Avena faiua), sedge i.e. Cyperus iria
and broadleaf i.e, Galium spurium, Amaranthus retroflexus,
Rumex japonicus, Chenopodium album, Bidens bipinnata, Plantago
astatica, and Aeschynomene indica was collected from the
experimental farm of Chungnam National University. Six
different crop species i.e., red pepper, tomato, perllia,

cucumber, lettuce and com were purchased from market.

2. Preparations of plant material

After collection, the rotation crop residues were dried under
shade in a polyethylenehouse of Chungnam National University.
The studied crop residues were cut as small as possible and
then used a disc type mill (Laboratory Mill 3600, Korea) to
grind the samples. After grinding, the ratio of each rotation

crop residues was mixed as a 0/100, 20/80, 40/60, 60/40,
80/20 and 90/10 of crop/soil by volume.

3. Weed control efficacy and crop injury

The allelopathic potential of different rotation crop residues
against several weed and crop species were evaluated. Assays
were performed by impregnating rotation crop residues/upland
soil mixture (0:100, 20:80, 40:60, 60:40, 80:20, 90:10 v/v).
Thirteen weed species and 6 different crop species i.e., red
pepper, tomato, perllia, cucumber, lettuce and corn were grown
in Wagner pots (1/5000 a). Each pot was filled up with
upland cultivated dried soil up to 14.5 c¢cm and then an
amount of soil (that can cover 2 cm length of pot) was taken
in a plastic bowl and 10 seeds of each weed species were
mixed with this soil. After that these were seeded above 14.5
cm soil surface and then the next 0.5 em portion was filled
with above mentioned ratio of rotation crop residues and soil.
Ten seeds of each crop species were sown in the pots.
Treatments were replicated four times and arranged as a
completely randomized design within the greenhouse. Pots were
watered as required to prevent drying out and to allow
sufficient moisture on the soil surface for germination of weed
seeds. Thirty days after treatment, plant height of all crop
species and shoots portion of weed and crop species were
collected and kept separately in brown paper bags and then
placed in an electric oven at 72°C for 3 days. The samples
were weighed separately. Efficacy of different rotation crop
residues was measured based on dry matter of weed and crop
species. Percent inhibition as compared to the control was

calculated for all data collected.

ll. RESULTS

1. Weed control efficacy

All the rotation crop resides significantly reduced the growth
of all tested weed species (Table 1 and 2). The degree of
inhibition increased with increasing mixture ratio of crop
residues (Table 2). Generally it was noticed that broadleaf
weeds were suppressed more than grasses and sedge weeds.
Among the four different rotation crop residues, hairy vetch
was the most effective to inhibit weeds followed by Chinese
milkvetch, barley and rye.

The growth inhibition was 61.1, 78.9, 95.5% using hairy vetch
at the mixture ratio of 20:80, 40:60 and 60:40, respectively. At
the highest mixture ratio of both hairy vetch and Chinese

O

orsrei M37A M=, 2010. 6



Md Romij Uddin - Jong Yeong Pyon

Table 1. Effect of different rotation crop residues on dry weight of weeds by species.

Crop Mixture Dry weight of weeds (g)
ratio Grasses Sedge Broadleaf weeds
(crop: soll v/v) EC DS Ah Pa Af Ci Gs Ar Rj Ca Bb Pa Ai
Barley 20:80 190 283 012 009 045 0.37 002 001 002 001 113 021 037
40:60 1.34 1.21 0.01 0.07 0.24 0.12 0 0 0.01 0 035 014 0.13
60:40 093 043 0 0.02 0.13 0 0 0 0 0 0.17 0 0.04
80:20 0.01 0.04 0 0 0 0 0 0 0 0 0.03 0 0
90:10 0.01  0.02 0 0 0 0 0 0 0 0 0.01 0 0
Rye 20:80 198 358 0.2 0.12 0.55 0.46 0.07 004 002 0.0l 043 022 041
40:60 1.79  3.08 0.08 0.11 0.39 0.33 0.01 0 0 0 038 013 021
60:40 1.58 198 001 0.06 0.32 0.17 0 0 0 0 0.12  0.03 0
80:20 133 059 001 005 026 0.11 0 0 0 0 0.08 0 0
90:10 024 0.28 0 0.02 0.09 0 0 0 0 0 0.11 0 0
Hairy 20:80 1.46 1.83 0 0.10 0.39 0.55 0.06  0.05 0 0.01 0.14 0 0
vetch 40:60 1.00 094 0 0.05 0.28 0.19 0 0 0 0 0.03 0 0
60:40 032 0.18 0 0 0 0.03 0 0 0 0 0 0 0
80:20 0.01 0 0 0 0 0 0 0 0 0 0 0 0
90:10 0 0 0 0 0 0 0 0 0 0 0 0 0
Chinese 20:80 le4 273 010 019 0.49 0.58 0.07  0.06 0 0.01 0.23 0 0.03
milk 40:60 121 223 003 018 040 0.33 0.01  0.03 0 0 0.08 0 0
vetch 60:40 0.56  0.13 0 0 0 0.13 0 0 0 0 0 0 0
80:20 0.01 0 0 0 0 0 0 0 0 0 0 0 0
90:10 0 0 0 0 0 0 0 0 0 0 0 0 0
Control 100:0 232 443 027 025 0.73 0.77 012 020 006 006 135 050 0.72

Ec, Echinochloa crus-galli; Ds, Digitaria saunganalis; Ah, Arthraxon hispidus; Pa, Poa annua; Af, Avena fatua; Ci, Cyperus iria; Gs, Galium spurium, Ar,

Amaranthus retroflexus; Rj, Rumex japonicus; Ca, Chenopodium album; Bb, Bidens bipinnata; Pa, Plantago asiatica; Ai, Aeschynomene indica

Table 2. Effect of different rotation crop residues on control of weeds by species.

Crop Mixture Weed control efficacy (%)
ratio Grasses Sedge Broadleaf weeds
(crop: soil v/v) EC DS Ah Pa Af Ci Gs Ar Rj Ca Bb Pa Ai
Barley 20:80 148 345 538 609 36.6 43.1 80 933 667 857 157 563 493
40:60 39.9 72 962 696 66.2 81.5 100 100 833 100 739 708 822
60:40 58.3 90 100 913 817 100 100 100 100 100 873 100 945
80:20 99.6  99.1 100 10 100 100 100 100 100 100 978 100 100
90:10 99.6  99.5 100 100 100 100 100 100 100 100 993 100 100
Rye 20:80 168 166 58.6 368 26.7 36.1 364 778 60 833 686 542 414
40:60 248 282 724 421 48 54.2 909 100 100 100 723 729 70
60:40 336 538 966 634 573 76.4 100 100 100 100 912 938 100
80:20 4.1 862 966 737 653 84.7 100 100 100 100 942 100 100
90:10 809 935 100  89.5 88 100 100 100 100 100 92 100 100
Hairy 20:80 38.7 60.1 100 583 435 30.4 571 737 100 80 89.4 100 100
vetch 40:60 58 795 100 792 594 75.9 100 100 100 100 977 100 100
60:40 86.6  96.1 100 100 100 96.2 100 100 100 100 100 100 100
80:20 99.6 100 100 100 100 100 100 100 100 100 100 100 100
90:10 100 100 100 100 100 100 100 100 100 100 100 100 100
Chinese 20:80 28.7 397 63 406 364 37 50 769 100 833 83 100  95.6
milk 40:60 474 508 889 438 481 64.1 929 885 100 100 94.1 100 100
vetch 60:40 757 9711 100 100 100 85.9 10 100 100 100 100 100 100
80:20 99.6 100 100 100 100 100 100 100 100 100 100 100 100
90:10 100 100 100 100 100 100 100 100 100 100 100 100 100
Control 100:0 - - - - - - - - - - - - -

Ee, Echinochloa crus-galli; Ds, Digitaria saunganalis; Ah, Arthraxon hispidus; Pa, Poa annua; Af, Avena fatua; Ci, Cyperus iria; Gs, Galium spurium, Ar,

Amaranthus retroflexus; Rj, Rumex japonicus; Ca, Chenopodium album; Bb, Bidens bipinnata; Pa, Plantago asiatica; Ai, Aeschynomene indica
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milkvetch (80:20 of residues:soil v/v) completed weed control
efficacy was obtained, but hairy vetch was more inhibitory effect
to weeds (61.1%) at the lowest mixture (20:80 of residues:soil
v/v) compared to Chinese milkvetch (48.1%) (Fig. 1). The growth
inhibition of weeds was 48.1, 61.9 and 93.1% by Chinese
milkvetch at the mixture ratio of 20:80, 40:60 and 60:40,
respectively.

Almost all the weed species was suppressed by the mixture
ratio of both hairy vetch and Chinese milkvetch at 80:20 and
90:10. At the ratio of 60:40 or 40: 60 greater than 90% weed
growth was suppressed by hairy and Chinese milkvetch. The
most susceptible weed species were Arthraxon hispidus, Rumex
Japonicus, Plantago asiatica, Aeschynomene indica for hairy
vetch residues where 100% weed was suppressed by the
lowest ratio mixture of hairy vetch (20:80 hairy vetch/soil
mixture).

A few number of weed species was survived at the maximum
level of rotation crop mixture of rye and barley. Between two
grasses rotation crop residues, barley inhibited greater than
rye. The growth inhibition of weeds was 36.2, 69.3 and 85.4%
by barley residue at the mixture ratio of 20:80, 40:60 and
60:40, respectively, whereas the growth inhibition of weeds by
rye residue was 32.1, 44.8 and 63.8% at the mixture ratio of
20:80, 40:60 and 60:40, respectively.
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Fig. 1. Effect of different rotation crop residues on control

of weeds.

2. Crop injury

A different scenario was found in case of rotation crop
residues effect on crop species. The growth of crop species
tested did not hamper by different rotation crop residues.

Tomato was more susceptible among the crop species tested

(Table 3 and 4). Corn was affected lesser at the highest
mixture level of all the rotation crop residues. Cucumber was
slightly affected at the highest level of Chinese milkvetch

mixture.

IV. DISCUSSION

Plants affect the growth of neighboring or succession plants
by releasing phytotoxic constituents into the soil. These
phytochemicals are released either by root exudates from the
living plant tissues or by decomposition of plant materials.
Residue may play a role in affecting weed growth by reducing
light and modifying soil temperature. However, in cases where
residue was of a similar physical consistency, differences in
weed dry matter production are more likely to be attributed to
allelopathic activity. In this study we found inhibitory effect of
different rotation crop residues on different weeds especially
hairy vetch residues was most effective to suppress weed
growth. Recently one study was done using methanol and
ethanol extraction of hairy vetch and found inhibitory effect on
different weeds (Hill et al. 2006). It seems that hairy vetch
crop residues have allelochemicals thus help to reduce weed
growth. Weed species exhibited greater phytotoxic responses to
hairy vetch than to crimson clover (White et al. 1989) in the
debris and extract studies. Weed growth was reduced using
winter cereals and their cover crop mulch (Dhima et al. 2006).
The annual medic residues reduced the density and dry weight
of summer annual weeds (Fisk et al. 2001). The emergence,
root and shoot growth, and root dry weight of the bioassay
species were rteduced when grown in soil mixed with the
leaves of L. radiate (Igbal et al. 2006). Aqueous extracts of
the fresh leaves at various concentrations inhibited the root
and shoot growth of all tested plant species. In this study we
found the inhibitory effect of different rotation crop residues on
different weeds especially hairy vetch residues was most
effective to suppress weed growth. Thus, hairy vetch residue as
cover mulch could be an alternate approach for weed

management in upland organic farming.
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Table 3. Effect of different rotation crop residues on plant height of crops.

Crop Mixture Plant height of various crops (cm)
ratio Corn Cucumber Red pepper Tomato Lettuce Perllia
(crop: soil v/v)

Barley 20:80 52.2 27.6 5.9 7.3 3.5 4.3
40:60 54.7 32.2 10.9 8.7 3.6 4.6

60:40 573 27.1 9.9 7.1 338 4.8

80:20 53.3 23.1 9.1 6.7 4.4 6.1

90:10 50.9 23.0 8.8 6.6 3.5 8.3

Rye 20:80 54.1 28.7 6.0 9.8 3.7 7.9
40:60 56.3 32.6 9.7 9.5 4.0 74

60:40 58.6 37.3 9.0 9.5 3.9 8.1

80:20 52.4 37.3 9.9 8.9 3.6 8.7

90:10 48.7 34.6 10.3 9.2 3.7 8.5

Hairy vetch 20:80 57.5 20.5 7.8 74 3.5 4.8
40:60 59.4 21.4 8.1 10.0 3.7 7.1

60:40 61.8 30.6 10.6 8.2 3.9 6.0

80:20 53.5 26.8 11.2 9.7 3.7 54

90:10 51.0 25.0 10.5 10.8 3.6 6.2

Chinese milkvetch 20:80 57.8 31.9 7.0 10.9 3.8 4.5
40:60 64.3 324 7.8 10.7 4.0 8.0

60:40 63.3 27.0 9.3 12.3 3.9 10.7

80:20 38.1 23.8 7.3 10.8 39 6.0

90:10 26.3 17.2 6.5 10.2 3.6 5.2

Control 100:0 51.9 20.1 5.8 7.1 3.3 4.4

Table 4. Effect of different rotation crop residues on dry weight of crops.

Crop Mixture Dry weight of crops (g/pot)
ratio Corn Cucumber Red pepper Tomato Lettuce Perllia
(crop: soil v/v)

Barley 20:80 3.0 0.95 0.11 0.12 0.04 0.12

40:60 3.0 1.39 0.14 0.16 0.05 0.12

60:40 3.4 1.11 0.15 0.11 0.06 0.13

80:20 29 0.96 0.17 0.07 0.07 0.14

90:10 2.7 0.81 0.13 0.08 0.03 0.15

Rye 20:80 3.4 1.20 0.11 0.18 0.04 0.14

40:60 3.5 1.35 0.10 0.21 0.06 0.14

60:40 3.6 1.71 0.07 0.20 0.05 0.15

80:20 3.1 1.70 0.10 0.17 0.04 0.16

90:10 2.6 1.46 0.12 0.22 0.04 0.15

Hairy vetch 20:80 3.6 0.80 0.17 0.11 0.03 0.13

40:60 4.3 0.82 0.01 0.21 0.04 0.15

60:40 4.4 1.24 0.09 0.15 0.04 0.14

80:20 3.5 0.94 0.06 0.14 0.04 0.13

90:10 2.6 0.87 0.14 0.15 0.04 0.13

Chinese milkvetch 20:80 3.8 1.50 0.05 0.18 0.03 0.12

40:60 5.3 1.79 0.07 0.15 0.04 0.15

60:40 5.0 143 0.12 0.24 0.04 0.16

80:20 14 0.86 0.08 0.17 0.04 0.14

90:10 0.7 0.55 0.06 0.15 0.03 0.13

Control 100:0 2.93 0.80 0.05 0.09 0.02 0.11

Journal of Agricultural Science 37(1), 2010. 6



Herbicidal Activity of Rotation Crop Residues on Weeds and Selectivity to Crops

xﬂ =Z3Ae

284S BYa, Loz xgd, By, 3¢ 409
t}. SlofgBix| 9} A} JFETL ES SHIE 90:109]
A JEE 100% 7ol AAHA, SFHE 60:4000 4
T 90%0)F Aol A=Ak sloteHlA 40:60 HIE
ME Fxo] AFL 80% AA AL &44E FRES
Sl Gz Hlate] FPFZAA 2 AxLES U
ok &2 ARES B, AF9 AFe] Al
A= Gl glloy S5, 0], EntEANE Ji
& 1FE FEoA g AN 34 Btk

REFERENCE

1. Batish, D. R., Singh, H. P., Kohli, R. K. and Kaur, S. 2001.
Crop allelopathy and its role in ecological agriculture. J. Crop
Prod. 4 : 121-161.

2. Caamal-Maldonado, J. A., Jiménez-Osornio, J. J.,
Barragan, A. and Anaya, A. L. 2001. The use of allelopathic
legume cover and mulch species for weed control in cropping
systems. Agron. J. 93 : 27-36.

3. Dhima, K. V., Vasilakoglou, 1. B., Eleftherohorinos, I. G. and
Lithourgidis, A. S. 2006. Allelopathic potential of winter

Torres-

cereals and their cover crop mulch effect on grass weed
suppression and com development.
345-352.

4. Fisk J. W., Hesterman, O. B, Shrestha, A., Kells, J. J.,
Harwood, R. R., Squire, J.M. and Sheaffer, C.C. 2001. Weed
suppression by annual legume cover crops in no-tillage corn.
Agron J. 93 : 319-325.

5. Hill, E. C., Ngouajio, M. and Nair, M. G.. 2006. Differential
response of weeds and vegetable crops to aqueous extracts of
hairy vetch and cowpea. Hort. Sci. 43 : 695-700.

Crop Science. 46

6. Holt, J. S. and LeBaron, H. M. 1990. Significance and
distribution of herbicide resistance. Weed Technology. 4:
141-149.

7. Hume, L., Tessier, S. and Dyck, F. B. 1991. Tillage and
rotation influences on weed community composition in wheat
(Triticum — aestivum L) in  southwestern  Saskatchewan.
Canadian Journal of Plant Science. 71 : 783-789.

8. Igbal, H., Nasir, H., Hiradate, S. and Fujii, Y. 2006. Plant
growth inhibitory activity of Lycoris radiate Herb. and the
possible involvement of lycorine as an allelochemical. Weed
Biology and Management. 6 : 221-227.

9. Jones, E., Jessop, R. S., Sindel, B. M. and Hoult, A. 1999.

Proc. 12"

Utilising crop residues to control weeds. In:

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Australian Weed Conference, pp.373-376. Bishop, A., Boersma,
M., and Bames, C.D., Eds., Tasmanian Weed Science Society,
Devonport, Australia.

Kumar, K. and Goh, K. M. 2000. Crop residues and management
practices: effects on soil quality, soil nitrogen dynamics, crop
yield, and nitrogen recovery. Adv. Agron. 68 : 197-319.
Mohler, C.L. and Teasdale, J. R. 1993. Response of weed
emergence to rate of Vicia villosa Roth. and Secale cereale L
residue. Weed Res. 33 : 487-499.

Molisch, H. 1937. Der einfluk einer pflanze auf die andere-
Allelopathie. Jena, Germany Gustave Fischer.

Moody, K. 1995. Sustainability in rice weed management. P.
Asia Pac. Weed Sci. Conf. 15 : 93-103.

Putnam, A. R. 1988. Allelochemicals from plants as herbicides.
Weed Technol. 2: 510-518.

Samarajeewa, K. B. D. P., Horiuchi, T. and Oba, S. 2006.
Finger millet (Eleucince corocana L. Gaertn.) as a cover crop
on weed control, growth and yield of soybean under different
tillage systems. Soil Till. Res. 90: 93-99.

Singh, H. P., Batish, D. R. and Kohil, R. K. 2003. Allelopathic
interactions and  allelochemicals: new possibilities  for
sustainable weed management. Crit. Rev. Plant Sci. 22 : 239-
311.

Teasdale, J. R. 1996. Contribution of cover crops to weed
management in sustainable agricultural systems. J. Prod. Agric.
9 : 457-479.

Teasdale, J. R., Beste, C. E. and Potts, W. E. 1991. Response
of weeds to tillage and cover crop residues. Weed Sci. 39 :
195-199.
Weston, L. A. 1996.
management in agroecosystems. Agron. J. 88 : 860-866.
Weston, L. A. and Duke, S. O. 2003. Weed and crop
allelopathy. Crit. Rev. Plant Sci. 22 : 367-389.

White, R. H., Worsham, A. D. and Blum, U. 1989. Allelopathic
potential of legume debris and aqueous extracts. Weed Sci. 37:
674-679.

Wilson, J. S. and Foy, C. L.1990. Weed control in no-tillage
(Zea maize) with ICIA-0051 and
SC-0774. Weed Technology. 4: 731-738.

Worsham, A. D. 1991. Allelopathic cover crops to reduce
herbicide inputs. P. S. Weed Sci. Soc. 44 : 58-69.

Yenish, J. P., Worsham, A. D. and York, A. C. 1996. Cover
crops for herbicide replacement in no-tillage com (Zea mays).

Weed Technol. 10 : 815-821.

Utilization of allelopathy for weed

and conventional corn

sgErAL M373 Hi1s, 2010. 6



