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Abstracts Wheat varietal autotoxicity and varietal
allelopathy were assessed based on plant extract and
root exudate bioassays under laboratory conditions.
Aqueous extract of wheat differed in varietal auto-
toxicity and varietal allelopathy, inhibiting wheat
germination by 2-21%, radicle growth by 15-30%,
and coleoptile growth by 5-20%, depending on the
combination of the receiver and donor. Extracts of cv
Triller or cv Currawong were more allelopathic
to other wheat varieties than cv Batavia and cv
Federation. Triller extract was more autotoxic than
Federation. Assessment of root exudates by the
equal-compartment-agar-method further identified
the significant differences in varietal autotoxicity
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and varietal allelopathy of root exudates between
wheat varieties, with root exudates of Triller or
Batavia showing stronger autotoxic or allelopathic
effects than Currawong or Federation. The varietal
autotoxicity and allelopathy of root exudates also
showed a characteristic radial inhibitory pattern in the
agar growth medium. These results suggest that
careful selection of suitable wheat varieties is neces-
sary in a continuous cropping system in order to
minimize the negative impacts of varietal allelopathy
and varietal autotoxicity. Factors affecting autotox-
icity in the field and strategies in autotoxicity
management are discussed.
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Introduction

Allelopathy refers to the beneficial or harmful effects
of one plant on another by the release of inhibitory
substances from plants into the environment through
root exudation, leaching and volatilization, and
through the decomposition of plant residues (Rice
1984). Autotoxicity is an intraspecific allelopathy
occur when a plant species releases chemical sub-
stances that inhibit or delay germination and growth
of the same plant species (Putnam 1985). Application
of the concepts of allelopathy and autotoxicity in
depicting the chemical interactions between varieties
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within the same crop species results in ‘‘varietal
allelopathy’” and ‘‘varietal autotoxicity’’. Varietal
allelopathy occurs when plants of a given variety
release chemical substances that inhibit or delay
germination and growth of other varieties of the same
crop species. On the other hand, varietal autotoxicity
occurs when plants of a given variety release
chemical substances that inhibit or delay germination
and growth of the same variety.

Allelopathy of wheat (Triticum aestivum L.) has
been extensively examined for its potential in weed
management (Bertholdsson 2005; Wu et al. 2000b).
Research on wheat allelopathy has progressed rapidly
from the initial phase of evaluation of wheat allelop-
athy (Wu et al. 2000b, 2003a) to the identification of
wheat allelochemicals (Villagrasa et al. 2006; Wu
et al. 2002), the degradation of these compounds
(Fomsgaard et al. 2004) and, further, to the identi-
fication of genetic markers associated with wheat
allelopathy (Wu et al. 2003b). The genetic enhance-
ment of allelopathic traits has provided a promising
area for improved weed management (Wu et al.
1999). However, improved wheat allelopathic activ-
ity via biotechnological means might increase the
negative effects on growth of other crops and on
wheat itself.

Wheat has caused allelopathic inhibition to the
growth and yield of crops such as rice (Oryza sativa
L.), barley (Hordeum vulgare L.), rye (Secale cereale
L.) (Hozumi et al. 1974), cotton [Gossypium hirsutum
L. Merr.] (Hicks et al. 1989) and soybean (Glycine
max L. Merr) (Protic 1977). Wheat straw was also
allelopathic to a number of forage crops including
sorghum (Sorghum bicolor L. Moench), pearl millet
(Pennisetum glaucum L.), clusterbean (Cyamopsis
tetragonoloba L..) and cowpeas (Vigna unguiculata L.
Walp.) (Narwal et al. 1997).

Evidence of autotoxicity first appeared in an early
report (Schreiner and Reed 1907), who claimed that
the roots of wheat, oats, and certain other crop plants
exude chemicals inhibitory to their own seedlings.
Since then, autotoxicity has been identified in many
field crops, including alfalfa (Medicago sativa L.)
(Hedge and Miller 1990), rice (Chou and Chiou
1979), barley (Ben-Hammouda et al. 2002), wheat
(Waller 1987; Young et al. 1989), asparagus (Aspar-
agus officinalis L.) (Young 1984) and cucurbit crops
(Yu et al. 2000). The ecological significance of
autotoxicity has involved geographical distribution,
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adaptation to induced dormancy and prevention of
seeds and propagules from decay (Friedman and
Waller 1983).

Conservation farming including stubble retention
has been widely adopted by farmers worldwide
because of its advantages in soil and moisture
conservation and fuel savings, but poor early growth
of wheat and yield reduction have sometimes been
observed in the reduced or no-tillage farming systems
where wheat residues are retained in the field
(McCalla and Army 1961). The cause of the yield
reduction could be due to reduced soil temperature,
physical barriers, and nitrogen immobilization (Kim-
ber 1973; Hairston et al. 1987), as well as the
phytotoxic chemicals released from decomposing
wheat residues (Kimber 1967; McCalla and Haskins
1964). In the field, the inclusion of wheat in a farming
system, either with monocropping or in rotation with
other crops, may cause higher autotoxic effects in
comparison with those cropping systems without
wheat (Waller 1987; Young et al. 1989).

Confirmation under controlled environments
showed that wheat residue water extracts were
autotoxic to the germination and seedling growth of
wheat (Alam 1990; Guenzi et al. 1967; Kimber
1967). In solution culture, Protic et al. (1980) found
that wheat seedling root volume, total root area and
active root area were decreased with an increase in
the quantity of the wheat residue amended into the
nutrient solution.

Much of the knowledge on autotoxicity in crops
has resulted from the study of plant residues.
Investigation of the autotoxic effects of root exudates
is scarce. Young (1984) demonstrated that root
exudates of asparagus inhibited the growth of the
radicle and shoot of asparagus seedlings, suggesting
asparagus autotoxicity is a possible mechanism for
the yield decline and replanting failure. Yu et al.
(2000) found that root exudates of many cucurbit
crops possess strongly autotoxic potential. No infor-
mation is available on the autotoxic effects of wheat
root exudates, although such exudates contained
phytotoxic chemicals (Nakano et al. 2006; Wu et al.
2001, 2002) and were inhibitory to annual ryegrass
(Lolium rigidum Gaud.) (Wu et al. 2000b). This paper
evaluates varietal allelopathy and varietal autotoxic-
ity of root exudates and residue extracts in wheat and
describes the differential sensitivity (tolerance) of
wheat varieties to root exudates of wheat seedlings.
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Materials and methods

Collection of wheat material and preparation of
plant extract

Based on a previous research of wheat phytotoxic
activity of aqueous extract on the growth of L. rigidum
(Wu et al. 2003a), four wheat varieties (Triller, Batavia,
Currawong and Federation) were chosen and used in this
study. A previous plant extract bioassay was adopted
with slight modification (Wu et al. 2003a). Shoots of the
four varieties were collected from the field just prior to
harvest. After the removal of grain spike, leaves and
stems were combined and oven-dried at 40°C for 72 h,
and ground to pass through a sieve of 0.25 mm. Ten
grams of residue powder from each wheat variety were
extracted with 100 ml of distilled water in a glass jar for
48 h at 20°C. The mixture was filtered through four
layers of cheese cloth and the resulting filtrate was
centrifuged at 10,000 rpm for 15 min at 10°C. The
supernatant was then vacuum-filtered through one layer
of microfilter paper (Whatman, 0.25 pm). The sterilized
filtrate was designated as full strength (100%).

Autotoxicity assessment of wheat residue extract

Wheat varieties Triller and Batavia were used as the
receivers. Twenty-five seeds (non surface-sterilized)
of each of the receivers were sown onto 9 cm petri
dishes lined with one layer of Whatman No.1 filter
paper. Six millitre of each extract (1/3 of the full
strength) from four donor varieties (Triller, Batavia,
Currawong and Federation) were delivered to each
petri dish, and distilled water (6 ml) was used as
control. Each petri dish with its cover was sealed with
a piece of parafilm to reduce evaporation. All dishes
were maintained in a tissue culture room at 23°C with
fluorescent lights for 24 h as described previously
(Wu et al. 2003a). The fluorescent light intensity was
4.17 £ 0.18 x 10 lux. Germinated seeds with >1 mm
radicle were recorded and root lengths measured after
5 days of incubation. Treatments included a full
factorial of four donor varieties by two receivers.

Autotoxicity assessment of root exudates of wheat
seedlings

The four wheat varieties were used as the donors
and receivers, respectively. The equal-compart-

ment-agar-method (ECAM) was employed to study
the autotoxicity of wheat root exudates, because
this method successfully separates competition
from allelopathy (Wu et al. 2000b). Briefly, wheat
seeds were surface-sterilized by soaking the seeds
in 70% ethanol for 2.5 min, followed by 4 rinses
in sterilized distilled water. They were then
soaked in 2.5% sodium hypochlorite solution for
15 min followed by 5 rinses in sterilized distilled
water. The surface-sterilized seeds of the wheat
genotypes were soaked in sterilized water for the
imbibition of water in light at 25°C for 24 h and
then rinsed with fresh sterilized water. The wheat
seeds were then germinated in light at 25°C for
another 24 h.

Twelve pre-germinated seeds of each donor
wheat varieties were uniformly selected and asep-
tically sown on the agar surface with the embryo
up, in three rows on one half of a glass beaker
(500 ml) pre-filled with 30 ml of 0.3% water agar.
The beaker was wrapped with a piece of parafilm
and placed in a controlled growth cabinet with a
daily light/dark cycle of 13 h/11 h and a temper-
ature cycle at 25°C/13°C. The fluorescent light
intensity in the cabinet was 3.56 + 0.16 x 10° lux.
After the growth of wheat seedlings for 7 days, 12
pre-germinated seeds of each receiver wheat variety
were aseptically sown on the agar surface in three
rows on the other side of the beaker. A piece of
pre-autoclaved white paperboard was inserted
across the centre and down the middle of the
beaker with the lower edge of the paperboard kept
1 cm above the agar surface. The entire beaker was
thereby divided into two equal compartments that
were occupied separately by donor and receiver
wheat seedlings. Any autotoxins produced and
released by wheat seedlings were able to diffuse
throughout the entire agar medium to affect the
growth of receiver wheat. After the sowing of
receiver wheat, the beaker was again wrapped with
parafilm and placed back in the growth cabinet for
continuous growth of 10 days. The growth of each
receiver wheat without the donor wheat plants was
treated as controls. The radicle and shoot lengths of
both donor and receiver wheat seedlings were
measured after 10 days of growth of the receiver
wheat in the growth cabinet. Experimental design
was a factorial of four donor varieties by four
receivers.
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Autotoxic radial zone of root exudates of wheat
seedlings

The above ECAM bioassay was used. Triller and
Federation were used as the donor as well as the receiver
varieties. Twelve pre-germinated wheat seeds were
uniformly selected and aseptically sown in a semi-circle
pattern on the agar surface to one side of glass beaker
(2000 ml) as illustrated in Fig. 1. The donor wheat
seedlings were carefully cut from near the agar surface
and removed after 7 days of growth. Thirty-six pre-
germinated seeds of the receiver varieties Triller or
Federation were sown on the agar surface in three
concentric lines around the donor wheat seedlings site
(Fig. 1), with each concentric line having 12 pre-
germinated wheat seeds. The three concentric lines were
distanced from the edge of the donor wheat seedlings at
2, 5, 8 cm, respectively. The growth of the receivers
without the donor wheat plants was treated as controls.
The root and shoot lengths of receiver wheat seedlings
were measured after 10 days of growth of the receivers.

Experimental design and statistical analysis

A randomized complete block design with four
replicates was used for each of the experiments
described above. These experiments were not re-
peated over time due to the consistent, reproducible
results achieved previously under the controlled
conditions (Wu et al. 2000a, 2000b). All experimen-
tal data were subjected to analysis of variance using
Genstat 5 (Release 3.2) and the treatment means were

Receiver

Donor

Fig. 1 Sowing patterns of donor (X) and receiver (O) wheat
varieties
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tested separately with least significant difference
(I.s.d.) at a 5% level of probability. Percentage of the
inhibition on the growth of receiver wheat was
calculated as (control — data with donor)/control x 100.

Results

Varietal allelopathy and autotoxicity of wheat
residue extracts

Responses of wheat varieties to wheat residue extract
measured in germination and seedling growth differed
among donor varieties (Table 1). Aqueous extract of
Federation had the least inhibitory effect on the
germination of Triller (2%), while the Currawong
caused the strongest inhibition on the germination of
Federation (21%). The four wheat varieties inhibited
radicle growth by 15-30% and coleoptile by 5-20%.
On average Currawong or Triller was more allelo-
pathic than Batavia or Federation. As well, the two
receiver varieties responded differentially to the donor
extracts, with Federation being more sensitive than
Triller when exposed to each of the donor extract.
The two varieties Triller and Federation differed in
varietal autotoxicity (Triller on Triller and Federation
on Federation) on germination, root and shoot growth,
with Triller generally being more autotoxic than
Federation when exposed to its own aqueous extract.

Varietal autotoxicity of wheat root exudates

The four wheat varieties Triller, Batavia, Currawong
and Federation exhibited differential varietal autotoxic
effects (Fig. 2). Autotoxic effect of root exudates on root
growth was ranked in a decreasing order as Triller (38%)
> Batavia (31%) > Federation (29%) > Currawong
(18%). Root exudates of each of the donor varieties
Triller, Batavia, Currawong and Federation were also
autotoxic to the shoot growth of the respective variety by
21%, 12%, 6% and 2%. These results showed that the
varietal autotoxicity of Triller or Batavia was more
pronounced than Currawong or Federation.

Differential responses of wheat varieties to
varietal allelopathy

Wheat varieties responded differentially to wheat
varietal allelopathy (Table 2). Root growth of Batavia
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Table 1 Reduction in germination, radical and coleoptile
length of receiver plants when exposed to the aqueous extracts
of donor wheats (% inhibition). Percentage of the inhibition on

germination and growth of receiver wheat was calculated as
(control — data with donor)/control x 100

Donor Receiver

Germination Radical length Coleoptile length

Triller Federation Triller Federation Triller Federation
Triller 13* 17 23 12% 17*°
Batavia 3P 4° 19% 5° 5°
Currawong 1 21% 30* 15* 20%
Federation 2° 8P 15° g 11

Values followed by lower-case letters different in a column represent a significant difference at P < 0.05
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Fig. 2 Growth inhibition (%) of wheat seedlings when
exposed to root exudates from the same wheat variety. Bars
represent standard error of the mean. Percentage of the
inhibition on the growth of receiver wheat was calculated as
(control — data with donor)/control x 100

was the most sensitive to the varietal allelopathic
effects of root exudates from donor Triller, resulting
in 46% root growth inhibition of the receiver Batavia
when compared to the control (absence of donor
wheat), while Federation was the most sensitive
variety to the root exudates from Batavia and
Currawong, inhibiting root growth of Federation
seedlings by 45% and 42%, respectively. Root
exudates of donor Federation had similar allelopathic
effects on the three receivers, Triller, Batavia and
Currawong. On average, the varietal allelopathic
effects on the root growth of other varieties were the
highest in donor variety Triller (35%) and Batavia
(37%), followed by Currawong (28%) and Federation
(15%). The varietal allelopathic effects on shoot

growth were ordered in a similar pattern as Triller
(17%), Batavia (14%), Federation (11%) and Curra-
wong (9%).

Radial effects of varietal autotoxicity and
allelopathy of root exudates

The varietal autotoxic effect depended on the radial
distance of the receivers to the donor. Root exudates
of both donor wheat varieties had significant varietal
autotoxic effects on the root growth of Triller on
Triller and Federation on Federation, causing signif-
icant 9-47% autotoxic inhibition on root growth and
9-21% inhibition on shoot when compared to the
control in absence of the donor wheat (Fig. 3A). The
nearer of the receiver to the donor root exudates, the
greater the autotoxic effects. On the average of the
two receivers by two donor varieties, root growth of
the receivers sown at a radial distance of 2, 5 and
8 cm to the donor wheat zone was inhibited by 35%,
26%, and 19%, respectively. The receiver plants of
Triller in the absence of donor wheat (as a control)
did not show radial growth pattern, having an average
length of root and shoot of 141 and 134 cm,
respectively. Similarly, the receiver plants of Feder-
ation in the absence of donor wheat had an average
length of root and shoot of 129 and 140 cm,
respectively. The radial varietal autotoxic effects of
root exudates were also evidenced on shoot growth of
the receivers (Fig. 3B). In addition, the varietal
allelopathy (Triller on Federation and Federation on
Triller) also followed a similar radial trend. Root
exudates with Triller showed stronger varietal alle-
lopathy and varietal autotoxicity than those of
Federation (Fig. 3)
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Table 2 Varietal allelopathy of wheat root exudates assessed by ECAM. Percentage of the inhibition on the growth of receiver
wheat was calculated as (control — data with donor)/control X 100

Donor Receiver Root of receiver Shoot of receiver
length (mm) Inhibition (%)* length (mm) Inhibition (%)
Triller Batavia 66.6 46 97.2 16
Currawong 86.7 31 79.4 26
Federation 93.7 27 128.8 10
LSDg 05 12.5 14.1 16.3 19.4
Batavia Triller 86.2 39 114.1 15
Currawong 934 26 94.8 12
Federation 70.6 45 118.2 16
LSDg o5 15.4 13.2 11.2 10.3
Currawong Triller 108.4 23 125.1 7
Batavia 101.6 17 105.8 9
Federation 74.8 42 126.5 10
LSDg 05 17.3 15.8 14.8 8.9
Federation Triller 115.6 18 113.0 9
Batavia 106.1 14 107.6 7
Currawong 107.9 15 94.9 16
LSDg o5 11.4 9.3 15.6 11.1
Fig. 3 Radial effects of — 604 . 25 1
wheat root exudates on & o— Trller S —e—Triller
growth inhibition of root 53 50 4 ---#--- Federation S & -- = --- Federation
(A) and shoot (B) of 5% w0/ !\\ £ 2
receiver plants. The €8 5] % . E £3 x
distances to the donor wheat £ £3
28 20 L] S 2 0 10 LS
were 2, 5, and 8 cm. Bars S = = g e
representing standard error 5 © 104 e 30 5
of the mean. Percentage of & 0 52’)
the inhibition on the growth 25| 8 o | 5| 8 0
of receiver wheat was cm [ cm | cm cm | cm | cm 2|58 2| 5|8
calculated as (control — data Tl Federati cm|cm | cm cm|cm|cm
with donor)/control x 100 rier ederation Triller Federation
Donor wheat Donor wheat

Discussion

The differences in varietal allelopathy and varietal
autotoxicity of wheat residue extract identified in the
present study are in agreement with Guenzi et al.
(1967) and Kimber (1967). Guenzi et al. (1967) found
that shoot aqueous extracts of nine wheat varieties
differed in varietal allelopathy on the germination
and seedling growth of wheat. Similar findings were
obtained by Kimber (1967), showing that the variety,
‘Gabo’, exhibited a stronger inhibitory effect than cv
Insignia. Straw extracts of Gabo and Insignia inhib-
ited root growth of Gabo wheat seedlings by 27% and
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4% respectively, and shoot growth by 43 and 12%,
respectively.

Varietal autotoxicity of wheat root exudates was
also demonstrated in this study. In addition to the
inhibitory chemicals leached out from wheat resi-
dues, accumulation of organic substances exuded
from root systems is another contributor to wheat
autotoxicity. The present research showed that wheat
root exudates were autotoxic to the growth of its own
variety as well as allelopathic to other varieties. The
wheat root exudate released into the agar medium
showed a radial effect on varietal autotoxicity and
varietal allelopathy. Root exudates autotoxicity has
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also been reported in asparagus (Young 1984) and
cucurbit crops (Yu et al. 2000). It is therefore
postulated that the autotoxins both exuded from
living wheat plants and leached from wheat residues
may accumulate in the field and determine the
success of next wheat crop.

Research has shown that phytotoxic compounds
are actively exuded by living wheat plants, passively
leached into the soil, and convertibly produced in
decaying wheat straw under certain field conditions
(Guenzi et al. 1967; Lynch 1978). Phenolic acids,
cyclic hydroxamic acids, short-chain fatty acids as
well as many other phytotoxic chemicals have been
identified from the residues and root exudates of
wheat (Gaspar and Neves 1995; Nakano et al. 2006;
Wau et al. 2001, 2002). The wheat varietal differences
in the concentrations of allelochemicals in the shoots,
roots and root exudates previously reported by Wu
et al. (2002) might account for the variations of
varietal autotoxicity and varietal allelopathy in
wheat. In addition, biodegradation of wheat phyto-
toxic chemicals might also play an important role in
wheat autotoxicity. Macias et al. (2003) reported that
wheat coleoptiles were highly sensitive to the micro-
bially-degraded products, i.e. 2-benzoxazolinone
(BOA) and 3-aminophenoxazin-2-one (APO) derived
from the hydroxamic acid DIBOA (2, 4-dihydroxy-
1,4-benzoxazin-3-one) of wheat (7. aestivum). Auto-
toxins such as phenolic acids have been reported to
affect ion uptake, membrane permeability, photosyn-
thesis and phytohormone balance (Yu 2001).

It is not clear if allelochemicals for the allelopathic
effects are also acting as autotoxins for the autotoxic
effects. The water-soluble saponins that are reported
to exhibit allelopathic effects of alfalfa on other
plants were not responsible for the autotoxic effects
(Miller 1983). Water-soluble medicarpin, 4-methoxy
medicarpin, sativa, 5-methoxy sativan, and chloro-
genic acid are the possible agents to the autotoxicity
of alfalfa (Dornbos et al. 1990; Miller et al. 1988). In
wheat, phenolic acids seem to be involved in both
allelopathic effects on weeds (Wu et al. 2002, 2003a)
and autotoxic effects on wheat (Guenzi et al. 1967,
Lodhi et al. 1987). The present research showed that
both varietal allelopathy and varietal autotoxicity of
Triller or Batavia root exudates were consistently
stronger than Currawong or Federation.

This study provides laboratory-based evidence of
the potential of varietal autotoxicity and varietal

allelopathy in wheat, which could partly explain the
frequently-reported autotoxic phenomenon of wheat
in the field as a result of continuous cropping (Cast
et al. 1990; Waller 1987; Young et al. 1989). For
examples, Shodiev and Kaspari (1985) claimed that
the presence of autotoxins exuded by wheat roots
resulted in yield reduction of wheat in monoculture,
compared with other rotations. Cast et al. (1990)
found a trend towards greater autotoxicity in the soil
of wheat by wheat under no-till, concluding that
accumulation of phytotoxic chemicals occurred.
Similarly, Oueslati et al. (2005) claimed that potential
autotoxicity of barley detected by laboratory bioas-
says may be valuable in predicting whether a
particular variety will affect the growth of subsequent
barley crop in the field. We are currently validating
laboratory results in the field.

The potential of varietal autotoxicity and varietal
allelopathy in wheat was identified in this study.
However, the expression of such potential in the
field is a function of a number of biotic and abiotic
factors such as wheat varieties used, quantity of
residue, residue placement, level of decomposition,
soil type, and climatic conditions (Guenzi et al.
1967; Kimber 1967; Wu et al. 2001). In general,
straw genotype and straw quantity will determine
the allelopathic potential in the field. The expres-
sion of this potential is highly dependent on soil
types (Hairston et al. 1987; Putnam and Duke 1978;
Rice 1984), soil cultivation (Lynch et al. 1981;
Opoku et al. 1997), nutrient status, microbial
activity, residue placement, degree of decomposi-
tion, and climatic conditions such as rainfall and
temperature (Purvis 1990). In a similar study,
Oueslati et al. (2005) reported that barley autotox-
icity was affected by the variety used and the
climatic conditions during the growing seasons.
These biotic and abiotic factors interactively regu-
late the release, accumulation, transformation and
dissipation of allelochemicals.

Wheat autotoxicity can be largely ameliorated by
an effective management package, including a proper
crop rotation to reduce the accumulation of autotox-
ins (Opoku et al. 1997; Putnam and Duke 1978),
selection of crops and varieties tolerant to autotoxins
due to the considerable variation in sensitivity among
different crops and varieties (Hicks et al. 1989; Protic
et al. 1980), and avoidance of the inhibitory period of
decomposing residues by the delay in sowing (Tesar
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1993). It appears that autotoxicity can be overcome
by reducing the quantity of straw retained, increasing
sowing rates (Hicks et al. 1989; Purvis and Jones
1990) and supplementing with nitrogen fertilizer
(Rice 1984; Hairston et al. 1987). The applied N may
play a dual role in increasing productivity because:
(1) it compensates for the short-term depletion of N
by immobilization, and (2) it also enhances the
activity of soil microbes to break down potential
toxins (Rice 1984). Ammonium ions may also
detoxify phytotoxic chemicals (Chou and Chiou
1979). It has been suggested that a breeding program
could be initiated to develop new varieties that do not
produce autotoxins or are tolerant to autotoxins in
order to overcome the autotoxicity in alfalfa (Chung
and Miller 1995). A similar approach could be
applied to overcome the autotoxicity in wheat and
other crops.
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