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ABSTRACT

Pot experiment was conducted in Iran, to evaluate the effect of methanol on competition between rice
(Oryza sativa) and barnyardgrass (Echinochloa crus-galli). The experiment was conducted as a randomized
complete block design with a factorial treatment arrangement and three replicates. Factors were two aqueous
methanol foliar applications (0, and 14% v/v) and five rice: barnyardgrass ratios (100:0, 75:25, 50:50,
25:6, and 0:100). Replacement series diagrams for aboveground dry weight illustrated that ‘Shiroudi’ was
more competitive than barnyardgrass as averaged across methanol foliar applications. When methanol
was not sprayed, the lines for ‘Shiroudi’ and barnyardgrass intersected at 75:25 rice: barnyardgrass ratio,
but when methanol was sprayed at 14% v/v, the lines for ‘Shiroudi’ and barnyardgrass intersect at the left
of the 75:25 rice: barnyardgrass mixture proportion. These indicate that methanol application reduced
competitive ability of ‘Shiroudi’ against barnyardgrass for aboveground biomass accumulation. At the same
time, Methanol foliar application significantly reduced the relative crowding coefficient of ‘Shiroudi’ while
simultaneously it significantly increased the relative crowding coefficient of barnyard grass. This indicates
that methanol foliar application reduced the competitive ability of ‘Shiroudi’ against barnyardgrass for
shoot biomass accumulation. This experiment illustrated that foliar spray of aqueous methanol can not be
recommended for rice under weedy conditions.
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INTRODUCTION

Rice is the most important staple food for more
than half of the world's population. It is primarily
a carbohydrate source, and also provides a number
of trace minerals, proteins, and vitamins, especially
B groups vitamins such as niacin and thiamine.
In 2012, nearly 719 million metric tonnes of paddy
were produced throughout the world and the average
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productivity increased from 1.23 metric tonnes per
hectare in 1961 to 4.41 metric tonnes per hectare in
2012 (FAO 2014). The total rice production in Iran
was 2,400,000 tonnes of paddy rice in 2012, which
was harvested from 48,000 ha (FAO 2014). Rice
is extensively grown in north provinces of Iran,
i.e. Mazandaran, Guilan, and Golestan, in irrigated
lowland fields.

Weeds reduce rice yield by competing with the
crops for light, nutrient, and moisture. The extent of
yield loss depends on several factors such as crop
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genotype, weed species, crop and weed density,
time of weed emergence, fertilizer management,
etc. Echinochloa crus-galli (L.) P. Beauv, Cyperus
difformis L., Scirpus juncoides Roxb., Scirpus
maritimus L., Scirpus mucronatus L., Sagittaria
trifolia L., and Alisma plantago-aquatica L. are
dominant and persistent weeds in paddy fields
of Iran. Among these weeds, BYG is the most
aggressive weed and may reduce rice yields from
38% upto 64% depending on the rice cultivar
(Smith 1988, Stauber et al. 1991).

Many methods such as replacement series,
additive
addition series, additive series, nelder design, and

designs,  neighbourhood  designs,
mechanical diallel experiments have been used to
study plant competition in mixture. Of these, the
replacement series model was intensively used to
assess the competitive effects of two species at a
single total density and to determine the relative
effects of interferences within and between species
(Harper 1977, Cousens 1991, Gibson et al. 1999).
Under this approach, species are grown under a
fixed density, varying the mixture proportions
of them (Cousens 1991). Replacement series
experiments often used to determine which species
is the strongest competitor based on variables
calculated from replacement series data such as
relative yield and relative yield total (Harper 1977).

Methanol is a natural product of plant
metabolism (MacDonald and Fall 1993). It has been
reported that foliar application of methanol solutions
on C; crops could improve their growth and yields
(Devlin et al. 1994, Hemming et al. 1995, Li et al.
1995, Nishio et al. 1994, Valenzuela et al. 1994). In
contrast, some rserchers (Hartz et al. 1994, Mauney
and Gerik 1994, McGiffen et al. 1995, Mitchell et
al. 1994) reported that methanol had no significant
effect on crop growth and yield. It has been suggested
that methanol acts as an inhibitor of photorespiration
in C; plants. At the same time, Nonomura and
Benson (1992a, b) declared that plants with Cy4
metabolism had no positive growth and yield
response to methanol foliar application. Therefore,
this experiment was conducted to determine the
effect of methanol on competition between rice (Cs
plant) and BYG (C,4 plant).

MATERIALS AND METHODS

Pot experiment was conducted in Bandar Anzali
(37° 29" N, 49° 24' E), north of Iran, during rice
growing season in 2011 and 2012 in a replacement
series study to determine the effect of methanol
on competition between rice (Oryza sativa L. cv.
‘Shiroudi’) and barnyardgrass (BYG, Echinochloa
crus-galli (L.) P. Beauv.). Monthly precipitation and
temperature for 2011 and 2012 are shown in Table 1.

TABLE I
Monthly precipitation and temperature from April to
September in 2011 and 2012 for experimental site.

Precipitation Temperature (°C)

Month (mm) Maximum Minimum Average
2011 2012 2011 2012 2011 2012 2011 2012
April 72.2 16.5 17.08 19.24 9.9 13 13.49 16.12
May 54.9 10.7 22.11 25.55 16.1 20.04 19.1 22.79
June 31.9 181.1 2692 29.07 19.8 22.63 2336 2585
July 0.3 118.5 31.6 29.01 225 2335  27.05  26.18
August 166.7  206.5 28.1 30.8 21.6 24.03 2485 2741
September 236.2 246.2 25 26.08 18.2 20.12 21.6 23.1
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The soil texture was clay (clay 50%, silt
37.5%, sand 12.5%), organic matter content 3.4%,
pH = 6.6, total N 0.13%, available N 115.3 mg kg™!,
available phosphorous 12.0 mg kg™!, and available
potassium 85.0 mg kg!, EC 0.3 ds m™!. Twenty
kilograms of the soil was weighed for each pot
(35 cm in diameter and 45 cm deep). Rice seeds
were disinfected with thiophanate-methyl 70 WP
(20 gL' H,0) and subsequently were sown in the
nursery on the 30 and on the 28" of April 2011 and
2012, respectively. BYG seeds were collected form
adjacent rice fields in September 2010, and were
soaked for 72h in tap water at 25 °C before rice
transplanting. With regards to the rice:BYG ratio
in each pot, three seedlings of ‘Shiroudi’ cultivar
or one germinated BY G seed were transplanted (or
planted) on the hills on the 29" and on the 27" of
May 2011 and 2012, respectively.

The experiment (for both years) was conducted
in a randomized complete block design with three
replicates. Treatments were factorially arranged:
two foliar applications of aqueous methanol solution
(0, and 14% v/v) and five rice:BYG ratios (100:0,
75:25, 50:50, 25:6, and 0:100). Actual plant numbers
per pot for each mixture were 8:0, 6:2, 4:4, 2:6, and
0:8, respectively. Aqueous methanol solution was
sprayed on the plants with a manual sprayer at a
rate of 50 ml per pot (plants were carefully wetted),
with the nozzle approximately 20 cm above the leaf
surface. Control plants were sprayed with water under
the same conditions. Plants were sprayed three times
during growing period, i.e. at the stem elongation
stage, and at the 15 days intervals. One-half amount
of N (100 kg N ha! as urea) and the entire P (100
kg P,Os ha'! as triple superphosphate) and K (150
kg K,0 ha'! as potassium sulfate) were applied as
a basal dose at transplanting stage. The remaining
of N was applied at panicle initiation stage. All
unwanted weeds were controlled by hand weeding.
Consistent with the lowland paddy field practices in
north of Iran, a 5- to 10-cm deep permanent flood
was established during rice growing period.

SAMPLING

At maturity stage, plant height was measured
from base of plant to the tip of panicle. Plants
were harvested in September 2011 and 2012 by
hand-cutting from the above soil surface and
subsequently aboveground biomass of rice and
BYG were separated. To determine rice grain yield,
grains were collected from all plants in each pot
and were subsequently adjusted to 14% moisture
content. Leaves were removed from stems, and leaf
areas for green leaves of each pot were measured
using a leaf area meter (LI-3000A, LI-COR,
Lincoln, Nebraska, USA). To determine rice and
BYG aboveground dry weight, grain, stem and
leaf of rice and BYG from each pot were placed
in separate paper bags, dried at 72 °C for 96h, and
weighed. Roots of rice and BYG were washed
gently and thoroughly to remove soil particles so
that the root tissues remained intact and then were
subsequently separated and the root from each pot
was placed in a separate paper bag, dried at 72 °C
for 96h, and weighed.

Relative yield (RY) and relative yield total
(RYT) for aboveground dry weight and root dry
weight were calculated according to the following
equations (Harper 1977):

RY, = (Yrb/Yrr) or RY, = (Ybr/Ybb)  [1]

Where Yrb or (Ybr) = yield per pot of rice or
(weed) when grown with weed (or rice) and Yrr or
(Ybb) =yield per pot of rice (weed) in monoculture.

RYT = RY, + RY,, 2]

Harper (1977) illustrated in two species mixtures,
that a RYT value close to 1.00 indicates that the two
species make equal demands on the same limiting
resources. RYT values greater than 1.00 indicate that
species are making demands on different resources,
avoiding competition or maintaining a symbiotic
relationship. RYT wvalues less than 1.00 indicate
mutual antagonism (Bi and Turvey 1994).
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Replacement diagrams (Harper 1977) were
constructed by plotting RY means = 1 SE against
the proportion of rice:BYG in the mixtures.

Relative crowding coefficient (RCC) for
aboveground and root dry weights were calculated
by Novak et al. (1993) equation as follows:

RCC = (((Wr75:25/Wb75:25) + (Wr50:50/Wb50:50)
+(Wr25:75/Wb25:75))/3) / (Wr100:0/Wb100:0) [3]

Where Wr n:n is aboveground or root dry
weights of rice at a ratio of n:n and Wbn:n is
aboveground or root dry weights of BYG at a
ratio of n:n. When two species compete for limited
resources, the species with the greatest RCC is the
stronger competitor.

STATISTICAL ANALYSES

Data were subjected to ANOVA and means were
compared with Fisher’s Protected LSD at 5%
significance level. All statistical analyses were
conducted by using SAS (SAS 2004). There were
no significant year x treatment interactions for all
traits, so data from two consecutive years were
combined and years were considered random.
Furthermore, as interactions between methanol
concentration and mixture proportions were not
significant for rice measurements, means for main
effects were compared with Fisher's Protected
LSD test at 5% significance.

RESULTS AND DISCUSSION

PLANT HEIGHT

The main effect of rice:BYG mixture proportion
was significant for rice plant height, while the
main effects of year and methanol were not
significant (Table II). Moreover, all 2- and 3-ways
interactions were not significant (Table II). So,
data were presented over two years. Plant height
for ‘Shiroudi’ significantly increased from 95 to
108 cm as rice: BYG ratio decreased from 100:0
to 25:75 mixture proportions (Table III). In other
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words, rice plant was taller when grown with
BYG compared to when grown in monoculture.
This indicates that intra-specific competition was
more than inter-specific competition. Contrary
to this result, Aminpanah and Javadi (2011)
declared that Deylamani and Hashemi plant height
reduced significantly as rice:BYG ratio decreased.
Moreover, Estorninos et al. (2002) reported that
plant height of Kaybonent was significantly
shorter when grown with red rice than when grown
in monoculture, while PI 312777 height was not
affected by red rice competition.

BYG plant height was significantly affected
by methanol (M), BYG:rice ratio (P) and M x P
interaction, while the effects of year and all 2- and
3-ways interaction were not significant (Table
III). When methanol was not sprayed, BYG plant
height was significantly reduced from 148.5 +
2.3 to 103.3 £ 8.4 as BYG:rice ratio decreased
from 100:0 to 25:75, indicating that BYG was
taller when grown under intraspecific competition
than when grown under interspecific competition
(Table V). When methanol was sprayed at 15%
(v/v), there were no significant differences in
BYG plant height among 25:75, 50:50, and 75:25
BYG:rice ratios, but was significantly increased
when grown alone (Table V).

GRAIN YIELD

Main effects of methanol foliar application and
rice:BYG ratio were significant for grain yield
at 0.001% probability level, while the main
effect of year and all 2- and 3-way interactions
were not significant (Table II). Methanol foliar
application significantly increased rice grain yield
by 31% (Table III). These results support those of
Nonomura and Benson (1992a, b), Devlin et al.
(1994), Hemming et al. (1995), Li et al. (1995),
Nishio et al. (1994), and Valenzuela et al. (1994)
who found remarkable growth enhancement of
C; plants treated with methanol. Contrary to our
result, other publications report no evidence of gain
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TABLE 11
Mean squares for the combined analysis of variance for rice plant height (H), grain
yield (Y), leaf area (LA), aboveground dry weight (ADW), root dry weight (RDW) as
affected by methanol foliar application (M) and rice:BYG mixture proportion (P).

Source df H Y LA ADW RDW
Year (Y) 1 3™ 7.9™ 91767* 37.3* 3.9
R (Y) 4 51 1.2™ 8281™ 2.8™ 0.5™
Methanol (M) 1 159™ 681.0%** 1487907*** 1598.2%* 9.8%**
M*Y 1 47" 0.3" 1384™ 0.3" 0.5"
rice:BYG (P) 3 388H** 936.3%** 2554180%*** 2397.7*%* 47 .2%%*
Y *P 3 29" 0.6™ 6840™ 2.5™ 0.7
M * P 3 43™ 3.8™ 46752™ 11.9™ 0.4™
M*P*Y 3 15" 0.4™ 3582™ 1.8™ 0.4™
Error 28 44 3.0 18126 8.5 0.4

* xRk significant at the 0.05, 0.01, and 0.001 probability levels, respectively.

ns, not significant at the 0.05 probability level.

in biomass in plants treated with methanol (Hartz
et al. 1994, Mauney and Gerik 1994, McGiffen et
al. 1995, Mitchell et al. 1994). Rice grain yield (g
plant') was significantly increased as rice:BYG
ratio per pot was reduced. The highest (36.4 g

plant!) and the lowest (15.7 g plant™!) grain yields
were recorded for plants grown at 25:75 and 100:0
rice:BYG mixture proportions, respectively (Table
IID). It seems that intraspecific competition reduced
grain production.

TABLE IIT
Rice plant height (H), grain yield (Y), leaf area (LA), aboveground weight
(ADW) and root dry weight (RDW) response to methanol foliar application (M)
and rice:barnyardgrass (BYG) mixture proportion, averaged across two years.

Factors Traits H (cm) Y (g plant™) LA (cm’ plant™) ADW (g plant™) RDW (g plant™)
Methanol foliar applications (v/v)
0 98 20.4 1110 34.6 4.5
14% 101 27.9 1462 46.2 5.5
LSD (0.05) 4 1.0 79 1.7 0.4
Rice:BYG Ratios
100:0 94 15.7 702 26.2 2.9
75:25 97 20.4 1190 34.7 4.1
50:50 101 24.1 1456 41.7 5.4
25:75 107 36.4 1796 59.3 7.6
LSD (0.05) 5 1.4 112 2.4 0.5

Methanol (M), BYGtrice ratio (P) and M x P
interaction had significant effects on BYG seed
production, while the effects of year and all 2- and
3-ways interaction were not significant (Table III).
In untreated plants, BYG seed production (g plant™!)
was significantly increased from 3.8 + 0.4 to 7.4 +

1.0 as BYGrrice ratio reduced from 100:0 to 25:75
(Table V). When methanol was sprayed, BYG seed
production significantly increased as BYG:rice
ratio reduced from 100:0 to 50:50, but there were
no significant differences in BYG seed production
between 50:50 and 25:75 BYG:rice ratios (Table V).
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TABLE IV
Mean squares for the combined analysis of variance for barnyardgrass (BYG) plant height (H),
seed production (SP), leaf area (LA), aboveground dry weight (ADW), root dry weight (RDW)
as affected by methanol foliar application (M) and BYG:rice mixture proportion (P).

Source df H SP LA ADW RDW
Year (Y) 1 0.01™ 1.93™ 996™ 0.04™ 1.3™
R (Y) 4 157.38™ 1.22™ 7244™ 2.47™ 2.0"
Methanol (M) 1 524.23" 20.24™ 13™ 18.77* 0.1™
M*Y 1 5.08™ 0.51™ 2760™ 0.03™ 0.6™
BYGrice (P) 3 2925.43" 40.09" 1138262™ 394.97" 57.6%**
Y *P 3 8.04™ 0.004™ 5396™ 0.49"™ 0.5™
M *P 3 557.97" 2.56" 17055™ 7.07" 0.3™
M*P*Y 3 8.42™ 0.08™ 7911™ 0.41™ 0.2™
Error 28 105.93 0.68 11181 3.74 0.9
* ek dk: significant at the 0.05, 0.01, and 0.001 probability levels, respectively.
ns, not significant at the 0.05 probability level.
LEAF AREA TABLE V

Rice leaf area was significantly affected by year,
methanol foliar application and rice:BYG ratio,
but the all 2- and 3-way interactions were not
significant. Rice plant produced significantly
greater leaf area in 2011 (1330 cm? plant™') than
in 2012 (1242 cm? plant™'). However, this greater
leaf area did not result in a significant greater
grain yield in 2011. Leaf area was significantly
increased by 32% as aqueous methanol solution
(14% v/v) was sprayed on plants. Methanol foliar
application could increase leaves expansion by
stimulating genes encoding for pectin methyl
esterase, which enhances plant Ca capture for
increasing leaf area (Ramirez et al. 2006). Leaf
area for rice significantly increased from 702 to
1796 cm? plant! as BYG number increased form
0 to 6 plants per pot (Table III). This indicates
that rice produced greater leaf area when grown
at 25:75 rice:BYG ratio, probably because of the
greater number of tillers produced at this rice:BYG
mixture proportion. This result confirmed that
intraspecific competition was more severe than
interspecific competition from the weed.

Leaf area for BYG was significantly affected
only by BYGe:rice ratio (Table IV). The highest and
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Mean comparison for methanol foliar application
x rice:barnyardgrass ratio interaction for
barnyardgrass plant height and seed production
(averaged across two years).

q - Seed
;Wetl?czl:?olnﬁzgzg B\igt.ix(‘)lce height (cm) production
gl (g plant™)

8:0 1485+23 38+04
6:2 1347+22 5.0+03
0 4:4 117.6 +4.1 5.7+0.6
26 10331484 74410
8:0 1533+1.7 3.5+0.5
6:2 1255+ 1.6 45+0.2
14%
4:4 1244 £3.7 55+0.6
2:6 1274 +£2.4 6.8+0.1

the lowest leaf area for BY G was recorded at 100:0
(1033 cm? plant!) and 25:75 (324 cm? plant™)
BYG:rice ratios, respectively (Fig. 1).

ABOVEGROUND DRY WEIGHT

There were significant differences in rice above-
ground dry weight between the years, methanol
foliar applications, and rice:BYG ratios (Table III).
Aboveground biomass was significantly higher in
2011 (41.3 g plant™!) than in 2012 (39.5 g plant™),
and significantly increased when aqueous methanol
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solution (14% v/v) was sprayed (Table I1I). Increases
in plant biomass after the exposure of plants to
methanol have been reported by other researchers
(Devlin et al. 1994, Hemming et al. 1995, Li et al.
1995, Nishio et al. 1994, Valenzuela et al. 1994).
Doman and Romanova (1962) indicated that
methanol is initially converted in leaves to CO,,
which is rapidly assimilated during photosynthesis.
The increased biomass of the methanol-treated
C; plants was attributed to 1) the use of the
methanol as a direct carbon source via serine
biosynthesis and 2) decreased carbon loss from
photorespiration. Nonomura and Benson (1992a,
b) declared that water use efficiency significantly
increased in methanol treated plants. Metabolism
of methanol to sugars could increase turgor and
stomatal conductance, which in turn increase the
assimilation rate, plant growth and, subsequently,
plant maturation and thus less need for irrigation.
McGiffen et al. (1995) and Nonomura et al. (1995)
noted that methanol may be an effective carrier of
many agrichemicals with low water solubility. Rice
aboveground dry weight significantly increased
from 26.2 to 59.3 g plant”! when rice:BYG ratio
reduced from 100:0 to 25:75, indicating that plants
grown with six BYG plants per pot produced the
greatest aboveground dry weight. This result
suggested that rice was more aggressive than BYG.
Similarly, Fleming et al. (1988) reported that the
more aggressive species in a mixture, increased
in weight with increased proportions of the less
aggressive species.

Aboveground dry weight for BY G significantly
affected by methanol foliar application and
BYG:rice ratio (Table IV). Aboveground dry
weight for BYG significantly increased by 9% as
methanol was sprayed at 14% (v/v). The highest
aboveground dry weight was recorded at 100:0
BYG:rice ratio, while the lowest one was recorded
at 25:75 BYGtrice ratio (Fig. 2). This indicates
that BYG grew better with intraspecific than with
interspecific competition.

The competitiveness of rice cultivar, ‘Shiroudi’,
against BY G on the basis of the relative aboveground
dry weight was evaluated using a replacement series
diagram (Fig. 3). As shown in the Figure 3, the lines
for “Shiroudi’ and BYG intersect at the right of the
point of equivalency (50:50 rice:BY G ratio). In other
words, the curve representing ‘Shiroudi’ was convex
and the curve for BYG was concave, indicating
that BYG was less competitive than ‘Shiroudi’.
Regardless of methanol foliar application, the RYTs
for aboveground dry weight of ‘Shiroudi’ and BYG
ranged from 1.15to 1.30 and 1.1 to 1.19, respectively.
RYTs for aboveground dry weight were often
significantly higher one. This response probably
occurred because of the reduced interference in
mixtures relative to the monocultures due to the
differences in paths of resource acquisition by Cs
rice plants and C4 BYG plants, or from differences
in the exploitation of growth factors (Fischer et al.
2000). When methanol was not sprayed, the lines for
‘Shiroudi’ and BYG intersect at 75:25 rice:BYG
ratio, but when methanol was sprayed at 14% v/v,
the lines for ‘Shiroudi’ and BYG intersect at the
left of the 75:25 rice:BY G mixture proportion (Fig.
3). This indicates that methanol foliar application
reduced competitive ability of rice cultivar against
BYG for aboveground biomass accumulation.

The greater RCC of ‘Shiroudi’ over BYG
indicates and also confirms the results of RY for
aboveground dry weight that ‘Shiroudi’ was
a stronger competitor than BYG (Table VI).
Moreover, methanol foliar application significantly
reduced the RCC of ‘Shiroudi’, while it significantly
increased the RCC of BYG (Table 1V), indicating
that methanol foliar application reduced the
competitive ability of ‘Shiroudi’ against BYG for
shoot biomass accumulation.

RoOT DRY WEIGHT

Year, methanol and rice:BYG ratio were significant
for rice root dry weight, while none of the all 2- and
3-way interactions were significant (Table II). Rice
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TABLE VI
Effect of methanol foliar application on relative crowding coefficient
(RCC) for aboveground dry weight (ADW) and root dry weight (RDW)
averaged across two years.

.. RCC for ADW RCC for RDW
Species in mixture
MO ) M14% [\7A%) MO whv) M14% V)

Shiroudi 4.02+£0.15 2.53+£0.49 1.92+£0.13 1.72 £0.53

BYG 0.35+0.01 0.63 £0.05 0.54 £0.03 0.74 £0.20

BYG: Barnyardgrass.
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Figure 2 - Effect of barnyardgrass (BYG):rice ratio on aboveground dry weight of BYG.

plant produced greater root dry weight in 2011 (5.3 g rice:BYG mixture proportion decreased from 100:0 to
plant™) when compared to 2012 (4.7 g plant™"). Plants 25:75 (Table III). The highest (7.6 g plant™) and the
treated with aqueous methanol (14% v/v) produced lowest (2.9 g plant™) roots dry weight were recorded
greater root biomass compared to control plants (Table for plants grown at 25:75 and 100:0 rice:BYG
III). Root dry weight for rice significantly increasedas ~ mixture proportions, respectively (Table III).
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Figure 3 - Relative aboveground dry weights of rice ‘cv. Shiroudi’ (A), barnyardgrass (BYG) (e) and
relative yield totals (RYT) (o) as influenced by methanol foliar application [above: methanol was not
sprayed, and below: methanol sprayed at 14% (v/v)] and rice: BYG ratios in a replacement series over
two years. The two straight dashed lines in each frame indicate the theoretically expected responses for
two equally competitive species, which intersect at the point of equivalency (Harper 1977). Error bars

represent = standard errors of the mean.

Main effects of rice:BYG ratio were significant
for BYG root dry weight, while other main effects
(year, methanol) and all 2- and 3-way interactions
were not significant (Table II). Root dry weight
for BYG significantly reduced as BYG:rice ratio
decreased from 100:0 to 50:50, but was not reduced
further when grown at 25:75 BY G:rice ratio (Fig. 4).

As shown in the Figure 5, ‘Shiroudi’ and BYG
lines intersect almost at the 75:25 rice:weed mixture
proportions, whether methanol was sprayed or not.
This result suggested that ‘Shiroudi’ was more
aggressive than BYG in root biomass accumulation

and methanol foliar application did not affect the
relative competitive abilities of rice and BYG or
the impact of the BYG on rice with regard to root
biomass accumulation. The RYTs for root dry
weights of ‘Shiroudi’ and BYG were higher than
one, which implies the species are making demands
on different resources and avoiding competition.
The greater RCC of ‘Shiroudi’ over BYG
indicates the aggressiveness of ‘Shiroudi’ against
BYG inroot dry weights (Table VI). Furthermore, the
RCC value for root dry weight was not significantly
affected by methanol foliar application (Table VI).
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Figure 4 - Effect of barnyardgrass (BYG):rice ratio on root dry weight of BYG.
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Figure S - Relative root dry weights of rice ‘cv. Shiroudi’ (A ), barnyardgrass (BYG) (e) and
relative yield totals (RYT) (o) as influenced by methanol foliar application [above: methanol
was not sprayed, and below: methanol was sprayed at 14% (v/v)] and rice:BYG ratios in a
replacement series over two years. The two straight dashed lines in each frame indicate the
theoretically expected responses for two equally competitive species, which intersect at the
point of equivalency (Harper 1977). Error bars represent + standard errors of the mean.
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CONCLUSIONS

This experiment indicated that ‘Shiroudi’ was
stronger competitive than BYG, and methanol
foliar application reduced the competitive ability
of ‘Shiroudi’ against BYG. Therefore, foliar
application of aqueous methanol can not be
recommended for rice under weedy conditions.

RESUMO

O experimento foi conduzido no Ird, para avaliar o
efeito do metanol sobre a competicdo entre o arroz
(Oryza sativa) e capim-arroz (Echinochloa crus-galli).
O experimento foi conduzido no delineamento de blocos
ao acaso em arranjo fatorial sendo desenvolvido em
triplicata. Duas fragdes de metanol aquoso (0, ¢ 14%
v / v) eram aplicados em conteudos foliares em cinco
fragdes de arroz e capim-arroz (100: 0, 75:25, 50:50,
25: 6, e 0: 100). Na serie de diagramas de substituigao
mostrou valores de peso seco acima como ilustrado
“Shiroudi” e assim foi mais competitivo do que o capim
como media entre as aplicagdes foliares de metanol.
Quando o metanol ndo foi pulverizado, a razdo das
linhas de 'Shiroudi' e de capim-arroz se cruzaram em
75:25: entre arroz e capim-arroz, mas quando o metanol
foi pulverizado a 14% v / v, para as linhas de 'Shiroudi'
e de capim-arroz se intersectam a esquerda de 75:25
da mistura entre arroz:capim—arroz. Estes resultados
indicam que a aplicagdo de metanol reduz a capacidade
competitiva de 'Shiroudi' contra capim-arroz para a
acumulag¢do de biomassa no solo. Ao mesmo tempo, a
aplicacdo foliar do metanol reduziu significativamente
o coeficiente de aglomeragdo relativa de 'Shiroudi',
e simultaneamente aumentou significativamente o
coeficiente de aglomeragdo relativa de capim-arroz.
Isso indica que a aplicago foliar de metanol reduziu a
capacidade competitiva de 'Shiroudi' contra capim-arroz
para a acumulagdo de biomassa da parte aérea. Dessa
forma a experiéncia mostrou que a pulverizacao foliar
de solugdo aquosa de metanol ndo pode ser recomendada

para o arroz em condi¢des de convivéncia.

Palavras-chave: capim, interferéncia, metanol, arroz.

REFERENCES

AMINPANAH H AND JAVADI M. 2011. A replacement series
evaluation of competition between rice (Oryza sativa L.)
and rice barnyardgrass (Echinochloa oryzicola Vasing).
Sci Res Essays 6(23): 5065-5071.

Br H AND TURVEY ND. 1994. Inter-specific competition
between seedlings of Pinus radiata, Eucalyptus regnans
and Acacia melanoxylon. Aus J Bot 42: 61-70.

COUSENS R. 1991. Aspects of the design and interpretation of
competition (interference) experiments. Weed Technol
5: 664-673.

DEVLIN RM, BHOMIK PC AND KARCZMARCZYK SJ. 1994.
Influence of methanol on plant germination and growth.
Plant Growth Soc Amer Quart 22: 102-108.

DOMAN NG AND ROMANOVA AK. 1962. Transformations of
labeled formic acid, formaldehyde, methanol, and carbon
dioxide by bean and barley leaves from air. Plant Physiol
37: 833-840.

ESTORNINOS JR LE, GEALY DR AND TALBERT RE. 2002.
Growth response of rice (Oryza sativa) and red rice (O.
sativa) in a replacement series study. Weed Technol 16:
401-406.

FAO - FOOD AND AGRICULTURE ORGANIZATION OF THE
UNITED NATIONS. 2014. FAOSTAT statistical database.
[Online]. Available at http://apps.fao.org

FISCHER AJ, ATEH CM, BAYER DE AND HILL JE. 2000.
Herbicide-resistant  Echinochloa oryzoides and E.
phyllopogon in California Oryza sativa fields. Weed Sci
48:225-230.

FLEMING GF, YOUNG FL AND OGG JR AG. 1988. Competitive
relationships among winter wheat (7ritichum aestivum),
jointed goatgrass (Aegilops cylindrica), and downy brome
(Bromus tectorum). Weed Sci 36: 479-486.

GIBSON DJ, CONNOLLY J, HARTNETT DC AND WEIDENHAMER
D. 1999. Designs for greenhouse studies of interactions
between plants. J Ecol 87: 1-16.

HARPER JL. 1977. Substitutive experiments. In Population
Biology of Plants. New York: Academic Press, p. 255-267.

HEMMING DJB, CRIDDLE RS AND HANSEN LD. 1995. Effects of
methanol on plant respiration. J Plant Physiol 146: 193-198.

HARTZ TK, MAYBERRY KS, MCGIFFEN ME, LESTRANGE
M, MIYAO G AND BAAMEUR A. 1994. Foliar methanol
application ineffective in tomato and melon. HortSci
29(9): 1087.

L1Y, GUPTA G, JOSHI JM AND SIYUMBANO AK. 1995. Effect
of methanol on soybean photosynthesis and chlorophyll.
J Plant Nutr 18: 1875-1880.

MACDONALD RC AND FALL R. 1993. Detection of substantial
emissions of methanol from plants to the atmosphere.
Atmos Environ 27A: 1709-1713.

MAUNEY JR AND GERIK TJ. 1994. Evaluating methanol usage
in cotton, p. 39-40. In: Herber DJ and Richter DA (Eds),
Proc. 1994 Beltwide Cotton Conf., San Diego, Calif.,
vol. 1. Natl. Cotton Council of Amer., Memphis, Tenn.

An Acad Bras Cienc (2015) 87 (2)



890 ALIREZA D. REZAEIEH, HASHEM AMINPANAH and SEYED M. SADEGHI

MCGIFFEN ME, GREEN RL, MANTHEY JA, FABER BA,
DOWNER AJ, SAKOVICH NJ AND AGUIAR J. 1995. Field
tests of methanol as a crop yield enhancer. HortSci 30:
1225-1228.

MITCHELL AR, CROWE FJ AND BUTLER MD. 1994. Plant
performance and water use of peppermint treated with
methanol and glycine. J Plant Nutr 17: 1955-1962.

NIsHIO JN, HUANG S, WINDER TL, BROWNSON MP AND NGO L.
1994. Physiological aspects of methanol feeding to higher
plants. Proc. 20" Annu. Meeting Plant Growth Regulat
Soc Amer. p. 8-13.

NONOMURA AM AND BENSON AA. 1992a. The path of carbon
in photosynthesis: Improved crop yields with methanol.
Proc Natl Acad Sci 89: 9794-9798.

NONOMURA AM AND BENSON AA. 1992b. The path of carbon
in photosynthesis: Methanol and light, p. 911-914. In:
Murata N (Ed), Research in photosynthesis. Kluwer
Academic Publisher, Dordrecht, Netherlands.

NONOMURA AM, NISHIO JN AND BENSON AA. 1995. Stimulated
growth and correction of Fe deficiency with trunk- and foliar-
applied methanol- soluble nutrient amendments, p. 329-333.
In: Abadia J (Ed), Iron nutrition in soils and plants. Kluwer
Academic Publisher, Dordrecht, Netherlands.

An Acad Bras Cienc (2015) 87 (2)

NOVAK MG, HIGLEY LG, CHRISTIANSSES CA AND ROWLING
WA. 1993. Evaluating larval competition between Aedes
albopictus and A. triseriatus (Diptera: Culcidae) through
replacement series experiments. Environ Entomol 22:
311-318.

RAMIREZ I, DORTA F, ESPINOZA V, JIMENEZ E, MERCADO A
AND PEN A-CORTES H. 2006. Effects of foliar and root
applications of methanol on the growth of Arabidopsis,
tobacco and tomato plants. J Plant Growth Regul 25: 30-44.

SAS.2004. VERSION 9.1.3. SAS Institute. Cary, NC, USA.

SMITH JR RJ. 1988. Weed thresholds in southern U.S. rice,
Oryza sativa. Weed Technol 2: 232-241.

STAUBER LG, SMITH RJJR AND TALBERT RE. 1991. Density and
spatial interference of barnyardgrass (Echinochloa crus-
galli) with rice (Oryza sativa). Weed Sci 39: 163-168.

VALENZUELA HR, KAWABATA O AND YAMAMOTO H. 1994.
Effect of methanol on biomass accumulation and
photosynthetic efficiency of vegetable crops in Hawaii.
HortSci 29: 510.



