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Abstract: Using of efficient and inexpensive method for weed control has an important role in increasing efficiency and

reducing costs of production. In this study, field experiments were carried out to evaluate the efficiency and costs of several

weed control methods in paddy production during summer in Mazandaran, the north province of Iran in 2011. Seven weed

control treatments (T1 to T7) were applied at three stages of rice growth (20 and 35days after transplanting and grain harvesting

time). Weed density, weed dry weight, labour used and economical comparison were determined in the basis of a complete

randomized block design with three replications. Results showed that there were no significant differences between efficiency

of six treatments (except for weedy check method (T6) treatment).

The minimum weed density and dry weight were obtained

at herbicidethand weeding once (T5) and herbicide application once (T7) treatments during all three stages. The costs of

weed control were different among the treatments. Selection of control method has an important role in reducing labour.

Hand weeding twice method (T1) because of high weeding cost, hard work and worker restriction in the required time is not

useful. Powered weeding twice method (T2) due to without environment pollution, reducing costs of weed control and high

benefit/cost is the best and most appropriate treatment.
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1 Introduction

Weeds are one of the major problems of production
Weeds

grow in a field as an unwanted plant and rival with the

technology for lowland rice (OryzA sativa L.).

main plant in the absorption of light, water and

]

nutrients!' ). Combating with weeds is one of the

expensive actions that is used to increase the products and

]

has a direct effect on ultimate price!*®. 1In order to

control weeds, there are different ways all over the world
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such as hand weeding methods, chemical weeding,
mechanical weeding and a combination of them!’™.
Hand weeding is the most common method of weed
control in rice, but it requires a very high labor input.
The labor requirement for weeding can be too variable
and depends on such factors as weed intensity, time of
weeding, conditions at the time of weeding and efficiency

of weeders'™.

Reliance on herbicide weed management
systems can be costly and can led to herbicide-resistance
concerns, whereas herbicide use is often recommended

. . . 10
and required for maximum economic returns' .

During
the early stage of establishment weed develops 20-30
percent of its growth while the crop performs 2-3 percent
of its growth stage!'!l.

The performance of mechanical weeders alone and in
combination with herbicide in upland rice was compared.

Result indicated that combined application of Butachlor +
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two mechanical weeding, 30 and 45 days after sowing
was more effective in reducing weed growth, and
maximizing grain yield and net return!'?. The
performance of four mechanical weeders for paddy crop
in Orissa, India was evaluated. Results showed that the
Central Rice Research Institute weeder was found to be
most suitable for the paddy crop with regards to its
highest field capacity (0.014 ha/h), higher weeding index
(77.2%), highest performance index (1052.05), and less
plant damage (2.66%)""!.

Loss of weed on transplanted rice in Gillan province
of Iran was reported 46%-67% and loss of barnyard grass
weed itself was reported 8%-53% and according to this
report loss of weeds in transplanting rice is 44%-96% at
the global level in the case of not controlling!"*.  Lack
of weed control in rice fields causes 80%-100% yield
reduction in Nigeria!'!.

almost 30% to 50% less than hand weeding!'®.

Cost of mechanical weeding is
Studies
showed that without using weed killers and controlling
weeds by other methods causes 31 percent reduction of
product and resulted in about 13 million dollars loss.
Currently each year farmers spend about 3.6 million
dollars on chemical controlling of weeds and almost 2.6

U7 To select one

million dollars on other methods
method or combination of several methods for combating
depends on the amount of efficiency and the cost of each
method. Nowadays, efforts are to use all possible and
economic methods to control weeds in the fields such as
rice cultivation. Therefore, the objectives of this study
were to evaluate and compare the efficiency and costs of

seven weed control methods in paddy production in Iran.
2 Materials and methods

2.1 Field experiments

The field experiments were conducted on a farm in
the Babol region, the north part of Iran during summer of
2011.

36 mm and average temperature was 22.7.

The average rainfall during first 6 months was
The average
comparative humidity of air during first 6 months was
77.5%, the average sunshine hours were 174 hours and
average evaporation was 129.4 mm.

Prior to start measurements, the main field was

transformed into flooding state and plowed by rototiller.

After

field, measurements were

Then, the process of leveling was done by trowel.
the preparation of the
performed in the 500 m” with 21 plots and the size of
each plot was 4 mx5 m. The experimental layout was
designed in such way that entry and exit of water in each
plot was done independently. In order to prevent water
inference into plots, the boundaries between the two plots
were covered with plastic. When the rice seedlings
grew about 25 cm (4-5 leaf stage) were transferred to the
main field and were transplanted in the 30x18 cm” spaces
and 3 plants in each pile. The fertilizer requirement of
the plots was done according to the soil test. Sampling
of the weeds were done in three stages, 20th day after
transplantation (before the first weeding), 35th day after
transplantation (before the second weeding) and just
before the harvest of rice. Thus, for each treatment in
different replications the processes of sampling were
done randomly through 4 boxes with the size of 0.5 mx
0.5 m. The weeds in each box were taken out and their
density was measured. Then, in order to determine the
dry weight they were put in an oven for 48 h. The
temperature of the oven was 72°C. After that, the dry
weight was measured by a precision scale. In order to
determine grain yield, after complete ripening, each plot
of 2 m® was harvested with elimination of marginal
effects. After harvesting, grain and yield were estimated
in kilograms per hectare with 14% moisture content.
2.2 Treatments and analyses

The experiment used a randomized complete block
design with seven treatments and three replications (i.e.
21 plots) on local rice variety Tarom as follows:

a. Hand weeding twice, the first on 20th day and the
second on 35th day after transplantation (T1)

b. Powered weeding twice, the time of performance
the same as T1 (T2)

c. Powered weeding, 20th day after transplantation +
hand weeding once, 35th day after transplantation (T3)

d. Conoweeder weeding twice, the time of
performance the same as T1 (T4)

e. Herbicide application (Butachlor), 5th day after
transplantation and 3-4 L in each Hectare + hand weeding
once, 35th day after transplantation (T5)

f. Non-management for controlling weeds (Weedy
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check) (T6)

g. Herbicide application once, 5th day after
transplantation and 3-4 L in each Hectare (T7)

Measured parameters were evaluated statistically
employing SAS software to determine probabilities of
treatment significance using analysis of variance and

LSD test, as appropriate.
3 Results and discussion

Table 1 shows the results of analysis of variance for
weed density and weed dry weight. According to the
Table 1, all treatments had a significant effect (p<0.01)
Also, the

replication effect was significant (p<0.01) for the weed

on weed density and weed dry weight.

dry weight 20 days after planting.
3.1 Weed density

Table 2 shows the mean comparison of treatments on
weed density and weed dry weight. As it is seen, the
maximum weed density was observed 20th day after
transplanting (before the first weeding) in cono-weeder

weeding twice treatment (T4) and the minimum weed

density were observed in treatments that used herbicide
application + hand weeding (T5) and herbicide
application once (T7). The maximum weed density 35th
day after transplantation (before the second weeding) was
observed in non-management treatment (T6) and the
minimum weed density was observed in TS5 and T7.
The amount of weed density in T2 and T4 at 35th day
after transplantation was found to be same after T6.
Therefore, the amount of weed density respectively
decreased 52.2% and 51.1% than T6 while the amount of
weed density was lesser in other treatments (Table 2).
During the harvesting time, the maximum density of
weed was observed in T6 and the minimum density of
weeds was observed in TS5 and T7. Statistically, the
amount of weed density in the treatment that was weeded
by T2 placed in the third level, after T6 and T4.
Therefore, weed density for T6 and T4 decreased 87.2%
and 37%, respectively. The amounts of weed density in
other treatments were lesser and placed in the next

compared levels (Table 2).

Table 1 Results of variance analysis for weed density and weed dry weight in different weed control methods

Weed dry weight/g - m™

Weed density per square meter

df Source of variation
Grain harvest 35days after 20days after Grain harvest 35days after 20days after
time planting planting time planting planting
55575.5" 122.8" 2485 76097 8340.6 27072.7" 6 Treatments
8.1™ 1.2 3" 6.3 54.9" 29.7 " 2 Replication
223 0.53 0.67 11.2 20.1 68.2 12 Error
923 8 13.4 932 56.6 121.07 Total mean
5.1 9.1 6.1 3.6 7.9 6.8 CV (%)

3.2 Weed dry weight

Mean comparison of data showed that maximum
weed dry weight was observed in T2 at 20th day after
transplantation (before the first weeding) and the
minimum weed dry weight was observed in T5 and T7
(Table 2).
35th day after transplantation in T6 and the minimum
in T5 and T7.
Statistically the treatment that was weeded by T3 was

Maximum weed dry weight was observed on

weed dry weight was observed

placed in the second level and the treatment that was

weeded by T4 was placed in the third level while the

treatment that was weeded by T2 was between the second
and third level showing no significant difference with T3
and T4. At the harvest time, the weight of dry weed in
T6 and T2 were more than other treatments, while
minimum weight of dry weeds at the harvest time was
observed in TS and T7.

was weeded by TS5 was placed after treatment that was

Statistically the treatment that

weeded by T2. Non-management treatment (T6) was
placed in the third level and the rest treatments were

placed in the next levels (Table 2).
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Table 2 Mean comparisons of treatments on weed density and weed dry weight in different weed control methods

Weed dry weight/g - m™

Weed density per square meter

Grain harvest time 35days after planting ~ 20days after planting Grain harvest time 35days after planting 20days after planting freaments
19.04d 2.1d 173 ¢ 17.67 ¢ 21.67d 139.67d Tl
11833 b 11.37 be 20.56 a 57.33¢ 73.33b 21433b T2
22.88d 12b 1742 ¢ 25.67d 64c 169 ¢ T3
101.1¢c 10.6 ¢ 19.52 ab 91b 75b 236.33a T4
0.58 ¢ 0.92d 0.19d 4f 533e 1.67 f TS
381.67a 1723 a 18.73bc 447.67 a 153.33a 89.33 ¢ T6
25e 1.58d 0.21d 9.33f 3.67¢ 1.67 f T7

8.4 1.3 1.45 5.96 7.98 14.7 LSD (5%)

Note: Numbers followed by the same letters within a column are not significantly different at the 5% level with LSD test.

3.3 Mean of labour used for weeding and herbicide
application

Table 3 shows the labour used in different weed
control methods. As it is evident from the Table 3, the
minimum time duration of performed action for
controlling weeds was related to the first stage of T5 and
T7. The ratio of time duration of performed action in T2
to T4 and T1 showed a reduction of 50% and 83.3%,
respectively. ~ The minimum duration of time of
performed action for controlling weeds in the second
stage was in T2 and the maximum was in T3. Time
duration of weed control for treatments T2 toward TS5, T4,
T1 and T3 showed a reduction of 50%, 60%, 75%, 77.7%,
respectively.  Mean hours of performed action for
controlling weeds during 2 stages for T7 was minimum
and for T1 was the maximum. Time duration of
performed action in T2 toward T5, T4, T3 and T1 showed
a reduction of 2.44%, 55.5%, 63.6% and 80%,

respectively.

Table 3 Labour used in different weed control methods

(man-hour/ha)

Mean in each weeding and herbicide application /h

Treatments
The two- stages The second stage The first stage
200 80 120 T1
40 20 20 T2
110 90 20 T3
90 50 40 T4
41 40 1 T5
0 0 0 T6
1 — 1 T7

3.4 Economic comparison

Table 4 shows the economic comparison of different

weed control methods. The maximum and minimum
product yields were related to the TS5 and T6 treatments,
respectively. The treatments with higher yields than T6
were showed as follows: T5 (45.35%), T7 (44.22%), T3
(39.2%), T4 (35.1%), T1 (33.94%) and T2 (30.46%).
The costs required to control weeds in different
treatments are tabulated in Table 4. The maximum cost
for combating weeds was realized in T1, since in this
method more labor was used and the cost-benefit ratio
was lower than other methods. The minimum cost for
combating weeds was found in T7. The cost for
combating weeds in T2 in comparison with T4, T3 and
T1 was reduced by 29.8%, 46% and 66.67%, respectively.
The maximum cost-benefit ratio was realized in T7
treatment and increased by 96.36% in comparison with
T1. The ratio of benefit to cost in T2 treatment in
comparison with T4, T3 and T1 treatments increased 26%,
40% and 68%, respectively. These studies showed that
selection of a method for controlling weed has significant
Hand

weeding method (T1), because of costly weeding,

role in the reduction of number of labors.
difficulty of performance and limitation of labour at the
proper time is not economical. According to the cost on
chemical management it is necessary to say that most of
the cost which are related to the production and use of
chemical technology such as herbicides are not
considered in the ultimate cost of products and just
nominal price of herbicides are evaluated. This includes
the purchase of alternative water supplies, medical costs,
yield reduction resulting from losses and damages and
cost to eliminate pollutants that are not paid by

manufacturers and users. To separate these lateral costs
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from the cost of herbicides cause that in a society, the real
costs of chemical management are not estimated properly
and toward reality, are not showed off more economical.
These prices are only understandable to beneficiaries
when the additional cost should be considered in ultimate
price of product. Estimating costs of the non-apparent
chemical management is complex, because quantifying
them is difficult and on the other hand the loss to
ecosystem and human health will be specified after a long

period of time. If the cost of chemical inputs on human

health and environmental damage be estimated, then the
high cost of chemical inputs can be explained more.
Therefore, according to the above context it can be
realized that by using mechanical weeding method,
desirable performance and also displacement of water in
the paddy can be achieved due to reduction of weed
density and the removal of harmful gases from the soil.
The advantage is that in this method, there is no
environmental pollution and this method also reduces the

cost of weed management in the paddy field.

Table 4 Economic comparison of different weed control methods

Benefit/Cost Benefit / $.ha™! Cost of control /$.ha™ Yield value/ $.ha™ Grain yield /kg.ha™ Treatments

6.9 4140.5 600 4740.5 3792.4 T1
21.5 4303.1 200 4503.1 3602.5 T2
12.9 4780.0 370 5150.0 4120.0 T3
15.9 4537.2 285 4822.2 3857.7 T4
373 5580.8 149.5 5730.3 4584.2 T5

— 3131.6 — 3131.6 2505.3 T6
189.3 5584.9 29.5 5614.4 4491.5 T7

Note: Price of paddy for Tarom variety (1.25$.kg™") has been calculated based on Iran market in 2011.

The cost of hand weeding and Butachlor was calculated 30 $.day™ and 7 $.L"' based on 2011 prices in Iran, respectively.

4 Conclusions

In this study, seven weed control treatments (T1 to T7)
were applied at three stages of rice growth (20 and 35
days after transplanting and grain harvesting time). It
was observed that there were no significant differences
between efficiency of six treatments (except for weedy
check method (T6) treatment). The minimum weed
density and dry weight were obtained at herbicide+hand
weeding once (T5) and herbicide application once (T7)
treatments during all three stages. The costs of weed
control were different among the treatments. Select of
control method has an important role in reducing labour.
Hand weeding twice method (T1) because of high
weeding cost, hard work and workers limitation in the
required time is not useful. Powered weeding twice
method (T2) due to without environment pollution,
reducing costs of weed control and high benefit/cost is
the best and most appropriate treatment. = Amount of
weed damage in weedy check method (T6) is varied

between 30.5% — 45.3%.
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