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Reduction of Chemical Application in Soybean at Farm Level
I. Comparison between Two Wet Seasons Soybean Production

Aphiphan Pookpakdi and Nukul On-nim

ABSTRACT

Theexperimentswere conducted inthefarmer fieldsat Thongphaphoom district of Kanchanaburi
province, Thailand in the year of 2000 and 2001. Soybean cultivar “ Chakkrabhandhu no.1” were grown
in the upland soil on 20 July 2000, and 20 July 2001 respectively. The harvesting dates for both
experiments were in the first week of November.

Treatments composed of the combinations of chemical and non-chemical control for weed, insect
and soil fertility designed as no chemical, less chemical and moderate chemical application. The given
treatmentswere compared with farmer practicesin which variouskinds of chemical at different amounts
were used in soybean production. Results of two experiments conducted revealed that yield of soybean
intheyear 2000 was higher than in 2001 dueto lessweed infestation. Biophoskaorganicfertilizerinless
chemical treatment and tripl e super phosphate (T SP) inmoderatechemical treatment werethe main cause
of highyield. Togrow soybean successfully intherainy season, herbicideswerestill needed. Inbothyears
of 2000 and 2001, insect infestation weremild, thereforethe use of neem extract from Azadirachtaindica
A. asinsect repellant seemed enough for controlling insects in soybean fields. This study indicated that
in order to grow soybean in the rainy season, herbicides are still needed to suppress weed. Growth and

yield of soybean can be enhanced by using organic fertilizer or TSP.
K ey words: soybean production, reduction of chemical, on-farm trial

INTRODUCTION

An attempt to increase the production and
yield of crops had resulted into the increasing
amount of chemical application. Specifically, when
crops are grown in monoculture system which
may cause the accumulation of pests, diseasesand
reductionin soil fertility. Application of chemical
pesticide and fertilizer may result in short term
increaseincropyield. However, increasingtheuse
of chemical in most crops cause the increase in
production input, changing soil structure,
increasing resistant to pest, disease and alter weed
speciesin thefield.

Insoybean Jitsanguan et al. (2000) reported
that the use of chemical application to control
pests, diseases and weeds by farmers were
tremendously high. The effects of increasing
chemical pesticide not only increase the resistant
ability of insect pest but also unnecessarily kill
many natural enemy of insects. Therefore, the
mechanism of natural control in crop pest could
not be achieved.

Ratanarat (1999) mentioned in his report
that soybean can besupplied with nitrogenthrough
N> fixation, themost essential chemical for soybean
isphosphoruswhich hasbeen suppliedthroughthe
soil. Therefore, the decreasing use of chemical
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fertilizer canbedonethrough supplying only P,Os
to soybean as only chemical fertilizer.

Theherbicideapplicationmay reduceweed
infestationinsoybeanfieldtremendously. However
species of weeds may be reduced after the heavy
useof herbicide. Most of theleft over specieswere
difficulttocontrol usingchemical (Gazzieroetal.,
1994). They suggested that combination of weed
control should be used in order to achieve the
effective control of weed and the reduction of
chemical herbicide at the same time.

Production of soybean especialy in the
rainy seasonin Thailand requiresheavy amount of
chemical pesticide and fertilizer. Sooksathan and
Pookpakdi (2000) reported heavy usesof herbicide,
insecticideand ureafertilizerinsoybean production
by farmer at Kanchanaburi. Since research in the
past had suggested theal ternativewaysof reducing
chemical in crop plant, the objective of this study
istotest for thepossibility of reducing chemical in
soybean production under the farmer field
conditions.

MATERIALSAND METHODS

Soybean were planted in the farmer fields
at Linthin Subdistrict of Thongphaphoom District
in Kanchanaburi province which is located
approximately 360 km. west of Bangkok. Soybean
canbegrownintherainy and dry season. Thetotal
number of land grown for soybean was 12,225 rai
(1,950 hectares) at Kanchanaburi as reported in
1998 (Pookpakdi et al., 2000) Theland cultivated
for wet season soybean account for 85 percent of
thetotal soybean growing areasin Kanchanaburi.
At Thongphaphoomdistrict, farmersgrow soybean
in the rainy season much more than those planted
in the dry season. Rainy season soybean were
growninupland soil inmid July asthecrop grown
after sweet corn. Farmers used chemical fertilizer
and pesticide tremendously. The yield obtained
from rainy season soybean was 260 kg/rai (1,562
kg/ha).

The experiments were conducted in the
farmer fieldsfor two consecutiverainy seasonsin
theyear 2000 and 2001. Thesite of the experiment
was an upland with pH of 5.5 - 6.8. Soil textures
wereclay to clay loam. Organic matter of soil was
between 3.3 - 4.4% , which is considerably high.
Amongtheessential elements, potassium, calcium
and magnesiumwerehightovery high, thevariation
in nutrient element was phosphorus which range
from 3-21 ppm. Soybean cultivar “Chakkra-
bhandhu no.1” were planted in the randomized
completeblock experimentwiththreereplications.
Seeding rate when planting were 15 kg/rai (94 kg/
ha) in both year. Each individual plot size were
1,600 sg.m. (1 rai ) the experiment weretreated as
an on-farm trials therefore, each treatments were
not necessarily located at the same farm. Four
treatmentswere assigned asthe different levels of
weed control, insect control and fertilizer
application classified as no, less, and moderate
chemical applications (Table 1).

The experiments were planted on 20 July
2000 and 20 July 2001. The harvesting dateswere
November 3, 2000 and November 5, 2001
respectively. The cropswere harvested totally for
eachindividual plots, threshed and seedsweresun
dried for 2-3 days. to obtain about 13 % seed
moisture content. During crop growth, the
evaluation of weed and insect infestation were
conducted. After harvesting, the yield and yield
components were collected, economic evaluation
for the cost of input and net return were also
evaluated.

RESULTSAND DISCUSSION

1. Growth and yield of soybean

Yield, number of podsper plant, number of
seeds per pod and seed size of soybean grown in
2000 and 2001 wereshownin Table2. Theresults
of the experiment conducted in therainy season of
both years revealed the following:



Kasetsart J. (Nat. Sci.) 37 (2) 131
a. Yied
Yields of soybean in the year of 2000 was
higher thanin2001. Inboth years, thelowest yield
wasobtained fromtreatment no.1 wherenon of the
chemical wasapplied. However,in 2001 treatment

1 produced lowest yield due to weed infestation
rather than insect attack (Tables 2 and 3,
respectively) Inyear 2000, highyieldwereobtained
in the treatments 2 and 3 in which the significant
difference between them was not obtained

Tablel Combination of chemical and non-chemica controls for weed, insect and soil fertility

composing as treatments of different chemical reduction.

Treatment Description Weed control Insect control Fertilizer
no. application
1 No chemical None Spraying with the Seed dressed with
application extract of neems peat inoculum
Azadirachta indica containing
having azadirachtin of R. japonicum
625gai /ha (200g per 10-15 kg
of soybean seeds.)
2. Less Fluazifop-p-butyl Triazophos 40% EC Inoculum
chemical 15gai /ha 1,000 g ai /ha containing with
application + spray at V1 growth R.japonicum plus
Formezafen 250 stage application of
ga /ha Biophoska organic
spray at 25 DAP fertilizer at 312.5
kg /ha
3. Moderate Alachlor 1875 Triazophos 40% EC Inoculum
chemical ga /haas 1,000 g ai /ha containing with
application pre-emergence + spray at V1 growth R. japonicum plus
Formezafen + stage application of
Fluazifop-p-butyl follow by IPM triple super
at 25 DAP phosphate at
62.5 kg/ha
4. Farmer Different Various chemical Chemical fertilizer
practice herbicides insecticide were used mostly 16-20-0 at
were used at such as 160 — 320 kg/ha or
irregular rates such Monocrotophos urea at 160 kg/ha
as Paraguat as 60 % EC
post-emergence 160 g ai /ha
herbicides and
Alachlor as pre-
emergence
DAP days after planting Emusifiable concentrate

V1

EC =

growth stage (Fehr and Carvinass, 1977)  IPM

Integrated pest management
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(P<0.05), whilein the year 2001 the highest yield
was obtained from treatment 3 where moderate
amount of chemicals were used. In the farmer
practice plots, yields of soybean were similar in
both years of 2000 and 2001.

b. Yield component

Among the three yield components of
soybeani.e. no. of pods per plant, no of seeds per
pod and seed size, no of podsper plant contributed
most to theyield of soybean. Intherainy season of
2000, the less chemica application treatment

(treatment 2) which produced the highest yiel d per
unit area had the highest no. of pods per plant
(P<0.05) while in the rainy season of 2001,
treatment no.3 where chemical were applied
moderately produced the highest number of pods
per plant and the highest yield. It can also be seen
that thenumber of podsper plantinyear 2001 were
much less than those of year 2000 due to heavy
weed infestation, especially at the early growth
period dueto heavy distribution of rainfall between
July and August of 2001 (Figure 1).

There were no different in the number of

Table2 Yieldandyield componentsof soybean from thereduction of chemical experimentsconducted
in the rainy seasons of year 2000 and 2001.

Treatment Yield (kg/ha) No. pods per plant No. seed per pod Seed size
no (g/ 100 seeds)
2000 2001 2000 2001 2000 2001 2000 2001
1 1168.7 295.6 52.1 21.8 16 14 111 10.6
2 2450.0 1650.0 79.2 45.3 17 16 11.2 13.2
3 2350.0 21244 52.6 518 1.7 1.7 12.7 14.7
4 1525.0 1466.8 65.9 36.7 19 16 129 11.0
Mean 18734  1384.2 62.4 38.9 17 16 119 12.2
CV.% 141 14.3 16.4 12.1 114 4.6 41 8.3
F—test * * * *x NS NS NS *
LSD 0.05 529.3 394.3 20.4 9.4 - - - 21

Table3 Dryweight of weed (g/sqm) asclassifiedinto thedifferent morphological characteristicstaken
at R6 growth stage in the experiment conducted in 2000 and 2001.

Treatment Dry weight of weeds (g/sgm)

no Broad leaf Grass Sedge Total
2000 2001 2000 2001 2000 2001 2000 2001
1 39.3 63.8 20.0 225 19.0 314 78.3 122.7
2 10.7 64.5 4.3 12 - 11.7 15.0 774
3 8.7 9.1 - 75.7 - 16.0 8.7 100.2
4 - 28.7 5.02 - 21.6 - 100.5
Mean 14.6 41.5 6.0 374 4.7 20.2 255 100.2

*/: Inyear 2000, farmers weeded their cropsin the farmer practice plot (treatment no. 4) apart from using pre emergence and post

emergence herbicides.
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seed per pod in both years. The average number of
seeds per pod were 1.7 and 1.6 respectively and
there were no significant different among
treatments in year 2000 and 2001. Seed size in
soybean cultivar “Chakkrabhandhu no.1” was
approximately 11.9-12.2 g/100 seeds as shown as
the average seed size in Table 2. Seed size were
similarinall treatmentsinbothyears. However, in
year 2001 seed size were much less in treatments
1land4whereweedstrongly suppressedthegrowth
of soybean. Heavy infestation of weed caused the
reduction in soybean growth particularly at the
reproductive stage and this was the main reason
for thereductionin seed sizeintreatments 1 and 4
in which chemical was not applied in the former
treatment and the latter treatment was the farmer
practice.

2. Weed infestation

As shown in Table 3 in which the dry
weight of weed per sq m were taken in the
experiments both years. Weed infestation was

A
400 -

133

strong in year 2001 rather than the year 2000
especially during two months after planting (July
and August) (Figure 1). Infarmer practiceplots, it
has been a practice for farmers to hand weed
soybean beforeflowering (36-40 DAP) regardless
of what kind of herbicide they had used. In year
2001, heavy rainfall occurred few days after
plantingsprevented farmerstoweedtheir soybeans
before blooming. Therefore, hand weeding was
not donein treatments 1, 2 and 3 of both years.
InTable3,itappearedthat weed still caused
the problem in soybean grown in the rainy season
of year 2001, no matter kind of herbicide used.
Without the use of herbicide, tremendous amount
of broadleaf, grass, and sedge predominantly took
their spacesin soybean field and weed drastically
reduced soybean growth and yield as seen in
treatment 1. The use of Fluazifop-p-
butyl+Formezafen and Alachl or plusFluazifop-p-
butyl+Formezafen controlled weed better in year
2000. However, whererainfall occurred heavily in
year 2001 heavy rainfall and water logging
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Figurel Amountanddistributionof rainfall at Thongphaphoom Districtintherainy seasonof 2000 (A),
and in the rainy season of 2001 (B) during the growth period of soybean.
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conditions reduced the effectiveness of weed
control as seen in treatments 2 and 3 of the year
2001.

3. Insect infestation

As it can be seen in Table 4 that insect
infestation was not the problem for soybean
production at Thongphaphoom district of
Kanchanaburi of both years where experiments
were conducted. The use of spraying Triazophos
only with the purpose of controlling bean flies
(Melanagromyza sojae (Zehntner); Ophiomyia
phaseoli (Tryon); Ophiomyia centrosematis) at
V1 growth stage seemed sufficient in soybean
production as it may be recommended as the less
chemical reduction management for soybean
growth at that locality. Only in treatment 1 of the
trial grown in 2001 in which the score of insect
attack washighest (4.35) neem extract wasused as
the mean of insect control. Since yield reduction
did not obviously occured due to insect attack, it
can be generally concluded that neem extract
could be used as the organic insect control in the
year whereinsect attack wasnot serious. However,
closeobservation should bedoneinthenear future
into the fact that how much the organic repellant

likeneem extract canbeused effectively insoybean
production

Whiteflieshad been observed asoneof the
key pestsof soybean at Thongphaphoom District.
However in the year 2000 soybean virus disease
had not been observed. Whilethevirusdiseasehad
been found attacking soybean at R6 stage in year
2001. It may be possiblethat the causal vector for
the disease might be white flies which had been
found as one of the key soybean pest

4. Soil fertility

Althoughthesoil analysisof samplestaken
from the experiments conducted in the year 2000
and 2001 had not been shown. It can be stated that
theimportant components of soil analysishad not
been changed very much during one growing
season. For pH, there were 6.3 to 6.4 before and
after cropping in year 2000 but reducing from 6.4
to5.8forthetrial in2001 respectively. Theorganic
matter of soil before and after cropping were
between 3.0-3.2 percentswhilephosphoruscontent
(assessed by Bray Il method) of the soils were
between 18-27 ppmfor thetrialsinbothyears. The
treatments imposed in both experiments did not
seemed to alter the values of pH, organic matter

Table4 Insectinfestationinsoybeanfield (score 1-5) at R6 growth stagein thetrial conducted in 2000

and 2001.
Treatment Wet season 2000 Wet season 2001
no. Score 1/ Key pest 2/ Score Key pest
1 1.50 whiteflies 4.35 soybean sting bug
2 2.66 white flies 0.85 soybean sting bug
3 1.00 soybean sting bug 0.65 soybean sting bug
4 1.00 whiteflies 1.65 soybean sting bug
Mean 154 3.17
1 Scoreof insect infestation 1 =non
2=less
3 = moderate
4 = heavy
5 = heaviest
2/ Whiteflies (Trialeurodes vaporariorum (Westwood)) soybean sting bug (Riptortus linearis(L.))
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and phosphorus. Although the observation was
madein treatment 3 where TSP at 62.5 kg/hawas
given resulted in higher percentage of organic
matter inthesoil. Thismay beduetothestimulation
of phosphate fertilizer to the crop biomass.

Even soil analysis failed to indicate the
influence of Biophoskaorganic fertilizer and TSP
as the factors contributing to the higher yield of
soybean. It can not be fairly stated that those
fertilizer did not influenced the growth and yield
of this crop. Treatments 2 and 3 where the trial
received Biophoskafertilizer and TSPapplications
gave the yield of 2,450 and 2,350 kg/ha in the
experiment of the year 2000. In treatment no.3 of
the year 2001 where the plot received 62.5 kg/ha
of TSP, the highest yield of 2,124 kg/ha was
obtained among thefour treatments. Sincethe soil
sampleswhich had beentaken for analysiswasthe
composite samples of ten sub samples randomly
collected per plot, the changeinthe componentsof
soil analysis may not be detectable for a short
period such asduring onesoybean growing season.

5. Cost of input and return

Table5 showed the cost of input, grossand
net income of soybean production under different
chemical reduction treatments when grown in the
year of 2000 and 2001. Asit can be seen that the
input cost in treatments 2,3 and 4 were similar in
theyear 2000 which were between 11,000-12,000

baht/ha. Intheyear 2001 theinput costintreatment
4 were dlightly less than in treatment 2 and 3 due
tothereducing amount of chemical fertilizer used.
However, the input cost of treatment 1 in both
years 2000 and 2001 were less due to the total
reduction of chemical use in such treatment.

In year 2000, gross and net returns of
soybean production in treatments 2 and 3 were
highest due to the increase in soybean yield.
Likewise, the grossand net returns of treatment 3
were highest in year 2001 due to the yield which
was highest among all treatments. The yield in
treatment 2 in year 2001 was not high dueto weed
infestation, therefore gross and net returns of
soybean were not high also.

Grossincomeand net returnsof soybeanin
treatment 1 were low in both years due to weed
infestation. In treatment 4, farmer failed to obtain
good soybean growth and net income dueto their
high cost of production and yield was also low.

CONCLUSION

On-farm experiments were conducted in
the rainy season of years 2000 and 2001 with the
objectiveof studyingfor thepossibility of reducing
chemical applicationsin soybean. Thetrialswere
conducted in the actual farm condition and the
treatments given were subjected to the real
conditions of pest, weed and soil heterogeneity.

Table5 Costof input, grossand netincomes per hectare basis of soybean when planted under chemical
reduction trial in years 2000 and 2001. (unit : baht/ha.)

Treatment Wet season 2000 Wet season 2001
no. Input cost Grossincome Net return Input cost Grossincome Net return
1 9,937 12,275 2,338 6,343 3,300 -3,043
2 11,393 24,412 13,019 13,231 18,218 4,987
3 12,318 24,675 12,357 13,850 23,375 9,525
4 12,193 16,012 3,819 9,606 16,156 6,550
Mean 11,460 19,343 7,883 10,757 15,262 4,504

Note: the cost of soybean grain at 13% seed moisture content were 10.50 baht/kg in 2000 and 11.00 baht/kg in 2001.
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Theindividual plot was aslarge as 1,600 sq m to
practically cal culatetheeconomicinput andreturn.

The yield of soybean in year 2000 were
higher than in 2001 due to less weed infestation.
The highest yield in both years was due to
Biophoskaorganic fertilizer and TSP. To achieve
aconsiderableyield of soybeanintherainy season,
herbicide was till needed apart from fertilizer. In
both yearsinsect infestation were mild, therefore,
the use of neem extract asinsect repellant seemed
ample for controlling insects.

Treatment received the highest yield also
gave the highest net return. In the treatment of
moderate chemical application (treatment 3) of
year 2000, the net return was higher than those of
the same treatment in year 2001 due to less weed
infestation. Theinput cost of thetreatmentswhere
Biophoska or TSP were applied, were similar in
years 2000 and 2001. For farmer practice plot, the
input cost was high because different kinds and
amount of chemical that farmer had used.

The result of this study can be concluded
that in order to grow soybean in the rainy season,
chemical suchasherbicidesareneeded to suppress
weed. The growth and yield of soybean can be
enhanced by using Biophoskaorganicfertilizer or
TSP.
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