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Soybean Yield and Nutrient Composition
asAffected by Soil and Foliar Fertilizations

Chin Theng Phivl, Chawalit Hongprayoonl,
Peerasak Srinives?, Arunsiri Kumlung! and Y ongyuth Osotsapar?®

ABSTRACT

Soil fertilizer application and foliar fertilization offer a possible means of increasing soybean
[Glycine max (L.) Merr.] yield in Thailand but little is known of appropriate foliar fertilizer use to
supplement soil fertilization. Field experiment was conducted twice to determine the effects of soil N P
K fertilization together with foliar fertilizers contai ning macronutrients and micronutrients on growth,
yield and nutrient composition of soybean (Sukhothai 1 and KUSL 20004 cultivars). Thetreatmentswere
arranged in 3 x 3 factorial experiment in randomized complete block. Three methods of soil fertilization
were control (S0), 18 kg N harl at 7 days after seeding (DAS) (S1), and 18 kg N halat 7 DAS+ 18- 18
—18 kg N — P,Os — K,0 hal at 30 DAS (S2). Foliar fertilizer contained both macronutrients and
micronutrients. The three methods of foliar fertilization were control (FO), 3 applications at 34, 42 and
49 DAS (F1) and 6 applications at 20, 27, 34, 42, 49 and 56 DAS (F2). Throughout the studies, soil and
foliar fertilizations did not significantly affect growth, yield and yield components of soybean. The
concentration of N PK Feand Znin shoot at 68 DASand N PK and Cain leaves at 89 DAS were not
consistently affected by soil and foliar fertilizations. The remarkable effects of soil fertilizers on the
concentrations of Ca Mn and Cu in shoot, and Mg Fe Mn and Cu in leaves were observed. Foliar
fertilizationsincreased Fe and Cu concentrationsin leaves. The nutrient concentrations of soybean shoot
and leaves under thisinvestigation were in sufficient ranges which were agreeabl e with soil test results.
Thisfinding indicated that the soil can provide sufficient nutrients for soybean growth and yield under
this condition. Therefore, soil and foliar fertilization will not be economically feasible.
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INTRODUCTION

Soybean [Glycine max (L.) Merr.] has
efficient symbiotic nitrogen fixation that can
provide over 80% of the nitrogen in the crop at
maturity, however in most casesfixation accounts
for 25— 75% of total plant nitrogen (Deibertetal.,
1979). One metric ton of soybean grain removes

approximately 59 kg N, 60 kg P, 19 kg K and
different amount of other macronutrients and
micronutrients (Fageriaet al., 1997). To maintain
soil fertility, at least nutrients (other than nitrogen)
removed in the grain should be returned into soil
by applying the fertilizers. Soybeans grown in
Thailand were reportedly response to N P and K
fertilization. Therecommendationratesfor soybean
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producersare 18 kg N, 36 kg P,Os and 18 kg K,0
hal for clay loam and silty loam soils. However,
only 36 kg P,Os harl was applied at planting for
soybean grown in clayey texture soil (Division of
Soil Science, 1999). The suitability of these
fertilizer ratestodifferent soybean cultivarsgrown
in different soil types need further clarification.

Foliar fertilization of soybeanwithaliquid
N—P-K-Sfertilizer during pod filling period (R5
toR6) hasreceived considerableattentioninvarious
parts of the United States since 1975 (Garcia and
Hanway, 1976). During seed growth period,
soybean plantstransl ocatelarge quantitiesof N, P,
K and Sfrom|eavesto devel oping podsand seeds
resulting in decreasing photosynthesis and
ultimately premature senescence (Sinclair and de
Wit, 1975). Soybean yield wasincreased by foliar
boron application due to increasing final number
of branches and pods on branches (Schon and
Blevins, 1990). Foliar spray containing Caand B
improved pod development and pod retention of
soybean in field condition (Weaver et al., 1985).
Furthermore, increasing soybeanyield fromfoliar
B + Mg treatment was resulted from an increased
number of pods on the main stem and branches
(Reinbott and Blevins, 1995).

Some information is available on the
effectiveness of foliar applied fertilizers for
leguminous cropsin Thailand. Foliar applications
of B and Fecanamelioratethedeficiency problems
of these elements on blackgram, peanut and
mungbean. Two foliar applications of borax, at a
very low rate of 50 ghal, during flower
development and pod set, were as effective in
correcting boron deficiency in backgramasahigh
rate applied to soil (Rerkasem, 1989). Five foliar
applicationsof 0.5% FeSO,4 solution at 10, 20, 30,
40 and 50 days after emergence was the most
effective way to alleviate iron chlorosis, and
substantially improved yield of peanut (Ratanarat
etal., 1990). Mungbean plantsgiven afoliar spray
with anutrient solution contained 0.5% Fe, Znand
Mn recovered from the chlorosis and produced

greater number of pods (Oonkasem and
Thavarasook, 1988). Foliar fertilization of a
solution of 5 gL -1 ferrous sulfate was effectivein
correcting chlorosis that was induced by iron
deficiency, and it enhanced both growth and yield
of susceptible mungbean cultivars (Ohwaki et al .,
1997).

Atpresent, foliar fertilizationtogether with
soil application have been practiced in many areas
of Thailand but limited information was available
(Pongsakul and Ratanarat, 1999). Suanmaleeet al.
(1990) reportedthat only soil N PK fertilization or
soil fertilization in combination with foliar
applications of N P K fertilizers significantly
increased soybean yield in Pak Chong soil series
(clayey, kaolinitic, Oxic Paleustults) and Wang
Saphung soil series (fine — clayey, mixed Ultic
Haplustalfs). However, N P K foliar fertilization
without soil fertilizer application did not improve
soybean yield. It is obvious that research on the
effects of foliar fertilizers containing both
macronutrients and micronutrients on soybean
yield in this country is amost non. More studies
are, therefore, needed to clarify the roles of foliar
fertilization on soybean yield improvement. The
objectiveof thisstudy wasto determinetheeffects
of soil N P K fertilization together with foliar
fertilizers containing macronutrients and
micronutrients which applied during vegetative
and reproductive stages on growth, yield and
nutrient composition of soybean.

MATERIALSAND METHODS

Field experiment was conducted on
Kamphaeng Saen soil series (fine-silty, mixed,
Typic Haplustalfs) at the Asian Regional Center
(ARC) of the Asian Vegetable Research and
Development Center (AVRDC), Kamphaeng Saen
Campus, Kasetsart University during November
2001 —March 2002 and was repeated during May
— August 2002. Before land preparation of each
cropping, a composite soil sample was collected
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from the depth of 0 to 20 cm and tested for pH,
electrical conductivity (EC), organic matter (OM),
P, K, Ca, Mg, Fe, Mn, Zn and Cu. Briefly, pH was
analyzedinal: 1 soil/water ratio, EC of saturated
extract by EC meter, organic matter by Walkley
and Black method, P by the Bray P-2 method, K,
Caand Mg by ammonium acetatemethod (Jackson,
1973). Sail Fe, Mn, Zn and Cu were detemined by
atomicabsorptionspectrophotometry ontheDTPA
extract (Linsay and Norvel, 1978). The soil test
valuesfor thefirst and second trials are shown in
Table 1.

Before planting of soybean, land was
ploughed once and harrowed twice. Each plot
measured 5 m in length and 3 m in width. The
planted spacing between hills was 25 cm and
between rows was 60 cm. Soybean cultivars
‘Sukhothai 1" and ‘KUSL 20004’ wereusedinthe
first and second trials, respectively. Soybean seed
was inoculated with rhizobium bacteria before
seeding. About 3-4 seeds were dropped in each
hill. Upon establishment, plantswere thinned to 2
plantsper hill. Tominimizemoisturestress, furrow
irrigation was applied throughout the growing
season. Weeds were controlled chemically and
hand weeded as necessary.

The experimental design was randomized
completeblock withfour replications. Thefertilizer
treatments were factorially arranged in 3x3 soil
application and foliar fertilization methods. Soil
fertilizer application methods were control (So),

18 kg N hal at 7 days after seeding or DAS or
growth stage V¢ (S1) and 18 kg N ha'l at 7 DAS
+ 18-18-18 kg N- P,O5-K,0 hal at 30 DAS or
growthstageR1 (S2). Ammoniumsulfate(21-0-0)
and compound fertilizer (15-15-15) wereusedin
soil fertilizer treatments. The foliar fertilization
methods were control (water sprayed plots, FO),
foliarfertilizer application 3timesat 34,42 and, 49
DAS or growth stages R2, R3 and R4 (F1) and
application 6 times at 20, 27, 34, 42, 49 and 56
DASor growth stagesV4, V6, R2, R3, R4 and R5
(F2). Theconcentration of eachelementinsolution
applied at early growth stages was lower than
those used at later stages. The detail of soil and
foliar fertilizer applicationsweregivenin Table 2.
Thesourcesof nutrientsfor foliar fertilizer mixture
wereurea(46-0-0), ammonium sulfate (21-0-0),
potassium nitrate (13-0-46), magnesium sulfate
(10% Mg and 14% S), Fe EDTA (13.2% Fe), Zn
EDTA (14%2Zn), MNEDTA (13%Mn), CUEDTA
(14% Cu) and calcium-boron-molybnenum
solution (6% Ca, 2% B and 0.2% Mo) under the
commercial trade name B Plus™".

Alkyl aryl polyethoxylate and sodium
akylsulfonate alkylate 60% adjuvant was used at
therateof 0.1 mIL"1. All foliar fertilizer solutions
were applied with backpack hand sprayer in the
early morning (8 — 10 am). The nozzle size was
adjusted todeliver anappropriaterateand uniform
distribution. Foliar fertilizer mixturesweresprayed
uniformly across each plot.

Tablel Soil testvaluesforthefirst and second fertilizer trialsconducted at ARC, Kasetsart University,

Kamphaeng Saen.

Tria pH EC oM P K

Ca Mg Fe Mn Zn Cu

(@sm) (%)

1 6.5 0.8 14
2 6.8 11 19

(mg kgh)
2384 131.6 17215 2466 308 13 362 11
1301 1431 19216 2327 249 10 523 12

*  Use of trade name does not imply endorsement of the product name nor criticism of similar ones not named.
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Table2 Soail fertilizer rates, foliar fertilizer concentrations and application schedule of the fertilizer

trials.

Treat-

Dates and rates of soil and foliar fertilizer application

ment 7DAS* 20DAS 27DAS

30DAS

34DAS 42DAS 49DAS 56DAS

(kg N ha'l) (2L/plot) (2L/plot) (kg N-P,Os-K50 hal) (3L/plat) (4L/plot) (4L/plot) (4L/plot)

S) - - - - - - - -
S 18 - - - - - - -
S, 18 - - 18-18-18 - - - -
Fo - - - - - - - -
F1 - - - - Ps Py Ps -
) - Py** ) - P3 P3 P3 P3

*  DAS = Days after seeding;** Py, P, and P3 = Concentration (mg kg'1) of elementsin the solution as follows :
P1=250N,50P, 100K, 25 S, 15 Mg, 30 Ca, 15 Fe, 10 Mn, 7.5 Cu, 7.5Zn, 10 B, 1 Mo
P>=500 N, 100 P, 200 K, 50 S, 30 Mg, 45 Ca, 30 Fe, 20 Mn, 15 Cu, 15 Zn, 20 B, 2 Mo
P3=750N, 150 P, 300K, 75 S, 45 Mg, 60 Ca, 45 Fe, 30 Mn, 22.5 Cu, 22.5 Zn, 30 B, 3Mo

To study plant growth parameters, 5 plants
were collected from two sampling rows at 46, 54,
69 and 89 DAS or growth stages R4, R5, R6 and
R7 of thefirst trial and 65 and 79 DAS or growth
stages R6 and R7 of the second trial. The plants
were cut at ground level and determined for node
number, branch number and plant height. After
growth measurement, plant sampleswereair-dried
at 70°C for 3 days to measure dry weight. Whole
plant samples were taken at 68 DAS or growth
stage R6. They were washed thoroughly with tap
water containing mild detergent, rinsed threetimes
withdeionizedwater, driedand groundfor chemical
analysis (Schon and Blevins, 1990).

Ten plants were randomly collected from
sampling rowsat maturity and counted for number
of pods per plant and number of podson branches.
One hundred pods were randomized and counted
for the total number of seeds to obtain average
number of seeds per pod.

The soybean was harvested at maturity
when 95% of total podsturned brown (R8). Grain
yieldwasmeasured froma5 mlength of thecenter
two rows. Plant number per plot was recorded
before threshing. Grain yield wasweighed and a

grain sample was collected from each plot to
determine grain moisture. The grain yield was
adjusted to 13% moisture. Subsamplesfrom each
plot were obtained to detemine 100 - seed weight.

Samples of trifoliate leaves (including
petioles) consisting of 25 uppermost fully expanded
|eaves were randomly collected one week before
harvestingfromeachplottoanalyzefor thenutrient
concentration of leaves in the last growth stage.
Leaf samples were washed in 0.1 N HCI for
approximately 30 seconds, rinsed in deionized
water for 30 seconds to remove of residua foliar
fertilizer (Moraghan, 1991). Leaf samples were
driedin ahot air oven at 70°C and ground to pass
a2-mm screen. Plant samples were digested with
perchloric/nitric/sulfurictertiary acid. Total N was
determined by auto analyzer and P by vanado-
molybdate colorimetry. The concentrations of K,
Ca, Mg, Fe, Mn, Zn and Cu were determined by
atomic absorption spectrophotometry (Walsh,
1971).

Data were analyzed with analysis of
variance (ANOVA) using IRRISTAT package.
The treatment means were separated using
Duncan’s multiple range test.
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RESULTSAND DISCUSSION

1. Plant growth

The effects of soil and foliar fertilizer
applications on plant height, number of nodes per
plant, number of branchesper plant and dry weight
of shoot are shown in Tables 3 and 4. Soil and
foliar fertilizer treatments did not influence plant
height at 46 days after seeding (DAS) of the first
trial and 79 DAS of the second trial (Table 3).
However, soil fertilizer treatmentsdecreased plant
height at 69 DA Sof thefirsttrial butincreased that
of thesecond trial. The heavy rainfall at that plant
ageinthefirsttrial may contributetothisvariation.
Faliar treatments did not show any influence on
soybean height. Theresultscorroborated thework
of Edmisten et al. (1994) which indicated that
foliar treatments of completefertilizersat 10— 14
days intervals starting at 2 — 3 leaf stage had no
effect onheight of cotton. Therewasaninteraction
between soil and foliar treatments on plant height
at 79 DAS of the second trial. This interaction
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indicated that oneapplication of soil fertilizer (S1)
increased plant height when foliar fertilizer was
not used.

Soil fertilizer and foliar fertilizer
applicationsdid not resultinasignificant increase
in number of nodes per plant (Table 3). Theresult
revealed that the effect of fertilizer treatments on
plant height may beduetotheincreaseinlength of
the internodes.

Therewasno response of shoot dry weight
to soil fertilizer treatments. Foliar fertilizer
application, however, significantly increased dry
weight at 89 DAS of the first trial (Table 4). The
interaction between soil and fertilizer treatments
remarkably affected dry weight at 54 DAS of the
first trial. This interaction indicated that one
application of soil fertilizer (S1) in plots without
foliar fertilizer (FO) tended to increase dry weight
of soybean. In contrast to the result of this
experiment, Hag and Mallarino (2000) indicated
that foliar fertilization with N PK at early season
seldominfluenced dry weight of soybean at the R2

Table3 Plant height (cm) and number of nodes per plant of soybean after soil and foliar fertilizations.

Fertilizer Height (1t trial) Height (2" trial)  Nodeno. (1Sttria)  Nodeno. (2 trial)
treatment 46 DAS 69DAS 65DAS 79DAS 46DAS 69DAS 65 DAS
Soil
S 60.4 91.9b 85.6 a 86.7 11.3 14.7 16.3
S 58.9 87.7a 90.9b 89.6 11.2 15.3 16.1
S 56.4 87.9a 91.0b 88.2 11.2 14.6 16.5
F- test ns * *x ns ns ns ns
Foliar
Fo 56.7 88.1 87.9 875a 11.3 14.9 16.8
F1 59.7 90.6 90.4 89.3ab 110 15.0 16.5
Fy 59.3 88.2 89.4 87.5a 11.3 14.9 16.5
F-test ns ns ns ns ns ns ns
SxF ns ns ns * ns ns ns
CV (%) 9.4 4.9 45 4.2 5.4 5.0 5.4

ns = not significant different ,* significant different at P< .05, ** significant different at P< .01
Means in each column followed by the same |etter are not different by DMRT at P<.05
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growth stage.

It was noted that foliar treatment did not
significantly increasenumber of branchesper plant
inthecultivar ‘ Sukhothai 1' (Table5). Therefore,
the promotion of six split foliar fertilizer
applications (F2) on plant dry weight was likely
due to the effects of treatments on increasing dry
weight of leaves, branchesor stems. Similar results
were obtained by Poole et al. (1983).

Soybean is relatively sensitive to
phytotoxicity due to foliar fertilizer treatments
(Weaver et al., 1985). The ammonium
polyphosphate mixed sol ution damagedthefoliage
morethan potassium polyphosphatemixed sol ution
or urea alone. Repeated applications of foliar
fertilizer increaseleaf injury (Parker and Boswell,
1980). Visual leaf injury evaluation in this
experiment was made 3 days after each spray.
Only lessthan 5% of leaf areawas affected by F1
treatment, a little more leaf burn developed on
mature leaves sprayed with F2 solution. Although
leaf burn was not serious and the plantsrecovered
within two weeks without an adverse effect on

plant growth, this may cause negative effect on
foliar treatmentsin general.

The number of branches per plant of
‘KUSL 20004’ soybean from the second trial was
shown in Table 6. Soil and foliar fertilizer
treatmentsdid not causeaconsiderableincreasein
number of branchesper plant at 89 DA Sof thefirst
trial (Table 5), and 65 DAS of the second trial
(Table 6).

Soybean canopy wasrelatively densefrom
35 DAS. Foliar application tended to increase
humidity in leaf canopy which was favorable for
the growth of pathogens and pest control by
chemicals was not effective under this condition.

2. Soybean yield and yield components

Soybean yield of the first trail isshownin
Table5. Theyield of thesecondtrial isnot presented
due to the damage of plants by white flies during
the fina stage of seed filling which seriously
affected seed yiel d but not someyield components
(Table 6).

Soil and foliar fertilizer applications had

Table4 Dry weight (kg hal) at different stages of soybean growth after soil and foliar fertilizations.

Fertilizer First trial Second trial
treatment 54 DAS 69 DAS 89 DAS 65 DAS 79 DAS
Soil
S 544 1995 2515 2562 2608
S 586 2101 2733 2494 2547
S, 536 2087 2523 2419 2679
F —test ns ns ns ns ns
Foliar
Fo 539 2039 2572a 2395 2673
= 565 2048 2399a 2633 2603
Fo 560 2096 2800b 2444 2559
F —test ns ns * ns ns
SxF *x ns ns ns ns
CV (%) 115 14.3 13.9 12.8 11.9

ns = not significant different, *significant different at P< .05, ** significant different at P< .01
Means in each column followed by the same |etter are not different by DMRT at P< .05
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no significant effects on seed yield of soybean in
the first trial. Even, split application of foliar
fertilizer (F1 and F2) did not increase seed yield
over the control (Table 5). Further increasing to

six - split application gave no increase in seed
yield. On the contrary, Suanmalee et al. (1990)
reported that soil fertilization significantly
increased yield of soybean grown in Pak Chong

Table5 Yield and yield components of ‘ Sukhothai 1’ soybean in the first trial.

Fertilizer Branches/plant Pods/plant Seedg/plant Weight of  Grainyield
treatment 89 DAS 46 DAS 89 DAS 89DAS 100seeds(g) (kg hal)
Soil
S 31 8.8 47.6 140.8 14.7 2254
S 29 9.2 51.2 142.5 14.3 2225
S, 2.6 9.4 53.2 139.3 14.0 2238
F —test ns ns ns ns ns ns
Foliar
Fo 2.7 9.1 52.5 139.2 14.8 2229
F1 3.0 8.1 51.0 140.8 14.0 2281
Fo 29 10.2 49.2 140.7 14.2 2208
F —test ns ns ns ns ns ns
SxF ns ns ns ns ns ns
CV (%) 29.8 22.9 14.8 4.70 8.2 16.8

ns = not significant different

Table6 Yield and yield components of ‘KUSL 20004' soybean in the second trial.

Fertilizer ~ Branches/plant Pods on main stem

Pods on branches  Seeds/pod  Seeds/plant

treatment 65 DAS 65DAS 79DAS 65DAS  79DAS
Sail
S 3.6 39.9 395 20.0 194 24 141.7
S 34 409 40.1 20.6 19.5 25 140.5
S, 34 40.8 40.6 24.3 194 2.3 141.1
F —test ns ns ns ns ns ns ns
Foliar
Fo 3.6 40.3 40.0 21.1 19.9 24 141.0
F1 33 40.9 40.5 20.0 19.0 25 139.7
Fo 3.6 42.6 39.7 23.8 194 24 143.6
F —test ns ns ns ns ns ns ns
SxF ns ns ns ns ns * ns
CV (%) 15.2 7.8 6.5 24.8 22.3 9.4 3.8

ns = not significant different, *significant different at P< .05
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and Wang Saphung soil series. Supplementing
with six applicationsof foliar fertilizersin 10 days
interval did not further increase grain yield in
either locations. Theeffectiveresponseof soybean
yield to soil fertilizer treatmentsin both soilswas
mainly due to low level of available P and K.
Theeffectsof fertilizer treatmentsonyield
componentsof bothtrialsareshownin Table5and
6. Total podsper plant at 46 and 89 DA Sof thefirst
trail wasnot increased by increasing soil andfoliar
fertilizer applications. Average number of pods
per main stem and podson branchesper plant were
also dightly affected by soil and folair fertilizer
applications. Oneapplication of soil fertilizer (S1)
or three split applications of foliar fertilizers (F1)
slightly increased the average number of seedsper
plant but not on seed size of thefirsttrial (Tableb).
Both soil and foliar fertilizer treatments did not
affect branch number, pod number per main stem,
pod number on branches, number of seedsper pod,
and number of seeds per plant of the second trial
(Table6). Our resultsarein contrary tothefinding
of Parker and Boswell (1980) which indicated
yield reduction of soybeanin NPKSfoliar treated
plotsand presentedthepositivecorrel ation between
leaf injury and yield depression. Little leaf injury
produced from foliar fertilizer treatments could
possibly explain alack of positiveyield response
or a small yield decrease. It did not result in a
significant yield reduction (Haq and Mallarino,
2000). Inordertoavoidlesf burningandtoimprove
the chance of positive yield response, Pooleet al.
(1983) suggested that foliar fertilization should be
conducted before 0800 or after 1700 hourswhich
isnot practical togeneral field conditions. Although
our sprayed solution contained both boron and
magnesium but theresult of foliar application was
not in agreement with the works of Schon and
Blevins (1990), and Reinbott and Blevins (1995)
which suggested that foliar treatments with both
nutrients promoted higher soybean yield, mainly
dueto increasein number of branches per plant,
number of pods on branches, and seed size.

3. Shoot and leaf nutrient concentrations

Soil and foliar fertilization treatments did
not show significant effect on N P K and Mg in
shoot sampled at 68 DAS (Table 7). However, the
effect of soil fertilization on shoot Cacontent was
inconsistent. Cal cium concentrationin shoot from
soil fertilizer treated plots of the first trial was
relatively lower than control. Little influence of
soil treatments on Ca in shoot was noted in the
second trial. The data in Table 5 showed slight
trend towards increasing shoot dry weight with
soil fertilization. The relatively larger biomass
production in these treatments may contribute to
the dilution of Cain shoot.

Concentrations of Fe Zn Mn and Cu in
soybean shoot were shown in Table 8. Shoot Fe
andZnwerenot affected by soil fertilizer treatments
but two split applications of soil fertilizers (S2)
remarkably increased M nand Cuin soybean shoot
of thefirst trial and Cuin shoot of the second trial.
The content of Zn Mn and Cu was not affected by
foliar treatments of both trials. Shoot Fe declined
infoliar treated plant of thefirst trial but tended to
increase in the second trial. This indicated the
inconsistent effect of foliar fertilization on Fe
content in soybean shoot.

Concentration of macronutrientsin leaves
sampled at 89 DASareshownin Table9. Soil and
foliar fertilizer applications did not significantly
increase the concentration of N P K and Cain
leaves, but one application of soil fertilizer
(S1)remarkably increased leaf Mg content.
Macronutrient concentration in leaves from all
treatments are in sufficient range. Our dataarein
contrary withthefinding of Booteet al. (1980) that
foliar application of N PK and Sduring podfilling
stages increased the concentration of all the
elements in soybean leaves without significantly
improved seed yield. Generally, soybean plant
requires high amount of N for seed production.
Themajor part of N isaccumulated in seed during
pod filling stages. As much as 75% of the total N
isfoundintheseedsat harvesttime(Vasilasetal.,
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Table7 N, P, K,Caand Mg concentrations (% dry weight) in shoot at 68 DAS of both trials.

Kasetsart J. (Nat. Sci.) 37 (1)

Fertilizer First trial Second trial
treatment N P K Ca Mg N P K Ca Mg
Soil
S 280 022 2.27 158a 131 218 021 239 117 0.98
S 279 023 229 144b 123 242 024 259 1.19 1.02
S, 273 024 233 148b 124 223 023 248 1.18 1.06
F —test ns ns ns * ns ns ns ns ns ns
Foliar
Fo 273 022 2.16 151 125 218 022 239 112 0.99
Fq 278 024 237 153 131 227 023 257 121 1.04
F 282 023 236 1.48 128 238 023 249 1.20 1.01
F —test ns ns ns ns ns ns ns ns ns ns
SXF ns ns ns * ns ns ns ns ns ns
CV (%) 115 9.1 9.3 7.4 6.3 13.8 9.2 10.0 13.1 8.1
ns = not significant different, *significant different at P<.05
Means in each column followed by the same |etter are not different by DMRT at P< .05
Table8 Fe, Zn, Mn and Cu concentrations (mg kg'1) in shoot at 68 DAS of both trials.
Fertilizer First trial Second trial
treatment Fe Zn Mn Cu Fe Zn Mn Cu
Soil
S 150.8 184 67.7b 94a 77.4 15.3 27.6 70a
S 172.7 235 59.6a 105a 99.9 19.3 32.0 11.6b
S 175.3 25.7 724b 16.6 b 100.2 19.9 314 12.4b
F —test ns ns * ** ns ns ns **
Foliar
Fo 195.0b 23.6 70.1 12.6 90.4 18.0 27.6 10.6
Fp 147.7 a 21.3 63.4 12.7 90.3 185 33.0 9.3
Fo 165.7 a 22.7 66.2 11.2 96.7 18.0 30.3 10.7
F —test * ns ns ns ns ns ns ns
SxF ns ns ** ** ns ns *x ns
CV (%) 28.0 384 16.1 22.6 30.2 32.2 18.0 27.0

ns = not significant different, * significant different at P<.05, ** significant different at P< .01

Means in each column followed by the same |etter are not different by DMRT at P< .05
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Table9 N, P, K, Ca Mg, Fe, Mn, Znand Cu concentrations inleavesof ‘ Sukhothai’ 1at 89 DASof the

first trial.
Fertilizer N P K Ca Mg Fe Zn Mn Cu
treatment (%) (mg kg
Sail
S 251 0.26 1.98 205 080b 297a 270 759a 146a
S 2.45 0.27 2.03 2.16 1.03a 219b 29.7 97.8b 156b
S 2.45 0.28 2.08 197 096a 215b 289 99.8b 159b
F —test ns ns ns ns *x *x ns * *
Foliar
Fo 2.43 0.27 2.03 211 098 172a 266a 827a 148a
Fq 2.37 0.28 2.04 205 095 220b 259a 91.0b 150a
Fo 2.47 0.27 2.03 201 089 237b 336b 99.8c 159b
F —test ns ns ns ns ns *x * * *
SxF ns ns ns * ns ns ns ns ns
CV (%) 18.1 8.7 7.7 10.3 14.8 26 234 16.7 12.3

ns = not significant different, * significant different at P < .05, ** significant different at P< .01
Means in each column followed by the same |etter are not different by DMRTat P< .05

1995). The results of our experiments indicated
that N concentration in soybean leaves collected
one week before harvesting was not affected by
either soil or foliar fertilizer treatments. A well
established soybean-rhizobium symbiosis from
inoculation may be effectivein providing enough
N to plants.

It isimportant to note that the soil used in
this experiment was previously grown to soybean
and amended with duck manure and chemical
fertilizers. Therootsand stover wereincorporated
to the soil after harvest. The C:N ratio of soybean
roots and stover was favorable for fast
mineralization and would provide some available
N to soybean in the succeeding crop (Goss et al.,
2002). Theresidual N benefit of soybean stover to
succeeding crop was 13.16% of their total N or
equal to 12.7 kg N ha'l (Y ataputanon et al ., 2002).
Nitrogen gained from symbiotic fixation together
with the mineralized N from soil organic matter
may havecontributedto sufficiency of thiselement

in untreated control.

The soil and foliar fertilizer applications
did not affect the concentration of PK and Cain
leaves but one application of soil fertilizer (S1)
significantly increased Mg content in leaves as
compared to control (Table 9). However, there
was no marked influence of foliar fertilization on
Mg concentration in leaves. The result of leaf
analysis at 89 DAS also reveaed that soil and
foliar fertilization did not change nutrient
composition especially N PK and Caascompared
tocontrol. Thevaluesof N PK Caand Mgwerein
sufficient rangesfor soybean at this growth stage.
These were consistent with the adequacy of
availableP, extractableK Caand MginKamphaeng
Saen soil series. It is obvious that these nutrients
were not the limiting factors under the studied
conditions.

The concentration of Fe Zn Mnand Cuin
|leaves sampled at 89 DAS are shown in Table 9.
Soil fertilizer application did not affect the
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concentration of Zn but one application of soil
fertilizer (S1) remarkably increased FeMnand Cu
concentration in leaves. In addition, three
applications of foliar fertilizer (F1) significantly
increased Fe and Mn concentration while six
applications(F2) markedly increaseconcentration
of Znand Cuinleaves. Our findingisinagreement
with the work of Bednarz et al. (1999) in cotton.
However, noneof thefour el ementsweredeficient
in untreated plots and the increases of Zn and Cu
were beyond the plant required concentration
(Reuter ond Robinson, 1997).

Application of foliar fertilizers containing
macronutrientsand micronutrientsat reproductive
stage have been shown to increase soybean seed
yield in some studies (Schon and Blevins, 1990;
Smith et al., 2000). However, the other studies
showed that foliar fertilization of soybean either
did not influence or decrease yield (Parker and
Boswell, 1980; Freeborn et al., 2001). Generally,
nitrogen limitation of thiscrop during early to mid
pod filling stages is due to rapidly decreasing of
N-fixation by Bradyr hizobiumspp. (Haper, 1987).
Furthermore, root activity also decreases during
that growth period and nutrient uptake is not
sufficient to meet the seed demand for nutrients
(Garciaand Hanway, 1976). However, thecontrary
resultfromthestudy on1°N-|abel ed ureaabsorption
andtrandl ocation of soybeanindicatedthat changes
in the rate of nutrient absorption by root during
pod-fill were minimal and unlikely to be amajor
factor determining the effectiveness of foliar
fertilization (Vasilas et al., 1978). Early season
foliar fertilization for soybean was also studied if
foliar application could increase Pand K supplied
to young plants (Haq and Mallarino, 2000).
However, they reported that foliar fertilization of
soybeanwith variousnutrient mixturesresultedin
very small andinfrequent yieldincrease. Addition
of a mixture of micronutrients to the N P K S
fertilizer did not resultin additional yield response
(Mallarino et al., 2001). These findings are in
agreement with theresult of our experiment which

indicated that three-split foliar fertilization at
reproductive stage (F1) or two-split applications
at early seasontogether withfour-split applications
at seed filling stage (F2) did not increaseyield of
irrigated soybean in this fertile soil. In addition,
positive response to foliar fertilization tended to
occur when soil or weather condition reduced
plant growth and nutrient availability (Hag and
Mallarino, 2000). It is obvious from the result of
soil test before planting, shoot analysisat 68 DAS
and leaf analysis at 89 DAS that there was no
limited nutrient for soybean under this studied
condition. Soil and foliar fertilizations in this
fertilesoil, therefore, will not offset theapplication
costs.

CONCLUSIONS

Threemethodsof soil fertilizationandthree
methodsof foliar fertilization did not significantly
affect growth, yield and yield components of
soybean. The concentrations of nutrientsin shoot
at 68 DAS and leaves at 89 DAS were not
consistently affected by soil andfoliar fertilizations.
The nutrient concentrations of soybean shoot and
leaves were in sufficient ranges. This finding
indicated that soil can provide sufficient nutrients
for soybean growth and yield under thiscondition.
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