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E. prunifolia
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Reexamination of analytical methods for Al and Mo in plant

material.

2.

Aluminum

According to "Saibai Shokubutsu Bunseki Sokuteiho™,
analytical method for Al was carried out and the following

points were checked.

Results

1. Heating time
The reaction mixture should be heated for 6 min.

2. Time course of discoloring
The rate of discoloring was very high up to 60 min after
color development and was decreased with ingreasing of
time. The rate 120 min after color development was less
than 1% per hour. Therefore, it was concluded thaL the
absorbance should be measured 120 minutes after color
developments.

3. Recovery of Al added to plant material
Average recoveries were 97 - 99%Z, and thus it was
concluded that this method was applicable for analysing
Al concentration in soybean plant material.

From the faccs shown above, it was decided to use the method

described in the other sheets in detail.

Holybdenum

According to annual report of division of plant nutrition
(NIAS), dithiol colorimetric method was examined.
The results of recovery test showed that the modified method
was applicable to analysis for Mo in plant material.

The method was described in the other sheets in detail.

—-20—
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A. Analysis for Al in plant material

Aluminon is a kind of pigment which easily dissolves into water
and shows weak acidtiy. Under weak acid or neutral condition, it
combines with a trace amount of aluminium and develops red color. Every
aluminon colorimetric method has the disadvantage that the Al-aluminon
complex is unstable. Some researchers intend to improve the method.
Avthors carried out reexamination of Al analysis according to "Saibai
Shokubutsu Bunseki Sokuteiho" (2 and checked the following points
1. Heating time;

2. Time course of discoloring;

3. Recovery of Al added to plant material.

Heating Time

Color development of aluminon-Al complex is promoted by heating.
Excessive heating may result in discoloring. In order to investigate
the relation between heating time and coler intensity, the volumetrice
flasks containing the reaction mixture were put into boiling water for
2, 4, 6, 8, 10 and 15 min, and the absorbances were measured 120 min
after the heating began. From the results shown in Table 1, it is

concluded that the reaction mixture should be heated for 6 min.

Time course of discoloring

1 g of the standard sample of soybean was ashed in a muffle
furnace and extracted with 50 m} of N HCl, Mixtures of 5 ml of the
extract and the reagents were heated for 6 min, and the changes in color
intensities were invesctigated.

As shown in Fig. 1., the rate of discoloring is very high up
to 60 min after color development and is decreased with increasing of
time. The rau:lZOm{n after color development is less than 1 percent per
hour. Therefore, it is concluded that the absorbance should be measured

120 minutes after color development.



Recovery Test

In order to chcek the recovery of Al added to a standard sample
of soybean, authors determined Al concentrations im samples, to which
werc added 1 mg of Al or not.

From the results shown in Fig. 2 and Table 2, the average
recoveries are 97 ~ 99%Z, and thus it is conecluded that this wethod is
applicable for analyzing Al concentration in soybean plant material,

¥rom the facts described above, it was deecided to use the

following method:

1. 0.27 aluminon solution (in distilled water)

2. 12 mercaptoacetiec acid solution (in distilled water)

3. 207 ammonium acetate buffer pH 4.8

4. Al standard solution
2 ml of Al stock solution (1000 ppwm) is transfered 1o
1 -liter-volumetric falsk and made up to volume with

distilled water.

Procedure

Put 1 g of dired ground sample into a 30 ml pyrex beaker aund
ash in a muffle furnace at 500°C for § hours. After cooling, transfer
5 mi of 5N NC1l or 5N H2304 to the beaker and boil for 2 min on a hot
plate. Transfer the extract to 50 ml - volumetric flask, make up to
volume and shake. Put 1 ml of the sample solution into a 50 ml~-volumetric
flask, add 10 ml of ammonium acetate buffer, 20 ml of distilled water
and 1 ml of mercaptoacetic acid solution and shake. Heat in boiling
vater for 6 min, and make up to volume with distilled water. Measure
absorbance at 520 nm and compare with the absorbances of Al standard.

Prepare each Al standard by placing the amount of 2 ppm solution
and water indicated below, 1 ml of 5N HCl or SN HZSDA’ 10 ml of ammonium
acetate buffer and 1 ml of mercaptoacitie acid solution in a 50 ml

volumetric flask.



Al standard Al solution distilled water

Hg/50ml nl (2 ppm) ml
0 0 30

b4 2 28

8 4 26

12 ] 24
i6 8 22
20 10 20
30 15 15

B. Analysis for Mo in plant materiatl

Mo in plant material was analyzed routinely with the di=hiol
method by one of the authors in Japan. However, the experimental
conditions in CPAC (water, reagents and instruments ete.) might possibly

differ from I‘IIAS(1J

in Japan. In particular, 50 ml~volumetric flask had
to be used in place of separating funnels due to a careless oversipht

by one of the authors and the method was modificd as follows:

Reagents

1. dithiol reagent: Transfer 1 ml of dithiol to a brown colored
bottle containing 500 ml of 0.5N NaOH solutien warmed to
about 30°%¢c. Agitate using glass rod. When most of dithiol
is dissolved, add mercaptoacitie acid until a slight
precipitation appears.Store the bottle in a refrigerator.

2. 50% sulfuric acid (V/V)

3. ferrvic ammonium sulfate solution: Dissolve 9.1 g of

Nﬂqu(504)212H20 in 100 ml of 2% H,50, solution,

2774
4. 50% tartaric acid (W/V)
5. 507 potassium Ifodide solution (W/V)
6. 507 ascorbic acid solution
7. 10Z thiourca solution

reagents 5, 6, 7 should be prepared just before the

determination.



B. Mo standard solution {1 ppm): Dilute the stock solution

(1000 ppm) to 1 ppm with distilled water.

Procedure

Put 1 ~ 5 g of dried ground plant material inte a 30 ml~pyrex
beaker, Ash in a muffle furnace at 500°¢ for 5 hours. After cooling,
transfer about 2 ml of distilled water and 10 ml of 50X sulfuriec acid
to the beaker. Boil on a hot plate for 3 min. Transfer the extraclL to
a 50 ml-volumetric flask and add distilled water until the volume of
solution reaches about 30 ml. Transfer 0.3 ml of ferric ammonium
sulfate solution and 0.3 ml of KI solution to each flask. Shake occasionally
for 10 ~ 15 minutes, Add &4 - 5 drops of ascorbic acid solution. The
brown color disappear completely. Transfer 0.3 wml of tarviaric acid
solution and 2 ml of thiourea solution, mix, and add 4 ml of dithiecl
reagents. Stopper and shake vigorously and then let stand for 30 minutes.
Then transficer 5 ml of iscamyl acetate to the flask. Shake vigorously
and let stand for 20 minutes. Add distilled water until the interface
between the water and the isocamyl acetate reaches toe the neck of flask.
Transfer the iscamyl acetate phase to a centrifuge tube with a pipette
and centrifuge at 2000 r.p.m. for 20 minutes. Measure the absorbance
of the isoamyl acetate layer.at 680 nm and compare with the absorbance
of the Mo standard.

Prepare each of the Mo standards by placing the amount of 1 ppm

solution and water indicated below and 10 wl of 50Z 1.S0. in a 50

2774
mi-volumetric flask.
Mo standard Mo sclution (1 ppm} Water
ug/50ml ml ml
0 0 20
2 2 18
4 4 16
6 6 14
8 8 12
10 10 10



Recovery Test

In order to confirm that the modified method is applicable to
estimate Mo concentration in plant material, the recovery was examined.
The c¢alibration curve shown if Fig. 3> seems to be almost linear, The
average recovery summarized in Table 3 is 99X and almost completc.
Thereafore, the authors conclude that the method described above is

suitable to determine Mo coneentration in plants.

Reference

1) ANNUAL Report of the National Institute of Agricultural Sciences.
Division of Plant Nutrition. Tokyo, 1972.

2) HIRAMINE, J. Aluminium. In: Saibai Shokubutsu Bunseki Sokuteiho.

Tokyo, Yokendo, 1976. p. 146-8.
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Table 1. Relation between color intensity and heating time

heating time
(mn)

No. of

measure 2 4 6 8 10 15
absorbance (520 nm)

1 0.195 0.199 0.201 0.203 0.200 0.195
2 0.192 0.193 0.201 0.202 0.189 0.203
average 0.194 0.196 0.203 0.203 0.195 0.199

Table 2. Results of rccovery test {Al)

Concentration of Al (mg/g) at 520 nm

No. of measure Standard sample Standard sample + 1 mg of Al
120 min.* 150 min.* | 120 min, #* 150 min.*

1 1.34 1.30 2,29 2,28

2 i.28 1.29 2.28 2.26

3 1.32 1.28 2.29 2,31

4 1.30 1.35 2.25 2,27

5 1,29 1.24 2,28 2.27

average 1,31 1.29 2,28 2.28

C.V.(Z) 1.6 2.7 0.7 0.8

* Time after color development

Recovery
120 min.* 2,28 -~ 1.3} = 0.97 ....,.. 97%

150 min,* 2,28 ~ 1.29 = 0,99 ......., 99Z%



Table 3. Result of recovery test (Mo)

Content of

Mo g/2g at 680 nm

No. of measure
Standard sample Standard sample + 6 g of Mo
1 0.26 6.14
2 0.28 6.24
3 0.22 6.18
4 0.22 6.19
3 0.27 6.20
average 0.25 6.19
Recoverz

6.19 - 0.25 = 5,94

(680 nm)

absorbanca

o511

Q.4

c.2

Fig. 3. Calibration curve (Mo)
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Junji Ishizuka
April 2, 1980
Effects of liming and plhiosphorus fertilization on status of

mineral nutrients in soybean plants grown in the cerrade soil,

In ordex to investigate the effects of liming and P-
fertilization on the macro- and micronutrients abserption and
their mobilities within the soybean plants grown in
experimental field, concentrations of Ca, Mg, Fe, 2n, Mn, P,
Me and Al were determined and the results were summarized as

follows:

1. Plant grawth

Liming and P-fertilization influenced beneficial effects

on plant growth.

2, Ca

The concentrations were increased with increasing of both

lime and P-application.

3. Mg
The concentrations were increased by liming, but effect

of P was not clear.
4, Fe

The concentrations were decreased with increasing of

liming and P-~fertilization.

5. In
The concentrations in stems and roots were decreased by
liming and P-fertilization, but in leave, their cffects

on Zn were not clear.



6. Cu
Liming and P-fertilization do not affect on Cu
concentration.

7. Mn

The concentrations were decreased by liming and
P-fertilization except in leaves,and the effects of

P~fertilization were not clear.

8, P
P concentrations were increased with increasing of

P-fertilization, however the effects of liming is obscure.

9. Mo
When bt/ha of lime was applied, the Mo concentrations
were increased by P-fertilization. But when 1.5t/ha and
O.St/ha ef lime were applied, they were decreased. Liming

was seem Lo increase the ability of seil to supply Mo.

10. Al
The concentrations were decreased by liming and
P-fertilization. The plant growth negatively correlated

with the Al concentration in leaves and stems,

This work was described in the other shcets in detail. ™
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INTRODUCTION

It is well known that the cerrado soils are wecathered

intensively, very poor in mest of nutrients, particularly phosphorus
(P), low in pH and high in exchangeable aluminum (Al) content.
Therefore, liming and P-fertilization are essential practices.
Lobato, E. and Goedert, W.J.(7) researched on the effects of liming
and P-fertilization on the productivity of the cerrado soils, and
recomended the rates and methods of liming and P-application.

Plant growth depends on many factors. These factors include
the ability of seil to supply nutrients, the rate of absorption,
the mobility of the nutrients within the plants and the nutrients
interactions. The authors are interested in clhanges in micronutrient
status by fertilization. It is the purpose of this paper to point
out the influences of liming and P-fertilization on macro- and
micronutrient absorption and mobility within the soybean plant grown

in experimental field.

MATERIALS AND METHODS

Sample: Samples of soybean plants were collected from the
experimental field at the Cerrado Agricultural Research Center
(CPAC/EMBRAPA) in a dark red latosol on Feb. 21, 1980 (flowering

stage). The field experiment was designed as follows:

P-fertilization (P,0.)
Liming 273
P kg/ha —===ccaman
t
@ 160 778 1374
0.5
¢, % C,¥%, CiP5
1.5 c.p
2Py €% CaPy
4.5
CyF, c,P, C4P,

Lime and P-fertilizer (Triple superphosphate) were applied



in 1975 at the rates described above. Banded application of 20 kg/ha
K as Urefa were made at planting, 3 weeks after planting and at the
flowering stage. Potassium Chloride (30 kg/ha K,0) was band-applied
at planting.

The varieties of soybean were (1) VX5-281.5, (2) Lo75~2760 and
(3) Lo75-1237, and were¢ planted on Nov. 28 to Dec. 3, 1979.

The plants were washed with tap water and separated into

leaves, stems (including branches and petioles) and roots, oven-dried

at 60°C and ground,

Analytical mechod:

The dried, grouad materials were digested with sulfuric acid
and hydrogenperoxide on a hot plate.

The digested solutions were analyzed for Ca, Mg, Fe, Zn, Cu
and Mn with the Shimadzu UY-2014 Atomic absorption spectrophotometer,
P by phosphomolybdate colorimetrie metliod and Al by aluminon
colorimetric method which was described in a previous papcrca) in
detail. The ground samples were ashed in a muffle furnace and analyzed
for Mo by dithiol colorimetric method. The procedure was described
in a previous paper(4).
Plant heights (from ground level to shoot apex) were measured

for estimation of plant growth on March 3, 13980.
RESULTS AND DISCUSSION
As shown in Fig. 1, both liming and P-fertilization
influenced beneficial effects on plant growth. When comparing the
former with the latter, however, it is evident that the effects of
the former on plant growth is very weak. The difference of growth

among the varieties is not clear.

Calcium and Magnesium: Results of analysis for nutrients are shown



in Table 1 - 10. Ca concentrations in leaves, stems and roots are

increased with inereasing levels of both lime and P-application
(Table 1). Mg concentrations show the same tendency as Ca in relation

ta liming, but the effect of P-application on Mg status is not

clear (Table 2).

Iron: Fe concentrations in leaves and stems are decreased with
increasing of liming and P-applications (Table 3). Some samples of
roots show extremely high concentrations of Fe probably due to soil
contamination, so the data on roots are omitted. The sufficient
range of Fe in soybean leaves is considered to be from 50 to 200(6),
but Fe toxicity has not been reported for soybean growing undcr

natural condition. Therefore, it is not possible to decide whether

the Fe concentrations in those samples exceed the toxic level.

Zine {Zn): Zn deficiency occurs wvhen the leaf concentration is less
than 20 ppm in dry matter. The normal concentratiom is 25 te 150
ppm(s). As shown in Table 4, Zn concentration in most of leaf

sample is from 50 to 150 ppm and effects of liming and P-fertilization
were not clear. But Zn concentration in stems and roots are decreased
with increasing of liming and P-application. "P induced Zn deficiency"

(8)

has been well known This disorder in plant growth commonly is
considered to be associated with large application of P and the
formation of less soluble complexes of P and Zn in the soil. But, it
is reasonable to consider that decreases of Zn concentration caused
by P-application to the cerrade soil are a simple diluticn effect on
Zn concentration in the plant owing to the growth response of P. The
effect of liming on Zn concentration in soybean plants is also
evident in Table 4. Uptake of heavy metals by plants is generally
decreased with increasing of pH. But the relation between pH and
availability of heavy metals is not simple under natural conditions,
The phenomena mentioned above also may be g simple dilution effect

owing to the growth response of liming or amendment of acidicy.

Appearance of these dilution effects shows that the ability of the



cerrado soil to supply 2Zn is not adequate and that Zn deficiency may

very possibly occur when the productivity shall be increased in the

future.

Copper (Cu}: The normal range of Cu concentration in plant is about
5 to 20 ppm. When the Cu concentration in plants is less than 4 ppm
in the dry matter, Cu deficiencies are likely to occurcﬁ)- The Cu
concentrations in Table 5 are the normal range. Liming and P-

fertilization do not seem to affeet Cu concentration in the soybean

plants grown in the cerrado soil.

Manganese (Mn): As shown in Table 6, the Mn concentrations can be
considered to decrease with increasing of liming. The effects of
P-fertilization on the Mn concentrations in leaves is not clear,

but the concentrations in stems and roots are decreased with P-
fertilization. Mn defieiency generally coccurs when Mn concentration
in plants is less than 20 ppm. Levels in excess of 500 ppm are
probably toxic for soybean plant(ﬁ). Therefore, it should be
considered that the Mn concentrations io Table 6 are at the normal

level.

Phosphorus (P): The effect of liming on P-concentration is obscure
in Table 7. P-concentration increased with increasing of P-

fertilization.

Molybdenum (Mo): Mo deficiency usvally occurs in most plants when
the Mo concentration is less than 0.1 ppm in dry matter(s). The
toxicity levels have not been established under natural conditions.
The varieties and plant parts differ widely in Mo concentration im
Table 8, but they geem to be normal except for some samples of the
62 treatment. The Mo concentrations in soybean plants receivieg

4L t/ha of lime increase with increasing of P-fertilization. But when

amounts of liming arc equal to or less than 1.5 t/ha (C1 and C2



trcatment), the Mo concentrations decreased with increasing of

P-fertilization. It was reported that phosphorus enchanced the

) 8 1)
absorption and translocation of Mo( ). Barshad suggested that P

may stimulate Mo uptake because of the formation of a complex
phosphomolybdate anion absorbed more readily by plants. The effects
of P-fertilization on the Mo concentration in the plants receiving
4 t/ha of lime (C3 treatment) are consistent with Barshad's(l)
interpretation, but the reverse cffects of P-fertilization in the
treatments can not be understood.

C. and C

1 2

In order to investigate the effects of liming on Mo
concentration, the average Mo conentrations of Cl‘ C2 and 03
treatments were caleulated, The average Mo cencentration of the C1
and C, treatment is about 0.2 ppm except in leaves of the C,
treatment, while the average concentrations in leaves, stems and
roots of C3 treatment are 0.46, 1.03 and 0.75 ppm respectively,
Therefore, it can be considered that liming increases the ability
of soil to supply Mo. But it has been unsolved whether the effects
of liming are caused by the increase in soil pH or by the increased

supply of calcium within the limits of this experiment.

Supplemental experiment

Seed is usually not analysed to determine the nutrient status
of crops. However, seed analysis is wvgefull in determining the Mo
supply for young soybeanm plants. According to an experiment by one
of the authors, most of molybdenum contained in roots, stems and
leaves removes to the pods and accumulates inr seeds at ripening

(5)

stage . Therefore, the ability of the soil to supply Mo can be
estimated by seed analysis.

In order to supplement the resuits described above, the sceds
produced in the experimental field by Spehar and Izumiyama were
analysed for Mo. From the results shown in Table 9 it is observed

that the Mo concentration in the seeds produced in non-limed plots

does not exceed 0.08 ppm, while the seeds produced in limed plots



show high concentrations of Mo (3 - 7 ppm)., From the results, it is
assumed that the lime may contain a trace amount of Mo, and that
liming probably plays a role in micronutrient supply, in particular
Mo. One of the authors is very interested in the relation among Mo

concentration in seeds, nodulation and the rate of nitrogen fixation.

Aluminum (Al)}: Al concentration in leaves and stems is decreascd by
liming and P-fertilization as shown in Table 10, Average concentrations
of Al in each treatment and each plant part are calculated for
comparing the effects of liming and P-fertilization. From the resulls
in Fig. 2, it is assumed that the effects of P-fertilization arc movre
intensive than those of liming within the limits of this experiment.
The roaots are excluded from consideration because of the possibility
of soil contamination., It is evident that plant prowth negatively
correlates with the Al concentration in both leaves and stems, and
that the Al concentration is an impertant factor which inhibits the
plant growth. Although correlation coefficients were not calculated,
it seems that the Al concentration in stems is more nagatively
correlated with plant growth than that in leaves as shown in Fig. 3.
The bicchemical mechanism of Al toxicity is not exactly known,
although it is assumed that Al toxicity appears to be closely
associated with effects on uptake and translocation of some nutrients

(1, 8)

such as P, Ca and Mg Clark, R.B. reported that low Mg might

be an impeortant respense in plant sensitive to Al(l). The Mg
concentrations in Table 2 is seem to depend on the Al concentration
shown in Table 10, however, the relation was not examined
statistically.

In order to evaluate Al toxicity exactly, the relationships

among plant growth, Al concentration, and concentration of mineral

nutrients should be investigated.

—47-



SUMMARY

In order to investigate the effects of liming and P-
fertilization on the macro- and micronutrients absorption and their
mobilities within the soybean plants grown in experimental field,
concentrations of Ca, Mg, Fe, Zn, Mn, P, Mo and Al wete determined

and the results were summarized as follows:

1. Plant growth: Liming and P-fertilization influenced beneficial

effects on plant growth,

2. Ca: The concentrations were increased with increasing of both lime

and P-application.

3. Mg: The concentrations were increased by liming, but effect of P

wvas not clear.

4. Fe: The conceuntrations were decreased with increasing of liming

and P-fertilization.

5. Zn: The concentrations in stems and roots were decreased by liming
and P-fertilization, but in leaves their effects on Zn were not
clear.

6. Cu: Liming and P-fertilization do not affect on Cu concentration.

7. Mn: The concentrations were decreased by liming and P-fertilization

except in leaves, and the effects of P-fertilization were not clear.

8. P: P concentrations were increased with increasing of P-fertilization

however, the effects of liming is obscure.

2. Ho: When 4 t/ha of lime was applied, the Mo concentrations were



10.

increased by P-fertilization. But when 1.5 t/ha and 0.5 t/ha of
lime were applied, they were decreased. Liming was seem to

increase the ability of soil to supply Mo,

Al: The concentrations were decreased by liming and P-fertilization,

The plant growth negatively correlated with the Al concentration

in leaves and stems.
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TABLE 1 ~ Ca concentration ()

Part Leaf Stem Root
ariety*
Treatment 1 2 3 1 2 3 1 2 3
Pl 0.3¢ 0.29 0.25 g¢.35 0.38 0,29 0,17 0.19 0,29
Cl 'PZ 0,36 0.46 0.40 0,46 0.58 0,60 (.25 0.35 0.40
P3 0.65 0.72 0.51 0.63 0.58 0.78 0.43  0.31 0.57
Pl 0.31 0.50 0.50 0.45 0.45 0.53 0.32 0.35 0.37
Cz PZ 0.42 0.74 0.53 0.36 0.71 0.45 0.46 0.38 0,44
P3 0.38 0.75 0.61 0.48 0.64 0.61 0,37 0.37 0.44
P1 0.56 0.79 9.75 0.42 .83 0.62 0.54 0,431 0.60
C3 1’2 0.68 0.73 0,91 0.44 0.77 0.78  0.41 0.46 0.49
P3 0.84 1,14 0.97 0.64 G.94 0.79 0.49 0.45 0.52
TABLE 2 ~ Mg concentration (%)
Part Leaf Stem Root
ariety*
Trecatment 1 2 3 1 2 3 1 2 3
P1 0.16 0.17 0;}5 0.13 0.12 0.0 0.08 0.06 0.09
C1 PZ 0.16 0,18 0.18 0.17 0.23 0.21 0.12 0.22 0.13
P3 0.18 0.16 0.17 0.21 0.23 0.26 0,21 0.21 0.23
Pl 0,28 0.32 0.31 0.17 0.22 0.24 0,09 0.20 0.17
(:2 P2 0.30 0.28 0.23 0,24 0.36 0.24 0,21 0.35 0,27
P3 0.17 0.21 0.23 0.20 0.26 0.33 0.12 0.28 0,23
Pl 0.41 0,47 0.40 0.26 0.49 0.36 .27 0.33 0,34
C3 Pz 0.36 0,31 0.36 0.36 0.44 0.45 0,28 0.34 0.4
P3 0.43 0.4 0.34 0.43 0,59 0.53 0,30 (.49 0,49

* Yariety 1,.VX5-281.5, 2..1075-2760, 3., La75-1237



TABLE 3 - Fe concentration {ppm)

N Leaf Stem Root
ariety¥*
Treatment 1 2 3 1 2 3 1 2 3——
P1 589 542 338 >1000 >1000 690
p;
Cl Pz 328 452 338 514 380 766
P3 240 278 221 461 176 322
Pl 497 282 2718 >1000 k1Y) 676
02 Pz 286 306 476 329 274 204
P3 219 289 215 434 244 153
Pl 314 494 273 428 >1000 546
03 P2 199 604 177 125 >1000 324
p3 275 298 269 401 448 236
TABLE 4 - Zn concentration {ppm)
Part Loaf Stem Root
ariety*
Treatment 1 2 3 1 2 3 1 2 3
P, 185.0 86.9 103.3 62.3 60.0 75.5 134.7 4.9 120.8
Cl PZ 74.6 99.4 86.0 37.0 33.3 49.9 54.4 65.8 82,4
P3 85.4 153.1 99.2 28.3 44.3 38.3 59.4 57.4 71,6
Pl 89.9 112.7 86.3 91.9 37.2 42,5 113,3 106.4 83,2
c, P2 78.2 132.2 86.0 26.1 36.4 24,7 49.5 68B.6 45.5
P3 78,3 190.4 87.3 29,2 39.3 25.1 80,2 121.8 54.5
Pl S4.4 67.7 62,5 22,0 46.2 28,6 82,4 54,1 MN.6
03 P2 46.8 80.2 61.5 11.3 27. 18.0 31.7 86.0 29.3
P3 46.7 63,3 59.3 15.1 23.2 16.7 51.7 42,9 38,3

* Variety 1..VX5-281.5, 2..Lo75-2760, 3.. Lo75-1237



TABLE 5 ~ Cu concentration (ppm)

N L('.a.f Stem Reot
ariecy#
Treatment 1 2 3 1 2 3 1 2 3
Pl 11.0 8.9 11.8 5.6 5.0 5.7 12.3 8,3 9.3
C1 1"‘2 7.3 10.6 10.1 4.9 6.3 6.2 6.1 8.9 8.2
P3 9.0 8.6 8.7 5.5 5.9 5.1 8.1 6.4 7.2
Pl 7.8 10.0 8.8 4.7 5,7 5.5 12.4 11.9 8.8
C2 PZ 6.1 8.6 1i1.8 4.8 5,9 6.5 6.9 8.8 1.7
P3 5.9 11.1 8.4 4,0 6,6 5.6 8.7 10.3 6.5
Pl 8.1 9.6 10.0 5.1 7.3 6.4 13.2 11.3 12.2
03 PZ 6.9 10,1 8.2 4.8 7.3 5.9 6.8 11.0 8.4
P3 1.6 6.9 6.9 5.3 5.5 5.0 6.4 8.7 7.4
TABLE 6 - Mn concentration (ppm)
Part Leaf Stem Rool
ariety*
Treatment 1 2 3 1 2 3 1 2 3
1’1 133 162 125 147 165 157 59 60 72
(:1 P2 128 150 121 B4 70 108 27 39 93
P3 108 196 141 56 77 77 33 29 46
Pl 80 83 76 105 36 67 39 35 28
(:2 P2 50 86 85 26 36 37 18 20 30
P.3 122 164 92 76 49 39 a3 34 20
Pl 38 65 45 17 41 24 23 19 22
03 P2 33 60 33 11 24 1] 9 22 9
P3 36 48 k1 14 19 13 13 17 11

* VYariety 1

..VX5-281.5, 2..Lo75-2760, 3.. Lo75-1237



TABLE 7 - concentration of P (Z)

Leaf Stem Root
1 2 3 1 2 3 1 2 3
P, }0.22 0.17 D0.24 0.08 .08 0.08 0.12 0.07 0.08
€, e, {0.18 0.23 0.23 0.0 042 0.1} 0.07 0.09 0.09
P, 10.28 0.28 0.23 0.13 0.1 0.08 0.10 0.06 0.08
I
P, {e.as 0.17 0.5 006 0.07 008 0.06 0.08 007
£, P, (032 0.18 0.20 0,07 0,00 G.08 0.06 0.08 0.06
By )06 0.27 0 0,24 D09 D1 0.0 0.1 0.0 0,07
P, 10.14 0.17 ©0.16 0.06 0.09 0.07 0.08 0.09 0,08
€, P, (8.21 0.23 Q.25 0,07 0.13 0.1l 0.06 0.1¢ 0.08
P, f0.31 0.32 0,32 0,313 0.9 0.1 0.08 0.1} 0,13
TABLE 8 -~ concentration of Mo (ppm)
Part Laaf Stem Root

ariety®
Treatwent 1 2 3 1 2 3 1 2 3
Py [ 0.20 045 0.0 049 0.1  0.23 0.17 0.29 Q.22
¢ Py {(0.15 0.40 0.08 0.17 0.09 0.70 0,29 0.17  0.10
Py 0.1 606 005 0,20 0,10 5.13 0.1 0.28 0.13
Py j0.34 0,07 0.06 0.29 0.3 0.49 0.07 0.20 0.16
C, P, 10.12 0.06 0.05 0.26 0,21 0.17 0.19 0.23 0.19
Py J0.06 0.08 0,05 0.14 0.08 0.15 0.32 6.23 0.171
By fo0.06 0.10 014 0,73 g1 0.1 0,55 (.22 0.31

c

3 Py {0.23 0.25 ©.58 1.1 g.29 .34 0,37 0.42 1.13

P
3 |1.3% 0.60 0.81 242 1,50 1.29 110 0.98 1.68

e,

# Variety L..YK5-281,5, 2..1075~2760, 3,, 1075-1237



TABLE 9 - Effeces of liming and p-fertilization on Mo

toncentration in Soybean grain.

Liming t/ha P-fertilization kg/ha (P,04)
50 200 350
ppm ppm ppm
0 0.08 0.03 0.02
3 4.35 3.26 4.03
6 7.02 5.04 4.82

Variety: IAC~2

TABLE 10 - concentration of Al (ppm)

Part Leaf Stem Reot
ariety*
Treatrment 1 2 3 1 2 3 1 2 3

P, |65 780 425 1230 1040 790 4825 2950 3825

¢, P, (480 560 405 980 500 665 1625 2715 1827
P, |35 365 360 520 300 460 2500 2410 2635

P, |sa0  3s0 480 1085 435 €25 3075 3720 4235

g, B, 30 395 355 350 515 3 1300 2865 1273
'93 300 380 270 165 150 280 3030 2920 1356

», [0 e 290 515 1250 435 ;35 2515 W20

c, v, [0 ses B0 s TS 4S5 2575 2730 2510
P, |20 30 256 45 350 350 2350 2450 1750

=1237
* Variety 1..¥A5-28L.5, 2..1075-2760, 3.. Lo?5-1
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7. AGROMETEOROLOGICAL RESEARCH AND ITS MEASURING TECHNIQUE

Isao TOMARI

During my stay in CPAC, Brazil, from February 7 to March 31, 1980,
the above agrometeorological research was carried out to estabtish a method
of energy balance measurement in rice and corn field in the periods of the
short dry spell (veranico) during the rainy season.

This research was a part of the programs of soil-plant-climate
project which have been carried out since CPAC established. The calculation
method of energy balance in rice Tield was discussed with the members of the
project and an experiment was conducted.

The diary of my research activities and their results are sumrarized

as follows:

1. Diary of research activities

.1st week (February 7 - 8)
a) general visit

.2nd weed (February 11~15)

a) general visit to Agrometeorology Section (laboratory and fields)

b) instruments-check, mounting and operation of automatic weathers station

c) meeting with soil-water-plant staff

d) general view of Cerrado
.natural resources (climate, soils, vegetation, etc.)
.office work

.3rd week (February 21-22)

a) visit to the National Institute of Meteorology and Souza Lima's farm

b) analysis of field experimental data (solar radiation balance in soybean
field)

.4th week (February 25-29)

a) analysis of field experimental data (solar radiation balance in soybean
field)

b) radiation transfers (solar radiation, soil heat flux, net radiation,
temperature in rice field)

c) visit to NOMURABRAS, in Araxa, MG



.5th week (March, 3 - 7)

a) radiation transfers (solar radiation, soil heat flux, net radiation,
temperature} in rice field

b) visit to Sdo Paulo (collection of meteorological data)

.6th week (March 10 - 14)

a) radiatives transfers (solar radiation, soil heat flux, net radiation,

temperature) in rice field

b) meeting with soil-water-plant staff

.7th week (March 17 - 22)

a) instruments (PROCOS VII - data logger) check, mounting at field and
operation

b) final report making

.8th week (March 24 - 28)

a) final report making

b) instruments (PROCOS VII - data logger) operation test

2. Topic of discussion

To investigate the analysis of energy balance is not simple. For this
research it is necessary for research worker to gain his technical experience
and to take accurately basic data of components of energy balance.

The following energy balabce equation shows the first step of
analysis, by using the horizontal transfer of heat:

R=H+LE+G
When two layers (upper and lower parts) are set up in tall rice plant

canopy and the components of its energy balance are measured, the calculation
of energy bagget becomes possible by using the following equations:

RS = HS + LEs + Gs
R1 = H] + LE] + G]

where R, H, LE and G are the net radiation, sensible heat, Tatent heat and
storage heat, respectively, and s, 1 and { are the symbols related to upper
part, lower part and all of canopy, respectively.



H and LE from bowen ratio ,B are also expressed as follow:

T, -1

B =05 —— 2

& &
then H=5*‘]3
]+'E
and LE= S G
1 B

The above equation is used for measuring a long term energy balance,

such as monthly mean of observed data.

Although the heat balance equation is simple and its calibration is
also easy, unstability of values of the function under condition of high wind
speed velocity might cause large errors of energy balance estimation. Thus,
the aerodynamical method taking account of effect of wind has to be adopted in
order to reduce the errors 4in large area of crop field.

The equations are as follows:

2

Z, - d \2
z-l - d
and 2
K (U, - Uy) (e = e,)
LE= 201 &8
2
L, - d
Z-l - d
Where : Cp = Specifiec hecat at constant pressure

g = density of air

k = Karman's constant

U; =wind velocity at z; height
U =wind velocity at z; herght
@y = air temperature at z,
@,=atr temperature at z:

e; =wnater vapor pressure at z,;

e; =water vapor pressure at z,

fromground level

fromground level



In near future, the turblent fluctuation method should be used
to obtain accurate values of the function by using the above method at CPAC.

3. Qperation of agrometeorological equipments

Based on the results of discussion, the values of the function in

energy balance were measured in three irrigated rice plant canopy by using
PROCOS VII (data logger)

4. Collected observation data

(1) Informe meteorologicode Ta Colonia YGUAZY

(2) Observation data of NOMURABRAS farm in Araxda (1973-1979)
(3) Observation data of POMPEIA, SP
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Relatorio de Pesquisa de S3e Gotardo

- Método de Aragao e o Desenvolvimento das Raizes de Saja no Solo de
Cerrados.

Tetsuo Shioya

prefacio.

Inicialmente quero agradecer a EMBRAPA-CPAC, JICA e equipe
de pesquisadores do Japao, pela esta oportunidade de pesquisar o de
senvolvimento agricola deste imenso Cerrados.

Ao visitar Cerrados pela primeira vez, fiquei absmado pela
sua imensidao. Imensidao que se prolonga como mar, dando a impressao
infinita.

0 Polocentro do Brasil que visa transformar estes Cerrados
em terras ferteéis, & um empreendimento que trara beneficios nao 50
aos brasileiros, mas para toda humanidade.

Com certeza, este empreendimento entrara na historia da
humanidade.

Parabenizo a todos que participam deste evento.

A minha participagao, comparada a este projeto, & muito
pequenoc. Porém, como ditado "Grao em grao, a galinha enche o papo",es
pero que a minha contribuigZo torne em um grao.

Em seguida, relatarei os resultados das minhas pesquisas.

Como as pesquisas sobre o desenvolvimento das vaizes da sg
ja e condigEEs do so0lo serao relatados pelos doutores agronomos Iwata
e Kawasaki, o meu trabalho sera, principalmente, sobre a pesquisa de
trabalho e mecanizag@o agricola, de um angulo diferente e este acres

cida de sugestoes.

I. Roteiro.
1) Pesquisadores: Fumio Iwata, Biroshi Kawasaki e Tetsuo Shioya.
2) Programagao

1) 12 visit
(1) visita —77



(2)

11/Fevareiro Brasilia — Sao Gatardo

12/Fevereiro

Pesquisa das raizes

13/Fevereiro ~ Pesquisa na Faz. Endo de soja.
1l4/Fevereiro - Visita ao Silo da COTIA Pesquisa de solo
i15/Fevereiro - Sao Gotardo — Brasilia

22 vyisita

25/Fevereiro Brasilia — Araxa

26/Fevereiro Nomura Bris

(1) Pesquisa de
(2) Pesquisa de
(3) Pesquisa de

27/Fevereiro Sao

Pesquisa de

Pesquisza de

Produgao de Soja
Colheita de Soja

Preparacgao de Solo
Gotardo (Esta;EO Experimental da Cotia)

Raizes da Soja

Solo

27/Fevereiro Araxa — Brasilia

Trajeto Total: aprox. 3.700 knm.

—-78-—



11. Relatorio de Pesquisa de Desenvolvimento das Raizes da Soja.

1. Desenvolvimento anormal das raizes.

Segundo as pesquisas feitas pelos doutores Iwata e Kawasa
ki, no solo de Cerrados o crescimento da raiz principal das culturas
leguminosas, paralisa~se na camada superior do solo e, consequentemen
te, desenvolve as raizes laterais. Portanto, o desenvolvimento das

raitzes s¢ concentra na camada superficial do solo (Cultura pesquisa

da: Soja), notal,

Este fenomeno foi observada também na pesquisa efetuada em
S20 Gotardo (figura 1).

Na Estagao Experimental da Cotia, Sao Gotardo, verificou -
se ¢ desenvolvimento normal da raiz principal na lavoura nos primei
ro e segundo ano de plantic.

PorEm, com o decorrer dos anos o desenvolvimento do caule
da parte aerea tcrna-se grossa, transfonrmando em uma planta vistosa,
mas nas raizes pode observar a tendendéia de desenvolvimento das rai
zes laterais, e ja no quarto ano (2 safras de soja - trigo) observou
o desenvolvimento anormal das raizes laterais. {(Tabela 1).

Consequentemente, com esta tendencia, nao pode obter desen
volvimento regular e ainda, torna-se mais sensivel a seca de Veranico.

0 aparente desenvolvimento da parte superficial, leva 0
agricultor a julgar erroneamente que a adubacao do solo foi suficien
te e pode levar a uma perda inesperada caso selecionar e aplicar aou
tras tecnicas,

Para obter seguranga na produgao agricola e aumentar a pro
dutividade nos cerrados, & extremamente importante esclarecer a causa
do desenvolvimento desiquilibrada das raizes e aplicar a tecnica ade

quada para obter desenvolvimento normal das raizes ate a profundidade

do solo.
2. Das causas — Uma das causas & a "Teoria da Causa de Nutrigao".
Podemos apresentar varias causas que pode provocar este fe
nomenao.



Tem se falado na influencia de forte acidez e AL na terra

ou na compactagao do solo.
Porém, de acordo com o resultado da analise da forte aci

dez e existoncia de Al no solo, sem divida, influi no desenvolvi

]

mento da cultura de soja, mas este fenomeno ocorreu mesmo apos

=

correcao de acidez do solo e com © elemento AL, sem apresentar d
ferenca na camada superficial e na profundidade do solo.

Conscgquentcmente, a presenga de acidez acentuada ¢ Al no
solo como causa deste fenomeno & duvidoso.

Quanto a compactagﬁo do solo, nesta pesquisa ficou apurado
que com o decorrer dos cultivos anc a ano, mostrou a tendéncia de
o solo tornar mais dura (Tabela 2) porem, nao tanto que prejudique
o crescimento das raizes.

O0s agricultores, prevendo a compactagso do solo; passa o
subsolador antes do plantio, no quinto ano, mas mesmo assim apre
sentou o desenvolvimento anormal das raizes.

Portanto, nao podemos afirmar categoricamente que a compagc
tacao do solo seja a causa deste fenomeno.

MNas pesquisas efetuadas pelos doutores Iwata e Kawasaki,
apresentou uma nova interrelagao.

0s elementos gquimicos (principalmente o acido fosforico)da
adubagao permanece na superficie, e nao penetra na camada mais pro
funda. Consequentemente, as raizes das culturas desenvolve somente
na camada superior do solo.

Nas pesquisas e experiencias 2) das raizes efetuadas em
Sao0 Gotardo, apresentaram forte argumento nesta hipotese apresenta
dos pelos doutores Iwata e Kawasaki,

Nas adubagdes, hi adubagao de corregao que & feito atraveés
do esparramento de calcirio e acido fosfSrico e a adubagao de manu
tengEo que e feito com o esparramento do N.P.K.

A primeira & efetuada no ato do desmatamento em toda area
desmatada e apos disto, & usada de acordo com a necessidade e a se
gunda deve ser efetuada em linha anualmente, juntamente com a semea
dura.

No primeiro ano do desmatamento, apos o esparramento de Eci
do fosforico e de calcario, passa-se o arado de disco por duasvezes,
até a profundidade de aproximadamente 25 cm. Nestas condigoes a cul
tura da soja apresenta o desenvolvimento normal das raizes, princi

palmente da raiz principal.
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Nesta pesquisa verificou-se que este efeito permenece apro
ximadamente a3 3 anos. B

Porém, a preparagao do solo de 29 ano em diante sio efetua
da somente atraves de grade de discos ou a aragao com o arado de dis
de em pouca profundidade. De acordec com a pesquisa do solo,esta gra
deagcao nao ultrapassa a profundidade de 12 -~ 15 cum.

Apds o segundo ano de plantio, o calcirio e o acido fosfo
rico esparramentc nao penetra em profundidade maior.

Como as raizes da soja encontra adubagao ambundante na ca
mada superficial do sclo, engraquece o desenvolvimento da raiz prin
cipal em sentido vertical e descenvolve as raizes laterais.

De acordo com a experiencia de vaso- 1), efetuados pelos
doutores Iwata e Kawasaki, se misturar osf adubos até a camada mais
profunda do solo, forma-se estrutura das raizes, com o desenvolvimen
to normal de raiz principal, -

A "Teoria da Causa de Nutrigao" se assim que podemos di

zer) confirma o desenvolvimento anormal das raizes.

3. Sugestoes: Aragcao: mais profunda no solo e Adubacgao: mais mistura

da com o solo.

Na “"Teoria da Causa de Nutrigac", qual seria a técnica a
ser aplicada para melhorar a produtividade do solc? Como agronomo,noe
devemos analisar tecnicamente o5 resultados coletados para desenvol
ver a técnica de produgao.

Com o objetivo & a adubagao até a camada mais profunda do
solo, isto &, a2 técnica que possibilita misturar os adubos em toda
camadas do solo, inclusive na camada mais profunda do soclo.

Como especialista em pesquisa de trabalho agricola e méci
nizacao agricola, desejo sugerir o seguinte:

Trata-se de sistema de controle da terra, que baseia-se
na técnica de adubagao em todas as camadas, através da aragao profun

da e mistura de camadas.

Em seguida descreverei os principais pontos problematicos

que serao necessarios para sua determinagao.

3.1 - Avaliagao e Melhoramento de Método de Preparagao da terra exe

cutado nos Cerrados.
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(1) Necessidade de maior utilizagao do Arado

Conforme descrito no item 2, atualmente nas fazendas de
Cerrados, adota o método de preparagao de solo, que no primeiro plan

tio efetua a aracgao e gradeagao.
A partir no 29 plantio, utiliza-se somente a gradeagao ma

preparagao de terra para o plantio.
0 emprego continuo de gradeagdo ainda & uma duvida, porque
nos Cerrados ainda nao decorreu muito tempo apds a desmatagao.
Ainda,existem fazendas com plano para formar pastagem,apos

cultivar a soja por um determinado tempo.

Conforme descrito no item anterior, para que a adubagao atin
ja a camada mais profunda do solo, podemos satisfazer ate certa pro
fundidade com a aracao, porém com a gradeagao e praticamente insufi

ciente.

Ao optar pelo emprego conjunto arado-grade, nao seria ne
cessirio a aracao até o 3P ou mais tardar até o 4P ano da cultura,

pouco antes de aparecer o desenvolvimento anormal das raizes da soja
Porém, neste caso, como necessita misturar a camada super

ficial fértil com a camada mais profunda com baixa fertilidade, mes
mo que a fertilidade global nao altere, devido a distribuigao de
elementos em toda camada, o estado da fertilidade do =zo0lo torna-se
relativamente mais fraca.

Considerando este aspecto, & necessario selecionar o métg
do de cultivo (densidade da cultura) e o método de adubagao.

E ainda, deve considerar a velocidade de decomposigao de
materiais organicos ao solo e aumento de risco de receber a eroszao

do solo.

Extes pontos devem ser estudados separadamente.

(2) Importancia de um trabalho eficicnte.

Na aragao, o que mais preocupa o fazendeiro, € o rendimen

to da aragao.

Como agronomo, julgo que este aao se trata de um problema
basico, porém para a fazenda, como uma estrutura de administragao
a escolha entre (A) melhoramento das condigoes de desenvolvimento da
cultura e (B) custo e mac de obra, sao problemas reais, importantes

e constantes,.



A gradeagao nao satisfaz as condigoes necessarias para 0

bom desenvolvimento da cultura, porém apresenta bom rendimento de

servicos.

Como o desmatamento sao efetuados gradativamente, & pos
) @ 2
sivel efetuar a aragao das novas areas desmatadas. Porem, com a ex

kg -
s5ao i : -
pan da area de cultivo, torna-se impossivel arar toda a area, ao

menos que aumentem tratores, implementos e mao de obra.

Isto leva o fazendeiro a optar pela gradeagao. Mesmo com a
gradeacao, nos primeiros anos a plantagao desenvolve normalmente,po
rem o fazendeiro nao percebe a anormalidade que comega a surgir no

desenvolvimento das raizes, devido a adubagao somente na camada su

perficial do solo.

Para optar pela gradeagao, deve procurar um meio que permi
te minimizar a queda de rendimento de servigo.

Para resolver este problema, & necessario estudar o siste
ma global de técnica e administracao da fazenda, inclusive elevar o

nivel de mecanizagdo e rotagao de culturas.
(3) Melhorar o sistema de utilizad3o dos implementos agricolas.

Neste item, descreverei sobre o melhoraménto de nivel de

mecanizacao.
A providencia mais simples e aumentar as series de discos

de grade. Porem surge o problema relacionada a potencia do trator
devido o aumento da resisténcia a tragao da grade. Para puxar a gra
de com série maior de discos, & necessdrio aumentar a poténcia do

trator.

De acordo com o resultado de pesquisa da Universidade Na
cional da Colombia, fornecido pelo Sr. Seixas (FAO) do CPAC (Fig.2),
para a aragEo a discos, o aumento da velocidade aumenta tambem a
resisténcia 2 tragao da grade. -

E preferivel aumentar a largura de servigo, a aumentar a

velocidade de tracgao.

Para estudo da relagao entre a potencia necessaria do tra
tor e o numero de discos da grade a ser puxada, a performance noml
nal forncido pelo fabricante & Util, mas & necessario efetuar expe-

riéncia, considerando o fator inclinagao do terreno e as condigoes

do solo de ferrados.
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Ainda, o aumento de nivel da mecanizagao nao se limita so

mente em aumentar a potencia do trator.

0 importante & estudar também os servigos com uma  estru

tura e procurar o seu melhoramento.

De acordo com os resultados com o sistema atual, talves se

ja possivel optar pela gradeagio sem aumentar a potemcia de trator.

Inicialmente, temos o plano de plantio da propria fazernda.
De acordo com o conteiido de trabalho, condigoes de terra (solo, in

~ . - -, » LI -~
clinagao) e condigoes meteorologica, podemos prever os dias disponl

veis para execugao de determinados servigos, de acordo com o ser
vigo e a cultura,

Assim podemos saber a performance necessarias para execu
¢3o de cada servigo, de acordo com a area necessaria para o  traba

lho (volume).

Para a araggo, a largura de servigos (tamanho e série de
grades) e potencia do trator sao determinados automaticamente. Isto
nao se limita somente na aragao, e sim para qualquer servigo.

Serao analisados o trator, performance, quantidade de iE
plementos e mao de obra, e procurar o seu melhoramento.

£ necessirio efetuar uma correcao global, pelo sistema feed
back das interligagoes entre os fatores. Porém, para execugao cien
tifica sem se confiar na experiencia vividas, & necessario estudar
o trabalho, sistematicamente.

Neste caso, nao necessita de aragao anual. Se a meta da

aragap e o desenvolvimento normal das raizes, sera suficiente uma

aragao a cada 3 ou 4 anos. Isto quer dizer que a aragzo sera feita
anualmente somente 1/3 ou 1/4 da area total.

Esta aragao, sera uma carga a mais, mas e necessario para
aproveitamento continuo da terras de cerrados na produgao agricola.

Como & de conhecimento, a elevagao do nivel de mecanizagao,
nao se limita somente em aumentar a despesa com as maquinarias.

As vezes nem & necessdario adquirir novos equipamentos.

Ainda, ha casos que para aumentar a poténcia parcial de n
acessorios de trator (inclui equipamento e mao de obra) bastara so
mente de n ~ X acessorios.

Para conhecer este ponto, & necessario pesquisar a avalia

¢ao economica do sistema técnica e servigo.
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Aqui indagamos se a despesa despendida para melhoramento
da cultura sera maior que o Prejuizo da consequéncia da diminuigao
de produg¢dao ou perda i i i

P ¢ P causada pelo Veranico, devido o desenvolvimen
to anormal das raizes.

Sera mais vantajoso para futuro, manter atual metodo de
produgac acumulando divisas enquanto permite produzir ou preparar a

terra gastando o que for necessdrio hoje, para que possa produzir
mais no futuro.

4. Conclusao.

Assim, baseada na pesquisa efetuada em Sao Gotardo,relatei
a ideia sobre o aproveitamento de arado de disco e arado de aiveca
para aragao profunda, como método de preparagio da terra para ele
var a produtividade da cultura, corrigindo o desenvolvimento anor

mal das raizes das culturas nos Cerrados.

Ainda, apresentei varias ideéias sobre os assuntos que ne

cessitam de pesquisas proprias,

Entre as ideias apresentadas, se tiver condigoes, preten

do extender a minha pesquisa, no CPAC,

Neste relato, devo salientar que falta de descrigzo de pre
paragao minima que & item de pesquisa importante para agriculturatro
pical. Sobre este assunto, pretendo conhecer a realidade atraves das
oportunidades, tais como na posterior pesquisa e agrupar as necessi

dades da aragao profunda com técnica,

Este relatGrio nao passa de uma simples anotagoes minhas.

A partir das poucas observagoes, conclui a necessidade de
uma aragao mais profunda e a misturagao de adubagao também na cama
da mals profunda,

Sinto feliz se estas informagoes for Gtil aos senhores.
Na elaboragao deste relatorio, contei com as colaboragoes

dos doutores Iwata e Kawasaki, radicados no Brasil. Também agrade

go o Dr. Seixas pelas colaboragoes oportunas.
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Figula 1. - Desenvolvimento anormel das Raizes
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