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Physical properties of Cerrado soils and their changes

caused by cultivation of arable crops

Toru Kubota

Joaquim Luiz Castelo Branco

I. Introduction

For the successful cultivation of Cerrado soil into annual arable crops
such as soybean, maize or upland rice, improvement of chemical properties of soil
and efficient use of soil water are essentially important. Therefore several
studies on how to extend plant available soil depth by diminishing aluminum
toxicity have been carried out 1). From these gtudies it was found that deep
application of lime or phosphoric fertilizers and the choice of sulfur-carrying
amendment matexials are effective in obtaining deep penetration of crop roots
and consequently in lessening susceptibility of "veranico" damages. These
provide useful bases for cultivation practice in Cerrado agriculture. Never-
theless there has been lack of data on physical properties concerned with

veranico countermeasures,

Latosol, a major great soil group of Cerrado soils, has been believed to
possess good physical properties because of its granular structure, or loamy
texture in the field, and its good drainape. These properties suit tillage
operation by tractors. However, the soil lacks in stable large structure
characteristically due to its low active clay and abundant sesquioxides. This
nature may influence the growth of crops to appreciable degrees, and evaluation

of this aspect is necessary for the establishment of soil management. ¥

The purpose of the present study is to investipate physical
properties of Cerrado soils and their possible alteration due to continuocus

cultivation.

I1. Methods
1. Sampling sites
1) Sdo Gotardo, Minas Gerais (Jan. 14, 1582)

A field ..... Natural Cerrado vegetation. .
B field ..... Conventional cultivation of soybean for 8 years.
C field ..... Conventional cultivation for 4 years followed by direct

planting for 4 years of soybean.



2) Souza Lima, Goids (Jan. 26, 1982)

D field ..... Conventional cultivation of soybean for 8 years.

E field ..... Conventional cultivation of soybean for & years.

3) CPAC, Brasilia

F field ..... Matural Cerrade vegetation, Chapada, Red-Yellow Latosol
{Dec. 30, 1981)

¢ field ..... Conventional cultivation of soybean for 4 yearvs.
Chapada, Red-Yellow Latosol (Feb. 3, 1982)

H field ..... Conventional cultivation of maize of B years, Cerradon,

Dark Red Latosol (Feb. 12, 1982)

2. So0il profile cbservation and sampling methods

Soil pits with one meter depth were prepared. The soil profiles were
differentiated inte five to seven layers or horvizons based on pedogenic
characteristics and on difference in compactness of soil. Immediately after
digging the pit, undisturbed soil core samples were taken into cylindrical
metallic tins with 100 cm® in volume (20 cm® x 5 em) by using a core sampler,

Twelve soil cores were collected from one layer.

Careful observation of the root growth and hardness of spil was made For

the profile.

3. Apalytical procedures
1) Moisture conteut and bulk density of soil

The moisture content and bulk density of soil were determined gravi-

metrically with three replication.
2) Air permeability coefficient of soil

For the same core samples served for the bulk density determination,
air permeability coefficient was measured by the Air Permeability
Measurement Apparatus (DAIKI Gasometer), following the procedure des-

cribed in the Laborateory Manual in the present report,

3) Mechanical impedance of soil under equilibrium with pF 3,0 moisture

tension.

Saturated core samples with three veplication were equilibrated with
moisture tension at pF 3.0 by using the Pressure Plate Apparatus (DAIKI

350). The operation procedure of the apparatus was described in the

~ljm



4)

5}

6)

Laboratory Manual. For Cerrado soils 24 hours of the pressure loading
was suitable to obtain the equilibrium. After equilibrated, core
samples were taken out from the apparatus and mechanical impedance of
soil at the bottom surface of the core was measured by using the
YAMANAKA Soil Hardness Meter. Two or three reading of the meter were

capable per one core sample.
Three phase volume of soil

Volumes of solid, water and air phases of soil were determined with
two replications by using the Three Phase Volume Meter (DAIKI 100},

following the procedure described in the Laboratory Manual.
Moisture retension characteristics of soil.
pF 0 v pF 2.0 (10~ 100 cm H;0)

Saturated core samples were placed on porous ceramic plates of the Low-
Suction Moisture Determination Apparatus (IKEDA T-6). After operating
suction with 10 c¢m Hp0 in height for 7 to 12 hours, the volume of
squeezed water from the soil sample was recorded volumetrically. The
suctions of 32 cm Ha0 and 100 cm H,0 were given successively and volumes
of each squeezed water were recorded. For Cerrads soils lecading of the

suction for seven hours was enough to obtain the equilibrium.

By adding these components of soil water to the moisture content of
soil at pF 2.0 (7.4 cm Hg) which was determined by using the Pressure
Plate Apparatus moisture contents by volume at pF 0, pF 1.0 and pF 1.5

were obtained,
pF 2.0 v pF 3.0 (7.4 cm Hg v 74 em Hg)

After finishinpg the determination of moisture at pF 0~ pF 1.5, the

same s0il cores were saturated with water and transferred to the Pressure
Plate Apparatus. Moisture countents at pF 2.0, pF 2.7 (37 cm Hg) and

pF 3.0 (74 cm Hg) were determined gravimetrically by using the

apparatus.
pF 4.0~ pF 4.2 (10 atm. v 15 atm.) afbfea

After finishing pF 3.0 determination, the same samples were centrifuged

to obtain the moisture contents at pF 4.0 and pF 4.2.

Twenty grams of fresh soil and 50 ml of water were put in 100 ml volume-
tric eylinder. After shaking vigorously twenty times by hand, the
cylinder was placed on the table. After 7 to 12 hours standing the

—-5-
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volume of soil sediments was measured. For the fresh soll, moisture

contents were determined at the same time.

Sedimentation volume was expressed by volume (cc} per 1 g dry soil.

Rasults and discussions

1., Physical properties of soils under natural vegetation

1)

CPAC Chapada soil

Analytical data of Chapada soils with different depth are shown in

Table 1 ~ 3,10 and Fig. 2.

Chapada soils under narural vegetation had characteristically low bulk
densities, ranging from 0.85 to 1.06 gfcma. They were especially low
in cultivated layer soil and deep subsoil. They had high contents of
non-available pores {smaller than pF 4.2), 20 v 26% in volume, and also
high comtents of non-capillary pores (2arger than pF 2.0) except for
the compact layer soil. Thus available pores {pF 2.0 ~ PF 4.2y were
comparatively low, being 8 to 10%Z in volume, The available moisture

storage capacity of soil per 1 m deep soil amounted to 87.3 mw/m.

In the field abservation a compact layer with high mechanical impedance
was found at the depth from 20 cm to 40 cm. Because soil hardness is
dependent on soil moisture, it is desirable toc measure s0il hardness at
a constant moisture tension. In this study mechanical impedances at

3.0 tension which occurs frequently in the field condition ware
measured in the laboratory. The results showed the existence of a
distinct compact layer in the soil profile, The maximum impedance was
22 kp/cm?, which exceeded the critical value to impede the root penetra-

tion of ordinary arable crops.

Matric potentials of soil moisture in terms of pF in the fleld condition
are shown in Table 1. The vertical difference of matric potentials in
the soil profile suggested that the plant roots might uptake soil water
vigorously at the soil depth from 30 to 40 cm and soil water might be
moving to this layer both from upper and lower horizons. Because the
potential changed abruptly at this layer, it was also considered that

this layer possesses comparatively low water conductivity.

Ar permeability coefficient K of soil varied form 0.2 cm/sec to 2 ecm/

sec and was closely related with bulk density of soil.



2) Saoc Gotardo soil

Analytical data of Sdo Gotardo soil under natural vegetation are shown

in Tables 4 v 7, and Fig. 1.

Bulk densities of the soils were low, ranging from 0.85 to 0.96.
Characteristics of soil porosity was generally similar to that of CPAC
Chapada soil. A distinct compact layer was not observed in this soil.
However, examination of mechanical impedance at pF 3.0 indicated that

there was a slightly compact layer at the depth between 25 to 40 cm.

Vertical distriburion of soil moisture potentials in the profile was
rather even, indicating the smooth movement of soil water in the

profile.

2. Physical properties of continuously cultivated soil
1) 8ac Gotarde soil under soybean cultivation

Physical properties of S3o Gotardo cultivated soil are shown in Tables
4 %~ 7 and Fig. 1.

As shown in the tables and Fig. 1, the existence of distinct compressed
layer at the subsurface horizon was obsexrved both in the field under
conventional cultivation for 8 years and in the field under 4 years
conventional cultivation followed by 4 years direct planting of soybean.
Correspondingly, soybean roots were observed to be plenty in top soil,
very few in the compressed subsurface soil, and a few in the sobsoil

from 50 to 60 c¢cm in depth.

The compressed layer soil exerted mechanical impedance enough to impede
the root growth when the wmoisrure content was at pF 3,0. Conventional
cultivation seemed more effective and detrimental in soil compressi-
bility compared with direct planting. However, direct planting tended
to produce the compressed layer at comparatively shallow position and

the root growth was rather restricted in the surface soil..

Pattern of matric potential distribution of soil water in the field C
suggested that there was vigorous water uptake by soybean in top soil,
and also the appreciable degrees of water uptake in the soil at around
30 cm depth, which corresponded well to the distribution of the roots

of soybean.



2)

3)

4)

Souza Lima soil under soybean cultivation

In the survey of Souza Lima the comparison of soil physical properties
was made between D field which had been nearly free from the veranice
damage in 1981 and E field which had been suffered from the severe

damage. Both fields located adjacently each ocher. .

In the profile chservation it was recognized that D field had been

culrivated deeply, nearly up to 23 em or mate whereas E field had been

cultivated shallowly.

Both soils had distinct compressed layers beneath the cultivated soils
(Table 9). The available moisture storage capacity did not differ much
each other, being 110.8 mm/m in D field and 121.5 wn/m in F field.

CPAC Chapada under soybean cultivatrion

As shown im Table 3, Chapada scil under soybean cultivation for 4 years
by conventional practices was cobserved to have a distinet compressed

layer.
CPAC Cerradon under maize cultivation

As shown in Table 3, Cerradon soil under maize cultivation for 8 years
had not a compressed layer to impede critically the raoc penetacion.
Considerable amounts of maize roots were observed in the soill below

40 cm in depth.

Soybean is known to be sensitive to soil structure. This is probably
due to high demand of oxygen by rhizobium as well as ics root ecology.
In the repovts by Kawasaki et. al. 3) and Iwata et, al. 2), roots of
soybean grown on Terra Roxa penetrated deeply with deep distribution of

rhizobium, and vice versa in those grown on Cerrado soil.

Where a compressed subsurface layer exists, the root may be penetrable
only when soil is wet. Thus depletion of soil moisture become guite
adverse not only as water shortage to the crop but also for extension
of the root zone itself. Moreover, as shown in Table 7, air perme-~
ability of soil was reduced greatly by wet moisture conditions,
aspecizally in the compressed subsurface layer soil. 7Tt is highly pro-
bable that shallow distribution of roots and rhizobium of soybean often
observed on Cerrado soils may have been caused by soll structural

properties as well as some chemical properties. Countermeasures against

the soil compression will be necessary,



In the present study, compact soil layers were observed even in the
virgin land. Assumably it might have been formed irreversibly by soil
desiccation by plant uptake of water under natural vegetation during the
dry season. This process seemed possible in Latosol which lacks in
swelling properties. The existence of coriginally formed comapct layers

may affect goil productivity when the land is brought into cultivation.

Deep plowing can be expected to be beneficial not only for amendment of
goil chemical properties but also for improvement of seil structural

properties.

It was consistently observed that available moisture holding capacity
was higher in cultivated layer soil than other parts of soil in the
horizon, showing the favorable effect of organic matter on soil poro-
sity. Especially high value of available moisture holding capacity was
observed in top soil under direct planting of soybean (field C) where
slight accumulation of organic matter was observed at the surface. On
the whole cultivation had not brought about soil structural depletion

in top soils.

There have been many studies on "the maturing process of upland soil"
caused by cultivation in Japan. The main processes are 1) morphological
changes in humus, 2) changes in colloid chemical properties from hydro-
phobic to hydrophilic properties according to the processes 1) and
adsorption of acidoid added by cultivation, and 3) conseguent increase

in sedimentation volume of soil.

In this studies sedimentation volume of soil was tested for Chapada

soil under 4th year cultivation. As shown in Table 10, the sedimenta-
tion volume was rather reduced by continuous culcivation. However it

was observed that coarse soill granules which are abundant in virgin soil
had turned into finer particles by cultivation, resulting in the volume
reduction This fact and darker color of cultivated soil may be indica-
tive of acquirement of hydrophilic properties by soil through cultivatien.
It was presumed that soil might become more erodible for a certain

period after cultivation of virgin lands. Cares should be taken for

this aspect in the arable cropping in Cerrado.



IV, Summary

Physical properties of Cerrado soil and their alteration caused by conti-

nuous cultivation of arable crops were invastigated.

CPAC Chapada virgin soil was observed to have a compact layer in the se0il
profile so as to affect the root growth of arable crops when brouth intoe cuolti-

vation.

Among six sites surveyed of continuously cultivated fieldas, five possessed
compressed subsurface layers which may impede the root growth of soybean when
the soil moisture conditions were at the tension of p¥ 3.0. Contermeasures for

the structural degradation of soil by tillage are necessary.

~10-
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Table 2. Moisture retention characteristics of Chapada virgin seil
Soil depth pF - moisture relationship (vel. %)
(cm) pF 1.0 1.5 2.0 2.7 3.0 4.0 4.2
0~ 10 55.0 39.6 33.1 29.4 2B.4 24,6 22,6
10 20 48.2 36.4 33,1 30.1 28.7 25.6 23.8
20w 30 44,1 39.2 34,2 31,2 29.7 27.0 25.3
30 v 43 47.2 40.0 35.1 32.6 31.8 27.7 25.9
45 n 60 52.3 46.2 30.5 26.4 25.3 22.8 21.7
60 ~ 100 53.1 44,9 28,7 24.9 24,4 21.9 20,7
Table 3. Physical properties of CPAC cultivated soil
Soil Bulk density Avail. moist. Mechanical impedance
Field depth 3 holding capacity at pf 3.0
{cm) (g/em™) (vol. %) (kg/cm?)
0~ 5 0.89 9.1 4.4
10 ~n 15 1.00 7.3 15,0
20 a, 25 1.18 9.0 17.7
G 30 ~ 35 0.99 6.7 16.4
40 ~ 45 0.95 7.7 6.3
50 ~ 60 6.97 9.5 5.5
60 v 65 0.89 8.3 3.8
0~ 12 1.13 11.5 4.5
15~ 20 1.10 10.9 9.2
20 ~ 30 - - 10.0
H 30 v 40 1.10 8.5 7.5
40 v 50 1.04 7.8 7.1
60 v 70 1.03 8.6 5.1
80 ~ 90 0,97 9.6 3.7
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Table 6.

Moisture retention characteristics of Sao Gotardo Soil

e K

S0il

depth (cm)

pF 0 pF 1.0 pF 1.5 pF 2.0 pF 2.7 pF 3.0 pF 4.0 pF 4.2

E 510 | 69.2 S7.4  47.6  38.2  29.8  27.8  25.1  24.0
& 20 v 25 | 63.3 58.1  45.1  35.5  30.0  28.6  26.2  24.9
§ 30 35 | 61.8 54.6  49.3  37.6  30.6  28.7  26.2  24.7
g 50 ~ 60 | 59.0 55.5  50.4  37.8  31.9  30.0 27.0  25.6
; 70 ~ 75 - - - - - - - -
§ 015 | 61.5 58.1  50.3  38.5  33.7  32.7  26.3  24.7
} 15 v 20 | 55.0 53.2  53.0  41.0  36.2  34.3  30.4  28.6
: 20 ~ 25 | 51.0 49.8  48.6  41.2  36.9  36.0  32.2  30.5
{ 30 v 35 | 54.5 52.0 48.5  37.2  33.3  32.1  29.0  27.5
: 35 A 40 | 57.0 55.4  46.9  35.5  31.9  30.6  27.2  25.7
: 50 v 60 | 55.0 Sh.4  49.6  37.2  32.4  30.9  27.4  25.8
; 80 w90 | 58.8 57.8 50.2  36.0 30.1  29.0  25.5  23.9
% O~ 5 | 67.5 65.3 58.6  40.8  30.6  29.1  24.8  23.3
! 10 ~ 15 | 57.7 55.9  53.4  39.9  34.0 31.6  28.9  27.2

20 v 25 | 54.3 52.7  48.7  38.9  35.3 32,9  30.4  28.7

30 v 35 | 57.8 56.0  48.9  34.4 29,5  28.0  25.8  24.4

50 ~ 60 | 60.8 58.9  52.3  35.8  29.2  27.8  25.3  24.0

15—




1-0T

=0T
;0T
=0T
10T
298 fwd | 0T

(o°¢

y1°¢
(VR
£ET* Y
OE°¢
[A 2

HoH M X

LE"T
7874
16°¢
L6°¢
{671
%776

oM M W W

4d)

U&W\EU

0T
20T
20T
)
20T
(0T

LI S

W o® O ®w K K X%

(61 3d)

£8°¢
AN
79°¢
%8
£e°8

L'y
BT 6
6%°6
£2°?
19
ET71

09
ce
£¢
5T

06
09
oy
112
LT
0¢
wd cT

(

e & 2 @ 2

e @ 2 & 2 @& 2o

yadap
110§

0s
ot
oc
01

08
0s
143
g
114
ST

.
a

)

PT2TI D

PI=13 d

A JUaTITII90d A3TTTqeawlad ITe UO TTOS JO UOTITPUOD BINISTOW FO ID23JY 7 SIqElL

-16-



AN

9°ET
9°%1
¢ ot
0'6
w/jud 6177 £°01
6°ET
(u fuout) (%)
A11oedeo afeiaols K3toeded 3uipToy
*3sToW " [TEBAY *IsTOW “TIBAY

v 08
LS v 2§
Ly o Th
Le n ZE
LT v TT
07 ~ ST
0T ~ 0O
yadsp

1108

wjua g-QTT

(1 funa)
£1torvded =8raols
"ISTOW “‘TTRAY

€01
[ARN
£°01
9°6
9°21
8°€T
(%)

£310o®dED BUIpTOY
‘astTod - TTBAY

w2

08 ~ 04
09 ~ 0§
LE v ZE
Lz n 22
LT n 2T

0T ~ O

yadap
TToS

a

1Tos ewr] ®Znog jo A11oeded JuipToy sanisiow ITRTIBAY '8 SIqB]

-17-



78°0

86°0

10T

€01

90°%

S0t

06" 0

¢

0T

T°€T

191

$°6tT

L1z

Ly

sanjysIow P*g 4d

08

LS v 2§

A B4

Le v Zg

L ~ 2T

07 ~ 91

WIDT v 0

6°¢
L's
¢°c
L°L
T°6
0°01
7°01
8°€l
[
[ARN!

9°1

08
0L
09
(+14
a%
qe
ot
5Z
0z

ST

wagT

~ 0L
n 09
v Q¢
QY
" gL
" 0%
N ST
% O
v ST
v 0T

0

VOTATPUOD PIDTA

68°0

7670

00°1

S0°1

L0°1

£8°0

£e 08 v 0L

6L 09 ~ 0%

£ LT AV A

§'0¢ Le ~ 22

1°@¢ LT v 2T

£°E W0 A O

aanasTow ¢ 4d

£¢
'y
VAR
9°g
8°9
5’6

8T

£'8

8°0

08
0L
09
U=
Sy
0y
13
3}
sz
414

6T

EUOH

e

n

174
09
0%
Sy
oy
513
0t
1A
oz
ST
0t

0

UOTITPuOd PYaty

AJTSUIP WIng

nmsu\mxv aduEpadu TEOITURYDON

A31suep yIng

(;uo/3q) acuepaduy yROTUBYISN

!

a

Tros BWI ®BZROg JOo L]1susp ATngd

pue 2ouepadur TeOITURYI9H

"6 TTUEL

~18=



9Z2°1

LT°T
81 1
81°T1
8T'T
61°T
YA
Y171

3/.wo QTT

TBUOT JUDAUOY
3021T(Q
TBRUOTIUDAUO)
39911(
TBUOTIUSAUOY
39911Q
TEUO0TIUSIAUOY

132XTqg

(s301d uotrieorrdaa ¢ yo uBal) {(ButaueTd)

MOTTEYUS
MOTTRUYS
MOTTBYS
noTTeEYS
deaqg
daag
daaq

daag

(Butmord TeraTul)

Tros uilata

WNTPap
ungpay
unypan
unt pay
y3ty
43Ty
Y3ty

y3tH

(UOT3IRZTITIIB] Jo TBAST)

aUNToA UOCTIBIUSIWIPSS

(s107d uotaeorTdex ¢ Jo uwsw)
TTos epedeys jo 2UWNToA UOTIBIUSWIPIS

0T ®T9®BL

UOTIBATITND *si£ 4 Surinp jusujyead],

«19-



(opiejop OEg) UOTIRATITND uEPqL0g Ispun TIO§ jO wduEpaduy TEITUBYS I T°81tg

&
- - < 00T
0°'t 1d 1e
o 7 UOTITPUCT IinzsTone @ m__ 1 T o8
i N,
& UGTITPUOD PT2TF g--vo %
;
! . <4 09
. 1 0%
= 4 02
2
o 0
wo /8
/2
Sutrjuetd 30wa1qg TRUOTIUBAUGY uoriela8sa Tranjey

4] i v

~20~



g

T
J8s/wd JuLTTIFocd A Friqeauwiad ity

001

08

09

Q%

0z

TT0s epedey)

oot
<08
192 ]
e v
= 09 S
o, =
5 o,
rt ]
= 3
0 =
g -10% o
=
=02
0
NEU\wx aouepadut TE2TUBRYIIY
(PT2T7 4) uorieriedaa feanieu aapun
30 L317TqROwIad ITE pue aduepadut TEITUBYDIY Z2° 913

=21~



Acknowledgement

The authors would like to express their sincere acknowledgement to Dr,

Elmar Wagner, Director General of CPAC for providing them the opportunity to

study Cerrado soil and for his administrative support.

The authors are greatly

indebted to Mr. Edson Lobato, Director or the Research Depariment, and Dr.

Morethson Resende, Head of the soil Division of CPAC, for their kind arrange-

ment in their research activities and valuable suggestions in conducting the

research.

the
and
Mr.

for

The authors would like to express the most gratitude to Dr. Tamotsu Ogata,
leader of JICA team dispatched to CPAC from Japan for his continued support
advices to the research. Many thanks are also due to Mr. Morishige Ike and
Michikazu Fukuhara, members of JICA team, and Mr. Wantuyr Caixeta Vieira,

their sincere help and efforts in soil sampling and laboratory analysis.

Reference

North Carolina State Univ.: Agronomic — economic research on soils of the

tropics, Annual Reports for 1975 v 1978-1980.

Iwata, F., Dedecek, R.A., and Kawasaki, H.: Improvement of cultivation of
soybean and wheat in Cerrado, Report on Agric. Res. Project in Cooperative

with Brasil, JILCA, Jan. 1981.

Kawasaki, H., Iwata, F., and Mesquita, M.V.: The growth of soybean roots
in Cerrado soll, Report on Agric. Res. Propject cooperation with Brasil,

JICA, Jan, 1981,

. o IS



Research Recommendations

Following researches are recommended in order to establish the rational

soil management in Cerrado agriculture.

1. Studies on significance of addition of acidoids such as silicate, phos-

phate and humate in alteration of surface chemical properties of Cerrado soil.

2. Evaluation of minimum or zero tillage combined with stubble mulch for

improvement of

a. soil water economy
b. soil structural properties

c. erosion and crop desease control

3. Investigation of seasonal (monthly} change in soil moisture status in

relation to

a. toposequence
b. soil management

c. farming system

Research diary
Dec. 7 v 11 (1981)

Receiving orientation of CPAC activities and discussion of Research
Programme during the stay with Mr. Edson Lobato, and Dr. Morethson

Resende.
Dec. 13 v 18

Visiting research inmstitutions in Sao Paulo state.
Sdo Paulo Agricultural Research Institute, Campinas.
Faculty of Agriculture, Sdo Paulo Univ. Piracicaba.

Faculty of Soil, Paulista Univ. Botucatu,.
Dec. 21 v 25

Research planning and discussion with soil researchers in CPAC.

Test of ceramic filters of Low-Suction Seil Moisture Apparatus.

-23-



Dec.

Jan.

Jan.

Jan.

Jan.

Feb.

Feb.

28 v Jan, 1 (1982)

Operation of Low Suction Soil Moisture Apparatus.
So0il sampling of CPAC Chapada.

38

Reparing and operation of Three Phase Volume Meter (DAIKI 100}.

Reparing of Auto Pressure Controller of The Pressure Plate Apparatus.
Measurements of moisture retention characteristies of soil.,

Determination of air premeability of soil by The Air Permeability Measure-~

ment Apparatus.

Preparation of Laboratory Manual.
11 v 16

Visiting CPA, Paracatu, and PADAP, Sao Gotardo, Minas Gerais.

Soil sampling at PADAP.
18 ~ 23

Laboratory analysis of soil samples collected.
Mechanical impedance of soil under pF 3 moisture tension.
Air permeability coefficient.

Volume of three phase of soil.
25 v 30

Soil survey and sampling at Souza Lima (Edson Lobato, Joao Pereira, Jan.
26).

Soil smapling of Terra Roxa near CPAC (Jodo Pereira, Jan, 27).
Laboratory analysis.

Making of the sand suction apparatus for moisture determination of low

suction ranges.
17

Laboratory analysis as same as Jan. 18 v 23.
Determination of absolute density of soil by picnometer.
Visiting Sdo Paulo (Feb. 5% 7) to present lecture in NIKKEI Agricultural

technology seminar ABETA,
B 13

Soil sampling of CPAC Cerradon.
Laboratory analysis as same as Jan. 18 ~ 23,

Determination of sedimentation volume of soil,

-



Feh.

Feb.

Measurement of hydraulic conductivity of soil.
15 v 19

Test of the Pressure Membrane Appaparatus,
Preparation of final report.

Moving of physics Laboratory to the new building.
21 v 26

Preparation of final report.

Presentation of the report to CPAC.
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List of parts of apparatus to be purchased for

Soil Physics Laboratory

1. Parts of Low Suction - Soil Moisture apparatus

(IKEDA T-6)

Sample holder installed with ceramic filrer plate 12 vessels

2. Parts of Three Phase Volume Meter (DAIKI)

Pressure check pipe four pipes
3. Parts of Pressure membrane apparatus (DIK-320)
3-1) Membrane 20 dozen
-2) Wrench installed with torc meter one
~3) Compressor (50 atm.) one
4, Soil sampler for 100 ml core {(DIK~121) one
5. Vacuum desiccator
$ 20 cm two
# 30 cm two
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Laboratory Manual

1. Three-~Phase Volume Meter

Volume of Air phase of soil core can be determined volumetraically by this
apparatus., By combining this data with gravimetrical determination of the
moisture content of soil, three phase volume of soil (seolid, liquid and air)

can be obtained.

The apparatus was deviced by Dr. Misonc in Japan, based on Boyle's law,

PV = constant, where P is pressure of gas and V is volume of gas.
It consists of two rooms which are comnected each other by a cock.

The air volume of each room is adjusted to be equal (zero adjustment in
the procedure). When a certain amount of oil is introduced to these separated
rooms, pressure generated in one room is equal teo that in the other room.
Here, placing of a soil core sample in one room produces different air pres-~

sures each other on adding a given amount of oil.

The difference in pressure between two rooms can be adjusted to be equal
by adding known amounts of oil to one or both rooms. Thus volume of soil

(solid and liquid) is measurable volumetrically.

Precedures

1. Close the sample holder room in Fig. 1.

Open cock K.

Open cock Ki, raise oil up to the middle of burette B; by pushing handle

of pump Pi1, and close cock Ki.

Open cock Ka, raise 0il up to the middle position of burette B3z (usually
at 60 ml).

Open cock K2, raise c¢il into the two pressure checking pipes up to the

Jower mark line, aand close cock Ka.

2. Open the sample holder room. Place sample holder, one metal core, and

standard metal pieces totalling 60 em? in volume.
(A) Close cock K.

Open cock K2 and raise oil up to the higher mark line of the pipes.
When miniscuses of oil in both pipes do not reach the mark lines at
the same time, alr volume of two separated rooms are not equal. 1In this

case, open cock K after lowering oil to the lower mark, and adjust

27~



the hight of oil in the burette B, using cock K, and pump P;. Close

cock K, raise oil of pipes and check the pressures (3).
Repeat the procedure (A} v (B) until air velumes of two rooms become
equal {Zero adjustment).
3. After zero adjustment is completed, slide the cuxsor of burette B1 so that
zero ml line of cursor comes to the position of oil miniscus in the burette.
4. Open cock K,
Open sample holder room, replace a metal core with a s0ll core sample, and
and close the room.
Close cock K.

Raise o0il in the pressure check pipes to the higher mark line. In case
there is no coincidence in oil raising in both pipes, open cock K and adjust
the height of oil in burette Bi. (If over-scaling occurred, adjust the
height of oil in burette Bz .... Y ml). When the coincidence is obtained,

read the height of oil in Burette B1 (X ml).

(60 + X+ YY) ml indicates the volume of solid plus liquid phase of the

soil sample,

Caution

1. Changes in air temperature of the system should be avoided,

2. Pressure Plate Apparatus

Moisture contents of soils at loading pressures from 0.1 atm to 1.2 atm

can be measured by this apparatus.

Procedures

1. Set the pressure plate (A in Fig. 2) in the pressure plate vessel and
connect the vinyl tube as shown in Fig. 1. Moist the ceramic plate until

free water can remain on the plate.
Put saturated soil cores with filter papers at the bottom on the plate.
Close the tap of the vessel tightly.
Open the release valve (B) of the vessel.

2. Connect a compressor to the auto pressure controler (C in Fig. 2), and

connect the pressure plate vessel to the controler by pressure resistant rubber
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tube.
3. Close evacuation valve (D in Fig. 3) and open both release valve (E) and
pressure valve (F} of the controler.

Put on the main switch (G), and put on the equilibrium switch (H). Then

the compressor operates.

4. Adjust the height of wire lead (I in Fig. 3) in the mercury manometer

{pressure reading manometer} to obtain a given pressure (J)Y. As far as wire

lead does not touch the surface of mercury, the compressor is kept to operate.

5. Adjust the height of wire lead (K in Fig. 3) in the mercury manometer

(evacuation manometer) in the right side (L) at a slightly higher position than

that of pressure reading manometer.

In case rising of room temperature causes higher pressure in the closed

system, this manometer (L) works so as to release the excess air through

electromagnetic bulb in the system.

6. Close release wvalve (B) and (E). Them mercury in the manometer rises

until it touches the wire lead, and thus a constant pressure is kept.

7. Leave the system for 24 hours to obtain the equilibrated moisture content

of soil.

8. Open release valve (B and E), and put off the main switch. Confirm that

the pressure in the system has dropped to the atmospheric pressure.

9. Open the vessel and weigh the soil cores.

Remarks

Use the same sample repeatedly in the determination of soil moisture under
different levels of pressures. Usually moistures at 0.1 atm (74 mm Hg), 0.5
atm (370 mm Hg) and 1.0 atm (740 mm Hg) are measured successively in order to

obtain moisture retention characteristies of soil.

Caution

1. Because the high pressure is given to the sysiem, don't open the vessel

during operation.

2. The system, especially the compressor should be kept without any loading

pressure after the use.

3. Vapor of mercury is very toxiec. Scattering of mercury on the floor is never

permitted.
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4. The pressure plate vessel can not be used for pressures lower than the

actmospheric pressure,

Maintenance

1. Merxcury in the manometer should be cleaned sometimes by the normal

procedure.

3, Ailr Permeability Measurement Apparatus

The apparatus is shown shematically in Fig. 4.

Pour wacter in the drum of apparatus, and float the sylinder of air tank

in water in the drum,
Shut the cock to connect air tank with soil sample.

Release valve A and B, and pull out the cylinder. Close the both valves

and float the cylinder in the drum.

Release valve B slowly until the sylinder sinks to zero point, and close

the valve.

Open the cock and measure the time needed for the sylinder to sink up to
1,000 em® mark. During loading of air to soil sample, read the pressure of air

by manometer attached to the apparatus.
Air permability coefficient K is calculated by Darcy equation,

- AP t
qg=AK i

where q is volume of air permiaced (1,000 cma), A is section area of soil
sample (20 cm?), L is length of soil core (5 cm), and t is time by second.
AP = Py - P;, where P; is pressure at inlet and P, is pressure at outlet,
Therafore AP correspond to the reading of the manometer in terms of H30

height (cm).
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Fig.3 Auto Pressure Controler

. electric charge
(220 v)

. electric connection for

vacuum pump

. electric connection for

compressor

tube connection with

vacuum pump

. tube commection with

compressor

. tube connection with the

pressure plate vessel,
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SUMMARY

Parasitoids of Scale Insects and Aphids on Citrus in the
Cerrados Region of Brazil (Preliminary Report)

(Hymenoptera: Chalcidoidea)

Y6z06 Murakami

Institute of Biological Control, Faculty of Agriculture,
Kyushu University 46-13, Fukuoka 812, Japan

Six species of scale insects and three species of aphids as well as their
parasitoids were recorded from citrus orchards in Brasilia D.F. in the Cerrados

region in January - February 1982.

(1) The parasitoilds recorded from scale insects are as follows: TFive species

from Chrysomphalus ficus, one species from Lepidosaphes beckii, four species

from Pinnaspis aspidistrae, and one species from Coccus viridis.

{(2) Effective control of Ch. ficus can not be achieved by any parasitoids

found in the Cerrados. It is suggested that Aphytis holoxanthus be introduced

into citrus orchards in the Cerrados area from areas in Brazil where the

parasitoid has been established after importation in 1962.

(3) Since effective parasitoids of C. viridis have not been found, effort
should be directed toward discovery of beneficial species in Brazil, which is

presumably be the source country of the pest.

(4) No parasitoids of Toxoptera citricidus were found in the Cergados area.

It is suggested that the parasitoid, Lysiphlebia japonica be introduced into

Brazil from Japan, where the parasitoid has been reported as the most affective

natural enemy of the aphid.
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Identification of species and races to the causal

agent of Stylosanthes Anthracnose in Brazil

As for species of causal agent Stylosanthes Anthracnose, several papers
had been reported already in America and Australial»®»7:8,9)

And then, at present, causal agents of Stylosanthes Anthracnose are known
as Colletotyvichum gloeosporioides (Penz.) Sacc. and C. dematium f. sp. truncata
(Schw.) v. Arx. Sonoda (1973)®), Baldton (1975)") and Irwin (1978)2) had

presented some evidence to the presence of races with C. gloeosporicides.

In Brazil, the occurrence of this Anthracnose was reported already in

19735), but at present, there are only few reports about Stylosaunthes
Anthracnose,

The main object of this reports is to identify species and races to causal

agent of Stylosanthes Anthracnose in Brazil for testing to variental resistance.
Materials and methods

Diseased lesions of Stylosanthes Anthracnose were collected from wild or
cultivated plants in Brasilia-D.F. (EMBRAPA-CPAGC), Jatail, Araguari and
Paracatu. Small pieces of diseased leaves (approximate 25 mn?) were sterilized
in 5% solution of Qboa for 3 min, and were rinsed with sterilized water in
several times. After those pieces were put on oat meal agar (OMA) in petri
dish, they were incubated at 27°C. The isolates separated by upper method were
transfered to OMA, PDA (potato dextrose agar) and V-8 agar (200 ml V-8 juice,

3 g £aC0j, 15 g agar/l &) in petri dishes, and then, were incubated at 27°C
during two weeks. These isolates were compared with cultural character of
colony, and conidia formed on PDA or OMA were observed and measured under the
micrescope. Appressoria produced from germ tube of the spores or mycelia were
cultured by a drop of spore suspension on the slide glass in the moist petri

dishes at 27°C during 36 " 48 hr. were observed under the microscope.
Results and discussilon

1. Collection of isolates in Brazil and spore morphology.

Eighty-eight isolates were separated from lesions formed on leaves of

seventy-six varieties or lines in six species of Stylosanthes, which is planted
in field Of CPAC. Oﬂ the other hand, six isolates Wware Separated from Wild or
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cultivated plants at Jatal, Araguari and Paracatu (Table 1, 2)., Five isolates
(from §. guianensis) and three isolates (from S. capitata) collected in CPAC

were curved spores {(Plate I-3).

Besides them, other isolates waere straight

spores (Plate I-1).

2.

Cultural character

Cultural characters of colonies formed on the medium were compared among

media of PDA, V-8 agar and OMA at 27°C during 2 weeks.

3.

1) Straight spores

The isolates separed from S. gulanesis and §. humilis were grey or black
colonies with spare aerial mycelia, and stromatic acervuli with many orange
or bright brown spore masses were formed. The ecolor of isolates from S.

capitata, S. scabra, §. macrocephala and S. hamata were grey or black

colonies with aerial mycella elevated on the surface of FPDA, V-8 agar and
OMA media. And then, these colonies produced few stromatic acervulil with
bright brown spore masses. Particularly, it was obgerved that the color of
their colonies formed on OMA was salmon tinge. Some colonles grown on PDA

and OMA made felting mat with the grey mycelia,

B~1 isclate produced many bright brown spore masses on PDA and OMA, and
the color of mycelia of B~2 isolate was a2 salmon tinge on OMA. And then,
color of B-3, B-6 and B-7 isolates were only black mycelia and didn't produce
the spore masses on PDA, V-8 and OMA, but B-5 isolate was a salmon tinge on
OMA, Numerous dark and sterille perithecia were produced in the turfs of

mycelia on surface of agar.

Five isolates separated from field in CPAC produced the perithecia and
ascospores (Plate IT-1, 2).

2} Curved spores

The eight i1solates separated from S. pulanensis and §. capitata were
same concerning with cultural characters on three media. It were observed
that thelr colonies on PDA and OMA formed spare light grey mycella and
stromatic acervuli with cream spore masses. Setaes on PDA and OMA were

formed in all isolates.

Tdentification of species

The morphology and size of conidia in main isolates were showed as follow-

ing two type and Table 6.
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1) Straight spores

The conidia of isolates separated from §. guianensis, S. hamata and S.
humilis were 16.4 v 20.0 X 5.1 % 5,2u in average, and slze of those spores
varlegated frequently. Conidia cultured from S. capitata, S. scabra and S.
macrocephala were 13,9 v 14.5 X 4.8 v 5.2u, and smaller than isolates

cultured from §. gulanensis, S. hamata and §. humilis. The conidial size

isolated from Jatal, Araguari and Paracatu were variably and 12.5 " 19.9 X
4.3 % 5.2u in average. All isclates grouped by straight spores produced
ellipsoid or irregular, dark brown appressoria within 8.2 ~ 12.7 X 6.1 v~ 7.6y

in average on the slide glass at 27°C (Table 7 and Plate I-2).

From the criteria of wvon Arxlz), straight conidia with size within 12
19 X 4 " 6u 1n average key out to C. gloeosporioides. According to key of
Sutton‘l), isolates with straight conidia were 9 ~ 24 X 3 " 5u in size of

average and appressorla were 6 v 20 X 4 v 12\ in size of average. From up-

per results, it was recognized that this isclate was belong to . gloeospori-
oldes. From the morphology and size of conldia and appressoria, all isolates

grouped by straight spores were identified as C. gloeosporioides.

The perfect (sexual) stage of C. ploeosporioides was known as Glomerella

cingulata (Stomem.) Spauld and V. Shrenk. Numerous dark, sterile perithecia
were observed among some isolates from CPAC and all isolates from Araguari

and Paracatu in pure culture.

From cultural and morphological characters of C. gloeosporioides iso-

lated in each localities of Brazil, they are recognilzed that these isolates
were divided to two types. That is, one group was isolates separated from
S. gulanensis and S. humilis, and other group was lsolates separated from S.
capitata, §. scabra and 5. macrocephala,.

Irwin and Cameron?) distinguished two C. gloeosporioldes types (A and

B), among Australian isolate from Stylosanthes spp., by their pure-culture
characters on PDA. Although cultural comparison on different media can only
be made with difficulty, it appears that isolates from 5. guianensis and 5.
humilis were similar to type A, and isolates from S. capitata, 5. scabra and
5. macrocephala were similar to type B. But, from results of inoculated test
by Sonku et al.lo), pathogenicity of isolates separating from S. guianensis
and S, humilis were very weakly or nothing against §, capitata, 5. gcabra,

S8. macrocephala and 5. hamata. In opposition, the ilsolates separating from
four species exihibited only weak pathogenicity agalnst S. guianensis and 3.
humilis. Those symptoms were separated to irregular (to S. gulanensis) and

=61~



spotted type (to S. capitata, §. scabra and §. macrocephala). From results
in those inoculating test and cultural characters of colony on PDA and OMA,

it was recognized that physiologlc speclalization among each species of

Stylosanthes exists (Table 9).
2) Curved spores

Isolates separated from S. gulanensis and §. capitata produced conidia
within 27.2 ~ 28.4 X 2.8 ~ 3.9y in average (Table 6). According to the
Arx's key, there are two specles in case of separating by breadth of curved
spores. One of them is C. graminicola in case of spores with 5 v 74 breadch,

other is C. dematium in case of 3.5 v 4 breadth.

As our isolates were breadth with 2.8 v 3.9U, they were seemed to belong
to C. dematium. Also, C. dematium was divided into four form to pathogeni-
city by Arx. And then, pathogenicity of isolates to leguminosae was C.
dematium £, truncata. But Lenne et al. (1978)3) had isolated curved spores

from Stylosanthes spp. and had identified as C. dematium f. sp. truncata by

Arx's key. Our isolates were same as results by Lenne et al. concerning with
morphology of spores and appressoria (Plata I-4), but size of spores and
appressoria were little larger than result of theirs. From those results,
isolates with curved spores were identified as C. dematium f. sp. truncata by

the Arx's key.
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Stylosanthes QRETHL DV TR T TR T A Hhot—2 b 5 Y7 TEHOHE 16789)
. 9) 3 ,
7 b, Sonoda 5 Lenne & )VC I AHE Colletotrichum gloeosporioides ( Penz. )

Sacc. &C. dematium {.sp,

truncata ( Schw. ) von Arx D2 lAHELEANTHD,

8
% % . Sonoda 6), Baldion 61). Irwin EZ)VCJ: 2T C. glocosporiotdes O BFRRIIC (I3 &4
TR TL2MBOFELRREINTWE,

75 VMBI BEMOREDT 9 7 3 ER S DanTnes taks BEzRSdR
{, HEHOMLTETRHTE 5,

COMRBHECPACKEWTHRIBEL T 255 0BEHHEAHT - RHOREEFTEL T L7
CfikokdOT, 732002 3WHARBTIHA:MS 2 T RIEHO Stylosanthes RFR

HWLDHOMETIT AV, ARHOHLTIOART2E LI, SEHRBIL > THELFR
WFLMERBRD L0 E I DT I L o

W A

KPR ETBRT T ACH - TUHRUUME RIGHET L BRI EBORELOHEBEOL D
TLOTTRESHEIL 2o, LA ORAT 2. 27, CPACEREP, JICADBZRF — 40
BEMAZETE LD, A4, L4HAERCEEFRFEFTL 2ok, CPACODr . Wagner, Dr.

idson, Dr. Gilson, TOMORACEIAIGHEAEROEM T 9T e CHLOAAEL
AT LLEFEA,

1. RBHFEZEHIUHE

WO 58 Brasihia-D . F. {(EMBRAPA-CPAC), Jatai, Araguari % Y {f Paracatu ©
M, 1THHSEHAOGERBELAHER £ GUPWHEEITO Siylosanthes RIFAHE I DT &Z ok
AMHEQECHEOFEYA (M2 5mn® )& Qboa 5 FHBR 3 FMBRR L TRERE LT
Kofth, HEACHEGS L, oat meal agar ( OMA;Aveia 40 K1 £%ML T, 1
B L, X309 %makd®) ERBEE27CTHEELL, BRTFAHEIOMATH
nT, HRPFRECL > Tk ok, BRFIEZFTEoZBKEOMA, PDA ( Difco
potato dextrose agar ), V-8 agar (V-8 juice 200mé , CaCO3 3¢, Agar 1 5
/1L EBML, 27 TCTt~28MERL, HEo0RKR RTEE HEEROLE
RLURTOIBROEREENODONTEHE LA, RTOBERBITCOMA, PDATEE
Lcdh O% MR L. ANEHEIERRFSHBETEEC R ARFA V77 A ELATRKL,
27CT3 6~4 BoMIEML, REHALLBHIALLOTEHW L 2.

15t Siylosanthes 610, 1 4 & REOHECRFEERTHHFELL, BRI
MBI Lo THELL. 2 TREGAHE - SHOMTFE v r — VAR (1 ® Captan BREE )
OEEGNTC, 2-35BM2S5CTORFILRE, V- 48— A-Fy MIBM LA, &
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HEEAS 6 REOH (F4 2~ 43) REBHKORTFEHR (RFRET X 1 0°7 /nt)
%W%L\27C.EETﬂD%KdBWHﬁako%GﬁﬁﬁzﬂﬂﬂL‘2%%&%%1
B ook 10 Lenne b 0BT —HIEE ) ICHWREME LT 2o Ko

FHIFA spotted type LR EHBE
REEMET 1 WL OHEBO

2 y 1~3
3 # 4~8
4 FHEEH

5 MBEEBEHL, BEITL
6 M 3

WD irregular 1ype LR B E

EHER1 1HOLELUTS
g

5 B HL
) " 1~ 5 %
3 " 6~ 20%
4 # Z1~ 50%
5 ” 51~100%
BETD
6 H 3

I RBRERGTOLUICER
1 TV AEOWRRE L RFBES
198283 ATa0b4 ALEBE T TCPACTETHMEAERK PO Stylosanthes
REBBABEABCEEINTND Siylosanthes 6 7 6 RH - FHH 68 8 BT,
%7cJatar, Paracatu, Araguari OB CURHERL D ¢ BT L A (51 2
Rl TNTNOHFBERLCOWIHRPREC L VBRI FR T hok. TOBREBTR
FOREETHR LR, CPACOS. guiancnsis AR L2 S BH LS. capitata A6
DIHRAPERTFEHE(FERL-3) LT, ThUADHERTNTCARET
o (BII-1),
2 AHMAROEH ER 2 SR
SGHEL7? ABBEP DA, V- 8agar, OMARBHL, 27 CT2MMHE%L, K
HERTHEEL (B3 458 ), CPACOS. guianensis L h AR LAS ¢ DI &
BTERAIREE~BRAT, APHAARIBELETEL, Frvrdi~5tho 0BT
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TEMEH L.
S. capitata, S. scabra, S.macrocephala, S. hamata I b OHHHEKRIETH TN
ORMT, KBE~ROOAPHEARECHLA, RIBRESOEBL 2hok. L L,

OMAETaIn==-AERlE 2L TwLORSHIN Th ok, d70, DAELETIHOMA
FLUPDALETKEHAOH A~ ' 2 MEBHKEBETLIOLH 5%,

S. umlis6RMLA4BHOS L, 2AKERFHTSHBEL, 1O 2 Bkl
THEFRDIIELZD D 7

S. guianensis & 8. capitata 2 HAMLBRBEOR T+ L DB EFAFNAP DA S
LIGOMALTREDBBREHBNL, 29 - tOORIFMMAZHRR LN, MEOHNLBER
ahice

2ie, CPACHGAMEL A8 BMEO 5L, S. guiancnsis 7 68 L7 3 Btk L S. ca-

PilalambD2 WEHRICOMA LTFD oK, FUI, FOIHEFOHBBRHSED A%,

Jatar THAB LD - 1 BREARBTRIAMFTERERLAD, B- 2BREERTE

FABEETRAREREDBELT, OMA LTHFIBER R T2058BRTH 5%,
% /e Araguary, Paracatua b8 L#ZB- 3 -5 -6 -—-7H#HE@PDA, V-8
agar TROBAOHLTHH, OMATB-SHtkIBERE Zoks, BROBHHIBREHE
FODAETHok, CNLOBHIKIRFDIRE, T0I, TOIRTFOBEHAEI b,
3 Colletotrichum spp. ©OMODEE
ARBHOBH bEREGERCADMECHE Lo Arx 20 Sutton' ) LI LD E
Colletotrichun IOBRRAEY., SERFOBELI>THHEIAIAD, TABRORT
ERBOBRFRMT TRE L ke
(1) cAREOSEREFTLOHEk
EABHEORTOREL XEI TR SRER LA, CABBOR-FRIAAIL CHE

BT T0E, FHOBHALLEDSTWHLOBHFEL, EFHEBHR TTORENE

LZoTWwhke S.gutanensis 638 LABKORTAYIHT1 64 -200x51-52

LTHohk? BIOKEINERALSTREWEOLESTLEDOHAREL T,

S. capitata, 8. scabra, S. macrocephala 2 SO BRI THFNTH1 4 0 X
;Bu.1&9x49ﬂ,159X49#T$9.§.@mmmw 2 HOFRMBHRITHE
NTWCHAPT, BIOKESNEAVERSE Dok, S. hamata, S. humlis
MODAWUEEE1 77 x51 4, 1808x51 4TS, guanensis 2 HLORREEERE
MUKEX%75 Lke CPACHAODEMBE TN TN OBHRIK L o TREIHNRE> T
WEH199-125x453-52pu0RBERIEVwe Tnik.

AF4 VIR L THIRERORUROBELREITHEBRLA(RIR), TOH
B AAHEHENTHEZ ERDOWTA s ENA L, FHEOBEEER dark-brown
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ellipsotd Th bh, PG irrepular D3O H2>7T, HEIRFEHEB~-108xs1
~ 67 uThotke B~1 -2 -3 ~-SOHKIEHMROBELREITLLA, B
- THBREV(SHAKREWFRK S 07 (BRI -2 o

Arx @ Colletotrichun BORBRIE L, SERTFHCARE, BEORMED %
(, BFOXEALH12-19x4- 620D C. glociosportoides WK T, %7,
Sutton WY&, C.gloeiosporiordes DRFOKEIFI - 24 X3 -454THD,
HESE clavate B Wit irregular T6 — 20X 4~ 1240 %oTnd, HHOHH

HHABEFCHEEOKA X, Bl Arx, Sutton ORELRE—KTHOTINLD

# % C. gloeiosporioides & [E%E L 7o

C. glociosporiordes it Glomerella cingulata { Stonem. ) Spauld and V. Schrenk
OHERFHALLTRON Tnd, PHRHKCLI>TERELTOIE, FO5, FO
SRFOBRAROLhA, (FHO- 1 2), $H, Aragearr, Paracatu# 605
BEREOMA LTFO I8 EOQORBAEDL b,

TAYALHF AP35 YT TYL Stylosanthes KEMHEEC. gloerosporiordes & [FAE
ANTNBZOT, EHOPRAKL LEOREINTWELIOTRBLA(RIR).,
S. gmanensis & 8. hum s 7 6O M ek & LIS O Stylosanthes spp. b O
8T 1L, RAOMBARERLTH 54, MIOKEILETFOR WSS L ESK,
S, guwanensis & 8. bumi s 2 COWHRII [ ETH (ORFREBH Lo TRHUHA
D Stylosanthes spp. D LOBKERFHTHEDIIFELT, OMAETHESHEARNG Y
ETHOHHUPTHok, LAL, BFOME, K23IHoldFBCETLIOTS S,
Irwin & 2){!;?#—2 } 3 Y 7T Stylosanthes DR FHMMEIT 1ype A, BHdboT, PDA
T type AHIAETZEC, pink spore mass # L {fELA, type BRIBARET AR
. BT O prikish 1inge 2 2T EHLHME L T3, ThLDLDE, HHOFIBBHY
KRBT HLHAETRECIER D Ao, OMALCETZHEF I B2 DL, S.
gmanensts, S. humlis & LOBRIT type A, THAMAOE KD type BICHELL Tw
BmE 9F), 2h, HIT6 DORERLALS. guignensis £ & OHH LS.
ngmﬂs@AKﬁﬁﬁ%ﬁL.ﬁm%ianmlwe&t%ﬁ.§ gutanens1s B4l
OHBBERILS . guanensis LZCF (, FALUND L DRBNREMARD Lh, [HIF
bHIT spotied type Wh B, Trwin b3 TAHEARTRELTE D, type AL S. gui—
anensis LSO OWHFRERR L, HWHE D spotted type L L A%, —HO type Bi3 S.
guianens)s OMCHEFEMERL, HEE 1rregular type L2 EBEL Tnd, & O
LORA=ZPSVTTDype A, BLEHCOLOTRBT2E, #LMLEEE 60
BRABOERE ko7,

A
Lenne &% 7 49 505 ~ 1 DARHEEAMT B &b AR 4 2 T8 i
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nd, VO~ BRAD TR AL HIBZN L AR EIABEREL TS,
Fe2 L L CPAC, datar OUHAH LT3 ATH~4 ALORATTHBELAS, 4 A%
W3 HE L 7 Araguary . Paracatu 20 6 O# 1 Colletotrichum spp. O T I K,
FHEINERRBTOIBOWHEA R OGNk, 2OLORBBIE > THMIN DML
BRAEDDPESDLAHESHCHOM 2T 2> TECRM T 2L EHD b,
(2 mEOIAR {1 b oWk

S. guanens s P OFELAMWBEE 272 274%x28-3 60, S, capitatad
LOLOE282-284x35-39 prBIfHLKEITHDRe ArxIC LA
RFOMHS -7 pObOE L. gramnicola, 35-4206 0% C. dematiom & L
Tnde TROEFMAGEHB IS LR FOBAHLC, demauimRIETLOTH B
FRAEC, dematium QP T—FOHEBBH L 0L 0T lorm BT Te b, = 28
KHFEEOLLLO0I> 1. truncata & LTvab, LasL, Sutton T L2 EHFO ifi A
2-25p030%C. dematiumgroup 2L, 35 -4 403 DFFERN L -TC.

crreinatum, C. runcatum, C. capsicr group M HHL T b, =~ 2HRF4EHEO

HHLOEC. truncatum TH o, HHEOBR(ETR)AREFHEALTHEH, KEI

HOULRKEDhole TLTEMLFBBERITC, frucawm BT LOLEEONE, L

) Sty losanthes spp#- GUHORFE HBL, Arx 0
SHCH > TC, dematium {. sp, truncata EHEL Twb, Lenne HOHE L HHH
BR(HoR)ZTHEBTIE, RIPIUVMOGEORBER BT IS, wTFhOoKREIZH
BEROR IS BLETKED ok, BEBRBEROERL L, REOGERFT L DOBEHE Arx
OFFE> T, €. demativm . sp. truncata & E%E L %o

4. HRELEORE
AB1RRT AHTMEHOBF *RERB*T2>T, 4 A3 B~ 1-F PCBE
Lce LrL, RMHEBHIL7I SV TEAZAD, H32BROKBEHEMI 7CRET

L%&zds, 724U H7TLenne 65

L. Stylosanthes O BFRIFMITEL K o*%, 5H26-27 BILC. gloeiosporiotdes,

C. dematium f. sp. truncata 1 1 HETHEFEL .

BRI DWTEA> THET 5

oL & g
EMBRAPA -CPAC @ Stylosanthes Bt R A BMBILENTT7 6 & - FROH

WMIbEBWETAHMERL, T4 Jatm, Araguart, Paracatu OF AL L UEREML
b6 TkRA D L, RICHDMEICHE LA, CPACTHE LS 8HERD 5 b, 8 BtRiX S
R REREY LT D, FOROHKITNTIARE TR, P LA { potato dextro—

se agar ), V -8 agar (V-8 juce, CaCOz, agar ), OMA ( oatmeal agar Y
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FThFNOWEBHLTHL 9 O_RE T oo CARBORTOMRE, S, guianensis &
S. humilis 2 5748 L Bitkiz S CEBORTREMME Lo —F, S. caprlata, 8. sca-
bra, §.macrocephala, 8. hamata 7 b QS EE KT ERLT, REOOFRWHAT L {
BHL, REROBRRLIED ChRTok, LA L, OMALTHEIHBERBEET S
OHBENTD o, TAMEEOBPRIZPDA, OMA LTHBHKKBAOH X~ + 2
BT5305bok. CPACUNORERFTAFNOIRBHRIT I o THREZ>2TEH D, Para-
calu, Araguari 5503 DR BEEADA T, Bt LK FOSROEBHEARDL bhk,

CPACOMM%o LM L7 8 8THIRO 5 b, SHKRL S FOIROEBHFED bNAk. S. gu-
ianensis . S. hamata, S. humlis H6ORRBGOEFOAEIE@ P91 77 - 180
X50-514T, S. capitata, S. scabra, 8., macrocephala # HOFRER#RIZ 139

—142x48-504Thb, S. puianensis ZERKNTW(EADIHoR. RGO
HRBASIEEEE bellipsoid Drarregular T, KEIAB88-108X61-67 4Th
D CPACHAORMBREHEEL I > TKEIFRE>TWAA, 125-199x43
“S2n0EBARAY, HEBOEEIRIEAL Thok.,. CNHDT L bArx, Sullen
OMBERIE->T, TAHHBOR FOEEI Colletotrichum glocosporioides ( Penz, )
Sacc. [ HHE#{ Glomerella cingulata ( Stonem. ) Spauld . and V. Schrenk ) & []%&
L7

MEORTFOHE, PDARIUOMALCRCONE, BEFRML, A860RTHE
SUHB Lo MFDOKEZES. guianensis £S. capitataz b HH LA L ORIBIZFL
T275-283x37-42pu, %581 rcounded B0t irregular T9 5 - 9 8% 6. 4
T6SHTHof, AxOBRALLI-TENOLORF %L DWHk% C. dematiom f. sp.
truncata { Schw. ) von Arx ¢ EE L%,
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Table 1 Number of isolates separated from Stylosanthes spp.
in fields of CPAC

Number of .
Stylosanthes varietins Number of Colletotrichum Spore morphalogy
SPP- or lines Spp. separated from plants  grrajght Falcate®

S. guianensis 29 36 31 5
S. capitata 20 24 21 3
8. scabra 19 20 20
§. macrocephala 3 3
$. hamata
§. humilis 4

76 88 80 8

* curved spore

Table 2 Isolates separated from wild or cultivated species
of Stylosanthes in Brazil (besides CPAC)

Wild or .
. Isolated Locality of Separated Spore ¢
c;i;;:zted number collection date morphology Separated plants
Wild B-3 Araguari 18.04,'82 Straight
Cultivated B-1 Jatai 31.03,'82 Straight S. capitata (CIAT-1318)
1t B_2 it " T []] (CIAT“ZOZI'Z})
" B-5 Paracatu 18.04,'82 "
n B__6 n n 1
1t B-7 w o "
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Table 6 The morphelogy and size of conidia separated from
Stylosanthes spp.

jsolated Stylosanthes Morphology Size of spore Conidia rounded
ber . at both ends
numbe spp of spore Length (1) Breath () @
1 5. guianensis Straight ZO.EL B.fL 10
" " 16,57 17.9 5.0=5.1 78
10 " " 16.4 5.2 30
14 " " 18.3 5.1 37
32 " " 18.2] 5.0 62
8 " Falcate 27.EL 3.6L
16 1} H 27.2 2?-5 2.8 4.2
17 " " 27.8] 3.2
40 $. capitata Straight 13.11 4.3‘[> 15
45 " " 14.5 14.0 5.0 4.8 15
47 " " 14.2) 5.0 27
]
42 Falcate 28'21'28.3 3.5 3.7
49-1 " " 28.4 3.9
61 5. scabra Straight 14.2 4.8 7
\ 1>-13.9 ~l> 4.9
62 ! " 13.5 5.0 7
63 " " 14.1] 4.9 8
73 S. macrocepha- Straight 15.2 s.o‘L 16
ia 14.2 5.0
86 " " 13.2 5.0 10
76 S. hamata Straight 17.7 5.1 12
79-1 S. humilis Straight 18.3 5.2 48
i8.0 3.1
80 " " 17.7 5.0 34
B-1 8. capitata Straight 15.1 .0 66
B-2 " " 12.5 4.9 4
B-3 Wild stylosan- " 18.9 0 20
thes
B-5 Cultivated " 16.0 5.1 19
Stylosanthes
B-6 " " 15.4 4.3 7
B-7 " " 19.9 5,2 “ 80
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Table 7 The morphology and size of appressoria produced on
the slide glass

Size of appressoria

Isolated Stylosanthes
number spp. Morpholagy Length (M) Breath (u)
1 5. guianensis Ellipsoid 9.0 7.4
" " 9.9 6.1
8 " Rounded or irregular 9.3 6.4
40 8. capitata Ellipsoid or irregular 9.7 6.6
88 " " 9.1 6.1
49-1% " Rounded or irregular 9.8 6.5
63 5. scabra Ellipsoid or irregular 10.1 7.0
86 5. macrocephala " 0.8 6.1
76 S. hamata " 8.8 6.6
79 S. humilis " 8.6 7.1
80 " Ellipsoid 8.9 6.8
B-1 5. capitata Ellipsoid or irregular 9.7 6.5
B-2 " " 9.2 6.4
B-3 Wild Stylosanthes " 9.3 6.9
B-5 Cultivated Stylosan- " 8.2 6.9
thes
B-7 “ " 12.7 7.6

* curved spore
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Table 8 Mycelial growth of Colletotrichum gloeosporioides
per 24 hr at 27°C

Isolated Stylosanthes Medium
number SPP. oMA PDA V-8 apar
1 S, puianensis 12 ™ g ™ g ™
3 " 16 16 12
40 5. capitata 9 10 10
63 §. scabra 9 10 10
86 S. macrocephala 8 10 9
76 S. hamata 11 14 13
80 S§._humilis 14 11 13
B-1 S. capitata 13 16 14
B-3 Wild Stylosanthes 11 13 17
B-5 Cultivated Stylosanthes 9 - 5
B-7 " 12 - 12
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(2) Colletotrichum dematium f. sp. truncata

{medium)

Author (OMA)

Lénne* (OMA)

Spore

Curved conidia

Isolate from S. guianensis

27.5 x 4. 2¢
Isolate from S. capitata
28.3 x 3.7

Curved conidia
22,1 v 24,3 x 2.4 v 2.7
{22.9 % 2.6)

Appressoria

Rounded or irregular

brown

Rounded

cinnamon-brown

9.3 v 9.8 x 6,4 6.51

6.3 v 6.8 x 44 4.6

* Lenne, J.M. an Sonoda, R.M. (1978)

Plant Dis., Reptr. 62: 641

#% Irwin, J.A.G. and Cameron, D.F. (1978)

Aust. J. Agric. Res. 29:

«83-
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I. Introduction

During the dry season of Cerrados region, the greater part is not suitable

for crop cultivation, but so~called Varzea, depression land in Portuguese, is

considered to be pessible to grow crops. A lot of Varzea was left uncultivated

and not used effectively.

Recently a national project for improving Varzea to utilize all the year
round has been carried out by the Ministry of Agriculture. According to the
plan on crop cultivation, the crops introduced there are, in the rainy season,

mainly rice, and in the dry season corn, bean, wheat, vegetable and alsc rice
if possible.

The area ratio of Varzea among Cerrados region is eight percent, but the
total area comes up to 15 million ha. Utilizing of Varzea in the dry season is

very important for food supply in Brazil.

Freire et all) reported on the soils of Varzea in Minas Gerais State that
Low Humic Gleysols, Humic Gleysols, Organic soils and Alluvial were distributed,
and most of the soils showed high content of hydrogen and aluminum ions, and
low base saturation. Reis et alz) observed on the soil properties of Gleysols
and Organic scoils in CPAC field that bulk density, water retention curve and
permeability were different between these soils, and both soils showed low pH,

high content of aluminum ion and low soil fertility.

Soil moisture change in Varzea has not been investigated yet. The purpose
of this report is to investigate, (1} the relation between soil and microtopo-
graphy, (2) soil physical properties concerning the soil moisture, (3) the
change of ground water table, capillary potential and the avilable moisture in

field during the dry season, by taking the Varzea of CPAC field as an exmaple.

II. Method
1. Ingpection site

The Varzea and its neighboring land located on the noxth part of CPAC
field were used for the inspection. Open ditch drainage had been installed

already in the Varzea.

2, Soil profiles and microtopography

Soil profiles were observed at pits, auger-holes and open ditches. The
items of observation at the pits were soil horizons, soil texture, scil color,

soil structure, humus, compactness, plasticity, mottles and concretioms, gley
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horizons and spots, distribution of plant roots and ground water table. Those

at auger holes and open ditches were soil horizons, soil texture and soil

color.

Compactness was determined by means of Yamanaka's cone-penetrometer.
Gley horizons and spots were examined by spraying with 2.2'-dipyridyl solution
which shows a positive ferrous reactions. When the reaction appeared imme-
diately and distinctly on a hydromorphic horizom, a letter "G" was attached

to the name of the horizon, but otherwise "g".

Microtopography was measured by using a transit.

3. Soil physical properties

Three phase volume of soil, saturated permeability and soll pore size
distribution were determined. Soil samples were taken into cylindrical tins
of 100 em® in volume. Three soil cores were collected from one horizon. The
insertion direction of the cores was vertical at the first horizon, and

horizontal at the other horizons.

Volume of solid, water and air phases of soil was determined with a
three-phase volume apparatus (Daiki-No. 100 type}. Saturated permeabilicy
was taken on a soil permeability apparatus (Daiki-TI type). BSoil pore size
distribution was measured by a sand column method at pF 1.5, and a centrifuge

method at pF 2.7 and pF 4.2.

4. Soil moisture in fields

The inspection points were decided by taking into consideration of soil

types, cultivated or plowed condition, and distance from open ditches,

For the determination of the available moisture of topscil, three 100 em®
~s0il cores were collected from each layer of 0 v 3 em, 7.5 v 12,5 em, 15 "
20 em and 22,5 v 27.5 cm in depth on ten points. These core samples were
dried in an oven, and then weighed. The moisture content at pF 4.2 was
defined as the lowest limit of the available moisture. It was obtained by

using a pressure membrane apparatus (Daiki 320 type).

Soil water suction was measured with tentiometers (Ilkeda §-7 type)
installed into the depth of 20 cm on five points. Ground water table was
inspected in the auger holes of 1 m in depth by a U~tube, as well as water
table on the open ditches. The location of the inspection points is shown in
Fig. 1.
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111. Result
1. The relation between 50il and microtopography

CPAC field is lccated on a gently sloping terrace. Length of the
longest slop is about 4 km, and the gradient is 6.7° in upper, 4.5° in middle

o +
and 1.6° in lower position. In the lowest position, there is a river.

The Varzea is distributed in a width of 300 to 500 m adjacent to the
river. Soils in the Varzea reflect the moisture condition influenced by the
position on microtopography, forming a hydrocatena. 1In this report, soils
of the Varzea are defined to have the characteristic horizons influenced by
water within 50 cm deep from the soil surface. Six soil profiles including

a neighboring point of the Varzea are shown as follows.

No. 38 Hydro Latosols, Gleyic Ferralsols (FAO)

Ap ¢ 0™ 13 em brown (7.5 YR 4/4), LiC, weak fine blocky st., medium

compactuess (20 mm), very plastic, common roots, wavy clear boundary

Bi : 137 21 em bright brown (7.5 YR 5/6), LiC, weak fine blocky with
weak fine granular st., medium compactness (20 mm), very plastic, few
roots, smeoth sharp boundary

By ¢ 21 "% 56 cm bright brown (7.5 YR 5/8), LiC, weak fine granular st.,
loose (16 mm), plastic, few roots, gradual boundary

Bg : 567100 em bright brown (7.5 YR 5/6), LiC, loose (15 mm), plastic, few
roots, a few iron concretioms.

water table: 90 cm
No. 40 Low Humic Gleysols, Gleysols (FAO)

Ap : 0713 em  dull yellowish brown (10 YR 5/3), LiC, moderate fine blocky
with fine granular st., medium compactness (18 mm), extremely plastic,
common roots, smooth clear boundary

Ag : 13 26 cm grayish yellow brown (10 YR 4/2), LiC, wedium compactness

(17 mm), common thready mottles (10 YR 6/8), extremely plastic, common

roots, smooth sharp boundary

Blg: 26 v 46 cm brightly yellowish brown (10 YR 6/6), LiC, medium compact-
ness (17 mm), common speckled mottles (10 YR 6/8), few iron concretions,

extremely plastic, few roots, gradual boundary
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Blg:

Ap

Clg:

C2g:

Ap :

Adg:

Cg :

THAg:

MCg:

46 " 130 em dull yellow orange (10 YR 7/4), LiC, loose (14 mm), common

speckled mottles (10 YR 6/8), a few iron concretions, extremely plastie,

few roots

water table: 73 cm

No. 3 Low Humic Gleysols, Gleysols (FAO}

017 cm dull yellowish brown (10 YR 4/3), LiC, moderate fine
blocky with fine granular st., medium compactness (19 mm), plastic,
common roots, smooth sharp boundary

17 ~ 38 ecm  grayish yellow brown (10 YR 6/2) LiC, loose (17 mm), very
plastic, few roots, gradual boundary

38 % 90 cm  dull yellow orange (10 YR 7/2), LiC, loose (15 mm), very

plastic, few roots

water table: 68 cm

No. 5 Low Humic Gleysols, Gleysols (FAO)

010 em brownish black (10 YR 2/2), LiC, weak angular blocky st.,

medium compactness {21 mm), plastic, common roots, sharp wavy boundary

10 v 24 em  brownish gray (10 YR 4/1), LiC, léose (17 mm}, very

plastie, few roots, gradual boundary

24 v 60 em dull yellow orange (10 YR 7/2), LiC, loose (16 mm), very
plastic, few roots

water table: 53 em

No. 18 Humic Gleysols, Humic Gleysocls (FAQ)

0~ 14 cm black (2.5 Y 1.7/1), €L, weak angular blocky st., loose

(18 mm), plastic, common roots, smooth clear boundary

14 ~ 25 em  black (2.5 Y 1.7/1), €L, medium compactness (22 mm),

plastic, common roots, smooth clear boundary

25 36 em  black (2.5 Y 1.7/1}, CL, medium compactness (24 mm),

plastic, common roots, smooth clear boundary

36 v 70 em  yellowish gray (2.5 Y 6/1), Lic, medium compactness
(20 mm), extremely plastic, common roots

water table: 68 cm
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No., 31 Organic soils, Histosols (FAO)

Ap : 0 v 10 cm black (10 YR 2/1), CL, weak fine blocky st., very loocse

(7 mm), plastic, abundant roots, smooth sharp boundary
TAg: 10 ™ 30 em  black (10 YR 1.7/1), CL, loose (15 mm), very plastic, few
roots, gradual boundary

MAg: 30 v 60 cm  black (10 YR 1.7/1), LiC, loose (14 mm), very plastic, few

roots

water table : 56 cm

The soil at No. 38 point has a low humic surface horizon underlained by
a bright subsurface horizon, containing iron concretion within 1 m. This

soll is considered to be intergrading from Latosols to Gleysols, and classi-
fied as a Hydro Latosol.

The soils at No. 40, 3, and 5' points have also the low humic surface
horizon, but their subsurface horizons have been more influenced by water
than the soil at No. 38 point. These soils are classified as Low Humic Gley-
sols. The color of the surface and subsurface horizons is somewhat different

among these soils, owning to the position on microtopography.

The soil at No. 18 point is characterized by thick and high humus
layers. This soil is classified as a Humic Gleysol. The soil at No. 31 has

thick humus layers. There are clay layers between humus layers. This soil

is classified as an Organic soil.

On all the subsoils inspected, ferrous reaction with 2,2'-dipyridyl
solution was weak, and soil compactness was not high. The soil crossing-
diagram near open ditches on a cultivated field is shown in Fig. 2. Similarly

the diagram on an uncultivated field is shown in Fig. 3.

In the uncultivated field, there are mainly Low Humic Gleysols and
partly Organic soils. The Low Humic Gleysols have a gray Cg horizon under-

lained by a bright yellowish brown Cg horizon.

A red layer is recognized on the surface of the soils near the Varzea
boundary in both the cultivated and the uncultivated fields. The red layer

is thought to have been brought by soil erosion.

In addition to the soil survey on the pits, inspection’of deep layers
of the soils near the Varzea boundary was carried out by using a long auger.

The result is shown in Fig. 4. At No. 40, 3 and 43 points of Low Humic
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Gleysols, wet layers were found 2 m or less deep from the surface. Below

the wet layers, there were compact layers having iron mottles, followed by

moderately dry and red layers. The profile of deep layers of a Hydro Latesol
at No. 38 point was similar to those of the Low Humic Gleysols. Concerning

the above-mentioned points, the layers over the red ones are considered as
impermeable.

The soil at L point was a Red Yellow Latosol. The deep layers of the
soil were also red-colored. Wet layers were observed from 170 cm to 360 cm

deep, followed by a moist and red layer.

2. S8o0il physical properties

Soil physical properties are shown in Table 1. Solid phase volume was
20%, more or less, in high humus horizons, and 38 to 48% in Bg and Cg hori-
zons, The Bg and Cg horizons in every point were not much influenced by dry-

ing which causes soil shrinkage.

Volume of the pores emptied at pF 1.5 was low in most horizons except a
few Ap horizons. The pores emptied in the range of pF 1.5 to 2.7 are
regarded as ones retaining the moisture which is necessary for crops to grow
normally. These porosity in subsoils was not low in all horizons except

No. 18 point.

Volume of the pores emptied in the range of pF 1.5 to 4.2, which are

capable of retaining available moisture, was common to abundant in high humus

horizons.

Saturated permeability was rapid to moderate in most horizons though
the pores at pF 1.5 was low. The pores at pF 1.5 in horizontal direction

are considered to connect well to each other.

3. Soil meisture change in fields

Fig. 5 shows the precipitation and evaporation from September in 1981
to October in 1982, These data were measured by Agrometeorology Laboratary
of CPAC. The precipitation im the first half of 1982 was abundant in March
and January, less in February, April and May, It nearly stopped raining
from May 26 until September 22. The evaporation was in the reverse order of

the precipitation, and was 4 to 5 mm per day on an average in the dry season.

The inspection result of water table is shown in Table 2. 1In the

Varzea on August 23, the water table was within 1 m deep, except at No. 59
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point, and approximately same as that on July 14 at most points,

In September it decreased below 1 m from the soil surface at the half of
the points in the cultivated field, and at the one fourth in the uncultivated

field. However, at the residuary points it was left within 1 m throughout

the dry season of 4 months. Base flow on hydrogy is estimated to continue

nearly steadily during the dry season.

The relation between the water table and the microtopography of the

Varzea is shown in Fig. 6 and 7. Roughly speaking, the water table is almost

parallel to the slop, and there is no symptom of the presence of piestic

ground water. As before, saturated permeability of the horizons above the
ground water table was not low but the existance of impermeable layers was
estimated within a few meters deep from the soil surface. Therefore it is

suggested that in this Varzea the ground water moves along the slop within a
few meters deep from the surface.

Fig. B shows the change of soil water suction at the depth of 20 cm on
five points from July 29 to September 23. The suction was low and its change
was slight during the dry season. The relation between the suction and the
ground water table at the five points is given in Fig. 9. The suction nearly
corresponded to the ground water table. The capillary conductivity from the
ground water table to the depth of 20 cm is considered to be well in the Low
Humic Gleysols having the table of 60 cm deep, as well as in the Humic
Gleysols having the table of 80 cm deep.

Available moisture in the fields is shown in Table 3. On summing the
available moisture, the moisture in the layers of 7.5 " 12.5 cm was treated
for the estimated moisture in the layers of 5 v 15 cm, and the average mois-
ture of the layers of 15 v 20 cm and 22.5 v 27.5 cm was treated for the
estimated one in the layers of 15 " 25 cm. The available moisture was rich
in high humus horizons, and after one month from middle July decreased more
markedly at the plowed points, especially on the first layers of the soils,

than at the non-plowed peints.

IV. Discussion

As mentioned above, on each soil of the Varzea during the dry season, the

ground water table was nearly steady but not high, the change of the table was
slight, and capillary conductivity from the ground water table to the depth of
20 em was considered well, From the standpoint of the soil moisture, these

facts indicate that the Varzea has an advantageous condition for the upland
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erop cultivation in the dry season.

Varzea is the land where irrigation facilities can be introduced usually,
because of the easiness of of obtaining the irrigation water. In the case of
the inspected Varzea, however, utilizing of the ground water is thought to be
better economically than introducing the irrigation. Moreover, the latter may

cause the wet injury of upland crops, unless air phase volume in top layers is

also considered.

Of course, in order to utilize the ground water in the Varzea, there are
some problems to be solved. For an example, when heavy clay subsoils, which
are found shallowly in Low Humic Gleysols, are dried or exposed to the soil
surface by plowing, it exerts a harmful influence on crop growth such as the

water supply and the germination injury.

Therefore, the following subjects should be investigated; {1} fertilizer
application methods in the Varzea soils, (2) controlling of the water table
and utilizing a minimum tillage to maintain the capillary conductivity from
the ground water, (3) ascertaining the ground water table and the air porosity

suitable for h%gh yvield of crops.

It is ideal to use Varzea in both the dry and the rainy seasons. However,
in the rainy season, drainage is necessary so that excess water can be excluded
rapidly, consequently accelerating the subsoil drier and decreasing the

capillary conductivity of subsoil in the dry season.

When the soil water maunagement in Varzea must be adjusted to one or
another season, it is decidedly better to choose the management for the dry

season, because in other land of Cerrados region crop cultivation is difficult.

Summary

As one of the basic inspection op Varzea in Cerrados region, the relation
betwean soil microtopography, and soil moisture during the dry season were
investigated. The inspection site was the Varzea and its neighboring land in
CPAC field.

The soil distribution is related to the microtopography. Organic soils
are found in the lowest depression. Humic Gleysols, Low Humic Gleysols, Hydro

Latosols and Red Yellow Latosols are distributed in the order of the elevation.

As for the soil moisture, the ground table at most points was within 1 m
deep from the soil surface in August, even though the dry season had started

in late May. Furthermore it was little different from the table at six weeks
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before. The soil water suction at the depth of 20 cm on the Varzea soils con-

tinued maintainly below pF 1.9 until the end of dry season. The capillary

conductivity from the ground water table to the depth of 20 cm was considered

nearly well. The permeability of each horizon in the Varzea soils was not low.

Therefore, from the standpoint of the soil moisture, the Varzea of CPAC

field seemed to have an advantageous condition for the upland crop cultivation
in the dry season.
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Table 1 Soil physical properties

Paint No. Bulk Phase vol. at pF 1.5 pF
d K
soils  erlzem Depth o ity T e v wa 1.5%2.7 2,704.2 1,5vk.2
cm  g/l00cc - % - glcc cm/sec - val, % -
38 Ap M3 111.8 42,0 46.8 11,2 2.66 1.3 x 1071 8.5 8.0  16.5
Hydro B, 13821 115.2  44.8 48,0 7.2 2.57 B.2 x 107° 1.2 11.1 21.3
Latosol 3
By 2156 101.1  38.3 49.4 12.3 2,64 1.3 x 107 17.6 9.6  27.2
Blg 560 96.1 36.2 51.2 10.6 2.52 2.2 x 107° 21.0 5.0  26.0
40 Ap ov13 97.4 36.6 39.3 24.1 2,66 2.5 x 1077 9.5 8.1 17.6
Low humic  Ag 1326 122.5 49.9 47.7 2.6 2,55 1.1 x 10~* 9.2 9.2 18.4
gleysols i
Blg 2046 112,27 45.7 48,4 5.9 2.46 1.2 x 107 13.1 11,3 2.4
Blg 460130 105.8 42,8 47,9 9.3 2.47 1.2 x 1077 14.6 7.3 21.9
3 Ap hl7 105.3  4l.1 43.1 15.8 2,55 L.7 x 107° 0.1 11.8  21.9
-4
Low humic  C18 17v38  109.6  43.2 48.0 8.8 2.53 7.5 % 10 13.1 3.0 22.1
gleysols o0 3gvg0 98.1 38,9 S4.3 6.8 2.52 3.5x 1077 19.9  14.2  34.1
5! Ap o0 120.7  47.0 431 9.9 2.57 L.l x 107° 0.3 1z2.4  12.7
Low humic  AJg 10024 118.9 48,1 48.7 3.2 2.47 1.5 x 10°* 8.9 10.9 12.8
gleysols
Ccg 26060<  103.0  40.4 52.7 6.9 2.55 1.1 x 10~ 19.9 8.7  28.6
18 Ap orvls 43.2 22,7 70.8 6.5 1,90 2.5 x 10°" i6.8 28.7 45.5
Humic TAC  14%25 60.7 28.9 64.3 6.8 2,10 2.4 x 10~ 27.1 9.1 36.5
glaeysols
Mag  25u36 78.6 37.5 55.7 6.8 2.09 4.1 x 107" 11.8 9.9  21.7
IVCg  36v70<  118.6  48.2 49.8 2.0 2.46 2.7 % 10-* 5.0 17.2  22.2
k3! Ap 10 35.1 15.8 76.4 3.3 1.78 2.4 x 107" 22.6 26.8  49.4
Organic TAg 10030 3.3 19,3 79.5 1.2 1.88 1.9 x 10~ 20.2  27.6  47.8
solls
TmAg  30n60< 47,1 23.5 73.7 2.8 2.00 2.4 x 107° 8.5  30.6  40.1
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Table Z-1 Ground water table (cultivated field)

Pﬁim July 14 July 29 Aug. 13 Aug. 26 Sep. 9
@ 73 0 73 €M 77 €M 71 &M 71 €™
2 82 82 82 83 87
3 52 52 53 54 64
4 58 58 61 62 100<
5 59 59 62 62 100<
6 61 63 61 62 76
@ 51 49 50 50 52
8 29 29 31 3 30
9 52 62 68 64 100<
10 28 27 29 30 32
11 47 48 49 46 47
12 59 58 62 61 60
@3 82 81 82 82 86
14 70 71 74 79 73
15 54 54 55 55 52
61 61 61 61 60
17 54 55 55 s8 52
18 72 73 75 74 80
19 93 94 96 92 100 <
20 94 94 96 100< 100<
21 86 86 87 84 84
22 82 83 86 84 86
@) 82 83 86 84 86
24 67 70 72 72 100<
25 63 64 65 63 63
26 65 62 64 58 59
27 90 89 92 83 100 <
28 79 80 80 77 75
29 79 79 78 73 77
30 54 54 54 50 49
31 51 si 49 45 44
32 50 50 52 50 48
33 60 60 61 62 59
(G4) 80 80 80 81 80
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P;i?t July 14 July 29 Aug. 13 Aug, 26 Sep. 9
35 68Cm g9 Cm 68C™ 62 100<C™
36 72 75 79 75 73
@) 86 84 83 85 83
51 - 53 61 52 54
61 - 60 69 62 100<
8! - 40 52 40 40
9t - 60 68 62 63
38 - 86 100< - -
- 60 65 - -
40 - 69 74 - -

(:); open ditch
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Table 2-2 Ground water table (uncultivared field)

P;é?t July 14 July 29 Aug. 13 Aug. 26 Sep. 9
@D 91 % 91 " 93 @ g9 °® 100<"P®
42 60 60 65 67 100<
43 60 60 64 65 100<
44 56 56 60 60 100<
45 56 56 57 57 58
46 50 50 50 50 51
@7) 65 65 65 65 72
92 91 87 89 86
49 80 80 80 79 80
50 85 85 84 83 100<
51 90 90 90 87 100<
52 20 92 90 87 100<
53 94 92 94 93 100<
G9 05 94 94 94 83
G5 90 89 88 87 80
56 67 67 68 67 76
57 67 67 67 67 100<
58 42 41 41 38 41
59 100< 100< 100< 100< 100<

O; open ditch
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ﬁable 3 Available moisture content of the

layer of 0-25cm in depth

Point Soils Field Moisture content {(pF 1.5-4.2}
number condition July 15 Aug.ll Sep.8 Sep.23
nm
Low humic culti.
. 6.2 49,

3 gleysols plowed 49.0 38.4 3 3
’ Low humic culti.

5 gleysols non-plowed 51.4 50.1 50.8 58.9
Humic culti.

18 gleysols plowed 72.6 44.2 51.7 64.3
Humic culti.

2} gleysols non-plowed 67.4 63.9 69.7 70.1
Organic culti.

31 soils non-plowed 94.6 87.7 93.5 103.6
43 Low humic 1t3

gleysols unculti. 70.4 69.2 70.1 67.1
Low humic .

45 gleysols unculti. 73.1 75.1 75.7 74.0

50 o eo1ss  unculti. 50.4 54.2  55.7 57.6

52 gg:ygg?gc unculti. 56.8 53.3  52.8 56.7

57 organic unculti. 87.1 90.8  90.1 85.5
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