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ABSTRACT

This paper explains the method to estimate the soil water retentivity or the available
water capacity by using a sand mass fraction measurement which can be easily .achieved by
sieving. The regression analysis on 60 soil samples in -Japan showed the “wetness -on
~retentivity curve can be estimated from the size fraction-component of soil. Among .the
size fraction component of soil, the best relation was obtained with sand, correlation.
coefficient being 0.8. When the wetness was over pF 2.5, an improvement of relation was
observed with every soil size fraction. On the other hand, the wetness differences at
several pF ranges versus soil size fraction relationship was examined and the best: correlation
coefficient was 0.6, which was worse than that obtained in-wetness estimation. The factor
that deteriorates the relation seems to be included in :the.-low pF soil water range.
Nevertheless, since the relations were statistically significant upon the analysis of varia-
tion at 1 % significance, the results of this study are applicable for the simple estimation

of available water capacity in situ.

Introduction

For green space construction, an irrigation sys-
tem to maintain green growth is not usually in-
cluded in Japan. Owing to a lot of rain in this
country, the plants can usually grow without an
irrigation system. Even in the case of no irriga-
tion system we have to consider the available
water capacity of the soil concerned so that soil
design can cover the drought resistance because
urban districts have a tendency to become drier
recently and sometime hard drought occurs such
as in 1994. ,

There are many kinds of soils classified in sand,
loam, silty loam, silty clay loam, clay loam and
clay-in this country. These soil textures are usu-
ally determined by mechanical analysis. On the
other hand, soil water retentivity for such soils
are fundamentally determined by the soil texture,

soil structure and clay ‘minerals. ‘However- it is'

considered that soil texture influences on the
retentivity mostly. Then if we can determine the
soil water retentivity from the soil component
fraction measurement, it is very convenient to the
workers in situ. Such works were practiced in
agronomical field. Umeda et al.[3] examined this
relation by using the samples in the central
Hokkaido district and wetness on retentivity curve
is well correlated with the size fraction component
of soil. Then they concluded the use of silt plus
clay fraction can estimate the “available water ca-
pacity” in which they defined the wetness' differ-
ence between at pF 1.7 as the field capacity and at
pF about 2.7 as the depletion of moisture content
for optimum growth. In this paper we expand this
relation to the districts beside Hokkaido.

Materials ahd Method

Sixty soil samples are collected from the ‘wide
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Table 1. - List of Sample

Sample Site N CText .- Density’ . ‘Sand - ;. ¢ . sSilt-. Clay
No - (Prefecture) (Region) . ex."urg B (g/cal).  (wt%) (wt%) (wt%)
1 Miyagi Natori C. SL o 2.61 51.°74 32.26 16. 00
2 Miyagi Natori C. CL 2.53 22.38 48.62 29.00
3 Miyagi Natori C. - SL 2.64 65.67 21.33 13.00
4  Miyagi Iwanuma C. | SicL 2.62 15.45 55.55 29.00
5 Miyagi Iwanuma C. SiL 2.57 31.93 50.07 18.00
6 Miyagi +° Murata T. SiL 2. 68 32.40 50. 60 17.00
7 Fukushima Tomioka T. SiCL 2.50 13.69 61.31 25.00
8 Fukushima Tomioka T. SiCL 2.45 14.61 63.39 22.00
9 Fukushima Tomioka T. SiCL o 2.46 18.77 60.23 21.00
10 Fukushima Tomioka T. SiCL - -2.54 20.32 52.68 27.00
11 Fukushima Tomioka T. L 2.61 48.99 39.51 11.50
12 Fukushima Tomioka T. . SiL 2.49 23.46 61.54 ©15.00
13 . Fukushima Tomioka T. SiL 2.51 37.30 58.70 | 4.00
14 Tochigi Sano C. CL 2.64 43. 95 30.05 26.00
15 Tochigi Sano C.~ - CL 2.56 1 38.45" 31.55 ~30.00
16 Tochigi Sano C.. SL. 2.53 . 27.62 54.18 - 18.20
17 Tochigi Sano C. L 2.61 37.75 44,25 18.00
18 Tochigi Sano C. CL 2.60 34.62 39. 38 26.00
19 | Ishikawa “Kanazawa C. SL 2.66 . 79.43- 10.47 - 10.10
20 Ishikawa Kanazawa C. c 2.55 | 15.00 48.20 36. 80
21 Ishikawa Matsuto C. CL 2.63 48. 00 32.00 20.00
22 Ishikawa Matsuto C. C 2.55 - 1 26.18 39.82 -34.00
23 Fukui- - Miyazaki V. CL 2.61 46.97 23.03 30.00
24 Fukui Miyazaki V. CL 2.55 ) 35.20° 34. 80 ©30.00
25 Fukui Takeo C. CL 2.59 35.23 34.77 30.00
26 Fukui Takeo C. SL 2.67 69.78 14.42 15. 80
27 Fukui Miyazaki V. L’ 2.47 41.52 46.68 11. 80
28 Shimane -~ Gotsu C. L 2.70 41.00 40. 20 18. 80
29 Shimane Gotsu C. CL 2.67 42. 00 31.40 . 26.60
30 Shimane Gotsu C. CL 2.63 25.50 46.60 27.90
31 Shimane Gotsu C C 2.63 37.00 31.20 31.80
32 Shimane Gotsu C SL 2.68 76.70 9. 80 13.50
33 Shimane Oda C. SiCL 2.55 15.40 56.10 28.50
34 Shimane Kamo T. SL 2.64 67.55 22.45 10. 00
35 Shimane Kamo T.. - SL . 2.64 62.20 19. 30 " 18.50
36 Shimane Kamo. T. SL 2.64 77. 30, 14.20 8.50
- 37 Shimane Kamo T. SL 2.68 ~70.20 17.60 12.20
38 Shimane Kamo T. SL 12.68 79.00° 9.60 11.40
39 . . Shimane Kamo T. S. 2.68 87.60 2.40 - 10.00 .
40 Shimane Hirose T SL . 2.66 56.80 29.50 13.70
41  Shimane Hirose T SL . 2.61 60.70 23.00 16.30°
42 -Shimane - - " . Hirose T. S 2.58 89.20 3.30 7.50
43 Shimane Hirose T. SL 2.62 . 76.70 14. 30 9.00
44 Shimane Matsue C. SiCL~ 2.69 3.90 68.10 28.00
45 Shimane Koryo T. " S 2.67 75.10 19.90 5.00
46 Shimane. Izumoshi C. SL 2.64 . 61.40 26.10. 12.50
47  Shimane Matsue C. C 2.70 16.40 48.60 35.00
48 Kagawa Takamatsu C. "SL 2.56 68.79 14.21 : 17.00
49 Kagawa Takamatsu C. L ©2.60 42..82 47.00 . . 10.18
50 Kagawa Okawa T. CL 2.72 44,89 34.11 21.00
51 °~ Kagawa Takamatsu C. CL 2.72 38.91 34.09 27.00
- 52 Saga Ushizu T. C - 2.57 . .15.05 41.95 .43.00 -
53 Saga Kohoku T.. C 2.56 . - 14.00 ..43.00 43.00
54  Saga Kohoku T. SiC " 2.56 1.82 59.68 38.50 "
55 Saga - 'Kohoku-T. " SL- ~ ©2.60 - 69.71 ©19.29 11. 00
56 Saga Ushizu T. SCL 2.78 , 50.12. 26..98 22.90 .
57 Saga Ushizu T. CL 2.72 29.05 44,95 26. 00
58  Saga Ariake T. SiL 12,43 "31.66 51.54 “16. 80
59 Saga Kohoku T. C 2.43 ~9.00 . . 54. 00 ..037.700,
60 Saga Kohoku T. . C 2.46 1.16 54,84 44. 00
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districts of the country except Hokkaido as listed
in Table 1. These are from 8 prefectures or 22 re-
gional sites and classified 17 samples as sandy
loam, 13 as clay loam, 8 as clay, 7 as silty clay
loam, 5 as silty loam, 5 as loam and 5 as others.
Fig. 1 shows the distribution of samples according
to clay fraction content. And the average texture
for all sample is classified in CL. The particle size
distribution is - determined by the mechanical
analysis of Japanese Industrial Standard or a hy-
drometer and sieving method for soil mechanics.
The upper size limit for component soil is 2000 mi-
crometers for sand, 75 for silt and 5 for: clay.
Samples are pretreated in air;drying condition and
after crushing particle density ‘of them were mea-
sured. The aquous solution including Sodium cation
(Na*) was added to ‘the soil particle solutions as
dispersing .agent. The soil ‘water retentivity was ex-
amined by both the suction plate -and the centrifu-
gal dehydrometer. Each method was depending
upon the range of soil water potential. Suction

plate is used for the range below pF 2 (—9.8J/kg)

and the centrifuging for the range over this value.

Samples for the retentivity test are prepared to-

imr_nefSe"thehiselves utﬁder' the water table and
‘wait for 24 hours. The time .required for soil

water equilibrium ‘is:ambiguous but takes also 24

~ hours.

Results and Discussion

' Flg 2, 3 and 4 ‘show " relatioi “between size
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fraction component of soil and soil water wetness
at a specified soil water potential (pF). Each frac-
tion has relation almost linearly to soil wetness.
And wetness is higher at lower pF value, that is
expected because the wetness at lower pF is higher
than at upper pF value on soil water retenti\}ity.
Sand in Fig. 2 shows inverse’ correlation but oth-
ers positive correlations. -Another feature is the

scattering of data. Data of wetness at pF 1 scat-

" ters more than at other pF values.

_ Correlation- coefficients between mass fraction
of soil component and wetness at specified pF val-
ues are shown in Fig. 5. Values increase some-
what abruptly near pF 2'in any of soil components
which show some factor that makes linearity of re-
gression line worse is included at higher pF.
Relation between correlation coefficient and wetness

‘at specified pF in clay component shows that the
rise of coefficients is somewhat slower than in

other components. In any cas_é correlation becomes
better in higher pF region. As a result the com-

.parison_among soil components shows that corre-
lation in sand is the best, medium in silt and the

worst in clay.
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'Fig,5 Correlation Coefficient between Mass
Fraction of Soil Component and
Wetness at Specified pF

The scattering in clay results from the depend-

., ency of retentivity on complicated clay mineral
. behaviors. On the contrary the water retention by
' the soil particles less than that classified in silt

correlates best with component soil mass fraction
as well as best correlation in sand. It is because

all the soil component sum is always constant in
100%.

water retentivity is approximately available by

This results show the estimation of soil

use of sand fraction measurement.’

On the other hand, we are 'Ihuch concerned
about relation of soil water difference versus soil
fraction because of irrigation problem. Available
water capacity is generally defined as the wetness
difference between the field capacity (FC) and the
permanent wilting point (PWP) [2]. This is con-
sidered as the amount of water that soil can sup-
ply to plants. However time consuming measure-
ments are required to decide this value. If we get
this only by one of the soil component fractions,
it will become more convenient in situ, even if
some errors are included. Both FC and PWP are
usually considered as constants, but the defini-
tions are somewhat different or change in coun-
tries. In case of Japan FC is défined as wetness. at
pF 1.52.0 -3.1~-9.8J,/kg) or pF 1.8 (-6.2Jkg),
and PWP as at pF 4.2 (-1.55kJ/kg). And the
lowest . limit of moisture content for optimum
growth is defined as pF 3 (-100J “kg) to make the
crop production maximum in place of using PWP
-[2]. This definition may be exceptional because of
much rain and Japanese agronomy réquirements. In
case of United States FC is defined as 5—~10kPa
(-5~-10J /kg) for coarser-textured soil, 33kPa
(-33J /kg) for medium-textured soil and 50kPa
(-50J /kg) for finer-textured soil. And also PWP.
(-1.5kJ /kg) [1].
is a difference between two soil

is defined as 15bar Therefore
“available water”
water constants defined in different ways. In this
study the wetness on retentivity over pF 2.5 is well
correla’ted with sand fraction. So if we took the

wetness difference from this result, correlation of

" Table2 Correlation Coefficients between Size Fraction

Component of Soil and Wetness Difference

Si+Cl

Aw . Sand Sllt ‘Clay
pF 2-3 0. 4319 0.4754 . 0.2088 0.4319.
pF 1.8-3 0. 4076 0.1973 0.1973 0. 4076
pF 1.5-3 0. 3643 0. 392 0.191 0. 3643
pF 2-3.9 0. 6264 0. 6245 0.4118 0. 62_64
pF 1.8-3.9 0. 6034 0. 6042 0.3924 0.6034
DF 1.5-3.9 0. 5897 0. 5835 0. 3953 0. 5897

Aw (pF2-3) designates the difference between the wetnesses at
pF2 and pF3
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wetness difference would be expected to be worse.
Table 2 shows representative results of regression
analysis for size fraction component of soil vs.
wetness difference. The results of:sand fraction
and then silt plus clay fraction are best in all
combination. In case of fixed pF end as a high
limit we  have a tendency of better correlation
with higher pF end as a-low limit. And good re-
sults are obtained at pF 3.9 from the comparison
between 3 and 3.9 as a high pF limit, and the cor-
relation coefficient are improved by about 0.2. So
it is preferable to take higher pF limits to im-
prove correlation.

In case of pF 2-3 and pF 2-3.9 correlation about
wetness difference (Aw) versus soil component

fraction is shown in Fig. 6 and Fig.'7, respectively.

Table3 ANOVA of Sand Fraction and Wetness
Difference

(1) Sand fraction VS AW (pF 2-3)

Factor Square Sum Degree of Unbiased ' Variance
Freedon Variance Ratio
Regression 6,078. 86 1 6078. 86 13.3
Residual 26, 502. 4 58 456. 94
"Total 32, 581. 2 59 ' ‘

F (0.05) =4.00[F (0.01) =7.09] < Variance ratio—*Singnificant

(2) Sand fraction VS AW (pF 2-3.9)

Factor Square Sum  Degree of Unbiased Variance
Freedom Variance Ratio
Regression 12, 782.9. 1 12,782.9 37.45
Residual 19, 789.3 58 341.35
Total 32, 581. 2 59
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Fig.6 Relation between Mass Fraction And AW
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FIG.7 Relation between Mass Fraction and AW

F (0.05) =4.00[F (0.01) =7.09] < Variance ratio — Singnificant
Aw (pF2-3) designates the difference between the wetnesses at
pF2 and pF3

And also the result of analysis of variance in one-
way layout is shown in Table 3. Every result
shows statistical significance. Wetness difference

. 1s corre'ltated well with sand mass fraction or silt

plus clay fraction in spite that the definition of
available water capacity has some problem. This
means that the specified wetness difference can be
estimated by simple sand fraction measurement.
It is sure that some errors are included in this
method, but we can roughly estimate this differ-
ence easily in situ. ‘

Conclusion

From the simple measurement of sand mass
fraction like sieving the water retentivity can be
roughly estimated, in spite that linearity below
pF 2.5 becomes somewhat worse in the wetness
versus sand mass fraction relationship. And also
the wetness difference can be estimated by the
sand mass fraction measurement which has a pos-
sibility to estimate “available water capacity”.
However the correlation of wetness difference be-
comes worse than the estimation of wetness itself.
So it is preferable to take both pF limits as possi-
ble as high. And if “available water capacity” can

40 be defined to higher pF limits, this method can es-

timate it with comparatively high accuracy. The
possibility of estimation by sieving sand and the
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deteriolarion of correlation coefficient in wetness
difference estimation are not referred by Umeda
et al [3]. '

Reference S

[ Klute A. ed. (1986) :
sis, Part 1, Am. Soc of Agronomy, Inc.

Methods of so1l analy

[2) Shiina K. (1963) : Studies.on -the depletion
‘mechanism. of -field moisture by: evapotrans-
piration (in Japanese). Report of exp. ista-

. tion of.agri. eng., 1, 83-156. - ‘

[3] -Umeda Y.,J. Sakurada and T.Nagasawa .(1955) :
Estimation of' available water capacity by
~soil texture (in Japanese), Symposium
-report of JSIDRE, Hokkaido districts, 7-10.

- RRHITERE IS bwéiwﬁ&ﬁ‘tﬁm%ﬁtm
ekt OBIRICEE T 2RF%

KEEE - WE

" miE

(% R BRI T 22K 58
(**Kﬁﬁ%ké%%l#ﬂ)

ﬁ L:2

AR FSRE ST & 0 17 Enéiwﬂ%mﬁkﬁmﬁﬁ
DRI % AR, KBRS D SR EOSKLZ L TITE

R HEET HEEOMBER B 5 2z Lz, ZORR,
EBENC TR S 225, [ARKkTE] 2 HETHI &N
WEETH DI LR L7, LiEEX % b < £E60H# &
DFEE V. REDT 2 & IR ERIE 247
BURZHTIC T 720 BEDKGTRT ¥ v )V (pF) TO
B L RS & OBRIE, EpF 2 5 EpFIcHE 2 -

CCHEAEL R Y, 20OREIpFRIBE TAICA kb,

CHZ ki, ﬁﬂ%ﬁﬁmaﬁk&lﬁﬁl#ain
TWABIEERRYT 5, —F. WERSF. bok bl
ﬁ@&#aféwu WarThy, £0EEIHN8ET
%Lto~ﬁ BEOPRIBIC BT B KD BE LW &

- OMBIE, b0k %E‘NFHEQU)%/\T LO.6BETH o

tofabg ﬂﬁ%#@%Au Ko BEKOHE I
HAHBEAES 55 2 LICEEL AT RER 520, &
KEZFDLODHFEL Y, HEFEL 2225 Boh:
BRI AER I —TEEOSEAITICL > T L %0EE
JKETHETHL, LOBFHAKGTEIZEMILLE T,
FLEC I o THA LR RTF VY v VEBABRAL W5,
AFEORREIC L L, TE 22T EpF O E I EH
ENDBRGBENRATE ZHEIMBEA L % 5,
xR L LR TR 2 58 ) & 5D

. ORI & R R & IR GEED BV IZERIKS

LOMBRNEN) ZETHY, TOROWEICL o
TREBE LB L > TS n%wgﬁﬁmT%tmy
)2 EThA, LIHoT, SR BI B MIEAAHA

‘ ﬁ@?ﬂ%mﬁ"ﬂﬁbbh&é k%%%ﬁ‘é

— 148 —




