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Studies on the Physical Properties of Soil and the Tree Vigor in Citrus Orchard
(On the originated soil from the shale)

Yoshihiro TAKAMATSU, Ichiro TAKAHASHI and Kiyoharu IKOMA

Synopsis

Recently, the farm land reclamation by machine power was carried out various parts of the
country, and the reclaimed area is increasing in Japan. It was considerd that the physical pro-
perties of reclaimed soil differ from it of the residual soil of shale by weathering. In the present
paper, the investigation was carried out on the conditions of growth of orange trees and physi-
cal properties of soil in the orange orchard. A-orchard reclaimed by human power, and exam-
ination farm reclaimed cutting and banking by machine power are used plots of investigation.
And the control plot is adopted A-orchard. Furthermore, the orange tree on object of investi-
gation was mandarin orange that the age of trees were 20 years old. The results of measurement
are summarised as follows;

(1) The growth of orange trees is good on the early variety on the cutting part of experi-
mental farm and on the medium variety on the control plot. In generally, the growth of
trees was better on A-orchard of the control than experimental farm.

(2) The surface soil in the investigated plots is containing organic matters of 1.1~5.7%.

(3) The consistency limit was that liquid limit is 47~60% at surface soil, and 42~52% at
subsoil, and the placity limit is 27~34% at surface soil, 25~43% at subsoil, respectively.

(4) The soil hardness of experimental farm is hard than on the A-orchard of control plot,
and that is most hard at the 10~20 cm soil layer in each of the investigated plots. But,
at the A-orchard of control plot was tended to decreasing in accordance with the depth.

(5) In three phase distribution of natural conditions, the ratio of solid, liquid and vapor
phases are about 48%, 32.5%, 19.5% on the A-orchard of control plot, and are about
53.1%, 29.4%, 17.7% on the experimental farm, respectively.

(6) The non-capillary pore and the available soil water were high values about 4.8%, 3.5%
on A-orchard of control plot respectively, and there is no difference among investigated
plots in the experimental farm.

* BYFRBELARHREE; Lab of Agricultural Eng. Dept. of Agriculture, Kinki Univ., Higashi Osaka,
QOsaka 577, Japan'
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Experimental farm A-orchard
Fig. 1 The planting density in investigated orchards
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Tree vigor in the investigated plots (n=30)
Investaged plots Variety Age of Heightof tree Volume of Trunk girth
tree (m) the canopy (m®) (cm)
Experimental farm
Sloping field (Cutting) early 20 2.34:2.70 10.57+3.27 38.07:8.40
(Cutting) medium 20 2.18+0.23 10.83+3.08 34.42+6.23
(Banking) medium 20 2.3410.35 11.20+3.15 32.65+8.62
A-orchard
Terracing field early 20 2.05+0.24 9.40+2.31 23.65+3.12
Sloping field (1) medium 20 2.89+0.76 34.24+8.05 41.45:7.81
Sloping field (2) medium 20 2.33+0.32 21.25+5.85 39.10£9.02
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TWAEEZEZLNI( Table 2 ).

Table 2 Physical properties of soil in the investigated plots
Investigated Soil PH Content Specific Consistency limit Mechanical composition_ Soil
plot depth (H,0) (KCL) of humus gravity LL PL Ip gravel sand st clay texture
(cm) (%) (%) (%) (%) (") (B (%)
A-orchard " 0-20 6.68 6.30 2.60 2.825 52,6 324 20.2 299 39.0 20.6 10.5 SL
2040 6.06 4.88 0.99 2.733 51.8 27.7 24.1 531 21.0 94 16.5 C
Experimental
farm Replanting 0-20 5.81 5.04 1.14 2,694 46,8 26.6 20.2 351 324 175 15.0 CL
20-40 5.48 4.46 — 2.697 46.4 26.2 20.2 294 38.0 156 17.0 SCL
Banking 0-20 5.38 4.60 3.13 2.650 59.9 43.1 16.8 21.6 39.9 20.5 18.0 SCL
20-40 5.60 3.82 0.18 2.710 49.6 49.4 20.2 190 47.1 174 16.5 SCL
Cutting 0-20 5.26 4.62 5.3 2.598 56.6 36.8 19.8 32.1 419 14.0 12,0 SL
2040 5.46 4.58 1.44 2,672 42,1 24.6 17.5 36.8 31.3 18.4 13.5 CL
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Fig. 6-1 Grain size accumulation curves (surface soil)



B - BE - £5 D HBEICB Y 2 LEOYBENME L ERICBET 2HA 69

%
100 = —
= -  A-orchard —— /,/ g
= 7 7
g _§ | Raplnn-ﬂng —_—— ‘ ,/
g g L Banking —-— /—’/
% j‘.‘? 50 l: Cutting =—==— /, P
3 L i ==
=)
88 [
0 i i . 1 i .
0.001 0.01 0.1 1 10.0
Grain size (mm)
Fig. 6-2 Grain size accumulation curves (subsoil)
Table 3 Soil hardness the investigated plots (mm)
Soil A-orchard Experimental farm
depth Terracing  Sloping Sloping Reolsnting  Bankin Cuttin
(cm)  field field (1)  field (2) planting  Banking utting
5 17.9£2.69 20.2:1.40 24,1:1.37 19,729,32 22.7+#5.10 26.9:1.00
10 20.822.49 19,3x1.57 22,2225 24,1276 24.3%#1,55 26.3zl.11
15 19.0+3.23  20.3+1,95 19.8+2,04 20,7#3.95 25,2*1.65 25.5:2.53
20 17.222,94 18.4+2.59 19.5:1.27 21.024.25 25,1+2,06 24.2:2.57
25 15.7+2.83 15.6%3.75 16.5#1.58 20.9:4.26 24.3x1.42 24.6:2,50
30 21.7¢2.75 154398 14.6*1,43 20.1+3.03 20.8%#2.69 22.6:2.25
35 18.0t4.88 13.4+2,63 15.7:0.67 22.5t3.13 19.63.14 23.3+1.06
40 16.4+3.27 12.4%¥2.80 14.5x1.65 23.5:1.07 20.9%5.23 23.0:1.62
45 15.6+1.90 13.9+2.51 12.5%#1.27 22,9%0.88 21.2x1,80 23.9+3.44
50 18.1+1.85 8.2+¢2.86 12.6%1.43 225:1.17 19.842,21 21.1+0.96
55 19.3+1.77 6.3:1,70 11.4+2,01 20.6*1.73 18.422.06 20.6%2.92
60 15.2£1.48 6.4t1,65 11.7+1,16 20.1#3.07 23.0%3.55 20.8%3.82
65 15.0£3.37 6.5¢1.78 12.9%1,79 19.3#3.21 21.1#3.69 20.8%3.77
70 14,4£2.07 9.3+5,74 13.0%+1,33 20.9+2,99 20.3x1.60 17.2=1.81
75 13.6£2.07 11.1£2,23 147170  20.7+3.57 — 19.5+3.49
80 13.3£1.42 9.842,30 11.7+2.11 22.314.92 — 17.6+2.41
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Table 4 Permeability in the investaged soils (Experimental farm)
Soil depth Ridge Furrow
{cm) Coefficient of water Wet density Coefficient of water  Wet density
permeability k(cm/sec) rt(gr/cm®)  permeability k/( cm/sec) rt(gr/cm®)
Replanting 0-20 6.01 x 107, 1.14 1.21 x 10 1.60
2040 2.49 x 10, 1.87 4.96 x 10, 1.69
40-60 2.94 x 10 1.81 2.36 x 10 1.57
Banking 0-20 475 x 107 1.27 2.81x 107 1.46
20-40 6.17x 107, 1.56 2.81 x 107; 1.69
40-60 3.73x 10° 1.82 1.31x 10 . 1.79
Cutting 0-20 4.30x 107, 1.22 8.2 x107, 1.37
20-40 3.68 x ]0_2 1.36 1.91 x lCt_1 1.62
40-60 6.51x 10 1.32 2.31x.10 2.08
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Fig. 7-2 Three phase distribution of the inuestigated
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Table 5 Three phases of soil in the investigated plots (vol %)
Investigated Soil depth Solid phase Liquid phase Vapor phase
plots (cm) (%) (%) (%)
A-Orchard 0-20 46.7=5.57 34.0+4.98 19.3+10.46
20-40 49.0+2.57 31.2+2.18 19.8+ 270
Experimental farm
Replanting 0-20 50.1+6,52 28.416,15 21.5+ 9.91
20-40 49.8+8.41 23.5:4.28 26.7+11.94
Banking 0-20 54.8+7.94 29.946.06 15.3+11.19
2040 54.6+6.71 29.3+5.16 16.1+ 8.90
Cutting 0-20 53.7+6.30 33.1:4.03 13.2+ 7.11
20-40 55.6+6.48 32.4:+3.40 12.0+ 7.20
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Table 6 Analysis of variance (Solid phase) Table 7 Analysis of variance (Liquid phase)
(Surface soil) (Surface soil)

55 ® 82 Fo s ¢ 5? F,
Between investigated Between investigated
plot 398.98 3 132,00 3.50* plot 404.08 3 134.69 4.59*
Residual 2470,20 65 38.0 Residual 1967.59 67 29.37
Total 2869.18 68 Total 2371.66 70

(Sub soil) (Sub soil)

8§ o 52 Fo 88 ¢ 52 F
Retween investigated Between investigated
plot 482.06 3 160.69 3.62* plot 76046 3 25349 15.42%
Residual 2127.95 48 44.33 Residual 1789.05 48 16.44
Total 2610.01 51 Total 1549.57 51

* Significant at 5% level. * Significant at 5% level.

Table 8 Analysis of variance (Vapor phase)
(Surface soil)

88 @ 82 Fo
Between investigated
plot 828.66 3 276.22  3.09*
Residual 5817.89 65 89.51
Total 6646.54 68

(Sub soil)

S5 o 8 Fo
Between investigated
plot 760.46 3 253.49 15.42%
Residual 1789.05 48 16.44
Total 1549.57 51

* Significant at 5% level

g) i#k#ts FELOpF ~kodhiEiL Fig.8 R (pFL5~3.0)B L UPHFEEIEE (pFO~
—1~3RTEBH Th-To. AKRELTHIZ, B 1.5 )ik, EOHIRTY FBIZZBICLLIZBWED
WoERE & H BRIKTORKEGEZ V. BEERIK TAEMICH -1z ( Fig.9—1~2).
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Fig. 8-1 pF-soil moisture characteristic curve of the investigated plots (surface soil)
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Fig. 8-2 pF-soil moisture characteristic curve of the investigated plots (subsoil 20-40cm)
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Fig. 8-3 pF-soil moisture characteristic curve of the investigated plots (subsoil 40-60cm)



74 @A RERE 8 4 75 (1982)
(%) (%)
20+ o A-orchard 20 o A-orchard

® Experimental farm

Moisture content; percent by volume

Moisture content; percent by volume

e Experimental farm

10 i 10
0 i | 0 1 1 i
0-1.5 1.5-3.0 3.04.2 0-1.5 1.5-3.0 3.04.2
pF PF
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+OESE, BAMEeK Y {E5T 5. EBRER
BE+EOFEEEFHERL, BEAF2TOMABE
UBAMBS5~10%Thh, —HICs%EELEL
LB BIOFEELBD 6172 ( Table 9 ), A
EBEOFEBEIERIL, TEERICOII-TELD
fil, BIcRBLsHEEREL b2 ~3E54{H
LT AEMAE TEEI BEEEIL S+

ICRIT TR, Table 10 WRTOHIHERED
LBHTHSE(10~20cn DBHIOHEERL ).

FEEFREROFTEES L, A TcBD oI
BTEEIIZED b1 HEEOBEEL,
AKH & ofE, B3R, UL ofic@Edoh,
HEEAr +ESARBSBIERE CH -1
BEWERRAOHAEICE, FEBAERCER
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Table 9 Ratio of non capillary pore in investigated soils (vol %)
Soil depth Experimental farm

(cm) A-orchard Replanting Banking Cutting

0-10 16.69+4.030 8.86+3.172 7.78:2.476 5.56+2.453
10-20 13.3516.314 10.23:4.828 8,05+6.588 7.87+1.576
20-30 = 8.87+4.994 4.15+0.354 6.22+2.653
30-40 10.33£5,058 6.87+1.551 8.89:4.690 9,6813.178
40-50 12.20+3.851 7.88:3.428 8.32+2.351 9,811,735
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Table 10 Analysis of variance (Non capillary pore)

sS ¢ 52 Fo
Between investigated
plot 69.99 3 23.33 5.51*
Between soil depth 2,01 3 0.67 0.15
Residual 38.11 9 4.23
Total 110.11 15

* Significant at 5% level.
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(pF15~4.2) |3, Table 11 ITRLIEBHTH
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HBT7~ 11%Th-1cps, IEBORBL TR
NoDHEL h 513.5%B WERR LI g
BFRAAEIZ, TELL I RBLITEBWTZWE
MTh-12. ThiRRBLOBRYATENSS(,
THOFRNIESEORZE (R L LR TFHEOFRKS] 24

mutcizeEL N, AEHEELBEIGE
e RITTRAEIZ, Table 12 ICRTHEHS
FREDLBITH-72(10~20ca DEMIOM %
R ). 2EWKAROFEEZR, FEHEHETE
oMY EEEICE DN 1z, HEBo
FEER, AKELYESR, ZrHEoB0AaicE
o, HEELEOHE LAKRZBERCH 1.
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Table 11 Ratio of available soil moisture in investigated soils (vol %)
Soil depth Experimental farm

{cm) A-orchard Replanting Banking Cutting

0-10 12.16%2.624 10.08:1.044 10.70+1.302' 16.79£2.077
10-20 14.26+2.197 8.70+2.562 8.87+1.263 10.56+2.190
20-30 — 7.06+£1.979 7.07+1.372 7.47:1.211
30-40 12.18+2,709 6.83+1.423 8.83+2.724 10.87+0.849
40-50 10.4311.443 8.22:1.346 7.57+1.608 8.10+2.183

Table 12 Analyais of variance (Available soil moisture)

ss ¢ §? Fo
Between investigated
plot 42,29 3 14,10 4,77*
Between soil depth 31.92 3 10.64 3.60
residual 26.62 9 2.96
Total 100.83 15

* Significant at 5% level,
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