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Studies on the underdrainage of apple orchards.
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Fig. 2. A view of a poorly drained apple
orchard at the thawing season.
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Fig. 3. Underdrainage systems at Uwano.
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Fig. 5. Various types of drain tile used at
Uwano, :

Table 1. Sorts and numbers of drain tiles used

(at Uwano).
Sorts of drain tiles No. of tiles
Internal - )
diameter 180 26
Straight tile 150 847
100 | 2,899
75 31,561
18075 29
Branch tile 100 %75 125
T5X7H 55
150 ‘ 13
Lock 100 52

75

Concrete tile
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Fig. 6. Underdrainage stystems at Namioka.
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Tabie 2. Sorts and numbers

of drain tiles used
(at Namioka).

! N
1 Serts of drain : No. of
! { tiles ] Size | D
L ‘-—1———_—‘__-——————_“?”?‘0;—-—————
i Straight tile 60 %23 1,321
i
i . 45%7.5 9,490
| Underdrain Straight tile | gpxos 4
_ 45x7.5 4
Lock 60 x 23 43

Ditch drainl’ Straight tile 45x7.5 3,857

Branch ti]e 45x7.5 6
_ 1

BT

.5‘| J‘fwcl S 5
Fig. 10. A view of trenching of collecting
"canal.

Fig. 11. Laying of 2 water absorbing conduit,

condiyt.
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Fig. 12. Laying of lock.

media of straw.

Fig. 15. A draining view.
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Fig. 17. Measurement apparatus of ground.

' water table,
Fig. 16. Section of well for measuring

ground water tabe, Y. SEES 3
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Table 3. Daily rainfall from 1961 to 1962 Cat Uwano),

———
1¢61 '
Date July Aug. | Sept. Oect. Nov
biiFi

l -

2 w’

3 19' : 1

4 0 5

5 - 0

6 0| -

7 17 -

8 - 4

g 0 1
10 ¢ 5
11 62 4
12 0 8
13 6 3
14 4 -
15 0 4
16 17 -
17 1 18
18 - 5
19 - -
20 - -
21 - 2
22 15 0
23 48 5
24 16 5
25 10 7]
26 61 0
27 0 3
28 - 5
29 - -
3¢ 0 -
31 0

"OtaL ’ 292 ' 99 | 202 | & | 102 | 1 | 121 I 1s ' 73| 3 [ 53 [ 46 ] 44 |
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Table 5. Seasonal change of ground-water table in drained and undrained plots
(at Uwano, 1961-1962).
1961

Plot Juiy Aug. Sept. 1 Oct. Nov. i "Dec.

18| 20 24 1 | 10| 17| 28| 12| 18] 27| 9 | 20 10} 13| 24: 2| 2

Drained plot eml  em cm  cm  cm  cnf  cwf  cml cm cm  cm oml oml  om cr'ui Wc:m o
. 120| 104 88 108 148 172 184 126 905 102 114 111| 128 108 102 8 102
Updrained B2) 86 38 83 115 128 155 <0 52 62 S0 9§ 96 g9 &7, 8y 83

Difference 200 18 50 25 33 44 20| 36 43 40 14 12 -39 19| 15 17 15
1962
Plot Feb.Mar.|  |Apr. May June 1 July
6 | 23| 26 2 | 6 | 10 16| 24| 2| 8 | 10 16| 24| 6 | 11 4| 2
. om| om| em|  om om| cal el em| cm|  em| oml em|  cm el cul oHl| o
Drained plot | 155 oo oy g3 o3 o8 104 108 113 118 120] 132 155 166 172 152 0L
gl‘:fr“a‘“ed 90| 52 21| 100 44 70 oz 98 101 104 108 114 116 131 1az 267 17T

Difference 131 39
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Table 6. Seasonaj change of ground-water table in draiped and undrained plots (at Uwano, 1963).
\Month daaI:SM ar. [Apr. May June _Iuly
Plot -2ty j 1] 8l15)2 6 118]20/27( 3 [10! 17 1| 815 29
. cm! el e em ] o el em| em cnl  em
Drained plot 92 103 113 115 117‘ 113 118, 123 117 118 115! 118 126 137, 108 115/ 145! 138 102
Undrained plot 0 55 74| o7 102f 103 107[ 111) 105/ 105 103 114 108 120 3 102] 125 108 48
_
Difference | 2] 48[ 36| 18] 15[ 10 1l 12 1ﬂ 13 14 4 18] 17[ 25] 13 20[ 30 54
n  mm T T R — e e ma ww mel am
Weekly rainfal] 37 13 25 20] 14 2 24 11 30 33] ’ 17, 22 61 13 15 22 89
Month daat:(; Aug, Sept. | ct ov. Dec.
plot 5 {1219 [ Ml 2] B4 11 18] 25/ 9
] el em o e cm|  om Jem|  em
Drained Plot 138 174{ 115 137 140 147 180 121 121 130 140 1158/ 1251 122 114 114 107 113
Undrained Plot 110 158 s 1101 130 114 123 94 104] 110 131 107 109) 108 100 100 109 96
Difference ’ 23' 16| 20 27‘ 33 57) 27 1 17] 20f g 8 16 16 14 14‘ 5
—_—
. nomml o mm ma mm’ nm, nm mm nn it mm fickiod mm
Weekly rainfall , 6 73 13 15‘ 28 12, 67 6i 11) 14' 25’ i 20 32 14 8 35
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Fig. 18, Seasonal change of ground-water table in 9 0 21 23°
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Table §. Seasonal change of ground-water table in drained and undrained plots (at Namioka, 1963).
May (June July Aug. Sept. Oct. Nov. )
27 3 17 1 8 22 5 12 15 2 23 1 21 28 4 18 26

Month and
w
Plot
om e O] C cm o cm Lo id cnl cm ci om| cm cm cm cm cn

Drained plot 103 111] 108( 93] 110 103 100 13 125 130, <0 95 112 113 105 108/ 103
Undrained plot B0y 41 63 25 35 43| 55 60| 50| 100| 40| 25 38| 55 48 30, 35

Difference o5l 70 45[

48‘ 75| 60l 45| 70| 78l a0 s0| 70| 74 a8l 57 78 6
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Fig. 19. Change of ground-water table during
the thawing season (at Uwano, 1963).
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Fig. 20. Change of ground-water table at heavy
rain in summer (at Uwano, 1963).
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Fig. 21. Ground.water table conditioned by
underdrainage (at Uwano, 1966).
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Fig. 29. Ground-water table conditioned by
underdrainage (at Uwano, 1965).
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Fig. 23, Relation between weekly rainfall
and ground-water table.
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Table 9, ~Motisture characters of experimental plot,
Soil moisture Soil moisture
Soil layer Pepth (% dry weight) (% of volume) Porus space ()
(em) . ‘Total porus
_ 1.0 1.5 2.0 1.0 1.5 2.0 1.0 1.5 2.0 space
1 ( 10 97.9 90.4  83.7 j 64.3 504 35.0 | 8.1 13.0 17.4 72.4
2 i 3¢ 113.2 107.0  101.5 ! 65.2 61.6 58.5 13.7 17.3 20.4 78.9
3 [ 50 83.0 77.2 70.7] 63.9 594 544 | 8.2 127 177 72.1
4 IE 70 60.6 56.6 5I1.2 61.5 57.4 52.0 2.5 6.6 12.0 64.0
5 ] 0 ‘ 43.4  40.7 37.4 52.5  49.2 45.2 2.9 6.2 10.2 55.4




36 FHEE A THRBRBEHE #1755

1 Bkl 5 R, 1961F THIBETE
B, KRTEEE & pF2.0 X H{EERADERIKE
FAELU fohs - o, 1962 RS EHC R T S
I CREIANTD bR, ‘ !

22 Bk 588 ko5 mt, BEIFRE 2
THL19615E, 1962E DT & dBREIKATFEL ol
faotatt, RTHETRINIFEOMELY, Z
B0 L, iR BRIKAEEL,
1962FRIT 13 P4 & BpRk oo - EE i 5B Flk 23308
bhiz,.

3 Bicist 2 @R SR, BETER
L1961 EOBMEREL, 1962F DRSS & LD
BE s OEBRKAELEL fcBE ieh -
font, FRIHEO161ELEEROBR, il
D ETR L UL OBIBRIAT EEREET T
L LSBRRATEL, 19627 FHciid
RICFEL oo icds, EHEBEGCIFEL
A .

&4 Bk 5RE KoY LB &, BRE
TEHEETIRI6IFEOHFL & 1962F ORISR i
LD, RIEROFhE 2D & 19615F%
ERURAERE L AR L, 19621 &
M EEL 1,

2 5 Bic kit 5 BREIKOS M, BETSEE
THIUEOFIE L B0 £ @ B A bh,
19624E I v TR # & IR FE L 1os — 7, T
FTHETRINIELIZEA Y, FORETHERKN

1 layer (0 ~20cm)

— Drained plot
------ Undrained plot

)
=
G

=
k=]
T

L]
=
T

Soil moisture(% of volume}
=

o
=

5]
£ 7]

S
o

b

g8

5]
=
T

S
=3
T

Ted
=
T

[
=

L 1]
9 24
Nov.

L
Oct.

P : R
9 28 10 2¢ 12 28 11 25
June July Aug. Sept.

315 28 1T
Mar. Apr.. May

Fig. 29. Seasonal change of soil moisture in drained
and undrained plots (at Uwano, 1961},
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Transitional layer :

Table 10. Soil characters of experimental plot- (at Uwano),
. . : Soil Bulk® ~ | Total
Depth Soil layer Soil color | Soil texture I Humus hardness density | porus space
o . % min] g /1000e, v
O~ 20| I-layer 7.5YR2/1 LiL 11.45" | 19 65.7 72.4
~ 40 Tka?:;gfnal 10YR5/4 CL 4.89 18 57.6 78.9
~ 60 | I~layer a 10YR6/4 SL I 1.62 22 77.0 71.2
~ 80 | Il-layer b . 7.5YR7/3 CL 1.05 21 101 .5 64.0
~100 | IlI-layer 7.5YR6/2 | LiC 0.8 | 25 121.5 55.4
Soil color ;| Shown by standard soil color chart (Hue Value:/chroma).
- Table 11. Soil characters of experimental plot (at Namioka),
—_— _
Depth Soil layer Soil color ) Soil texture | Humus S?llalrdness Bélelxl:sity pTéthSi space
e ; % M' B /100cc. v %
0~20 I-layer 7.5YR2/1 LiL 012,34 18 63.8 71.9
~40 T’a‘l’:is:’“a[ 7.5YR4/3 CL 4.75 ) 18 66.7 69.5
~60 | H-layer 7.5YR6/6 SL 1.34 | - 22 75.4 64.2
~80 | Ill-layer 7.5YR8/2 LiC 0.9 | 26 124.6 51.8
———— — L - —— —
I-laver : Voleanic ash (kurobeku), crumbling.

Dark brown clavey loam. -

Tl-layer : Yellowish brown volcanic
IlI-layver : Brown grayish clay,

ash and lapilli,

Very compact.

contains purnice,
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Fig. 32. Seasonal changes of three phases of
soil in each layer {at Uwano, 1961).

19624F- 3 A20A ISR e Bl & % &, RTHETRE

LB ? 20KV EET SR E VY, BETHE : R

i 35\ TV 5 BIC SR L T n e b 0o, I e e
BATEE TREFFEL Tole —4, EiliomRMN B NI s L B A
TSRS L CHATMET 5 & & A8, 19626 e My i e S B T
8 AZTHIITEE & 4 EHEMET L a8 8mL T Fig. 33. Seasonal changes of three phascs of

soil in each layer (at Uwano, 1962)-

22, BETHREL R THERO TE-L &1 5 EHEsE




WAL Tt
%sﬁozm%ﬁm,wmﬁmﬁﬁlgﬁﬁm
ﬁﬁ%ﬁﬁm~m%&ﬁ@%%ﬁttﬁﬁf&ﬁ
L7elt, RIBREChsstiii e dsmii e ¢, &
%@ﬁ%ﬁﬁ&ﬁﬁ@%ﬁ&#&%ﬁif@ﬁm
ﬁ%ﬁ%ﬁlgﬁe%h;9%<,ﬁMQﬁﬁﬁ

39

&LTLHLHN%UTK&otowwﬁm%E
I%@&%I%@Oﬁwkﬁtmot%,%ﬂ%

t%ﬁﬁk%<,%m&%ﬂuﬁm%ﬁﬁm%%

%&L,Eﬁ@%hﬁm%ﬁﬁvﬁoto
%4E@Eﬁ%ﬁu,mmﬁ®%ﬂfmﬁﬁl

%@.%I%@&%WﬁﬁéW%,ﬁmﬁém%

Wﬁfﬁ%&motﬁ,%mﬁﬁﬁl$ﬁoﬁﬁ
%ﬁﬁm%ﬁ%ﬁ&@T6C&ﬁ§boﬁ®K%
L. RITHECILEs450%, KAEEE105L1
TOEERED T, 1962 ARSI TR, T |
REL BloRRMAr 0SS ORI e |
w%u?%ﬁbtﬁ,%l$ﬁoﬁmmgiﬁc
DI B E I oty Lnl, T ORI
%k%ﬁ%ﬁbt%@@ﬁﬁ@%mmkﬁﬁmm
w3 'fCo '

%5@@5ﬁﬁﬁu,mm¢?mﬁﬁl$@&
%I%@@%K%ﬁk%ﬁ&&h.%ﬁl$@m
BRI & BHAD 2 WA ST EIA A 10 % L F e e -
t#,%l$ﬁfﬁ$ﬁ%ﬁtfﬁﬁ%%ﬁm%
u?vmﬁbtcwwiozﬁﬁﬁmﬁﬁiiﬁ
fﬁ?%ﬁ%ﬁ@ﬁﬁﬂmﬁmﬂﬁﬁm%uTﬂ
motﬂgfﬁaﬁ,ngﬁﬁuﬁm&ﬁM£
L OEHD B TR BRI A 2 L T Lig L
SAEEIE P 0% T o o

1. BEAKoWERR

%E%%KObfﬁﬁﬂ,EﬁO%@ﬂhlﬁ
%ﬁﬁmxﬁ%iﬁzﬁoﬁﬁﬁﬁ%%?&%w
E@&%D?$5oit,iﬁﬁiﬁzﬁ®%ﬂ
%%ﬁ%ﬁ?&%$@@&xoﬁ&oto

ﬁﬁﬂmﬁﬁ%iﬁzmoﬁﬁ%ﬁﬁlgﬁé
%I%@fk@?é&,sﬁsaoﬂ?mil$
@K%H%i@@ﬁl@@ﬁﬁ%ﬁﬁ%%ﬁéo
t%,%z%ﬁ?mﬁﬁ@%mm#orﬁmmﬁ
&ﬁ%b<,%zﬁf8%.%3E%£U%4E
?ﬁlmz%oﬁﬁﬂéﬁéoto:hmmNTﬁEI
$@T@&@%T@§?ﬁﬁ®ﬁﬁﬁ%%oto7ﬁ8
E%amm9ﬁ2H®ﬂﬁ&6h5i5m§ﬁ@%@%
mm%r%@f%m&b@ﬁmﬁﬁéﬁTﬁ,SEwE
wx5&5%?%@@&?@@@m&ﬁuiﬁm$1$
@@ﬁﬁﬁ%t<ﬁ9btoca;i&iﬁzm@ﬁﬂ
%Qﬁ%i@ﬂmi&&f&%&&mlﬁ?%éo

%1@®zmﬁﬁm,%ﬁi$@mimw%%ﬁw
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season (at Namioka, 1963).
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Table 12. Seasonal change of soil temperature in drained and undrained plots
(Depth 5cm, at Uwano, 1962). :
Plot Aug. ) Sept, Oct.

6 13 20 7 3 10 17 24 1 - 8 15
T T T _tl C Tj T C C| C C
Drained plot -20.00 21.00 235 23.0; 20.51 200 20.5 17.5 13.1 12.1 8.9
Undrained plot ] 20.5! 22.0' 23.5 22.0; 20.5 20.0| 19.5 18.0’ 14.ZJ 12.6 10.1

Oct. Nov. Dec.

Plot 22 | 20| 5 6 l 12 | 19| 2 | 3 10 | 17 | 19
"CI C T T °C‘ " C C T "C[ C C
Drained plot 10.4J 10.1 1099 101 10.0' 4.2 2.1 3.1 3.0 1.3 1.3
Undrained plot 8.2] 9.5 9.7 9.5 6.0 3.4 1.2 2.8 '2.1' 0.7 0.7

Tab_Ie 13, Seasonal change of soil temperature in drained and undrained plots
(Depth 30cm, at Uwano, 1952),
Plot Aug. Sept. Oct.

6 13 20 27 3 10 17 24 1 8 15
T Y LY LT T T T e o T
Drained plot 20.5 19.5 21.0, 20.5 19.0’= 19.5 19.21 18.5 15.5 14.2 13.6
.Undrained rlot 22'OJ 21.0I 22.5, 20.5 20.0! 19.5 19.5 18.5 16.4 _14.8 14.2

Oct. Now. Dec. : I

Plot 22 1 29 | ;5 6 ' 12 ( 19 26 3 10 ’ 17 19
_ C Tl T Cl T T Tl T C C T
Drained plat 11.9 11.6, 121 11.0 6.0 8.7 6.5 6.9 5.2 4.6 4.6
Undrained plot 12.4 11.6’ 11.5 10.6) 5.3]. 8.5 5.8 5.6 5.5 4.4 4.4
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‘Table 14. Seasonal change of soil temperature in drained and undrained plots
{Depth 10cm, at Namioka, 1963).
Plot Apr- I May | yp | gz (el g0 | a7 [ae [T s | 2 || 2 | 19
' ¢ ¢l ¢t ¢ T ¢ ¢ € ¢ <€ € €] T
Drained plot 9.5/ 16.0| 14.5| 14.5| 14.0| 14.5 15.0: 16.5 20.3} 17.0| 18.5 23.2| 20.6) 20.8
Undrained plot | 8.8 15.5 13.2| 12.6| 14.0| 12.8 14.0; 15.0, 19.0¢ 16.8 17.4 20.6 19.3] 19.4
Plot Agsg' Segt' 9 | 16 | 23 | .30 0‘37“ 21 | 28 N“I‘ i1 | 18| %5 |Mean
. C T T T C T T T T T C T T T
Drained plot 20.5 20.5 18.0; 16.1| 13.6| 15.0; 12.21 9.4 '10.9 8.7] 12.3) 7.6) 5.2 15.0
Undrained plot 19.4| 20.3] 16.6/ 16.6 12.5 12.8 11.5 8.5/ 19.9 3.6 12.0| 6.9 5.00 14.1
Table 15. Seasonal change of soil temperature in drained and undrained plots
(Depth 30c¢m, at Namioka, 1963).
Apr. | May June July Aug.
Plot oa 13 17 27 3 10 17 24 1 8 22 5 12 19
] T C [ C C T C C T C T T C C
Drained plot 8.4/ 11.0| 12.4f 12.7| 13.5 14.5/ 16.4, 17.5 17.8} 18.5 17.0) 21.4] 21.0] 21.0
Undrained plot 8.0l 11.1] 11.4 11.4 12.5 11.8] 1i3.4 17.0] 17.0 15.0| 15.6) 18.5 18.9 18.8
Plot Agﬁg' S"'gt' 9 {16 | 23 | 30 0"7" 21 | 28 Dif‘ 11 | 18 | 25 |Mean
. : T C T T C T T T T C T C T C
Drained plot 20.20 20.0. 18.4| 15.0| 15.4| 13.4 13.5 11.8 11.4f 10.6) 14.5 8.0 8.2 14.9
Updrained plot 18.9( 19.5 17.1| 16.0; 14.4| 13.20 13.0; 11.4] 11.4 10.8 14.2 8.0 7.8 -14.0
o —Soil temperature in drained glot | ) “CiEI%IEJ’. b %L‘;{kﬁ?\_&‘jﬁgbﬁio
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ig. 36. Seasonal change of soil temperature in draine | e .
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Fig. 37. Soil color for each layer, in well draired, poorly

drained and drained plots (1965-1966).
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Table 16. Soil color and rusty mottles of ferric iron
, Depth No. 1 __No. 2
o oot 0, | Byt of o | Sl [ Ry motiesof [
(cm) (7.5YR) | - Form | Content (7.5YR) | Form | Content '
1I layer 20-30 7/4 Spot + 6/6 Non. Non.
30-40 6/3 | Spot ++ 6/6 | Non. Non.
) -10 6/4 | Vein Tube ++ Non. 5/8 Film + Non.
1T layer 10-20 7/4 | Vein Tube NIEE Non. 7/4 Film ++ Non. !
20-30 7/4 Film ++ Non.
30-40 .
Depth No. 6 No. i
Soil i i
layer gz}.:)n“c’lary Egllcir ?el:xs':g ;?g;tles of 3;:_:3&& Sgllcl)r tBeL;ig _;‘?g;tlES of g::ac—
{om) (7.5YR) Form Content (7.5YR)| Form Content
I layer 20-30 6/6 | Non. Non. 6/6 | Non. Non.
30-40 6/6 | Non. Non. 6/6 | Non. Non.
0-10 B6/6 | Vein Tube ++ Non. 6/6 | Spot + Non.
1T layer IQ—ZO 7/4 | Vein Tube | +++ Non. o 7/4 Spot ‘++ Nor.
20-30 7/4 | Vein Tube ++ Nomn. 7/4 Spot + + Non.
30-40 7/3 Non.
So0il color I Shown by standard soil color chart (Hue 7.5YR Value/Chroma).
Content of rusty mottles of ferric iron, + : 10%
++ 1 10-30%
++4+ 0 30%]
Table 17. Soil colur and rusty mottles of ferric iron
Depth No. 1 No. 2 B
Soil below Soil Rusty mottles Soil Rusty mottles
Iayer boundary | ¢color of ferric iron D—-.reaction_ color of ferric iron D-reaction
(em) (7.5YR)] Form |Content (7.5YR)] Form |Content B
11 layer 20-30 7/4 Spot ++ 6/6 Vein + -
30-40 6/3 Spot |+ 7/3 | Vein Tube |+ 4+
0-10 6/4 | Spet |+++ | Non. - 7/3 |Vein Tube | ++4+ | Non.
111 layer 10-20 7/4 Spot ++ Non. 7/3 Glei 1 Non.
20-30 7/4 | Glei Non. 7/2 | Glei Slightly red
3040 | 7/3 | Glei Slightly-red ~
Depth No. 6 ‘ No, 7° ]
Sail below Soil Rusty mottles | Soil Rusty mottles
layer boundary! color of ferric iron D-reaction | color of ferric iron D-reaction
(em) |[(7.5YR)| Form [Conrent (7.5YR)| Form |Content
Il layer 20-36 5/4 Spot + 4+ 6/4 Spot + 4
30-40 6/4 Spot +++ 6/4 Spot + 4+
0-10 6/3 | Glei Non. 7/4 | Spot ++ | Non
I layer | 10720 7/2 | Glei Slightly red | 7/3 | Glei Non.
20-30 8/2 | Glei Slightly red | 7/3 | Glei { Slightly red
30-40 : 7/2 | Glei | Slightly red | ..

Soil color | Shown by standard soil color chart (Hue 7.5YR Value/Chroma).
Content of rusty mottles of ferric iron, - :10%, ++ ; 10-30%, +++ : 30% <.
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in subsoil, in drained plots.  (1965-1966). I
No. 3 | No. 4 | No. 5
. Rusty Soil i Soil
Egllclar _mottles of D-reac—color DRfusfgrrilgoit:L? D-reac—color Ei}lsfgr?éoitﬁ)ens D-reac-
_ferric iron tion (7.5 tion (7.5 tion
(7.5YR)| Form [Content YR) | Form [Content YR) Form [Content
6/6 | Non. | Non. 7./8] Non. Non. ’ 6/6‘ Non. Non.
5/6 | Non. Non. 7/6 | Non. Non. 6/6 | Non. Non.
7/4 | Film + | Non. 6/6 | Film + | Non. 6/4 | Vein -+ Non.
7/3 | Film +-+ | Non. 7/4 | Film ++ | Non. 7/4 | Vein Tube + + Non.
7/3 | Glei Non. 7/3 | Glei Non.
, . . ‘Sli I
' 7/2 1 Glei r Non. 7/2 | Glei Eeléght ¥
No. § No. 9 No. 10
. Rusty Sail Soil
coor | ol of  Drencolor| Ry mostr b ST e s [
ferric iron tion (7.5 —__|tion (7.5 : tion
(7.5YR)| Form |[Content YR) Form - [Content YR) Form |Content
6/6 | Non. Non. 6/6 | Non. Non. ’ 7/8 | Non. Non.
6/4 | Spot + 6/6 | Non. Non. 6/8 | Non. Non,
6/6 | Non. Non. Nomn. 7/6 | Non. Non. Non. 6/6 | Non. Non. Non.
6/6 | Spot + | Non. 8/6 | Vein Tube | + | Non. 6/6 | Vein Tube | ++ | Non.
74 8pot | 4+ INon | 8/6(Vein Tube| 4+ | Nop 7/4 | Vein Tube | ++ | Non.
8/6 | Vein Tube ! ++ | Non. |-
in sﬁbsoils, in undrained plots (1965-1966).
No. 3 No. 4 ~ No. 5
. Rusty Soil | Sotl
Soil Rusty mottles Rusty mottles
mottles of D-reac- color P ID~reac~'color e D-reac-
. color ferric iron [tion (7.5 of ferric iron tion 7.5 of ferric iron | tion
(7.5YR) Form [Content YR) | Form |Content YR) | Form |[Content
6/4 | Spot ++ "7/6 | Spot + 6/6 | Non. Non,
6/4 | Spot [+ ++ 7/4 | Spot ++ 6/6 | Vein Tube | -+
6/4 | Spot +- | Non. 7/6 | Spot +4+4 | Non. 6/8 | Vein Tube |+4++ | Non.
7/3 | Glei Non.- 7/4 | Spot ++ | Non. 7/4 | Vein Tube | 4+ Non.
6/3 l Glei Neon. 7/3 | Glet Non. 7/3| Glei Non.
Nao. 8 No., 3 No. 10
.1 | Rusty i So1l Soil
fgllér moti_:]es_ of D-reac- color oR;lsfgrriIéogLe; D-~reac- [color ?;‘?gr?gogzz‘i - | D-reac-
_ferric iron tion (7.5 tion (7.5 tion
(7.5YR) Form |Content YR) Form  |Content YR) Form [Content
6/6 | Vein ++ 6/6 | Vein + 6/6 | Spot +
5/4 ,}.fflg’e +++ 6/4 ! Vein Tube | + - 6/6 | Spot + 4+
i ; L
L7/6 %ﬁ%‘i + - II Non. 6/6 | Vein Tube [+++ | Non. 5/8 | Spot +++ | Non.
. 6/3 | Glei Now. | 6/4|Vein Tube | ++ |Non | 5/ Spot ++ | Non.
- 7/2 |Gl DR 7y | Gle Non,
' 7/3 | Glei Non.
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Table 19. porus space, soil hardness and clay content in well drained, poorly drained
and underdrained plots.
) Well drained plo't Poorly drained plot Underdrained plot
So%l layer Porus Soil Clay Porus Soil Clay Porus | Soil Clay
space |hardness | content space |hardness |content space |hardness | content
2% mm % 2% w % % | - %
I layer 75.9 21 12.6 | 77.9 17 19.4 77.3 19 17.8
Transitional
layer 84.9 18 5.1 77.5 16 18.2 80.9 19 11.9
Il layer 76.6 22 7.8 | 64.0 21 16.9 | 73.3 19 18.6
III layer 58.8 24 23.2 51.1 23 23.6 57.4 22 24.1

~ QLA LA P S REHR & R B L & & B

198D X 5 infEEZARB LI,

Bk R £ HloR AE D TURER A e~ B &, BAs

BTREE oM gD Lhihotcnt, BBE, #
FE, EEEC-Th b Hk RIFE O BRIBEENR
Hhsote o ETHEOTLER AR 7 JF KT R
B ERA A -1, WRE FRE ELiBofL
Bir T h b AR AREoREL b kg, PKRF
BorniciEi Licarthd-Te

LEiR ik RIFE B RRE TR T A &, £
B r A EEKETFEoRNE L, BETHEDL highK
FREC L TEFRoR.E2 BL#BE TR,
hBoREAEER IOTED B+ B EWERTS -
foo
_ F e EEY LD L, KBFEORES LUFE
D&+ BCRPATREL b Pieh »icpt, TROEL
ECRAROMCSBER il ol —F, BERIFH
DL EERELEE LR RER L AE R 2T,
wic, BSIE THEOMESRME L T 5 LEILREER
BENEO I TH T,

Table 20. porus space in burying and
non-burying parts.

Burying part [Non-burying part
Soil layer

Range |[Mean| Range [Mean
% %| %| % % %
I laver 63.5-80.9 1 75.2 | 72.7-83.8 | 77.2

Transitional '
layer 70.5-79.9 | 76.2 1 79.2-84.0 | 81.0
II layer 66.1-86.8 1 73.2 { 57.3-82.1 | 71.6
IiI laver 54.7-80.9 | 69.4 | 40.7-66.1 | 56.4

REBZ A B o - B, BEREE TR,
FMREL CKREL, 08, RECERLHIETL A
EMETFLibn s ZErbha, BERTEE~Y
EREEL R E o LEAREY, REOEA
yBTHIERDE LT ot LL, FEOR
LER IO TRECHE+E CIBaERGRE L v BN
Ehalo, .

4, FRIEOCHEL

ek B, HERRRE S L UBRETEROF S 5k
KEEER T+ 2 218l U9, 40, AEOLEH T
H%Bo -

Values of permeability in weil drained, poorly drained and underdrained plots.

Table 21.
Depth Well drained plot Poorly drained plot Underdrained plot j
Com) Ranpe Mean Range Mean Range Mean
% 10%em/sec| x 103em/sec % 10%cm/sec] % 10%m/sec < 10%n/sec| X 10%em/sec
0- 10 0.53-47.06 12.54 © (0.84-59.70 10.67 0.49-34.78 10.96
10- 20 0.80-10.58 8.86 1.90-30.77 6.67 1.07-11.03 . 5.30
20- 30 2.66-13.79 7.57 1.37-22.85 5.93 2.44-46.51 14.06
30~ 40 3.67-21.05 12.88 0.22-16.95 9.03 3.66-22.86 9.40
40~ 50 1.36-18.18 8.02 0.13-21.05 6.13 1.61- 8.60 4.19
50- 60 0.22-24.69 5.65 0.18-19.32 3.30 0.08- 9.90 3.11
60~ 70 0.30-20.41 4.31 0.93~ 5.41 1.41 1.17- 4.85 2.91
70~ 80 (.08-16.95 5.14 0.09- 4.78 1.13 0.15- 5.13 2.50
80- 90 0.06- 2.44 1.48 0.02- 2.82 0.72 0.04- 3.76 1.23
90-100 0.09- 6.73 1.41 (.02~ 9.09 1.41 0.03- 6.06 1.42
160-110 0.03- 2.24 1.14 0.02—-0.22 0.14 0.13- 2.46 0.95
110-120 0.43 2.13
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Fig. 39. Relation between permeability and
depth below surface in well drained

plots.
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and depth below surface in
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Fig. 41. Relation between permeability
and depth below surface in
drained plots.
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Table 22. Walues of permeability in wel] drained, poorly drained and 'underdrained plots.

: Well drained plot ’ Paorly drained plot Underdrained plot

Soil layer . —

Range ' Mean J Range Mean . Range Mean

- xlo-ﬁcm/sec[ X 10%em/sec X10-%em/sec] X 10-%em/sec % 10%em/sec)  x 10-3¢m/sec
I layer 0.53-43.53 10.43 3.15-32.84 8.81 o 1.22-22 .47 8.97
Transitio- < £
nal layer 6.16-11.70 . 8..16 - 1.63-16.95 10.80 5.05-18.50 12.30
11 layer 5.14-13.64 8.80 0.03~ 3.21 2.19 0.66- 7.09 3.86
IIT layer ! 0.28- 4.72 ‘ 2.50 0.02- 3.55 0.72 0.63- 6.05 2.24
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Table 23. Values of permeability in burying and nor-burying parts.

. Burying part Non-burying paft
Soil layer
Range Mean Range Mean
_ X 10%en/sec % 103em/seq| x10%emfsec] = x10-3em/sec
I layer ‘ 1.02-13.91 6.89 1.22-22 .47 9.48
Transitional layer 6.25-27.73 14,71 5.05-18.50 13.78
II layer 2.08-10.67 5.63 0.66- 7.09 3.04
111 layer T 1.19- 4.93 2.74 | 0.92- 2.75 1.68
V. BRIECEEY R T L EER EEEDBERERTLEUR, FORNOEB D THbH,
T B BT KGR & URE, bEER JUHL .
Table 24. Relation between permeability and porus :ﬁ,
space, soil hardness and clay content. ;_i -1
Soil layer Porus space | Soil hardness | Clay content Ei )
I layer (n=81) 0.024 - - 0.115 0.051 g
Tra’f:i}jf"(ﬂﬂ@ 0.438 - 0.147 - 0.329 g—?"
IT layer (n=100) 0.662+* - 0.044 - .565%* .g _4t
I layer (n=94) 0.501%* - 0.062 - 0.138 g
% : Significant at 5% level. - © IR0 70 80 5
#* . Significant at 1 % level, : Porus space(%} -
pFL5 $F20 Fig.42. Relation between permecab-
- - : ility and porus space.
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Teble 25. Values of permeability and coarse

and undrained plots.

perus space in the Il layer, in drained

Depth Soil color Rusty mottles of Coefficient of Coarse porus space Total
Plor  |pelow ¢ ferric iron . (Ve porus
boundary (Heuval‘-’e/chmma) permeability oF pF oF space
em) Form [Content| (x10%m/sec) 0-1.5| 0-2.0| b0 ]| (V%)
5 | 7.5YR 5/a-s/6 [Vein and [ 0.85 34! 67! 89! 504
Drained Vein and . I
plot 15 " | 6/3-7/3 | fube +4 0.61 2.6 4.9 7.6 50.3
25 | 5Y 4/1-5/1 |VeiR andi 0.20 1.6 27| 43! 4.7
: 5 | 5Y 4/15/ |Veinand | 0.20 1.6 24| 47| 4.9
Undrained :
plot 15 ¥ B5/1-6/1| Glei - 0.09 0.5 1.4 3.7 45.0
: 25 " 5/1-6/1 ] Glei - 0.11 1.5 2.3 4.7 46.6
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Fig. 44. Relation bhetween permeability
(X10%m/sec) and soil color.
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Table 26, Bearing capacity inldrained and undrained plots (at Uwano, 1964).
Depth Undrained plot (14) Drained plet (10)

Cem) Range Mean Range Mean
0-5 1.7-8.4 4.5 4.9-11.7 8.3
: : 5-10 1.5-9.5 4.3 5.7-11.2 8.8
Bearing o) 10-15 - 1.5-9.9 5.6 6.0-12.2 9.1
cm 15-20 2.0-9.6 5.9 5.8-14.0 8.4
, 5 10-20- 14 16-21 17
4Sonl hardness  (mn) 15 . g-18 14 14-18 16
. 5 24.2-35.0 30.0 24.7-36.1 30.2
Solid phase (%) 15 22.7-31.0 27.6 23.3-28.6 27 .4
- 5 50.5-58.3 ' 56.5 41.1-35.1 9.3
Liquid phase (%) 15 54.3-73.1 65.2 46.7-67.6 56.2
5 6.3-20.5 13.5 16.0-27.9 20.5
Vapor phase (%) 15 ! 4.1-14.3 7.2 11.4-21 5 16.4
: - 5 65.0-103.8 83.0 60.9-80.1 72.5
Moisture ratio (%) 15 ’ 79.4-114.3 954 65.0-91.7 ‘ 83.6
Groundwater-tabl(e;m) _ 2560 4 ( 50-10 , 76

( ) ! No. of surveyed orchards.
Table 27. Bearing capacity and ground-water table in each layer.

p Undrained plot Drained plot

osition of - . - : -
grofmdwater _ Average | Bearing capacity Average Bearmg capacity
table No. of layer Ckg/efi) No. of layer (kg/eh)

orchard thlckn(e;s?:) ' Range ] Mean orchard I thlckﬂg:;) Range ' Mean

1 layer T8 37 1.7-5.8 | , 4.1 33

II layer ' 8 48 3.6-9.5 6.4 5 46 5.7~ 9.7 7.9
III layer o ) f S 5 8.3-11.7 J 10.2
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Fig. 45. Changes of bearing capacity in
season (at Uwano, 1965).
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Table 28. Bearing capacity by soil penetrometer and trafficability of S.8. in straight course
(at Uwano, August 1966). ‘
[ — Reveolving order _ T
of wheel .
\\\Q@m 1 {2 | 3| 4|5 6 |7 8 | 9|10 11|12
(em) _
-5 8.4 9.00 7.8 12.1] 10.0] 11.5] 9.7 11.4) 10.4
Bearit}g 5-10 8.1 10.9) 7.8 10.3| 10.9 10.8] 11.8 10.% 9.5
RS AP 10-15 | 13.2 12.8/ 12.3 11.8 11.8. 13.1 14.6 16.6 14.1
' 15-20 13.2) 12.4] 13.7] 11.5| 12.0| 15.2] 16.9) 18.0| 18.6
Depth of _
sinking  (am) 4| | 16| 15| 4| 11| 22| 46| 12
5lip rate (%) — 5.5 5.5 4.1 5.5 6.8 4.1 1.4 1.4 2.7
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Table 29. Bearing capacity by soil benetrometer and trafficability of $.8. in turning course
(at Uwano, August 1966).
\Course No. | . -
T 1 2 3 4 5 6 7 8 9
:j\\\f\“ﬁalszfﬁ__ CONN I

-

Bearing

C-5 | 7.2(13
5-10 8.1(14)
capacity (kg/q8) 10-15 |13.8(15)
1520 17.4(16)J

)

f

8.0(13)) 8.9(14) 8.7(14)
7.8(13)f 8.1(14)| 8.8(15)
14.6(15)12.2(14)/14.3(16)
15.5(15)(12.6(14)(15.9(16)

8.9(14)110.3(15)(10.3(15)(14. 2(16)]13.8(16)
8.5014)10.3(15)010.7(15)16 .5(17)14. 3(16)
10.8(14)114.5(16)/16 . 3(16)124.5(18)/18.0¢17)
12.024)121.3(17)21.5(27)21 .5¢17){18..1(17)

Moisture ratio 84.9| 83.0| 80.6| 79.6| 76.0| w737 70.5] 63.5| 60.6

(%) 15 85.2| 88.3| 82.6| 88.2] 82.5| 82.0 7711 71.1] 73.2
Sonine o — ]| s wl ] s s & 0l =
Slip ratio. (%) — | Stop | Stop ] Stop J Stop

76.8 26.0 15.1 4.1 6.8 |

b
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Fig. 47. Relation between slip rate
and bearing capacity.
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Table 30. Production of stamping layer in vndrained and drained plots.

Blot .Depth Bearing capacity Bulk density Soil hardness E:fgég;eﬁft;f
(em) Eg?gping Stamping Egczrt;ping Stamping sl\ggrrlr:ping Stamping gglr:ping Stamping
kg/ o kg/ch] &/100cc] & /100cc na mml x 10%em/sec|] X 10%em/sec
5 18.9 46.5 66.7 80.6 17 2% 2.61 1.08
Undrain— 15 15.2 34.9 65.6 72.9 19 .23 3.57 0.51
ed plot 25 10.9 24.6 64.7 65.8 18 19 3.12 2.56
35 15.2 27.9 71.3 69.8 18 18 5.96 4.95
5 14.9 62.8 65.3 93.5 16 27 225 0.06
Drained 15 12.7 78.9 65.8 87.7 18 2% 4.63 0.1
plot 25 96 | 67.4 63.5 72.4 16 24 4.38 0.63
35 14.3 | 62.0 69.8 71.8 16 20 8.41 1.18

Note ! Average of 8 orchards.

Table 31. Bulk density in 8.8. running way, in well drained and poorly drained plots (1967).

NTT— Plot .
\ —— Well drained plot
Distance from the .
. Center {cm) 0 0
Depth (cm) —-50 -4} —30 =20 =10 —10 —20 =20 —40 7 __'55}_
& 7100cc & /100¢cc| & /100cc| & /100cc| & /100cc| & /100¢e| & /100¢cel & /100¢e| & 7100¢c| § /100¢c
5 68.6 67.9 73.0 79.1 78.0 76.3 76.5 72.5 70.0 70.8
15 63.6 13.8 69.1 72.9 74.8 73.7 68.9 69.7 658.3 67.4
25 65.5 65.5 67.1 66.4 66.5 67.8 66.6 67.4 66.4 656.6
35 67.4 67.2 68.7 67.9 66.7 65.1 65.0 68.9 66.6 66.3
Plot Poorly ,drained plot
Distance from the - -
center (cm) 0 0 0
" Depth (cm) i —-50 ~40 =30 —20 -10 ~10 —20 =30 =10 ] N
3hmncghﬂmcgﬂmmc3ﬂDMcgnmngnmnc3anc3ﬁﬂMc9nwwcf““%
5 7.3 76.5,  79.7 .82.5 8.3 84.5 ~ 8L.7] 79.5  76.3 75
15 68.7 74.0 78.7 80.4 84.1 83.5 79.9 80.7, 73.0 69.8
25 67.6 68.1,  71.8 74.1 80.4 81.8 757 74.8 70.7 687
35 66.9 65.2 66.4 71.1 b4.1 69.1 68.4 . 69.3 69.0 G6.4 -
L
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in 8. S. running way, in well drained and poorly drained plots -(1957).

Table 32. Soil hardness
N Well drained plot Poorly drained plot
TEeen glelBlSISla]a]8 98 | a8 Sa]E slels

o 1 5151852121512 212 | EE[E]E]E]E]E12 )3T
0-5 20 20 22 23 24 24 23 21 91 20 23 24(25 25 27 28 26 26 25|23

....... i ——d

510 18 22 22 22 23 25 238 21 1919 22 2 |_25 26 26 28 25|24 24 22

10-15 17 21 20 20 23 23 22 20 18 18 21 23 23 23 LigS_é_! 23 22 22

15-20° 18 18:19-19 21 22 19 19:18 17 120 021 21 22 24 24 23 322 21 21

20-25 17 16 18 19 20 18 1716 17 16 18 20 19 22 24 23 22 21 20 21

25-30 15 15 17 1617’17 18 16 18 15 19 20 19 21 24 23 21 21 19 20

3035 15 16 20 19 18 18 17 16 18 18 [:119 19 20 20 22 22 21 21 20 20

35—40 17 18 19 20 20 20 19 18 20 19 !} 20 720 21 22 22 23 21 22 20 20
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Table 33. Correlation coefficients {r) between bearing capacity and s;:»il factors.
Solid Liquid Vapor Moisture Seil Ground- water

phase phase phase ratio hardness table
Bearing capacity 0.496% —0.58] % 0.299 —0.795%% 0.684%* —0.836%*
Moisture ratio — - — — —{. B8 —0.748%*

* ! Bignificant at 5% level.
wk [ Significant at 1 2 level.
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Table 34. Annual losses of nutrients by underdrainage {at Uwano, 1956).

Period | Area E{S‘;‘:‘h";‘rggi NHN |[NOrN | PsOs | KiO |NasO | CaO | MgO | FesOs | MnO
Dee. 1 w ke kg, kg kg kg kg kg kg kg
Mo g | 69a| 58535 11.8) 200.01  0.28 52.47] 168.71 669.31 156.34 0.20 9.4

1 108 848.3 0.17) 28.99) 0.04 7.60 24.45| 97.00 22.66 003 133
Mar. 17 692 |  3320.1 1.13) 116.08  0.18 26.17] 101.79 358.98] 83.09 0.13 .53
-Nov. 30 | 10a 481.2 0.15 16.820 0.03| 3.79 14.75 52.08 12.17 002 0.
gggg;gge 69a | 9173.6 2.31 316.090 0.6 78.64 270.50 1028.29 240.33 0.33 14.02
diachage. | 10a | - 13205 0.3 45.81 0.07 11.40 3920 149.03 34.33 0.05 2.03




o
[ed

g2

(-m)3dreyas;p
affeuizap

N
==
oo

N— (31} 0 —(T1)°0T — (BN FON— (TN NI

¢ 3z = v 4 T ]

Deé, Jan. Feb. Mar. Apr. Mn‘;,‘ June July Aug.

Sept. Qet.

Nov.

Fig. 52. Seasonal changes of nutrient amounts

contained in drainage water.

30

BHRE D A BB $£175

TEFOEESRRBETERE KITERE
SEHE > Tk b oERD -, BIETH
BEERTHERBYEET2E, FEORE7BC
% Ca K, Na 2ECHREKORIEE A LE
RESHLRT, Mg SERBEIHREOCHRE
WEERRTEHAE , TR0 B OB i
Ca, Mg, K, NaD&EEAE L LEETHE
DHMELHEL VECE R 2 R, 26
w, TROELBCLEETHRD Ca 8811

. RIEROFh X h BT EEHEZRL kR

£ OfoMg, K, NagEIBRIFEOS 7
ATHEA L ECHRCH 210 2D HRH
TEBELERC L o TehdikE L, BHTFLYL
BRELHRE: RTERoMc B EEY R
Teds ool RIEEERFIE TIRd i b BRI Y
B L, Thibb, BR7BTREETHEN
OHBRTERE vETFEVERKD D, T
DIETECRRRE L e, PEOFRRIC
1 B EEFIEV ISR TER O A K
X b G N R T2BBRIRD L Thinie,

i, PHREEOCEKBETROME
TREXOFERIR LTS, PEORE
BreaBETHERO pHETMABRZ %,

v . BEETHERK TS0

AR EOEEESBS ik R & #E53H0 &
HOTChb,

FTHEPOEEERXERR 7 B LT Q0m) ¢
MR S Lo CHEENFEIL AR TV ALY
BRSO MR A EE SR i —

_Table 35. Soil chemical properties in drained and undrained plots (at Uwano, 1965).

; Cation- |Phosphate

Layer |Range H Exchangeable cation .
Plot | and andg Humus P Exc&m C.EC. & satura- ?.bsorp;;.
depth |mean acidity tion ion coeffi-

H:O ! KCI Ca | Mg | K | Na |degree [cient
Min % | _ me] me| mel mel me %

I layer |yo 10.13| 4.98] 4.02 = 5.571  26.1| 4.99| 1.17| 0.24 0.20| 26.4] 1413
(10283 Nieam | 15.54] 5.620 4.68)  5.57| 28.8 6.75| 5.36| 2.05 0.87] 50.3] 1608
_ 12,741 5.26] 4.22] 4.971 27.5 5.62| 3.27] 0.93 0.6l 37.9 513
Drained ||\ "Min. 0.68) 5.06/ 3.48]  3.40f  13.8] 3.05[ 0.20] 0.21] 0.23] 31.3 G0
plot (a0emy [Max. 1.06) 5.43] 4.38 4.38] 17.4 4.99 1.68] 1.99] 0.47} 59.6, 1008
© Mean | 0.88] 5.21| 4.021 4.200 15.6l 4.200 1.11| €.91] 0.39 43.0! 804
11 Min. 0.23 5.34] 4.28) 2.58 14.7] 5.17] 0.70' 0.21] 0.34 46.5 542
layer [Max. 0.55 5.92( 4.93  4.18  18.2| 6.93 2.19) 0.75] 0.87] 59.9 704
(30¢m) [Mean 0.35| 5.721 4.60  3.600 16.5] 6.200 1.42] 0.350 0.57] 51.7 590
I layer [MD- 11.74 5.02) 4.02  3.890  24.1] 410, 0.65 0.39 0.26] 19.8] 1463
(10emy Max. | 16.33 5.920 4.78] 5.89  28.4 8.41' 1.20| 2.3l 0.40  d4l.4i 1529
Mean | 12.98 5.36] 4.28] 4.38]  26.9] 5.40 0.89% 1.19 9.3 29,11 1492
Undrai- Min. 0.68] 5.12/ 38.75l~ 3.660 12.5 4.0i 1.39] 0.21] 0.3¢  57.2 542
d plot I%éggff Max. 1.34| 5.720 4.78  4.38] 14.2 7.02’ 3.11 2.71 0.87} 89.1 919
ned ple Mean 0.84, 5.20, 4.68] 4.20, 13.5| 5.46] 2.22! 0.96| 0.61 68.51 742
111 Min. 0.23 5.32] 4.28 2.40 13.4] 4.84 1.29] 0.30 0.40  48.9 542
layer |Max. 0.49] 5.76' 4.53]  4.20,  17.6 6.13‘ 3.200 1.18) 1.30, 60.1] 680
(0cm) Mean|  0.33 5.53 4.381 318 16.5 5.1 1.83 0.72 0.93 52.8 580
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Fig. 53. Relation contents of exchangeable cation and
distance from underdrain. (at Uwano, 1965).
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Table 36. Number of fine roots in each layér,
in drained and undrained plots (wi-
dth 80cm, depth 10cm, at Uwano,‘ 19644

~1965).
Depth Drained plot Undrained plot
Com) Range. | Mean | Range Mean
0- 10 3-15 9.0 4-14 7.7
10- 20 2-24 12.6 5-21 11.7
20— 30 2-23 g.1 1-18 8.4
30— 40 315 7.4 0-22 6.2
40— 50 2-33 13.0 0-14 5.7
50— 60 374 16.2 0-19 6.9
60— 70 564 15.3 0-13 5.8
70~ 80 1-36 12.4 0-11 4,1
80— 90 - 2-30 9.0 0-10 3.0
90-100 124 5.1 0-3 0.8
100-110 c-12 1.8 -5 0.6
110-120 0-6 0.7 0 ]
Total 54-239 | 111.6 3597 60.0

Table 37. Number of fine roots in section of pits in drained and undramed plots
(width 80cm, depth 120em, at Uwano, 1964-1965).
\\ ¢ Distribution of No. of orchard Mean of fm(.
No. of fine root oots per pit
Plot” — ——— 3160 [ 61-90 | 91120 | 121150 | 151-200 | 201-250 | Total | * per p
Drained plot 1 3 2 1 1 ‘ 1 9 11,6
Undrained plot 5 3 1 0 0 i 0 9 60.0
Table 38. Number of fine roots in each laver and per uni} area in drained and
undrained plots (at Uwano, 1964-1965).
5 Drained plot - " Undrained plot
oil layer a3
Mean of No. of fine iNo. of fin¢
Range fine roots | Ared root/u? Range Mean Area IM__'
: ut af
I layer 5-54 . 28.3 0.204 139 10-64 34.8 0.202 119
Transitional layer 2-18 4.2 0.053 79 1-14 2.9 0.037 79
11 layer 9-231 60.0 0.275 . 218 6-34 15.3 0.232 66
I layer 1-37 19.1 0.240 80 0-17 7.0 0.241 29 .
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Table 39. Distribution of fine roots in III layer, in drained and undrained plots
(at Uwano, 1964-1965). .

Depth below. Drained plot Undrained plot
III layer No. of No. of
(em) Range P{I::I}O(:)ft orchards with-! Range %_flean Oft orchards with—
! % | out fine root : e roots out fine root
1-10 1-13 8.0 0 010 5.1 i
1020 0-10 4.9 1 0- 7 1.2 5
20-30 0~ 10 4.0 3 0- 1 0.6 8
3040 0- 4 1.3 7 0-1 0.1 3
40-50 0~ 2 0.9 8 0 0 9
Total 1-37 19.1 — 0~ 17 7.0 —

ORE THIEETER MBI R THREOFh I bix
DBEECDHTH %o 1 RS . b DUEENT
MR TR T 61~120RDBMA %S <, £ THRE T
I~ S0AR TRETRBOMBIETEROD 2 82
LT\, :

PERGHL 0 KK L 3517 5 LIB0TES,  SEn
BTRNLBRR7E, WBE, 258, HiBoEc

ELTméo%i%@@@@@%ﬂ;oféymﬁﬁm_

B2, LEWHOMRE Y LBz &hThS L,

CHEEE RN SRS, TURR, BEE B
ARG E OMICHEDEERENS v, WROSHEIE
BDBIIEH - f HEEE R SEES I 5 SLL
T, AR CIS0% LT, BEE-crosmbl F, HkE
HCIEX105LITCh o 7ee

Shiz, MERMMTBIC B2 MENRE L5 L8443k

Table 40. Correlation coefficients between numb—
er of fine roots and permeability, porus
space, soil hardness and vapor phase.

RIEECRTFEGE D hd i, BETHEBEOMRE . Coefficient | .\« | Soil Vapor
. - _ Soil layer |of permea— hard- hase
REEHRORA 7B, BBBRTHEL KLl h ot bility SPACe | negs (PR
7, PEOBLBTRRIEROM 3.3%, TBOEL I layer 0.1 | 005 |- 0110 | 0.300r
BTaiy 2 8 oMRBCIE I & Mo Hihn \geE (n=56) ‘ e
THote Fi, BOMRBEGBCE > TV AHELRE EZg%gﬁg 0.769 | 0.634 '~ 0.016 | 0.534
DEFFHOHETHEROF AR TERE L b BhEEE R I laver ' s
Bt otz __ th=sey| 0239 |- 0.025 |- 0.2614 0.138
Bo@R T EOYBNERC BB S h s L & 5% i Ia():-{sal) 0.514%% | (J,524%€~ 0466%%| 0.Gg7+*
Flro %40%&1:&%5[{?:%5&?&&i%%ﬁ@f?ﬂﬁ:“zﬁ:L * | Significant at 5% level.
bDTHED, th L3 EBROMEREREBCE T #* | Significant at 1% level,
Table 41, Distribution of fine roats in burying parts (at Uwano, 1965).
0 ~ 40cm 40 — 80cm 80 ~ 120cm 120 — 160en
. Mean of Mean of] Mean of| Mean of
Soil | Depth Mean oflfine Mean rine Mean line Mean oflfine
layer (em) Rangelfine roots |Range, ?‘n roots  |Range ?- roots  [Rangelfine roots
roots |in each ! i in each mi in each roots |in each
layer roots layer roots layer layer
I 0-10 [1- 4 4.0 -3 1.2 0-6 3.0 2-11 5.4
layer | 10-20 | 1-10 7.2 0- 4 2.4 0-5 3.0 1- 8 4.8 |.
20-30 | 2-12 6.0 17.2 | 1- 4 1.6 5.211-6 2.8 8.8]2-8 4.8 15.0
30-40 1- 8 4.4 -3 1.4 1-7 3.4 2-12 7.0
11 40-50 | 1-13 6.8 1- 9 3.4 2-9 6.4 2-13 | - B.4
layer | 5060 | 2-18 8.4 2- 8 5.2 1-9 5.4 2-19 12.4
60—70 3-18 11.2 30.8 1 2-13 7.6 17.6 | 214 8.4 23.6 | 2-17 10.8 39.6
70-80 | 5-24 16.4 -7 3.6 11 5.0 2-14 6.2
I 80-90 | 411 7.4 1- 5 2.0 1- 6 2.2 2~ 6 3.0
layer 90100 | 0— 9 2.0 0-2 1.0 0~ 3 1.6 i 3.0
‘ 100-120 [ 0- 2 0.6 0~ 2 0.6 c-1 0.4 1- 3 1.4
1101120 | - 1 0.2 26.6 1 0—1 0.2 7.4 10-1 0.2 9.4 0-1 0.6 ~14.2
Tptal '41—94‘ 74.6 74.6 |17-50| 30.2 30.2 | 26-57| 41.8 41.8 39—87’ 63.8 I 68.8
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Fig. 54. Root color in drained and‘undrained plots
(at Uwano, 1964-1965).
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Table 42. Root color and quantity of « Napl;tylamine oxidized by roots (r/g dry matter).

. Root color Sample. 1 | Sample. 2 | Sample. 3 | Sample. 4 Mean

Soil layer 0 YRValue _

¢ .ue & ehroma) 3hrs | Ghrs | 3hrs | 6hrs | 3hrs | 6hrs | Shrs | 6hrs | 3hrs | Ghrs

I layer ,1_3/2_4 10.6| 13.6] -13.9; 17.9 9.5 11.8 12.0| 15.01 11.5 14.5

4-9/4-8 7.7) 10.8) 10.1| 13.0| 6.8 7.8 6.3 10.0] 7.7 10.4

1 Layer 1-3/2-4 9.1 12.5 12.6| 16.00 10.7] 13.7 0.8 12.2 10.6 13.6

4-6/2-4 7.9 9.3 8.8 1.5 7.8 9.6/ 9.0/ 11.0] 8.4 10.3

IIT laver 1-3/1-4 9.9, 11.7, 9.6| 1r.6/ —| — 8.0 10.2 9.1 '11.2

Root color | Shown by standard soil color chart.

-
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Table 43. Differences of blooming stage in drained and undrained plots.
No. of May 8 May 10 May 12 May 15 Flower
Plot cluster Pink Blooming| Pink Blooming| Pink Blooming| Pink Blooming absciss—
Balloon Balicon Balloon Balloon ton
Drained | 47| 409 7 1 | 203 63 61 | 111 58 248 | 20 25 215 157
plot — (98.1%}(1.7%)(0.2%)|(70.3%)(15.1% X14.6%)|(26.695)(13.925X59.5%) |{4.8%)6.0%)(51.6%) (37.6%)
Uflidrai— 374 362 12 0 266 42 66 91 58 225 10 17 215 132
ne :
plot — (96.8%)(3.2%)(0%)!(71.2%](11.2%)(17.6%)(24.3%)(15.5%)(60.2%) (2.72)4.528)(57.5%) (35.3%)
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Table 44. Seasonal change of shoot length in drained and undrained plots. {at Uwano, 1963).

. ;fat Month and date May 27 | June 4 | June 10 ]uﬁe 17 | June 24 | July 1 | July & | July 15 | July 22
e om cm ol . on el ) o cn ot
Drained plot 7.4 12.1 15.3 19.1 21.8 23.0 23.7 23.8 23.8
Undrained plot 7.0 11.2 14.2 17.0 18.6 19.2 19.2 19.3 19.3
;]z?;“es between |4 o 2.64% | 1.86 2.72% | 3.40%F  4.00%H  3.87%%  4.32%K 3,040k

* ! Bignificant at 5 level,
#% ) Significant at 1 level.

Table 45. Seasonal change of fruit growth in drained and undrained plots (at Uwano, 1963).

Month and date June | June | June | June | Aug. | Aug. | Sept. | Sept. | Oct. | Oct. | Nov..

Plot 17 i 15. 29 12 25 9 23 7 21 4
' ec ce ce cc ce cC e cc e ce oo
Drained plot 10.2) 27.20 48.7| 75.6 107.4] 141.5 165.7) 194.5 212.2 234.0| 256.3
Undrained plot 10.2| 26.6] 47.1 69.6 94.5( 120.7| 144.5 166.0] 187.1] 196.3] 222.3
:)_l‘éiiues between 0 1.01{ 0.80 1.81 |'3.44% | 5.774¥ 5.04%% 5 81%% 3.23% | 4.82% | 3.75%

#: Significant at 5% level.
#% ! Sjgnificant at 1 % level.

Table 46. Seasonal change of fruit growth in drained and undrained plots {at Namioka, 1963). .

-

Month 3:& July | July | July | Aug. | Aug. | Aug. | Sept. | Sept. | Sept. | Oct. Oct. | Oct.
Plot 1 : 22 5 12 29 9 16 23 7 21 4
' ce cc cC ce cc ce cC cC ce ce, ce| ce
Drained plot 17.5 25.8] 33.7 62.4f 0.7 109.0| 115.1 120.7| 131.1] 143.9] 188.6} 208.0
Undrained plot 15.1 17.7] 32.2] 49.2] 68.2 90.1] 108.9f 112.0 117.1 128.7| 169.8 195.1
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‘Table 47. Tree growth in drained and un—
drained plots (at Uwano, 1965).

R RSRIEA b 7 5§ % CHamE DI R AT &
ot 8 L CHRE LEMOE T ShTs
D, WORLNENT To - CTAR OEDPRME »hcdt, 20

Plot T'runk Total shoot{ Tree crown )
girth length volume, IR & CRRL Tk, E 7, A% TSR
cm m BLEIELF@L mTHIE L £ TS0 AT

i3
141.5(121)
117.2(100)

Drained plot | 137 (103)| 709.63(156)
Undrained plot| 134 (100) 469.19(100)

HE L2, RIFMEY 1008 T TEMS DR
Ik 103, 8HL » 5 5 156, BIEER 121085 T
BEETHFMEOEERMNIEEI T Ch T,
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BiL x 5 DRt 6 AAGHE E TIRER i 258
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Table 48. Nutrient contents in various portions of trees in drained and undrained plots
(Dry matter basis, at Uwano, August 1965).

Porti Month N (#) P (2> K (23 Ca (%) Mg (%) | Fe (ppm) | Mn (ppm)
ortion ont
of the | and  |Drai- dUn—. Drai- Eijn—' Drai- TaIn—‘ Drai- gn_- Drai- '[;iIn—. Drai- é}n—. Drai- gn—_
trees fdatened (04 ped A ned " AT8E ned draie ped” firaie D3 draie DU drar
plot plot plot plot plot plot plot plot plot plot plot plot plot plot

June 20 3.24) 3.30] 0.22] 0.25 1.81 1.99) 0.95 0.55 0.200 0.20 239 218 523 — .
Leaves (Aug. 9 3.19 3.31) ¢.17( 0.18) 1.39 1.51 1.3l 1.81 0.91 0.20 g3 80| 448 589 '

Sept. 19 3.02] 2.95] 0.16 0.18 1.27 1.32 1.37) 1.314 0.21 0.18 33 80 654 793

June 20 1.73 1.57] 0.18 0.15 1.32) 1.12| 1.%6 1.05| 0.260 0.17 20 53 175 124 [ ;
ngﬁts’ Aug. 9| 1.36 1.43 0.14 0.14 1.0 0.85 1.53| 1.46 0.15 0.16 49 45 3269 o267 iq

Sept.19 | 1.30( 1.28 0.19) ¢.15) 0.95 0.98 1.72 1.581 0.20] 0.13 43 39| 253 367

June 20 | 1.58] 1.55/ 0.17| 0.200 1.12[ 1.00| 0.41 0.40f 0.08 0.11 59 43 64 40

Eﬁﬁi?s' Aug. 9| 1.19) 1.24) 0.16 0.17] 0.49 0.50] 0.48 0.46] 0.02 0.020 39 27 &1 355
Sept. 19 (.90] 0.89| ©0.18] 0.16| 0.38 0.24] 0.30 0.260 0.03 0.04 30 24 84 104
Table 49. Leaf nutrient contents in drained and undrained plots
(Dry matter basis, at Uwano, August 1965).
Range and . )
Plot mean N p K Ca Mg Fe Mn
% % % %) % ppm ppm
. Max. 3.82 0.29 1.82 1.58 0.32 122 490
Drained plot Min. 3.50 0.19 1.34 0.96 | = 0.22 76 90
Mean 3.37 0.24 1.49 1.23 0.25 94 245
Max. 3.84 0.29 1.82 1.47 0.33 152 605
Undrained plot Min. ) 3.47 0.20 1.16 0.77 0.21 68 180
Mean 3.69 0.24 1.47 1.12 0.25 95 346
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Table 50. Yield and quality of fruits in drained and undrained plots (at Uwano).
Fruit Classes of fruit quality (%) Average
Year Plot yield fruit
Chg) A B C D ' Total | weight (&)
Drained plot 342.7 60.5 33.3 3.4 29 | 1000 | 181
1961 Undrained plot | 246.3 56.9 3.5 5.7 ‘3.9 106.0 184
Drained plot 281.5 78.9 16.2 1.7 2.2 100.0 207
1962 Undrained plot | 244.9 69.0 26.5 1.2 3.3 | 100.0 176
Drained plot 291.5 -85.2 47 .8 14.1 2.9 100.0 222
1963 Undrained plot | 267.0 35.3 52.9 8.2 3.6 100.0 202
Drained plot 355.8 0.1 48.8 17.2 3.9 100.0 209
1964 Undrained plot | 254.4 18.0 54.1 12.8 6.1 100.0 " 193
Drained plot 340.9 21.3 0.9 | - 247 3.1 100.0 187
1965 | Undrained plot | 266.5 9.1 5.7 | 299 63 | 100.0 187
Mean of | Drained plot . 322.4 45.2 39.6 12.2 3.0 100.0 102
5 years Undrained plot 255.8 37.7 44.3 13.4 4.8 | 100.0 188
A Very good quality. B ! Good ‘qu'ality- C . Ordinary quality. D : Inferior quality.
Table 51. Yield and quality of fruits in drained and undrained plots (at Namioka).
Fruit- Classes of fruit quality (%) | Average
Year Plot yield fruit
(kg) A ‘ B ' c | b | Total | weight ()
1963 Drained plot 277.7 37.4 40.3 9.9 12.2 100.0 164
Undrained plot 216.7 5.2 33.7 25.5 34.6 100.0 154
1994 Drained plot 311.0 38.0 49.3 8.0 4.7 100.0 174 »
Undrained plot 201.6 4.0 14.4 48.5 3.1 100.0 165
L0655 ] Drained plot 245.8 | 216 66.5 7.3 46 | 1000 |- 181
Undrained plot 201.0 4.7 38 | 4.8 | 97 100.0 167
Mean of | Drained plot 278.1 32.4 52.0 . 84 | 7.2 100.0 173
3 vears Undrained plot 208.4 - 50 39.3 39.9 15.8 100.0 162
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Table 52. Contents of free acid and sugar of fruits in drained and undrained plots (at Uwano, 1964).

Free acid Reducing sugar - | Nonreducing sugar Total sugar
it:;ht Plot (malic acid mg/frui]tégigg (ghucose E/fmitlg']b:zg% (glucose %/fruitﬁgiﬁe): (glucosp S/fruitlggzsg
Max. Min. Mean | Max. | Min. [Mean | Max. | Min. | Mean | Max. | Min. [Mean
150 ¢ Drained plot 537 445 432 8.08] 6.98| 7.46 4.36 2.23 3.29 12.44] 9.20) 10.74
Undrained plot 610, 432 487 8.09 6.99 7.43| 4.16| 2.54] 3.40] 11.47| 9.43| 10.86
1s0g |Drained plot | 531 445| 490 7.71) 6.79) 7.250 4.37 2.13 3.38 12.08| 8.92 10.65
Undrained plot 519 401 469 7.60; 6.83 7.34 4.05 2.37 3.36 11.60; 9.24] 10.70
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Table 53. Appearance of apothecia of the Monilia disease in drained and undrained plots

(at Uwano, 1961).

No. of Germi-- Process of apothecial development
. . No. of | sclerot : No. of : -
Sl_rgh Plot  [sclero-|ium ) ?:ttilgn apothec—First type ?;;:"d Third Fy%l;rth f;(l;gh
tium germi- | 5. ium (promine- type ~ .
nated | (%) nt) (Club— (Pipy) (Cup (Trumpet
shaped) shaped) | shaped)
Drained 137 8 4.4 8 7 1 0 0 0
plot (100.0%) | (87.5%) | (12.5%) | (0% | (%) | (0%)
A R
Undrained! 128 15 11.7 12 12| . 0 0 0 0
fplot (100.0%) |(100.0%) | (0%) | %) | (0% | %)
Drained 43 10| 23.3 3l 8 10 6 7 0
s plot (100.09) | (25.8%) | (32.296) | (19.3%) | (22.6%) |  (0%)
Undrained| & 37| 38.1 107 '26 24 30 17 10
plot (100.0%) | (24.3%) | (22.4%) | (28.0%) | (15.9%) | (9.4%)
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Table 54. Appearance of apothecia of the Monilid disease in drained and undrained plots
(at Namioka, 1963).

¢ No. of Germi— Process of apothecial development
Month ; - No. of | sclerot . No. of - —
and Plot sclero—| ium '_]att.mn apothec—|First typci tSecond Third f‘ourth fl&h
date tium germi—[ 22190 ium (promine—, 3PS type ype ype .
nated (%) nt) {Club- (Pipy) (Cup— (Trumpet
] shapsd) Py shaped) | shaped)
apr. | P | - (100.0%) [(100.02) | (0> | @) | 0% | W%
B ndeainea] 106 35| 330 88 81 6 1 0 0
plot (100.0%) | (92.0%) | (6.8%) | (1.29) | (%) | 0%
Drained 79 43| 54.4 114 .37 17 43 1 |. 8
Apr. plot ‘ (100.0%) | (32.4%) | (14.9%> | (37.7%) | (9.8%) | (5.2%
% ndeained| 82| 50| 600 1 9 12 39, 36 15
plot | (100.0%) | (8.1%) | (10.8%) | (35.2%) | (32.4%) | (13.5%)
Table 55. The rate of thawing in drjained and undrained plots {ar Uwano).
: 1962 1966
Plot Mar.25 | Mar.29 | Apr. 2 | Apr. 6 |[Mar.19|Mar.21 |Mar. 23 |Mar. 25| Mar. 27 | Mar. 29
. % % % % % % % % % %
Drained plot 0 15 60 100 10 35 .70 90 100 100
" Undrained plot 0 0.5 40 95 0 0 30 55 85 95

Table 56. Soil moisture of Ao laver in wet season, in drained and und;aiﬁed plots (at Namioka, 1964).

. " 8oil moisture (% of dry soil) ~ Ground-water table (em)

o Apr. 21 | Apr..22 | Apr. 23 | Apr. 24 | Apr. ﬁ5 Apr. 21 | Apr. 22| Apr. 23 | Apr. 24| Apr. 25
Drained plot 71.6 61.2 95.7 83.8 66.0 | 104 83 86 82 96
Undrained plot 103.2 115.4 | 123.9 107.4 81.0 28 23 33 36 40
 Difference 32.1| 54.2 _28.2| 23.6| 15.0| 76 60 53 46 56

. [ A irzdy 74, St N B ‘F.'s..-\ L . T . .
Fig. 55. Difference of thaw between drained plot and undrained
plot (2t Uwano, 1952).
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Occurence of young fruit rot in drained and undrained plots (at Namioka, 1964).
May 27 June 3 June 6 June 10 June 17
No. of _ .
Plot cluster | No. of ?To'-tif No. of fNO‘.to_f No. of }\’o-.tcif No. of ?Io.'t?-f No. of E-?;l't?-f
fruit i fruit fu fruit ru fruit b= fruit !
. rot rot rot rot rot
Drained 226} 1119 0 955 7 890 13 379 |, 5 257 5
plot — 10005 05/100.0%)] (0796310009 (1.5%){1000%)] (1.3%)100.0%)| (206
Undrained 232 | 1138 1 | 1002 o | 86 | 15 | 37 0 | 206 0
plot — 100,05 (012[100.0%)) (0.996){100.0%) (17%)(100.0%),  (0%5)(1000%)  (0%)
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Table 58. The selling price of fruits harvested in drained and undrained plots.

Drained plot Undrained plot
Orchard | Year Item
A B C | Total A B C Total
Price {yen/18kg) 611 363 204 — 538 342 186 —
1962 Fruit vield (kg/tree) 222.2 48.3 4.7  275.2 169.1 65.1 2.5 236.7
Price (yen/tree) 7,533 976 53] 8,562 5,036 1,237 26| 6,319
Price {yen/10a) — - —| 102,744 — — —| 75,828
Uwano .
Price (yen/18kg) 741 565 314 — 735 ‘550 254 —
1965 Fruit yield (kg/tree) 72.6 173.4 84.2 330.2 24. 4 145.6 9.7 249.7
Price (ven/tree) 2,991 5,445 1,465 9,901 996 4,455 1,124 6,575
Price (yen/10a) — — —| 118,812 — — — 78,900
Price (ven/18kg) 549 389 296 — 482 310 214 —
1964 Fruit yield (kg/tree) 116.9) 154.5] - 24.9] 296.3 8.1 89.6 97.8) 195.5
Price (ven/tree) 3,565 3,337 408 7,310 217 1,541 I1,le4! 2,922
_ Price (yen/10a) — — —| 87,720 — — — 35,064
Namioka - o
Price (ven/18kg) 631 432 278 — 529 391 - 297 -
1965 | Fruit yield (kg/tree) | 53.2 163.20  18.00 234.6| 9.4 80.00 92.1] I8L.5
Price (ven/tree) 1,867 3,917 278 6,052 276 1,736 1,160, 3,172
Price (yen/10a) — — —| 72,744 — — —| 33,064
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Summary

Since 1961, the authors, members of the Aomori Apple Experiment Station, have been
studied the efficiency of underdrainage and to settle herewith the standard of drainage for
apple orchards. We report here the record of our experiments on the efficiency of underdrainage.
The experiments were carried on at the abple orchards of Uwano and Namioka, where under-
drainage facilities were arranged during the vears 1955-82. '

The results obtained are summarized as follows: .
1. Fluctuations of the ground-water level and of the amount of discharged water.

(1) At the time of excess soil moisture the ground-water level of undrained orchards on i
diluvial terrace was remarkably high; even in the dry season of summer it moved up almost
to the surface of the ground when there was a heavy rain. On the other hand, the ground-water
level of drained orchards usually kept at the depth of more than one meter below the surface

i of the ground.

(2) In early spring the ground-water level of undrained orchards remained high for a long
period; the level fluctuated even after a light rainfall. On the contrary, the ground-water level
of drained orchards was not influenced so much by rainfall; it remained low by the arid of
drainage and did not show significant fluctuation. )

(3) After a heavy rainfall in summer, the ground—water level of drzined orchards ascended |

with slower speed and within smaller range and reached its maximum level later than the
ground-water level of undrained orchards.

(@) Just after the thawing of snow, when the ground-water level was highest throughout
the whole year, the grade of the ground-water level had the value of 0.024 (tangents) at the
area where drain tiles were buried at the depth of 20 centemeters in the IIl layer and 0.075
(tangents)} at the area where tiles were buried at the depth of 40 centemeters in the III layer.

(5} In snow season the drainage discharpe was heavy, and in summer it was small. The
quantity of annual drainaée amounted to about 79% of the quantity of annual rainfall; during
the growing season of apples, i. e. from April to November, the quantity of drainape amounted

to about 54% of the quantity of rainfall during the same season.
(6) "The unit area drainage discharge reached its maximum about two weeks hefore the day
of thaw and recorded about 2 l/sec per hectare at that time. )
2. Effects of underdrainage on the chemical and physical properties of soil.

( (1} If the soil moisture of less than pF 2.0 is considered to be superflucus, ‘the superfluous
water of undrained orchards stayed sometimes at the depth of 40-60 centemeters, and throughout
the year mostly at the depth of 60-80 and 80-100 centemeters. At drained orchards, however, it
was only after the thaw and only at the depth of 80-100 centemeters that superfluous water
was observed.

(2) The liquid phase and the vapor phase of the soil changed their rates in a great meas-
ure from time to time. In upper soil at the depth of 0-20 and 20-40 centemeters, the rate of
the liquid phase of undrained orchards was mostly higher than that of drained orchards in
spring, fall and in the heavy rain season of summer: yet the difference of rates between the
two was not much., In lower soil at the depth of 40-100 centemeters, the vapor phase of undr-
ained orchards often diminished to a far lower rate than that of drained orchards; particularly

at the depth of 80-100 centemeters, the vapor phase of undrained orchards kept the rate of
less than 10% for the most part of the year, while at drajned orchards it was only after the
thaw or in the heavy rain season of summer that the vapor phase diminished to the rate of
less than 102, .

(3) The soil temperature of drained orchards was always at a higher degree than that of
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undrained orchards; the annual average of the former was higher than the latter approximately
by 1°C. '

{4) At orchards passed over 8~0 years after the underdrainage arrangement, the change of
soil color was most remarkable in the upper scil. The I layer and the II layer increased in
value and chroma, whereas the III layer decreased in value. The position of the rusty mottles
of ferric iron moved down 20-30 centemeters deeper at drained orchards than at undrained
orchards.

(8) At the time of excess soil moisture of spring ot in soils submerged and incubated, the
amount of ferric iron was quite small in each soil layer. This suggests that in the soil of
our experiment orchards the growth of apple tree is only in the slightest degrée impeded by
the production of ferric iron. .

(6) At drained orchards the aeration rate of soil increased both in the II layer and in Kthe
{II layer; also the permeability of soil to water increased in either laver. 'The rates of aerat-
ion and permeability in the II and III layer were highef where drain tiles were buried than
where they were not.

(7) The surface soil of drained orchards increased its hardness, and that remarkably part—
icularly at the time of excess soil moisture in early spring; hence -it was conjectured that the
operation of big machines such as the speed sprayer would be speeded at drained orchards.

(8) The loss of lime was heaviest of the various kinds of nutrients lost by drainage. The
rates of the loss of other nutrients lowered in the following order: nitrogen, sodium, magnesi-
um, potasium, manganese and phosphorus. The loss of cation in the II layer was remarkably
heavier at the orchards where drainage facilities had been arranged ten years before than at

- undrained orchards.
3. Effects of underdrainage on the growth of apple trees.

(1) As the draindge removed superfluous water and lowered the ground-water level, the
roots of apple trees grew: deeper‘ than before and the number of roots increased remarkably
in the subsoil. The color of roots in drained orchards was mostly brown, while that in undr—
ained orchards was mostly black. It was conjectﬁred that the roots in drained orchards incre—
ased in activity, judging from the fact that the amount of a-naphtylamine oxidized by the
brown roots of a tree was larger than that oxidizéd by the black roots of the same tree.

(2) There was no significant difference in the time of germineation and blooming between
the apple trees of drained orchards and those of undrained orchards. But the apple trees of
drained orchards showed superiority in the shoot and fruit growth, in the trunk girth, and in
the tree crown volume. There was no distinct difference between drained orchards and undrai-
ned ones in N, P, K, Ca, Mg and Fe content of the various portions of the apple tree, but Mn
content appeared to be lower at drained orchards. . .

(3) Every year the apples of drained orchards were superior to those of undrained orchards
in yield and quality. The crop of apples was larger at drained orchards than at undrained
orchards by 20-40%. At drained orchards, the crop of good apples was ample and that of
inferior apples scanty.

4. Effects of underdrainage on the occurence of the Monilia disease.

We made research of the Monilia disease which controlled the crop of apples. The germi~-
nation rate of apothecia was low at drained orchards, and also apothecial development was
slower there than at undrained orchards. The number of voung fruit-rot was, however, so small
at either orchards that the effect of underdrainage in the respect was not clearly observed.

5. Economical benefit of underdrainage.
* The great economical benefit of underdrainage was proved by the fact that the gross income
was larger at drained orchards than at undrained orchards by 2243—4388 ven per tree.




