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Comparative Studies on the Chemical Composition of
Soil Solution in Land Used for Various Purposes

Part 1.

Soil Solutions Separated from Soils Used

for Vegetables in Plastic Greenhouse

Hideo Oxrajima, Hiroki IMar
and Masayuki Kovama
(Laboratory of Soils, Faculty of Agriculture,
Hokkaido University, Sapporo, Japan)
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WO EER L RAMLYFHAR THRSTh, TR0
FERCER RS, BAE TR, WO L
YRR e WD o s o Rofoddds, BREEERE VA,
w AREBEOHBIC X 5T, =0 104FERBRiH S ABNK
FIRE ORGS0 PN BT ), HEERCET5
BDbEE - TSR, FREFEIALL, WE, KFD
12 X o TSR & Sl B R C & B O R
RXNFoo EHFEEATPE L o C, WE IR
THEHRIBAC s> TET,

Wb b LR AOEOEYECHNT, 2o
#1043, EHORKSBEN OB BEOBTHL LK
WOBRBC OV TR EYRATE I, £ohT, H
M, B, MBSFRREY R 5 8o R4
F VEREOWT, TOEBYHERE L, Tl
VRBEOYRERAYE LTS BINT, —HOTAR
FRFT-TERD, FRILTOFEIHRE LT v ALH
TN THIE Uiz,
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1 TEERERLUEBRAE

TR

1976 4E6 B4 B25 8 B 5 Hie T, HIE, =4,
&%, TEL, MR, PhEo 6 MKk T, 1K 1~5
HoOBFRD v A%k JOBEOHBE»S LEAP R L
7o, LHBEORRHT, 5~6 HFIHLEF LD 10cm ¥ T
OLEFEREL, I<EALTH—KL, LD 2~3kg
B = —AEIT0w, KyOBEARE ¥FRBRELE
b, Sk L. :

TEO—BST:

— Bt E ollE i, B 2 mm Oy
UL bEE R, 43 pH DHlER X OB O
B, REEZLY B,

3 pH [ZER D AR vy o VIROEEY LD
~picdie, HH, FEY, FHI, FELY oRfrs
B LT, kO 38 Y oFETllE L., KREct
BkDEERELT, LTl ®Wib1:25 L5 X
S litEKEmz, (1) 775 ABTI5 oy & dEEL
BEREL, 779 ABE, HEEBRYHAL CRERET
1tk fiie (BB pH A), @) 2¥weA s -3 —2{FH
LCEFHEBRECHE (L8 pHB), 3) 20tk
IWSMEIRE L, WL BT 2 slis e, BB
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Wit pH & #l5E Ui: (3 pH C),

TEOBIEHEE (EC) 3, £: K, 1:5 TEH LK
LB CERE AN, BREEETC L > TRELL,
SaHiAcifA B (CEC) & Sa#abhtfsE oMl Y, SCHOLLEN-
BERGER i X b, pH 7.0 © N-BifE 7 v € = 7 ¥k
HWoanrgan, =759 a, 2, 7Y T LERL
WHEERE L L, BRESKLT veE-vAREYH - T
CEC & L7z,

TiERE:

¥ 500 g M T R R € s — AT EIRL,
BREKED 60% Koy Biwissd X 5 BEK %20 2,
Y- le ¥ CI<AE LcHE, 25°ColEREr2H
HIRHE L, Bl & Etkc pF 42  TOLEHRES %
OB & » TR U, BRIk SBH R owT

Table 1.

PHE IO ECHMEL, Fhbiuifiot#pH, £
BEC LXK LT, ZhFhsE pH, H35H% EC
L, ThLEBROAF VBEYHRY LFLL
TROFER X o CRIE L, 7 vE=7 A8 XU
JEEFIL = v = A BRI, vV A, = OxRY
v AREFENE, 2Y, F YT ARRERERE, B
BRI LYY Y AT F T X B R, HRRFL
7 VKSR X B ek ko,

2 R BRRE

Table 1 FAHIX, BEINTH/EYER L,
FEEF L 198, LEFARNIE3E ThH B, TDH DB
30 ER~ v ALETH B, BEHRELERL, =5
SRS T4 d R RRE, Flxs e

Descriptions on the districts for the investigations and vegetables

grown in the beds in the plastic greenhouses and beds without

covering of the plastic films

Soil No.
L A B) Beds Dates of
Districts Farm (pf) ?ed% Wltr}; (without sampling Vegetables grown
plastic cove plastic covers
A 1, 2 3,4 cucumber, tomato, water melon,
Bibai June 4, 1976 melon
B 5 6 tomato, spinach
Mikasa C 7 8 ” »  rape, melon
D 9 10 tomato, water melon
Kuriyama E 11 12 June 14, »  tomato, melon
F 13 14 tomato, cabbage
G 15 16 melon, melon
Yubari H 17 18 June 14, »  melon, melon
1 19 20 melon, melon
J 21, 22, 23 24, 25 cucumber, b. h. lettuce, tomato,
rape, b.h. lettuce
Sapporo K 26, 27 28, 29 July 28, » tomato, rape, cow pea, cow pea
L 30, 31 32 cucumber, tomato, green pepper
M 33 34 cucumber, cucumber
N 35, 36 37 green pepper, spinach, cucumber
O 38, 39, 40, 41 42, 43 August 5, » celery, tomato, green pepper,
celery, spinach, celery
Date P 44, 45 46 celery, tomato, lettuce
0 47, 48 49 tomato, water melon, cucumber
R 50 51 cucumber, water melon
S 52 53 tomato, squash

B OBARKED 60% (BKK) OKSKECEBEERY R CERVRIC oL T,  BAEKRE, 0
80% K4y G ff TR L Aoy A FROB O L S8V BOREUR 0 K5 S b i1 5 BiC 508 L /2 (Table 2),
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Table 2. pH and EC of the soil solutions
Soil No. 1 3 5 6 7 8 11 12 13 14 15 16 19 20
Water contents 255 255 288 288 276 276 265 265 209 209 197 197 154 154
at sampling (%)
Soil Sgg“ion 56 49 57 60 67 48 62 62 57 52 52 57 53 60
Soil solution
EC (mmbojem) 16,70 5.88 416 0.89 301 455 4.06 133 182 918 143 337 631 052
Soil No. 23 24 26 27 33 34 35 37 45 46 47 48 52 53
Water contents 272 272 272 212 250 205 205 205 230 230 199 199 188 188
at sampling (%)
Soil Sgl}‘fﬁ"“ 48 48 53 56 53 55 54 53 57 65 48 52 52 51
Soil solution
EC (mmbo/em) 219 737 244 638 211 714 235 75 618 585 185 503 11.2 431
Notes: Underlines show beds in the greenhous (A)
cations anions
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Fig. 1. Ionic composition of the soil solutions

(Figures indicate soil number)
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Cation ratio Anion ratio

%100 50 0 50 100
@ Eoooo]

3 B oooDNN H

® B oohN N

6 Boo\ N

@ BoolD>S

8 fool SNSNNNNNE
QO @ooooL H
12 foo o[ N\ AN

©@ BboooN N:

12 BHoo oo\ N

© BooooNNNNNH

16 B ooos NN\

@ BoooolNNNN\N\H

20 foooo N\

@ BooooRNNNNE
M TTTINNNNNN=
2] TTXNANNNNN
M TOINNNNNNYE
® Booohonn

Y TTNANNNNE
G) BhoocoolN
37 oo oo NN\NN"H]
@ Eoooooo N\

15 Booo ool NANSE
D) &ooooook\

P TIANNNNNE
62 Booooo i
53 200NN NNNNT
ENN=
Na Mg Ca K NHgN NOZN 5048 ]

Ionic ratio of the soil solutions
(Circles indicate A)
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Fig. 3. Suspension effects on soil pH (A : Soils
from the beds of plastic greenhouse,
B: Soils from the beds without the cov-
ering of plastic film)
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Fig. 4. Relations between soil pH (1:25) and
soil EC (1:5.0) (A: Soils from the beds
of plastic greenhouse, B: Soils from the
beds without the covering of plastic

film)
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Fig. 5.9 Cation exchange capacities and exchangeable cations

in the A and B soils.
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Fig. 6. Relations between the base saturation

and soil pH (symbols are the same as
Fig. 4)

(Circles indicate A)

W F A AR (CEC) b5l » 54 v o % 6
% Fig. 5 Wik L. AT, Bt NEf7 v+
=y AMBEEZ L > T LT 4 v E Lk
», TOPRIKEEY S EETRhTVWE,

INETHESBEIR T B L 5 45, A7 R
HIBIBE S FA v EEHLER, Ho X5 CEC &
A%Ed LR ThUEFEEL N5, —HFEHiL Tt
F A v CEC ot U TR BN S\,

O BIEHAARE & 48 pH oBfR% Fig. 6
KR LT ~ 7 ALEIREEME 100% # L Tw
A5, BHALEIRARICHD, Lol oH iz~
A, BHAEHEE B 45 0L TO0RSH L TR bh, 13
pH MM L oBIRIE,  WTThh B ER %
FLYoF (R dAN

% =

A~ ALERHER AT E Ol BRI, £ K
1:250 pH &, 1:50 ECHEWSRB Z E4%L,
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RO BB 5 -3 o pH, EC &, Thb OB 300
) . o ~ o r
%%&56&5’ ¥F Fig. 70kt BC & i EC until 10mmho/cm v®
DOBRIRA IR Uiz, AN X o CHIERE R O K y=11.6x-1.78 r=0.98
GRENC i tew, 1:5 KK OLEH R | whole regions
e s %Z . 250 V100827%10 83x-2.58 o e
6%ﬁ$°i: %U/&y :ﬁ(@i{&< 2 12 %ngﬁéﬁ\’ r=0.99 v ‘//
HRETIR2T8fF LB, AR LK HRD o o e
1A VREOBRL, AEREDEBEILADOBERSY 200} . e
WD C RS ®), EHERRCBRE TR _ o w7
2%, Fig. 7 mbHEMT 5 &, HHE K O BC 24 g s/
EC 0348 10~20 {1 o725 & b B 150} o,
" /
O ER AR D EC & » F 4 VIEE* OBy Fig.  § o oa
e | |
iRl EC ensA vREOHKCOVTIE,  Sqp0t o
WILCOX), MACNEALY B kp, +EoKEHE, %
N
MK, EERERECOVCTRBRAV R R Eh TW o
" \
%o AFEHTI2EBIEE D EC 310 mm ho/em % T 50} g,#‘
1% FF VIR (me/f)=11.6 EC (mm ho/em)—1.78 (r N
=0.98) DBFEMRED SN, Lidi-TEC 210 mm G . B
ho/em ¥ T3, 775+ Vi =EC x 10 DBIRRIO Sk Y 5 10 15 20 25
DI E LB B, 10 mmho/em R4 B R EC mmhoscm
DNTOHFF VBB Z ORNOHEEZIWAEL D D Fig. 8. Relations between electrical conductivity
and cation concentrations in the soil solu-
— tions. (Symbols are the same as Fig. 4)
sem (1 :20)
/ d
/ 300}
25] / A(1:10)
/ v Pl
,4/ 4 /// 250 4
2OW / e
3 vooe
% 15- ST Ao .
o / Z e < 150
w v, v // 3
10 //v ﬂD // §
y s N
v/ 7 2 100-
N z
ol o}
o Z 50
t'/
0 T T T T
0 0s 10 15 20 mmhog
EC WATER EXTRACTED SOLUTION 0;) 1 1v° 1.5 2.0 2,5
Fig. 7. Relations between electrical conductivity EC mmhe/em
of the water extracted solution (soil: Fig- 9. Relations among the electrical conduec-

water; 1:5) and of the soil solution.
(Symbols are the same as Fig. 4)

tivity, nitrate and sulphate ion concentra-
tions in the soil solutions.

* RELerF A VIRE
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Ei B, Fig. 90 o EC LR % X OBk
EOBIRELR Lz, WRBEZECOKEVIDIRER
W BB A, FEREEX EC 238 mm ho/cm LA EC
1135 me/f iz R TRIT Bt i o T b FERITA
BE L7, RO H Loy A, HEEOTEBERETD
VITRRAIRIE DS 26 me/d T &, R OWMHERETE
Ko THEY, HEEEN—CRECHEIR V5D
WEEFOARCERT D EE bR 5, Tihbb,
EC ok &\ HBEW T3, B A CasSO), MgSO0}
TEDBEME Il A & vREERL, 44 ViREWRT

§
(W]
T
o 6 L] b .A‘A
5 ¥
= oe &
3 v
-
@ * K
— v
e 4 y=0.79x+0.96
r=0.96
4 5 6 7
soil pH

Fig. 10. Relations between soil pH and soil
solution pH.
as Fig. 4)

(Symbols are the same

T LBKGHEDOHAIMET Lzt Bbh b9,

D ER A pH L AW pH oK%Y Fig. 10 iR
Lize CHETAYALBECE, £33 pH PMEL THeE
WRESTATTHEIOFM & LT, L pH MBS
FTh, BEAELTH 3 LI oH i s 5
EEZLRTWED, Tiob bR ERC X » Tt
P HNO; T 528, HT 44 vidk mE Mo
AN G AA KV ESTHL, TOBRIBER Iy
YT A KV EREEA A VISR ET A b
%Y, ZERRORKHECECIRBC R To 3
EVvS, L L8 pH OJIER i3 BB EC X » T
st HY dliEShs o s b, +38 pH 24805
WpH X b 8L 7ed LHBEIh T\ 3,

R THE Lo~ v 21803, B L Fifcd s
B oH 23w iR T b oid (, ki pH L v
EOHBE R L5, HIBRO S Vo T A LT
BEOBGRE A5 & (Fig. 11), FYEEEES 50 me/d ¥ it
AN AERIELLRFELTCHBY, Zhl o
B CRASEREE R LT, Iy ABREREL I oT
Wh, LA E I L YT A, < SRV LERED
FCERHBERAED LD, +HEER D pH & EC o
BafRE 25 & (Fig. 12) 185w EC A4 T
PH R 6 LI EERT v ALBAHD LB, —BRY
Ak~ A, T S B o EC 1k pH 4~5
ROEV pH BiRic B0 LT 5.

mey,
250+
c
2 2004
!'ﬂe/I ®
a2
€
@
2
S 150+ v 8 1504
- 4
= o
< =
€ 100 *+ 1001
8 o
®
O 50 501
o 3 T T — ) 0 T T T T T
0 50 100 150 200 250 (0] 50 100 150 200 250
NO3 concentration meq NO3 concentration meA
Fig. 11. Relations between nitrate concentration and calcium

and magnesium concentrations in the soil solutions.
(Simbols are the same as Fig. 4)
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DOHIEERD 2, HEEY s\ Ch 48 pH AMEL T
L EBEE O pH AP HAT 2 R TR b hioh -
too HBBWOKEED FR &b pHIZET L,

mmho/cm
25 A
v
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20 A
(&} v o
w Q
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n o v
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Fig. 12. Relations between pH and electrical
conductivity in the soil solutions.
(Symbols are the same as Fig. 4)
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<Y HVRTNI =y AERET LR LTV, Kk
R sLEER pH L=vH Y, TA I =Y AEBED
BafRiz, Fig. 183 ok, =v# i pHSBS LI T
AWCEBEN R L, 7 =7 AR pH M50 X biE
WHEAR CBELS LR LT 5,

FHEERINC X » CHBEEIS TV S = afFd v
BERMACEETZ LA TV BEETHS,
& waat HY 130 0% BN i Db,
b7 Y 7x E DRI & - Ci3cHed, T v
=9 ADYRIICEERL, ZOIKG R X » T HY 23
LT, EOBRMC X » CHEFRKR pH 2MET 35 &8%
BRI T 5B2M, JACKSON®) [ZZDT N3 =T Al 4V
DMAS B L5 H OMBESEE 711 -6 4 ¥
BEY AL F VOMKIETHDEMRL B,
RICHBURG, ADAMS?) &3, 8icigfbs v, Eikh v
2T AR PRI UCHIR Lo H3BiAKR © pH ik AL(OHR+
DKL E G ERE LTWB, 5Kk BACHEY i3,
S48 pH 12 ABT OIMKSIRE Lo TEUEHY 44
X, T ANOH: OB MER Y » THHIsh
B0OTHL, FHEEMD Ca?t iw X5 Al o BER
CE - THERERS LTy 5,

oL, LB imBE o pHigEmE, S
BBETIHEXOFPT, BEEEC LR LT,
FEBWC AR E RT3 = AMLEHA KSR X
H, HY 2T a7ew, ~v Atk SEEREEL
e, BB pH AR T T2 LBbh5,

ppm

[ 71
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T °] -

T 4 v
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1W a g‘ [y
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pH

Relations between pH and aluminium and manganese

ion concentrations in the soil solutions. (Symbols are

the same as Fig. 4)
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fel 48 pH iXHIERE D AR vy g VIR X - T

LB pH BB BEAMNH B, Fig. 3TRLELX

51, KFEFI TR AR vy 3 VIBRIATSBbR
Tivb, Lanl, £8ipH &8 pH 2L T4
% & (Fig. 10), £ pH 23185 pH X 0 bR V-5E
BB, Dz ki, b 125 FfETIRRE
T X DB EL ey (Fig. 7), KFAA Vi
EORERGERY A vy 3 vRRE LB EE L
bbb, VIR LTH, Kk Tt o ME-A
T3 pH 3@ & W OO BFER AL R, Mt
B pH o2 pH X 0 HEVFITLREDBhT
Wh,

+38 pH & HIEWE pH B+ 2Rk 0 AR L ARE
BROR—FL, — ot BRIk BlELRH %
bOLEEEINDS, I pH EL TH, HEEWK pH
AR Lo BB E o, FERENEEETH
h, ARTRELETHS, EEEOHEOARL:E pH
PMELTHHEER pH NG W2 EE G LR D T
b, ZOMBECOWTIIKRBCREDTETDH B,

4 E #

FRAG R T 5 LBER O 1 + AR s+
5HHT, AR TEAT AOLBERE AN, Tihob
LitEEEOEHE, =%, 5%, EHl, iR FEuEgo
19 DB RN G -~ v A 30 55 & B 82 U iE ik 3-8
23 HEHWML, WOKRC X » THR Lic 3 BIsR o 1 +
AR E oA T, B ERkoR
HThs,

1. ~w 4o EC(1:5, K) 3B oL
TE <, 1.0mmho/cm #8254 DREHL, kit
2.0 mm ho/em ##i2 5 DD o7z, BHILHIKN
21.0mmho/em LI FCHotc, pH (1:25) 13-~ 2
38, BB BRI IR L, 45 0h T1 ey di
LT3, ~7ALBTIIERARE? 100 22 % b
DI,

2. A~y ALE, BMALEYE CCHEBRROT =4
vOEEIIEEA A v ThHH, ECOEVH DT 70~
80% % L 250 meff T ~v AL BEBRDO I,
BB A 4 13 35 me/l & B, chiVEEEDOLD
WD ol HFF TR 2MHFA vDH L
VUL, RITRYTANEL HFF VB D 0~80%
BLOHTWD, IflirFF vh7 ve= s BEEL
S5me/l B BHIIEDONIL o7, BV T4, -
FY Y LB 20 me/l TETADDOND o1,

3. BB EC & A4 vIEED B R 1T me/f=
—258+10.83 EC+0.052 EC2? (EC: mm ho/cm) DR
Ll T o

4 A~yALEEETLHEMEHEEAR L8pH
& s pH il W IEOAERIRD b hic, REK
PR E 2y 2T LS 11 OBk e,
7 AT pH B 2Y, HEEEH oH ik fhE
AR T BRI R 5 2 LR o1,

BB AREXRRTHhY, FROBEY,
BB el duiEl T R REARE  E TR R
£ (BLENBERRD), MEBBEHA, SRRPRERY
RERFT WAAMER, B R e R HEM
K, fREEERK, WAEFK, FEREMER AR
BERRERIT RO, SRR, TR
EUREFFH BWIEFK, RNFERS JUHEEREK
DEMCER U THELER LIV,

5 B X M

1 g — AT #: LBERCETLWE R
SRR, 96: 54-72. 1970

2. CAMERON, F. K.: The soil solution, p. 1-136.
WILLIAMS and NORGATE, London, 1911

3. ME W EWREK-LATE: #ERGTCRY
ZLEEKSOBBL v vOLEE - INE (B 1H)
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Summary

A series of experiments has been conducted to
compare the chemical compositions of soil solu-
tions separated from soils used for various pur-
poses, such as soil from plastic greenhouses, fields
for upland crops, tea gardens, forests, or grass-
lands. The results of the research on the soils
used for the beds of vegetables in plastic green-
houses are presented in the paper.

The soils were taken from farmers’ fields in
the districts of Bibai, Mikasa, Yubari, Kuriyama,
Sapparo, and Date, Hokkaido, and consisted of (A)
30 soils derived from the beds of plastic green-
houses used for vegetable cultivation and (B) 23
soils from the beds for vegetables without the
covering of plastic film.

The chemical composition of the soil solutions
obtained from the selected soils were determined
by the centrifugal method. The results obtained
are summarized as follows.

1. Electrical conductivity of the A soils (EC:
soil water ratio 1:5) was generally high and most
of them registered above the value of 1.0 mm ho/
cm, while some of them reached more than 2.0
mm ho/cm. On the other hand, the B soils regis-
tered less than 1 mmho/cm in EC. The pHs of
soils were distributed from 4.4 to 7.1 throughout
the A and B soils.

2. The dominant anion of both soil solutions
was the nitrate ion. Among the A soils having
high EC, some soils showed 250 me/¢ of nitrate
The sulphate of the soil
solution did not exceed 35me/f in concentration
The
dominant cations were calcium and magnesium
throughout A and B soils. In both soil solutions
the divalent cations occupied 70-80% of the total
cations.

3. The EC of the soil solutions was ten to
twenty fold that of the EC of the soils. The
empirical equation of the relations between the

ion in concentration.

because of the gypsum formation in soils.

total cation concentration in me/¢ and EC in mm-
ho/cm was as follows.

Total cations= —2.58+410.83 EC+0.052 EC2
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4. Previous studies have suggested that even if this was not the case: where the pH of the soil
the pH of the soils is acidic, the pH of the soil was acidic, the pH of the soil solution remained
solution will be neutral. In our analyses, however, acidic.



