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197548, JbRESRERESCH D 5.5 m, BT 13 m
DE ==y A% 2HHE L, —HE L0 AKAEK,
35 —Ba P AKARRK & Uk, BT 5 ExBEHK
E L, RBREIHMoORD b2 Eix Table 1 ©
ERDTHD, HEREIE 25 cm, FI 2em DR 2 MR
LT 2mx18m O/pRBRK ) b, > & ORIEAEX
b BT

2%, 7 V&N, K0 & LTERFR 20, 3 XU 60kg/
10 7 — 370, Bi%, BiMTH x BB IEE X,
B, ENTE L EERIER AR, L0 vEB—
TvE=DL, Y UEB—» )T ATEL) YEERIEE
AR O 6 K%, ~v A2 EBHcFhFhd o
tro LB, %00 AKAMBEIX OBIEEHRIER 20kg/10 7 — 1
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T %,
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Table 1. Some properties of soil in plowed layer of experimental plot
me/100 -
pH (1:25) EC(1:5) Total Total e [0 Safurat Available®
1 C/N Exch bl tio phosphorus
1,0 KOl mmhof N%  C% xchangeable cations  gegree R
K Na Ca Mg
cm %
532 465 0.361 3.86 043 4.6 10.7 376 155 1.28 17.2 4.05 64 67.8
* Bray No. 2.
y MCEPHEE AR TE - CRKCEE L, BEN
2. RERER

TREIG, SEHR - —Fy PEBEL, =
— Ay AR THER Lize 5ABAMS5A28AFT
BRYF-THE SHHEI D M HIT - 7o o8, W
K, =ty PRBEEEIE LTV 5, B
A2Hicik 6 A 2 H, BEMXii26 A 10 BITfT» 7,
BAEEE L 5 A0F 67 cm, #ERE 36 cm, 143 15 FtkT
Hb, TRHT7THR, 5EEXMFIE L, Fav )itk
BEZHATCHE L, BRAE S 2m k) LEW

WU, ABFBRECELNS F ) B EEHI
Ll ot e B Lico ¥ v VBEITA THLREO
R1B%C2~3 HBXNEEL, HLEARGE Ui,

HHHEL B X ORI - LT, JEIRRT
RERXEL H T2 BB 10 cm OIREL X W ERER L, BT
OLIFRLE Lo LBUTEAR L, D oo it L,

F 2 VR, 1R 2 23 LB R M e
WL, HERWAER L, F8a23B 0~5, 5~10,
10~20, 20~30 cm OIFFPLFNIC, ¥ 1kg & &£ = — 14512
B L, KooK TERRCHE LR -, X<
HA L THERR R — o EEE LT, HBKS 2T
®, BHEKCEKEKOZ kL, HHD & Ak
LT pF 38 & COLBBW LR Lic, LEER O
SHHEE EHERUTOLE Y Th B,

pH: » 5 x&Ehgd:, TRIGEERE (EC): By, 7 v
E =Y AR LOMIRREEE : 2 vy o o B, A
YT L SRV T AN v BFRECEE, »
VYO aer b Uwa: BREE VY =) 75 v
—W X BIhtdk, Wil HIS) v A—¥EFF VR LB
WS, B 54> 7 VEBE AR, 7A=Y 4
T3 e,

ZOED, EROEEBORKET vy avir—&—
%, EE25 5, 15, 3bem DAL BREBEL, ¥
ORFEIARFRM 12 B 5 1 B 20 T L Bk 4 ik
a8 L,
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Fig. 1. Amounts of water applied and rainfall

of each plot during the experiments.



EHFFNEAM-FE: SE»AKRERGETCST 2HEBR, EXR, v vEBRERo LBPoEE 101

10

ton 10a

Fruit yield of cucumber

Fig. 2.

8
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Date

Cumulative fruit yield of cucumber.

—— Vinyl house A---High irrigation
————— Vinyl house B---Low irrigation

...... Field
Table 2. Total fruit yield of cucumber
tons/10 a
Fruit yield
Amount of
Fertilizer fertilizer Vinyl house
A B Field
kg/10a
20 115 9.57 9.09
(127)  (105) (100}
Sulfate
60 10.7 10.2 10.6
(118) (112) (117)
20 12.3 10.7 10.6
Chlorid (133) (118) (117)
orice 60 105 74 806
(116) (81) (80)
20 13.7 12.9 124
Ph b (151) (142) (136)
osphate 60 12.2 12.0 144
(134) (132) (158)

* Parenthesis relative, with those for field sulfate
20 plot equaling 100.

DEERECHY TS X ok L. BhikER, £54
KX 310 mm, L2AKK 140 mm TH b, HHOMKTE
B 6, 7T AemidThdiuvit, 8 AmaLigE iy,
L 8 23 Hicit 140 mm DXL ERE L. i
BRI OB EIL 456 mm TH - oo

F o) ORKRNER A Fig. 2 & Table 2 @R L
oo F 2V VRIEER #HOREELHCRERELL
720 BREEBRIIAK &3 10 7 — A7 b 10 ton HijED
IEABSH, KECKEREII v EFERR 22
AK 60X T 74ton &k, YV VEEERBRL, 2K &L
iR, EFEBER L VNEREL, BEHOXTRRED
144 ton iR Lize F = v Y ORMHINERILY 25 &
(Fig. 2), Hifg, BHE, V VBBROEZH 20K TE, Th
3, %00 A KB VD s ALK TR X 0 INBEBR ARG D & SRR
B, RARED 20 kg/10 7 — L DERFETIE, 2 A
KABRAFHX L W ETOINEW L toT 5, 60
kg/10 7 — AR ISV, BEERR, YV VR L LA
KAB X 52EHE DRDL g, HERK 042
ATK 60 Xix, 74ton LKA o & HIEIIDTeu,
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L, WESISIIICAE B OERAHD LR, %
BB s e bH b, %A K 60X 10.5 ton &
X i T W EF R R L,

BB A5 &, V) YERRER TIEDE . TR,
WML 20 kg/10 ¥ — L OREIEE Tk, 2R HE 0
ENRRH, 60kg/10 7 — VORI X Y, BEtbo v v
BHRE2ZOZCT, WIRANBET LT3, &<
2, S AKIERER 60 X TL OMFIMHE Ly,

6 4 HoABmoKSIRREE, LEBHE O pH, EC %
Fig. 3 iRk Lic, ZBE RO+ vIBEL A4 vib%
Fig. 4 wir Lice RIZENAKKED BT ThH
03, ~v A, FHEIRREETH D, FRF IR
RBhotcbE2DbRD,

HHK T EKER DG BE THH, KEO~5cm X
229 &Rl B IR L, BEBRX &
e R BB LT e Wil b SR LIcb D TH B,
ECz, BHEARR, HFEBK T, 60kg/10 7 -1 D% i
20kg/l0 7 =AM I DEE S THBD, TOEE VL, B
BRI T3k 4 mmho/em TH B O L, HHEER
12 0~10cm © & ¥ T 9 mmho/cm, 10~20 cm Tit 16
mmho/em &% L, Y YERE Tt 20, 60 kg/10 7 —
NDOWMETIEEALENRD S, pHIZ, TR
K CriaeBichich 55~60 i Ih 528, HH

pH
Moisture4 5 6 7 EC mmho/cm
content A—l———
‘00 24 6810121
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Fig. 3. Moisture content of soil and pH, EC
of the soil solution. (June 4)

BX T EC 0BT pH 2MEL, 60kg Ko 10~
20cm DFF TR A5 HR LTV 5B, U VSR Kix 20,
60 kg/10 7 — A ELFERBOBATH D, WTFhIERD
EC oE #i60z £ pH ixfEys

IR DA A VBETBR, EFERK T =4 v
FER NGRS, WRBEIEVCOTMSRTH B,
X & b TR 23 10 me/d LATF CH v IR S b
HEIT LTI ERR LT3, V) VEERK iz 7 =
d VbR, WRBENMEL, T=F4 bSO LB
HERE . HFA VHIZ DWW TR IEHR & 4 60kg/
107 - A OERT LA A vOsEnE L ftoTu b,
BB, EHEBOOX TR 7 vEaE=vasp Yy ol
EHNRZELCEL R »>Twb, —H Y vEEIR 60 K Ti3.
i 74 v OEEIEN S DODOEWEIT 10 me/f LT ¢
H%b,

758 10 § O & MBERX O LK REE & - 38sE o pH,
EC% Fig. 5w, +HBEO4F Vv EBEL1 4 v
Fig. 6, 7, 8 W Lize MiBH LD 7H0HECOM
AKERE D AKK 148 mm, A2 AKX 85 mm, Th
DGR 78 mm ThH D,

LK I AKKORE CIIMX X P LT
DEKE20% BETHB, EhAKEK, BicieE
sl C0F BELDE VETv, LBEBEKO EC
BARBHC 6 R AR I OHEINLTED, FLEBCHT
TECHAICH 5. BRES B FOBEIM LI &%
RL T B %0 AKK CRRREARIEE D X 5 ke 5~10
10~20 cm AT EC HiER-2, AKX CirERE
0~5, 5~10cm RFE LLEL - TE D, & EFRR
60 [X T3 0~5cm #3520 mmho/em 1o b Uz, BEHIX
RADAKK X WERBO EC ofFE hizdind, £0A
KE & FfEOHEMEC S5, pHIZ6 A 4H X hLE
EFLTW%, I ECDER LR Tiz5 LT
RLTWB T RS\,

EHBWEOA A VIBEIERNCHB LT vE=T A
BERA L, WEBEBEN LA LTl), ORI
IR HEIT L2 E R LT %, BERE T340
AIK, Ak, BHIRE T, ECRRIND T &
SEHYOHANLT LIeBDS, 7 =74 vrhEEEEER T 20,
60kg/10 7 — VR OTEIC K & foB i 7s £, 40 me/d
LD ORIV, WREEL60ke/10 7 ~ A AT
<, PR OB RIRE 02Tk b BEE O
ERHFEL TV D, »F+ VEER60keg/10 7 — L HEH
KC7 ve=h, H VT LEEREGLE, [4 vHh
HIAK, WEIEARE, ¥ Bt bk EioEy
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) Mineral ion concentration of zoil solution
meft cation anion me/l
150 100 50 0 50 100 150
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(cdfs0gp10°
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010
010
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48 P20
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NO Fertilizers

—t
100 50_ o 50 100
lonic ratio

Na Mn, Cak N Cl
Al M3 NH, 03504

Fig. 4. Mineral ion concentration and ionic ratio of the soil
solution. (June 4)

Vinyl house A Vinyl house B Field
, PH PH ; PH
Moist . Moistu
cgrlmfe‘r’\{e 4 5 7 EC mmhofcm tﬁgr.‘slg:‘r!e 4_,__5 6 EC mmhojem cm'en’f 4*——*———‘—5 € ECmmnojem

%0 20 0 2 4 6 8 101214 16 %20 , 2 4 6 8 1012 14 16 18 20 *20 0 2 4 6 8 10 12 14 16
soil depth ¢m

6
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20-30
9-
20-30
.- .
20-30
9:, ] fo—— ]  e— oy |
5-18
10-20 Cte0
10-20 P20
20-30
9-5 ;
20-30

Fig. 5. Moisture content of soil and pH, EC of the soil solution.
(July 10)
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Mineral ion concentration of soil solution

me/l cation anion mefl
200 150 100 50 9 50 100 150 200
activity product ' T t +
al(sa] x16°
948 520
159
0.37
1] S60
257
1.20
83 Cr20
0.05
Ck60
- [T s ——
- Na Mg
: P20
- P60

——— g
LI00 50 0 50 1004
lonic ratio

Fig. 6. Mineral ion concentration and ionic ratio of the soil
solution, vinyl house A. (July 10}

Mineral ion concentration of soil solution

me/| cation anion mey|
250 200 150 190 50 0 50 100 150 200
activity product i u
a0 0°
348 S20
068
0.40
34 S60
1.70
032
72 g 5
%? Cl20 e
I={
Na Mg CH60 Ca K NHy NO3 S04 Ct
EXETTToTTY S T = .-
E P20
P60

—_———
’6100 50 0 5_0 100,
lonic ratio

Fig. 7. Mineral ion concentration and ionic ratio of the soil
solution, vinyl house B. (July 10)
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me/l cation
200 150 100 50

Mineral ion concentration of soil solution

anion me/l

50 100 150

activity product

——d—

(o540
394 S-20 | o ﬁ; =
035 : o
041 B
14 S60
1.80
024
132 Cl20
027
o1
Ci-60
v
- Na Mg
- P20
z P60
S —
4100 50 G 50 100,
fonic ratio
Fig. 8. Mineral ion concentration and ionic ratio of the soil
solution, field. (July 10)
. Cl60
S60 o PO
Tomem© 4 5 6 7 Meise 4 5 6 EC mmho/cm ooy 45 6 7

%40 20 0 2 4 6 '8%4 20 O 2 4 6 8 10 12

%40 20 @ 2 4

soil deplh cm

vingt 318 — R
Pouse A0 e

=N

vinyl 8143

e
10 - 20
house 85730 (——H¥

Fig. 9.

TERB S i, DAV T A, RITF VT LRI FF

YDRIFNYG 2 LH TV D,

EEME 17 =4 vBEREAKEER Ld T 5, 60
kg/10 7 — L35 T 60~80% R LA T B, fislE
A4 VPERET 20, 60keg/10 7 — LA OTMR CHE h K
i, 0me/l AT THD, MWHBEIMEV-Z
LRF 27 Vi X AR BB, pH AR o
BALEERAERCEG L O s Bhbh s, F
%, 60kg/10 7 — A D EC OEWEAL TIXER T v
Eoy ARGBRERHEEL TS, 20X 5 IEERIE

—
e

. 8148
Field 19 20
20-30

B ==A
=

Moisture content of soil and pH, EC of the soil
solution. (Aug. 25)

BHER TR, TEBREEOCEISLTWERAF vicH
FELTWB, »F4 VBB ECOBWEIT1{ir+
F VDT vEZY L, BY Y LANEERETHEDL, 44
VEHETRERABAICIZ LA EEN L, BERK, Y
VERRX & b BIREA RS S R, ‘

) VEERIRIZ D\WT AR B E, PAKR TEBORES
BENET - TW58, 2N EBECfEsncn
%o 60kg/10 7 — L0 T & HRERHR 20 (X, #3EAR 20
KEATChb, FBREDOT =4 RREERKETH D
T0~80% % LbT\ B, HF7F VIR 60kg/10 7 —
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LHRERF RFHIPCRE. H 11K HF2F

NGB OERE 0~5, 5~10cm OILT, 7 VE =T A,
HYV T akED i F4 e CEWEHBIC b 5
2, SRATCIIEER, EFRIBIR & RERIGEVIER
DB,

8 A 25 HD 44X 60 Kot Hksr & - BB o pH,
EC#% Fig. 9 Wik L. =D, %hAiA KK KIL162
mm, A7 A KK 55 mm s AK LCE D, FTi
352 mm OREMDSH o7ce L BH22 MG 23 HKIE
2T 140 mm DRFZ LS L. BB O EC 117
A0 AL HEREBTET L T35, FEFRIR 60X
DERBIIEAEMEEZRL TV, BHEXIE8H 23 H
DEROFEC XD, WHER, EFR, V VBERLD
N ADEPAKE, PAKE L WEWCEC LT

Vinyl house A

Whe A AKK TRAIRHR & BT TECH
B 7eo TV A, EFHRE TREMAKKZENTH
B 0~5cm itE\ - EC 25836 i,

FIROKEG I : FEKOEFR 60 Kot HK 5ok
BFYZE{b#® Fig. 10, 11, 12 iR Lk, Rkt vy s
VA =& —DKFHEDOFAIR D EA LR B U pF (BT
RL7 Fig. 1 oA KEEBEREOHER St LT
BB EEPAKKIBAKE EbE, EES5cm, 15cm
O pF METT5, #0% 15cm @ pF R ERAL, %<
NT5cm o pF R ERT %, 35cm OFAIL6 A 250
PH2TH, 6B30HPSTALHEETFTS, Fav
) OREOIHENIEE - 7 T ALIFRE, »AKBEL2ET
bl b pFAME T LD, 3Bem O AL pF iz kR

soil depth

—0- 5¢m

6 7 T s T 9
14 22 27 1 7 12 172227 1 6 11 16 21 26 1

Date
Fig. 10. Seasonal variation of soil pF value, vinyl house A.
Vinyl houseB oil depth
_ P
30 —O- 5 ¢m
fc\ fWﬁW o 1m
> Lt poxn O 38
F o Pt Wd ey 10{ Vo
ol oYL A
A o i l\
oo 7
k L
20 ‘\‘gfﬁr
! i 4
v ]
; f?
15 g
p: — 7 — T ﬁe ————Ar 3
14 22 27 1 7 12172227 1 6 11 16 21 26 1
Date
Fig. 11. Seasonal variation of soil pF value, vinyl house B.
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Field

soil depth
~—0— 5cm
- 15
O 35

6 7
14 2227 §

Fig. 12.

LT\wb, 8 AFELIHE 5 cm, 15 cm D20 pF EH)
PRE, PAKRIEPAKC LY, £ZBS5cm 0 pF
HETF 352 15cm Oz HF KT Licv, 1ED
AKRERIOmm T TH-77 8 23H ¥ cefgichic
H» PR & AKR X hEVERR LTS, 3Bem D
IALLL 2.2 738 25 AR A1 E R LTED, pAKCX
HKOBHELB cm F TR IATHEY, EBES5cm
1228~29 R L, 15cm Ci3 26 BEZRL TS,
TH23HO»AKBEL, &2BLd pFiZEAL, 35cm
DAL 26 & 5em, 15em X VELHEB LT 5b, B
WREER & & e, EBS5cm, 15cm @ pF BMETT
B, ShAKRKEZERD, £OH%S5cm, DWT15
cm OERED pF S ER-T 5, TAFAETLRAKK X
D{E pFERR LT 5D, Z0tk 8 Adf) & Tits
B b pFit LR L, 35cm L pF 25 L L& R
L, DEknz &b, BHRRBROXIENTOF 27
V4L, %0AKK, BHX T 0~35cm OFfLicis e
D EBKGHFIATESRE T - & Bbh b, 4o
AKK T, 7HHHE CERE O~5 cm 0L HKITF]
B U WREETH b, F = 7 Vi 15 cm BT o Highy
TROLEKGEZRIR LTV EEBbLRS,

3. & 2

TR A AT 5 &, B CEEI ERL,
BB OFRE & LYY A BEEIEEOBMER TR
INBCEE, ChEITRDLRTERLI ETHSEY,
Fig. 4, 6, 7, 8 ©A A Y7 & EFEBEOTEEIERE O % 2
% &, BEER 20, 60 X T, WThoRK i EC o
RO 36\ T, T BIFIESIRAE 2.45 X 1075 ¥ W5 il &

8
7 12172227 1 6 11 16 21 26 1
Date

Seasonal variation of soil pF value, field.

O

ALTWh, KEBRCKE VT, HERRIIEE SN
WLz Y, HBEBEOLANRKSZZOh T\ 5,

VAR imeh, EEREHFO I Y Y A, =S F Y
T alg E L EREOE R ERT B lone, 1IRE
CEEED, BERLA LRIV, Y VEERIERN, Y
VEER BRI s, B TAI A LESL
C, B0 U VEEER AR L, TESTREE IR,
ESERIMEHC < 5, e EBECHEEIhD,
VEREK TR LEREO 1 4 VBENMEL, Vv
TR S MIEE R IRE 65 ppm 2R T8 &4l - 7aid,
KEF Lppm YT Thoke =5 LIERECRED

4 —
O+
=
g s
£ d Phosphate
£ b4
/a
2 Sultate e/ 7/
z 10y f
S A
3 5
° i Vinyl Field
8 ! house
157 + ,’ . 20 60 20 60 Kkg/10a
8 y | © @ QO ¢ Sulfate
= Chloride | 4 A 2 4 Chloride
"9 E ; DO m & Phosphate
i 20 .

Fig. 13. Relationship between pH and EC
in the soil solution. (July 10)
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pPPM| Mn
301 M
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e Ao A
101 ’ o
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H 9

Fig. 14.

SR oA OB, Fig. 4,6, 7, 8 DX 5, 3
BREEDXE LThbbh T3,

R L7 vE =y AREERIINBLRIER % 51 C
Wt T s L, Ffians FEOHEMDYECLE
Wb iEE LTL5Y, BiEE, v vEBRE O HE
WA+ VEEDEY, BHIC I OWMBREDOETHEK
LT3,

DFEwR, &M HXD pH, ECieowvTh5b &,
Fig. 13 &7 A 10 | o L HEHE O E OBk TR Lz,
B3 pH X EC g Y, Wi oBR T H KL
fERR LT B, Lo Lichs, HFER, R, Vv
BRI X 0 pHET OB VIR Eiss T b, £
g EC ofEV U vEERK W BV Th, ECaEWIE
EFpHIETFTLTWA2, ECHZE L EWERRK
FTh, pH Y VEEER LR 45 %R B i #F
XhTvb, AESC B TREEROERI X b pH
ET 250, 13T 45~65 DRICH B L XTIV, &
HL R OB T Ao 1488 pH iz, HEpHizh
Db b PR R SR A8 LuvvbhTuw5h, K
HETIHEEEO pHAECDOER L LB RIET LT
W,
COBOLIER D v A v ET L =y AEEDR
% Fig. 14 Wik Lic, = v vEER pHOE T &
LV ER LTEY, BEEER 60 Xt pH 45 - 30
ppm AR L7, Lo LE—pH =~ vy Vi
ENHDH, PHOETREDRWABL LA~ v ik
Btk 74 v E LTI T 5 0o, To 8w
BEifio s 54 vBEC L HEIh S LBbhb, T

ppm
204
Vinyl Fiel
Al house ietd
kg/10a
. 20 60 20 60
Chlorudep o e @ ? Suitate
&4 & 2 % Chioride
o ™ @ & Phosphate

1
1l
\
'
[}
1
1
1

‘\
1% h

w \
Y

al

Sulfate \

AN

Relationship among pH and aluminum and msnganese
concentrations in the soil solution.

(July 10)

=Y AREHEER, SBIEX Tk pH KT L)
AL, EFERE TR 6ppm &R To E b b ot U
VEERR ML oER & = L b, pH 46 DB/ BNT
HEOK L h ERECH#EREIR TS, ¥ VEBRK T
W, PHETR IR L LT A 3 = 425, BEo
V VBB T K BN, R BEN ) vERE L o T
Wl 512, LI RIREES ER Lo iTREtkA
Hbo

DER, FEBERO EC LA VB E BB Y

o
o
100+ 00///
B o
@
2 ol
o 09
fourt (o]
[=]
O 0 ©
§50‘ 8o
2 °
D
®
o) T — v T T
0 5 10

Electrical conductivity mmho/cm

Fig. 15. Relationship between EC and total
cations in the soil solution, sulfate
plot.
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250+

200 °

150- @
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Fig. 16. Relationship between EC and total
cations in the soil solution, chloride
plot.
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Flg. 17. Relationship between EC and total
cations of the soil solution, phos-
phate plot.
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Summary

This investigation was conducted to study the
effects of chemical fertilizers on the chemical com-
position of the soil solution, and their availability
and toxicity, if any, to the cucumber plants in both
field and vinyl house experiments. Nitrogen and
potassium were applied at the rate of 20 and 60
kg/10a in forms of sulfate, chloride and phosphate
in all experiments. Water was supplied in two
applications in vinyl houses in equivalent to the
highest and lowest precipitation during the last 10
years in Sapporo. The chemical compositions of
the soil solution were determined after isolating
periodically from each layers of plowed soil by
centrifugal method. Results obtained were sum-
marized as follows:

1) The ionic concentrations of the soil solutions
were controlled by the anionic nature of the fer-
tilizer used. The behavior of the anions were
recognized by the solubility products and solubility
Unlike phosphate,

there marked increase of chloride concentration

of salts formed in the soil.

in soil solution due to the application of chloride
fertilizer because of high solubility of chloride
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salts in soil. On the contrary, sulfate concentra-
tion remained constant in both the treatments.
The reason might be due to the association of
sulfate with Ca from soil to form gypsum.

2) The distribution of fertilizer in soil was
closely related to the moisture status. In vinyl
house plots having restricted the entry of rainfall
and water supply, soluble salts accumlated to the
upper layers (0-5¢cm) of the soil. Especially, chlo-
ride containing fertilizer were accumulated and
showed maximum ionic concentration in the soil
solution. On the contrary there were no marked
increase in sulfate and phosphate in each plots.

3) In phosphate treated plots, maximum yields

amounting to 12 tons were obtained, wheres in
sulfate treated plots the yields were around 10
tons, but in chloride treated plots fruit yield fall
around 8 tons.

4) Cucumber did not sufter from salt injury
even at the highest concentrations of the applied
sulfate and chlorid fertilizers. This suggests that
cucumber adsorbed the nutrients and water from
under the salts accumulated layer of soil. To
consider the availability and toxicity of mineral
ions in soil, it is important to evaluate the effective
rooting zone of which plant absorbes nutrients

and water vigorously.



