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Distribution of Plant-Nutrient Ions in Soils Used for
Vegetables in Plastic Greenhouses

Ryusuke HaTano, Hiroki IMA1
and Hideo OxajiMa

(Laboratory of Soils, Faculty of Agriculture,
Hokkaido University, Sapporo, Japan)

L. B LMK E

AN ARBRIRRBEENE TS L ko TEVE
BEEYHT I ETHLDTH Y, LHEEEORK
EFRDDHILDVERCSIBOREATSH D, LrHNE
DENAFYHEE IR D, Y AR TIRIARKEL A
KELVEVOPEFETH DY, BREChics %58
BEP BB ROBERRE X Y OBRERERT v~
FTCERIRDTLBEL OB L VBEIA T,
312, Zhicfb R L 5 KRS X B HEIER
HOHREXABE LT SRAD IR T ELSY,

Linl, -~ AL 5K L ESOBEERITE
ELT=AF, HPRICREBCHSISh D 0w, L35
WORIEBSEERBMEINILBAHADI E, dR1D
5 haficp T COBHEC B TARE—RE L 8-
T3 EFHESh, BEERBREYME ETo—2D
S e T B,

APFFL, O X5 RRKEIERS O AR ORI 2 7R

EL, TOBERIBEL, ~vAQEEEEO—ET
BT ERENRIT o1,

2 BEAE
L) BENDZR; 19774, LR (Sa), =% M), E
W (Ku), &% (Ub) D4 AFD 7 AHHELT, fF

YOEBHEIICTE 41T »72 Table 1 1t~ 7 A4
R lic, KB, F-v AL LB E UTORIBK
ZRBEEL, LR EFYEBCIL U TENAKD
EBIBE LTH S B OBIEY B TORERATH 5,
Fig. 1 w54, =rFOBARERLL. FTUZEE,
15~25cm OF S RTH 5,

2) TEEHOFENSE; ©€B#H = VX (Fig. 2
X, SRk shEchidLEYE X 0~1, 1~5,
5~10, 10~20, 20~30, 30~40 cm ¥ TELE L1, HLIR,
Z%o—FoReh, TRIAEBRCERTH - ke
L TEih 5, FREBIKGPEE, BELLUED
i pER L,

Table 1. Plastic greenhouses investigated
Distri L . Cultivated S .
istricts ~ Abbreviation Formation years Vegetables Irrigation Top dressing
Sapporo Sa Moved 2 Cucumber By hands Non
. . . Tube at five Once per two
Mikasa Mi Fixed 5 Cucumber days intervals irrigations
) . Tube at four At time of
Kuriyama Ku Fixed 5 Tomato days intervals irrigations
Yubari Ub Fixed 5 Melon Tube At time of
irrigations
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T, SERBRVIE T ALE O, REOBRR
AN SHB b, K% 80°C TR L,
%, R I100 R X AR OLBRS MK DI,

3) LTHEHHOAWAE: L pH iz LI 1:25
KRB 7 5 ATEMB: .+ L 5 kI INEE SUEAR
(1:5 EC) 3 RHMBEREER I LD, 1:5KHE

Mi
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(=]

10
020
30
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L cm
Fig. 1. The types of the ridge and plastic mulch
of the plastic greenhouses investigated.
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Fig. 2. Outlines of the soil sampler.
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P NOT 1= v = A HEIEE, BT SOF it
AN Y A—E 5P VIR X BB, RMEA A v
1% pH 7-N-Eigefliic X 5, Ca?t, Mg+ T W %
%, KT, Na® gk,

F 1AL O— DRI & U TR L KSR D
THEEW S, 15 KM & TR EZ & Lok
iz oW, pH, EC, NO3, SOF %4#7 L7z,

Zoff, CEC 13 pH 7-N-f&ic L 5> a — L v~
H—th, Yiit1:25KCliiia!, NaOH e X3 8%
e LHEBERE, ABEs it EOEOMAE
i kB pF-Ko BRI, pF 0~1.8 (KLILIR), pF
18~2.7 (IBAENEEIE . BAESKS), pF 27~42 (&
RNEGIR,; HREK D), pF42~ @ERDEEFIL
B~ s 3K ORS B R, BEMEAR, Kt
TITEARMER 105°C TR LR,

3 #& 7

PETZEO—MHET (Table 2):  #LiR (Sa), =55 (Mi)
R, B (Ku), &3 (Ub) iz rh ZhKILK B3
OFHTH B, B iIHiL GBS £<, CEC dk&
Vo LS A, Ku, Ub @ K (UL ¢ pF 1.8~27 DK
BENEEIEAL L, Sa, Mi #4347 <, pF 2.7
M EOBEENEESILER S, Dz &0 b FBAKE R
Ub>Ku>Sa>Mi DIEE V- EHEER I 5%,

], 1Kk, 1:5EC O4% (Fig. 3): LBASI
LEEDRL, TBERS . Hosndh s ot Ku T
I{—F% LTk, Ub CLEUOEE wH B, Mio
KADAEC LIROBERR - EHEEIhS, Ll
Sa CiifEERE O0~lcm) #BUTFOLBTRELT
BHEThHY, TOBREHTETIZRV,

KOBEFEE LT\ 1:5 EC D43AfvE, B
e d s LB cE, Ko, Mi Tzof s L {8b
hTwbd, Ub TiR2AD A Az g hicfiEot
BTECOETHRRBZ Y, TRCA» > TERE LT3,
Zoz &k Ub OoFKEARIFC, HAKBECEES
FIRE BT bR LT w5, Saix EC o5
EAROLA & OFEAFRO LB E Rie b, ik EC 23
1 mmho/cm LA E®D 0~10cm O JF4 X3 T, 10cm Bl
TotBieiy,

1:57K& % NO3, SOF” D4 (Fig. 4): NO3, SO
& B EC op i &xhin LTV %, Cl™ 0Bz NO3, SOF
CHARIT L Plnds, ThbifbellEE s 1:5EC
it 1:1 ofERH 5 (Fig. 5), L»L NO7 & SO
OBz BR TR B, NOy & EC DB F iz
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Table 2. Some characteristics of the soils in the plastic greenhouses investigated
Districts Soil types cocnltanlt Texture pH Y, CEC
) 0 Ko (1e/100 £)
Sapporo Brown Lowland soils 31 LiC 4.9 43 2.7 32.0
Mikasa Gley Lowland soils 23 CL 54 4.9 11 21.4
Kuriyama Ando soils 16 CL 58 53 0.4 21.2
Yubari Volcanogenous Regosols 4 S 6.5 5.8 0.3 11.3
Distribution of soil pore Solid Bulk
Districts Soil types volume (cm3/100 cm?) ratio density
pF0-18 1827 27-42 4.2- (cm?100 cm3) (g/100 cm?)
Sapporo Brown Lowland soils 232 9.3 154 241 28 80
Mikasa Gley Lowland soils 176 7.3 114 287 35 105
Kuriyama Ando soils 313 14.3 14.3 16.1 24 70
Yubari Volcanogenous Regosols 295 15.8 83 14.4 32 90

irigation tube

Fig. 3.
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Distributions of roots (R), water-suction (W.S)) and electrical conductivity (EC) in water
extracted solution (soil: water ratio of 1:5) in soil layers from ridge to furrow.
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Fig. 4.
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Distribution of water soluble NOj and SO%~ in soil layers
from ridge to furrow. (The indications of irrigation tubes
and plants are the same as Fig. 3.

Ub _ NO3
-y=6.889::—'-1.04
1=0.984

¥y=5.15x~-0.52
Sa_ r=0.963 'Mi NO3
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4
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EC Yem

Relations between electrical conductivity (EC) and total
water soluble anions (T.A.) in the water extracted solu-
tions (soil: water ratio of 1:5).
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FLLEBBFRIC I . =0T & Ku CHEN T
»D, HHEREOL - NO7 (B CF #cins D
2 LT, NOy LK oBE Tl SO i
M EREU L& - TR CHEET 2 e ThHD &
EZzbhb,

LA F 0% Fig. 6): Ko oAt e
Ca?+>Mg2+>KT>Na® tH %, REEEA A+ v 0o
ik 1:5 EC ol LTk v, EE, REHL o
BE o RARbNb,

+i2 pH 05 (Fig. 7): 448 pH GEBREKL,
FTE&SEY,. Fig. 8 R34 X 5« Sa, Mj, Ub T
EC 2@\ f pH B A $ 5, Ln L Ku tin %t
D L5 eSS hT, EC o R BRI T pH A8
Bl

3. & -3

N 2L BOLBERR

AFH TR, BERIT Y AL LDCEHETHH1:5
KR X DA 4 VIBERRE Ui, ZDJHIIK
BHIEROB YL 5 CIIE L 050, Ho - BNKE
R DI O OREEEEA TV %,

Distribution of exchangeable cations in soil layers
from ridge to furrow.

Fig. 9 A BEL b EeB Ao pH, EC, &
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P DR L~ DR T, pH BB VS A DR
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SEOIEH L TRIE—ETHA, ECIIKGEDOW
I SHERBARCR D T AR, NOj7 #E I EC oZEfL
ISR LTV 58, SOF v~ b bl
1P TFrksdBml S ChbBERBLEALRED L
VoI, %< Oy AR R TR T SO
1235 me/l S EFRTH 79, foT Fig. 10 0 X5k
NO7, SOf~ O%WHHERE 1L, NO7 KAk LT
BIE—ETH B LT, SO iEmAsflcELL &
AT%. o853 © SO N ORWEh o Ca2t BE
EDBIRTRE L LTHET 5D, @ pH REEIDOEH
FEad U2 kIt ¢t SO DEREE,RH 0D,
KBIINC X DS LT B9, 02 ARELLRD,
o CHEBTREREYR WL TV AEA A Vi NOs T
BbHEVED,

DT ENLELBELSKMEREC I BRE
fEERBIWEE R RD D = LIRS R IR b,
L UEBBREATE T <, RBHEROBROTY
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—OME b £ 5. T THROKGEIL LTORE
TlxEEL D &, SO OBWELT LT THLTH BN,
NO7 (33 & A M B, FRINT T, €T
1:5 &k HHE D NOy, SOF Eessibhotut, Hio-
BAGERYACTHERRBEYHE T 0T
x5, ‘

Fig. 11 o X 5 LTHSE Lic NOy 5 & %
EoRGRr b0 Thb, REEIALBcEEThE
FEH 100cm® LEH - VIZHBELTRDLIOTH S
25, LB D NO3 BE 5~400 me/d ¥ TOEHE
Hzdotc o TIHFEL TV 5,

WAERERL BT CTHETIVI LRI abh3
LZATHBH, BESIAEERK LRYKbORD

nv.. = v v .
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Ub

Fig. 7. Distribution of soil pH in soil layers
. from ridge to furrow.
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Fig. 8. Relations between EC of water
extracted solution (soil: water
ratio of 1:5) and soil pH.
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Fig. 9. Effect of water applied on pH, EC and
NOj7 and SO}~ concentration in the solu-

tion of Sapporo soil.
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Fig. 10. Effect of water applied on dissolved NO3y
and SO} of Sapporo soil. (The symbols
are the same as Fig. 9)
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Fig. 11. Relations between calculated NO37 concentration
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Fig. 12. Relations between base saturation
degrees and soil pH.
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Fig. 13. Distribution of NOsN in soil layers.

* ll; % of unavailable NO3 in soil where soil

water suction is over pF. 3.8.
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Summary

The object of this study was to investigate the
behavior of plant nutrients in the soils used for
the beds of vegetables in plastic greenhouses on
farms in the central parts of Hokkaido. The soils
were divided into two soil groups: volcanic ash
and lowland soils. The distribution of the plant
nutrient ions was examined in the soil profiles both
vertically and laterally. Water extracted NO3 and
SOf~ were determined with a soil: water ratio of

1:5. The exchangeable cations were also deter-
mined.

In order to determine the chemical composition
of the soil solutions by analysing the water soluble
nutrients, the chemical composition of the water
extracted solutions were examined in different soil:
water rations of from 1:041 to 1:5.

The results obtained are summarized as follows;

1) The distribution of moisture in the profiles
indicated that the upper layer was dry. The soil
water suction (pF) in 0-1cm layer was generally
above the value of pF 3.8. The electrical conduc-
tivity, EC (soil : water ratio 1:5), in that layer was
very high and most of them registered more than
2.0 mmho/cm.

2} Accumulation of the water soluble salt in
the root zones was found in the greenhouses which
were irrigated with fertilizer solution. NOj3, which
is required in large amounts by the plants, was
low in concentration in the root zones while SO%~
was concentrated there. On the other hand, in
the green houses where the fertilizers had been
broadcast before planting, EC (soil: water ratio
1:5) registered above the value of 1.0 mmho/cm
in the 0-10 cm fertilization layer and most of the
roots were found in the layer below 10 cm depth
escaping the top layer.

3) SOfF in the soil solution was of low concen-
tration because of the gypsum formation, so that
the dominant anions were NO3. NOj was simply
diluted and concentrated with the change of water
applied.

4) Although the roots were able to exist in the
soil solutions in the order of 5-400 me/¢ of NO3
concentration, most of the roots were in the soil
layers where the NOj7 concentration was below
100 me/4.

5) In lowland soils pH was low in the soil
layers having a high value of EC. The volcanic
ash soil, however, didn’t show this tendency and
indicated a positive relation between the pH and
the base saturation degree.

6) The NOj accumulated in the top layers where
the soil water suction was over pF 3.8 may be
We therefore need
to consider the quantity of the accumulated NO3

nonavailable for the plants.

in the management of fertilization.



