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1986, 1987 4Eiz b Hfiading o ERER IS 0O L 308
SN TS 1 m? ORI S; TFHER % 3%
S L Feo AR ORI 1980 s fTh A T
D, ASEOREEMILIZIES — 2 o Tz,

1986 4212 id FEE O 4%SE NO,-N 3 7k#E (22 .4,
43,M/mwm g) X N Jtft s 3 Fefs (SBEfH,
7.5, 0 kg/10 a) OFF 9 AL (3 A8) %, 1987
4ailmwﬁﬁNo,N;m&%%1(419o
mg/100 g) x Nt 3 B (JEMe/H, 7.5, 15.0
kg/10a) OFH QU (2 K18 2#FhF Z?Lﬁx
7o MR E &, e NOy, N O /KHE L ha e fif o:ﬁﬁﬁéﬁ
PV INCTEIR U Tz, 283, 1986 A1 i, 1987

AW OWE THEESAN AT - 1o, BEESE AN
ﬂLﬁiilS. kgN/10a TH 529, W2 E U HE
AR L LT, KO B - 10 kg/10 a, PO, (it
1) 2 10kg/10a, A0 2200 g/m? % LB [X
Wi L 7o,

1986 420 7 F 13 11
03 m: (BEH 20 cm, BEE 1m)

ok vy w2y
WXL TFRHEL

T2 BB A, cochlivides D& THFER & BEfl
Uiz, BWORED X UCHEBFEIIROE) ThH-
720 A. cochlioides 2% 9cmdD< ~ YV IMAND CM
AL (Difco #E%D) T 26 Hf, EERTHEEL
72 fFo I 1N VST DS EARNE 40 ml D
BEAEOBISCEEL, Zn% 1Y D CHEE
L7c, BTOE LM mERAIL 2, T8
(7T H24H) SINGER (8 A 12 11) AR
DOFEARDEFTA L, PEEHNC 2R D fh
Tz,

1987 fEIXTAE & /] U ARG TR %17 - 72,
AT R L 2R TR R L 70T, A coch-
lioides DRI T >, 7T H 29 Tic#5H
Ly 972 HOUURERFIZ #2717 - 72,

2) BT 8 D EER

1987 12 LB BAMIX 00 25 1 Ml (EEK
ik, TRIE) THEEBRATTo . ARIERI S A
TAHMETH S, 1FANERD 7T H 4 HICHIR
L 7o IR OFR AR S T 1, NOy-N 1144
mg/100g, NH, N :1.3mg/100g TH- 77,
oAb i, pH @ 5.5, Truog-P,0; © 140 mg/
100 g, ex -K,O : 8 mg/100 g, ex-CaO : 382 mg/
100 g, ex MgO :25mg/100 g, MR #aA L 18
me/100g TH - 72,

PLBLK & LT, NAaAmiE 3 BB (MR, 7.5,

Okg/10a, 1AL 12 m?) % 2 RRIEFE L
WL R L 7, 70, UK KO BRI -
10 kg/10 &, .0, GHA7) T 10 kg/10a #EAL 72,

TH IR Yy (B T a—3) &
FEREL 720 TBEI (7 H 25 10) CUHEMH (8 )] 14

ED) ARSI O T AR & F84r U 7o, IEEIREIC
{ AL 1T 72,
% ES

1986 - OPRIBHC B 1 5 EEREE (Table 32)
BB b, FEIRETO IEOEIE NO,-N S atHME
#240mg/100 g BL ECik, A. cochlivides D
ML <, MRS 0%{%.0;9 winoli, L,
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Table 32. Effect of nitrogen application on severity of root rot and on the growth of spinach at various

levels of remaining nitrate nitrogen in soil®

1) Incidence of root rot and growth of spinach

Content of NO,-N Rate of nitrogen  Cotyledonary stage (24 July) Harvest time (12 Aug.)
remaining in soil before  application as
fertilizer application ammonium sulfate  Germination Damping-off Survivin Root rot  Weight of 10 plants
(mg/100g) (kgN/10a) (no./m?) (%) plants (no./m?) (%) (g. healthy)
0 133 39.4 30 65.9 86
22.4 7.5 124 33.4 44 13.0 166
15.0 164 13.0 60 9.4 220
0 139 20.4 56 10.1 175
42.3 7.5 150 18.8 76 8.3 164
15.0 130 17.4 44 16.5 117
0 140 16.9 55 13.3 128
74.7 7.5 128 16.4 27 2.3 194
15.0 119 20.4 56 7.1 112

a) Experiment at frame field of Im? in Hokkaido Central Agricultural Experiment Station (1986).

Suspension of mycelial mat of A.cochlioides grown on corn meal agar was inoculated to soil at the sowing

time.

2) Detection of A. cochlivides from cotyledonary plant

NO;-N remaining Rate of nitrogen Cotyledonary stage (24 July)
in soil hefore application as o . -2y
fertilizer application ammonium sulfate % of detection of fungi®

(mg/100g) (kgN/10a) A. cochlivides  Pythium — Rhizoctonia

0 70.0 7.5 0
22.4 7.5 50.0 0 0

15.0 17.5 5.0 5.0
0 17.5 0 0

42.3 7.5 15.0 22.5 7.5

15.0 17.5 15.0 2.5

0 7.5 7.5 7.5

74.7 7.5 0 2.5 12.5
15.0 0 2.5 0

a) Fifteen plants were collected from each plot at random.

No. of root segments tested was 40.

D& nEOEFAKETIEEEIT VAT
FNE S A BERC B - 72, — i, Table 33 55
D k5 HANET OEIE NO,-N S5 3.3 mg/
100 g &{EVKEETI, 15 kgN/10 a K OIREIH O
Fe N E R AR TET (10.4%) L7z
D, WE L UESEEKED 15 kgN/10a X (5.5,

6.19%)ICHEND R EOLRFREZ R L2, 2
D e, 3.3mg/l00g BEDREFEARET
i, EOEVRANGEIREE S oiE, B
FAt s (15 kgN/10 a) DL EOSEFEIEENLE T
B2 EWRBENT,
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Table 33. Effect of nitrogen application on severity of root rot and on the growth of spinach at various
levels of remaining nitrate nitrogen in soil® (1987)

.N03—‘N remaining Ratg of _nitrogen Harvest time (2 Sept.)
in soil before application as
fertilizer application ammonium nitrate Surviving Root rot Weight of 10 plants
(mg/100g) (kgN/10a) plants (no./m?) (%) (g, healthy)
0 63 33.6 65
3.3 7.5 94 17.6 119
15.0 92 10.4 131
0 70 22.3 125
10.4 7.5 80 16.3 126
15.0 136 5.5 130
95 9.5 122
19.0 7.5 156 6.7 128
15.0 123 6.1 133

a) Experiment at the same frame field as used in 1986.
A. cochlioides was not inoculated in 1987, because infested soil was made in the preceding year.

Table 34. Effect of nitrogen application on severity of root rot and on the growth of spinach at open
field in Sapporo city?®

1) Incidence of root rot and growth of spinach

Rate of nitrogen Cotyledonary stage (25 July) Harvest time (14 Aug.)
application as . . Survivi . i
ammonium nitrate ~ Germination Dam%mg-off Sgl\;lnvtlsg Ro%t rot Healthy plant
(kgN/10a) (no./row) (%) (no./row) (%) Height (cm) Leaves (no.)
0 65 41.5 35 29.7 19.8 10.9
7.5 68 23.6 38 10.6 22.9 12.3
15.0 92 12.3 41 13.2 23.6 12.4

a) Field experiment at a field in Ariake area (1987).
Content of nitrate nitrogen remaining in soil before fertilizer application was 14.4 (mg/100g).
Plants in 3 m per row were investigated.

2) Content of inorganic nitrogen in soil and detection of Aphanomyces sp. from spinach

i Cotyledonary stage (25 July)
Rate of nitrogen

ggﬁi;(c)iﬂﬁ; gistrate ol EC Inor(%gg/clggg))gen 9% of detection of fungi®
(kgN/10a) (mS/cm) ; : : :
NO,-N NH,-N Aphanomyces Pythium  Rhizoctonia
0 5.9 0.19 4.4 1.6 70 10 0
7.5 5.7 0.24 6.3 1.4 65 0 0
15.0 5.6 0.33 12.3 1.7 30 5 0

a) Twenty plants were collected at random. No. of root segments tested was 2.
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(Table 32, 33), MiATHTOEE NO;-N &5 15
mg/100 g §ife TIIEREMALK (15 kgN/10a) T
EOWHIRPAD SN, Thbb, FEUEXTIE
WERORENKTFTL, £FH LE -7 (PlateV
-1, 2), 2T kI, BHHERERC BT EIE
aht, Tabb, FEOEENO,-NEED
14.4mg/100g D¥%5E, EBFRWHERICH~XTIS
kgN/10a R Ti%, SIAENEEL L URE X
PR, SOEHEEBIUVEBNRET TH- T2
(Table 34), %%, FEHEORI» S ORKE
DRI & & T, i EO FE 2 A
Aphanomyces BEIC L 2IRBIRTH % L HW &

niz,

2., RILVYIDOEBIIRITTHRARRLED
58

XA &

1987 FE LB ESI P RER O R T L 2 Y v ]
YEOBS CEE % Fh L /-, #EARS O LEOML
ik, pH 6.5, EC:0.03mS/cm, Truog-P,
O: 1 39mg/100g, ex-K,O :30mg/100 g, ex
-Ca0 : 215mg/100 g, ex-MgO : 129 mg/100 g,

B4

HEZTAR 15me/100g TH - 726

MK E LT, MANRE 4 E8E R, EE,
I, BRI X NfEAE R 3 Befg (10, 20, 40 kg/
10a) DOFF 12403 (2 18, 148X I12m?) %
HEL .20 kgN/10 a REBHEX & | 12, £
izt L ¢, K,O (Him) : 12kg/10a, P,Os (&
) T 10kg/10a 2R L 72,

5H28HIcH Y VY VT ARRREL /2 R
ik 30emTH - 7o, TEIICHS & 21TV, 4 %
Fl7emic L, 6 HUBAFRES, 7
A9 Hitl#HFEETT- o0
#® R

6 A 24 HoAEBEFHOELIR, Wi OBEHEE
fEL b 10kgN/10aRicB W THE->TED, %FE
MEFRE OB OHRELHMET L7 (Table
35), 10 kgN/10 a XK CHIK ¥ % &, EBaIK > i
BOWEZRMEOMRCELBEG L, £HFREET
Hotlz, TO%k, EFEOEEICEV 20 kgN/10a
K Cix4AENEFCEEL, NEROFERE T
THOHEFRBEL DL 20kgN/10aROLEBFNE
L7, 20kgN/10a KD 10 kECTHEK T 2

Table 35. Effect of form of nitrogen fertilizer on growth of spinach®
Form of Rate of Middle growth stage (24 June) Harvest time (9 July)

: nitrogen . Inorganic nitrogen Plant Plant Weight of
nitrogen B s 2 - T an an eight o
fertilgigzer aﬁplﬁfatlon ?)?11 (mg/(c/m) (mg/100g soil) height  height L(e;(:z;es 10 plants

(kgN/10a) NO, N NH, N (cm) (cm) ‘ ()

Ammonium 10 5.7 0.20 4.4 1.4 6.6 23.9 10.4 410
sulfate 20 5.5  0.35 . . 5.8 27.2 10.8 613

40 5.2 0.53 11.5 12.7 4.5 23.9 10.6 498

Ammonium 10 5.9 0.20 3.7 1.2 7.0 26.7 10.2 471
chloride 20 5.6 0.37 5.0 7.0 5.2 25.1 9.9 478

40 5.5 0.55 5.0 17.5 4 17.2 9.4 213

Ammonium 10 5.9 0.15 6.1 0.5 7.7 27.9 10.8 507
nitrate 20 5.6 0.29 14.2 1.7 7. 31.5 11.2 731

40 5.4 0.43 22.5 7.0 6.1 29.8 10.2 627

Calcium 10 6.0 0.16 6.1 0.5 8.8 31.1 9.8 658
nitrate 20 5.8 0.35 18.8 0.7 7.5 33.5 10.0 702

40 5.7  0.55 36.5 0.9 5.8 30.1 9.6 640

a) Field experiment at an open field in Hokkaido Central Agricultural Experiment Station (1987).
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&, R > HHEEAIK > BRE > L O A 3T
BThHolz, INHDI EM5, NO;-N 285 T
LEENHEBRTILV Y ODEFICE > TEEL

{, FOMERERMHEL 20 kg/10 a L TH
L ENTRBENT, B, NO,-N 280 %EY
MR R TIRAETEHIHO 1S ORE, X
B EDFH SNz (Table 35), OERYZH:
~NT, HHpHOE FAVNE b, @R RS hL
I AT, EETHD 5, NO,-N W Hgdus
o EEL Ttz

N -

Aphanomyces 3§ D F4 % FHC X OHIHI L X
ST BEAE, BT A euteiches 12k H LR
7 ORBIRIC DO VTR IR T 5181990 KT
T v TR OFEEERR O 7o OFEHIIC
BT B EHRNEEC OV THEES T OBREER -
BHERRIC X DRI 72, 7 OFE, BEROM
B e kv v Y o OAF ST LB O
fiZ¥ET2 8, B3 L uBEFEHEFITRO LS
WEDEEDBZENTEL, OHEOET NO,
N 75355 5 mg/100 g U OS50 13 B s i)
o HTEEOSEFERMISH (15 kgN/10a) LV b
RREHD 20~25kgN/10a 2T 5, @ 15
mg/100 g §ith TRBERSE B L CLEHH» S 4
T, 15kgN/10a B3ZHTH 5, @l 40 mg/100 g
PLETigsedmghz L 275 2 2 0 T%
FEMENH & T2,

E0I, MHAEHRTREE LTI NO,-N 285F
T LEKIEE S ROB L E L fwmah
%, ONH,-N it~ T NO, -N ORI iR 5 4 5%
Wizt 2838 v GBS 1 #io Table
24), @QNO,-N 2 &HT 0%, WEEHIXHER X
TREAY VY ODEBBERTH -T2, F70,
IS OUEX Tk pH DR FAVhE <, &
HHHE» 6 1+ HEONO,-NE B MNE T2
(Table 35),

R L) gl T A e YT A WRE
YIETRSERIE T 2 = L%, Hh 58080 M8 L
TWD X ISR VY 7 I THEE T SR D T
ERMET L L, EHFOHPSATEH NO; N
EHETAERIONAEAT2 2 EHNTH L

EXIRrE D,
B2H NTARIBITHAKREGEHERINBIZLD

BhBRER

RV OLEREFICNT APRO—H &
LT, T8, BT KA BT s KR
£ B B2 EANE Z S b H
W, B THF 27 VDO LEO R b RO
BHED £ D I S MBI R O MR A O
WALBEBLORESI N SN TE Y, J OB
e, BEREOHMH AN A EHRICBEELODOH B,
Liztlo TR L G RO R Ly v (B
%, MR v v y) o-LERECT 2
HSWR O HIETE2 6 DL FPREND, & T 208,
iR LA O L & B TR0 R K& N h
LALEE T, KBEGC X 5 HIBHE 2 ER T 2
B, iR s FHSC 500N EER S,
7o, ABBHEBHEO A LS OEICE S
ndico, UHERSELE, EED R >Y
v OREWIM EE A L OT, EE L, WLEEEIRT I
BLlteo X555 0,

FIT, REICENE TR vy v OB
b LD, REOTEREICNT 2RI
A & U 7SR OB B & 2 B A
ML 7,

L. ROL YV IDORBERAREDIRIZVLELR

& hnim R
XEHE

R L O3 EE ECRIRE O g
NSRBI DHR 2 HEE T 5 1280, RERIRE
DICIRIERE & MR 2 € 7L EBIC L DAL
Jzo Table 36 1R U 7o A G IE & BRRIK & D%
72 AmlD A - 7 EBRT (3 KIE) %, 37, 40,
45, SO'CIZENET L 7 HR B P A, 2 AR
Ule TN, BEMICEHOEFEEHEL 2, &
B, B HEE U TAGBER OfE 4
EL, BB AT, Thbb, 1HDI B
SEff A LEloEE T, Ko o 16 B & 25°C T
IR L 7z,

Kz, MRS OREI (A £y b TR
NN ORKEM - 1c—5-0 > 4 B
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Table 36. Pre-culture condition and organ formation of pathogens used in experiment of Table 37

. Mediums used Days of Plates” Formation of
Pathogen (isolates) . .
for pre-culture incubation® (no.) organs
. _ Schmitthenner’s Zoosporangia,
Pythiwm sp. (Py—1) medium 7 b Mycelia
. _ Schmitthenner’s Zoosporangia,
P ultimum (Py—11) medium 7 o Mycelia, Oospores
R. solani AG-4 (R—1) PDA® (Difco) 7 1 Mycelia
A. cochlioides . O (T .
(A—K—1) CMA? (Difco) 40 3 Mycelia, Oospores
E. oxysporum f.sp PDA® 70 1 Mycelia, Conidia

spinaciae (F—98)

Chlamydospores

a) Each pathogen was incubated at 25°C.

b) No. of Petri plates (9cm in diameter) containing pathogen used for preparing the pathogen suspension

(with sterilized water) of 100ml.

Mycelia of Pythium spp. obtaind by scraping up from the colony on the medium were used for the
suspension, others were prepared from the agar medium containing each pathogen.

c) Potato dextrose agar.
d) Corn meal agar.

e) Amount of PDA in Petri plates was more because of long-term incubation.

L, 25°CT 10 HIEEE L1z, 38205, A. coch-

lioides i CMA (Difco ##) 12, %Ot RIKE
BPDA I e /2, BEE, FE
DFEEPLEBEVRD SN OHEI IR L2 b
D LML 2o
=R

rov Yy OFEZFERKE O BIEE
13, 12 40°CLAETH 5 = & 25588 H 47z (Table
37, Tkbb, F. oxysporum f.sp.spinaciae %*
B < 4B 40CTARRBMART, —HF
oxysporum 1.sp. spinaciae VI 45°CC 40~48 [ 4]
TENZTNIFBL 2o TROEDZ DS, KEGE
AR DR FCRIRE OB i BRI g (LU,
GahiE) & OFMERRIE 400CRLE, 50 FFfEAT]
BEHEINT,

2. KEBHNIBBEO T EZDEVABRYIRIZRIT
7
RER A
1) KBz
KEEEIC & 2 1B HE R, LEREELVT D
ZRRERALFH AN EIDOEEL, 351
TANEBERALT, HiRE FRI¥EI LKL
TH+HEFORFEHEOB 2K L AETH S
(Fig.10), —ic#ENE ORFHII B O FFw<
HRZEBICRsNTED, SETMEZHN 1, B
Thb, @, IOWELE LIS, GEYD
FAIKEFR L EOTIBUREMORMA, /NRDEK
B UL I NS, HIERREM O
BIZEHM1~2 b >/10a, AKEFE100kg/10
a iR TH L, AXKEFRORABENITE
BYOSREEE TERECHZ LEbATL
3, NPOERIIHBEO LEEED L 2 L 2EN
iThh s, EAMEOBEMIINY ADIELEIC
BEEELU-ERESORE L REDROFWE

“r.

" 2% 28
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Table 37. Temperature and time of heating required for killing pathogens of spinach

Pathogen Temp. of No. of days of heating®
(isolates) heating®

o) 1 2 3 4 5 6 7 8 14

37 O O O O O O O O O
Pythium sp. 40 O O O o
(Py—1) 45 o

50 o

37 O O O O O O O O O
P . ultimum 40 O C O L
(Py—11) 45 [

50 [ J

37 O O O O O O O O o
R . solani AG—4 40 O O O O o
(R—-1) 45 o

50 ®

37 O O O O O O O O O
A. cochlioides 40 O o
(A—K—-1) 45 ®

50 L J

37 O O O O O O O O O
F . oxysporum f_sp 40 O O O O @) C O O O
spinaciae (F — 98) 45 O O O O O L

50 O @

a) Pathogens were heated for 8 hours per day at each temperature, and incubated for 16 hours per day
at 25°C.
b) @ : Death, OO : Surviving

€-—=-== R el >
Mulching + Tunnel plot Mulching plot

Vinyl greenhouse

Mulching (vinyl chloride)

Small ridge (height ! ca. 20cm,
width : ca. 40cm)

Fig. 10. Sectional drawing of vinyl greenhouse where soil solarization by mulching or by mulching plus
tunnel is carried out.
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Table 38. Treatment and term of soil solarization at vinyl greenhouses of spinach in Sapporo city

Soil solarization®

Treatment® and term of solarization
at farmer’s greenhouse

. in 1986 in 1987
Covering
Material Soil Murashige Matsumoto Murashige Katsuzaki
for covering Ridging conditioner 22 July— 29 June— 13 July — 20 July—
(vinyl film) application” 4 Aug. 14 July 30 July 5 Aug.
Control - o o o L
Used Small + o ®
Transparent Small + (] L ]
do. do. — o
Mulching
Transparent Level + @
Semitransparent ~ Small + [ ] L L
do. do. - o
Used Small + o o
Mulching Transparent Small + ®
+
Tunnel  Semitransparent  Small + o o o
do. do. — o

a) Each plot was made in the same greenhouse, the area per plot was 16.2—18.9 m®.
b) One ton of manure and 50 kg of calcium cyanamide per 10 a were applied.

¢ ) Treatments were marked with @.

BEEETO LD B,

1986 - & 1987 F O E I, FLRTTHBH#EX O
BRAY A4 8ot U T & EO KBS %
fFo7z(Table 38), T4bb, Hro@RkE n &k
BB 5 M EREORAE T 5 KGR O
FHERZNR % KIGEGLEE DR, #A vk, wWEa
MORERE, BOLTHE, BLUTERBEMOM
MomE» 5B L 7., WEBM 2%k N
grreess e M T AR 2Bl E L, 2D
DRV Y 7REHREH 5B L LT, 8%
BERLC 3 2 AL BBGREFIA A2 R D L S 1 #EE L
7o 6 ATHA D 8AMAED, THHH:: 8HT
A~9BmED, THTA: 9AREED,

WEATREIZR OB Th - 72, OHBRREH
DR AR ER D AR TEW 2 &
e, BEY, DIXKEFIREEDEE L L, G

IO ORFH L fz 43I0 E 7213y 2
HAEZ 1 b /10a, AIKEFE%E 50kg/10 a fi
L7, QFHLE L UBMOBEM:: o—5 Y —
THIFEER 16 em £ THEE L 72, @ESZIT @ 5 X
#7120 cm, BAE 40 cm O/NELVE NV A V3 OFEE
BT L 7o QBEKIMER @ v AKF I HE =
NTCOEFEKRT 2 =Tk D, HAE 1~ 2B
Ty, ZOBIELE (0~20cm) 1 A»H43 108
BELTOEIEEHER LI, @7 A VAL DM
B EbE VBT 4 VABRHOWTYALTB
U= F+ 2 VHE T 7 (Fig. 10,
PlateVl- 3 ), ®LEH O ET | KGBWLERE
2~3HPREDICHHEL, sV kg
B 7o, Milts & URERRIZBRIETIC L - 7,
FEEH &2 OFEIROED TH 5, M
M O R M L UHIE @ fREHRE, e

L

L

2% P8

L. ¢
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BEOOBEAGIEERERBRORRT 5 %
HH# L T2, FIECHEET % Al vy, #8810 e DAL
B OHR & HE Lz, MBS 1IRHAYIHEO
2L D PR TABRAMEE O T IEOR
BAETEL I Fusarium JBE (ZBIHESH® T, —
MR T — X VRS T, MR - AR
Bz 777N 7 vEMDTERFRAREL
foo 0, LIBOEERTIE, iRy L5
DFECHE O HEMEYRH Y #HEL /2.

B FER O AR EOFRARD - TEME
IR 2 Bl FaAE L, IR 1GR3 & b fE
1T 700 7% 45, AT BRERHL T 13 1986 H0 9 H 10 14
L1987 HED 9 H 2 Hiz, MAGERMTId 1987 4
D8 18 Hic, BEEEtTIix 1987 F£0 9 H 7
HiczhZhWEROFAELTT> 720
i x

FZ kBN A OKIGEALH IR $ O 40°CELE
OF MR DT & LR O T O SRR
% Table 39 W2/R L7z, M LH 225 2 T
A HE (6 H290~7/3140) %
17 7oA G B o0 A & O 18 ELIRERAT 13 19 1S
M & Do fo3, BEWCTT- 7ot 3 BB Tl

WY 50 BRI TH - o, 2O L D W RRER
& b EHRHENE S NI, TP ORER
REA2SULLREB LU F oxysporum OB
BELLIEY LB, RERIREIC S 2408
DFEENRIED Lt L Db, RS LA
LB GHIERAICGE I T OBREEETH -
7> (PlateVi- 4), WLWINOREHIZBVLTYH, K
FORIRBE RO IR U 7o KBRS/ Y C 14 3380
EDOFAHME N L (Table 40),

T 72 5, FEhHR ORI Y 50 IHIATRIF
SiLToRiE (1986, 1987 4F) 8 X OBk B B 1X
b kb, HEREOL Lo IMRAREMT Y
W & 2 BBREORAETIHD ST, 4
SRERHL OO T T A % & (Table 41), =5 R4
DOFEFHFRITEUBX O 1/ 2 Th - 1z, Thic
XL, AT+ bR ARITIE, FoFESE
(Table 42) 237 {FEHGRREHOFE L vid
(Table 43) ok, TEHEFOFELHIL/ 4
TR T L7z (PlateVl-5), & 512, KERHE
W Pythium B HE W L 2 LB
Aphanomyces JEHIZ L 2 BB L THYT
H BT BB O ORRE BRI S D bt

Table 39. Integrated time of soil temperature effective for killing fungi during soil solarization, and the
number of fungi in soil after solarization at vinyl greenhouses in Sapporo city

At a soil depth of 10cm

Name of

No. of fungi at a soil layer
of 0—10cm after solarization®

! " Covering during solarization : r

?;ﬁ?ﬁgﬁ‘ method” Maximal temp. Integrated (>10"/g dry soil

cC) time™ (hour) Fungi F .oxysporum

Murashige Mulching 48 67 4(247) 0(2)
(1986) + Tunnel

Matsumoto Mulching 45 19 3091 0(8)
(1987)

Murashige Mulching 46 45 0( 88) 0(2)
(1987)

Katsuzaki Mulching 47 43 2( 37) 0(3)
(1987)

a) Each plot was covered with semitransparent vinyl film after soil conditioner application, ridging and

irrigation.

b) The integrated time of the soil temperature more than 40°C that is effective for killing pathogens of

spinach.

¢) The number of fungi and F. oxysporum were counted by dilution plate method using Martin and
Johnson’s medium, Komada’s medium, respectively.
The values in parentheses were results of control.
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Table 40. Effect of various methods of soil solarization in vinyl greenhouses on incidence of soil-borne
diseases of spinach as the first crop after solarization®

Cotyledonary stage

Harvest time

Name of Soil Survivi Weiaht of

greenhouse larization® Germination Damping-offo > VIVIE  yjja eight of 10
examined solarizatio (no./row) (%) plants (%) healthy plants

) ° (no./row) ° (g)

Murashige Control 153 8.3 62 30.3 167

(1986) Mulching + Tunnel 258 0.5 82 3.2 221

Matsumoto Control 150 10.5 90 21.0 280

(1987) Mulching 247 3.3 107 9.0 393

Mulching + Tunnel 245 2.7 132 6.1 430

Murashige Control 169 9.3 51 12.7 203

(1987) Mulching 237 3.1 74 3.4 276

Mulching + Tunnel 237 0.7 79 1.6 439

Katsuzaki Control 124 6.3 35 41.4 131

(1987) Mulching 171 1.9 75 10.0 381

Mulching + Tunnel 218 0.5 85 6.5 413

a) The area investigated was 6—7 m per row (3 replicates).

b) Each plot but control was covered with semitransparent vinyl film after soil conditioner application,

ridging and irrigation.
¢) Observed the incidence of Pythium damping-off and Aphanomyces root rot.
d) Observed the incidence of Fusarium wilt and Aphanomyces root rot

Table 41.

Effect of various methods of soil solarization in vinyl greenhouses on incidence of soil-borne

diseases and on the growth of spinach (summary)

Soil solarization

Cotyledonary stage

Harvest time

Germination
(no./6—7m row)

Damping-off Wilt
(%) (%

Weight of 10

%) healthy plants (g)

Note

Covering

Film

Ridge

Soil
conditioner
application

Control
Mulching
Mulching+ Tunnel

Used
Transparent
Semitransparent

Small
Level

Treated
Untreated

149
201
239

211
214
216

175
147

206
204

8.7 24.7 195
3.6 10.9 291
1.2 4.9 RZI
2.6 9.0 343
2.9 4.5 342
1.6 5.4 377
3.3 16.5 288
7.3 17.9 200
3.2 9.5 282
3.7 13.2 224

Average of each
plot in 4 greenhouses

Average of the mulching
and the mulching + tunnel

plots at Katsuzaki and
Murashige in 1987

Real values of the mulching

plots at Katsuzaki in 1987

Average of the mulching

plots at Katsuzaki and
Murashige in 1987.
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Table 42. Effect of various coverings in vinyl greenhouse on raising maximal soil temperature during soil

solarization
Maximal temp. at a depth of 10cm (°C)
Covering®
31 July 1 Aug. 2 Aug. 3 Aug. 4 Aug.
Mulching 32 38 39 31 32
Mulching + Tunnel 35 41 42 35 35

a) Greenhouse study at Katsuzaki farm in Sapporo (1987).
Each plot was covered with vinyl film after soil conditioner application, ridging and irrigation.

Table 43. Effect of soil solarization in vinyl greenhouse on soil microflora

Soil solarization®

No. of microorganisms at various soil layers (/g dry soil)

. . ; 1 Fungi F. oxysporum  Actinomycetes—+
Covering fol;/lg(ts/relrai]ng ridging c<>n§i(t);3)ner (x 1(;%) (x {63) Bacteriay( *10°)
(vinyl film) application™ 19 190-20 0-10 10-20 0—10 10—20°™
Control — - — 37 104 3 5 45 91
Used Small + 6 30 () 1 13 33
Semitransparent Small + 2 11 0 0 15 58
Mulching Transparent Level + 9 21 3 3 48 121
Transparent  Small + 0 17 0 0 17 69
Transparent  Small - 6 14 0 1 17 52
Mulching Used Small + 1 0 0 0 7 8
+ Semitransparent Small + 5 0 0 5 23
Tunnel Transparent  Small + 0 5 0 5 12

a) Greenhouse study at Katsuzaki farm in Sapporo (1987).

b) See legend b) of Table 38.

bitz(Table 44), $b b, MHEHKXDOIEFET
13 Fusavium BE LA ORIKREIZIE L A E5BES
nx»roiz,

Tl ROLIRT LYY OETH R M
SV T 2280 & KBELEX TIEEED s
oo OFHHH% < (Table 41), FEHFHIHH R,
@4 HEHMEFE X 41 (Table 40 @ 10 BRE), PEEH
DR E 5, QIEHORERREIZIE L A EFEB
T 20 L, MiE, FEREIZED 4 2 RE T
B L v (Table 43), #E 0, KB L2
T ERER R LY, BROTHD, O
HOREBDH L (BBIZLD),

Rz, HEEMMNC DEREORERRE A5

& (Table 41), &, TEBHE = — L DE Iz E
D FEEDOZFZRO N o lzh, HFE=—n
WERV TR IEEEORENPRL EANIK
Hot, ThiFEE= - #HERVITHHT LY
Z— VEM THE L BRI LN T, SGERE
WEOETIC L OHIEL 1~ 2°CIELHERBL 22
SIHET S b D LR X i (Table 45), K5
BB (/N D IER & 1T 78 52 o T P X O #th
Ek, NERKICH AN 2°CIE SRR L 2270
(Table 45), +EHORREEFLITFMKX TS
o7z (Table 43), 2D &£ E R TEHIX T
BFEHOTERENPPE S FHK4E LT (Table
41) o HIBIRE O RAEMFNC FIE T TEBU R EM O
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Table 44. Detection of pathogens from spinach as the first crop after soil solarization in vinyl greenhouse

9 of detection of fungi from cotyledonary plant®

Soil treatment® Plant tested™

Pythium Rhizoctonia Aphanomyces Fusarium
Nonsolarized Healthy 17.5 0 10.5 40.0
(neighboring Diseased 12.5 0 5.0 67.5
greenhouse)
Nonsolarized Healthy 20.0 0 0 45.0
Diseased 25.0 0 7.5 62.5
Solarized® Healthy 2.5 0 0 25.0

a) Greenhouse study at Murashige farm in Sapporo (1986).
Mulching plus tunnel plot was covered with semitransparent vinyl film after soil conditioner applica-

tion, ridging and irrigation.
b) Healthy :
damping-off.

seedlings that looked healthy at a glance, Diseased

¢ ) Twenty plants, healthy and diseased, respectively were collected.
The number of root segments tested was 40, respectively.

d) Mulching plus tunnel.

seedlings with symptoms of

Table 45. Effect of covering materials and ridgings on maximal soil temperature during soil
solarization in vinyl greenhouse
AP - Trat1 a)
Soil solarization Maximal temp. at a soil depth of 10cm (°C)
Covering  Ridging Material Thickness
of covering  of film 25 July 26 July 27 July 28 July 29 July
(vinyl film) (mm)
Used 0.10 40 42 42 44 41
Mulching  Small®  Semitransparent 0.05 42 44 43 46 42
Transparent 0.05 41 45 43 47 43
Mulching Level Transparent 0.05 39 43 41 45 42

a) Greenhouse study at Katsuzaki farm in Sapporo (1987).
b) Ridges, height of ca. 20 cm, width of ca. 40 ¢cm were made.
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D 3EEOEEMAL /2
KPR & A5 LT, L F L &
HNE FR OB R RS L USIEO 2 F#HT T
FELI, bbb, Ry FED 139w MO
LA LEL 2O 1/2,000a D7 7
F—Ry biZEk®D, 9B 1 HOKRY Pzl T
R b DEOHPEALID O HAK TS EEA (H
SrEkiE) &L, —HEAKEI DR WS O Rk
el (GkEE5 %) L L, o, HEARBKDN
Fic k0 T lee KER- TR a7 Fod0c
Ry b RGOTEAODSKEBEXY, 0D,
arFasl, T HKELE/IKERE S
720

A% BB R, MR 10 cm OALE I HEDS
S O v o — R &8, Ky bRl gAY
O E = — L THE L, B OHERE 2 1E L 7,
FKERIZ1987TFEO G H 15 HAAS 23 HETD I H
R, EENTIT f2e £ 72, LA IIL &
KT pF 1.5 B L o, S B0 MM &
BT o L O BIE L 2,

E, oV R OBYE L @i LD HEERG
Gis o LRI O B A HE L LER, S 1HEO
IR OMEY TH - o, PR )\R 4/2 (%7

Table 46.

SRR R TR 45
i) 5YR 3/1(%) R MBR 7+ :125Y 5/
yna 3/1, BEEHE 1 2.5Y 6/3,2.5Y 4/
2 [s]
i R

WRB L USEBRAEEBU, SR B
B TR S HERE U 72 (Table 46), &
Zxf L, BEER 7 EEIEuIThORS NCEB
WTHEHB L, E0bi, Zhsofmik
WP CIHE CTH - 7z, Thbh, St
HOERSHIEOVYHEIL 29.0°CTH » 72 DI xt
L, WEER 7 I3 1°CEEmno T, BTE
M CHIE K SRR L 2R LTk 2 &
R s, OHRGEED LOOEE At

SR HEE b o 2 1 B TR S <
BRI, R OWIN DDt dn o 12 2 ko @i

OB EISO S RE T 5% 0, [EHES
42.1% & i b OB E R F TIEBREAIA S
noiol b,

=i, PRRAIE T WL THES FA LI
<K, R, RIEHIEOELANI o e, TE
REEBOWHRE IR L EY R L SVL I L5,
[vi] -1 3 T U B D mi oKDY LR IN I % < A7AL
L, #OoSEE4 s LR Ll vwbo

Effect of soil types on soil temperature in pot test®

Three phases distribution
(%. pF—1.5)

Integrated values of max. and mini.
soil temp. at a depth of 1oem” (°C)

Soil type

Dry soil” Wet soil®
Air  Solid  Liquid e
Min. Diff. Max. Min. Diff.
. 2 145 126 251 147 104
Peat soil 25. 30 .4 4.5
cat sl -1 04 Mgy G6D 4.0 1.9 (16.3) (11.6)
Light-colored _ 143 137 260 151 109
98 i 1.6 ¢
andosol 28.5 3.6 B9 a1y U5 (5.2 (8.9 (6.8 (I2.1)
Brown lowland 138 123 252 142 110
2 39.
soil 8l o0y s 3 08.0) (5.8 (12.9)

a) Greenhouse study at Hokkaido Central Agricultural Experiment Station in 1987.
The surface of soil in Wagner pot of 1/2000 a was covered with vinyl film

b) The integrated values between 15 Sept. and 23 Sept. (9 days).
The values in parentheses indicate averages per day.

¢ ) Soil moisture weight percentage = 5.
d) Field water capacity.



46

EEZ oz,

INSDZEhs, KEERELEHWLE, 2
FEOREOLES L URKRIEO L O &+
BRI OkE S T8I, KBEUE 21T
WHY, HIR EROHETRRLR e Ebhl,

£

THEIREOHREEHNE L KBEC L 5 118
HHEILETHY, »OMRLEFTCEL D,
FEREREME T3 N7 213 b & X 0, BHBFEO B
HED W E TE OIS RIZRATHS, 2Dk
) RBFICE - 1A FI L, EE 5™, Katan 5%
BLWNES? OEBHRIFESZ DR OEA
REIARKIAT TORAD BPAELFEL T
22 ERRAEER G, BloT, BEEHTHE0O
ZIWKBHIC L 3 EEEBRAH EBbhTnk
EETHLETE I AMERIILDELT,
BWHRENRBIZILSY DOH 589, &5 ICRE
BRIZBWTHERY LY 7O HEREECNT 5K
BEC & 2 LB OKRSRMNETL S e,

EFVERE L OHMBREZELC, vy vr Y
7 DRFRIREOFEBICE R, T bbb

IHRES B SEABS R

EYERS)

PG & = ORER I 40°CRLE, 50 BRRIRT#
(B 10 cm) L HEE SNz (Table 37, 39),
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BREERMETLE, COWERIMOAZYTHS &
BErzohbd, B, 1 FIERRORETH S F.
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T, Fav YV DO5EFEDRETH % F. oxysporum
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Fig. 11.

Relationship between maximal air temperature and integrated time of effective soil temperature

of more than 40°C per day at a depth of 10 cm at soil solarization in vinyl greenhouses (in Sapporo).
The line drawn represents the linear regression Y =1.42 X—31.10 ; correlation coefficient=0.789 (p<0.01),

n=15 (fine days when the effective soil temperature was obtained).

A © mulching+tunnel (Murashige,

1986), @ : mulching (Murashige and Matsumoto, 1987), B . the days when solarization was set in or

cloudy days.
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BRI 2 TR T 5 2002 i3, BRI 25°C %
Bz, HOBOHEN T HERLETHS 2 & %5
HED T EMTE D, JhHEE TG (ERE
Bk, REREPER25°CREBALZDIETAT
Ao 8 H AT TORITH S Z Lins,
[FIRFA I KGR HART A fH A AN 2 2 L3R
IROE» SEFE LV, FEaie, MEHEY 28
BwEL, 7ATaE2S 8 B LAOFEEICK
BEANERR O —Henw L2 T2HAANSL RS
W, ZE U BARREIIR OG5 0 2 sE iz 7 A
a5 8 HoEIZ I TOIEIZ 40 HE X %4 2,
iz, ¥ 2BMOEHAEOZ YD THE
BB IUMROH»SFET 2, BTy RicE
W, BIfFIE D & RIEBREE TO T AL
HEGEEN 1 ERTch 2, 22T, ZoBIE
2BERIOKGBNIE AT 22 51, RIFOERIL
LERE LR, % O IR b B 2 28, AL
HE O T2 EFICH D  BRIYNEH 7]

Table 47.

HEL R 20T, MBS BEEEOAEI/INS VL,
LizoT, HEEEFES UOALEBEEIH 2 A
YIRS, 2L, K92 EEOEHALIE IR
KOTEWC BT 20EHE O 1 /2 TH57:9,%)
ROATH 2 e EIN5, LrL, KEE
WEBWT, b F+bralick b HE
WERAGE T RiBRRB R oNI L 2HE 2
% &, EHET S MEEIFICROE O ZEH
BERTZE, 2RV OBRBEFHITEL DL
fwmand,

B, RvLvyY oo EREC U CERL
HTHHRPIBOHONIZFARE LT, RO LM
Fzohb, OROWFESALBMEET 10 cm
PREHD, ZoLBETETRBICHAATHREDS
FRLULBWI®, HWERREEES IR T 5,
@R vy v OEBEHES 35 HAlE L Mo
FizHERTEW Z SNz T, KB ED
FREEIC LD, RESFER T 5 AN R RE

Short-term soil solarization at vinyl greenhouse for the control of soil-borne diseases,

especially Aphanomyces root rot of spinach grown in summer and early autumn

Soil solarization

Optimum

Indispensable

time Term Method climatic condition
July (middle) About 1 Soil conditioner About 7 fine days with air temp.
-Aug. (middle) 2 weeks application® more than 25°C are needed dur-
® Ridging™ ing the period of solarization to
@ Irrigation® obtain the soil temp. (more than
@ Covering with vinyl film® 40°C for ca. 50 hours at a soil

Severe disease outbreak:
Mulching plus Tunnel

depth of 10cm) effective for
killing pathogens of spinach.

Rare disease outbreak:

Mulching

a) The recommended rate of soil conditioner application is 1 ton of half- matured or matured manure

and 50 kg of calcium cyanamide per 10 a.

These are to be mixed well with soil.
b) Ridging is suitable for raising soil temperature.

¢) Irrigation is to be done, because the solarization is more effective in wet soil.
Sprinkler irrigation before mulching is to be done about 2 hours until plow layer becomes wet. Water
penetrates well into soil by intermittent irrigation.
In a greenhouse with furrow irrigation (drip irrigation) equipment, it is possible to irrigate after

covering with film.

d) The covering with a new vinyl film is suitable, because it has a high ability to raise soil temperature.
Shallower plowing than usual at the first cropping after solarization is suitable for preventing

re-contamination by pathogens in the subsoil.



48 AL BT R E AR W

THb,

F 7z, HRRO EE LI B TREERIK
HOEGFEL T AAEES D H 20T, EiLE%
BRI & B 72D I RGBS OFHEE £k D iz
v, TE»S OREFERRE L 2 ER LM<

ZEDHETH S, BBy Foxyspor-

um f{.sp.spinaciae \ & %5 x D IFOFKLEREY
THZERENE 2TV, AEEBEERD CHET %
ZENEERS,

Bz tms, HIPRILV Y YDE~Y]
BEOEBCERETIRERP I E LI
BIREONRR Y By & U EH O KGELE L %
Table 47 DE2ICEDEEHBIENTED R
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Table 48. Effect of heating and water treatments L otz Tbb, GkEL 35, 65% XK,

on numbers of fungi in soil SR O R INER TV TR 103/ g BT H

(model experiment of soil solarization, in vitro) Lt e L . o .
D, RIRE OB JiE T T8RS O ENRED
Soil treatment No. of fungi"” S o et L, BRSO SIS %K

[eating®  Sotl moisture (<10°/g dry soil)

OB, SRS O 1050 11 X108

C) weight (%) Fungi F. oxysporum ] B
/g2 TdHY, %L DHRKREPEFEL T2
a0 %? éz j (PlateVl- 1),
‘ ol o ) RSO EdD, HHEAERL T B R
TIRIRE 0§ 2 BB OH IS 508, 118
5 20 2 DEAREDE R 35% LA BTk, HEAKSG &R OE
40 5 16 ! VIZEET BB E OB RO /NS L EAUR
65 15 3
anr,
5 11 0 2. KEGBWBEEOHEDEVHBYRICKEF
50 35 1 0 B
65 ! 0 KRS &
a) Each plot was heated for 8 hours per day at 1987 42 & 1988 R4z, ALBETH A VI 0 Bl 5

each temp., and incubated for 16 hours per  #1 D5 4 BWHE 1o L T KB BAE % 75 72
day at 25°C. The integrated time of heating - N T T .

was 56 hours. (Table 49), T b t, H~PEE DR ICE D

b) See legend ¢) of Table 39. 2 IR H O FAITH T B KB PALE O FIERGIR

ORI, #EB L O T O, SR

U 7zo KEFEMLEEHARM 4 RiTET 0O JEER & FIARICHY

Table 49. Treatment and term of soil solarization at open fields for spinach cropping in Sapporo city

Treatment® and term of solarization

Soil solarization® at farmer’s open field
in 1987 in 1988
Soil Plowing Matsumoto Yanase Murashige Matsumoto
Covering  conditioner Ridging after 15 July- 29 June- 13 July 1 Aug.-
application™ solarization 30 July 10 July 26 July 14 Aug.
Control Plow o [ ] [ ] [ ]
Treated Small Plow o [ ) [ ] [ )
Mulching  Treated Level Plowless o
Untreated Small Plow ®
Mulching  Treated Small Plow [ ) [ ) [ ]
+
Tunnel Untreated Small Plow [ )

a) Each plot was made in the same field. The area per plot was 7.5m? at Matsumoto (1987, 1988). 60m?
at Yanase and 20m?® at Murashige.
Each plot was covered with a new vinyl film (semitransparent) of (. 05mm in thickness.
Each plot was not irrigated, because each field has no equipment of irrigation.

b) See legend b) of Table 38.

¢) See legend ¢) of Table 38.
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2HMEL, Z0HBOKR TV >V v OREEHAR %
158 LT, &SRB 2 ALEEBHRREN
EROLSWHEE L. 6 HTH : 8 HHA LD,
TR 8ATEED, 8B LA 9 AR LY,
MAGEEH (1988) DKBSEVILIRS THHED IS
K TIIABGEVLEEBEAE I, [ X s
BTRcEznh®h, N %) : 15kg/10a, K,0
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MAEL 720 %8, THHEERX TIRABSLER
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DL THEIRFRE L, —H, #EEEX T
IR B ELBRRS OBASE T ik 13 249 20 cm, 1®
#7140 cm D/ E Uz, KEGEVLEEYE, FERER
R SREM TR YL > Y OB R ER
BITCIT- 7%, TEMCIIHEREORE S, IX
B X EREORE BTN 2 HE L T2,
BHRBEBCBI2HEAIIROEY TH o 2,
MAASER M 0 1987 4E 8 H 14 B (FREH), 1988 4
8H25H (FFEHD, 9198 (R, Hig
ABH D 19884E 7 H208 (FEHD, sHI12H
(IR o %83, 1987 DA E T2 8 H 26

HiZ 121.5 mm OEHERCREDbLN, BESOH
AKIZEDERT V¥ Y T HENTD SN =D T
BHoORBE I TbAhro 72,

KBS OFIEE & CFE IIHIE & FRED T
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Table 50. Climatic condition and integrated time of effective soil temperature during soil solarization in

open fields in Sapporo city

Soil solarization

Climatic condition At a soil depth of 10cm

Name of soil Average Average  Integrated time  No. of days
. . moisture  max. air  Integrated max.soil of effective obtained
field Term Covering® . . . .
tested weight® temp. solar rad. temp. soil temp.” effective soil
(%) 0 M]) (0 (hrs) temp.
Matsumoto 15 July— Mulching 48 24.5 237 32 0
(1987) 30 July  Mulching + Tunnel 50 (14.5)¢ 39 62 8
Yanase 29 June— Mulching 28 22.2 222 39 23
(1988) 10 July  Mulching + Tunnel 29 (18.5) 45 89 9
Murashige 13 July— Mulching 47 22.4 296 34 4
(1988) 26 July  Mulching+ Tunnel 41 (21.1) 47 120 12
Matsumoto 1 Aug.— Mulching (small ridge) 36 26.3 223 39 42 7
(1988) 14 Aug. Mulching (level ridge) 39 (15.9) 32 0 0
a) Each plot was covered with viny! film after soil conditioner application and ridging (without irrigation).
b) Average of the soil moisture weight percentage at a soil layer of 5—10 ¢cm in before and after the solarization.
¢) More than 40 °C.
d) Average solar radiation per day.
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Table 51. Effect of various coverings for soil solarization at open fields on numbers of fungi in soil
No. of fungi at various soil layers” (x10%/g dry soil)
. . Soil layer Fungi o F. oxysporum
Covering® R : i :
{em) Murashige Matsumoto  Yanase Murashige Matsumoto  Yanase
(1988) (1987) (1988) (1988) (1987) (1988)
Control 0—10 32 62 125 5 7 7
10—20 75 69 133 15 7 5
Mulching —10 5 28 47 2 2 0
1020 14 33 80 1 3 2
Mulching 0—10 2 5 4 0 0 (0
+Tunnel 10—20 5 20 16 0 3 1

a) See legend a) of Table 50.
b) See legend c) of Table 39.
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Table 52. Effect of various coverings for soil solarization at open fields on incidence of soil-borne diseases
of spinach as the first crop after solarization

Cotyledonary stage®

At harvest time in Yanase’s field®

Germination Damping-off (1988)
Covering® (no.) (%) Surviving Wit Healthy plant
Matsumoto Yanase Matsumoto Yanase Plants (%) Height  Weight of
(1987) (1988) (1987) (1988)  (no./row) (cm) 10 plants (g)
Control 191 131 9.7 2.3 37 12.7 16.7 267
Mulching 218 141 7.5 1.1 51 3.9 26.1 547
Mulching 255 149 2.9 0 58 1.7 28.7 637

a) The area investigated was 5 m per row (4 replicates) at Matsumoto, 6 m per row (3 replicates) at

Yanase.

b) The area investigated was 6 m per row (3 replicates).

¢) See legend a) of Table 50.

Table 53. Variation of maximal soil temperature at various ridgings during soil solarization by mulching

in open field

L Soil depth Maximal soil temperature® (°C, in August,1988)
Ridging -
(cm) 2 3 4 5 6 7 8 9 10 11 12 13
Small 10 41 46 45 38 39 43 49 49 48 33 26 25
Level 10 35 39 38 29 28 32 37 39 38 27 24 24
5 - - - — - 41 48 49 48 33 26 27

a) Field experiment at Matsumoto farm in Sapporo.

DG S NI, I AFHEIC X DO, NiRE D
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Table 54. Effect of various ridgings for soil solarization by mulching at open field on numbers of fungi in

s0il®

. . . No. of fungi®

Soil treatment Ridging Soil C(.mdl.tlm:a Soil layer (X10%/g dry soil)

application® (cm)
Fungi F. oxysporum

0-5 133 7

. ) 5—10 95 8
Nonsolarized Level Untreated 1015 118 18
15-—-20 126 8

0— 5 31 0

. . s 5—10 11 2
Solarized Level I'reated 1015 1 5
15—20 16 2

0- 5 3 0

. . s 5H— 31 0
Solarized Small I'reated 1(; 1(_: fl 3
15—20 12 0

a) Field experiment at Matsumoto farm in Sapporo (1988).
b) See legend b) of Table 38. ¢ ) See legend ¢) of Table 39.

Table 55. Effect of various plowings at the first cropping after soil solarization by mulching on incidence

of soil-borne diseases of spinach®

Harvest time (19 Sept.)

Soil Plowing after  Ridging of Cotyledonary stage (25 Aug)  Syrviving Healthy plant -
treatment solarization solarization  Gerpyination  Damping-off  plants (0/1/)[ Height ~ Weight of
(no.) (%) (no./Tow) o (cm) 10 plants (g)
Nonsolarized Plow Level 108 17.9 16 24.5 15.7 46
Solarized Plowless Level 18 0.6 h 6.6 2.1 170
Solarized Plow small 116 1.1 27 3.8 215 165

a) Field experiment at Matsumoto farm in Sapporo (1983).
The area investigated was 4.5 m per row (3 replicates).

Table 56. Detection of pathogens from spinach as the first crop after soil solarization by mulching in open

field
Soil . L. Root 9% of detection of fungi from plant” (25 Aug.)
o Plowing Ridging browned" o - - e
treatment (%) Pythium Rhizoctonia  Aphanomvces  Fusarium
Nonsolarized Plow Level 30 30 0 45 35
Solarized Plowless  Level 5 ( { { 45
Solarized Plow small ] {} [\ 0 10

a) Field experiment at Matsumoto farm in Sapporo (1988).

Soil conditioner was applied to solarized plots
b) Twenty cotyledonary plants collected from each plot at random were investigated.
¢) The number of root segments tested was 20.
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Table 57. Effect of various plowings at the first spinach cropping after soil solarization by mulching on

development of weed

No. of weeds per m? (20 days after solarization)

Ridging of  Plowing after

Soil treatment

solarizati larizati Common-purslane Chickweed

solarization solarization (Portulaca oleracea L.) (Stellaria media L.) Others
Nonsolarized Level Plow 11 87 13
Solarized Level Plowless 5 1
Solarized Small Plow 4 36 8

a) Field experiment at Matsumoto farm in Sapporo (1988).

£
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Table 58. Change in maximal soil temperature under various coverings during soil solarization in open field

and vinyl greenhouse.

Max. soil temp. at a depth

Field Cove'ring' of Soil. moisture of 10 em® (°C, in July, 1987)
solarization weight (94)
16 17 18 19 Mean
Greenhouse  Mulching® 29 26 35 37 32
Open field Mulching + Tunnel® 31 27 38 43 35
Open field Mulching 27 23 30 35 29

a) Field experiment at Matsumoto farm.
b) Mulching at a vinyl greenhouse

¢ )Mulching + tunnel at an open field

Vinyl greenhouse

Mulching

Tunnel

Mulching

P
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Fig. 12. Relationship between maximal air tem-
perature and maximal soil temperature at a depth
of 10 cm at various soil moisture levels at each
covering of soil solarization in Sapporo city. A,
Soil solarization by mulching in open fields (1988).
Soil moisture weight percentage of fields tested ;
@ :289% (Yanase), M :36% (Matsumoto), [1:
479% (Murashige).
The line A represents linear regression in which the
results from 289% field and those from 36% are
combined ; correlation coefficient =0.793 (p<<0.01),
n=15. The line B represents linear regression of
those from 479% field ; correlation coefficient=10.
916 (p<0.01,n=12). B, Soil solarization by mulch-
ing +tunnel in open fields(1988). Soil moisture
weight percentage of fields tested; @ :29%
(Yanase), [[] : 419 (Murashige). The line repre-
sents linear regression in which the results from
299% field and those from 419 are combined ;
correlation coefficient=0.755 (p<0.01, n=20). C,
Soil solarization by mulching in vinyl greenhouses
(1987). Soil moisture weight percentage of fields
tested : @ 1 609% (Matsumoto), A :45% (Mura-
shige). The line represents linear regression in
which the results from 609 field and those from
45% are combined ; correlation coefficient =(.786
(p<0.01, n=19).
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Fig. 13. Relationship between effective soil tem-
perature of more than 40°C and integrated time of
that per day at a soil depth of 10 cm at various
treatments for soil solarization in Sapporo city.
The line A represents linear regression of results
from mulching and mulching+tunnel plots
(marked with @) at vinyl greenhouses (soil mois.
weight 9% =45—60, 1986—1987) . correlation coeffi-
cient=0.932 (p<0.01, n=16). The line B repre-
sents linear regression of results from mulching +
tunnel plots (marked with A) at open fields (soil
mois. weight % =29—50, 1987 —1988) ; correlation
coefficient=0.902 (p<0.01, n=29). The line C
represents linear regression of results from mulch-
ing plots (marked with l) at open fields (soil mois.
weight 9% =28-—47, 1988) ; correlation coeffi-
cient=0.913 (p<0.01, n=17).
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Fig. 14. Relationship between maximal air tem-
perature and maximal soil temperature at a depth
of 5¢cm at soil solarization by mulching (level
ridge) in open field. Field experiment at Mat-
sumoto farm in 1988. Soil moisture weight per-
centage=239. Correlation coefficient=0.996 (p<0.
01, n=17).

Table 59.
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Desirable conditions of short-term soil solarization in open field for the control of soil-borne

diseases, especially Aphanomyces root rot of spinach grown in summer and early autumn

Soil solarization

Indispensable climatic condition

Optimum time Plowing after

Covering Ridging Irrigation for solarization solarization
Mulching  Small Untreated  About 10 fine days with maximal July (middle) — Shallow plowing
air temp. of more than 25 °C August (middle)
Mulching Level Untreated  About 10 fine days with maximal July (end) — Plowless
air temp. of more than 27 °C August (early)
Mulching Small Untreated About 8 fine days with maximal June (middle) — Shallow plowing

+ Tunnel

air temp. of more than 20 °C

August (middle)

Notes 1) The recommended covering term is ca. 2 weeks.
2) The recommended soil moisture weight percentage at solarization is 30 — 50.
The suitable soil moisture weight percentage is 30 at the solarization by mulching alone in an open
field, because it has less ability to raise soil moisture.
3) The recommended rate of soil conditioner application is 1 ton of half-matured or matured manure,

50 kg of calcium cyanamide per 10 a.

These are to be mixed well with soil.

4) Mulching alone is effective only for reducing Pythium damping-off and Aphanomyces root rot, for
these pathogens are more sensitive to solarization.
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TERO2E) By R ERBEOHFETIT- 12, A
HEPHPO[RE G L OB IXEEOSE 3 &
Table 50 R L7:ED ThHD,

w R

NTAWRBFLERTRIIERREM E AL
TWRWVOT, FCABBNREIZES THEZOL
DICHET 2 MBEERSHROB(LEHRET L 72,
KIGERSAIBEAM T OMiE 13, HEE TV BB
BWTE»-> 12 (Table 60), bbb, S
DEEE L, HiFEE 10 cm T3 37°C, F 20ecm T
12 33°CTH o7z,

TEOGKEBAHEINC R TFhoLBIcs Y
T b 50%HIETH - 7228, BE DT TIT 40%
A C £ TEAKHIME T L 7z (Table 61), 7 4 v
LHEBRNCAT - 12 BRI £ D+ NO,-N
BB, TEAEBITL, F07:8, HiZRm
WiEWEE (0~5cm) ONO;-NE&&IZA 7%
Mmole IDE 7% NOy-N OI3ER OS5 HRE
WRGELEEIR I b #EFF S LT icd, KB

Table 60. Soil temperature at various depths of soil during soil solarization by mulching plus tunnel in vinyl

greenhouse
Soil temp. during solarization® (°C) Integrated time
Soil depth . of effective soil
(cm) Min. temp. Max. temp. temp.?
Min. Mean Max. Min. Mean Max. (hrs)
10 17 28 36 20 37 48 67
20 17 28 37 19 33 44 46

a) Results between 23 July and 4 August at Murashige farm (1986).

b) See legend b) of Table 39.
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Table 61. Change in content of inorganic nitrogen at various soil layers by soil solarization (mulching plus
tunnel) without soil conditioner application in vinyl greenhouse

Before solarization
(after irrigation®, 22 July)
Soil mois.  Inorganic nitrogen  Soil mois.  Inorganic nitrogen  Increase in inorganic

After solarization (4 August)

Sotl layer
(cm)

weight  (mg/100g soil)  weight _ (mg/100g soil) _ nitrogen (mg/100g soil)
(%) NO,-N NH,-N (%) NO;-N ] NH,-N NO,-N NH,-N

05 55 1.4 0.6 37 3.4 10.4 2.0 9.8
5—10 52 17.3 0.3 39 6.5 7.5 —10.8 7.2
10--15 50 16.5 0.6 39 10.2 5.7 — 6.3 5.1
15—20 43 13.7 0.4 40 12.5 2.2 - 1.2 1.8
Mean of - o = . . : = o .

4 layers 50 12.2 0.5 39 8.2 6.5 4.0 6.0

a) Field experiment at Murashige farm in Sapporo (1936).
Ninety minutes was spent for irrigation. Water penetrated into at a soil depth of ca. 20 cm.

BALE w0 NO,-N S8 134 L7z (Table RO F+ b2 2 VR C4TCE
61)o THHL, KBBMBEATICER I LD NO, Motz ARG O O GO~
NV 0~5cm D Tid NO;-N F W TL 4T%, T+ VR TIE
DIV HIFTD & e 7203, Sem I T N%TH- Tz, ks, GARLONVIIAE L
T NO,-N AL TE Y, 2o aEidtE il GOk o 5H L 7o, Table 62 (213 A
MECHER L5 ~10em DTS-z, 4 BEMLBEGT & RO RO MBS R E R OER
OV T A D &, PUEFTIC I NOy N g 12.2 %, Table 63 121% Table 62 044 MBI L

mg/100 g & - 72hY, AT 8.2 mg/100 g -~ EE s kO R BB A ek o MR HE 4R L o) It
LWV Uz, NOs-N 35 Lf’f"ﬁwt LT, HFﬂ#‘ Y!ﬁJc,Eé:’E%u/cnmL/’:o N7 A DT ERISN

BEXUMBINE Y BT AR B2 em DU RO BB L5 T NH N QAR BFE O s
TR~ NO, N O 2 m}Lto A, WA OB NI &0 BRIz U7z (Table

~f, ho NH, N & s IR 337 62), FHELCHIK T 2 NH, N otpkig, <5 #
DT BT 1mg/100 g LU TH - 75, M B TUIHET D ol o3 SHERR L 72w
BEBRINL 72, # OB 4 8OV EET A S S+ b RVEETHE Th > . Y abb, v
Y, 6.0mg/100g Tho 1z, Db, HlEAT AT HETIEHIRO EAH LW 0~5em O
CHERB U 72 iz s8 LW NI -NoOBIgEIx% WEWTOMI.4meg/100g ¢ NIH, N o
PR 2 ONTEXEIMEL Y%L %% BRDONIOIFL, TV + b RVRRT
ZEMEH oI, NH-NBEIL RRKE L EHIE O F S L2 < v 10~15 cm @ E I F 0
T, FiRgEERF OB L 25 NIL, N o4 &z, 10.6mg/100g o> NI, N O H -
EZ LN, 7z(Table 63), ZuUIHtL, HEREEM K
TG RAMAN S L OB X ERE L /2 95 NH,-N O 4R RIZ T AT RO E VI
BN 351 5 HEBR T, HEs LU HERREEN B CEENS o, ThabE, IR
M DS F S B0 2 HE ks Micdiskd 5 NHy N ORG24 o 51(H
L 77e KEBWLEHAR b O 10cm i B 5 THDE, NFHETIE5.6mg/100g THD,
RO VEERHE ECL DR, T YA F+ P AMHETIET.6mg/100g TH -
b, LFEETCEIMCTH - H, AR 720
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Table 62. Change in soil pH and inorganic nitrogen content by soil solarization without irrigation in open

field (Murashige farm in Sapporo, 1988)

1) Soil pH

Soil pH before

Soil pH after solarization (26 July)

Soil layer solarization® Mulching Mulching + Tunnel

(em) (13 July) Soil conditioner® Soil conditioner
Treated Untreated Treated Untreated

0— 5 2.5 6.5 5.9 6.4 6.1
5—10 5.4 6.1 5.4 6.1 6.1
10—15 5.4 5.9 5.2 6.0 5.8
15—20 5.4 5.7 5.5 6.3 5.5

Mean of

4 layers 5.4 6.1 5.5 6.2 5.9

a) Before soil conditioner application.

b} One ton of bark compost and 50 kg of calcium cyanamide per 10 a.

2) Ammonium nitrogen

NH,-N (mg/100g)

NH, N (mg/100g soil) after solarization (26 July)

Soil layer be.fore' Mulching Mulching + Tunnel

(cm) solarization Soil conditioner Soil conditioner
(13 July) Treated Untreated Treated Untreated

0— 5 1.5 17.8 11.9 20.4 14.5
5—10 1.5 11.0 1.3 22.0 14.9
10—15 1.7 7.6 0.7 21.7 12.3
15—20 1.4 0.7 0.8 14.4 6.5

Mean of -

4 layers 1.5 9.3 3.7 19.6 12.0

3) Nitrate nitrogen

NO,-N (mg/100g)

NO,-N (mg/100g soil) after solarization (26 July)

Soil layer be.fore' Mulching Mulching + Tunnel

(cm) sola{rlzatlon Soil conditioner Soil conditioner
(13 July) Treated Untreated Treated Untreated

0— 5 3.3 2.0 3.3 1.1 0.8
5—10 5.9 7.4 9.7 1.5 1.6
10—15 5.7 9.5 9.7 3.2 2.1
15—20 5.2 11.8 6.9 2.9 4.6

Mean of o . o .

4 layers 5.0 7.7 7.4 2.2 2.2

BB, INFHEOHMPEES cm LUF O IR S
B LB WT, t#dsko NH, N
DIRREA U s, HIHRE D NO-N il
TED, AEEScBLTI34ERKL 72 NH,-N O

—ERIFHEELRIC £ D NOs-N AZfbL Twd 2
&S phsbhiz(Table 63), —7, YEEHEG
OHENE SR L v F + b A NVEE T
WTFRO LI B LTS EEHKED NO;-N 533

. *

.

ey
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Table 63. Increase in inorganic nitrogen at various soil layers by soil solarization without irrigation at open

field®
[ncrease in inorganic nitrogen (mg/100g soil)

. .. Increase in soil pH NH,-N NO,-N [norganic nitrogen (total)

Soil Soil layer
solarization {em) Derived  from: Derived from Derfved from Derived  from
Soil Total Soil Total Soil Total Suil Total
Soil™ conditiomer” Soil conditioner Sedl conditioner Soil conditioner

0= 3 0.4 0.6 1.0 10.4 5.9 16.3 0 1.3 -1.3 10.4 1.6 15.0

5—10 ] 0.7 0.7 —0.2 9.7 9.5 3.8 2.3 1.5 3.6 7.4 1.4

Mulching 1015 0.2 0.7 0.5 1.0 6.9 5.9 4.0 —0.2 3.8 3.0 6.7 9.7

340 15-20 0.1 0.2 0.3 -0.6 0.1 -0.7 1.7 4.9 6.6 1.1 4.8 5.9
Mean of

4 layers 0.1 0.6 0.7 2.2 5.6 7.8 2.4 0.3 2.7 4.6 5.9 10.5

-3 0.6 0.3 0.9 13.0 5.9 18.9 —1.5 0.3 —2.2 10.5 6.2 16.7

. 510 0.7 1] 0.7 13.4 7.1 20.5 -4.3 —0.1 4.4 9.1 7.0 16.1

\%”i;m* 1015 0.4 0.2 0.6 10.6 94 W0 -3 IREE R 0 05 103

40 15 =20 0.1 0.8 0.9 5.1 7.9 13.0 —0.6 1.7 =23 45 6.2 10.7
Mean of

4 layers 0.5 0.3 0.8 10.5 7.6 18.1 2.8 =0.1 -2.9 7.7 7.5 15.2

a) Calculated based on the results of Table 62.

b) Calculated value : the analyzed value of a plot without soil conditioner application after solarization = the analyzed
value of the plot before solarization.

¢) Calculated value : the analyzed value of a plot with soil conditioner application after solarization—the analyzed value
of a plot without soil conditioner application after solarization.
The rate of soil conditioner application was 1 ton of bark compost and 50 kg of calcium cyanamide per 10 a.

d) The average of maximal soil temperature at a depth of 10 em during solarization.

/J/\L/’Cﬁy) WizEsiz DER L HEZ ST, 35 FIKEES + 38— 7 HERT) o0FF 36 JLEE (%% 3 K18)
, KB EMILE | ﬁ?iﬁ;ﬁﬁﬁé@ NH,-N D4R ERELT.

&oiiﬁaﬁﬂiﬁﬁﬁmHi@%%% 3¢, +3EpH WOImIEDOEY B iz21.0g DEKES %D
EEBSOTROFEE RO T LR O ST JHEEHT A 2 A, RSP OMPE L AIKEROR
(Table 63), B3 B 7 RUBR X T A1 1K %2 3 10 mg & 2K 7K
2., TEROERAEEFESEORBRICKITT EK WP LT, ¥ TR LT Toe /N —

%, BESLUVIBEUREMOZE 7 HERB IR IE YT 200 mg TINL 72, 2o ks, KSR
EEE S E Fox— 7 HEREOERIME L, 10a 4D oLHEE 100

FLRTHABXOPIE &0 R v > v IR b UREEE 1.0, BFE0~10cm) xfL THIK
DR EF MBSO 238 2 B vz, SRk 2g#: 50 kg/10a, N— 27 HEE 1 > /10a D
B OBMOERA-ETH 0, LA Oy, BEiE - EAMELTEHI L, KICHUEKXORY B
8.7%, plH:5.4, NH, N:0.6mg/100g, NO, OMERVFE=Y F 7 4 VA TEHL, 30,
N :112.0mg/100g TH - 72, it, HEER v — 2 40, S50°CICFHET L 7-fHE NI A, KEBELEE

RO oL, pH 7.5, KF (O X B oHE A A 18E L, 1 EB O RLE 21T -
8.3%, %% (N) 10.5%, C/N 116.6 TH o 12, 77o 1THDS & 8BS % LR DOERT, KD O 16
C&NECN a——Ta8 L 7, W[ % 25°CTHIMR L 70, S i iE S O ERFH

WUFRIR & LT, IiRiEE 3 L8 (30, 40, 50°C) X 156 BT H - oo Bk, EH i 8o NH,
Gkt 3 AR (5, 35, 65%) X LI EM M N & NO,-N O824 L7,
4 figk (AR, QIKEEO A, N— 7 HEEO 4,
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Table 64 12 OB R E R OB IZ K
EERE, KB L UHBUREMORELRL
7zo TEOLTREEROMINE 3, KEEWLE
FF D I IZIE VLR 3 2 ALK T% o 72,
Tab b, NIREED 40°CLLET, »oaAkEM
35% LA E DB XTI EME T 14.1~19.2 mg/
100g D, HIKEFEFNN—I7HIEX O EWHET
12.2~17.1 mg/100 g OEEIHBED S ize T D
HRREROBMOKE S 13 NH,-N O
HEOLLDTHY, NO;-N OFHG LN X 72,
HmUZNHA-NBZOEEAENHEE K
HRHEKOLOTH Y, N— 7 HEHE D NH,
N H3EO TP -7,

F3EHEO NH,-N 041, FEMROE W
TNF A+ N ANEEAREL X TS -
720 b B, MNEEE A 50°CTEKRE A 35% L4
Lo - FWERETOMMK T NH,-N D4R
BOBE L, 7.2~8.7mg/100g Th - 720 —H, &

Table 64. Effect of soil temperature, moisture
nitrogens in soil (in vitro)

4CTEAREDN BBU EDK T, TEHXD
NH,-N O & & 12 0.4~0.9mg/100g & 4 %
P, NOs-N i3 1.8~2.5mg/100 g #8hn L
2o 2O EHMS, ZORTIRAERKL 2 NH,-N
O—IRIFWEELRIC L © NO,-N ~ &k 2 2
EBRENTz,

ABIREFRHKRO NH,-N £ BT EED
B, 30~50°COREHTIIHRE Ligd o 72,
L, HBKSOZETHBICED N, T
Zht, JFBEEPEL, SKES %GBS EC
B 5NH,-NOERKEIZ1.2~3.4mg/100 g
TH > 7205, 3B%ULETIHI.1~13.2mg/100 g &
Lotz

AR L BB EE O L F+ b ANV KOS
o FRINRERMETICBT 2 NO,-N Ot
HEEbN BRI, 500CEKE 5 B L UF3B%K
T#HH oM, NO;-N oLV BOGEH I+
1.9, 1.2mg/100g & m-720 —H, A

and soil conditioner application on increase in inorganic

Increase in inorganic nitrogen (mg/100g soil)

. . . NH, N NO, N Inorganic nitrogen (total)
Heating Soil mois.
) weight (%) Derived from: Derived from: Derived from;
Soil* Calcjum — Manure” Total Soil Calcium  Manure Total Soil Calcium  Manure Total
cyanamide™ cyanamide cyanamide
> 0.2 1.2 0.3 L7 L9 =24 1.7 L2 0s=1ne 2.2 29 1.5 2.200.8)
30 KA 0.2 11.5 0 11.71.8) 2.5 -1.4 0.1 1.2(-0.5) 2.7 10.1 0.1 12.9011.3)
65 0.2 1.7 04 11.9(10.9) 2.3 1.1 -0.8 0.4(-1.4) 2.1 10.6 -0.4 12,30 9.5)
5 0.5 2.0 0.3 2.8(2.0) 0.2 0 =08 060 2.4) 0.7 2.0 -5 2.2(=0.4)
40 33 .9 11.9 1.0 13.8(13.D 25 —0.2 0.3 2.600.4) 3.4 1.7 1.3 16.4( 12.7)
6 0.4 13,2 0.2 13.403.1) 1.8 -1.8 0.7 0,70 0.9) 2.2 1.4 0.5 14.1012.2)
) 0.8 34 0.1 4.30.3.3) -1.2 0.8 0.1 -1.90 1.7 —0.4 2.6 0.2 2,40 1.6)
i} 3 8.7 9.1 0.4 17.407.0) 1.0 -0.8 0.6 —1.20 0.D 7.7 &3 .2 16.2¢ 17.1)
65 7.2 10.3 0.9 18.4(17.0) 1.2 0.3 =0.7  0.8C 2.9 8.4 10.6 0.2 19.2014.D
a) Calculated value: the anlyzed value of a plot without soil conditioner after incubation—the analyzed value of the plot before incubation.
b) Calculated value: the analyzed value of a plot with calcium cyanamide (50mg/100g soil) after incubation— the analyzed value of a plot
without soil conditioner after incubation.
¢) Calculated value: the analyzed value of a plot with bark compost (1g/100g soil) after incubation—the analyzed value of a plot without
soil conditioner after incubation.
d) The values in parentheses indicate the increase in inorganic nitrogen of a plot with manure and calcium cyanamide by incubation, namely

the value of the increase in inorganic nitrogen derived from soil, calcium cyanamide and bark compost.
Formula ! the analyzed value of a plot with bark compost and calcium cyanamide after incubation—the analyzed value of a plot with

soil conditioner hefore incubation.
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IKEF+ v— 7 HEAEK D NO;-N OFEHE % & 5
ELEEAEOMER T NO,-N G LTE D,
12 50°CE 7k 65% X T ik NO,-N OV & ik
%<, 2.9mg/100g TH- 12,
3. KGHNEE | FEORYL YV TOREIC

RZTERRIEDZE
KE&H A

1) NTACBT LHEER

1987 AR AL T RIS DR AR N 7 A 55 1
BTERZHEML 2, MEBXE LT, #HE?2 ik
(ZILF, T UF + b o) x NEIEE 3 Bep (f
WifH, 7.5, 15.0kg/10a) O 6 4L (%5 1 K1E,
5.4m%/IX) BEE L7, 15 kgN/10 a 2 FEHED %
FhETH S, 6 H 29 Hic K EF 50 kg/10 a
Lox— 7B 1 b /10 a® i, BEARALERRS X
DHALE ==V 7 4 VA L DBERTT 5 12 A
BB H29H» o THILHETD
16 T h - 7o MBIE T, SR (HZ0)

BT 12, & HICSMBK IR LT, K0 (i) -
10 kg/10 a, P,O, GER) : 10 kg/10a /AL 72,
THITHIZ&A v Y (B Ja—xn) %
L, 8H 18 HicNEHFHELIT- 12,

2) BHLIC BT B EER

1988 4Lz FLIRTH A BH X D AR A [ 45 T HER &
FHEL fo, ALFRFR OB 2 7R CREHE, BhHEd) X
NAEIEE 2 BefE (7.5, 15.0kg/10a) DFF 4 4L
(B 1KIE, 7.5mY/RK)REEL 72, 8 H 1 FHICH
Mo TERBN 21T, & S S
LTK,O (B : 10 kg/10a, P,Os GEA) 10
kg/10a, fIIKEHR 150kg/10a & & O/3— 7 Hf
1 rr/10a 2R LCE, 740461085
WE 2T 12, %8, KEBBULEER OB TN,
TR T, — R LAT TR/ T
Hote SH1HDPS 8 A 14 HETO 14 HEH,
STORBK I L T =— L7 s b A &
LRNFHWEERTH>I. 8 HI6HIch v oYY

Table 65. Effect of cutting down rate of nitrogen application on yield of spinach as the first crop after

solarization
After solarization At the first cropping after solarization
SN Soil S Inorganic nitrogen Rate of  Healthy plant (harvest time)
Field treatment® R1d&INg (mg/100g soil) Nitrogen® . -
application ~ Height Weight of 10
NO,-N NH.-N Total (kgN/10a) (cm) plants (g)
] 279 346
Vinyl Solarized Small 2 13 15 7.5 28.9 333
greenhouse (mulching) 15.0 30.0 350
Solarized 0 31.2 367
Vinyl (mulching  Small 5 11 16 7.5 28 .4 321
greenhouse  +tunnel) 15.0 29.0 321
Open field Solarized Small 32 14 46 7.5 21.9 182
(mulching) 36 21 57 15.0 21.5 165
Open field Solarized Level 29 17 46 7.5 25.0 188
(mulching) 36 26 62 15.0 22.1 170

a) Greenhouse experiment at Matsumoto farm in Sapporo (1987).
Open field experiment at Matsumoto farm in Sapporo (1988).
b) The rate of soil conditioner application was | ton of bark compost and 50 kg of calcium cyanamide

per 10 a.

¢) Nitrogen as ammonium nitrate was applied after solarization in the greenhouse, before solarization

in the open field.
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(M Noy 7)) 28&EL, 98 19 HiCNEH
HETo I,

# B

N R BN BT A KIGBAER 1 EFE O K
TV UDRBIERIZTEERIEOLE S
Table 65 IR L 72,77 A BT 2 KB E
DTHOBMERFESEIR, WThOBERYIL
b 15mg/l00gBETH-7:, 2D S 1iEE
BT, MEBORBCE O TERBEST-
THNEDETRR o oo, T2bb,
EFREHENX (15kgN/10a) & EEFIERY (IEH
A, 7.5kgN/10a) D 10 BREIZ 13, ALFE D2 H3HE
oz, RIGEIIERFT I ZBRMA 21T - 1-BHL
B 2ERTIE, KBEEEO HIEOHEKES
FEHIIEHREEX (15kgN/10a) KBWT%
<, 50mg/100 g B2 T\iz, 2D, MRXRT
BEBEEEICERNYT 2 L Bbh s EEIH0ED
S, ZEHRBAEKX (7.5kgN/10 a) iR T 10 £
HIZR L5 7,

B

tEOREREER Uik, LE2FR) ORIt
WD NH,-N O &S » Bko &8 T
HEXN D0, OB IR FASR EFRITN T
Wb, — I, ABKED 60~80% D7k T,
DR 30~45°CO S N CEBL I3 X
N5, Rz ki, BAEETO 1 Ess
FOMEBLE T, 25 ICERO60°CETRED L
Rueont, iy senwd, 77, @8- &5k
SEHETTIEINO-N OBRENEESNS Z L5
WEEINTWDE, Thbb, FESYZ, #HkEk
HNOREI 45°CE TRENE VI &M L 547
THIEEREHLTWS, ZhicitL, MBS
IBRARBKRED 50~60% DARDIRT, HOREH
26~30°CTRESND EEbNTED, MHEELE
FIBEROEBIILCREOR S CILART, BN
BEB THITE 5%, X512, H8 59 3K
MBI k> T NH-N»BEZERCER T 2HE
BERHT G,

KEIOERICBWTH, KEELBHR OR
ik, #iFEE 10 cm O s 30~50°C &
<, OTBEOEKED 40~50% LBV EE.

i}

AARGEETIED > 7o, OHIBRFOMEEL
WS NH-N O4&RE, OBtz t@bhs
NO;-N OWd, B L UOHBILELED Sh iz,

KGBWHE - L 2 HEEROMB R, 1F
DRES, IR, #iE, HEAKSS B & U1 pH
WE-oTENEFNER LI LTINS, K
TR EIICHBOEE RIS »2 T 2 HE0 5,
2B OWE S ETRKGRNIE AT > 72, % Ok
B, LIS NH,-N o, SEsH8RO
B~ F K (Bi#h) ci#iEo LR L BuviiE
MiZiTwEE (0~5cm) WBWT, —F, Hi&
SHEOE WS AT+ F v AR (N R, Eih)
THIOecm LUFOHEL FRA LIS wEETY
Fwohi: (Table 61, 63), f#EEE{LIZ#E> NH,
NoO#EME 2 +/8 0~20cm OFHHETH 3
L, R 10 em 2 B 5 5 EHIE OFEHEH
MCTHoBH O~V F K TIit2.2mg/100
g, —HEMEDS ITCTHolenT ADT LT+
YA NVETIZ6.0mg/100 g, FHEA 47°CT
bol-BHOYALF+ b2 VKTIF10.5mg/
100g THolze 2D L6, KBEIBERD £
I REKDEET CREMRIZ X HIEEEDOmE
EPETLH W I EPURENT, ZDZ EidRld
LIcHBEROEBMC BT 2BAOHME L b7
&1 %, dbEEIC BT 2RO R Y VY e
BB CIREREL~3 F /102 OE#YLIERIE
AEnTBY, 20D HBEROELLSBEID
KBBHEEF I 2 b OB NH,-N 3551
T520EbND,

F/, BHEBTH- T ABLUBO L
F+ P AVRTE, BEI LS LB s NO,
NOBWYLED Oz, &5 WX HBHROEK
mofew VAKX (BHD) BT3RO AL
CWBTFEBE (18 1 5~20cm) TIIEBILE I fE
S 13EAH¥EED NH,-N O#id & NO,-N O#hnss
o5 (Table 63), Zh o DEBRERENS,
TEEFROMBIL I D NH,-N D4R & Piss
Wb ERba NOs-N O3, e
HART, J0EVHES TETT 2 2 E29REh
2o TOZEREIARLABEORE & IZBFET
5,

L

w L.

L. *

L. ¢

%% P
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IS DRI BT A EBREE Y € 7V ERI
Y OFERT B B TERD, TFNERTIEN
AR 1 AR & B o 2 BRI AR TR - 12
ZELHD, MHEBESCCOEAKELS %E L F
BRRCBTIWELLZ EE8bNS NO;-N @
WOV Emo T, S5, EFVERTIB
MTHS N RMROBR M2 T, ROZELF;
® it (Table 64), QFHIERBRFOMBEILIED
NH,-N O£, S0COERTTH-THE
KI5 % DERSET TS Th e n, Ot
WHEEMEBEFRO NH,-N OERKIEFE I Ik % E
(Ca-> 7+ 2 M) KL TED, HEOHSIZ
MNE WV, @ 30~50°CHBEE TIZ, Ca-> 7+ 3
R NH-N ANOZ RIZTREOFE R
HIRE Linr 7o ds, 13K D8 I3EIR IR
»ohtz, Thbb, GKRES %OEREGATT
i NH,-N oms v ah > ot L, KB
EILBRI 2 AHE U 72 35, 65% D ER/KO &I N Tk
BIE WU T, 9.1~13.2mg/100 g & NH,-N
ML 72,

SHELL, WU 7835 20% DT IKEHE 5
NH,-NZ1Img/l0gRI|WT 2 I L 2F 2 35
&, AL 35% LU T, OREER ALK
EH#HH» S NH-N NOZ3IEIT 100% T T 5
LOr¥iWisha, LEa-7T, 50kg/l0a DH
IK=EFRE R L 708y, KBV s ks
FMH T H 2 MBS T 10 kg/10a D N1,
N OFEBEI L, 2O LICAT, TIEER
OEERALIFE D NH,-N oA 10wl fE 852 ik
DOABEOETE NO.-N SHAE2#MET S &, B
Fks /b NO-N oA %Z L
Tbi%ﬁﬂﬁéwi%wﬂ% %ﬁﬁ EeiE]

WDIEL DD EEZ NS, Blic, #thicisi
%A%&Mﬂuﬁv}%$®%% ERFOMINR
PO THLwAFXTIE10.5mg/100g (£E: 0
~20 cm B BHEEME), — v F o+ by
XTIk 15.2mg/100 g TH - 7z (Table 63), b
A, OEMESROMEMELEE 10a40 0
HHEEEECHRE T 2 L, v FXOBHICIEH
21.0kg, ¥/ F+ b > A VK T304 kg & 73
L, B Ry vy Y v oEROEERINEIL 15

R Ly o BRI O R RS & AR RERRARR I T 2

TR E R R 65

kgN/10a TH 2 2 &2, YIHED Ry LY
TR L ERHEAR AT o R, 40 kgN/
10 a il X IC BT 20 kgN /10 afg A X O E A3
BTl (BNVESE 1Hio Table35) 2 &4ia X
EIET D L, REBUHEEBEOFR Y LV Y v
KEBOWTREXROBESTRETH Y, HROBE
u%gﬁ%@@ﬁ®ﬁﬁa%%ibwt%i6n

o I, HHHEERIC B LW TEZRIEC L 2R

\VﬁwmiﬁTﬁmbbﬂ7 EHRBEA L
L2BEEEOEMICERTH S Z LR EnT:
(Table 65),

E5HE

JbHEE I BT 25 7L Y T OIRETIE, WA,
HIBR DR TCH S HE FESDO AN DR S L5 708,
INREBARE DSBS T B 2, 29 LR
X0 FEFEOWMEYHVBELZ L, TEREOLRL
PRI EOMEESNL, LT, +
B OBRILBSEE HNEe x5, 22T, K
HTCIRMED R 7 v >y 7 OERRDSKAE D + 35855
HOFEALWCRIZTHERHO TS & & bIT,
TREFEEOBFIN T A ML O & FEEL
776
|, tBRIZETDHRIL Y IOBRBHLIER

ENREICRIFTHE
KEHE

1988 4E. 9 H 27 Hiz Jb¥gdir s st kv 1
>V AEER OIS S, GRS L INER O
R 720 HEE RS T AL ORET
HERICHt L foy O EEEA -7 L —T
1ﬂTﬂ%ﬁfﬁﬁb “it@%%%wﬁw

o WHICHD HHOFKFOEITIZEA LR
&)bmmxoto A ﬁf\iﬂﬂi Lo TER, W
RO 2 EE AL, [EH, Ry R R—n
FCEEOEMNICHK 2 BB L 2o, EERft L
foo 28, IEE, IR OHEIROELE L L DT
7z EFER BN ER B ons b,
FRAR I B IER D 2 W ITEHBEREENED SN D
4H Dy

LEEER & UC, 138 2 M (R 4, JRE R L) X
ROW|A 4 7k (HRA, R 3g, IEFR3g,

IRESM H & B FAERRFXT R



66 AbdmE T BB

EHER6g/ Ry M)OHSMEEZHREL, 4 K{E
TEBREIT-o /0, REB L UVELEHTEL500g
WWK,O (B :12mg/100g, P,Os GBA) : 10
mg/100 g N2, KiZ 3~ 5mm DE 3 1YW

L& ORE2 AN, LJEML, 2hsnt
BhE/ANALTIVRY NZEDT, By FYD 15
Ror7Vv Yy vBFEHELE, Ky POR
BRIZHEE U e AN s, NEEE) & 15mg/
100 g #WABORETINZ 72, FEEZ 2 HHOT
B SIMOURE 2 A L 2k, IR0 A R
BEL, WBE» SR REEREL 7o, £, HIE
PR D % 0o 728 1 R 5T UIERB] & 21T,
Ry 4D SHRICHEL 12, BEELIRIITER
TERBS D e o fetz s, AIFRENEBRORIRD B %
T, M5 & 13 Thkdo 12, % 35 HHICS
BERIRE D, IREBORHOBE B L RREOK
HETo 70, %8, EERIZ 2 COBENTERL
770
# =%

R 12 HHORFRS L IR0 RE
iK% Table 66 (2~ L 7o, BERRE L RIIDOFEE
B3 IT~67%TH Y, RE L RF|D 80~87% 12t
NUEDL -T2, WTNRORY] E BROBEA
FERIMMET L2, BABOEE, BOEWI
BEOLRFEROERHRE Lo, E Db,
HEROE T IHELE L AT ORBAX THEHE T
HY, 3T~45% DFFHRTH - 7z (PlateVl- 3 ),

F 7o, WHERYE L BRR, EEREELY
REREALUSAEKX T, WA IR F
H U7, FETRVIOIIFNER I, BRREA
KB TEL, 16.3% Th-olz, —FH, HEHHE
TRINTHFERICHERBEAXICBLTHEL,
11.1%TH - 1=

nB, ERELRTIOEEARICE W TIMN
BN 20% G- HERE LT, RDZ 2%
2o, Tiabbh, FERVIOBEREAL CALE
R TIIFEFRSBD TR Z LS, FERNCT
MIEDR % CHREL -0/ L, REAX TSR
HRICSIHNWESREL b D LB N, v
T L T ERFE L RINOERA R OIE K
WWRZRA L ERIC TS T, HtE

BE

FHN 58 U TRE L Mk O RER> 12, B
ERE s o AN ARE A BIE Y 5 &,
Pythium/B @ #RB E T 3 VRKIC L 3D TH
D, —#iZAphanomyces |BH 2RI £+ 3 IRIEK
WWEB5DTH- T,

FERE% 35 HHICBW T3 (Table 67), W+
RN E WWOWAWFENES & 5 F{bkB S FAE
L (PlateVi-4), & Db}, RELRITEH -
oo R EARE O SR s R RE 2 #IE T 2
E, By OELBEDIZEA LI, FusariumBE
ERRET5EL pH3RICEL2DTHY, —F
AT B L CIRBRIC L 2 b DThH - T,

7z, WIFNORYEDIREBEAL AEKXOD
26, E¥RIgBARTIRES & 5 H{bEE
KL, EHELOPE- L, ThHDZ EMD, K
TV OFBBIZIEER, BRERENHLT, +
BIREOSRAECKEAT 2 RFL L UEFENHI %
CHRIER T, BBHELMEE L I
IRENTz,

2. BIEIERORTMES RIED LIBRENDR
FIZRITTHE
EKERHE

1) [E3EER

1988 40> 5 B 25 Hiz bl i st B3R o [l
WBWTIEHO R V> Y 2 2BERE 20 cm @
MET2m OmBicEEL 2, FEBF.
oxysporum 1. sp. spinaciae (F-98) ##EfEL 72,
BOKEL L UBEREARRIROEY Thb, F-98
WHE Y v 4 A TR a BEMARERE# 5.3
Do NUVNT25°CT 29 HIEE L 125, Boh
TCRRBE BREAKTHREIRERL, 39 —TCHRE
KEDBIEZCIRE LT, SN EAKEAKTA0 Y v b
NCFERL -, B LGB —C8EHE LT,
78, 1fEBOMERR, NUESR) 20 kg/10 a,
K, O (i : 12kg/10a, P.Os G&A) : 10 kg/10
aTh-ot, Bk, [FHONEXREY (7 A4
B, #E(7H8H), MBI (7H12H) ©»3M
WA TITY, BB OBRMRE S 3B (1 /08
K0 8m?, 1 RKIE)BE L 7o & S ICIRER %
THMMX (TH4H) 2RIz, 3hbb, &K
RS T, HRHOIE I 5 iR 5

1
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Table 66. Effect of intermixing spinach root residues with soil on severity of soil borne diseases of

cotyledonary spinach

1) Germination and damping-off severity

Amount of

12 days after sowing

Root

Soil¥ intermixed® root Seeds sowed”  Germination Healthy  Damping -off
{(g/pot) (no.) (%) plants (no.)  No. 9%

Control () 60 86.7 52 0 0

Sterilized Diseased 3 60 81.7 41 8 16.3
Healthy 3 60 80.0 43 5 10.4
Healthy 6 60 80.0 44 4 8.3
Control 4} 60 66.7 32 8 20.0

Non Diseased 3 60 45.0 24 3 11.1

sterilized Healthy 3 60 36.7 20 2 9.1
Healthy 6 60 41.7 23 2 8.0

a) The soil was collected from a field where spinach was cropped four times continuously in Hokkaido

Central Agricultural Experiment Station.

b) The spinach root residues were collected from the field of legend a)
Diseased root © root rot or root with discoloration of vascular system

Healthy root : healthy at a glance.

¢ ) The number of seeds sowed per pot was 15 (4 replicates).

2) Detection of pathogens from damping-off plant

Amount of

Detection of pathogens (9)

Root
Soil . . root . . .
intermixed (g/pot) ROO(LH}SS ted Pythium Rhizoctonia Aphanomyces
Control 0 () — - -
Sterilized Diseased 3 8 87.5 0 25.0
Drerize Healthy 3 5 100.0 0 0
Healthy 6 4 100.0 0 ()
Control 0 8 100.0 12.5 0
Non- Diseased 3 3 100.0 0 33.3
sterilized Healthy 3 2 100.0 0 100.0
Healthy 6 2 100.0 0 0

SH IO A A FETA D HD , IRE A Wik L,
— JIARER MR DX TR RIE A oy T THIR RS 25
cm FTOLEFHEOE L, BFEDE E R L
»VEEL I,

Table 68 12K L7z & 912, DGR { 7 51
RN ORI/ EML TB Y, 3ERORK
REEFRETE, £z, 1EHOYER T
U 7oBEAR B8 K OMRESH AV X 0 1 7 H UNFERF O
b 1 ) HKRES LU TIBORTFEREERS

HIZFEFACETH D, SO D0 TEIER
—DHIEEMEBE LG, BB, TEHOBRE:
REHA I RIEHAIC S 7o > T e, EE 1 HFIC
BT AESL x5 RO EBD TH -
726

PULEOFAR ¥ & MRS AL % 1T - 7:18, 2
EROR vy R T H 260 HICHEREL 72,240
LT, N (%) D40 kg/10a, K,O (B
m 12 kg/10 a, P,0s G#Efr) 10 kg/10 a % fiift
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Table 67. Effect of intermixing spinach root residues with soil on severity
of soil-borne diseases and on the growth of spinach in middle growth stage

1) Wilt severity and growth of spinach

35 days after sowing

A t of o
Soil . ROQt ] mroc?:t 0 Survivin;g Wilt Diseased and Healthy plants
intermixe (g/pot) plants? (%) Height  Leaves Weight of 10
(no.) ° (cm) (no.) plants (g)
Control 0 32 0 8.6 6.0 15.6
Sterilized Diseased 3 26 92.3 4.6 4.0 3.4
. Healthy 3 26 69.2 5.8 4.9 5.7
Healthy 6 25 76.0 4.9 4.3 3.2
Control 0 23 47.8 5.7 5.2 6.9
. Diseased 3 18 66.7 3.7 3.5 2.8
Non- 1
on-Sterilized lihy 3 19 57.9 5.1 4.6 3.8
Healthy 6 15 73.3 3.8 3.5 3.4

a) Damping-off plants were collected at cotyledonary stage.
The number of plants in each plot of sterilized soil was arranged 8 plants per pot by thinning at
cotyledonary stage, in each plot of nonsterilized soil, not arranged because of poor germination.

2) Detection of pathogens from plant of middle growth stage

Soil Root Amount of Detection of pathogens® (%)

intermixed root (g/pot) Root tested (no.)  Pythium Aphanomyces Fusarium

Control 0 32 0 0 21.9

Sterilized Diseased 3 26 3.8 15.4 100.0

Healthy 3 26 7.7 11.5 100.0

Healthy 6 25 24.0 8.0 100.0

Control 0 23 8.7 4.3 87.0

N Diseased 3 18 16.7 0 88.9

Non-Sterilized Healthy 3 19 10.5 0 78.9

Healthy 6 15 20.0 0 66.7

a) Rhizoctonia sp. was not detected.

Table 68. Root treatment, amount of root residues in field and content of inorganic nitrogen remaining in
soil at harvest time of preceding cropping of spinach

Harvesting Date Pl_ant R(_)ot Ro_ot _residue . ) Inorganic nitrggen
method (1988) height weight in fleldf” Wilt  Soil (mg/100g soil)

(root treatment) (cm) (g) (kg/8m?) (%) pH NH;-N NO,-N
Cutting off Early ( 4 July) 18.8 1.79 1.02 0.9 5.5 0.6 7.3
Cutting off Middle ( 8 July) 21.1 2.28 1.30 0.8 5.6 0.3 5.0
Cutting off Late (12 July) 28.8 2.67 1.52 0.7 5.7 0.5 5.1
Pulling out Early (4 July) 17.1 — — 0.9 5.4 0.3 6.4

a) Calculated value : Root weight X the number of plants per 8 m®.
The number of plants per 8§ m? was 571 (inter-row distance : 20cm, inter-plant distance : 7cm).

P % P

L. *

P P
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Table 69. Effect of root treatment at harvest time of preceding spinach on reducing Fusarium
wilt and on the growth of spinach grown in early-autumn

At harvest time of next cropping (22 Sept.)

Root treatment
of preceding spinach®

4 m per row Healthy plant

Harvesting Date Surviving Healthy Wilt Height ILeaves Weight of
method (1988) plants (no.) plants (no.) (2%) (cm) (no.) 10 plants (g)
Cutting off  Early (4 July) 52 50 3.8 22.4 10.7 210
Cutting off Middle ( 8§ July) 43 37 14.0 19.5 11.0 181
Cutting off Late (12 July) 39 34 12.8 9.0 10.9 168
Pulling out  Early {4 July) 22 50 3.8 25.5 12.1 280

a) Field experiment at Hokkaido Central Agricultural Experiment Station in 1988.
Each plot was infested with F. oxysporum f. sp. spinaciae (isolate : F-98) at the sowing time of
preceding cropping.
Cutting off: Top (stem and leaf) was harvested.
Pulling out: Top with root was harvested.

Root remained in field.

Table 70. Effect of pulling out root at harvest time of preceding spinach on reducing soil-borne discases
and on the growth of next spinach in open field
At harvest time of next spinach (8 Sept.)

Continuous Treatment at Per row Healthy plant

cropping harvest time of ——.

field preceding Surviving Healthy Wilt Height [eaves

spinach plants (no.) plants (no.) (%) (cm) (no.)

9 times Cutting off 13 6 53.8 22.9 10.6
(spinach) Pulling out 17 14 17.6 26. 12.1
5 times Cutting off 30 24 20.0 22.2 9.9
(spinach) Pulling out 37 10.8 26.2 11.2

33

a) Field experiment at Katsuzaki farm in Sapporo (1986).
b) The area investigated was 3 m per row at the 9 times field (5 replicates),
5 m per row at the 5 times field (5 replicates).

U7:o 9 H 22 Hic 13BREORARG L &2 H SH2HIW 2FH=REL, BREST TR L 72
L, o, SR\ L O20kgN/10 a 9] S HIC HBREORAERN LI E S FHE L

IS RGE L 728, 8 H MANCAEE 152 mm ORERY 7o 7, MR DO BRE U 22 BREEITOAD

WREDIL, o DRIVO—ITIBAKE 4 o XEXEE U,
Uicted, FEGETH - 12, fE £
2) HHhEES W EER DR % Table 69 157U 72, B~

1986 G ALBE T AKX O | BR DFEHLE 7
Vo HERBIC B W T ERESERL 22, 11E
FUNERFD 7 H 31 Hic 9 #fE S L O 5 EfEHE

—TAr BT, FRENT.5, 15.0 m* OHIFH
Wbz 0, A3y Mk HREMEAE 1T 5 T2,

DEBEODV SR (7 H4 H) @AY ELD I
AT RIS ARE X T i, IR Ok
Br% <, ED 1 O HLEERIRE S (Plate VI-5,
6), EBFLHEETH - o, BIHEE ORI X
IBWThH, HEROBRENES L7z (Table 70),
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x 2=

AT R HLE LI TidR vy v
WARAT & TIRE, s Ts b, #oFbiE,
IR BT 2R b OR S L HEBREY B E L
TEfEEEORBHCH L L ELN TV, 8- T,
LB TIRER LD DRy V> Y 7 OREE
B KE VT, 1EEOEHE RS & IR A
2, ANDHOINES RN TH D, 2T, &
vV e Yy OETFTHABNEIE 35 ARE L Ee 2
s, SEE, FEMC 2 hu L AERE NS,
L3 T, KiBICBTSKRT LY 7 OEER
TR TEROBRROERIIHYRICDIZE D
e ¥ (0

AHOR Y VEEREBEL, FV LYY T ORR
FRERAR, EERAZRDLY, HERFEORS R

B4=

W3 2RFBLUCEFNHR LS SR T700, [
S FREE 5 2 iR &t: (Table 66,
67 RV L Y T OBBEOD S B, LS LER
DEHDEGEHE G P, BRI SHIEE TIE
F10em MROERCERES L THE Z L%
FzrE,MELBEREREOMNTH-T Y,
FEBPHR I TR T2 8D EEbh
%, Bz, M¥Es L UBEMERTYIE ¥ b R
W 21T - 2858, RIEOFRKE DI
BWITHEREORERFECEERESDRIRED
Shiz(Table 69, 70), 2D & 52, TEREEH
ZFAET AERICN T 2 BB EOREER 2
BE LT, FIfEINERFD SR R HEH L T H %)
R T & 223, BRI ICiE 4 2 D27
bHEFLWEEZ B,
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BV E

TR, EOROFREMABSCEE M AR
THREEORRE, fiRRE, Wb TIEHE
EAERLTWE, ZhA5EREET 5 H8RE
BIRER OB, M LSO L UESL £ O 8
b AHRELG XEII D, ZOHE
BIEMAEOBCBLT LI LITME: 5 5, &
O f O TIBREFE, SIEEEEERT2HED
HIEARERSEN TV ATEF B TERLE
T3, BE, HFEOHEFREEOHKD S b, 115
IFEII 0% 2 HEH D 5™, hTd, [E-—[HE
BV TEMOEM BB Z VR YLV Y 7T
X, FEAET L R E OB IR H IR R, £,
RV YWRBTHDE Z Emo, AIRHTH
LI EEICESL 1O, B EORESRELS
VW, ZDTsH, WHEIBELZ LD L5 T
%,

FARTERL A0 FEE Ry L Y VE
HIC BT 2 EEREORSE, Tri@ERELLT
KD 3IFEEOFAEPTER S Tz, DPythium spp.
W2 & AITHE, @A. cochlividesic & BRI, @
F. oxysporum f.sp. spinaciaell X 5EH ¥ 59K,

AWETIEINSDS B, TICRERO THE
BV DRAERE, & THEEBIMBRE, wonT
HIEATELF © YR & OF A S SRR
T2 72,

|, dEBEOEERTIL Y DERIZEITS
REBROFEEIRL

EEFATOFKE, tEHCcsT2xv L VY
OFEEMTH IR, EEENERKET, B
ENERI CHREBROREVRD s lz, FLEH
D TRIFHE OB Pythium B X 5 SR 2 B
PLTHBY, HEOAHTEE-HEREEDOHIIIN
HTH o, EBETHLREORBRE T HWEL
5EL pIFL, —R, b x OWCELIL -
R RIS, REEEL 2R EELY, &

aFE

AN LTI &Y, Lid LIgHIER, & FR
DI 5 &L nd CORBFRBEFORBEEL 7
FRBYINE 2 Ens, BRIIBEFRLY T#iuv s
T, ERRLTEY, DEi» o FETHOEE - L
T, BT RS oo Tw iz,

KLy RIS OER OB L WHERE T
FRSYIN BIERERT & B, § TIZTFHE 2
LoTHEBINTEY, 20 L3RR E BT
LPBERR LT 5, AR ERSUIN 25K
i, £SO X DA raphani il L BN T A D
WLCHUE (BFREy 7 VIE) ThE ST
Lo D s, A cochlioidesRA.  ra-
PhanilZ k> TH| S I SN DFE T, FHER
LUNTY BB WIEHIE» YN S 2 3B
R EFZoN S, TEO 2 REETIXE IR
WHARTIE T OMREE % <FEFland 2 L
5, ¥ ZOWENIRYNAZ N, EEIIH S
NDER, WEEISARRKICELZL T, <UFh,
HEOHSICETh LI LD LRI D,

LA odtEic BT R LV Y 7 ICRE
WHFAET 2 2 L FTHEENRTH I, KiER
DIRETH -7z, LIzdoT, KFAFZICLD, It
HE IS BT 3R 1 >V OREEIE OFL 5] 0
THERzhzZ k5,

2. EBIZETHIRBEBROREKE

BUETIREROREICHES T 5 HEREE
WA s Mz LTz, Zha R 2RI, KEE
e L TARRBORAECES T 2 3EER BRI
B 5 &, R LY YREROBISIC BT
DHEBBAROLIWED ELEDLIEMTE
%, (Fig. 15)

OEBOEASIEMIE, LB EETFOER
PEMEL, &S CPBEMCEET OEEM L
TH&EE LS T, QLI IERGRE., &
BeogSFIC S HEh o EERSBEOERT, &
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zoospore motility

Increase in soil Promotion of zoospore

moisture production and secondary Increase in inoculum

potential

Rainfall

Irrigation

Decrease in amount

Decrease in inhibition

of zoospore production

Outbreak

of root rot

of mineral salts, especially

nitrate nitrogen by leaching

and dilution

from mycelia ’
Decreace in encystment

and death of secondary

Zoospores

Maintenance of high

inoculum potential

Fig. 15. Mechanisms of outbreaks of spinach root rot caused by A . cochlioides in relation to soil

moisture. Severe outbreaks occur in fields with sandy soil where minerals, especially nitrate nitrogen
are readily leached, and with heavy clay soil or packed subsoil where minerals, especially nitrate nitrogen
are readily diluted by stagnant water. In addition, it is possible that the mechanisms of outbreaks of
spinach root rot apply to the diseases caused by some zoosporic fungi: A. euteiches and Pythium

aphanidermatum .

DO NO,-NBEDRTRHL 20, HETD
ERHESH O S B & OB > BB/ O 0
FKIZEBDRBIPRHRT S v VAR T 570 { 7z

D, BPRT v v VBEHEFFsh 2, 2hs
DR, REBHEBREET L, @b, RER
DR T 2MMEIREOE S NO,-N 23U s
&L TR 0SB & D B U B
L, WKL OARaNSCEKE IS X UE
KEODELCTELEET 2EE TIHRERNEH
£933%,

EHEOFR Y vy TREEESG TIIEE, DA
BB L U IERERICH 57 0, HIERK
BRELIZSWEFEZLNS, LeL, FCHRE
POFELI L THIIHIBI R O m v NO;-N i3 ftho
BRI HANTERNPEKC L > THERLS
WETATS g Je 0 NO-N 3 HIEER T OBEEN
Hute, HIRSND, Licwo T, HEE T
BB RAEFICHES NO,-N BEOE T L iR
BIRNEETHEFZ LD EHEBaND,

ZDBBICB T DA, cochlividesiZ & %+ L
YV UMRBRORAEBEE I RiCAK T
Aphanomyces i D Fa4 £ 82 O L HEERK & DB

RICBHT 2BEOHMA L BESENED, 3512%
noOHREZERINCEE T T b 2 Lo
b, Thbb, A euteichesiZ & 5> N7 DIRKE
B A. cochlioidesiz X 37 > 4 DiFER, OF
KOGTEBRET TEREL VLY, QEKEE S
TBUBAMT 2 2D RENITMHE SN
% b1819:3850.7L90.90) - b ) EFE ORI R 12 S
WL R B B DI ERVE LT HE LS
VI Z LR EPESMIEN TS,

Flo, ZOREBHEIIIA.  euteiches R Pythium
aphanidermatum 75 ¥ 0 zoosporic fungi & X -
TH I ENL HBRECB L THRAKTH S
EFZ D, 8512, fhd Aphanomyces B E £
TRYET 5 8O Pythium BEEHEE L4 2+
BREIOS L TOBEATRE L Eb S, BB, X
OEFILSH B L D1z, HEETERET 52—
O Pythium BRI L T LR OREEESER T
& 5 AJEEMRIZRB D TH V. WELS BIEBRR T TH
ELfRT LY 7 ONEKEOKEIXP.
aphanidermatum . N P. paroecandrum TH 5
El, 82X INSCLDIMRORER, HE
O NO;-N &E L SOIEOHERRICH 2 LEBE
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C (BREHEFE) HOLFCHWERTFT2 %
BRgL 7o,

E 7, B S0 UK RERY OO 5 8 R
BWRMETF T, P.butlerilz X 5KV >y 77k
FEORLENTZ o B 2 L 2BEL, ZOERKIL,
EEEERIFRIIC L 2P, butleviDIELETFDOHD S
e fEI R T > » VOIER NIz H 5 2 & #FF
AL 72,

IO OFFIL, HEE TR TR T 20 RE
Wk B R AR B O SRR S IR 3
WRHZ B HAE T L I ATBLTwS, —H, T
BOBBESBENERT 2P0 ERHET 5L
HEELH L, T bbb, Fusariumii D—Eiz =
DEIBEBEENRFEO LN I EERHINTY
2 517:28,4092) CEEIISY o E K, — R I FusariumIgs
W23 TR ERRLT 2 & OFIFE I X o TR
HE 2.

INSDI LS, TIEOMBRKSEEOTH#
WERAICRIT TR, ETIC L DR
W4 2 WEOEHG L FTFE I L BT 3
REECIEZNT NS Z e PRHE SN S,

3. RBIRDERRAILMRADHEIL

1) REROFAEREA BN U -2 itk

FUEICBWT, WEHR I B OEN S &
DT NO;-N BRZ LG ERETE I,
DS ER DT, BHOE L DEEICB T
L AR O I B 2 I & L /- 82 SRR 4 [
BRI K DR U Fo, AL TR &0 FREEEL
I 1wl 2ER YLy Y o s D 1z
&, N NOs-N % ER & LR o034
WMERBHELTWL, 2O Ehs, 1IEOBE
NO;-N &8 ICRG L -2 E e » Bz &
FURY VY OEBFRHEAMEL TRETSD
NEFNTHL EF oD, BBEBROBES
WO Z b EROBY THL, OFFENO; N
LR 5mg/100 g LT TRHBRZHE OE 5 5 &
T, HEHEQRFEE (15kgN/10a) £V %9
D 20~25kgN/10 a Fefi 3 %, @%AE NO;-N &
B 15mg/100 g i & T ¥ O 15kgN/10 a

Table 71. Recommended rate of nitrogen application for
reducing outbreaks of Aphanomyces root rot
of spinach

Content of NO;—N
remaining in soil before
fertilizer application

At the time of summer cropping

Rate of nitrogen application

(mg/100g) (kgN/10a)
Less than 5 2025
5-10 15—20
10-20 10-15
20-30 0-10
More than 30 0

1) Fertilizers containing nitrate nitrogen
are suitable for application.

2) Soil electric conductivity is available
instead of the content of nitrate nitro-
gen, because there is a good correlation
between them.

Notes

HHT 5, @FTE NO,-N 5540 mg/100 g T34
FORFENC L 2 AEFIGIE 2 5 O TEMBH £ T
%,
IS DR S, KLY ORISR
O AT 1E 30~40 mg/100 g DFERERERE )
FRTODLIEBRBEERLD, HNESE1HO
Table 35 7R L 72 & 9 12 40 kgN/10 a i T i
BEEEZCL24ATNHNZEO 5N 5DT, 30
mg/100 g FRENHB THH EHELOND,ZF T
HEOBEAF NO,-N S s ER s O G REY
B4 30 mg/100g &7 % X 942, BIE NO,-N &
XL U oS EANE 2 HE L, Table 71 1278
LT MHEFRBEE L TRy LYY YOEH
B X OHAMBIROH T IE T 5 £, NO; N
EEUDEZEHENEE L EEwmans, kE,
HINEOSE IHTHS I LIz LD, NO; N
DIVERL LS RSB RS, #ikiz XD NO; N3
EOFRR SN L EREIEES L CEKREOE W
et 2 H T 55T, NO;-N i L % iRE
RORRBIRNE L Z b BEENDL, Lih-
T, ZOXnEETE, HBEOVEROREE
TR e LA R EET 2 0ENH D L H
25,

2) FEHIKREFIAIC £ 2 BRI

ENEOH 2, 3HICBVT, NV A, B0
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ABSEILER /T R RRET U Jz, F LS OFSR 2 BT,
WK ZECo L Lichy Ly Yy o BREr
X3 2 EHHOKBHEN A & 2 TEHFHREER
L 7z(Table 72), TR B &M QKA -8 T -3
KA -7 4 v L2 K BB S KGR ORER
Thb, HESLUBILTHEDEWII>TH
& RBFRBERL D720, $HROHFTE B0
AR FNICE T BE Y BB S &
UBOLCHERCEE L, bbb, 2hEFh
DMBH RIS L L HRAREZEERD L D2
HELT, DT ARBT BN IVF B LN
ATV F+ b R NEEOBE | AR NI &
BN 25°CEEBZ, »OBORBH T HELE
THb, OBHICEB T L/~ FHEOBE -
25°CREZ, pOBNOHMBH 10 H, @FHhic B
F A/ AT+ b ALBEOES L 200C A8
Z, POBOHNE 8 H, @B BT 2 FEh~
W HEOBE 2°CRBZ, »OROHDH 10

RS

H,

Lo, B RESHITH L 2 &, KIIET
FAFE L 7o KIGESLE O BRI 2 B L ek o vk
WHRTEWZ Lg% F 2 5 &, HEOMMEIZ
Bleo T, HiR-HREHROFBHLVF+ >
AL B EHHBNENEE L, v FHE
TOLHREIPFETE LM, iR - (REE»IE 3
BHIOS NV FHEEB B BB RIE, BULET
BEWICH L 5> Pythium spp. & A. cochlioides
DENTNIC L > TH S I SN 2R L RE
RIZTNETHD, £l, BAIEETTRES
RE L B O THARBEEF TSN T AT
IREAEE R KT 5, — HEEAKRRE DV
T, LEDEKLD 30~50% O (BREE A L)
WABEBIE 2{T5, B, BO~LFHET
R O FH OW A & AT, SIKEESSH 309 D
WZALEE 21T OHEF Ly,

LHEE O & 5 RFEAH T I T4 2 BHBRRIR 2 15

Table 72. Short-term soil solarization for the control of soil-borne diseases, especially Aphanomyces root rot of spinach grown

in summer and early autumn

Soil solarization

At the first cropping

Field — — - : : . Indispensable climatic condition after solarization
Irrigation  Ridging Covering Optimum time
Vinyl Treated Small Mulching or July (middle) =  About 7 fine days with maximal air (D Shallow plowing
greenhouse Mulching + Tunnel Aug. {middle) temp. of more than 25T @ Cutting down the rate of
nitrogen application
Open field ~ Untreated ~ Small Mulching July (m) - About 10 fine days with maximal air
Aug. (m) temp. of more than 25C
Open field  Untreated  Small Mulching + Tunnel June(m) — About 8 fine days with maximal air
Aug. {m} temp. of more than 20C
Open field  Untreated  Level Mulching July(end) — About 10 fine days with maximal air @ Plowless farming
Aug. learly) temp. of more than 27C @ Cutting down the rate of
nitrogen application
{before solarization)
Notes 1) The recommended covering term is ca. 2 weeks.

It is made sure that water is penetrated

2) The recommended rate of soil conditioner application is 1 ton of half-matured or matured manure, 50 kg of calcium
cyanamide per 10 a. These should be mixed well with soil.

3) Irrigation is to be treated in a viny! greenhouse with the equipment for it, because soil solarization is more effective
in wet soil. Sprinkler irrigation before mulching is spent about 2 hours.
through plow layer. At the solarization in an open field without irrigation equipment, the recommended soil
moisture weight percentage is 30—50. The suitable soil moisture weight percentage is 30 at the solarization by
mulching alone in an open field, because it has a less ability to raise soil temperature.

4)

Mulching alone in an open field is effective only for Pythium damping-off and Aphanomyces root rot which are more
sensitive to solarization.
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Table 73. Agrotechnical integrated control of soil-borne diseases of spinach grown in summer—early

autumn, especially Aphanomyces root rot

Time of treatment

Control

At harvest time of early summer cropping.
(preceding cropping)

Between preceding cropping and next cropping.
(ca. 2 weeks)

Summer —early autumn cropping.
(next cropping)

Pulling out of root.

Short-term soil solarization.

@ Avoid nitrogen deficiency at a field
where Aphanomyces root rot outbreaks
severe.

@ Disease tolerant cultivars.

Notes 1) Vinyl film cutting ultraviolet rays, effective for reducing Fusarium wilt alone, is available at a

vinyl greenhouse.

2) Maintain optimum nitrogen level and optimum soil pH in the field where Fusarium wilt

outbreaks severe.

Table 74. Characteristics of agrotechnical controls for soil-borne diseases of spinach

Control Strong point

Weak point

Control of root rot
by Nitrogen application

Simple and safe

Less effective at the
field with sandy or
heavy clay soil

Short-term Safe and effective Depending on climatic condition
soil solarization for several diseases The time for the treatment

is limited.
Pulling out of root Safe and effective Laborious

for several diseases

Crop rotation Safe

Nothing profitable instead
of spinach

Vinyl film for cutting
ultraviolet rays

Simple and safe

Effective for Fusarium wilt alone

Disease tolerant
cultivar

Simple and safe

Cultivars resistant to Pythium
damping-off and Aphanomyces root rot
have not been developed yet.
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TROIRBCRINGE 1L, Fusarium oxysporum f.
Sp. spinaciae ¥ [y S N7z,

4) A. cochlivides & F. oxysporum f. sp.
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lioides DHEREIROWFE AR IZZE L <
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Studies on Outbreak Mechanisms of Spinach Root Rot
Caused by Aphanomyces cochlioides Drechsler and Its Ecological Controls

by
Kazutaka Axasui

Summary

Of soil-borne diseases of spinach, outbreak mechanisms in the field of spinach root rot caused
by Aphanomyces cochlioides Drechsler and its ecological controls were researched from the aspects
of soil science and phytopathology. Results obtained were as follows.

1. Surveys of incidence of soil-borne diseases of spinach at large spinach growing areas in

Hokkaido prefecture

1) Severe outbreaks of soil-borne diseases of spinach were observed in August and September
(Fig. 1), and especially found in open fields with continuous cropping of more than four years
(Fig. 2). Incidence of spinach root rot was recognized in three areas : Sapporo, Takasu and
Nanae, of the four areas surveyed. Incidence of damping-off caused by Pythium spp. and wilt
caused by Fusarium oxysporum was observed in the four areas surveyed (Table 18).

2) The spinach root rot pathogen was identified as Aphanomyces cochlioides Drechsler (Table
16, 17). The hypocotyl of the diseased plant in the cotyledonary stage is water-soaked and
browned. It was observed in the diseased plant in the later growing stage that the lower leaves
are wilted and yellowed, and the tap root is often broken off at the soil surface because of
rotting of the root (Platel -4).

3) Pathogens of spinach damping-off were identified as six species : Pythium sp., P. ultimum
Trow, P. aphanidermatum (Edoson) Fitzpatrick, P. spinosum Sawada, Rhizoctonia solani
Kithn AG-4, and R. solani Kiihn AG-5 (Table 7, 8, 10). It was concluded that the principal
pathogens of damping-off were Pythium sp. and P. wultimum, because the number of fields
from which these Pythium spp. were isolated was greater than that for the other fungi (Table
18). The spinach wilt pathogen was identified as Fusarium oxysporum {. sp. spinaciae (Table
12, 13).

4) It was decided that establishing controls for root rot and wilt caused by A. cochlivides and
F. oxysporum 1. sp. spinaciae, respectively, are needed because these pathogens have strong
pathogenicity not only for spinach at the cotyledonary stage but also for the plant at a later

growing stage.

2. Qutbreak mechanisms in the field of spinach root rot
1) It was recognized from surveys in 30 fields around Sapporo city that soil pH values were
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neutral (6.5-7.5) and nitrate nitrogen was deficient (less than 5mgN/100 g soil) in fields
where Aphanomyces spinach root rot was severe (Fig. 3, 5).

2) The effects of nitrate nitrogen application and decreased pH on the root rot severity were
examined. Disease severity was remarkably decreased at more than ca. 200 ppm of nitrate
nitrogen in soil solution (Table 22). The effect of soil pH on the severity was not significant
at high inoculum potential (Table 21). It was made clear from these results that nitrate
nitrogen is more closely related to the outbreak than soil pH, and the severe disease outbreak
occurs when nitrate nitrogen is deficient. The effect of inorganic salt application on the root
rot severity was also examined. Each salt reduced spinach root rot, with nitrate as Ca
(NO,), * 4 H,O the most effective of all for reducing disease severity. The nitrate ion appeared
to be more important than the calcium ion (Table 24).

3) Experiments were undertaken to make clear the cause of reduction of spinach root rot by
nitrate nitrogen application. It was confirmed iz vitro that nitrate as Ca (NO,), * 4 H,0 has
an effect on the inoculum potential of the pathogen rather than on susceptibility of the host
(Table 25). Accumulation of secondary zoospores of A. cochlivides and infection of hypocotyls
of host plants were observed in nitrate solutions at nitrogen levels of 0-200 ppm, but not at
levels of more than 300 ppm (Fig. 7). This phenomenon at high concentration of nitrate was
the result of encystment and death of secondary zoospores (Fig. 8). A similar reduction of
zoospore motility was observed in the case of A. euteiches and P. aphanidermatum (Table 26).
Inhibition of zoospore production from mycelia of A. cochlioides was also observed at high
concentration of nitrate (Fig. 6). Encystment and death at 0.75 bar and 1.00 bar, respectively,
were observed in nitrate solutions, but not in controls of sugar solutions, suggesting that
nitrate toxicity is more closely responsible for the motility of secondary zoospores than
increased osmotic pressure (Fig. 9).

4) Severe outbreaks of spinach root rot were observed at the row nearest to the edge of a vinyl
greenhouse where rain water is apt to invade (Table 27). In the case of the open field, rainfall
that maintains high soil moisture increased root rot severity (Table 28). Nitrate nitrogen was
most remarkably leached of minerals tested by irrigation in a vinyl greenhouse at Ariake area
in Sapporo city where severe disease occurred (Table 29).

5) It was proved according to a model test that severe outbreaks occur in fields with sandy soil
where nitrate nitrogen is readily leached, and with heavy clay soil or packed subsoil where
nitrate nitrogen concentration is readily diluted by stagnant water (Table 31).

6) Outbreak mechanisms of the disease in relation to soil moisture are summarized as follows :
Heavy moisture associated with rainfall or excess irrigation promotes the physiological
production of zoospores of A. cochlivides, and is conducive to the transmission of secondary
zoospores. Due to leaching and dilution by stagnant water, heavy moisture also causes a
decrease in mineral salts, especially nitrate nitrogen that is responsible for the inhibition of
zoospore production from mycelia, the encystment and death of secondary zoospores. Conse-
quently, the inoculum potential remains high, and disease outbreaks occur. Severe outbreaks
occur in fields with sandy soil where nitrate nitrogen is readily leached, and with heavy clay

soil or packed subsoil where nitrate nitrogen concentration is readily diluted by stagnant
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water (Fig. 15). In addition, the outbreak mechanisms of spinach root rot mentioned above
apply to the diseases caused by some zoosporic fungi : A. euteiches and P. aphanidermatum.

3. Ecological controls for spinach root rot

1) Suitable rates of nitrogen application, for reducing the root rot of spinach grown in summer
in an open field, were as follows ;

@ 20~25kgN/10 a in the case of less than 5 mg/100 g of nitrate nitrogen remaining in the
soil. @ 15 kgN/10 a in the case of ca. 15 mg/100 g of nitrate nitrogen remaining in the soil. ®
0kgN/10 a in the case of more than 40 mg/100 g of nitrate nitrogen remaining in the soil. The
recommended rate of nitrogen application was established based on these results (Table 71).
2) Short-term (two weeks) soil solarization in cold regions was investigated at vinyl green-
houses and open fields around Sapporo city in Hokkaido pref. during the period 1986-1988, for
the control of soil-borne diseases, especially spinach root rot showing severe outbreaks in
summer and early autumn crops. The results obtained were as follows : @ Covering treatment
by mulching plus tunnel with vinyl film, which has a high ability to raise soil temperature, is
more effective for reducing root rot than mulching treatment alone. @) It was made clear from
the experiments on several methods of solarization at vinyl greenhouses that the suitable
treatments for the control of root rot and promoting growth of plants are amendment of
manure and calcium cyanamide, making small ridges of 15-20 cm in height, irrigation, and
covering by mulching plus tunnel with a new viny! film. These treatments were regarded as
the basis of short-term soil solarization in cold regions for the control of soil-borne diseases
of spinach. @ The recommended soil moisture weight percentage is 30-50 at soil solarization
in open fields without irrigation equipment, and ca. 30 at the treatment by mulching alone in
open fields from the aspect of the effect of raising soil temperature and wet-heat pasteuriza-
tion, because mulching alone has a low ability to raise and to maintain soil temperature. @
The effect of killing fungi is low in the subsoil, which has difficulty in having the soil
temperature raised. Consequently, it was decided that shallower plowing than usual at the first
cropping after the solarization is suitable for preventing re-contamination by pathogens and
surviving weed seeds in the subsoil. ® The soil temperature and its integrated time (at a soil
depth of 10 cm) effective for the death of soil-borne pathogens of spinach were estimated to
be more than 40°C and ca. 50 hours by both in vitro and field experiments. The maximal air
temperature and number of days necessary for obtaining the effective soil temperature and its
integrated time were established at each soil solarization. 8 The increase in content of
ammonium nitrogen in the soil based on mineralization of soil organic nitrogen and decomposi-
tion of calcium cyanamide as soil conditioner, and the decrease in nitrate nitrogen seemed to
be based on denitrification were observed in the soil under high temperature and high moisture
during the solarization. The content of inorganic nitrogens in the soil increased after the
solarization, because the content of increase in ammonium nitrogen was more than that of
decrease in nitrate nitrogen. Consequently, cutting down the rate of nitrogen application can
be done at the first cropping after the solarization, and is suitable for avoiding salt injury (Fig.
16). @ Methods of short-term soil solarization at vinyl greenhouse and open field were
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proposed based on these results (Table 72). ® It was proved that the optimum time of the
solarization in a vinyl greenhouse can be mapped out on a map of 1/25000 by mesh of 1 km
square by using a computer system of climatic information on Hokkaido pref., which was
developed by the Hokkaido government (PlateVl-6).

3) It was made clear that root residues of spinach, both the diseased root and the healthy, give
rise to inhibition of germination and growth of the plant caused by the disease outbreak
(Table 66, 67). Consequently, it is better that the root residues of plants are pulled out at each
harvest time. However, it was proved that pulling out of the root residues at harvest time of
spinach grown in early summer alone is effective for reducing disease outbreaks and promot-
ing growth of the plant grown in early autumn (Table 69, 70).

4) Based on the controls mentioned above, integrated agrotechnical control of soil-borne

diseases of spinach, especially root rot, was established (Table 73).
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Explanation of plates

Plate I. Symptoms of soil-borne diseases of spinach at the fields in Sapporo city.

1.

Plate
1.

Symptoms of damping-off of spinach seedlings caused by Pythium spp.
The symptoms are extremely similar to those produced by Aphanomyces cochlioides.

. Spinach seedlings showing symptoms of damping-off caused by Pythium spp.

Plants on left are diseased. Softend, water-soaked, and slightly discolored lesions are seen
in the hypocotylous region. The symptoms are extremely similar to those produced by

Aphanomyces cochlioides.

. Symptoms of spinach root rot caused by A. cochlioides, emerged at later stage of plant

growth in a field. Yellowing and wilting of the leaves are seen at the top of plants.

. Symptoms of spinach root rot caused by A. cochlioides, emerged at later stage of plant.

Plants on left is diseased. Severe wilting of the foliage, rotting and discoloration of tap root
are induced. The tap root is often broken off from the part at soil surface. This phenome-
non is therefore called “Kamairazu” in cropping area which can be literally translated as
“able to harvest without a sickle”.

. A vinyl greenhouse with a high incidence of spinach wilt caused by F. oxysporum f.sp.

spinaciae.

. Symptoms of Fusarium wilt of spinach. Discoloration of vascular system of tap root is seen

in the plants on right. Soil clump containing mycelia of F. oxysporum f.sp. spinaciae is seen

at the lesion of plants on left.

II. Morphological observation of Pythium spp. isolated from spinach in Sapporo city.
Spherical zoosporangia of unidentified Pythium sp. (isolate : Py~ 1).

. Spherical zoosporangium (germinating) of P. ultimum (isolate : Py-11).
. Oogonium which involves an oospore, and monoclinous antheridium of P. ultimum (isolate :

Py-11).

4, Lobate zoosporangia of P. aphanidermatum (isolate : Py-12).

5. Sporangium with vesicle containing zoospores of P. aphanidermatum (isolate . Py-12).

Oogonium which involves an oospore, and antheridium of P. aphanidermatum (isolate . Py
-12).

. Oogonium which involves an oospore, and antheridium of P. spinosum (isolate : Py-17).

[lI. Pathogenicity and morphological observation of Rhizoctonia spp. and Fusarium sp.
isolated from spinach.
Symptoms of spinach seedlings infested with Rhizoctonia sp..

. Comparison of colonies between pathogenic Rhizoctonia spp. isolated from spinach and
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R. solani AG-5
. R 6
(authentic) 6
R-1 R-7

R. solani AG-4
(authentic) R-2

authentic Rhizoctonia solani on potato dextrose agar (Difco).

. Imperfect fusion between R. solani AG-4 (authentic) and R-7 (R. solani AG-4).
. Pathogenicity of Fusarium sp. (isolate : F-98, F. oxysporum f.sp. spinaciae) isolated from

wilt spinach for the seedlings. Left : infested, right . control.
Microconidia produced on the conidiophores of F. oxysporum f.sp. spinaciae (isolate : F-98).
Macroconidium (3 septa) of F. oxysporum f.sp. spinaciae (isolate . F-98).

Chlamydospores of F. oxysporum f.sp. spinaciae (isolate . F-98).

V. Pathogenicity and morphological observation of 4phanomyces sp. isolated from

spinach.

1.

Filamentous zoosporangia and primary zoospore cysts of A. cochlivides from hypocotyl

tissues of diseased spinach.

2. Oogonia and matured oospores obvserved on the root tissues of spinach showing root rot.

3. Pathogenicity of Aphanomyces spp. (A. cochlioides) isolated from diseased spinach for the

[

Plate

5-leaf stage of plant. Left to right ; first row I control, second : isolate A-K-6, third : A
K-1, fourth : A-Ka-2.

. Oogonia which involves an oospore, and antheridia of A. cochlivides isolated from diseased

spinach on corn meal agar (Difco).

. Pathogenicity of A. cochlioides (isolate © A-K-1) for sugarbeet. Left : control, right:

infested.

. Pathogenicity of A. cochlioides (isolate : A-K-1) for goosefoot. Left I control, right:

infested.

V. Soil environment in relation to the incidence of Aphanomyces root rot of spinach.

. Effect of soil pH on the severity of Aphanomyces root rot of spinach.

Observed 10 days after inoculation (A. cochlivides zoospores 10°/g soil).
Left to right ; first row : pH 5.5, second : 6.2, third : 6.5, fourth : 7.0, fifth I 7.5.

. Effect of rate of nitrate nitrogen application on the severity of Aphanomyces root rot of

spinach. Observed 10 days after inoculation (A. cochlioides zoospores 103/g soil}. Left to
right (above) ; untreated, 20 mg/100 g soil, left to right (below) ; 40, 80 mg/100 g.

Effect of inorganic salts application on the severity of Aphanomyces root rot of spinach.
Observed 10 days after inoculation (A. cochlioides zoospores 10°/g soil). The rate of cations
and nitrate ion application was 14.4 mmol/kg soil. Left to right; first row I untreated,
second : magnesium ion (as magnesium sulfate), third : calcium ion (calcium chloride),

fourth : kalium ion (potassium chloride), fifth : ammonium ion (ammonium sulfate),
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sixth ! ammonium ion (ammonium chloride), seventh : nitrate ion (calcium nitrate).

. Localized masses of secondary zoospores on the spinach hypocotyl adjacent to root. One

hour after transfer in a suspension of secondary zoospores of A. cochlioides.

. Incidence of Aphanomyces root rot at various row in a vinyl greenhouse. Severe outbreak

of the root rot is seen at a row (right) nearest to the edge of a vinyl greenhouse in Sapporo

city. The row may be under high soil moisture because of invading of rainfall.

. Effect of leaching and submergence treatments on the severity of Aphanomyces root rot of

spinach. Left to right ; leaching . nitrate nitrogen was leached by irrigation (pot without
bottom), control : water content was optimum (pot with bottom), submergence : soil was
submerged at a depth of ca. 2 mm (pot with bottom).

VI. Agrotechnical control of soil-borne diseases of spinach, especially Aphanomyces root
rot.

. Effect of rate of nitrogen application on the incidence of Aphanomyces root rot in the frame

field infested with A. cochlioides. Plot without nitrogen application. Severe outbreak is
seen at the plot. The amount of nitrate nitrogen remaining in soil before fertilizer applica-
tion was 22.4 mg/100 g soil

. Plot with nitrogen application (15kgN/10 a) at the frame field experiment of legend 1. The

incidence of root rot was remarkably reduced by the nitrogen application.

. Short-term soil solarization by mulching plus tunnel at a vinyl greenhouse of Murashige farm

in Sapporo city (22 July-4 Aug., 1986). Right field : treated plot, left field : untreated plot.

. Detection of fungi at various soil layers after soil solarization of legend 3

The upper row : solarized, the lower row : nonsolarized. The medium used was Martin and
Johnson's medium. The figure represents soil layers; 1:0-5cm, 2:5-10, 3: 10-15, 4 :
15-20.

. Effect of soil solarization of legend 3 on soil-borne diseases in a spinach field (at the first

cropping after solarization). Right field : solarized plot, left field : nonsolarized plot.
Mapping out of optimum time for soil solarization at a vinyl house in Takasu area of
Hokkaido prefecture. The optimum time is mapped out on a map of 1/25,000 by mesh of 1
km square by using a computer system of the climatic information in Hokkaido pref.

VI, Agrotechnical control of soil-borne diseases of spinach, especially Aphanomyces root
rot.

. Effect of heating and water treatments set up by supposing the soil condition of soil solariza-

tion on the number of fungi in soil (én vitro). Left to right ; first : soil moisture weight of
5%, second : 35%, third : 6569%. Each plot was heated at 50°C for 8 hours per day, and
incubated at 25°C for 16 hours per day. The integrated time of heating at 50°C was 56 hours.

. Effect of soil solarization by mulching alone at an open field of Yanase farm in Sapporo city

(29 June-10 July, 1988) on soil-borne diseases of spinach as the first crop after solarization.
Left field : solarized plot, right field : nonsolarized plot.

. Inhibition of germination of spinach by intermixing the various root residues with soil in pot
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test. Observed 12 days after sowing. Left to right ; untreated, 3 g of diseased root per pot,
3 g of healthy root per pot, 1-3 row : plots in sterilized soil, 4-6 row : plots in nonsterilized
soil.

. Effect of intermixing various root residues of spinach with soil on the severity of the soil

~borne diseases in the middle growing plant.

Observed 35 days after sowing (plots in sterilized soil). Left to right ; first row : untreated,
second : 3 g of diseased root per pot, third : 3 g of healthy root per pot, fourth: 6g of
healthy root per pot.

. Effect of pulling out root residues at harvest time in preceding cropping of spinach on disease

incidence and on the growth of next cropping. Plot of pulling out at Hokkaido Central
Agricultural Experiment Station.

Untreated plot of the field experiment of legend 5. Qutbreak of Fusarium wilt and inhibition
of growth are seen.
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