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B1E M

% 2% (Cucumis sativus L.) &, £ ¥ ROEHILED ¥ v
FAMBTHVREMTHAL ) LvbhnTwa (BH, 1980; F3, 1993 ;
BEAL, 1993) . T/, BERORN— VLTI VYEMERK DL OB
TF a2y ) OFEM (Cucumis sativus var. Hardwickii Kitamura) %%
B U7 (Imazu - Fujishita, 1956) . HARNDREIL 10 AL LIET & &
NTwad, TFHEREITE »IVEREH I Zr o7z (FEE, 1991) .
LROF 27 ) IEFHDOLDOT, ARFHE TEE I, REEK
CHLABBOLDONRE L, BRIZObOFNIEL AL TH o 7205, #R
WEASND EERBLERBESN, B, MF=27) OBEORERICERK
L7z (KJIl, 1980) . B RKBEOF 27 )ik, BEIMNL2EHRT
BUOWELTOHEEBEPETH 700, BWBEEEEHFIERILL TV BRE
T, BREF IV LOMOEDETERLIBEI LT, F2vYd %
DHEOEFELZMELEODL LI IR o7 (KAK, 1995) . &5,
MW E, FROGME, mESEEoE R, REFEFomEEIZIY, &
ZOPRICIFIS Lo REW 2 FFERGERSHLE N, REZREOH
T, EROZ2FXF 27 ) OERPRFETRZIODND—DTH5. HAE
DFEF27VIFDEDEEL, ZINVEI YV EVDODNLIERWEVE E
NTWwasrhrbThHs (Fr3F, 1988) . £/, HEDOKBKOL DI F 2
VUDREEREBE) Z DY, Tne [TV—Aa] LR, Z0OH
BROERDE, 7ARELANVYTATHAD, BEEOZIFTHEL,
GTHE, IRFxBERZFEoT [TV —LAVA] Fa2v ) 2FHRELTW
A (7R, 1993 ; e - JH, 1993, 1994) .

BED Lz, EOMELNEOHAIKS i, HAETIE, TEH

1



EO T, EMTERE 17000ha(FEOPTL74) B X UIUEE 823000t
(4f6) 72D (BMKEZRIIERE, 1998) , Z0) b HIAE -
NTAEDRERTIE 5374ha (4 ) TH 5 (BMRAKELABERER,
1998) 7%, &, BABMASAOLNS., TORERE LT, REEFHK
DWLHEDOHEHRFRADEZONEA, FWEEET L LICX I
BERECBRLTAEEEEIMEIC 2o TR EEZLNS,
F3EOEFEEIRERICILDOBEVD, LEZEFOBIB X
CHEEEBLZECORHTELE I I VCEERAHZLOETL, Fa v
THREMKBBRENALND (B, 1984) . L& (1990) EHEDOR
WESZoDE2ELTTLOUNY —IZ2oVWTHRE LTS, BH
(1977) &, ¥4 FZ AT IFFVIOMBEOFTT L uNy — % i &%
fERERL, TLronXy—ZoVWTHMNMLTWSE., 7LanNy—iZon
TIEE K DEED S 5 D (Molisch, 1937 ; Griiommer, 1955 ; Whittaker -
Feeny, 1971 ; Rice, 1974 ; B3 - &H, 1987) , MY H» 50T L
ONY—DOFERELT, ErLOREY, BEUYE, MUKDORED
SURPLOBHYEEZ LN TS (Turkey, 1969) . %ﬁ@@ﬁh
DERELTT7T LNy —ORSFEHINLTVWE D LELT, YT
(Bérner, 1959, 1960 ; 1961) , E% (FE, 1955, 1957 ; @HD,
1960 ; F% - &M, 1964 ; FF - d3F, 1965; KA 5, 1979a, 1979b)
BLOAF T (FH-FH, 1949a, 1949b; FH - WL, 1951, 1953 ;
FIHL, 1952, MHEDL, 1960 ; MR - Wi, 1998) #H 5. HXD
HTI, WHEREOSMYE L 2BEYWOEFTHEFRLLTOT L
ORY =BTV E EHFEEENTEHDELT, TANTHA
(Yang, 1982, 1985 ; Young, 1984, 1986 ; Young - Chou, 1985 ;
Shafer, 1986) , A4 7 (WMHEL, 1961 ; 1 E - K%, 1989) , b~¥
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b GEBAFREBAEWBE, 1977 K4, 1984 Yu - Matsui, 1993a,
1993b) , + A (W& - 7k, 1959a; # - #IE, 1959 ; Leeetal., 1967) ,
=y Ry (B -, 1959b; F&F H, 1959, 1962 ; “H W - HE,
1965 ; #IH S, 1963 ; Hatsuda et al., 1965 ; L& - K&, 1989 ; #
#, 1981 ; ®18, 1981) , ¥ +AE (EE - HR, 1979; %5, 1995)
BIXUIwoy (FHS, 1977, 1980) #FdFbhTwab, LirL, F
27 Y2V THEHTFEAZIA TRV, F27 )07 bunNy -l
DWT I, MEEHIHE HAYIC Putnam - Duke (1974) FHREL, MH
WEER OB F 27 1) & #EIK L7, £72, Lockerman - Putnam (1979,
1981a, 1981b) EMH D NF 2 7 ZHWT, BEHICBIT 5 HEEH
fIMEH, BOFICBUAHEELOFHEBITFav ) EHoOTLONY
—BBIZDOWTHERE L /2.

PEXD, Fary)iZiE, MUg»ro it SN s{bEZWE P BIFH D
EFEZHETAERELTOTLVONY —, bbb BFEFEERH
WTWAHIREIEZONS.

Fay )Y P EBUIMBEBBICBITILIEIEFETH 5205, £
BWHECOPFEMITLENL 2w, BEBEETOF 2T, REFE
<, WHRBHMPE TS —F, PHEIENMICETT I -0, BEEOE
ZERL, BHOPNEFETT 22/ MoNTWE (E4 K, 1986,
1989) . ZDOREE LT, BEBREAEFFHITONTVED, 72
AAZEARD L. Fa2a7) OBRBETOWEETICT Ly —»H
FLTWBEZ L% Yub (1994) BRELTWS.

=0, ATV TREFLEERBRIVEEILDOMHEAREBEREE VAT
ADIENED SN THBH (Van Os, 1995) , HARTHEEEE ) ¥
ANV HEREFEEMILT A ENLELERTWA, HAFREBRR

3



BCiE, BERZFAEORBICHHETICHERIE, BHETBEMNHET S
ZENEZLNTWS (Ruijs, 1994) . ZDBE, K HO WL
SOBRAEXLPRENFICIZIFREEOBRDIEITEETSH S (Benoit -
Ceustermans, 1993 ; # &, 1993 ; BAl, 1998a, 1998b, 1998c) 77,
MWEPOBRE SN 2EFTHHPEERET I L IRETH D, K’
WA EFERT A URENZ L OND. —RIICKPHIEOR
BBE1IFOFTTLERBRT AL d 2L, KPR ZEMT S, =
D) BFFTIE, RLALOBHYFHERERPICERL, F27)0E
FEME T AL (BRPE) TEUEFEZLONS.

ZZT, ABMRETHE, Fa2 7)) OHBRPHFOFEL ZOmBERERIC
DVWTHREHL (F2%) , Fav ) OBEFHEFERICOVWTHLPIZT
Brlbil, TORRYELREL, HHEREMC X 2 EBIZOW TR
AT s (B3F) . 7, BEAOFBHCLI2BETEOEE (£ 4 %)
BIUVBHEFRFZ=VFHEFFBICRIZTHBIZIOVWTHRE TS (5 5E) .



&!}t:

8

ABEDFE, EHMBLTZOLN T LD H-0, BRAZEWE
BHZRAASEER 20 CCAHBEDRR ICHEE, #APEz o
fz. FTz, EEBWMBEACHELZEFBRZICEIHRAZPBELEEVZ., 2
KREABR#HOEEZRLET.

EHEOPOTDEMTHY, BERBRERFHICBONDLRE #
BRI EEZHO-EIPLREICESL T T, FICHELOMBEL
X, AEZZ2HPS2THVE., CCKELIRFLET.

EREIECBRRZEVRBRZBWBEEYWRBEHEFHELY 5 —T
TV, TOEBICHI-oTiE, Etr s —RFBRBLEER, =RFREER
EEMRAEE S SCHIR, FAEWHER, BH RBEE, PHRKBE
$, () FEBEFAGEM, LWEEMBF20 CAE % (W) BF
LY, AEtyy -—DRESM, HX - EAEZHEZEOHLAEKK
OB, WHHEENL, 2, EEZKK, BLUTER, K&&LZ
K, BREFR, EHETRBITABAEFRICEZSR2BHIETE
Wiz,

S0, BRAZFEWRBERFZFHIRAEATRE 2 S FICBIKREES
KZFBEZ 4 M. H. R. Pramanik KIZ GC/MS I X 2 4MICE L TE K%
HMEMTE WA, CZIKELT, FLRFOELEERT .



B0 EREEICIAXF2TYOBHEFIEORE L
Z O 5l 2 R |

Putnam - Duke (1974) i, ¥ =27 OBHHE 526 BELHWVT,
AZATITVEFEREHBIITVUNY —ROFEEZRELTVAE, F0
R, FavUDPLOBHWEPIEEYOEFT LR IIHH L d 02T
1, PREMHI L -boF 25 ED o7, ¥ =2 7)) OMEEIH (M
FbaE) KETH 7Ly —RoREHEEFHOPIIRY, 0K
WELTHFav ) PoRHEN2MEHPESMBEICINENELLHD
EEZONT. Tz, FAEREBREIE CUEEDES O BE S N Y
BEFEBHETICERT A LICLY, BWEBHEOEFTIWH E NS
BEEEHY, FOEBRBPHFCLBVTCE X2 7)) ORBEHERSALND
JReErEZ N 5.

AREBRTIE, Y27 )2 ABBELLBOBERBCEI NS X2y
VRPODEFTHHWEDSAFT vE4 %X 27 ) Gz A TITY,
FOMBEBERICIOVWTHRE L.

MR B EUHE

1. BEERR P RA—SBOX L7 VHEOEBFTCRETE
NAXT v eIl F2y ) mEld, ‘7ya-v1’, "FK,
e, ‘RHEE& 25, ‘RERFRER BIU PI169391
EL7-. ‘PI169391° WHMVIEOHAERTHY, MEHNHOT L O
Ny —%RTHRHETH A (Lockerman - Putnam, 1979) . Ml miEiE
WERELTHWORTELLDTH S,

WNAFTT v ADAELELT, BEECZ VI NVFTREZTE- 12
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300ml 7 7 X TIZHERIBE 400ml EAN, WE1IBHROF VY GHE
2Ly VTEFL (B 21 ) . #EFEREREECT 25T, 74
~8lpmol - S* - m? 16 FMHET2HBBMNA AT v £21iTo7.
WNAFTveAm, BERENOBLAB L UBHERBOMHE L LT
bhhoi. ZmiEED 20 k7 oHAL, BAER, BAER, #L
HROEKEBLUOEWEIIOWTHEL L.

NATTy v A CHCE#ERRE, F—mfEr UEE CERALS
(Namiki, 1993) £5 161 75%EERERER (LT, HEHE@EE L) T1
VEgisE (77 ABEBRICBWT, BEN 60liter DT FAF v 7 IV F
FIZHEREHE 50liter 2 AN, BMARKE SAKRE L) LzboimAw.
722, BERBEICIOVWTE, BEPICHRI LA NBIVK 220he
A4+ xA—=%— (h—54, C141, C-131, HORIBA) T, P &k
BT, Ca, Mg BXU Fe TREFREETHMEL, ThENEERE
FUMEILZ2 L) ICHAE L. FREE LT, HEEBOH L VEER
2RV,

2. 'BHERSTREK EBEERBICOSBOHEOEFTICK
ETRE
NAFT oA BV F oy ) dflild, HERE 21 8, HEFO
‘P1169391" 3B X U Cucumis sativus var. Hardwickii K. & L7z, 78,
BEEREL, ZB1 IVERIUFBREIEZ THo- "'BEERFES
B 2 EZFE (6/30~9/14) [CIEE T, BERTIRELLbDOE
iz, =8, MoEBRAFEKIL, EBR1 EREKICITo 2.



Fig. 2-1. Bioassay of nutrient solution with cucumber seedling (one week

after the sowing).
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1. RERBIPA—SBOX 29 VHEOEBTICRETHE

‘yra-pnp1’ o, FXR, ‘dkE, ‘RH%ES&2E, ‘B
EREEFREB BXU ‘PI169391" 2 ZNnZFh I{EABIREL-ED
BEBRBETHCT, TNTLEA—SBOX 27 Y PHOEFTIIRIZTE
BE KT (EER1) . RRKEREICODWTABE, ‘EHESE 25 BX
O CEERFERHER BABRCHNEAR, TREANEXD 9B LT
LRETHo7 (FE2-1%K) . o4 HETEAELEZRAD L D
o7z, BMAREWIIOVWTAL E, L2 miIcmz, ‘Jb#E BIT ‘Pl
169391° FAEICHH SN, Y2 - OERKEBITEYEICIOW
TabE, ‘BERFRESER B L ‘P1169391° TITHH & ni25,

OB CIEAEELREN 2ol

2 . ‘%%E%E%&’%%ﬁﬁﬁ@@%ﬁ@@ﬁwiﬁcﬁ
ETEE

OEWER1 LV RIIFBEIEETH o 72 "BERFEMHR
DIEBRBWERACTNAFTT v 24 2fTo /KR, BRRERIIOWTA
i, BAMEIES NSO ‘Tra—nI’ (FE22H) BLU ‘A
T, #BRDOLERETH o7 (F22K) . MHFGSdero/nid PI
169391 BXU ‘HK T, 8HEBEBETH-/ (5 23 K) . Modm
X2 ~5FBEOMBILAON. T, RAERBICOWVWTFED
BEAAL NIz, £, Ya—FPOEFEIIOVTHL L, KHIHE
Nz ‘Tra-pilT BIY ‘BRAZ2-%547 THREDS
HREDH o7, NREEABRZEFBD ORI HFK D&
Tholz MO REOMHEEINBRD 6 ~8HBETH -2, 7z,
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Table 2-1. Effects of the nutrient solution used once for cucumber culture on the
__seedling growth of the same cultivars®

Cultivar Maximum Maximum Fresh wt Dry wt
leaf length leaf width of shoot of shoot
‘Encore |’ 99 NS 102 NS 104 N - 100™
‘Aodai’ 108 N 105 NS 106 M 109 ™
‘Hokushin’ .97 93 * 91 ™ g9 "
‘Chojitsu-ochiai 2 gou’ g9 ** 93 ** 96 M 100 "
‘Shogoin-aonaga-fushinari’ 710 77t 79 ** g1 **
‘Pl 169391 95 N 92 * g7 ** 86 *

? Values of growth of cucumber seedlings in new nutrient solution are calculated
as100 (control).

Y Significant at 5% level (*), 1% level(* *) and not significant (NS) by T-test.

11



Fig. 2-2. Bioassy of nutrient solution once used for cucumber
[ R . N . . _:! .-‘} } i ~ N . T *?
Shogoin-aonaga-fushinari’ with cucumbe: Encore |

seedlings (2 weeks after the start of bioassy). A

plant bioassayed with fresh solution (control, left) and

a plant bioassayed with solution used once (right).

Fig. 2-3. Bioassy of nutrient solution once used for cucumber
oy . ~ o . ¥ . 1 3 1 =
Shogoin-aonaga-fushinari’ with cucumber Aodal

seedlings.



Table 2-2. Effects of the nutrient solution used once for cucumber *Shogoin-aonaga-fushinari’
culture on the seedling&rowth of various cucumber cultivars®

Group of cultivar Cultivar Maximum  Maximum Freshwt  Drywt
leaf length  leaf width  of shoot  of shoot
Hanjiro *Sagami-hanziro-fushinari’ 77 *HY 76 %" 84 * 86 "
Ao-fushinari ‘Kurume-ochiai H gata’ 72" 79 ** 83 ** 83*
" ‘Shogoin-aonaga-fushinari’ 71 ** 77 **¢ 79 ** 81 **
Aonaga ‘Aodai’ 80 ** 88~ 93 Ms 89"
Jibai ‘ Shimoshirazu-zibai’ 79 ** 80 ** 82 ** 88 ”*
Harugata-zasshu *Chojitsu-ochiai 2 gou’ 64 ** 65 ** 72 ** 67 **
n ‘Kanazawa-buto’ 65 ** 70 ** 71 ** 74 **
" ‘Kaga-aonaga-fushinari’ 64 ** 62 ** 76 ** 71
u ‘Sharp |’ 75 %% 71 % 76 ** 77 **
" ‘Hokkyoku 2 gouF gata” 69 ** 64 ** 76 ** 76"
Natsugata-zasshu  ‘Encore |’ 38 ** 41 ** 46 ** 47 **
n ‘Hokushin’ 67 ** 69 ** 68 ** 67 **
" ‘Kifujin-new-type” 61 ** 55 ** 55 ** 52 **
n ‘Nankyoku 3 gou” 72 ** 77 ** 75 ** 74 **
" “Tokiwa-natsufushi’ 76 ** 80 ** 76 ** 65 **
" “Yomaki’ 41 ** 40 ** 64 ** 62 **
Kahoku ‘Suuyou’ 63 ** 76 ** 79 ** 78 *
w ‘Chikanari-suuyou 2 gou’ 61 ** 68 ** 83" 75 *
a ‘Asakaze’ ) 71 ** 70 ** 72 ** 69 7*
“ ‘Santou-shuuyou 2 gou’ 65 ** 64 ** 79 ** 85 *
Pickle ‘Mogami’ 78 ** 86 ** 83" 82~
Wild “Hardwickii’ 48 ** 51 ** 77 ** 80 *
" ‘Pl 169391 83 ** 87 * 82" 79 **

? Values of growth of cucumber seedlings in new nutrient solution are calculated as100 (control).
¥ Significant at 5% level (*), 1% level(* *) and not significant (NS) by T-test.
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EE1 OFKRLY, ‘HERFREHB B IO ‘P1169391 EEFh
FPhEA—REOEZERE (LT, BRBELLA) KIFa v ) HEO
EEFIEI S NP, MOGBETRAF S Az o E2ObNE. W
miE s MO LM ENLZMEWEDSZ WD, ZRESMEWEICTT 3
BZUEFBPEARHTH S5, BRBRICIZ2EFMH T RERER
VRO LT

T, EBR 2 ORI, ‘HERTFEHR ONBEEREICEIL
PEFUHWECH T 2 BRERCESKERERSSHY, ‘Tya—vI’
RO BEXEIEL, ‘B BREPIoZ. 2B, ChODOFERE
BER (1972) OB L-mEFHLOMRIEIBEDO o /2.
EBR1BLIUT20ERZELETEZLSL L, ‘PI169391 DL IHIZ
Mo RHE A S OEEMHWE I L CRERSPREET, BRETET
e Z2RTIAT, ‘Tra—nI’ OX)CEZFHEIEVN, BRE
TEFWUHZ RS 2wy A7, ‘db#’ BIU ‘BEH&EA 2 5° OX
IR ZHEIHEETH LD, BRBRTEFHAWNZREI 2SI A TBX
O CHKR DEICEEMSEL, POBHERTEFTNHERE 2V
SO RN LY (W A

PEEy, 2y )RPL0EFMHYWEICE 2 BRPHICHIERZE
BAH G N, BSRBEHEHE T, BRIBIC L 2EFHH D 4wl
PHELTWAEEZON, T, ZOBAEOMEEEOFERE LT,
A TIToF 2T VDB ERCENAAT v LA DPEHNTHY, %
DE, BEERBETHVAIHEFPELTVWE ERbNS.
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#m3E EWREREICIAXF2VTVOHRTFOREL
Z @ JE WY E O e i

E1H FavUOEBREIBRCLLINEORD ERREM
K& zEE

H2ELY, BERDPEORECHEHMERTZD b h, ¥R HH
EFICFOETEIBEAAT L EHERERBE T, BRRICE 2 ERLE
FOMHEFL 2 VREFBE LTS EEZ LN,

—F, Fav) R EWBET AL, RESEL, NERAHSEES
A5, IR AR ISR R T B D ICHBOE L R, BEOINE
TH oI EMMoNTVS (4K, 1986, 1989) .

72T, BRECEFUHERLESHEB IO ERS 20 o5
BEAy, $29) 0RRBETOETRLONEET I HEERO IR
BRICIDBIERIENIZLEHOPIKTH L EDIC, ZOEMAEL

DWTHERE L 7.

HE s & OHE
1. BEROXBOBEENK X127 )VDEE, HESLIUVREICEK
e

AL LT, ‘¥ , ‘BEH®EG 2% , ‘EEERFEHL
BXU ‘P1169391" HWwA (F3-1K) .

WL, BRAZEYERHZRMBEYEREAEN T LY 5 —HO
A 100 MDA T AETITo7z. HHEIL 1995 £3 A3 H, 1kVEE
%9 45ml D 51 REW b LA T, BEENN-IF251 PEHVL.
AZEHEH X2yl (32K 270 % Y (# 23mm, # 23mm,
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HE 27mm) 4ETREZEL, BEH 60liter DI FHIZEBHL, FE
L7, BEWIESLGEER (Namiki, 1993) ICHE UHRFAE L, EC
2.0dS + mt& L7 (BUF, &Z#EHE L) . o207 5K E 501iter
A, TT7 =R T (BEREEE  3.8liter - min?) THEEER L.
FEHROREARIE, 12754720 18k L. EMIZ4ALH
CAREIBICELLRICITo . EEREIFEHBLRME L, BEERK
1l avr Sy 3ARE L. SREREDMEEAKE OKRE L.
2HEBICHBERELEERTRTIK (RBREK) BLXU2BABIIRS L
BRMEEML, 50liter IZ&DE, TOEN, P, K, CaBLU Mg %
EEBLE CREICHET AKX GEBMKX) £2&IJ74. HEBOECBX
CpHIZA I BWZEL/., ECIEAZRHBRKXT 1.1~2.2 dS - m?, EMXT
16~25dS - m'THBLA. T/, WXL D pHIL 6.0~7.7 Tho
7z. ‘PI169391° 4 30 &, oML 156 HTEHORLEITo 7.
I REIBEB X2 RABIEZENEFN L H TR OZATo 2. DEEIEZBRTE 10
~14 HET, REEN 20em ICELBIITo /2. &3, ‘PI169391°
KOWTIHERERN 10em ICELZBICNEZTo 2. HEEB X OHETE
DERERE H, BEMER, ERETHOKOETS L FRENEICD
WTHAELL., 28, ERPOHFEHRIEIT 16.3~25.4 T, HFHK

it 17.8~24.1 CTHR L.
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?

Fig. 3-1. Fruits of cucumber ‘PI 169391°

£ . . . ‘ g
Shogoin-aonaga-fushinari’ Hokushin’ and

‘Chojitsu-ochiai 2 gou’ (from left to right).

Fig. 3-2. Cucumber seedlings (one week after sowing).
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2. BHITEOBRBYF X2 7 VDOEE, AESSLSUVNRECLRETEE
gAML LT, EBR1 LEIL 02 H W7, #HHEIX 199546 A 23
Hiz47v, ERIZ7H 14 HICKES ~ 4 EITEL-HIZT 7.
EB1 CARCZBRBIUEERBE LAV BMR 2887, BN
RCHRESTLERES L LT Fe 2H-ICMA. BREERRE, WD
BIMX OB (N, P, K, Ca, Mg BX U Fe 2 MR E [ CIREEICH
#) W, o, BEBRO ECIEREHE T 1.1~2.44dS - m?, B
XT14~26dS - m'THEBLA. T/, MX LD pHIZ 5.6~7.6T
Holz. ‘Pl 169391 WXEMHE 20 HT, MBKICOVWTIE, 1 XEHK
2HITHEL LA, 2B, EMXCIEEEI,LOEEREEH V. i
WOWTIERMEICE L. AEEBERFLERMETHo 1. B, £
D HFEHRIEIE 24.4~31.8 C, HEHKIEIE 24.1~32.5 CTHE
L.

3. BEROXBOBFESSVEMRAMI X277 VDEE, H
EELUVREBLREITHE \

fiAmfE e LT, ‘EEERFREKR BILT ‘PI169391° &AW
WL 1996 2 19 B, B3 A 15 BICARESIHIEL B
To7e.

EER EREMICZBRK, BMEB LCEMRICEEREZBRMNT 2 X
(EMREX) 2&072. BERESORBEFMEL RET, HHR CRR
HE GH2c4/8, RHEER) &, 12> FF %70 200g WML, 28
BICZ LA (33l . 4, BHRICIDFLV-FEIRES R
ADT (Yu b, 1993) , 2~3 HEBICEKEL L THRBEE— &Kz 1>
TTE2) 0.75g M LT, F 72, HEIWO ECHERBRK T 1.3~2.54dS -
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m?t, BMRT 16~254dS - m'BIUHEHKKT 1.6~2.5 dS - m’!
THB L. TRTORXRTpHIEZ 5.1~7.6 TH o 7.

iz owTid, FifEICE L. AEEBIL, AifFERAT, F2CAE
FEOWHEREREMR /2. =B, BP0 HFHRIEIE 156.1~28.6 T,
HF#KiRi: 16.0~26.0 CTHB L /.
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Fig. 3-3.

Air filter with activated charcoal.



- % R
. REBROXBOBESF2IUOEE, BRIt SCNBICER
ETRE

EBETHEOAEFTIIO2OVWT, FEEBIVHKEETHRS L, ‘PI
169391° DS, RBEIIN L TEMR THEEICHHAIZD Sl (8
3-1 %) . MORHETIIAELENTRDOO N, o/, EH, A, 1
REBIUOROEYEL, I RTCOGETUEBICAELRENFALNE
Poiz.

MW L UHEOBERAEDE, T _RTORECAERICAHE L EN
Kool (83-2%FK) . A7) oMERIL, ‘PI169391° T
HBMETERCRSL, RBERDOD3IFD2BETH-72. MORBET
EEBELRENAONE o/, /2, WHERKHDI T XTOMETLE
BMICEBELRENFAON o7, MUYV OPFERERIZ, ‘EHERF
RHEIR BXO ‘P1169391° THEMROFFEREICES L. MHDm
MCTHARLZEN AN, o/, ULV ORENREIT, ‘EEKF
RHB TRHBMETRREDIFD 2 CHAS L, ‘PI169391° TH
TERETH7-. 2B, BIETIE "BERFTRAK BIU ‘PI1169391°
TREDTFEOMANEL, #HILTARENALN (B34 K) . 1
DORMIETITMBEBTCEERENADNEZP o072,

2. BIEOBRBEFX27VOEE, RESSUVREBELRETEE
EBERTHROAFTIZOVWT, EREL AL L, ‘BEERFEHE O
EMRTHBICHBI BZOO N (B3-3K) . MomBETREAERERE
BRDONEho7. BIEEEL, T XTORETUEMICEREZEIFA
biZedror:., EROGWEIX, ‘PI169391° OBEMX THEICED
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L, UiomhwER, ‘duf#’ 0EmMRTERICHEIL, MoRmETIZ
BELREVHONZRo7:. ROGWEIR, T XTORBECTRBEMTH
BRENRLNLZP T2,

HEEB X OMEDORERBERIZ, §XTOMBTRERIZZNAON
Rirofs (83-4%K) . &) oML, ‘HEERTFERHL 2K
WTHADEMIZH o 72, WHRGBEHIZ, T XTOREOBINK TENLS
HE A H O NIz, RSB )ONHERESB LOKRLET- Y ORENEE, §
RTOBEOEBMR TRIBEICH Y, ‘BERFRHER TRHAER
ENH D NIz,

3. BRBOZIBODEESSUEERFMPI 2T VDEE, B
ESLUVRBICRETEE

EBRETHROEFTILOVWT, EREBIVHAEE2ZAL L, ‘BEK
HFEEHK BIO ‘P1169391° LIFEREVALNE P 07205, ‘PI
169391 TIXATIE & FARICBINX THHEIMEEASH O iz (8 3-5 %) .
iﬁ,@&,1%@3&@&@%%im2W&@a%%ﬂﬁﬁﬁ%&%
(A NCR (R RN &
HEORBERMGHIZ, ‘BERTFRER T, BERXTENLSLM
MASA b NAS, ‘Pl 1693917 Tid, MERIZXA2ENFTALNE Do
7z (% 3-6 %) . MAEORIERMABHIE, ‘EERFRHK THAESR
ENHRLNRPoFz, ‘PI169391° Tik, BMEB X EHRKR TR
BXEURTHEERENS oz, A ) OMREKIE, WMHEL bR
BMIcHAERENAON 2P o7z., WHERGHIE, MofEs bFERE
WH LN Hhol-h, WHERTHIE, WHEE D EMXTEL 2D, F
MRRTXBR EFAET-IZENT. BET-VOIERERS X UKRY 7
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D pREWEIE, EBEFREA T, WL AHICEMR XK
RIVABECRIL, BHERRKTEMR EETHBEL. ‘PI
169391 THREIMELEMARICEMR THEEICRI L, EHRX TENEK
AR TEEERT RS NI

B4 ONERERLBEICATAL L, ‘BEREFESR T,
BMETHESHAB X YBBIZBRI L, E 6 BHUBROIFEDI % 2o 72 (5
36 ®) . EHRETIE, B2HBEBLUESBETCORERDFEA I
EBMEEHRTAHALEMS N, FO6HAEUEONED fivr/z.  ‘PI
169391 Tid, BMX THE2BHUKRONERER TSR IZESL,
EABEHOWHES o7 (F3-6K) . MHRETIE, £2HHLUE
DREEBROBRIHFEME ENTRRFZMEN, H4BETHINEIA

L.

23



Table 3-1. Effects of renewal of the nutrient solution on the growth of cucumber.

Cultivar Renewal of Plant Length of Dry weight (g)
' the nutrient  length primary Main Leaf weight Primary lateral Root
solution? lateral branch stem of main stem  branch
(cm) (cm) per leaf per plant

‘Hokushin’ + 141.6 11.7 18.5 6.6 48.9 131.7
- 139.9 11.2 18.2 7.0 44 .3 134.0

NS~ NS NS NS NS NS
‘Chojitsu-ochiai 2 gou’ + 170.1 12.7 31.9 8.8 57.5 111.3
- 168.8 12.7 28.0 9.0 61.4 115.2

NS NS NS NS NS NS
‘Shogoin-aonaga-fushinari’ + 164.7 23.6 19.9 8.7 90.4 121.4
- 164.8 25.5 21.9 7.7 84.4 105.8

NS NS NS NS . NS NS
‘Pl 169391 + 210.1 10.5 28.4 4.6 36.5 89.0
- 189.1 7.1 29.1 3.9 34.6 112.1

* * NS NS NS NS

Z 4+ - .+ - Total renewal of the nutrient solution every other week.
— + + - Only supplement of the nutrient solution which decreased during culture.

¥ Stem and leaf.

X Significant at 5 % level (), 1 % level (* *) and not significant (NS) by T-test.
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Table 3-2. Effects of renewal of the nutrient solution on the flowering and yield of cucumber.

Cultivar Renewal of Dates of anthesis No. of flowering Beginning dates Harvested Total yield

the nutrient (month/day) fernale flower of harvest fruit number per plant

solution® male flower  female flower  per plant (month/day)  per plant (9)
‘Hokushin’ + 4/20 4/21 57.8 5/ 3 35.7 4411
- 4/19 . . 4/21 50.0 5/ 2 333 4194

NS NS NS NS NS NS
‘Chojitsu-ochiai 2 gou’ + 5/ 2 4/20 32.7 5/ 2 25.4 3574
-~ 5/ 2 4/21 33.2 5/ 2 24.9 3471

NS NS NS NS NS NS
‘Shogoin-aonaga-fushinari’ + 4/20 4/23 26.0 5/ 4 20.0 2919
- 4/20 4/23 _ 20.6 5/°5 14.1 1895

NS NS NS NS * %
‘Pl 169391’ + 4/17 4/20 80.0 5/15 21.4 3438
- 4/16 4/19 52.7 5/20 13.2 1839

NS NS % NS * *

? Refer to Table 3-1.
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Y Significant at 5 % level (*), 1 % level (* %) and not significant (NS) by T-test.



Fig. 3-4. A shrunken fruit of cucumber ‘Shogoin-aonaga-fushinari’ (upper,
arrow) and a normally developing fruit (lower, arrow) ten days

after anthesis.



Table 3-3. Effects of the nutrient solution once used for cucumber culture on the growth of cucumber in the

successive culture.

Cultivar Renewal of Plant Length of Dry weight (g)

the nutrient length primary Main Primary lateral Root

solution® lateral branch stem branch

(cm) (cm) per plant’

‘Hokushin’ + 135.2 15.6 21.2 102.7 110.6
- 135.6 15.5 19.0 83.0 88.7
NS NS NS * % NS
‘Chojitsu-ochiai 2 gou’ + 152.8 14.2 25.0 84.3 100.0
- 150.7 14.6 24.9 90.5 103.8
NS NS NS NS NS
‘Shogoin-aonaga-fushinari’ + 156.8 24.7 23.0 114.6 85.7
- 142.3 22.6 20.5 101.3 74.5
% NS NS NS NS
‘Pl 169391’ + 110.2 12.4 16.7 74.5 87.4
- 107.3 12.4 14.4 68.6 84.4
NS NS * ¥ NS NS

£, ¥ *Refer to Table 3-1



Table 3-4. Effects of the nutrient solution once used for cucumber on the flowering and yield of cucumber in the successive culture.

Cultivar Renewal of Dates of anthesis No. of flowering Beginning dates Harvested Total yield

the nutrient {month/day) female flower of harvest fruit number  per plant

solution® male flower female flower  per plant (month/day) per plant (9)
‘Hokushin’ + 7/27 - 7/27 37.3 8/ 5 20.1 2997
- 7/27 7/27 - 32.1 8/ 8 17.3 2579

NS’ NS * % * NS NS
‘Chojitsu-ochiai 2 gou’ + 7/28 7/28 33.9 8/ 5 24.8 4189
- 7/29 7/29 29.3 8/ 6 22.3 3834

NS NS * % NS NS NS
‘Shogoin-aonaga-fushinari’ + 7/29 8/ 1 _ 35.7 8/ 7 23.3 3656
- 7/29 8/ 1 38.7 8/10 14.8 2428

NS NS NS * % * *
‘P1 169391’ + 7/26 8/ 2 20.1 8/15 3.9 802
- 7/27 8/ 2 18.5 8/20 2.4 592

NS NS NS NS NS NS
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Table 3-5. Effects of renewal of the nutrient solution and charcoal supplement on the growth of cucumber.

Cultivar Renewal of  Charcoal Plant Length of Dry weight (g)
the nutrient  supplement length  primary Main Leaf weight Primary lateral Root
solution®  lateral branch stem of main stem branch
(cm) (cm) per leaf per plant”
‘Shogoin- + - 153.4 14.0 19.8 8.6 77.6 132.5
aonaga- - - 155.0 14.2 19.7 8.0 83.2 133.0
fushinari’ - -+ 154.8 12.0 18.7 7.5 73.2 113.8
NS~ NS NS NS NS NS
‘PI 169391 + - 146.0 11.6 18.3 7.2 67.7 90.3
- - 137.6 10.0 18.1 7.6 66.1 97.0
- + 134.3 10.9 18.1 7.0 74.1 105.0
NS NS NS NS NS NS

%Y Refer to Table 3-1.

* Mean separation within columns by Duncan's new multiple range test, 5 % level.



Table 3-6. Effects of renewal of the nutrient solution and charcoal supplement on the flowering and yield of cucumber.

Cultivar  Renewal of  Charcoal Dates of No. of Beginning Termination Harvested Total
the nutrient  supplement anthesis flowering dates dates fruit yield
solution® (month/day) . . female flower of harvest of harvest number per plant

male flower  female flower per plant (month/day) (month/day) per plant (9)
*Shogoin- + - 4/15 b’ 4/15 25.5 4/29 6/ 6b 221 a 2686 a
aonaga- . - - 4/15 b 4/17 21.0 4/27 5/27¢ 144 b 1587 b
fushinari’ — + 4/17 a 4/14 27.2 4/28 6/12a 24.5 a 2941 a
NS NS NS
‘P1169391° + - 5/14 5/15 ab 39.6 6/10 7/ 1a 109 a 1796 a
- - 5/14 5/14 b 33.0 6/ 7 6/18b 6.2 b 975 b
- + 5/14 5/18 a 35.5 6/ 7 6/28a 8.5 ab 1388 ab
NS NS NS
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* Refer to Table 3-1.
¥ Mean separation within columns by Duncan’s new multiple range test, 5 % level.



—

—

Fruit number per plant

lIIIIl

1 2 3 4 5 6 7
Weeks after the beginning of harvest

Fig. 3-5. Weekly fruit production of ‘Shogoin-aonaga-fushinari’
through harvest period.
Total renewal of the solution (upper)
Restoration of the nutrient solution which decreased during
culture (middle)
Nutrient solution supplemented with activated charcoal
(lower)
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Fruit number per plant

1 2 3 4
Weeks after the beginning of harvest

Fig. 3-6. Weekly fruit production of ‘P1 169391’ through

harvest period.
Total renewal of the solution (upper)

Restoration of the nutrient solution which decreased during

culture (middle)

Nutrient solution supplemented with activated charcoal

(lower)
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AEBROBER, EBETHOEFTILOVTREERROTROFES X
CHEBRBMICEDL T, T XRTOMETRELEZIZD O N o7,
—7, ‘EEREEFERHE BXU ‘Pl 169391 Tk, MERMTHEE
W ESBD bR, nb0RHETRERNEDSEERE LI A
LB EEREIBDONTD, FTEORRKFET Ll o7/Z L EHE
ENTBY, COZEFPEOBIIZOE2No/lzEZXONRE. BITIL
HREHZ 1 ABICH2 L, BMETHREIORERSHERB L7z, —BKEH
ICEBERFE TR, HEBRELEEXRTHI 2L, KB IUEE T EM
TAEGENILALTHAE. 4K (1989) HZDL)I 2 HETH =
V) EBERE LGS, BEOPRENET I LERLTVLES, &
WITAREROERE —F L. £/, MamiEs DIFEMHRAEIC X > T
FERERFRET A2EBBARL N, WHEREERBBICENT A2
XD, BEBERIZEEINDTHA ) WHIWE» TE S, PHERERK
'Tﬁ%ﬁéﬂta%i6ﬂé.

HHES (1977, 1980) &, K IV N OREEBITFEBREZ AL Z
BEEBEWREINZEREL, IVNORLL LA S NI-ARY A
AFRTORERTHAL EHEE L. T/, Yu b (1993) A< b
WHELTEMEZTTEEL-GSGLERTERRESRMT A &, EE
DEEBIVNENEMTAZLEERELTVEY, 205G, HEHER
WINTHRESHZ -0, 1| REEIFITEROPBXTV 2V, KEER
DAFFF =27 Tk, BMXTFEORKRT 2D HREDRRIEL,
REKT2bLREITBA L. HEHRBIMTIEZ ORKOIPHE A 5
ny, REORKPFEEL, WEFHEI-EZELONE. AL LA Yu
SO FY FOERCHEROEESIL bR, S0 kAIEICHEY
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FLAtExONE., —F, REROK$F 27 ) TEIEIASBH L
HEHDEFTEORRICEELREIL-LEEENE. ZOHHWED
RERIEBRTRITOEEOARIIEEAN P72, ZOZED1D
DEHLLT, AEBTIEIVWITNOLER T 2742 ) OMEORKLEAT
DRI ERXIDVHME LMD EOHREFREERICHNIIS SRS
EBEZONDE. 58, MILOFERZTOHFELHAFHPDEOEEIZON
THEIIHMFATHILEIrD 5.

pH BX U EC EIZMBERIZIZEVFTIEAE P o/2Z 20, B
HRICLIANBEOERIT pH BLXUPECHICE 2D TIRZWVWERDR
5. F, BEEFIZOVTY N, P, K, Ca, Mg BLU Fe OHE%E
TV, FHERTHNEPERERTHIZIEIPLERBTORETEVEEZEZD
nad. B, FHREIGZFEOPNSIVERESFTWRE LICS W ¥R
HE3INTwab (K, 1995) .

UEDEERELY, F2 ) 0OBBEKETORYOPREETOEKEIL,
HERPRERKEZHH T 2WESHEYE»OH T, FEELZEERTHRL
WA, BREERLIEZOWENPERTAIOTHLEEZONS.
P FTHE, Yu b (1993) WERPL 7/ —WPEOBHEZREDTW
5, CREHASERATOEEREEO7T LU —LE 200, ZORES
e L CRBRICEERZBMT 2 HEVPAH Tho72 L BOTWA.
AREBRDF 27 ) THHEBRROMEVRED O M7z,

T, Fav)ORENECHTA2HHICIEIRERZRESALN, &
2EDNAFT v ADKREFABETH o7, MBEERIZOWTIERI
HWBEOKPOOREED L ZHEYEOEZUEDORTFEZLOND.
SHiE, BRERPREERKEZNH T IPETHLLEEZLONIWRPLDE
HIEsHL, ESKEZTOYEIPERFEOERPE TH 50 L) vk
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B2 Fa7) ‘EERSJTROAR ROBEHICESTHh3IER
FEREDEDODRAEELEZOMEFr X2 7JDEBTS LU
RECRETEE

FHS (1977) &, AKBI VN OEERICERERZEMLEZSE,

AFMHEISEEL-ZE00, BProBHLAWEFEFTETORRET

A EHEE L. Yu - Matsui (1993a , 1993b) &, AFF~ + 0¥

BRPIZT /) - VHEBEEELHHWEPERL, BYKkoEREERE

WErBL LTI ezHME L. T2, BE1HOKERERIY, Kx=a

DOREEBBREXBETIIRE T L BFORENE BRI L, BEE T

CIEER RT3 ENEFEET 22 20, BronERNHYE

DBHERE L.

ZIZT, AEBRTIE, B1HOEBROKPF =2 7)) THERICEE S

NZ-ERENFHWEO S 24TV, MBS/ T7 /) - VWEPX 27

DEFBIUONEIZRITTHZEBIIOVWTHRE L.

ME s EUHE

1. EMERICEESINA-ERENHDEDO S

¥ 271 (Cucumis sativus L.) ‘BEHERFRHR OFMFERTHE
AL ORERTRO28M) 208IC8 L7, EHER 300g 12
0.4 mol - liter NaOH & X% / —)v% 1 . LIZIRE L2 300ml &\
., 48 FFEI IR (25C) TikE ) &€/, ZOHMMBEEZ 6 mol - liter’
HCl THfls®, =R —% (40C) T 25 ml S TRMS . &K
M EE 3-7TRICAT L)AL (Yu - Matsui, 1993b) , pH2 T
VIFNVI—TFTNVICHEROYE (LT, DE2 £53%) 245l L7-. DE2
22ml DIV FNVI—FTWVIZENPL, YTV AFVIIRIREE, AT
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WAk L7z, A2 0<x 757 - AANRY MV (LT, GC/MS &F

%) # (Schulz - Herrmann, 1980 ; Chapman - Horvat, 1989) T
S EFTo7. PHBHBLLT, FAz7u~x 79 74 (BEEE
At, GC-14A) B XU GC/MS Z#rat (HIZBEAT, M-80B) 2R L

7.
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Activated charcoal from nutrient solution
grown cucumber plant

Extracted with 0.4 mol - liter” 1 NaOH
solution and Methanol mixture (1 : 1v/v)
for 48hrs at room temperature

Concentrated solution
Adjusted to pH 8 with 1N aqueous NaOH

Extracted three times each with 35 ml
diethyl ethyl ether

Diethyl ether layer (DE8)
Aqueous layer

Extracted three times each with 35 ml
ethyl acetate

Ethyl acetate layer (EA8)

Aqueous layer

Adjusted to pH 2 with 4N aqueous HCI

Extracted three times each with 35 ml
diethyl ethyl ether

Diethyl ether layer (DE2)
Aqueous layer

Extracted three times each with 35 ml
ethyl acetate

Ethyl acetate layer (EA2)

Aqueous layer

Fig. 3-7. The flow chart of extraction and fractionation of substances
diffused from activated charcoal of the nutrient
hydroponic solution of cucumber.
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2. 71/ - MPBEFF1IULDEOEBCRETHE
AL, ‘EERFREHR FHVZ. BAEYo VI VT TES
Z3Eo72 300 ml 77 A3 ZHEEBE 400 ml Ah, HE1IEABOF
2 VWEYVE YT FLLE., HNIFEEEEEET 25T, 74~81
pmol - ST m?, 16 BHMHET2ABNAFT v LA 2707, I8
AT v eAd, BEBRNOBRBLUREROMB LRAELITDLL D
ofz. BEBIT 15 KEL, BAER, BAERBIUH IHOAEKRE
WOWTHRELA., 28, BERIIERQGEERICHEL EC 2.0dS -
m'& Lt (UTF, HHEHLT2) .

BEEBRICERI THRHENRZ 72/ — VHWE Benzoic acid, p-

Hydroxybenzoic acid, 2,4-Dichlorobenzoic acid # X U Phthalic acid %

ZNEFNO0, 10 BLXU 20 mol - liter™ #INT AHBRX % 3% IT 7.

3. 2.4-Dichlorobenzoic acid ¥ 27U D&EE, BIES LU
BEILREITHE

AL, EBR2 LEAKETH 7.

BB, BRRZEYEFERZTHMBEEYRBELENELY 5 —HOD
#1000 m*DF T AMETITo7/2. 19984F 28 20 HICNN—=I %254
MR AN 1 VAR 46ml @O 51 RE)V MU A IZHE L2, KREH
EMICxF2y YW E Y LY Y (# 23mm, M 23mm, ®E 27mm) 4 @
THEEL, HEH 60 liter ®2 ¥ 75 (A, #ft 50 cm, H 60cm, &
E2lem) WKBMEL, FHELA. BEREZEERLL, 1EBIIE2EXR
Bl a7 FICHEERE 50 liter AL, TT7 —F ¥ 7 (BRERE
3.8 liter - min. ") CTEEHEARLZ. FHROBEAKIE, 1a2v7F
Y- 18 k& LA, EMIZ3A 19 HICKEDN 2 ~3HMITELLRIZ
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fTof:, WMERMIFTHMERME L, BEAKZ, 12075 %20 3
AL, ERBERIZIZOKRZHRAL .

EMWEICNA T T v THWE 72 ) —VPBED 1 OThHh 5 2.4-
Dichlorobenzoic acid % 0, 0.2, 2, 10, B XU 204 mol - liter' ¥
mi, SHEERETRORICEERREEMST 2 X2 k7. HHERIE L
V7 FHLD 300g ™ML, 1BEICRBLAL. ERKIE 15 8, 1X
BILU2RABEZENZEN1EH L THROLZ. DEIZREE 10~18
BT, REREMH 20 cm WELALBICT-4. #AFEEE L LCIE, H
B X UMAEDRIEREEH, MAEHER, NEXTROKROET, RE
WeEs L UCWERERE L.

4. 2,4-Dichlorobenzoic acid ZMICE 2 F 2T UIROHBEDE

1k
2,4-Dichlorobenzoic acid % 0 B XU 20 mol - liter* WML, #K

BLIEFBEOF 2 ) OBBOBER X UREE % FAA TEHEL, ELXH
BFEME (SEM, HABEF JSM-5310LV) ICEhWEE I —VATFT—
FICXDVEELITo 7.

% B
1. BEMERICEESNAZERAHFHDEDO S
DE2 2 A F WAL L,GC/MS R Tt ¥ % &, TG R 2> 5 Ik Benzoic acid,
p-Hydroxybenzoic acid, 2,4-Dichlorobenzoic acid, Phthalic acid B & »
2,6-Di-t-butyl-p-hydroxycresol 2 &z (% 3-8 W) . 2B, 2,6-
Di-t-butyl-p-hydroxycresol &, HHIZH WA I ZF Vo —F )V ICHEE
BFE LTHEBIZEINTWA30T, Fav b dhzdn Ll
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ZEZIZS\W, 2B, IROOWEI, REHOEMRES» S ITRHEE T,
BEEBICARMENTEERIO DA S .

2. Jx/ —WHEBEF X217 VHEOEBICRETEE

WH &2 bl & N7z Benzoic acid, p-Hydroxybenzoic acid, 2,4-
Dichlorobenzoic acid 3 X UF Phthalic acid 2 ¥ 2 7 JSIEIZ X DN 1 F
TvtA LR, Benzoic acid B X U p-Hydroxybenzoic acid #HIX
TIEIHERER, RAEBBBIUTH EHFOEREIIOVT, TRTOEE
THEZEIROONZMP o7z (8 3-73K) . 2,4-Dichlorobenzoic acid
WX TiE, RAER, BRREBBIOC#H EROEREICONWT, BE
PR BRAICONTHEREICHA L, 20 mol - liter! HIMEX TiL 0p
mol - liter® MK (WHREX) LHRTENRFNROEOEED 41, 36
BLU25% &% o7z, Phthalic acid ISMEX TIIMAEEB L UHRAE
BIZonwT, ETHORETHAELZTIAD O o724, HEHOE
HEEIZDOWTDHA 20 mol - liter' WIMXR THA LA, (5 3-9 M)

3. 2,4-Dichlorobenzoic acid % 27 DEE, RIES & TR
ELRETEE

EBR2 XD, Fa2UvUYPHOLEFTHHBEEIRDE» o2 2,4
Dichlorobenzoic acid Z R EBICIWML 72& R, EBRETHOLEFICIO
W, FREBLPHERREEREBRINL 2o 206, WEIE
AIONTAHEEIZRAL, 10 BXU 20, mol - liter® MR Tid
WHET HEICETOMRPHEIL L7 (55 3-8 3%, £ 3-10K) . EMKR%E
BT 2L, ETCORETHEERZEIRBD O e, o/, £H, 1EE,
BEBICROEYEIERRERML 221254, 24
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Dichlorobenzoic acid BN 2B IO NTRDEMATH S I, 1EH
REBRMT A LETORBETERL2EIRD DN o7z,

HEAEB X OMETEDBAIER 2 H, BIEMEIEZIL 2,4-Dichlorobenzoic acid
BB (0, 0.2, 2, 10 BXU 20 mol - liter?) DEWVB X UTEH R
DEEIIBEDLLTEELREZIRDOO N2, o7 (B 3-9FK) . WHERG
HiZ0BXU 0.2, mol - liter "R E]N, 24 mol - liter ' #iIMX T
BN, BEREBMT S EEMLA. T, HULD ONERER
BLOWERIE 24 mol - liter "WMEX THBEICHKA L, HHREMEX T
&L 7.

S50z, AEOWERERZABE, 0u mol - liter IHIK & -~
0.2 BXU 24 mol - liter "IWMME TIELHBA TN TN LI BLT 28
M@, HHREHRMT 2L, AREEFMUELSHET7HEE TRETE
72 (56311 K) . F/z, WAL LZ 10 BXT 20, mol - liter ' ¥R
MECEREREZRMLTBL LE6HET TRFEI AL N,

4. 2,4-Dichlorobenzoic acid ZMICEL 2 F 2T UVIRDHBEDE

1t
2,4-Dichlorobenzoic acid % 0 B8 X T 20 mol - liter® &L, #
¥BL-BOXa2 ) OBRBEHET S L, 20 mol - liter! WK T
ERBIUCBMBROEHRBHIEAEZ LTz (5 3-12K) .
DEI SEM 2 VT, FROERBLHET L L, REIEELZX
FTw7 (% 3-13 K) .
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23

10 ] 20
Retention time (min.)

Fig. 3-8. Gas chromatogram on the acidic diethyl ether soluble fraction.
Analytical condition : Column. GL Sci. TC-5 (60m), Initial
temp. 100°C for 2 min., Prog. Rate 5°C + min.”, Final temp.
260°C for 10 min., Injector and detecter temp. 300C each,
Helium gas pressure 0.8 kg - cm™
Peak no. 1. Benzoic acid, 2. p-Hydroxybenzoic acid,

3. 2.4-Dichlorobenzoic acid, 4. Phthalic acid and

5. 2,6-Di-t-buthyl-p-cresol.
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Table 3-7. Effects of phenolic compounds on the growth of cucumber seedlings.

Phenolic compounds Concentrations  Maximum Maximum Fresh wt
leaf length  leaf width of shoot
(wmol - liter) (mm) (mm) (9)
0°* 83 107 2.8
Benzoic acid 2 86 107 3.2
10 86 106 3.2
20 87 105 2.9
Significance
Linear NS NS NS
Quadratic NS NS NS
p -Hydroxybenzoic acid 2 83 104 2.9
10 80 101 2.5
20 80 108 3
Significance
Linear NS NS NS
Quadratic NS NS NS
2.4-Dichlorobenzoic acid 2 88 105 3.1
' 10 58 75 1.7
_ 20 34 39 0.7
Significance’
Linear * % * & % %
Quadratic NS NS NS
Phthalic acid 2 81 104 3.1
10 84 105 3.1
20 79 100 2.5
Significance
Linear NS NS *
Quadratic NS NS %

% Control of 4 phenolic compounds
Y Significant at 5 % level (), 1 % level (#* *) and non-significant (NS)
by regression analysis in each phenolic compound.
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Fig. 3-9. Bioassay of nutrient solution supplemented with 20
x mol - liter’ phenolic compounds by
‘Shogoin-aonaga-fushinari’ seedlings (2 weeks after the
start of bioassay). A plant bioassayed with O
¢ mol - liter ' phenolic compound (control), Benzoic

acid, p-Hydroxybenzoic acid, 2,4-Dichlorobenzoic acid

and Phthalic acid (from left to right).



Fig. 3-10. Normal cucumber plants (upper) and wilt cucumber
plants (lower) by culture solution supplemented with
20z mol - liter" 2,4-Dichlorobenzoic acid (one week
after treatment).
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Table 3-8. Effects of 2.4-dichlorobenzoic acid on the growth of cucumber ‘Shogoin-aonaga-fushinari’ .

Concentration Charcoal Plant Length of Dry weight (g)
length  primary Main Leaf weight  Primary lateral Root
lateral branch stem of mainstem branch
(emol - liter™") (cm) (cm) per leaf per plant?

0 Control 210.1 41.0 18.7 8.9 72.2 136.3
Added 196.9 411 17.8 8.1 80.3 136.1

NS’ NS NS NS NS NS
0.2 Control 197.5 44.0 15.3 7.0 63.8 116.2
Added 205.3 39.5 17.5 8.1 64.7 122.0

NS NS * NS NS NS
2 Control 183.9 34.0 14.7 6.9 65.2 102.1
Added 194.3 38.5 17.6 7.9 64.7 125.6

NS NS NS NS NS NS

10 Control — —_ — — — —
Added 197.4 40.5 18.9 8.0 80.8 126.4

20 Control —_ —_ — —_ —_ o
Added 198.3 441 18.0 8.9 81.4 121.6

Significance
Non-charcoal .
Linear EE % % NS NS NS NS
Quadratic NS NS NS E NS NS
Charcoal
Linear NS NS NS NS NS NS
Quadratic NS NS NS NS NS NS

Z Stem and leaf.

Y Significant at 5 % level (* ) and non-significant (NS) between absence and presence of activated charcoal by T-test.
¥ Not-investigated because the plants decayed.

¥ Significant at 5 % level (*), 1 % level (% *) and non-significant (NS) by regression analysis in the concentrations.
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Table 3-9. Effects of 2.4-dichlorobenzoic acid on the flowering and yield of cucumber ‘Shogoin-aonaga-fushinari® .

Concentration Charcoal Date of antheis No. of flowering Beginning dates Harvested Total yield

(month/day) female flower of harvest fruit number  per plant
(mol « liter") male flower female flower per plant (month/day) per plant (9)
0 Control 4/ 6 4/ 6 29.7 4/23 18.9 2812
Added 4/ 5 4/ 6 29.4 4/23 18.6 2591

NS* NS NS NS NS NS
0.2 Control 4/ 5 4/ 7 31.8 4/24 18.4 2459
Added 4/ 5 4/ 6 31.9 4/23 19.4 2795

NS NS NS NS NS NS
2 Control 4/ 5 4/ 7 44.1 4/29 10.3 1298
Added 4/ 6 4/ 5 38.1 4/24 19.1 2934

NS NS NS % ok % ok * ok

10 .Control - - —_ - —_ —_
Added 4/ 5 4/ 6 38.8 4/28 14.7 2214

20 Control — - — —_— —_— —
Added 4/ 5 4/ 6 18.3 4/23 17.6 2453
Significance
Non-charcoal .
Linear NS* NS NS % ok e % %
Quadratic NS NS NS NS NS NS
Charcoal

Linear NS NS NS NS NS NS
Quadratic NS NS ok % NS NS
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% Significant at 5 % level (%) and non-significant (NS) between absence and presence of activated charcoal by T-test.
Y Not-investigated because the plants decayed.

X Significant at 5 % level (*), 1 % level (* %) and non-significant (NS) by regression analysis in the concentrations.
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Fig. 3-11.

Weekly fruit number of cucumber

‘Shogoin-aonaga-

fushinari’ through the harvest period ; Non-charcoal (black

bar), Charcoal added (solid bar). The plants in 10 and 20

© mol -

liter* 2,4-Dichlorobenzoic acid decayed before

the beginning of the harvest.
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Fig. 3-12. Abnormal root of cucumber in nutrient solution supplemented
With 20 mol - liter ' 2,4-Dichlorobenzoic acid

(as the time of fruit harvest).



1

Fig. 3-13. Root of cucumber in nutrient solution supplemented
With O (upper) and 20z mol - liter' (lower)
2,4-Dichlorobenzoic acid (at the time of fruit harvest).

(Photographed by SEM)
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£ B

FHS (1980) i&, ABI v /NICBVT, HLWEERE L BTH
BRBICESCEIN T ARBICERL, BrbLAHSENS 7a¥
FUBREFPEFETORERYWE CTH D LHEE L7z, 72, Young (1984)
MTXNﬁﬁxmﬁmﬁw%ﬁ7zﬂﬁﬁz®@ﬁ®$ﬁ%m%%6:
EEHLMNIL, FOREN I ) - VYETHAZLEZRHL. &
542 Yu - Matsui (1993b) &, K# b~ FOBEEBELIRME L, AER
LRk FETHMNLAE, P FPEATNAFT Ty A4$5 L, DE2
WCEFTMHER ALN, BHEO 7z ) —VWEERB L. AERT
ERFEF 2y THWAERR (58 1 8) 2 5l Sz DE2 2 GC/MS
BETHHMTre, 4072 - VvPHE ( Benzoic acid, p-
Hydroxybenzoic acid, 2,4-Dichlorobenzoic acid 3 & UF Phthalic acid)
PR E N, KX vy (BEEREFELR) OFBRIEERES
M5 kB %27 ) OREOMBEETFEET2 (5 15) 2 &b,
INLD7 /) - VYWEPEENRHWETH 5 RRENEZ LNz, &
B, b FTIX, Benzoic acid, p-Hydroxybenzoic acid, Phthalic acid
ZEDT) - VBB ENTWS (Yu - Matsui, 1993b) #°
2,4-Dichlorobenzoic acid I F = 7 1) TO A & 1L/,

B2BETIE, Fav )HHERCTINLTT vy AT 5L, BERIK
KEITN2XF2y ) BebnEEHHPEORECEN TH L LHEL
Fz. T, RERTE, REShL4BO 7 - VYED S B, K
oo ) 0EFZ2EEZICHHTIWELZRHT0ICFay ) PHZ
AWTNAFT v XA 247072 (EKR2). TDORAE, 2,4-Dichlorobenzoic
acid # 10 BX U 20 mol -+ liter " WMMLAXTHEEICFxF 2 V) FH
DEFZMEIL-Z 20, 4AHBO 7= ) - VYEDIBZOYWHEP*
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2V ) DEFELHHTAELMWETHAL LEZ LT,

% Z T, 2,4-Dichlorobenzoic acid Z K = 7 ) OEEEH IV L 7
e (EBR3) , AFBIUNEPKT I 2L EIPERF L. 8
ERIEIRED 24 mol - liter "RIMT A &, KBERICFEFLALE
By, RENEORETRNESNHOEHEEALN., Zho DRI,
BERB 2B LBECALNLEHE (B 1H) LEML TV,
LODEWVIRED 10 BXLU 20 mol - liter* @I L 72 X Tld k254 5E
L2 ERn, K#FFa ) OBBERPIZEZIOL) 2HRED 24
Dichlorobenzoic acid 2% 2 7Y DR L L AH I N T\ 5 W4
mWEEZLND., T, HHRZRMT2EXa 7)) OEFFEEL
7DV, BRI LD 2,4-Dichlorobenzoic acid AL & 27z b #
ZbNd. %B, Yu - Matsui (1993b) W~ FYHEEZAWT, »(
OPDT ) —VHEPREBEEAREIHEH T AL E ) PICOVTHARTY
50, REBOL)ICRENER EOEBERIZOVWTRRFL T2
Wy,

WEOBIZE (EB4) X1, MBS 2,4-Dichlorobenzoic acid ® 20 p
mol -« liter' HMIC L VEEEZZITTWA I EFHLP IR, D
X9 2 HIRE D 2,4-Dichlorobenzoic acid I Tk, ME P EE % %17,
HKGOBRPWHAHES N, YUK T LEEZONE. EKIREETIE
HKRGOBINEEOREIKL, REARICIZEZFIIZEIALNLT,
EMAERT 2O ERENEOETRINENEOERIALNI-LEZD
na. |

PiEo#ER XY, 2,4-Dichlorobenzoic acid 25K#f ¥ 2 7 1) O RENE
BT (BICIERE) OBRRYED 12 ThHsTHRENREN, ZOI
EETEHEERLBICIVEET 2 EFHL P IR o 7.
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B3 Fa27TY ‘PlL169391 ROBHEMICEThIBARGE
FEHEOREEZONEFr£BIEREITHE

E1ETIE, BEHRHO7 LUy —%2R1LAEF2Y) ‘PI169391°
(Lockerman - Putnam, 1979) 2 EBERFEXBRCTHRET L2 LHBFOE
EREFETTEIEPTHLPIC R o, T2, BEBIEERZ BN
THERENEDOETIAL Mo/ & X0, AMERERBK TIT,
ByroBHT2EFTHHWESRENEORT 23ISR L, BHHRE
MTRENEDQETAEMBET 5 Z EHREENT.

AFEERTIE, KPFF=2v) OBEBICEMS NEERICEE S L
EFNHWEDOTH 2T, RHESNAYWEF X 27 VYHOAEFTICR
ETRHEIZOWTRE L.

ME s &THE
1. EUHRICBBS N -EENINDEO ST
% 2% Y (Cucumis sativus L.) ‘PI 169391° D HIEEEBRTHE L7
ErER MR T O 2BH) 204mcgLi. BT, sMEkiconT
EE 2 (EBR1) LRMETH o 7.

2. 71/ - IBEFX2 I VHEOEBILRETEE

Bret AR, ‘PI1 1693918 AWV, BV o V< ILF THRIS T
o7z 300 ml 77 AITHEREBE 400 ml Ah, BE1IBABROF 2
VHEET LY Y TXFLE., BEAONEHEERET 25T, 74~81y
mol - S* - m? 16 RHMHERTZ2HBENNM ATy A 24707, NA
FT7veAF, BEE~NOBRBLIUEEROBH LAZ I T DR P o
7o BEERBGE 15 R L, RAEER, RARES LU EROEFE
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DWTHAELAZ., 28, BERIERLST (H, 1966) EERRIZED
EC2.0dS - m*& L7 (MUTF, Z#ERETS) .

BRWBICERI TRHENZ 72 7 — VHWHE Benzoic acid, p-
Hydroxybenzoic acid, 2,4-Dichlorobenzoic acid 3 & UF Phthalic acid %

ZFhENO0, 2, 10 BXU 20k mol - liter? FHINT A RERKX £ 7T 7-.

#® B

1. BUHRKCKBRBEALEFTANIHDEOLH

DE2 @ % #F X ¥, Benzoic acid, p-Hydroxybenzoic acid, 2,4-
Dichlorobenzoic acid, Phthalic acid 8 & U 2,6-Di-t-butyl-p-hydroxycresol
PRHE N/ (8 3-14 W) . %238, 2,6-Di-t-butyl-p-hydroxycresol i,
AW Y I TV -7 VR ICHBEA L LTRECEI ATV
DT, FavyProHEndnEIEZICL V., 2B, ThoY
Hix, RERAOEERY? S EHRE ST, FEBICHMS RzEER?
CXOK N iR (A

2. 7/ -V EBEFrFL1T7VHEOEBTICRETEE

INAFTT oA TR, 4D 7 27— VYHEDW, 2,4-Dichlorobenzoic
acid @ 20pu mol - liter’ WX T, #HEHMOEHFLE, RREEB I
UBRKEBICOVWTAEERZEFRBOLNIZY, MOBRETEIFEREIZ
Aoz ol (310K . o33N 7 = 7 — VHWHE, Benzoic acid,
p-Hydroxybenzoic acid 3 X U Phthalic acid Tid, 10 B X TF 20 mol -
liter? WME CHBE (0x mol - liter?!) EHRTHEEZZEZEIADR
o7,

7B, 2,4-Dichlorobenzoic acid L 4D 72 ) —VHED 24
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mol - liter! WX Tk EHDOEELENRPRREEI NS, & I p-
Hydroxybenzoic acid mMEX TIEBHEELREN AL NIz,
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70 20
Retention time (min.)
Fig. 3-14. Gas chromatograms of root exudates of cucumber acpession

‘PI1 169391° desorbed from used activated charcoal
by methanol in the alkaline media and extracted in acidic
media by diethyl ether.
Analytical condition . Column . GL Sci. TC-5 (60m),
Initial temp. 100 T for 2 min., Prog. rate 5 C /min.,
Final temp. 260 C for 10 min., Injector & Detector
temp. 300 C each, Helium gas pressure 0.8 kg/cm-2.
Peak no. 1. Benzoic acid, 2. p-Hydroxybenzoic acid,
3. 2,4-Dichlorobenzoic acid, 4. Phthalic acid and
5. 2,6-Di-t-butyl-p-cresol.
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Table 3-10. Effects of phenolic compounds on the growth of cucumber seedlings.

Phenolic compounds Concentrations  Freshwt Maximum  Maximum

of shoot leaf length leaf width
(wmol - liter’) (9) (mm) (mm)
Benzoic acid 0 3.3 a 73 & 84 a
2 4.1 a 73 a 81 a
10 3.8 a 75 a 82 a
20 3.5a 75 a 87 a
p -Hydroxybenzoic acid 0 33b 73 a 84 a
2 4,1 a 81 a 94 a
10 3.8b 67 a 82 a
20 40 b 77 a 84 a
2.4-Dichlorobenzoic acid 0 3.3 a 73 a 84 a
2 3.8 a 75 a 86 a
10 36 a 72 a 81 a
20 2.2 b 47 b 56 b
Phthalic acid 0 3.3 a | 73 a 84 a
2 40 a 73 a 85 a
10 3.5a 71 a 81 a
20 3.0a 66 a 73 a

#* Mean separation within columns in each phenolic compound by Tukey test

at 1 % level.
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£ £

DEOERID, Tho 4D T7 2/ — VWHE Benzoic acid, p-
Hydroxybenzoic acid, 2,4-Dichlorobenzoic acid # & UF Phthalic acid I
Fav) ‘PI169391 DWALBHEIN/LEXLNRE, 2B, Zh
b7 —VPWEWE, ¥2v) ‘BERFRHR THRHEEILEIO
ERIFETDH o 7.

Yu - Matsui (1993b) &, 7=/ — VB K M~ F R H
WERL, PYIMOAFBIURENEZET SIS L2 RB L.
T/, ZLOMREF 7 =7 - VPWEPEF, FulB LOEREO A
FUREBLZRIZTZLEEZ/RLA ( Demos H, 1975 ; Einhellig
Rasmussen, 1978, Nandakumar - Rangaswamy, 1985, Rasumussen -
Einhellic, 1977) . & 18 Tid, FEBFXRTHEET L LX)
DRFEPWEIFET L, BEBIEERERMT S ERBELAEZEERL
7o, BEERBIFRBPBIECHEEENLERERI 7 ) - VEZHRE L
leiZrEZONE., ENOD T ) —IVHE, Benzoic acid, p-
Hydroxybenzoic acid, 2,4-Dichlorobenzoic acid # X U" Phthalic acid 7%
Fav ) DEFHHICES L TR EEZLNS.

REWIZNAFTvRA4AED, FNbD 7/ —)VYE, Benzoic acid,
p-Hydroxybenzoic acid, 2,4-Dichlorobenzoic acid 3 & U° Phthalic acid
DH1°C, 2,4-Dichlorobenzoic acid IR TOLAIAF A A LN Z &b,
2,4-Dichlorobenzoic acid 2% = 7 1) @i?ﬁﬂ?ﬁﬂwiﬁﬁq@g'@&) A T
BB E 2 b/, 72, p-Hydroxybenzoicacid # 2 mol - liter’
MTA2RDOATEELZRENRBALN. CORKBRED 7=/ — Vi
B2 X AAEHEF)RIL, Gonzalez & (1997) #® Kuiters (1989) 2 X o
THHMEENTWE, ZDXHI 7/ - VYEOHEERZ DREIC X
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2T, FaTJIKRIZTHEOECKERDL LI,

¥ 7z, Williams - Hoagland (1980) X%k, 7z /- VY E%H
MTIRARL, HAEbETEZA LI VBVHFIZRLAZEEHREL
7z. AHFFTD 2,4-Dichlorobenzoic acid XD 7 = 7 — WHE % A
EHLET, FavVHPHTHAAFT v el 2ok (F—58) », W
R ROBEETADN 2oz, ERICF 2TV IRPOBHT L E X
X, Cho 4D 7/ — VIHEEEMRTIER L, BESNTHEERF
WCHEET A EH, D, 2,4-Dichlorobenzoic acid 25F 27 ) O BRHEIT
KELEBLTWARI LN EZO NI,

PlE XY, 2.4-Dichlorobenzoic acid 25K#F = 7 ) 2 REEWI LR T
BETLIES, EEHNEFIERITERWEND—2THEEEZON
A
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BA4E Fa2U)OEEKRIILLBRPHFD M

EIETHE, KXoy ) ORBEERBRETICHIET 5 LBEDE
EWMEFBELTHIE, TRICIREHZRESZDO LN LY, BEEREIC
EHRZEMT A2 TRNEIABET A EE2MELA. 4, Fa v
JEIERFEL-BROBERBEX 2V VHHEENTINAFT T v £ 4
THE, RBICEINLEFMRWE N T 5 BZMORERZERI A
binsz (28, .

—h, ¥FavTiE, WHE, REFEEBIT TV -A L&A
THLDICEERP IO TS (R, 1982 /MH - #E, 1989,
&K, 1991 WAL, 1991 ; B - InEE, 1997) . BARD KU
KOEFBIRETAZLFTALNLTNAS,

AEBRTIE, BEREZXBRLLZTOREREDET AL LV
HBIUVEERBICGSINSLEFTHUGHYE IS T 5 £ RAFREE R
M ARE L TEERL, AFRFORERNEOETIEMRTZE 50
) »ERE L.

MEBIUAFE

1. MIEXRR

FaoymiEe LT, BRI BERFRHOER , oA ‘BERF
BHE BIU ‘A 2RV 2B, ‘EERFEHR EREY
M, BRERZPEFETICRET L ERENE BRI L-AET, ‘db
B BRI RO NN BETHS (3 E) |

B, BRRKZEVERMNERHBEEYEFRLATMELY Y —AD
% 100 HOF I RBETH o7, GAICHERLZSHEIE 1996 £ 8 A
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9OH, BWAKHEALAZREIZSHA 15 HIIN-IF25( 220071
LVEER 45ml O 51 RENVMLUAICHEEL. BXAKIZ 8 A 23 H
CEDVEZETITY, Z20% 1M 25T, 16 BHHEOERNTERL
7o (41 ) . WEAEHRD 8 H 30 HIEEAR 2 YL ¥ ¥ (# 23mm,
B 23mm, ®3 27mm) 4MWETREZEL, FEM 60 liter D27 F (W
<, #E 50cm, B 60cm, S 21lem) WKHBHEL, FE L. HERIIE
R FEAEBICHEL, EC2.0dS - m* & L7 (BT, H#EHRETS) .
I T FICEE R E 50 liter AL, 7 — R Y 7 (ZBREME 3.8 liter -
min') THEfpBR L. FEMOBEAL, 123754740 18 #
EL7. EHIZ9OH 10 HIZESAENRE L-RICTo 2. BEERIE
FHMEFAMBEL, BAKTIaYF 4403 KRE L. SMEX
i 9 RRE MR L 2.

BEKREZMAbEPo2K (BBRK) , RIC ‘HERFREHR 2H
wizR ( EERFEHR ARKX) BLIUAKIC A EHVAER
( ‘“de#’ HARK) & LA 2B, HERD EC BXU pH 124 1 BIH
EL, 2HBICHRDTEREREBTEML 50 liter & L7225, ZOEN,
P, K, Ca, Mg BIL U Fe 2 EMEBRELF CIREICHEL/-. ECB XU pH
FEWTFhORBEX TS ZNEN 1.4~3.1dS - m' BXU 5.5~7.6 D
FICHor. FERIE 168, 1XRUEBIU2XHKIEIELENL1EHZ
BLTHROLAE., EBRFPOHPFHREIE 18.7~29.2C, HFZHKEE
19.3~27.0CCHRB L, TOFHTTHIERE 14~20 HEHIZIZREIZWH
20cm OISR IZE L7, WAEEHE LTIk, HIES L OHETE D BTE R
HH, BIEHEfRE, EBRKTEHOKROAET, RENEB L UTFERER

L7,
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Fig. 4-1. Cucumber ‘Shogoin-aonaga-fushinari’ seedling grafted

on the rootstock of cucumber ‘Hokushin’
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2. BEER |
HEREE, BIE0 2 REICMATEKRIZ ‘FK 2HW. 2B,
HRE EERFRER OBEERBICEINLIAFTHHWEC
T LHERNEHBRESBENERE L -RKETHE (F25) .

BARICERL-miEiE 1997 £2 8 10 H, #ARICHEHRL/-MATEZ 2
H17 HIZHRE L. #EKRIZ2H 25 H, EHIE3H 21 HICE 3K
ENERL-EICATo 7.

ABKIE, BRRE, ‘EZERFRHR AARK, ‘IE# HKR, &
LIZAEKRIZ “FR 2HVWAEK (‘FK &AKRK) 2H-Cmar. &
EMOECBILpHITWTFNOMAEX T ZNEN 1.5~3.2 dS + m?
BILU 52~79 O#PIIH o7, MOFEICOWTITEAEICHE T,
EEPOHPFHRRIE 1656.2~27.0C, HFEHKIEKE 17.0~25.9C TH
BL, TOLEBTCTHRIER 10~18 HEICIEREIZHN 20cm OYLFERIC
EL/, AEEEE L TCRBIELERAEE L.

3. EEEE

HRASBEIL, EFELALIOEZHEVE. BRICHERLAMEL 1997
#£5H 26H, BARCHEHRHL-REIZ6HA 2 HICHELA., EEKRILO6
A 13H, EHMIZ7THA2HIIE4XREFRERLI-RICITo 7.

ABRXIZ, BRRE, ‘ZERFERHR AKX, ‘dtE# HARBL
O FR BRREHT. £, BEBO ECBIU pH BZvIho
MBXTHZNEFN1.9~3.0dS - m'"BLXT6.2~79 DEWHIZH o 7.
D FHEICDOVTIEEFICE L. EBRFTOHFHRIMmIE 22.4~31.0T,
HEHKIEE 22.8~311CTHRL, ZOFKRHGTTHIER 7~14 HE
WAZREEW 20cm OUWHERICE L. AEHEBEE L TEBRELFERKE
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L7,

# B

EBRRTHROREBERIIONWT, FHEBIUHEKETASL L, 31F
EDHEMBK, ‘EERFERHK AKX, ‘dE AARARBIV ‘FKX
BARXOB CTHERZEN ANk (B 4-1K) . EHOEYWEIR,
KRIETIEERBXOMTEEZENAONE P o728, FETIE ‘BHE
BEHERER SARITERREUERTRRREro74. T/, BT
‘HFKRK BEARARTHOTRTOMARX EERTHEICBI L. 1EE
BIUOHEIBRoOEWE L, B0 ‘TR ARAEKTHREREERTRIL
7. BIEBLUEMETEHELRBR OB THELZENBDO LN P57,
BWoOZWEILZIFLDIENBXOB TEELRZENAL N o7,

/o, EMARIIOVWTY, 3FLLEEROAEOMTREZENR
BOLNEhol (B4-2FK) . MEZDVOBERINERERS L UKY
o) ORENEE, B0 bl AR TEEICEML, ‘FKXK &
AR T EMEMIRBO LN, LAL, BRIEBXUEETIE, AEE
ES R NR (R 3 W

DEN, MEZYVONHERER L EBICAL L, BIETIE, BEKSE
L0 ‘BHEREEREGE AKRAXTE7HEBIIZNEIET L T8,
‘e’ AARTIHE 7HE E CIESHRW (B 42H) . FIETIE,
BERXB IO ‘RERFROR SARTE 7EHONERERSEHI
L7225, “Jbit’ EARRBIY ‘HFK BARTRELIET, 85, 6
BHERUBEICNEEEE B O, BT, BREBLID ‘2
EEFRHR GAXRCTHELBAHONERERSZABMICBIL, 2ne
NESHEEBLIUE6ABURE (UERHORE) OIS ZP 72,
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—7%, ‘b BARRTIEES, 6:HEB I TIHENS KRV, 2B, BIE
MEAEBIIMBEXIZI YD EZEZRD O N o 28, BRREB XU ‘ZER
HFEEHR ABAXTIINERZLICBRKAREOGRENEZ L, #HILT LR
EVBRINL.
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Table 4-1. Effects of grafting on the growth of cucumber ‘Shogoin-aonaga-fushinari’ .

Season Rootstock Plant Length of Dry weight (g )
length primary Main Leaf weight Primary Root
lateral stem of main lateral
branch stem branch
(em) (cm) per leaf per plant?
Autumn  Own-rooted (ungrafted) 170.8 54.0 18.2 6.0 107.9 79.3
crop ‘Shogoin-aonaga-fushinari’  173.6 575 16.0 5.2 94.2 67.7
‘Hokushin’ 171.8 56.3 18.4 5.7 102.4 70.0
NS NS NS NS NS NS
Spring Own-rooted (ungrafted) 183.7 32.1 17.8 b 8.2 72.8 94.8
crop ‘Shogoin-aonaga-fushinari’ 182.9 26.8 22.6 a 9.0 72.4 102.8
‘Hokushin’ 174.3 30.6 19.9 ab 8.8 91.4 101.7
‘Aodai’ 175.6 25.7 17.5b 7.9 65.0 86.3
NS NS NS NS NS
Summer Own-rooted (ungrafted) 164.0 ab 48.8 18.6 a 7.3 ab 123.5 a 77.1
crop ‘Shogoin-aonaga-fushinari’ 159.3 ab 47.9 16.7 a 7.7 a 123.2 a 63.9
‘Hokushin’ 167.7 a 49.0 15.7 a 6.4 bc 104.6 ab 57.5
‘Aodai’ 153.6 b 48.1 12.5b 53¢ 86.1b 56.8
NS. NS

Z Stem and leaf.

¥ Mean separation within columns by Duncan's new multiple range test, 5% level.
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Table 4-2. Effects of grafting on the flowering and yield of cucumber ‘Shogoin-aonaga-fushinari’ .

Season Rootstock Dates of anthesis No. of Beginning Harvested  Total
(month/day) flowering dates fruit number yield
male female  female of harvest per plant per plant
flower flower  flowers
per plant  (month/day) (9)
Autumn  Own-rooted 9/26 10/ 1b 40.1 10/17 b 17.6 2476
crop ‘Shogoin-aonaga-fushinari’ 9/25 9/28 a 43.4 10/11 a 14.4 2101
‘Hokushin’ 9/25 9/29 a 44.9 10/15 b 18.0 2491
NS* NS NS NS
Spring Own-rooted 4/11 a 4/17 b 22.0 4/30 b 16.8 2525
crop ‘Shogoin-aonaga-fushinari’ 4/14 b 4/14 a 24.4 4/28 a 19.9 3071
‘Hokushin’ 4/14 b 4/15 ab 26.7 4/28 a 21.2 2999
‘Aodai’ 4/14 b 4/15 ab 23.9 4/27 a 19.0 2779
NS NS ‘NS
Summer Own-rooted 7/15 7/22 39.2" 7/31b 13.2 b 2060 b
crop ‘ Shogoin-aonaga-fushinari’ 7/16 7/21 28.3 7/29 ab 143 b 2227 b
‘Hokushin’ 7/16 7/21 42.9 7/29 ab 20.6 a "3334 2
‘Aodai’ 7/15 7/21 374 7/27 a 18.8 ab 2903 ab
NS NS - NS

? Mean separation within columns by Duncan's new multiple range test, 5% level. Calculated as transplanted

day being zero (month/day).
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Autumn Spring

Summer

Fruit number per plant

O=NWAUIO~NE O—-NWANDNG O—=NW.AKBO~NE

1 2 3 4 5 6 7

Weeks after the beginning of harvest

T 1 17 1 1

E

O=NWLUONE O=NWANANE O=NWLLND~NE O=fNLWhlD~ID

1 2 3 4 5 6 7
Weeks after the beginning of harvest

1 2 3 4 5 6
Weeks after the beginning of harvest

Fig. 4-1. Weekly yield of cucumber 'Shogoin-aonaga-fushinari’ through the harvest period.  Fruits were harvested about 20 c¢m long.

Ungrafted, own-rooted (A), Grafted on ‘Shogoin-aonaga-fushinari’ rootstocks (B),

Grafted on ‘Hokushin’ rootstocks (C), Grafted on ‘Aodai’ rootstocks (D)
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£ =
DEDHERIY, EBRETHORBERIIOVWTIX, B0 ‘FX’
BARK THHEMEMICS o 7248, 3FLEBTRTOMBERXE TRE 2EN
BOLNLEPo7z. foT, REBERICHELTEEAOEEI VL
Zz b,
JeiE EARRBIY ‘FRK BAXRTINEHZEFrOEBERXBI T
EERFRHR AR L TIERERET OBEC IEHHB O
ERVPBOONI. Fav )Pz AL T Ty 4 (28 %
BI3IWICBWT, ‘duife’ BE—mEE IR L-ROEERERKR (U
T, BREBEELZ) KEXDEFHH E N 220208, BEBIZCEIVAEF
AR s REEREHE L ST ETNNBE T 3 & R
BEZEDL o/l erb, ‘b ORPLOMFEWEOEIXD
rWEEZLNL. o T, ‘EEREFEHE I ALE AEKEL
TEERLLEGE, BREBRANCHUHDEOERS D 2L, BFORER
BEOETHEAON o/ E2ONDL. ‘HR 2w Tix, #AHY
BTl ALHflEnZznwZ s (F2%), ‘BERERFREIR I
‘TR EARELTEERLLLE, BEANOWEME»SZ L TH,
ZOREEZTTIEBIEORENEDETHA %L, NHEMBIFEEL
elEZOND. 2B, BIBOEKERIL, ‘BERFEHR BIT
e X ERRBRX, T2bLbbWUHEFIERERICERE I VS
BCHEERETFICHE LSS, UEMBICREME 2oz,
5T, ‘b’ HARR O DHER B ASEE O 72 O VT RE R B IS B8 § A an AR
U2 TR, BroosFHRHPEDEN P 2P oTHL EER
bbb,
¥av ) CiIEE A, KEMEYE (BB, 1982 /MH - B8, 1989)
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RTNV—A VR (ZFALAR, 1991 ; IhAL, 1991 ; B - Nk, 1997)
ARG TALDICEERIITORTVESY, AEBRO LI CEILL LA
M3 2 EFMHWEIEEL, ARERZEBER LA LT TIIAS
7w, $a v RASEL (FE, 1982) , BOBEBEE |
T MICHRTENWZ &5 (Gislerod - Kempton, 1983) , BAMK
ELRPEBRLECBEARICRZDR T VEHEHME NS, £ TIRHER
ST CTEFTMHWESHR T KA. 1980) , ¥a2 7 ) THEF
AP EIRIOEZECLAM LT RRESFEZEZLONS.

RBWEERLEMT L2010, BERTEEETIIRRSELIHSHRE
BB LEL ENTWAB (Van Os, 1995) . ZOHE, EREOE
SRR DT, 5B id Y EOWEGIEE T X 5T
REWOREIXTTHETH 5 5% (Benoit - Ceustermans, 1993 ; IR,
1993) , WML LAMTAEEHHYELRETHZLIIRETD 5
EEZLND. TNEHEBHRICIVBRET LA HAE L5 (B3FE) ,
IR MRENBEOMIED L TREDVIRD. o T, BHRBEELEETTIC
BETH2HE, Bro LAMTA2EFTAREYWEICEREL, 6REBRZIT
SR ENTHHLEELLNS.

DEEh, BEFEHRETORENBEOBETHAL N2 RHE I
B SHEBICEETNAEENHBECIEL A LN S h R F
K 2EKRELTEERTLZET, K#fFa ) 0AFTHEDOREEIR
ERTE2ERSECATRENEZEZ LN,
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BHE Fav ) OBEEBHROBHFBRIRENERTE
2R T BB LR RN X 5 |

Fay)FRRAPELS (FE, 1982) , ROBEZHEENL P~ M
H_T%wv (Gislerod - Kempton, 1983) . & {IZEEBE Tk, &
M ICHERBPOBFHREEVFETL, ZOLDIEFRFORENE
PETTLHEZEZONTE., —F, F2ETIE, KffF=v) Ok
WERZBETICRE L2SE, RENENES L, BHREZBRMNT 5 &
ZORLVBEELZ 2R, 2, TOEHRICESE S -]
9'E 1% F 1T 2,4-Dichlorobenzoic acid TH 5 Z & @D 7=

REBRTIE, BRBOBFBREBREF X2 ) OBRFHBICRITTE
BIZOWTHE L.

ME S SUFE

g miig, ‘BERFREHR AV
FHL, BRAKZEWEERZEAHBELAYERERETT R LY —HD
% 100 m* DA T ARBETITo72. 1998 F8 A4 HICN—-IF 2741
M2 AN L ENVEERY 45ml @ 51 REV ML ACHERLZ. AEH
EBHICF Y EEY LY Y (K 23mm, % 23mm, B E 27mm) 4@
THEZEL, &8 60 liter 27+ (A, # 50 cm, # 60cm, ¥
E2lcm) KWBHEL, BE L7, BEBRIERLHTEERICEL EC 2.0
dS - m*& L7 (BUF, E#EWETAH) . T 7 FICHEERE 50 liter
AN, ZT7—Ry7 (BFFXRAE 3.8 liter - min. ") TERLZ. F
HEOHMEALIE, 1av7F7%7-0 18tk L. EMIZ8H 25 H
IS ~ B LR o e, BN R L AR L, R
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AL, 12754520 3AKRE L. SMBEX T OMkZHAL .
EMRFICEARE T 1 RE47-0 16 4 (6 HRERKX) LEFKER
(24 HEBRKX) L L, EOKEEAThORICERRERNT AR %

BTz, HHRIEZ1 YT 470 300gd@mmL, 2BEICZBL.

B, BEBRDO ECBIU pHIZHA L HElE L, 2BEICRIS T HE®E

WTHEIL 50 liter & L7225, 20BN, P, K, Ca, Mg BX U Fe %

HEBEECBEICHE LA, ECBLY pH W ThoMEXTY %

NEN 1.9~2.7dS - m'BLU54~73 OHEICH o7, EHid 15

i, 1 REEBIV2ZXARTIZENENIGHZEL TH.OLA. EEd

D HF¥RimiE 18.3~29.0C, HFWKim#E 19.6~29.2CTHE L,

CDOFEMGETCTHRIESE 10~14 HEHIZIEZREEIZH 20em OYERIZEL 1.

BAEE & LT, BB XUMIEORIERGH, BIBMAER, KoL

H, RPENEBLIPINERERL LA, £, BBEPTOBFEZEEL

DO A — % — (HORIBA, OM-12) T3H 1 HI48ET 10 B ZHIE L 7-.

BE
DO fli1%, 6ErHE&A T 1.7~3.1ppm, 24 B #ESR T 5.0~7.5ppm T
HBL, BHROBEICLIZREREZTAON 2,072 (5851 H) .
EBRETHOAFTIC2VT, TERRBRAKHS X OERROAEIC
Y EEREZAON R, o (B5-1K) . BEEER, 6 HEHBRK
EHART 24 BEBRX CTEEICKELS 2oy, EHRZHRMLIZEK
THAEREZERD b2 o7z, FHOEWEILX, BRRFHICL2E
RO LN oo EHREBRIMT 5 EREL &%@ﬁﬁﬂﬁ%\ SR (AR
1 EEIZOWTHE, RBERICIIZAERERAONEP o7, BAIBOR
MEIL, 6 BMBERKRTARICNESRY, BHERBMTRED L 2D
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ot BOBMER, 24 BHAKETAE k2 BASEAL R, i
RERNT B LAEL or. 6 BHARAK CREREOAEC X 22
ERD B Ao T

HEQBERGEIE, 6 BRBROEERFNE TR 2D, ok
BRIEED b hepor (H52%) . MIEBEEREHZLBRC L2
FREOONErol. AL ORISR, EHREZHAMLEZXT
P WINT 2 BB S NI, BEREERDSNAN- 7. WIED
BITEBI S HIZ B R 12 X B b o o, BT ) O EER
EBEIEIC X 2 ZIZED & o kA5, HHREEINT B & BRI
BNL77., 47D ORENEE, 6 FEBRKX TR @1 2 Hims°
BbN, EHELENT AL 6 B L0 24 BEAKR THINL, W&

MIZX5EZITIFEDON 2P o7z,

£ =

% (1986) X, HOBEARZIIVMOBENETL, F2vUoD
EEBREOMUMBECEELTCVITRBREKCOVTREL TS, RE
BTh, “THORBERIIOVWT, AIBKEBIVCHEHROEYEIZB Y
TOoRMBRAR LT 24 FEBKX TREL ZLMEBMBEADL NI,
B, EFEOPICHEETIEER, IROEYEBIT I EEILEIEE
REVROON2Po72b0D, EFHRFOXREBER (AEOMER L)
WHEBBOBHFRIREFNEETLIIDLEZ LN,

T, EHROAEBCIZFREBARNOEZ, 6B LU 24 KFHARKK
EbHRONLEho7:. TOZELWEWEIBEOFEREFAKTH o 72,
DEICHEB L OINHEREHRICOWTIE, BRABEHOBWIZLSER
Aoy, REBRTTo HEE (BRESE) CHEFRZOREEYD
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ol EBZbONL., %8, 6BX 24 BEBRRKX & biGHRAEM
TAHE, WHEREEFSEMLAZZ 2L, Fa2a v )RBPr00EFHHY
BEXEHERIZIDEES N, NEREHRSEEL-EEX LN,
DXy, MEESFERREBMT 2 &, WEREROWMAAL
el eh b, REBTTo-HLEL2L B FREZEOHBFE ORI
BIZBWTlE, Fa2Y70BFRTHEAFBRRREOREIS 2L, B
POoBHTA2EFNHWENFrEEZREEZ LN,
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Fig. 5-1. Concentrations of dissolved oxygen in the nutrient solution.
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Table 5-1. Effects of the concentrations of dissolved oxygen in the nutrient solution on the growth of cucumber.

Aeration® Charcoal Plant Length of Dry weight (g)
supplement length primary Main  Leafweight  Primary lateral Root
lateral branch stem  of main stem branch
(hours) (cm) (cm) per leaf - per plant”
24 - 159.9 51.2 a 9.4 3.1 60.0 ab 55.8b
+ 160.1 49.7 ab 11.2 3.7 66.4 a 87.4 a
6 - 1534 ~ 433b 9.8 3.2 48.1 b 68.7 ab
+ 165.9 46.9 ab 11.5 3.1 496 b 62.3 ab
NS* NS NS

% Continuous aeration (24 hours) and 15th minutes per hour (6 hours).

Y Stem and leaf.
* Mean separation within columns by Tukey test at 1 % level.
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Table 5-2. Effects of the concentrations of dissolved oxygen in the nutrient solution on the flowering and yield

of cucumber.
Aeration* Charcoal Dates of No. of Beginning Harvested  Total
supplement anthesis flowering dates fruit yield
(month/day) female flower  of harvest number per plant
(hours) male flower female flower per plant (month/day) per plant (9)
24 ’ - 9/ 8 2 9/13 25.3 9/22 10.6 b 1844
+ 9/ 8 a 9/11 33.0 9/22 14.4 a 2007
6 - 9/ 8 a 9/13 24.0 9/23 995b 1428
+ 9/5b 9/13 27.6 9/21 14.7 a 2009
NS NS NS NS

% Refer to Table 5-1.
¥ Mean separation within columns by Tukey test at 1 % level.
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A

FOE REL

¥ 2 (Cucumis sativus L.) 1%, MBEREFOERILICI Y, ¥
FYEDETRENLBEVET L, L ICRERR, oS, Hk
BEOER, REEMOMESICLY, ¥ENRBEMGER I HETL S
n, TOEEEFEFTwo7., L L, HEXT2Y) 3lEZHEETO
FEFEHTHD 2P0, BRHEE TOREERIILEND 2w, EHER
BT EAA, MEFRECIBWTH EHEEFSAERIC2>TWES,
BRBEF =270, REFELS, WESREZ L) XYy Mid
55, WHESHEHBICETTE2-DICEEOEZFTRL, BHOREEI
EPETITALDOCHEARIEST 2 EELONLTVE. ZORERRAL
LT, BHEBEFESEVFZZONTWED, $EAHLZ2END 5.
Fag) ERRAPELS (FHE, 1982) , BROBEHEHEEIF MY M
WRTEHWZ &5 (Gislerod - Kempton, 1983) , AN KE L &
PEBBFICBEZEARLIZ)RTVWEHEM SIS, & ICEBRREE T,
IR I BRPOBEBREENRKRT I E2ONE. EFRFOR
EAREF 27 OEFIIRE, T2bbRENEDETERI AL =
fﬁtowfu%ﬁumﬁﬁofw&m.%%ﬁ¢®ﬁ#ﬁ%%ﬁﬁﬁ'
TL, BROWAKS X OESRINESHES NS Z L THRIEORERKD
Ml 2, RENEFETITA2ZLFAHEMEINE S, TOFEMIZONT
R XN T2\, Yoshida - Eguchi (1994) 12Xk 5 &, KEHFEE
FREFHTCB T ERERBOMENFELEL TRICHES L, B
DFFEHPHEINL L EBITHAIHEINLZL2HOPIIL TS,
Frz, B (1997) B, Fav ) OYHYOREBERLZAG T 5
A, BEBRODOEL 1ppm U TICTIT2LENSH D, b~ M TiX2ppm
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BB EHZICTNRIEIVEREL TS, b MIERBETIIEEL
HTH ), EREBECTERETOBREREAEFERTEETB L UE
EWESLRHBE LETHH SR EZ L@V ERLL, F2Y
TOBRERBOBREARIVZHOREZNERTORERRZ L EZFE 12w,

DEEBHIFEEPHRFE LT, Fa v UFBAGTEZRINLPT
WEDIIKREEARM®/S (D520 EL, AMAERIFHUH I, BE
WESPRl Z2WEENEZEZLNLSE., L2L, BREETOXF2YY
B, FERIICESEOEZ A LA 0L, XKEAREIHHIENS.
BIZCRELERBSZVPERETHERZVWEEZEZLNS.

EIT, MUWEPOHENBILEWREICI AT LUNY —FEZLR
5. BETIE, WERBEOSBWECL28EWOEETREERT 2D
LEEBEEZLLTOTLONY =T ni EiEEERTVwE DL
LT, 7ANF H A (Yang, 1982, 1985 ; Young, 1984, 1986 ; Young -
Chou, 1985 ; Shafer, 1986) , A4 % (PHSL, 1961 ; +&E - K¥,
1989) , b= b (GREMLEBAEWH, 1977, K4, 1984; Yu + Matsui,
1993a, 1993b) , R (#EWE - #k, 1959a; #k - fElE, 1959 ; Leeet al,,
1967) , =¥ Fv (WUg - #k, 1959b; FF 5, 1959, 1962, —HWK -
#E 1965, WHS, 1963 ; Hatsudaetal.,, 1965, L& - K%, 1989 ;
FE, 1981 ; ®mHE, 1981) , ¥ A E (FE - HIR, 1979; %5, 1995)
BIUIvN (BFES, 1977, 1980) FHFohTwa, LarL, ¥
2722V TEHTFEHES A TwZW, 2707 Lbuny—gic
DWTIE, MEPE %2 HBLZ Putnam - Duke (1974) PWEL, MHE
WHEROBF 27 2#EK L/, £72, Lockerman - Putnam (1979,
1981a, 1981b) mﬁmmawmevﬁwawf, B BT 5 HEH
HIVER, BOSEICBTARELOBEEABI Xy MO T L axNy
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—BICOVWTHRLL., ThooiifklE, Y2y U»rblHEni{bz
WEFMOEW I T I2HET 2L bR FHFECOVTITORIZLDT
H%. Yu - Matsui (19932, 1993b) &, F< P OEHEKRIETONME
ETIT7TLOnNY —FRESLTwE I EE2RELTVWS, Fav ) Th
B SN ALZDEFBEWICEET 2L b BRTEOTRUEIE L
nas.

AT, F2 ) 2RI LA ROBEEBICEEINLIF 2T
BArLDEFTMHPDEDOANA AT vEA2F a7 )Y@z HVTITo 2
(BB2%F) . TORKR, ‘EERFREHA BXIU ‘PI169391° 725,
Bl —MEORERE (BRI ICX ) F a2y ) HHOEFIH S .
‘PI 169391° i, Lockerman - Putnam PHEEIHDO 7 L oy —%
AL ERELMNVIEOHATETH A5, BERFEMEHDIDRLALZ
WA, Ei, 'RERFRER ORERBICEI NS EFWEHY
B3 2BEZHICIEREMZRSSH D,  ‘PI 1693917 D X 9 il
DO DEFTIHWE I L TERZHESTHRET, BRBRTEFHN
Wz2RTIAS, ‘Tra—nI’ or)CERZHIETIEVI, BRET
EFEMHERS 2SS L7, ‘dhfE’ BIU ‘RHES 25 0Lk
CREHEPRETH LD, BRBECEFTHHERERVWI A TBIV
TR DEIICEZUNEL, POEBRBETEFTHHEZRE 20VWS A
Ak (W A

O, HEBRCAFHH zR LA mfE ‘EEREFRER B LU Pl
169391 , 2o NCHHlZ /R & oo miE L BIXU ‘RH%
2B B, ¥av) ORBERKETOEFRFORENELT A
BEBOFXBIZIVFIERISNZPE)PERIF L (E3E) .
ZORE, TIRTCOMETHREERICEBEFAON P 21208, /31
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FT7yEATHRBICIVAEFTHHER L EERFEHR BIV
‘P1169391" &, BRI ORENEMNMET L., 2ORKELT, HE
RRERKEZME T HWEPEBE,I ST, BEEBRLLEERBL 20
BiE, BFECRLEZOWEPERBFCEMTHLOTHLLEERD
N ¥, BEWICHERREENT 2 L MESEET A 00, 8
POOERMEIYEOBHZRBRL T/,
AERNHEZFIZEREITEAYEOHRBED /DI, NEETZEHESE
iEHRER, EERICEE SN -ERANTWE O SITEITo /2. %
D% H, Benzoic acid, p-Hydroxybenzoic acid, 2,4-Dichlorobenzoic acid
$ £ U Phthalic acid 2 & /2. 22T, Fav )@ ZHY, £
NLD7 ) —VWEDODNAFTT v 2Tk 5, 2.4-
Dichlorobenzoic acid 2HEZEICF 2 UV HHOEFTE2HH L. 7,
KEEF 2 7)) OEEFEMIC 2,4-Dichlorobenzoic acid Z M 5 &, HFE
WERBRL2VHELRAKCHEEORENESET L, EHRBMIC X
DINEETORBEIED b, LLEXD, 2,4-Dichlorobenzoic acid %%
KX 2 ) ORERNEETOREWED 1 2TH 2 Z L JEMIRE
n, COREBETIZIHEERLEBICIVEET A EFHL P IZR o7,
EL2EBIUEIEOR/RELY, ¥y ) 0EBRPHEICEMmERER
Ba bz, —F, Fa27) Tk, WRESLPEKEREHEEBIT 7 V-4
VAERMNMT 27010 BEERI b Tws (B, 1982, /~H - &
B, 1989; % 4K, 1991 ; WAL, 1991 ; B - g, 1997) . AR
OBEUIPBAROEFTICEET LI LENANONTVES., 22T, RHFET
i, BEBRRXB LA TCHRENEDET AL N2 vwmiED L UHE
BREICEINIAFHAFAPE IS T 2ARMHAREMMRELEARL
LTEEARL, £AFELORENEOETHAERTE 20 PR
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L7z, ZO&R, BEBFFEEHTBRETIREZNEOET AL N2 WE
b REBRBEICEINIAFHFHPECELEALTH E 2 WG
B HR EERLELTEERTZZILT, K#IF2 7V 0EFHRED
AENEERTZERIELIWERUESZEZ LN,

KBEF 20 ) OEFHEOREEET I, 55RO G B E MR
ETL, BPrO0BBKGENSHESNLILDIIEREL EEZEZOATY
h., £IZT, BEEE~OBREHZ 1M 47-0 1554 (6 FREHERK)
FEGAER (24 BHBRK) 2 L2000 2h~R3 L, BEEHRFTO DO
fiik, Zh#Fh 1.7~3.1ppm, 5.0~7.5ppm THB L. 3 -4 (1997)
X, ¥V OREBARETAHTAHLDICEEBBOBTFEHRZREEL 1
ppm LLFICTFTITALENHLEMELTA. AR D 6 R BERKX
® DO fEid 1.7ppm L EZRL, REEARICHL T, EFRF OB
DERICHEL T, MEESERRZEMT 2 &, DERERHHE
mLzzers, Y2V ) OBRPERIEFBRERRE (DO H) OFE
B, BArOBHTIAFHNFHPESETEREEZEX LN, /2,
INVEKBEORFREFHTTCOXF 2y OBEFHEOREIIDOVWTHK
AT REZEEZONS., SHIBERHRIZIZEEBIOVWTH SR
BRI REThHdLEXONS,

BTSSR & BRI OB ATED & 7L (Van Os,
1995) , BIBEWEZ RAICHH T H I L KBRS EIEREFTZRE
nTw5b (Ruijs, 1994) . ZDBE, BEBRFOERESOHFBRER
BRETFCL2HERBEEDOKTIEIMEETH S (Benoit - Ceustermans,
1993) #°, MUK POBHINIAFTAFTWEZERET 52 LT
Tah, HERBEPICHHDElERT 2 TRREGZELONE. 22T,
AFHETIE, FoaT7VORPLBRENDE 72/ - VHEPBRFORE
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WNEDETZ2EIERITILETHLPIZL, ZOkhEEE LTHEERT
CHEBRERML, F2 V) OBHBRPHELEBESELI LN TEL. &
7o, BRHPFBERI LI L ERE LTEEART LI LIZLDE
RPEBELOMIED LT RBICZ o7, KFRTORRIE, FASHRE
BRBICBT2T7TLONY— (BRPE) OBDIOAZLY, EFE
EIZBITABEBFETEOEDLYIZOVWTIREELSZAEEZLNS.
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i =

¥ 27 (Cucumis sativus L.) 1%, MBI 2 ETEHEETH
A, BERBE TORETRILENI 2 v, BERBEETOF 27 1T,
BEFES, WHEAMSEE2—F, NEEEHEICRTT2-0I1CE
BoFEZITHRLS, BRMOPEFPETT LI LMo TwE. Z0RE
ELT, BFBREALEFDITONTVESY, S AHLEEH 5.

—7F, BEFLEERL ST OO RBERBEBIEY X7 4 OB
EHON, BHEREAHORBICHHETICHEERS S, BREHEAET
BIENEZLNTVES. 2084, BERTOERESOHBRERHK
HOSICLAREHORDIETHR TS 525, MYEIrOBBENLAEF
MEMEEZBRETHZLIEIHETH Y, BEEBRPIIHHNDESERET S
HEUNEZONE. —BRUICKPFHEOEER L IFoRTLERHR
THZ &P, KRPBESTZEMT S, 20O X)) 2RFTIE, B
COBHYPEERPICERL, Y2y )V 0EFEHAH T S (BRFHE)
TEHEEZLONS.

ZZT, AMETE, F2V)OBRFIEOEELZOMBRERIC
DWTHRE L, Fa2 V) OHERRHFEERIIOVTHLMIT B L EBIT,
FORBRWEORE, BHRBIUCEERC L2 AR FHEO MM, H#®
BOBHEREEVEZFHEBIRTZTZEIOVWTHRE L.

1. BREREICL3 X277 VDOBRFENRELABFEEZR

‘rra-w1i’, ‘FKRK, ‘A&, ‘EH%SE 2 5,

‘MmEREERER B XU ‘PI169391 EENEN IIEAHHEE L
BOEERBEACT, TRENEA—REOF 2V JHPHOEFTIIRIT
THEBIZOWTKRFS L., ZORR, ‘ZEERFRHR BIU ‘PI
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169391 BEZENTHhE—MEOEERBICIN I 2 YV HEOEFH
AHE SN, MOmBETIIHH SN2 o7, WREE EPLLHE
NEMEMETEEZ D, 2L S HHEPWEICH T A BREEITEBLHIEAR
HTHo5, BRBICLI2EFHHICTREMERSZD b N,

RECHEB TRIMNHABEIHECho72 "EERFRER O
BERBRETHACT, B mRME 218, FARD ‘P1169391° B X U Cucumis
sativus var. Hardwickii KONNA X T v € f 24707, ZDOEE, ‘%
TR OREBERBECEINZAFTNHYWE IS T 2 BT ICI
mEMERERDY, ‘Tra— I’ EFELERZIUNEL, ‘FKA Ik
&b o7z,

BLEXD, ‘PL169391° DX I BEL S OEFTMFEIWE 2K
LTEZUFFREET, BRBRTEETHRHERT AT, ‘Tra—w
I"O&)ICEZBHEIEVY, BRBETEFMH Z RS 2wy 47, ‘At
# BLY ‘REHES 2 5" QL) CEZUHIPERETHLH, BHE
WMTEBTARHEZRE2ZVWILTBIY ‘HFRK DX ICEZHEIEL,
POHRBTEETMH ZRE VI L TIZGrni.

2. BRBELLZX27TYDEBRFEORELZOERNED

i

Fav ) ORBHETOETRLONEET (BFTH) BEEED
FERBICIDFIZRRIEINHAILEZHOLDPIZTHELBIZ, TORBR
BRICOWTHRE L7z, BB E 2ABICEEXRR T I E LM TEE
MEBIMLTWHE, BERTHOAEFTICIIEENSAL NP o /278,
BEORENEPET L7z, BIMETHELABSG, NEETICIEARE
HMERNZOOLNL, ‘BEEREFREEL B XU ‘Pl 169391 TREI
BEVET LAY, ‘4 BXUY ‘EH#&S 2 5 TEHETLEP-
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7o, BEEWZEMTARETHEEREZBEMT 2L, NEFET L2
7. TOHBOFERE LT, BHERIIBEEINS LI LELLOBEHY

DFEVEZEZLN. EXICZOBHRYIE, BEVRECEELRITT L
Zzbhi.

Fav) ‘HERFRHR OBOBHWICEINIEFTHFHDED
WM EITo7-. B#EBICHML, RENEETLERESELERREH
W, FAZ7UX NI T7ARICEN G ETo. TOKER, F27)
OBPLoOBHYIZEINLIAFTMHWE L L T, Benzoic acid, p-
Hydroxybenzoic acid, 2,4-Dichlorobenzoic acid 3 & UF Phthalic acid %%
B SN AEESN-WEOEFTHHEE LY = 7 ) W& E AN,
BAE (0, 2, 10 £721F 20 mol - liter® ) DWE % HIEWIC
WMLTHET L. WIML7ZWED ) %, 2,4-Dichlorobenzoic acid 5%
2 ) OEFEHEBFICHHE L., K#HF =7 ) OFERIC 24
Dichlorobenzoic acid % 2 mol - liter! #MT 5 &, FKELERICIZE
BEiaaohzhrold, WERFETL, NEHHEIE S o7, 205
&, WHHREEERICHEML THBL & 2,4-Dichlorobenzoic acid 12 X %
MEEEELE. T2 URPL0OBHW TS S 2,4-Dichlorobenzoic
acid PR F 2V VBV TRERTOERYWE L LTHE, HFEHR
ANDFEBRRBINCE D 2O BANDE Z LB NI ho 2. F i,
Fay1) ‘PI169391° WKOWTRREBERI LIBREI NI,

3. ¥aUNDEERICELIERFSOOE

RRWERBICEI 2 AP F2yy ‘HERFRHR OLFHFON
BEETHFEERICIoTEREINENE ) K, £B LUOEETHRE
Lz, skaeARICHLT, 3L ERK, ‘BERFRMB KK,

e’ AARRB LY ‘FK BARETREZEERD Lo/,
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o T, FEEARICEHLTEAERKOKEBIRIILAERVWEEZ NI,
MIERERIE, ‘AL’ BLY ‘FRK AERRICLAEBA, EFTo
KRR mlLl. AEONHEREKTIZ, ‘dti#E” BIU ‘HFK &K
T RO RERITETEBA AL NS, M ER L 72,
TORR, BEERFEFHETORENRNEOETH AL N2V ihifE It
H# PEERICEINIAFTNHYWE CELALHH S A2 VRTE F
K 2EERTAILICLY, ABFa v ) 0EFREORENEET
TERMSEDLFEFRRINT.

4, X2 VDEEROBFERERENrERPBICLRETEEL

EERAMIC &3 HEE
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Summary

Cucumber (Cucumis sativus L.) is one of the major crop in protected
culture, and its production area in hydroponics is relatively small.
Compared to soil culture, the growth of cucumber in hydroponics is rapid,
and time to the harvest is short. However, the decline of plant growth is
rapid because the harvest period is short, and the cucumber yield in late
harvest period decreases. This tendency may be due to low concentration
of dissolved oxygen in the nutrient solution, but this explanation is
guestionable.

For the study on the closed hydroponics system to decrease pollution
to the environment, it is considered that the nutrient solution do not
release to the surrounding environment but recycle. It is possible to
adjust nutrient levels in the culture solution and to decrease pathogens by
the UV lamp. However it is impossible to remove the growth inhibitors
exuded from plants. The growth inhibitors in the nutrient solution may
accumulate. The common hydroponics ; the all nutrient solution is not
exchanged during the culture, but only water and fertilizers are added into
the nutrienf solution. In these culture, it is possible that the growth of
cucumber decrease by the root exudates accumulated in the nutrient
solution.

Here, autotoxicity of cucumber in hydroponics and its difference of
cucumber cultivars, analysis of the growth-retarding substances, growth
recovery by activated charcoal supplement and rootstocks on the
extension of harvest period of cucumber grown in non-renewal
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hydroponics were studied. Also, effects of the concentrations of
dissolved oxygen in the nutrient solution on the autotoxicity and effect by

activated charcoal were checked.

1. Autotoxicity of cucumber in hydroponics and its difference
of cucumber cultivars.

Effects of the nutrient solution used once for cucumber ‘Encore I’ ,
‘Aodai’ , ‘Hokushin’ , ‘Chojitsu-ochiai 2 gou’ , ‘Shogoin-aonaga
-fushinari’ and ‘PI 169391’ culture on the seedling growth bioassay of

the same cultivars were investigated.

The growth of cucumber ‘Shogoin-aonaga-fushinari’ and °PI
169391° seedlings decreased by the culture solution used once for the
same cultivars, but the other cultivars were not. It is unknown in

‘Shogoin-aonaga-fushinari’ and ‘P1 169391 whether the amount of the
inhibitors in the root exudates is large or the sensibility to growth-
retarding substances is high. The difference of the cultivars in the
growth inhibitors in the culture solution used once for the same cultivars
was recognized.

Twenty one of cucumber, wild cucumbers, ‘PI 169391’ and Cucumis
sativus var. Hardwickii K., were bioassyed with the nutrient solution once
used for ‘Shogoin-aonaga-fushinari’ which decreased plant growth
remarkably in the culture solution. In result, the sensibility to growth-
retarding substances in the culture solution once used for ‘Shogoin-
aonaga-fushinari’ was different among the cultivars. The sensibility of

‘Encore I’ is the highest and ‘Aodai’ is the lowest in the cultivars
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used.

Thus, cucumber cultivars were classified into four types. The first
type was Pl 169391’ which showed intermediate sensitivity to
growth-retarding substances in culture solutions used once for different
cultivars and growth reduction was found in the culture solution used once
for the same cultivars. The second type was ‘Encore I’ which showed
high sensitivity in solutions for different cultivars and growth reduction
was not found in solution for the same cultivars. The third type was

‘Hokushin’ which showed intermediate sensitivity in solutions for
different cultivars and growth reduction was not found in solution for the
same cultivars. The fourth type was ‘Aodai’ in which sensitivity was
low in that of different cultivars and growth reduction was not found in

that of the same cultivars.

2. Autotoxicity of cucumber in hydroponics and analysis of
the growth-retarding substances.

Experiments were conducted to clarify why fruit yield decrease _
during the late growing-period of cucumber cultured in hydroponics
nutrient solution which was not completely renewed but only restored (a
non-renewal culture). Furthermore, means to recover the decrease in
fruit yield in the non-renewal culture system were investigated.

Vegetative growth was unaffected by biweekly total renewal or non-
renewal of the culture solution.

When the culture solution was supplemented, the yield of

‘Shogoin-aonaga-fushinari’ and ‘PI 169391 decreased, whereas that
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of ‘Hokushin’ and ‘Chojitsu-ochiai 2 gou’ did not.

No decrease in fruit yield was observed when the solution was
supplemented with nutrients and activated charcoal. This result
suggested that root exudates had induced the decrease in fruit yield,
especially by affecting young fruits, because the decrease was reversible
through removal of the root exudates by the activated charcoal.

Experiments were conducted to detect the growth-retarding
substances in root exudates of cucumber grown by hydroponics.
Activated charcoal was added in the nutrient solution to trap the
inhibitory root exudates from the cucumber plants and then desorbed by
organic solvent to analyze by gas chromatography.

Benzoic acid, p-Hydroxybenzoic acid, 2,4-Dichlorobenzoic acid and
Phthalic acid were detected as growth inhibitors in the cucumber root
exudates.

Growth inhibition of the identified compounds was also evaluated
with cucumber plants using their different levels of concentrations (0, 2,
10 or 20 g mol - liter'!) in the nutrient solution. Among the compounds,
2,4-Dichlorobenzoic acid showed strongest inhibition to cucumber
seedlings in grown test.

Vegetative growth of cucumber cultured in hydroponics nutrient
solution was unaffected by supplementation with 2z mol - liter" 2,4-
Dichlorobenzoic acid, whereas fruit yield and harvest period were reduced
by this concentration. Addition of activated charcoal into the nutrient
solution eliminated the inhibition of the compound to cucumber plants.

Therefore, it appears that a strong inhibitor, 2,4-Dichlorobenzoic acid
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in cucumber root exudates, could be responsible for the decrease in fruit
yield of cucumber grown by hydroponics, and addition of activated
charcoal in nutrient solution could eliminate the inhibition of the

compound.

The same result have been admitted in another cucumber °PI

1693917

3. Effect of rootstocks on the extension of harvest period of
cucumber grown in non-renewal hydroponics.

The effect of rootstocks in non-renewal solution culture of cucumber,
on sustaining yield in the late harvest period for autumn, spring and
summer crops was investigated.

Vegetative growth of ‘Shogoin-aonaga-fushinari’ plants at the end of
the experiment was only slightly affected for the 3 seasons whether they
were ungrafted or grafted on seedlings of ‘Shogoin-aonaga-fushinari’ |,

‘Hokushin’ or ‘Aodai’ . There is no evidence that rootstocks influence
vegetative growth.

The number of harvested fruit of ‘Shogoin-aonaga-fushinari’ in the
summer crop was increased by grafting on the rootstock of ‘Hokushin’
or ‘Aodai’ . The weekly number of harvested fruit which decreased in
the late harvest period on ungrafted plants was not observed on plants
grafted on ‘Hokushin’ or ‘Aodai’ seedlings, thereby, extending the
harvest season.

Thus, the fruit yield in the closed nutrient flow system was sustained
for a longer period by grafting ‘ Shogoin-aonaga-fushinari’~ on
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‘Hokushin’ or ‘Aodai’ seedlings.

4. Effects of the concentrations of dissolved oxygen in the
nutrient solution on the autotoxicity of cucumber and
restoration by activated charcoal.

Effects of the concentrations of dissolved oxygen in the nutrient
solution on the autotoxicity of cucumber were investigated.

Regarding of presence and absence of activated charcoal, the values of
DO in the nutrient solution with 6 hours aeration were 1.7~ 3.1 ppm while
those with 24 hours aeration was 5.0~7.5 ppm.

Vegetative growth was unaffected by the aeration hours and the
activated charcoal supplement. The aeration hours did not affect
flowering and fruit yield. However, the increase of fruit yield was
observed in both 6 and 24 hour aerations when the solution was
supplemented with the activated charcoal.

Thus, the autotoxicity of cucumber occurred in different
concentrations of dissolved oxygen in the nutrient solution and activated

charcoal supplement into the nutrient solution eliminated the reduction of

fruit yield.
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