T A A OIKRFFEEHL TS S DNTHR O BB RN T
FiZTHELHICHET AME
A G -

The Nutrient Solution of Water Culture and Effect of
Various Conditions on the Oxygen Absorption of
Root in Pharbitis nil Choisy

Tokutaro INDEN

Summary

The present study was carried out to obtain a knowledge about water culture of
Japanese morning glory and examined the effect of nutrient solution or light condi-
tion on oxygen absorption of root.

1) Both Hoagland & Snyder’s formula and Enshi formula were suitable for the
solution of water culture in Japanese morning glory. Good growth could be get
by a half strength of them, also.

2) Characteristic mineral deficiency symptoms were appeared in early stage of
growth and the plants showed reduced growth obviously, when every one of N,
P, K, Ca and minor elements (Fe, Mn, B) in the culture solution was absent.

3) Aeration was desirable for better growth of Japanese morning glory. But
growth of non-aerated one under pot or container cultivation was also good.

4) The oxygen absorption of root decreased according as the concertration of
nutrient solution became higher, so that of 10 strength solution was 60% as
compared with that of standard solution.

5) The difference in oxygen absorption of root between standard solution and
excess or deficit nutrient solution was not so significant except for NO3-N
absent solution in which oxygen absorption was rather decreased.

6) The absorption of oxygen by root, which was greatly affected by light
condition increased in the afternoon and became highest at 4 p.m..

7) The oxygen absorption of root was decreased by shading above-ground part
and was particularly affected in the afternoon by the treatment of shading
after morning.
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TH A A BNERIE ETEMEM 2 oMo B TR SIS, £, HiERs S0
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BRICOWTHERL, IBEEEBEAASN, EIRREEEE DTS 2D DIREESB
BIEHICE > TILRHRSNTED, THHADOEEICHT 2 RRTTRNGEE L | THE X
NicbDEHFTF D ALNILD,

TH A ZIKHENEL TRCEBLADT, FKE E TR OB IR A 4 5 BEo B
ICDOWT, S OICKFCREAEFIIMIE, & ICROABIIHEOMEIE L TR WD &4
¥, THOICEHEL 72HEBAEIT - 72,

AP TS XEERERRBIC L D REAREOBARS R LA KL LRG0 ICHY
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THAADRBMED violet BB X UHE, HHERKRELS B, violet M6 A18H#%6 H
25HM, BXU6 H22H#E 6 A29HMD &0 4, MFFED & D13 % S A2 AKLE | iAATH
L, kBB L CRERICUEL 72

violet D EHHITIIE 7% BIREIC404, BELCIBALLESSEL, KEVEBI—EDR
WCANT 1 RIBEEIRAKEKREFR L T, Uw ) SAKEEGATZN—3F 254 b EHLE
WIANLHEATIRLTEE 1 BREBEVIENS 2 ~3micd/-bni v Ly YRICESHE L
TFEBHOICODE I LY v EEHICFERAF o — MICEEL , HEZOHEDO LD &H
U< Y% Hoagland #% AN/ 72 38K TEE L TENThOABRAICHER L /2.
HEhEKER 12 violet A & B Hoagland & Snyder .’ (U1 Hoagland #& &30 d), Eak
a4 Arnon .’ Hoagland %, %%, N, P, KZhZhESHAZK, N, P, K, Ca,
Mg, WHEERRZBEEZIED 5 EAFRy MTKEOHIZ UH/TH 2 HIT 3tk DRI il
K[T/KBEL 72, BIEI3 6 ~T7ETHA, FELRIZ2~3ETHLLTT 2197 v F Ui
UEEE A G Z . AKEBARS 1 r BRiIEBF O RRETE TV, 8 H KB T THEE IR
REZ L &7z,

BAER 350 £ AETUKIHE (Ox—2 RV H) 1T 5 MR A b 6 Bids 5208 % T 1 By fific
154y, #&fE 2 EN55d TaEK LXK E@BR L B OKAE - T Hoagland 14 1 THES L /<.
B35 KOOI X B IRDBER WL EGEERIZ N7 ) v 7L TRRRZ fafinl < o U 7Rt
1~1.5€6%y Mt ARl ~3FHHOBERNEEZH SN UDH L S XIHKRITOOT, TR
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1. BEhnk, BOARED B VIRRZEZNEE, BIRICKIZTEE
EERAHEDH TR/ X AL VICRT KD BHHATIED, 1 ~2HBCEiICkE=EHL T,
violet MOAE, FILIREE L o~/
A#AEZUHT1I 7H%S8 A2 HOAEEFIT Hoagland W&, EEER, Arnon i DEIICIZh T
D EMBDH 5N F, Hoagland D EE O LB TIIEREICS ST BOEBL SHEAKETH



5 E88%, WK TII6T%IZ LIS » 7.

N, P, KEhZEFhEFEORICLICHEEDEE IEEDTS~88% TN > K > P DJHICHK
PAREDFEDDH ST,

BRI OVICCa, Mg, MEBERRZOEMTIEEFENE L HSEL, EIENK, PR,
WMRERRZX TIHEED0ZHNADEET, KKR30%, CaRXIF45%8I1EETH »71-. MgR
XIFPPEBFENLBHIIETH - 1.

ZBRTNTNS 5D 1 OXTREPPED/NS NS DHE LN FDMOREIERITERD
LEpot, BRREZXTRNRIEBTNE LSART, ERRSEREL D, ERMEICHK
BILEE LB bDMAH LN, PREEHODE K HERRTECHBENOA LN S bDHH
D, KRXTEEPEHBEENBDZIET S bD0T. Ca RXTRELEDHEN 2D,
BRI DEDBEPES B > THNE bDH 0, ERMEMNED LoTron v 2 52E 02
A oftc, Mg REFMOXITL SNTHER L OHIERBICHSERDO 7 no v 252 4E 01, %
BERRZEKDOEDFLIED EHBDEEIC/ ooy 252 U TEBHLE LLREBTH » 7=,

52 BlOEBHE I KBEIB60H %0 8 A31BICITE - 72, B OMERIIMEMA%R 1 7 B &4

# 1  EHSBROSHMERS S CicES, BATE

B it A8 k#HEB Iy ARALE) |6 BOKSBG2 AR )

B 8 K TeSO: CENOikNO) KH:POL & o M © W M| St BE | BEE OBE | N WM TE
| Hoagland # 2 5 5 13 as® 18® a7 ?® 5% 132 25 102°
: @ ® oM 2 4 8 —  NH:H:PO: 13 63 36 | 418 140 83 70 95
3 Arnon & 2 4 6 - " 13 W2 354 | 451 1438 32 131 99
4 Hoagland Y # 1 25 20 065 24 30 | 39 131 71 52 98
5 vw | 04 1 1 026 27T 32 | %9 119 43 28 105
6 N v & 2 1 1 13 KiSO. 2 CaSOs 4 a0 329 | 83 151 20 46 90
7 P v 2 5 5 026 K; SO, 052 @21 206 | 361 146 51 43 85
8 K Y % 2 5 — 13 NaNO; 5 354 218 | B2 127 53 20 84
9N R & 2 - ~ 13 KSO« 25 CasSO, 5 97 179 66 52 23 — 84
0P R & 2 5 5 — K504 065 132 332 74 33 - 10 -
uK R & 2 5 - — NaNO: 5 NaH:PO. 126 23 | 18 53 36 15 77
2 ca X m 2 - 5 13 NaNO; 5 04 27 | 22 54 61 82 92
13 Mg X @ | — 5 5 13 230 267 | 297 81 25 24 98
U BBEXR & 2 5 5 13 47 202 48 25 - - -

HAiER mM. AL GMRERIIFe 3 ppm, Mn 05 ppm, B 05 ppm i 18Y 3RFY

TOHBBGREDIERDEN, P, BEBERRBSEOESEM 12D 5, Mg, Ca,
KRZXDS DFIERPH L, £EGHARER L »>72. WO AR EFAIGEKO MBS &
EHICHRFTEET 5.

fEid 8 A11BM 5 AL NN 2 7 Ak TORERIE Hoagland D Dz £ <, D
THEHE, Hoagland ¥ #X T, Arnon iEXIZEBFIZED »-0F L BIENEB L 17z, &S
ARETBREXDHPTE Ca REXHBIEMBEL, EHMOED -7, PR, MBERKX
TRAEDA LN D > 7. {EH1E Hoagland #, Hoagland Vs X TA & < E#%10cn % 852 /-
W, N, P, KEFARKPLINSDORZXTRIEMNNS ELICKRRDIER/INE D - 72,
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~6 ppm, EFHDHEAT 8 HiT
@i87~75mm,ﬂkﬂa4
~ 5 pPmMNATH - . EFR
~6ﬁ,¥%uﬁﬁ2~3wfl
BRI &gl L, i1 7 A
FROEFREAMLEETAHDL &
WK 7.8 g, HESKKX6.9g,
BEREIRX 57.2a, EBEIX
62.3 cm“@&b -7, 92 BDEE
HABETIHEKXIEEERTIL g,
RE65.6 g, IR£ 66.4 cn, MEiE
AXEIEEF64.9g, IRE62.8¢,
REE 78.6 cn T L, HETES
K2k <, MREFEIZIXIE ]
Wote, ERLETHEK TS L@
STt U TEE X 1393% 13 &
THBESXTbI<EFLE. 1l
WGBSR ETICITIS » 7o B KR T
@E*;<%m%§@ot.cw
LH kT H A OKFHIEIILL
THICHEETELENZ LD,

3. BEMIOBAGSUHSBROMEER

W S 13 3 o2

Hoagland #% % 2HE & | B %
T D2 & SIS LIcilAE1ED
F MR EERRON, P, K,
Ca, Mg, WEEHRRZELUN,
P, KDAZ6fEICLIcilE, 1~
1.5 € DEEHiuT 1 kAL, 1 ~3

BRCHEO IR U - B E s L &~z

X1 744D KB R

HE k¥HS5E, BT k2o A
f£ b Jk¥E2 7 H Hoagland #, A F NX#

K2 7Y ADESRERER

ALk CaX, AT BMEEEX,
E PR AT KR

1S BHAKE TN TE ORTH /23 4EEE RN Hoa-

gland 2D 1, 1~1.5 £ic 1 ~3 KBV THROBRERINESE L & ~UHAR OGS

EHEL 7.
(1) BEHIRAE LR OBRRRINE

¥%EHE 19.1 ~23.5g, BES2~7.08 OFMWERKIC OV THRIPE M4 TROERE
WIRBE L S~N, FREEDORKE L ZNZTNOEICIHHAN TR L CBRES L 5.
#2131 X3EHLILEAREHOETH S, HHOBENBE L5 LIchs » TROBEBIN
B L 4 5K TEEDE’%, 8fEIKRTIL67.7 %, 12/5i#55.2 %, 145K 44.2 % TH ~12.

(2) BRRZBICE T HIBOBEFRII

FEFE21.0~28.18, RE6.6 ~8.5g ODHFWIERATIC DT Hoagland #7175 5 KITHLBD



BRRZETOMOBARINEL AR E [ X2 BHBESHOBERIIC K IE 4 5
DHETHER L £ 3 DfERA B,

_ . ) B Hh E H e
P, K, MERERKSHCIREIEL 1254 & t C PH |BRBE
BRRBIEDENH SN, - 7-h3, NEINO; Hoagland s | 2.3 6.0 2.17 *
A4 VDRV, DNV TCaRZikTIIER ” 215k | 4.4 5.8 2.06
INENEL 72, ” 4@ | 8.0 5.3 1.91
(3) BRSO DOBENEOBERINICKITE ” 6 i | 11.0 5.1 1.71
B u ” 8 5k | 14.4 4.9 1.47
WIEERDEIEF 125~17.2 g, BESS ” 10f&# | 18.0 4.8 1.40
~4.58D¥%AN, P, K% NaNOs, NaH,PO, ” 1265 | 21.8 4.7 1.20
K:SOs b b0 TENFNEEED 6 fZic L 72 ” 14f58 | 25.0 4.6 0.96
ei2 = Bl ER [E] RE |
%ﬂﬁ?ﬁﬁAMTwiﬁﬂﬁwﬂmﬁﬁﬂﬂ . B0 3 BHORRED, L ET
w4 L 5N,
RATHONDELIICELVETIRAVAN, PBEERICODBERINEAREL /-,
£4 BEREABRIGIC #£3 ERRZHICHD B
Bl A RO BRI iEY E AN
B | BRNE B | BERNE
"% R 1.69 * Hoagland #& 1.94 *
N 6 & & L77 N R #& 1.61 * 1 B4 D 3RO
P 6 £ % 1.79 ; BN mg
‘ P R & 1.96 L E
K 6 £ & 1.64 K X #& 1.97
* 1H4 D 3 5 RIILE o, i
5 A3 Mg R & 1.83
4 REBVBBROBIZERINICKIFTEE MEEXRK 1.93

(1) 1 HPOROBRERINE DL AL,

&@%ﬁﬁ%®%%@§%%%¥ﬁ§%ﬁg,ﬁ%glmm%§8ﬁm5%6ﬁmgyﬁm
R Tl Hoagland # 1 € D4 v Mz 1 BT LI AN THD SRIN L H-BBERS L 5~ /-
%BM9ﬁ%ﬁﬁﬁéyﬁifﬁﬁfiﬁg®%%#,ﬁﬁ,ﬁﬁutﬁwﬁwﬂﬁwiﬁu
F5DEHThH 1.

KBGO H AR 9 BFICIE 15,000 lux 13 & T - 72 410851213 70,000 lux & 750, 128
LH88,000 lux % & &ic 14841C 45,000 lux, 178 ic 20,000 lux (3 EIC 7 - 7. ORI iR
ICEBSNL LEBRECHIORER, TEABY TIRIGECH 530°COMT 1 ‘CHRS & ic
7~8%%TC&%%®TD6®T,C@%ﬁ$®4tﬁ8®ﬁﬁ®§k%%ﬁmkhf,m
®@§&WK&&¢B%®%%%&6&,E@Miﬁﬂunﬁ@mB%i,B%ﬁ%éwﬁé
12~ 13T 31 6 ~ B RFLHDA0% 13 &, B bWINDE < 75 - 72 16~ 1THECIE55% 13 & &
CLOBMUIEZER OB, 1THLIR 38 U T20~21 B IC 3 S OBE RN & 1 < & 1s
I -7,

(2) EEXDIBOBRRINIC RIS B8

8H8EKWB%%@U%B%&E®@%&WKomTLB&t%ﬁﬁ%®$%§%~%g
IRES5.0~7.8 gDMIONT, BIREROMI S DA 2 7 v — 71, 1 >3 FATES
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1 Bh OROEFPUNAIER Ry ORREEM (8 H10H)

B M| ¢ 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
E BB T %k & Flux| 3 8 10 15 70 83 88 82 78 72 45 20 3 2 — —
B O & A & OC | 26 26 26 26 27 27 27 28 28 29 29 30 29 28 28 28
BARARS 7R E ppm | 80 8.0 79 79 79 79 78 78 T8 76 76 76 76 78 78 1718

®6 1 HhOROEEREZRIK (8 A108)
i i 6—7 7—8 8—9 9—1010—1111-1212—1313—1414—15 15—16 16—17 1718 18—19 19—20 20~21
EUG I 110 110 114 118 144 152 167 187 190 209 214 170 160 147 124

* 1R CEAREY 1g) M0 1 REORINE mg, 5HKFES

HicdH TAX, fdEEAW 2 WEBE - mEEKIC AN TE 6 Bi» 64 J718FF & T 2 il
45 Y% Hoagland # 1 £h» SWING 2BFERL L O ~NFo. ZHED 3~ 4500 1 DHEKXKIC
< 5, FRIDREAEZENHTEEDODIEVWI E S > THRX OROBRIINE (210~20%
T H - 12 h8, 80,000 lux BEDHBDH - 72 FRITIIIERX & 0 30~50%% < B % WX
L, & IFEBBELNBIBEZDENRESULE T

KT KR REEM

LS G 6 8 10 12 14 16 18

PN {5 fE—&e o ” i ” B—if2 ”
HERKtE lux| 3,000 7.000 20,000 90,000 82,000 12,000 8,000
ot X k& lux 800 2,000 6,000 30000 24,000 4,000 2.000
R E KB C 25 2% 27 27 29 28 28
WRBmEESE rom| 8.1 7.8 7.8 78 77 7.7 7.7

#8 IROBEBERNCKIETHENEDE

e 18 6~8 8 ~10 10~12 12~14 14~16 16~18

H B KX 1.43% 1.45 165 1.80 2.25 2.20
E O X 1.43 1.35 1.36 1.38 1.55 1.51

#* 1 BRY7-0 2 BEEITR Y ng 5 BRI

% Z

7 A A DK & L CREDOAE I Hoagland #, Eai, Arnon # & biT &
C, #0280 1 BEKTLMLIIDERT L. L LE{EE Hoagland 3 <, Arnon T
Bt B iz, BARBROEE T 5 HBEEKS 550 1 BETEHEL (B0,
REXTIIME DO FEERORZIIEENAEL LN, P, KRZDIGCEFELSET
BAHELNT, VIR bMEINEENRZERE S L. B E L, [EoRsEELD
BAMRIZREL, Bis, BRASE GBS L TS SR EEL, Arnon HTEAETIR EHAT
- B OB N &> T NH: OB, CanZ/nll bEL THRL SN



B SRV, BARERTOPMEHOBN OB, PR, MEERRK TRIED&EHE
LBt

74 A A KB O BR ORI B B AEGI L OB TH X AT, BIEL, FRaE
TR TE BB EIEOHME L TIFBL 1D —o sV 2 XS,

T A A BREETR, ERICET AR EOMEIE LTEL D hbhTO 345, Kt
BETH B0 OROAEEICHT 2RI b B MEHc s 5 L85

BRI 7 O, MRk, pH7EE DENEE, BREEsEgicEEL Y 2n
H FEOBE S bEES LY, OB E ICBOERIENE LBFET 0T
SHBEBFENICH 50 FHEAEBENRE,L OFREZEDRINETR SO ENBZNEED
hoH, BREEEBLED S 2 ROMERIN E BRI TOLSEDORBRTIE, HHEEE
BEL 155 EBOBRBISEL , BHOKSH 50 LBREHTIEN, Ca RIRETHROR
FRINHHL, P, NOEWEEXOFMATIES LM ERNE SN,

KL EROBERBAUC DN T | HhoB#E (L% B 755 R, HEME LU ZOEFY OB
TOEVEASNABPMICRINENE, EICFEPOIHIHFTEL T, 18BETHE
BIDI0~12BHL O B> o 72, FHEHIC LD B L CBOBERNELSHBLI. TH 44D
AR T B BRI E SIS L TS SICRFEET 3L B,

L3 ¥

T YA A DIKBEEEE RS, 125 NTEE E fo I RS IROBR BRI RIZTTHEEIC OV T
EERE TS - 7z,

L. 74 A AOKEEHIC T Hoagland & Snyder #&, BEEHKE bick, FD 245D 1 &
TbE<HEFLL.

2. BHOBESRZICLDEBFBNHIcz T nMBKNSRZEREEL, N, P, K, Ca,
WMEEHRFe, Mn, BRZXTOAEBRELLABRTH 7.

3. THHNADKMTELXONREDZBEEDO Ry b THBERETEAF T L TS
7-.

4. BEMREPBE ESICLIPVIROBRBIREN R, 105K TREBEFTDE0% 13 E
IT15 -7z,

5. BHRZFE I HRE TOROBEREBIUIELER EHE D 2T 0D, NOsDHWET
PRRL 7.

6. 1 HHDOROMRBNEIIHICKE BEIN, FRICHEZ TIGRKREILR DS X7

7. M EEOENICK > TIROBERBRINEHSFH UL 5 DELTEFDERIFRITKELHS
b,
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