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Cause of Whitening of Cucumber Laminae
Under Quantitative-control Hydroponics

Akimasa Nakano, Tadahisa Higashide, Ichiro Goto,
So Kaneko, Ken-ichiro Yasuba and Hiromi Ohmori
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Cause of Whitening of Cucumber Laminae
Under Quantitative-control Hydroponics

Akimasa Nakano, Tadahisa Higashide, Ichiro Goto,
So Kaneko, Ken-ichiro Yasuba and Hiromi Ohmori

Summary

Under quantitative-control hydroponics, severe whitening of the laminae occurred in cucumber plants. We
hypothesized that excessive phosphorus inhibited the transport or translocation of calcium and magnesium and
other nutrients, leading to chlorosis of the laminae. Quantitative control of fertilization can effectively control
plant form, and can prevent excessive growth (e.g., of tomato), but with low nitrate levels during the initial
growth stage of cucumber, adding phosphate to lower the solution pH may cause severe whitening of the

laminae.

Accepted; August 9, 2013
Vegetable Production Technology Division
3-1-1 Kannondai, Tsukuba, Ibaraki, 305-8666 Japan
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Eating-quality Characteristics of Eight Eggplant Cultivars
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BROMEIZO>NTIE, 1, JEHEO/E RS TS
TSN 2 HA ML, B LI D20 TN,
RAARAR VE—TROERTHER RSN AEETH
5. FHoR, HATIHXEOBL L IDFHIiO 201,
¥ v E5 V) —BRIKEEE RO ICRSHHTER, 77 X
F ¥ — OFNTIC X 2 BIROFHME A2 #RE LT &7 (L,
2011). LA UL7Ans, BRIAERT LI TEL, M
B0 EoMBBIERIhILEEZ 0. K
U, ETRAELBIZEN UMD, 8 U BRIz
FTLEBOLWERREST, FAMERRE LCBHROMN
BiHlinokbd o s, ThE CHEEESENEO BRI
SWWTEHEIAIHE RV EOD, BHEIZL-TZOD
GEEE bR b0 RIS 2 En S, SB%IEM
B0 E OB AR & UEFED B UL L S G
EERELTOL LENH 5.

F= b7 oy al) =i EL L OFENLFRMRLIFE
WWHARIZA-> TE DTN, F2EFTHEUES O,
ENTHEE SN TOEHETHS. i hSHAKMT
b SN R, U B b 2RISR DS
BahTunag, 2L THHIEIZE, 2hZhfikr 2o
S AEREPE TG D U e B SR 0T 5 b 0 EHEE &
N5, OB EMS, FHEEFRE LLHEEDE
WU X OFHBEDRFEED B ITB LT, FRITHE L
MEENFESN B DT, AT F ZARFEORNE % MfE
g U/, S LT, s Tl
TR HE WA, FiRIREMMT ok T

il

AT, WBREANR OfEkmiE REMT, 15
YT UFRD ‘m—FETrrh, ETHLEZHE THRE
G E o SR, REORI BTG HER
KE, BLUOKFZD K AbL ZERLAL. MHE
M E, & LT ] ST LHEHMICHNS
N, ‘RHEMT EErEIBRECNLENS/NZT
H5. INOOMFOMET, ZWREKSTH 2 MEHEENE, b
W7 I, BXUOWRICHETEEINE oo Y
BoaRERE U, £, ZHMELRE, RAOHS,
REOBEEREDOT I AF +v—, LAADHEEEL TN
Aotk ASFERTHR Ue, F/, EHHICREL
THDT I AF v —, MEEHE S WG 7T = Vg
OYREEMTT 52 &2k, WHEOBW LS 25X
M B EIT PV T HEE L.

758, WD 7DD F X OFREET I Y7 - TR,
TR EM TR R &~ & — EAE RO B
EWEEZ T i, AHEO—IBITHA S HRIF%
FBH 2 S R 215 CHEM LR Th 5.

I MHEELIVHEE

1 FROEFEELFHE

FAmFEE CSRMUKGE T OuRE), ThaE#MF CKE
MEE), B (7 FHEE), REMT QLR
), ‘m—¥ET A O3HEN, HEEAER (¥
FAMEW), TS (FFAHEN) BXU Kb
U (ZFA4HE) 20, BRE (FFHT) 2
BEEARL, BBV MEHT 1220 TR, #il

T 514-2392 =WIAATIRLHEENT R 360
TP o ST S AR
* RN IL AR,
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BEERHEAcEETHE L TEEsh s [H4+ 2]
TR, FRIRE R 7EK TRADE  NEL & o
TEMMAE] LbX3nsb0THS. F£mEONIE
2012 4 5 H 8 HIZ, BFERZEMEH (ZHEHT) W
DR E S DFER /S A TNy 2K SR 9 #RELE
L, 6 HTFALIBRIZIE L7z, kit 60 cm BIFET 2 &
AL TE U, RERY IR E TITIHEL, 8 RN
B ICHE S B0, B B OIS T O 72 D il AL ER
iUz, 58, W TREDNEE KT 2541
i, ZhETho s HEE T O R 94250k & U,

2 EERWS DS

RS EENE 7 ooy ViR (BREE, 1996) 1220
T, KA bIEEN O 5 LA E L, Tilo
LD ITHEB XM LTc, REPREL S0 H 5
~10g 2P L, Zhiz01%) v BEELTY ) —
N40mlEMAT, 7V ¥—THBL, WK%
10,000 X g TH4rM&EO L, EiEZ 100 ml D A 27
F2ABL, BB ERETY ) —VIEEMA TEOL,
EEEABITEL LD EAEDE, 100mlIZA 2T v
TULIebDE, ATV T4y =T, EEEE
rsa< 757 4— (HPLC) Hoi#ElE L. HPLC
DEMRRDO LS ITHEELK. §74bB, 100mM DY
VIEEEIR (pH2.1) %2 AWK, 90% T =MV ILEB
KREL, # 1ml/min TBRKOEE&EE20FET0OEL,
253 FTIC30%ETLFR V=TSV bELT.
715 413 Mightysil RP-18GP (f7. T-#% 5 pm, M 4.6
BE L) 2RO, #5 LREE 40
CIZHEL, 10 pl #EALK, =5 ) —IVITERL 72
yooy UEEEfESE LT, 320 nm THRIBL, mEElt
Mooy UBeRERE L.
ZOMDRSFIZONTIE, TH 9 BT L 7% Wi
5 WAESHTHEEIE U, Hisr USRI LT 445
HOKEMAZ, EHIIKEHETL Y (700 W) TH
e 2 ETMAL, 7Ly —TCilimitig, K (7
KXV F w7 BA) Tl Ui % 00 £ THESHRE L
7o, BESRFIRIIIRER, AT VYT vy—%&EL
T T ZVEESTHOREIE Lic, W20 T I/
EONT AEAR, MELULKES SIZ 4 fICHmmL,
SRTICHE U 7c, AT A3 BEH (BRIL - D4R, 2006, Y&
T, 2012) iZf-7z. 2L, 77 ZIVEBOSTIZE L
T, 77/ v oohEiEdEET A0, AR pH %
2.5 ITAHE L,

mm * 150 mm,

3 YDA

a REOES

REOFEEMN S F 1 7E2HOTREAHMSL, HEE
1 ecm ORDOZENIEE (UHE, PG-103) 12, RFEDX
miflE LicUCTEELR. 77 A2AF v —TF 57 14H%—
(Stable Micro Systems, TA-XT plus) Zf#iH L, BEE
3mm QMR T Z vV v — %W 2.5 mm/s THH
BAZE, 750V —lhhbmELGLEKLI. T3
VU v — R A AT B BR O E O i Kl A R O fF
I & U, B9 5 ML ERIE L, FEflizRd i,

b RADEE

REO PRI SEE 2 ecm TY O L2imYI 0 Fic
2T, RAEIC OO TR NI EEICEE 3 mm
OMHIRTZ vV v —THAHE L, KO EEE RO
ix& U7z, MEFRMBREOME S PEICHE T, JE
F, ARET 2 BTl BT A R 12,

c RitEH ) OAE

A S (1998) DK F 2 D Z PR H I S X,
F ZREO LM AT 2 e DSk E UTEMRE
Lz, 372bb, REEPRENLSEZ 2cem TUHHL
BT A DS, WElem®aV 7 K= 5 TH
BRI o U BonkERZlem ES2em D
MHENS, 5 mm OEATY O L THE & LTREREL
7. ME oL UOFRELL2FEK (7 KN
Tw ) © ki, MBS PERICHET 2 XD ICES,
AAEtD LS 25 mm X 25 mm OFMREHNT 10N O
JIT30MHEEAM Lz, 30B®BT I vV v —%2FDH LS,
RO ERAEWE L. ZOHEME C, H5hUBFE
BUCKHERZ A, o UORLZEREREL B
EL, BitHER O (%) 2R{THEMB LK.

JI = (C—B) /A X 100
BRFEIIOE, 2 BE L FEE W

d BEOBEDIE

REOEE (gem®) X, NTOEHSEYIH L RE
IZDW0T, ABKIGRE LU TREOERBEEZRD S Z &I
LOWEL, TTHRFEOER (g) ZMELD &L,
boirL, BT RFEOFERILO RicZZRH/KE#HEAN
TRBREMEMELTEBE, MLE 2y FEHWLT, BE
BRI ATKIZIZL, REORIFIZE G ) EmDH
sy (@ ZMELUE &L kolkEE 1 ETNIT,
EEENG E (o) BEKOEEE (em®) 1I2HMT 50D
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T, REOHEEIID/E & LUTEH L.

mE, REOME, RAOHS, RIFHEE L ORHE
DEFEICONTIE, ThZIHERE Y O 4 BLL %2R
BHE UTHlE L7z,

e FEDAE

7H 11 HICHUHE U 72 4 s FE 3 S & kG BE I SE ) o0 Uk
L7z, REOFEEHMS 2 cm OESTYID Ll
YoHEms, SSIcERic20£3 gL, @Bk
KA —7v (Yv—7, NVt HC-3) O LME
(| O®—NT, PEREFICI5HE L. ZORHE
RiZ4afEEOKERML, 7Ly — TR Lk,
10,000 X g T 10 4rflE.Cor Bt L7c il %, & 5128
(7 XU 7 w7, BA) Tl U AERE L, Wl
FEITIEA Z R 7V K No.2 K2V, 8 ml OalkHK
MHIE 2@ A0 &, FROERKIME Z@EHd
o E RS 72, RIEF 28 COEER T 3 MITL,
S A R 7o,

f BLNBASITRET

ZUMBUZIE, HAL Y VDRTKEMBLT» 5%
K[AEEDRIEMALLE, 503, Lil@BukELRAs —
T (LY ML, TRMES LoRE) 2Huik,
90 CUTO—ERETEITEGITE, KRXF—I v
7RG CFL) ZHuvk., KERAF— 3 v 7 BLH
id, KT ohlokEBERE—F —TET 52 &
L& - T, FHKAEEZEML, EHINCERESRLET
THHEEAKTRETDH 5.

T/, WEFRER) ZF L RICANAEE T OE
(N5, BEUJORLVF25—) 1T, YIMLR IR
iR LUTCHRB UL,

1) MBPXREIVBICESESYHOEL

WHEHE O ‘o—FE7 v h BREORKEL,SIES
2em OGYID FAEYI DL, AR 24E L. 2k
ARoOREFRFO—FizzoEEilkte U kD, &%
D ORFR EBBEOKEGA — 7 T 15 A UMEL
7o, MO HEERNT, REOWI B LT IO
T U 7230kt & AR & o Tk L 7z,

BEENEE L. ‘a—FET A ORFEIIHONT, [
Bl o Fhh ok HRIZ 24 Lzl 2B L 7.
—HFERE LT, EHICEEOM S ZRE L k.
BolktPHRORFERRIESIT45B UK RO
I OFIT 1 BERERE U CERICHIE L, 1 KR,
RERITHE LIERBEIFOFEER—— 5 A VTR K

EWM -7, REOWEZRE L, AGREE gLk,
2) MBICEDBEITT7TZIVEEDERK

IS O H 5 OB, S, ThTh
2cm OEATEHYIO 2 3T Lz, wblohz
nExhEXARIC 2% L, —HZ 10400, o
20 pHEIZAUMEA L7z, ZUMBWRKERF—3I V7
BRME AL, 70°C, 80°CH LT 90°CD 3 BRE D&
T, FE QKRR L7z, FrEkEilsg, o L RgE
RIZEENE 7TV, BXUOZORMYITHE T
J ¥ v % HPLC T4 #i L7z,

3) BEFRLEEEOAE

IWHEE O MEMT BXU BB oRFE (s
BEIENZENh 24T g B8LV 140 g) 1220 T, HEiT 24>
LI, BhEL, RADBBEAICRELTHSRED
FEMZALGOZA LRI, REOYMHETICLTESE,
HFEMAUTHELL ARHPORET—uh— (54
7TV RTFA, BAEED Push Wireless RTR-61) %= &
FEh IR A L, R A BRI RleR L 7.

4) ‘hEMF OMBICEKZT 7 =IVEEDHEM
INHEE o &N 3 R%E, ThThbtic 2554
L7z, #EYI0 R oREH» S 2 ecm OEATYH O HL
IhEISI24ELT, —hH3zoFFEMmiiL, &
HBELEL 5 —HIIo0TiR, FEMAHELAETS
SR LI, it L ((2em B D). BBHE]10
RIZo0W T, 20 FFKEEMZ LT 15 4Nz,
AREEB 2 cm 20 LU Toabricfit L (T2 1320,
Kakth o 77 = VERE 77 /¥ v % HPLC T4t L
7z,

g #EHIE
FEHLEIZIZ T 7 2IV#EEE ver.6.0 (T R 3) ZHWT e,

I #HERERUEBE

1 EBRBS DEEE

BB R U EREPHREEDIHICE - 1
IZE &,
FRAOFELBZRY T2/ — V3 r7oas v BETHY,
Jany UEBREERPEEICEE T 5 LI h TS
(HEE, 1996). ABickBTd, HPLCOF +— M T
feRT 2R, CoMMIIBTbRY 72/ —IVEL
TR 7ouX VBB ETH-7. 7oy VBEaE RN
MR U7, CRES, MAEMT, ‘m—¥E
TUh BEU KADL KBLWTEML- (-
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D. Hi# (1986) b, 7 oas VRN FZRKF R lE ICOW TG LR, ISR O /h S

2l gEh, EF X,
D, SEOHPEE—H LTS

IKF R

BBV ERELTE

BRI OV TIE, FARFETR T Nk, FHErE
HENRELD &

T% D?

SRANKAT ARG
<aFEhTunk (FE-1).
BZAT - 7250 Fr s 1

SR AKAE
BT, HITHEEST FobEk

T2 T,

DELEGENTED, XSICHIFRESE L0 & HW%E
W EMNHSNTHAE (A, 2012). KFRITHKD

BRUN SRR & —fR 123
WO GENED -0 (B— 1) B,

WEnTEh, PRI TS
B g

A

WZTREL, BEOBENEZ NI & bkF RO HKRIZ

FHIBEbDEEZONS,

D—HET LA

—7%, ‘RHMT 8L
IZ2W0WTIE, BEEREMED - 7o,

THERWERET I JBob TR, TARSFUBIUS

WU, FEEO SERZESKE M- e (F- 1.
72i2L, Thoo7 I JBERERITBE 4
2003) Z&bHD, MHEOKREREADKE
b EifEgEshi, —F, 7TIVF=LIZ

T BLTEWERID S - 1.

WA RS s h T3 GEILS, 1995) 24,
aEns (BiES, 1994) 10 &
IR OBOLLIETIF=
FADSETH

DFEATIE BRI AL

HHO®WEZL,

VEROMMEIZOWTIE, 4B 5%

AL
SR 7K
— I FTIVE= VT

HA

5, 9FRERTTIIBETHBIINVY I UBIZONT
IZBNT, o

i, MO RFZAME L

faiia 283l o h i,

fglk (GABA) &

KD - 72,

‘REAm
—J, ‘REm¥F TRy—-—73/
REORKBME T IV 3

VEBEAEBROMBRIZONT, HEHFOMN

W BLU T

f;%% 7 AN /Mb)§ < GABA b‘& f&b\'f@mb)mu

»vohie RS, 2013).

‘BB

'ﬂ:ﬁr—]b‘mumbhf; (.* 1)

b, 711/57:‘/&&&@

H»h

300

BT HHEEE
12, BEOPRKIZELRNTIVY I VREEMETT S
T ARG FUBRIZDONT
5 EWRAERTT 3 /%T%D

Hak ki3 HE & HERAE oMTHEEZER
N7z, Lm»rLE»PS, 72/\74&‘/%;*1%13%3&1%
(W4, 2003), BRELI7LVY I VEBIEEFES KW &M
S, MMHEROWDOEIINT 3HE RN VLD EEZ S
ns.
350

— 300

o B

%2% L

E

EM 200 |

M

£ 150 | 4

I\

nl

& 100 |

=

D 50 |

O 1 L
0 100 200
R=EEH (g

M—1 ‘BHEHT BREOEIEIINY I VBEGEOD

B %

20124E 8 H 30 HICHRM L7z K& X DR 2 HEE 5T

Tt U7,

F—1 F A O 2R

WeBEHE (%) Wt 7= /B8 (mg/ke) o004y Y (mg/ke)
mnig REE () B JFO8E Asp Glu Asn Gin Arg GABA
EEXE 219 1.20 1.36 abc 53 b 91 ¢ 628 abc 666 cd 110 bed 284 a 484 d
0.04 0.06 5 12 154 191 20 32 123
hEF 165 1.10 1.30 abc 73 ab 133 be 309 ¢ 430 cd 73 d 210 be 2037 ab
0.14 0.13 12 18 103 176 20 33 333
O—HE7Vh 163 0.90 1.30 cd 81 ab 137 be 583 bc 762 bc 124 bed 193 bc 1935 ab
0.15 0.15 19 23 142 216 23 30 311
{AhL 159 1.00 1.36 bed 71 ab 137 be 957 a 1308 a 163 b 202 be 1865 b
0.21 0.21 8 13 180 217 22 30 245
SRINKAF 148 1.59 1.39 a 64 ab 116 be 703 ab 917 be 233 a 214 be 950 cd
0.23 0.17 21 18 188 253 56 34 128
Hk5 129 1.23 153 ab 84 a 148 b 333 ¢ 326 d 99 becd 243 ab 819 cd
0.11 0.13 15 16 65 66 20 17 267
FH-E 112 1.31 152 ab 79 ab 150 b 488 b 463 cd 149 be 194 be 1083 ¢
0.07 0.09 11 27 182 270 41 24 194
REA#MF 17 0.83 099 d 70 ab 219 a 788 ab 1250 ab 86 cd 163 ¢ 2413 a
0.12 0.17 14 40 274 396 29 12 138

S VM, T B IR UE(R .

%&f BOWTHEARDT VT 7y MITIE Tukey O EBREDFERWKETHEEDY.
Asp: T ANTX R, Glu:Z VAR, Asn: T ARTXY, GlniZ VAV, Arg: 7 /VF =, GABA: v -7 2 /iklik.

SHEHERE | SBEEET X BRIC OV TIE20124ET H 9 FUCIUHEL 7= R FE(=5) & fitik. Z7man VRIS DV CIE7 A 13 A ~ 18 B IZUUHEL 7= R F2(n=5) % fit 3.

WEBERE Z DUV TIERHE, 7 RO BFHEIZ SV THUE.
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F— 2  FRmHEEE O YK

BENFE RAOES  FiHsson BEREOES FhEE
miE (g/cm®) (N) (%) (N) (k&M L)
EEXE 0485 f 135 e 195 b 6.46 de 1176 b
0.024 0.11 5.0 0.48 0.019
&M+ 0.702 ¢ 7.05 a 48 d 16.41 a 1473 a
0.012 0.60 16 3.00 0.065
O—H¥E7 h 0.686 cd 347 ¢ 52 d 12.94 b 1485 a
0.013 0.34 1.1 213 0.073
{BhL 0.654 d 328 d 123 ¢ 11.94 be 1402 a
0.021 0.12 42 0.74 0.035
I KHEF 0.761 b 132 e 56.5 a 515 e 1.135 b
0.022 0.31 2.3 0.47 0.041
5 0.604 e 164 e 18.6 bec 7.73 cde 1.210 b
0.013 0.11 5.0 0.37 0.048
FE-E 0579 e 164 e 237 b 899 cd 1201 b
0.005 0.10 33 0.57 0.085
RAMF 0.837 a 523 b 28 d 10.14 bed
0.002 1.04 0.6 1.71

By SO, T B R . BNV TEARST LT 7 _y M Tukey D BE DK B5WKHETHEEDHY.
TR LT O T, BT B DO TG 0O R FE % 2R B K & Il U= AR

REBE, RAOHS, JI, BEOBESICOWUITH B, PAICIELEE (o = )E 6.

FEEEIZ20124F7 A 11 BICIUEL 72 52 (n = 3), REF IOV THHER T,

2 YEQLER

HEEA U REOWHEMEICIONT, - 21Tk &b,
REOEBIIOVTIE, RHEMT BXT RHAKG
T |, HERKE MMEL -k ®%EES (2007)
13, F 20 SRR T RO MRS A U 2ok R,
TERKRE, FME, HHE, <AbL OIHIC
AR/ NS EZ EEHE LTV, DI,
KIR UL RFEZOEE E OB THEA—HLTE D,
fafBROR & & ERFEOELE E DRFARRSIN S,

RAOWExE, MMAEMNT BLO REMF 25
<, RN, ERARE, BB LU T
=5 MEL - T

ZHPEOIREEE UTRI S JD iR U7k 2R,
SRR SRR & R TE L JIEL, B
Tho-7T.

REIZ>0WTE, &N BLY ‘v—HET v
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Eating-quality Characteristics of Eight Eggplant Cultivars

Hideki Horie and Akira Ando

Summary

The fruits of eight eggplant (Solanum melongena) cultivars were analyzed to compare their eating-quality
characteristics; their contents of free sugars, free amino acids, and chlorogenic acid; the density of the fruits, the
hardness of the flesh, the toughness of the skin, the juiciness, and the viscosity of the aqueous extracts.
Steaming decreased the toughness of the skin and increased the juiciness of the fruit. The best temperature to
increase the contents of guanylic acid in the fruits was around 80 °C . The cooking methods suitable for each
cultivar are discussed on the basis of the results of these experiments. 'Kinchaku nasu', 'Rosabianca’, and
'Kurowashi' are suitable for cooking, because the heat-treated fruits had a thick texture with good mouth feel
(toromi in Japanese). On the other hand, they are not suitable for light pickling because of the toughness of their
skin. 'Senshu-mizunasu' is suitable for light pickling because the fruit was juicy and sweet, and its skin was soft.
The skin of 'Minden-nasu' was tough, so this cultivar is not suitable for light pickling. The small fruit of this
cultivar can be processed to create mustard pickles by adding mustard and pickling the fruits much longer than
is required for light pickles. Using whole fruit would decrease the possibility of browning caused by chlorogenic
acid, which was abundant in this cultivar. Moreover, the smaller fruits of this cultivar were richer in glutamic
acid (which creates the umami taste) than the bigger fruits. 'Shoya onaga', 'Chikuyo', and 'Senryo nigo' can be
used for light pickling because of their soft skin. However, since their contents of sugars and amino acids were

lower than in the other cultivars, the fruit should be baked to concentrate these components.

Accepted; September 9, 2013
Vegetable Pest Management and Postharvest Division
360 Kusawa, Ano, Tsu, Mie, 514-2392 Japan
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Influence of Phosphorus Concentration in the Nutrient Solution
on the Growth and Phosphorus Absorption of
Hydroponic Cucumber

Dong-Hyuk Ahn, Yasunaga Iwasaki, Yasushi Kawasaki,
Tadahisa Higashide, Akimasa Nakano and Katsumi Suzuki
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IREESNh TR BE O (AAREREZERS - AR
BRARIIES, 2012). L7chi-> T, BIEEHEICHED
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Bl oM st sh s,
=, BERRTHR AT 32 5 D IR 0 R AR I D 25 43 I
EABGTTMT 20IcHMEINS HEET, £X, Y
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o) VBEOHIE SR VBTN B KIGE
FIFFEEZ O, Lerl, BEFICET Y D oA
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P22 413.3 439 1.7 40.8 10.8 2.5 1208.7 21.7
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ZRILEFOWINEZ EF Leh, N, KLU Mg TR
P1.4 XU b THIMEIR 38R 021272 - 72,

4 IBEROY VRELKEKE DR

itk 27 H H O fx EALSE A2 BB ZED 55 6 % T CO,
BER X OOREEEZ, DAL ZIE Ui
(K —5). JeAREE X CO, BELHEEIC K > TE
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Influence of Phosphorus Concentration in the Nutrient Solution on
the Growth and Phosphorus Absorption of Hydroponic Cucumber

Dong-Hyuk Ahn, Yasunaga Iwasaki, Yasushi Kawasaki,
Tadahisa Higashide, Akimasa Nakano and Katsumi Suzuki

Summary

We used hydroponic culture and performed a leaf petiole sap test to study the influence of low phosphorus (P)
availability on the growth, nutrient uptake, and dry matter production of cucumber (Cucumis sativus L.). Plants
were grown by the deep-flow technique for 64 days after transplanting, using nutrient solutions with different P
levels (0.2, 0.4, 0.8, 1.4, or 2.2 meq L™"). The P concentration in the nutrient solution was strongly and
significantly correlated with P absorption (r = 0.982) and total dry matter (r = 0.915). There was a linear
correlation between the P level in the nutrient solution and P absorption. However, the increase in total dry
matter in response to the P level in the nutrient solution exhibited a peak, with no additional increase of total
dry matter at a P concentration of 1.4 meq L™ or more. For plants grown with a low P level (<0.8 meq L), dry
matter production was significantly reduced compared with growth in other treatments because of decreased leaf
area development and decreased nutrient uptake. There was a strong and significant correlation (r = 0.946)
between the P concentrations in the leaf petiole sap (Prs) and in the leaves (PL):

PL=3.134 X In(Prs) — 6.267

Prs increased linearly with increasing P level in the nutrient solution. These results suggest that to sustain
dry matter production, the P concentrations in the nutrient solution and the leaf petiole sap should be
maintained at > 0.8 meq L™ and > 90uL L™, respectively. However, at a P concentration in the nutrient solution

higher than 1.4 meq L, the P fertilization efficiency decreases.
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Light Transmission of a Greenhouse (NARO Tsukuba Factory Farm)
Built to Meet Building and Fire Standards

Tadahisa Higashide, Takahiro Oshio *, Tsunaki Nukaya ~ *, Ken-ichiro Yasuba " " ",
Akimasa Nakano, Katsumi Suzuki * """, Hiromi Ohmori “ " " and So Kaneko

(Accepted; September 26, 2013)

I Introduction

Crop yield depends on light interception by plants (Cockshull et al., 1992; Scholberg et al., 2000) and light use
efficiency (LUE; dry matter production per intercepted light) (Higashide and Heuvelink, 2009). Light
interception by plants is determined by plant conditions (leaf area index and light extinction coefficient), and by
light level in a greenhouse. Light level in a greenhouse is lower than outside on account of the structural
materials, which determine light transmission, one of the most important factors for greenhouse vegetable
production. Researchers have experimented with greenhouse structures and covering materials (Baeza and
Lépez, 2012; Critten, 1993; von Elsner et al., 2000a, b), increasing light transmission to 80% in the Netherlands
(Hemming et al., 2011).

Factory farms have been gaining ground in Japan through government support. Some have been built in
urban zones, where they must meet building and fire standards (Hasegawa, 2013). To meet earthquake-
resistance standards, they must incorporate sturdy frames. To meet fire standards, they may be covered in glass
instead of plastic, thereby needing even sturdier frames. Such massive structural elements decrease light
transmission (Kozai, 1974). The NARO Tsukuba factory farm, which incorporates a large controlled greenhouse
for vegetable production, was built to meet these standards in 2011 (Nakano et al., 2012). We measured its light

transmission in this study.
I Materials and Methods

The experiment was conducted on the Tsukuba factory farm of the National Agriculture and Food Research
Organization (NARO, Tsukuba, Japan; 140.1024782°E, 36.0285626°N). The greenhouse (40.5 m width, 63 m
length, 2552 m area, 5.1 m eave height) is covered with ethylene tetrafluoroethylene film (F-clean GR diffused
type, AGC Greentech, Tokyo, Japan) on the roof and with glass on the walls. To accommodate several hydroponic
systems and crops (Nakano et al., 2012), it is divided with film into two large (18 m X 18 m = 324 m') and eight
small compartments (9 m X 18 m = 162 m) (Fig. 1). The roof is supported by steel H-beams (250 mm X 125

Vegetable Production Technology Division
3-1-1, Kannondai, Tsukuba, Ibaraki, 305-8666, Japan
* Center for Environment, Health and Field Sciences, Chiba University
* Daisen
* * * OQkayama University
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mm) set every 3 m in the north-south direction and 9 m in the east-west direction, which are connected by roof
trusses made from T-beams (100 mm X 100 mm), L-beams (50 mm X 50 mm), and square pipe (50 mm X 50
mm) (Fig. 2). Shade screens are hung just below the trusses at 3-m intervals (200 mm wide when furled), and
ribs (30 mm wide) hold the film together every 50 cm. Gutters (300 mm wide) are mounted in every valley.

We measured solar radiation in the horizontal plane inside the greenhouse (at 4.3 m height) and outside with
13 pyranometers (PCM-01(L), Prede, Tokyo, Japan; LI-200, Li-Cor, Lincoln, NE, USA), and readings were
recorded by a datalogger (GL-220, Graphtech, Yokohama, Japan) every 1 min. The solar radiation outside above
the greenhouse was also measured and recorded by a Ubiquitous Environmental Control System (Stella Green,
Osaka, Japan) every 1 min. The sensors were calibrated against a pre-calibrated pyranometer (SR11, Hukse
Flux, Delft, The Netherlands; * = 0.99 in all regressions) from 22 to 26 December 2011.

With the shade screens furled, we measured the solar radiation for five days at six points each in
compartments N4 and S4 of the greenhouse (8-12 March 2012) and at four points each in compartments N1
(21-25 February) and S2 (14-19 February) (Fig. 3). Each measurement period included both clear and rainy
days. The daily cumulative solar radiation was 2.1-14.2 MJ*m ™ on 8-12 March, 1.1-14.4 MJ*m™ on 21-25
February, and 2.5-14.6 MJ*m™ on 14-19 February.

The light transmission (7:) at each point was derived from the radiation at each point inside (Ri) and outside
(R,) as:

T. = Ri/Ro (1) 63m

To avoid errors caused by the low sensitivity of the
sensors at low radiation levels, we excluded data before N4 N3 N2 N1 |Nursery @
08:00 and after 16:00 (n = 481). o

To obtain the light components inside the greenhouse, 0.5 m —
we divided the data between periods when each point
was or was not shaded by the frames of the greenhouse Nursery

S4 S3 S2 ST [room

on cloudless days (Fig. 4). With Lu as the transmission
at unshaded points (due to both direct and diffuse light)
and Ls as that at shaded points (due to diffuse light), the

transmission due to direct light, La, was calculated as:

Fig.1 Plan of NARO Tsukuba greenhouse. Compart-
ments N4, S4, S2, and N1 were used for this
La=Lu—Ls (2 experiment.

We estimated the light components in N4 and S4 on e

(a)

r\Trusscsﬂ |
Screen ° ° .l PP ° ° ° ® Py
. Pl P2 P6| P3P4 PS5 P7 P8 P9 P10
4.3 m|
—Roofsupport  Roof support—
®
P1 P4
P=d L J
18 m| A Trusse‘\ P7 P10
( P2 P3
L J
{ o Ps P9
AV
P8
18 m 9m
Large compartment (N4 and S4) Small compartment (N1 and S2)
Fig. 2 Internal structure of the greenhouse. Fig.3 Measurement points in the large (N4, S4) and
See text for description. small (N1, S2) compartments. (a) Side view. (b)

Plan view.
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12 March (n = 35-127), in N1 on 21 February (n = 67—111), and in S2 on 19 February (n = 49-92).

We also estimated the light attenuation in the greenhouse due to the covering film and ribs (Ac) and to the

structural frames (4s) as:

Aczl—Lu
As=Lu—Ta

(3
(4)

where Ta= daily average transmission at the measurement point.

I Results and Discussion

Outside
Unshaded

0 = T T T

6:00 9:00 12:00 15:00 18:00
Time
Fig. 4 Solar radiation outside and at points P7

and P8 in compartment S2 on a clear day
(21 February 2012) at shaded and
unshaded times [Eqn. 2].

In the large compartments, the light transmission
was higher at pyranometers P3, P4, and P5 in N4
(0.50-0.75) and at P2, P3, and P5 in S4 (0.48-0.74)
than at the other points (Table 1). The transmission at
P6 was much lower than at the other points in both
compartments on account of the support and the
gutter above (Figs. 2, 3). As crops are not planted
immediately beneath P6, we calculated the average
transmission in each compartment without P6.
Although both N4 and S4 faced outside to the west
but inside to the east, the transmission on the western
side of each compartment (P1, P2) was the same as or

slightly lower than that on the eastern side (P3, P4,

Table 1 Light transmission measured at 6 points in the large compartments
(N4 and S4), and solar radiation outside, from 08:00 to 16:00 for 5 days.

Transmission” from 08:00 to 16:00 (W-m'z-W'l-mz)

C It t Positi
ompartmen osi1tion 8-May 9—May 10—May ll—May 12—May Af:)/rersaﬁe
N4 PI 040 b 045 b 041 b 041 a 054 ab 044 ab
P2 045 ¢ 049 ¢ 047 ¢ 050 b 063 ¢ 051 b
P3 050 de 052 ¢ 051 d 059 d 075 d 057 b
P4 051 066 d 052 d 053 bec 0.62 be 057 b
Ps 051 065 d 051 d 056 cd 0.73 0.59 b
P6  0.26 020 a 030 a 038 a 046 a 032 a
AV‘:?%’; 0.48 0.55 048  0.52 0.65 0.54
s4 PI 043 b 049 b 044 b 044 a 057 ab 047 ab
P2 050 de 056 ¢ 051 d 056 ¢ 073 ¢ 057 b
P3  0.50 054 ¢ 051 d 055 ¢ 073 ¢ 057 b
P4 048 ¢ 060 d 049 ¢ 049 b 060 b 053 b
PS 048 cd 059 d 049 ¢ 054 ¢ 074 ¢ 057 b
P6 031 a 027 a 034 a 041 a 049 a 037 a
Av‘fjf%’g 0.48 056 049 0.2 0.67 0.54
Outside solar radiation
Mimday)y 54 2.1 46 1.2 142 75

“Daily average of transmission (7 = R; (radiation at each point) / R, (outside solar radiation) [Eqn. 1])

measured at 1-min intervals on 8—12 May 2012.

¥ Values within a column followed by the same letter do not differ significantly within a compartment (P
<0.05; ANOVA followed by Tukey’s multiple-comparison test; n = 481 [daily] or 5 [5-d average]).
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P5). This is unlikely to be due to outside influences, since we measured the radiation at 4.3 m height (whereas
differences are more likely at floor level, on account of the lowering western sun in the evening). The overall
daily average transmission at P1-5 over the five days was the same (0.54) in N4 and S4. The daily solar
radiation was not significantly correlated with transmission.

Although the outside solar radiation on a cloudless day (21 February 2012) suggested a bell curve, the inside
radiation at points P7 and P8 in S2 fluctuated wildly between peaks and troughs, indicating an alternation
between full illumination and shading caused by the structural frames and their interaction with the sun at
different angles (Fig. 4). The radiation at the peaks was due to both direct and diffuse light. The radiation at the
troughs was due to diffuse light. This pattern was apparent at all points in all compartments, though it differed
in the occurrence and degree.

In the large compartments on a cloudless day (12 May 2012), the transmission of direct light (La) averaged
0.65—0.67 (P1-5) (Table 2). The transmission of direct + diffuse light (L.) was lower at P6 than at the other
points, on account of the support and the gutter above (Fig. 3). The transmission of diffuse light (Ls) averaged
0.21-0.23 (P1-5). The attenuation by film and ribs (Ac) was lower at P2 and P3 (0.05-0.09) than at the other
points, and was higher at P6. Ac averaged 0.11-0.12 (P1-5). The attenuation by structural frames (As) was higher
than A. at each point, and averaged 0.21-0.23 (P1-5). These results indicate that the frames blocked twice as
much light as the film and ribs.

In the small compartments, the light transmission was slightly higher at P8 and P9 (Table 3). As in the large
compartments (Table 2), Lu reached 0.90, and averaged 0.85-0.87. In N1, Ls averaged 0.23 and Laq averaged 0.62.
In S2, Ls averaged 0.19 and La averaged 0.67. Ac averaged 0.13-0.15, and As averaged 0.28-0.30. The values of
light transmission were slightly higher in S2 (14-19 February) than in N1 (21-25 February).

Table 2 Light components (transmission of diffuse light, Ls; of direct + diffuse
light, Lu; and of direct light, La) and attenuation by film and ribs (Ac)
and by structural frames (As) at 6 points in the large compartments
(N4 and S4) on a cloudless day (12 May 2012).

Light components” Attenuation ratio”
Compartment  Position (Wm™W'm?) (Wm™W''m?)
Ly Ly, Ly A A
N4 P1 022 a* 082 b 0.61 0.18 0.28
P2 021 a 092 e 0.71 0.08 0.29
P3 023 ab 093 e 0.70 0.07 0.18
P4 0.25 bc 0.86 ¢ 0.61 0.14 0.24
P5 026 ¢ 0.89 d 0.62 0.11 0.16
P6 023 ab 0.74 a 0.51 0.26 0.28
Ave;f%;’ 0.23 0.88 0.65 0.12 0.23
S4 Pl 020 b 083 b 0.63 0.17 0.26
P2 021 b 091 ¢ 0.69 0.09 0.17
P3 021 b 095 d 0.74 0.05 0.22
P4 022 b 084 b 0.62 0.16 0.25
P5 022 b 0.89 ¢ 0.67 0.11 0.16
P6 0.18 a 0.71 a 0.53 0.29 0.22
Avifff”z 0.21 0.89 0.67 0.11 0.21

” Average transmission at shaded (L) and unshaded (L,) points; Ly = L, — L, [Eqn. 2].

YA.=1- L, [Eqn. 3]; 4, = L, — T, (daily average transmission) [Eqn. 4].

*Values within a column followed by the same letter do not differ significantly within a compartment (P
<0.05; ANOVA followed by Tukey’s multiple-comparison test; n = 35-127).
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Table 3 Average light transmission over 5 days, light components
(transmission of diffuse light, Ls; of direct + diffuse light, Lu; and of
direct light, Ld), and attenuation by film and ribs (Ac) and by
structural frames (4s) on cloudless days at 4 points in the small
compartments (N1 and S2).

.. . y Attenuation
Transmission” Light components’ ratio™
Compartment  Position (W-m™>W"'-m?) (Wm™W'm?) (Wm>Wm?)
Ls Lu Ld Ac As
N1 P7 048 a“ 021 a 0.80 a 0.59 0.20 0.27
P8 052 a 026 b 0.85 b 0.59 0.15 0.27
P9 0.57 a 026 b 090 ¢ 0.64 0.10 0.29
P10 048 a 0.19 a 0.85 b 0.66 0.15 0.35
Average
P7-10 0.51 0.23 0.85 0.62 0.15 0.30
S2 P7 0.57 a 0.18 a 0.89 b 0.71 0.11 0.32
P8 0.60 a 021 ¢ 0.89 b 0.68 0.11 0.26
P9 0.60 a 0.20 be 0.88 b 0.68 0.12 0.26
P10 0.55 a 0.19 ab 0.81 a 0.62 0.19 0.28
Average
P7-10 0.58 0.19 0.87 0.67 0.13 0.28

“ Average transmission (7, = R; (radiation at each point) / R, (outside solar radiation) [Eqn. 1]) measured
at 1-min intervals during 08:00—16:00 for 5 days.

¥ Average transmission at shaded (L) and unshaded (L,) points on 19 Feb (N1) or 21 Feb (S2) 2012; Ly =
L, - L, [Eqn. 2].

*A.=1- L, [Eqn. 3]; 4,= L, — T, (daily average transmission) [Eqn. 4].

“Values within a column followed by the same letter do not differ significantly within a compartment (P
<0.05; ANOVA followed by Tukey’s multiple-comparison test; » = 5 [transmission], 67-111 [N1], or
49-92 [S2]).

The proportion of diffuse light increases as solar elevation angle decreases (Papadakis et al., 1998). Uchijima
et al. (1976) measured the proportion in a greenhouse covered with PVC film as ca. 30% in Japan. We measured
Ls as ca. 20% (Tables 2, 3), but the proportion is influenced by covering materials, latitude, solar elevation angle,
and weather conditions (Kozai, 1977; Kurozumi and Kawashima, 1979).

Light transmission of greenhouses has improved (Critten, 1993; von Elsner et al., 2000a, b), reaching ca. 80%
in The Netherlands (Hemming et al., 2011). In contrast, the value in the NARO Tsukuba greenhouse is still
<60% (Tables 1, 3), similar to previously reported values in Japan (Kurata, 1994). These numbers indicate that
crops in the NARO Tsukuba greenhouse receive at most 3/4 of the light in the Dutch greenhouse at the same
outside light intensity. This lower light intensity will compromise crop yields (Cockshull et al., 1992; Higashide
et al., 2012a, 2012b; Higashide and Heuvelink, 2009; Scholberg et al., 2000). The main cause of light attenuation
in the NARO Tsukuba greenhouse was shading by the structural frames (Tables 2, 3). To improve light
transmission of this greenhouse, we should give priority to improving the structure rather than the covering
materials (Baeza and Lépez, 2012). The number and size of the frames should both be decreased while still
meeting earthquake standards. Alternatively, zoning provisions could be made to provide exceptions (i.e.,
different construction standards) for greenhouses.

Our results show that the light transmission of the greenhouse built to meet building and fire standards was
only 50%—60%. The structural frames blocked >20%—30% of the light, and the film and ribs blocked >10%—15%
on a cloudless day. Improvements to the frames retaining their structural strength could increase light

transmission. Differences in transmission between compartment sizes and facing-orientations were minor.
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Summary

We investigated light transmission in the NARO Tsukuba greenhouse, which was built to meet building and

fire standards. Solar radiation was measured outside and inside large and small north- or south-facing

compartments in February and March 2012. Light transmission averaged only 50%—60%. Differences in

transmission between large and small compartments and between north- and south-facing compartments were

minor. Measurement of light intensity during shaded and unshaded periods on cloudless days indicated that
diffuse light accounted for >20% of transmitted light and direct light accounted for 60%—70%. Film and ribs
blocked 10%—15% of the light, and the structural frames blocked 20%—30%. Improvements to the structural

frames retaining their structural strength could increase light transmission in this greenhouse.
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Effect of Fruit-specific Expression of
the Cell-Wall-Bound Acid Invertase Gene Wiv-1

on Hexose Accumulation in Tomato Fruits
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I Introduction

Soluble sugar content is an important breeding objective because it contributes to the eating and processing
quality of various fruit crops, including tomato. In these crops, various sugars and organic acids are stored in the
vacuoles. The cultivated species of tomato (Solanum lycopersicum) accumulates mainly hexoses, whereas some
wild relatives of tomato (S. chmielewskii, S. peruvianum, S. habrochaites, and others) accumulate mainly sucrose
(Miron and Schaffer, 1991; Stommel, 1992; Yelle et al., 1991). Sucrose is the main sugar translocated in most
plants, including tomato (Yamaki, 2010). The sucrose synthesized in source leaves is loaded into the phloem by
the H'—sucrose co-transporter (Riesmeier et al., 1994), is translocated into the fruit through the phloem, and is
then unloaded into sink cells via a symplastic pathway (plasmodesmata) or an energy-dependent apoplastic
pathway (Roitsch and Gonzalez, 2004; Yamaki, 2010). Sucrose unloaded into the apoplast from the sieve elements
can be cleaved by cell-wall-bound (extracellular or apoplastic) acid invertase (CWI; Roitsch and Gonzalez, 2004;
Yamaki, 2010). Hexoses (glucose and fructose) generated by CWI are then transported into the sink cells by one
or more hexose transporters (Roitsch and Gonzalez, 2004; Ruan and Patrick, 1995; Ruan et al., 1997).

In tomato, four paralogous genes for CWI (Lin5, Lin6 (Wiv-1), Lin7, and Lin&) have been identified (Godt and
Roitsch, 1997), and have been characterized extensively (Jin et al., 2009; Zanor et al., 2009). One gene has been
isolated independently by two research groups using different methods, but has been confirmed to be the same
gene: Wiv-1, which was isolated by Ohyama et al. (1998), is the same gene as Lin6, which was previously isolated
by Godt and Roitsch (1997). Among the four CWI genes, expression of Lin5 has been reported to be fruit-specific
(Godt and Roitsch, 1997) and Wiv-I expression is observed in vascular tissues (Ohyama et al., 2006), but its
expression is very low in the fruits (Godt and Roitsch, 1997; Ohyama et al., 1998). Fridman et al. (2000) reported
that a quantitative trait locus (QTL) for high soluble sugar content in tomato fruits contains a fruit-type CWI
gene (Linb); the high-sugar allele was derived from a wild relative of tomato (S. pennellii). Fridman et al. (2004)
suggested that the high-sugar trait from the wild species is due to a difference in enzyme kinetics, probably
derived from amino acid sequence changes caused by single-nucleotide polymorphisms (SNPs) detected at the
Lin5 locus. RNAi-mediated knockdown of hexose transporter genes (McCurdy et al., 2010) or Lin5 (Zanor et al.,
2009) caused a reduction of hexose accumulation in tomato fruits. Further, elevation of CWI activity by RNAi

inhibition of an invertase inhibitor gene caused increases in seed weight and hexose levels in the fruit (Jin et al.,
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2009). These important results suggest that sugar accumulation in tomato fruit occurs in part through an
apoplastic pathway. However, an important point must still be clarified: can a specific increase in the level of a
sucrose-cleaving enzyme in the apoplast of sink organs such as fruits enhance sugar transport and elevate
hexose levels? To answer the question, we combined the cDNA for Wiv-1 (Ohyama et al. 1998) with a young-fruit-
specific promoter for a tomato sucrose synthase (SS) gene, TOMSSF 5' (Ohyama et al., 2010), and introduced the
construct into a dwarf tomato cultivar (Micro-Tom'). SS gene promoters isolated from tomato and Japanese pear
(Pyrus serotina) both showed expression specific to young tomato fruits in promoter—GUS experiments (Ohyama
et al., 2010). The level of expression of the promoter TOMSSF 5' from tomato seemed to be higher than that of
the promoter PypSUSI 5' from Japanese pear; this might be at least partially due to the presence of an intron
located downstream of the start of transcription site of TOMSSF (Ohyama et al., 2010; see also Fig. 1). By
comparing the sugar contents and gene expression in the transformants, we assessed the effects of the construct
on sugar accumulation and the physiological roles of CWI in sugar metabolism.

We thank H. Maeda, K. Tanaka, J. Sano, and S. Negoro of the NARO Institute of Vegetable and Tea Science
(NIVTS) for their technical assistance. This work was supported by a grant from the Ministry of Agriculture,
Forestry and Fisheries of Japan (Recombinant Plant Project, No. 3110).

II Materials and Methods

1 Construction of TOMSSF 5' ::Wiv-1

The binary vector was constructed by replacing the 8 -glucuronidase (GUS) gene and the 35S promoter of pBI121
(Jefferson et al., 1987) with the Wiv-1 cDNA (Ohyama et al., 1998) and TOMSSF 5' (the tomato fruit SS promoter;
Ohyama et al., 2010), respectively (Fig. 1). The vector was introduced into Rhizobium radiobacter (formerly

Agrobacterium tumefaciens) by electroporation (Sambrook and Russell, 2001).

2 Rhizobium-mediated transformation of tomato and selection of true transformants
Tomato (S. lycopersicum ‘Micro-Tom’ ; Meissner et al., 1997) was transformed as described previously (Ohyama
et al., 1995) with R. radiobacter LBA4404 harboring the construct TOMSSF 5' ::Wiv-1 (Fig. 1). Regenerated plants

were grown in a greenhouse at 15 to 25 °C under natural day length during the autumn and winter in Mie,

TOMSSF5'
T )
1 kbp
b 1T 11 o 1 4
RB nos 5' NPTIl nos 3' Wiv-1 cDNA  nos 3' LB
<> <—>

Fig. 1 Structure of the binary vector.
The black box indicates an intron approximately 1.6 kbp in length near the 3' end of the
TOMSSEF 5' sequence (Ohyama et al., 2010). PCR screening to identify transformants was done
at the positions indicated by double arrows (see Materials and Methods). LB and RB indicate the
left and right borders of the T-DNA, respectively. nos 5', NPTII, and nos 3' are the promoter of the
nopaline synthase gene, the neomycin phosphotransferase coding region, and the nopaline
synthase 3' untranslated region, respectively (Jefferson et al., 1987).
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Japan. Transformation with the complete T'-DNA was confirmed by means of PCR using two primer pairs (see
also Fig. 1): Wiv-1 FS1 (5'-GGTGGTCTTGGGCCTTTTGGG-3") and Tnos (5-ATCATCGCAAGACCGGCAAC-3") to
detect the Wiv-1 cassette, and NPT-1 (5'-CAAGATGGATTGCACGCAGG-3') and NPT-2
(5'-GAAGAACTCGTCAAGAAGGCG-3") to detect the NPTII cassette. The PCR reaction followed an initial 30 s at
94 °C; 35 cycles of 30 s at 94 °C, 1 min at 55 °C, and 1 min at 72 °C; and a final 5 min at 72 °C. PCR products were

analyzed by electrophoresis in 1.2% agarose gel.

3 Northern blot analysis of Wiv-1 expression

Transformed 'Micro-Tom' fruits were sampled at an early stage (20 to 30 days after anthesis [DAA]) and then
stored at —80 °C. Extraction of total RNA from the fruit, RNA electrophoresis, northern blotting, and
hybridization were performed as described previously (Ohyama et al., 2010). PCR labeling of the cloned Wiv-1
c¢DNA (Ohyama et al., 1998) with DIG (Roche Diagnostics GmbH, Mannheim, Germany) was done using the M13
universal primers M4 (5-GTTTTCCCAGTCACGAC-3") and RV (5-CAGGAAACAGCTATGAC-3") according to the

manufacturer's protocol.

4 Real-time PCR analysis

Total RNA was extracted from individual fruit halves (the other half of each fruit was used for sugar
measurements, as described below) using an RNeasy Plant Mini Kit with an RNase-Free DNase Set (Qiagen
K.K., Tokyo, Japan). First-strand cDNA was synthesized using the ThermoScript RT-PCR System (Life
Technologies Japan Ltd., Tokyo, Japan) with an oligo (dT),, primer and the total RNA samples used as
templates. Quantitative real-time PCR analysis was performed with a QuantiTect SYBR Green PCR Kit
(Qiagen) and a LightCycler (Roche). The reaction mixture (20pL), containing specific primers and appropriate
template DNA (1:10-diluted first-strand cDNA), was prepared according to the manufacturer's protocol. A primer
pair (W1488F, 5'-CCGATGCCTCAAGGTCAAG-3', and W1631R, 5-CAGCACCAAAACTTTCCACTATC-3") was
used for amplification of the cDNAs (144 bp in length) derived from both the endogenous and introduced Wiv-1
mRNAs (DDBJ/GenBank/EMBL accession numbers AF506004 and AB004558). This primer pair was designed
from sequences flanking the 4th and 5th introns of Wiv-1 to avoid amplification of contaminating genomic
fragments of the Wiv-1 gene (data not shown). For amplification of mRNAs (cDNAs) of tomato actin (DDBJ/
GenBank/EMBL accession number AW217630) and Lin5 (Godt and Roitsch, 1997; DDBJ/GenBank/EMBL
accession numbers AY173050 and AJ272304, respectively), we used the primers T-actin-F1
(5'-CCCAAAGGCTAATCGTGAAA-3") and T-actin-R1 (5-GACCACTGGCATACAGTGAGAG-3' ; product length of
107 bp), and the primers Lin5F1537 (5'-GAAGCAATGTACAAGCCCTCA-3") and Lin5R1668
(5"-"TATGCATGTTTTGCCACCAG-3' ; product length of 132 bp), respectively. Lin5F1537 and Lin5R1668 were
designed from regions flanking the 5th intron of Lin5 to avoid amplification of contaminating genomic fragments
of Lin5 (data not shown).

After the mixture was preheated at 95 °C for 15 min, a thermal cycle consisting of 15 s at 94 °C, 20 s at 55 °C,
and 8 s at 72 °C was repeated 60 times, with no final extension. The amount of cDNA was determined using a set
of diluted plasmid DNAs (1 to 0.0001 pg) as external standards: pAZWI165-2 for Wiv-1; p5M21 for Lin5, amplified
using Lin5F1537 and Lin5R1786 (5'-"TACATGCATCCATGCTCCAA-3"; DDBJ/GenBank/EMBL accession number
AB695289); and pm1 for tomato actin, amplified using LeACTIN-F (5'-"ATTCCCTGACTGTTTGCTAGT-3") and
LeACTIN-R (5-TCCAACACAATACCGGTGGT-3' ; DDBJ/GenBank/EMBL accession number AB695290). The
levels of Wiv-1 and Lin5 expression (measured by the amount of cDNA produced) were normalized to that of the

tomato actin gene.



38 PR R ®RY 135

5 Measurement of the soluble sugar content

Soluble sugars were extracted from 100- to 200-mg aliquots from a single fruit of each line by grinding the
fruit with a mortar and a pestle in 1 mL of distilled water, and proteins in the extracts were removed by the
addition of 9 pL of 20% (w/v) 5-sulfosalicylic acid solution, followed by centrifugation (20,000 X g, 10 min). The
sugar content in each filtered extract was measured by high-performance liquid chromatography, as described

previously (Ohyama et al., 1995).

I Results

1 Introduction of a chimeric gene into tomato

The Wiv-1 binary vector (Fig. 1) was used for transformation of tomato ('Micro-Tom') by Rhizobium.
Regenerated plants were screened by PCR using two primer pairs to identify transformants. The transgene was
found in 15 lines (verified by PCR), which were used for subsequent analyses (Table 1, Figs. 2—4). Putative
nontransformants found to lack Wiv-1 by PCR (this study) were used as controls (3 lines in total; Figs. 2, 3). All
transformants showed normal growth, flower setting, fruit color, ripening period, and single-fruit fresh weight

(data not shown).

2 Northern blotting analysis of the young fruits of transformants

As the TOMSSF 5' promoter used in the TOMSSF 5' ::Wiv-1 construct is specific to young fruits (Ohyama et
al., 2010; Wang et al., 1994), the Wiv-1 expression levels in young fruits of the transformants were analyzed (Fig.
2). The levels of Wiv-1 mRNA in the transformed lines were higher than those in the control lines, indicating that
the TOMSSF 5' ::Wiv-1 construct achieved overexpression of Wiv-I mRNA.

3 Quantification of invertase gene expression in young fruits

Figure 3 shows the expression levels of Wiv-1
mRNA in young fruits (20 to 30 DAA) of each
transformed line. Nine (1-4, 1-13, 1-J, 2-2, 2-8, 2-11,
2-17, 3-9, and 3-19) of the 15 transformed lines
showed higher expression levels than the average of
the three control lines (C1-3). The levels for 1-48 and

the control C1 line disagreed with the northern
results (Fig. 2), probably because of differences in the

maturity between the fruits used for the northern

analysis and the real-time PCR analysis.

Fig. 2 Northern blot analysis of young 'Micro-Tom'
fruits transformed with the TOMSSF 5' ::Wiv-

1 construct.
Correlations between the levels of Wiv-1 mRNA and Total RNAs were extracted from fruits at 20 to 30 DAA,

the sugar contents in young fruits of the electrophoresed under denaturing conditions, and
blotted onto a nylon membrane, and then the Wiv-1
mRNA was detected as described in the Materials and
fruits used for measurement of the sugars were the Methods. The rRNA bands on the same gel were

4 Correlation analysis

transformants were significant (Table 1, Fig. 4). The

visualized by ethidium bromide staining as a loading

same as those used for mRNA quantification (Fig. 3).
. . control. Each lane contains total RNA from the fruit of an
Differences in soluble sugar contents between the independent transformant (1-48, 1-J, 2-11, 2-17, 3-9, and

control and transformed plants were not dramatic 3-19) or a control nontransformant (C1 and C2).
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Fig. 3 Relative expression levels of Wiv-1 (based on mRNA levels) in young fruits
of lines transformed with the TOMSSF 5' ::Wiv-1 construct.

C1, C2 and C3 are the levels in control nontransformants, and C1-C3 means the

average value of the levels in the three nontransformants.

(data not shown). The correlations tended to be higher for lines with lower expression levels (Table 1, Fig. 4).

As the expression of Lin5 is fruit-specific (Godt and Roitsch, 1997), we analyzed whether compensatory

changes in the Lin5 mRNA level occurred in the transformants. We found no significant correlations between the

levels of Lin5 mRNA and Wiv-1 mRNA in young fruits of the transformants (r = 0.134), or between the levels of

Lin5 mRNA and the sugar contents (r = 0.176 for sucrose, r = 0.135 for hexoses, and r = 0.146 for total sugars).

Table 1 Correlations between Wiv-1 expression (based on mRNA levels) and
the contents of soluble sugars in young fruits of the transformants

Correlation coefficient

Relative expression level® of
Wiv-1" is 0.0002 to 0.0400
(n= 15, total)°

Relative expression level®
of Wiv-1" is 0.0002 to
0.0120 (n=12)°

Sucrose
Hexoses

Total sugars

0.462 0.232
0.679* 0.527*
0.662* 0.495

* Normalized to the level of tomato actin mRNA.

® The primers that we used did not distinguish between the endogenous gene-derived
mRNA and the transgene-derived mRNA.

“Number of lines.
* Significant at P < 0.05.

The raw data are also displayed in a scatterplot (Fig. 4).
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Fig. 4 Scatterplot of the relative expression level of Wiv-1 (based on mRNA levels;
see also Table 1) and hexose content in young fruits transformed with the
TOMSSF 5' ::Wiv-1 construct.

r: correlation coefficient; *Significant at P < 0.05.

IV Discussion

We introduced a chimeric Wiv-1 construct, TOMSSF 5' ::Wiv-1, into 'Micro-Tom' (Fig. 1). No detrimental effects
on plant growth, such as those found in tobacco transformants that expressed a yeast invertase gene driven by
the constitutive 35S promoter (Sonnewald et al., 1991), were observed in the transformants. The level of Wiv-1
mRNA was positively correlated with hexose content in young fruits of the transformants (Table 1, Fig. 4).

Why did we observe positive correlations among the hexose contents and the Wiv-I mRNA levels in young
fruits of the transformants? It is known that the sugar unloading process involves two pathways: sucrose from
sieve elements enters the sink organs with extracellular hydrolysis (apoplastic pathway via hexose transporters)
or without extracellular hydrolysis (mainly the passive symplastic pathway via plasmodesmata) by CWI (Roitsch
and Gonzalez, 2004; Ruan and Patrick, 1995). Several authors have suggested that an apoplastic pathway using
CWI is involved in the unloading process in tomato fruits (Jin et al., 2009; McCurdy et al., 2010; Ruan and
Patrick, 1995; Zanor et al., 2009). The absence of correlation of Wiv-1 and Lin5 mRNAs suggests that no
compensatory changes in the level of Lin5 mRNA had occurred in the transformants. It is likely that most of the
fluctuation in the level of Wiv-1 mRNA in fruits of the transformants (Fig. 3) was caused by overexpression of the
mRNA driven by the TOMSSF 5' promoter (Fig. 2). The promoter of the tomato SS gene TOMSSF is strongly
expressed in the vascular tissues of young fruits (Ohyama et al., 2010). Considering the present results together
with previously published data, we suggest that the positive correlations between the hexose and the Wiv-1
mRNA levels observed in young fruits of the TOMSSF 5' ::Wiv-1 transformants (Table 1, Fig. 4) were probably
achieved by promotion of the apoplastic hexose transport during the early stages of fruit development, through
an increase in sucrose degradation activity in the apoplasts of vascular tissues (probably phloem). The
correlations between the mRNA level and the hexose contents in young fruits of transformants were higher at
lower levels of Wiv-1 mRNA (Table 1, Fig. 4), which suggests that extreme expression of Wiv-1 is not necessary to
increase fruit hexose content. The fact that CWI is an enzyme with a low Michaelis constant, K, (Karuppiah et

al., 1989), may support this hypothesis. Furthermore, the lack of correlations between the levels of Wiv-I mRNA



Kl : MBS S RIERYE A > NV 5 — IR Wiv-1 O RIEFFRIGFEBIC L 5 b= MNRIDEEF~OFE (S0 41

and the sucrose content (Table 1) may indicate that most of the sucrose transported into the fruit's cytosol is
derived from the symplastic pathway without extracellular hydrolysis.

Even though the apoplastic pathway is active in young fruit, it's unclear why there was no correlation among
the hexose contents and the natural fluctuation of Lin5 mRNA levels in young fruits of the transformants. One
possibility is that the TOMSSF promoter (used for the construct) drives more favorable gene expression than
does the native promoter of Lin5.

One limitation of our study is that the results were obtained only from the T, generation of transformants. To
further characterize the sugar accumulation mechanisms in tomato fruit, it will be necessary to re-evaluate the
transformed lines for both their mRNA levels and their enzyme levels after the transgenes are fixed (made
homozygous). It will also be necessary to introduce the TOMSSF 5' ::Wiv-1 construct into normal tomato
cultivars, rather than dwarf cultivars such as 'Micro-Tom'. Furthermore, in addition to the young-fruit-specific
promoter, it will be necessary to analyze the effects of a ripening-related phloem promoter construct to analyze

the effects of CWI on sugar content in ripening fruits.

Summary

Because soluble sugars are an important component of tomato fruit quality, we investigated the possible role of
a key enzyme, cell-wall-bound acid invertase (CWI), in sugar accumulation in tomato fruit. We fused cDNA for
Wiv-1, a gene encoding tomato CWI, to a young-fruit-specific tomato sucrose synthase (SS) gene promoter, and
introduced the chimeric construct into tomato (‘(Micro-Tom'). Significant positive correlations were found between
the level of Wiv-1 expression and the hexose content in young developing fruits of the transformants. These
results suggest that the hexose transport in young fruits was promoted by the expression of Wiv-1, probably

through an increase in the level of sucrose degradation in the apoplast.
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Moisture Contents in Black Tea Grown in Japan and Other Countries

Namiko Ikeda

Summary

We investigated the moisture contents in 181 tea samples, including Japanese green tea and black tea that
were grown in Japan, India, Sri Lanka, Nepal and Kenya. The difference in between the tea types was
significant at the 1% level. The average moisture content of green tea produced in Japan was 4.66%, which was
less than those of black tea from Japan (7.02%), India (6.97%), Nepal (6.77%) and Sri Lanka (6.84%). There was
no significant difference between countries in the moisture contents of black tea. The moisture contents of black
tea made using the orthodox method were higher than those made using the crush-tea-curl (CTC) method. The

results suggest that the optimal moisture content of black tea is higher than that of Japanese green tea.

Accepted; September 30, 2013
Tea Research Division
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Non-destructive Detection of Browning of the Inner Scales of Onions
using Near-Infrared Spectroscopy

Hidekazu Ito and Susumu Morimoto

(Accepted; October 3, 2013)

I Introduction

Browning of the inner scales of onions (shingusare in Japanese; Fig. 1) appears to be caused directly by
nematodes. The nematodes can secrete pectolytic enzymes, which loosen the cells and soften the tissues. The
infested areas become brown, and infested onion bulbs usually develop bacterial rot (Rabinowitch and Brewster,
1990), likely caused by Pseudomonas gladioli (Tesoriero et al., 1982; Tanaka et al., 1990).

After harvest, onions affected by this browning can be easily identified and eliminated because juice is exuded
when the neck is pressed. However, it is difficult to remove the brown inner scales, and consumers often return
affected onions to the merchant.

Near-infrared (NIR) spectroscopy has been used as a practical and rapid non-destructive way to assess the
internal quality of vegetables and fruits in Japan because of its low cost and high performance in a non-contact
mode (Schaare and Fraser, 2000; Ito, 2007). The potential of this method for non-destructive detection of
disorders of the outer scale of onions (hadagusare in Japanese) was
recently reported (Ito and Hattori, 2012). However, the potential for non-
destructive detection of browned inner scales has not yet been reported.

If the browning of inner scales could also be detected non-destructively,
returns of damaged onions to the merchant would decrease, leading to
more confidence in products from the cultivation region. Therefore, the
objective of this study was to assess the potential of NIR technology for

non-contact, non-destructive detection of the browning of inner scales in

onions.
II Materials and Methods
Fig. 1 Browning of the inner
We obtained ‘Momiji 3" onions from Japan's Hyogo Prefecture. We also scales of the onion ‘Momiji
obtained onions (of an unknown cultivar) grown in Hokkaido Prefecture 8" (shingusare in Japanese).

The browning symptoms

occurred in the second to
at a range of temperatures to facilitate analysis (Ito and Morimoto, 2007). sixth scales from the

from a merchant. Previous testing revealed that onions should be stored

We therefore stored samples at 7 °C in a refrigerator (hereafter, the low- outside.

Vegetable Pest Management and Postharvest Division
360 Kusawa, Ano, Tsu, Mie 514-2392 Japan
* Kubota Corporation, 2-35, Jinmu, Yao, Osaka Japan
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temperature [L] sample). After spectral measurements were obtained, the onions were stored at 23 °C in an
incubator (FLI-2000, EYELA, Tokyo Rikakikai, Tokyo, Japan) (hereafter, the medium-temperature [M] sample).
After a second spectral measurement, the onions were then stored at 35 °C (hereafter, the high-temperature [H]
sample), and a third spectral measurement was obtained. Table 1 summarizes the sample characteristics. Just
before the optical measurements of onions from each storage treatment, the surface temperature of each sample
was measured by thermometer (3527A, Tsuruga, Osaka, Japan). During the measurements, room temperature
was set at 22.5 °C.

A spectrophotometer (K-BA100R, Kubota, Yao, Japan) was used to measure the spectra of each intact onion.
The spectrophotometer was equipped with a fiber-optic probe. The end of the probe had a concentric outer ring
illuminator and an inner circular light receptor (set to use interactance mode). The diameter of the illuminator
was 38 mm (Fig. 2). To measure the NIR absorption spectrum (800 to 1000 nm) of an intact onion, each onion
was placed on a support, 3 mm from the end of the fiber-optic probe (Ito et al., 2005; Ito, 2007; Ito and Morimoto,
2007). The side of an onion near the top was centered on the support (Fig. 3). The opposite side of the onion at

the top was also measured to provide two spectral measurements per onion.

Table 1 Sample charachteristics and results of non-destructive detection of internal browning in onions

Sample Temperature Date Production Number Inner scale' Outer scale? Failure rate
sets of samples3> Prefecture of spectra Success of  Non-— Failure Another Other Success of  of non—
(n) Occurrence non— destructive  of non- failure of non-  success non— destructive
destructive  detection destructive destructive detection destructive  detection(%)
(n) detection(n)  rate (%) detection(n)  detection(n) in C(n) detection
» in G (n®
a b b/a % 100 a—b c d e {(a-b+(c-d-e)}
+=nX100
Onion1® L, M, H 2009/11/06 Hyogo 120 18 17 94 1 4 2 1 1.7
Onion2-1 L 2009/11/12 Hyogo 40 3 3 100 0 5 1 4 0.0
Onion2-2 M 2009/11/12 Hyogo 40 3 3 100 0 3 0 3 0.0
Onion2-3 H 2009/11/12 Hyogo 40 3 3 100 0 4 0 4 0.0
Onion3-1 L 2009/11/17 Hokkaido 36 0 0 - 0 1 0 1 0.0
Onion3-2 M 2009/11/17 Hokkaido 36 0 0 - 0 0 0 0 0.0
Onion3-3 H 2009/11/17 Hokkaido 36 0 0 - 0 1 0 1 0.0
Onion4-1 L 2009/11/26 Hyogo 40 2 2 100 0 3 0 2 25
Onion4-2 M 2009/11/26 Hyogo 40 2 1 50 1 2 0 2 25
Onion4-3 H 2009/11/26 Hyogo 40 2 1 50 1 3 0 2 5.0
Onion5-1 L 2009/12/25 Hyogo 36 0 0 - 0 1 0 1 0.0
Onion5-2 M 2009/12/25 Hyogo 36 0 0 - 0 1 0 1 0.0
Onion6-1 L 2010/03/11 Hokkaido 32 0 0 - 0 0 0 0 0.0
Onion6-2 M 2010/03/11 Hokkaido 32 0 0 - 0 0 0 0 0.0
Onion6-3 H 2010/03/11 Hokkaido 32 0 0 - 0 0 0 0 0.0
Onion7-1 L 2010/04/28 Hokkaido 28 0 0 - 0 3 0 3 0.0
Onion7-2 M 2010/04/28 Hokkaido 28 0 0 - 0 3 0 3 0.0
Onion7-3 H 2010/04/28 Hokkaido 28 0 0 - 0 4 0 4 0.0
Onion8-1 L 2011/04/01 Hokkaido 20 0 0 - 0 3 0 2 5.0
Onion8-2 M 2011/04/01 Hokkaido 20 0 0 - 0 2 0 1 5.0
Onion8-3 H 2011/04/01 Hokkaido 20 0 0 - 0 4 0 2 10.0
OnionD-1 M 2011/04/07 Hokkaido 22 2 2 100 0 3 0 2 4.5
Total (n) 802 35 32 3 50 3 39
Average (%) 4.4% 91.4% 1.4%

YInner scale browning of second to sixth scale from outside (Shingusare in Japanese).

D0uter scale browning or decay of first scale from outside (Hadagusare in Japanese).

3)L:Iow, M:medium(room), H:high temperature

4)Non—destructively determined inner scale browning score was more than 0.037 and the inner scale browning was able to detect successfully.
° Though non—destructively determined inner scale browning score was less than 0.037, the inner scale browning occurred.

6)Though non—destructively determined inner scale browning score was more than 0.037, the inner scale browning didn't occurre in the same side.
7)Detecting non—destructively inner scale browning from the opposite side.

8)Detecting non—destructively outer scale browning or decay.

A Calibration sample set (The rest of sample sets is validation sample sets.)
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Concentric
outer-ring
illuminator
Central

circular light
receptor

38 mm

Fig. 2 Tllustration of the end of the fiber-optic probe  Fig. 3 The measurement of the NIR spectrum of an

used with the K-BA100R spectrophotometer onion using the K-BA100R spectrophotometer.
to obtain the NIR spectral samples. The onion is being illuminated with the NIR
beam.

Following the optical measurements, each onion was cut vertically, and browning symptoms inside the area
irradiated by the NIR beam was visually scored as 0 (sound, with no signs of browning) or 0.1 (with browning of
the inner scales) and the cut surface was digitized (CanoScan 8600F, Canon, Tokyo, Japan).

Any browning or decay (water soaking) that occurred in the first scale was distinguished as browning of the
outer scale.

To enable non-destructive detection of browning of the inner scales, we developed a multiple linear regression
(MLR) equation using a calibration sample set (n = 120, ‘Momiji 3’ ). The independent variable was the 2nd
derivative of the spectral absorption values at six wavelengths (810, 830, 844, 860, 862, and 910 nm). Next, the

calibration was evaluated using a validation sample (n = 682) (Table 1).

IIT Results and Discussion

Browning of the inner scales occurs on the upper side of the onions (Fig. 1). Therefore, we used the NIR beam
to illuminate the upper side of the onions during our measurements. The rate of browning was 4.4% (Table 1,
column a).

MLR analysis of the visual scores and the spectral absorption values produced a calibration equation using the
2nd derivative of the absorption values at the six wavelengths (4) as the independent variables. The multiple
correlation coefficient was strong and significant (R = 0.72**, n = 120). The calibration equation was as follows:

Browning score = 0.004 — 2435.648 X Agionm + 874.647 X Asgzonm + 255.533 X Agganm — 6258.117 X Asgonm +
9955.718 X Asgeanm + 1127.968 X Ag1onm

We validated the MLR calibration using a different and larger sample of onions. The NIR method was able to
detect 91.4% of the onions with symptoms when the threshold of the non-destructively determined browning
score was 0.037. The calibration derived from onions grown in Hyogo Prefecture ( ‘Momiji 3’ ) was also able to
non-destructively detect browning of the inner scales of onions (n = 2) grown in Hokkaido Prefecture (Table 1).

Wavelengths near 810 nm have been used for non-destructive evaluation of browning inside apples (Clark et
al., 2003) and melons (Ito et al., 2004). A wavelength of 830 nm was used for non-destructive calibration of the

soluble solids content of melons (Ito, 2007). The 2nd derivative of the absorption at 844 nm was negatively
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correlated with satsuma mandarin fruits for different path lengths (Miyamoto and Kitano, 1995). Wavelengths
around 910 nm were selected as one of the main independent variables for non-destructive determination of
carbohydrates in the soluble solids content and for dry matter determination in onions (Birth et al., 1985). In the
present study, a combination of these wavelengths enabled the non-destructive detection of scale browning.
Some samples in which browning of inner scales occurred (n = 3) had a browning score of <0.037 (Table 1,
columns a-b). In some samples (n = 50), browning of the inner scales didn't occur on the same side where the
browning score was determined above the threshold of 0.037 (Table 1, column ¢). Among these 50 samples,
browning of inner scales was detected from the opposite side of the onion in 3 samples (Table 1, column d), and
browning or decay of the outer scale was detected in 39 samples (Table 1, column e). Except for these samples (n
= 42), failure to detect browning occurred in only 11 samples. Thus, the average failure rate was 1.4% (Table 1).
These results suggest that NIR scanning technology offers the potential for effective non-destructive detection

of browning of the inner scales in onions.

Summary

Consumers will return onions to the merchant if they detect browning of the inner scales (shingusare in
Japanese). We tested whether this browning could be detected by use of the NIR absorption spectrum by placing
onion samples 3 mm from the end of a fiber-optic probe (in non-contact interactance mode). Following the optical
measurement, the onion was cut vertically, and browning of the inner scales inside the irradiated area was
visually scored as 0 (sound, with no signs of browning) or 0.1 (browning detected). Multiple linear regression
(MLR) analysis using six wavelengths (810, 830, 844, 860, 862, and 910 nm; n = 120) produced a strong and
significant calibration equation using the 2nd derivative of the absorption values at the six wavelengths (R =
0.72""). We validated the MLR calibration equation using an independent sample of onions (n = 682) and found
that the NIR method detected 91.4% of the onions that exhibited browning symptoms.
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Characteristics of Nitrate Uptake and Nitrogen Accumulation
in Cabbage under Shade at Head Developing Stage

Fumio Sato and Hisao Higashio

I #&

i

BXBEOZ BEFTICLELERETICHERA A 0
TERETHD SIS 5 72, HEDOIKRNITIIRER A A ~
MEFBLPT O, MR A v BAKICERESh S EHE
RS A A Iz, ISR OB = tay

TIVvEERINSE I EMHMSh TS (IF, 2002).

—7, HEOKPICER U A 3, WA A
v, TUVEZTEEILIN, ISWTET I HPY R
JHE~ERMLs B ORIl &8, 1992). Thoo=
FRELEDZ, FROEFIAREEDITH D EZ
L&D, BEORBMPARICOHFET S, Lich-
T mmE TROLEEEEHEEETITRIEL T i
(d, BEe SRR IS B 1 A IR OMEE A A~ OWIX
R, EROEWMFFEEIET 2 ENHETH 5.
TR DMIRA 4 VIREDIKBILIZ OV T}, ThET
FIZATVLV VIR Y =T VIR, ATV FEN ST
g1 A v 2 EBECaEmE Bk« oKil, 1996)
ERRICHENMTDONTE 2. ThoDHETIE, KN
DA A VB, ZTORNEEFERED/NT v R
K-> TEHL (Yoneyama 5, 1987 ; Kim 5, 2002),
BRI ERIENICE O, WO A A IR AN
T5E, KNOWEEA 4 VIBELIMNT 2 2 &M Sh
T3 (S, 1995). T D%, HBHBEITLUE

2 it A 5 SR i oD ZE R TP kT & W o A IERFERIC K B
e A A v BEORBALAH A ST &2 (i,
2005 ; flEF 5, 2006 ; Mk S, 2008). —J4, B A
Y ORMEIZI, SR A 2 S HREER A A v N DO RIGE
fulf 9= 2 AR CEE R (Nitrate reductase © UL T, NR
L) N—loR#ERET 2 MRESINA TS
(Lillo, 1994). NR OiEtE3GLM & BB CBFR L, b
HETICX> TAEERMAL, EHICERL T 23
(Kojima &, 1995). D7, KNOREEE A A B
i, HPEXD ENROEEMKTFTa2RMTE L (F
A 21, 2004), F 7, KIIE 0K F (Cantliffe,
1972a) % HRKM O Fifi (Cantliffe, 1972b) 1Tk -
THMT 22 EBFSN TN S,

EIAT, F¥R\VIEEORKKRMELETIE, SHIBM
TH DEERONFITITEATE EA ERmPIE NI, T
WENKEERIOLAREY 2 G T o E 2 M S
(Wien * Wurr, 1997). T @ Xk 5 BIEREM D &,
F v XY OMERA A » OERCEII T ITOLORER,
FB A & AR —Th 2 EHE I RIT S &
EZonb. WBEREEFFICOWTIE, MIEEREOHM
PENERIH DB NI L O FEERP OREIR A A IR 15
TH5IENNTH A (RE - BFH, 2007) ©F ¢+ XY
(&K S, 2005) THISNTOBH, b &k 1 4
VRBERFLEDOERE E ORI OVLTRMW ST
1,

T 305-8666 KM  IFTEIES 3-1-1
TS5 A R AR RTFZE SRS
* PRIRR 27 B2 270
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I #MHEELUVAE

1 HEHE

FrRYOEHEREER, REKR 15°CITHE LK
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7. 2004 4£ 1 H 30 HIZ, BITERICHEL T 128 &L b
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WxE, BR7 LEEFEY I 1/2000a 7 7R IVKRy M
B L7, AIEE LT, EHUE 100 HSY 4 7O #HE
HEEE (77 424-100, F v VEER, N:P,0;:
K,O=14:12:14) %, E2F®ET6g Ky &7 3
X IO IR U, B, HEo
pFfins 23 % kRl - 7-EET1 Ry Y720 1L #EK
L, Ry PO SHHUckid, $KILIT321 TlaX
L, HUwAkLT.

2 ERMIBL N EHREEA 4 v ORER

FEER O ERE N 0.9kg S BRICE L7 2004 44 A 11
H (Bhitk 71 HH) 1, BEERY (F1A x99 b,
FATALK) 274 Y —TO0 FIFTHRICHNE LS
WCIER L, #hetkzdt e, WX E LT, #kR
50% % &£ U 90% DI H TN U THEE L 72 50% L
X & T 90% EHXITMZ, *HiE& LU TH#aedicH
BrU72 0% X 3 XA 7o, #OEBIIRE#I1C "N Tl
W UThEE A U 7 4 (10.3 atom %, W) % 2.16
g/ Ay b (0.3gN Ry ) OET 100mL DK
WU THEA Uc, WEEABECTIhoX S 1 X
Mich 10k E LTz,

3 KoYy rITUY

LM A BB X9 HHIIKF + XY olth L%
ZnTh 1 X470 5 R L7, SRELLIcF v XY
i, AFEEEBRICOHIL, 51T, A LT, 4
WERROERD 3~4 %1% 505 LA 4 BoFWIE B
WA 2L FICH B0 DIE (NETA) B

KUKITMT e, £/, BEKITOLTE, HERako®E
RBOKI 3B EEDEIRED 3~ 4O REERIE) &
ZhX O AMDZE FEERNER) B X OBIcatc. &5
PO EREFERE, 1 cm PUHFICEE L TH—ITRI 5 &
HITHEEL, 20g ~ 30g W U CTHIRIKER THMS L
—20CHE LV — 80°CTHREL .

4 N Q5T

WM 4 HHE 9 HHIZHRI L7 2 TOMALO M
Rk 2 MifS e RR, IR & O M PEEE (TT-100, > — -
I LT 1) THRIRICBHEELZ. Z 0B O—E
A EEF T 100pg ~ 200pg &7 5 X HITHW L TAR
H T RIWVITE AL, KERMAKLSHTERE (Delta Plus
XP, Thermo Finnigan) %W\ T, ¥/ 0 EHRIEE
& PN atom % ZHIE Urc, FEBALIC B B i I RSEE 7
U LR 2 %EHE (LU, Nf EET) 0izib7: 0
BEEZX (D kBB L, KWW E L ORN
SEkD Nf I E %R 7z,

BIRALD NEBEE (mg/g DW =&H470 "N atom %
excess/ fifAREEE 7 V) 7 LD PN atom % excess X &
PLDOEFREE (mg/g DW) - (1)

N atom % excess = N atom % — N KRIE{ER
(0.367%)

T/, HEED AL E FAL FEEROANH E N IZ DT
&, AU (R - R, 2009) O AL ST, &
WALICEEN B Nf 2SR 4 >, HEEET I B, AR
PERE LTilishamisy BMgEsy, 7 3/ BRI,
AREEVEESY) 23, 2hEhomMilimsicaEh s
EHRDOEE L N atom % excess ZHIE L, KH4F DIz
Y470 Nf IR (2) kAL,

K43 D Nf#4 (mg/g DW) =4%1E 4 ® N atom
9% excess/ iJHAEEE 77 VU ™7 D N atom % excess X &
Wi DEFRIEE (mg/g DW) -+ (2)

b FHERA A V82L& NREFHORAE

9 HHITEREL L 7232 EAL & TR, FEEROAME &N
HIZOWT, WEEEA A S NRIEMHEANE L7, W
A A U BEIT DT, HESTEE OB KK
10mg % 70°COZ&F/K 10mL T 1 KBkt U, fhih
HWHOTR A A VikEE A4 7 < b7 57 (ICS-90,
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DIONEX) T#lliE L7z, NRiEPEICDW0TiE, —80°CT

BEERIE LI E AL T, S (2005) O HBEICHE -

TV Ut a /o NR 26404 NR OEHEZ2IIE L.
m # £

1 ¥RODEF & NFf ORI

HESCLHIARI O KIgIc >0 Tid, W% 3 HH, 4 H
HBXUSHHTE2RKEN »ch, ZhlUMOH T
WAL T, ZoMoBSOFE KRR SRIT, #OE
LB 4 HH % TT 14.4MJ/nd, 9 HH % T T 20.0MJ/mi
Tho-T.

L4 HHTRE, S KERE Y EICHELL
HIXEZE IR SN ho7chs, 9 HHIZHE S EFEERD
EZMIE S 90% X CTiiX & b b ia i -7z (3R D).

Bk NEW &, 4 HH, 9HH& & 0% XIiT -~
50% X & 0% X TAH U Mm-7z (£ 2). 4 HHTIE 50%

F—1 FEHEEI0%EB XU 0% DL F + XY DFE
BT RIZ T

wE (g/t)

CUBZNE g LR
HhHE FEER

90% 57. 4a” 65. 8a

4B H 50% 52. 5a 69. 7a
0% 61.2a 74. 6a

90% 54. 6a 62. 5b

9H H 50% 58.7a 81.9a
0% 61.0a 79. 4a

RW—FIORRDZTNVT 7y M, FOABE%BHENIC
BWTTukeyDZEREIZLVS% LIV THEEND D
ZEERT

X & 90% X DI id Nf IR ICHE R ZNZED S h
Bhofeh, ORBIRKE S E, ZOMEMAE50%KXED
WX T/NE LM ode, T, HBERNEBTIRESRIC
Ko THS 720 O NEREMET L2, £nlisfo
LTI Nf REICHEERMBE X ZENRD Shish -
7.

2 BHHES D NfEE
HEETATIE, #L4 HEHITBWLT, RWERES O Nf
BEICHERZZIRBD ONE -2, T3 Rl &
ATEPEW S O NFREZERIC X > TR TF L (KD,
9HH®b 4 HH &R, 73/ BRMS & Ak
53D Nf BTN X > TIK P 2 B[ 2R L e,
iR 43 o NE R, 9 HHIZE 2 & 90% X & 50% X
TO% XK O#MUA. HEERMTIE, #t4HHEHICE
WT, #OERNE VI SRR 5 o NEREHmL,
T3 BEMIS EATATEEI S O NFEEIZK T L (K 2).
9HHG 4 HH & ZiZRBEO MBI ZED Sh, HEEERE >
D NEfBEEIF 90%XT0%X L mh-7ch, 73/,
W5 & AvEVEE 5> O NF BT 90% X T 0% X & 0K
xR L7z

FEERANVE T, 4 HA, 9 HH & bIT, WEEES O Nf

BEIZITHEIC X 2 ENRAD SN -T2, T3
TETE 4> D Nf B Id Ik > TR T L (K 3). £,

AEPEE O NEBRE O AESUHEXHZERRD s i
Mot (p>0.05), 73 /ERHEZO NfEE & FEEEIC
T K > TR F T2 MMICH - 7. FEERNEET S, W
B0 NFEEIZTOOWTIR4HH, 9 HEHITER
X BEEREDONL M-, UL, T3 BES
EAREMEM o NF I, 4HH, 9HHE bR
Lo TETL, 9HHIZBHELRENKENIZLEINSOD

F— 2 HOLHE 90% B LV 50% DHLF + NV D N BERRHEE A AV HEKRER (ND ORI KIF T %

L e S _
HNEETNL  /ZEENT FEERANEE REERNED * o
90% 127. 3b* 1.77a 1.43a 0. 3ba 0. 56b 1. 4ba 4. 64a
4H H 50% 128. 5b 1.81a 1.71a 0.31a 0.37b 1. 30a 3. 50a
0% 201. 6a 2.03a 2.02a 0. 40a 1.27a 1.41a 4.95a
90% 168. 7¢c 1.73a 2.31a 0. 38a 0.79c¢ 2.06a 5.41a
9H H 50% 245. 8b 2.10a 2.46a 0. 34a 1.52b 2.11a 5. 70a
0% 308. 6a 1. 96a 2.69a 0. 62a 2.6ba 1. 98a 5. 26a

"R—FNORLDTNT 7y ML, FLUEZBENIZBWD CTukeyDZERTEICEI V%L XNV THEEEND

5 L ERT
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FE P 5 VAR T ARV Sy

X — 1 LR 90% B & U 50% DEINAF v NV ST OMEIRME 5, T 3/ R4,
ABEHEBE M EN 5 N SRR 4V HERER (ND BEICRIE TS

A 53 N D #7825 RISCFIC 5% /KHETHEZESH D (Tukey DD HERE).
HERRIIAEHERRE (n = 5) 2T

Nfi2EE (mg/g DW)

L e e =
O N B 0O O N R 0O N

S A

mpap H 0% X
[150% X
b [0 0%k
b a %-}
a
b b
i ol
A9 H H _f_
b
b
b = :
=1 M
7T S A 3T TR I N3 i TR

K—2 #EXEEI%E X 50%DELSF v XY HE LA OMERM4>, 7 3/ B 5,
AEMEBSSIT A TN B PN R A A4 v HRER (ND BRI RIE T e

A 53 PN D #7585 RIESCTFIC 5% /KHETHEZESH D (Tukey DB HERT).
MERS (IAEHERRSE (n = 5) &R T
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O 0%X
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& bawﬁ aam
£ 0 o ]
i a JER9 A A
I
“o0.2F 2 4 a
0.1} T
b b ﬁ]
0 Tl i
RSy 7S BREISY | RVEERIS)

- 8 MR 90% 5 & OF 50% DA+ v XY RSB O BIRTS, 7 3/ BWiS,
AHPERISNC 4 5 N BRI 1 4 2 REH (ND IR B8
A 53 P D #7585 RISCF T 5% /KHETHEZESH U (Tukey DX HER).

MR I ERHERRZE (n = b) &Y

0.8

0.4F a a [ 0%

) A . .
~
E 1 " Tl

L9 H H a
i a
o061 {- E3
.
B a b
0.4 . @ b
. N n
HERE Yy 7S BRESY L R MEE Sy

M- 4 L 90% 5 & T 50% DMIAF ¢ NV FEERNES O RSIRMISY, 7 3 BEEISY,
ATEVEB I £ N5 N BEREERR A A4~ BOKREHR (ND BRI T RS
A AHEIS A O F7s B RISCFRIC 5% KHETHERES D (Tukey D THIE).
HEBRIIREHERRE (n = B) &R
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s u

o 12 Wo0% X

£ 10 a [150% X

w8 O 0%X

LI b b

S

* 4 Eaa

: I 4

%

EE O 1 1 1 |-‘|ﬂ
T | R | s | e

A HE FEER
K—5 #HEEI0%B LT 50%DENEHF v XY DAY

B A VBB RIZT RS U9 HE)

Al T3 N O 475 % RIS 5K IETHEZES D
(Tukey DZEHE).

MR I3 FRHERRZE (n = b) &Y

EAVNE 57 (K 4).

3 HERAFUVEE

WM 9 H HOMNED A A VIBEIE, T
e b 90X TR & D FmnfiER L (K5). —
T, FEEROGEEE A A VBRI, AN, NEBE bAELL
HXBZENED SN - T,

4 NRiEM

HOEWI 9 H HD NR & T, 2fric/hzEo L

THEDEBAL & D @i Z R Lic (K 6). AEETIE AL

AL E b RN E N IE E NR K L 72 5 i %

ARUTeoizxt U, FEERTEAE, NEEE 12 NR Gt
BB X B EAGED S is - 72,

v £ =

RIEERTIE, 90%, 50% W THOELRIZENT b
o4 HEIZIE, RO NFRINEMETT 2 2 L35
e, JEIREY O A A v ORI BT 5 L EH
HEREET, HEAZHO XS BEMZYEEOZELiTx L
T, ZOWRIRFRBIRIIKIG L THET 5 2 E055
N T3 (Yoneyama et al., 1987). YeififE DK T I
P> THEY DREIR A AV IRINEDME T3 2B & LT,
WD o EEILA~ DA A~ OBE D FE) ) & 15 53455
WD &R, [AOMSIZE->TIETT B2 & UM
e 8, 1997) ITHA, MRIT X 281 4~ OREENTY

<

55__ a W o0% X

NS } [150%I%

<4t .

- b [0 0%

2o

N 2 |

ﬁl

e a

= _.n*ﬂ s
Tz Lu P | P

%% GEER

X— 6 HEEHR 90%E LU 50%DULAF ¥ XY DRk
Bt # (NR) iEMEICRIZI % (B 9 HH)
B 53 N O 18 BRI FRNC 5% K THEESH
@ww®%iﬁm)
HEEE AR SE (n = 5) ART

LD AHITDAEIEAREM O MM BARE T 5 T &M
BFohtTnd (FHIR, 1980). #t4 AHITEWT
13, WU 7RO RSO b D EEMNE o T

LoD, TTICEBD &S AR EINE T
CHEE N, ZDHITHO NFIRIEMMET Lz &%
Zohiz.

T, REBRTIIENRITEK > T NFRIESKF L
BT, WAL TH 5545 T NE R ITELD BN
B ONIT o tc—T, FEDBIFEEA EY TSI OEEERNER
TZOEBERICEDIKTF LI, D& &0 NFREE
MBI A5 &, AAEETIE, BRI X D AR
ET I BEES O NFERERK T U2, kRS O
NfREIHMT 2EmICH -7, ZDw, HEED NF
BT EDRERA SN - —HIZE, ZhoD
MW CB T 5 NFEREOMBOE ML, ks
LT EENHEINIC I EBbEEEZ o,

—7, AEERNEBTIE, AEMEWIS & T 3 B S D Nf

R & > TR F LA, REBRE 4>  Nf I
BIECOREBRAD SNEL -T2, ZDIEMDS, FEEk

N THD S lEIT L2 NFBEOK T, Fics
NS 2 OOHHE SO NfREOKFIZL > Thl &S
INcbDEEZ SN,

FH oI, N BGREE O TR+ » XY 0 EHR
TR % fed U 7o R (i « 2, 2009) 1280 T, fi
A4 EUTHIALIZERDZ S BETHIEICID A
Fh, ZTOBRHMHM» I TERNTICERT 5 2 & 41#
ALTW5, £/, ToLE, HERNITE, 738
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Wi AR ER T B MHEROEA N, HEDL
S O it F 238 D it & O HINTFE > THIMS 5 2 & i
FALTWE, oD EMnS, WEREDOF + XY TR
EED S AEBRNT A~ D 28 3 [ AL PE) D Bift S TG 14T
NTHWBIENREING, KERTIE, M40
FEALPE OSEREHR & 75 5 NR OfE ML, Ko dhT
WEE AL T b A<, FEBRPNIE TR EE LALic i~ 2 &
flimTh -7, T, HIE LMD NRIEHEO K T IZIE
UT, #EERNIO 7 I/ BRlisr & A5 O NfJRE
METF L. ThoDl &no, HERNE~DEHRL
PEY) O ERIIHNE LALOTERE A 4 » O RMLIER & £ D%
D FEER~ D 28 KL
REVIIR N DREIR 1 A L REE &OESME & DBIfRIZ DN T
i, BRETICX > TNREESKF T 2721, il
B A A VIREREINT 2 ENRT LYY (FEH S,
1999) ®a< Y+ (H5,2005) THESINTHS, &K
FEIZBNTS, SIETIE, #OBITK - THEEA A v
FERRERI 4> 0 Nf BEABEML, a<YFokoL v
v ERBRO ST B RIGBRED Sz, L,
FEERTI, REEE A A VIR, WEEMIS O NfBEOWT
NEPHENIC KB EBEZ IR hoT, 2O EMDS,
F ¢ XY TRANOMEA A VIREIZRIZTREEFOR
BIINFELREBR TR L EDRBEN, ZDEITD
WTHEH S, BhH (hk « 2, 2009) 12360 THEEK
DREMRII > ~ DR OERI, R A i E %
DO A A~ 2N ZHHICE 2 2 E 2D T
Wa, F£7, FrXRVERBEO 7Oy Y —TIF, Hi%E
BITEENIERRTDOIFEAERINSG I VBB ED
HEET I BT, MERICEETNBMEEA A Vs T
HBEMREINTVS (Liu * Shelp, 1993). ZD7
B, WA A v OREER~OBATRE & L Tid, HFEEER
B9z, BIEEEE L TRD S EEEERANEIN S

AREPEM RO, S OBE, RERICER LR A Vi
3, #HRITK > TIRT LD NRGEHOZE R K

HRWZ LT b, Fi, FEBERIS, W& b NRIG
PEIIANE BRI~ 5 554, B BEZIT 1S
Mmote, TOZERBEZBE, WMo okERICEERT
UCTER U A A > ORMLRIZEN T, BREMEKDE
HFREBPNTEZOEMREIZIFEAELLEZVLED
EHEII NS, ZOXIEF v N VIKNIZE T B Al
A v OBITREE & NRIEMEDOEALIC & BE N ITL - T,
FEERTILAEER A A » IBEE O RNER I 4> © Nf B I #OED
WENRZEPoTcbDEEZ ST,

VU EOKERD S, #ERINCF + XY OZEMET T

CRESHKIFT B2 bDEZZ SN T,

5&, WAV OEHBITIITIEAEEENT T
T, T3 JBEORBREERE O - 2 EBRELED~ DR
BRIIET T2 ENPHOLEL ST, F XY DFEEK
i3, WEEET I JBRELTHOEH®RERET BN IR
TNG U, TANSFEFUBBEZaENE (KREF -
INE, 1983). Z D7, FEERIIICZLEMNET TS &,
IS DS REDIK FIT & - THEERO B HIZ DI S
aREED D B, FEBEOF » XY TR, BROMET
LRRE O AR L > THROZEERNMET TS 2 &
ML, OXIBEMITBOTIE, HEBRITE 1 %Ml
142 X0 bEREEDOEBROELICEEEZILS
%%ﬁ%éi ARFEBRTIE, FEERDEHRFELED O ER

CEANERALICB Y BB A L O ELEH O F S K
XN EDRBENTZ. ZDw, EERbhoEHERLE
MOERERE S T 27001213, R OILA B
PR DI & & - LA FED LB D UGE AR 72
RIZEBEDEZEZOND., ZhsDFRITDONTIE,
ASBHI SIS T 2 LENH 5.

V i =

PN kLA O TEE TS B B F v XY O A
* v ORI EBFROSBHEIC DV THHAEL, Ry b
Foblr U7 SR O + v Xy 2 REEaTEtlL, &5
12 PN THERE U2l A A v AR Uz, ko fit IR
A4 vHREHR (NH) ORILEITHELIT X > TR L
7o AAEETIE, HERIC XD AEERE S © NEREEHmL,
T3 RSy, AEEPER SO NfEE IR U, fEER
T, #LITXD T I BRES & AR D NEBRE
FIRA U7 hs, WERERT 4> D Nf I 386D 8
BoNEM T, HEOWEEA A VIBEFHEII X 0
MU 7228, #EEROEEE A A I 3 EE D F BN
SN M- To. N LALOMEEETCHER (NR) &R
flh DAL E~E L, T OfHIF I & oTﬁTbn
—H, #ERONREHICEEXORENRED SN
ﬂot.;Mb®ﬁ%mb,#vﬁ/®ﬁﬁﬁu,%%
BOETLTHMEBA A v ERBANDOEEIL DD,
ERFEVOEBIZHEOBRTIC L0 IHIIN S &
EZoNb. WEERICBT 2 EREMLEDO LR IINE L
PLCOMEIREALIE & SRR AH 2 &M b, F v
XY OB ED I HIziE, 2 OERR OB D E N
HEEEZIONS,
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Characteristics of Nitrate Uptake and Nitrogen Accumulation
in Cabbage under Shade at Head Developing Stage

Fumio Sato and Hisao Higashio

Summary

We studied nitrate uptake and nitrogen accumulation in cabbages grown in pots under shade. Cabbages at the
head developing stage were covered by 50% or 90% black shadecloth and fed with N-labeled potassium nitrate.
Shading decreased the uptake of N derived from the nitrate feeding (Nf) relative to the unshaded control. In the
outer leaves, shading increased the Nf content of the nitrate fraction and decreased those of the amino acid and
insoluble-N fractions. In the heads, shading did not affect the Nf content of the nitrate fraction, but it decreased
those of the amino acid and insoluble-N fractions. Shading increased the nitrate content in the outer leaves but
had no effect in the heads. Shading decreased the activity of nitrate reductase (NR) in the outer leaves,
especially in the upper position of those leaves, but did not affect NR activity in the heads, which was feeble
compared with that in the outer leaves. These results suggest that shading has no effect on the accumulation of
nitrate, but it diminishes the accumulation of assimilated N in the heads. In the upper position of the outer
leaves, the involvement of NR activity in the accumulation of assimilated N indicates the importance of light

conditions in this part to the quality of cabbage heads.

Accepted; October 4, 2013
Vegetable Production Technology Division
3-1-1 Kannondai, Tsukuba, Ibaraki, 305-8666 Japan
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Optimizing Training Method and Environmental
Factors to Improve the Growth and Yield of Cucumbers

Yasunaga Iwasaki, Dong-Hyuk Ahn, Koichiro Shimomura,
Tadahisa Higashide and Akimasa Nakano

I #&

il

F 27V (Cucumis sativus L.) IZIZTEREDRH D E
155 2RI SAESIEET 508, BIEEN TIREFOEIR
PHBDMELE - 7o H AR & MRIE N B 5 A R S S
W75 EEMTTbI TS (Sakata 5, 2010).

Fh, BAROF 27 ) OAFEHRFHANICAH S Lahd
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IR D DA FRIH DA IR > TA TS HAD BT
HrOIEIZ 100kg * m”> TH B (EMKES, 2013).
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CHRRARERB ST OBMNBEEZ SN BN, B
EDEZAZD &S BPFEERDE D,

Sakata © (2010) RENBLIUOHARTHEEIATHL
BEEREZIATOF v ) (BEH, XA XH,
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MEIZONT, fFRIAZZE X T4 MREFEBRETL, £
NS OERISFFEPINELLE LT3, ZoEE
IR, RER, XA MTAVT>REITRF A ZFT
FhofcElBRTNS, FFEFICHOEEEESE T A
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KEHEH) D E OEH RN R OENTEEN G 5 EFE L
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CEMAREE D, WHEOSRE PR FLEOWE,
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BB CB0T, WBABICENTRHINTO 2 miE%
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ARFEBRTRENF 27 ) B0 A Z M LT 5720
DHr b FED B A HT U WA B DO MENLITE 9 5 FERER)
WHIRAEEZZEEAHMELT, #BABICENOF 2
) AR LT, EITIERIZKIFTHEN K E L
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Wzl A 7.

AWM DFEIZ TSz v, MEXEEr Y ¥ —
DORNBRIS, SR, WEFESRKITHE < &3 u
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I MEKRUAE

BERBLXUORA STV T 7 #oSEETSE» S
OEEWM O IHFRICE SO TEERBEPZ VOO EHEE L
7z, Bl EE2E I, EME LT ‘Proloog
RZ (Rijk Zwaan ) %, XA b7 I 7 M E LT
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‘T (EEHOUIES) EHV. ‘T’ &
D5 FUIREFICHE LoD —>2 & LTENOERESIC
XRIhTna, EEERLRET I H~2HF&T70~
80% EINTHY, MLk bTES (&EbF%EY,
2013) Lxh T3,

EHHNDOD 5 F A UG Tidl, Tz 10~ 15 Hifd
ETHOL, i E2~4aRKMEESE 5 (KM -5,
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5 HES RN TH S, KEBRTE, W T—HKMEs
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FER 2 & HICERMICK AMEOZRPELET ENE L
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AT T2 KBV U AITERRE L, PABUR A RN
THWL7DDb, HEI0H2THIZE Yy 79—V T
7 (B4 7aby 7% 25—, EX09m, I
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B DT, FER AR T (B % FIH 3
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W7 0 OEMBKEE 25 % (1 25 7470 58, #
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=HWWE RS LR (n=40). #HRIZ ‘T
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REMEIT13°CE Lic, BBEBRIIREALLEEHL,
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A U7, IHERAAISER 42 ~ 126 HE: (2011 4E 12 H
TH~BEIH29H) FTIT-7k. WHRIIERL &
AR L TRD, ‘=517 130.036, Media RZ’
B &£ Proloog RZ ¥, TN T8 0.034 (n=40) T
» -7z,

RKEOWGHEME L 28°C & Ure, {HE IR D #%
EREIF18CE L, BRERITFER1 LRI
1i-72.

HIEX D CO, IREHB L OCHMRE I T EF 5 RBEEE
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1R TR Media 422 ab 320 b 1.20 a 89 a 85 a 114a 425D 713 b 59.7b 610 a 1.04 b
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Optimizing Training Method and Environmental Factors to Improve the
Growth and Yield of Cucumbers

Yasunaga Iwasaki, Dong-Hyuk Ahn, Koichiro Shimomura, Tadahisa Higashide and
Akimasa Nakano

Summary

We investigated the yield differences among three cucumber (Cucumis sativus L.) cultivars in greenhouses
from October 2011 to February 2012. We grew the greenhouse cultivar ‘Proloog RZ’, the Beit Alpha cultivar
‘Media RZ’, and the Japanese cultivar ‘Eteruno’. We investigated the effects of support and training methods (the
Japanese teki-shin method and the single-stem method) and of environmental factors (CO, concentration and
relative humidity) on the fresh fruit yield, dry matter (DM) production, leaf area index, DM partitioning to fruit,
and light use efficiency. Teki-shin is a common Japanese training method that involves (1) supporting and
training the primary vine up a vertically strung cord, (2) topping the primary vine at the 18 to 20th node, (3)
pinching off the first and secondary lateral branches at the first or second node. The single-stem method that we
used involved (1) supporting and training the primary vine up a long vertically strung cord, (2) pruning all
lateral branches and harvesting fruits from the primary vine. The fresh fruit yield was lowest in ‘Eteruno’ under
all growing conditions, owing to the low DM production and low DM partitioning to fruit. The DM production
was determined by the light use efficiency, which was correlated with the light extinction coefficient. The DM
partitioning to fruit was determined by the fruit set characteristic such as the number of pistillate-flowers per
plant. Support and training methods and environmental factors affected fresh fruit yield through determining
light interception and the fruit set characteristic, and therefore their effects depended on cultivar. For example,
the low rate of pistillate-flower set on the main stem of ‘Eteruno’ caused a large difference in fruit yield between
the two support and training methods. ‘Proloog RZ’ had the most nodes and the most pistillate flowers, so a
higher CO, concentration and higher humidity improved the fruit yield the most. To achieve high yields, it is
necessary to grow cultivars with a low light extinction coefficient and a high rate of pistillate-flower set.

Breeding should focus on these characteristics.
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