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Elucidation of growth control method for daughter corm development of saffron
(Crocus sativus L.) by adopting Speaking Plant Approach
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Speaking Plant Approach

Speaking Plant Approach (SPA)
SPA

Experiments about daughter corm development of saffron (Crocus sativus L.)
was conducted in growth chambers. Two experimental treatments were prepared, those were the low
temperature treatment (LTT), which kept environmental condition constant, and the environmental
condition adjusting treatment (ECAT), which decided value of air temperature and photosynthetically
photon flux density according to the value of sink strength of daughter corm that was measured by
non-destructive method. Comparing the measured results of component concentrations in leaves and
daughter corms, and transcriptome analysis that obtained from both the treatments, effects of the
adjustments of environmental condition in the ECAT were verified. Finally, it was found that the

effectiveness of environmental control improved by the feedback of sink strength, which was a
practice of Speaking Plant Approach.



B X C—19. F—19—1, Z—19 (@)

1. WFZEBRAE 4O &

WBIFH A A /=3 3 VR 2020 IZBWCREHET — XD EZEZ KD | AEN DI
W N - e, T3 E TET — 4 TORSAY— F 7 — RF o —UfER RS LT
5 ME THIIATRE T CHEMAEEETAS AT ATHY | TkT — X @ EBETH L7~
A<w— 7= RF == AR EL . O F == NOAFELZH ) BEERHINEZE TH 5,
LU, BEFEICERED & 0 EEY O @A IMIE L 2SR E T 5, = 2 THIFEREE O 1A
EOENWY 75 2 T TS T AT DO ELZED TEx -, 77 IR LMD
EDOIEEMNFERIT L L TIER LIRHR DO REER & 72 D RBATIIC LV BIHT 5, 7T o Dff
AL TH DFEA (ML ~) 1 IFEFITEMTH 2 BN ENIEF I 720, EREMER BT
EPEAR & BN L CHEEAE R Z R ST A2 LE R H 5, BUR CIEFERIE RIS RN M3
TH Y FERIE KRR 282 Z ENRKROBEL 2> T D,

2. WEOBER

ZIVE TOMFERCE T FERN O FIIEHERE N T ERIE RIEE OS2 2 > TV D Z M ST
W5 LD, REFFED HBIEF-ERN O FTEEPEREIR B 2 JERREER I L. £ OfERZ 1 & L TRURER
EME A RE L CTERBERAE Kl 2 4EFHEEOMIATH L, AL, Speaking Plant
Approachd DEETH 5,

3. WD
(1) VTIRIMERIY FEIENT X 2 ERZE PR B D FER B2 30175 D BR 3

FARINART RS T va—A . 77 h—2AB LAY 0 — 2D ZHE LT 5ETar
ZENBHD MY, T T UFERICBWO T ORI IEIC LD SHEOREZHIERRETH S & T
SNz, EKEDOFRN AT MVORFFIZIZAIIC e 77 F o7 (Ocean Optics, HL-2000-
FHSA) . 2 Y12 Quest (Ocean Optics NIRQuest 512 A& v & — R) Zfdifl L7, EHPHIX 1100
nm - 1800 nm, FEF/FREEIL 7.2 nm TH D, HIEIZIZT 72— (Ocean Optics, R200-12-MIXED)
O THERIHEIC L > TAXRY MVERAG LT, fHllRIS L b FEkNZ v a—X T vy
F—ABLORARI 0 —2ADBEEL X OFEREEOMEEFN 21T > 72, ERZEEEITE - KFF (AND
FREESAE, GR-120) THIE L7z, BEREIIHRE el N S 80 % (v/v) A% J — /& W THE%
i U, 5 672tk A HPLC (Shimazu) TorBfEd 5 2 & CAFENEIR L SZHE 2 1572, HPLC 24
WX B AR ERTRL LC > AT A (&KL= ki LC-10ADvp, A — hA T = 7 Z: SIL-20AC, 7
T LA —7 0 CTO-10Avp, SHIMADZU) ZfffH U7z, HtHes i idon 2= $rf 25 (SHIMADZU, RID-
20A) % 715 L1213 LUNA NH, (250 mmX ¢ 4. 6, Phenomenex) & ZALE U L7-, BEHHIZ 99 %7
T h= b UM (AT RREA) EREK(FHTAT ARSI &A% )=V (T ~<T VR
U wF) ZFE 75:15:10 TIRA L TER L5 %78 b=~ U L2+ L% L,
R ESERR DO 7= D OREAEME L LT D(+) - b a— A (Fiyestisk TEMASH) . DO -7 47 K
—2(FHITATAIMREH) . A7 =2 (FH T4 T 27 EH) 2=, HPLC HIERE
ROREB LT —XTCiZrsa~ N7 LHOT — X BEE (T U X A DA VAV VA
» . Chromato—PRO Ver. 4. 0) Z 7=,

BIEANRY MVinD i 3 BB X OV EREEAHEET D ERRET L AMEET H7-DIT PLS
(Partial Least Square) EZ{#F L7, Martens D RFENSHRE Y12 L > TR EBRIN AT 7=,
EFNAERIME T L7 — 2 EUTFEREEMIC 125, 707 h—APEEEHIC 123, ZLa— R
FEHIZ 126, A7 v —RAREHIC 125 ThHhote, ZNHDAFHEOT —X XZnEhxx V7L
—yarky hERNUT—varky hOT—ZENFEAI2 1 Eb X5 I2pEIL-,

(2) U REREEEOR

VUL VI RREINT T 7 EORRWE B R DREN B E T, YN TArgE Y
IZE D~y —2 (B, Hex) L A7 @ —2R (Suc) DL TH A Suc/Hex b3 v 7 58 & B
RS D LB bR TV, LavL, 2021 FEORIER RN BTN EZEFETE RN -72DT
Suc/Hex WlZE D5 v v 7 SR DOFREN VL & 70 D R AR LT,

BREHH(G)x X 2 17— R JRE(Yd.b.)x 27/b =7 — X JR/E(%d.b.) 1)
THL =R %dDb.)

=2 GRS (g %d.b.) =

KRENOR /o —R L T Na—ADREITY 7 REDIKRT L Bd,. 7v 7 b—REET
W AR B D, £, REOERIZS U 7BEL FOMBERHH, ZNOHDHEEND
(DRXERE L, EBRICARZECHER Lz, (D) X0 OFTE B I IEREE A L 0 ElE LT,

(3)  TERAEKSEER
KOYBTHETEY 7 7 v kE A, BB 21T OB S - %IC FERE R ER IS L



# 1 FERERMIE OB SR E 20 r—

)
=Lt o
fmfi :EIJ.X :”X;rfi ~ 10 + _L r=
PR B [A] R X 5 [ Jull\; ___________ 1" -
— CU U R 0 ' ' '
{E&*F( C) Eﬂ/ﬁ% 15.0/7.0 /El\j,)v@g}g%ﬁ 0 %fsjéo:‘kﬁjz H# (dl)oo >
(%R H) 70 B = = =R
CO2 ¥ (ppm) 400 o 3
BB 91(h/h) L0/14 BT RO R X 0D S s A
WA /iE 200
BT AR - veUmEL g [N
(umol m?2 s 160+11.4 B E T 100 '_I
Z ALY A R 7 ~E . . .
=5
Foo NTA%2 (HARERSMEUER, LPH- 0 0 %0
4105PC) ] C LED(7 7 7 Bk 24, OPJ- THRERAR )
A1200PMH - N-V) % fifi FI U IR R Tkt L X2 BEHmEX O PPFD ki

2o REBLONEZ —TEL LIRAEX E >

VU REDOEENZ A b TRIRB LU EZRTT T o EMHX D 2 B 2% E L, v
7RI RN EE O TRBICER L2 (DR KV EH Lz, v 7ENRE— 272
W R B 2R S, o ZEMET L CW DI Y v 7 BE 2 MR+ 23R E 21T -
Tre YUUBBEO Y — 7 ZHERT D20, B LT- v 7 S DSRREAICEIIN L T B BRI E
BFEFEET, YO T FERoZRICHBBHILC 3 CTo LIP3 F % 1To7. FOBEN v
7 RN TR C 2 AT T, KT TIRIEE 2RSSR M EREiC L, [ LED A%% 4
AW LTz, T EBE T RIS 7 MENEINL, TOBKT LGSt E2 AT
FiREIT) Z L L Uiz, TEREMMMORESEZE 1, K 1B IO 2 12R-7, RPN E
TITEMBCEREAIE L, FEREELAIE L, BIXA X v — Clifg & BS54 g s 4
ITWIEDHNEIS (REEHICED AN THWAEBOEES) 2R Lz, Z0O%FERB L OE
DB FETLIRA R & B AR RRE & ERR U 7o, BUETEm AR 24 L, TERNT v 7
B X OTFERN A 7 o — R PRE % HPLC O 2B tias: SIMADZU, RID-20A) Z HWWCER L
7=o F7o. BHEHRRENS RN ZHH L, b T A7 U7 h—AfATICMEE L7, AT LY
HEoN RN 2RAIEROPNO A7 a— A2 HLE LTERENICEB L, ZJaa 7 o v
NI EEIEA (LHCI) . A7 0 — AW T (SUT ). A7 n— ARSI E BT (SUS ). B X
T v T oA R B R T (AGPase) & AL Uiz,

4. BFGEAR
(1) UTHRIMNRT IEIET X D ERZEPNHE IR FE oD JER I8 5 HR A O BR %

MR L TRET VOWEREEZR 2 1077, v (ZBEEROR A, Ra 3N T—va v
v N OERE & HEEM E OFBIREE . SEP 1IINY T—Ya vy hOTPREOIEERES |
RPD % The Ratio of standard error of Prediction to standard Deviation” 224, 2 /L 22— X L
OTFEREETRET /WL RPDOMEN 1. 71 ZBX 72720 IE/R A7 )V —=0 72, A7 r—Rig
ERBIORT VT h—RBETRET VL RPD OEN 1. 41 2B 2720 WA 7 ) —= 712 ff
FAFRETH D Y,

K2 THETAHEERE

HA & W R[] AITALER 71k WE¥ Lv. Ra  SEP  RPD
AU 10— AP 50 ms TR (L S) 61 4 0720 0.747 1.46
ZL a— A 90 ms (S 15) 7 6 0808 0.137 1.72
TN b AR 90 ms TIRPRGT (L 15) 31 8 0.709 0.0664 1.44
SR 90 ms Ry (A 5) 41 7 0856 360 1.96
(2) 31 7 SRR O B S B e A
AEREIX D > > 7 SRE ORI E(L 2 X 3 = 20 Ab,
IR, K2 OEFAEEMLTROEIME  Js . A
FHfEZ (1) SUCRAL T o 7 LR ’ 0 50100 150
U7eo HEOHIT TR D S S BIER 7 r—7 FRERAR ()
ERIET DI LB TE RN OIEMEERE & 3 LMDl

1To TR0,

(3)  FERIERFEBROFER
INHERF O BR B B AMEIERREREIX T 20 g L& R o7e, F7oHs B EBITRIRX T 140
A, REHEHXT 147 B THY | FEMHXTT7T ARMHELE (M4, ZhbDOfRERIZONT



m_oﬁﬁt AR TERHX
o0
~ 25 |
B2 | i
15
#® 10 §
Yo |

0-4“' - -

0 50 100 150 200
FERE AL H %X (d)
X4 FEREREOKRBAEN (0= 1-6)
=500
§400 | B{KIEX
= BEXE A X
i 300 +
gzoo -
3
2 100 +
£ 0
#K 14 57 119 140
FERE L B 2K (d)

=
(o2}

TERN SUS KB EOHR (1 = 1)

L eRIEX AREREX

i

0 20 40 60 80 100 120 140 160
FERF R B % (d)
X8 TERNT V7 UREOHE (n = 1-6)

WL LEZONDBREHREL., NEMY
HEBIONNT AT VT h—ARHTICED
A LT,
FREEIXIL, BOCE T RS 2B L,
EEMUEXK I VKL TS Z L (K5),
BEN SUSHBIE (X16) 214 H B CTRIEX X
U NI &ﬁ)%xﬁn—x@ifﬁﬁw‘i—@é
iz & PRI, BEPE KIS 5
DHELZHmENRER LB 2 b,
O OB RITFERIE R 2B L= —FF
T, V7T U ONEEEIMAENEES TH DT
b, BEFAEEENSEEEEZ LN,
YR T CoRRE %, Aa 3 Lz, 7%

- - RN
whnh O© W © W
L L

Q@
> {
—D>-0—
—D>—

W
(=}

FERNT VTR
(% db.)

S5 b
S W

500 —
E%O O KIEX AREFHHIX %
" eSS
mf( 350 éﬁ
1300 i&
gzm
200 1 1 1
0 50 100 150
FERE R H %k (d)
K5 va—EORHEZENL (n = 32)
10
% s Lo o fKIEX
= F O A AR EFEIX
K,\s-‘i;§§
lh (o}
i'd 4 i i
NS A
X<, | &
2 2
4‘};‘: 0 1 1 1 1 1 1 1
iy 0 20 40 60 80 100 120 140 160

FERBRK B (d)
X7 FERNAR 7 v — R REOHRE (n = 1-6)

Iﬁﬁt
B EFAEIX
m
~
i
K
¥k 14 119 140
%%ﬁﬁﬁﬁm)
9 FENSUT KBEOHR (= 1)
w250 —
B 500 L BIKIEX oFERESX
R
25150
EEIOO -
& S0
o
14 57 119 140
TEKE R H %K (d)

X 10 FERPN AGPase EREBDOHRE (n = 1)

%, FEHRAAZo—2EBE (K7) BXOTF 7o (K8) Ak, HERN SUTHRHEE (¥
9) BILOTERAN AGPase 38L& (X 10) O RIENMEER LY K& hotz, - T, HRITE-
TIRIEX L 0 R RBUE TN T v 7 OAREMEfE SN ZEx o U EX Y,

AT TFERIER 2t LIz & & 2 6%710
7 BREORTICE DY, g

R 2 0 LTz, Bttt EoMNEIE (X 11) ok

RIFEI X LY ?Ffﬂﬁ%Uézh BEN LHCZI%E%%% (M 12) DT BAGERK &Y #iflshiz, £/, F

BRER (B4) 2K LUERN SUTREE (K9)
CBIFABENICEVIRERX LY b NERBLI A7 o — A DiRGEREFE LI-EE X BT,

iU

IMEIEX L0 @ <HERF Sz, 18- T &RIEH



16000

S| ommx amEMmIX g 14000 | s
%90' & 10000 |- B RERAIK
3 i 3 o 8000 |
§ 60 { g 6000 |-
= * S|
® o Lespae x 2%
0 20 40 60 80 100 120 140 160 & 14 57 119 140
FERBRCH X (d) TERBE R B3 ()
X 11 FEOHNEIGOHSE (1 = 1-6) X 12 HEN LHC IEBEOHS (= 1)

LIEX D | Bt BRI R 3 L OSs A BUE RO T IR0 b,

(4)  Fham

PRI IEIENT L D IEREERHRA TR O - v 7 RE O LB &b THM L - KL OO
ENTERIER &85 BT 5 2 D B A RN LT, BEEPHOBEIC IV IENMBE L TR
FEDHER L, FERIERMEE S, 2o BN L7z, ARIC LV RER LY b 27 m—
ARRIE M VT 7 A RRIMETE S HL, FERIRK Z{RHE Lz, v o 7 DMK T4 2 #is sk ic ks
FABICE Y RIEX LV bREFAH X TITEICBIT DA KEB LR 7 0 — G Hife
L. TERAER2MERE X v, 2 o%kss BB 8 L7,

SKIROHEMAR TR VBEIC G2 DB EHONITH LN TER)PSTZ, FTUA
7V N — AN CHER LYo 7 WTERE 2 A H LR ORI TRELL T 272, TEK
WHFREDEB N K E K RDFFROY U T IZONWTERIIL TWRWEERH Y | HRELH)
LB RBOLE N TE o o ORI O R ERGET 5 Z LN TE o Tz,

F7o RIBHIMIASE Y v VBEN Y — 7 22 DS TEET D TETH o2, v 7k
EIZHAEFH L, =27 2 2720 0 Ey v 7 ENDZR V) D U= Tl TERknT
BETh-oT-, ZOEOKEE NS E T TIcy r 7EMEFLTEY ., KiED LR
THABEENEM U722 SIS L D AFERENE R LENMTE 52 K-> TENICEREL,
NIEOZLE RIS/ NH D, - T, V7 REOY —7 2z 2R % THT5 T
EOBRRNASHOBE L o7z,

AW LD, o I88EE T 4 — RNy 755 SPA ZFEET 5 2 LIk REFEI O R
MEEDZ LR EINTZ, S ORI LY FERIEROE 22 20BN TE 5,

<5 H3CHk>

1) M. Lundmark, et al. (2009): Low temperature maximizes growth of Crocus vernus (L.)
Hill via changes in carbon partitioning and corm development, Journal of experimental
Botany, 60, 2203-2213

2) K.Koch (2004): Sucrose metabolism: regulatory mechanisms and pivotal roles in suger
sensing and plant development,Plant Biology, 7, 235-246

3) Hashimoto Y. Recent strategies of optimal growth regulation by the speaking plant
concept. Acta Horticulturae. 260: 115-121. 1989.

4) C.A.De Oliveira, et al. (2014): Comparison of NIR and MIR spectroscopic methods for
determination of individual sugars, organic acids and carotenoids in passion fruit,
Food Research International 60, 154-162.

5) L.S.Magwaza, et al. (2012): Prediction of ‘Nules Clementine’ mandarin susceptibility
to rind breakdown disorder using Vis/NIR spectroscopy, Postharvest Biology and
Technology, 74, 1-10.

6) H. Martens, M. Martens: Modified Jack—knife estimation of parameter uncertainty in
bilinear modeling by partial least squares regression (PLSR), Food Quality and
Preference, 11, pp. 5-16, 2000.

7) P. Williams, K. Norris: Near—infrared technology in the agricultural and food
industries second edition, American Association of Cereal Chemists, Inc., St. Paul,
Minnesota, USA, pp. 145-169, 2001.

8) L. Pan, Q. Zhu, R. Lu, J. M. McGrath: Determination of sucrose content in sugar
beet by portable visible and near—infrared spectroscopy, Food Chemistry, 167, pp.
264-271, 2015



134

2023

43

DOl

134

2023

44

DOl

134

2023

52

DOl

134

2023

53

DOl




Shusaku Nakajima, Masaki Yamamoto, Shinichiro Kuroki, Hiromichi Itoh 74

Structural and Spectroscopic Characterization of Saffron Starches at Different Growth Stages 2022

Starch 1-7

DOl
10.1002/star.202200119

132

2022

54

DOl

132

2022

55

DOl

21 3 2

2023

2023




2023

2023

2023
2023

2023
2023

Hiromichi Itoh

Vertical farming in Japan

GLOBAL FOODTURE Workshop 11: Bringing urban farming to new heights through breakthrough technologies and innovative
business models.

2023




Speaking Plant Approach

2023

151

2024

Kumi Muranaka, Yuichi Uno, Shinichiro Kuroki, Shusaku Nakajima, Tomoka Nishimura,Haruka Uoda, Chie Tagami, Rika Natsuhara,
Hinako Kobayashi, Hiromichi Itoh

Transcriptome Analysis of the Effect of Changes in Air Temperature on Daughter Corms Development of Saffron

CIGR The XX CIGR World Congress 2022

2022

2022

2022




80

2022

80

2022

80

2022

149

2023




149

2023
149
2023
149
2023
)

2021




79

2021

2021

2021

147

2022




(UNO Yuichi)

(90304120) (14501)
(KUROKI Shinichiro)
(00420505) (14501)
(NAKAJIMA Shusaku)
(00896938) (82401)




