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Near-infrared hyper-spectral techniques for the quantification of starch
and sucrose in the leaves of cool temperate deciduous broad-leaved trees

Satoshi KITAOKA"", Hajime UTSUGI"Y, Osamu MATSUDA?,
Akira UEMURA”, Hisanori HARAYAMA", Hiroyuki TOBITA?, Koh IBA?

Abstract

In the presence of elevated CO, levels, the accumulation of sugar and starch in leaves induces the
downregulation of the photosynthetic rate. Therefore, it is important to develop a rapid and convenient
system for the measurement of the concentrations of sugar and starch. This study evaluated the use of near
infrared (NIR) spectral analysis, which is based on wavelengths longer than 1000 nm, for the determination
of the soluble sugar and starch concentrations in the leaves of the dominant deciduous broad-leaved tree
species in cool temperate forests. We analyzed three tree species that were grown in the presence of 370
ppm and 720 ppm CO,, and we compared the mass base sugar and starch concentrations determined by
chemical analysis with the concentrations based on the light absorption rates in the NIR spectral analysis.
We found that after removing the water by freeze-drying the leaves, there was a strong relationship
between the light absorption rates and the soluble sugar concentration in the leaf dry mass base (r = 0.80).
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5 CO, FTOYAERIC X 2 REPEY = FiEIC
MY T e &L PRI S S T O R 72 TE K
L CO, FORBAMODEE 2 XD X ZT 54 0E
HRTH B EEZBS5N% (Paster and Post 1988, Bonan
2008), YEERIC K OKE - T T UM ERKET N B D
ZNS5E I baY RY 7O TCA BIFRIC BV T HRR
BMETH22-FFV TIVEZIVBIIERI NS, 2-
FEVTIWEOVEEZ T IV E I U BUKEMBROB EIC X
o THYIKICIRIN ENIZER (T VEZTILAEY)
ERIGL., BHEMAICET R T IVZ I VENE GRS
Na (74 « ¥4 74— 2002), LHLECO, FT=
E=ZNRRBULUESGE, W T2 8T EEKIC
FIAETNTICENICER L TLELY (Lavola and Tiitto
1994, Curtis et al. 2000), YEEBOEEDOET (X7 >~
LF¥al—vay) WEUCAHMREEDEEIN T
% (Stitt 1991, Tissue et al. 1993), Fr-fiffic kb %
ZRIHEENZ R TH %728 (Reich et al. 1995), &
CO, FTHEUBREEMOEFERICENEL, XUV
L¥Fal—yaryomsmicEilEhrdbseEzon
% (Ceulemans and Mousseau 1994) , ZDizH%Z < D
iz @ CO, TTHB L., NEHGEEDZL L END
Wy T UVEBBEOBRBRZALNICT 20ENDH 5,
— AN BN T EEFIC K DIEEKEESI D%
HEENEIT 5 729 (Koike 1990, Ellsworth and Reich
1992), /NA Z)V—"T"v b (EWILERES] ) THE - 7
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MbFoNsd, ThETORNFEZ AWz NA 2V
— 7 Mg T E LT, nIREE RN U T S e
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¥ b DT o 726 (Negi et al. 2008) >, i 5 i
Gh 5 DIREO 7 var T ¢ )UIEHERHE (NDVI) & 735¢
FEMEZ G LienAa ZA)V—"T"w MR FiETH % (3
¥ 2004), 3T ARSI (700 - 2500nm) O 53 YEfEMT & 5
FHRENIC X B YR E L 72 R U Tz IR i e
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WHENTWS (M 1996, PEk 2009, Takahashi et al.
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775 EICHANTK LS, K EHEENEOMEGZAL

FIRT BEEL R >TWVWD, TORDHIERIIHBALE
BT 3 EHEEBIIKIFREOAZERET EEZOENT
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FREU. m070BESS (15000 rpm. 15 70) i) T BB H
EHRBIC DT Tz, TOMFXEZ 3 MIREDIR LR, LiE
KRR E OE RISt L, KR T T VB
JEDERICHL 7z,

AV TERERH O AR T 2 LA 55°C OETEFEIC
FE LTI X/ — )V 5t I8 FE S B itk ik 1
ml ZMMATHBLIEEDE T =/ —)VIREEIETERL
7z (Kabeya and Sakai 2003), #5551 E0RIZKIA W 500
pul ZED . 7=/ — Va3 500 pl in A BEFE L. PR
7z 2.5 ml A Tz, MRl ZZRIC S pMEHE Lz b,
SRR (U-1900, H 72 8ERT. HE) T 490 nm @
WO 2 E U Tz,

T YT ORMKETH BHRIICIE 0.2 N D/KEE{EH Y
v 72 500 Wl iz T 100°C T30 7B L 7z, InEA
LB % 5 o EE LUz%. 1 NORFEE 200 ul %
MATHR Uz, WU RICERTHZ 7 I s
VAT Z—LIEH 500 pl ZhinZ THREL, 55°C D
IRAEIC 30 @ Wz, ZO®KEEBICHD L, #
fEkHIC T R LTTY I vl )bay 2 —EERiE
THTz, ABEZERTWH L%, EOo BRI T
(15000 rpm, 20 43 ). Z 0 FiBH#%EF > 7 VK
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—¥Y +GOD ¥ (Z/)Va—ZACl-7ArTa—, ft
M, HR) ZHAWV, BR100 plic 7V a—X 7 A
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IBTENEBREE, 7 7 VBE ORI v a—
ACH-T7A T a—0D7 FUFEEER 20 TR
M2 Ve U Te (TRAEFREL = 0.97: AIVATERERE. 0.99:
T VTV ). MiaHEFTICIE R (R developing core team,
Vienna, Austria) %z i\ 7z, RIVAMERESHIEE, 727
VIBEILDWTORER DTS Z Wz, FlenA
IS=ART PV A RAS X OGRS NP & AN
BRE, 72 7 VIREOMROMEHENTICE R O
/N3 (partial least square: PLS) [AlIR A/ S - —
¥ (pls) ZHAW TN 217> 7z PLS [ #4714 1330
FRIEEZONH TILL AVSNIE U T E TNk
T, ERAOMEDEEOWTRARENMESNS (HS
1996),

AR EER

B KR D M BE 1 D\ T n] VA M B RE TR I O P L 105
-255mg gl TYTVIEEE TS - 270 mg g TH o
72 (K1), ToOfix, ThE TEIR COH 370ppm)
TTHEBET HZ2ARABEN GOSN 72 T VIRE
(Eguchi et al. 2008) KO BWRENZTENTEDL, Z
NoEE Co, THRLNTEHRICK 2D TH Tz, &
FGHAHYINELY ) F XY FFTIEE CO, FTHEME
WHEBIUOT YT VRBEPERICEVEZRLE (K
o Fm CO, FTHBMICK->THE - T T VDB

BICE N B SN, & CO, NI 2 HIEA: pE 2 77 iR
Mid2 LT, 2Ok 72 VIE LG BOHE -
LEHRBE L OBBRENR DR E L 55,

T HVIND 370 ppm TH T Izik Bl D4 BE & ik
FBRIEDWIN AT~ Z LT 720 ppm TH T2 b
HARTEDPIN AR Y MV (W) Z K 2a IR,
TR T B AR EDWRIN AR Y MVid E D B
ICWTEIEFITHE WV, K 2biCik 370 ppm TH T4
BE L RS IR IE DRI EIC BT B WO E D RIS A
N7 MV (I 1996) Z Rk LTz b, KD 3 R EN T
51 % 1870 nm A & 1920 nm {31 ( K 1996) T
HEED TR AR BIVDEEPRKEL HZ>TWY
b, INHDOT &ix, HFEICTTENSKICKB DN
Ui £N5 T & T, MOYEOWIERED KD
WHticx 5T &2 RLTWVS (X 2a, b), 370 ppm &
720 ppm D WG IRTEZ LD & 1900 nm LL_E O P
RBIEO—ET. W& OROCENEIZ BN H 5 Nz
(K 2a), L7eho CTHASTZIREENC K25, CO,
FIT K 27K DIA D EDRE RN D4 B %2 1 H1 T & % W]
BEMEMEZ BNz, FERT VT Vi EDRKIEY D5
FEREMELE 1900 - 2500 nm DPFEEBRICHN TS 0D
NTHO (ZHH 2008), FFICT/NaA—ART VT ViE
1900 nm. 2100 nm. 2470 nm T ICBHREEOE —
MAHAHNB (BIF 1996), &> T D EHOILIENE
DZRWYITART V2R 2¢ iR LT, 370 ppm T
BTCIEE 720 ppm TH TRIET KM AT B
WA B 2 E AR bz, TOMEMIZTY /
FIVFIFRUEIRXFTIEOVTERAMTH- 2, T
DO B DO 2 Tl EE R ERE, 7> 7Y
EEICDWTD PLS i 217> 72 (£ 1),

ZOMR, MERANE LN, TN ENE
BRI EAIBIRED 0.93, [ABkICT > 7> T 0.95
VI EWENE SN, EHTYV /F XV FFON
TAMEREE T & EABIREL 0.97, FMEICT > 7> 0.85
VD EWEMBRENME S N, A YT
T AAERE O BEMHBGRED 0.93 L@ eh, 7
VT UTIF0.67 ERRENMETH >z, 3 FZ TS —)V
L 7z PLS f#HT O RIS BN T, AIAMEE T3 0.8 &
WO EWEMHBFRESE SN, T T TR 0.46
EEWEE RS Tz, VY IdRFEPOAIEMEREO E &
il (Cho et al. 1998) # R B L, ) a—RIZDNT
D & [a] i 73 B D &5 R TUE 2108, 2248, 2100 nm D I
RICBI 2WOCENFHZE R E L TR LGN (EHEMEGR
R =0.84), VallcOWTOHEMIFIHIE 1672,
1720, 2276, 2300, 2396. 2408, 2420, 2472 nm D
WHEENFIHERE LTHELON TV (EMHBFRE:
R = 0.86), AFFRICIIF % Hi—KiFE 2 F T T Vs PR
ORI X, BHFEOMZERERICH L THARITH D,
¥ EEEEE VWSS ORI HICEMA ST &N T
XBHLEALI. ~HY M EDOT VT VREOWE
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K Fi4 HiyZ%  RMSEPD R?»  SECY a b c d e
YT AYAMEREE 4.60(4) 093 0.1 42618  -58.73 4199 37256 1188.60
FoT 6.68(4) 095 009 87039 -112.70 137.73 63631  2309.30
TV XXX WAMREE 1433) 097 0.07 12094 125.59 1.45 156.15  144.71
FoT 526(3) 0.85 0.15 96.79 25580  -16.52  -147.68  325.03
AZXNET AYAMEREE 2.17(4) 093 010 716.60 -219.61  -139.96  139.65  872.39
FoT 569(2) 067 0.17 1219  -23.92 50.89  -12048  54.86
ST AYAEVEREE 4.00(2) 080 0.67 9.01 10.52 -0.65 71.98 149.80
ALY I TT -
BV S
FoT 730(1) 046 024 16.81 26.12 18.28 27.08 144.45

1): THHEDSE A TR | 2): EAHBGREL, 3): MEMROEHERDE | TH %, MEiilld

HINEE () = a Xabs,; sy + b X abs,py + ¢ Xabs,,, + d X abs,;; + e ;

7272 U abs 450 13 1450nm 1S I BV, abs 100 1ETE R 1920nm IS I1F BWHIE ., abs,06 1P R 2106nm I I 1
BT, abs,,; \EIE 2473nm IC B 2PHETH S,

Bl (ZHE 2008) TIEWOLE L T > TV RIE DRI
I kB IE5D2ENALN, REMEBEEOEHNE DT,
1026, 1244, 2338, 2416 nm OWOCENFIHZE B &
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AT VA MEBESE & WO B O RN KR 2/ — U e i i 2 1
RTE, AR MR SR OB 22 T A AT REIC 72 o
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OMBE L THEBICE2 Ty T UBROMENREZ S
N3, 7> E 7V a—AEERCHEELET 2
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DRZZTNIA—ADARNLHEGLIZEDTDH
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TIA—RA, T IaRTFUEERNRITD (Bewley
and Black 1994), 7 IS0 —R &7 30T F Dy
YEREME B R U T2 @At FiL OIS % ORETH 5
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