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Abstract: The reflectance spectrum for photosynthetic pigments of Phyllostachys edulis, a widely distributed,
important bamboo with high economic value in China, has a close relationship to the growth process of P.
edulis leaves. To evaluate the relationship between reflectance spectra characteristics and pigment content,
and to seek sensitive spectral parameters for exact estimations of damage in P. edulis leaves stressed by low
temperature, pigment content and reflectance spectra indexes, such as spectral reflectance index wavelength
of 705 nm (SR, ), modified spectral ratio (mSR) , pigment-specific simple ratio (PSSR), normalized
difference vegetation index(NDVI), red NDVI (rNDVI), memory carotenoid reflectance index (Mecri), and
photochemical reflectance index (PRI), in P. edulis leaves under low temperature stress were tested and a
correlation analysis was used for comparison. Results showed that as temperature deceased, chlorophyll a

content and carotenoids in the leaves significantly decreased (P <<0.01). As the stress level increased,

reflectance spectrum parameters (SR, , mSR, PSSR, NDVI, rNDVI, Mecri, and PRI)significantly

decreased (P<<0.01). The red-edge area (S, )decreased, and the red-edge inflection (A, )position moved

red
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toward the short-wave direction with increasing stress. Significant correlations ( P <<0.05) were found for
chlorophyll a content, carotenoids in the leaves and reflectance spectra characteristics, and first derivative of
reflectance spectra at the wavelength regions for blue edge and red edge. Moreover, correlations were significant
(P<<0.01) between pigment content and spectral characteristic parameters of SR,,; (r = 0.709), rfNDVI (r =
0.724), Meri (r = 0.706), and S, (r = 0.706). These reflectance spectrum parameters (PSSR, NDVI,

rNDVI, and Sred)could be used to evaluate leaf pigment content. [Ch, 4 fig. 5 tab. 40 ref. ]
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Table 1  Reflectance spectrum parameters

W AR, IR AT O I AT U B PULRER X
A i 4 2 T B

AR Sl 45 5 Ruo/ R
2 é:[ljf % _l:j é]\ 7}?)-],— MR (R7sp — Russ) 1 (Rys + Russ)

BRI

B L o3 A
I — AL Bl i &
EARUNE R I 15V
BRH—fbiR%

Ryy / Resy, Rso ! Ress
Rgs! Ran, Reso ! Ry
(Rsw = Re) / (Ryn + Reso)
(Ryso = Ras) | (R + Rops)
(Rsw — Rezs) | (Ryn+ Rezs) ,
(Rsw = Reso) / (R + Reso)

21 REMEMEMHAXGEERESY
A

W2 28 o 2 BOR RAE B AT AL AR
AR BU R 246 bR . ERE e T, BT
Fitagz a, iR b R N R TR

BB (O~ BRI G ) R

(46 2). HERER 15 Cut, s a0 o
KM D FARREOHEIRP<00D, B o Ry
1L 25 “CIREAR 1 4.2% A 10.9% 5 S ILIE g s Roo [(1/ Rag) = (1/ Re)’
F 5 CHF, M4 a FIKAE P RTESE semeemaren (Rss — Rsn) | (Rsy + Rsp)
Lo X B 25 CCHF 2 I FEAR T 6.9% F1 23.1% 5 65 2 64 5
5MaE a S DEMIL, HMEE DA asiiEi Sum (Ran ~ Rew ) / Sum (Rsoo ~ Raw)
fLBEaH AT,
x2 REMEMNEMHRFEERESBHZN
Table 2 Effects of low temperature stress on pigments content in Phyllostachys edulis leaves
G 8 3R i 40 B (mg - g)
242 a M2k E b M2 2 ath FKAH MR -2 % alb
25(ck) 2.22 + 0.01 aA 0.86 = 0.02 aA 3.09 = 0.03 aA 0.08 = 0.01 aA 2.57 + 0.03 aA
20 2.22 + 0.01 aAB 0.86 = 0.01 aA 3.08 + 0.03 abA 0.08 = 0.01 aA 2.56 + 0.02 aA
15 2.12 + 0.01 bBC 0.83 = 0.01 aA 2.97 £ 0.02 cA 0.07 + 0.01 bAB 255+ 0.01 aA
10 2.12 + 0.01 bBC 0.85 + 0.02 aA 2.99 + 0.01 beA 0.06 + 0.01 bB 2.50 + 0.07 aA
5 2.07 + 0.01 bC 0.85 + 0.02 aA 2.97 £ 0.01 cA 0.06 = 0.01 ¢C 2.49 £ 0.06 aA
L . NG EROR R R 0.05 KOF B 22 5 (P<<0.05), KRB FEEAF R 0.01 K- B2 74 (P<0.01),
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(P<<0.01); 7E 750~1 000 nm B, 2 5F 5B B2 B AR 0T AR

222 fRBRR A EA TR RS RE S AHGHa ESPOREEIE BT, xR R R
PEAT O A8 e, DA/ SR A RS0, T 32 = S 800 B SCR o BRI aa 5 B AT R i B A
BE AT — B S RAE B, S5 RN 2 Fros o AN [a)ild B2 AR B A4 B AT I 78 680~760 nm Bt NER LA 1A
WeH o FlE il BE A RRAR, Ao B B TT 0028l (3 3) 0 S BEZ I8/, 15 CHFZE S B3 o S FEH
T G AR S B0 B 3 T B A, 1T N DU ST V)N Ayellow Bifi 715 5 R ARG o /), T Sellow F Dy, o ) i 2
JERFEAR S BT m e BRAR p a3 o TEie e ik 2 B30, BB Wi A2 AR R AR STCI (3R 3) 6

60

1.5

25 C(ck)
50 Srusoaoo 1.0 -—-=--20°TC
''''''''' —-—-—-—-157T
2 40 ® o5t : R 10°C
M 30 25 ‘C(ck) b R & W - S 5C
& -—--=-20C S oL oot
= 20 —=-=15C |
T 1oc —0.5
10 T2 %y 5C
0 I I I I I J —1.0 I I I I I I
400 500 600 700 800 900 1000 400 500 600 700 800 900 1000
A/nm A/nm
I R R R I R B s Y S R A B2 AREBET LA R 6 s L
Figure 1 Effects of low temperature stress on reflectance spectra Figure 2 First derivative of reflectance spectra in Ph. edulis

in Phyllostachys edulis leaves leaves under low temperature stresss
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Table 3 Effects of low temperature stress on “three edge” parameters in Ph. edulis leaves

AFEE T 2 80E

2%
25(ck) 20 15 10 5C

Abue 520.50 + 1.50 aA 519.70 = 0.01 aA 520.10 + 1.50 aA 519.60 + 1.29 aA 518.70 + 0.43 aA
D e 0.58 + 0.04 aA 0.55 + 0.04 aA 0.51 = 0.07 aA 0.61 £ 0.12 aA 0.53 £ 0.11 aA
S 11.90 + 1.20 aA 12.10 = 1.40 aA 12.60 + 1.90 aA 13.70 + 1.20 aA 13.50 + 2.20 aA
Ao 569.20 + 0.10 bAB  568.50 + 0.50 bB 571.50 £ 0.20 aA 569.20 + 1.10 bAB 568.10 + 0.01 bB
Dyeton -0.38 + 0.01 bA -0.32 + 0.02 abA -0.29 = 0.04 aA -0.37 = 0.04 abA —-0.31 £ 0.05 aA
Syellow 13.84 + 0.87 aA 12.82 + 1.03 aA 12.01 + 1.79 aA 14.61 + 2.72 aA 13.47 + 2.12 aA
A 700.20 £ 1.20 aA  699.50 = 0.80 abA  699.00 + 1.40 abA  697.70 + 1.40 abA 696.50 + 0.10 bA
D 1.27 + 0.02 aA 1.19 + 0.05 aA 1.09 + 0.17 aA 1.14 + 0.14 aA 1.08 + 0.16 aA
S 47.66 + 1.80 aA 42.02 = 1.53 abAB  40.31 £ 1.72 abAB ~ 39.52 + 0.95 bcAB 3471 + 291 cB

BT ANE TR FR 0.05 K B 22 (P<0.05), KREFEEA R R 0.01 KF #2251 (P<0.01).
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NEIGE . S SRR I N ZAH OC S BRI 0 RO R AR s RO OGIE LR AT a £08% I
F& BRI ST LR 23 A b B I B AT i s BRECSOGIE L2 a0 B a b, &GS S BUR 6
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Table 4  Effects of low temperature stress on reflectance spectrum parameters in Phyllostachys edulis leaves
2% ANTR)IRLEE R 1 2 8 fE
25(ck) 20 15 10 5C
i 5 5 AL 1.982 + 0.169 aA  1.778 + 0.172 abAB ~ 1.744 + 0.151 abAB ~ 1.805 + 0.374 abAB  1.476 + 0.134 hB
R LI 0.626 = 0.013 aA  0.638 + 0.013 aA 0.619 £ 0.058 aA 0.590 + 0.092 aA 0.466 + 0.027 bB
EREHIEER a 7.984 £ 0.817 aA  6.545 + 0.745 aAB 6.395 + 1.156 aAB 7.268 + 2.477 aAB 4.365 + 0.584 bB
O R LIHFEE D 5.828 £ 0.829 aA  4.870 + 0.782 aAB 4.589 + 0.858 abAB  4.914 + 2.205 aAB 2.883 + 0.427 bB
S G T a 0.291 + 0.009 bA  0.305 + 0.032 bA 0.311 + 0.034 bA 0.294 + 0.066 bA 0.369 + 0.018 aA
S G T b 0.338 £ 0.011 bB  0.352 + 0.039 bB 0.368 + 0.033 bB 0.373 + 0.084 bB 0.482 + 0.016 aA

I — AL Bl 5 &
EARUNE R I (=5
BRI % a
BRI %D
SIS P o
R LA

W) 288 SO 5 5
R R N 2R AL
Jefl s ROR #
AR IoE

0.776 + 0.020 aA
0.328 + 0.037 aA
0.792 £ 0.017 aA
0.762 + 0.024 aA
5.869 + 0.539 aA
5.779 + 0.547 aA

-0.047 = 0.004 bA

2.478 + 0.358 aA
0.060 + 0.004 aA
0.524 + 0.004 bB

0.733 + 0.029 aAB
0.278 + 0.044 abAB

0.754 £ 0.027 aA
0.720 = 0.044 aA
5.298 + 0.619 aA
5.225 + 0.591 aA
-0.038 + 0.007 bA

2.055 + 0.326 bAB
0.052 + 0.012 abAB
0.565 + 0.031 bAB

0.724 + 0.049 aA
0.269 + 0.041 abAB
0.743 + 0.047 aAB
0.703 + 0.053 aA
5.138 + 0.899 aA
5.064 + 0.888 aA
-0.041 = 0.011 abA
1.956 + 0.449 bAB
0.050 + 0.006 abAB
0.567 + 0.030 bAB

0.739 + 0.086 aAB
0.278 + 0.090 abAB
0.758 + 0.083 aA
0.700 + 0.109 aA
5.052 + 1.708 aA
4.964 + 1.689 aA
-0.070 = 0.029 bAB
2.002 + 0.993 aAB
0.056 + 0.011 aAB
0.536 + 0.049 bB

0.624 + 0.039 bB
0.190 + 0.044 bB
0.647 + 0.031 bB
0.561 + 0.047 bB
2.970 £ 0.229 bB
2.976 + 0.264 bB
-0.107 = 0.025 ¢B
0.898 + 0.113 bB
0.040 + 0.006 bB
0.616 + 0.010 aA

B ANEFREAR R IR 0.05 7K 2 54 (P<0.05), REFEEARFR 0.01 K F Y2 504 (P<0.01),

St RWI(E 3), BK/NT 710 nm, BATHILE a, MR atb MZEEE M RTESES TR 2R
FAOE, H T 452~700 nm (1) 5 563K 3 (P<<0.05) #H3¢, 7€ 620 nm 4bAH C R B Ko il s 5 5Bk
M2 3R b AhI & R BT B WE ARG, MR a HOGIE RO R MM O RBURKRI E P RE R, KK
K+ 710 nm, WEEEK a, HEEED, HEE a+b MY MR TR /SSRGS RRIEMH L, Bk
FIW % (P<0.01)/KF
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Figure 3

Correlation between reflectance spectra and pigment

content in Phllostachys edulis leaves
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E3LEE L VPRSP A5 AR MM N BAT I (R B 2 805 SUROE RS R AR DG 33

233 EFREH KL AEFESKGMXE XS RY: BMHRAERZHESEH SRR a,
28R a+b MRS bR R MR 3 (P<0.01) IAHOCHE (R 5) . Mg a, MEEE atb )
FEE N R RS RO R R R, BRI b, AR b, B — 1R
e, LA RAR B, RAEIE L b EE TR AR . R S N R e ek R TR A
Aoty Dyea AU S S5 6T S 800 0 35 IEAH DG, Jrp 55002 OO R BUHR O R BUR /DN, 5 Se IR G R B0
Ko MEEK a, MEER ath LKA MR G 5ECT RFOGIE L HT a. RFOGHE LT b 2088 145
BOR TG, b 524 s BO O R U/, S5 RATEIE A0 b A REUR K. M E b 5Bk
Dhets Swad AN SEIARIB BN B E, SHTTH T4 E b i 3 5O R 5 R0 e A SR s B
KA —B
3 it

BT R SRR a RIS N R TR S RO IR R AR RS, R TR AR E B, 4608
SPEVEA RS S, AR T s At — R 50 G SO TE PR TR, ARTELE A T R e i AR 25 A
I . BRSGZ B, WATEHERR R L, Wi 7R R E>, FI R E T i R
IIBBIAG, ROV A BUZ B, T ELAFAE 6 0 i B R . AR R A R P EE AR IBOEREY T,
HOT R SO A AR IR BT | 6 BE ) AR BRI G R AT AR R A, R T A K L A
AHEGOHEEMAY R, BAM AR b AR E, X5 ARG AR, BRI
AR BRI ) K, MRARER b AHREN A AR, BATRES BATE A KB R R E R A L, AR
— TR o

RT3 T BAT I RO B 25 5 R A ] WO X, FLRE TR BE B A T o o A9 4 X (525~605
nm) M £1 56 F U0 L1050 B (680~750 nm) (1 S S AR KB, & % F & R W98 SR IR a5
(17K FE Oryza sativa €T 2140 X 5T 25 Bl i B8 3 2 B (R i sl T B AIG, mT e IX S 22 A0, X 5 AT
AR —5 BN A GIESEOGE R RO, R LEERD, H— ergE. ab

x5 EMMHARHAESHSEERRESIHNEXE

Table 5 Correlation between reflectance spectrum parameters and pigment contents in Phyllostachys edulis leaves

il S R Mg E a MR Db M4t % at+h PSRN
DAL YR L 0.709 #* 0.447 0.682 #* 0.656 **
R b 0.677 ** 0.235 0.614 #* 0.653 **
F AR H a 0.608 * 0.395 0.587 * 0.545 *
O F A5 b 0.717 #* 0.433 0.686 ** 0.666 **
SGHERE L a -0.568 * -0.304 -0.536 * -0.510 *
ST b ~0.699 -0.316 —0.649 -0.663 **
I — 1k b e B 0.669 ** 0.368 0.633 *x 0.618 #*
ARUIE R i34 0.724 #* 0.423 0.690 0.676 **
&% — L% a 0.673 #* 0.369 0.637 #* 0.623 #*
[EE VSRR IR Y 0.724 #+* 0.360 0.678 #* 0.685 **
S S H R A 0.696 ** 0.321 0.647 #* 0.656 **
3% L 16 5L 0.702 ** 0.325 0.653 #* 0.662 **
) T U L 0.663 ** 0.139 0.548 * 0.659 #*
BRI MR 0.706 ** 0.369 0.665 ** 0.661 **
Sk 2 I 8 A 0.633 #* 0.472 0.623 #* 0.567 *
ARSI L/ -0.538 * -0.381 -0.525 * -0.468
A 0.851 #* 0.397 0.792 #+ 0.843
Do 0.652 #* 0.740 ** 0.690 ** 0.580 *
S 0.881 #* 0.675 ** 0.870 ** 0.845

Y. * RN 2R WA (P<0.05), ** Fon 2254k & (P<0.01).
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Wi

BT R 25 CHPZDEWER 2 o AR IS FEAIR, 2540 I R At 2 20 20, S B2 100 I I i
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