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Effects of sea salt stress on reflectance spectrum and chlorophyll fluorescence

parameters in Bambusa oldhamii leaves
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1 The Nurturing Station for the State Key Laboratory of Subtropical Silviculture, Zhejiang Agriculture and Forestry University, Lin' an, Zhejiang
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Abstract: The coastal protection forest is the most basic living resources in the coastal ecosystem. Due to the high
underground water level, high soil salt content, low fertility, and deteriorated ecological environment in the coastal area,
the selection of plant species is the key to speed up the construction of coastal protection forest system. To evaluate the salt
tolerance of Bambusa oldhamii and provide plant species for coastal protection forest in the coastal area, we investigated
reflectance spectra and chlorophyll fluorescence parameters in the leaves of 2 years B. oldhamii under sea salt stress by
hydroponics using Unispec-SC spectrometer and non-modulated chlorophyll fluorometer, respectively. Results showed that
when the sea salt concentration was under 1.2%, the contents of chlorophyll a, chlorophyll b and carotenoids, and

reflectance spectra parameters were not significantly different with that under control. However, when the sea salt
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concentration was 1.6% , the contents of chlorophyll a, chlorophyll b and carotenoids were decreased by 63.2% , 62.8%,
) and red area (S

significantly reduced (P < 0.05) compared with control. The red-edge normalized difference vegetation index (rNDVI)

and 47.2% (P < 0.01), respectively and reflectance spectra parameters red wavelength (A ) were

red red

greenness normalized index (gNDVI), carotenoids reflectance indexes Il ( CRI,,) and photochemical reflectance index
(PRI') under 1.2% sea salt concentration was reduced by 27.3% ,23.3% ,19.5% and 43.9%, respectively compared with
control. The rNDVI, modified red-edge normalized difference vegetation index (mND), gNDVI, modified red-edge ratio
(mSR,,,) , carotenoids reflectance indexes I ( CRI,) ,CRI,, and PRI under 1.6% sea salt concentration was reduced by
42.4% , 43.9% , 32.6%, 21.5% , 47.2% , 49.9% and 58.5% , respectively compared with control. The maximum quantum
yield of photosystem Il (F /F ), quantum yield for electron transport (@E, ), electron transport flux per reaction center
(ET,/RC), density of reaction center ( QA-reducing PS Il reaction centers) ( RC/CS) and performance index on
absorption basis (Pl,,,) under 1.6% sea salt concentration was reduced by 50.8% , 28.6%, 21.7%, 52.1% , and 92.3%
respectively while the absorption flux per reaction center (ABS/RC) increased 96.9% compared with control. The above
results showed that high salt stress inhibited the synthesis of the chlorophyll, reduced the absorption of the light energy,
resulted in light inhibition and the damage of the acceptor side from PSII , reaction center degradation or inactivation, and
inhibited directly growth and development of bamboo. While under low salt stress, the salt tolerance of bamboo was

improved by increasing chlorophyll content, light absorption, F /F , ®E , ET /RC, RC/CS and PI .

m 0?

Key Words: Bambusa oldhamii; chlorophyll content; chlorophyll fluorescence; reflection spectrum; salt tolerance
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Table 1 Artificial seawater composition

%43 Composition
NaCl MgCl, MgSO, CaCl, NaHCO4 KCl1 NaBr H;BO;
26.726 2. 226 3.248 1.153 0.198 0.721 0.058 0.058

T & Content/ (g/L)
&k

BRI http - // zhidao. baidu. com/ question/26278104.html.? fr=qrl
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Table 2 The reflectance spectrum parameters

FEp e 2 X SCHRR I
Reflectance spectrum parameters Definition Reference
T H— k48 % Ry — R
ARULE] pﬂ’a’;& . o PNDVLys = 750 ~ o5 [17]
Red-edge normalized difference vegetation index 7 Roysy + Rygs
R AT L (F 8 5K NDoe = R3s0 — Raos [17]
Modified red-edge normalized difference vegetation index 705 Riso + Rygs — 2R s
SEIH LAY Ry — R
L fjﬂ’a’ﬁ(. . aNDVI = 750 ~ Msso (18]
Greenness normalized index Ri50 + Rss
MR AL 2 4R AL Ris0 = Rus

s . mSR7s [17]
Modified red-edge ratio Ryps + Ryys
KA N E RS 1 1 1
KA l‘?ﬁﬁ]ﬂ’ﬁi’?& CRI, = _ [19]
Carotenoid reflectance index | Rsio Rsso
K TSR 2 1 1
S N R AR S o
Carotenoid reflectance index I Rsio Rono
AL 2 1 S -R
WICERAHRE o = B = R o
Photochemical reflectance index Rs3 + Ry

AR RAGERRS, TAMUIOLRE Bl Kk

1.5.2 M RISE =S H0HHE

5% Strasser 57V B T, FRANX F,
F, 3RS I8 NV 5 0 e R0 B 5 F 27 G35 W
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/ (F,-F)), BHEN T PSR KEFF=R F/F, =
(F,=F,) / F, ;%00 B R P8 H RC /€S =
(F./ F.) x (V,/ M) x F_ ;307 O HUO B AR
W RER ABS / RC = M,/ V,/ (F./ F,) ;iR A%
TR L AL 2 B L AL BE T QAT N UFAY LAl A
ZARIIHMER W = (1-V)) s il TR i i 77 4l OF,
= (1-F/ F,) x ¥,; HTRFE®NAER ET,/ RC
= Mx (1/ V) x W ;MR PEREEEL Pl =1/ ABS
/ RCx [F/F./ (1-F/F )] x [¥./(1-%,) ],
1.5.3 kb

K H Origin 8.0 #AF AT GE T BT Az &

2 EREHS
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3 Won, K3 ATLIE B R B 3 K,
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62.8% 47.2% ., M4t % a/b HAE 0.4% W AL BT
R, HEXHRFRAR T 12.7% .,
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221 AR ER SR AT B OGS RRAE
AN B Vg R A S Py it R B S S il 2 1 R 4
Ak A — B, 24 HL A LR ) I R AR AE , 420—
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1000 nm IELLAM G -5 o (HIEEARRIHREE T
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Table 3 Effects of different concentration of sea salt on pigment contents of Bambusa oldhamii leaves ( mean+SE)
WEERU /% M43 a/(mg/g) 4K b/ (mg/g) MR AR/ (ng/g)  KAE FE/(mg/g) 4% a/b
Sea salt concentration Chlorophyll a Chlorophyll b Chlorophyll a+b Carotenoids Chlorophyll a/b
0 (CK) 2.20+0.25Aab 0.97+0.15Aab 3.14+0.40ABab 0.53+0.09Aab 2.37+0.11Aa
0.40 2.39+0.32Aa 1.16+0.17Aa 3.54+0.49Aa 0.62+0.00Aa 2.07+0.02Bb
0.80 2.19+0.22Ab 0.93+0.10Ab 3.13+0.31ABab 0.59+0.05Aa 2.35+0.03Aa
1.20 2.01+0.35Ac 0.86+0.14Ac 2.87+0.49Cc 0.52+0.12Ac 2.32+0.04Aa
1.60 0.81+£0.05Dd 0.35+0.00Dd 1.15£0.05Dd 0.28+0.01Dd 2.30£0.15Aa
AT R ER AR AR NS FRRREFEE (P <005) KRS FHRREFRELE (P < 0.01)
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Fig.1 Reflectance spectra and first derivative of Bambusa oldhamii leaves
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M A4S o8 A A 2 ) W I R0, i T R R Ol
THEESCE AT I o3 AR e S 56 I A5 3 e AT —
Froks (K1), BIHrTLVE ) FE#GIX 505—545
nm LG X 680—750 nm 1 3 KA, #HE IX
560—640 nm I/ NE(E , LIRSk A YOGS
B ARHIE 2 — B R TR S O SO T
LI (680—750 nm) [RIEHE, NIEHR AL B
LA F RS IREEAE LT X 680—750 nm HAH —
ANEAE, AH EEXT IR Bl Vi SRV B A, A S R
ISR NN sl e GRSl @A Lk 25 WA bR |
801, 1.2% W BE AL BEF D/ AN 25 (02 1.6% Wk B
ARFR A BN, S, A R R B MR B (3R
4),
2.2.3 AR EEEER AT A RATEIE SR L
TSR LR O AE Y B 6T ST RRAE 2 S
R A ROR I 1 e FH OGS A i, MU R R

1. 2%}, W4 28 280 rNDVIL s Fl gNDVI 2. 3 T &
(P<0.05) , 5XJ BEAHLE 73 AR T 27.3% 11 23.3% 5
MU ER R IR F 1.6% 1, rNDVILos mND,s .gNDVI Fl
mSR o B M B35 I AL (P < 0.01) , 5XFHRAH HL 4
BIFRET 42.4% 43.9% 32.6% 21.5%, TE 1.2%]fF
LT S5 MR ZSHL CRIL, M PRI 0 1%
ik (P < 0.05), 5% BEAH L4 A REAR T 19.5% F
43.9% ; Jifg ER VR FE RGNS 1.6% W], CRI5, . CRIL, Fil
PRI FH BN B 5 T R T 47.2% 49.9% F1 58.5%
(£5),

23 AR SSRGS S B H

Kt

T TR (R 6) /AT iH4R R a IF4%
b MR atb MRHY MR EE S RUDEE S
WAFAE BZE DM RAE (P < 0.05), M4 a R
b M52 a+b &5 rNDVI .mND .gNDVI .mSR.; .
CRIs, .CRIL,, PRI FF 22 (P < 0.01) IEAHX,
Hoh Y5 CRLy, MK R B/, 5 mND ARG 2 80
K, KHE N R &Y rNDVI mND  gNDVI ,mSR
LR R (P <0.01) IEME, 5 CRIL, . CRIL,, .
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PRIS5 5% (P < 0.01) IEME, b5 mSR,

R4 TRREBHREMMFH“=1

KEBER/N, 5 mND BRI R B,

"B CPRH AR R )

Table 4 Three edge parameters of Bambusa oldhamii leaves under different concentration of sea salt ( mean + SE)

£

WFEL M T Sea salt concentration/ %

Parameter

0 (Ck)

0.40 0.80 1.20 1.60

WK Blue wavelength (A, ) 521.80+1.10a
WOGIR{E Blue amplitude (D, )
ZIETH A Blue area( S, )

FIEP K Yellow wavelength( A, )
HGIRIE Yellow amplitude (Dyyeiow)
FOLT Yellow area( Sy, )

215t K Red wavelength (A,)

0.48+0.03b
11.88+0.89b
627.33+2.50b
-0.06=0.02b
-13.10+1.92bc
698.50+1.64b
2IEIE(H Red amplitude (D)
26T Red area(S,.q) 44.66+2.74a

1.32+0.07ab

523.10+0.99a
0.50+0.05b
12.70+1.67b
628.70+1.95a
-0.06+0.01b
-12.33+1.45b
701.50+0.11a
1.23+0.11b

25.03+2.42¢

522.67+1.58a 522.30+2.11a 513.00+0.82b

0.47+0.06b 0.31+0.06¢ 0.58+0.05a

12.57+1.32b 7.96+1.43¢ 16.48+1.40a

628.11+1.69a 627.80+2.84ab 626.67+0.52¢

-0.06+0.01b -0.04+0.01a -0.09+0.01¢

-11.96+1.22b -8.03+1.27a -14.11£0.97¢

699.67+0.87ab 698.25+3.77b 695.25+0.69¢

1.11+0.07¢ 0.95+0.05d 1.40+0.10a

38.93+3.87b 40.64+0.97b 39.92+2.74b

INEFERERTI R 0.05 KF LS (P < 0.05)

£S5 ARREBRIFII A RIEHIESHEL P AREDRZE)

Table 5 Changes of reflectance spectrum parameters of Bambusa oldhamii leaves under different concentration of sea salt ( mean+SE)

SR WFER R Sea salt concentration/ %
Parameters 0 (Ck) 0.40 0.80 1.20 1.60
2L A —AkF8 %% (rNDVI

= F'"&_ (r ] 0s) o 0.33+0.12ab 0.37+0.25a 0.28+0.19b 0.24+0.21b 0.19+0.11c
Red-edge normalized difference vegetation index
YR LA LR R (mND5ys)
Modified red-edgc normalized difference 0.41+0.2ab 0.46+0.14a 0.36+0.22b 0.35+0.19b 0.23+0.09¢
vegetation index
SRR — AR ASEL (eNDVI
B %}E'ﬁ(g . ") 0.43+0.15a 0.45+0.28a 0.36+0.18b 0.33+0.26h 0.29+0.16¢
Greenness normalized index
R T — {25 % SR
SRR —HEEIEE (mSRis) 1.35+0.48ab 1.43+0.65a 1.20+0.65h 1.19+0.59h 1.06+0.54c
Modified red-edge ratio
HEAE MR SREC 1 (CRI

¥ I R ”ﬁ_ (CRlss0) 6.72+1.56a 6.91+2.45a 6.82+2.69h 5.89+3.10¢ 3.55+2.46d
Carotenoid reflectance index 1
KB NS850 2 (CRI
xHE “?W HBC2 (CRIn) 6.55+2.05a 6.63+1.96a 6.58+2.98ab 5.27+3.45h 3.28+2.58¢
Carotenoid reflectance index Il
YeAbAE 88 (PRI
AL RAHERL (PRI 0.41+0.03a 0.38+ 0.01a 0.32+0.07b 0.23+ 0.06b 0.17+ 0.06¢

Photochemical reflectance index

NG FEERTFZRIR 0.05 K LZERH (P < 0.05)

2.4 S[RDHR R U R 8 X i Rt SR R s )2

HEBLREA

LRATI | 82k I 38 N S5 e AT R Dk S i R
Eﬁf%%x%Lﬁiﬂ Z3ONUN NN E-J=V=87 3.}
FHa, MEERIREE 0.8% ALY O S5 H P A5 e G
BEETHR B R, 1.6% W BN B H B T K A (&
2A), 1.2%F 1.6%ALH J fde i, SR BAR T 1%,
RE] T SR ARG X BT, T SR A R] AR Sk
SREETE 1.2% F1 1.6% W AR B T RE, 1.6% T F%
=W Z S BERT Rl BT (8 2B) . fE J. 1 mAs b

R IA] AR T AR S B 25 (A B R, e 1.2%
1,69 ¥ J3E Ak 2 2 (EL 5 D WD S, i 3 ek (] 9

%, Ab 3 8] B AR 6 AT A 5 O o B R A B[] — 7K P
(E20),
2.5 N[w) v B U R X R i SR B Bl ) 2
SHLH 5T

BT AW R I S BRI 0 ) 45 B
8] j Y ZOE B )27 28, AT LSS B ) i £h vk 2
AR I S R DO 1 2ROk A R A
(%%7)0
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Table 6 The correlation between reflectance spectrum parameters and pigment contents in Bambusa oldhamii leaves
Tk 24 4% a 28R b M283K ath KB PR
Spectral parameters Chlorophyll a Chlorophyll b Chlorophyll a+h Carotinoid
Z[jﬂu:[#'f’t*ﬁﬁ (rNDVI7()5) . . o .
. . L 0.883 " 0.911 0.895 0.785
Red-edge normalized difference vegetation index
BB LT3 HEHEA (mD ) B . .
. . . L 0.901 ** 0.909 0.917 0.870
Modified red-edge normalized difference vegetation index
LRI — LR EL (eNDVI
%EJ fhis ;& (g . ) 0.877 " 0.927 ** 0.874"* 0.702**
Greenness normalized index
. . 0.856"" 0.901 0.868 0.761
Modified red-edge ratio
P P REHEEL (CRIss,) .
. . 0.778*" 0.846 0.795 0.642
Carotenoid reflectance index I
K D REHER 2 (CRILy) .
. . 0.736™" 0.814 0.755 0.699
Carotenoid reflectance index I
Ytk 2E I SRS (PRI ,
st r}iﬁjﬁ;& ( ) . 0.818"" 0.836 " 0.805 " 0.671"
Photochemical reflectance index
# RAREFLE (P <0.05), = FREFMEFE (P <0.01)
40 1.2 g 02
A p B 5 C
T =~ 3 %
= g oF 5 5
< 30t e 2 =
.S 2 g
5o 20k : =3 s
o - S BT E2
B3 (0} g 0.4 '3
2 10 beswst * Trl = °
P 2 Tr2 ~ ]
4 Tr3 §
s Trd 0 B
0 ul ul wl Tl wl 5 2
0.01 0.1 1 10 100 1000 0.01 0.1 1 10 100 1000 0.01 0.1 1 10 100 1000
B[] Time/ms
B2 AEBHRRENEMIITRRANNFHEHTL

Fig.2

Variation of chlorophyll fluorescence transients different concentration of sea salt stressed leaves of Bambusa oldhamii

A: AR EX AT - 0-J-1-P 5O M (3 WERIFH{H) ;B: F,(minimal fluorescence intensity) 5 F, ( maximal fluorescence
intensity) [AJAHXS AT AR ¢ E5RE (relative variable fluorescence, V,) BHEFEIAESL, V.= (F,-F,)/(F,-F,), F,(description fluorescence at
lime 1) FoR IHOBOEHE | P, 3R E R B R NORIIE | F, 2670 AT C. v, S A Y, AV, = V,(4b

) V(XY ;0 T TP 4% 5 LR LA G e 4 (22

e 7 AT LUE H . Bl £ e 5 B 1 34, ABS/
RC RIS R B3 78 1.6% W B2 b 3 4b
INB B KAME, X BT 1.23 £f% (P < 0.05);
ET,/RC S VTG TR S A A BT R
T 21.7% (P < 0.05), RC/CS BEE WA TH i S 30
TR, 1.6% W BEA IR LT RN R T 52.1% (P <
0.05) ; PE, EISEIE NG T RER G XTI T
28.6% (P < 0.05), F/F Fl Pl S ETEE T
PR s AH EE X B 1.29% 1k BE A PR T [ AN ik 2%

1.6% e B2 b $1F B W 2, 23 0 R R T 50.8%
92.3% (P < 0.05)(#£17),
2.6 AFEEEEEREFOGIEORSEYS PRIF /F, .
DE, Pl A EAE
H 3 8 W LAE H, PRI S5GiG A RSHHESA b
B B ARG JUHE 5 00 R EL A A S 25 AR G
0.4% ¥ & 4b B R B mNDVIy . mND,s . gNDVI
mSR,ys \CRI, . & A1, 0.8% e AL H R (1) gNDVI
mSR s B F A CRI, 1 CRI W 8 2 PEAF G,
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1.2% W% 5 1.6% W FE T 1Y 52 B0 8 2 A0 5

x7 ARERESHEHEINFEEMHRERASHOTA CFELARMERE)

Table 7 Variations of main chlorophyll fluorescence parameters in different concentration of sea salt stress in leaves of Bambusaoldhamii ( mean

+SE)
MGEL M FE Sea salt concentration/ %
S0 Parameter =
O(XJHR) 0.4 0.8 1.2 1.6
ERGE N KB T (F,/F
HRRNERETFTHF/F) 0.59+0.08b 0.70+0.01a 0.62+0.06ab 0.59+0.02b 0.29+0.04¢
Maximum quantum yield of PS1I
TR B T (DE
fe . = (PE,) 0.21+0.05bc 0.32+0.03a 0.25+0.04b 0.16+0.03¢ 0.07+£0.01d
Quantum yield for electron transport
DA LR (AB
ﬁ{\lfi.ﬁj* . &WE@‘HEE ( . S/RC) 3.38+0.43b 2.81+0.06¢ 3.61+0.35b 3.83+0.42b 7.54+0.83a
Absorption flux per PSII reaction center
B RERL (ET,/RC
AT FRBNER (57, ) 0.69+0.11b 0.91+0.06a 0.90+0.08a 0.49+0.06¢ 0.54+0.06¢
Electron transport per reaction center
iva nf VA=Y S S
Eﬁﬁl{ﬁi‘ﬁlﬂ* LEH (RC/CS) 3.80+0.21a 3.65+0.27a 3.70+0.44a 3.41£0.43a 1.82+0.31b
Density of reaction centers
11 e Bl K PI
PPERBIRA (Pl ) 0.26+0.15b 0.73+0.12a 0.340.14b 0.18+0.07bc 0.02£0.01c

Performance index of absorption basis

INEFERERTIFER 0.05 KF LS (P < 0.05)

*®8 AREREERMNXIERESHS PRIF,/F,, . PE, Pl HIHEXE

Table 8 Relationships between PRI, F./F,  , ®E , PI,; and reflectance spectrum parameters at different concentration of sea salt

24§ Parameters mNDVI5s mND-s gNDVI mSRy0s CRIss CRIy,
0 (Ck) PRI 0.934 ** 0.925* 0.98"* 0.94** 0.972** 0.902 **
F/F, 0.776* 0.779 0.851** 0.771" 0.632 0.996 **
DE, 0.668 0.692 0.776* 0.681 0.526 0.976**
Plyps 0.802 " 0.805 * 0.872** 0.796* 0.664 0.999 **
0.40% PRI 0.767* 0.739* 0.867** 0.809 * 0.864 " 0.696
F./F, 0.264 0.256 0.331 0.298 0.587 0.682
PE, 0.874** 0.878** 0.838 " 0.856 " 0.926 " 0.873**
Plyps 0.900 ** 0.903** 0.867** 0.883 " 0.904 ** 0.844
0.80% PRI -0.52 -0.36 -0.719* -0.682" -0.910*" -0.905 **
F/F, 0.834" 0.822* 0.887** 0.824* 0.884 " 0.768 *
PE, 0.837" 0.825* 0.902 ** 0.824* 0.911* 0.801
Plyps 0.838" 0.846 " 0.687 0.654 0.711* 0.313
1.20% PRI 0.724* 0.734* 0.842" 0.716 0.135 0.148
F/F, 0.943 ** 0.915** 0.925 ** 0.984 0.411 0.176
PE, 0.994 ** 0.998 ** 0.998 ** 0.966 ** 0.763* 0.528
Plyps 0.979** 0.989** 0.999 ** 0.981** 0.718* 0.526
1.60% PRI 0.742* 0.727" 0.595 0.758 0.446 0.323
F./F, 0.986 " 0.983** 0.992** 0.996 ** 0.999 ** 0.999 **
DE, 0.968 ** 0.964 ** 0.978** 0.985 0.992 0.995 **
Plyps 0.914** 0.908 ** 0.930** 0.943** 0.957 0.965 **

* RRBEMN (P <0.05); # = ARWBFHI (P <0.01) ;5 rNDVI5 : LLHA—ALTER; mNDg5 « DR LI AESREL; gNDVI: 2 —
HFEEL; mSRys : R IH— L2 EAREL; CRIGsy: JEWIE NRUSHEE 15 CRIy : KHAE MR IUFARE 25 PRI S RAHEEG OF,, 1%
WHERT M F/F,, PSTHRKE TR, Ply, WHEGEIEE + indicates correlation significant at 0.05 level, * # indicates correlation

significant at 0.01 level. rNDVI,s : red-edge normalized difference vegetation index; mND;ys : modified red-edge normalized difference vegetation index;

gNDVI. greenness normalized index; mSR,ys : modified red-edge ratio; CRIss,: carotenoid reflectance index I; CRI4y, : carotenoid reflectance index I ;

PRI; photochemical reflectance index; ®@E, , quantum yield for electron transport; F /F,

of leaf

m
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HZe8 nl LLAE W, X MK, F/F, 5
mNDVLs . mND.s .gNDVI .mSR. .CRI o, A A5
0.4% M BN JCAH G, Hifth 3 ASAb AR A R 4P 1Y
S 76X BEOK S, DE, 55 gNDVI il CRIL,, it 3 H
K 16 Hofh Ak BEAK L 5 mNDVILys . mND,ys . gNDVI
mSRys  CRIss #8 FA i 25 A OGP 5 72 X5 B 0.4% |
1. 2% 1.6% W JE K I, P,y S 42061 S 5
AT 1 25 40 G, 0. 8% Mk FE b B AK S5 mNDVIL |
mND,s .CRI o, B EHF

3 iTFig

2R ZEAR Y I ORI A O RE R A
RO, ST A E IR ALEE 5K, —AEY T
IR EE ST [R] I 4 3R F  K PR S AR )
FFRBAER &SRO EES R A5
Fe] | ERWR A (6 8 X ( Cucumis sativus) M 2844 K5
Sy SRR B Bk RO RO R B RS
R, SRR IE G RE RN B NaCl &b
PR B B9 N, HFY %% (Caragana korshinskii) 4%
S| (Alhagi sparsifolia) HIMFEEER a S EETHE
JEREAREEE S | NaCl a6 5, 3R R 423 a I
LR b ISR E RS W RRAR S L AR Y
Y B R L 3 R O G B R BRI TR R R
RAEH (R 3) , WKL INA T, 2r 7 Al g i
PR R A B X ER A8 7 AR A
T, AT RE BT BG4 R B I B R AIG, Bk
fil R (R 3) .

T AT 2 — ol bR o At A O 4 A T
L& oy 22 /0 WA ROT . TR ) A 3 5
o RGP TE I | PR | e 8 B | Ry AR
A H AR ) PR S A R 0 T B TE R AR K
AR AT, ] WO DB i 53 B S )
ERHE TR N FE ek R e L
JEXCATR R B EM IR Ty, A BIFSE R BT, R 4b B
SR T R A AE n] OO X 6 R AR
Pefiuelas 252 75 K 3% ( Horduem vulgare) bt A
FAUBIFGE , 25 5 07 3T 2T A1 2 S Bt vk R T v i
A, W] UL S S5 I Wk B T e T RG . B i AR
WERTH R OISR (R 5), @R & RHIFMR
(R 3) WA RA —EMAHH (Re6), X5k
A Pettuelas 2 BF9T 45 AR,

2R DG ELAT RN P AR I R A, RIS A
YA A P 585 Ml 20 A G G ARG T B R
SKFEAE PN 4 PP LB AT A VE F R I ST A
i F/F, FRBE GRS R, TR AR
5T KA MB XS /N ( Triticum aestivuml) THEE 25
R a WM IS8, & BUE Y T 172 {E
DM F /F, FETETEPE (potential activity, F ./
F,) A&, R %0 S9SN BAT (Phyllostachys
edulis) #IH M B WA GR I ) BE T 5 W 30 R B 1Y
T, WG gy s m F, @PS I F /F, 25
FEARA a3, MR A W BRI 5 1. 6% B, 247 it
AR DO M & I B B K 5 (B 2),
RGO EVETBCR R G52 3™ H
PAK QA 241 2 S8 ET /RC PE, F /F, H
P FEA, SO H D B R B 036 PRI BN N J2
58535 EM 9@32] , Rahimzadeh-Bajgiran
SN R AEAE I A K A A A B B, PRI A B
DR ICSERRY) O F S EA W VI G, 7E
WA R PRI F /F  ®E F Pl 5650 RS
BEA RAFMAHEH: (£8),

ZE R, EEME (1.6%) &4 F, 247
M LA AR AR, BB RE AR, S B0t Bk
A=A, PS I A S AR 32 2453, PS I SO Hhoc B
TS MR R K AT, KR ha T,
SRATE P = RO AR S R ADRRE W, 3
JnF/F, ®E ET/RC.RC/CS Pl FEmstiTHy
M ERRE ST . AT G 45 R R E |, 24k M 8 38 in 51
1.2% I, &Pyt e ORAF 5 e 1) €8 38 3 1 DY RE IR AL
fefi, A F/F ®E, ET./RC .RC/CS Fl PI,,, i
WA BA — 2 BT R
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