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T2 B8Rt 2 FhiE 4 R FR I 4R W e FF IR 21

Sﬂ%ﬂgﬂy %/@—ii’ ?%ﬂ:ﬁiy /fq %:7 ﬁl} *X, ‘jﬁ EU?

(Bed RIUKF WER, & SN 510642)

[ F | XA X 2 A AR R FA% Eucalyptus urophylla x E. - grandis FIFTHI (bamboo willow ) 4T 5
A7 A [ D53 LR T Mkt Ak B 1) ok e 0 ) 5 5 3R 6 A ( OSSP-SE ] ) X 2 ) ol -2 3R 56 2 Bt A7)
5. [GERMEEE e T W0 26 0F T, SeProtst 17 i (Yield) (RUDGA AL 7181853 3R (ETR) Dbz K R4
(aP) FRISE(F,, ) FIPS R FICALABER (F,/F, ) VAT FREEE B R, 7T AL BRES 24 K R E AR ETR HoX)
MR 48. 02% , AT T 25. 12% ; BIEE -+ R, R EAZMATHN F/F,, 73500 B 31.55% 1 21. 84% ; fiti
MR e Al 2K R B (aN) WIIRDOE(F, ) ¥4 BT, 50 AR L, AT oN B JHIEEE S 217.59% , i 3% K
TRE#(146.40% ,P <0.05) ,Fy EIHIREE(49. 11% ) /NTRE A (92.03% ) 5 2 R A ETR 55 £ 355K i 2 &
P IEAR SR (P <0.01) B E#: Fy 5 H S K B DHSE (P <0.01) AT F, FLF,/F, 5 1S KR &
P IEAR G (P <0. 01) . BFRE A SRR AT R A T, A5 R BRI S RO S8 R B — & MG, A L
B, ATHITEM 2R IO S B B R B TR i i k.

SR AT RBER; TR, MHEERIOE
HFESZHES:Q945. 11 XERFRERS A XEHS:1001-411X(2015)01-0085-06

Effects of drought stress on chlorophyll fluorescence parameters of two
fast-growing tree species

BAI Jingjing, WU Junwen, LI Jiyue, HE Qian, QIU Quan, PAN Xin
(College of Forestry, South China Agricultural University, Guangzhou 510642, Guangdong, China)

Abstract ; [ Objective] A comparison of drought resistance was made between two fast-growing species in
South China, Fucalypius urophylla x E. grandis ( EE for abbr. ) and bamboo willow ( BW for abbr. ).
[ Method ] Effective quantum yield of PS I photochemistry ( Yield ) , apparent electron transport rate
(ETR) , the photochemical quenching (qP ), the non-photochemical quenching (qN) , minimal fluores-
cence( F,)) , maximal fluorescence( F ), potential photochemical efficiency of PSIl (¥ /F, ) in EE and
BW were tested by OS5P pulse modulated chlorophyll fluorometer under drought stress. [ Result and con-
clusion] Yield, ETR, P, F, and F /F, all declined during the drought. At day 24 after treatment,
ETR declined by 48.02% and 25.12% EE and BW, respectively. qN and F, in the 2 species in-
creased. qN in BW rose by 217.59% , which was significantly higher than that in EE (146.40% , P <
0.05). The relative increment in ¥, in BW (49. 11% ) was smaller than that in EE (92.03% ) at the

end of the drought treatment. Correlation analyses were made concerning chlorophyll fluorescence charac-

15 %5 HH:2013-09-14 {5 H R A 1] : 2014-12-02

{55 H AR PO I « hitp . //www. enki. net/kems/doi/10. 7671/j. issn. 1001-411X.2015.01. 016. html

EEB N8 &8 (1989—), &, MEH X £, E-mail:975233875@ qq. com; B IEVE % . & 5 8 (1959—) , B, %%, 4,
E-mail : ljyymy@ vip. sina. com; 473 (1981—) , %, 3 , ¥ 4, E-mail: heqian69@ 126. com.

EEUH : & F FAMW £ £ 5 £ 0AF A4 (20124404110007 ) 5 2 3430 ARk & 4 FTRAR S 5 410 B 2 F 5 55 = I 20R
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http://xuebao.scau.edu.cn



86 1k

[ S A NI S

5 36 &

teristics and soil water content. In both species, ETR showed a significant positive correlation with soil

water content (P <0.01). F, in EE showed a significant negative correlation with soil water content

(P<0.01). F_ and F /F  of BB and soil water content showed a significant positive correlation (P <

0.01). These results indicate that correlations existe among chlorophyll fluorescence characteristics in

two species under drought. BW has greater drought resistance than EE as revealed by chlorophyll fluo-

rescence characteristics.

Key words :bamboo willow; Fucalyptus urophylla x E. grandis; drought stress; chlorophyll fluorescence

IR MY R B R e
I R A VK 1 s R IR e )9 e O
T 7% 2 A S Rl AT SR 4 A9 5 A ) R A7 )
IR I3 5 5 B R G 3245, K AR — FRB AR AR 2
AR, ARG A 32 40 e 3 — B A i
WFFERYE L. AR R M SR R PO T R Z 2R
FHFETY BRSO R G2 W E B, I
HEA RN NAEVE” B9RE 5, PRI g 58 A
FeA 1 SR8 06 2R Y A FERR A ET, o
RV IR B L A TE T 5
IE IR RO it A A A B S AR B T
SR

H T4 R IOCS AR 2 WA 1R NG G L
Az R BT LS R O Bl 12 B R
Pl R AR M R R E O A A EEE
S E VR L TR M SRR PO AR N T
M Tl 2L FE 5T b, T T AR AR OK 23 Bria
FXE A 22 504 Populus euphratica . JR W45 P.
pruinosa . J\}& 5 Malus micromalus - & 5125 Malus
hupehensis . & #& Toona sinensis . 4z K FH A Armeniaca
vulgaris SEAEY) 23 Y BOG G 3R T B, JF A A W AR
(SRR SE A IR, 53 KA O\ 5 P
& H 5. 2= &2 K FE Wk Liriodendron chinense X
L. tulipifera .4 I B A1 45 R T 5038 s, PS
RSO FRR(F/F,) ek 777 5 (Yield) (3£
WOGE T A (ETR) el K 28 (qP)
KRR S, MA W ) 4656 (F,) WA A
JE Ry LT

Fr#i (bamboo willow ) 3 44 € [ 7740, 2 rh 3% [
FENT N EMN S AR Z T IR B R BE
¥ Eucalyptus urophylla x E. grandis ‘&M% E. uro-
phylla FNE A% E. grandis 1 2% 38 F, 02 3% [ R J7 i
SR SYaD NN Ry o RN O o =Y S A SR 74
TN 4 2R 9O S B IF 5 ff WL IE. ASBIFSY
FIH OSSP ik il il X4 2K S EAL (S ) Xix 2

http://xuebao.scau.edu.cn

AP IS R ORI [ Yield (ETR (qP 3R SG 1k
HRKFZEL(GN) Fo FRTVOC(F,) M F/F X T A
SR AT T HEESY , B AE AR L IX B AL R 1Y
S g B SN S Y =
1 #Rt57R%E
1.1 Resk 5 FRE4E

IR AT R Bk 1 AFAE R4 30
PR, F Y1 e AR 43 0l SRy AT (0,45 £0.07) m
(9.10 +2.12) mm, EFE#£(0.40 £0.03) m,(3.92
0.65) mm. F 2011 4£ 5 H 7EAEm Rl K27 pRy B i
BNEAIEE AEZHAE A 25 cm x30 em (A x
1), ZE AR 45 Ry A R AR K A A R el A AR b A 41
B, e W R R K &= R (26.87 £2.07)% , 75 H K
(1.34+0.07) g-em . 2011 47 A 1 AEEKG
PR BeK, IEH A AT
1.2 MERZXXSHNE

X BERRAR AR A= K A7 B R R 5 ) A ] L R/
ALY 5 ~8 Frit i AR e, JF 7 H 1 Hil
55 1 Pl VE XTI CIE R K 568 , ZJe T
U3 ~24 RAERIEATIN A, R AgUom 3 4k, 2
3AESE AR IR 2 d 2 R AR o3k
5 Bk, H =% Easy Test 23 w] Az ™ B 45 X - HEIR A
T EFNER BE T (FOM/mis-i 2% ) 347 - 487K 43 4
D B AR 1A Bk

DR, i S A 20 min, A FH € [E OPTI-sci-
ences 23w K il ] S R 9ORAL (0SSP-3E [ )
1 Fy F, AT BTGO6(F,  F, =F, - F)) F/F,.qP,
qN %% Yield #t 7 MNMEARIGIINE.
1.3 TEEREXS

HES K K & 80% L b ok IE H# K
F,50% ~70% R g+ 5,30% ~ 50% b T
AR T 30% RO i e 4 5
JifriE AR BE R 4 an ke 1.
1.4 HIERE

JH Microsoft Excel 2003 X4 5¥E #1145 1T, It
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FH SPSS19. 0 FEA7THH 434

®1 ARTFEMERENS
Tab.1 Divisions of drought stress severity
B o FH R K
s/ d FKE/ % Hetsil/ % TR
RBEM  fill EER
0 31.94  30.54 118.89 113.67 1E# /K4 (CK)
3 25.27  24.27 94.05  90.33
6 19.28 16.18  71.78  60.22 REFEFR(LD)
9 15.03  13.30  55.94  49.50
12 13.07  11.75  48.67 43.72 ‘hEFRE(MD)
15 9.96 8.22  37.06  30.61
19 7.06  6.15  26.28 22.89 WEETE(SD)
24 5.07 4.25 18.89  15.83
2 ZRE5SM
2.1 FRBOHNERERTEOEM

Yield fEf% i PS 11 52 B H 0o 75 358 43 5 P 15 O
NI SERR B A G BE A AR AR, Ok A i AE YOG A
TR &, 0T DR miEY o oA L
TR AR AR HE AR Y IR ST R E AR AT
Wi Yield 43 %1 K (0.791 +0.02) F1(0.779 +
0.026) pmol-m™+s™ (F2), TRMHAYE 8 KA,
PR Yield [ M %2 /0N, B 43 0 o8 7.33% Al
7.79% , LWHSFRR, 2156 12 K, B B AR IH - Fa (B
i 10. 66% ) , ATHI A 55 8 K5 I Ui 22 Bl 2R T B
TR 24 K R E R FATHIE Yield #X}
W43 3 TR 63. 51% FN 61. T0% , W& BRI A 2238/
P 2 A, X R ORI A i A B 2 TA) S B o A
(P<0.01). D F45 R EMAERE T2 han i, 2
E A MM Yield 32 5% ma /N, 7™ 5+ 52 W 38 B

19,2 FIAEPIRY Yield 2513 20 5 4.
2.2 TEPEFRHFTRAXEGBHFERERENTH

ETR 75— B LT LSO PS TS0 Ao 1
FHIARBOR. B T2 Waa a2 B R AT Y
ETR ¥R FREGEH (R 2) 75T R hia s 24 X,
FEEAANPTAING) ETR 2350 F B R IEH K 3 25 T 1Y
48.02% H125.12% . FEE ¥ ETR [0 K TAT
Mi(#k2).
2.3 FTEBBEETRNXERSH

P RALSG qP A1 qN,qP FoR PSIT R& AR
WA B RE Tl Ak 2l T AL O 4. B
R R EAb 2E T K R B LAl PS 11 s iy Hoes it F I
AR Bt LG A R R A — e B RO
T PSR O IR 0% B E AR AT MR qP
TERR T B a8 I R I 5 /0, 2265 12 K 2 A4 Fel
O3 IE# K o 54 TR T 13.50% F1 10. 55% A%
MIFN B oP 4307655 12 A% 16 RIFh 2R
TR, BT R WA 24 K, 200l T A IE K A
T 43. 88% Fi1 49. 45% |, Jii368 K A 5 X6 REAH HE, A7 90
R (49. 80% ) /NT- B i A% (58.67% ) , PSIT G4
L AL 32 21 ™ 5 )

b= KR PS 1T REA RN EREAfE
ATt E 15, DR XFEREs OB RERR 43, HL
PGEEHRLAE ST LU N 2 st Al i 7, oN
BT SRR (£ 2) , TREHES 16 K, EE
FAAT M gN 43514 0. 45 F10.38, E TR AKMEE
¥ A0 P M0 N b B 4 B A 217.59% Al
146.40% . ¥t gN | JH 08 B2 3 e B e/, R HE %2
B E A a0 PS IS Hocs i RO B 3 R
AR

K2 AAKSEUHTHREXNSHALESTMSEILRER
Tab.2 Variance analyses and multiple comparisons of chlorophyll fluorescence characteristics under drought stress
RFi i
Ly /d Yieldz/ — o N Yield/ ETR o o
(pmol-m™*+s7") (pmol+m™*+s")
O(XHR)  0.79+£0.02a 12.63+0.68a 0.63+0.02a 0.18+0.02a  0.78 £0.03a  18.03£0.90a 0.58 +0.02a 0.23 +0.03a
4 0.74+0.03b  11.50 +£0.98ab 0.61 £0.02ab 0.19+0.02a  0.73+0.03b  17.20 £0.75ab 0.56 £0.02a 0.25 £0.03a
8 0.73£0.03b  10.13 £0.86bc 0.59 £0.02b  0.26 £0.02b  0.72+0.02b  16.00 +0.82be 0.55 +0.01ab 0.30 +0.02b
12 0.71+0.02b  9.13 £0.65cd 0.55+0.02¢  0.33+0.02¢  0.62+0.02¢  15.13 £0.65¢d 0.52 +0.01b 0.36 £0.02c
16 0.62+0.02¢c  8.27+0.93de 0.52£0.02¢ 0.45+0.03d  0.51+0.02d  14.47 £0.75de 0.45+0.02¢ 0.38 £0.02c
20 0.51+0.02d  7.43 +0.65¢f 0.40+0.02d 0.46+0.02d  0.40+0.02¢  13.93+£0.97de 0.36+0.02d 0.47 £0.02d
24 0.29 £0.02e  6.57£0.90f 0.26+0.02¢ 0.570.02¢  0.30£0.02f 13.50+0.89¢ 0.29+0.02¢ 0.56 +0.02¢
1) RFI 5386, LAA — AR B 544 A7 R RA> &M T £ R EF(P>0.05, Duncan’s ).
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2.4 TEBENMHEERKXNANFESHF, . F,.

F/F, %00

Fy 248 PSR A0 &b F 58 4 TF Ui 1 5%
PR Fy KN FEE L PSR LR (0 % Y ) T
W R R L PSRN 0 B 3k BE AL %
MR GRS Rt R S A G, S G EH
5L 4= 350 [y v SRR e w2 GO I A S e
FATHIE Fo 352 b (R 3) , 8T R Mia K
W, TR 92.03% F149. 11% , i B E
Fe AT AE T 2038 2544 T PS T B o ¥ 32
B — P E BN, B R E A PSRN 22 %
MR /2 B R F AT M. SD Rl CK R 354 1 3% 25 5=
(P<0.05).

F, S48 PSTL N s 58 42 56 P B 2 G 1) = i
e PS T F T A 0. B % T SR e
BEMAMATHING F, AW TR (3 3), 5 SD #, H
F, o502k 1323 F1 1 645, )& B A% (1 T B e 2
(23.42% ) & FA40 (11.26% ) .

F/F, J& e PSRN H SR e e Ak as
() — ARG bR, HAE 32 20 60 ] A6 e ) B G
IR0 W Fe 3 AT LI Y CK 1, R R R4 Y
WIth F/F, 5334 0.81 £0.01 F10.76 +0. 02, {i%
TRRRE N, A2 TR 2] SD H, TR
FE4R5 31, 55% F1 21. 84% ,SD I CK [i] 45 i 2 2%
5 (P <0.05). B E ke T B MR B B B K FAT M, ui
J F R e T SR AR B IR B, B 5 s BRI PR R
UK oy 21 Bh T R B R PR e v e & AR 7
1 IR A K

£33 ARATFELETHRIERADNEZSHAESHNE
BEERER"

Tab. 3 Variance analyses and multiple comparisons

(Duncan’s) of the kinetic parameters of chloro-

phyll fluorescence under drought stress

WHh Ak F, F F/E,
RE# CK 1727 £70a 337 +34a 0.81 £0.0la
LD 1706 +72a 488 +54b  0.71 £0.03b
MD 1526 +90b 547 £46¢  0.64 £0.03¢
SD 1323 £81c 647 £59d 0.51 £0.04d
AN CK 1854 £68a 451 +48a 0.76 £0.02a
LD 1784 +66b 487 +£55a 0.73 £0.02b
MD 1703 £82¢ 579 £36b  0.66 +0.02c
SD 1645 +72d 672 +53¢  0.59 £0.03d

1) A8 R A A 69 ) 9) 3B J6 LA — AN AR B R84, R
TRE KL T 2 FREZE(P>0.05,Duncan’s 3% ).

2.5 TETEMESRNXASHMBXESHT

M4 TTLE M, BE AR R E S KES
ETR S i Z IFAH (P <0.01,r=0.940) , 5 F,
BB ERAME(P<0.01,r=-0.925),5 F_#l
F/F, BRFIEMC(P <0.05). 4R IEOCSEH
PR R E A (P <0.01).

X5 Won, T LR E S KE S ETRF,
M F/F, SR 583 EAHSE (P <0.01) , 56 R 5L
AR r=0.961 .5 =0.960 .7 =0. 877 ; 5 Yield Fil qP
HERFEIEMKE(P<0.05),5 F, fl qN & % A
K(P<0.05). M&g 35 G SH 1 S B 38 A5G
(P<0.01).

R4 REBMEZINASHS LB KENEXME"
Tab.4 Correlation coefficients concerning chlorophyll fluorescence parameters of Eucalyptus urophylla x E. grandis and soil
moisture
WHSE Yield ETR qN qP F, F, F./F,
Yield 1.000
ETR 0.875"" 1.000
qN -0.928"" -0.969 " 1.000
qP 0.995"" 0.894"" -0.933"" 1. 000
F, 0.945"" 0.950"" -0.987"" 0.954"" 1.000
F, -0.881"" -0.981"" 0.934"" -0.899 " -0.926"" 1.000
F/F, 0.950 " 0.973** -0.972"" 0.962"" 0.979 " -0.979"* 1..000
T EKE 0.703 0.940"" -0.846" 0.725 0.796" -0.925"" 0.855"

1) %% £7/0.01 KFERHAL; « AFHE0.05KFLREFAEL.
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RS MHMRERASHELEAKENELRY

Tab.5 Correlation coefficients concerning chlorophyll fluorescence parameters of bamboo willow and soil moisture

FEHBE Yield ETR qN qP F, F, F/F,
Yield 1.000
ETR 0.935*" 1.000
qN -0.986"" -0.941"" 1.000
qP 0.991*" 0.895"" -0.983"" 1.000
F, 0.947*" 0.998 ** -0.954"" 0.910"" 1.000
F, -0.984"" -0.949 " 0.954"" -0.963 " -0.952"" 1.000
F/F, 0.989*" 0.959 -0.965** 0.968 ** 0.962"* -0.999 ** 1.000
FHEE K 0.838° 0.961 " -0.845" 0.786° 0.960 ** -0.865" 0.877""

1) #% £ 7AE£0.0l KFLERZFML; « £F£L£0.05 KT LERZFAMX.

3 WSS

TEREEE R REMATEN Yield 5 BU5EFi
Jr SR E RS (BAE A R0 ], R E AR F AR ]
B, R 5 N R R LU AT S B ot RE A 3k
RORE TEM S, R A Yield 7R [, R IDEA
(Y LR JEFIRE S =3 ok S 1 SR e S
UARNZ L%k Yield 22 AL # S5l 5 A 58 12 BAAH
USSR, ETR B2 TR, HRE AL TR 2
FRTATHN, R W0 PS I SO b B9 F Tl 33K
KEOEAHEN BERTREMN. 2HEE% ™ LW
WEE T S han , F & B2\ bR i 5 ETR ¥ 8 30 F
RERags. oP MR/ BT PS TR i 8 3
{EAOR, W PS I 13 T b o, R B AN AT
BB oP BET 50 B s mS W B, R g
WEAAFAZENG | FE A% LU AT A E 0 574400 300 2 B o 14
FL AL B P T 38U S AT MG T R R R N TR
Fd AR T 2T, i 20 TR B . oN
J& PS I B AP R AR (0 3 R BB RE SR B PFE
BLRE ST, Be— PRI B, T 50 T, AT oN B
THIERE B35 K T R B, AR 4R S I BERE HLRE L T
B, Xt RERIBIRIN . Fy 82 PS I
JO7FF o Y BAS AT 33620 3% R IR 64 S B, LB P
WA L R RO ™ AT 53 R, AT B F,
A LR N TR B, Al AR ER T REE
K, TR B8 R TR E AL, R EARMATHN F,, bl
et SER N | ETTE W N G <RSI B /gt b 2
R BE R TATM, P 15388 B ) A2 B JipJe 2. DE 8 2%
T REAMMATENG F/F, 735009 :0. 81 0. 01 il
0.76 £0. 02, ffifF T FEEME, F /F, R TREBE
e, R E R T B B W B T, S0 R B A
32 2 5 AE e B A e . AR iR X
BRRVOCBN I BHF, F, M F/F, BIBEER S
ERAEHARE.

e K 5 45 AR R PO S B A S T
b A AT I RO G R B R (ETR) 3
BB FEMC(P <0.01) , Hip, +IESKESREE
Feil) Fy S B EMAHSE, 5 F, LR F/F, ¥ 0%
(P <0.05) , R, Wik A ETR X 52 36 ffjak
PhA s . 2 AR 745 X A MR I A ) - R
TS ERRIAH M I 58 R B, 2% S 800 A 3 T AH ¢
KR, SRS R

i LR ERE TR T BEAAE Yield gP
RIS RE, MEEE T2, 7
ETR N .F, .F, 1 F/F, 03645 L, 5 R E Mk
PRASE T ()3 P, TR X PR AR o T 52 7 5 iUk, A=
FE LIRS B T R X AR R R, TR TR KR
FEATHN. AH R TR RIS ECZ IR R, &
AR FR BRI T ZE i — 25 BT RS IE.
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