422—428
03/2012

o B
PRATACULTURAL SCIENCE

29 % 03 #j
Vol. 29, No. 03

IK G A AE XS ik 5 B AR F A B AL
MR RSB ER R

BART

AR s R AR AR

(L PYALAR MR B R 2 3% g Jat b S 4R 1l 5 B M Al [l 5K B S 3L B VY 8 712100
2. vp [ B2 e KRR K PR IT T BT L BRPY #% 712100)

WE:RAEBEHNRE LT XL ZRBT (Lespedeza davurica) £ 3 F K5 K-F 53 A4 LEWRAFKEH
80% (HW) ,60% (MW) 40% (LW) 15 2 fh et 42 (P 4.4 P 0.1 g+ kg ' F ;5B R&EH) F RE 4%

BE SRR & TN
22 K M8 T et PSTT R B P s % 3] 64 3345 450,

EREN RS TR SR
THALEBRRGERRT.

KB XL FIH TP b s F ROb ke
RESHES Q455541 .5 XA BRI A

W2 R 9 ) 1 2 2 B0 RE B BERR R WF S A
Pt ot DR R TE R R EE . ARk
LR IO BN E B B T A P 5 M E
L5 T o 07 32 R0 FED (70 /KBS 87 380 45 Dy T AR T A

TS ?EE@&E%E%%*TI@%;‘@AIJJ%EL
WTERLE S5 R R RS W - kT

ﬁﬁiﬁﬁggﬂﬁmﬁ%%wmﬂmfﬁﬁigﬁ
HldE A S A, P E MK 4R T X
b X A 5l AR AR T R A A K T
s RS ST R IO G FAL Y IE AR 2K SO
Wop B mEEAERYY . B AT, gt R KB & ¢4 B
A I A AN [ 87 2 O 2 BIORRAE LU 55 1 BF 90 fif
AR TE T 3Ok R B A A A A R e 2 12 T R
ﬁiﬁ%iﬁ%%ﬁﬁiﬂﬂﬁﬁi%i‘

KL B A T (Lespedeza davurica) )y 5 B
Ko7 @ 2 AR AR AR Y BA T 5 P
i 20 A R R R T 5 2 T R IR A
AT 1 P L) R R T e A
FE AL A AL AR LUK 2w S X, LR
7o T2 H AR AR MR B b T L 2 B i I AR

W fs H#:2011-05-03 R HWY.2011-07-24

BREP.PREY MW Fiet F, #o F,/F, B2 FAK T Poh Fo ML F R B H LA AL
B Rt AP ot TSR £ R b R
ket &, BN PARBEIFGEINT AL ZHMTF ot 4 NPQ A, R W 2 %42
Aeeg A PR B E — R A S ME T HEEAHA

%7 MW F# ot foaf ot F./F, i,
B IR D T

XEHS:1001-0629(2012)03-0422-07

FAMEREVE Z — O B JERE IR A U Rl R AR R
PO BRI R R R & I T SR R OO
WETFERECEERE L B AR5 b6 R 5
AR AR AR AL o AT AR | S AR B IR 1 b 43 A 0 B
XA AR 56 F ik g B A A
[F] 437 2€ s 2 0% 7K RE 2% 4 o 7 1 A0F 9 1 A DL 41
S1= IT(TR 80 1 S 7 T 1 Rt B SR S e I
NRBEHCERN AN A EEZE L., 5ot
FRE R N B LR TR R A
WA M EZHEE HtAR Mz T, W
U W58 [R5 5 56 2 BURRAE % 4 18 1 8 29 BT ik
1 B AL TP 0 AR FALH B A R X

1 M5 RE

L1 KA H 8 R TR T F 2008 48 10
H R A BRAC 2 FE KR B, IF2E T AUASAE A SRIRAE R
it 46 0 & 2RI 5 SRR R 2R R 900 L b
1.2 X Bk SR AR, 2 A%k
17.6 cmx<19.0 em X 14. 7 em (B E X E# X T4,
T A4 KT+ 3kg . B HEH B L ICH B E R

He I H - b [ B2 e 25 1 B H (KZCX2-YW-QN412) 5 |8 52 3 SR B 2 3 4 (41071339) 5 P4 b AR MR} £ R 22 e ABLWF k. 55 3% %

(QN2009079B01)

YEH T/ BEART(1985-) , 5, N 52y SRR 22 00 A o 78 33 2 o 32 0 Mm99 A 3 AR 28558 B M 9% . E-mail: duandongping@126. com

WAEVEE AR E-mail: Bexu@ms. iswe. ac. cn



03/2012 o R

% (55 29 % 03 D) 423

B % FEK AR LR G IRl A [ 20 em R)Z £, H
)45 7K i (FC) 20 %0, A HILJT & 1 0. 33 %0 R i ik
RCR AN R & B oy 3. 99,27, 72 1 83. 40
mg + kg ', MIRERGON A, BATIEAC S LR U
i BEE — RN R R 2 em (19 PVC 851 Jy i K4
1H 5K HT H R W 40 g BERE VI LK ZE K.
I TE B b R 5 R ROl [E K S g & =
SR FIBR NZEAT . T 2009 4E 3 J] 28 H T4 SR HIFb
T R R B B R S K R DR R AE 80 %0
FC UL b, & 2 WOEM G AR 12 Bk,

1.3 XA KT 2009 4 6 30 AJF
6 o I 3K 2 BB RL F BOA B o0 BH BE E JAR  Ab
KA K 3 4E 5 AE (80% £ 5%) FC(HW) L (60% +
5%)FC(MW) 5 (40% £5%) FC(LW) 3 4K AR
BHER AR — S TR G Ik 2 575
ACBERN P AEF(4E P O.1 g« kg ' T 45 X IRON
JitE AED AN B E R 5 R, i 30 A

L4 2R EB 5F5% MEgEitSHRM In-
aging-PAM(WALZ, Germany) ] %2, 2009 4£ 9 H
21 H—23 H 47 OISR 7 1IE AL F 45505 4 .
YR 7 B [E] B 2R 06:30 —09: 30, W 38 W — & )T » Bl
PLEE IRCAE 3 25 1y 1 BRI A7 DU H 3 i CToL R
o S o R S S B MlETH
AR R IR 90 (Fo) Ve K906 (FL) Ll Kotk 2
BOR(F,/FoD) FRUEA & 1158 3 (ETR) Dtk
SVER Z QP ARG 2B K ZENPQ S 4L
1.5 2 2H B EH R A SPSS 17. 0 #EAT4E
4547 . Tukey’s HSD X 3= 22 K 22 GK 43 Bk,
MDD S B AT BAE AT B A 5

2 #R

2.1 4R A  XHEEH L HW R 5ign F, {4
BFEMT A (P<<0.05) . MW T ¥t F, 5% &
FiEr, LW FONFE ML F, (HZEF AR E (P>
0.05) ¥ M7 HW T F, {2 ZF(LT MW Il LW,
EHAE MW F F (8 ERT LW, bt Fy HIEA
FAKAKETFTZRARE R D, PLAE P, HW
MW R AR A Fo 522 5 A 82, MW T it
Fo {8 & F 8T h k57 HW f1 MW R F, {5 &
FIRT LW LA g5 R 58— 3, dit Fo (H
ERFKGKET ZRAREGR D, $E—Ks5
KPR ) 5 A [R) 3% 43 Ak B TR] BT & S A6 B

MW FHiF R E ST P AR, KRR
#FGR Do KA G20 BoK oy Mt B AEXT Fy fH A
B R (P<<0.01)(F£ 2),

2.2 RRRA XA ORFEMALF, EH2EFHA
B3 (P>0.05) s B M Fo AETEA[E K 530 KK 2 5+
AN L AE R S — B0 HW b F
5 EST LW(P<0.05), PAb#iph, HW | it
F., (H 5.3 @& T8, MW Tt F, (6 52 & T
ML LW R F (522 & T R e HW R
F, (62 #0F MW it F, (7EAR R K50 KPR 22
SARE, PHE HW A MW | F, 525 T LW
(F Do $EE—7K 53 K5 A [E] LA 7] 557 43 4b 3
[F] B AT & X P AL B MW gt F, H i 2 & T
X AR B3 (R D, Ko F25 BoK o f
HAEXT F, (B0 B35 (P<<0. 01), /K43 .35 43 Fli:
P =F HAEN Fo (HRA BEF R (R 2.,

2.3 mRAEAFKE 3 PLHW Al MW R
A4 F/Fo B2 5 A B (P>0.05),LW
Tt F/F, 8 53w TR (P<<0. 05) 5 8 M AE
HW #1 MW ~ F,/F, (HE & & T LW, jiEH F /F,
HAEARRIAK AT 25 A RE, bt iR E R 5
e —%, PR, HW R EMF,/F 08 %5 T
i, MW R B e R R FL/F, (B T e,
LW Mgt F/Fo (62 & T8 2 MW T
F./F, (5% & T HW fl LW, H i 25 58 5 5 o
—F A MW R F/F [ ERERS T LWGEER D,
3R IR]— 7K 43 7K P TF AR TR 2 AS [ 57 43 40 3R] BT
&P B MW R e FI A E, /FL 8 T X
BT P AR RErR LW R piy F/F, (8 8 28T X -,
HRWAREGR D, KRt EAEX F/F, E
HA B E R, AR & EAEX F,/F, EHYHA W
BRI (P<<0. 01) (£ 2),

2.4 RALFHER R WS HW F AR M7
qP HZ SRR E(P>0.05), MW F Hinf qP {4 &
T A (P<<0. 05), LW R 37 i 0 epr i
qP {B 38 T 57 HW R P H B % & T
MW it 78 HW f1 MW T P {2 %5 F LW,
M qP HAEAR R K3 K T 2R AR EGR3) ., P
A3, HW R B it qP {E 2 35K 7 1 - 5 o,
MW TFR[E A qP {8 22 548 B 3% . LW S Hi it oP
B 2 2 & Tk 5 bt 5 e HW A MW R gP



424 PRATACULTURAL SCIENCE(Vol. 29,No. 03) 03/2012
1 AEAKBEGHTHRFABMHAKEAELSHE F, F. #F/F, &

Table 1 Leat chlorophyll fluorescence of different positions of Lespedeza daurica urdel different water and fertility conditions
sk Ab 3 IK A3 Ak B8 L2 F, F. F,/F.
Fertilizer Water Leaf position

80U FC(HW) #Hih New leaf 0.095+0.001cd(a) 0.396+0.001ab(a) 0.755+0.005ab(a)
JE M Flag leaf 0.09640.002bcd(a) 0.401=£0. 004ab(a) 0.75540. 002ab(a)
Hiit Middle leaf 0.107+0. 002a(a) 0.4384+0.004a(a) 0.756+0.002a(a)
o 1 60 % FC(MW)  #if New leaf 0.106+0.001a(a) 0.381+0.002b(b) 0.760+0.006a(b)
JE Flag leaf 0.090+0.001d(a) 0.388+0.017ab(a) 0.75240.005ab(b)
Control it Middle leaf 0.100+0. 001abe(a)  0.39840.010ab(a)  0.753=0.003ab(a)
40% FC(LW)  #iif New leaf 0.106+0.001a(a) 0.383+0.007b(a) 0.733+0.004c(a)
HEnt Flag leaf 0.103=0. 003ab(a) 0.366=+0.019b(a) 0.738+0.001bc(a)
i Middle leaf 0.10240.002abc(a) 0.379£0.014b(a) 0.754=40.002ab(a)
80% FC(HW)  # M New leaf 0.095+0.001cd(a) 0.39740.003cd(a) 0.76540.005bc(a)
& Flag leaf 0.0974+0.001cd(a) 0.42740.007abc(a) 0.768%+0.001b(a)
F11f Middle leaf 0.10240.001abc(a)  0.444+0.011a(a) 0.74840.006cd(a)
60 % FC(MW)  #if New leaf 0.092240. 005cd(b) 0.436=+0.020ab(a) 0.78840.004a(a)
WP M Flag leaf 0.08540.002d(a) 0.39040. 01lcd(a) 0.789=40.002a(a)
F11 Middle leaf 0.10040. 004bc(a) 0.427+0.001abc(a) 0.760+0.004bed(a)
40%FC(LW)  #Hiit New leafl 0.115+0. 006a(a) 0.4044+0.005bcd(a)  0.744=40. 002de(a)
JE M Flag leaf 0.11140.001ab(a) 0.40840.001labc(a) 0.728=£0.001ef(a)
Hii Middle leaf 0.106+0.001labc(a)  0.371£0.004d(a) 0.71340.001f(b)

TP AL BN A kg T A8 P 0. 01 g 8075 Al /ING 52 B 7R ] — 37 43 b B8R S [+ 7K 23 Az i) 22 5 (2 25 (P<<0. 05) . §if 5
A (8] /N5 5 B 37 () — 7K 2+ A T 37 S [ 5 AR B 2 57 35 (P<<0. 05) . FC OB MMl B Fo BRI L. Fo Jy
R Fo/Fo AEBIGMEHE. TR

Note: P,0.01 g pure P in 1 kg dry soil. Different lower case letters in each column show significant difference under the same

fertilizing application at 0. 05 level; Lower case letters in brackets of the same parameter show significant difference at 0. 05 lev-

el. FC, field capacity. F,, initial fluorescence;F,,, maximal fluorescence F,/F, , maximum photochemical efficiency. The same

in table 3.
R2 AP FANHEREEENHEZXASHHBN
Table 2 Effects of water, nutrients, leaf position and their interaction on chlorophyll fluorescence
T A F F. F,/Fu qP NPQ ETR
Variation source df
IK 4> Water 2 40,540 " 18.250" " 131. 400"~ 18.490" " 85.820" " 37.440"
#4> Nutrient 1 0.099" " 19.880"* 9.425" " 9.996" "  621.500"" 29.380" "
I-{i7 Leaf position 2 10. 250 3.118 13.320" " 10. 680"~ 28.670" " 0.814
yi

Kor X3R5y . 2 13.100 1. 403 41. 64" 30.310" " 17.100" " 0.751
Water X nutrient

4 H- 137
Kop . 4 10. 250" " 7.172” 3.130" 38.660" " 19.220" " 4.333
Water X leaf position

4 H- 137
34‘%]}.>< +iz . 2 0. 366 1.422 34,620 " 12.660" " 16.390" * 9.515
Nutrient X leaf position
I 53 X WL XK 53
Nutrient X Leafl posi- 4 2.620 3.689" 4.4427 " 21.860" " 22.220"" 3.789"

tion X Water

TE: o FRZEREE(P<0.05), » * FRERWEH (P<0.0D ., qP HBAFE K ZELNPQ KA e b # KRB ETR N
e H TR ER, £ 3 [,

Note: % and * * mean significance at 0. 05 and 0. 01 level, respectively. qP, photochemical quenching coefficient; NPQ, non-

photochemical quenching coefficient; ETR, electron transport rate. The same in table 3.
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Table 3 Leaf chlorophyll fluorescence of different leaf positions of Lespedeza daurica under

different water and fertilizing conditions

NE A4k 2 IK 3 AE L aP NPQ ETR
Fertilizer Treatment Leaf position
80 % FC(HW) %t Nnew leafl 0.750+0. 005ab(a) 0.207+0.001de(a) 40.3740. 12a(a)
JEM Flag leaf 0.73940.001ab(a) 0.19440.001e(a) 40. 3540, 03a(a)
frit Middle leaf 0.754%0.008ab(a) 0.215%40.001cde(a) 40.00=£0. 06ab(h)
60 % FC(MW) it Nnew leaf 0.7144+0.002cd(a) 0.21740.008cde(a) 39.2040. 40abc(a)
%t # Control Bt Flag leaf 0.73540.001bc(a) 0.24040.010bcd(a) 37.8540. 32cd(b)
i Middle leaf 0.757+0.005a(a) 0.254+0.003bc(a) 38.4540. 26bcd(a)
40% FC(LW)  #M Nnew leaf 0.73540.003bc(b) 0.32040. 0la(a) 38.3540. 26bed(a)
JEM Flag leaf 0.69840.002d(a) 0.25840.006b(a) 35.1040. 31e(b)
i Middle leaf 0.7414+0. 005ab(a) 0.261+0.010b(a) 36.8040. 75de(a)
80U FC(HW)  #i Nnew leaf 0.7004+0.003d(h) 0.133%0.005de(h) 40. 05%0. 38ab(a)
JEM Flag leaf 0.7434+0.001bc(a) 0.17540.010b(a) 40. 8340. 32ab(a)
i Middle leaf 0.75540.006b(a) 0.143740. 003cde(b) 43.5540. 43a(a)
60 % FC(MW)  #Hif Nnew leaf 0.70640.010d(a) 0.208=£0.007a(a) 37.97+1. 31b(a)
W P JEM Flag leaf 0.7264+0.004cd(a) 0.11940. 001e(h) 41.3540. 61ab(a)
it Middle leaf 0.702=+0.005d(b) 0.120+£0.001de(b) 40. 4340, 27ab(a)
40% FC(LW)  # M Nnew leaf 0.785+0. 004a(a) 0.218=40.003a(b) 39.3041.70b(a)
N Flag leaf 0.716=+0.001cd(a) 0.169=40. 002bc(b) 39.1540. 26b(a)
mr i Middle leaf 0.726740.007cd(a) 0.146=+0. 004cd(b) 38.007+0. 46b(a)
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Effects of water and phosphorus on chlorophyll fluorescence characteristics of

different position leaves in Lespedeza daurica

DUAN Dong-ping', XU Bing-cheng'?, NIU Fu-rong', XU Wei-zhou'
(1. State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau, Northwest A&F University,
Yangling 712100, China; 2. Institute of Soil and Water Conservation, Chinese Academy of Sciences and
Ministry of Water Resources, Yangling 712100, China)

Abstract: A pot experiment was used to determine the Chlorophyll fluorescence characteristics of different
position leaves in Lespedeza daurica under three different water level (80% FC, 60% FC and 40% FC)
and two phosphorus treatments ( 0. 1 Pg « kg ' dry soil and no P addition). The results of this study
showed that the initial fluorescence (F,) and the maximum photochemical efficiency (F,/F,) of flag leaves
were significantly lower those of middle leaves under moderate water stress and supply phosphorus, while
there were no significant differences in maximal fluorescence (F,,), implying that the PS][ reaction center
of flag leaves were less destroyed than the middle leaf and the light energy transformation efficiency of flag
leaves was higher. The leaf quenching coefficient (NPQ) significantly decreased and the F,/F, values of
flag leaf and new leaf under moderate water stress condition were significantly higher in supply phosphorus
treatment, indicating that the light energy dissipation decreased and light energy transformation increased
under water stress by addition of phosphorus, which suggested that the supply phosphorus improved the a-
daptive capacity of L. daurica to semiarid loess hilly-gully region.

Key words: Lespedeza daurica; leave position; chlorophyll fluorescence; water and fertilizer
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