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Abstract ; Photosynthetic characteristics and parameters of chlorophyll fluorescence of soybean and pepper were examined in
an agroforestry system. The results indicated that photosynthetic active radiation ( PAR) was reduced significantly from full
daylight at 1m from the tree ( Prunus salicina) row. The diumal variations of photosynthetic rate ( Pn), stomata
conductance ( Gs) and transpiration rate ( Tr) of soybean and pepper were similar to photosynthetic active radiation, and
they were lower in the agroforestry system compared to full daylight. The PAR was highly correlated with Pn, Gs and Tr of
the both crops. The content of total chlorophyll and apparent quantum yield ( @) of both crops increased and light
compensation point ( LCP) and light saturation point ( LSP) decreased with increasing degree of shade. Meanwhile the F,/
F,, @5 and gP were significantly higher than those under full daylight in treatments of both crops, but gV P decreased

with increasing degree of shade, which indicated that soybean and pepper had strong adaptability to low irradiance.

Key Words: Agroforestry; photosynthetic characteristics; chlorophyll fluorescence parameters; Loess Area
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AR VERA F S IR RO AR AR S A R RS M EEME A AR EIRE R R PEK
X A E S, TR B Rk E R A E JEE ORI W R ARk, R
FERRMNES REART T LR S SRS H T —RIIBF5E, (HEE RS
BABRE T RIS AMARE LB, AR E R AANRENZE - RENE T HHRME SR
HIR , BIRARME G RGEH A ALK B BRI GG R S RIOCS TN, I IR AT FERAR
HERGMRNEY AR R T ARSI RO RRERTE, DS & RGOt S 52
ARG ICRER AR LR .
1 #R57FE
L1 A5 X S

TR 3 15 7E [ G 48 s 1L EL 3% N R 41 Sk AT (34°19736"N, 107°37'16"E) Fllzk 84T (34°19'41"N, 107°38°40”
E) , £RRMEEEEREEAE 10hn” o RIS XA EIL R L3RI, B IR KT RRR, 257
H AR E0N 2185h S-S 1.6 C, TR 164d, P10 /K & 679mm , FEAS EREW BBV AR T E (B
HFZFERTERW , FENETER A ARS,6 ~9 A GFKEY 5 2F 70% . KBRX HRUREHREET
WA+ AR A RAE 4.45% /oA, R AR 0. 116% , @A & 0.098% .
L2 A5kt £1 ZREEEREFETFHERNE

G LA L 3 EE L W2 F ( Prunus salici- Table 1  Characteristics of plum intercropped with soybean and

na) MEBRIEY KT (BT 8 2) BHI( Py 981)  Pepper in the experimental fields

WIS R. EFHARMT 2003 &, (ERFS A EKOE ORI
Bt A KRB A AR (3 1) o R FER A soybean pepper
B B AE (CK, ) BV (CK, ) 25 F ok o [ £ L’;;Z’im e 34 33
BAXHPESET Im &(T,) FEFREEEBEXFIEZ o breast height(cm) 6.2 5.8
F2.5m A (T,) EFHRAEBAF BT Im 4 0 et of 2 s 4
(Ty) T REMR IR P B T 2. 5m Ab(T,) 8 0 ™

VERIBIER A P BAH R, ZEFHRATEE N 3 m X5 radius of crown(m) I8 -6

m AT I R AL T 1] o K AT 1w 54 Y

J5 1] — 25, R EE O BE BT R4 50 em, ARATEEAMHH 20 cm x40 cm F140 em x 60 cm( HA/E 5 EIVEHIF)

AR R B R A 12 MR, A AL TR AR P R (B TWAT 5 1 ) 1m F12.5m ZE(E 1),

1.3 #RAZE N 5m Sm

L3.1 SEAMEARNE A e . .
R = MRS, FIH Licor-6400 {8 #5306

AME RS (EE, LI-COR AaIH1E) &Ky

b A % (P, pmolm ™ s7') | & 5 # R (Tr,

mmolm " *s™ ') KFLFEE(Gs , pmolm_zs_l)u&ﬁ'ﬁé @

A RGBS (PAR, pmols ™' m ™) S5 P73 % A F AR AR A

WHERF, MEREM9:00 % 17:00,4% 2h WE 1 K,

T B S AT F) 4 FRABL AR, R BB TE 0 8 L T

BERREN . B0 3 N ER, B ERICR3

AEEE B BCEME . FF Licor-6400 (B0 Bl SERXAE S AR A

% % %E‘JEI 1}3} j"ﬁﬁ E COZ‘HQ JE ﬂf] 350 p,molmol - IT{EH% Fig. 1 Sketch of sampling spots in the experimental fields

S 7 #h % ( Pn-Par) , PAR G H 28 0 ~ 2000 pwmols ™'
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1.3.2 MZRISCSENE

I R Bk b A ] X 9 X FMS-2. 02 (Hansatech, UK) F9: 00 ~ 11 30 Bl E M R 5OES 0, mBUE K
BEN—BUR M F BATIE RIUAE . MR BEE B 30min JFIERI I TN ( Fy) , BEJE 4 — 13 N6 (6000 wmolm ~ 2
s~ Bk E] 0. 7s) M H R IE( F,,) , HARE & B 20min, eI AT et , MERRATE( F,) , Z5H
Jtifin— YK N6 (6000 wmolm ™% s~ ' ik whEsHIR] 0. 7s) iR M@ B F MK ( F',) , RIEHRE I A%, i
TERL 3s JEFTFFBLI, 5 Ja 2 Wl BL T B/ ( F'y) o 5% Schreiber 25 38 OB RS ( PST) £
RIGREHEHBAE(F,/ F,) PSIHTFLRETRE( Dy ) JEUFRRKRE( ¢P) ARSI RRZE( gN
P)ESH KB F/F,= (F,-F) /F,; Opy = (F', -~ F) /F ;9P = (F',-F)/(F,-F,) ;qgN
P=(F,-F,)/(F,-F,) .,
1.3.3 MEREEMNE

FIFH CM-1000 2R M %E X ( Spectrum, USA) F9: 00 ~11: 30 MEAHXS 4R R & B4 B &
AR ESEM R AT TE AR E , R BT 47 CM-1000 M-3R &AL Em i, & Mk Oy m B shill 2 , &
WA E 5 AR, B R ER S ~6 K.
1.3.4 BEE49H

A BE 38 3 Microsoft Office Excel 2003 #E1THH, 77 224087 FHRME BT A R B Gt/ Hrib B ¥R
FH SPSS # {4, B FRAL 3R Excel K%,
2 ZR5H5MH
2.1 AFGIERE HHOEE ARG H 2

KEWHA B RGEI 8 E NBAE (CK,) (EERKX P EZREF 2. 5m & (T,) B E/EEXPEZREF Im b
(T,) Zkss (B 2) o HAsfE(CK,) FMlEZEF 2. 5m 4 (T,) KEMEAE SRS B B LR 2« Hik
A7 4k, HUEMEY B BAE 13:00 B, TIBEZEF 1m 40 (T, ) KEROEER GRS B 20 DUugR” 2k, 5E
AL 13:00 B, AFEISIEBHUOEE A RERS H ARG H SR IMEARA—Z(E 3), 5H/EMEL, EEF
2.5m FIEEZEF Im B MEIE R G B A B SER SR E B TR T 16.7% \32.5% \12.3% F126.8% ,iX
H5EAEERAR (B 1) REESHEAPHIARRIL (R D BEEEXR,

1800 —
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—_X— T1 —X—T3

1600 | —8— T2 1600 |- —8—T4
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K2 RELLERGEEHRERS I H A K3 REIALBEERBOL & A RORE S H 221
Fig.2 Diumnal PAR of treatments of soybean Fig.3 Diumnal PAR of treatments of pepper

2.2 ARGEKE FHOLE HEN H L
WA 4 FiR, BRIEZE T 1m 40 (T,) 4b, HoAth AL B K 5 A7 6 A R H AR b3y 2 Bl i 2%, H (e 3 1
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BLLE 13:00 A, 43514 21. 2jumolm ~*s ™' [17. 1umolm ~*s ™', ZAbFE K G HLAHF M B ¥EEI N HAE CK,
(17.72pmolm *s ") > PAZEF 2. 5m kb T, (14. 7pmolm *s ™) > PEZEF 1m 4k T, (12. Opwmolm s ') o BEHLH
HAHFEHEEESKEHM,BREZT 1m HEE R H AR I« BUERL” ff £24h , Fo A A 32 BR A
b H R AL 2 mIg A" g4 (B 5) . AR BB E A H R K B ¥ EERR N BEAE CK,
(15.22pmolm *s ") > PEZ ¥ 2. 5m b T, (13. 08 umolm ~*s ') > FEZ=F 1m &b T, (10. 68 wmolm *s ') , 22,
FR AR P RKE BB ELE H R H IEEMRTRE, FESERERN, AR KRG BBOEE
B [EFE B EMEZE R (P <0.05) (HEAMFDLE R 506G AN WX BEEER TRE(ER?2) .

20r —=— CK2
25 - —X—T3
CK1 —8—T4
—X—TI1
—— T2
20k "
: :
El 3
= 15+ =
& &
% -
bl & 10f
4z RE}
R 10}
1 1 1 1 1
09:00 11:00 13:00 15:00 17:00 : : : : :
1) Time 09:00 11:00 13:00 15:00 17:00
5 ] Time
B4 RFEALBER GI6AHEMN H AR - A
o El5 AR FEHOEA #ER K B 22k
Fig.4 Di Pn of f
'8 iumal P of treatments of soybean Fig.5 Diurnal Pn of treatments of pepper
R2 AERBAAEREHENAGER SILSEREBERNEXRY
Table 2 Correlation analyses between PAR and Prn, Gs, Tr of treatments
Kb P Treatment B3 Z Pn( pmolm “2g-1) SKILFE Gs( wmolm “25-1) & B % Tr(mmolm 2 s~ 1)
CK1 0.6525a 0.4572a 0.4433a
T1 0.5542b 0.5637b 0.4876b
T2 0.6133¢ 0.6664c 0.6123¢
CK2 0.7211a 0.3343a 0.5333a
T3 0.8613b 0.6611b 0.6604b
T4 0.7944c¢ 0.5889¢ 0.7111c

[ 3R A AN 78RR .3 25 5+ Different letters in the same column indicate significantly difference at P <0. 05

2.3 ARGER T BRI FER H 2R

AR R F H AL E B 2t & 5 HOG & B R0 H ARG KAHRI(E 6 & 7) , BRIEZEF 1m
A=W RAL R B ARGRIN SR i 44, oAb AL K & B AL B B AR fL 3 2 < B Ay iy
&, HEEHHMES T 13:00 B, NEIEBIEZEF Im, K2 BB E B BESHIRIA N CK,
(0. 0856 umolm *s™') > T, (0.0698wmolm *s™") > T, (0.0432pmolm *s~") F CK,(0.0562umolm *s~') > T,
(0. 046pmolm ~*s™") > T,(0.0304pumolm s ™") . HFZE/MFLEREH , ZEARILH AT BT EFLE
BEMZEF(P<0.05), H-EMSILSEH SAAAVRMERZFEMHAXXR(EK2),
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2.4 RFRKLERE HEEERBE AR H AL

AR R L B S R H AR 2 5 HOb B R R ILFE R B 22 2R (B 8. 9) .
FREEZEF 1m ARG B SAL T B H AR S AL fh R Ah , A AL B M & i <AL B H 2L 2
“BRERY” ik, H (A BIAE PR 13:00 i, MEBAERIBEZET 1m, KRG BB ZEEHE H ¥E DR
3 CK, (4.424mmolm *s™') > T,(3.896mmolm *s™") > T, (3. 188mmolm *s™ ") &% CK, (4. 18mmolm *s™') >
T,(3.812mmolm s ") > T;(2.862mmolm s ") , 2T L5 RF I, 7R [ b B o K 5 BRAZE 6 3 R A7
EREEZEF(P<0.05) , “EMEBBEEYSHEABEHNBIEMXRKR(KL),

6

7 MR Tr (mmol-m2.s7")

—=— CKI1
—x—T1
—a— T2

3

2.5 RFAEEEXS K BROLE RS EI RN

1 1 1
09:00 13:00 17:00

Ff 18] Time

1
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B8 R[FRIAL P S A MR A H AL

Fig.8 Diurnal Tr of treatments of soybean

75 A Tr (mmol-m™2.s7")

5
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-
X T
- */"\ ]
X \
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Fig.9 Diumal Tr of treatments of pepper

MEAEZIBEZET 1m A, B B S 27 BRI & A 2808 5 9 BE B Wi 855 , K B B A kb R
TG FR B HREAR (R 3) HPIE KRR TR R I AR AL S, BEE & A 80 51 98 B2 i
W55 K L B R R TR BT R (R 3) o XULHRE HRMUBEIE L 350635 , ZEBAR A e B A A T AT
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SRBBREFI IS G , NI ARAEM: BT IE# OB-E1E R

®3 TELEXNKE.HBAESHOFNE
Table 3 Effects of treatments on photosynthetic parameters of soybean and pepper

Kb Pf Treatment JEHME K, LCP (pumolm ~2s 1) S LSP(molm ~2s 1) MR FHE ©
CK1 76a 1190a 0.0567a
T1 54b 910b 0.0646b
T2 70¢ 1100¢ 0.0588¢
CK2 8la 1277a 0.0411a
T3 60b 990b 0.0539b
T4 T3¢ 1180c¢ 0.0447¢

[ 3R A AN 78RR .3 25 5+ Different letters in the same column indicate significantly difference at P <0. 05

2.6 AR KZ BRSBTS RE W

M 4 7T LU B, RFEGHE K G B A R S B 5IRIN CK, (3.41mg-g™') < T,(3.44
mg-g~ ') < T,(3.52mg-g™") } CK,(2.96mg-g™') < T,(3.02mg-g™') < T,(3.13mg-g "), iFIMEEEZE T
R G BOR B T K 2 B R i SR & BB A S . NBERIIEZE T 1m b, £ 403 PR
S BHHOERGE L ( PSI) B AOCREFMAR( F,/ F,) PSIH FEBE TFRHER( Dy ) VABOLIERER R
$( oP) WAARFRERTE, T =& WA ERE K RE( gN P) B IR, AR AR B 4%
REBETNSEHFEREEZR (P <0.05) , LU BEE BIHEE MR , K BB RN .0 PS I HDE
L RCR TS E TS BT BT,

x4 TELABXRE SFHHFRRIENHERXALSHNPNE
Table 4 Effects of treatments on chlorophyll content and parameters of chlorophyll fluorescence of soybean and pepper

b7 MR AR

Treatment Chlorophyll content Fo/ Fm Drs ab N P
CK1 3.41a 2.063a 0.554a 0.732a 0.399a
Tl 3.52b 2.272b 0.663b 0.844b 0.323b
T2 3.44c¢ 2.144c¢ 0.571¢ 0.758¢ 0.386¢
CK2 2.96a 0.825a 0.427a 0.636a 0.419a
T3 3.13b 0.973b 0.488b 0.689b 0.373b
T4 3.02¢ 0.885¢ 0.446¢ 0.675¢ 0.407¢

[ 3R A AN 78RR .3 25 5+ Different letters in the same column indicate significantly difference at P <0. 05

3 g

AR AT A KA T ELA, TG AT AR MR R T BT e BRI RE R, 16 S SO e E R
KEEEG et AT TARME & RGN — PR AR YA R AT HEERHEE
MER . ABIRPREREH ARG B Pr Gs M Tr AWK S PAR () H LR A —
B, B 5 BRI, A A B K BN Pr Gs T Tr 35978 A [RI R BE BRI, AR SR A A 45 SRR — 38 10
HEER AT EREBERY AR B IEMRRR (R 2) , X UIDEE A MRS 2 S BSAH
KE B P Gs 7 Tr BEARM EERRZ — o AL XTI H T 8922 10+ 80k, JLE iyt & 15
45 b R ZR AR AT BEXT LT BEXE RN o MR¥E Farquhar 71 Sharkey BIWLAL, RA ZOtE @ R E CO, ¥ E
ALy AR, BSFLRRBIE R K, A AT AU G R T EER B ABESIR . REARPR &
AEPER G B AL T AR SO A R E R H AR SRR —3, HRE B Cs 5 Pn 0 Tr
ZIERR BB — B WAL

FEYDEAME R AR R R R B R T AR 55 C RO A I RE S , AR TR DI PEPR A B B4R FEFh
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Y M R IR, B RBTE S5 YRR T IDA AT S AR, THa A ML B IE i3 4K 5 SE AR AL AR U 2 B A
Y1t EAR LR T8 B A R PR BB R . I, BARMCAME S S TEA FREDIE AR T BELL B
REENFIRFOLE T8 E, TR KOG ER . BTRREREEERIAETIK 1 mol St & T/5t
AR O, BE/RBER R CO,IIBE/REL ), Lee 5 BIFTN N TR B A R XM ETAHE, HRRS
THPOLETRHTOCEEARRE I ESE. R 3 ATE N, WBRIERIEEZE T Im 4, BEE B 2SI BORBE |
e RO S 5 BE BT , K S AR A s DGR A OB TR, (E P R LR TR A R B A
S A AR B, BEFE & A R0 5 0 B B I 5 K L B R TR B T . X UL RS B REE
R 55 Y6FRSE , FEBAR ML IR A TSR REREFI 550 , N TIARIE T 7 BEAT IE ¥ BB S 1R o

— RN NLESICARAE T, B T AR SR AR i/, B B R B, DT T AR s A A X
FTEOEMAMER, ERREH AR T KRG BHHRE R S B X IR, X R KRG B AE
PR A R S B ORI SR I B PR R A N BB A

FEMOLIRMAT , HHRE LSPGO (Opsy ) BHBR, B A BTRIK R S RE A BORR L
BPIBR TS B AP 5 TAE R OEREBRBE AT, B B i e & AR K EL B3 g A Dt A 2 7 T
%K, PrehGid mot iR sR BOBE R A8 (@psy ) Bk X—RUESHEYEE ERAMRBHIIERR, B—
PMRIEYOEE RSN RIRNAE R, BRI WRRIOCUE( F,/ F,) R EREAYERER FEETT # R/
WEbs , F,/ FHER, RIZEYEERKOICEAHE . ARX%+ bEE BT RE e, KE 5
W) Fo/Fm (@ psy 71 P BTG R (K 4) , TERIEIEALRIR R T PS 1T RN HOIFRCEL B PS OB A28
gN P FEEOEREEE M ITRER (R 4) , LI B T PS 1T LUARETE SR RUK I L RE , BER 8
KPR ERE LAE = EU B THESOL & B 7808, AR TR e fE AR 2E1T . SRR B gV
PR, BB O D BE LA VBE BOTE SRR B LUK, A R T3 PS TLRSE AP B AR, 7T RE AR X i3
SRR —F RO AR T RABISL

£5 LR BB PR TREOE , O S , RS BT 12 M 4 R & B, BB R SO ME R A
THRRME T HRRIERLTI I . FS BN EEE RN B — B8R T K& A 55
FEINFEHIE R o T AT AA N « K AIBRASUR Wi BEAS 8 L 2 AR L IREE MR AR, AT AE LIRS B H 2 10
RMEEREHIEFER,
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