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Photosynthetic characteristics of soybean and salvia in an agroforestry system in
the Hilly Region, Shangluo, China

PENG Xiaobang' *, ZHANG Shuoxin’

1 Department of Biological and Medical Engineering, ShangLuo College, ShangLuo, Shaanxi 726000, China
2 College of Forestry, Northwest Agriculture and Forestry University, Yangling , Shaanxi 712100, China

Abstract; Agroforestry systems promote ecological, social and economic benefits in comparison with traditional forestry
systems. Agroforestry systems provide various products for household including but not limited to, food and medicinal
products for humans and animals, timber for construction, fuelwood for domestic use and income for the household. They
also contribute to environmental sustainability and can act as a buffer to climate extremes. In order to study the
physioecological characteristics of soybeans and salvia grown in agroforestry systems, the photosynthetic characteristics and
parameters of chlorophyll fluorescence were examined. The study sites were located in Shanghe village (latitude 33°50'19”
N, longitude 109°53'38"E, elevation 451m a. s. l. ) , Shangluo, Shaanxi Province. The total extent of the study site is 8
hectares. In this study, soybeans ( Glycine max L. Merr. ) Qindou 8, and medical plant salvia ( Radin salviae
Miltiorrhizae) were selected as agricultural crops. Within the study site, best areas were selected to implement the two
treatment combinations, walnut-soybeans and walnut-salvia, replicated 3 times. In addition, areas without walnut trees were
also selected for control measurements. The walnut trees were planted in 2004 at a within row spacing of 3m and between

row spacing of Sm. The tree rows were oriented north-south. Twelve sample locations around each tree were assigned in the
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following manner; 1) perpendicular to the tree trunk at Im and 2.5 m east and west (4 locations), 2) and at the same
distances (1m and 2.5m east and west) from the tree row at 1 m north (4 locations) and 1 m south (4 locations) of the
tree trunk. At each time of sampling, a single leaf from the upper crop canopy was selected at the above indicated
locations. The results indicated that photosynthetic active radiation ( PAR) was reduced significantly from full daylight at
Im from the walnut tree rows. The diurnal variations of photosynthetic rate (P, ), stomata conductance ( G,) and
transpiration rate (7.) of soybean were also lower close to the tree rows. The diurnal variations of photosynthetic rate in
salvia at different distances from the tree row were different, and there was a “lunch break” phenomenon observed. The
photosynthetic parameters for both crops were lower in the agroforestry system compared to the rates measured in the control
treatment. The total chlorophyll and apparent quantum yield (@) for both crops increased, whereas the light compensation

point (LCP) and light saturation point (LSP) decreased with increasing degree of shade. Meanwhile, the F,/ F, , ©

m psll

and gP were significantly higher than those quantified in the control treatment for both crops, But, gNP decreased with
increasing degree of shade, indicating that soybean and salvia have strong adaptability to low irradiance. The research area
is located in the Shangluo Mountain area, and the regional economic development is very slow, and land natural resources
is also in short supply. Therefore, based on the results from this study, it appears that agroforestry systems can potentially

restore these disturbed lands and contribute to the development of the economy in the hilly region in Shangluo.
Key Words: agroforestry system; photosynthetic characteristics; chlorophyll fluorescence parameters; hilly region
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G H S, RWE S RGN —FE G 1 b A28 Ty sAE DA bR St OF i B A A5 8RBT 42
i SR GEIRRI R 3 I R kA 25 N2 B Db & e 2 i A 5 Ty B AOME TS IR AR A 52 5]
N2 S JE v ORI ML IX A ok i 7 i FLARLAZ B — 2 % K R 5 A0 56 [ [ KR IV S A e B
SR, R G ZRGE 3 LE AL I AT i AR AR VRS 1] () 5 S VR PTG | 2F i B G PRk, ey
Ul A R ) =2 i) B4 TR o 4 gl R B A AR MR A R 4 v 7 i L A 7 T A e ) S R R
BRGELERGER S gk, R EEE AR E A R R R A R AR AR
FRAEAE T T — R SIIESY B E A RGO A R B 5 T BB ST R A xR DTS fE R R A R
G I R G RE SE 4 KOG A AR BRI Ty T P RIFS A B T T A A0 AR R A 1) A A7 R W SR A X R BT B IR 1Y
FIHSCR , RIS FARME A R G PR BERE RIS Fh A BAE S5 47 0 R LR MR & R Gy nl +F
SRR T EEMNE L, ASCUIRIE AR L bt X B MM K G- PSR E AR
XG WFEARME G RGE TR BN R G FES 0GRt fin SRR S H 3, IR ARG &
RGO RAEY A B AAE: AR 285 AR 00 S e SR KA , DU itk — it | & REOCRESE AL e
B RGCREF AR IR RIS AR
1 #R5FHE
1.1 a5 XA

TR i TR 7 B P 2 % T R M X5 N BT AR A MR FEIX (33°50719"N, 109°53'38"E) , & 2R E
B AERER AR 8 hm? 10 X AL B8 AR LU Fe B X, & b BT 1) e iy 2 305 2 i 25 1Ly 2 X
PEA RIS, 4 F2 H BBIECKH 1860—2130 h, SR 12.9 C, JEFEM 193—212 d, 4 F %K & 800—
900 mm, REWH R AVEM A K T B (0 T2 = WUEE I AR N B M A 5) ,6—9 R K R 2y i 42 4F
60% . IRE X+ LI - BEFUR B IS o AP S AR 25.8 o/kg 24, 2R SR 0.77 ¢/kg, &2
WS 1,03 g/kg,
1.2 i{5esk

AWEFE L)L 24 b T B T A AZ A (Juglans regia L. ) M1 EEZRAIEY) K S (% 8 %) 1S (Radin salviae
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Miltiorrhizae) NBFFER G . BBIABAE T 2004 4F EAAFE A B A RORDEA AR (£ 1) o g
6 MALBE BRI EL(CK, ) AAEFFS (CK,) R SZ AP AR 1 m AL (T,) BB B A i
Btk 2.5 m AL (T,) BB SEVERC P BEAZAE 1 m 4 (T,) FIAZHEPFZ VR P EE R 2.5 m 4B (T,) ,
VERIRIVE R LR AR ) . AZRERATRE A 3 mx5 m W4T 1) A R AL 7 0], R ERIPHS 87T 1] 5 B A4 T 1) —
0, B BT B4 50 em , BRATHEZ3510M 20 emx40 em 120 emx30 em ( BAES FIFEAAT ) o AR
FELEE 12 AR, 20 S T RAT AR P B (2 B TRATO7 0 E) 1 m 2.5 m &b, SEEG KRR A L LIET 1,

%1 RREAT ASEAREFHRNE KT 5 - > - !
Table 1  Characteristics of walnut intercropped with soybean and N
salvia in the experimental fields £ A
B KA EI% ' '
Kaklfe Sl 1 gI Lo’y »
W7 Tree height/m 3.513.7 . —Ya * *
J#% Diameter at breast height/em 5.1 5.4 ™
GV Depth of live crown/m 2.5 2.5 Y » ;
S -2 Mean radius of crown/m 1.3 1.4

E1 XBERERARTEE
Fig.1 Sketch of sampling spots in the experimental fields

1.3 Wk
1.3.1 JCHAEHBIE

VEPEMG BTG 25 RS, FILH Licor-6400 fE#EXOE A RG8 (2 E, LI-COR 2wl il xh ) I &4 10 1 14
HEER(P, ,pmol m™s™) ZEBEH R (T ,mmol m > s™") AILFE(G,, mol m *s™ ") LA KIGH B B G
(PAR ,pmol s™'m™) ZHE FE A BRI AT N F, MIERHE M 9.00—17.:00, 4 2 h %2 1 K, 5T
B SR () (R R AR | PE I T 40 Ji O U B T . B R AR 3 AN A AN E A0 5% 3 U,
R BOFME . A Licor-6400 {H #3064 E R G FTEYEIRAE CO, WA 350 pmol/mol " I 5E i 17
Mk (P,-PAR) ,PAR J5[E A 0—2000 pmols™ m™ , AR 45 s i 1 il £k U5 18 % B0 R SR A e w205 (Lep) 6
TN A5, (LSP) MM FRC8 (D)
1.3.2 MSRISESERN E

ATk A ] 022 64X FMS-2. 02 (Hansatech, UK) T 9: 00—11: 30 Bl M4 KPS A, A K
BN —E R AT IR AR R L R IS R 30 min S5 ISE RTER TG (F, ), B 45— 3R N6 (6000 umol
m™ 7 s KSR 0.7 8) MIE S RAETE(F,,) , ARG TFIER 20 min, S EEAF B I, ME RSN (F,) , 2
J FEG 0 — U3 P Y (6000 mol m™2 s~ KA [E] 0. 7 s) , iC S 6E N T A K26 (F' ) , AR i F
I, BEIE N 3s JEHT LG, 5 s JE M Yl I F /N e (F'y) . 5% Schreiber 25 A HOE RS (PS
1) BSOCREFEIBCR(F,/ F,) PSTHFAEBERERTRHOR( Dy ) JCAUFIEKZE(qP) AENACFIE K FEL
(gNPY S8 Hh F/ F = (F,-F,)) /F,; ®uy= (F' . —F) /F ;4P = (F, -F)/(F —F',);qNP =
(F,-F,)/ (F,-F,
1.3.3 MRS REMNE

FIF CM-1000 282505 12 ( Spectrum, USA) T 9. 00—11: 30 WM& MR 422 S 285k, VEHON &%
BEFES B F AT ISR A 2 | DU I TR CM-1000 43 250 ) e AT i B WY 2 i bk 7 10 A% s
PRI E 5 AR Rt R 5—6 1K
1.3.4 B0

A G385 Microsoft Office Excel #E4T# 3, J7 22 /30T M 5G4 B LA K KB Ge o0 M Ak B R
SPSS #k A, R F AL PR ] Excel #1F
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2 GBRE5SW
2.1 ARG FH2EEA GRS H A2

KT A S S B B (CK, ) T VERR S B A A 2.5 m AR (T,) B /ERE S BE AR | m 4b
(T,) TS (161 2) . JEri oA (CK, ) RIBERZBE 2. 5 m AL (T,) K ST A A ACHIAT H A a1 52 40
W 2k HIG(E B 1300 B, TEAZHE 1m 40 (T,) KT HEAARER ST H AR R« XUs R ik | 258
HITE 13.00 B, AFALEPIZFOEEABERS B LG H S KGR EAR BB 3), SHEHM L, Bk
2.5 m FIEEAZAE 1 m IS EER G S G G ARS8 B 530 R T 15.6% \25.9% ,16.0% F128. 1%,
XSRS (B 1) A2 AR AR (R DA HEXR,

2200 _ 2000 CK» 1% Hff
gKL kﬂ?ﬂ? —m— T; BBk Im

—~ 2000 1 HifZhkIm ~ 1800 L —a— T, ft%Hk2.5m
% —A— T2 JEHHE2.5m " o SRS
L1800 | '
E E 1600 -
g g
£ 1600 g
S g 1400 |
T 1400 | N
= = 1200 -
E 1200 | %ﬁ—? 0
g X
& 1000 | & 1000 |-
4z o
R g00 | = w0 |

600 Il Il Il Il J

9:00  11:00 13:00 1500  17:00 R P Ty —
I5f ] Time f) Time
B2 RRLEASHEGHHESOAEZL M3 FRMEASKATHESNNAEL
Fig.2 Diurnal PAR of treatments of soybean Fig.3 Diurnal PAR of treatments of salvia

2.2 AFEAEFERG P26 3R H Ak

WE 4 s BREEAEZEE 1 m &b (T)) Ab, A AL B & 004t G 3l 56 H AR fh 35 2« Buide il i 4, HIg(E Y
HBLAE 13:00 B, 7050020 17.2 pmol m™ 57" [14.6 pmol m™ ™', ZALHIR BEHEE AR H (KRB N 54
CK,(13.32 pmol m™ s ) >HiZHE 2.5 m &b T,(11.04 wmol m™ s ) SHEREME 1 m &b T,(8.62 pmol m™> s™") |
P2 HEA B H A RS R G AR, BRIEREE | m Ab A6 A HR H AR R B0 « B il i Ze4b , Fofh Ak
FPFZ LG AR H AR B DU R 2k (181 5)  AFE R B IR B . A RIAL P2 5006 &
B H B ERB BAAE CK,(11.26 wmol m™ s7" ) >HAAk 2.5 m &b T,(9. 88 wmol m™ s™") >HEEZM 1 m 4k T,
(8.4 wmol m™? s7") . B, FEABX T KRT FFSWEEE BR H XER TR, Jr2a g LRk,
ARG PG HCRAAE R EESF(P<0.05) . HRENEHERSGNEHRR SR E
PR TSk 2),
2.3 AFLEFRE P2 ENH 2L

AR IER G PSR ST H A4 5 H OGS ORI H ARkt &AL (B 6,81 7) . RUSALR
JEW H A BREEAZBE 1 m bR IR« XAt 4 Ah , HoAd AL B R G AL T B H AR Al a3 e 5t e 71
ik, HIEE Y BAE 13:00 I PE2 SRS H LB HBRIFAZBE 1 m AR « g 2 sh, HAth
APPSR AL EE H AR s s AL 2k | H A E R AE 13.00 B, ANEAERIFRAZME 1 m, K52 ST
SIS LT HBE IR CK, (369 mol m™ s™' ) > T,(331.4 mol m™>s™' ) > T,(286.6 mol m™s™") J CK,
(305.4 mol m™s7')> T,(269.4 mol m™> s™")> T,(229.8 mol m™> s™") , HEAMMrEE RFI  FEA R AL Bk
2B EAAE A TEE S (P<0.05) o
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Fig.4 Diurnal P, of treatments of soybean Es5 AELEASKEEEREZNATL
Fig.5 Diurnal P, of treatments of salvia
500 ~ CK, K E 3l CK2 -2 BiAE
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Fig. 6 Diurnal G, of treatments of soybean

E7 ARALEASSASENBREN

Fig.7 Diurnal G, of treatments of salvia

2.4 AFABERT FFS2EERRR H AR

ANFAL IR G P12 0 2 1w H ARt 4 5 HOG A 350 B AR L I Z AL (1] 8, 1819) o BREEAZBE 1 m
ARG AL T H AR RN« SR i 2 b, HoA AR PR G AL B H AR Aty 52 e A il 2 | H g
{4 ITE 13:00 W5 PFZRYZE 1583 H AL B35 R TR, BRIEAZBE 1 m Ab P29 <AL B H A8 fE R B
g B R {h 241, HABAL Y2 B9 AL T H AR A R 0« X L i 2, AERARERIBEABE 1 m, REL,
T2 R 25 1 3R H PE 2 BN CK, (5. 54 mmol m™ s ) > T,(4.38 mmol m™ s™')> T,(3.04 mmol m™>s™")
K CK,(4.78 mmol m™ s™)> T,(3.92 mmol m™2 s™')> T,(2.84 mmol m™2 s™") . J7 &4 B, 7EA [ Ak
PR T P22 R B 25 5 (P<0.05) , 4 2816 HOR Y 506 A4 85U ST 2 IE M G & HAM
RARPEAME(F2)
2.5 AFEACHERRE PEZARESE R

MENERFEAZHE 1m A, BEE P A M ORI 65 AT A0 5 18 B B W s , KL PSR
FDCHLRT SR (3R 3) B PIRE ARV FROR AN R B AR S 0 AR A a3, B D' A 0% S i 88 328 i
WS R EL PSRRI T RCR B TS (R 3) o X UK PFZREE I 5 OCIREE  TERAR MG B A T AT

http ; //www. ecologica. cn



6 1 ERH A RIRARIL B R SRS R R 5SRO G A SRk 1931

SRBENE A IS5, NI ARIEM 47 1B 1S VERT

8 CK, KEHAE 7 - CK, )2 ufE
—=— T, fif#klm =— T; ik lm
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oot o
5 E ST
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g £ 4
= = |
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g 3L = 3|
= e
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Fig.8 Diurnal T, of treatments of soybean Fig.9 Diurnal T, of treatments of salvia

R2 ARLMEASERNEHSASGER SISEREBERNEXRY

Table 2 Correlation analyses between PAR and P,, G,, T, of treatments

ny

g PlRESLES AL ZEME R
; Photosynthetic rate Stomata conductance Transpiration rate
Treatment I ., -1 —a o
P,/(pmol m™s™) G./(mol m™s™") T./(mmol m™*s™ ")
CK, 0.6335a 0.5522a 0.5383a
T, 0.4537b 0.5011b 0.4858b
T, 0.5723¢ 0.4704c 0.5206¢
CK, 0.2208a 0.2366a 0.3077a
T, 0.1091b 0.1622b 0.2199b
T, 0.2311¢ 0.2087c 0.2317¢

[FIZIBRA AR T RER R R 22 5% P<0.05

£3 AEALENXE FASAESHBTE

Table 3 Effects of treatments on photosynthetic parameters of soybean and salvia

JeAME R JEHL A N
Ak R . Co . S FMETHR ©
Light compensation point Light saturation point .
Treatment } oo . o Apparent quantum yield
LCP/(pmol m™s™") LSP/ ( pmol m™>s™")

CK, 105a 1260a 0.0456a
T, 72b 883b 0.0527b
T, 88¢ 1180¢ 0.0488¢
CK, 62a 986a 0.0508a
T, 47b 680b 0.0613b
T, 55¢ 877c 0.0566¢

[RIZARA AR R385 22 5% P<0.05

2.6 AN KT PSSR E i LAOESE

& 4 ATUE ARG P2 R i a R S IR N CK|(3.41 mg/g) < T,(3.44 mg/g) <
T,(3.52 mg/g) M CK,(2.96 mg/g) < T,(3.02 mg/g) < T,(3.13 mg/g) . VI HEE HEAZ WEA B ol bl T | 20 ' e
KBEZMKE 2t g2 S EHNEH . APAERIFEZ 1m 4, 0B RT FH2ERS
(PSTD) B R ERRLIACR(F / F,) PSTTHFAZB R TR Dy ) VASICALZETE K ZEL(gP) YA AN R 72
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BERITES T 3 ARG A K R B (gNP) TNZ T AR . A RIALBE R TE PE2t 2 315 i 0O S B
TERFNEZES (P<0.05) , LW FEE BT REE A5 i, REL PEZOERN AL PS T EDGAL 5 BRI AE I 1%
Hr LTt

x4 FERLEWNAE ASHEESEMHEERLSHNZMN
Table 4 Effects of treatments on chlorophyll content and parameters of chlorophyll fluorescence of soybean and salvia
b RS-ty

Trf:nfint Chloioijlacitent s Presi ab NP
CK, 4.11a 2.122a 0.675a 0.544a 0.572a
T, 4.25b 2.317b 0.744b 0.611b 0.533b
T, 4.18¢ 2.253¢ 0.712¢ 0.568¢ 0.549¢
CK, 3.21a 1.102a 0.556a 0.435a 0.487a
T, 3.42b 1.241b 0.583b 0.496b 0.411b
T, 3.34c 1.137¢ 0.568¢ 0.447¢ 0.454c¢

[ SR AN R - B3R 35 22 5% P<0. 05
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