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Abstract; Agroforestry is the most effective way to restore the disturbed lands on the Loess Plateau and to develop the
currently poor local economy. In order to study the potential benefits of tree-based intercropping systems, photosynthesis,
growth and yield of mung bean (Qindou 6) and pepper ( Shanjiao 981) were studied by measuring photosynthetic active
radiation ( PAR) , plant water deficit and soil moisture in a 4-year-old plantation of walnut ( Juglans regia L. ) and plum
( Prunus salicina) grown at a spacing of 5 m X 3 m on the Loess Plateau. The effects of tree competition significantly
reduced the PAR, the Net photosynthetic rate (Pr), growth and yield of individual mung bean or pepper plants growing
near ( within 1m near) to tree rows. In 2007, daily plant water deficits were not significantly correlated with the Pn and
growth and yield of the both crops. However, the soil moisture (20cm depth) was significantly correlated with biomass and
yield of the crops. The PAR was highly correlated with growth and yield of the both crops,which indicated that competition
for light is one of the key factors impacting crop yield. Possible remediation strategies are suggested that may reduce

competitive interactions between the tree and crop species.

Key Words: agroforestry; photosynthetic active radiation ( PAR) ; net photosynthetic rate ( Pn); crop productivity;
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M G (agroforestry ) , MARIBARAMOL , SLAARMOL S ML, & —F &g L FIHMEE T, RE
RIETEME R RERENERZ —, WRIHA ERMEEERERER " o BEE A DR R mEs.
FIRFEHL BB S 2RERBM H 23R, RRE & RENMUZBIRZ K e B 5 X 8% 8 56 11
2 M HMRR R R ER, WEE EE BRI ENEEER . EERET HREN .24
B, TERRRARMR Go3th” 7 JE BB AR I IR = B A TEIE A A SR R SR 3k £ ST E T A
RIEGEHFHARERMERSE . Bk, E6RMA] Al Fige iy il f5e & B it s S At —Fhn i B 4k
FF T, ASCLNBILE £ X BEAREEWEM T, 85 FHRARE SIS, RARRKE
BRGNS RIEWAER =R, O G BB TE E R R R B AR — IS KR,
DA i — P B R R & RGE A3 AL AR A AR B -

1 #HRE5H®
1.1 5 XA

TR0 Hb iR 7E B G 44 05 11 LB N B RS 4L Sk AT (34°19736"N, 107°37/16"E ) Flk 384T (34°19'41"N, 107°38740"
E) , BREMEAZEHEABTAGE 10hm’. K5 XA EILE LR, B IR KR ESE RS 248 H
FREF$ 2185h, SESR 11. 6 °C, TCFEH 164d. S F-HFEK & 679mm, A e 2 EMAEKNWTE ,HH
FREXNSELW, ENETESHIAS 60 ~9 ARBEKEL S 2F 70% . AKX HIELIE 8 REF R
REIEL RN E, BIREEET. 5% A, 2R/ S8 0.116% , B & & 0.098% .

1.2 5k
AT LA 24 Hh, 32 B 22 B Fh A% Bk (Juglans regia
L. ) . Z=F( Prunus salicina) 1 F ERIEYFE(EE 6

F1 FRXFE HMESRE PR ETFHERKSE
Table 1 Characteristics of trees intercropped with mung bean and

pepper in the experimental fields

T H Item bk Walnut ~ Z5F Plum

Z) (PR 981) MBFFEX R o BANZE T I3k
HF 2003 4 HARRLSAHR(ER 1) Kkt

%3 5[]/ Intercropping mungbean

75 Tree height(m) 3.1 3.4
'& 6 /Mll:}fﬁ : &ﬁh'ﬁﬁx&‘ﬁt'ﬁm \7#:%'%5 \j%:%' J#j4% Diameter at breast height(cm) 3.5 6.2
AL 50 A AR, B (AU FEFE 2 oA R0 et of e crown () Le 2
*ﬁlﬁo &ﬁh*ﬂ?%ﬁﬁ?ﬂﬁi@ﬂ? 3m x5 m, W%ﬁﬁﬁ Sl 242 Mean radius of crown(m) 0.9 1.8
> — = BHUA]/E Intercropping pepper
AL, SRR SR B e - s
iﬁﬁiﬁﬁ%mﬁ?mm“% 30 cm, ﬁﬁ?ﬁﬁﬁ%u% 15 em x f§4% Diameter at breast height(cm) 3.4 5.8
40 cm *n40 cm x 60 cm(i{/ﬁ—‘ﬁlﬁlﬂz*ﬁlﬁl) ° ﬁﬁm 5T Depth of live crown(m) 1.7 2.4
PR 12 VR A BRI (BT LS Mo s of mn(m) 0.7 1.6

WAT T ) I FI2.5m 4E(E 1),
1.3 Wik
1.3.1 SeafERARNE

SR RARY) R S R B A T, 7 % A SORLI AR A 45 R0, BE RS G = KX, A Licor-6400
FEHEFOLAME RS (KE, LI-COR ARIHE) e SEY LS EAE (Po, pmolm s ™) JAH ST
(PAR, pmols ~'m ™) DA R KB FEABISZ MBI T WER [ 9:00 ~17:00, % 2h W5E 1 K. BRI
S, MRS 7E B MAX B9 12 S EERE R B BCEA AR SR B B 12 4k, AR BUR R  FE 0
J& TOHe L BRI 3 F, BANER I 3 AN E R, B ERICR 3 MR, BRI RS 3 M ER KRN,
R BCFEE,
1.3.2  HES K BAEYIKE R IE

TESR E BBEERM  FE AR R R s A B 3 Skt TRt 3R S™ B AT B 5 > T e HURE
R AEEEANTR L, BEIREN 20em, 5 10em —JZ, BN AW 1K, 45 AER . KRR
T, HEEHR LIRS KE, 5 WERK T ZE RSk E.
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HIYI I K %R F Poypro 5 SUK B (K, N 5m 5m
WESCOR 2 A1) 75 6:00 ~8:00 #7 W7, Wsay A o . .
fAE B 30min, FEREMCR K3 B ToRs s 192 B
W3 EAMEEEER O K N RIR ARG RAE S o
S B HOAKE B A BT IE . R AR 3 K, & "y
B B ¢ g ¢
1.3.3 Ay RARIONE . s

MR 12 B RS RIS s
12 4k, ISR W B R R | . .
Bkt T R R, 3 U LI-COR3100 ( 3%

[, LI-COR /A &)%) M EHUE . SFEAH#R3 1 SRR R A
/l&iﬁl‘ﬁgﬁ /J\ z,% Eﬂflxlzig{ﬁo Fig. 1 Sketch of sampling spots in the experimental fields

EARKZER, TRATHA 518 3m x 2m FEJ7 3 b
ST B, 7E TOCH T 2EE, FARHE0.01 g W FREHRE, ELAYENE, BHESLME
B3R, BEBCFE,
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 #f4, B AL #E R A Excel K14,
2 ZR5HW
2.1 AEBERBIBPEAFEGEA PR HZL

& 2 TR, S E ROGA A R ST oR B A BAE BEAZAK 2. 5m BEZEF 2. 5m FEAZBK 1m BIFEZEF 1m
B . HA AR FEAA 2. Sm FIFEZE T 2. Sm G B KDL S A RERS H A fLia R 2 ¢ gl ” ghk, 5
WEAE I BIAE 13:00 B, TIFEAZAK Im FIPEZEF 1m A% T LA A RUE ST B 28« SR fh4k , B EYY
AL 13:00 B, AFEE AT BBEOLE A REE N B 2 BHRS ST MER—B(E 3) , X 5B A
oA (B 1) RER GNP AERRI (R D EEEXR,

—— HfE —a— Jil%k2.5m —— —a— FiRiBk2.5m
Monocropping 2.5m near walnut row —— PEBibklm  —x— fZET1.0m
—o— HEbkIm —X— [iZ£71.0m —a— PEASTD 5Sm
Im near walnut row 0.1m near plum row 1800 -
1800 - —8— PEZS 7D 5m
2.5m near plum row 2 1600 -
2 1600 | -
o £ 1400 [
E 1400 |- S
E el
§_ E 1200 |-
= 1200 |-
N E 1000 X
= 1000 - ¥ & , X, =
18 & — ?& w00 \
o800 \ - - X
® T &
& - R 600 |-
R 600
400 ! ! | ! ! 400 ) L s I !
09:00 11:00  13:00 15:00 17:00 09:00 11:00 13:00 15:00 17:00
I ] Time I 6] Time
K2 ARZaHXPaE0aAMmES R AL K3 ARZSERHHBOCE AR H A2k

Fig.2 Diumnal PAR within mung bean plots for monocropping, walnut Fig.3 Diumal PAR within pepper plots for monocropping, walnut and

and plum plots plum plots
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2.2 AFAEAHEKXPGE FHBOEAEEKNH L
W 4 i BREEZEF 1m b4h , HA R ST R G MG B 0 AR L 2 BIgRl” f 28, H (e
HPRZE 13:00 B, 4303124 19.3.16.2 18 wmolm ~2s ™'l 15. 1wmolm s ', R E AR PG 54 HE M
H BE R BAAE (15, 52umolm s 1) > BEAZH 2. Sm(14. 56 umolm *s ') > FEAZHE 1m(13. 28 wmolm *s ")
> PEZRF 2. 5m(12. 52pumolm s ™') > FEZEF 1m(10. 04pumolm s ™) o BRAHIIEA B4 H AL a3 55 TG AH
o1, BREEZEF 1m Zb MG 5 H AR LRI« SERL” f Z2 40, oA 2 A8 T B v 6 & 3 % B A8 1y
IR LR (E5) o AR AR PHBE LA HER A B BERI N HAE(15. 22pmolm s ™) > Fit%
Mk 2.5m(13.92pumolm s ') > FEZEF 2. Sm(13. 08 pumolm *s ') > FEAZHE Im(11. 7pumolm s ™) > FEZEF 1m
(10.68wmolm *s ') , B, KFHAHRX P GG HM A E LG R H B EMKTRIE, FENMTEREY
(R3) ,EAFEAHE TR E FHHOLEHERAAEREEZR (P <0.05) HEHBMAHX EEER THE

(%£2),
—— —a— Jit%pk2.5m
0 - T BEAZ BRI m —X— HiZEF1Im
—— 2.
B - —a— JHHE2.5m B#F2.5m
—— Hiffklm  —x— fiZEF1.0m
—8— JEZASED Sm -~
T 20k K
b g 151
£ £
H g
E 15 — az
g X. X 2?; 10
j.*é 10 _/-"\3{/ R
X X
| | | | | 5 Il | 1 1 1
09:00 11:00 13:00 15:00 17:00 09:00 11:00 13:00 15:00 17:00
Fif 1] Time fisf ] Time
B4 REEABEXPSEEAERKH AL B 5 RFEEABHEROLA SR H AL

Fig.4 Diurnal Pn within mung bean plots for monocropping, walnut

and plum plots

Fig.5 Diumal Pn within pepper plots for monocropping, walnut and

plum plots

®2 TRAEAENX PR SEBREM 52 TEE) KE MM & EEKRHE

Table 2 Treatment differences ( monocropping, walnut and plum) for mung bean and pepper intercrop in 2007

%% & Mungbean B Pepper

A8 4k Measurement Bk HAkE{E Z=FIRfE BAE HAkRIE Z=FE

Monocropping Walnut Plum Monocropping Walnut Plum
A AR PAR(pmol m 2 s~1) 1238a 1030a 933a 1244a 1020ab 1001ab
B R Pn(p,molm_zs'l) 15.52a 13.9a 11.3ab 15.2a 12.8ab* 11.9b*
- B 7K #% Leaf water deficit( MPa) -1.62b -1.55a -1.43a -1.51a -1.44a -1.41a
8 :igz: ;Efﬁ:ﬁi (%) 21.019a 21.026b 21.19b 21.223a 21.528b 21.251ab
:g:;gz: gfj‘;’ﬁl (%) 21.308a 21.462b 21.61b 21.311a 21.607b 21.344ab
#k5 Height (cm) 56.6ab 46.2b 39.4b 83.1b 77.9b 69.8ab
M- Leaf area( cm? ) 1106.2a 788.6a 548.2ab 1708.4ab  1661.7a 1547.2ab
-3 Leaf mass (g) 3.2a 2.02a 1.76b 6.8a 5.4b 5.1ab
H: ¥t Biomass (g) 11.2a 9.65ab 9.05b 14.6a 13.1ab* 12.7ab*
7= 4 Yield (/hm?) 1.3a 0.81b 0.75b 1.45a 0.77ab 0.71b

R HBAEA 12 MR AR FRRRZRKFBE (P <0.05); + E5/KFEBFHMN0.01

Values are means of 12 locations;

Within each crop value in each row followed by the same letter are not significantly different (P <0.05) ; * The significant at the 0.01 level
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2.3 ARARAEEPRE BB ED RN

X FRAEM S , AR EEER TSRS HH WA RN A AFRBREREK(B 6B 7)., H
A EGNE B BRI E 3, BRI HEAE > BEZPE 2. 5m > FEZEF 2. 5m > FEZHE 1m > PRZE
F 1m, HHREIEREA LEAREENRE SH FHrEYEBEEMHX(E4) , AEREAESF,
[ V4% B PR AR S S E A LLER A AR IR (R 23R 3) , T E TR ERHA
AL IR A B EHZF (P <0.05) . WK 2 Pin, ER G- tkEEMS G- FEEE GNP gam™
B 5RAES GBS AR T 37.69% 1 42. 31% ; T BRM-AZ A FIB-2= 7 [BIME 5 HBAEM L, = &
TAIREAR T 46.9% F151.03% , TES D EIVERARRIER A, &4 3% 77 & PR B A AR UM EZEF 1m
(55.38% ) > BEA%HE 1m(49.23% ) > FEZE T 2.5m(29.23% ) > BERHE 2. Sm(26. 15% ) ; FEBHUEVE 1R R4S
A, B A EBAR ™ B PR 7 AR BN FEZEF 1m(58.62% ) > BEAZME 1m(56.55% ) > FEZEF 2. 5m(43.
45%) > BERAE 2. 5m(37.24% ) (£ 3).,

3 sk o R 2.5 3 ek 0O Hif%pk2.5m
14 a E&mlm =] gzgﬁhlmm B #tZdkim B Bz 1m
B B%T25m 16— B B T25m

M B4 A
Total above-ground biomass (g)
i EFRA A
Total above-ground biomass (g)
T

N
T
O T Y Yy PP P P P Y Y Y YY YT PP PP PP P AT rYYY

4L Treatment 4bFE Treatment
E6 ARREABRPaEl oy BT AR AR B Lo Y
Fig.6  Total above-ground biomass of mung bean in relationship to Fig.7 Total above-ground biomass of pepper in relationship to plot
plot location for monocropping, walnut and plum plots location for monocropping, walnut and plum plots

2.4 ZE FHWEOLE AR EYERRTESERINEAAES RN

Wk 4 B MRPED TR R Y, S EAHMEOLE A ORI S HEEE 3R b EE A Y’ K™
BEZFIEMRX, MELE@ERSEYEM™EHMEREEMRKR, XIERIDLEERREYERETH
FLAd , 6 RO SR BUEY R T P R AR R A ME— R TIR . TIRMKE & RGN — PR IR AR BT R K, Ot
BIEEEYHEREZTPEEREEZREM. MR, WK SRE B EER B Y& LK
FERAMRERAMRK . YA FKFEAREMAX SEYEEER Y= BN EZEFRK, 0 ~10cm 1%
KBS GBI R R A Y B R IEMRKK R ;10 ~20em 1S KB SSREHEY BN EUK
B R AR IEARR, XU L0k & BXEYEREE HAEZE, RERIEY AR
BREERRZ—
3 g

TR A AR P A S BRAR B JR R  22 05 T, (AR 2R T, AT R D B 25 20 B o B 2 ) R 7]
R TR B A AL 1, FLBE R Y B 2 A A ), %o 8] IRV S BT 5 Y AT 1) 5 BE I e
TR 42 M L' R 5 B A S L P () B S . AN I IR e R B, AR A 5 77 R W )/ 2 S LY
B AR S I R AR, BT 8, AR, AR S A A 7 B S O A AR ST
2 BEEMRE, XUH, ANEGREPHEEFRESBAMESRE AT B THENEREREHE XS
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£3 BR FEFHREMEMERRE EESHUREYEM=BHZMN
Table 3 Effects of tree competition on within plot environmental parameters; physiological parameters ( daily mean) of agricultural crops; and

crop yield, growth, and biomass

. e e %’HEIEWF Walm/li _ Z=F Al Plurr;
7 easurement . FEAA T Im  BERYT2.5m FEAAT 1m BEAAT 2. 5m
Crop Monocropping
1m walnut 2.5m walnut 1m plum 2.5m plum
%% Mungbean
oA HEST PAR(wmol m~2 s~1) 1238a 910a 1150a 835b 1032a
S48 Pn( pmolm ~2s 1) 15.52a 13.28a 14.56b* 10.04a* 12.52b
- B 7K #% Leaf water deficit( MPa) -1.62b -1.46a -1.64a -1.41a —-1.45a
8 :igzz ;fi:ﬁi () 21.019a 21.086a 20.966a 21.22b 21.16a
:g :;gz: ;fi:ii(% ) 21.308a 21.501b 21.423a 21.581a 21.639a
Bk Height(cm) 56.6ab 42.1a 50.3a 38.2b 40.6a
A Leaf area(cm?) 1106.2a 726.6a 850. 6a 491.7b 604.7a
H-E Leaf mass(g) 3.2a 1.81b 2.23a 1.4b 2.12a
H: )& Biomass(g) 11.2a 8.3a 11.0a 7.8a* 10.3a
7o Yield(t/hm?) 1.3a 0.66a 0.96a 0.58b* 0.92a
B Pepper

BB RS PAR(pmols ~'m~2) 1244a 992a 1048a 911a 1091b
S48 Pn( pmolm ~2s 1) 15.2a* 11.7a 13.9a 10.7b* 13.1ab
- B 7K #% Leaf water deficit( MPa) -1.51a -1.45a -1.42a -1.32a -1.47a
0 ~10em +BAKR 21.223a 21.523a 21.533a 21.274b 21.228ab
0 ~10cm Siol moisture( % )
13 :;gz: gﬁiﬁi(%) 21.311a 21.599a 21.615a 21.371b 21.317a
Bk Height(cm) 83.1a 75.6b 80.2a 63.3b 76.3ab
A Leaf area(cm?) 1708.4a 1625. 6ab 1697. 8a 1411b 1683.4a
- Leaf mass(g) 6.8a 4.7a 6.1a 4.3ab 5.9a
H: )& Biomass(g) 14.6a 12.3a 13.9a 12.1b* 13.3a
7= Yield(/hm?) 1.45a* 0.63ab* 0.91a 0.6b* 0.82a

AR FEE R 2 5K B3 (P <0.05) 5 22 5K F B30 0. 01
significantly different (P <0.05) ; * The significant at the 0. 01 level

Within each crop value in each row followed by the same letter are not

R4 REHFHOELES ERK EVERTEBSERKREMEESHHBEXES T

Table 4 Correlation of mung bean and pepper net assimilation, growth, biomass, and yield with environmental or physiological parameters

measured in 2007

TR A i /-1 L7 g
Y A\ > P
75 & Measurement (jlﬁ nlﬁf _r]z) Leaf area Leaf mass Height Biomass Yield
moim
pmom 8 (em?) (8) (em) (g) (Vhm?)
%% 5. Mungbean
He B AT AES PAR(pmol m~2 s71) 0.77** 0.82* 0.84* 0.71* 0.66** 0.82**
S48 Pn( pmolm ~2s 1) 0.81* 0.64** 0.69* 0.84** 0.75**
I Bk # Leaf water deficit(MPa) 0.17 -0.13 -0.09 0.19 -0.25 0.21
0 ~10cm +HEEEKE .
0 ~ 100m siol moistare(% ) 0.24 0.09 0.45 0.42 0.51 0.17
10 ~20cm +3EF K& . .
10 ~20em siol moisture (% ) 0.52 0.13 0.57 0.38 0.25 0.61
M Pepper
SeB AR S PAR(pmol m 2 s71) 0.81** 0.77* 0.75* 0.82* 0.74* 0.63**
S48 Pn( pmolm ~2s 1) 0.59* 0.76* 0.57* 0.69 ** 0.75*
I H 7k #¢ Leaf water deficit( MPa) 0.11 -0.23 0.37 0.19 -0.12 0.16
0 ~10cm +3EE /KR .
0 ~10cm siol moisture (% ) 0.54 0.39 0.31 0.44 0.09 0.21
10 ~20 &
om LK 0.57 0.24 0.58 0.14 0.31* 0.52

10 ~20cm siol moisture( % )
FPMBE R 12 DR BME; « « HRBEMAKFER0.01; « LB EMKFER0.05

Correlation is significant at the 0.01 level; * Correlation is significant at the 0. 05 level

Values are means of 12 locations; *
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Newman 25" Xt Y4 ( Paulownia ) - T2 . M- G A B AR IOPFFT 45 R —3Ko T Kang F1 Lowan 211t 45
e BTHR A WK (Leucaena leucocephala) - F R B AN P ERF=B I THIEFOLEBEMNTES . A5 LI : BFH A
VESR B 7F= B 5 L BA AR Eo 203 R T 37. 69% 71 42. 31% i 3 A 1 VE B 72 B 5 EL BV A EL 20 1)
KT 46.9% #151.03% . XL SHMA L, G EFEES THILE L RAHKES RS,

BAEHOKA S, FESHMEO ~20em LS /KEHBEAHBX A (F2) , XV EEEH TEMEKERE
WA, RARE NS E FHAS SRARBIEOEH BT REKDESHER ., BEAHERT ST HH
0 ~20cm ISR RS E T A1, BV B TR 2T 50 “ BKERH 51 i 3K 0 A 4 11 .
X RERNE A RGAK T UFEF B rREE — BB .

TR A kA2 e BB 40 A T 3 AR 0 5% il DR A 4 T SR, X B S iR 5 VR 4 AT RE B A {2 2 4E . Newman
sl gyt - B A UK RSN S X R EE AR R, EARE AR P AEZEN T EY
AARFRERRE . THEX P A S ( S apium sebif erum L. ) F5W ( Camelliasinensis) [EI{ENAF]F

BRI F=RASR . XUEHAERKE S RGEH , (EY ST R E R R BEREYF-BENE SR Z —.

AR YRR ST R I, FEARAR AT A B G P AR B AT 14 B S 2 ke S X 6 P S i /N 5
BEE. NT AR T ED RN, I AN Y E A REMAITRIIER 5 ~ 10m B, X E A
XEFFRIER A SEEREMITRIIEN 15 ~20m B, ZE A EEARBEE FI WA K A= TR IE
YRR PR B Y E A RGEMATIRIEE N 30 ~ 50m B, 1% 8 A H A Fl FRED I EK A7,
WX AL, 5 B S R AT S R A e . L P 20, @A M &%,
6 B 0 ) AR B, R AR S K53 3R 50% LA L, AT B 1k AR A 7 B AR B RO RRARG , SE B LA o

L LR BN E RORMRE A RGP bR S 2 S BG S B EE R E . SHEAE L, 4
SHEEATHIELRRKES RS, EUBH ETFEEMURM I ENREES RGES, EEWFRZT
ek BT SR e 2, TAEE U EY . FEAGE BB RAE Yl £ B A = S AP, B
Tonse B R B, PR AT [E) BE LA SRR TS B, UG BE T S, 3R R MR VB P, R B i R
K RERE AR AR
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