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AEFEM 1049 mmo BUE X 5 AR TR + |
AHLFE S H30.61 g kg', DA GH2.24 g kg™, T
RS RS53.77 mg kg, WS EH145 g kg, A
R it 78.92 mg kg, &M EH10.82 g kg,
RO H321.86 mg kg 'o (KT R AL AN 48—
5, ML MR B A A SRS —
SR, WM IRR A RA R A
PR g £803 1T, i [ iR AE R8RS AT Rl A B
NV TR AR, R
A R w2 =
1.2 iRt

I E SRR N 2517, B52.0 m, B AR
240 m* (40 mX6 m) . BEPIANMMELRL . Fih
AR (R, BA—AEEE (BREE) , &
Mi—Hb G EAE (b G AE ) PR — iR mAE (0
SERE) o BANEEE3AEAT/NX, 124N X,
INKBERLM G, TAR17.46 m* (9.7 mX1.8 m)
/NX A BE 30 ~ 40 em () 2s HiAE M BB . 2 A A o
TP/AE T, 3HWITE KM 025 /N XA it Sk
JE (4%, 3.2 gkg's &, 20.1 g kg™'; &5,
10.2 g kg™') 1.0 kg mAERA . 3HA H A, K&
WA E AR, AN, Foh S REEDIE I
] [A] R, AEAS/NIX PO B (7 51 2 i A 5 1) R 4R
Y o, FMEREEEDREA20 cm, 547N
FEREIETRE ]35S em, FEAT N RIVEAEYETRE }20 em.,
TH R IIGRES A . S T SR RAE R R )
PSR, ERAERD, AR miee, A
FAAT AT A 25 R 571

6 AW, T AT, RN AT Bk
LORRFE A, AR ER S NN, (EE
VEFE3AN T m*MREIX, SRAE AT A RS E .
1.3 HEEESHH

T AR S A IS, e8RS /N X BEHLIE RS A
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FH 05 LA I
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AR 2 mol L ELAHRIE— 8Nk
MZE s AW R RS — AP ke ; A
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T VR o A R A0 A IR U, 452 1240.01 mol L7
R TR M m] g RN IR R SR i 0 L
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TR TG R FH KA R He e il e, 235 R DA 26 b
mg ¢ (37°C, 24 h) Fom; BERRRETG VR H B R
KA TR, SR U B img ¢ (37°C, 3 h)
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F1  [EMEXERK S =R F0
Table 1 Effects of different intercropping treatments on plant height and yield of tomato
i it ek
b 3 n i
Plant height of tomato Tomato yield Yield increasing rate
Treatments 5
(em) (kgm™) (%)
R (X Y 93.33 + 2.08Bb 9.24 + 0.44BCh —
B ] fE® 110.00 = 1.00Aa 10.69 +0.61Aa 15.7
i 4 110.3 £0.58Aa 9.64 + 0.50ABb 4.3
R Y 93.67 = 2.08Bh 8.21£0.29Cc -11.1

(DMonocropping tomato (a control ) , @lntercropping tomato with kidney bean, @lIntercropping tomato with Phaseolus vulgaris L.
var. humilis Alef., @Intercrnpping tomato with amaranth
W BIPBERRNVEME U2, K. DNEFEESERRFE G 1%M5%KF-2:5 83, TN Note: Values in table as
mean + standard deviation; the capital letter and lowercase letter in the same column mean significant difference at 0.01 and 0.05 level,

respectively.The same below

R2 ARLEBETHIREFSEE

Table 2 Nutrient contents in the soils under different treatments

e = WA TS HHLBT £ AR il T
A Total N Alkalytic N Nitrate N oM Total P Available P Total K Available K
Treatments B o i 1 4 . -1 -1
(gkeg™) (mgkg™) (mgke™) (gkg™) (gke™) (mgkg™) (gke™) (mgkg™)
246 (XHIE) Y 2.11+0.08Bc 53.89+0.21Cc 19.40 =0.95Aa 30.20 +2.54Aa 1.79 £0.14Aa 66.55 + 5.36Bb 10.65 + 0.20Aa 309.7 £ 10.7Bc
I fE? 247 +0.16Aa 61.46 +0.94Aa 18.75+0.51Aa 32.66 +£2.76Aa 1.58 £0.15Aa 84.24 £2.09Aa 9.91 +0.45Ab 3822 +7.4Aa
M EVED  2.34 +0.09ABab 58.23 £0.38Bb 19.19 +0.11Aa 32.28 +0.34Aa 1.79+0.03Aa 81.84 + 1.49Aa 10.12 + 0.32Aa 342.1 + 25.9ABb
TSEEEY 2.21 £0.09ABbe 54.92 £0.82Cc 19.87 + 1.31Aa 30.59 = 0.39Aa 1.67 +0.11Aa 64.32 + 1.38Bb 10.31 + 0.44Aa 345.6 + 12.0ABb

(DMonocropping tomato (a control ) , @lntercropping tomato with kidney bean, @lIntercropping tomato with Phaseolus vulgaris L.

var. humilis Alef., @Intercrnpping tomato with amaranth

XFIE (62 o ZRELIAIE 3 A 205l e sk 15 B4
BIHINN26.6%F123.4% . 7] WL RHAER AT 1
BRI A RS S JE TR E TSI B AR .
2.3 (EEX 1R EEE M RO B0

R LR, R S R IR . R A

BERREGTG M. Horp, SRR 1R AR, R A AN
TR TR Ol 135 0 ) 5 %o B 7 64.6 %, 26.8% F125.5% .
D, S [ 1 A0 il 0 25 1 0 00 0l Pl 0 0 M (3R
3) o {HAS[E] ) FE AL B, XoF b 4 A 22 1 48 1k it TG
P, W RERm (£3) .

F3  EMEX TIEEGIE LA R0
Table 3 Effects of different intercropping treatments on soil enzyme activities
. i 4 AL AU , - , A
A JIt i oK T FEHI A WL Z W A A
Ab R Catalase
Dehydrogenase . Urease Sucrase Phosphatase ~ Polyphenol oxidase
Treatments ( TPF . (0.01mol L~ ( NH.,-N . ( . ( . ( .
R v -N, o m me me
nge KMnO,, mlgfl) 3 nge g8 28 g8
A () Y 3416 £2.59Aa 6.32 = 0.37Aa 489.5+2.21Bc  25.76£2.00Bc 0.53£0.02Cd  0.09 £0.01Aa
g ) fE® 35.40 £ 1.38Aa 6.62+0.13Aa 805.6 £ 6.25Aa 32.67 £0.65Aa 0.67 +0.00Aa 0.13 +0.05Aa
T[] 33.47 + 1.09Aa 4.77 £ 0.59Bb 582.3 £ 6.70Bb 30.20 £ 0.09Ab 0.61 +0.01Bb 0.14 £ 0.04Aa
T SE A fEY 35.05 £0.23Aa 4.80 £ 0.32Bb 471.0 £ 1.60Bc 30.24 £0.12Ab  0.57 £ 0.01Bec 0.12 £0.02Aa

(DMonocropping tomato (a control ) , @lntercropping tomato with kidney bean, lIntercropping tomato with Phaseolus vulgaris L.

var. humilis Alef., @Intercrnpping tomato with amaranth
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24 TEEEMSFIMKR

Xf AR RS A B BIIR ORISR
PIAHSCHE BT 3R] (34 ) o SRR P 5 ol e
A HAE R B EIEML (p<0.01) 5 2%
AW R W IEAE (p<0.05) o HEREAGS 1k
SR EACE SR B IEAR G, B

PG B RS R RS, BRI
PR R B A O R A B A
FIEMK . W A AR 5 AP0 i L 3 U
Koo WEAREIE, A ARSI LR AR
AAFAE R E AN, A RS 2 T 1L 2 8] A A
FHAE S 5 R R

R4 TEMEMSHSZEREXREY

Table 4 Pearson correlation between soil enzyme activity and soil nutrient content

it S i AL A g i T TR i Z Wy E AL
Dehydrogenase Catalase Urease Sucrase Phosphatase Polyphenol oxidase
0.194 0.167 0.634 0.651 0.786 0.307
Total N
B . - .
0.131 0.263 0.928 0.852 0.956 0.037
Alkalytical N
0.217 -0.214 -0.410 -0.150 -0.357 -0.139
Nitrate N
EERiIN
0.127 -0.054 0.449 0.609 0.428 0.337
Organic matter
£
0.044 0.099 0.546 0.565 0.540 0.041
Total P
0.184 0.399 0.773 0.636 0.821 0.011
Available P
gt .
-0.171 -0.087 -0.538 0.491 0.543 -0.685
Total K
0.255 0.190 0.786 0.832 0.877 0.051

Available K

TE. R R ETR0.01 B K # LR EMER0.05 3 K F Note: ** and * mean significant at the 1% and 5% level,

respectively
3 3 ok

YEPIEE T LLUR A A AR R AL, s R
MR GEIRRN LRIy, A A TR e AL TR R - A
FHAS DG HUT | B AR AR A . B
JRE/INAE | B3 TR =i e AR R TR
P e b SV N CIGR S GR (RN R L
SRR R TR L AR R Y, )
VEERMEY, BEW 48w & al R bR m A= i, Hep
DA S e AR 9 0 R i o R A R R £ Tt
B, RIS R AN [ B A AR =S ], A S B
PR ZEM A2z 0] A SE R . R ELAESR AR K
iz [N, BRI AR, (A BRI 2 il 52

Frm A m A . SR, B T LR
PO A 5 i, JF 4R 1 A R A O B
o RIEREI, JE W T EARMEY R A [ R
s BERIERA PRI, AT RS AR R GR R
w L T PESE, X R AR AR N R A S FTA
WS R, b B /E =05, REAILE, £
S B EUR AR A A Y SRR, A
B SRR AL, oA O ol 7 4 ) 2
JEIH o AR ERMEY IO R BE ST, S R ]
i, Bl TR ShHg o i i 1 el 5o A 2tk
(ELXS S ORI BT RCR 45 RN 5 4 A 4
W, S ECE O

d BTG RS BT R WD) . AR AR
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AT, FHEEHE LT AR ATADIE R,
NS PR B R AR, R, £ A L
3 40 A ST P v T OO Y ok 3]
e, 3k 4 Al S T B S 4 85 T KB
ARFSTEW, WIVEH GRS, TS e R
BiE . REWERGABERREGIGVE; MR, W
T SRR A BRI . CARMEWIAE, T
TR R AR, R BN R . F
SRR G RAIE, YW TR A R B R
Wk, ATRER M T RIVE RS R R R, Bl
MZBERMANLRZ . APFiERY, TitTRedE
SRHEAE, X U A 2 I RS R AR, AT
BE X PIRR G [ B AP 6 . TR I 4R T
e 200 ARG Y T R H A Bl A A e i
R MEWEMNES 5 ZHIFREY R,
Xt A LTS Y B B o YRR, RNt
AR SR BEES (£2) , WRAREX %
Ky ety BB A A L 33 T RE RN A b B
R it 450 I 22 T 4 A 175 1 2 S R S S A A
THERE S LR R EE BV XER, b
ST 1 T LA ok R 20F TR AR 4 it 5 85 g S I
A Al 2 EOR SEREE, LIRS R
WG . BRVERERRN . REE . S AR SR
] AEAE % B B BB AR E R 1 L PN
i 0 R 2 57 G AL T 398 5% 1 ) 2 25
AR AR, % B3 5 3R 20 I 1 = i) B AT
SARSCHE, FrP NG . R KBRS 15
A TR R N R A AR R, +
SENREG . REREEG . DERAMGSAL. B, B AHURS
B2 WA B BB e (R4) , I
SR LT 5 H A A MMM A R AN LR, BH
VAW REE ST VE, AT R LR stk s T AR
1, AT (o - 0 3 43 ARG 355 1 1 ) A5 984

4 45 it

A VR L E L L, T A A
R BRI A OB R S, R R A A R
AR . ELRE] A R v R | RO A
(03O R G T T (BSOS B 1 e s 5
B i, (AW TR S AT, R
gy, SRR S BRI . AR, A A ]
P, al LU AL, Foan s ™, sl IR Y £

s e nT e RIS ), P R A TR, R
PSR S M FElcss . ik, i SRR, 2
B R AR AR 2
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EFFECTS OF INTERCROPPING WITH LEGUMINOUS CROPS ON TOMATO YIELD,
SOIL NUTRIENTS AND ENZYME ACTIVITY

Dai Huihui' Hu Xuefeng' *' Cao Mingyang' Yang Minyong® Wang Jian®
(1 School of Environmental and Chemical Engineering, Shanghai University, Shanghai 200444, China )
(2 Shanghai Key Laboratory of Energy Crops ( School of Life Sciences, Shanghai University ) , Shanghai 200444, China )
(3 Agricultural Technology Promotion Center of Jinze Town, Qingpu District, Shanghai 201718, China )

(4 Agricultural Technology Promotion and Service Center of Qingpu District, Shanghai 201700, China )

Abstract To study effects of intercropping tomato with leguminous crops on growth of tomato, a field
experiment was carried out in the suburbs of Shanghai, East China. The experiment was designed to have
four treatments: (1) monocropping tomato, as control; (II) intercropping tomato and kidney bean

( Phaseolus vulgaris L.) ; (III) intercropping tomato and Phaseolus vulgaris L. var. humilis Alef.
(IV) intercropping tomato and amaranth ( Amaranthus mangostanus L.) . Rape cake manure was applied
to each plot as base fertilizer at a rate of 1.0 kg m™. No sidedressing of fertilizers, pesticides or herbicides
were applied during the whole experiment to exclude their disturbances to tomato growth, soil nutrients and
enzyme activities.It was found that intercropping tomato with legume could significantly increase plant height
of tomato. Compared with control ( Treatment I ) , Treatments II and III increased plant height of the tomato
by 10.0% and 10.1%, respectively; and Treatment Il increased tomato yield by 15.7%. The two treatments
also significantly increased soil nutrients. Compared with control, Treatment II increases total N in the soil
by 16.9%; alkali-hydrolyzable N by 14.0%; available P by 26.6% and available K by 23.4%. Likewise,

Treatment 11l increased alkali-hydrolyzable N and available P by 8.0% and 22.9%, respectively. Besides,

the treatments significantly increased soil enzyme activities. Compared with control, Treatment II increased
the activities of urease, sucrase and phosphatase by 64.6%, 26.8% and 25.5%, respectively. Likewise,

Treatment III increased the activities of sucrase and phosphatase by 17.2% and 15.1%, respectively. In
contrast, intercropping with non-leguminous crop, Treatment IV, had no obvious effects on plant height,

reduced yield of the tomato by 11.1%. It did not have any positive effects on soil nutrients, except for
soil available K. However, it improved the activities of sucrase and phosphatase by 17.4% and 7.5%,

respectively. In Treatments II and III, nitrogen fixation by leguminous crops and dense root system of the
intercropping system that decomposes soil minerals improved soil fertility significantly, which is the main
reason for the increase in tomato yield. In Treatment IV, the non-leguminous crop, amaranth, does not have
any capability of fixing nitrogen. So Treatment IV reduced yield of the yield as a result of their competition
for N and P nutrients. In Treatment II and III the activity of soil urease was significantly enhanced as the
treatments increased soil N. The activities of sucrase and phosphatase were significantly enhanced in all the
intercropping treatments possibly because intercropping had denser roots.Urease activity was significantly
correlated with the contents of total N, alkali-hydrolyzable N, available P and available K in all the plot soils
(p<0.05) . Especially, the correlation coefficient between the urease activity and alkali-hydrolyzable N

reached 0.928 ( p<0.01) . The activity of sucrase was significantly correlated with the contents of total N,
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alkali-hydrolyzable N, organic matter, total P, available P and available K ( p<0.05) in the soils; and that
of phosphatase significantly with total N, alkali-hydrolyzable N, available P and available K ( p<0.01) . This
fully suggests that there is a close relationship between enzyme activities and nutrient contents in the soils.
Intercropping tomato with leguminous crops can not only raise soil fertility, but also increase tomato yield,
thus making it feasible to reduce the use of fertilizer. Especially, intercropping of tomato with kidney bean
can not only increase yield of the crop, but also make full use of space and raise land use efficiency, as the
stems of kidney bean grow upward and wind around tomato plants. This, therefore, is a promising cultivation
mode for tomato.

Key words Legume; Tomato; Soil; Intercropping; Enzyme activities
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