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Effect of Sweet Maize as Catch Crop on Soil Environment and Following Vegetable in Greenhouse of Northern
China

XI Bin, ZHANG Ji—zong, ZHAI Li—mei, LIU Hong—bin"

(Agricultural Resource and Regional Planting Inst., CAAS, Key Lab of Plant Nutrition and Nutrient Cycling, Ministry of Agricultural, Beijing
100081, China)

Abstract: This study aim to reduce the NO;—N leaching and the risk of the underground water pollution by planting the catch crop (Sweet
Maize ) which were planted in the greenhouse of North China when the land was fallow on the rainy season. We studied NO;-N leaching, soil
conductivity in forth and after of the fallow and catch crop season, and the effect of planting catch crop on yield and quality of following crop.
The results indicated that, planting catch crop could reduce the apparent loss of nitrogen by 28.4 kg-hm™, and, meanwhile, lead peak value of
NO;-N accumulation in the soil profile(0~100 cm ) to lower than the follow. In addition, the soil conductivity in 0~20 cm soil layer was sig—
nificantly decreased by 41.4% by planting catch crop. However, following crop yield was no significant different between follow and catch
crop and, compared with normal fallow treatment, the nitrate content of vegetable for following crop was reduced by 28.9% after planting catch
crop. Therefore, planting catch crop could be considered as one of the effective measures reducing NO; N leaching during the fallow. Mean—
time, this cultivation system could improve quality of following crop, especially reducing the nitrate content of the vegetable.

Keywords: protected vegetable field; catch crop; soil nitrate leaching; nitrate content of vegetable; electric conductivity
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I EZE 6—9 A, B o KAt b, B3k
MBI , TRt S A B AR A 1 , KR 43 Ak F el
IWIRRAE (L & 60%L) 1), —ERi£e%) 8 A T RS
FFERKEEBR SR, 9 A R FF IR FMl . by fe e 3222
R TE BT HA (7 2AERERT R Y 60% L |) , [FIBT4EF
A 7 Bt 32 H il R i AT 3w o, B SR fs 13
HARBREER, MZRERAIESEEE MU
HEYIERR , A HLER L EE J158 , 76 B A A A1) sk
ZAHBRAKZET , DEESEMRRER K, E
ZE U R PRI A S FT BB AR 3R b 7 3t S -+ B A
DEMK W EZENT, MR C AR FEATER
PRI BRI SR PRV E A 08 D R R R A 3 7 3
PRAEY) (Catch crop )38 FEEAEY MR f5 7E 2 TN Z= 5 Ff
FERIFEYD , AR 3R R FERHHE R G P B AU
KPR, IR TR BB 45 T RS Ak LA
A FRVEREHRE AR R, DRI YT B B
ST IRVEY BIFEZE R ] NOs-N Ik Fr A9 /E A & st
TRV AR AR, AL 5 SR RS A
R RS T KI5 G KB B HEAK AR

1 #BE57FE

1.1 R ERER

BRI A FAL T B Il X E AR B AR T &
Hut 12 SiRZE (64 39°36, R4 115°56" ), L3
R 1. FMESERAEYRT, ©F 2007 4E 10 A &
2008 4F 7 A #4T T 255 F Ak PR B S A A AT,
o0 s | AW U i b SR BN 95t T N
BAE SR E , SEEY AR AR B AR, i N
4 360 kg+hm™2,P,05150 kg-hm2,K,0 90 kg-hm2, HHL
HE 7 500 kg-hm™, %5 (HANFEAGE AR AR R, K
FARMERIKZE (N 46% ) , BEAE F it BEIRES (P05 17% ),
BHEABREREE (K0 60% ) , 5 HLAE K i 38 3 (N P,0s
K0 Bar & &E5358 1%.0.95%F1 0.86% ), FEAE
J5 2, 30% NN RHE , Kok 70%3543 3 YRAB e (HUHE
JEBEK) , BEAE P R A HLAB AR A ZE A — ik Mt
JE#HE, /DX 4 mx6.5 m,

RIGATHHE LA MR . 25 3.35g-

kg, EHLE 53.9 g-kg™, ARUHE 178.8 mg-kg™, B R4
629.5 mg-kg™!,pH 7.8, HERIXK AT T4 )Z NO;-N
FREENE 1,
12 AR

RIE 3 AN, 435082 B EHIR AR, &
AGEER 3 RER (R 2), FEIXI A , PR 1] 4% 4b 21
BIRTATATAERL s Bl KT E FE I — IR, AR K
WA R HEATHEWR , E 2T KANSS , AB B2 H AR
YA ORI , AT HEATHE R . BRZETE A 2Rt )7 =X

R T K EAZE
x2 AWAE
Table 2 Experiments treatments
Ui S AbF 5

25 F(CKI) RUFERGZER A28 AL, A REAEY
TRERMEERZE

IR (CON) BIEREZER A ENEAL 38, FIZE AR EY)
TR R

P (COC) HIEF R N ARAL 2R, R ZEFETI E K,
FRHAMERREEE

FEKT 2008 45 7 A 22 HEH,10 A 25 Hik
B, MATEE 30 emx50 em, B/NX 7 28, 528 34(17x2)
P, EME R FEZY 91 538 #k -hm > (RIS , & AL B Y
FRMEERZERIF, MEAEEFAEAE 77 X RRINETZEVEYD
FRELH T 2008 4F 10 H 27 HEM,2009 42 A 3
H gk, BRATEE A 25 cmx60 cm, EAE 2 73 800 #f -
hm, BRERHIA R/ e e A AR (B 1) /R
ZE LRE, 7R BUEK, BIREEKE N 280 m?-
hm?, R 5K FERE , JB T 5 R0 KA AR 348 i E 7K 7
o
1.3 HRFZERNERFE

R FORAE K BIRTE 732 B 200 em & 4,

B 1 e iEER

Figure 1 "Narrow and high ridge" crop cultivation mode

F 1 REHT LIS E NO;-N KB & (kg-hm?)
Table 1 NO;-N content of soil profile before experiments(kg-hm)

T+ VR /em 0~20 20~40 40~60 60~80 80~100  100~120 120~140 140~160 160~180  180~200
PR FRI 72.81 85.31 57.19 44.69 45.59 45.21 45.73 45.94 49.16 57.90

ZH 41.92 28.46 9.72 30.51

38.45 38.12 15.48 12.30 13.74 29.17
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B 20em —Z. BA/DXPERIREHE, FSIBUE L
BV TR ORAF o A R AL BRI 8 A0 R AN T A SRR
FeoriRAid 2 mm i, FREX 12 g 4+, HIA 100 mL #9
0.01 mol - L'CaCl,, 7% 30 min 5133, B L 21
GO (B ) o WIERTRARIRBATR , R SR
SHFEFHMU(AA3)IE +3E N0, TIEACFR AR, B2
TSR R, FEEAVUR 4 N4 P 2 K ER P#
0 K 52 (DDS-307A % S &) M pH &L
SIHTE R R T IER,

7K H SR R T ok Pl B BR BR Ak - 58 M o1
St . BREEMEA S B TR MO R A, B/
XK 4~6 NRSE ITRIBRARIE , A F C e
R 2,6~ EEBEBNE E L, AT ORI 2 R
T L 30, A PRl S SR P M B R L £ 1,

BRI ] Excel F1 SPSS11.0 3k {4 #1748 11
5317 o

2 HREWE

2.1 FiEEAEYX HIERERRE NI
2.1.1 i3 AR R &4t

SHR R T B 445 R 2 (E 2), BAMKIH
WCERAN] , PR L BN E, SEEA L BT, 4t
FERD 9 1K, BE N 234.8 mm, H A LR B R FERT B A
88 mm, F [T A TTHL A R B &N 28.5 kg-hm™,
FE AN PR PR B E) B YR B T B R F 20 mm LA 5
W, B BER B K R G = A J WK
2.1.2 FIREIE PRAEA X - SRS R AR R

MR BIA RS A S A S R
wmE 3, HEREYRFEE 0~200 cm 35 H A
DRV XA A R AL TERTZE R ARG 3R
B HEmMAE S BREE 853 mg-kg!, TEHERE
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Figure 3 The comparison of the content of NO;—N in the soil
profile before and after the catching time

WHITHES A& =R, 7E 200 cm 205 250
57.9 mg-kg™; S AR HIER E K MFIAE , BEEFRIK T
TR EHSA S ENERE , REIE(H 13.0 mg-
kg™ Z245 , 7E 100 cm b — I , & 38.8 mg kg™, 7E
200 em A 14.3 mg kg™, IRNHIRTE AR RH
B R AR ZE 71.0 mg- kg™ PR RIS BEAE 283 M R R 5
J& ,0~80 cm FH HEMSAH EE THEE, HAR
W E R E A 52.7 mg kg™, Hfl A 22.0 mg-kg™, 1M 80 cm
U2 EFEE, FH7E 160~180 cm B R RN
54.0 mg-kg™; MUEIKRIN G , SN AL R )ZE £ 38 (0~20
cm) THASAMIRE EBE/NTIRFAIE, H2E 394
mg kg, IR )Z 13 (180~200 cm ) EFHIEAH 2 32.5 mg-
kgo DL EAEASE S BT RHER ], ZER IR,
FALII A TR E AR IR TEEEY
FE AT DA 25 AR 2 R ) VR 2 I R R XU

.D.D.,—.D.:u

Total 7.14 7.18 7.29 7.31

8.09 8.21 8.26 9.09 9.25

F%FF H#H Rain date/H.H

2 tRIREEPEF E ST
Figure 2 The rainfall statistics during the catching time
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2.1.3 SRR R R A S8R B

M TR EBRIA YR R AR B0, B RTR
ZMBRAR A RGERH 0~60 cm T 3E5E SUH B
S A BOF AR B L3BZ K, TR RS T 0~60 cm
T BRI R ZAMIR RN R
G0 IR PRI RS A RIAL B 0~60 om T 3ERR
WS R B (ER 3) , R B Rl AR AT LA Rl
0~60 cm HTH HIETHRRFRE, KA E N334
kg-hm?2, fRIFALFRY 267.5 kg-hm2, FH2 134.1 kg*
hm?, BEAMRR BRI AL BRI R R R B Ry 447.9
kg+hm™2, K PR AL T8 A 476.3 kg -hm=2, % 28.4 kg-
hm ™, BHOHA T RHE#K

3 0-60 om LM RARERK (kg-hm)

Table 3 Losing of N in 0~60 cm soil and crop systems(kg*hm™)

WH VNG R ZH

a WEMA 743.8 743.8 220.7

OFEHMBIRE Nuia 7153 715.3 192.2

QOBEMB/ARE 285 28.5 285

b AR 267.5 295.9 148.8

O EAMIRIG N 267.5 133.4 148.8
@y 0 162.5 0

WA a-b 4763 4479 71.9

RERR /% 66.6 62.6 37.4

XTEEA EAE WA 0~60 cm HIEE-VEM RFERE
FOIRAAT AT HLEL (3R 4) , K I8 1 PR IE PRAE
YT DL 20D R R R 2R, PR PR RN PRI A LR
Z RSN 548.58 kg -hm2 Fl 338.49 kg-hm2,
BAR 2> 210.09 kg -hm 2, R # K R 57 K
30.43%#11 18.78% , #e4K BRI/ 11.65%.

4 0~60 FE LN 0~60 cm TIEEAEMR AR RIRK (kg-hm?)
Table 4 Losing of N in 0~60 cm soil and crop systems in the year

of experimentation(kg-hm™2)

2| NG HH ZH
afiA N 1 802.80 1 802.80 497.80
O N rate 1305.00 1305.00 0.00
BRI Noin 460.50 460.50 460.50
QWEBEK N 8.80 8.80 8.80
@EWBARE 28.50 28.50 28.50
b N 125422 146431 441.93
O/ T 442.47 608.45 383.42
@BREHEHF/G Nuia 811.75 855.86 58.51
WA a-b 548.58 338.49 55.87
N ZH15:%/% 30.43 18.78 11.22

2.2 EIRIEIHIFRERT IR L M R AR
2.2.1 X}FEJZE+3(0~20 cm)pH HIFZIH

PR IREYI RG22 138 (0~20 cm)pH 254k
A (E 4), F AR LE pH E AR R FT pH BEA
REf, T RET 0.03 /> pH B0, SRR BE pH B4R IR
RUTCAR AL, RAFMEIE IR VEY T BERR IR TR R &
TCHLHERHR AT 7= Az B AR A4 XURSE o
o mprsE
71r EkRBE
7.6

75+t
T 74+
73+
72+
7.1+t
7.0

Z=H HIN VNG|
AbFE ( Treatments )

4 HREMAERTE 115 pH THHER
Figure 4 Changing of soil pH before and after the catching time

2.2.2 XFiiE 13 (0~100 cm ) B FE 1 210

M 5 FTLAE P R T DL 25 5 ) +
ST A SR SEPRALBE 0~40 cm TR SR B E
TR TR AL BR , 40~100 cm 158 B, S 2R AF PR b 38 /8 T
PR PRI A 38, A T HP 3R PR AL 38 55 PRI A 3B v, S8
Wik B ERER RN SR E S ERIAERE
1 48(0~20 cm)>#y 358.5 wS-cm™, 453 Y 2= M AR PR
WG PR IR b B2 33 T 2= Ik 2% 2% )2 138 (0~20 cm)

H5%/uS  cm™
050 100 150 200 250 300 350 400
10f
20t
30}
\g 40+
{”E 50
| - o
ig'g O RIS
H 60} - EHRRE)
ol - HRE
o RIR)E
80}
90}
100t

5 HRAELRAEBRSEREL
Figure 5 Changing of soil profile’s EC before and after

the catching time
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FA A 291.0 pS-cm™, FE 20~40 cm 158 H BH 5 Uk
310.0 pSeem™, TEWRZEIR T 3EHE SRR E 35
PRAL 2 2 A T 22 58 (0~20 em) LT3R 0K
ARTFEIR T 188.0 uS-em™, BARPRALIEAL 120.5 ps-
em™, 4 BIFEAE 52.4%F1 41.4% , 7E 60~80 cm 115 H
PRIEEA 259.0 pS+em™, HAFFTRAM, Fifh HK .
BRI A T R RS I 5 45,43 1k 1.500.1 200.1 500
pSecm™, FEFEIG 5 4H1H 3 000.3 200.3 500 pS-
em™, ARG 38 i 5 5 H AT T A K R I A
S B MR R R R SR IR R Y T DL B 2 R R
BB SR RIS T RE L ER S REER L
RIS BT RE , (BB IR AME R T A A
2.3 EHREW T HEE R EF L5 HEm
2.3.1 X HEEY = & R & TR R 0

X AR EREE I & = B AT 4 R B R (R
5), TEZIRRBIHRK N YRR BMEE ,
WARRBEAN B RZE S H R R TR E LS, 7
B4R 17.14 t-hm? 1 16.94 t-hm, H2{TH 0.2
t-hm? EHRVEY ORI RIER T 2 = & B
AbPRERZS AL IR B 43 G = 6.22%F1 7.48% , 353
&2 R (P<0.05),

SR FEIAL FEBR 2510 & B 2P s o R B (%
5), SERVEYI BRI, R B B MR TPl 3s o AR IR AIE
PRI A Ah L 28 5 35025 43 1 R 127 170 Yuan -hm™ Al
125 561 Yuan+-hm?, FiZE 42 1 609 Yuan-hm?,
2.3.2 X EEVEM R R BOBCRIAE LR A 2R A 2

I 22 0k 3 38 A ) Ak L i) e 5 0 R R 2R T
HI(F 6), P IE IR VED T T ZEAE Y R R R AR
I R T0 8 3 B2 o UK PR R A B E AR R R R R
B FTREXER 475 103.67 kg-hm? #1 107.05 kg-
hm?, A2 3.38 kg-hm?, YE¥)7E P.K I E A 8%
P25 HPRAC BRI SR B I TR R AL 28 BT AL B
RESEA) FH BRI A1, JEL r S PRI AL P R 3R ) PR R A X R
=L WA 5.18% , PRIFALIE Ky 4.40%,

& 6 FEMEIEALE THREER BT RBEFPLRF A X
Table 6 The nutrient uptake and utilization rate of fertilizer of

florence fennel in different treatments

\ Woli57 431 kg hm™ REASHFI 22/ %
vzt Nutrient uptake by plant  Fertilizer utilization efficiency
Treatments
P K N P,0s K0
=H 84.52b  9.51c  299.60b — — —
A 107.05a 11.34b 29630b  5.18 0.83 -2.14
R 103.67a 15.10a 328.14a  4.40 2.53 18.47

2.3.3 X T REAEY A My MR B i BT 52 e

YEWEM— A G R R BERZE H A A Y
PERBEAT IR (3R 7), KBIE RAEY) BRI T #AE
Wk e FIZEAE T 2 1 S ) o R PRI R PRI A LY
BREEE AR 2098 46.9 cm 1 43.6 cm, ZEH 53510
5.7 cm 1 6.2 cm, ¥ TG B EHEF

R 7 AEMERLENKEEEE WK T
Table 7 Effects of N fertilizer on biological character of

florence fennel

JbFH Treatments #R 7 Plant highness/em  Z£#] Stem diameter/cm
=H 42.1+1.3b 4.8+0.5b
R 43.6+3.5ab 6.2+0.7a
(NG 46.9£1.0a 5.7+0.1ab

Xof A [ A L ) o Jo P R B (3R 8) , R AR PRI
YIRER 1 25 PR BR A T FR A IR Eh 2 B, PR PRI AIEL IR
ALFRSF K 2204 mg-kg! A1 156.8 mg-kg!, HI2 63.6
mg-kg™, AT 28.9%, 25 W& PRI AT MR

R 8 AEHEABALIE X Bk ZE 1 & G /R KR NT
Table 8 Effects of N fertilizer on quality of florence fennel
Ab3E FHERER/mg-ke”  TIVEHEME/%Content  Ve/mg-100 g

Treatments Content of nitrate of dissolubility sugar Content of vitamin C

=H 127.1+0.3¢ 1.28+0.20a 0.57+0.01a
JEHIA 156.8+8.1b 1.25+£0.34a 0.66+0.18a
RIA 220.4+9.8a 0.98+0.10a 0.54+0.01a

R S5 ARELETRERFLF R

Table 5 The economic profit of florence fennel production in different treatments

b ZBTER Yieldl  JFEFY & Waste WrEig R AR A Cost of B Gross 257325 Economic %k 25 Increased
Treatments kg+hm™ outputs/t +hm™ Increase rate/% nitrogen/Yuan-hm? income/Yuan-hm™® benefit/Yuan-hm? benefit/Yuan-hm™

= 15.95+0.89b 23.80+0.26a —_— 0 127 598a 123 598a —

bi- 173 16.94+1.26a 20.84+0.42b 6.22 5977 135 538a 125 561a 1963

KIR 17.14+0.14a 20.60+0.35b 7.48 5977 137 147a 127 170a 3572

T JRE 2000 Jo-t A HUAE 380 I -t BFREH 2 400 Jo - A BERRES 1 125 Ju- v 5T 60 TG - FRZEHF 8 JU-kg™; HAUMAREHANH
K T2 ST AT (S 4 54 4000 TG hm?) o [A—FIARFRFRERTE 0.05 K F LEE, HRFRARE, TH.
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TR Ve FEBE TRFLE, ERIBEEE
S o FIRESE PRVE YD AT LA R AR E D SR S rh i iR &5
B —IA AR
2.3.4 SFNBVEMI AT R S IR 5r I FARIL

EF BB B ETNME - T FORVE I HT BRI T
B AR EEK, PP BB AR PR R 'R
20 828 kg-hm2 FEFFAEY B H 42 731 kg-hm?, #HE
KEHR BER ACEARETEERN 25, HEH
FHRERM, MEREFRMER, BREZIHREVGEH R,
FEIME RS R, TE R A T2 R RFITRE , BATr
B 25 ATk 41 506 Yuan-hm?, FFKH A BGFSEE
£ & (FFF N 3.09%,P 0.26% ,K 1.88% ), -1 BT
SR KFEFTE 87 1% LA ML (2 B R AR HE
IS L, 1999) FRERE 46% N BERRES S 14%
P05 FIEALH & 60% K0 Hr5EAH R 543 B HE K&,
HAPMHYTFIRE 2229 kg-hm?, FBEEL4ES 119.4 kg-
hm?, EALE 370.7 kg-hm™, K34 H AT R A 42 4t
P.K.C KHAhZFFES, HFRSBREE , F 5 T1E
WA K R R AL T o PRI R K2 — R BE RERE
RIS R AR R, R & 545 1
BRER

3 itig

A6 5 Bt H 2 ZEMUE R R AL F R R RTA , A
IR 5 1 B NO;-N k2R , S BEHl FORVE I RIEY
CINDRTE stk = el w0 205 42 ) it nt= F2
FA bR 2R RS B A S8 24 R, 2 A i v, P S A
b B R PRI AL B YR / RR RMA 2K (0~60 ¢m )210.09
kg-hm? Jf/L> T 11.65%, Jgrgen Berntsen Z59F] “FAS—
SET" A4 28 a MK WIE MBS K B, KIAFPHE
S AR A EINAEY AT LA 22%~30% I NO; -N
WK o Ingrid K SEPUR By + 0% S48 SR BURJZ K 1
B, PPRREENEREY L] L) &
NO;-N Rk . AHFFEEM,TE 5~35 CHFE N, b
FERETE, HEAET B RS A 5 i K
BEMTIHLE, A iTREE AR WK

HIRVEY P AE S — e 253028 1Y R, X
THEAEDRE KRR EEE W, (HRE% B E
FEAR T VR T RO AR R SR 2 B, R PR RS PR Ak 38
HHZE 63.6 mg kg™, HE T IRLA R

H A s H B TR KR TV A&
R IERRAL R B U SR A, PR
Fe /0 TE R VE Y R B R

TRZTER AR, A LUES by TR s K &
JARER 53R 1 TR TR U - S S B KR, AR EL T 35
RSCZE R PRI UL 0 3 20 ) R T2 UK S AR O B XL
Rm TR T AKIGYEE . TERNELEAPLA .
NO:;-N # LR ZUAR 5 7 A 1, T 2 SR PR A ol
RN SRR A, BRI T 3 RR AL B R o AT
FEHRER ER X R JE 13 (0~20 em) pH WA
% (BfE—RETRE L ARERSIR R 4% pH, TR
JEHT B XAERR D 3 a B BUNESE AP AR SE R AR
J B, P AR A S X OR PRI T LA Pl
9 EC{H, FF H pH BN B3

4 i

JbT5 etz H 2 2= e R R AL TR PR , %
FHERAE IR PRAEY) , 7T LA 2 kD> - 338 5 T TEATLR
BB AR TR OISR R 5 73 51, WA 17 31
TA P 3R, S 2% P T R B 7K T 3 FR AR 7k o )
BRIZ U ISR O KUK o SRR BRI AELXS T 2EA R
AR B I TC BB R, 7EBUR — R BT
i BRI, B 2 AR T 2 VR M vT R R AL A R R B0
R, ERRLMR.
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