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The Potential Research of Catch Crop in Decrease Soil Nitrate Under Greenhouse Vegetable Production

YIN Xing', WANG Xin—ying', ZHANG Li—juan’, NI Yu—xue', REN Cui-lian", JU Xiao—tang? JI Yan-zhi"
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Province/Di Hong—jie Soil and Environmental Laboratory, Hebei Agricultural University, Baoding 071001, China; 2.College of Agricultural
Resources and Environmental Sciences, China Agricultural University, Beijing 100193, China)

Abstract: In order to clarify the impact of catch crops on greenhouse vegetable soil nitrate, explore the mechanism of barrier and controll soil
nitrogen leaching losses in greenhouse, and provide a theoretical basis for control nitrogen leaching and prevention of groundwater pollution,
this study selected the traditional greenhouse vegetable rotation system in North China plain as research subjects, using field situ remediation
technologies on deep—root planting catch crops in the vegetable fallow period by sweet corn, Achyranthes bidentata and white Chrysanthe—
mum. The results showed that: nitrogen content and nitrogen uptake of sweet corn and sweet corn with Achyranthes bidentata intercropping
were the highest, respectively 20.11 t-hm™, 19.62 t-hm™ and 240.34 kg-hm™, 287.56 kg-hm™, significantly higher than white Chrysanthe—
mum. The density of root length and root dry weight decreased with soil depth in the profiles, root length density was demonstrated in order as:
intercropping sweet corn>sweet corn>white Chrysanthemum>intercropping A chyranthes bidentata blume. The reduction of NO; =N of sweet
corn reached 907.87 kg-hm™ in soil profile 0~200 cm, significantly higher than sweet corn and hyssop intercropping and white Chrysanthe—
mums. In the interim period of vegetable crop rotation, planting catch crops could effectively reduce nitrate accumulation in the soil, control
the soil profile nitrate leaching down.

Keywords: greenhouse vegetable; catch crop; NO; =N decrease
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Table 1 Basic properties of the experimental soil

HJREE fem 5 /grem” pH {i AP /gokg! A Jg-kg AR /mgekg” AW /mgekg! A /mg-kg!
0~20 1.21 6.69 28.94 2.49 300.92 222.30 263.35
20~40 1.31 6.85 27.77 2.35 273.38 200.16 232.00
40~60 1.48 6.72 18.40 1.68 129.49 159.68 134.95
60~80 1.55 7.21 9.48 0.90 35.99 125.03 109.56
80~100 161 7.54 4.89 0.56 11.58 42.81 93.16
100~120 1.41 7.67 7.33 0.79 24.40 45.60 88.97
120~140 1.49 7.81 1.83 0.38 3.04 12.13 74.70
140~160 1.53 7.80 3.76 0.51 8.19 20.24 60.43
160~180 1.55 7.90 1.02 0.27 1.28 6.81 40.19
180~200 1.54 7.82 2.00 037 323 1551 45.19
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T IHmOER B LRI B 0~200 em )22,
B A R T A R K> A S T ES IR A .

3 e

FEFR FEAETT B g e 2 i, AN A K RO
Pl b RRUCE RS A A TR,

R 2 RENRREY EREMETREAE

Table 2 Aboveground biomass and N uptake of different catch crops

i A=Wt feohm™ A lgokg! W /kgshm™
FFF FPRL il AT kP FFF FPAL &it
HFEK 10.51 £ 0.26a 9.59+0.11a 20.11a 1094 +£0.38b  13.06 £0.19¢ 11490 £ 1.60a 12544 +1.23a  240.34a
] f WK 9.26 £0.17a 7.44 + 0.06h 19.62h 1249 £0.29b 1436 +0.31be 11535+ 1.37a 10642+ 1.08a  287.56a
s 1.60 + 0.03¢ 1.32 £ 0.02¢ 21.27+£0.61a 18.52+0.40ab 29.72+0.58b  36.07 £ 0.33b
EETyia 5.05+0.10b 242 +0.07¢c 5.81c 11.18 £0.35b  20.26 £0.37a  37.69 +0.34b 19.44 + 0.25b 57.13b

VE : RISV 5 AR T RER R A B R 22 5205 5% 8 57K

Note: Values followed by different lowercase letters in the same column mean significant difference at 5% level.
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Figure 1 Root distribution of catch crop at different soil layers after harvest
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Table 3 Decrease of NO; =N in soil profile after harvest
LRV R/ 3RS /kg-hm? I8 kg-hm™
em kg-hm HhId Ak lalff: BEL3 thiA iRk lalff %1€
0~20 858.19 339.38 107.39 144.17 59.83 518.81 750.8 714.02 798.37
20~40 461.35 389.88 172.55 196.71 159.07 71.47 288.8 264.64 302.28
40~60 177.62 416.54 172.1 239.42 168.5 -238.91 5.52 -61.79 9.13
60~80 201.57 225.03 169.34 210.54 167.23 -23.46 3223 -8.97 34.34
80~100 162.07 245.92 242.93 142.15 183.08 -83.86 -80.86 1991 -21.01
100~120 225.35 225.46 156.52 106.98 172.15 -0.11 68.83 118.36 53.19
120~140 24.38 170.33 125.35 93.76 203.38 —-145.95 -100.98 -69.38 -179.01
140~160 85.03 186.06 116.59 130.74 151.85 -101.02 -31.56 -45.71 -66.82
160~180 79.31 130.85 96.51 132.1 121.27 -51.54 -17.19 -52.78 -41.96
180~200 112.87 140.57 120.58 111.23 110.22 -27.1 -7.72 1.64 2.64
0~60 1497.17 1145.8 452.04 580.3 387.39 351.36¢ 1045.12a 916.87h 1109.78a
60~160 698.39 1052.8 810.74 684.18 877.69 -354.40d -112.34b 14.21a —-179.30c
160~200 192.18 271.42 217.09 243.33 231.5 —-79.24¢ -24091a -51.15be -39.32b
0~200 2387.74 2470.01 1479.87 1507.8 1 496.58 -82.27¢ 907.87a 879.93b 891.16b

T« R R 5 AN ) - B 2 m b PR 22 538 5% 35K

Note: Values followed by different lowercase letters in the same row mean significant difference at 5% level.

W2 B AE 0~400 em MAHAS R BRHEPIE S TR BN TR S B2 0T Yt T 7K, Kt an
H,0~100,100~200,200~300 cm 1 300~400 cm 43 ] far A 25 kb A T A R IR R O B SRR (A &
AR Y 12.3 3.8 4.6 f5 1 5.1 4%, NI AERR A AL, O AT R P R (R e

TIPS A S R BRRS AR SO R IR S R R A SRR RN A TR
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Figure 2 Dynamics of NO;=N in soil profile

—226— http://www.aed.org.cn



Fr %S ERVE I I S A A LIRS R I

2015 % 6 B

VEPA IR A I w5 5F 8] , L R AE R 2 F 5% 05
WA FH RS T -3 i K e R R L il
B A AU R,

B R B T R AR L, AR, A=
P K AR ZR R IR , e AR A o B ek w4 vh Ay
$ ) P A I A - S R A R BRER: , TR Sk S B S PR 1
Yo VAR A IR T 25 S5 R R A, BT LAE A
HIRVED), Horb (38 e A K W KR R AR
Yy, AT —ZEgi eV . i PR IR T sl A 2
(R RE FIANIR], Fie L AnAAT 36 638 B W 3L INAE ), B2 R
M SEPRE DL . AR PR R K 3R A T
VE Ry LRI R, DF R W] B R A B 2k
Y A R, B R KA 0~200 em 14K NOS—N 71
U BE 1 B, ik 2] 907.87 kg -hm2, Hid 0~100 em 4
SRR i 2RI , TH I Sk 996.49 kg-hm?,
R ATl R AP AE 0~100 em, A] DL
PRIAE 90 2 ) R 22 ok IR A AR )22 4= 438 NOs—N 1Kl
NO; =N [i] L HERZ WA s 72 0~20 em L=, FI4G7E
TR X 5 129 AE7E 0~20 em HA R ORI
WREHR T EAIRAOCR . 5 H 2 e M A IE P i
B, ORG-S AU AT B T 3k 605.70
kg« hm™ 5% 35 IS A T DRSO R AT o sk ako
SEPE L AR X RIS A R B, Uit B SRR PR 2R R
KAy R W R R LR B A R R R 2
THEWIEIRE S0 . AR R, REE R K
100~200 em + 3 Al 25 AU AR AE FT 3G M T 88.61 kg
hm™, P SZ BRI KR GE A IE LT, T8 2 A
BEAEY R A S A 2 f S Bl 43 1) T A% Bl
Wl T B SR A A AU R Sk
g™,

SEIRVEPIE Rk > 1 SR A5 MR R ) 32 B4 it
TEAEARME 3z A T AR B U A BOCR T 72
IR M I AT A B B SRR S, S ANA TR
LI 25 SRS IR AR IR T — ZRgk S8 14 7 it K A il
DA AR PRV 5 R R R AH
Fb 6T HEEIN A 7 A S, NS AR
BB SRR SEL IR B0 A SRR A B A A
S5 AR TR SRR RS A AR L (AT 7
PSP PR T 849 AT A E IR E PR AR T 2
YEPIZ IR 3 A0 2 I, SERAVEDIXT T R A 8 IS
— AT BT RZ I B AR AT R A S 52 i A Y 32 3
TR LR A RIS T ZEE Y 07 it 1 3
BAEN S — LRI, EIRAVEYO T 3

http://www.aed.org.cn

FRIEEI S BA T Z i — AT TN A
T

HNEY AT LA RO/ 3 5 Bt 6% 22 1 35 R
A R, A T A5 B K 0 2 4 A
AR, 4850k 20.11 t-hm™ F1 240.34 kg-hm2; &k
MR SAR T H R F M REY) ;X 385w
NO; =N HIH IR BE F B i , 78 0~200 em 2 (A1 0k i
ik 907.87 kg-hm2,

Sk

[1] 72 TEPRVE Y B BO B 2E  E 25 B FRFIM AR BT FE[D].
PRAE: gl K2, 2010.

JI Yan—zhi. Catch crop control soil nitrogen accumulation and leaching
in greenhouse|[D]. Baoding: Agricultral University of Hebei, 2010.(in
Chinese )

(2] XUIEHE, VI REAE, 3K SR, S5 LR A8 B0 S M N fit Je 78 B -3 5%

SrARAC R 32741, 2008, 45(2): 296-303.
LIU Zhao-hui, JIANG Li-hua, ZHANG Wen—jun, et al. Evolution of
fertilization rate and variation of soil nutrient contents in greenhouse
vegetable cultivation in Shandong|J]. Acta Pedologica Sinica, 2008, 45
(2):296-303.(in Chinese)

(3] JRAEE, MR, AR, 5. F OGS L3R S 2 & i 2
FARHAFATFEVED). A 3R ST R4, 2006, 12(5): 675-680.
ZHOU Jian-bin, CHEN Zhu—-jun, TANG Li-li, et al. Mineral nitrogen
content and accumulation in soil profiles under sunlight greenhouse cul—
tivation[J]. Plant Nutrition and Fertilizer Science, 2006, 12(5): 675-680.
(in Chinese)

(4188, SR, B, 45 TNE XS Bt ah - RS R S
BRI M), A E SR SRR, 2011, 17(2): 374-383.
ZHAO Ying, ZHANG Xue—-jun, LUO Jian—hang, et al. Effect of fertiliza—
tion on nitrogen leaching loss from soil and nutrients utilization by
tomato and cucumber in greenhouse[J|. Plant Nutrition and Fertilizer Sci—
ence, 2011, 17(2): 374-383.(in Chinese )

[5]Ju X T, Xing G X, Chen X P, et al. Reducing environmental risk by im—
proving N management in intensive Chinese agricultural systems [J].
Proceedings of the National Academy of Sciences of the United States of
America, 2009, 106(9): 3041-3046.

[6] Ju X T, Christie P. Calculation of theoretical nitrogen rate for simple ni-
trogen recommendations in intensive cropping systems: a case study on
the North China plain[J]. Field Crops Research, 2011, 124: 450-458.

(7185 3, SRARBIL. 3SR B UR L& INE 1 9k M. Jbat:
ARl KA H AT, 2007: 8.

CHEN Qing, ZHANG Fu-suo. Theory and practice of vegetables inte—
grated nutrient resources management[M]. Beijing: China Agriculture U-
niversity Press, 2007: 8.(in Chinese )

[8] F M. A LIRS A R B TR AL RERY M D], b 5t ]
el K2z, 2006.

WANG Zhi-chao. Soil nitrate nitrogen accumulation and effects of wet—

— 227 —



RUFREGMELR-FE 325 F38

ting and drying alternation[D]. Beijing: China Agriculture University,
2006.(in Chinese )

[9]Ju X T, Kou C L, Zhang F S, et al. Nitrogen balance and groundwater ni—
trate Contamination: comparison among three intensive cropping sys —
tems on the North China plain[J]. Environmental Pollution, 2006, 143:
117-125.

[10] Hansen E M, Djurhuus J. Nitrate leaching as influenced by soil tillage

and catch crop[J]. Soil and Tillage Research, 1997, 41: 203-219.

[11] Rodriguez M A, Continuo J, Martins F. Efficacy and limitations of triti—
cale as a nitrogen catch crop in a Mediterranean environment|[J]. Euro—
pean Journal of A gronomy, 2002, 17: 155-160.

[2] AR BR 3, 4 4Eky, 55 SR AEYIBIG 3 I L s ik 15

PR IE SRR LT]. FREE TS PR BIE AR 154, 2003, 4(7): 13-17.
REN Zhi-hui, CHEN Qing, LI Hua—fen, et al. The progress of control—
ling nitrate pollution in vegetable fields using nitrogen—catch crops|J].
Techniques and Equipment for Environmental Pollution Control, 2003,
4(7): 13-17.(in Chinese )

[13] Staver K W, Brinsfield R B. Using cereal grain winter cover crops to re—
duce groundwater nitrate contamination in the mid —Atlantic coastal
plain[]]. Journal of Soil and W ater Conservation, 1998, 53: 230-240.

[14] Thorup—Kristensen K. Effect of deep and shallow root systems on the
dynamics of soil inorganic N during 3—year crop rotations|J|. Plant and
Soil, 2006, 288: 233-248.

[15] Thorup—Kristensen K, Magid J, Jensen L S. Catch crops and green ma—
nures as biological tools in nitrogen management in temperate zones|J].
Advances in A gronomy, 2003, 79: 227-302.

[16] Berntsen J, Olesen ] E, Petersen B M, et al. Long—term fate of nitrogen
uptake in catch crops|J]. European Journal of A gronomy, 2006, 25: 383—
390.

(7] R, EBESe X A, 45 APPSR A 2R 2 SR A U R
BURCHXT M T oK B2 ma ). 7K+ PRE27440E, 2010, 24(2): 165-168,

178.
YE Ling, JU Xiao—tang, LIU Nan, et al. Characteristics of nitrate accu—
mulation and its effects on groundwater under typical cropping systems

in North China plain[J]. Journal of Soil and W ater Conservation, 2010,

—228—

24(2): 165-168, 178.(in Chinese )

(18] SRR, FLmEsE, SRAREL 55, LA R 2R RiC S A%
JHIE R R EAOERNE, 2007, 40(9): 1964-1972.

ZHANG Li-juan, JU Xiao—tang, ZHANG Fu-suo, et al. Movement and
residual effect of labeled nitrate—N in different soil layers[J]. Sci A gric
Sin, 2007, 40(9): 1964-1972.(in Chinese )

[19] Berntsen J, Olesen J E, Petersen B M, et al. Long—term fate of nitrogen
uptake in catch crops[J]. European Journal of Agronomy, 2006, 25(4):
383-390.

[20] Strock J S, Porter P M, Russelle M P. Cover cropping to reduce nitrate
loss through subsurface drainage in the northern U.S. corn belt[J]. Jour—
nal of Environmental Quality, 2004, 33(3): 1010-1016.

[21] Hansen E M, Kristensen K, Djurhuus J. Yield parameters as affected by
introduction or discontinuation of catch crop use[J]. A gronomy Journal,
2000, 92(5): 909-914.

[22] skabos, XUREWE, A2 i, 45 A6 it St 5 AN IR PR A E P 1
RRCR BRI AW FREER 244, 2009, 28(12 ): 2663-2667.
ZHANG Ji-zong, LIU Pei—cai, ZUO Qiang, et al. Nitrogen uptake by
different catch crops in facility vegetable field|J]. Journal of Agro—En—
vironment Science, 2009, 28(12): 2663-2667.(in Chinese )

[23] R 5. SRR T KRS ZUIR O e Bt S HUE R VE IR FE B 5T [D].
PR bl kA%, 2011
HE Liang. Study on nitrate status of groundwater and nitrogen uptake
by catch crop in greenhouse in suburbs of Beijing City[D]. Baoding: A—
gricultral University of Hebei, 2011.(in Chinese )

[24] T-ELAg, W HEHE. TR A9 B R0 2GRS 1 M I A
SRS AR, 2007, 35(8): 2336-2337, 2339.

YU Hong-mei, ZENG Yan-wu. Effect of nitrogen catch crop on veg—
etable yields and nitrate content|J]. Journal of Anhui Agri Sci, 2007, 35
(8):2336-2337,2339.(in Chinese )

(25 AT AR, SELR VR i 25 3 H 33 RE T 5T (D). 7 : L
Al K2, 2012,

REN Cui-lian. The capability of catch crop in uptaking soil nitrate un—
der greenhouse[D]. Baoding: Agricultral University of Hebei, 2012.(in
Chinese )

http://www.aed.org.cn



