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Effects of different summer catch crops planting on soil inorganic N residue and

leaching in greenhouse vegetable cropping system
WANG Zhiyi, GUO Ruiying” , LI Fengmin
The Ministry of Education Key Laboratory of Arid and Grassland Ecology, School of Life Science, Lanzhou University, Gansu Province 730000, China

Abstract; Nitrogen management is crucially important in shallow-rooted vegetable production systems characterized by high
input, high output and high environmental risk. Catch crops can be used as a biological N management tool to recover
residual soil mineral N by prolonging growing season during the fallow period. The objectives of the experiment were (1) to
study effects of different summer catch crops on vegetable-planted soil inorganic N residue and leaching, and (2) to screen
desirable summer catch crops based on shoot and root growth of catch crops and N leaching in soils of greenhouse vegetable
cropping system. To collect the leachate more easily, the method of simulated soil column was used in the study. Four crops
were selected as summer catch crops. They were: sticky corn, amaranth, oat and pea. Fallow treatment was also
established as control in the study. The biomass and N uptake of shoot and root, root length, root length density and the
specific root length were measured to clarify effects of different catch crops in soil inorganic N residue and leaching.
Higher shoot biomass, root biomass and root length density of sticky corn and oat treatments were found compared with
pea and amaranth treatments. Higher N uptake was shown in sticky corn, oat and pea treatments in comparison to
amaranth. Compared with fallow treatment, catch crop planting could efficiently reduce soil inorganic N residue at harvest
in all soil layers. The ranking of soil inorganic N residue left by catch crops was: amaranth and oat > pea > sticky corn.
Inorganic N leaching could also be significantly reduced by catch crop planting. Compared with fallow treatment, inorganic

N leaching could be reduced by 100% , 96% , 82% and 58% with sticky corn, oat, pea and amaranth treatments,
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respectively. Correlation analysis indicated that there was a significant positive relationship between specific root length and
aboveground N uptake of catch crops. There was no strict and regular relationship between each root parameter of catch crop
and soil inorganic N residue and leaching, which indicated N leaching might be influenced by synergistic effect between
aboveground and root system of catch crops. In addition, it was difficult to reflect the relationship between root growth and
N leaching by only using static root parameters. In conclusion, sticky corn and oat were more desirable summer catch crops

in greenhouse vegetable cropping system than pea and amaranth in the study.

Key Words: summer catch crops; root system; soil inorganic N residue; inorganic N leaching
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x1 #HilTEASE5 R
Table 1 Soil bulk density and soil texture

22/em LA/ (g/em?) L IERIAR ST Soil texture/ % kb
Soil layer Soil bulk density <20 wm 20—2000 pm >2000 wm Soil texture
0—I15 1.37 4.28 74.07 21.66 hrigs s
15—30 1.45 4.28 74.07 21.66 e
30—45 1.50 6.67 79.49 13.85 hrigs
45—60 1.50 6.67 79.49 13.85 e

F2 Al TEUEER

Table 2 Soil chemical characteristics

e e YR -
L E/em TR A HL NO,-N NH, N 213 J'lz ¢ - pH
Soil layer /(&ke) /(&/ke) /(ke/hm?) /(ke/hm?) / (ke/hm”) Soil pH
Y Total N Soil organic C g/hm g/hm Soil Olsen P P
0—15 1.85 29.6 57.5 33.5 527.6 7.85
15—30 1.91 22.2 36.4 40.2 416.9 7.85
30—45 1.06 16.2 26.4 38.7 156.2 7.90
45—60 0.90 12.3 22.4 41.1 9.1 7.90

1.3 At

RIGIE S LB A BIJEAE TR R WS M AR IRAR B, 56k FH 58 R HLHES 32T, B4~ Ab B
BE 4R, AR AR R BT, B E R PVC BRI, NN 19.4 cm, =24 80 cm, Hrh
0—10 em FHEKZE,10—70 em J+4E,70—80 em MM PEH I E =, LA S MUEE Z B A pve FH R, pve
M FATHFLAEN 2 mm (/NFL 20 4, IFAIA U8 AR, R AR LAl 08 A FLA 98w  Aeitk ve i I e & T uid A K
WA B EREM 0—15 .15—30 30—45 45—60 cm HIEXT it 5 mm G, SRS HRIE A EH R E 23 AF]
A K K T AR Y 80% |, SR 5 i B H R B A THE
1.4 HREY A )45 2

BURYEY AR I RS TREAL , E K F R AR K B0 80% HEAT , M PRIEAS S Ab B - 387K 4315 i ok
AR —F RAFRE L PEATHEK , 7—10d PEAT 1 IRFRE ,3—5d #E 1 YK, FEASSZEG HEAT B3, 44 18 1 A 457K 2
1) 80% HATHEIK , RMCER B VEIR . S T WA SEL PR VR P Ao 75 P LA /D TEAIL UK B , IR0 EH i) 9 KK 2
FARDE A0 FHUREM AR RTS8 A 4 H) 5 )EI(8 H 24 H) AT T 2 SRR, BIREK T
HE )47k B 1 80 % 25 A BRI - 338 5 K R R T — B0 AR E T A AL B K 2.1 LMY F 71 mm) , & 403
PIRTTEK 4.2 Lo ERAERK B IEREK 21 WK, AR Fe b & b B HE K B0 51 KIN 10.3 L, &
K27.9 L, 3% 15.9 L, Bt 18.2 L,#E# 28.2 L,
1.5 FEACRERD E
1.5.1  AHPIAE S SR A S

WIS 428> AR AR R B BB FRIOR Ve, T 105 C AT 30 min J5, 76 70 C 4 A4F T T, FR
&, THMEEE, 0.5 mm 5, H] H,S0,-H, 0, BA i 1 B E ZUE M E Mk 2 A S i, BRRWIEH T
Y S5 eR & RN RBITE RS, WAERRENIERE 0—15.15—30 30—45 45—60 cm 2K FH, F 2 mm
Ty B TR AR T RS HER)E , B WinRHIZO 8 24347 R8BI 2 10 & F 250, R G HETFR
AP I A
1.5.2  HIERESCRE SE

WK, F2 B 0—15 . 15—30 ,30—45 45—60 em +JZ2RUCRI A, HIHEREFCRESS i 2 mm 0, FREL
20 g, 100 mL 2 mol/L KCL %K= 2, =2 & W R H i 81 73 A1 {1 (San++ Automated Wet Chemistry Analyzer,
Skalar, Netherlands) i %2 13 NO;-N 1 NH;-N & &,
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1.5.3 eyt 5 E

2 W HE K 1d 5 R R, I AR o U8 S R FH U 8l 23 BT AX (San+ + Automated Wet Chemistry
nalyzer, Skalar, Netherlands) Jlll 22 k38 H AT NOS-N Al NH;-N F &,
1.6 Hiitink

AT SAS BRAFALFEAT FL IR 3R 5 22 43 B FRH DG AR 43 #
2 H#R
2.1 HRFEYIHL B AR S AR R A R R R

W 3 fis B EREY s B R R A B 2R, M EE T MERRARR
(A 1 R i, A R ARERE LSRRG 1.4 3.3 4.3 %, RAMEL LW AF R EAREWRAR
PR, R HSERABEITLAY 2.0.2.0.,10. 0 £, MARRTEARTE L2 0K E (£ 4) A TRIEDIR
RTHEBEE T Z IR, TiefERZ 0 EWE T R A EAREIR A TE, Myl & 12
FIAR R T E AR, A AEFR R T E 122 516 45—60 em RIS E NI AT O E3 A B 8k
{BEA S5HGE AR 2 pH E AR AR R, X S HES AR T RA I, HiH B A R W4
%, (B HAT R R AR R B R RS, HUCORRE K | PR A FIFETL

®3 BEHAEYHEMSREAEVERAZTRKE /(v 14)

Table 3 The shoot and root biomass and N uptake with different summer catch crops

Qb YL Biomass AEWWE N uptake

Treatment Hb I3 Shoot HRF Root S Sum Hb 1B Shoot HRF Root S Sum
¥E K Sticky corn 119.7+4.3 a 20.8%2.4 a 140.446.7 a 0.77+0.11 a 0.10+0.00 b 0.87+0.12 a
Vi3 Amaranth 27.726.6 ¢ 10.2+1.8 b 37.9%5.7¢ 0.38+0.09 b 0.13+0.01 a 0.51+0.09 b
Hi Pea 36.126.5 ¢ 2.020.2 ¢ 38.126.5 ¢ 0.85+0.18 a 0.04x0.00 d 0.89+0.19 a
#eF Oat 87.122.6 b 10.4£2.1 b 97.6+2.8 b 0.80+0.05 a 0.06+0.02 ¢ 0.86+0.06 a

FEZH R T RN ZRABE (P < 0.05)

x4 EREMLIENRREWE /¢

Table 4 Root biomass of summer catch crops soil layer

Kb 3 1 )2 Soil layer

Treatment 0—15 em 15—30 cm 30—45 cm 45—60 cm

%5 K Sticky corn 8.02x1.19 a 4.98+1.01 a 3.70+1.30 a 3.96+0.40 a
B3 Amaranth 7.15£1.51 ab 1.69+0.33 b 0.77+0.14 b 0.62+0.11 ¢
YTl Pea 0.80+0.08 ¢ 0.56£0.06 ¢ 0.42+0.14 b 0.25+0.03 d
MeF Oat 5.73x1.17 b 2.34+0.73 b 1.16+0.42 b 1.20+0.13 b

[FFARI] 5B RN 22 A B2 (P < 0.05)

2.2 HIHHEYRKEE

AR 8 B AR BN ARSI AR . AAIET 1 TR 75 0—60 em )R ARG R FIHEA AR 2 B2 45
L, CHE AR RE RS YO, B AR Rl 7E 0—15 em HJRH R EK R AR AR K
WRETC L FE V22 5 s B 2 TR AR, D3R 1 AR 5 B Vs [ A1, O R TR EORANtE A . B AR
AR LR R,
2.3 HREYHRK

HRROIR MR A AN AR Wi 1) FU AL, T DAS AR 2R 35 0 WRCRE T, WNTEL 2 7R ,0—60 em )21, e A L
R THEAL B R EOR DR B R K E R F 22 57 AR )2 b 44 B FEAR KA BT 22
5o BMATTE ERIR LR G FORAY IR B e A HI,
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. . . . Fig.2 The specific root length with different summer catch crops
Fig.1 Root length density with different summer catch crops

2.4 HEHEHETHELE =

WE 3 fis, SORRACEEA L, 25 3E PR AR 0 A B 3 PRI T 45 12 R TOHL RS &2, UL IR PRVE 9 %k
DEIETHA ST ERAAWRAEH ., 0—60 cm 12 KT S THLE & @ IR A . Tk > it
> 038 > M 0—15 em HEH  SHENEYFEG T ESRE R LR 25, 78 15—30.30—45,
45—60 cm + 2 FPRIE ORGSR SR B 2 W T H e AR,
2.5 ToHLAME

e T R T 8 H 5558 25 SIS TP BER . Q& 4 Fros K oK i
59l 1 FIIFHE 2 ) T VMR VR IR SRR 430 R 2.96 L. 1.67 L 2.42 L.0.56 L F10.49 L, 5351 4 5] 4 b 35 5 3
KA 28.7% 6.0% 15.2% 3.1% F1.7% , BRIGSESN , Fow I RAVEY A FiE 3 s/ 1K 2 itk e, .
R . SORRAEE, FoK SRR B PRt 25 0l T IR R LR B (815 ) (R B 5 ) R R
B DR R T LR, B 6 R, SARINAH L , &R VR I R A 8 B IS T JE ML UM vk i, o
s ORI (RSO B W LU B BRI DSk . SORINAR L R EOK R 39 R D8 S A bR 1A
AZMAZ MR IR T 100% 96% 82% 1 58% .,

~ 700 o

5 6001 O g _35;

S 50} E '3 30|

5 o S

£ 400 - % 25+

) £ 20f

z 300 : 3

2 i S 15} ok

8 200 b g

5 ] a - “Hred © £ 10r

£ 100 H: :: : 3 = g

= i Abcdcg |- =N% 8 05t [

3 o LE LT L 1SR | 0.0
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B3 AREEREYHETIELNEARESE

Fig.3 Soil inorganic N residue with different summer catch crops

2.6 TCHLAE-f

B4 AREEREYHIETHERER

Fig.4 Leachate volume with different summer catch crops

F 5 A FRIRE R A T B R P, AR th 2 R A S i iy 22 B WA, A

T RE AR R EIE EA NN, WITRERATE , S MG L, R R MBS i Rl i T
B )RR PR T HA B R AR 73R, 7 SRR T AE R 2RI T LA LR 1L, 725 8oL
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FNRGERITEOL T, Do e th B B M AR AR BLG . th TR A U oR 5 8 H HEA HLA IR LRI &
AR SR ARMERf 2 IR HR 2 ) £ 16

2] 0 0 1]
0r

@

g

§ 60 [ a 200 B

< g 180 | O
% s0r ~5 o
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Fig. 5 Inorganic N concentration in leachate with different Fig.6 Inorganic N leaching with different summer catch crops

summer catch crops

x5 TREREMHETHREFE/ ( mg/2H)

Table 5 N balance with different summer catch crops

P ftem PR Fallow sfkayi il:m Tgf Ariith G Pea
N i A N input 866 866 866 866 866
EHT N, W16
fji)triaf Jsoﬂm:ir:a{i N content before planting 866 866 866 866 866
N it N output 794 1036 939 682 1042
N UL N uptake 0 870 860 510 890
We3k)5E N, 5% B3 Inorganic N residue at harvest 651 165 73 99 122
N, W3 Inorganic N leaching 168 1 6 73 30
N V- Balance 47 -170 =73 184 -176

2.7 HWEYRASH S A Z W, - THLEER B DL LR e 6 &R

6 FW,0—60 cm +)Z M T 5 H0 - ERA R Wloa o B E YRR OCOE R L {HAE 30—45 cm il 45—60 cm
HE T AR T E S EAR AR MR E ARG, X RIRER R AE KA R TAEY LA ENER,
% ERTE SR SO AR 2 B EASC, RIAR Sk s, 3P AR s, 0—60 em +
ERTHE S IOHLEMYEL BEM KRR, H 30—45 cm HZR T 5 IOHLEMEE S B E MK,

ST E A AT ZE AR, 30—45em F145—60 em T2 MR S S F A Wi 2 B E R
X, &2 KEE S TR B B RN EE R, 3045 em 2R KEE S AR kGRS
2 TEARSE 1T 45—60 em T)ZMMRK B 5 AR o 2 W ARG, & )2 ARK SHb [ A = Wl
KRB EEMHLELR, 30—45 cm 545—60 cm H)ZMHRE S T AR R 2 S A R 28 E

IEMR,
3 g

3.1 SBREYRIRERCR
T3 1 5 it s S AL AR % S 2 DA FR] S0 1] ol AT S0 PR A1 4 T A0 et ) T ) BF 1) 5 i 20 R PR 25 1) 480 3% 4
R AN BEURAEYE AT LI AR 4R 2 A BLBOT iR 2 A A 0 2k H O E R R R
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AEEE L, REZMTEBSREY) 7 — B N TEARAC ) 25 F T, e 9 SR E Yok 55 AE ) B A i 224E
A AR RS ) - AR SRR R VR AR rT BEAE 1800 B IRV AR PRI 07 T R SR, R (1
LR A TR A 29% —94% (AL, T ZAHEYI R 6% —48% '), B R, RAFHE
Whts TR MIHE A HA B bR A i BUERE AR DT U 398 5 M 0005 B A 0t il A JCHIL G o it EL A £
SETCHLRE IR B R s ERMES 38 il LA R R O ML & B AR T F R B S SRAE Y R R AL,
A1, AR b B TR AR S SOk BE R RUER R, SEURIVE AL sl D TR AL U B A LB, S (A T8 il oz
P B JCHLR S B IR B T 1) T as B K AR, e s K 2 0E S SRRV R 8 B b Al A 8 42 0K 23
REM N zi2, S TR

R6 BRESYESRERK. TELNEEREURLNARENEXRE r &

Table 6 Correlation coefficient (r value) between root parameters and N uptake, soil inorganic nitrogen residue and leaching

WEZH +J2/em by AR A MR & E=R SR
Root parameters Soil layer Shoot N uptake Soil inorganic N N leaching
T Root dry weight 0—15 -0.2037 0.8155** -0.3077
15—30 0.4299 0.8925 " 0.1109
30—45 0.6920 ** 0.7890 ** 0.8657 **
45—60 0.6646 ** 0.8354 " 0.5796
0—60 0.2011 0.9193 ** 0.0480
R E Root length density 0—15 -0.1130 -0.7932"" -0. 1810
15—30 -0.2089 -0.7972** -0.2237
30—45 -0.6949 ** -0.8947 ** 0.7101°"
45—60 -0.6320" -0.9018 ** -0.6676 "
0—60 -0.4585 -0.8067 ** -0.5047
AR K Specific root length 0—I15 0.5901 * —-0.0008 0.6032*
15—30 0.7172"* 0.3614 0.5238
30—45 0.7247 " 0.5287" 0.6743 "
45—60 0.8516 ™" 0.5658 0.8484 "
0—60 0.5744 " 0.3474 0.5205

w FRIRF W EMIE(P < 0.05) 5 # « FRRFIW B EHL(P <0.01)

3.2 WARSHS HIEITOHUAE S 2 AR IR A DG
HURAVEY AT LA 5 78 15 5 8 R WO #A R 1) R 2 3 iz %, s R R Ve, T0ie 2781 ik
EREWIGT R SR AN ERE AR5y, RRMHNED R R ERAAEREEZER Y RARE R
T AR AR R RIMER RACR N EESE Al b 72108 54 R, 7E 0—60 em 1
JZR PRI T DUAE R AVE Y BOAR 2R, (H 5 D8 S I A E, TR AR B 5w (AR T S AR K% 5 Rl e
WZ T, Vos S5 D IS R BURNIEY IR RIRE 51 A KA SR, AR EN,0—15
em F115—30 em )2 MR T8 SR 2 BE 34 J0 1 2 AR DG, 107 30—45 em 5 45—60 em )2 AR T 5 S b
I ERARE WM R B E IE ARG 2 BRI B A S i AR 2 B A, R KRN
SR, HT DU R R W ICRE s, A5 R o A LR R K 51 AR I 2 B G R,
PRt M R S 00T DAAR A1) S e bl B R R R i, Rl 2 R 2 HIEMIR R S8, WA A SHE £ T
Rk B A TR AR RIAR K 2 B2 X S B S8, AR T EE R 2 A T 88 i sE IR AR ok e
P TCHLZGR B, AR 2 FE B e /> T+ e AR B .t TR R SECS AR MR UEI R I TE ™ 4% 1 A1
AR ARMER MR A 2 BT - HETOHL AU B AR M2 3 I T R B IR b T A Rk, Herrera 251
P 235 SRl 3R W A R R E D RIS 1) NOS-N IRV it 5 280 R WO RIAR &R I S SO0 M8 AR DG OC & L (R 45
HURED R IR R A K SHEHETY 58 BUREYRME S I NO;-N Wyt i HEP A, AR5 H e 1 A
YEYISCRR IS AR R S0, DR AR M 4 1T S R RV E AR R AR K S80S UL A R Z M B G &
UEAR MR R A KA BRI — N R 2 A A A A, A K R v A B A A R ) B A R L™
SN, M E— 25 R M JC LAkt . SR 0 R A6 2 R B B AR 5 T PR IR A BRI R T K o et -
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SR FICZSHIRE R, S5 SRR ITEH R AR AT DL IR R 05 ShiE BN A HLEN & 8 i TR RS 351k
8 JCHL AT E A AT RE 2SR RV E D A R e A — N F 2L AN [R] SR PR /) =2 ) AR 2R A B 2l
A REAFAEZE S , NI R JCHLAM BE . PRI, 770 BT AR RS M0 JOHL UM B 22 (6] A9 6 AR, BEZAEAR R AE S
KN R RS Bk
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