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Effects of Farming Systems on Soil Nitrate Accumulation and Crop Yield in Sandy Soil Field in the Middle
Reaches of Heihe River Basin, China
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(Linze Inland River Basin Comprehensive Research Station, Cold and Arid Regions Environmental and Engineering Research Institute, Chi—

nese Academy of Sciences, Lanzhou 730000, China )

Abstract: Field experiment was conducted to determine the effects of minimum tillage, straw mulching and crop rotation on grain yield, ni—
trate accumulation in the profile of a sandy soil in the marginal oasis of Heihe River basin for two consecutive years(from 2007 to 2008 ). Re—
sults showed that the average grain yield of crops under conventional tillage treatment was not significantly decreased than those under mini—
mum tillage treatment. The average maize yield for straw mulching treatment was 11.3%~18.8% lower than that for plastic film mulching
treatment, while the average grain yield of soybean was 6% higher. There was a significant difference in nitrate accumulation in the 0~40 c¢cm
soil layer between different treatments. For instance, the average nitrate accumulation in 0~40 cm soil layer was 8.5%~22.7%, 7.0%~8.8%

lower under conventional tillage and film mulching treatment compared that under minimum tillage and straw mulching treatment, respec—

tively. Average nitrate accumulation in 0~40 cm soil layer was 54.9% higher under continuous maize cropping treatment compared with that
under maize—soybean rotation cropping treatment. These data showed that minimum tillage and straw mulching had positive affect in increase
nitrate accumulation in rhizosphere of soil. However, the effect of maize soybean rotation on nitrate leaching in sandy soil was very prelimi—
nary. Further investigations about effects of cropping systems on soil nitrate accumulation and crop yield was necessary, which could con—
tribute to protecting soil and ground—water from potential nitrate pollution, and provide some theoretical bases for keeping high productivity of
the oasis agro—ecosystem in this region.
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R F 2007—2008 AE7EH FH B} 2= P FE X B IX IR
R 5 TRV Pl EE A TRl s er A A Tl (39924
N, 100°21"E ) PN S5t , 130 3k 6 T H 74 1o 7 2 JBR v B

IR ELAGER , 12 XA I L1482k fh 40 ) S
JREHZERIN IX, SRS R 5 R BE R B
SN RIRHELO X, —4F—2, EARFE AT,
ISR 1350 m, J& KRREHIRE T 2S0%, 247
Wk & 116.8 mm, % 60% 1M H7E 7—9 A,
FEFN R AR ST , AR MLZE & & 2 390 mm, T8 500
15.9, 5538 7.6 °C, LA 165 d, =10 CHILEFIE
3088 C, st HRHER T2+, HEETY
WY B FRIAXIDRZE , &k B A 85T
Bt m HEFRE A+ ,0.05~2 mm BHRABIE
84.5%~93.4%Z 6] , " F-3IZ5E 1.53 g+ cm™, H[EIRK &
(6,)20.6%~22.5%; 1373 & B EZ R BN, BT
BE R 237gkg? , AP EE 119 g-kg” , 28
& & 028 g kg, 2 EE 1670 g-kg, A A
P15 B 20.96 mg kg, MBI E & 2.99 mg kg,
TR & & 88.2 mg-kg”,pH8.94,
1.2 R5&i&it

RIG i 8 N bFE SR A B SR At
YER 3 HRRXEZIH(ER D, B3 KER I
24 A/NX, NXTEIFR 5 mx5.7 m=28.5 m?, /]NX[E) &S
0.40 m HI3F . HUBHE AL B 24 M > 18R4T 44 A B
B, DHEAE I 2006 EFFIRAHAT LRI BB . FEFT
B b /N ER AR CNERFTHEN
3500 kg-hm?), FEAKHHEKER-FFRL 3~5 cm
KIBREL, — IR MY 5 8 3 T ORAT I, SR 5 i
BB T L, D g e , SOk #i#A 1
B AR PR EOKEEAERIAE ; S0 VEAL 3 2007 4EF
FEE K, 2008 LEFPAE R .,

FPFE FOK i R 2007 4E R4S B 958,2008 4EH 1
E 22 5, RKEMFNEE 19 5, T RFHATIEN 40
cm, BREE 25 em, B/ CERRR s R G FAIFEATEE 40 cm, #REE
15 cm, H7OBMR, FRFPHEHHELER 300 kg-hm?,
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Table 1 Treatments description
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CFM HABHEEBHEEEX FER =B WIRERBHE T X R TR S, AT K

ccM B E+FEFT R 2 AR K FER =B WIRERBHE T X R FWIR TR S, AT K
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MFM DR EEE K ZHIDB I, TR =, MR
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P,05 150 kg hm?, K S ABEAELE A, 75 kg hm™,P,05 90
kg-hm?, £FBEAEFN 172 R AEEGE , KA TAEW A
A G HE IR K 2 1t o V7K I 24 B B B S LAt AR FH A 2
TR —3
1.3 RIE XA
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AR K R A E R E, KE % 20
7 RV reRs SRR Ay SN by IS QY e G-,
HERLE,

2007 FAEYIREFIRT MR F1 2008 EVEYIER
J& Fi - 453% 0~20.20~40.40~60.60~80.,80~100., 100~
120.,120~140 em BUBr 8 +4F . 7ESCH = WA 2 mol -
L KCl 1242 , J8WTE 220 nm 1 275 nm T H 0 2 1
ARG R, TEFSAREERANTAR:

13 NO;-N B R & (kg-hm?)=+ ZEF (cm)x
HIEATE (gr om®)x HIEFHAR S & (mg-kg™)/10

K F DPS GEi 3 A 1561 504 , 7 220 A A8
EVERIO R A LSD H/N B 35 2807,

2 ER5H5H

2.1 AREILEXHEM = EBRIRM

2007 SRR HIISRIME E K, A FEALEE K &
(3% 2)RIUDAE GBI E+ 58 55>/ DB+ [ = >
GERHE+ZF T > D+ ZFT B S R, 258
PRS0 T 3 B S A0 38 K By, DB R 32
& S A B K BRI, A FIAL BRI K B 22 5
W02 DR AT S K B, DB &
K=BEFERT 6.3%,HEFARE(P>0.05), MZEFF

B ERTFRBIEET 11.3%, 27 83%(P<0.05),
R 2 AELETHEY=E (kg hm?)
Table 2 Crop yield under different treatments(kg - hm=)

. s AT I E=
2007 Fk  8430a  7915ab  7492ab  7002b
2008 EX  14177a 14 124a 11 662ab 11 321b
KT 2335b 2528ab 2737a  2849a
LSD(P=0.05) FIE F{E
2007 EP N Bx 5.0° BHE 1.07%
2008 EX bk 30.68" HHE 0.09"

XE ok 9.82" BEE 0.91%

1 FTARING FRE R R AR Ab 28] 22 57 8 2 (P<0.05);F fA I
PR & B EXHEY = R AR R AKCE , o K (P<0.05),” #%
BEKFE(P<0.01),NS LRBEFI,
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HEVE+ b R 25>/ DB+ Hb B T > B R HHE+Z T E
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B I T EKBEIRAIEE 5 2007 £ R
[, Z>#F b B X K i 07~ 08 B 6.3% T [ 2=
1.5% , T 22 178 5 X5 T K A0 7= e B A 11.3% 1 F+
£ 18.8%, KEFERIAH HEXR=ELERAR M
B, KREF=E&mE NI EE SR E+ B 5 40
M2 D+ E A E S B DB K G
BEGHEAN RS T 6%, BB RBZE(P>0.05);
X b S b3, AT 5 AL B R L e
14.8% ,22 57 5.3 (P<0.05),
2.2 AEIAMIEFTEH & KRR BRI
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AR RASR, RIEY =B ZF PR, RFE
AR FRVEY A KR e 45 5% (3R 3) R, BHEXTHEY
AR B R M A/, T 36 XV E Y A KRB A 5 i)
W, 2007 4E50E B, FEAR RV 35 4544 T, At
FAEGHEAL B, /D BEAb B PR W 5 R U,
N BESIARE  TEESHHELIET , R AL
KRR L E S 8.6%, BRI ERN 10.3%,
TECHRACEE T, b7 o A B KPR L E AT S
8.8% , A RLEEIEIN 5.8% o AN RIALBRAEC Ak AR fh 22
SEARIBBEKFE, UL 5EEZ AL, B AL
PR TR E A K IFFERHE S T A=W E
FRAERK AT K AL, FAR TR ER R, AR
o 2008 AEHE INZEHML A E 25 R BUR , RSB EAL
T ERZEFF B T St R G A RS A
ERIRR, SEE S TA L, R E AR
EWINT REME, EE KT AR IEEE B 1R
%, AR B AR SRR T 7.5% , DAL T
19%., HhBE 2 Ab 3K G TR E R T EF AL, (B4
AhFEE IR B TEMRIE R AT, D P B
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A ASEE R (E 1), 78 0~20 em + )& /EWM
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Table 3 Crop grown index under different treatments

F4 1E¥ HHE B Hies/om Z5H/cm FK/em FEA/om HhiE/g
2007 E% S fRGBHE HRER = 275.8+6.5a - 21.3+0.7a 4.8+0.5a 36.5+0.8a
TEGBHE ENEZ 253.9+12.4b - 21.220.9a 4.8+0.5a 33.1£1.8b
s R % 279.0+3.8a - 21.220.7a 4.920.5a 34.9+1.7ab
i FEES 256.4+6.2b - 21.5+0.9a 4.720.5a 33.0+1.5b
2008 ES/S fEGHHE HRER = 272.6+18.2a  2.64+0.06a 19.320.5a 5.740.1a 41.2+0.9a
TEGBHE FFEZ  266.6+22.9ab  2.64x0.10a 20.7+0.7a 5.7+0.1a 37.243.6b
Dk MR 269.0£14.4ab  2.570.13ab 19.30.2a 5.7+0.1a 42.0+3.0a
DB EHEE 255.9+14.7b  2.33:0.07b 19.1¢1.2a 5.6+0.2a 37.021.4b
BARRIERL BERIE
PN TRGBHE MR 126.13£1.1a  0.96+0.05a 34.8+4.5b 2.8+0.1a 18.8+0.5a
FEGHBE EHEE 112.7+7.9ab  0.940.07a 37.4+6.9ab 2.8+0.1a 18.3+0.5a
Dk MR = 122.2+7.8ab  0.90+0.02a 34x1.7b 2.9+0.1a 19.5+1.1a
Dk ik 100.4+2.2b 1.19+0.38a 40.5+1.4a 2.9+0.1a 18.4£0.6a
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BT 90%, Hilt, HEMSE & BB H S0
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FAMEE T TZRR EHSAREEAHE
g, HEMASARER ORI E SRR
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Figure 1 Nitrate content under different treatments
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4 HEMSERRE (kg hm™)

Table 4 Nitrate accumulation in soil profile under different treatments(kg+hm™)

+Z/em Sy MR
CFM CFMS CCM CCMS MFM MFMS MCM MCMS
0~40 RIHT 19.07 - 19.07 - 19.07 - 19.07 -
2007 17.64b - 21.10ab - 21.05ab - 21.30a -
2008 28.28a 9.45¢ 23.50ab 17.22b 27.99a 20.97ab 29.57a 22.95ab
40~80 IR 7.79 - 7.79 - 7.79 - 7.79 -
2007 5.25a - 7.62a - 5.08a - 7.00a -
2008 6.60a 2.80a 2.61a 2.77a 497a 2.56a 4.73a 437a
80~140 RIHT 11.72 - 11.72 - 11.72 - 11.72 -
2007 10.90a - 8.33ab - 5.39b - 9.34a -
2008 7.07a 4.65a 4.99a 6.25a 7.72a 5.94a 7.48a 8.23a
E: R PAIARBRE L RAITAR/NS FRRRARLERZER B3 - R ZER M NZIET.

& BRI 8.8%, WOk G & A0 BEAE 40~80 cm
+ B HEESAN R RSB L2 B,
B2 BEZER L EHSARZEREHERN
250, WG 80~140 cm 12 HIEMSAR ERET L
L 40~80 cm +JEFAHML, 2B S

2008 FEEHE BN, WERIG FREMER LI 0~40
em 12 HEMARMHE RS 2007 R LY
AR RIRREERHG, MEeAE A P A R PR R &
WD R ; 5 A0 R RN A A R 2 B R BRI
3 MCM >MFM >CFM >CCM >MFMS >MCMS >CFMS >
CCMS, #A4E FBHE 7 2N 35 5 ISR B IR 3
SAMEEA BN ; FREFELHARZRN L
BHSARRE BT 54.9% , (£ G BHE
HEZER K TS AR R E /DB 22.7%,
B EIEZE RN L IEMS AR R &2 LERFA
PRI 7.0%, 40~80 cm + = HIEMAS R R RS 2007
AERIAAE LA A RRR )N, AR A R A R
H /NI R E AL BRI AR (A b3
EHSAREEMNZERAEE, 80~140cm L2 +1%
MAAREEHWERE 5 2007 4E R LR 5
A SAEREIEA T+ A AR BRI
BRI B, S BB B N2ER .

3 g

D G RA AR B IR B
XHEY = B R AT G R A R R, AT
REH, ARG =B PIHE B 3B T7 5, ik
BRAREE T S TR BA AR, TRE ™ ERA R
= (ERIRIK B KK o TEREARSFE IR L AT ST

ERLH 5% MABHEM L , 2B B AR A R e RHA
H 7 G K= ', 3F s A B cE i E
JBK AT Z RSB EKIE P B F LR BEA R
ZRMBIWER KUK BT, DR HHER
IKAFZ5AF B R E FHAE FR , DRI 808 2B 1S A £
W AR A ERIG =25 5, B/ (G ) BF RN E
Uih ERBE, R RE BN, RRVEY ST EFE
EAARRR = BRI, 557 25 0 B H 2 FPE 5
ARFRAE FOK 7= 5 L E AL, (B K G B B
I BB SEMY K AR AT S R R R,
mi E KA AR R, TR E R, BB BRI
B EEL R AR K B 1 R AT s R IR
FEF M E R A B AR, BT AR AR i S =
FFF, TR E R IRRK — BT A R AR R
TR R B RS SKERE, W E R ATH
AR, FRAERKIER WML R EZ LGB EAL
T, MR S AL KRR L E T 5 8.6%, A
RLEHE NN 10.3% , FE/0HFAIE T, RS 35 A0 3 E 0K
RS R E AT B 2 5 8.8%, AR BN 5.8%, K&
REBAEY, 5UHEE T2 HE B EEFR AW
BREY R, MEMBEEH TRGRIETH G
TEWRA K EZE™, KR =8OR, [, K2
PRI RS EFRAKZE, BRENFESZ,F
FREAKER, 7oh, ARE% & A 7= SCPRik
B BT B JOrA N H A7 25 A FEAR T T OO 5
= BN, {5 R 55 T 22 AP 55 =2 [R] A P= BT E
XoF F 2 b A P S A AR R R X
RIGLE R BN, DA EE 0~20 cm + 2 T RS
RO EVE R TEEIELRE, 2007 FESEHEL
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BB G 0~40 em + 2+ S AW R B VIE
He /D Ab FRAE 8.5% , 2008 4EA% 22.6%, #E—HE 4T
FHVEREIIASZS MR, B BB B4R = 3B E = A
SEE R JOHS AR KRB RIS . $E
S RHBE IR A AR I B T 25 SRR B, S
FR T LU B AMSER RS, A adhe
TEBE HIERE RGN, BT REIENEE
PN T HARKAERE ST , B A TR BEYR R &
JE B S R A B RS RaE R, B RALEE 0~40
em TR DIERA R YRR R HWE E AT A B
7.0%~8.8% ., iX—J7 T J2: F1 TS B 3 T LASS s
REFTHEY, DR Hi X LR SIRE,
Ho A4 pH WAt & T LA Y RIS 3, B T
e FRAEATE; 55— J7 T, FE AT i RE A Bl i LR
P, BN EK AR VRS BN - SR MK AR,
Has TEOUKRIERE D™, E—E R E EdamR
B EMSARR . AR EKE A EHER
TR AT E 54.9%, BN iZSHERA B
RIS R, ARIVEYI R T IERLEA R I S 2 e A &
Z RIS ER RIS A EENEWER 4, £
RS AR TR SEYRSCH A —E KRR, I,
it — 20 T R A5 BT AT ASE AR A 8 s AR AR
FEXD AR FH AN AS RN R 5 R MU A 20

4 i

£ LI, e SR R v R R D Bk
AL REURIMEYI™ ; AN TG R MR BE Sa ks
EEGEFEERRREREE, HRXEREM;
TR/ RK B AN AT S A B A T AN A AR
YIRAEHERRR ., FRREHAEAT, 5%
REMBEARBRRD T IREMER, X AR
WRIR AR 7 B S - SR A 1 S ) 52 M AT 75 1
I RE RIS o XA T I DR SR TR AKX 4
FRERNAR FH PRI A R AN 3R R Y Uik T AR S R G
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