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FE: [ A ) R0 b X R A A [R] 736 I 7 o Ak B 39K 23 5 A A UM B0, A3 e /K IR A 3%
R, WIEYIFER, IEEGE B TR X AT R AR P AR A B R SR B AL . [ ek ] BB RIE e
I8 TR AE XS B | i U AR AR . RBE LA RGP AE . B LA ROt A Yk . BT AE S IR R S A
FUBEACIE 55 4 B 101 b 4 2 26 AU (LI 5 A AE b I 4 B 26 08 7 AN 43T TR [l A B S BFVE A/ N 15 48
JE S T A A R R AR K IR DK AR . [ G558 ] SxTREAHEG, it 005 fh IE A 34 4 25 1 Jon
TIARAE 0—300 cm 2 A RF, BREEEMIEM 6.1 fF. SR LACHL, 78 2B (LA IERE A7
HbBE A BT R L T AR Mk L T B R A A MR 4 7 26 AL HR B E D T RS A BRE, AR T
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FAE b it R B K A 2 B BB TR0 o 1 39E/K 7332 7% RE B35 R e Al A5 R LSRR T 9 o0 Af, HL4S
SRR R WRNE S A 7 0 i 4 5 0 R AR NE e i 2B oA BRAH S R 20 A AE 0—20 em )=, R LIEBCHE
P A E AL 5 2247 b B 42 7 S Ak AN 2 R A 1E 0—100 em 128, T 0B AL NE R B AL AL 5 AR PR 30
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M. RN ARG 4 A RS R R AR (858 ] SR S BRIt 3o 36F 7K 23 B 8 2 A i 2
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Effect of different agricultural measures on soil water and NO; -N leaching
and accumulation in cropland of the Loess Plateau
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Abstract: [ Objectives ] Fertilization and plastic film mulching affect soil water and fertilizer use efficiencies,
the NO; -N leaching as well as winter wheat yields. This study compared the effects of different measurements to

provide support to pursue suitable measures for sustainable development in the Loess Plateau. [ Methods ] A
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winter wheat field experiment was conducted in the dryland in Weibei since 2002. Seven treatments were tested,
i.e., no fertilization control (CK), N and P fertilization (NP), NPK fertilization (NPK), NP plus biochar (NPB), NP
and full plastic film mulching in summer fallow period (NPFFT), NP and full plastic film mulching in growth
period (NPFGT), and NP and full plastic-film mulching in a whole year (NPFWT). Plowing after harvests and
before winter wheat sowing was performed in all seven treatments. Accumulation of soil NO; -N at the winter
wheat harvest stage for 15 years and soil water contents in the growing season were investigated.

[ Results ] Compared with the CK, the NP significantly increased the accumulation of NO,-N in 0-300 cm soil
layers, which was 6.1 folds of the CK. Compared with the NP, the NPFGT, NPB, NPK and NPFWT
significantly reduced soil NO, -N accumulation by 78.7%, 73.2%, 66.0% and 59.7%, respectively. Although the
soil NO, -N accumulation of the NPFFT was not significantly different from that of NP, it also decreased by
19.2%. Compared with the CK, the NP had no significant effect on water recharge and depletion in 0—-300 cm
soil layers. Compared with the NP, the NPK and NPB had also no significant effect on water recharge and
depletion in 0-300 cm soil layers, while the NPFFT, NPFGT and NPFWT significantly increased soil water
recharge, of which the only NPFFT significantly increased soil water depletion. Nitrate accumulation in soil
was affected by soil water movement, and its accumulation in soil increased with the increase of water
recharge. Soil water movement significantly affected the distribution of NO,™-N in soil profile. The effect was
that the NPFGT and NPB were mainly distributed in 0-20 cm soil layer, the NPK and NPFWT were mainly
distributed in 0—100 cm soil layers, while the NP and NPFFT mainly distributed in 0-200 cm soil layer, of
which the NPK, NPFWT, NPFFT and NP exhibited nitrate-nitrogen accumulation peaks. [ Coneclusions ] Diff-
erent agricultural cultivation measures could reduce the leaching of NO, -N by controlling soil water content, and
thus improve the nitrogen utilization efficiency. The NPFGT effectively reduced the leaching and accumulation of
NO, -N and regulated soil water movement, which was an appropriate measure for improving the condition of soil
water and fertilizer, and increasing winter wheat yields in the dryland.

Key words: Loess Plateau; NO; -N; water movement; biochar; plastic film mulching
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TR R T AREA K A AL A B I, B
AAEFI AR, kAR 2 R R, A Sl 7E
HERIASES Y1 AR VAT v O S €2 TR 2R 073 f ol LB 1
BERt B AL | A= ¢ A K = Al AN [ st 3007 e 5 4 i i i
X 1 HEAK 3 ia B A AS FOIE B0, LA O 8
RIX S Al B0 T Hp 2 A TR AR HE R A

1 MRS IE

1.1 RIEXHR

RIS XA TRV A KRB E R 2R R R 1
sl A IR B (107°40°E ., 35°12°N), & s
MR SRR X, X R BT+, BEFURIRIE W
PR L 4, O, )RR R 1200
m, SR B T 2 T K o 2 U, AR R
7K 578.5 mm, ZEHESMAYY, FERETTE 7T—9 H
o /N —AE R E KA IRIN A F
W, mHRBSREEE NS T HEIRAE 6 H, Hph 7 HZE
9 AARINI, 10 H 24 6 H hAE ., 2008—
2017 AEA /NIRRT 205K 332.7 mm, AFHHIH
225.8 mm(F 1), FHWEZK K E 1500 mm, FHiE
JE9.1°C, Wik TS5HT 0°C G shEUR 3688°C, KT
ZEF 10°C 1H S AR 3029°C ., 4 H BEIIEL 2226 h, #4
HEUHEY)—F 2G4, TOREIM 171d, MK 50~
80m, HIERE 1.23~1.44 g/em’, FH @ E ML,
MEJrhas . Y EEAEY AL NEMFE K, &/
A2 PR AR A IR 50% LA L

®1 20082017 FENZRASE FHIFEKE (mm)
Table 1 Rainfall in summer fallow periods and growth
periods of winter wheat from 2008 to 2017

GOy PRIR A=F W A RAR

Year Summer fallow period Growth period Growing year
2007—2008 288.6 224.7 513.3
2008—2009 323.7 164.4 488.1
2009—2010 306.0 171.3 477.3
2010—2011 405.5 155.6 561.1
2011—2012 417.7 255.7 673.4
2012—2013 230.7 138.1 368.8
2013—2014 400.3 283.6 683.9
2014—2015 359.7 269.8 629.5
2015—2016 234.6 241.2 475.8
2016—2017 360.2 3532 713.4
34 Mean 332.7 225.8 558.5

1.2 Rt
FH 8] 2 (ARG 46 T 2002 4F, Z iR e LB AP iy
feg Rk M, BHKAEY h —4FE — AN E, Wl
Kt 1w o XK EmER 1260 m*, F/NXRH
BEMLIXZH 3T, WA 35 m® (5 m x 7 m), FhiEJT=
N AEFTRIREL, TE4T 60 cm, ZE4T 30 cm. iE6 AT
HIE R 60 cm 55 . 0.015 mm JEM B 2, A0F
FEREI T ALFE A /N2 A [R) it A T RIS [ 2 e
7 AGEER (% 2), BACEE 3 RER, A
FPEET I BR AR, PSSR A el i AR
PIIRRFAR (R AR B AE) Bk, T T2
MDA E], ZAEY R AL 45 0.58
glent, FORIZH A 2~0.02 mm  86.29%, 0.02~0.002 mm
5 11.93%, /NF 0.002 mm 5§ 1.78%, pH 4 8.96,
PH & 28 He 54 20.73 cmol/kg.
1.3 #HmRESNE
1.3.1 HIEMEEASE  7E20174F 7 AZ/NEIR
P, T /N X CREE 0—300 cm 3850 1 BE 5
0—100 cm %F 10 cm WHEBFE, 100—300 cm %f 20
cm BURE, SrANREIE], T8 G AL KT S S
1+ 0.25 mm i, L1 mol/L i KClIEW IR, M
UV2300 £E5hA] WL G EETHINE IS A S & .
1.3.2 HHEEKE 7R/ DX A CNC503B #!
Ik AT 2016 4F 4—9 F 12017 4F 4—11 A
HAME 0—300 cm T3 H| I F/KE . 0—100 cm + )2
F 4 10 om IESREEE—IK, 100—300 cm + 2§ f
20 cm e SR EEE—IK .
1.33 fEEa &R/ ARG B AL E
KAEIIEINA N 10 Bk, 105°C T ARG 80°C Hit
TEEE, WEEY R,
14 TEKSRRIMEGREMBERRERESE
PEHL 2016—2017 4FE4 /N A AR - 8K 40 5 1
BN e K B 7K 5343 A M R 2240 (1 7K 4343 A i 26 1
B, PSR A A i B s RAMRTR S, #5T6AC X
Ui B 7K F3 I 5 R 8 R e I ) - R s R, ik
B 3K 5 BE I e R 7K 4343 A 1 4 R A1
KBYIK G353 At 2 Lo A, 58 S0 BV Ry de R I FE TR
JE, JEAE SCHN W IF 6 2ok D TR
1.5 BEHESSZITSH
1.5.1 HEEMESAS & /KEITHE
IR AN
A=h x px C x 10/100

TR RM
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2 HIEAIBIFEE

Table 2 Experimental treatment details

A% Ab3 R A
Code Treatment Tillage and fertilization management
CK ANHtE HE X R SrIEA /N ERER T AIGR SRR, IRBEZ N 20 em, oG
No fertilizer Plough before sowing and after harvesting of winter wheat at depth of 20 cm, without covering
NP i ABAAL 5 CK H&At_b, THREM A ZACHIBRACAE S HEHE . AL MR (7 N 46%) 150 kg/hm?, @
N, P fertilizer REA L BERRES (7% P,O; 16%) 75 kg/hm?

Based on CK, N (urea 150 kg/hm?) and P (CaP,H,O; 75 kg/hm?) were basal applied before sowing

NPK A BT

N, P, K fertilizer
NPB NP + A=Wk

NP fertilizer+ biochar

NP -+ R 4 5
NP + full plastic film mulching

NPFFT

in fallow period

NP + A F I B A
NP + full plastic film mulching

NPFGT

in growth period after wheat harvest
NP + 24 R4 5 o

NP + full plastic film mulching

NPFWT

in a whole year membrane drilling

before wheat sowing

16 NP il b, BIBSER/INAE , /NA R Ia i R

Based on N, P application, full plastic film was mulched during wheat growth period, and removed

7E NP Bl b, FHREFETH HAARET (% K.O 50%) 30 kg/hm?
Based on N, P application, K,SO, 30 kg/hm? was basal applied before sowing

76 NP il [, THEFATEIEAEYI R 14 thm?

Based on N, P application, biochar of 14 t/hm? was added before sowing

75 NP JEfb [, ARABIMAER, / N RERI AT BRI

Based on N, P application, plastic film was mulched during whole fallow period, and removed

7E NP 250l L, AR TR E S, /AW LT LA

Based on N, P application, plastic film was mulched around the year, wheat was sowed in the

o 7Y SN R /N W
S=hxpx6, x10

s AN HIEHSFERE (kg/hm?); 7 A 2R
B (cm); p N HIERF (g/em’); C ISR IRE
(mg/kg); SN TIEMI/KE (mm); 0, NEEEKE
(g/kg)o HP+3EZAE 0—100, 100—200 F
200—300 cm + /243 1.34, 1.28 F1 1.31 g/em™',,
1.5.2 Sitar 1o 56 4k A #EE FH Microsoft
Excel 2013, Ab¥E[E] J7 25 43t Fl 2 & L 35 fd H
SPSS18.0, £:EIf#iH Origin 9.0,

2 LR

2.1 LTEHEKSIESEERE

2016—2017 FFFEKEH 713.4 mm (R 1), J&F
FKAENT, 0—300 cm 3835 [ 7K 5343 A o 25 B4 3=
B, 2016 4 6 HF| 9 A& 8K b, 9 H
FNRAE 6 2 Ko 1 TEFERT . R [R) Ak 3N [
A 0—300 em -3 F /K EARLAETE 22 7 (K 1):
ANEALH 2016 4F 6 A F12017 4F 6 A 3K/ ke
Jei . LT S K S S D R RO B R TR e
R4, Xk R LD BE R AN F T 7K AR e T A A
P, A A T K R AR — 2 2016 4F 9 H
T K S BNRNG, 5 A B T K B 2 R

o 52 52 e A, e 7 R Ak B 3 T K R
TR, KA HNA I, CK 7R3 A T 7K
AR FEAR —B, HAlAL BEAK 4> #0242 AR 2
B /L, NP, NPK. NPB Hl NPFGT 4t FE7E 200
em VR LT IEATORMNS , 1 NPFFT F1 NPFWT Ab B
RE M VR Z AN 5 KIS AERT I, CK AL 3K 4378
0—300 cm 1= JZ /g BE B /N T HAmANEE, e 5
T 6 i S SE R T T K 2 I #E, NPEFT I
NPFWT b B JZ K 53 928 fh e B TR

AN TR A RS ) T A HEOK 43 B K AR 4 R K #E
REE, TE K 4MART ], NPFGT Ab# e Kkb o
TREEEE L 300 om, HAth Ab 3 A5 ROKb 25 TR B #B A
260—300 cm Z[H), 7E KM IEFERT ], NPFGT
S IR RIEAER E fik, AE 160 cm, HABAL PR K
THAETR B I7E 280—300 cm Z ], E HIEERESR
FE— TR BE 1 J2 K5 R o s FE A o SRR 2 B FE
T 80%, W% )2y - HEuK 43 2 AR 4 5T #E TR
FE. HEAT UL, CK FEZHMA IS AETR B3 NP b3
K, HABALPEANMATRE 5 NP JEAR—5; (HEEHEK
REEAFAE225E, NPFGT %5 NP AbFf)/L> 80 cm, NPFWT,
NPK. NPB fl NP 4h Bl = ZIHFEIR B — 2, NPFFT
FEFKEE AT NP A, T 40 cm (3% 3).
22 TEFIEKSIEEMHEE

R K S AN G R FE I E 25 R R, A
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1385 7K & Soil water content (g/kg)
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Fig. 1 Water contents in soil profiles under different treatments

®3 FELEBLRASINGSHEFERE
Table 3 Depths of soil water recharge and depletion
in different treatments

AbPE

B (cm)

THFERE (cm)

Recharge depth Depletion depth
Treatment
Kk Max.  FE Main ik Max.  FZ Main
CK 300 220 300 260
NP 300 160 300 180
NPK 280 160 280 180
NPB 260 160 280 180
NPFFT 280 180 280 220
NPFGT >300 160 160 100
NPEWT 300 180 280 180

()4 PR T T, - K o3I 25 R A6 B 1Y 22 S ik 3|
WFEKF (FE4), 1£0—-300cm T2, CK. NPK, NPB
F1 NP Ab RN G B AR —F, NPFGT. NPFFT Al
NPFWT #h&5 0 i 3 5 T NP AL H, 5051 32.7% .
43.1% F143.5%, NPFWT, NPB, NPFGT. NPK il
CKiHFER 5 NP A LR FEZES, KT N
NPFWT>NPB>NPFGT>NP>NPK>CK, NPFFT jH#E
HEEHT NP, & NPAFK 2.0 %5, +)2 0—100
em BA/NERRFLAKE, CK LK

THFERY W E/NT NP AbBE, HAb AL FEEE NP 7K 50
BFTHAE R LS RS 0—300 cm + 2 A LSS
R—3, AL 0—100 cm A1 0—300 cm 12
AEARAMA R R IL, B 55 5 R 53.1% (NPFGT).
61.3% (NPFWT). 79.5% (NPK). 79.9% (NP).
116.3% (NPB). 116.3% (CK) 1 136.5% (NPFFT), i%
FW], NPK. NP, NPB. CK il NPFFT &b FHAEA K
AFNEEETAE 0—100 cm +)2, FHOKAA RS
THAERLTE 100 cm DLUFEEAEFF-, 11 NPFGT Hl NPFWT
AL FRRE IR IZ AN L 7K 53 o
23 TEFEFESEST

0 1% S it FH U8 2 3 AR A8 ZU7E 1 v bk
FM ZNEEE 15 F5, B RIS AS
LS R, R TR AL B i A 2SR 0—300
cm T IEFI YA (18] 2), 2 AL BRAH S A& i R
HHEIAE 0—20 cm K2 HIE, AAEARTERML, CK
IR RAEM AR F 2ok ARV, CK. NPFGT
1 NPB A FRAH A At R 2 10 B & > H o 21
W, FEMETE 0—20 cm /2, 100 cm DL R AEAA
WETRE, SEMT 1.0 mgkg, NPK, NPFWT,
NPFFT il NP Ab A 28 At fl 3R )2 10 B 2 k2>
fB7E 30 cm + 2 LUT RG34 0ot th 3 R AR, 2
U BLAE 30—60 cm + )2 ] . NPK 4 # 50—60
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Table 4 Soil water recharge and depletion in different treatments

Aby #h4f i Recharge JH#E R Depletion AN Year recharge
Treatment 0—300 cm 0—100 cm 0—300 cm 0—100 cm 0—300 cm 0—100 cm
CK 1453+ 16.8a 525+74a 100.0+7.8a —02+19a 453 52.7
NP 172.1£17.7 ab 104.7 £6.2 be 1108 +84a 557+3.4b 61.3 49.0
NPK 176.6 £ 15.1 ab 116.9 + 12.1 bed 103.9+10.7a 59.1+103b 72.7 57.8
NPB 157.4+12.3 ab 99.7+10.6 b 121.1+ 7.1 ab 575+1.5b 36.3 422
NPFFT 246.2+85¢ 1345+ 13.0d 222.1+23.0¢ 101.6+11.8¢ 24.1 329
NPFGT 2283+259¢ 130.6 +15.2d 115.1+7.9 ab 70.5+6.5b 113.2 60.1
NPFWT 247.0+19.4c¢ 131.5+39d 147.5+17.5 ab 70.5+ 5.3 be 99.5 61.0

7E (Note ) : AEARAMA =K 3N B—/K 53 TH#E R Water recharge in growing year = Water recharge — Water depletion. [R5 5 A [/
B ERRR AR FLRITE 0.05 /K 2557 B35 Values followed by different letters in a column mean significant differences among the treatments

at the 0.05 level.

THAZ & & NO,-N content (mg/kg)
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Fig. 2 Distribution of NO, -N in soil profile under different treatments

cm 2 HIEME, WEE R 3.8 mg/kg; NPFWT 4b#H
40—50 cm T JZ I IIEAE, (N 7.1 mg/kg; NPFFT
AEFE 30—40cm )2 HHIE(E, UE(EH 14.5 mg/kg;
NP AbHE 40—50 cm + 2 H B[S, BRIEE R RR
18.8 mg/kg, 43l Hfth =N bF 1.3 (NPFFT),
2.6 (NPFWT) #14.9 (NPK) f5. Lt NPK Al NPFWT
WP A R BB E 0—100 cm +J2, 100—300
em SRS EMT 1.0 mg/kg, #THE; NPFFT
NP A FRASAS R FE53 A 7E 0—200 cm )2, 200 cm
DT AR & mWEdiee, H&E& T 1.0 mgkg,
URTE i SR I TSRO A SN T AR SEaS iU <
24 TEREHFESRENE

ANTRI AL B - HEE A R BB BE W (K 5).
0—20 cm 12 NP 4b ¥ 2 5 F CK, A& 2/a &M
34%, HAAFS NP AL, BAARRREEREE, H

Py Ik Ko 76138 0—100 cm 1, NP Ab#
HMCKBEWMMTLEEMAERZME, & CKW
6.7 fff, NPFWT, NPK. NPB 1 NPFGT % NP 4Zb#f
WEEWT HIEMSA SR, ST 56.5%.
63.3%. 71.5% #180.5%, NPFFT 5 NP 4bBJG i 3
ZRMEW AT PIEMSAERE, WA T 61.2
kg/hm?>, 0—200 1 0—300 cm + 2 & A FRRE S A B
HiE 5 0—100 cm JEA—%, BR NPFFT 4), HAthsb
PRARAL NP & Z D S A R E . 7 0—20 cm +
JZ, NPFGT F1 NPB b3 25 2 R 4 84 )
50% Dh b, EMASRAFEZMZE; 1 0—100 cm
HITH & CK. NPK I NPEWT b Bl A5 A F 52 8
2, AR SEME A REBER 80% £ 47; 1M NP
FINPFFT A HRAS A A £ 2 RFUZAE 0—200 em, fif
SR BBE N RN 80% L L,
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*£5 FRAEHERSTRNE (keghm?)

Table 5 Soil NO, -N accumulation in different treatments

Qb3 Treatment 0—20 cm 0—100 cm 0—200 cm 0—300 cm
CK 16.9+2.7b 309+29¢ 38.6+3.3¢ 44.1+4.0¢
NP 514+8.7a 207.6+25a 271.7+22.0a 289.8+25.6a
NPK 42.1+52ab 76.2+6.1 be 88.1+14.3 bc 94.4+10.7 ¢
NPB 39.6 £ 8.7 ab 59.2+8.7bc 69.0t11.1¢ 758+t 12.4¢
NPFFT 48.5+9.7a 146.4 £ 17.0 ab 208.7 £26.3 ab 2342 +22.6 ab
NPFGT 27.9+6.5 ab 405+54c¢ 49.1+49¢ 56.8+4.2¢
NPEFWT 477+88a 90.3+£9.1bc 105.4+£13.1 be 112.4+18.9 be

H (Note ) : FFNEHE G ARR/NG FREFRRA B FE 0.05 /KF F22 57 83 Values followed by different letters in a column mean

significant differences among the treatments at the 0.05 level.
3 e
3.1 AEEEFEHN TIEESARNNEI
AR ERAC /N FE 2 15 AR AR, VEY A
FH R G A 45 AN it JIES e FE = 498 il 285 210 % o ROk B
ik, Mi%JEH B4 NP, NPFFT Fl NPFWT 4bBR7E
0—300 cm A W i AR A A BBUF I B, FHAb
ARFRRAS R BRI . AT NP AbH, AR AR
(") NPK Al NPB &b ¥ fig i 35 PR A% i S A B
i, ELELZAERHER RTERZ LU IE R i 24
2o JE R TE TBP IR RE A2 AR P A ORI AR YR
L, R AR, B AR DXCRIAR X A1 i 25 20R]
A, BERARA R BAR, [FEA GRS K 4 1 H
R, AR KU B s, S A IR Z R S
ZRUEAT, RS, NPK ACFEAY S A B HE B #
& F NP, HFZEFE0—100cm +)Z, EREIXL 76.2
kg/hm?, HiZAB 0—300 cm + 28 ZHER
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