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Effect of Different Soil Surface Treatment on Moisture and Nitrate Nitrogen Accumulation and Distribution in

Wheat Field Soil Profiles in Dryland

LI Hua, WANG Zhao-hui", LI Sheng—xiu

(College of Resources and Environmental Sciences, Northwest A&F University, Yangling 712100, China)

Abstract: A long—term field experiment was conducted in a sub—humid area prone to droughts at south part of the Loess Plateau, to study the
effects of different soil surface treatment on winter wheat growth and nitrogen uptake, water and nitrate nitrogen accumulation and distribution
in soil profiles. The results showed that, soil water and NO5-N in 0~20 c¢m obviously increased under plastic sheet mulching with the three N
rates, while under wheat straw mulching, soil moisture increased too, and NO;-N also significantly increased in high N (240 kg-hm™). How—
ever influence of different soil surface mulching on soil moisture and nitrate nitrogen in deep soil layers varied with N rate, wheat growth and
N uptake. Plastic sheet mulching promoted crop growth and N uptake, at the same time, decreased soil water and NO5;-N, and the amounts of
them were larger with the N rate increased. Wheat straw mulching didn’t increase crop growth and had the trend of increasing soil water in
deep soil layers at N rates of 0 kg *hm™ and 120 kg -hm™=. When N rate increased to 240 kg *hm™, wheat straw mulching increased shoot
biomass and N uptake obviously, and decreased soil water in deep soil layers. Wheat straw mulching decreased NO;—N in deep soil layers at
the three N rates. Therefore, soil surface mulching with high N rate not only increased crop growth and N uptake, but also decreased the
amount of nitrate nitrogen accumulation in 0~300 cm and reduced nitrate nitrogen leaching into deep soil layers.

Keywords: plastic sheet mulching; wheat straw mulching; N fertilization; nitrate nitrogen; soil moisture; winter wheat
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BRAEN:, WL R0, 3R TR R R
B ARSI IR , S IR M R A L B
HEAHLB S &, o DA MRS,

HERE TR TR KA R F AR R K
FEIBA, HAE 3 i RBURHEAT AR Bl +
ok NBERZMEAERREE R HARW I
AT AR MRS SR (AR W , A5 5 K bk , LA - 3
FH TR SE RS RN 2310 5 R K RO B AR 338K
B F S DIAE ORI, t bRt , 5 3 rh RAR AT
DR S SSA  SAERE TR T ik
YERIR X, AR RNER 2R, B 25 [ — RS 3
SEREE, (ERRFE A A B i X, S g
o LERE, BT RmA BE KB, MSRAEE
BEK B, BRI R, bR T Rt
X, PLR Rk 7 A AR WD A RAE 3 P R B
o BAR, DA R R S 3 A5 T LK 2
BRI ARG BLIC o B B A ST 38 - = S
NI 5 BRI, @ [ E A, AP T B i
BN BB R . RE R 0~300 em )2
TIREK A AR RBRIE O, LU UL 7
BRI, R B AUKAE BRI ISR .

1 #REFZE

L1 RIS

R T BTG P AL R MR R 2R A —
o AL T R R R, B ARRNE 5 B X Mk
520 m, 4E¥R IR 12.9 C, 4K E 550 mm £ 6
SENFERN AN, 60% L GHEPE T—9 A 78
R 1400 mm, A HRBEE 13 10 S A B R
H: BEARTE 1.35 g-om®, AU 13.79 g-kg !, 2K
1.07 g-kg™, iHAR 543 mg kg™, AR 241 mg-kg?,
B 3B (Olsen—P)15 mg kg™, BER4H 182 mg kg™, pH
8.25,
1.2 {igit

ARE KB E AR, M 2002 4ERKIETF 46
R AR, FXEF R, R TE (4
Hfeg ) BE(HEE YT REEER,
44 500 kg -hm?) FIBT B (M 1 J5 /N 2247 1) 7 o 4
JB) s B X Ryt AL B , AT (NO) , il 4 120
kg-hm?(N120)F1 240 kg-hm2(N240),/NX HFH 28.8
m’, EBE 4K, FIEARE, UEIE—KEA . Fraht
PR3t FBEACAEHEAT , i I &4 P,05 100 kg-hm?, B

HE S A A i BEARES

R/ NE—E—RR], NEBUEE KA,
LN RO 2 R 9/ ME 22, T4 10 A
hERERR, 26 2 48 6 H EAIOR, # & 135 kg-hm?,
ATHE 20 em, A H WITCHERE , H [B) 03 5 2 b
FEHF o
1.3 TEHRRESNE

ZNEWORE , HERA 4 cm B HEERE L,
TER/NXREE 2 5,8 20 em A— DL, RE 300
em, [FAl—/NXFE—+2 2 SHFRER, BEAHRSH
YRRy R SE G % e Sr BRI F4(105 °C,24 h)
Wi5E 13T EKE . AL 500 g 2246 X T, TR
i 1 mm §f, A1 mol-L' 4 KCl /K 1 kb 10:1
B, 9% 1 h, 318, FESm sl b 30 2 g v
NO;-N 58,
L4 EYHEMRESNE

F/NXBEVLIR 2 7, &RE 50 cm KAHERER, BY
FAR Kt b ERREAR S A 2R RERREE R SRS BG4
FERLE 90 CF A% 30 min, 65 CHET, UG TH., I
KA IAPRLANFR S , 73 PR E o H R o RS,
H.S0,~H,0, B:1H & , I E AU E 2 Ao

2 GHRESH

2.1 W& NEFFRIF=EF i R EMER I

KRR R T #3778 2 Xt & /N b b3 A 1 e
BB =B RILE 1, XWE 1R,
b FR T T o A< /N b A R AR R ) R
Bt R B AR A o A e EUIE 4% 3 b T 1R) OC i 3 25
5o MEFAEME, BIRE ERS THEYAER R 120
kg-hm™ Fll 240 kg-hm? i, ¥k = B0 LRI R E T
FEE LR 13.7%F01 23.0%, H YN 18.7%F1
18.8% , 7 s 3 R T 5 5 T 7 7 oy it FR RUIE A 1
BT, tRER AR I NE A K Wi E AR
2.2 M&NEH EEFFFRIREER RN

KRR R T #7378 2 0 4 /N2 b R FOkPbL
AR BRI R N 2, R 2 AT, MR 120 k-
hm2, /NZ2 3, b DR IR 2 e A B R T (2 25
5, MAHERAEFG A 240 kg-hm? B}, Z 7k B EK
o X 2NRKET BB AE w R A RS
BRI 24.7%F1 21.0% , K760 L B RN 29.2% F1
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Table 1 Effect of soil surface treatment on shoot biomass and seed yield of winter wheat with different N rates

b3 P Shoot biomass/kg+hm™

FPRIF= & Seed yield/kg+hm™

HUARAERR Soil surface treatment NO N120 N240  FH Average  NO N120 N240  FH Average
FAE(NM) 9203a  11069b  12712b  10995b  3454a  4612b  5257b  4441b
B (WSM) 9479a  11616b 13723ab  11606b  3656a  4680b  5616b  4651b
B (PSM) 10063a  13143a  15100a 12769a  4079a  524la  6464a  526la

¥ (Note ) : 78 ~Non—mulching(NM ) ; 7 i —Plastic sheet mulching(PSM ) ; 78 %L —Wheat straw mulching(WSM ) ; {b B 8] R Rl ZRFR R 27 EF] P<
0.05(LSD) & /K¥, FIF], Different letters in each column indicate significantly different at P<0.05 level , same as follows.

R 2 AEEERE T HRE S L NEH E IR EENRIN

Table 2 Nitrogen uptake in shoot and seed of winter wheat under soil surface treatment with different N rates

b B A & N uptake in shoot/kg+hm™

FERIR A & N uptake in seed/kg-hm™

HiF AL Soil surface treatment
NO N120 N240 SEH Average NO N120 N240 SE3y Average
RE(NM) 823 b 148.1 a 182.0b 1375 a 59.8b 105.0 a 127.7b 97.5b
BE(WSM) 92.7 ab 1425 a 204.5 ab 146.5 a 67.0 ab 999 a 137.5 ab 101.4 ab
BIE(PSM) 102.6 a 166.7 a 2203 a 163.2 a 772 a 115.6 a 1558 a 116.2 a
1 7.7%, 3 RBEENL/NFWIRIE 0~300 cm T E 118

2.3 3§ 0~300 cm T EHIEK S RRBENTM
XPBCER A K 4300 8 (3R 3) K3, bR 25 %
0~300 cm 12 3K B2 B 82 m B e &K - i
5o TEARMER AR 120 kg-hm™ B, AS[F] 3 b 3 ]
TR BB R E 2R MR 240 kg hm™, FHE L
KA 26.6 mm, B EE /D 52.2 mm, WL, 7EE
FERE T, VEYWOR I 3R 5 8 w0 T £ 38K
5y, HRB R WEBOHFE T H 2 180K,
24 31K ETESH M
E—2%F HENEK 535340 (B 1) 538 KRB, B

MK B = IR (mm)
Table 3 Effect of soil surface treatment on soil moisture

accumulation in 0~300 cm layer after winter wheat harvest( mm)

S & & N rates/kg-hm? iy
Soil surface treatment 0 120 240 Average
RE(NM) 6533a 5782a 6235a 6183 a
HEE(WSM) 6602a 5813a 5712b 6043 a
B (PSM) 6454a 5643 a 5969 ab 6022 a

RS HEARIRE, 120 kg+hm 2, RFI B4 0-300
om HEIPK S BT BELN, AN B NE A+

138K 43 Soil water/mm 138K 43 Soil water/mm 138K 43 Soil water/mm
30 40 50 60 30 40 50 60 30 40 50 60
0 T T 1 0 T T 1 0 T T 1
50 50 50
g
= 100 100 100
2
3
S 150} 150 150
i
1
I 200 - 200 200
.H
250 + 250 250
300+ 300 300

- BRE(PSM) - HH (WSM) A RE(NM)
1 AEMEEKT TR EEx TR S ERES BRI

Figure 1 Effect of soil surface treatment on soil moisture distribution in profile with different N rates
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BRI A6 . AHERAT, #h B B 0~20 em YR
B K A0 2.1 mm, {# 80~100 cm +JE K4y
W0 7.2 mm; BEAUHERZE 13K 533 2.1 mm,
A# 200~260 em + 27K 5 BTN 7.6 mm, HA
120 kg-hm2, i FFIE 0~20 cm FJE K410 1.7
mm, 80~100 cm 12, %2 260~300 cm 2 13K
AH B/ 15.6 mm; T ELEREAE 100~120 cm 1
KA RIS, f# 0~20,180~240 cm + 2 138K 4345
3TN 2.8 mm F1 8.7 mm, M 240 kg-hm?, i RHE
FR N8 B4y ) R 2 - K 433 0 3.3 mm A1 4.4
mm, {H 7 I 40~100.100~200 cm 1 200~300 cm +
EAKAY 43 B> 10.8.11.8 mm F1 7.2 mm, BBt 4y
B> 14.2.21.6 mm F1 20.9 mm,

Al L, ISR S 7 , MR AT 30 0~20 cm
RIETHIK S BT 2 3K 534547 R 278 75 At
REM A FEAMERFHEZ 120 kg-hm™ B, B RA R
RIRE KRS, RS &
AR, hREEHEREK TREUTELE
HHK Sy, B RSB B R AR TR R
2.5 M HEWMERZRRNEMm

R AR E N HIE SR R L
R 4, B3R 4 AT, AHLEF R R, =3
e 3 EL/NEWRE HEMSR RN EE A
M RNEESAE, BREAEIMMAR B G MW
2 U B S A s B 2L 240 kg -h ™ B IRANE 7L B 2%
FEAR T RS R, 43 51 L H #LREAIG 140.4 kg-hm?
F1120.4 kg-hm?, Ji%&, 120 kg-hm?, RE K F b3

+ RS ASA Nitrate N/kg-hm™

F AL A Nitrate N/kg-hm™

R4 MRESNERENL/NERIRF LT 0~300 cm
HERK B (kg hm™)
Table 4 Effect of soil surface treatment on nitrate nitrogen

accumulation in 0~300 cm layer after winter wheat harvest(kg+hm)

HuFE b % & N rates/kg-hm™ iy
Soil surface treatment 0 120 240 Average
RE(NM) 669ab 1784a 731.1a 3255 a
BE(WSM) 458b 131.8a 610.7b 262.8 b
FHE(PSM) 69.1a 1324a 5908b 264.1b

A SR R EAESIE LR AR E  BER
MBEEINE AR S T, ASHAR T, 1RE
T REREA AN S A B B RAEE A AR AR
LTt R FRAR 5 L Bt A AUIE , 37 2 AR
Ko
2.6 MWARETEIN TS RHZM

XA EE T 4 A (B 2) B4 0T R 3R, Hh
RE = HEHSARROE W EEEAEM L E
k. AiEEAER , ZHRE R T & L EHSAREH
EIRMG, BAS R b 78 25 40 3 7] 22 5 45/ (HATS RE
F B BA I 0~40 cm + 2 HEMSE 2R
P, M E A FRARA S MR 120 kg-hm?,
{8 0~20 cm +JZAHASEIG I 5.0 kg-hm?, ZHH B FEA%
T 20 em DIF 12 HEHES R R ,20~100,100~
200 cm F1 200~300 cm 435I A 14.7.15.9 kg-hm™ F1
204 kg-hm?; T EA{UH 0~40 cm + ERSA A
7.8 kg-hm™2, A f# 180~300 cm FE#AK 45.1 kg-hm, Jfi &
240 kg-hm?, AR E T ENHAHE ER, BE2

1RSSR Nitrate N/kg-hm™

00 50 100 150 50 100 150 40 50 100 150
50 501
§
% 100 100 |
g
=]
@ 150 NO N120 150 N240
&
1K 200 200 |
..H
250 250
300 300 L

A BBE(PSM) - BEH (WSM) A RE(NM)
B 2 AREKFETHRESE T EHSERESN TS /BRI

Figure 2 Effect of soil surface treatment on nitrate nitrogen distribution in profile with different N rates
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FHEE R RE SRR, SRESML, B
JRE B E TRIZE(0~20 cm) A RN R, B
FURE X 86.1 kg-hm™, AR 1NN 58% , [RIHT F#AI%
T 20em UTHTETEMSEANER, Ha 20~
100 cm +ZREE A B3 FEARE RS 126.7 kg-hm™;
TR E T 0~40 cm )2 HIERASAN B2, HE
FRE 5 226.5 kg-hm?, LRI 47% , [R5
KT 60~100 cm Al 140~240 cm +J2 HHER AR
i R

A LA B M el s, B GIE R S B R Ik
JZ IR AR BB, L i I it e A 1 i
T34 K, T 78 A e it P RO M e S8 S 188 0 e P
R, MREEE T REUTE LR HEMSER
B2, HAES R AR T , B R R IREE &
+ BRI B TR

3 itig

b 8 A BB A 2 A - R T K 23 B TR
AR B EE RENE IR AR B2 A AR K 2 1)
BT RAB; M B AR = T R B A R, 3
KT LRZEBPREE TR Z K 78 i B
YER EFHRIRIZ , B Ky flm KR R 18 &
A, B8] R B R K YR B TR AR IZD, $ T
YEMAS LK 73 BRI FRCRE 2, G HFSEA NS>, 7
VR4 BRI B R b AR s A, K E LA
ToRLZR R , Wit 2 o R Ul /D - 3K 73K
e, PR LMK B MREE TE AW A I, B o B AR
i, MEVZR R FE /K B R, 7 i %o 3K 23 Tk
RKo ARSI 0~300 em + )2 +HEK 575 H
AT I R B, WORIATE 3 NRUKSF T M e 4

E R BB I INRIR LK I o BTN SRAE LARR

40¢

M [%/K & Precipitation/mm

w
(=]
T

[ 7K & Precipitation/mm
)
S

—_
(=]

Ll L.

| l Illlll-l

HARFKBA AT &35 A 12 HE5 A 15 H &
TR 63.6 mm,6 A 4 HZ] 6 A 6 H IR 25.8
mm( & 3), FIREH FEEYAE KRR, BERMFEK
J AN T KBRS AR ITEER BN RS
RIP, BIEAERE KB /N DL T, M 2278 s R
BRI REREFE Z WK, RN FRATIE & B, 378 s xt
Wz LK M SEYA KBV X SIES
FHEE , B BRI e R B A B A E R, AR T
HWELHOK &8, Bl s i EZ B
TR TIRE LKy XA TR TR MX
AT LR T AN (BB AEFEE 20K oy, R BB R VED
XK AR R A

Wb AR A ML A R = R
AEME BN 0~100 cm + )2 HIER SR A BFHD,
H BRI o B, 2ot yE &% P 4 e
DR BB ZHE B R E R W, AR, 7B/
ARESESE R, Rigm H IR E R T 1A
0k, MLAHEYRRERD, FEHESATE 0~
100 em )2 B, ARIGAE H 8] B SEhERY SR 3 2,
K /NEWFEERT 0~300 em 2 - SEER4 S BLE S TH 43
MR IN R, TR 5 , 1R B e e it
F2 ISR RF, HIE e B R R A
IR FE &I, bE A RAEHE L T RE L
T AR R, X0 RE S5 e AL S , AL
NI NZEH Rk T /N A K R IR)E 3K 43 FRY
AR A %

A5 R EEIEI T , TS A 2R
T, THEHEON T R—NERIER AT LI,
5EBAHL, 7658 5 2/EY L, 1h3RE B N0~80
cm FIFEAK 100 cm LLF + 2 HIEMHASR A E, 25t
BEEMEE 25 a KIEAHRE - & B, FEt 2 BT

10-10 11-10 12-10 1-10

2-10 3-10

|. | 1.
4-10

H (A -H )Date(Month—day)
3 BNEERKEEKER

Figure 3 Dynamic of precipitation during the growth period of winter wheat
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AFERE b, Bl KRS AT, —E R RE IR IEm A
RAFREE  FEHERSAT RGN, 5% 0 B T M B SExt
M A A R T BT R B, R
EREVMEEGEEET R . ARBHRAHR,
S 3 BL/NFEWORG B 3 MlERUKTE T AL
FEART 0~300 cm + 2 HIEMASA BBERE, B2
FEHARETERNEN 6. ELEARSERMK
(AHEEAEFIRER 120 kg-hm?) BIE LT , B R (L
BB KT HIEMAE, BRET EMAR BRI
P MR EMAER, B INER BEERUT S
+ 2 HIERAR A B,

HI, EEEEAEENELT B ehRES
AU SED=EMRA R, B2EROME
RN TEME, BFES RS RARZE L ENS
HERL

4 i

Toie h F B o RE T et /N A K S H BRI
W, e BRI R B4R R 2R K s BB S 3
IMFREHSR S &, B e = B RN, 54
RIZTHASRM RN M FRBE X LT 230k
SRR RIER SHAR SEWER LM AR
WA AR BEERI YA K RAHRE R
RTRIRT, AR T IRE Sk MR AR B, A
Pt 20 38 e AR B s B R A AN e RUE i
%120 kg-hm IR AE(RHE/ N AR, HAMIMEZ
TR B EH TR BRI, BB RE T/hE
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