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PON MBN £l NO;-N &1 3 4553 7048 T 5.93% .33.33% . 15.78% 1 27.57% ( P<0.05) , i HifIE7E 3540 B 0—10 cm F1 10—
20 em )2 NO3-N BB BB SR 55 T 189.14% F1 135.75% (P<0.05) , Hi B AL 5%t FAAL 38 25 BN 038 T A0 1 it
B HANIE A RO IRAL B 3 4R 443 RS T 6.90% 1 36.74% ( P<0.05) , E K7 &5 0—20 ecm +J2 NO;-N & & Fl
NO;-N/STN fH 52 B3 IEAHROC R, BSRE R S A W 1 I St IR S A AE A ML A S & (RS A E B, R R
YER ARG A AN LA RAE AR TR 2, I RS o5 e 10 3 3R v I A A R E Y 7™ & BN A T 58 HLALY [
E , H2RJZE I EAFTE TR AR XK

SRR AT MR AT G TR A S i BAER

Effects of straw and plastic film mulching on soil nitrogen fractions and corn yield

in the Weibei rainfed highland
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Abstract: Mulching with straw and plastic film has been widely used to conserve soil water, increase temperatures, and
increase crop yield in the dryland areas. However, its influence on soil nitrogen fractions is not well known. Based on a 7
year field experiment in the Weibei rainfed highland area of Loess Plateau of China, we compared the long—term effects of
straw and plastic mulching on soil total nitrogen ( STN), particulate organic nitrogen ( PON ), potential nitrogen
mineralization (PNM) , microbial biomass nitrogen (MBN) , and mineral nitrogen (NO;-N and NH;-N) as well as on corn
yield. Three treatments were included; no mulching, straw mulching, and plastic film mulching. Averaged across 5—7
years , the concentrations of STN, PON, PNM, MBN, and NO,-N at 0—10 c¢m depth increased by 13.11% , 64.29%, 17.
51%, 16.94% , and 55.37%, and the STN, PON, MBN, and NO;-N concentrations at 10—20 cm increased by 5.93%,
33.33%, 15.78%, and 27.57% with straw than with no mulching ( P<0.05), respectively. The concentration of NO;-N
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increased by 189.14% and 135.75% at 0—10 and 10—20 cm in plastic film compared to no mulching (P<0.05),
respectively, and no significant differences in other fractions were found between plastic film and no mulching at both soil
depths. Crop yield was improved by 6.90% and 36.74% in straw and plastic {ilm mulching compared with no mulching ( P<
0.05) , respectively. Corn yield positively correlated with NO;-N and NO;-N/STN contents at 0—20 c¢m depths. Overall,
straw mulching is favorable on soil N sequestration and could increase soil N activity and crop yield. However, N fertilizer
should be applied during the late growing stage to maintain corn yield. Plastic mulching can effectively increase crop yield,
but had no effect on soil total nitrogen, and its fractions and increased the risk of N leaching due to high NO;-N

accumulation in the soil.
Key Words:; straw mulching; plastic film mulching; soil nitrogen fractions; yield; dryland farming system
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1.1 W5 IXHENL

RIS AE R VG 5 A2 25 R G A B AR WL 52 3 4% T (107°44E,35°12'N) #8477, % X i Ab #% + & 5
TR HTE L SR B R A 2 T IR KB K . AR K 8 584.1 mm (8] 1), FEAEPTE
7—9 H PRI B, RIS AR 1220 m, MR P40 e PR TR 7S 2, AR T33O 9.2°C , 4F H IR
Bk 2230 h, TR 171 d, fHS @A Ry + | e, 2RRE, AR AT 0—20 em LJ2H
MUK & 0 9.05 g/kg, 2R &N 1.10 ¢/kg, pH HN 8.4,
1.2 Wik
1.21 RABEIT

F 1ok 3 E NIRRT 2000 4E 4 A 3% 3 0B TOHE 36X IR (CK) |, 24 B WIRSFAE 55 (SM) Fil4:
A H IR 5 (PM) R0 B 3 IR, RIS/ NX I 66.7 m? BEALIXAIHES X ALEEE 408 0.5 .1 m,
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Fig.1 Distribution of monthly precipitation at the Changwu Agroecological Station from 2009 to 2015

VU JE ORAPAH FE 1 m,

LR FOK AN e 335, B4 4 AN TR, A T, 1788 60 cm , BREE 30 cm , Fivie %
4 56000 #k/hm? , FEAERE AT 5 BATALAS B 5, %/ X% 135 kg N/hm* #1190 kg P/hm? K F-43 5]t A R
R (A =46.6%) A BERES (E P,0,=46%) VEAIENE AED A F W N A FEAC, F5AFE S0 RHEE
KA 36 07 AT B 35 5 9000 kg/hm?, T FORIERN R #5135 , TEWWOR IS IS I RS FF A TR bR, ML
JE 7 5 A BE T RE AT FH IR TE 1.2 m A AT B AR DR UE A T RN S EA T N T Xd% . E A K e KR
FARBRK, JCHEE , N T B 245, KT 244F 9 H Ha) N TR, MR IR a is AR VE RS FERS B
1.2.2  HHERESCREE

43T 2013 2014 F12015 4F 9 A F A ERBOGRSG , R H“S” T REEE R /NX 0—10 em F110—20 cm
TR RS ER T ARKT . KT LR R AR A Y, i 2 mm G5 T PON PNM MBN F1H" i
A (NO;-N NH}-N) &5 19 5E ;13 0.15 mm 5 T STN &8 59 5E
1.2.3  WESER S H

STN & H] EA 3000 JCE /ML E . PON % Cambardella 2542 H 0 5 J7 ) BIFRI 10 ¢ HREA
50 mL R, N 5 ¢/L 9 (NaPO, ) A 30 mL, ZEPRZHL (150 r/min) 52 16 h 5, KA E T 53 wm
i b, FAZE K oh e IR TR TR R R A 3 55 ¢ PHL T B, A S A R R A E A,
FH STN & fb i 2= Wk A LA S i Il PON &, PNM SRS M 3R 2 ) B 10 ¢ KT L RET bR
b FHZEIRZK IR 2 50% 1Y H Ak &, TG R AR Th 3597 10 d Ja , HIMRBEE R 2 mol/L 1% KC1 K 50 mL iz 4&
1 h,ffi] Cleverchem380( DeChem—Tech ) 4> H 3 [8] i Ak 7 73 B A3 5 3= 42 9 P Y NOJ-N NH;-N 75 &, PNM
SERIN NO;-N NH;-N Z FIFER S5 R0 5 i 255, MBN RS0 B2 R g2 2 e | ok 218 3R 3% 10
d, B AP AT EZE 24 b, FA RS F# 40 TP 55 9% 10 d, 285 FI 5 PNM 5 A1 W) A4 7 2032 41 48, Tl e
MBN, 30l (NO;-N NH;-N) & & % H 2 mol/L KCl &= #EJ5 H Cleverchem380 ( DeChem—Tech ) 4=
H ShRIBr b 2E AT AN AE o 7 K S, A% T HH 1) S FropfoRe 28 B, BEERC/ N X v (8] 5 4 73000 5 7=
1.2.4 BEAbP

K HI SPSS 20.0 B BHEHATE I T, R EK (one-way ANOVA) FIXE 15 ( Duncan ) ST 7 25
SRR Z B LS, I B VEY 7 i 5 4% R AL o % i (AT A JC 438 . R Microsoft Excel 2010 3K fA1E
Pl e AR S R AR ME 22 0
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2 HRE5HH
2.1 TSR

AR S5 AL EEXT 2013—2015 4 0—20 ecm +)2 STN SEAAG R EZM(F 1), 7£ 0—10 ecm )2, N 3
AR E ,SM AL B STN & 704 CK Fl PM ARIE$E & 1 13.11%F1 12.20% ( P<0.05) ,CK 1 PM Ab 3 1] I ik
HXES ., FE2013—2015 £ 4], STN % fE b R A8 Ak a3 5 3 AFF49H —30, 7E 10—20 em 1), SM 4b 3!
STN &4 CK il PM AbFR 3 4E5F-H 50 47 T 5.93%H11 5.04% (P<0.05) ,CK 1 PM 25K 2%, Hih 2013
4 SM ARFE I 3 = T PM ARFH 2014 4F45 Ab B[] 0 i 25 25 57,2015 4F SM AP 3 & T CK Fil PM Ab3E,

F1 20132015 EREBELHETHELAEE/ (k)
Table 1 Soil total nitrogen content under different treatments during 2013—2015

+2/em Qb3 Y Year
Soil layer Treatment 2013 2014 2015 -2 Mean
0—10 CK 1.18+0.06b 1.2720.02b 1.22+0.04b 1.22+0.02b
SM 1.36+0.08a 1.42+0.07a 1.35+£0.07a 1.38+0.04a
PM 1.19+0.06b 1.29+0.04b 1.21+0.01b 1.23+0.02b
10—20 CK 1.19£0.01ab 1.18+0.08a 1.18+0.02b 1.18+0.02b
SM 1.26+0.07a 1.28+0.01a 1.22+0.03a 1.25+0.04a
PM 1.15+0.04b 1.26+0.04a 1.17£0.02b 1.19+0.03b

FFHIE N FEIIE £SD, [7l— 3 /NG FREA R 3 B [/ — + )2 [\ 4 3 6] 25 S 7E P<0.05 /K35 3% CK; B 35 %0 I8 control without
mulching ; SM : 5 #1735 AL PR, straw mulching ; PM : HBF 7 35 4b B | plastic film mulching

2.2 PRAHLA

32 2 ATRATHE  7F 0—10 em 122, A 3 AP I fEDR A, SM ARFE PON 5 145 CK I PM 433 $2 5 64.29%
f153.33% (P<0.05) ,CK 5 PM AbFHAITC 0 & 25 5 . 7€ 2013—2015 #54F 1], PON & it Ab B ] A5 fp#a #4553 4F
EHIE 0, 7E 10—20 em 1), SM ALFH PON & it 4 CK FI PM A3 3 4FF-35 43 5425 T 33.33% F125.00%
(P<0.05) ,CK I PM AbBE2E R 2 7E 2013 4F CK 1 SM 4L PON & & 25 T PM AL CK F1 SM [H]
253 7E 2014 12015 4F,PON F i AbBR[A) AR ALRAE 5 3 4EFY(EAHIR] . A 3 4E-F-34{ERE , PON/STN
{55 PON 544k 5] 28 AL 45 AE — 5, 75 0—10 em H1 1020 em +JZ SM 4L B PON/STN {8 5.3 % T CK Al
PM 4B CK 1 PM [H] 22 54 B3,

2 20132015 ERREBEEVET HEFRNENRSE

Table 2 Soil particulate organic nitrogen content under different treatments during 2013—2015

£ +J2/em kb3 Ff Year
Index Soil layer Treatment 2013 2014 2015 SEA4{H Mean
WURLA HLA 0—10 CK 0.16+0.05h 0.16+0.03b 0.11+0.04b 0.14+0.01b
PON/(g/kg) SM 0.28+0.09a 0.24+0.04a 0.18+0.06a 0.23+0.02a
PM 0.18+0.03b 0.17+0.03b 0.10+0.02b 0.15+0.01b
10—20 CK 0.19+0.02a 0.15+0.03b 0.10£0.02b 0.15+0.01b
SM 0.19+0.04a 0.23+0.02a 0.17+0.03a 0.20+0.02a
PM 0.16+0.03b 0.19+0.04b 0.13+0.01b 0.16+0.02b
BORLAT AL AR 5 0—10 CK 13.33+3.11b 12.66+1.81b 9.32+2.47b 11.77+0.82b
PON/STN/% SM 20.59+4.86a 17.29+2.81a 13.24%3.15a 17.04+1.55a
PM 15.22+1.69b 12.93+1.84b 8.18+1.85h 12.11£0.70b
10—20 CK 16.37+1.72a 12.66+1.15b 8.90+1.56b 12.64+0.42b
SM 15.45+2.44a 18.27+0.85a 14.30+1.86a 16.01£0.83a
PM 13.85+1.66a 15.36+2.70b 10.87+0.78b 13.36+1.61b

PON . iR A HLA Particulate organic nitrogen; PON/STN . JSURLAG HLAAHXS % 4 Percent of soil particulate organic nitrogen of soil total nitrogen
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2.3 WBEAT LAY A

3 FNFE 4 J2 AN S5 A0 FEXT + 18 PNM il MBN S A2 ma {550, 2 3 AL 76 0—10 em +J2, A 3
R E ,SM ALFE PNM & 548 CK FI PM ARFRER % T 17.51%F1 22.16% (P<0.05) , H CK AL 2 & T
PM ZbBE  7F 2013 4F,CK Fll SM 4b# i 2 5 T PM 4B, 78 2014 Fi1 2015 4F, SM AbH 5 2 %= T CK F1 PM 4k
B, CK Al PM AL R AR ZE . #E 10—20 em 1JZ , M 3 4 FIEKE ,SM Fl PM A3 PNM 7 538 CK Ab3
PEm T 14.59%F1 9.60% (P<0.05) ,SM 1 PM AbF[H] 22 5oR % 78 2013 4F,SM F1 PM 40 #E PNM % &= I %
=T CK AL B, 78 2014 F1 2015 R4 b BB JC 3 22 550 M 3 4P ME K E , fF 0—10 em 1 )2, SM Ab 3
PNM/STN {# 5T CK 4B, i PM 43 PNM/STN AT CK 4B, {H 4455 3 i E MK

R3 20132015 EFRBENIETLEREATTHLRSE

Table 3 Soil potential N mineralization content under different treatments during 2013—2015

Hw +J2/em fh 3 A Year

Index Soil layer Treatment 2013 2014 2015 SEHI{E Mean
WET LA 0—10 CK 35.65+0.97a 24.37+1.17b 40.06+2.11b 33.36+0.59b
PNM/ ( mg/kg) SM 39.46+2.94a 32.24+2.80a 45.90+1.98a 39.20+0.66a
PM 31.22+1.59b 24.13+1.24b 40.91£2.24h 32.09+0.65¢

10—20 CK 20.32+0.02b 23.09+2.23a 38.42+2.19a 27.28+0.34b

SM 27.28+2.92a 23.48+1.21a 43.03+2.54a 31.26+1.34a

PM 24.21+0.98a 21.59+0.77a 43.91+3..45a 29.90+1.61a
TEAER LB 7 i 0—10 CK 3.01£0.11a 1.93+0.09ab 3.29+0.24a 2.75+0.03ab
PNM/STN/ % SM 2.90+0.19a 2.2820.22a 3.40£0.27a 2.86+0.13a
PM 2.63+0.19a 1.87+0.09h 3.29+0.16a 2.62+0.09b

10—20 CK 1.71+0.01b 1.95+0.05a 3.27+0.19a 2.31£0.05a

SM 2.17+0.16a 1.84+0.07ab 3.53+0.21a 2.51+0.12a

PM 2.10£0.01a 1.71£0.10b 3.74£0.21a 2.52+0.09a

PNM . 7E 5 fL & Potential nitrogen mineralization; PNM/STN; ¥ 7 4 fb & A X 7 & Percent of soil potential nitrogen mineralization of soil

total nitrogen

M 4 ATLIE L 7E 0—10 em )2, I 3 AEFI(EKE, SM AL MBN 7 &4 CK 1 PM A PR & T
16.94% H116.56% (P<0.05) ,CK 5 PM [H] 257 A .2, 1 2013—2015 £4F[E], MBN % AL B A) 22 {5 3
HEFBME B 7E 10—20 em LJ2H N 3 AR E 4 LB FIES 0—10 em )23, SM AL 2
MBN &% CK 1 PM AP & T 15.78% F1 12.16% ( P<0.05) ,CK H1 PM [8] 2% 554 Wi 3%, Hib 2013 4F SM 4k
P MBN 825 T CK M PM ALBE {H7E 2014 F12015 AEA AL B 25 A BE . M 3 4B RE 15 0—
10 em 12, &40 FHE] MBN/STN {8 2% 5548 B35 78 10—20 em 1+ /2, SM 23 MBN/STN {4 2 3% 5 T CK Fl PM
AbEE,

24 +HHWEA

M 5 ATLUE 7R 0—10 em 12, 3 45 F-(ER A, SM Fl PM AL B NOS-N & 545 CK AR B4R & T
55.37%H1189.14% ,PM % SM AL BRI E5 T 86.10% ( P<0.05) , 7E 2013—2015 £%-4F[] NO;-N A&k B[] 28 AL FRAE 5
3AEERIE—EL, 7E 10—20 cm + 2, N 3 4EFE{EHKTFE , SM FI PM AL BE NO;-N &4 CK A3 T
27.57%1 135.75% ,PM 4% SM ALFREE 5 T 84.80% ( P<0.05) , 2013 F1 2015 4FAbH[H] NO;-N A fbifadi 5
3 AR H—2, 76 2014 4F PM AbBE NOS-N & i i 35 T CK F1 SM AR, H CK 1 SM AbBE2E AN 25 I
3AEFHIMEEE ,FE 0—10 cm A1 10—20 em 1 JZA03E[H] NO-N/STN {H 5 NO;-N &AL FFEAH R, PM Ab#H
NO;-N/STN {i 8.2 % T CK FIl SM 4b3 , SM AbH B 25 i T CK AP, i3 6 W1, 78 2013—2015 #54F[H], %
b NH-N S EH TR EES, N3 FHEEE £ 0—10 cm 12 ,SM AP NH;-N/STN {H & F K F CK
A PM AbBE CK 5 PM ] 223N %
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Table 4 Soil microbial biomass N content under different treatments during 2013—2015

ECEa +2/em Jus: A Year
Index Soil layer Treatment 2013 2014 2015 SEH{H Mean
AR A 0—10 CK 36.30+0.50b 34.94+0.70b 36.60+2.07b 35.94+0.72b
MBN/ ( mg/kg) SM 43.12+2.92a 39.75+0.66a 43.21%3.16a 42.03+0.44a
PM 37.35+1.59b 33.86+0.58b 36.97+0.09h 36.06+0.52b
10—20 CK 34.26+0.95h 30.31£2.19a 34.12+3.66a 32.90+1.58b
SM 44.42+3.43a 32.69+1.03a 37.17+1.43a 38.09+1.60a
PM 36.19+2.44b 31.24+0.94a 34.47+0.30a 33.96+1.02b
AR Pt R i 0—10 CK 3.08+0.11a 2.76+0.06a 3.00+0.19a 2.95+0.04a
MBN/STN/ % SM 3.17+0.19a 2.81+0.15a 3.21%0.31a 3.06+0.11a
PM 3.15+0.21a 2.62+0.04a 3.05£0.02a 2.94+0.06a
10—20 CK 2.89+0.07¢ 2.58+0.23a 2.90+0.25a 2.79+0.12b
SM 3.54+0.14a 2.56+0.05a 3.05£0.07a 3.05+0.04a
PM 3.14+0.08b 2.48+0.13a 2.94+0.04a 2.85+0.05b

MBN . {42 45 % Microbial biomass nilrogen;MBN/STN;fﬁﬁi%%%*ﬁﬁ'ﬁﬁ Percent of soil microbial biomass nitrogen of soil total nitrogen

£S5 20132015 EARBEELEHERSASE
Table 5 Soil NO3-N content under different treatments during 2013—2015

(LD +Z/em Abr AR Year
Index Soil layer Treatment 2013 2014 2015 SEHI{E Mean
HSA 0—10 CK 10.41+0.80¢ 6.3120.13¢ 10.64+2.10c¢ 9.12+0.49¢
NO;-N /(mg/kg) SM 16.42+0.19b 10.82+1.68b 15.26%2.25b 14.17£0.21b
PM 25.76+4.59a 27.68+1.06a 25.66+2.34a 26.37+0.89a
10—20 CK 10.34=1.66¢ 7.72+0.11b 7.62+1.36¢ 8.56+0.45¢
SM 15.47+1.78b 7.29+0.15b 10.01+0.27b 10.92+0.59b
PM 20.87+2.73a 18.8320.21a 20.85+0.07a 20.18+0.86a
A AR F 0—10 CK 0.88+0.06b 0.50+0.01¢ 0.87+0.15b 0.75+0.03¢
NO3-N/STN/% SM 1.21£0.05b 0.76+0.10b 1.13x0.18b 1.04x0.05b
PM 2.16+0.24a 2.14x0.08a 2.11£0.15a 2.14£0.02a
10—20 CK 0.87+0.11b 0.66+0.03b 0.65+0.10c 0.73+0.03¢
SM 1.24+0.16b 0.57£0.01¢ 0.82+0.03b 0.88+0.05h
PM 1.82+0.20a 1.49+0.05a 1.78+0.02a 1.70+0.06a

NO5-N: A% % Nitrate nitrogen; NO3-N/STN: i & ZAHX} & & Percent of soil nitrate nitrogen of soil total nitrogen

K6 2013—2015 FARESLETERSRSE
Table 6 Soil NH;-N content under different treatments during 2013—2015

ECLa + 5/ em sz A Year
Index Soil layer Treatment 2013 2014 2015 SEX{H Mean
BSA 0—10 CK 10.52+0.57a 9.63+3.10a 8.26+0.07a 9.47+0.91a
NH}-N/( mg/kg) SM 10.48+0.60a 9.46+2.54a 8.00+0.34a 9.32+0.57a
PM 10.160.19a 9.41x1.74 8.40£0.50a 9.32+0.71a
10—20 CK 10.59+0.63a 9.69+1.78a 8.16+0.39a 9.48+0.63a
SM 10.82+0.14a 9.37+0.72a 7.98+0.22a 9.39+0.22a
PM 10.19+0.06a 9.35+2.52a 8.1120.34a 9.22+0.92a
B A HARR B 0—10 CK 1.79+0.09a 1.52+0.20a 1.35+0.05a 1.55+0.05a
NH}-N/STN/% SM 1.54x0.06b 1.34x0.17a 1.18+0.03b 1.35+0.07b
PM 1.71+0.08ab 1.45+0.07a 1.38+0.03a 1.52+0.04a
10—20 CK 1.79+0.04a 1.65+0.21a 1.3920.02a 1.61+0.07a
SM 1.73+0.07a 1.47+0.04a 1.31+0.02b 1.50+0.02a
PM 1.77+0.05a 1.48+0.17a 1.3820.03a 1.55+0.04a

NH;-N: 245 % Ammonia nitrogen ; NH} -N/STN . £ & Z AT & Percent of soil ammonia nitrogen of soil total nitrogen
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