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Effects of straw and plastic-film mulching on soil micro-bioactivity and organic

carbon and nitrogen in northwest dryland areas of China

XIE Jiayang, WANG Zhaohui * , LI Shengxiu
College of Resources and Environment, Northwest A & F University, Yangling, Shaanxi 712100, China

Abstract: Soil organic matter is the basis of soil fertility and plays extremely important role in improvements of soil
physical, chemical and biological properties, in maintenance of soil aeration, water retention and cultivation traits, in
buffer of soil pH, and in supply of nutrients to plants as major nutrient source and pool. In soil, 95% nitrogen exists in
organic form and the mineralization of organic matter constitutes the major source for soil to supply N to plants.
Consequently, soil organic matter has been received great attention by agricultural scientists. It has been realized that
cultivation methods affect organic matter accumulation and mineralization, and therefore its amount and characteristics. As
an effective cultivation technique for crop production, soil surface mulching has been rapidly extended in dryland areas of
northern China. The materials used for mulching include gravels, straw, crop stubble and plastic sheets or film, of which
straw and plastic film are the most valuable ones for use in agricultural practice. However, how such mulching influences
soil organic carbon composition, mineralization and its bioavailability remains unknown. For this reason, it is of great
importance to study the soil micro-bioactivity and organic carbon and nitrogen under these mulching conditions. Such a
study could provide information for improving soil fertility and thus for dryland crop production.

The purpose of this study was to investigate the effects of straw and plastic-film mulching on soil micro-bioactivity,
organic carbon and organic nitrogen. Soil used in the experiment was a type of Earth-cumuli-Orthic Anthrosols. The soil
sample was taken from top layer (0 —10 cm) at a site of a 5-year long term experiment field, located in the south edge of

the Loess Plateau, Yangling, Shaanxi Province. It contained organic matter 13.79 g/kg,total N 1.07 g/kg, nitrate-N 5.4
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mg/kg , ammonium-N 2.4 mg/kg,Olsen- P 15 mg/kg, and exchangeable K 182 mg/kg, with soil bulk density 1.35 g/cm’
and pH 8. 25. Three treatments were arranged in the field trial; control ( without mulching), plastic film mulching and
straw mulching. The soil samples from the three treatments were used to determine the light fraction of organic carbon
(LFOC) and the light fraction of organic nitrogen ( LFON) , and to measure the mineralization of carbon and nitrogen by
laboratory incubation. Based on the determinations, microbial respiration intensity and metabolic entropy were calculated.
Results showed that after 61 days incubation, contents of the mineral nitrogen initially present in soil were decreased by
4.0,2.5, 3.9 mg/kg for soil under straw mulching, plastic-film mulching and non-mulching, respectively. The cumulative
C from the mineralization of soil organic carbon was 125, 100, 101 mg/kg for the three corresponding treatments,
respectively. The microbial carbon and metabolic entropy of soil mulched by straw were higher than those of soil mulched by
plastic-film. The contents of LFOC and LFON of the straw-mulched soil were significantly higher than those of the non-
mulched soil (control). In addition, the contents of LFOC and LFON were reduced by 36% and 47% respectively for the
straw-mulched soil, 26% and 45% for the plastic-film mulched soil, and 31% and 44% for the control. The absolute
amounts of LFOC and LFON in soil were decreased by straw mulching and the decreases were significantly higher than those
of the plastic-film mulching and the control. As a result, soil surface mulching with straw could increase the content of
readily-mineralized parts of soil organic carbon and nitrogen, and improve the bio-availability of soil organic matter, while

the plastic-film mulching could decrease their bio-availability.

Key Words: dryland; straw mulching; plastic mulching; light fraction organic nitrogen; light fraction organic carbon;

microbial carbon
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WANA RS, WEEYHFRAEENEME, 185 95% WAZUBNANEREETAENRH K
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FRAKLE AR, AR & B, Rt 4, R R LIRS A VUR N E B850, BA MBI EYFEED 2+
eSO EORIE , 0 0 R AL AN B kAR A R . BRIRAHUR TP & BB AR MR R A AL
R BERAEVA . XETRRERERVERA ST 5B/ HEEAE S S L REREE A H Y
XR ., BT, X T HRE B H AR AR B A A R ST AR AR o

ASCLAE AL TR 38 3t Rl E NSRRI R B B BN AR AY L E R MAEY
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1.1 R5h S

R TR PR P AL RMBH R R AE—uh . 2 T2 L R &8, 184k 520 m A4, FHRIR
12.9 C ,F¥REK & 632 mm A4y K EBEPTE 7T—9 Ay, FHZEKRE 1 400 mm, J&PRIE S T RHbIX,
HEERR H R AR £ B H SR (020 om) HIAFAILHERN : £HAE 1.35 g/em’ , FHL
el 13.79 g/ke, &5 1.07 g/kg, WEAE 5. 4 mg/kg, AR 2.4 mg/kg, AU (Olsen-P) 15. 0 mg/kg,
A4 182. 4 mg/kg,pHS. 25,
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1.2 ¥t

FHEVEYI N A /INGE , AP R /IME 22, 2002 4F 10 A #EFEE—Z /32 , ¥ & 135 kg/hm®  f7E 20 em, K50
B3 MARIER, WAL (BRI TCHE M, 2 3R R I J7 305 no mulching, NM ) ; B3 (TEHERR , th /5 17 [ 7 a2
F 7% ,4500 kg/hm’ ; straw mulching, SM) ; B B ( TCHEWE, B i 5 /N 4T 18] B £ % ; plastic-film mulching,
PM) . 3 MRIGA IR 120 kg/hm” , B (P,05) 100 kg/hm” , ABHILLER AT RIE. RILRAREK, A
46% ; WEHERF Ca(H,PO,),, & P,0,12% . i h5E &RHLIX AT, BERE 3 K, /MR EFH28.8 m*, 46
A EaBRANERE , ARRR%EH, 10 A hRI SR EREHEM & /NE . LR ELLHT Sa,

1.3 BIERERRE

2007 £ 9 H 15 HAES /DX LA“S” i A RE 10 R4 0—10em L4, IR G VE N — Vi, SL R
[ M -G 0 N = 3 - £
1.4 WEDH &Ik

() BFEEVBRARBSME" TREZR 2 CTRTE, ERRE, BT 2 mm 7, FRE
25.00 g 4%, B F R0 (100 mL) H fil AFLEE 1.70 g/mL f) Nal %9 50 mL, F 200 r/min 33 F &% 1 h,
SRIGTE 1000 x g T L 20 min, B FE7E Nal R EFRFTAHLBHE TH5 0.45 wm LF4EIR IR K 25 4 8 45
BEATHIUE , MUK H S & 100 mL # 0. 01 mol/L CaCl, #1 100 mL ZEME /K ph U £F 4ENE % A WL 20 3
Wo FHEBLOEHIMA S0 mL HE g 1.70g/mL ) Nal IHHHTH 2 WRR, PR Lo ¥ 2 WK
AR B, 72 60 C AT FRiE . TR AR HE RO, i 0. 15 mm )5 , WG
PRIH A - RAGE I E A VLA ; F B i SSM-5000A & #LR 7 Hr A & 52 5 A MLk .

Q) A AT IRY  BEFRRBITIAET, 45 B 2 mm 5 )R AR AN A ZE 187K 2 8 K H )5 K 2 Y
70% ,WiEESE 1A, IR TR TETE . AREFRICIEE 3% LA (A2 T 600 ¢ XUT+) TR &P, ¥
APEE T 28 CEIRAHNHATIFREESR, R R A5E 0.3.6.9.12.16.,20,25 .33 .47 .61 KREUHE, I & + 39 i
A(NH, -N.NO, -N) Fifg A M 2k i & & . BREGREIRRAIIFEREAIE, FUEBRRA KA. B
MR 3d DIFRE RN R KA, MRS R EE . 7 A I3l A S0 , 3B Wik @ 78R
B,

)RV EEFREE  FRIR ERTEESR LR (ST 20 ¢ T 4) THRFRP . ERFME/DORA
—A~50 mL =f3ffi, A%< 10 mL 0. 1 mol/L NaOH ¥ AR UL CO, , 2R J5 FI PR B R &F, Bl & AL 3 E T 28°C
IR N EESR . BIR 3d IFRE AN TR K 4, LR B AR AAE . ARG FR5E 1.2.3.4.5.6.8.10,13.16,
19.23 .27 31,37 47 .61 K¥E#: NaOH ¥, WE BT i ) CO, 8. MRIE CO, FBRR TR RN HIEA L
BREVT LB . 353R1] CO, MRk B3R Al BaCl, T3 -BR AR & Bl )

B AL Y B PR B, B AR IRGR B S IR A Y R R Y H A, D IR (¢CO, ) , R
WA RTERE, 713X ¢ (CO,) = (C0,-C),/(BC),, HH(CO,-C),F(BC), 73R m% i I ZI# 3%
CO,-C B A+ ik i ¢

1.5 Sithe:
A BEH5% A EXCEL 2003 F1 SAS6. 1 43, #2314 % A Prism3. 2,
2 BZR545

2.1 AFHFRE S T SRR ZNL

T RS AR S SLAR TIRART L B EFERR LR a R SRR RS RS SZERY
(1), WAL B8R, e B AR, BRI R TR M. B3R 0in, B B LA 10 RS A&
AR 13.4,11.7,12.7 mg/kg, 5557 15d J5FEAKR] 11.3,10.6,10. 8 mg/kg; SR J5 B HAIH M AESE 20 KikE]
IR FE, 200 13.8,14. 2 mg/kg, BEAES 25 KRB FR{H, 4 13. 4 mg/kg, N5 20 KEIH 33 X, 7 RER
ERMET M, AR SR T B A, R 28d, 1R RS RS BB TRE . HIRG RN,
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B BN LR SRS B 9.4,9.2,8.8 my/kg, 2t 61d 3R, EBAH AL LR
SR A 4.0,2.5,3.9 mg/kg, HFRE TR RS R, UERABAE Y AR B E R T
AVANT IR, BER TREERT RSRENEE LIRS . RAE WL, 55 IR 45 R 3 5 L3 R E
RN TEZ T RER
2.2 AR HIRAA YIRS L

AFMRE G TROAYRET A HEZR (B 2) . dE 2 HE KN ERE PR {OE R K, 5758
1R B B G U L5500 2.6,4.6,3.5 mg-kg ™ -d ' 52 R I mAHE, HE B
TR AL A HLIR I LR 53 504 8.0,7.4,6.3 mg-kg +d o NG AR 5 LA VLR IO fL
BHIREAR, B 30 RITUh, B THE , AL HAE 0.8—1.6 mg-kg d " Z[AEAL. BEFRENF 61 X, BH¥ B
A H AL LA ML 898~ b RANE 1505 125,100,101 me/ke, V345 K HA WK ML E 71508 2.0,1. 5,
1.6 mg/kg, BH HIREA RS L RINB MG LR E R TEEMEN, WHERZ G, TRA YR 5
B AL B AR TR G, TR IR T 5 LB 22 5 B R L WU I 5 G L S AR i P B
RIL LR R

18 140 -

- —o—
en
— 15 < 120 —O— B
! E ——
oh i o) -
Eg 128 53 10
2 B sl
s 9 Bk =
13 b= =
Q & o 60 |-
= 6 g
HE %3 4l
<
z 20
0 I I I I I 5 0 1 1 L 1 ]
0 13 26 39 52 65 : T > m 5 =

S o time
SFRIH R Incubation time/d $#32 15 ] Incubation time/d

Bl FEMREZTEES 61d HANT REREL

Fig. 1 Changes of mineral nitrogen in different surface

B2 FRtRBESTEEFHANEIBRTARRETL

Fig.2 Changes of cumulative mineralized C from organic matter

ulching soils during the 61 d: f incubati
mulching sofls curing the ays of Incubation in different surface mulching soils during the 61 days incubation

2.3 AR IR YRR

TR A TR SR IR W R A N — AN B AR . ISR BB AALE (18 3) , 574
b, B R EREAE AR YRR SR 131,122,131 mg/ke, EFRIT MG G BB AN, 7655 3 KikE|
IRF{H, 702 818,679,784 me/kgo M 3 RITHA, 45 T IRIHE T I, 1E26 16 RIXBFRARME, /- F 199—
215mg/kg, HA MR o H3RIBTCH B 2ER . I, A R 6 358 1 P4 AE My B i A 39 15 220—460 mg/
kg Z 81224, AR L3888 W B 25 5 o Ul BB B S AR T LA o b SRR A ) A M, 8 Rl A e (R
TR 0o S PR PR T P BE AR R, 788 e 8 Dol A B AR 00, R B (S B 45 5 o ) 5 8 M8 U A 7 AR AL
YRS
2.4 AFHFREE A IRACHMR (9CO, ) 1A (L

IR (9CO, ) JEHIERN WP I 55 B -5 1o A W) BB 19 EUAEL, B AU W B R /N R R A ) B AR P 2
AR, AR T BT My AR P IRGR B, B S MRER R I R TR M AR AL X A i R e

AR R o LIRE D E R A R 2 R . ARV = SRR B e 7 SR L (1B 4)
WD TR ET- TR TRER R (BRI MR w5 1 AR 55 = B ) BLAY IS 1B ), B 5 o BRAE
BESRIEE O K, BN A ML BUAESS 16 K, 4512 16,8,12 pg-mg™-d ' BEFREE 20 KLU, AR«
Bt DR ABIE TRE 78 3—7 ne-mg ™ -d ' ZEVEAL, EARR LR ZR AR, BELRMAEY L
B PRI I 5, BRI R TR WAERAHEYRM T EZRAIRA, T
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Fig. 3 Changes of microbial biomass C of different surface
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Fig. 4 Changes of metabolic quotient(gCO, ) of different surface
mulching soils during the 61 days of incubation
mulching soil during the 61 days of incubation

2.5 EFEEE A ERE = LIERRAVIBREZ L

AR RE = IR BERAVRER TR ERFHB (R D) . R, BELENEREIRA S ES
S e PR 39% 1 31% , T8 IR TR SR WK A & 2207 e A 10% 1 10% . 43t 61d ¥i 2 )5,
B IR RBE IR S B RS 27% F125% , 78 8 1 53 i 32 A DL A& B 2050 L 2 A 7%
M13% , TWRIEFAT, BREFRER G, BE L BWRRAIIRA Y BE S TEEME A, BIES %50
ZRARE, BRERG, BETERTAEVIRAE & 25531080 36% F147% ,4H2F 318,22 mg/kg; B+
B3 NI 26% F45% AHS T 175,17 me/kg; B #3870 5 31% F144% ,F025F 198,16 mg/kg, M2
RAEVBREB D W XHERE, BEIBEEH R TERESE A, BRI BESEAREREER ., WHAERE
HINT R RA VLR AN SR, N3G T 1338 m] A8 HLRR A, 178 R U B X — R

®1 FEMRBSTEEFHAERENBAZL
Table 1 Changes of LFOC and LFON of different surface mulching soil after incubation

" BEA YUK /(mg/kg) BHEANRA /(mg/ks)
A Light fraction organic C Light fraction organic N
Cultivation models . o
B IRHG S = BEIRA BigrIE ZfH
B PM 885a 567a 318a 47a 25a 22a
BEIE SM 661b 486b 175b 38b 21b 17b
HHL NM 636b 447b 198b 36b 20b 16b

PSR AR N TR RIS AR R M R S 2 I 22 57 R B

3 itig

HEENERFMT, LBV RSRASELMEENAT IERM I AE EERNSGE 2R, MED
EXHAEBERNEES5E . Sd5E, A RIMEE 5 150 RS RIS, UM 3t LR R E
EVEHZEBRTENAMT WER, B2, BE LN RARAZFRL B E TEK -5, W HIERER
G, BE By RARNBOEERTEE LR, WHSHBEZE, DIEEIANUG T A 5 Y
o, EAYTEE R E , BENEE X -8R, BEEA TRAES . MEDR T EEIRY EIRNSS
FH ABPTep, R R L B ARG LR R B TR B R LR S L
S HFELEY, BN R RE = HIEMAE YRR G022 5 A K, (B FRAE e 0UAE P03 1 i AR R 4D
ZRUE BENRSTHEAR, MBEBENKTEN. RAUBEZE, TEAVRENEYE RS Y LA 5
e ST = VU S0 <F
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5 R YU A HLEA L, B2 SR DU R A AL RO RE B PR 3 SR A S ARl A 7= B AR AL, A D

A HURARBL AR AR, TR FIPH R B, 4 S 3 SRR B 5 A DU AR R i R AR
TEABIE P B IR R AR A & B BE R TEBEME N, BEME N WA 2R, F205T
R PUEL R BRI 39 URR A, U % A HLBR LA B ™%, 38 LB R A 18 o SR VR T
BAVURBE I, St shria , AR R i 3R R A YU AR B AR, 32 BOA ALK s>
EE R T A VRN L, BRA I ARNB B RZ , BR TIRN TR E D, RIBFAIEA
DR - A AR 5 o0 A P B WD , SR S A W R KR AN BB R SR R IR (R, B 3 R A LR R
TR IRAG M X RO BRI RS e s D R AR B e T R ML, B A AL [ 35
FzES, RUER RGN I DA IURS TR AL S8R, B DA UR AR YIS, AT REGS 45
VEMIRAERE 2 B3R 53, T BB JC R o
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