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Response of the active carbon pool and enzymatic activity of soils to maize straw returning
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Abstract: Straw returning is important for enhancing soil fertility and controlling air pollution. Understanding the effects of straw returning
on the active carbon pool and enzymatic activities of soils can help the design of better straw returning management strategies. In this study,
we set up five treatments with different fertilization and straw returning strategies, including the use of no fertilizers (CK), NPK fertilizer
(NPK), fertilizer with 1/3 biomass of straw returned (NPKS1), fertilizer with 1/2 biomass of straw returned (NPKS2), and fertilizer with to-

tal straw returned (NPKS3). Then the effects of the different treatments on the active carbon pool, carbon management index, and enzyme

WA :2017-12-15  RABH:2018-03-12

EERIT: P 35(1990—) , 2o AL AF5E A4 N FER A8 R G BAG AT 5E . E-mail : hemei0911@126.com

*BIEIEE : £7N|  E-mail : wangligang@caas.cn

EEMAB : FEKE LWL (2016YFE0101100, 2017YFD0201801) 5 FI 5 [ SRR 4% 1k 42 5 H (31770486) 5 2 # M4 7l (1) BB % it
(201303126-2) ; 1 FEI ARk e BT TR Bp ) €141 55 (CA AS-XTCX2016008-02)

Project supported: The National Basic Research Program of China (2016YFE0101100, 2017YFD0201801) ; The National Natural Science Foundation of
China (31770486) ; The Special Scientific Research Fund of Agricultural Public Welfare Profession of China (201303126-2) ; The Cooperative
Innovation Task of the Innovation Project of Chinese Academy of Agricultural Sciences (CAAS-XTCX2016008-02)



A&

201849 B

U0, AR IR I AT BIURR 5 e SRS P 0T KA AT T i )7 1943

activity of soils, and the yields of spring corn were analyzed. The results showed that the contents of dissolved organic carbon (DOC ), micro-

bial biomass carbon (MBC), particulate organic carbon (POC), and readily oxidized organic carbon (ROC) obviously improved after straw

returning, and the more the straw returned, the higher were the increases. The soil carbon management indices significantly differed among

the treatments with different amounts of straw returned, and compared to that of NPK, the carbon pool management index of NPKS1, NPKS2
and NPKS3 increased by 52.83%, 86.92%, and 114.76%, respectively. Furthermore, straw returning increased B—xylosidase (BXYL), cel-

lulose (CBH), acetyl beta glucosamine enzyme (NAG), and beta glycosidase enzyme (BG) activities by varying degrees. Compared with

NPK, the DOC and POC contents, soil carbon pool activity, soil carbon pool activity index, soil carbon pool management index, and soil

CBH, BG, and BXYL enzyme activities of NPKS2 and NPKS3 were significantly improved (P<0.05). The yields of spring corn increased af-

ter straw returning, but the differences in yields were not significant among the three straw returning treatments. To sum up, maize straw re-

turning at the rate of 4500~9000 kg -hm™ is appropriate for this test area.

Keywords: straw application; soil active carbon pool; carbon pool management index; soil enzyme activities; spring maize yield
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Table 1 Soil physical and chemical properties of the experimental site

b F’Wi ' %93 XU Exil . Wfﬁ@ﬁ Eiﬁzﬁé‘i Eiﬁl’tﬁi
Soil layer/cm Soil organic | Soil total n{l]r()gen/ Total phos;j]horus/ Total p()laismm/ Alkeline nlli()gen/ Available | A\'Iallable }
matter/g-kg g-kg g-kg g-kg mg-kg phosphorous/mg-kg™ potassium/mg-kg
0~20 6.35 24.83 1.48 0.62 19.60 144.21 35.21 133.01
20~40 6.79 20.67 1.13 0.43 18.84 94.64 24.17 187.00
40~60 6.90 10.12 0.62 0.40 19.09 51.07 21.36 199.00
60~80 7.45 7.76 0.50 0.30 19.13 30.04 20.42 186.00
80~100 7.14 6.01 0.41 0.33 18.68 29.29 17.06 197.00
100~120 6.83 3.69 0.33 0.35 20.85 32.30 11.73 170.50

5 AFIB LTIk B i BRI Se RIS /N X B 28 i
FE B HE Y PR R R, AR5 18 AR I, A B T AL
T PIZERIIF R B 14 ZNE RIS AT 240 T 2234 v
RIGNTHE L. A PSSR ATt & Wk 2.

F2 ARAAETHERESE

Table 2 The different amount of straw application treatments

Qb JiiHE & Application rate
Treatment N/kg-hm™ P:Os/kg-hm™®  K,O/kg-hm™?  FHFFStraw/t-hm™
CK 0 0 0 0
NPK 160 90 90 0
NPKS1 160 90 90 3
NPKS2 160 90 90 4.5
NPKS3 160 90 90 9

T EKFEFFRY C:N 66:1, 5 A2 7.0 g kg s
Note: The C: N ratio of maize straw in dry matter is 66: 1, and the N

concentrations in maize straw is 7.0 g-kg™".
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Figure 1 Effects of different straw returning amount on soil active carbon components
3 AEREFIEHEE X LR MRRE S S EEE E
Table 3 Fractions of soil active carbon in soil total organic carbon under different amounts of straw returning
AL B Treatment SOC/g-kg™ (DOC/SOC)/% (MBC/SOC)/% (POC/SOC)/% (ROC/SOC)/%
CK 15.85+0.34b 1.91+0.05b 0.51£0.11b 11.72+1.89¢ 3.92+0.26¢
NPK 16.72+2.10b 2.16+0.25ab 0.78+0.22a 22.31£5.11b 4.62+0.29bc
NPKS1 17.54+0.79ab 2.42+0.31ab 0.82+0.02a 26.03+2.14h 6.74+0.29ab
NPKS2 17.57+0.55ab 2.59+0.45a 0.93+0.21a 36.97+4.03a 8.13+2.68a
NPKS3 19.49+1.36a 2.37+0.34ab 0.87+0.03a 36.38+5.76a 8.35+1.79a

TE B BB AR EZE (n=3) o RIS [R]/NE 7 bE 3R R A 22 5715 5% 25 KF . Tl SOC: LA HLER; DOC: Al YA HLAK ;
MBC.: SR s POC JORLAT HLI s ROC - 5 UL A BILRKG -
Note : The numeric values represent mean=standard deviation (n=3). Different lowercase letters in a column mean significant different at the 5% level.

The same below. SOC: Soil organic carbon; DOC: Dissolved organic carbon; MBC: Microbial biomass carbon ; POC: Particulate organic carbon; ROC: Readily

oxidized carbon.
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Table 4 The effect of different straw returning amounts on CPI, A , AT and CMPI of black s0il (0 ~ 20 cm)
43T Treatment % 251 Carbon parameter
R E T A R PE G PEHE AL AT BRIEAS 5K CPI P PR K CMPT
CK 0.039+0.003¢ 1.00+0.00b 1.00+0.00b 100.0+£0.00b
NPK 0.046+0.003bc 1.18+0.05h 1.06+0.16b 124.9+19.86h
NPKS1 0.067+0.003ab 1.72+0.05ab 1.11+0.07ab 190.87+17.18ab
NPKS2 0.081+0.027a 2.11+0.85a 1.11+0.03ab 233.46+92.60a
NPKS3 0.084+0.018a 2.15+0.53a 1.23+0.11a 268.24+87.30a
FEHH, 5Tt A A B - AR 2 S R (A R I 3 R K 1807 gy .
(AD) B A8 E (CPD) R 48 FRAE E (CMPD #4 A 2 160[ § CBH T
[RGB L FLE IR — B0 B NPKS3 AbFRAE ¢ MO ENac %
75 o NPKS2 FIl NPKS3 4b # - 3 sk J2¢ 1 2 8. 3% 5 T = j§§ ane Z
NPK AL 1 76.08% 11 82.61%. A KT id HIAL BT 5% ; g
WEREAEOE B 05 R IR NPKS2 FINPKS3 Ab B £ 5 60 .
TR B A 7 F NPRALBR 78 819 FI82.80%., 2 o r‘§i
NPKS1,NPKS2 5 NPK kb B i % 15 % 2 18] G f % 22 H Z

5, NPKS3 ik J22 48 %0 2 % =+ NPK 4b 2 16.04%
£ 4b PR OB G PR EE B0 L NPKS3 4b P 4 &, oA
NPKS2 Fl NPKS3 4b i fisk J22 45 PR 402 % & F NPK &b
P 86.91% 1 114.76% , 3 RG24 1 ) 4= 1 i H W I
P e T (A5 R A BT ) A X
B
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g ohT A5 Ah B DURR TS R B — 2, LA CK A P
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17.18%~140.53%.1.69%~111.40% .15.37%~42.72% Fil
34.03%~64.32% ., Forfr BXYL 15 1 X F FF i FH i g 4
b R, NPKS3 4k B BXYL 3 P 5 35 5 T NPKS1
NPKS2 4b B 105.27% F128.22% ,NPKS2 4b B BXYL %
P i 3 75 T NPKS1 4 60.08% ., NPKS2 1 NPKS3 4b
PR () CBH 76 P & 3% & T NPKSI 4k # 81.31%
107.87% , NPKS2 Al NPKS3 4b il 2 6] JC g Pk 22 57 .
1M NAG F1 BG 1 P4 A [ % FF i H & b 2 2 8] W) 3 A
BEER
2.4 AEFEFTEHEIEM = ERZIN

FEFF A B S B KA R 028 B T i A —

o

NPK NPKS1 NPKS3

Ak
BXYL: ACRAERNE s CBH : 27 4E 5 W 5
NAG : LIt 4E B AT 5 BG - B AT W 1T 1
BXYL: B-xylosidase ; CBH: Cellobiohydrolase ;
NAG : N-acetylglucosaminnidase ; BG : B—glucosidase

2 A[EFEFE B 83 - EEE AR

Figure 2 Effects of different straw returning amounts on

NPKS2

soil enzyme activities

FEFERE AR (32 5) , MG NPK Ab B 5 A1 34 4351
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4.55% ,NPKS3 b BT FOK 7= 5 R I i i, (H 2 AN [
FEAFIA H T FOR =R 22 0 JC % 22 5, B IE7E
YEIHE = )5 TR 83, S RS FFAE i E AR
KA SZIRTE H FT SR B Bos & 25 5 .
25 B E T EENBMESEEEVmER 118
B s MR R S AT

LR SRR TR, IR M, T
PERR L o0 5 AT A S i (3R 6) , #5 Ab B 1
Y7 5 45 DOC MBC Fl POC 75 1 34 52 1 52 25 4
% (P<0.01), 5 +3E ROC.BG .NAG .CBH .BXYL i 1
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Table 5 Effects of different amounts of straw return on spring maize yield and its dry matter distribution

AP Treatment M Leaf/g £ 2% Stem/g - ¥k ¥R Grain/g- ¥k il Spindle/g- ¥k e Root/g- Bk 774 Yield/kg-hm™
CK 37.14+9.72b 63.81+4.12h 97.48+35.92b 11.08+2.83b 11.78+2.69h 5016.16+166.36b
NPK 49.43+10.05ab 89.55+22.47ab 147.29+31.93ab 18.08+3.99a 12.65+0.64ab 7 407.04+404.35a
NPKS1 50.46=11.30ab 109.44+37.21a 171.7739.19a 21.62+5.76a 19.53+7.51ab 761047737 .41a
NPKS2 54.78+6.87a 112.79+2.69a 164.58+11.27a 21.88+2.32a 15.89+5.25ab 7 573.79+394.15a
NPKS3 57.90+9.40a 117.50+25.20a 167.59+14.94a 21.55+1.63a 20.51+2.55a 7743.87+204.31a

®o6 EMFE TEANKRS B EEEVRER T IREE T BHHEX R

Table 6 Correlation coefficients between spring maize yield , soil organic carbon and soil active organic carbon components

as well as soil enzyme activities

. - DOC MBC POC ROC BXYL § NAG BG
LD .SMY R . S0C . Dissolved Microbial Particulate Readily Beta ) CBH Acetyl beta Beta
. spring maize Soil organic . . . . . Cellulose . .
Indicators i organic biomass organic organic xylosidase glucosamine  glycosidase
yield carbon enzyme
carbon carbon carbon carbon enzyme enzyme enzyme
SMY 1.000 0.474 0.746%* 0.776%* 0.792%* 0.615%* 0.597* 0.628* 0.635%* 0.556*
SOC 1.000 0.504 0.566%* 0.619%* 0.722%%* 0.574%* 0.650%* 0.865%* 0.686%*
DOC 1.000 0.766%* 0.795%%* 0.779%* 0.696%* 0.716%* 0.684%* 0.865%*
MBC 1.000 0.776%* 0.841%* 0.614* 0.715%%* 0.726%* 0.765%*
POC 1.000 0.723%* 0.899%* 0.916%* 0.781%* 0.695%*
ROC 1.000 0.677%* 0.789%* 0.729%* 0.914:%*
BXYL 1.000 0.896%* 0.691#* 0.699%*
CBH 1.000 0.7071 % 0.715%
NAG 1.000 0.739%*
BG 1.000

W n=15 % FR 22 5 L 3E (P<0.05) s ## KR 2 5 B # (P<0.01)

Note:n=15;%* and ** represent significant difference under P<0.05 and P<0.01 level, respectively.
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