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Straw Composts with Composite Inoculants and Their Effects on Soil Carbon

and Nitrogen Contents and Enzyme Activity

NIE Wen-han'"*, QI Zhi-ping”*, FENG Hai-wei’, SUN Yu-jing’, ZHI Yue-e’, ZHANG Jin-zhong'"
ZHANG Dan®"

(1. Key Laboratory of Eco-environments in Three Gorges Reservoir Region, Ministry of Education, College of Resources and
Environment, Southwest University, Chongqing 400715, China; 2. Key Laboratory of Urban Agriculture ( South), Ministry of
Agriculture, School of Agriculture and Biology, Shanghai Jiao Tong University, Shanghai 200240, China; 3. Agro-technical Extension
and Service Center of Shanyang Town, Jinshan District, Shanghai 201518, China; 4. Sino-Singapore Thaisheng Agricultural
Demonstration Farm, Shanghai 202161, China)

Abstract: The utilization of straw resources is of great significance to agricultural environmental protection and sustainable agricultural
development. Based on the isolated 15 high-efficient cellulose degrading bacteria in the laboratory, the composite inoculants (JFB-1)
which can effectively degrade crop straw were screened, and the effects of straw composts with the composite inoculants on soil carbon
and nitrogen contents and enzyme activity were studied. The results showed that the composite inoculants could accelerate straw
decomposition for 1-2 d during single fermentation period, and the organic matter contents in straw composts reached 403. 5-515. 1
g-kg™", while the ratio of carbon and nitrogen decreased from 10. 53 to 15. 30. The pot experiments found that the application effects
of rice straw composts were generally better than those of corresponding asparagus straw composts. Compared with the control compost

' the contents of soil

of rice straw, when the application amount of rice straw compost using the composite inoculants was 150 g-kg~
organic matter and total nitrogen increased by 33.5% and 7.3% , and soil urease and cellulase activities increased by 16. 7% and
30. 8% , respectively. Compared with no fertilization treatment, the application of straw composts could improve soil microbial
community structure, and increase microbial diversity indices. When the application amount of rice straw compost using the composite
inoculants was 100 g-kg ™', the biomass of common Chinese cabbage cultivated for 30 d increased by 46. 4% compared to the control
compost of rice straw. These results indicated that the composite inoculants have great application potential in straw composts.

Key words : straw compost; composite inoculants; soil nutrient; soil enzyme activity; soil microbial community
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Table 1  Strains used in straw composting
LR TSCAAFR (BT AR BBRR I
JSD-1 TR 21 4% 55 T ( Streptomyces griseorubens ) 43 B F it FH AT ) 41
JSD-3 ZEFUAT T ( Bacillus sp. ) S35 A I HENL S5 i 158
JSD-5 BEBF T ( Streptomyces sp. ) I3 B e FHERC S5 Y 1
JSD-8 BB ( Xanthomonas sp. ) S SR R i ) £ 33
JSD-10 o T 1A G ( Pseudomonas sp. ) S35 it T HE AR 1) 43
JSD-12 ZEFFT 1R ( Bacillus sp. ) S35 1 it PR HEAC 5 ) 1498
JSD-15 % ( Penicillium sp. ) S3 B F e I HERE 5 ) £ e
JSD-17 %% ( Penicillium sp. ) O3S LTI HENL A 14 158
JSD-18 H3 B ( Rhizopus sp. ) 5368 B I HENL S5 Y 158
JSD-19 %% (Aspergillus niger) I3 B e FHERC S5 Y 11
JSD-20 /I\Z;( Trichoderma sp. ) S i SR R i ) £ 35
JSD-21 A% (Trichoderma sp. ) O3S FU I RN A 14 158
JSD-22 SRR AE (Aspergillus niger) 5368 A I HENC S5 Y 158
JSD-24 K% ( Trichoderma sp. ) S B F e T HERE 5 i) 45
JSD-26 555 ( Penicillium sp. ) S3 B e FH AR 5 i) £ 1
F-1 PR 228 Bk ( Candida utilis) Tl A P TR A R
F-2 R SRS TR ( Streptomyces violovariabilis ) T A P e e DR
F-3 5 71 )5 B 45 1 ( Phanerochaete chrysosporium ) T A W v A e O
F-4 2 5 2E AT 1 ( Bacillus natto) I3 E AA DAL
F-5 PR 1 ( Thermoactinomyces sp. ) Sy e AL
F-6 R 2,545 [C 1 ( Nocardia coralline) A HAHLUIE
1.2 Bk 7H,0 0.01 g,MgSO,-7H,0 0.5 g,K,HPO, 0.5 g,¥E

B A R R AL . R B 200 ¢, M4
W20 g, Z&187K1 000 mL, 35K 20 ¢, 4k pH.

FRBEANIESRE. FRE3 o, HAMKS ¢,
NaCl 5 g, Z&1#7K1 000 mL,Eifig 20 g,pH 7.0 ~7. 2.

G T S8 555, KNO, 1 g,NaCl 5 g, FeSO, -

520 g, 7% 7K1 000 mL, Bifig 20 ¢,pH 7. 2.
BRI G IR L PR 1S5 g, AR L g,
CaCO, 2 g,7&1#7K1 000 mL.
1.3 RALEFEC T
% 2.5 g ERIELAC(FUINIREIELCA BR A F], h
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)94'352 10 ecm x1 e¢m E@/ﬁéﬁ%,ﬁﬂf\ 100 mL JE4L
SRR SR AL BRI G , A B R B 0. 5 mL,
BT 30°CHHIEFEIAR, 120 r-min ' PEHEEFE 3 d, M5
A5 B AR A R O G 1 T AT R A R U AR Y
HAWH.
1.4 FEFFIE A TR0 A il 4

FRAE TR YRR R L (JSD-15 ~ JSD-26 F1 F-
1, F-3) 8 1 D55 S A BE 45 55 3L 40187 (JSD-3
JSD-8 ~ JSD-12 Fl F-6) 420 T4+ R 8 F PRI 5 2L,
JIERTR (JSD-1, JSD-5, F-2 Fl F-5) M PR 145

EFREL T 30°CHEIR 150 romin RIS 2 A, A
W ELE 2 x 10° cfu-mL ™" L. HE IFE 2256 7 106
HI TR LA, B AN [R) B o0 ) 5 22 Bk 3R TR
30°C L% 3 d, 19 BIREFHIEA 2 5 TR JFB-1.

1.5 FHEFFHENSEL
PR KRS FF RN 2 SFREFFIAR B i S B

A, R R AR AR A8 TR 52 T2 43 ) S G AT op 41
Yo R | PR PRI R & &, K, Cr, 0, T & LR
AHLT A, B AR I RS FE A SR B i 3RS
PUESP NN

R2 IR EA ST

Table 2 Physicochemical characteristics of the tested straws

TR YR/ % REFYER/ % RIFZE/ % AHUE A R/g kg™ BASH/gkg™! AL
IKFEFEFT 44. 61 11.35 29. 30 724.8 5.9 84:1
ok 2t as 41.79 10. 85 33.53 676.7 3.1 127:1

B K RERE AT T RARIAZ N 5 ~ 10 em HY/NEE FR
U 200 kg ROZK ARG FF/NEE, A 4. 85 kg JK
RS VT WIEE C/N [k 250 1, BB MRS AT
Hi 1% 1 JFB-1 ZA R 1% BB, 1% 1Y
P (EM 75, 8105 B A9 TR FR 2 A
1% BO5EBI TR . HBERR 19 A% Bh B 3 Fiib 28, 4
U UA B K RAE 65% ZcA7  ME 2 m x2 m x2
m AHEAAR , PEAT U 4R T AR =X A AR AL
FMGE 8T ~9 d BHdE 1 0 HhkmE 26 d, 43
FRENEFP JFB-1 &4 1 7 KRG RS FFHEAE (RS)) |
T Ml V590 A K A A AT HERE (RSC) A B2 Fh i Bl
A 17K FE RS FF X R EAE (RS) .

PR AR  FE T EE R 200 kg B SRS AT
WSIN5.57 kg IRE , HlA5 4R JFB-1 &4 A A9 =
FREFFHEAL (ASY) | 420 Rl 77 501 1) 7 8 G A
(ASC) Fl I 2Tty By BT 79 7 S5 A0 BEHEAIE ( AS) .
1.6 FEFFHE T - S 20 et Rl T 5 T

At - 8 TR A K VLA A 1 b 7Y
o 3, o B A IR A R, ) )
TR, AR T A - 1 B R 20
em, FHOEBZEHMN12 cm, @A 18 em, BRa 2+ 2.5
kg, Jiti I Ak R 40 e 3 s, B P 38 (3% ( Brassica
campestris L. ssp. chinensis Makino) , Bt e B A E
B S Bk, AR AR B A S 3 UK.

FETH 30 d JooRAE BRI SRR, SRR S TE
106°C AT 0.5 h,75CH TR IHE/FRE. KT+
R, 1k 0.25 mm i, R K, Cr,0, i %€ ¥ E
+HEE WL & W H,90,-H, 0,743, AA3 Wi shi:
FH43#7AL (SEAL Analytical , 78 [ ) 1] 52 + 38 5 & &

TR AR N S EE T, R 3, 5- A
KK AR (DNS) Fh gk !0 i a2 27 2k 2 Bis 1, LA
i IR F BELF Ak 2 BOK A 24 h B AR R
HPHE IR (pg) Fon s B H st I RS
P, LAE ve R IEAEAL IR 2K 24 h B AR i 20 <5

H(pg) =R,
3 a;itwizit

Table 3 Design of pot experiment

ey gl HERL /g kg ™!
JEFP JFB-1 B A KRB RS FFHEAE (RST) 50 100 150
FEAI R ML TR P KRS FEHEIE (RSC) 50 100 150
FKAEFE AT FRHEAE (RS) 50 100 150
FEFP JFB-1 BRI AY 2 SRS FTFHEAL (AST) 50 100 150
FEFP T M R Y AR FFHEAL (ASC) 50 100 150
ARG AR HEHENE (AS) 50 100 150
AL 0

1.7 BIOLOG I -3 G0 MR iE 22 4 1

FRIC10 g B - HEAE i A 90 mL i 73 %K
0. 85% K B AL BRER 7K, 7E 250 v min ™ R K TR
¥ 30 min, HE 5 min, §4 10 mL IR )5
— 90 mL K AEFER K AT 10 £586 BER R
B ZEFB1 0001%. ¥ BIOLOG-ECO MifE 25°C F i
30 min, BEAFLIEFR 150 wL b, F AR B A% 5%
B E T 25C A FRAE D, R 12 h TR
A5 590 nm AbWEERE.

BIOLOG-ECO fi~F- # % £L 1 ~F- 34 W S A 1 5
KA.
AWCD = Z (4 - R)

i=1

(1)

n



786 AN 5%

Bt 2% 38 &

A A, 8 BB EWOGIE ; R X IRFL RO 1A ;
n P31, AR E R 3 K.

M BIOLOG-ECO ¥ M AL ot it +
HERLAE W TR R IR 2 A5 25, B Shannon 8
B (H) , Simpson %0 ( D) Al MclIntosh 8% (U) , it
A5

H =- iPixlnPi (2)
i=1
D=1- ipf (3)
i=1
U= /i, (4)
i=1

A, P, o i FLAA X TROGAE (A, - R) 584
ST AR I G AR E RN ) AR A, N ER i FL A AR XTI
JEH.
1.8 b5 oy

K FlExcel 2016 . SPSS 19. 0 %5 4 4b 38 F1 43 7 52

BRI, BN 2205 22 0 Ak A 6 2500l 14 b 1
2 HR5ITR

2.1 FEFFIE A A R i

FIH 15 # e S R 21 4 ZAZ O B, AT IE 3SR
B, ST X UE AR B AR R T, T e A
AR, IEA RIS B R 7R 4 A X g 4R
fEROR IR 4 Frs. R ATDLE A G 5 A G
7 X UEACH o i R AR, 3 d Py RIVRTRE U8 4K 0 i
BHR. HEE R A m R B R RS
F i s IR A T o A 221 B — i, BA HE AR
RZUE S MR, 2P SA RENPAE
T DU R B A O B R A HE R BT LA
REREARPUAE RIS e py KU . IR, 36k 3% EC R e
BIEAR I 4G 5 (& B Ak JSD-1, JSD-8, JSD-10,
JSD-17, JSD-18 . JSD-21 H1 JSD-22) , I ¥ iZ4H &
4k JFB-1.

®4 BHEESHANERRE (L,2%)"

Table 4 Orthogonal experimental design to screen composite inoculants

44 JSD-1 JSD-3 JSD-5 JSD-8 JSD-10 JSD-12  JSD-15 JSD-17 JSD-18 JSD-19 JSD-20 JSD-21

JSD-22  JSD-24  JSD-26 [EARACE

1 + + + + + + + +
2 + + + + + + +

3 + + + +
4 + + +

5 + + + +
6 + + +

7 + + + +
8 + + +

9 + + + +
10 + + +

11 + + + +
12 + + +

13 + + + +
14 + + +

15 + + + +
16 + + +

+ + + + + + + a
a

+ + + b
+ + + + c

+ + + d
+ + + + a

+ + + d
+ + + + c

+ + + a

+ + + + b
+ + + a

+ + + + e
+ + + e

+ + + + e
+ + a

+ + + + + a

1) + " URA A I T AR, B R 9 P B RER R IR R B IR R s a FORUBZRACA RN ; b FORUBARASH M B BOk
¢ FRUBARAM RN IR d SRR BRSO 5 e SR7R AW TT ALEAF(HON RS B AR A%

2.2 FEFFHEAC AR i I R AR Ak
IKFERGFFHEAC A R v, R K 14,00 S B0 7 4
IR, IRAS A e R A IR B AR 4 (B 1), A
K1 AP AT LA Y 3R JFB-1 B ) 0 7K RS AT HE A
TR T E A B, i A B 68°C, R T
P B I 60°C A1 AR B TR 1) 59. 9°C , H4EF
JFB-1 BRI BRI IAZ00 7 d, > TRl
A 8 d AR FEF B A Y 9 d.
JEARL A, A5 P SR FE M A Ao A b i TR AR 1

HiZk (E2). IE 2 Pl LIE 2R JFB-1 B
HE AR B BT T L A B Ao R GA
72.5°C ,7E 3 ML IR . AN JFB- 1 R A R
AR 7 d, /DT i b 700 A B
()8 d. [RIIL, 48 JFB-1 B AT RS FFHERE, 7T LA
R v M AT IR 4 TR SR 4.
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Fig. 2 Variations of temperature during the composting process of asparagus straw
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