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Using fish protein as activator to stimulate straw decomposition
and enhance organic carbon accumulation in soil
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(I College of Environmental and Resource Sciences, Zhejiang A & F University, Hangzhou, Zhejiang 311300, China;
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Abstract: [ Objectives ] Straw returning amount to field affects the decomposition, greenhouse gas emission
and the growth of following crops. We studied the suitable returning amount of rice straws and the effect of fish
protein as activator to promote straw decomposition, from the points of greenhouse gas emission and organic
carbon accumulation. [ Methods ] An indoor incubation experiment was conducted, three variables were
included, as: straw returning with high and low amount (7500 and 10500 kg/hm?), organic activator source (fish
protein and pig manure), and the percentage of organic activators (50% and 100%) in the total N required for rapid
straw decomposition (regulating C/N ratio to 35 : 1), and not regulating C/N ratio as the control for each returning

amount, composing a total of 10 treatments, and the incubation lasted 60 days in total. During the incubation, the
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CO, and N,0 emission and cumulative emissions were monitored. At the end of incubation, soil nutrients,
bacterial and fungal abundance and enzyme activities were measured. [ Results ] High straw returning amount
resulted in higher total CO, emissions and unit carbon input CO, emissions than the moderate straw retuning,
although the total organic carbon accumulation in soil was still high. The cumulative emissions during the first 13
days accounted for more than 40% of the total emission, F50 treatments (fish protein replacing 50% of the total
activator N) resulted in the highest CO, emissions under both straw retuning amount. Both F50 and P50 (pig
manure replacing 50% of the total activator N) treatments were observed lower CO, emissions than F100 and
P100 (fish protein and pig manure provide 100% of the total activator N), but higher N,O emissions than F100 and
P100. F50 and P50 treatment resulted in higher organic carbon accumulation in soil than F100 and P100 did. F50
was monitored higher CO, emissions at early period of incubation, lower cumulative CO, emissions at the end of
incubation, and significantly higher organic carbon accumulation in soil than P50, while P50 resulted in higher
soil nutrient contents, inducing higher nutrient availability of soil. High straw returning resulted in lower
abundance of soil bacteria and fungi than moderate returning amount, and both F50 and P50 were recorded higher
soil enzyme activities than the other treatments under the same straw returning amount. [ Conclusions ] Suitable
straw returning amount is beneficial to the organic carbon accumulation per unit carbon input. Replacing 50% of
N required for regulation of straw C/N ratio with fish protein could increase early decomposition of straws,
decrease the total CO, emissions, and enhance the organic carbon accumulation in soil, so is recommended for
efficient straw returning practice.

Key words: straw returning; C/N ratio; primer; carbon accumulation; greenhouse gas emission
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Table 1 Adding amount of rice straw and activator in each bottle of a treatment

KA FFE T L Bk LR FEF R &R
Rice straw returning amount Activator addition rate Treatment code Straw Urea Pig manure Fish protein
(g/bottle) (g/bottle) (g/bottle) (mL/bottle)
iifi & Moderate 0 M 1.8 0.0 0.0 0.0
7500 ke/hm? 50%J42¢ 50% pig manure MP50 1.8 0.0074 0.4 0.0
100%%#%2% 100% pig manure MP100 1.8 0.0 0.8 0.0
50%a.2E 1 50% fish protein MF50 1.8 0.0074 0.0 0.13
100%1a7E 4 100%fish protein MF100 1.8 0.0 0.0 0.26
54 High 0 H 25 0.0 0.0 0.0
10500 kg/hm? 50%3#%3% 50% pig manure HP50 2.5 0.01 0.5 0.0
100%3% 3¢ 100% pig manure HP100 2.5 0.0 1.0 0.0
50%.2K 4 50% fish protein HF50 2.5 0.01 0.0 0.18
100%ta7E 4 100%fish protein HF100 2.5 0.0 0.0 0.36




14 XLCHT, A BE PG et RS FTE i A DL 7 1 b LR 77

R 4-MUB-B-D- £ BESL F S A 0T . HIEDEOERE
TP E S5 RGFPHGE I, & ABEFIRY)
RS T 25°C BE A6 h 2BIE 1557 3h, fdH]
ZYJREEEAR Y (Synergy H4, BioTek) W&, MBS
HiA > nmol/(g-h),

1.2.5 FSEANE AR F T PRI T
0.5 g, Fi+3%E DNA #2EUEF] & (DNeasy PowerSoil
Pro Kit®, 3£ [H) #5421+ 3% DNA, FIH %
A6 3 (NanoDrop One, Thermo) %€ DNA
) OD fH, fRFFT-40°C., THELE 16S rDNA V3+
V4 X B, BTS2 XA BCR B 5191558
338F Fll 518R. NSI-F fil Fung-R, 5|¥88i3LE5) 4
524 338F: ACTCCTACGGGAGGCAGCAG, 518R:
ATTACCGCGGCTGCTGG; NSI-F: GTAGTCATATG
CTTGTCTC, Fung-R: ATTCCCCGTTACCCGTTG,
Em N AKZR A 10 uL SYBR Premix Ex Taq, 5|4
(20 pmol/L) 45 0.4 pL, il DNA 1.0 pL, fJCiE7zE
WK 20 pL. BORIAREE 10 1550 186, 54
BEIE, HAE 3R, RIRRWGEECIN I A TARE M 2
HIHIAE, FIFHZEEE = PCR ILES (CFX96TM Real-
Time System, Bio-Rad) #17 +HEH 4 16S DAL IL
B ITS [f5E 7T

1.3 BUBLES S

B4E %l Microsoft Excel #EAT8 M /08,
SPSS 26.0 FLR R AT 22530, LSD IEMALH 2
(Duncan) f 5 4b 3 [H] (9 22 5 b Z PE (P<0.05), H
Origin Fl Canoco5.0 #1748, RHITAR T (RDA)
PEAG AR A BE T + PR A 1 5 WG P R OC &R .

2 HR550H
2.1 AERENFEFT SRS
2.1.1 AFELFEXT CO, HEkryszm 403 CO, HE
A ILE 1, 7E 60 KEFFRIIREA, 5 1~7 KAk
e, ZJABREIN FREE (E 1), HRE 1
K, MF50 Fil HF50 4b 3853 51 A 5118 &k 5 & i
I H e R, HR O MPS0 Fl HPSO, 1 Fe i HE
JiE 4o MF100 AT H AbHEL, MR 1 KEZH 7 K,
PSSR AL KR P50 5 F50 Ab 2 0 HEi 1Y
BEFE, 1 MP100 5 HF100 /3 BIBETF RS —, M 5
HACFEHES S — . 5537 25 KJ5, MF50. HF50 &b
PHER R AR, b5 & R R Co, HE
WCHE SN 112.4~2341.3 F1 134.6~2955.8 mg/h,,
ME 2 AT LIEE, AR . MAERBNE . #
FFik X CO, HERCA e 35 52 (P<0.001), F&FF
A A AL CO, BITHHEBUR R E RS AT
T B HH Ry 39.13%, FAFIS ik AR HE CO, RiTHE
il g 5 B S MP100>M>MP50>MF100>MF50,
MF50 F1 MF100 HEAlCE &40 B & LT M, &K,
T/ INHERE 4350 955, 592 g/d, HHZE 1.61 £,
e A AR CO, HEMCE T >4 HP100>HF 100>
H>HPS50>HF50, HF50 HEfC e i FMT H, i
HF100 W T H, Sk, SeMFERE 4 1180,
869 g/d, HHZ= 1.36 ff. Z& LWIAHI, ik & Al s
FRERET, BARF RIS 50% i a8 1 n] LU KRR
JEHBEAK CO, HEU BRI R HE i &, R IEE R
100% P& 2338 CO, HE 3 AL HE R L

E{) 2500 ¢ 3500 ¢

z - M 3000 |

S 2000 | —— MP50

g —— MP100 2500 |

Z —— MF50

g 1500 F — MF100 2000 |

(5}

S 1000 | 1500

3 1000 }

B o500}

= 500 |

=

ON 0 0 1 1 1 1 1 1 1 1 1 1

© 1 7 13 19 25 34 41 48 55 62 1 7 13 19 25 34 41 48 55 62
15 9% K% Days of culture

1 TRLIET 1 CO, HIEEMALE W
Fig. 1 Dynamics of soil CO, emission rate under different treatments
E: M5 H 4 HICERRSFFE & (7500 kg/hm?) 555 (10500 kg/hm®) 36 ISR, P50, P100 43R /REL T & 50% . 100% M2 ab 3,

F50. F100 7 5IZmi& M h & 50%. 100% Ak b3,

Note: M and H represent moderate (7500 kg/hm?) and high (10500 kg/hm?) straw returning amount controls; P50 and P100 represent treatment using

50% and 100% swine manure as activator; F50 and F100 refer to treatments using 50% and 100% fish protein as activator, respectively.
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Note: CK refers to the control M and H for moderate and high straw returning amount, respectively. P50 and P100 represent treatments adding
activator containing 50% and 100% pig manure, and F50 and F100 indicate treatments adding activator containing 50% and 100% fish protein.
Different small letters above the bars indicate significant difference among treatments in the same straw returning amount; and **, *** indicate the

difference between two treatments reaching 0.01 and 0.001 significant levels, respectively.
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Fig. 3 Dynamics of soil N,O emission rate under different treatments
H: M5 H R ERBFE R (7500 kg/hm?) 5 & (10500 kg/hm?) 7 WA, P50, P100 43 B ERBCR T &4 50% . 100% KIS,
F50. F100 73} 530 & A 50%. 100% Bt .
Note: M and H represent moderate (7500 kg/hm?) and high (10500 kg/hm?) straw returning amount controls, respectively. P50 and P100 represent
treatments adding activator containing 50% and 100% pig manure, and F50 and F100 indicate treatments adding activator containing 50% and 100%

fish protein.
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Note: CK represents the two control M and H for moderate and high
straw returning amount, respectively. P50 and P100 represent treatments
adding activator containing 50% and 100% pig manure, and F50 and
F100 indicate treatments adding activator containing 50% and 100%
fish protein. Different small letters above the bars indicate significant
differences among treatments in the straw returning amount, and the **
indicate the difference between the two treatments at 0.01 levels. In the
ANOVA, D—Straw return amount, P—Activator adding rate. ***
indicates the variable effect at 0.001 significant level.
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Table 2 Multiple-factor analysis of traw return dose,
activator, and additive percentage on soil
organic carbon content

i WHE B winL s
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Nutrient
D) (A) ®)
EELiIkq wEE HEK ** ns ns ns
Organic C
AR ns ns ns ns ns
Soluble
organic C

TE: o oo RN AR RUNTE0.0L, 0.0017K - B3, nsiRas
TRV E
Note: **, *** indicate the variable effect at 0.01 and 0.001 significant

level, respectively; ns indicates the variable effect is not significant.
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Table 3 Soil chemical properties as affected by treatments

phm ALK AT A LR e AR AR AR AR
Treatment pH Organic C Soluble organic C Total N NO,-N NH,*-N Available P Available K
reatmen
(gkg) (mg/kg) (gkg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
M 6.55+0.07 a 14.94+0.85 a 187.8490.2 a 1.1740.16 a 15.4844.81 b 46.57+5.56 a 19.08+0.42 a 88.83+4.17 a
MP50 6.11£0.03 ¢ 13.26+0.44 b 163.7+14.4b 1.31+0.11a 38.7443.09a 45.78+8.33 a 16.44+0.42 b 87.23+£19.35a

MP100 6.27+£0.02 b 13.22+0.35b 163.1£28.0 b 1.30+0.16 a 18.47+1.59b 34.00+2.52 a 18.25£1.56 a 79.46x11.28 a

MF50 6.12+0.07 ¢ 12.86+0.16 b 178.2£20.6 b 1.23£0.10a 41.35+3.11a 42.06+10.86a 19.41£0.19a 85.17+17.58 a
MF100 6.24+0.04 b 12.61+0.50 b 179.8£8.9 b 1.18+0.12b 16.55£2.17c 48.89+24.04a 19.05+0.32 a 84.78+22.57 a
F#4 Mean  6.25+0.16 13.38+0.95** 174.5+17.8** 1.24+0.13*  24.12+14.34 41.89+12.87 18.44+1.28 83.10+15.55
H 6.37+0.05 a 13.73+0.28 a 175.6+17.6 a 1.09+0.04a  7.95£1.07d 37.93x14.26ab 20.51+1.05a 93.97+21.38 a
HP50 6.11+0.08 ¢ 13.56+0.10 b 148.3+15.0 ab 1.41+0.08 a 53.144+3.23 a 44.38+12.79ab 19.09+0.69 ab  96.55+9.12 a

HP100 6.24+0.05 b 11.11£1.49 ¢ 144.0£20.1 b 1.06+0.12b 15.1842.03 ¢ 32.71+4.96 b 19.46+0.38 ab  108.43+28.99 a
HF50 6.11£0.04 ¢ 11.04+0.89 ¢ 148.0+£9.6 ab 0.95£0.17b 45.71£1.59b 57.9248.48 a 17.70+£1.91 b 81.43+15.01 a
HF100 6.35+0.04 ab  10.53+0.20 ¢ 164.0£10.5ab  0.99+0.06 b 16.32+0.76 ¢ 36.37+4.43 b 9.87+0.43 ¢ 90.21£12.97 a

F#5 Mean  6.23+0.13 11.993+1.56%* 156.0+17.8** 1.10£0.19* 27.66+18.86 43.43+11.47 17.324+4.07 87.38+16.73
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%#0.05. 0.018 &K,

Note: M and H are control for moderate (7500 kg/hm?) and high (10500 kg/hm?) straw returning amount, respectively. P50 and P100 represent
treatments adding activator containing 50% and 100% pig manure, and F50 and F100 indicate treatments adding activator containing 50% and 100%
fish protein. Different lowercase letters indicate significant difference among treatments at the same straw return rate, the * and ** indicate the

difference between two straw return rates reaching 0.05 and 0.01 significant levels, respectively.
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Fig. 5 Soil microbial population under different treatments
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Note: CK represents the control M for moderate and H for high straw returning amount, respectively. P50 and P100 represent treatments adding
activator containing 50% and 100% pig manure, F50 and F100 indicate treatments adding activator containing 50% and 100% fish protein. In
ANOVA, D—Straw return amount, A—Activator, P—Percentage of pigmanure or fish protein in activator; *, **, and ** indicate variable effects

reaching 0.05, 0.01, and 0.001 significance levels, respectively.
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Fig. 6 Soil enzyme activity under different treatments
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Note: CK represents the control M for moderate and H for high straw returning amount, respectively. P50 and P100 represent treatments adding
activator containing 50% and 100% pig manure, and F50 and F100 indicate treatments adding activator containing 50% and 100% fish protein.
AG—oa-Glucomutase; BG—f-Glucomutase; CB—Cellobiose hydrolase; XYL—f-Xyloglucomutase; NAG—f-N-Acetylglucosaminoglycans;
LAP—Leucine aminopeptidase. In ANOVA, D—Straw return amount, A—Activator, P—Percentage of activator; *, **, and *** indicate variable

effects reaching 0.05, 0.01, and 0.001 significance levels, respectively.
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Fig. 7 Redundancy analysis between enzyme activities of soil and environmental factors under
different returning amount of straw
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Note: M and H are control for moderate (7500 kg/hm?) and high (10500 kg/hm?) straw returning amount treatments, respectively. P50 and P100

represent treatments adding activator containing 50% and 100% pig manure, and F50 and F100 indicate treatments adding activator containing 50%
and 100% fish protein. AG—oa-Glucomutase; BG—f-Glucomutase; CB—Cellobiose hydrolase; XYL—f-Xyloglucomutase; NAG—f-N-
Acetylglucosaminoglycans; LAP—Leucine aminopeptidase. SOC, WSOC, TN, AK, AP, NO, -N, and NH, -N represent soil organic carbon, water-

soluble organic carbon, total nitrogen, available potassium, available phosphorus, ammonium nitrogen, and nitrate nitrogen, respectively.
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