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B Al b B AN 43 B 37 2Rk H Origin 2017 1 SPSS
20.0 B ARIRNEAR AL H 2 8] Y 22 55 R F /N B 3
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H R 124~ H & SM 5% 88 a5 1%, 4300 b 72.36%
F143.35%, H TR B & K. BM 4 6 > A 5k
BRMLT SP, ofi 12 A BGRE R & TSP A
BLIT 53 ff 6 A~ F 12 4~ A 8 465 R 21/

SM>SP>BM, SM # {b3R¥ him, 7510 33.73% .
60.38%, H FFHEERK, AHESE 12 1~ H B
Ay i S AR MRAE G, 3 M ANLIE R & 3
o

X1 BARENEARSEMBRENESSE
B HHUR (gkg) T (gke) B (g/ke) SRR (gke) —
SMO 378.54 + 6.19a 151.66 +3.11a 105.40 + 1.84b 46.26 = 1.75a 228 £0.07¢c
SM6 346.60 + 2.09b 152.65 +1.79a 119.20 +3.31a 33.45+1.52b 3.57 +0.26b
SM12 344.26 + 6.24b 155.53 +5.02a 125.94 + 5.26a 29.59 + 0.89¢ 4.26 +0.26a
BMO 323.69 + 2.89a 60.34 + 1.30c 29.04 + 0.84c 31.30 + 0.46¢ 0.93+0.01b
BM6 280.64 + 1.52b 79.18 + 0.45b 45.60 = 0.31h 33.58 +0.21b 1.36 +0.01a
BM12 261.49 + 2.85¢ 84.98 +2.77a 48.93 +2.06a 36.05 + 1.60a 1.36 £ 0.08a
SPO 533.46 + 4.48a 220.26 + 5.53a 5347 +43lc 166.79 + 1.69a 0.32 +0.02¢
SP6 381.00 + 1.68¢ 134.62 + 5.83b 59.17 + 6.60b 75.45 +£2.12b 0.79 + 0.10b
SP12 450.01 + 3.52b 122.39 +2.26¢ 66.27 £ 0.78a 56.12 £2.72¢ 1.18 £ 0.07a
T BRI = bR Fon. [WIVE PR BUER) NG 7 Fr A A Bl B (P<0.05 ), I,
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Wi B 2k o 0 1) e i R B8, i B Bl KR E A
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6 11 1) BM 2 4 B2k H R I, i 12 A Y
BM 2 F I 25 600 ~ 800 °C W B g H U 1] 155 Y
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124~ H 1 SP, 4351 T 530.67 F1 538.74 °C Ab i BE
JeEHRIE; 1E 600 ~ 800 °C R Bt 2k H I [ (K I Ak
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Ko SMA[EZMEBTEE C. H, N & AR EI/NE A
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HEAT, BM 1Y P & it 5 AR IMEAN LG BERG M, SP Y
P & WERRAR, HAECD R, 3 A
MU/ AT S K & i i 5 R, {5 SM ORI BM 43 i
6 MHE 12 HM K SR EES, SP &I
A K A BE2ES . SM P Ca & &I, SMO
H5SMI12 fAE B #2255, &k 124 A a1k,
SM (1) Fe 7 it A w784k, BM 1 SP ) Fe & &
/b, SM Y Mn 7 5381, BM (1Y Mn & &t 68
JE¥EIN, SP Y Mn %A B EEL. SM B Cu 1
Zn S WEREL, BM A Bk, SP R,

% 2 ﬁﬁ:ﬁ*ﬂﬂﬂxﬁﬁﬁBﬁﬁﬁqﬂii P. K. Ca. Mg\ Fe. Mn, Cu *u /n E"]g%

ﬁﬁﬁgﬁ P (g/kg) K (g/ke) Ca (g/kg) Mg (g/kg) Fe (g/kg) Mn ( g/ke) Cu (mg/kg) Zn (g/ke)
SMO 5.16 £ 0.28a 33.32+1.07a 5.51+031a 2.47 +0.01b 2.39 +0.07a 0.47 +0.02b 82.42 +7.98a 0.53 £0.02a
SM6 5.39 £ 0.06a 14.48 + 0.62b 4.89 +0.14ab 2.84+0.01a 1.60 + 0.08h 0.48 +£0.01b 60.78 + 1.96b 0.28 + 0.02¢
SM12 5.75 £ 0.08a 13.17 £ 0.62b 4.50+0.21b 2.80 + 0.04a 2.30 + 0.06a 0.69 + 0.05a 73.08 + 6.27h 0.39 +0.01b
BMO 8.88 £0.073a 3.63+041a 4.95+0.27a 249 +0.01a 4.96 £ 0.07a 0.79+0.01b 68.33 £2.43a 0.11 £0.01a
BM6 10.12 £ 0.03b 1.81 +0.02b 495 +0.67a 2.45+0.03a 2.70 = 0.06h 0.66 + 0.02¢ 67.39 +4.98a 0.12 +0.02a
BM12 10.58 + 0.02b 1.78 £ 0.1b 5.05 = 0.06a 1.15+£0.04b 3.39 £ 0.09¢ 0.88 + 0.02a 70.73 + 1.56a 0.12+0.01a
SPO 38.55+041a 48.22 +0.62a 3.4 +0.07a 2.84+0.01a 9.93 +0.14a 0.45 = 0.02a 64.63 +0.73b 0.26 +0.01b
SP6 16.66 + 0.25¢ 14.05 £ 0.61b 3.13+0.02a 0.81 +0.02b 6.23 +0.24¢ 0.43 +0.01a 58.18 +2.05¢ 0.25 +0.01b
SP12 20.18 + 0.05b 6.17 £ 0.62¢ 3.15+£0.02a 0.79+0.91b 8.38 +0.27h 0.45+0.01a 7122 £2.17a 0.31 £0.01a
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PRl, SM MG SR B AR LN TS, BM SED8 55 J5 3
PR, SPAEHATR SIS, 1323 em™ Ab YW Wi i H
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1 SM ISP (1 3 Aol Br Belal YA W3 25 5. BM
A3 124 1 CEC 5 BM 43 6 A~ A A L B A BT
Hm, ABRIBRN B EIK-. 3 oA HLUIE S F v
pH AR 22 5, Mt 12 1, pH
1 CEC Ha 48 .

3 itig

3.0 AS[E] R ahA HLAE A B 2 A fR A IE

KA HIURE 43 ik o A v A7 A AL RS 7 I8 B
TR RS, B AT UL Y R B T bl
WA 43 0 25 08 i, TR K BIL A S A R I
. TESESE4E 2 WRSE R B  H0  A Aebe i 4
A, AR FIEMIMLER, FICA LIRS
b — A Bk o0 i L R o A T > T
55.57%. AR, eI R iR % 1
Th, EHERR & TR, 3R MAVIEZE 124
H 0o i e S e & s 3435 m,  SoRAER K s
MERRIR/L, PTRESE th T E MERR o T R8N, 254
B R MERR B LR M A R AR TR,
W AT RE 2 T MERR 2 v Tk, Bl R K 2k
o BEBRAPUER EHERRIG N, 1T BeE R
KNG, RE R TR R A R
ifesE, HBE 0t R PR B HERR 1T AR (i
HEERm EERN . 3 FEA RS A IS
feor e i & Lty B, U RS R e T,
AR BE AT T TR

HRAE DTG 4k Hh o e 728 A ok 3 i K ke Rl 73
KRB /NT 200°C KK T KRB,
B HUIE DTG i 205 55—~k B [ K28 &
B A, AR AT 130 C A IR I, 1]
AB A R T 25 K B 28 k0K r i 7. 200 ~ 400°C
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I 75 4k 2 3430 ~ 3410 12930 em™ Ab, 1 i 06 5
FEWSS, BRWEPE TR, BE 2SR in, 3430
12925 em™" AbWE I T RS, IR, &
T OB 2 i 7 AR B 4% SR W] SM 7R
3406, 2962, 2923, 1622, 1423 F1 1323 em™ AL Wik
WA 5 B S I R S 855, BM TSP ) W A 8 sl 555
ok, R SM TE R 6 A H RHZ YR e BRUS
g3, BM FSP HIR DTG . H BT SOWE S B W
fifto 900 ~ 1200 em™ JEMEEAYFFAIFIEIX, ST E
BEZ M5 ), 1095, 1117 F1 1140 em™ 24 NH:
PRI A AR C=0 4tk zh, TEAEAHLIE g
Pk TR, 2R 3 FiA HLIE rh 2 B R 25 1) S+
Tk, SEEBAG AR, SIE S rEs R T
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3.3 N[ A DL G R AR R AFE

3 B S AA HLIE Y 5% B SR A Rt Ak o i
T F R, St 12 AWMt fd, 588 R m
IR AR B 7 i AT HLIE 53 51 R B 8y (78.44% ) F L
K1 (43.35% ) A W5 KA R A DLk 220t
P53 I AL D VR A DR R B R AR Y, B
TEOMAIE R TR BHCR R E R, 3R
VB AT HURE Y Bt 5 0 A0 4 i A i A T AL R T
. 2R 0L A AL Y B S N, 2
i 12 4 A ko i, S ALK A 1L 5 B
JEE MY 1.65 f5 . BRAKAY 1.60 £5, FHIGHIMA
Pl AR 2 /N T Bk AR K. A9 I LA 15
", o T, Witk . B A LR 5
YA MR A W oy i, DAL 2R B 08 1) A i
g 8

TCRMBEBERAMU S HAATEIES A G, H5H
WA R, AWFERA, Mn EJREY
HABRHG P S A R S R A IE ARG Y 28t 124
HWH e, B PRI Mg A e £4h, HAeTR
PR GAIAVUE R BCR &, 5 EOHITE 3 A pLE
T bR, R RENM A R A —2. B
B EE ARG R A TR Ca (PO,) ¢ (OH) ,
FIJCRE RIBEIR S 85 CaHPO,, RIRE/ZH: Ca Fll P B
RALW EZEA . 3 AU K B HCR R,
T K LAES F S AL T = A7 A T 40 i sl 4 21 21
Bk, NFPLUAILESHIERGFE, W&
ARV B R RE R, RN R AT A B 28
LSS R 2 AR P& N ALY 5 Yy
fife, T MA PR R A E A . T AL
YR ff L B2 AT B BerE 3 e R A, PR
IFRR Y Zn. Fe B AE B3 19 Fe BEHCRFE 01k
Sy B LS, R E TR A
BRI IR R ITZ AR, 55— 71 Je Je4s
H A HUIE I BFF T N B2 - TS 2 R AR R
Far
3.4 AN[EIE A DU AR R4 AE

A AHUIE i B b pH THE JRIRA LU 3 45
(1) AVIEET L B AENRIER, 2
H (3 fE, Fr L) pH (E 324 LR & i s s
(2) FMAVIL SRR . KEESE T T b4
FEANUE, SECOLEA KEERILE T2 pH THE
R Z—; (3) AR EREA VR b2 Rk

Bty T, LR (B ) BEAfh o im
s

HENTEAE Y o A B WF 9 R IR O . R AR
SEEREH RS CEC RIFMEER ™, HHle
it R I A A e R AR (K S), [HIE,
HWFoE R IHAE— 5 HI N CEC & =&k pH(H
THES TG N P, g TR, 3 RS LA HLAE 4
fiprd R TP R RS B IR, B T AU Y
B, FIEREE A VLR e, pH T
PRI S R R R, MO CEC &

K
4 ZEig

XF 3 PR A AL R R A E 5 R, 3 Fb
A PN 53 A T 2 1 BT il b, AU &
R, AR RRE MR, KSR T, Y
eI B s SOMURTE R LIRS 4l
A AL, AE R AEIERA WSS Y
B, SHEYURES A G ML, ERE AL R
SEVEA HLER & R 1k 38.93%, it LLE B FIIT kA
MUE A AL HA S AR e . R B A
R A S, R AFE D BCR E T
KRR A MLAE AR A4 GOk FLARAE AR A
GEIE ORI

3 A ML BE & A HLET I o A, B4
FIB, pHAETHSE, BIEM MR, CEC &
LTt

iz}

-a:
=X
J=EN

S EHk:
(1] TR SURE hEgPAFES [M]. 65T EL
Wikt 2018.

(2]  Z¥. MR H P EHLYR iR BogmE R [D].
dest: ERI AR, 2018,

(3] ZfGE. AS[IA HUAC o3 fff 5 A0 R B - 3B HEROR Y i 52
[D]. 7 IR, 2012

(4]  BAEY, BOETE, 2535, % HEA VLR E AR IR
SRR [T ] IWARARME AR, 2004 (5): 59-61.

[5]  5kWL, T/RIK, i, . 6 FRBIg HUIE M fhRe T
3% [J]. BB, 2017 (8): 29-33.

[6]  ZFFiE, Emg. REFHICEZELFA (1], MYEsR
SieklaE, 2017, 23 (6): 1462-1479

(7] FBt=pd, WRiGEZE, skApks, 55 ASREIEHUCEE A 22
REMTCFERTSE [T]. dhERmER, 2018, 34 (2):

— 337 —



rRE SRR 2021 (3)

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

60-64.
TEREE, SRR, W, S AHUILIMR R H A L
AL BB ()], RV IREERR A4, 2013, 32

(1): 36-42.

B, g5, RIET, AR REAPUER T ERZE W e
s [ ] Kﬂﬂﬁﬂ%M& 2007 (S1): 146-149.
TN, EAR, SRS AN R T 4 A 55
it gk e ()], AR, 2016, 25 (1) :
175-181.

S, REK, BT, S5 R YIS s

NE AR B 4 St i e s [ ]
2014, 20 (5): 1168-1177.
Wang H, XulJ, LiuX, etal

[ER7E=ESE) i S

Effects of long—term application of
organic fertilizer on improving organic matter content and retarding
acidity in red soil from China [J]. Soil and Tillage Research,
2019, 195: 104382.

Nobile C M, Bravin M N, Becquer T, et al. Phosphorus
sorption and availability in an andosol after a decade of
organic or mineral fertilizer applications: Importance of
pH and organic carbon modifications in soil as compared to
phosphorus accumulation [J7. Chemosphere, 2020, 239:
124709.

Loépez—gonzalez D, Fernandez—lopez M, Valverde J L, et al.
Kinetic analysis and thermal characterization of the microalgae
combustion process by thermal analysis coupled to mass
spectrometry [ J |. Applied Energy, 2014, 114: 227-237.
Rizzo A M, Prussi M, Bettucci L, et al. Characterization of
microalga Chlorella as a fuel and its thermogravimetric behavior [ J .
Applied Energy, 2013, 102: 24-31.

Sanchez-silva L, Lopez—gonzélez D, Garcia—minguillan A M,

et al. Pyrolysis, combustion and gasification characteristics

of Nannochloropsis gaditana microalgae [ ] ] . Bioresource
Technology, 2013, 130: 321-31.
SR, HEgR, AR SRATGEZLANE I HOR T S

A AR AE [T ]
2052-2060.
WagdE, sker, BER, AR FEFFIE AR R A i AR LR AE
[J]. AOUHEERE2A, 2016, 35 (5): 976-984.
RO, RET, WK, S MM TR RO
(1], ZUARAFSE, 2019, 37 (4): 104-111.
BERIR, S/, T30k, 5. BRI g &
g REIM I RER R [ ], AR, 2019, 39 (3):
874-883.

A lb IRl 2244k, 2018, 37 (9):

— 338 —

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

WS, 2R, B3, IR A UL RS 3R 5
PREEFTE (1], PR, 2017, 30 (4): 853-860
Gregorich E G, Carter M R. Soil sampling and methods of
analysis [M J CRC press, 2007.
TERYE, TROE, T, S5 MR A HLUB AL
ﬁ&ﬁ%mﬂﬂ%ﬁﬁ i [1]. e, 2019, 56 (3):
528-540.

LOIFEL, AR, BRI X IEHENL I T U SR
M7sfk [J ], e, 2011, 27 (3): 289-292
PRRZE, IhKHE, AR, A5 A PRBE R X B 1 2 5T
(1], BRBIRlAeAdi, 2015, 35 (9): 2942-2047

T, AR, whHT, S REURUF SR T ISR e
FRILLAMSERERFERTSE [T ], R, 2015, 23
(7): 892-899
EICA, MFER, P, F SRR TR
SeT [T]. hEARRE, 2011, 37 (2): 15-19.
Aponte C, Garcia L V, Maraion T. Tree species effect on litter
decomposition and nutrient release in mediterranean oak forests changes
overtime [ J ]. Ecosystems, 2012, 15 (7): 1204-1218.

M-, 238, ML, i"‘? R T B 7 0 T KR A A S+
Hear ety (1], hEAESLEAR, 2019, 27 (1)

100-108.
e, Bpdn, MRS, 4 R TR R L3R o R
AN ()], HPE R SRR, 2011, 17 (5):
1179-1187.

B, AL B A AR I R P N pH AR AR IR R
P pH BN [ D], 30 IR, 2017

Butterly C, Baldock J A, Tang C. The contribution of crop
residues to changes in soil pH under field conditions [ J . Plant

2013, 366 (1-2): 185-198.
Xu J M, Tang C, Chen Z L. The role of plant residues in pH

and Soil ,

change of acid soils differing in initial pH [J ].
Biochemistry, 2006, 38 (4): 709-719.
Lee ] W, Kidder M K, Evans B R, et al.

Soil Biology and

Characterization of
biochars produced from cornstovers for soil amendment [1].
Environmental Science & Technology, 2010, 44 (20): 7970-
7974.

Yuan J H, XuR K, Zhang H. The forms of alkalis in the biochar
produced from crop residues at different temperatures [ J | .
Bioresource Technology, 2011, 102 (3): 3488-2497.
Uchimiya M, Chang S, Klasson K T. Screening biochars for
heavy metal retention in soil: Role of oxygen functional groups [ J ].

Journal of Hazardous Materials, 2011, 190 (1): 432-441.



rRE SRR 2021 (3)

Characteristics of composition and properties of organic fertilizers from different protein sources during
decomposition

CHEN Long, WEI Zeng-hui, ZHAO Qing-jie’, WU Wei-dong ( College of Tropical Crops, Hainan University, Haikou
Hainan 570100 )

Abstract: There are great differences in the composition and properties of different commercial organic fertilizers, which
determines the different decomposition rules of different commercial organic fertilizers in the soil environment. In this
study, elemental analysis, thermogravimetric analysis ( TG ) and Fourier transform infrared spectroscopy ( FTIR ) were used
to analyze the changes of material composition, functional group composition, element composition and physicochemical
properties during the decomposition of organic fertilizers from three kinds of protein sources, including soybean meal (SM ) ,
bone meal ( BM ) , shrimp peptide ( SP ). After 12 months of decomposition, the pH value, CEC and ash content of the three
kinds of organic fertilizer increased significantly, and the HA/FA of SM, BM and SP organic fertilizer increased to 1.87, 1.47
and 3.69 times, respectively, and the humification degree was significantly enhanced. The results of TG analysis showed that
the protein content of soybean meal organic fertilizer decreased and the polymer carbon complex increased. Except for the
carbohydrate of bone meal organic fertilizer shifted to low temperature, the weight loss peaks of three kinds of organic fertilizer
shifted to high temperature and the stability increased. The highest mineralization rate of SM was 60.38%, which was 1.65
and 1.6 times higher than that of bone meal and shrimp peptide organic fertilizer, respectively. Except for P and Mg, N,
K, Ca, Fe, Mn, Cu and Zn had the highest release rate of SM. FTIR results showed that aliphatic groups, proteins and
sugars in the three kinds of organic fertilizers decomposed gradually, and the structure of proteins changed. In the process of
decomposition of the three kinds of organic fertilizers, the protein content decreased, the organic carbon content increased,
and the stability of organic matter enhanced. SM organic fertilizer has the highest carbon and nitrogen content, mineralization
rate and nutrient release rate are higher than BM and SP organic fertilizer. Plant-derived SM organic fertilizer has relatively
fast fertilizer effect in farmland.

Key words: commercial organic fertilizer; mineralization rate; composition properties; thermogravimetric analysis; nutrient

release
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