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W OE. e TFRILRESERESR LT, TALRERAZASEE ARG BRIE, KR T EZLITERMF R
TERREEHE FE. FERBEAMBIRMER 6T A, Bt E KA LT SRR RIGAF. REILAFLA LSS
T, ALFHERRFHESRSER, Kt L RFHRTEN, ERAW: (1) HEle, F £, FEEfx £l -FH
A F R FIH (GI) 2R A 44.1%., 57.0%. 51.9% #= 41.4%, 3HHEERK T 50% 5 & ERLELER, =2 FHME
NY/T525-2021 4774 70% 69-%K; (2) 4#F &£k, FERESAIATALLL T NY/T525-2021 47K, B4 EpP
BOERWA MM TERAMA (DOM) | TREUF#HHE (HE) . A48 (HA) . § 28 (FA) 448 & THE 34,
(3) ATHEEERT NG/ BRE Y, FERAFRSFS 0834, e EeFoKERY: FE£E0T61, HEE
0.732, %EJE 0.508, ¥hkA, 4 HEHERGBAEMEH—FTREG, LR A FEE>FE>HER> B
£
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Quality evaluation of livestock and poultry manure in black soil area of Songnen Plain

XIE Haotian, WEI Yujie, YI Ceng, ZHAO Zhuqing, LIU Xinwei

( College of Resources and Environment, Huazhong Agricultural University, Wuhan 430070, China )

Abstract: Clarifying the quality differences of livestock and poultry manure in black soil area of Songnen Plain, Heilongjiang
Province, can provide theoretical basis for its quality improvement and rational application. In this study, 67 compost samples of pig
manure, cattle manure, sheep manure and chicken manure were collected from the black soil area of Songnen Plain, Heilongjiang
Province. By measuring the technical indexes, limit indexes and organic components of different livestock manure, a comprehensive
score model was established to evaluate the quality of livestock manure. The results show that: (1) The average seed germination
index (GI) of pig manure, cattle manure, sheep manure and chicken manure are 44.1%, 57.0%, 51.9% and 41.4%, respectively,
which is close to or greater than 50% of livestock manure harmless requirements, but lower than 70% of organic manure NY/T525-
2021 standard requirements; (2) Among the four kinds of livestock and poultry manure, all indexes of cattle manure are closer to the
requirements of NY/T525-2021 standard, and the contents of soluble organic matter (DOM), extractable humic acid (HE), humic
acid (HA) and fulvic acid (FA) in cattle manure are higher than those of the other three kinds; (3) In the comprehensive score model
of livestock and poultry manure quality evaluation, cattle manure is with the highest score of 0.834, and the scores of other manures
are 0.761 sheep manure, 0.732 pig manure and 0.508 chicken manure. Overall, the maturity of the four kinds of livestock and poultry
manure still needs to be further improved, and its comprehensive quality is in the order of cattle manure > sheep manure > pig
manure > chicken manure.

Keywords: Songnen Plain; black soil region; livestock and poultry manure; quality evaluation; principal component analysis
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1.2 HmRNE

(1) AHLIERRETEAR R B ARSI . S AIIELRA I ARE (NY/T525-2021) ™,

(2) AHUFAL I ED . BGE 60 H I KCTRES 2.0 ¢ T 50 mL .08, i 30 mL 7808K, FHiR
TEALIE AT, T/KIBHEEIE D %% (70 «C, 180 rmin') &4 1 h, W F R A5 L 4 000 r'min”" & .0
10 min, F3EWGTIER 50 mL 504, BN 20 mL 280K TR0, RieiRAIE &L, FIEwRAIE,
FMKER, WIRBCN TR . TR0 UIE A 30 mL EBFRR N5 S A LR 5 (0.1 mol- L™
NaOH+0.1 mol'L™ Na,P,0,, V/V=1: 1) IRETR A G T/KBHIEIR %4 (70 ¢, 180 rmin') 22
1h, BUF¥REIELL 4000 r-min ' #.0 10 min, FIFRGEIEE 50 mL 2582504, BN 20 mL R4 W0 5%
B (B 10mL ) |, 8 2 WOEVER B O A I IE T Bk 50 mL &N, By 3RV IR o
B UUE 20 mL 28K IERELOWIR, F LI, T 55 C ML, i 60 HE, B, B
AR BUS T RRATR 20 mL % 50 mL .04, A0 0.5 mol-L'H,SO, #4715 pH &= 1.0 ~ 1.5, FHHIER T 70 °C
TR 150, BUREEIR THE 10 h, FHEROIIEES T 50 mL 25w, MEHch s 2R, 1840 Em
UUHER] 0.25 mol-L 'H,SO, ¥k 3 K, FFEVEARM, F=60 °C #) 0.05 mol-L ' NaOH iFW#, K4k L AvL
VEWR, SRR 2 S0 mL AR, FZRIRMKER, RO IR .

it K,Cr,0, 2k st i . TR IUB SR . SRR I SO R ik R nT A S i &
LR A = r R USSR & - R
1.3 HiE4bE

TR B FRAITHAER FH Microsoft Excel 2016 588, SRH] SPSS27 #ATEE 43 #r S F1isr53#r, KM
Origin2021 Fl PowerPoint 2016 #4174

2 HRE5H®

21 AREBEESEERHAIERER

ATV EEAVICHE TS . IETIERAER RS TR . MR 27650 (GL) BIFMES
G PSR TR AIRRR, AR LR OE | e . NY/T525-2021" iRk GI 75355 70%, )
HEARSE A WA RFIEIN R GLIAE 50%, BRI KRRt E A FIeATEREPE" Y A gE e 45
T, KEHFEFEICTY GLIEFITE 41.4% ~ 57.0%, 250 2 & 3L E 50% ELR, (HAREH] 70%.
1M 4 SR A48 G 50%, Tk BIXFFILARTCRE MK, AF3RIEF1 G Bk E] 57%
(F2) , UEBAFESEPRR T, il AR AR T oA 3 AR 2 4

100

30 [125% ~75%
7 T mmx
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B2 ARESERMHFRFEL

Fig. 2 Seed germination indexes of different livestock and poultry manure
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APURAIFR R BRI R B A MR AR S (3R R . NY/T525-2021" ZRAT P ) i it
E=30%, RXTHAE N A HUIEAEEARTIR . SR, A HILIT A S5 i 4345 2 i 25 M A 0 S0 Bt v i A,
Rl = A HL A, PTREREREMUE 2V RIS, W 1 g SRR E AU S e T4, A
HAFEY G A ZEIEAK 13%. BRI R BONF R AHUE A, B, BIRamE e, 4 FEEeess
SrORARREK, FEREM TSRS G RS A AR, HEE R A 25 R s
X HERE IR 00 2 s s

R FARESERHEARIER

Table 1 Technical indexes of different livestock and poultry manure

A il 400 FE PEEiM)
Technical index Pig manure Cattle manure Sheep manure Chicken manure
A B Y 5T 1 43 4K Jis [ Range/% 21.5~86.5 24.1 ~82.1 31.4~78.2 27.9 ~60.4
Organic matter content H1 { Median/% 46.9 44.6 45.6 39.9
) { Mean/% 48.5 45.4 48.1 40.4
75 5t Z % Coefficient 4.3 32.0 25.0 23.9
¥ # Criteria/% =30 =30 =30 =30
5 #% % Compliance rate/% 81 89 100 89
SR 4 WY o A 3t [ Range/% 3.14 ~ 8.86 2.65~797 2.84~5.71 2.25~4.87
Total nutrient content 1 fi Median/% 5.00 4.06 426 3.87
{8 Mean/% 5.39 4.29 439 3.83
75 5 2 8 Coefficient 35.2 29.7 18.8 21.1
¥ HE Criteria/% =4 =4 =4 =4
5 45 % Compliance rate/% 75 57 71 44
T2 el 3 Bl Range 5.9~8.7 6.4~8.6 6.0~9.4 7.0~9.0
pH H1 1 Median 7.8 7.8 8.1 8.3
¥ {& Mean 7.5 7.7 8.0 8.0
75 5t Z % Coefficient 13.1 6.7 12.3 8.1
F7 ¥ Criteria 55~85 55~85 55~85 55~85
5 #% % Compliance rate/% 88 96 71 78
K43 WY It 43 8K 3t [ Range/% 15.7 ~ 68.0 15.0 ~ 59.0 17.8 ~ 60.6 17.5~37.0
Moisture content 1 fi Median/% 43.0 28.2 29.5 28.0
49 {5 Mean/% 39.5 31.7 33.6 28.4
75 5 2 8 Coefficient 38.9 42.0 39.4 19.7
¥ Ui Criteria/% <30 <30 <30 <30
& B % Compliance rate/% 38 64 50 67
BLAK Z Joi 5T 2 43 4K Jis [ Range/% 0~0.99 0~0.97 0~0.96 0.52~0.97
Mechanical impurity content H {f Median/% 061 043 041 056
) { Mean/% 0.53 0.42 0.44 0.80
75 5t Z % Coefficient 67.4 85.7 87.0 433
% 1 Criteria/% <0.5 <0.5 <0.5 <0.5
5 #% % Compliance rate/% 38 57 57 0

T SRR HES A UL R AT AR (NY/T525-2021) ™,
Note: The index standards refer to the Agricultural Industry Standard of Organic Fertilizer (NY/T525-2021)".
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ARZEAE . MSFEAL B IR TR A BGR AR RA LGSR AL ZE ARG, (R AR 2R A4 5740 i 40
KE] 4.29%, CHBEAARETNERT 4%, HAZRIEME . B W30l 2 2 1 1.5, B TFE2EUEY
FTRIIFRII LM, XOFEALEH) SR B3 BUUN 3.83%. 4 Fhé & F N0 MRBRE Y wirt , HFRAHR I E
HFE pH > 8.5 I3B4Y, Az I AR ARG SRR TR HE TR

KAy B HUIE Rz i SO . 4 Rh &30, RSN A APR R 38%, X ATREZH T
W BRI TERIR AT B, HIVEREEHENE A K o3 A A = PP WL T 1 o 43 = 5 i A Ak
RIS EYE, XOFENEMHURZA T A s, A XS I AERE S AL 5 & B35
22 AEESEEREEIRER

A HLAE BR 2 35 4 3 A e A HLAL b FF S 3500 39605 0 L BB IR ATy 1w A9 el e, kA HLAR R
GE . O R A TIE RO L ER . 4 MR SRR IR EARIIE LS R (£ 2) , I,
AZEAE . EFAN A AT E 4 S kA R T 80%, MIASFEEAM (As) . # (Cd) . #F (Pb) %
EIAPRRAICT 80%, JUHJE Pb &, ARRAU33%. 4 FIE S A (Cr) . K (Hg) SFmikppR
BN 100%, Hitt, 76 7 &2 IRm FS X EAR T As. Cd. Pb R MikdR, #Efuid W+ E
EA T

AB TR BRBA YA E . . . WEM T EE T RES B, HAzen
AR T TR A EGRE 1.6%, X T —H S @EY I B B 2R IE VAR A LI h A R
THBCRE R T2m e KA 7, BSOS 2 rh Y T2 s K, T2l rh 4B fh TG M fer
A3k S Mokg ', R RE EEE R S PN
23 AEESEEENEASTER

AR N (DOM ) ZA MU ERIGER . AR5y, T R YRR ORI, X
Ve A A BRI, 4 Fi&E & 2EIER°F-2 DOM & & 42810 > L3800 > A93RA0 > R
(£3) o JEFER 2B T — K@ T EY, REER g soR ) F 25,
4 FhE B35 IR S i R AR 288 > SR80 > A0 > MSFENE . AR v R U FE 1 v 43 T e
K, FEMH ALY, BRI R A, 4 FE S X0 AL IR & o A2 > L2 > 5
FEAE > XOFEAE . B HLRRE T RBUS AR RN WEHEROR . AR EE R S A, 4 R EESRIE
(RS- X HEL R B B o AR R0 > 2R3RE > A28 > XOFRAE, IR R ST YR BE LS ARy R, HEA
KArFask, HREvetERes, AR A EEME ™, 4 @8I0 T AR & B 3%
HE > ARZENE > XG0 > 300
24 BBEERERRERSDTRREZSITEN

SV W [o | V3115 2 5GSBS A 4 € e =L NI ES WA W R N & B =L Uy €/ TR B
B R BT L, FREFR AL T Y 14 TR R A B IEA T 00T, S5 R R 14 SRR KMO
( Kaiser-Meyer-Olkin ) fE} 0.664 (>0.6) , Frikd&trnl #E47T 2 msr 08T, 154 BHSCHEFENRAE(E . 2
TR RN 2 B A R

B 5 A FRAMREES R T 1 H B ST 80.0%, & TEH SRS RIIMEE (F4) .
51 BB TTEREN 32.7%, FEMFFRIFRE. AU WA IR SR 4 A
THE, FIETHEIRIEL MRS A, 62 T stakR N 18.4%, FEhERIMR . I 51
W2 3 T UE, RIOET & ESIMRANERA AR . 5 3 FA TRl 122%, FEH Hg
o 4 ERSTTIRRE R 8.70%, FEH P, MIANEMARIETHEERIZHEEBISRBE, 45
FRATTRRE N 8.11%, EEHMIMFRSEHE, FIEE SRILAHLIEEE
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Table 2 Limit indexes of different livestock and poultry manure
PR 46 A i A2 ESEil PR
Limit index Pig manure Cattle manure Sheep manure Chicken manure
As & Bl Range/ ( mgkg ™) 0.95~15.1 1.55~19.7 1.68 ~20.0 7.59 ~16.8
i Median/ ( mg-kg™) 445 6.50 7.43 9.53
¥ {5 Mean/ ( mgkg™") 5.96 7.71 8.08 12.1
A5 5 2 #4 Coefficient 81.6 69.5 67.0 33.1
F5 i Criteria/ ( mg-kg™) <15 <15 <15 <15
5 #3 # Compliance rate/% 88 86 86 56
cd & Bl Range/ ( mgkg ™) 0.74 ~3.45 0.28~2.16 0.28 ~3.07 1.07 ~3.22
i Median/ ( mg-kg™) 1.51 1.34 1.24 1.91
¥ {E Mean ( /mg-kg™) 1.68 1.24 1.44 2.04
A% 5 7 45 Coefficient 48.9 44.0 52.1 34.4
F5 i Criteria/ ( mg-kg™) <3 <3 <3 <3
ik #7 #R Compliance rate/% 88 100 93 78
Cr & Bl Range/ ( mgkg ™) 32~614 0.3~47.9 5.6~31.0 7.2~69.1
i Median/ ( mg-kg™) 17.1 125 11.9 21.8
¥ {E Mean/ ( mg-kg™) 20.0 17.5 15.4 28.0
A5 5 22 B Coefficient 70.5 69.1 53.9 84.5
¥r Y Criteria/ ( mg-kg ) <150 <150 <150 <150
5 #3 # Compliance rate/% 100 100 100 100
Hg & Bl Range/ ( mgkg ™) 0.08 ~0.31 0.05 ~0.34 0.04 ~ 0.41 0.07 ~ 1.71
i Median/ ( mg-kg™) 0.16 0.12 0.13 0.16
¥ {E Mean/ ( mg-kg™) 0.17 0.13 0.17 0.48
A% 5 4 Coefficient 345 52.4 70.4 141.7
F5 i Criteria/ ( mg-kg™) <2 <2 <2 <2
5 #5 # Compliance rate/% 100 100 100 100
Pb & Bl Range/ ( mgkg ™) 0.66 ~34.2 1.51~29.7 1.03 ~39.6 33.5~56.3
i Median/ ( mg-kg™) 6.70 10.23 8.53 51.41
¥ {E Mean/ ( mg-kg™) 9.71 11.85 14.0 47.9
A% 5 44 Coefficient 107.1 69.6 98.0 17.8
F5 i Criteria/ ( mg-kg™) <50 <50 <50 <50
5 #5 # Compliance rate/% 100 100 100 33
AT 3t [ Range/% 0.31~1.99 0.16 ~ 1.99 0.21~1.91 1.23 ~1.96
Chloride ion content 1 {i Median/% 1.15 0.70 1.00 1.69
Y53 {6 Mean/% 1.20 0.87 1.10 1.60
A5 5 2 B Coefficient 473 66.5 39.1 18.9
Z BB I M 7l Bl Range/ ( £ kg™) 0 0~2 0~5 0
Weed seed activity i (i Median/ ( # kg ') 0 1 5 0
¥y H Mean/ ( £k -kg') 0 0.71 2.07 0
7AF 53 22 B Coefficient 0.0 9.2 83.5 0.0

T B IR AR HES A HUIE A AT b bR v ( NY/T525-2021) W,

Note: The index standards refer to the Agricultural Industry Standard of Organic Fertilizer (NY/T525-2021)".
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®3 TAESERNBENAS

Table 3 Organic components of different livestock and poultry manure

A HLH 55 BN 4N FEMN P
Organic component Pig manure Cattle manure Sheep manure Chicken manure
AV A B G [ Range/ (g-kg ") 1.1~249 59~24.8 54~222 43~242
Dissolved organic matter 1 Median/ (g-kg ) 117 143 14.0 125
¥ Mean /(g-kg™") 11.8 143 13.8 13.1
7AF 3 72 B Coefficient 62.0 34.4 37.0 48.2
Ji %4 2 7l [l Range /(g'kg™) 254~97.4 21.1~974 36.1~72.6 31.6~67.5
Extractable humic acid 1 i Median/ (2-ke ) 61.1 65.4 60.3 61.4
¥4 {H Mean/ (g-kg ") 56.9 64.8 59.2 553
AR 53 Z B Coefficient 36.0 29.4 17.7 22.4
[k 3t [ Range /(g-kg ™) 8.7~403 6.7 ~46.0 7.4~454 14.0~39.3
Humic acid H E Median/ (z-kg ') 238 275 235 29.0
¥4 { Mean /(g-kg™") 23.9 27.5 25.1 27.3
AR 5 2 B Coefficient 44.1 34.3 46.1 29.0
W HR i [ Range/ (g-kg ) 11.4 ~60.4 11.0~525 12.7 ~ 40.0 17.5~423
Fulvic acid 1 Median /(g-kg ) 313 353 35.5 25.8
¥ Mean/ (g'kg™") 329 343 34.0 28.0
A5 3 72 B Coefficient 44.7 34.4 20.1 26.0
ik 74 FFl Range/ (g-kg ') 47 ~ 255 37 ~248 97 ~ 246 52~227
Humin " {1 Median /(g-kg ") 164 157 168 168
¥4 {6 Mean /(g-kg ") 159 158 156 157
AR 53 Z B Coefficient 37.8 41.8 27.5 33.0

WRAEARHEAL)R B FE b5 5 I T EAr M35 i oy, 4K
F, =0.36X,; —0.01X; — 0.39X; +0.18X, +0.32X; +0.32Xs +0.27X; +0.12X + 0.18X, +0.36 X+

0.01X,; +0.25X,, —=0.17X,3 = 0.37X4 (1)

F, =0.15X, + 0.25X, - 0.07X; +0.24X, — 0.04X5 — 0.07X — 0.24X; — 0.27X3 — 0.17X + 0.18X o+
0.51X,; +0.42X,, +0.47X,5 + 0.00X 4 (2)

F; =-0.34X, +0.14X, + 0.18X; + 0.14X, — 0.09X;5 + 0.05X, + 0.39X; + 0.62X + 0.30Xy — 0.16X o+
0.32X,; +0.10X,, — 0.21X,3 — 0.05X 4 (3)

Fy; =-0.14X, - 0.25X, +0.04X; + 0.52X, + 0.20X;5 + 0.09X — 0.34X; — 0.15X5 + 0.60Xy — 0.04X ;o —
0.08X,; +0.02X,, - 0.02X,3 + 0.31X 4 (4)

Fs =0.03X; +0.72X, - 0.08X; 4+ 0.34X4 — 0.33X5 4+ 0.33X — 0.07X; — 0.03X; + 0.00Xy — 0.06X —
0.27X,, - 0.22X,, = 0.08X,3 + 0.01X 4 (5)

_EI:P X]\ sz X}\ X4\ sz XG\ X7\ Xg\ ng Xl()\ Xll\ Xlz\ X13\ X14 ﬁ%”ﬁﬁ%ﬁ%*bﬁ\ /u\?%ﬁﬂ/j
R PRI, A TR, As. Cd. Cr. Hg. Pb. AJ¥AMEAHLE . JEHIRR . S
MR . = HEER AR I e A R R B HEAL S W EE , Fo. F,. Fy. F,. Fs 08 E 04 1-5 915

Jr{E.
PABEAS F2 8003 %0 B A STk BT o S B 32 o0 R STk R i LU DA, S Ao A5 735 AH AN R ) ofe



188 + & 5 £ W F135H

FRENIEE S 7 B FEL B LR S A AR «
F=0.41F, +0.23F, + 0.15F; + 0.11F; + 0.10F5 (6)
BN AR & SR LR G, IFRIEA R & & LR A2 B 15 0 A T R
iy (325) o ARIERLEE RS R, TE50—. . WEM R, 7858 =S I B sh g
HE22E =, RSN e tiim, B EEdr, SRONERA VA IIRE iR, TR eR &Rk,
FRALEAHAS ., F R HEA IR TAFE, B HHEARE AR T A0, SEFCLRaHEA S =,
EHES = IR e, RUEEILZ HERmIs Rk, HAtIEREITE 4 R S0 h i
ROFENELEEHEAA S, AHHEE — e i TAESRC AN 2EAE, RIS BRA HLA /B BE D B0 T
X PR S AL,
R4 BRERRERGERS SN

Table 4 Principal component analysis of quality indexes of livestock and poultry manure

RN 3 # 43 Principal component
Index 1 2 3 4 5
¥ & 2F 45 50 Seed germination index 0.766 0.239 —0.446 —-0.152 0.032
SR 43 (% J5T 1 43 %X Total nutrient content -0.026 0.401 0.178 -0.276 0.771
A1 LT Y i 4k 533K Organic matter content -0.841 0.120 0.234 0.046 —0.084
S4B 5 i 43 30 Chloride ion content 0.382 0.387 0.179 0.571 0.360
As 0.683 —0.064 -0.111 0.221 —0.356
cd 0.691 -0.107 0.061 0.095 0.349
Cr 0.578 -0.380 0.506 -0.370 -0.078
Hg 0.249 —0.427 0.805 -0.163 -0.035
Pb 0.380 —0.266 0.389 0.665 0.000
A ¥ M A ML Dissolved organic matter 0.765 0.295 -0.211 -0.039 -0.067
Ji 55 % Humic acid 0.028 0.822 0.419 -0.088 -0.285
1R Humilic acid 0.533 0.669 0.135 0.022 -0.231
& B i? Fulvic acid -0.373 0.752 0.272 -0.025 —0.090
# % Humin -0.799 0 -0.060 0.343 0.009
¥51F{H Eigen value 4571 2571 1.705 1.218 1.135
TTHK R Contribution rate/% 32.7 18.4 12.2 8.70 8.11
2411 51 Mk % Cumulative contribution rate/% 327 51.0 63.2 71.9 80.0

RS TEEEEREEINSTHEIREESE

Table 5 Average score and total score of main components of different livestock and poultry manure

1 2 3 4 5 Sl
2 Comprehensive evaluation
Type 5 Hr &4 Hr f&a HF fSa HF S3a Hr 15 He v
Score  Sort Score  Sort Score  Sort Score  Sort Score  Sort Score Sort
% 28 It Pig manure 094 3 042 4 128 1 0.5 2 0043 1 0.73 3
4= ZE L Cattle manure 1,12 1 0.53 1 128 2 0.56 1 0.017 2 0.83 1
FFEAL Sheep manure 1.01 2 0.46 3 1.26 3 0.46 3 -0.01 3 0.76 2

X4 Z¢ I Chicken manure (.68 4 0.49 2 0.84 4 0.02 4 -0.12 4 0.51 4
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