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A New Technique for Composting Livestock Manure on the Cold Qinghai-Tibet Plateau, China

FAN Yue, DING Lu-ming, LI Guo—ying, SUN Rui, LI Xiao—gang”

(School of Life Science, State Key laboratory of Grassland Agro—ecosystem, Lanzhou University, Lanzhou 730000, China )

Abstract: Livestock manure compositing on the cold Qinghai-Tibet Plateau is a feasible way to utilize manure while alleviating negative en—
vironmental effects. In order to overcome unfavorable factors of cold temperature and shortage of manpower for composting operation, we de—
veloped a new technique for composting livestock manure on the Qinghai—Tibet plateau: static ventilation—double—layer film insulation and
studied the effect of it. The static ventilation had been achieved by ventilation pipes implanted in compost stacks while double-layer film
mulching had prevented heat loss from composting process. Composting trials showed that compared with pile turning over, the static ventila—
tion pipes significantly shortened the time for temperature rise and reduced the temperature difference between interior and outer layers of
compost stacks, and thus speeded up the composting process meanwhile reducing losses of nutrients during composting. The double-layer
film mulching further helped maintain the temperature of compost stacks. By this new technique, the operation of overturning compost stacks
was not a necessity for composting livestock manure. Adding phosphorus fertilizers to manure for composting also helped to increase tempera—
ture but this had a possibility to increase losses of nitrogen and organic matters from composts.

Keywords: the cold Qinghai-Tibet plateau; livestock manure composting; static ventilation pipe; double-layer insulation film
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P T R BEERES A M HENLAS IR, B AEA IS
URIE B 26D T RN B HE S 2 HE S
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1.1 LGt S48

M A 7 i 3o A H ) ] LSRR £ 2 B Ol
LA ER . ZHIEIR 3 001 m, AR K & 539.7 mm,
AEHR 1.59 °C,7 APARR 12.1 °C, J8 T A5 38
WX o SEBGETE] R 2013 4 6 H—10 1, SE50HT ek
YRR, RS 52, BORUZ 1.2 mm N AR T
PR KAE R, B IR HERE R R 5 . A e Jedi
FARMESEA TR ES , B I TR

AU R3S R A 2 S fom Bl
o, A KR 14.8% , G VL & 63.7%, 2R 1.46%.
S RS F 0.08 mm fRER I IS, 3 <A TR
FHEFIBEAR 5 em WAL PVC 4,

1.2 LA *

ARSEIGSREL L o 3*) IEASIRIR BET ™, I3k B A [
AAEFE AR AL IR RTRIGS AL 3 MR,
FAHE 3 KL 9 YIS 4 TI~T9, 4nsk 1
BN,
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Table 1 Experimental treatment

Qb WK PR IINFRKE

TI  ARMEATRE R A

T2 REBEAEE 25 cm BUZME 0.2 ket i BERRES IR
T3 AWHEAIE 35 em BUZME 0.2 kgt U BERREGI0RL
T4 A AR 0.2 kgt 1 BERRES I A
T5 HERE S 25 cm WZME 0.2 kgt S BEBRES Wik

T6 E R 35 em BRI NN
T7 Gk 12 d B B 0.2 kgt 1L RRES SR
T8 R 12 dEIHE 25 em AURH NI

T R 12dEHE 35 em AUZE 0.2 kgt BRI R
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1.2.1 @S 4b P

WE ARG . S S AR 12 d B
Heix 3 FpabFEAKY. HBAE R ER S em {5 PVC
BOEES PIFLIIE AR ALEIFLER 1 em,
FEALEL 300 />R BEMEAR A 12 4R, 93 3 2 HEAT, A
FETRZAHNIM AR S, 25220
45 em, B2 S AIIE 35 em, W8S T 105 R AR %
A7 KUK AT K BE 4.5 m (R TE7E 25 A2 B A S A3
SERKERUZENZ RS2 3 GE, El 1~E 2
iR,
1.2.2 fRiEAbHE

WEE SRR O IR 25 em U2
JEE TS IAIE 35 em (Y RIAIEOUZ B 3 Fh AR IRLK -4k
P BHBOBUZ BT S LR RS S A SRS A Y

(a)IEAIA front view ,2
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Figure 1 Ventilation tube in the pipe (1.pile, 2.snorkel)

LHE(AK pile, 2. 2R inner film, 3.57 4 support,
4 5NZE outer film, 5.[# 5EH fixtures

B2 #ENEERETEE
Figure 2 Double-layer film
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1.2.3 Sl ab s

VEEARTNINBE AR S RS S I AR 1t
BREIRES 3 P/KF o % B AR 455 77 HE AT T BE TR 1)
EE SRR, B E RIS RS
WI15% 247 o BRI In—3 43 A 5% LLUE SEHE T 54
SRTTAS I 58 AR EE VS I 0% Bl SR SR AL 98 A 8 3o R Jor
TSR0 AR RS A ek e R 5 %) AN T 49 Ry e XL T
FFE200 g, B I0BURL D B RS A4 A0 2H R A e
AL BERRET , U IIORy A Sk B R 5 RV A R R 5 4
WEWEES 1T 100 H 5 7
1.2.4 HEARGEE FIIK 53

SR FH 8 R B CHE T AR i 24 b SR BCR LT
75 JIKE 45 A b — B B S B ik i e FEHE AR R
S R A E AR TR/ 2.3 mx2.3 mx1.5 m(ExFEx
w), HERZ RN 3 me MUKJGTEaHEEE, SRR
WTHOT1-SM RI7K 4315 il 5 7K & o St 2 e &2
1~2 WK, SR 2 fi 45 ME ORI JRORE ) B 5 K R 7 &
62.5% /A
1.3 MESHHFAE
1.3.1 JEfE

JELRE I 5 R A AR S 2 M BB A R W) A
77 WYSTHO00T20 %I 20 PR L as . 1245 as
FEFR-40~150 °C, 23 HE% 0.1 °C., I B SR UL s
B shic sy =, HRAEAS 5] 4 B B SR AN ] g s ] i)
B, THE B SR B 20 min 058 1 YK, 313k 5 iR B
Ji Thidsg 1R, BRI 2 MBS IRk, 41
S A O R R AR R )2 15 em ARRYTRLE S T34
P IR B Sk T HENE St e BRI 0.35 m A0
TE IR
1.3.2 HEFRCR S50 %

S A HE 5 3 A DASHUAE 0 sl B J 2 A 4
FARAE, AR EINIRE SR 2 22K T 10 C
HRRE2 7 d DA E o —J7 R AR UL A P
RO G — T ek R R FE X B MR IR S
o BN W0 3 o SRS AU 5 58 o At 0 S BRI
HEIF TG A PR KA ER S i AR AT
LRI JZ 0~20 em FIHEE 60~80 cm b3 S HUEE .
A WL B 1 AR 3 2 D >R T8 (CIIT 96—
1999); 2% K H H.S0,~HCIO0, & T RE A GEH

HE(NY/T 297—1995)

Fh T S 4t i BT B R & R i £ M BeAT R
TARRI LA, MEIR S SEAY B B XELLARAT, B
RAFRAT 430 A R 20 QO R Q2) S o 2 v 1y e
JRB R RN R IR A

o Ad,
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JE SR R HE AT B K 43 1 43 5 8 e R oo 43 900 R R
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HEJEF R v T SR AM %% H

AM%:(EEEL)XMO% (3)

1

DR R HEAR FR R R 23 B SRR, BT A AE AR 56
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B ER () A (3)R, R a7 45 3] HE J5 o A2 i i
FE AR A AR (1),

A B, X TR R

AN%:pﬂﬁ@i—ﬁﬂL»GOW% (5)

H ik (4) 2 A (5)=, BIVAT 75 20 3 Ji i 2 v 9
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1.3.3 Geitartrrik

S EH A REOSCHR[22 [ B9 1 A2 1R e A3 A v
AT 22 5 07 2 A IPER & R R 152 KD, i
T 5 326 A A HE J 25424

2 FERE5SH

HEHE BRI TE 61.4%~653% 2 8], 138 2 f1:3
Hr 10 bR -5 EEE S K R A T 25 43 TR S 43
Mr, BB B A G, 1 SRR A HE 5K
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Figure 3 Temperature variation of different treatment
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Table 2 Temperature of different treatment

o a o , N tﬁc, 45 °cuL 22)245 CPLE i?ﬁab 65 °cuL ?i):' 65 °CLAJ: -

T1 61.8 51.1 110 78 37 0 0 53.6
T2 63.1 59.2 97 69 26 0 0 50.4
T3 62.2 55.5 103 72 30 0 0 49.0
T4 64.0 49.8 50 43 23 10 6 68.6
T5 65.3 44.6 64 55 27 19 6 69.9
T6 63.9 42.5 65 56 30 20 6 62.7
T7 61.4 48.6 83 53 26 1 0 64.6
T8 64.9 60.0 72 44 30 2 50.6
T9 62.8 54.9 74 36 35 2 54.3

x3 REEXHESTE

Table 3 Temperature data quadratured analysis

i H R~ Ry R R MK (e =0.10)
Eifs 45 CLL L]/ 644.3 307.3 266.7 WA brE
FJZ 45 CLL_EmtE/M 108.3 99.7 123.7 Bl —
Ei6r 65 CLL L]/ 3753 72.3 79.7 B bE
FJZ 65 CLL_FMfA)/h 121.3 10.0 29.0 WA B
eI B R 1C 16.1 16.1 3.4 W
R R EC 6.8 1.8 5.1 HE B
TR EE/C-h! 0.3 0.1 0.1 HE B
B ARG S HE Bt )/l 437 3.3 9.7 i B
Mk 45 CLL_BUR/C-h 1577.6 576.5 668.2 ST e
e 45 CLL R 10.2 13 2.5 ST e

FPEEME N 36 d 2 78 d AZE BT 14d,4563% 2 mLsh, HALITA R Ry £ 22 TR, 1
AR A RS 25 P AR T T AA B T AP B ELBRME S il BE AN R B 25 k25 5 o T L A

aE¥k ,\@&}ﬂ‘T/’E(NY/T 1168—2006) . 7557 FRLRIAE MRS A S HA 2 FhAbPEZ 8], B
T 43 % e 45 C LA I A] 45 10 I5 3 45 ﬂﬁﬂf B AT S S 2 A3 gt 22 5 1A
ﬁL”Eﬁ*&%ﬂlﬁ%éﬁﬁ W22 R A & MK AN HE J L RR ) 5 M X8 R RS2 BITIE S K-

% 30 BRFEJZ 45 CLA IR LS ] 35 232 45 51 %i@{ﬁfi’ﬂaﬁﬂrﬂﬁﬂ?i&%ﬁﬁ%ﬁﬁ%iﬁ:45°C
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DL Bl 4, 65 CLA_F A ) E K 5 HEE AN )2 i
TR B, R ARHE AT i [ 200 e, BRORRG A o i AT LA
WIIAE, AR R — M E SR,
G SRR R R R TR
IR CR T it B SR AN B S 25 i), (H2 AT
FAE—EMER . % S Ab BRI - Z R B HE
45 CLA &[] HEE e m R HEAR TR R 3 A7
AT, P )2 55 7 5 PP 2 IS E o R 4 s ME AR T
LS I] HEFRF 45 CLA_E 11 v s [ 5 8 2 K ] R X2
5 2 5/ N B S22 B 2 )84 I (B 25 57 o TR I U2
JEZ [A)JEERE 25 em 2 LK BN S PRI RE 71 o BRI
Tngede T HEE ] SRR TR (RIZ 65 CLIERH
DA SRR S 45 CRL EBUE 493 . RENRINEEIE Y
VE R T LA 47 A VA HE J Ik ] AR S S A - S48 B 1)
T, Ko A L R 1 5 AR PR R
22 AEREFHEREINRFARESEN I
HERE = i it Jo 7 1T (3% 4), HERE AT AL & AR 1
TE 46.1%~55.9%2 0], R 1.18%~1.47% A5,
K3 E R A HVAEE PR E(NY 525—2012), HEAE
B HLTARR AR LT 29.8%~48.6% 2 [f] , & E 4514 %
TE 17.3%~42.3% 2210 f iz R AER— KT 5L
EE R, hE S ATLIE M, AR SR FE%
PRI, A8 g A A AL A T AR S

R4 TRLGETHEFNRMARRLE
Table 4 Organic matter and nitrogen loss rates under

different treatment

ghpp feis o AR IR A
PRHI% HHBU% BIRER  2RI%  BURE%
TI 188 552 29.8 1.49 173
T2 277 49.7 437 1.40 308
T3 277 49.7 437 141 303
T4 26.5 50.5 418 1.33 332
T5 19.8 54.6 314 1.33 27.1
T6 224 53.1 355 1.30 31.1
T7 30.8 474 48.6 1.22 423
T8 204 543 323 1.33 27.6
T9 26.8 50.3 423 121 39.5

RS AOEREIHES TR

Table 5 Nutrient data quadratured analysis

25K
T 010)

HOUR & &E% 2.1 1.9 4.0 RN _
LRAGEI% 1.8 05 0.6 W B

I)ﬁ\ EI R A R FiE R s %j@iﬁ

0 (f2=54.19, fs=50.17 ,f144=50.55) , FIr LA@EZ= il
AYLTPIR . MR, FHAESIE (f2=50.55, 5=
52.73,f s 4 =50.63) HIBL F5 /N [] BE U2 B (f 0=
51.04,f 5=52.88,f xx=51.00)F F| T FEARA LT
k.

R GA VTR AU, 8 A 5
R B (K 5)  H2E 55 FERINAEATHEA
A A AL PR AL R 2 ], 4 AGE S bR R T
W2 0] (f=14.32 fian=13.213 fun=12.52) S
TABHHEARE A AL BRY) BT i ARG , A7 D
o 5 THHEAY AL IR, 200 A THIR B B Bl 2% 7, e
DAL S A B I B s T 2 A S —
FEAFF AR B2 (f2=13.73 ,fu=13.12,fy =
13.21) 2200 FEERBUE IR INBE S5 AN Z ], 2 B
A X 2 [ 220 AR /N . 55 A RZ I R 56—,
fRsZmAR/N(Af<0.5)

2.3 AEIHERB AL IE O BEIEM

S ZHE RSO SR TN B o LA JE BsF 1) 53
oy MRS I S5 BRI AT LA,
3 S O A HE B 3 R R R 2 Y MBS LA S e
SO o S IR A A AR B R M RS TR 4 e
AL A7 AR T RHHEAL B i A LS & MR & &
IR T R MEAL B, X R A A AE (T4 . T5 . T6)
AR T BIHEALFE(TT T8 .T9), B 55 BARAEN H 45
b 2RI 2 A A ), (B A BB DR i G SN HE
PAIRE , Pir LA R RBATE Sy it vy S J 2 B 1) — A 8
FBro BRI E S o A H R X AR RCR
AN RS A, T HARAESR S 40 S IR A A1 5
M) o ST AAR 4 1F A8 ke e DI 7K Y- P e 48 o i o 1 7 e
PELh G 2R < I AU 7 /N ) BEOUUZE S S e
SURTHIEE

3 1tig

3. BRERERSHEREREENERE
AR E AR RE A8 25 1R g RS AR 1 SN AT e
Je R T i FEHUX A 28 AU AR S 26 50k B 254
R o R — et A v Sty , R R (RS
P fE R 3 001 m, RAAETEEN 17.05 %,
SR 200 m A0 5 XY 80.3 %, S A LU
£19.7 %) (Hifi TASLE AR FIAER S 2
T BUREAE B S5, BT DL HE FS Y S A P LB AR
BRI BN T A AT E — BE 8] A
S SE iR AR I U A AL PR T ATC YR IR B
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Tk, A PR AR R BT AN S A U i BRI . AR 2 AL
B EARAR AL TR B A R AR (EON RE AR SR B
Bl T FE T T BRI BT B ol UE RS e T RE
W FFL PR AL U AR I AU A PR HE AR [ B rh
) 4 M 3 R v W B N BT BRI S5 TR B B 5
RGNS R DLARSEHEZ 65 LI w2 i 4 i iy A K P
T T LA BRI AL BTSN R AR i R T
PAFLBREE KA L R 47 A3 U AN UUAE S BT AL
b e HE SRS B, TR AR Y TN B IR 10~15
em FAEZEALBRERTE R A SR SS# , SR (A5 R 43
HERLERIRAS T 78 0 1 S A4

AN THHE AN S P HERAE 33 d A2 AT IR
T, 2 JE R FHE I B IRl LE (0 5 AR T R R — A
etk DA AR, X F AR 45 CUL_E B )RR IR 2%
A Y REIEAT 7843 1A LA SR AL TG 1 (i HE A 3]
65 °C i 2 1 M 205 SR AN R M 0 A5 A PR ) =
JEEA] o M AR A im0y = Ak B AR 5 ] 2 A
G AR T A A B R )3 A ] A 224 e
FIL 28 S H SR d A0k sl il A5 S STk P oY
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TR DX A Al 25 A o AR S 6 FRAR T R <
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3.2 NIRRT IR R 520

FERUZ B IR AR ST AL =, U2 R T
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PERHEAR TR, 4 M TR e [ v R AR
(L 2 A B IR SRR AR R A, U2 PR 1 A e SR
A AR B AR R 2 TR B TN AR A iy P
SN 5 HE A P R AR 00 By, Bl O IR T A e S
FAITLIEE o LT BH T A A2 U2 BT 45 S 7L B 4 A 11
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[ BRI 2 A AUZ BEAL FK V- 2Z [ AT R B 2 22
LXMW 25 em DL b AR R DLIS B AR i ORI AL
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i) R 5 2 — 2 I AR R PRI Bl TR 2 Y
o Z AR R AE T (A B S I N 2R it b #5K
SRV NI 35 7 T (R A5 8 A X AR R R e ik
A ARHE A T TP, i S — e el g
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3.3 BERREARMFI MR R ST

WA INTEAL 4 H A & e 18 1 D A ik 1)
T HE P BN R E P A, S L SRR o 1M
AR FHRARAE 2 R SRR A0 R , BT LS I e e 4
M 7 S HEAT) 30 P9 ) B A A 0 8 PR 5 0 B T Y o
SCRR A AL B A8 D0 AHEAE ST R Y 1%~15%
AN AR A3 TR A 1 R A S, BT L3 1Y
BORIEBRHE R RRAR TRk IR T IR
JERCR A SCERRE T RTINS ECA HLRR R
ol B SEEABIT, EAS SR, WA TS T R B e o bR
RTS8 MR e HE JE L BE (9 P, 5 S BB TRl 7
W —B, 382 T YRR A H Y. EUE BRI
Pl DAL AN ZR AN R ORI IR 5 B Ko Al
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SRS IR, AR A SO B I B2 IR 2 AN
[ By 5 HEUC, A e P R A 2 Y, A — s ek T
THl i AR 20 HE T A5 R R A E [
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Z AL AR BV FALEE S A0 g s e A LB
RR PR —PIRADTTL
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