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Abstract

Abstract

Effects of organic and chemical fertilizer application on soil quality, crop yield and
greenhouse gases emissions in a temperate farmland
Jing Li (Ecology)
Directed by Professor Gao-ming Jiang

Large scale burning of crop residues and excessive use of chemical fertilizer in
China weaken the potential of agro-ecosystem as a carbon pool. Waste of resources
and greenhouse gases emissions caused by combustion of crop residues, land
degradation and environment pollution induced by excessive use of chemical
fertilizers are the two of the most troublesome problems hampering China's
agricultural development. Compare to the wildly use of chemical fertilizers, organic
manure, which had been playing an important role in China’s tranditional farming, is
fading away gradually from people’s vision. However, as a potential resource of
making full use of crop residues and a substitute of chemical fertilizer, it should be
received more attention.

We conducted this experiment on an eco-farm in east rural China, in which we
used crop residues to breed cattle and applied the composted cattle manure to the
cultivated land with different ratio instead of chemical fertilizer. On the premise of
adding same amount of total nitrogen to each treatment plot, four treatments were
setted: cattle manure (M), 75% cattle manure plus 25% mineral nitrogen (NnM3),
50% cattle manure plus 50% mineral nitrogen (NmM,) and mineral nitrogen (Np).
Four plots were equal in area of 781.2m?. The field experiment was conducted
between September 2009 and October 2010, with winter wheat (Triticum aestivum
Linn) and maize (Zea mays L) rotated.

Test indicators of crop yield, soil quality and soil microbial diversity etc. were
carefully investigated on the four treatments. Greenhouse gases (GHGSs) (CO,, CHy,
N,O) emissions of the four scenarios were also calculated according to the IPCC
Guidelines for National Greenhouse Gas Inventories 2006. The results showed that:

(DCattle manure application significantly increased crop yields(winter wheat and
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maize). NmM, gained the highest yield, 14.15 t » hm™ in the whole year, followed by
NmMz, N and M (14.11, 13.57and12.96 t « hm respectively).

(2)Cattle manure application could positively improve soil properties, which
increased soil organic carbon and total nitrogen content, improved soil carbon and
nitrogen ratio and increased soil porosity.

(3) The application of manure significantly increased the amounts of soil
microbial biomass C (SMBC). The diversity of PLFAs also increased obviously in the
organic fertilization treatment (24 categories) but remained unchanged in the
chemical one (11 categories). Analysis on PLFA showed that organic and chemical
fertilizers affected microbial community structure in differential ways. The fungal or
bacterial PLFA contents and fungal-to-bacterial PLFA ratios in the manure treatment
were all higher than those in the chemical fertilizer treatments.

(4)Cattle manure application significantly decreased the emission of greenhouse
gases and made an effectively recycling of crop residues. In the whole growth season,
the emission of GHGs (which were stated by CO;, equivalence per year
unified)(CO»-eq * yr') was much lower in the treatment with cattle manure than
treatment with only chemical fertilizer, which meanly attributed to the reuse of crop
residues. According to our results, M sequestrated 8.79 t CO,-eq *yr* «hm, followed
by NpmM; (7.12 t CO»-eq *yr* <hm™) and NyM, (3.91 t COz-eq *yr' «hm™), however,
treatment Ny, emitted 2.69 t COz-eq 4r™ sim™ to the environment during the year. M,
NnM; and NyM; consumed 145.06%, 99.17% and 60.20% respectively of the crop
reisidues produced by the cropland, with Ny, consumed nothing.

Through our study on the manure addition and replacing of chemical fertilizers,
we helped to find a sustainable way to the development of China’s rural areas. With
the use of organic manure (converted from crop residues), it will develop the cropland
as an ideal carbon pool, improve soil properties and enhance grain yields in the
future.

Key Words: cattle manure application; chemical fertilization; soil quality; crop
yield; greenhouse gases emission; soil carbon sequestration; soil microbial diversity
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1.1 PFERIVESRSGIR

1.1.1 {LEERE

REDERNKE, HE 1310 A0RE, SRR E FFH A H 5 5
THIFH (K] 8.6%, HIA&#HE 57 30%(1) A I (Sunetal., 2003; iR4kZ%E%:, 2011). (A
AL AR R B REE R, B AR EIUEF B G, s & a
KZIL ] 8%(FHHET, 2009; AT, 2005), HA7 AR A0 AL I i & IR 4
Wi, 2002 fEiAF] T 333.7kg « hm?(3% 14, 2004). 52 AH & R RIFIH
RHOREAC. HAT, SEESREEFNMIERHZEL )y 50%-55%, 1Mk E Kk
RERFH A 30%-35%(58 #1255, 2000), FFHi&ER T ™ K555 4L .

AR ) et FH <= 5: 85 H 385 & T [ (Shen et al., 2000;  Zhang et al., 2009),
TR R AR, A LR E N, LI AL LLBIEE I, R R K E PR AR
(Kaiser etal., 2005). UBtAhib<s 5|k HIEKFSEEMBIR R m, IR R A&
IEURB E TGRS, 2006, FAHIRZE, 2001).

KIH R NEIE 2 R BRI IR “ 27, T aaaTEmR, A s
F#{K(Zhao et al., 1995), X T-35F% 70 A RAEM AT RAFIF W . (AL R 2
B A - 438 B B (Yu et al., 1996). K Hi it FH A0 AR XS 398 R R B A K 1 5%
M, 1883-1991 4F[A), %356k Geescroft Wilderness %1 pH {1 6.2 B&3
3.8, Park Grass ff15&+ pH 5.2 4% 4.2(Blake et al., 1999). Ifi -+ 3%k
(Johnston et al., 1986), F{# Woburn XZELEFE 15 4F LS /INE = B A PG
WFFEUE B, it A ZUIRAE T3 R 540 NH, A% 1 NH. S B A E 2
SECIERAGREEESE, 1999), TIRERHR . BRI S5t 2 {0 4% pH RSO
HE%, 2002). HTHERENM, H&EEaEE, FEREESEE 554
T K H B K (Blake et al., 1994).

ELIR 545 (2004) B 70, it FH B R = 1 B 33erh NHS SRS &, R T &
ERERSE: R, MERSEREN, REMEEIER—EREEEAA,
T A B AR 1k R 2 4k 4 3G In o B R R IR A T B (PR RS,
1991).
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KT RE A X F IR A IS S R RAA L, — S 4 e s
X EZFENE . EY C. N LR E I (Zhang et al., 2010) . FHEEH
A HLIEXS H IR AEYE AT, R EAR AR EE S —.

1.1.2 REFEFF A

E A AR ERAT, AR EZENTE, AUFi i3] 2050 4, 4Bk
IR RERA 15%K H T A WrRg, Horh A5 AT al f2dtAe & 21 GJ ha™ yr'(Fischer et al.,
2001). mxf TR FEAT B, VF2 E K ST AT AR B BT AR AT IR
HAEHE, B N ORIIBHRIEE % (Haleh et al., 2007). 2004 435 [H R 5> % R 58
o, FEFTAEREAERT 5 (. 6% k| B8 5y W2 B, 40 o o ROl s s K3 73%.
54%. 33% (McCarty et al., 2007).

BESRAEFT 7 AL R B Yo, o KA B AN 2 (R4 R T s 72 1) 1 35 (Ryu
etal., 2007). FEFAEGeitid R = LA PLR & 2k (Xu et al., 2005), 115
WAEPEPERE(S(Liu et al., 2003). R0, ZERAEFRIR R T EHIZRACRE R T
KOCHAEW LX), X&KL T B R REIRTR 9% F PR 85875 44 (Bhattacharya et al.,
2005; Koopmans etal., 2005). 14, Rt FROR R A Bt e & R 1
FARF BRI AR MG b B 25 F& 34 19 (FAO, 2005; FAO, 2006).

EFE, 23%MFEAF B FHAERL, 4% FEFEFIAE TOLERE,  0.5% 1) RS
APERARS, R RO TG WA R, Hr 37%4 A8 & 1E ARk
Befe, 159%7EURSERT IR, R 20.5% N2 7F H I B L7 a e, 1995 %
2005 E 6], o EEFFEFTIE 6.3 1Z0li(Liu et al., 2008), FAEMIF= & 1.3 1%,
SR ik 60% LA b RS FT bR B 545 BE(Zhou et al., 2005). T4k, o E IR
FATE R BEARAL G A PR FEAT IR, KRy EE W A4 %25 (Zhang et
al., 1997)F0 = E A V)i i 4% 16 77 :(Chang et al., 2003; Zhang et al., 2000;
Chenetal., 2006), FHFt AT, ks ATE. FificHE%.

12 RIESRGRESEH

121 RIESRGEZSEHBHR

B A AR AL B T A A BRI ) R A e S IR S 2 —, RIVAER R
GUiR = S ARHER T 7 RS A ERAZAGAIE 78 J [ s (Lal, 2004; 5K B 45, 2005;

2
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W5 WAE, 2003). X0 TAA BREHER AN oA AR HEROE, RO AES RS NI
FAMEREREH — B AN, RYE Lal (2004), 4BRLHEHGHLER(SOC)fi#
B4 1,550 Pg, K&K LA LT AE A e L, i AR AR E . Brds
HAR T8, fOAESRKREF AR TIRERNE RMREAS /MR mHS B3R
TEEAELG, AR H IR A R R I N TE R .

TERRN AR R Gl e S s EE R — I, RAEDEE L& 1F e
KA AR GBI EDIRRCKS B 7 A AL, I 0 AE 4
2% IR BRAE IR (I, AT AN N B EE A ZE(IPCC, 2006). 53 —MtE 4,
TEVIRSFTE N Bl E2A =M, —2EEEFHE, HEREE —
S HIEFEEH, @R L — R EEEE S, AR b
o UTLOAESk, H EARATAE AT RSN H R IE T PR IR B, 1997), I FHAS AT
JIE 5 2834 FH B8 )9/ WL (Liu et al., 2008). H R, 0 EAR HE B EAAAE RS FTE H
[ AR S AR I G B/, KRBT FAGAE, AN EE LA HLAE A B AE B C &
P& in) @R (< K55, 2008). ERETA R, BEEMSCE™Y, 2RK
WASRGAENREREZENEL .

LN ARG, P8 PR — B — A A B 0 = SR HE AR
A EDR AR 41 24 (UNFAO)2006 4F 4 2 (it & I E KBRS : BA8% ) 5 &4 ) (FAO
et al., 2006)¥5tH, EHEGIAIEE B X & 51k B2 BRER AR Be a4 N\ 9k
) 18%, FF HIXAMEFILAEMSSINK. FEFELES, FERARE. K4
ANVR B ORI S S R A R E R A, Hrbie EER R
7% (Global warming potential, GWP)A CO,21 f5#] CH,, I8IE##HA C0O,310
511 N.O(IPCC, 1996), i F B /= RAE KBS TR, Ja&E M i
R A=) B B S I R b . AT ke, R YRR = SR HERGE B
i B R A BRI R A R E SR HEG R e R A I PR AR K R A I IR
(1) B BN 5 11 A

A HLAEE A AR XS - 558 138 o e B . 52 1) - S35 B ik 26 11
T RERE PR S E e SR RO, B EY T A, AT $ iy L 4
AU S E, AT LI 2B (Bauer & Black, 1994; Rochette &
Gregorich, 1998; Anikwe, 2000). fHs&, K aJZEL4E AT T AG AL,
AN SN RI, BEEEERD(RIER, 2002), MITE D HES) 115
AL N IREIR - AR 2 07 E A AUIE 5 A0 N BV hnoxt 3845 Bk 26 1 5 il

3
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(Humberto & Lal, 2007; Douglas, 2003). <x#k%5(2008)iE it 23 #r & Fh 4k H 4
PRSI T LA WA (SOC) AR Ak B ke A 50 b [ A B LBl &, 45 R s
Rl B E B O, AR S A WLAE AC i 0 B Rk AFE O B R, 1k F
0.89tC « hm? « a™; HYUCAHREAFEH . MG HLIEF G, 474 0.60. 0.55, 0.51
tC « hm™ « a™; MafLAEMIVEF AR, {8 013 tC« hm? - at. i, WA
HUREFIAC AL A P~ FHAR N BEAN A28 RGUABE O G, B8 iR = SRR
BRARNED . FEERIEEY = B EAE b, SOl ik, e e
ANRHEAES RGENERRE S, ZIEE BA 52 W,

1.2.2 IPCC ERBESHHBERIERS

(2006 IPCC [HZ =S MIEHIEF) (IPCC, 2006)/& M (LA ES AL
HESEAZ)) (UNFCCC)IE gl iy, BN 1924t 1 EPrA T 17755, it &
FRAG R 2= AARTE ., DA (S B SR ERE A 20) #dts

7t (1996 IPCC [H i = AiE 48 F ) (IPCC, 1996)F1 (IPCC 1t R 1%
faF) (IPCC, 2000)+, i H & B I755 T 0, 8H RANKES R AETEE
(115 B (AD) 5 EAL B A E B I HEBE 8BS R E I RES Gl k. X REFRE

“HOH 7 (EF). i, BEARTEE: Hik= EF » AD

fE iz G AR F AT HESU SN, EE LM

WPLRAEVE: AES) g = i & iR = SURTE B, R EfR g h e — A7
TREASAE . ATEh AR, S RAEEE. (2006 4EFEFE) fRER 110 RAEVEAIME
&N A GPG2000 HAANIE Lo 1%E LIRSS E A E AT, # I FAE
2 1) 5 R P R Al

QMERER: TNEEFNETEFE AT @EE =1 R AR
ERBARECRT S, 5 1 BEEANIE, F 2 BERPHIE, B 3EERE
o B, B 2 EME 3 EWMIEREERIITTE, EE RN T R .

GEREEAR: FrARMNMTE 1 BRI E N ECE brget 7ok, 4
A AL B R A AR R R HoA 24, DR v B 2K 3 DSkl 47

13 FHREMENSEX
SB35 P R 2ot I 3B A AR, T A T 4 1
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THE 1. N T RS ETE, RN LR &, BB OR T R,
TIRPLEAEE FRINBE T HE D B, ENBMEEIS . T, ARYGR)E
KREFEFT IR, A5 2R A 38 E,  FEAF i KA L B i
AR EE R B HEBON K, SR T E A BTG A BEIRIR 2 AR = A
T

AHEFEMIRZ Lo R IR SR AT SR, e ARk, AR i 2, (F
NANUEEA H 0 B BRI AL, /N2 -TOKFEAE I, AT A it
PRES b 1) 5

F— 5, EAERRLE SO T HUIEIE BT A H, HRE R
RRTENEHRS, AR AR, Jeia i . Aot
ST IR AR B AT B X IR BT T, W 2 R A
WX A 5 I E Y BEAT ZAEIESE AT, SRR AN R AR AR 30 IR R A
HER SRS G T T, EA A5 & A7 & S R AR R 7T A
W FCAE T AE TURT R AR ZEAT, WEFEA R A UIE - AL EE LA 30 X 3 A
Yoievs AR = B, A ot IRAh 1B E UG A E, R iR A 5 T
I FEHETR — AR IR 3R = AR HE B T e e N AT T . %
JERIR AL

A Se BT H KON RAEAFR A HUIEA AR T, 85
5 RIS R oL, AFY B AR SR AR HEBCR AR AL

AR FE IR TANCHLUEC S -3 IR R R B b
JREGEEM, AN T DMEARSCHE TR A S A 2 s s b2 Bt R A K H i
Soth, HnEfRAEEp e X IARIYTE 1 m Rl b, R T DU T B AR
Ny TEFEA B KRR DA EME NI, DUR S R HEBOy
WHRVIARL B N IR T B U LT LA A Sk, IR
fipp ot AR A S 1) R T SRR T



A AL T A 3R R AR B s AR R

BIE WMRNREMRRFE

2.1 ISR

RIS T IR FEEGBSS 26’ 217 N, 117° 50 11" E). iZ#b[X i
JRUTSE WL X, S5 RIS 2R U R Bl A o 1A R A A A &
By V. WER. LR, TREPKSELA. PSR 13.27C,
BRMHEIAE L. \H, FRSIEA 25.4~263C 6, &AHHIE—H, F
BSURAAEET 1.1~2.8Cli]. BB /KE 770.2mm, Hrh 60% TR ZF,
WAIZE . A TC R I N Bk 25— A E 188.9-212.0 K, 44 H IR A $/E 2539~
2490h, 25 & FIRAEMIRME TIRK KA E MR S rEHR . LERACHERIE, %
G AR O &N - R ORR R (B RIS, 2010).

Wk FEA R B 248 11, N 923 N Sk s AR 68hm?; A #ihi
F10.073 hm?. MREVEYFERIUSIEA 47 hm?; L5 EYFE RS TEAR 50 hm?; #RR
ST 20 hm?, SELVRREMCAE, =P SRR A B, 2007 45 F
WA AN L) 4156 T/ NS FE LS, 2009; Zhengetal., 2010).

22 Wt

221 RIS

AR I AT A T B R KN B — PR b SRR, X E0E
G AU EEERMATANE- B FOKRAERE, A AT RS A
RER T 5 o BRE8 b A-4F Fh 38y el (Rl — A = Bk, it AR K% H TR) 8 B O SR — 2
WIG N TE 41.2m K 86.0m K7 fsthle, M TEAN 3543.2m?, £ 5.31 F. iRk
AT AR X R85 4 AR, BA/NXORTE 10.3m K 86.0m [T T H
Beo BEEANXAEEZNX SR Am SRR 4T . BE &N X SEBRRI AR
N 781.2m?,

ST PN/ X BENL > FL VD ANRIG AL B . A HLIEM), 75% 4 HLAE+25% 1k it
(NmM1)~ 50%7 HLAE+50% 40 AE(NmM2) 2L AE(Nm) -


cenyu
高亮
实验方法
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* 2.1 AFEKCEAENE. WIERHE (T Tmn)
Table 2.1 The amount of organic manure and chemical fertilizer added to different treatments (kg

dry matter)

K /N2 (kg THIR) ERZFNEAE (kg TH0)5R)
iﬁ% Vs /. > 2y > N
3l Ak NETHI " R "
e mﬁz % Fj ABUENPK i R wmen  APUENPK oo R s
(m?) AR 1.70%-0.52% (N46%6) £5 (K51%) 1.52%-0.50% (N46%) £ (K51%)
(kg * hm?) -1.78%) (P12%) -1.62%) (P12%)

M 781.20 236.25 1085.64 0.00 0.00 0.00 1214.20 0.00 0.00 0.00
N,M; 781.20 236.25 814.23 1003  11.76 9.47 910.65 1003  11.31 8.62
NoM, 781.20 236.25 542.82 20.06  23.52 18.95 607.10 2006  22.62 17.24

N, 78120 236.25 0.00 4012  47.04  37.89 0.00 4012 4523 3448

R T 24 M A A P A B el P B 2 R AL VR BUIB I 75 SR % 82 (Zhu. &
Chen, 2002), FAIeEsmA A KR HIEIN 236.25 kg » hm? 4%, WG &H
SR Al EUN AR FE P I B B R B R A At = A Ak Tl R A B A P A
i, RGN EBA TR B SRS, K, AU A i A R
Pt ZUEH R 25 (N46%) Fe 4k, ol AE H i ol FR 5 (P12%) Fe £k, 4 A i 5 PR 2
(K50%)F2fit o AN RI8/INX 1) AERLI 7] A2 FH & W3R 2.1,

222 HEuhh

2009 4 9 A NAA/NERER AT, X RIS B AT - 43 B it b 7 R EURE
SE. fHFHNAS 5em IECESG . RFL 50em® BIFR TR/ NE £ 45 BRI H gk 4T
HIEEURE . BUREIR 4B 0-20cm. 20-40cm PEANELRL, BURETT SN BEHL A A
i RIS X A SEFENLEL 20 /S UG R — 290 LIREHTIR G . BURE e R
AN E R TREAT IR B R Y Mt . o ia A = e TAE, X
T AT K L B (b B I FE L 2.3.8, 2.3.9), M HTai R ILE 2.2,

2.2.3 HEpEALEE

KNZE R B T ARFR AT PN H AT R AL . HENE D5 200 2 el AT HEAE
K JUR 5 R i A SR R A B, B R, FEMNAH L R TH
AT BRI E He a2 S B R Ek s, FUE A UL E, Fex T 4wk
BN RNE, LA E HAth b PR NE A PR IE A0 A B IBURE IR 7E 2R AN
[FIER B 73 A S SIFT Rl UL A= 3%, H5 SR & e R R B, 75 CHL T2 EE



A AL T A 3R R AR B s AR R

JEARTE, IR =E evem A aeidE. WeEs RILE 2.2,
R 2.2 P FHENE Sk B/ X A SRE AL R AR U

Table 2.2 Manure compost and experiment plot sampling

L T e : TRI6 /N X 3
INFE TR EoAKZE 0-20cm 20-40cm
AL (%) 0.74290.03 0.41490.03
4 R.(%) 1.7040.02 1.5240.03 0.07430.0022 0.044740.0010
21 (%) 0.5240.01 0.5049.01 0.007540.0002 0.006140.0004
450 (%) 1.7840.02 1.6240.01 0.9029.02 0.860.03
FrKE (%) 70.000.04 62.4340.07 20.00 #0.03 18.5640.04
& (mg kg™ - - 7.5040.31 4.3240.21
1 R (%) 0.006240.0012 0.004240.0009
pH 6.1240.29 7.2340.07
+ IR E (g emd) 1.4340.07 1.5540.09
I FLBRE (%) 40.2242.78 36.55+2.20

23 THMHERBRESSH

231 THMHERBRERTLE

ARG, BT B H () TAE4BAE 2009 4 9 H N A (N EREF D) E 2010 4E 10
H A (F KWK G ) AR BT . 55—k BIREURE A 2009 4E 9 H IERRRINGT, 26
TR NG 1 M. A TE, RIRTR, ANFEAEKAE
2%, LIRSS, FULIRE 3 H/ANEIRE AT UG 347 58 = URE, it
JEfE HEURE—K, EA 2010 4F 10 H B EKBGKE . T30 & & R
FEEESERARA (2RI HE T (2006).

X LR EURERIENL A T X, AR RE 4 NEE, BAESRL
IORE 5 Ao IURERT, AEHI AR Sem A%, 4370 0-20cm. 20-40cm 75>
JEOE B RE o BN FLAT LR R IR TR L A HR R R R T H
M. PSR G, KREFR—EZW 5 MREYEE SR —Z 50 T E SR
TNEH, REK RN RERE S A, — 5 NIKFE S
RE-20C¥ R, #E& AT IR AR B S Tl E, 0
FERME AT AR R G H AR, B I Ik 0 5 A 2% AT = P AR I
-+ 3% % B F (Schofield & Taylor, 1955). IEA ML, 13E 4% (Bremner &
Mulvaney, 1982)% % Wi b 45 F5 o



o MR

A 50em® IER JIR/NES B B Sk HEAT 358 2 7K B RN 338 5 R ) BURE I S
(Culley, 1993), i¥£4HW.2.3.8, 2.3.9.
232 TERREYEPESZHMN

WENE N TR (PLFA)%: PLFA $RE(ZE Bligh-Dyer 7574 (1959) i LA Btk 24T
B B, HARML G 3E1T GC-MS(Gas chromatography / Mass Selective Detector
(6890GC/5973MSD))ill &

GC-MS £ F1h -
A45.  Gas chromatography / Mass Selective Detector (6890GC/5973MSD)
3 %A HP-5 §& 0.25mm X 30m X 0.25mm
A 1.0ul
Iy 10:1
#HA 2 (No)
T ; 0.75ml/min
LGNS 50°C YEFF 1min
43 VAN BRI 1 i -
50°C~180°C (12°C/min) Yk 2min
180°C~220°C (6°C/min) YEFFE 2min
220°C~240°C (15°C/min) YEFFE 1min
240°C~260°C (15°C/min) Yk ¥5F Bmin
SISATIE]: 41.17min
KIGE A (FID) A U T AR B TR B B AR O3
SRR R A 5 e & 4y Wl 1 BAME ( Bacterial Acid
Methyl Esters) Mix F1 Supelcore 37
component FAME Mix
233 THENK

TIEH BN E B 7 59 AR TR AR K #iZ:,  H 757058 HL AT AORAIEAS 0 L
HERAFRIGL 100 H -5 (¥ + 54 i 0.500g - 500ml () =F¥i A+, %F‘/ﬁﬁﬁbﬂ)\
Imol/L ) 1/6K,CroO7 ¥ 10ml T H3EFe S, 3 T 2 IR & 3957 . s
TN HaS0,20ml, K = IS5 1min, SRJEAE AR _ECEZ) 30min.



A AL T A 3R R AR B s AR R

RN TEA G, INEB TOKMREE 250ml, W\ 3-4 ATHES ks R, H 0.5
mol/L FeSO, FrtEVETRAT 8 , T2 SIS BN e 2 A8 Al 2k €, IR A
FeSO, H R R ARG AN L. FHHFIFER 7 E M EE . FeSOs briE i E
T8 0.4mol/L (1) 16K CrO7 W BGHEATAR E « FEANFE S 4 IRE M E,
[F B 48 2 AR

AW (9/kg)= ¢ (Vo-V) X10° X3.0 X1.33 X 1000/4tF+ &

234 THEHER

A I 7 N L IR E 3% . FREIGE 0.25mm §ifi 1 KT 38 0.500g
JRNFREAHEEE T, WAEE TR, IREER 20ml, JEEREMN—RZ
FNR -, BT & b (Tecator Digestor Auto., FOSS, #E[H) ., A 2 HE&E
XA K (5 BERE Lh I\ 8 BUEUK), 340°CIHAE BHRIAR A . B EIALE 5 it
179130 %(2100 Kjeltec System Distillation Unit, FOSS, 1 ). 4X 5 [ 0.02mol/L
TR (HC)AREBER &, ¥ H 5 A PR AL (i RN 28 5. 10 T VHFERR E SR IR
=T

235 1L

T A R B R - SRR BRI . HERAFREIGE LT 100 H i 13
Ffh 1.000g BT 50ml =, AEKIBIEE AR HSO8ml B . B
JEIIN 70-72%0 = E B (HCIOL)10 FES), B T LHE, HAETHREN
NIRRT G 20 4380, SEWE AR RIZ0h 45—60 738h. KA E1 5 I
BN 100ml FEMF . FHERGEEAHE, HEBTFKER, HTER-}
MITGBEIE LK BB TR 100ml =MAd . BRI 4 REENE, [
s FR K . IR 2-10m1 T 50ml &R, F/KFREZE 30ml, n At
Fyfa 7 2 W5, FHA NaOH W AR IR IR (HoSOL) A Y pH 2RI 250
o, IINEHBSPUE AR Sml, F/KERZZE. E=EEHST 15CH&ETHE
30 438 JE fE S 6 H(UV-2450 UV-VIS spectrophotometer, shimadzu, HA)
F%E ODoo, PAZS FIRIVA N S LA 2 s, EEOR Il , 75 TR 2 &
HE R P-mg/L %L

236 1HeW

10
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K FH A A BN Rl e T A B0 HERR RIS 100 H G 123 0.250g
BT, CREERE A 2.0g ZE . IR0 55 FBCPE B Bk,
RE LN AN E 2 IR E i k. SR AR A E 25 % 50ml
REMPARH, BRI S R, R AR5 . WERFIE 5-10ml
F 50ml ZFEH, BRI KIGEETF(FP640, SEmHsE, wE) Lle, K1E
TAEMMZ . SRR AP B A K AL EE T EMDEFS BIEE R IFid s, £ TR
2 FER A .

237 HmpHE

-4 pH BB AR A pH T ERFRER 10.000g 35 E AR AT
HRETFReR R, N 25 ml 255 1K OK: £=2.5:1). 787> =% 10min, & & 30min
Jafd A pH = LR .

238 TIREKE

Fi b 52 7 85 15 B (W) UACE - 38 0-20cm A1 20-40cm IR % FIFR T (Wo), 44
BT 105 CHUR I 24 /Ni 1R 5 (SUHIFG 2 PIUCILEETE 258 ),
(W)

157K 43 B B (SWC)=(Wo-W1) X 100% / (W1-W )

239 TEWMBRESIEE

KR T 52 39 25 B e LB (Huisman et al., 2011; Kaiser et al.,
2005). BEMLFE/NX NI R, B IR AR VR AP, FE kIR
SSEIE R LN R T, KRR 50em® (93K T ) R R R E B A,
H AR it ah oy ke A SRR EA JT B I IRGE H H )R
PRIR ) AN 58, 55 BREFIONE SN, (RIS EUEA T BCRE IR FE B 3 () —
se b 3%, BCHAHN I O ESE N . DR 0-20cm K& 20-40cm. BUFE ),
KR TIFEGEHE] 0.010) 5 MAETER N, TERREH LM sEat, A&
WK, FRFER TN IR B FRRAR L A, R, PR GE R AR R
PRAEE, 105 CHCTMR RGN B LI IR E .

LR E Q- ecm®)= (EEE+TLE)-EEE) R

TIEFLERE =(1-dh % B/ 325 ) X 100%

11



TRV MG AR 7 200 S B (7 B I 0 3 A HE R
24 HEHEERHNRESHT

241 HEHFRERENTLE

A /NFEFNE FOK FIRE AR ORE I TR T HAE B I . 2010 4F 5 H#), &/
ZRNFER NG, e HaAT R . B0 4 MEE, BAEERL
HU 12 ¥k, & 5 REUE—IX, EHZE 2010 F 6 HHAI/NZICE] S wTEAT H [E
Mp=, FAMCE 4 ANER, SOEZREE 1m?, RTEEEG, WEFRAFF
FEE. 2010 4 8 H by, FOKMERERhERS, Rt A TR . B b B
ANEE, BNEERIE 3 /%, & 10 KREFE—R, HZ 2010 4F 10 A L%
K. WOERATEEAT Rl =, SEANAEE 4 ANEE . BT EOKFE R R A H
PIATIEIEE, ®EANEEN/NX %N 347 EK, K 1.5m, RTZEEEHE, WEF
L R AEF = &

B BRIBURE P 2 N AR I L b . BORESEHE A, LA IR
M 22 =AY, 75O REE ERRE IR AR AN RO & AR
THRLE, TFREEEREER,

242 HEKRBEEPDE

BNEGAN RN EE N —DBAL, AN NMEENEENE—
MRN—ABAAL, sradgie e, i, B RS E S, WE T4 Rga4sd, 75°C
T REE, RESH TAEYE, B2 0.01g.
243 NEEZE

KH GFS-3000 Y& &1 (WALZ, EE)IET/NES T KFEEERNE.
AR S AR B R B 5 14T, AR EE 9 ANEE, W I E] Dy B
A 9 I 11 I SRFH HHE RS CO2 B, Y6 E A 1600w mol em?2 «st,

244 THESERRR, FALET~E

AN AL F )RR B T4 1000 MOFFRL, RERAPREE A 0.001g, THETHIE K
e A,

12



WoE MRk
25 BRESEHBHE

T = SR I HE U 558 4 S 5 A B BURT (]S AR 40 % 1712 53 25 (IPCC) il
SE1) 2006 [ K= SAHBGE 248/ ) (IPCC, 2006). EFES% (2006 H K
RESAERUE B8 H=% « T REMM~RER” hE =8 “fb%T
MHER” REAT EARA = HE G 5 SIS AL R At - ) A
KT LN A RGO R, Hd, L RACh “Ui AR RR
7o kiR T (Tier 2), WA 18 TCVE3RAG M L E5 48 i) 5 FH 73— (Thier 1)
BT E . &R TR A 2R B Eg £l 3k 2.3,

IPCC W\ E IR =SB ECAF, (HRLOAES RGUR S S AH R = Z L
f£ COz, CHar NO =Fh M. AIXES 5 & Il I TAE & Al A S 21 DL
I = SRR OE R IR UG A, OO I =R 3 BRI AT HESS . R
I IPCC S = AR BRI IRIE A (GWP) A 2, BT iR = SR HE R v] DL
b CO, 245 (CO; equivalence)fFilt. o, 1 #fr CH, HEM=21 .47 CO, M &
HEBG 1 HAL N,O HEX=310 #.47 CO, M HEL

H T Tk RN ERFROGR G AT, 1EREY), HE4&Ed
HPIRFEIRENRS, FTUE (2006 [ A =EASAHEBGE e ) T, sk
RN B NE . RUEAIRIG ZE— A6 LI 25 AT HERU, 5. 7ER38H, n
2P PR EAANE, R T BERRES LRERE, A & F A
WUREFR R 2R EAT VEANFE NG B, 08 FH Al (0o ol P 45 ot i 8 4 — AN gk AT
e s

13



ANF AL T S IR R AR B s AR R
R 2.3 A A S R gl = UAHTBG A A 2~ 3 s (.

Table 2.3 The main equations and default values employed to calculate the GHGs emissions of the agro-ecosystem

mESME  VPRERR RS KbeEsmHE kAasivpEls EEEEd EEEEdr Sl by BJedshr JAIRR
s s H—EhmE TEAN T R CH, HEi N,O HEit N,O HEi CO, HEik I i
AL E ) CO,
Heik
WaRrS Tier 1 Tier 2 Tier 1 Tier 2 Tier 2 Tier 2 Tier 2 Tier 2 Tier 1
NS Equation 2.3; Equation 2.25; Equation 2.27; Equation 10.21; Equation 10.22; Equation 10.25 Equation 11.1 Equation 3.3; Equation
10.3; 10.4; 10.6; 10.23; 10.24; for direct for direct 11.13;
10.14; 10.15; emissions; emissions; 11.8
10.16; 10.26,10.27,10.  for N
28,10.29 for mineralized in
indirect mineral  soils;
emissions; 11.9,11.10 for
indirect
emissions;

BB E - D=1 year, A=l ha; Y.,=6.5%; Bo=0.1; EF;=0.01; EF,=0.01; TFR EF (t of
Calculation to Cgdimensionles Cg;=0.370; MCF=0.5%; FraCgasms=45%; EF,=0.01; (GI(NCV)/t Cit of
the depth of s):C0O,=1515, Ca=0; C=1.0; EF,=0.01; EF5=0.0075; NH3)=37.5%; urea)
40cm; CH,=2.7, DE%=55%; FraCieachmS=5%;  Fracgasm=0.2; CCF(kg/GJ)=15 =0.20;

N,0=0.07; EF5=0.0075; Frac gach-(y=0.  .3; COF (ts CO,
Ges(0/kg):wheat 3; /tNH3) =2.104;
=0.90,

maize=0.80;

* RGP I AR HESO) A S ARGE IR [ BUR 1)U AR A% 112 532 (TPCC) il 2 1) €2006 5K iR = U HEBGH 4R /) 24T

*All the calculation of the GHGs emissions of the agro-ecosystem is according to 2006 Guidelines for National Greenhouse Gas Inventories (IPCC)

14
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251 @WEREE5SFRM

A TR R R . IREA B AL R & B, £Z2HATHE
RH AR —. JREA FE TR TA - KRR A B(Austin,
1984), @A77 CO HERN HZARBEIR TAVRIR, FRE & R FE I = Wi —
73 COzo H AT PR EJCH AR E K2 AL R TF AR CHYF MR R
77 IR (Hocking, 1998), {HE{EE, EEMZE A FERDEHRRK, RElHEE
FORBER, ZANEFEREGE K CO, ERHNA EE TR . A ilds I ZARYE (2006
[ 5 & AR HEBOE AR ) SR T R A A = Al
Tk HE” HEg = AT A 3.3 KT IR A IR ) CO, HEK
b5 SRR TR .

FAk, ERFEHMB|LE TS, 2B TR EER CO, KR
AR o AT 1 2R (2006 [ S0 = UAHBGE b/ ) SB0UE “ARbAk
N A AR R S — & E IR NLO HEONA K S PR E A T
FEFF) CO R ARl “IREMAISEREF 1) CO2 HEB” a3 11.13 SRk
17 CO HEUG 5. ik 9753 —, R ¥ (EF) 74 0.20,

252 TEFFALEE

RS FERERNREVAHR. £HArHEAOVESRSG T, X
FERIAE KPR IR ARAEDREAT, il Rk 2B CO, MIE COp R EHFIL,
Horp EEQFEAIRAG ST R =FhiR = . Al B EARYE (2006 [F KR
FAARHBE iR HI0E ARLAML AT Al A OR s E CEA T
A R S D597 TR “HE COp R AR 2.27 K53
HBEAT =P = SEHE G B . A3 2.27 BER T A5 EAT — 2R Kobe AN
= AAHERE T3k

253 {EPIXE&(ER

SR R SRR = HR S A & AEYVIRDEEEHZ K H CO,
SE M B R EEN T Akged, £PAZSRIKRMERERE, BE 1K
KA CO0 A6 I T 0 5 R AR A5 515 20 )5 B (s Bl R B e TR ) B = 4
R e & B E ) COp B .

15



ARy 2ot FHE R . (R B R I S SRR
254 HYFEEER

WA= AR R E B AFE R — N2 R A B ke AR
CHy, — N853R P2 A2 1) CO,e B — B2 2 BB X & Wil R L FE I E
PRV, AN RGP ARG YRk . ARG FEARYE (2006 EH FIEE S
()@= eI VAN e il /477 47 V= s w1 S RS S e - I =
HOSFERHER” = I iE R R R 230 10.21 F110.16 SR
AT R A8 B KB CH, JFBUN AL B . AR = A2 1) CO, AFRUTHE.,
FEFFH AR AR E IS s e . il 2 AT = We. &kE Cs, 258
TP 8 Wi k& Cn, FHIE WA INE We. FikE Ce, 7T EATH
SR T COp 24 &

W(COy) I A= IR =W X Co—Wim X Cy — W, X Ce

255 HEpRETE

AN N B 3 P A HLIEK B AR S EHENL . Lo Ak i i) S A 52 45
FNEARB P HR G AR, SR IREK L 27 E CHy,
JEH A ARG R 2 DU XHEAE 5 20, s XU B B 5 7 2 CHyo AN 1SS
TEARYE (2006 [ o = UHBGE B iE R D) SHIUG “AROAMRML AT A - 3 R
17 e MR R NS PR T AR TR “ SRR P ARG
HREHERC A 10,23, 10.24 SRHEAT CHa HERUIAG 5

FAE R R 30— R EZ 08 N.O, H A fh th I &R &
PIRHAC AT SO AL AR IE B NoO ELHEHETR, B e U3 A RT3 ol 4 )
P A ARG (2006 [ SR = UAHBGE B m ) SBIUE ALk
AN F A R 7 AR E PR R AN S A B AR R RO B T 3
ARG AL B A= 10.25. 10.26 A1 10.28 KT N2O F
TR 5

25.6 THEE
E AR s A R, 3R R AR E AL R SRR R KR . N0 A A

NS AR A R =4, CARBAE A R = AL AR . X N2O HEB0™
A FERW RS IR R R TR B, AN R N IR R A

16
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HUAE) &2 At 5 3945 B p R NLO &1 32 B ARG 32 AR 3E (2006
FIRESMHRE IR B0UE Al AL AR R 7 S
AR NO HEA A K SR FL ISR 1) CO, HFC” Hha =y “E 3+
R N2O HER” A A3 11,9, 11.10 A0 1111 SREkfT 3 H A 1) N,O B A
[ETE 27 By =

2.6 BUESH

B GEit HrEH SPSS 17.0 for windows (ANOVA)ALHE, &% H Sigma
plot 10.0 4bHE, AR R 7 204 BB Z R E DG — A H 5 BT EE 2
A XA . FIIE A 2 R B/ 835 2 %215 (LSD)TE o = 0.05 [1J7KF(Zar et al.,
1999).

17
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B=ZE GREHH

3.1 AHERMR R AR

311 THBHKSER

ME 3.1 e UEH, fE/NEFEFTU6(2009 4F 10 H)E/N IR (2010 4F 3
BB, 4 FpALEER 0-20cm 1 20-40cm 2, HHF & EHA LT A
REE, NEEAK, BEPRRED S LIRSS ST E IR, A
PUB AR RIS OR, X P REFEL R /N2 U5k (2010 4F 6 H)HifE, Mo A LR
FEIFE TR, WNERGRE, BUEREMEEK, £ BrEpy, HEEH
JRE R XIRTE, MRS R, BIEA S B TR, 0-20em Z 1)
TIHEENR S EWE ST 20-40em )2, XHHABRES X, BHUIES A hE IR
JERRAG . 10 P 2 3 R LB 7 S Bl B [ (1) AR A A AR — 3, {H 0-20cm L2
(AR B R 21—, YR AR AE£0.19% /5 45, T 20-40cm 2 (A ALK
R EAEX0.13% /5 A

#2009 4F 11 AMiftfG, LIRS EIS B, FReE BT 2010 4E=H
INZIRTE G, B /NGRS, SMEERFHERR, 4 P 1
BROGEMZE TR, BNy LIRS RSERE N E T, ERiggd b
Ft.20-40cm - Z AR G EEIL GG BT EI, FUGEEARLE B B R R
4 Fh b3 ) 22 S AN B3
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+3 % HLB Soil organic carbon (%)

+1% 4 & Soil total nitrogen (%)

B=F 4RS00

1.4
a
Depth 0-20cm .
1] WE e
1.0 4
0.8 1
0.6 {
) T
Depth 20-40cm —o- NpMjp
0.8 {
0.6
0.4 {
0.2 ; ; ; ; ; . . .
-50 0 50 100 150 200 250 300 350

f————= % } E K |
# F J5 K ¥ Days after sowing

C
0.12 { Depth 0-20cm
¢ i
A
0.10 | w@ e :
0.08 1
K2
0.06
d -= M
Depth 20-40cm — o= NmM1
0.08 1
0.06 -
0.04 1
-50 0 50 100 150 200 250 300 350

= % = %k <—
#% ® J5 K % Day after sowing
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K 3.1 LGNS 2R S ERNZERMN
Fig 3.1 Dynamic changes of soil organic carbon (SOC) and total nitrogen (TN) concentration
P a 7 0-20cm R 3 LB S BRI 2240 B b 2R 20-40em VR 2 3 A HLAK & BRI 1742 1 ;
Bl ¢ 7R 0-20cm R FE R A S EBER A48 1B d RIR 20-40em VR LI AR A b T AR A B
ERF NN FETINE RS FREN LG
Fig (a) shows the dynamic changes of SOC concentration of 0-20cm depth; Fig (b) shows the dynamic changes of
SOC concentration of 20-40cm depth; Fig (c) shows the dynamic changes of TN concentration of 0-20cm depth;
Fig (d) shows the dynamic changes of TN concentration of 20-40cm depth. The dotted line in the graph stands for

the split of winter wheat season and maize season.

312 TRBESTHERE

B 3.2 s 4545 B 5 FLRGRE BE A5 /N 22 F8 A e I T8] R HERS 7 A I B AR 4K o 6
- 398 7 HE 5 LR R (%) EORE I e AN R I I HORE A — B a2 3 IR 0-20cm AN
20-40cm PN EEAT

PRI E A T AE 7 Z W B, o7 IR A R 7E IR LR E 4R 5
by DA AR FR ] 22 R AR R . AT RESR RIS B A K, A LIRS I i
HANRERS 5]k - 2% B RN FLRA B i B Rk . (2 NIRRT CUE Y, B
IR HERS , I3RS BT A, e L G R D vy o5 AH S ) 7 m A2 Ak, R AR
REAS . EX BAEERN /N ERR G 312 RIVBUFEHIL 7% . R ] RE
553008 1 1R) B K Hb tH B 5 15 oK
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o ©
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#% P J5 R ¥ Days after sowing
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-17 45 151 197 228 293 312 356
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K 3.2 LA IR 35 S AL R E R

Fig 3.2 Effects of manure addition on soil bulk density and soil porosity
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A AL T A 3R R AR B s AR R

3.2 AR LR EMEHERIRN

3.2.1 T HFE M
I T R AT AT P ZEREE I € 2o, 4 M E T, 78 B3 HIR KT 1nmol/g

It EY) PLFA RSB0, 2905 11 Fs

N w
)] o

N
o
1

TN PLFASTH S
o G

(631
1

o

-50 0 SIO 160 léO 2(I)0 21-I'>0 360 350
= =k <
#% M J§ R ¥ Days after sowing
Bl 3.3 LIERAY) PLFA 2 FEME () il 28
Fig 3.3 PLFA diversity of different treatments
P i 2o s N A5 R S KR ZERIIT A

The dotted line in the graph stands for the split of winter wheat season and maize season.

bEE RIS, M AET R PLFA 2R 7 BEIRS, E/NEEREY
£, 2009 4= 11 ARA 15 FF, 2010 4 3 HIEK R T 18 A, 2010 4 6 H HILE/
FImITWERNS, B3 T 24 Mz 2, WMAEMZFEHERKEE: NoMy F NpM; &b
PRI PLFA 2R 1 A1 b6 5 B TR AR T 39 0, (H G KM B AR/, ST B
B2ENg, PLFA 08 2009 4 11 A& 12 Fi, 2010 4F 3 H NaM K2 1
16 P, NpmMp G2 14 Ffr, 2010 4F 6 H AR T 17 Mz 2. 11 N 2T,
TIEAEYIH PLFA Z2AAR /DN, R RGBS, MRIR a6 2N 2 R E A %
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Fig 3.4 Accumulation of PLFA contents in different fertilization treatments
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The dotted line in the graph stands for the split of winter wheat season and maize season.

£ M AHE A E R, EIFFERRNEH: NoMp A1 NpM, it

23



A AL T A 3R R AR B s AR R

BRI REIRZ, T N A BRI AR . SR UL T DL B 3 E Y
AR EHATATR, BTHBIGE, LIRFEYSES SRR,
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— BN HEPLFAS &
X 0.15
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Fig 3.5 Ratio of fungi/bacteria of different fertilization treatments

3 ) R S A AR R R VI R L D R R A IR A R R
W, FERER I, 4 P AR ER R SR GIE MRV B R 2 T EAT S 2 2203 (Fig 3.5).
M H R ANEE b 2 b2 B s, TN Z2 8 FiE 310 KIAE] 0.132; NaM;
WEHF IR B ANR L2, 4 0.083, NpMy ALFE T 0.060; N I B 41 B
b LFRE A, X0y 0.027,

B AT BASH BUR 4518 B R AE KA IUIEA 1L G BEE A VUL
FIERIHEIN, HE S R LT, AR T AV T s R L 2 te, A
HUIE ot Al e 2B K ANA, - P L BLBEAT HUAC A &3 0, Sk e A Rr iy
TN, 71 BT A B L P T e

2, FRRE PLFA SEXZ AL EIREE, LE31. AMUM
AEFRIR S PLFA S R s T Hoth4b 28, ot MONO (16:1w9c, 16:107t ZAT)
A+ 53 M (0.598nmol/g) & Nim(0.102nmol/g)f¥) 5.867 1. MONO #& i~
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HBEE RS5H0

FC [ 14: 1 ) 5 b1 (Frotegard et al., 1993; VYanetal., 2008), 3N A&
EHEEN, MONO fEAA i, A% 5 irix 2 i TAHUE T R &G HLEK,
2RI DA AN RN AR 7 IR A R AIE 1 4 22 G B P R X B 22 (Baai et al., 2008).

B4R TR NSAT( 14:0, 15:0, 16:0, 17:0, 18:0 )77 1, M(21.394 nmol/g)
#= Nim(9.981 nmol/g) i 2.143 %, NmM,(15.883 nmol/g)s& N ALFERY 1.591 f%5: %
W R TBSAT( i15:0, al5:0, i16:0, i17:0 Z A)J5M, M(7.917nmol/g) =&
Nm(1.110 nmol/g)# 7.132 £%, NpM2 (5.277 nmol/g) & N AbFER 4.754 £5. NSAT
5 TBSAT WA AL #ifE L — 3.

3.1 A AEAE T 3% PLFA P& & (nmol/g)

Table 3.1 Average amount of PLFA of different fertilization treatments (nmol/g)

SO NSAT MONO TBSTA MONO/NSAT TBSAT/MONO
M 21.394 0.598 7.917 0.028 13.249

Nm My 18.226 0.316 9.712 0.017 30.722

N M, 15.883 0.367 5.277 0.023 14.362
Nm 9.981 0.102 1.110 0.010 10.896

3.3 BHAERMIEN = BRI

331 {FUFASHER~E

H A& /NERE TRFENFER TG, BRI — 5 I T AT R, 14T
RLFER R FIREF A E W 00, B 25 R 3.6. Wil 3.6 a fir, 7z
FERL 1) A= 9 2 R S o R A AN I A S R, DU ER T E B 2 7. HE
TEf Ja — IRBUFERT, FPRLRREN, FPRF B — e Z 5. BRI, o r)
T AL BRI AR AR B R, RN NnM1(2.81g/4%) & 5 T~ NmMa(2.79g/1k)
BT Nm(2.24g/8F) &k M (2.18g/HK) . (H A2 Bb— IR FIEUREAS BE W% 56 4= 1 1t B L
BRENFRAY = ERAW EEN. TR EIFEE 4 PpabdEz 3570
REZEN. W EMERNAESR, NERF AV E S5 5 TR A
FEGE AL AL PR A) 22 53 7 A B AR a5y, B — A MUAE — Ak T T i 1) A
L NpMg H 0B 2 1 & T A = AN B ) AR a3y, JUH AR T2 A PR AL
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HM, HBEENZESR.

TEA/NFZ AR FORWSCER 2 1 43 D0 FLHEAT F AT . g R an s 3.7 Fow
N, #HNEZE, NEFRF RS M6.12t «hm?, NpMy 6.97 t «hm™, NyM,
6.10t - hm?, Nu6.39tehm?, FHESHER, WHEEZRAEE; NEFRF
B39 M 856t -hm?, NnM; 9.30t *hm?, NyM,8.30 t hm™, Ny9.96 t «hm?,
AERIAAZE AN E . X TRERINIFAE, HIERSE A TR B, fE
YIFRFRI R NARRT T 3 e bs A — e pi G tE, (e s LR EZE.

SRNERNAE, HERRESRE. £EKE, Fhr~8N8 M 6.84
tehm?, NpM;7.14t«hm?, NupM;8.04 t«hm?, Nu7.18 t« hm?; FEXKFEF™
B0 M6.49t «hm?, NpM; 8.99t «hm?, NyuM, 7.57 t «+hm™?, Ny6.89 t «hm.
AR ANFEFT 0= 5, AL R ) 22 S 8RR B 7 AR 35 (P<0.01). srirai RAGH, &
K= B2 NoM2 > N > NpMy> M 1T, —FEVUIER & — A IER S B
A5 N5 M ZIAIZ /N T N M2 5 N Z B I8, 3R NpM, 4k
YRS AR (G = T, BRI R B . X — s
FIATHEFARIE S5 A A

35 200

a b
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K 3.6 /A2 B TOKH BB PR EUR:
Fig 3.6 Sampling of winter wheat and maize aboveground biomass
P (a) s /N2 KPR T 5 B IR ) 324k 5 18] () 27 T KA R T BT BB IR () 384k 5 18] () 2o /N R AT T W0 b
I TR)AZ AL B (d) 38 KA AT T 5t B I 8] 22 4k
Fig (a) shows the dynamic changes of winter wheat grain weight; Fig (b) shows the dynamic changes of maize
grain weight; Fig (c) shows the dynamic changes of winter wheat straw weight; Fig (d) shows the dynamic

changes of maize stalk weight
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Kl 3.7 &/NEFNE TR e
Fig 3.7 Evaluation of maize and winter wheat crop yields
BORIRNETR, AGKRTAKE, WIREH . Filled bars stand for winter wheat yield and open bars stand

for maize yield. Values are means=standard error of the mean. n=4 plots.

332 MEEREE

MK 3.8 i, ANEAKMI, StfERNE g R BRI E 2R A
= o (HE MR B ] DUE 21— A MU — A0 R BC ) AL B NMp AT 3845
HERDE R, ARKHEEER, ERREKEN, BT 7 —Bu
JIVEE, ACEHEAI IR E R IR BUEIANE], SRi AR, ES
R UG TE), A fb BRACER 1) N AR AR DB Al %6, X mT e a8 T H A
REFRRE A G RERL, BRI S E R TR (2, MERRRHER,
AL AEALER I s A T R e T HAR AL EE B R RS, R HAAKARER
FARTHCHE M) NpMo AbEE, RIS — 58 1 2R R
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Fig 3.8 Determination of plant photosynthetic rate of winter wheat and maize
Bl(@)Fm M Aot i h 2 B (b) R TR ot a5 il 2

Fig (a) shows the photosynthetic rate curve of winter wheat; Fig (b) shows the photosynthetic rate curve of maize
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34 ANEHMNRGRESEHHMARNE

341 HEITEFEER

KT RGH, BRAEWIE N, b3S, S EEAERN—E 2N AN, f
MR FISRIE MR A TR R 4. AREAR B R HISED RS FT, Lt sl 3%,
AFEHERR G R B HUIRR IO 1358, DA 2 38X TR B 75 K

ARIEH, R 3.2 JBIR T & AT i 2 H— 2 UK HE AR RS SR 75 1 7R 1
WASEAAL IR AR RS T . WNRPEH, ZHE M AFERL N — A
KHEFEHAETRIT K, 18.43 kA4 BRI TR . X LL A 4= — R0 I AR 1A
FriEs2 22.54 to {H/2, BT —AWKH RN E ™ H R F = R A 13.90t, Al
DATRDRHER 13873 1) 7.00 t FEAT TR ZEMSMTFEN . Bk, AEEM BT, —Ab
KHEANAR S EREFR 4, mHAESHBIEAE 7.00 t B, HERED
145.06%. X, ALFE N B TATREGHACAES, HAR HFEFT 56 2 kg #e.
AEFE NppMy AT N M 75 2200 552 1) R A= 2053 0l /2 13.82 F109.22 Sk, H A il & A5 FHVH

FERIAF] 99.17%, J5#& ik 3] 60.20%.
* 3.2 BAFRFEFTIEFENS I

Table 3.2 Consumption of crop residues for each treatment

M Nli NmMZ Nm
To_tal N concentration of composted cattle manure 1.70 1.70 1.70 1.70
(winter wheat)(%)
Tota}l N concentration of composted cattle manure 152 152 152 152
(maize)(%)
Total ar_r;ouplt of N resource from cattle manure 4725 354.38 236.25 0.00
(kg hm= yr=)
Cattle manure consumed (kg hm™2 yr?) 13897.05 10422.79 6948.53 0.00
ﬁ;/erage amount of N excrement per cattle per year (kg 2563 2563 2563 25 63
Number of cattle breeding 18.43 13.82 9.22 0.00
Crop residues consumed (kg) 22536.20 16899.10 11274.22 0.00
Winter wheat straw yield (kg hm) 8628.57 9824.25 8605.16 9004.65
Maize stalk yield (kg hm3) 6906.76 7215.37 8123.90 7255.39
Crop residues unused (kg) -7000.87 140.52 5454.84 16260.04
Ratio of crop residues consumed (%) 145.06 99.17 60.20 0.00
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342 RGEERSEFHMER

KRG T, CO. T EHTBOE L 4G T3 P 51k L3 2 1)
FRETRC, PR ZNIN 51 RS IR B 3 PP [ R OB (R %, PR SRS AT IR KB 5 S e 57
PILV AR 2GR R AR, BB A P~ R A BEJRAE HY G R HE . i — A
2B A5 8 (R 72 A AT WD AR AT AR D9 L G (4 45 PR A4 3o A a1 PR 24 P I
B AREH, KPR B R G2 Ah, BRI HHR S AT, (HRRS
I RGP ) — DN EEIANT, DUOAT B A Rt . CHy i1 ZHECE
SORWENPIANER 7y, — R IO E KR, — R IEHEE A B R (0 R R

e, WA B R B, 3 B sl R R, AT A
DUBE T A DL o FR AP AS Al S A3 AR B

*® 3.3 BIEREARRL S AR e AR MEN T, K4 (2006 EFEES
RHEBOE AR D) O 1 R G = SR HR YDA . RN A AT
FACAE P HE R AR HE RN 9 NIE , EZAEFH 17RO T (Tier 2),
fili A FH 00 2 R0 R R 8 BV L3R 2.3,

SRR, FACAEFEM T R, POAS G E = A 4 CO, HERU N

Nim(9.67 t COz-eq * yr* « hm?)> NyM,(4.84 t COz-eq » yrt « hm?) > Np,My(2.42t
CO-eq * yr* « hm?)> M(0.00 t CO-eq * yr* « hm?); &N E] 35 5,
HEB AR IA Nim(0.55 t CO,-eq + yrt « hm?)>NyM,(0.28 t CO,-eq + yr' « hm?)>
NmM1(0.14 t COz-eq * yrt » hm?)> M(0.00 t CO,-eq * yr' « hm?), YA kb2 i) 2
S 3% (P<0.01) e M BEUNAME AL, it AP AN I R Hh s AT HETC

KT NEERFER BRI Y & EAERAFAM T AR, R
B FERF A P M1 5 CO2 iU : NM(27.05 t COz-eq yr™ him™®) > NiM(26.49
t COxeq * yr' « hm? > Npu(25.79 t COzeq * yr' « hm?) > M(24.64 t
COz-eq+ yrt e hm?), Hrh, —RIiE-—RLAHIEKIALEE NoM K75 5 w7 &
EHEVEAE R R E. HEXHHZRAHE., MNEYESHALE
1, RARBEEAESRAREN FETRE 2 —, ERMNES, AR
B CO, MRS WA : NaMi(10.58 t COz-eq * yr' « hm?) > NyM, (10.38 t
COz-eq *yr’ shm™) > Nyn(10.09 t COz-eq *yr' shm?) > M(9.64 t CO,-eq *yr™ +hm™?),
R AREAT — 2L

FXT TG =R E 2, R ARG B HE SR A BB Ak 38 8 32 4RI
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P AEREIN TR, N FORSFE 58 AR A T LRSI AN KA, NeMy 5
NmMg T R0 75 2R T3 f5 AT . b3 M 7RI 2, B FAa AR
TR, AN GE AT RE T AN E PR A RS R, IRTHAE 1R oA AL R KRS T
BT A A RO = Ak, M 8 T #64> COz. FL[E e & W3R 3.3,

VERNA T R G b i B NIE R HEBOE, 5 W4 7758 M 38R B 1 R 3
BRI : WA= CO,, FUA NHERERE A& (AR FH R ED, A HLAELE
FE RN, JHrh B M(15.21 t COz-eq + yrt « hm?) > NuM(11.40 t
COzeq * yrt « hm?) > NpyMy(7.61 t COzeq ¢ yr' « hm?) > Np(0.00 t
COz-eq e+ yrt « hm?), AbFE|E 2SR %, HUGER B KRB, A K B
FEAER) CHy B B 43 %) M(0.68 t CO.-eq  yrt « hm?) > NuMy(0.51 t
COzeq * yr' « hm?) > NyMy(0.34 t COzeq « yr' « hm?) > Np(0.00 t
COz-eq + yr « hm?), FLUGEMILEEE, Bt FEARNG™ 4 CH, HERG 1 HIE ™4
NoO [ B FE B HEs,  HEORE W& 3.3,

W 25 TUHE O N3G IRV A s S L AL CO, M\ G, THHEAH, U4
FE A0 B RO RRHE RS B0 43 3 A . M AR FRAE [ 52 B CO,8.79 t COs-eq * hm™?, NpM;
AbFRAER E CO,7.12 t COz-eq » hm?, NpM; AHHAEE 5E CO,3.91 t COs-eq « hm?,
{H 2 Nip A FEAERE T CO22.69 t COz-eq = hm™?, LAY B K I 58 A HER K o

32



=

=7

=3

R 5t
# 3.3 RN R G =Fh I 2R TR (CO,, CHy, N2O) HIFHRBUG 5

Table 3.3 Evaluation of three main categories of green house gases (CO,, CH,4, N,O) emissions

SRS CO, (kg -hm?) N,O (kg -hm?) CH, (kg -hm?)
M NpnM; NpnM, N M NpM; NpnM, N M NpnM; NnM, Nim
RARA = () * 0.00 -2417.90 -4835.79 -9671.58 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ZAEERIN(-) 0.00 -137.50 -275.00 -550.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
T () 0.00 0.00 0.00 0.00 -10.75 -9.00 -9.25 -11.20 0.00 0.00 0.00 0.00
HATEHI(FEFT)(+) 24638.86  27047.54 2648851  25786.57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
H R A (+) 9642.51 10576.00 10383.80  10085.80 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
JEFEREFTHRIF(-) 11103.30 -182.10 -7068.93  -21071.40 0.00 -0.08 -3.25 -9.70 0.00 -0.32 12.61 -37.60
AIZF98 15 KT (-) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -676.07 -506.96 -338.22 0.00
PRI (-) -15208.99  -11404.68 -7608.62 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HEREFER(-) 0.00 0.00 0.00 0.00 -11.04 -8.28 -5.52 0.00 -20.70 -15.52 -10.35 0.00
SHER(CO, &) (kg -hm?)**  30175.68  23481.37 17083.97 4579.39  -6755.10 -5382.49 -5589.50  -6478.70  -14632.12 -10978.93  -7584.92  -789.60
C [E5E f(kg COy-eqeyr’shm?)  8788.47 7119.95 3909.55 -2688.90 - - - - - - - -

*(RERIR =R, ()RR =R 5 [ 2
iR (2006 [ SRR S ARHEIGE B ) SHEE SARBEE SIS, CHA AT NO FRSIS I 36408 CO, bl S . M, 1 8147 CH,
=21 BAr CO, A&, 1 547 NoO HE=310 H47 CO, HEM o A BRIG IR I H5 TH 1 — Wil = VAR AE — BURHE] (B 100 45) A0S — I
TR R A Ra

*(—)represents GHGs emission, (+)represents GHGs sequestration

**According to IPCC, if Global Warming Potential (GWP) of CO, is 1, CH,4 shuld be 21 and N,O shuld be 310. A GWP compares the radiative

forcing of a tonne of a greenhouse gas over a given time period (e.g., 100 years) to a tonne of CO,
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EmE  WieSE

41 Vg

4.1.1 BHEZM ERIR LR R

15 N AIHE 7S H3EAIAE 77 i b, A VU B R A % (Reeves
et al., 1997), ‘& AJ LAYE HIEARAE 2 /T sON H IR E UMt . HIEE L
JR B SR AR A AniE Bh I AE U (Coleman et al., 1983; Wander et al., 1994),
B AT B AR FE bR (Tiessen et al., 1994), —L&HF5ERR, JitihnA WAL E i
hn e AL NEHS AT i A HLUF & & (Bossio et al., 1998), 5 —#B 0 WF SRR K
it B 2> B A 3R 47 (Mack et al., 2004). ME] 3.1 KyshZ i al DL, 7615
THEM B, A NUREA IR, 0-20cm EEMHIREH E, HIEEGHURS
BIKRNKREZNM>NgMp > NyMz > N, Horr, 2 FHUEALEE L e R AL 2 A
LR B R e —2, B VLR 3E LR AR RVE R R 5 A 1%
AR SR, 4 MO REAHE, ZR0AEE, REEREE SR A
B EMNBEARA A LR, AR TEREE L, M T HEEIEN S E
P H A A FE A

HEHIEENRK SRR, £ 0-40cm HIEH I EIH EFHASE, HE B
HILLG, BRI S EHE . EEKREFIGE, IR SECHI—K
WS EF, AR —B )G SO T . X AT REEYR T UK 143 fE AR o
bt - 338 R B A P E B R P FRRL R, A ALARIZ#T 4 o fif, SEL
FoAr i e R B0 o0 i, AT RIS 3B R B & . 534k, AR,
T AT P R R RE AT o R S WL WD S N 358, I [R] 1) 5 R 7 45
B AR S BT (Bossio etal., 1998). RAEMAREN S, —EHR
BRI A, e SRR v AL TR R B, B TG SRR I A 1 35 ] ik e
[ AR A o

£ 2009 £F 11 FJA1 2010 52 7 H,  RI/NZZ AT B KSR AL J5 0 26 — CEURE,
0-20cm EEF ALK T, TIESESEAES. LAFHTIEWESIMES,
xf g TR FEIR D, $) 2010 4 3 H, L34 EAE 0-20 AT 20-40cm R E HY
I — SR RS . /N ORI NAE KRBT, A R Ea RS
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HE RS54

BHAT N, X— SFAE RS ERE S AL

BRI S, LA A bt AL PR A I ) S 18 N o, (B AL PR IA) AR A
WFE ALY, AN RN LR AN R R 312 RIBUREIN B 2 51K,
Jf H. 0-20cm [ 1= 49675 # W] R AKT 20-40cm. S A AE 5 A Bt AT 17 fr) S Al F) 22 5
BRE KT (P<0.05), 1B 4 AL (o2 AN R % . LIESLRRERAE L
SRR RESE,  FLBR RO B & Ry . Akged, A E 30
IR FLRR L B i A AL P RIS R I HT T, (RS LK.

ARG N R G, IR SRR BRI ORES, (HARAE TR TRIR S,
KHGEBPESL BN P, — AR RN BEE, LKA, XHE
xS EER - SRR A A A TP R BB IR R

412 AHBERIMR TR E MR FHR 0

A UL IR it FH 52 e 21 3R AE R VR I D RevE BT, 1 — B 3 el R 5T
fem I HER . BAR L FHGE R EZR KN, EARENSG RSN TR
1 T 3

X RIRAE Y 2R, ISR, AU RS D g A Mo v r 40
AR ER AT DI RS, S aRi e R vE I 2 R . T XM
WsefER, BEEE A HLIEREH E @l 3 i &omsszl . A VLIRS A B T
UL RMERE SR, KA &h 7FE A n—Jrm, AVEt 56+
AR, IF HA Ui A 5 S e es , AT RUE D 2 K&
TR R AEAE

AT 5K 2 S BRI R 58P 7 A5, 1T 0 35 52 ) 1 A
PLFA “H % (Bossio et al., 1998). M7tk B H3EA X & /K =it 60% LA i, +
BREDEE S EOK R AAE R (E R ESE, 1998), B EE AR T A U
HR A AR AR TR (H.GESEAS, 1990). HIEK AT AKIEIRES, KEM
U A B R BRSBTS, DR IS TiEER, ARk VA 54 5 (Rynk, 2000),
MTAEIAR SR AL SR ESRAT T MR Ol S5 T )5 (Liu et al., 1991), X5 A
WA R Ak, TOKEME, WFRIE, LB EKE—EIX
F90%LA I, AITLA 4 Fi b B34 1 22 AR AR B 0 o

A AHUAE it FH AT DA OB A W0 V% 45 74 (Bossio et al., 1998), it 34
VIRER I MR b X PR ERT M F Eg @t it m UM HE S &,
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MiXY Yates(1997)5 N 45 R —5; (HE HIBMAY 2B 2R,
IR AR LU RN G AR LZ R R, WRRRek B AT — B Al R
PLFA J7iEIE T AT Z 5 L3 b 5 2R PLRFA &8, KILEFE S &L
BEBA, HHE S EWHRECD, U EART T /N - FOK T ) R A )
AN PSRN U, KR v A A R A AR T RN TR
GHBURE 2 (Wilkinson et al., 2001). S ZESZPRFEHH], BE - 438 0% BE AR M I ik
b (537224, 2001) . T IEFLA ) PLFA A8 5l 1) o) — A~ 5 B 3R 2 2= 715 A8 BJ) (Toyota
etal., 2005), WHFTUEM, BEEEZ=KIG, WAEVIRESA BE N,

LR LA AMAOR B R 22 S RFAE, T DLSE A 28500 50 33 A R 4 7 (32
%, 2007). H/KE. RESYHEMER. EE2EERT, HiwnTClREm—
JE B BN A . FE I AR A AR b R A B LT 5 2 SR AT LR AR T
F[11ifi £ (Fontainea et al., 2011), 3145 3 B0 il I it 4% e 778028 /= T 40 B
30 f%(Yan et al., 2008) . EARJL T Joi S AJ LARS A F- LL 21 B () B 5 (Streichsbier et al.,
1986), {H# A b H B [ 2 R A MUK LIRS, A Z Feff . DRI e e 1) S B
SHEAMELAR T HEAYIRMR R, el L84S R 5 INiRE (Vries
etal., 2006).

ANFE TR LRI DU R 28, MRS KET S, FEE R
BT, SR LR X AR L B R R A IR R
Z00, WKAEH o R R IR ESR LB, X Bk E M R 7
Jeh X R 5 5 A AR, IR I REE S5 TR S AR AR K ZE R

4.1.3 BHLERMIHEN~ERF I

NZE G RARKPRLE AR V) BRI (8] R HERS B DL B R 2= 5, A/ NEEAE
fJa — RBUREI I ZE 7, A2 DA IR . /N REAT B W) R 2 BLRE I 7] Y
W e RS, RBTHENEAER, AR, SBEERINE, G
MR Z, FAEYERN, ERITRAG, N TR TUED R
TR, MR ITaERE R, DR SRS, =M R, EVR TR, ROKA
MDD RGN (R HERZ IZ I N, E B Ja — UUBURR IR 0 5 2R RO W 5 e A% 1T 5 2
HE NE. XN TR AEY RN s B E R, BIAEE NpM,
TR AR T HARAL A, JFE AT M AAE. AT HUE A 1)
NRVIR s tH 89 %, A HLICHLIR i 1 58 REs ORUERE AR I A K
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A e RS B EY R . AR EERN e S RER,
TRV =, /AN RO AV T AR BR8] 22 AN B . o (H2& FoKZEH, N 5 NM,
TEZ R A B35 22 57 . AEAE KR AL IR AR 2] Ny R I SR A s 1
X AT RE T AR e A S R IE T . R KR, LRI
R . NMo U BH AT CREFAERH S G 06 P . X RS E— B R B ARIIE
FERLf it — DR, AR TIREEY - &.

ARG EE TR, A HUIES L ARED A X T 4 HLak# 4 A0 e Ab 2 55 A5 7
THEIEYARAIRSF R 2. NS, NEFPRT &8 4 AN R
RILVH AR 2R . X0 AE 2 T i IEREE NI e 3E 4T, IR ke, iR
PAF RUFRNERL, KR BRI ZE R (RS EE ARSI
B e, BRZEH, NoM SR B F R &, B & T H A =AMk
H (P<0.05). FKFEFFIUE T — MERALEE NoMy SR8 R 2. HIETFIE
RHGHE OGN NEEZ, KL REREAE TOKZ v R B H A F IR) 22 5%

4.1.4 FHREHMI ARG RESEHBEE R

FEAAT IR R, AT ) A 2 O 28 B % SRR, T HoG R B REVE Y
TR AR R AP 1) . REATAE 9 B EE R REYR,  AE  FEAR M X 5 RAF 2
ZWAH. B2, REFHELEES, EARAHRIIT, 5 8iikie
BHESCHEM T, AEE/h . K 3.2, fERREY, BInEILER
AL PRI S REAT B PTG, b G ML B BRI AN AT, )
AR AE PR FE R ERLE 60% LA b o REWE E AU T R HAS AT, IFak 2 Rk
LY PELORIFORI e il = SRR ) Z AR, RS R IE IR AR OIE B e A B
HpriEE

RNASRG G = EH . [ 5RO DI OCH) 3 2R WL 3.9,
A ERR AL Z{(UNFAO)2006 “FHIHRk (HER I E KRB : A5G LS )
( Livestock's Long Shadow - Environmental Issues and Options) (FAO et al., 2006)
fEENA, EEREEE /D 18%(Z) 7100 Tg CO, 24 &) il = A HE i B 12 55 a) 2
HHEAXR, XHA, FEMBERUNRAKEE. RAXKENRE KB
R AR T ORE R S A, RN 5 A PR 2 E IR = AR HE SO . B
J&, 4k FAO (FAOetal., 2006) F13%[E (EPAetal., 2009)MNMHLAL N} = AR FE
AT 7 BAG S, AR IPCC 1771k, £ EINAAEJE M 4T 2005 EHEAT T
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I 2= S ARHEBOTAL (CEC, 2005), vPAl 25 B Hm = AR HE 5.4% 0] B 54k
MEAHSSG, X HA HA 2.8% 5 B A K.

AARI NG ENUIE, R EITTE R R SR AT R SR, TR RO
BERE R, VRN ARRL TR . RIAR P2 AR 1 AR 38 2 B B i 25 e U HE T 3 2 n
ANRH. MdfEd, BE KR, WP, FEEE, LS R
A LL COpv CHg J2 N.O NEMREAEHR. Hig, RIEARB GHER, /)
A EYIERERRET ARG ZS, ARG IR BTSSR 6858 B 5 ik iR
FAEHEEL 2 AR08 [ B 5T COpe MR 3.3 TI 3 ATHE, BIEAE A B K & 1 HE
Bt AR, S SRR (R R E K. SRAEE R B M (33.26 t
COz-eq * yr! « hm?)> NnM; (24.94 t COxeq * yrt « hm?) > Nn M, (16.64 t
COzeq * yr' « hm?) > Ny, (0.00t CO-eq « yrt « hm?), HigZiih 2 SR HCR
TR LB A M [ E 879 t COreq » yr' « hm?> NM; [ & 7.12 t
COz-eq * yrt « hm?> Nn M, [FlE 3.91 t COzeq+ yr'« hm?> N, HIi 2.69 t
COz-eq * yrt « hm?, JEFEHE T B HLIEA It B T B 22 55 AT 0 4 i [m] Wi f) e
M ER UK et it

B2, IPCCAE AT BAIR KRIIAT e, JoHE AT AT E ks
A H8 45 X R PR A A A8 BB I IR i o RS (2008) 4 Xt A [ A% HH 1) ik
LA EEE 5 2006 IPCC JEHIRF Tier2 Jrikss Bk TEbE:, KBRS EH
TR BT A — 2, AR EAFAAER K E R . XFEZHT IPCCEH
Kl BB E A Be % R 112 BT A RS, HAES B 205 AR,
I EAIRRH MR E . REA R, TR 2R, RS PRS2 R B LURCK,
B BRI, 615 IPCC R PRI 1B 4 (LA R AR B B 75 1508 241
B, RFEERANATHE DA
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Fig 3.9 Processes of greenhouse gases emission, sequestration and absorbtion in the studied
agro-ecosystem.
I _F R SRR TR = AR R R T A Sk AR s T MR ] R
Arrows pointed upwards indicate emissions of greenhouse gases to the atmosphere, and arrows pointed

downwards greenhouse gases sequestration.
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1. AHUEAE 2 eE 7 B TEBT, AN FDEACRL T LR B
FiRA B A F . AV BN b A U & & BB S R ThREFI R
AHEALEE TR B AA ML, HAEABIRMEREE, AMPEER T N
RIS, WHETGL.

P Bk 5 T, A HUIE I P LR e o, B SR AL, giAR
. T HAes R s LIRS KE, R HIERTOKRE, XS M P REY)
ZREPER . HBE ELOI AT BROR R o SR AE -5 A AL A A 2 At L T) 22 S8 38
FKF (P<0.05), {HEA[FMEACALEE N 3R 5 2 B M e W R i X, X
55 AE AL EE I 8] (K AT EEOR AR .

39



A AL T A 3R R AR B s AR R

2. AHLIEEE Sy s AR B AR IR T3 n L3RR e . B H R HENS R, A
ARG T LIERE, s L IEE NS E A LR 1 AT
BB T AT TR ARSI AE A o X BRI TR A AT A 12 A2 LR A RE AL
AWM ANUREE X IR AR R I DhRe s = AR T B . 7B
BUIBER S, HIEMEMRZ M2, PLFA MK 2 T4 6%, KT
T R E M. VR MEE, SRR 12 b E IR e Gk
WAEPIR PRI RIS 2, FUB 5 R 1 LU0 0ok —— 75 A LR AL 21 1 E 35
WATE BRI A, AR T SR 45 1 s S E HLUR 6647, XHEY
ARKERESREFRCRFER . AYEIMEMAEY BB/ BERS, S22 KA
WA ER TR .

AEREXT LI A B A K B R, PLFA RSO ARG K. DU
IRZHEFORR, ALt A Bl 1 8 I3 2R S (REAE AN S, 2006), M2 i
V2R RfETE . (ERAF LR LA, RiEIET BT MY
FRIA R, AT RER R AR A IR0 e X 3 (s LR 2 4, TAE YRR 2 R
ELA ARG, ARG 1 A0 I Ak BEAR X Xt i ple it — 25 B B M . 1) PLFA %5
ST HH PRI A A 38T (0 o A 4 DK e 350 g ik e 26 5 1 9 =2 PR 2 T A7 HIF 73X
— 5

3. RAE AL~ E5F T AT T HRUF s R, uE ALY iR A
IRREIRFE . FEFERM T Rali AP, ERAT LR GE L, 1
s IR Sy, (E 2 T R S RE R R R A R IR EAS AR,
6] A TCVE o ) P L IR B s o (R HLAE B A 39 00 1 S i A i R )
252, WEMTESBREEINOR, MY BA RN TRE, M2k
g [ 8 A T AR 0 g b R R — SRR ) A VA B D e (BB T AR
2005); AEDNFE AR SR LE A LR . JERE 2 BE ] ARIR KO (1 A%, AR ESR T
R (B T REE, 2002). AHUICHLECHEALI H, BEA AR SR AL 2 85 (1 2L
EIRICER, XABFEE NHAERER S i L8 &g 8k i ae 71, (615
FEAEY A=A i R R m i 2 25 . TR B A T IR B A5 e b BRR
(I3 FE o

4, A H R FEREFT A I 2 S HE R B AR AR B 8 A 38U ek D B 85 CO, )
Hei, FERENS M AR A FE, A HUIELL B, X R AR O R . 7EA
HIEH, NmMy, NaM, FT M 3 AN b B BRI [F] 7 (1) CO, 45 bl 45 A ALAE L A3 (1) 4 /=
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