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O IR EAC X R A B HE HLARE 23 AR R, ARFEIREE T 1982 AFAY H R SR AR 55+ K W1 O35, RGeS T 2003
(BT 22 )5 2022 (R 41 4F)3 PRI O NE — N -FoREeAE . /NEE / FORIEIE . FORIEME) T, 8 At iAb 3 (CK
AHEAE; N: Bti%AE; NP. ZBEAE; NPK: ZBEAIAE; M. S AL ; MN: AHUE+EIE; MNP: AAUE+E#BIE; MNPK. A
HLAE+AEBE AL )X 0 ~ 200 om FITH +-3EE HLAR & & R AG R IIEE M . 25 R3E . OEAnE B 25 g Hlakis &, & 2R
J¥4 MNP, MNPK >M, MN >N, CK>NP, NPK, HH, CK 5 N 4B HEAYIRES BIFLE T, 1 M ACH A YLk
%, MNPK e ita s i 5 mi o @+ 566 PUBRTE 1 4310 5 0 38 40 R APAE , B2 (0 ~ 20 om) H 58 PLER & 18 5 i 12 55 =i (2003 4R35
} 9.67 ~ 16.15 g/kg Fl 28.7 ~ 45.5 t/hm®; 2022 44351 10.47 ~ 15.70 g/kg F1 29.5 ~ 44.3 t/hm?), BT 2GS, @ik
JEJRERRAHER, NE-FARBEARR T, AYUEBRETERIL 38.6%, PAMRE=RAYIRIEAER N 1322 ke/t; 1Mi/hE / EXKE
1. ERIEE T OREAERIER 24.7%, BIHFERISEE 156.6 kg/t, RUWEVIRL B MM A—FHETA, 25 1, AHIICHLRCHE AT P
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Effects of Long-term Fertilization on Organic Carbon Content and Carbon Storage in

Irrigated Desert Soil

ZHANG Jianwen', DU Jian', SUN Jianhao?, WU Haiyan', SUN Ningke', SUO Dongrang', ZHAO Xiaoning®, XU Yi*, XIA Longlong’,
MA Yuging®, ZHANG Sheng®"

(1 Zhangye Academy of Agricultural Sciences, Zhangye, Gansu 734000, China; 2 Institute of Soil, Fertilizer and Water-saving
Agriculture, Gansu Academy of Agricultural Sciences, Lanzhou 730070, China; 3 Shaanxi Province Key Laboratory of
Bio-resources, School of Biological Science & Engineering, Shaanxi University of Technology, Hanzhong, Shaanxi 723000,
China; 4 College of Agronomy and Biotechnology, China Agricultural University, Beijing 100193, China; 5 State Key
Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 211135, China)

Abstract: To elucidate the spatiotemporal evolution of soil organic carbon (SOC) in irrigation desert soil under long-term
fertilization, this study utilized a long-term field experiment established in 1982 in Zhangye, Gansu Province. The regulatory
effects of eight fertilization treatments (CK: no fertilization; N: nitrogen; NP: nitrogen + phosphorus; NPK: nitrogen +
phosphorus + potassium; M: manure; MN: manure + nitrogen; MNP: manure + nitrogen + phosphorus; MNPK: manure +
nitrogen + phosphorus + potassium) on SOC content and storage across the 0-200 cm soil profiles under three cropping systems
(wheat-wheat-maize rotation, wheat/maize intercropping, and maize monoculture) were systematically analyzed during two
sampling periods (2003: after 22 years; 2022: after 41 years). The results showed that: 1) Fertilization regimes significantly
influenced SOC accumulation efficiency, with SOC content ranked as MNP, MNPK>M, MN>N, CK>NP, NPK. SOC in CK and N
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EZ R RESC(1967—), B, KRN, AR, 55, FENFHHARFS . E-mail: 694180381@qq.com
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declined continuously, while M markedly enhanced SOC, with MNPK showing the greatest increase. 2) SOC exhibited distinct
vertical stratification, with topsoil (0-20 cm) showing the highest SOC content and storage (2003: 9.67-16.15 g/kg, 28.7-45.5
t/hm?; 2022: 10.47-15.70 g/kg, 29.5-44.3 t/hm?), decreasing exponentially with depth. 3)Cropping systems modulated carbon use
efficiency. Organic manure application achieved a carbon sequestration rate of 38.6% with 132.2 kg organic carbon consumed per
ton of grain yield under wheat rotation, whereas the carbon sequestration rate decreased to 24.7% and the carbon consumption
increased to 156.6 kg/t under maize intercropping/monoculture, highlighting the role of crop configuration in balancing carbon
input and sequestration. In conclusion, organic-inorganic combined fertilization synergistically enhances topsoil carbon capacity
and subsoil carbon stability, serving as a core strategy for optimizing carbon sequestration and grain productivity in arid
irrigation-silted soils. In addition, it is recommended to implement a wheat maize rotation system in irrigated desert soil areas to

enhance soil carbon sequestration function. These findings provide critical scientific insights for designing regional agricultural

carbon neutrality pathways.

Key words: Long term fertilization; Irrigated desert soil; Organic carbon; Organic carbon storage; Soil profile

3R PR A i 2B 2 R G B KA HILBRG )
TEAERBRAG R b o5 A% O M7 A HLBR I 4 30
AL WELWMARI N CO, WA, HAK &I
1%o, AHY T SERAR LA BRI Y 1735, T
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SRR U R0 5 o7 it A PR B i) e 31 5 3 L
i 25 T H A SRR, RBIS R Ged s T HEAE ) i R
T, I At I R 4 A A PR SR R 2 AR AR TS
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A HL-TCHLAE Bt 2k A0 NE —F5 FF P [ B UL BB 32 T
AP, A AT AR AL oy
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DX 3 25 S A Tl 5 s HL AT T B4 R

T AR R E LT R X (5 4
E LT AR 0.66%), #K & HN 70% i ERHRE ™
fie, kR e M B O R KR B L2 AR
It o S5 F - 5 MU A 21 50 1) oo JE S o Pk D 22 (R 7
R YRR D 30 P 0 B85 D sh A0 A X LA 3 o R
I F-Boife o Bk, SR A0~ S A bl
T SH AR AS A, XTI v 85 1 FH A - TR g B 5 [
W S A R A A8 Sk b A AR 5t
T, AHFFARFEIR [ P4 A6 B b X ——af A i Al B
ST B K ORI (LR T 1982 4F), 1k
W 3 Fh s AUFAR i B (N N R AeAE . N )/
FoKMEE . FKEME), XL 8 Fhim i Ar b #
TRIR] )2 A L B R fif i e 2 AR S A,
5 B OA 6 I X2 - AT HILER % (> 100 cm)
(RS RN 5 @A HILICAIL Y R] 3 42 X6 = HEaik 1 e s
IFMEBLE] 5 Gt AL AT 2 5 5k A2 PR ] AR & 56
FR MIFFE LA T A 5 DX R i YIS A 38 R Ui
H br 52 AR A S5 2 500 5 e SR A A -

1 #RERE

1.1 RIeHE R

0 BB AR H N A R N X
(38.6°N, 100.3°E), o Fuf P& JAg B F NI X, 1
K 1530m, R 7°C £4,10°C IHSIFUR 1
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FEEPLE 710 7, FHZEER 2345 mm,
FHEOR AR FER A | T JE PR R A £
IRIG AT (1982 4E)0 ~ 20 cm HFZ T IEIEABRAL AR .
HHLIR 20.80 glkg, 4% 0.76 g/lkg, 4:H% 0.82 g/kg,
Bl 28.10 mg/kg, ARWE 21.70 mg/kg, HRLH
99.10 mg/kg.
1.2 RIgit

KRBT, A3k ATt A HLAE Rt T A AL
B, EIARBEOME . B, FRIERC A, Tk 8 AMiEAE
b : DAL (CK) ; @ Fu it ZUAE(N) ; @& AL (NP);
@FEBEAENPK); OAHIEM); ©F P+ ZE
(MN); @A VUL + A BEIEMNP); @A HLAE 4+ & i
BIAE(MNPK)., /MXIFL 33.3 m?, #AE 3 W, 7EH[HE
VAL, ST I, BENLHES, IXIRISA K
IR M R K R
1.3 JKPEEIE
131 A REPEEHIRE, i N BhEN
120 ~ 180 kg/hm?, E K4 240 ~ 360 kg/hm*; AL AN
BAEHE N @ P,Os © K,0=1:0.5: 0.5 i/, Bie
I B RR A B R A, BPIE I AREREN s A HLIE A
RF, WM& 7.5 ~ 15 thm?, AHEE SRS
30.52 g/kg, DAV 18.4 gkg, 2Wf3.33 gkg, &
BR11.34 g/kg, FMEEEM 30% Hjfi; 40% HTE
KR WA, 30% FE KRN B e,
AHUIE . BEAE . BP0 0 i .
132 M CRAJUKIEBMER T, N AE BIE
K3~4), EAREFTMHAKS~61K.
1.4 HEZEE

R T 3 . VEE T B | it AT o R LA R A P
2 ol A AR R — 2 I )RR ARL I . 1982
—2006 4R/ NEE /N TR AR, —4FE—1F; 2007
—2015 4E R/ NE /) KA H, —4EBifE; 2016—2022
AR BB LA R R 5 2 R A AR
P —3, BRIFRE S R EA AR KRR, NET
FAER) 3 A AR, &N 300 kg/hm®; TR T4
RN 4 A PR N AR R, %R 75 000 BR/hm?,
1.5 HmRESWEFE

T HERE S TSGR “S” T2 ATCRAE, Sl
0 ~20.20 ~40.40 ~ 60,60 ~ 80,80 ~ 100,100 ~ 150,
150 ~ 200 em -8R, IREGHS], WAL 5 #1 T
- PR AR R I 5 o A LR R PV A R T K TR
B AN N AT R A  vRI aE s RIEA EER IR )
BE, BARDT RS SCER[19].

A LA S(t/hm*)=10xDxBCxOC

Arh: D NEHEEE(m); BC N HIERE (g/em’);
OC S AIA] £ )2 1 e HLh & i (g/kg)

F LR EAF R P(%)=(Sm—S0)/0:x 100
e Sy Mt AT HLAE AL B A AT BLBR A% i (/hm?) 5 S,
ANt A B AL B A HLEK if 5 (Vhm®) s O, A HLIK
MBAE (hm?),

Az 7= IR T FE A BILIR S BN (kg/)=(BE A BB B~
I A7k ) it A HILAE A g = £ 20

A AILIE 3G 7 5 0 FE A 4 B (kg/t)=(FR% A Sk i —
I A7 kB /(388 it A LA S 7R B — S it A LA A R
%)[211
1.6 HBIESGIT S

K Excel 2016 X &R TR, 1] SPSS 27.0
G e 17 223 FH(LSD %), ACF [a] Y i k4
Hr¥h P<0.05 7KF-, NiH Origin2024 #R{AEE .

2 HERE4SWH
21 KHARHEEARMHELTEFNHRESEDN
A1)

1A RIE AR AS W B B R -2 i, m]
DA Hh A5 it AT A 355 — B Be A 7 KT LA — B
P2 T 0.6% ~ 82.4 %, FrEAYIE XS A LK
WAMRKFEm . ANt HLAE B AR & = 41 A (NP,
NPK)Ab#H 2003 4FHFZ A HLBK LW ER4E(12.05 g/kg)
SEEITFRET 15.4%; 2022 4E LR ER R R T
11.04% . PIAME ) T Bl R AR T A 25 5, (HiESE
40 AFEAFE SR 0.28% o 156 A 1 it b AT AR XV EY
PR DT, (RIS RIS AE R LR R A
HUAE 5 10 A B & it FH 09 B A4 i (MNP, MNPK)4b
B, AT HLAR 2003 4F HLATERAE-F- 2 0 31.16%,
2022 4E LA IR AE SRR AN T 29.80%, M IEAF -0 A
TRECTRE 1.36%). U3 AT HLAL RS A B AT AL
WA B i 3G BB 5 i, LRBSP- A v X R AL
T ITHFE

ANEEAEAEFRRIFFZ (O ~ 20 cm) A PR
HAMEREZES . NER2ATLUEH, CK. N, NP
NPK &b 3 4 A7 HLI A Wik 2D . 5130 117 (12.05 g/kg)
I, IRIOES 22 4£(2003 4F)CK HI N 2B A 41
Rt AR, 2R AU, B —2.8% F10.9%:;
NP il NPK AbBEFEIEEA, 43514 11.0% F1 15.7%.
H AT AL A B - AT L 2 4R S i R e, R TR
T A A R [R], MNP AT MNPK AR + 3845 BLER &
MR R E, IXEEEE T 28.3% ~ 34.2%; M
FTMN b HESEIRAR T, BRI T4 = 5.6% ~ 6.0%.

http://soils.issas.ac.cn



%5

SR SCAE - R AL X P A WL 5 S o ik A 5 )

1007

RIGEE 41 422022 4F), 5 1982 4F-AHEL, CK AbHH}
2 A HLRR & BRI 10.0%, AEXEEN 0.24%, Lt
2003 AEEAK T 7.4%; N AZLBELEL 1982 4EF#AE 11.3%,

AR IH 0.67%, LE 2003 4FE[E(R 12.8%; NP Fil NPK
AER, A PR R D B R, B 1982 AR REAIR

8.9% Ml 13.1%. Z5REH], KA HEAL AL H it
AT LR 28 A TR IR, X T Zhang 25T
5 —5. ULIFERESE £ I it AL e B AR S A E Y
i (B IEAE— R0 T A B o AT it I TR B 4
T AT LR T B R R

1 KEECRBRTEMN R IEY 2 (kg/hm)
Table 1 Crop yields at different stages of long-term positioning experiment
0y ol i B2 CK N NP NPK M MN MNP MNPK
1982—2003 INE N T K 3316 4396 6881 7462 5501 7344 7997 8028
2004—2022 INEE-INFE-FEAK 2052 2102 8015 8428 5993 8422 9469 9993
INZZ 1R KA H 3332 4330 13360 14704 7847 13162 15151 15979
me Rk 3981 7953 13599 13490 8000 13095 14530 14004
TR 3335 5166 12549 13253 7589 12350 13997 14323
2004—2022 4E ¥ 1982—2003 4141 (%) 0.6 17.5 82.4 71.6 37.9 68.2 75.0 78.4
x 2 FEEELERETRENKRS 2k
Table 2 Soil organic carbon contents in profiles under long-term different fertilization treatments
+ BRI (cm)
A A3
0~20 20~ 40 40 ~ 60 60 ~ 80 80 ~ 100 100 ~ 150 150 ~ 200
2003 CK 11.71 def 9.45 ab 924 a 9.94 a 7.49 ab 593a 5.28 abed
N 12.16 de 8.88 abc 9.04 ab 8.92 abc 6.96 be 6.14 a 4.83 bed
NP 10.73 ef 7.57 cd 7.49 be 6.67 fg 5.56 de 4.79 ab 4.38d
NPK 9.67 f 6.89 d 693 ¢ 632¢g 5.10e 5.26 ab 5.19 abed
M 12.73 cde 8.55 abed 7.67 abc 7.91 cdef 8.00 a 5.59 ab 5.71 abed
MN 12.77 cde 10.02 a 7.82 abc 8.43 bede 7.41 ab 597a 5.48 abed
MNP 15.46 ab 9.78 ab 8.80 ab 9.33 ab 823 a 585a 4.95 abed
MNPK 16.15a 9.13 abc 8.39 abc 8.68 abcd 7.90 ab 6.38 a 4.91 abed
2022 CK 10.84 ef 8.08 bed 8.11 abc 7.22 efg 6.00 de 594 a 5.25 abed
N 10.69 ef 8.15 bed 7.83 abc 7.14 efg 6.24 cd 5.41 ab 4.56 cd
NP 10.98 ef 8.66 abc 8.04 abc 7.26 efg 5.80 de 5.29 ab 5.05 abed
NPK 10.47 ef 8.22 bed 8.16 abc 7.12 efg 6.28 cd 4.04 b 5.13 abed
M 14.73 abc 9.69 ab 8.32 abc 7.38 defg 7.79 ab 6.44 a 6.58 ab
MN 13.55 bed 1035a 8.65 ab 7.67 cdefg 8.08 a 5.53 ab 5.74 abed
MNP 15.58 ab 9.25 abc 8.61 ab 8.04 bedef 7.59 ab 6.18 a 6.70 a
MNPK 15.70 ab 10.18 a 8.85ab 8.00 bedef 7.42 ab 590a 6.38 abc

e RSB /ING E AN R R m Ab PR IR) 22 57 48 35 (P<0.05)

KA HUIE 24 o A Lk & = A RS
5522 42003 AR )HEZ A LK S K/ A
MNPK ., MNP>MN, M>N, CK>NP, NPK; % 41
4£(2022 4F)l MNPK., MNP>M, MN>NP, CK.
N>NPK., 5 LA, PIARINE 45 MNPK . MNP
AbBE AR HLRFE 5 32.0% ~ 44.7%; MN., M Ab3E
PE1 8.6% ~29.7%, H2ER W3, NPK. NP ZbHE
i 1.2% ~ 13.2%; N AEFEAMIRRE R —1.5% ~ 3.8%.

Horr, A LIS A RO Tt AL A 2 . DA it A
AbFEXT A AU 52 3B, FEPEILER L |, K
IIATEAC R A 2 B, ARFEIREE D, RIEA L
BRI R . MHIIARTE 12.05 g/kg FRERIEE 41 4F
%) 10.84 g/kg, TFET 10.0%; FLIEZH &K 306 At
OIS, 41 T 8.9% ~ 13.1%, fuitih
PIZE AN E A VUIE S FE T2 & 1 R L
Wi, ESE 22 AEIGIRIA 28.3% ~ 34.2%, 4L 41
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AF 5 HERE B TE 25.0% ~ 30.3%, H- 5 HAbAL B B
B3, WA T 37.1% ~ 50.0%, &5 E 4
A
22 KHARBEEAXMLEIEEIRIEN

A

MFE2FH Y 0 ~ 200 ecm AN [A] + )2 350G LAk &
HOMIRBUCRE , BT MR R, LA Pk
R T PR AN R AN F B 22 5 XA 25
FEREZE L HERIAAR A B, W EAR e FIRAR] 20 ~
100 cm +/&, I H MNPK, MNP>MN, M>N,
CK>NP., NPK (% . iRIES 22 4F(2003 4E) A HLIE
X B2 A MR S BN 12.73 ~ 16.15 g/kg, fLARIX
9 9.67 ~ 12.16 g/kg; [Rl—ALBLAYHEZA UK & B
i, BEE LR MBEA LS YRR T, #2S
Fopth A AT LK & 22 5 8 i E 7K P, 20 ~ 40 em
AR APUE XA PR & 50 8.55 ~ 10.02 g/kg, 1k
AEIX A 6.89 ~ 8.88 g/kg, HHHEDITHET 21.5% ~
43.5% F119.3% ~ 32.2%; 40 ~ 80 cm .[» +ZAHLAE
KAWL SN 7.67 ~ 9.33 gkg, LIEX N 632 ~
9.04 g/kg, B TAUEZE, (H2ZEH AR E.3 ;80 ~ 100 cm
T EAEWRE RSN L LE, 2R A¥ME; 100 ~
200 cm JiE 2 Z AR mAR /N, ALK S
AL, M 4.38~6.38 glkg, FALHE] | JZ KA TCHE
290, HHEHZ WA T 48.3% ~ 69.6%, H 5 40 ~
100 cm £+ 247 I 25 5 58 41 4F(2022 4F)
R A WU G 55 22 AEFEAR—5, hTiX—
ik B A R T A 8 7 FORAE Y, = e iy — B B
W 2 £, HHEAPUBRA T MR, 55 22 ER

FEARXTHRET (045 /N T AR b R ) 1 22 5 A ALAE X
AR X B2 A AL & B4 51 13.55 ~ 15.70 g/kg Fil
10.47 ~ 10.98 g/kg, A HELBER FILALLLEE; 20 ~
40 cm AR, AHUEX LA X FLBFZE 29 FRET
20.9% ~ 38.6% H121.1% ~ 25.4%, AF|BEKE;
40 ~ 100 cm TR JZIRENAEE, YI/NTFRUR)Z;
100 ~ 200 cm i H 2 A PR & B AL, WHZ FEET
49.4% ~ 62.4%, FEIKIE] . AbER[RITCHA 2500 . 4%
A BB T A RO UL, B E PILIC A B A AL
e E AR TAIEANEE; A HUEX MNPK, MNP &b
AR SR KT MN, M ACEE; fLAEIX PN N AbEEA
MUBK & B KT NPK., NP AbFE
23 KHEARERAXTLIEIEEINREEN

ETHFIE

M 1 AT L, R LG S R LR
FH A R SASEA — 3, B2 R, BRI
HESRORZ =0 HESR 2. KIS 22 4F
(2003 4F)HE A DUk e, by 28.7 ~ 45.5 t/hm’;
20 ~ 40 cm AU JE T RN 20.4 ~ 29.7 thm?, HLHEE
BT 29.0% ~40.7%, 2T RE; 40~100 cm 2K
14.9 ~26.8 thm*, HLHFZA T 48.0% ~ 49.2%, {H
H5RRZEERARE; IKEEMERMI, H 13.0 ~
18.9 thm?, FLHFZWL 57.1% ~ 58.4%, WEMET O
+2. W 41 452022 F)ZERAML, BHEH PR
BB, N 29.5 ~44.3 thm?; ZUR)Z FFEF] 24.2 ~
30.6 thm?, HHFZI T 20.0% ~22.0%, HZEFE
340 ~ 100 cm 0+ )2 HEHFZ I T 33.2% ~ 51.0%;
12 EHHZ D T 48. 0% ~ 57.0%.
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Fig.1 Soil organic carbon storages under long-term different fertilization methods
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it At %ok - S LA it B2 AR K, JC 2
JE A DL A e 8 Ak S M AR T d , PR SRAE B B 2R
HR R A I A MU = T A AL A% i . MNPK .
MNP, MN . M Zh 3 FEAN it A AILAE Xz 4 Ak A Ak 2 53
BT 8.8% ~29.7%. 5.0% ~22. 3% 37.1% ~ 43.9%
F1 50.2% ~ 58.5%. I, MNPK ZbHEA HLERAE R L
Bk PLK ALEEAY MNL M AN AILAE &b BE 2
71% ~ 20.4% Fl21.4% ~ 26.4%; AJitifE AL PR (CK)
AL AUIE AL BE(ON) He B BB L5 B4 5 AL BR(NP,
NPK)A MLt 4t 13.2 ~ 15.0%.
24 KHAEEEREE T IEERENIID

SiRgG AT, fRAE AL BB 2 1 A HLAR i
1982—2003 4/ T 3.7 ~ 5.3 t/hm?, 4EH45808, 168.3 ~
240.9 kg/hm?; 1982—2022 4E[Bas/b 3.0 ~ 4.5 t/hm’,
SEH U 93.2 ~ 109.8 kg/hm?®, A HLICHR & T
HHZ L HEAYLER B, 1982—2003 4F4EE T 9.6 ~

6or (A) 20234

N
(=]

B~
(=)

(8]
(=]

A7 WL AR I (Vhm?)
s 8

(=]

Al

11.5 t/hm?, 4E¥3H9 436.4 ~ 520.2 kg/hm?; 1982—
2022 AEHEIN T 8.5 ~ 10.3 t/hm?*, 4EHEIE 207.3 ~
256.1 t/hm® (|8 2), 1982—2003 4EA4 HLAL & A B4 HL
W4 39.0 thm?, A HLEKE RN 34.1% ~ 43.1%;
2004—2022 AEA PSR AR A NIBIEANZE 53.31 vhm',
LR EFEZ N 21.6% ~ 27.8% (Kl 3), 2004—2022
AEFPAR I BE R INAE /) B K TR L s 7 KR AR B
FEig b 1982—2003 4RI B4R T 66.7% ~ 76.3%(F
3), 2004—2022 4F I B [ 17 F8 020 1 45 Ak B
P TR S A LA L. R 3 AT,
TA) VG ARV VR 1 b, /N7 /N - R OR SR A oA ]
T, A 1 MUREIEFEA VLA 1219 ~
143.2 kg, 3™ 1 WM I FE 1220 kg; /MNEE
/B KA R B R 77 R GEAE R BT, A=
FEO1 MR T AR MLARER 141.3 ~ 161.8 kg, M7~
1 WP Y #E 1 742 kgo
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Table 3 Carbon consumption indexes under different fertilization treatments

E Eiztan NPK MNP MNPK
S EL (D) 154.77 166.32 179.52 182.16
1982—2003 A7 R TE FE AT LB B (kg/t) - 143.20 121.90
A5 HLAE S F= T FE AR FE 2 (kg/t) - 1 038.00 1410.00
sVis {0 235.65 249.24 258.46 272.55
2004—2022 Az 7 R FE A HLBRFS B (kg/t) - 161.80 141.30
A AL 7= T FERRAE B (ke/t) - 1 832.00 1 652.00
3 e 3.2 x@ﬁg@%ﬂﬁﬂ%@ﬁ%%%m
AW~ T PG A DA [ Ao ) B % A
30 KHENEIERRS L EGIHRSERMK FE e P RICR 1 S B PR 380 . /N2 - R B AR IR &R
fE= F I T e A ALK [ 47 232 (38.6%) 5 TEAR Ay FA A3

A FE I, I it N ARS8 2 5 i R 6 1= AT L
WRPESNAS , A DR & 1 Mo i R A HLIE 51k
I B e A Ak AL Pt A T A Ak 4 3k — &5 SR 5 U
R TR AL 2 DA OG22 Bt ZU A Ak B % TG AR
X RE R = MR R A , B A AR RFSE T R,
XSRS A B B A A A HLER T A (0 4k
HRIETE 15% ~ 22%)>°) | [RiHE i 5 3R b (pH
THE 0.3 ~ 0.8 BRI HETEHLRIIR K (12% ~ 18%)12°
HIE5TE M)A o 1A ALAE Bt AR 22 30 1 2 S AL SE B
BB RISk . 1 e, AN BLER G A BRI HL
WA (AE 3G IR 0.8 ~ 1.5 g/kg), AHLIES ZME T
Jiti Ak A P HLRR I R 0 3 o T LA A BT K
A LT T e L P O TR 4% A E iR Ak (pH [
B <0.5 BT, i R AR B R R A R, (A TCHLER
P RPERIFE 5% ~ 8%, BT (1 =ik 5k 18 4F
FE N IR PE— A UE S, A5 L ICHL it 388 1 ok A
PR ERTE U AR, 7E 0 ~ 20 em #F)Z 5081
B LA 2 PE T (G IR >30%) H S B fifh 1 K
AR EERIE W, #HZ0 ~ 20 em) B AP S
Her, A LR S A4 T B )2 TR 2 e
P, A HLICHLEC G T X — k. mr Al
WARRE T IX —2518, Bl o A ML i s hc i A 54k
FEL B4 A5k 77 BN RV, (8 3 B s 2 R A B AN
A WU &, 55 M LR RIS TE AR FH S5 AR EAR &
HYAR R A3 e [ 2 T sk ) [T o < S0 it 3 aod A
MUK 9 2 B RS 5 U I S ke e, 3R_RIHRZ
(20 ~ 50 cm)RiFEIETE . TR)Z kY15 AL AT g 5 et
PRHEAYAR 2T L B A G = iy i el Sk
M, BHTAMF R - FR S AL RKEE T2,
RIZ ke HEAT 2 R AR AR R AN, it — 20
S5 R E S A Y Bk s i — 24k

RN AE R (132.2 kg/t), /NG // FKEIE S T ok %
VEVR 2R AR 5 778505 0 R IR (24.7%) . Bl T FE R 3
T2 156.6 kg/to iX—2E 53R, VEYBC & E T I8
T A 5500 1 1 Sl 2 P17, TR 205 ) - R () R
P R AER R A LR A 8 & A7 T BEAS 25 T R AR}
TEYIAR B ) 5 A HUAE A U R VE Y, AR R
SR YT S ARG T BRI R A Ak R EO, A/
FZ-EXRRAERG S, /INERFFRR R R A BB
kb IR R AR, R TN ERA
Fb T KA BB AR SRR A4 - 38T WLAR B R 3800, B AR T
FHERRE AT AR B L ACERY S M2 R, IS
HEVEMR Z T K 3 5 0 g AR A o 7 B U N 4R T
PR, (H KRR R W B o ek He g e B
FIREINE £ HEA WL T LR, B A -3 A7
Hefi. S+ E R XA A HPY, B
VB - DX [ 723 0 oA ) 38 ) SRR B A B, 3]
AE512 DX S SRR & S IR (<20%) R AR A7 RE
5545 2PN N - FORBR AR I o Z AR AR AR A
SHEMUIBEE A, w7 BEIE ik AT SR A LA 1 1 #
FFOY, T 3 AR T K A B — B AR A UL T R B AR
AR o R LTS VEIR 2 rh 2 B0 o 5% [ e
T, AEHA it P T i PR i R b A i i e A 1R
AP T aE ARSI B AR R D M O TRk e
L DX IR PTHRFZEE LA, Y HT VG JCTE X 5
MRA F K TEAE LALERE R 7, AR AR5 TIE S L T #E o
BEETRERR, TRESS RS EERE, W
U, e NE - E RIS A A LR S LI B,
FTFELR B =t 1) (R s TR FHAOR , X 5 2 Bk1E
() “4%o +IEHEERAEI” HARHRAPT, Rkt
— AR RIVE Y BT MR PRI R0 5 A
TE TR B SRV (R TR P AL, O DX sl FR Y T 4R
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