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BUVENNKH HE IR EEH G5y, & NN E TR B ZORYE, H
BRI HE R RPN TR, BT AYE TR N R E, A
THGHRZ B SRR = L E TR BRI, A HURE 77 B A NATET . HSTH
B & AV E F7 5 51 2 [8) 2 B AFAE 22 57— ELARAE G+ o AR 5T R F 428 1) X 15
AR HAEG AR 7507 20, IREA WS H A WE TR 2 7R 0L, IR LR
XFARPVE TR RN, FEERAR

(1) H3EEEE. ERAEE N, Py KIEMHR T, HEMEMC. N, +
i pH, LA N (TN) UEEFANR (SOC) ME & 5ENAEMBNEKIE
L. WA NUER, HEMAED C. N &, HEENE, HEEHRSES LT
B AR, EEmEH 127.4%, 351.3%, 46.2%, 76.5% (P<<0.05). FHEHL
FitE 7 A Re g v IR P B A LI A U & &, o A BT, B 3 A
AW .

(2) EAB M. EiAMESE N T, BAHAER, SR E A
s E T AANE. HEEMEHERN, EEKREARTEAME LRI E
T . WEILRAERE, HHEY 16 MERERSER THINSY, HHLL
Nz 16 FhEZER BB E M/ NZBE SN 142% (P<0.05), AHLEEX 16
PR S B E TR B EmH 7.3% (P<0.05). H AN HIBR & a3
R ORERAAER) SERTERAY. Hik, NEARSEAE, GIEY
EARSEELTHEABY: NAERSEAE, AIEYEAE IR &
THANEY.

(3) BHILER. AHNKNER Mo, K. P. S. Mg TR SERETHIL
Nz, H Sy K. Mo EURZERNEE (P<0.0D); AHLE EKIH Mo, B
TEREEmSTHEME LR, HMo tmdEEZRNESE (P<0.01). Lk
NGRS, &N Caw Mgy Py S, K. Zn. Cu JCEAME T KFFRI Ca.
Mg. P\ K. Cu JGRHE 0% B (SR & E&AIK, BB Mo
TOE M B 5 7 HUIE G FH 2 R B, 6 FH Ak AR e 5 4k /R 4 %o BE L™ 5
JLE, JLHE Mo e E M.
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(4) HAEILR. AHIAYHKKAF TR As. Pby Cr. Ni & EAECTH
MABY, Mn. Al TR EGERZEZMRTHEANGY) (P<0.0D). FZEHIIEEHEA LB
IF, Crv As. Ni Jo3 & &SR EBEE IR LBl 3G in i A it FH A LR
B, BYIFFRL Asy Ni TGRS EAT 250, iEHALIER, BYFFL Niv Pb,
Cr U & AN 22 2 hritE, A TV53e90. Bk, AHAYEE L HE A
i ol

K@ ALY, HARRY, EAR, ®ER, TRTR



Abstract

Abstract

As a part of daily diet, cereal is an important source of nutrients for human, and its
nutritional quality is directly related to human health. In recent years, people began to
explore new ways to improve the nutritional contents of cereal due to the serious decline
of quality caused by modern agricultural industion. Organic system arose people’s
attention. However, there has been a long-term dispute over the nutritional differences
between organic and conventional cereals. In this study, we used two ways (field trial
and farm survey) to compare the differences of nutritional quality between organic and
conventional cereals, and to explore the effects of different fertilizers on the nutrients.
The results showed that:

(1) With the same input of N, P and K fertilizer, soil microbial biomass C, N, soil
pH, soil total N (TN) and soil organic matter (SOC) were found to be directly
proportional to the proportion of manure. Soil microbial biomass C and N content, total
N content and soil organic matter content in 100% manure were significantly 127.4%,
351.3%, 46.2% and 76.5% higher than those in 0% manure (P < 0.05). It was noted that
organic farming could improve soil quality and organic matter content, improve soil
physical and chemical properties, and increase soil microbial quantity.

(2) With the same input of N fertilizer, the protein content of cereal in 0% manure
treatment was higher than that in 100% manure treatment. Along with the increase of
the ratio of chemical fertilizer, the protein content of summer maize showed an
increasing trend. As for amino acids, the total content of 16 amino acids in organic
cereals were higher than those in conventional ones. The total content of 16 amino acids
in organic winter wheat was 14.2% higher than that in conventional one (P < 0.05), and
the total content of 16 amino acid in organic summer maize was 7.3% significantly
higher than that in conventional one (P < 0.05). The content of Lysine and Threonine
in organic cereals were higher than those in conventional ones. Therefore, organic
cereal had lower protein content than conventional one, but higher amino acid content.

(3) The contents of Mo, K, P, S and Mg elements in organic winter wheat grain
were higher than those in conventional one, and the S, K and Mo contents were
extremely significantly different (P < 0.01). The contents of Mo and B elements in
organic summer maize were higher than those in conventional one, and the content of

Mo element was extremely significantly different (P< 0.01). When controlling the
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proportion of different fertilizers, the Ca, Mg, P, S, K, Zn, Cu contents in winter wheat
and the Ca, Mg, P, K, Cu contents in summer maize were the lowest in 0% manure
treatment, and the content of Mo element was proportional to the ration of manure. It
showed that the use of manure facilitated the absorption of some mineral elements,
especially Mo element.

(4) The contents of harmful elements As, Pb, Cr and Ni in organic cereals were
lower than those in conventional cereals, and the Mn and Al contents were extremely
significantly lower than those of conventional ones (P < 0.01). When controlling the
proportion of different fertilizers, the contents of Cr, As and Ni elements increased with
the increase of the proportion of chemical fertilizer. The As and Ni contents of cereals
in 100% manure treatment were at safe levels. The Ni, Pb and Cr contents of cereals in
100% chemical fertilizer treatment were all at unsafe levels. Therefore, the organic

cereal was safer than the conventional one.

Key Words: Organic Cereal, Conventional Cereal, Protein, Amino Acid, Mineral

Elements
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1l IRERE5EX
1.1.1 —R“GRBEG”

S U SRR S (R R RTINS i, TR Pus R R, KR
H BRI SO0E AR 7 il [ i SRS K [T, AR HE Al A 4455, B AR IR L,
PR AP RS e g i P v I T I P o ) R, o SR B AP i it i e Al
fRURR BT A BR I B, BRI R L R 2 5% 2 S (/M 4R, 1997).

20 20 60 FEACHI, LLEEE N E (¥R e b AT T LLKFERT N2 it b e
ROAHL IR AR, kR =B B E K, Eir B N — ik sk
o fr OO GR AR R, 2016).

WL A AR /N 22 K AR I3 B BT A L, TE LA 22 R R R |
AMEHUAL B AL R EFERHAR, AU FAR 7 BRI S &, AT 18
AR R AR I, G TR IR R R R, S TR E 45 (R R
55,1997). [FIES, 30T EME RGN R, ST RGN IEAR,
M7 AN, WAREERERE T —%Em. @ma. . &l HEANE
fr, DLRFIE. UL 2000, BHEM . LStk (UAE. K2, P2ihfh. 7 dh
. EBR R G IR AN e 3l B CCRE AR FIRR XU, 2016: B/ 45,
1997),

H, AIERZAI KR, W™ EARE A R a8, a0 4 BkAR i,
WEGGAL, KIET5G, M Z RS, YRS IR T, NS ROk T e
Z¥(Amundson et al., 2015; Rockstrom et al., 2013; Godfray et al., 2010).

BB — B i A P AR 24 [ K it P ™ e A\ 26 S AR R . AR WHO
AMTUNEP [k, At A4 2600 /5 AR Z R, HdA 22 /AT, £E
BAEA 67000 NAKLH 5 (Zhang etal., 2011). A LG AN 7 2 Mo aE, o
Jitidee B B EsR . AL DA (I S5 ) K AE JLZ8 (Weichenthal et al., 2012)
RAGHURPERE A 5 4 R A 10%(Xiao, 2005). F34h, R 2 5L K,
YR IGIN T B SRS IER L2 (Mark et al., 2012; Betarbet et al., 2000).
RV ERWLER JIRE, PIEEARR A0, 2 R A S

1
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7 (Bouchard et al., 2011; Stewart et al., 2008).

PCRE ek St P A AR VB b BB G o i b, sk A A e A i .
JE R — P AVE IR TE IR BT e, RN 5, DO TCIE R A st i
WfEAE T L3, SRR, NS SBRIED T ESR S &E%, 220
e B e bail, RATENRATRER, m ARERER AT 55,2014, %
SO A%, 2008). FUSE SR, W Ag. Hg &, BRI, AR
A 75 H B A W AE 2 1% M BU%AF I (Hussein et al., 2005; Granero and Domingo,
2002).

112 fErEF MR T

H 20 40 70 FEAR I, /R & - 30 A0 95w B BAKSE & SR Ph RN B L A,
PR — kR A S, (RIS A A R B, BT B SRR, R
REEY P 2L S, HEWHEE . FPWEE =R, DUE LA
MU ek, WIS BOXLAEY) ok 25 7 BB AVEFRME, ERAIEWEFR RN
F%(Gruber, 2016).

WEFCR I, A 1950 3] 1999 4, KRFERRE A 0 s RMYEER
B R e, o DR X SR 1) R ) T4 e S R R I A TR IR
d il (Davis et al., 2004). TR T/NEZMBEFALIL, A 1920 42 2000 45, /)
Z Fe R E T T 28%, Zn iR E N T 25%, Se ¥ % T % T 18%(Gruber, 2016).

TEVE TR TR, &R T REMRRE, Wk, ERAR%. K
YL AR RS 72 R (SRR D) Be= . Batklik e kA Tia4k
AL, 2 PEORAZ LA LA AR, I8N L K2 7= E S8 T 2 A
T RTINS B YU 5l R B, (HE) 4™ s i — A
H X BHX N AR RS RE(BEE 5,2017). BRIETUIRIEH: T2 R
b b BRI SN T, L BB e T 2 2] L DA AR 2 A R e 7D (Uil 4, 2010,
Welch and Graham, 2004) . & 4Lk b5 53 F 20 2244 A 11(Burchi et al., 2011).
Y5 FAO Giit, &5 1% N H A E TR A R B IR(Food and Nations, 2015).
JLEIE T B = 2 Rl T8 754 K. (Welch and Graham, 2004). [Klith, #5
VRV IE 37 b JFUB LE B
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R 11 NEFTUL R 49 FEFYE (FIEKIET Welch and Graham, 2004)

Table 1.1 The 49 essential nutrients for sustaining human life (data from Welch and

Graham, 2004)

- HE R [iiEESi=gili] - s Y &R
KR = CRULERD B KETLHR  WELR
K HER SRR IHI PR Na Fe A
I
POENE emm v K Zn D
R AIR Ca Cu E
AR Mg Mn K
WA IR S | C (FLIAMmE)
RNAR P Fe B (B
[SReaNiry Cl B B2 (X F)
IR Se Bs (IZIR)
SRR Mo JHER
Ni Be C(HERSEE)
Cr R
\Y EXY/EN
Si B (EiflZ%)
As
Sn
Co

MR TR R D 49 Flg FeP ks 2 R 752K (38 1.1) (Welch and Graham,
2004), HAH 19 B FIEE VTSN THENRSENE IRE, RER
S D) REAN L FPAR L FE ) 75 X (Graham et al., 2007; Kennedy et al., 2007).. 4} i 71 ,
HATH S B 20 (2N OAFAEBRERME 2T, oA K402 10 £ fil L EE (Diaz et al,
2003); 5 % LAFJLE H T8 = 454 2 A T2 H &5 E R 280 Ji(Diaz etal., 2003).
RAEY)E T E TR e R B RRIE, T, PR @R BV E 75 B R T+ AN et
FEF H E & Y (Graham et al., 2001).

1.1.3 RIBERFEFRRBERARE
1.13.1 RABRERSE

RN ECR R F IR ZE W BN =8 A SRR e HE.
IEMAT AR R B AT, ARML 1) BE MR B AR R B NSRRI, it A
VEE A AR A ® ) FE 7 (Howarthe and Rossm, 2010) o
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75 2% B X FE 1 Lol A B 5K, B M RO B AR 2> 5 A A fd B AR
(Mozaffarian and Ludwig, 2010; MarkMuller et al., 2009). 20 {2 30 4E4%, 5[
ARMVER 1 H b 4 Rr B 5 mR R M ARG ACE, IR A 2% IR fr ke
43 B A\ (Freebairn, 1995). HAWHZ B H 3 224 b Tl 52 m kiR 5
B, R SGEIR S &Y 5% (Burchi et al., 2011). “FT A IXLLI0 H #5256 T
—/NHTdE: THE R R R R M. E DS R R (Mozaffarian and
Ludwig, 2010).

BT RBEHEZE, IR GEOEG 25, RETETINIIHEAR, ibe.
AR PR E PR T AR AE R J)(Burchi etal., 2011). /R — @2 &R
TYUE, 1EJ5E — LB (Freebairn, 1995; Swaminathan, 2000). /%% (45
FEE P TIRESOKANE AR EY I &, B 7RSS 8 A B — 2 Ho At
1 75 B R 5 1Y) 5 (Swaminathan, 2000). 7E<G: 8 dr 2 7, 1R 200 E X
REFAE I 2R, MR dr— e R B B T AT a5, =
T L X AATT B FEAS RR GG AR 4t 5450 B () B PR L (Graham et al., 2007).

80 HARHIIH, M TR ZEMESNIRE, —HRRIVBEERN TIRZ LT
B FEW) R 30 5E (Pinstrup-Andersen, 1982; Pinstrup-Andersen etal., 1981). fRMLfg
4 AR RMNFI R 7=, kD AR AN Hb X LRI 190 1 — /> B2 2 - Bi (Kennedy and
Bouis, 1993). HAR ZIEER A, 1R 2 507 T 5 mR RISON AR VB -5 A 5
JLE )78 77 (Braun and Kennedy, 1994). RA —SNIN T EFRHHE, £rrasE
77 i B AP B R 21— 5E 1 FH (Ruel, 2001).

90 AR, ARV R TN S AL RS B e R E R R AR T L AU
B, DUKRE MR E IR R Z PIRGL, B 51R 7 SEBL LA B W) Al Y B
(Ruel,2001; Haddad, 2000). 7£ 1996 ¥t 5 £ T2 1% 2> (World Food Summit)
g5 R 22 A e SR 1) S Bl T 5% 22 A A A A R (¥ 2 224 (Burchi et all,
2011).

1.13.2 EFBIREARE

20 40 70 AR, EFRBEMIH FEE TR G T HAR-REERNE = . (A
FEE IR Z 1) P e R ZR AR A, A ZRORT T 0 AR B RS IR T 7 T T
(R I BEAE FH 193238 B (Burchi et al., 2011).
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REARKEIAEERY], 2T 'Y AT H 56 7 Hbs NFERE TR
W, AEIX PP TP AE B S (Burchi et al., 2011). B%%, XS H FEAE G T =K
WMEEFRYR—4EE R AL B R, BARX =MERYIR RN SR, B2
FHOGHIREAR SN N B 2 ARA) 200 FLAth— e B 2 1) 0 55 78 TR 30 AR R A
H: 382, XEEITH FEED T B EE R, 11— M REEN 5= 2 M
TR R )5 (Frison et al., 2006). K, B—E IRV AIFM AR, HEIRLE AL A
SR TR B ZREIR T T BB AR A, A TG IR R S B P R B T RS
(Burchi et al., 2011),

1.1.4 BHlFE@mESR MR

B A RIRZ 5, GRS G Ear LIR, Ak [E ZOR AR FT B A
BFB ROVA IR 4 A0E B SOt R, WiGE — Ry 8, F8R
BONAN AT AR SR ARG, IREE TR N, ESTECE. EXFERRLE
SN BRI BAREETGE, FEBEFRRATANT RS AR
WA g BRI . MABEIE O™ B 7 (2 1E W, 2002). JEHAZ 20 4D 80 4F
FRUAR, 5% 5 2 3 v B AT e Je (0 AR, G LA 7= 7 B A BR T R R
WL R AR 2 —(FF 1E W, 2002).

AR, AHURNGHE R, 8530 AL A m R AR E I8 B A L
ARV IR o B LAY 1 58 AR HELE 2 tH FRAS [5] 3 5 5 — 58 (22 7, AR 13t
AP )L FRFAE R A AR B, BiA: 3 AR A K3 (Smith-Spangler
etal., 2012).

AHLEM S HAE AL, FEF = SRR B, IR, SR A K
AR RSN LA B TAEA LR A=A i e 2 b 8=, &
WL it B8 AR P AN T R e, A 250 Je AU LA L PR A 7 R it Jom L 4 5
RIRIERFNTVE, FFREIL A% B S AR R, KA LR ™ i bR L
FHILHAL R MR E . 8=, SHAMEMMAL, Al amEEN LT
FE P ST BRI AR B A e A, N RIMERE, ARG, BARFIE 2 iR Kk
Rk R RIZR2EE, 2002),

BT T, AL S T A A A o (R T AL R E TR A TOIR
WAHALASRSZ 3 2 1 E 14+ (Lairon, 2010; Dangour et al., 2009; Kirchmann
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etal, 2009). ULFFRK, WFFEATBORBE A HUEDRE 77 B PP (Rohlig and
Engel, 2010).

MR S T T, AEON ANATH B IR I EE Ay, RE AR, R
ORI i 70 2R S5 S TR R B ORI, A5 A A e NS TR R 7 &

dh(Ciolek etal., 2012). /NEA T RAF N =KEWIRI LA >, ENNTHHE KRS
GEZEIE, PRRHE R IAA EEE

1.2 BNSERSDEFBREFNARIRK

HEC T ANUEY S UEE RSN ZE R ARG, THERTH
WA S HEIAY R et e g /b, I HE5 B A —8(Vicek et al., 2014),
W GETE, 1977 FE2 2011 4, KTAHUEY S & MAEYE I8 5 5 2 e et
TSR R 343 k&, BYMUA 61 ki (Baranski et al., 2014).

AHAEYS 5 A A 7= 77 200 XA RAE AR i JERL 1EW
{54175 R AEYD I 5 ik 3¢ (Baranski et al., 2014; Rempelos et al., 2013; Cooper et
al., 2011; Bueren et al., 2011). KT H P E AYE F7 i 5 BB IT 3250
A=K, 1D KSR, RHRIRE ok B T ARSI A ML Gl I, 2) JREk
YERFE ST, R HLATTCHURE St o2 AT 2% 2 R LA SE IR R 3 fiR AR s 3) 48 X
By, RIVARHE 1% € 1AL B B AR L 1A BLAR S AL S0 AR I KR BURE i (Baraniski et al.,
2014; Dangour et al., 2009).

AL i PR % i BRI 22 A P A DK 52 31 )32 56 VR A1 4 18 (Dangour
etal.,2009; Lairon, 2010), =& W T AFEF TR ERAR, 74T
ZFE) 45 B (Vreek et al., 2014).

12.1 ERRMEER
B AT A TS BRI, B 20 2R R FERR LUK [F] B B 4L T R
IR R M R VT R A S, oo 8 e AR RE & B # G B
FERANIE BRI FE L, W B E R4S 1 0 TR E IR (B R L, 2015).
EI R B i 5 252 2 M R R R, 0B R A5 IERLSE(Zorb et al., 2009).
HA R 0 R 8, AN 8 5 1 & &2 2K T8 LA M (Vigek et al,
2014; Zorb et al., 2009). XZHTAVAEFR N RZE2AVNAE A, WEHE
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R SUERHESE, AHELH RO I 1O, RIS, FTLLEE P R RAIG
(Méder etal.,2007). HEATALY, AHIAY, THRNE, EARTESH
MBEMEAR S EMEAZ, R RGN EEAR S EEm TH A
Y A 5 f(Méader et al., 2007;  Shier et al., 1984).
BV AR AERR T R AR S AL, IS EAEE AR . A
TR AR, X R R R R B ORE E AL E,
1995). Vréek %5 (2014) % 2008 £EF1 2009 SEFAE (KA HLANH /N2 5 A TR E AL
RBATHI T, RIAE B/ 22 8 5T T AR 20 ) B RN 22 i Y 83.4% A1 84.1%,
REFINEZEARSREMTHI/NE. Carillo 5 (2012) KIAHL LT H
WA BER. WEAR. REAER. REAMKEZHAER S EEm THNL
Tk, HRAERSEELE M LT & 25.7%.. Mader %5 (2007) FT 21 4F )
RHSES:, 40i7 18 Mk & &, 2R ERAIUEMEER S &S TIEN T
BEZE R AAWA AT ALY, GIEYEAR S EBEMIUTEIAY, (HiE
5 2 B T IS Y A 5 (Williamson, 20105 Zorb et al., 2009) .

122 §RE

RS AREICR (NEFREMRARM TR, 1 Ca, Mg) AIEITTER
(TENARFRAFE R IICE, W1 Cu, Fe, Zn) (Martinez-Ballesta et al., 2011).
N ARGV & ET GRS S, TRy FoRmsz, S8
12 1% 93 (Welch and Graham, 2004). #4990 Jii T 3R 1) 75 552 2 Bl R R 15200,
VEANS, LIRS BB A 5 2055 (Shi et al., 2010; Zaccone et al.,
2010). #RAEY, Wbz, WARZFEITCR, JUHJE Fe M Zn (Shietal., 2010).
Zn 52 2 FhEE AN BT R L B G, 25 2 Pl AT AR A BE IR 1) i RN 3 (Vallee,
1988). MAPIEVINATH BRI EZH 5y, £ A Zn 1) EZRIF(Gibson et
al., 2001). # Zn IR A, JUHREKEPEZ, BOy™E, FILms
BWh Zn TR EZF) 2 FVE(Graham et al., 2000; Frossard et al., 2000).
b, REBGE LT @AY M E TR S &, JFBAE TR (W1 Pb, Cd,
Heg) W&, adEw EER(Vicek et al., 2014).

T AFEBF TR B INEANR, TR b B HIAR MR W
Ryan 4§ (2004) K52 4 K IR H /N ZREAT LRI, AHNER) Zn, Cu JT
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REBEEERETHMIZE, N. K. Mg, Ca, S\ Fe THEFELHE X, Mn.
TR REDFHEM/AINE. M Ciolek 25 (2012) WAIL, HHL/NEHFLLH )
U1 Mg Ca. Fe. Zn GEMEEERZE R THMINE, 4R, Ca. Mg ItxEl
EEZHR T R, A MR A LS S Fey Zn S EBRTHMAE
MRS, WHAYFRHSEHHME RN &,

FLLTC RN MR T A A DR, XETTROAFMETR, WiER.
fifl, B RSSO IO R U R AE e VG AN AR 2, B e Ve
W oxef NG RE S, . B BHIGER . WER 1.2 Fom s N AR 7 R AU
B IR R LA L SR TR E (FAO/WHO, 2000). HREH EfE c R R A T2
£ 2005 FHL W2 E FAME AR KK 13 Fioo® IEH 2% H 16 H
H/ZWY04-2005, A& Pb. Cd. As. Hg GRS EIEHTUEAN: Pb iR SEND
F 10 ug/g, Cd LEFTE/NT 05ug/g, As iR ENT 1.1uglg, Hg iR H &=
/NTF 0.7 ug/gs

123 EWERYIR

BRI, AHWEYIR TSI B e 3 & & 5w, HPUee i, k.
IKIRSE & B MBS TR A, ARG HEREAE T, AT AU EYI &
& I AR, HE R & =R S 25%-30%(Lairon, 2010). 75 H 5T
KIMANAVED BT AMNR, 2o B m TR e, HhmmERiiE. 28
LA B SEERETE . BRI E R E AR 20 E 19%, 28%, 26%,
50%, 69%F1 51%, TME4JEM Cd. Pb &= BAK T H MAIEY (Baranski et
al., 2014).

24 Rk, BT 2 BRI B R IR, ST A NUEY S R E
WE IR R ZE R BB A —, (HRRSRUL, AHEY B E 37 5 52
(Vreek et al., 2014), I H7EREECE F=Y) 5T I 7 & 2 51l & B K 1 (Baranski et al.,
2014).

H AT 5 108 5% il BT T U2 B T DG IR A e A ol XAk, k=
KA B K H 5 (Méder et al., 2007), {HZ2RMAYEFTRMAKIFRRS, BRTH
Pl AN, ARG SR T AR KR | TR IR L SRR RIS 18] 45 (Smith-
Spangler et al., 2012; Dangour et al., 2009), 11 BRI FE 45 H1 X IR56,  #RIIE



HEBRIX LL R 25 52, (R U A I 50 R 2 R A R A R 11 R FH 4 s i) X ok
SREGA LA A o
R 1.2 FRTE 25-50 F 2 MK B AR Z NEFRRZEVIRRE

Table 1.2 Recommended nutrient intakes for males and females between the ages of 25 and

50 years (data from FAO/WHO 2000)

el P BN LN
fem (keal) AEA? 2900 2200
=AR (@ AEA 63 50
et A (ug) RDAP 1000 800
44 C (mg) RDA 90 60
4% D (ug) RDA 5 5
4R E (mg) RDA 10 8
4t E K (ug) RDA 80 65
4i4 % Bs (mg) RDA 2 1.6
42K B (ug) RDA 2 2
i E (mg) RDA 1.7 1.3
AR (mg) RDA 19 15
WifEZE (mg) RDA 1.5 1.1
ZIR (mgd™) ESADDI® 4-7 4-7
AW (ug 4 ESADDI 30-100 30-100
M2 (ug) RDA 200 180
Ca (mg) RDA 800 800

P (mg) RDA 800 800
Mg (mg) RDA 350 280
Na (mg) MRd 500 500

K (mg) MR 2000 2000
Cl (mg) MR 750 750
Fe (mg) RDA 10 15

Zn (mg) RDA 15 12

Cu (mg) ESADDI 1.5-3.0 1.5-3.0
Se (ug) RDA 70 55

I Cug) RDA 150 150
Mn (mg) ESADDI 2-5 2-5
Mo (ug) ESADDI 75-250 75-250
Cr (ug) ESADDI 50-200 50-200
F (mg) ESADDI 1.5-4.0 1.5-4.0

1.3 BHEEAMLAEE R ISR

1.3.1 BB IR R RO 200
4R FAO k&5 41, 2014 F4aERAL AR RN 1.869 14I(FAO, 2015). T

9
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SRR, JEIE N AR, 55 mE LRI G . 5Lk, FRE ML AL
JHE 2RI N . 58 [ 46 K08 B 5 A BB R F 28 k5 50%, miH B MACh =02 —
AR T %5,2000). HARMAALEGE N2 S8, R R E BN SR 2
—, BBE L IEMIE KT, SEUKRE EFRERIRTE 5§, 2004; Byrnes, 1990).

Ti FF 3 52 PR AR RE A 18 v 4B A ), B 5@ B A R N B, 5 R IR,
e e, (i EHAMIE, B SBORERSS . BbiiE TR 4270
BEA, HEUEAT, BTAIERKI AL B, RIE=TFR M AR &2
10%-11.5%, FFEH| 3%-5%(E H &) 55, 2004). 74h, I EMALEE S FE L
BRI A VUM RS, 36 E GRS TR A R A JLAPR B (g B 2k
it 450 12,38 76(Pimentel et al., 1995).

1.3.2 BHLAERFI A

ANAE R E g Aol A= R EE AR R 2 —, RIEHEMRET. K&
FEMBSE Y 5kt ) HERE D7 2N A MU RN FEIL H, 2015) . AN S A 1EWA
KHFEM N P. K550 0 R SHARE -V (B NRRTE SR, 1998). AKX E
FAE N, FKEREH G LN & Gas Mg, S ERMEILER, FROFIH%E
B, RUANESAE, EERNEAR. TR, KRS, SRy yor]
H, Bk, AHERRESG RN A R, FREEm LRI ) J - A e = &
EZEE 2 —(ZE 4, 2013).

ERAIRALIG, HHRKEMWAE KR WEFRDRAME TR, MEYH
B RAEE EEER . ARSI R IE SRR |
ARSI A =, wE KR 2. 4R, MRS KGR,
BESE AR BRI AR, BB (PO R (2 1, 2013) 0 AT HLAE A A AT ML 7E 43 i
(R BB TR U R, (R i AR G4, B 1 R ROK AR R, 2
IR AL I R (ZE AR AA AR RA, 1999; B H 45, 1999). A HLAERR T REME 1
NIRRT CnEAGE . R RS BEEAh, IERREE S LR
ALK EFE Sy, (Rt H S IEAE S (Mandal et al., 2007).

1.3.3 BB ARECE IR IR
AYERES AR & LA VLIS B IR AIE A &, SO L3RR B 5= 73
PEgs, (A HUERIENCRENE, M AR S E AR R B @K, UIERE (L

10



B E iR

LN ) A PR G 0 L e S B OE AR 4, 20065 G A4, 1999).
Pltk, R, ReRIERE KL, T IESEEAVUER P . B 5T
R, AL PRI, RE3em LA Ak SO A & B (RO 52 5
X, 1997; X = FIE R, 1996).

IR AE YR RS R G SR BRI 4, R ORIIE 3T R I E R A
LR I RIE . LIRS 5 TR AL SEIR . MUK oA 2
RERIIIATY, B AES RAIRS IR, LREEY ki =R
F, AT DR e AR M SR BT Je I i A 28, 3B FR 0y SO BB 1
thas”, DA FE A S RS U 28 7(Lin et al., 2004; Smith et al., 1990).

AREXT S A P i s 3 B O LR, R WU AR, I3
A K32 B R E IR RN (R K A o LR, 2> (68 L3t A M s PRk 55
AN, KA VAL, feiede s LIRFHEM ISR GRS 45, 2001;
ZEIE 25, 2008). 1104 HUARACAEBC R, 39084 M B 5 45 3 78 2L /0 C JEAT N I,
HEE R BRI, AT R A P & 52 7 (Mandal et al., 2007).

1.4 MARAEEREMREW
141 ARAR

ASHIF R F P AR T7 %6 -

(1) RA M XA 772, PO A HUR AN E AR /N2 KRR
FCIORFRL (18] 7 il o 22 7

(2) RHAKHERE I, DT AE A&, BRI E 5 5 P2

EL
Bas

142 #izxE®
(D) XM ENS E IS YE 37 bR 5.

11
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E 28 ANSEARVERGRRER

2.1 MIEXERFR

I b ST L AR AR L AR AR R S R AR TS R G A E AL (35°26'34"'N,
117°49'13"E). ZHuALFT A X, Mg XA, #Hk 200-400m, J&Ti&
X KRS, S P ARN 13.2°C, MRS BIZREEIH, il R 4E i
FMHIX 2 —, FEAEPERKET, LEBEKERBOR, FFEEREA 725.0
mm. EITCFEY] 188.8-212.0d, 44 H BRI Hh 2539-2490 h, FIFAFEIY], Sl
TR, NRAED KSR AE G, B TR A K it IR A et £,
BB LIEN, GRS RERHERI N —FENR, FEIPREED RN
ZHEK, RUIHEVRRGZSHAE, H WHFER AN LB EKRBEMR
F-AEEFAER R(EBE L, 2015; FEA2H, 20155 2544, 2013).

22 LWIRITE4LE

Xf LA LS MBI E TR FURIL . S E BRI, K. KRG, &
AFEER. FRES, A FUERUCT T Z M EREE MY, &N EMEE
K, BEFRANEEHFREET, &hF B FRMRE IR TR . R %6
[X SEEG I 757, BIPE A IRRME A ML 5 5 AR 3, AN AR I B 4% PR AR
B SFAAHAL, & B R A BRI D7 2R FUR 7 20

ANAYIFER KB T WL ARG GV &2 SABAER R b AR, R
2006 1F 7 HIFBRSATANMIER, KA N A B, AR Z . L
AE BRELH). AW, WG Rk R . R ATEORE & s 5 A BB B NS
FLE bt o

HARLA IR R B T WL AR B YT TP BB S AR T kb, 12 2 2% 1R
IR S ENAR AL, B AL S8 7 sOME R, R FIAGAE . <25,
D] G T BURE i 76 4 W DAVE P 88 AR M0 i

KNI RE 99, EE KM 958. R 99 NIl AR AR K 5
B R A, ARORPIEMERE, HHABER ), B, A RGIE>

13
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PERE(CE G 5%, 2008), AEF 958 hin[ & AKABAFIRTE B, BATIER
Zhi. mre B RRESCR 55, 2003). 1% /N2 B FOK G FPTE 50 Hy
X2 A2 4, 9 2 H b

ARE S R IORER BUBE LI, 73 e LA A AR A 3 AN ER,
RIS F RN BT AMFER A (KN NRAE 99, BT KA
958), JEHTRIE—REUFE. &/NERETTTHAY 1 mx1.2 m, KR AR/ 43
BOHy, BEORLIRT . B IOKBENLRBUESER 15 Fr, B, BRIXT. %03 (R
B 99). BIK R 958) KPR i BAE 80°CHIBAR FF It T A5, FyrEdLes
¥, 1L 60 b, I LLIE #5455

2.3 MZEIEFR
2.3.1 ML ER

MRS (R 0.0001, fE[E Sartorius). J7AEMTENL. 722 o0 e e it
IKIEB AL Mars6 =il 2% & R (BHR £ E CEM 2
")), ICP-AES HUBHE G55 B TR G (2E Thermo A ). ICP-MS H
SRS B PG (E[H Thermo A#]) 2.

232 MEmMHERFE

(D HEERERGE—FHI =R A (E%2E, 2008).
(2) W HRItE & E—ICP-AES MR G455 T R 4Gk,
(3) EEJBTTE SE—ICP-MS HUBHE & & 5 T R il k.

2.4 BURAIBS S
F Microsoft Excel 2016 Ab¥E %4, %A IBM SPSS statistics 20.0 ¥4 A1 i)

One-way ANOVA #4757 Z 70 #r, K LSD A6 75 1% bU A & A BRIR] B 22 57t ol 1B
KHI SigmaPlot 12.5 B, IR P8l 509 4 AL BRI P S Bt b iR 22

2.5 ERE5 5

251 BYEEHRAY 16 MEEARBESEER
K 2.1 NANEEMENE, BEK 16 MEEREGE, GVLAaY 16 FiaE it
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BRI B R B S T H AT AHLA/NE 16 FHE IR A B AN R 14.2%,
EriE (P<0.05. AHANEHER. NEARK. SRR, KAZRMHRR
SERNSNEZETTEMLNE (P<0.05), REER. 22K BRARN TR
SRS ZE S THINELNE (P<0.0D). HHLETK 16 FEERKN SR
H

%

TR FOKE 7.3%, ZREE (P<0.05), HH 14 FEERNESEZES T H M

HEK, IFHA 5 MEARRESEEREE (P<0.05), 2AABER. HER.
SRR RHEAR . MR

Amino acid content, g/100g

0.0 - —
Asp Thr Ser Glu Gly Ala Val Met lle Leu Tyr Phe Lys His Arg Pro

B 2.1 BHEEMLIE A). EEK B)16 MEERSE

Figure 2.1 Composition of amino acids in organic and conventional winter wheat (A) and

summer maize (B)

BN T R AER, n=3. AFRPTERAT SRR ZER R, LSD ik, <+ RN
FEHK (P<0.01); “EREZFMK (P<0.05).
Values were reported as means =+ standard deviations, n=3. The different footnote symbols in

the same graph represent significant differences, LSD test, ** extremely striking contrast (P < 0.01);

* significant difference (P < 0.05).
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B 22 NENLSHEMANE. BEK 16 FEERSENZER. WEHETL
B, ANENE 16 FIEERIN S &0 0 & T EMANE, ZREmEsml
N PR EIR > F R > B 2R > 2R = B2 R > e /R > A R > H AR
=R WA MR=H 2R > 2 R > R =77 2R > W R > WA R > AR A
BUANEHERR . WEIR. SR RN AN 2R & &0 LU A /N2
FE 12% 8% 9% 12%M 16%. AL /NZPREEAMR . LAWK BEIRM
FERRTESNE M NEWEZ T 10% 1% 18% 13%. AR
R e /N7 I R M 2 R, A LA/ N IS B R A/ INE 230051 3% 10%.

AILE EARBER. AR, =2R. XHAR. a2 E
TKEZER 1% 14%. 17%- 8% 8%. ANE LAXFHMARMH AR & RELH

E F KA 13%F1 4%, B HLE T KA IR 7 E

T2 B 43 ) L L oK 5 2%

4%,

HHNETEN FNSTFEA HIEFEN  #HUEFEN B
5% 1% 7% 13% 19% 25% -15% -5% 5% 15%

Pro e 16% Pro 8%

Arg ] 20% Arg

His I 12% His 10%

Lys = 3% Lys 2%

Phe I 12% Phe 8%

Tyr e 168% Tyr 4% 179
Leu e 13% Leu ‘
lle [ 14% lle | 130, 11%

Met ] 249% Met
val e 9% Val 4%
Ala ] 8% Ala 14%,
Gly e 12% Gly -4%
Glu 1 18% Glu 11%
Ser e 11% Ser 4%
Thr e 10% Thr 4%
Asp e 10% Asp 5%
5% 1% 7% 13% 19% 25% -15% -5% 5% 15%

B 2.2 BHESERLPEA) EEK (B) BERSGEER

Figure 2.2 The difference of amino acid content in organic and conventional winter wheat

(A) and summer maize (B)

252 BN SENAYITRT RTER8ER
2521 BHMERLNZIHNT RTRSEER

Kl 2.3 WoR TANAE RSN TR S &, HETUEH, f
HURTH AN FERL P G R S R a4 E SN P>K>Mg>S>Na>Ca>
Fe>AI>B>Mo>Co. AN A/NEHRL S. K. Mo TESEWEZFSH T HML
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INFE (P<0.01), HIA/NEFFR Al. Fe. Co TE BN EZ S THNL/NE
(P<<0.01),

< 180 : 201 w74l

6000 { 2 1% (A

140
120
100
80
60
40
20

=
&
L

Concentration, mg kg

4000 -

Concentration, mg kg~
Concentration, mg Kg‘1
)

2000

«

00 'ﬁ
Ma

2.3 AHMERLNZFRFT HTREE

Figure 2.3 Contents of mineral elements in organic and conventional winter wheat

Bl P BMEAR R, n=3. AFRKNEMA SRR ZEREE, LSD i, <o fURIE
ER (P<0.01); “REEEFEMHK (P<0.05).
Values were reported as means + standard deviations, n=3. The different footnote symbols in

the same graph represent significant differences, LSD test, ** extremely striking contrast (P < 0.01);

* significant difference (P < 0.05).

Kl 2.4 7T DLE A NS & LA/ N AR TR S B ZE R, AN
Fi Mo. K. P. S\ Mg JCE G E D HLEA/NES 430%. 16%- 13%- 8%-
24%. Tfi Co~ Na. Ca. Fe. Al. B iE S EAEFM/NEFRHE S, AL
/NERFRL AL, Fe. Co JTUR & & HHMA/NEK 69%. 64%F1 98%.

2522 AHMERBEERITFHE RTEAEESR

Kl 2.5 SR T AN LR TR R oo RS 2. HETUER, F
FURH LR FRFFR G R SR aAES N SSK>P>Mg>Na>Ca>
Fe>AlI>B>Mo>Co. % S. K. P. Mg st & 4h, HAtoR & 54/ EM
A, AHLE FRFHR Mo TR G EMEE S THHMEFK (P<0.0D), HHEE
KFFKL Mg, Al Fe. Co maR T EMTANE LK, Hb Mg nREEERDE
(P<0.05), Al. Fe. Co mmEEERHKEE (P<0.0D).
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EYatal

200% 300% AQD%

HIEFEA HHNEFEMN
-100% 0% 100%

Co .
-98%

P 13%

Mg 24%
a 1%
Ca -6l
Fe [64%

-69%

.
A
B -6%

-100% 0% 100% 200% 300% 400%

B 2.4 FHLEERLNRHT TR SEER

Figure 2.4 The difference of mineral element contents in organic and conventional winter

wheat
8000
W 50 14 = L
e N Y
5000 | E’ 40 I T
- = 30 - 1.2
f F=] [
o "é o
3 20 v
4000 {E 1.0
2 "8 g
. 8 - |
S sowq{ © s @
i il
g £ 6
S 2000 1 §
o * c 4
(&) (&
1000 2|
o : 0.0
Ca Na Mg S P K Mo Co

B 2.5 FHAEIMEKNE KRR TR &8

Figure 2.5 Contents of mineral elements in organic and conventional summer maize.

VAT BEEEIR, n=3. NFRPTERM S &REREE, LSD bk, <+ fURIE
FEAHR (P<0.01); “*AREEHK (P<0.05).
Values were reported as means + standard deviations, n=3. The different footnote symbols in

the same graph represent significant differences, LSD test, ** extremely striking contrast (P < 0.01);

* significant difference (P < 0.05).

B2.6 Won TANLE & IE EARFFR TR S RN ZES, GHLE £ Mo,
B LR & EO I I E oK 202%. 23%. 1 Cow K. Py S, Mg. Na. Ca.
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B ESERSYE T

[REFF

Fe. Al TR G EAWME L KT, AHE LK Mg, Al Fe. Co TR G ELH

HIHUE ToKAK 17% 55%- 44% 67%.

HHETER HHNESTEA
-70% -20% 30% 80% 130% 180%
Co =
Mo [ 79f%
K| -23% Uzt
P | -30%
S -5%
Mg -17%
Na -2%
Ca [-37%
Fe |-44%
Al :
3 '55?&' 233,:
-70% -20% 30% 80% 130% 180%

B 2.6 AHLESHEME KRNI RTREEER

Figure 2.6 The difference of mineral element contents in organic and conventional summer

maize

253 BN ESENAIHNESRLREEER
2531 BHFMERLNEITNECELRAEER

K 2.7 NENSEMEA/ NP ES R OR TR, TUEH, AIENE
FrRi-EMESE TR S EASTK T ENA/NE, H Mn TR S BAEREE %
R (P<0.0D), HHMA/NE Mn LR G EIANA/NER 235.5%. LRESET
™ As. Pb. Cr. Ni JGER RGN NG RAGTE, A /NEZRRT As. Pb.
Cr. Ni TR G B AL NZD0E 2% 387%. 35%- 65%.

R 2.1 NELJE R TG R AR BN o GbritE . T4 RS PP 5 2E R
F R P58 808, 1FE AR N: Pi=Ci/SI(ZE 0L 45, 2008). 1 Pi NE 4
JRRH YR, Ci NIZESRISINE, Si NESE TR TV bR
18, iRy M2 E bR e & a5 R ) (GB 2762-2017) 1 HILE T As.
Pb. Cr. Ni TEHREAYIRE: As<0.5mg kg (BY) M HHH)D, Pb<0.2mg kg
L (B8, Cr<1.0 mg kgt (59 & FHd D, Ni<1.0 mg kgt.
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3.5 1 120

w
o
Ee P
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I
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N
o

60 -

=y
(5]

40
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Ni Zn Mn Cu
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o
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B 2.7 AN EEMLZNZRHESRTRTE
Figure 2.7 Contents of heavy mental elements in organic and conventional winter wheat.

BT BEEbER, n=3. NFRPTERM S5 &RERLE, LSD bk, <+ fURME
FAHR (P<0.01); “AREEFEHK (P<0.05).
Values were reported as means =+ standard deviations, n=3. The different footnote symbols in

the same graph represent significant differences, LSD test, ** extremely striking contrast (P < 0.01);

* significant difference (P < 0.05).

R 21 EERBRTHIRED R

Table 2.1 Single factor pollution index classification standard of heavy metals

15 G F8 44 Pi 15 95 25 E 3
Pi<0.7 R 1
Pi<1.0 YA 2
1.0<Pi<2.0 LENEE S 3
2.0<Pi<3.0 5 G 4
Pi>3.0 ERERS 5

RAEL 2.2, 2/NEZ VU4 I 1) 5 IR 3 G da 8, A HLA/ N Pb JEE I Pi<<
1.0, AT 22490 As. NiJo&R Pi M RT 1.0, & TRI5E0: Cr TR Pi
AbT 2.0 F13.0 (8], Ab TG RN A/ NEEFFRIF, Asy NiJGE& Pi b T
1.0 #12.0 Z (8], &FRIGHHH; Pb. Cr L& Pi>3.0, AT EHiTH5H.

2532 AMEREERITRNECRTIRESEER
K 2.8 NENEFMEI KR ESE TR SE, TUEH, BT Pb It
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2hh, HAh SN EESB I TRAAE TR SERRTHIE K, H Mn
RS EAEREEZEES (P<0.01), HME X Mn iR EELANE X5
929.4%. HWHE FEKFFRF As. Cr. Ni TE S EEAVLE FX5 95 2% 2%.
44%.

F 2.2 ANSERLNDNZHRESE LR 3B

Table 2.2 Single factor pollution index of heavy metals in organic and conventional seed of

winter wheat

ELRETTER As Pb Cr Ni

BNEZNE (mgkg?) 0.54 0.15 2.24 1.09
Pi 1.08 0.77 2.24 1.09
BEHZNE (mgkg?) 0.55 0.73 3.02 1.79
Pi 1.11 3.63 3.02 1.79

25 —— 100

[

2.0 80

Jéj 15 E’ 60

T 1.0 g 40

5 20

0.0 - 0

As Pb Cr Ni Zn Mn Cu

2.8 AHNEAMENE SRR THNESR IR SE
Figure 2.8 Contents of heavy mental elements in organic and conventional summer maize.

Bl P BMEAAR R, n=3. ARKEMA SRR ZEREE, LSD i, < fURIE
FEAHR (P<0.01); “*AREEHK (P<0.05).
Values were reported as means + standard deviations, n=3. The different footnote symbols in

the same graph represent significant differences, LSD test, ** extremely striking contrast (P < 0.01);

* significant difference (P < 0.05).

PR 2.3, B KM &R R Fio e s, APLE K Ni Jt&E R Pi<
1.0, AT 2425 As. Cr tZ Pi>1.0, b T#Hi555%]; Pi t&E Pi>3.0,
RET-Eysgegh ). W TR, As. Cra Ni JGZE Pi &b T 1.0 1 2.0 2 Jd],
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REF 3275952 5] Pb g6 Pi>3.0, AT Ei54% 5.

23 AHSEME TR ESREE 75565

Table 2.3 Single factor pollution index of heavy metals in organic and conventional seed of

summer maize

BEETE As Pb Cr Ni
EWEEX (mgkg?) 0.55 0.93 1.64 0.79
Pi 1.09 4.67 1.64 0.79
BEMEEX (mgkg) 0.56 0.65 1.68 1.14
Pi 1.11 3.25 1.68 1.14

254 B EENAYITRND TS TRLENESR

MNESEHOTER, MUSEDT TR EEA K, 5us B e A R KR
KFRo £ 2.4 FALLEH, BHL/NE wZn)wCuo)tbE/NFHILNE, B
B E K w(Zn)/w(Cu) tLE K T8 HLE FoK A LN E w(Ca)/w(Mg)Fl w(Na)/w(K)
LG 38 /N T &N, AHLE Bk w(Ca)ywMg) LU AR /N T4 UE £ oK,
w(Na)/w(K) LB R T M £oK.

% 2.4 YIS ERBY w(Ca)/wMg). w(Zn)/w(Cu). w(Na)/w(K)ELE

Table 2.4 w(Ca)/w(Mg). w(Zn)/w(Cu). w(Na)/w(K) ration in organic and conventional

cereal
ALY EES FEA R w(Ca)/w(Mg) w(Zn)/w(Cu) w(Na)/w(K)
T T
sx M ow me o

2.6 Wit

EAREFRMAAEEORSE, EARELR, SRS L%
b, DRI B R RR B R Ll A9l i e 2 1 0 ot i ) — A B B AR ME IR R AR AL,
1995). AL R EREHAY) 16 FEFER A& S T H ALY, AILENE 16
IR S B E A NEZ R EFm T 142%, GIE EREERSEILEME T
KEFH R 7.3%. APLNE 16 FE B &2 e TN, Hi
AW WA SRR FNEARMHER S 22 R EE (P<0.05), REARR.
“Z G RERNZE RS EERWREE (P<0.0D); AHE K 14 FEEmR

22
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FEMETENE K, AR WER. 2R, FHNER. HEaRSEE
FRFE (P<0.05). AVAVINRGIHEEER, BRI ER 5 Eem TE e
R

WG R RN F I EEE IR R, WYERE AR IER ATE . M AR 214
SSHTIA BEAE . Z/NERE FKFFRPT R GRS &, B Sy K. Py Mgt
o, HAhoR S EEBME. AHANEZFR Mo, K. P. S\ Mg LR & &S
THMAANZ, HS. K. Mo iR EEEZRREE (P<0.01); AHLA/DZZHAL
Al. Fe. Co R G EMEZMTHMEL/NZ (P<0.01). AHLE EAKFFHK Mo,
BrumaaEmTHMELAK, HMo txkEBEERNEE (P<0.0D); AILEE
KFFRL Al Fe. Co LR B EEZEMTHME LK (P<0.05), Mg LR IREZIK
THME LK (P<0.01).

Mg FE4H AR A LR A0 i 55 7P 7 T A EEAEH, Mg JTeRIER = 55
FEC O I 1L 9% (Gomez-Becerra et al., 2010), ASHF 78 45 R BRI/ N AR Mg
LEGERETHEMENE, AIE LK Mg &S ENRE ST % IE LK.
Mo Xt NAEK K ERAHEREM, Atid, AIE%H Mo iR e &
WEE S T HRBY . Al TEARANEDTFWEFRIGE, MEBRZ Al TR A
SPEEARERIN R, M, MR AL GRR B e RRERN, 2SS ARES

B, MIAREERS . KINUAK B (FEIE 58,2006). A0 ERAEY Al T
ROREREWRTHEINEY. Fe uF&x NMEMAHRAEZIEMH, Co TLRAEB(E
LM ERAE K

RAEY) P E SR & 8 R B2 LI KR DL SR A R S R AR
(R RALANTAEI, 2009). B & J@ 3k NAEY) 3 Elad piah 2, 58—, . JRsE
St FERA ML, RS R ES RS EON R B, AR AR
¢MEAEx%n%ﬁﬁﬁ¢%%WEAEm£ﬁfmﬁaﬂtﬁﬂzms9&
H 45,2007), EERAEMEYHIRR, @il e N NKINENEN 4, If
5. O AER, IS AR ThRE, S 2 gh N AR dr (G PRETAN
RN, 2009). 54 J& 85 AR EZRICHIIIIE KRG 1R 10E
B e J LR (B L, 2015) ABFALAE R LR, ANAYIL A ESEITER
FEMEMTENAY, HMn iR EEFAEREEZR (P<0.0D). X AKA
FEE G HEIEMT Asy Pby Cro Ni WUROTRBAT 22V, GBI %4 RS
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P TUIR ] T5%, AN B KEIG YR RN 50%- 25%. MY
HH VB 4 8 SRR T IE(CE AR AR AT, 2004), A HLIE At A7 7R 5 73 B 4
J&, RIRKEEM, ELJEEERET A THEBFRIR(E € %,2013, &4
i 45, 2012).

WFEFCR, AR w(Zn)/w(Cu) A I KRR, 75 5 s 1k P RE [ A i
AL, AIMSFEOEO . EILESRR (B 45, 2011). AR ER, AL
ZNZE w(Zn)w(Cu) lUIE N T H AN, AHLE LK w(Zn)/w(Cu) LE K TH
M FK, Dk, A HLA/NZE0 B & iR 295 A A 1 w(Zn)/w(Cu) E B —
EAER - FAME AR, &I EF M5 K w(Ca)w(Mg) lLE IR, w(Na)/w(K)
OB i = (28, 2008). ABEFLH, AHLAE/NZ ) wNa)/w(K) LA TR .

2.7 INGE
(D ZBERGE. AIBINEERSEZSTEASY, HFUER
R

HREEEESTHNAY . GBI EIE AR, BRI R S &&T
WA, B, WEERAY L, AIAaMEARERGEmETHIEY.

(2) Itk ANEYH Mo ItHR & EREZE & THANEY (P<0.0D),
Fe fll Co TR WM& B MM EZML T H B (P<0.01). HAh oz MAREED M
AN [ T HH AN [ e 6 2R

(3) FE. ANV TFIAESE GRS EMERTHISY, T
HRAEICE As. Pby Cry Ni, AHEYF Mn. Al GE & EREELTH A
Y1 (P<<0.01). B, AV LHE BRI E 24,

/
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3R ENERNAYESRRRS BRI

3.1 X EXRIFR

BIGH S A7 T IR W AR AR RO A A8 RGERF AT E ALl (35°2634"N,
117°49'13"E), ZSCHh s kb TR & EEIX, RTS8 L X IR, ¥k 200-400 m,
J& TR R KX CORRE RS, A3 13.2°C. BRI ESZHIZR XM, b
REBFMMX 2 —, FEEPEIKEN, XEBKERBR, FTHENE
N 725.0 mm. SETCFEN 188.8-212.0 d, 4X4E H IR 2539-2490 h, [ #[A
W, BRAR, NRIEVAEKREERKAEEH, RITEWEK. ZHh e
NEEEEL, BB LIEA, ERRRAES RGEHER B —EW A, EEIR
BEMRNESEK, GUAEMRRGESEE, BAIMEEA VL NE-EE
KECAER R GR- TR E R R R(BEBE L, 2015; Z832H, 2015; 4515, 2013).

3.2 EHRIT54AE
3.2.1 LG

B EERIGNE. K KRG, BOFEER. FEE, AFuEidesT
ZMHENEREEOBY, K/NEME FTKREATHI . ZNERFNRE 99, E
TP 958, RE 99 MILIARLN KZHEF IR R M, AHRERHIE
YERE, JIF HorBERR R, MU, A RIFIFEERE(CERGE 5%, 2008), #BH
958 M A REIBAEM PR B MR, RARE. 280, HA RIS
i %, 2003). 1%/ B EKSREMGRIGHL X |2 Al 24, S iR
Fifr

3.2.2 AHES KRR GG

AHLAERL AR EL RIS TF 46T 2009 45, B 78 ORI [FIR6 A HLAE Ak A AC
TR B e R A 5 A AR TR S R SR (Guo et al., 2016), ASH 5T A1
WIE R BEAT 8GR E TR 2 5 KA KA . S BRHR &N 22
(Triticum aestivium L.) - B K K(Zea mays L)FIEAERE R, B T NERHED b (1) 2 41,
HoAth & 217 AH R (FBSZH, 2015).
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I T HAAR R 2t A P A A F 8 AR R I BE 7 R &, #oE 7 4
Mg N, h 375kghale B BEALRIE AL N B 7 ARET, e
AFEHIA. B HOCRS R, HARFREM T IEMAHE, MR BB
BRSNS . BB B AN EAESE, R T AR A SR AR
BB SR, ROFIG, ke SR A SRR N . AR A
B RIHIR R (N=46.4%). BERRES (P.0s=12%) FIBREREN (K20=51%) 1t
(3857 H, 2015).

FLLboridk: RIG W E 5 M HUIBALAERD LU AR HE, AN A 3 200 2 L i N A A
&, ML A, FMEENXKE N 16 mx2.4m, FMEHEES =R, &4t
HAE T

100%: 100%4 HLAE

75%: 75%H HAL+25% 1AL

50%: 50%H HLAL+50% 1L AL

25%: 25%AHLIE+T5%AE

0%: 100%1kAE

HAETT e A HUIE R A 75 2R e AN R AT — PN, RN 1k
AR R 77 30 BRAE /N R FOR L 3. 2 LB, JF e
AR, HIEIRIEE L 1. 1 20N s BRI JE AR AL, $2H 1
1 B 43 IAE /N2 ZE AN RO RN (052, 2015). FARTEAL & WK 3.1,

3.2.3 HmXE

bAERE L 2016 42 10 H 10 H, R TSR R R AR 0-20 em L4, TRAJEE
NBELE, KT EdE, HUAE R

BRSNS, A BRI =AM E R T, &/NEGAFE
AR 1 mx1.2 m, FHEGHFET WA, TR AT B FOKBEHLIEBUES:
(115 Bk, HUBE, BORLRT . ERAFROEE 80 °CHMEAE BT, JERFBE Ky, FH LA
W 5E X A8 5 -
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3.3 MEIELR
3.3.1 X EE

SFr R (= 0.0001, fE[E Sartorius)s JEEMHEHL. PLIKERTAL. HE
3 7KW SR JHE . Mars6 =l &% R HE E R e (R E I, 32E CEM
/,

/v] )y ICP-AES HEERE A48 2 T R4 (3EE Thermo A &)+ ICP-MS H
R B TR A (35[E Thermo A F]) 2%,

J

R 31 ZNZE-HETARSAEAHELER AR

Table 3.1 Application rates of organic manure and chemical fertilizer in different treatments

fERL (kg hal) 100% 75% 50% 25% 0%
N
B (RS 177725 13329.4 8886.3  4443.1 0
o IR 0 60.6 121.3 1819 2425
o RS 0 96.3 1925 288.2  385.1
Tk 0 775 1551 2326  310.1
Y K& 0 60.6  121.3 1819 2425
P ==
JRE 0 40.4 80.8 121.3 1617
e JUR e 0 96.3 1923 288.8  385.1
ikl 0 775  155.1 2326  310.1
SEY K& 0 40.4 80.8 1213 1617

0%: 100%HLAE; 25%: 25%A HLAE+75%AEAE; 50%: 50% A HLIE+S0%ILAE; 75%: 75%
BHHE+25%AEAE; 100%: 100%E HLAE.
0%, 100% chemical fertilizer; 25%, 25% organic fertilizer + 75% chemical fertilizer; 50%, 50%

organic fertilizer + 50% chemical fertilizer; 75%, 75% organic fertilizer + 25% of chemical fertilizer;

100%, 100% organic fertilizer.

332 MEmMBE KRG

(D 2RSTE—IRERE (52, 2008).

(2) W HRItE & E—ICP-AES MR G455 T R 4Gk,
(3) EEJBTTE SE—ICP-MS HUBHE & &5 5 T4 itk k.

3.4 BIRALIBS 4
H Microsoft Excel 2016 AbFE%#, K H IBM SPSS statistics 20.0 #4-Hi)
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One-way ANOVA HE4T J5 Z 4041, K LSD K56 7 iE FL e & A HA] i 2= 5 46l 1R
K H SigmaPlot 12.5 3, EIZR HhEE 18 5 A B AP I Behn i iR 2

3.5 BR55H
3.5.1 T[EIBERIAC L AL X T IR RS20

HE 3.1 LA, HEMAEY C. N, 13 pH, 134 N (TN) DS 35
AP (SOC) W& & S5 H VLN AR IEL

TIEGAEY) C BEAE T5%E PR E, FIRGE 100%40 5, 1£ 0%AL B 5 &
B, 100%A40FE HIERAEY) C SR 0% R EmE 127.4% (P<0.05), FT
A REL R AR C S EMFEEREER (P<0.05); [FIFEN, LIMEY
N & B 7T5%MF b m, HIRE 100%443, 20514 35.6 mg kg, 34.3mg kg
L, T 0%ACEE B ARG, 100% HIEFAEY N &R 0% 3 8.3 & 351.3% (P
<0.05).

100%M1 75%A40 3 3 pH ik 7.0, 2, 0% 3% pH &K, N 5.6,
5 100%40H 7 55 B 3

T4 N SEAE 100%0H K m, 5 AL Z 7 B3 (P<0.05), /£ 0%
AEEEH AR, 100%40EE 34 N &I 0%A0#E 2 3 & Y 46.2% (P<<0.05).

TIEHEHUR S = FFELE 100%40 3 e iy, 15 HAb AL B 7 7 23 (P<<0.05),
100%A40FE 3 HL L 0%A0 32 3 = 76.5% (P<<0.05).

3.5.2 FNEIRERIECEL AL IERT A4 2 R R0

HE 32 AT LA T, &/NETRELRE 100%H i, N 47.82g, 7 0%A4k
Mg, N41.58g, “HZIAEREE (P<0.05). BT AKTHRELE 75%4b
B, N 31897 g, HEHAMMIIZEREE (P<0.05). A HUALHEH il
20, BUFFRARN I . & /NEF=ETE 0% B S, 5 HA A B E 2
FX5 (P<0.05), FERIKIAE 75%403E . B F K7 B m MR 0%44H .

3.53 FEIAEMERE A ENAYERRSEMFN

K 3.2 NASF RIS b AL BE ST & /N . B RKE AR SR, B R L
Aih, ERAVHEE N BT, ANEEEE S Y8 A B & B AR
Fo
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300 5 7.4
A —C—  micrcbi biomzsz b 72 B a a
Tep 250 {  —@— microbial biomags C ]
g 7.0
o b
£ 200 8.8
5 86
w 160 64
2 .
a 5 c
E 100 | b
= 8.0
2 a e 58 d
b -
=) o o e
¥} d_ ——— - o 56
E 0
54
5.2
0% 25% 50% TEH 100% 0% 25% 50% Ta% 100%
20 3z
c D
a0
18
za
_ 28
z A6 z
= © 24
g 8
A4 22
20
12
1.8
10 1.6
0% 25% 50% T5%  100% 0% 25% 50% 75%  100%

Bl 3.1 REL i, HEMAEY C. NA), 13 pH (B), HBLE (TN) (C), 1%
EHHR (SOM) (D)

Figure 3.1 Soil properties in top soil as reflected in microbial biomass C and N (A), pH (B),
total nitrogen (TN) (C) and soil organic matter (SOM) (D)

0%: 100%fLNE; 25%: 25%AHUIE+T5%LIE: 50%: 50% A HLAE+50%ILIL: 75%: 75%
AHUIE+25%ALIE; 100%: 100%AHUIE. B TP EEbRMER, n=3. AFRKTEHRERR
£ P<<0.05 /K L2583 .

0%, 100% chemical fertilizer; 25%, 25% organic fertilizer + 75% chemical fertilizer; 50%, 50%
organic fertilizer + 50% chemical fertilizer; 75%, 75% organic fertilizer + 25% of chemical fertilizer;
100%, 100% organic fertilizer. Values were reported as means + standard deviations, n=3. Bars in

the same graph with different letters show significant differences at P<<0.05.

KN BTGB LI BHAIFE ). 0% >50%>100% > 75% >
25%. B S EAE 0% P R, N 10.7%, 5HABAIEE AR & B R
5 (P<0.05); HKGE 50%AE, O 9.3%, HHREERIKHKE 25%403,
N 8.1%; 0%AFRI A/ N R A& R 100%4 3 FH 31.4%, ZREE (P<
0.05),

B RAKEARGEAARLHE T RFATIE N: 0%>50%>75%>25%>
100%. [RIFETE 0%4b EE 100%40 3 & 9.9%, 725 %
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(P<<0.05). HIGE 50%A4bH . FEFECALHERIEMN, BT REARSEL8F L
EH ETHES
* 3.2 ANAESHE AR &/ E . R TRER> BN

Table 3.2 Thousand-seed weight, yield of winter wheat and summer maize in different

fertilizer treatments

G OSE ¥ #E Thousand-seed weight (g) Fea Yield (kghal)

Treatment /N3 Wheat * K Corn /N3 Wheat T K Corn
100% 47.8240.42a 279.7633.53c 6078.714832.09cd 6156.45+151.85d
5% 45.4440.41bc 318.97+.22a 5167.834433.80d 8192.65475.78ab
50% 46+0.60ab 299.2344.19b 7942.1746494.23b 7802.94486.35hc
25% 47.8240.21a 301.6344.39b 7169.0145413.49bc 7493.594223.64¢
0% 41.58+1.58d 302.47+7.16b 9924.2347107.23a 8370.404228.95a

0%: 100%fLE; 25%: 25%AHUIE+T5%IE: 50%: 50% A HLAE+50%ILIL: 75%: 75%
BHHUIE+25%A0AE: 100%: 100% G HLAL. 25550 PR HbRHER, N=3, [F—FIA R4 H R
AFFREFRIRTE P<0.05 KF B ZERFRE.

0%, 100% chemical fertilizer; 25%, 25% organic fertilizer + 75% chemical fertilizer; 50%, 50%
organic fertilizer + 50% chemical fertilizer; 75%, 75% organic fertilizer + 25% of chemical fertilizer;
100%, 100% organic fertilizer. Values were reported as means + standard deviations, n=3. Bars in

the same graph with different letters show significant differences at P<<0.05.

3.5.4 FERERIECELAMIEST AIFFRITT R & 2RI
3.5.4.1 RNEAERHEC L ALIBXT AR TRIT R & 2NN

% 3.3 NAFERBC AL EEXT A& /N . B R KKFR e R & AR,
ROTLAEH, X/NEFRL B U S RIE 5 MO P HHIIT H: 50%>0%>
75%>100%>25%;: = F KKK B JoR & EAE 5 DA HIFFINF A 100%
>75%>0%>50%>25%. &/NEFHL B LR EAE S0%A iR, 5 HAh
REHRAFAE B35 25 57 (P<<0.05), HUKE 0%40HE; B R KFFRL B LR S =AE 100%
MePRd R, HUGR T5%A0HE. WRAE H, BR2: 25%403, B EREA/NE. B
TR R A b 3 1 25 HE B U S A S

ZINERRL Al TTEREEAE 5 DB BRI J9: 25%>0%>100% >
75%>50%; EEAKFFRL Al LR SRIE S M PHBIT A: 50%>75%>
100%>0%>25%. %&/NZHFRL Al TCERAE 25%A0BE P R &, 1E 50%A0 B rh B AIK
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BT KFFRL Al JGRTE 50%A0FE i, 18 25% B K. Al TGRELNE.
R AP A 1 RS IR 2 A S

@

®
3

>

IS

Protein content (%)
o

Protein content (%)
-

n

e

100% 75% 50% 25% 0% 100% 75% 50% 25% 0%

& 3.2 ARPERHE AT ZME (A EEK (B) FREARESERLH

Figure 3.2 Contents of protein of winter wheat (A) and summer maize (B) in different

fertilizer treatments

0%: 100%LHE; 25%: 25% A HUIE+75%IE; 50%: 50% A HUIE+50%ALIE; 75%: 75%
BHHUE+25%IE; 100%: 100% A HLIE. e - FIEhHERR, n=3. AEPFERERR
1E P<0.05 K F EERT .

0%, 100% chemical fertilizer; 25%, 25% organic fertilizer + 75% chemical fertilizer; 50%, 50%
organic fertilizer + 50% chemical fertilizer; 75%, 75% organic fertilizer + 25% of chemical fertilizer;
100%, 100% organic fertilizer. Values were reported as means + standard deviations, n=3. Bars in

the same graph with different letters show significant differences at P<<0.05.

KNERRL Fe TURERAL 5 DB RSN J9: 25%>0%>100% >
75%>50%; X EKKFKL Fe RS EAE 5 MEEHRIHSITH: 0%>75%>
100%>50%>25%. &/NAZFFHL Fe JTUERAE 25%AL B P i iy, B B KHFFRL Fe J6R
£ 25%AbH IR

ZNFERRL Ca TR S EAL 5 MEHE A HBIT A: 100%>50%>75% >
25%>0%; B EKIHL Ca SR G ELE 5 M A HBIT A: 25%>75%>
50%>100%>0%. 2/NEZRE FRFRL Ca 03 FRATE 0% B PR AR, BR2:
0%AL 3, Ca JTRAEL/NZE . HEANRLHABAL B b 5 B AR F BT R AH B o

K /NFFFRL Na To 3R & &AL 5 MBI HEFI R e 75%>25%>100% >
50%>0%; 2 FE KKK Na JCR T ELE 5 MEE R BIHEFIRT J: 25%>75%>
0%>50%>100%. 2%/NZZHfHL Na TG & EAE T5%A B b Er, LR 25%4b
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L, 7E 0% B A B R KFFRL Na JeER & AL 25%A0 B b i &, Hoe 75%
SOSEP

KINFERFRL Mg JeR & RAE 5 MEEH HEEBIIRT N: 75%>50%>25%>
100%>0%; H R AK¥K Mg JToR & EAE 5 MEFEFHHBIF N 50%>75%
>25%>100%>0%. %&/NZ. B FKFHK Mg o3 & BAE K ALB P AR 3
KAR EARE, #TE 0%K B & B A1k

KONFHPRL S TER & RAE 5 NI A I HEFIIRT 4 : 50% >75%>25%>100%
>0%; B EARFRL S LR EGEAL 5 M RHRIINTF . 25%>0%>75%>
100%>50%. %/NEFHL S TGRS RIE S0%MHEF s, 18 0% PRk, &
TKFFRL S LR EAE 25%A i s, 1E 50%AbH A ik

KINFERRL P LR S EAE 5 MEH A IS Y : 75%>50%>25%>100%
>0%; B F KR P R G EAE 5 MEE P RHBIFE 9: 25%>75%>50% >
100%>0%. &/N22. 2 EAKFFRL P JuEm & A 0% F P HRAK, HIKE 100%
SOBLI

KNFRFRL K TGRS B 5 NMEEFHINT : 75%>25%>50%>
100%>0%; = T KFKL K o & &AL 5 MEE P HEPBF N 25%>100%>
75%>50%>0%. %/, B KKK K TR S R 0% A%,

K 3.3 AR A AERHEC L AR B X & /e B KA R Mo Co JE 3R & & IR
HERT IR 1, YR Mo JCRI & &L FSANUERAH SRR IELL, 100%4:
%/ Mo TR R 0% B 23 =i 320.0% (P<<0.01), B EK Mo
TR R 0% IR E mH 212.5% (P<0.01). Z/NEFHL Co LR G ELT
5 AR HERIT N: 0%>25%>50%>100%>75%; H EAK¥KL Co TTE
SRAE 5 ME AR RHESIT N: 25%>0%=50%>75%>100%. &¥¥ ki Co
TR EGEIVFSHYCEH 2R .

3.5.42 AEIEHELLLEN SR ES B TRESENTIN

3 3.4 ATLAEH, K/NEERRL Mn GRS EE 5 ANMEE A FIHEFIRF A -
50%>25%>75%>100%>0%; 2 F KKK Mn Jo 3 & &AL 5 A AE B b 1 HEF I
JP R 0%>25%>75%>100%>50%. &/NZFRL Mn JGER & BAE S0%A0EE H i
B, 1E 0%Ab AR B B KFFR Mn J0 3R & B 1E 0% B i i, 76 S0%AbFE
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A, HAb AL Mn oz & &R A [ .

% 3.3 AREHE LB & ME . REKFNT RTE S BIPNE

Table 3.3 Mineral elements contents of winter wheat and summer maize in different fertilizer

treatments
LR Y 0% 25% 50% 75% 100%
(mg kg™)
B /NFE - 0.6940.31b 0.1420.08b 1.8140.65a 0.6820.16b 0.4520.13b
Tk 1.9440.32a 1.6540.13a 1.8840.21a 1.96+40.30a 2.4830.44a
Al N 12.5144.71a 14.4345 64a 4.6742.06a 6.73#1.21a 6.9141.94a
Tk 1.354.03bc 0.4140.13c 4.274.27a 3.59+1.55ab 2.7429.50abc
Fe INFE 44.6145.84a 45.68+41.43a 36.6543.44a 37.2644.13a 37.3143.56a
Tk 32.10+1.36a 23.5541.64b 29.3130.51a 30.3140.92a 30.1142.71a
ca /NFE 408.62145.4b 623.7457.3ab 717.3459.5a 684.0497.5ab  726.7+128.4a
Tk 257.8456.9a 490.6473.2a 349.54130.1a 420.74148.4a  348.9483.7a
Na /NFE - 980.1243.4a 1114.0289.7a 1098.1471.4a 1211.0#108.1a  1103.1#144.6a
Fk  1100.4437.6a 1145.4423.9a 1035.1425.1a 1109.3#25.4a  1032.0#104.3a
Mg /N 907.62450.0b 1325.6428.9a 1449.7#105.7a  1463.7#176.2a  1293.44255.6ab
ok 732.8423.5¢ 1004.749.3a 911.9+13.8b 928.4417.7b 916.628.0b
S /NFZE 1082.4#188.55a  1241.8410.2a 1433.8485.0a 1313.9#128.7a  1138.62213.3a
Tk 1038.647.4b 1062.6+1.8a 988.245.9d 1006.842.7¢ 996.844.6¢d
o /NFZ 3857.54347.9b  5312.1#130.9a  5692.44337.6a  5869.24592.9a 532.84518.3a
ok 3659.9#112.7c  4683.9422.5a 4056.1452.7b 4202.84108.4b  3984.3+106.8b
K /NFE 3666.14422.3b  4843.94213.1ab  4686.62309.9ab  5000.94525.5a  4429.14513.9ab
Tk 3138.5456.5d 4098.2436.6a 3404.8416.2c 3556.3435.1b  3600.9+11.0b

0%: 100%ALIE; 25%: 25% A HUE+T5%IIE; 50%: 50%FH HUE+50%ILIE; 75%: 75%
AHUE+25%ALIE: 100%: 100% A HUAL. B - ErAER, n=3. NEMFEIRERR
1£ P<<0.05 /K-F EZEREE.

0%, 100% chemical fertilizer; 25%, 25% organic fertilizer + 75% chemical fertilizer; 50%, 50%

organic fertilizer + 50% chemical fertilizer; 75%, 75% organic fertilizer + 25% of chemical fertilizer;

100%, 100% organic fertilizer. Values were reported as means + standard deviations, n=3. Bars in

the same graph with different letters show significant differences at P < 0.05.

SNFERFRL Zn TR S EAE S MNMEE R FIHERIF N: 50%>75%>100%>
25%>0%; B FAKFFRL Zn LR S ELE 5 MEHE T RHEPIRFE N : 100%>25%>
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0%>75%>50%. %&/NEHRL Zn TR & EAE 0% B A%, E T KKK Zn Jo
SRR 100%40 3 5
K/NFERFRL Cu TG R B EAE 5 MR IHEFINT . 25%>100% >50% >
75%>0%; EF KR Cu LR F &R 5 ANMCEFHBIT J: 25%>75%>
100%>50%>0%. 4/, H T KFRL Cu JLEw & EAE 25%E i s, 1E
0% AL P R f1K o

—— Winter wheat A —— Wirter wheat B
7 ] —<5—  Summer maize —=-0—  Summer maize

=]
@

concentration, mg kg'1
concentration, mg kg'1
=3
113

5

T T T T T 0.0o0
0% 25% 50% 75% 100% 0% 25% 50% 75% 100%

Mo Co

33 AFEEREC LA BT 2/ E . BEKFFRL Mo (A), Co (B) TERESEMEMN

Figure 3.3 Contents of Mo (A), Co (B) elements of winter wheat and summer maize in

different fertilization treatments

0%: 100%HEAE; 25%: 25% AT HLIE+T5%IEAL; 50%: 50% A HUIE+50%ALAL; 75%: 75%
AHUE+25%ALAE; 100%: 100% A HLAL. i - P EEbrMER, n=3. ARKTERERR
£ P<<0.05 /K B2 5

0%, 100% chemical fertilizer; 25%, 25% organic fertilizer + 75% chemical fertilizer; 50%, 50%
organic fertilizer + 50% chemical fertilizer; 75%, 75% organic fertilizer + 25% of chemical fertilizer;
100%, 100% organic fertilizer. Values were reported as means + standard deviations, n=3. Bars in

the same graph with different letters show significant differences at P<<0.05.

K 3.4 NAF LR LA XS 4 /N . H ROKFFRL Pby Cry As. Ni TEH
B, mET S, &/NEHRL Pb TR SRR 50%H P iR, N 0.89
mg kgt, 7£ 100%A4EE FF B A, A 0.32 mg kg™ B R KFFRL Pb JC & & R IZE 100%
PR E, N 2.33 mgkgl, 7E 0%ALFEI f k. B KKK Pb oS BB
It A AT i B A5 ) o 1 B

BYIFFRIH Cr, As, Ni JGER SRR FEEE AP E g, Btk
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JEL e ) A7) )88 v v

ZNZEHFRL Cr TUER & AL 25% 0 s, 78 100%E B PR AL, A 1.33
mgkgl, “HZIMEREE (P<0.05); B KKK Cr LR S EA S0%H
B, fE 100%AEFHRAG, 7 0.96mg kg, —FHZIAZEREZE (P<0.05). 0%
AbFEAINFERFRL Cr JE & EE 100%A40FE 57 59.4%, ZF7E3E (P<0.05); 0% E
FRAFHRL Cr TLE L 100% 40 5 63.5%.

H R KHHL As TGR B EAE 50%0H iz m, HIZ 0%, —FERA
B, 8 100%AEH AR, 0% E £k As TGRSR 100%40 3 5 76%.

ZNZERFRL NI TER B EBAE 0% iR &, 7E 100%A B (K 2 FOKKF
B Ni JUR T EFIFEE 0% s, 78 100%0 B RAK, Bo#H2ZMERE
E (P<0.05). 0%ALH A/ NAZHFRL Ni TCER & & 100%40 5 54.7%, H R KK
ki Ni JC& & & 100%A40 .35 5 205.6% (P<0.05).

& 3.4 AEERE AN & NE. BRRFRESR TR SBINEN

Table 3.4 Heavy elements contents of winter wheat and summer corn in different fertilization

treatments
R B 0% 25% 50% 75% 100%
(mg kg™)
M /NFE S 25.032419.90a 45.3930.34a  46.0332.80a  42.04#4.07a  38.04+4.44a
Tk 5.0040.33a  537#0.07a  3.6840.07b  4.1530.19b  3.8320.05b
7n INFE 24024579 29.7442.00ab  37.62421.73a 35.7843.54ab  33.304.64ab
Tk 30.3928.12a  31.68+2.44a  25.00#3.13a  26.83#2.79a  37.1246.01a
- /NFE 357#1.04a  5.07#0.76a  4.33#0.77a  3.91#0.53a  4.4340.8%

K 1.3840.57a 2.8840.41a 2.2410.52a 2.5140.88a 2.3040.71a

0%: 100%HLHE; 25%: 25%AHUIE+T5%ALAL; 50%: 50%AT HLAE+S50%ILAL; 75%: 75%
AHUE+25%AEAE; 100%: 100% A HLAL. i - P EEbrMER, n=3. ARKTERERR
£ P<0.05 /R L2257 2 .

0%, 100% chemical fertilizer; 25%, 25% organic fertilizer + 75% chemical fertilizer; 50%, 50%
organic fertilizer + 50% chemical fertilizer; 75%, 75% organic fertilizer + 25% of chemical fertilizer;
100%, 100% organic fertilizer. Values were reported as means + standard deviations, n=3. Bars in

the same graph with different letters show significant differences at P < 0.05.
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Figure 3.4 Contents of Pb (A), Cr (B), As (C), Ni (D) elements of winter wheat and summer

maize in different fertilization treatments

0%: 100%fLE; 25%: 25%AHUIE+T5%IE: 50%: 50% A HLAE+50%ILIL: 75%: 75%
AHUIE+25%ALIE; 100%: 100% A HUIE. B P EEbRMER, n=3. AFRKTEHRERR
£ P<<0.05 /K L2583 .

0%, 100% chemical fertilizer; 25%, 25% organic fertilizer + 75% chemical fertilizer; 50%, 50%
organic fertilizer + 50% chemical fertilizer; 75%, 75% organic fertilizer + 25% of chemical fertilizer;
100%, 100% organic fertilizer. Values were reported as means + standard deviations, n=3. Bars in

the same graph with different letters show significant differences at P<<0.05.

3.5.43 AEIEKECLLAIEX ST RE S B L E s REHNFN

R 3.5 NESEE LR TG QAR BN 4 PbRitE . B RS G VAN TV R
F R P58 808, FE AR N: Pi=Ci/Si(ZE 0L 45, 2008). i1 Pi NE 4
JEHLE TS AR, Ci o NZESBISE, Si NESEICER 2V iR
18, iRYECE M2 E bR e & a5 R &) (GB 2762-2017) HHIE Y As.
Pb. Cr. Ni tEEE LR E: As<0.5mg kgt (B4 M HHl5D, Pb<0.2mg kg
L (B8, Cr<1.0 mg kgt (59 K FHld D, Ni<1.0 mg kgt.
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R 3.5 B RBERTIHIEED S

Table 3.5 Single factor pollution index classification standard of heavy metals

TS RAEEL P SRER ER
Pi<0.7 LR 1
Pi<1.0 ZE 2
1.0 < Pi<2.0 RS 3
2.0 < Pi<3.0 g 4
Pi>3.0 B|SHE 5

R 3.6 HENE . HAEKIUME B E 75 484, vTAEH, LNEF
KLt As JTGRAE 0% 50%- 100%A4L3 Pi<1.0, AbT-Z4Z: £ 25%H 75%
AbFEHF P ALT 1.0 F1 2.0 (8], A THRIGHRIN . H T KKK As TCRLE 75%-
100%4bHE H Pi<1.0, AT ZAH; 1 0% 25%- 50%ALEEH Pi &b+ 1.0 1 2.0
0], TR R .

% 3.6 ARERELLAELIE,. BERFNESRE LR FI5 55

Table 3.6 Single factor pollution index of heavy metals in winter wheat and summer maize in

different fertilization treatments

ﬁzzﬂl AbFE As Pb Cr Ni
0% 0.9 2.05 2.12 1.33
25% 1.08 2.35 2.38 1.32
Nz 50% 1 4.45 1.6 1.19
75% 1.04 3.9 1.53 0.84
100% 1 1.6 1.33 0.86
0% 1.06 8.2 1.57 1.65
25% 1.22 3.55 1.51 1.1
FoK 50% 1 10.35 1.6 0.71

75% 0.76 9.95 1.36 0.65
100% 0.6 11.65 0.96 0.54

KINFHFRL Pb TERLE 100%AFEH Pi ALTF 1.0 A1 2.0 Z 18], AbTFieis4edt
Bl TE 0%, 25%4b3E A Pi kbF 2.0 A1 3.0 Z 8], T rhig gl 78 50%. 75%
AbFEH Pi>3.0, 40T B V5 44« B FAFFRL Pb Ju 3 AE % AL H A1 Pi &R KT 3.0,
b T E G B

KINFEFFRL Cr JTEERLE 50%- 75%- 100%A4LEE Pi A1 4bF 1.0 A1 2.0 2 6], 4k
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FRIGELH; TE 0% 25%40FEF Pi AbF 2.0 F1 3.0 2 (8], AbFrhi53edi).
B R KAFRL Cr JGRAE 100%40FE R Pi<1.0, AT Z420; 1E 0% 25%- 50%-
T5%ALFE A PiALT 1.0 F1 2.0 2 10], AbTF4275 5485,

KINFHFRL Ni JTERAE 75%- 100%40FEH Pi<1.0, 4T 2425 1E 0%.
25%- S0%ALERH PiAbT 1.0 12.0 (0], &b TRI5 g0 . 2 T KFFRL Ni JoHR
50%- 75%-~ 100%4L2E Pi<1.0, AT Z2&gh; 1£ 0% 25%4b3EH Pi 4bT 1.0 F
2.0 Z i), AbTF3i5 3.

3.6 it

TR C. N &, L pH, LA N BUR LAV S EE TR
FE bR T 3R BOR ML (Riley et al., 2008). AP R EIR, ERANSGE N,
P. K AEMIESLS, LMY C. N & &, L3 pH, 134 N &L LIEA
J B A L BB A LRt L A8 (8 v vy, BR3P C N, 3% PH,
+HE4 N (TND DLEHEAHLR (SOC) I &5 A HUIEMFBN LB ELE H .
100% A0 H H A €. N &, HIEANZE, HEAEHRSES T 0% 555
H 127.4%, 351.3%, 46.2%, 76.5%. ZREHAHIERB R LIERE, &5
AN A B IR A R, O IR RN IR A, N e
Y i AGB . BB BES MR . ARBTFUAIR S B TR it Fi s R
75 (Tejada et al., 2008; Tejada and Gonzalez, 2008).

AT SRR, AR B X 29)T R0 5 e = B 5 e . & /NF7
THLEAE 100%A0H 1 B imy, 1E 0% B ik B FOK TR EAE 75%A40 B A o
VLA HUAC G LU B4 i, 2 R R X VL5

DR A i R I o AR R R B R R S AR I WSCRT R A
P ER A (BB ML, 2015). AEWIH R A BTE B2 2 MR RS0, ankep
WS, JERIZE(Zorb et al., 2009). AHFFRIL, A/NEEARGEE 0%40HEF i
m O 100%aF m H 31.4%, ZREE (P<0.05); HEKEARSEFFE
0% FE i i, b 100%A0BEE Y 9.9%, Z R B3 (P<0.05), HEEEIEH &
fisgn, EEKEARSEAA L2 TS BRI SE N R
FITEOL T, iR ACAES , YFPRL B 5 S B s T A A UL, X5 B AT
I I 45 B — 3 (Mazzoncini et al., 2015; Zorb et al., 2009; Maider et al., 2007). J&
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FARAVIET N ZAENAEEMER, MEHER . 258E0EE, B, H
HRURR R 1) N BB, AWTED R a4t N JoE, FrPARERE K&
REE AT S E(Zorb et al., 2009; Mider et al., 2007). {HH 45 REH AN /N E
Hh ) 8 9 5T 5 5 7 (Worthington, 1998). ASHIF7TIE KB, 50%AbFRE 234 8 (4 i
FRART 0% HE, RILAEFIA MRS SRRy, Y& B 5 R RO
Tt FHAGAE .

BOHH RIS EZ 2 RN, GfEVFE, LR, A%
BRI T NS . AR AN EZFNE TR By Cay AlL Fe. STGEH
AL S LB A HEIN T )L RAR RN, &/ NEFPRCR SRR E Wb, B K
KFFRTCR S BNE R RAC. JEHE R EIERENETZ TN, it
INFETGER, ANUIETR RS, ALIERE R, BT LA /N S i Ak BB SR AL 1
o, BAEKFERBUS A NUIERIFE . 7i4h, Z/NEHRL Ca. Mg, P,
S. K JLEME KKK Ca. Mg P. K JCERHAE 0% FRI & E /AL, 18
B A B AR T 3 i, R s s EYI T s R . Mg 7E4H
A R 24 e 4 B 2 P-4 7 T A B 22 4E H (Gomez-Becerra et al., 2010), Mg Jt
B R = 5 5] D0 I

Mo JCEAMEHE AR K E BAEEIEM, Co L4 idr B12 1K
By, RERB(RIFLLMBERAEK, ME RGN )AL= # 7 2 Co JLHK, Co R
T2 25 5 S AR . AR TORIL, BYFFRL Mo TeR & &)L 5 ALK
Jit FHFE B R, 1T Co oz & &) LR 5 A VUL & 2 R . 100%AE B 1) % /N2
Mo TR R L 0%ALFEHL 2w 320.0% (P<<0.01), B 1K Mo TR R
0%Ab HEAR 2 35w 212.5% (P<<0.01). B HLAE B FH R T 5400 Mo J6&
IS, T ASFIF Co TR AR -

Zn EZPEAE AR D ERS, S5 2R AR IR K R PR e S AN i
(Vallee, 1988). TIAPMENATH FEIR B E LR 7, SN Zn 13 ZRIF
(Gibsonetal.,2001). # Zn MRAERM, JHERKEFEZRK, BON™E, Kt
g m At Zn JoER & 82 32 KiE (Graham et al., 2000; Frossard et al.,
2000). A/NEFRL Zn TCER S EIE 0%MF P RA%, B R KR Zn SRS EIE
100%A0 gz e, B B HLAER] TAEMIRIL Zn JE3, AIERIPERIUAR R . Cu 75
ZRENE T B AR BT M ER L SE R AN AT B (A R B BT AR A R G
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KN BEKRNFRL Cu JUR F BT 25% B ik s, 75 0% i fik,
AR ACAE ¥ it FH A TR Cu To R

B BIEFEYH IR, @ N NETENENEE, 5. EO
JREE TR A, AT RZ M AN AAThRE, 52 g A 8 A= iy (e PR AN o] 478 I,
2009). E4&EEEH ANAEERIATRGME RE . ERNRICIZ IR 1 &
LR (BRI, 2015) . BRPFFRLH Cr, As, Ni JGE & & AK LRE A YL
FHEC sl BRAK A FH LA R 3G N i P& 0%k B 4 /NE2 Cr, NiJeER S
B0 L 100% 5 HLIEALEE 5 59.4%, 54.7%, H Cr i &Z S B £ F 8% (P<0.05).
B EXK Cr, As, Ni BRI EDHILL 100%4EFE 5 63.5%, 76%, 205.6%, H Ni
LRGEEREZE (P<0.05).

KONFHRPRILE 100%AE RN Asy Ni TGER S EALT %290, Pb. Cr THRY
BT RIGRSI; B EKAFRALE 100%EFEH As. Cry Ni TR T EATZER
B o U BA A MR SRR Asy Ni TGRSR T 2R . &/NEFFRLE
0%AbHEI As JLER A BT 2200, Ni mR&SEAT RG], Pb. CrJt
BT HIERAN; B R KATRAE 0% EI Asy Cr. Ni R G R TR
e, Pb mER S EAT EHIG G . Ui AACIERS, AP RIE) Niv Pb.
Cr L& Z A 2 bri, T390,

3.7 NG

(D) fEHRAZEE N, Py KEFEOT, HIEMAY C. N & &, 13 pH,
THE4 N BU A HUR SRR RS A HUIRE A Ll g i m A, &
AL RS I e LR &, PR DIRE VLR &=, SR LIRS, 1t
BRI

(2) FE/MAZ AR SE N JERTEL T, HAAER, AN EE AR &
EEREANA HLIER B2 M 31.4%; H R KEE RS EREAA VRN 25 H
9.9%, HABEEMALHEAM, BFKEARSRLE 2 ET .

(3) &Z/NEFFRL Cas Mg. P S, K. Zn. Cu JCEAE T KAFRI Cas Mg
P. K. Cu JGHRHATE 0% HEN & B RA%, HAYAH Mo BRI RILT 56
PR P B I b, R I B P A IR A1 T 3 &, S S S A E DX o
TEER IR
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(4) BPFFRLF Cr, As, Ni o & &R _EREEAPUILHE A E B 01
ThaE. WA HUER BPFFRLAE As. Ni TR S ELE T 2290, Tt IER
BRI Niv Pb. Cr & BEAGHIE 2 ebrifE, T8940,

41



WL 5 YE TR R = R TL

42



FIE FRERE

4.1 £5ig
BOENTHE R EP S ARG, &Py 38 7 0 1) 2 2RI,

DRI A P A8 35 TR U0 5 N S B AR OG . S i UK, AT T AL
Yor= i ARE TR T, SEBOYVE TR TN B R E . ARk, AR
HABYINE T2 5, THGRRF &R AL E TR, AR AN
TRRET o ARHFF 57 R 4% ] X 350 A0 K FE RS PR AP 78 07 2, IREA N 55 M
BHE TR 22 SRBL, LA AN R ARG B X6 4 9 75 b SR (¥ s, 73 DR L

(D HATEE N, Py K ER, HEEMAEY €. N, 13 pH, HEESN

(TND PAJESEAHUE (SOC) (14 5B 25 A HUAEF N LAl g 38 Iy - s o it

AR, LEEMAEY C. N &, L84 N &, LU & & 55 L A e
i, EEEH 127.4%, 351.3%, 46.2%, 76.5%. F£HAHFE G REESHR T
SR, RETIEANIR SR, kAT, SRR R

(2) F4bFE it F AR F B I8, T 0% A HLAE, BRI 100%IGAERS, A9k
R AR & B TR 100% G HUE. HE T KEA RS ROk LS LE
RIBIN R S . NI, ALY IRE I R & R TR
B, HAEWMA/NE 16 EERaEHEMANERESH 142%, ANEE
KEEBREEREME TKEESE 73%. Wik, NEARSELE, HHK
PEAR S ®ES T AISY: NEERS &L, AVEYEOE TR0 E S
THNEY.

GOANANEFHRL S K Mo ToE & BN E 2 m T H A/ N2 (P<0.01);
ANE FKFFRL Mo TR S BN EE & THMNE TK (P<0.0D). =HIACEHEAN
EEBIIsE, YRR Mo e & & L S AVUERHERIELL, BANE. BX
KF¥Fhi Ca. Mg P K. Cu JGERHEE 0% HLALKS & & 5 ik 2 W4k AT (14 FH K
SRCMVEDIN FELEH e R, JUHZ Mo JTo &R IR

(4) WMBYFRIMAEITTE As. Pb. Cr. Ni SEHERTHHEY,
Mn. Al TESEWEZERGTEIAY (P<0.01). #HlEEEN LGN, Cr,
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As, Ni JCER & & B A LA AT EL ] B3 i o it 100% A HLAEALEE,
TIFFRIAE As<Ni JCR S BAT %240, A 0%AHUIE, BN 100% 1L LALH,
AFFRI Niv Pb. Cr & AN 2 abrifE, ATisidil. Hit, #Ray
EHEZ,

4.2 RREE

H AT AHUEY S 8 BUEYE 78 5 5 2 et RBCR A R, G ET AL
B H AP IR LU T B /D, BT AN [FRR T TR W S 5 AN R, W
I EYD B A 22 5, D42 T 2RSSR, Ea LS AR E 78 5 5 ) &5
WA KIS E % i BT IR FE R A 3 T S A 70 R4 1] [X R 56
iR Z KSR R RS, A 70 B AR SR R 6 1) 07 XU 7 IERL G 48 40787 77 I
ISR, (H R Z AW RE B, (O8I — 4 R B 45 tH 4518, M LAHRBR A B 2

SUMBPE R ERIRZ, B VAR Sh, IeasEmR . T AR
M. LR RIS N (8] 55 o A 70 1) 0K a5 A% i B AR R L
5 ah, HARF AR, (HK FHRGE TC Ik (R RS 4 1) 2 R IR R 2

VEPE TR R 8 A B 5, BB R & B AL, IS B AR T
IHT AT B K AT TEVERE S LA AE AR, JF HAR B BB R T A
FEMR GRS, CAFEEAPUHIE ., iR RS AR, AT TR E i —
IRNIRR B IYVE FAaAR, TN I VEA A LA 08 F7 b JFUIR L o
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