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EREER, E%is T, ik, KRR, FRM, i, B F
CEBAON KA GG 2Be, R ASRE ST P ZRE E R R=, %8 AL 230036 )

O RITKIIRSATIE HE LR OF 7 1 ZAC IO 0T S R b 22 2 i o R AR B S T ] 3
B4R N AN FORFE AT R ik BN B R B (N,PK) . ZUIEIE 30% (N,PK) TGS (NPK) Ab
B, DIARHEAE X IR HE (CK)o SRR, Mt R a2 (0 ~ 20 em) HIETRZE LM METRE.

B, BEARSCS S E N85 ~ 110, 155 ~ 19.0, 1.6 ~ 2.0, 0.1 ~ 0.4 mg - kg™,

B RAC I, A7 RL

Bk AR R N 26.04% . 9.46%, AR . AR R E AL . 7R AR S BRI RS, NEAT
RPN AR 30% AL A I AN, FORNFPRLN A R R R 12.5% ~ 24.9%, PIFPEYIRS AT NS B AL
50.0% ~ T1.1%. /NEBERE LR 25.6%, FRERALFN 14.0%, 251, A HEECT R0E0E 2 kAL
FHEARES . ARG S R AR, A T REE S AR A B VR R
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AL TR R L 2 1 A
HE, HTRKT, s e A LR R
THolcss L Seah by | SEIRREAG DR IR AT K IR 2R Y
ok, FEIMERNA AR 2 B 1 M ™, (BRI
filh b ZRU N Bt Xof - S ol T A S A i B £
SR A

BT M AT SR, ATTEHIELS T 2017 4F
AR AT i PR (K, WP R it 5 ol e
RARNMELL B AR L BT Z B &R WEFESE R AT
N - HERL A G R At AT 4 4 1 1t
et o

1 #MREFE

1.1 HEEERETT

HH (AR S0 15 T 2 b R e AU 2R i g vk
(33°41' N, 117°4' E), F¥RIE 13.8C, £
Rk 850 mm, HHERAUWP LR A, RA/NE
TR —AE P AEAER . /N2 A K 3 )
Jg CHAAE 197 FICFREA 958, VEMIEE, RAIFE
s L E A A . B BAEDIIEAE 3, 1%
FIET—UA . BIC/ A ENE HIEAE, /INERFF K
FHSE AN 64 F15:5, A& N 225
kg * hm™ [ LARZE CO(NH,), TWE ], BEEHEN P,05
120 kg - hm™, FAEHER K,0 90 kg + hm™,
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db B

M )06 4 1 2017 4F, b+ 385 508 73 5
JypH 820, AHLF 1861 g+ ke, A 1.13g - kg
WE037 g+ kg, 2411843 g+ kg, BRAF A 91.82
mg - kg . A R WES 13 mg - kg T RL A 177.53
mg * kg WE 4 NEEIKE, 20 i 4 AR
(NyoPK ) . ZNEIE 30% (N,PK ) . A&l ( N,PK )
SAHEAEXT IR (CK ). BRAS/NXEAR 45 m?, 2020 4F
10 A FKWGRG, % HSIEBELRERZ (0 ~ 20
em) THEREAS, S EAEAAT 006 = A A a2
mm i, £ H.

1.2 MEmH 55k

SRR A T 2 B SCHR [ 15 ] pHAE
SRAHALEME, KEHHR S 1 AHUERE
MREENNE ; 2ACRHPEEE LRI E s 2R
MR, FHERPLILAENE; S REMR - &
AMR - [RIRIEAR, FRIEENA s TR R SR
Kk (1CP-OES) W ; elfire 0K FH i 4 i
DI s AR FARIR S A=, SHBR BT LE Ayl
T AR IR, R RIE

IR TR A R AR AR - R - AR
BRIF %, ICP-OES ISE ; A AU JLE K DTPA

=R, ICP-OES Pl 10 R bk Mok o0 2 % M
%, 1CP-OES I 5E 7", MEBREE 52> 9k I
ik, WAEER. 70% OB, 2% [ EAATE IR L,
AR B, AN EREE
1.3 b

AHFFT 4R ] SPSS 25 il Excel 2010 ¥E745 11
3T, XPRIR R A Ty 2550 RN LSD 2 ik 2 A
55 (P<0.05). A Excel 2010 7EAL,

HZRES

SRl it X -+ SR A B ) 2 il

LRI L 22 B+ BEE 2 pH 75 8.2 245 . FEFFib
FEASE 20 U P %oF - 48 pH 2 M #5/0N, (BAT 425
THEAHLR A (F 1), 2017 EDE B AL
JRERIIE 18.16 g + kg L KIFEFFIAH, AP
AL TS O FVED AR T XA = i, (AR
SRIE T FEFF I T T A HLE & R A ) 22.81
g+ kg (CK)o ZUBE DS AT 4 48 4 E 5 i R I g
BT CK AbBE, B, #t A E s T £HEh ek
B RE, EAEARTRIG KSR B IO e 1 g
Wk, B EEA RIS

2

2.1

K1 HEZE (0 ~20cm) TEEAELMER

HHLE S e S fRifire A RER L AL
VoLl pH
(g-kg") (mg -+ kg™")
N,0oPK 7.90a 23.44a 0.84a 0.61b 18.93h 104.07a 15.61be 144.49¢
N,,PK 7.94a 23.53a 0.81a 0.67ab 19.94ab 100.80a 22.26b 205.05b
N,PK 7.88a 22.05a 0.81a 0.77a 20.72a 99.17a 31.45a 229.55a
CK 7.98a 22.81a 0.75a 0.55b 19.34ab 98.00a 7.05¢ 139.76¢

TE: BSIAE/NG FREFOR B 2255 B3 (P<0.05),

T IE AR A AR A A
104.07. 15.61. 144.69 mg « k', Hh, WAL —
WA bR, A TR KT AR
WA, BV T AT A BALL TR K
o AN [ it A A X6 A S S AU B S e ] A
AL, FLARBR ) 25 5 5 00 KO
2.2 ZNEIEE R = R I

FEWR XS VR = s gk, o NGz 5%
M R 2. R 1SS R BR, FERSARE AR A
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INFE /S
O ¥PkL O F&#F O FFRL O ##F
12000¢ 12000 ¢
~ 10000F a ~ 10000F
‘E E ‘E F ab
E 8000F a £ 8000F b
= 6000F | 2 6000F
1 4000F i 4000F
i 2000F % 000k
L cel ) ) el 0- | o] |
0 NiPK N, PK CK NjPK  NgPK NoPK
Ab i
BE1 /ME. EXF= (2021 &)
e [0 HAE PR R FE R BRI 22 5 3 (P<0.05), R,
K2 IMEFAEELL D, ARGEE R — T Roa%, AR T IR
hb i N K 20% ~ 25% Z.[8), AR FEIREETE 8.5% ~ 8.7%
NioPK 1.00a 0.72a el 1 P S5 € R e S [ S A SR U TS e O
NyoPK 0.71h 0.65a B (HEFARE; MEMIKFE TR, RAREEE R
NoPK 0.63be 0.43¢ AR S R, (HIFRBRNBEAKE (FR3),
CK 0.55¢ 0.54h 2.4 FNEWGEXTEY) MR TCER R

W A = FPR R RS
2.3 RN - b it SA RS M TR 1
gt 6 AFIEMEA, PHE0E%. . W, B4
g TR 2RI R EER . AREHMEITERE
P R AR BEE AL R A, A5
3 #HE (0 ~20cm

P = N =

INZEREFFH N PK B ER & i d i, AR it
Jak i RIE Rk N PK. N, PK i AgsE & B %
=T NPK 5 CK 4b B, Wit vT 5 2 i il /N2

T FE TR B MRS s /INAZ RS AT (R4 L B S RAIR
PITE 1mg - kg LT (F£4),

) TR EBEARSHETER

K7 i K] s ARk ARG ERIGiT! AR
b
(g'kg’l) (mg'kg’l) (mg'kg’])
N,ooPK 25.59a 503.72a 23.16a 66.92a 10.80a 18.74a 1.62a 0.39a
N,,PK 25.26a 48791a 24.62a 59.83a 8.52h 17.15ab 1.77a 0.35a
N,PK 25.24a 494.87a 23.09a 61.49a 6.80c 15.64b 1.87a 0.27a
CK 24.89a 471.31a 24.42a 64.16a 8.68h 16.92ab 1.96a 0.11a
(i 25.51a 504.96a 24.04a 62.83a 4.86d 15.83b 1.80a 0.53a
T IR/ NG T REROR A TR S AR P F R A R 2253 2% (P<0.05 ),
®4 INERBFEHHMETES T (mg -« kg™)
INEETEHFT INZERFHRL
Rb3
B i ¢l B 7S i Ll B
N,poPK 18.45a 33la 0.21a 0.54¢ 3.60a 3.39b 0.48a 2.77h
N,,PK 13.93b 2.83h 0.09h 0.66b 3.55a 3.24h 0.35b 1.61c
N,PK 6.70c 1.83¢ 0.09h 0.87a 3.63a 3.24b 0.38h 2.79h
CK 5.34d 1.67¢ 0.05h 0.37d 3.87a 5.26a 0.41ab 491a
T WP/ NG SRR A B 22 5 B35 (P<0.05). % 5 [A].
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RNVt b 0], N RER R B S RTC
WAL, Hrp gy CK AP S H G
EES, R AL B AR B E LT CK b
P NyooPK F 4R 7 81 25 T No PKL NoPK Ab3,
B A EUERE S TS LT

FORFEFF T, NgPK. N, PK &b B )8k 5 i
FE T NPK 5 CK AbHL, 4 7 bl 2 it FH 7K 7
FERmfem, HESDE. AR hE S a2

BUIN, AN AT B S R B R
NE it KB S g, HLAS AR PR 25 57 2

T ORFF R BR B T R 25 5, [H N PK
NoPK . NPK A FRAFFRLER B i (KT CK ARH, %
FEESFARE, ERMEGEAE T, N, PK ZFEfY
S e A A AP A BE A FH K T
53715 2 3 O = 0 5 RS 2 A S S S A Rl T = o 8
BPEES BT E 225, N PK A AR S AR

RS EARBFEHFRURETESH (mg -+ kg")
FKFEFF TR
pisl
S i il I8 i il B

N,ooPK 1344.59b 44.36¢ 24.36a 23.77d 56.85a 6.19a 6.56a 39.25a
N,,PK 1551.44a 50.64b 24.80a 34.54¢ 54.32a 6.27a 5.74ab 36.08a
N,PK 672.53¢ 58.42a 25.24a 45.30b 57.34a 6.09a 4.31b 40.42a

CK 599.08¢ 43.27¢ 13.42b 66.91a 64.29a 5.44a 2.11c 39.66a

2.5 RN E) & B S B
INAERFRLIEE H RS A 13% oy, 4 FPEEH

SR HEAE 12% DL . B & H BEE ZUIE RO A L

THa%, BRE S E A RE ZUL Rt A LA

U=
OifHEA SEREH OFFEA O48EA

FRERAR, BV R AT N, TR
R BETE 20% ~ 33% Z[8]; FE4FEAET, FE
HAE/NE PR Fedess (2 ).

OiEEA BEEA OMEEA OA8EA

(%)

m 4
Q1

N,PK
AR

N,0oPK. N, PK

B2 NEEXEARSR

FRAPRER B B AE 8% A4y, 4 FPEE L
i AR 10% VU L. 168 A & bl s Z00iEa -
Ffa, B ER 1 & bl AU HE =, N, PK
5 NGPK PR 8 o i, AR T AN A ey
th75% Aity, ERER SR EANEA BE AL, 7E
4 PP, WA AR R

3 e
3.1 EARWUE T I TR

R R K EMRIH T, METES
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AR, B pH BB R R &R TR AL
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pH ST A A A B S et ™, e
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HITEABEMEE,

SRR, AERSFRL AT i AL AR S AE
T A A LT G R R AL pH. A 5 R
B, AR AR T R 5A RIEYLRS EE)
WEEIEAG, ORI REGE A e o 2R f it
A AL, PREAA LTS RN T 45 A S BB
B, AT TAMSHE TR

AW RN, B BER . FERAAERHE 45
TR B O TR MR SRR, AR T
R 0] LIl i i u B TR AN T s VR
A A R AR DL R TR L TR AR bR
VER S D XN e T R I RIR S, X A AL
TREAEBRERRIRA - Paas £ > )
PRI 45 9, N, PK. N, PK &b FEiE i VE Wy e 3
KB, 6. #1388 T NPK, CKAbH, B A
K BRI ME TR RREN, (Ll
AR M P, FRFEF AR TR KA s #fiR
MIE] 4, ANEREFF A R TR AT K
FEAFARARG, R BE 8 o A FF A H A Oy 2R [ 3 A
o BHL, FERSFFR ABECT, FEYIIOR S 80 i
ICRE AR FEIR TEWFFRL, R AT
E i U el o SR T oy w8 o7 9/ /T 0 i
INZERTRL, Tl IC R e 22BN 5 mg - ke
e R R, I, N PK. N, PK A HE
PR TCR AR L, BT NPK 5 CK Zb#,
3.2 FAEE XY i T 2R S AR A

YEYIR I ST R MRS BR T 2B A . A
M BERY M, K os 2 IR e RUIE 4 i 355
M)V 0 1) 0 55 7 e, DA R VR X i i e R
W [A) e, AR A it A Ry B A R T
HRE T SRR T, Wom7T 88 mmkiE, +
R VR AR Ak 2 L AV E RS R 4y I 3k 2
$%§ [25-27 ]o

JINFZ FEFE A AR A S AU i P E
K, AT SRR/ N2 FE AR Rl B
TR/INZEREFE R B 43 A1 5 it 800 /)N 22 3 4 1)
WA IRIVE I, AR /N RE AT R a0 25,
FRFEFF P BROC R S B K TARL, ZEA RS
HER RN, FORFEFF RS R IEL, &
SKRAFARL P RS i L s R RIS T oK
EFFRAR I AR, X5 Tiwari 25 0 BOBFSY 45 Rk
L, T ARFPRL R A B Rt R e A ARk, T
i, FHRIREHER T ERFEFF A A oA

3.3 RALIEE R i 5 B R

AT AR E SR A B B R AR Z
—, RENRICHCRIER ., R A = PR B K
g 2 AR E B AL R, R SRR
HIE TaWER, MEEASAEAR THFE
Flo /NZZRYEE B i — i & T 0K, U0
it T S BRI AL RS R A A e AR/ N R v S Y
i, X UCH RUIE IO 2 (/N2 i r S S T
W, B/ N2 Bl S5 2RI DBl it Xk 5 K By 2 1 Jo
oW/, 1 HE R REACE T A R
B, SEASHEAEASTERAREER, Xl
WA SRSt e K P 2 P B B N 0 ok
EERY, #25E0EANGRERE, flinE
SR e a2 B R SR T Y BRI S 2 B N T AR
BOLESMAL . E RS T HARREN; fEKA
AN S e P Py A T e TN 2 €
KRR IR, e B KA & M2 BRI - 7EAR
B, A B RRIR AR T 50 pg - g7 2 EL
P BT ERER, AT ULRERTEY R 1 55 i
P T o SR B A [t P A R
YEDI N BEA A RT3, IXR] DL b2 R 4
PE AR B, AR BILAIEIC A4, PR
B RTHER SRR O

4 L5t
Z 5k 4 4F (2017—2021 4F ) B9 Z R st it 56
B LI 458

BRI 30% it /N2 1 T K AT L7 o 5 i 4
AN, SRR L TR
MR TR SRR E AL, FALiE A B
FA ORI SR R R, A e R B A AR
Bk A U K 3 10.80 F1 18.74 mg - ke, AL
Jiti 30% 43 0 (6 AT 20k . A AR 1k F)) 8.52 il 17.15
mg « kg, AR A S WA PR A e it 7 7
GETE
SRUER X VEH P B 76 2R 43 A7 5 ) 2 244
AR, HonE b, RFF D R T E T Rk
TR S, BRSFFRUE TR Bt 57
AR —E
JINAZ R SIS B 1 et B RIS it P et s T
TR, YR FEIRIE N 35.54%, FRAR T /N2 HPRL
Y BT oK T I AR BE A AUIE DA R
e, ABIFARIRBN DKV, A T KRPRLAY b BT
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Effects of nitrogen reduction on trace elements and crop quality in typical lime concretion black soil under straw
returning modes

WANG Zi-yu, WANG Qing-yun', YANG Gang-li, ZHANG Chen-kang, LI Qing-yang, XIA Shu-yuan, MU Qing ( School
of Resources and Environment, Anhui Agricultural University, Anhui Provincial Key Laboratory of Farmland Ecological
Conservation and Pollution Prevention, Hefei Anhui 230036 )

Abstract: The effect of reduced nitrogen fertilizer application on trace elements and crop quality in typical lime concretion
black soil was studied through long-term straw returning field positioning test. Four treatments were set up: nitrogen,
phosphorus and potassium conventional ( N;ooPK ), reduced nitrogen fertilizer application by 30% ( N;PK ), no nitrogen
application ( N,PK ) and no fertilization ( CK ) under double cropping of wheat and corn with straw returning to the field.
The results showed that there was no significant change in the total amount of trace elements in the topsoil (0-20 cm ) . The
avaible Fe content was 8.5-11.0 mg * kg, the avaible Mn content was 15.5-19.0 mg * kg, the avaible Cu content was 1.6—
2.0mg * kg, and the avaible Zn content was extremely low, ranging from 0.1 to 0.4 mg * kg™'. With the reduction of nitrogen
fertilizer application, the content of available Fe and Mn decreased by 26.04% and 9.46%, respectively, while there was
no significant change in available Cu and Zn. The Cu content in corn grains decreased by 12.5%-24.9% with the reduction of
nitrogen fertilizer application, while the Fe content in corn straw decreased by 50.0%-61.4% due to the absence of nitrogen
fertilizer application. The Zn content in wheat grains showed a trend of first decreasing and then increasing, while the Fe
content in wheat straw decreased by 63.7% to 71.1%. Nitrogen fertilizer reduced corn albumin by 14.0% and wheat prolamin
by 25.6%. In conclusion, under the straw returning mode, reducing nitrogen fertilizer application reduced soil available Fe
and available Mn trace elements and their bioavailability, and might affect crop quality by inhibiting protein synthesis.

Key words: long term positioning test; reduction of nitrogen fertilizer; returning straw to the field; trace elements; crop

quality
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