rRE SRR 2020 (3)

doi:

10.11838/sfs¢.1673-6257.19610
IR EEER R EFRTRASEE

PEERK, XIS, W W, R M, FEK, AhEN
G degalk K2R SR =22 0e, Wdk £ 071000 )

8 OE: E b R R X RIS I . e AN SRR, RS T A LR Ay IR S s AR
R FLFRAAE O ~ 60 em FIEHNE 43R, BAEN R AREME AR Ak s, FBEA5 R Wb 3%
ERE 0 ~ 20 em HHESSA AU, AR, AL . AR, ARECEEE RSB 1.16 gkg. 17.99 gkg.
118.26 mg/kg. 329.70 mglkg, 15.33 mg/kg, 3.69 mg/kg, [AlLLTHE Rk S A R, &35 0S A ainT 0.43
g/kg. 6.49 g/kg. 111.96 mg/kg. 201.50 mg/kg. 7.13 mghkg, 3.16 mgkg. AHUR LIRSt ifi . FaT5 — ok B
Db, TIEAHURTE 10.00 ~ 20.00 grkg BSRFE 5 60.3%, AETHARKNE; SRTE 1.00 ~ 1.50 gke Hebdl b 44.5%,
IETF R AR AR08 >40.00 mg/kg . HEELET >200.00 merkg 233 ki 78.5% . 61.8%, AL TR, B SRR
TG, SR E Ao A R R AR IS, AR R R R m TR AU, ARk, A
SCERRIRE IR, SRS A RIESRANLL 0 ~ 20 em BRSO T, ENLSLER 31 4F MR 20 ~ 40 1
40 ~ 60 em TJETHEAPL . AR HAE A S T 0 ~ 20 em [ 50.8% . 59.8% . 74.0% F142.3%. 27.0%.
55.9%. TEFMAEAERR A 30 ~ 40 4R, -3 pH BIERHK, H 0 ~ 20, 20 ~ 40, 40 ~ 60 em )2 14 pH
{EH/NT 10 AT 5 T 1.09, 041, 027 AN, LS SRR H T . s B R S it 2 HEH
o, HAHEaRmh . s igg g s T R PR . AR ARG, RSB R S R

FEBCEREATHLIL | BC A e BRAL AN B P 53 bl 387 73 UG B e S b T S BAC AR 7 RE ) o

KRR RN TR BAR; L MmNR

R ESER R AATE), AR mALE R R
R SE AR 42%, des R ERE IR I 2 —,
KATI AL Y Febs . LT R X 2] b e s
WAEF=IX, PERARRR D AR, SER BT X
LA O 2T R RS T B IR

. MOP MR . HAERERT . 3R
RS RIEARARAL , o A P& it
A bt bt oy B SR el IR EAR BE I R, Xk
PRI 206 SRARE 118 7= B R A B LR, it AT R
me - e R o i, U R A A
o ARRAIEX A B R, AR
RAH H R RS E, CARRERE, 3
IR D] A5 3 A7 7 R Ml A0 R R i 1 [, B
PSP SR el RUIE 5 A G T LK T 95%, A IR
ATEFS KL N T g e 3 R el

KR EEE: 2019-12-28; FRARB#E: 2020-01-23

EETE: WIbARHEIT RS L5 E (182275100 ),
EERI N SWER (1993-), H, wdvfehi A, it FEH
FEHNRIT % S5 0ENE . E-mail: 706615630@qq.com.,
BIREE: X, E-mail: jlliu@hebau.edu.cn,

PR T it P BMR 2 B, BV 48 9 AU 8 A 3 L )
07 72%, A1 50% e WEAEF A Gd & b m
N, P05, K0 F20 A 124351 3k 51 J A 75 i
24 ~ 30, 09 ~ 1.2, 44 ~ 51457, o &
it FHACAE M 2 R oy Ay . MRfk . mEIRER . RS
R ) PR XU [ L A G P R A A
PEXFER . FEOCE A, T am R R R AR+
B R TR A R, R w2
RS . BEIC R MR, M S ECRAR Y A B
Bkl

A, HIEHBE . SRR IR S
M 3R B R FERNE, RREEX LR,
M TR MR R BB 1 LR
ARG B2 A PG AR A KT, AR Z
R SRS BUR . FE T IE B RS SR T I
W LT E R R AL LU 16 T AN X 3
Dl 3% bR 10 B A 1 157 43 7 W I 9 S el + 48
TR A S R AR A kb b, BT
TR IA), AR S A A AR R VT AN [ X sk A 0 R
PSR PR, SR Bl 393500 i K0T A i R

— 157 —



rRE SRR 2020 (3)

WIS LSRR | ISR AR R
IR e A SV 'Fﬂsaﬁﬁﬂlﬂi%eﬁtfﬂlﬁﬁﬁ}%o

1 #RERZE

1.1 HUREHb R A AL

PR T BRI T ISR = XA e, b
SR - SR A AR, 28 5L 5 T e FA
BT BARE TN ERIX, B =mlRER T
MELLLATE I

Y NIIPS)

AN SRBE PR E 3 AN HURE S, 3 N EES BRI A N —
Fedh o TEFTARES TPEBUNT 10 AR5 . 10 ~ 20,
20 ~ 30. 30 ~ 40 4FRIBEEALS 25 4.
122 WEde bR Korik

MEmH . H3EEE . AU, AR50, #aL

B LOARER . HRUEEE,
A3HTE YO,
1.3 Bk

B R R EEE AR (1980 ~ 1985 4F ) B+

il mﬁ/f&ﬂ% (G ¥4

4 XIS R B KRB P A M, . = BRSOk PR T b ek T o i g
LT HEEFORAI 122, 111, 100, EN ZREwmamEE HhE gk
79 °C, AF MK By 5 5780, 617.4. 7307, %Tﬂiﬁ%w S = gk
715.6 mm, 1.4 Hdakbi

1.2 Wk
1.2.1 bl A B o0 o7 Wil o5

FE A HURE i%%%mﬂ“@%%@m
A, AL TG R e T E B g mE A (G2
38° 51" ~ 38° 53", A& 115°7 ~ 115°8" ) FPHAFEHS
(dbzh 38253 ~ 38° 54", AR 115°6" ~ 115°7" ), W
AFFSRFE A A 1987 AFEAHLT B 3R (AR ),
BRIE]. AT 3 mx 5 me 43 51T 1993, 2003
2018 A3 Rk e (10 HHa] ~ 11 HHpA) ) mu

% H Excel 2007 % SPSS 19.0 % % 4 47 43 #7
Sz

2 ERE5HH

2.1 SERFH 0 ~ 20 em )2 HEEFE IR 524k
WAL EREE 0 ~ 20 em 12 13 5 43 BLAR
5k 1 iR, 855 EW: FEREO0 ~ 20 em
T E AR AE 040 ~ 2.94 gke Z W], SEHIH K
116 g/ke, AL T4 E 5 ik 5054 & i 043 of

Bt, WE BRI FEAELATO ~ 60 em HARFESY ke, MK 58.9%. 44 SR BE A ML AR IR A
LN 598 ~ 36.62 gkg, VYIEN 17.99 gke, #H K+

A, et B A 6.49 o/kg, MK 56.4%; AR FEAE

Jepe R BRI E . . F e, BT WRAE 543 ~ 474.87 mgkg, PN 118.26 my/
TSR ERE S R 100 (G BIR R IR ke, RS R EHEE AT S 111.96 me/ke, B KR
SENLWEIN 20 AN FE & ) L 97, 102, 101 4>, 2018 4 FEIRE| R AR 17.8 fF; sl A fb
10 A3 11 H Ao, FE R B 7E R e i‘ﬁ%ﬁ/% Wi & AE 21.09 ~ 866.03 mgrkg, V-3 & M 329.70

%, SO ~ 20, 20 ~ 40, 40 ~ 60 cm 13,

mg/kg, B8 TR AR A I I Y 201.7 me/kg, AR

®1 AEMWEFEREO ~ 20 cm TIEFHIK

HCREHLA 2% (ghkg) B (g/ke) AR (mg/ke) R (mg/kg ) AHRER (mglkg) BHREE (me/kg)
S . . . . . .
YfE 7 A5 0R Ve 1 AR 05 YI{E 1 AR 0R Ve 1 AR 0R Ve 1 AR 0R e / AR 0R
T 1.14 17.50 113.79 245.42 18.47 241
0.40 ~ 2.94 6.50 ~ 36.21 9.88 ~ 353.78 34.75 ~ 866.03 3.61 ~ 42.16 0.35 ~ 10.60
e 1.18 19.37 56.96 215.49 20.02 2.44
0.69 ~ 2.06 10.80 ~ 36.62 5.43 ~ 160.63 21.09 ~ 673.51 3.59 ~ 49.46 0.41 ~ 7.89
JIFF- 1.11 15.61 166.46 465.21 11.28 3.96
0.50 ~ 1.75 5.98 ~ 23.69 11.34 ~ 474.84 111.35 ~ 772.01 229 ~ 21.03 0.45 ~ 10.26
0 1.21 19.48 135.85 392.70 11.54 5.97
0.62 ~ 2.10 8.40 ~ 23.20 37.61 ~ 430.54 66.25 ~ 531.86 2.12 ~ 22.03 0.62 ~ 10.57
2018 4F 1.16 17.99 118.26 329.70 15.33 3.69
1980 ~ 1985 4F 0.73 11.50 6.30 128.20 8.20 0.53

— 158 —



rRE SRR 2020 (3)

TYUCE AR 16 £ ARER S EEIETE 2.12 ~
49.46 mg/kg, TN 1533 meke, BH K%
Ay 713 merkg, A IR A 87.0%;
RS AR AL IR FEAE 035 ~ 10.60 mgkg, “FH
TN 3.69 me/kg, BCHE TR 8 A i 3016
mg/kg, AR IR R AR 6.0 1%,

. H. =, W0 ~ 20 em HIEFFH
W S A RS S LB o 47.2 0 1, 23301,
22.8 11, 42.0: 1, 28 A 500 5 A R L7 T34
H320: 1, BWEEE R EEESARNY 11914
AFIFEERG K

FEFH R S A AR, Pk R
bel 3SR S it — 2 b, REA VLS SR
Oy SRR A R 1R, 5. SR

50
40
30
20+

10 -

TEFEHTEELEL (%)

0

<0.5 0.5~0.75 0.75~10 1.0~1.51.5~2.0 >2.0
2% (gkg)

100

80

60 -

40t

TEFEHTEELEL (%)

H¥ws (mg/kg)

<3 3~5 510 10~20 20~40 >40

0 ~ 20 em +EH2EFHEEL T HEKE, 2
R w A TR S A KPR B 4351 i 25.59% il
44.5%, AbTFH B ACE B R R S AL,
WM 1.5% T 3.5% . - RFEA LT & kb T4
BRI, AT 5 KO 8 SR B 43R 60.3%
F121.8%, Ak T s AKCE R EL Y 0.8%, 33
& M UL R b 9.8%, AR08k e e,
WA 78.5% MR AR S RN F R, BER
K- SR B 11.8%, v & KR b 7.8%, X
A 2.0% ()5 e TR AT R B AR R BOK T B LA
B e KL B R Y 61.8%, H
W T AR S 24.3%, BOKSE R G
12.5%, VA 1.6% B95 FEls s & e LU
K

75
60}
45t
30t

151

0
<6 6~10 10~20 20~30 30~40 =>40

s HHUR (ghe)
60 -
45|
30

151

0
<30 30~50 50~100100~150150~200 >200
B (mg/kg)

B1 *TEER. AR, R ZXERSENEESH

2.2 GENIREE FIEFRATE 0 ~ 60 em TARAYZS [A] 53
FiTR /N

FERLREE 0 ~ 60 em 4 JZF7 5351 404 W] 2
Jin, SRR REF 20 ~ 40, 40 ~ 60 cm +
EaR. AL, AR A, ARk A
BB 0 ~ 20 em FR57 B E Y L RS 12
JE R IMB s> . b, /N 10 AR RS A9 S
20 ~ 40, 40 ~ 60 em T2 HIELA . AR, A
A ARSI T 0 ~ 20 em 12
1 68.0% . 59.0%. 47.3%. 77.1% F160.0% . 50.0% .

29.7%. 65.0%; FEFHE 10 ~ 20 4FEA9R R, 20 ~
40, 40 ~ 60 cm LZ AR AL, AR, #
RO, AR AREF IS T 0 ~ 20 em 12
1 56.1% . 51.2%. 53.7%. 83.9%. 39.6%. 13.3% #/I
48.8% . 45.4%. 27.4%. 24.3%. 26.9%. 10.0%; K
T 30 5B 20 ~ 40, 40 ~ 60 em HJEH LR, A
LB, AR . SR . ARk, AR 0A Y
F0 ~ 20em HJEM) 64.4% . 50.8% . 59.8% . 74.0% .
44.9% . 29.4% F152.5% . 42.3% . 27.0% . 55.9% .
27.9%. 12.6%:

— 159 —



rRE SRR 2020 (3)

2% (gkg)
0 03 06 09 12 15 0 5

HIUR (gkg)

B (mg/kg)

15 20 25 00 50 100 150 200 250

0 T T T
10} 10+ 10\71]
‘g 20r 20+ 20
Q
300 30+ 30&1
5
ﬂ_ﬁ 40t 40t 40
50t 50 5008
60t 60" 60l
BERA (mg/kg) A3k (mg/kg) B35 (mg/kg)
(0120 240 360 480 600 B0_s 15 20 25 0 12 24 36 48 60
T T T T 1 T T T 1 T T T T 1
10 10-
& 20 20}
Q
o L
Y 30
!
ﬂ-iifl 40 40t
50 501
60l 60k 60l
—a—64F —o— 16 4F —a—314E

B2 ARERTREO ~ 60cm TEFTEFRSRHETRIES

2.3 HHERI ISR RATSENE

THEFR IR S ASEARINFR 2 B, S5 REW:
TR APUT, AR R AR A
RO S AR AR BRI I 52 B2k BT, AT
MREAEFRR B, PRI TE) O 30 ~ 40 4F AR el
0 ~ 20 em HJE IR AP, ARWE, HHL
BOARGER . AR R RN T 10 AR Y
S 2l 1.48 o/kg . 13.89 glkg. 111.82 mg/kg .
278.32 mg/kg., 14.34 mg/kg. 3.39 mglke, 45 F%5r4F
PR 5200 0.05 ghkg. 046 gkg. 3.73 mg/ke,
9.28 mg/kg, 0.48 mg/kg. 0.11 mg/kg.

F£2 ¥EREO0 ~ 20cm TEEFSSEEMEREMNXR

I it R?

) y=0.049 9x+0.498 8 0.992 8
AL y=0.443 3x+7.602 2 0.970 8
A 3 y=3.90x+30.57 0.960 5
AL y=9.72x+82.76 0.936 8
TGN y=0.46x+5.641 0.96
HREE y=0.11x+0.541 0.96

AF L ZH AP S S & T S m A OC
ZWNFE3 s, G5iRFH: REO0 ~ 40em £EL
— 160 —

WAL S RS 2R R ER B EMNCER, 5
AR AR REREHCR, f£0 ~ 20
om 2 F IR A WL A A B e S A
ES S
®3 ARELEHEIREESEFITENEXESN
IR

(em)

&HE AR U AR ARG

0~ 20 0.6827 0330 04687 0332 0.335"

20 ~ 40 0479"  0.180 0.251 0.305" 0.304"
40 ~ 60 0.040 0.108 0.222 0.116 0.126

ek SPRIFIRA AR S 5% Al 1% BE K-,

2.4 13 pH HARAL 522 1k

FEAN ) FIAB AT B 179 SR el b oAS ) + )2 pH(E 3
4R, GPRER]: BEE R ] 3G, R
AL E L pHEYE TREBEE, 70 ~ 20 cm
T2, RERFEEE Y 20 ~ 30 450, BT
10 45458 pH H FRE 0.43 N8, FllE 30 ~ 40 4F
) 5 Pl -4 pH (BT LG 20 ~ 30 4R 3 T 0.66 1
M, FE20 ~ 40 em 2 H, 20 ~ 30 AF AR+
5 pH /T 10 451 FE TR 0.17 4307, 30 ~ 40
AR E 20 ~ 30 AR SR [ T B 0.24 AN AE
40 ~ 60 em T2, 20 ~ 30 4F FFE BN T 10 4F




rRE SRR 2020 (3)

SR bel -3 pH {E T % 0.13 A7, 30 ~ 40 4R 5
20 ~ 30 4FSE TR 0.14 D,

F4 FEMEFRTELE pH EEL

AR LJRWE (om)  AfLIRE B
<10 0~ 20 8.15 ~ 8.22 821 +£0.04a (A)
20 ~ 40 8.13 ~ 8.25 8.26+0.01a (A)
40 ~ 60 8.17 ~ 8.30 8.28 £0.09a (A)
10 ~ 20 0~ 20 795 ~ 8.25 821+0.04a (A)
20 ~ 40 8.18 ~ 8.27 8.20+0.05a (A)
40 ~ 60 8.25 ~ 8.38 8.25+0.06a (A)
20 ~ 30 0~ 20 745 ~ 8.10 7.78 £0.32b (B)
20 ~ 40 793 ~ 8.18 8.09+0.13a (A)
40 ~ 60 798 ~ 8.41 8.15+0.22a (A)
30 ~ 40 0~ 20 5.03 ~ 7.30 7.12+0.93b (C)
20 ~ 40 5.17 ~ 8.09 7.85+1.13a (A)
40 ~ 60 8.22 ~ 8.70 8.01£0.74a (A)

e NG TR A —FAEAT BRAS [ R 8 -3¢ pH (i 18] 1 3 25 K7
(P<0.05), KGFRIGRARFEAFRR R — 1 2R B R bE + 45 pH H
&) i 2 22 5 KF (P<0.05 ),

3 itig

3.1 SRR AR R R A R A

£ A O A B L) 2 B AR
EREIEBEHE T B R, Wb ¥
SRR AR, AU, AR, HO A A ik
#] 1.16 gkg. 17.99 g/kg. 118.26 mg/kg. 329.70 mg/kg,
R4 [ 45— R A R A b Y R R,
b b A S EA T &K, AR E AT
SR, AR S R ORI R
KT GRTABFRZE S 2 A, HA L
RRERA PR G52 &8 RA K, (BRI T
TR, AR S B IR A AT T K AR
W, BT AR A B YAE PR A T LA 80% b
B R REAKL TR AR HIT, T 5 B 4 2 4R
R AT 4 SR B 0 3 AR RS 5 0 75 5
et LRl RS e e e o SRl 4
HE TR RIFE LIS m s Rt R
AR, JE R P R B KR B TS
FIEFERCEE . AR R AR TR N, A
WEFE 0 2, e LA 150 me/kg B P05 1
FONMHJE, HHEASRERAC 17.8%, K550
)b A S Tl A Rl B A A S A R
B AR E B R RS A A T R

JE LT, ST RE S R I A PR G EE AL
B et il AR 2 R SRR X A T 2R IR
32 TEFSINHNmIETE

A YA 5T B TR AT B A 3G L R T
0 ~ 20 em L22H . BRI LB F R
BT, R PRI R B, B AR BR
B, 8 b SR DX SR X A 49 B A AL
TR S B I 32, A SE I [l AR
B, MRORES D WAEmt e R as i, 2R
X 3R A R o o TR R b X, AR YRE
55 TR S R, e A S A PURAR
fL#asAE, 5HABRISE 0 15 i asiedenl, =
FENIF 5% S el = 398 5% 43 I o A 4 B 384 4 1) 728 fb I
i, RFEBFEHES N RRLE, ek X5 6
U R, YRR R A PR AR T 19 45 SR e 4 4
JIE 7 IF 36 5638, 5 A BFSE 5 B R B 2 S SR
el Y 1% A 3 00 2 )2 - 9 4 5 R - A SOl B Y
ST RS, A AL 4 R R R R
B IRTRGRAE O ke U S D 2 SR B
W, R AR AR, B . B
SEAR IR SE S B B, 7 R R E AT RL
B, s AR S E O RSB AR, 54
UHFFEEE IR, 3 X — G i J A m] R e
TRA T STl 1) A8 B AN )5 AR e Al 4
A AL B RR A i BRI AR R 3G 4 —
HER EFES, SAU L4 35 ) A 45 R
—3.

ARURGE IR B0 25 R B, A R e R 16 4R
mF, R0 ~ 40 em HEH A A IR R EE,
FiE 31 4E )5, RETHSERITIREETEET 0 ~ 40
em 12, RERAEVRBM TR, XIBEE BHEd
KRR LA S & TR, B
AL, T EEER R 16 AE T EET 0 ~ 40
em 12, M THREFEPBSEE R, FEE
Pl 314 )5, B EAE 40 ~ 60 cm + )2 4 I
MEE, MR TEEZTE; £REMH 164
Ji, B0~ 60cm +ZEH A, AHULEA VR
A, XEYMFRAFEEIIEEEZE LR, 5§
0 ~ 60 cm £ Z2H R, AW MEAH —E
KR,

4 g

AR E HHEFR R 0 ~ 20 em HIEARA
— 161 —



rRE SRR 2020 (3)

HPUBT, AR, HUSER. ARk, AR R
WM 116 gkg. 17.99 g/kg. 11826 mg/kg. 329.70 mg/kg.
15.33 mgkg. 3.69 moke, 4F P58 K B 4F 51 0.01
ghkg. 0.16 ghkg. 2.80 mg/kg. 5.04 mgkg. 0.18 mg/kg.
0.08 mg/kg.

TR AL AR, BT, AR
B, AP AR IR B i i AR BT
AW AR R R L E S TR AR,
o TR AR 204E DL BRI R B 0 ~ 20 em
B TR

Sk

(1] Z=5d, JR%, skunts, 45 bl SR X 3 ) St
NEBLERITA (1], RS, 2019, (6): 32-37.

(2] @Bl LRI X IR BRI E SHEACTRE RO [D .
PoE s el R, 2018.

(3]  BRREE, XEE, BROH, & 8h st o XA
PR S B TPIRBLIEHY [1]. H39di, 2018, 49 (5):
1144-1149.

(4]  F/NE, REEZ, X5F, 55 BRVEFAGIR A [ ].
HPEFR SRR, 2013, 19 (1)@ 206-213.

[5]  xlgess, Btk sksfe, 45 Jbas g il b e
SPET R LA [0 ] P25, 2006, (4) 2 705-708.

(6] e, BV, skamel, &5 dua bl AR BN G 2
AKX AT (1] HET SRR, 2008, (5):
858-865.

[7] Jian S, Qiang Z, Jia Z. Pyrosequencing technology reveals the
impact of different manure doses on the bacterial community in
apple rhizosphere soil [ J ]. Applied Soil Ecology, 2014, 78:
31-39.

[8]  FB&EAH, £FH, JibMy, 55 AU XA H AL
BRI s S ()] hE RS ARE, 2019, (1)
55-61.

(9] Ei5, Booh, 9%, rdhER A 8RS i KO
PIAT (], PIEEHESREL, 2019, (6): 55-63.

[10]  #0-EH. REeRMAH (B3R [TM]. dba: R

Jikt:, 2000.
[10] Talvh, 2, FoHE. wrdess BgEaE M. (e Wt
R AL

[12] PR XArELol)s Hied. etk (M), e &%
FETAOW R, 1983, 12.

[13] ZELTHESAEY. FRLTHEE [(M]. Z25: #
SRHRLE, 1986.

[14] HhAflmtiEA HlhatgE (M), Z825.

— 162 —

[18]

[19]

[20]

[27]

[29]

[30]

[31]

[32]

Bl )R, 1985.

Perifolmsgd, bk (M), #88: 17
Bl )R, 1985.

S MR P e D Sy, R R (ML R
AR, 1981

Fallahi E, Fallahi B, Neilsen G H. Effects of mineral nutrition
on fruit quality and nutritional disorders in apples [ J ]. Acta
Horticulturae, 2010, 868: 49-59.

R, RIS, HOKFT, AF. BRVGTHJLLLE LR b
ARG RIS =B fsgm [T]. bd 2484k, 2013,
40 (4): 613-622.

ARG, BEETT, TR, A5 AR B 2 A SR
S L3 ] T E SR, 2006, (3): 62-63.

FRWIEE, ER, A1, S5 BRI K A L
AW IR o S im A RE (D], RAE IR S IERE R,
2017, 23 (5): 1191-1198.

S A IR R W R A A B AT R R
[M]. et PR, 1979.

FIREE, BESCAT. Tt b S LR SR A (]
AEJLR 4R, 2008, (5): 219-222.

JERE, BRI, RARSE, A WL b A X T IERER
PO BB R B 20 (0] R ARL R, 2008,
(10): 3149-3157.

IMHER, T ahA. WL R e R AT SRR [ M ].
Jent: AEAO T A, 1990.

o SRS DRI AE R el L TR AR AR I 25 43T Bt 580
W5E [D]. #K . PEALRMBHER Y, 2013,

Peng X, GuoZ, Zhang Y. Simulation of long—term yield and soil
water consumption in apple orchards on the loess plateau, china,
in response to fertilization [ J ]. Scientific Reports, 2017, 7(1):
5444.

eSO, ikl RRIIAE, AF. R R AR 4 R SRR AR
Sz [ M¥E IR SARAHE, 2010, 16 (5): 1170~
1175.

AR HARAR PR X S el N T AR A R Y S e K
R LR AR [D]. . PILmEHR
%, 2018.

Whas . AT FIRELAE BROP R e AR PR Lb s (D], Bk
PHILAHMBIER S, 2010.

SKREEE, ZEAE, JEMG, AF. 8 R R SRR b 2
IR Tt G AR (0], AEA2l, 2013, 33(6):
1907-1915.

g, ANTE R REARE SRR b e BT S RS PERESE (D ).
it : IPEUITER:, 2013.

XDEHE. 2R bl -3l PR AR AE B 3l % s R I B i
fsZim (D], 3Fm: WARAIRS:, 2018.



rRE SRR 2020 (3)

Soil nutrient status and evolution of main apple producing areas in Hebei Province

GUO Ju-qiu, LIU ]ian—ling*, XIE Jiao, WU Jing, GUO Yu-bing, SUN Zhi-peng (College of Resources and
Environmental Sciences, Agricultural University of Hebei, Baoding Hebei 071000 )

Abstract: Extensive measurements on soil nutrients over main orchard producing areas in combination with in situ monitoring
at some sites were conducted in this study to investigate the current status, dynamic changes as well as the vertical
distribution of nutrients in 0 ~ 60 cm soil for providing insightful support for the scientific recommendation of nutrient
management. Results showed that: the contents of total nitrogen, organic matter, available phosphorus, available potassium,
available iron and available zinc in 0 ~ 20 c¢m soil of main apple orchard in Hebei Province were 1.16 g/kg, 17.99 g/kg, 118.26
mg/kg, 329.70 mg/kg, 15.33 mg/kg and 3.69 mg/kg, respectively, which were greater of 0.43 g/kg, 6.49 g/kg, 111.96 mg/
kg, 201.50 mg/kg, 7.13 mg/kg and 3.16 mg/kg, respectively compared with the second soil survey in 1980 ~ 1985. Status
of soil organic matter and nutrients: based on the standards of the second soil census, orchard with 10.00 ~ 20.00 g/kg of
soil organic matter accounted for 60.3%, which was at a low level; orchard with 1.00 ~ 1.50 g/kg of total nitrogen accounted
for 44.5%, which was at a medium level; available phosphorus >40.00 mg/kg and available potassium >200.00 mg/kg
accounted for 78.5% and 61.8% respectively, which were all at a high level. Meanwhile, soil nutrients linearly increased
with the orchard cultivation, where the increases of soil available phosphorus and potassium were greater than the values
of soil total nitrogen, organic matter, available iron and available zinc. Status of vertical distribution of soil nutrients: soil
nutrients in the 30-year old orchard mainly accumulated in the O ~ 20 c¢m soil, and the available phosphorus and available
potassium in the 20 ~ 40 and 40 ~ 60 cm soil layers were approximately 50.8%, 59.8%, 74.0% and 42.3%, 27.0% and
55.9% of those in 0 ~ 20 em, respectively. Soil pH decreased clearly after 30 ~ 40 years cultivation, and it was about 1.09,
0.41 and 0.27 lower than the values of 0 ~ 20, 20 ~ 40 and 40 ~ 60 cm layers of orchard in 10 years, respectively. In
conclusion, soil nutrients of apple orchard linearly increased with cultivation years although the soil available phosphorus and
potassium increased much faster than those of soil organic matter, available iron and zinc, indicating a trend of soil nutrients
imbalance, degradation and acidification. Therefore, increasing application of organic fertilizers, iron and zinc will be
helpful for improving the soil fertility production capacity of apple orchard in Hebei.
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