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Evolution of Orchard Soil Quality on Sloping Land in the Loess Plateau
— A Case Study of Fuxian County, Shaanxi Province
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Abstract: The evolution of soil quality in orchard with different growing years was studied. Soil studied was
alkali at the beginning, but finally was seriously acidified. With growing years prolonging, organic matter
showed a declining trend, but nitrogen and phosphorus showed an enriching trend. A decrease-increase trend
was presented for both bacteria and fungi, while the actinomycetes showed a linearity increase. The percent-
age of bacteria over microbe number increased, but fungi and actinomy cetes decreased. Soil quality was clas-
sified based on principal component analysis. The 9 year orchard had the most excellent quality, the 5 year
and 9 year were in good-quality, the 17 year and 23 year were poor, and the 1 year was the worst. After ap-
ples were planted in cultivated land, soil quality in orchard became good in full fruit period, soil nutrients and
enzyme activity were the highest in the 9 year orchard. The apple trees were in a decline stage after 14 years
and a severe degeneration stage after 17 ~ 23 years, with soil quality declining as well.

Keywords: soil nutrient; enzyme activity; microbe; soil quality

Tt vy X I T S SR, i Hb o5 B Hb )
70 %6, FHE SBE VR A= it o 3k v B K AR RF
YEF B2, iR FZ XK LR B8 S IR 5 5 R
AR RENERERR s —. REREEE L
FIRITARIMFE S, 1992 4F DLk 39 5l ) A7 OK R 2
Tt 1992 4E25 4 1.85X 10" hm”, F| 2004 4F £ 2k 5
6.81X10° hm®'" . [A] il T ACE it FH AL BE, 22400 44

JEAAT UL A 5 28t AT 7 238 B 28 25 AN 34 5 i)
BB H R BT HA, B 5T AR R 4
PR 5 3L 0% AW T %, B B A HN K EL
HRAE . B S5 (R34 AR RS A5 7 THIRF 50, §H%d £ 4
PR R BEAT BIF SR O B AR A R T A
T IR FRAPURT L < Je v e U5 T ik /b ok - R B
PEHEIR A AP 2 45 A VRN s R4y S

WeRE H 3. 2010-04-15 f&18] H #1: 2010-06-13

BEOIH + [ 5K g AT TE R R (973) i R T H v [ 2 WK G X 345 phad AR 5 R4 HLATET 77 (2007C B407206); [ SR 34 i H

(2006BA D09B02)

TE# R R (1982—), B OO, BRI = AN, WEOIFE EEMF KL ESHEEEN K. E-mail: chenlei061 @163. com.
RS, 225 1962—) o T BB, VRIS HUF BN, B4 % 1, 0F 0 RO R i 5 KRR, E-mail: zbi @mail. xaut. edu. cn.



3 6 3

Wi 55 B ey e Ap it 3 SR - 3 5 R VR AR 87

BRI P DA R DB DIAR 0%, A S RT3 i R AR
I el diahs 2 —, R fs B s p e H
sRdg AN S E R T DA S AR O, IR —
SERERE ER e R A s . RS VRN B &
AR L IR AN - SR 05 DR ) 22 5 A AR Ak
TR A IR e, T IRREEYE SRCE A &
ATEAAR R L DRI 5T PR AN R LA T I
TRy B PER A 00X 3 05 TR bRt AT 455 VP

B s m R R B X H AT R RS &
P B D7 AR AN R AR SRR R e 395 o)
SRR T R MV DA LR AT T, B AR
B AT T ER AV A iz DR LR R FRSE R
JESEHERE A KA.

1 ARG

1.1 9T XML

RSCHFFEIX R B E B B (1097247 25. 8" E,
35°43'52.5"ND, JEHRFS 2, PR IE o, B IR R B
FElIfI AR 2. 18 10" hm®, 2 [E PYAR 2 AR HH 538 54
A AR RIS RN (5 60% 7. %X 8
TP 35+ 1 S e B VAR X, BRIR AT T 5 2 U M.
R 1100~1 300 m , Bl fE 38.7 G BRI EE
T25.2 CEHSIR 9.1 G 4 H RIS 37 2 468. 8
h, TEFE 150 d, =0 Cfiia 3 733.5 ‘=10 Of)
TR 3 160.2 G X BE/K B 561 mm, FFRAE K H.
N SBCALL, Hk 60 YLh BERT 791X 3 4
He LR ACN R BR & ORI # 4 GBS T
AR NE X AW ERYRE B ek,
ZURE R, MBS 2k, ISR R, DA .
1.2 MR 5%

2007 4£ 7 H, fEIR K Mk £ 7 AR [F) R 45 R

Jld (108, 3 08, 5 08, 9 %, 14 W8, 17 8, 23 ) H% S
BT SR, HUORE S0 o e 2o 2. R e 25
FR0—5 em RZE JGRE 5—20 cm LHR S, I
FE SO KO T 1 SR 48,y [m] S =5, JF Sr R
B A FRAA AR 2 A0 AT L I 35 sh 4 (i gD &5, AR
JG SRSy, 1 A EERE R 2 mm S, REEARE T (2
C~4 OfRSF % L & WA EE" . 05k
KRR AR, G 55 97 568 4 O B A IR R 97
B, FUTRON B A I BE B Ta R R A, AR B N R
w1 SRR R OOl e EE 3 06 1 1tk
FERF 3L 1 M1 0.25 mm 57 J5 29 5 W0 58 4 98 5 A< 3
. g LA SRk, B 4 # R DPS
AT
2 RS540

ANTR) FeAELAT: R SR (] 1 9 A P PR Ve AR
| R, ATEEYNEE T, LRSS EIR A
BLBAN 10.74 g/ kg, HBUA B B8 B 27,17,
13.21 #1137.07 mg/ kg. #F A FR A G52 FK
R AL, {3 L8 5% 40 IR0 A5 21 8 2 o3 GR
D). 1 85 el 3 ML 4 5 B G 33 Rl R
RO R K. BERREAE FROVIN, ISR SRR
IS B0 5 Db B AR AR 51 RS T AR T 3
F A MU R A B A AS K T AR N T 21, 1%,
TR W AN 2, BN T 110 %, 47.6 %
87.1%; 5 ~14 W F I 42 7% 7 B2 3 m, LL 9
W IS SR T R0 B £ 5 SR P P 14 a A ik N3
B, HIEAE N R, RERE LIEAHR AL =
2R RS, IR RS B E L.
1% pH 1575 9 BITE 8. 43 ~8.73 Z [a], L35kt R
T3 pH (HA B PR BRIG I B 1 5.

2.1

F 1 A [FIFOR A BR R 57 4 4K
FhHEAE HHLE/ 4N/ P/ Bl N/ AL P/ ALK/

FR/ a (g kg™ (g kg™ (g ° kg™ (mg ° kg™ ") (mg ° kg™ D (mg° kg™ pH
1 10. 74 0. 574 0.71* 27.17° 13.2¢ 137. 07* 8. 73
3 10. 82 0. 695 0.71° 57.07" 19.48 256. 45" 8. 71
5 12.49 0. 795° 0. 79 63. 49%° 20.53 284. 94" 8. 56"
9 15.07 0. 986" 0.92¢ 113. 49 32.09° 351. 62° 8. 43"
14 12. 65 0. 756" 0. 80" 91.39¢ 21.06" 223. 39" 8. 49°
17 13. 36" 0. 700% 0. 85" 50. 56" 23. 40 245, 83" 8. 56"
23 11.12° 0. 759" 0. 89" 50. 85" 22.89™ 253. 79" 8. 58"

T ANF S BEROR 22 7 B35 (P<0. 05, XS £ EL D). T,

2.2 ANIE] Pl AR 325 el ) I A X R AR
HIEMAE Y E AL ER AT 5.0X10°

tm® A A PR REAE (A ML A R, — O TR
I - 398 o ot AN BE B A U F) FEE B 52, — Ty T A e Ik



88 K A AR A A

30 &

TIEAAE IR, A [F) A K R SR Tl i A X &R
IIMT (G 275 Hi, RS [RIR R 4 PR AR ] IR AR X &R
Hpr L 9 F, SAEY S & 94.8% ~
97.9 % FLUCHTHER B 5 1.8% ~4. 1%; Hl HE i
b, 2915 0.002%. Bl A FIE AEFR (193 0, I a4
TR R BT B e K a2, A0 B o A A e i L
ERMER, HREE FTHES . TRk R BEAE

FEPR B Sk N T AR AR AR, (S AR
R a2 1. i R E TG 10 a N, TR
K 1) 5 DU 0 A 10 84 SR A AN T | Lk R
a1 R T 100. 0%, 75. 0%
319.6%; 14 BT UAF %, & 23 W4 S b 1 #%
R0 TPE T 42.4 % MR M ARG N T 31.2%
174, 4%,

®2 ANTHEREAFRREFERUEY SR

it 4F gl Lk H WA
R/ a e 10° Ll % o 10 tetsls % e 10t Ll % S0
1 0.75 97.8 0. 16 2.1 1. 68° 0.002 0. 77¢
3 0.70" 97.2 0.20" 2.8 3. 79¢ 0.005 0. 72¢
5 0.78 97.1 0. 28" 2.9 4. 26° 0.005 0. 80
9 1.50 98.2 0.23¢ 1.8 7. 05¢ 0.005 1. 53¢
14 0.87 9. 8 0.29¢ 3.2 5. 53¢ 0. 006 0. 90"
17 0.35 9.8 0.19% 5.1 4. 12¢ 0.011 0. 37%
23 0.44 95.4 0.21" 4.6 2.93b 0. 006 0. 46°

2.3 N[ED iR A PR S el ) g e PR

TG EE S S T REE R R A S,
fE—EREE Bl | IR H A B A 1 . X
ANTR] AR S ] - S v PR AT O 22 it (3R 3) 3K A,
AR P A I A A PR ) 3 R R IR () A
Pih 5o A 2R T e A S PR R R . W)
HARR B R I E B WA 5% Ak B VS PE AN 0. 77,
0.43,1.42 1 1.12 mg/g. 5 1 85 [l - 3G 6 LL
5 3 W R IN T 60.5% ~80.1%; 9 % 5 [ & F
BAR P A5 v, 20 )N T 268.8 %6, 167.4%, 168. 3%
A1 168. 8%0; 14 a Jo 45 TR, (H R 2w T 1 B8R I,
17 W& el 25 P I 0% 1k 3500 B B AR AAL 23 a S MG TE
XA P, LR R TR

K3 AR AER A N

i Pty T TR T R TRLEAE

ﬁl*ﬁﬁ [ o —1 o [ o . —1 o [ o —1 o [ o —1 o
Wy g MET S mg ° g mg ° g mg ° g

24) 24w Q4] (20 minD ')
1 0.77 0. 43 1.42 1. 12
3 1.41 0. 69 2.38 1. 88
5 1.53 0.75 2.58 2. 04
9 2.84 L 15 3.81 3. 01
14 1.09 0.73 2.75 2.17
17 0.92 0. 62 1.92 L72
23 2.05 0. 82 3.02 2.39

2.4 AN[EIARES R IR AL ST R o
AR G oA T, R SPSS ] 43 Sx

13 ANVPA SR bR B AL A R A S A
TSR AN B BB IR T R | T R R RE . A%
Al RAH 5% 28 B8O BRI RFIEAE IE AT 55, DABE VRt
B BT 8L MRS — . A BRI T 2 Bt
TR A 32. 558 %0 Al 28. 470 ¥, H BT TTERER
EF) T 88.041%. MHEANE — ZFrREEAREE
TULE 15 NMER I T (S B 7T DLERAEAS R 4F R
el ) 338 i Ak . AR B8 By A AL A
TR IR W 14 | R B S T AN AL B P S R
— 3 O BB DR G, A Tl USRI LB L R
AN IREE 5 55— B AR

ST EE R R (B 1), 9 WS I+ R & 4fs H
YN S W8 14 S IR fE R0 1 980 & AT 3% A
3, 17 F1 23 a (8850 B4 72 PE 1 a R i) 145 i
S22, Ut B B S PR PR R N, g SR
T BN 5 > R 2R, X S AR S £ AT
Wik B 25 T35 P RS0 IR I 8 o AL TR 1 45
FHPLGE 4.

PC2 (9.8%)

0 pL

ASa
®23a

¢ola o3a
A9a x14a ©0l17a

BT AR AR BR R e 3 o3 20 #r



6 W 7%, 3% b JR D i 3 B Il - 1 R B R A 89
T4 ANFEFEFR ) I R AR A
i H 1 % 3 5 9% 14 # 17 % 23 #

B—KT1E5@PCD —4. 861 —1.577 0. 061 6. 627 0. 760 — 1. 363 0. 352
BT ESPC) 0. 4996 0. 223 0. 300 0.221 1. 591 —0.621 —2.210
LEE14Y — 4. 427 —1.310 0. 270 5.941 0.961 —1.031 — 0. 405
H % 7 5 3 1 2 4 6
AR TR 7 B R Ut R Bz Bz

3 4k FUH I A S Y ORE SRR A T G L e i R
p=m)

b A pH R gSn Ik 5 PR 5 AR AR B BN
T R O 3 BIEA LR A & B8 PGB 34
51 R, R 3 ~23 a 195 FE I PR
T 0.7% ~40.3%, LI3E4 R AR S BN T
21.1% ~71. 8%, 358 4 Bl Ak AW 389 hn 1 86. 1%
~317.7%. LIEEAYIX R BT LA N 3, S
A B ) 94.8% ~97.9%, UL 5 1. 8% ~
4.1%; H LA 0.002 %0, H AR B H B Fb oA AEFR 3
TR/ ARk B, 5 T R RO LR e )
(LG9 2 1 g . SR Tl - 3R 1 A ) 1 3 AR AE
S YH B )¢ L Y AR, TR AR ) s
(b 25, 41 T 2 ) 2 v AR D i R FR AR . R
S 2007 4EFE 1L R G R A T EUS 2L 45
R ORI S M S 2R, 14 a Ja TR TR,
17 5 (7] 5 o g 3 1 380 0K 30 e AR 1H 23 a J5 XA BT
W, BRASEY X9 AN IR R R F R 43 b R B,
SER R A IEAR D PIRBOAE OG B8t A B
A2 BRI L B T A RRIGTE 1 T DA VAN SR
AR AR e, X AS [F) 4 IR S el 498 o AT 4R
GV, 9 BRI b R B s RO 5 F 14 a Y
Fofote SRl 3857 & R 4 AR 3, 17 M123 a )t
SR A 2 P 1 a RIE M R E R 2. Rt
SRR b SR PR 0, 2 B2 IR,

AR SR el i, o A S SR R A PR AR 3 o, 24
5a BENES SR, R RO SGE, B9 a B &
e SR AR U, IR S ABGE M = 14 a A
BENGEIR W, HIEAE I 4R RS 75 17 F1 23 a B, 2R
B, 7= 8 [ R B 2R A5 9% 40 0k 3, i
NESIUG AT RGN, PERk PG4 140 Ay, 35 4 Fpg X 3
FEE G T B, SAR R, R Rl R
X3 o R . SRS xR
HIX SR e - 8 R R AT R AR B, LA L
VR RS B B IR A H R A E, 80 %t
FEA R 218 B BKF, ST AR K. e
SISy 1 B S IR ] - IR AT R A Fe U
FH AR B O T P R & A BT, RHE

N T 62.9% ~ 107. 9%, 7] [ 5 4 ok S A AW
SRR Tt TS SR AN SR B i, T e A A AL AR AN
PR B BTG N d R ). E RIS 4 HS K A A
e}, FEp G 2=t LURH, 3 8082 L A 21
TN 25, X R I PR 85 I R, 1 398 1Y) 2R 2% L8 A A0 4 TR
FIE R A SR, BLBEE WK A 2R Z L
IR B RS A A 2. B i
K, BilE 80—160 em HIERM T KEMH SR, &
B EIA 201.9 mg/ kg, EIEFF SRS H 3 R
AR TR B, I ML DT & A 2 T80 Y 5 % IR
ERTE 180—200 em JZ f% i S B iA 249. 61 kg/hm”,
Por [H & SR Bk 11 Hoo sfield R4 45 5%, K H13%E
SR w i A HLAE ) AR S KB AR A AE. BB T 2R
(7] e JEL S AR~ 18 Tt O ) 2Tl A 388 it B IE A
HUAE 5 el A B 4 B K S5 3k, EAT 475 8L

[ & % X Wk ]
BeviE &Gt it . BRPES 8004 4 [ M ]. dbxt:
[ ge it AL, 2005: 263-271.
Anonym. Fertilized to death[ J] . Nature
894-895.

WuF Q, Liu HB Sun BS; et al. Net primary produc

2003, 425:

[2]
(3]
tion and nutrient cycling in an apple orchard-annual crop
system in the Loess Plateau, China: A comparison of
corn and millet production

Qinguan apple, Fuji apple

subsystems[ J| . Nutrient Cycling in Agroecosystems,
2008 81:95-105.

A, AEL ERRAR. T ICEAE X AR SR
AL IERG SEPER R ). RCEY FE R, 2008 35(8):
1251-1254.

RHK, AN F0R, 2 EEREEEAFRFA
B 3 7 B & R s 0. R E RO R
2006 39(12); 2551-2556.

INFE, BHERE TR R A B e
5 el iE A RS HAERL T . 1B 4, 2001,
27(5); 816-820.

XU, M AR S WTIEAE AR IR AR Xt
TR - SRR PE IS 0. R E RO R
2009 42(2): 725-733.

[4]

(7]



90 K AR FRE R %30 %
[ BREE skm¥k WA S KW A0 AE S Bk FUEM] . dbgt, B2 R 1985 263-275.
BEEREWEF SO ] . W R R AR B (18 R 2l W3, & SRR MM A SR
SRBLZERR, 2008, 34(5); 591-595. FERFFEL)] . K LARFESAR, 2008 22(3): 169-171.
[9 FWE Ml frem & mhmEWEXERE (19 FEE X2 #S50k & ASFEFE R R b+
TIRE SRS BRI ) . K EEEEH], 2007, 21 FRAL R R CEY SR T . BUR AL 2 2007 35
(6): 65-69. (5): 1423-1426.
[10] 2%, AR, Ml & EEREEERETHEE (200 B REREESAE. BRI M. dbR BEEEHKR
TRACE MR R D). MHAES %M, 2004 15 #1992, 322-474.
(. 1213-1216. [21] ZEoR, FE Y R FEE F 4 357 o R R & o
[ 1] 2R, WXEPH, SE09%. PRy E bR m R R, 44 . AETT R, 200206). 20-22.
BRSSO AAEAENRD . Rk TR, 2008 24 [22 X2 R XM, 5 9% )1 B3R E R
(30); 209-213. PRGUIE AR Jon 58 B 0] . BT ROEL 2 2004 (48).
[ 12]  GFATH, oRAEAE, TkEBH. LiEly L HAFAZ M) . db 48-50.
ae P EAOL R 1986, 14-15. (23 #HZ%E, AR MM % ELREEEnASRS L
[13  EfiE Fhbed Froie %5 KN 7R Jb 2 RS BEANER Hh B A AR AR D) . W E RS IR IR,
PEMIRZMAL ) . RIS FM, 2008 19(3): 551-556. 2005, 11(1): &12.
[ 14] FARA K EERM AN M. JbRT ROV (24 EWFR REAL A8 S b b R
#1992 BES R AR B M ) . KEREE R, 2009 29
[15]  VFobmE Bk, 3R o b 7k B M) . db 4. 31-36.
o RO RRAL AR, 1986: 226-228. [25 Riley W }J, OrtizMonasterio , Matson P A. Nitrogen
[16] {SF|E. R ERE RS DN BFEERES A leaching and soil nitrate, nitrite and ammonium levels
iH, 2003, 33(8). 32-35. under irrigated wheat in Northern Mexico[ J] . Nutr.
[17]  EFBER 5 R SRR =, R Yt Cycling in Agro ecosystems, 2001, 61; 223-236.
(35 68 T) [10] ¥4 2Rk 77 B, & MK B OCRREE 4% & 3T
[3  #7aH skww, TilE & ARHEE ERXTHhEE 17 ANASFIAK R B 15 10 2B P2 MR RY 0] . Bk 244, 2009,
W% M B AR R s T R L) L ROk R AR R, 18(5): 67-72.
2009, 34(4). 8-11. [ 1] #sE £55 3K, S5 i AR KA r K ¢
(4 #Th Z2m 3G 5 ek 55 B -Clan L Y #EE WEIHTL D) - HOR AR AR, 2004, 29C D 7-11.
B RAEYDREHE AL D . PEALE PR, 2009 29(4). [12]  E¥E =568 S5 5. K AR T 5 L5
809-817. T A RIS A )] . K R 224 2005, 36(5): 1-8.
(5 XU&AR BEEHE. B m st A AR5 0 3 h A A7) VR AR AL 10 [13] %okl TM RE MMM EALEKE LS
B[ ] . AR AR, 2000, 28(3); 384-388. SERHETFRIKEREE ] . LA L RS 23], 2004 26
[6 ZRE HER FIET & 3 M BN E TN (3):372-376.
FALPURE e bR R ) . KRR BFR, 2006 13(6); [ 14]  BEEME RACH, KIERK & WRE & REMEEW ™
256254 . SRR TR AT J] . B aAROK S e HAR
(7 %, 26 A1k, 25 8K DYTH L % 2% w7 BEEERR, 2001, 25(5); 17-20.
PE 5 A S PR T R A0 S IR B 43 M 0] . PG R Y K S 2 [15]  BK&3 5KEn Ph 3. K GO it SN AR o
H SR BLERR, 1998 23(6); 700-705. PEVTO ARG RLA )] . BEUE B 2006, 28(4): 195-200.
[8 SZEW, R 6 TR N TR L5 T 50 88 K& [16] Mz K AR ZEHE 6. ARR B 203t 3R [ fl s 2
FLAEM ] - MO RLEBE T 2006, 19(4); 467-471. B B SR 4 PR 0] . 7 R AR Mk K H 4R, 2006, 28
(9 FEMRE JFER, B EE. FARAKBEMTRREER (D:149-153.
SRR BEIR 0% H F 42 U B B B 7). R R SRR B A [17)  #AfEER MK BRE, S5 RN B A0 5 Y £

PR, 2000 6(3): 197-200.

FEMEL T . B MOl K22 4], 2009, 33(5) ; 21-25.



