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Abstract: The main areas of forest in Ningxia Province lie in the Helan and Liupan mountain ranges. These forests have
important ecological and economic significance. The fertility of forest soil in these areas has not been systematically studied.
The objective of this study was to evaluate soil fertility under six forest types in the Su-Yukou forest zone of the Helan
mountain range and in the Xi-Xia and Die-Diegou forest zones of the Liupan mountain range. The natural forest types were
Pinus tabulaeformis X Populus davidiana, Picea crassifolia X Populus davidiana, Potentilla parvifolia, and Larix principis-
rupprechtii. The planted forest types were Quercus liaotungensis and Larix principis-rupprechtii. Five separate profiles
(replications) were sampled in an ‘S’ pattern for each soil type. The profiles were divided into A, B, and C horizons and
then sampled, making a total of 18 soil samples. Soil physical and chemical properties were measured with conventional
methods. The results were analyzed using univariate analysis of variance. Differences among forest types and soil horizons
were analyzed with Duncan’s test (SSR). Soil fertility characteristics were evaluated using principal component analysis.
The results indicated significant differences in soil fertility under the six forest types. These differences can probably be
attributed to differences in the accumulation and decomposition of forest litter, in soil parent material, or in climatic
conditions. Soil porosity ranged from 54.5 to 72.2% and decreased as soil depth increased. Soil bulk density ranged from
0.72 to 1. 21 g/cm’ and particle density ranged from 2. 55 to 2. 68 g/cm’. Soil bulk density and particle density both
increased as soil depth increased. Soil particle density in the Liupan mountains was higher than that in the Helan
mountains. Soil organic C (24.03—65.37 g/kg) , total N (1.48—3.49 ¢/kg), NO;-N (1.88—10.50 mg/kg) , NH;-N
(5.02—11.01 mg/kg) , total P (0.37—1.19 g/kg), available P (4.82—13.38 mg/kg), and available K (82.03—
244.62 mg/kg) increased as soil depth increased. Total K (18.92—26.14 g/kg) increased as soil depth increased. Total
K concentrations were higher in soil from the Liupan mountains than in soil from the Helan mountains. The soil C :N ratio
(11.74 10 19.88) tended to be highest in the B horizon followed by the C and A horizons. The cation exchange capacity
(23.94—40.30 cmol/kg) decreased as soil depth increased. In contrast, soil pH (7.09—8.09), exchangeable sodium
percentage (0.59% —2.47% ) and base saturation percentage (51.24% —80.57% ) increased as soil depth increased.
Clay content (5.46% —10.20% ), total dissolved salt, (0.33—1.12 g/kg), and CaCO, content (1.44—14.23 g/kg)
did not change significantly with soil depth. The soil C :N ratio, pH, exchangeable sodium percentage, total dissolved salt,
and CaCO, content of soil from the Helan mountains was higher than that of soil from the Liupan mountains. Factor analysis
was used to describe soil fertility under the six forest types. Three soil fertility components ( organic matter factor,
environmental factor, and NO;-N factor) were derived from 14 physico-chemical soil properties. Component scores showed
significant differences among the three fertility components under different forest types. The soil under the Picea crassifolia
X Populus davidiana forest had the highest component score for the organic matter factor. Soils from the Helan mountain
range had the highest component score for the environmental factor, and soil from the natural Potentilla parvifolia and Larix

principis-rupprechtii forest had the highest component score for the NO;-N factor.

Key Words: Helan mountains; Liupan mountains; forest soil; soil profile; fertility characteristics; physicochemical

property ; factor analysis
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SR PR 1 53 A0 FIRETS 2 REPE L AR B AR A ™ Bk 40 L R Ty B A
AW PR X - S0 T MR B TR A SO T AR S By 1k R IER Ak, BT, B
PN IAR D BRI T R L T RAE AT ROBF S M D . A RIS BB AR R A+ 3P iy o A BA 2
AR5 NG S AR PR AT AL R S B0 T A2 R IE T RRIE AR TR 5 WO 9T - R TR) & 2B 2 IR
YR T AR AEA B T ST 1) S AN PEAf FLHE 3 KF-

B2 BRI {2 23 AT BB 35 T8 AZAK LA AR AR, 75 285 LA DX S R bR Y S ] - 96 S8 bk 4
JETE PN N TR 2341 1 T BEARAR I A o AR RIS 22 10 7S B LR DX IRAR T 1) R3S % 4, %)
HC AN I AR A B TR i A S22 UCRIARBY (8] i 28 S R PR R AT 1 04, DR RS BRA R AR AT T RRAEAL 3, DLZ5
G WEZIX N T 25 50k o T 2 EEMRX RS RGN e it 2%

1 #BE5EFZE
1.1 WFFE XA

A9 XA A T A 2 1L AR PR X (38°19'—39°22'N, 105°49'—106°41"E ) BT Jis 11 AKX 7S 41
FARIR AP X (34°30'—36°30'N, 105°30'—106°30"E ) Fr &k Pk BB Ak X, Hrp IR ORI A T 88 22 1 v
BeZRAE IR 95. 87 km? , ¥EHR 1500—3000 m, J& SRV L 3t e, 4R34 -0. 9 °C AR H K it 287. 2—
429.8 mm, HEEE P F 7—9 H, FEHZNKEWE LI F 8 = 12 ( Picea crassifolia ) . M ¥ ( Pinus
tabulaeformis) ¥t ¥ ( Juniperus rigida ) . 111 %5 ( Populus davidiana ) . JK 6 ( Ulmus glaucescens ) . /1N 45 85 1§
( Potentilla parvifolia ) %5, VEWEARIX A T/ &1L E Pk rg BEARYE, B /S S 1AZ O X, L 95. 2 km®, 14 2040—
2042 m, JE B Y R BV 2 K I A% AR AR 5. 18 °C AR K B 600—820 mm , 4T 6—8 H ,4F
K 1214—1426 mm, FEEHFMAYE S 1147 AFE( Betula platyphylla) 3L KR ( Quercus liaotungensis) |
DIk ( Tilia paucicostata) AN ( Pinus armandi) VA S AEALTE AR ( Larix principis-rupprechtii) JHFASE N T
F#E, BB IEARXAL TSR FEIKACBAR Y, B S B A A7 1L X5 JE i v X R A8 A s AR 25. 4
km? V4K 1975—2615 m, J& BLAY A T 5 KB TR XU, AR B SR 6.5 °C A K i 312—604 mm, £
e 6—9 J1 4EZ8 & 1 1539 mm, B RRMAE WL I AR LT AL JE 54 (Populus beijin-gensis) | 1118k
( Prunus davidiana) 55 .

1.2 W5k
1.2.1 AR S A0

FERIFSE DI A AR A1 S R MR 5 114 70 A1 R D0 N L A 1) 2 S IR A b © A, PRI IR 1, TE%:
AREHLIN IR S BUAG R R HE 5 SR, G — R o SR N KA SRR (A B C 2 ) IF SRR AR i,
S RFE R R Z IR G A oA i IR & L0 IS R = N XT BS 40 JF 3 7 (FL42 : 2mm  1mm
0.25mm) , % H ",

1.2.2  FERVRACHEAR I E

TR IR AR bR A R TR MOV PR 3 AT Hoh AR I BA D3 U R T G
pH SR HLAL L (K £=2.5:1) B & 5 R K, Cr, 0, A AL-AMm#tGk, & N &8 R AREMEYLIREE, & P
F R HCI0, +H, S0, WA -SRI (i, A AL P &R 0.5 mol/L NaHCO, 2 H2-FABAHTIL (1%, 42 K
R NaOH F Rl - KHOCRE:  3AL K S8R 1 mol/L CH,COONH, ¥=24&- KGR ik K TEh 4 Mk
KB (K =5:1) , CaCOy HIY4# & BERFHAEIE' 0 KR (<0.002 mm) & 5 R HIBOBRLEE (0L (L
i H,0, ZERAPLBHPRAE <1 mm B IE ), NOS-N NHE-N & iR HT 1 mol/L KCI =421 22 it 11 73 Hr A%
%, B T34 i R F EDTA+CH, COONH,, 38#-28 5 Ae et 568 1 (K" \Na* \Ca®™ Mg™" ) R H NH, Cl
+C, Hy OH 38 #e-JE WS A3 e e ik

T4 C/N ALBREE Al R Eh S AR i~ A=A

C/N=HPLIR/ 2R (1)
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FLBREE (% )= (1-%5F /L E ) x100 (2)
BRALRE (% )= C(Na*) /BHES T35 #f x 100 (3)
ERILAFIRE (% )= C(K"+Na*+1/2Ca> +1/2Mg™") /FHE T3 x 100 (4)

R1 FBERER
Table 1 The basic status of sample plots

. AR K
. X - . B ( . . . et
g M wmem mgw Y BT AT b EHEW R/ em
Forest . . Slope  Aspect . R K
No. Position  Elevation Forest type Main undergrowth Soil type Soil layer
zone /(°) /(°)
and depth
. N ﬁ*ﬁ?( Ostryopsis davidiana) N A.2—17 em
N 38°44.45'N L /AN { h R '
1 Py AN 105°54. 74" 2220 25 34 fii} i 1R 242 ( Lonicera microphylla ) KOEEE B:17—51 em
’ -~ P& B W ( Carex lanceolate) C:>51 cm
I ogen EON o dmespan (LURR e D e R
105°54.59'E A dperacties ) v F Wi+ ' ’
( Carex stenocarpa) C:>62 cm
K JEHA ( Gentiana
. 38°46.33'N /NI FEME macrophylla) (549 ( Bupleurum R A=AI A:0—34 om
I iy , 2630 16 54 e . s .. . B:34—59 cm
105°53.50'E T Chinense) N (Artemisia Eif) 4
. .. e C:>59 cm
giraldii) B
¢ JE 3% 7% ( Rosa omeiensis) ) . A:3—33 ¢
35°30.49'N gty TR B Rosa omeiensis) W;iﬂ W : o
I\% G 3 106°13. 28'E 2350 33 115 P F-( Cotoneaster acutifolius ) | fr] /R AR+ B:33—62 cm
o 255 (Aster altaicus) (B E C:>62 cm
Fi T ( Sinarundinaria nitida) | %
TN ( Acanthopanax senticosus ) A 5—
35°29.23'N IR # R - ISR | ST 29 em
\ )i 2104 35 82 J M LR (P ,
P 0ge1s. sk SR PTG SIA (Poa gy B:29—61 cm
annua ) . JE ¥ ¥ ( Thalictrum 5
i C:>61 cm
petaloideum)
RAR T JE 1 45 2 2 ( Spiraca A.2—36 em
35°58. 11'N AL JE WA elegans ) . % K & ( Artemisia X ;
VI BE 2045 12 303 S e e B:36—4
tss 106°08.51'E N AR sacrorum ) |, J& 3 HL ( Agrimonia R C->64 om
H cm

pilosa) IR

1.2.3 st

N KA Microsoft Office Excel 2003 XA IR A 5 #1748 11 . K 1] Dixon 3 50 EETHER 3 UCFATIAE 103 25
{8, BOL S RO 50 /g e B, R FH A SPSS Statistics 17. 0 X6 G 8474387« R BAAS B 7 2243
BF i 53 BT ARE 2 BRI 23 T A PR 2 0T - 84 ST 45 s (14 52 RV RSO0 5 2K FH Duncan 587 52 4% 22 16 WA & HR AR TE
ANFREHD | )RR 25 50 MK a=0. 05, SR FH RS A OC o B vk T H 53 45 08 Ak 48 bm 7R 79 22 i)
i) Pearson FH3CHR 4L,

KRR A3 i w52 SR S R 0 25 5bk 5 252 il () SR FE PRt A T R AL 3. b, ] KMO 1 Bartlett
R BRI 5 A 56 705 A e BCRA)38 “ECME 5 DA A8 b 18 RH 5C 2R B0 W D il FH 32 B SR BURFIE (= 1 5R T
T3 22 TTHREE =85% 18 R 5 Tl 5 25 e RAE A Jie e 1 A7 PR T e 5 F Il A vk A SRS T R 4%+ 2 B9 A IR 7
fE N\ [17]
2 HREHSW
2.1 RIEFEYIIER AL

MWl B E T R A S AL B R RR D i, AFSRAS R B, R 2 R RS
(K 2) , IFHE 12 AN 1 O &AM e B S T E A T 2. 55—2. 68 g/em’, 22 BN HR BN
FEHLER TR 2 IL(R ), HEAHRIA(R3), WES A VMRS 2R T ERHIC(r=0.66), SHkL
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&K SRR WEFEEMIE(r=0.52.0.71) , RINZ XA HURE &8 INRE 0 FREAR LI LT | ok,
KL A8 B S KOS He B BA B 35 p R AR

FLBR AL A SR A8 5500 (32 2) |, A et FLBR S B T X EL L 75 98 o 42 LIRSS g, LB R
[B1J1C 5 35 22 5% s B JZ IR, FLBREE il N (e 4) o 3R 3l UL, FLEREE 5 A LA & i S A ol 3 IEAR G (r=
0.77) o FHUTEHGH , FS -+ FEM0RLAY A1 52 S HEAE F 50T 28 et 4 A FL BRI 5 AR AR
{1 S TR L AL BSURE

®2 HHMEBMTEWNTEEBUERRARFEINEMBE(F(2EE))
Table 2 Influence of sample plot types and soil layer on various soil physicochemical properties and component scores( F ( Sig. ) )
i H Ttem PD Sp BD (01 ocC TN
FEHL Sample plot 2.904(0.071) 3.430(0.046) 3.724(0.037) 1.443(0.290) 4.494(0.021) 3.618(0.040)
12 Soil layer 10.102(0.004) 3.849(0.058) 5.536(0.024) 0.546(0.596)  16.174(0.001) 23.413(0.000)
WH C/N NO3-N NH;-N TP AP TK

R b 9.822(0.001)  3.339(0.049)  2.889(0.072)  9.190(0.002)  4.339(0.023) 18.289(0.000)
+ )z 0.752(0.496)  3.595(0.067) 17.711(0.001)  3.089(0.090) 13.525(0.001) 2.590(0.124)
Wi AK CEC BSP ESP TDS CaCoO,
B 2.816(0.077)  4.694(0.018)  9.303(0.002)  3.924(0.031)  4.610(0.019) 1.919(0.178)
+J2 15.273(0.001)  10.144(0.004)  18.923(0.000)  2.700(0.115)  1.596(0.250) 1.302(0.314)
SNE| pH cs, cSs, (o

R b 40.724(0.000)  9.122(0.002)  22.290(0.000)  9.266(0.002)

+)2 25.601(0.000) 19.288(0.000) 3.304(0.079)  7.654(0.0096)

PD. [V, Particle density; SP: FLBRE, Soil porosity; BD: %5, Bulk density; CP; #%%%, Clay particle; OC: A ML, Soil carbon; TN: &%,
Total nitrogen; TP: 4. Total phosphorus; AP: %, Available phosphorus; TK: 44f, Total potassium; AK: #H#(4F , Available potassium; CEC;
PH &S T35 #st, Cation exchange capacity; BSP: #h3£{8 1, Base saturation percentage; ESP: f%fbE , Exchangeable sodium percentage; TDS: 7Ki%
PR e, Total dissolved salinity; CS: 4543, Component score

£3 TEEAERENEXRY

Table 3 Correlation coefficient among various soil physicochemical property (n=18)
Correlttﬁiifﬁﬁciem BD PD Sp Ccp ocC TN C/N NO3-N NH;-N

SP -0.99 "
cp 0.52"
ocC -0.81""  -0.66"" 0.77*" -0.52"
TN -0.73"*  -0.56" 0.71*" 0.94**

NH;-N 0.55* 0.68 "
TP 0.47" 0.64""
AP -0.83""  -0.61"" 0.79** 0.79 ** 0.69*" 0.52*
TK 0.71*" 0.52" -0.78""
AK -0.68"" 0.67"" 0.68"" 0.72*" 0.74*"
pH -0.52" 0.70 " -0.53"
TDS -0.47" -0.52" 0.52* 0.70 "

CaCO, -0.53* 0.46 "

CEC -0.82""  -0.69"" 0.77*" -0.53" 0.89** 0.80""
BSP 0.727" -0.73"" -0.74"" -0.83"" -0.68 "
ESP -0.47" 0.63™" -0.51"
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LiPSES ¢

Correlation coefficient

TP AP TK AK pH TDS CEC BSP

SP
CcP
oc
TN
NH-N
TP
AP
TK
AK 0.73*
pH -0.80** -0.62%*
TDS 0.65**  —0.73*"
CaCO, -0.53* 0.48* 0.60
CEC 0.73** 0.51°"
BSP -0.78"*  -0.61** -0.71** 0.72% -0.64**
ESP -0.69** -0.51" 0.76**  0.54% 0.58**
% P<0.05, * # P<0.01

BRI RN 4 2 X0 A A AR A (3 2) s BE R INTR , A 5 R R0, 25 e it 2 T 3 i P (6L DL g
A2 ARSI AR, LR C R 225 (R 4) o AR IR MR FLUIRBL Y 256 3R AR, 1
TR B, MR (3£ 3) A S LB AR AR (r=0.99)  RUISLER R R A H A £

KR XA L R B0, AT LASRAE 3 A i e, X L SRS AR RT3~ B MR RS S b s HA i 32
SO RS SRR LR A AN 3 (R 2) o A LRIMIHRLE R B JRSC R SA R (ER T B
2 RS ; 2 RE R T 2 R DRI vE RS GLARMR R IR MR K (£ 4) .

x4 TEFEYEEROTL
Table 4 Change of main soil physical properties

0 F PD/(g/cm®) SP/% BD/(g/cm®) CP/%

Ttem M Mean FrifEs SD Il Mean FRufER SD Yl Mean PR SD I Mean FrufER SD
A 2.54B 0.07 63.87 8.38 0.92B 0.22 6.88 3.70
B 2.63A 0.07 59.12 5.14 1.08AB 0.15 8.29 2.56
o 2.67A 0.04 53.63 11.19 1.24A 0.29 6.98 1.77
I 2.59 0.07 54.50b 12.27 1.19a 0.35 7.54 2.20
I 2.58 0.15 72.22a 3.87 0.72b 0.13 5.64 3.61
| 2.55 0.05 56.07b 9.32 1.12a 0.26 5.46 3.16
\Y 2.68 0.03 54.85h 8.24 1.21a 0.23 10.20 1.30
v 2.66 0.05 60. 04b 3.90 1.06a 0.12 8.55 2.44
Vi 2.62 0.08 55.55h 5.12 1.16a 0.10 6.91 1.46
[ —FIREIK NG PR3 IR AR )2 B R R 25 57 .35 P<0. 05

2.2 HEFEILE GRS
2.2.1  EHEAPURANN &5 AL 5

FHREIRTE D IRAR T L3 LT Joe R EOR IR, L AR N A R 2 45 s T BRI S 12 A LBk
TR IS N 0, 2 BRI R B E (R 2) . BERRIMEE, AU SRR, B AR BERT
B CJZ, R BUBOR AR TN R A 7 WU R R A5 2R s SRR A AR &1 T 2 55 B DL T = 42 1
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MR T I, oAb RI 2E AN B (R 5) . RPN ZUAPLSAELE, HOA PLB 4 N & &
HABRZEN, &N FelZ 25208 WRERm(E2) , AR S H KSR, =&
HAWEZIEAK (r=0.94) , 3RS AL, ARAUIE A RIRARN 34 HIURR I -2 7% e fIK (4 N & it
B, AT RESE T2 A& N R A, s R IR RUZE R N R S AR S .

1 C/N W T A BT AR, A R N R LRE ARG L BARM HHE /N AR F RS
N AOREIC; 7 Y 18 C/N B 25 LUR I, A AL BT s NP gk 2 af O RR 28700 + 858 C/N
HAWBELW, AREZEH C/N AT 15.00—16. 28, 25 F80/N 2 FEHL C/N HTEEEANT 11.74—19. 88,
HA2 IS 2 RTS8 (R 5) s RUNXIX LR LR RS N 0 (R RE Jo s, H DAZS 3 1L 45 HE 1l
T tfe s BEA , ARACTE AN RARAR T C/N S A /N, il RE Rt TR T Y G IR R, 3R s, i
AYTE SRR RS, A TR AR RE N S TR N Bk P A7 1 48 C/N v e T B e
U EOZES e A T T U — ST, TS M AR A S R S, 11 C/N S ML R EUR AR AR
SEAFILE R, AT R (K 3) , 13 O/N SEPLR & N S EI0 R EH M, SHOE %> iR 4R
ANTR) Bk A 20 X AR L P BERR AR 3RO ST s, H 3 C/N 5 NH-N &5 B8 UG, AR5 h ki
HEAFEREMCTE, M3 T, %X +4 C/N 5 pH ESP & TDS 7 7E M i % IEAH5E (r=0.70.0. 63,
0.70) ; FLJF A T G ot R 9 pH DS i T 38 E W6 o1, S350 LI 43 it ol B AR i 4 A= AT

NO;-N NH;-N &8ssk N i B0k, o 2 8eE T N 2900 BRr g shid #27% ) 1% X NO;-N
A2 A SRS 2 NHG -N & 5 AZ R A AR 8 (R 2) s 38 5 mT UL, 3 RO Bl 4 J2 I m
i, H A 2 NH;-N S BEET B.CJ2; & FEH NOT-N I HF-1 5 DL/NH- 4 B N i i, e R i ) G
225 NH,-N T35 & W DAL PR A8 AR T fe i o DL Ak, B/ 4 B A HE AN, o A 35 52
B NH;-N FIAF- 28 B KT NOS-N (3 5) , F 5 R AT R A2 AR b A X 50 b sl /i A 20 B, Ak A FH 55, AT
WAL T NH-N (2R 3 N ZH Ve EGE pH (8 5 224, miis e /E i 8ol pH B 7—9
AT R (£ 3) ,NO;-N F i 5 CaCO, & 2 B E IEA I (r=0.46) , 1l B8 th T4 KM 30 pH A
(7.5—8.5) B5d B (W) fitj £k 40 B Al AL /R Y 0847 NH-N &85 pH {E 80 ESP £ & 3 fi M % (r=0. 53,
0.51) , H D P — 5 TR B P15 %o 3 A= 0 AR AR A 30361, 5% — D7 T FE T pH (B4 i s 6 2204 % 1 £ 1 1
AT, NH)-N S S5APUR K4 N SRE 8 E WEETEMX(r=0.55.0.68), %8 + 54 HLF X NH;-N
AL AP A, 5 NOS-N NH-N A& b 232 B BREE A i B ek &l s 00

x5 ITEANBITINZIENTU
Table 5 Change of soil OC and N content

T E 0C/(g/kg) TN/ (g/kg) C/N NO;-N/(mg/kg) NH}-N/(mg/kg)
ltem YA Mean #57EIR SD  ¥J{H Mean Fr#EIR SD  #{H Mean FRUEIR SD  J{H Mean ARUEIRSD ¥ Mean  F51EIR SD
A 57.64A 23.29 3.78A 1.13 15.00 2.74 6.77 4.67 11.48A 4.10
B 32.55B 19.49 2.03B 0.95 16.28 4.08 5.35 5.30 5.63B 2.33
C 16.91B 9.72 1.11C 0.68 15.65 3.80 2.15 0.39 4.29B 1.39
I 26.37b 25.67 1.48¢ 1.42 17.56ab 0.35 4.39h 3.74 7.61 5.61
Il 65.37a 32.37 3.49a 2.15 19.88a 2.82 3.33b 1.32 7.56 6.38
| 34.69b 33.91 1.97he 1.98 17. 65ab 3.02 10.50a 6.81 5.02 2.34
I\ 24.03b 11.44 2.10be 1.10 11.74c 0.95 6.23ab 4.15 11.01 5.07
\ 36.26b 12.90 2.95ab 0.93 12.20¢ 0.54 2.20b 1.10 6.25 2.79
VI 27.47b 12.74 1.86bc 0.87 14.83bc 0.64 1.88b 0.06 5.36 1.12

2.2.2 +HEP K SHENTR
P ZLE T rh T WS IA VSIS, AV P A & B 5 URS VI AR ) ZX HES P
T bf )2 MR (R 6) , H 5 AN &N S EERE WEEEMHI(r=0.47.0.64,33) , £Hi%
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XAV P RS EAXE, &P SR 2RI N il 3 (R 2) , & FEHb 4 P T ~F 35 7 &= LA
I ARBR R SR PRI e, AL | LU TR S AR/ N 4 BR AR ARG B ] 22 R AR B3 (3R 6) . IFREE R
N, RHEA K S WA PRI P B E R (K 2) . R 6 AT AREIL AR B 4 K & i o R T S
W, RARTE & KT W& RS TS B2, 2 K &R AR K v B2 T 882 Km0 A
HRZRXT K 2 Ao

THEE R P RIEAL K S 57 3 R R R (R 2) , E B2 IR EARREAC, BLA J2 B
KFB.CIZ(FK6), AP FEEZEIREHISAIN B0 (R 2) , S HI &2 U ER 2 1L
RAMEK, e 2ZR AR E (F6), HEI I AP HEM K STESHAI &N SEYERE
FAEA S, RIA PR LVERI P K AR 5 seAh A HLB O IS RS P g feto o] DL
P EAMME AP B K FRE CEC £l EE B EIEAH(r=0.73.0.51) , %0 LR P K #
W BT AR A R, X AR P SRS TDS SR B E IFAE(r=0.65) , 1l iE 5 —# HAg K
LB s R

x6 TEPKERIENER
Table 6 Change of soil P and K content

HH TP/ (g/kg) AP/ (mg/kg) TK/(g/kg) AK/ (mg/kg)

Item Y{H Mean FRfERR SD Y{H Mean bR SD H4{E Mean FrufELR SD HJ{H Mean PRfERR SD
A 0.88 0.25 11.84A 3.34 21.97 3.11 263.44A 95.12
B 0.71 0.35 5.43B 3.26 22.56 3.92 109. 16B 69.62
C 0.62 0.44 5.32B 4.18 23.61 2.76 89.44B 57.26
I 0.37¢ 0.23 7.27b 7.41 20.62b 0.96 158.26 73.09
I 0.90ab 0.17 13.38a 2.21 20.29b 1.59 244.62 48.33
il| 0.37¢ 0.19 7.02b 3.30 18.92h 1.02 103.62 96.71
v 0.79b 0.18 4.82b 3.19 26. 14a 0.65 182.02 174.92
\Y 1.19a 0.26 6.06b 5.24 25.76a 2.01 153.54 154.61
M 0.80b 0.22 6.63b 2.53 24.56a 1.80 82.03 27.58

2.3 HEEH T AR AT

AWFFTEE R BoR , CEC Z RN + 2 (0 8% W W E R0 (3 2) , BE 2 iR B 3& /N 45 #63b CEC
FIEMMEUB G A2 RS K, e M 22 A B % (£ 7)), 15 CEC EEIE TIRIKMH
AP RERLAIAG HLRAE R SR A FE B4 43, A B CEC WY Bk IEM A stk &) ik 3 nl L, +3%
CEC 54 HURR & M 0 B IEAHSE (r=0. 89)  (H 5Kk & it it W 2 A5G (r=0. 53) , i858 5 X 4 460
FIRIFFE 45 SRA, IS T HLB RSB FL A K (I X 3 DL KR -39 1.26) , SEC PTG 35 TR,
KXt CEC AYSEZPRFEI ; LLAT , 38 ] g 5 B AR A BHRPRE R SR8 ) i 43 %t CEC AR A4 26

pH \BSP SZFEHIZSAYFN 1 )2 AU R 52 (3R 2) , —F BE TR iR i B0 K, 25 FEHh pH (E &) S4B A
T 7.09—8.09, J& TPk HEAE s H DL/INH- G E8 i AR R, P22 LA FE B pH (B R TR BI(R 7). %
Bt BSP FIHEIHIEBIRTF 50% , HLIMAS LLIAZTRASHR , /N 4 58 Mg HE DAL T4 A N TR 8, LB e i
2R AREE(RT) ., HKRSHEY,BSP 54 PR S 22N R FAE(r=0.74) , 7T BEL T HLIE i
AR A HURR B N T AR A Btk BR (4T IR AR 1 BSP, pH i 2 e T 130 BSPPY %X 44 pH
{5 BSP 2 B EIEMIC(r=0.72) , FF 53X — A,

TDS il ESP #ANSZ AL 5 5000 (32 2) |, TDS B+ J2 I I FAAR , ESP Bt -+ 2 i i 14 4in 5 4% K
Hb TDS FH A LA =42 | LA TR SR /N 4 B ARRE NI 3, AR T 0. 33— 1. 12g/kg, AR BUHA & 46
ks F4E b ESP FI T S(E LA/ £ B3 MR A B K, BUARA T 0. 59—2.47% , IR AIE B B B ARAL ; B8 2% 111 45 HE 1
TDS ESP #|H¥AE B ERKTF/SEI(FET), CaCO, FEZ MR 2 mMARE(F2), HET AT,
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FHEEKE CaCO, FRIGE TIRE BRI RA CaCO, HA, B 22 1A REHIIE] CaCO, T 245 5 TS
Fili, MM R (F£3), 13 pH {H5 CaCO, & ESP £ 5% W FIEA R (r=0.48.0.76) , %M
() BRERERIS 384tk Na® UK AR 2% X+ 3Emd e ) 2 2 5wk 13 TDS 5 CaCO, &5 it S W i 25 IEAH G
(r=0.60) , N TIZ XM, 330 S B RUR RBURE

R7T TEHEHEAEERNESR

Table 7 Change of other soil chemical properties

S CEC/ ( cmol/kg) BSP/% ESP/% TDS/ (g/kg) CaCO;/ (g/kg) pH
Ttem W berfER WE beifER Y bRER WE beifER YE beifE ¥E bR
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
A 35.43A  8.14  54.07C  11.15 0.89 0.69 0.88 0.47 10.34  12.36  7.41C 0.43
B 30.27A  7.63  66.64B  13.03 1.23 0.82 0.63 0.25 4.61 3.25  7.66B 0.33
C 22.86B  5.81  78.40A  15.37 1.72 1.07 0.66 0.40 4.96 4.78  7.84A 0.39
I 24.28b  7.93  80.57a  23.30 1.53ab  0.88 0.73ab  0.32 12.69 1.95  7.96a 0.28
I 40.30a  12.56  51.24b  11.97 1.50ab  1.43 1.08a  0.29 5.90 1.31  7.71b 0.31
I 29.77b  8.97  78.30a  10.18 2.47a  0.27 1.12a  0.34 14.23 17.13  8.09a 0.08
v 23.94b  7.16  57.88b  12.30 0.92b  0.26 0.33b  0.23 1.44 0.29  7.32¢ 0.23
v 27.16b  1.79  58.82b 9.00 0.59b  0.12 0.54b  0.21 2.34 0.46  7.09d 0.23
VI 31.66ab  1.57  71.4la  10.02 0.65b  0.10 0.53b  0.20 3.22 0.64  7.65b 0.17

2.4 HIEAR SRR R T b
YFEBEE PR AR N (2 8) , H KMO FiitH4 0. 605>0. 5, 7% BHH8 45 18] f) I AH 56 PE 558 ; Bartlett AYER
TEEERTI: Sig. {H/NT 0. 01, 2 BH & F8FR 1 AH OC 22 B0 M AN 2 PR [ | i BT S BUHg b ] 647 IR 140007

%8 KMO 71 Bartlett 438
Table 8 KMO and Bartlett’s test

T H Item {H Value
KMO %iit & Kaiser-Meyer-Olkin Measure 0.605
Bartlett E‘JI}&H}JE@B@( jﬁ%‘#) Bartlett’s Test of Sphericity (Sig. ) 0.000

H126 9 T UL, T4 I 3 AT Rt DTk a5 2 85. 861% , 4 1% X+ 8 (1 ATy RRAE ELAT 50 1) e g
TES 1 NPT (F,) ERAEGS N T2 AR bR A A B fLBREE A PR & N AR P & & CEC Fl BSP, L&
RN 2 B USR5 R 1 AT as 2 A HUR N 1, 7256 2 AT (F,) B BA B N 3
i FEHR A C/N pH {H (ESP 42 P 4 K & B HUKIE RS /r S, FIRR PR B2 i [ R 20 R Ky
AR SR W B b B A PR 25 B DR 2 AN Fim A4 N BRI 1 7E%8 3 AT (Fy) EHEAE
o R BT AR AR NOS-N &t iRDRE 2R 3 AP 44 9 NOS-N 7,

K9 HERHETFREER

Table 9 Rotated component matrix

i H Item F, F, F,
oC 0.940 0.006 0.126
BD -0.935 -0.086 -0.033
SP 0.914 0.044 -0.015
CEC 0.895 0.047 0.097
TN 0. 881 -0.290 0.181
AP 0.877 0.226 0.056
BSP -0.806 0.491 -0.087
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i H Ttem F, F, Fy

C/N 0.284 0.900 -0. 067
pH -0.322 0.893 0.003
ESP -0.299 0.818 0.194
TK -0.334 -0. 805 -0.223
DS 0.505 0.711 0.157
TP 0.549 -0.696 -0.199
NO;-N 0.192 0.238 0.931
HEAE{H Eigenvalue 6.569 4.359 1.093
J7 2 5Tk F Percent/ % 46.920 31.135 7.806
F3 5 225k Cumulative percent/% 46.920 78.054 85. 861

ST F AT A B LR B AR S W W A AE A OO R ARR A B3R 10 AT UL, 3R B
Ao AR BE N s B2 5 3, RWIRIZ LAY N R A0 P R B a5, RACE
Bl o AR HUR T30 B BEE AT oA IR R, R L 22 5 N 3, TR 3R
S5 PR A5 o3 S A JZ TR TG R, B 22 LA M58 DR 345 201 T 42 {8 38 DR T /S i, R TR 19 A L
T AR R AR R RRESS K0 E S & P o= . HHER NOS-N K 4543 S AR Bl -+ 2 hin g
Bl N ANTRIAE i NOS-N R34 ) 1249 DA/ ik <5 e Al DA R L 7 I A8 R SR MR A vy, FL B R M ) 22 e AN
BE,

F10 ZFREAFHRISHEN

Table 10 Change of component score

e cs, cs, cs,

Item YJ{H Mean FrifEIR SD J{H Mean FrUfER SD H{H Mean FrifEIR SD
A 0.81A 0.85 -0.27 0.96 0.50A 1.07
B -0.11B 0.74 0.00 1.03 0.08A 1.13
C -0.70C 0.86 0.27 1.12 -0.59B 0.51
I -0.49b 1.29 0.73a 0.30 -0.16b 0.64
I 1.43a 0.85 0.73a 0.82 -0.86b 0.46
m -0.29b 1.03 1.10a 0.26 1.31a 1.22
I\ -0.55b 0.68 -1.10¢ 0.48 0.77a 0.88
\% 0.12b 0.63 -1.16¢ 0.09 -0.36b 0.28
VI -0.22b 0.24 -0.30b 0.15 -0.70b 0.23

3 #ig

(1) LB Z A DU A SGEME R B35 Bl 20U, FLIRE 2 i/ Fo i ¥ A+ 54. 50% —
72.22% o, ZSTEZALBREE R BTER, B 2R RO R A T 0. 72—1.21 g/em’ . THIELLEAE T
WY AHUBAZEA R T BE L2 3G R AN T 2. 55—2. 68 g/em’, H S # I AF H +
B ER TR,

(2) AT IV SRR A Ve A s e, A3 AL i) 2 SR Pk WA A BLARS 1) 3% T 72 & i A 1 24, 03—
65.37 g/kg, AHLBXTEFRITCRMIRAEVEH A&, 4 N NH;-N 4 P G20 P MR K & &0 A+ 2 gz i
MG, Hob, 4 N BIRE S A T 1.48—3.49 o/kg; NHI-N S H#A4T5.02—11.01 mg/kg; & P S EANT
0.37—1.19 g/kg; R P & AT 4.82—13. 38 mg/kg; A K &7/ T 82.03—244. 62 mg/kg, NO;-N 7
% CaCO, 7 i i 35, JF Bl 2 TR AT, 3 - 24 3 2 AT 1. 88—10. 50 mg/kg, 4 K Fimhifi -2
TNTRZ BTG K ) 2 & AT 18.92—26. 14 g/kg, HANHEILARERD 4 K 35 S 2 & B R T2 10,

(3) T3 C/N 23 B E>C E>A B, S T 11. 74—19. 88, H % 2% 1114 FE b 351 1 B R T %
i, CEC ZAHLEAY B, IFBE 4 J2 e i 2 i/ )y, R 4 A T 23. 94—40. 30 cmol/kg, 11X 113
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WK AE ] A4 55, BSP s, Hed T S4B A T 51. 24% —80. 57% , HLFt 1 J2 i 5 35 48 ESP 31 T S4 {8 4
T0.59% —2. 47 % AE W A4k, I Bl 4 2 I E B8 K Kok TDS 1 CaCO, 5 5t 34 R & A2 W i 1) 2= (8] AR
R, Hopokk s i P& B AT 5.46% —10.20% , TDS & HF 0.33—1. 12 g/kg, Kk Bk, CaCO, &
AT 1.44—14.23 o/kg, HA 2411 TDS  CaCO, HH -5 E AT, 13 pH f5Z BSP ByJ&EAEH B
i, (H) BRIRER S A8t Na™ B 7K ff 2 Lt 1 2 22 Bk R VA ; Bl )2 i, pHL (I 38 48 O L i 4 B
T 7.09—S8. 09, J& ik Eha i, BB 2 AKX 138 pH KT s#1l,

(4) XTI IXOR R AR AL ) 322 - A0 F Rt , w] LA A ALS R 3R 5E 7 il NOS-N A A 745
Gk, H  HG a2 RS T BIEAA VU R T390 fiem , B2 1045 AR AL H 3 1 e 1 715
I3 BERT ST, NOS-N 1550 W0 DL/ N4 58 A E A FAR L T4 A TSR M I i
Bigt . T AL L E R YA SR XA PR AR BT AR A SRR R AR FR R AL TR B R e B,
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