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Abstract: As the aging and degradation of Zanthoxylum planispimum var. dintanensis has affected the rocky
desertification control, and in order to discuss the reason of aging and degradation of Zanthoxylum planispimum
var. dintanensis, and realize the stabilization of forest stand and sustainable management, this paper took aging
degraded plants with typical symbol of yellow blooms and normally grown plants as the research objects and
adopted soil agrochemistry and environmental mineralogy methods to analyze mineral element content in
root-zone soil of different plants, evaluate integrated soil quality and to reveal the mineral element mechanism of
aging and degradation of Zanthoxylum planispimum var. dintanensis. The results shows that (1) C, P, K, S, Se, Sr,
Mo and oxide in root-zone soil of normally grown plants were generally higher than the content in aging degraded
plants, while total nitrogen, rapidly available phosphorus, available nitrogen, Cu, Pb, Zn and Cr had no significant
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difference, and other elements had no obvious change rule. It indicates that mineral elements are one of the causes
of the aging and degradation of Zanthoxylum planispimum var. dintanensis. Available contents of elements also
had an impact on plant growth, which indicates that we should improve availability of nutrients when managing
the Zanthoxylum planispimum var. dintanensis. From the perspective of plant nutrition demand, all major, medium
and micro elements had a dominant effect on soil quality. In the management of soil fertility, we should not only
focus on a large number of elements. (2) Root-zone soil quality indexes manifested that the highest plant was No.
3 normally grown plant and the lowest plant was No. 1 aging degraded plant, suggesting that soil quality
influences the aging and degradation of Zanthoxylum planispimum var. dintanensis. But the soil quality is not the
only cause of aging degradation of Zanthoxylum planispimum var. dintanensis, and more comparative studies of
soil microbes and plant hormones should be conducted. (3) When managing the Zanthoxylum planispimum var.
dintanensis in forest stand, cultivate good soil structure, make sure the comprehensiveness and proportionality of
soil nutrient, and pay attention to deficit effect caused by low mineral elements, and it is necessary to make sure
the appropriate nutrient concentration and ratio to increase the absorption capacity of the plant.

Key Words: aging and degradation, Zanthoxylum planispimum var. dintanensis, quality of root-zone soil, principal
component anallysis (PCA), rocky desertification in Qianzhong area

itz (mineral elements) /& 520 385 & 1 E 2K+ (Joimel et al, 2016), fEEY)
AR, M R B A EEER, SEYE. SRR R R ICRE D). 6]
wr, N AL ESEREMEN TR R, RIDVR TR LK, FEOLE N
FABCR T, ERKEHLEM AT % (Aber et al, 1995; Whytemare et al, 1997); ¥4 i
TCRAE NSRRI TR AR, BRBE AT BRI 7= i i i (P Hb3 7 U (Zhu et al, 2016).
ANER R TR W FNLVERAZLE 25, JeR ARt 2 ol A 34l GE R I HH e BifE A - 570
TCR S E Ay A K AABANENLH 2 — (Lietal, 2017), L+
SRty HiAE A7) 52 380 g 11 B 2 JiR DR 2 — IR A0 02 7 3 A 2 (10 AR A0 TR, 3 5 v R ) A R
VR (BRINZE, 2015). A AHREER, ARV FUCEN S ES TR 71
FoEmAR, EFEZRAEETKIENIIR SR CT A, 2006); NG it
FH S AE D L AR 2 =y B TN 77 20 RS R = B (BRKUEG, 2015); DREFI IR TTERI &
H LGl s R A, FEEY 2K (Gusewell, 2005). KT FLER 1S =M
BT R AR . BB N R EE

35 o R I A 1 R AR R REAE B 4 A R A TR ROV, T3 RE S AR AR KSR A T
Mg Fu% (Gilliam & Dick, 2010), S5AFKAER A E TR REEVIMEL (FREESE,
20110, IR SEMBEE R, M A E T NS GRIRSE, 2014; FRISMSSE,
2018), IAMifHY SRS KR RS RESLR RS IR RS
WRZMER. LEREESERNEEN (EA%ES%, 2016), RHEGALERERKRRKZ,
HETX A D) REPE R AL 52

THERAERUR: 53 P P TR T FA 2 AL M X DL R o A, 78 1L X AR S AN 5 i
HORYE T 25 R B EMEA . IEFR, TURIEHERILH AU E A AR B2 2Bk, K3z
LRI TRIZ AE WK T G048, TEWIZ0 8 15 d, T8 AFRLEE 22 AR . 1 28 B0 A T
IEACHUAEMRIT 35 8 LA 30% LA |, FETCHA & IRt [a] 548, fEHIZ0°h 10 d, Z 5 TR
W, AR BRI E E TR SRR, HAER AN R WET: . Rl — et ik
RN FF e LR e, HIF AL EIEEY K. BEAE PR R 8, TilsEor s e mie
25 KB . FFEAMEGA LTRSS, 12 EERE 2 BRI S .

HET, &7 I8 7 Wifa] 520 TR AL AU 2 R A B B0 i L, AHOCHLEE A 58 42
B, R N IED TR T AR TR 2 IR JE R . BE T, AL UG IR A
IEH AR AR ACAUE R A 75 5, SR 3 A AL 2 R B W) 24 (O 78 074, 450+
B R0 E X TR ACHUEE 2B IS LEE o AT 78 RE 05 N TR AR AR SR A B S AR H , 5K
DMy R 5l Frak 2, SRR TURIEMUAE = 71, I TR AEARTE A A Ia B R R
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1 #RES 5k

1.1 BFFEX MRS

WS DX IRAL T o = B BT & H S AT (105°38'48.48"E, 25°39'35.64"N), A:45 HLA H
IR FERIN: (1D TRAE, SUESEE 3 B RGH RIE T Ak, FREN
& 1100 mm, FERHEAYS), XFRRREE, FHEAN 18.4°C, FIW R miRA
32.4 °C, FHumHIKEN 6.6 °C, F TR 6 542.9 °C, XHFER T2 BB, #H
BREFEE. () WAL, XBWFAHRD, KRS, W 370~1473m, EH
EZA41 1100 m, B BB ARSI, (3) AEKE, BILETIRE, HSREER
AR 30%, A HERARAE 50%~80% 1], BRIRERA A A 78.45%, LIBUIA KA AL
TREEMAR N, HEREERE, 2T AR
1.2 FRFE
1.2.1 FEacRE HIWTTIRAERUE 2 1B bR &R s e Ll is 2] 30% L . 2017 4F 4 H,
FEMFHR S JERE S AT 3 B0 — S XS s B A, R4 o 2RI IR W AR K AP AL,
FEAP R FLAR YR A AR BN 2 AR RITE TR, I HUCRE RS T I TS AEARUAE R 3~5 &, DAER
MRS GRAR R X T E ) 0~20 em ) 384 50 20 1 kg CA /2 20 em [ DASEBRIE BE NHE), -+
FEIR S I51 3 LR AR R . SHERAR . ARG [ B8 m ses 3 . B T XA
HSR T BFEE S 95964F fhifid 2 mm A1 0.15 mm #, FIRIMARAE & o B2t bR L Ay
fEG R

# 1 TR AT

Table 1 Basic characteristics of tested plants

N _ B LL A B
i e "
LS i Percentage of Percentage of FFRLRFAE
Height Crown L
Plants ™ ™ yellow leaves yellow flowers Characteristics of seeds
m m
(%) (%)

TR, FEARH KL /)N
SL1 2.1 2.62.6 35 30 Yellow flowers and no fruit, rest of
the seeds is small
BAEAHR, KRN A
SL2 2.4 2.4>3.0 50 45 Yellow flowers and no fruit, seeds
are small and not full
BAEAHR, ¥R, (%
SL3 35 3.0%5 70 40 Yellow flowers and no fruit, seeds
are small and Its color is poor

FPRL AR

ZC1 25 2.3x3.0 0 0
Seeds are green and full
YRR AN
ZC2 1.7 1.8%.1 0 0
Seeds are full
FEEEH . PRI
ZC3 3.0 2422 0 0

Seeds are bright color and full

TE: SL1-SL3 /35l NEE 2R {MEM 1-3, ZC1-ZC3 il iEw A KAtk 1-3. FIAl.

Note: SL1-SL3 are aging degraded plants1-3, and ZC1-ZC3 are normal plants 1-3. The same below.

1.2.2 BESIIE  HIEAHLEE (Soil organic carbon, SOC) % FH HARFRER-AMINBEIIE, 4>
% (Total nitrogen, TN) SR AT SETFIRIAMI &, AU (Available nitrogen, AND SR TR
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YEGEME, 4# (Total phosphorus, TP) K HH i SR -fi R TH & -EH A Pt L (- A o0 e e
EDE, EE (Available phosphorus, AP) SR H s EL- Eh IR TR-FHEA BT LL (- A 6ok
FEVEsE, 4280 (Total potassium, TK) SR FH &UIRER T fft- K@ e FERI 5, JEZLER (Available
potassium, AK) K H P LR EAR S - K G B R E (Bl H, 2008); #] (B). fill (As).
fifi (Se) #H& (XIRMERIL2EEEANYE) (DZ/T0167-2006) HEATIE, —4AbkE (SiO,).
LS (Ca0). EALEE (MgO). EUALEN (Na0) =% =48 (ALOs) . =44t — 8k (Fe,04)
B (Cuw. &F (Zn). Y (Pb). £ (Cr). £ (Cd). £k (Ti). 8 (N, £ (Co). %8 (Sr).
FH (Mo) & (CD. Bt (S ki 2 H bR X ekt 3k 4k 71 A #il5a (1:250000) ) (DZ/T0258-2014)
BEATINSE o
1.3 BB 55 ik

4R HHE KA Microsoft Excel 2010 #4715 5%, ffi [ OriginPro8.5.1 {E, fiiH
SPSS 21.0 #AT 4t s RAHEI R 7 Z 0 (One-way ANOVA) J5 2k i I S5 AEA
[F) 287 2 1) ) 22 5 1 5 38 F 32 B e AT 3R B AT DA B SR 2 MR FR I 28 & P A, 384T+
R B AV . WM E A P=0.05, # 8 3E MEKTA ¥E S P=0.01.

AWFFLLAL3E SOC, TN AN 55 29 0 Kl F-1E A T kR AL AR X 1498 5 S VP40 (1 ZE A A%
X bR ENA — 8, EAUE DAAERKRESR, WA & 38 bME I T AR AL AL 2E
SR 2 A AT O AR OGS S R R R KR, SIS 2 4k 3R IR A AR R PR .
SNNE £5)'074 074 VI | 15 285, 04 /N P e R T 5 2 S Y O R SN 5 o 1 A= /S P A O =
AL ok DA R 0 R AE AL P~ 5 AR o K 2 23R AIE 1) 5 At AL B (1 SR R4S 31 45 2 B )
B RSy SRAIBGETHH LSRR AFD, HEREA N Qinetal, 2008):

IFI=Y Wi,

XA, Wi NS FERD TR, Fi NSRRI E R4
2 ZiR550
21 MEXTBT B TREE
211 KEIEH KEITRERLEMMIEH &K Tk MRS 2R (B D).}
. SOC. TP. TK. AK ZEI NEEZER (P<0.05, FED, TN. AN. AP ZEAREE
#Z5 (P>0.05), £W C. P M K TEAMMTUZEREEZ BT RcEz —, HEXS
TRy S TUHRAEHUE K B A .
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7E: SL1-SL3 735 s iR MMk 1-3, ZC1-ZC3 /3 IE R KM 1-3. ARG FRHMUKIE —F7
BNk RN ZE R B (P<0.05). T,

Note: SL1-SL3 are aging degraded plants1-3, and ZC1-ZC3 are normal plants 1-3. Different lowercase letters
indicated significant difference in the different plants among the same indicator (P<0.05). The same below.
K1 KETRSE
Fig.1 Content of macroelements
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2.1.3 . WMEN TR
RAFNE R AR 2 M2 N EENEZE R HiEw A K

EME R PR L METCEST (£2), S, Se. Sr. Mo #EEHiELk
HEBAME, Cu. Pb. Zn. Cr

BIREEES, HRITTRMEAFERRIX L3 7 LB — 2 2 R E R R AT .
SRR PR, METR TS BUUZERI 2B, ToR T SRNBO I

R2 HAbH ORGSR

Table 2 Content of other mineral elements

[X]-¥ Factor SL1 SL2 SL3 ZC1 ZC2 ZC3
Ti(%) 0.7440.00d 0.7240.00b 0.7540.00b 0.7240.00c 0.7440.007d 0.7640.01a
0.007 540.000 0.007 540.000
Cl/(%) 0.00540.00c ; 0.00740.00a 0.0060.00b 0.006+0.00b ;
a a
0.0840.0014
S(%) d 0.1140.006a 0.09+0.001bc  0.0740.003de 0.0740.004e 0.0940.01b
C
Mn(mg kg‘l) 0.2740.007b  0.2640.006b 0.2840.00a 0.2340.005¢ 0.2240.00d 0.2840.008a
Cu(mg kg'l) 32.6745.22a  30.95+2.76a 31.71+2.83a 31.1444.62a 29.12+2.99a 28.9544.03a
Pb(mg kg'l) 59.15#4.17a  61.96+2.35a 62.5444.26a 63.0443.88a 60.20+3.05a 58.89+2.55a
L 260.63+17.6 243.68422.83 253.53+19.63  231.05+16.74 223.91+17.80 231.25415.68
Zn(mg %g™)
8a a a a a a
L 17435125 158.82#+19.44  166.15420.97 169.31+11.59  159.09#17.13
Cr(mg kg™) 173.8346.82a
2a a a a a
Cd(mg kg'l) 1.5740.02b 1.9140.07a 1.9940.01a 1.5740.23b 1.5940.02b 1.9240.05a
As(mg kg'l) 48.05H1.68a  42.8142.52a 46.2443.80a 50.6143.75a 49.3444.24a 44.3243.36a
Ni(mg kg‘l) 87.58+1.94a  75.71#0.71c 80.88+2.13b 83.67+).61ab 81.03+2.06b 71.31+2.54¢
Se(mg kg‘l) 0.6240.02bc 0.4040.02e 0.5240.04cd 0.7540.05a 0.5040.04d 0.6840.05ab
B(mg kg'l) 55.7440.38b  43.4640.30c 44.93+4).31c 58.7940.40a 54.374).37b 43.4442 .64c
Co(mg kg'l) 29.01+.41a  29.19#4.11a 29.8743.61a 29.50+2.12a 29.00+2.83a 27.57+.69a
Sr(mg kg'l) 56.9840.23e  58.2240.30d 53.4340.42f 59.1340.14c 62.5940.21a 60.0140.26b
Mo(mg kg'l) 2.1140.03c 1.8740.02d 1.9940.07cd 2.6140.08a 2.4040.08b 1.9040.06d

2.2 WX 3 FE IR
IR RFAEE > 1 A SR AR TR 26 > 85% %5 A U], AR e 4% J (285 2R, L 1 4 A E sy
HAFEEK N 1068, 6.77. 4.22. 3.84. X 4 N HIRFTIHRR N 87.94%, F£HIX 4
A FE RS O A RS St H T aG i SR AL 15 BRI 87.94% (3R 3). MR % R AN DTk % >85%
BT, FRAIX 4 A F Rk B AR SR UG AR B, WONTRT 4 A RO — 2 it
2 3 TR M IR AR e L TR

Table 3 Eigen value and contribution rate in principal components analysis

. DU KBTTIRR
55y FHIEARAE L ) Lo
o . Contribution rate Cumulative contribution rate
Principal component Eigenvalue
(%) (%)
1 10.68 36.82 36.82
2 6.77 23.36 60.18
3 4.22 14.54 74.72
4 3.84 13.22 87.94

B TR REE R (R 4), 3105 SOC. AN. Cd. S. BZEfEhrEBE MK, #
fof REELK; 5B 2 ERTE MgO. NapO ERIFEIRR: 5 3 Fpiisr £ 2% Co I 56
4 FE RS B EESCRCAE AR A AP (I FER A P48 5B 1 >0.9) o AN a7 3R 3 i 1)
FERANE, BeLia B MM RIA LI B2 L.
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Table 4 Component matrixes pre and post rotated

[Xl-f Factor

= 4y Principal component

1 2 3 4

SiO, -0.638 0.332 -0.008 0.559
CaO 0.477 0.583 -0.042 -0.494
MgO -0.267 0.941 -0.026 -0.057
Na,O -0.162 0.973 0.013 -0.036
AlO; -0.667 -0.735 0.064 0.072
Fe,0; -0.484 -0.794 0.113 0.054
Ti 0.154 0.211 -0.140 0.921
Cl 0.861 0.337 -0.080 -0.197
S 0.948 -0.112 0.091 0.012
Mn 0.761 -0.170 -0.083 0.593
Cu -0.096 -0.434 -0.847 -0.092
Zn 0.126 -0.659 -0.722 0.146
Ni -0.669 -0.664 0.263 -0.012
As -0.767 -0.053 -0.535 0.132
Se -0.416 0.259 0.190 0.295
B -0.942 -0.161 0.074 -0.151
Co 0.018 -0.209 0.940 -0.074
Cr -0.370 -0.187 0.874 0.099
Pb 0.145 -0.110 0.863 -0.352
Sr -0.444 0.736 0.033 -0.151
Mo -0.862 0.139 0.062 -0.375
Cd 0.938 0.073 0.010 0.108
TN 0.633 0.598 -0.062 0.272
AN 0.912 -0.138 -0.039 -0.089
TP 0.224 0.789 0.133 0.195
AP 0.081 -0.031 -0.046 0.940
TK -0.232 0.144 0.038 0.419
AK 0.517 -0.163 0.058 -0.054
SOC 0.982 -0.015 -0.039 -0.163

2.3 HBEERE
MRAER 5 VA, ARSI LR EIRHCN ZC3>8L2>SL3>2C2>ZC1>SL1,
IEH A KM ZCL A2 IRI PR SLL 23 AIALA05E 1. 6 Ar, AEHRCIBT A4 IFAN I 2 .
SL3 RMAELE 1 Fpsr BMAS /rdesr, ZC3 725 2. 4 Fpisr EHEF sy, ZCL 7258 3 &
By ERIAER G AR —, RGP ORI TR AL KRB A= e A
5 AR 7155 LG E TP E
Table 5 Factor scores and comprehensive evaluation of different types

KA Type PC1 PC2 PC3 PC4 IFI HEF Sequence
SL1 -2.78 -3.68 -0.83 1.83 -49.98 6
SL2 4.06 0.19 -0.30 -2.62 32.67 2
SL3 2.14 -2.65 0.21 1.30 9.98 3
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ZC1 -3.37 0.56 1.49 -1.69 -30.59 5

ZC2 -2.97 1.16 0.74 -0.17 -23.58 4
ZC3 2.92 4.39 -1.32 2.24 61.51 1
3 v

3.1 13D R ICEN TUEIEREEZ B

W R ICESHED = & W A B, fEVEAE K AR R R 5 2 R OB
HAESE, 2014), AN[AIA A RS L th 2 A AR fiE BE = £ 520 (Zhao et al, 2017), [RITH 5
TR LAY E FRIKR RN REFEE T RE. #53K 3 FIEK 4, 5 1 Eoxt L3 =1
AR R (36.82%), EARIUATEZBMWAIERIHIF B, R\ KETLRMPE,
T TG 2R (RIS X R B AR R, I ELIR 416 m R SR R R AR K s ] RE TR, A
RN ARFE HEAL N Py K R0 B H ORGSR 55 20 3 B ZRIONIEH E K
PRI, XA E A2 Mg, Na. Co ot iuke, BEAREIEIX B R Ca. Mg %
Rk, AT Mg TR S BRI ZE R HERONIR G T, JRIK AR R IR
T BUBREA IR IOV R B JBGHE R PG, 2 I T FEADURE 2 B AR A mT RERZ M BEZ 1) XAk
55 4 RO E IR TRRI IE % A KA AR 2 17 22 53 (U R B S5, DR AT 2 TR AEABUAR
AN P BIRICRE s, SR P UESHEMRAE KN AR E . g, BN
TR E, MEIGER T A RSN T8 S8 T TR 2Bk, RN 2R
TR ARAR 2R (K175 0 R RE T B AIG, 6T DR E R G2 2 AN 25 2 R BV AR R 2% v

Mg fEM SR A A S TER il s EEAEH, —RAROGRTIBESW, AT E
HAERFELRE I Je kAT Mg B2 1T 8 S TR AL AU AR I S K A R BE 7T P4, Na 2
Co MEBFERLTIMETTR, BEAEHARM (BEFF, 2003); Na #tZ SHEOLEE
FASZ I, W1 g2 S BT AEAE - Lh B m R IR, B0 A S S0 RS IR B AIG, 4EFRI R
MIREIIIRES, SUMRERRIR N (IR BRI R . Co B R M4k ARE F AR A = AR mITh
e (FhiseF%, 2003), Co &7/ n MR e a /B, $EmRstr . Ah, FEZIBLM
THURACHUE AR 3 (B AR 2, BB T G, nRe S Hou R Tk S E0L AR N %
%, MATBER LR MIBMEN IR BIEN . &4t Co &R, Aehgt KM b
MRS E « REARG R SR, RIDEEER, MflEkEZENK. Moy, &
JRICE TS Y A KA AR, SEOCERE IR, TR R, B
1k, SRR I A KR E A
3.2 ERSOHTE LR EIEN T AN

FIE R IR PR AR S AT, RES BURSB IR R IR BN AR .
TR R LA A, BRI LE SRR R, R IR RS s
Hewg o B N TE R BN SRR R AR G T T2 H B U TR, (s 4
— R R AR, MR ERE (B EES, 2017). HETZ R LR
Yok B B R OREZE, 2018), JEITZR Aok 2 AR ARk R H BT R RE
FEORAL RS BB iy, SRR s D EdE T Ay (B4, 2006). ASCRAE
J8 43 7 1505 AR ) AR R0 A TR A6 U R (X, 398 57 e AT PR, S A0 26 R B Mg S e 4
HPEtr 85% Ll LB E, HHIEmESRERE A — 2B, WS Enr
Fraf B A B ASE AN E . R, SR 32 B0 20 W 435 SR J A AT DL A0 i s B AS [ AR P
MRIX I B, A BT AR Y 45 SRt 5% e 00 B S o R S 6 R 40 o M 1T
Wi F LR T, 5 SOC. HMAMFESALE. ARMETTE, FWIETUEIEH AT R:
GBI RE R N R IR AT M N A 1 o FE(S RO SR, Refig T IR
Wit R IR IR R, SEBLELS M R R H K, KRR 7 1 AR
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3.3 ETH RITE W TIZIEHT R e 2 Rk

TURAEMUIN 22 1B Q2 52 m0 B4 AL IR BESCR A PLR , PR 52 e Sy L XA b
BUZAERUIIAR N, AR T XAERS . QU AT FFEE AR, i RIBHL B, SR TE
W R E « ASCHIFE TS KW, Mg, Na. Co 50 i o 3= & B AR T A s TR AL
WUEF AR AR AR A 72—, #EM PR & BT A5 & i, NI TSR EAR 1 3
LR, ULHIANAT BT ER QG RO IR R 3R TR AE U 77 0 R KA
ZER e DIRE I R, B BLH TIEThRE, A RPN RIREH, AR ] SOC
e RN R BN T, U R SR R S AR AR R TR AR P I
M. B CAST R I TR S B R, A LR UARIUN T SUIRES, IR e
FETRIIVE MR SR HOE R BUIG: WAT ReS2 T i R AL, R I AR Rl SR K
Wb PRI, PRGN K R R AR E I E . TR, TURTEREEZIR
RIS, 52 AR TR 2 AUK D B B, TEBCEIEEI, SEURTEm ™
AN B R R, TR ANIR G B 45 NN TR TR AT B2 8 R I, X
SR M AE 1 BAT B2 R .

ASCH, BT AR AT RAT O EAEYE R R 0 IR BV RS R R, DT E
TCRAEEYA A A R T RIS GOV FE 5 SRS 1 JE i D) 5 18, 311 R 1) 1% 25
RETRANVEA Y Besh,  H ATAERT 7T 38 i R A oo 2 i mlly Gl R0, (3
FETC IR LR 5 Vs 2> R L ) s U, I HL e T RERR I 32 RE 0 1K) 22 57 LR T3
ZIEER ISR G, 53X — TR AR R Wil il 2 WAk PRIk, 2m URTeEcE &
IBALIIH 5T s WL ) 2 2P A AT

4 7R

(1) C. P\ K. S. Se. Sr. Mo MW 57 77 e T B IR AEAEE Z R AL I J5 A
Z—, JLRMARESE BRI EUERAE K A5 m . (2) HIERRIEHHT N
ZC3>SL2>SL3>7ZC2>ZC1>SL1, K T 1RLEE T X TR U 2 IR AFAE — & 52
(3) THIAAEHUR I TR B BN R AP a8 iy, VR IR B AT 351 .
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