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Assessment of Soil Fertility in Eucalyptus Plantation in Guangxi by Principal Component
Analysis and Fuzzy Mathematics
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Abstract: From November to December 2017, 270 soil samples were collected under Eucalyptus plantation from eight forest farms, Guangxi Zhuang
Autonomous Region. Soil pH and 14 soil fertility indicators were determined and comprehensive evaluation of the soil fertility for Eucalyptus
plantation was carried out by the methods of principal component analysis and fuzzy mathematics. The results showed that Eucalyptus plantation soil
showed acid, rich in exchangeable Ca content. Contents of soil organic matter, total N, total K, alkali-hydrolyzable N, exchangeable Mg, available Cu,
available B and available Zn were at medium level, while that of soil total P, available P, available K and available Fe contents were insufficient.
Contents of soil organic matter, alkali-hydrolyzable N, available P, available K, available Fe and available B contents were the main factors affecting
the soil fertility. According to integrated fertility index, the soil fertility of Eucalyptus plantation from eight forest farms was 0.160-0.678, dominated
by grade 1V, followed by grade Il and V.
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Yy, NTitkeg . RS AR 1~ 2 SRR N TARAY 1 AR RV RAE DL, R PR RS 5 ~ 20
hm? Sy —BURE s B8R 4 BRI 1 ~ 5 hm® S —BURE e, R HA RFEER) LA 270 A, B R AU 6 388 hm?,
HABZEAA 5773 hm?, HEMA 616 hm?, B RAEKAYFEATESLLE 1. BMEEIE STERE0~40em 2+
B, FREEN 10 ~ 15 ARAE S R RR A — MRS, REBROBAREYAR ARG, KT, AR 11
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Table 1 Information on sampling sites

TR vetip fEm B (o) S ggj\
RSP R 107°39'14" ~ 108°02'47"E, 22°07'10" ~ 22°16'52"N 198 ~643  15~40 By R 54
Rl THRS 107°45"25" ~ 107°47'34"E, 22°19"26"” ~ 22°20'37"N  160~183  15~30 A3 12
TSR v o7 101°0124" ~ 110°07'50"E, 21°56'51" ~22°18'01"N  91.5~332 10~25 B3 b T 21
FARTTHRARR I SUpK 110°05'42" ~ 110°09'29"E, 22°21'03" ~ 22°24'15"N  116~210  15~35 . v, Tk 15
KEELBk 109°37'03" ~ 111°53'09"E, 23°57'56" ~24°33'22"N 160~183  15~30 3. s, Tk 24
NItk 109°54'50" ~ 110°56'23"E, 22°26'21" ~ 23°28'03"N 150 ~450  20~30 . ", Tk 18
g 108°47'36" ~ 109°92'40"E, 24°39'31" ~ 24°68'48"N  155~464  15~30 i, v, Tk 30
i e 104°44'32" ~ 107°01'16"E, 23°11'48" ~24°07'09"N  104~1088 20~40 3. vy, Fhk 96

1.2 TIRBHRMLAE TN
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121 WA EE  ASCEERCEIE pH A AL . B N, AP, K. &N, £ P, 2 KEE
Ttk Ca. Stk Mg, AL Cu. AL Zn. A B. AL Fe. A2 Mn & &4t 15 WHEbRVE R HIEIE S FtE i
VRN FEbR, I B AT R A 71, T U N bRt 33808 S 325 50 0. H3BAE TR
EARE SRR EE SRR B RR R R

1.22 MR E L AT RN IR AR IR SR B R R B A —, TS R PR E
TR, ST A VRN TebR )RR R AL, T SR B R 3 Vﬁ%’i: S ﬂ*ﬂm%%ﬁﬂ, HoR BT
AT (1) AR (2) o AR AR g R, HEEaPUR. AP, A KL TN, HER P,
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1M pH {BJE T &R m R %L
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- (x a) xfa,x2d
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A, Uco AIENEIRRIBEEE, x AHIFEHabeseill
N _ . e g F2 RERBEEPITNIERET S BRE
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A RE (CV) RFMEHEN) & R s A SRR, @H I, CV<10%HT k55748 5%, 10% < CV < 100%
AR A8 Sk, CV=100000 oA Stk 24ty 3 0%, T outsehs A ThkHL 135 pH {B7E 4.04 ~ 6.72 2 JH),
CV 24 10.39%, 7E 15 Wifghnh i e i/, HIREIRIRER PERE, SRR e v 3 AR K

HIEN MR HERECESEPNAEN, 2P, &K, Bl N, 35 K Z80 CV AT 37.56% ~ 79.05%2
b, J&T A %&E,ﬁﬁﬂp SR CV ik 418.85%, MnmAs bk, &WAIM1$¢ﬁ TTEREEA
SREEA—, HIEHE Ca HizgHit: Mg S EE T R, H oV ¥R 190%; fMETCESBEPAREK
B AR Fe &, H CV 24 181.10%, J m%ﬁﬂaﬂﬁﬂwmmi,Ecvﬁ%ﬁuWM%ﬂrm%%,:%
YA ek, AR Cu MR Zn S EMNARIREAKR, R TS8R,

*3 BREMNSIHFILE

Table 3 Statistical characteristics of soil fertility factors

Ei70 E L brifZE CV/I% )% %353
pH {& 4.68 4.04~6.72 0.49 10.39 1.48 2.76
HHLE (g-kg™ ) 19.57 3.92 ~ 48.06 10.92 55.79 1.00 0.43
4N/ (g-kgt ) 1.05 0.35~2.12 0.40 37.56 0.38 —0.44
4Pl (gkgt ) 0.32 0.05~1.39 0.17 54.40 2.99 15.63
42 K/ (g-kgt) 14.89 1.32~37.71 7.13 47.84 0.45 0.95
T N/ (mg-kg™t) 90.45 30.90 ~ 291.40 41.11 45.46 1.74 5.30
R Pl (mg-kgt) 3.69 0.10 ~ 145.50 15.47 418.85 8.87 81.69
i K/ (mg-kg™) 48.97 1.10 ~ 206.70 38.71 79.05 1.89 4.29
ek Cal (mg-kg™) 193.87 8.70 ~ 507.80 574.31 296.24 6.88 53.26
itk Mg/ (mg-kg™) 26.06 1.20 ~ 324.40 51.52 197.66 3.84 16.56
F# cul (mg-kgt) 0.58 0.02 ~ 2.08 0.41 70.32 1.49 253
% znl (mg-kg™t) 0.80 0.17 ~ 4.06 0.76 96.11 2.42 6.15
F% B/ (mg-kgh) 0.39 0.17 ~ 1.50 0.18 146.64 2.78 14.15
F%% Fel (mg-kg™) 19.24 0.46 ~ 85.14 15.61 181.10 2.12 5.53
%% Mn/ (mg-kg™) 1.77 0.02 ~ 13.69 2.46 139.26 3.01 9.90

22 HRAIHRDRBAREZATN
221 JEAFNEANENFE X 15 WHEFREATR AT, FEE S IR EAREAE (R 4) .
#4 DHRMERS BT HAEERNETE

Table 4 Factor loadings matrix and weight of soil fertility factors by principal component analysis

tihi sy i o
PC-1 PC-2 PC-3 PC-4 PC-5
FORE & 1 0.858 -0.101 0.240 0.107 0.164 0.095
ENEE 1 0.903 0.062 0.056 0.126 0.225 0.103
TG N EE 1 0.737 -0.085 0.298 0.328 0.016 0.080
BB &g 1 0.877 -0.133 0.325 0.238 -0.080 0.083
B Fe & 1 0.700 -0.040 0.513 -0.025 -0.237 0.079
pH & 2 -0.204 0.851 -0.063 -0.175 0.446 0.078
L KEE 2 0.171 0.466 -0.273 -0.203 0.049 0.037
A PEE 2 -0.185 0.793 0.079 -0.001 0.315 0.077
R K S 2 0.160 0.569 0.021 0.366 0.155 0.073
itk Ca S 3 0.102 0.110 0.503 -0.301 0.088 0.060
g Mg & 3 0.080 0.027 0.642 0.115 0.048 0.059
B zn &8 3 0.104 0.058 0.574 0.050 0.086 0.061
LPEE 4 0.113 0.150 - 0.047 0.822 0.174 0.031
B Mn &8 4 -0.003 -0.064 0.308 0.801 0.094 0.023
F¥Ccusg 5 0.129 0.016 0.106 0.039 0.622 0.062
FERHFFIEE 3.989 2.731 1.751 1.602 1.213
FER TTERZE % 26.595 18.210 11.674 10.683 8.086

E S Bt TRE % 26.595 44.805 56.479 67.162 75.248
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FHAG . R PR R TR RIE A G R
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Figure 1 Radar map of average membership degree of soil fertility

A1

factors
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IFI AR /NFR T IEFEN LA B SRS, T LA S W — kb 382 00 . ARPEAASR (3) iHEARH
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Table 5 Comprehensive evaluation standard and result of soil fertility in Eucalyptus plantations

T IFI $E JIE Sy &k IFI bR CVI% s %35S

KV Ry LRECP g 0.278 \% 0.164 ~ 0.488 0.111 251.49 0.599 -0.823
I Tk 0.387 I\ 0.303 ~ 0.458 0.465 83.15  —0.543 0.635

HAREE Ay 0.254 Y 0.160 ~ 0.362 0.297 85.65 0.347 —2.729
EARTHELS XK bk 0.501 il 0.356 ~ 0.573 0.491 10210  -1.323 0.949

NItk 0.358 Y 0.233 ~0.535 0.431 83.04 0.715 - 0.669

BR pazallL S5 0.460 111 0.358 ~ 0.558 0.568 80.96  —0.292 -0.734
Herp HAMY 0.388 Y 0.245 ~ 0.576 0.412 94.28 0.496 -0.715
i==]a ki3 0.366 I\ 0.178 ~ 0.687 0.115 318.95 0.663 -0.568
X P 0.358 I\ 0.160 ~ 0.687 0.133 269.78 0.328 -0.732

HH 32 5 25503200, PR A T AR 138 IFI SR AE 0.160 ~ 0.687, AbFEr2E%4%, FHIR A 0.358, brifizE
4 0.133, CV 4 269.78%, IFI JETonEaRM:, IFIRMIEZSME. EEWY (BEHERMARZSN) 69 IFI ) CV 1E
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80.96% ~ 94.28%, J& T-HEAS R, XSGR T, ARHBESEIAE 25N, S —S0a %, i
B AR AR AR R 3 1R ) CV 3R T 100%, X 5 HEA7 AR AR N TAR A 7Rk, SRy
B H LA 25 R R SR . AR IR X AR N AR SR AR, HAR Tyt KRBV F . EARTT
BRI K UK > KREELLMRS > 3 by > RIS > HEKag > STk > ERESET Mg > Ay, &
BYSRIE, TR N TARHY - SENE S ASRAS U, R iXRh L IRAE 1154 5 )P SE R T M5 S
HARGRAEART N, T PARIFIRS AR 2 MRl R b, HHESR R 2, ) PR P bR
MR, IR TONOICE L A3 Ak,

223 HEIEAKTERKL Y AT RN AT ILEER SR RIRE, AT RH RFE R E
P E R 135 1R R4k 5 NS, T ekl (IF1>0.610) , T2 AR (IF1>0.510~0.610) , MZ&Hk (IFI
>0.400 ~ 0.510) , IV A% (IF1>0.300 ~ 0.400) , VZhzE (IFI<0.300) . HIE 2 oLIEH, T Pafemt
ANTAREIENE IV R EN T RS R RERIZ I, 53] SRR 33.3%.27.8% .. 23.3% ., 12.2%71 3.3%,

P N AR IBAE ISR AL TS LU P SRS 84.4%, T, IVAIV R =S40 5 m A T, 4
ALY 25%. R N TAREER I RS | AR EEET, BRIV E, ARUFCIRERN 8 MIRX
HCA TR AR B A IO ) R A T IREE . BRI ARY . RIS . A 3 Mkiniket
ANTHAREE B2 TSR, BBk, Ak, FEESETMIgirest N TARM 38 Sh VR,

KRIMY . #2M . TERMIGRN TR N TAR IR S IV, mi ke AR A EARTRELRIX A L
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Figure 2 Distribution of soil fertility grades in different region of Eucalyptus plantations in Guangxi
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T B. Cu, Zn, Fe &fEtEK.

RN, TR N TAR AR SRR I A . AL > B N > A% P> A% B> A%L Fe
>R Ko X 510 5 EE O e B X R AR S L IBEAE LR SRS S5, A YUTHERA AN AR
ThieEREBERMER, AR P, R K A 3L S AR AR 7 SRR 3 biat o 14t HLAE
MeHE i HEAR EN, EEANE N, P KAE, B HEAIGEH Fe BRI B A, Hair, FE 80%LL FAZH A TR
U AR, AR e A E R EE B, — Ak 5~ 7 a7, iR T N AR 10 R
o AR AR . RS RGN TAR, vl 3R, IR HEAIURSE, =8
+ 3T

T VGRS R 2 X AR 22 A R . RZEFIE 13RO AL T 8 T /KF o BEORHEZE B AN 25 SRR
AR It N TAR 3R 5 & I R 25K R . BARTTRELR IR R XK > KA 1Idkg > 3@k > 411k
Yy > Meobkdy > Nk > EREESETMY > A R TR 3L A AR 14850 0.160 ~ 0.687,
TR K T 3UA 15.5%, H3EAE I iR SR TAS 55 . S B VU AR AR IS A AR AL
VARTENAE SRR, A N AR IAE T8 P AL TAE S, ISR Z iR T 22555 5% , i 1 ~ 2 424k
BT N TR E5 K o AHARSCH TG 1 ~ 2 4FEA R N TAR 3B ZE SR PN 25 SR 0H, B ik bt
IR AT ES R, HERIGESE Y. K, e PG R vh 75 UMb ik, bkl
T RIRA,  [RIEFEREC—E BIR L AR B IS PR I e AR SR E R ), AR X A
RE 3R 0N EE R H Y 1= A O R. (E AL IR, B8 ) SR HIEAYUR . ARESE S, DIRSREARR
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