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Fig.1 Soil sampling sites of Tieguanyin tea garden

1.2 IR R KIBUAEFRRYNIE

ARSI E T A< AR IRE (pH) . AHL
Bt (OM) . &% (TN) . &# (TP) . 2%
(TK) . WA (AN) | F308E (AP) FIEEAE
(AK) -

145 pH A R A E T, FREX 4 g 20
Ja (10 H) a3 10 mL LE/KIES R TR,
&% 2 h Ja e, [ pH It (1S126C Icon, -7}
AR A R E] ) 328 pH {H.

TR AR AR X SIS
I ( Axios-MAX, fii ZMAAERLAF] ) , B4 g it 200
H L) 3w s s i, e R, 1S
F I E M CNS JL & 7 X ( Vario MAX,
Elementar Analysensysteme GmbH ) , H{ 200 mg i
200 HififLAY LIPS EIIE

A LR &R E S R AR R A (e
NS o e o [ A Tl e o - L R
(NY/T 1121.6—2006 ) , >RHEBIREPZ mik i fT
e s 3 R & e 2 B8 R AE 7 34y
(NY/T 1121.7—2014 ) , RHEIMA] WI-HGE T
REATIE . RO A R E S R (R AR
R AR E ) AR PR b HE R ) I R ( GB
7856—87) , X1 1 mol L' 2Rk — KM
BTN E s HIERR A S B E SR (PR
SLFTE MO AT ML FR7E )RR A SR A PR R T
(LY/T 1229—1999) , RBES-1 HOEFATIE -
DL b SR S 100 HFfAL .

1.3 RELIEFMFNIRE

TR bR S IR A N R [
AT AR v ) ZE b rm R B R & (YT
853—2004 ) FRASIE +HEAR F1 4 AR E R E R4k O
P HE IR S B AR E (NY/T 391—2013 ) , K25k
FHEFE R T T T3 558, KR 4830
RTINS 1
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Table 1 Classification standard of soil nutrients in tea garden

RFES I I I
Sampling point

pH 45~55 40~45855~65 <4.0u>6.5
FAHLE (gkg') >15 10~15 <10
2R (gkg') >1.0 0.8~1.0 <0.8
2 (gkeg') >0.6 0.4~0.6 <04
247 (gkg') >10 5~10 <5
A (mgkg) >100 50 ~ 100 <50
ARk (mgke) > 10 5~10 <5

B (mgkg!) > 120 80 ~ 120 <80

14 TERAHEEIEHITE

141 XEFEFe N 35AnF B EG AT AU IE
BpH., AP, &% &8, &8, WE. A3
B, BRI 8 M E bR LR E IR 2R A 1R
B HFRSIE R S BRI LR AL ApUo-13,
Hrfr, pH J& TR g i g, HAaHE T S Bk
JEPREL PREERIAUNTT

WAL AR & pREK -
1.0—M X3 <X <Xy
Xy — X3
1.0 X, £ X< x5
Ai=f(x)=
0.1+M X <x< X,
X, — Xy
0.1 x> x8x < x
(D
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S AP R A Rofr, A, AT SRR, A, R
Mo X2 FN R 0.1 ~ 1.0, 40 JHS b R 2
Ai=f(x)= Eaﬁ_—)@+01 X <x<x, (2 b
I Xy — X ’ : 2 Tﬁ,'ﬁ\ﬁ[l%:z 2:
0.1 x<x

®2 BENBTREERBELIE T SR EE

Table 2 Value of turning point of membership function curve of each fertility index

e U - AL 2R X el BRAFA AR B

Value of turning point p oM TN TP TK AN AP AK

X 4.0 10 0.8 0.4 5 50 5 80

X, 4.5 15 1.0 0.6 10 100 10 120

X3 5.5 - - - - - - -

Xy 6.5 - - - - -
142 XREEFRA/AAREZLGHLT RINE 143 BERAGSFHAFIGHE  HHIEHES
BT, BEEURITE R KT 80% WEMITR  F8ECIF AT
B AL A ROALER AR, R AT "

g IFI = ZB,.XA,» (4)

B; = (3

>
e ITPHT T § 5 A T ARG R Bt
T, > g BN BT TR R EOT R EAL

Kb n WIER AR ECR, Bi M Ai 00056 i A0
(IR R AR R @ | N o WA R
TIFT AT o003, ik 3.
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Table 3 Division of comprehensive index of soil fertility
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I} I v
Level
HHEN R AR RUFL IFI >0.75 0.50 <IFI<0.75 0.25<IFI < 0.50 IFI < 0.25
1.5 BEESH Pel A AL & B AE 20 ~ 59 g kg ! ZIH], SFHME N

K H Excel 2019 #E47 3857 53 2 454 b -
RETFHHE ., BRABKE AR, 1
MATLAB 2014 715 + I Jy d5bn s J@ B, il
JH IBM SPSS 22.0 #F47 F W0 ot e A 2245, il
FH Arcmap10.7 2213550 & iSO E S HEREN A

2 HZERESOH

2.1 FERLTEFSRR

211 FE 3 pHAE LIRS S BYE AR+
% pH {HAE 3.3 ~5.3 ZIH], “FIHK 4.0, R R%E
H912.09 %, JE TS, SRIZEREE/N, B
bel 3 sm etk IR 2-1 Fs, 3t 7 AR SR 2ERE
TIERRRREE AT T Gebrife, (5 EATRE A 19%;
10 AFESR R Il S Rmd i h 2] T gebrife, bRk
PelFF s B0 26%; 21 AMFE i 1 25% el - 3R B A T
T b, N EZSFERE BB 55%, A5+ 4R ik

212 FREEIBEAVNRALSE DESSHPMWESR

35 gkg!, BHRREH 2636%, BT HEER, W
Kl 2-2 fios, Frf A A LR & EERa R T 1 Stk
A EIRRE, AN AR SRR
213 FEEBERFLSE  WIELS S HEBUE A
ISR S HEAE 0.6 ~2.1 gkg! ZIH], FHEN 1.5
gkg!, HREBCH 26.07%, J&THELR, K 2-3
Fizs, 331 AFES A AR T Fbnife,
AR RE B 81%; 6 MFESAYASIE LA 1
G, 5 RAERES Y 16%; 1 MRS A +
ek E) M Hbrife, i SASRRE S0 3%,

RS S O 25 el - S0 R A 44 ~
288 mg-kg! Z[H], FIMEN 162 mgkg', L5 RE
9 38.49%, J&THAERSR, WK 2-4 s, A 30
ANEEE RS RE HHRAR] T GebnifE, SRR S
B 79%; 7 AFES AR R3ER R T Zebri, 5
ARPEFE B 18%; 1 AMFE s A AR Il -3k 5 T 2%
P, AR 3%

214 FREIEBREZALSE LRSS PP AL
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TS EAE 03 ~22 gkg! Z 0], FHME K 1.0
g'kg!, HREBCH 43.71%, J&THELRR, K 2-5
fizs, 3631 ANFES S RS T ibnie, &
S EAE B 81%; 6 AFES YS9k E] 1T
G, RIS 16%; 1 MRS AASIE £
ek M Gehmife, 7 2R RE S50 3%

TRAS S BRI 2% I+ 8 A o B T ~
254 mg kg' Z 0], FHME K 84 mg kg, LT 10
mg kg, BRREHK 78.84%, JE TR, A
R S A 22 5 K. nE 2-6 fiR, 3k 34 4>
FESIIASIE R T ebnfE, 5 RARREEY 89%;
AAKE SRS EHAE] T PbriE, 5 ESREEI
11%.

GRS S O AR R B 7 ~ 37
gkg'Z M, F¥MEN 15 gkg! , BRFEHN
45.52%, J& AR, g 2-7, 329 AFE AR
b - HEGRF T brii, & EISERE S 76%:;
9 AFEASA R R R T PebrE, 5 AR A
) 24%.

GRAS S B 25 I A U & i AE 64 ~
336 mg kg Z[H], “FIHMEN 125 mg kg, L5 REL
H45.71%, J& TR, WE 2-8, A 16 M
FZbe H AR T HbnifE, & SASFERE S 42%;
A 14 RS - BEA R 1T Ybnife, a2k
PR 37%; 8 DRI ZSlE T3k 3] I Zebrif,
7 AR FE R ST 21% .

2-2

[l 5]

I AMLE 10 gkg!

[lﬁm%Avgkg‘

AL 15 g kg™ 05 10,
CI1s%

[ 2H 08 gke!

] &% Av gkg!

| 2AE 1.0gkg™ 0 5 19
LlzH

24

&1 451

[ fFA S0 mg kg

B i AV me ke 0 5 10
[ ] TR 100 mg kg™ —— )

LR
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2-5

5 El%;ﬁ*&@e
[ W04 g kg AR S meke
[ & Av gkg! 0 5 10 e ﬁzﬁlﬁ:’%Av mg kg 0 5 10
[ &W5 0.6 gkg! —— % 725%@% 10 mg kg™! —— e
2

2-7 2-8
%1 f5i] 1 i
m WS gk ] A 80 mg ke
L] &8 Avgke 0 5 10 [ AT Av mg ke 0 5 10
B 28 10gke = =— km [ S 120 mg kg ——km

2T R IROL & B R E S AR . CRETER . P Ah=Aidon, R T g0 T g, T Zbmf, FRRIEH = SAtihaon, Hova
PRI, 1 Av o8, PRIAEACEEM, R T s i p IR A . GRS THAER, Rzt T gk, 18774
MR 2 ek T T kv, LTI [ REI%AL 1AL T T ibrife.
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Fig.2 Content map of soil nutrients in tea garden
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221 FREBRAFRGFEBEERE R R

141450 (1) (2) , IHARIERASRIBRE, ke 4.
K FERG A EA O, ks, pH S

AK SR EIEASE, IEBH pH 4R & nT LU A 50 &

BETHE, WREEE pH RIEEHEF AR, TK

5 OM 2 B ERARG, SRR A HLE 1Y &

SR, TP 5 AP [ B FIEASC, BB & S

X AR B R Al OM 5 TN, TP & i 3 IEAH ¢
H TN 5 TP BEIEARSG, R IEAYLE & &I
AT IR RS, PIRR IR EY,

R F F o ATk B BT 4R KT 80% 1)
Fr (F6) KiEEHHFINERE (£7) .

mE 6, EHEREITTATHRKRT 80% WHT 4 M E
BA, k7, HFGPERECN, 24, 2. A
RO A AR R, BB R SRR SR LA
R, W pH S AMAERAR, BIXHRZNE S5t
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Table 4 Membership degree of soil fertility index in Anxi tea garden

EZ: A& b5, AL Eea e ] Tl 2L A B
Township Point p OM TN TP TK AN AP AK
w2 BRI 0.1 1.0 1.0 1.0 1.0 1.0 1.0 0.775
7l e 0.1 1.0 1.0 1.0 0.46 1.0 1.0 1.0
SELRY 0.1 1.0 1.0 1.0 0.46 1.0 1.0 0.91
fwms ML 0.1 1.0 1.0 1.0 1.0 1.0 1.0 0.1
FEVERT 0.1 1.0 1.0 1.0 1.0 1.0 1.0 1.0
FARKS 0.1 1.0 1.0 1.0 1.0 1.0 1.0 0.73
S HFER 0.1 1.0 1.0 1.0 1.0 0.208 1.0 1.0
HIFERT2 1.0 1.0 1.0 1.0 1.0 0.982 1.0 1.0
HFERT3 0.1 1.0 1.0 1.0 1.0 1.0 1.0 0.865
VAEES S SWNTSS 1.0 1.0 1.0 1.0 1.0 0.532 1.0 1.0
bR 0.1 1.0 1.0 1.0 1.0 1.0 1.0 1.0
K=k 0.28 1.0 0.55 0.1 1.0 1.0 1.0 0.37
B AR AT 0.1 1.0 1.0 1.0 0.46 1.0 1.0 0.3475
AT 1.0 1.0 1.0 1.0 0.82 1.0 1.0 0.1
EHok 0.1 1.0 0.55 0.1 1.0 1.0 1.0 1.0
KIitg [EEEER 0.1 1.0 1.0 1.0 0.64 1.0 1.0 0.1
B3R 0.1 1.0 1.0 1.0 1.0 0.604 0.82 0.1
A JEIEAT 0.1 1.0 1.0 1.0 0.46 0.496 1.0 0.4375
JaiER2 0.28 1.0 1.0 1.0 1.0 1.0 1.0 1.0
A 7 A 1 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
2 A2 0.1 1.0 1.0 1.0 1.0 1.0 1.0 0.2575
R FEFEAT 0.1 1.0 1.0 1.0 1.0 1.0 1.0 0.8425
A R 0.1 1.0 1.0 1.0 1.0 1.0 1.0 0.1
Tt Af 0.64 1.0 1.0 1.0 0.82 1.0 1.0 0.3925
1% iR 0.1 1.0 1.0 1.0 1.0 1.0 1.0 0.4825
WLE%2 0.82 1.0 1.0 1.0 1.0 1.0 0.46 1.0
123 0.28 1.0 0.1 1.0 1.0 1.0 1.0 0.19
PUEP AR 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
YR 7L} 0.1 1.0 1.0 1.0 1.0 1.0 1.0 0.4375
1At 0.1 1.0 1.0 0.1 1.0 0.604 0.82 1.0
KIS FEMAT 0.46 1.0 1.0 1.0 1.0 1.0 1.0 1.0
FEEIN) 0.1 1.0 1.0 1.0 1.0 1.0 1.0 0.1
MRS 0.1 1.0 0.1 1.0 1.0 0.1 1.0 0.1
SRR WUHE A 0.1 1.0 1.0 1.0 1.0 1.0 1.0 0.1
AN 0.1 1.0 1.0 1.0 0.46 1.0 1.0 1.0
AR 0.1 1.0 1.0 0.55 1.0 1.0 1.0 0.64
NG 1.0 1.0 0.1 0.55 1.0 1.0 1.0 1.0
AFEL2 1.0 1.0 1.0 1.0 1.0 0.496 1.0 1.0

BRACAS, UEPATRIL S HF BRI ™ E . AL R AL
SRR, MU ZAE M E R EE AR
AR At FH

222 FEIBERAZESFN RIE 14 TTERERES
GO A5 b A I 2R AR A IFT (£ 8) |, TFI
fH7E 0.52 ~ 1.00 Z[H], ~FI9{E N 0.84, f76 | %fk
JEASFE bR, AR RECR 13.33%, JETE54E5, i
A& T 4R R A R . oAy 32 A A%k +
geikE] 1 gbnit, 6 MFEm HHEGAS] 1T 9hnife, £

RRIK 100%, ZRGF AS e 149658 T A o025
P

il o B A, T 22 Y8R B 4l P A L o 4%
bel -39 AE Sy 25 A48 8L IFT (E =S (B 40 A . dniEl 3, RAE
XIS AP 8 TR (AR, TR i P
PR 2 DX 3 - AT ) AR AR T 142 18 DX 3k - A T
o, BBV AAN AR . IR
W AR S X, PR R A AR, B
A A S AR Y, IR S 2R AR B TFT (B 25 A
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Table 5 Correlation matrix between soil fertility indices of Anxi tea garden
ity u HHLR 2R X el A B B
Index P oM TN TP TK AN AP AK
pH 1.000 —0.088 —0.162 0.069 0.011 0.089 0.065 0.373"
LT -0.088 1.000 0.779™ 0.322 -0.477" 0.019 -0.050 0.049
2R -0.162 0.779™ 1.000 0.499 -0.309 0.272 0.213 0.063
e 0.069 0.322" 0.499™ 1.000 —0.241 0.224 0.689™ 0.150
il 0.011 -0.477" -0.309 -0.241 1.000 0.045 0.030 0.046
A —0.089 0.019 0.272 0.224 —0.045 1.000 0.145 0.204
B 0.065 -0.050 0.213 0.689" 0.030 0.145 1.000 0.119
B 0.373 0.049 0.063 0.150 0.046 0.204 0.119 1.000
e U IR EEMSE (P<0.01) , 7 FRBEMN (P<0.05)
Fz6 FBROEBHRERD D HERE
Table 6 Explanation of total variance of principal components of each fertility index
WIHGFRHEE PRI 5 Al
Ay Initial eigenvalue Extract sum of squares of load
Component . JEE I ZEH(%) Bt FEHGIL FH( %)
ST Total ; ) ; .
Variance percentage Cumulative percentage Total Variance percentage Cumulative percentage
1 2.564 32.055 32.055 2.564 32.055 32.055
2 1.628 20.353 52.408 1.628 20.353 52.408
3 1.219 15.240 67.648 1.219 15.240 67.648
4 1.014 12.678 80.326 1.014 12.678 80.326
5 0.715 8.943 89.269
6 0.503 6.290 95.559
7 0.222 2.776 98.335
8 0.133 1.665 100.000
£7 HRERMEIFNERY
Table 7 Weight coefficients of soil nutrient indexes
ity - B 2R R0 sl %A Uy ¢ B
Index p oM TN TP TK AN AP AK
PEEY 0.085 0.113 0.171 0.197 0.001 0.126 0.161 0.146
3 A B IESE T X o RIEHYRL BT, R S EAu ), SRR
3 i T e WA, b rh 28 it FH AU ke B v R
AY
P Ly <3 o= Y D ACR N (1 2705 = i sy | WP W i3} NP R
- = B RNELRY 9y t 1 1 .
31 RETRFPRRLSERHERE FECT LR F, KIS RA R AN

ZERE AR K TAERRYE LR T, (HR IS
PFAE 2 S I IR A e T, —MBokeidt, TEES
B K pHAE N 4.5~ 5.5, fEad&JLH4ER], A5+
BRI IR | B RsY gEea, JA
ARG 45 L LR B, A5k -8 pH — L R
vt (pH<4.5) , WIRALT L5, JFH 2N
W o () 2ot A P R B R RPE 45 H (R pH <
4.0 AShE 18 ) Bkl s, S B RO 4 —
A3 P [

T X PR BG4 T RE R R 2 — 2 Y H SRR
b, BIPIRBRILIN 7, U 250 A B R E 3R
MRS YIAE 3 rh 112 25 T 80T AT 3 H AR
Rk, B—ANEERAN, BIANERRILH T, EIHL

ab |

A BRG AE AT RE S i A el - SRR A 7 B A R M

IR SRR Al LIF ], B Poul 4% b
TR S R IIAL T RS BRI R S,
FUH Heg o2 FRORRBL A TR 4R T, H
WAREZ MG pH I RAY MR, IR S o ol i
A bel 1M ZRBEIR B0 K e il B s 7 A RO
BEAL 22 R AT AR B A BT B, (HUR A — L
AN T LA PR s v v e i, Rt Al
RENRI AN F R AL | IR G SRR, R A8 e 4
BEREE,

LA R AN IR AT L 55 41, (AL
MEEACTCHUAL, BT 7B A, 3P A PR
B RIEFE T, BRI 24k Pl L R IR LA
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&8 HUERETIRIEHEEIEH IFI
Table 8 Comprehensive index of soil fertility IFI of Tieguanyin tea garden

EZ: T /L IFI EZ T /4 IFI
Township Point Township Point
B2 B 0.89 7 A P 1.00
Pl 0.92 7 2 0.81
FELLFT 0.91 B3] BT 0.90
fWH % WA 0.79 i 0.79
R 0.92 iR Af 0.88
FHF 0.88 i WLz 0.85
LS BN 0.82 W22 0.90
FEER2 1.00 M3 0.67
RT3 0.90 [iiipzas! AR 1.00
yAIEET LR AT Sk 0.94 Kbkt 0.84
BRI 0.92 FIf 0.67
Kz 0.59 e FEAT 0.95
SR MR 0.83 IR 0.79
R 0.87 PAES T 0.52
[EERay ] 0.67 PRI WUHE A 0.79
King 2R 0.79 AR 0.92
:ERY 0.71 (LR 0.78
A JEIERT1 0.78 AR 0.76
JE iR 0.94 A2 0.94

B3 FEITRENGZAER FHEZESHE
Fig.3 Spatial distribution map of IFI value of comprehensive
index of soil fertility in the tea gardens

T —EREGE, FIERAILLE S KB
WFFE R, AR At TR AR 38 8 R 2 el 1
kR BAT RO . filn, it PR B R T DA g
IR B REER DRI R R AT UG Rr HEAE 7
SCRT RO s e, a5 IR e
PRI AL RE S s 2 R N S 2 Ak, ufig
e LIRS, AW RA T — P R RR], AT LA
P RAAHT &S pH fE, SR/ AU
EAEHIRCR, (gAY R0, Ak S ALEAR
45t , RAYIREEACE, A AR o IR e 1 s
S A R TR IB 45 (T L Bl el P B RE 4 ] 1
SEMRALET, R SF AT BRI MR P A= T H Rk 2]

et TS B R AR ek

HAT, 750 s E RN EOR
&, WFIT S ACA 15 R s T, S
BRASHE S BT S pr kg B o MRS, S =
RH”
32 FELREERODRASHKEEE

T I LR A VNPT AR BR R =5, R
AN 1255 K o LR B RN 1256 0F
Mo RN, B8 45 el 3 SR A T ROIRAS .
kUL, LR IR A TR,

Rl PN S Y AR NI i = S |
DMk a5 el iy & e o I, FRATZEF B R0
e P IE 2, R ISR, REE TR
AIZERE S 0, Z55 %0048 BUZ — MR I r R
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Soil Nutrient Status and Comprehensive Evaluation of Soil Fertility
Quality of Tea Garden in Anxi

ZHANG Zhao'?, JIN Ming-kang*?*, HUANG Xin-rong"?, YANG Le-yang*°,

SU Huo-gui*, YANG Xiao-ru"?"*

(1. College of Life Sciences, Fujian Agriculture and Forestry University, Xiamen 350002, China; 2. Key Laboratory of Urban Environment
and Health, Institute of Urban Environment, Chinese Academy of Sciences, Xiamen 361021, China; 3. University of Chinese Academy of
Sciences, Beijing 100049, China; 4. Bureau of Agricultural and Rural Affairs of Anxi County, Quanzhou City,

Fujian Province, Soil and Fertilizer Technology Extension Station, Anxi 362400, China)

Abstract: [Objective] The nutrient status and fertility quality of tea garden soil directly affect the quality of tea.
However, the investigation and assessment of soil health in tea garden is still insufficient. [Method] The physical and
chemical indices of soil samples from 38 Tieguanyin tea gardens in 13 main tea-producing towns in Anxi were
detected, and a comprehensive evaluation with the integrated fertility index (IFI) was constructed by measuring soil
pH value and key nutrient elements. [Result] The results showed that the average pH value of tea garden soil was 4.0,
and nearly 55% of tea garden soil was strongly acidic. The indies of soil organic matter, total nitrogen, total
phosphorus, total potassium, alkali hydrolyzable nitrogen, available phosphorus and available potassium in tea garden
soil were relatively high. According to the comprehensive evaluation indices, the IFI value ranged from 0.52 to 1.00,
with an average value of 0.84. The percentages of 84 in the tea gardens were in class I high-quality standard.
[Conclusion] Most of the Tieguanyin tea garden soil in Anxi has been seriously acidified, but the overall nutrient
status of Anxi tea garden soil is still in good condition, and the comprehensive index of soil fertility (IFI) of the tea
garden is high, indicating that the soil is generally healthy in Anxi Tieguanyin tea garden.

Key words: Tea garden soil; Nutrient status; Soil fertility comprehensive index; Soil fertilizer; Tea garden

management
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