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Abstract: The study analyzed the soil chemical properties, nutrient contents and distribution characteristics in the litchi
gardens from the major growing regions in Yunnan aimed to provide supports for nutrient and fertilization management
in litchi gardens. Soil samples were collected from 22 litchi gardens in 6 major production regions. Soil pH, organic
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matter and multi-elements content were analyzed and used as the indicators to evaluate soil fertility via fuzzy compre-
hensive analysis. The results showed that soil pH was 5.62, with 22.73% of soil samples were suitable for litchi growth
(pH=5.0~5.5). The cation exchange capacity (CEC) of 27.28% of soils was lower than 10.00 cmol/kg, indicating ferti-
lizer retention ability should be improved. Organic matter content was relatively high (14.81-57.06 g/kg). Soil total N
content (0.84-2.70 g/kg) was higher than medium level (>1.00 g/kg) excepting for Baoshan region. Soil alkaline hydro-
lyzed N (78.61-259.19 mg/kg), available P (21.14-92.48 mg/kg) and available K (35.00-642.50 mg/kg) were all higher
than medium level excepting one orchard in Yongde, where the available K content (36.67 mg/kg) was at deficiency
level (<50.00 mg/kg). Among the trace elements, available Ca (415.63-4900.00 mg/kg) and available S (20.43-127.89
mg/kg) were relatively abundant. Soil available Mg (3.13-512.50 mg/kg) was at moderate level, with 42.43% of sam-
ples were below the limit value (<100.00 mg/kg). Available Zn (0.51-9.68 mg/kg) and available Fe (7.18-124.82 mg/kg)
were abundant. Available Mn (2.56-104.78 mg/kg) and available Cu (0.76-6.06 mg/kg) were at moderate level, with
8.60% of the samples showing available Mn lowering than 5.00 mg/kg. Available B and Mo were at sufficient level in
Yingjiang at 0.88 and 0.43 mg/kg, while those in Pingbian (B: 0.44 mg/kg, Mo: 0.13 mg/kg), Yuanyang (B: 0.31 mg/kg,
Mo: 0.15 mg/kg), Baoshan (Mo: 0.10 mg/kg), Yongde (B: 0.42 mg/kg, Mo: 0.10 mg/kg) and Xinping (B: 0.41 mg/kg,
Mo: 0.10 mg/kg) were at deficient levels. The integrated fertility index (IFI) was 0.51-0.97, with average value at 0.79.
All IFI values were above level 11 excepting Baoshan region at level 111. The principal component analysis showed that
total N, alkaline hydrolyzed N, organic matter and pH were the most important factors affecting soil fertility. The data
suggested that the overall soil fertility of the studied 22 litchi gardens was above the medium level. Mg and Mo ferti-
lizers can be improved in Baoshan, and B and Mo fertilizers can be improved in Pingbian, Yuanyang, Yongde and

Xinping.
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DOI: 10.3969/j.issn.1000-2561.2025.12.021

1990 4E &4, TEM AT MR TIT & Hesh
T, ZrE SRR Ee—e xR M
FI 7R, 0O BRESEHHEX, g X
R R ST AR S A A, s R PR I
LA, IR, b4 A= 9 A LA,
HAT, #5807 B 2 = B X S AR %11
B, 25 AR R T AR 2011 4E A4 0.37 7 hm?
K% 2025 4EHY 0.95 77 hm?, Foiri 1.80 7 t
e E 773 12 SRR E IR, b
BT RAIE S, 8RR 4 R DL R AR AR AR
Yy (23, gt AREE) MUY (e,
EUKREL ) hE, HbasE, e, ikak,
TR B A2 Y e AR 239 1 R A
R E O, R X R TR
VG . VEL VYRS EP IR 200~1200 m B FRIX., FEL R
X AUFE B3 (4913.33 hm?) . 6k (600.00 hm?) |
HroF (466.67 hm?) | YL (73.33 hm?) | &1l
(200.00 hm?) . 7% ( 433.33 hm?) 9, 4%k,
RIAE SR 7 e = L R, e FH O fe s kL
FECRE P SRR RS . NIRRT RAG .
TS IR K S5 2 i

39 5F 0 0 2 B B LR R R A B
B HEPR EE LTS ESX (7R, T

V9. RIS ) HIEARGR A F R JUi L
FIE T S5 i e s DA B 3 B 38 pH 2507 e T s
A 75 A ] -3 A O B R g e i 2 B
Hi, AW X =/ A X 7 A b, I
EARIEA R4y 200 14528, RREELSE AT R
M+ EAE 1K, B2 6 s B A A R R
AT IR ZE AT . B T 2 ER A
5 W ) 3R TR AR, T 2023 SFE s EE T
R AR X [BEi . JeBH . 3P, gk, PRI AT
6 T (B ) AT IR SRR, SE A
B CIFL) M ap ki bl 388 T3 K, A armA
75 5 Pl 4= 38 SR 4345 HL 5 2 it A B (AL S ml B s A
Bl 3

1 #RERE
1.1 ##

T 2023 X~ pE Y . BPY TR 22 R
AL 35 AN s Y el A 7 3 A BORE b 5 i L e B
8 ML EM R, 4t 101.67 hm?; JCRH LR 2
AN, 3 26.67 hm?; BoF B e 3 4R,
31.73 hm?; ki H ¥l 54N FkE, 1t 56.67 hm?;
PRI 2 S REE , 4t 20.67 hm?; ZiTH IR
2 ANRBE, 32933 hm?, SRAREIX 432 A L



124 LS

B P N R < 1 s i B ne= . 12 w1 3041

REFUIEOL: bRl B2 B, AKE . A8%h
SREON T, pH SEERTE B IR M ; JCH AL N
F, MR A RS Brr g, Bath
F, DIBRAESES, WHERRES . gl
FRVE A% s RAELIARLZISE | A6 5 F0 A RR e 25
PR e 32 Rl BATZL 8 . R, K
LSS R R . I
R IR RITRLY AU AR R RAN DL T A 2 7S I 1
B R AR LS S A 2 XA 2

12 A&

121 #HmRkELHAR MEHEORFL ARG
IR i FH 35 1S i 5 J AR o AR SR el T AR A /N S
HWIERA X7 JEAR sk TR e, 2R
HR A S v A /N B 8~15 AN SRFf i, SR I
SRR JE HEAT EARIR G o B AR KT IS )
FRAEAS [ 8 45 43 A7 225Kk R A e Je i i g ( 0.149,
0.250, 2.000 mm) , HEAFEAREZIE 3 .
1.2.2 FAFMZ SrHrA IR R AR AR
RISy S SR KR A (251 1, Vim)
WsE pH; RAEHSRAENMEF L (OM) &
B R EAEE SR (TN) &&; R
0.5 mol/L NaHCOs 12 &~ $H8H Pt kb a1k I %2 A 44
B (AP) frim; RHCIREGR - JIE
B (RIS RHMYES FP6410) I AE MR (AK)
iy SRR BOE I E AR e R (HND) 7 &
TS (Fe) . & (Mn) | 4 (Cu) | %
(Zn) &R DTPA 48 (W 1:2) -
MRS & 5F B T IR k8 % 1% {1 ( 1ICP-OES;
PerkinElmer Avio 550 MAX ) il 5& ; =% FH F 0 B L
ok ( B4R 754) ME A (B) &a; ok

M CMRRSEIrCCEEE ( R E 754) WEA
B (S) it SRR R EOR R - B S
55 By T I B Bk X (1ICP-MSS,  PerkinElmer
NEXION 1000G ) JliE A 4440 (Mo) &4 ; R
1 mol/L LMRERHE - T Wt (INEL
PE-900H ) I A 28545 (Ca) | 8 (Mg) & it
K 1 mol/L LR B A - dL IR E Bk (il R
SKD-200) il & FHE 72t (CEC) o

123 RS oBRNARE TR IR
+ M A R0 G b v 7 R R R R X
TR AT BTN

1.24 23R ZEFHFE EREHE pH A
LB, AR KPR AR SR 6 1t
e R IR MR AR N R S 45451 SR
ORI LR A DS 1 5 25 H AR SRR e 00, JF:
FRAE S B B iR B A, TH SRR R IR (A) .
pH J& THEIE sRi%l, FHAy 5 WidE br ok F ok L 78 pR 4
T I sREL:

0.1 (X< xaBX = Xa)

0.1+ 0.9(X— x1) / X2 — X1 (X< X < X2)
10 (X< X< Xa)

1.0-0.9(X— X3) / Xa— Xz (Xs< X < Xa)

T EIE AL

1.0 (Xx=x2)
A=1(X)=70.1+0.9X— X)) / X2 — Xt (X< X< Xz)
0.1 (X< x)

Kb, ASRPEMEET | SRR, x hSEiiE,
SRS 0.10~1.00, 6 JF5 b7 S5 & B ok 5 i
2 T B A g 1 pr RS e

A=1(0=

R1 REEHKETSEE

Tab. 1 Value of turning point of membership curve

e oH A B e KA R AL
Turning point OM/(g-kg™) TN/(g-kg™) HN/(mg-kg™) AP/(mg-kg™) AK/(mg-kg™)
X1 4.5 6 0.5 30 3 30
X2 55 40 2.0 150 40 200
X3 6.5
Xa 7.5
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Fig. 1 Frequency distribution of soil pH (A) and
CEC (B) of litchi orchardsin Yunnan
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Tab. 2 Status and classification of soil macro-elements and organic matter of litchi orchardsin Yunnan

43 #i 4% Distribution frequency/%

£ 1 ¥ifE T 5 5 AL

Index Content range Mean Median CV/% 1 2 3 4 5 6
HHLF(g-kg™) 14.81~57.06 29.33+11.13 27.16 37.94 13.64 31.82 2727 27.27 0 0
2&/(g-kg™) 0.71~2.70 1.58+0.57 1.68 36.31 2727 36.36 455 2727 455 0
KR/ (mg-kg™)  78.61~259.19  150.68+47.76 135.39 31.69 4394 3333 909 1364 0 0
BRI (mg-kg™) 21.14~92.48 57.53+21.95 61.40 38.16 7273 27.27 0 0 0 0
KA/ (mg-kg™) 35.00~642.50  279.32+179.08 206.25 64.11 5455 2271 758 10.61 455 0

TE: LREEART: 2 8 FEEKT: 3HPEKT; 40P TFAF; 5REZKF; 6 IRBEKF-
Note: 1 indicates the extremely high level; 2 indicates the high level; 3 indicates the moderate level; 4 indicates the below-average level;
5 indicates the deficient level; 6 indicates the extremely deficient level.
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7.29; fRikz, ¥MER 6.05; Fr¥. HITHAK
i pH ¥J{E 4y %10 5.81, 5.58 fl 5.36, HH,
N7 Kl 50.00% 1 8 2 R4 (pH<5.0) (A
2A) ., 3 CEC #{Kk N a5k, BT+
CEC #¢ 7, ¥{Aik 18.80 cmol/kg, H:k AITHH
(16.75cmol/kg) , ik {8 A% (8.53 cmol/kg)

(K 2B) .

A HLITLFr i F BN B> B 301> 00 PH > 7K 75 >
SE>PRIL . Horbr, O A bl - A L i AR
(¥HH 17.03 glkg) , AT A HLUR &R
=, ik 52.60 glkg. AKPE. JTRHANGE AL
SRR, S 25.09., 26.96., 33.65 g/kg( K1 2C ),
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Tab. 3 Contents and classification of soil medium and trace elementsin litchi gardensin Yunnan

Sy A S5 Distribution frequency/%

EizE) e ¥i{E BAETE

Index Content range Mean Median CV/% 1 2 3 4 5 6
AHR45/(mg-kg™)  415.63~4900.00  1519.10+999.50  1396.80 65.80 66.67 10.61 1515 7.57 0 0
A REI(mg-kg™) 3.13~512.50 165.01+131.35 146.88 79.60 1212 2424 2121 2121 1515 6.07
A R/ (mg-kg™) 20.43~127.89 43.11£21.28 37.18 49.36 19.70 6363 1667 O 0 0
AR (mg-kg™) 0.19~1.44 0.47+0.22 0.42 47.43 0 455 3030 6363 152 0
A &k (mg-kg™) 0.76~6.06 2.49+1.49 1.95 59.99 53.03 4091 606 O 0 0
HRkI(mg-kg™) 7.18~124.82 59.38+34.15 50.66 57.50 9545 0 455 0 0 0
A 3/ (mg-kg™) 2.56~104.78 28.67+28.38 16.95 98.96 2273 3182 3636 9.09 0 0
BRI (mg-kg™) 0.51~9.68 2.66+2.05 2.02 76.84 2727 59.09 1364 O 0 0
A 54/ (mg-kg™) 0.08~0.72 0.15+0.13 0.12 85.22 455 0 1515 57.58 2272 0

T LAMERAKF; 2 FEKFE: 3K 4R Z K5 5 AMEZ K- 6 HREEGIKF .
Note: 1 indicates the extremely abundant level; 2 indicates the abundant level; 3 indicates the moderate level; 4 indicates the deficient
level; 5 indicates the severely deficient level; 6 indicates the extremely deficient level.



3044

O AE B F R

% 46 &

222 XX, P HELERSALET IRK
A FIERE TR S ENE 3 P, Bl I
2 (211 g/kg) . HRBE (72.25 mglkg) . 7K
fife & 195.81 mg/kg )& i 34 Ik 2 v A L IX
BIk B FE B KT AR BRI B>k
TESETSHAE>IC >, Hdr, R 1LZ5 R+

2R (075 glkg) . ARBE (24.96 mg/kg)
K fPES (9195 mglkg ) . AR (94.58 mg/kg )
SRt AP KE,

WHoE X s Bk H 3 rp | o R A 4
FiR, WFFE XA R85 & w34 5 1000 mg/kg, 1
75 G FHEL (1 3951.56 mglkg ) , M it — 2Rtk 3.95

8r, & _ BTy . 601 a
b J:L_ ab j‘D 20 F ab %
& 5 be -~ b
6 F J:r ab \CEL -:|— 2 40t be
% o 15r 9
T 8 c ¢ s be
0H 10 F {c_ HE( -~ ¢
= T _
4 o E] E 20 - l;
M5t
£
=
1 1 1 1 1 1 0 1 1 1 1 1 1 0 1 1 1 1 1 1
B3l JCBA PRIl kAR FF BT B JokA PRIL KA BV BT BEi1 JGFA ARIL KA BF AL
72[X. Production area 72[X. Production area 7=[X. Production area

ARVNE FRFRR2EFBF (P<0.05) ; A=t FRMME,
Different lowercase letters indicate significant difference (P<0.05); The horizontal line in the box plot represents the mean value.
B2 #uE+TEPH (A) . ABFLHRE (B) . AHILREE (C)
Fig. 2 Soil pH (A), CEC (B) and organic matter content (C) in litchi gardens
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Fig. 4 Contents of soil medium and trace elementsin litchi gardens
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NE 7 %) F= 25 e PR A . AR PLE
232 BAHEEANFNA IR N WX FHA
bel - 822 A N0 S48 % (IF1) 25 0.51~0.97 (£ 4) ,
BIME R 0.79, ZEA A Sy kb F b b RAF K T 4% ).

1.0
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* indicates significant correlation (P<0.05); ** indicates extremely significant correlation (P<0.01).

Fig. 6 Pearson correlation coefficients of soil nutrient factorsin litchi planting areain Yunnan

*FRBEMK (P<0.05) 5 **FRk BEMX (P<0.01)
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Tab. 4 Comprehensive index of soil fertility IFI of litchi orchards

RAE LA NE e TN 1K RAE R LA NI TIENE ST
Sampling point IFI Soail fertility level Sampling point IFI Soail fertility level
Bt 0.94 B CT%) JEkH 0.81 B (T 4)
Pl 0.51 — i (M%) KA 0.73 R (14)
B 0.77 R (4) BT 0.97 s (T40)

IFI {3 B0k 271> 57 i1 > 70 BH > 37 - > 7Kk £l > 14
r, BRffih 3R F MYOKF, HAMIX A
|| B2 N o

1P N S5 i TR 7 R R ) Bl R A 1 e B
M Ty 22 S5 0y debn, JERREGE 2 DNARE S
(FRE(E>1), B TTHR IR 79.954%( K 5 ).
901 FER TP A . KPR A DR B3

i, 2%k 0.93, 0.84 11 0.82, KA A
A LT S 2 25 B X A BRI R 5 55 2
TR pH 1 far (Bl 0.97, FK B AR
ZERARE LR o 27 b, RS IX 3 ke e 4 1 2%
GBI ik g Lok, RIERESE, 2
A AKAEPER . BHLEA pH X 4 HEAE ) 52
R,

x5 BRNERERSEFERRE

Tab. 5 Explanation of total variance of principal components of each fertility index

Y GEERIIEN ST 7 A
WAy Initial eigenvalue Extract sum of squares of load
Component i i ARG £ BTHOR HEAER TR BT
Eigenvalue Variance percentage/% Cumulative percentage/% Eigenvalue  Variance percentage/% Cumulative percentage/%
1 3.337 56.288 56.288 3.377 56.288 56.288
2 1.420 23.666 79.954 1.420 23.666 79.954
3 0.523 8.723 88.677
4 0.349 5.811 94.488
5 0.194 3.239 97.727
6 0.136 2.273 100.00
3 itig HN 079, BRREECH 0.17%, =F=IX K

31 =EFXTEFRSWREEAES,
EIRELHH , A X F A e 3 pH
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HE YA WF5E X 45.46% 1 564 MG & ik
2N RFEFAKFELE (>309/kg) , HIEHE 3
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IR A . PREITEARE . AR S EILF
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BN AL B, BRI BT A X ] Ak
Tk = A B I SAEVE T ( 200 ma/kg ) o BRARLL
BT HB XA, A r= XAFAE Sl n) 2, SH R =
B 7 5 ] 33 e i Bk = O 3R R . FEIA T
kebe i, LRI 1 Fs BGE K 0.51~0.97, 1

-3+ AT S AR E B 2 G R AP K.

6 =X, BT X AR SR, R
7= X FR 40 iAo 27T B Kb 7 S0 o] 25 3
A AEE 19.3 °C, 10 °C LA A 6500 1T,
R AT & i 52.60 glkg, Jt . # KB
VR A 7 A AR I A 0 A KR, A B3 o LS
Tt AT AILAC DL R e IR B 1, DA S AT PSR
PR 28 ] RS2 8 VL™ DX % 4 v 1 Al X3 S R =2
— BB Ik 2 50.00%5 R PE ( pH<
5.0) , AJRES KX A AR A IA S, JoHE
FHAE P Z i I TT ROk, s A K A
(A, W e A B, Rk
+48 pH (7.29+ 0.47) P =556, TEES
HABE s K A (R A e o AR T Hoh X 3k,
P10 75 A e S DI AT 4 T, M X 5 P R
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