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Characteristics of Soil Nutrients and Frequency Distribution of Yuxi Citrus Orchards in

Yunnan

LI Youfang', ZHANG Chaobo', YI Xiaotong', LING Lili', HUANG Ziyang', SHI Yunting?, HU Junhua', ZHANG Rong’,

LI Yongqi®, ZI Liling?, PENG Liangzhi'"

(1 Citrus Research Institute, Southwest University, Chongqing 400712, China; 2 Citrus Research Institute of Yuxi City, Yunnan
Province, Huaning, Yunnan 652801, China)

Abstract: Soil samples were collected from 101 typical citrus orchards in 4 main citrus-planting areas of Yuxi City in Yunnan
Province, and nutrient contents were measured. The 4 main citrus-planting areas are Nanpanjiang low-heat valley, Huaning hill
and mountainous area, Yuanjiang dry-hot valley area and Xinping hill and mountainous area. The results showed that soil pH
ranged from 3.98 to 8.07, 52.48% soil samples with sub-suitable pH for citrus growth and only 14.85% soil samples with pH
suitable for citrus growth. Soil organic matter (SOM) was deficient and 59.40% soil samples were insufficient in SOM content.
The average contents of available N, P, K, Ca, Mg, Fe, Mn, Zn, Cu and B were 78.64, 53.95, 273.15, 3 240.37, 233.39, 23.21,
43.82, 5.67, 2.89 and 0.50 mg/kg, respectively. In general, the insufficient proportions (deficiency and low grades) of available N
and B were 78.22% and 66.34%, respectively. The exceeding proportions (high and excessive grades) of available K, Ca, Mn and
Cu were 64.36%, 51.48%, 56.44% and 83.17%, respectively. Meanwhile, 67.31%, 75.24% and 88.12% of samples were abundant
(suitable, high and excessive grades) in available P, Fe and Zn contents, respectively. The insufficient, suitable and exceeding
proportions of available Mg were all about 1/3. As to the regional differences of soil nutrient status, Huaning was best, followed
by Xinping and Yuanjiang, Nanpanjiang was worst. There were extremely significant positive correlation between soil pH with

available Ca and Mg, and significant negative correlation between soil pH with available Mn and Cu. SOM was significantly
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positively correlated with most other soil nutrients. In conclusion, for fertilization management of citrus orchard, attention should

be paid to adjust soil pH, increase the application of N, B and organic fertilizer, moderately reduce the application of K and P

fertilizers, while reasonably control the application of Ca, Mn and Cu fertilizers.

Key words: Yuxi City; Citrus orchard; Soil; Nutrient elements

2 P 4B R TR I R e R s AR 7 X, A A
A EE AR R BT B SR T A . 2017
IEEBENE & 28 7 t, AL SHEEMN 50%,
BUMAAEAET L BT UL, ST 4R, EAR AR
R RGN BT | POBERS IR AT, FIAEIX 3250
TR FTTARIIIT A X | A7 1L B XL BT L b
FEREIX , JCIT TG IX 4 FOR TR A A 25 X2
AR FE TG & RS 25 T A IR RS BRI 2E R
GRIFAEEM, BE, iTHEE 2, HEIEhS
FEAFT LA BARRG & BACT R R O fHg = A
[ 98 AR AR P Ak A A ek 228 ]
RS R IS H AR A 22 SR F B A | 36 [ 45
KRB SR ARG AL LA 30007 R 3m, 45 A ML
HRRHIXT IR TR, GBS P LA AR TR S), S
BRI R ARG Ak, R 1 ¢ SRR 4l
Nt A 4 ~ 6 k', AR TIRER 15 ~20 kg,
U, A HEHT e AR ST R AR B4 L 5 A
Br, T AR A A B AR A AT o TR T AR T
Uy T A el 3RS AR, B T 40 XA el 3
FRAPIRDL, AN E PEA e 1 S B E | A A
5 T RS ] - S | B A T A e A7
A BT, R A L A ] e A |
B LORERIBINTTY, ATV N AR PR b S | BT,
IOV E B A e B AR, SN A el e
A gL e Em P, sk, KILIOK, XtmmEE
Al HEFR A B Z WF 5T, 129 T 1% Hh DX it A 4 AR 7K -
BRI, AHEST DL IR AR 0 XA e R
Pel R Xt 4, W5 L 3ESR 4 & RO R A3 A REAE , LAY
Ry T R 5 5 LA P U it 186 5 AR T A il
E LA

1 #REFE

1.1 HFmREMLE

2017 4F 10 A e =g BIEW 8 1 A NEA
AR SRR AE R 101 A BEFTREEM T, H
i, AT B R STTARII AR X 48 R G N ZE T
KRR | A7 b Fe B X 11 AR R
Pel . T LM B X 30 AN PKBERS [l . STV T Ham 4
X 12 AR B o AR SREE SR GPS & i 4540 i Filifg

W, 4% “27 FIREBERAEW 10 ~ 15 Bk, 72
PR SEE T /K 2 GRETT A7) . EAE 7O S B AR L 75 L 7
At 4 D5 PR A 0 ~ 40 em PR )20 148 200 g
KA, BREAade, MRRFRT, 10 ~ 15 PR
I EIYANRA, 4 /A 1000 g HRERAS
' JEalr M SCER s, BT, B, 2 2 mm Je e M
BT TSN T . #C R E &
1.2 H&NE

38 pH AL Evk I e P e WU v i
PR B TR AU PRI a2 5 3 U A B i
SE 5 R AR BB H EIENE s 5 U
KIECRERIE s EHEA RS . B NHyAc 384
JE U G R HINE ; HHEAR . L B
F HCHIZ - JR M o GG EE TN 5 496 24
FHB K4 - 25 0 R H e kI e P
1.3 MiEE L5 pH MBUFS 5 RiRE

FAZE I 13 pH 43 ZUhnifi : <4.5 SRR, 4.5~5.5
Rk, 5.5 ~ 6.5 Flatk, 6.5 ~7.5 SR E 55, >7.5
ERYE . pH 4.5 ~ 5.5 Fll 6.5 ~ 7.5 FEAE EAHEE K,
pH 5.5 ~ 6.5 W HMEAK . AYLB bt AL
ST H<S g/kg MWk, 5~ 10 g/kg ML=, 10 ~ 15 g/kg
JRAK, 15~30 g/kg iEH, >30 g/kg F &0,

Z:7% [FE N SMITE 1 505 TR bR, ¥ B IR A% 115
BIRITCRFER s, Sz | EE, S, JE
SAEG, BFERMRI A TEIRILER 1,
1.4 EESH

IR IO K R Excel 2010 F1 SPSS 19.0 434k 14
HEAT 8T

2 HERE4SWH

21 TEpHMBNRERRAEESH

FEME I 118 pH SFH(E N 6.42, ZBiR 3.98 ~
8.07(FK 2).52.48% MY 135 pH BEATE B AE K (pH
4.5~55F pH 6.5 ~7.5), 14.85% F 13 pH i E AT
WAt ; pH<4.5 BysmRTE 385 4.95%, pH>7.5 Y
B -3 Y 27.72% 0 25 A A XA ] 1458 pH () 40tk
BAFTER R 2ZES, 48T Il B XM £ bR e g
ik 81.82%; HrFIlidh Frbg X etk L HE R, ik
63.34%.
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THEAPUR &AL, JEE 1.02 ~ 3831 ik 59.40% , 1 AT HLET & i EE A LA g
g/kg, HIMH 14.62 gkg, AHLBURTE BN L 4.95%(K 3).
Fz1 HEBELIEAENFS EHRE
Table 1 Nutrient grading standard of citrus orchard soil
PR Ei Bt = (mg/kg) i 2 (mg/kg) i B (mg/kg) T (mg/kg) i (mg/kg)
Tl A <50 50 ~ 100 100 ~ 200 >200 -
AR <5 5~15 15~ 80 >80 -
AR <50 50 ~ 100 100 ~ 200 >200 -
RS <200 200 ~ 1 000 1 000 ~ 2 000 2000 ~ 3 000 >3 000
R <80 80 ~ 150 150 ~ 300 300 ~ 500 >500
A Rk <5 5~10 10 ~20 20 ~ 50 >50
A B <2 2~5 5~20 20 ~ 50 >50
AR <0.5 0.5~ 1.0 1.0~5.0 5.0 ~10.0 >10
EER G <0.3 03~0.5 05~1.0 1.0~2.0 >2.0
AR <0.25 0.25 ~ 0.50 0.50 ~ 1.00 1.00 ~ 2.00 >2.0
Fz2 EFEEMHBEILIE pH HHKRA
Table 2 Frequency distribution of soil pH of citrus orchard soil inYuxi
X ¥E I A B (%)
<4.5 45~55 55~6.5 65~75 >7.5
8T R BT AR A5 X 6.97 2.08 8.34 14.58 37.50 37.50
AT L R X 7.53 0.00 0.00 9.09 9.09 81.82
JCUL T4 X 6.04 0.00 33.33 33.33 25.00 8.34
BT L H B X 5.30 13.33 63.34 10.00 13.33 0.00
A 6.42 4.95 26.73 14.85 25.75 27.72
#3 EEHEBELEANRIHKR
Table 3  Frequency distribution of organic matter content of citrus orchard soil inYuxi
A iyt AL (%)
(g/kg) <5 g/kg 5~10gkg 10~15g/kg  15~30 g/kg >30 g/kg
AT R BT AR 45 X 15.15 10.42 20.82 22.92 41.67 4.17
A7 I M B X 19.59 0.00 9.09 27.28 45.45 18.18
JCIL TR A X 11.61 0.00 33.33 50.00 16.67 0.00
BT L b e X 13.15 0.00 30.00 36.67 30.00 3.33
At 14.62 4.95 23.76 30.69 35.65 4.95

22 ITEXREEFATRFEFRRAESH

2 4 AT, FIENTEE IR A RO
HEEHUTE, FHbI2E A 3R R S
FERER, 78I 23.75 ~ 377.52 mg/kg, “F-1 78.64 mg/kg.
0.99% AR FE Rl A & i Ab T it KoF, 78.22% (1)
SR S A RS Z , TR, MEESKX
F , IFERE S A S AN AR T T A A X
91.67%, HAY 3 NS KA FIITE 60% L L.

TR SRR R, 7RI 0.52 ~ 530.46 mgkg,
W AE 22 1R T4, “F14 53.95 mg/kg, Hib 31.69%
B SR R AR, 18.81% 1Y BEl A R
i, A S DORR a8 & 22 5 oK, 7

iy Fr 2 XA Pl Bemi 2 F, 100% B 36 i & B A
JE, HA 3 AMEBKAI 50% (155 + 590 R &
IR FE HH .
TR A R, R R i B
i, PR 77.28 ~ 774.95 mg/kg, “FI 273.15 mg/kg.
FRIOCIL T4 X Ah, oAy 3 AR R IX AR e+ 48 4%
PRI 65%.
23 ITEANBMANEERRRESSH
TR R s, AR
BRGE S). HIEARES & 322.70 ~ 18 577.98 mg/kg,
44 3 240.37mg/kg, Hi 22.77% SR RE AT R4S &
AR, 77.23% WREAES S EFEEER .
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A, R, 51.48% A A 0S5 RN (R
AR, T AR S AN R R R A
TEB-F L FEBg X, 7 63.34%.

IR R 21.38 ~ 702.13 mg/kg, HIMH
233.39 mg/kg, BV L, BHEAMBESEAL . EH

FUEARIREARS S 173 247, Bl 35.64%.
30.69% Fil 33.67%. fH T IEA R & /AEA AKX
2SR, BT 1 b e XA 508 B AN A2 L B g 2k
83.33%, M4 T B VLRI A XA 58.33% AR
TR Mg & AR

R4 FEHBELREXETRSERFRER LG

Table 4 Available macroelement contents and their frequency distribution of citrus orchard soil inYuxi

5 ERBIX S 1iE (mg/kg) i (mg/kg) F B (%)
= iy friny [ s
B it L TR AT AR A X 33.23 ~377.52 85.22 12.50 64.58 20.84 2.08
A7 L BB X 50.93 ~ 158.85 84.71 0.00 63.64 36.36 0.00
TCIL T 45 X 23.75 ~ 104.62 53.03 50.00 41.67 8.33 0.00
BT Ll b P g X 37.94 ~ 126.45 76.14 13.33 66.67 20.00 0.00
¥i{E 23.75 ~377.52 78.64 15.84 62.38 20.79 0.99
A Rk TR BT AR A X 2.45 ~530.46 72.09 2.08 18.75 54.17 25.00
AT I B X 0.52 ~ 12.46 8.20 18.18 81.82 0.00 0.00
UL A X 5.50 ~ 126.73 30.07 0.00 33.34 58.33 8.33
BT L B X 4.63 ~ 167.44 51.26 3.33 20.00 56.67 20.00
¥i{E 0.52 ~ 530.46 53.95 3.97 27.72 49.50 18.81
HRET AT R BT AR A X 78.37 ~ 742.64 305.94 0.00 6.25 25.00 68.75
AT L B X 133.98 ~ 774.95 289.45 0.00 0.00 18.18 81.82
TCIL T 4 X 77.28 ~ 418.29 183.13 0.00 16.67 58.33 25.00
P L B X 97.61 ~474.72 250.74 0.00 3.33 30.00 66.67
¥{E 77.28 ~ 774.95 273.15 0.00 5.94 29.70 64.36
F5 EEHBELIBGHEEYUFIRIERFERERILG
Table 5 Available calcium and magnesium contents and their frequency distribution of citrus orchard soil in Yuxi
FRoyr HEX A8 i (mg/kg) & (mg/kg) FE S A (%)
= it i it i EUR i
R & AT RV A X 1310.07 ~ 17 431.90 3633.35 0.00 0.00 29.17  37.50 33.33
eI RS X 3495.26 ~ 185 77.98 9 445.06 0.00 0.00 0.00 0.00 100.00
JCIL T4 X 828.77 ~ 3 623.93 1522.77 0.00 3333 41.67  16.67 8.33
B L b BBz X 322.70 ~ 3 095.72 1 023.60 0.00 6334  23.33 10.00 3.33
¥E 322.70 ~ 18 577.98 3240.37 0.00 2277 2575 22.77 28.71
AR AT RV X 98.47 ~ 635.14 325.81 0.00 4.17 37.50  50.00 8.33
e R X 65.61 ~351.87 185.49 9.09 18.18  63.64 9.09 0.00
TCIL T 45 X 41.71 ~702.13 265.92 25.00  25.00 8.33 25.00 16.67
BT LB X 21.38 ~ 172.06 90.08 4333 40.00  16.67 0.00 0.00
¥E 21.38 ~702.13 233.39 1683 1881  30.69  27.73 5.94
24 TEREEFATEZFRREESH AR 75.00%.

SR T, RGO AR B
HEE, ARNEEARGR 6). THANERS R
AT, BB 2.37 ~ 179.60 mg/kg, BIMH 23.21 mg/kg.
IR AR S 24.76%, 5 R
i 75.24%, EARIREE S 44.55%. WEAERIXE, T
VLRI X A Rk B i Al 734 8.05 mg/kg,

A R B L AR IR 3.95 ~ 155.08 mg/kg,
-1 43.82 mg/kg  AUH 1.98% ) HIEREASRARE,
1M 56.44% 1+ HEREAS & AR o A3 850 & AR R
el - 45 3 B0 A AE ST VT I A DR L M e g
X T3 pH<6.5 HREd, AR G551 83.33% Fil
76.67%.
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TIEARPESE 0.28 ~ 50.00 mg/kg, FI
5.67 mg/kg, WAL HIEAREES RERE, £FE
ik 88.12%, AR HEIL AT 11.88%. ARUFEA LI
Wl FE A TTIL T A X, AR ]k
58.33%.

A R &R 0.39 ~ 10.16 mg/kg, 1
2.89 mg/kg, BVA L& EBAR  BAR L Sk 83.17%,

AIEHBIL L 2.97%, FE& BN 97.03%.
TIEASM S E 0.11 ~ 3.09 mg/kg, T
0.50 mg/kg, A LERMAL. A& EA RN
HIEREA B IA 66.34%, X 27.72% A HIEREA
WETEREAKE, B 5.94% B IEREA SRR
TOYL A AT 2 DX FUH - 1L e B DX 4 30000 5
JEEARR, AR GRS 100% Fil 96.67%.

F6 ERMHBELENMELZBEUFTSSERFRER LA

Table 6 Micronutrient contents and their frequency distribution of citrus orchard soil inYuxi

For EEX A 1 (mg/kg) i (mg/kg) FERAEGL (%)
= i T [ i
EERSETS TR BT AR A X 2.69 ~ 83.78 26.01 2.08 8.33 33.34 47.92 8.33
A7 1L b Fr B X 6.72 ~30.03 20.00 0.00 9.09 36.36 54.55 0.00
JCIL TR A X 2.37~32.10 8.05 33.33 41.67 16.67 8.33 0.00
B 1L BB X 2.66 ~ 179.60 25.98 6.67 26.67 30.00 23.33 13.33
¥l 2.37 ~ 179.60 23.21 6.94 17.82 30.69 36.63 7.92
EERIC 6T R BV AR AR X 6.07 ~ 133.35 41.23 0.00 0.00 52.08 16.67 31.25
A7 L R X 3.95~65.83 15.98 0.00 18.18 7273 0.00 9.09
JCIL TR A X 7.19 ~71.10 46.11 0.00 0.00 16.67 33.33 50.00
BT L b BB X 6.83 ~ 155.08 57.27 0.00 0.00 23.33 23.33 53.34
¥E 3.95 ~ 155.08 43.82 0.00 1.98 41.58 18.81 37.63
EEREa 6T R BT AR A X 0.96 ~ 50.00 9.55 0.00 4.17 39.58 22.92 33.33
e T R IX 0.46 ~ 8.82 3.89 9.09 0.00 63.64 27.27 0.00
JCIL T A X 0.28 ~3.14 1.08 16.66 41.67 41.67 0.00 0.00
BT L Fe B X 0.87 ~ 6.89 1.97 0.00 6.67 90.00 3.33 0.00
¥E 0.28 ~ 50.00 5.67 2.97 8.91 57.43 14.85 15.84
A 35 Al 6T VLR A X 0.39 ~ 10.16 2.55 0.00 4.17 14.58 31.25 50.00
e T R IX 0.64 ~1.76 1.24 0.00 0.00 27.27 72.73 0.00
TCIL T4 X 0.41 ~6.18 4.52 0.00 8.33 8.33 0.00 83.34
BT L P X 0.73 ~5.24 3.38 0.00 0.00 10.00 6.67 83.33
¥E 0.39 ~10.16 2.89 0.00 2.97 13.86 24.75 58.42
A AT R BT AR A X 0.27 ~3.09 0.68 0.00 45.83 41.67 10.42 2.08
A7 L B X 0.28 ~0.77 0.53 0.00 36.36 63.64 0.00 0.00
TCIL T 43 X 0.18 ~0.30 0.24 66.67 33.33 0.00 0.00 0.00
BT Lt Fr B X 0.11 ~0.64 0.31 33.33 63.34 3.33 0.00 0.00
¥ifE 0.11 ~3.09 0.50 17.82 48.52 27.72 4.95 0.99

2.5 1 pH. BHEMBEYSGS S EEMEXME

T3 pH 5 A RS | AR R R R IR
G, SARGR . AR &R R e TR
ALTS R IR0 S IEA G OC R Hak B 3%
af K 5 T T S IR0 AR Z AR AR G TG
W LA (R 7).

3 e

TR A K T B AL R K T R R SR

SRR, MY TR BUE R LR EER A L
T2 R el e R IR S 3R 43
A B Oy SR EEARGE . Bk, I R
D7 HERETEAON A2 7= g 2 R B2 AR G2 45

A, EEMERE LRI SRR, ERENE
TG E R AR LM b, T4 DXt 2 B0 T
o, AHUEREHID, 0 b YR AT PR RS b
THA LT RERF B S Ah S . FERIRICR DT, £
AR AL b E O RO A2 M A it P LA R AR
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F7 WHEBELIEpH. ENEEAEHFSEREXRLY
Table 7 Correlation coefficients between pH, organic matter content and available nutrient contents of citrus orchard soil
pH AHLBT WA AR AR AR AAEE ARk ARUE ARGE AR Ao
pH 1

AU 03647 1

WA —0.050  0.494" 1

BB 0116 0242° 0.228 1

FRE 02337 03617 02587 0.070 1

AEES 0588 0.5217 0117 -0.092  0.220 1

AR 0598 0235 0.100 0.000 0358  0.294" 1

AR 0.181 0.220°  0.134  —0.019  —0.041 0.034 0.080 1

HAEE  -0.493" 0178  0.041  0.239" 0.054  -0.377" -0.180 -0.210 1

HREE 03697 03037 02547 03937 03607 0322 04047 0.098  —0.137 1

FR -0.3897  —0.063  -0.017  0.094 -0.298" -0.3617 -0.205" 0.008  0.335"  —0.091 1

AR 03957 0386  0.205"  0.032 04927 04137 0.5257  0.095 0270 0.481" -0.280" 1

T *FIRA SR B 2K (P < 0.01); * R M etk i /K F-(P < 0.05),

7, AT 7R, AR bel - S m i 2 5 A1, Ak
AR R o AR U R R P AT e S Al
FRNEAE L5 h 2 Zh B AR R B R0 R 5
BRI 5 HIA LR RAR, Sk Al
LR B LAV 114 T 2 i AT 1 it P ) 8 IS 0 I
Sy R AN E , T, Nz B e A A
BEBTRE A A e Y Bl b e b o s
o T R EAEG A EARAE FHES A ABEAT , 135
ORGSR 2B 2 b R BORT R
JP AR TR DX LS RS TR] ,  DACTT L3 A %
B BEE RSV T R SR A ORI T
1t P X S BB R BN A7 S W R
ARSI RO S b, 3% pH AR R
B L b o B A A el 32 £, 2104 AR 1 i
RPN JETLT PR A A [ R AR AE R 4T 3 120,
AT BER HOAB A SR el AR5 o ph T A 3 1
HEJUER, TR P A BB S M A IR S A
RO HEA AR R Y

F M EILPANE AL AR AL , A7 HLAE
B, MR P AR S R R TS
B pH A G, BR LR LA SR A,
BPE 3 S B R, BRI MG A 7 AN
HAC , (B EATAR It DX, 0 ) 7 ol P e 35 o ) 3%
w7, EEHREZ , ABCT RS bl 347 20
TS BN A EUICR AR T L el XK 15t
oded , LIRS R LGS R R R T AR 3 AR
DXEAAT Bt EL A S5 AR AR B R, 9] 2 A
ol 4 AT bE s s L st e
VR AR A it P T, AR A Ak

EEASERILOIIE, A0 11.90%, 4% 58 5 A 1eHT
FRAE X R ICT LA 2 X, HoAy 3 ANV IX Y 398 5
WA, HABK 0 fr w53
RHATS = DX — A, T R AR ] 398 250 5 AN 2 EL A
WA, FEBIETE T AT A OFIB - LU e B X
JUP- 4B - e A RO & o el = | 2 A
JE AT A A ARy i R RRAE /0,
MR 5, FENAE P e 0 R A T8 T
G < 1 i o WA < K ] T = 135 2 VRS N TR RS
AR EEXR, EENE BRI, 2T
X HAT 1980 4EA, 257 1L Ml [l X S i JLAE R B 1Y
FEAT 1990 4RAC, WiCiT R aL JLAEA IR,
VNG PR — R L R T 3R iR .
TS Z MM R E 2%, 28 el |
TRERE | AN A S5 2 R R A R
ATFFRLERE , pH 5 34 5085 | BERYIEAHEE,
SAESG . B aAer:, LR R
FROTHIIEAR A, FF & RHER AR MRS

4 #ie

TR 67.33% ARG Bl 1+ 3 pH 3 B el A
MHgAR, HHEEPUREE S, - HEnd i ZUR A w5 &
LR G280 AR B AR S LU RN
F, AR Bk BESRUEE N, ABEERL.
SRR AT SR 4 5 2 173, A Bl bR IR
P & 11T IR S o/ B O 1 7 i v IO
BRI A N FE R AT £ pH, St LR A
TAE, & EE /DA . BRAL, TEEESHIES . A AR A
Jiti FH
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