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WOE: A TR EIm A ARG D | R SR  FEE SH AT RIE, IS A | e ARy, SR TR A A
el 77X 14 A~ 84 AN HHERE R, R T H3ET . RURTTEN S RN, SRR BRI A EE A 86.8% HESEMMDL
SRIRTE; 56.1% FEAAHUR SN, SCHMEES . SoiebhEs & RS BG4 K, (A R, Hrhilileg 56% AIRE S &R
A, WIPERS 53.6% HEAES S AR 64.3% FERBEE RN ; AR 4k A0S R, DR s i L5300 R 80.8% . 86.9%, 64.3%:;
BRSBTS, B0 AN, Hrheg R R 5A 76.9% Hl 78.6% FEM S BEME; 76.2% FEAASEFSBIETH; 85.5%
SR T ORAS s AU 53.9% X & ER, WPEdh. WTER X &S E. MG HT R, AHERE 131 pH
S5k . ASHAE B A, AR SA R AR, DIRHASR AT —E B I, IR MR e |
BIRT ORI, 3 AT XA AR LK R T R, R s SO 58 pH I A AR AR, R AR B A
BEHEAHSE A, 1A TER . R

KB MHEHHE; PRESRS AEHME; R E

hESHES: S158 XERERERD: A

Distribution Characteristics of Soil Medium and Micro Nutrients in Citrus Orchards in

Hunan and Suitable Fertilization Strategies
HUANG Lan, ZHOU Weijun®, CUI Haojie, ZHOU Yiting, CAO Sheng, LIU Shuang
(College of Resources and Environment, Hunan Agricultural University, Changsha 410125, China)

Abstract: In order to clarify the status and distribution of medium and micro nutrients in soils of citrus orchards in Hunan and to
instruct the rational fertilization, 84 soil samples were collected from citrus orchards in 14 counties in Hunan, and the contents of
medium and micro elements in the soil samples were measured. The results showed that 86.8% of soil samples were acidic or
strongly acidic. 56.1% of soil samples were low in soil organic matter content. Soil exchangeable calcium and magnesium were
more suitable for citrus growth, but the spatial distribution was imbalanced, and 56% and 53.6% of soil samples were insufficient
in calcium content in southern and southwest Huan, respectively, and 64.3% of soil samples in southwest Hunan were insufficient
in soil magnesium content. 80.8%, 86.9% and 64.3% of soil samples were high in the contents of effective sulfur, iron and
manganese, respectively. The effective copper content was rich, but the spatial distribution was imbalanced, 76.9% and 78.6% of
soil samples were higher in copper content in south and southwest of Hunan, respectively. 76.2% of soil samples were suitable in
effective zinc. 85.5% of soil samples were deficient in effective boron. Only 53.9% of soil samples in southern Hunan were rich
in effective molybdenum, while soil samples were suitable in effective molybdenum in northwestern and southwestern Hunan.
Correlation were existed between soil pH and exchangeable calcium, magnesium and effective sulfur, between organic matter and
available boron, zinc, and between other nutrients. Therefore, the distribution of medium and micro nutrients were imbalanced in
soils of citrus orchards in Hunan, and problems are existed in all main regions planting citrus, which restrict the growth and
development of citrus. Thus, it is suggested to adjust the soil pH, increase the application of organic fertilizer, combine the

application of rhizosphere with foliar spraying, and appropriately supplement boron and zinc fertilizers.
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%A T AGA 38 J7 hm?, FRERIAE] 517 7 (2, A
AR, B LA Wb R R T BRI 1 =
TSRS S AR AR, e S R R R, R
MG AR K E B IR R 25, DR NG el 3 57
SyEHSHHAE L R RAE KRR, TR
FE L MRS | i E RS A AN R, N AR el
A1 T BRR OO TEAS [R] 3 XS 22 [R] — Hb XA ] X3kt
KAMIE . Aife WA 2 2 a Z A Lbl,
B R A A bl = X e = B B AIEECT BT, X
A A X R R T RO T
PR, HE Az HIEg o R 20, 2
DIKRE SRRy LR 2, W X I E
3 R TR AR . (HME R R R
JCEX A ARK X EAEZEMFEEEM. B,
Ry 5T W A A AR P e R 3R o T BRI
DL R e L WPEE P e DX A |
JCE oA 26 5, RAESHT T 51 R 44 ARG el g
o B O R B, DU R A N A B e R
A A it AR X 5 AR A 4l

1 #R57EE%

1.1 tHEMRESHE

TE 51 FE A MG 327 X ——RE . WIPE L . WP
M3 A D, RAEREm 5 B EY
A BRE it A A B, o ML AR ) A el A 18R
FE a5 o A SR AE AU A ARG AR e 43 5% i T ) 32 T
10 ~ 20 cm, R4 0 ~ 40 cm VR EE T HERE 5 (B 2).,
BAREESH “S” JBRE S Sl E+HFE, BREY
AR/ E 1 kg ARG RE. ABF5E 4t
KA 84 MRGHEM, REEMSMWE 1 iR, K
FERIAT, 0 RPEE AL | Wik . Il +
BERAE(E S o IR S IS0 %, PR IR AT Il
PR RS2, KT, B, o 10 HA 100 H i,
RARE
1.2 MEmMHESAHZX

3 pH: KEHRHEAE, KR 1 2.5;
TR SRR L RS EES  BE
CMREER PR T RO OB A B
FRERIZ IR -TRIR B Lk vk s T HEA RN, . .
B O OBR(DTPAYR TR ik ; +3E

AR BOKIIRERE; LA R R
R, sl

E1 XHESNEE
Fig. 1 Sampling sites

LT K 2k

0~40cm -1

E2 HER&EHF
Fig. 2 Method of soil sampling
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fifi FH Excel 2010 B f4%F Bis #4748 1140 b7, (8
J SPSS 18.0 HAF#EATAH LS AT, ] ArcGis
AR B R B B S5 114 22 445 3 K SR b S R AT 2
UL
14 HEFLERSSENITMIRE

AHFFE AR P -4 pH . A WL HAG R 512
AR Il TR A A AR iES 0 o AR - HE pH
IYRFERR N . <4.5 RERERYE; 4.5 ~5.4 FERYE; 55~
6.5 MEGIRME; 6.6 ~ 7.5 Ry E; 7.6 ~ 8.5 Al
>8.5 Jyukbte; AL S BRI MEN: <10 g/kg
MR, 10 ~20 g/kg AELZ, 20 ~ 30 g/kg MIE T,
30 ~ 40 glkg WEE, >40 ghkg AW FEE . HABFES
FEHORB IR 125,
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R 1 HEBETREENF D FRITEmg/ke)

Table 1 Standards of soil nutrients for citrus orchards (mg/kg)

BRFRG e B =z EH i e

NS <200 200 ~ 1000 1 000 ~ 2 000 2000 ~ 3 000 >3 000

bk <80 80 ~ 150 150 ~ 300 300 ~ 500 >500
EEE TN <12 12~24 24 ~ 40 >40 -
FERIES <5 5~10 10 ~ 20 20 ~ 50 >50
A &R <2 2~5 5~20 20 ~ 50 >50
7 B <0.3 0.3~05 0.5~1.0 1.0~2.0 >2.0
R <0.5 0.5~1.0 1.0~5.0 5.0~10.0 >10.0
Ll <0.25 0.25 ~0.50 0.50 ~ 1.00 1.00 ~2.00 >2.00
A RUH - <0.05 0.05 ~ 0.20 0.20 ~ 0.30 >0.30

2 HERESWHw

2.1 tHIFE L3 pH. BYLRIFE

- 9 A T B AN AN i) = M R 43 (AT A R AE B
Ao, A MG A K R AR, RS E
pH 4 5.5 ~ 6.5(F M) 1. 1R 2 MR Bl 3% pH 2
IR (FE 2), FHh 4.6, | TIRIETER, 55 2%
H18%, T U I8 i 44 A A7 el R 22 B30k IX - HE (R Pk o
o, VIR HLIX pH SFEIMESN 4.3, & Tt
Fl, ML ™ W r s X RIL R R 2, “FYY
58 4.7, J& TRYEEH; WrudtibX pH ~FHEH
4.8, WA Ean, R 2 AH A Il e R peUE 2 5
FRIE R 7 49.4%, FRTER N 37.4%, T B ARG A
KIGIRME RA 8.4%, Wik, AU IE R 4K

Rt A T L st A 5 e )~ SR B 55 4 7
398 pH BT P A FE P

A LR 3R ARG, 3 S
BO7 A | B Wb Al 0 U 5 T LA R A
FI, MR A P& T A DU A s T 200 kg™,
W 7 2 P A B A LR & AR IS, BRI 199
g/kg, JBTHLZKFGR 3); HovuMm . #vEdk. #
G b DX A7 L3 b A WL A BT EL 43 B 20.5
20.9. 18.1 g/kg, ARXIEAER, HEL TR
K. WIRGEATE R A U S A 50% FES L
FIRTEZ RO, Bk, A BTG UL, Rt
A S S B 25 7 s 725 0 MU A o
() A 475 e 5 R

R2 HEMBELEpH MOHEIRE
Table 2 Value and distribution frequency of soil pH in Hunan citrus orchards
X 355 ¥E 5 5 R G3 A IHE(%)
(%) B i itk S bk B
RS 4.6 32~74 18 49.4 37.4 8.4 4.8 -
ke 4.7 37~7.4 19 46.2 42.3 3.8 7.7 -
i it e 4.8 42~6.5 12 31.0 55.2 10.3 3.5 -
N 4.3 32~7.1 20 71.4 14.3 10.7 3.6 -
#3 HeHBELTERIRIEMNMME
Table 3 Content and distribution frequency of soil organic matter in Hunan citrus orchards
[X 35§ ¥IfE AT 5 REL GIATIRE (%)
(g/ke) (g/ke) (%) Hedih Bz EH 5 e w
iR 19.9 6.46 ~37.8 29 2.4 53.7 39.0 49 -
ke 20.5 8.51~37.8 34 3.9 4923 423 11.5 -
] 20.9 10.1~34.4 27 - 50.0 46.7 33 -
WPE R 18.1 6.46 ~28.3 23 3.9 69.2 26.9 - -

http://soils.issas.ac.cn



290 +

1 %52 %

22 HEELEDETERGES. B, WFIE

T8 A A el = 7 X - SRS PR A 3554 1590
mg/kg, EMRETERAT, HARER, 2MAY
i, HAT 37.3% MMESE T KTk 4), Pl
JEH P & ey, A% T 1 809 mgke, AMART
EHPRAS, AL 6.6% MIFE S AL TH= K5 WHPTRIHuIX
W2, N 933mgke, BARLTHZRE, 53.6% AIFE
AT Z K MR X P B ARG, X 855
mg/kg, MR FHZIRAS, 56% HIRES AL T K-
i T R A7 7] - S e = AR AR B I R AR R 1 - 4 v

HEftA K, AT R IR JERE A PR,

H1 4 TN, ) R 4 ARG bl s se et ) - 24
{H R 197 mg/kg, &R RECH 78%, ML TIiEFHK
o Hor, PR R R, KB T
232 mg/kg, AbTIERDIRAS; IR AT PY R kX A AL
TERZ AR, 430108 210, 147 mg/kg.

T8 e 2 A A el A R % ek A AR
RES, A5 REOR, AEMPE I XA S0 & B R
JEREAR, “FY& RN 451 mg/keg(F 4), N IEGEAL
o B R T R

x4 HIBELIERS. £ MAIEMOHME

Table 4 Contents and distribution frequency of soil exchangeable calcium and magnesium and available sulfur in Hunan citrus orchards

EiF X 35k ¥ifE A 5 AL TR (%)
(mg/kg) (mg/kg) (%) w2 ke = I Fe I ESY

A5 RS 1590 270 ~ 4270 223 - 37.3 32.5 16.9 13.3
AT ke 855 354~4270 390 - 56.0 28.0 4.0 12.0
L 1 809 927 ~ 4 174 43 - 6.6 46.9 33.2 13.3
i) 933 270 ~ 1 942 75 - 53.6 21.4 10.7 14.3

25 ik 197 367 ~ 948 78 15.7 313 422 6.0 4.8
PR biilEa) 210 36.7 ~ 948 118 24.0 36.0 28.0 - 12.0
WHPEdL 232 81.6 ~514 53 - 20.0 63.4 13.3 33

W PE e 147 62.0 ~ 392 37 25.0 39.3 32.1 3.6 -
Bk RS 63.0 4.68 ~ 158 54 6.0 6.0 7.2 10.9 69.9
W r 74.1 14.7 ~ 158 51 3.8 - 3.8 3.8 88.6
L 45.1 13.3 ~ 105 39 3.4 13.8 17.3 13.8 51.7
i) 71.3 4.68 ~ 137 56 10.7 3.6 - 14.3 71.4

23 HEBELTERETERGEE. &, B\, 8. 1.

$H)HFE

WG Z AR A A, KI5
RELAA I B IR TR FIAE, BRI, A b
LZEMKEICEMGEH , S EITCRE NN RS R E
Mo HHEREAMMETRERREARL, [ARELARA]
AW s I, MR A AE R ARk A
SO B AL T E B R, AR R RECR
86%, ABALMR BERCA . Forb I U AL I VY e b XA A%
BB EE, 9N 92.9 mg/kg #1126 mg/kg;
XA R SRR, M 49.5 mg/kg, AbTHEER
Ao HHEPRARER E AR SRR, RiEE 2R FEE K
SEHRAT 43 AT o HE R e XA R S e, SRR
ik 3.58 mg/kg, Ab T FEIRAS; PG R b X AT 3K
H&Rwz, FHEE 1.76 mgkg, AT EEIRE;
U PG b M DA RO iR AR, P E RN 097
mg/kg, ATFERRE, HEPAMEE S ELTER
R, SEYERIL 42.0 mg/kg, HARMEEL), 3
A ]l XA 80 5 ek i e o JH O P R 9 7

DA R & b T ERE, 4008 38.5 mg/kg
40.6 mg/kg, HIFHEHLIX A B AN 51.3 mg/kg, Ab
T IR o 71 RE 2 A el a9, ARk 4
B, AR R TP R B K | A L AR .

TR R IE A O A i T HA(E R 3.56 me/kg,
b TFIEEARAS, HAMAA), 3 AR R0 it
30 3 MR A A R A, L v T R XA R
FHEWAEEH SR, ARUAERE R REEK,
R 129% , e PG 36 R PG R b DX A AR 1 A
MR, W X AP e, K5
0.34 mg/kg. TEMIREA Md e L arh, ARCRE . 1S
WG, (R, FERAC AR b ml b 7R A
AR .

T8 e A A A el P A AR o A TR,
SRR 031 mg/kg, AfLIRER A, HrbpadL
Hb DX AT R34 B i eIk, 4 0.24 mg/kg, Ab R
RS s IR RN P P b XA 8O0 5 ek T e = RS
4391 0.38 mg/kg 1 0.33 mg/kg., 767 AL AR N 24
A A A it o
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x5 MHBETEPEHK. &

. $%. M. SHEEMSFINEK

Table 5 Contents and distribution frequency of soil available iron, manganese, copper, zinc, boron and molybdenum in citrus orchards

I X35 ¥l 5 I 5 REL G AR (%)
(mg/kg) (mg/kg) (%) R Bk = & e &
EERICTS bilaRe) 90.6 7.49 ~ 468 86 - 2.4 10.7 25.0 61.9
bl 49.5 7.49 ~213 47 - 7.7 19.2 38.5 34.6
WPE L 92.9 13.6 ~ 280 77 - - 10.0 333 56.7
WPir 126.0 51.8 ~ 468 101 - - 3.6 3.6 92.8
EERVE WA 42.0 4,05 ~220 93 - 2.4 333 345 29.8
k] 51.3 4.05 ~ 220 110 - 7.7 34.6 15.4 423
WHPEIL 38.5 12.10 ~-123.2 73 - - 20 53.3 26.7
Wi 40.6 5.09 ~ 96.09 107 - - 46.4 32.2 21.4
EEp & iR 2.07 0.14 ~23.46 152 2.4 10.7 21.4 39.3 26.2
biiilea) 3.58 0.14 ~23.46 250 3.9 11.5 7.7 34.6 423
gL 0.97 0.21 ~3.39 30 3.3 20.0 333 36.7 6.7
i) 1.76 0.59 ~3.79 40 - - 21.4 46.4 322
AR WA 3.56 0.39 ~ 46.22 151 1.2 8.3 76.2 9.5 4.8
bl 3.33 0.39 ~ 12.55 86 3.8 15.4 69.3 3.8 7.7
WPE L 4.24 0.56 ~ 46.22 233 - 10.0 76.6 6.7 6.7
WPir 3.04 1.09 ~7.51 52 - - 82.1 17.9 -
EER UG X 0.31 0.06 ~ 0.90 56 48.2 37.3 14.5 - -
k] 0.38 0.14 ~0.90 55 34.6 46.2 19.2 - -
WL 0.24 0.06 ~ 0.80 50 65.6 24.1 10.3 - -
Wi r 0.33 0.11 ~0.85 55 429 42.9 14.2 -
R iR 0.22 0.03 ~2.25 129 - 4.8 60.2 20.5 14.5
i) 0.34 0.03 ~2.25 209 - 3.8 423 23.1 30.8
WL 0.14 0.05 ~ 0.66 53 - 6.9 79.4 10.3 3.4
i) 0.17 0.19 ~0.20 41 - 3.6 57.1 28.6 10.7

24 HEELTE pH. BIRRERSTZEHXER
M 6 RTLLAE H, MR P+ 4 pH 5 284 eSS |

B B ) S S A TG, S
6 HBELEpH, BHRKSEHS ZEMIEREXR1-84)

Table 6 Correlation coefficients among soil pH, SOM and available nutrients in citrus orchards

RN

TS, X ATRER P BT A IR IR R T
PR TASMAK, TSR, 135 2R
P A LTS A RN A AF AR 2 TR A

AOLBT RS  seHkRE ARGk AR G AR AR FRUH BB
pH —0.195 0.820" 0.659" -0.212 0.067 -0.058 -0.119 —0.133 0.031 —0.434"
A HLIR -0.057 0.006 0.044 0.020 0.185 0.322 0.410™ 0.125 0.140
NS 0.689" -0.206 0.008 -0.104 -0.085 —0.061 -0.106 —0.419™
A ~0.155 0.180 ~0.090 0.060 0.011 0.037 -0.336"
EEESEN -0.037 0.126 0.175 -0.078 -0.078 0.044
WU 0.422" 0.338™ 0.374" 0.655" 0.118
R 0.483" 0.346" 0.398™ 0.418™
AR 0.417" 0.089 0.273"
el 0.257" 0.437"
A RUH 0.205

W Frpr, #*RIFIRTE P<0.05. P<0.01 KPR BEH X,
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i, BHEEFS, ARG MEEAFEE, XL
SRR R —3 (ARG BN, A HE
o+ A SR EAEE A SRR,
XL 5ET A S5 A — 2, X T RE = 5o xT
G HRE 7 2 s e BT K R A b b 2 S A OG
A Ja TRt — 20 AT 9T o AT AL 5 e h A
BRI SRR FE 2 P RS ER 56.1% RIRES
B & AL, 76 3 AL IX HA ML & o A il A
Py , L S R AR A B A AL R e L X A AT
), WALk, VA RS D o IR IR AE ek
Rk e, HHEAPLRRGAE] 20 g/kg B >,

W, ) R A AR R AL , 0 AT L
g R | R IR R AENLR L o ARG | o
Feorim KA, AT PO A R 24 M el
TR . Bk B L SRS RS, et
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