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+3EpH. FVR BRGRS RHR LR R OMLFETBIFE. FIRERRYE: 80%MHiEE T RERMEZR
i, HHR. BRESEEE TR HI5476.67%H63.33%, BXHE. EXNMSETETIEELA
£55.56M141.11%. MHiFH L EFSEARBRBEFELREER, BREEN200~250miEE 1%
pHEE, HMEN5.64, BEAMEAK; HEAIRSBEERRREES MMM, REHTEA Ay =
0.0484x + 15.07, R* =0.1639; AN EMERIREEHINTMEE, BEHTEAyesm =484528x -
1.624, R* =0.2236. RLAFHEERYS EEEERSEYMEE B TEESE, DETEAYwmemy
=-0.0001x2 + 0.0545x + 5.8462, R* =0.1433, T FEpHAHEHR ST ES RLHFRA BEMH M, p<0.05.
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Abstract

Objective: In order to explore the characteristics of soil nutrients in citrus orchard at different
elevations, clarify the influence of altitude on soil nutrients and fruit quality, and provide a theo-
retical basis for precise management of soil nutrients in orchards. Method: Collected the soil and
fruits of citrus orchards at different altitudes and divided them into five grades according to alti-
tude: altitude I (< 150 m), altitude II (150 ~ 200 m), altitude III (200 ~ 250 m), altitude IV (250 ~
300 m) and altitude V (> 300 m). Analyze the soil pH, organic matter, available nutrients and stoi-
chiometry characteristics of fruit quality in citrus orchards. Result: 80% of the citrus orchard soil
was acidic to strongly acidic. The suitable soil ratios for organic matter and alkali hydrolyzed ni-
trogen were 76.67% and 63.33%, respectively. The soils with excessive available phosphorus and
available potassium content accounted for 55.56 and 41.11%. There were significant differences
in soil nutrients in citrus orchards at different altitudes. The pH value of the soil in the citrus orc-
hard at the altitude of 200~250 m was the highest, with an average value of 5.64, which was most
suitable for citrus growth. The content of soil organic matter increased with the increase in alti-
tude. The fitting equation was Yorganic matter = 0.0484x + 15.07, RZ = 0.1639. The available phospho-
rus content decreased with the increase in altitude. The fitting equation is Vavaitablep = 484528x -
1.624, R? = 0.2236. Soil pH, alkali-hydrolyzable nitrogen, and available potassium did not show a
significant correlation with altitude. The content of soluble solids in fruits first increased and then
decreased with the increase in altitude. The fitting equation is yyrss= —0.0001x2 + 0.0545x + 5.8462,
R2 = 0.1433. The soil pH and organic matter content was significantly correlated with fruit quality.
Conclusion: In the future orchard management, soil nutrients can be accurately fertilized at different
altitudes, controlled and top-dressed in time, so as to improve soil fertility and fruit quality.
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1. 51§

TR EAF A, LIRIR RO BB IR CRACOEAL RE /1, KB FE[1] [2] [3] [4138H1,
THETR I SRIER AR SR S B B VIS R AN A KIS R A IZ @ Nk, RIE S 32 2o A e
FJ5 R it X, A2 oo A s, AR A AL RV B AT e =
5o CLRGRER, B SARAAEMIE R, SO MR FE EIRAL T PIR DA A R 22 7 2] o

EEHRTIR T T . S R RRBT . AR A TR K RO GRS R TR R R R S R
M EER[S]. HATE RS RIS 7L AT B 2108, JFREFE MR, ElTiiTn
V. X ZESE, TS T LA B A A . 2S5 [6] 0 HE 22 AN [ b X (1 B vk L3957
SMRFERT TR 0, BEE AR N b A LR . R Ak, S EEN, AR SCRET]X
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Al 1Lt 38 5% 3 FAE I %o A B AR e SEE T 48 H S BRI EAORE FE T R, LG AL L B T C/INL CIP.
C/IK. N/K Fti5r, SFI fa#in /N 6 LBk o 38 gl X B BR[8]55 T /KL BN MEAS [F] 4K 1138 AR
FIDUR BARACRFAERR 5T, pH ANBA 205 & T e FE S I AR, A WL ARG 20 2 2 B v 4k o 2
Rnm g PR F[O)FER R A L AN [ R R 2 R A TR AR S R I, RS A R
TEA IR VO 22 5 S, HLA BRI B IE B UIAR G . SR, IR A [l 138 5% 2 iy 2 e 22
F 5 RS R R 58 RO I AN RS, K2 2 P — B SO AR SR 98 3 0 R S L O R G B, b
WO LIEFEAT I T . 352 R 36 S5 [L0] 0 g4 s B AN SRR 0] Jfe 6 R 5 ot o PRS2 i 984 1, SRS iR &
W 4 e B (e T . PN SR (LIRS i e, 2 SRR SR S BN S T A P [ T B R e R
Hmmig e, SRR ER SRS 4 AR C SRR S . M X TRk
WEEHEA—, bz HIEFRS KRS RS AR . Pk, WO R I R 5 i s m A 5 sk
st T 2 2R (AP 900} 3 A3 7 0 S R St ol B 4 A A g SRR A B B o AR SC DA A 2
FEXCONXT R, EELT 90 ANEARRMEMIAGEAE AU, 2B AN R = B AT el L 338 55 3R AIE B R S it ot
fom SR, B AR EERR . L DR AR A B AE . R A PR B AR PR A A P R S

2. M5 R=E
2.1. REER

WEFEX AL TR AN T, WAk g B A LAETEIN RIS T . EREN R T REMIMN T,
% N24°16'40"~N31°19'32", E109°24'1"~E116°32'23" 2 [f]. FEWF5T X4 A 2EHL 90 /N B A R E L RE
m R HEALIRONRN 7 N A R 1 (<150 m). 4K 11 (150~200 m). #ER 11 (200~250m). ik
IV (250~300 m). #E4& V (>300 m). 5FF S35 8 e X, G KRGS R A5, 3R E BN 2T 3
WA DE L, O RERBEAK L, HAEE RSP AR, RER. e,

2.2, TIMAMREHEMARE

1 2018 4F 11~12 H, &/ St Ff S SE A AR T & AL TE BORE (DA S BUAT ¥ 5 ANEURE £), [ B L3380
SRS o SRSRE S SR RS IR AR B, B TR AN IS TR AR — I 5 ARATREA, TER
VU BENLR S RS2 10 A4S ZEW KR Al 10 om (A2 B, BEIFHIAESC, HUR 0~40 cm [ 3% RE (I
B 1) o (Rl RAF s 1 3R SRR 20 BIVE A JE DA 4 70 vR IR SR T 3 2 R SR S T 20 AT

0~40 cm +3%
0~40 cm soil

E: B 5B k2],

Figure 1. Method of soil sampling
B 1l HEREFZE
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2.3. ISR LR RAIME

SRR A TR E Z IR B3]/ ik, 3 pH (B IN E R A B AL A PR A R I e R
IR AR, TR ECR Y HOENE, LA R At - EhIRR IR - BRI LL il € s
F IR LR SR - K EEEIE -

SR it BN E S R LA R R LR M U535, Y TZ-62 T REFOGACINE P L B T4 (TSS)
BE EEARE E N E AT ERR(TA) & & BUERIE A& C & &

2.4. BEALTR

I Excel 2010 F1 SPSS #47 H¥E AL FE K Si i34 . K F SPSS X Hdm st AT f iR 4. HZE 8T LA
J¢ Pearson #5543, [HIF SR Excel 2010 St % 3k 4T 26 % [ V5 20 47 3 22 il ik s

3. &R
3.1 HIEELTEFSBERR

M el 1328 pHL A WL B & 7525 K- 3 BAR HERRYE & SB[ 151/ 7 BARUETT € o I 1 a] %0, Al
bel 3% pH $4{E 0 5.19, VEly 4.23~7.92, 3% KHS 7 (80%) & T IR, 1 13.33%1) -3 B AT A IF AR
K. LEAVRSEFE, HMER 26.09 gikg, JEHEH 10.41~66.57 g/kg, AbT & E 2 mE KT WG S
97.78%. T IEHHMA S EFIIME Y 138.03 mg/kg, YN 17.06~438.42 mg/kg, AbTiE H & R E K AE
I 7 76.66%, 23.33%4b TR &K, TIE S EIE N 139.90 mg/kg, JEFEIA 0.78~910.49 mg/kg,
Horb 55.56% 11 [l &b T R 2 KT 34.44% 40 T 18 BK . IR AV S B RO R ¥ME N 197.46 mg/kg,
AF1E N 66.88~403.84 mg/kg, HA1 50% (147 [ 4k Ti& B KT, 41.11%40 T ms K. fitdl LI, .
HEERZATERMEEACE, KAt &Ry H., NERRHE EE, B pH ELR
RN, HAR S TR AR AR 7 REOYBOR.

Table 1. Soil nutrient status and evaluation of citrus orchards
= 1. HBELIEF S R ERFERTEMN

JKF Level (%)

T3 fEbR B PRl 22 BN 5 Z A
k= EH [T
pH 5.19 0.73 4.23~7.92 14.03 80.00 13.33 6.67
P (9/kg) 26.09 8.84 10.41~66.57 33.88 2.22 76.67 21.11
TR . (mg/kg) 138.03 65.56 17.06~438.42 47.50 2333 63.33 13.33
B 3 (mg/kg) 139.90 150.59 0.78~910.49 107.64 10.00 34.44 55.56
JH RN (mg/kg) 197.46 76.79 66.88~403.84 38.89 8.89 50.00 41.11

3.2. AREIERHHEETRFF SHHIE

Xof M A7 el - A A PR RV R s FE VS BRI gE AT 40 2, AR 2. BEE IR BRI N, LIEANUR S &5
H R, TG S R ET K. T ESTERR, SRS EHNSATEREES, T
pH BRI JEE W i, S @ Tl 0. IV, QGEH 11 H3% pH b T i@ B G 4 K 55 I K
-(5.5~6.5), HAth &gk AL T 9 R MK (4.5~5.5). TIEA LR & BAENHR V SE AR, SEET
WL N, AR VAT EKT(>30 glkg),  HoAt S A E AL TG B KT (15~30 glkg). o igmg
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R BIEHEHR VICE NS, SERTER N IV, SRR P & B4 138 /K F(100~200
mg/kg). TIEAREE S EAEK | BN &R, BERETEER L V.V, HAigd s o m RIEa R
S BT E Bk (>80 mg/kg), IR IV VA & B A T3E B K (15~80 mg/kg), 1E [F]— g4k i
W, IR R B AR AR R, iR IV AR IR R K (40.42~910.49 mg/kg), A 7 Rk 108.15%.
TR A B ELEIR 1 VO A e, R R TRV, iR 1 SRR AU & E AL T R E K (>200
mg/kg), FAh¥4bFiE B K F(100~200 mg/kg).

Table 2. Descriptive statistics of soil nutrients in citrus orchards at different altitudes areas
= 2. WMIBE A REIER LIRF T RYER ST

TR
T HEEIR it H
I I 1] v \Y;
A 4.23~6.57 4.60~6.17 4,51~7.92 4.26~7.36 4.55~7.27
pH ¥IE 5.13abc 5.1bc 5.64a 4.93c 5.39ab
5 R H (%) 11.89 8.82 20.21 11.97 14.29
AL 15.85~30.09 14.34~29.71 16.63~33.46 10.41~47.91 18.48~66.57
AR Y1t (g/kg) 22.02b 22.290 24.04ab 29.19ab 31.57a
5 R H(%) 18.30 18.84 21.17 30.56 41.65
B 33.98~438.42 84.95~276.38 85.74~212.13  17.06~286.36  91.70~301.79
TR Y18 (mg/kg) 144.86ab 129.36b 134.77ab 113.66b 173.65a
5 R H(%) 58.07 37.55 33.52 56.70 36.18
AR 27.14~465.46 40.42~910.49 14.60~179.76 2.66~305.67 7.09~180.35
A Rk Y18 (mg/kg) 229.42a 224.12ab 85.52b 78.33b 76.41b
5 R H (%) 64.38 101.12 63.59 108.15 76.76
ARl 90.12~403.84 135.52~386.48  66.88~283.88  71.42~356.15  72.60~301.60
A ¥IfE 192.49ab 247.21a 183.51ab 185.89ab 174.01b
A 5 R A (%) 36.87 33.73 38.47 40.39 37.11

E: RS RERARNG FREROR 0.0 K EEREE.

3.3. ERXTIEF IR

H17% 3 AT AL, g S A L (r = 0.405, p < 0.01) & B 24K 835 IR M ¢, 50 %Wk (r = -0.442,
p<0.01)EFREEMBZE MK, 5 pH BAFE. HA S EMCIEA R . EILEAZPrOLE 2), HisE

Table 3. Correlation coefficients among altitude and soil nutrients in citrus orchards

3. BREMBELLIRF S ZE XA

MR pH AHUFR TR 2L 3w
pH 0.083
AP 0.405™ 0.061
o e 0.07 0.251" 0.388™
A R -0.442" 0.194 -0.101 -0.001
UVE -0.202 0.118 -0.068 0.118 0.431"

T RIS RIZRRTE p < 0.05 A1 p < 0.01 AT,
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TIEAHURE Ry AHUR) SR ) RLNEIEME, BIVAJFEN: y sns= 0.0484x + 15.07, R* =0.1639,
TR PR e A A A ] LI tA B IO A A I MU S s IR R (Y o) SR () 2 1A
5, HAA LN y nun= 484528 %, R® =0.2236, A R0 H I 2k & BB G IR O FE ST R

1000.0
- =0.0484x + 15.07 _ .

70.0 y AR, . y=484528x1624
@ 60.0 ’ o) 800.0 R2=10.2236
=4
B 500 E’ 600.0 .
S 400 ~ e '
< _%_’ o R
S 300 g 4000
§ 200 : ks
£ . < 200.0
S 100 .

0.0 : : : 0.0

50 150 250 350 50 150 250 350
Altitude (m) Altitude (m)

Figure 2. Changes of soil nutrients at different altitudes

B 2. TEIEHRIIRFDTLED

AV E B S A S R ENEE MR, 13 pH HEHMEASERD
A O O R R EE IEAR R . FE IR IR I, DU B i R
BRI Z AR K R, W T IR R e — B LR AR A,

3.4. FREIEHRAHHEE RS mBRFHE

H2e 4 WEN, HE SR SRl PR Y & B A WO m R I e T A N R SS,  BARE R
ZES5, MRV SR N I RTA M E T R, SME 12.39%, K | SR, HMEN 10.57%, #EEAH
75 1.82%, WK IV 535w T HAL SR RSEAI e R & E IR E T R R A RE, BRIV
TrEm, YMEN 145 g/100mL, K I =K, $H{E% 1.08 g/100mL, #3HH% 0.37 g/100mL; R
AR C RS ITR I 22 AR E, K | 484 % C & & i, {8 65.08 mg/100mL,
W AR AL, $BMEA 41.11 mg/100mL, 3 A2 23.97 mg/100mL; AN [F]4 [ IR bh T80 B 3% 22 5
RN TR R B, YIMEON 21.85, R IV EIER LUK, I{EON 10.26, P AHZE 11.59.

Vg S T AR AR S R AT B 0 AT, e S SRR B, AR R (y) S iR () UL A i
£:9: y=-0.0001x? + 0.0545x + 5.8462, R* =0.1433, 4iFik <2725 m i, wlvatE@E Y& EREER T
e, MR > 2725 m i, S EFEERT AN R AR S R R AR SR O R R B
FHRK R

FIEMR; AR
EMAR R

Table 4. The comparison of citrus fruit quality at different altitudes
4. TEISRMIBRIMRRTEL

o R
PS5 E =
| 1] 1 v \Y,
AT [ A () 10.57b 12.22a 12.20a 12.39% 11.30a
] E 12 (g/100 mL™Y) 1.21a 1.13a 1.08a 1.45a 1.37a
4% C (mg/100 mL™) 65.08a 61.57a 41.11a 64.69a 54.88a
[ bt 14.35a 21.85a 15.75a 10.26a 12.39

E: FTET ERAFRANG FRRIR 0.06 K 2R .
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3.5. ARISHRMHEE R L& REFIE

7 5 A, B pH RIENUR AL, ZHCHIEIR S IRFRS S S0 A S AN SR . SRS I L TR
P85 -3 pH {E(r = —0.265, p < 0.05) 2 &3 Fu6, 5 HHEA PR & & (r = -0.2407, p < 0.05) £ &% 7141
Xy BepgEE R C S E 51 pH H(r = -0.2817, p < 0.05) & B A3, 3 HAL G 2550 ok
SPARMECE SRS R AR B e, R AR, B S RS RS R R L AR R

Table 5. Correlation coefficients among citrus fruit quality and soil nutrients
F5 REIMRETREFSZERHEXMEXFRE

pH ESp il A A Rk TR

AT E -0.265" —0.240" -0.102 -0.215 -0.077

A E R 0.183 0.149 -0.029 -0.07 -0.093
b C -0.281" 0.078 0.052 0.089 0.14
2 -0.15 -0.083 0.047 0.003 0.05

T THIRIE p<0.05 BEM K.
4. g

VR TR DL T SR . S SRR SRREAE, R R sy AR B MR R 2 R I R
[AI[16] [17]o ASHFEAT, A 3= X 00 338 52 0 IR0 B B R g 4k 1t 22 e o ZEMg O B (34K > 300
)b DX AT LR S B, AR U A AR R, R RAR X BAR (R < 150 m)Hh X 134
ROBERE A & B R, BAUR & RBUMR, X500 F A SRARALL6] [7] [8] [9]: ¥4k =i/% 200~250 m
M3 pH e, Bo@EAEAE K. MR SRS EARIREE TR ES, wEn iR
23 [ AR A o

- SRR S R A AT L IEAC AR P B BRI R 3R, 5 A RS IR R R EVI[18]. AHFA
RO 3% pH RSN AR B3, SR A 8000k 7 E -3 pH < 5.5, AT ERMEE SRR BT, +
B E ., AR, ER IR IR R S PRAK, SATARAR R IR BRI, R I 2
SRR, BT E, FHARR KL TEEIRE, FIRMNAKEAR[17] [18] [19]. HIHESE
[L8YHF 7 T - 398 IR e Py 3 22 i PR s A B o A O IR R i), Pt A DR 36 2 2 R BN R 7, K
it it e A A 5 SOk A I 12358 pH R BE

I LT A E 37 0 3 0 BRI, BRI AR 7 A E R AR[20], RENS (R ik - 3RS R T
o R R SR RS AL R [21]. AR, TEEAVUR S ER AL TEREFEEKE, B
FUR & B 5R SR B, MAEERAF TG, X5REPE22]. K65 R R —
B, TR R AT RE A DR AR 1 T v AR Y o R B R T AL, R DRSS, TS iR X
(1) 395 PR A LB S R0 T LU ) s [23] [24] [25]

76.66%01 [Tl Bl 20 & f AL T I8 B A i K, ST SO0 B e AR 11 DX I 1 it P o AU
B BARE S B 5B EREMCKR, HEAEIAESEEWMEZIEMG, X 520752611 L4 R
—H, T 95% Ll FEEAE LA HURMEASAATE, Rtk 38 ML & b s e 22 2 itk
Wi AR S ES pH [E2EE EAXK, X500 AN A —E[27] [28], X v] 85 HHE FE T id Hh H R
Bi R ARG B A 9% . 55.56% /7 I - A A m A A Tl K, X S REK SR AR, AT
WA %, HBEE L R sh MR 22, S A BT SOR F R8>, 25 B AE 3 rh RBR[29]; 13
A R SR R E DG, BRI TR R R, X 5Tk B AR [0 FE g R — 5, e s
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KVET A KA BRI A, B2 B BE B ALK PR, S e AR AL AR 3, AT S 80
BRI L2 . M R OR A S B E, (0 4L11%R A m i &, XSRS
AL AT IEA K EA S B SRPOFCRZE MR, SHMEES EEMEZF EMX. Mg tiss
AL G PR A %, IS FTAIX S BERA OC, B TR B R S R B R A AR 2 )
AR RG] [7], I A iSO A E ARE  BAT S S R BHAR S s AN R SF R 2, 3 1 3857 2 (AT
FEF

VAT TR, AT ERR . RRIE b LSRR R C & B R AMG R SE AR M BT B AR bR, R i
R RE FRAROLI ZR S, FE— 52 Y0 Fl I BRFR 70 TR (AT ARG SRS IR B TH[31] o B T 858
A NETIFEAEAL, BSOS IR R S BRI SEm 2R R0, A, K REERTEEM. EABT T,
BRI E R TR S R DA, SRR S R B 2 B . RS ATV TR R4 5 B e B iR T T
i, XS INEREAE[LLWE TSR 2, S R P TR & RO R TR B, X S AT A
[, WTREARE H T A A A b (B B 22 S g Y . AR LR B R SER R R R AR b, REAT I R [
s RS B pH E. HEAHURSERE R AR, RU4EAER C SES 15 pH HEEF K,
REEHEL] MER ISR 5, SRRYE LR AT RO TG DU R, AN I3 = AR
TRAVETEREMMR R . HA PR & B2 2R IR, Bk LR, aiRSEER
SRV LR RPN IR DGR AT AU AT LR & B AE — e RE I LR nlvs P e & . AESERR A,
it AL S h T 52 BT 2 DRI RE R, BLanp= it iy RECGRAEINL . $RRE R SE, k2 4 TR
TR FEARS RS S PO LA ORNE, S I A DA R 0 S R SRS JFOIR DL, RS i AR O th e DA
i B AT BT WA o

5. &g

b bl g i 2R, A USRI S B IS, A R S e v R R T R R
PR N ST RS, BT IR A IR, WO R AT AT R Y, I EEREAL . AR
THERENAE, thr]JE il A A A S IR R AREAT IR, RIS, ENEESR B HICAHE A EL s

ARl A I AR S AL IR A BB 25, A SRR SCIERT T, IR LS R
AR T T R, AT RS BRI B T e TR R, AR R S i R B R A A, X
HAERET WAL R R BLRNCARIERSEA IS, AR RIS EIRARRR . o
RSN, BRATE TR, AR R4l e R 5, WIS m, AT
e RS ETHE NREES, 35 pH AL B RS A B AR

ASHI TR AN [ SRR AT el -3 57 7 S SR SE Bt AT T WD IRER, At #a s i Shons i el + 4857
I K HR L MRS, I e St — Pt gT, RIR AR, B AN R R SRR A
MRRENEREAR TSR, WELIEES, HOAHEE N RIERRE.

EEWHE
] S AR Y (R A78) 7= b 52 A A 5 % 17T (CARS-26)

&E 3k

[1] T, Lok, skalcr, T, BRFHE, HEM, S5 IR B R R RO B S R RIS 3], WL
£l R, 2009(2): 401-403

[21 ARl SR P IR 3R BURT R P BN BT RSN [D]: [t 2 1830 BEPK: PR K%E, 2008,
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