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Investigation of soil nutrient status and the correlation between leaf nutri-

ent and yield of navel orange in Fengjie county
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Abstract: [Objective]l The Three Gorges Reservoir area is the suitable region for citrus cultivation,
which is the core area of the citrus belt in the upper and middle stream of the Yangtze River planned by
the Ministry of Agriculture and the quarantine disease free area of citrus in China. The nutrient levels in
the soil and in the leaves of navel orange trees in Fengjie orchards were studied to explore the impacts

of soil and leaf nutrients on fruit yield. The results will provide reference for proper fertilization in na-

Wk H #1:2018-10-10 % H#1:2019-01-21

Fe4 T H < FH %K E S RIS (2017YFD0202006); 5 5 s Ui A vH KI5 H F 2R (2017YFD0202002-4,2018YFD0201507) + # K il
2 R A BHEAHE L T este2017shms-xdny0352)

{EZ TR BURE, 55, 2Rl 70 AR, BN SRR R 5 A B 70 . Tel: 18111728401, B-mail: 577512051@qq.com;a 3555 —1F# . &
ALHz, B IR AL oA R AR 5 AEFRAEJL . Tel: 15520087835, E-mail : 1172023107@qq.com

*J#8{5E# Author for correspondence. Tel: 13883396612, E-mail : chuncp@cric.cn



54 Br B, & Z2 9 R el SR IR DU B S L R IR AN AR R T 459

vel orange production in Fengjie. [Methods]Samples of soils and citrus leaves of 148 orchards were
collected from 10 main producing townships in Fengjie during the fruit ripening stage. Most of the col-
lected samples were from ‘Fengjie 72-1" trees (Citrus sinensis Osbeck) grafted on red tangerine (Cit-
rus reticulata Blanco). Soil samples were collected from sampling points beneath 15-20 trees arranged
in an S pattern in each orchard with 100 g of soil sample at depths of 0-40 cm per point located at the
two opposite sides of each selected tree and 10 cm in-ward from the drip line. 120 leaves were taken
from positions evenly distributed in the canopy of each tree. The leaves were sampled at the 2nd or 3rd
node from the top of the spring vegetative shoots of current season. At the same time, and the fruit yield
data in the year were collected. The pH, organic matter and the available nutrient contents in the soil
and the nutrients in the leaves and their correlations with fruit yield were analyzed.[Results]1The results
showed that the pH value of the soils in ‘Fengjie navel orange’ orchards varied greatly, and the average
value was 7.12. The soils were relatively rich in organic matter. The percentage of soil samples with or-
ganic matter exceeding 15 g-kg"' was 85.81%. With an average content of 78.71 mg - kg, deficiency of
alkali- hydrolyzable nitrogen in the soils the orchards was very serious. However, available P and K
were relatively abundant, with an average value of 37.02 mg-kg" and 191.67 mg-kg", respectively. The
spatial distribution of the two nutrients was more uneven than that of alkaline-hydrolyzable nitrogen,
and the coefficient of the variation was 73.24% and 93.78% for available P and K, respectively. Avail-
able Ca was extremely rich, and non of the orchards had available Ca below the appropriate value,
while available Mg was extremely deficient, and all the orchards were in the shortage of available Mg.
Auvailable Fe, Mn, Zn and Cu were relatively abundant, and their average contents were 40.72 mg - kg™,
24.04 mg - kg, 2.69 mg-kg' and 2.17 mg - kg, respectively. The available B was relatively deficient,
with an average value of 0.67 mg-kg'. N, P, K, Ca, Fe, Mn and Cu in the leaves were abundant, with av-
erage values 0f 29.45 g-kg"', 1.50 g-kg', 13.32 g kg, 41.23 g-kg', 133.17 mg-kg', 42.97 mg-kg" and
9.51 mg-kg', respectively. However, Mg and B in leaves were relatively deficient, with an average val-
ue 0of 3.90 g-kg"'and 49.76 mg - kg'', respectively. Zn, with an average of 16.65 mg-kg', was extremely
deficient. There were great differences in nutrient elements in samples from different towns. Leaf P, K
and Zn levels were significantly correlated with fruit yield, with the correlation coefficients
of —0.332, -0.205 and —0.213, respectively. [Conclusion] Most of the soils in ‘Fengjie navel orange’
orchards were calcareous with an alkaline pH, which was much higher than the optimum range of 5.5-
6.5 for citrus growth. It is necessary to improve soil physicochemical properties by applying more acid-
ic fertilizers and organic fertilizer, which help to increase root activity and promote nutrient absorption
and thus increase productivity. Besides, there was no positive correlation between the element contents
in the soil and in the leaves. Because the level of leaf nutrient can directly reflect the nutrient status of
trees, fertilization should be based on the levels of leaf nutrients, and soil nutrient status can be used as
a secondary index. The soil management should focus on adjusting the pH, increasing soil organic mat-
ter, rationally applying nitrogen, phosphorus and potassium fertilizers, and increasing magnesium, zinc
and boron fertilizers in the navel orange orchards in Fengjie.
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Table 1 Soil nutrient standards in navel orange orchard

in Fengjie
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. Deficient Low Appropriate High Excess
nutrient
HHFOM <5 5~15 15~30 >30 -
TR <50 50~100  100~200  200~300 >300
Avail.N
R <5 5~15 15~80 80~200 >200
Avail.P
T R <50 50~100  100~200  200~360 >360
Avail.K
/S <200 200~1 000 1 000~2 000 2 000~3 000 >3 000
Avail.Ca
ek <80 80~150  150~300  300~500 >500
Avail.Mg
Bk <5 5~10 10~20 20~50  >50
Avail Fe
B <2 2~5 5~20 20~50  >50
Avail. Mn
B <0.5 0.50~1.0 1.0~5.0 5.0~10  >10
Avail.Zn
B <0.3 0.30~0.5 0.5~1.0 1.0~2.0 >2.0
Avail.Cu
EEEs ] <0.25 0.25~0.5 0.5~1.0 1.0~2.0 >2.0
Avail.B

EANBURLLA g kg, AR LIFE IR 4608 me-kg's FIA.
Note: The unit of organic matter is g- kg, and those of available soil

nutrients were mg-kg'. The same below.
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Table 2 Leaf nutrient standards in navel orange in leaves

Element  Deficient Low Appropriate  High Excess
N <22 22~25 25~28 28~30 >30
P <1.0 1.0~1.2  1.2~1.6 1.6~3.0  >3.0
K <7 7~10 10~15 15~20 >20
Ca <16 16~30 30~50 50~70 >70
Mg <2.0 2.0~3.0 3.0~5.0 5.0~7.0  >7.0
Fe <35 35~60 60~120 120~200  >200
Mn <18 18~25 25~100 100~300  >300
Zn <18 18~25 25~100 100~200  >200
Cu <4 4~6 6~16 16~20 >20
B <20 20~35 35~100 100~200  >200

W NWP.K.Ca.Mg & & #474 g-kg' Fe.Mn.Zn.Cu.B &
EHEAN mg-kg'e R
Note: The unit of N, P,K,Ca, Mg was g-kg"',and Fe,Mn, Zn,Cu,B

was mg-kg'. The same below.
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Table 3 Soil pH range and frequency among navel orange orchards in Fengjie

+ e bR 43 A Al Distribution frequency/% A5 oL a5 52 A K
Soil indicator <4.5 4.5~5.5 5.5~6.5 6.5~7.5 7.5~8.5 >8.5 Range Mean CVi%
W05 pH 0 11.49 12.16 31.08 45.27 0 4.68~8.38 7.12 13.42
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Table 4 Available nutrient contents and organic matter in soils with
frequency distribution in Fengjie
e T 43 A4 Distribution frequency/% AR F ¥IE A5 R
Available nutrient §Hi = Absence fitf Low & Appropriate @f High id# Excess  Range Mean CVI%
oM 0.00 14.19 35.81 50.00 0.00 8.11-58.52 31.31 44.05
Avail.N 14.86 64.86 20.27 0.00 0.00 24.44~166.83 78.71 39.56
Avail.P 19.59 15.54 46.62 18.24 0.00 0.11~124.37 37.02 94.78
Avail. K 0.00 27.70 40.54 24.32 7.43 64.13~749.38 191.67 73.24
Avail.Ca 0.00 0.00 25.00 12.84 62.16 1 009.51~8 028.40 4536.42 52.75
Avail. Mg 100.00 0.00 0.00 0.00 0.00 9.24~31.57 19.56 29.44
Avail.Fe 0.00 4.73 33.78 26.35 35.14 8.47~155.84 40.72 77.19
Avail.Mn 0.00 0.00 58.78 37.16 4.05 6.92~97.80 24.04 75.26
Avail.Zn 2.03 8.11 80.41 6.76 2.70 0.40~11.07 2.69 76.50
Avail.Cu 0.00 6.76 82.43 8.11 2.70 0.79~10.40 2.17 70.63
Avail.B 8.78 25.00 52.03 14.19 0.00 0.03~1.60 0.67 50.79

BV FE B ) LA 4 0l D 95.2% + 100%  89.87%
F193.24%, HoA 208 & P EIME 598 40.72 mg - kg
24.04 mg-kg'.2.69 mg-kg' f12.17 mg-kg'. HIB
BN Z AR T & E Y L B ) D 33.78% , A
52.03% I 3 il Ak T 38 &=y, H 4 ME 8 0.67
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5 R AN 9.66% , H 2 P A Ca, 48 57 5077 il
N 11.46% 1 16.63% , 1 B 142 5 R ¥l K, =ik
65.59%. A b, F AT W R IR TR P

B 2 Hhb TG s N, A N A Fe -7 3448 =
TE &V, =& WP 3ME 7 0 8 29.45 g - kg A
133.17 g-kg", 1fi Zn 7 & FHIME (16.65 mg - kg KT
EHVEHE. WREADITTEKE  Fe.P.Ca.Cu.N.Mn
FVK AT 38 & 5 PA K B AR K, LT o5 4y
EE 43 59 29 100%  97.32%  95.30%  97.99%  93.25%
90.55%+85.81%F182.43% . HZR B Mgkt Ti& &
B L _F K B R I 62% o (H AL TG B e B4
FIA 27.32%M137.16% . Zn JC &AL TR B = 7
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Table 5 Nutrient contents in leaves of navel orange and their frequency distribution in Fengjie

S AiiBiER Distribution frequency/%

% - s — — 5 Al 55 R K
Element Rz s &R I oA Range Mean CVI%
Absence Low Appropriate High Excess
N 0.68 8.78 16.22 30.41 43.92 20.50~35.38 29.45 9.66
P 0.68 2.03 72.30 25.00 0.00 0.98~2.22 1.50 11.46
K 2.70 14.86 50.00 29.73 2.70 6.34~30.33 13.32 28.00
Ca 0.68 4.05 86.49 8.78 0.00 3.80~57.51 41.23 16.63
Mg 0.68 37.16 44.59 10.81 6.76 1.88~10.46 3.90 41.54
Fe 0.00 0.00 33.11 64.86 2.03 72.29~210.38 133.17 21.86
Mn 0.68 13.51 83.78 2.03 0.00 15.12~127.32 42.97 47.57
Zn 74.32 22.30 3.38 0.00 0.00 9.92~35.00 16.65 23.77
Cu 0.00 6.76 92.57 0.68 0.00 4.91~18.47 9.51 24.45
B 5.41 24.32 69.59 0.00 0.68 12.25~365.33 49.76 65.59
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B 1E 5

MF 6 AT JI, ANF 2 BB R R LK. 2
IHEIE A A A A HLURUBOR s =, HAS 2 L] 2 i)

37.5%150% ; Ak E& T 2 B SRR N S =
BN, JUHRER B KOR L ES I 2 O REUR I
NG PESR Z 5 BT 7 EE 35 21 100% ;4 2% P R LA
L R A T KR BB RO R AR B
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Table 6 Frequency orchards with low and insufficient soil nutrients in different towns of Fengjie country

TR Eﬁiﬂl fﬁé;i;f Sy i A Distribution frequency/%

Town samples OM  AvailN  AvailP AvailK Avail.Ca AvailMg Avail.Fe AvailMn Avail.Zn Avail.Cu Avail.B
9% 14718 Kuimen 24 37.50  79.17 5833  45.83 0 100.00 0.00 0 0.00 0 20.83
PE#H X Xibuxinqu 12 833  75.00 5833 3333 0 100.00 833 0 8.33 0 0.00
i IATIE Yufu 12 0.00 50.00  50.00 41.67 0 100.00  50.00 0 8.33 0 33.33
FH4H Caotang 12 0.00  50.00 8333 000 0 100.00 0.00 0 000 0 33.33
[175 84 Baidi 12 50.00  50.00 833 66.67 0 100.00 0.00 0 000 0 0.00
B SR Kangle 6 0.00 100.00  100.00  0.00 0 100.00 0.00 0 0.00 0 100.00
7K SR4E Yongle 18 11.11 100.00 0.00 27.78 0 100.00 0.00 0 000 0 2222
#0% 2 Hefeng 17 0.00 100.00 47.06  0.00 0 100.00 0.00 0 47.06 0 82.35
B B Xinmin 23 13.04 100.00 0.00  34.78 0 100.00 0.00 0 13.04 0 3478
RAHE Zhuyi 12 0.00  66.67 0.00 000 0 100.00 0.00 0 1667 0 41.67
FE. AUKBAWHRZEOEH, MEEE RS B EGRZ O & e 8.33% , H IR 1

BB S AR BEIRFE . A BEIE 2 TR R
BB Z BONME, T XA E T FEE AR
Fe fl Zn Bx 4~ £ BN Z 46, A RBLE
B TH ZEAMEMg m R SRR Z T EH 1
A% Ca-Mn Fl Cu ) R A B 1750
AFEZHE R EFR TR E R MK, B
N B 2 5 2 B A= AR T M S, 3L
L /MR 2, R SR BB = L B o 33.33%, HE AR
2 BT 20% , B8 ] 447 18 A 1 JIG A TE B = L9
PEEBNER A3 S HERINEZ, A%

=7

B 4.17%;:Caf 4N 2 NG =8, Hdh g
B = LU B N 16.67%, B2 1 1 A1 B IR N 4.17%;
uE R R A4 S EEOREZ B R =
R iE N 30.43% , SR [ T IE R AIKN 4.17% ;s BRAR % 2 4

EREBZ AN Z (9O B 24 Z
B, H ik = HL B B N 25.00% ; K25 B8 B R L
Z BB A E Mg MB R EZH S HIFHRZ,
{ER RS, B Z LB/ s Fe 2 oK DLk = F 5
i 28 Zn &R EA L, A7 E = L E) 5
HR L 83.33% (K ).
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Table 7 Frequency orchards with low and insufficient leaf nutrients in different towns of Fengjie county

KR PR J3 i S Distribution frequency/%
Town Number of samples N P K Ca Mg Fe  Mn 7n Cu B
S8 1447318 Kuimen 24 0.00 4.17 20.83 417  25.00 0 4.17 91.67 417 3333
PEHRHT X Xibuxinqu 12 16.67 0.00 0.00 0.00  58.33 0 16.67 100.00 0.00 3333
1 IEAEIE Yufu 12 0.00 8.33 8.33 0.00  16.67 0 16.67 100.00 0.00  16.67
HiAE 45 Caotang 12 16.67 8.33 75.00 0.00  33.33 0 25.00 100.00 0.00  50.00
177 81 Baidi 12 16.67 0.00 33.33 16.67  33.33 0 16.67 83.33 0.00  33.33
SR Kangle 6 33.33 0.00 0.00 0.00 0.00 0 0.00 100.00 0.00 0.00
7K SR Yongle 18 5.56 0.00 11.11 0.00 3333 0 11.11 100.00 0.00 27.78
#9106 2 Hefeng 17 17.65 0.00 0.00 5.88 2353 0 17.65 100.00 5.88 2941
B R Xinmin 23 4.35 0.00 8.70 435  60.87 0 21.74 95.65 3043 21.74
ARAHL Zhuyi 12 8.33 0.00 25.00 0.00  75.00 0 8.33 100.00 8.33  41.67
24 TREIZEMEHSBESH W UK L3 0 7 R HORTS B% & , BENL P A
WA ZHM FEFR LR EE T YEETRE KEEE,HCa.Mg.Fe Ml Cu & BHK. KA

II TR, 2R R X A 2 B E SRR G AT A

WS RES
HH A amEwm RN BNEE

(B 1. TSRIYEEHTIE /K RN 7 4
s IR R DGR Z R

RAREME R, ZHOT RO TEEAE LT, Hp
K Mg .Fe . Zn M Bk = "8 . IV R PEHHT X,

Fe f1 Cu &

TEBRNEE

,{HP.Mg fl Mn

R,
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#2177 Kuimen
7K 4R Yongle .
E 7 Baidi
111§ Yufu
B R Xinmin
#5104 Hefeng

KA Zhuyi

¥ Caotang -
3 Xibu [ ]

I

N P K Ca Mg Fe

[ T S U S

Mn Zn Cu B

K25 2 B0 7B TR T BT I E AT R, AT DA N T3 A-V), Ho o 1 S OLHR 2R IATIE R R BRI 1 75 68, 11 SR 009 0 I A i BB
91 2 1 N KA R LIV NPT X, V FORER. G 1 3] 5 BHRIRIR & i IS s i .

The 10 townships could be divided into five categories by clustering analysis of the average contents of nutrients in leaves (I-V). Category I in-

cludes Kuimen, Yongle and Baidi, Category II includes Yufu, Xinmin and Hefeng, Category III includes Zhuyi and Caotang, Category IV includes Xi-

bu, Category V includes Kangle. Different color variations from 1 to 5 indicates the content of leaves from low to high.

1 BLHEMRFESRESH

Fig. 1 Clustering analysis of the average contents of leaf nutrients in different townships

VE AR, NS & &K, M P.Ca.Mg.Fe fl B
TEEE.
25 FEOHEMHEFASIRAEEFEMNHEXES
#r

XF 140 AN B FR R 5 7 B AR R 4 %

B, R AR I R AR 2 R R R A I OR
%. M} N.P.K.Fe.Zn.Cu.B & & 577 & & M
e, B CanMg Mn & & 5 RS 80 2R,
HPK.Znik 2 7 &35 80k B35 FH ¢, M ok R8sy
5°5-0.332.-0.205.-0.213(% 8).

*8 FNHEMAEFRSTERXDNER(1=140)

Table 8 Correlations between yield of Fengjie navel orange fruit and leaf nutrients

N P K Ca

Fe Mn Zn Cu B

FH Yield -0.010 -0.322%* -0.205* 0.062

0.157 -0.154 0.126

-0.213* -0.005 -0.119

VE RN FEA I, p <0.05; %% R A, p <0.01

Note: *correlation is significant at the 0.05 level **correlation is significant at the 0.01 level

3o i

3.1 EVFESFXTIEMMNAFEFRRRT

50 L 5 pH {E A AL AT 5t o0 31 1 R 3 A
%, Lo tn s BRI IR AR R B a2 R R R
PR R T A L 55 3 D) AR OG0, ZR T R 7 X
33 (B, pH P 2048 9 7.12, 3% 5 5 P& =k g [X 4 3%
RKEZHONE O TR & &5 A kM, LIFEa R
A2 i B g B ) AR bR, LA U A
REMFEBERA, EE5ZMERFRTEEERE
MR, HEENZ Do BEEEW IR MEFRILR
P F R SR E 2 R XA L & B
RNFEE GBI 15 g kg I HL] E A 85.81% , X 1] RE

SR MG E P X, L5 R B, KR
IR X S B AN . L
TR T NEONERZ , P K BN 5 X 5 47 b it
FUBEA S G L on b 21 4 el 22 HOM RO IR R
B > R, A, AT RE A DA RUIL 2R 5 15 R AR
RIHEATRM, HoAh i E It & CaFe Mo+ Zn.Cu
BN 1M Mg 1B By Bk =, 1X -5 28 749 Ji 48 el 1k
T BRI AT R I 2 A [ 4R KA
AR BRI B JIE > 55 AN R ™, 4 e S5, R
AR AR B IS, 11737 L F- B0 & BB
PR B BRI R AL s S 4k, R TR ok 5 £
A pH B AV BLBT & DI 5, pH 3 2058 5 Y
TEE BT T2 T RS WA AR 280 70 3R WA, 22 1 i 1
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77 X e B, Ca 70 2% &, 34 0b 23 5210 K AT Mg 1)
WS, LA LS B2 /Do B LA S0E
FETCER R,

MR R8I e R RS 0 it A & it A
77 2R 5 57 B 4 IR 3R % D) AH D6, AR SO g R
N.P.K.Ca.Fe.Mn fll Cu i K Z $ kb Ti& &5 Ll
Ko NVPLK & iy 3 22 i IR 30 4 R i 4 A1 A%
Fo B R, AR ROR =it IR 3% A A B A R G IR B
W RIS AT SR, B Ca B REFEE, &
BRI N M 2 oA IR M 3, CaCO, & & ™, 1
Cu B & & M55 R 8 ¢, wlbim HER S
] 2] ) B A% 2 [l A FH PR A B 7RI Y. 1T B AN
Mg & BAT A RS H i be ) 5 1/3 A4, [ Zn &
BCEAL, ) EIE 96.62% , 1X £ B g R AR
& B.Zn i Mg & A&, HAER FAR /DAl FH s
TG AR, T AH AT A 22 AF AR AR A, R AR P R 2B K A
5 e SR S 2 AN W b N B 3 T R T R R,
B G B B I W AR B2 R R AR, AL
MEGE T B IR GRS &, tean = b
I — SRS I P A K & R BRI AR B B
(1) [7] Bt B8 386 hn i e Min A Zn 5 &2, [RI0E, 2B 77 1
ANHEATH TR M B ILRER S Z .
32 FEPEZERBEERTENFERRKRT

18 A 2 B R FOIRDLZE S K 32 SR R 2
SEHO AR ZE R AOR, B SR K VT B L R R
AR BIF R BAC, LR BR , L )8, iz
BRI R AR Bl P, LI s 22, AN
2B IR 70 3 R ZE R ORI Ji BRI 6 7 S 2% A
Hb B AT REAE & 2 BUR R IF S P ML AR FEA—FE,
N R A B 5 2 ek, 5 80k IR 2K
it JIES A0 256 0 it PR B 2 22 AN SE, AT R S EL 2
MR EFR LR ERMERZ —.
33 FETHFEEESMRASHHERXM

WS FR LR MM A EEL S £S5
RUE BN S 5 H AR B 4580 55 J7 T ke 1) 31 224
F T 200 58 77 0 2R 1 3 o o R A 7 1 o o
FEAEAR K FE M S AR TR W - AT A IR
LRTRIRESA G, AREHRL T RER
WK, AR MEAERE 666.7 m* 2.0~3.0 t, fif i 77 Btk &, AN
LI EFREZ . 74, N R SRS E R
B2, — Ok, e Bk, WA S, Wi F BT
A NLPLK & 28K, M Zn u & A7 LA Ak

B HM B EFRCRTES B E MR,
X5 HAERENITARE R, ] E RS
AT MW, — S, B R 85
666.7 m* 1= T 2.0 t BN A A AT SC A R
AR NEE 666.7 m* Y N 0.75~1.5 t, L K T 15
RS B4 7 5 3 A 5 B R S S PO AR P M A T e
o b TR LR B K 7 [l R T 3 (B VB
MWD B = 28, 5 AT RE A .

4 4w

TR IX 3 2 HON A K R pH {E R
BB S 38 v TR A R I AR K 5.5~6.5 (Y L, R FEAIC
35 pH, A 5 B B 2 5 NP AT KIE , 1 it
Mg . Zn MBJL. 1R 5 R IR0 HIEEERIE
RS S T 97 23 ARG T 3557 0 B RE B WA 1
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