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Abstract: [Objective] In recent years, benefiting from its natural advantages and climatic conditions,
Yuxi city of Yunnan province has become an important citrus production area with plateau characteris-
tics in China. In 2017, there were 147 700 hm’ citrus planting areas in Yuxi with a yield of 280 000
tons, accounting for 33% and 39% of the total fruit planting area and yield of the city, respectively. For
a long time, fertilization in citrus production in Yunnan has mainly relied on farmers’ experience, and

N, P, K were mainly applied, neglecting the supplement of Ca, Mg and Zn fertilizers and organic ma-
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nures. The differences in soil physical and chemical properties and nutrients in Yuxi citrus production ar-
ea directly affected the absorption and distribution of soil nutrients by trees, and also affected the yield
and fruit quality. Therefore, in this study, both soil and leaf samples were collected and their nutrient el-
ements were quantitatively determined in the main citrus production areas of Yuxi city. The aim was to
study the relationship between soil and leaf nutrient elements and to provide a theoretical basis for cit-
rus rational fertilization. [Methods]Both soil and leaf samples of Satsuma mandarin, Bingtang sweet or-
ange and Orah mandarin were selected and collected from 101 orchards in four representative main pro-
ducing areas: Huaning Nanpanjiang river valley area(HNRV), Huaning mountain area(HNM), Yuanji-
ang river dry-heat valley area (YJRV) and Xinping mountain area(XPM). Ten essential mineral ele-
ments in soils and leaves were determined and analyzed. [Results] The proportions of soil alkaline hy-
drolytic N in an insufficient level in HNRV, HNM, YJRV and XPM reached 77.08%, 63.64%, 91.67%
and 80.00%, respectively. The insufficiency of soil available P in HNM was the severest, which account-
ed for 100%:; and in other three ecological areas the soil available P was mainly in an adequate level (=
optimum range). The proportions of soil available K in an adequate level in the four areas reached
93.75%, 100%, 83.33% and 96.67%, respectively. The content of soil exchangeable Ca was mainly in
an adequate level, but exchangeable Mg was mainly in an inadequate level (<optimum range). The con-
tents of soil available Fe, Mn and Cu in all ecological areas were adequate, but available Zn in YJRV
and XPM was mainly in an inadequate level. The proportion of soil available B was mainly in an inade-
quate level. Except that the proportion of leaf N and K in an inadequate level was slightly higher in
HNM, the contents of leaf N, P and K were adequate in each ecological area, and a large proportion of
leaf samples showed excessive contents of leaf N and K. All the citrus leaf samples were adequate in Ca
content. However, the proportion of inadequate Mg content in leaves was high. The contents of leaf Fe,
Mn, Cu and B were abundant, and a large proportion of leaf Fe, Mn and B were in excessive levels.
Leaf Zn deficiency was common and severe, and about 90% leaf samples were in an inadequate level of
Zn. Available Zn and Cu in soils of HNRV indicated an extremely significantly positive correlation with
their corresponding elements in leaves (p < 0.01), and there was a significantly positive correlation
with Mn and B between soils and leaves (p < 0.05). In YJRV, there was a significantly positive correla-
tion between soil exchangeable Mg and leaf Mg contents. It had an extremely significantly positive cor-
relation between soil exchangeable Mn and leaf Mn contents in XPM, and there was a significantly posi-
tive correlation in the contents of exchangeable Mg between soils and leaves. There was no significant
positive correlation between lea f and soil contents of available nutrient elements in HNM. In addition,
the contents of other nutrient elements in soil and leaves in other ecological areas had no significant pos-
itively correlation. However, the results showed that the contents of available Mn and B in soils had an
extremely significantly positive correlation with their corresponding elements in leaves. And there was
a significantly positive correlation between the contents of Cu between soils and leaves, but the remain-
ing nutrients had no significantly positive correlation between soils and leaves. [Conclusion] Most of
the citrus orchards were characteristic of being both in rich and deficient in terms to some elements. At-
tention should be paid to the supplement and balance of elements in citrus production. There were sig-
nificant differences in the correlation between soil and leaf nutrient element contents in different citrus
ecological areas in Yuxi. The correlation between soil and leaf nutrient element contents in citrus or-
chards in Yuxi production area was not obvious. As for N, P, K and most of the medium and trace nutri-
ent elements, there was no significant positive correlation between soils and leaves, and nearly half of

these elements were negatively correlated for their contents between soils and leaves. Although soil nu-
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trient analysis in Yuxi citrus orchards can not reflect the actual nutrient status of citrus trees, it is neces-

sary to explore and improve the methods for soil sampling and nutrient analysis, so as to formulate fer-

tilization programs based on foliar nutrient diagnosis.
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Table 1 Standard for soil nutrient grading in citrus orchards (mg- kg")
R Eiy = (iS55 o EE S
Available nutrient Deficiency range Low range Optimum range High range Excess range
% & Alkaline hydrolytic N <50 50~100 100~200 >200 -
7 %1 Available P <5 5~15 15~80 >80 -
A X4 Available K <50 50~100 100~200 >200 -
2 P45 Exchangeable Ca <200 200~1 000 1.000~2 000 2 000~3 000 >3 000
A2 e 8E Exchangeable Mg <80 80~150 150~300 300~500 >500
1 2% Available Fe <5 5~10 10~20 20~50 >50
H 24 Available Mn <2 2~5 5~20 20~50 >50
H 2 Available Zn <0.5 0.5~2.0 2.0~5.0 5.0~10.0 >10
1 %4 Available Cu <0.3 0.3~0.5 0.5~1.0 1.0~2.0 >2.0
H 20 Available B <0.25 0.25~0.50 0.50~1.00 1.00~2.00 >2.0
132 EEMAMATHATRRASEKAR SE5ER 100%47 [ 5 2 P & & A 2 100%47 [E 5 3 K & &3

A A FURT A o BhRR £, 225 [ N AN I s
FEFRbR B TBEMAEM 78 FRn R F I A=
KEEE. S8 JESNERGEED,

*2 HBHREFIK S RAITE

Table 2 Standard for soil nutrient grading in citrus

orchards

e Bz = i i USRS
JLE (15 s . .

Deficien- Optimum High Excess
Element Low range

cy range range range range
w(ND/% <2.40 2.40~2.70 2.70~3.00 3.00~3.20 >3.20
w(P)/% <0.10 0.10~0.12 0.12~0.16 0.16~0.30 >0.30
w(K)D/% <0.70 0.70~1.00 1.00~1.50 1.50~2.00 >2.00
w(Ca)/% <1.60 1.60~3.00 3.00~5.00 5.00~7.00 >7.00
w(Mg)/% <0.20 0.20~0.30 0.30~0.50 0.50~0.70 >0.70

w(Fe)/(mg-kg') <35 35~60 60~120  120~200 >200
w(Mn)/(mg-kg") <18 18~25 25~100  100~300 >300
w(Zn)/(mg~kg") <18 18~25 25~100 100~200 >200
w(Cuw)/(mg-kg") <4 4~6 6~16 16~20  >20
w(B)/(mg-kg') <20 20~35 35~100  100~200 >200
1.4 RS
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Table 3 The contents of soil available nutrient elements in citrus orchards inYuxi
Lt 45 Percentage/%
) e PEME A R
X = S . e = - e e
iﬁr: Eljr%ngf% Mean/ Coefficient of H= K= & b i
(mg-kg") variation/% Deficient  Low Optimum  High Excess
range range range range range
LSRR T fA % Alkaline hydrolytic N 85.22 0.62 12.50 64.58 20.83 2.09 0.00
L ﬁlﬁ 4 % P Available P 72.09 1.49 4.17 16.67 54.16 25.00 0.00
Huaning Nan-
.. . H 3K Available K 305.94 0.61 0.00 6.25 25.00 68.75 0.00
panjiang river
At Ca Exchangeable Ca 363335 0.99 0.00 0.00 29.17 37.50 33.33
valley area
2 1 Mg Exchangeable Mg 325.81 0.36 0.00 4.17 37.50 50.00 8.33
H % Fe Available Fe 26.01 0.66 2.08 8.33 33.33 47.92 8.33
4 % Mn Available Mn 41.23 1.00 0.00 0.00 52.08 16.67 31.25
% Zn Available Zn 9.55 1.03 0.00 12.50 31.25 22.92 33.33
% Cu Available Cu 2.55 0.78 0.00 4.17 14.58 31.25 50.00
H 3B Available B 0.68 0.68 0.00 45.83 41.67 10.42 2.08
thae ) filfi# % Alkaline hydrolytic N 84.71 0.37 0.00 63.64 36.36 0.00 0.00
X 2 P Available P 8.20 0.43 18.18 81.82 0.00 0.00 0.00
Huaning moun- N .
£ 2K Available K 289.45 0.60 0.00 0.00 18.18 81.82 0.00
tain area .
22 etk Ca Exchangeable Ca 9 445.06 0.64 0.00 0.00 0.00 0.00 100.00
2 1 Mg Exchangeable Mg 185.49 0.60 9.09 27.27 54.55 9.09 0.00
% % Fe Available Fe 20.00 0.34 0.00 9.09 36.36 54.55 0.00
& 2 Mn Available Mn 15.98 1.08 0.00 18.18 72.73 0.00 9.09
%4 Zn Available Zn 3.89 0.61 9.09 18.18 45.45 27.27 0.00
% % Cu Available Cu 1.24 0.28 0.00 0.00 27.27 72.73 0.00
% B Available B 0.53 0.31 0.00 36.36 63.64 0.00 0.00
TEIT T4 T fiR % Alkaline hydrolytic N 53.03 0.42 50.00 41.67 8.33 0.00 0.00
A IX 472 P Available P 30.07 1.07 0.00 33.33 58.33 8.34 0.00
Yuanjiang river N .
£ 2K Available K 183.13 0.52 0.00 16.67 58.33 25.00 0.00
dry-heat valley
APt Ca Exchangeable Ca 1522.77 0.56 0.00 33.33 41.67 16.67 8.33
area .
2 ¥tk Mg Exchangeable Mg 265.92 0.87 25.00 25.00 8.33 25.00 16.67
H % Fe Available Fe 8.05 1.00 33.33 41.67 16.67 8.33 0.00
4 % Mn Available Mn 46.11 0.47 0.00 0.00 16.67 33.33 50.00
%4 Zn Available Zn 1.08 0.67 16.67 75.00 8.33 0.00 0.00
% %% Cu Available Cu 452 0.43 0.00 8.33 8.33 0.00 83.33
£ % B Available B 0.24 0.13 50.00 50.00 0.00 0.00 0.00
Frihx A Alkaline hydrolytic N 76.14 0.31 13.33 66.67 20.00 0.00 0.00
Xinping moun- 45 % P Available P 51.26 0.82 3.33 20.00 56.67 20.00 0.00
tain area £ 2K Available K 250.74 0.41 0.00 3.33 30.00 66.67 0.00
APt Ca Exchangeable Ca 1 023.60 0.73 0.00 63.33 23.33 10.00 3.34
2 ¥k Mg Exchangeable Mg 90.08 0.48 43.33 40.00 16.67 0.00 0.00
H % Fe Available Fe 25.98 1.37 6.67 26.67 30.00 23.33 13.33
4 % Mn Available Mn 57.27 0.69 0.00 0.00 23.33 23.33 53.33
1 %4 Zn Available Zn 1.97 0.58 0.00 70.00 26.67 3.33 0.00
4 %% Cu Available Cu 3.38 0.38 0.00 0.00 10.00 6.67 83.33
£ % B Available B 0.31 0.40 33.33 63.33 3.34 0.00 0.00
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Table 4 The contents of leaf nutrient elements in citrus orchards in Yuxi
A ¥ H 5] Percentage/%
HiI BRE g SRRE el — - —
Area Element Mean octficient of = it et =R I
Variation/% Deficient range Low range  Optimum range High range Excess range
T w(N)/% 2.88 0.08 4.17 20.83 37.50 33.33 4.17
FARTIEAIRS w(P)/% 0.15 0.14 0.00 4.17 79.17 16.67 0.00
Huaning Nan- ()05 1.02 0.33 22.92 18.75 47.92 10.42 0.00
panjiang river w(Ca)/% 4.20 0.12 0.00 0.00 97.92 2.08 0.00
valley area w(Mg)/% 0.27 0.27 16.67 50.00 33.33 0.00 0.00
w(Fe)/(mg-kg") 101.21 0.42 2.08 8.33 66.67 20.83 2.08
w(Mn)/(mg-kg") 57.36 0.64 4.17 8.33 81.25 6.25 0.00
w(Zn)/(mg-kg')  14.23 0.19 89.58 10.42 0.00 0.00 0.00
w(Cw/(mg -kg') 31.60 0.48 2.08 417 6.25 12.50 75.00
w(B)/(mg-kg')  95.58 0.32 0.00 2.08 60.42 37.50 0.00
Al X w(N)/% 2.66 0.08 27.27 18.18 54.55 0.00 0.00
Huaning moun- 1 (P)/% 0.15 0.11 0.00 0.00 72.73 27.27 0.00
tain area w(KD/% 1.19 0.23 0.00 36.36 45.45 18.18 0.00
w(Ca)/% 457 0.07 0.00 0.00 90.91 9.09 0.00
w(Mg)/% 0.13 0.37 90.91 9.09 0.00 0.00 0.00
w(Fe)/(mg-kg') 104.15 0.25 0.00 0.00 81.82 18.18 0.00
w(Mn)/(mg-kg') 27.27 0.21 9.09 9.09 81.82 0.00 0.00
w(Zn)/(mg-kg')  14.30 0.16 100.00 0.00 0.00 0.00 0.00
w(Cw/(mg-kg')  8.13 0.50 9.09 18.18 63.64 9.09 0.00
w(B)/(mg-kg")  93.90 0.33 0.00 0.00 54.55 45.45 0.00
TEVLT w(N)/% 3.00 0.08 0.00 8.33 33.33 41.67 16.67
MEIX w(P)/% 0.13 0.07 0.00 0.00 100.00 0.00 0.00
Yuanjiang river (K)o, 1.43 0.17 0.00 0.00 66.67 33.33 0.00
dry-heat valley ~ w(Ca)/% 441 0.08 0.00 0.00 91.67 8.33 0.00
arca w(Mg)/% 0.41 0.35 0.00 33.33 33.33 33.33 0.00
w(Fe)/(mg-kg') 214.67 0.19 0.00 0.00 0.00 41.67 58.33
w(Mn)/(mg-kg") 161.93 0.37 0.00 0.00 8.33 83.33 8.33
w(Zn)/(mg-kg")  20.12 0.20 33.33 50.00 16.67 0.00 0.00
w(Cw/(mg-kg") 14.23 0.35 0.00 8.33 50.00 25.00 16.67
w(B)/(mg-kg')  76.89 0.36 0.00 0.00 83.33 16.67 0.00
B X w(N)/% 3.19 0.07 0.00 0.00 23.33 33.33 4333
Xinping moun-  w(P)/% 0.16 0.14 0.00 0.00 50.00 50.00 0.00
tain area w(KD/% 1.46 0.33 6.67 13.33 36.67 30.00 13.33
w(Cad/% 439 0.14 0.00 0.00 80.00 20.00 0.00
w(Mg)/% 0.32 0.40 6.67 53.33 23.33 16.67 0.00
w(Fe)/(mg-kg") 170.73 0.23 0.00 0.00 13.33 56.67 30.00
w(Mn)/(mg-kg") 153.75 0.95 0.00 0.00 56.67 33.33 10.00
w(Zn)/(mg-kg")  18.52 0.47 4333 26.67 30.00 0.00 0.00
w(Cw/(mg-kg")  19.30 0.94 16.67 13.33 23.33 13.33 33.33
w(B)/(mg-kg')  58.67 0.32 0.00 3.33 93.33 3.33 0.00
51 N 76.66% « 50.00% A1 43.33% 5 100% 4% il M Fr Ca (p<0.01), 13 A% Mn.B & &5 5 5H K Mn.B
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Table 5 Correlation analysis between the contents of soil available elements and leaf elements for citrus orchards in different

climatic regions in Yuxi

N P K Ca Mg Fe Mn Zn Cu B
T BT X -0.104 0.064 0.084 -0.027 -0.080 -0.095 0.310%* 0.382*%*  0.451**  0.319%
Huaning Nanpanjiang river
valley area
He X -0.270  -0.153 -0.398 -0.516 0.306 -0.246 0.480 0.035 0.118 0.432
Huaning mountain area
TCILFHI A X 0.367 0.247 0.268 0.042 0.842**  -0.462 0.331 -0.147 0.076 0.514
Yuanjiang river dry-heat
valley area
B X 0.240 0.156 0.154 -0.329 0.382%* -0.316 0.579** -0.446* 0.327 0.215

Xinping mountain area

T RO AR RIEIE R (p < 0.0 7KF RS A R MEIE . (p < 0.05)7KF. FIA.

Note: ** Correlation was very significant (p <0.01); * Correlation was significant (p < 0.05). The same below.
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Table 6 Correlation analysis between the contents of soil available elements and leaf elements for citrus orchards in Yuxi

N P K Ca Mg Fe Mn Zn Cu B
& Yuxi -0.080 0.069 -0.053 -0.044 0.119 —0.245*% 0.456%* -0.104 0.247* 0.438%**
FedBRERENMM, HRERTRSEATIES A el 38 2138 B A
”Jr)#Z.IEﬂ% ER R . b b RAE I IR TR F g R R A EA
. . 1, AT DUR I 3 2 R & mAR M ZE R ROK A
3%

MAETF L RE, =/ B 4N A XA
*%.ii%ﬁﬁﬁl\f/m\%%ﬁﬁ& AP AMK
TERPFE,NET I EEAFRP S EAL.
iiﬁﬁt?ﬁ%ﬁCa\ﬁc?ﬁ%@Mg\ﬁxﬂlanﬂfﬁtﬂfﬂ
TE T VL FA0 28 A~ Ll A el , 1 38 2B &
BEAREANMESKX ARGk, LHEEFHMCuE &
F& M X O T rE BLVL A AR L o . B AR
T RN bl 338 e AN P 2 A 2L Fe AT 2 Mn, 1X
AR5 Y Hh AT RN B R SR G OC, AL BN 1
B, B Fe.Mn & &FEF"".
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