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Abstract: [Objective] The study evaluated the contents of microelements in soils of citrus orchards in
Chongging. [Methods]Soil samples were collected from 567 representative citrus orchards in 15 main
counties (districts) of Chongging. [Results]The range of pH value of orchard soils was 4.1-8.7. Among
them, strong acid (pH<<4.5) soils occupied 1.41%:; alkaline (pH>7.5) soils accounted for 35.63%, and
alkaline soils were most widely distributed. There were 51.32% soil samples with suitable or appropri-
ate pH values (4.5-7.0) for citrus growth, but only 20.99% soil samples had a soil pH value range (pH
5.5-6.5) suitable for citrus growth. According to the distribution frequency of soil pH in orchards of
each county (district), the ratio of alkaline soil in Wushan was the highest, up t096.00 %. The ratio of
soils with a suitable pH in Fuling was the highest, which was 78.26%. The soil organic matter content
was low, and only 31.21% soil samples had a organic matter content over 15g- kg', among them, only
0.35% exceeded 30g kg'. The soil available Fe content varied greatly with a range 0f0.20-253.68 mg kg,
and its average content was 40.91 mg- kg'. 437 soil samples were rich in available Fe (suitable, high

and excessive range), which accounted for 77.07% of the total samples, and 46.74% of the soil samples
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had excessive available Fe. Among the counties or districts, the content of available Fe in the orchard
soils from Wanzhou was the highest, with all the samples in excessive range. The content of available
Fe was the lowest in the soils of Wushan, where 32% soil samples were insufficient for citrus growth
and 68% of the soil samples were in excess of available Fe. The available Mn content ranged from 0.16
to 100.47 mg- kg, and its average content was 3.36 mg- kg"'. Only 0.18% soil samples were suitable for
citrus growth, and 99.82% soil samples were in insufficient range. Insufficiency of Mn was common,
reaching 83.33% to 100% in different counties or districts. The available Zn content ranged from 0.12
to 14.63 mg- kg'. 46.38% of the soil samples were deficient in available Zn, and 53.62% of the soil sam-
ples were rich in available Zn. Among the counties (districts), Yubei, Liangping, Banan and Jiang Jin
had high levels of available Zn. The soils samples in each of these counties (districts) with rich availabe
Zn accounted for more than 70%. The soil available Zn content in Dianjiang, Kaizhou, Fengjie, Fuling,
Wushan and Zhongxian counties was low, and the percentage of soil samples with insufficient Zn con-
tent was higher than 50%. The available Cu content was 0.17-8.56 mg- kg'', and only 26.98% of the
samples were in low range, and 73.02% of samples were in or above suitable range and 39.86 % sam-
ples were in high or excessive ranges. The counties (districts) with low soil available Cu included Ban-
an, Fuling, Yunyang and Wushan. The available Cu content in over 40% of the soil samples was at low
level in these 4 counties (districts). The counties (districts) with high soil available Cu were Yubei, Dian-
jiang, Kaizhou, Liangping, Fengjie and Wanzhou. More than 80% of the soil samples in these 6 coun-
ties (districts) were in rich level. The available B was low, and its average content was 1.06 mg- kg'".
76.72% of the samples had an insufficient content, and only 23.10% were in suitable range. Changshou,
Banan, Fengjie, Yunyang, Wushan and Zhongxian had more than 80% of the soil samples with insuffi-
cient available B content, which was the highest in Yubei, where only 52.78% of the samples reached
the suitable level. [Conclusion] The soils of the citrus orchards in Chongging had a wide range of pH
value and a low organic matter content. The available Fe and Cu contents were medium rich; the avail-
able Zn and B contents were low; and the available Mn was deficient. For citrus orchard management,
attention should be paid to adjusting soil pH value and based on leaf nutrition diagnosis, appropriate
amount of supplementation of Mn, Zn and B containing fertilizers or organic fertilizers should be car-
ried out.
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Deficient

K& 2.5~4.5 50~100 0.5~1 0.1~0.5 0.25~0.5

Low

EH 4.5~10 100~200 1~2 0.5~1 0.5~1
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(G 10~20 200~300 2~5 1~1.8 1~2
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Table 2 Distribution of soil pH value and organic matter content in citrus orchards in Chongqing

H 73 A S AP ATE

20O FEASL gH distribution frequency/% Organic matter distribution frequency/%
County (district) Number of samples

<45 4.5~55 5.5~6.5 6.5~7.5  >75 <5 5~10 10~15 15~30  >30
iidt Yubei 36 0.00  38.89 27.78 30.56 2.78 2.78 19.44 58.33 19.44  0.00
#41 Dianjiang 18 0.00  66.67 5.56 0.00 27.78 0.00 27.78 38.89 3333 0.00
K7 Changshou 24 0.00  50.00 25.00 12.50 12.50 0.00 20.83 41.67 37.50  0.00
F¥J1 Kaizhou 97 0.00  20.62 21.65 27.84 29.90 0.00 20.62 53.61 25.77  0.00
7 Liangping 22 0.00  13.64 22.73 45.45 18.18 4.55 50.00 45.45 0.00  0.00
= 7§ Banan 22 0.00 13.64 13.64 22.73 50.00 22.73 63.64 13.64 0.00  0.00
VL Jiangjin 17 0.00 41.18 23.53 17.65 17.65 5.88 17.65 76.47 0.00  0.00
775 Fengjie 56 0.00 17.86 25.00 7.14 50.00 5.36 14.29 23.21 53.57 357
73N Wanzhou 15 6.67  60.00 3333 0.00 0.00 0.00 0.00 3333 66.67  0.00
75 F% Fuling 23 435 1739 78.26 0.00 0.00 0.00 30.43 30.43 39.13  0.00
7k JIl Yongchuan 13 0.00  30.77 15.38 0.00 53.85 0.00 23.08 46.15 30.77  0.00
[ Yunyang 67 299 2836 26.87 23.88 17.91 0.00 35.82 22.39 41.79  0.00
A 1l Wushan 25 0.00 0.00 4.00 0.00 96.00 0.00 8.00 56.00 36.00  0.00
F=4f Fengdu 41 2.44 7.32 12.20 26.83 51.22 0.00 21.95 39.02 39.02  0.00
M Zhongxian 91 330 17.58 6.59 13.19 59.34 0.00 35.16 40.66 24.18  0.00
K71 Total 567 141 2399 20.99 17.99 35.63 1.94 26.46 40.39 30.86  0.35
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Table 3 Contents and distribution of available iron in soil of citrus orchards in Chongqing

H(X) Rt TG SEH) T 3 Fe 43 4 A% Soil available iron distribution frequency/%

County(district) Number of samples Range/(mg-kg")  Average/(mg-kg") §:= Deficient %% Low &% Suitable it High i Excess

i1k Yubei 36 2.70~180.70 60.36 0.00 2.78 8.33 8.33 80.56

#YT Dianjiang 18 1.90~90.90 40.20 11.11 0.00 16.67 5.56 66.67

K73 Changshou 24 3.10~132.80 52.69 0.00 8.33 8.33 4.17 79.17

M Kaizhou 97 1.20~132.90 34.76 6.19 8.25 23.71 16.49 45.36

#:5F- Liangping 22 1.13~127.93 31.49 9.09 4.55 22.73 22.73 40.91

[ 7 Banan 22 1.00~92.05 20.55 31.82 13.64 13.64 4.55 36.36

YL Jiangjin 17 1.30~189.00 56.43 5.88 5.88 11.76 11.76 64.71

775 Fengjie 56 1.48~238.41 70.05 7.14 5.36 23.21 7.14 57.14

J3 MM Wanzhou 15 72.29~253.68 156.27 0.00 0.00 0.00 0.00 100.00

#5 B4 Fuling 23 0.77~26.44 3.59 73.91 8.70 4.35 8.70 4.35

7k )1l Yongchuan 13 1.00~95.02 19.25 7.69 15.38 30.77 15.38 30.77

2z [H Yunyang 67 1.00~168.90 39.94 17.91 8.96 10.45 10.45 52.24

FE LI Wushan 25 1.00~12.30 5.84 4.00 28.00 56.00 12.00 0.00

46 Fengdu 41 0.20~213.40 18.25 48.78 9.76 17.07 0.00 24.39

85 Zhongxian 91 2.68~197.76 37.21 0.00 18.68 28.57 13.19 39.56

St Total 567 0.20~253.68 4091 12.87 10.05 19.93 10.41 46.74
R A b A A Mn S BRI SEAL AL LBIRIE 99.82%, 1 0.18% T IEFE 4k

0.16~100.47 mg- kg' (£ 4>, {H K HEB 4> 1345 % Mn
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Table 4 Contents and distribution of available manganese in soils of citrus orchards in Chongqing

B (X) PE 4 i Ml I M 73 A

County Number of Range/ Average/ Soil available manganese distribution frequency/%

(district) samples (mg-kg" (mg-kg") Bk Z Deficient fikfe Low J&H Suitable i High i Excess
iirdt Yubei 36 3.40~52.29 22.25 97.22 2.78 0.00 0.00 0.00
#4Y1. Dianjiang 18 0.73~67.55 24.32 83.33 16.67 0.00 0.00 0.00
K7 Changshou 24 5.50~88.80 3223 83.33 16.67 0.00 0.00 0.00
FJ1 Kaizhou 97 0.54~90.43 15.01 94.85 5.15 0.00 0.00 0.00
#:°F Liangping 22 1.53~53.07 14.81 95.45 4.55 0.00 0.00 0.00
"7 Banan 22 0.52~24.92 6.36 100.00 0.00 0.00 0.00 0.00
YL Jiangjin 17 1.82~50.20 18.37 94.12 5.88 0.00 0.00 0.00
277 Fengjie 56 2.22~84.78 17.92 89.29 10.71 0.00 0.00 0.00
JiJH Wanzhou 15 1.82~59.47 16.05 93.33 6.67 0.00 0.00 0.00
WP Fuling 23 0.36~17.57 2.37 100.00 0.00 0.00 0.00 0.00
7k )1l Yongchuan 13 0.94~49.25 11.96 100.00 0.00 0.00 0.00 0.00
= [H Yunyang 67 0.59~87.87 17.25 89.55 10.45 0.00 0.00 0.00
Ak 111 Wushan 25 0.93~20.05 7.41 100.00 0.00 0.00 0.00 0.00
F-4f Fengdu 41 0.16~27.00 3.36 100.00 0.00 0.00 0.00 0.00
18 Zhongxian 91 1.16~100.47 18.86 89.01 9.89 1.10 0.00 0.00
1T Total 567 0.16~100.47 15.69 93.12 6.70 0.18 0.00 0.00
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Table 5 Contents and distribution of available zinc in soils of citrus orchards in Chongqing

H(X) RS J0 B SEHE T3 2% Zn 43 A AL Soil available zinc distribution frequency/%
County (district) ~ Number of samples Range/(mg-kg') Average/(mg-kg") #i= Deficient &% Low & Suitable & High i & Excess
ik Yubei 36.00 0.20~10.40 2.64 5.56 2.78 41.67 38.89 11.11
YT Dianjiang 18.00 0.30~3.50 1.11 27.78 44.44 5.56 22.22 0.00
K7 Changshou 24.00 0.40~4.10 1.23 4.17 41.67 50.00 4.17 0.00
JF M Kaizhou 97.00 0.20~9.00 1.04 14.43 49.48 28.87 6.19 1.03
Y25 Liangping 22.00 0.49~3.80 1.92 4.55 9.09 45.45 4091 0.00
[ FJ Banan 22.00 0.64~3.13 1.54 0.00 18.18 63.64 18.18 0.00
YL Jiangjin 17.00 0.70~6.30 2.38 0.00 11.76 35.29 47.06 5.88
271 Fengjie 56.00 0.12~3.38 1.12 37.50 16.07 26.79 19.64 0.00
J3 M Wanzhou 15.00 0.46~2.81 1.71 6.67 26.67 26.67 40.00 0.00
#5 B Fuling 23.00 0.23~2.05 0.87 21.74 47.83 26.09 435 0.00
7k )1l Yongchuan 13.00 0.81~14.63 2.64 0.00 30.77 46.15 15.38 7.69
2z [H Yunyang 67.00 0.30~6.40 1.50 597 25.37 47.76 19.40 1.49
AE 111 Wushan 25.00 0.30~2.30 0.73 48.00 32.00 16.00 4.00 0.00
£ #0 Fengdu 41.00 0.40~5.80 1.73 2.44 31.71 43.90 19.51 2.44
F8E Zhongxian 91.00 0.25~5.62 1.03 13.19 47.25 34.07 4.40 1.10
&7t Total 567.00 0.12~14.63 1.39 13.93 3245 35.63 16.23 1.76
P 50% . AL TREKCT ;s A R Cu F B i B (XD
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Table 6 Contents and distribution of available copper in soils of citrus orchards in Chongqing

H(X) RS FeAGER ] SE{E HEA 2 Cu s AR Soil available copper distribution frequency/%
County (district) ~ Number of samples Range/(mg-kg") Average/(mg-kg") = Deficient ff# Low & Suitable @ High T Excess
JrE Yubei 36 0.19~3.76 1.35 0.00 11.11 3333 30.56 25.00
#4T. Dianjiang 18 0.48~2.44 1.19 0.00 11.11 38.89 27.78 22.22
7 Changshou 24 0.19~2.11 1.11 0.00 20.83 29.17 29.17 20.83
JFJH Kaizhou 97 0.22~2.45 1.02 0.00 18.56 35.05 39.18 7.22
#F Liangping 22 0.60~2.77 1.07 0.00 0.00 59.09 31.82 9.09
= 7§ Banan 22 0.23~1.24 0.61 0.00 40.91 50.00 9.09 0.00
YL Jiangjin 17 0.32~2.06 1.09 0.00 23.53 17.65 47.06 11.76
7271 Fengjie 56 0.18~8.56 1.86 0.00 12.50 26.79 17.86 42.86
73 Wanzhou 15 1.15~4.04 1.96 0.00 0.00 0.00 46.67 53.33
Wi B Fuling 23 0.22~1.90 0.49 0.00 69.57 17.39 8.70 4.35
7k )1l Yongchuan 13 0.28~1.40 0.65 0.00 38.46 46.15 15.38 0.00
2 [H Yunyang 67 0.17~2.10 0.84 0.00 40.30 25.37 28.36 5.97
AE 111 Wushan 25 0.29~3.68 0.80 0.00 56.00 28.00 4.00 12.00
=4 Fengdu 41 0.19~4.76 0.85 0.00 31.71 46.34 17.07 4.88
18 FL Zhongxian 91 0.21~3.70 0.91 0.00 31.87 36.26 20.88 10.99
ST Total 567 0.17~8.56 1.06 0.00 26.98 33.16 25.57 14.29
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Table 7 Contents and distribution of available boron in soils of citrus orchards in Chongqing

H(X) FE S BERsaLIE S 3 3 B 43 A Al Soil available boron distribution frequency/%
County (district) Number of samples Range/(mg-kg")  Average/(mg-kg") 4= Deficient it Low &7 Suitable & High i Excess
ifiidt Yubei 36 0.17~0.90 0.52 16.67 30.56 52.78 0.00 0.00
#4T. Dianjiang 18 0.09~0.88 0.37 50.00 16.67 3333 0.00 0.00
K4 Changshou 24 0.09~0.88 0.28 66.67 20.83 12.50 0.00 0.00
JFH Kaizhou 97 0.03~0.89 0.46 25.77 31.96 42.27 0.00 0.00
°F Liangping 22 0.17~0.87 0.41 27.27 40.91 31.82 0.00 0.00

= 7§ Banan 22 0.11~0.64 0.30 50.00 36.36 13.64 0.00 0.00
YL Jiangjin 17 0.03~0.78 0.37 23.53 52.94 23.53 0.00 0.00
7271 Fengjie 56 0.06~1.41 0.23 83.93 10.71 3.57 1.79 0.00

J3 Mt Wanzhou 15 0.05~0.72 0.39 33.33 40.00 26.67 0.00 0.00
HiB& Fuling 23 0.17~0.65 0.38 26.09 47.83 26.09 0.00 0.00
A Yongchuan 13 0.18~0.70 0.42 7.69 69.23 23.08 0.00 0.00

2 A Yunyang 67 0.06~0.87 0.35 31.34 50.75 17.91 0.00 0.00
AE1L Wushan 25 0.12~0.51 0.29 40.00 56.00 4.00 0.00 0.00
FAL Fengdu 41 0.17~0.84 0.45 14.63 48.78 36.59 0.00 0.00

M H Zhongxian 91 0.08~0.70 0.32 27.47 67.03 5.49 0.00 0.00
STt Total 567 0.03~1.41 0.37 34.92 41.80 23.10 0.18 0.00
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TE H A A7 [l A AT it FH 7R oA /> P K 552 R, M A
T 75 B AR 0 & B 3 e iAo AR A
AT BRI, IR RS IR G ER IR R
X R AR o> B

G LM EE R TR EENEEAR
Z, L BER VHU BRI R B T s R R B R
pH AL 7 5 S50 2 5 1 L 2 e A

AW Fe 5 R B, B PO A7 el L 3 R Mn 7 HE
1A 99.82% T IEAE S A M Mn F R AR s (HEA K
Fe BB LM EAAZ, R 22.92%. —
R Fe R Mn ¥ I 47, ABF 45 RAKFFE X
— R, 7T BE A EDK T AT [ 33 o bR v R G
L1 SRR FH VIV 4 R ARG [l ) B AR R R T B R

FChRvE , DA 2L Fe10~20 mg- kg NiE H , B 3L
Mn 50~200 mg- kg J9Id& B, W AT 75 45 R 42.85%
(1) 1 e G R Fe & BN 2 0 93.2% 3B FE 5 A AL
Mn &8 R, X5 HRE A+ 258 5 6t Fe™, LA
Je FH [) W % 38 B P FH A SR Min 3853 5 Fe #5235 36 11
SR —F. HIA I, R TG E IR 12 Wi
77 T IE B A R () L3547 2% Fe . Mn 70 3R 7 HbnitE
(Fe 4.5~5 mg- kg'i& H ,Mn 100~200 mg - kg i& )
(ERSTIEE

THS R AR T H PR =0k R (X 74.66% HH i i i
R Zn &R Z AW FLE T4 B g RN R oR E K
I e 46.38% L IERE A A Zn B EAE , 5 SR %
LR IE W E R 70.7% IR R Zn HROR E R
FEFEHATREA LT 24710 — R BRI RE
{6 3R R SRR B 9, TN R A ] 135
TR R S, R T EEP SR 2 X I
AL AR MR, HAE M ER D, A 1044
Uk, AHIFFULE 15 B (X KA 1) 567 A L3R FE S
FAF K 46.38% 1 [l HIBH M Zn HEA R MEE R
A% AN LS S T E PO A Tl 3 R Zn K
Vo Al 5E HRIEEPIHRGE, KRR LA R
30aid % 1, HK B R Zn & EIFARA 2L
R

= o

S E A AT e 3 2 Cu A A2 A ER Y
5.09%~16.8%AN &1, AHf 7% 2 B 28 oA bl 1= 3
B Cu A 2 I e i e, 18 21 26.98%, Tt IR A, B
T EEERAURFE AN, 53— AN AR K 1 R R AT AR
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& B R 7 X B AR A It » A2 Bl A A
B Cu A TE I Wb W VL S5 R A V5 020 076 [X 48 it
TR A BN T RIEA A Cu .

AN BB SR B, T 2R Al A [l - 358 5k B EE A7)
51.4%C9, W1 b AH A il 77.4% 3% B B, #5794 il 15
st I 92.4% 8k B AL 3 85.7% Bk B, |
VG g 7= 2 A T el 39 100% 6 BE, 3 v 187 4 A bl 1=
A B S B AL L5 80.95%Y . ASHIF 4T LK
M A bl 3 A B A 2 B AR &, I8 F
76.72%, 1t B 15 M A7 el -3 B LU et ol , 1% o 2
5 3R A Pl 3 Rl BERTAA G, S A S KO PR
T EA A AL 72 EAK E AL B RE R A A O, B A
B JUAFE A 146 A A % B AR [t A, = B2 b i
W% it 1~2 7K 0.05%~0. 1% I > SSOR 8 1 » B
YA A ER B A AL, (H DRI TH VR FEAR R A K, Xf 42
A IS BRMER T HR.

4 4w

PO A7 bl 1 398 pH AR i 4.1~8.7, B 1 L3 Lb
Bl RIEAPURE S . LA M Fe S RECNE
A MM Z , 5 52 Fe FIH Mn & FE 77X 260
HEARAF, 1% 0] G A2 PR o EE DA A7 el 398 73 b v R
HHE. ERTEANCuEERFEEMELSE KA
X AH EEAS A2 LA i e » Bk 322 0 o, 5 AR = 3
RRKR. TEEWZn & RMWIC, HRUB & REGHr
Zo MHEA T b N ALY L3 pHAE , 45 &
FRAL W iE B AN 78 & Mn B Zn [0 7T R BRI EE
B,

B A RN, L BEHEEXERINERT
AL BT KE AN P EHLEETS
M.oER AN = R L, E28 22415 E(X)
KA Ry R By, CARCES 4 A8 K A R A B T B
I — B
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