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Abstract: [Objective]In recent years, citrus industry in Guangxi Province has developed rapidly be-
cause of the continued high price of Shatangju and the introduction of high-sugar and low-acid of Orah
varieties, coupled with the spread of banana yellow leaf disease and the decline in sugarcane benefit. In
2017, the planting area of citrus was 0.44 million hm’, and its output also reached 6.87 million tons,
which accounted for 40% of the total annual fruit production in Guangxi Province. The citrus growers
in the province have overly relied on chemical fertilizers and used a large amount of N and P fertilizers
for pursuing higher-yield output, while ignoring the other elemental fertilizers, which caused the occur-
rence of some problems such as the instability of citrus production, the deterioration of fruit quality and

chlorosis symptom of deficiencies or toxicities, etc. In China, the research about balanced fertilization
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in citrus guided by leaf nutrition diagnosis standard was still in its infancy. In order to explore the nutri-
tional status of citrus trees in Guangxi Province, leaf macro-elements and mid-elements were systemati-
cally studied, which provided a theoretical basis for balanced fertilization of citrus in this region. [Meth-
ods]In 2017, the collected leaf samples of citrus were from 207 orchards of 15 districts in Guangxi, Chi-
na. 120 leaves were selected and collected in four directions from 30 trees per orchard. Then, macro-ele-
ments and mid-elements of six-month-old spring flush leaves from nonfruiting twigs were analyzed.
The results were divided into five categories: deficient range, low range, optimum range, high range
and excess range, according to the guidelines for interpreting the standards of citrus tree leaf analysis
from the integrate data in USA and China. [Results]1The contents of nitrogen (N), phosphorus (P), po-
tassium (K), calcium (Ca), magnesium (Mg) and sulfur (S) elements were (29.70+2.75)g- kg™', (1.25+
0.14)g- kg™, (14.87+£5.49)g-kg ™', (33.47+8.44)g - kg™, (2.52+0.72)g- kg™ and (3.03+0.62)g- kg™', respec-
tively. The lack of N and K contents coexisted with the excess. The orchards having leaf N and K con-
tents with low range and below accounted for 13.53% and 30.43%, respectively, and those with high
range and above for 45.41% and 27.05%, respectively. The N content of 1/3 of citrus orchards in
Guangxi Province remained high range and excess range, except for Long’ an County, Mashan County,
Quanzhou County and Laibin County. However, there was still insufficient of N content in some dis-
tricts such as Debao County, Long’ an County, Mashan County and Quanzhou County. It was worth
mentioning that leaf N deficiency accounting for more than 50% orchards occurred in Debao County,
Long’ an County and Mashan County. Leaf K content in nearly 1/3 of citrus orchards was above opti-
mum range. Among them, the orchards having leaf K content with high level and above accounted for
more than half in Fuchuan County, Laibin City, Lingchuan County, Long’ an County and Zhongshan
County. In particular, over 80% of the orchards in Laibin City, Long’an County and Zhongshan County
were above optimum range. Nevertheless, there were K insufficient problems in the leaves in nearly 1/3
of the orchards in Guangxi. Among them, the K content of more than 48% of the orchards in Mashan
County, Quanzhou County and Wuming County were at low range and deficient range. P, Ca and Mg
contents were mainly at optimum and low range, and the proportions at the optimum range were
67.63% , 63.77% and 51.21% , respectively, while the proportions below the optimum range were
32.37%, 35.75% and 48.79%. Except for Fuchuan County and Zhongshan County, the problem of P in-
sufficiency existed in all the regions. Particularly, leaf P content in over half of orchards in Lipu County,
Lingchuan County, Long’ an County, Mashan County and Shanglin County had a low level. Leaf Ca in
1/3 orchards was insufficient, and more than 50% of the orchards in Laibin City, Lingchuan County,
Shanglin County, Xing’an County and Yangshuo County had a low Ca range. Leaf Mg content of near-
ly 1/2 orchards were lack, and those being below optimum range accounted for more than half of the or-
chards in Debao County, Laibin City, Zhangpu County, Lingchuan County, Long’ an County, Shanglin
County and Zhongshan County. In Lingchuan County, Long” an County, Shanglin County and Zhong-
shan County, leaf Mg content in more than 50% of the orchards was at deficient level. 92.75% of the or-
chards had a S content at optimum range. [ Conclusion] Macro-elements and mid-elements of citrus or-
chards in Guangxi Province showed obvious unbalanced nutrition. It is recommended that N and K fer-
tilizers be added for the orchards with low contents, and controlled for those with high contents. More-
over, a supplement of appropriate P fertilizer is needed. More importantly, Ca and Mg fertilizer are em-
phatically complemented to ensure that the citrus trees grow up healthy with balanced nutrition.
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Table 1 Guidelines for interpreting citrus tree leaf analysis

based on four- to six-month-old spring flush leaves from

nonfruiting twigs wlg kgh
532 Class N P K Ca Mg S
ik Z Deficiency <25 <1 <7 <16 <2 <14

= Low range 25~27 1~1.2 7~12 16~30 2~2.5 1.4~2
& % Optimum range 27~30 1.2~1.6 12~17 30~55 2.5~5 2~4
i i High range 30~32 1.6~3 17~20 55~70 5~7  4~5

it & Excess range  >32 >3 >20 >70 >7 >S5

2 SR

21 HMANEBECERSH

HEZ 2 A0, T VE ARG v N R G, JE RD 23
i 7E 22.38~40.14 g- kg, “F#5°8(29.7£2.75) g kg''»
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Table 2 Leaf nitrogen content in citrus orchards in Guangxi
B R
Hi[X wOPFHED Percentage for classification of nitrogen/%
Average N/ — —
Area (@ ke') = k&= & ey o &
Deficient Low Appropriate High Excess

I X Wuming 30.6842.17 ¢ 0.00 3.03 30.30 36.36 30.30
7 2 J X Xixiangtang 30.29+2.26 ab 0.00 11.11 33.33 44.44 11.11
M B Shanglin 31.29+3.21 abe 0.00 0.00 30.00 40.00 30.00
[% % B Long an 27.89+2.35a 0.00 55.56 33.33 0.00 11.11
11y B Mashan 26.50+3.06 a 33.33 16.67 33.33 16.67 0.00
KA B Yongfu 30.56+3.44 be 0.00 14.81 33.33 14.81 37.04
# )1 B Lingchuan 31.13+1.79 ¢ 0.00 0.00 16.67 66.67 16.67
W7z B Xing” an 29.99+1.62 ¢ 0.00 0.00 57.14 28.57 14.29
# il & Lipu 30.79+2.57 a 0.00 0.00 50.00 16.67 33.33
421 E: Quanzhou 27.26+2.05 ab 19.05 14.29 57.14 9.52 0.00
[H 3 B Yangshuo 29.61£2.28 a 476 0.00 57.14 23.81 14.29
ff11) 2 Zhongshan 30.66+1.29 ab 0.00 0.00 28.57 42.86 28.57
& JII & Fuchuan 29.71+1.11 ab 0.00 0.00 50.00 50.00 0.00
R E Debao 27224244 a 2222 33.33 11.11 33.33 0.00
KT Laibin 28.80+1.67 a 0.00 10.00 70.00 20.00 0.00
&1t Total 29.70+2.75 435 9.18 41.06 26.09 19.32

AR RERFREEER. .
Note: The different letters means significant difference at 5% level. The same below.
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Table 3 Leaf phosphorus content in citrus orchards in Guangxi

Wl o L
b [X wCEHED Percentage for classification of phosphorus/%
Area Average P/(g- kg") = = & e SR,
Deficient Low Appropriate High Excess

Y X Wuming 1.28+0.11 be 3.03 15.15 81.82 0.00 0.00
7 2 X Xixiangtang 1.17+0.14 a 11.11 22.22 66.67 0.00 0.00
bk & Shanglin 1.25£0.17 cd 0.00 50.00 50.00 0.00 0.00
B % E Long an 1.16+0.10 cd 0.00 55.56 44.44 0.00 0.00
5111 5L Mashan 1.10£0.13 cd 16.67 66.67 16.67 0.00 0.00
7Kk A B Yongfu 1.26+0.09 cd 0.00 18.52 81.48 0.00 0.00
R )I| B Lingchuan 1.212£0.08 d 0.00 50.00 50.00 0.00 0.00
22 H Xing an 1.20+0.09 ab 0.00 42.86 57.14 0.00 0.00
# i & Lipu 1.2120.09 cd 0.00 50.00 50.00 0.00 0.00
4= JH B Quanzhou 1.34+0.12 cd 0.00 19.05 80.95 0.00 0.00
B ¥ £ Yangshuo 1.23%0.15 be 476 38.10 57.14 0.00 0.00
#1112 Zhongshan 1.43+0.07 cd 0.00 0.00 100.00 0.00 0.00
& JII &L Fuchuan 1.4240.11 be 0.00 0.00 100.00 0.00 0.00
HEfRE Debao 1.24+0.13 be 0.00 33.33 66.67 0.00 0.00
K FETl Laibin 1.19+0.19 a 3.03 15.15 81.82 0.00 0.00
41t Total 1.25+0.14 2.90 29.47 67.63 0.00 0.00
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Table 4 Leaf potassium content in citrus orchards in Guangxi

B % LA
H X WwOEH A Percentage for classification of potassium/%
Area Average K/(g- kg™ s (o i R E
Deficient Low Appropriate High Excess

M X Wuming 12.71+3.04 ef 0.00 48.48 42.42 6.06 3.03
i £ %X Xixiangtang 15.55+4.45 abede 0.00 11.11 55.56 11.11 2222
MR B Shanglin 13.4242.50 ab 0.00 20.00 70.00 10.00 0.00
F% 2¢ 5 Long " an 20.98+3.87 de 0.00 0.00 0.00 55.56 44.44
1]} H Mashan 13.29+3.76 bede 0.00 50.00 33.33 16.67 0.00
K AR Yongfu 19.25+8.19 a 0.00 14.81 48.15 3.70 33.33
# )1 B Lingchuan 16.19+3.26 de 0.00 0.00 50.00 50.00 0.00
M7z B Xing an 17.60+7.19 £ 0.00 0.00 71.43 14.29 14.29
7 i & Lipu 13.83+2.97 de 0.00 25.00 58.33 16.67 0.00
4= M & Quanzhou 8.97+2.060 cde 19.05 76.19 4.76 0.00 0.00
[H ¥ £ Yangshuo 12.52+3.14 ef 476 33.33 57.14 4.76 0.00
111 B Zhongshan 20.09+3.33 abed 0.00 0.00 14.29 42.86 42.86
‘& JI| & Fuchuan 16.93+1.42 ef 0.00 0.00 50.00 50.00 0.00
R E Debao 13.06+4.98 abc 0.00 33.33 55.56 0.00 11.11
K17 Laibin 19.97+3.83 ab 0.00 48.48 42.42 6.06 3.03
£rit Total 14.87+5.49 242 28.02 42.51 14.98 12.08
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X A A7 el Ca £ 2 S A T3 & 2 LU R 7K

R SIERH, Ca B FELA TEREAKFHE
(T DOAEREENNE S E R S0 E,
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Table S Leaf calcium content in citrus orchards in Guangxi
EE R
X WwCEH AR Percentage for classification of calcium/%
Area Average Ca/(g- kg - . o .
ge Callg ke') "z & &R B on!
Deficient Low Appropriate High Excess
H Y [X Wuming 38.30+7.30 a 0.00 12.12 87.88 0.00 0.00
i £ J§ X Xixiangtang 38.06+7.04 be 0.00 11.11 88.89 0.00 0.00
- #k & Shanglin 30.14+5.91 be 0.00 50.00 50.00 0.00 0.00
K22 L Long an 31.2943.26 be 0.00 44.44 55.56 0.00 0.00
111 £ Mashan 35.16+6.58 be 0.00 33.33 66.67 0.00 0.00
/K42, Yongfu 29.29+6.76 be 3.70 44.44 51.85 0.00 0.00
R JIIE: Lingchuan 33.54+11.74 be 0.00 50.00 50.00 0.00 0.00
M2 5L Xing an 27.44+5.740 be 0.00 71.43 28.57 0.00 0.00
7 i £ Lipu 32.46+£10.02 be 4.17 41.67 54.17 0.00 0.00
4= Quanzhou 32.5145.18 ab 0.00 33.33 66.67 0.00 0.00
B £ Yangshuo 31.55+9.71 ab 0.00 52.38 47.62 0.00 0.00
Bl B Zhongshan 34.46+5.17 ¢ 0.00 14.29 85.71 0.00 0.00
& JII & Fuchuan 33.13+2.55 be 0.00 0.00 100.00 0.00 0.00
%5 Debao 44.64+10.52 ¢ 0.00 11.11 77.78 11.11 0.00
K17 Laibin 31.23+10.06 be 0.00 12.12 87.88 0.00 0.00
£rit Total 33.47+8.44 0.97 34.78 63.77 0.48 0.00
*6 IAHBEMHREEE
Table 6 Leaf magnesium content in citrus orchards in Guangxi
LRI A
Hi X wCPEHES Percentage for classification of magnesium/%
Area Average Mg/(g-kg") = K& &R = o
Deficient Low Appropriate High Excess

HY X Wuming 2.79+0.62 bed 9.09 27.27 63.64 0.00 0.00
75 £ ¥ [X Xixiangtang 2.610.68 abc 11.11 33.33 55.56 0.00 0.00
- #k & Shanglin 2.23+0.84 abc 50.00 0.00 50.00 0.00 0.00
F# 22 L Longan 1.910.96 abc 66.67 0.00 33.33 0.00 0.00
111 L Mashan 2.6140.33 bed 0.00 33.33 66.67 0.00 0.00
7K A B Yongfu 2.87+0.82 cd 14.81 22.22 62.96 0.00 0.00
R JII & Lingchuan 2.05+0.73 ab 50.00 33.33 16.67 0.00 0.00
M2 B Xing an 2.77+0.69 ab 14.29 28.57 57.14 0.00 0.00
7 il £ Lipu 2.40+0.70 abed 29.17 33.33 37.50 0.00 0.00
2= J11 H: Quanzhou 2.66+0.62 ab 19.05 14.29 66.67 0.00 0.00
FH ] £ Yangshuo 2.51£0.62 a 23.81 19.05 57.14 0.00 0.00
Bl B Zhongshan 1.69+0.42 a 71.43 28.57 0.00 0.00 0.00
& JI| & Fuchuan 2.58+0.30 abc 0.00 37.50 62.50 0.00 0.00
TR Debao 2.05+0.68 a 44.44 33.33 22.22 0.00 0.00
K IETH Laibin 2.45+0.39 d 9.09 27.27 63.64 0.00 0.00
A1l Total 2.52+0.72 24.15 24.64 51.21 0.00 0.00

X 22z B BH A B A GkAE B B bl g il
62.5% -+ 66.7% 66.7% 55.6% -+ 63.6% 57.1% 57.1%
F163%; £ LA TACE L UL N K PFRA SRR CRE
7S RN B B B L B, FRT o B 4y
WA 77.7% 60% 62.5% - 83.3% 66.7% F1 100% ; 1M
AR B & E G Z KA & 50%.
26 HMESEECEERSH

HHR 7w A, o XM ARG S &

B AR

1.91~7.01 g- kg, *F-#4(3.03£0.62) g kg'. HHH,
I B DU R RSP JE & KCE BLR i S BL K43
il o R FEAR L 1.4%1.92.8% 1 5.8%, R BT G 7= [X A
I S & & Sk FiE K

B 738 AT A0, 14 A4S R A B G O MG S
TEFELTERENKT A2 HX . EREFE

2 B B R A A TR E s Qg B R )1 BRI RH
ﬁ E\“n %.E/])lh Eﬂl? &W\J:ﬂ(qzo
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Table 7 Leaf sulfur content in citrus orchards in Guangxi
B 14y )% el
X WwCERIED Percentage for classification of sulfur/%
. -1
Area Average S/(g- kg") s e Eh i R
Deficient Low Appropriate High Excess
HM X Wuming 3.74+0.83 be 0.00 0.00 72.73 21.21 6.06
i 2 I X Xixiangtang 2.99+0.68 cd 0.00 11.11 88.89 0.00 0.00
b4k £ Shanglin 2.72+0.43 cd 0.00 10.00 90.00 0.00 0.00
[% % F Long”an 2.67+0.43 cd 0.00 11.11 88.89 0.00 0.00
5111 5 Mashan 2.31+0.21 ab 0.00 0.00 100.00 0.00 0.00
7K A& £ Yongfu 2.70+0.37 de 0.00 0.00 100.00 0.00 0.00
R )I| £ Lingchuan 3.60+0.58 ¢ 0.00 0.00 83.33 16.67 0.00
M2 B Xing an 2.75+0.54 cd 0.00 0.00 100.00 0.00 0.00
74 -E: Lipu 3.12+0.29 de 0.00 0.00 100.00 0.00 0.00
42J| £ Quanzhou 2.87+0.42 cd 0.00 0.00 100.00 0.00 0.00
[H A £ Yangshuo 2.96+0.41 a 0.00 0.00 95.24 4.76 0.00
111 2 Zhongshan 2.70+0.28 cde 0.00 0.00 100.00 0.00 0.00
& JII 2 Fuchuan 2.84+0.11 cd 0.00 0.00 100.00 0.00 0.00
% & Debao 3.26+0.40 de 0.00 0.00 100.00 0.00 0.00
K217 Laibin 2.97+0.57 de 0.00 0.00 72.73 21.21 6.06
41t Total 3.03+0.62 0.00 1.45 92.75 4.83 0.97
3 B @ 1 R 28 AN o DRI, T 7 77 XM ARG L B e 2
> W

30 TAFXHBHAFAETENEFFRRR
B AEMBLRMRELRZ — AAES
IR A K PR T 0 A B P i DA S 4
FORUE R 10 8 5 T R 2 5 R T AR AR
W, SRR S R PR, FESEE L LA B R PG PE
S RHA 7 b s T SR A ORI O B D 150~
250 kg- hm; 171 8 75 & BRI VL PG L # PN e IX
6 A4 A &0 BE Bt & 4> ) Dl 387.98. 548.87.597.27
kg hm? ¥, B3 | R IE E R B &, /e &
it e . AR B, B 76.23% LA L [ RS
A BT mE LA KT, 8K =0k X 39.5% LA
RER R I R RS AT R R DL KRR, AT
W AR VG 45.4% 1M v B S B Ab T e & DL EK
Bk mEAN AR B G XO 13 B R R A
BT REEU EAKTE. XA 2 R 5k 1
RIS T5 Yo 5 A, 17 H 2 i s MR A B i i 5l it
B 0, 25 0 R R O B R AR R B Ah, A
TR BT PR AR L B B T B A M A
AN HE X R AR S BAS R ILR, Rl 2 R (B
22 ELAT I 11 B 50% LA b i SR e A7 AR S BN 2 B
B, IX ] A 5 I L b [X g el ST AR R 2 L 2 NP R
T3 RAERE ) 2 A % I Bl TR R %, iR
BT T R N2 AR P 3B — U 0, AT 5

HAEUE 5 JC 3 AL I ), — D7 TH 2 it F R 3R
BUAE, Jek /b 338 580 25 IR 2K 5 o — 7 ThD TG AL A Tt o
B R R RO SRR o O =X, R b 2 R b A
RE IR R, L3R s R R 2

ok, R YR NV 2 EEA AW A
g% B 2 oA A F R I B K A B IR G, A
I S 32 AT R A SR St R s — 7 T G SR [l DA
N, RIERR AT, B S M Ak e, S8
B R Z P 5 — T T PG AT AR S S BN D B
A IR A M 45 98 ARG, Fo= B B S TE N
P35 KT, Bk ) R SR B TR s Iz, TV AR SR [
3 A7 7E IR A O 2 s R AN A, B R AR R
XoF Tl PRI IR SCRI Y o DRI T 7 R A SR Bl B B sl
SR, ARSI R B, B E )2 A L A
JUPEHARE G DO R E A — E RN 2
R, RS RN EE BB Bk
B SAHIX 172 DL B S @ & &4 TR E
JCAR Ko BT 75 21 338 AH A L7l fiite i A, LA 2%
1 32 2 BLRAE 0~10 cm )2 PN, 1 AH A 1 358 4 1
WK 28 90 A1 76 20~40 cm 1 2, 5 S0 &) o 1 358 [
SE T A DA A A AR 2R Wi, BRI E ) 1 AS B R AR
it 77 25 Wb 2508 Tk ) it 7 2K Tl PR it R AR R A AL
5 HUIE TR & 3 VX 5 T it

= B G R P TR K, A RS
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7% B 5 M) JHAth e 2R 0 WAL T R 2 s e B S TR
ANPTILVEDT e WA = b R IA [ S8 AR ) 3 B &R
150~200 kg- hm'*, 1 /" 74 FH A [l 9 8 it FH &
563.06 kg hm™ &, S 3 /5 T R 3A B 51 it I AK -, 1)
Gy fE AR R B S IR i, A (S AR R At ot 2R IR
W 52 3 5 mal, 17 L3 2 15 SR RORE RS SR SR FE 1 2
M SRSt B o AR SC A AR B P 1/3 S [l
RS B E A, o, BB CRER R
BB ELAR L B S AN b X 50% DL E ) T AE
EAHEEIR, LHEREN  E LML 253
ANHiLIX 80% LA F ¥ R el i 8 B A T E L A b
Ko eAb, AT 1/3 B 1 RS B AR L
], Forp Byl B A By B2 3 AN B 48%
DA b iy S o 4 A TR R L BA R K. X
BUR T 5V R DL oh 3, R R ™
H, A U A R ) — 5 T H A i AR £ R
SO 7 2, A U AE I R ) R RS SRS, A B
FH AT AR 2R W UL ™ oz, DR & e FH 60 HEL , 2608 3 e e
A X5 90 PR IR A9 2D o DR, AN b e X e
X B R F VA it g =X, ik = B Ak IR S5 a AR I &
it DACK R g8 4 v R S MR
32 TASFRHEBHAEPETERNEFRFRIKR
MG KR 8 A CaMg S IR SR EALIR T N,
PAIK, HEEmHEKERMEERNEKZ —. H
o, BTS2 B R R AT 24 R LT R SR IR s T R 2
75 AR I e SR B AR, 7 B B I A A Bk 2
o IR 2 ABL SR B 1 i K AR AR AL AR SR R
B, 1 G M A7 AE Ca F Mg & B AN A2 1) B, T 446 K3
SRS SEIEW. 13 RECag &AL, Hip
RFENRNE BB 2z B RS S AN X
50% LA b1 B 1 Ca & 5 AG TR R K 53T 172 R
Mg & AR, P AR R Sk E R
BB B EARE AT B A T AN X 50% DL 1
RIS AL TR R K LR AR Rl &R FE
2 B EARE A B 50% L i RS AL T
FEE R IKSE HA s . I RE RS
PAF =5 TR A O — ) PH R 1 -3 1A
AL 00351 R AT AR R 0045 LB RIS, T B Mg Tt R AR
Sy R G B 58 v mT gk AR R AL 1) A R B B TR
B R T AR SR A AL e F A, AR e b DL Oy
AL 3, v B T SR IE AR D A N T
1B 45 B AR F T 2 e AR AR 6 Ca At Mg (RS, T

LA I ) o Bt P 2 o0 I R R R A,
BUR A XS Ca il Mg &5 7 MR SR b = 8 ¥ i
iR 7 A3 B RO R R ORE R EH
b, VAR AR 7 DXE 2Rl I e P R it 7 A0 4
TEES HEANBE AL , $72 i 3 pH (B, P 7 & & FR TR 0
PR, DL i A S B At o

4 45 w

ZE LR, AR A NP LK Ca Fl Mg TG 3
EIEHE A, HP NRAK TESEAESHE
A7, b T K& S BLR K 1 35 B 2
13.53%%1130.43%, 1M &b T~ 1y & 2 BA B 7KSP 1 bl Agi] 43
5N 45.41%H1127.05% ; P Ca fil Mg 7T & L ZAFAE &
AN R 0] R, AR S B KT B EG A 43 R 67.63%
63.77% 1 51.21% , 1 £EAIK & A LU 7K1 1 B N
32.37%,35.75%F1 48.79% ; 7= [X &t KB 43 Hi [X. S Jo
RoEIEE, LT EEAKF A 92.75%. 57
bR il A NGKOAE & &R 7S PR, E AR AR 7S Ca
Mg A, B CRAN A2 IE AR K
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