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Effects of foliar spraying of calcium and magnesium fertilizers
on malic acid accumulation of ‘Feizixiao’ litchi fruit

LIAO Haizhi, LIN Xiaokai, YANG Chengkun, DU Jingjia, PENG Junjie, ZHOU Kaibing"~

(' Engineering Research Center for Breeding of New Varieties of Tropical Crops, Ministry of Education ,
College of Horticulture, Hainan University , Haikou 570228, China )

Abstract: In order to explore the effect of malic acid accumulation, spraying the foliar calcium and magnesium of
‘Feizixiao’ litchi, during the period of ‘ Feizixiao’ litchi fruit development, 0.3% magnesium chloride (Mg), 0.3%

calcium chloride (Ca), their mixture (Ca+Mg) and clean water (CK) were sprayed on leaves, and contents of water-
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soluble calcium, water-soluble magnesium and malic acid and the activities of malic acid metabolism-related enzymes in
fruit flesh were measured. The multivariate linear correlation analysis were also performed. The results were as follows:
(1) The content of malic acid showed a L-shaped trend, Mg, Ca and Ca+Mg treatments might promote the accumulation
of malic acid in the early stage of fruit growth and development, while Ca treatment might promote the accumulation of
malic acid in the late stage. (2) The content of water-soluble calcium in the flesh showed increasing trend, and the
content of water-soluble magnesium showed the trend like “M”. (3) The content of malic acid was positively correlated
with the activities of NADP-ME in CK and Ca, and PEPC and NAD-MDH in Ca+Mg, while the content of malic acid
was negatively correlated with the activities of PEPC and MS in CK. (4) The water-soluble calcium inhibited the
activities of NAD-MDH and NADP-ME, while water-soluble magnesium inhibited the activities of NADP-MDH and
MS. In conclusion, foliar spraying of calcium and magnesium fertilizers can affect the contents of water-soluble calcium,
magnesium and malic acid metabolism-related enzymes, and the linear correlation also changes. Different treatments can
affect the accumulation of malic acid in pulp and cause the change of total acid content in pulp. Ca treatment may inhibit
pulp respiration by accumulation of malic acid and then reducing the loss of sugar in pulp, which can be used as

fertilizer technology in production. This results provide the theoretical reference and technical support for the actual

B A AT o P T B BE AL XT ¢ A0 55K Z R PSR IR AR B A S 2139

production of litchi in China.

Key words: ‘Feizixiao’ litchi, foliar spray, water-soluble calcium, water-soluble magnesium, malic acid
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Fig. 1 Content changes of malic acid

under different treatments
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Fig. 2 Dynamic changes of PEPC activities

under different treatments
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Fig. 3 Dynamic changes of NAD-MDH activities

under different treatments
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Table 1  Significant partial correlation coefficients between
contents of malic acid and related enzyme
activities under different treatments
R ERmy T FRET g

. . NAD-MDH NADP-ME
X} HE PEPC Malic o - MS
. Malic acid ~ Malic acid . .
Treatment acid and and and Malic acid
and CK PEPC NAD-MDH NADP—ME and MS
CK -0.503 13* — 0.401 08* —0.445 18%*
Mg — — — —
Ca — — 0.489 40* —
Ca+Mg 0.631 03** 0.637 50%* — —

RN BEWER (P<0.05); »+Fm il BEER (P<
0.01), T,
Note: * represents significant differences (P<0.05) ; ** represents

extremely significant differences (P<0.01). The same below.

CK 1 PEPC \MS & & M 5 3 B2 % 1 W) &2 7 A
Ko RWIAA] b B 25 222 Wl 0 1k 5 37 R IR % i Y
2R VAR I, AS ] it IE Ah B A R YT SE SR IR O R 2R
JERA BN E IR L R 2 AT, BR CK
ISR ER AL, 3 A F A 2R R 1 & 5 L 4 Fh S
PR 52 AH DG 22 88053 i) k2 s 2 3l 1 B S
TR AR F 0 3 S il A W] A 45 2R A — Fh g
TGRS 1y 25 5 1R S SRR & = i el A8, A [] Ak 3
A HE A 12 5 e X L8 il I P T S e S R R B
242 REWE L FHMXEBERENY S TARNE
MEX - RETA AR KSR B S w a o S
PEPC \NAD-MDH NADP-ME  MS DU Fh i i P 1
Z LA M B, G5 RN ER 2 Fk 3 R,

®2 TRLETERR KBMES KEEES
RESANSBEXBEENEBRXRY
Table 2 Multiple correlation coefficients between
contents of malic acid, water-soluble calcium and
water-soluble magnesium with related enzyme

activities under different treatments

pmg RS KRBT ke
W 4 Pt 4 Fiftfilg 4 Fiftfilg
Tr [lr;r‘\\ - Malic acid Water soluble Water soluble
af:i C(;( and four calcium and magnesium and
enzymes four enzymes four enzymes
CK 0.546 07 0.646 91* 0.456 07
Mg 0.638 04 0.547 53 0.550 09
Ca 0.859 18 0.743 70%* 0.552 72
Ca+Mg 0.812 34+ 0.725 53 0.518 16

x3 AELETKAES. HSES
BXBHEZREXRY
Table 3 Significant partial correlation coefficients
between contents of water-soluble calcium and
water-soluble magnesium with related

enzymes under different treatments

At Ay KRR T g
AbELFAT NAD-MDH  NADP-ME Wat MS
Xif i Water- Water- la EI_ Water-
Treatment soluble soluble ‘SO " ﬂ.e soluble
and CK  calcium and  calcium and mag:;;mm magnesium
NAD-MDH NADP-ME NAD-MDH and MS
CK -0.608 03** -0.468 56* — —
Mg _ — — -0.471 78 *
Ca — —-0.638 08 ** — —
Ca+Mg — —0.658 02** —-0.429 5% —

M1 3 AT, AN AL RS CK K PS8
a5 A S I 1 1) 5 3 i A O ZR B34 Sk R oG
Horpr CK 7K ¥ PEAS 1 NAD-MDH 1 il 15 1
A Mg 4B f 7K ¥ PE 55 X NADP - ME R B 3% JC #
HFE 5 Ca+ Mg, Mg Ab (% 7K 3 o 85 2 51 30 36l
NAD-MDH MS i P, U B AN [] b B 022 1 oK %
PEES BE S 4 BTG M 2R A S, BEASTR]
(%) il A Ak ER 3 2 980~ S S 1 X 8 AR K il 35 4 1 9]
TR R, hE 2 AT, 3 ML HEA CK 1)
AR O 5 O 4 ok DG il R M 19 5 R OC R AL
0 B e M CK , Ca A1 Ca+Mg 40 F (1) K 15 PE 45
Tt 4 G 0 A O R BGE B B B3 K
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