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Effects of different concentrations of citric acid and oxalic acid on yield,

quality and nutrient absorption of grape
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Abstract: [Objective] Shine Muscat grape is characterized by large berry size, yellow-green peel, crisp
and juicy flesh, and rose fragrance, with soluble solids content higher than 20%. In addition, this grape
variety has the advantages of disease resistance, high yield, high quality, and good storage and transpor-
tation performance. It has been favored by consumers, with high economic value and great market po-
tential. Due to excessive expansion of fruit production and unscientific fertilization, soil hardening and
the soil ecosystems deterioration is becoming more and more serious, leading to tree malnutrition and
fruit quality decline. All these ultimately seriously restrict the high-quality and efficient development of
the grape industry. Citric acid and oxalic acid, as rhizosphere exudates, can activate mineral elements in
soil by affecting the rhizosphere microenvironment and microbial community, and participate in the ni-
trogen cycle, thereby enhancing plant nutrient absorption. Therefore, citric acid and oxalic acid have the
potential as fertilizer synergists, but there are few reports on their effects in improving the quality and

aroma of grapes and on utilization rate of fertilizers. The effects of citric acid and oxalic acid combined
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with NPK fertilizer on berry quality, nutrients, and aroma substances were examined and the optimum
organic acid application concentrations were screened to provide a reference for the research and devel-
opment of special fertilizer for improving the quality and aroma of Shine Muscat grape. [Methods] In
this paper, application of NPK fertilizer alone was used as the control, and the combination with applica-
tion of 5% or 10% citric acid (LC or HC, respectively) or 5% or 10% oxalic acid (LO or HO, respective-
ly) was set. Berry quality, yield, nutritional components, and aroma content were determined. [Results]
Compared with the control, fruit firmness was significantly increased by HO treatment but significantly
decreased by citric acid treatment. Compared with the control, the grape yield of HO treatment was sig-
nificantly increased by 36.18%. The soluble solids and soluble sugars in the berry under LO treatment
were the highest, significantly increased by 18.75% and 69.21% compared with the control, respective-
ly. Compared with the control, the ratio of sugar to acid in fruits treated with low concentration of organ-
ic acids (LC and LO) increased significantly, and vitamin C content in treatments with high concentra-
tion of organic acids (HC and HO) was significantly increased. There was no significant difference in
grape appearance quality under citric acid treatment, and HO significantly increased grape appearance
quality, while LO significantly decreased. There was no significant difference in grape flesh flavor sen-
sory score between the citric acid treatments and the control, but oxalic acid treatments significantly im-
proved grape flavor sensory score. In addition, the oxalic acid treatments also significantly increased
the comprehensive score of grape sensory evaluation compared with the control, by 21.40% and
11.53% in LO and HO, respectively. Compared with the control, LO treatment significantly reduced ni-
trogen, phosphorus, and potassium contents in the leaves. There was no significant difference in the ni-
trogen content in fruits between citric acid and oxalic acid treatments. Fruit phosphorus content in the
treatments with citric acid or oxalic acid was significantly higher than the control. The contents of nitro-
gen, phosphorus, and potassium in fruit in HC treatment were the highest, and phosphorus and potassi-
um in fruit were significantly increased by 60.42% and 24.02%, respectively, compared with the con-
trol. The differences in aroma compounds in different treatments showed that the composition and con-
tent of aroma substances in Shine Muscat fruit were significantly changed by citric acid or oxalic acid
application. Citric acid and oxalic acid increased aroma compounds in the berries. As for aroma com-
pounds in the flesh of Shine Muscat grape, the relative content of aldehydes in each treatment was in a
range of 61%-94%. The LO treatment had the highest aldehyde content and HC had the lowest. The
highest relative content of alcohols was found in HC treatment (36%), while that in the other treatments
was only 1%—-4%. In the treatment of HC, the highest number of aroma substances were detected,
which was 38, followed by 37 in HO. The result indicated that high concentrations of citric acid or oxal-
ic acid increased the variety of aroma substances in grapefruits. [Conclusion] Oxalic acid treatment im-
proved the yield and quality of Shine Muscat grape, and the best effect was found in 10% oxalic acid.
Key words: Grape; Citric acid; Oxalic acid; Fruit quality; Yield
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Table 1 Fertilization program for the Shine Muscat grapes

o o LR N-P.OSKO A AL H R

Treatment :M;bjr viation Fertilization amount/ Proportion of Amount of organic
catme eviations (kg-hm™) organic acid/% acid/(kg-hm™)

X} B Control Control 144-68.06-147.86 0 0

IR B FT IR Low concentration of citric acid LC 144-68.06-147.86 5 33.47

= FE k5 R High concentration of citric acid HC 144-68.06-147.86 10 70.67

IR FEE TR Low concentration of oxalic acid LO 144-68.06-147.86 5 33.47

=V FE HR High concentration of oxalic acid HO 144-68.06-147.86 10 70.67

5% 10% 23R8 AR S 1870 A HLR 5 AT & 5T A EAE

Note: 5% and 10% refer to the ratio of the mass of low molecular organic acid to the total mass of low molecular organic acid and annual fertilizer

application.
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Table 2 Fruit shape index, grain weight per panicle

and yield of grapes with citric acid and oxalic acid

RIBAEH R R PR
Lb R X . )
Treatment Fruit shape Grain mass per Yield/

index panicle/kg (kg-666.7 m™)
Xf H# Control 1.14+0.02 a 0.65+0.01 ab 1765.48£128.71 b
LC 1.14+0.01 a 0.69+0.05 ab 2 179.38497.63 ab
HC 1.10+0.02 b 0.65+0.05 ab 1 984.84+68.92 ab
LO 1.18+0.00 a 0.56+0.02 b 1831.58+83.02 b
HO 1.15+0.00 a 0.75+0.05 a 2 412.24+224.96 a

ARG FRFRRAF L2 [0 257 8% (p<0.05). T
]
Note: Different small letters in each column indicate significant dif-

ferences among different treatments. (»<<0.05). The same below.
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Table 3 Fruit quality indexes of grapes with citric acid and oxalic acid
Ab Tl wCA FEVE [ B wCAVEPERE) wCAT E D PR LE w4 £ C)
Treatment  Firmness/(kg-cm?) Soluble solids content/% Soluble sugar content/% Titratable acid content/% Sugar to acid ratio Ve¢/(mg-100 g™)
% Control 3.10+£0.10 b 18.29+0.15d 12.73£0.25 ¢ 0.56+0.01 ab 22.62+0.48 ¢ 2.53+0.28 b
LC 2.51+0.08 ¢ 19.17£0.31 ¢ 16.53+£0.6 b 0.53+£0.01 b 31.00£1.03 ab 2.53+0.03 b
HC 2.36+0.06 ¢ 20.33£0.26 b 17.39+0.15b 0.59+0.01 a 29.33+0.65 be 3.40+0.29 a
LO 3.22+0.12 b 21.72+0.21 a 21.54+2.24 a 0.57+0.03 ab 37.86+4.99 a 2.87+0.09 ab
HO 3.47+0.07 a 21.94+0.21 a 14.39+0.89 be 0.61+0.01 a 23.59+1.4 be 3.51+0.21 a

F4 ITEREERLETHEREHNRETN
Table 4 Sensory evaluation of grape with citric acid and

oxalic acid

o TSSE RURWERE @A
Fruit appearance Fruit fleshy Comprehensive
Treatment .
quality flavor score
Xt 8 Control 6.85+0.08 be 6.62+0.12 b 6.59+0.15 ¢
LC 7.00+0.00 b 6.56+0.12 b 6.56+0.12 ¢
HC 6.62+0.12 ¢ 6.41+0.22 b 6.62+0.19 ¢
LO 6.24+0.11d 7.41£0.15a 8.00+0.21 a
HO 7.53+0.12 a 7.24+0.11 a 7.35+0.15b

(LCEHOBMB I LREEZEZR, MERLGE(LOS
HO) 4 ik 18 5 35 Th . 50 IR A BE , o5 R Ak 3
(LO 5 HO) W 1 % & Bse fh =24 470, |

PN =

o X
Control

25 ¢

20

w(H 5 NLP.KD
N, P and K content of leaves/(mg-g")

wR S NLP.KD
N, P and K content of fruit/(mg-g™")
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Different small letters indicate significant differences among different treatments (p<<0.05). The same below.
1 ITEBRSERAETAEMHFSRIRA B HSE

Fig. 1 Nitrogen, phosphorus and potassium content of grape leaves and fruit with citric acid and oxalic acid

P K & B R 22 T 5 60.42% 5 24.02%.
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Table 5 Kind number and relative contents of aromatic components in grapes with citric acid and oxalic acid
X Control LC HC LO HO
HEAIN XA R ISR RS MIMEE RN MXEE R AHSR RN
Compound kind Relative  Kind Relative Kind Relative  Kind Relative  Kind Relative  Kind
content/%  number content/%  number  content/%  number content/%  number content/%  number
%25 Aldehydes 92 9 93 9 61 8 94 9 92 10
25 Alcohols 4 5 1 5 36 12 3 9 2 9
52X Esters 0 0 1 5 0 4 0 2 2 6
fili2% Ketones 2 2 3 4 1 4 0 3 2 2
B2 Alkanes 2 2 0 0 1 6 0 3 1 5
J% 3% Alkenes 0 0 0 1 0 0 0 2 0 0
AT 0 1 0 1 0 2 0 0 1 4
Benzene derivatives
FiAth Others 0 1 1 3 0 2 0 3 0 1
ST Total 100 20 100 28 100 38 100 31 100 37

E W, Hod HO AR 5 MR B &, 7000 8 2%
59, EXFREAHEL, LC 3G T %6 % B 25 4k & P AH
XFFr i SR R H T BRI A B AR N &
SRR RS AL SRR R AT IR S
TR T A R L EHE S EYRSE, HAL
HC i1, N 38 B, FLCN HO, Bos v 37. R E
WEFT IR 5 B AL B N 1 81 % SRS IS4

JREIRRE .
25 ITERSERLEMBERIGERSF IR
WHIERE A

9T WIRAAT AR IR 5 e I A T T FH 't BB e e SR
SIS 77 RS s, A SC R 21 AN AE SR AR
F SPSS #AT T F s M 44> F R MRFIE{E
BIRT 1(3R 60, 1 34> F 1y BIRHEAE 73 531 9 8.37
6.63 5 4.68, 1M 1 k% N 39.84%-31.59% }% 22.30%,
4 FE S B TTHER R N 100% , R B /T 45 A&
T TR AR S S

WER 7 Frow , A Rk FE Fr R R 5 B 1R Ak B 5% B
JEECR A & IR 5 R R A R, o EER LR

*o6 ITERSERLEERFS SRR ERS
FHEES A EREE

Table 6 Eigenvalues and variance contribution rate of

principal component analysis for indexes of grape nutrient

and quality with citric acid and oxalic acid

FRrTY JETIRAR BT ZE TR
L ENZNRIER Variance Cumulative
Principal . o .
mponent Eigenvalues contribution variance
compone rate/% contribution rate/%
FR 1 8.37 39.84 39.84
Principal
component 1
FRgr2 6.63 31.59 71.43
Principal
component 2
T3 4.68 22.30 93.73
Principal
component 3
S5 1.32 6.27 100.00
Principal

component 4

G0 Y ONIEAE , AT IR IR AL B S N Sl . 53 4h

HC AbFRA5 53

%, A N-1.26, HELZ KT X 1.

PO

WA IR 5 i R 2R TR W R AR A

R ITEREERLEEERIFNESRENEE N

Table 7 Comprehensive PCA results of fruit nutrients and quality of grape fruit with citric acid and oxalic acid

e T 11595 T 2159 Ty 3159 Ty 4155 LEMY He4
Principal component Principal component Principal component Principal component Comprehensive

Treatment Rank
score 1 score 2 score 3 score 4 score

Xt Control -2.02 0.35 -1.94 -1.58 -1.23 4

LC -1.33 0.70 -1.99 1.65 -0.65 3

HC -2.31 -2.86 2.48 0.15 -1.26 5

LO 4.60 -1.94 -0.66 -0.12 1.07 2

HO 1.05 3.74 2.10 -0.11 2.06 1
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