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Effect of potassium-magnesium ratio on ‘Zaosu’ pear fruit quality
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riculture, Xingcheng 125100, Liaoning, China)

Abstract: [Objective]Potassium (K) and magnesium (Mg) are essential macro nutrients for plants. Ex-
cessive K in plants has an antagonistic effect on Mg uptake, particularly when Mg is low in soils. De-
spite the well-known role of Mg in various critical functions, there is surprisingly little research about
the role of Mg nutrition in fruit crop production and quality. Hence, Mg is often considered a “forgotten
element”. However, Mg deficiency is increasingly becoming an important limiting factor in intensive
fruit crop production systems, especially in soils fertilized with high K. Research has shown that reason-
able combination of potassium and magnesium had a positive effect on the yield and quality of vegeta-
ble and fruit crops. The effects of different potassium-magnesium ratio on sugars, acids and mineral ele-
ments in ‘Zaosu’ pear fruit were studied in order to provide reference for applying potassium and mag-
nesium fertilizers to produce high quality fruit. [Methods]Field experiment was performed in a pear or-
chard located in Xingcheng city, Liaoning province, China, during 2018 to 2019. Seven-year-old ‘Zao-
su’ pear trees at a distance of 4m between rows and under standard horticultural practices and disease
and pest control were selected. Each treatment consisted of 3 biological replicates each consisting of

two- tree plot. Six treatments were set with different potassium- magnesium ratios including 0, 2.69,
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5.38, 10.76, 16.14 and 21.52. The potassium and magnesium fertilizers were applied to the soil at 20 cm
under the base of each tree at 15 days and 60 days after full blooming. During the harvest season (Au-
gust 20, 2019), twenty fruit in the outer canopy were randomly collected. All the samples were washed
and air dried. Some of fruit were used to determine the quality traits including contents of soluble sol-
ids, soluble sugars and total organic acids, sugar components and acid components. Solid/acid ratio and
sugar/acid ratio were calculated. The remaining fruit samples were dried at 75-80 ‘C for determinations
of potassium, calcium and magnesium using an inductive coupled plasma emission spectrometer (iCAP
6200). [Results]The potassium-magnesium (K/Mg) ratio had significant effects on the contents of po-
tassium, calcium and magnesium in fruit. With the increase in K/Mg ratio, the content of potassium in
fruit first increased and then decreased, and the contents of calcium and magnesium first decreased and
then increased. When the K/Mg ratio was 10.76, the potassium content in fruit was the highest while the
contents of calcium and magnesium were the lowest, and therefore the ratios of K/Mg and K/Ca in the
fruit were the highest. There was an extremely significant difference between the treatment with a K/
Mg ratio of 10.76 and that with a K/Mg ratio of 0. K/Mg ratio had a significant effect on soluble solids
in pear fruit and was significantly positively correlated with total acid content; the nitrogen content in
the fruit was significantly negatively correlated with the sugar/acid ratio; the potassium content in the
fruit was strongly positively correlated with the soluble sugar content in the fruit (R=0.970); the magne-
sium content in the fruit was significantly negatively related to soluble solids. The K/Mg ratio in the
fruit was significantly positively correlated with the content of soluble solids. The soluble solid content,
the solid/acid ratio and the sugar/acid ratio were the highest under the treatment with the K/Mg ratio of
10.76. The sweetness index and flavor index increased as the K/Mg ratio in fertilization increased from
5.38 to 10.76, but not significantly. The content of fructose in ‘Zaosu’ pear fruit was the highest, ac-
counting for 52.52% of the total sugar content. Sorbitol and sucrose increased first and then decreased
with the increase in K/Mg ratio. Citric acid and malic acid were the main organic acids in ‘Zaosu’ pear
fruit. Citric acid was negatively correlated with K/Mg ratio in fruit, and quinic acid had an extremely
significant positive correlation with shikimic acid.[Conclusion] The quality related to sugars and acids
in ‘Zaosu’ pear fruit was improved by combined application of potassium and magnesium fertilizers.
Lower K/Mg ratio increased the fruit flavor indexes, solids/acid ratio and sugar/acid ratio. When K/Mg
ratio was 5.38-10.76, fruit quality was the best. Therefore, this K/Mg ratio range is recommended for
fertilization in ‘Zaosu’ pear production.
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Table1 Soil basic data
R wCEHLITD wBR %D wOE D wOHERHD wOHERER w8
S(;il de El Jem Organic matter ~ Alkali-hydrolyzale Available P Available K Available Mg Available Ca
P content/% nitrogen content/(mg-kg")  content/(mg-kg')  content/(mg-kg')  content/(mg-kg") content/(mg- g")
10~20 1.888 122.362 12.950 174.670 55.221 1.034
20~40 1.080 67.530 2.327 85.864 56.078 1.312
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Table 2 Experimental treatments

HEETC EL

T R—— I
; [Tlicezs JRZCO iR —4%
Az Potassium  K,SO./ MgSO./ (NH.)/ (NH.).HPO./

Treatment magnesium (g per (g per plant) (g per plant)(g per plant)

ratio plant)
1 0.00 0 256 299.6 178.6
2 2.69 150 256 299.6 178.6
3 5.38 300 256 299.6 178.6
4 10.76 600 256 299.6 178.6
5 16.14 900 256 299.6 178.6
6 21.52 1200 256 299.6 178.6
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Fig. 1 Effect of K/Mg ratio on mineral elements in ‘Zaosu’ pear fruit
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Table 3 Effect of K/Mg ratio on the quality of ‘Zaosu’ pear fruit

W WO TR ) wCAT TR WO D R HiRL
Treatment Soluble solids content/% Soluble sugar content/(mg-g"') Total acid content/(mg-g")  Solids acid ratio Sugar acid ratio
1 12.05+0.093 ¢ 6.775+0.085 a 1.74+0.02 d 68.103+0.67 a 38.936+0.488 a
2 12.215+0.184 ¢ 6.668+0.329 a 1.8740.01 ¢ 64.706+0.846 b 35.66+1.764 ab
3 12.30+0.139 ¢ 6.913+0.649 a 1.93£0.01 ab 65.4854+0.767 b 35.867+3.366 ab
4 13.636+0.133 a 7.91840.031 a 1.96+0.01 b 68.972+0.540 a 40.317+0.157 a
5 13.493+0.104 a 6.925+0.277 a 1.89+0.03 be 68.262+0.528 a 36.336+0.89 ab
6 12.967+0.139 b 7.130+0.576 a 2.11+0.07 a 61.381+0.656 ¢ 31.089+1.006 b

A FNG FREFRIRAE 0=0.05 KV EEREE. T,

Note: Different small letters indicate significant difference at o = 0.05. The same below.
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Table 4 Correlations between mineral contents and fruit quality traits of ‘Zaosu’ pear fruit

AR OBRR IRRLE O HERRLL

s 3 VA [E] T
ALEE N P K Mg Ca FRERLL ﬂ{ﬁ»ﬁﬂi/% Soluble  Total Solids  Sugar
Treatment K/Mg  Soluble solids . . . . .

ugar acid  acid ratio acid ratio

AbPE Treatment 1.000

N 0.777 1.000

P -0.284 -0.149  1.000

K 0.451 -0.120  -0.071 1.000

Mg -0.578 -0.157 -0.317  -0.535 1.000

Ca -0.021 0.348 -0.694  -0.569 0.746 1.000

L L K/Mg 0.505 -0.013  0.262 0.668 -0.975*%*  -0.800 1.000

AIEYEEDEY) 0.758 0222 -0.178  0.693  -0.821*  -0.417 0.849* 1.000

Soluble solids

AIVA A 0.421 -0.203  -0.093  0,.970** -0.631 -0.621  0.765  0.744 1.000

Soluble sugar

SR Total acid 0.855%* 0.725 -0.120 0.559 -0.364 -0.076 0317  0.486 0.443 1.000

Eilizd54 -0.361 -0.727  0.122 0.107 -0.383 -0.481 0479 0279 0.294 -0.654 1.000

Solids acid ratio

BERR L -0.549 -0.916* 0.193 0.225 -0.215 -0.545  0.363 0.106 0.368 -0.66  0.928** 1.000

Sugar acid ratio

VE: *E p<0.05 KPR ZEFEE, **F p<0.01 KPR EREE.

Note: Values followed by *and ** mean significant correlation at p < 0.05 and p < 0.01.
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Table 5 Effect of K/Mg ratio on ‘Zaosu’ pear sugar components

QY] CEIEHE CRFD CRERD " "

e w U_{xﬁ% wiH %Al wCR b wEE R kK KUk
Sorbitol content/ Glucose content/ Sucrose content/  Sucrose content/

Treatment o B o B Index of sweet taste Index of flavor
(mg-g") (mg-g") (mg-g") (mg-g")

1 19.40+0.30 ¢ 16.65+0.05 a 54.60+0.40 a 12.000+0.00 d 126.96+0.62 b 79.613+0.367 a

2 17.00+0.00 d 15.95+0.05 ¢ 53.75+0.05 a 9.900+0.20 ¢ 121.93£0.25 ¢ 71.471£0.893 ab

3 21.95+0.05 a 15.05£0.05 ¢ 51.50+0.10 b 20.880+0.10 a 130.24+0.29 a 73.592+0.177 ab

4 21.30+£0.10 b 15.60+£0.10 d 53.65+£0.25a 18.345£0.25 b 131.78+0.30 a 72.215+0.985 ab

5 16.90+0.10 d 14.30+0.00 53.85+0.35a 12.600+0.10 ¢ 123.61+£0.47 ¢ 65.638+0.806 b

6 17.05+0.15d 15.95+0.15b 51.80+0.30 b 7.700£0.10 £ 116.34+0.79 d 53.409+0.806 ¢
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Table 6 Effect of K/Mg ratio on ‘Zaosu’ pear acid components
e w(%’é}n‘éﬁ?) w(?%ﬁ?) w(?ﬁ_‘}ﬁ_ﬁﬁ) _ wQﬁ%’éEﬁ) w(?ﬁ?%ﬂ@
Treatment Quinic acid content/ Malic acid content/ Shikimic acid content/ Citric acid content/ Fumaric acid content/
(mg-g" (mg-g") (mg-g" (mg-g") (mg-g"
1 0.656+0.018 a 0.926+0.024 b 0.155 5+0.0025 a 1.672 0+£0.0345 b 0.000 55+0.000 05 d
2 0.402+0.049 ¢ 0.937+0.047 b 0.135 5+0.0005 d 1.512 5+0.0345 ¢ 0.000 9+0.000 00 b
3 0.588+0.009 ab 1.169+£0.018 a 0.148 5+0.0015 b 1.151 5£0.0345 ¢ 0.000 8+0.000 00 ¢
4 0.455+0.103 be 1.223+0.040 a 0.142 5+0.0005 ¢ 1.707 5+£0.0075 b 0.001 0+0.000 00 a
5 0.488 5+0.012 be 0.927+0.058 b 0.144 0+0.0010 be 1.437 0+0.0020 d 0.000 8+0.000 00 ¢
6 0.582+0.039 abc 0.798 5+0.077 b 0.146 5+0.0005 be 1.899 5+0.0055 a 0.000 4+0.000 00 e

SRS AR R 4 43 e LA A e R S BRI
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