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Abstract: Two apple (Malus domestica Borkh. ) varieties ‘YH’ and ‘QC’ were chosen as materials and two

treatments of spraying humic acid liquid film on 15 d and 30 d and non-bagging were used to investigate the
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effects of exogenous application of humic acid liquid film on photosynthetic indexes of apple leaves, fruit color

difference and texture characteristics, soluble solids, titratable acid and expression level of genes related to

sugar and acid content in fruits. The results showed that compared with the control, spraying humic acid liquid

film treatment increased the photosynthetic characteristics of leaves, improved the coloring of fruits, in-

creased the soluble solids content in fruits, decreased the titratable acid content, and increased the solid-acid

ratio. The relative expression levels of sugar content-related genes MdTST1, MdTST2, and MdERDL6-1 in-

creased, and the relative expression levels of acid content-related genes MdMa1, MdMa10, MdMDH5, and

MdJWRKY126 decreased. Among them, the effect of spraying humic acid liquid film on 15 d was the most sig-

nificant. The results showed that spraying humic acid liquid film treatment could improve the photosynthetic

characteristics of apples, promote the growth and development of trees, improve fruit quality and improve fruit

flavor.

Key words: Malus domestica; Humic acid liquid film; Photosynthetic characteristics; Fruit quality
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Table 1 Effects of humic acid liquid film spraying on photosynthetic characteristics of Malus domestica leaves
i A b3 HOL G R SALTE Jiila] CO, ¥k B ZE I R
Variety Treatment P,/ umol'-m™s™ G,/ mol'm™s™ C. / umol/mol T,/ mmol-m™s™
‘e CK 12.23 £ 0.47c 0.16 £ 0.03b 259.77 £ 11.19a 4.01+0.52b
15d 19.97 £ 0.64a 0.26 + 0.02a 244,08 + 16.34a 5.70 £ 0.34a
30d 16.33 £ 0.86b 0.22 £ 0.02a 257.62 + 4.09a 5.12+0.27a
‘R CK 10.20 £ 0.43c 0.11 £ 0.02b 241.26 + 12.57a 3.14 £ 0.38b
15d 17.17 £ 0.30a 0.18 £ 0.01a 225.24 + 5.45a 4.27 £+ 0.28a
30d 13.23+£0.72b 0.15 £ 0.02ab 241.30 £ 12.02a 3.74 £ 0.24ab

TE: B PME £ bk RSIARR/NG FREFIRALBE AL P < 0.06 KF 2R EE. T,
Notes: All data are average values + SD. Values with different lower case letters indicate significant difference at P < 0.05 level. Same
below.
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Table 2 Effects of humic acid liquid film spraying on chlorophyll content in Malus domestica leaves

i fb 3 4K a R R

Variety Treatment Chlorophyll a / mg/g Chlorophyll b/ mgl/g Chlorophyll / mg/g
‘M CK 3.06 £ 0.22¢c 1.27 £0.20a 4.23+0.22c
15d 4.16 £ 0.10a 1.52 +0.08a 578 +0.14a
30d 3.54 £ 0.08b 1.37 £ 0.14a 4.90 % 0.06b
CRAERE CK 3.11+0.09¢c 0.96 +0.19a 4.07 £0.19¢c
15d 3.83 +0.05a 1.26 £0.11a 5.09+0.11a
30d 3.45%0.07b 1.10 £ 0.06a 4.55+0.13b
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Table 3 Effects of humic acid liquid film spraying on Malus domestica fruit color

il L3 4,24 Chromatic aberration

Variety Treatment FEE(E Lightness (L*) 21 {4 I Redness (a*) HOMTIE Yellowness (b*)

‘R CK 43,18 + 1.29¢c 20.02 £ 0.93b 21.62 £ 0.94b

15d 53.19+ 1.19a 22.75+0.89a 26.93 +0.70a

30d 48.31+0.83b 20.26 + 1.23b 25.51+0.77a

‘EAERE CK 46.45 £ 1.32b 15.14 £ 1.46b 15.63 £ 0.57a

15d 51.10 + 0.82a 18.12 + 1.66a 15.47 + 0.55a

30d 47.06 + 0.83b 16.02 + 0.68b 15.02 + 0.50a
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Table 4 Effects of humic acid liquid film spraying on Malus domestica size and fruit shape

fn A pOBL HRE Yz i SRR

Variety Treatment Single fruit weight / g Longitudinal diameter / mm Transverse diameter / mm Fruit shape index

‘B CK 331.00 + 4.66¢ 73.12+1.28b 84.92 £ 1.01b 0.86 + 0.01a

15d 369.20 + 5.42a 77.72+1.13a 89.69 + 0.87a 0.87 £ 0.01a

30d 346.36 + 4.62b 73.66 + 1.02b 86.20 + 0.94b 0.86 £ 0.01a

CREAERE CK 234.78 £ 16.42b 68.48 £ 1.42b 81.57 £ 1.80b 0.84 £ 0.01a

15d 282.20 £ 5.97a 73.70 £ 1.27a 86.72 + 0.82a 0.85+0.01a

30d 254.16 + 3.10b 7153 +1.78a 84.64 + 1.43a 0.85+0.01a
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Table 5 Effects of humic acid liquid film spraying on apple fruit firmness and texture properties

fn A Qb3 B 3200 SR SE etk SRR SRR NERE

Variety Treatment  Pericarp hardness (N) Pericarp ductility / mm Pulp hardness / kg/lcm®  Pulp brittleness / kg/sec

o CK 5.85 + 0.60a 93.36 + 2.41a 0.25 +0.02a 4.01£0.11a

15d 6.20 £ 0.70a 94.13 £ 1.94a 0.22 £ 0.01b 4.07 £ 0.07a

30d 6.51+0.28a 94.69 + 1.02a 0.24 +0.01a 419+0.13a

SRR CK 6.13+0.61a 102.55 + 2.41a 0.21+0.01a 3.58 +0.02a

15d 5.53+0.19a 106.21 + 2.50a 0.21+0.01a 3.57 £ 0.03a

30d 5.59 £ 0.23a 102.94 + 1.00a 0.22 £ 0.01a 3.64 £ 0.03a
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Table 6 Effects of humic acid liquid film spraying on Malus domestica soluble solids and titratable acids

“YH' (15 d) Ab B0 [ 2 L 25 48 i
‘QC’ (30d). ‘YH

" (30d)

10.57%-

g b B ATV R Y A A R Eil 7354
Variety Treatment Soluble solids / % Titratable acid / % Solid-acid ratio
‘R CK 12.62 + 0.25b 0.26 +0.01a 48.95 + 0.66b
15d 13.36 + 0.26a 0.23 £0.01b 57.75+ 1.98a
30d 12.70 £ 0.16b 0.25 + 0.02ab 51.60 + 3.22b
TR CK 11.60 = 0.25¢ 0.25+0.01a 46.52 + 1.40c
15d 13.06 + 0.34a 0.22 +£0.01b 56.92 + 1.81a
30d 12.02 £ 0.10b 0.23 +0.01ab 51.44 + 0.86b
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Fig. 1 Relative expression levels of genes related to sugar content in Malus domestica

* JR A fE P<0.05 K P LR B E. T,

* Indicates significant difference between treatments at level of P < 0.05. Same below.
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