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Effects of zinc deficiency on growth, photosynthetic characteristics, and
endogenous hormone content of apple sapling ‘Tianhong 2/Jizhen 2’

SUN Ming-fei, ZHU Jie, LILu, GAO Mei-na, LIANG Bo-wen, ZHOU Sha-sha, XU Ji-zhong, LI Zhong-yong"
( College of Horticulture, Hebei Agricultural University, Baoding, Hebei 071000, China )

Abstract: [ Objectives ] The study investigates the growth response, photosynthetic characteristics, and changes
in endogenous hormones in young ‘Tianhong 2 / Jizhen 2’ trees due to zinc deficiency. [ Methods ] One-year-old
‘Tianhong 2 / Jizhen 2’ rootstock-spike combined apple saplings were used as experimental materials. Three zinc
concentrations were set up in nutrient solution: 0 pmol/L (Zn0), 2 umol/L (Zn2), and 4 umol/L (Zn4, control). We
measured the plant height and leaf area of young trees and determined zinc content, photosynthetic characteristics,
chlorophyll content, chlorophyll fluorescence parameters and endogenous hormone in leaves at 40 days after
treatment. We studied the relative expression levels of the enzyme encoding gene MdHEMA 1, chlorophyll
degradation key enzyme encoding gene MdPAQ, and auxin synthesis genes MdYUCCA4a and MdYUCCA6a.

[ Results ] The plant height, leaf area, and leaf zinc content of ‘Tianhong 2/Jizhen 2’ saplings (P<0.05)

decreased with decreasing zinc concentration. The lower the zinc concentration, the lower the relative expression
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of auxin synthesis genes MdYUCCA4a and MdYUCCA6a and IAA and GA; levels in plants. Compared with the
control, net photosynthetic rate (Pn), transpiration rate(Tr), and stomatal conductance (Gs) (P<0.05) decreased,
while intercellular CO, concentration (Ci) increased under zinc deficiency. Under zinc stress, chlorophyll a, b, and
total chlorophyll content decreased, and the chlorophyll a/b ratio increased. Chlorophyll synthesis enzyme
encoding gene MdHEMA I and chlorophyll degradation enzyme encoding gene MdPAO (P<0.05) increased. The
chlorophyll fluorescence parameters Fv/Fm, ®PS I, qP and ETR of ‘Tianhong 2/Jizhen 2’ seedlings (P<0.05)
decreased under zinc deficiency, while Fo and NPQ increased. [ Conclusions ] The expression of auxin synthesis
genes MdYUCCA4a and MdYUCCA6a decreased under zinc deficiency, and IAA synthesis was blocked. This
decreased IAA and GA, levels, inhibiting the young tree growth. The PS Il reaction center and PS Il oxidation
transfer chain were damaged to some extent under zinc deficiency, resulting in decreased PS Il activity,
chlorophyll degradation, and decreased photosynthesis. Simultaneously, the high expression of the chlorophyll
degradation gene MdPAO caused the tree to produce a feedback regulation mechanism to protect itself. It induced
the expression of the key enzyme gene MdHEMA in the chlorophyll synthesis metabolism pathway. However,
the synthesized chlorophyll did not compensate for the loss of chlorophyll degradation caused by zinc deficiency.

Key words: zinc deficiency stress; apple sapling; photosynthesis characteristic; fluorescence characteristic;
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Table 1 Primer sequences for the real-time PCR quantification

FEA Gene 5|43 Primer sequences (5'-3') F 54731 Primer sequences (5'-3') R
P-Actin GGATTTGCTGGTGATGATGCT AGTTGCTCACTATGCCGTGCT
MAHEMAI GAACATGCACGCTCTTAAC CGAGTTGAAGATTACACCAG
MdPAO CAAATGAAGGCAACCCACGG AGTCTTCCCTGGTGCCATTG
MdYUCCA4a TAGGCAACACAGACCAATTAGG ACAATGCTCCAACATCAAGAAC

MdYUCCA6a GGACTACTTGGTGCCTCAATGGA

ATGATGGTGGTGATGATGATGATAGTG
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R 2 EREEBMBRS C R 2 S/HM 2 B HIREK
S SR
Table 2 Effects of zinc deficiency on the growth and zinc
content of ‘ Tianhong 2/Jizhen 2’ saplings

e e N YA [
Shoot length Leaf area Zn content
Treatment )
(cm) (cn?) (mg/kg)
Zn0 11.00+1.73 ¢ 13.57£2.85 ¢ 10.47+0.45 ¢
Zn2 16.67+1.15b 20.73+£3.50 b 17.27+0.53 b
Zn4 23.00+3.61 a 27.75+1.41 a 22.25+0.29 a

T [FFVEE R ARG PR R AL BRI 25 5 B3 (P<0.05)
Note: Values followed by different lowercase letters in a column

indicate significant difference among treatments (P<0.05).
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Fig. 1 ‘ Tianhong 2/Jizhen 2’ saplings under different
Zn concentrations
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Table 3 Chlorophyll content in leaves of ‘ Tianhong 2/Jizhen 2’ saplings under different Zn concentrations

fb 3 4t &Ka (mg/g) 4% %b (mg/g) BIEEE (mg/g) 4k Eab
Treatment Chlorophyll a Chlorophyll b Total chlorophyll chlorophyll a/b
Zn0 1.06+0.02 ¢ 0.36+0.01 ¢ 1.42+0.03 ¢ 2.914+0.02 a
Zn2 1.76+0.13 b 0.67+0.08 b 2.44+0.21 b 2.64+0.14 b
Zn4 2.08+0.09 a 1.02+£0.07 a 3.11+0.06 a 2.15+0.03 ¢

T SSRGS 5B on AR 22 53 T35 (P<0.05).

Note: Values followed by different lowercase letters in a column indicate significant difference among treatments (P<0.05).

R4 BREEMMBEXS R4 2 5/EM 2 S RS SHHIRE

Table 4 Photosynthetic parameters of ‘ Tianhong 2/ Jizhen 2’ saplings under different Zn concentrations

QbR HOLAHR [umol/(m?-s)] ZE I % [mmol/(m?-s)] SFLFE [mmol/(m?-s)] JEIA]CO,H& BE [umol/mol]
Treatment Pn Tr Gs Ci

Zn0 9.60+0.17 ¢ 12.45+£0.37 ¢ 247.04+17.63 ¢ 363.40+5.07 a

Zn2 10.90+0.41 b 16.59+0.52 b 342.51+10.74 b 348.28+8.27 b

Zn4 12.53+0.34 a 19.63+0.54 a 416.95+5.64 a 329.41+£595¢

T [FFVEE ARG PR R AL BRI 25 5 .3 (P<0.05),

Note: Values followed by different lowercase letters in a column indicate significant difference among treatments (P<0.05).
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Table 5 Chlorophyll fluorescence parameters of the leaves of ‘ Tianhong 2/Jizhen 2’ saplings
under different Zn concentrations

b HIIRDEO

PS IO AR PSTTSLBOEA 2R LKA RIDEE R BRI e KR

Treatment Fo Fv/Fm OPSII qP ETR NPQ
Zn0 347.67+4.04 a 0.78+0.01 ¢ 0.20+0.01 ¢ 0.24+0.03 ¢ 72.19+11.28 ¢ 0.57+0.03 a
Zn2 335.00£5.51 b 0.81+0.01 b 0.24+0.01 b 0.34+0.02 b 85.79+1.61 b 0.43+0.04 b
Zn4 311.33£7.23 ¢ 0.83+0.01 a 0.31+0.01 a 0.43+0.03 a 102.63+5.97 a 0.24+0.07 ¢

T SIS G AR RNG 5B on AR 22 57 T35 (P<0.05).

Note: Values followed by different lowercase letters in a column indicate significant difference among treatments (P<0.05).

=6 BREEAMBT ‘R4 2 S/EM2 S SFMHEREMENSE (ng/g)

Table 6 Content of endogenous hormones in the leaves of ‘ Tianhong 2/Jizhen 2’ saplings under different Zn concentrations

Qb Treatment 5|k LR TAA KR GA, FARFEZIT ZR
Zn0 34.71+0.03 ¢ 121.90+0.38 ¢ 11.48+0.67 b
Zn2 43.92+0.08 b 148.55+0.09 b 19.30+£2.74 a
Zn4 72.57+0.35 a 240.38+0.97 a 9.49+2.31b

T [FFVEE ARG PR R AL BRI 25 5 .3 (P<0.05),

Note: Values followed by different lowercase letters in a column indicate significant difference among treatments (P<0.05).
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