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Effects of Fulvic Acid and Betaine Pretreatment on Physiological
Characteristics and Photosynthesis of Malus hupehensis

under Drought Stress
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Abstract: The pot experiment was conducted to compare and analyze the changes of the physiological and
photosynthetic characteristics of 2 year old Malus hupehensis (Pamp.) Rehd. seedlings of different pre-
treatments by three consecutive days spraying fulvic acid(FA), glyeine betaine(GB) and combination of
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fulvic acid and glyeine betaine (FA+ GB) and with water as control (CK) pretreatment before drought
treatment to explore the physiological drought mechanism of FA and GB for M. hupehensis. The results
showed that: (1) compared with the control, FA, GB and FA+GB pretreatment can significantly improve
the relative water content in leaves of M. hupehensis, and the water retaining effect of FA was the best.
(2) Under drought stress, the three pretreatments could significantly increase the contents of soluble pro-
tein, soluble sugar and proline; and the soluble sugar and proline accumulation of the FA+GB were signif-
icantly higher than that of the single application of fulvic acid and betaine treatment. (3) Under drought
stress, all the three pretreatments could significantly increase the SOD, POD and CAT activities of seed-
lings and significantly reduce the accumulation rate and content of MDA, While the pretreatment of FA+
GB had the lowest MDA content and the highest antioxidant enzyme activity. (4) The net photosynthetic
rate and instantaneous water use efficiency of M. hupehensis treated with GB and FA+ GB pretreatments
were significantly higher than those of CK and FA. And the photosynthetic characteristics of FA + GB
were the best, followed by GB. The results showed that under the drought stress, spraying fulvic acid,
glyeine betaine and combination of fulvic acid and glyeine betaine on M. hupehensis leaves could increase
the osmotic adjustment substance, the water-holding capacity and the relative water content, regulate the
activities of antioxidant enzymes, reduce malondialdehyde content, increase cell membrane stability, and

could also improve the photosynthetic performance; thereby enhance the drought resistance of M. hupe-

hensis, and effect of pretreatment with compound spraying (FA+GB). Was the best Pamp.
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Fig. 1 Effect of pretreatment with spraying fulvic acid
and glyeine betaine on leaf relative water content of

M. hupehensis under drought stress
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Fig. 2 Effect of pretreatment with spraying fulvic acid
and glyeine betaine on soluble sugar, soluble protein and
proline contents in leaves of M. hupehensis

under drought stress
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Fig. 3 Effect of pretreatment with spraying fulvic acid and glyeine betaine on SOD, CAT, POD activities and MDA

content in leaves of M. hupehensis under drought stress
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Table 1 Effect of pretreatment with spraying fulvic acid and glyeine betaine on gas exchanges parameters in
leaves of M. hupehensis under drought stress

N . - N N, N S g it 15 (NS

4h 58 KOk &K Po SALREGs MR CRBKE K Tr (LR tRRAR
L, / [ S , P F % WUE Chl content

Treatment /(pmol * m™ % « s~ ') /(mol + m™% «s™ 1) Ci/(pmol » mol)  /(mmol * m % « s 1) ,

f /(pmol « mmol) /(mg + g)
CK 1.9440.21b 0.01+£0.00b 160. 80+26. 18a 0.60=+0.01b 3.18+0. 29¢ 3.91+0.03a
FA 2.98+0.62b 0.0370. 004a 96. 18416. 34b 1.1840. 13a 2.32+0.21c 3.97+0.11a
GB 10. 840. 26a 0.02+0. 004a 173.46+21.53a 1.3540. 21a 11.4%+3.07b 3.90740. 04a
FA+GB 11.040. 93a 0.01%+0.002b 208.77+6.53a 0.594+0.12b 22.6+2.91a 3.637+0.03b

VR K A R R (WUE) = P/ T, . R NG B4 ARSI 0. 05 /K 47145 i 3 0% 5

Note: Instantaneous water use efficiency (WUE) =P, /T, ; Different letters in the same column indicate significant difference among treat-

ments at 0. 05 level
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