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Fig 1. Growth differences between sugar apple(A ~ B) and atemoya (C ~ D) with or without inoculation
of AMF. There were no difference in plant height between atemoya and sugar apple seedlings
inoculated with or without AMF spores. Regarding leaf number, the atemoya seedlings inoculated
with AMF spores showed a significant increase compared to non-inoculated (CK) group, while
sugar apple seedlings did not show significant differences. In terms of root development, sugar
apple seedlings inoculated with AMF spores exhibited significantly more vigorous root growth
compared to the CK group, while atemoya seedlings did not show significant differences.
Photographs of sugar apple plants and roots are shown in (A) and (B); photographs of the atemoya
plants and roots are shown in (C) and (D) (n=4).
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Fig 2. The investigation of chlorophyll fluorescence parameters of AMF-inoculated atemoya and sugar
apple after cold treatment (incubated at 4°C for 8 hour), including of PSII photochemistry after
cold treatment that maximum quantum yield (Fv/Fm) (Fig.2 A-B) and actual quantum yield (AF/
Fm') (Fig.2 C-D).
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Fig 3. Investigation of chlorophyll fluorescence parameters of AMF-inoculated atemoya and sugar apple
in greenhouse, including electron transport rate (ETR) (A), photochemical quenching (Qp) (B) and
non-photochemical quenching (NPQ) (C), after chilling treatment.
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Fig 4. In 2020, seedlings of Annona squamosa and Annona atemoya were planted in the TTDARES
orchard in Binlang. Additionally, Paspalum notatum infected with arbuscular mycorrhizal fungi
(AMF) and soil containing spores were planted around the seedlings. Subsequently, after two and
four years of growth, the samples of soil and root were collected from four selected seedlings for
each treatment and brought back to the laboratory for cleaning and sieving. The spores of soil
were used wet sieving and sucrose gradient methods to suspended and collected into centrifuge
tubes, and then observed and recorded under a dissecting microscope (Fig 4A and B). The roots were
cleaned, and middle segments were selected and cut into multiple sections of 1.5 cm each. The roots
were stained with Aniline Blue and pressed into slides in groups of five, then observed under an
electron microscope to examine their structure (Fig 4C and D). Scale bars represent 50 pm.
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B) ° Ehuih R 2 A %H I Microsoft Excel
20213F5 - a0 A 6 i B (Student's
t-test) B Fisher (1 i/ NI 72 22 4153 (Fisher's
protected least significant difference test, LSD
test) » B hafG R LI (E £ 1522 (mean +
SD)FIR » p<0.05BEARHZE AR -

&*— B2 RRERFENEANERER
RERE
Table 1. Investigation of mycorrhizal fungi
infection rates in atemoya seedlings in
the orchard after 2 years of cultivation

Treatment Colonization rate (%)
CK 26.61+6.1
AMF 73.3+12.2%

®_ - BEAFRRESEENEAERERR
=R
Table 1. Investigation of mycorrhizal fungi
infection rates in Annona seedlings in
the orchard after 4 years of cultivation

Colonization rate

Treatment %)
CK 16.3x1.1
Atemoya
AMF 47.7+1.6%
CK 29.810.7
Sugar apple
AMF 62.0£2.0%
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Fig 5. When the sugar apple and atemoya roots
were stained by Aniline Blue, then mounted
onto slides. They were organized into four
groups labeled as atemoya CK, atemoya

AMF, sugar apple CK, and Annona
AMF. The slides were under the electron
microscope observed, and the mycorrhizal
structures were recorded as infections. The
infection rate was calculated by dividing
the number of infected root segments
by the total number of root segments,
recorded two years post-planting in Table
1 and four years in Fig SA and Table
2. Using a micropipette, 1 ml of spore
suspension was transferred and spores of
mycorrhizal fungi in soil were counted
under a dissecting microscope (Fig 5B).
Investigation results of AMF symbiosis
rate and soil spore number of Annona in
orchards. The results average values based
on the means = SD. Indicated a significant
difference using PASW Statistics 18
analysis by conducting Fisher's protected
least significant difference test (LSD test)
(n=4, p<0.05). Mean comparisons were
calculated using Microsoft Excel 2021.
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Fig6. The investigation of chlorophyll

fluorescence parameters of AMF-
inoculated atemoya and Taitung No.
2 in the field, including the maximum
quantum yield (Fv/Fm) (Fig 5. A-B) and
actual quantum yield (AF/Fm') (Fig 6.
C-D) of PSII photochemistry after cold
treatment.
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Fig 7. The investigation of chlorophyll fluorescence parameters of AMF-inoculated atemoya and sugar
apple in the field, including the maximum quantum yield (Fv/Fm) (Fig 5. A-B) and actual quantum
yield (AF/Fm') (Fig 6. C-D) of PSII photochemistry after cold treatment.
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al., 1996; Taiz & Zeiger, 2002) ° {E25FHF » &
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Fig 8. The electron transfer rate of Annona inoculation AMF defense cold stress. Investigation of
electron transport rate (ETR) of AMF-inoculated atemoya and sugar apple in greenhouse and
orchard after cold stress. The ETR result of sugar apple that CK and AMF groups are shown in
Fig.8 A and B; the ETR result of atemoya that CK and AMF groups are shown in Fig.8 C and D.
The results Indicated a significant difference using PASW Statistics 18 analysis by conducting
Fisher's protected least significant difference test (LSD test) via ANOVA, and letters (a, b, c)

indicated significant differences (n=3, p<0.05).
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ABSTRACT

The fruit of sugar apple (Annona squamosa) and atemoya (4. squamosa X A. cherimola or A.
cherimola X A. squamosa) are cracking and dropping under low or high temperature conditions, and
causing economic losses for farmers. Numerous research have reported that arbuscular mycorrhizal
fungi (AMF) play a crucial role in helping plants resist environmental stress. In this study, an AMF
species belonging to the genus Acaulospora (strain TDAu01) was isolated from the soil of atemoya
orchards in Taitung County in Taiwan. We investigated the alleviating effects of this AMF strain on
sugar apple and atemoya under low-temperature stress. The results showed that Annona seedlings
inoculated with TDAuO1 exhibited significantly more vigorous root growth and greater leaf numbers.
Chlorophyll fluorescence analysis indicated that the photosynthetic efficiency of AMF inoculated
seedlings declined less then non-inoculated ones under low-temperature stress, demonstrating that
TDAuOI1 can mitigate the cold stress on sugar apple seedlings. After transplanting the seedlings into
our experimental orchard at Binlang, we measured their photosynthetic efficiency before and after a
cold wave. For sugar apple, photosynthetic efficiency declined rapidly by the 7th day after the cold
wave but recovered by the 14th day. Atemoya exhibited a smaller decline in photosynthetic efficiency
post-cold wave, possibly due to the nature of one of its parent, cherimoya, which were grow at high
altitudes. Examinations on root and rhizosphere soil revealed that TDAuO1 inoculated plants compared
to non-inoculated ones had significantly higher AMF colonization rates and spores. Although TDAuO1
provided slight relief in terms of photosynthetic efficiency reduction under low-temperature conditions,
the differences were not statistically significant. Future studies will focus on the application of other
microbes such as Bacillus strains to further study the synergetic effects of AMF inoculated sugar apple

and atemoya under temperature stress.
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