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Abstract: The growth and development of pitaya are closely associated with the rhizosphere microbiome, yet there is a
lack of understanding regarding the seasonal characteristics of the microorganisms during the fruit’s production cycle.
This study focused on the red-fleshed pitaya in Hainan, utilizing high-throughput sequencing technology to investigate
the dynamics of the rhizosphere microbial community across different seasons and its correlation with soil physico-
chemical factors. The results indicated that the richness and diversity of the pitaya rhizosphere microbial community
were seasonally driven. There were significant differences in the Ace index, Chaol index, Shannon index, and Simpson
index among the microbial communities across seasons, particularly showing an increasing trend in autumn. A total of
6132 bacterial OTUs and 1850 fungal OTUs were obtained from 12 rhizosphere samples collected throughout the four
seasons. Bacterial OTUs were classified into 43 phyla, 135 classes, 319 orders, 502 families, and 963 genera, while
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fungal OTUs were classified into 15 phyla, 42 classes, 103 orders, 214 families, and 423 genera. The phyla Firmicutes,
Actinobacteria, and Proteobacteria showed stable and dominant relative abundances across the four seasons, making
them the predominant bacterial phyla. The genus Bacillus maintained the highest relative abundance within the bacterial
community, making it the dominant bacterial genus; however, its relative abundance was significantly higher in spring
and winter compared to summer and autumn. The phylum Ascomycota was the dominant fungal phylum in the pitaya
rhizosphere. The genus Chaetomium was the dominant fungal genus, with a notably higher relative abundance in spring
compared to other seasons. Differential species analysis revealed 15 bacterial differential species and 3 fungal differen-
tial species across the four seasons. The physicochemical properties of the pitaya rhizosphere soil showed significant
seasonal variation and were closely related to the rhizosphere microbial community. FAPROTAX predictions indicated
that the pitaya rhizosphere bacteria primarily exhibited functions such as chemoheterotrophy, aerobic chemoheterotro-
phy, ureolysis, nitrate reduction, cellulolysis, nitrogen fixation, aromatic compound degradation and animal parasites or
symbionts. FUNguild predictions showed that the pitaya rhizosphere fungi mainly displayed saprotrophic lifestyles and
some unknown functions. In summary, this study demonstrated that the structure of the rhizosphere microbial commu-
nity associated with red-fleshed pitaya in Hainan undergoes significant changes across the four seasons, with the highest
diversity and richness observed in the fall. Bacillus and Chaetomium were identified as the dominant bacterial and fun-
gal genera in the rhizosphere, respectively. The findings could provide a theoretical basis for designing cultivation im-
provement measures based on rhizosphere microbiota for pitaya.
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Tab. 1 Sample collection information
4y SR B 1] Bz B
Season Sampling time  Temperature/'C Humidity/%
BE 2022-03 29 75
CES 2022-06 38 90
*ZE 2022-09 34 68
X7 2022-12 22 79
1.2 Ak
1.2.1  k3gmiefgirm g S BN E
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R . SCHEES | AT

122 MHEpEsnp%e R EZNA" Soil
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Tab. 2 Comparison of soil physical and chemical properties in different seasons

= oH H BB TR A R Tl e A
Season SOM/(g-kg™) AK/(mg-kg™) AP/(mg-kg™") AN/(mg-kg™)
HE 5.44+0.39% 13.28+2.45¢ 191.24+19.55° 140.71+6.78° 99.08+17.30°
eSS 6.12+0.46" 34.67+4.41° 199.34+48.03" 323.19+32.76 89.39+11.96%
* 6.30+0.18* 32.57+5.88° 124.74+19.93° 228.39+32.99° 63.99+3.28°
X7 5.08+0.40° 21.86+3.77% 173.91£19.10™ 178.87+21.22 108.57+13.35°
==t 2R £ A R P/ ScR A B
Season TN/(g-kg™) TP/(g-kg™) AS/(mg-kg™") Exchangeable Ca/(mg-kg™) Exchangeable Mg/(mg-kg™")
BE 0.81+0.17° 0.47+0.06° 31.5142.16™ 882.05+53.74° 111.22+14.32¢
CES 1.69+0.08* 1.01£0.29° 32.93+2.60° 2730.35+165.77° 437.02+13.17°
*E 1.67£0.13" 0.67+0.13° 22.69+2.18° 1043.65+127.35™ 315.70+27.36°
& 1.13+0.18° 0.57+0.06° 27.96+1.62° 1208.04+152.04° 194.10+£21.67°

I FSIARR/NG FEERR 225 3% (P<0.05 ),

Note: Different lowercase letters in the same column indicate significant difference (P<0.05).
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Tab. 3 Microbial a diversity in rhizosphere of pitaya in different seasons

Shannon

Simpson

Coverage

i H Istem Z=7 Season Ace Chaol

| HE 3048+329° 3041+309°
FES 3215+82° 3236465
ZE 3711£169* 3690+176°
EES 3299+180° 3332+187%

HA B 470+21° 468+19°
FES 55444 541+£30"
= 655+71° 650+75°
BT 562+116" 551+123%

5.554+0.341%
6.361£0.171%
6.472+0.118"
5.400+1.016°
3.479+0.859°
3.669+0.749"
4.002+0.520°
3.222+0.339°

0.032+0.014°
0.035+0.001°
0.047+0.003°
0.045+0.008"
0.118+0.021*
0.108+0.015°
0.151+0.022°
0.133£0.020"

0.9815+0.0031*
0.9810+0.0049*
0.9800+0.0032*
0.9786+0.0019*
0.9987+0.0001*
0.9982+0.0009*
0.9985+0.0007*
0.9978+0.0005*

I FSIARFR/NG FEERR 225 3% (P<0.05 ),

Note: Different lowercase letters in the same column indicate significant difference (P<0.05).
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Fig. 2 Venn analysis of rhizosphere bacterial (A) and fungal (B) communities of pitaya in different seasons

43177, 1354, 319 H. 502 BHA1 963 J& . 4l #f
AR 1K £ AT JERER ] ( Firmicutes ), £k
I '] ( Actinobacteria ), Z8JE [ | '] ( Proteobacteria ).
2751 ] ( Chloroflexi ), FRFT 1] ( Acidobacteria ).
ZF M ] ( Gemmatimonadota ) . UL #F & ']
( Bacteroidota ). ZhiBR & [] ( Myxococcota ) .

Patescibacteria, WPS-2 %5 (|8 3A ), A[EIZFi]
K- RES S50 Bk b 22 Ak, FZDURERE
M. BRI BIRET A E, HEXFEERE
=, BRI, Rk R8O AT
J& ( Bacillus ). 3 W % #f i H K & X J&
(norank_f__norank_o__Gaiellales). #4422l
1 )& ( Sphingomonas ). 148 H AT 1 H & & s

(norank_f norank o __ Vicinamibacterales), &

A
1.0r m==  wew g == m Firmicutes 1.0
= B = I Actinobacteriota '
8 08k B Proteobacteria §
-g ’ B Chloroflexi 3 08
g [ Acidobacteriota g
S 0.6 B Gemmatimonadota 5 (¢
.% Myxococcota 5
2 04l M Bacteroidota '%
i ) M Patescibacteria f& 0.4
Z E

0
# H B %

Z=75 Season

e B (Massilia), 557 H & ( Sreptomyces ).,
R AT B H & & X J& (norank f__norank o__ Aci-
dobacteriales ). Jt Bl & ( Kitasatospora), ¥
@, 4 & B R 2 X & ( norank f_ Xanthobacter-
aceae) % ([ 3B ). I Z=19 @ KT 1 40 o i
T L5 A0 2 BUAAAE — 2 22 5%, FROIE ZF AT 8
AT EEAER. AFNR S TE., kF, H
ST, N R ZE T AT 2 B R R D 2R R AT A
J& AR 2 B S e R, AR K e SRR B Y o 4 A
Db, AR . TR 5w W A
HARE @M FEUE R, SEEE
A X F EETE R A B S . A, AR
W RMAHEE, BAERENMHENFEE, &
gt — 2 k.

B
W Bacillus
W norank_f norank_o_Gaiellales
W Sphingomonas
W norank_f norank_o_Vicinamibacterales
I Massilia
W Streptomyces
norank_f norank_o_Acidobacteriales
M Kitasatospora
==
—_— -

W norank_f Xanthobacteraceae
norank_f Gemmatimonadaceae
W Tumebacillus
W norank_f norank_o_norank_c_KD4-96
W Chujaibacter
W Arthrobacter

# H % %  Wothers
Z=75 Season

B3 @EKE (A) MEKFE (B) BHEAK

Fig. 3 Bacterial community composition at phyla level (A) and genus level (B)
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Fig. 4 Fungal community composition at phyla level (A) and genus level (B)
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Fig. 5 Species differences of rhizosphere bacteria (A) and fungi (B) of pitaya in different seasons
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Fig. 6 Redundancy analysis of soil physicochemical factors and rhizosphere bacterial (A) and fungal (B) communities
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Fig. 8 Prediction of rhizosphere bacterial function in different seasons
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Fig. 9 Prediction of rhizosphere fungal function in different seasons
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