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WANC An in, M‘A Rul ,uMA Yan-jun, LU Yan- _xun.n ,
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Abstract Explormg the effb( :ts of artificial Haloxylon ammoderidmn forej plé.x{lmg on the structure and fuh('llon t(la deserl soil | bal%lerlal community provides data referenc.e for soil

. 3

miero- ecologlcal testoration_a dnd land quality improvernent l,|'r1 debert gasts fransition zones. Illumina high throughpul( ssequencing technology and PICRUSt2 functional ‘prediction

dnalyjis weré nised 10 ldeﬂuf\ and analyze the structure and functlon of sml bacte;ral communities, and the Mantel correlation test and RDA analysis were used to explain the

phxsdocher':llca factgh affecting dhe structure and fun('tlon uf soil bacletial eernn ny i " "The results showed that: (D) the soil bacterial OTU number, Chaol index, and Shannon
index wete aig"lﬁ(’amly hlgher in the H. ammodendron foresl than in the niobile dune soil, and the PCoA analysis and Adonis test showed significant differences in the soil bacterial
commumty “Structure between H. ammodendron and mobile dune soil (P = 0.001). @ A total of 34 phyla, 89 classes, 174 orders, 262 families, and 432 genera of bacteria were
detected"in all samples, and the phyla Proteobacteria, Actinobacteria, Cyanobacteria, and Chloroflexi accounted for 76.05% of the relative abundance of soil hacteria, which
belonged to the dominant soil bacteria, among which the relative abundance of Actinobacteria in H. ammodendron forest soil was extremely significantly higher than that in mobile
dune soil (P < 0.01). @)PICRUSI2 function prediction revealed that the soil bacterial community of H. ammodendron forest included six categories of primary functions and 28
categories of secondary functions, among which the metabolism of carbohydrates, metabolism of amino acids, and metabolism of cofactors and vitamins were all greater than 10% in
relative abundance and were the main metabolic functions of H. ammodendron forest soil bacteria. () The planting of H. ammodendron forest significantly improved the nutrient
content of soil organic matter and other nutrients. Soil pH, organic matter, total nitrogen, and fast-acting phosphorus were the main physicochemical factors affecting the bacterial
community, with soil organic matter significantly affecting the soil bacterial community structure (P < 0.03) and metabolic function (P < 0.05). In conclusion, the artificial H.
ammodendron forest helped to increase desert soil microbial diversity, increase the relative abundance of soil bacterial metabolic function genes, and improve the desert soil
microenvironment.

Key words: soil bacteria; community structure; PICRUSt2 function prediction; artificial Haloxylon ammodendron forest; desert-oasis ecotone
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Table 1  Quantitative characteristics of artificial Haloxylon ammodendron forests and information on soil sampling sites

T H 2 S WP /m 1 /em 5 % FRAT I /m
AS1 103°01'16" E 38°40'53" N 1305.43
HS1 103°03'17" E 38°40'47" N 1 298.74 175.85 + 39.69 43.12 2x2
AS2 103°03'26" E 38°42'14" N 1315.58
HS2 103°03'25" E 38°42'13" N 1311.47 176.73 + 39.89 38.81 2%2
AS3 103°03'11" E 38°44'33" N 1 296.95
HS3 103°04'16" E 38°43'15" N 1304.26 188.60 = 46.53 37.94 2%2
AS4 103°03'31"E 38°44'24" N 1306.11
HS4 103°04'42" E 38°44'33" N 1312.56 192.13 + 48.02 35.56 2%2
ASS 103°06'47" E 38°44'35" N 1314.79
HS5 103°08'14" E 38°44'19" N 1335.25 196.95 + 66.90 36.13 2%2
AS6 103°05'29" E 38°45'23" N 1321.17
HS6 103°08"12" E 38°45'11" N 1 318.44 152.80 + 21.73 37.26 2%2
AS7 103°0806" E 38°46'39" N 1296.41
HS7 103°09'54" E 38°46/45" N 1302.35 163.15 + 30.59 37.53 2%2
AS8 103°08'02" E 38°46'34" N 1318.99
HSs 103°09'13" E 38°47'38" N 132057 193.55 + 44.42 37.17 2x2
AS9 103°09'07" E 38°47'14"N 1334.66 i - -~
HS9 103°10'22" E 38°47°09" N 1317.82 184:88 + 55.13 37.09° 71 o
AS10 103°08'03" E 38°48'26" N~ 132275 o F
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Table 4  Physical and chemical properties of soil in artificial Haloxylon ammodendron forests

FE pH ©(SOM)/g-kg™ o(TN)/g-kg™" w(TP)/g-kg™ ®(AP)/mg-kg™' ®(AK)/mg kg™
AS 8.22 + 0.16b 1.12 £ 0.13b 0.08 = 0.02b 0.19 = 0.01b 1.26 = 0.05a 141.12 + 15.2b
HS 8.98 + 0.13a 1.63 +0.19a 0.19 + 0.02a 0.26 + 0.02a 1.35 +0.12a 183.9 + 11.38a

DpH: 3 pH,SOM : - A HLBT, TN : LI AR, TP RIEABE, AP 2 SEHURE , AK: 1 e 2080 5 [R5 F) /NG - B 7R 28 5l 35 P < 0. 05

2.2 AN TR e i 2 A i

20> T AL AR SR/ NREAS P B B 17 715 AT A
L BLR T 97% A A M SR 2545 2] OTU S 4k 55 919
A HoA HS AR OTU 08 2 9984, 7 OTU A4
Y9 53. 6% ; ASFE MY OTU 50K 2 5244, 5 OTU &
B 46.3%. £ FE DN P A a5 B 13K 99.21% L I

kK
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P=0.004
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Fig. 1  Bacterial diversity index of soil in artificial Haloxylon ammodendron forest
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1, < 1% WA 5 4. 13% + 1.55%, & 3 0 He (F
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(23.55% = %7.96%) (A TG 8. & 22 5 ; UL W T 146 HS
FAS A H A AR X 35 BE 4300 2 30.53% < 9. 14% il
17.26% + 9. 86% , H HSH% i 3 % T AS(P < 0.01) ; %
PR 1A 3 8 25 5 00 S5 £ B T A R, R B K AS
FEHD 2 T HSREHL (P < 0.05) s 4825 B | ] 1F HS A
M (12.07% + 5. 37%) (9 AH X =F B2 /5 T AS FE 1l
(8.54% +2.51%). WAMUFF 1] (Bacteroidetes) | iR
o B 1] (Acidobacteria) . Z2f 5 g B ]
(Gemmatimonadetes ) Fll J& BE T [ ] (Firmicutes) 7& T &
A A 19, 81% 2 HIE RN, Ko 2F
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Fig. 2 PCoA analysis of soil bacterial community structure in artificial

Haloxylon ammodendron forests and mobile sand dunes
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Fig. 3 Relative abundance and variance analysis

of soil bacterial phylum levels
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Table 5 Relative abundance and differences in the functional genes of soil bacteria in artificial Haloxylon ammodendron forests and mobile sand dunes

g A = HE /% oLk
— R INiE ZHINHE AS HS P
WA AL A Wy i A 13.26 + 0.26 13.57 £ 0.26 0.016 <0.05
TR AR 13.02 + 0.39 13.35+0.26 0.040 <0.05
4t B DR R 2 2 AR 12.72 + 1.05 12.05 £ 0.57 0.094 > 0.05
i SR R 2 A 0 1 £ gt 8.88 + 0.58 9.38 +0.38 0.034 <0.05
H Al B 1 1) AR 8.07 +0.18 7.86 +0.15 0.013 <0.05
BRI i B A 4k 6.65 + 0.69 6.98 + 0.36 0.195 >0.05
G K 1 2 ) W Sk AAC i 5.99 + 0.49 6.30  0.37 0.135 >0.05
R AwLi] 6.07 + 0.98 5.35+0.51 0.053 >0.05
W20 A 5 LR 2.96 +0.18 273 £0.22 0.020 <0.05
FJEAb IR AR P 10 A 9 B B 2.66 +0.10 2.64 +0.11 0.749 >0.05
WA R AR 1.58 +0.02 1.57 = 0.02 0.542 >0.05
S FE R 4.88 +0.09 4.97 + 0.06 0.022 <0.05
BB E B AL #E 1 & HE YRR i 3.29+0.17 3.24+0.14 0.474 >0.05
B 2.60 + 0.07 2.63 +0.12 0.481 >0.05
i iz Bk 2.00 +0.23 2.07 +0.26 0.512 >0.05
o i ‘
AR R ANSE T 1.42 +0.09 1.36 = 0.05 0.085 > 0 05
B fv B A 5 5532 4 162005 . 1.62 £10.08 0874 ’,_f S a-os

TSR] L RS T L S LR R A SRR AT z%z?M‘ii%%JH AL 2 fiE Ef)?’y:ﬁ‘f nt

F AR B EA X (P <0.05), i‘%ﬂﬂuj:-sﬁfﬂi% 7@9‘%%4’5% o~ j’
Sy ke ATHEKEEAE= ,&mam B = 'ﬁﬂmanwﬂagmv;@;z v F '; :
~— Tabie 6 \Correlatlon between the re;;latlvd a,bunli‘al e of secondary melaholﬁ( ‘fﬁm tu),ns of soil bac teiaa and the relative ‘p-I i.:l“ L
i .-“. ....-' F / .:f“n abundance of.nma:)ﬁr B@fl’?p' Phyla in artificial Haloxy lon ammodendronﬂmeﬁl po— "fﬂ__;i,
“\ | mﬁﬁy} ) 5: BT wiﬁn 4 g@ i sy ;ﬂﬁt*ﬁn o AP ORI R
ﬁimjdt ) E’J{Uﬁf L 0.480° | | T 08717 0.737" g% 1-0475 " ok 0.764" Q.;_z%S
Ak R - 0.6207 i 0 828" \\:::" -0.965% 0.6257 40,059 0.411 0.790 0.365
'ﬁmrl?ﬁnéﬁi%’ﬁ’ﬂhﬁj s 0850 r o, 674 0966} 05767 -0.135 ~07304 —0.754"  -0.462°
i ﬁ%@ﬂé&MA%E’MELﬁT 0.548" 4 08580 . f_:—;;ﬁ% 05677 -0.112 0.393 0.797" 0.437
,\ﬁﬁﬂgﬂxmmﬂi -0.344 -0.762" uili 0.728™ -0.579"" 0.250 -0.251 -0.600"" -0.190
H‘awﬁiﬁi 0.830" 0.707"" -0.964" 0.522° 0.101 0.300 0.764" 0.499°
ke H A 104 2 W o S AAC 0.767" 0.584" -0.8117" 0.501" 0.141 0.157 0.615™ 0.289
e AR -0.752"" -0.788" 0.995" -0.579™ -0.028 -0.370 -0.801"" -0.451"
BEAS I R W) R -0.411 -0.780" 0.760™ -0.684" 0.321 -0.176 -0.685" -0.252
JEAb IR AR P 19 A= 10 B B 0.488" -0.144 -0.183 0.191 0.313 -0.011 -0.042 0.087
% R A -0.773" -0.345 0.598" -0.574" 0.027 0.122 -0.497 -0.297
B AE R 0.400 0.819™ -0.784"" 0.245 -0.125 0.330 0.718" 0.449"
EiE=%i dagkill o -0.912" -0.345 0.740™ -0.409 -0.360 -0.056 -0.550" -0.405
RES -0.548" 0.279 0.093 -0.154 —0.473% 0.339 -0.057 -0.118
il il iz Bl 0.917" 0.104 -0.570"" 0.444 0.396 -0.167 0.436 0.434
4l A K FBE T -0.668" -0.838" 0.965" -0.501" 0.028 -0.287 -0.864" -0.548"
JIE B 0.620" -0.307 -0.088 0.413 0.259 -0.497% 0.078 0.204
1)* P <0.05,%* P<0.01
Mantel K5 %5 2R B (&1 5) , N T M M bk 1 33 40 14 — 2.5 N TR bR - g 3 Ak M B X 2 TR R Vi 4 AL RN

GACH I RERE N AL 22 Sk S A e vk 2 25 e AU B B i

PEE S ARG, R RN TR R A5 M 22 S K, 20501 NTDAR MR bR b 9 B Ak P o ) 32 2 40 7 1 1Y
FEAGH DD REJE N AL 22 S i ok, B SR A R eV R

PRI T RE K DR 2 80 A 25 S 1k BB 3 AR T 25 40 25 S R Y A HRGE R WA N TR MR PR - S A0 T A 9 45 A 10
VIR FEPRA D -, SR FRIE 5 IX 32 2 200 T ) AR % = B B
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Fig. 5 Relationship between differences in the genetic composition
of the secondary metabolic functions of soil bacteria and the
structural variability of bacterial communities in

artificial Haloxylon ammodendron forest
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Fig. 6 Mantel test correlation analysis of major bacterial phyla with physicochemical factors
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Table 7 Bacterial community structure and main physicochemical factors Mantel test significance test
L T
il pH SoM TN AP
r P r P r P r P
] 0.282 ok 0.193 i 0.131 i — —
W 0.226 * 0.319 o 0.174 * — —
BB - — — — — — 0.614 o
LT 0.170 * 0.189 * — — 0.221 *
1)%; P<0.05, **; P<0.01, —: F2/m5 70 E MG
*8 ITHEMAHEERDAHIFHIERBRS
Table 8 Characteristic values of RDA ranking of soil bacterial genera and the amount of explanation
s R S AL T N IR AT
gl 42 i3 A4 i 2 %3 fh4
- 20 T AR R T B AL AR 0.292 6 0.0255 0.005 2 0.003 6 0.284 0 0.019 5 0.007 6 0.002 7
HHEANTE R R /% 29.26 31.81 32.33 32.69 28.40 30.36 31.12 31.39
AN G PR PR AR DG 0.594 0.551 0.353 0.546 0.564 4 0.5927 0.630 3 0.5372
YT 5 AR R R R % 89.18 96.95 98.55 99.64 90.03 96.22 98.63 99.50
M5 R A A 32.69 31.39
SRR {E 99.64 99.50
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