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1 HR5HEE

1.1 RIEXHER

R F202159:5—9 H 78 P 5 1 Al K 2= i 1
BEH I X &K+ TR A (111°2'307E,
40°4130"N) JF/E, RGPS N19.6 'C, BEK
F4184.2 mm. 0~20 cm—+ 2 Y 3 D i -,
SRR B 1.73 glem®,  H AR K% 922.6%,
¥4 Eh/N1.62 glkg, pHIE N8.61. 0~20 cmt 211
A HLFE B N15.02 g/kg, 4&EN9.89 mglkg, /K
fit & B 63.47 mglkg, ERLEEAN 43.56 mg/kg,
AR N216.50 mg/kg, AEE IR KA IR A
F3~5m.
1.2 RBEEIt

BEAEY N M H 2% (HZ2399) , {EFEF AT
(5 H Ay X FH AT ek i e b A B (/K 58 A0
900 m*hm?) , [ H 354 7 1 P9 SR RS T miaee, A
PRI R HEA , ARFR L4225 mm, i Sk F]#50.3 m,
WSk E2 Lhe DL HLE K KWL CEILES I HE /K450

m3hm?, ZEBE AR K K450 mihm?) gxtiR, B
DU IR B K T HAb T W2 (B U1 /K300
m3hm?, 2E 5 A4 K /K450 m¥hm?) . W3 (B
WE/K150 m¥hm?, AR5 AR K IR K 450 mPhm?) , A
FEAKIAEE . B REK 5 B AL . W4 (B B /K450
mhm?, A KIIEK225 m*hm?) . W5 (B Y]
WEKA50 mYhm?, AEFEAEKHIAEEAD . BRI
TR, S AR, R B % (&
BE18%) , FEFNET BEFEFPHLIE AN, i FH & 4300
kg/hm?. ZEFLEE AT AEALFE, PR 25 (5 R E46%)
WEWEK TN, 5t B 24300 kg/hm?. K56/ X HiA% 410
m>16 m, /NX PO E SRR, PABEIEK. & 6
A2 Him . [ HZ 1202146 H1H &M, HA4NX
FHWONR, AEIEMIE21T, 1TEE50 cm, FREES0 cm, Ff
F#E21 000 #k/hm?, & /NX R —3. iRIKR
M aBENLIX Hikit, e E3INES, HHit15
AN/ o T B R A A it 2 R A 487 SR
—E

k1 KBt

Table 1 Experimental design

FEACEHU(m®E hm?)

e Ik I FETEM R LR i e
w1 900 225 225 1125 1125 1125 1125 7 1800
W2 900 150 150 1125 1125 1125 1125 7 1650
W3 900 75 75 1125 1125 1125 1125 7 1500
W4 900 225 225 1125 1125 0 0 7 1575
W5 900 225 225 0 0 0 0 7 1350

1.3 HmEEFNE

FEK G 3 T i H 2ok A B 1 GIE . #R b
JE55d; JFAEH: #EANE65d; HE . EFE80d;
RS FERRAE105 d) A L5 0~20 cm-L )= AR
RIEE LI, BADNXEZIR. HEVNXFE SRS
BI515y 24y, —B 5 R BT 5 AR s 1 3ESWC,
—IAEEN RN fEE2 mmid, e L
febr. AHSHN (DDS-307A, EigERH) MpHit
CHERF B4R 20, i) M LKfEAL 0 5
() 3R FRIREC JepHAE, HIENOS-NEAMINH, -N &
KR AT WA e e BE T 5 s SR 3R A X
(YM-01) X}0~20 cm-t 2 1) 3838 B 47 e A e U
T T AN A BT ) R AR R
HotH
1.4 1B YIDNAIREL. I R0 F

TE AL FH AL B0~20 et bR &R, R &
Bl 1 R NTE T B HAS, BRI IS AR A
RN FES, B T-80 C&M4 M RAE, F TR
€. KAOMEGA Soil DNA Kit (D5635-02) 7| #&
L3R (DNA) o FET-0.8%35 g Filt I i vk
54

X3 5E BFIDNAREAT 23T KN, ) F Nanodrop
XTDNAZAT & & 4T -

ffi H 51 ¥ ¢ % 338F ( ACTCCTACGGGA
GGCAGCA)#1806R(GGACTACHVGGGTWTCTAAT)
I3 40 % 16S rRNA JE K . ff A 51 4 ITS5
( GGAAGTAAAAGTCGTAACAAGG ) #1 ITS2
(GCTGCGTTCTTCATCGATGC) ¥ E i ITS1%:
5. R HINEB Q5 DNAGE R E R AHHEATHIE, 7EPCR
X _EF98 ‘CEA FTAES min, {5k DNATS /28,
RIGHEATY RN . 7 3 45 Bk AT 2% IR W 4t I H Uk
AR, DIECHE R B, Axygendi i BTSRRI £ mlli
H B . 2T 1llumina NovaSeq F £, #HINovaSeq
6 000 SP Reagent Kiti#172>250 bp 1A il 7 »
15 MFHERERHSEMERZSHT

EFXF16S rRNAZERR 731 B2 i3 2 ASVAE
S, A PICRUSt 2.0 347 Dhae T, @i
MetaCycHif 2 13- B 4H B . 3 3 A i % . K H Canoco
508 i A= AR Th e 5 g EE A R T AT U R
58T (RDA)
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1.6 GitF oM BIBLIE

i FExcel 2016347 Mol 4 B I 45 I A U BE VR
Gt ZREVERDIRIE, SRFISPSS 25,087 A 564 Hi AN
7 537, FOrigin 2021421 KR s -+ 398 Ak AR Sk
P, TR 428 4F 4 TNMDS 54T Mantel testfH
KT

2 BZRE S

2.1 Ko SERxtE HEARFR D IEIR M BV S 00

ANFEJ AL T () 1a) H ZEAR s 33 A ot L3R 2.
W2ALHE R (8085 IR b L 3EC . NH,-NE2) HIAH Eb
WAL I 2 45 7 12.00%. 12.29%. W34ALHEL T (131
AR Br - 3ESWCHINOS -N & 43 A1 AH Eb WL b3 &2 3%
FA#AK 7 39.81%4122.92%; T NH,-N#&E45) HlH W14k
TR 7 12.54%. 19.30%. W2ALFE T i i ]

+IESWC. EC. pHIE 73 HIEWLAL B FEAR 1 22.98%.
8.06%. 2.84%, NH,"-N. NO3-NEZ7 MWLk 7
i 110.32%. 4.92%. ILFEIAIK 57 SR R IR B
TIEEC. NH,-N. NOgz-N& ML A 2 sl A 2 A8
W PR AR R

WALLEE T (1 S AR BR L 3ESWC . NOz-NE ¢
WAL 5 % [%11£.26.09%. 30.10%. W5ALH R (1L
AR B - 3 SWCHH L W1 Ab 3 12 35 F# 11K 21.15%, EC,
NH, -N& 2> Bl E WAL 3 B 41 517.19% . 14.63%,
B BESWC . pHAE 7 il R WL AL 2 [ 11.53.92%
1.42%; EC. NH,-N. NOz-N&7 AW AL B4R 5
27.42%. 36.27%. 24.41%. A KWK 5%
N AR BR HI3ET. NH,-N. NOs-N&EMWHLE W2,
R RGBS

A2 TR & FARIR L3R 32 AR
Table 2 Physicochemical properties of rhizosphere soil under different treatments

A s SWC/% TIC EC/(mS ¢m™) pHIH NH,-NE/(mg kg")  NOz-N#&/(mg kg™
wi 17.03+.73bc 22.97+40.84a 0.75+0.04a 8.6940.10b 21.24+0.60b 26.27+40.89¢
W2 17.4740.38¢ 23.7240.91a 0.84:40.05b 8.49+40.06ab 23.85:40.65¢ 27.5140.53¢
PLFE A w3 10.2540.59a 25.8540.93b 0.8240.03ab 8.2940.10a 25.3440.51d 20.25:+1.62a
W4 17.640.71c 22.85:4.65a 0.7540.01a 8.4340.17a 19.580.05a 22.73:.70b
W5 15.5742.97h 22.6840.85a 0.7740.05ab 8.4040.07a 20.5240.12b 25.32+40.86¢
w1 14.780.64b 20.99+0.86ab 0.6440.04a 8.5240.20ab 15.860.44a 21.99-40.76¢
W2 14.93:+.56b 21.33+.06ab 0.67+40.01a 8.6040.09b 16.57+0.23b 19.39:0.58ab
FTEH w3 13.670.95ab 20.25:1.55a 0.6640.03a 8.48+0.03ab 18.8840.24d 18.12-+ 53a
W4 13.58+.21ab 20.0540.93a 0.6540.03a 8.3540.12a 16.3640.38ab 20.35:.11hc
W5 11.66:0.16a 22.8840.95b 0.75+0.04b 8.36:40.04a 18.180.33¢c 20.87+40.52bc
w1 16.9040.54b 19.8540.20a 0.6140.02ab 8.4740.05h 13.4840.13a 19.27+.25¢
W2 17.274.27b 20.3340.22ab 0.5540.05a 8.4240.08ab 14.900.88b 15.810.95h
S ] w3 13.18+2.39 20.07+40.57a 0.5540.01a 8.3140.13ab 15.04:9.46b 13.0640.93a
W4 12.49+.27a 21.0840.62bc 0.5840.02a 8.3240.02ab 15.57+0.59b 13.4740.50a
W5 11.46:4.74a 21.560.14¢ 0.6840.07b 8.2940.07a 17.8740.55¢ 14.98+.31ab
w1 17.7140.65¢ 18.36:40.55b 0.6240.09a 8.4640.05b 10.569.15a 9.7540.58ab
W2 13.642.50hc 18.43+1.26b 0.57+40.02a 8.4340.05b 11.65:0.26b 10.2340.47b
e8! w3 15,5142 14¢ 16.7540.44a 0.57+40.04a 8.3540.11ab 11.3740.47h 9.50+40.33ab
W4 9.86:2.80ab 18.34:40.39b 0.7640.02b 8.22:40.06a 13.62:0.28¢ 8.82:40.34a
W5 8.16:+1.81a 18.11480.62b 0.79+40.09b 8.3440.11ab 14.39:9.36d 12.136.95¢

I ORTEIE T ESREE, ARG FREROR A A AN R AR W Z R 22 (P<0.05) , TR,

22 KO SENE HERRTIEMEDEEZ N
oA

AN TR A 3R () ) H 25 R TR B - 3 AR
AlphaZ FEvE i ILEIL (1 () —KEIL (o , FEl

(e)—KE1(g) ) . W2AL 3 T (1 AR br - 45841 7 Chaol ,
6000 c

ab I b tic
5000 | gl 1 a
I
—
& 4000 |
o
3000 f
2000 . . . . .
w1 w2 w3 W4 W5
LSt

(a) #liEFChaol

Pielou., Shannon} 7l #H Eb W1 AL B 12 5112.41%. 1.05%.
1.91%. T Jaccard?E B 5% (1 Beta % FEE 0 AT 45 R
(B ()« 1 (h) ) KB, TIRAE. HEE
B2 (Rl AR A AE M B %, R 5 b HE R
BRI E BRI E R E 2R

.

ab bc abc c a
09 | =T = == = T
08
k=]
©
& 07
0.6
0.5 ; ; ; ; ;
W1 W2 W3 W4 W5
Kb

(b) 4uiiPielou
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Fig.1 Rhizosphere soil microbial diversity under different treatments

AR IR S5 20 BT [ A~ 34 s ZEL e SR b = B AL 112
(@) o AW FEAIERER]. BREIT. &
LT BRATHRT . WAL RIS 1 | 1A =
BWLALFE 2 PR 1 7.66%, W3KEFH FAUSRES ]
FEXS FE FEARWLAL BE . £ 42 5 1 32.19%. WAKLIE NI
FRAT B T AR XS =F B A WLAR B 42 57 17.58%, WSALHEE T
PRI T2 B8 1 TR T 3 P e WL AR B U 25 48 0 T 41.60%
YU SR REA AR E2 (o) Fis, W3R AR
TR & K P8 75 MND AR X 3 B A WL AL 33 B AR T
11.26%. WAKSHREGWIACHE$E = 1 4025 18 1] 8 /K P
7% KD4-96 . Gitt-GS-136 . A4b . SBR1031,JG30-KF-CM45
AEXT R . WHALEE R TSR 6 1] 8 /KPR VK 67-14
MB-A2-108FH % =F & A5t W1 b #4373 5 35 472 5753.13%
503.53%.

MRBR BB T 1A R &2 (b)Y B,
A E TN TR T, W3RN AT 5 [ T
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FEAH EEWLAR B 55 25 42 575.25% . WALLHE N 1)l 55
I TAH O = BE A WLAL 1 1 25 42 151118.80% . FL 1R J& 7K~
B IE2 (d) s, WIABRBWLALFE i 1 158
B 1)@ 7K F#E 7% Alternaria . Lophotrichus . Fusarium,
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PIAEXT B, W2, WARLEE N pk o8 | R AR
Mortierella #H % 3= B ¢ W1 4 B 73 5] 1 1 63.32% «
118.42%.
2.3 KO TRRFMH T E BERFLIBRMEDKHTH
BERY TN 43 #7

AN T Kb PR o 38 40 T 10 35 11 K T B 9 5 44 11
AR T e T 73 A1 45 R W3R 3. 447K 5377 R Ab PRI AH
EEWLAR BRI & TR 1] SRS RTT. BT w2
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Fig.2 Relative abundance of microbial phylum and genus levels in rhizosphere soil under different treatments
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Table 3  Abundance of dominant metabolic functions of rhizosphere soil bacteria under different treatments

Lectera

KPR A7 W14 H/RC Rt FIH. [F16/RC AT =P AN B I 7= A /RC fRUHR/RC
w1 21 724.314752.88a 1352.37+5.47a 5 247.72436.97a 666.51427.49a
W2 24 045.574612.41ab 1379.2546.33ab 5 431.86484.59a 730.95:+11.50b
LR w3 25 421001 099.31hc 1 426.7046.87b 5 896.14460.88b 810.637.04c
w4 28 153.614222.80c 1 685.63+12.20c 6 389.57445.39¢ 856.91:+17.93d
W5 34720.7242 793.73d 1890.01435.43d 7726.254301.12d 981.3048.3%
w1 29 444.184478.05¢ 1457.83427.97d 5 611.2624160.50d 719.7046.91e
W2 27 855.194235.15d 1377.97424.43¢ 5 433.88493.51d 657.0544.39d
AT w3 23 936.24+442.42c 1229.9246.52b 4674.63+141.79¢c 577.82+10.09¢
w4 22 895.204534.45h 1263.61433.380 4 441.32480.58b 543.2546.67b
W5 21 057.704576.44a 1162.94434.29a 4187.31478.80a 515.8045.73a
w1 9 556.00415.49 458.08:1.94a 1939.39+20.14a 173.3621.62a
W2 11 376.56245.56b 542.6144.18b 2 346.21:+10.36¢ 226.1143.07b
BN w3 13 383.034521.56d 623.12:41.51c 2 653.46452.03¢ 258.8142.52¢
W4 11 878.93+107.56¢ 609.327.90c 2433.11:417.97d 237.5845.20bc
W5 11 317.508.64b 541.56427.19b 2 235.16442.71b 218.95:415.07b
w1 11281.194317.67a 872.3845.24¢ 2158.8819.85b 350.682.11b
W2 13527.22492.63b 977.9842.27d 2 449.22+445 03¢ 407.4548.61¢
FRAF ] w3 11 046.82+1 314.43a 806.03+1.60a 1881.57+4.76a 303.8543.21a
W4 14 130.51476.98b 1059.14:+16.87¢ 2 543.29:159.24c¢ 424.7345 87d
W5 10 311.37494.13a 843.5745.18b 1894.03458.50a 313.7449.47a
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HIRATT AL, MRPs H R E R SR S 5 A

ARG Th e = B W LAL L 53 71l 8 7516.58% . 5.32%, W4

IIRESE IR, WA, FTRRB=fgeE =4 HE FNROERE 12 50 SR T eEE E W1kt
FRAREThRE. W3 FHIFRE 1S 5MA B nli5113.07%. 109.92%.

k4 KRR T R IR R A B GRM i F 2L

Table 4 Abundance of dominant metabolic functions of rhizosphere soil fungi under different treatments

IR b W4 e/ RC Refiid. FIH. FL/RC BRI AR S =4 /RC fRUHE/RC H & i%i%4%/RC
w1 20 472.104253.92b 5 050.0339.06a 13 475.93+47.31b 2 442.08420.14b 704.68+2.26b
W2 20 040.3517.45b 4948.10+17.34a 13 371.20:111.49b 2 444,53431.79b 664.8039.18a
TR w3 21 819.014421.70c 5 412.64+177.53b 14 192.34+140.58¢ 2 579.63489.22¢ 753.6423.85¢
W4 18 578.06767.37a 4744.184333.76a 12 642.354203.50a 2 341.77+47.96a 647.76421.09ab
W5 20 635.24+151.82b 4 851.47434.90a 13 675.324227.00b 2 438.58421.12ab 695.00+2.00b
w1 823.67+16.58¢ 216.6245.86b 612.91:£10.84b 115.04£18.99b 35.8243.67h
W2 1337.3710.33d 358.20:17.47¢ 1056.72447.34c 176.6146.37¢ 50.93:+4.27¢
Berug] W3 556.54:+16.10a 144.6942.29a 390.03+11.57a 80.344.12a 17.18+1.85a
W4 1755.01225.13e 471.03422.25d 1286.65:+14.73d 240.50431.10d 64.22:1.49d
W5 775.0311.59b 218.9147.34b 570.98+25.96b 102.59+10.11ab 30.4640.81b
w1 105.07+1.58a 24.10+40.98a 92.68+10.49 13.1240.81a 4.2041.82a
w2 286.6545.65¢ 78.0423.23¢ 211.4742.76b 43.6243.94¢ 8.79+1.29b
B w3 297.1743.32d 70.4744.63¢ 214.0045.10b 35.80.29b 11.5640.53¢
w4 146.5641.42b 38.954.18b 117.1846.44a 18.5340.63a 5.2840.20a
W5 416.64+3.70e 107.0848.57d 338.38452.43¢ 55.76:45.75d 16.3541.67d
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Fig.3 Correlation between the physicochemical properties of rhizosphere soil and the community structure at

the level of bacterial and fungal dominant phylum
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Table 5 Correlation between the genus level community structure of rhizosphere soil bacteria and soil physicochemical properties
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swc 0.082 -0.857** -0.379 -0.164 0.425 -0.236 -0.821** -0.571*  -0.721** -0.471
T 0.313 -0.029 -0.163 0.016 -0.316 0.227 -0.041 0.350 0.021 0.416
EC 0.036 0.525* 0.277 -0.104  -0.695** 0.388 0.595* 0.416 0.340 0.495
pHIE 0.075 -0.523* -0.244 -0.530* 0.138 -0.396 -0.637* -0.464 -0.530* 0.075
NH, N -0.036 0.814** 0.407 -0.036 -0.446 0.225 0.775** 0.550*  0.657** 0.550*
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Table 6 Correlation between the genus level community structure of rhizosphere soil fungi and soil physicochemical properties
1K REE TR TR TR TR TR TR TR FHEE]  FEE BREED
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NO;-N #it 0.170 0.050 -0.105 -0.763** 0.406 -0.429 -0.048 -0.441 -0.068 -0.239
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Fig.4 Redundancy analysis of soil physicochemical properties and metabolic functions in phylum level community structure
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Effect of Water Deficiency on the Rhizosphere Microenvironment of

Sunflower under Film Drip Irrigation
CHI Zhaonan, LI Weiping”, ZHANG Jiapeng, ZHAO Sha, WU Yixuan, WANG Jiashuang
(College of Water Conservancy and Civil Engineering, Inner Mongolia Agricultural University, Hohhot 010018, China)

Abstract: [Objective] This field experiment of drip irrigation under sunflower film was carried out in the Hailiutu
Science and Technology Park of Inner Mongolia Agricultural University, in order to explore the effects of water
deficit on the microbial diversity, community structure and metabolic function of sunflower rhizosphere soil.
[ Method] Sunflower was irrigated with 900 m*/hm? of saline before planting, and drip irrigation under film was
used throughout the growth period. The control treatment, W1(450 m%hm? in the squaring stage and 450 m*hm?
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during the reproductive growth stage), involved sunflowers under mulch drip irrigation with a water deficit. Two
water deficit treatments were implemented during the squaring stage: W2 (300 m*/hm? irrigation during the squaring
stage, 450 m*hm? irrigation during the reproductive growth stage), W3 (150 m*hm? irrigation during the squaring
stage, 450 m*/hm? irrigation during the reproductive growth stage).During the reproductive growth period, mild and
severe water deficits were treated using two strategies: W4 (450 m*hm? irrigation during the squaring stage, and 225
m>/hm? irrigation during the reproductive growth period), and W5(450 m*hm? irrigation during squaring stage, with
no irrigation during the reproductive growth period).The Illumina high-throughput sequencing technology was
utilized to analyze the structure, function, and diversity of the soil microbial community in the rhizosphere.
Additionally, the study examined the impact of water deficit on soil physicochemical properties, as well as on the
structure and function of the microbial community. [ Result] At the squaring stage, W2 and W3 treatments
significantly increased the electrical conductivity (EC), ammonium nitrogen (NH,*-N) content, and temperature (T)
of rhizosphere soil compared to W1.Moreover, this water deficit also decreased the soil water content (SWC), EC
and pH value of the mature rhizosphere soil. At the mature stage, W2 treatment boosted the richness index(Chaol),
evenness index(Pielou), and diversity index(Shannon) of rhizosphere soil bacteria and fungi. In the four water deficit
treatments, the relative abundance of Proteobacteria under W2 treatment was significantly reduced by 7.66%
compared with W1. The relative abundance of Chloroflexi and Ascomycota increased significantly by 32.19% and
5.25%, respectively, under W3 treatment compared to W1. The application of W4 and W5 treatments led to an
increase in the relative abundance of Actinomycetes, Acidobacterium, and Mortierella. The correlation between
bacterial community and soil physicochemical properties was stronger than that of the fungal community. Bacteria
showed a positive correlation with EC, ammonium nitrogen, and nitrate nitrogen in the rhizosphere soil. On the other
hand, bacteria had a negative correlation with soil moisture content (SWC) and pH value. Biosynthesis is the
dominant metabolic function of bacteria and fungi in rhizosphere soils. The main factor affecting dominant
metabolic function of bacteria is SWC. In addition, EC, ammonium nitrogen, and nitrate nitrogen will have a positive
impact on dominant metabolic function of bacteria. [ Conclusion] In summary, The water deficit at the squaring stage
improved the physicochemical properties of rhizosphere soil compared with the water deficit in the reproductive
growth stage. Additionally, the mild water deficit at the squaring stage improved the structure, diversity, and
metabolic function of the rhizosphere soil microbial community, thereby making it a suitable water treatment for the
growth of rhizosphere microorganisms.

Key words: drip irrigation under film; water deficiency; microbial community; metabolic function; high-throughput
sequencing
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