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Effects of polyacrylamide and biochar co-application on soil
bacterial community, physical and chemical factors, and
maize yield

ZHAO Huixin', MA Xin', ZHANG Ruixi', ZHANG Yonghu?, TANG Haitao®

1 Inner Mongolia Autonomous Region Scientific Research Institute of Water Conservancy, Hohhot 010020, Inner
Mongolia, China
2 Inner Mongolia Autonomous Region Academy of Agricultural and Animal Husbandry Sciences, Hohhot 010031,
Inner Mongolia, China
3 Inner Mongolia Boce Quality Inspection Technology Company with Limited Liability, Hohhot 010010, Inner
Mongolia, China
Abstract: [Background] Bacterial community plays an important role in soil nutrient cycling and
meanwhile is affected by soil physical and chemical properties and crop yield. [Objective] To study
the effects of co-application of polyacrylamide (PAM) and biochar on soil bacterial diversity and
community structure, soil physical and chemical factors, and maize yield in Hetao irrigation area
under drip irrigation. [Methods] We designed four treatments: control (CK, no polyacrylamide or
biochar), 22.5 kg/hm” polyacrylamide+9 000 kg/hm® biochar (PB1), 22.5 kg/hm” polyacrylamide+
13 500 kg/hm® biochar (PB2), and 22.5 kg/hm” polyacrylamide+18 000 kg/hm? biochar (PB3), to
investigate the relationship among soil bacterial community, environmental factors, and maize yield
by high-throughput sequencing technology. [Results] Compared with CK, PB1 and PB2 improved
the alpha diversity indexes (Chao 1 and Shannon index) of soil bacteria. The co-application of
polyacrylamide and biochar changed the structure of soil bacterial community, and the dominant
groups of soil bacteria in different treatments were Proteobacteria and Subgroup 6. PB1 and PB2
significantly increased the content of available nitrogen and available potassium, respectively, and the
comprehensive soil fertility was the highest in PB2 treatment. Redundancy analysis showed that pH
was the main environmental factor affecting the bacterial community structure at the phylum and
genus levels. The ear length, bald tip length, kernel number per row, and 100-kernel weight of maize
in PB2 treatment were the highest. Actinobacteria, Subgroup 6, and RB41 played a positive role in
increasing the kernel number per row, and Skermanella in increasing the ear length. [Conclusion]
Under drip irrigation, co-application of polyacrylamide and biochar can directly or indirectly increase
bacterial diversity and alter bacterial community structure by changing soil physical and chemical
properties to improve maize yield, and PB2 treatment demonstrates the best performance.
Keywords: microbial community structure; polyacrylamide; biochar; drip irrigation;

high-throughput sequencing; physical and chemical factors

TN R R E SR IZNMAEY BRI A Y5 (biochar, BIC)H A
KRN, FEfRRr LR IR AR N BSRAIE , AT R A HLUBOR A
[ NE A7 7T LA e el ] 4 SO S B TR 4k JRAK . A rh O RS, T LK - e A
Lz kitk, HFHZP 1 pH, AP RSE  BUEIFR A RIS, L. RN
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kR (polyacrylamide, PAM)A B8 UF 225, HI)
REJE 4 HIEAS IR E M FUK A R jd e
FHARE, MR AR B LS R, T X
ATl KN B0, SRy e S 8 e
BB AR K B IR IR 2% . SR T E K NE—144k
FAMRLAT USR K NER 8%, I HOAT el + 4%
ERALAR S, R A A IR AR U T Y
T S T AR BRI AR A R R s 25 O,

HRTXT T PAM FA: ¥ 5¢ 4 2 [m] it % + 358
Y P REYE IRFIE AR D o TR, AR SCAEH T 2%
K, JBJTF BIC (9 000 13 500 F1 18 000 kg/hm?)
M PAM (22.5 kg/hm*)IBEA B FHIFSE, T
PE250 M7 V-5, XHEEE LT PAM FUAS [FA
JE ARy e St ) T SR TR IR A A A T 40T, OF
Ve RS B R 1 | FOK = i de b (B A IR
JZERER , DA AZ 0 X R & S 3 i A 0 Jr i
P LR AL, [ Br-t SR el £ X R R Al 19 /K 2
HERR AR .

1 HE5x=

1.1 ISR
2021 4% 4-10 H 72N 5t BRI ] DXONn] 46

*1 HBEEAMR

WA Kf (40°34'N—-44°17'N, 107°6'E—107°44'E) i}k
AR o 2 DX Tl KBl =g, AEXIRERN
HON 141.2 mm, ¥R 6.8 C, LN
140 d /247, BRIRZEFZE R R XA GH
A R L HA 2 AR 1 R,
1.2 RKERIT

I A/ NX A R 120 m®, 3 4 4~/
X, HERAEYI N T, &S/ INX R 3 TH A
/NBE ORI T o TERBESRAT T, S CK O
HEARFE) . PAMABICT CRIAMIENE 22.5 kg/hm*+
AW 9 000 kg/hm?). PAM+BIC2 (58 P4 Tk ik
22.5 kg/hm* +4= ¥ 7% 13 500 kg/hm?)Fl PAM+BIC3
(RNREBERE 22.5 kg/hm™ W)/ 18 000 kg/hm?)
X 4 DAFELLEE, A 3 AEE, ol
CK. PB1., PB2 fll PB3 /R, Fiftiti AJiEAE
BERR % 600 kg/hm®, AS[A]Ab B itE A ] 2 A
PAM Fl BIC, 7 EABEAEF WINE: 7-10 Kk
TT—UHE,, 31y 10 Yk, AR HE A A K IE
— IR AR DA TR AARNE 38 it , AR By L A7)
MPRER . AR AR L. S8 BT
S v AR A BT TR iR DG 1 el n 2% 2 Figk
3 iR

Table 1 The physicochemical properties of soil

645 Index ${E Numerical value
T 7K Water content (%) 16.2
kL ZH B,

Particle composition (%)

% Gravel (20—2 mm) 0.0
fit Sand (2.00—0.02 mm) 27.0
bk Silty sand (0.020—0.002 mm) 495
A% Clay particle (<0.002 mm) 23.5
pH 7.9
B, % Conductivity (mS/cm) 0.3
7K fi# % Hydrolyzed nitrogen (mg/kg) 67.2
HRUWE Available phosphorus (mg/kg) 10.6
HRUH Available kalium (mg/kg) 241.0
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x2 HBHERESKAEER

Table 2 Formula and amount of topdressing in experimental field

BHERC T Jit FHT st WEL BL Ty ket By e &

Topdressing formula  Application period Number of times ~ Formula proportion Dosage of formula
fertilizer (kg/hm?)

i il HR 4T R 1 8:3:1 300

Seeding formula From seeding to jointing stage

8 PRI 4-5 12.5:1:2.5 1050

Heading formula From jointing to early filling stage

FERIIBC 7 TS A9 B AT 1-2 12.5:1:1 225

Florescence formula  From early filling to mature stage

1t Total / 8-10 / 1575

/o kAT

/: Cannot be totaled.

*=3 HARMPERSMETRELAR

Table 3 The proportion of trace elements in each formula of fertilizer application (%)

Item 8:3:1 12.5:1:2.5 12.5:1:1

A HLE Organic matter 5.000 10.000 10.000

& Zinc 0.167 0.094 0.000

i Manganese 0.048 0.024 0.000

fifi Boron 0.018 0.009 0.000

£k Tron 0.012 0.006 0.000

i Copper 0.002 0.001 0.000

4H Molybdenum 0.000 0.000 0.000

pH 4.460 4.340 4.630

1.3 MmX&E

FE BRI B (8 A fy) L+ BEAE & (BF )2
0-30 cm). APRIETCH S&1F T HUE, BA/NXHL
FERTHEAT B FE AT B o A5/ MR BE A

Agarose B g WE&E I ]

Invitrogen 7 A ;

DL2000 DNA Marker, TaKaRa 2~+]; HAti 7

YR i

NanoDrop AR LM 6T, Thermo

FEIGIRS), RBRERIE M HIHEA 2 4> A B4, 1T
Pric s s A A Tk 2 e o 58 UBURE
Je s — BB A AT OKAS A0 R 7 22 1 ST A ke
IR A w5 5 — 8B LA A S R AEH T
B BRI AE

1.4 FERFIAMEE

DNA #HURAF] A Omega Soil DNA Kit,

Omega Bio-Tek 2\ Fl ; Axygen B ISR & A1
Q5® High-Fidelity DNA Polymerase &£ B R &
fi , NEB /-~ r ; Quant-iT PicoGreen dsDNA Assay
Kit 25657 . TAE By lis B B i HL 9k 2% ivh AN

Scientific A w5 HIKAL, dbmis—AERHLA
Al BERCUR ARG, WA A TR,
R fEA s PCR §7144Y, ABI AF]; FEfr
1%, Bio-Tek 23 ; pH I AIHL R4, i L
BEEAER A F 5 RANAT WA BT, Jha A
IR BRA ] B REEUE Z I Re A, i
HRMRSL AN A BRA | B ARG FRAE, i
MR F AN A BRA AL SR,
M BR A W]
1.5 TIEMEIERANE

- AN B R % 2 R TR AR S R A
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RO /AT A3 Al , K-8 PE250. X T
AL SE LA i, SR Omega Soil DNA Kit
PEMZLTR , X3 5E i) DNA #5417 0.8%Z ighk
EEIE P UK 737K/, AT Nanodrop #E i
SN T T E . A B AR i BOZ
468 bp, TIEAHTH 16S rRNA H:[H X K v3-v4
X, 51%4 338F (5'-barcodetACTCCTACGGG
AGGCAGCA-3")#1 806R (5-GGACTACHVGGG
TWTCTAAT-3)"", 1E[5 44 barcode & 1 4~
7-10 MRS TTRRITA, FRIX 5 Rl—3C7%
HAEIRE A o PCR RN 2514 : 98 °C 5 min; 98 C
30s, 53 °C30s, 72 C 455, 25 MER; 72 C
5min; 12 C{#f7. PCR XF NEB Q5 DNA Eif#
HEAM, HRNERRN: 5 uL # high GC
buffer (5x), 5 pL A9 reaction buffer (5%), 0.25 uL
A9 Q5 high-fidelity DNA polymerase, 4% 1 uL A9
E [ F1 B2 18] 5145 (0.01 mol/L), 2 pL %) dNTPs
(0.01 mol/L), 2 uL fUHHR DNA Fl 8.75 pL Y
ddH,O. PCR #3874t 2% NESEI FLIK
PIHCH A BOAH Axygen B [T & [l H
FB.
1.6 TIENFMRNE

S (AT ) ik, [ pH
TRAIH SR 3 pH, R, RA
NaHCO; 24tk | IR 2wk | il
fE A0  NHLOAC it Wik A e s 32k 43 531
E AR AR KRAE . AR R
T
1.7 HEAIE

I B o0 BT 5L T R R AR R R B

FR 2> 7] BT $243E ) 2= I 55 (https://www.genescloud.

cn/home) 17, {8 SPSS25 #EArAH M. F
RSy R 225307, Excel 2010 BB A6 E
IE]%O

2 BER540

2.1 PAM FnA ke 3t 1 4B AR
A
2.1.1 PAM FiE#xHhExt TIEME R L o %
MR R0

5 CK AL, i A BRE 4R T S 40 o A
7% 1 Z HEE (Shannon)F8 54, f S92 PB2 Ab3
(11.05); PB1 Al PB2 AbFRHRE T 34N B REVE
() -F 5 B (Chao  )f5 %, Hrbim /& PB1 b3
(6 816.34), HK K PB2 AbFi(6 826.06), 1fii PB3
AEFRA R R (6 220.78); A [ Ak B Y 24 5 FE
(Pielou_evenness) Fll 4 i & (Goods_coverage) {5
BAgiEE] 0.88 Fl 96%LA b, X ik B %
AT LA R BT K, IR e R Z AR
(E 1)

B Goods coverage
P=0.2

7 000
)
®
0.965 0.970 0.975 0.980 0.985
T

<
=
[=1
> _Jpw
® i @
8 - ®
Vc'} C I. 1 1 1 | 1 .\ 1 CK
CK PB1 PB2 PB3 CK PBIl PB2 PB3 E PB1
C Shannon D Pielou e HE PB2
P=0.71 P=0.29
J vz e (Bl o | HEPB3
= $ﬁ ﬂ = °o® 0,000
. [
oo . o0
Sr iy
— ° o [ ] ®
St 5
- =
[ ] ®

1; 1 l 1 1 1 l 1

CK PB1 PB2 PB3

10.2

CK PBI1 PB2 PB3

1 AEEX TIRAERE o ZSHMERNT
Figure 1 Effects of different treatments on alpha
diversity of soil bacterial community.
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2.1.2 PAM FE#xHiEst HIBMEEEE B %
ES: b

Pl 2 SR AN Ab B A 39 200 TR R A AR
7 2 4t R E 43 #F (non-metric multidimensional
scaling analysis, NMDS), H:JVj /7 pR%U{H (stress)
9 0.069 1, MULfE/NF 0.2 B, #LEH NMDS HE
JPRCR RAF B prds B hnl % . PB1 A1 PB2
AbFE S CK AbFRIHE B4, AHIL S CK Ab3
1) - RN TR VR A A 22 S
2.1.3 PAM FERIALTEST TIRME B R LEH
(WL S

I 3 AT, A () Ak B ) SR A TR AT T
= IE W ] (Proteobacteria) , 43 5| 7 S Wi i
31.89% (CK). 30.70% (PB1). 30.14% (PB2)Fll
30.83% (PB3); UKL 1 (Actinobacteria),
O35 BRI 22.62% . 24.40% . 25.14%F
23.72%; MRATH 1] (Acidobacteria)5y i i S Fh
) 15.84%. 14.63%. 15.06%7F1 16.24%. 5 CK
A, PB1. PB2 Al PB3 AbFH FASTE B ] A AH Xt
FREHIEAR T 3.74% . 5.50%7F11 3.34%; PBI,
PB2 Fl PB3 AbF N AL I 1A XS =F B2 43 ) 42
100 1
90
801
701
60
50+
40

Relative abundance (%)

30+
20

CK PB1
Sample

3 FERIERT TR G R X 3 B AR

Figure 3 Effects of different treatments on relative abundance of bacterial communities at the phylum level.

T 7.85%. 11.10%F0 4.84%; PB3 AbFR4EE T
PR AT T B9 AEXT 32 B8 (2.53%), 1fii PB1 il PB2 4b
FROUAT T AR (7.59% A1 4.88%)
2.1.4 PAM FIE 4 Hhtxd TR M E B R 4540
(B7KF)HIF N

P P& 4 AT, AN R b PR ) - S A0 R A 3 m 2
4 Subgroup_6, 435l di SYIFHY 8.06% (CK).
7.30% (PB1). 7.54% (PB2)#1 8.21% (PB3); H¥k
N Skermanella, 533 5 S YR AT 2.90% . 2.70% .

1.6 - Stress=0.069 1 o CK
1.4 = PB1
{-% - APB2
82 i +PB3
ol -
L 04t
S o2}
Z 00+
0.2
—0.4 |
—0.6
0.8
1.0}
le L 1 1 1 1 1

—-25-20-15-1.0-05 00 05 1.0 15 2.0
NMDS1

2 AR TIRMEREE NMDS 5200
Figure 2 Effects of different treatments on NMDS
of soil bacterial community.

W Proteobacteria
W Actinobacteria
W Acidobacteria
W Chlorofiexi

W Gemmatimonadetes
W Rokubacteria
M Bacteroidetes
M Planctomycetes
W Firmicutes

W Nitrospirae

M Others

PB2 PB3
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3.36%H1 2.65%; LLK RB41, Z39l& S4Fhay
2.94%, 2.67%, 2.62%F1 2.78%. 5 CK Hlt,
PB1 #1 PB2 ZbFE T Subgroup 6 AAHXT 34351
MR T 9.40%F1 6.45%, i PB3 AbFRRE T
1.78%; PBI1 Fil PB3 AbPEF Skermanella WFAXT
F AR T 6.70%F0 8.58%, Ifif PB2 AbFE4E
& 1 15.82%; PB1. PB2 #ll PB3 #tJ K RB41
(AR 2 B 43 AR T 9.11% . 10.81%F1 5.38%.
2.2 PAM FRAE#7R e X LB M R
A

3 4 AIAEH, PAM FUAIRIESEE A1 nc i
RENEMGE T3k A, 5 CK AL, &S AP
RN pHAE, (HH SRR 2L S35 ke
%, BAFAERE 225 PB1 AbFE AT 3G in 458K
A SR, HIMIE A 15.81%; PB2 AbHniEE
100
90 |
80 +
70 +
60 t
50 t
40 +

Relative abundance (%)

30 -
20 +
10 +

0

CK PB1

Sample

4 TELEEKFAEREZEXFEENRI

PB2

HRE R, HIGIE R 7.21%; S408 -+ EE IR |
AR RIA IR, (AR RENEE R
W ST EMRRERAT LA RN 2 AR
FIHEN 87.81%, XULHIHT 2 D FEBsraefE
LT ARPRESHT, HETTERE /MK R pH.
I EEEE 5. HE 6 A, 2FIEITILE
Vb IE , PB2 AL BEAL T AL, kN PBI I PB3
AR R, LR AT m AR RS R
23 HESZHMERSTREBEREFRE
KD
Shannon 54Ul Chaol 5% sz it T+ A1
o ZHEPE, NMDS1 f5 50 NMDS2 $85sik 1
TG B ZREMEFEE AR MK, Shannon
RES pH & B IEHIE(P<0.05); NMDS1 5
AK 5 2 FARIE(P<0.05) (K 7).
M Subgroup 6
W Skermanella
W RB41
B Rokubacteriales
W Halomonas
W KD4-96
B MNDI
m67-14
W Blastococcus

W Sphingomonas
M Others

PB3

Figure 4 Effects of different treatments on relative abundance of bacterial communities at the genus level.

R4 TELEWNHEUEFMER

EAD

Table 4 Effects of different treatments on soil chemical properties

AbFR pH HLGR ES ALK KA AR AR

Treatment Conductivity Total salt ~ Organic Hydrolyzed Available Available kalium
(mS/cm) (g/kg) matter (g/kg) nitrogen (mg/kg)  phosphorus (mg/kg) (mg/kg)

CK 7.49+0.07c 0.29+0.11a  1.28+0.24a 11.21£1.75a 95.334+24.68a 7.44£2.15a 229.00+33.62a

PB1 7.59+0.04b 0.284+0.06a 1.24+0.11a 12.85+1.11a 110.40+60.84a 12.21+7.77a 231.50£19.53a

PB2 7.67+£0.04a 0.27+0.05a  1.22+0.12a 12.16+1.94a 86.01+25.83a 11.6342.14a 245.50+36.89a

PB3 7.66+£0.02a 0.28+0.05a  1.24+0.12a 11.53+£2.12a 84.22+35.16a 13.25+1.83a 229.40+23.73a

[FIFAN ] 5 B 7R 22 57 . % (P<0.05), T[]

Different letters in the same column indicate significant difference at 0.05 level, the same below.
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Table 5 Results of eigenvalue and variance analysis contribution rate of principal component analysis of soil
physicochemical factors

W3 RGN PREL ATy A

Component Initial eigenvalue Distill the sum of squares of loads
FHAFHEE FZEES BHESE RRETRHMHME FEAS L BEHE SR
Principal Percentage Cumulative Extract factor Percentage =~ Cumulative
component variance percentage (%) eigenvalues variance percentage (%)
eigenvalue

pH 4.469 63.843 63.843 4.469 63.843 63.843

44 Total salt 1.677 23.964 87.806 1.677 23.964 87.806

% 0.854 12.194 100.000

Electrical conductivity

A Pk Soil organic carbon ~ 7.79E-16 1.11E-14  100.000

7J(ﬁ§/f(‘ Hydrolyzed nitrogen 3.78E-16 54E-15 100.000

ﬁgiﬁ;’i Available phosphoms 3.26E-17 4.66E—16 100.000

H B Available kalium —5.87E~17 -8.38E-16 100.000

®6 EMABNEEREB/IER

Table 6 Results of principal component score and comprehensive score

Ab ¥R FEor R AR He#

Treatment Principal component score Comprehensive score Ranking
Fl1 F2 F

CK -21.01 —15.12 —17.00 4

PB1 -5.25 -3.79 —4.25 2

PB2 39.97 34.81 33.76 1

PB3 —-13.71 —15.90 —12.52 3

R7T WEEZSEEEENTIRIELEFAEXE ST

Table 7 Correlation analysis between bacterial diversity index and soil physicochemical factors

FH pH TS EC SOC HN AP AK Chaol Shannon NMDS1 NMDS2
Correlation

pH 1.000

TS —0.511* 1.000

EC —0.470* 0.961** 1.000

SOC 0.090 0.140 0.100  1.000

HN -0.360  0.467*  0.480* —0.050 1.000

AP 0.420 -0.050 -0.070 0.140 —-0.070 1.000

AK 0.040 0.210 0.150  0.652** 0.000 0.250  1.000

Chaol 0.280 -0.290 -0.200 0.170 -0.100 0.220  0.280 1.000

Shannon 0.475*  -0.410 —-0.290 0.030 —0.180 0.050 0.010 0.804** 1.000

NMDS1 0.440 -0.340 —0.250 -0.240 -0.260 —0.080 —0.445* 0.450*  0.555* 1.000

NMDS2 0.170 0.070 0.130  —0.150 —-0.070 0.080 —0.060  0.050 0.110 0.000 1.000
*: P<0.05; **: P<0.01. The same below.
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2.4 MEEIELEMETIERKEFHRDA  #HITTURSOHI(E 5A), RDAL Fl RDA2 W] LLfi#

TUERGTH B IRANRIEIE S5 0225, 2 13.38%F
ENRFE b BT A S L Bb 1 5.27%. 3EFREE 1 pH X 40 T8 FH % 45 44 ZH ik
A Permutation test P-value: 0.958
I
1.5+ I
I
I @
I
I
1.0 ¢ I
I
I
§ Actinobacterif
=~ I 1 Group
% 0.5 ’, 0 Ger rlmmfﬂmu;m,’.*tn F . CK
g : @ PBI1
i ® PB2
5 ® (5] @ PB3
00k - = - — = - - - — - — — - =9~ — — — — — — — — —
Proteobacteria O
o
_05 . . "hmmm
t'{u’mw‘h‘.\'ﬁ .
|
I
" . . 1 " .
i =10 -0.5 0.0 0.5 1.0
RDA1 (13.38%)
Permutation test P-value: 0.376
B I
1
1.0 :
1
1
1
: 8
0.5 1
I "
S U @
& Group
3 pH . CK
2 R )| . e~ T e R @ PBI
é ® PB2
p Halomonas AK @ PB3
D
05 @
Supgroup f;.
|
1
I
I
-1.0+t :
: ; ] :
-1.0 =0.5 0.0 0.5

RDAI (29.55%)
5 TIEMAEEEGEHSHEMRMN RDA 0 A: 1K F AN RS 450 S50 24 i Al AR 5
PESHT. B JRACE I - AN TR 75 2544 5 Ah 27 1 J5T (R R DG 43 Bt
Figure 5 RDA analysis of soil bacteria structure with chemical properties. A: The correlation analysis of soil

bacterial community structure and chemical properties at the phyla level. B: The correlation analysis of soil
bacterial community structure and chemical properties at the genus level.
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RS ok, HR /K f# A (hydrolyzed nitrogen
hydrolyzed nitrogen, HN)Fl14£k (total salt, TS).
AR I W ] (Proteobacteria) 5 1 3 A H % (soil
organic carbon, SOC). A% (available kalium,
AK).HN | TS, H, 5 ¥ (electrical conductivity, EC)
FI145 %1% (available phosphorus, AP)¥ & IF A
KR T | (Actinobacteria) . M ]
(Gemmatimondetes)5 133 pH Fll AP £ &5 5 1EAH
KHZ; MRITHI ] (Acidobacteria) 5 13 AK FlI
SOC R IFAEK R ; P& W[ J(Planctomycetes) .
S ] (Chloroflexi) 5 +3% HN , AK 11 SOC %
HEIEMHX LR BFET](Bacteroidetes)5 +
% AP, EC FI TS BIEMCKR; SRHIRI]
(Rokubacteria)§ 13 pH 2 IEMI KRR

TEI@ /K- b, IEBCGERERT 50 (4t 14
FRAL R F 17040 M1 (B 5B), RDA1 Fl RDA2
53R 29.55%F1 4.3%, IR pH X4
PRI V% S5 R AR s i e K, O AP AT HN
WgEh Pt B J| (Halomonas) 5 +3% HN, EC. TS,

AK I SOC i IEHIXKKFR; Subgroup 6 5
EC. TS. pH. AK ll SOC S REFHXEER;
Skermanella . ¥R A5EH & (Virgisporangium)5
158 HN. AP fil pH RIFAHXKR; BHHHEE
(Lysobacter) . % EK I J& (Blastococcus) 5 13 pH
AP, HN, EC Ml TS WIEMHIKEXKR.
25 AELETRAHERERESR

fER 8, PB2 AbFHAY F KK . BRK.
FRATRLECR AR E Y s, THS CK AH
o, FORBRMA KRR FHRERS T 835%4
5.88% (P<0.05), PB1 £ PB3 4bH4& IG5 45 175
IR RE, EEAIERK.
2.6 MAHIEREIRE T IBMAREFESEN
XS

TETTKRFEE(R 9), EXABKRSE
Gemmatimonadetes - 5. 2 71 AH 5 ¢ £ (P<0.05),
EARITRES Actinobacteria 5 0.3 1IEA KR
(P<0.05), 15 Acidobacteria 5 .3 iR F
(P<0.05). @K (£ 10), EXEKY

x8 AR ERBEXIERER

Table 8 Differences of related indexes of corn with different treatments on maturation period
OB L3S TRK (R JER A
Treatment Ear length (cm) Bald tip length (cm) Kernel number per row (grain) 100-kernel weight (g)
CK 21.19+1.18ab 1.30+£0.71a 43.56+1.24a 34.00+4.36ab
PB1 21.83+1.53ab 1.26+0.69a 44.56+3.36a 32.33+0.50b
PB2 22.96+1.32a 1.61+1.14a 45.33+£3.28a 36.004+2.29a
PB3 20.50+£1.92b 1.51+0.50a 42.56+2.79a 29.33+3.21¢
Fx9 EREBHREIRMEGIKI)IER YD

Table 9 Correlation analysis between maize index and soil bacteria (phylum level)

EfEHa 3N FHRK TTRIEL [ER A
Index Ear length (cm) Bald tip length (cm) Kernel number per row (grain) 100-kernel weight (g)
Proteobacteria 0.243 —0.090 0.236 -0.217
Actinobacteria 0.289 0.351 0.534* 0.175
Acidobacteria —-0.385 —-0.090 —0.641%** —-0.056
Chloroflexi —-0.069 —0.084 -0.299 0.156
Gemmatimonadetes —0.461* 0.021 —0.349 0.015
Rokubacteria —0.034 0.253 —0.156 0.184
Bacteroidetes —-0.336 -0.417 —0.051 —0.215
Planctomycetes —0.081 —0.260 —0.157 0.036
Firmicutes 0.185 0.094 0.158 0.305
Nitrospirae —0.109 —0.066 -0.374 0.155
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Table 10  Correlation analysis between maize index and soil bacteria (genus level)

EiEg ) 8IS TRK FkIER JERIACES
Index Ear length (cm) Bald tip length (cm)  Kernel number per row (grain)  100-kernel weight (g)
Subgroup_6 -0.369 —0.142 —0.523%* —-0.104
Skermanella 0.449* 0.237 0.263 0.101
RB41 -0.416 —0.064 —0.698%* —0.159
Rokubacteriales —-0.034 0.253 —0.156 0.184
Halomonas 0.097 —0.099 0.159 —0.150
KD4-96 —0.040 0.149 —0.409 0.053
MNDI1 0.156 0.136 -0.111 0.288
67-14 —0.143 0.315 —0.009 0.205
Blastococcus —-0.032 0.000 —0.123 —0.030
Sphingomonas —0.364 —0.086 —0.386 -0.197

Skermanella 2 i 3 TEA I R (P<0.05), FoKAT
FEE Subgroup 6 il RB41 &g & ALK R
(P<0.05).

3 Wik

BT R, PAM AW iext + 35
A B I SR e A B s U AR
L5 5 3CHk—%, PB1 Al PB2 AbFRIHRE T+
BEAN TRV 1) 3 & B2 R £ (Chao | ) M 2 AE 1 FE 4K
(Shannon),

TETK I, ZRFE ] (Proteobacteria) B
NARF RIEAM T, KRR
(Actinobacteria) MR T I | ] (Acidobacteria) . iix\
B AL TSR X, H Aoy R w L
5, AIE W] Al B ik g ) B
I 5 CK M, A AR T AT
PRI FBE , TR 1B 2 RIEA, W LARE %
FRASNEA IS, H b PAM FiA: 9 5 it
AR5, AR AT 1R 2 E TR )
B, RO S ORI, H B KA TR
TR T B F MR KRR 9). AWFERY]
FRAT TR SRR AN TR, H— e Hh AR PR M 3 = 1Y)
3l ARBEFEH PB1 I PB2 Ak B4 IR AR

FFTR TR 2 B, 3 AT R R o A W e R kv
Yyl B pH (B, 1 H E KA RS BRAT T 10
BENMIELRGR), HILEHIEHE,

TEJE/K- b, A CHEE Sl 40% 7,
RN B2 , 1K 1561212 50 - 338 o KR o
AP ) TR o A [7] Ak 3 - 3 A4 T A 3 47
J& Subgroup 6, H:IXK K Skermanella F1 RB41.
AMH5E H PB1 Al PB2 A FRFEAR T Subgroup 6 Al
RB41 BYAHXSFJE, X A[RESEEH Subgroup_6
1 RB41 [alJ@ FRRFFER 120, B RRRAT BT 11
AL S PR R R AR A kA, B R ORAT RS
Subgroup 6 Fll RB41 2 it ZF i AH K R (FE 10),
X ViHH Subgroup 6 1 RB41 7EiZ HIEHAEE
He A, PB2 ANFRERE T Skermanella WIAHXT R, H.
XM KR A BEVERI(ER 10), Skermanella
Sy AL A R P, HE A R AR
Feor i i . NMDS Fl2 s Hrk B, PBI
M PB2 AbFS CK AbBR 340 B R P Fh =
FEA N ZE IR, XU PAM FIA: 9 i it
R LS R T B2k

- 5 PR SO 5 ) A S A TR R 1Y S
1122 o ZHEVETES(Shannon) 5 pH & B2 1 EAHG
(P<0.05), B ZHEPEFER(NMDS 1) 54 20 5 i
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BETAIP<0.05) G& 7), XULHIIHIREE ZHE
PERIIME IR 8% pH SR & & . TR
R pH 252 AN e (1] L TRy 2
KR (& 5), pH CHAREZS MHILRE |5
PR E RIS 2R s BE AR DG, T FL A 2
FTUEW] pH 2 T RS RV 45 4 28 Al A E 2 T
TP, R 1 (Actinobacteria) . 2 HLLET]
(Gemmatimondetes). C.FHW €& (Rokubacteriales)
FIRBA1 5 45 pH A HSGRAIEANE ; AT R
I"J(Proteobacteria) . Wg+h ¥ MUt J& (Halomonas) Fil
Subgroup 6 513 pH EfAHIeM:; 3L
AR AL SRR R B
)&l Subgroup_6 FFEASLIY FEEF M A ¥
I, PAM FIAN[EIBE RS A W e 2t v] e A ok 1
S o it MO HIEGUE YIRS A . PR T
HRTE ZFENE, Bl s E i,

4 Hik

25 A PR - HE AR TR L B2 I )
(Proteobacteria)Fl Subgroup 6.PB1 Fil PB2 Ab3{!
P 7 IR IR 0 3 BRI AR A
PB1 Al PB2 AbHAT 403 S FAEAE T, H PB2
PR ZEG L IERE I HEA T B L. 3 pH 2
S - RN TR A 7K Z R N ES A R(TT . Rk
R FE LR N T, PB2 AR EORERK . TR
NSNS P/ Y % G ARy Sh d =i & A Ll
(Actinobacteria). Subgroup 6 il RB41 X} £ K717
RGN E M AE #E1ER], Skermanella %t %
KA B 3G e M e FEVE T . 25 BRTIR, TR
HEZRMET PB2 AC PRI REAL 4 = IR AN R VR
R T o - R AR BT S A TR VR A, T
R A 4 1 52 P 0 e 838
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