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1.1 R IEHBEE R

PRI AL T L AR A8 AR T B = AR IO =
FeARGIH MM (3727'N, 118]0'E), HiALRE IR A
Bl PEZE RS, BT AR, BN AR ae, HE
KA, g e . WIe X 44550 12.8 C,
PR 8.8 m, TCFEI 4 944 h, AESTH A H IR [E]
2196 h. EPE/KE 555.9 mm, F RFRZEE 1900.8
mm. RIS H T B R AR 1, HEE LD
WA T, 0~20cm /24 Eh & 5.33 g/kg. A
WL 8.22 g/kg. FHAZE 18.55 mg/kg. HARE
4.99 mg/kg.
1.2 It

R A A W H 2% (TY5562), 17#H 60 cm,
PREE 25 cm. ARG E T 2 MABHER, BFERE
[ (104 20, 30 m) FIAEYR CAESINZEYR . 30
thm?), 3t 6 MbEE, 735104 B-S10 (ZE#sR+10 m
R B-S20 (AE4+20 m M5 [H] D B-S30
CEWIR+30 m B TRIFE ). S10 (10 m IS & [A]E )
S20 (20 m W [AIEE ) A1 S30 (30 m HEEIAIEE),
ANREFE A ANER . AR DL 30 thm? (LU BN
it WA, IR H A TR AL iR i A
WIKH, FEHHLRG SN 3R 2 0~20 cm IR fE.
R 3 MRS, FRRN 1.1 m. &b F R
5 A )RR A= 4 2 i P AS TR 22 4k, SRECF A HH )
EEAE LR R ERA . BRELE, SRR
%2
1.3 HmRESNE

TR BRI 3 A L3R AR S T B
PE B 5E 23 M7 o 5 AR ) 3800 N =355 : Oid 2 mm
it J5 47 1-80 “C IR IRIKFE & 17, - T AcculTSTM
CRERf ITS %t sE &) A1 Accul6STM CHHf 16S
Yt RN ) ¥ FiE 1 LIRIRAT T4 CUkFH,
FFIE I3RS E R A R R Of)a—#or 14
P& T et i, AT e LIEahUnE. -
AR . pH EME I E.
1.3.1 B3P R &M

KB FE STV LSk R . A pH it
(PHS-25, Hr[E L) WlE 1 2.5 H3EKEEDN
€ pH 1t . HL 54 (DDSJ-308-a, Shanghai, China)
ME 25 CH 1:5 L-KIBEMRIRSHE (EC), L
e H AR E A A Y, RS R (g/kg)

=0.004>EC (uS/cm) +0.237, n=81, R’=0.974. -+
SR A R R (AA3-HR, fE[E)D
WsE . RAL LT (UV1200, i), e
LA, SRR b A A R AT AR - L ik T
5E A LRI,
1.3.2 LIEM A RN T

At £ 45 % 57 & “FastDNA® SPIN Kit
(QIAGEN, USA) 7 #2HL DNA, F{i FH &t flg bt e
HLEKCRIEAS DNA (528, [HI, EXHFEAR) PCR
P RHEATREI, AR DNA PRS2 Rk, X—%
TRAS 4 51 kAT =R PCR Ty 34, [RIA LA
T VHE 20 T AL EC T 2 (R 2H DNA miix 1E A BRI TEXT IR . 3
8 5 =2 I B R RE R FELUKA I, Sk IR A
Bk g g b BP0, 4RIy X 380N 16S V3V4,
1EH 5148 CCTACGGGNGGCWGCAG, X [H 5|4
N GACTACHVGGGTATCTAATCC ; LI ()4 14 [X 1
NITS1, M58 CTTGGTCATTTAGAGGAAGTAA,
S5 %5 GCTGCGTTCTTCATCGATGC. Jiixéd
¥ )5, ¥4 DNA 5 spike-in N2 DNA —[R#ET H ¥
X3 PCR #14. BFAFEARUIN TR € MIFR25 7 51,
CATE J& 82 000 R0 A= 045 225 o0 A v St AN R R A 3t
ATIX 53 o SR X0 SCRE TR P AT eI &=, AR I 7
B R TIE UFRE, FRA IR FRE AR 1 78 =
K, BB GREA, RATERIRE . JREE
W FELL BN, FFHERINE CFERE. &5,
RASCE@ELE Numina & & 37 EiE &0, RA
2>250 bp ()Xl 7 5w, A R A e -
1.4 BHEALIE

FIH SPSS 23.0 4tit# 4+ (IBM Company,
Armonk, NY, USA), T HLR Z 5 240 (ANOV A)
EL 25 #%-2H Chaod AT Shannon $5 % DA A 21 T A1 L B 24 7K
FRHER T 5 AR R 2 R, IR R TT 257
e 5 A 4 5 RIS 5 T ) B 3R H A i 3 B M AN
THFW . KH R B (Version 4.2.2) 1] ggplot2
AT Z PR 26 E I 251 LA S A Excel 2010 %
1) 4 T R L 4 6 = P AR

FIH SPSS 23.0 4t i1 #44:(1BM Company, Armonk,
NY, USA), #ATHRFZRETTZ 75 (ANOV A) L&
MBI R ZE 7, IR AR 2 07 2 70 Hr il g
A2 ) R G A (R BEGE B3 8 AR 11 32 BLRZ M RN AE ELRY
. F SPSS #fit4r Person A<t 4T, FEH
Origin 2018 Z:#iIMc#ME ., &G FH R B
(Version 4.2.2) 1] vegan 347 LA 43 HT(RDAD,
J1F RDA K.
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2 HBRE5 5

2.1 HIEIBIAFM

AR AL FE Y 3R A M AN SR 1 BToR . BRER 1 7]
K1, AR AN HEK PR EE AR B-S30 AL B L35
Gk, HIEEIEM Na" B35 T B-S10 4bF A1
B-S20 4b#; B-S10 A FIE NS R R E & T
B-S20 4b LA B-S30 AbHE ., HUBRIEE HE/KMEH T, S30
AR pH 535 5T S10 40FE; S30 AbFE 35K K
T B Na' i 25 =T S10. S20 4b3E; S10 b
THASSE AU B4R B 3% & T S20. S30 4bFE .

F A HAR R R 207 2 s R s, LI

pH. T35 3h A Na' 5215 5 A1 BE DL K 2E 4 ok FH s
(RS HAR R s w2, BE W I ER AR, L
B HEME Na"EERKER . LIRS /KE R 20
EEERER B3, BEERE RN oR, 38K
REFEEE . YR BE R AR FIS & 1]
PEAZ FAR X T IRE WL . SR UL 2 A
HRom . WEERBEAE, IMNAEYIR, SalieE T H
HUF 6.42%. 45.84%. 84.84%; 7l TSR
2.38%- 26.17%. 21.72%; “rHl¥emE 14 23.94%.
3.03%. 5.00%, 54k bk IRl B K AME AT DR
R R B 1) 3h 4y, I R 37 0 B4 T

k1 B XIEALH IR T £ 04T GYEHTEE, n=3)

Tab.1 Analysis of variance (ANOVA) of soil physico-chemical properties (mean *standard deviation, n=3)

VRl I fhg oH {if +i% TIEE R Na* &/ HHL RS AR R AR o)
(thm?)  [A#/m BIKEI% (9 *g?) (@ *g?) (9 g?) (mgkg")  (mgkgh)  (gkg?)
10 B-S10 8930152  20.7040.69b  22840.16b  0.930.013c 17.4041.09a 327040.10a 5.0240.16a  0.8820.08a
30 20 B-S20 8.8440.10a 22014169  31140.72b  1.184003b  152440.62b 28.7240.44b 759+12la  0.6820.07a
30 B-S30 9.0240.04a  26.86+1.68a  4.314004a  16240.06a 152540.78b  2414050c  6.2140.98a  0.4540.03c
10 S10  8624013b  2313#1.19b  23020.17b 1022002  163532.77a 3194#0.19a 58540.33a  0.7120.0la
0 20 S20  8833003ab  21.90#161b  30705lb  13140.04b  1045210lb 227621.00b 4.543024b  0.6620.03b
30 S30 9102009  265640.73a 4040052 14020031a 9.2532.06b  19.8030.76b  7.20#0.51a  0.4020.08b
B 0.200ns 0.31ns 0.21ns 0.893ns <0.01*** <0.01*** 0.402 <0.01**
0.005%* <0.01%* <0.01%* <0.01%* <0.01%* <0.01%** 0.432 <0.01%*
B>S 0.048* 0.186ns 0.04* <0.01%* 0.022* <0.01%* 0.054 0.036*

W AFE T RN R P FIREEHEAR VR A SR A KR N A A B ) 22 S5

E (p<0.05) ; ***FKF p<0.001, **#KRIE p<0.0L KT FLERE

%, *JRTE <005 KT FERBE, ns RALREER. FR.
2.2 T4 Alpha M

I REE R A R R A B
a6 (K1) Box, 40 R Chaol Al Shannon $5 %15
BT EE. EIET, 10 m R IAFE AR BB R
T Chaol F5%, B TT DL 35 3 s 4 b Ve 1 33 B
5 20 m BEE ] FEACFEAREL, tHIE3E 425 T Shannon
FRE m TAME N 2R TEREE T, R
T HE K BV = Tl o I () B P 3 g B A1
B-S10 F1 B-S20 ffJ Chaol 5% Shannon & £ . 3% &

4500f a .
40001 | b
b b b

< 3500 ﬁ ‘ —
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S
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Fig.1 Diversity indices of soil bacteria and fungi

k2 AR E HEKAE R T L A4 Alpaha
%A R & £ 9T
Tab.2 Two-factor ANOVA analysis of soil microbial Alpaha
diversity indices under biochar synergistic

subsurface drainage effects

e i) LB
Chaol Shannon Chaol Shannon
VIR 0.668 0.188 0.008 0.494
i A A PE <0.001***  0.001** 0.001** 0.023*
A i R 0.333 0.21 0.004** 0.007**

2.3 TIRWMEYIREEERR
FIH Mumina S &7 6, % 18 M 16 S
rRNA SCEEFIECEE TS ZEASCEEREAT I, HEFLANE
A SR T N BB RV RFAE AR 3 T
k3 REEMIE, AR, BEREED R
it tm B Ao B AR KF LR R
Tab.3 Effects of drain spacing, biochar, and interaction of drain

spacing and biochar on bacteria and fungi at the class level

Abp FHIE]
Acidobacteria_Gp6 o- B LR v-2EIE R4 Acidobacteria_ Gp4

B 0.07 0.581 0.898  0.000*** 0.388
S 0.000*** 0.006** 0.000*** 0.000*** 0.000***
B>xS 0.093 0.548 0.098  0.000*** 0.000***

S

WREEA  JeAEAl GSI3  GEA  Wfumdl
B 0.000*** 0.000*** 0.000*** 0.000*** 0.007**
S 0.000*** 0.000*** 0.000*** 0.000*** 0.000***
B>S 0.000*** 0.000*** 0.000*** 0.002** 0.002**

e R VR A P AR B NN
Acidobacteria_Gp6. a- BN TWLEN. y-Z T
49 . Acidobacteria Gp4 . HF & 8] fH X}
Acidobacteria_Gp6. o7 T B 40 FI i £k TR 24 1 52 e ¥
# (p<0.01) , WEEFIEE N 10 m, FHAxFE & .
Acidobacteria_Gp4 52 g &[] FE A1 A= 1)k (1) 5200 2.3
AR T RD R DA B ARAT T 22 B O y-22 T B 2N
e EE (E2) .

b B VR AH R RO L B 2 D e B R AN

Fere g, GS13. . WifiEmAN. LR, I
T i DA R 58 AR P R 0 34 4 i 5 i 2 &

(p<0.01) (H3) .

50
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ey
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2N W
o o

#5003 (X 10)
o

B2 REXAZT @i RAK-Fayext 5
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Fig.2 Absolute abundance of bacteriophage levels in
different treatments (meanzstandard deviation, n=3)
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Fig.3 Absolute abundance of fungal phyla at the level of

T

JEREHMN SN WA

different treatments (meandstandard deviation, n=3)
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FEfR, HUGEHAZ (p<0.01) .

W 7K ST 4 B R BB 119 B2 2R A SRR ] 6
Fiz~. fE4HEH, Acidobacteria Gp6. Lk # 4. v-
AT H 4N, Acidobacteria_Gp4 5 pH. Na*. & #h&E S
BEMMRK, SHENA. MERAEEEEMAX. R
B, BN FEFEE AN NS pH. FEE.
Na™ 5 23 FUAHDE, HAEHUR MRS E 2 03 B,
242 BREHKREH T LER Y @A LA HHRER
T4 K IR AT

FH 438 20 855 R 1 5 000 35 4 B R B B AR KT 1Y)
RDA 7r#TE (B 5) w%1, Na's &#hE (p<0.01)
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HKE A
0.5 AL
2 ° o
i Py P b
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(a) 40
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2 (p<0.05) tH 2 FEm -+ 358 B B BEVE 20 A () S B IR 3R

S KT 200 T R B 1 B A S A B ) 6
s (B F*3RR7E p<0.05 /KPR EREZE, ¥R
fE p<0.01 /KF R ER B, ***F/R p<0.001) , &
41 B 7, Acidobacteria_Gp6 . JH £k B 49 .
Acidobacteria_Gp4. y-ZEEHMN 5 & hEM Na' i35
FuR e, SH MR B IEM . fEEE T, 252 H AN
GS13. #i B P EE A 5 & Hh B Na' i35 7 A1,
HEHUR. MESRBEE M. GS13 MeHEH 5
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Redundancy analysis of bacteria and fungi under biochar synergistic subsurface drainage conditions
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Fig.5 Redundancy analysis of bacteria and fungi under subsurface drainage conditions
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% 4 FIRTR % AR I B HE KR e s B B IO R
3% i AW T R DU 7 1A BE . AR AN HEK 12

3.1 HIEBU MR E IR R

W 5T B0, B A TR EERN AR ) ok 55 s 7 TR) BE I A2 HL
VERIX -4 B, Na's L. MSEMERA
BER (£ D, HERSPIRRRY, SAmE,
AR TR IR S 2R Na's EARMFF, 10m
[E] #EAT 20 m [A]E#%- 40 #E (S10. S20. B-S10. B-S20)
N R R Na" &34 15 KT 30 m ] R AL FE(S30.
B-S30). Ut4l, B-S10 AbELFN B-S20 AbFE 1) Sh &A1
Na"#1F S10 4bFLA S20 4bFE, XAl AEIHR T4
WL E & Cal* Ml Mg 45 B 1 7 22 4 3 ik by
BffR Na*, PRS- i gEh e, AN PRG35 &
P S T LAGERE R R I AT T
SR E TG, TR HEREAGVE L, SR A
B, X R RN (AR, A R R I (AT S
Ko AEWR BT 8 S A LS ELARAG e rmn bl Ao Xk B A ok
e, T UAR S IR VR BRI, ARA g
HREEFRTED, NP, [ AE0 L E 7
ff s AT A 250 B SR8 2y, FRRAR TR 20 IRV 43
SO AR T AR E . SRR
B, EARTF WAL T IX— . SRS HE KR
AW R B [E I B HEZK 264, 30 m g ] FE (B-S30.
S30) %M N, AHURMEWEZMT 10 m [HH
(B-S10. S10) 120 m [aAl#i (B-S20. S20). AL
2 TV 5 2% B - 3K 2 R0 L 5 39 ML
(o AN LAk, I HEZK B 2R Ak K A RS R
W LA LR - B 2025 PO gt K 3T (R B BT 7
P, R AN R B 2 N REaA. 7
AWFFTH, B-S30. S30 AEEH IS KREE ST
B-S10. S10. B-S20 Ab¥Al S20 4bBE, X AJREZAHL
Ji I T A P ) S A
3.2 HIEWE YA RIS i R A& HEAINE R

Yao ZEPOVRF 5t T et X - 94 R TRE VS 2EL e
BRI, SRR ESFHAMAENEG oL
WA RN - B ENE S LIS BN
P, AFRERILT EIRNEN . SRR T 25
R ER (R 3), BEEREEXS Acidobacteria_Gp6.
oM BERRE N4t A B &, B
A EE G S R AR R R ) (R D), XATRERIR
PR A2 0 L 2 bR A9 0T 1 8 A R R U . Rtk
Acidobacteria_Gp6. a-Z BRI\ T8 Lk B AR 4a 0t =F
76 10 m [ EE AR EE R . AEMIR . RS TRIEE. £
RS 1R BE (22 EAE X y AT TN A 2 1R
Wi, FCAENTE B AR S R NUR . S A
DR EA I (B2, R 1.,

1 FRT 0] = B HE 44 10 10 1) B B AN A 2, SR T
A4 (R SR BRI B 75 B — e 1 .
3.3 TIEMEMEEARNEIIEF S

G FEI R, LR F S
AR AHURE. &S =i 2% U
B3 X ARG R 5. WAk, BFRE AP
EECY R R AT EES S SN IES S SN NE WIS
[F) 2% AF T 52 ) 1 3 TR AN A 0 = R 1 S A R
ANE CE 4, AR FEEEHKERT, XE
PRI LS AN 2 0] = P 52 5 K ) R 2 Na™, Sl A
N SRR R K PR R R A A (B 5 B 6).

FEANTFTH, Acidobacteria_Gp6 £ Acidobacteria_Gp4
TE LR A 236 R o AR B IR A HE /K A
T, Acidobacteria_Gp6 F Acidobacteria_Gp4 5
R Na™ 3 UG, ARFFR, RITHT & BEMK
EREIAET N AAE, AR KRR T ol oAl 3
AR, Rt R R HEKERT,
Acidobacteria_Gp6 F11 Acidobacteria_Gp4 5 pH £ 2.3
AR, X557 EB L B g B — B BT —
f A VERR . EE R RIS R 10 B8, 53Ry
FAHIC . SR, FEAHE U K IIX P OC R FHFARGL,
2 BAE TR = A NS Eh AR H R R AT B R RE A AE
MR A S o

VR X T B X B K AR PR AR 26 K, 2T 40D
AN, PRI, bR FAE R A, AR A
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Effect of biochar amendment and subsurface drainage on
microbial communities in saline coastal soils
TIAN Yuyu'?, LI Dongwei', QU Ziliang®, JING Rui*?, ZHAO Qingging*?, ZHOU Xinguo
(1. Farmland Irrigation Research Institute, Chinese Academy of Agricultural Sciences, Xinxiang 453002, Ching;
2. Graduate School of Chinese Academy of Agricultural Sciences, Beijing 100080, China;
3. Dandong Hydrographic Bureau of Liaoning Province, Dandong 118000, China)

Abstract: [Background] Soil microorganisms underpin soil functions, and its community is influenced by a
multitude of abiotic and biotic factors. The objective of this paper is to study the combined effect of biochar
amendment and subsurface drainage on microbial communities in salinized soil in coastal ecosystems. [ Method]
The experiment was conducted in a field at the Yellow River delta, with the subsurface drains spaced by10 m (S10),
20 m (S20), and 30 m (S30), respectively. For each drain spacing, there was a biochar amendment treatment and
non-biochar treatment. During the experiment, we measured the changes in soil physicochemical properties and
microbial community structure. And the main driving factors for the changes in microbial community structure under
synergistic effect of biochar and subsurface drainage were elucidated. [Result] Biochar amendment and subsurface
drainage altered soil physicochemical properties. Biochar amendment and drain spacing were interactive having a
significant impact on salinity, nitrate nitrogen, organic matter and total phosphorus in the soil. The sequencing of
AcculTSTM and Accul6STM showed that drain spacing working separately or in combination with biochar
amendment had a significant effect on Agaricomycetes and Acidobacteria_Gp4, albeit the underlying mechanisms
are elusive. Redundancy analysis and Pearson correlation analysis showed that the absolute abundance of
Agaricomycetes and Mortierellomycetes, beneficial for crop growth, were negatively correlated with soil salinity and
sodium ions while positively correlated with organic matter and nitrate nitrogen, both at significant levels. Sodium
ion content was the key factor affecting soil bacteria and fungi in all treatments we compared. [ Conclusion]
Amending the salinized soil by biochar coupled with subsurface drainage with the drains spaced 10 m apart worked
best for improving soil nutrient and soil microbial community structure. It can be used as an improved technique for
soil reclamation and agriculture production in salinized soils in coastal regions.
Key words: subsurface drainage; biochar; coastal saline soils; microbial community composition; absolute quantification
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