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IRpERR 25 BRI R 5515 = 3589k ) 1 5 SO R R

TEH, BEWS TG T S MBS ThaRED . b,
AR R B, RN IR T
HHE R SR, MRER S T R 2 A
BN BAR, AR R DR R B 105 L
A HHNEITER . TUIA R AV FOR A A K Rt
NG 3R AR A W R 3 2 B o iR ) 1
FRISZI e AN B o

O I S il R ) A 7 ) P vl 2 00
RN 2% R AR TT %, WHAL T il I 51
ANFEREHE I CEPPOR A KA A Qi@ it
A - S B M SR T A 445 A i S R R ) IR
J&» T FUR Y BB R IR AR
iR RIS S

1 MR5REE

1.1 Rt
TR AE RO B 22 B HT £ o5 AR 36 SR H O
BENTFE, TIERMONIEL . EH (GRRy &

HE, EME 2 &) WER)E, milRIsieT, e
—HFEHLFT N E A% 10 cm, 5 40 cm [ PVC &4, 1E
PVC & WIT R FHIRL . RIIL I E 4 MbH, 4
WFEEEE 3AES, AN SR AR i
NIRRT+ 10 glkg) BTt KA G\ &
T KRBT+ 0.3 glkg) it N A5 R+ KR it
NE CEWIFR+AKE) IT1R (10+0.3) g/kg).

AR B R = R BT REE A R ST AR, A
TEAESEAE 500 “C A A7 24 T il i A ARIAIE T3 1y 35—
P, K PVC A HZE 0~20 cm B4 EHZH, D3
+FE, HiHEFTA PVC & 0~20 cm HIEfTEY
B; Z ek a2 d HEAT 2 mm §f, FHRA
5], 1% 18 0~20 cm 3% R B A IR N AE Y FUR B A K
R, [P PVC B RSz, FrabHiEKE N 100%
HH [B] 7K %, AR5 FH YRR PVC &M% E 15 d,
[ B 35 P KA, SR A il . i 4% (0~20 em)
AR R AT AR 1 AR .

1 AR (0~20cm) A A4 A A KRR

Table 1 Basic properties of soil samples and biochar for the experiment

WiH AU kgY)  AEUgkg?)  A@(gkg?)  Afgkeh)  HEFR(gem®)  pHE  BE%  BRI%  Fiki%
+-5 9.16 1.02 0.86 21.20 1.32 7.58 235 69.7 6.8
TR 427.05 11.70 750 27.60 0.18 10.08 - -

1.2 HmRESNE
121 HRRE

TERIMSE R G, KRS AT 0~20 cm L HEFE M,
P IR WEh YRR A, 854 IR DY 73 B — 6
LR AR RS, (RIFFE-80 CUKFE, HTH
7% D14 PCR MIFEIE ZAEME i e — BB 0 B i s
e LS KR BARENMHASEE, FRt
B i XTS5 U A DG B A AR A
1.2.2 #5m)x

K Fast DNA®SPIN 77| & (Qbiogene Inc.,
USA) #EE(1 1% DNA, DNA & F14iE F] FH Nan
oDrop2000 #EATHTIN, HFIFH 1935 B A F vk e il
DNA U5 & £ 51 Y, EF7 51 s
bar-code %1 LA X 73 %N dnill £ ds . A ITS1F
(5-CTTGGTCATTTAGAGGAAGTAA-3) Al ITS2R
(5-GCTGCGTTCTTCATCGATGC-3") 5|#i#1T PCR
¥, PIEREF N 95 CHIAEM: 5 min, 35 MEH
(95 CAE 30 5,55 ‘CiBk 30 5,72 CLEff 1 min).
PR ZR N 20 pl, 10 pL 2x Taq Plus Master Mix,
0.8 puL 5% (5 pmol/L), 1uL DNA 4%, 7.4 pL dd
H,O. i 2% igka ek =Y PCR 724, FIH Axy
Prep DNA Gel Extraction Kit (Axygen Biosciences,
Union City, CA, USA) i r4iifk, Tris-HCI %,

2935 Ak PRI o A1 QuantiFluor™-ST (Promega,
USA) TR INGE B . AR B 4h SR 7 2 205K,
HW PCR 7=y a g 77 SC P o R 1R SCEAE Hlumina
MiSeq PE300 i1 &7 . F5EHE R S 5E & PCR
P N: 95 CHIAEME 3 min, 95 'C 55, 55 C
30 s, 72 'C 1 min, 40 M (PCRAX: ABI Gene
Amp® 9700 %),

BT RS, FRECH R, 15
KEH 511, KM 2mol/L KCl g4, HELRmsh
1% (Tecator FIA Star 5000 Analyzer, Foss Tecator,
Sweden) M EEAFREAHSEE. TIEESKERH
105 CHETVEME . £33 pH %K 25 0 178
518 30 min J5K M Metro-pH320 & Eigw. +
Her SRR L 5 0 1 E % 3 min, #EETE G
s, &R, DDSI-308A B AN E . R Ak
SKH 0.5 mol/L NaHCO3 12 &, FHERHTIL . R
KH 1 mol/L NH,0AC 242, KIEEEE.

1.3 BIES

HHEFHTE Excel 2007 H5E Rk, BFAR 2 FEME I
HAE QIME 1.80 H15E K. 3T SPSS 16.0 B T A5
WFFEAb B [B) 3 PR Ab . R IR DB, ik 2 REtE
FAERTFEEZE R, BT mantel test /0T PR EE R 1- M
P2 PRI S5 8T B & B R AH G 1 s 55T Pearson AHIG
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PO HT (FEEZ%0>0.6, P<0.05) #fiE OTU KP4k 7]
HES ST IR EIEM KRR, T Cytoscape 3.8.0
MR AT SR AWML . HET Origin 8.5 1
HEAE.

2 RS D

2.1 T REIAIEHIRIBIUME B
WAL (& 20, SXRAHEE, AVIBORANAK
RIS I A SN 3 S /K S A &= (P>0.05),

RS I pH (E (P<0.05). SxfMEAHEL,
AP R R T R R, AR R T
AR (P<0.05); WINAKELERS T HHHEER
EMEESERE (P<0.05); VIR AAKEIR TN
RERSTIEB SR, BARE. HAREMEH
& (P<0.05). XFECAIL, S INAM I X 1 i I Ak
BRI 2, IR R EE R T S E A AT

FEr

k2 FRAREEIZUIGHE R

Table 2 Soil physiochemical properties among different treatments

b FIKFEI% pH {4 HSR/(uSem™)  HEZ/(mgkg) MAEI(MgkgT)  HEMEEH(mg kg M/ (mg kg™
it 19.6441.06  7.7740.07c  223.3345.86b 1.1240.09b 24.0343.85¢ 4581440 207.089.90b
R 20.6340.80  8.83#0.04a  228.333.79b 1.1540.24b 7.1841.55d 48.079.60 273.29411.61a
IR 19.8040.66  8.77#0.03a  236.0047.21b 2.1840.32a 43.7942.72b 44.8242.27 199.75:6.00b
EMIFRHA R, 20744162 8.6640.05b  269.67421.50a 1.8740.03a 59.8124.01a 44474148 267.4515.15a
H RPAFFREFRRETRIRTE P<0.05 7K R b2 R 2 57 B3 .
22 FEALIRE HEEE R ETIER S ( g_Acremonium > . & 7 Ft

M 1 () (EFR*RpRAHEE T E P<0.05 /K°F 2%
FRF, FRED W, SXEME, dinEym R
BERE IR I, AR ERIT DIRAE
HEE T AR ZREME (P<0.05); A A K BB A i =
55 IR IR A e N 358 FUEE 5 LA ) sz 2R
B3, BAEDF RS A RKENRG AN R ZEFIKT
TIEEEREER SN (K1 (b)), P<0.05). &%
Aib 3 TR B VR AE 1] 87K B AR 3 BE > 19% (1 41 35
KB AFE TFFE ] (p__Ascomycota). 7 & HL
( p__unclassified k_Fungi > . 1 T ]
(  p__Basidiomycota > Al # M &H 1]
(p__Mortierellomycota) . 7 J& K532 KF L, ZAabeE
MBEFEQFERE T 7 EE KL AR

2.0x10° * *

1.5x10°

1.0x10° b

SO/ D g )

5.0x10°

xR R FRE

(a) PP D15

-

LRI+ RE

kL A

X H

IR B BRE AR

(b) U AR L TR

( g__unclassified_f Chaetomiaceae ) . 3% 7¢ B 2N
( g__unclassified_c__Sordariomycetes ) . # JJ #i &
( g_ Fusarium ) . % 7 J& ( Chrysosporium ) .

g__unclassified_p Ascomycota. g__Myceliophthora.

PREER AL (g__unclassified_f _Gymnoascaceae). F&#i
B ( g__unclassified f_Ascobolaceae ) 0l
g_ Cyberlindnera SE0F# 8% S8 T4 71 0= 1H
J& (g__unclassified c__Agaricomycetes); & T #i1l
% 11 ( P_Mortierellomycota ) ) # #1 & J&
(g__Mortierella) F1sJE T P__unclassified_k__Fungi
f) g__unclassified_k__Fungi (&1 (¢)). 4llajZ 575
Pras g (B 2), SxTHHE, VRS A KE
FRYVER 5 Tt N 2. 2 PTG ) 8 S PRI AE 2 2 (P<<0.05)

——

(o) JUPH /KT A% 1

B 1 A A NS AT RN EF

Fig.1 Difference of fungi copies and community structure among treatments
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- YRR KR

95% B 5 X [8]
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1
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0.040 &
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S L%

-15
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I EHBIZE /%
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Fig.2 Difference of Fusarium genus among treatments
2.3 MEEFREERESRIEBFMN

SHFR-F IR I AR AL (3R 3), Lk
NEBHS LR SE, BXRAEYEEEIEMEX
(P<0.05), [R5 EF#E ZAEVE R B 2%E IEAH K.
BT HRRRMARMEME S HT RS R A (K 3), 5
XFTRAR L, Bl 220 S5 Bl AR BB T 9k ) 1
23 LEBAEHE LB R T RAE S AL R G948 K5 AT

Table 3 The spearman’s correlations among abiotic factors, fungal diversity and Fusarium community structure

OTU 5w OTU IEfUERAEE, FHHISS 19w E
B E W 2 B AR R LB AR S5 A
KRB A TN B E OTU 5 H W OTU IEft
TR, HVNYSER T R P RS R 2 R A

bzt SR AR K5y pH fE THAR prvea TH R Shannon
r 0.361 0.257 0.124 0.133 0.207 -0.028 -0.171 0.533
p 0.025 0.033 0.236 0.183 0.068 0.508 0.8 0.001
X8 T RETEN .
R
. 3 @ : Ple *
R . E.’.' @ 4
> S N
@ . ARE ’I'Wﬁl‘/}é%r‘/x.fa?t
A R/ .- . o. s
L4 . L ' ® .
’ e Y oo\
L o . . . L3N
. L4 . ',. . r‘.y .
[ ° . o & ..
@ L ]
@ p_Ascomacota @ p_Cercozoa () p_Glomeromycota @ p_Mucoromycota
(] p_Basidiomycota (@ p_Chytridiomycota [_) p_Mortierellomycota [_) p_unclassified_d_Eukaryota
(] p_unclassified_k_Fungi ¥i:PS VTIPS
B3 AFTOTUXRFHRNIEELEAHERXRE N
Fig.3 Network showing all positive and negative interactions between Fusarium genus and fungi
& 4 REIAE 97 H B L ITK-FAH E 5 A8 X AR
Table 4  Effects of treatments on the number of links between Fusarium genus and fungal phylum
45 R bR pagiis R FIRA TR+ IR
U3 e 156 94 80
IEEHH 97(62.18%) 74(69.16%) 69(73.40%) 40(50.00%)
MR 59(37.82%) 33(30.84%) 25(26.60%) 40(50.00%)
NESNNIVIEES TEAHZR UIUIEPS NEEES UIVIEPS 1EAHR UILIEPS IEAHR BURH G
P_Ascomacota 33.97% 14.10% 37.38% 12.15% 42.55% 9.57% 31.25% 32.50%
P_Basidiomycota 8.33% 4.49% 1.87% 2.13% - -
P_Cercozoa 1.92% 0.93% - -
P_Chytridiomycota - 1.28% 0.93% 0.93% - -
P_Glomeromycota 3.85% 1.92% 1.06% - -
P_Mortierellomycota 3.21% 3.74% 1.87% 5.32% - -
P_Mucoromycota - 0.93% - -
- 0.64% 0.93% 1.06% 1.25% 1.25%

P_unclassified_d_Eukaryota
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W R (R 4), FrA B IR T H & OTU 5
TR ] (P_Ascomacota) Al P_unclassified_k_Fungi
OTU MR FR AT SXFHEAHLL, A2k T B 8 OTU
5 P_unclassified_k_Fungi OTU IEZE#8H > tbE T
HAGEREOH b HXTIEAHEL, 5 AR A o i AR
AKEFEEAMR TR EE OTU S5 &I
(P_Basidiomycota) 1EIEHH 7Lk, W T 8kJ1EE
J& OTU 54711 (P_Basidiomycota) fikH%5% %,
W7 % ) W B OTU 5 ¥ & I
(P_Mortierellomycota) 1EIEHEE 7L WA
AR BB R T BRI W)E OTU 57 &I
( P_Basidiomycota ) « 2z j& H1 [] (P_Cercozoa ) «
(  P_Chytridiomycota ) BR % I
( P_Glomeromycota ) o & T
(P_Mortierellomycota). E%[] (P_Mucoromycota)
HETTHRMX OTU MER R, AT HE
P_unclassified_d_Eukaryota OTU ) 1E fFUE R ELL B
34 %

3.1 IR FAREZR AT T E R M BRI

B I8 AR F5 B AR R S, HL 3R 1T Pl
AR RS S5 TR AE 746, ftmt
3% pH (M, T R R\ 35 T RS K RS AR
SEAES, MR E 3 pH @m0, Kk, SR
B, W I0AE A J5T R A A IR 5 e S g v 3% pH M.
LT REAH L, P VS 0 AE A0 ot ok AL 3R 35 e 6 25 1R v
R, SRR RE R T AR EH —E &
HOSCH, NI E] g b n] DASE i e & S 4b,
it FH A= 4) J53 2 v DA 0 398 BH 2 A e i, 0 D g
] S A R P BRI B v A B T AR
HA I )L BR 45 A6 T LA B 48 v il 248 2055 AL
B, (ER, AR O S TR e
BRAA TR BE MR 1 LK 73 T 4%, HG A 248 20 ik 2k
B, MISBUE 2 B SR E R, 53t
RRAHEL, A KA RS L RS A BN E AR
(P<0.05), WIfEE T 2 438 h A A BUAT B
BT K R R BE, TR R AR AL AR R
Yy, BRI T e s R R A SR R,
XA, winaKEASHLIRE SRS, TH
RV TUR 5 A KRG N AR B R 3 S e
FFE (P<0.05). FLHJER, wRER H T A KEKE
TR E A, AR SRPIRTHRME T — &N
BEE T 54, AVFRRFTE AR T (i K
Ca’"\ Mg*"%%) 53 B T FO A AE I T hd i 7
LB TR g g B2,
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32 TIEERMEIERERMNEYRRMAKRE
AN 2

A RN O i A9 RN 36 R T R P £ X
AR L B i - S DTV 5 A AR A P PR R P52
BT AV R A KRRV A B #5750
TEE, NER A KRS TR RY,
R, SxFREAHLE, (AN A= P e ab HE 5 2 4t i+
BEWHFRE (P<0.05); iAok 540 K E IR it
Kpem LR, IR AT R A K BT A
APIRIAE FHAHKIE T AR 0 e R 3 B A K R LB THT )
S HRAH L, BT IS A= I i Ab B34 55 25 P A1 3
HE ARSI (P<0.05). WRER B T2EM%
RS HE MR A A K, SECR A YA
BN, (HEZ2REERAD . HAN, IR RSN
3% pH M, FEEAFI TR EE ALK, Wi S5
B 2R BT, & b3 ) 32 RO 1 2
JE 2 RN E, VLI AP TR R A IR B N A B
BRI I ) S,

BT RO T AGS, SxTRAHLG, VIR 56K
FUTR A N 32 B 5535 PR ) 1 & (A 2 (I
2), Ui HA AW R B it A K 2R A - 15 R ) B R
e, FLRE N, lRg R BT — 7 A K it
T2 m 1 v ) 7 ) SRR AT XU S LI AR P B K
FAERERAE T, A REAE A R T S A &
TIRAESAL, B R AE Y R R A BRI A, T
11 55 90 0 1 R AR Y A 5 e T A e
Bhs A L3RR A AR 2 (i IR 2R
JiD 5 BUR B N AR N AR5 e TR R
5[ A F AT R 2 BRI B ) B E ) R R, [
I, A= 45 ¢ PN8 °) 2B B T AT g Sl 7 AV T A R
k) B AT e T T R B2, R RN A W R R R
N ESG5R T 6 T B R AR K I E A, R —
Tl T i = 33005 A e
33 HIIEHSTENEREAREENXR

BREIR-F R I s R, IR
HA4E SR, AR RS EEE EM, T
SE Y B P g m A SR i B A R Tk T R R
. BERENMEDEKIRRER, 20
W i A 2 0 R D R B R S R BRI E .
S BR ONAE REVE 2 REVE (3R o A R T i
AEWIAEAS R GRS R f, 3 T 3 O o s e
FEAR B I R AR . AW S R BLE M R AL
TREBE I AT DS AT B A 4 39 B BE VR 2 PR 1) 58
R R R AR e

TR W A B AR P 6 A 25 R GE I Th RS AN R e Tk
FERET, HELTEMEYPH—RE, FEifitt
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s 22 ol T 110 IR o R 3 TR RN S0 1R )
KA, MTF TR R KR, RIS
o Y REA 2 P A i R G R LU R A )
Pl B AN Th e B B R SRR, 3T e AT
KAWL M R (Bl 3 FIER 4) , SXTREAHLL, B
Jit T TR A it N AE A 5 e RUAT K 58 350 i B AR R ) T )
OTU 5% "R H W OTU E#:4E, A& FRIIH
JRAETE S B AR S 138D . SR AR TR B
AT IR RN IR T 5 9k 70 T e R R T R ELA
FD, AT B TR S5 40 (0 PR BRI . 9T
FIRB, AW s 385 73 R B B2 H0t 95 S T
W REVE ), B A IR R0 A e LA E M) 1
PR AR S T e 22 PR 1 L 5 ) 1 i
R TEAE T30, H A A W B A AR R IR A it
M fe e PR TR WA S, ERE w5 T)
i LB 55 4 R AR I

WHFERI, P AL B AR )i Js OTU 513
# 1A P_unclassified_k_Fungi OTU kR NT.
TR ORI, XA (A
RIFE . MRS AEEIEMH, Aledt -3y miE
W, RTEEN IR A KR L TR E IR, K
BRI R S TRE TR RE Y. SRR, 4
Y I R B A A R e NS L T R ) T e LA X 4%
T REE R o, EYIBUR 50 KRR AT
Wk J)H B OTU X5 7 % W I .
P_unclassified_k_Fungi #1 P_unclassified_d_Eukaryota
X 3AMIEMAHIR OTU A K. %45 Rl AR
IR/ N:i) NG i bON 2 i85 AN =N RN
L 3 B O S IBR P R PR R ) 4 R A M A s Th RO 3,

4 75 i

L AYFORA R T8 5 145 pH B AR R &,
FREAF T3 3% pH . S EAESERE.

2) WA TRSE R T iRE DR E A E,
HIFFR 7 HE R B R 2.

3) AW R 5 KRR A N AT 2 B
B B PRI AE X 2

4) Fjit B A N AR ) TR A K Y RE PRI
PIJEE OTU 5 H R &1 125 OTU M oCH !, Ak
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Amending Greenhouse Soil Using Biochar and Lime Nitrogen Reduces the
Correlation between Fungal and Fusarium Communities
QIU Husen?, LIU Jieyun?, ZHANG Wenzheng®", LYU Mouchao®, WANG Yu?

(1. Farmland Irrigation Research Institute, Chinese Academy of Agricultural Sciences, Xinxiang 453002, China;

2. School of Environment and Surveying Engineering, Suzhou University, Suzhou 234000, China)

[ Objective] Biochar and lime nitrogen have been increasingly utilized as conditioners to improve soil

quality, yet their effects on soil microbial communities remain relatively unexplored. This study aims to investigate
the impact of soil amendment with biochar and lime nitrogen on fungal community diversity and the correlation
between fungi and Fusarium. [Method] The experiment was conducted in soil columns with biochar and lime
nitrogen applied separately or in combination. Untreated soil served as the control. For each treatment, we measured
physicochemical properties, fungal community structure, Fusarium abundance in the soil, as well as their
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interactions. [Result] In comparison to the control, application of biochar significantly increased soil pH and
available potassium (P<0.05). Application of lime nitrogen alone increased pH, ammonium nitrogen, and nitrate
nitrogen in the soil (P<0.05). Combined application of biochar and lime nitrogen significantly increased pH,
electrical conductivity, ammonium nitrogen, nitrate nitrogen, and available potassium of the soil (P<0.05). It was
found that applying biochar alone or in combination with lime nitrogen significantly reduced the fungal Shannon
diversity index (P<0.05), although there were no significant differences in the relative abundance of the dominant
fungal phylum between the treatments. Additionally, combined application of biochar and lime nitrogen led to a
significant reduction in the relative abundance of Fusarium (P<0.05). The Mantel-Haenzel test revealed significant
positive correlations between the Fusarium community and soil conductivity, ammonium nitrogen, and aroma
diversity of the fungal community (P<0.05). Network analysis showed that separate or combined application of
biochar and lime nitrogen reduced the number of both positive and negative connections and nodes between the
Fusarium community and fungal community. [ Conclusion] The combined application of biochar and lime nitrogen
enhanced the competition between the Fusarium community and the fungal community, which is beneficial for
mitigating soil pathogens.

Key words: greenhouse; biochar, lime nitrogen; Fusarium; fungal community diversity

TR RFR

(k3255 90 1)

Spatiotemporal Evolution in Agricultural Water Stress in Sichuan Province

Evaluated from the Perspective of Virtual Water
ZHAO Sixiang', WANG Wei*", LIU Yilin®, ZHANG Ping®, ZHANG Huimin®
(1. College of Water Conservancy and Hydropower Engineering, Sichuan Agricultural University, Ya’an 625014, China;
2. The Research Center of Soil and Water Conservation and Ecological Environment,
Chinese Academy of Sciences and Ministry of Education, Yangling 712100, China;
3. College of Water Resources and Architectural Engineering, Northwest A&F University, Yangling 712100, China)

Abstract: [Objective] This paper aims to assess the indirect influence of virtual water flow on metropolitan-scale
agricultural water stress in Sichuan province. It investigates the spatiotemporal variation in this context, elucidating
how persistent growth in agricultural water use and the movement of virtual water through agricultural products
across the province indirectly impacts regional water stress. [Method] The AquaCrop model was employed to
calculate the water footprint of 16 different crops from 2000 to 2018 in all metropolitan cities within the province.
The calculation of inter-province virtual water flow was based on annual balance between crop production and food
demand, by considering the minimum transportation costs cross the province. These calculated results were then
used to analyze the influence of virtual water flow on agricultural water stress. [Result] From 2000 to 2018, the
average water footprint of crop production in Sichuan was estimated to be 28.4 billion cubic meters per year. The
total water footprint of crop production in the province exhibited a fluctuation during the studied period, with the
most notable change observed in Leshan. The province experienced a net increase in virtual water inflow, with the
Western areas receiving more inflow than the Eastern regions. The continuous influx of virtual water has contributed
to the alleviation of agricultural water stress in the province, reducing the number of cities experiencing increased
water stress due to virtual water outflows from four in 2000 to one in 2018. [ Conclusion] The analysis of physical
and virtual water highlights the need for Sichuan province to enhance the regulation and optimization of virtual
water trade as a means to mitigate agricultural water stress.
Key words: water footprint of crop production; spatiotemporal evolution; virtual water; agricultural water stress;
Sichuan Province
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