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Effect of Biochar on Fungal Abundance of Rhizosphere Soil
and Cucumber Root Growth in Greenhouse

LI Fahu LI Ming LIU Jinquan HU Yun ZHANG Qingmei ZHAO Hengdong
(Vocational and Technical College, Inner Mongolia Agricultural University, Baotou 014109, China)

Abstract: The cucumber of solar greenhouse was selected to study the effect of biochar of corn straw on
fungal abundance of rhizosphere soil and root growth of cucumber in fruiting period. The influence
mechanism was found by the test. In the test, treatments were amounts of 20 t/hm”, 40 t/hm’ and 60 t/hm’
of biochar which were respectively applied to the soil of solar greenhouse. The results showed that root
number, root volume and root activity were improved in various degrees, the fungal abundances of
Ascomycota, Zygomycota were increased significantly, and the fungal abundances of Basidiomycota,
Chytridiomycota and Glomeromycota were promoted but the proportion of hybrid bacterium was reduced
greatly, when the amount of biochar was 20 ~ 60 t/hm’ in fruiting period of cucumber. The results also
showed that the fungal abundances of Incertae sedis 27, Chaetomiaceae, Microascaceae,
Lasiosphaeriaceae, Pseudeurotiaceae, Onygenaceae, Gymnoascaceae, Nectriaceae, Incertae sedis 3,
Cephalothecaceae, Coniochaetaceae, Mortierellaceae, Glomeraceae, Bolbitiaceae and Spizellomycetaceae
were improved by the application of biochar. Results showed that the effect of biochar on promoting root
growth was more obvious for the fungi of Incertae sedis 27, Chaetomiaceae, Pseudeurotiaceae,
Cephalothecaceae and Mortierellaceae, and these fungi promoted the root growth of cucumber by means of
organizing in the root, promoting root to absorb nutrient, increasing organic matter and nutrient content,
and promoting the decomposition of organic material. By comprehensive comparison, the effect of
application rate of 20 t/hm’ of biochar was better than those of other treatments, and the treatment of
20 t/hm’ significantly improved the root number, root volume and root activity by 20. 52% , 50. 73% and
16. 11% , respectively, compared with the test control in fruiting period of cucumber.

Key words: cucumber; biochar; fungal abundance; root growth; rhizosphere soil; greenhouse
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[ o R A AT 7 ORI ) AR Ml 6 AT )
AR IFAEARON AR 7 R N, AR T B TR Y B
I A AL A A MR B 2 KO B A S R E Ak
AR AR S s R AT RS R e T ), AR R
B A 2 BRI E BB AT ks - 39 B A R AR W) o
Rk, ST T A R R SR OL R M
TR N 2 AR R RS R B
SR, 5 bt AR W e e R A 2 7 O AR
RAEG AW E KRR , B 3 X e Y )
B AR R ERUE Y R A S B R
A2 25 AR GURE I B AV G B, AE b b R
B AR L BE 5T R W, R (Penicillium ) F
RETfE T IEP AR R AR EHFY
JR B T (Zygomyeota) 1 i) B % & (Mucor) |
W% @ ( Rhizopus) ¥ M55 J& ( Mortierella ) 55 H. 14 fig
3 - O B R B 2 R TR SR
( Chaetomium ) . ¥ 7] J& ( Fusarium ), K % &
(Trichoderma) 55 H. 1 & 4 3 b % UL 1) £F 4k 3R 43 it
H o TN A G T O ~ 30 vhm? 2 g K B
A=y 3¢ b PR - 38 v 22 A% UK L T I I A AR
AN ELTA RE R i T B TR BAORE S I T RE S
A ) i 3 T B A AL A K

P 55 AT 2 A A A= W o mT LA I ), R
e HERE R FH 803, A0 A 0 ™ /38 ™ A [ Bf ] 48 52
RIS, LA T g kR . HET T
A=) A S WA AR A T T E SR A % L E S e L
R R A K B . A SCRI ] B KRR AR
Yool RO HOGIR 2 3, AT 58 A= W) ¢ 52 el B I 25 2R
JPIAR R - g TR R I RAR R A R R T AR A B L
i, LA R AR W A A HOGIR % 1 0 R R 4 £
A7 e 4 ER A AR AR

1 BRI IE

1.1 R

R T 2016 4F 3—7 AR e Aol K H
JEIR = ST, 5 H OB IR S AR R 18 4
FIALESRE 7 m, F & 3.2 m, AR g 8°, AR VU1K 52 m,
BRI RS A AR R 2 57, HEEFRAD
HE 2V 126 g/em’ AR IR 40 B AR AL L R K R
TS 5 LAk 140. 34 155, 44 57,57 mg/kg,
A2 W) AR KRS FF i Lk AR I, C N ORI H R
OBk 47.17% 0. 71% F1 3.83% , il & K
0.670 3,pH {H 9. 04,4 ML . ol i & . 3 R s A ke
RO R H A Bk 925. 74 g/kg 15915 mg/kg .

I

394. 18 mg/kg Fi1783. 98 mg/kg, Wy F iL T 4 Al ff 4%
IR A FRAH
L2 REHE

>R FIHH [R]85 2, DA A= 3 AN it A A= W) o Ay xof BR
(CK) 35 3 Fhab B - 73 3 76 2 )& A i H 3R JZ 0 ~
30 em Zb ¥ 5]t A 20,40 60 t/hm” A= ) 5%, 4K W id
oy €C20,C40 I COO AbF. #INE 4 A 10 HE M,
L2 2 42 000 #/hm” , 25 4k BN XTI 14 m® T
503 W, A& AL B A K KON S A B i — B, TE B
JREERII(6 H 15 H ), 05 53 0l IO Ak 31 1Y)
6 KEAEHIARFR O ~20 em Ak 3SR &, I 2 H A
PR RE VR o R, 00 E B TUR R AR 2R 80 AR L R
RRAR ARG ), HE W E 6 .
1.3 MEFAHE

HL I B B ITS (Internal transcribed spacer) J 4]
e 8 R I E , A THumina P 55 A8 SC 2 A8 2 75 7%, LA
1TS2 Sy HAR X475 183t 18 A DNA Al 50 ng
F125 wlL f#) PCR {4 % , Phusion B 14 25 ~35 MG,
— % PCR 9" 34 5 i S5 51 90 5 s 43 5 om b A 6]
Barcode DL [X 73 AN [A) 4 i, 97 39 J5 PCR 7 47 i A
Beads #lift., i AxyPrep' Mag PCR Normalizer {f I
— A A B K T SO AR cBots BEAE A KR
g8, T3 A U MiSeq 0, I 1 #8540 1 5
A Barcode {5 B #EATHE i X 73, R J5 M 4f& Overlap
KR AT Merge Pf 1% W Tag, 1% F £ 47 B i i 9E
Q20 F1 Q30 J5i4% 73 M1, X fx 2% Clean 45 #E 17 4y Ff
R MABOY KRBT 0.5 em ) — A
TR AR SR, MR B A AR T A BT
B i LUAE AR R 6 0 ] TTC B0 5E , MR &R AR BUR
PR R AR 2 P-4 T Epson Perfv700 B 4744 {04 4
FEARAE N JPG SCF, I WinRHIZO Pro 2009a #5443
Prinig
1.4 HELBRSHT

R I PE ) Excel 2003 43 b E] AR R A4 K
e b5 22 5 1] SPSS 19. 0 #E47 5L 1A 3 J5 22 43 #t ( One-
way ANOVA) , i} KPP <0.05, LISF{E =
b 22 B9 B 300k 3% 385 JH SPSS 19..0 i % 4 7]
Pearson A %43 #fr; F 11.3 iR < 1§ RDP ( Ribosomal
database project) 45 P JEAT FL I W) A 73 28 03 M

2 HREHH
2.1 EYRMENERBARGIEEESHERN
=AU

BT 4b B+ SRR R A AL G R R G K
T AR, TS 25 Ab BRI B W A AL R S OR AR . it
PR IRIE B 93 307 O 73 A G, i N BN A1 45 9400
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Hral i, 55 % BEAH HE, €20, C40 , C60 4k B = J& A X

B2, Horp C20 AL PR AN AL (08 1 X R £, 1t
A2 Ak P T 9 0 2% A0 i 00 o = B AR AR X e vy
WO BN

BIL S [l b AR B B OB ) B R 58 % R AL A

Fig. 1 Phylogenetic trees of fungal species of rhizosphere soil for different treatments

® 1SR BAETTRIRE 2 4S50 2K F B ETE
WREAEL G, B3 1 A, 1] 40 200KF BA s H
T % 0 N2 R AR PR SR I A B R T
I'] (Ascomycota) , 5 @R HETS 19 93. 8% , HoAh 4 55
[T (Zygomycota) . HF B[] ( Basidiomycota ) | 4%
[T ( Chytridiomycota ) F1 3k 32 I ['] ( Glomeromycota ) ,
Al G e REYE 9 0. 6% 0. 6% .0.3% F11 0. 1% , 1
HABZTE 7 3. 1% , 5 X% B AH [, €20 ,C40 ,C60 4b 3
R R TR R AR S R E R R R A
B Y AR A T )RR R ] A I Y
JE R FEAR T 2 T Lo Bk 23 280K P A
JRAR B A 38 0 S5 RE 95 o 7 B 1 1] oK 2 2R BOR U
Bl .Incertae sedis 27 . % 5% 1 B} ( Chaetomiaceae ) ./NF
g3 2 £ Kk % ®
( Lasiosphaeriaceae ) . ik # #% Bl
( Pseudeurotiaceae ) . JI\ B 4] 22 B F} ( Onygenaceae) |
o Bt ( Gymnoascaceae ). M & 52 F
L4 2
( Cephalothecaceae ) | T 1l 7% F} ( Coniochaetaceae ) L,
R AL W] 9 A5 B (Mortierellaceae ) | BR %2 & [] Bk
7 Fl ( Glomeraceae ) , 1 7 W [] 3 8 <= #
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( Nectriaceae ) . Incertae sedis 3.
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( Spizellomycetaceae ) , 43 5l (5 4 F8 16 ¥ (1 o B Ky
68.4% 5.1% 4.9% .2.3% 2.1% 1.7% .1.5% .
1.0% . 1.0% . 0.6% . 0.5% . 0.5% L)k J% 0.6% .
0.4% .0.1% 0. 1% , 5 %+ B4 Eb , €20, C40 , C60 4k
B O] i AR R ORI R AN R R L
G TTFIRN 32K S B i L 38 n] i, C20 4 22305 e
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2.2 EYRMNENERHREZEKHTIG

e 2 Jp ASTR] b B B IR GE SR AR AR A KA O 4
FRAIGFEMR o H1 32 2 A, 6 FAR R %, C20 F1 C60 4k
P43 50 55 2 2 6 R 20. 52% F1 16, 00% |, i C40 4b
PR XTI 22 S R B 3 X F AR R AR R, €20, C40 Al
C60 4b 7y I & 2 w5 H X B8 50.73% | 15.67%
25.09% ;% FHLE L, €20, C40 F1 C60 4b B 4 5 %t
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Tab.1 Comparison of fungal species abundance of different treatments at levels of classification of phylum and family
L £ TV RIRE 24 BR PR SR S BBl % CK/% €20/ % C40/% C60/%

FHEH ] ( Ascomycota) 280 676 93.8 3.6 81.5 67.1 65.3
B4 1T (Zygomycota) 5595 0.6 0.2 2.4 1.0 1.7
+HFHi] ( Basidiomycota) 1446 0.6 0.0 0.5 0.3 0.3

REES ] A7 1 1] ( Chytridiomycota ) 3819 0.3 0.0 1.6 1.2 0.8
R ] ( Glomeromycota ) 2099 0.1 0.0 0.6 0.7 0.6
AR TN (D7) 71 460 3.1 96.2 4.2 27.9 25.9
TRW TR BB H B 167 803 68. 4 1.8 48.0 40. 4 32.9
F B ] Incertae sedis 27 22 746 5.1 0.4 7.3 4.2 7.3
F 2 1L 5% H B ( Chaetomiaceae ) 12 103 4.9 0.2 3.1 3.1 2.5
TR /N T FE Bl ( Microascaceae ) 16 270 2.3 0.3 4.5 4.8 4.7
T 1 B3R 5% B} ( Lasiosphaeriaceae ) 10 509 2.1 0.1 3.7 2.0 3.1
T T R HE B R ( Pseudeurotiaceae ) 10 589 1.7 0.3 4.2 2.4 2.6
TR 1IR3 5 R Onygenaceae) 5331 1.5 0.0 1.2 1.6 1.4
T4 | 1444 B B ( Gymnoascaceae) 4984 1.0 0.1 1.3 1.7 1.2

P RACE T TN 5E B ( Nectriaceae) 3989 1.0 0.1 1.5 0.5 1.2
TR ] Incertae sedis 3 3431 0.6 0.1 0.8 1.4 0.7
T-HE R ] 8% 22 % B} ( Cephalothecaceae) 3732 0.5 0.0 1.3 0.8 1.1
T 1 B #FEFF ( Coniochaetaceae ) 3098 0.5 0.0 1.2 0.3 1.3
A 9 MR (Mortierellaceae ) 5595 0.6 0.2 2.4 1.0 1.7
R 1] Bk % % R ( Glomeraceae) 1426 0.4 0.1 0.3 0.4 0.6
H T3 112855 2 R} ( Bolbitiaceae ) 313 0.1 0 0.1 0.1 0.1
A5 B 1 /a5 B B (Spizellomycetaceae ) 239 0.1 0 0.1 0 0.1

R2 AELEMNERHRAB REGCR RELMRAEFTHINZMN
Tab.2 Effect of treatments on root number, root volume, root — shoot ratio and root activity in fruiting period
ab 3 R % WA ERB em? L b ARG/ (pg-g™ *h™")
CK 523.00 +45. 66" 14.33 £0. 68° 0.049 +0. 002" 38.80 +1.64°¢
C20 630. 33 +£59. 35 21.60 1. 82" 0.052 £0. 006" 45.05 £1.80°
C40 594.50 £51. 67" 16.58 +0.76" 0.051 £0. 006" 43.60 +2. 94"
C60 606. 67 +65. 43" 17.93 +0.98" 0.049 +0.007" 40. 60 +3. 04"

P BUE G A /NG 8 3R 3 Bl 22 57 (P <0.05) 6

HEPES BT o B3 3 AT 261143 280KF b, P2
T AR TR W] BRERT TS
R AR B AR R AARR RIS AR 2R 06 ) R — a1 I A
KK F M AN A4 5 AR R A K4S b 2
— MR R, PR RS TREE TR T
BT AR AR GG R T AR RWE 54
PRI [] b6 22 0 38 TE AH G, R A 24 1 5 AR R AR 3
FHOG s TER 43 28 K7 b, b B g1 i) 2014 45 B LU 91K
ZER AR MR AR ARE AR AR RIS R — i e
KRR, H WRBE T8 Incertae sedis 27
BRACHE RO B R B 22 T B LB S A R,
RARREG FRE TR W 26 W%
B He A Hy 3 IR A 56

3 itig
EX7/ 3 W RIS DU R 257/ 7B DN (e

I P B TR RS L S [ R B b T R 5 O 4 TR
ZAEYI I A K B 2R T R T A 0 P R R
STEINER %" 7 3. T b I 3 3% o6 A 2 L 11 /hm?
EC A1) 5 AR 5 6 A - 398 %% B AT o 70 R A g 3 7
2 F AR 2 A, I FLIZ AL B8 A 9 rh i ok
HGEAR T 0h IR 4 IR AR R 1 1 ke
F ALY B 10 ~40 g J5 At KR, & BLAE 1) 5
AbFE 3 AN F JE K R 3 7 25, 28% |, [] B /K AR
R ZR AR A A L R TR R 3 DR 1 W T AR
s, oA DR 1 kg T 0 20 g ARk Ak B
L X R S 33.21% , AT R E N
IR IR 58 RS HE - oP e 0 A 0 e ok T b R I
U, FE A AE 1 kg T A 5 40 g T Al K08 A 7
I AR E KBRS R, AR, &
20 ~ 60 t/hm® 3¢ [ P 14 22 ) ¢ b B+ 398 76 # R
2 LS 4 T S [ L 4 v AR R B R R A BURIR R
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Tab.3 Correlation coefficient between ratio of soil fungal community and root growth index

RI TEEEHELGATMRRERKERZBNEXRER

L £ TV RIRE 24 BR LiE% 1 LN 5 L LESEWI]
FHEH ] (Ascomycota) 0.987" 0. 838 0. 685 0.851
A B 1] ( Zygomycota) 0. 945 0.979 " 0.617 0.726

4R AT 1T 1] (Basidiomycota) 0.980 " 0. 946 0.786 0. 896
% 7 1] ( Chytridiomycota) 0.931 0. 866 0.878 0.971°
R 1] ( Glomeromycota ) 0.901 0. 637 0. 566 0.768
ROy FEBR I (TR ) -0.995" -0.875 -0.694 -0.851
TR TR BB H B 0.966 " 0. 834 0.776 0.915
F B ] Incertae sedis 27 0.957" 0. 862 0.433 0.618
T2 ] B 7 # FF( Chaetomiaceae) 0.939 0.739 0. 700 0. 868
TR T/ T FE 1 FF ( Microascaceae ) 0.927 0.677 0.526 0.737
T2 1] BERSE AL (Lasiosphaeriaceae) 0.982* 0.924 0. 565 0.721
T 1B B 7 Bl (Pseudeurotiaceae ) 0.975" 0. 966 * 0.773 0.876
FHE 1] IVH #14E # #} ( Onygenaceae ) 0. 851 0. 546 0.471 0. 690

BRI IOKF a1 T2 R ( Gymnoascaceae ) 0.835 0.558 0.615 0.797
T TN 5E R ( Nectriaceae) 0.909 0. 945 0. 490 0.611
TR ] Incertae sedis 3 0. 646 0.338 0.591 0.741
T HE R ] 8% 22 % B} ( Cephalothecaceae ) 0.994 " 0.902 0.588 0.753
T4 ] B 58 R} ( Coniochaetaceae) 0. 838 0. 826 0.252 0.412
AT ¥ MR (Mortierellaceae ) 0. 945 0.979 " 0.617 0.726
R 1] 3k % % B ( Glomeraceae) 0. 664 0.341 -0.058 0.214
H T3 112255 2 R} ( Bolbitiaceae ) 0. 947 0.718 0.552 0.756
S 1T/NEE R ( Spizellomycetaceae ) 0.747 0.817 0.208 0.328

W% FRTE P <0.05 /K50 A X

xS BT IR g R

A 02 3 A PLUR R SR 43 e AL A B 1)
- DIIEIS A TR EoE e £ % 2 IR ) S
B, Ay e ol B R34 G R T T AR TR 1] 1) LA
B N T A TR D RN AR BB ) BB ) E A
IR AIR ), 55 — S 0 22 W, 75 W ¢ Ak B AT {of B
MR 2 [ Ui i 0 IR0 50% #2755 %)) 72% |, I /R IR
L BB R ) 1G5, AR i B 30% I TR AR I {R
Yeid @R AR R I R A (R A
FHAT 52 e - 38 v JA5 A= T L D R TR AR T A L T R
R ZREME L Az ok 6T 6 B L T 25 A6 RN T g B
W 7 T A 338 e MATSUBARA 2517 % BiL A ) 3¢
A B S 4l i X R J6 R U1 ® ( Fusarium
oxysporum ) Wi 32 ¥ o R T TR AR BT B 3k AR 5 5
TEAE Y A A b 45 36 T SR T, T LA A W) 0 52 ) 1
L J T8 WF 28 A0 X 4% £, i SOLAIMAN 4511
BRAR TR INFE AR A 52 0. 6 ~ 6 t/hm” |2 4F Ji5 /N 32 AR
AR (AM) 3275 20% ~40% | T A VS i i 4= 15
HAM (U 5% ~20% ,RILLIG 256 % 3 A= ) e
Refe #F OB I AR OF A AU i AM Al 1 W K,
WARNOCK 250 g Ay ¢ 3 23 o ol A% + e 9
I o0 A3 VA A0 TR T AR M e 2 A
7R W LT 5 A AR ] CO, Kl 97 25 A AE B

B K A E 5 % i 55 Oy 1 i AR L AR kAN AR TR
HRTE 22 ) A R BB, T 48 3 T . TE AR IR
By v, A it FH 20 ~ 60 +/hm” 4b B [ 4 AT &
FIEERPE P K TR ISR,
WO TR ) A T ) AN R TR ) B R
117 A% R R AR 2% T BG4, O AT I 3 4R R )
Incertae sedis 27 \EB7 W FF /N R E B BIEKFTF
BRI T R L TCHTY A1 28 B R R R A R ST R
Incertae sedis 3 \H 22 FF B AR A R #5118
BER IREETREER M FEIEEER W
WG TR B R — e R s I
T T HTA BT R

ARG R R RS TR ] Incertae sedis 27
EERFCRL MBS BB B 22 TR R LU ] 2 S E A
KMWARBREG FRE TSR ER S W]
B AR L ] 38 B 2 E A OG, BB R Y 5
ANBHER AR AR T ERAE B %, m2E
ELTE AT TE — SE R AR WA 4R AR IR R A AR IR R
FLEE Y RS K I ol i 3 R JE AR R X Ca  Mn  Zn
JER MM AR R R U TR ) 3 TE A
KL UL A AR W R 5 1S - g v 8 22 RN L
o], A 0 v AR 28 W 50 A A K 5 1 10 B R TR
THERANRM RS SRS ORGSR,
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JRRR 2 R R 5 B9 2 ) LU ) (2 35 16 A5G, 1t B it
AW SN T Bl A s B A B, Rl e ikt
A BLBT AN SR o R 3R, T A T EUIVIR R
AT B v AR R A B X T R T Y Incertae
sedis 27 B ER7CBE RCHCHE BB B, H AT BF LA
FLAZ A AR YR R AR A S D7 T A 4R 18 {H B3 3
MR E R 2 AT RS A Y R R R, X3
AN ECE BE R H SRR RBCOR R R B R A
5K, A REAT Mo Al 7 b v A LW 5 o3 fige T ] 4 2
PERR A AR KA K5 AL, R SE R A — 28 RO fE W
PRI SR AR RS D R AR Y, B
W R VF 2 B RE T AR 2T 4R K R BB
IHATFEMR T A R AR TR, AW — L WG Y
AR TR AR AR, AT
TRFERE B 5C BB L 45 BUTUR R BOEUR & R
Z AR AE — E B IEA] GO R A B 35, B 1 —
SEFERE Bk 2 B A HE AT R R EOIR R G
e AR AR A A, (2 R AR B 7= A A W T R ) I
RAHMTHIRAERK

5 L RTR B AR 7 R R TR AR A BRI PR
i - 3 rp 3R 23 AR SR 1 2R A B R, AR ) it
AJE TR IR0 B 1 A M T R A g U
GETH , WU LT S U W T v A R e
A3 5 AR R BR AR R A T g R i

HE VT R e BT R A 5
4 it

(1) HOGIRE A2 20 ~ 60 t/hm’ 7 4y ¢ b 3+
B G 76 v G, R 24 AT A [ R R e AR R A R R
BRI RN ), B 1w by T3 b B R
VRS T ) LT R S ] AR ] AR
TR ] A TR K BRI % T L, R R
FTAR B A R GNEL Incertae sedis 27 BT HF /)
TREFRL BERFR MR HCRE R N 2R AR
TR B AT B Incertae sedis 3 85 22 B} B A5
BRA RIS W TR 5B SRR 1 BR SR T
BTT2E85 R AR & /A W R 32 B

(2) AW - )R, T3 ] Incertae sedis 27 |
BERFCRE MR BRE B RE L2 DR R G TR
BHIY B A AR R A KO I E RO B, b
TP IS Y B AT B O AR e A SR A R AR R X
B FRIOT R W, 48 i R A HL B A SR A i (R
T LY S ST R 4G R T KB AR R
258 I

(3) 254 He i, 20 t/hm® () A g Ik b Bk SR I
S 50 EAH LG, A5 AR R B R AR
FIAR 3% J1 0 9 2 3% $2 @ 20.52%  50.73% Fi
16.11%
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