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Effects of ten species of arbuscular mycorrhizal fungi on the growth

of tobacco seedlings and their mycorrhizal effects

HAN Yang', ZHOU Dongbo?, ZHANG Kang!, ZHUO Congying', ZHANG Xinyao?,
XIANG Dong?, ZHANG Jinlian?, YANG Youcai', RANG Zhongwen'*

(1. College of Agronomy, Hunan Agricultural University, Changsha, Hunan 410128, China; 2. China Tobacco Hunan
Industry Co. Ltd., Changsha, Hunan 410014, China; 3. Institute of Microbiology, Guangxi Academy of Agricultural
Sciences, Nanning, Guangxi 530007, China)

Abstract: Using floating seedling cultivation technology under artificial climate chamber conditions, the mycorrhizal
effects of 10 arbuscular mycorrhizal fungi(AMF) inoculation treatments on the agronomic traits, root morphology,
pigment content, root vitality, and N, P, K nutrient content of tobacco seedlings were comprehensively analyzed, and
the relevant characteristics of mycorrhizal infection were explored. The results showed there were significant
differences in the infection characteristics and mycorrhizal effects among different AMF isolates. Acaulospora
kentinensis(AM1), Rhizophagus irregularis(AM3), and Rhizophagus intraradices(AMS8) significantly increased the
root vitality of tobacco seedlings; Acaulospora kentinensis(AM1), Funneliformis mosseae(AM2), Septoglomus

viscosum(AMS), and Claroideoglomus lamellosum(AMG6) effectively promoted tobacco seedling growth and
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optimized the root to shoot ratio; Glomus versiforme(AM9), Claroideoglomus etunicatum(AM4), and Acaulospora

longula(AMT) markedly increased biomass accumulation; Rhizophagus intraradices(AMS), Glomus versiform(AM9),

and Acaulospora excavata(AM10) have potential in promoting nutrient absorption and stress resistance of tobacco

seedlings. Cluster analysis categorized the 10 AMF isolates into four effect types: “growth promoting type”, “growth

regulating type”, “nutrient accumulation promoting type” and “stress enhancing type”, which were represented by

Funneliformis mosseae(AM2), Claroideoglomus lamellosum(AMO6), Rhizophagus intraradices(AM8) and Glomus

versiforme(AMD9), respectively.

Keywords: arbuscular mycorrhizal fungi; tobacco; infection characteristics; mycorrhizal effects; floating seedling system
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Table 1 Codes and species names of the tested AMF inocula

e G I e

1 AM1  BEARTCHIRERS Acaulospora kentinensis

2 AM2  EEVELERERG Funneliformis mosseae

3 AM3  RIEHEREE Rhizophagus irregularis

4 AM4  HEEHERIER  Claroideoglomus etunicatum
5 AMS R RRERER Septoglomus viscosum

6 AM6  RRIEHERIER  Claroideoglomus lamellosum
7 AM7  FERKICHERERE Acaulospora longula

8 AMS RIS Rhizophagus intraradices

9 AM9 M FERYER Glomus versiform
10 AMI10  [MISpICHIREES Acaulospora excavata

1.2 R

FEN TAEE((25+2) °C)FF JR S EETE & il
5o 10 AMFRR ) 30l St e, el & v
T FBL U A KR AR kA T s R 281 KTR (121 °C,
120 min), K EGEIMAL2E KM,
PR AR N3 gL, BeRE(105FLR O ImFEEL,
54 cmx28 cmx5 cm)/EHER, AREEASINAL T 2 A
FEEFE o DUAS S I B R A KRR AR T R X R
(CK), AR, HAR3RES , A6
B T10 em/K IR EELIR 22 (90 cmx50 ¢cmx30 cm)
o, RIS RAE, 338, R K I B B
CHE AT HHOARE BT BEE M)
(GB/T 25241.1—2010)# 47, 437l F e . AEAR
SR T B B 1A 34~ s B e A R BV T
NECGEASNE), At DR 2K B R &R i o Aok
100 mgkg MhriE. THIRI7S d, HIRBARIABIN:,
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2 HER55H
EMAEAMFAHE R 2= MR S0
PR2AT L, BRZERIAN, HoAthae Motk b
BB EER, HIKMNE, AMS, AMSFIAMY
RO B TCKAY, 4B CKE22.61% .
20.91%F1120.40%, AMO6FH H3CKAK25.78%, 2%
SHE; BRAM2FIAMIOAL IR, HAh LR L FE )
R M TR B KT O, Hh AMOALFRAY

2.1

R, BCKHHEM61.39%; SCKAHLL, AM9,
AM7. AM4. AM3FIAMSAbFEIA) i 232 1 Hb |
TREE TR, A BIINT5.41% . 45.75% . 48.07%.
40.86%F138.82%; AM7HIAMI0KZNFR AR e Ji i 5
CKM LR #25, HMA P 85 FCKM,
AMY9. AM1. AM5. AM6. AM4, AM3, AM2,
AMBXAR i 5T 5 A 2 1A A A0 i BE AR U a5 - It
Ak, BRAMTHIAMI0Sb, HAA R s B 8
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Table 2 Agronomic traits of tobacco seedlings following inoculation with different AMF species

FCKfH, HAMIFIAMOA IR AR AR

Ab 3 T HE/cm ZE [l /mm BRI em? My 6 /g MRt i 22/ g I

CK (25.830.49)b 7525151 9363394 (2151=2.71)c (027:007)d  (0.01320.005)f
AMI (26.672.48)b 845:1.69  (105.06£832)f  (23.95:2.06)c (133:0.100a  (0.056+0.008)a
AM2 (27.071.95)b 7.9941.65 91.63:734)g  (21.45£1.52)c (1.01:022)b  (0.048+0.012)ab
AM3 (28.67+1.31)ab 9.88+1.11 (109.774733)ef  (30.30+3.86)b (1.11:024)ab  (0.037+0.010)bcd
AM4 (29.47+2.60)ab 010138 (144.54:7.92)ab  (31.85+2.16)b (12120.12)ab  (0.038£0.005)bc
AMS (31.67£2.74) 9.68+0.58 (119.47:4.06)c  (29.86£3.93)b (130:0.31)ab  (0.044=0.014)ab
AMG6 (19.17+1.70)c 9.33£0.93 (130.67£7.97)cd  (24.95+3.80)c (130:029)ab  (0.052+0.010)a
AM7 (27.10+1.48)b 90.06£0.77  (135.833.74)bc  (31.35:0.88)b (0.45:0.07)cd  (0.014£0.002)ef
AMS (31.23+232)a 9.86+2.41 (119.98:8.63)de  (24.1744.56)c (0.65:0.09)c  (0.027+0.004)cde
AMO9 (31.10£1 48)a 9.1342.49 (151112221 (37.731.89)a (1.40:020)a  (0.037+0.006)bc
AMIO  (29.00+4.75)ab 8.4341.83 (10041£6.43)fg  (23.3940.71)c (0.55:0.07)cd  (0.023+0.002)def
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Fig. 1 Root system morphology of tobacco seedlings following inoculation with different AMF species
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Fig.2 Pigment content in the largest leaves of tobacco seedlings inoculated with different AMF species

B, NCKAY2.014%, BRAMI., AM4, AMS
FAM7AN, HAb AP F A4 2 5 TCKAY .

2.4 EMARAMFIHRER ZR5E D

tE3RTAL, AMIAC PR R0 ) 35 = T O
flL b PR, FOAR R TG T2 CKAY2.924%; AM3 .
AMS ., AMI10. AM2FIAMTAbBRAGHR 296 1t i
FE T CKR, 45 5l 8 CK /& 100.27%
100.00% . 74.80% . 55.00% F151.74% . It 4b ,
AMS . AM6FIAMO A B AR 2 16 1 8 % Ik F CK
(), 2 AAECKIRES56.03% ., 49.33%H121.72%.

0.6

S =) S
i IS n
T

oL
oL
o

WRE I /(mg-g-h™)
(=]
o

- ¢ [
f
0-07CK "AMI AM2 AM3 AM4 AMS AM6 AM7 AMS AM9 AMIO
B
FE EANRING BRI R AL BRI ) 28 A7 e 11538 L (P<0.05),
E3 EMAEAMFIEENRRTED

Fig. 3 Root activity of tobacco seedlings inoculated with

(=3
—_

different AMF species



5551 545 6 ]

BEVESE T DS AR B T o A A K A e R L TR AR A 31

25 EMARAMFEE EHFESEEMFES

FEHE N

230, SR AL B A B R A o
MHEARYERERKRER, TREH(CV)H
17.23% ~ 47.86%, J&H 5525 5(10%<CV<100%).
FESRSr S, S5CKAHE, AMOFIAM3ALHfY
B Ml B A R N, A B CK AR
51.07%. 40.16%; AM9. AM7. AM4. AMI10,
AM2FIAMS Ab P R 1 b Sl 2 i e 2 e
Ay R CK I IN38.31% . 37.66% . 36.36%.
31.17%. 26.62%. 25.97%; AM9. AM7. AMI10,
AMS5. AM4. AMSHIAM2ANFT {4 1l | 500 1 4 &
YR E R TCKR, /3l CKAHE R 118.46% .

107.69% . 79.74% . 51.54% . 44.87% . 31.03%Fl
17.95%; AMIFIAMG6AL B A 1 b 350mi & 2 LA
F AMOALFR )R 5 B35 25K FCKI . 7EFR R
B m, AR AL B A B R 25 R X R )
(CV=17.23%), AMO9 . AMB3FIAM4 Kb HH 4 1 H
AR R B E T CKE, ABIEN162.79% .
93.24%#183.34%; AM9, AM4, AM7. AM5, AM3
FAMI104bHE P B Y B8 B 3% 7 T CKIY, /il 4K
CKAYHEHN141.63%., 101.31%. 100.62%. 75.80%.
56.43%F142.31%; A[FEALEER)#E B iE 22 F ik
(CV=47.86%), HHAM9, AM7. AM4. AMS5 .
AMI10 . AM3 FIAMS Kb B () 43 51 4 CK () 3.82 .
3.02. 2.14, 2.11, 1.95, 1.60. 1.47f%.

R3  FEMTRIAMF B - 3REY E 255 53 IRUL

Table 3 The main nutrient absorption in the aboveground part of tobacco seedlings inoculated with different AMF species

Ab3E A " i
T % TR R & /mg T % FHE A /mg T % TR R & /mg

CK (5.130.43)cde (1 111.01+221.68)def  (1.54+0.03)c (331.78+40.69)e  (3.90+£0.16)gh  (841.51£125.99)g
AMI1  (420£0.56)¢ (1 008.51£176.07)def (1.32+0.03)d (317.34£30.58)e  (3.93+0.18)gh  (939.67+72.06)fg
AM2  (6.35£0.43)abc (1 362.03£149.67)cde (1.95+0.03)ab (417.79£36.55)de  (4.60£0.31)ef  (985.01£79.14)fg
AM3  (7.19£1.71)ab (2 146.88+411.70)b  (1.720.14)bc (519.01£59.69)cd ~ (4.40+0.64)fg (1 343.72+343.20)de
AM4  (6.44£1.01)abc (2 036.96£176.50)b  (2.10£0.11)a (667.91£5027b  (5.65£0.25)cd (1 800.45£177.67)c
AM5  (6.07£0.43)bcd (1 803.02£170.30)bc  (1.94£0.19)ab (583.27£127.19)bc  (5.91x0.55)c (1 771.75£349.70)c
AM6  (3.92£1.01)e (1 002.10+374.67)def (1.28+0.07)d (319.42+54.7T)e  (3.68+0.24)i (911.34491.15)fg
AM7  (4.57+0.43)de (1 435.86£169.60)cd  (2.12+0.09)a (665.62£39.04)b  (8.10£0.22)a (2 540.22+140.82)b
AMS  (4.01+0.43)e (974.29+225.86)de  (1.730.11)bc (418.94+87.82)de  (5.11+0.20)de (1 233.96+231.50)de
AMY  (7.75%1.13)a  (2919.58+422.47)a  (2.13+£0.24)a (801.67+77.5T)a  (8.52+0.22)a (3 215.54+164.70)a
AMI10  (3.55+0.58)e (832.19+163.34)f  (2.02+0.15)a (472.14£2437)d  (7.01£047)b (1 640.48+139.47)cd
FHE 538 1.80 5.53 1512.04 501.35 1565.79

brfEZ 144 0.31 1.70 647.96 161.95 749.39

CV/% 26.85 17.23 30.74 42.85 32.30 47.86

T RIS 7 B A BRI i 22 AT G124 B L (P<0.05).
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i F4n] 5, CKAIAM3ALFRAR 2 R i g2 2]
AMFIR YIS ; AM4, AMSFIAMGAR AR 2 H
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AMS . AM2. AMI0FIAMA A H () ARG 12 L %6k
22.67% ~ 75.00%, BFEm TAMS, AM6. AMI1F
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AM4. AM5. AM6. AM7. AMI M2 YL B H Ik
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AbEE (AM3 ., CKERAR) 1

T4 EMTRAMFEERRAREEHE

Table 4 Infection characteristics of tobacco seedling roots inoculated with different AMF species
b P22 IR YR % TFERYEA/% ARG % TRYLSRBE %
CK 0.00 0.00 0.00 0.00
AM1 (2.67+0.58)f (1.97£0.15)d (3.10£0.36)fg (2.90+0.10)g




32 IR AL K222 R (B SR B4A)  http:/xb.hunau.edu.cn 2025412 A
RAEE)

s TR 2242 Y4 5/% TR YR/% IR YL /% (YR Y
AM2 (37.67£2.52)b (7.50+0.50)b (50.0045.00)c (47.67+2.52)b
AM3 0.00 0.00 0.00 0.00

AM4 (5.50+0.50)de 0.00 (22.672.52)d (25.17+1.04)d
AMS5 (11.67+1.53)c 0.00 (9.00+1.00)¢ (10.67+1.53)c
AM6 (7.50+0.50)d 0.00 (6.50+0.50)ef (7.17£0.29)f
AM7 (2.830.76)f (4.50£0.50)c (2.170.76)fe (3.00£0.50)g
AMS (6.50+0.50)de (10.67+1.15)a (65.00+5.00)b (38.33+2.08)c
AM9 (67.67+2.52)a (1.50+0.50)d (75.0045.00)a (77.67+2.52)a
AMI0 (4.50+0.50)ef (4.17£0.76)c (45.00+5.00)c (40.00+2.00)c

IR FRYERE 0,001 PR S 1522 S5 BT 5 RIS B R b BRIR) () 22 AT Bt

2.7 IEMARREAMF XTI E A KB E AR S
FHASTIAL, AR AME RS B AR A K
P RARZN AFTE R R 22 57 iRARTE I RINFL R 5
PR 22 K, AR 5 R B 3K 155.42%F1
143.76%, JBIRAZSF(CV>100%); E¥a ., Hid
Fo. RSP, KA R 1) R AR SO A X 55
IN, AESERBOA5.69% ~ 89.10%, HJETEEAr R
FERIAMO . AMAFIAMTXT A= 1y 1 T AR 35007 48

B (P<0.05),

K AM1, AM6., AM2FIAMSSH ML Fb 4 TR AR 4
BIEER; AML, AM3FIAMSRIAR 2 1% 1 B9 B Ak
BIAK ;. AM9, AMSFIAMIOR (2 2 &5 (LA
RIS AM9, AM3FIAMAXINFR B 1 AR 8¢
K AM9, AMAFIAMTXIP , KFL B0 AR 55
Ko HHRPAMSXAR R IE T FInF e 8 & ik, 2D
AMI10XINFR SRR T AR

x5 FEMARIAMFX S K5 7 2 IR BI B R X

Table 5 Mycorrhizal effects on tobacco seedling growth and nutrient absorption following different AMF inoculations

HFh X7k R L WRIES  MgEREE AP MEEE %QTEE "

AMI 0.16 331 1.94 0.16 0.67 —0.09 —0.04 0.12
AM2 0.03 2.69 0.59 0.40 0.92 0.23 0.26 0.17
AM3 0.44 1.85 1.06 0.61 125 0.93 0.56 0.60
AM4 0.52 1.92 0.00 0.36 0.67 0.83 1.01 1.14
AMS5 0.43 238 —0.53 -0.20 0.16 0.62 0.76 1.11
AM6 0.21 3.00 —0.47 0.12 0.99 -0.10 —0.04 0.08
AM7 0.46 0.08 0.53 0.18 0.40 0.29 1.01 2.02
AMS 0.14 1.08 1.06 0.79 1.40 -0.12 0.26 0.47
AM9 0.80 1.85 -0.18 0.96 1.52 1.63 1.42 2.82
AM10 0.10 0.77 0.76 0.79 125 -0.25 0.42 0.95
FHE 0.33 1.89 0.48 0.42 0.93 0.40 0.56 0.95
FrifE2E 0.23 0.97 0.74 0.35 0.42 0.57 0.46 0.84
CV/% 69.18 51.07 155.42 83.17 45.69 143.76 81.42 89.10

2.8 BEMAEAMFIEEEKERSS RS
ST HEANAN[R] AMEFALEfiE 2R 0 v A 4 AR 0 I
W55 TR AT AN RIZONE, 45 B AR R AR (R Gy

E(Fe4) FNRR RN (e 5) i AT 2R R b, 4521
(K14, 10FEE AR N4 AML, AMT,

AM3. AM5. AM6., AMAZEZE Jyerp: K3y B (5

128), XSEREMR R R YR EK0.00~25.17%), TE
P 5 AT AR W MR e L T AT RE LA B
FERON, [HAMSHIAMG6 AR 2 76 1 Al BEA7AE 1 il
BN ;5 AMS FIAMIO A 7 3R 25y <A 7% 0 FL &R
RICEEII28), X A0 v AR 2R 19 12 G o 3 A 0 48
(38.33% ~ 40.00%), HTEMH G Hh EFF AP R J7H
FEPU A B R AR RN 3 AM2 TR I SRS “fie A=
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Fig.4 Hierarchical clustering dendrogram of mycorrhizal effects on tobacco seedlings induced by different AMF
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