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Abstract: [Objective] To illuminate the response of different P-efficient soybean genotypes to arbuscular
mycorrhizal fungi inoculation at different growth stages and the relationship with P efficiency, and provide a

theoretical basis for research of arbuscular mycorrhizal fungi inoculation improving crop P efficiency.
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[ Method] The experiments were conducted using three soybean genotypes of ‘Weilianmusi 82° “Yuechun 04-
5’ and ‘Baxi 10’ under mycorrhizal and non-mycorrhizal inoculation treatments at flowering and podding stages.
The effects of arbuscular mycorrhizal fungi inoculation on soybean plant dry weight, arbuscular mycorrhizal
colonization rate, P nutrition status, root traits, and expression of arbuscular mycorrhizal inducible phosphate
transporter genes were analyzed. [Result] The mycorrhizal responses of different soybean genotypes to
arbuscular mycorrhizal fungi inoculation were significantly different at different growth stages. Compared with
non-mycorrhizal inoculation treatment, the inoculation treatment significantly improved the expression levels of
three arbuscular mycorrhizal inducible P transporter genes of GmPTS8, GmPT9 and GmPT10 in the roots of three
soybean genotypes at flowering stage, which resulted in the significant increase of P concentrations in roots of
these three soybean genotypes, and the inoculation treatment significantly improved the root dry weight of these
three soybean genotypes, as well as shoot dry weight, P concentration and total P uptake amount of ‘Baxi 10’ at
podding stage. At flowering stage, non-mycorrhizal ‘Weilianmusi 82’ and ‘Yuechun 04-5’ plants had
significantly higher shoot dry weight, total P uptake, total root length and root surface area than ‘Baxi 10°, while
mycorrhizal growth response and mycorrhizal P response of arbuscular mycorrhizal fungi inoculated ‘Baxi 10’
were significantly higher than those of ‘Weilianmusi 82’ and ‘Yuechun 04-5°. [ Conclusion] ‘Weilianmusi 82’
and “Yuechun 04-5’ have higher P efficiency, while ‘Baxi 10’ has higher mycorrhizal dependence. The
prolonged growth period from flowering stage to podding stage promotes the transformation of acquired P by

mycorrhizal plants into biomass, which further stimulates the beneficial symbiosis between soybean and

arbuscular mycorrhizal fungi.

Key words: low phosphorus; arbuscular mycorrhizal fungi; mycorrhizal response; soybean; growth

stage; phosphate transporter gene; phosphorus efficiency
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Table 1 Three-way ANOVA of the effects of different growth stages, inoculation treatments and genotypes on physiological

and molecular indicators of soybean

Fl)
}8#r Indicator
S G SxI SxG IxG  SxIxG
Hb 13T F & Shoot dry weight 538.68%** 1.24 14.91%%%  510% 3.53% 0.12  0.64
R8T 5 Root dry weight 239.65%F*  34.72%¥%  12,19%%%  1091**  881** 047 095
i _E 3P Shoot P concentration 43.56%%%  10.56%* 3.30* 0.04 0.38 0.30 0.21
HRFBPYR E Root P concentration 0.24 15.56%%* 2.57 9.78 0.43 0.38 0.67
MPURIS & Total P uptake amount 70.84%%% 25 [Q*** 3.36* 2.74 431* 2.31 0.32
SR Total root length 219.27*%%  7.17* 11.40%%* 259 2.92 033  2.65
MR FL Root surface area 118.70%**  [1.40%* 0.45 1.35 11.55%** 034 1.23
R ZAF Root volume 52.18%%%  ]38%* 2.82 0.48 26.59%%* (.45 0.57
GmPT83K A & Expression of GmPT8 0.49 36.72%*%%* 2.67 1.12 0.02 1.08 0.10
GmPT93 1% & Expression of GmPT9 0.24 36.88%%* 0.22 1.79 0.91 0.65 0.06
GmPT103 15 & Expression of GmPTI0 0.17 4.82% 0.64 1.66 0.27 1.35 1.35

DS: AFH, L 2R, G AR, <. RABEZZAGI/ER; “*7 . P<0.05, “**” . P<0.01, “***” . P<0.001

1) S: Stage, I: Inoculation, G: Genotype, x: Interactions between different factors; “*” : P<0.05, “**” : P<0.01, “***” .

P<0.001

*2 EELEMNTRERBAZAETREE FHRM AR RENZ R

Table 2 Effects of inoculation treatments on plant shoot and root dry weight of different soybean genotypes at different

growth stages mlg
. ANBETH No inoculation %5 Inoculation

TEARER 7 EoN=p 1

PR B 082 BH04-5 Eri0s P B4 82 HAR04-5 0%
Plant part Growth stage

Weilianmusi 82 Yuechun 04-5 Baxi 10 Weilianmusi 82 Yuechun 04-5 Baxi 10

Hs b I 1.8740.19a 1.85+0.21a 1.204+0.06b 1.63£0.13ab 1.65£0.15ab 1.384+0.07b
Shoot il 3.53+£0.03ab  3.22+0.0lbc  2.96+0.19¢ 3.87+0.13a 3.23+0.05bc  3.37+0.11b
RS I 0.710.08a 0.60+0.04ab  0.47+0.03b 0.72+0.08a 0.75+0.60a 0.59+0.05ab
Root 1I 1.18+0.06b 0.88+0.06¢c 1.00+0.07bc 1.52+0.09a 1.13+0.02b 1.394+0.04a

DI, T 4X8; RaA4BERrRINEFHATHRAATHRARARNA X & AR BB LR £ 57 2 F(P<0.05,

Duncan’s )

1) I: Flowering stage, Il : Podding stage; Different lowercase letters in the same line indicate significant differences between

different inoculation treatments and among different soybean genotypes (P<0.05, Duncan’s test)
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Table 3 Effects of inoculation on P nutrition status of different soybean genotypes at different growth stages
_ AT No inoculation $274 Inoculation
LN EEH
RS2 BEF04-5  ERI0T O EAREHS2 B4 BENI0T
Index Growth stage
Weilianmusi 82 Yuechun 04-5 Baxi 10 ~ Weilianmusi 82 Yuechun 04-5 Baxi 10
o EERPIE S B(mg-g ) I 0.63£0.09a  0.70£0.08a 0.53+0.0la  0.73£0.09a  0.75+0.05a  0.68+0.03a
Shoot P concentration I 0.44+0.03bc  0.45£0.03bc 0.39+0.00c  0.52+0.02ab  0.54+0.02a  0.49+0.02ab
HRERP 73 $0/(mg-g ) I 0.59£0.05b  0.56+0.06b 0.65+0.04b  0.97+0.05a  1.01+0.14a  1.08+0.13a
Root P concentration II 0.83£0.11a 0.7140.05a  0.83+0.10a  0.78+0.08a 0.71+0.12a  1.16+0.31a
S PR /mg [ 16240342 1.64+0.26a 0.93+0.03b  1.88+0.22a  1.9420.10a  1.57+0.18a
Total P uptake amount I 2.53+0.12bc  2.09+0.16¢  2.00+0.22¢ 3.20£0.11ab ~ 2.55+0.05bc  3.26+0.36a

DI, 1420 AAHKEERRINEFHATHRETARRLARA X EERR 2R AN £ 7 2 % (P<0.05,
Duncan’s %)

1) I: Flowering stage, Il : Podding stage; Different lowercase letters in the same line indicate significant differences between

different inoculation treatments and among different soybean genotypes (P<0.05, Duncan’s test)
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Table 4 Effects of inoculation on root characteristics of different soybean genotypes at different growth stages

N2 No inoculation %5 Inoculation

Ei=pan EEN=EL] . — -
ARG 782 HH04-5 MpE105 R HT82 B 04-5 Er10s
Index Growth stage
Weilianmusi 82 Yuechun 04-5 Baxi 10 Weilianmusi 82 Yuechun 04-5 Baxi 10
BARHK/m I 2.84+0.02ab  2.7440.19ab  2.11+0.09¢c 2.5840.21abc  3.10+0.19a  2.4540.15bc
Total root length Il 4.70+0.24b 4.63+0.34b 3.82+0.23b 5.744+0.36a 4.72£0.49b  4.47+0.12b
R 2% [ F/dm® I 438+0.35ab  4.46+0.39ab  3.27+0.l4c 430+0.59ab  5.0840.19a  4.12+0.45bc
Root surface area Il 6.4240.45bc  5.79+0.43¢ 6.86+0.43abc  7.90+0.68ab  6.85+0.66bc 8.26+0.21a
LEELNAVONN I 5.44+0.87abc  5.86+0.6lab  3.49+0.46¢ 5.73£0.67ab  7.40+0.65a  4.90+0.75bc
Root volume II 6.98+0.63cd  5.91+0.83d 9.81+0.72b 8.6840.97bc  6.80+0.62cd 12.15+0.41a

DI, 1. 4% ATHESEFRDNEFHFAFTHRALTHARALRAY X 27 REH L EA £ F 2 %(P<0.05,

Duncan’s )

1) I: Flowering stage, Il : Podding stage; Different lowercase letters in the same line indicate significant differences between

different inoculation treatments and among different soybean genotypes (P<0.05, Duncan’s test)
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KE, EFFACINS, H5A R OB L, 55 B3
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GmPTI10 FiEEHF T 52.9 5. MASEFE K ALk
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Table 5 Effects of inoculation on the expression of arbuscular mycorrhizal-inducible P transporter genes in roots of

different soybean genotypes at different growth stages

S HH W AP No inoculation P Inoculation
Gene  OTOWh o BUAEIS2 B204-5 B0 B 0782 B204-5 EF105
stage Weilianmusi 82 Yuechun 04-5 Baxi 10 Weilianmusi 82 Yuechun 04-5 Baxi 10
GmPT8 I 1.07+0.17b 1.07+0.17b 0.27+0.07¢ 8.5242.10a 10.02+2.19a 5.46£2.50a
I 2.37+1.73bc 1.08+0.13bc 0.31£0.10¢c 6.38+1.46ab 8.27+4.23b 3.97+0.87abc
GmPT9 I 2.33+1.41b 2.58+0.26b 249+1.17b  1149.444278.42a  1896.10+£588.61a 1 617.45+630.78a
I 475.87+471.67ab  64.82+38.09b 2.1740.71b  1265.27£160.46a 1296.43+647.04a  955.27+235.69ab
GmPT10 I 10.42+10.42b 2.40£0.98b 2.75+0.66b 68.20+19.46a 384274154982 261.38+193.35a
I 141.34+128.79ab  208.36+203.52ab  5.69+3.46b 117.56+24.20a 112.45+103.24ab  306.82+£175.38a

DI, 1. &% AAREERRNEFHEATHR LT RARARAARA K &5 RF LR LR E £ 7 2 %(P<0.05, Duncan’si)

1) I: Flowering stage, II: Podding stage; Different lowercase letters in the same line indicate significant differences between different

inoculation treatments and among different soybean genotypes (P<0.05, Duncan’s test)
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4 BHIMERRAEMER R 5200

W5 Z e B (% 6) w k. AR T WS E
S AR AR YR (P<0.01) FIEHRAE KRN (P<0.05);
B AR AR K S BRI BRI AR P SN A7 7 5 3 ) 36 DR R 22
Ft (P<0.05.P<0.01). MAFEAEFIKRE, ‘EH
04-5" F1 ‘ELPG 10 57 S @RI RR EE
T IFEACIA I s AR S R B SR, 78 T 6 TR0 25

JeE I, 3 AN RS ORI TG B
5 (F 1A) . 3 AR R K 5 7 45 2 JART 35 3R 0 1
PR A KRB, H5 AL, 8R4
827 45 AR A K S B R 2 38 0 (K] 1B). £
JEAEIA, TP 10 57 BB AR AR K SR AT TR AR
P MR ST CBBRM 827 A ‘EEF 04-57
T 7E 45 € 11, 3 A5 DR 284 1 B AR A A I 9 A R AR
P MR %R (K 1B 1C).

®6 T EHMEREMNKEEREKIERFZWHNERFTES T
Table 6 Two-way ANOVA of the effects of growth stages and genotypes on soybean mycorrhizal growth indicators

_ FY
fabn
Index 4 H N 1Y A xR Y
Growth stage Genotype Growth stage x genotype
H MR 12 L% Mycorrhizal colonization rate 14.93** 0.18 0.16
B R B Mycorrhizal growth response 5.86* 5.66% 1.84
HHRP < W, Mycorrhizal phosphorus response 0.07 8.05%* 0.18

1) “*” : P<0.05, “**” . P<0.01
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Different lowercase letters on the columns in each figure indicate significant differences among different soybean genotypes at different growth stages

(P<0.05, Duncan’s method)
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Fig. 1 Mycorrhizal colonization rate, mycorrhizal growth response and mycorrhizal phosphorus response of different
soybean genotypes at different growth stages while inoculating arbuscular mycorrhizal fungi
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