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Effects of arbuscular mycorrhiza and molybdenum on photosynthetic
fluorescence characteristics of wheat

WANG Zhen'?3, GAO Xushuo'?3, ZHANG Mengge'?3, WEI Wenjing*23, SHI Zhaoyong®2%", XU Shouxia?3

(1.College of Agriculture, Henan University of Science and Technology, Luoyang, Henan 471000, China; 2.Henan Rural
Human Settlements Engineering Center, Luoyang, Henan 471000, China; 3.Luoyang Key Laboratory of Symbiosis
Microorganism and Green Development, Luoyang, Henan 471000, China)

Abstract: In this study, the responses of arbuscular mycorrhizal(AM) to photosynthetic fluorescence characteristics of
wheat under different molybdenum levels were studied by inoculation with Claroideoglomus etunicatum(BEG168) and
non-inoculation control at four molybdenum levels of 0, 5, 100, 1 000 mg/kg with pot experiment using sterilized soil.
The results showed that arbuscular mycorrhizal fungi(AMF) could stably infect wheat under different soil molybdenum
levels, with an average infection rate of 58.82%. AM could improve the net photosynthetic rate(Pn) and stomatal
conductance(Gs) of wheat under different molybdenum levels. At molybdenum 100 mg/kg, the net photosynthetic rate of
wheat was the most dependent on the mycorrhizal dependence, reaching 698.05%. AM could increase the maximum
photochemical efficiency of photosystem II(F./Fm), the potential activity of photosystem Il(Fv/Fo), the light energy
absorption performance index(Plass), the ability of photosystem I1 to transfer electrons downstream( ¢o) and the quantum
yield of electron transfer( ¢ o) in wheat leaves under different molybdenum levels, especially at molybdenum 100 mg/kg,
the increase was significant. In summary, AM could increase the photosynthetic capacity of wheat under different
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molybdenum levels and enhance the overall performance of photosystem 11, reaching the optimal outcome at the levels of

100 mg/kg.

Keywords: wheat; molybdenum; arbuscular mycorrhizal; net photosynthetic rate; mycorrhiza dependence; fluorescence

characteristics
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2.1 TAELEBINEENZF=EMMEERZR

RHF0

1 0. 5. 100. 1 000 mg/kg 4HJF /04T /1N
MR R Y 2 5 5 54.55% . 68.79% .
57.57%. 54.34%, V#2350 58.82%, #AbHH
MIRPRTCEEZER . WK 1 el EH, I
WM 0. 5 F1 100 mg/kg B 45Ft AMF J5 448
INGE WA T A TN R A Y, oy
H 33.13%. 6.70%F1 17.70%, 74544k
0 mg/kg B iE 31 i 2 K-

R1 BLETNENEYFE =R

Table 1 Biological yields of wheat under molybdenum treatment

R E(mg k) REHRIRSL Bk g

0 AM 32.87a
NM 24.69b
5 AM 33.74a

NM 31.62ab
100 AM 16.09c

NM 13.67cd
1000 AM 6.26d

NM 10.35cd

RIS B AN ] B Ak B IET B 2 AT SR 5 X (P<0.05).

2.2 MEERMETNEASIFESHHIZN
M 2 nEH, F—HHERESET, AM 4bi
F/NZZRY Pn. Gs #l Tr #4845 F NM 4R, Ci
BEMRT ARG, 8. AM K& ECHAE
FHXT/NA Pn, Gs. Ci. Tr BRI E] T B %
JKAE-(P<0.001). BiPA%H. AM DL K52 (32 AR
1B/ INAZ () P AV S-S50,

®2 EAETNENFAESERRMSHZHRESH

Table 2 Net photosynthetic rates and gas exchange parameters of wheat under molybdenum treatment

PR (mg kgt)  BEARDIRDL Pn/(umol-m2 §71) Gs/(mol m2 s71) Ci/(pmol mol1) Tr/(mmol M2 s71)
0 AM 3.89c 0.017c 39.64e 1.09c
NM 1.04f 0.014d 293.66a 0.90d
5 AM 3.41d 0.015d 45.36e 0.91d
NM 0.66f 0.008f 262.42b 0.48f
100 AM 6.93b 0.029b 11.55f 1.73b
NM 0.87f 0.004g 71.83d 0.27g
1000 AM 7.58a 0.032a 19.63f 191a
NM 2.11e 0.012e 129.26¢ 0.76e
%*ﬁ *hk Fkk F*kKk *kKk
/_EH *hk Fkk FkKk F*hKk
%*ﬁ x/_EH *hk Fkk FkKk F*kKk

[R5 it AN [] 567 b B 0] 9 28 S A it 28 L (P<0.05); - «

*R7R 0.001 KR
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Fig.1 The mycorrhizal dependence of net photosynthetic rate of wheat

with different molybdenum levels

2.3 MEERFEXNZF OJIP-test K
Al

MR 3 FATLVE M, PR R BN T e,
Al AMF 2R3/ INER IGO0 (Fo) B8 T RE, 7E4H
R ECH 100 mg/kg BF, AM Ab B SR ERp AL FR
T Fo AREZES, AM AT H AR AE T 1%
KT 20.47%; HAbGT RIS, #ER5A
R AMF 1 Fo o 5255 . 4R B9 STAE FANH
5 AM BHLRIVERIXT /N Fo s B35 R20 .

TE 4 R BEIARFE, AM ZRFR AR AOE
HFRCR (FUlFm) . 6 RS IRALE G M (FUFo) A&
P BETE ZL (Plabs) FEL XS i T AR AL B , HIATE
B3 BC 100 mg/kg BF AM 5 NM 232 8] 1
2SIk F T REAKY, 4305 9.93%. 47.87%.
127.63% . 4. AMF K — % 8928 T A FH AN E
FulFm. FulFoFl Plaps H52 00 52

*3 ALET/IER Fou FUFm. FuFo 0 Plaps

Table 3  Fo, Fv/Fm, Fv/Fo and Plabs of wheat under molybdenum treatment

BH BT S350 mg kg ) RHLREL Fo Fu/Frm Fu/Fo Plabs
0 AM 7 775a 0.730cd 2.753c 3.272hc
NM 7 456ab 0.719d 2.572¢ 2.164c
5 AM 6 729bc 0.763bc 3.267hc 4.167hc
NM 6 409cd 0.758bcd 3.166¢ 2.605hc
100 AM 5 436de 0.808a 4.263a 10.933a
NM 6 835ahc 0.735¢d 2.883c 4.803b
1000 AM 5194e 0.803a 4.077a 11.252a
NM 5 566de 0.792ab 3.856ab 10.900a
AR * ** ook
| roxx ook Frx *rx
TRIAR <4 * * * *x

[R5 BB AN R Bk R b BRI B 25 A G2 7 L (P<0.05); < i ok Jh WIS 0,05, 0.01, 0.001 /K- 2

2.4 M EIRAEARH N R RSBS00
M 450, TEAHBTR S50 0 mo/kg I, 42
Filt AMF 24555 T/NAZ i ETo/CSofl; TRJ/RC
HAE 4 DEHAKCE MR S AR AMF 20018 21
E5 . EHFRESECN 0 mglkg B, BEFh AMF 4k
IR ETJRC., ABS/CSo. DIo/CS,. TRo/CSo.
ETo/CSo MEBI R T AR AMF 1y, 158 42 F
AMF REfSHL RN PSITHL T3 G RERI
#£ 100 mg/kg FHACE T, i AMF BT /)

A ABS/RC. DI/RC. ABS/CS, fll DIo/CS, f
i, 5 NM AHEAME, 20K T 16.22% .
39.39%. 20.47%. 43.68%; 1M TRJ/RC. ETJ/RC.
TRo/CSo. ETo/CS, HTC i 24k, UiBIHEF AMF
REAS LR /A PSITH 1538 G RERI FH AR

AT B AR R B X /N2 i e FE G P S 8
BRI , RIREHXTRR ETo/CSo /M AL 7 A e id ik
SR A W, i AR AU XS ABSIRC |
DIJ/RC. TRJ/RC BYMEA &M, FHAGEARANACH.
YEFH B E 50 T ABS/CS,. DIJ/CS,. ETo/CSo HIfH.



14 WA K224 (H ARFHERR)  http://xb.hunau.edu.cn 2024 4 6 J1
FT 4 ERETNEMRAREESH
Table 4  Specific activity parameters of wheat leaves under molybdenum treatment
HFRAY (Mg kg Y) BEARRGL  ABS/IRC  DIJ/RC  TRJRC  ETJ/RC ABSICS, DIJ/CS, TRGCS, ET,/CS,
0 AM 1.425ab 0.385ab 1.040ab 0.648abc 7 775a 2 107a 5568a 3552a
NM 1.510a 0.425a 1.085ab 0.595¢ 7 456ab 2 095a 536lab 2 948bc
5 AM 1.354ab 0.324b 1.030abc  0.636abc 6 729bc 1614bc 5 114ab 3 156abc
NM 1.478ab 0.358ab 1.120a 0.611bc 6 409cd 1562bc 4 847bc 2 657c
100 AM 1.126¢ 0.217c 0.909d 0.672abc 5 436de 1043d 4392cd 3245ab
NM 1.344b 0.358ab 0.986bcd 0.679abc 6 835abc 1 852ab 4 982hc 343lab
1000 AM 1.139¢ 0.227¢ 0.912d 0.69lab  5194e 1029d 4 165d 3 147abc
NM 1.170c 0.243c 0.927cd 0.709a 5 566de 1 165cd 4 400cd 3359ab
AR b b *
#H ok ek i * ok el Fhx
T AR < * * *

RIS KA ) T BER Ak BRIE] B 22 AT G124 B L (P<0.05) 5 ¥ <<

25 MFERMEINEFR ¢or ¢eo F1 Wi HY
=AU

5 B T ANFEIBHACE T A IR TRAR B A
XNEF o deo Al Wi FIFE, o Fl o BE
S PSISZ AR EREFE LRI AR L, T Wi g
e PSIVHEARMI A Ak . Bl 2 4 o & 43 B0 T
INFEIFF o Fl peo ZEAR 52 ETFHEAH, Wi 2 FR#

> ki /3 5ll7R 0.05, 0.01, 0.001 K- %

B, 75 0. 5. 100 mg/kg IEHKE T, HEH
AMF ZbBR/INEE N o (EAN e P23 35 1 T A4
ML BREY, HERMAEPRE) o {H HEAHERIAE PEA) 73531
EnH 13.62% . 13.32%. 7.43%, ERMGFRARY deo
P AN 422 Bl 4 3% 43 51 s 1 15.14% . 14.32% .
18.20%., 4 MEHAKET, A AMF 2R3 Wi 1y
T AR B, (H o H2ZE 2R,

F5 ALEBT/NER ¢ov Peo Fl Wi

Table5 o, ¢peo and Wk of wheat under molybdenum treatment

I 3 (g g ) HURL b0 beo W
0 AM 0.624 8c 0.455 6¢d 0.274 3ab
NM 0.549 9d 0.395 7e 0.288 Oab
5 AM 0.618 4c 0.472 7hc 0.271 8ab
NM 0.545 7d 0.413 5de 0.297 9a
100 AM 0.739 Oa 0.597 4a 0.238 5¢
NM 0.687 9b 0.505 4b 0.259 2bc
1000 AM 0.755 3a 0.605 8a 0.239 7c
NM 0.764 7a 0.606 Oa 0.242 4c
i *
i *

[ B B HEAS ] B R A BRIA] () 25 S AT B 24 L (P<0.05); < <+ BII7% 0,05, 0.001 /K53 .

AR FNEHXT N R o o Wk A BE
M, —FHA AR deo A RELM, X do.
Wi i A i 2

3 Fig5itie

FHAIHAFPAT RE XA [F) 5 £ et LI 2R A
DI RRRAR G R T TATTE, B 3 5 XA
WY RHRAR YRR . AW BE, A )

A ECRARYT AMF RGeS e 55 . af
WAEARFEEHKET AMF RE5/NETE AL B4R 3R
KF, IR/ N A R I LA A T3t
AR 2 Bl AMF 42F0/NZ , $2FP AMF ZbFRE
IINZ Rk R A o RS T ANEE R . ARBIESY
H, TEAHRRBCH 0. 5. 100 mg/kg THML T,
Flt AMF 35 T /NEZ IR i

Pn J2& 5 WG A 1F FH 5 55 B B G b, SRl
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AMF A] DI Sy polts 24251 ARef5xrh, AN
BAKCETR, #:80 AMF J5/NEE Pn 33488 T, Pn
BRI 53] 200% A |, HAESH RS
100 mg/kg A fEr, 5 698.05%. f%Fl AMF J5/h
bR Gs 1 Tr R R, X 5205
IR A5 R—3, ULIAHERT AMF REGEIE A
Gs fl Tr, 2 CO Mt ARIYIMT R 4f, A
AR 70 2 ERE, AT S A
SeAVER. THER AMF J5/NERY Ci FEAE, TTRE
SR TN AMF 325 7/ X CO2 i[RI FI FHAL
R, R T /21 Cilel,

B AESER I R B, T Rha SRR
MERER Fofli, MEHmE /340K T 100 mg/kg
BF, HF AMFFEIRT Fo, fR97 T PSIDEAHUL
WA BFFERSNESE, AM BES I i BB R W 98t
FEE, IR S A P E RE ) . ARBFSEH,
AT B HKET, R AMF SR80 & /&
Fu/Fm. Fu/FoHl Plas, iXFEH] AM 7EAE Y EHKF
YIRS PSIL, Em/NERBUARE T, FF
H7E 100 mg/kg BF AM KA IS B

M 5 B T S 80 AR fh BT DS e PSTLR I H
COGREMV R 2 1 0L, Reg it fb PSING
FIFEVEAGAED) A PERERA . AHE ST 45 R
FERD AMF A DA E PSINHE T-AOfE 3%, HAEAH B
7380k 100 mo/kg BF, AM RGN T, AESAE BRI
FRTEDL T, BeRPh AMF AbFR /NN H ETo/CS,
B TX AN, EAIEUE T AM AT LU iE
PSITH F 156 .

bo. Peo. Wi 5 HLFALEBEEALSZ MR 2
SR RE R AL R B, AR, Y4H R
A EC 0, 5, 100 mg/kg B, [Rl—#HK S N EERD
AMF fhFE G EHR S T/NER oo dro, VEHIEEFP
AMF RERSIREE PSIIZIAMISZ 2%, X ATREREH
F AM BEREHE B ISOR A f 1B T R,
AT $ v P H A A A R 2l . Wi
N HL AR I R AL 37 BRI FREE . A SR, [
— KRR AMF ZBFRAGIH Y Wi BT
WEALTR, FREHBERD AMF BERSIRMR HL LB BE (LA
WA BRH AR B . SR LR, W BE R/ INZ B U
NA IR MR RIS TR, EIRZ R R R
i — 28 .

i BT, FEANEHKE T, AMIRE S /NG
R A SR, RE/NE RSO AR
SALGRE . ZEBB A PSIH FALEE RS, s
PSI W HO & T, W e AP, s PSTT
IR RE, HSR/NE R A RETT, R AR
KB, HEHFEESECH100 mg/kght, /NgFHE
B R 1) AR A5 55 o
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