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Salt tolerance of watermelon plants through AM fungus
adjusting root architecture and mineral element balance
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Abstract: Arbuscular mycorrhizal (AM) fungi can enhance the salt tolerance of plants and
promote the growth and development of plants through various mechanisms. In this study,
seedlings of watermelon Citrullus lanatus ‘Jingxin 4 were inoculated with AM fungus Glomus
versiforme, and applied with 100mmol/L NaCl solution to determine the mycorrhizal colonization
status, root architecture, the content of potassium (K), calcium (Ca), phosphorus (P) and sodium
(Na) in roots, stems and leaves, the ratio of K'/Na* and Ca®"/Na*, and the growth of pot plants
under chamber conditions. The results showed that AM fungi significantly increased the total
root length, root surface area, root volume and root tip number of watermelon plants under salt
stress, and improved root architecture characteristics, promoted the absorption of K, Ca and P,
increased the content of Ca and P in stem, of K and P in root, and the ratio of K'/Na* and
Ca’*/Na’, but decreased the content of Na* in root. The content of P and Na* in stem, and of K
and Ca in leaves was significantly higher than that in other organs. Canonical correspondence
analysis showed that root K content, K*/Na* and Ca**/Na* were significantly positively correlated
with total root length, taproot length, root surface area, root volume, root tip number, and
average diameter of roots. Leaf K'/Na" was positively correlated with taproot length. The root
Na® content was negatively correlated with the total root length, average root diameter and the
number of root tips. The equilibrium and distribution of mineral elements were improved by AM
fungi. The dependence of watermelon plants on mycorrhiza was enhanced after salt stress. It is
concluded that K, Ca and P are the key nutrients for AM fungus-mediating salt tolerance in plants,
while K*/Na* and Ca®’/Na* are important mineral element equilibrium indexes. AM fungal
inoculation can regulate the root architecture and mineral element balance of the plant, thus
alleviating the inhibition effect of salt stress on the growth of watermelon and improving the salt
tolerance of the plant.

Key words: salt stress, arbuscular mycorrhizal fungi, watermelon, mineral elements

MV EIESE, AR (arbuscular mycorrhiza, 2018; Cruz et al. 2020; Nejad et al. 2021).
AM) HERIAEIR R BB AR B AM B o] SO Y B S A A, 15
WM R ke, (RdEFR IR HGERERK AR BRI TR R SRk DA S e AR A Y
oAU SR PU M (XN B 3B AP (Diagne et al. 2020; Hadian-Deljou et
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al. 2020; Zaiet al. 2021). AM E i A] Lk
HEEE (P & (N FfETTRESE,
EYAEYE, AR TR EE R P, i
e s I xR A K AHIER  (Hashem
et al. 2018; Wang et al. 2020; Diao et al. 2021).

R 2 UE R R B, W TR, Rl
(K L 45 (Ca) A (P) JCER IR
M SV SR A O Hefh AM HH 2
ek 7 # A K. Cas B (Mg). %, Bk,
AV SR 5T TG 2 RWRAL, 17 92 3 PR (Na
SR FEE IR (Hashem et al. 2018). Zai
et al.(2021) XHEMF Prunus maritima H5F AM
HA EVY 5 35 Funneliformis mosseae Fll
BB Apophysomyces spartima, FEJit N
170mmol/L NaCl 4b3, Z55%8, HhpifbA
MRS, EIGh0 7 %5 A 2L
By AM B BRIV B 0 B XU T BR 22 il 2
IR AR AR KA FR 7 R B BN . ARATTIA
N, AM HIEMEBEE P FEIGI0 T NS Py K
TR R RAERKAFOEEROR, M
B 7S NERAE KA ER. AM K
PR R E T BRI R AN X Py KL Ca.
Mg SRR, IR R KY/Na®, M 22
fift 7B ENE S RE R Z (Wang et al.
2020b). FJ M, AM HEREXHEY) K. Ca 1 P
TG 2 WSO 73 e S FLAT 5t e 2 & TR L
(VAR 2 1R i A 5 1 1 OB (Hidri
et al. 2019). W o R KRR R R AEK
KEFERIR R E TR, AM HEFRE
R ARMAKRE (KEBER T H 2018;
Sahur et al. 2020; Rahimi et al. 2021).

I R S R P 3 B 1
Na®) 4340 A] LA Bt 25 85 () i B Az i,
[FJI;, MR Na'™ < (BB SE M R RO AT 5 7
JuE (U1 Cas P AT K 55) HIURISCRIF]FH (Wang
et al. 2020c). THHEATXT AM HE 2 Wifa /- 5
K. Ca. P Al Na"fW, X Le703 I HEDIR
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AW FCIE LI E A AM LB A3 PR &
8, FRZErH K. Ca. Py Na'f 43 i FISF
HPIRDURS RO SR AWM R, RS
AM LT 5 = P8 TR AR I 2 1 1Y) o) BRI A2
M BTt — DB AM 3R e e )
L RIHL .

1 M5
1.1 RIGH R

PP R R Ik 4 57 R E Ik
R AR A E . KPR EE T 70% L0
R K 5min, ik 4 G, 30CIRIE
8h, Wit 7K5r, K L PEi7Es; = M Ea L,
28 CHEHIRIGFAE N ZF & . il AM LR
NAFIERFER Glomus versiforme, HH HK
WK HAIRAEY ARG e, & =n2
P, DHATF. HAMERBEAN AM H
W . K LR RIS 200 Hf G, {FAE
¥, B 1mL BRI 20 LTS

BIG L UORTRIRD, K 10 B S AR
KIRE M 20 Ik, HART 1d & & EZEIR
KE (121°C, 2h) J&, K 400g bl FE )i %
ANAEH (576em®) %M. &ALEN (Nach &

W& PAEALE A UL E 100mmol/L
SN -

1.2 R

RIS I 100mmol/L &ALEN. 2
i AM B . FEFF AM FUE+100mmol/L &4k
PR NS X /e, 3t 4 M abE, 58
AREYLHES], 12 IREH.
1.3 %M, BE#h, BALESEKER

ARIGAE T By AR R SR A N T i
% (8:00-22:00 Y[, A 25°C; HoRH(H]
Joot, W 16°C, A RIBREEN 50%) HHAT 7
ik .

¥ 50mL ik AM H BRI IINTE R,
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H5HELRS) s X HE U it 0 55 fE 2 A A
JEWR M LA K A M. R E,
RERN 23 NIRRT, i 7d JE IR 1
PRo FARGN RS 75 20 HE 14 151 Hoagland
B, T 35d AT M A A,
7d JEh0 1R, RN _FOR R 30mL, 3k
3. ABEUERABERE 20 RIHTEURELA
MEAHRAE bR -
1.4 $BFRNE
1.4.1 P5)RA v ARAR Gtk ol 4 [l i
BRI (2007) 151500 78 B AR AR e 6
PN & SRane: Y TR N FESHTE
1.4.2 PH/NAHIR /A7 REALIEY 3 FRAAR
A1 (WInRHIZO Version 2016a, Regent
Instruments Inc., Canada) ?WJ%*E?WE
1.43 FURIHET it R o8 ABEkIHE
PR EHUCEAR R 20, /%&E?Is.% 18h J&,
BRI B ok AR ARFFEFREL 0.5000g 74 3]
ANHEEWN, A 10mL R 2mL &5
R, [R5 B AN I P TR AR A R S 2 A1
AR, N EEE 24h ERIHEE
BT 240CH#S A, HE 4 FIEHRE
REOMRFEHRNAEE T KEER
50mL, FH ICP-OES-Optima 8x00 25 55 1 it X
MEFEMAERER. ZAHPETESE
(E/NFPFITIFEE 2006) .

* 1 RETAENEERRRRR

1.4.4 VONAE AV EAMEARKAE: W%

A EENLEEC 5 Kk, SRR E TR P

m BRI ZM . BEARKR. =

FEL IEVEIFHART, 105°CRF 10min &

80°Ciﬁ£'fﬁ$ RAESRAF R E 8
F AR E AR LE .

BH A (MID, %)= PEA AR R A B AR T «100%

o BERELRE TR
1.5 HES

I H K F] DPS 7.5 A1 SPSS 11.5 it
IINTERAE X B AT T = T, ERREN
JKF P<0.05, %F Canoco 5 # {4k ML %t
I

2 %%5 A

1 BB R EERR IR RN

RIS BRI R G, PRI
BOR M BB KRR e R GR 1.
2.2 AM E & FEL B % 7 IN4h E iR R4 R A
A

FEERD AM E B 5 A EFAN I0 E6 FE

PERAE SR . IR AR, R

HEMRTYEALEEER, HEZEKT
BnERE AM B IE+ERACEE . R AM HE+
ERACER AR . ARK A, MRARFFIRR 22
R E KT R (k2).

Table 1 Mycorrhizal colonization status of watermelon seedlings under salt stress

b B T AR AR G NG A A BRAE

Treatment Mycorrhizal colonization (%) Arbuscular colonization (%) Number of vesicles
Control 0 0 0

Glomus versiforme 93 a 90 a 12a

NaCl 0 0 0

G. versiforme+NaCl 84 b 81b 7b

e F—FIAFNG FRERORTE 0.05 K BEER. TIH

Note: Different letters in the same column indicate significant differences at 0.05 level. The same below.
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23 AM EEAMEBIHEXT AR ERR EH
FHrRER, §5. AR 2R

BRERD AM BT AL B ) P TR R S5 28 B
BRRHAS PR B 38 Y2 25 vy 1 LAt A B 5 PRI
P E e m T AR, 2l SRR ES T
HATRR T, TR ZE AN & = 3 & T
FAh AM B B+ ER AN EE AR R FNRE . ZEE AN
W& R T R R A R, AR AN S
D5 AT B i SR A EE s ZEBEANEN . I

2.4 AM EEAMEBIEXT A RLERR . EH
e K*/Na*F1 Ca** /Na*§ 0
FAEER AM J A A EE ) 8 TR AR R A0
) KY/Na Al Ca®/Na* 38 kT HiAthAb 3,
PeRP AM E B+ LA HE AR R K'/Na* Al Ca®*/Na*
TEE TR MR (R 4.
25 REMBEST RITEMETEX NS
WRMTESSRK. IR, Re
HEMRARFHERERE MK, HipE

PR REE T HASRER &3, MK GRAN G BRI R . RAMS

2 T AM BEE RN ER X A NS B AR R A BU RS20

Table 2 Effects of AM fungal inoculation and salt addition on root architecture of watermelon seedlings

4k 3 ISYIESS FRK MR T AR MRAR RARH R ER

Treatment Total root Main root Total root Total root Numbers of Average diameter
length (cm)  length (cm)  surface area (cmz) volume (cm3) root tips of root (mm)

Control 4222+64a  24+0.5ab 229+12.0a 2.620.2 a 3598+188a 0.7+0.05a

Glomus versiforme 4 395158 a 27+0.7 a 243+10.8 a 2.840.2 a 3813+170a 0.8+0.04 a

NaCl 3436%49 c 20+0.1c 138+9.2 ¢ 1.0+0.2 ¢ 2167+145¢c 0.410.04 b

G. versiforme 3845+36b  21+1.0 bc 180+6.8 b 1.6#0.1b 2793+106 b  0.5%0.03 b

+NaCl

3 EM AM EREAEMEARI ANERR, ZFH P, §5. SHAAMmSEnNEn
Table 3 Effects of AM fungal inoculation and salt addition on the content of K, Ca, P and Na in roots, stems and
leaves of watermelon seedlings

J OS2 &R = -
Treatment Roots Stems Leaves
K Ca P Na K Ca P Na K Ca P Na

(g/kg) (g/kg) (mg/kg) (g/kg) (g/kg) (g/kg) (mg/ke) (g/kg) (g/kg) (s/kg)  (mg/kg) (g/kg)

Control 7.5bB 1.6bC 21bB 1.8cA 7.1aC 2.8bB 24cA 1.5bB 89cA 10.8cA 25cA 0.6 bC
G. versiforme 8.4aB 2.1aC 28aC 1.7cA 6.0abC 4.4aB 60aA 1.6bA 15.8aA 16.0aA 35bB 0.4 bB
NaCl 43dC 1.4cC 17 cB 3.1aB 5.0bB 2.3cB 38bA 7.7aA 11.6bA 12.0bA 37abA 3.6aB
G. versiforme+ 5.3cB 1.4cC 26aC 2.3bC 5.0bB 3.0bB 63aA 7.3aA 125bA 12.7bA 39aB 3.5aB

Nacl
e BAPE—ATE— TR PG AR RE FBR7R P<0.05 /KT 7 235
Notes: Different capital letters following the mean of the same element in the same row indicate significant differences at

P<0.05 level.
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x4 HEMAM EEMEMEX ERAERE. ZFMH T K'/Na'Fl ca®/Na BIE 0
Table 4 Effects of AM fungal inoculation and salt addition on the ratio of K'/Na* and Ca**/Na* in roots, stems

and leaves of watermelon seedlings

Ak 3 R &R ES -
Treatment Roots Stems Leaves

K'/Na* ca*/Na’ K'/Na* ca*'/Na’ K'/Na* ca*/Na’
Control 4.09+0.14 b 0.91+0.008 b 4.83+0.14 a 1.94+0.193 b 15.14+0.15b 18.31+1.878 b
G. versiforme 4.80+0.13 a 1.1140.047 a 3.7040.16 b 2.7240.210 a 35.50+1.22 a 36.00+4.774 a
NaCl 1.41+0.08 d 0.45+0.013 d 0.6610.08 ¢ 0.315+0.014 c 3.21%0.12 ¢ 3.31+0.346 ¢
G. versiforme+NaCl 2.28+0.12 ¢ 0.59+0.034 ¢ 0.69+0.17 ¢ 0.40410.017 c 3.54+0.13 ¢ 3.60+0.212 ¢

EHORKE., ERKE. REmMAR, Rk
Bl MR ELEEEFEIEMK, SRAFHE
BEMREEEMEX. AR K/Na"5aREK
. ERKE., WRIMAR, WEREREIE
G, SRAEFR T3 H A 2R3 1B
¥ (1A 1L 5),

M EAMHAEESRTFHERER
EHMMHEX, SWAEREREE ML it
K'/Na* 5 FRKEEFIEMHX (B 1B, K 1C

MK 5. FH4b, ca*/Na' SRR MBI K
P45 R F KY/Na®t (455 HD.
2.6 AM E & FEL BB X 78 I\ 4h 4 AU 520
BUInER A AR . 2R, M BT E
FAR 5 B T A A . B2 Fh AM EL B+
ERACER AR A KB B T SR A,
7 e AR L U T At b2 . 6 3 7 TCAR
R 1100 TR AR A P 5 2 K T AR b i Ak 3
(%6,

0.4
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Fig. 1 Canonical correspondence analysis of root architecture and mineral elements in root (A), stem (B) and

leaf (C) of watermelon seedlings.
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x5 MEMESR, = HPT REZIEEXESH

Table 5 Correlation analysis of root architecture and mineral elements in root, stem and leaf

WRHA WA = I

Root Roots Stems Leaves

architecture K Ca P Na K'/Na" K Ca P Na K'/Na* K Ca P Na K'/Na*
BIRK 0.98° 0.84 072 -0.99° 099 073 0.81 0.12 -092 085 027 046 -052 -0.92 0.85
Total root

length

ERK 0.99° 0.94 068 -0.92 099 0.68 0.88 0.13 -093 083 041 0.60 -0.44 -0.94 096
Main root

length

W#mA 099" 0.82 068 -0.99° 099 078 0.78 0.05 -0.94 0.88 022 0.42 -057 -0.94 0.84
Total root

surface area

AR 0.99° 0.86 0.49 -0.90 0.98 0.84 072 -0.13 -1.0° 094 0.7 038 -0.66 -1.0° 0.89
Total root

volume

BN 0.99° 0.83 0.67 -098 1.0  0.78 0.77 0.04 -094 0.89 0.22 042 -0.58 -0.95 0.85
Number of

root tips

SE¥EA 1.00 085 0.60 -095 1.0  0.81 077 -0.03 -0.97 092 021 042 -0.61 -0.98 0.88
Average

diameter

of root

FE: 7R 0.05 4 W), MXMERE: T 0.01 HH R, MRMERE

Notes: "At the level of 0.05 (double-tailed), the correlation was significant; “at the level of 0.01 (double-tailed), the correlation

was significant.

3 6 FEFN AM EE A0 EL X 7 N4 8 & ORI BEAR AR 314 B9 72 0

Table 6 Effects of AM fungal inoculation and salt addition on growth status of watermelon seedlings

Ab#R s eyl i EEE RFE AR EE TR AR

Treatment Plant height  Stem diameter  Shoot dry mass  Root dry mass  Root/Shoot  Mycorrhizal
(cm) (mm) (g) (g) ratio dependency (%)

Control 22+0.5b 44+09 b 1.5£0.06 b 0.320.01 b 5.0+0.04 a 0

Glomus versiforme 27+0.7 a 56+1.6 a 2.140.07 a 0.5+0.03 a 4.2+0.03 a 111b

NacCl 11+0.1c 32+0.3¢c 0.9+0.02 ¢ 0.2+0.01c 4.5+0.03 a 0

G. versiforme+NaCl 19+1.0b 42+0.5b 1.3+0.05 b 0.4+0.02 ab 3.2£0.03 b 165a

3 Wit

TR, EhMa B 2 ] AR R

2806 EHMIFIR
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PR 2 i bk = R RAR &,
PLSINAR R ERF AL A, g s
MR DIRE, BRSO ER i~ KR R 7%
G3 K o3 WS I E R s RIS, FE3h
W K AP SRR B FRSy . URBTAAAGERI &
B SR B 2 M Re E AR R R ALY, XA
AN AM R SRS EEMOCAER, 12
EGE BTy, DA R R 3h 2k 6e
#1752k (Chandrasekaran et al. 2014; Wang et
al. 2020b).

e, HEYIEE 2 UCRR RE5 ok
PSR RAT Na W, 38 oA P ) i 356 14
(k% 2019). Wang (2020a) KB E kK
M bk 5 EMRAR L R IEFASE, SH 5 Na*
TEENMEK. AU M s 1o
IR AW IEE K EAMKAERK, FiRAKE
PEEZRH, MR AR BURMEEAL, AR T30
W SR AP E . ARERE, AM B
PRE IS S IS AR AR e 3 R R AR
AR 2735 BRI HIAR 2560 Na (R IR AL,
BRI KT, AT KY/Na" T4,
LI 211G AR 28 375 SR B WAL T AR DA i) [ R gk .
hihia (FEERTE 2017).

Fbp AM FLIE AT DA S VS ARG, 3
KRR EFRN A, R RERIL, 25
VRS A EA TR R, X SR
T Tigka & Ipsilantis (2020) 7E4:3% F R
iR HER A TN EM AM L PR TE R Y))
H AR L 45 RS AR E %4 T R AM R
RS I A el AR L e 45 R A I (VLR 55
2015). IX A EE R N Eh pha $E s 1 TR
BIE L, BRAK T KS, &R 7Y A 3
5, WY EE KR LR R R K
SrFFE S, REEPIRRAERK, HHAEYE
#m, PARRTEhMME (Wang et al. 2018).

3R E A FH IS TR s A

S FR I (Loudari et al. 2020). ZAHff
FRM, AETEWrE NP TAEAR Na*t 3= 24
HITERR RFIZEH, rfrf Na" S ER D Tk
B B AR AR 530 o 38 KR Na"E 4. 3h
a TR, B AM E D TR 24T Na*
IR 2R, FRERE Na* [m) Hb b 56 i,
MR AR R T2 1) Na* i (Parihar et al.
2020).
HYERPUER F SRR, A R
TLER LS B B A B UR B AR,
1M BB B354 5 Nat AR Eeql, i,
K*/Na*. Ca®/Na* % g [ WUAEDI AR N ()78 9%
. AW S EBRG. WE, KRR
W R LR R e i R A K R M
PR ZE . K/Na S Ke FEEY ARG,
TN RERERG AN S T . R, FEILE Eh
R AERR I R KT/Na", X R
Y H I W A M T B AR KR B AN E] 2D
GRAPRANSE 20200, #HHET, AM HEE{E
BET TR R KL PAIZE P R, BBIKT
Na'fIFR &, R_ER & K'/Na*fil ca®/Na*, M
T2 MRV St . X ATRER 5 AM E
FIAHEIR R KIS EAMERIE, M
WS NG 9%, T K Na WRUSAFAE Ta 4 5%
% (Fall et al. 2017), AM HEEHY
TR 2 AKT2. SOS1 il SKOR & [R [l # ik
PR Na BRI 8, SR4ERE KA
Na*[f1fa4 (Estrada et al. 2013). JiH, ca*
FEMYERKAE S EEIEM (Zhu et al.
2013). Ca”*fEMMIF MR EFIT AM H1H
e, MY E A K (arstfer et
al. 1998). WA RKY, iK1 b
JRXF PRI Ca [WMRUSCFIRIF, Tt AM H B
A] DL 7R RS EE 6 Ca A P RIS S )
XATRES AM EET K Na'#igth R H
RINFRIL, Qi 7Sl R A4S TR 1%
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BRI Na™ A i & &, b i 2 Nat il eI
8P ¢ (Theerawitaya et al. 2020), M
i3k T HEFRZE K (Elhindi et al. 2017).

Zx ERTIR, AM L S 7 (R B RE
AR R AR REV], AW E KB~ AM
HE A FIR RS SR 70 & &
g3 He S H 5 NaT B A S R L S A i £R
PERER R R AM HF BT 5HEPR R84
EHEILAK, BENSWAWE, 7T
FHIRN . S ECAIRIA, A A A A B
ik, VUIGERF E 2 MR T EE AR
Y, BTG aR L PT C Y Sh R e A
INEAHRUME, mHERESET Z NI E
SR fid] 6 N2 FH AT 5% o

[REFERENCES]

Chandrasekaran M, Boughattas S, Hu SJ, Oh SH, Sa T,
2014. A meta-analysis of arbuscular mycorrhizal
effects on plants grown under salt stress.
Mycorrhiza, 24(8): 611-625

Cruz R, Alberton O,
Gasparotto-Junior A, Cardozo-Filho L, Souza S,

Lorencete M, Cruz G,

2020. Phytochemistry of Cymbopogon citratus
(D.C.) Stapf
mycorrhizal fungi and plant growth promoting

inoculated with  arbuscular
bacteria. Industrial Crops and Products, Doi:
10.1016/j.indcrop.2020.112340

Diagne N, Ndour M, Djighaly Pl, Ngom D, Ngom M,
Ndong G, Svistoonoff S, Cherif-Silini H, 2020.
Effect of plant growth promoting rhizobacteria
(PGPR) and arbuscular mycorrhizal fungi (AMF)
on salt stress tolerance of Casuarina obesa
(Mig.). Frontiers in Sustainable Food Systems,
https://www.researchgate.net/publication/3469
66925

Diao FW, Dang ZH, Xu J, Ding SL, Hao BH, Zhang ZC,
Zhang JX, Wang LX, Guo W, 2021. Effect of
arbuscular

mycorrhizal symbiosis on ion

homeostasis and salt tolerance-related gene

2808 EHMIFIR

expression in halophyte suaeda salsa under salt

treatments. Research, 245:
126688

Elhindi KM, EI-Din AS, Elgorban AM, 2017. The

impact of arbuscular mycorrhizal fungi in

Microbiological

mitigating salt-induced adverse effects in sweet
basil (Ocimum basilicum L.). Saudi Journal of
Biological Sciences, 24(1): 170-179

Estrada B, Aroca R, Barea JM, Ruiz-Lozano JM, 2013.
Native arbuscular mycorrhizal fungi isolated

habitat
antioxidant systems and plant tolerance to
salinity. Plant Science, 201-202: 42-51

Fall F, Diégane D, Fall D, Bakhoum N, Thioye B, Kane
A, Ndiaye C, Ndoye I, Mustapha A, 2017. Growth
and physiological

from a saline improved maize

responses of Sporobolus
robustus Kunth seedlings to salt stress. Arid Land
Research and Management, 31(1): 46-56

Guo JR, Zheng CC, Li YD, Fan H, Wang BS, 2017.
Effects of NaCl treatment on root system
characteristics and activity of the euhalophyte
Suaeda salsa. Plant Physiology Journal, 53(1):
63-70 (in Chinese)

Hadian-Deljou M, Esna-Ashari M, Mirzaie-Asl A,
2020. Alleviation of salt stress and expression of
stress-responsive gene through the symbiosis of
arbuscular mycorrhizal fungi with sour orange
seedlings. Scientia Horticulturae, Doi: 10.1016/
j.scienta.2020.109373

Hashem A, Algarawi AA, Radhakrishnan R, Al-Arjani
AF, Aldehaish HA, Egamberdieva D, Allah E,
2018. Arbuscular mycorrhizal fungi regulate the
oxidative  system, hormones and ionic
equilibrium to trigger salt stress tolerance in
Cucumis sativus L. Saudi Journal of Biological
Sciences, 25(6): 1102-1114

Hidri R, Mahmoud O, Farhat N, Cordero |, Pueyo J,
Debez A, Barea J, Abdelly C, Azcon R, 2019.
Arbuscular mycorrhizal fungus and rhizobacteria
affect the physiology and performance of Sulla
coronaria plants subjected to salt stress by
mitigation of ionic imbalance. Journal of Plant



R5IEX

22 October 2021, 40(10): 2800-2810

Mycosystema ISSN1672-6472 CN11-5180/Q

Nutrition and Soil Science, 182(3): 1-12

Jarstfer AG, Farmer-Koppenol P, Sylvia DM, 1998.
Tissue magnesium and calcium affect arbuscular
mycorrhiza development and fungal reproduction.
Mycorrhiza, 7(5): 237-242

Jiang X, Chen WL, Xu CX, Zhu HH, Yao Q, 2015.
Influences of arbuscular mycorrhizal fungus and
phosphorus level on the lateral root formation
of tomato seedlings. Chinese Journal of Applied
Ecology, 26(4): 1186-1192 (in Chinese)

Liu RJ, Chen YL, 2007. Mycorrhizology. Science Press,
Beijing. 386-388 (in Chinese)

Liu RJ, Wang L, 2018. Biological symbiotics. Science
Press, Beijing. 145-166 (in Chinese)

Loudari A, Benadis C, Naciri R, Soulaimani A,
Oukarroum A, 2020. Salt stress affects mineral
nutrition in shoots and roots and chlorophyll a
fluorescence of tomato plants grown in
hydroponic culture. Journal of Plant Interactions,
15(1): 398-405

Luo D, Shi YJ, Song FH, Li JC, 2019. Effects of salt
stress on growth, photosynthetic and fluorescence
characteristics, and root architecture of Corylus
heterophylla x C. avellan seedlings. Chinese
Journal of Applied Ecology, 30(10): 3376-3384
(in Chinese)

Nejad R, Kafi M, Jari SK, Mozafari H, Motesharezadeh
B, 2021. Arbuscular mycorrhizal fungi improve
growth physiological status and nutrients
accumulation of Ailanthus altissima seedlings
under cadmium pollution and salinity. Russian
Journal of Plant Physiology, 68(2): 266-273

Parihar M, Rakshit A, Rana K, Tiwari G, Jatav SS,
2020. Arbuscular mycorrhizal fungi mediated salt
tolerance by regulating antioxidant enzyme
system, photosynthetic pathways and ionic
equilibrium in pea (Pisum sativum L.). Biologia
Futura, 71(3): 289-300

Rahimi S, Baninasab B, Talebi M, Gholami M, Zarei
M, 2021.

inoculation improves iron deficiency in quince

Arbuscular  mycorrhizal  fungi

via alterations in host root phenolic compounds

and expression of genes. Scientia Horticulturae,
Doi: 10.1016/j.scienta.2021.110165

Sahur A, Nasaruddin, Muthmainnah, 2020. Growth
response of pepper (Piper nigrum L.) on
application arbuscular mycorrhizal fungi (AMF)
and the shallot filtrate. IOP Conference Series:
Earth 486(1):
012130

Theerawitaya C, Tisarum R, Samphumphuang T,
Takabe T, ChaUm S, 2020. Expression levels of
the Na*/K" transporter OsHKT2; 1 and vacuolar
Na'/H" exchanger OsNHX1, Na enrichment,
maintaining the photosynthetic abilities and

and Environmental Science,

growth performances of indica rice seedlings
under salt stress. Physiology and Molecular
Biology of Plants, 26(3): 513-523

Tigka T, Ipsilantis I, 2020. Effects of sand dune,
desert and field arbuscular mycorrhizae on
lettuce (Lactuca sativa L.) growth in a natural
saline soil. Scientia Horticulturae, Doi: 10.1016/
j-scienta.2020.109191

Wang H, Liang L, Liu B, Huang D, Liu S, Liu R,
Siddique KHM, Chen Y, 2020a. Arbuscular
mycorrhizas regulate photosynthetic capacity
and antioxidant defense systems to mediate salt
tolerance in maize. Plants, 9(11): 1430

Wang J, Zhai L, Ma J, Zhang J, Wang GG, Liu X, Zhang
SF, Song J, Wu YK, 2020b. Comparative
physiological mechanisms  of  arbuscular
mycorrhizal fungi in mitigating salt-induced
adverse effects on leaves and roots of Zelkova
serrata. Mycorrhiza, 30: 341-355

Wang W, Xing L, Xu K, Ji D, Xie C, 2020c. Salt
stress-induced H,0, and Ca’* mediate K'/Na*
homeostasis in Pyropia haitanensis. Journal of
Applied Phycology, 32(6): 1-12

Wang XP, Xiang SL, 2006. Studies on the contents of
twenty elements in different parts of garlic by
using ICP-OES, AAS and AFS combined with
microwave decomposition method. Spectroscopy
and Spectral Analysis, 26(10): 1907-1911 (in
Chinese)

EFR 2809



ER F /ARERERERAESH BT RS AMMETIEE RIS

Research paper

Wang YH, Wang MQ, Yan L, Wu AP, Huang JY, 2018.
Effects of arbuscular mycorrhizal fungi on
growth and nitrogen uptake of Chrysanthemum
morifolium under salt stress. PLoS One, 7(4):
12181

XM, Fan JJ, Hao ZP, Liu XM, Zhang WX, 2021.
Effect of
mycorrhizal fungi and phosphate solublizing fungi

Zai

co-inoculation  with  arbuscular
on nutrient uptake and photosynthesis of beach
palm under salt stress environment. Scientific
Reports, Doi: 10.1038/s41598-021-84284-9

Zhao ZJ, Zhang HL, Wang MJ, Zhang XM, Li LX, 2020.
Salt stress-related regulation mechanism of
intracellular pH and ion homeostasis in plants.
Chinese Journal of Applied Ecology, 56(3):
337-344 (in Chinese)

Zhu S, Zhou X, Wu X, Jiang Z, 2013. Structure and
function of the CBL-CIPK Caz+-decoding system
in plant calcium signaling. Plant Molecular
Biology Reporter, 31(6): 1193-1202

2810 EMFIR

(Bt R 325 3Tk

RS, FRHREE, 253, Yk, £ %11, 2017, NaCl
b L AR R A 6 b B AR R A S
ISz, M4 A B AR, 53(1): 63-70

LE, B, 5%, KRA4HE, i, 2015. A
B AR I T R 7K ST 56 2 0 4 T AR T i 1)
SO, NMAHASFHR, 26(4): 1186-1192

e, BRI, 2007, BEARA. dbRl: Bl H AR
t. 386-388

XIEBE, EHk, 2018, AWFA s Jbat: RBl2EH
fii4t. 145-166

Ik, HEIL, REHE, 3, 2019, HprEXt
SEER PR T A K B TR RRE SR 24
Bz, N A4, 30(10): 3376-3384

T/, TJRER, 2006. FETE AR ICP-OES, AAS
FAFS W 8 Kaa AN FEAL 20 oo R & &, Jhil
22556184381, 26(10): 1907-1911

BIRAS, ki, A, KNI, 22308, 2020.
TEY EAPEAR AN N pH A TR I 4
Bl M4 B4R, 56(3): 337-344

(A% #Hm)



