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Effects of arbuscular mycorrhizal fungi on the growth of Nitraria sibirica
under salinity and heavy metal stress

HOU Yazhou, LUO Junging, LI Xue, CUI Xi, JIA Bingbing, DIAO Fengwei, WANG Lixin, GUO Wei
(School of Ecology and Environment, Inner Mongolia University/ Ministry of Education Key Laboratory of Ecology and
Resource Use of the Mongolian Plateau/ Ministry of Education Collaborative Innovation Center for
Grassland Ecological Security, Hohhot 010021, China)

Abstract: : [Objective] To explore the effects of arbuscular mycorrhizal (AM) fungal inoculation on the growth
of Nitraria sibirica Pall. under different levels of salt and heavy metal stress, and provide a scientific basis and data
support for plant-microbial joint remediation of heavy metal contaminated and salinized soil. [Method] Green-
house potted soil was used to simulate different levels of heavy metal Cd polluted (0, 2, 5 mg-kg ' Cd in dry soil)
and NaCl (0, 1.5 g'kg"' Na® in dry soil) salinized soil (CdONa0, CdONal.5, Cd2Na0, Cd2Nal.5, Cd5Na0,
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Cd5Nal.5). The effects of AM fungi (Funneliformis mosseae) on mycorrhizal infection, element absorption, ion

balance, biomass, Na“ and Cd contents of N. sibirica under Cd and NaCl stress were studied. [Result] Under

heavy metal Cd and NaCl stress, the mycorrhizal infection rate of F. mosseae roots was 12.68%—21.90%.

Compared with CK with no inoculation, AM inoculation increased the total dry weight of N. sibirica in different

treatments by 101.35%—215.29%. The aboveground mineral nutrient elements significantly increased by

47.55%-216.50%. Na“ contents in shoots and roots decreased significantly, while Na" accumulation in root
increased significantly. Cd contents in shoots treated with Cd2Na0, Cd2Nal.5, Cd5Na0 and Cd5Nal.5 and roots
treated with Cd2Nal.5, Cd5Na0 and Cd5Nal.5 significantly decreased. At the same time, K'/Na“, Ca*/Na" and

P**/Na” ionic equilibrium in shoots and roots were adjusted after AM inoculation. [ Conclusion] AM fungi can

alleviate the adverse effects of NaCl and heavy metal stress on the growth of N. sibirica by promoting the

absorptions of nutrient elements, regulating the ion balance in the plant and affecting the absorptions of Na" and Cd.

Key words: Nitraria sibirica; Salinization; Cd pollution; Arbuscular mycorrhizal fungus; Phytoremediation
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In each figure, different lowercase letters on bars indicate significant differences among treatments (P<0.05, Duncan’s test)
1 Funneliformis mosseae StI23% Cd ;53 NaCl & HIEFEIRRARMEYE R0

Fig. 1 Effects of Funneliformis mosseae treatment on mycorrhizal infection rate and biomass in Cd-contaminated NaCl

type soil
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In each figure, different lowercase letters on bars indicate significant differences among treatments (P<0.05, Duncan’s test)
2 Funneliformis mosseae St32%} Cd i5% NaCl B 1% ith FIRAMREIB N, Py K. Ca 1 Mg &2/
Fig. 2 Effects of Funneliformis mosseae treatment on the contents of N, P, K, Ca and Mg of shoot and root in Cd-
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In each figure, different lowercase letters on bars indicate significant differences among treatments (P<0.05, Duncan’s test)
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Fig. 3 Effects of Funneliformis mosseae treatment on Na* content and accumulation of shoot and root in Cd-contaminated

NacCl type soil
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In each figure, different lowercase letters on bars indicate significant differences among treatments (P<0.05, Duncan’s test)

4  Funneliformis mosseae 8323+ Cd 55 NaCl B! g rhith FERFIREE Cd S EMFREE R

Fig. 4 Effects of Funneliformis mosseae treatment on Cd contents and accumulations of shoot and root in Cd-contaminated

NacCl type soil

%<1 Funneliformis mosseae SLIEX} Cd i55 NaCl B T1E e ith FEANIREBES F &= m"

Table 1 Effects of Funneliformis mosseae treatment on ion balance of shoot and root in Cd-contaminated NaCl type soil

w(Cdy  w(Na")/ Herh Hh_F#5 Shoot B Root
(mg-kg") (g'kg) Inoculation K'/Na" Ca’*/Na’ P**/Na’ K'/Na" Ca’'/Na’ P*'/Na’

0 0 CK 1.46£0.14cde  1.54+0.16cde  0.11+£0.01bc 2.2040.32def  0.91£0.16¢c  0.17+0.01c¢
F.mosseae 2.48+0.41ab 2.43+0.18b 0.21+£0.03a 3.7240.33bc ~ 1.88+0.53ab  0.38+0.09ab

1.5 CK 1.16+0.10def  1.19+0.11efg  0.07+0.01de 1.61£0.04ef  0.89+0.06c  0.09+0.02¢
F.mosseae 2.01£0.24bc 1.86+0.02¢c 0.16+0.03b 2.9940.15cd  1.01£0.15bc  0.37+0.09ab
2 0 CK 1.71£0.07cd 1.80+0.11c¢ 0.12+0.01bc 2.44+0.48def 0.86+0.07c  0.22+0.03bc

F.mosseae 2.77+0.30a 2.40+0.17b 0.23£0.02a 4.06£0.37b 1.5440.25bc  0.44+0.08a

1.5 CK 1.07+0.09ef 1.14+0.12fg 0.06+0.01e 1.51+0.03f 0.67£0.13c  0.12+0.02c

F.mosseae 1.3240.06def  1.41£0.09def  0.11£0.00bcd  2.55+0.31de  1.05+0.25bc  0.16+0.06¢

5 0 CK 1.70+0.08cd 1.70£0.05cd  0.09+£0.00cde  2.02+0.17def 0.79+0.05¢  0.07+0.02¢
F.mosseae 2.95+0.21a 2.83+0.12a 0.21+£0.02a 5.14+0.61a 2.47+£0.63a  0.36+0.04ab

1.5 CK 0.82+0.11f 0.83+0.16¢g 0.06+0.00e 1.70+0.09ef 1.14+0.33bc  0.1340.04c

F.mosseae 1.14+0.11def  1.23£0.06ef  0.09+0.0lcde  2.28+0.05def 0.67+0.03c  0.12+0.02c

1) B3 ¥ 6 69 R B ) B 38k 7 AL B2 ] £ ¥ 2 F(P<0.05, Duncan’s %)
1) Different lowercase letters in the same column indicate significant differences among treatments (P<0.05, Duncan’s test)
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Cd5Na0 4 FE & E RN 7 # EEA Ca®'/Na' il
A K'/Na'; 5 Cd2Na0 AL, Cd5Na0 43 5 2%
BT Ca’/Na'; 5 CdONal.5 fH Lk,
Cd2Nal.5 F1 Cd5Nal.5 4bHE 5 2 PR A% 7 b b3
K'/Na', Ca®'/Na fH S #) P*/Na'; 5 CdONal.5 #H
b, Cd5Nal.5 AbBE 2 25 FEAIC 1 B35 PP/Na's 54
Fefh CK AHLL, R AM BB 43 1358 K'/Na™{X
7f Cd2Nal.5 fll Cd5Nal.5 AbHA G i 3 520, Ca™'/
Na"f{fE Cd2Nal.5 &b FEEJC & 2 520, P°/Na X
£ Cd5Nal.5 ZbHRI JG 2 3% 52 m, HoR b B b3

K'/Na', Ca*/Na'fll P*/Na ¥ 8 #. 548 CK
FHEG, R A5 AR &5 K/Na™ B2 18 0 (& Cd5Nal.5
AbFE), CdONa0 F1 Cd5SNa0 4 HEAR % Ca®'/Na' i %
B, ARE PP/Na i N (Br Cd2Nal.5 f
Cd5Nal.5 &), ZHR RS R (K 2)%M,
NaCl f1 Cd 22 HAE F 5 b B3B8 K*/Na* Al
Ca™/Na B A 5. E 50, NaCl AR 22 B AE F X Hb
EERFIAR EB ) K'/Na's Ca®'/Na's P*'/Na $ 45 B &
M, NaCl. Cd MRl = & 22 B 4E A 5 AR &8 5
K'/Na B A RE M.

%< 2 Funneliformis mosseae 332X} Cd i5% NaCl B! i hith FEIAIRMEFRLEZMNLERFTEDI

Table 2 Multi-factor analysis of variance for the effects of Funneliformis mosseae treatment on ion balance of shoot and

root in Cd-contaminated NaCl type soil

S My B35 Shoot HLHER Root
Factor K'/Na' Ca*'/Na' P**/Na’ K'/Na' Ca*/Na’ P**/Na’

NaCl ek sk sk ek sk .
Cd NS NS NS NS NS NS
28 Inoculation koK seokok LR sokok #ok sokok
NaCIxCd *ok *ok NS NS NS NS
NaClx$#:# NaClxInoculation K *x * *ok ok *

Cdx#%A CdxInoculation NS NS NS NS NS NS
NaClxCdx$#F NaClxCdxInoculation NS NS NS * NS NS

1) “x7 Cwnr Carx? gl R H ik $)0.05.0.01420.00169 2 EK-F, NSATRLEEZ R

1) “xr ,

signifcant influence

3 it

3.1 EIRERRE

FARAZ YR AT RoR th AM E i s A%
MFEA R &R, PG AM BRI EE R RE P A
W4 Riwos, EAFEREERESE Cd M1 NaCl &b
PR, Hehh SR R E AR BN 12.68%~
21.90%, KW F. mosseae X§ .42 J& Cd 1 NaCl 1 H
A —E Wi SZ PERE R . 72 0 1 5 mg-kg ' Cd ¥5
PN, 1.5 g-kg 'NaCl AL PR G 25 BRAS T B ARIZ YR
JE T e S5 B T 4 R BN, 1.5 g-kg 'NaCl Ab 2
W PR T HeAP F. o mosseae 1A HZERARIZ JL 3,
Zhang 25" B 5T & B, 100 mmol -L™' NaCl &b P
5 FRAK T 82 Rhizophagus irregularis 159 11 H
22 WA R ZR IR G e . g s 1 6 20 2 Tl
T AM HBEE SRR, Il 7R LA, BT
AM E B HE NV, IS T AM B R Y )
RYLEY AN, FEAH Rl NaCl AbEERS, A 78 i i
Cd2Na0 Kb EE R Je R B3 PR K, KRB LR ER

“rk” and “***” indicate significant influences at 0.05, 0.01 and 0.001 levels respectively, and “NS” indicates no

o You S5 FEWE ST P 2B He R R. irregularis WIRUN.
R I, JEhN 0~20 mg-L'Cd J&, HRIZ JeRAE
1 mg-L'Cd 5 LI i B dge K o 11 XA B 58 K
W Cd FiE 2 BAE 0~15 mg-kg "B X F. mosseae 17
YK FEH T R . PRI, B3 I EE 4 s A R
Sy E R EYA AM R AR T Re 2 s i )
R AR R AR IR G5
32 E¥E

AL A THI R 300 5% Folp 2 BN 4D A= 47 1 e W b
i th R 32 VS AT R I, AN B RIBE#E NaCl
WL T i &5 A7 B AR P e T i BRI A2 R
H P FEREFE /N R BRI SR I 3%NaCl Ab B
WERM T ANR AR e E . AR T,
AR BT /N B R B AR ) B IR U AR R ), X
AR 1.5 g-kg 'NaCl b BRI, BER
XN AR AR AR E R, R R NRA
T Eh BB » ANHEFE R, RETEAER AM &
AL F A, Cd5SNa0 4bHE 2 2 FEAIC T Cd2Na0 #h I
AR, THALE SR Z 2] Cd S EMEEE
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Wiy, SX AT RE BT T/ R R R Cd i 52 7
Pe o dh AR M Y B e AR 4 K ok 4R
DR 2R 20 Pt B R A AR b, AT B L 4 g N 4T
F Pt L PR AR B R (RIS, R AR A A e 7 SR AR
i ia G UL, $2 m 0 48 i 52 1R
A WAL 45 AR, AM K56 8 0 35 (e gk 3h i ia
TEMPEKAESE Cd MriE T FRA ALK,
AT R AR, AM B SEY A 5 B (L
T Cd 54 NaCl B 3/ N R F Rl A IXH]
REAEFEA AM FUIA Jo U W 2297 K T YR 2
OB FR 0 &= YE L, (A 52 7 AR AR Na™ i
Cd [PMRWSCRA 2R, IR TR AR .
3.3 HEREFRIK

A ) A K R B AT BRAG I BS A JF N PL K
Ca il Mg Z50 BUE FR 0 &, RN & 7 o il g
T 1R A 3 A A R 1S hn R 4 o6 38 55 3 ) IR BT
Al-Karaki®" JB I A 704 HL 5308 2.4 ds'm ™ fER/K
CRHERR NS, KI5 A GEHE K B AAH B, 3%
BRAIS 1t B350 PR BE DA St B35 PRI K A R
B, MM AM HR 5 X R EG 0 T EE P A
K R E. ok, A7 R Cd e T 5 R.
irregularis 353G T P ATHL BRR N AR R E AR
#HNLP R RED BAEUY BRI, B
AM HFAE B ESRm T/ RARNE REFRITTR
IR R A LIRER, £E &R Cd M NaCl 4
BN, AR E G T YK NG PL K, Ca M
Mg HIF R, RYIFE Cd ¥5 4 NaCl Y L3 55
AM I AJ 2 R 3k R 0 E 7R u R BRI .
AM EL TR [T 22 LR PR 22 50 e % o Bk 4 /N R B
FL, BHIOOKs 1 22 RO 45 9 e BIAE AR B 7= 73 Y #E
X LAAN, $20E 18 77 0 3 R, 35 Bk ) ikt 6
gy B @ L AEHEE Y Ial,
3.4 Na'BYIRUCFIE T

NI NN\ N R U A N S S
FFNIARER Na™ &5 &, R W35 0 7 A5 Na" i A
R HWZ R Wria by, Nav] DU SRk £ FH 5
B TE S NARES, SR N AR W
RINFER F. mosseae V] Wi 3 FRAK 32 EhoK R BE (1)
Al F 8 Na W EEPY . 5k SRR B AR AR 0~3
g-'kg 'NaCl e, M F. mosseae W E L T F
Eb B A Na K E . A WE7UR 0. 100 A1 200
mmol -L™" NaCl G RIFL 5, #M R. irregularis
3 PEAIC T b Na T BE, AR ) O 3 AR
P, 2R Y B UK S F. mosseae KI, 1
100 mmol -L™" NaCl &b PR 56 Na"f R & B 3%

FEA, THAE 50 A1 150 mmol -L' AZbFE I I 6 & 35 A8
o BRI, BefP F.omosseae X Na' 1 W Wi i) 52100 B
RE 55 T Pl RO A A [ DA R B it 6 70 & B L R
K. Beobh, ZEABF T 1.5 g-kg 'NaCl A EERT,
TEAREFIGT B 5 o kg 'Cd AbFE G Z 58 0 7 A
B Na" & &, MERMA 2 F1 5 g-kg'Cd A HE S
SERIN Y KM A Na S E . B, Cd XY
Na W YAC 1 5% e [R] 2R 75 B2 25 3k — 20 (R F 7 AR B

HF KR Na A, SENa B H 5 K%
Gr— LR A ThREMI S5 B 0005, (H2 Na R AE AR
K47 IE 5 4 e shag, RIREh 38~ Kol
[fE# Na'se 4, w24 FECT M+ K/Na' [~
RO, FEARTF T, 1.5 g-kg 'NaCl A B /N F 5
] K'/Na'. Ca®>*/Na fl P*"/Na .3 N B, ek T
NaCl bH# 0 P #FE M M EA R A3 T,
FhAM E B/ F ] K'/Na's Ca’/Na ™ fl P>/
Na B0, W37 7 R N5 7P, 207 1 810
HEMEH, Diao ZPV WL K I 400 mmol-L'
NaCl e 5 10 % 5 e Ph AM LB 2 25 19 1 4
FEBH KT/Na'Hl Ca®'/Na®e F sl e §
KON 559 ps-em™ AR AR L 4 R R RE 2F R, BE AR
AM E O JaH EEE KR Ca® 3K Bt 1
9.81% Fl1 28.94%, K'/Na"fl Ca*/Na 4> hl$& & 1
31.91% F1 50.00%.. 1X 1] G2 K A B AR AR 11 1 22
RERS ISR 2 I VS FR 0 &, I BAE 7 TKF |
AM B TH LA GEA% 38 Ik 18 15 T 3R A O 5 R 3R A,
TS P, 2 Na' i fhiat,
3.5 Cd BRI

Eh RN 4 M 38 AR A A K T A R AE
F, Mi7E &8 shiith L3, W3 AP R
AZ EAEFH, #5937 I 38 52 3 45 R IR F% s M 25 20
B FAT R AR 4R BN, TEABR G,
b & AMIE Cd 2 5 13 /s J )b b R AR
Cd &R EWI, A ENRAE BELL, £H
NR AR E SR Cd B BRI 2, AR
FRP S YA LAY B R E 4
JE T 52 M R 2R AR RE Y AR A R R
7N, fE 2 F15 g-kg 'Cd AL FERT, 1.5 g-kg 'NaCl 4b 2
RERMT HEYH EE AR Cd & &, R
NaCl &b B T /N F il Cd MR (B2, #%
Fit AM B 20AE T NaCl 5t /NR A fil Cd Wi it 5
Wi, I FE 5 g-kg 'Cd AT, NaCl {5 EE Cd &
BEREWEMN . AR, ShR R KR
e N e SN O i s O (= D T T
RE I R 5 2 NaCl BB 7 CU AN W] ik e th 5
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Cd™ ¥ Bt AL &1, T IX Pk & 4 i e e v AN
RS T Cd 5 g [ AR UKL (1) 25 A0 g1 . A
LGV o NS B NI i = £ 04 S L s 71
FRE Cd & &, BN TARES Cd AR R . Liu 5552 #f
FRI, AM BePp b P 525 K T Cd(3 6 mg-kg ')
75 e+ TR M AR Cd B [RIEE, BF 5T B
INTEREITE 10 mg-kg 'Cd 75 0 Bt AM H )5, 7K
FRHELN Cd R ERIFARED XnJaeH Nl
AM ELTE I B 22 AR 3R AL 15 22 (I A sURT Cd X
WA A a], D T E B RMRE, 4 Cd
BAMEE, KMo BEERE S6eaH, Bk
T AM BB B A AR R R A [F T S 20

3.6 g

1) /NRE R AM B F. mosseae [ HHRIZ
YR N 12.68%~21.90%; 1.5 g-kg ™' Na'fil 2.0 mg-kg™
Cd b FEALAF /N B B ) AR = G 22 2 ) B AR T
30.27%~34.40% F1 42.10%.

2) AM EH R T Cd i5 4 NaCl ! 3%
H/N S AR, (R T RGN T 101.35%~
215.29%.

3) AM BB WENEE /N R ERIE Cd 1544 NaCl
AL rp 0B IR TR SRR R, T T K /Na',
Ca®'/Na'fl P*"/Na" & 1747 .

4) AM H.5E 2 B T /N3 R AR
i Na 1 Cd & i, AR E N TARE Na Tl R .
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