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Effects of Arbuscular Mycorrhizal Fungi and Phosphogypsum on Growth and Arsenic Accumulation of To-

bacco(Nicotiana tabacum L.)

ZHANG Li', YUE Xian-rong', GU Lin—jing', ZHANG Chuan—guang'?, SHI Jing', ZHANG Nai—-ming', XIA Yun—sheng"

(1.Yunnan Agricultural University, Kunming 650201, China; 2.Yunnan Academy of Forestry, Kunming 650204, China )

Abstract: Phosphogypsum(PG ), an industrial by—product, contains P, S As and other micronutrients. Its agricultural applications may cause

soil and plant contamination. The objective of this study was to investigate the role of arbuscular mycorrhizal fungi(AMF) on tobacco( Nico—
tiana tabacum 1..) growth and arsenic (As) accumulation under phosphogypsum (PG ) treatments in a pot experiment. Two PG application

levels(0 and 40 mg-g™) and two AMF species, i.e. Glomus mosseae (GM) and G. aggregatum (GA ), were used. Plant biomass and phos—

phorus(P), sulfur(S), and As uptake of tobacco(KRK26 ) were measured. Regardless of AMF inoculation, applying PG amendment signifi—
cantly increased shoot biomass and tissue concentrations, total uptake and specific absorption rate of S in tobacco. Amendment of PG also

significantly increased tissue concentrations, total uptake and specific absorption rate of P in tobacco, with an exception of roots in non—-AMF

(NM) treatment. However, PG amendment significantly decreased tissue concentrations and uptake of As in tobacco shoots with NM, and

thus significantly increasing the absorption ratios of P to As. Under PG treatment, both GM and GA inoculations significantly increased plant

biomass of tobacco, compared with the NM treatment. GM inoculation also significantly increased the tissue concentrations and total uptakes

of P, S, and As, as well as the specific absorption rates of P and S, excepting roots in non—PG (PGO) treatment. In addition, GM inoculation

significantly increased the ratios of P to As absorption in tobacco with the PG40(40 mg PG-g™) treatment. Similarly, GA inoculation signifi—
cantly increased tissue concentrations and total uptake of P and S, but significantly decreased tissue concentrations and total absorption of
As with the PGO treatment. Combination of PG40 and GA inoculation had the most desirable effects on tobacco growth and could reduce the

risk of As pollution caused by agricultural application of PG to some extent.
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Table 1 Chemical characteristics of soil and phosphogypsum used

in experiment

AU ARy BUEEE AR A

Heh H
A P mgrg”!  mgeg!  mgkg! mgokg! mg-kg!

A3 7.50 12.46 0.58 5.76 34.65 6.70
a1 4.67 4.46 4.89 2552  395.84 18.57

PR AE F ARSI KRK26, H =Rl K
7 B A 5 R I 2 AR it R R - JOIE IR o
B —ERMF  RAEFE N, B mE S %
KA, B IR ZE R KRCH] o B PImA—E
WEORE R, 1 S 3 TR RS AR - i AMF fRdbst
HERARBL 2 BE AR5 37 5 BRI I £ 43E 5% Ot
P24 2258 6. mosseae (BGC YNOS ,1511C0001BG—
CAMO013) Fl G. aggregatum (BGC HEBOTC), izt % Fif
et AR P 751 FH R KR = R B
1.2 R AHE
1.2.1 Ak B A5 B

Rt 2 MO E A, & 0.40
mg- g™ (437l PGO PG40 F/R ) . BANBEAF K
SR A AR (NM) 425D Glomus mosseae (GM)
M G. aggregatum(GA)3 MAbIR, B E AT 4 1K

RIS AN 1.5 L i8Rk, k2 a0
AT RS, PGO AbFRA 76 + 1 kg, P40 AbIE 4%
B 1 kg HIEAN 40 g WA 1Y LB FE MR A 5], 41
WAL IR DL BOE 2 m) 3 v hin A LRl AT
(N 60 mg-kg™.P 30 mg-kg™ K 67 mg-kg™ .Ca 20 mg-
kg™ Mg 4.5 mg-kg™ Mn 0.92 mg-kg™ .Cu 0.54 mg-kg™,
Zn 1.24 mg kg™ Mo 0.06 mg kg™, 435 LA NH,NO;,
KH,PO,.K,S0,,CaCl,-2H,0 .MgS0,- 7H,0 ,MnSO,- H,0 |
CuS0,+5H,0 .ZnS0, - 7TH,0 . (NH, ) sMo,0, - 4H,0 1T
KA RSP 1 AR b3 B 440 5]
HIA GM (GA T I3 40 g, ARFEFDAEFINA %5 5 K
B, 2000 5 R R A e e 4, DKl 58 EoKk i
KE 15% . B AR R 4 i e R —m
HH B A TR

AR T 2011 4 8—10 HAE = mfll KA7Ft
RN AT, 2 N AT ERS N 38 S5 /K R S 0 &
SEo I KM N B R 3l Ry (3243) “CHA(22+
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LR, R AR AL B A b T[] ) 22 S R
PE(P<0.05) . 2 HAEFA & BTE LT 2051 B AR Ak
PG B AL PR T 2 LA, A g & B A SR Y 22
S

2 ERExH
2.1 BFh AMF 5iRMBEA B3 KRK26 HiREBRE
R KR

13 2 R, 20N 3R 7 2270 H , KRK26 MR AR
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Table 2 ANOVA for biomass and AMF colonization of tobacco
‘KRK26’ plants after AMF inoculation and PG application

Y
IR AL F — kML 1K
G4 Wi Wz WA K
[ Fap=gistil etk NS EE sk
HARDL - B AL B NS * G NS

e ek ok R RIEROR P<0.001,P<0.01 . P<0.05 /K3 25 1 NS
FRARZE, 5.
Note : ¥** P<0.001; ** P<0.01;%*,P<0.05;NS,not significant. The

same as below.

(52 AP 15 AR b Ay SR A AR Ak 2
LW AL PR S A A B (3 AR A
HRARTETRHRALBE WA 7 AL BRI 25 5 24 B 3%

H1% 3 AT LIR Y AR AL B AR 2R & B T
MIRGE, AT RGP F, #Fh GM Ml GA
() KRK26 1R R ARG R IG/NT 23% [Al—Wif 18
AR, 4580 GA 19 KRK26 MR R Z LAy
R T GM ARER X [A] — 2 AeiR U0 A EA T 22 B A
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Table 3 Growth and AMF colonization rates of tobacco
after AMF inoculation and PG application

B e R b/ /g pot™ [ e =Y R

R mgeg g WE % m-pot™

NM PGO 4.16¢ 2.72¢ 0e 30.2a
PG40 4.26z 2.74c 0e 37.7x

GM PGO 435a 2.83h 18.4c 26.0b
PG40 4.39x 291a 14.84 317y

GA PGO 4.30b 2.90a 22.5a 29.5a

PG40 434y 2.87ab 19.9b 36.0x

T AR EEFORLE P<0.05 KV 22 57 0 35, 37 IR 3 ) e i 3558
AR A RIZB R REA R, T A

Note : Diferent letters show significant differences at P<0.05 level, and
different letters system(x,y and z) indicate no significant interactions be—

tween AMF inoculation and PG addition. The same as below.
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L GM AR & o ARSI HAREEF X B
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Table 4 ANOVA for P and S concentrations and uptake of tobacco ‘KRK26’ plants after AMF inoculation and PG application
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Different letters above columns indicate significant differences at P<0.05 level. The same below

E 1 ##5 AMF 58 A S AET KRK26 #tk P &8 P RKE

Figure 1 Concentrations and uptake of P in tobacco plants after AMF inoculation and PG application
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Figure 2 Concentrations and uptake of S in tobacco plants after AMF inoculation and PG application
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Table 5 ANOVA for As concentrations and uptake of tobacco
‘KRK26’ plants after AMF inoculation and PG application

\ 1 WE
L S o AT
rrZay=ghetil NS NS # *

SN R GA BB RN TR A 38 As
Rt s PGAO ZEF , 220t GM B34 i T KRK26
Mo 3R As i RO IR R As R, TR
GA W2 A TR AR R As i Ol . 8K
PG40 AT e GA WA ik 25 PR AR5 M KRK26 HE
EBY As i MM (HID BRI T AR R As
MR, e R AR T e R
Wi . A0 ARR As 5t R 22 B As
P RIS 10 452, FTOLEERD GA TR LA AE
—EFLEE PV T As XHEH IR EE
2.4 B AMF 5K mBEHAE xt KRK26 5 IR U4 tb
SO

H 2% 6 AT, 20 R 2R 7 22401, KRK26 #i R
it R T L A TR AR AR B i A B AN I Ak 3R A 2 T
A HAE Y, 0 b R RS L AE TRAR A B 5 B
TN INAL PRI 22 B AR AN B3 (E M b AR wlah e i LU A
PARRAL I Bl B VS I A B 11 22 S 48 J

HE 4 FH, TwEMSE, Bnea s
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Figure 3 Concentrations and uptake of As in tobacco plants after AMF inoculation and PG application

6 BRI SREAE AIEXT KRK26 kg itk 4 iF, KRK26 1 b i i s by LA 42l GA I f i, HL

FEN 5 NM F1 GM b3 2% 5 25 WS sk i b S,

Table 6 ANOVA for ratios of P to As uptake in tobacco ‘KRK26’ KRK26 #i |3 FIAR 2R a0z A kb 35 DL GA A P8 i

plants after AMF inoculation and PG application 5. H5 NM fil GM AbFE R 5% SRR G &

R WLHRMAE RERIEIIL R, ROIBEE AR GA R

HHRBL o o KRK26 #f b BRI BRI LIS i 129 4 1%, HRABE

et * WAL T 2 it A, T, B0 GA T
RO - B E AL NS ok

MR 5 PG40 2 G F AN [ HE I T 1 4% A L 50

24 000 1200

C (a)d RS L ES
22 16 000F X 12 800F
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= , =
£ 5000+ £ 400t
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Figure 4 Ratios of P to As uptake in tobacco plants after AMF inoculation and PG application
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Table 7 ANOVA for specific absorption rates(SAR) of P, S and
As in ‘KRK26’ roots after AMF inoculation and PG application

G b3 BRSO BRSO oo
HERRSL NS
FERARDL - B A H AL 2R * * *

2 8 &, WA E i NM 4 B
KRK26 f & S As WIUSCR AT GM ARF AR R P.S,
As WSCRCR I B3N, F+6 GA LB AR P.S
WSS A S R T NMARER [A]— B B s ik S
T, SR, PGO ZbFRE , H:Fh GM 1 GA 3448
EYEINT KRK26 A 3R P.S MIRALE s PGAO Ab BRI,
R GM B 180 T KRK26 MR & P.S WIRACR , H
R GA B3N T KRK26 MR R P IRIKSCR . 5
ANTRIBEAT B FLASEE RIS B H, ARl 8 H
GM 4bHJ5 , 540 KRK26 R R P .S WLIKRLR 4351 3
T 1.9 £5F0 0.8 4%, At HAR R As WIRCE S IR
iK50% A7, HUSINBEA & T H 80 GA b3 s,
KRK26 HLZ& P .S W IS3k 5 23 B3N 7 % 1.7 450
0.5 i ,HHAR RIRIRCR HRAR T 29 25% ., WL,
EXTREAH LG, 280 GM GA 5 3 Ab B4 & 3442
T 15 KRK26 Xf P.S F24r BT, X As BHEHT

& 8 M AMF 5BERELE TIEERATE
MR ML ZE B S0 (g mg ™)
Table 8 Specific absorption rates(SAR, g+ mg™) of elements in
tobacco roots affected by AMF inoculation and PG application

RS BEA B AR /mg- g p S As
NM PGO 2.19¢d 333e  0.004bc
PG40 3.04c 504b  0.005ab
GM PGO 3.52bc 434c  0.005b
PG40 6.36a 6.12a  0.006a
GA PGO 3.94b 3.93d  0.004b
PG40 5.98a 497b  0.003b

RE I LAFERP GA 58l B A PR &80T
3 1tie

3.1 B AMF SR MBEA B 3 = /I 4K R B,
i IR Mg B 22 Ml

b b= B Bt IR S P A i A, FR IR 1
AR & 54y 343 mg-kg™,  HATHOE 130k
660 J3 hm?, 7 B TV YA 308 % 1k 36.7 mg kg™,
W 155 T A B KOE B A AN 5T, For i (
R <12 mg-kg " )MESLIA 33.4%, 206 1/3 1) LI
B, ARSI R A A R K -5 A 4K
PR BRI T = A YK R 25 Ak
g b ) HoRA 0.5 mol - L™ NaHCO; 2 2 -1 86
P L I 1) L O & RS, T
RO & AT 10 mg- kg™ ARHEBE K-, DRIEABIESE
A3 0T DLACH R ARAR G 1 = AR
PO R A E S L, R A YRR K HEON 1
M K R IAEE GRS R T E G, LA B A
) R A AR . AR R BB i Bl = P .S 53
5 RIS RO, BEEVEYI Y R {HL TR R FT R
AL As V5L R o 5K a2 S PIFSY & B, S AR
IR B4 A AD AMF B3R T PRA PLS 5
A3, DA B 20 A B b ST A B 1R o PRI A
5T F B, 7 AR Bl - 48 L By 3 T
FAXT P S SEFRAHIRISL, HGE T EORAERI A .
PERHE A B MU O 2002 R 4 4% AU S i
YN 1R, BRaE g in T 58PS
FEFITTR ML, B EIEM T GM F1GA Ab ¥
KRK26 #2 % P WISl 3 DT S 2 364 0 1 68 S AR Ak P
i i, HICIe RN 545 B0 8 n it T B
BT KRK26 MR 2R S MRSk L B AfAR S 5 st F
Wit

BhEEEE ST R IH , e Rl AME B R UE T T =
I B R ) A B S X PR A B L S5
W R I, Hefh AMF GRS AL IE K M A3 il 7547,
JEILXT 58 P WV E IR . S AR R, AR
FLE BB I 22X P.S S FRu R I, e i &
EEN1E 08 IO NS e B L I B R 1 e = g
Flr GM 35 52 25 34 Jin T 4% 40 KRK26 MR & P.S WAL
. H GA TR BBt 5 T HAR R P Wl
R PEMAE IR T 5 MRAE AR XS P S MR, AN R R
BEINT KRK26 fiARA Y, —e B Lok T 450
FEARIAAS o RIS, W 8 0 it FH At A R Tl i3
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HI3EGMILR A P A As 23 o 4 A 1912 i
RENTICR L, CATZ B AR N 4
PUrEF R, 76 As AT, AM EpE ] LU P
W, > PR RS — e RN, KRGS A T
As [0 15 EAEYI RSP DFE 3B HER AMF A D142
B 1 R OR BT As BB HAEERD AMF 34
TREAR X BERRER AW, BERARR T AR X B R 5 7 R
W, TGN T AR AR BRI L AR R
AMF REf5 5 R Z B YR F2 77 A 24 56 2 A iR
22, I R T 22 1 SE A DA 358 b s B 22 1 TR
WO T RS RRRXT PR WS HIRRAR T AR R X
TR ERER AR, B 253 T R A A, A
o, O S N wE AR, TR A B 14 R
GM F1 GA FLI# , ¥R 485 T KRK26 HR R P Wk
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