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Effects of mycorrhizal fungi on the drought tolerance of Cyclobalanopsis

glauca seedlings
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Abstract: Two endomycorrhiza fungi Glomus mosseae and Glomus intraradices and ectomycorrhiza Pisolithus tinctorius were
used to inoculated the seedlings of Cyclobalanopsis glauca, C. glauca is a common species for forestation in karst rocky
desertification area in southwest of China. The effects of mycorrhiza on the growth and drought tolerance of the seedlings
were studied under three simulated drought conditions in green house pot experiment. Soil water content were maintained
75%—85% , 55%—065% and 35%—45% field capacity respectively. The results shows that, under soil drought condition,

the biomass of inoculated treatment was significantly higher than the non-—inoculated treatment. Mycorrhizal dependency
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increase with the soil moisture content reduces. Chlorophyll content of infected treatments were not affected by drought stress
except Pisolithus tinctorius treatment, while contrast treatment was significantly decreased under drought condition. Under
moderate drought condition, content of soluble sugar in shoots of inoculated treament were significantly higher than the
contrast treatment, but the content of proline of Glomus intraradices and Pisolithus tinctorius treatment were significantly
lower than that of contrast. The enzymatic activity of super oxide dismutase(SOD) , peroxidase( POD) and catalase( CAT)
of inoculated seedlings are significantly higher than that of non—mycorrhizal seedlings when the soil water content maitained
55%—65% field capacity. When the soil moisture content maitained 35%—45% , POD activity of all inoculated seedlings
are significantly higher than that of contrast, SOD activity of Glomus mosseae and Glomus intraradices treatments are
significantly higher than the contrast, while CAT activity of Glomus mosseae and Glomus intraradices treatments are
significantly higher than that of non-mycorrhizal treatment. Furthermore, total phosphorus and total potassium content of
mycorrhizal seedings significantly higher than that of no inoculated plants under soil drought condition. This research suggest
that endomycorrhiza and ectomycorrhiza can infect Cyclobalanopsis glauca seedling. Under drought condition, both
mycorrhizal fungi can improve the drought tolerance of the seedling through increasing the biomass, activity of antioxidant
enzyme, soluble sugar content and advance the assimilate of nutrient of Cyclobalanopsis glauca seedling. Therefore,

mycorrhizal Cyclobalanopsis glauca seedling more easier live under the drought karst environment.

Key Words: mycorrhizal fungi; kasrst rocky desertification; drought tolerance; enzymatic activity
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TR 56 B AP A BE VY 3R 38 B ( Glomus mosseae, Gm) MR N BK & 25 ( Glomus intraradices, Gi) FlE 8 5. 5 %)
( Pisolithus tinctorius ,Pt) , VTR 2A TR ME 2527 B A0 5T AL 2= BEAR 08 752 5 S UR A o8 T 4 48E . P RR I
A AR TP e B e IR B R N AT B R B 9 4 DS T T M TR A T TR 22 R BoR R G
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120°C 2511 °F K 2h JEVE i s i, 75 XIARAD TR F W e b X 57 AR UCAE AR ISR AT ] 5% NaClO {3
15 G54 Jf K BEK e 20, #& 1

http ; //www.ecologica.cn



11 sierbgE A R R MR I G X BRI iR S A 3

F1 AHXHEEAER

Table 1 Physical and chemical properties pot soil

H 2R/ (g/kg) W/ (g/kg) AR/ (o kg) AP (g/kg) 7K 9% (v/v)
P Total N Total P Avalilable K Organic matter Field moisture capacity
7.39 2.38 0.32 0.13 46.2 28.20

1.2 kit

TR6 K 58 EREHLIX A BT, 4045 3 A TR AL BEFD 5 R AL B (3x5) - 3E/K 43 Ab BH S R AR X
39 FH A 495K B 1K) 75%—85% ( IE Rt IK) (55%—65% ( h EE T 5 ) Ml 35%—45% ( &% T 5 ) ; Horb 244k
PRI E 6 ANEE AR R AR EE P ER A T AL PR (Gm) FEMR N ER AL (GI) MR AT DY)
ALEE(Pt) TR AL BE ( Mixture inoculation , Mi ) FIRNFEFPALH ( Contrast check,CK) , %80 J7 vk . fESBHE S
Hike AKEE £ 1.5kg , FRICE 7 P-4l 72 K of 11 G ACTH B 01 28 05 KIARRh 7, IR £ 55 A
TR AL BRAE 250/ Z0INTA ) (AT 7—12 /38 IR G R MR L B . 3 Fh AR IR G )5, 5
FRER 25g BRIt AAE 250 5 % B AL BRI BR 3R, i A 23 FL g Mt U 9 RV AN 25¢ i K F i AT A F 5, LA
PRAFBR E 0 B SR A Ak 31 - R W2 — 3, AEEERP IS 19 30 RN, #5 b BEFH JC K HEAT AR S8 K 43 F
A, AN IEF AR 30 KIG, M08 5 MR, I 04540 BE 4 3T 3R 045 A TR K 43453, B K
FRE TR 2 3K A3 AR LTI AR e 7K 8, P35 45 A B - K 40 & B AE M BE BE P, A6 EA T 7K 23 b 2 90
RIGEHRES , 5 REALE B 6 Bk (/3 9I7E 6 DN EEAC AP A TESE 1 4R SEATAHSCHE Rl 2
1.3 fEhril e 5 5dE A #

1.3.1 [RYLRI &

BEFPAL BRI 6 #k (20 7E 6 D EE ML A8 1 #R) 32 AR RIRAIBEHLE 10 AR 6—10cm K AIAR
FHAC T4 E 5 Lem K 2245 B, 985 FH 109% KOH £ 90°C % W 1h, F 5% HFL IR AR AL Smin, FJH] 0.
05% Y T FIZEBE T 90°C Y i 30min , P A= B AR FH AR 38 30 e A R R ARAR e 3R IR AR IR e R (% ) = B X
SRR B AR B 5 258 U< 100% , A BRIARAR G TR T et o, AR BUA I A= TR A9 AR B3 0L
FEM AR BB H 3 LUAE N R AR L AR R e 38 = (AR R G AR A Bl R A AR U %H) x100%

1.3.2 MR YRR & e

53 S A Fp AL FEBEUCH Y 6 Mk (200 7E 6 NI AL A AR RS 18R K e s B VE VR, 7F 80°C T ML
TZIEEE AR Yy R TR AR AR M, PR RO P = (AL BT - ONE  A ET ER) /4 Ab A 3T i x
100% ;K b 350RE S HET BRI 0.25mm i, FREX 0. 1g, BT 100ml 751055 H, FHZK SRR RE 5L, Ik 7% 2
Sml, SR HCE S, FETHAR Y LR Y A R AR R AR, WIHAR Y EEUT IE AR, B A 300g/L H,
0,10 ¥, FAWEE A . TN HE 10min, B2 JE A H,0, 53, R & 3 W, EE AR R TE
RN Smin, ARG R XNEK,, B ERERZE 100ml, A EWERIE N P K oE&H, MYLEH
ZIC AR I A A0 o B APV Lt A 280 5 B SO Rk e 0
1.3.3 BEETYI S PUERERE MR A e

FEFPAL ST BN 6 AT E AL AR REALTERE 1 Bk, BURL OB B0 A, BTSSR 20, FRER 0.3g B A 47 it
F, FH R 0 ] P A PR 0.5 BT EEAE AN -, FH B — B3 D Ml 2R, R 0.5 B et |, R
S PUME (NBT) YAk 27 3 Sk I 5 48 48 Ak 40 5 A it (SOD ) Bl T6 1, LA A5 BA7 i 18] Y 30 ) NBT 6 Ak ad JE Y
50% R —ABEEHE AL (U) s FREL Sg Frét Ryt A, SR B A A A i 0 5 3 S0 AL P ( POD ) i 4 , LA
B FE (AR AL 0.01 R 1 A i B AL BTG P A7 3 FREL 2.5 e A i -, SR P e TR B 8 12k M o S Ak
SR CAT) B M, B PSR 4 o 86 BT RERE Y Tmin Y20 # H,0, B9 mg 3R 120 BRI 0.2g 7 St A iy -
F L 80% PN EREL RS F 44 2 | JE7E 663nm Fl 645nm 551 I 5 4% 25 0 W WO B2, L €, =20.29
Agys +8.05A o M4 2 AR
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1.3.4 Hduabr

IR R SPSS13.0 #AFSEH, I Two-way ANOVA XU 2K 7 2543 b 3612 A BRI 7K Ak B % 75
MIBRA R VR A5 MR, 2SR b B 57K 43 A BEAC BAE F S 2 B, SR Duncan 3 50 22 7046 55 45 A 3P 1 6 [1]
PE SR 2 SR AL B 5 K A3 A AR AR FHAS S35, 43 BISR FH Duncan 375 M 28 146 46 76 [F] — 7K 43 Ak B
T AN A SRR 25 S b 2 | DA A R — 4R A B R, AN [R]7K 43 A BRSO =2 0] 1) 2 S5 b 242k

2 #R

2.1 AFEIKAE IR SEAEXT T KIARSI 15 5% 58 0 B AR AR M 1 52 i

TRIRZE R F BT b A HAR R I BE 5 PR AR B PR TR B oA AR AR AR SR EAL 3t 27 B P AR B R e, (1
RYLRINT 5%, 78 3 MK T, Gm Gi il Mi 2R A0 BIAR R AR YR 1 1 35 T P AbBE, 76 1E % 7K 43 Fn
TR ,Gm Gi Al Mi A2 B R R R YR TR 22 57, G ROk T R hba s R A=
YUk i) R

W 3 FiR 76 3 M UK T B b B 7 RIARSD i S E W a3 B 3 TR b 3, 5I1EH%
KM, P ETRAMT Sk e YR 27 A B %, THE T 5T, BR Gi AB A, KA ab#i A Py a1y
BE TRE(P<0.05) ,Gm Gi Al Mi ZbHA: Yy B 3 & 1 Pt AbBE T Gm [ Gi A1 Mi AbBEZ (BT B 2R, &
XUH R T 22530, 15 KA A P e P A BRI K 43 Ab R RI A7 A 35 1238 HAE I (P<0.01) (£ 2)

AL 0T T MR T A 2 S WA ) 45 P R L TR 2 ) A B 6 R B d8 b, PR 3 AT, 7 IR /K o 2k
T, & PRI E YR T 37% ; 26 BT 24T, 45 b 38 22 R] TR AR AR 347 388 I, 385 i B K /N st
H:Pt(47.68% ) >Gm(46.27% ) >Mi(45.47% ) >Gi(40.87%) , tHHLTFHETRFZME EEETREELAFT L Gm
F1 Gi A BRTRARAR ARG I, Pe AT Mi A3 P AR AR T 5, Frh P A R TRARAR 114 T 1 50.3%

B1 BRHENEERBTIELES
Fig.1 Hyphae and spores of AMF in Cyclobalanopsis glauca roots

F2 BEMRREEMKSLGENERFERKERONERATESHER
Table 2 The results of two-way ANOVA for effects of mycorrhizal inoculation and water condition on the growth parameters of Cyclobalanopsis

glauca seedlings

pise] [ER xS AW Ao Bt fallis MR R A
Treatment Colonization rate Biomass Nitrogen Phosphorus Potassium Total chlorophyll
7K4Y Water regime( WC) * % * % * * NS O

Hefh Mycorrhiza fungi( MF) EREE ® % ® ok * * * % ok
IKAF xR WCXMF o o NS NS NS NS

w ko ok ow f1 NS 3 IIFEIRTE P<0.05 ,P<0.01 P<0.001 /K- i F A i 3
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B2 BREFMEERREES

Fig.2 morphological characteristics of ectomycorrhizal of Cyclobalanopsis glauca roots

K3 TRLENSNEHEHRERE EMEMERKTNE

Table 3 Colonization rate, dry biomass and mycorrhizal dependency of Cyclobalanopsis glauca seedlings under different inoculated disposals

e fk e A AR e
Soil relative water content/% Inoculation Dry biomass/g Mycorrhizal dependency/% Colonization rate/%
75%—85% CK 3.0lc -— 4.41f
Normal moisture Gm 4.57a 34.14 76.53a
Gi 4.04be 25.50 68.17a
Pt 4.72a 36.23 44.5¢
Mi 4.38ab 31.28 70.8a
55%—65% Ck 2.59d -— 4.01f
Moderate drought Gm 4.62a 46.27 66.2ab
Gi 4.38ab 40.87 62.8b
Pt 4.75a 47.68 29.6d
Mi 4.55a 45.47 59.2b
35%—45% Ck 2.13e -— 3.59f
Severe drought Gm 4.01be 46.88 57.47b
Gi 3.70bc 42.43 54.23bc
Pt 2.79d 23.66 18.5¢
Mi 3.55¢ 40.00 40.2¢

CK. R4ZFh b3 Non inoculation treatment ,Gm; FEPPEEVG ER #4855 Glomus mosseae treatment ,Gi: PERPAE N ER , Glomus intraradicestreatmentPt ;
AL T T3 Pisolithus tinctorius treatment , Mi ; A4 Mixed inoculation treatment ; & "1 [E]l—FARIEA [R] FHEFe R AL F 8] 25 53 8 3% ( P<0.05)

2.2 AMF FURZ: 0 XE 5 XIARI-2R 2 AR 03 & B2 R

A1 2 n 1, XU BT 220, KRR ﬂﬂ# -2 2R 25 AR AL RN /K 734k B A) TG 1 35 19 58 A
o BRI T Ia X 3R S A B (18] 3) o BE 3K I AR BRI AR I 4 3R S 8
REAG; S IER KL, PB4 T 25 AL B S 3R 5t oK B A (AR T T 24 0F R, P M F
AR AL R S R 2 TR, TR P EE T R4, Mi b RIS 3255 i 035 700 IR T H A A 2 )
RGN EMES TEEEAMT R Gm (G Al Mi b B2 38 55 5 24 i 3 5 TORHEFNAL 3 1T P &b
P08 R 22 9] TG P2 5

H13% 2 n A1, XU 7 2200, 7 AR L e e o5y e A B 5 B A o Ak BRI 73Kk B 22 )
FRIHARN B LS KRR, A L A B TR (& 4) , EIER K SRIET, %ﬂ‘iﬂﬁ*ﬁkﬂﬁ
AT EITREEZE S TP BT RAMT  BR Pr AP 2R & & B3 & T4 AN, AR 2R
G IR PRTC 3 22 5 HIE R K AR LE A AR B T RS R B 22 5 Y R UK EL@JEE
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FERLAFIE, Pr A BRI A B Fh A B4 P R

TE 3 PRI 260F T 2R A B A b 050 7% 1
YR T A (IR S) , ZEMIEIK A ST 2
FiAbH > AR R S R B 2R, SIEH K
FRMFA G, TR E T 24T, B Gi A BA, oA i
SE BRI e Gm P A Mi ZE B 43 51
W& 17.8% .19.0% .18.7%

FHE 6 WAL FEAHIRI K 345 0F T Be R A BEAR R b -
A R B T IR SRR AL B 2 [ G R 2
St BT RSN A B R # A W 2E
2.3 AMF 7K G5 Jolna AR AR T v AR A 2 5 2 11

A

IR A3 5 o A B S R R R T A S
QR , BN ZE T7 200, 5 KA AT a0 5 Il =
i B E BRI TR K 3 Kb B 2 1) G (3 A A2 HAE

@Pt mMi

OCK oOGm BGi
AaAaAa
AbAa

3.50
3.00
2.50 |
2.00
1.50 |
1.00
0.50

B AaA Aa
LAl Aa’ a

IETS Jo8 5o

Total chlorophyll/(mg/g #f )

HETE

Severe drought

EH KRS

Normal moisture | Moderate drought

e

B3 BHREEMARKSEHETEREHERERENZM
Fig.3 The effect of mycorrhizal fungi on the leaf chlorophyll
content of Cyclobalanopsis glauca seedlings under different
water conditions
AR KE FREARIEAHRHER AL I T R RK 43 S 0 14 26 52 B 350
(P<0.05) , AR/NG FREFR AR R K 43 45T, R He fh Ak PR
25 W TE(P<0.05)

(WL 4)  TEIEH KPR HEFAEL RS R R R AR vl I A 25 8 0 (35 25 5 5 24 R UK 20 &5 i [k 2
HRET I, Gm F1 PR BRI PR 5 3 TH o AL PG B3 AR AL IR K SR AR L TR E K
OIBEZEAETS A5 AL PRI AT PR Y B2 T OF HL Gm (Gi A Mi 2R P RTVA MRS S iR S T CK A Py

AbBE
OCK OGm B G BPt BMi
N 180 AaAa Aa
2 160 F A Aa? 0, Aab
2 140 f Aa BbBb Aab
oy = 1.20 |
418 1.00
® g 080r
g 0.60 -
= 040
“ 020}
0
EH KRS hETR HETR
Normal moisture |Moderate drought | Severe drought

E4 HREEXNARASZFGHETERFESENZN
Fig.4 The effect of mycorrhizal fungi on the total nitrogen
content of Cyclobalanopsis glauca seedlings under different water

conditions

8 W], K I (U (AR R i 2 % i T
R BRIHR JEL ORI, T IE W K 5%
T A AP (I 2R 5 0 3 25 5%, 2 R K oy
AR A 22 v B2 PR S IR, 0 1 Ak O =R % A I 3 T
1Ry, T Ak PR 22 PR 5 8 I 25 AR AL 5 TR R K A
P, AEE BETOGE R R Mi ARG 3 AR AN, AR AL 3
Il Z R % T, Gm  Gi AT Mi AR i B KT

X
2.4 LR MFIR o0 W30 X KRR A A Bl T Y
SN

ZWHZE T 208 (£ 4) , F Xk SOD 5 POD fif

@Ppt EMMi

018 . OCK OGm BGi

0.16 |
0.14
0.12 |
0.10
0.08 |
0.06 |
0.04
0.02

Ba Ba

BaBa

WA R
Phosphorus content/ %

T

Severe drought

EH KA TR

Normal moisture | Moderate drought

B 5 BREEXNARKSFHTENEBESENIIN
Fig.5 The effect of mycorrhizal fungi on the total phosphorus
content of Cyclobalanopsis glauca seedlings under different water
conditions

OCK OGm BG @EPt EMi
. 180 Aa A N
R 160}  AatAa,, AaAafid Aa AAa 5 AR
2 1400 A9 b Ab
= 120+
gﬂ S 1.00}
= £ 080f
'z 0.60 |
g 0.40 -
~ 020+
0
1EH KRSy HETF
Normal moisture | Moderate drought| Severe drought
El6 BREEMNARKSFHETEREHRSENIZM

Fig.6 The effect of mycorrhizal fungi on the total potassium
content of Cyclobalanopsis glauca seedlings under different water
conditions
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T PR AE A AL RN /K 204 B ) HLAT I 2 A8 HAE A (P<0.01) , CAT i 4 78 12 b A B AN 7K 43k 3 ) G g 2
FIZCHAER , N 9 iR  FEIER KA 5 T R B S M A0 2 SOD M E R EEER ., EhETRE
if, AL B SOD BRI g, 38 S v T BR AL B 55 IE R KA A L, Gm  Gi Pt AT Mi 40 B4 51 T v
40.9% ,36.8% ,70.7% 1 55.8% , TEHE LT 5554 F Gm Gi A3 SOD il i P i 2 v T X Ab B, JF 0 355 T
Pt Fll Mi b3

R4 BEMASLEBEXNSERENEXBEEENEZEATHURIENEZAESNER
Table 4 The results of two-way ANOVA for effects of mycorrhizal inoculation and water condition on the content osmotic adjustment and

activities of antioxidative enzymes of Cyclobalanopsis glauca seedlings

i AP it 2= AL AL it AL AU it AL i
Treatment Soluble sugar Proline SOD CAT POD
K4 Water regime( WC) # * = *
HERh Mycorrhiza fungi (MF) * * *
TRAT X WCXMF NS NS * NS

w o wox ok NS AMRIZIRTE P<0.05,P<0.01 ,P<0.001 /K-35 AR 3%

OCK BGm BG EPt WM & 0035 OCK OGm BG EPt EMi
ool AapaAaAa Aafa  Aa 0.030 |
0.025 | Bb

c
0.020 | 7 BapaBaBa

" paB%BaBaB? B

- %
=8 300} g\é
E & 2501 = |
=2 500l ® g 0.015
%% 150 F S 0.010 -
%= 100F £ 0005
T2 0501 2 0
0 = % B TR
IR TR T Norn?illﬁiggg Modf)ft:'(:;o: ht| Sever d:'i)q:ht
Normal moisture | Moderate drought| Severe drought 1sture rate droug cvere droug

M7 MREEMARASSETEREATRenegn B8 BRAENARKS G THENEN ARARTRORMN

2m Fig.8 The effect of mycorrhizal fungi on the proline content of

Fig.7 The effect of mycorrhizal fungi on the soluble sugar Cyclobalanopsis glauca seedlings leaf under different water

content of Cyclobalanopsis glauca seedlings leaf under different conditions

water conditions

TEIEH K EMT 440 B CAT BEG M TC W v 25 5 (8 10) s 7E R BE 520, Pe A0 Mi AR PR CAT B35 14
BETFE, A HTC B Al R FEFP AL FE CAT BEE I B B KT Gi Pt Al Mi AbBR, 5IEW /KSR EM T,
EHEETRT BR Pt ACEAN, AN EE CAT BERGPEYY B 35 180, o B b PR 16 1 5 5T Gi A M b3

@ 300 - OCK OGm BG BEPt EMi OCK OGm BEG EPt EMi
& a KRN Aa Aa
o 250 F 2 30l
S Z
5= 200 #HoE 2T
=2 50 Hmoo=20f
@ = 2 EE s
=) S 100 2 § 50 r
o . SEgior
TEY R
s 0 &) 0
g ERA) TS 0 ENcks | TR e
» Normal moisture | Moderate drought | - Severe drought Normal moisture | Moderate drought| Severe drought

9 HREEXFREKASFETEREMF SOD B K220 10 BREENFREKSFETERIEMF CAT BgiE IR0

Fig.9 The effect of mycorrhizal fungi on the activity of SOD Fig.10 The effect of mycorrhizal fungi on the activity of CAT
enzyme of Cyclobalanopsis glauca seedlings leaf under different enzyme of Cyclobalanopsis glauca seedlings leaf under different
water conditions water conditions
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TEIE R KA R 2 430 POD iV PEE L 64 o ook Bom mo B m
K5t BT T SR PE R SERALIE POD TR % 2 g TN
Tty Tk HF AL POD MR HE e th B B0, 2 22 o] p2eo [
(ETEETRF 440 POD BEGESE—BTH i KR S 55100  jaay 9
LT POD FiFHE BB S T B R0 4000, PRI HE R B o] WT. m r
FALTF Gm Ml Gi Ab B 0 Rk . e . e

Normal moisture | Moderate drought | Severe drought

3 itig
B11 EREEMAEKSEZGTSREMF POD BEiE /M

AR LR FI | L R R R
Ej{%‘;ﬁg%ﬁ IYJ*/’HE/% . 3’{ iﬁgﬂ: :'?:Hj}iﬁ_ %&{t]:‘]:‘ , %*E{%gé Fig.11 The effect of mycorrhizal fungi on the activity of POD
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