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Effects of AM fungi on the growth and drought resistance of Seriphidium

minchiinense under water stress

HE Xueli,GAO Lu,ZHAO Lili
College of Life Sciences, Hebei University, Baoding 071002, China

Abstract: Drought is a world-spread problem seriously influencing production and quality of plants. At the same time,
drought is one of the most important environmental factors limiting growth and development of desert plants in Northwest
China. It is well known that Arbuscular mycorrhizal fungi ( AMF) can enhance the ability of the plants to establish and
cope with stressful situations, such as drought stress, salt stress, nutrient deficiency, etc. Almost eighty percent of land
plant species on the earth can form symbiotic associations with AMF. With pot experiment in a greenhouse, the paper
studied the effects of arbuscular mycorrhizal fungi ( Glomus mosseae) on the drought tolerance of Seriphidium. minchnense
(S. minchnense) under water stress. Seeds were collected from natural growth environment of S. minchnense in Mingin
County and sown in training matrix with sandy: soil (2:1, mass ratio). Seedlings with similar height and crown were
selected and divided into three groups (6 pots per group) when they had 2 — 3 leaves. The soil relative water content of
three groups was severe stress (20% of maximum field capacity) , moderate stress (40% of maximum field capacity) , and
normal water (60% of maximum field capacity) , respectively. Each group of S. minchnense seedlings was inoculated with
AM fungi Glomus mosseae (3 pots) , and non-mycorrhizal inoculation (3 pots) , namely control ( CK) , respectively. The
results showed that inoculation with AM fungi significantly increased the biomass accumulation and infection rate of S.
minchnense seedlings. The total phosphor (P) content of shoot and root of seedlings were significantly increased under
different water treatments, and total flavonoids content of shoot was only significantly increased under severe stress, while

branch number and total N content of shoot and root were not significantly affected under incolation AM fungi. Mycorrhizal
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dependency and contribution rate of total nitrogen (N) and total P under water stress were higher than that under normal
water condition. The content of leaf relative water, soluble protein, chlorophyll, total N and total P were significantly
improved in different stages, and total flavonoids content of leaf was significantly increased just under severe stress, while
the proline content was decreased throughout the growth period by colonization AM fungi. The content of soluble sugar in
leaves of inoculated plant was significantly lower than that of non-inoculated plants in early stage, and significantly higher
than that of non-inoculated plant in middle and latter stages. It could be concluded that the mechanism of AM fungi
enhancing plant growth and strengthening the drought resistance of host plants may be the direct role of AM fungal hyphal
contribution to soil water and minerals uptake in mycorrhizal plant, and the indirect role of AM fungi improves the

physiological metabolic activity of host plants.
Key Words: arbuscular mycorrhizal fungi; water stress; drought resistance; nitrogen; phosphor; Seriphidium minchnense

BN E (Seriphidium minchiinense) J& T 258287 J& ( Seriphidium (Bess. ) Poljak. ) Z4F4 EAKHY) , F 2
S T H R RN A TR 1300—1380 m (9 [ 2 V0 B BRJSpEMD T 28 S5 it L H BB B = A
U, Ak [P A FEL I L P AR R YA Bl 2 v A B S AR R B 110mm, I 78 % £ /55 1K 2646 mm , Fii I
b I BUA 94. 5% ESIEMCAES . AEX PR A ST T, REAE L T SIS L5 0 A&
FRRAFE AN ZGE > P BEAS ARG I8 W T B AT . P b R B LT s b SR o 2 —  REWABE R T HA RIT
(A FHAR (A, FE B 1B 7K 35 2 | B KU V0, 20 97 5 188 0 i A 285 7 8 R 6 X7 25 2 4 5 T LA 3 AR
FABT S ARG ARR , BT NS BE B B 4 R A AE Ak (4 5 i, B B 2 T R M R e A7 17 SR, AR T R
AT RER B, UL, A A R 0 R 28 fat B A K B 1k B 28 T R VR S W A SR 1R
Z—

AR AM (arbuscular mycorrhiza, AM) BT 1240 T4 R AE S R G, 685 80% LU L = k)
TE M AR AR 1A T8 AR 2806 38K A R 5 5% B WSO A B s R A st i, e kA A
KU R A S R G IR E R A F R AT R R R AR A B R R ) 7 40 1 TR
REE, DL R A A T R v ) S SN AE 7 ) A RIS B A AR T AR DL R B4 S b,
WFFEAS R R 3 2542 F 3 AM LB G R 80 45 785 AR R BT S Pk R 2 i), LA A 78 43R F AML L B 0 R R R AR A
W A AR 9 ERS B 4 7 A R o A SR A AR I
1 #RiFnAx
1.1 M

PR 2R B HON S RETE ARERKREZBE M, (TR Rk B PUER % 5 ( Glomus mosseae ) , e F
FR PR AR SI2 560 % (A7 A P S P R B 40 S 27 B ) R B 5 AR A A 0T PR 22 AR AR B AR B 1, 4 10g B
T 120 NMET L RYR N 95% o K FIEA LT 9. 14 mg/g, MR N 42.00 wg/g, B P 16.99 ug/g, pH
8.00,

FEARAX I AL A I A BRI T, 3% 95 56 00 16 FH A FH 8 0s 0 )5 e o o b v + =211 28 A FLY R
#5(23em x22em x22em) , BEAAE + dkg, SRR 2L R 20, Xof HE A BRI ) 25 T i A K R R R, A
BT 3 100mg P,0; .150mg N 1 150mg K, 2009 44 J 1 HEEF, 15d J5 W, FEghifiA 2—3 Ritat
SEAE, REAE 2 MR AERRAE R IR AR BRE — IEH DK IR E A, AN E I

2009 -6 H 1 HIFWHAFIZK B BN, 7 K AR E A e R A, 25T 6 A 20 H (Fril) 7 A

M8 A 1 HnT, SEINE pk s AR RO R AR AR FE M SRR 2O A AR e AR, 4051
PR B 055 M AE 42 N 42 P FILEL B &
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1.2
IR 3 A H AR B K BI20% (FEREA) 40% (HEEG) R 60% (IERHLK) MK oS
TP EE P ERBEEE ( Glanus mosseae) (GM) FIAFERP(CK)2 MACHE, B 3 WK, RIS ZBEHLHES .
HEARUCR IS B AR (2 YL 5 4% Phillips 1 Hayman J7i&I0 2", AEARIE 25 24540 T 3 R bR+ E R
FEXT K i ARV, AT 8 S s2 18 G-250 G ikillsg , wl v Mg O | I 22 H e =1 LE €2
LN bR R AR R BRI 4 NOHILEAE AU s 4 P FHBUSH BT gkt 5 R 2 e PR 4R
WO AN oy S Bk i A ML R TR O R M I ARGk B N B T RO, S P
Olsen 312
FHR AT .
WAL (% ) = AM E IR G L BOEL K 1 SR B x 100
ARMINE (% ) = (FERMEIET 8 - AHEFALIET ) Z4EF AL BT 5 x 100
R DTIREE (% ) = (bR R WIS — X REAL R A W I o ) /4P AL A W A 3 x 100
RIS ] SPSS13. 0 #EATSETH 43 A R &1, AN [RI K 43 25 A 42 TR 506 RS- Y9 {E 4% Duncan #7821 2% 53
BT, 7K o3 S5 T 42208 5 6 R T-test AT HOASE, SR FHRUA - J7 2240 Hr 48 i AM EL T FIZK 43 JBihiE — 3% 2 1)
(38 HALN
2 HRE5SW
2.1 AM EREFIZK 3 38 A AR A K B Y52 0
& 1 AT [l KA 25T e AM BT W5 i 1A RRAR R R AR G R SRR ARG R T
PRI R AR i 2 TR B A BT W TE AN 5 K Ol 60% 1 40% N, Rk bk = 2
i TAREERR . ARIZK I 54T BE LS K S AR, AR Z T AM B X5 AR R IR0, 1
MORIERy DN i AN L A SR 5 AL N

R1 AM EEFKS BB X E K E KB R0

Table 1 Effects of AM fungi on the growth amount of host plants under water stress

IR B K

X ) : 3= LRSS IR [E2LES BT Dry weight per pot/g AR
Soil relative $Fh . : i
water content Inoculation Plant height ~ Root length Branch Infection AR T pT Mycorrhizal

/cm /cm number/F rate/ % " " dependency/ %

/% Shoot Root Total
60 CK 42.67a 37.33a 8.60a 61.11a 8.24a 3.07b 11.31a —

GM 53.73a" 42.00a” 9.30a 87.50a" 10.31a” 3.63a" 13.69a" 17.38
40 CK 31.83b 33.33a 6.88b 56.21a 6.03b 2.21d 8.24b -

GM 46.17ab ™" 40.00a" 7.25b 83.33a" 7.76b* 2.52¢" 10.27b " 19.82
20 CK 29.92b 26.67b 5.13¢ 22.65b 2.89¢ 1.26f 4. 16¢c —

GM 35.17b 34.67h" 6.29b 65.00b " 3.81c¢” 1.41e” 5.22¢" 20.37

ITE 2 P(S) 0.001 0.000 0.000 0.000 0.000 0.000 0.000 —

Significant P(GM) 0.002 0.000 0.058 0.000 0.000 0.000 0.000 -
P(SxGM) 0.418 0.532 0.656 0.084 0.035 0.000 0.006 —

CK: RN, M. R EEVEER 2R, T W — 3 R IR/ING 8RR R K 4 254 32 8 B0 HB AR 5% /K- 22 53 3, Rl — 31 « FoR7EIR]
— IR TR S X IRE 5% KV L2583 ,P(S) <0.05 FnKaMHa F7E 5% KV EZEFBE, P(GM) <0.05 FKaREM GM T 5%
K EZRFRE,P(SxGM) <0.05 F/RK3MHAF GM A 1 3 38 B AL

BEZK o3 e R 4 3 B AR RS F AR A D B Bl BRAIG . [ — K 2 R Rl bk A it B 3w ok
FERAR s ANRK A 55T, RREDZE 0T AM EL B AR AN ], 76 48 5K 50 60% 40% F120% B, BB
I EARMAGE 72502 17.38% (19.82% F120.37% , BIVES Bh 28 185 76 7K 20 J0ikae R 658 16 5 /K 0 AR Hsi o i
HKArE A1 AM BRI 350 SRR A S BN (P < 0. 05) W H e A KSR A
WEAZHRN (P >0.05)

2.2 AM ECREFIZK S0 AR AR b LSRR A N, 4 PORLE R B A Y R
e K EN 20% F140% B, F2F0 AM LB GHRE R A 04 N & 50 W R I $EFh ik A
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FEM N R T A AR A Rk L MR R4 P SRR AR P T R R T S
i AR T AR LRI, 75 35 K R 209 B, Pk b0 A 2R e R A A T TR R
ANFIZR A EAET B K 3 e B2 B i, A ik b b 3 A R 384 N & it i 25 T s b L R R 4 P
i i A A N DRI P i RIS OB P A Ml T S R 1 A A ARG s M b AR
RSB T kB 2 BRI, PR I S R 5 T g 2 b S b ™  d 2 AT
MUK F 5 2253 B3R B, K A0 hae Fn AM ECTR 0T Hb B 38 MR 384 P ALEGE & &, AR N & K P A
SVHER P A A TN (P <0..05) , T A FIHL T 4 N S o & 2 B (P >0.05)

F2 AM EHEAKSBMEEKS N £ P A HERESENHN
Table 2 Effects of AM fungi on the content of total N, P and flavonoids of host plants under water stress

AT K 4 N Total N/% FE45% N
s;ifrt?j?vj \:J;i A Hb B H T iﬁ % Epi(f SR/ %
Inoculation " H Contribution rate
content/ % Shoot Root per pot
60 CK 1.65¢" 1.06¢” 16.81a —
GM 1.59¢ 1.02¢ 19.65a" 14.45
40 CK 1.79b 1.37b 13.79b -
GM 1.77b 1.34b 17.12b " 19.45
20 CK 2.18a 1.75a 8.52¢ —
GM 2.17a 1.75a 10.73¢* 20. 60
I Significant P(S) 0.000 0.000 0.000 -
P(GM) 0.429 0.025 0.000 -
P(SxGM) 0.809 0.225 0.039 —
RN K i 42 P Total P/% A% P&
Sl v i , ,\ Toal Pupr s 5
Inoculation b | AR P Contribution rate
content/ % Shoot Root per pot
60 CK 0.35a 0.11a 3.24a —
GM 0.37a" 0.14a" 4.27a" 24.12
40 CK 0.32b 0. 10ab 2.18b —
GM 0.35b" 0.13b" 3.05b" 28.52
20 CK 0.32¢ 0.10b 1.05¢ —
GM 0.35b" 0.12¢” 1.51c” 30. 46
I Significant P(S) 0.000 0.000 0.000 —
P(GM) 0.000 0.000 0.000 -
P(SxGM) 0.001 0.007 0.000 —
AN Sk B JBLVETER Total flavonoids/ % %o il P
Sl v i s T Pt
Inoculation b -7 T A Contribution rate
content/ % Shoot Root flavonoids per pot
60 CK 0.62a" 0.41a" 6.39a -
GM 0.61b 0.38a 7.46a" 14.34
40 CK 0.60b " 0.39b" 4.49h* -
GM 0.43c¢ 0.29b 4.04b -11.14
20 CK 0.54c 0.29¢* 1.95¢ —
GM 0.61a” 0.23¢ 2.66¢" 26.69
M Significant P(S) 0.000 0.000 0.000 -
P(GM) 0.000 0.000 0.000 -
P(SxGM) 0.000 0.000 0.000 -

CK: KRl , M. R EEVEER R, T W — 3R IR/ING RN R K 2540 32 B B0 HBAE 5% /K 122 53 3, IR — 3 « FoR7EIR]
— KIS TR SR HRTE 5% KF L2257 83, P(S) <0.05 F/aRAKSME FIE 5% K- 12557 W2, P(GM) <0.05 £/REF CM T7E5%
K EZFEE,P(SxGM) <0.05 F/RAKDMHAF GM A 358 BN

2.3 AM ECRR K8 X5k A [ s 0 i e A B A R Y 5
AT 1o B2 o R RS 5 7 R ARy S R S R A T 38 B 2 B B, - Bl s (RS A i
R SR A TR 1) o [F— R 2R AE T R BRI 7 AR 5 7K i 25 T 8 s AR 2» 26 1E T, BB

http : //www. ecologica. en
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TR AR R AR S K B AR, KA R AM L R I R R S K B B S A
(P<0.05)(%3),
FE 1AL UL [l — KA 25 6Pt AM BCTR S 35 38 17 S [l Bk B it 5 AT s v 2 S i AN [RD K g A
T, B A AR B SR AT R S R AL R A A S A KRIEK T —ANesE TR
PR R R AR . K A F AM B AS [R5 Al R A S A B S B AU (P <0.05) .
[F]— K53 554, AR R LU R R P MR A B A ATV PR 5 i, v 5 S R bk T s Ml & i i 3y
TR A FIK 5T, BEME FE R ek , o] i ol o g T e s 3 A K T b A bR
IR B AT AM BB R R a A ol A R S BNV (P <0.05) .
[FA]—7K o3 25 R AR LU AR Rk i R e AR I 202 75 15 N TRD K 23 28 0T Bt 300 7 B fm i il 2
PR s T i s AN TR I 2R & A K, B A: B AR I S IR, K 0 3 Fn AM B0 TR JiT I AL
HAN R IR & A S B (P <0.05)
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Fig.1 Effects of AM fungi on the leaf relative water concent and osmotic adjustment of host plants under water stress in different stages
I A6 420 H) IL.h#1(7 A 10 H) I 587 A 30 H) BIPARRING S8R R 5] — AN R K 43 4 05 F 452 7 sl 0 BRAE 5.9% AKF 122
S 641 « FRORTER K or S5 AF R SR BRTE 5% KV 128 57 i 3

in different stages

£3 AM EEFKSEME R E R HAEKRN FEXNSKkEMESEATVRNEFHESHT

Table 3 Double factor variance analysis of AM fungi on the leaf relative water concent and osmotic adjustment of host plants under water stress

EfLAY AR 57K IR TEE H A AR PR 7
Indicators Relative water content Content of soluble protein Content of soluble sugar Content of proline
1] Stage I I I 1 I I I I I I | I

P(8S) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  0.000
P(GM) 0.000 0. 000 0.000 0.000 0.000 0.000 0. 000 0.000 0.000 0.000 0.000  0.000
P(SxGM) 0.912 0.038 0.001 0.008 0.034 0. 000 0. 146 0.000 0.115 0.000 0.073  0.005

http : //www. ecologica. en
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2.4 AM FCRE R 3RS R 5 it aR 3R 4 N, 4 PR R i Y 5

AL 2 o] UL, TR — KA 25 F T, Rk i B I 38 5 i 38 8 s R TR0, b2 38 5 i AR TR, BE 38
FREE I, A AR AR 3R S i RS T RAER RS TS R, rh S B R R SR R R W R B A
WIS SRR S A TR KA E R AM B OR [E] B I Rt s R S A B S TR (P <
0.05)(5£4),

5.00 500 -
3
E 400
= X &
z S i
B 300 5 i
° Nm g EE Ry
s vy i =N
®E E'S e EN
£3g 200 &g i 5N
= 2 3] £33 SN
S : g 5% N
5 3 i N
5 1.00 = e BN
g Bes fess BN
O i fee2 =N
0 g e S
0.50 - 1.50 - a*
040 |- S 125k
e bl
= 100l
B E 030 - bl o
42 2R 4 i
g's N Es 0751 o
G E 020 BEEN e =2
8 SN 5 2
= +E§ = 8 0.50 - Eost
g N z i
2 N g
0.10 - é’#ﬁ%“ S 025 FheH
i © EX
o LESBNS o L EEENE
I Il 1] I Il i
fif ] Stage

B2 KOMET AM EEXAEMNPERTFHERE 2N 2P MEERSENHN
Fig.2 Effects of AM fungi on the content of chlorophyll, total N, total P and total flavonoids of host plants under water stress in different

stages
L:aifce A 20 ) P17 H10 B IJE(7 A 30 B B R/NG T 5208 [ — W R RDK > 24 F T B0 IRTE 5% KF 122
S35, [Fl—5 # FRTE [ — K 2 T R S0 BT 5% KF b2z s

F4 AM EEFFKSHHEXNAERBEERTFHEE 2N 2P NRERNSENEFHENN
Table 4 Double factor variance analysis of AM fungi on the content of chlorophyll, total N, total P and total flavonoids of host plants under

water stress in different stages

£z lESS SEg AN oH &P FhE S i
Indicators Content of chlorophyll Content of total N Content of total P Content of total flavonoids
B 1A Stage I I I 1 I I I I I I I I
P(S) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  0.000
P(GM) 0.000 0. 000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.011 0.000  0.000
P(SxGM) 0.000 0.000 0.009 0.009 0.000 0.012 0.000 0.130 0.000 0.000 0.000  0.000

KRR EAES R AM BB XTAERR 4 N, 4 P LB & 2 B3 . W — Ko &0, 455
AM BB ERS T4 N fie P& & ; fEba R INsE, & N M4 P &8 2 T RS AR AR, of
F4aNMEP &FEaTRE, KaoEf AM BEX AR 54 N fe P S 86 B ELHERN (P <
0.05).

TRy T RN AP AM ECRRDOO I SR 5 A KR AR AR R AR A 1 1 K R 20%

http : //www. ecologica. en
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