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Diversity and antimicrobial activity of endophytic fungi in Sophora
alopecuroides L. from Baijitan National Nature Reserve of Ningxia

GU Pei-wen, HAO Li,XU Run, HU Mei-juan, MA Hai-long

(Agricultural College s Ningxia University sYinchuan s Ningxia 750021, China)

Abstract: [Objective] The composition, diversity and antimicrobial activity of endophytic fungi from
Sophora alopecuroides L. in arid and desolate areas of Ningxia were analyzed, which could also provide re-
search methods and theory on rational development and use of endophytic fungi from S. alopecuroides L.
[Method) The endophytic fungi were separated and cultivated from 25 samples of healthy seeds and plants
of S. alopecuroides L. in five sample plots were sampled from different vegetations and soil types in Baijitan
National Nature Reserve of Ningxia. Endophytic fungi were classified according to their cultural and mor-
phological characteristics. Colonization rate,isolation rate, Shannon-Wiener index and Sorenson’s similarity
coefficient were calculated. A variety of antimicrobial activities of endophytic fungi were analyzed by agar
block shift methods to 6 pathogenic fungus strains. [Result] 214 endophytic fungi were separated and culti-
vated from 25 samples of S. alopecuroides L. quantities of endophytic fungi from different parts of

S. alopecuroides L. varied. The endophytic fungi from seeds were the most in its all parts and that of leaves
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for the same plant was the least. In different vegetations types,quantities of endophytic fungi were signifi-

cantly more in the sandy weeds than in other desert steppes. These isolates 199 were sporulated and identi-

fied into 22 taxa by cultural and morphological characteristics. Qospora and Cephalosporium were the com-

mon taxas in the five sample plots. The endophytic fungi groups of sample plot [ , IV were related more

closely to that of sample plot [l , V. Antimicrobial ratio was different among 214 endophytic fungi from

S. alopecuroides L. which tested different genera. And 167 (78.0%) endophytic fungi had antimicrobial ac-

tivities. [Conclusion] There was rich diversity and bioactivity of endophytic fungi from S. alopecuroides L.

in arid and desolate areas of Ningxia.
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Table 1 Basic condition of each sample plot from Baijitan National Nature Reserve in Ningxia
- IEPER Soil
FEIX A4 2 Y P W RRAE Witk /m HHLE/
Sample Vegetation Vegetation Altitude A H (g kgD
plot type character Type Organic
matter
VURTAE BT 50 2 20 B0 A7 AR B L A Sk o 4 A AE /N R
BONER A FRE A AN T T ORI E TS
e e e 2 4 IR TE TSR 400 5
e gt E%‘H‘E% E%/%?EMEE 'éEE‘ , o ‘ e 4
Vegetation community was dominated by gramineous .
1 Desert .\ . 1 350~1 370 Light 7~9
stebpes grass and small shrubs,e. g. S. brevi flora, A. splen- sierozem
Steppes dens, C. korshinskii, O. aciphylla, accompanying S. sieroze
alopecuroides L. , P. nigellastrum, I. bungei and so
on,the coverage was about 40%
DL 58l PKORE AR B 5 A R B2 R I SR A L £
ARG CH R A AL 95 TE Y, BE VR
26 [E 50 yZ‘EE N
i)z 09 /0 S 4
b A R B E R Vegetation community was dominated by gramineous “‘m%i
I wa 1 350~1 370 Light 10~12
Sandy weeds grasses,e. g. P. centrasiaticum,A. desertorum and S. sierozem
breviflora, accompanying S. alopecuroides L., G. sieroze
uralensis,C. korshinskii, P. nigellastrum and so on,
the coverage was about 55%
DI S o) Ay SR g L Ub 45 A B AR g AR E R
MR RAFRE AL W 7 L W% IK g%
B A BT 35 % A A
It 58 i : . ) . : . o
Vegetation community was dominated by desert xeric Kb+
1 Desert . N . R 1410~1 425 . 4~6
ot ] shrubs and subshrubs,e. g. O. aciphylla,C. korshin- Sandy soil
steppes skii and A. mongolicus, accompanying S. alopecu-
roides L. , G. uralensis, A. squarrosum, P. nigellas-
trum and so on, the coverage was about 35%
DN A E R L AN SURUE AN E R YIN
S B9 50% A I
. b M R B B R Vegetation community was dominated by S. alopecu- ) R
I\l . : . . 1 390~1 400 Light 10~12
Sandy weeds roides 1.. yaccompanying G. uralensis, A. desertorum, sierozem
A. desertorum, P. centrasiaticum,C. komarovii and so ’
on,the coverage was about 50 %
VLR TR £ 400 56 52 A /N E R g O 34 3 B 2F 3% B
I 2 . % T ETE CHEVEE IR 400 N
g BB BT TS BRI 000 .
. Vegetation community was dominated by xeric o
V Desert . . 1 360~1 380 Salinized 7~9
shrubs,e. g. K. cuspidatum and R. soongorica,accom- .
steppes sandy soil

panying P. nigellastrum, C. komarovii, S. alopecu-

roides L. and so on,the coverage was about 40 %
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FITCH RT3 U, IR B8 75 0 Il RS 18 30 s,
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DN 23 B 1 N AR LR AR
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SR I BRORR RS Pyt 4 T 9 2 LB AT RS BT
M E . T8 T 0 E R B (Alternaria solani) |
N IR W (Fusarium graminearum) 35 i K B 9%
x® 2

W (Botrytis cinerea) | & JN Y 25 95 B ( Fusarium oxys-
porum) L5 BT IR E (Fusarium sul phureum) (3
MBI 1 (Colletotrichum capsici) , 41 T B K2FAR
27 B AR s B S 50 %E y BSARAT

PA A= L TR A TR 6 = R B A T EL A A R T Y
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Table 2 Colonization and isolation rates of endophytic fungi from S. alopecuroides L. of each sample plot of

Baijitan National Nature Reserve in Ningxia

75 AE KX

T H FEX 43 B FE B . ) 53 B A RAE/ % IFESR/ Y
No. of samples . . o .
Item Sample plot No. of samples . . No. of isolates Colonization rate Isolation rate
yielding fungi
I 25 18 31 72.00 124. 00
I 25 14 13 56. 00 52.00
Uy Il 33 13 19 39. 40 57.58
Root
I 25 4 3 16. 00 12. 00
V 41 21 20 51. 20 48.78
I 25 4 3 16. 00 12.00
il 25 17 23 68. 00 92.00
= i 34 1 1 2.94 2.94
Stem
I\ 25 19 19 76. 00 76.00
Vv 36 10 9 27.78 25.00
1 25 3 2 12. 00 8.00
I 25 1 1 4. 00 4. 00
" Il 33 2 3 6.06 9.09
Leaf
v 25 2 2 8.00 8.00
Vv 43 9 9 20.93 20.93
I 10 8 10 80. 00 100. 00
I 10 10 20 100. 00 200. 00
ﬁ]% Il 10 2 2 20. 00 20. 00
Seed
I 10 10 21 100. 00 210. 00
\ 10 3 3 30. 00 30. 00
1 21 8 12 45. 00 61.00
I 21 11 14 57.00 87.00
N3 A
T 1l 28 5 6 17.00 22.40
Average
v 21 9 11 50. 00 76.50
Vv 33 11 10 32.50 31.18

i 2 nf DL, AR BT AE v ST AR AR i 0 AT
FRABCR A, FEAEY)AS [ L2, B g oy 4E 1
AR G e B AR O O Bl AR 2R Horb R
F IR AR AR 53 B T S E 43 0 S 66,00 A
112 % ; FR AR, 20 50k 46. 92 %6 Fi1 59 %6 5 348 F¢
AR 10,20 % F1 10 %6, Uk B 3 KT A R ORAR
HA B N A BRI R,

HIZE 2 nf LUR HY L DR XA AN [ A 4 28 R %) 3y
ETNAERRRRNERE NE R, S TNAER
B RZA R ERBEEECA I >N> 1>
(= VSR SNE AN S SR SR R i o
FR VD AR B CIAT IV D o |y T FOAE Bl AT 55 3
(BONZEAD) ARA B A w27 N A
R AR R B R s AR TN A B
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A B g SR A EOR 2 R R W O O B R Y S
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I G A T AR AR B AR

- e A ML = T A B A B
AT —E R EREU, FR I IR K 1 > K
ot R RCAIR KA ol A R B AL
BT & AR A T SV E MY K R 2R
PEFE K AP & AL, R E T 5 K
PR 2% B L 4y A R Ak S BomE o LR K
PRI 4 8 ) P9 A LR B R D
3.2 BEETFTHRNEERENARSH

XPor e 214 tRINAE HWHIT S E. KA

199 BRI A H R BE ™ AR 7, X 199 B JR T 22 4>
J& (3 3), Hifth 15 ¥k (i 7. 01 YO B B 9 4416 T
AP T . R 3 AT, W TN A B RS
FEX I i e B85 208 T 16 A& FE XTI I
DAL EE 9 A E . kB EJE (Cephalosporium)
FUNTE M5 8 (Oospora) NAFEX W ILH B s 3 451
J& (Alternaria) . B0 JE 1 % J& (Oospora) 1 3 % B
(Geotrichum) JRFF AL E . 5 ASFF XA
S B ) £ R 4 45 2 (Shannon-Wiener in-
dex) K/MEKIR M TT (2. 46) >V (2.38)> T (2.28)>
M (2.00)>V (2.00), X455 H: X v &7 AL HH
A4 AN 3 B AR R AL, BB O N B
1R AN 53 8 20 (0 b DX ) A o R
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Table 3 Relative frequency of endophytic fungi from S. alopecuroides L. of each sample plot of

Baijitan National Nature Reserve in Ningxia %
B4 FEIX. Sample plot
Name of genera T ]] m I v
LHEfL B Alternaria 2.1 12.7 11.8 38.3
BB Penicillium 6.4 1.6 4.3 5.0
ENEE B Stemphylium 4.3 11.1 5. 9 7.5
phy
)8 Aspergillus 3.2
R W EE &/ Torula 2.5
M B8 Fusarium 6.4 4.8 11.8 12.5
k1@ Cephalosporium 10. 6 1.6 5.9 12.8 7.5
I #1% )8 Oospora 8.5 11.1 29.4 2.1 12.5
G B Helminthosporium 5.0
W & Geotrichum 27.3 11.8 2.1 17.5
B JE Monilia 1.6 6.4
A B Aureobasidium 11.8 2.1 5.0
FR )R Cladosporium 2.1
N8 JE Endogone 2.1
W22 T JE Ozonium 17.0 3.1
2% W & Rhizoctonia 1.6
X EHE)E Phoma 1.6 17.0 2.5
WK AR E Macrophoming 12.7 2.1 2.5
W )E (M ERHW]) Thraustotheca 8.5 12.7 5.9 4.3
KWEB BRI Leptomitus 3.2 2.1
E5eii )R Chaetomium 4.3 2.5
W B Sordaria 2.8 2.1 7.5
T A Mycelia sterilia 10.6 7.9 5.9 10.0

3.3 HEFHNEEEMMBEME

XFOR TR 5 AN X3 5 P AR TR BE TR 1 A A
PEHEAT M S5 4, thER 4 al AL, 5 MEEX R
W S N AR LRI I AL R BLFE 0. 48~0. 76, H;
AR R AR X T SRR, AL =
TR HOEREX IV SRV FALTE R 2L
0. 72 FeARARFER T SHEXIV (0. 48),

TR AR A A AR DR X ML (1 g 2
TYAE SR AP X Z2 AR K L oy T 0 B O A IR - 3
TR A KR RS IR A FE B AR T B
IR ZE R BLRAL T AR . T S5V
55V I DX 1 A A R v 1 e R AR DL A
e T aed 25 P A0 AR A SIS TR A ) R A
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Table 4 Similarity of endophytic fungi groups from S. alopecuroides .. among sample plots of

Baijitan National Nature Reserve in Ningxia

FEIX. Sample plot I il v VvV
1 0. 64 0.76 0.48 0. 50
11 0. 56 0. 69 0. 60
Il 0.55 0.61
I 0.72

3.4 HETHEEEWHEREENE

XF 43 B 214 B T N AR LR AT T T
W 455 (3 5) KWL A 167 £k (78.000) NAE AT
XL 6 AR i It B TR B AT BT T L (HOR [
J A A LR R 2= R OR . B AR R (Stem-
phylium) | [58] B £ J& (Torula) , W 0 & J& ( Hel-
minthosporium) . # % J& (Geotrichum) | % ¥ 71 )&
(Cladosporium) . N % 5 J& (Endogone) \ M. K 25 i
W & (Macrophoming) M 7% 1 J& (Chaetomium) 1)

I FRIL 90% A b #E M 5 8 (Fusarium) | 3k 155
J& (Cephalosporium) Y IE 85 J& (Oospora) (K 24
W& (Ozonium) | 25 5 % J& (Phoma) | # 5% W J&
(Sordaria) e JE (Alternaria) . 5 & J& (Peni-
cillivm) FITCHL R IR Z 30 B 3R AE 75. 0% ~87. 5%
2 8 (Aspergillus) . B 2R J8& (Monilia) | 55 ¥ 5
J& (Aureobasidium) F1k % 5 J& ( Thraustotheca) )
MMTEREITE 607 LLF .
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Table 5 Antimicrobial activities of tested different genera endophytic fungi from S. alopecuroides L. of

Baijitan National Nature Reserve in Ningxia

Pt R KG9 5 JR B Tested fungi
" %ﬁk%& i i IINZZ TR D WA ERE .. i~ it
Name of genera ;I‘ter:sil ?ﬁ%&? Rg;ﬁgﬁ | ?ﬁrj)ﬁ. 4‘%{1}%%%}% B Fﬁfr?@ #)?%i;;{ﬁ;[f‘ Total
A. solani B. cinerea nearum  F.sulphureum  porum
ZHEHUJE Alternaria 29 5(17.2) 16(55.2) 1(3.4) 2(6.9) 18(62. 1) 6(20.7) 22(75.9)
HEJE Penicillium 8 3(37.5) 4(50.0) 3(37.5) 3(37.5) 3(37.5) 4(50.0) 6(75.0)
B EEJE Stemphylium 13 3(23.1) 6(46.2) 000) 3(23. 1) 9(69. 2) 2(15.4) 12(92. 3)
5 & Aspergillus 2 1(50.0) 0(0) 1(50.0) 1(50.0) 1(50.0) 000) 1(50.0)
5 /8% £} J& Torula 1 1(100. 0) 1(100. 0) 0(0) 1(100. 0) 1(100. 0) 1(100. 0) 1(100. 0)
BB E Fusarium 13 5(38.5) 8(61.5) 8(61.5) 6(46.2) 9(69.2) 5(38.5) 11(84.6)
L H1EF I/ Cephalosporium 16 4(66.7) 7(43.8) 6(37.5) 5(31.3) 5(31.3) 6(37.5) 14(87.5)
YUK #L55 )& Oospora 22 6(27.3) 15(68.2) 9(40.9) 10(45.5) 9(40.9) 11(50. 0) 18(81. 8)
iﬁfﬂ%ﬁ(“ﬁmm 2 0(0) 0(0) 2(100. 0) 1(50.0) 1(50.0) 000) 2(100. 0)
Wi B 8 Geotrichum 20 10(50. 0) 13(65.0) 10(50. 0) 9(45.0) 10(50. 0) 9(45.0) 19(95. 0)
H IR Monilia 4 000) 0€0) 0€0) 1(25.0) 1(25.0) 1(25.0) 2(50.0)
f‘jﬁﬁid”‘m 5 0(0) 0(0) 2(40.0) 2(40.0) 1(20.0) 0(0) 3(60.0)
K@ Cladosporium 1 0(0) 1(100. 0) 0(0) 1(100. 0) 0(0) 1(100. 0) 1(100. 0)
N #5 J& Endogone 1 0(0) 0(0) 1(100. 0) 0(0) 0(0) 1(100. 0) 1(100. 0)
22 & Ozonium 10 3(30.0) 4(40.0) 3(30.0) 1(10.0) 4(40.0) 3(30.0) 8(80.0)
2 ¥ @ Rhizoctonia 1 000) 0(0) 0(0) 0(0) 0(0) 0C0) 0C0)
2 5% & Phoma 10 4(40.0) 2(20.0) 1(10.0) 2(20.0) 6(60.0) 5(50.0) 8(80.0)
ﬁffpfﬁi, 10 2(20.0) 9(90.0) 6(60.0) 2(20.0) 8(80.0) 4(40.0) 9(90.0)
W% 8 Thraustotheca 15 3(20.0) 5(33.3) 4(26.7) 4(26.7) 3(20.0) 4(26.7) 5(33.3)
KB J® Leptomitus 3 0(0) 0€0) 0€0) 0(0) 000 000) 000)
EFEE Chaetomium 3 0(0) 2(66.7) 0(0) 0(0) 2(66.7) 1(33.3) 3(100. 0)
#5CH 8 Sordaria 10 3(30.0) 6(60.0) 8(80.0) 2(20.0) 7(70.0) 4(40.0) 8(80.0)
T Mycelia sterilia 15 5(33.3) 9(60.0) 7(46.7) 7(46.7) 11(73.3) 6(40.0) 13(86.7)
411 Total 214 58(27.1)  108(50.5) 72(33.6) 63(29.4)  109(50.9) 74(34.6)  167(78.0)

TE < 455 S0 K0 Dy X S AG I3 D B AT 5 L Y TR K 4 5 1A RO DA 0 D BRI R R

Note: The numbers outside and inside parenthesis indicate respectively numbers and percentages of antimicrobial endophytic fungi of tested

one against the test organisms.
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