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Colonization investigation of arbuscular mycorrhizal fungi (AMF) and dark
septate endophytes (DSE) in roots of Polygonatum kingianum and their
correlations with content of main functional components in rhizomes
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Abstract: Objective To investigate the colonization of arbuscular mycorrhizal fungi (AMF) and dark septate endophytes (DSE) in
the roots of Polygonatum kingianum planted at different areas, and explore the correlations between the colonization rate and the main
functional components. Methods Fresh roots of P. kingianum from five plots in Yunnan Province were taken as research objects. The
alkali dissociation method was used to investigate the colonization of AMF and DSE in the roots of P. kingianum. Then the
morphological structure was photographed. The content of P. sibiricum polysaccharides, diosgenin, total flavonoids and extractum
were separately determined by phonel-sulfate method, colorimetry method of vanillin-acetic acid-perchloric acid, spectrophotometry
method with rutin standard and hot dipping method with alcohol. The correlations between the colonization rates of AMF or DSE and

four main functional components were analyzed by Pearson correlation coefficient method. Results The average colonization rates
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of AMF and DSE in the five plots were 26.25%—57.54% and 31.67%—45.19%, respectively. The colonization rates of AMF and DSE
from HHMZ was higher than the other four others. All of correlations among the colonization rates of AMF, DSE and their typical structure
and the four main functional components in the rhizomes were positive correlation, in which the correlations between the content of
polysaccharides, diosgenin or total flavonoids and the colonization rates of AMF or DSE were higher, and their correlation coefficient were
respectively 0.838/0.887, 0.819/0.703, and 0.785/0.855 (AMF/DSE). Furthermore, the correlations between the content of polysaccharides
and the colonization rates of AMF hypha or DSE were significant. In addition, there were high correlations among the colonization rates of
AMEF, DSE and their typical structures, as well as the content in pairs of four functional components. Conclusion There were higher
colonization rates of AMF and DSE in the fibrous roots of P. kingianum. The correlations between the colonization rates of AMF or DSE and
each main functional component were positive. This study provides data support and experimental basis for the implementation of ecological
planting of P. kingianum and the use of biological means to increase production and income.

Key words: Polygonatum kingianum Coll. et Hemsl.; arbuscular mycorrhizal fungi; dark septate endophytes; colonization rate;

Polygonatum sibiricum polysaccharides; diosgenin; total flavonoids
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Fig. 1 Morphological characters of AMF and DSE in roots

of P. kingianum
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22 L FERI R, /D E0 O AT B 254, ELER 7 WL %
FUET o 2 [ A AR Y B 22 540 . 5 PR,
FEHL HHMZ AMF 58 J8 2 f i, H(57.5415.64)%,

JETH AR ONFERL DLXG (43.55+4.15) %. CXJB
(42.07+4.55) %+ WSXIJ (37.46£2.85) %F1 HHIP
(26.25+1.82) %, FfH WSXJ. CXJB il DLXG
ZWMEREES, BS5RAHEZRNERREE, 5
AMFEHIA] AMF B 2258 5% 5 AMF 5@ BEEEMA 25,
SENE R R HHMZ (39.87+2.92) %, Hik
EEHE DLXG(31.22+1.28)%. WSXJ(28.2941.99)%
AT CXIB (26.1+1.17) %, FfHh HHIP 1 22 58 JH %
WAK, N (22.824+1.14) %; WL EME e B
M HHMZ) Sk CFEHb HHIP) Z [ ZE R B,
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B e, B R s e B 2R R
N HHMZ (20.45+2.63) %, HIXZFEH CXIB
(18.39+3.88) %. DLXG (12.57+£4.35) %. WSXJ
(11.85+2.94) %MFEHL HHIP (5.03+1.63) %,

R 95 ] 25 TG S 3 22 ¢

#1 TREEHEENSFIR AMF. DSE EH%E (x+s5,n=3)
Table 1 Investigation statistical analysis of AMF and DSE colonization rates in roots of P. kingianum from different planting

areas(;is,n=3)

. SEFLR /%

Frit AMF MK AMF H# DSE B 1% DSE F#
WSXJ 37.4612.85° 11.85+2.94° 28.29+1.99% 34.77+4.93° 2.0240.39° 33.76+4.83°
CXJB 42.07+4.55° 18.394-3.88? 26.10+1.17% 37.134+2.71% 3.8940.11° 34.874+1.64°
DLXG 43.55+4.15 12.5744.35° 31.2241.28° 31.6712.46° 3.40£0.80% 29.03+1.57°
HHMZ 57.5445.64° 20.45+2.63° 39.874+2.92¢ 45.19+4.45° 3.3940.75% 43.44+2.01°
HHIP 26.25+1.82° 5.03+1.63° 22.82+1.14¢ 32.75+3.40° 2.31£0.61% 31.5243.53°

AR BER IR AN R R ) 2 25 PR 43 A K P o P<<0.05

Different letters means significant difference among different sampled areas is analyzed at level of P <0.05

RS AR DSE 78 H % b 8 25 ) e A%
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W% EEE . 5 AP, FEHh HHMZ DSE & 5H
Figw, N (45.19+4.45) %, HUCNFEH CXIB
(37.134+2.71) %. WSXJ (34.77+4.93) %. HHIP
(32.75+3.40) %FMEEHL DLXG (31.67+2.46) %,
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7w ARG Y 2 AN TC R 3 % 7. 5 /M DSE
W2 AT S DSE EHEE 8, SFHbT
BIEVER Y AN (43.4412.01) %, (34.87+1.64) %,
(33.76 £4.83) %. (31.52+3.53) %F1 (29.03 +
1.57) %; HZEAHTER, FEH HHMZ 53 Ath 4 4
FERb 2 R R, (HENUH TR EER . WHE
WEFEAMEAR, b5 sl a2 7 W3,
FoRZ 1A TG 5 35 22 5

AN [ b (] BEORS Z0AR. AMF Al DSE S8 JE %A

R, By zREE, XafeS5E s
KR SRR A RIS R F ) B AR BRI ZE
LR Y, TSI AR .
3.2 AEHMFZEINYR S SEMNELERIH
2 2 TT T, AN [ERE O VE SRS ARCIR 25 2 0
ERRE . SRR MY GBS E N E
R. FEHh HHMZ ZHE& &R, B3 (17.01+
0.40) %, i TIHABFE b CikEss 2, H5H
fih 4 ASFEHIR) ZE S 35 HORREHL DLXG, Z20ES
B (9.87£0.35)%, = TAEHL CXIB(8.9940.16)%-
HHIP (8.83+0.25) %. WSXJ (8.70+0.33) %,
HEREZ. EEHEHoleg R R, il
HHMZ &&HHE, N (41010.16) mglg, S
Hi CXIB (3.65+0.25) mg/g Z MK 3 ANFEih 2 6]
ZERRE; M CXIB 5 DLXG (3.361+0.26)
mg/g LREZE R, HE5FM HHIP (2.57£0.31D)
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Table 2 Determination of polysaccharides, diosgenin, total flavonoids and extractumin in rhizomes of P. sibiricum from

different planting areas (; ts,n=3)

B b ZHE% EH R0/ (mgg ) SR/ (mg g BHY%

WSXJ 8.70+£0.33° 2.1420.11° 0.64040.057° 67.961+2.39°
CXJB 8.9940.16° 3.6540.25% 0.980+0.092° 73.33£1.47°
DLXG 9.8740.35° 3.3610.26° 0.880+0.043° 74.67+2.00°
HHMZ 17.0140.40° 4.1040.16 1.38040.051° 76.91+£2.42°
HHJP 8.83£0.25° 2.57£031° 0.84040.091° 73.65+0.27°

a, b, ¢ UERAFFEHEIIRR S & B2 MMZERE (P<0.05)

a, b, ¢ represent significant difference of certain functional component among different sampled areas at level of P < 0.05

mg/g. WSXJ (2.1410.11) mg/g M Z 7 EE, JFHM
T REER. 520, BT 2 E TS 2R,
FEH HHMZ Se i & 2 R s, N (1.380+
0.051) mg/g, HHAh 4 NFEHE 2 B3 %R HIK
NFEEHL CXIB K (0.980+0.092) mg/g. DLXG )
(0.88040.043) mg/g 1 HHIP K (0.840%0.091)
mg/g, H=FZRILEEES, HE5FH WSXJ
(0.64010.057) mg/g A EZRFT¥. REV & EL
BER, P HHMZ (76.91+2.42) %. DLXG
(74.67+2.00) %. CXIB (73.33+1.47) %Al HHIP
(73.6510.27) % & B W% 2R, BT
Hi WSXJ (67.964+2.39) %, HZEREZE.
33 ETF 5 HEERR AMF. DSE EEEX5%
V. BEFMEET. RREFREYSEMEX M
& 3R, ZH&E. EHEH TR, &
BRSBTS R AMF J 3 i g Ky g i
. DSE B H Mt 78 55 0 52 5 28 W 9 2 [) 35 2 1R AH

Ko 4P IIIIR Z ANA G ES REIR, I
ARG R A, P2 HSESEHEE T, &
B IR )R R AR DG RN 0.746.
0.868. 0.839, TLRFHM; EF B H LT EL LK
Ml 3= A TA) B A OC R B0 R 0.921. 0.849,
A RREMH DEISESR B LR
N 0.853,

4 FRIhROEsr 5 AMF R iR g5y g g R 22
A A7 A B R AR DS, ZhE . EHIR e, A
R, REYI SRS AMF EHEE A 25
4374 0.838. 0.819. 0.785 A1 0.516, T EME;
5 AMF 15 22 2 [A] (A 9% 2305 119 0.9164 0.689.
0.757 1 0.512, A5 AMF 5EFH R 2 [ fIAH I H
B, 2. BEESES AMF 2 2 A A
Fhim, HAETHE RREMAR mE5REEEE P
FHE 2B N 0.640. 0.802. 0.699 A1 0.372, F
5 AMF @R 2 (B FAH I LU, ARS8 R R .

%= 3 ETHH WSXJ. CXJB. DLXG. HHMZ #1 HHJP ;B35 AMF. DSE EEXR5%E. EREFHIIT. SREMR LY

M ERXMESN

Table 3 Correlation analysis between content of polysaccharides, diosgenin, total flavonoids and extractumin in rhizomes and
colonization rates of AMF and DSE in roots of P. sibiricum sampled from WSXJ, CXJB, DLXG, HHMZ and HHJP

D ZHGR ERETOEE DRHEE RIS & AMF €% AMF 4 5E % R €% DSE % DSE WL EHE Mk e %

EZire 1.000

ERRHETAE 0746 1.000

B E 0.868 0.921° 1.000

RHMEE 0.839 0.849 0.853 1.000

AMF % 0.838 0.819 0.785 0.516 1.000
AMF F2E-E 09167 0.689 0.757 0.512 0938
ey ko 0.640 0.802 0.699 0372 0905
DSE &% 0.887° 0.703 0.855 0.460 0.796
DSE H#EHE  0.864 0.612 0.803 0.384 0.732
WEGEEE 0339 0.874 0.625 0.663 0.613

1.000

0.714 1.000

0.766 0.785 1.000

0.726 0.720 0.992" 1.000

0363 0.731 0367 0253 1.000

RN B REEMEE (P<0.01), "FoRBHBEMAEME (P<0.05)

"and " respectively mean significant correlation at levels of P < 0.01, P< 0.05
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ZHE BTG, SIS DSE KM
FARZ M FEFEAF AR S A, mMREEES
DSE % H #7845 1) 52 G 2 AH G VMR AR . 4 PR IhAkORk
535 DSE sEFEZZIAIA R R 578 0.887.
0.703. 0.855 i1 0.460, HZ¥iL DSE &R 2 |A]
SR EM I 4 FhIh RS 5 DSE 58 BE ZAH
MIEL, 2P ZEREE T, BEE. REMEEE
DSE B 22 @ JA R 2 AR G 3 T B, MG R 5o
54 0.864. 0.612. 0.803 F1 0.384. 4 FhIhRss>
55 T B A% B R 2 (A A 56 R B9 R 0.339,
0.874. 0.625 1 0.663, FHAZE {20 & =S5
B JAZ 2 8] [P AH G fe i, B Y 5y 15 DSE & DSE
P 22 SE B R 2 A [P AH 1

AMF JEFER 5 H A EEK) (AMF 122, %)
SEFA R A5 9 W25 AH G AMF B 22 B JA % 5 5%
SE FH 2 2 (A A B A O, MR BN
0.714. 1M AMF 5ES% 5 DSE J¢H A 254 e i %
Z A EoR, H5 DSE 8 DSE W4 e %
Z IR BI A SRR, AHOG R E 08 0.796+ 0.734;
-5 o B A B 2 2 T) AR G VRS, AR SR RECH
0.613. L4, DSE EEZ Y DSE W 2258 % |H]
(FIAL I AR R 2 (r=0.992); T1fii DSE & DSE
22 SEFA R 5B % 2 8] PR S A B, MG R
378 0.367. 0253,
4 e

R R 2 AR SE, EE TR R D)
AMF. DSE 7ECEARPRIA S, SEampifivh, (et
AW I A O T R A A R
W R, BAFERE AMF BM7EEH =
Glycyrrhiza glabra L2V, 1 Mentha crispa L.,
H2 Stevia rebaudiana Bertoni > H3E5, A LAME#ETE
FEHAK, FERIESINEY R, A, AMF [ E 5
AT U 25 F R T R8O I B . E B
4 PRSP T R B, VAR R RS B S AMF
() 5E % 52 . E A Toussaint 259, Urcoviche!®”!
SEAE SE e B AMF ®] DL i & 2 8 Ocimum
basilicum L. # A PR AR, RE AR kG vl
&, HY5 AMF MR ERERZBEMC. HAT 2
FIHE4) DSE W 53U 580 o WFFE R BN, BN [H) Jw
] DSE #Fi{EMIFC Lycium barbarum L.\ A fi
Dendrobium- £ Epimedium wushanense B. L.
Guo R#E, W LARERmILAEWETS, JExtg

BB S & Saussurea involucrate Kar. et Kir. H 77

TREBEFEPLEN. B EETNSEGREE
FPS, RS ah R, RS2, B
BHETEES AMF. DSE KM H LRI G5 e iR 2
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