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Effect of Epulorhiza sp. on Root Morphology of Dendrobium officinale and
Their Symbiotic Relationship

WANG Wei-ying, ZOU Hui, DAI Yi-min, LIN Jiang-bo®

(Subtropical Agriculture Research Institute, Fujian Academy of Agricultural Sciences, Zhangzhou 363005, Fujian, China)

Abstract: In order to understand the symbiotic relationship between Epulorhiza sp. and the roots of Dendrobium
officinale, and also to make certain the influence of Epulorhiza sp. on root morphology, the roots of D. officinale
were irrigated with liquid cultured Epulorhiza sp., the changes in phenotype and ultrastructure of roots were
observed after three months. The results showed that the cortical cells of root were invaded by mycelia, which
induced the formation of mycelium group to form a symbiotic relationship between Epulorhiza sp. and the roots.
The content of IAA in root increased after co-cultured with Epulorhiza sp., and the lateral roots were induced for
increasing root volume, as well as the root vitality was significantly improved. Therefore, Epulorhiza sp.
co-cultured with the roots of D. officinale not only could generate mycorrhizal to establish a symbiotic
relationship, but also the symbiotic mycelium could colonize in roots, induced the changes in root structure, and
the formation of lateral root played an important role in growth of D. officinale.
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KR FMM, MR ARG, AR 7232
AR BRoE TR AR I RIDA, 8RR R R 8
DR FR, RRAEZRIM LA RIEEEEAER,
FEAERR LA AR FIAR B IR LB W

T2 T MR B & TR B AR 7 R (Epulorhiza), 77T
ZRERHED T, AR E KR T TR E (A
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BEER R B B AR . B RTR BAR T R RIE AT
B PR R A AR A DG 7T 0, ik
AR S AR R M TCIE D . ARBETTRTI T
TR B Al 58 R A R I R
MELBIFFT . A AR T AR A NS A it ) A B (R AL
Ro AW TCIERE IR B AT AR 22 5 HE TR T MR 1R T VR
BEAT HERE IR R FUMR T 5 8Kk B2 A AR &R 2 T e T
JRARAE R AR, O N AR U A R B A TR KN T
S YA LA K B 5 A A0 OR A7 45 T R 8 B
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1 PRI ¥

1.1 #E

B A BN e S L B A 2k B2 A it (Dendrobium
officinale), J% B4 & (Epulorhiza sp.) Btk NAE 4
ARV 2 e W FAHT ANV BT T At

1.2 Fik

i SRR Je L iR K B 2
N AAF R e, Bk i A B W Rl e
L, SR 3, A 3 Hk.

HWREE SEEME  ECHAE PDA K%
B, NBRRE, BN, 1£ 180 r/min 28°C 7E

Ui E 7d 5, ARV RIE 2 2125), H
5 mL B M B AR AR S, RS 3
MAE 5 mL, #2112 5. BRI (T), KEz
BRI R0 BRZH(CK) B H #2881 I, s Sh R 3 1K,
5 3 K G 2 EXAR R4 HURE

ERKERNE SR ARETETE A
K& A KR, SR EE KRR,
KR HEAEN AR Giit— SR AR 2R (1 %
& KEKT 5em MR AMZET RAENET, &
THEEE TP IAEBETE, BOPFME: MESAEKE
MEBTF B, BEFEME; S8 TTC LRI E i)
FIG I s 210 F R I e 2 W B (ELISA)TZER
& AEAE O 5 1AA F &, FE4h 0.5g A 5 mL 80%
FHEESRI, 5506 T UK A9, IR 250 (4 000>g)
10 min, biEWIL Cis ki, HX 200 L R, BEAE
O PAEFRFRIEY) 3 IREE .

LS FH R 8] 52 I 42— R B LTS 1)
HIRE DT EELS1T), A HEF Epon812, I LKB ZY##1)
R R, SRR AE MR R aE, T
JEM-1010 AU H1 B8 P LS. flE.

BREMAHFRUE  RH CTAB AN A
HLFFERA] DNA, KA HE ITS FPal@E 5% 1TS1
(5-TCCGTAGGTGAACCTGCGG-3) M1 ITS4 (5-TC-
CTCCGCTTATTGATATGC-3")# 1 5.8S rDNA-ITS
B B . PCRY AR F: 94°CTIAEME 5 min, 94°C
A 30's, 50°CiEk 30 s, 72°CHEfH 45 s, 30 ME
¥, o 72°CIEM 10 min. PCR P44 1.2%35 g ki
SRR, VIR E Wy, R as =P Rl
. ¥ PCR P29t Bl TAY TREHRRSH
FRAFI, SR wRER TSI

1.3 Himars
K FH DPS X H4fs AT G vt A B RN 15 2 P A 56
o, E2EIKF N 0.05.

2 SR

2.1 AR BN A R TE S R

PR BUR Je A R B 38 )5, 20k 3 %
(B 1), Fewi A B Rk B R IR AN E R B H 2
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Fig. 1 Effect of Epulorhiza sp. on root morphology of Dendrobium officinale. CK: Control roots; T: Treatment roots. The same is following Tables and Figures.

2.2 EEREXIR R L HIR M
FARACANMAR A HE AR R PEAR, wdk
B IR 51 AR AR G5 R AR R A A AN E AR AR
T ERIFAE FR AR, 7R MAR S &
TR, XA REEER. RRASMREE
1A, MIAREG 2, HARRHOE , XA
R H, SWMEREEFEEZR. BTEREK
AR, A SRR RR DL TR K E
B, TR 1 ARG, BRI
T ERAE FRA, RIIAR A AT FE AT 2
BT ERME IR, ERERKEB R EFIEEK,

5o REREE I ERKEZ X RE, HERA
BRARTRHRE2REEZER, FOYARKER
AR AR IR J5 B SRR A EEXS B, i 45 HARAA A
wHEK.

2.3 R B AR RIS S MR

ARG FI AR IR RB ARG 2N 15859, 2 &
WAR R RER) — TR G abn. MR 2 AT, $%
T e AR R s, XTI 1.8 £, 2575,
XA RES HOR R A K AL AR EOCR ) %
A, MU T B SR AR RIS RE 858, X0

PRI G I EARK LE X R, S ERERE  EErEKAEAEENEM.
1 IR R AR RO B B A AR AR FR) 2
Table 1 Effect of Epulorhiza sp. on root of Dendrobium officinale
MR % THRK (cm) i MR (cmd)
Lateral root number Main root length Root tip number Root volume
CK 0.00+0.00b 8.16+0.53a 1.00+0.00b 1.08+0.41b
T 3.58+0.97a 5.81+0.39b 4.29+0.98a 1.44+0.29

[R5 B Jm AN R 7 B R 22 57 25 (P<0.05) . FR Al

Date followed different letters within column indicate significant difference at 0.05 level. The same is following Tables.

% 2 BB R AR R J) . IAA i, B RCETHORE BT BRI

Table 2 Effect of Epulorhiza sp. on root activity, IAA content, effective stem number and weight of Dendrobium officinale

AW/ IAA HRETH AMZET iR Weight of
Root activity (/L) (mg/g) Effective stem number effective stem (g)
CK 528.55+18.24b 5.37+0.42b 5.56+0.53b 10.86+0.65b
T 956.69 +23.23a 9.78+0.68a 10.82+0.94a 29.34+2.59a

2.4 FEHEBENT IAA SEKEH
HHER 2 v 0L, BB R B e 3E M T 1AA 195
=, WiER 82.12%, SXREIKEREE . XENK

NERAERRRIFRIOEA 22 EHHN, AERER
KHEBEE AR IO, WIRIS. ZFR. TR
JE WA, HARRE FRR A, R
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IR IAA & EAH N (& 2: C); EFE AR IR EEARE L#G7F2
#2216 (K 2: B), HIEAZIRARELZ4E)E, L4
2.5 EREXMRKR G FELfE PN SR TR B SOIR R T 22 11, TR 22 141 o 4

X SRR B R IR IR SR SR IR, BTHUR T AR ORI R, A A A T R 4 (B
ST RBMUE . SIRERY], REEXER  2:D). MARAKZMMZHILE, 8P Rk s
RIZEAWLA(E 2: A), BARLRASIHME  FHEZHRTE(E 2: E), WLEMRNIELE

X158 168 um

1S5k 1,888 18 um { X1, 808 18 um

P 2 98 AR R0 Bk B A IR AR A o Ar X IRARAR T, B B2 Jm FOARER T C: X IRAOHRANM; D: WS RIARYING; E: T 22 AR B 2 TR N\ 41
M, B W MR AR Z; G R AR IR .

Fig. 2 Infection of Epulorhiza sp. on root of Dendrobium officinale. A: Surface of control root; B: Root surface after inoculation; C: Cell of control root; D:
Root cell after inoculation; E: Mycelium penetrate cell plasma membrane into Cell; F: Mycelium emerge from cell to root surface; G: Root hair on surface after

inoculation.
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FRARIEEL T H 22, B 22 7] DUMZH i Y 28 A5
A K BNR R 2 (B 20 F) o bR 22 R0 22 [ TE Je 24
LAY, WKL, REERLSh
R CIEM T AR AR

2.6 PCR I1lF

739 CAYE B AR B TR R 2k R A iR A 2 B AR R 42
B AR DNA NHEAREEAT ITS FRoI 94, 45 53R mH
(B 3), ARELH X AR A I 27, TR
] PCR I 18 == W) E £ 630 bp A 15 b 2645 LB, 5
JE AR E DNA 45 K/MHE . PCR P=4i% FilgA:
Ty, 3l A oo [E]E ik 100%, B 4
JE IR AR B B 22 AR AN JF e A R, ARt
IR T HAR .

2000 bp

1000 bp
750 bp
500 bp
250 bp

100 bp—>

3 PCR #8414k . M: DNA Marker; 1~2: SH IR HIE; 3~4: I
IR 5~6: B
Fig. 3 Electrophoresis of PCR amplification. M: DNA Marker; 1-2: Epulorhiza

sp.; 3—4: Control root; 5-6: Inoculated root.
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MRE AT AR AT A T 38 AR R 1 5 77 50 FIK 7 1)
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R W LR T 22 DA IR B 3R B A 3t N A A
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T LI, X LG TR 22 P R B ) G5 M SRR O i
PN TR 22 141, TR 22 A PR B 2 R T R R
AT TE A KR TR AR T E 15N B B A T R B = 4
MoJa, FEANMAN IR 2 4], U AR I S
BEAT R B T EAR, RIS R, i
ITS %7€ Ja %W C RN E I T,

Fig. 4 Effect of Epulorhiza sp. on aboveground growth of Dendrobium officinale. A: Seedlings; B: Effective stems.



%2

EARIEAE R TR Tk B MR RS IR S LA R R B AL 129

IR E T SRR IR ARG, WLZEAE
LLEEIBET AR WK B TR R AR MR
RE AR b4 3 By 4E2E RIUATIA PABA 22
B AR R KPR i 2 MR TR 2, &
RS IV R ATE 7 2 PR T R B T o v -5 1k B A AL
A ROLE R, SRR 8k B i A K S A,
mOR ek, ZRERLRG, PAERRE, RAK
& AW FUH IR AR 5 A R B AR e &R
Ja, EERARAE — % ERIR RS R T 24,
TR ER B2 MARARE, R LRSI %
AR, B0 T ARIRECRMRIA R, il TR ARG /1
AIAA F 8o K& BT FUIE B AR E ] DU 2E AR
A, TR EEIAR ) 2 A 2 AR K R
PEz B, = TR AR E T TR iR AR T 3k
AFHRA T IAA & BR &I, FHedt ORIE it
it — LT

ASHIE ST IR TR AR T RS JE I 1R AR R = 4
BEAIFEST ML, 2R AR N T A
PER AR o BRBAT A RO R IR IR 35 T H, TR
AR R et 1 AR AR AR FAR B AR s, AT
N7 RRARE . RARBNERIR, R T Rk
MRARGE, RE L R SOK 7 FVE IR Ry DLt | 5
MIAEAC, TR —2D 0 Ho b AR A R AE 57 ot
(KB TS He it R R AT (R B AR R K A A 31
RO AR B R RS, AT RAg e AR
LGMACRERIAE T, AT AR 525 S AR il (R AR
OB, TN TR B A N TR R AT A AL AT
A7 EL BN AL

BE

[1] SONG Z. Research on symbiotic relationship of Dendrobium sp. and
Tulasnella calospora [D]. Beijing: Chinese Academy of Forestry, 2017:
11-17.

R, AfHS KA IR RFIFL [D]. dbxt o E ML
WFFTRE, 2017: 11-17.

[2] YU J,JIANG H X, ZHANG B Q, et al. Characterization of endophytic
fungi from Dendrobium officinale and study of their influence on
growth of seedling and protocorm [J]. Acta Phytopathol Sin, 2017, 47
(4): 541-550. doi: 10.13926/j.cnki.apps.000062.

Wi, R, SRORER, SF. PIRRER A i P AR S LB A R
BREAKMN [J]. YR, 2017, 47(4): 541-550. doi: 10.
13926/j.cnki.apps.000062.

[3]1 LI M. The characteristics of orchidaceous mycorrhiza and application

of mycorrhizal fungi in orchid culture [J]. J Yunnan Norm Univ, 2001,
21(4): 68-71.

FH. R S R R L E A D] =
R JTIYER 2244, 2001, 21(4): 68-71.

[4] GAI X G, XING X K, GUO S X. Ecological research of orchid
mycorrhizae: A review [J]. Mycosystema, 2014, 33(4): 753-767. doi:
10.13346/j.mycosystema.140024.

FE, MRl TR, ZRERRAESPIIRER ). EYY
&, 2014, 33(4): 753-767. doi: 10.13346/j.mycosystema.140024.

[5] XU L, TIAN J N, WANG T, et al. Symbiosis established between
orchid and Tulasnella spp. fungi [J]. J Nucl Agric Sci, 2017, 31(5):
876-883. doi: 10.11869/j.issn.100-8551.2017.05.0876.

YR, BEEYE, £, 5 RERBARRES 2RI AR R
S []. AR, 2017, 31(5): 876-883. doi: 10.11869/j.issn.100-
8551.2017.05.0876.

[6] JIN H, XU Z X, CHEN J H, et al. Interaction between tissue-cultured
seedlings of Dendrobium officinale and mycorrhizal fungus (Epulorhiza
sp.) during symbiotic culture [J]. Chin J Plant Ecol, 2009, 33(3): 433—
441. doi: 10.3773/j.issn.1005-264x.2009.03.002.

S, VEBAE, PREAE, . SR AR S AR Kt R
MR EAEA] [3]. EWEZSER, 2009, 33(3): 433-441. doi: 10.
3773/j.issn.1005-264x.2009.03.002.

[71 ZHU B, LIU J J, SI J P, et al. Effects of endophytic fungi from
Dendrobium officinale on host growth and components metabolism of
tissue culture seedlings [J]. Chin J Chin Mat Med, 2016, 41(9): 1602—
1607. doi: 10.4268/cjcmm20160906.

R, XU, e, A B AN AR R RA R A K
SRU AR [J]. SFEFZ2E, 2016, 41(9): 1602-1607. doi:
10.4268/cjcmm20160906.

[8] LIUH X, LUO Y B, LIU H. Studies of mycorrhizal fungi of Chinese
orchids and their role in orchid conservation in China: A review [J].
Bot Rev, 2010, 76(2): 241-262. doi: 10.1007/512229-010-9045-9.

[9] WEI X W, LU J, WU H, et al. Research advances on plant roots [J]. N
Hort, 2012(18): 206-209.

ARipesE, B, R, & HYRKRMAER [0 LrRZ, 2012
(18): 206-209.

[10] MALAMY J E. Lateral root formation [J]. Ann Plant Rev, 2009, 37:
479-480.

[11] YU P, GUTJAHR C, LI C J, et al. Genetic control of lateral root
formation in cereals [J]. Trends Plant Sci, 2016, 21(11): 951-961. doi:
10.1016/j.tplants.2016.07.011.

[12] LIANG H Z, DONG W, XU L J, et al. QTL mapping for main root

length and lateral root number in soybean at the seedling stage in



130 T A A A

08 4%

different N, P and K environments [J]. Sci Agric Sin, 2017, 50(18):
3450-3460. doi: 10.3864/j.issn.0578-1752.2017.18.002.

PR, W0k, WA, S5 R RUBE AL BRSO AR A
AR QTL @Az /4T [J]. FEAR A, 2017, 50(18): 3450-3460.
doi: 10.3864/j.issn.0578-1752.2017.18.002.

[13] YAN N, WANG Q X, JI D G, et al. The invention relates to a tubercular
mycorrhizal strain and its application and a mycorrhizal fungus inocu-
ation method: CN, 201310467768.5 [P]. 2014-01-08.

FE, B, R, S5 TR R AR T TR PR A H R AT AR
B R T, 201310467768.5 [P]. 2014-01-08.

[14] ZHU X M, HU H, LI S 'Y, et al. Interaction between endophytic fungi
and seedlings of two species of Paphiopedilum during symbiotic
culture [J]. Plant Div Resour, 2012, 34(2): 171-178. doi: 10.3724/SP.J.
1143.2012.11144.

REBW, UL, B, S WA SRR L R R R T
MEAER [0]. EH K5 RIESR, 2012, 34(2): 171-178. doi: 10.
3724/SP.J.1143.2012.11144.

[15] YAN H L, CHEN X M, LIAO F H, et al. Effects of mycorrhizal fungi
on the growth and dendrobine and polysaccharide accumulation of
Dendrobium nobile Lindl. seedlings [J]. Chin PharmJ, 2016, 51(17):
1450-1454.

EER, PRet, B, A5 BRI S EUa A A K A
TRANZ MR RAO5EN [J]. P EZ2EA4E, 2016, 51(17): 14501454,

[16] LI Z T, ZHOU Y. Plant Hormones and their Immunoassays [M].
Nanjing: Phoenix Science Press, 1996: 1-345.

PRE, F RGBSR [M]. FA TLI5RE
HOR R4, 1996: 1-345.

[17] WANG W Y, QIU Y X, QIU S L, et al. Photosynthetic characteristics
and chloroplast ultrastructure of sweet potato leaves infected by
Ralstonia solanacearum [J]. J Trop Subtrop Bot, 2014, 22(6): 610-616.
doi: 10.11926/j.issn.1005-3395.2014.06.009.

EABYE, DRARKE, BRIE, 4. RN M R ot S R
PREERIIRZ I [3]. A AT Y) 24, 2014, 22(6): 610-616. doi:

10.11926/j.issn.1005-3395.2014.06.009.

[18] ZOU Q. Guidance for Plant Physiological and Biochemical Experi-
ments [M]. Beijing: China Agriculture Press, 1995: 261-263.

AREE. EYAEBEANSRES M) st APER R, 1995
261-263.

[19] SU J W, WANG X P. Cadmium-induced membrane lipid peroxidation
and programmed cell death in tea seedling [J]. J Plant Physio Mol Biol,
2002, 28(4): 292-298. doi: 10.3321/j.issn:1671-3877.2002.04.008.
TR, M. IS 2R R A A A N R P RS T
[3]. MY EE S 5T ¥R, 2002, 28(4): 292-298. doi: 10.
3321/j.issn:1671-3877.2002.04.008.

[20] WU J P, QIAN J, ZHENG S Z. A preliminary study on ingredient of
secretion from fungi of orchid mycorrhiza [J]. Chin J Appl Ecol, 2002,
13(7): 845-848.

SRR, B, MR EIERARE W R [0 N
PR, 2002, 13(7): 845-848.

[211 WU J Y, HU T, YANG S Z, et al. rDNA ITS analysis and preliminary
study in the specificity for the symbiotic mycorrhizai fungi of
Cymbidium goeringii and Cymbidium faberi [J]. Ecol Sci, 2009, 28(2):
134-138. doi: 10.3969/j.issn.1008-8873.2009.02.008.

ET, WM, MUR, 55 FZAEZEARICE rDNAITS 751 %
AL [0]. ZEZRIEE, 2009, 28(2): 134-138. doi: 10.3969/
j.issn.1008-8873.2009.02.008.

[22] SHUAI H Y. Studies on isolation, identification and bioactivity of
endophytic fungi from Dendrobium candidum grew in Huanjiang of
Guangxi [D]. Nanning: Guangxi University, 2008: 3-8.

ML, T PG ERLL Bk B A st A A TR 1 3 1 e R AR A
FuwEsT [D]. BT TR, 2008: 3-8.

[23] XING G F, FENG W J, NIU X L, et al. Physiological mechanisms in
phytohormone regulation of plant lateral root development [J]. Plant
Physiol J, 2015(12): 2101-2108. doi: 10.13592/j.cnki.ppj.2015.0560.
TR, A%, HE, 55 R IR & A EHLE] [3].
FEPIEFE SR, 2015(12): 2101-2108. doi: 10.13592/j.cnki.ppj.2015.0560.


http://www.pss-system.gov.cn/sipopublicsearch/portal/javascript:;
http://www.pss-system.gov.cn/sipopublicsearch/portal/javascript:;
file:///D:/ruanjian/youdao/Dict/8.5.1.0/resultui/html/index.html#/javascript:;
file:///D:/ruanjian/youdao/Dict/8.5.1.0/resultui/html/index.html#/javascript:;
file:///D:/ruanjian/youdao/Dict/8.5.1.0/resultui/html/index.html#/javascript:;
http://xueshu.baidu.com/s?wd=author:(%E8%83%A1%E9%99%B6)%20%E5%8C%97%E4%BA%AC%E5%86%9C%E5%AD%A6%E9%99%A2%E5%86%9C%E4%B8%9A%E5%BA%94%E7%94%A8%E6%96%B0%E6%8A%80%E6%9C%AF%E5%8C%97%E4%BA%AC%E5%B8%82%E9%87%8D%E7%82%B9%E5%AE%9E%E9%AA%8C%E5%AE%A4&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/s?wd=author:(%E6%9D%A8%E6%B7%91%E8%B4%9E)%20%E6%B5%99%E6%B1%9F%E5%A4%A9%E7%9B%AE%E5%B1%B1%E5%9B%BD%E5%AE%B6%E7%BA%A7%E8%87%AA%E7%84%B6%E4%BF%9D%E6%8A%A4%E5%8C%BA%E7%AE%A1%E7%90%86%E5%B1%80&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight=person
http://xueshu.baidu.com/usercenter/paper/show?paperid=a7e0909fa447ee696c8eb2b4cb0e2572
http://xueshu.baidu.com/usercenter/paper/show?paperid=a7e0909fa447ee696c8eb2b4cb0e2572

