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Enhancement effects of sucrose on haustorium formation
in two root hemiparasitic species of Orobanchaceae
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Abstract: Haustoria are characteristic organs of parasitic plants. That a better knowledge of factors influencing
haustorium formation is essential to understand the establishment and regulation of parasitic relationship. Pedicularis
kansuensis and Phtheirospermum japonicum, two hemiparasitic species from the family Orobanchaceae, were used as

research objects. Agar culture experiments were conducted to investigate the effects of sucrose, DMBQ( 2,6-dimethoxy-p-
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benzoquinone, an effective haustorium-inducing factor for root hemiparasitic Orobanchaceae species) and host plants on
haustorium formation. The results were as follows: (1) Sucrose significantly promoted haustorium formation. Amendment
with 2% sucrose increased the percentage of plants with haustoria in Pedicularis kansuensis and Phtheirospermum
Japonicum by 39.9% and 20.2% in the absence of host plants. (2) Sucrose enhanced haustorium-inducing activity of host
plants. The number of haustoria per plant and ratio of haustoria with xylem bridges induced by host plants increased by
5.7 and 17.9% in Pedicularis kansuensis, and percentage of plants with haustoria and ratio of haustoria with xylem
bridges increased by 76.7% and 16.2% in Phtheirospermum japonicum. (3) The promoting effect of sucrose on
haustorium formation was of a similar magnitude as DMBQ for Phiheirospermum japonicum , with over 50% plants formed
haustoria in both treatments. (4) Four percent was the optimal sucrose concentration for haustorium formation of two root
hemiparasitic species, leading to the highest percentage of plants with haustoria (56% for Pedicularis kansuensis and
37.9% for Phiheirospermum japonicum). All the above results indicate that sucrose has significant promoting effects on
both haustorium initiation and differentiation of the tested hemiparasitic species.

Key words: Pedicularis kansuensis, Phiheirospermum japonicum, 2 ,6-dimethoxy-p-benzoquinone( DMBQ) , haustorium
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A AR Y e BT AR Y B — SRR IR ZERE, W]
A i A B0 A8 A e B (Wt ) AAF SRR IUR 20
Koy, LAl A B A KR, AR RS2y L
WY BB 1%, 407 7 2/ 12 sz ik
( Westwood et al., 2010) , 70 J& T 27 AFk, H A 71
4%} ( Orobanchaceae ) J2 27 A= A W) Fp 2 e 3= & 1) —
ABE (Joel et al., 2013; Wakatake et al., 2018) .
B 25 B i A M G R ( Striga spp.) I 51 4 IR
( Orobanche spp.) WK 77 A2 8 W) 2 LA Al
¥ ( Yoshida & Shirasu, 2009; Cui et al., 2016;
Kokla & Melnyk 2018) . #i&e it A ¥ X 4547 AL
PRI D 4 12 3 3 B A ARl 458 2K &1 3k 20 42 € ot
(Kokla & Melnyk, 2018) ., Kb, T i 2 A A9 1Y
B Az 2 R AL 1 X ) R 5 PG AT A 2 B A
M ELA B L (Westwood et al., 2010)

W i 2 14 380 27 A AE ) AT 3 00 M SR A E — i
B, A GRS T AT EHLUR A ERBOK
Gy ISR 43 56 55 IR 19 D) BE ( Westwood et al., 2010;
Yoshida et al., 2016) ., BRFTFEMYIEESEAE A
[F] | o2 3 A 1) RS A B AP TR R 22 57, (BB
TR s 2 A A A A ) 5 A A L A AR R T
ZF 3 R WCTE R B A T (Westwood et al.
2010) . HHET, KT s &4 58 3 2L P 1E 5
R, JCH RS B A AR A A AR R (Atsatt et
al., 1978; Baird & Riopel, 1984; Ishida et al.,
2017; Clermont et al., 2019) . HARA R4 %5 A4 A
YWRA AN 5 WL T —E B EER,
(B SR 5 30 o 7 AR TR 0 5 LA DA 27 2 4R AR

I3RS AR ) N 57 18] 4 A AR AR Y i
TEZEHE (Westwood et al., 2010) o 1 2YRIAHE 321 2
A R ) W A Y A R AR R B R I 2R
Pk, 9T W % & A AF A2 A W 3 Ak ) 38AE R
(Ishida et al., 2017; Xiang et al., 2018; Clermont
et al., 2019) . K& A ML A E 2B MR & o
WY RS BT (32 BRI 2 | S AN BT 2K
ST ) XA Y B A A A AR ) W g Kk B
s ZU) 5 T /E H (Albrecht et al., 1999; Goyet et
al., 2019) , Hrh 28 W) it 2, 6-— H 4 kXK i
(DMBQ) 52 H i 51 24 B AR ER 2 27 A8 Al Py I oy T
PRI R R AL 59 (Ishida et al., 2016)
YT TS 32 2O A EA YR M AR T
YIgs S T W 1 & A DA R A 3R oy 1 I 4R A
PR IG5 e W g 2 1 HCA DR 3R g F AT R+ 53
AR,

REAR S AR 0L N 5 3% 0K 2 b i ol )iz
B 5T, WA AR B R B AR B AR R
B9 4E FH ( Deak & Malamy, 2005 ; Solfanelli et al.,
2006) . A HRTER DT AR A A ) W A% A A L 4R
IBIFSE 22 76 LN 15 35 2% 148 04T, 856 T B0 X
W g A A 5 W BRI SE O A BR . AU Y Rl B
TN, BEWEXT AN [ 27 A= AE 4 W & & 2B 0 5% e W] R A
TERCRZE S . BN 7E K BN 55 37 B vh i 0 29% /Y
TR S 2 2E H N 5 S8 (Pedicularis kansuensis )
W 28I i ( Xiang et al., 2018) , {H ¥ Ji1 e A fs2 ifi 17
il Z K % 24 ( Phelipanche ramosa, Jii Orobanche
ramosa ) W4 IE W ( Gonzdlez-Verdejo et al., 2008) ,
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TE 73 50 P Tl AR 3 2 75 AR M W) B SR W ( Triphysaria
versicolor ) FIHA & ( Phtheirospermum japonicum ) F) B
R, AT R B B TR B B R A 2 TR
FNRERE ( Albrecht et al., 1999) , i 4% 55 ¥ 5 B 401 %)
TR FEME ( Wakatake et al., 2018) . HF iR HF
GEAEWLEE I 8] S BT G T 118 W s Va1 42 3 A i 4% A7
TR, PRI 0 R A2 11 A T AR 2 o 1R g & A= 1Y)
BN AT ARG

AT HE) 25 B Y P b AR A A A T
IR b S R AR S BRI N IR AR S AR
B v S 0 REOME X T e RS AT AR AR ) R A
AR, BRI S SR LU [, (1) REBE
X 33K P A AR PR 2 2 A A ) R A A S R S R
W5 T4 DMBQ A JC22 57 5 (2) REMHR T 520 7F
TFoxk 3 Y b AR R 2 A A A W WA KA RS S AL
JOL 5 (3) TREAH X 1P Ao R 8 > 2 A A ) W i ke A Y
Wi 2 75 R[], 2 75 52 REWE VR B B 2 e, A DG 4
AT LAHE Sl 2 R A% 75 5 ) Z A R R, DA
T AR S o MR 25 A 52 Wi R 3R A 4 0 2 1) 22 ot 4k
PR, I TN P W 5 9 422 15036 v B 5% ik 15 o) 42 it
Mg 2%

1 MBS &*

1.1 # 4

ST AR R H R B e A T 2017 4F 9
H 2R i 3 A B v s (S 29 3R 2 500
m,83°42.5" £ .,42°53.1' N) . B F 2=l 1 A
o O b PR CE T ARSI AR 4 COkAET . &
AL H & ( Medicago sativa) Ff ¥ W 3K F 52 55 1K (db
50) AR SBHEAE Ve T B HARS R e Rl A
HOR R A e K 2 iy 2 5 o = 4 3L 5 00 g o A
F (Arabidopsis thaliana) H B BAAH Y WF 5% I 61 45 55
WF5E TR 2 S it
1.2 #FHEEAZE

K DA s M IR T T0% R R
%IH T 5 min, 3K 5 FH S35 15 7K (reverse osmosis
RO JK) ik Z IR R, T 5% AR P =
10 min, 7285 & W JCHE K ik 5 WU B e
b = i R Y11 L/ R e <0 11 5 1/
T G B+ 2 WA T 0.5% /K 3R ( Wako;
cat.no. 010-15815) ¥5 54 I, A1 40 ~ 50 JoifhF,
F P 0 K5 35 LA & 0B 47 BT 25 C€/18 C

(H/&) 6 BE 37 468 1 85 &, St A 2 22,2
pmol + m? « s 12 h YEHEAN 12 h BARE

KR E TR 70% W55 = & M5 S
min, SR 5 T B 5 N TCHE K Pk 5 R LA L S5 8
T BT IRWEIELR LR TR K 5, i o H T # 5
T BWAEF T 1/2 MS(0.5% B 5+ 1% e ) 5 5%
Forb AR BB IR LA B 0 B S B TR
B ARAE (B FR AR L)

P BT & 2 IR Wakatake %5 (2018) 9 7
B, WA sl AR IR A A T 0.5% IR
FREN IR 5 min, 7688 & W H TS RO 7K ik
5ERE1/2 MS B33t 4 CRENEE1~2 d,
R & 25 C/18 °C ( H/R) &I K5 9% 46 W5 b B
4~5 dJE/KEE IR IR OB 12 h) . o H]
T2 FIRI A R 5 3E T 0.8% KB lE T,

SRR T A T 70% RS T EF 10 min,
TER K YE S WL L JEHEZE 172 MS ¥igR3k 4 C
EALBE 2 d,8R)5 25 C/18 °C ( H/1K) Gl iE 44
9% 8 d( Wakatake et al., 2018) .
1.3 iK% it
1.3.1 E4EAF= DMBQ * # AP AR 3R ¥ AR B
B AW EF NN DMBQ FIREME % 2 2 4R ALY
Wy KAEMIE R ER, BRI KET 2% 8. 10
pmol - L' DMBQ( A £ | Ishida et al., 2016) Al
0.1% DMSO ( —H AN, A7 HLYE 1) 3 4~ ab 3
Hodr T DMBQ A Ab #L 40, DMSO Ry X RE 41,
FERE A DMBQ Y% T 0.1% DMSO %%, i i
S (a0 TR v AR B uE KR S 4 R T
0.8% /KB NEHE IR IR, B ML 4 ~7 mL, FEHH
—EyE & 11 d BH R S SEE R 14 d A E
B IPEBAE EE T Bk 3 R gR IR AL 5 ~ 7
PRAEPR, B4 5 W, 85 5% L] & 0 3t 4 Js oKk -
CE T 25 CHEREEFRE D LR B 22.2 pmol -
m? - s 12 hOGREH 12 h BB B 2 KA
55 R  RUE F S IF g it e 254k,
1.3.2 EAEAn o PRI F T AR B R A0
R VS AR S RE N e e S P |
PATEFF 3 RO TF EAEYAAAE T R S N HT S
FRARL T 2 27 A A W W s B AR O, P 0.8% 7K 3
BEFFRILHAIN 20 ¢ - L RERE AL PR, 25 1 85
FRIEJ R RRA  BEHCRK #A—B0Y 11 d 1k e HOR
Lies M 6~8 d AL ETE , LU 14 d BB RIS
FER 10 d AR T 8 iR A A i T AL B
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XA P JF IR R IRRE RS, &
LT X A 4 40 5, B A2 30 IR, 5 3R 4 ) 1, A8
EAPIEE T LG 52 7 d DL H N ST s
3L IR 14 d 5, TSR BEE T St e £,
HEAT 5 WA SR8 T D) REPE IR %5 5K

1.3.3 R BABR BRI FETFAHDBRE R A
AR AE Hm HIE 0.2% 4% 8% 4 N
B 2 A B, G rp M MR R O A Ak 3R X IR
R A0 T R B JR 8 (12 MS) PN T
B RS B 7 d BRI T &) P R 2 0.8 % K Bl
BRI FRYUMRAC B 6 d LB T4, BE)S, H
11 d B B H R T 5 v 40 B S P 8 4 o0l A 42
Z ) AR M B B 15 R b BRI 10 BR AN A
5210 W R SRR AR |

1.4 £BHEESHEBREDT

1.4.1 BREFEEFH %k Z7% Wakatake 5 (2018) 1Y
T, B G A 2 Y UK B, 45 A, Wi
W o5 A 1% % %8 ( mature haustorium ) o B4 2 B
R - (1) B el PR K 24T 3 B S | i & T 21 21
AN, S A 10% 1 KOH %I T 90 C /K i i
HOIA 15 min, FEH] PBS R (pH 7.2) ik 3 3,
(2) MPETE A 0.1% FLLIE W (B H R 30% 1 &
M) i iR L 5 min, JH PBS ¥ W 22 Ui 56 LA BE
RERPW., 3O EE T 30% & FEH W
@4 h(AAE BRI 1 h) o (4) R FHA 5%
Bk W a% AT AT A IR

1.4.2 B MR 54032 W S BRI AR B0t 7 (4 X
3 (Olympus DP74) N AT 40T, K SRS T
PRyt ARy (25 gt ) SR 5, At kR
K (percentage of plants with haustoria, PH) , BRI %%
#(number of haustoria per plant, NH) , BRI AR %L
(number of lareral roots per plant, NLH) , 25 (A fHFE %
( percentage of purple plants, PP) , TTHE AU,

PH =77 £ W 28 AH MR B A BRAE AR X 100% 5

NH =W 25 KL/ 77 A W A B AR

NLH = AR S50 b FRAE AR B

PP = EEAEMREL AL BRAE AR B 100%

K HI SPSS 16.0 B PF BEAT S AEAS T A2 50 Al
PR R T 2 4301 ( One-way ANOVA) , FH LSD 7% i
T2 E b, Jr 2455 89K H Tamhane’ s T2 7 3
T, A Adobe Ilustrator CC 2018 X &l F
AT R B AR

2 R 50

2.1 EHEFI DMBQ R BT HR S EEMMEN K
BEEER

X FH R S e E, HERERT DMBQ A5 5200 2
—3, B2 d B R &R (ERERE R
DMBQ #b FEAE ¥ A 2.9% 77 A W 2%, Ho W 2% B0
A, %5 d e, ira A E R W g & A R 028k, H
S ARBCE N, X UL B 27 A W AR 5 H R S
FANBES T 8 B A AR AR R R . AR DMBQ AN
TEREYY) S 2.9% ) H R B Se B A AR = AR s 0
DMBQ 5 3= A  a B TR (R 1) .

FARTEREF DMBQ ¥ 685 5 0 5 7= £ R A%,
R RN A — 350, HAA & 48 & A 5215 5 0 )
20, DMDQ 5T 2 d i, A 13.8% HFAHE 7=
i, MR R] 520 T BEME 75 5 i A 8 WL 2% A SR Ny
0, AbFES5 d J5, BRSSO E WA & % d o
I 62.0% , 1 DMBQ 75 5 A0 P 5 W 2% & A= R 3
2.7 4% AR EE I 5.3 5 (R 1) .

22 HEEYEER, EENFHRBETEEY
W88 % £ BB

TERREN NG R TR AR . R e A
S VAR R Wi b= Tl ORiE Y EPOR=g s
FEEEG M R AR SR SR SR I T H O B
EMEAEERKE 2~4 FEM, HR R L, AR
Z (B 1. A) 5 T JORE S 57 58 PR AR U AR /0 | B i
KIEFF(E 1:B), [FFE P AR T 38555 7 d
Jo , MRS IR P R R AR AR (E TE M Ak B A
HRK 55 B /NE 1:.C,D) .,

A FAEAEET S 0B T A R TR e
FIRA S W s A R 2% R SRR 19 404k, HOR
O E MR AL B A LR 3% 14 d J5, X BE v B R i
ARECS.21 A/ Bk R AL B A H A S B Rk g
A BUR XTI 2 A5 (B 2. A)  FEFAE R RS T 3
R 1 d e, K RE R 209% B9 #5 TE TE B 4% 5 T+ b
AbF R 87.5% B KA T TE B 45 , 2 X R 4.4 £F
Rigw 7 d Ja R RE R 23 3% RO RERR P2 AR T g | H B
Ab 3 A TR MR 2 AR A L TR R Rk X
1) 24.7 f5 (% 2), FAEMEY S B @ AT %
PRW AR kB A bR A A 0 0 g8 2 1T % B
e G R IR, X B A R B S A 3 A T 321
ANRE, P 4% MRS BRI EREEL T
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Table 1 Percentage of plants with haustoria and total number of haustoria by

two hemiparasitic species with different induction factors

2d 5d
W b3
Species Treatment W% & & A 2R S EREL USSRy 2k S AL
Percentage of plant with Total number of Percentage of plant with Total number of
haustorium ( % ) haustoria haustorium (% ) haustoria

ol o e CK 0 0 0 0
Pedicularis kansuensis

DMBQ 2.9 1 2.9 4

Sucrose 2.9 1 2.9 2
s CK 0 0 0 0
Phtheirospermum japonicum

DMBQ 13.8 7 51.7 44

Sucrose 0 0 62.0 51

W BPRBMRERN S AEEZMTHMHE, CK. XL ; DMBQ. ¥F=EEPEHIN 10 wmol - LAY DMBQ (2, 6-— H & X -4
fift) ; Sucrose. HiFFILT NN 2% EME, BEIL5~7 ¥R4hT, BE SR,

Note: Data for percentage of plants with haustoria are presented as average values of 5 replicates. CK. Control; DMBQ. 10 wmol « L™
DMBQ(2,6-dimethoxy-p-benzoquinone ) was added; Sucrose. 2% sucrose was added. n=5, each with 5-7 seedlings.

ALB. SRR D e (Pk) 527 R EEH 15 (Ms) 78X BN 2% HERE Ab BRAL AR 3 €, D. 43 B AAES (Phj) 5540 Rg %
(At) TE 2% RERIEAL FRAL AU FRAL A RIARIC 35 E. A LAV 25 5 F. HN 5 588 A 4% 5 XB. Rk,

A, B. Pedicularis kansuensis ( Pk ) and Medicago sativa (Ms) plants from control ( water agar plates ) and treatment with 2% sucrose;
C,D. Phtheirospermum japonicum (Phj) and Arabidopsis thaliana ( At) plants from treatment with 2% sucrose and control ( water agar plates ) ;

E. Mature haustorium of Phtheirospermum japonicum; F. Mature haustorium of Pedicularis kansuensis; XB. A xylem bridge.

BT PIRRARER 27 AR A ) 5 A SR IE A SR AR R 3 S s A 45 4
Fig. 1  Growth vigor of two root hemiparasitic species and their hosts in water agar with or

without 2% sucrose amendment and structure of mature haustoria
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BRI AR L
Number of haustoria per plant
) o
R A5 E 4 B
Percentage of mature

(=}
[«

XFHR 2% FERE MR 2%JEHE
Control 2% sucrose Control 2% sucrose
AP Treatment b3 Treatment

A, BRI B AR AR T AR, AR R AR 23 ~
30 MEE K TFIYME £ ArifER, TERERRAERZE 5 B
(P<0.05) , B2 XFHaM4l &, A BEE 23~30 1%,

A. Number of haustoria per plant; B. Percentage of mature
haustorium. Data for number of haustoria per plant are presented
as x * s of 23-30 replicates. Different letters indicate significant
differences between treatments (P<0.05). n=23-30, each with

two pairs of seedlings.
B2 3 AR ARSI 2% BOBERS HO
Ty 5 W e R A B T
Fig. 2 Effects of 2% sucrose amendment on haustorium

formation by Pedicularis kansuensis attached to a host

AT AT 1 42 0 D) e M WA 5 TS I ERE JS R B 5
wE AL A 497 AN IRES  BAT R TR 9 A5 L
22% JEXTHRI 5.5 f5 (B 1. K B 2.B) , X Fan
LR T d SR RRAR B A 7 AR R 2R B
AR e B3 WY 25 2 JC R SRR B L ; T RE B
IO 12.7% W W 4 5 2F 3 8 R A i e
s (B 1:E;3K3)

ULAh, 75 ALY AT AE B, B WA e R
B 75 5 5F 6] 36 i 3 2 i A, A S5 1
K WA W8 & R H 87.5% , MW KN 35 4,
TIAESS 7 AN E WA & AR 100% , SR 48502
HEH T RIS R (£ 2),
23IAEEMERETHMMRDEFEEYREM
MR & & 1E R

TR S A E A T ST RRA R g R A
FEJTA TEME MR B v, A T Se s I W & 2B SRR
PR T IR A 49 B TRERE A SR I B8 R AR
RN 56% , =X IR 3.1 5 (& 3:A,B), I
A B R TCIR AR 7 A T R TREE S 0 4 i A Ak B
PN TR R A R A R AR B i X R 4% e
Ab PR AR ES R 2 A R R, o 37.9% (1€ 3:A,B)

TEWE 2 ) PR FOAR P AR AR & &
X B H R S S AR AR B 6.3 Z&/kK, TSN
FEWE (04 I A7 Ak 2 v R R O AR R0 I 35 v T R 1
KT 10 &/8%, B A BRE T E & 2% X0
X A R BARRMIAR K 0.9 25/ 8k, BRI EERE IS BA.
RRMIAREL A3 50 R 2.7 5/%k 3.1 Z5/4% 2.9 4%/ #k,
WESTWHE(E3.C),

AR TR 52 W) AF AR A P 0 T A R AR EL R RR
HR B 2= 2 A A W) X6 TR VA B A e R [ R
WBE R 8% Bt , H i b 2 T 1) W 4 & A 8 I 4 4
4 6 3 v 0T BRI LV B A S IR AR kAR
XML TR EE R, RSP RN AR
R A AR SRR AR X
i b A 5 R 8 A AR R E AT SR T R B, 4% TR Ak
P 7.5% B Fn s AE R T IS A YR EE T &
8%t ,46. 1% M A E NI L M S, HNE%E
IXTE 8% NEAE AL FR I L R A, kK L RN
12.5% , AR S5 40 P s 28 3810 27% , R W H
T b S s i A2 P TR MR BE v T AAES (81 3.D)

3 ik &b

3 BERERHFENFMRBFFEEAYRIFL
£¥HFS

ERZF MY RIS T, WA &k 5
55— DL ok B AT E U () EE AL ( Yoshida et al.,
2016) , AWFIELE L], FEMEAE S Y BHAR AR 27
AR ) W A A e AR b R 4B s AR T, Y
AR T A D 5l T A T BRI R IR I 8% R A
MHBE R T T4 20 a9 a8 & 40K
AR Z TR E A AR T AR O B A R
B ( Xiang et al., 2018) , {H 25 3= A7 76 B R X6
A AR W W A R AR R R AR B e T, AR HE S
b, R DS AR s O ) S A& B AF JE Sk
TR, BEME B = 1 B R BT A R A L 1 T
52 e W2 g A ) 4 ek B RS ) W 2 i A M
e W2 25 1 — 20 4 Ak, X5 Z T — SE T 4 2R
SRR o AEXSH YR W T 4 A AR AR ) 22 A8 Y
FNEA %) 24 ( Orobanche crenata) BT FE H & B, BE
BT P - A W A R AR A AF AR
PR 5 20 40 ) /E A ( Gonzdlez-Verdejo et al.,
2008 ; Nadal et al., 2009) . [AlFf, 4% AL HELH) FIAR
Tl A AR A TR W A 5 S Y MR Y DT TR 22 57
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Table 2 Effects of 2% sucrose amendment on haustorium formation by

Phtheirospermum japonicum attached to a host

1d 7d
i Uy 2 — W e e
Treatment AE‘\%%&& /é\%‘?ﬁﬁ /E\-Kﬁﬁuﬁggﬁ
Percentage of plant Percentage of plant
ith haustorium Total number with haustorium Total number Number of
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Data are x + s of 10 replicates. Different uppercase letters indicate significant differences between treatments for Pedicularis kansuensis, different

lowercase letters indicate significant differences between treatments for Phtheirospermum japonicum, P<0.05. n=10, each with 10 seedlings.

B3 N [R]ERE A B H R S 5 M & B AR K LR R (A) AR AR R (B) |
BRI KL (C) M@K L% (D)
Fig. 3 Percentage of plants with haustoria (A) , number of haustoria per plant (B) , number of lateral
roots per plant (C) and percentage of purple plants (D) in Pedicularis kansuensis and
Phthetrospermum japonicum at different sucrose concentrations
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