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H2NPK AbHI | = 8 0 5 0 0 27 A 3 BRI e Sk A i (22 0:37.1% . 51.5% i % :35.6% .
63.6%) ; 1E NPK b3 | R T By 5 9 75 28 b 0 4 v Sk B A g k(25 01.29.9% i &R :61.2%) , (3)
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Abstract: Soil nutrient heterogeneity is ubiquitous in both farmlands and natural ecosystems. Plants have the ability to
perceive soil nutrient heterogeneity and adjust biomass allocation to optimize root spatial distribution so as to obtain more
resources. As an important nutrient stress, the effects of a root hemiparasite on spatial distribution of its host roots remain
untested. Understanding parasitism effects on host growth and root distribution under different nutrient conditions is of
great significance for a better knowledge of host adaptation strategies, which will contribute to parasitic weed
management. A split-root pot cultivation experiment was conducted to investigate the effects of nitrogen supply levels and
parasitism by two root hemiparasitic Pedicularis species on host ( Polypogon monspeliensis) growth and biomass allocation
to each side of the split roots. The results were as follows: (1) Nitrogen levels and parasitism by Pedicularis species had
significant effects on host biomass and root allocation patterns. Significant interaction effects were detected between
nitrogen levels and parasitism, with nitrogen levels contributing more to the observed variances. (2) P. tricolor and
P. rex showed different effects on host biomass. P. tricolor reduced host shoot biomass by 37.1% and 51.5%, and root
biomass by 35.6% and 63.6% , respectively, when supplied with NPK and 2NPK solutions. However, P. rex significantly
increased host shoot biomass by 29.9% and root biomass by 61.2% in NPK treatment and had little effect in 2NPK
treatments. (3) Polypogon monspeliensis roots had obvious perception of nitrogen heterogeneity and parasitism by the root

hemiparasites, as shown by foraging behavior for nitrogen and a tendency to avoid Pedicularis roots in treatments with

M55 TR R T AR S SE s A A R Sk AR KO SRR AR 1839

equally low N levels.

Key words: soil nitrogen levels, Pedicularis, root hemiparasitic plants, root spatial distribution, split-root

pot cultivation

TRERHEZEARESRGE D, HTZZ2
Fofr 25 Wy RN A AR W) Ok B Y S R 40 UK G SR A
erp e BN oA, S B R S HAT W WY
S (Jackson & Caldwell, 1993) . A8 %) B4 &%
SRR S M O AR IR TR PR 7R o AR W)
oI DL AR BCH 2 B R B BB /) ( Benning &
Seastedt, 1997; Zhang & Forde 1998; Li et al.,
2012b) . WA AT LUK BT 22 (AR 28 0 A1 B R 00
LK, DL R 37 43 WU R ( Wijesinghe et al.,
2001; Day et al., 2003; Z=yt)y,2014) , BL4h, M
Py Z 18] 64 Aol oA 5 4 o 1) 3 4 DL KR 5 50 ) B B
THEHSEMEYR RS WA S5ERRES( £
56 4%, 2000; BB & 3E 45 2006; Schiffers et al.,
2011) o T FfAEAR AR ) 3 T FIAR 2R 25 (8] 43 A 28
A2 By A AR AR Y 38 0 i 8, X DA TR B 8 Xk
A [ b0 PAL 5 F Wi 7 S W, 2 TG R T 0 A 1] ) AH
HAEFMAY) Z RV R LT B OCE 2,

HRERF AF A ML W ( root hemiparasitic plants ) f&

A P — R BN AA — ROt E e
I3 AR H IR R KT A A N IR IR 4 1
AE 22 | 7 2558 4 W 4% (haustorium ) M7 E AR
TR o3 FK o3 S5 A BB AR K5 BFE ((Press,
1989; Stewart & Press, 1990; Shamoun, 2009)
LRSS S RE T K7/ DN 7/ o B o 130 11 N g 2
AR A AW 5 S B (Press, 1989 Parker &
Riches, 1993) . ML, 1R 2 # ~ F A2 4 4
A T B Ml A 2 FR 8 TP SR R A R AR Al A
& WOl A e v il ™ B 5 2R ( Press, 1989 Parker &
Riches, 1993) . 4%l 4: )& ( Striga Lour.) fH %) 7]
PAZFAE T b\ EKRSERAEY) , S B0ar 37 5 T R
6% ~21% ( Frost et al., 1997) , F& % % J§ ( Hearne
2009 ; Smaling et al., 1991) , Z5AE I Al A= 7= 1 il
FR#L, FEIRE, DS EE (Pedicularis 1.) fRHER
AR W AE v Ll ) )z A R R 2R
A A IS S B T AR e A Y 2k
23 A N M F O &R (U SR, 2009 B
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sk, 2013) ,

H1 T AR AR 25 A= A W o0 A Tz A 3230 B A
TURZEUES RGP WA — R AE Y a KR
( Press 1989 ; Parker & Riches, 1993) . Z Hif X 2
TR A MY S A E Y EAR BT 2 T |
WA I AR A XA A A fe] I T AR R 2 )
3 SR 80 AR 2 Y AR A W) G A AR e BT 5T R
o AHRIE B TE AR TR A A AR W Y A AR
38 I AF XA AR A 5T LA B R AR AR (L et
al., 2012a) , fH DA S Fif fF 52 b 25 2 AR 2R A= G AN
RBIAR G 1 DX IO B 2 v 14 B Ry ik oK T, A B
AT R AR FR BT LA 4 78 Ak S — Fh 3 Bl N 2ot
TR I S 1 BN W8 25 RAT) 2 A il 2 ik

XF TR ER 43 b A 2 AR e ok i, AL 3R 2 R
HA W EEEFRICR Z—, [6) I 2 8 15 7L
b AR S R GRS AR RN D RE (1) — P OGP JT & (Liu et
al., 2017). +HER Z KT 0 A 0 AR
AR SR B R R EAEL R, W Aflakpui
et al. (2002) /& B3k I 4 ( Striga hermonthica ) ¥£ +
R FE AR £R A fEFEH™E . Gibson &
Watkinson ( 1991) &3 7E + 5 A R K V-8 ARES, /N
3% H 5 ( Rhinanthus minor ) ¥ 2§ 3 B9 f& 35 55 A 1M
TE 33 R R KV 85 I HOxE 2 32 A i) 490 1)
FREEARRT BEAR, T n WF % 7, 4 s Bt 2R 28
RGRF KN, AR LU i RAFHE Y Y R
17 EL AT LA AR A~ 2 2R A HOR B n R K
(Liu et al., 2017) . #R10, A& 2= /KF 09728 4k o] 38
Tk 5 e AR A A A AR ) AN Y AR W T R 43 1Y
T A5 2 2 Zp B 1 16 5 A5 DL G i A i oK P

YT A7 LE AR A A R 0 B R A 4 S
DL R AR YR Z 0 3% 43 0 & 1 o FRATTHEDY 25 A
WAE b ar AR H I, S ESE AR R K, m
X A A AR AT AR R B, LA AR R AR Y
FROTMMCRCR . TEFR 3K P RGm W AR 38
MR R AR TR U 2 37 4, X TE— s R AR
BT AR A IR K s MIAE TR BB SR E T,
X FPAMERON AN T R SR Y S B 1 )
AR FE A AR AR A LR M AF A & EMR R
[F) Fsf 0 388 Jy 38 % 0 W 38 RN 2 2B 8 A XUEE R T
W1 2F EAEY AR R A A W38 R B 3R 53 5 B o3 A

F14 - SEPRIE Fp G ] 30 55 AR AR A ] A LA K SR
Gy BARXT IZAT R BB, X T T AR A T e SR 43
23 (V) 57 Jo 3 A R 2 A I 3 403 7 R e, S T A A
Jilt S S AR S~ A AL A A A T 4 G A RO )

B S 16 P PG AL I g L e ) v 0 R
KA EfEHEREAR N SIEH, LA I
2SS A A HE W — R R I R
oy aE o IR AR, K A AR W B AT A O AR
A RPAF LTI R AR X P A, —F 57 AR
RAAEFRIP B Z WL (NSNS 7)) HAER, 5
— PR AEA TR B CAS I E IR0 (9 5 o 2
K, B0 T R o AN B 4 43 BE R AR 2 2 18] 0 i
FORZIR  [R] A, 76 A 5% 20 B R A — 0] Fof AR G
FFLLAEYY, AT b 0 A A (] A AR
A LEAE ) o ) A A T W AR R SR )
KPR Xk A AR L FIAR AR =S 8] 0 A SR, AE
Tl SR )2z A B I e L A RO B B
B F W Bl A HE T i T B TR ) S ) SR TR
OIS WL, R, AR BT R T SR O 5 R O A
PEE ool ar A 0 A B A KR E MR AR A W] o)
A R A A Bl T N AF AR R S 8] o A e AL T
fifp I7 R By i 5 ORI AF AR I AR 0 AR
FH 2T 0 A At X A2 ) P % 2 98 0 B 4 S O
JEARAR P A e R AR B

1 #HEF*

1.1 #F#

TEF PR AR AR A AR Y, R E B
( Pedicularis rex) Fl =0, 45385 ( P. tricolor) F iR,
B, o, KOE Ih Al 0 A S A AR B A AR, X
A A A R R T = D S X A AR
R B B, WA AR K F B (L et al.,
2012a) . MEAh, P B 5E8 XE 3R 20 F R AT B A
[, &0 B SR e, S5 B X Bl SR B (Li et
al., 2013b) , AF FAEY) WL P Ff 5 S0 AL B
mE WL AR A W K 1 % Sk B ( Polypogon
monspeliensis ) .

MR LS R T 2016 4E9 H 6 HRH =
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R4 PSR B R L Al W B (99° 38 E,
27°54' N, W4k 3 370 m) ; 7 F A& o4k P 7
T2008 45 4 H 17 HR A BRWIAHYIFE (102°44" E,
25°08' N, 4K 1 990 m) ; A FhF A SR I /5 2
TUFEE AT 4 CUKFEIRAT

RIEE Y LR AW, Wb Al £ AR
W2 9+ 1 FearIR A1 448 T o e K 4 (TR
121 C) K AL B 4 h, KA BEEE — K B & iR
(121 C) THAbH 4 h, AR HE R, #ds it
Jii[A] Sui et al.(2019) , A RCE Bk 20518 14.3
2.7 M162.4 mg - kg' T+,

1.2 iR IEi& T

DESRBEESH Li et al. (2013a) WX IT,
A TG, % W R WA T R SR L (IR
P96 10 cm, FJED 7 em, 1 8.5 em) KifE—ife , SR )5
P A 8 T W A )5 76 43 AR S N R 2 32
P (K5 SL R TR B 2 — A Tl 5 5 36 i A
X B A B (H) , B0 2 B R K E H e
(PR+H) M= 5 e (PT+H) , 33 =Fp 4 &,
R E S R I AR E A — R
BRI, AF A A B T 5 R A S N SR
() —M, L2 22 4 B 5% 43 A8 A T 4 1t 4 Sk FEXT
Seiks A A i i R (L)

S TR e A = B o IV R ED U SN 7=
LA KRB R B B AS 56 AR S B R
W — 52 3 S AUE it B KT, BV A i in A1 15
R (BLAE, -NPK) 1551 Ge it —£%5 2 ( NPK) 2 A%
% (2NPK) Y Long Ashton 2 F W , LA % 85 A AL [
AR AL P Sk FOAR 2R 245 [A) 40 A R T (RS e, 3R
IYEL L2 % Li et al. (2013a), “NPK” A Long
Ashton #5 #E B #£ W [ 2 mmol - L' K,SO,, 1.5
mmol + L' MgSO, - 7H,0, 4 mmol + L' CaCl,, 0.1
mmol + L' FeEDTA, 4 mmol - L' (NH,),S0,, 8
mmol - L' NaNO,, 1.33 mmol - L' Na,HPO,, 1.81
mg + L' MnCl, + 4H,0, 0.5 mg - L"'ZnSO, - 7H,0,
0.08 mg + L' CuSO, - 5H, 0, 0.025 mg - L
NaMoO, - 2H,0, 2.86 mg - L' H,BO, ], “~-NPK”
FREEALTE, “2NPK” Fm B G AL B, 2% 9
AR AR 5 ANEE

1.3 DAEMFEMTFHRE

SN PR S T AE 75% WK R I T
LR Z % A PR (120 ¢ - min™, 25 °C) 5 min, RO
( Reverse Osmosis) 7K 2 & e 20, - H 5%k
25 °C )10 min, f%J5 ] RO 7K J2 & #h ik 2 0 )5 F
BT = 2R EER LI E T 4 CORFERER 1A
JE TAE R 5 FR A6 (18 C/25 €, Wit 12 h ok
W) BEATHA A o v Sk FORP - 28 4 A1 5 Ak 3
Ja HAEA TR F5 46 (18 € /25 °C, BHiRmt 12
h SGHR) #EATHT 4
14 FEDRGEHESF

RS BRAR K 24 2 om RS AR 2 LA 3
WM EL I — IR PE B B b, B4 20 BReE . A7
F 4B AN 20 mL Long Ashton #r &
TR (NPK) LA R A A K i . B HBEK 3 K
TRUESE K 43 70 2 o B3 B 0 R I 5 3 1 20
HEBR AL RN X Dy iR A, AEERAET
9% 30 d JG AT AR RS AR
1.5 $hEBREHESYE

A EOWRAKE 8~ 10 Z£MARE ( & /i
[ 29 30 d) , 7N BCHS I B8 A% 3] 43 AR 2% 8 rp (AR
BEBENLI ) o W ) | 7525 28— O IR o AR A 24 2
em ZbFERE 3 MR e, Du e BRI IR K 2y 2
em , BERR G PEAT A 0T 1 ] A% 3 1 Ak B DL v AT
21 FJEHEE, B R KRB S,
B JE e B R S ST 0 — R n TR CE 5R W
(-NPK NPK 2NPK) , K 15 mL, [A] B 7525 25 19
o5 — M N A5 2 1) H R OK, A AR TR N 2.5 mL
F kK o o 0 ) B S8 K o R e e BL T
B 10% A4 . 300 A8 U8 INE 3R W 25 R K, LA
Bij 1k 35 0 PR IR 2K o R USSR S B ATL AT L
BANLE  HEBRA B RN, RIS T 2017 4 10
H 27 HE 2018 42 A 1 H7E B W ¥ #F 75 Fr 9%
BREERENT, R RS 8.9 C &
MR 38.3 °C, 25 M R B AE 21.3% ~ 99.3%
Z I,
1.6 # R B SEHIFESHF

R H 2 R v P R S R AR JR
Koz Hgstr:, Hrb, =0 D8 EHERRE 4
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H H H
H H H
PT PT PT
\ \ N
\ /\ o
U 7K Water
U @m ek Long Ashton} 7 %t
U — F:.E’ft NPK | Based on Long Ashton nutrient solution
W —mmoanek
H. FFE(KSHLE) ; PT. =600, PR. RESEE,
H. Host (Polypogon monspeliensis) ; PT. Pedicularis tricolor; PR. P. rex. The same below.
K1 iR ot s 2 K
Fig. 1 A schematic drawing showing split-root two compartments used in the pot cultivation experiment
LA SFERTAFERR, 26 7 A2 85 C T4 48 h BT FRE, SR h £ 25 9 i 4

(AR 2y 3 J, TR AE ) <0.001 8 g) ;K
THREEAEBIRE 4 MAG ST E@# T AKX
10 JAl AR FE (AR I ] 2 6 S e T AR
Y <0.002 3 g), Ak 14 JA S U3k %F MY,
WSCAR B RS b b 58 43 AR 2R 430, b 2 v )
TR R FCR I e S, b T R R T

RAEYRZH,

fifi 711 SPSS 20.0 X4l i 47 4k 243 7, FH 5 K]
KT Hr ik (One-way ANOVA ) % 885543 1 JiE X}
2B A Wy KRR RS L ) 5 R ORUER R T 25 4
MrEk (Two-way ANOVA) 85006 B 5 T 50 5 2
A A 32 A R B AR e i sZ e R ¢ R 58 40 BT
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B AR K AP b 432 P AR 2R A4 9 1 1 22 57 B S
(P<0.05) . FEHAT L FR J5 22 53 B B %F 25 3 799 ]
R AW 5y M AT T X s Oy R F5 4k, LA
B T 25 551 R IR D IE 75 0 A RS 56 B sE .
JH SPSS 20.0 Fl i [#] 2 ( Adobe Mlustrator ) % il
N GEIEC

2 HER5H0

21 T ERKFERSGEEFEMNKERLELEY
EMRE kB m
WINZEFZo e BB R, FRaMES D%
T T AR T Sk A ) MR e L AR A B
()52 F52 0, HLFR 3 86 BE A8 Al X0 v 4 Sk -
A R AR YRR S B A 22 F O
(S ) SR 7.278 2,919 Fl 1.455 , 3F A % H
JIr 3 B B 22 - 75 R (Sagy ) 53 51 1.030,0.826
H10.195 , S FEIA Sy >Son (F 1) 4
21,1 FE(REHBXE)AHET  FHBINX K
P Az K Po sk B M b A R AR R
i), LB 5 35 o v R0 28 KT B B, R 1 A Sk R
R R A S W E R (B 2. A) , FER
ISR 450, W b 5 50 T8 25 AR X4 1 4 Sk R
S F I L B A A P ) 22 S AR A VR AL (R
A, —NPK) A FRT |, =0 1) 5 i 2 A X P Sk B
Hiu 5 53 A5 W 5 AN B (R B s A ik
22.7% ; K T 5y 5 3 A i K i Sk b |4
Vi HA 0.046 g, AP AFAE B B FHEAM T
25.2% ; WAl 5 s 25 AR 14t 2 P IR e Sk R
TEY)HE (PT.65.5% M1 PR:57.1%) ., 1 NPK Ab
i = e A e e, KRS R R
YR 0.657 g A1 0.494 o, B Rk 77 A i ik
FEAR T 37.1% 01 35.6% ; 1 K T 1h g8 75 A= 2 fd
HoHh b AN A2 )5 5303k 1.358 g A1 1.237 g, K
KA A E RN T 29.9% M1 61.2% . 2NPK
AFETR = 0 T S A A Y R e R Sk L R
R A 9 0.784 ¢ F10.325 g, B R B A=
I AR T 51.5%H1 63.5% ; 9Kk T 556 274k
AR Sk O [ M A iR 1.391 ¢ Al
0.81 g, AP TFAERTFEAL 13.9% F1 9% , H Ak 5|

2 EIKF
212 FE(KEHBLF)RAIL KELEAR
IS8, A B A A 0 4 T A Sk AR O b i
FEAR (B 2.B) o o 2 AR X 2 i Sk AR 5t
{455 1 D) 2 A A 40 b S R 3% 4 728 Ak B S TR S
FE At N AR &L (B AL, -NPK) Ab R, = 4
A AR R PSR AR S o 0,784, B R Bl A AR
B3 SRR T 429% ; 1M K 4 T 2 A i
SLECMR e 112, Bk Bk A AR AR T
17.2% , RIKG it B EKF, NPK ABLR | =@
T e T TR 5 5 185 43 i) A 2B Al 1 e Sk B AR ek
ik 0.761 F10.873, B A4 A7 A B 3G n 1 3% F1l
18.5% , ¥ R ik Gi it 24 B % /K, 2NPK 4b# T,
B = A A A R TR S R AR N 0.49,
ARG ERHURAR T 6.7% ; 1K F 556 %74k
AR IR L 0.534  BER P A BN T 1.6%,
KRR GI =B EKFE(E 2:8),
22 N ERMBEEREZEYESIMENFETHEE R
SEEF £

WIRZE T 25 a5 R, B &k 557
3 PR R A5 XS 2 3 A 1 e Sk AR R AR W R AT
TERESL LW (K 2) . BEAKRBIFR I —MF
G368 FEE TR A TS 225 R (S gy ) M 0.336, 27 /E
TUBRAY B3 227 5 R (S ) R 0.125 TEE LR IN TR
O3 =M Sy F 1.516, S0 S 0,261, 25 75 W ] 1y
WIR S >Sapn o BB S 0 43 2 P AN AR R AR
Yt i) R BN IR

T-test 45 3 W 7, 76 A i A0 5 2 (A
—-NPK) Zb 3T | = {0 5 5 185 25 A= i, 25 40 W I o
T S B AR R A ) o E S TS R 43— DU RS o =
4354 0.027 g F10.048 g, B Ak 25 A= 43
SEAN T 33%F1 2.2% ; K F I 56 8 Z A B 4w
]8R 7 S B AR R AR W e A R U N 3R 4 —
0.021 g, BARYE A BTN T 3% , 125 I 3% 2
—M2 0.030 g, BORPEAFLEIHAIFEAR T 30% ,{H1Y
KRG 24 B E K, 76 NPK ACEE R, =8 5
T A B AN 1 Sk B R AR W R AR IR
I 23— R N 5% 4 — M 43 51 3k 0. 146 g I
0.348 g, B AR A7 A of il B FRAR 45% A1 31% 5 KT
Th e 6 7 A B B A P AR 2R AR ) A AR S I 5
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Table 1  Two-way ANOVA results for effects of nitrogen gradients and parasitism by
Pedicularis plants on biomass and root-shoot ratio of Polypogon monspeliensis
AP AB W T AEY i UB H 5L e Root-shoot ratio
TiH df
Item (n=27)
F P S F P S F P
T FRE NG 2 7.272 184.466 <0.001 2.919 357.788 <0.001 1.455 45.536 <0.001
OSeE A PA 2 1.03 26.105 <0.001 0.826 101.217 <0.001 0.195 6.103 0.009
FRIIRBIE = FF/E 4 0.82 10.387  <0.001  0.596  36.515  <0.001  0.329 5.15 0.006
NG * PA

TE: S B2 FIrfl; AB. i B/EY) i UB. M R AR NG. FRM6E ; PA. HhoE@ A, T,
Note: S. Sum of squares; AB. Aboveground biomass; UB. Underground biomass; NG. Nitrogen gradients; PA. Parasitism by Pedicularis

plants. The same below.

204,

 EEYE

AB(c) A(b) B(b)

Alc) B (¢) B(e)

WTEY=E

Underground biomass Aboverground biomass

BRE —fER —fER

-NPK NPK 2NPK

2.0 -

B (]
I PT+H
1.59 A NI
o
o | b
© Aa)
2 N A(a)
S 1.0 2
N
A A(b) Aa)
&
S Ab)
& Ay
R 0.5
(g
=
0' 0 I T I
B —f5 % {5
—NPK NPK 2NPK

AR T B AR ) S F K T AN ) AR R 2L A ] 19 22 57 835 (P<0.05) 5 AN [l /NG 7 BE R[] B 0 4 78 A Tl /R OKF T
225 2 (P<0.05)  FIPEE . 3 A EE AP bRk, T,

Different uppercase letters indicate significant differences ( P<0.05) among plant combinations at the same nitrogen level ; Different lowercase

letters indicate significant differences (P<0.05) among different nitrogen levels within the same plant combination. Values are x+ s. of three

replicates. The same below.

K2 IR EOKP RS S A AR X Sk B A i (A) RARTE LE (B) B3N

Fig. 2 Effects of nitrogen level and parasitism by Pedicularis species on

biomass (A) and root-shoot ratio (B) of Polypogon monspeliensis

—MFNES N FE 5y — 533k 0.431 g F110.845 g, &%
KW AT A E N T 63% Al 70% , 1E 2NPK 4b
PR = (0 T 0 3 A7 A I 2 I A Sk AR
F AW AR TR NS G — MU I = 43— 53 50k
0.104 g 1 0.325 g, B AB AT LN B EFEILT 60%
H1 53% 3 KT T g 5 27 A i 28 2 W AR 2R AR ) i
TERBINFESr— N 0.324 g, 58K 1 25 A i 4
T 24% (FEWINFE o —MH 0.538 g, BA Y 7 A= Bt

FEART 23% , (B35 K 38 B G2 112 W 35K OF (& 3,
33) ., NFEFRSBEEA LT %44 K 414 (H PT+
H FIPR+H) 1588 3k FOAR R AE IR I 3% 2 — M 9
AR ST ARBINSE S —MEYRE(E3), K
Jit i Ah PR (A, -NPK) 4 B, H PT+H HI
PR+H G TTEE A P 58 95— 0 A 4 v ok
TR AR W) 3K 0.046 ,0.048 F10.030 g, Bk
IS ISR 53 0 —M 23 BN T 132% 78.6% 1 46.4% .,
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Table 2 Two-way ANOVA results for the effects of nitrogen levels and parasitism by Pedicularis

plants on root biomass of the single host in different pots

WA Root biomass( —) HRA ¥ Root biomass( +)
i H df
Item (n=27)
a P F P
FEFRE NG 2 76.515 <0.001 172.582 <0.001
O5eE ek PA 2 28.367 <0.001 29.733 <0.001
TR + TSR E %7 4E NG = PA 4 8.587 <0.001 19.014 <0.001

B =" FORRUME TR, +" FORIINE IR — 0 (Do E)
Note: “~" indicate the host on the side of two-compartment pot without nutrient supply, and the “+” indicate where the nutrient is applied

(Parasitism by Pedicularis plants) .

RI EARMKERLEREYEERNRRBER
Table 3  Differences on Polypogon monspeliensis root biomass between the

two sides of two-compartment pot analyzed by t-test

. A — A A
R4 A -NPK NPK 2NPK
Cultivation
combination
13 P 3 P 13 I
H 2.39 0.75 11.574 <0.001 9.273 0.001
PT+H 0.987 0.379 3.996 0.016 3.221 0.032
PR+H 1.355 0.247 8.881 0.001 2.541 0.064

e H AP E (KL PT. ZA50E; PR REDLE,
Notes: H. Host ( Polypogon monspeliensis) ; PT. Pedicularis tricolor; PR. P. rex.

NPK Zb¥EF ,H PT+H Al PR+H G HAEER T 25 [R5 A0 AR S 2 27 26 A8 W) 0k 30 78 B2 0 52 o, 2
IINFR Ay — M B9 AR 2 AR 4 8 43 911350.503 ,0.348 A A SR In A A5 A i 45 BUE EshE R
F10.845 g, B AR WS N F7 4 19 — M 4 0l 38 1 AR MBS

90.7% . 139% F11 96.1% , 2NPK 4 ¥~ ,H PT+H SRRFRON B EE R WS N R A — MK 2 A Sk REAR
M PR+H A HEEZTIRMIES — MR AAE RAEYE AR INFE S — 0K, Ui B HAR R 1w
Y3 513k 0.695.0.325 F10.538 o, BORUN TR THRIOAMBFEXBARK, X 5T ANFRE R —
Oy B — ) 4y RN T 165% . 211% F166.2% &, BVAR R U H ) T35 00 & S X 00 A, LA Sk 4

(E3)., T 43 W e T AR R T I B &2 R A ik AR K
(Farley & Fitter 1999; Li et al., 2012b) , 7E AR #
3 3T L e A AL I, /B KT 1G5 S n s R —

I P A Sk B AR R AR W A I 3, I B 4

ABEFEA A 3 S RS, BT TH E FoTE MR R Y& — PR TF AR K
R SL AR R S (8] 0 A5 0 IR e AR SRR RE A 2 5 o TR I IR 98— M i e A =k
O A R S S A AR A B R RE, F e B T SR AR (H IR U — M BAR R A W
PRSI — MR S A IR PR TR 2 AR AR RERRFERS, XWREELERABA E
Wi, 7F EAEYR AR AR A W o0 AT [N 2 5% 00 SRR K U IR & AR R BE 7, LA /D
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PR+ O PT+H Ow

ol )\ gl

—ER

A (a)'-l—(': - e HHA (a) 2B
A Ay
B(a) i - a+B(b) NPK

B(b) P4 (o) =
A o] A o) _ﬁﬁfp‘K
B(b) §] 44 (o)

0.6 0.4 02 0.0 02 04 06 08 1.0

EEFRRBREIRERE MEFRA, ARILIAERE
(-NS-Pedi) (+NS+/-Pedi)
HEIREYE FEREY=

Host root biomass(g, DW) Host root biomass(g, DW)

ARBRIUS ZE M S5 A SRR R BB R W B R 1 Se W AT AR
(-NS-Pedi) — MR = o i1 3 EARA W& (o) , A7 R AH R &
T — A INASTE] N 86 5 /) Long Ashton 5 3% W I AR 41 4b
FR A SR AR A [ 5 516 8 SO MR 5 S8 T (+NS+/-Pedi) AR
FEPHRFERAEYE () .

Bars on the left side of the origin represent host root biomass in
the compartment with no nutrient solution addition and no
Pedicularis plants (-NS-Pedi), while those on the right side
represent host root biomass in the other compartment of the split-
root pot with Long Ashton nutrient solution addition in the

presence or absence of one Pedicularis plant +NS+/-Pedi.

K3 AREAE R EPIIAR 2 b oy ERARAE Y
Fig. 3 Host root biomass in each
side of the split-root system of different treatments

TR R S BRI 2%

WA Rh 5 e T 0 27 R AR K R A A
Z5 AR R = T e A A i A
(2 3 J&) MHHAE NPK Fl 2NPK &b F R % K 4%
Sk AR AR R T A Rl (2 6
D BIR E S X 5 Li et al. (2012a) #5545
— 3, BTG 6 A T AR R R i AR
(95 5 0K, At fin /0 R L (B AL, - NPK) Ab 3
T, =D HE AR e w A Rk o sk
T[] A S v — ) 4 AR AR 43 T L B R AIG, 4RR Y
PIMIAR 2 35 i = R B, 10 1 3k FOAR R A 9 okt
TR Ry SER VR (T I T B =S I VW
SR AR R RIS N SR U — A AR e AR A
i KPR Sk A 2 AR R BCA T X —

(PSS N 5 P o E DO B R e we = 1< 5] ) S T ]
TSRO R W BT A A bk aa i
L T AR AN A A TR R P AR = +
SRyt R R T IR Sk B R )
A1 ) Ih 5t i A A 8 0 SRaREAT O (ELAR 4 TR ik
RA PR 0 RIS HAL TR I3 S T RO TR B
AR YRR R A KON 22 ok, K P Sk REAR
F AR AF A a2 R I E B AT

FEARTE AR A (B A, -NPK) &L R R E
Ih 5 1 27 A 3 G A Sk Bk B AR AR AR
At B NPK AR BRI 50 220 hn 1 b b
ALY, KREDEEMAR T RE R BB K
KA ZR ] 59 5845750 (Li et al., 2013b) , %
) /U 3R 5 SR B A P2 Sk T, TR B A A
A A SUE A A HAE K2 ) T B A
WHFEEs R o 78 SR 03 B = I A ) 2 Jd it o
RN 2R 1) 45 5% R 35 IBCBE 22 14 5% 53 B I ( Fransen
et al., 1999; Craine 2006; Schenk, 2006) , 7£if
MEEMN AT, R ESAEEMN AR ER T
BORRE B BT v AR & AR, AT A TR
SKHEMR AR, BN B S S5 e T A —
EREE F R T H T2 R AR Ry, X A fE 2
NPK Ab 3N 9K F B 5 o AL i K i Sk R A
R TR WA A R AR Y 2R, Cechin &
Press (1993, 1994) A £33 AY %0 R A0 AT LRI
2 LR AR 1 A XA AR R A A AT DA
BRarAE RO, — MO0 T i 0 0 R Al e
R IE SRR 3 ( Forde & Lorenzo, 2001) ,
B & W& R M s M fI AR R AR K (RS,
2001) , XHLfERE T AE NPK AL B34 A& &R A h
MR TR AR AV EN L

AW AR D Ih S A AR A0 N JE) A
(=0 HEHFE3 K, RESEEFE6 ), H
X S R A ) i AR R R F s A+ o
Fo VLT BIAE 2 4 8 #9272 3l o ml X 9y A
YA 3l ™ G E o BB TS R AR ER R
AF AR AW T DL A WA K S 4 3 A AR W B
S 7Y EAEYDGA BE D) I A EAEY AR XAk
AP FNE HOll 8 B ™ B 5 3 ( Parker & Riches 1993
Shamoun, 2009; g % #k, 2013 ), Suetsugu et al.
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(2012) 5 Bao et al. (2015 ) i 32 5 5 #3568 2 25 4=
FEPIUER] T AR 2 AR A X R SR 2R R
A FEAERK BRI, SR, X 28 55 AR R B G T
A EARY SR T YA K, BT
HRHER 25 AL A 26 Fh 7 i K HARE — e R
{14 A= AR B RN b 2 2400 (M0 0 1T 45, 2011 5 B 158
WRAF,2013) , HIL, 7EBFAME B B A A K
BWABAEREEAE, HTHEHMEAK,
Aoy TS, XA B RGNS AR 5 w2
M, AWFEE H, BAROK E eE A —= 0 D e
2F AR BT J HL A T 4 B B, (R e e sk
FAER B AR AATE . Bt 78 S % AR 7 2 2F
AR RS R EEEF MY YW
[ a8

4 Zi

(1) RHERUK P 5 5 e ar A= 34 ] i 2 52 )
Kb sk AR Y MR oed L, HOW B A 7E 0 3 A
AN, Hh RIEAEKE S EE WA, ik
SETH S E A, I R AR S K
oL R A Y A FRRAR S LA

(2) W Ffr 5l v i 109 25 A BV AT 0 G 2 A S
N e (A e H R AR, B2 IR R K
R BRI A 22 S, S DA AT
A= 7E NPK Fl 2NPK 4b B If 5 35 B ARG H 2R W i (25
M.37.1%,51.5% ; iR & :35.6%,63.6%) ; i KT
S A AR R NPK A BRAT g 25 38 in AR ) i (22
.29.9% , % :61.2%) ,

(3) K S HORT Y 4 18 R R W aa M B g
A AR WA IR R AR RS A A, TR
FEAE 5 73 AR i 30, 4 1 4 Sk BOAR 2R 2 T 1)
T IR E KB i — M oA, 7R AR 2 W34 52
REM A RT3k B K F 5 5 B
=8 E S A A A I A ) R B A AR AR B
HE R A ) 12 150 ¢ LU A8 A ] 5 (> 9 27 A — I i)
HR 2 4 18 FKCOT A5 v B, P 4 Sk AR R ok
JeE At tE AT AR KPR L AR R A5 (A4
At A8 A HE R A 3 5% 43 S o R A R 5 e A AR
i A R L,

Sk
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