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Abstract: Effects of water ( relative water content 30% , 50% and 70% in substrate ), nutrient
(fertilizer amount per plant 0. 00, 150. 00 and 300. 00 mg) and host ( Kuhnia rosmarnifolia Vent.) on
root growth indexes (including total length, surface area, dry weight and average diameter of root) ,
root/shoot ratio and nutrient absorption indexes (including contents of total N, total P and total K in
whole plant) of Santalum album Linn. seedling were researched by pot experiment. The results show that
with enhancing of relative water content in substrate and fertilizer amount per plant, in general, total
length, surface area and dry weight of root of S. album seedling increase, average diameter of root
decreases, and contents of total N, total P and total K in whole plant increase. Compared with treatment
group without host, planting host can obviously promote increasing of total length, surface area and dry
weight of root, and contents of total N, total P and total K in whole plant of S. album seedling. Before
root haustorium formation (the 30th day of treatment) and after root haustorium formation (the 80th day
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of treatment) , average diameter of root of S. album seedling planted together with host decreases, while
average diameter of root increases at the 130th day of treatment. At the 130th day of treatment, under
conditions of relative water content 70% in substrate and fertilizer amount per plant 300. 00 mg,
root/shoot ratio of S. album seedling planted together with host is the lowest only with a value of 0. 19.
The result of variance analysis shows that water, nutrient and host can significantly affect total length,

surface area, dry weight and average diameter of root, root/shoot ratio and contents of total N, total P
and total K in whole plant of S. album seedling. It is suggested that keeping higher relative water content
in substrate, higher fertilizer amount per plant and planted together with host can promote root growth,

nutrient absorption and above-ground part growth of S. album seedling.

Key words: Santalum album Linn.; water; nutrient; host; root morphology; nutrient absorption
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Table 1 Scheme for exponential fertilization of Santalum album Linn.
seedling

AR E/‘Jiit*ﬁfEEE%/mg

Jit A Fisf ) Fertilizer amount per plant at different levels
Fertilization time
i Low 1 Middle 1% High

%50 K The Oth day 0.00 0.00 0.00
%510 K The 10th day 0.00 0.98 1.18
%520 K The 20th day 0.00 1.39 1.76
% 30 K The 30th day 0.00 1.96 2.64
%5 40 K The 40th day 0.00 2.78 3.95
%5 50 K The 50th day 0.00 3.93 5.92
%5 60 K The 60th day 0.00 5.56 8.87
%570 KX The 70th day 0.00 7.86 13.28
%5 80 K The 80th day 0.00 11.12 19.89
%590 K The 90th day 0.00 15.74 29.30
%5 100 K The 100th day 0.00 22.27 44.63
#5110 X The 110th day 0.00 31.50 66.85
#5120 X The 120th day 0.00 44.91 101.73
A 3T Total 0.00 150.00 300. 00
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Table 2  Effects of relative water content in substrate, fertilizer amount per plant and host ( Kuhnia rosmarnifolia Vent.) on total length, surface
area and dry weight of root of Santalum album Linn. seedling at different stages (X+SD)"

AEXT
KA/ %
Relative water

FAEAF EAAF N AR I ] S R R B/ em
Total length of root of seedling at different times under
condition of planted host

iﬂiﬁfﬁﬂﬂ{ﬁ/mg

Fertilizer

ARFRE T T A TR RIS (] 4 B AR R B/ em
Total length of root of seedling at different times under
condition of un-planted host

content amount per plant 5530 K 5580 K 55130 K 5530 K 5580 K 5130 K
The 30th day The 80th day The 130th day The 30th day The 80th day The 130th day
30 0.00 45.84+2.12a 113.12+6.58a  211.36+6.53a 36.15+1.88a 90.62+3.28a  174.36x13.77a
150. 00 59.90+2.28¢ 166.00+4.69¢  260.17+17.75b 37.46+1.17a  116.13+4.83¢  188.85+10.46a
300. 00 67.94+3.07d 149.99+6.50bc  324.24+30.2lc 50.14+1.31d  130.28+4.50d  225.80+14.32b
50 0.00 51.20+2.04b 126.68+3.57ab  256.08+15.22b  40.34+1.64b 97.76+3.56b  196.54+8.92a
150. 00 62.38+2.62d 122.35+3.56ab  380.88+17.86d  48.06+1.51d  101.94+2.01b  259.04+16.46¢
300. 00 73.54+2.47€ 164.27+5.53¢c  441.04+14.58¢ 50.03+2.34d  156.52+3.85e¢  269.68+20.51c
70 0.00 45.29+3.27a 106.96+2.00a  255.27+9.53b 37.14+1.28a  100.92+3.50b  172.24+6.47a
150. 00 72.90+2.38e 172.55+7.60c  428.00+17. 16e 43.95+2.72¢  116.14+2.05¢  189.08+9.55a
300. 00 80.88+2.91f 380.21+32.58d 498.46+21. 86f 53.71+1.15¢  159.63+4.24e  253.41+12.55¢
"N TV 2F 5 251 T AN IR] s ] S AR R R T A em? RFPAE BF A5 T AR [E] AR R R TR em?
*EZﬁ & B i/ mg Surface area of root of seedling at different times under Surface area of root of seedling at different times under
S Fertilizer condition of planted host condition of un-planted host

Relative water

content amount per plant 5530 K 5580 K 55130 K 5530 K 5580 K 55130 K
The 30th day The 80th day The 130th day The 30th day The 80th day The 130th day
30 0.00 8.61+0.07a 13.85+0. 18a 30.08+1.52a 7.89+0. 14c 13.43+0. 18b 21.35+1.40a
150.00 10.51+0.36¢ 20.49+0.25d 45.62+1.58d 8.70+0.27d 18.11+0.58e 24.15+1.12b
300. 00 11.48+0.51d 18.94+0.25¢ 58.74+1.80e 8.93+0.26de 16.77+0.24d 33.15+1. 14f
50 0.00 9.49+0. 10b 16.42+0.75b 32.68+1.32b 6.85+0. 16a 13.42+0.17b 25.13+1.20¢
150.00 11.93+0.23e 23.91+1.58f 57.75+1.65¢e 9.64+0.53fg 12.15+0.34a 32.67+1.20e
300.00 13.28+0.21h 21.61x1.6le 66.38+2.97f 10.12+0.23h 20.87+0. 60f 33.19+1. 17
70 0.00 9.28+0.13b 19.16+0. 15¢ 38.51+1.01¢ 7.37+0. 16b 15.41+0.49¢ 25.30+1.11¢
150.00 12.57+0.43f 29.28+1.10g 72.42+1.98g 9.20+0.42ef 18.57+0.20e 25.93+1.12d
300. 00 13.12+0.11h 42.36x1.11h 86.61+2.19h 9.91+0.19gh  25.16+0.25¢g 37.12+1.96¢

. TR A7 A AR (] 4 AR 2R T i/ g KBS 5% AR IR R T R/ g
*ﬁéj X AR AL/ mg Dry weight of root of seedling at different times under Dry weight of root of seedling at different times under
KA/ % Fertilizer condition of planted host condition of un-planted host

Relative water

content amount per plant 5530 K 5580 K 55130 K 530 K 5580 K 55130 K
The 30th day The 80th day The 130th day The 30th day The 80th day The 130th day

30 0.00 0.04+0.00b 0.05+0.00a 0.12+0.02a 0.04+0.00a 0.04+0.00b 0.09+0.02a
150.00 0.04+0.00bc 0.06+0.00b 0.35+0.04d 0.04+0.00ab 0.05+0.00¢ 0.13+0.03b

300.00 0.05+0.00d 0.08+0.01g 0.51+0.04e 0.04+0.00ef 0.06+0. 00e 0.18+0.04¢
50 0.00 0.04+0.00bc 0.06+0.01bc 0.18+0.01b 0.04+0.00¢ 0.04+0.01ab 0.15+0.03de
150.00 0.05+0. 00e 0.07+0.00e 0.54+0.02f 0.04+0.00cd 0.06+0.01de 0.15+0.02e

300. 00 0.05+0. 00ef 0.12+0.02h 0.62+0.02h 0.05+0. 00f 0.07+0.00g 0.20+0.03h

70 0.00 0.04+0.00ab 0.07+0.01de 0.19+0.03bc 0.04+0.00e 0.07+0.01fg 0.14+0.03c¢
150. 00 0.06+0.00g 0.07+0. 00f 0.56+0.04¢ 0.05+0.00gh 0.09+0.02h 0.15+0.01ef

300.00 0.06+0.00h 0.12+0.03h 0.82+0.03i 0.05+0.00h 0.10+0.011 0.24+0. 041

D &3 A [H /NS F R FoR 22 5 1 3 (P<0. 05 ) Different small letters in the same column indicate the significant difference ( P<0.05).
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A R REL S0 T AR R T34 AR X /N 06 R (AR A 2
F) W BIEUE (S 130 K) |, 594 E A4
WA EE B LT B CRFES ) . Bk
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Table 3 Effects of relative water content in substrate, fertilizer amount per plant and host ( Kuhnia rosmarnifolia Vent.) on average diameter of

root of Santalum album Linn. seedling at different stages (X+SD)"

TR 2F T2 A [ ] 4 1 AR 225 AR/ mm

Average diameter of root of seedling at different

AR

K&/ % FRRRAENE 5/ mg

Fertilizer

times under condition of planted host

ARFHEEY T2 ACAF T A R 5] 40 v AR 22 45 AR/ mm
Average diameter of root of seedling at different
times under condition of un-planted host

Relative water

content amount per plant 30 K 580 K %130 K %30 K 580 K 5130 K

The 30th day The 80th day The 130th day The 30th day The 80th day The 130th day

30 0.00 0.64+0.01g 0.48+0.01f 0.46+0.01a 0.68+0.02g 0.56+0.01h 0.49+0.02h
150.00 0.61+0.02e 0.49+0. 02f 0.48+0.02¢ 0.67+0.01f 0.48+0.01d 0.46+0.01f

300. 00 0.60+£0.02e 0.51+0.02g 0.49+0.01d 0.62+0.02¢ 0.45+0.02b 0.44+0.01d

50 0.00 0.63+0.01f 0.40+0. 03¢ 0.47+0.01b 0.66+0.02e 0.51+0.01g 0.47+0.02¢
150. 00 0.58+0.01c 0.42+0.02d 0.48+0.02¢ 0.64+0.01d 0.50+0. 02f 0.42+0.01¢

300. 00 0.57+0.02b 0.46+0.0le 0.51+0.02¢ 0.62+0.02c 0.49+0.02¢ 0.41+0.01b

70 0.00 0.59+0.02d 0.36+0.0la 0.48+0.02¢ 0.65+0.01d 0.47+0.02¢ 0.45+0.01e
150.00 0.57+0.02b 0.38+0.02b 0.53+0.01f 0.57+0.02b 0.43+0.02a 0.41+0.01b

300.00 0.50+0.01a 0.43+0.02d 0.55+0.02g 0.52+0.02a 0.43+0.02a 0.39+0.02a

D )5 s R R 1N PR R 25 5 .3 (P<0.05) Different small letters in the same column indicate the significant difference (P<0.05).
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Table 4 Effects of relative water content in substrate, fertilizer amount per plant and host ( Kuhnia rosmarnifolia Vent.) on root/shoot ratio of

Santalum album Linn. seedling at different stages (X+SD)"

TR AT EACAE T AN TR] o 18] 4l AR et L
Root/shoot ratio of seedling at different times under
condition of planted host

AR

KA % RN 2/ mg

Fertilizer

ARFIARAY AT A Rl 18] 2l AR e e
Root/shoot ratio of seedling at different times under
condition of un-planted host

Relative water

content amount per plant 5530 K 5580 K 55130 K 5530 K 5580 K 5130 K

The 30th day The 80th day The 130th day The 30th day The 80th day The 130th day

30 0.00 0.45+0.00a 0.30+0.00e 0.27+0.01e 0.44+0.00a 0.43+0.01de 0.33+0.01b
150.00 0.50+0.01d 0.38+0.01gh 0.28+0.00g 0.46+0.00c 0.47+0.00h 0.41+0. 04fg

300.00 0.58+0.011i 0.36+0.02f 0.27+0.00ef 0.50+0. 00f 0.47+0.01h 0.46+0. 001

50 0.00 0.46+0.01b 0.25+0.01b 0.25+0.00¢ 0.47+0.01d 0.41+0.01a 0.38+0.00e
150.00 0.51+0.04e 0.38+0.00h 0.38+0.011i 0.48+0.01de 0.46+0.02g 0.41+0.01g

300. 00 0.57+0.00h 0.36+0. 00f 0.26+0.00cd 0.56+0.00h 0.45+0.01f 0.34+0.00¢

70 0.00 0.47+0.01c 0.24+0.01a 0.21+0.00b 0.45+0.00b 0.44+0.01e 0.43+0.01h
150.00 0.54+0.01f 0.27+0.01d 0.34+0.01h 0.51+0.01g 0.42+0.01c¢ 0.38+0.00d

300. 00 0.55+0.00g 0.27+0.01c¢ 0.19+0.01a 0.56+0.01h 0.41+0.01b 0.32+0.00a

U RS AR /NG PR R 22 5 535 (P<0. 05) Different small letters in the same column indicate the significant difference (P<0.05).

ZMETT X BRZH 2 AR 5 A I o PR it A )
R VR I K 5 5 B BRK (3 AR G 5 K 2 50% ) A1
X HRZH &)y A AR S L 34 e B L S 1 i v S
KGN 3 T FE K 43 782 (3 A X B K &= 70% ) 1)
SAETR e HR A 4 (A AR RS L I PR it S 2 ) 12 5 T
W/, 52 S S R T 4 B AR IR L AR 5 K
AT S5 i B it TS 19 R v A S 1 KR /N )
e

J7 255 T e R B AR R AR Y RS , 3% 50 %
R AR e L 52 e (235 (P<0. 05) 5 7K 43 XF AR Bl
A R RE A AR e L S I 3 TR A R A
HYAEL A 41 P AROEE LS ] S22 5 7K 9 5 3R A AP AE B A

HAEH K55 EMZ AR E, ERRW S
TR (AEFREE 80 KA 130 K) 7200 527 £ X4
W B W WSS HAE ], TEAE I 1K 350 K
K535 HEAEHMR RS, 3 X 4 i e
EAIEERTES AT
2.4 K FEHMFEMNEEHEEHRNENEP
e K S=mEm

IR AT B SR 43 DL KPR 2 32 0 A A 4 1 A bR Y 4
N4 P FI4 K SEEIIILES, HERS Al W, 7E
JARXS & K B AR A B 25 0 T M 4 i AR 4 N
4 P OFIA K i Bl PR I o 1 4 v i T R, TR
PR IE £ 40 A A 45 0 T A 2 i bR N & P

*5 ERAMSKEAKEEENTE(BE)MESHELSHNES N 2P NL K SENFIM(X+SD)"Y
Table 5 Effects of relative water content in substrate, fertilizer amount per plant and host ( Kuhnia rosmarnifolia Vent.) on contents of total N,
total P and total K in whole plant of Santalum album Linn. seedling (X+SD)"!)

AHXT
K/ %
Relative water

BARR AT B/ mg

Fertilizer

T AR 5N T 2B FRTR O H/g - kg
Nutrient element content in whole plant under
condition of planted host

R A T 2B FRITR S/ - kg
Nutrient element content in whole plant under
condition of un-planted host

amount per plant

content 4N Total N 4P Total P 4 K Total K 4 N Total N 4P Total P 4K Total K
30 0.00 9.3420.52a 1.25+0.12a 23.10+1.36a 7.93+1.09a 0.4720.01hbc 5.95+0.45a
150.00 10.870.38b 2.68+0.18d 23.54+1.55ab  10.10+0.44b 0.47+0.00c¢ 6.38+0.51ab
300. 00 11.24£0.95b 2.8820.17de  28.00+1.56cd  10.32+0.71b 0.5420.01d 7.7120. 44cd
50 0.00 9.44+0. 60a 1.80+0. 13b 23.57+1.89ab 8.44+0.91a 0.46+0.00b 6.86+0. 56hc
150. 00 10.49+0. 87ab 2.99x0. 15 28.00+0.36cd  10.23+0.97b 0.56+0.0le 7.94£0.66de
300. 00 12.971.26¢ 3.4420.10f 30.38+1.88d 12.37£0.65¢d  0.67%0.01g 8.65+0.52e
70 0.00 9.34+0.42a 2.05+0. 08¢ 23.73+0.82ab  10.07+1.06b 0.44£0.01a 7.34£0.49cd
150.00 11.180.63b 2.9220.11e 25.55%1.79abc  10.92+0.71bc  0.53+0.00d 8.1320.36de
300. 00 13.04+1.04c¢ 2.9820. 11e 26.14£0.30bc  13.04%1.24d 0.60+0.01f 9.84+0.20f

Y EF AR /NG PR R 25 5 53 (P<0.05) Different small letters in the same column indicate the significant difference ( P<0.05).
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BERE, AF Ko FRIMFIAF X AR A AR AR AR A BB SR A R 67

M4 K B i 72K o R 55 78 2 (3 A X 3 7K i
50% M 70% ) 25 N Eim . 5aF FIME N EES)
B ARREY4A N 4 P 4 K & W5 i T B (R A
HEFE) .

J7 2 AT SR W K SR A T3 45
PEF RN R4 P M4 K S ENA BEY
Wiy, AR 436 4 N & BEAT B35 52 5 /K40 4 5 27
MM E S kA2 N S EA B, MK o
XPARBIE AT 3 (R IRAD ) A4 i ki 4 N 4 P Al
4 K SRR E 720 52 EXHEA Y 4
PRI4: N 4 P e K & 8A B ENZEEH, Ky
5% EXEENE SRS N 2 P 4 K &8
HAEHR B & XA k4 N & P
4 K S A B,

3 itk fagEip

3.1 ¥MEESERREKEZEREFRUHIFE
FSE iy
TEHEYNAERK AT LSBT & 223K 5%
G313 BT 5 e S0 R 3 DR e 1 A AR R A 25 38 2+ B
& R DR A A BA: Al B 10 28 1 o 1 ik X 7K
Sr 5 FR5T ME BIE R AE S AT S5 R R L3 2
P v B JTURH NS 7 7K e b SRR i A A A T A )
AR KT SHX N P FK i, Bk
AR FR B R FRTH AR BT B R R R AR
W, AR A N 4 P ORTA K 5 a3 s 51 Bk
( F T AH X % 7K 1 30% ) A1 AS Jit B (B Rk i T o
0.00 mg) ] FHAEFE L AR R A S R T
Fr s R HARRG R B AL AR R B
R4 N 4 P e K SEEK, K550 22
MR RAERK KT N 2 M EEF R, 72K
S AEMTHEERANERKET, X 5EER
ISR E | Glycine max (Linn.) Merr.) ISRt
Xt E K (Zea mays Linn.) FIAH AT 45 - —2, HA
A5 2507 % 3 T ( Solanum melongena Linn.) 1B 35
SEUSIST SRR (Agave sisalana Perr. ex Engelm.) AR
SEREH . 5 R AR BEL SRR L B HE K 0
HEAHTRRAA, 77X Fh 2 5700 5 K AT fE
LSRR A LI A RN [ A O, ORI L A A 4
e THEEGERARVERKE BRI, XS
R A A N Je A 2 ( Cymbidium hybrid ) f#) 4 5

FAER B, Epstein 557 BB FE 45 R F W 3R 55
BRI AR S R ER RN AE KR E M
R E AR R 92 AR B AR KRB R I
P, X TREEYE S SR RE A N Al B AR & AR
KEFWHRGES AT BFaESE,

ARG, AF PP E D ER RN ERET
LB TN 3 VR, R B AR R A
R T BTy KU ek 4 N 42 P fie K &
g, TR R AT T (AL ELES 30 K) MOE UE
AR ] Y (AR BEERS 80 K ) 527 F AL Re [l i A &)
B RV AR IBIN, BEAE W AR I Ta) 1 42 4 (4b
PRES 130 K) MR R EARE K. AR ZR WP T
(KBRS 30 K) 45 T oK o3 FFR 03 01 5 %5 LA RE Y
JIRE 7 407 AR AR R R SR T AR AR RO 1
fa, AR WA 7 )y AR Y B w0 38, 365 Y 7K 43
FeorBER DL K Ay 3 R A 7 4l v AR AR A K ny e i
VB F2 2 e AR i A 4 2 7 5078 SR ™ 4
F A 5 B3 2o 40 AR O 4 R FR 4 A
HRAE Z A H) TR v N ERBE vh R W B 22 i 7K 43 5
Feo;. TEACLBRES 30 K, A8 A 4h v AR e b Bl 66 5 AH
7K R it IS S P 4 R T T O, 5 A R A
FRE A A0y AR B R T IR CORFIE Y ), AR Bt
MEYHRAERKERTH ERAKE, RRE L
BT A 5 B2 b PRI [R] A A2 (AR FRER 130
K)o B AF X 5 7K B AR it JES  T  AR A 4T
B AR IE H B R ATG , L5 2F A A A AR E L
BN UL R A 4 B AR R AR K /N T b R AR
Ko, B E = MR %

PR REV TERE T A B ESH
FEILAB AR DO T A % ik Jon DR 45 50 v 8 25 K O3
2T FRIY AR TR AR 4y B A KA AR R 2R
MKE .

3.2 HMEEFRFEAHEZSN

RAAAEY N T Re G A FMY T ETFEXRR, D
O kW A% 5 A EAEYARIE , A Re RS N B A 1A
PRI BT 5 R UHIE T 2
SRS Z — S AF LR AR RE R 25 AR T e AR
AP HOE B 26 A 5, UK, 215 5 A B
9 CHER T2 ) Runyon %52 I WFFT 45 R0 . 4
MY 22T ( Cuscuta chinensis Lam.) REMR I8 2% 3
FE W i ( Lycopersicon esculentum Mill.) 8 A& 1945 K& 1
Wy I ke s AR Y A A Ty T e kR e O B 7 3222
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BB, MEHSCEP I pH 5.0 ~ pH 6. 0 94 K &1
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