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Selection of optimal culture substrate for tissue-cultured
seedlings of Phyllitis japonica

ZHAO Chao' ,DONG Ran',GU De-feng' , HUANG Xiang-tong”,
YAN Hai-yan' ,BAO Wen-hui' ,PAN Lan-hui'

(1 College of Horticulture, Jilin Agricultural University ,Changchun, Jilin 130118, China;
2 Changbai Mountain Academy of Sciences s Erdaobaihe, Jilin 133613 ,China)

Abstract; [Objective) This study aimed to select the optimal culture substrate for tissue-cultured seed-
lings of Phyllitis japonica. [Method] Three-year-old tissue-cultured seedlings were planted them in 7 cul-
ture substrates formulated with peat, hill-skill soil, garden soil, mushroom residue and perlite at different
volume ratios (T1(CK1) :peat, T2(CK2) : hill-skill soil, T3:V (garden soil) : V(peat) =2 : 1,T4.V (garden
soil) : V(hill-skill soil) =2 : 1,T5:V (garden soil) : V (hill-skill soil) : V(mushroom residue) =2 :1: 1,
T6:V(peat) : V (hill-skill soil) : V (mushroom residue) =2 * 1 ¢ 1,and T7:V (peat) : V (perlite) :
V (mushroom residue) =2 : 1 : 1). Nine indices from morphology,physiological and photosynthetic charac-

teristics were selected for comprehensive evaluation. Then principal component analysis was conducted and
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subordinate function was used to calculate comprehensive evaluation values. These values were ranked and
the best substrate was determined according to physical and chemical properties. [Result) Physical and
chemical properties of all substrates were within the ideal ranges for the growth of P. japonica tissue-cul-
tured seedlings except T4 with slightly higher bulk density and smaller aeration porosity and T1 with
slightly lower pH. Single leaf area, number of new leaves, number of new leaves with sporangia, Chloro-
phyll content,net photosynthetic rate,and water use efficiency showed significant differences at P<Z0. 05 or
P<C0. 01 levels, while the height, crown width and specific leaf weight showed no significant difference
(P>>0.05). T3 had the highest comprehensive evaluation value of 0. 924, followed by T7,T2,T5,T6,T4

and T1. [Conclusion] The preferred culture substrate for P. japonica tissue-cultured seedlings was V (gar-

den soil) : V(peat) =2 : 1,which was simple to prepare and suitable to apply.

Key words: Phyllitis japonica ; tissue culture seedlings; culture substrate; principal component analy-

sis;subordinate function

XTIV BR (Phyllitis japonica Kom) H] 44 %< 4t X%}
FFp% « B ASXE FF Bk . A 8% 1 Bk B (Aspleniaeeae) X} FF
BB 22 45 AW S AR AR ) . R T R R R R R
W, AR MR ENE. B 2R AZ,
HAWR AR FE R &M 0 500 5 Fn 2 FH A
BT SR REY. ARSI ME. Bl T
H AR BEAE 155 0 2 5 AR BE IR DL K AR T X
TFBR Wi fe K 4, 951 Ry 16 K — 02 i AG A 3 A
Yy, WRAEESES L 2008 AR BT HE T O R 1
B PREEOR O S LA AP R LK

AR A A K EEN R —, &
7 3 H S Tl A A 114 o A AR R T A A 2 A B
PEAT &35 3 B s H BTG T W Bk 0 ik o i) F 5 R R
3 R AR A T 0 S Al AT A B o AT 5 LR
s H SRR oA R SEAT IR B T IR AN S bR A
% . HARBR B AFTE— 8 A DG L 000 BT 25 Rt 23 A7 7
R . ER R AR R X B AR X R R | e 1 R R
FEEAT T WESE N Rl PR S BRI o V
) VBERE)  VUEAR) : VORI =7 : 1
1 L AEHERN VER L) : VIBERKRS) ¢
VUEA) : VAaY) =5: 2+ 2+ 1, HAE. &I

ik 2L % B A AR R T 5 e R DL ARG . AR A
A3 43 BT 3 X Xt R 20 5 T 5 Rk 3 Ak B A T
ER5 VR KR AT UAE A 40 2% s AR A 451 2% AT £ R
(R B & R DR A BB 2 1 48 A % 45 LA 8 19
AR EL 0 S B FE o) AR M RE AL B SR BT AT A B 4
— A~ 2 (B ORIV Y SR i R B IS R AT A A
BT IR A A [5) A% 55 JE o b AR ROIR B0 0 25 A
(B 7 et Fe AR AR B AL o . KPS R AE AN .

L MRS .

L1 R5esr s

TR AR AR T MR A R 2 bl 202 B 1 3R 1
3 AF L T R 2H 8 v 308 U R A R — i B
BT IR

TR0 T A 2R o BEORHAT « 5 U T R bR A B TR
BRI IT A28 w5 1 B2 £, 2013 4Rk A K&
HEBRMSEH TR O 2~3 em RJZ 5 il £,k
PR 3 MR AR M R Bl 2025 g el P A ' S5 B2 i M 5 R
U AT 35 WA R~ B TR 2 S B 5 B2 3R
O TEMERENTEESHRA] . I+ R+
BRI 25 A R bR B B R N SR 1 PR

1 FHREREMMEBELEE

Table 1 Physicochemical properties of non-commodity substrate
i/ A R/ AR/
ST R flmbﬁﬂ J_xﬁlﬂzl J_xﬁ'lﬁé'%il J_xﬁl'f#'ﬂ
Substrate pH (g-kg™ D) (mg + kg™ 1) (mg « kg™!) (mg -+ kg™ D
) Organic matter Available N Available P Available K
1 fz + Hill-skill soil 5.5 90. 68 148. 24 42. 37 232.34
[El + Garden soil 6.1 37.78 168. 37 46. 47 322.42
B 7 Mushroom residue 6.7 63.1 278.18 106. 01 226. 81
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Table 2 Physical and chemical properties of different substrates for Phyllitis ja ponica tissue-cultured seedlings

) . . N N K/NFLBR
nj =y == 23 0 = 0
b 9 WBUREL gy FOREBROCSRIULBR A T EC/
(g+cm %) . Water-holding Aeration . pH
Treatment . Total porosity . . Water-hold (mS+cm™ 1)
Bulk density porosity porosity ) .
porosity ratio
T1(CKD 0.179 64. 94 43.94 21.00 0.478 0. 54 5.10
T2(CK2) 0.752 57.21 40.71 16. 50 0. 405 0. 87 5.46
T3 0.758 56. 00 40. 50 15.50 0.383 0. 45 5.56
T4 0. 981 52.17 40. 17 12. 00 0. 299 0.48 5.57
T5 0. 885 55.01 40,51 14. 50 0.358 0.15 5.79
T6 0. 342 61. 44 45. 94 15.50 0.337 0.22 5.69
T7 0.161 64.99 45.49 19. 50 0.429 0.72 5.72
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Effects of different substrate formulas on growth,and physiological and photosynthetic

characteristics of Phyllitis japonica tissue-cultured seedlings

N " B H AT
L B i 11/ om? S -
Treatment Height Crown width g Number of new
area ew leaves . .
leaves with sporangia
T1(CKD) 16.00+1.31 a 46,2742.43 a 65.6848.60 ¢ 3.6740.58 cdC 2.33+1.53 bAB
T2(CK2) 16.97+4.20 a 46.434+2.03 a 75.43744, 27 abe 5.00+1.00 bedABC 5.6741.53 aA
T3 18.67+0.70 a 48.20+3.71 a 77.5242.91 ab 7.33+1.15 aA 3.68+0.58 abAB
T4 15.10£1.99 a 46.104+6.91 a 69. 8844, 20 abc 3.00%+1.53 dC 1.67+1.53 bB
TS5 18.20+1.29 a 44,034+7.14 a 66.6045.19 be 5.67+0.58 abcABC 2.67+0.58 bAB
T6 18.63+1.69 a 45.63+1.63 a 79.03+4.71 a 4.33+1.53 cdBC 3.67+0.58 abAB
T7 16.13+2.36 a 42.53+3.14 a 70.33748.58 abc 6.67+1.00 abAB 3.67+1.15 abAB
IR B MOk £ I KA FUR R/
Qb B (mg+ cm™?) 4K/ (mge+g 1) (pmol * m™2 « s 1) (mm(l)»i‘ :m,z ./ 1) (pmol + mmol ™)
Treatment Specific leaf Chlorophyll Net photosynthetic L Water use
X Transpiration .
weight rate efficiency
T1(CKD) 3.34+0.95 a 1.3354+0. 021 cC 3.17+0.71 abAB 1.51+0.32 a 2.24+0.91 ab
T2(CK2) 3.02+1.27 a 1.427+0.032 bB 2.33+0.57 cB 1.4840.68 a 1.81+0.85 b
T3 2.54+1.16 a 1.546+0.019 aA 3.48+0. 35 abA 1.224+0.12 a 2.90£0.52 a
T4 2.46+1.57 a 1.522+0. 028 aA 2.90£0.41 bcAB 1.32£0.11 a 2.214£0.44 ab
TS 3.09+0.54 a 1.398+0.033 bB 3.68+0.17 aA 1.2440.13 a 2.994+0.20 a
T6 3.62+0.59 a 1.249+0. 023 dD 3.22+0.81 abAB 1.4940.27 a 2.28+0.95 ab
T7 2.15+0.16 a 1.5194+0. 021 aA 3.47+0.75 abA 1.634+0.46 a 2.234+0.64 ab

TE R B P bR 22 s R S0 B S5 AR AN Rl /NE R 3ROR 22 5 B 3 (P<C0. 05) JARA R RS 7 B 3R 22 S U 35 (P<<0. 01D,

Note:Data in the table are “means= standard deviation”. Data with lowercase and capital letters in each column indicate significant differ-

ence at P<C0. 05 or P<C0. 01 level.
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Table 4 Eigenvectors and contributions of synthetic indexes of Phyllitis japonica tissue-cultured
seedlings with different substrate formulas
. TR A2 TR TR
JgE| S S o o
Principal Principal Principal Principal
Ttem r
component | component ][ component [[| component [V
# i Height 0.215 0.554 —0.170 —0.017
T iE Crown width —0. 147 0.262 0.092 0. 801
ity s e #
AT RE T A —0.136 0. 404 0.386 —0.391
Number of new leaves with sporangia
it %0 Number of new leaves 0.458 0. 257 0. 267 —0.224
Bt i Single leaf area —0.074 0. 496 0.261 0.109
-4t % Chlorophyll 0. 301 —0.224 0.507 0. 259
[ i Specific leafl weight —0. 306 0.294 —0.489 —0.038
¥4 3% Net photosynthetic rate 0.511 —0.012 —0.323 —0. 080
KA I %0 Water use efficiency 0. 504 0.112 —0.271 0. 260
FRE{H Eigenvalue 2.786 2.592 2.079 1. 096
Tk % % Proportion 30. 96 28. 80 23.10 12.17
FZ BBk % Cumulative 30. 96 59.76 82. 86 95. 04
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Table 5
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(0. 92) | K. e HEZESS 2 A9 T7(0.549) & 68.3%.,
Ui BN 22 07 T 255 4 BT 6FJF BR A 5 ¥ AE T3 JE R
A KA, ARSI B, Rk oy T7.T2.T5,
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Comprehensive values [CI(x) ], subordinate functions [x(x)],Y(2),D and rank of

Phyllitis japonica tissue-cultured seedlings with different substrate formulas

b # Treatment CI(D) CI(2) CI(3) CI(4) n(D) n(2) n(3) n(4) YD Y(2) Y(3) Y(4) D
T1(CKD) —1.136 —1.072 —1.446  0.347 0.238 L2177 0.063 0.649 0.077 0.084 0.015 0.083 0. 260
T2(CK2) —2.133 1.044 1.753 —0.473 0 0.779 1.000 0.372 0 0. 236 0.243 0.048 0.527

T3 2.060 1. 660 1.008  1.387 1.000 0.925 0.782 1.000 0.326 0. 280 0.190 0.128 0.924
T4 —0.760 —2.243 0.445 1.198 0.327 0.617 0.936 0.107 0 0. 150 0.120 0.376
TS 1.709 —0.100 —1.661 —0.489 0.916 0.508 0 0. 366 0.299 0.154 0 0.047 0.499
T6 —1.116 1.979  —1.339 —0.397 0. 242 1.000 0.094 0.397 0.079 0.303 0.023 0.051 0.456
T7 1.377  —1.267 1.241 —1.573 0. 837 0.231 0. 850 0 0.273 0.070 0.20 0 0.549
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