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Effects of Physical and Chemical Properties of the Substrate on the Growth of
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Abstract: One-year-old cuttage seedlings of Ficus religiosa were used as experimental materials to explore
the influences of different substate ratios on the growth and physiology of the seedlings to provide theoreti-
cal bases for the optimization and development of the substrates used in the container seedling cultivation.
Seedlings were cultivated in 9 substrates that were formulated by 4 kinds of materials with different pro-
portions,including garden soil,vermiculite, perlite,and nursery soil. The ranges of the relative parameters
of 9 formulated substrates were reported as follows: bulk density:0.47—0.87 g« cm °; total porosity:
65.60% —78.20%; pH:7.07—7.77; electrical conductivity:216—318 S+ cm '; organic matter content:
41.5—149.0 g+ kg '; total nitrogen:1.92—3.37 g« kg '; available phosphorus:13. 7—56.8 mg *» kg ';
available potassium:166—451 mg * kg '.indicating that there were significant differences in physical and
chemical properties among 9 formulated substrates. It was found that the density of the formulated sub-
strate T7 was the lowest, but the organic matter, electrical conductivity and total nitrogen were the high-
est. The available phosphorus in T2 was the highest. The rapidly available potassium content in T3 was the
highest. The total nitrogen,available phosphorus and the rapidly available potassium in T8 were the low-

est. The results indicated that the substrates significantly affected the growth characteristics of the contain-
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er seedlings,however,the physiological characteristics of the container seedlings were not significantly af-

fected. There was a significant negative correlation between the available phosphorus and available potassi-

um in the substrate and seedling biomass of linden container seedlings. Comprehensive analysis showed

that substrate T8 was the optimal formulated medium for the cultivation of F. religiosa seedlings with a

volume ratio of garden soil ¢ nursery soil * perlite :

vermiculite=2: 3 : 1 : 4,
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Table 1 Mixture design of different substrate proportion

FE R HE (IR EED

4b 31

7l + BH+ j237 3= Ly
CK 1 0 0 0
T1 0.6 0.4 0 0
T2 0.6 0.3 0.1 0
T3 0.6 0.2 0.2 0
T4 0.4 0.4 0 0.2
T5 0.4 0.3 0.1 0.2
T6 0.4 0.2 0.2 0.2
T7 0.2 0.4 0 0.4
T8 0.2 0.3 0.1 0.4
T9 0.2 0.2 0.2 0.4
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Table 2 Physical and chemical properties of substrate ratios
58 55 HE . E\?LU@E oH L% 1 ﬁwﬁ] 4N | R P | AL K |
/(ge+cm °) /% /Cus+cm ') /(g+kg ") /(g+kg ) /(mg+kg ') /(mg-kg D
CK 0.8740.01"  65.600.10% 7.5840.01"  26141.45"  41.540.06'  2.0340.10° 56.8+0.19"  39240.33°
Tl 0.6740.01c* 71.2340.35% 7.08+0.01" 2214145 59.240.01"  2.3940.02° 49.340.02°  44940.12°
T2 0.6840.01° 71.1540.09% 7.4540.03°  2461.45¢ 66.540.04%  2.4440.00°  58.740.02° 43945, 78"
T3 0.6640.01¢ 71.8840.16% 7.7340.02"  232+2.03° 67.240.02%  2.2140.00% 45.4+0.00°  45147.31"
T4 0.7240.00" 71.084£0.52 7.624£0.01°  216+0.58" 57.340.00°  2.3240.00° 35.34:0.02° 29140, 12¢
T5 0.5840.01"  74.0940.50" 7.574£0.02Y 2560, 88° 89.840.12" 2.5640.09" 28.840.01' 27240, 36"
T6 0.6340.01° 73.01£0.03° 7.68+0.01"  230+4.33° 59.540.15%  2.1340.00°  27.640.01%  26440.55°
T7 0.4740.01%  78.200.17" 7.5440.01%  318+1.4514940. 19" 3.3740.00"  20.7+0.01" 19340. 50"
T8 0.7140.01" 70.57£0.40" 7.77£0.01°  235£2, 31° 67.540.01° 1.9240.04'  13.740. 27 1660, 585
T9 0.6540.01¢ 72.2940.16* 7.6940.02"  264+1.76" 63.740.05"  2.0540.06°  14.14:0.09' 17020, 545
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Fig.1 Height increment of F. religiosa seedlings in different substrates
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Table 3 Morphological indexs of F. religiosa

seedling under different substrates

2.5 BRI EREERKMAEBIFRY WAL
/IEMH

AR AR R AE RN T AR E il
JR3 3 A B 7 3 AT L A A o A i DR A TR R o
XoF 5 R AR A A AR R B S IR e B ol R TR C LE
T 3 F 3 B A 8 A A ORI AR B AR bR AT R
B, E3RAT 3 A E BRI RITTTER R 93. 63600 (%
DAY, FRAS E Y AT A T LT T

4 S 2 =7
i i/ em Hufe/em R Y, =0.46X,4+0. 44X, —0. 16X, +0. 46X, +
CK + + +
62.786. 74 L7201 42. 785279 0.43X:+0.29X,+0.05X,+0. 29X, (D)
T1 58.00+6.72° 1.33+0.12% 43.00+2,12°
Y,=—0.15X,—0.11X,+0. 30X, —0. 14X,
T2 59.2244.70°  1.29+0.13*  48.04+3.97° X4 X4 X4 ¥
—0.26X;:+0.54 0. 45 0.54 2
T3 51.3345.37°  1.0740.07"  48.00+3.97° ° 6 7 8 (2)
T4 44.3344.53*  1.24%+0.10°  35.9242.69" Y;=—0.09X, +0. 26X, +0. 74X, +0. 02X,
TS5 51.7844,92°  1.4640.07° 34,9842, 25° +0.05X;40.29X;+0.08X,;,4+0.07X, (3)
T6 61.4448.19°  1.3040.10°  46.84=4. 40° mZ7 00,5 1 FlahEaEd a sy e
T7 60.22+8.72°  1.4474-0.09*  41.58744,92° MR8 0,980, FTHE.MF TEL LT
T8 64.78+£11.63" 1.374+0.15 44,0944, 50° Tﬁﬁl?ﬁﬁf@ﬁjﬁ,>0 900’% 1 Iﬁiﬁ”%/ﬁ\Tf@L
T9 54.7848.00°  1.0640.08"  52.68+6. 87" \ " o N
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Fig. 2 Diameter increment of F. religiosa seedlings in different substrates
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Table 4 Growth indexes of F. religiosa seedling under different substrates
JBLiE T RES b+ g WHTE/ g 5 L BTE/g Jo i R AL
CK 11.0844. 23" 5.54+1. 45" 0.56=+0.09" 16.63+5.57" 0.37+0.12"
T1 11.7044. 47" 13.1142. 93" 1.494-0. 48" 24.81+7.32% 0.56=40.17%
T2 8.07+3.70" 9.26+5. 40" 1.16=+0. 24" 17.334+8.97" 0.35+0.18"
T3 7.87+1. 21" 8.33+2.27% 1.034+0. 22 16. 204 3. 26" 0.3340.12"
T4 10.3444.11° 9.60+3. 54" 1.00=+0. 10" 19.95+7.65" 0.5340.21%
T5 24.15+5. 66" 15.3143. 64 0.63+0.04" 39.46+9, 27 1.0840. 25"
T6 25.42+13. 28 14.5145.47% 0.66+0.16" 39.94+18. 70™ 0.82240. 38"
T7 18.95410. 32 15.0143. 66™ 1.2940. 54" 33.96+13. 98" 0.7940. 32%
T8 37.13+16. 55" 21.00+38. 82" 0.63+0.07" 58.13425. 35" 1.2740.55*
T9 10.4541. 86" 7.19+1.12° 0.92240. 09 17.6442. 66" 0.3340.05"
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Table 5 Physiological indexes of F. religiosa seedling gi%%ﬁﬁ E/‘J %%%}E 1l~$ )I}\Z_, , ﬁ \i/' E(J %{Eﬁ;ﬂj
der diff t substrates N \
e T e TRARMA K, — AR ST AT N 0. 1~0. 8
AbBR EERTES HEERSE WTHEEEASE - N . ;
Py o o S g+ mg L ALBREEVEE A 5400 ~96 %6 . AHTT
=2 /(mg-g ) /(pg + mL™ ) /(gL
CK 21914238  2.1940.24° 0,460, 07° JUR 3 T LG R 38 40 i L B 4 R 3R W B CK Y
T 23.2546.15°  2.3340. 36° 0.4540.10° B AR L T R A E AN AR R A SR E
T2 21.8044.39" 2,180, 25° 0.4440.11° YR TSR, e RIEE R A IEE A K,
T3 21.7142.06*  2.17+0.21° 0. 4440, 09* + 4% pH . EC {H 5 W A5 9 4= K B 37 40 1 WU, A wif
T4 18. 2744, 14° 1. 8340, 24° 0.53+0.11° AR 3 pH{E R 7. 08~7. 77, K4y
T5 18.0247.51° 1.8040. 43 0.3440. 03 AR LR pH6. 0~ 7. 57 Y G H R R 25
T6 22.6947.42° 2.27+0. 43" 0.39+0. 14° %%ﬁiﬁiﬁ’lj(m Eﬁ%a%%%%ﬁiiﬁXd‘i% pH %
T7 24.57=£5. 68° 2.4640.57° 0.36£0.07° KKPE?F%,:UE% pH ﬁﬁ%%%ﬁiﬁﬂ@{k%‘@
T8 27,7144, 50° 2.7740. 45° 0.58+0. 10° .
K, 585 % EC 4 &k me i iwrh a3 M
T9 23.56+8. 76" 2.36+0.51° 0.54=40.07° . SR e
Hhr.<<2.6 msecm MHPAEKIER..ECHET
xo EREBUMRSEREEKWEXYE
Table 6 Correlation between physical and chemical properties of the substrates and growth of F. religiosa seedlings
Faxiy LB EC o EERING 4 N WAL P HE K
/(g+cm™ ) /% /Cus * cm 1) P J(gokg ) J(gekg H /(mgekg ) /(mg-kg D
- FE /g —0.132 0.29 0.039 0. 207 0.139 —0.019 —0. 404" —0.399"
WF+E/g —0.248 0.158 0.015 0.039 0.236 0.113 —0.332 —0.29
5 L —0. 221 —0.209 0.004 —0.447" 0.224 0.309 0.21 0.283
BAEYE/g —0.175 0.25 0. 031 0.152 0.176 0.027 —0.387" —0.369"
Ji 5 AL —0. 206 0.23 0.043 0.12 0.218 0.096 —0.380" —0.368"
N2 A
HRR n —0.006 0.163 0.118 0. 086 0.075 —0.042 —0.176 —0.159
/(mgeg
3 M- Wk A B
Bl E,fi —0.006 0.163 0.118 0.086 0.075 —0.042 —0.176 —0.159
/(pg s mL™ D
ﬂﬁﬁﬁﬁlfi 0.29 —0.007 —0.218 0.149 —0.243 —0.323 —0.107 —0.112
g-L

e * RIRTE 0. 05 7KF OB 58340 56
R7T AEAERBEILEREBERMEEBERHERS S0
Table 7 Principal component analysis of growth and physiological

indexes of F. religiosa seedlings with different substrate

LA TR
8 7 ) o

HF 1 HF 2 HF 3
M b X, 0.974 —0.202 —0.095
R T E X, 0.926 —0. 145 0.274
W X, —0. 349 0.412 0.773
MAEYE X, 0. 980 —0.187 0.026
B X, 0.915 —0.363 0.056
MR X, 0.623 0. 745 0.075
AR X 0. 620 0.748 0.079
EEEN X 0.102 0.619 —0.626
FEAEAA 4.507 1.894 1.090
Uk %/ % 56. 341 23.675 13.619
it TrEk R/ % 56. 341 80.017 93. 636

xR8 ARERBILNERBEKESES
Table 8 The comprehensive scores of different substrate ratios

on the growth of F. religiosa seedlings

Ak B 2 5 LER1RIY 4
CK —0.932 99 10
T1 0.101 464 4
T2 —0.731 45 8
T3 —0.865 77 9
T4 —0.657 17 7
T5 —0.278 19 6
T6 0.353 622 3
T7 0.407 413 2
T8 2.858 445 1
T9 —0.255 37 5

S EB Y AR 5T b 4% L RBC 9 EC (A
0.216~0.318 ms * cm ', ¥ <2.6 ms * cm ',3%
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