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Effects of Soil Hardness on the Root Distribution of
Pinus rigida Mill. Planted in Association with
Sodding Works on the Denuded Land*'

Hi Doo Cho*?

MBI T @] Hikks & el o) kel RAS AR Lo B MR E EWstaa £
A i fRFRS] BIRTFMl BLRe LIS g &R LERIEE (L Soil
hardness tester 2 i ahaL HHE (PAR) o 547 % Mrstel St chgat 2ol EWivd 5 ol
ek 1) e EREEE bl Aol whel #ik Hinsked iy SEEEEEE S TRl A 14. 6mm
IR A 16.2mm, M-S 17.2mm, NEFel A £ 18.3mm, VIdell A& 19.8mmA ek 2) B (I &
Fgoll o] B2 wol AAisted Lol Zoidel whel 2 Kok MAsked TREC Hifle] & 1061
%)= T [FE-S 0.84(26%), M-S 0.6(18%), NE- 0.4(12%), VEE 0.4(13%)°lch 3)
+ o) B RE S} RS Hie kol HIBIBIGRe olol BREREZL obxlw olol whel BHE & W
paret % LRI e B ok B el AHBYREE TRE-S —0.3675, MR- —0.5299, I
i —0.5573, IVRE-& —0.6922, VRE-& —0.7325, &fkF#He —0.946924 =5 HREMI0] vk
4) el 7l chauhFo) BHR (hAHR) o el ol et e R JRERREIE 12.0~14. 9mm 24
o] Bikoll b REEEIL E 33%0] i BHESl A 41.8%0 k. = REERE 20. 9mm7tA] = 82%
ol b HR 93.2% 7} AFEE I o] $REEEE 20, 9mmbd T4 7E el 7l eha b o] SR e kel i fr

sheha AR .

ABSTRACT

Soil hardness represents such physical properties as porosity, amount of water, bulk density and soil
texture. It is very important to know the mechanical properties of soil as well as the chemical in order to
research the fundamental phenomena in the growth and the distribution of tree roots. The writer intended
to grip soil hardness by soil layer and also to grasp the root distribution and the correlation between soil
hardness and the root distribution of Pinus 7igida Mill. planted on the denuded hillside with sodding
works by soil layer on soil profile. The site investigated is situated at Peongchang-ri 13, Kocksung county,
Chon-nam Province. The area is consisted of 3.63 ha having on elevation of 167.5-207.5 m. Soil texture is
sandy loam and parant rock is granite. Average slope of the area is 17 °—30°. Soil moisture condition is
dry. Main exposure of the area is NW or SW. The total number of plots investigated was 24 plots. It divid-
ed into two groups by direction each 12 plots in NW and SW and divided into three groups by the position
of mountain plots in foot of mountain, in hillside, and in summit of mountain, respectively. Each sampling
tree was selected as specimen by purposive sampling and soil profile was made at the downward distance

of 50cm from the sampling tree at each plot. Soil hardness, soil layer surveying, root distribution of the
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tree and vegetation were measured and investigated at the each plot. The soil hardness measured by the

Yamanaka Soil Hardness Tester in mm unit. The results are as follows: 1) Soil hardness increases

gradually in conformity with the increment of soil depth. The average soil indicator hardness by soil layer

are as follows: 14.6mm in I — soil layer (0-10cm in depth from soil surface),16.2mm in II — soil layer

(10-20cm),17.2 in III — soil layer (20-30cm),18.3mm in IV — soil layer (30-40cm),19.8mm in V - soil layer

(40-50cm). 2) The tree roots (less than 20mm in diameter) distribute more in the surface layer than in the

subsoil layer and decrease gradually according to the increment of soil depth. The ratio of the root

distribution can be illustrated by comparing with each of five soil layers from surface to subsoil layer as

follows: I — soil layer; 31%,II — soil layer; 26%,IIT — soil layer; 18%,1V — soil layer; 12%.V — soil layer;

13%. 3) Soil hardness and tree root distribution (less than 20mm in diameter) of Pinus rigida Mill. cor-

relate negatively each other; the more soil hardness increases, the most root distribution decreases. The

correlation coefficients between soil hardness and distribution of tree roots by soil layer are as follows: [ —

soil layer; -0.3675 (at the 10% significance level),II — soil layer; -0.5299 (at the 1% significance leveD,lIT —

soil layer; -0.5573 (at the 2% significance level),IV — soil layer; -0.6922 (at the 5% significance level),V —

soil layer; -0.7325 (at the 2% significance level). 4) the most suitable range of soil hardness for the growth

of Pinus rigida Mill. is the range of 12-14.9mm in soil indicator hardness. In this range of soil indicator

hardness, the root distribution of this tree amounts to 41.8% in spite of 33% in soil hardness and under the

20.9mm of soil indicator hardness, the distribution amounts to 93.2% in spite of 82% in soil hardness.

Judging from above facts, the roots of Pinus rigida can easily grow within the soil condition of 20.9mm in

soil indicator hardness. 5) The soil layers are classified by their depths from the surface soil.

Key workds: Pinus rigida; root distribution; soil havdness.
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Fig. 1. The site investigated
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Table 1. The outline of investigated plots and sample trees
Plots investigated Sample trees
Plot Crown
.. Slope Soil Gradient Soil Deposit Stem
No. Position E i jecti
form depth gra. xposure humidity form Height projection D.B.H volume
(m) area (cm) s
(m*) ()
lide-
1 foot  concave medium 20 S30°W  dry slide- ., 5.94 111 0.023
deposit
2 hillside " thin 20 $30°W o« sedentary 5.08 5.10 11.4  0.027
3 summit " " 26 S30°W » ” 5.20 4,52 10.1  0.019
lide-
4 foot " deep 17 Sa2°Ww  w sude- s 64 3.05 113 0.025
deposit
5 hillside " medium 17 S 42°wW " sedentary 5.16 17.34 11.2  0.023
6 summit " thin 28 S42°w " " 3.73 2.54 8.5 0.010
ide-
7 foot " deep 17 $49°W optimum “19% 499 5.72 8.5 0.013
deposit
8 hillside " " 17 $49° W ” " 4.85 8.55 8.0 0.011
9 summit " medium 29 S49° W dry " 4.79 5.10 8.6 0.013
10 foot " deep 17 $51°W " sedentary 5.64 §.72 10.0  0.020
11 hillside " medium 23 $51°W " " 6.15 11.93 9.5 0.020
12 summit " thin 29 S51°W " " 4.04 4.15 6.5 0.006
cave- "
13 foot zg:v:; medium 22 N21°W optimum 7.14 9.07 9.3 0.022
14  hillside " deep 26 N21°W dry ” 5.81 8.04 8.5 0.015
15 summit " medium 32 N21°w  » ” 3.24 72.07 8.2 0.008
16 foot ” » 23 N23°W optimum T9% ¢ 6o 4.15 8.0 0.015
deposit
17 hillside " thin 17 N23°w " sedentary 6.80 5.31 12.0 0.035
18 summit " o 26 N23°W dry " 4.04 3.46 7.5  0.008
slid
19 foot " medium 41 N 5°W optimum ¢ 8.60 15.9 12.5  0.00§
deposit
20 hillside " deep 12 N s°w " " 5.85 7.54 12.0 0.003
21  summit " medium 26 N $°W dry sedentary 7.63 5.31 10.5 0.030
lide-
22 foot ” » 23 N26°W optimum 00 6.32 9.62 10.5  0.025
deposit
23 hillside " " 20 N26°W dry " 6.26 9,07 10.0  0.022
24 summit " " 34 N26°w » sedentary 6.92 6.15 10.3  0.026
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Table 2. Investigated factors of soil profile

Plot Depth of sail layer Transition Hardness & number of tree roots
No. of it T v v Vi Vil VI Total
Ao B B C Soil Humus H R H R H R H R H R H R H R H R foots
1 25 225 253
e gradual involved 17 11,7 18.1 123 180 6.3 19 33 191 27 36.3
0-5 “20-25 1835
2 1.5 _ 205 - 20
e " " 15.5 107 209 9.3 222 43 230 1.0 25.3
12 “14-27 832
s _ 7 6
3 o ” " 141 117 1.7
25 59 3.9
6 119 1 1
A 6~ [¢3) m
216 118120 " " 158 80 163 9.3 182 8.7 199 6.3 19.2 4.3 17.7 40 17.9 6.3 182 6.0 52.9
5 a8 18
5 e " " 17.5 123 20.2 110 22t 60 24.7 1.0 258 1.0 31.3
2.8 3452 14-22
7 7 - 6
6 e e " " 9.7 157 13.6 137 29.4
410 310 66
7 85 17~
7 e " " 10.5 9.7 13.9 110 13.0 100 13.0 57 140 B0 128 7.3 141 S50 56.7
310 36-60 &28
H 50 i8 1 1 2
s 580~ ., . 1) ) @)
2-8 3de6.54 To-26 17 9.7 211 83 207 50 21.8 3.0 21.7 53 201 3.7 208 3.7 38.7
10.5_11.5 - 17
9 - " " 12.9 157 18.6 5.0 185 43 193 4.0 220 4.0 33.0
16 319 133
5 38,5 - 25 1) Q
10 5385 ( )
38 39.48 30-30 M " 19.8 100 214 50 206 6.0 18.0 57 180 57 19.7 7.5 34.2
10 3t 8
11 T " " 18.8 11.3 23.6 4.0 229 6.3 238 2.7 24.3
§12 2834 412
9.5 105 _- 4 [8)] (1
12 /// s 9 " )
(15 6 26 158 9.0 13.7 11.0 20.0
13 2/y7/ y rich 142 9.0 140 113 156 4.7 1.5 4.0 29.0
" iC . i B B . . . .| B
04 636 410 710
4.5 _ 5.3 21
14 e T »  involved 143 11.0 13.6 83 145 7.3 16.8 83 17.6 5.0 39.9
4.5 5155 1626
's L ¥ _- 3 B " (3) 3)
02 3340 24 139 157 142 110 151 9.0 158 6.7 42.4
25 335~ 13
16 " ” 142 160 15.2 153 153 107 161 6.7 48.7
43 a1 s
19 3 17 9
17 — " " 148 160 150 13.7 29.7
i8-20 24 16-18 B-10
6 16 12
18 S 2 " " 10.2 127 12,5 137 133 80 34.9
2.8 1418 10-14
118 __13 15
19 e 2 el " " 1.3 133 142 7.3 147 80 151 50 33.6
0-12 14-22 822 1020
3 35 22
20 T " “ 14.5 6.7 152 10.0 16.9 50 167 4.0 25.7
24 3238 3024
10 . 3 13 Q)
21 // // // " "
416 3245 To.16 12,6 157 13.8 83 155 93 165 7.0 188 B.O 48.3
a 45,5 24.2
22 T " " 163 4.7 149 73 16k 5.7 190 33 203 2.0 23.0
7-6 45-48 18.5-20
6 23 23
23 L T 2T " " 13.4 87 130 93 13.0 6.7 135 45 29.2
28 2026 22-24
3 19 11
24 e " " 13.3 113 162 &7 165 10 27.0
2.4 i820 “10-12
9.7 12.5- 13.0 13.0- 14.0- 12.8 14.1-
Range 2-19 110 7:119 3-25.5 " .
19.8 23.6 22.9 247 25.8 20.1 20.8
Average10.7 6.9 24.0  14.8 " " 14.6 115 162 9.7 17.2 69 183 4.6 19.8 4.8 169 52 17.6 50

Note: H

: Soil hardress

R : Roots except large roots {maore than 2cm)

{ ): Number of large roots
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Fig. 4 The distribution of the mean of tree roots by
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Table 3. Correlations between soil hardness and number of tree roots

Correlati
Soil Layer orre.z é on T-test Confidence limit
coefficients
I
(0 — 10cm) -0.3675 t = 1.853 tezon = 1.717 -0.020 — -0.6640
I
(10 — 20cm) -0.5299 t = 2.863 tz1,0.00 = 2.831 -0.1489 — -0.7739
111 )
(20 — 30cm) -0.5573 t = 2.848  fis, 002 = 2.552 -0.1489 — -0.8041
v
(30 — 40cm) -0.6922 t = 3836 tis,0. = 2921 -0.3276 — -0.8764
\%
(40 — 50cm) -0.7325 t = 2.633 te,0.05 = 2.447 -0.0500 — -0.9478
Average -0.9469 t = 5148 tae0z = 4541 -0.3885 — -0.9967
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Fig. 10. Correlation between soil hardness and

number of tree roots (soil depth; 40—50cm)

Table 4. Regression coefficients and regresion equations

Soil hardness

Fig. 11. Correlation between the mean of soil hard-

ness and the mean of tree roots.

Coefficient of regression

Confidence limit (95%)

Regression equation

-0.4210
-0.4957
-0.3423
-0.4209
-0.4904
-1.4503

-0.4210 + 0.4702
-0.4957 + 0.3600
-0.3423 4+ 0.2525
-0.4209+0.2326
-0.4904 £ 0.4551
-1.4503 + 0.9052

17.65 — 0.4210x
17.77 — 0.4957x
12.80 — 0.3423x
12.28 — 0.4209x
14.48 — 0.4904x
32.47 — 1.4503x
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Table 5. Frequency of soil hardness

Hardness Relative Cumulative Cumulative relative
Frequency \
class (mm) frequency (%) frequency frequency (%)
9.0 — 119 3 3 3 9.7
12.0 — 14.9 31 33 34 36.0
15.0 — 17.9 26 27 60 63.0
18.0 — 20.9 22 23 82 86.0
21.0 — 239 11 12 93 98.0
24.0 — 26.9 2 2 95 100.0
95 100
Table 6. Frequenc of tree roots due to soil hardness
Hardness Relative Cumulative Culumative relative
Frequency )
class (mm) frequency (%) frequency frequency (%
9.0 —11.9 38.1 4.9 38.1 4.9
12.0 — 149 321.2 41.8 359.3 46.7
15.0 — 17.9 211.5 27.5 570.8 74.3
1&8.0 — 20.9 146.0 19.0 716.8 93.2
21,0 — 239 49,9 6.5 766.7 99.7
24.0 — 26.9 2.0 0.3 768.7 100.0
768.7 100.0
& ]
{ER-S FEY o= shan BhBE Lol ARJE fritholl < 2l 4. AL, PERER. 1969, BREEENELT. i
7l eha g2 1R ek HEERUE S it Ete] HERRAZ . 75. pp.
R S R S S S TRl S 5. &g, ghtERL MGHR, 1977, HIEEUEE WS
N A : ) Aol vlal - @B SHGE. 36 14755,
1. RO B 4ol Dol del el ol N AT
. 6. bkt HE 1965 B K ZEZEEREO AR
N , - 1), LML 283,4) 112-17.
LA I R R i ey B R R B - R _ i I, ’ . -
o . ) 7. bk HE, BRHIE Rt 1975 EEB RO R
oAl ol Fob Holxel 0 ~20em FWolet LR L . o
_ B LT RS oM, ARME 3814) 132~
Al 37Uy Gy Aiakal ol -
3. Givichach el chgibe] B L] Ry ’ ]
8. Kittredge, J. 1948, Forest Influences.

R R
booel b be] spHiHES] l el (e 1
BN 20, 9mmbd F ol v

51 A X #

[T

1. #ifp 2 1976 ERTHEOD O REE]. B
st 5

2. R R 1981 gl MEEL AR BiRie] gpfel o
- WML e ARG ERERMBERITIE 1601
1725,

3. A 1959, [ RS ovEFc i+

SEIEEELE 2200 11620,

12.

13.

14.

COHIELE 1970, BIABRRE.
10.
11

McGRAW — Hill Book Co., Inc., 185. pp.

A ST

HHksh 1958 EIMRCERT. HABL 57

FEEREMRER S, 1979 A Tk BE
HikR Sz

FRET. 1980, TEORE I & BAORAL K.
HbkEE 62(4) 153155,

PR RIEE R & 1972, LEMEERIE S

FREH. 308

FTHETHE, b REE. 1977 2RO INEE CIE
Pz AR, GREMEEE. 4(3) 1 11-23.





