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Optimal range of soil physical quality to enhance crop productivity or to improve environmental health is still
in dispute for the upland soil. We hypothesized that the optimal range might be established by comparing soil
physical parameters and their interactions inhibiting crop growth. The parameter identifying optimal range
covered favorable conditions of aeration, permeability and root extension. To establish soil physical standard
two experiments were conducted as follows; 1) investigating interactions of bulk density and aeration porosity
in the laboratory test and 2) determining effects of soil compaction and deep & conventional tillage on physical
properties and crop growth in the field test. The crops were Perilla frutescens, Zea mays L., Solanum
tuberosum L. and Secale cereael. The saturated hydraulic conductivity, bulk density from the root depth, root
growth and stem length were obtained. Higher bulk density showed lower aeration porosity and hydraulic
conductivity, and finer texture had lower threshold bulk density at 10% aeration bulk density. Reduced crop
growth by subsoil compaction was higher in silt clay loam compared to other textures. Loam soil had better
physical improvement in deep rotary tillage plot. Combined with results of the present studies, the soil
physical quality was possibly assessed by bulk density index. Threshold subsoil bulk density as the upper
value were 1.55 Mg m” in sandy loam, 1.50 Mg m” inloam and 1.45 Mg m” in silty clay loam for optimal soil
physical quality in upland.
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Threshold subsoil bulk density for optimal soil physical quality.

Soil physical Index Sandy Loam Loam Silty Clay Loam
Mg m”
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Materials and Methods

At EY EM Z21=90uale] YA U (126'59'08 87E,
3715'59,.5'N) 20| AIFES; = Y Ul*}X‘*ﬁ“*E 5
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She AR AEs Eohae] B AR 9 ﬂwaxﬂ
T fAE & EokEg|d] EALS v|WEle ZAAFHS
Y519t Ald A pH, EC, 7]& ¢ (Tyurin method),

Sa QAL oFolesteF W Q=B (hydrometer method) 5

Table 1. The soil physicochemical properties of studied fields.
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Soil Texture pH EC OM Avail. P,Os Sand Silt Clay
K Ca Mg
(1:5) ds m’ g kg mg kg' e cmol, kg %
SL 6.3 0.12 9 178 0.13 22 0.7 63.5 315 5.0
L 6.8 0.38 20 163 0.70 7.5 2.1 8.8 479 233
SiCL 6.0 0.22 14 61 0.22 5.6 1.9 7.7 63.1 292
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Fig. 1. The relationships of bulk density and aeration porosity:
(a) Sandy loam (b) Loam (c) Silty clay loam.
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Fig. 2. The subsoil bulk density of studied fields at harvest
season for 1* & 2™ yr. (a) Sandy loam (b) Loam (c) Silty
clay loam.
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Fig. 3. The relationships of subsoil bulk density and hydraulic
conductivity of studied fields.
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Table 2. The comparisons of crop growth. The perilla and com are 1st year crops and the potato and rye are 2nd year crops. The
perilla, potato and com, rye are applied same field, respectively. Lowercase letter means significance difference (LSD, p<0.05).

(a) Sandy loam

Total Weight of Effective Root

Applied field Applied Year Crop Treatment Stem Length Dry Biomass Depth Max. Root Depth
cm kg/10a cm cm
Control 151 b 767 a 15 30
™ Perilla  Compaction 104 ¢ 427 b 11 16
Deep tillage 175 a 696 a 27 60
A Control 52 b 1,808
2" Potato Compaction 46 ¢ 1,727
Deep tillage 74 a 2,402
Control 188 1,649 a 28 58.5
1" Corn Compaction 195 1,596 a 12 185
B Deep tillage 193 1,231 b 30 57
Control 164 b 1651 40 140
2 Rye Compaction 181 a 1322 16 62
Deep tillage 183 a 1620 40 135
(b) Loam
. . Total Weight of Effective Root
Applied field Applied Year Crop Treatment Stem Length . Max. Root Depth
Dry Biomass Depth
cm kg/10a cm cm
Control 107 b 418 ab 12 30
™ Perilla ~ Compaction 75 ¢ 231 b 12 23
Deep tillage 139 a 610 a 11 54
A Control 48 b 1,403
ond Potato ~ Compaction 46 b 1,169
Deep tillage 75 a 3,282
Control 148 ¢ 1,725 a 14 58
™ Corn Compaction 158 b 1,008 b 9 38
B Deep tillage 169 a 1,940 a 14 62
Control 182 b 923 20 81
2 Rye Compaction 184 b 779 12 78
Deep tillage 195 a 1202 18 85
(c) Silty clay loam
Applied field Applied Year Crop Treatment Stem Length Total Welght of  Effective Root Max. Root Depth
Dry Biomass Depth
cm kg/10a cm cm
Control 134 a 561 a 16 28
™ Perilla ~ Compaction 58 b 119 b 10 23
Deep tillage 137 a 741 a 17 33
A Control 56 a 1,777
ond Potato Compaction 50 b 1,560
Deep tillage 57 a 2,431
Control 194 b 2,061 15 47
I Corn Compaction 210 a 1,976 10 30
B Deep tillage 212 a 2,034 >30 55
Control 182 ab 1928 25 108
2 Rye Compaction 188 a 1328 20 108
Deep tillage 173 b 1855 29 110
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Table 3. Threshold subsoil bulk density for optimal soil physical quality.

Soil physical Index Sandy Loam Loam Silty Clay Loam
Mg m”>
Bulk density < 1.55 < 1.50 < 145
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Conclusions
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