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Physical Properties of Organic Vegetable Cultivation
Soils under Plastic Greenhouse

Lee, Sang-Beom - Choi, Won-A - Hong, Seung-Gil -+ Park, Kwang-Lai -
Lee, Cho-Rong - Kim, Seok-Cheol - An, Min-Sil

This study was conducted to determine the effects of organic vegetable cultivation
on the soil physical properties in 33 farmlands under plastic greenhouse in Korea.
We were investigated 5~8 farms per organic vegetable crops during the period
from August to November 2014. The main cultivated vegetables were leafy lettuce
(Lactuca sativa L.), Perilla leaves (Perilla frutescens var. Japonica Hara),
cucumber (Cucumis sativus L.), strawberry (Fragaria ananassa L.) and tomato
(Lycopersicon spp.). We have analyzed soil physical properties. The measured soil
physical parameters were soil plough layer, soil hardness, penetration resistance,
three soil phase, bulk density and Porosity. The measurement of the soil plough
layer, soil hardness and penetration resistance were carried out direct in the fields,
and the samples for other parameters were taken using the soil core method with
approximately 20 mm diameter core collected from each organic vegetable field.
Soil plough layer was average 36 cm and ranged between 30 and 50 cm, and
slightly different depending on the sorts of vegetable cultivation. The soil hardness
was 0.17£0.15~1.34+1.02 in the topsoil, 0.55+£0.34~1.15£0.62 in the subsoil. It was
not different between topsoil and subsoil, but showed a statistically significant
difference between the leafy and fruit vegetables. Penetrometer resistance is one of
the important soil physical properties that can determine both root elongation and
yield. The increase in density under leafy vegetables resulted in a higher soil
penetrometer resistance. Soil is a three-component system comprised of solid,
liquid, and gas phases distributed in a complex geometry that creates large solid-
liquid, liquid-gas, and gas-solid interfacial areas. The three soil phases were dynamic
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and typically changed in organic vegetable soils under greenhouse. Porosity was
characterized as range of 54.242.2~60.3%£2.4%. Most measured soils have bulk
densities between 1.0 and 1.6 g cm™. To summarize the above results, Soil plough
layer has been deepened in organic vegetable cultivation soils. Solid hardness (the
hardness of the soil) and bulk density (suitable for the soil unit mass) have been
lowered. Porosity (soil spatial content) was high such as a well known in organic
farmlands. Important changes were observed in the physical properties according to
the different vegetable cultivation. We have demonstrated that the physical
properties of organic cultivated soils under plastic greenhouse were improved in
the results of this study.

Key words : organic farming, soil physical property, three soil phase, bulk density,
organic vegetable
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A2 2 AEfA] ML FAFQ AF(Lactuca sativa L)} QE7(Perilla frutescens var.

L.0|(Cucumis sativus L.), =7|(Fragaria ananassa L.), EFIE
(Lycopersicon spp.)& T2 AHiste §71% A& THREE 27 587 A= F7HE A3}
o ZAEA, AL, BYATAE Y 2 §HEE T EYY =94 A4S dRdEA e AF

Aol A 243kl HoESHT,

Jjaponica Hara), I3 F<]

NE

Eoo] Bl EARAL 0-15 cme] EES 16-30 cm9] AEZ TRl EFA =9}
AENE BTN g ST B A FFE L SAUEE BAE 37)

AR Core 02 EFNRE AH3te] PAR shAsh E4o) Agheck



966 ol A elo}. F5 - w0l 2F - 1A A
7
|
— — N — N — ,.’/
,/ .
. ¢
_
fa {_",\L‘/.J\\K r?v Hongcheongun
\‘:‘{, \-\f",‘[ Namyangjusi B Province Gangwon
\QQ“J:‘;\ ‘*x§\ e % 3 Farms
e > o
"’”Tﬁi SO \
\/ ¥ “Province Kyeonkee N
- ; 6 Farms \\
B~ ONRTT
CEe s \
r ® ! ] Jeoicheonsi  ~ . N
. F_"/\,v_g s {
N | ﬂ}\r\ “\H_ JJincheongun {
T, | rAsansi A
= @ €9 Cheongjusi \
- M“_ Province Chungnam . Province Chungbuk 'd
L ¢ ¢ 7Farms 3 . 3 Farms.. \
W is Gongjusi 2 {
e e /
- 3 Nonsansi [\~
'S Geumsangun
- s“\,\' o ng
LY g Waruugm K/}
w9 {
.vf ‘\_ Province Jeonbuk /
6 Farms ,J
Imsilgun - ) - Y
> A ¢
’/,f\ © Province Kyeonnam Miryangsisi X/
; 3 Farms v ;
.A‘ . Damyanggun g Kimhaesi
& -9 8

'.C"-'K ‘ 2 ) Sacheor\sh ._,\\" A*ﬁﬁé

AR
QL‘@ ' Suncheonsl
ol ;-‘i& _}. Province Jeonnam \,,_," 4 ﬁ{rz
= 5 Farms
L‘%é \5\ ~ mé; lé éfk
i A d \u" 4
. # é
’C_,,::’\; \Y}

Fig. 1. Soil sampling site in organic vegetable cultivation under greenhouse.

E+ EY7 ZA(Soil hardness tester, Takemura Electric Works, LTD Model SHM-1)
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1) EQke| ZEAI(Soil plough layer)
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Farmhouse of organic vegetable cultivation under greenhouse

Fig. 2. Changes of soil plough layer formation in different organic vegetable cultivation
under greenhouse.
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Table 1949} o] AAAHA F7]% AL E AxE FEA 0.17+0.15~1.34
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Table 1. Soil hardness in organic vegetable cultivation under greenhouse

Soil hardness (kg - cm?)
Main vegetable crops
Topsoil (0~15 cm) Subsoil (16~30 cm)
Lettuce (Lactuca sativa L.) 0.92+0.63%* 1.15+0.62°
Leaf Perilla (Perilla frutescens spp.) 1.34+1.02° 1.04+0.50°
Cucumber (Cucumis sativus L.) 0.42+0.28" 0.98+0.74%®
Strawberry (Fragaria ananassa L.) 0.54+0.54% 0.59+0.28*
Tomato (Lycopersicon spp.) 0.17+0.15% 0.55+0.34"

* Significantly different at P<0.05

3) XM E4d(Penetration resistance)
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E83 54T 3K (Weida Gao et al., 2016)°|th.
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(a) Lettuce cultivation (b) Leaf perilla cultivation

(c) Cucumber cultivation (d) Strawberry cultivation

Fig. 3. Change of mean penetration resistance under greenhouse with organic vegetable
cultivation in spring 2014.
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1) EQko| ATzl Z=&(Three soil phase and Porosity)
Eore :]—!_)\o]—’ ol A} 7]’6 rrm;,]oq —r/\c} oﬂ)\]— oA} 7]/& 7]/\0L TAre] AE AW
o2 EQoA doju= AEEo] npx SHutasts o) B AR E(TSPI,
three soil phase index):= Cobb-Douglas (Charles Cobb and Paul Douglas theory) A4t 42
B2AHE ALY FaEHE MNEE ol&dste] 1Y, A, 7S VIRE & FUHEA
o] =813 A& SAstsl=t 7kA] WA FTHWang et al., 2015) T3 Wang 5(2015)&
Bk AR E TSPIE [(X-C) X X' &2 A olatg o H, €9 N& Fol7 Eokol| that 34
X EYE AA vlgola, ot A S, L 9 Ge 242 a7, °“*c} 2 7ge R UrEM
Atk o] TSPI= |AUE 4kao] Shaksn Al d A @ F5 S vxo] PYAH
WAZE A= Azl tig B 1ﬂ‘%‘ﬁé-‘4 3345 Grid o+ Aok
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A ARSIl 7N, 20] 7] EE}E FAEE Aital A= F71

Aq= ,
& AR Bk I 35S £437 A= Table 29 2T}

Table 2. Three phases of surface soil in organic vegetable farming

Main vegetable crops Solid phase Liquid phase Gas phase Porosity

(%) (%) (%) (%)
Lettuce (Lactuca sativa L.) 45.6+2.2° 24.0+3.9° 30.4+1.9° 54.2+2 2%
Leaf perilla (Perilla frutescens spp.) 40.3+0.7* 32.242.0° 27.5+2.2% 59.8+0.8"
Cucumber (Cucumis sativus L.) 39.842.4° 25.543.9° 34.6£2.9° 60.3+£2.4°
Strawberry (Fragaria ananassa L.) 41.142.2° 26.543.3" 32.442.6" 58.7+1.1°
Tomato (Lycopersicon spp.) 43.1x1.7° 27.1+2.9* 29.8+2.1% 56.9+1.7

Minimum 26.9 1.9 21.0 472

Maximum 52.8 38.1 41.5 73.1

* Significantly different at P<0.05

1, W 71 E FEEL ARAE SR 2 FoFQl Abelrt flith f71%F Al
AR A] Bk AL HIF 39.8~45.6% HAE gk, TP 2o EILE 269%E 7]
U AH HX 9} st HEEHA] Ut WA H 24.0£3.9-32.242.0% HIAZ HAa
11.9%°1 4 Ht 38.1%%5 2HAIBFATE B vl go] - e sA4A = A7 EVLE A
W57t EolA Uehgon, 1 998 R E Eo]7] 93ty AxAEHE §X35%7] u
oIt A frlEd AdErY] AEAN W anAEe] 7Sl wEtA AAE I
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AR F71% AR Eoko] AARE Fxol EAO T QlEte] FIEE HAZLO
47.2% A Hgkol 73.1%E 7ol whel HAF Bkom, Wt 54.242.2~60.3+2.4% H <
2 52 AEFS eI o3 2ol f71% AAAA EY dTRet 580
7t Wt AxZE A dEhUa oy HHH o R FFEESS T FHE)ol Fof
AE 5 f71% AxAN Ege EYAS MAdste a3 ke s B 5 Atk

2) 2X™a=(Bulk density)
AR EE 53 g4 JMED FS sty xFojn, Q1A ol g B
71918 ARE AFRH I YT} dFRoAE SAAEA 9 ESH &
F3lol ]9 T34 &-857|= $k(Sequeira et al., 2014). thF-E2] F713
oo $AUEE 1.0-2.0 g-cm” Alololl ¥ o, ¢EFH EFL <1.0 g-cm” ©]F} =
I, 53 EFE 1.4~1.6 g-cm® Alo]o] Fo|Al Fth(Blake and Hartge. 1986).
7% AR Eoko] A UL E Fig, 404 HiEnte}l o] wrlel 428 Hhglol W
2 Qlste] ojudt HAE Auistthel] weka ztolzt glem, Hit 116 g-om™S U
8 A5 F7)A & F7FAAME <1.0 g-em® ©]5tZ Yol mu|AE Aujy} getbol u}
E EgHeT 28 202 ARt $4A EUY |k B ISl 2R 9
o2 ZAEALGE A7 Wil FA tygsiel vlEo] A AAAQA #AATE
%31 QTHSchafer et al., 1992). 8AUE 5 Bk B4 NS 9ste] Bt 1.5 m7t
A e 74 BAS A teed fEd sdoly RES HAY EYAS FA sle
g FEld ARy 5 =HFRES AuiEts 7E€S HESE /88 Ao dudg.
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Fig. 4. Changes of bulk density in different organic vegetable cultivation under greenhouse.



972 ol Aok FA - v - o) 2% A - kE A

F71% Al A AR Bk SAUTE FHo| AAAAE YERN AT AAHA (I 7]
Aol 7€) R=0.001Z % A ety YA ExEHE=
3

al
NAas AeE Ede] §HE R A=

=
1
Fo

F71%E AL AR Bk 1A B4R A= 3370 BV 404 2014 8¢
FH 119 Abolof] ZAFATE A4 iR AL G745 (Lactuca sativa L)2}F A
E7N(Perilla frutescens var. japonica Hara), 3371 20|(Cucumis sativus L.), &71(Fragaria
ananassa L.), EVYE(Lycopersicon spp.)E 74235t A& S/E 5~87 w71 AAstA 4
5, AEA 9 A T ESY B EAS dAERAS A@Ad el E4sH T

AT AT FEAL 30~50 cm B E H 36 cmo| U, A== Ao FFH ulebA
Tha zpol7h AT B BEE REOA 0.17+0.15~1.34£1.02, A EHA] 0.55+0.34~1.15
+0.628 BF w9t on, RE} AEI= & Zol7t glloy A Fok A+
ols TAALE fFolAQl tolE Uit #JAFAE S e AR e FEFs
AR = B =818 EA4FY stvoltt. #AAITEL FAF AR oA Gz <l
sto] A A4 Ueksth B9 M-S f71% AZAMA BEfolA FF oo, My o
2 H3lEAT FFEL 54242.2-60.3+2.4% HAE & AFS e

ool Aitg Qofd] B f7]F A& AR EFS EAL oA, 133 H
[e)
X

0

¢

(Fol TERh, $HUEEY B9l §47 A Gopgon,

Y& EOHAIE B #71% AMAMA Eel Bl Fash

bt
f“[o{
ok

SE(EYS

rlo

o

[Submitted, November. 13, 2015; Revised, November. 27, 2015; Accepted, December. 1, 2015]

References

1. Bertolino A. V. F. A., Nelson F. Fernandes, Joao P. L. Miranda, Andrea P. Souza, Marcel
R. S. Lopes, and Francesco Palmieri. 2010. Effects of plough pan development on surface
hydrology and on soil physical properties in Southeastern Brazilian plateau. Journal of
Hydrology 393: 94-104.

2. Blake, G. R. and K. H. Hartge. 1986. Bulk Density in A. Klute, ed., Methods of Soil



10.

11.

12.

13.

14.

F71E A AR 2] E9H SAWs) 973

Analysis, Part I. Physical and Mineralogical Methods: Agronomy Monograph no. 9 (2nd ed.)
pp. 363-375.

. Bruggen H. C. A. V., K. Sharma, E. Kaku, S. Karfopoulos, V. V. Zelenev, and W. J. Blok.

2015. Soil health indicators and Fusarium wilt suppression in organically and conventionally

managed greenhouse soils. Applied Soil Ecology 86: 192-201.

. Bulluck III, L. R., M. Brosius, G. K. Evanylo, and J. B. Ristaino. 2002. Organic and

synthetic fertility amendments influence soil microbial, physical and chemical properties on

organic and conventional farms. Applied Soil Ecology 19: 147-160.

. Cooper, J. M., G. Butler, and C. Leifert. 2011. Life cycle analysis of greenhouse gas emis-

sions from organic and conventional food production systems, with and without bio-energy

options. NJAS - Wageningen Journal of Life Sciences 58: 185-192.

. Crittenden, S. J., N. Poot, M. Heinen, D. J. M. V. Balen, and M. M. Pulleman. 2015. Soil

physical quality in contrasting tillage systems in organic and conventional farming. Soil &

Tillage Research 154: 136-144.

. FiBL and IFOAM. 2015. The World of Organic Agriculture Statistics and Emerging Trends

2015. Frick, Switzerland and Bonn, Germany, pp. 25-33.

. Gaji¢, B. 2013. Physical properties and organic matter of Fluvisols under forest, grassland,

and 100 years of conventional tillage. Geoderma 200-201: 114-119.

Gronle A., Guido Lux, Herwart B6hm, Knut Schmidtke, Melanie Wild, Markus Demmel,
Robert Brandhuber, Klaus-Peter Wilbois, and Jirgen HeB. 2015. Effect of ploughing depth
and mechanical soil loading on soil physical properties, weed infestation, yield performance
and grain quality in sole and intercrops of pea and oat in organic farming. Soil & Tillage
Research 148: 59-73.

Herencia, J. F., P. A. Garcia-Galavis, and C. Maqueda. 2011. Long-Term Effect of Organic
and Mineral Fertilization on Soil Physical Properties Under Greenhouse and Outdoor
Management Practices. Pedosphere 21(4): 443-453.

Hole, D. G., A. J. Perkins, J. D. Wilson, I. H. Alexander, P. V. Grice, and A. D. Evans.
2005. Does organic farming benefit biodiversity? Biological Conservation 122: 113-130.
Larsen, E., J. Grossman, J. Edgell, G. Hoyt, D. Osmond, and S. Hu. 2014. Soil biological
properties, soil losses and corn yield in long-term organic and conventional farming systems.
Soil & Tillage Research 139: 37-45.

Mas-Colell, A., M. Whinston, and J. Green, 1995. Microeconomic Theory. Oxford Uni-
versity Press, New York.

Meier M. S., F. Stoessel, N. Jungbluth, R. Juraske, C. Schader, and M. Stolze. 2015.



974

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

ol Aok FA - v - o) 2% A - kE A

o o=E"

Environmental impacts of organic and conventional agricultural products e Are the differ-
ences captured by life cycle assessment? J. Environ. Manag. 149: 193-208.

Nair, A. and M. Ngouajio. 2012. Soil microbial biomass, functional microbial diversity, and
nematode community structure as affected by cover crops and compost in an organic
vegetable production system. Applied Soil Ecology 58: 45-55.

Padel, S., H. Rocklinsberg, and O. Schmid. 2009. The implementation of organic principles
and values in the European Regulation for organic food. Food Policy 34: 245-251.
Prasad, R. 1996. Cropping systems and sustainability of agriculture. Indian Farming 46:
39-45.

Sequeira C. H., S. A. Wills, C. A. Seybold, and L. T. West. 2014. Predicting soil bulk
density for incomplete databases. Geoderma 213: 64-73.

Schafer, R. L., C. E. Johnson, A. J. Koolen, S. C. Gupta, and R. Horn. 1992. Future
research needs in soil compaction. Transactions of the American Society of Agricultural
Engineers 35: 1761-1770.

Shipitalo, M. J. and R. Protz. 1987. Comparison of morphology and porosity of a soil under
conventional and zero tillage. Can. J. Soil Sci. 67: 445-456.

Stanhill, G. 1990. The comparative productivity of organic agriculture. Agriculture, Eco-
systems & Environment 30: 1-26.

Wang E., R. M. Cruse, Y. Zhao, and X. Chen. 2015. Quantifying soil physical condition
based on soil solid, liquid and gaseous phases. Soil & Tillage Research 146: 4-9.
Whalley, W. R., J. To, B. D. Kay, and A. P. Whitmore. 2007. Prediction of the penetro-
meter resistance of agricultural soils with models with few parameters. Geoderma 137: 370-
377.

Weida Gao, W. Richard Whalley, Zhengchao Tian, Ju Liu, and Tusheng Ren. 2016. A
simple model to predict soil penetrometer resistance as a function of density, drying and

depth in the field. Soil & Tillage Research 155: 190-198.





