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Soil Dehydrogenase Activity and Microbial Biomass C in
Croplands of JeJu Province

Jae-Ho Joa*, Kyung-Hwan Moon, Kyung-San Choi, Seong-Cheol Kim, and Sang-wook Koh

National Institute of Horticultural & Herbal Science, RDA
1696, Odeung-dong JeJu, JeJu-Do 690-150. Korea

This study was carried out to evaluate the soil dehydrogenase activity and microbial biomass C with soil type
and land use in cropland of JeJu region. Soil chemical properties, dehydrogenase activity, and microbial
biomass C were analyzed after sampling from upland (50 sites), orchard (50 sites), paddy (30 sites),
horticultural facility (30 sites) in March. Average pH values was at 6.3 in upland soil, however soil chemical
properties showed a large spatial variations in both orchard and horticultural facility soil. The Zn and Cu
contents increased by the continuous application of pig manure compost in some citrus orchard soil. Soil
dehydrogenase activity and microbial biomass C were higher in non-volcanic ash than in volcanic ash soil
regardless of land use type. Soil dehydrogenase activity was two to four times higher in upland than in the
others. It was at 38.7 ug TPF 24h™ g™ in non-volcanic ash of upland soil. Microbial biomass C content was very

high in horticultural facility soil and it showed at 216.8 mg kg'1

in non-volcanic ash. Soil dehydrogenase

activity showed a positive correlation with organic matter (r2=0.59), Zn (r2=0.65), and Cu (r2=0.66) in
non-volcanic ash horticultural facility soil. There was a negative correlation (r2=0.57) between soil organic
matter and dehydrogenase activity in volcanic ash upland soil.
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Table 1. Soil chemical properties in croplands of Jeju province.
Exch.cation
Class pH o.M Avail.P,0s Cu Zn
Ca Mg
(1:5) g kg'] mg kg'] --------- cmol, kg'l --------------- mg kg'l ------
Upland Average 6.3 47.7 461.0 1.1 8.6 2.1 1.4 5.2
Range 4.7-8.4 14.2-241.0  26.0-1,361.1 0.30-2.82  1.1-28.7 0.3-9.2 0-7.0 0.2-29.2
Orchard Average 53 95.7 554.6 0.6 49 1.3 16.7 26.3
Range 42-73 27.9-137.9 58.1-994.7  0.15-3.12  0.8-13.9 0.2-3.3 0.8-66.0 3.4-96.3
Paddy Average 5.8 101.5 51.2 0.5 13.2 4.6 12.2 23.6
Range 5.3-7.7 30.8-178.8 9.4-155.4 0.20-2.11  6.8-27.2 2.5-9.3 7.1-:223 10.6-65.8
HF. Average 5.4 80.4 804.1 1.9 7.5 32 9.3 34.7
Range 3.9-7.2 20.2-135.4  179.5-1,598.4 0.42-891  1.2-21.7 0.5-8.3 1.1-42.8  3.4-166.5
"Horticultural facility.
Table 2. Soil dehydrogenase activity in croplands of Jeju province.
Soil dehydrogenase activity
Class Volcanic ash Non-volcanic ash
Average Range Average Range
ug TPF 24h’'g"
Upland 29.7 44-51.6 38.7 7.2-169.2
Orchard 7.3 2.5-15.2 10.7 1.7-58.4
Paddy a 16.2 6.6-28.6
Horticultural facility 9.3 3.1-25.4 14.0 4.0-30.2

+- . . .
No investigation.
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Table 3. Soil microbial biomass C content in croplands of Jeju province.

Microbial biomass C

Class Volcanic ash Non-volcanic ash
Average Range Average Range
mg kg']
Upland 98.4 19.8-226.6 144.1 25.3-632.7
Orchard 83.0 18.9-130.1 107.9 7.8-548.2
Paddy a 264.4 76.5-734.1
Horticultural facility 202.2 74.2-301.3 216.8 121.8-385.6

+- . . .
No investigation.
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Fig. 1. Comrelation between soil organic matter and
microbial biomass C in non-volcanic ash horticultural
facility soil.
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Fig. 2. Correlation between soil chemical properties(Zn,
Cu) and dehydrogenase activity in non-volcanic ash
horticultural facility soil.
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Fig. 3. Comelation between soil organic matter and
dehydrogenase activity in volcanic ash upland soil.

ol SHIZ|EORE v Eo] HaE - Qe olely %
2ol 27| thio] f71EsTo] WOl B Bhwad)
He e A ojulaiy,

SR EE WSROI 71U s
23A)7bo|| Ho| Al SIANS|EORS. pHE} B A T AT
Zroll o] A, 7= nAEAE S -?«4 iR
= UEhl ey A= Dokl ulAlA). EF #-3
AT, B2, ik, B9 s Y] SRt
9] ato], F7ke] Augr 5ol B i’r"ﬂ“ﬂr “]*3%
ol FFE = A om A nEATE BEY
(Kemmitt et al,, 2006), G-7]|€tagte(Yao et al, 2OOO)J—]-
RAI7E okl SElET AEAIR] BoFe] HISHiE]
EFs AlQstare AuaAZE A gllokTloler miA|
A]). pHS] 3K Aciego and Brookes, 2009), EX]o|-&3} 7
bR (Rahman et al,, 2008) HAES] B/ F3ks =
o] AR AUk =OF pHe Folsh 23t AuisTh
O] Bkl ApolE 1 of AYRAl= WA dEhd
= Aor A7 23 AR H A8 g, AFHA =
°ok94 T, Al T ARl oAl Axds XL%—’F@
T =] BEYEH, EdHE|olY T ot 2l
sto] AEst Baw Ao Az

ot

e o

AL AEA Y 544 0] 8833t EFEAE u)AY
A SpaaIA S B stk sstedch AF
A (50, T==A(60), =(30), AAAEHE0) BYE 3¢
o A T Bkl T) e a G AT, nAEA SRS B
Aatglet, W E9FS] Wit pHE 6,302 TH4=¢, A1)
x| EoFS ZAMX| AT | 3l R deke] zjol7t 34 U
Ehelth, ERENS AlgsHs EAsTe] 2 ) ofdl

A3 v 127

I et STk Ade Holth B Eeaaad
43 vBEARE FA o183l Alol HIghte]
Eofo] sHIBEGEY Eo0T, ErafaddS W BEY
of M, =, AVIA A EFETE 2-48) ol =L
3AFS|E o] MFEQRS 38 7 ug TPF 24h g 'S UrEhdt), o]
AAEAGE AR BoFo] 7 wekom AR
H|SAFS| B 216.8 mg kg 'L AA XS] B|hAak
IR At BAn EYH7IER'=059), ofd
(R’=0.65), 7+2](R'=0.66)2] {gzto]l =& A2 At
B} ﬁ‘/n].ﬂigq WEokSe oy Esleky} Epaaa
§W7P°ﬂ ORI (R'=0.57) 5 rebih,

Ut 2

o SR BELTY AATARIIEHAE PI00516)

=;
ol g 2 &

Aciego, P.J. C. and P. C. Brookes. 2009. Substrate inputs and
pH as factors controlling microbial biomass, activity and
community structure in an arable soil Soil Biol. Biochem.
41:1396-1405.

Alice, W. R., D. B. Matt, and J. S. Carol. 2006. Changes in
microbial community structure following herbicide
(glyphosate) additions to forest soils. Appl. Soil Ecol.
34:114-124.

Alliso, S. D. 2006. Soil minerals and humic acids alter
enzyme stability: implications for ecosystem processes.
Biogeochem. 81:361-373.

Bossio D. A. and K. M. Scow. 1998. Impacts of carbon and
flooding on soil microbial communities: phopholipid fatty
acid profiles and substrate utilization patterns.

Micro. Ecol. 35:265-278.

Chaperon, S. and S. Sauvé. 2007. Toxicity interaction of
metals (Ag, Cu, Hg, Zn) to urease and dehydrogenase
activities in soils. Soil Biol. Biochem. 39:2329-2338.

Clegg, C. D. 2006. Impact of cattle grazing and inorganic
fertiliser additions to managed grasslands on the microbial
community composition of soils. Appl. Soil Ecol. 31:73-82.

Crecchio, C., M. Curci, M.D.R. Pizzigallo, P. Ricciuti, and P.
Ruggiero. 2004. Effects of municipal solid waste compost
amendments on soil enzyme activities and bacterial genetic
diversity. Soil Biol. Biochem. 36:1595-1605.

Deenik, J. 2006. Nitrogen Mineralization potential in
important agricultural soils of Hawai'i. Soil Crop Manage.
15:1-5.

Dinesh, R., R.P. Dubey, and G.S. Prasad. 1998. Soil
microbial biomass and enzyme activities as influenced by



128 s - BT -

organic manure incorporation into soils of a rice-rice
system. J. Agro. Crop Sci. 181:173-178.

Hu, C. and Z. Cao. 2007. Size and activity of the soil
microbial biomass and soil enzyme activity in long-term
field experiments. World J. Agri. Sci. 3:63-70.

Joa, JH., J.H. Lee, HY. Won, S.G. Han, H.C. Lim. 2008.
Effect of different soil managements on physical properties
and microbial activities in citrus orchard soil. K. J. Soil Sci.
Fert. 41:279-284.

Joa, J.H., D.G. Moon, H.Y. Won, S.W. Koh, H.N. Hyun, and
C.E. Lee. 2010. Effect of consequent application of pig
manure compost on soil chemical properties and
dehydrogenase activity in volcanic ash soil. K. J. Soil Sci.
Fert. 43:283-288.

Kang, H.J., S.K. Kang, and D.W. Lee. 2009. Variations of soil
enzyme activities in a temperate forest soil. Ecol. Res.
24:1137-1143.

Kemmitt, S. J., D. Wright, K. W. T. Goulding, and D. L.
Jones. 2006. pH regulation of carbon and nitrogen
dynamics in two agricultural soils. Soil Biol. Biochem.
38:898-911.

Kwon, S.I., D.K. Lim, S.B. Lee, and J.J. Nam. 2003. Plant
uptake and distribution of toxic elements by consecutive
organic wastes application in soil-plant system. In Research
report of agro-environment research. National Institute of
Agricultural Science and Technology, Suwon, Korea.

Lothar Beyer. 1995. Soil microbial biomass and organic
matter composition in soils under cultivation. Biol. Fert.
Soils. 19:197-202.

Mader, P., A. Fliebach, D. Dubois, L. Gunst, P. Fried, and U.
Niggli. 2002. Soil fertility and biodiversity in organic
farming. Science v.296, n. 5573.

Marschner, P., E. Kandeler, and B. Marschner. 2003.
Structure and function of the soil microbial community in a
long-term fertilizer experiment. Soil Biol. Biochem. 35:453-461.

Melero, S., K. Vanderlinden, J. C. Ruiz, and E. Madejo. 2009.
Soil biochemical response after 23 years of direct drilling
under a dryland agriculture system in southwest Spain. J.
Agri. Sci. 147: 9-15.

Metting, F. B. Jr. 1992. Soil microbial ecology : applications
in agricultural and environmental management. Marcel
Dekker. New York.

NIAST. 2000. Methods of soil and plant analysis. National
Institute of Agricultural Science and Technology, RDA,
Suwon, Korea.

NIAST. 2012. Monitoring project on agro-environmental
quality. National Institute of Agricultural Science and
Technology, RDA, Suwon, Korea.

Nosalewicz A. and M. Nosalewicz. 2011. Effect of soil
compaction on dehydrogenase activity in bulk soil and
rhizosphere. Int. Agrophys. 25: 47-51.

Oh, M.H. 1998. Changes in Copper and Zinc Content in
Volcanic Ash Soils with Years of Citrus Cultivation. M.S.
Dgree. Jeju National University. Jeju, Korea.

Parham, J. A., S. P. Deng, and W. R. Raun. 2003. Long-term
cattle manure application in soil. Part II: effect on soil
microbial populations and community structure. Biol.
Fertil. Soils 38:209-215.

Quilchano, C. and T. Maranon. 2002. Dehydrogenase activity
in Mediterranean forest soils. Biol. Ferti.l Soils 35:102-107.

Rahman, M. H., A. Okubo, S. Sugiyama, and H. F. Mayland.
2008. Physical, chemical and microbiological properties of
an andisol as related to land use and tillage practice. Soil
Till. Res. 101:10-19.

Sardans, J., J. Penuelas, and M. Estiarte. 2008. Changes in soil
enzymes related to C and N cycle and in soil C and N
content under prolonged warming and drought in a
Mediterranean shrubland. Appl. soil Ecol. 39:223-235.

Sebiomo, A., V. W. Ogundero, and S. A. Bankole. 2011.
Effect of four herbicides on microbial population, soil
organic matter and dehydrogenase activity. Afr. J.
Biotechnol. 10:770-778.

Song, K.C. 1990. Andic properties of major soils in Cheju
island. Ph. D. Thesis, Seoul National University. Suwon, Korea.

Timothy, R. K. and R. P. Dick. 2004. Differentiating
microbial and stabilized 3-Glucosidae activity relative to
soil quality. Soil Biol. Bioche. 36:2089-2096.

Tomoyoshi M., K.K. Masami, and T. Takejiro. 2005. Effects
of Pb, Cu, Sb, In and Ag contamination on the proliferation
of soil bacterial colonies, soil dehydrogenase activity, and
phospholipid fatty acid profiles of soil microbial communities.
Water Air soil poll. 164:103-118.

Vance, E. D., P. C. Brookes, and D.S. Jenkinson. 1987.
Microbial biomass measurements in forest soils : the use of
the chlroroform fumigation incubation method in strongly
acid soils. Soil Biol. Biochem. 19:697-702.

Won, H.Y., J.S. Kwon, Y.G. Sin, S.H. Kim, J.S. Seo, and
W.Y. Choi. 2004. Effects of composted pig manure
application on enzyme activities and microbial biomass of
soil under chinese cabbage cultivation. K. J. Soil Sci. Fert.
37:109-115.

Wyszkowska, J., J. Kucharski, and W. Lajszner. 2005.
Enzymatic activities in different soils contaminated with
copper. P. J. Environ. Stu. 14:659-664.

Yao, H., Z. He, M. J. Wilson, and C. D. Campbell. 2000.
Microbial biomass and community structure in a sequence
of soils with increasing fertility and changing land use.
Microb. Eco. 40:223-237.

Yoon, B.J., S. H. Kim, D. H. Lee, K. H. Oh, and H. Y. Kahng.
2003. Evaluating the impacts of long-term use of agricultural
chemicals on a soil ecosystem by structural analysis of
bacterial community. Korean J. Micro. 39:260-266.





