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Microbial Diversity and Community Analysis in Lettuce or Cucumber
Cultivated Greenhouse Soil in Korea

Byung-Yong Kim, Hang-Yeon Weon, In-Cheol Park, Sang Yeob Lee,
Wan-Gyu Kim, and Jaekyeong Song*

Agricultural Microbiology Team, National Academy of Agricultural Science, Rural Development Administration,

Suwon, 441-707, Republic of Korea

The soil chemical properties, microbial community structures and biochemical properties of lettuce or
cucumber-cultivated greenhouse soil samples were analyzed to assess soil health and characterize microbial
distribution in 8 locations in Korea. Although most of chemical properties were within the soil management
guidelines, the available phosphate, and the contents of exchangeable potassium and calcium were higher than
those of recommended levels. In the culture-dependent analysis, 841 bacterial strains were isolated from the
greenhouse soils and were identified at the genus level by 16S rRNA gene sequences analysis. The dominant
bacterial genera were Bacillus (35.7%), Microbacterium (9.3%), Arthrobacter (5.7%) and Lysobacter (5.1%).
The abundance of pseudomonads was highly variable depending on the soil samples. In the culture-independent
analysis, soil microbial community was investigated by using phospholipid fatty acid (PLFA) method. Principal
component analysis (PCA) showed that a specific grouping for microbial community structure in the greenhouse
soils was not observed based on cultivated crops and investigated sites. The results revealed that the greenhouses
soils examined are relatively sound managed in terms of soil chemical contents and microbial properties.
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Table 1. Chemical properties of greenhouse soil samples collected from lettuce or cucumber cultivated sites in Korea.

Exch. Cation

Crop Site pH EC oM Avail. P,Os
Ca Mg
(1:5) ds m’ g kg LT - L —— P 110 P L —
Dagjeon 5.9 0.6 16.9 1,719 0.6 6.9 1.5
Yangpyeong 7.1 1.0 21.2 1,494 1.2 13.6 32
Lettuce Yeoju 6.7 1.4 14.1 1,012 24 9.4 2.8
Wanju 6.4 1.2 15.9 1,516 1.7 9.5 2.4
Average 6.5+ 12 1.1 +£08 17.0 + 11.1 1,439 +280 1.5+ 09 9.8 + 3.8 25+ 07
Gongju 6.0 0.9 16.3 1,344 1.4 8.2 23
Sangju 6.9 1.0 17.3 1,626 1.5 8.9 2.7
Cucummber Suncheon 6.9 1.3 20.9 1,311 1.8 12.3 33
Yongin 6.4 0.6 12.5 1,252 1.0 6.0 1.6
Average 6.6 £ 0.3 09 =04 168 =43 1,395 £231 14 + 04 8.8 £35 25 +09

Table 2. Abundance of microorganisms in the greenhouse soil with cultivation of lettuce or cucumber in Korea.

Crop Site Bacteria Fungi Pseudomonads pH
x10” cfu g’ x10° cfu g’ x10° cfu g (1:5)
Daejeon 4.5 8.0 2.0 59
Yangpyeong 7.7 6.4 4.5 7.1
Lettuce
Yeoju 9.0 7.0 1.7 6.7
Wanju 33 5.4 1.1 6.4
Average 6.0 6.6 23 65 £ 12
Gongju 8.5 10.0 1.2 6.0
Sangju 8.5 59 2.7 6.9
Cucumber Suncheon 8.2 9.8 2.8 6.9
Yongin 6.4 53 1.4 6.4
Average 7.9 7.8 2.0 6.6 + 0.3
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Table 3. Isolation frequency of bacterial genera from the greenhouse soils with cultivation of lettuce or cucumber.

Genus Lettuce Cucumber

(%) Daecjeon Yangpyeong Yeoju Wanju Subtotal  Gongju Sangju Suncheon Yongin Subtotal Total
Agromyces 3.6 4.9 2.5 1.4 3.0 1.0 0.9 2.5 3.8 1.9 2.5

Arthrobacter 4.5 9.7 17.5 43 8.9 - 2.7 2.5 1.3 1.6 5.7

Bacillus 39.6 35.0 27.5 45.7 373 38.4 423 21.3 27.8 33.6 357
Cellulosimicrobium - - 0.8 - 0.2 1.0 0.9 2.5 - 1.1 0.6

Flavobacterium 1.8 1.9 1.7 1.4 1.7 1.0 0.9 7.5 - 2.2 1.9

Flexibacter - - 33 0.7 1.1 - - 1.3 3.8 1.1 1.1

Frateuria 7.2 1.0 2.5 5.1 4.0 6.1 0.9 - - 1.9 3.1

Lysobacter 1.8 8.7 - 29 32 10.1 8.1 6.3 5.1 7.6 5.1

Microbacterium 5.4 7.8 19.2 3.6 8.9 5.1 9.0 16.3 10.1 9.8 9.3

Nocardioides 3.6 - 1.7 29 2.1 4.0 2.7 5.0 3.8 3.8 29

Paenibacillus 4.5 3.9 1.7 43 3.6 7.1 0.9 1.3 10.1 4.6 4.0

Pedobacter 1.8 1.0 - 1.4 1.1 - - - 1.3 0.3 0.7

Pimelobacter - - 0.8 - 0.2 - - 6.3 - 1.4 0.7

Pseudomonas 2.7 - 2.5 3.6 23 - 2.7 1.3 1.3 1.4 1.9

Pseudoxanthomonas - 1.9 - 1.4 0.8 1.0 0.9 3.8 - 1.4 1.1

Rhizobium - 29 33 1.4 1.9 2.0 3.6 1.3 7.6 35 2.6

Rhodanobacter - 1.0 - 1.4 0.6 4.0 - - - 1.1 0.8

Rhodococcus - - 0.8 0.7 0.4 - 1.8 - 1.3 0.8 0.6

Sinorhizobium 0.9 1.9 0.8 0.7 1.1 1.0 1.8 - - 0.8 1.0

Sphingomonas - 1.0 - 0.7 0.4 6.1 - 1.3 1.3 2.2 1.2

Sphingopyxis - 4.9 - 0.7 1.3 2.0 - 1.3 3.8 1.6 1.4

Stenotrophomonas - - - - - 1.0 6.3 - - 22 1.0

Swingsiella 2.7 - 0.8 - 0.8 1.0 - - 1.3 0.5 0.7

Tetrasphaera 4.5 1.0 4.2 2.9 32 - - - 2.5 0.5 2.0

Thermomonas - - 0.8 0.7 0.4 - 2.7 - 1.3 1.1 0.7

Xanthomonas - 1.0 - - 0.2 - 0.9 2.5 25 1.4 0.7

Other genus 15.3 10.7 7.5 11.6 11.0 8.1 9.9 16.3 10.1 10.0 106
No of isolates 111 103 120 138 472 99 111 80 79 369 841

S| dEl2lolel BH  Table 32 Ao W HEH A
AR A] EFoll A weigt vhee|ote] FA Aot A5
A (@23} @ ol (3697 % 41T
7F B =G, o]F #FE2 85702 & (genus) O & 57
ek, 2= ZARIGONA Bacillus 0] 717 ol &%
AL, ZF A mol|A] 21,8~45 T%5 Ffote] Bt 85.7%= ZF
A8k, 1 9Jof 5% ol el 4 Bt Microbacterium
(9.3%), Arthrobacter (5.3%), Lysobacter < (5.1%) 5°]3)
t} Bacillus &2 WAHZAE A5t 112 AR 5 &
gk s oA = HED 4= Q7] wiZel Al AiRE
EG el SAXCIA SHFT G Ao Wy
Z]o] Qt} (Garbeva et al., 2003; McSpadden Gardener,
2004), 53] ARl = 218 AlSAR7E FofEar gof
Aoz AufE= 54 wizol ohE v |oktol] Hls) At
How oY 4 9l B4 Aoz BeEd:

EY A S AEAQAF AuliEEE Eead
4> (dehydrogenase) A& A=A uljA] (- 19.7 1g TPF
g soil 24 hr )7} Qo) AulR] (Hat 18.8 1g TPF g soil
24 hr)Er} E9IT) (Table 4), A JHRE FHI} 454
oA 2 AFS Bt B ssHdnt EFETH
ST theket AEHAE EAEit) geaaaet B
o] pHe}O| BWAS 3| YRAT AT}, AAAS (R=0.35)7}
EA= AN Ao AHEAE Bt (Fig. 1. ol E
ol pH7} B ma0] ol S 97| wlolet
3L ek,

EY L PLFA & Y ZEPAEEM EQF Y 440
AEA 2% QA AR AF (PLFA)S 19.5-224.3 nmol
g ' soile] W9|E 2 HAE B on] AR 7}F o)A
vjR| e} Ftgho] A AR, & 1Eke] fo4d 9l
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Table 4. Activity of dehyrogenase in the greenhouse soils with cultivation of lettuce or cucumber at each sampling site in Korea.

Crops Site Average Minimum value Maximum value
1g TPF g'1 soil 1g TPF g'1 soil (g TPF g'1 soil
Daejeon 15.7 10.4 19.9
Yangpyeong 254 21.1 30.6
Lettuce Yeoju 21.1 15.7 26.5
Wanju 17.2 12.4 26.7
Average 19.7 10.4 30.6
Gongju 15.2 11.3 24.3
Sangju 23.7 20.8 27.0
Cucumber Suncheon 18.2 13.2 26.7
Yongin 18.2 15.0 254
Average 18.8 11.3 27.0

Table 5. Concentration of phospholipid fatty acids (PLFAs) extracted from each sampling site.

Crop Site Average Minimum value Maximum value
nmol g'1 soil nmol g'1 soil nmol g'1 soil
Daejeon 77.8 19.5 161.9
Yangpyeong 122.5 49.4 2243
Lettuce Yeoju 100.3 71.2 148.2
Wanju 73.4 28.4 106.3
Average 92.5 19.5 2243
Gongju 77.7 49.5 133.7
Sangju 57.5 329 77.0
Cucumber Suncheon 94.3 46.8 118.1
Yongin 56.0 273 71.9
Average 71.0 273 133.7

= Aol IREA] Aokt Ao Bk
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Ao e Eak ARaL HA B 54 g
Sp oA,  ATolA] BEE lESEelA =y
B 2] s ofele BT BAE sk )
mhel Aot MerEch ufebd FF AL ] =

nES] TS S laliAe 2 nE AEA
Trofl ZHSHA| 4-8-%+= pyrosequencing R} 2 XE
H A7leS A8ReRN, EEAE & U AAd R
ojsfistt= A=} Hasithal & 4= Qlt} (Hirsch et al.,
2010; Nacke et al,, 2011),
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