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Effect of the Long-term Application of Organic Matters on
Microbial Diversity in Upland Soils
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To investigate the effect of long term application of organic matter in upland soils, plots for treatments of
NPK, NPK+pig manure compost, rape seed cake, rice straw compost, and green manure were set up.
Populations of Bacillus and Gram negative bacteria were high in the plot treated with green manure
application, but microbial biomass was increased with chemical fertilizer or pig manure compost in upland
soils. Activities of phosphomonoesterase and dehydrogenase were high with organic matter application
comparing to control. Cluster patterns analysed using phospholipid fatty acid of plots treated with rice straw
and or pig manure compost were clearly different comparing with other treatments. Dominant bacteria in
upland soils were Bacillus flexus, B. subtilis and B. megaterium. And the strains isolated from upland soils had

amylase, protease and lipase activities.
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= ® % It} (Crecchio et al,, 2001; Madejon et al,,
2001; Kandeler et al,, 1999a; Kandeler et al,,
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293t} (Metting, 1993).
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AFst3iT NPK?L ABIEES 10a & Aa AT 2
7 17.4, 3.0, 6.9 kg 31910 NPK+EEEH] (PMC)
AlgTt= NIt K& 22 15,5, 2.4 kg, EMH]= 1,370
kgs A& A HFEH e A 174
kg9 ¥og AM|stal {7]ES Z+Z 290 kg, 3,480
ke S AgSIROD], AT ARAE 20080% 59 2
Qo] slgom, AR 58 7ol ARSI, HulTe
Slolel A% 2,567 kel PO Agsidlct
RIS pHE= AP, TC2F TNS CN analyzer,
AR %lﬂt’tﬂolE HPA | ¢fol2 ICPE °]&
0]—04 BT (52284, 1988), 12 AAES Yeast
extract (YG) ¥ujR|o] =ejxgh Hpol&gle H7Igh
WA A, HPEAL ARE 80T SzelA 10
B HAE T YG EjNE ol8stel RARIILH (RO
nEATD], 1992), PAETFS SEEELE TS5FE
M ARSI i8Sk Aol glucose 10 g,
Cas(PO.), 5 g, (NH.):S04 0.5 g, NaCl 0.2 g, MgSO; -

THsO 0.1 g, KCl 0.2 g, Yeast extract 0.5 g, MnSOy -
H,0 0.002 g, FeSO; - TH,O 0.002 g, Z8Z> 1000
ml2 4% Pikovskayatix|& ANt Phospho—
monoesterase (PME)E412 E9F 1 g2 50 ml cap tube
of 3kl 0.2 mle] &4, 4 ml MUB 458 (pH
6.5), 1 ml® p-nitrophenyl phosphate &M 7|5}
of, = 23t —?5501 HE=S 37 ¥ cap tubed] m}
2 2oloH 1417 WeFsteLh 1A%

ml 0.5M CaCly, M3} 4 ml 0.5M NaOH
7t 3 4= 27F Al EE3 VA Whatman
No. 2 ofje] clalsl 4894 400mmald 23 o)
Attt Dehydrogenase= E% 5 g9 50 mg?] CaCOs
2+ 1 mlQ) 3% (w/v) 2,3,5—triphenyltetrazolium chloride
(TTC)E Yt 37Col|A 24A17F vjoFatgiet, vieF & 3§

A=l 2,3,5—-triphenylformazan (TPF)S HEkZ >
Z35}0] 485 nmofA] v|AAZH SHATE (Sukul 2006), E
oF 01X A AHMIL EAAZ 3 T FraEIoF =
2o10] APl BET T MIDIE olgsio] 1 4
Fotlom, AleF2 tryptic soybean HJA| (TSA)Ol 5

AAA FAS 343 T AHARS F=23810] MIDIC] MIS
(Microbial identification system, Newark, DE, USA)
£ o]83to] A5t (Suh et al,, 2009). 78] A
goto], TSAHjR|o] A3 HAE 4 mm FIE 3|5
slo] Algito] Wil v)Eshgol (NaOH 45 g, Methanol
150 ml, &5 150 ml) 1 mlE 93l 5~10%7 A&
g o 100CeoflA 587 7hdakar WA 5~1027F A
g3t & 100C oA 2587 713 & Yyzksiqich ¥z
= HEskEol (6N HCI 325 ml, methanol 275 ml) 2
mlE 91 5~10%7F ekt o8 80 C oA 1087 7}
st @7 & oAl FE8 (Hexane
Methyl tert—Butyl Ether 200 ml) 1,25 ml
= 7P‘_ T 107 HE-A E50 & F AT v
HAEE IlS ARgSte] offo] Zhelel Al AlA
sheleh, AAEIL g2 o] AlFe (NaOH 10.8 g,
F4 900 ml) 3 mlE ¥il 5EZF REgA wukst
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Table 1. Soil chemical properties.
Treatment pH TC T-N Av. P,0s Ex. Cations
K Ca Mg
(1:5) g kg'1 g kg’ mg kg' e cmol” kg‘1 ----------
Control 5.4 7.6 0.9 46 0.31 6.66 0.43
NPK 5.7 9.1 1.0 127 0.30 7.37 0.34
NPK+pig manure compost 5.8 11.0 1.2 180 0.39 7.21 0.35
Rapeseed cake 5.4 18.8 1.1 140 0.28 5.93 0.28
Rice straw compost 6.4 13.7 1.4 218 0.83 8.63 0.31
Green manure 6.1 12.5 1.3 157 0.23 6.78 0.16
Table 2. Bacterial population and microbial biomass.
Treatment Bacteria Bacillus sp. .Gram . Soil .microbial
negative bacteria biomass
x10° CFU g’ x10* CFU g’ x10° CFU g C mg kg’
Control 7 51 2 69
NPK 46 200 26 151
NPK+pig manure compost 80 306 49 224
Rapeseed cake 114 291 85 121
Rice straw compost 136 338 102 127
Green manure 260 986 161 104
Table 3. Activities of phosphomonoesterase and dehydrogenase in upland soils of long-term cultivation.
Treatment Phosphomonoesterase Dehydrogenase
p-NP mg kg'1 TPF mg kg"1
Control 118 32
NPK 118 36
NPK-+pig manure compost 124 59
Rapeseed cake 133 43
Rice straw compost 135 58
Green manure 133 33

LH|AET 157 mg kg o2 HFEMASTA F1E
=Tt

WE Aol vpdels, AW 9 ugER
Table 29} 7t} AlFe djztel FulFoA 7x10°,
et RT 46x10°, BISH|R+EREH|AEF 80x10°,
AEEE 114x10°, HIZEM|AIST 136x10°, =041
T 260x10° CFU g 'O& H]ARLoflA 713 &gl
HRA g A0l ThSAld e SHA[GT A 7Y =9kA|
vk opgEe wA 69, sistuaT 151, HshulE+
SREMAEAE 224, ASRENE 121, HAYEMAEAE 127,
L=H X8 104 C mg kg ‘07 IR+ ERE XS
TollA 7Y =9kt
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Fig. 1. Dehydrogenase activity to microbial biomass in
upland soils.
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Fig. 2. Cluster analysis of soils by phospholipid fatty acid.
RaC: rapeseed cake, NPK: chemical fertilizer, GM: green
manure, PVMIC: pig manure compost, RSC: rice straw compost.

Table 4. Distribution of Bacillus in upland soils on the treatment (%o).

Number of Isolates (%)

Bacillus
Control NPK NPK+PMC RaC RSC GM

Bacillus alcalophilus - - - - 1 (43) -
Bacillus amyloliquefaciens - - 1 (4.0 1 (3.5) 1 (4.3) -
Bacillus cereus 3 (18.7) - 1 (4.0 1 (3.5) 1 (4.3) -
Bacillus flexus 5 (31.2) 8 (38.1) 11 (44.0) 7 (25.0) 1 43) -
Bacillus GC group 22 - - - 2 (7.1) 2 8.7 -
Bacillus laevolacticus - - - 1 (3.5) - -
Bacillus megaterium 2 (12.5) 5 (23.8) 7 (28.0) 5 (17.8) 14 (60.8) 10 (37.0)
Bacillus mycoides 1 (6.2) - - - 1 43) -
Bacillus oleronius - - 1 (4.0 - - -
Bacillus subtilis 1 (6.2) 4 (19.0) 1 (4.0) 7 (25.0) 1 43) -
Others 4 (25.0) 4 (19.0) 3 (12.0) 4 (142) 1 (43) 17 (63.0)
Sum 16 21 25 28 23 27

PMC: pig manure compost, RaC: rapeseed cake, RSC: rice straw compost, GM: green manure.
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Table 5. Enzyme and phosphate solubilizing activity of isolates.
Control NPK NPK+pig manure compost
Strain Pr A L Ce Ch P Straim Pr A L Ce Ch P Straim Pr A L Ce Ch P
C-1 + o+ o+ o+ - - N-2 + o+ o+ - - PC-1 + + o+ =+ - -
C-2 + o+ o+ - - - N-5 + o+ o+ - - - PC-2 + + o+ - - w
C-3 + o+ - - - - N-6 + o+ o+ - - - PC-3 + + o+ - - -
C-4 + o+ o+ - - - N-7 + o+ o+ - - - PC-4 + + o+ - - -
C-5 - - NG - NG - N-9 + + + - - - PC-5 + + o+ + - -
C-6 + o+ o+ - - - N-10 + o+ o+ - - - PC-6 + + o+ - - -
Cc-7 + + o+ - W N-22 + + o+ - - - PC-7 + -+ - - W
C-9 + + + - - - N-23 + + + - - W PC-8 + + 4+ - - -
C-11 + - + + - - N-24 + + + - - W PC-10 - + NG - - -
C-12 + + + + - NG N-25 - + NG - - - PC-11 + + 4+ - - -
C-13 + + - + - NG N-=26 + o+ o+ - - W PC-12 N - -
C-14 + + + - - NG N-27 + + + - - - PC-13 + + 4+ - - -
C-15 + o+ o+ - - - N-28 + 4+ + - - - PCI5 4+ + o+ - - -
C-16 + W o+ - - - N-11 + w o+ - - W PC-17 + o+ o+ - - 0w
C-17 + + + - - - N-12 + + + - - W PC-19 + + o+ - - -
C-18 + + NG + - - N-13 + w o+ - - W PC221 + + o+ - - -
N-15 + + + - - - PC22 + + + - - -
N-18 + + o+ - - W PC23 + + o+ - - -
N-19 + o+ o+ - - - PC-24 + + o+ - - -
N-29 +  + o+ - - W PC25 + + o+ - - -
N-30 + o+ o+ - - - PC-26 + + o+ - - -
PC-27 + W o+ - - -
PC-28 + + o+ - - -
PC-30 + W o+ - w
Pr; protease, A; amylase, L; lipase, Ce: cellulase, Ch: chitinase, P: phosphate solubility.

X8 Bacillus alcalophilus, Bacillus amyloliquefaciens,
Bacillus cereus, Bacillus flexus, Bacillus GC group
22, PBacillus laevolacticus, Bacillus megaterium, Ba-—
cillus mycoides, Bacillus oleronius, Bacillus subtilis
& 5ol ZYEUet. MIDIo| oJjt TR TS &
oA AN of7| A= v Al TS HaAb F
7] FAISFA, EHZ—TLOWL 650 E2|=em Bacillus
flexus7} 978F9 11, PR o= 320 & Bacillus
flexus, ‘_L,:E]H]/\]—Q—?-’fﬂ]/ﬂh 6207 Bacillus flexus,
AZGER] Lo M= TEOF Bacillus flexus®} Bacillus
BB Aol A= 8% Bacillus megaterium,
Slofel Bzt AFEE SHA PO BacillusEA S
Bacillus megaterium 1&70] AZE|QX|TE T2 £9]
Alato] BF A]to] vlsf B = HEEHe 548 2
et

EgA Eeld viiz Ao st protease, amylase,
lipase, cellulase, chitinase @ QIA7}8352 Table
5¢F Agutt e AEAe] AdEH e a8 ©@ed)

subtilis,

iEgol} gowe] A Hal

O}”‘E}O}Zﬂ 429 X]:r@} H egollA F
2 zﬂ@—g—@lﬂz—%owa}q R ARRlol S8
Qltt (Ammozegar et al,, 2003), ©]9} o] O]"?:-_'E]'O]'
Al #E] At Sl F83 AdgS 5] ol
o] 11 e 34.01—5 Aeere B2 nYESa3tA oAM=
Fastthal & 4= ik d W EfollA welE Al
o gRE ojusolAzy ohJet protease
lipase®] AL 7FA]3L AR,

EoF thilzle A]a 49l proteaseo] 23] HEg e}
ofp|iAito g Thisl ot ZEEoMlE A, WAL
gl AR o) de] A==t Geisseler and Horwath
(2008)-> P& biomass NI} LHIE #A7F QUrkar
sisick

HFE oko]|A] cellulase® /\j—% Zb= A2 WA o
L A=A 9
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®
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Table 5. Enzyme and phosphate solubilizing activity of isolates (continue).

Rapeseed cake

Rice straw compost

Green manure

Strain Pr A L Ce Ch P Straim Pr A L Ce Ch P Strain Pr A L Ce Ch
CD-1 + + + - - W RS-1 + + + + - - GM-2 + + - -
CD-2 + + + - - W RS-3 + + + - - - GM-3 + - + - -
CD-3 + - + W - - RS-4 + + + - - - GM-4 + +  + - -
CD-4 + 4+ + +H=+ - W RS-6 + + o+ - - - GM-5 + + o+ - -
CD-5 + 4+ o+ - - - RS-7 + + o+ - - - GM-6 + + o+ - -
CD-6 + 4+ o+ - - - RS-8 + + o+ - - - GM-7 + + o+ - -
CD-7 + o+ o+ - - - RS-9 +  + o+ - - - GM-8 + -+ - -
CD-9 + o+ o+ - - - RS-10 +  + o+ - - - GM-9 + -+ - -
CD-10 + + + - - - RS-11 + - NG NG NG - GM-10 + - + - -
CD-11 + 4+ o+ - - - RS-12 + + o+ - - W GM-12 + - + - -
CD-13 + 4+ o+ - - - RS-13 +  + o+ - - W GM-13 + + + - -
CD-14 + 4+ o+ - - - RS-14 +  + o+ - - - GM-14 + - + - -
CD-15 + + + =+ - - RS-15 +  + o+ - - - GM-15 + + + - -
CD-16 + o+ o+ - - - RS-16 +  + o+ - - - GM-16 + - + - -
CD-17 + + NG + - - RS-17 +  + o+ - - W GM-17 + - + - -
CD-18 + + + 4+ - W RS-I8 +  + o+ - - - GM-18 + - + + -
CD-19 + + + =+ 4+ - RS-21 + o+ o+ - - - GM-19 + - + - -
CD-20 + + + =+ - - RS-22 +  + o+ - - - GM-20 + - + - -
CD-21 + + 4+ ++ + W RS25 + - + =+ - - GM-21 + - ND - -
CD-23 + + + 4+ - W RS-26 + o+ o+ - - - GM-22 + - + - -
CD-24 + + o+ - - RS-27 + o+ - - GM-24 + + - -
CD-27 + 4+ + - - RS-28 + o+ o+ - - - GM-25 + + - -
CD-28 + 4+ o+ - - - GM-26 + - + - -
CD-29 + 4+ o+ - - GM-27 + + - -
CD-30 +  + o+ - - - GM-28  + + - -
GM-29 - - - - -
GM-30 - - - -
Pr; protease, A; amylase, L; lipase, Ce: cellulase, Ch: chitinase, P: phosphate solubility
NG: no growth, W; weak growth, ++ strong, + medium, - no activity
tf Hul= udEe] o AEstHor geE fU1E 22 chitinaseS TS HaLgh Hiel o], {7
oty EM|E} v|AEo\= Bacillus, Actinomycetales, Hall, AEdes 9 AEY GA 5 BHE gAY o)
Thermus, Streptomyces, Aspergillus 5°] 1+ Hf 52 ml7pSo| gt A5ty Besioha AzbE )
OI% viagel oo WRelobAzt Bals)) dgolet @
At} T ULgBSS ANl Fol ARt okt 7} o ot
gt ng -7
_ AT WEGAA LS A S chitinase BRAlE] A9 IO AT u|AlLTolA] EokA|ut
245 7L A St 3154=0] chitinasesE )
_ _ AEES HEm+E=EEH] AlStollA 90 dAka A
Agsie AL dagel de geblaelw, Ame N0 N el
gy dagdord JEeg olgslyl Ss Ay O A
oleitt Aol BA WU A Aofs] ) of ) no S U wA B SR PLRAG) A9
_ BURHE SHE] oL ZRHNETT
L£E7|%= st} Wang et al, (2006)2 Z|E|UAIE A )
‘ Aolet B9 Boltt QW W B SHFES  Bacillus
8l= Bacillus subtilisS 2]}, Mavingui and Heulin

(1994)9] Bacillus polymyxa%® RF W 49 up4l

flexus, Bacillus subtilis

ui]
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Bacillus megaterium g
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