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Evidence for the Functional Significance of Microbial Diversity among Free-living
Diazotrophs in Soils of a Long Term Agricultural Site
Shi-Fa rop

and

= -_ -—

— N e - - — - - o —
— — = - < - - J e L - = —— - . — — 5

Soil Sciences Department, Cornell University, Ithaca, NY

N . —
T e Je'-_ —_—
—_—— - L
-,

L ———— = =R = L —— = —
T . - T T T e TR < i -

- -'_; e _T = - h '._,'_—-_L_.-

. T I S = = N _2 | - -
e e ——
R /

e

‘lﬂtr’OA UCtiOﬂ ._ ; £ _: y able 1 ?}uﬁbf}:}r of c;nc:l}tions thjt suPPorﬁ'e\jl Pg]i]”owth O}F N~t
, , . , p , , - N F®) , & , ) e , = NI ol IXIN acteria compared across a experiments
Elologlcal N-Fixation b{i(j Free~|1vmg cllazotrol:)hs IS a globa”g lmPortant s Determine whether functional reclunclancg within the cllazotrophlc = s (ZOJ%OO cells /g oFFjsoil e el growtﬂ?)
process with implications or agriculture. Kenneclg & Islam (2001 found communitg serves as the mechanism |in|<ing changes N cliazotroPh # of srowth af
, , _— f ) T \ad \ 20000 cut off  Sum Avg Std U-test
that N2 Fixation bg 1Cree~||vmg cllazotrophs can theoretnca“g account for |
Y 50-150 kg N/ha. In addition, Global N2 fixation bﬂ FreeJi\/ing Aiazotrophs s .

estimated at 100-290 TgN 74 yr in terrestrial systems (Clevland et al. 1999)
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these non-cultivated cliazotrOPhs, rather than their cultivated cousins, are | againstvariation in environmental conditions. Sl bk “ a5 T2, T4.NC - Table 4 ANOVA table for N-fixation rates under conditions
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t DF Sum of Sa Mean Sa F-Value P-Value
NC*6 conditions| 5 0.0151 0.0030 8.8243 0.0002
T2*6 conditions| 5 0.0028 0.0006 1.2897 0.3116

T4*6 conditions| 5 0.0142 0.0028 2.6090 0.0607
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| functional signhcicance of microbial community composition in s0il. long - - Al
term agricultural experiments are Particularlg useful for stuclying microbial = corresponcls to the cliversitg of conditions that support the growthj

Table 5 ANOVA table for N-fixation rate under 5 treatments
or 6 inoculation conditions.

of diazotrophs. . ¥ | DF Sum of Sa_Mean Sa_FValue P-Value
— s Fig 4 Nitrcc){gen fixation rates in microcosms under 6 ditferent environmental T2, T.4,. NC| 2 0.0021 0.0011 1.1418 0.3254
conditions across 3 treatments. (significant p<0.05) 6 condifions| 5 0.2300 0.0046 6.6677 <0.0001
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soil characteristics in a long-term (> %0 years) experimental site in Chazy,
. Clinton county, NY (44°53.13’N, 75°28.40°) ——’r_

. B Experment]
Chazy site > P
Study site: The William H. Miner Institute in Chazy, Clinton County, New York o FRES soil cores (toP 0-5 cm) were taken from each of four field replicates and

The research plots have been maintained as a long term tillage experiment since 1973. Maize (N dependent crop) is the major crop.

] Replicate 4 | Replicate 3 e = hooled to rePresent treatments T2, T4 and NC.. N2 fixation was determined b "
i t , : = 1 , , ——
/ T2 %3 T1 T4 T4 |13 |T1 T2 T  CY assessing 15Nz Incorporation Into soil in relation to controls incubated
No -Till “Till Till No-Till No-Till Till Till No-Till : Wlth unlabelecl N> AN

emoval retention removal retention retention retention removal removal ==
.:xample: NCrl soil saml:)les R
= i Bradyrhizobium japonicum

Y Y Y 4, N> D T |7 e le 0
- cce CC:? ccf CCG ece ec\? ecf 06 fce gc:? fcf ¢c6‘ 307201 Rhizobium radiobacter

3 ggg%; 5 Agrobacterium sp.
> T.Lt . , . _{% 307208
/9\ /9\ /9\ /9\ /9\ fg\ fg\ fg\ o higIMPN results for growth in C2 cellobiose, C3 sucrose, C4 Rt o205 S
W | L . ’ 307249 Acidovorax_ sp.
BEEE mannitol and Cé Acetate under 3 levels of oxygen. L‘@m@fﬁmﬁwmw e

| G

-
= o -——m,
E —_— - -
-
- im

——
=

N\ Rhizobium gallicum

- Rhizobium sullae Comamonas sp.
: Q Z0oSpi u b R e 3 0(2-2 17
307247
1000000 o RAZobiEm 307422
> Rhizobiiim sullae 307257
. 307261 AB291842
T T nsifer adhaerens |
SONCEL, =

=
—

= mm
(= - —

o—Proteobacteria

¥ 33?258

307265

30(71:266 307411
T [ 307264

100000 . 3071255 Bosea sp.

==
—_— —_— .

Rhizobium radiobacter

Ensifer adhaerens
301238 307409

MesorﬁﬁizoEb_ium amorphae ;
Mesorhizobium septentrionale b5
307250 Afpiasp
307248
307220 307410
-1 Mesorhizobium loti

307221 .
o.—Proteobacteria _t 307240 o—Proteobacteria 307412

MPN: cell # per g of soil

J4apJoq |[14 ON
No till border

T4 T2 T1 T3 T1 T4 T2

N N N — N N e e e om0 deffiss VI3
| N | G| G | | G | G | G| G 301223 Ankescrie LR
 son219 i 307426 [3—Proteobacteria

No-Till No-Till Till Till Till No-Till No-Till e
retention retention removal removal retention removal retention removal _ _ :': e Compariﬂg L s 1 '
> T e T sy eod —— —Proteobacteria
\ Frozen ||pH 4.2 ||Water h Anoxic ||[Frozen ||pA 4.2 ||Water Table 2 Numbers of conditions that sup port %rowth of N- - Bolaromonssejuensis P | 307251
T == = =4 = , Lt RS Gy T erbaspirillum huttiense .
Replicate 2+ Replicate 1 Thawed | 20% 0,|20% 0, The€ 515N 22°C |[Thawed|20% 0,(20% 0, = . . fixers comparecl across different levels of oxygen. fpaggoer e ,Lbéef"sg’””””’p”““ pFrotechacteria i

. - SRR | 20% o zzoc zzoc [ 20% 0 zzoc o I L , (~ : |-_|£7243. seudoxanthomonas sp.
Biomass Removal - Till Tnb ==  Sosind]|sonung SiENAI from 22°C S0k spuine, | (20,000 cells/g ot soil as cut-otf of growth) «~ b t-Frotcotmctr e e

S both sets =S aerobic microaerobic  anoxic sum ” Dby | | Bt EttetEs — | ity

Xanthomonas sp.

T3 Biomass Retention Till Tb ST | : 1 3

T4 Biomass Retention NoTill NTb == ] 12 0 13 , , - : T , e

Non cultivated : : : : : : : : : : e 3 12 5 20 ﬁgé Phglogenetxc analgses of bacteria isolated from MPN experiments in different C sources and N-Free media under 30 clegree C growth condition:.
S, ‘ AN YN\ A A \ R RN o S ,

14Nz N gas incorporation 15Nz N gas incorporation WP\ |Fi ns* A3 NC.T25T4 NC>T4 oo

= 2 4 ! 2 i ____ ' i *ns: No significant
Dlazotol:)h cl:versfcg was reclucecl 199 the |ong term lmPacts omc agrlcultural = ExPerimen >

No till border

Polaromonas sp.

AAAAA NN YN AL AAANAA!

Results from Pre\/ious research (Hsu and I‘Suckleg, 2009) indicates that:

Conclusions:
~ The cultivation exPeriment showed that more diverse diazotrophic communities could responcl to a greater
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sources (Cl malate, C2 cellobiose, C3 sucrose, C4 mannitol, C5 vanillin, and _:
Cb acetate), pH (7.5.5.5and 3.5), oxygen levels 20%, 5% and 0%), trace ..
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, , , e RS- All inoculation tests were incubated in 96~We”s Plates and growth was
diazotroph divers 'tﬂ and N-fixation rates. detectea }39 absorbance at 590 nm atter 40 clags of incubation. o

| b)Bacteria were isolated and puritied from different growth conditions and | » i ! L5 ¢ of the Shannon adex (1= /H mar)
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Further directions:
- Use nifH primers to evalute the isolates and compare to nifH clone libraries recovered clirectlg from soil.
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clﬂaracterizecl bg analgsis O their 16S rRNA gene sequences. m Fig 2 Diazotrth cliversitg Plottecl in relation to N-fixation ._Valuate the Portlon O]C t]*xe 3 ’aZOtrOPh'C communltg that D recoverecJ through CUItlvatlon’
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