Dear ,
You were a collaborator in a study of soil biology on blueberry farms. A major aim of the study was to describe how blueberry soils under organic management differ from those managed by conventional practices. We sampled eight pairs of organic and conventional blueberry fields that were matched by USDA-NRCS soil series, and as closely as possible, by blueberry cultivar and field age. Samples were collected in late September or early October of 2008, July, August, and October of 2009, and June of 2010. Prior to organic transition, all organic fields surveyed were managed conventionally, i.e., with synthetic fertilizer and pesticide inputs. The organic fields were certified by a Michigan Department of Agriculture-accredited agency and managed according to USDA organic standards for 4 to 25 years prior to our study.
The following pages are data collected from your blueberry field. Results are grouped into four categories: soil carbon, soil nitrogen, soil enzymes, and soil microbes. Measurements from your field are shown alongside the average from twelve blueberry fields on sandy soils (denoted as “MI Average” in the figures below). Because muck soils had average values 2- to 10-times greater than those in sandy soils, muck soils were excluded from the averages. The results are shown at two soil depths, 0-2 and 0-12 inches, except mycorrhizal colonization (roots collected at 0-12 inches) and nematode populations (0-2 inch soil depth and blueberry roots, assessed separately). The error bars represent the spread of data from approximately two-thirds of Michigan fields; values from your field falling outside the error bars can be considered as a deviation from the “typical” blueberry field in Michigan. The report concludes with a brief discussion of the results. 
We hope this report is useful to you. I can be reached by email, sadowsky@msu.edu, to answer any questions you might have. Thank you kindly for participating in the study.  
Sincerely,
Jesse Sadowsky
M.S. Plant Pathology 2010

(Reviewed by Eric Hanson, professor of horticulture, hansone@msu.edu, and Annemiek Schilder, professor of plant pathology, schilder@msu.edu,)



Soil carbon
Total soil organic matter – consists of all non-mineral matter in soil (measured on 9-Oct-2009).
Light fraction soil organic matter        (LF-SOM) – consists mainly of partly decomposed fragments of plant debris and turns over more rapidly (within a few years) than total soil organic matter. Its density is less than 1.7 g/cm3 (measured on 25-Sept-2008).
Labile soil carbon – this organic matter pool constitutes readily available carbon that is a major source of energy for soil microbes. It was modelled as the exponential decay of CO2 production over a 462-day laboratory soil incubation (measured on 25-Sept-2008).
Slow + recalcitrant soil carbon – consists mainly of organic matter that that is not broken down easily by microbes and contributes little to overall microbial activity. It was assessed as the steady rate of soil respiration after the labile pool of soil carbon has been consumed during a 462-day laboratory incubation (measured on 25-Sept-2008).







Soil carbon, cont’d
Soil respiration – represents carbon that is immediately available to soil microbes. It was assessed as the rate of CO2 release from soil over the first 30 days of a laboratory incubation. (measured on three dates in 2009).  

Soil nitrogen
Ammonium-N – is a preferred nitrogen source of blueberries and less prone to leaching and runoff than nitrate (measured on three dates in 2009).

Nitrate-N – is less desirable than ammonium because it is not utilized efficiently by blueberries and more prone to soil leaching and runoff (measured on three dates in 2009).

Mineral N (nitrate + ammonium) – indicates soil nitrogen availablility (measured on three dates in 2009).


Potentially mineralizable nitrogen –assesses the short-term capacity of soil microbes to release nitrogen from organic matter. It was measured as the accumulation of inorganic nitrogen over a 30-day laboratory soil incubation (measured on three dates in 2009).







 

Soil enzyme activity
Beta-glucosidase (BG) – releases glucose from cellobiose, the final step in cellulose decomposition. Microbes secrete BG from their cells to obtain energy (glucose) from organic matter (measured on three dates in 2009).
Cellobiosidase (CBH) – releases cellobiose from cellulose polymers, an intermediary step in the breakdown of cellulose, which may be further decomposed to glucose to be used as an energy source by microbes. CBH activity is related to the turnover of plant debris in soil, including leaves, fine roots and mulches (measured on three dates in 2009).
N-acetyl-glucosaminidase (NAG) – releases N-acetylglucosamine from cell walls of dead fungi, bacteria, and other soil organisms, which may then be taken up by living microbes or broken down further and taken up by plant roots as a source of nitrogen (measured on three dates in 2009).
Acid phosphatase (PHOS) – releases phosphate from various forms of organic matter, including plant detritus, phospholipids in microbial cell walls, and nucleic acids, that can be taken up as a source of phosphorus by microbes or plant roots (measured on three dates in 2009).





Soil enzyme activity, cont’d
Tyrosine aminopeptidase (TAP) – releases amino acids from peptides and proteins that make up about half of the total nitrogen content of soil. Amino acids released by TAP are taken up by microbes or degraded further and taken up by plant roots as a source of nitrogen (measured on three dates in 2009).
Peroxidase (PER) – contributes to transformation and breakdown of structural polymers in plant debris, such as lignin, and complex forms of soil organic matter, such as humus (measured on three dates in 2009).
Phenol oxidase (POX) – contributes to transformation and breakdown of structural polymers in plant debris, such as lignin, and complex forms of soil organic matter, such as humus (measured on three dates in 2009).









Soil microbes
Ericoid mycorrhizae – are fungus-root associations found in the outside cell layer of hair roots of blueberries. Ericoid mycorrhizae aid in plant uptake of nitrate and organic nitrogen from soil. Mycorrhizal colonization was assessed on roots collected at 0- to 30-cm soil depth in fall 2008 and three dates in 2009.
Soil bacteria – feed on organic matter in soil. They were assessed by counting the number of bacteria that grew from soil added to culture media (assessed 25-Sept-2008 and 9-Oct-2009).

Soil fungi – feed on organic matter in soil. They were assessed by counting the number of fungi that grew from soil added to culture media (assessed 25-Sept-2008 and 9-Oct-2009).







Soil microbes,  cont’d

Non-plant-parasitic nematodes in soil – are “beneficial” because they consume other microorganisms and in the process release nitrogen and other nutrients. (assessed by Michigan State University Diagnostic Services on 6-Jun-2010 at 0- to 2-inch soil depth).

Plant-parasitic nematodes in soil – include lesion, sheath, ring, and spiral nematodes. They only feed on living roots of blueberries and other plants (assessed by Michigan State University Diagnostic Services on 6-Jun-2010 at 0- to 2-inch soil depth).














	
Summary/Discussion
Across sampling dates, nitrogen availability at 0-12-inch soil depth in your field was similar to the average for the fields we sampled. Nitrogen availability was slightly lower than average in the upper two inches of your soil in July, possibly due to temporary nitrogen immobilization in wood mulch. 
Soil biological activity in your field was in general high and on par with many organic fields. Potentially mineralizable nitrogen and soil respiration rates were closely related, suggesting microbial activity is associated with nitrogen release in your soil. Enzymes involved in cellulose breakdown and nitrogen and phosphorus mobilization were higher than the average Michigan blueberry soil. The deep layer of wood mulch likely contributes to soil health in your field. 
Microbial populations in your soil include higher than average fungal counts but lower than average bacterial counts. Fungi have threadlike hyphae which allow for movement of nutrients between nutrient-rich and nutrient-poor substrates within soil microhabitats, while unicellular bacteria do not have this ability. Fungi may be better-equipped than bacteria to degrade coarse, high C:N materials such as wood chips, and wood mulch probably increased the ratio of fungi to bacteria in your soil relative to the average of the fields we sampled.
Nematodes thrive in very moist soils, and soil moisture near the soil surface was generally low compared to other blueberry fields we sampled. Subsurface drip irrigation in your field is may thus explain a lower than average count of beneficial, non-plant-parasitic nematodes in the upper 2 inches of your soil compared to the average field. No pathogenic nematodes were found in a sample of blueberry roots we submitted to the MSU diagnostic clinic, meaning there is low risk posed by root-feeding nematodes in your field.
0.64378900324415989	0.20144831556717743	0.64378900324415989	0.20144831556717743	8.3101110000000009	5.4649506999999655	3.3682058024096388	3.0093970852572411	
SOM (%) 


4155.7645217000054	842.9853655902499	4155.7645217000054	842.9853655902499	6000	18696.111111111113	5333.3333333333285	6125	
LF-SOM (mg / g soil) 


0.51679052040348705	0.45096364723783638	0.51679052040348705	0.45096364723783638	1.6909000000000001	1.9332432833333331	0.80289999999999995	1.7206583333333341	
Labile carbon (mg / g soil)  


0.70314369461567738	0.38240401000602331	0.70314369461567738	0.38240401000602331	3.6046	3.4509166666666666	2.6882999999999999	2.5379333333333336	
Slow + recalcitrant carbon         (mg / kg soil / day)  


NW of weather station	6-Jul	21-Aug	9-Oct	6-Jul	21-Aug	9-Oct	       0- 2-inch depth	       0- 12-inch depth	33.001016882126656	27.442603180357178	33.50902860645283	11.262434031420064	9.9331323313928976	12.638211342894371	MI Average	2.1312645086089246	2.2543462986371412	2.6112905245733966	0.48218685706478642	0.5971665119883085	0.65092255200552218	2.1312645086089246	2.2543462986371412	2.6112905245733966	0.48218685706478642	0.5971665119883085	0.65092255200552218	6-Jul	21-Aug	9-Oct	6-Jul	21-Aug	9-Oct	       0- 2-inch depth	       0- 12-inch depth	21.400583960432186	22.966985432801788	26.982140622036869	8.730693970283788	9.9806305374024049	10.263144002687374	
CO2-C mg / kg soil / day



NW of weather station	6-Jul	21-Aug	9-Oct	6-Jul	21-Aug	9-Oct	       0- 2-inch depth	       0- 12-inch depth	20.742575200276129	6.9934735994456814	5.1884607129294844	7.7820436479338824	5.0844804962144705	3.1298095447817342	MI Average	3.906993897637681	1.0110669381664938	0.77559233566469465	1.0276731659484495	0.46243521810317079	0.34678641407596444	3.906993897637681	1.0110669381664938	0.77559233566469465	1.0276731659484495	0.46243521810317079	0.34678641407596444	6-Jul	21-Aug	9-Oct	6-Jul	21-Aug	9-Oct	       0- 2-inch depth	       0- 12-inch depth	24.999681388546069	10.725664175074565	7.2203807800807454	10.335783438420854	6.4971742636557321	4.3111036702298842	
NH4+-N (mg / kg soil)



NW of weather station	6-Jul	21-Aug	9-Oct	6-Jul	21-Aug	9-Oct	       0- 2-inch depth	       0- 12-inch depth	14.155975228710505	5.1488648962724355	7.8525699175278465	24.466454709108753	3.3977821961794628	9.6297881803087915	MI Average	5.9593534528017313	1.1730612940011296	0.85568896723405763	3.1742442381496936	0.65156168040816664	0.80694363043937001	5.9593534528017313	1.1730612940011296	0.85568896723405763	3.1742442381496936	0.65156168040816664	0.80694363043937001	6-Jul	21-Aug	9-Oct	6-Jul	21-Aug	9-Oct	       0- 2-inch depth	       0- 12-inch depth	31.303019186187829	5.9804821037192424	7.5015074438377125	17.850779443349087	3.7266026233263347	6.7711556140957274	
NO3--N (mg / kg soil)



NW of weather station	6-Jul	21-Aug	9-Oct	6-Jul	21-Aug	9-Oct	       0- 2-inch depth	       0- 12-inch depth	34.898550428986681	12.142338495718118	13.041030630457335	32.248498357042394	8.4822626923939364	12.759597725090519	MI Average	9.114093494122093	2.0675292236532181	1.4260528302084161	3.6820686607453266	0.92416103737693878	0.8959226777207866	9.114093494122093	2.0675292236532181	1.4260528302084161	3.6820686607453266	0.92416103737693878	0.8959226777207866	6-Jul	21-Aug	9-Oct	6-Jul	21-Aug	9-Oct	       0- 2-inch depth	       0- 12-inch depth	56.302700574733898	16.706146278793575	14.721888223918448	28.186562881769664	10.223776886982115	11.082259284325676	
NH4+ + NO3--N  (mg / kg  soil)



NW of weather station	6-Jul	21-Aug	9-Oct	6-Jul	21-Aug	9-Oct	       0- 2-inch depth	       0- 12-inch depth	1.0964171497314503	0.90947863918618665	1.6478420401811331	-4.5430141952198133E-2	0.25578398036086847	0.32018629579170854	MI Average	0.36668131213404426	9.7298566123750527E-2	0.17024792522588122	0.12704208515058191	2.9039902917872847E-2	4.9294444402202722E-2	0.36668131213404426	9.7298566123750527E-2	0.17024792522588122	0.12704208515058191	2.9039902917872847E-2	4.9294444402202722E-2	6-Jul	21-Aug	9-Oct	6-Jul	21-Aug	9-Oct	       0- 2-inch depth	       0- 12-inch depth	0.91572643485188565	0.69344805425341216	0.97748207115952368	0.27095296356626364	0.21228555743267044	0.28577182646852894	
NH4+ + NO3--N (mg / kg soiil / day)



NW of weather station	6-Jul	21-Aug	9-Oct	6-Jul	21-Aug	9-Oct	       0- 2-inch depth	       0- 12-inch depth	405.14412052524432	253.59508944765787	405.28614931470162	163.17593264213343	99.604738105041179	151.62652832264743	MI Average	32.275390087042048	38.468110004014363	31.044187993165217	8.0427527740538149	10.026487875566257	9.357523100556838	32.275390087042048	38.468110004014363	31.044187993165217	8.0427527740538149	10.026487875566257	9.357523100556838	6-Jul	21-Aug	9-Oct	6-Jul	21-Aug	9-Oct	       0- 2-inch depth	       0- 12-inch depth	264.38142492484832	250.52409185379531	233.35625707971164	109.65106933866581	106.65717666824312	95.262203387019085	
BG activity nmol / g soil / hour



NW of weather station	6-Jul	21-Aug	9-Oct	6-Jul	21-Aug	9-Oct	       0- 2-inch depth	       0- 12-inch depth	93.731313981608551	79.245441435257817	135.5298772071468	30.63958421793863	26.345374306013326	40.504198160287494	MI Average	11.146236221674819	12.761568242277095	13.578111080419303	2.3047939268599889	2.9756817414304852	3.1354910319446847	11.146236221674819	12.761568242277095	13.578111080419303	2.3047939268599889	2.9756817414304852	3.1354910319446847	6-Jul	21-Aug	9-Oct	6-Jul	21-Aug	9-Oct	       0- 2-inch depth	       0- 12-inch depth	66.682721353965164	66.476603576135503	72.957015458293327	23.275841805014551	23.441098578230783	22.33175672538723	
CBH activity nmol / g soil / hour



NW of weather station	6-Jul	21-Aug	9-Oct	6-Jul	21-Aug	9-Oct	       0- 2-inch depth	       0- 12-inch depth	167.31926068691232	104.34947243203459	148.08184127840849	53.158029431636471	38.159850285126424	47.317591153734561	MI Average	18.210623850260429	14.330591912275546	14.607466171620777	4.2367113190908823	3.8450329937391281	4.359045031102478	18.210623850260429	14.330591912275546	14.607466171620777	4.2367113190908823	3.8450329937391281	4.359045031102478	6-Jul	21-Aug	9-Oct	6-Jul	21-Aug	9-Oct	       0- 2-inch depth	       0- 12-inch depth	95.687322894065858	80.819711969535064	74.149953199155902	38.420462809264997	34.775806297672595	30.960938716335729	
NAG activity nmol / g soil / hour



NW of weather station	6-Jul	21-Aug	9-Oct	6-Jul	21-Aug	9-Oct	       0- 2-inch depth	       0- 12-inch depth	604.69890917013299	291.74209391725896	527.66403969830014	232.18600636435198	154.66743627268494	215.14149114172596	MI Average	51.194519790510363	48.864734120158253	43.290442913897053	16.050823795067455	17.814689671964889	15.591795765375791	51.194519790510363	48.864734120158253	43.290442913897053	16.050823795067455	17.814689671964889	15.591795765375791	6-Jul	21-Aug	9-Oct	6-Jul	21-Aug	9-Oct	       0- 2-inch depth	       0- 12-inch depth	412.08782376262769	338.43986543852395	322.1135796318955	221.13633892567717	200.75666670281331	187.06054341750524	
PHOS activity nmol / g soil / hour



NW of weather station	6-Jul	21-Aug	9-Oct	6-Jul	21-Aug	9-Oct	       0- 2-inch depth	       0- 12-inch depth	4.4865431896613455	1.9691310833069042	2.0027642395716225	3.1270315070681103	1.8144600609558783	1.7242840736531533	MI Average	0.42627050582904807	0.17334710775763518	0.11921155404236097	0.13741322782512796	5.3823098237139572E-2	6.7248955875907346E-2	0.42627050582904807	0.17334710775763518	0.11921155404236097	0.13741322782512796	5.3823098237139572E-2	6.7248955875907346E-2	6-Jul	21-Aug	9-Oct	6-Jul	21-Aug	9-Oct	       0- 2-inch depth	       0- 12-inch depth	2.7911494982467047	2.3713557968542127	1.7716926424645054	1.8435700022834218	1.6048227662040571	1.3296530136517681	
TAP activity nmol / g soil / hour



NW of weather station	6-Jul	21-Aug	9-Oct	6-Jul	21-Aug	9-Oct	       0- 2-inch depth	       0- 12-inch depth	5.3126114860607201	1.3718818201260887	3.9284050287614392	4.7696045522247017	1.4529690543771177	9.5744778184221246	MI Average	2.0947178399161936	1.7826435368353803	0.95678734702367363	1.2145968819412047	0.7809059842730296	0.80509481478358758	2.0947178399161936	1.7826435368353803	0.95678734702367363	1.2145968819412047	0.7809059842730296	0.80509481478358758	6-Jul	21-Aug	9-Oct	6-Jul	21-Aug	9-Oct	       0- 2-inch depth	       0- 12-inch depth	10.117397029430718	7.5244122254648875	4.7630323805768153	8.3272758910059537	5.3850429228621124	4.9458009059655774	
PER activity nmol / g soil / hour



NW of weather station	6-Jul	21-Aug	9-Oct	6-Jul	21-Aug	9-Oct	       0- 2-inch depth	       0- 12-inch depth	0.35707044347819533	0.36840194955097588	0.4553525337055303	0.10823294124387749	7.0453340888116431E-2	9.3598715372434235E-2	MI Average	6.5590436502773894E-2	9.3313019378166301E-2	5.2416982435502822E-2	3.8623882679572612E-2	7.668072282208882E-2	3.2785415774551574E-2	6.5590436502773894E-2	9.3313019378166301E-2	5.2416982435502822E-2	3.8623882679572612E-2	7.668072282208882E-2	3.2785415774551574E-2	6-Jul	21-Aug	9-Oct	6-Jul	21-Aug	9-Oct	       0- 2-inch depth	       0- 12-inch depth	0.38117201277333884	0.35072326266158754	0.20008099546443694	0.28236848124011965	0.36930195423828732	0.15537015706119944	
POX activity nmol / g soil / hour



NW of weather station	Fall 2008	 Jul, Aug, Oct 2009	18.322059920970929	15.579551282051282	MI Average	1.741100031137679	2.2260750005461607	1.741100031137679	2.2260750005461607	Fall 2008	 Jul, Aug, Oct 2009	18.864559141992206	20.342044604700789	
Ericoid mycorrhizae
(% hair root cells)




1256240.0240390541	741367.38133371342	5358844.0775807714	1208566.324314988	1256240.0240390541	741367.38133371342	5358844.0775807714	1208566.324314988	418573.35127860017	4610934.3692841176	2974247.27738629	2790791.7331611207	6317445.7034938615	20932836.879486389	6806111.5577385472	11734454.005293349	
Bacteria × 106 / g soil 


18751.310665998852	11958.761766852287	21792.467169406638	16336.432519892598	18751.310665998852	11958.761766852287	21792.467169406638	16336.432519892598	181660.83445491252	164406.57221048287	120192.18449711722	80868.688070232514	190408.99433427767	131410.81828256109	73448.911574364378	87095.04030724139	
Fungi × 104 / g soil  


69.151855843980258	69.151855843980258	150	391.25	
Non-plant parasitic nematodes / 100 cm3 soil  



23.646567536325225	23.646567536325225	0	77.1875	
Plant-parasitic nematodes /        100 cm3 soil        


