
An important past, 
exciting present, and 
great future based on 

basic knowledge, 
unifying concepts, 

advanced methodology, 
and sound thinking





1951. Stuck forever in soil ecosystem research the 
summer after my first year at the university, even if I 
didn’t know that title then.
Early spring soil sampling showed decomposition at or 
near freezing temperatures involving a wide diversity of 
organisms producing NH4

+ much faster than (NO3
-) with 

limited populations. 
Measured native vs. cultivated SOC to determine SOC 
stability. 
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C and N characteristics of MAT gradient soils
(Data from Haddix et al., 2011; 

Pisani et al., 2014)
Site Mat °C SOC % C:N Labile1 % Carb+N2

%
O‐Alkyl3

%
L.C. Lipids4  
Mgg ‐1 C

SA 2 3.7 10.8 10.9 34 32 0.24

CO 9 1.2 8.6 17.9 30 31 0.55

CR 20 20 12.1 4.2 42 51 0.65

BR 26 1.1 8.7 11.1 32 37 0.85

SA = Saskatchewan, CO = Colorado, CR = Costa Rica, BR = Brazil
1CO2/550 days, 2py-MBMS, 3  NMR 4Hyd-GCMS



Biome     MAP MAT SOC C:N SOC turnover 
time/yr

mmyr‐1 °C kg m‐2 0‐20 cm
Tropical forests 1400 ‐ 4500 26 12 10 5.3
Temperate forests 750 ‐ 2500 12 8.7 13 9.5
Boreal forests 600 ‐ 1800 5 16 22 10
Tropical savannas 500 ‐ 1350 24 5.4 11 6.3
Temperate grasslands 450 ‐ 1400 9 13 12 15
Deserts 125‐500 4 ‐ 25 3.4 8 25
Tundra 250 ‐ 4500 ‐7 20 24 52
Croplands 150 ‐ 4500 ‐3 ‐28 7.9 11 6.3
Wetlands  250 ‐ 4500 2‐28 72 30 150

The abiotic controls, terrestrial C, turnover rates of 
soil C and soil C:N of terrestrial biomes



Temperature, vegetation change nutrients, and microbial 
growth all affect Arctic climate change interpretations 

(Lynch-Machmuller et al., 2017)



Effect of long term incubation and substrate addition
(600 µg C g-1 soil) on microbial properties and

C transformation kinetics of Hoytville soil
(Chattapudyay, 2014)

Native

Day 0 Day 707

SOC % 4.7 3.8

CFE biomass (control) µg C g‐1 soil   695 311

CFE biomass ( +subs) µg C g‐1 soil 1015 318

Substrate respired % 31 34

Biomass C/DNA 47 47



Bacterial phyla in Hoytville native soil before and after long 
term incubation and with and without corn - substrate additions

Control + Substrate

Day 0 Day 707 Day 0 Day 707

DNA  µgg‐ 1   22 6.0 26.0 7.5

Acidobacteria 14.26 3.05 15.26 2.62

Actinobacteria 8.63 15.4 3.17 14.45

Bacteroides 7.16 6.06 8.56 6.80

Firmicutes 2.07 6.89 1.73 4.13

Gemmatimonadetes 0.98 26.3 1.12 34.86

Nitrospira 2.20 1.48 2.67 1.57

Proteobacteria 30.2 26 9 27.97 25.08

Verrucomicrobia 20.1 8.94 28.97 7.46





Fungal orders in Hoytville soil before and after 
incubation and with and without substrate addition

Control + Substrate

Day 0 Day 707 Day 0 Day 707

Ectomycorrhizal

Inocybe 27.4 0.0 0.3 0.0
Clavulinaceae 20.0 0.0 0.3 0.0
Tuber 10.0 0.0 2.0 0.0

Saprotroph on wood

Pseudaleuria 0.2 12.2 0.4 1.1

Nematode parasite

Pochonia 0.1 5.7 0.8 0.4



Fungal orders in Hoytville soil before and after incubation and 
with and without substrate addition

Control + Substrate

Day 0 Day 707 Day 0 Day 707

Saprotrophic Opp. Pathogens

Fusarium 0.2 6.8 1.2 12.8

Cylindrocarpon 0.3 5.0 3.4 1.7

Saprotrophic Molds

Mortierella 7.9 4.8 13.3 0.5

Chaetomium 0.0 0.1 7.4 10.6



Plant-microbial interactions show more amino acids in 
rhizosphere than non-rhizosphere soils

(Paul and Schmidt, 1960)

Amino Acid Non‐rhizosphere
µg g‐1   soil

Rhizosphere
µg g‐1   soil

Glutamic acid 0.31 0.32

Alanine 0.18 0.45

Tyrosine 0.27 0.45

Lysine 0.52 0.99



The 14C flow to various compartments of symbiotic and nonsymbiotic faba beans (four 
to five weeks old) after shoots were exposed above ground to 14CO2 under continuous 
light. The fixation rate is expressed as milligrams of C per gram of shoot per hour. The 
shoot weight and the root weight are expressed as grams of C. The C influx has been 
equalized to 100 units gram of shoot C (Paul and Kucey, 1981). 



SOC dynamics show the range of great ages in SOM 
fractions (Campbell et al. 1967: Short Grass Prairie IBP

organizational meeting; Fort Collins Best Western:
Haddix et al.  2011 )

Fraction % SOC MRT yr Fraction % SOC MRT yr

LF 5 3 Active MBC 1.5 0.6

POM 10 12 Stable MBC 1.5 14

Silt 44 900 NHC 57 1350

Coarse clay 31 1255 Hydrolysable C 43 250

Fine clay 8 170 Soil 100 870



Depth characteristics of Hoytville silty clay loam
(Paul et al., 2001)

Depth
cm

Soil C
%

C:N Nonpy C
%

14C MRT
yr

NHC
%

NHC MRT
yr

Labile SOC
%

0‐20 2.44 8.6 47 920 46 1770 5.8

25‐50 0.86 7.8 51 2627 45 5660 5.5

50‐100 0.43 5.4 65 6607 44 9875 5.5

Labile SOC = % SOC evolved in 450 day incubation 
Nonpy C = % SOM remaining after 550°C pyrolysis 
NHC = non-acid hydrolysable SOM
MRT = mean residence time



Py-MBMS compound categories Hoytville continuous
corn soils to depth, 2014 (Normalized data % TII)

Compound Category 0‐20 cm
%

50‐100 cm
%

Alkyl Arom. 5.3 5.8
Carbohydrates 19.3 13.2
Lignin Dimer 0.5 1.3
Lipids 2.7 10.6
Cyclic N 30.2 17.8
Peptides 20.6 13.4
Phen. & Lig. Mon 12.9 4.7
Sterols 0.4 3.1
Unknown 9.0 30.2



Py-MBMS spectra difference diagram of
Hoytville, OH no-till soil, 0-20 cm minus 50-100

mass/charge (m/z)
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Mechanisms of soil organic matter stabilization: evolution in 
understanding. (Courtesy of J.D. Jastrow, 2013)



Address the most important question/ 
hypothesis that we are fairly sure we can 
answer ‒ and get funded.
Avoid hitting your head against brick walls 

‒ Eldor’s MSc thesis    
Favorite processes-organisms

‒ Eldor’s N fixers? 



Which is more important ‒
Hypothesis or Methodology?

Concepts
 1890-1908: Golden age of soil microbiology. 

Significance of organisms
 1928-1933: SOM as most significant natural resource ‒ 

decomposition, plant-microbial interactions
 1950s: DNA
 1970s: Ecosystem Science: An ecosystem is a community of living 

organisms and their physical environment linked through energy 
and nutrient flows that tie together atmospheric, hydrological, as 
well as organic and mineral soil components.        Borders??

 1983: Climate Change



Methodology
 1843:   Long term experiments and stations
 1944-1955: Tracers
 1970-present:  Automated analysis computers 

modeling-data handling
 1980:   Molecular genetics in soils 
 2000:   Nanosims, XANES, PyMBMS, NMR, 

Proteomics



Ecosystem Science in 2031
• NREL: Natural Recourse Enhanced Learning
• ESS:    Ecosystem Science is Sexy
• Ecosystem knowledge, sustainability –

services
• Local food quality, recreation, diversity



Climate Change

• Organism response, water availability ‒ 
drastic events ‒ remediation

• Invasive organisms 
• SOM sequestration interactions



• Food security – ecosystem sustainability –
pollution control

• Reactive nitrogen 
• Nitrification the world’s greatest 

agricultural disease
• Science – economics – regulation 



• Plant-soil biota interactions
• How much control do the plant or the soil 

biota have?
• Root-borne diseases – rotations 
• Inoculation Mammoth-P
• GMOs – microbial plant interactions  



Thank You


