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Soil Fertility (What is it?)
Physical fertility:

Soil texture
Aggregation
Bulk density
Infiltration

Chemical fertility:
pH
Salinity
Mineralogy
Fertilizer
Reactive carbon

Biological fertility:
Organic matter (humus)
Worms/other critters
Microorganisms (fungi and bacteria)
Enzymes



Global carbon stocks



Cover crops help microbes build soil carbon and benefit cash crops

The residue from cover crop

Cover crop Cash crop
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Outcomes

C Respiration More C stored 
in aggregates

Legacy 
Effect More SOM being 

processed to 
release nutrients 
for plants; Better 
water infiltration

Retain beneficial 
microbes; Increase 
C source from 
microbial biomass

Promote crop growth, 
productivity;  Reduce 
disease incidence; 
Increase soil biota 
diversity; Facilitate soil 
biota interaction; 
Increase soil quality 
(soil health)

    
 

Long- Term

Improve 
ecosystem 
services & 
sustainability  Increase crop-

available nutrients; 
Create pathogen 
unfriendly 
environments

       
    

   
 

Short/mid-Term

  



Annual cover crop impacts vary by species, 
variety, and planting date
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(Dec)
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Perennial vs Annual Crops
• Greater access to resources via a deeper 

rooting zone
• More efficient use of soil nutrients
• Reduced soil erosion (especially during 

spring/fall transitions)
• Additional carbon inputs (greater root 

mass)
Glover et al., 2010; Culman et al., 2013



Percent change in C inputs and SOC
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Compared to grain-only systems, crop rotations with perennials 
increase C inputs and SOC

(King and Blesh 2018)



biosolids No N No P No K Check Complete

biosolidsNo N No PNo KCheck Complete

biosolidsNo N No PNo KCheck Complete

Oct 2021, Kenansville

Plants require good 
chemical fertility!



Overview of rotation systems

Photo Source: Sheeja George et al.

SBR CR



Dourte et al., 2015. Renew. Ag Food Syst.



Crop and management has carryover impact
(under oat cover crop)

Zhao et al., 2010. Agron. Sustain. Dev.



Dourte et al., 2015. Renew. Ag Food Syst.



Franzluebbers and Stuedemann. 2010. Soil Sci. Soc. Am. J. 

Yearly
Accumulation

Rate
(Mg ha-1 yr-1)
---------------
0.62 (554 lbs/acre, 0.17% OM)
0.59 (527 lbs/acre, 0.16% OM

0.32 (286 lbs/acre, 0.09% OM)

0.07 (63 lbs/acre, 0.02% OM)
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Livestock Inclusion (ICLS):
Sod- based rotation



• Irrigation and no 
grazing led to less SOC.

• Land management 
greatest impact in 
upper 30 cm.

Treatment effects
on Soil organic C

Rolando et al. 2021. Agrosyst Geosci Environ.



Soil C distribution in a North Florida Ultisol

Rolando et al. 2021. Agrosyst Geosci Environ.



Deep soil cores 
for tracking 
nutrients in SBR
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Is the nitrate entering groundwater?



George et al. 2013. Soil and Tillage



Increased enzyme activity: 
(soil moisture and grazing impacts)

George et al. 2013. Soil and Tillage

P- cycling enzymes S- cycling enzyme C- cycling enzyme C&N- cycling enzymes

Cotton



Kaile Zhang (Post-doc) 
Sunny Liao (Assistant Professor)

Gabriel Maltais-Landry (Assistant Professor)

Impacts of sod-based rotation on soil health

SunnyKaile Gabriel



Links between Ag management and agroecosystem processes
SBR (high rotational diversity) CR (low rotational diversity)

Zhang et al. 2022 ASE



Greater total carbon but lower labile C in SBR vs. CR in peanut plots

Total carbon
(%)

Permanganate oxidizable C
(labile C, mg kg-1) 

Zhang et al., 2022 BFS



Total nitrogen
(%)

Soil NO3-N
(mg kg-1)

Potential N mineralization rate
(mg kg-1 d-1) 

Zhang et al., 2022 BFS

Higher soil nitrate and N mineralization in SBR vs. CR in peanut plots



SBR did not differ from CR for soil total C and N in cotton plots
Total carbon (%)

Zhang et al. 2022 ASE

Total nitrogen (%)



Higher microbial diversity with SBR vs. CR in peanut plots
Bacterial alpha diversity Fungal alpha diversity

Zhang et al. 2022 BFS



Impacts of conservation practices on above- and below-ground processes 
The image part with relationship ID rId3 was not found in the file.

Faucon et al., 2017

• Crop rotation
• Conservation tillage
• Sod inclusion
• Livestock grazing

Practices



Contacts
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• Cheryl Mackowiak: echo13@ufl.edu
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