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In California, as elsewhere, rangeland management is increasingly focused 

on promoting soil health. While the definition of a healthy rangeland soil 

depends on the context, microbial communities invariably play a central role 

in maintaining and promoting healthy conditions. Microbial inoculants are 

therefore an increasingly popular, albeit underexplored, management 

technique called upon by ranchers to help achieve soil health-related goals. 

Alkaline extracts (formerly “humic substances”) have also garnered 

appreciation for their ability to promote plant growth and nutrition in 

agricultural settings, although their ability to improve rangeland conditions 

has received comparatively less attention. Recognizing this, in 2018-19, we 

initiated and sampled from a well-replicated controlled field experiment at 

TomKat Ranch (Pescadero, California) with the goal of understanding the 

combined effects of a commercial microbial inoculant and alkaline extract on 

soil microbial composition and forage production and quality. 

Background

Approach

In February 2018, we established treatment and control plots 

(approximately 0.8 hectares) in a paired design, with one control and one 

treatment plot in each of ten fields across the ranch. Near the center of 

each 0.8-ha plot, a 10 m x 10 m soil sampling area was delineated and, 

adjacent to the sampling area, a grazing exclosure was erected. 

The treatment, which consisted of a commercially available microbial 

inoculant and alkaline extract (variable rates across paired plots in Feb 

2018, afterwards a consistent 1 lb or 1 gal/acre; Earthfort LLC.), was 

applied three times during the duration of our study. Soils were sampled 

once prior to treatment application and three subsequent times throughout 

the 2018 and 2019 growing seasons. There were 10 paired replicates 

(N=10), where one replicate was a composite of ten soil cores (1.9 cm 

diameter x 10 cm deep) taken from within the 10 m x 10 m sampling area. 

In the spring of 2018 and 2019, we measured aboveground plant biomass, 

and in 2019 we also measured forage quality.

After mixing, soils were subsampled and analyzed for total and active 

fungal and bacterial biomass (direct microscopy) and community 

composition (16S and ITS amplicon sequencing on MiSeq platform). 

Results
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• Forage production and quality improved 

with treatment

• Microbial community characteristics 

remained unchanged 

• While other explanations exist, it appears 

likely  that the plant community is 

responding physiologically to the 

biostimulant through unknown 

mechanisms (possibilities include 

hormone-like effects related to nutrient 

uptake and stress tolerance)

• Priority effects and/or environmental 

filtering may inhibit the microbial 

inoculum from establishing in these 

extensively managed, relatively 

undisturbed soils 

• Assessing fungal community composition 

will provide additional insights into how 

the system is responding. We are 

currently processing ITS amplicon 

sequences to look closer at this portion of 

the community.

• To better understand long-term effects of 

treatment application, we plan to collect 

data for another 2-3 years

Plant Metrics

Microbial Metrics
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The effects of treatment on total and active fungi and bacteria over time. Vertical bars are ± 1 SD of the mean (n = 

10 for each treatment by time combination). Metrics remained unchanged by the inoculum + biostimulant

combination, except for active bacteria, which were higher in treated plots compared to control plots in November 

(T2). ab = active bacteria; tb = total bacteria; af = active fungi; tf = total fungi; tftb = total fungal to bacterial ratio; 

aftf = ratio of active to total fungi; afab = active fungal to bacterial ratio; abtb = ratio of active to total bacteria.

*

Influence of treatment on 

bacterial/archaeal community 

composition by date. PRE samples 

were taken prior to treatment 

application, so represent inherent 

initial differences/similarities in 

community composition across 

paired replicates. Each symbol 

corresponds to a sample collected 

from a particular field, and each color 

corresponds to a treatment. Points 

that are close together represent 

samples with similar community 

composition, and the dashed ovals 

represent 95% confidence intervals 

of sample ordination grouped by 

treatment. Overlapping samples and 

ellipses illustrate that overall 

community composition was 

unaffected by treatment.

Pairwise differences for Shannon diversity 

(top) and pairwise distances for Bray-Curtis 

metric between PRE and T2 (bottom) as a 

function of treatment. As can be seen by the 

similar distributions, changes in alpha and 

beta diversity over time did not differ by 

treatment.

Aboveground plant biomass by treatment and 

year, represented as pounds per acre. Plant 

biomass was consistently greater in the treated 

compared to control plots.

Principal components analysis of forage quality data illustrated separation by treatment. 

Aboveground forage quality increased in treated plots, driven by differences in digestible fiber, 

calcium, and relative feed quality/value. However, this trend was only marginally significant.  

The relative abundance of taxa found in the commercial 

inoculant, summarized at the class level. The graph 

shows the top 10 most relatively abundant classes, with 

less abundant classes summed into one group (‘other).


