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➢Sustainable agriculture production depends on the development and use of 
methods that optimize nutrient cycling, minimize use of external inputs, and 
maximize input use efficiency according to the conditions of each region. 
➢The principle of an integrated plant nutrition system (IPNS) is the balanced 

supply of appropriate nutrients to ensure that all the essential nutrients are 
available to match the crop demand, taking advantage of the combined use 
of  synthetic, organic and biological resources to maintain the soil fertility 
over the long-term. 
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➢Rationale: Synergetic effects from the combination of biological/organic 
sources and inorganic fertilizer could be result in improved agronomic, 
economic and environmental outcomes. WHY HUMIC ACIDS and 
BIOFERTILIZERS? Laboratory studies have shown that humic acids stimulates 
microbial activity as important ion exchange and metal complexing (chelating) 
systems (Puglisi, Fragoulis et al. 2009). Also, it increases the production of 
micelium by mycorrhizal fungus (Gryndler, Hrselová et al. 2005). 

➢ Investigate the integrated use of synthetic, organic and biological fertilizer 
resources in rowcrop rotations in the Mid-Atlantic United States.

➢ Evaluate the effects of commercial nitrogen (N) fertilizers, humic acids 
compounds (HA), compost/manure teas (CT) as inorganic, organic and 
biological resources, respectively and their synergy on corn (Zea mays L.) 
growth and soil properties.

➢ Define optimum application rate and timing for one aerobically and one 
anaerobically derived compost/manure tea product and  humic acids 
commercial compound. 

➢ Calculate the economic viability of this integrated practice. 

➢ Greenhouse (Ongoing study): two different HA products (Monty’s and 
HumiK granule); two CT products (SoilSoup and Microgeo); and the 
combination of HA and CT products (Monty’s + SoilSoup and Monty’s + 
Microgeo) were tested at levels of: control; 0.5; 1 and 2  times the labeled 
rate; applied as a soil drench along appropriate levels of NPK and adjusted 
pH . 

➢ 50% of playground sand + 50% of Metromix 360 were placed in each 
polyethylene pot and two corn seeds were planted in each pot and thinned 
to one after germination.  Pots were maintained at 60% of field capacity to 
ensure adequate moisture.

➢ Plant height and NDVI (Greenseeker®) measurements were collected at 
days 20 and 40 post-emergence. Also, at day 40, plants were harvested and 
dried at 70 ˚C for dry matter yield measurement and nutritional analysis.

➢ Field trials: Initial field trial were conducted at Kentland farm, near 
Blacksburg, VA.

➢ Treatments consisted of: 1) Control (only inorganic fertilizer) 2) HA + 
inorganic fertilizer 3) CT + inorganic fertilizer 4) HA + CT + inorganic 
fertilizer, each at two inorganic N  fertilizer rates, 0.80x and 1x of the 
recommended total N rate based on corn yield goal in a randomized 
complete block design with a factorial arrangement and four replications.  
Organic and biological rates were consistent with label recommendations 
for those products.  Corn were planted in 30 inch rows and plot size were 4 
rows (10 ft) wide by 25 ft in length. 

➢ Plant parameters: plant height, plant greenness (0-10), plant vigor (0-10) 
and Greenseeker® readings, grain yield and grain nutrient concentration. 
(Grain harvest is not done).

➢ Control values were lower than the treatments in 
the most of the cases. However, differences were 
not statistically significant in all readings.

Discussion/Future Research
➢ Opposing the first four readings, the control 

values were higher in the last reading (Tasseling). 
Therefore, these bio-stimulants might be more 
effective during the early vegetative stage. Once 
the plants are tasseling, they already reached 
the genetic potential in terms of height and 
chlorophyll amount.

➢ A growth chamber study will be conducted in 
order to clarify the hormones effects of this 
compounds, then another greenhouse study will 
be set including more plants/soil parameters as 
root biomass and soil porosity. Field trials will be 
based on these results. 

➢ Potentially, a  side project addressing turfgrass
will be conducted to test the effectiveness of this 
integrated practice in different fields. 

Fig. 2. Second readings: Anova table, plant 

height, NDVI, greenness and vigor. 
Fig. 1. First readings: Anova table, plant height, 
NDVI, greenness and vigor. 

Fig. 3. Third readings: Anova table, plant height, 
NDVI, greenness and vigor. 

Fig. 4. Fourth readings: Anova table, plant 

height, NDVI, greenness and vigor. 

Fig. 5. Fifth readings: Anova table, plant height, 
NDVI, greenness and vigor. 
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Vigor (Growth stage - V7)

C=Control   H=Humic Acid   M=Manure Tea   S=Compost Tea

Source df Plant Height NDVI Greeness Vigor

Rep 3 0.6677 0.021 <.0001 0.0636

Trt_Fertilizer 5 <0.0001 0.0724 0.0242 0.054

N_applied 1 0.8546 0.9595 0.6376 0.948

Trt*N_app 5 0.2749 0.0266 0.3106 0.2152

SED 0.02 0.03 0.39 0.37

CV 4.544802 6.522686 6.79056 6.284976

Source df Plant Height 2 NDVI 2 Greeness 2 Vigor 2

Rep 3 0.0126 0.0148 0.0052 0.002

Trt_Fertilizer 5 0.7906 0.0444 0.0543 0.3022

N_applied 1 0.8137 0.7849 0.9884 0.957

Trt*N_app 5 0.7093 0.8878 0.9177 0.5933

SED 0.05 0.03 0.42 0.34

CV 6.997616 5.141786 6.828944 5.30552

A

A

A

A

A

A

0.91

0.92

0.93

0.94

0.95

0.96

0.97

0.98

C H H + M H + S M S

C
o

rn
 H

ei
gh

t 
(m

)

Treatments

Plant Height (Growth stage - V9)

C=Control   H=Humic Acid   M=Manure Tea   S=Compost Tea

B

AB

A

A A

AB

0.67

0.68

0.69

0.70

0.71

0.72

0.73

0.74

0.75

0.76

0.77

0.78

C H H + M H + S M S

N
D

V
I

Treatments

NDVI (Growth stage - V9)

C=Control   H=Humic Acid   M=Manute Tea   S=Compost Tea

B

A

A

A
A

A

7.40

7.60

7.80

8.00

8.20

8.40

8.60

8.80

9.00

C H H + M H + S M S

G
re

en
es

s 
sc

o
re

 

Treatments

Greeness (Growth Stage - V9)

C=Control   H=Humic Acid   M=Manure Tea   S=Compost Tea

B

A A

AB AB

AB

8.30

8.40

8.50

8.60

8.70

8.80

8.90

9.00

9.10

9.20

C H H + M H + S M S

V
ig

o
r 

sc
o

re

Treatments

Vigor (Growth stage - V9)

C=Control   H=Humic Acid   M=Manure Tea   S=Compost Tea

Source df Plant Height 3 NDVI 3 Greeness 3 Vigor 3

Rep 3 0.4804 0.0592 0.0047 0.018

Trt_Fertilizer 5 0.9743 0.0191 0.0031 0.0565

N_applied 1 0.3126 0.7184 0.8371 0.8397

Trt*N_app 5 0.3265 0.8671 0.7875 0.7487
SED 0.06 0.02 0.41 0.39

CV 5.805896 2.646459 6.230754 5.75027
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Vigor (Growth stage - V11) 

C=Control   H=Humic Acid   M=Manure Tea   S=Compost Tea

Source df Plant Height 4 NDVI 4 Greeness 4 Vigor 4

Rep 3 0.0403 0.0235 0.2944 0.3612

Trt_Fertilizer 5 0.6029 0.0002 <.0001 0.0186

N_applied 1 0.9571 0.9928 0.4536 0.9441

Trt*N_app 5 0.5456 0.2487 0.808 0.4041

SED 0.08 0.01 0.39 0.35

CV 5.333903 2.005899 5.759313 5.09878
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Vigor (Growth stage - V12)

C=Control   H=Humic Acid   M=Manure Tea   S=Compost Tea

Source df Plant Height 5 NDVI 5 Greeness 5 Vigor 5

Rep 3 0.0153 0.2332 0.0925 0.337

Trt_Fertilizer 5 0.3972 0.0975 <.0001 0.0039

N_applied 1 0.3358 0.8884 0.8041 0.7709

Trt*N_app 5 0.9874 0.9845 0.5824 0.324
SED 0.05 0.03 0.29 0.27

CV 2.773282 5.96622 4.270641 3.88915
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