
Humic acids as a plant growth promoter

L.P. Canellas



Special thanks

Prof. Riccardo Spaccini Prof. Alessandro Piccolo



introduction

Humeomics



Loss of arable land

10 million ha

1500 million ha

New tech 

Nature 418, 671

Traditional tech

issue

80 millions

(1970)

800 millions

(2015)

Brazil: 25 millions 

in absolute 

poverty

(70% in rural 

zone)

Maize production time-line 

poverty



The use of humic products per si does not produce any change in the technological matrix
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“HS enhance nutrient use efficiency, aiding assimilation 
of both macro and microelements and promoting plant 
growth by the induction of carbon, nitrogen, and 
secondary  metabolism”.

chemical and biological technologies adapted for peasants in the 3th world

Use of HS and beneficial microorganisms to plant
stimulation







Inequality, our local 
particularity? 75% of the rural population in North of Rio de 

Janeiro State earn less than $ 1 a day

Land degradation

iniquityiniquity



Humic acids as plant growth promoter

Goal

Basic principles

o Work together with peasants

oo fieldfield responsesresponses

o Mix with PGPB

o Understand the mechanism to amplify the use



Use of renewed source of organic matter to  

extraction of like-humic products

Use of beneficial microorganisms together 

with HA

help  peasants organizationhelp  peasants organization

Field responses



Field responses









Field responses

Sugarcane

Maize

Other crops



Sugarcane field experiments – HA  and PGPB

Control

BacHA
BacHa

Control BacHA





Trials Treatments Some details results

Sugarcane var. 

NA5679

Mixed inoculant (five 

diazotrophic bacteria) + HA (20 

mg C L-1)

Micropropagated

plants; in vitro 

inoculation. 3 years

Increase of 32% in crop 

yield;

Increase of 10% in crop 

yield 1st ratoon

No effect in crop yield 2nd

ratoon

Sugarcane var. 

RB867515

H. seropedicae HRC54 + HA (20 

mg C L-1)

foliar spray at 60 day 

after germination.

Increase of 24% in crop 

yield;

Sugarcane RB 96 Mixed inoculant (five Furrow x foliar spray; Increase of 37 % in crop Sugarcane RB 96 

7515

Mixed inoculant (five 

diazotrophic bacteria) + HA (20 

mg C L-1)

Furrow x foliar spray;

Foliar spray at 30, 60 

and 90-d; 3 yrs

Increase of 37 % in crop 

yield (first harvesting)

No effect 1st ratoon (5%)

Increase of 24% in crop 

yield 2nd ratoon;

Sugarcane RB 96 

7515

Mixed inoculant (five 

diazotrophic bacteria) + HA (20 

mg C L-1)

Strip trial – commercial 

plantation

Increase of crop yield during 

3 consecutive yrs (24%, 19% 

and 18%, respectively)





Trials Treatments Some details results

Maize cv. 
DKB 789

H. seropedicae HIII206b + 
HA (20 mg C L-1)

Foliar spray at V8.N 
(0 e 50 Kg/ha)

+ 21 and 29% in crop

yield (respectively).

Creoule/nati
ve maize

H. seropedicae HIII206b + 
HA (20 mg C L-1)

Applied two times 
at V3 and V6. (no 
fertilization) + 29% in crop yield

Maize hyb AG H. seropedicae HIII206b + 
Foliar spray at V6.
200 Kg/ha (4-20-Maize hyb AG 

1051
H. seropedicae HIII206b + 
HA (20 mg C L-1)

200 Kg/ha (4-20-
20) and 80 Kg
N/ha (cover)

+ 65% in crop yield

Maize hyb
Pionner

H.seropedicae Z67 + HA 
(20 mg C L-1)

Foliar spray at V6.
No fertilization

+39% in crop yield

Maize hyb
Agroceres 

Burkholderia sp. 103, B. 
silvatlantica 101 and H. 
seropedicae HRC54 + HA 
(20 mg C L-1)

Foliar spray at V6.0,
25, 50 and 100 kg
ha-1 urea; severe
drought during
growing season



Trials Treatments Some details results

Maize hyb

Agroceres

Burkholderia sp. 103, B. silvatlantica

101 and H. seropedicae HRC54 + HA

(20 mg C L-1)

Foliar spray at V6.

0, 10.4, 30, 60, 62.5 and

120 kg ha-1 urea; normal

rain

Maize hyb

Agroceres

Burkholderia sp. 103, B. silvatlantica

101 and H. seropedicae HRC54 + HA

(20 mg C L-1)

Different times of spray

application (0, 7-d; V4, V6

and V8)

maize AG1051 (A) 

and AG8088PRO 

(B) 

H. seropedicae and humic acids (2 x 

108 cells mL and 50 mg L-1 

450 L ha-1 at the V6 stage 

Maize hyb

Agroceres

H. seropedicae and humic acids (2 x 

108 cells mL and 50 mg L-1 

High fertilization (600 kg

ha-1 of 4:14:8 and

different N-urea 0, 37.5,

75, 112.5 and 150 kg ha)





Trial treatmemts Some details results

Orange (Bahia) Biological fortification of vermicompost and foliar 

application of diazotrophic bacteria (H. seropedicae

strain 101, 103 and HRC54) + HA (20 mg C L-1)

T1: control; T2: VC (3L/pit); T2: 

VC + bac (3 L/pit + 150 mL bac); 

T3: bac+VC (foliar spray + VC in 

pit)

Orange (seleta) Biological fortification of vermicompost and foliar 

application of diazotrophic bacteria (H. seropedicae

strain 101, 103 and HRC54) + HA (20 mg C L-1)

T1: control; T2: VC (3L/pit); T2: 

VC + bac (3 L/pit + 150 mL bac); 

T3: bac+VC (foliar spray + VC in 

pit) 

Lettuce K+-humates Foliar spray: 1,6, 1,3 e 1,2 

mmol C 15 d.a.t. 

Reduction of 21 days in the 

production cycle; + 21% in the 

number of leaves per plant

Tomato Biological fortification of vermicompost and foliar 

application of diazotrophic bacteria (H. seropedicae

strain HRC54) + HA (20 mg C L-1)

Backpack sprayer with a rate 

equivalent to 350 L ha−1.





The main results were obtained when 
some abiotic stress occurred during 
growth periodgrowth period



Basic physiological mechanism



Integrative approach



TOR kinase



Sensor of nutrients and other 
environmental cues

Nutrient and energy sensing and signalling mechanisms constitute the most 

ancient and fundamental regulatory networks to control growth and 

development of all life form. The target of rapamycin (TOR) protein kinase 

is modulated by diverse nutrient, energy, hormone and stress inputs 

and plays a central role in regulation of cell proliferation, growth, and plays a central role in regulation of cell proliferation, growth, 

metabolism and stress responses form yeasts to plants and animals.



A recent report nicely demonstrates that the vacuolar H+-ATPase 

activates the TORC1 complex in the presence of amino acids. 

This In plants the v-ATPase has also important roles in nutrient 

storage and possibly signalling. Interestingly it has been recently 

shown that growth-promoting humic substances can stimulate

the expression of the Arabidopsis TOR gene (Trevisan et al., the expression of the Arabidopsis TOR gene (Trevisan et al., 

2011)



HS changes the plant  nutrient  sensing





Changes in nutrient sensing
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Sugars- ROOT EXTRACTS
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We urgently need to convince plant breeders 

to look for the cultivars that respond best to 

organic fertilizers.

ORGANIC ACIDS- ROOT EXTRACTS
CONTROL

HA

And provide the targets and indicate the 

mechanisms



Humic acids modify the nutrient plant 

sensing changing the expression of TOR 

kinase ; this effect can be useful as 

molecular target to  screening cultivars 

in breeding programs concerning HS

In conclusion: 
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We urgently need to 
convince plant breeders to 
look for the cultivars that 
respond to organic 
fertilizers.

In conclusion II

and provide the targets and 
indicate the mechanisms 
for this search



Thanks for the attention


