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The use of humic products per si does not produce any change in the technological matrix
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Review Article

Soil-root cross-talking: The role of humic substances
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Sugarcane field experiments — HA and PGPB

Control
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Sugarcane var. Mixed inoculant (five Micropropagated Increase of 32% in crop
NA5679 diazotrophic bacteria) + HA (20  plants; in vitro yield;
mg C L?) inoculation. 3 years Increase of 10% in crop
yield 1%t ratoon
No effect in crop yield 2nd
ratoon

Sugarcane var. H. seropedicae HRC54 + HA (20  foliar spray at 60 day Increase of 24% in crop
RB867515 mg C L?) after germination. yield;

SIEle= G REA Mixed inoculant (five Furrow x foliar spray; Increase of 37 % in crop
diazotrophic bacteria) + HA (20  Foliar spray at 30, 60 yield (first harvesting)
mg C L?) and 90-d; 3 yrs No effect 1% ratoon (5%)
Increase of 24% in crop
yield 2" ratoon;

SIEle= R Mixed inoculant (five Strip trial — commercial Increase of crop yield during
diazotrophic bacteria) + HA (20  plantation 3 consecutive yrs (24%, 19%
mg C L?) and 18%, respectively)







Maize cv. H. seropedicae HIII206b + Foliar spray at V8.N + 21 and 29% in crop
DKB 789 HA (20 mg C L'1) (0 e 50 Kg/ha) yield (respectively).

Applied two times
at V3 and V6. (no

o ST VA BT H, seropedicae HIII206b + fertilization) 58 i e el

ve maize HA (20 mg C L'1)

Foliar spray at V6.
L ETFR Vel H. seropedicae HIII206b + 200 Kg/ha (4-20- : :
1051 HA (20 mg C L) 20) and 80 Kg T ©°%incrop yield
N/ha (cover)

Maize hyb H.seropedicae 267 + HA Foliar spray at V6.

(0) 1 g
Pionner (20 mg C L) No fertilization +39% in crop yield

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

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

TEstimativa da produgia de milho (kg/ha)
o WO, B g




Maize 1) 18 Burkholderia sp. 103, B. silvatlantica Foliar spray at V6.

2010/2011

Agroceres 101 and H. seropedicae HRC54 + HA 0, 10.4, 30, 60, 62.5 and
(20mg CL?) 120 kg ha? urea; normal

rain

Maize Burkholderia sp. 103, B. silvatlantica Different times of spray
Agroceres 101 and H. seropedicae HRC54 + HA application (0, 7-d; V4, V6
(20 mg C L) and V8)

eI DER RN B H, seropedicae and humic acids (2 x 450 L ha-1 at the V6 stage
and AG8088PRO 108 cells mL and 50 mg L?

(B)

root dry weight (kg ha")

Maize hyb H. seropedicae and humic acids (2 x High fertilization (600 kg

Agroceres 108 cells mL and 50 mg L
hal of 4:14:8 and

different N-urea 0, 37.5,
75,112.5 and 150 kg ha)
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T1: control; T2: VC (3L/pit); T2:
VC + bac (3 L/pit + 150 mL bac);
T3: bac+VC (foliar spray + VC in

pit)

o]~ N [:ELTEVE Biological fortification of vermicompost and foliar
application of diazotrophic bacteria (H. seropedicae

strain 101, 103 and HRC54) + HA (20 mg C L'?)

T1: control; T2: VC (3L/pit); T2:
VC + bac (3 L/pit + 150 mL bac);
T3: bac+VC (foliar spray + VCin

pit)

o] -1 N EVE  Biological fortification of vermicompost and foliar
application of diazotrophic bacteria (H. seropedicae

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

Foliar spray: 1,6, 1,3 e 1,2
mmol C 15 d.a.t.

Lettuce K*-humates

Backpack sprayer with a rate
equivalent to 350 L ha-1.

Biological fortification of vermicompost and foliar
application of diazotrophic bacteria (H. seropedicae
strain HRC54) + HA (20 mg C LY)

130

a0 4

80 4

i}

il T T

Vermic+Bac

altura das plantas (cm)

Crrtrole Marme Bac+varmic

1ll

controle

altura das mudas em)
o
£ 2 B E E

=
=

o

wemilc wermic:bac Bacs Yerm

Reduction of 21 days in the
production cycle; + 21% in the
number of leaves per plant

A
OFS mFS+

110
100

20 - =

N 5
b B
70
n
c s:vei

s:ve

yelld Mg haet)
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Treatments







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



Humic stimuli
(rhizosphere/leaves)

Root growth promotion ,__ Changes om PM potential ___ Activation of secondary
(acid growth theory) Due H*-ATPase induction ion transport (nutrient uptake)
{Rayle & Clealand, 1962) (Mardi et al,, 1991; Canellas et al. 2002) (Nardi et al, 2000)

Activation of Ca?* channels

NO reguiation . oo jnfiux / cell signalling —» G2 Waves

ng k
(root hairs induction) t ot Phosphorylation by CDPK
(Zandonadi et al., 2010) (Ramos etal,, 20156)

Primary Metabolism Activation of anions channels Secondary Metabolism

Buffereffect
Net photosynthesis '

N, S assimilation Organic acid exudation
(Trevisan et al, 2011; Jannin et al., 2012) (Canellas et al, 2008; Puglisi et al., 2008)) {Schiavon et al,, 2010)

Fig. 2. General picture showing the modes of action of humic substances, in line with the acid growth theory, as elicitor of cell signalling by induction of plasma membrane
{PM) H*-ATPase. NO = nitric oxide; CDPK = calcium-dependent protein kinase,

Humic and fulvic acids as biostimulants in horticulture

Luciano P. Canellas®P*, Fabio L. Olivares?, Natdlia O. Aguiar®, Davey L. _]onesb.
Antonio Nebbioso®, Pierluigi Mazzei®, Alessandro Piccolo©

Scientia Horticulturae 196 (2015) 15-27




Integrative approach

Humic substances affect Arabidopsis physiology by altering the expression of
genes involved in primary metabolism, growth and development

Sara Trevisan?, Alessandro BottonP, Silvia Vaccaro?, Alice Vezzaro?, Silvia Quaggiotti®*, Serenella Nardi2

Environmental and Experimental Botany 74 (2011)45-55




48 5. Trevisan et al. / Environmental and Experimental Botany 74 (2011) 45-55
Table 3
List of Arabidopsis up-regulated transcripts isolated by cDNA-AFLP along with Blast results. Results obtained by BlastN and tBlastX® algorithms.
TDF Length (bp) AGI no. Putative gene function E value Primers Expression
combination patterns
40 253 ATCGOO150 ATPase complex CFO subunit {ATPL) 0.021 G0o3 +
54 276 AT2G21870 Putative ATP synthase. Unknown protein 0.096 03 *
142 119 AT4G19210 Member of RLI subfamily. ABC transporter (ATRLIZ) 0.001 109 +
46 356 AT1G08E930 EARLY RESPONSE TO DEHYDRATION 6 (ERDG) 2E-11 joz +
81 B0 AT3G23660 Transport protein, putative (GAD2) 1E-21 AD9 +
61 314 ATCGOO0730 Cytochrome b&(f complex subunit IV (FETD) 0.87 BOS +
119 75 AT5G23190 Cytochrome P450, family 86, subfamily B, polypeptide 1E-13 102 +
1(CYPBGE1)
11 it ATCGOOGED Photosystem Il 47 kDa protein (PSBE) 2E-08 Doz +
42 209 AT1G79040 Photosystem 11 subunit R (PSER) BE-17 Go3 +
110 147 ATCGOD0Z20 Chlorophyll binding protein D1 {PSBA) 4E-27 102 +
112 140 AT5G54270 LIGHT-HARVESTING CHLOROPHYLL BINDING PROTEIN 1E-14 102 +
3 (LHCB3)
60 143 AT1GE7090 RuBisCO small subunit 1 (RBCS-1A) 2E-07 BOS +
66 140 AT5G45680 FKBP-type peptidyl-prolyl cis-trans isomerase3 1E-26 AlB +
{AtFKBP13)
139 239 AT1GD9130 ClpF protease complex subunit (ClpR3) 4E-11 109 +
4 206 ATAG24190 SHEPHERD {SHD) 2E-05 D02 +
2 131 AT3G46000 ACTIN DEPOLYMERIZING FACTOR 2 (ADF2) 1E—-14 D02 +
137 2RA ATIC17850 IRE homalog: protein kinase-like protein 2E_N4 109 -
111 147 AT1G50030 TARGET OF RAPAMYCIN (TOR) 3E-15 102 +
113 135 AT3GS7390 AGAMOUS-LIEE T8(AGLTE) 1E-23 102 +
114 167 ATSG23720 PROPYZAMIDE-HYPERSENSITIVE 1 {PHS1) 2E-57 102 +
128 71 AT1G12360 KEULE 2E-04 108 +
a3 154 AT1G53380 Unknown protein (Similar to UNE1 (unfertilized 2E-05 o4 +
embryo sac 1 At1g29300))
29 304 AT2GA0940 ETHYLENE RESPOMSE SENSOR 1 (ERS1) 1E—0D4 HO3 +
10 84 AT3G16460 Jacalin lectin family protein 4E—-08 Doz +
31 236 AT3GE0370 Immunophilin/FKBP-type peptidyl-prolyl cis-trans 1E-D4 HO3 +

TOR kinase

isomerase familv nrotein
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Novel links in the plant TOR kinase signaling network
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Sensing nutrient and energy status by SnRK1 and TOR kinases
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HS changes the plant nutrient sensing

Keiji Jindo'2, Tatiane Sanches Soares!, Lazaro Eustaquio Pereira Peres?, Inga Golcalvez Azevedo!,
Natalia Oliveira Aguiar!, Pierluigi Mazzei?, Riccardo Spaccini?, Alessandro Piccolo?, Fabio Lopes Olivares',
and Luciano Pasqualoto Canellas'™

10.1002/jpIn.201500228 J. Plant Nutr. Soil Sci. 2016, 179, 206—-214

Phosphorus speciation and high-affinity transporters are influenced by !

humic substances
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Figure 3: Phosphorus concentrations of the leaves (A), and roots (B) of tomato seed-
lings treated with two different P concentrations (10 and 100 mg kg~' KH,PO,) with or
without humic acids. The bars represent the + standard deviations of the means
(n = 6). The Tukey's test (P < 5%) for comparison of the means are reported as minor
letters above each bar.
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succinic acid quinic acid
ribonic acid
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We urgently need to @nvince pllint breeders -
to look for the cultivars that respond best to

organic fertjilizers.

pyruvic acid And provide thetafgetesite indicate the
mechanisms
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Thanks for the attention



