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ABSTRACT

Owing to numerous health benefits, the cultivation of medicinal plants has significantly incAehdéza millefolium
L. (common names: milefoil, yarrow) is attributed important medicinal properties. Consumers of herbal medicinal products
demand for production systems based on ecological farming principles, thus an interesting technology would be
application biostimulant based on humic acids. The objective of this study was to evaluate the rooting and initial
performance ofchillea millefoliumin response to the use of humic acids (HA) isolated from composted cattle manure
and poultry litter and applied in different concentrations (0, 10, 20, 30, and 40 mofdil) at the propagation phase.
Rooting and plant biomass accumulation were analyzed. Humic acids derived from poultry litter promoted root development
and increase of fresh biomass and total dry mass, proving their biostimulant effect. The optimal concentration of humic
acids estimated for the initial developmenfommillefoliumwas 22.25 mmol &.
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INTRODUCTION mainly as antibacteriagntifungal, antitumgrhealing,

The use of plants with medical functions contribute@ntioxidant, antiedematous (Ratzl, 2008).
meaningly to primary health care (Halberstein, 2005), as Chaves (2002) discussed that medicinal and aromatic
well as providing useful information for the design ofpecies require soils with favorable characteristics for
pharmacological, phytochemical, and agronomic studidetter development and expansion of the root system. In
on these plants (Brasileigt al, 2008). these conditions, organic fertilization stands out as a

The cultivation of medicinal species has increased f@rming practice used to improve the physicochemical,
the recent years (Corréaal, 1998:Arnouset al 2005; Mmicrobiological (Kiehl, 1985), and nutritional qualities of
Perna & Lamano-Ferreira, 2014) and relating biomass yielge soil. Howeverfertilizers should be managed correctly
to plant quality is essential for the manufacture of herb@p deficiency or excess of nutrients may interfere with
medicines (Souzet al, 2011). biomass production and the amount of active ingredients

Achillea millefoliumL is a medicinal plant of the (Mapelietal, 2005).
Asteraceae familyative to Europe, Nortamerica, South In organic fertilization practices, the use of humic acids
Australia,Asia, and widely distributed in the Brazilianis an alternative, especially with the gradual decrease in
flora. In Brazil, it is commonly known as mil folhas, mil-em-non-renewable natural resources, a problem for agriculture
rama, milefolio, and erva-do-carpinteiro (Balbach, 1993n the third millennium. Humic acids are a fraction of humid
Candaret al, 2003). It is a perennial species, hard stem 3f¥ganic matter that presents bioactivity and that comprises
to 90 cm in height, abundant fernlike leaves, and flowees set of heterogeneous organic molecules organized in
pink or white. The uses of the species in medicine aeggregates and stabilized by hydrophobigractions
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and hydrogen bonding (Piccolo, 200 growing number ~ Extraction and Preparation of Humic Acids
of field experiments have demonstrated the benefits of Composting of organic waste was performed by

using humic acids in agriculture, increasing nutrient uptakgs|qottoet al (2013) in the area of the URVAF, in the

and improving soil structure, with direct effects on yieldgcond half of 2011. The organic wastes cattle manure
and quality of numerous crops (Silva Filho & Silva, 2002)anq poultry litter were acquired from the stable at UFV
Studies with ornamental plants indicate positive biostear and from the poultry farm Granja Brasilia, respecti-
mulating effects of humic acids (Baldoteo al, 2012; ey, Livestock and poultry production management
Baldotto & Baldotto, 2013), suggesting a similar actiofy||ows the usual recommendations for the Florestal/Para
on medicinal plants. Howeveresearch has shown thatge Minas region in the state. Cattle manure and poultry
there are ideal levels of humic acids and that crops respqigr were composted isolate, without adding other residues
to the effect of these substances to a certain level (Silyaadditives aim to obtain two different composts and HA
Filho & Silva, 2002). to the biostimulant testing.

Humic substances have increasingly been used due Composting management followed the recommen-
to extensive research proving their effectivenesgiations of Kiehl (2004), which mainly consisted of control
Howevey there is a lack of studies on thécef of these f aeration and moisture to ensure aerobic conditions,
biostimulants on medicinal plants, particula®y yemove excess carbon dioxide, and standardize the
millefolium emphasizing the need for further investigatioQomposting mass. These procedures were carried out by
toincrease information and efficiency in the improvemengrigation and/or windrow turning. HA were isolated and

of this species to verified the origin and concentratiopnaracterized according to Baldotto & Baldotto (2013).
dependence for optimization of this plant stimulant.

The objective of this work was to measure the initial Humic Acid Application
performance ofchillea millefoliumin response to the  The experiment consisted of thirfy. millefolium
application of different concentrations of two humic acidg|ants, each with about 5 cm length root soaked in HA for
derived from composted cattle manure or poultry littep3 hours. Plants were separated into a group of 15 plants
and applied at the propagation phase. soaked in HA derived from poultry litter and a group of 15
plants soaked in HA derived from cattle manure at the
MATERIALAND METHODS concentrations of 0, 10, 20, 30, and 40 mmal The
Different concentrations of two humic acids (HA) (Otreatments were run in triplicate and randomizster
10, 20, 30, and 40 mmot).extracted from composted cattlesoaking in HA, the cuttings were planted in a 6 m x 1m
manure and poultry litter were applied to cuttingsAof bed, at triangular spacing of 60 cm between plants and 45
millefoliumas biostimulants. cm between rows, the treatments being placed in the bed
The waste used in composting for the extraction @ alternate concentrations, regardless of their origin, and
humic acids to be tested came from the Cattle Sémtated irrigated daily for 90 days.
in Universidade Federal 86gosa, and from Brasilia farm,
located in Florestal - Minas Gerais were isolated and Variables Analyzed
characterized according to the orientations described in The growth measurements taken Anmillefolium
Baldottoet al (2007) and Baldotto & Baldotto (2014). plants treated with HA (from cattle manure and poultry
The chemical composition of the poultry litterlitter) and irrigated for 90 days were: leaf number (LN),
compost were: pH = 7.92, C organic = 9.06 da§ kb=  root length (RL, mm), shoot length (SL, mm), plant height
1.38dag kg, P=1.35dag kgK=0.84dag kg Ca=2.29 (PH, mm) using a digital model Starret pachimeter or meter
dag kg, Mg =0.52 dag k@ S =0.31 dag ki C/N=6.59, tape. The biomass measures (analytical balanced) such
Zn=272mgkg, Fe =7,588 mgkgMn=662mgkg, Cu as: root fresh mass (RFM, g), shoot fresh mass (SFM, g),
= 243 mg kd, B = 30 mg kg. The compost of cattle total fresh mass (TFM, g), root dry mass (RDM, g), shoot
manure presented pH = 7.59, C organic = 11.85 dgd\kg dry mass (SDM, g), and total dry mass (TDM, g), root dry
=2.75dag kg, P =0.85dag k K=1.80dag kg, Ca= matter (RDM) and shoot dry matter (SDM), after dried at
1.11dag kg, Mg=0.58 dag k§ S=0.41dagkf C/N= 60°C in a forced air ventilation oven to constant mass.
4.33,2Zn =203 mg k Fe = 12041 mg ki Mn =288 mg o )
kg™, Cu = 76 mg kg, B = 17 mg kd. Satistical Analysis
The work was performed at the Floriculture Section of The results of the evaluations after ninety days were
the Universidade Federal 8cosa - Florestal Campus subjected to regression analysis between the variable
(UFV-CAF). The analyses were carried out in triplicateneans and the HA concentrations tested. The F test was
and the data from the experiments were entered inperformed at 5% probability level. Regression equations
spreadsheets. were used to determine which HA (cattle manure or poultry
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litter) resulted in the best plant development and dose dfiaracteristics as a function of humic acid concentrations
maximum physical efficiency for total dry mass. Regressiaalowed the estimation of the concentration of maximum
equations were considered acceptable when the F tphysical efficiency ofA. millefoliumTDM, which was
were significant and the coefficient of determinatiof) (R 22.25 mmoL* of C for HApl resulting in the significant

was greater than 0.609R0.60). plant production of 72, 9251 g of biomass. This result
corroborates the report of enhanced response of plants
RESULTSAND DISCUSSION to humic acids in concentrations between 10 and 20 mmol

Tables 1 and 2 present the meahskey test and L by Baldotto & Baldotto (2013).
regression equations for measurements of growth and At the highest concentration (40 mmiot), the
accumulated biomass Athillea millefoliumin response growth and biomass measurements of the plants treated
of increase on the humic acids concentration. with poultry litter were negative and resulted in the

The results varied with the type of HA and thdowest plant performance. The reason for that is that
concentration tested. This variation may be due to thke effect of the biostimulant at high concentrations
different origins of the composts (Carmo & Silva, 2012)stabilizes and tends to decrease, sometimes being
Previous studies also pointed out that humic substandesrmful when compared with no application, analogo
extracted from different sources have different effect omsly to the auxinic effect which its high concentrations
plant development (Silvet al, 1998; Faganhet al, 2002; results on the stimulation of ethylene production with
Eyheraguibeét al, 2008; Baldotto & Baldotto, 2013). The senescence effects (Baldo#bal., 2009; Baldotto &
regression equations for plant growth and bioma$aldotto, 2013).

Table1: Means, mean square error (MSE), tiorft of variation (CV)Tukey’s least significant diérence (5%) for the characteristics

leaf number (LN), root length (RL), plant height (PH), shoot length (SL), total fresh mass (TFM), shoot fresh mass (SFM), root fresh
mass (RFM), total dry mass (TDM), root dry mass (RDM), and shoot dry mass (SBihitkéa millefoliumin response to humic

acids extracted from composted poultry litter (HApl) and cattle manure (HAcm)

RL PH SL TFM SFM  RFM TDM RDM  SDM

Treatment LN
-mm- g

HApI (0) 63 248 283 531 1554 887  66.7 165  16.6 33.1
HApI (10) 44 200 282 483 1555 821 634 208 216 42.4
HApI (20) 79 243 336 579 2950 1849 1160 405 394 79.9
HApI (30) 95 242 397 639 2728 1709 1019 366 358 72.4
HApI (40) 35 230 259 489 772 427 354 106 111 21.7
HAcm (0) 62 330 290 619 2953 1560 1392 57.3 295 27.9
HAcm (10) 61 210 330 544 3752 2073 1679 823  46.8 35.5
HAcm (20) 61 240 300 541 1802 1063 752 501  26.3 23.8
HAcm (30) 101 250 410 658  263.6 2409 1365  103.0 50.2 52.8
HAcm (40) 50 320 340 667 1913 106.8 845 564  32.3 24.1
MSE 559 48 121 39 217718 7607.3 3458.6 1352.2 436.0 2846
CV (%) 36 28 19 19 652 628 596 614  67.4 58.3
Tukey (5%) 40 12 19 11 250.9 1483 1000 625 355 28.6

Table 2: Regression equations of the characteristics leaf number (LN), root length (RL), plant height (PH), root fresh mass (RFM),
shoot fresh mass (SFM), total fresh mass (TFM), root dry mass (RDM), shoot dry mass (SDM), and total dry mass (TDM) of
Achillea millefoliumin response to humic acids extracted from composted poultry litter (HApl) and cattle manure (HAcm)

Variable Unfolding Regression Equation R2

RL (mm) HAcm 9 = 31.969-1.0477x + 0.0268*x 0.862
RFM (9) HApI § = 53.934+ 5.2766x-0. 138%x 0.654
SFM (9) HApI 9 = 63.103+ 10.252x -0.2571%*x 0.617
TFM (9) HApI § = 120.04+ 15.409x -0.395%x 0.667
RDM (g) HApI § = 12.727+ 2.343x-0. 0578%x 0.780
SDM (g) HApI 9 = 12.128 + 2.4462x-0. 0601*x 0.756
TDM (g) HApI 9 = 24.855+4.7892x-0. 1179%x 0.768

* = significant F test at 5% probability
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The physiological effect of humic acids is similar to thaperformance and present more humification degree
of the plant-hormone auxin (Fagargtal, 2002; Canellas (compost with smaller C/N ratio).

et al, 2006; Zandonadst al, 2007; Silvaet al, 2011, The concentration of maximum physical efficiency was
Baldottoet al, 2012a). It promotes root development owing2 25 mmoll of C for humic acids of poultry litter resulting

to the increasedTPase activitywhich favors root jn the significant plant production of 72, 9251 g of biomass.
expansion (Facanhet al, 2002), as observed in plants
treated with HApl. The adequate initial development of th ACK NOWLEDGEMENTS, FINANCIAL
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