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INFLUENCE OF SEAWEED EXTRACTS
AND MIXTURE OF HUMIC AND FULVIC ACIDS
ON GERMINATION AND GROWTH OF Zea mays L.

Kinga Matysiak, Sylwia Kaczmarek, Roman Krawczyk

Institute of Plant Protection — National Research Institute in Poznan

Abstract. Glasshouse and laboratory experiments were conducted during 2009-2010 in
the Institute of Plant Protection in Poznan. The aim of these trials was to determine an
influence of seaweed extracts (Ecklonia maxima and Saragassum spp.) and a humic (12%)
and fulvic (6%) acids mixture on the germination, early growth and development of maize
depending on the method of application. Trials involved soaking of seeds in aqueous
solution of seaweed extracts and humic substances, soaking seeds and than foliar application
and finally, two foliar applications. Foliar applications were done at growth stages BBCH
12-13 and 14-16. Experiments involved seed germination, chlorophyll content and fresh
weight of shoots and roots. Results shows different action of tested substances on maize
depending of application method. Seaweed extracts stronger induced seed germination
than humic substances. Joint seed and foliar application and double foliar application
promote shoot and root growth.

Key words: chlorophyll content, foliar application, fulvic acids, humic acids, maize,
seaweed extracts, seed germination

INTRODUCTION

In recent years a growing interest has been observed with natural biostimulating

substances. The group of leading biological factors showing a favourable effect on field
crops include seaweeds. Seaweeds constitute the most essential live organisms used on
a wide scale commercially, and extracts from seaweeds are commonly called seaweed
liquid fertiliser (SLF) [Bai et al. 2007]. A positive effect of several species of algae
(Ascophyllum spp., Laminaria spp., Ecklonia sp.) on the growth, development and,
consequently, yields of field crops has been proved so far. Seaweeds constitute
a source of many substances, valuable from the point of view of plant physiology,
which particularly help plants adapt to stressful conditions. Biologically active alginic
acids, polyphenols, free amino acids, and particularly natural plant phytohormones:
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auxins, cytokinins, intensify plant growth, increase the root weight, stimulate
production of photosynthetic dyes, thus growing plant vitality [Blunden and Wilgoose
1977, Verkleij 1992, Csizinszky 1994, Reitz and Trumble 1996, Sultana et al. 2005]. In
some works the authors particularly stress the importance of cytokinins contained in
seaweeds in creating plant resistance to diseases and nematodes [Van Staden 1985, De
Waele et al. 1988, Bai et al. 2007].

Humic and fulvic acids, deriving from coal or soil, exhibit the action similar to
extracts from seaweeds, although a bigger importance in the development of the plant
root system are ascribed to them. Humic acids are considered to be compounds
increasing permeability of cellular membranes in plants [Kaya et al. 2005], and recent
studies prove that these substances significantly affect an increase in seed germination
energy, the intensification of seedling growth, the growth in root weight and shoot
development [Katkat et al. 2009]. The effect of humic and fulvic acids on limiting the
development of some pathogens is also known, e.g. Fusarium spp. [Yigit and Dikilitas
2008].

Literature reports show a varied effect of extracts from seaweeds and humic and
fulvic acids on field crops. Apart from the genotypic factor of the field crop and general
environmental conditions, a large importance in their activity is attributed to the
methods and frequency of their application [Reitz and Trumble 1996].

The aim of this study was to evaluate the action of various application methods of
extracts from seaweeds Ecklonia maxima and Saragassum spp. And a mixture of humic
and fulvic acids on germination, shoot and root weight, and the content of chlorophyll
in leaves of maize Zea mays L. The working hypothesis assumed that the action of
extracts from seaweeds, humic and fulvic acids on maize growth is closely dependent
on the way of their application.

MATERIAL AND METHODS

During 2009-2010 in the Institute of Plant Protection 4 cycles of laboratory and
glasshouse experiments were conducted, which aimed at assessing the action of extracts
from seaweeds and humic and fulvic acids on the germination and initial growth of
maize. The fodder cultivar Boruta, chosen for the experiments, was characterized by
a very good early vitality. The experiment involved the application of extracts from the
seaweeds Ecklonia maxima (Kelpak SL), Saragassum spp. (AlgaminoPlant) and a mixture
of humic acids (12%) and fulvic acids (6%) along with microelements (HumiPlant).

Laboratory experiments

Maize seeds were placed on Petri dishes with a diameter of 18 cm, on filtration
paper, 10 seeds on each. Maize seeds were previously soaked for 24 h in solutions of
the tested preparations. Solutions were prepared acc. to the following scheme: 200 cm’
H,0 + 3 em’® Kelpak SL, 200 cm® H,0 + 2 em® Kelpak SL, 200 cm® H,0 + 1.5 cm’
Kelpak SL, 200 cm® H,0 + 1 cm® AlgaminoPlant, 200 cm® H,0 + 0.5 cm® Algamino-
Plant, 200 cm® H,0 + 1 ¢cm® HumiPlant, 200 ¢cm® H,0 + 0.5 cm® HumiPlant. On 10" day
from placing the seeds, their germination capacity was assessed. The study was
conducted at 20°C. 3 series of experiments in 4 replications were made.
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Glasshouse experiments

The experiments were carried out in 2 series and 4 replications. The first type of the
experiments was conducted using seeds soaked in water solutions of the preparations
with seeds soaked in aqueous solutions of the preparations Kelpak, HumiPlant and
AlgaminoPlant. After 24 h of soaking, the seeds were sown into plastic pots in the
amount of 10 pieces. per pot. After seed germination, the plants were thinned, leaving
5 plants per pot. Temperature conditions during seed germinations were within the
range 24-25°C. Half of the pots were left for further observations of the plant growth,
whereas the other half was treated at the stage of 2-3 maize leaves (BBCH 12-13; time
T1), with the preparations Kelpak SL, AlgaminoPlant and HumiPlant. The preparations
were used in the following doses: Kelpak SL: 3.0 dm®-ha™', 2.0 dm’-ha” and 1.5 dm®-ha™,
AlgaminoPlant: 1.0 dm’-ha™ and 0.5 dm®-ha” and HumiPlant 1.0 dm’-ha™ and 0.5 dm®-ha™.
Seeds not soaked with solutions of the tested substances were sown separately. After
seed germinations, the plants were thinned, leaving 5 plants in each pot. Then the plants
were sprayed twice : at the phases BBCH 12-13 (time T1) and BBCH 14-16 (time T2).
The preparations were applied in the following doses: Kelpak SL: 3.0 dm’-ha”, 2.0
dm’-ha” and 1.5 dm’-ha'; AlgaminoPlant: 1.0 dm’-ha™ and 0.5 dm’-ha™ and HumiPlant:
1.0 dm*-ha” and 0.5 dm®-ha™'. Sprayings were made with a glasshouse sprayer, adjusting
the tested doses of preparations to a volume of 200 dm” of water.

Two weeks after the operation T2 the chlorophyll content was assessed using the
apparatus N-tester and the SPAD method. N-tester calculates chlorophyll content on the
basis of 30 properly made measurements of the given sample. The results are shown in
the form of the so-called SPAD units (Soil Plant Analysis Development). The reading
ranges between 0 and 800.

For weeks after T2 the aboveground parts of plants were cut and weighed. Then the
weighing analysis was made of maize roots, with soil rinsed off previously. On the basis
of the obtained results of chlorophyll content, fresh weight of the aboveground part of
plants and root weight, their percentage increase or reduction was calculated, in
comparison to the control. A growth or reduction in the values of the tested traits were
determined assuming the values obtained from the control as 100%. The results of the
study were calculated statistically using the analysis of variance at the significance level
P =0.05. The statistical calculations were made using the program FR-ANALWAR-4,3.

RESULTS

Seed germination

The effect of preparations containing seaweeds and humic and fulvic acids on
germination, the content of chlorophyll in leaves, and shoot and root weight depended
on the method of their application (Table 1). Extracts from seaweeds (Kelpak SL and
AlgaminoPlant) stimulated plant germination more than humic and fulvic acids
(HumiPlant) (Table 1). The preparation Kelpak SL increased maize seed germination by
16-19%, depending on the applied dose, the preparation AlgaminoPlant by 10-19%, and
the preparation HumiPlant by 9%.
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Table 1. Germination capacity of maize seeds treated with seaweed extracts and humic and
fulvic acids

Tabela 1. Zdolnos¢ kietkowania nasion kukurydzy traktowanych wyciggami z alg oraz kwasami
huminowymi i fulwowymi

Amount of preparation Change to control

Germination capacity

Treat_ment in 200 cm’® H,0 Zdolnogé kictkowania Zmiana w stospnku
Obiekt Tlo$¢ preparatu % do kontroli

w 200 cm’ H,0 %

Control — Kontrola - 80 -
Kelpak SL 3 em’ 95% +19
Kelpak SL 2 cm’ 93* +16
Kelpak SL 1.5 cm’ 93% +16
AlgaminoPlant 1 cm® 88 +10
AlgaminoPlant 0.5 cm® 95% +19
HumiPlant 1 cm?® 87 +9
HumiPlant 0.5 cm?® 87 +9

LSDg s — NIR s 9.38 -

* significant differences — roznice istotne

Shoot and root weight of plants obtained from seeds soaked in solutions of the
preparations

Of plants obtained from seeds soaked in solutions of the tested preparations, the
plants subjected to the action of an extract from Ecklonia maxima were characterized by
the largest shoot weight (Kelpak SL) (Table 2). Nevertheless, no statistically significant
differences were found between the doses of the preparation and the obtained growth in
shoot fresh weight ranged from 25 to 34%, as compared with the control. The
preparation based on seaweeds of the genus Saragassum sp. (AlgaminoPlant) increased
maize shoot weight by 8-11%. Plants obtained from the soaked seeds showed the
weakest effect on the preparation containing humic and fulvic acids. No significant
differences were found in maize shoot weight between a lower dose of the preparation
AlgaminoPlant (0.5 cm’) as well as both doses of the preparation HumiPlant, and the
control. Analysing the root weight of plants obtained from soaked seeds, no statistically
significant differences were found for this trait, although a tendency to increasing the
value of this trait after the application of extracts from seaweeds and humic acids is
worth noting.
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Table 2. Weight of shoots and weight of roots (seeds soaked in seaweed extracts)
Tabela 2. Masa pgdoéw i masa korzeni (nasiona moczone w roztworach substancji)

ey Weightor | CPTEe 0 NSl g o ChunE el
Treatment . prep 3 shoots roots
. in 200 cm” H,0 , w stosunku do . w stosunku do

Obiekt o Masa pedoéw . Masa korzeni .

Tlo$¢ preparatu e kontroli o kontroli
w 200 cm® H,0 % %
Control — Kontrola - 195 - 93 -
Kelpak SL 3 cm?® 261* +34 106 +14
Kelpak SL 2 cm?® 252% +29 102 +10
Kelpak SL 1.5 cm? 243* +25 98 +5
AlgaminoPlant 1 cm? 216* +11 101 +9
AlgaminoPlant 0.5 cm® 210 +8 100 +8
HumiPlant 1 cm?® 192 2 99 +6
HumiPlant 0.5 cm® 204 +5 97 +4
LSDo_os — NIR()’()S 205 — ns — l'li —

* significant differences — rdznice istotne
ns — ni — non-significant difference — roéznice nieistotne

Shoot and root weight of plants obtained from seeds soaked in solutions of the
preparations and sprayed once (T1 - BBCH 12-13)

All the tested preparations showed a favourable effect on a growth in shoot and root
weight of plants obtained from seeds soaked in solutions of the tested substances and
additionally sprayed (Table 3). The highest shoot weight was obtained in the
combination with AlgaminoPlant (1.0 cm® + 1 dm’-ha™) — by 25% higher than the
control value. A lower dose of the preparation AlgaminoPlant increased the shoot
weight by 21% and the same value was obtained for the highest dose of Kelpak SL (3.0
em’ + 3 dm’ha™. A growth in the aboveground part weight of maize was reduced along
with a reduction in a dose of the preparation Kelpak SL. After the application of the
preparation in a dose of 2.0 cm® + 2 dm*-ha™ and 1.5 cm® + 1.5 dm*-ha™ a growth in
plant aboveground weight of 15% and 11% was obtained, respectively. The action of
the preparation HumiPlant resulted in an increase of maize shoot weight by 19% at the
dose 1.0 cm® + 1 dm’*-ha™ and by 13% at the dose 0.5 cm® + 0.5 dm®-ha™".

At the same time, the highest weight of plant roots was obtained in the
combinations with the use of humic substances. A growth in root weight was 64-69%,
depending on the dose applied. Preparations containing extracts from seaweeds also
stimulated the development of maize root system, increasing its weight by 31%, 47%
and 46% after the application of the preparation Kelpak at doses of 1.5 cm’® + 1.5
dm®*ha”, 2.0 cm® + 2.0 dm’-ha and 2.0 cm® + 2.0 dm’-ha”, respectively. For the
preparation AlgaminoPlant, a growth in the root weight by 48% (0.5 cm® + 0.5 dm’-ha™)
and 59% (1.0 cm® + 1.0 dm®-ha™) was obtained.

Shoot and root weight of plants after two foliar applications (T1 - BBCH 12-13
+ T2 - BBCH 14-16)

Of the tested variants of application, two foliar applications of the tested
preparations had the most favourable effect on the plants (Table 4). All the experimental
combinations were characterized by plants with considerably larger shoots, as compared
with the control. The most favourable effect on maize shoot weight after two foliar
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sprayings was shown by the preparation containing the algae Saragassum sp.
(AlgaminoPlant). Depending on the dose applied, an increase in maize shoot weight by
48-50% was obtained. However, no statistically significant differences were observed
between doses of the preparation both for shoot and root weight. AlgaminoPlant
increased the root weight of maize by 54-57%. HumiPlant had the most favourable
effect on roots. In the combination HumiPlant 1.0 dm’-ha” + 1.0 dm’-ha™ a 68%
increase in plant root weight was obtained, achieving at the same time a growth in plant
aboveground weight by 32%. For a lower dose of the humic preparation (0.5 dm’-ha™
+ 0,5 dm>-ha™) an increase of 49% in root weight and of 40% in shoot weight was
obtained. After two applications of the preparation Kelpak, an increase of 40% in root
weight was obtained at a dose of 1.5 dm’-ha™ (T1) + 1.5 dm’-ha™ (T2), of 34% at
a dose of 2.0 dm*-ha (T1) + 2 dm’-ha (T2) and of 45% at a dose of 3.0 dm>-ha™ (T1)
+ 3.0 dm®-ha” (T2). In these experimental combinations, the growth in maize shoot
weight accounted for, respectively, 42% for the lowest dose, 37% for the medium dose
and 40% for the highest dose.

Chlorophyll content in leaves

No differences were observed in chlorophyll content in leaves of plants obtained
from seeds soaked in the solutions of the tested substances between particular
experimental combinations (Table 5).

In the variant involving soaking seeds and then spraying obtained plants with
solutions of the tested preparations, a statistically significant growth in chlorophyll
content, in relation to the control, occurred only in the combinations where Kelpak SL
was applied in doses: 3.0 cm® + 3.0 dm*-ha™ and 2.0 cm® + 2.0 dm*-ha™, and a growth
in dye content amounted to 9-10%.

With two foliar applications, al the preparation stimulated the synthesis of
chlorophyll in maize leaves. The strongest action for this trait was indicated in
AlgaminoPlant, increasing the dye content by 38-40%. No statistically significant
differences were obtained in the effectiveness of particular doses of the preparation
Kelpak SL, which increased the amount of chlorophyll by 27-30%. Preparation
containing humic and fulvic acids increased chlorophyll content by 22% (1.0 dm*-ha™
+1.0 dm’-ha™) and 30% (0.5 dm*-ha™ + 0.5 dm®-ha™).

DISCUSSION

A stimulating effect of extracts from seaweeds on seed germination was proved in
this experiment. The results are in accordance with the reports of Nedumaran and
Perumal [1991], indicating the relation of plant hormones contained in seaweeds with
the germination energy of plant seeds subjected to their action. The study conducted in
the Institute of Plant Protection show the possibility of improving the germination
capacity of maize seeds by 10-19% through previous soaking them in extracts from
seaweeds. In the study by Jothinayagi and Anbazhagan [2009] seed germination
increased along with a growth in the concentration of solutions from seaweeds. Also
reports appear in the literature about the inhibiting effect of extracts from seaweeds (of
the genera Laminaria hyperborea and Ascophyllum nodosum) on seed germination
[Taylor et al. 1990, Moller and Smith 1998].

Acta Sci. Pol.



39

QUJO)ST ADIUZOT — SOIUIIQJJIP JUBOYTUSIS

- LTl - LTt SUOYIN — S0 ST
69+ *L1T €1+ *EVT JAup 670 [0 0 Jue[Jruny
Y9+ #€11 61+ #8ST Jup T Juo T Jue[gruny
8+ %001 1+ «19C JAup 670 [0 0 jue[JouTmes[y
65+ #601 ST+ £0LT Jwp | Jwo | jug|Jouture3|y
Te+ +98 T+ «0VC JAUp ' [0 6T TS edey
L+ +66 ST+ *67C wp g Rl 1S Yedey
9P+ 86 12+ £19C Jup ¢ [0 ¢ TS edey

CH B[OIUO
} 9 - ol ) - wwﬂ mobacow

CH W0 m myeredaxd
% 3 % 3 'Y U BS@%&Q Bmep ooﬂ%ﬁ N %%—.w w00z ur
ey 1od 250 vyl :
Honuoy op TUOZIOY BSBIA Honuoy op 10opdd esen 1 P uonesedaid o junoure PRI90
m[uNsols M BUBIWZ : O[UNSO}S M BUBTWZ juauBAIL,

[onuod 03 aguey) [01u0d 03 a3uey)

$J001 JO JYSIOM SJ00YS JO JYSIOM ewsifeu eloeydy QUOZO0W BUOISEN

uoneorjdde rerjo Spa9s payeos

Influence of seaweed...

(ewsieu efoeyide + 1oueisqns YorIOMIZOI M SUOZOOW BUOISEU) [USZIOY BSEW I MOPAd BSBIA "¢ ®[oqR],
(uoneordde 1e1]0J + S}OLIIXO POOMEDS UL PAYEOS SPIIS) $J00I JO JYSIom pue sjooys Jo WYSIOA '€ 9[qe]

Agricultura 10(1) 2011



K. Matysiak, S. Kaczmarek, R. Krawczyk

40

QU)0)ST AOTUZOI — SOIUIJIP JUBOYTUSIS

[onuod 03 aguey)

- L01 - 94T SOOYIN — 0ST
6v+ %*L01 0v+ %«CSCT P €0 P S0 jug[dIuuny
89+ %*SC1 e+ *«LET P 1 AP 1 jug[dIuuny
S+ «CI1 05+ *0LT AP S0 LIPS0 jue[JouTmes[y
LS+ 48! 8Sh+ %«L9C AP 1 AP T Jug[Jourwes[y
0v+ %66 w+ %*SST AP ST AP ST TS edey
P+ 6 LE+ *9YC P T P T 1S Yedey
St+ €01 0v+ %*CSC JIp € P € TS edey
2[ONUO
- & - 081 - - omtoy,
'Y BU BIYMEP
% 3 % 3 ey 1od asop
fjonuoy op IUSZIOY BSBIA] fjonuoy op M0pad esey I I P10
TPIUNSOIS A BUBIULZ ma.ooh JoysSom TAUnSO)S it BHETZ $J00ys JO JYSIOM eujsijeu eloeyd ewsieu eloeyid HISUATILL
: : Jsijeu eloeyIdy jsifeu eloeyrdy

[onuod 03 aguey)

uoneodrjdde 1erjoq uoneordde rerjoq

(ewsireu eloeyide + ewjsijeu eloeyide) 1uezioy esew 1 mopad ese\ ‘f B[oqe],
(uoneorjdde terjoy + uoneosrjdde 1erjoy) s1001 Jo JyS1om pue s)00ys JO WYIIOA 't 9[qeL

Acta Sci. Pol.



41

Influence of seaweed...

QU)03ST SOTUZOI — SIIUIJIP JULOYTUSIS

- Sy - 1433 - SIg SUTYIN - ST
0¢+ *S¥9 I- 114 [ 69Y PGSO [DS0 jue[JIuny
i+ #1119 (- 98% o+ 88% &P I (O [ jue[Jruny
Ov+ *769 €+ Cls I- €LY PGS0 S0 Jug[Jourues|y
8¢+ *L89 P+ 0zs I+ [4:14 &P I (O [ Juejdourues|y
(4% *LS9 9+ 8¢S I- Ly AP ST WG 1S edpoy
LT+ *7€9 01+ #*6YS € [4%4 P C 0T 7S yedjoy
0¢+ *S¥9 6+ *EVS € $%4 LUp € (O € 1S edpoy
- 861 - 86v - LLY - - MMMMH%W
0, 0, 0,
__obmmz op (@vds) :e:ﬂ? op (@vds) :ozmwx op (@vds)
O[UNSOIS M BUBTWZ nIgoioqyo wotzod m[uNsojs M BUBIWZ nigoioryo wotzod M[uNSoJs M BUBIWIZ nigoioryo wotzod oM a1
JudIu0od [[AydoIofyo usyu0d [[Aydoiofyo Jusyu09 [[AydoIoryo e PRIQ0
[onuod 03 ofueyd [o1u0d 03 dFuLYD [o13u09 0} dFuEY> asoq JuSWIRAI
ewsijeu efoeyde + ewsijeu efoeydy ewsifeu efoeyde + 9UOZOOW BUOISEN QUOZO0W BUOISEN
uonyeordde 1erjoq + uoneorjdde 1erjoq uonjeorjdde 1e1[0J 4+ SPOas payeos SPads payeos

yoAwsieu yoe3aiqez od urfsor zelo yoejeredord yoAuepeq m [oAuU0Zzoow UOISeU Z YoAUBSAZn UI[SOI YORIOSI] M NJOIO[YD ISOLEMEBZ 'G B[OqR ],
uoryeordde terjoy 10ye syuerd ur pue suoreredard poyso) ur paxeos spass woly paureiqo syue[d ur Jusauood [[Aydoro[y) ¢ 9[qel

Agricultura 10(1) 2011



42 K. Matysiak, S. Kaczmarek, R. Krawczyk

The literature data describing the action of extracts from seaweeds on field crops are
not consistent and refer to examples of both stimulating and inhibiting effect of
seaweeds on the growth and development of plants. De Waele et al. [1988], in
glasshouse experiments did not obtain a significant effect of seaweeds on plant growth
and development. However, the results obtained in the presented study indicates
a favourable effect of extracts from seaweeds and humic substances on the initial
growth and development of maize. Bai et al. [2007], as a result of foliar application of
extracts from seaweeds on field crops obtained shoots longer by 35%, and roots longer
by 22%, in comparison with the control. Similar results were obtained by De Villiers et
al. [1983] and Thevanathan et al. [2005] in their studies over the effect of seaweeds on
the growth and development of maize. In the study conducted in the Institute of Plant
Protection, it was proved that foliar application of extracts from seaweeds strongly
stimulates the development of shoots and roots of maize. Using the variant of the two
foliar applications of an extract from the brown alga Ecklonia maxima it is possible to
obtain a growth in plant shoot weight by 37-42% and root weight by 34-45%, and with
an extract from the brown alga Saragassum spp. respectively by 48-50% and 54-57%.

Some authors stress the existence of a strong relation between the dose of seaweed
solution and their effectiveness. Nedumaran and Perumal [2009] obtained the highest
growth of shoot and root weight applying seaweeds in low doses. This assumption is
confirmed in the study by Jeannin et al. [1991], who using an extract from seaweeds in
smaller doses, obtained a growth in the weight of maize seedlings by only 15-25%, in
relation to the control. The studies carried out in the Institute of Plant Protection show
that apart from the concentration of seaweed-based preparations, the method and
frequency of their application is of a significant importance for changes in maize plant
weight.

A positive effect of humic acids on plant growth is confirmed in the study by Ferrara
et al. [2007], as well of humic acids in the study by Xu [1986]. The authors' research
presented in this work proves that stimulation of maize growth is possible after the
application of humic and fulvic acids. A favourable effect of these compounds can be
mostly observed in the stimulation of the plant root system, and consequently, a growth
in its weight even by 60%. A similar growth in the root weight after the application of
humic acids was obtained by Arancon et al. [2006]. According to Sarir et al. [2005],
using humic acids it is possible to obtain a growth in green weight of field crops even
by 28%. In the authors' study, the effect of humic and fulvic acids on maize shoot
weight was obtained after two foliar applications, and the shoot weight increased even
by 40%.

The research carried out in the Institute of Plant Protection indicates that chlorophyll
content in plant leaves can be increased, resulting from using extracts from algae, humic
and fulvic acids, but the process of the dye synthesis is closely dependent on the way of
application of the mentioned substances. In the experiments conducted there were no
changes in the dye content after soaking seeds in solutions of extracts from seaweeds
and humic and fulvic acids. A slight effect on this trait was obtained in the variant of
soaking seeds and an additional foliar application of seaweed extracts. The strongest
effect on the synthesis of chlorophyll was obtained after two foliar applications both
with extracts from seaweeds and humic and fulvic acids. An increase in chlorophyll
content in leaves after the application of extracts from seaweeds was obtained by
Blunden et al. [1996], whereas a negative effect on this trait was recorded by
Venkataraman Kumar and Mohan [1997]. A positive effect of humic acids on

Acta Sci. Pol.



Influence of seaweed... 43

chlorophyll content after the application of humic acids was observed by Tejda and
Gonzales [2003] and Arancon et al. [2006]. The action of foliar application of humic
and fulvic acids on chlorophyll increase was also described by Ferrara et al. [2007].

According to the literature data, the effect of extracts from algae on the chlorophyll
content in leaves is not identical, and many authors confirm a close relation between the
process of formation of the chlorophyll dye and the dose of seaweed extracts. The study
where lower doses of seaweed extracts strongly induced a growth in chlorophyll (even
by 20%) as compared with the control, and high doses decreased chlorophyll content,
were conducted by Jothinayagi and Anbazhagan [2009]. In the authors study no
differences were observed in the action of particular doses of the preparations on
synthesis of chlorophyll.

CONCLUSIONS

1. Extracts from brown algae Ecklonia maxima and Saragassum spp. and humic and
fulvic acids improved the germination capacity of maize seeds.

2. The effect of extracts from seaweeds and a mixture of humic and fulvic acids on
the weight of shoots and roots depended on the way of their application on plants. The
plants sprayed twice with the tested substances had the largest shoots and roots.

3. Plants obtained from seeds soaked in solutions of seaweed extracts were
characterized by a higher weight of shoots and roots, as compared with plants obtained
from seeds soaked in solutions of humic and fulvic acids.

4. Soaking seeds in solutions of the tested substances and an additional foliar
application of extracts from seaweeds and humic and fulvic acids on plants stimulated
growth of the maize root system stronger in comparison with the growth of shoots.
Humic and fulvic acids had a stronger effect on the root system.

5. Maize plants sprayed twice with the tested substances responded with a strong —
30-68% — growth in shoot and root weight.

6. Further research in field conditions is needed to give practice recommendations
concerning the application of seaweed extracts as well as humic and fulvic acids and
proving their positive effect on the growth and development of maize.
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Influence of seaweed...

WPLYW EKSIRAKTOW Z ALG MORSKICH
ORAZ KWASOW HUMINOWYCH I FULWOWYCH
NA KIELKOWANIE I POCZATKOWY WZROST Zea mays L.

Streszczenie. W latach 2009-2010 w Instytucie Ochrony Roslin przeprowadzono dos-
wiadczenia laboratoryjne i szklarniowe, ktdrych celem byla ocena dzialania ekstraktow
z alg morskich oraz kwaséw huminowych i fulwowych na kietkowanie i poczatkowy
wzrost kukurydzy. W doswiadczeniach stosowano ekstrakty z alg morskich Ecklonia
maxima (Kelpak SL), Saragassum spp. (AlgaminoPlant) oraz mieszaning kwasow
huminowych (12%) i fulwowych (6%) (HumiPlant). Dziatanie preparatow zawierajacych
algi morskie oraz kwasy huminowe i fulwowe na kietkowanie, zawartos¢ chlorofilu
w lisciach, mase pedow i korzeni uzaleznione bylo od sposobu ich aplikacji. Ekstrakty
z alg morskich bardziej stymulowaly kietkowanie roslin niz kwasy huminowe i fulwowe.
Sposréd roslin uzyskanych z nasion moczonych w roztworach badanych preparatow
najwigksza masa pedow charakteryzowaly si¢ rosliny poddane dziataniu ekstraktu
z Ecklonia maxima. Wszystkie badane preparaty wykazaly korzystny wptyw na wzrost
masy pedow i korzeni roslin uzyskanych z nasion moczonych w roztworach substancji
i dodatkowo opryskanych oraz roslin dwukrotnie traktowanych badanymi substancjami.
W tych kombinacjach najwigksza mas¢ pedow uzyskano po aplikacji alg Saragassum
spp., a najwicksza mas¢ korzeni roslin otrzymano w kombinacjach z zastosowaniem
substancji huminowych i fulwowych. Sposréd badanych wariantéw stosowania najkorzy-
stniejszy wptyw na rosliny miata dwukrotna aplikacja nalistna badanych preparatow.

Slowa kluczowe: aplikacja nalistna, ekstrakty z alg, kietkowanie, kwasy huminowe
1 fulwowe, zawartos¢ chlorofilu
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