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ABSTRACT

Maize is one of the most important crops in Iran. Natural humic fertilizers have effect on accelerate of
seed germination and root growth. This research was conducted for evaluate effect of two humic fertilizers
(based on peat and leonardite) on early growth of seven maize genotypes. Twenty six seeds were cultured in
Petri dishes. Final germination measured and three germinated seeds were transferred to pots. Seminal root
lengths and coleoptiles length were measured. Relative seminal root elongation and relative shoot elongation
calculated. ANOVA showed significant differences for seminal root lengths and coleoptiles length in solutions,
but germination percent was not significant. Both of humic fertilizers produced more seminal root lengths than
control. Genotypes had significantly differences for seminal root length and germination percent. The highest
seminal root length was belonged to Single Cross 704 and OS 499. Also OS 499 had the highest germination
percent. Interactions between solutions and genotypes only were significant for seminal root length. Single
Cross 704 and OS 499 had the highest seminal root lengths by use of leonardite humic fertilizer. Leonardite
humic fertilizer generally caused the highest relative root and shoot elongation. Relative root elongation of
Single Cross 704 and ZP 434 created by leonardite humic fertilizer was higher than others. Peat humic
fertilizer created significantly positive correlation between seminal root length and germination percent. There
was similar positive correlation for leonardite humic fertilizer, but control treatment was not able to create
significant correlations between measured characters. These natural fertilizers in small amounts have many
effects on plant growth. So we can recommend application of peat and leonardit humic fertilizers for accelerate
of primary roots growth.
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Introduction

Maize (Zea mays L.) is third leading cereal crop
of the world after wheat and rice. It is extensively
grown in temperate, subtropical and tropical regions
and grown principally during the summer season in
the world. Many researchers investigated effect of
different factors on growth and production of maize
[1 and 2].

Humic substances (HS) are the result of organic
decomposition and the natural organic compounds
comprising 50 to 90 % of the organic matter of peat,
lignites, sapropels, as well as of the no- living
organic matter of soil and water ecosystems.
According to the classical definition, HS are "a
general category of naturally occurring heterogeneous
organic substances that can generally be characterized
as  being  yellow  to black color, of high molecular
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weight and refractory"[3]. The biological activity of
HS encompasses all the activities of HS in regulating
plant biochemical and physiological processes,
irrespective of their stimulatory or inhibitory roles.
Humic matter from forest soils has a very complex
biological activity and depending on its origin,
molecular size, and concentration exhibits high or
low stimulations of plant metabolic parameters. In
forest soils, litter composition does not influence the
chemical characteristics of humic fractions greatly, as
revealed by nuclear magnetic resonance spectra, but
it does influence biological activity and as a result
forest species are affected in different ways by their
HS. HS are known to possess bioactivating properties
in relation to plants [4].  In spite of numerous
studies on the biological effects of HS, the
mechanism of their action remains unclear [3].
However, farmers use humates to accelerate seed
germination and improve rhizome growth. These
materials are able to stimulate oxygen transport,
accelerate respiration and promote efficient utilization
of nutrient by plants [5]. Nevertheless, humic acid in
proper concentrations can enhance plant and root
growth [6]. Presence of HS is important during all
stages of plants’ development but particularly vital in
the early stages.  That is why the pre-planting
treatment of seeds is very important.  Even before
germination begins, vital forces are awakened, and
the immune system is stimulated [7]. Numerous
researches have demonstrated conclusively that HS
have significant impacts on the soil structure and
plant growth [8].  

Several HS have been identified [5]. In regard to
the potential of the HA, continuous development has
led to availability of various commercial humic acid
based products and they are widely marketed. The
HA products are usually available in the form of
inexpensive soluble salts, referred to as potassium
humate [8].

Gadimove et al [9] concluded that humates are
miraculous natural substances for increasing quantity
and quality of crop yields. They expressed that a
practical- scientific perspective and programming
need to application of this technology in the world;
especially in the developing countries. Also, they
expressed action rate of these materials are related to
origin and quality of HS. Quality of commercial
humates is related to procedure of extraction and
percent of humic acids and fulvic acids. 

In this investigation, effect of two types humic
fertilizers were studied on germination and seedling
growth of different maize genotypes in vitro.

Materials and methods

A laboratory study was conducted to evaluate the
influence of HS on germination and early growth of
seven maize genotypes which were include of ZP
677, Golden West, 500, OS 499, ZP 434, 505 and
Single Cross 704. Solution of 0.067 % w/v prepared
from the both of humic fertilizers (Table 1). 

Factorial experiment used on the basis of
completely randomized design in the three
replications. Factor A was solutions (peat and
leonardite humic fertilizers; and water as control).
Factor B was maize genotypes. 

Twenty six seeds of each genotype were allowed
to germinate in Petri dishes in the dark room
temperature. Solution consumed by seed, was to
provide equal value during the germination. Final
germination percent measured after 15 days. Then
three germinated seeds with uniform appearance was
transferred to separate small plastic pots into the
greenhouse soil and then grown in the room
temperature. Watering only was made by water.
Fifteen-day seedlings were measured for seminal root
lengths and coleoptiles length. 

Relative seminal root elongation percent and
relative shoot elongation percent calculated by
following formulas:

Relative root elongation%= {mean root length in
test solution/ mean root length in control} × 100

Relative shoot elongation%= {mean shoot length
in test solution/ mean shoot length in control} × 100

Mean of collected data for three seedlings per
replication used for analysis of variance by MSTATC
software. Comparison of means was made by
Duncan's Multiple Range Test. Linear regression
between seminal root lengths, coleoptiles length and
germination percent separately calculated for
experimental solutions. 

Results and discussion

ANOVA (Table 2) showed that solutions
produced significant differences for seminal root
lengths (p<0.01) and coleoptiles length (p<0.05); but
it had not effect on final germination percent. Peat
based humic fertilizer by 3.76 cm and leonardite
based humic fertilizer by 3.69 cm with each other
had more seminal root lengths than control (3.34
cm). Coleoptile length of water (4.41 cm) and
leonardite humic fertilizer (4.40 cm) treatments was
higher than treated by peat humic fertilizer (3.95
cm).

Genotypes had significantly differences (Table 2)
for seminal root length (p<0.01) and germination
percent (p<0.01). The highest seminal root length
was belonged to Single Cross 704 and OS 499,
respectively with 4.44 and 4.41cm (Table 3). Also
OS 499 had the highest germination percent (87.62
%). Interactions between solutions and genotypes
only were significant for seminal root length (Table
2). Single Cross 704 and OS 499 had the highest
seminal root lengths by use of leonardite humic
fertilizer with 5.36 and 5.15 cm respectively (Table
4).

Considering the Figure 1 and Figure 2 can be
stated that leonardite humic fertilizer generally caused
the highest relative root and shoot elongation than
peat  humic  fertilizer.  Relative  root elongation of 
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Table 1: Compounds of liquid humic fertilizers based on peat and leonardite
Compounds Humic acids(% w/v) Fulvic acids(% w/v) Total humic extract(% w/v)
Humic fertilizers
Peat based 3.3 0.9 4.2
Leonardite based 13.2 3.3 16.5 

Table 2: ANOVA for measured traits in maize genotypes affected by humic fertilizers 
S.O.V Df MS

----------------------------------------------------------------------------------------------------------------------------------------
Seminal root lengths Coleoptiles length Germination percent

Solutions 2 1.074** 1.44* 228.93 ns
Genotypes 6 3.11** 0.48 ns 762.80**
G×  S 12 1.62** 0.40 ns 256.66 ns
Error 42 0.18 0.45 156.04
CV (%) - 11.90 15.88 16.35
ns: non significant differences;  *: significant at p<0.05;  **: significant at p<0.01

Table 3: Mean comparisons of seminal root lengths and germination percent in maize genotypes
Genotypes   ZP 677 Golden West 500 OS 499 ZP 434 505 Single Cross 704
Characters
Seminal root lengths(cm) 3.55 c 3.26 c 3.68 bc 4.41 ab 3.43 c 2.62 d 4.44 a
Germination (%) 81.22 ab 63.68 c 84.20 a 87.62 a 79.06 abc 65.39 bc 73.51 abc

Table 4: Mean comparisons of seminal root lengths for G× S at probability level of 1% (W: water, P: Peat & L: Leonardite humic
fertilizers)

Genotypes W P L
ZP 677 3.42 defgh 4.27 bcde 2.96 fgh
Golden West 3.77 cdef 3.03 fgh 3.18 fgh
500 3.03 fgh 4.47 abcd 3.56 cdefg
OS 499 3.06 fgh 4.24 bcde 5.15 ab
ZP 434 2.95 fgh 4.01 cdef 3.34 efgh
505 2.57 gh 2.94 fgh 2.35 h
Single Cross 704 4.59 abc 3.37 efgh 5.36 a

Fig. 1: Relative root elongation percent for maize genotypes

Fig. 2: Relative shoot elongation percent for maize genotypes
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Single Cross 704 and ZP 434 created by leonardite
humic fertilizer was very clearly higher than others,
compared with peat humic fertilizer. 

Peat humic fertilizer created significantly positive
correlation (r = 0.82*) between seminal root length
and germination percent at probability level of 5%.
There was similar positive correlation (r = 0.70ns)
for leonardite humic fertilizer. Control (water)
treatment was not able to create significant
correlations between measured characters.

The results of this study showed that applied
humic substances had effect on biological characters
of maize in early growth stage. This finding was
similar to reports of Gadimov et al. [10] and Sasaki
et al. [11] about effect of humic substances on crops
germination. They were noted that treatment of
tomato seeds with 0.01 % Potassium humate solution
before planting for 24 hours related to variety
increased production by 20 – 25 %. Also, Pre-
planting seed treatment of cucumber with 0.01 %
potassium humate solution for 24 hours increased
production by 38 %. And, related to variety,
germination percentage of hazel-nut seeds was
increased between 37.08 and 64.14 % and the highest
germination percentage (53%) observed in
concentration of 0.02 relative to control (43%). 

In conclusion, types of humic substances could
play the same or a different role as a biofertilizer on
maize in early growth stages. In this study, applied
peat and leonardite humic fertilizers with each other
produced more seminal root lengths, but coleoptiles
length of control and leonardite humic fertilizer
treatments was higher than treated by peat humic
fertilizer. These natural fertilizers in small amounts
have many effects on plant growth. Thus need to
continue researches by different amounts of desired
humic fertilizers for information on how they impact.
So we can recommend application of peat and
leonardit humic fertilizers for accelerate of primary
roots growth that is important for establishment in
the farm.
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