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ABSTRACT:

Increasing population and limited agricultural lands has led efforts continue to increase the yield per unit
area by different ways, including advanced farming operations and selecting resistant and productive genotypes.
Humic materials are one of the important components of the soil, which affected its chemical and physical
properties, and improve its fertility. There are commercial humic preparations such as EDGUM®SM that are
product of a new technology. In this experiment, 10 genotypes of bread wheat were studied in a completely
randomized block design with three replications. It was observed meaningful differences among under-study
genotypes for majority traits. Cluster analysis had been conducted based on meaningful traits in the variance
analysis based on standardized data. Three groups were obtained that seven genotypes of the first and second
groups were superior for grain yield and some other important traits. Performing factor analysis, three factors
in total satisfy 84.55 percent of changes. Meanwhile, the first factor with satisfying 35.74 percent of changes
had been called as effective factor in grain properties.

Key words: bread wheat, drought stress, potassium humate, cluster analysis, factor analysis

Introduction

Cereals are most important food crops on Earth
and provide 70 percent of the world's population
food [1]. Generally, three quarters of energy and ½
of essential protein for the human comes from grains
and cereals and it can be stated that the cereals are
obstruction between the human and hungry [2]. Of
cereal plants, wheat production is in the highest
global level and also is among four major suppliers
for human food [1]. With respect to the increasing
need for population and bread consumption as staple
food in the country, the need for increased
production through increased hectare yield is clear
for anyone. Significant increasing of wheat yield
within the past 50 years has been owes breeding
specialists’ sustained efforts, in order to producing
improved varieties and quality and quantity
increasing of product. Continuing these efforts to
reform and introduction of high yielding varieties

gives strength the life expectancy of future
generations. Hence, another factor that increases the
quantity and quality of crops, particularly wheat, it
can be referring to application of humic materials in
organic agriculture.

Organic farming is a kind of agriculture in which
there is no application of chemical fertilizers,
pesticides, hormones and genetic transformation and
manipulation and all steps to strengthen the land,
planting and harvesting are conducted by natural
ways (e.g. bio-fertilizer, composts and helpful
insects) [3]. One of the innovative technologies used
to increase the quantity and quality of crops such as
wheat that can be used in organic farming is
technology of humates production which its product
is types of humic fertilizers. 

Soil organic matter is one of the important
indices of soil fertility, since it interacted with many
other components of the soil. Soil organic matter is
a key component of land ecosystems and it



511Adv. Environ. Biol., 5(3): 510-515, 2011

associated with the basic ecosystem processes for
yield and structure [4].

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 in color, of high molecular
weight and refractory" [5]. Humic acid is a very
important component of soil which affected on soil
chemical and physical properties, and improves its
fertility [6].

HS, the largest constituent of SOM, can be
considered the top rung in the stabilization of SOM
and a key intermediate in the mineralization of SOM
to CO2. So, HS are the most common forms of
organic carbon in the natural environmental [7].
Research has confirmed that HS can indirectly and
directly affect the physiological processes of plant
growth. They provide minerals, increase the
microorganism population, provide biochemical
substances, and carry trace elements and growth-
related regulators. Direct effects include increases in
cell membrane permeability, respiration, nucleic acid
biosynthesis, ion absorption, enzyme activity, and
hormone-like activity.

Humic acid reduces the amount of fertilizer
consumption, and makes plants tolerant against heat,
drought, cold, disease, insects and other
environmental pressures. Also, the total production of
plant increases yield, thus reinforces plant stems as
well [6,8]. Mitigating activity of HS is observed
under various stress conditions including both biotic
and abiotic ones, therefore non-specific damage
induced by all the stresses is the plant cell injury [4].
Shahryari et al. [9] were experimented wheat
genotypes responses to this natural substance for
reducing the severity of drought in the early stages
of growth under in vitro conditions. Humic materials
increases plant growth as similar as auxin activity.
Bottomely suggested that materials containing
substances are growing and called them Oxymons [6
and 10]. Hillitzer [11] also stated that humic
materials can act as auxin. Phoung and Tichy [12]
reported that the Humic acid and especially Fulvic
acid showed some auxin, gibberellin or cytokinin
activities. However, their stimulating effects were
lower compared with the actual plant hormones.

In spite of numerous studies on the biological
effects of HS, the mechanism of their action remains
unclear [5]. Considering that different genotypes
respond differently to organic farming, therefore, the
position of breeding reformers in organic farming is
study of genetic potential of varieties under
cultivation in any area and also is introduction of
variety (varieties) which in such conditions produced
more yield. For this purpose, in order to selecting
productive genotypes, we can use multivariate
statistical methods. The purpose of this study is
comparison of high-yielding bread wheat genotypes,

grouping and selecting them for different breeding
purposes and also determining the effect of potassium
humate on grain yield in end-season drought
conditions.

Materials and Methods

An experiment was conducted in the research
farm of Islamic Azad University, Ardabil branch
located in the village lands of Hassan Barugh at
agricultural year 2008-2009. The height of this place
from high seas was 1350 m; the latitude and
longitude are 48.2 E and 38.15 N, respectively. Plant
materials consisted of eight genotypes of wheat
received from Agriculture and Natural Resources
Research Center of Ardebil Province and two
genotypes were produced from Azerbaijan Republic.
Experimental design was completely randomized
block with three replications. The amount of
consumption seed had been determined based on 450
seeds per square meter and with respect to on-
thousand grain weight for each cultivar and was
planted in the eleventh of November. Irrigation was
conducted as flooding. After pollination, irrigation
was not carried twice for drought treatments. No type
of fertilizer, pesticides or herbicide used during
experiment and at all stages growth, from tillering to
grain filling stages, fight process with the weeds
were conducted mechanically and manually. Each
experimental plot includes 3 rows at a distance of 20
cm with each other and with 3 m length. Dimensions
of each experimental plot were 7×3 square meter.
From beginning to end of each plot, we considered
30 cm as margin. In order to solution spraying at
different growth stages a liquid humic fertilizer based
on peat namely EDGUM®SM (Made by Russia)
applied based on 400 ml in 50 liters of water per
hectare. Solution spraying was done at the tillering,
stem elongation and grain filling stages on the aerial
parts of plant. All samplings were performed from
the middle rows of plants competitor plants. Under-
study traits including plant height, heading date,
anthesis date, awn length, peduncle length, inter-node
weight, number of inter-node in main stem, spike
length, spike weight, number of grain per spike,
grain weight per spike , biological yield, straw yield,
harvest index and grain yield. In order to grouping
under-study genotypes, we used cluster analysis
based on meaningful traits in variance analysis based
on standardized data and by WARD method. To
reduce the volume of data and understanding data
relationships and structure, factor analysis was
conducted using Varimax rotation. Variance analysis
of data and mean comparison of them (Duncan’s
multiple range test) was performed using software’s
MSTATC, SPSS-16 and Minita-15.
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Results and Discussion

The results of variance analysis of studied traits
(Table 1) showed that there is meaningful differences
between under-study genotypes for plant height,
heading date, anthesis date, awn length, spike length,
spike weight, number of grain per spike, one-
thousand grain weight, biological yield, harvest index
and grain yield at probability levels of 5 and 1
percent. Garcia et al. [13] were reported meaningful
differences between their own under-study genotypes
for grain yield, number of grain per spike and grain
weight. Zaharieva et al. [14], Komaili et al. [15] and
Moghadassi et al. [16] also reported similar results.
The results of this study showed that the highest and
lowest coefficient of variations was related to
remaining days to heading with 0.3 percent and
peduncle weight with 19.86 percent, respectively.
Cluster analysis was conducted based on these traits.
Obtained dendrogram were cut from the highest
distance between groups, and 10 genotypes of bread
wheat were placed in three groups (Table 2). To
show the value of each of the clusters for under-
study traits, percentage of the mean deviation of each
cluster was calculated from the total average (Table
3).

Cluster which has higher mean than the total
mean for important traits will be appropriate to
choose better genotypes for under-study traits. The
first cluster included genotypes Gascogne and Toos
(Figure 1). Percentage of mean deviation of this
cluster was positive for traits like days to maturity,
days to anthesis, spike weight, number of grain per
spike, grain weight per spike, harvest index and grain
yield. This group as compared with two other groups
had mean less than average total for most of the
traits except spike weight, grain weight per spike and
grain yield. So to improving grain yield we can use
from genotypes of this cluster in breeding programs.
In the second cluster, there were genotypes Sabalan,
MV17/zrn, 4061, 4057 and 4041. Genotypes of this
group had more value for awn length; spike length,
number of grain per spike and harvest index; and
about other traits had a value less than the total
mean. The highest mean for awn length, spike
length, number of grain per spike and harvest index
belonged to this cluster.

The third cluster included genotypes Gobustan,
Ruzi-84 and Sardari. This cluster had a positive
mean deviation for plant height, awn length, number
of grain per in spike and one-thousand grain weight.
Genotypes in this group had the highest mean for
days to heading, days to anthesis and one-thousand
grain yield. It is noteworthy that delay-ripen lines are
placed in this cluster, with regard to there was no
high difference between genotypes of three clusters.
In order to study and comprehend complex
relationships of traits and identify hidden factors,
factor analysis was used. This analysis was
performed under drought stress conditions at presence

of potassium humate by principal components method
on traits that were meaningful in variance analysis
and then factor rotation was conducted through
Varimax method (Varimax rotation). As you seen in
table 4, factor analysis was performed based on
amounts greater than one and with respect to three
factors [17]. 

Selection criteria of number of factors is based
on number of greater one roots, and since the
number of basic variables used in factor analysis is
equal to 11, according to the formula F< (1 + P) /2
(where P and F, represents the number of variables
and factors, respectively), selection of three factors
for drought conditions is compatible with potassium
humate on presented principles [17]. Traits that
placed on sub-set of one factor with similar mark are
all together influenced by an unknown factor, in
other words, they affected on those traits with
unknown nature. Each factor has not individual
availability, and it is resultant of features and
processes that have affected those traits [18].

In sum, three factors had been satisfied 84.55
percent of variations between traits (Table 4).
Community amount of the most traits is high and
selected factors could satisfy variations of traits as
favorable. Contribution of each factor from first to
third was 35.74, 25.09 and 23.73 percent,
respectively. Results of factor analysis showed that in
the first factor which had the highest content of data
variations, (35.74 percent), traits including number of
grain per spike, grain weight per spike, one-thousand
grain weight, biological yield and straw yield had
large coefficients (Table 4). This factor introduced as
effective factor on grain characteristics.

The second factor satisfied 25 percent of the
variations. The days to heading, days to anthesis and
grain yield in a positive direction were effective on
this factor. This factor called as effective factor on
phenology.

The third factor had large coefficients for plant
height, awn length, peduncle length, straw yield and
grain yield. This factor called as plant stature.

Tousi Mojarad and Bihamta [19] reported that
the first factor has large and positive coefficients for
biomass, harvest index, grain yield per spike, number
of fertile spikelet and spike length and they called it
as traits including an effective factor on yield
components and yield production. Yildrim et al. [20]
evaluated that attributes including number of grain
per spike, number of plants per square meter and
grain yield had large and positive factor coefficients
in the fifth factor. Si-o-Se Mardeh et al. [21] also
refer to tall varieties as desirable trait under drought
conditions. Tousi Mojarad et al. [17] introduced five
factors by performing factor analysis through
principal component analysis; which in general
satisfied 67.7 percent of data variations.
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Table 1: Analysis of variance for evaluated traits in the condition of end drought at presence of potassium humate
Mean Squares

------------------------------------------------------------------------------------------------------------------------------------------------------
Sources of df Plant height Days to Days to Awn length Peduncle Internodes Number of Spike length
Variation heading anthesis length weight internodes
Replication 2 30.9 1.03* 4.93* 0.307 10.67 0.006 0.444* 1.101**
Genotype 9 94.47* 3.541** 8.033** 17.037** 11.322 0.005 0.114 0.367**
Error 18 31.93 0.330 0.933 0.198 9.056 0.0041 0.104 0.1
C.V (%) 8.26 0.3 0.48 6.79 11.37 19.86 9.54 4.08
* and ** Significantly at p < 0.05 and  < 0.01, respectively

Table 1: Continued
Mean Squares

------------------------------------------------------------------------------------------------------------------------------------------------------
Sources of df Spike weight Seed number Grain weight 1000 grain Biological Straw yield Harvest Grain yield
Variation per spike per spike weight yield index
Replication 2 0.089 20.13 3.84 98.47** 3.382* 0.19* 0.979 0.827*
Genotype 9 0.239** 88.134** 12.733** 136.85** 1.865* 0.011 18.60** 0.573*
Error 18 0.045 11.93 3.19 13.49 0.892 0.006 5.019 0.193
C.V (%) 12.70 12.61 11.38 6.26 12.56 14.13 4.67 12.19
* and ** Significantly at p < 0.05 and  < 0.01, respectively

Table 2: Canonical discriminant function analysis for 
Groups Wilks' Lambda Chi-square Sig.
2 0.001 28.688 0.002
3 0.136 17.992 0.039

Table 3: Mean of groups and their deviation from total mean in 10 wheat genotypes under drought stress at presence of potassium humate 
traits

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Groups Statistics Plant height Days to Days to Awn length Spike Spike Seed number Grain weight 1000 grain Harvest index Grain yield

heading anthesis length weight  per spike per spike weight

1 63.67 192.83 203.17 3.67 7.72 1.88 29.83 17.32 58.50 48.66 4.18

-6.87 0.81 0.0001 -43.97 -0.32 12.44 8.94 10.39 -0.20 1.42 15.98

2 66.97 191 200.67 7.5 7.89 1.79 30.26 16.55 54.97 49.11 3.63
-2.05 -0.14 -0.14 14.50 1.87 7.06 10.51 5.48 -6.22 2.36 0.72

3 73.86 190.66 200.02 6.89 7.51 1.33 29.96 13.18 64.76 45.63 3.17
8.03 -0.31 -0.47 5.19 -3.03 -20.45 9.41 -16.00 10.48 -4.90 -12.04

Tottal mean 68.37 191.27 200.97 6.55 7.745 1.672 27.383 15.690 58.616 47.98 3.604

Table 4: Factor analysis for wheat genotypes traits in drought condition at presence of potassium humate
Component Total % of Variance Plant height Days to Days to Awn length Spike length Spike weight Seed number Grain weight 1000 grain Harvest Grain yield

heading anthesis per spike per spike weight index
F1 3.932 35.741 -0.325 0.146 0.224 0.355 0.798 0.816 0.905 0.805 -0.906 0.107 0.161
F2 2.76 25.087 0.03 0.958 0.883 -0.065 -0.172 0.405 0.379 0.412 -0.239 0.03 0.702
F3 2.61 23.727 -0.886 0.013 -0.075 -0.816 -0.045 0.325 0.121 0.358 0.147 0.736 0.583
Community 0.892 0.939 0.835 0.797 0.669 0.935 0.978 0.946 0.9 0.553 0.858

Fig. 1: Cluster analysis dendrogram on the basis of meaningful traits in ANOVA by WARD method for under
study wheat genotypes
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Fig. 2: Spreading of genotypes on the basis of two first and second factors of analysis to principal components
on measured traits of wheat genotypes
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