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Abstract. The field experiment was conducted at two locations, Qlyasan and Kanipanka in Sulaimani
governorate, Irag. The main aim of this research is, to evaluate the impact of adding various levels of
Humic Acid and Sulfur rates on maize yield and yield components. Experimental treatments have been
organized and a factorial experiment was laid out in a complete randomized block design with three
replicates. The treatments included four levels of humic acid, and four levels of sulfur incorporated into
the soil. The results showed that the effect was significant at (P <0.05) on the reproductive growth
criteria of a maize plant. The number of kernels per ear, the weight of 100 kernels (g), kernel yield (ton
ha1), biological yield (ton ha?), harvest index and relative yield maize plant from both of locations.
While the results showed that the humic acid and sulfur application significantly affected of the number
of kernels per raw from Kanipanka and of the ear diameter (cm) from Qlyasan, it did not affect the
number of kernels per raw from Qlyasan location and by the ear diameter (cm) from Kanipanka location.
Keywords: kernels, biological yield, relative yield

Introduction

Maize (Zea mays L.) is the third most important cereal crop in the world after wheat
and rice. Maize is a miracle crop called “Queen of Cereals™, is grown in more than 130
countries and it belongs to the family of Gramineae (Poaceae), (Shah et al., 2009) and
tribe Maydeae, all varieties of the maize belong to a single species which is Zea mays
(Sikandar et al., 2007). Iragi Kurdistan region as a semi-arid region, there is an
increasing interest for field crop production and recommended farmers to grow grain
crops and vegetables.

An increasing the number of human population continuously increases their demands
for food and energy, which require to incorporate the new areas in agricultural as well
as increase the crop yield-per unit of area with healthy quality with good nutritional or
healthy quality. Generally, the average yield of maize is greater than (4 ton ha™)
(Farnhamet al., 2003). The maize cultivation in Iraq in the last decade increased,
because of its importance as previously mentioned, its cultivation focused in the south
of Irag in Wasit, Meesan and AL-Qadeseya governorates, with only (3500 ha) during
1998. In 2014, the cultivated area with maize in Iraq increased to (299500 ha) with
average production (4166.5 kg ha), Central Statistical Organization of Iraq (2014). The
maize cultivation in the Kurdistan region—Irag has got more attention in last year’s. The
cultivated area in Kurdistan region roughly is about (1824 ha) with average production
about (5138 kg hal), (KRG, 2014). In the last decade, the maize production increased
about (40%) reaching (840) million tons in the world in 2011 (FAO, 2009).

In terms of nutrient acquisition efficiency by the plant, Maize may have different
strategies in response to nutrient deficiency. In addition to that the strategy of Maize
cultivation is recently had been introduced to the Kurdistan Iragi region, and every year
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new high-yielding maize varieties are continually being evolved and introduced by the
breeder to be grown by farmers in the area. However, the properties such as economic,
quality and grain yield potential of this new Maize not fully aware by the farmers
(Hogir, 2016).

Therefore, intensive efforts of the researchers were focused on how to maximize the
productivity of this crop through highly nutrient efficient, especially for humic acids
and sulfur fertilizers.

Humic acid (HA) is a naturally occurring polymericheterocyclic organic compound
with carboxylic (COOH"), phenolic (OH"), alcoholic and carbonyl fractions extracted
from various sources such as lignite, peat, coal, farmyard manure, coirpith besides
natural persistence in soil (Sharif et al., 2002). Humic acids is not only found in soil,
plants, peat, natural water, rivers, sea sediments, and other chemically and biologically
transformed materials but also extracted from lignite, oxidized bituminous coal,
leonardite and gyttja (Karaca et al., 2006).

The mechanism of humic acid activity in promoting plant growth is not completely
known, but several explanations have been proposed by some researchers such as
increasing cell membrane permeability, oxygen uptake, respiration and photosynthesis,
phosphate uptake, and root cell elongation (Turkmen et al., 2004). Addition of HA to
soil increases the rate of absorption of ions on root surfaces and their penetration into
the cells of the plant tissue. Plants show more active metabolism and increased
respiratory activity, which are attributed to the intervention of the quinine groups of HA
(Atefe and Ali, 2012). The physicochemical and molecular structure and the mechanism
of its stimulating effect on various crops and soil conditions have been envisaged by
various workers (Singh and Agrawal, 2010; Cordeiro et al., 2011).

The sulfur (S) dynamics and its availability are less studied than other nutrients, even
though S is an essential nutrient for crops production (Rheinheimer et al., 2007). Most
soil sources of sulfur are in organic matter and are therefore concentrated in the topsoil
or plow layer. Elemental sulfur and other forms as found in soil organic matter and
some fertilizers are not available to crops. They must be converted to sulfate (SO4%)
form to become available to crops. This SO4? is available to crops when the roots reach
this area of the soil. Sulfur is a part of the amino acids cystine, cysteine and methionine
and is therefore required for protein formation and hence plant growth. Sulfur is also
present in plant oils and is involved in enzyme activation. Many common crop plants
contain approximately the same amount of sulfur as they do of phosphorus (Scherer,
2001). Sulfur is a by-product of the oil industries, despite this, it is found in a
comparatively large amount in Iraq in the fields of Mashrag, which has a production
capacity of one million tons annually, so the addition of sulfur has become a standard
method for a number of researchers as a means of managing nutrients in the soil.

This study aims to investigate the influence of humic acids and sulfur individually or
mixing on yield characteristics of maize growing under calcareous soil condition.

Review of literature

Humic acid (HA) is a naturally occurring polymericheterocyclic organic compound
with carboxylic (COOH"), phenolic (OH"), alcoholic and carbonyl fractions extracted
from various sources such as lignite, peat, coal, farmyard manure, coirpith besides
natural persistence in soil (Sharif et al., 2002). Humic acids are not only found in soil,
plants, peat, natural water, rivers, sea sediments, and other chemically and biologically
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transformed materials but also extracted from lignite, oxidized bituminous coal,
leonardite and gyttja (Karaca et al., 2006). The humic substances are distributed in soil,
peat, coal, many upland streams, dystrophic lakes, and ocean water (Stevenson, 1994).

Humic acids are technically not a fertilizer, although in some walks people do
consider it. Humic acids are an effective agent to use as a complement to synthetic or
organic fertilizers. In many instances, regular humic acids use will reduce the need for
fertilization due to the soil and plant ability to make better use of it. In some instances,
fertilization can be eliminated entirely if sufficient organic material is present and the
soil can become self-sustaining through microbial processes and humus production.

To promote efficient plant absorption of nutrients and reduce environmental
pollution, some chemical molecules have been studied (Ertani et al., 2011) these
compounds are defined as bio-stimulants such as humic substances.

In many studies, humic and fulvic acids preparations were reported to increase the
uptake of mineral elements (Mackowiak et al., 2001), to promote the root length
(Canellas et al., 2002), and to increase the fresh and dry weights of crop plants (Chen et
al., 2004).

The use of humic acids has been on the increased in last year’s. Improvement of soil
conditions and establishing equilibrium among plant nutrients are also important for soil
productivity and plant production. Humic acids and organically improvement of soil
increased the yields of some field crops in several studies (Ulukan, 2008).

The sulfur (S) dynamics and its availability are less studied than other nutrients, even
though S is an essential nutrient for crops production (Rheinheimer et al., 2007). In a
general overview of the element we can at first, describe sulfur as a solid. It is a pale
yellow non-metallic, brittle element and is widely distributed in close proximity to hot
springs and volcanoes and is also found in many minerals and ores. Sulfur is one of (16)
essential elements for crop growth. Although sulfur is considered as a secondary
nutrient, it is often called the fourth major nutrient ranking just below nitrogen,
phosphorus, and potassium. It is also an essential nutrient for plant growth and
development as it is a part of major metabolic compounds such as amino acids
(methionine and cysteine), glutathione, proteins, and sulpho-lipids (Duke and
Reisenauer, 1986). Most soil sources of sulfur are in organic matter and are therefore
concentrated in the topsoil or plow layer. Elemental sulfur and other forms as found in
soil organic matter and some fertilizers are not available to crops. They must be
converted to sulfate (SO4%) form to become available to crops. This SO4% is available to
crops when the roots reach this area of the soil. Sulfur is a part of the amino acids
cysteine, cysteine and methionine and is therefore required for protein formation and
hence plant growth. Sulfur is also present in plant oils and is involved in enzyme
activation. Many common crop plants contain approximately the same amount of sulfur
as they do of phosphorus (Scherer, 2001).

Maize dry weight increased as elemental sulfur rate increased, after which there was
a sharp decrease in dry maize weight. This was mainly due to the significant increase in
soil Mn and Zn availability (Karimizarchi and Aminuddin, 2015) and uptake by maize
as demonstrated by Karimizarchi et al. (2014). Scherer (2001) provides an overview of
soil sulfur transformations describes the diverse forms of organic sulfur in soil and
outlines the processes linked to sulfur mineralization that release SO4*. Most studies on
sulfur mineralization have involved laboratory experimentation. There is limited
information on the rates of sulfur mineralization in field soils.
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The maize is the major source of starch in the worldwide. It can be fed to stock as
green chop, dry forage, silage or grain. Various fractions of milling processes, also it
can be used as animal feed. Furthermore, maize uses in nonfood making products such
as drugs, paper goods, paints, textiles (cloths) and ceramics (Jones, 2003).

An increasing the number of human population continuously increases their demands
for food and energy, which require to incorporate the new areas in agricultural as well
as increase the crop yieldper unit of area with healthy quality with good nutritional or
healthy quality. Among all grain crops, the maize has the highest yield per hectare (Du
Plessis, 2003). Generally, the average yield of maize is greater than (4 ton ha?)
(Farnham et al., 2003).

The maize cultivation in Iraq in the last decade increased, because of its importance as
previously mentioned, its cultivation focused in the south of Iraq in Wasit, Meesan and
AL-Qadeseya governorates, with only (3500 ha) during 1998. In 2014, the cultivated area
with maize in Iraq increased to (299500 ha) with average production (4166.5 kg ha),
Central Statistical Organization of Iraq (2014). The maize cultivation in the Kurdistan
region—Irag has got more attention in last year’s. The cultivated area in Kurdistan region
roughly is about (1824 ha) with average production about (5138 kg ha™), (Ministry of
Agriculture and Irrigation, Kurdistan regional government, Irag, 2014). In the last decade
maize production increased about (40%) reaching (840) million tons in the world in 2011
(FAOSTAT, 2013).

Therefore, intensive efforts of the researchers were focused on how to maximize the
productivity of this crop through highly nutrient efficient, especially for humic acids
and sulfur fertilizers.

Calcareous soil is a soil that has high levels of both calcium carbonate and
magnesium that reduce acidity in the soil and covers more than one-third of the
cultivable surface land in the world. Calcareous soil can have differing levels of sand,
silt or clay as well as coarse to fine texture. This soil type typically maintains a
moderate to high alkalinity (Pasricha et al., 2001).

Calcareous soils are common and widely spreader not only in arid and semiarid
regions but also is formed in humid and per humid regions, due to the relatively low
leaching and the nature of the weathered parent material such as limestone, shells
(Sandstone) or calcareous glacial tills (Brady and Weil, 2002) and relatively young
parent material which subjected to slight weathering process (Pal et al., 2000).

Lalljee and Facknath (2001) and Alloway (2008) found that micronutrients solubility
in calcareous soils is extremely low because the pH value of these soils is high, which
reduces nutrient absorption by plants, finally increases plant requirements to these
nutrients. In addition to this, high rate of fertilization with P-fertilizers prompts
micronutrients deficiencies in plants. Therefore, micronutrients content in plant dry
matter and crops yield will reduce (Salimpour et al., 2010).

Materials and methods

To assess the impact of humic acid and sulfur incorporated into the soil on yield and
yield constituents of maize (Zea mays L.) cv. Gloria, grown under calcareous soil, the
experiment was conducted at two different locations. The first one at Qlyasan
Agricultural Research Farm (45.3581 E, 35.5767 N 757 m above sea level) and the
second one at Kanipanka Agricultural Research Farm (45.7161 E, 35.3822 N 578 m
above sea level) in Sulaimani governorate, Iraq as shown in (Fig. 1) during spring
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growing season of (10" and 11" April 2017 to 29" and 27" July 2017) respectively. The
experiment includes four levels of humic acid as humate potassium (Humic 85%),
obtained from AFICO factory in Jordan, (Ho = 0, H1 = 25, H> =50 and Hz = 100 kg HA
ha') and four levels of sulfur, obtained from LAWA factory in Sulaimani—Irag, as
agricultural sulfur, which contained 99% S (So=0, S;1=500, S,=1000 and
S3=2000 kg S ha') were incorporated into the soil in deep by 5 cm at sowing time.
Average of the rainfall and air temperature climatic data of the experiment field
locations (Kanipanka and Qlyasan) in 2017 showing in Tables 1 and 2.
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Figure 1. The location of testing site

The experiment was conducted on the 622.5 m? area (15 m x 41.5 m), in 16
experimental units with three replicates, the area of each experimental unit was 6 m? (2
x 3) m, each experimental plot included 3 rows in 3 m length, and the distance between
these three was 0.70 m while it was 0.30 m within the rows of the individual plants, to
obtain a mean density of 50,000 plants ha, and the distance between the experimental
units was 0.5 m while the distance between the blocks was 2 m. Experimental
treatments have been organized in a factorial experiment by using the complete
randomized block design (CRBD) by having three replicates. Treatments were as
follows:

T1 = (control) T6 =25 kg HA ha' + 500 kg S ha'* T11 =50 kg HA ha't + 1000 kg S ha

T2=500kg Shal T7=25kgHAha'+1000kgSha!  T12 =50 kg HA ha' + 2000 kg S ha'

T3=1000kg Sha? T8=25kgHA ha'+2000kg S ha* T13 =100 kg HA ha!

T4=200kg Shal  T9=50kgHA ha T14 = 100 kg HA ha'! + 500 kg S ha!

T5=25kgHAha! T10=50kgHAhal+500kgSha!  T15=100 kg HA ha + 1000 kg S ha!
T16 = 100 kg HA ha! + 2000 kg S ha'*
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Table 1. Average of the rainfall and air temperature climatic data of the experiment field
location (Kanipanka), in 2017

April May June July August
. 9_;9 Tirgp. &? T?gp. g Tin(;p. g Tigp. g;? Tigp.
1] 12 20 15| 12 | 28|21 | O | 30 |28 | O | 40 | 30 | O | 44 | 34
2 | 438 21 |16 | 145|122 |18| 0 | 29 | 24 | O | 41 | 31 | O | 44 | 36
3] 155 6 |14 | 0 | 27|20 O |33 | 30| 0 | 42 | 30 |0 | 43|35
4 11 18 | 15| 0 |27 |24 | 0 | 35 | 33 | 0 | 44 | 27 | O | 44 | 35
5 0 23 | 19| 0 |25|22| O | 36 |28 | 0O | 44 | 27 | O | 44 | 36
6 0 24 | 15| 12 | 28|17 | O |40 | 30 | O | 45 | 31 | O | 44 | 35
7| 25 21 |15 0 |28|24| O | 40 |36 | 0O | 42| 30 | O | 44 | 38
8 0 21 |19| 0 |30 |24| 0 | 39 |3 | 0| 4 | 36 | 0| 43|39
9 0 21 | 16| 0 | 29|26 | 0 | 39| 36 | 0 |41 | 34 | 0 | 45 | 37
10 0 19 |13 0 |32|26| 0 | 41 | 36 | O | 43 | 34 | 0 | 44 | 37
11 3 19 | 14| 0 |34|31| 0 | 38 |34 | 0| 41| 39 | 0| 41 | 35
12 0 25 | 22| O |35|27| 0 |37 |34 |0 | 41| 3 | 0| 44 |36
13 7 28 | 18| 0 |32 |27| 0 |39 |36 | 0| 39 | 33 |0 | 4 | 37
14 8 19 16 0 32126 | 0 41 37 0 41 38 0 41 | 34
15 0 21 | 18| O |34 |30| 0 |36 |32 |0 |41 | 38 | 0] 4|35
16 0 22 |17 0 |33|29| 0 | 35 (33 | 0| 42| 34 |0 | 41|35
17 0 24 |20 0O |32 |28| 0 |36 |30 |0 | 43 | 31 |0 | 43 | 37
18 5 24 | 19| 0 |29|20| O | 37 | 32 | 0O | 44 | 35 | 0| 41 | 36
19 0 22 | 17| 13 |35 |26| 0 | 38 |29 | 0| 4 | 36 | 0 | 41 | 35
20 0 24 | 21| 0 |32|27| 0 |37 |31 |0 | 43| 3 | 0| 41| 36
21 0 24 | 20| O |27 |22| 0 | 34 |3 | O | 44 | 38 | 0| 42| 35
22 0 28 | 22| 0 |29|25| 0O | 34|29 | O | 44 | 37 | O | 43 | 32
23 1 26 | 22| 0 |32|27| 0 |38 |3 | 0| 4 | 35 |0 | 42|34
24| 25 25 |20 O |30 (26| O |40 | 32 | O | 42 | 34 | 0| 42 | 34
25 0 26 |20 O | 29|27 | O | 40 |31 | 0O | 41| 37 | 0 | 42 | 34
26 0 26 [ 23| 0 |34 |27| 0 | 40|32 | 0| 40| 33 |0 | 42| 34
27 0 27 | 25| O |35|28| 0 | 43|36 | 0 | 43 | 36 | 0| 41 | 34
28 0 29 | 25| 0 |3 |27| 0 | 4 |3 | 0| 44 | 38 |0 | 40| 32
29 0 31 | 23| 0 |36 (32| 0 |41 |36 |0 | 44 | 39 | 0] 42|35
30 0 30 |27 0 |36 |27| 0 | 41 |37 | 0| 41| 33 | 0 | 42 | 34
31 0 | 35|29 0| 42 | 31 | 0| 43 | 32
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Table 2. Average of the rainfall and air temperature climatic data of the experiment field
location (Qlyasan), in 2017

April May June July August
_ &;?_ Tigp. 9_59 Tir(r;p. é? Tincm. &’i_ Tigp. &Ii Tigp.
5| B T T = =
1| 26 22 |12 | 05 | 32| 22 0 34 | 24 0 44 | 36 0 48 | 40
2 | 102 | 20 | 12 | 155 (29| 24 0 36 | 22 0 43 | 36 0 47 | 36
3 | 49 20 | 16 0 [25] 23 0 37 | 21 0 47 | 34| O 47 | 38
4 0 20 | 18 0 (30 19 0 37 | 31 0 48 | 35 0 46 | 38
5 0 24 | 17 0 |31 23 0 41 | 28 0 47 | 34| O 48 | 32
6 0 26 | 21 0 [31] 20 0 42 | 25 0 46 | 35 0 44 | 34
7 0 26 | 21 0 (26 19 0 44 | 29 0 46 | 35 0 45 | 36
8 1.7 24 | 20 0 |32 22 0 38 | 33 0 47 | 36 0 47 | 39
9 0 23 | 20| 13 | 34| 27 0 38 | 26 0 39134 | 0 46 | 35
10 0 22 |21 0 (36| 24 0 37 | 33 0 43 | 35 0 49 | 36
11 4 20 | 16 0 |39 24 0 43 | 31 0 45 | 28 0 46 | 35
12 | 55 29 | 23 0 |38 | 24 0 42 | 27 0 45 | 29 0 48 | 36
13 0 31 | 29 0 [32] 22 0 42 | 36 0 37 | 33 0 48 | 37
14 | 6.2 22 | 20 0 |36 | 22 0 44 | 35 0 43 134 | 0 46 | 32
15 0 24 | 17 0 |37 24 0 37 | 35 0 41 | 28 0 43 | 31
16 0 23 | 18 0 (36| 22 0 38 | 32 0 44 | 34 | 0 44 | 31
17 0 27 | 20 0 |35 22 0 41 | 26 0 46 | 31 0 44 | 36
18 | 54 29 | 24 0 | 34|20 0 42 | 27 0 46 | 33 0 37 | 34
19 0 24 | 17 | 27 | 39| 33 0 40 | 29 0 46 | 33 0 44 | 34
20 0 24 | 17 0 |33| 28 0 40 | 27 0 45 | 37 0 43 | 34
21 0 28 | 16 0 (28] 22 0 37 | 30 0 46 | 42 0 46 | 29
22 0 26 | 20 0 [30] 22 0 36 | 24 0 48 | 37 0 45 | 32
23 | 15 28 | 22 0 [34] 25 0 38 | 23 0 48 | 35 0 41 | 30
24 | 0.2 26 | 24 0 (31 24 0 41 | 28 0 44 | 34| 0 41 | 30
25 0 29 | 20 0 (33|21 0 42 | 26 0 43 | 32 0 44 | 31
26 0 28 | 20 0 (3420 0 44 | 32 0 43 | 33 0 44 | 30
27 0 29 | 23 0 [35] 29 0 47 | 40 0 45 | 28 0 44 | 32
28 0 30 | 23 0 [37] 23 0 48 | 35 0 47 | 33 0 44 | 26
29 0 32 | 26 0 |40 24 0 45 | 31 0 44 | 32 0 45 | 30
30 0 34 | 27 0 |40 27 0 45 | 30 0 44 | 33 0 44 | 30
31 0 [36] 35 0 44 | 31 0 46 | 32
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All required management practices were done at proper times, and the standard
practices were used for weed control. Soil samples were taken before planting from a
depth of 0-40 cm of the soil used in the field experiments. The soil samples were air-
dried, filtered by a 2 mm sieve, and kept in plastic bottles until analyzed. (Table 3)

illustrates the main physical and chemical properties of the soils.

Table 3. Some physical and chemical properties of soil used in field experiments

Location
Qlyasan Kanipanka
Particle size distribution (PSD) g kg™ Sa_nd 5968 37.40
Silt 619.17 500.30
Clay 321.15 462.30
Textural class Silty clay loam Silty clay
Bulk density Mg m 1.40 1.50
pH 7.42 7.46
EC dS mtat 25 °C° 0.38 0.27
Ca? 2.0 4.20
Mg?* 0.81 0.90
Soluble ions Na* 0.46 0.80
mmol L K* 0.156 2.70
HCOs 251 4.20
SO4* 0.789 0.892
Cation exchange capacity (CEC) cmolckg™ 49.82 46.50
Organic matter (OM) g kg™ 19.59 22.50
CaCO;s equivalent g kgt ‘ Total 215.68 215.50

Physiological parameters were measured as follows: Three plants of each plot were
tagged, and all the reproductive growth and vegetative growth parameters were
recorded, leaf area per plant, all available leaves of five plants per net plot were
collected at 50% milking stage, and leaf length and width were measured. The leaf area
was determined by multiplying leaf length and maximum leaf width adjusted by a
correction factor of 0.75 (i.e., 0.75 X leaf length X maximum leaf width) as suggested
by Francis et al. (1969).

Leaf area (LA) = Length (cm) x Maximum width of leaf (cm) x 0.75  (EQ.1)

The diameter of the ear of maize was measured at harvest and expressed in
centimeter. The randomly selected ears were cleaned, and a number of rows in each ear
were counted manually. Then, the average number of rows of selected ears was taken as
the number of rows per Ear. The number of Kernel was obtained by manual counting
after separation of Kernels from the ear and the row.

At maturity, the crop was harvested on 27/7/2017 for Kanipanka location and
29/7/2017 for Qlyasan location, after reaching the mature physiological stage (when
maturity symptoms occur on plants). Six plants were harvested from each treatment
which signed previously, the ears were separated from plants, for removing the dust
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from plants, plants washed by tap water, then rinsed three times by distilled water, air
dried in dry cabinets chamber at 70 °C till the weight fixed at constant weight, and the
plants total dry matter weight were recorded. Then, the plants were chopped into small
pieces to enable complete drying and then oven-dried at 70 °C till a constant weight was
obtained. The oven-dry weight of dry matter was recorded and expressed in grams per
plant. Maize ears were dried, then shelled and the maize grain dried to 15% moisture
content. The dry maize grains were weighed from each harvested area. The weight of
grain for each experimental unit (6 m?) was determined, and the yield was expressed in
(Mg hal). Other yield parameters were also collected.

A small sample of the seeds selected randomly from the grain yield of each
experimental unit, and 100 seeds were counted and weighted, to obtain the net weight of
100 seeds (g). Kernel yield (ton hal) was obtained in ton per hector according to
Wasonga et al. (2008) using the following equation:

Kernel yield (ton ha') = Plant density ha x Grain yield kg plant®  (Eq.2)

Higher harvest index indicates a superior conversion of dry matter to grain yield.
Many workers currently (Sharma et al., 1987) calculate harvest index for grain crops as
a percentage, thus:

Harvest index (%) = (Kernel yield / Biological yield) x 100 (Eq.3)

The relative yield was calculated by the following equation according to Tisdale et
al. (1995):

Relative yield = (yield of the control/ yield of fertilized treatment) x 100 (Eq.4)

Data were subjected to analysis of variance (ANOVA) performed by XLSTAT
(2016) Package and the differences were compared by Duncan Multiple Range Test
(DMRT) at the 5% significance level.

Results
The attained results will be presented as follows:

Vegetative growth criteria
Leaf area (cm?)

The results in (Figs. 2 and 3) refer to the significant effect of humic acid and sulfur
rate fertilizer on the leaf area (cm?) of a maize plant. The results showed that the
increasing humic acid and sulfur fertilizer application increased the leaf area
significantly. The maximum leaf area of maize (78.50 and 77.50 cm?) was produced by
T1s from both of locations Qlyasan and Kanipanka, while the minimum leaf area of
maize (66.75 cm?) was produced by Ts and T: from Qlyasan and Kanipanka locations
respectively. Similar results were obtained by Erdal et al. (2000) and Abdullah et al.
(2016) for humic acid. While the results were obtained by Nader and Nadia (2011) and
Habtamu (2015) for sulfur rates, they found that the application of humic acid and
sulfur rate fertilizer were affected significantly in the leaf area (cm?) of maize.
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Figure 3. Influence of humic acid and sulfur on the leaf area of maize from Kanipanka location

Reproductive growth criteria
Ear diameter (cm)

The data presented in (Table 4) shows that the application of humic acid and sulfur
rates were affected significantly at (P < 0.05 level) on the ear diameter (cm) from the
Qlyasan location, the highest value (4.67 cm) was recorded from (T1s), while the lowest
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value (4.26 cm) was obtained from (T11). The positive effect of humic acid confirmed
with the finding of Ebtisam et al. (2012) and Daur and Ahmed (2013) and similar
results obtained by Makary (2002) and Nader and Nadia (2011) for the sulfur rate
fertilizer application they referred that the application of humic acid and sulfur are
essential to increase the ear characters of the corn plant. While the data present in
(Table 5) revealed that, the application of different rates of humic acid and sulfur have
not significant effects on the ear diameter (cm) from Kanipanka location.

Number of rows per ear

Results from a meaningful comparison of data (Tables 4 and 5) of study treatments
indicate that humic acid and sulfur rate application to the soil were affected significantly
on the number of rows per ear of maize. The highest value of the number of rows per
ear (16.67) was recorded from (T12), while the lowest value (14.00) was obtained from
(T2) for Qlyasan location, but for Kanipanka location the highest value of the number of
rows per ear (17.67) was recorded from (Ti), while the lowest value (15.33) was
obtained from (T1). Similar results were obtained by Attia et al. (2013) and Muhammad
et al. (2015) for humic acid, and were obtained by Khan et al. (2006) and Habtamu
(2015) for sulfur rates application, they found that the application of humic acid and
sulfur rate affected significantly on the number of rows per ear of maize.

Table 4. Influence of humic acid and sulfur rates on reproductive growth criteria of maize
from Qlyasan location

Ear Weight of | Kernel |Biological
Treat. |diameter (rlglv(\)/}:;r) (kerhln%Iﬁffow) (ke’;lr?éltljgar) 100 kernel | yield yield E/”
(cm) (@ | (tonha?)| (ton ha) 0

T1 429 | 14.67°% 40.81 598.67 22.65 % 6.44 N 22.79f 28.27
T, 4.38°¢ 14.00 ¢ 42.31°% 598.87 % 22.26 ¢ 6.26 M 22.68" 27.599
Ts 438° 14.33° 41.79 598.97 ¢ 23.28 % 8.224d 23.05°" | 35.68%®
Ts 4.29°¢ 14.00 ¢ 42.76 ¢ 598.67 % 21.50F 6.83 fh | 23.21%f | 29.470%f
Ts 4.455% | 1467 41.90 614.67 % 22.89 % 591" 21.34¢cdf | 27,69
Ts 438° 14.33° 43.07 616.67 23.14% | 6.499 | 23.52cdef | 27 620
T7 4.29°¢ 14.00 ¢ 42.33 " 599.67 ¢ 22.79 % 6.77 9" | 23.37¢df | 28.99¢fn
Ts 459%® | 1567% 42.00 b 658.67 ¢ | 23.18 % 7.47 ¢ 23.81%% | 31.36°f
To 4.37°¢ 14.33°¢ 44,33 3¢ 635.67 ¢t | 23.54 8.00 ¢ 24.06% | 33.24%
Tio 4.26°¢ 14.67 ¢ 42.33 2 635.65 P | 23,70 < 8.93¢2 24.06% 37.142
Tu 4.45° | 14.67°% 43.67° 640.64 24.61 9.12° 24.13% 37.79°
T 4.65% 16.672 45,33 %® 754.67 2 25.23" 7.82¢% 24.14b¢ | 32.38bcde
Tis 461% | 16.00°2 42.67 682.67 26.382 8.20 ¢ 24.92° | 32.94bcd
Tia 461% | 16.332 42.84 ¢ 698.67 ® 26.55% 7.121 26.032 27.359"
Tis 4,652 16.33% 43.81 % 695.00 P 26.64 2 9.93 b¢ 26.002 38.207
Tie 4.67 2 16.332 42.90 ¢ 699.67 27.02% 8.44 < 26.15% | 32.29bcde

Treat. = Treatments, No. = Number, HI = Harvest index

Number of kernels per row and ear

The application of humic acid and sulfur rate fertilizer significantly increased the
kernel per row of maize. The highest mean value of kernel per ear (754.67) was
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recorded from (T12), while the lowest mean value of kernel per ear (598.67) was
obtained from (T1) for Qlyasan location (Table 4), but for Kanipanka location the
highest value of kernel per ear (768.00) was recorded from (T16), while the lowest
value of kernel per ear (648.33) was obtained from (T2) (Table 5). Similar results were
obtained by Celiket al. (2010) for humic acid, and the results are in agreement with
those obtained by Choudhary et al. (2013) for sulfur rate application, they found that the
application of humic acid and sulfur rates affected significantly of the kernel per ear of
maize. From the results in (Tables 4 and 5) it has been observed that the application of
humic acid and sulfur rates have not a significant effect on a number of kernels per row
in Qlyasan location but have a significant effect in Kanipanka location.

The weight of 100 kernels (g)

According to the analysis of variance, the mean comparison showed that the
application rates of humic acid and sulfur revealed that the weight of 100 kernels (g) of
maize was affected significantly at (P <0.05). The results show that significantly
increased the weight of 100 kernels (g) of maize from 22.26 g was recorded from (T2)
to 27.02 g was recorded from (T16) for Qlyasan location (Table 4) and from 27.33 g
was recorded from (T1) to 33.92 g was recorded from (T16) for Kanipanka location
(Table 5). These findings are in coincidence with those recorded by Navigehet al.
(2012) and Balbaaet al. (2013) about humic acid, and the results are in agreement with
those obtained by Srinivasraoet al. (2010) about the sulfur rate application, they found
that the application of humic acid and sulfur rates affected the weight of 100 kernels (g)
of maize significantly.

Kernel yield (ton ha)

The data relating to kernel yield (ton hal) are presented in (Tables 4 and 5), revealed
that kernel yield was affected significantly at (P <0.05 level) by the application of
humic acid and sulfur rate to the soil. The maximum of kernel yield (9.93 and 9.20 ton
ha) was produced by T15 and T13, while the minimum kernel yield (6.26 and 7.22 ton
ha!) was produced by T2 and T1 from Qlyasan and Kanipanka locations respectively.
Similar results were obtained by Turanet al. (2011), and Awwadet al. (2015) about
humic acid and the results are in a harmonic with the finding by Khan et al. (2006)
about sulfur rates application, they found that the application of humic acid and sulfur
rate affected significantly of the kernel yield (ton ha') of maize.

Biological yield (ton ha™)

The result regarding biological yield (ton ha?) of maize plant showed that the
application of humic acid and sulfur rates to the soil was affected significantly at
(P <0.05) on biological yield from both locations Qlyasan and Kanipanka. The
maximum biological yield (26.15 and 26.54 ton ha) was obtained from T16 and T15,
while the minimum biological yield (22.68 and 22.6 ton ha) was obtained from T2 and
T1 for both locations Qlyasan and Kanipanka respectively (Tables 4 and 5). These
results are in a harmonic with those recorded by Gomaa et al. (2014) and Daur and
Ahmed (2013) for humic acid, and the results are in agreement with the finding by
Khan et al. (2006); Choudhary et al. (2013) and Habtamu (2015) for sulfur rate
application, they found that the application of humic acid and sulfur rates affected
significantly of the biological yield (ton hal) of maize.
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Table 5. Influence of humic acid and sulfur rates on reproductive growth criteria of maize
from Kanipanka location

Ear Weight of | Kernel | Biological
Treat. |diameter No. of No. of No. of 100 kernel | vyield yield

(cm) (row/ear) | (kernel/row) |(kernel/ear) @ (ton ha)| (ton ha))

T1 4.60° 15.33% | 42.4Qbcdef 678.33« 27.33° 7.22¢ 22,69 31.83 cdef
T2 4.58° 15.33% 40.52" 648.33¢ 27.36 7.55% 25.98 ¢ 29.06"

Ts 4,58° 15.47% 41,770 654.33¢ 28.06°f 7.60% 23277 | 32.69 P
Ta 4.52° 15.33¢% 44.84% 686.33 26.45°9 8.33" 25.44 ¢4 | 32.75 bed
Ts 4.61° 16.00° 43.67%c% | 698.33° 28.87¢ 7.27¢ 23.677 | 30.72¢fn
Ts 4.61° 16.00¢ 44.00%c¢ | 704.00° 28.86° 7.38¢ 24.39 ¢ 30.26 fon
T7 5.64% | 16.33% 41.679%f 680.33% 28.04¢f 7.40¢ 24.58 ¢ 30.10 fon
Ts 4.66° | 16.33% 44.67% 729.333%¢ 31.79 7.22¢ 22.95 d 31.46"

To 4.64> | 16.33% 44,67 730.00%¢ 28.43°f 9.04% 25.48 < 35472

T 4.61° 16.00°% 45.672 730.67%¢ 28.99¢ 7.514 25.47 « 29.50 9"
Tu 4.66° | 16.33% 41.33¢f 675.00¢ 32.54¢ 7.53% 23.397 | 32.30 ce
T 4.75° 17.63° 42.68® 754.16% 31.114 7.91° 25.38 ¢ | 31.15 dfo
Tis 4.84° 19.00? 39.70f 754.33® 33.19% 9.20° 25.62 bed 35.932

T 4.68° | 17.00°d | 44 543cd 757.00% 33.10% 8.89? 25.78 b¢ 34.51 %
Tis 4.68° | 16.670c% 45.33% 755.67% 32.45 8.842 26.54 2 33.29 0
Tie 4.77° 17.67% | 43.493bcdke 768.00% 33.922 9.122 26.36% | 34.61%®

HI
%

Treat. = Treatments, No. = Number, HI = Harvest index

Harvest index %

The statistical analysis of the variance in (Tables 4 and 5) showed that applying
humic acid and sulfur rate for the soil was affected significantly at (P < 0.05 level) on
harvest index. The highest value of harvest index percentage (38.20% and 35.93%) was
recorded from T15 and T13, while the lowest value of harvest index percentage
(27.59% and 29.06%) was observed in T2 from Qlyasan and Kanipanka locations
respectively. These results for humic acid were in agreement with the results of
Celiketal (2010) and Awwadet al. (2015) who found that the harvest index increased
owing to the increase of humic acid rates. About the effect of sulfur rates, the results in
a harmonic with the results of Szulcet al. (2012), reported that the different levels of a
sulfur application significantly affected the grain yield and harvest index of maize plans.

Relative yield percentage

The results regarding the relative yield percentage of maize plant are shown in
(Figs. 4 and 5) which showed that the humic acid and sulfur rates incorporated into the
soil were affected significantly on relative yield from both locations Qlyasan and
Kanipanka. The highest value of relative yield percentage (108.96% and 100.05%) was
observed in T5 and T8, while the lowest value of relative yield percentage (64.95% and
78.40%) was recorded from T15 and T13 for Qlyasan and Kanipanka locations
respectively. These results are in a harmonic with those recorded by Hakanet al. (2011)
and Balbaaet al. (2013) for humic acid, and the results are in agreement with the results
of Dwivedi et al. (2002) for sulfur rates, they found that applying humic acid and sulfur
rates affected significantly and decreased of the relative yield percentage of maize.
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Figure 5. Influence of humic acid and sulfur on the relative yield % of maize from Kanipanka
location

Discussion

From the above results it has been observed that applying humic acid and sulfur rates
in the higher levels (T16 and T15 treatments) have a significant effect on yield and yield
constituents of maize in both locations, because the humic acids improve the soil
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structure (Ali et al., 2011) and through various mechanisms which were indicated to
plant growth and development, enhance nutrient abundance and absorption (Berbara
and Garcia, 2014). Humic acid is crucial for enhancing the abundance of nutrients
through the chelation of metallic nutrients, promoting the chelation of various elements
and turning them obtainable by the plant and improve the plant growth and nutrient
uptake.

This process may be attributed to the distinctive structural properties of humic acid
as it has so many oxygen-containing functional groups (CO2H2, OH, phenols, and
C=0).

Humic acid is vital for modified soil physical properties. Humic acid is essential to
increased plant yield through physiological effects such as the impact on the
metabolism of plant cells and increasing the leaves area (Nardi et al., 2009). Increased
root growth has been attributed to improved soil structure, stimulation of the soil
microflora and plant growth regulator effects. For comprehensive reviews of humic acid
effects on plants and because sulfur is essential in the structural and enzymatic
components in plants, sulfur is a fundamental constituent of some basic amino acids that
comprise proteins, and it contributes in chlorophyll synthesis. Moreover, Sulfur
optimizes utilization of supplementary nutrients in plants, which are crucial for growth,
development of root nodule in legumes in addition to plant protection mechanism since
soil pH drops when sulfur is added to the soil.

Many previous studies have indicated that applying humic acid optimizes soil
physical configuration, supports preserving soil moisture, raises root absorptivity of
water and nutrients, promotes the production of nucleic and amino acids, promotes the
action of enzymes and metabolic rate, and subsequently, optimizes yield (Dursunet al.,
2002). All these pathway alterations may be attributed to humic acid since it elevates
membranes absorbency and enhances the uptake of nutrients Furthermore; humic acid
intensifies soil sponginess and enhances root development which in turn contributes to a
larger shoot (Garcia et al., 2008). Humic acid optimizes the fresh and dry weight of
shoot and root in corn (Cordeiro et al., 2011). Using sulfur fertilizers promotes growth
through promoting the absorbency of soil micronutrients which eventually leads to more
significant yield quantities (Fayed, 2005). Due to the significance of sulfur in root
development, chlorophyll production, and metabolism, heavier fresh and dry weights of
plants treated with sulfur-containing humic acid might be attributed to sulfur (Atoosa et
al., 2017).

Conclusion

The results of the current work indicate that humic acid has a positive impact on the
yield and its components in corn. Using humic acid may decrease the demand for other
chemical and biological fertilizers to a reasonable extent. These wanted outcomes might
be attributable to its impact on corn growth and physiology. Besides raising yield
quantities of corn, humic acid may also contribute to realizing the objectives of
agricultural sustainability. Sulfur is a central micronutrient needed for plant growth and
development. Because sulfur and humic acid are involved in affecting physiological and
biochemical pathways, they have to be studied thoroughly and profoundly In order to
grasp better the nutritional mechanisms of sulfur about humic acid and in order to serve
as a guideline for developing balanced fertilizer formulas to optimize yield quality and
quantity. According to the results obtained from the present research, we guide the
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related directions to farmers in Sulaimani Governorate, Kurdistan Region — Iraq to
cultivate the cv. Gloria of maize. It is necessary to implement more studies on other
levels of humic substances in maize plant at different dose along with the sulfur and
other methods of application for reaping higher yield and quality apart from sustaining
the soil health. Evaluation of soil fertility status to other potential maize growing areas
should be done to understand the deficiency situation of the nutrients
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