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Abstract

Humic acid is not a fertilizer as it does not directly provide nutrients to plants, but is a compliment
to fertilizer. Nicotinamide (Vitamin pp) is a stress-associated compound that can induce and regu-
late secondary metabolic accumulation and/or the manifestation of defense metabolism in plants.
A field experiment was conducted at the experimental station of National Research center at
El-Nubaria region, Egypt, to study the role of foliar application of humic acid (as soil conditioner
13 cm/1) and/or priming grains in nicotinamide (vitamin pp 5 mg/l) in saving irrigation water,
decreasing fertilizer dose of NPK and at the same time increasing durum wheat (Triticum durum)
cultivars’ (Beni Sweif-1 and Beni Sweif-3) productivity grown under newly reclaimed sandy soil
exposed to drought for three weeks continuously. The results showed that plant treated with
humic acid or nicotinamide increased significantly all morphological criteria (plant height, leaves
number, fresh and dry weights of shoots), metabolism (photosynthetic pigment, total soluble sug-
ar, total carbohydrates, total amino acids and proline), mineral contents (N, P, K, Ca and Mg) and
yield (grain, straw and biology) of both cultivars amended with either recommended or half rec-
ommended doses of NPK. Foliar application of humic acid to plant priming in Vitamin pp induced
significant increases in all studied parameters (morphology, chemical and yield) of plants
amended with recommended or half recommended doses of NPK as compared with control plants.
The maximum yields of grain, straw and biology of both cultivars were obtained in response to
triple treatment (humic acid + nicotinamide + recommended dose of NPK) or (humic acid + nico-
tinamide + half recommended dose of NPK) respectively.
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1. Introduction

One of the most crucial functions of plant cells is their ability to respond to fluctuations in their environment.
Understanding the connections between a plant’s initial responses and the downstream events that constitute
successful adjustment to its altered environment is one of the next grand challenges of plant biology.

Wheat is the most widely grown food crop in the world. In Egypt, wheat is one of the most important winter
crop; it occupies over 27% of total cultivated area. Its production is about 7.5 million tons per year (Ministry of
Agriculture, Egypt 2010). The balance between the production and consumption of wheat represented about 40%
of the national demands imported from foreign markets. For these reasons efforts should be directed toward in-
creasing and improving the wheat yield, in order to fill the gap between production and consumption; thus the
cultivated area outside the Nile Valley and the Delta could be increased by reclaimed new lands.

The new reclaimed sandy soil in Egypt is considered as a part of the Sahara Desert of Northern Africa, which is
exposed to a combination of environmental stress conditions including temperature fluctuations, low water
availability, high irradiance, and nutrient deprivation. In these areas the water is the major factor limiting plant
growth. This water stress may be alleviated by irrigation whenever possible or saved irrigation water by using
certain bioregulators as antioxidants and soil conditioners as humic acid. Such stress may lead to reduce plant
growth by affecting various physiological and biochemical processes, such as photosynthesis, respiration, trans-
location, ion uptake, carbohydrates, nutrient metabolism and growth promoters [1].

Humic acids are materials that promote plant growth and improve yield [2]. It is particularly used to ameliorate
or reduce the negative effect of stress [3]. It may have both direct and indirect effects on the plant growth [4]. In-
direct effects involve improvements of the soil properties such as aggregation, aeration, permeability, water hold-
ing capacity, micronutrient transport and availability [5] [6]. Direct effects are those, which require uptake of
humic substances into the plant tissue resulting in various biochemical effects [7]. The importance of bio-sti-
mulants lies in their ability to promote hormonal activity in plants as well as promote antioxidant production in
plants which, in turn, reduces free radicals. It increased root vitality, improved nutrient uptake, increased chlo-
rophyll synthesis, better seed germination and increased fertilizer retention [8]. Humic acid reduces the amount of
fertilizer consumption, and makes plant tolerant against stress, drought stress. Also, production of total plant in-
creases yield, and reinforces the plant stem as well [9].

Nicotinamide is a stress-associated compound that induces and regulates secondary metabolic accumulation
and/or the manifestation of defense metabolism in plants [10].

The target of this work is to increase the efficiency of growth and productivity of wheat cultivars grown under
environmental stresses (drought) to overcome this stress, reduce the amount of fertilizer consumption and increase
wheat yield quantitatively and qualitatively. So, we can use some vitamins (Nicotinamide) as precursor for pro-
ducing the most active constituents as bioregulators to alleviate the harmful effect.

2. Materials and Methods

A field experiment was carried out at the experimental Station of National Research Centre, Nubria district El-
Behrea Governorate—Egypt, during the two successive winter seasons of 2011/2012 and 2012/2013. The soil of
both of our experiments sites were Newly Reclaimed sandy soil where mechanical and chemical analysis is re-
ported in Table 1 according to [11] method.

Location and climate of experimental site: this experimental farm (latitude 30°30'1.4"N, and longitude
30°19'10.9"E, and mean altitude 21 m above sea level). The data of maximum and minimum temperature, rela-
tive humidity, and wind speed were obtained from “Local Weather Station inside EI-Nubaria Farm” is reported
in Table 2.

The aim of this work was to increase the efficiency of growth and productivity of two wheat cultivars (Beni
Sweif-1 [V1] and Beni Sweif-3 [V2]) grown under environmental stresses. So, we use humic acid, and (Nicoti-
namide) as precursor for producing the most active constituents as bioregulators to alleviate the harmful effect of
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Table 1. Chemical and mechanical analyses of soil of our experimental sites.

Chemical analysis Mechanical analysis
Depth Texture
OM (%) pH(1:25) EC(d'Sm™) CaCOsx  Course sand Fine sand Clay + Silt
0-20 0.65 8.7 0.35 7.02 47.76 49.75 2.49
20-40 0.40 8.8 0.32 2.34 56.72 39.56 3.72 Sandy
40 -60 0.25 9.3 0.44 4.68 36.76 59.40 3.84
Depth SP (%) F.C (%) W.P (%) AW (%) Hydraulic conductivity (cm/hr)
0-20 21.0 10.1 4.7 54 225
20-40 19.0 135 5.6 7.9 19.0
40-60 22.0 125 4.6 7.9 21.0

Table 2. Meteorological data for Nubaria region in 2011/012 and 2012/013 growing seasons.

2011/2012 Season
Month T max (°C) T min (°C) WS (m/s) RH (%)

November 21.70 11.10 0.23 81.90
December 19.60 7.80 0.17 85.60
January 17.01 7.42 0.90 81.10
February 16.40 7.70 0.60 79.70
March 21.86 8.65 0.61 80.36
April 27.08 12.10 0.58 74.40

2012/2013 Season
November 14.44 25.71 0.34 90.30
December 20.99 9.94 0.64 82.94
January 18.79 7.24 0.65 89.71
February 20.89 7.90 0.60 83.29
March 24.36 9.98 0.75 76.58
April 25.98 11.69 0.82 74.97

T max = Maximum temperature; T Min = Minimum temperature; WS = Wind speed; RH = Relative humidity.

sandy soil and recommended (R) or half recommended (1/2R) dose of NPK (75:31:48) (37.5:15.5:24) fertilization
in forms of ammonium nitrate (33.5% N), calcium superphosphate (15.5% P,0s) and potassium sulfate (48% K,0)
were applied under newly reclaimed sandy soil. The experimental design was split plot design with four replicates.
Which wheat cultivars occupy the main plots and treatments of (1/2R, R, 1/2R + Humic, R + Humic, 1/2R + Nico-
tinamide, R + Nicotinamide, 1/2R + Humic + Nicotinamide, R + Humic + Nicotinamide) were allocated at ran-
dom in sub-plots. Grains of wheat cultivars were sown on the 15 November in both season in rows 4 meters long,
the distance between rows was 25 cm apart, Plot area was 12 m (3.0 m in width and 4.0 m in Length). Irrigation
was carried out using the new sprinkler irrigation system where water was added every 5 days. wheat plants were
foliar sprayed with Humic acid at the rate of (13 mg/L). In both seasons, foliar application of Humic acid was
carried out twice; where plants were sprayed after 45 and 60 days from sowing. Skipping the irrigation at 45 and
60 days after sowing after sprayed Humic acid.

Seeds of the wheat cultivars (Beni Sweif-1 [V1] and Beni Sweif-3 [\V2] were taken from Agricultural Research
Centre, Egypt. Soaking of seeds of the two cultivars was for 12 h in nicotinamide concentrations 5 mg/l. Plant
samples were taken after 75 days from sowing for measurements growth characters were measured in terms of,
plant height shoots fresh and dry weight, roots length, root fresh and dry weight. Plant samples were taken for
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chemical analysis after 75 days from sowing for measurements of photosynthetic pigments, total 1AA and total
phenol contents total soluble sugars, total carbohydrates, proline, free amino acids, total protein. At harvest stage,
the mean values of yield and yield characters, i.e., plant height, spike length (cm), number of spikes/plant, weight
of spikes/plant (g), grain index (100-grain weight (g)), grain, straw and biological yield per plant (g) and per fed.

2.1. Photosynthetic Pigments

Total chlorophyll a and b and carotenoids contents in fresh leaves were estimated using the method of [12].

The fresh tissue was ground in a mortar and pestles using 80% acetone. The optical density (OD) of the solution
was recorded at 662, 645 and 470 nm (for chlorophyll a, b and carotinoids) using a spectrophotometer (Shimadzu
UV-1700, Tokyo, Japan).

2.2.Indole Acetic Acid

A known weight of the fresh samples was taken and extracted with 85% cold methanol (v/v) for three times at 0°C.
Then take 1ml of the methanolic extract and 4ml of PDAB reagent (para-dimethylamino benzoic acid 1 g dissolve
in 50 ml HCI, 50 ml of ethanol 95%) and left for 60 min in 30°C - 40°C. The developing colour was spectopho-
tometrically measured at wave length of 530 nm as described by [13].

2.3. Total Phenol

A known weight of the fresh samples of shoots were taken and extracted with 85% cold methanol (v/v) for three
times at 0°C. Then 0.5 ml of the extraction was added to 0.5 ml Folin, shaken allowed to stand for 3 min. Then one
ml of saturated sodium carbonate was added to each tube followed by distilled water shaken and allowed to stand
for 60 min. The optical density was determined at wave length of 725 nm using spectrophotometer as described by
[14].

2.4. Total Soluble Sugars (TSS)

Total soluble carbohydrates (TSS) were extracted by overnight submersion of dry tissue in 10 ml of 80% (v/v)
ethanol at 25°C with periodic shaking, and centrifuged at 600 g. The supernatant was evaporated till completely
dried then dissolved in a known volume of distilled water to be ready for determination of soluble carbohydrates
[15]. TSS were analyzed by reacting of 0.1 ml of ethanolic extract with 3.0 ml freshly prepared anthrone (150 mg
anthrone + 100 ml 72% H,SO,) in boiling water bath for ten minutes and reading the cooled samples at 625 nm
using Spekol Spectrocololourimeter VEB Carl Zeiss [16].

2.5. Total Carbohydrate

Determination of total carbohydrates was carried out according to [17]. A known mass (0.2 - 0.5 g) of dried tissue
was placed in a test tube, and then 10 ml of sulphuric acid (1N) was added. The tube was sealed and placed
overnight in an oven at 100°C. The solution was then filtered into a measuring flask (100 ml) and completed to the
mark with distilled water. The total sugars were determined colorimeterically according to the method of [18] as
follows: An aliquot of 1 ml of sugar solution was transferred into test tube and treated with 1 ml of 5% aqueous
phenol solution followed by 5 ml of concentrated sulphuric acid. The optical density of the developed color was
measured at 490 nm using Shimadzu spectrophotometer model UV 1201.

2.6. Proline

Proline was assayed according to the method described by [19]. Two ml of proline extract, 2 ml of acid ninhydrin
and 2 ml of glacial acetic acid were added and incubated for 1 h in a boiling water bath followed by an ice bath.
The absorbance was measured at 520 nm using Spekol Spectrocololourimeter VEB Carl Zeiss. A standard curve
was obtained using a known concentration of authentic proline.

2.7.Free Amino Acids

Free amino acid content was extracted according to the method described by [20]. Free amino acid was deter-
mined with the ninhydrin reagent method [21]. One ml acetate buffer (pH 5.4) and 1 ml chromogenic agent were
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added to 1 ml free amino acid extraction. The mixture was heated in boiling water bath for 15 min after cooled in
tap water, 3 ml ethanol (60% v/v) was added. The absorbance at 570 nm was then determined using Spekol
Spectrocololourimeter VEB Carl Zeiss.

2.8. Total Protein

Total protein concentration of the supernatant was determined according to the method described by [22] with
bovine serum albumin as a standard. An amount of 2 gm of samples were grinded in mortar with 5 ml of phosphate
buffer (pH 7.6) and was then transformed to the centrifuge tubes. The homogenate was centrifuged at 8000 rpm for
20 minutes. The supernatant of different samples were made equal by adding phosphate buffer solution. After
extraction, 30 pl of different samples were mixed with 70 pl of distilled water separately. In all of these separate
sample tubes 2.9 ml of Coosmassic Brillaint Blue solution was then added and mixed thoroughly. The Total vo-
lume now was 3 ml in each tube. All these tubes were incubated for 5 minutes at room temperature and absorbance
at 600 nm was recorded against the reagent blank. A standard curve of Absorbance (600 nm) versus Concentration
(ng) of protein was calculated.

2.9. Mineral Ions

Macro and microelement contents of were determined according to the method described by [11]. N and P were
determined using Spekol Spectrocololourimeter VEB Carl Zeiss. While, estimation of Ca, K and Mg contents was
estimated using atomic absorption spectrophotometer.

2.10. Statistical Analysis

The data were statistically analyzed on complete randomized design according to [23]. Means were compared by
least significant difference (LSD) at 5% levels of probability [24].

3. Results and Discussion
3.1. Morphological Criteria

Table 3 illustrates the effect of foliar spray of humic acid (HA), nicotinamide (NA) and recommended or half
recommended doses of NPK on growth parameters of both wheat cultivars (Beni Sweif-1 and Beni Sweif-3). Data
show that, when compared with the corresponding control without humic, the growth parameters (plant height,
leaves number/plant and fresh and dry weight of shoot/plant) were significantly increased with humic acid ap-
plications. Results also show that, application of nicotinamide improved growth when compared to control. Ni-

Table 3. Effect of nicotinamide, Humic acid and fertilizer doses (recommended R) and half recommended
(1/2 R)) on morphological criteria of two wheat cultivars grown under newly reclaimed sandy soils while [V1] is
Beni Sweif-1 and [V2] is Beni Sweif-3 variety ( combined data of 2011/2012 and 2012/2013 seasons).

Plant height cm Leaves No./plant Shoot fresh wt/g Shoot dry wt/g
Treatment

V1 V2 V1 V2 V1 V2 V1 V2
1/2R 66.67 71.33 4.00 4.00 4.43 5.65 1.27 1.64
R 72.67 68.33 5.00 4.67 7.50 6.10 2.00 1.96
1/2R + Humic 72.00 71.67 5.67 4.00 6.53 5.27 1.78 1.95
R + Humic 77.67 70.00 5.00 4.33 8.20 6.63 217 2.27
1/2R + Nic. 69.00 73.00 4.67 5.00 5.77 6.57 1.57 1.80
R + Nic. 77.33 76.33 5.33 4.67 7.27 6.87 1.80 1.67
1/2R + Humic + Nic. 78.00 72.67 5.00 533 9.30 8.20 2.20 2.00
R + Humic + Nic. 78.33 73.00 5.33 5.00 10.00 10.80 2.30 243

LSD 0.05 3.25 0.81 1.52 0.45
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cotinamide increased all morphological criteria in the presence of humic acid under both recommended and half
recommended doses of NPK over the corresponding untreated plant amended with recommended dose for both
cultivars and the both treatments were non significantly increased. [25] mentioned that in many instances, regular
humic acid use will reduce the need for fertilization due to the soil’s and plant’s ability to make better use of it. In
some occurrences, fertilization can be eliminated entirely if sufficient organic material is present and the soil can
become self sustaining through microbial processes and humus production [26]. A humic acid is considered to
increase the permeability of plant membranes and enhance the uptake of nutrients. [27] found that there was in-
crease in root and shoot lengths in the seedlings treated with potassium humate. Moreover, application of humic
acid had significant effects on the growth rate on soybean plant [28].

Application of nicotinamide in the present study improved growth in the wheat plants by causing significant
increases in the values of the above parameters. Similar results were obtained by [29] using nicotinamide. Our
results are in agreement with [30] found that treating faba bean with nicotinamide mitigated the deleterious ef-
fect of drought on plant and improved growth and yield. Moreover, the inhibitory effects of drought were miti-
gated partially or completely alleviated. This is probably by protecting the photosynthetic pigments, the photo-
synthetic apparatus and increasing the metabolic activities relevant to growth through enhancing cell division
and/or cell enlargement. These were further corroborated by the significantly higher levels of carbohydrate by
vitamin treatment [30].

3.2. Photosynthetic Pigments

Regarding to photosynthetic pigments of wheat plant grown in newly reclaimed sandy soil is represented in
(Figure 1) Data show that HA applications caused significant increases in chlorophyll a, chlorophyll b, carote-
noids and total pigments of the two used cultivars (Beni Sweif-1 and Beni Sweif-3) as compared with the cor-
responding control treated with the recommended dose of fertilizer application in both cultivars. These results are
in agreement with [31] using HAs, from a soil when various foliar applications were performed. Humic substances
have positive effects on plant physiology. [32] found that a foliar application with 20 ppm humic acid was effec-
tive on increasing of chlorophyll content. [31] also indicate that HA probably caused an increase in the synthesis of
the chlorophyll and/or delayed chlorophyll degradation in the two different types of leaves, primary and lateral
shoot leaves.

Nicotinamide application to wheat plants significantly increase chlorophyll a, b and carotenoid content. Similar
results have been reported in tomato by [33]. The effect of nicotinamide on the biosynthesis of chlorophyll may be
attributed to its activation of enzymes that regulate photosynthetic carbon reduction [34].

3.3.Indol Acetic Acid and Phenol Content

Figure 2, show that HA and nicotinamide increased 1AA and phenol content significantly of both wheat culti-
vars (Beni Sweif-1 and (Beni Sweif-3) as compared with the corresponding control treated with the recom-
mended dose of fertilizer application in both varieties. The triple treatment (humic acid + nicotinamide + rec-
ommended dose of NPK) and (humic acid + nicotinamide + half recommended dose of NPK) were the most ef-
fective treatment in both cultivars respectively (Beni Sweif-1 and Beni Sweif-3).This increase in IAA concurrent
with the increase in growth rate as shown in (Table 3). It could be concluded that this increase may due to the
role of endogenous hormone in stimulating cell division and/or the cell enlargement, this in turn improve plant
growth and by decreasing IAA oxidase activity and promoting metabolic activities consequently accelerates
growth and yield of crops [35]. Increase in phenol content in different tissues under osmotic stress has been re-
ported in many plants [36]. This increase may be due to total phenols role to play a significant mechanism in
regulation of plant metabolic processes and consequently overall plant growth [37]. Moreover, phenols act as a
substrate for many antioxidants enzymes, so, it mitigates stress injuries [38]. [39] showed that HA application
significantly improved antioxidant compounds in pepper fruit and this effect was mainly on carotenoids and
phenolic compounds. Application of vitamins (nicotinamide) generally led to high significant increases in the
values of IAA [30].

3.4. Carbohydrate Contents

The effect of foliar application of HA, nicotinamide and recommended or half recommended doses of N on the
total soluble sugar, polysaccharides and total carbohydrate of the two used cultivars are shown in Figure 3. Data
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Figure 1. Effect of nicotinamide, fertilizer doses (recommended (NPK) and half rec-
ommended (1/2 NPK)) and humic acid on photosynthetic pigment contents (ug/g fresh
wt) of two wheat cultivars grown under newly reclaimed sandy soils while [\V1] is Beni
Sweif-1 and [V2] is Beni Sweif-3 variety. LSD at 5% chlorophyll a: 0.1; LSD at 5%
chrophyll b: 0.05; LSD at 5% Carotenoids: 0.01; LSD at 5% total pigments: 0.01.

clearly show that, HA + 1/2 recommended dose of NPK treatment caused significant increases in TSS, carbohy-
drate and polysaccharides in Beni Sweif-1 and Beni Sweif-3 variety as compared with nicotinamide treatment and
that of the corresponding control plants with recommended or half recommended doses of NPK. The treatments
with (HA + Nico + R) & (HA +Nico+1/2R) were nonsignificant different in Beni Sweif-1 were the most effective
treatment in both varieties. The significant increases in total carbohydrates, in shoots of wheat cultivars conco-
mitantly with the increased growth rate led to the conclusion that the photosynthetic efficiency was increased in
response to HA treatments and thus led to enhance biosynthesis of carbohydrates which are utilized in growth of
wheat plants. Similar results to our obtained results were obtained by [40]. This positive effect of HA has also been
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Figure 3. Effect of nicotinamide, fertilizer doses (recommended (NPK) and
half recommended (1/2 NPK)) and humic acid on some chemical contents
(mg/100 g dry wt) of two wheat cultivars grown under newly reclaimed sandy
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observed on the main photosynthetic metabolism in maize leaves, where a decrease in starch content was ac-
companied by an increase of soluble sugars [41]. This change appeared to be mediated by variations of the ac-
tivity of the main enzymes involved in carbohydrate metabolism [40].

Vitamin pp application generally stimulated the accumulation of carbohydrates in the wheat plant, either via
increasing endogenous levels of certain phytohormones or by acting as activators of carbohydrates synthesis [42].
The reduction in TSS in Beni Sweif-3 cultivar was suggested that nicotinamide application might activate the
metabolic consumption of soluble sugars to form new cell constituents as a mechanism to stimulate the growth of
wheat plants reported in this study. nicotinamide treatment might also be assumed to inhibit polysaccharide-hy-
drolyzing enzyme system on one hand and/or accelerate the incorporation of soluble sugars into polysaccharides.

3.5. Proline, Total Amino Acids and Total Protein

Data presented in Figure 4, shows that HA increased significantly proline content of wheat cultivar (Beni
Sweif-1) when compared with the untreated plants, while non significant increase in( Beni Sweif-3) at 1/2 rec-
ommended + humic acid and significant decrease in recommended + humic acid. These results are in agreement
with those obtained by [43] humic acid treatments decreased proline content in leaves and roots compared with
control. The treatment with nicotinamide induced non significant increase in both cultivars as compared with the
corresponding treatment with half recommended dose of fertilizer. However, the treatment with HA and /or ni-
cotinamide increased significantly free amino acid contents and total protein of both wheat cultivars (Beni
Sweif-1 and Beni Sweif-3) when compared with corresponding treatment with recommended dose of fertilizer.
The maximum increases in free amino acids were obtained by using the treatment (nicotinamide + half recom-
mended dose of NPK) while the maximum increases in total protein were obtained by using the treatment ((HA
+ Nico + R) over the untreated plant amended with recommended dose of NPK in both cultivars. These results
are in agreement with those of [44]. Many functions have been postulated for proline accumulation in plant tis-
sues, proline and free amino acids could be involved in the osmotic adjustment of plants [45] and could also be a
protective agent of enzymes and membranes [46]. When plant subjected to drought stress, plants maintain their
water content by accumulation of compatible organic solutes act as osmoprotectants, such as proline, in their
cytoplasm [47]. Proline accumulation under drought stress has been reported and suggested to be a biochemical
marker for increased stress tolerance in plant species under stress conditions. This means that the inhibitory ef-
fect of drought stress on the tested wheat plant was alleviated by vitamins treatments through increasing proline
synthesis and/or enhancing the biosynthesis of other amino acids and their incorporation into protein. Finally,
proline able to activate multiple responses that are component of the adaptation processes [48]. Application of
vitamins (nicotinamide) in this study generally led to high significant increases in the values of total protein [30].

3.6. Mineral Contents

Data in Figure 5 show that, when compared with the control plant, the mineral contants (K, P, Ca, Mg and N) of
both wheat cultivars (Beni Sweif-1 and Beni Sweif-3) found higher on humic acid application. The importance of
bio-stimulants lies in their ability to promote hormonal activity in plants as well as promote antioxidant production
in plants which, in turn, reduces free radicals. It is increase root vitality, improved nutrient uptake, [8]. Foliar
applications of humic acid had a significant effect on the dry weight and mineral elements uptake in corn [49]. [50]
mentioned that, the commercial humic acids were found to improve growth, yield production, quality and in-
creased significantly in the accumulation of P,K, Ca, Mg, Fe, Zn and Mn in tissues of some vegetable crops. The
content of K+, Ca, Mg, N and P of shoots significant increased by nicotinamide treatments (Figure 5). Several
reports indicate that nicotinamide application increased mineral contents in different crop species [30] and [51].

3.7.Yield and Yield Components

Data in Table 4 illustrate the effect of foliar spray of humic acid (HA), nicotinamide (Nico) and recommended
or half recommended doses of N on yield and its components. Data also showed that, when compared with the
control treatment, the yield and its components yield of both wheat cultivars (Beni Sweif-1 and Beni Sweif-3)
found significantly enhanced with foliar application of humic acid. It was noticed that yield characters for both
wheat cultivars (Beni Sweif-1 and Beni Sweif-3) were increased with increasing concentration of NPK. The
maximum increases in all the yield and its components were obtained by using the triple treatment (humic acid +
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Figure 4. Effect of nicotinamide, fertilizer doses (recommended (R) and half recom-
mended (1/2R)) and humic acid on some chemical contents (mg/100 g dry wt) of two
wheat cultivars grown under newly reclaimed sandy soils. LSD at 5% Proline: 12.41;
LSD at 5% Total amino acid: 569.89; LSD at 5% Total protein: 362.16.

Table 4. Effect of nicotinamide, humic acid and fertilizer doses recommended (R) and half recommended (1/2 R) on yield
and its component of two wheat cultivars grown under newly reclaimed sandy soils while [V1] is Beni Sweif-1 and [V2] is
Beni Sweif-3 variety ( combined data of 2011/2012 and 2012/2013 seasons).

Plant height spike length No. of 1000 grains grainyield Straw yield Biological yield grain yield

Treatment Cm Cm Spikelet/Spike  Weight (g) Ispike (g) (ton/fed) (ton/fed) (ton/fed)
Vi V2 Vi V2 V1 V2 Vi1 V2 V1 V2 V1 V2 V1 V2 V1 V2

1/2R 747 728 733 7.3 18.7 21 550 498 33 27 302 29 400 413 0983 1172

R 793 770 7.67 7.0 17.3 19 569 633 34 28 309 289 443 433 1343 1442

12R + Humic 86.3 863 83 80 173 237 642 634 36 29 323 308 471 463 1479 1547
R + Humic 86.0 790 93 77 200 190 641 607 38 30 316 3.04 488 475 1719 1710

1/2R +

Nicomr i 830 873 80 7.7 187 187 544 544 36 29 328 317 449 444 1208 1275
R+ g03 850 83 70 207 183 747 570 39 33 322 297 471 495 1493 1619
Nicotinamide

V2R+Humic+ oo 7 900 77 83 203 190 73 637 38 36 293 275 491 487 1983 2121
Nicotinamide

R + Humic +

Nialumle® 830 877 90 80 210 200 685 657 42 38 283 257 514 507 2312 250
LSD 0.05 3.62 14 3.58 1.94 091 0.38 0.35 0.175
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Figure 5. Effect of nicotinamide, fertilizer doses (recommended (R) and half recommended
(1/2R)) and humic acid on minerals percent (%) of two wheat cultivars grown under newly
reclaimed sandy soils. LSD at 5% Mg: 0.02; LSD at 5% Ca: 0.03; LSD at 5% K: 0.05; LSD at
5% P: 0.01; LSD at 5% N: 0.01.

nicotinamide + recommended dose of NPK) and (humic acid + nicotinamide + half recommended dose of NPK)
respectively over the untreated plant amended with recommended dose of NPK. Humic acid has important
properties that contribute to increasing yield and yield components of wheat [52]. Results also show that, prim-
ing seeds of two cultivars by soaking it in nicotinamide improved growth and yield when compared to control.
Nicotinamide increased growth and yield in the presence of humic acid under both recommended and half rec-
ommended doses of fertilizer. The increase in the growth and yield parameters of wheat in response to nicoti-
namide treatments relative to untreated plants might be result from the increased number of spike and grains.
Increased levels of endogenous hormones in the treated plants (Figure 2) contributed to enhanced growth and
yield, induced by nicotinamide. Plant growth regulators appear either to form a sink mobilizing the different nu-
trients, which are involved in building new tissues in the wheat plants and/or to enhance the photosynthetic me-
chanism and protein synthesis [53]. Similar results were obtained by [29].
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