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Abstract In this study, field experiments with wheat (Triticum aestivum L.) were conducted consecutively for 2 years. The
main objective was to determine (1) effect of seed priming with auxin (IAA), zinc (Zn) or manganese (Mn) on growth and
yield parameters of wheat under dry land farming; (2) influence of on-farm priming with Azospirillum under field
conditions. In this study, the response of dryland wheat yield to soaking seeds in water, 2 ppm IAA, 0.2% Mn solution and
0.2% aqueous solution of Zn with or without Azospirillum zeae inoculation was investigated under field condition. Total
grain yield was significantly enhanced for water primed seeds i.e., 1273 kg ha™' (6.8%) or seeds primed with TAA, as
compared to 1191 kg ha™" in plants from non-primed seeds. Difference in grain yield between priming with water and
2 ppm IAA was not significant when compared with 1372 kg ha™' (15%) for seeds primed with 0.2% Mn solution and
1440 kg ha~" (20%) for seeds primed with 0.2% Zn solution. Grain yield was significantly increased for plants inoculated
with Azospirillum, 1411 kg ha™" (8%) as compared to 1191 t ha~' for non-Azospirillum-inoculated seeds. Yield param-
eters, i.e., tiller no. per m~2, grain number per spike, and 1000-grain weight, were all significantly affected by priming
treatments and Azospirillum inoculation. Grains with the high nitrogen and phosphorous content were recorded for the
treatment where seeds were primed with Zn and inoculated with Azospirillum. In the present study, inoculation of wheat
seeds followed by priming is a significant approach to enhance grain yield and grain nutrients (N and P) content.
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Introduction

On-farm seed priming has potential to improve grain yield.
This technique has been adopted by resource-poor farmers
for a verity of crops. Plant-growth-promoting bacteria, such
as Azospirillum, have also been frequently reported that
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have potential to increase crop yield both under non-stress
and stress conditions.

Various macro- and micronutrients are necessary for the
proper plant production. In most agricultural lands, farmers
tend to use macronutrients such as N, P and K to gain the
higher plant yields, while micronutrients such as Fe, Zn,
and Mn have been reported to improve crop growth, grain
nutrient enrichment and plant establishment under farm
condition [23]; however, applying these micronutrients is
not common a practice by farmers in arable land as com-
pared to macronutrients.

Micronutrients play vital role in plants as they are
involved in several biological processes. Zn is involved in
several biological functions and metabolic reactions [79].
Plants require a low amount of Fe and Zn for their physi-
ological and metabolic processes. Their excess or deficit of
these micronutrients induces negative consequences in
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leaves, root system, plant weight, overall biomass, photo-
synthesis, can damage the DNA, and directly affect the cell
cycle and chromosomes [45], [56], [63], [46], [68].

Mn is involved in photosynthesis and nitrogen metabo-
lism [82], [76]. More than 300 plant enzymes and some
vital proteins have Zn in their structure [88], [43]. Plant
requirement for micronutrients is low, and excess of these
element results in damages to plant such as excessive
concentration of Zn in plant causes damage to the DNA,
cell cycle and chromosomes [45], [29], [46].

Wheat, as the most important crop, provides nutrition to
most of the world population [24] and plays important role
in human diet. Deficit of Zn and Mn in human diet is
responsible for some diseases [12,14]. Transgenesis and
classic breeding methods have been used to improve the
micronutrient content of modern wheat cultivars [68];
however, other methods, such as foliar spraying, seed
priming and soil application, have been shown to be cost-
effective in this regard [26], [9], [23], [77]. Priming seeds
among the above-mentioned methods has been reported to
be the most effective in improving crop yield as well as the
most cost-effective method in increasing micronutrient
levels in plants such as wheat [78], [23]. In seed priming,
seeds are allowed to be partially hydrated (hydro-priming)
to trigger metabolic events without actual germination
occurring and then re-dried to attain their near original
weight [8]. Primed seeds usually have better germination
and establishment, weight and height, root length and grain
yield [32], [23], [68].

Improvement in grain yield of wheat followed by
priming with Zn has been reported by Padole [61], [75],
and Harris et al. [33]. Zn deficiency restricts the growth and
yield of wheat [33]. Zn deficiency have been reported to be
common in developed and developing countries [92] and,
for instant, mentioned as the third most nutrition problem
in Pakistan after N and P deficiency [67]. Seeds with higher
level of micronutrients have promising results. It had been
reported earlier that elevating Zn content in wheat seed
improved seedling vigor and enhanced yield [93], [33].
Incidences of micronutrient deficiency in crops such as Mn
and Zn seem to have enhanced worldwide in recent years
[17]. Garvin et al. [25] reported that Zn contents in wheat
grain are inversely correlated with yield. Previous studies
showed that use of seeds with elevated micronutrient
content resulted in enhanced grain yield and improved
seedling vigor [69, 70], [93]. Reis et al. [68] investigated
the effect of seed priming with different concentrations of
Zn (1-8 mg L") on germination and yield of wheat.
Result of this experiment showed that, however, Zn dosa-
ges higher than 8 mg L™' had negative effects on germi-
nation and grain yield, but seed priming with lower dosages
of Zn was non-cytotoxic and improved rate of germination
and grain yield.

Among plant hormones, auxins were the first one to be
discovered. Indole-3-acetic acid (IAA) is the most preva-
lent plant hormone of auxin class. IAA is critical for the
regulation of the various aspects of plant growth and
development [86] as it plays vital role in cell division and
differentiation [73]. Lecube et al. [44] reported the role of
IAA in protecting plants against oxidative stress in soy-
bean. Environmental factors affect adversely such as
drought effect on synthesis of some plant hormones, which
causes limitation on physiological processes of the plant
[16]. Exogenous application of these hormones at lower
concentration regulates differentiation, growth, and devel-
opment of the plant [55]. The application of these hor-
mones causes the physiological processes to occur at their
normal rate [28]. Auxin induces root initiation, and
development which can be important under drought stress
condition. Improved root system can assist plant in
exploring more moisture from depth of soil and enhances
absorption of the nutrients as well. Priming seeds with
plant growth regulators have been suggested to enhance
seed germination, seedling growth, and the yield of plant
[22], [21], [91]. Priming seeds of corn [62], wheat [87], rice
[91], beet [21], sunflower [36], safflower [3], and perennial
grass [47] with plant growth regulators have been reported
to result in enhancing yield.

Nitrogen fixing bacteria are frequent colonizer of cereal
crops and grasses belonging to the genera Azospirillum,
Acetobacter, Azoarcus, Enterobacter, and Herbaspirillum
[50]. The genus Azospirillum was first reported by Beijer-
inck [6] as Spirillum and later by the group of Dr. Johanna
Dobereiner in Brazil, in the 1970s [85] reclassified as
Azospirillum. 1t is a diazotrophic bacteria associated with a
wide range of plants. A variety of Azospirillum species and
other PGPR have been reported to have ability to colonize
the aboveground parts and root systems of various plants
such as maize [51], [52], wheat [42], rice [41], sugarcane,
and other plants [81]. Growth-promoting effect of
Azospirillum on yield of cereals such as wheat under field
conditions has been elucidated [72], [35], [96], [38]. In
cereals, Azospirillum resulted in increased plant biomass,
nutrient uptake and root length and volume [72]. Phyto-
hormone production is one of the mechanisms proposed for
Azospirillum by which it improves plant growth [57], [5].
Aside from this benefit, Azospirillum directly contributes to
make N available to the plants [18].

The current study aimed to assess the growth and yield
response of wheat to different seed priming treatments, i.e.,
Zn, Mn, TAA and distilled water, with or without
Azospirillum zeae under dryland farming condition. A
preliminary experiment was also conducted to determine
the optimum concentration of priming solutions of Mn and
Zn, with and without inoculation of Azospirillum.
Azospirillum used in this experiment was a native strain,
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adapted to the region where this experiment was con-
ducted. Numerous reports have been shown that inocula-
tion with Azospirillum resulted in improvement of plant
growth and yield of wheat [96]. PGPR can promote plant
growth of the host plant through different mechanisms such
as biological nitrogen fixation, production of indolic
compounds, siderophore production, ACC deaminase
activity, phosphate solubilization and plant anatomy mod-
ulation [57], [S], [19], [94], [95], [35], [97], [98]. Appre-
ciate agronomical and technical management can affect
PGPR performances [96]. In this study, seed priming as an
agronomical management was used to investigate whether
it can enhance promoting effect of Azospirillum on wheat
under dryland farming.

Materials and Methods
Bacterial Strains

Indigenous bacteria used in this study were previously
isolated by Dr. MJ. Zarea. It was isolated from the inside of
roots of wild wheat, naturally growing in semiarid moun-
tainous areas of west Iran. Preliminary studies conducted in
our laboratory indicated that this strain was capable of IAA
synthesis and nitrogen fixation. This strain, Azospirillum
zeae MK433605, was able to produce indolic compounds
at the rates of 37.46 + 0.84 pg ml~'. The ability of bac-
terial isolate to solubilize phosphate was
1.89 + 0.14 mg L™". Identification of the species of the
bacterial isolate based on the molecular approaches was
done by Dr S. Mehnaz. Based on the 16S rRNA gene
sequence analyses, bacterial strain was identified as
Azospirillum zeae, (> 98% similarity with A. zeae). The
16S rRNA gene sequence was deposited in the NCBI
databank, getting the accession numbers MK433605. For
seed priming with bacterial strain, culture of bacterial
strain was prepared in 1 L of NFb [38] using 1 mL of the
overnight-grown bacterial culture as initial inoculum.

Preliminary Experiments

The optimization of concentration of Zn and Mn priming
solution with and without inoculation of Azospirillum was
done in pot culture, with the dosage information available
in Johnson et al. 37] and [33] for Zn and [39] for Mn.
Wheat seeds (Triticum aestivum L.) cultivar pishgam were
first surface sterilized using 98% ethanol for 30 min, 2%
sodium hypochlorite for 3 min and, then, washed thor-
oughly with distilled water. Seeds were primed for 6 h with
aqueous solutions of ZnSO, or MnSO, at four concentra-
tions, each of Zn and Mn, 0.1%, 0.2%, 0.3% and 0.4%.

@ Springer

Non-primed seeds and seeds primed with water served as
control treatments.

All seeds from priming treatments and non-primed seeds
were divided into two groups and each group of seeds
received 1 mL of 2.0 x 10’ CFU/g seed of Azospirillum
zeae, inoculum or heat-killed Azospirillum inoculum
(control), and, then, air-dried in the dark for 2 h at 25 °C..
Fifteen air-dried seeds from each priming treatment inoc-
ulated with or without Azospirillum were sown at the depth
of 3 cm in plastic pot filled with a field soil and then each
pot were thinned to maintain 10 plants per put. The pots
were placed in a greenhouse with natural light. At 30 day
after sowing, seedlings of each pot were harvested and then
top dry mass was measured. The experiment was a 6 x 2
factorial, arranged in a randomized block design with three
replications of each treatment. Effects of seed priming and
Azospirillum inoculation, and relevant interaction were
analyzed, using analysis of variance, by SAS Software
version 9.1.

Field Study

A field experiment was conducted for 2 years (2016—17) at
agriculture land in Dehgolan County, Kurdistan Province
(35°17'N, 47°22E, West Iran), on clay soil. The preceding
crop was wheat in the previous year. Figure 1 shows the
sum of rainfalls during the experiments. The experiment
was a 5 x 2 factorial, arranged in a randomized complete
block design with 3 replicates. Size of each plot was 3 m?,
with 6 rows, each one 15 cm apart. Adjacent plots were
separated by 1 m. No herbicides were applied before
planting. Planting rate was 133 seeds m®. Chemical prop-
erties of the soil are presented in Table 1. The soil was
slightly alkaline with low amount of organic matter. Seed
beds were prepared during autumn. Sowing date was
dependent on the time of first sufficient rainfall. A rate of
100 kg ha™! nitrogen (urea) and phosphorus (50 kg ha_l)
in the form of triple superphosphate was applied on a day
before sowing. Further 50 kg N ha™' was applied as top
dressing. Because of low density of weeds in plots, no
foliar herbicide was applied and weeds were controlled
through hand-weeding. Ten treatments included (1) Mn
priming + bacterial inoculums (BI), (2) Zn priming + BI,
(3) TAA priming + BI, (4) water priming + BI, (5) Mn
priming, (6) Zn priming, (7) IAA priming, (8) water
priming, (9) no priming, and (10) no inoculum, seeds as
control were planted into plots, each with three replicates.

Seed Priming and Azospirillum Inoculation
Before starting the experiment, wheat seeds (Triticum

aestivum L.) cv. pishgam were surface-sterilized using 98%
ethanol for 30 min, 2% sodium hypochlorite for 3 min and
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Fig. 1 Sum of rainfalls at 1-month intervals during the experiment

Table 1 Soil chemical properties in the first year of the establish-
ment of the experiments

Soil pH 7.4
P, mg kg~! 12.29
K, mg kg~! 132
Zn, mg kg™! 0.76
Mg, mg kg™ 92
Mn, ppm 0.58
EC, (dS m™") 1.82
Organic matter 1.67

then washed thoroughly with distilled water. For the
hormo-priming, sterile seeds were soaked for 6 h, in 2 ppm
solution of IAA and air-dried under shade, prior sowing.
TAA stock was prepared by adding 0.002 g IAA to a 10 mL
volumetric flask and dissolved by 95% ethanol, after which
sterile distilled water was added to make a total solution of
2 ppm IAA. For nutrient and hydro-priming, surface sterile
seeds were soaked in distilled water, Zn (0.2%) or Mn
(0.2%) solution for 6 h and then air-dried under shade to
original weight to facilitate clump-free sowing. ZnSO,4 and
MnSO, were used to prepare the priming solution. Zn and
Mn concentrations used in field experiments were based on
preliminary experiments.

Primed seeds were then air-dried and inoculated with
Azospirillum. Half of each primed seeds were inoculated
with bacterial inoculum, and the rest received heat-killed
inoculum. Non-primed, non-inoculated seeds were also
planted as control treatment. Azospirillum zeae was grown
in NFb medium overnight. In inoculated seeds, 1 g of
wheat seeds was inoculated with 1 mL suspension of
washed overnight bacterial culture at a concentration of
2.0 x 10" CFU mL ™",

Jul Aug Sep

Oct Nov Dec|Jan Feb Mar Apr May

2017

Seedling Growth and Seed Emergence

Field emergence of seeds (%) was evaluated 2 weeks after
sowing. Plant samples were taken from each plot at 30th
and 60th day after planting, for measurements of dry
weight. Samples consisted of five randomly selected plants
from each plot (fifteen plants per treatment). Plant samples
were dried at 75 °C and then weighed.

Yield Component Traits

At maturity, yield components were determined from five
randomly selected plants. Yield components included
number of tillers, number of spikelet per spike, number of
grains per spike and 1000 grain weight (g). Grain yield was
recorded from 1 m? of the plot center. 1000 grain weight
was measured from five randomly selected spikes. Total
grain yield was presented as kg h™' using the following
formulae (a).

Grain yield (kg/ha) = (Grain yield / Sampled area)
x 10,000 m?

Nitrogen, Phosphorus and Protein Content
in Grains

The method described by Van Schouwenberg and Walinge
[89] was followed to estimate the nitrogen content in
grains. For the estimation of phosphorus contents, ammo-
nium vanadate-molybdate method described by Chapman
and Pratt [11] was followed. Flag leaf soluble proteins were
determined according to the method described by Bradford
[7].

@ Springer



48

Agric Res (March 2021) 10(1):44-55

Statistical Analysis

The data recorded on field emergence, seedling fresh
weight, yield components, grain yield and P and N content
of grain for 2 years were pooled to get a mean value.
Effects of seed priming and Azospirillum inoculation, and
relevant interaction on all data recorded were analyzed,
using the PROC GLM procedure of SAS, by SAS software
version 9.1. Differences among treatment means were
identified using Fisher’s protected LSDg o5 analysis.

Results
Preliminary Experiment

In preliminary experiment, 30 days after sowing, plants
primed with 0.2% or 0.3% Zn showed significantly high
dry weight than plants from non-primed seeds, primed with
0.1% Zn or 0.4% Zn (Fig. 2). Priming with 0.4% Zn
reduced seedlings dry weight (Fig. 2). Dry weight of
seedlings, at 30 days after sowing, in all plants from non-
primed seeds and Zn-primed seeds became heavier due to
Azospirillum  inoculation.  Azospirillum  inoculation
increased dry weight of 30-d old seedlings in non-primed
plants and Zn-primed plants by 15.48% and by 26.47%,
respectively. Treatment seeds with 0.2% Zn + Azospiril-
lum inoculation significantly increased weight of plants as
compared to other treatments (Fig. 2).

Priming seeds with 0.1%, 0.2%, 0.3% or 0.4% Mn
increased dry weight of 30-day-old seedlings compared to
non-primed seeds and seeds primed with water (Fig. 2).
Using 0.4% Mn decreased dry weight of seedlings

0.35 -

compared to 0.2% or 0.1% Mn. Accompanied Mn priming
with Azospirillum inoculation resulted in an increase in dry
weight of 30 days old seedlings (Fig. 2). Plants from seeds
primed with 0.2% or with 0.3% Mn and inoculated with
Azospirillum had higher dry weight than those from non-
primed seeds, primed with water and primed with 0.1%, or
with 0.4% Mn (Fig. 2).

Field Experiments

Seed priming and Azospirillum inoculation significantly
influenced (P < 0.05) all parameters recorded, including
early fresh seedling weight, grain yield and components,
and nutrient (N and P) uptakes (except for field emergence
percent). In this study, field emergence percent was not
significantly affected by all treatments of seed priming with
or without Azospirillum inoculation in comparison with not
primed, not inoculated seeds. Results of combined analysis
of the 2-year field experiments indicated that priming seeds
with water, IAA (2 ppm), MnSO, (0.2%) or with ZnSO,4
(0.2%) did not reduce yield, yield components and N and P
content in grain.

Early Seedling Weight

In general, fresh weight of wheat seedlings was improved
with priming treatments (Zn, Mn, IAA and water) or
inoculated with Azospirillum, but Azospirillum inoculation
combined with seed priming significantly elevated the
plant biomass (fresh weight) at 30 and 60 days after sow-
ing. Figure 3 shows the effect of seed priming and
Azospirillum inoculation on fresh seedling weight at 30 and
60 days after sowing. Plants from seeds primed with Zn,

Fig. 2 The effect of priming wheat seeds for 6 h with various
concentration rates (%) of aqueous solutions of Zn and Mn inoculated
or not inoculated with Azospirillum on 30-day-old wheat seedlings
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Fig. 3 The effect of priming seeds for 6 h in water, IAA (2 ppm), or
with aqueous solutions of Zn (0.2%) or Mn (0.2%) on seedling fresh
weight at 30 and 60 days after sowing (DAS). Values with the same

Mn, TAA or water were significantly heavier at 30 and
60 days after sowing than that of from non-primed seeds.
Difference in effect of priming and Azospirillum inocula-
tion was more visible at 60 days after sowing (Fig. 3). At
60 days after sowing, plants from seeds primed with 0.2%
Zn and inoculated with Azospirillum were significantly
heavier than those from non-primed seeds, Zn priming
alone and from other seed priming with or without
Azospirillum inoculation (Fig. 3).

Grain Yield

The interactive effect of seed priming and A. zeae inocu-
lation on wheat grain yield is presented in Fig. 4. The main
effect of priming and Azospirillum inoculation and prim-
ing x inoculation was significant for grain yield. In control
plants, the grain yield was 1191 kg ha~" and enhanced to
1411 kg ha™' (18%) when inoculated with Azospirillum.
Priming seed with Zn, Mg, IAA and water alone and in
combination with A. zeae inoculation significantly
(p < 0.05) enhanced the grain yield of wheat compared to
values for non-primed seeds (Fig. 4). Grain yield in plants
primed for 6 h in 0.2% Zn or 0.2% Mn solution was sig-
nificantly higher than that in plants primed with IAA and
water (Fig. 4). Grain yield in primed seeds were increased
with Azospirillum inoculation. Plants from Zn priming and
Azospirillum inoculation produced the highest grain yield
(Fig. 4). Azospirillum enhanced grain yield of plants (ha™")

letters are not significantly different at P < 0.05. Values are
mean =+ standard error (SE) (n = 3)

from seeds primed in Zn, Mn, IAA and water by about
49%, 35%, 33% and 24%, respectively.

In this study, the benefits of seeds priming simply with
water from those produced by added TAA, Mn and Zn were
separated. Figure 5 shows the percent increase in grain
yield of plants primed with IAA, Mn and Zn alone in
combined or without Azospirillum inoculation over grain
yield of plants from seeds primed with water. Grain yield
was significantly increased by priming with water alone
(1.06%) over the non-primed treatment. Grain yield was
significantly increased further by adding small amount of
Zn or Mn in water priming (Fig. 5). However, priming with
2 ppm IAA was not significantly superior to water priming
(Fig. 5). Percent increase in grain yield was significantly
higher when Azospirillum inoculation was accompanied
with priming agent, IAA, Mn and Zn (Fig. 5). Supplying
0.2% Zn through water priming and then inoculation with
Azospirillum gained an additional increase in grain yield of
35% as compared to water priming alone (Fig. 5).

Yield Components

Although the grain number per spike was not significantly
affected by the seed priming treatments, it was significantly
enhanced by Azospirillum inoculation (Table 2). Plants
from seeds inoculated with Azospirillum produced, on
average, 5.29% higher grain number per spike as compared
to non-inoculation treatment. Azospirillum inoculation
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resulted in improving effect on plants in terms of grain no.
per spike. When seed priming combined with Azospirillum
inoculation, enhancing in ration of grain no. per spike was
more pronounced (Table 2). Azospirillum increased grain
number per spike of plants from Zn, Mn, IAA and water
priming treatments from 20.28 to 21.89 (7.93%), 20.11 to
22.64 (12.59%), 20.61 to 24.58 (19.27%) and 21.3 to 26.43
(24.09%), respectively. The highest grain number per spike
was recorded for plants primed with 0.2% Zn solution for
6 h and inoculated with Azospirillum (Table 2).
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Although 1000-grain weight was not significantly
affected by the seed priming treatments, it was significantly
enhanced by Azospirillum inoculation (Table 2). Plants
from Azospirillum-inoculated seeds produced, on average,
heavier 1000 grain weight (9%) than non-inoculated plants.
There was a significant interaction between seed priming
and Azospirillum inoculation on grain weight (Table 2).
The greatest 1000 grain weight was obtained for plants,
primed with Zn solution and inoculated with Azospirillum
(Table 2).
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Table 2 Comparison of seed priming with 0.2% Zn, 0.2% Mn and 2 ppm IAA with and without Azospirillum inoculation on yield components

in wheat under dryland farming

Treatments

1000-seed weight (g)

Grain no spike™

Spike no m~>

Primed 0.2% Zn
Primed 0.2% Mn
Primed 2 ppm IAA
Primed H20

Not primed

Primed 0.2% Zn
Primed 0.2% Mn
Primed 2 ppm IAA
Primed H20

Not primed

With Azospirillum

Without Azospirillum

32.72(+ 1.32)a
30.91(% 1.12)b
30.84(+ 0.89)b
31.32(£ 0.98)ab
29.46(% 1.02)bc
28.82(% 1.12)c
28.20(= 1.21)c
27.36(% 1.54)c
27.65(% 1.32)c
27.01 + (0.56)c

26.43(£ 1.26)a
24.58(% 0.63)b
22.64(% 0.5)cd
21.89(+ 0.33)d
20.73(% 0.56)ef
21.30(% 0.14)de
20.61(£ 0.26)ef
20.11(£ 0.24)ef
20.28(<£ 0.8)ef
19.69(+ 0.86)f

250(% 5.3)a
245(4 3.7)ab
243(+ 4.1)bc
231(+ 5.6)d
230(+ 4.5)d
234(£ 4.7)cd
236(+ 3.8)c
231(+£ 5.1)d
223(+ 4.6)ef
221(+ 3.7)f

LSDy g5 for the Azospirillum inoculation x seed priming interaction
Values in parentheses are the standard deviation

Data (mean + SE) are mean value of 2 years

Values with the same letters are not significantly different at P < 0.05

Values are mean = standard error (SE) (n = 3)

Another yield component, spike number per mz, was

significantly affected by Azospirillum inoculation, but not
by priming treatment. In control plants (non-priming) and
in plants primed with water (hydro-priming), increase in
number of spike per m* was the same and increased, on
average, by 4.5% due to Azospirillum inoculation. The
highest number of spike number per m* was recorded in
plants inoculated with Azospirillum and primed with Zn.

Nitrogen and Phosphorus Content

Figure 6 shows a comparison of the grain N content of
wheat among the priming treatments with and without
Azospirillum inoculation. Grain N content in non-priming
plants was 0.76% and in response to Azospirillum inocu-
lation increased to 0.91%. Priming seeds with Zn and Mn
had a positive effect on grain N content. Grain N content in
plants from seeds primed in Zn and Mn solution increased
by 20% and 15% compared with those of plants from non-
priming seeds, IAA priming and hydro-priming. There was
no significant difference between seed priming with water
and IAA with control (not primed seeds) on N content of
grain. Priming seeds in 2% Zn solution increased grain N
content compared with all other priming treatments
(Fig. 6). There was a significant interaction between seed
priming and Azospirillum on grain N content. Grains with
the highest N content obtained from plants underwent Zn
priming and Azospirillum inoculation (Fig. 6).

Grain P content followed the same trend as observed for
grain N content (Fig. 6). P content of grain was increased
in non-primed treatment by Azospirillum inoculation,

5.93%. In this study, Zn priming among priming treatments
was the most important influence on grain P content. Plants
from seeds primed in 0.2% Zn solution for 6 h produced
the grains with higher P content compared with those of
plants from all the other priming treatment (Fig. 6). Plants
raised from Zn-primed seeds and inoculated with
Azospirillum had the higher P in grain (Fig. 6). When
plants from Zn-primed seeds inoculated with Azospirillum
grain P content was increased up to 6.8%.

Discussion

Soaking seeds in water prior to sowing followed by sur-
face-drying (on-farm seed priming) can be simultaneously
combined with micro-dosing of fertilizer, small amount of
micronutrients, plant growth regulators and water restrict-
ing agents (polyethylene glycol). In this study, simultane-
ously to priming, wheat seeds were treated with Zn, Mn or
TAA added to the conditioning solution. Seeds primed with
water, auxin, Mn and, especially Zn solution resulted in
increased grain weight, spike no per plant and seed no per
spike. Plants of the Zn-primed seeds among different seed
priming agents had the highest grain yield and yield
components. Harris et al. [30], [53, 54], [23] and [10]
reported that on-farm, soaking seeds in water prior to
sowing resulted in faster emergence, higher vigor and
density, accelerated flowering and maturity and higher
yields as compared with non-prime crops. Considerable
studies have shown that priming seeds with micronutrients
can improve yield of crops [23]. Working with wheat and
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Fig. 6 The effect of priming seeds for 6 h in water, IAA (2 ppm), or
with aqueous solutions of Zn (0.2%) or Mn (0.2%) in combination or
not with Azospirillum inoculation on grain N and P contents. Values

barley crops under field conditions, [33] demonstrated that
grain yield increased by on-farm seed priming with zinc.
Likewise, Ajouri et al. [1] found that priming barley seeds
with Zn enhanced seed germination and seedling devel-
opment. Harris et al. [31] reported that seed priming with
ZnSO, increased grain yield of wheat. At research and
Extension Center, Arkansas, USA, [80] treated rice (Oryza
sativa L.) seeds with Zn and found that growth and grain
yield were increased. Micronutrients such as zinc were
evaluated as cost-effective in several crops and suggested
to be a promising alternative to soil- or foliar-applied Zn.
Johnson et al. [37] found that grain yield of chickpea,
lentil, rice and wheat decreased or was not affected, when
seeds were primed with Zn.

In the present study, Mn priming treatment had also
potential to improve grain yield of wheat, but at the rate
less than that achieved by Zn-seed priming. In Australia,
[49] soaked wheat seeds in aqueous solution of MnSO, and
reported that grain yield and grain Mn content were
increased. Priming seeds with MnSO, has been proposed to
be the effective in improving wheat yield [23].

Since in this study seeds were primed with ITAA,
therefore improved yield components and grain yield can
be related to the effect of auxin in the early growth of
seedlings. In the present study, dry weights of plants of
auxin-primed seeds were increased over non-primed
seedling plants. It seems that auxin absorbed by seeds
through priming could modulate plant processes. Auxin
induces the root formation and coleoptile elongation (Taiz
and Zeiger [84]). Diverse plant processes such as cell
elongation and root initiation and development [60], [71]
are regulated by auxin. Even regeneration of xylem and
development of vascular development are modulated by
auxin (Mattsson [48]). Partitioning of photo-assimilate
from vegetative organs into reproductive organ is affected
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by the auxin (Cole and Patrick [15]), an important factor
causing grain yield to increase.

In the present study, neither field emergence nor emer-
gence rate was significantly affected by seed priming
treatments for both years of the study (data not shown) but
seedlings fresh weights from primed seeds with different
priming agents (Zn, Mn, IAA and water) were significantly
higher than non-primed seeds after 30 and 60 days of
emergence. In this experiment, treatments that improved
seedling growth during early plant growth also increased
yield components (spike no, 1000-grains weight and har-
vest index) and total grain yield, suggesting that increment
in yield due to seed priming can be attributed to the
improved seedling growth. Ashraf and Foolad [2] and Chen
and Arora [13] indicated that changes in important meta-
bolic pathways, exerting during early plant growth by seed
priming, are able to continue until later stages of plant
development. Semiarid area is characterized by irregular
rainfall pattern, low and unpredictable rain conditions. This
study was performed in a semiarid area, with irregular and
insufficient rainfall during both years of the experiments.
Virk et al. [90] and [59] attributed greater yield increments
to the rainfall profiles, rain seasons with restricted precip-
itation resulted in greater yield increments. Additionally,
early growth and development of seedlings from primed
seeds allow plant to access and take up more fertilizer [30].
Any delay in development of seedling leads the fertilizer to
be leached or volatized from soil surface.

In this study, Azospirillum-inoculated plants produced
more grain yield than non-inoculated seeds. Plants inocu-
lated with Agzospirillum produced grains with higher
amount of N and P content. When inoculation was coupled
with priming, additional increase in grain yield and N and
P content in grains was exhibited. The benefits of inocu-
lation on enhanced growth and yield could be attributed to
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the phytohormone production, N, fixation, and P solubi-
lization. Several literature regarding the promoting effects
of Azospirillum on yield and other agronomic traits in
wheat has been published previously [74], [65, 66], [4],
[35], [38]. Increased phosphorus contents in grains due to
Azospirillum inoculation could not merely refer to inocu-
lation since the used bacterial strain in this study exhibited
low potential activity of solubilizing inorganic phosphate
in the modified Pikovskaya medium (data not shown).
Higher N content in grains followed by inoculation could
be attributed to some extent to the biological nitrogen
fixation activity of this strain. In this study, inoculation
resulted in attaining the early growth promotion in wheat
seedlings. Auxin produced by Azospirillum has been
assumed to have a promoting effect on attaining the early
growth promotion in wheat [40]. Auxin induces rooting,
root initiation, root development [60], [71] and increases
root surface area [34]. Developed root system assists the
plant in enhancing nutrient absorption [20], Gray and
Smith [27], [83], [5] which can be important under dryland
farming [38], Zarea [97]. Developed root system assists
plant in uptaking soil minerals and water in a better way
[58], [64]. In the present study, additional increase in
growth and yield occurred when seed priming was com-
bined with Azospirillum. Relationships of environment,
Azospirillum and environment are complex. Various agro-
nomic management methods such as applying N fertilizers
and priming seed with chemical agent like 2,4-D and
hydrogen peroxide have been reported to improve pro-
moting effect of Azospirillum on plants [96].

Conclusions

It should be noted that there are a few reports dealing with
PGPR inoculation coupled with priming in the field study.
PGPR can be applied simultaneously to priming or fol-
lowing by priming. In the present study, Azospirillum
inoculation following by seed priming is a significant
additional approach in terms of grain yield and grain
nutrient content.
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