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ABSTRACT

Effect of seed-priming with potassium (K) sources (K-nano-
chelate, KNC, and sulfate (0, 2 and 4 %)) under drought stress
(DS) conditions (0, -0.3, -0.6, -0.9, -1.2 and -1.5 MPa water
potential) on the corn seedling traits was studied. Drought
stress decreased the germination indices and seedling vigor.
The highest germination, seminal root fresh and dry mass
(RFM and RDM) was obtained in KNC primed seeds at -
0.3 MPa DS. Mean germination time increased under DS
conditions mainly in non-primed seeds. Increasing DS to -
1.2 MPa led to decrease in RFM and RDM. Influence of DS
on the fresh mass of shoots was more severe than on seminal
roots. The highest shoots and seminal roots length was
observed in 4 % KNC without any DS. Proper priming can be
suggested to increase the plant tolerance under DS.

Key words: germination percentage, vigor index, seed
priming, corn, shoots and seminal roots fresh
and dry mass

1ZVLECEK

VPLIV PREDTRETIRANJA SEMEN KORUZE K
KALIJEVIM NANO HELATOM IN SULFATOM NA
KALITEV IN LASTNOSTI KALIC V RAZMERAH
SUSNEGA STRESA

V raziskavi so bili preucevani uéinki predtretiranja semen
koruze s kalijevim nano helatom (KNC) in K-sulfatom(K) (0,
2 in 4 %) na kalitev in lastnosti kalic v razmerah susnega
stresa (SS) (0, -0.3, -0.6, -0.9, -1.2 in -1.5 MPa vodnega
potenciala). Susni stres je zmanjsal indekse kalitve in vitalnost
kalic. Najvecja kalitev, najvecja sveza in suha masa semenskih
korenin (RFM in RDM) so bile dosezene pri predtretiranju
semen s KNC pri -0.3 MPa SS. Povprecni ¢as kalitve se je v
razmerah suSnega stresa povecal v glavnem le pri ne
predtretiranih semenih. Povecanje susnega stresa na -1.2 MPa
je vodilo k zmanj$anju sveze mase semenskih korenin in
poganjkov, vendar je bilo zmanjSanje pri poganjkih veéje.
Najve¢ji dolzini semenskih korenin in poganjkov sta bli
dosezZeni pri predtretiranju s 4 % KNC in brez suSnega stresa.
Na osnovi te raziskave lahko zaklju¢imo, da primerno
predtretiranje semen lahko poveca njihovo toleranco na susni
stress.

besede: odstotek kalitve, vitalnostni indeks,
predtretiranje semen, koruza, sveza in suha

masa semenskih korenin in poganjkov

Kljuéne

1 INTRODUCTION

In arid and semiarid regions, drought, as an abiotic
stress, is one of the major factors limiting plant
growth at various stages of their life. The plant
growth and development is restricted under water
stress conditions so that under prolonged drought

stress conditions, many plants will dehydrate and
die. Water stress in plants reduces the water
potential and turgor and increases concentration of
solutes in cytosol. Consequently, cell enlargement,
gas exchange, transpiration, plant nutrients uptake
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and transport are decreased (Lisar et al. 2012).
Hegarty (1978) demonstrated that if water potential
of the growth medium is reduced, due to low water
availability or high soil salt concentration,
germination may be delayed or prevented
depending upon the extent of reduction in water
potential. Osmotic solutions of poly ethylene
glycol (PEG) are often used to control water
potential in seed germination studies (Young et al.,
1983). Mexal et al. (1975) demonstrated that PEG
amendment reduces oxygen solubility and
diffusivity, which have been shown to decrease as
a function of PEG solution concentration. A PEG-
induced reduction in oxygen availability, however,
does not appear to be the limiting factor to
germination response. The critical aspect of
oxygen availability may simply be the distance
between the seeds and the air/water interface over
which oxygen would have to diffuse (Hardegree
and Emmerich, 1994).

Seed germination is critical stage of plant growth
which is affected by water stress. Nowadays,
different methods are used to improve plant growth
especially in adverse environmental conditions.
One of these is seed priming which is aimed to
improve seed performance under stress conditions
such as salinity and drought stress (Sedghi et al.,
2010). This method is defined as the uptake of
water to initiate the early events of germination but
not sufficient to permit seminal root protrusion,
followed by drying. Application of priming
increases germination rate and percentage of
germination under different environmental
conditions and improves seedling vigor and growth
(McDonald, 2000). Bradford (1990) believed that
seed priming sometimes decreases the basic water
potential towards more negative values, increasing
the ability of the seed to germinate under lower
water availability. Activation of cell respiration
and cycling, repair of macromolecules, assimilated
materials translocation and weakening of seed coat
structure for root emergence are reasons to
increase mass of primed seeds (Bewley and Black,
1994; Osborn, 1993; Gallardo et al., 2001;
Vasquez-Ramos and Sanchez, 2004 and Cantliffe
et al., 1984). Four techniques are currently used to
perform seed priming. These include hydropriming
(soaking seeds in water and redrying them before
they complete germination), osmopriming (soaking
seeds in aerated osmotica of low water potential to
control the amount of water absorb), matripriming
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(use of solid carriers with low matric potentials)
and pregermination (seed hydration to the point of
seminal root protrusion) (McDonald, 2000)].

Ahmed et al. (2014) indicated that with increasing
drought stress, sunflower traits such as germination
percentage, shoot length, germination rate and
seedling fresh biomass decreased significantly;
they reported the adverse effects of drought stress
at -0.12 MPa were more drastic than -0.06 MPa.
Patane et al. (2009) illustrated that at 10 and 15 °C,
germination percentage of sweet sorghum declined
with decreasing water potential in comparison to
control (no water stressed plants). Their results
showed that in primed seeds, germination
percentage were significantly higher than
unprimed seeds. Furthermore, mean germination
time at 15 and 35 °C increased significantly by
reduced water potential. The increase of
germination time was higher in unprimed seeds
than in primed seeds. Jisha et al. (2013) believed
that seed priming protects plants against different
abiotic stresses. Finding appropriate priming
agents that might be used to increase the tolerance
of plants under adverse field conditions is very
considerable concept for seed industry (Job et al.
2000). Adverse environmental stress such as
drought, salinity and high temperature are
interrelated and their detrimental effects on plants
are similar. Moreover, they stimulate cell signaling
pathways and cellular responses. Whereas, seed
priming can put these ways in the early growth
stages and result in faster plant defense responses.
Potassium is one of the major plant essential
nutrient elements that play key roles in the water
and energy relationships of plants and can mitigate
the adverse effect of drought stress on plants. The
positive effect of two sources of potassium, K
(nano-chelate and sulfate) on mitigating the
adverse effect of salinity stress on germination and
seedling characteristics of corn seeds have been
shown in our previous study (Zahedifar, 2013). But
from the best of our knowledge there was no
published research about the effect of
aforementioned K sources on reducing the harmful
impacts of drought stress on seed germination and
seedling characteristics. Therefore, the main
objective of this research was to evaluate the effect
of seed priming with two nano-chelate and sulfate
sources of potassium (K) on germination and
seedling characteristics of corn seeds under
drought stress conditions.
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2 MATERIALS AND METHODS

A factorial laboratory experiment of completely
randomized design with three replicates was
carried out to study the effect of seed priming with
potassium nano-chelate and sulfate on germination
and emergence traits of corn under drought stress
conditions. Treatments consisted of drought stress
by using poly ethylene glycol (PEG, mol wt 6000)
solution, prepared as described by Michel and
Kaufmann, 1973), at six osmotic potential levels of
0, -0.3, -0.6, -0.9, -1.2 and -1.5 MPa, two sources
of potassium (K-nano-chelate including 27 % K
and K-sulfate) and three levels of potassium (0, 2
and 4 %) for seed priming.

Seeds of corn (Zea mays ‘SC 704°)) were sterilized
with 5 % sodium hypochlorite for three minutes
then washed with distilled water. Seeds were
placed in pots saturated with solutions of

aforementioned K-nano-chelate and K-sulfate for
six hours. Ten seeds were placed on filter paper in
glass petri dish with 9 cm diameter soaked with 26
ml solution (about of 0.4 mm solution in each petri
dish) of desired treatment. Seed germination was
recorded daily up to nine day, after the beginning
of experiment (a seed was considered as
germinated when its seminal root emerged by
about 2 mm in length). Finally, seminal root and
shoot lengths and their fresh mass were measured.
Then seedlings’ seminal roots and shoots were
dried in oven for 48 hours at 72 "C and their dry
masses were measured. Germination percentage
(GP), germination rate (GR), mean germination
time (MGT), coefficient velocity of germination
(CVG) and vigor index (VI) were calculated using
Egs. 1 to 5 (Table 1).

Table 1: Some equations for measuring the characteristics of seedlings

No. Equationf

References

(ISTA, 1996)

[1] number of normally germinated seeds

Germination Percentage (GP) = (

j
- n
[2]  Germination Rate (GR) = Z o
& D;
M G ination Ti li/[GT _xnd
[3] ean Germination Time (MGT) = >

total number of seeds

) x 100
(ISTA, 1996)

(Ellis and Roberts,
1981)

G+ Gy + Gy + -+ G, (Scott, et al.1984)

[4] Coefficent Velocity of Germination (CVG) =

AxXG)+2XG)+ -+ nXG,)

[5] Vigor Index (VI) = (Final germination percentage X seedling weight)

+Where n; is the number of seeds emerged on i day and D; is the number of days counted from the beginning of the
experiment. J is set to 9 days in this experiment, n is the number of seeds germinated on day and d is the number of
days from the beginning of experiment, G;-G, is the number of germinated seeds from the first to the last day.

Data were analyzed statistically by application of
ANOVA using MSTATC (Michigan State
University, East Lansing, MI, USA) software
packages and the mean values of seed traits were
compared statistically using Tukey-Kramer's

Multiple Range Test at the probability level of
0.05. The Tables and Figures were prepared using
Excel (Microsoft, Redmond, WA, USA) software
packages.

3 RESULTS AND DISCUSSION

Results of variance analysis (ANOVA) for all of
studied germination parameters have been

summarized in Table 2. Findings indicated that
effect of applied water potentials, seed priming as
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well as their interaction effects are statistically
significant at the probability level of 0.01
(P<0.01). The results of mean comparison for
studied germination attributes using Tukey-
Kramer's Multiple Range Test at the probability
level of 0.05 are described in detail as the
following subsections.

3.1 Germination percentage and
germination rate (GR)

(GP)

Effect of drought stress and seed priming with
potassium nano-chelate and sulfate on germination
percentage of corn has been summarized in Table
3. Percentage of germinated seeds was dependent
on water availability. Comparison of means
showed that GP was reduced by 24 and 55 % as
compared to that of control at -1.2 and -1.5 MPa
water potential (¥), respectively. The maximum
GP (78 %) was observed at water potential of -
0.3 MPa. In other words, seed germination in PEG
solution was not influenced by decreasing water
potential less than -0.9 MPa (GP at this ¥ was
even higher than that of control). But at -0.6 and -
0.9 MPa water potential, GP was lower than that of
0.3 MPa. The GP in no primed seeds decreased
significantly as the water potential decreases
toward -1.5 MPa. However, the maximum GP in
no primed seeds was observed when the water
potential was -0.3 MPa. Patane et al. (2012)
showed that seed germination of sweet sorghum
was reduced by water stress at ¥ < -0.6 MPa.
Furthermore, they revealed that the lowering of ¥
to -0.8 and -1.0 MPa negatively affected final
germination percentage. Keshavarz et al. (2013)
showed that GP of Brassica rapa L. decreased
significantly with decreasing water potential (0 to -
12 bar). Maraghni et al. (2010) demonstrated that
seed germination of Ziziphus lotus (L.) Lam. was
inhibited with increasing water stress and the
highest GP were obtained under control conditions
without PEG. De and Kar (1994) concluded that
water absorption by seeds of mung bean is
impaired, and this may result in reduced seed
germination in these circumstances. It seems that
followed by drought stress and reduced seed water
uptake, seed physiological process decline. As a
result plant nutrient availability is affected. It has
been reported that drought stress reduces growth,
delays maturity and reduces biomass and grain
yield of corn (Cakir, 2004). Results showed that at
the lowest water potential (%= -0.3 MPa), GP was
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not only decreased but also increased by about
76 % as compared to that of control. From the
results, it can be concluded that the seeds of
studied corn variety is not very susceptible to
drought stress at the early growth stages. Chapman
et al. (1997) also reported that the corn crop is
particularly sensitive to drought stress several
weeks before and after flowering. It should be
noted that the results of our study cannot be fully
discussed with respect to those obtained at mature
plant and field conditions which were reported by
aforementioned researchers.

Our results were also in close agreement with the
findings of Saeidi et al. (2007) who reported that
wheat germination percentage until water potential
of -0.8 MPa was not changed, significantly. After
that GP decreased toward -1.2 MPa. They believed
that wheat is relatively resistance to drought stress
at germination stage. Based on these results it may
be concluded that the studied corn variety was
relatively sensitive to drought stress at germination
stage. Jajarmi (2012) showed that GP of wheat
seeds decreased with increasing drought stress and
the minimum GP was observed at -1.2 Mpa water
potential. Karavani et al. (2013) showed that GP of
Tanacetum polycephalum (L.) Schultz-Bip seeds
decreased significantly with increase in severity of
drought stress. They believed that moisture deficit
conditions can affect enzymatic activity and
consequently GP decreases under more negative
osmotic potential.

Results showed that the highest mean value of GP
was obtained in seeds soaked in 2 and 4 %
potassium nano-chelate (Table 3). Seed priming
with 2 or 4 % of K-nano-chelate increased the GP
as compared to that of no primed seeds when seeds
were not under drought stress conditions, whereas
seed priming with K-sulfate decreased this trait
under the aforementioned conditions, significantly.
Furthermore, the GP of seeds at almost all of the
applied water potential treatments was the highest
when seeds were primed with 2 or 4 % K-nano
chelate. Positive effect of seed priming on GP was
only observed with potassium nano-chelate. In the
other word potassium sulfate did not promote
germination (increase GP). Application of 2 and
4 % potassium nano-chelate increased GP by 61 %
as compared to that of control. Zahedifar (2013)
showed that the mean value of GP in corn seeds
subjected to priming with K-nano chelate was
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significantly more than that of potassium sulfate
under salinity stress conditions. The reduction of
GP as influenced by potassium sulfate application
would be probably due to the presence of anion
and cation amounts more than usual that having
toxic effects on growth and decrease the water

potential. As a results plant cannot absorb water.
The highest GP (about 78 %) was observed in seed
primed with 4 % K-nano chelate at -0.3 MPa water
potential. At lower water potentials (-1.2 and -
1.5 MPa) seeds primed with potassium sulfate,
failed to germinate.

Table 2: ANOVA for the effect of water stress (WS), priming (P), and their interaction effects (WS x P) on the

germination parameters of corn seed

Mean square

Source Degree Mean Coefficient
of of Germination Germination Velocity of
variation freedom Gerr;{l;réztion Percentage Time Vigor Index Germination
WS 5 13.57** 2648** 13.26%* 5263** 8183%x*
P 4 2.61%* 2389%* 2.58%%* 1744%* 1031**
WS x P 20 1.02%* 468** 3.73%* 493** 768%*
Error 60 0.024 7.99 0.006 0.141 0.493

* and ** means statistically significant at probability levels of 0.05 and 0.01, respectively and ns means not significant at probability level of 0.05.

Mean square

Source  Degree Seminal Shoot Seminal Root Seminal
Shoot Fresh Shoot Dry
of of Root Length Length Fresh Mass Root Dry
Mass (mg) Mass (mg)
variation freedom (mm) (mm) (mg) Mass (mg)
WS 5 25508" 5843" 1010434~ 541120 5042" 2850
P 4 3268" 928" 194527 103097" 1269 1424
WS x P 20 1600™ 197 69169 31875 492" 259
Error 60 0.933 0.933 0.933 0.933 0.933 0.933

* and ** means statistically significant at probability levels of 0.05 and 0.01, respectively and ns means not significant at probability level of 0.05.
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Table 3: Effect of K priming treatments and drought stress (water potential) on germination rate and percentage of

corn seeds
Priming Water potential (MPa)
treatmentt 0 -0.3 -0.6 -0.9 -1.2 -1.5 Mean
(%) Germination percentage (GP)

0 33 eft 44 d 23 f 22 f 22 f 22 f 28 B
NK2 34e 67b 56¢ 33e 56¢ I1g 43 A
NK4 33e 78 a 56¢ 56¢ 11g 33e 45 A
SK2 22 f 22 f 43d 22 f I1g 0 20D
SK4 22 f 44 d 22 f 33e Ilg 0 22C
Mean 29D STA 40B 33C 22E 13F

Germination rate (GR)

0 3.00b 2.62¢ 0.83 ghi 0.41 klm 1.00 gh 0.52 jkl 1.39B
NK2 2.51c¢ 394 a 1.46 ef 0.91 ghi 1.37F 0.20 mn 1.73 A
NK4 2990 2.94b 1.66 ¢ 1.39 ef 0.20 mn 0.78 hij 1.66 A
SK2 0.66 ijk 1.50 ef 2.12d 0.25 Imn 0.21 mn 0 0.79D
SK4 2.00d 2.58¢ 1.01 gh 1.08 g 0.50 k1 0 1.19C
Mean 223B 272 A 142 C 0.81D 0.65E 030F

T Treatments consisted of 0: control, NK2: 2 % potassium-nano-chelate, NK4: 4 % potassium-nano-chelate, SK2:

2 % potassium sulfate and SK4: 4 % potassium sulfate.

™ Means in each row or column followed by the same lowercase or capital letters are not significantly different

(p< 0.05) by Tukey-Kramer's Multiple Range Test.

Effect of drought stress and seed priming with
potassium nano-chelate and sulfate on germination
rate (GR) of corn has been summarized in Table 3.
Results showed that the maximum mean value of
GR over the studied priming treatments was
obtained at -0.3 MPa water potential. However, the
maximum GR value of unprimed seeds was
obtained at normal conditions (without any water
stress, ¥ = 0 MPa). In no primed seeds, the GR
values decreased significantly with increasing the
degree of applied water stress conditions (from 0 to
-1.5 MPa). In general, imposition of drought stress
except -0.3 MPa resulted in a significant decreases
in the mean value of seed germination rate (GR)
over all of applied priming treatments, also the
highest decline about 86 % as compared to that of
control in GR occurred at the highest drought
stress (water potential of -1.5 MPa). Gill et al.
(2003) demonstrated that application of strong
water or salt stresses in sorghum increased suger
levels of embryos. This helps in osmoregulation
under stress conditions. Our results are in close
agreement with the findings of Jajarmi (2012) who
reported that GR of wheat declined significantly
with the decrease in water potential (¥< -
0.3 MPa). According to the finding of Keshavrz
Afshar et al. (2012), the minimum GR was
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obtained at -1.2 MPa water potential. Saedi et al.
(2007) showed that GR of different wheat
genotypes against the applied osmotic potential,
were not similar. They reported at first level of
applied osmotic stress (-0.4 MPa), germination rate
of the most studied genotypes was induced and
after that declined in more negative potential.

Findings indicated that when seeds are in normal
conditions (without drought stress) application of
all priming treatments, K-nano-chelate or sulfate,
decreased GR value significantly as compared to
that of control (except for 4 %K-nano chelate that
had no significant effect). Our results also showed
that the highest mean value of GR was obtained in
seeds soaked in 2 and 4 % potassium nano-chelate.
Whereas, seed priming with potassium sulfate
decreased the mean value of GR by about of 24
and 19 % as compared to that of control,
significantly probably due to the toxic effect of
cation and anion. Patane et al. (2009) showed that
seed priming of sorghum with PEG increased
germination and shortened the delay in
germination time due to the increase in saline
stress. They believed that in primed seeds, water
absorption were faster than unprimed, irrespective
of salt concentration of the solution. According to
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McDonald (2000), primed seeds obtain the
potential to rapidly absorb and revive the seed
metabolism thus improving the germination rate.
Bradford (1990) demonstrated that seed priming
increased seed germination under low water
availability due to avoid more negative water
potential. Our results revealed that the maximum
GR was observed at -0.3 MPa water potential with
application of 2 % potassium nano-chelate. Our
findings revealed that the reduction in GR because
of drought stress, decreased as seed primed with 2
and 4 % k-nano-chelate, except at -1.5 MPa.

3.2 Mean germination time (MGT) and
coefficient velocity of germination (CVG)

The effects of corn seed priming with K-nano
chelate and sulfate under drought stress on MGT
have been shown in Table 4. The MGT values of
non-primed seeds increased significantly from 1 to
4.67 as the severity of drought stress conditions
increased (the applied water potential decreased
from 0 to -1.5 MPa). Results showed that the mean
value of MGT at -1.5 MPa water potential was
4.67 fold higher than control. In fact, drought
stress increased the mean value of MGT and the
highest MGT was obtained when water potential
decreased to -1.5 MPa. Findings indicated that
when seeds were under normal condition (without
waters tress condition), application of K-nano-
chelate for priming decreased the MGT wvalues,
significantly as compared to that of control (non-
primed seeds), but seed priming with K-sulfate
increased it, significantly. In addition, MGT of
primed and non-primed seeds increased under
drought stress but the effect of drought stress on
MGT of primed seeds was smaller than that of no-
primed seeds. Indeed, the mean value of MGT in
seeds subjected to priming with 2 % K-nano
chelate was the lowest in comparison to that of
other levels of potassium nano chelate or sulfate.
The same results were also reported by Zahedifar
(2013) for corn seeds but under salinity stress
conditions. Patane et al. (2009) showed that
germination time of sorghum increased by
increasing salinity stress, but this germination time
in PEG primed seeds was lower than that of
unprimed seeds at 10 and 15° C. Moradi et al.
(2012) showed that hydro and osmo priming of tall
wheat grass decreased MGT. In this case, priming

with urea and distilled water has more reducing
effect on MGT as compared to that of PEG.
Elouaer and Hannachi (2012) reported that MGT
of safflower seeds increased by salinity stress for
both of primed and non-primed seeds.

Table 4 highlights the effect of drought stress and
potassium priming as nano-chelate and sulfate on
CVG of corn. The CVG values of non-primed
seeds decreased significantly from 45 to 20 as the
severity of drought stress conditions increased (the
applied water potential decreased from 0 to -
1.5 MPa). Results also showed that with increasing
drought stress the mean CVG values decreased
significantly, so that the maximum and minimum
CVG values (54.5 and 21 germinated seeds day™,
respectively) of corn seeds were obtained at
control and -1.2 MPa water potential, respectively.
Our results were in close agreement with the
findings of Masarat et al. (2014) who reported that
the highest CVG value of corn seeds was obtained
for control and increasing osmotic potential from
Y of 0 to -1.2 MPa, declined CVG significantly.
Jajarmi (2012) showed that CVG of wheat
decreased significantly when drought stress
increased from 0 to -1.2 MPa (19.39 and 11.90
germination seeds per day respectively); although
it was not significant difference between control
and -0.3 MPa drought level.

Findings indicated that when seeds were under
normal condition (without waters tress condition),
application of K-nano-chelate for priming
increased the MGT values, significantly as
compared to that of control (non-primed seeds),
but seed priming with K-sulfate decreased it (for
2 % K-sulfate) or did not change it (for 4 % K-
sulfate), significantly. Findings also revealed that
the mean CVG values of primed seeds were higher
than unprimed seeds. Furthermore, this positive
effect was sharper at low applied level of
potassium nano-chelate i. e. 2 %. It was 39.5 %
more than control. The highest CVG (about 75)
was observed in seeds primed with 2 % K-nano
chelate without any drought stress. Elouaer and
Hannachi (2012) illustrated that CVG of safflower
in NaCl seed priming was higher than control
seeds.
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Table 4: Effect of K priming treatments and drought stress (water potential) on mean germination time (day) and

coefficient velocity germination of corn seeds

Priming Water potential (MPa) Mean
treatment 0 -0.3 -0.6 -0.9 -1.2 -1.5
(%) Mean Germination Time (MGT)

0 1.00 ntt 2.16] 301g 332f 401d 4.67 a 3.03A
NK2 0.83 0 1.78 kl 2.50h 2.161 3.50e 333f 235C
NK4 0.67p 2.05 ij 3.58¢ 4.16 ¢ 3.67¢ 333f 291 B
SK2 2.00j 1.33m 350e 433Db 3.67¢ 0 2.96 B
SK4 1.85k 1.33m 345ef 350e 4.00d 0 2.82 B
Mean 1.27F 1.73 E 321C 349B 377 A 377 A

Coefficient velocity of germination (CVG)

0 45.0d 333f 278 ¢ 20.0 h 20.0 h 20.0 h 27.7C
NK2 75.0 a 42.9 de 38.8¢ 30.0 fg 25.0 gh 25.0 gh 38.6 A
NK4 67.0b 280¢g 313 fg 22.7h 20.0 h 25.0 gh 323B
SK2 333f 557¢ 30.8 fg 25.5 gh 20.0 h 0 33.1B
SK4 52.0cd 44.4d 35.0 ef 333 f 20.0 h 0 347B
Mean 54.46 A 40.86 B 32.75C 24.10D 21.00 E 23.33 E

T Treatments consisted of 0: control, NK2: 2 % potassium-nano-chelate, NK4: 4 % potassium-nano-chelate, SK2:

2 % potassium sulfate and SK4: 4 % potassium sulfate.

™ Means in each row or column followed by the same lowercase or capital letters are not significantly different

(p< 0.05) by Tukey-Kramer's Multiple Range Test.

3.3 Seminal root fresh mass (RFM) and
seminal root dry mass (RDM)

Table 5 shows the effect of drought stress and seed
priming with K treatments on RFM of corn.
Results showed that increasing drought stress from
¥of -0.3 to -1.2 MPa led to significant decrease in
RFM of non-primed seeds. Also the same trend
was obtained for the mean value of RFM over all
of primed and non-primed seeds. The maximum
and minimum mean value of PFM were obtained at
¥ of -0.3 and -1.5 MPa. Our findings showed that
the mean value of RFM decreased significantly by
about of 49, 58, 77 and 93 % compared to that of
control at drought levels of -0.6, -0.9, -1.2 and -
1.5 MPa. Whereas, at -0.3 MPa drought level,
RFM increased about 93 % compared to that of
control. Khakshoor et al. (2011) reported that
drought stress decreased RFM of Anethum
graveolens L. significantly (about 65.1 %). The
reduction in fresh plant mass might be associated
with declined cell growth and enlargement due to
the low turgor pressure under drought stress (Rane
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et al, 2001). Primed seed showed better
performance than non-primed seeds (Table 5).

As results indicated the RFM values of seeds at
normal conditions (without water stress) subjected
to priming with the high level (4 %) of K- nano-
chelate or sulfate were significantly more those of
control or those of seeds primed with low level
(2 %) of K- nano-chelate or sulfate. Furthermore,
the mean value of RFM in seeds subjected to
priming with 4 % K-nano chelate was significantly
more than that of seed priming with potassium
sulfate. Furthermore, the highest levels of applied
K were more effective than the lower levels. The
highest RFM (about 1080 mg) was observed in
seeds primed with 4 % K-nano chelate at -0.3 MPa
water potential, whereas, the lowest RFM (about
10 mg) was observed with application of -1.2 and -
1.5 MPa water potential without priming. Results
showed that the reduction of RFM in seeds primed
with K-nano chelate and potassium sulfate at the
high level of applied drought stress (-1.2 MPa) was
lower than that of seeds without any priming
treatment.
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Table 5: Effect of K priming treatments and drought stress (water potential) on seminal root fresh and dry mass (mg)

of corn seed
Priming Water potential (MPa)
treatmentt 0 -0.3 -0.6 -0.9 -1.2 -1.5 Mean
(%) Seminal root fresh mass (RFM)

0 350 gtft 745d 235] 140 q 10 x 10 x 248 D
NK2 305h 927b 140 q 156 o 175n 40 w 290 C
NK4 620 e 1080 a 2171 220 k 60 v 90t 381 A
SK2 210 m 647 e 150 p 110t 70 u 0 237D
SK4 505 f 820 ¢ 280 1 210 m 150 p 0 327B
Mean 398 B 734 A 204 C 167D 93 E 28 F

Seminal root dry mass (RDM)

0 19 k1 53d 18 Im 17m Sts 4s 19C
NK2 37f 64 c 44 ¢ 29¢g 21j 5r1s 33A
NK4 64 c 78 a 120 241 6 qr 9p 32A
SK2 231 19 kl I5n I5n 1o 0 14C
SK4 27¢g 48 ¢ 26 h 20 jk 120 0 22B
Mean 30B 56 A 23 C 21C 11D 4E

" Treatments consisted of 0: control, NK2: 2 % potassium-nano-chelate, NK4: 4 % potassium-nano-chelate, SK2:

2 % potassium sulfate and SK4: 4 % potassium sulfate.

"' Means in each row or column followed by the same lowercase or capital letters are not significantly different

(p< 0.05) by Tukey-Kramer's Multiple Range Test.

Findings revealed that increasing drought stress
from ¥ of -0.3 to -1.2 MPa led to significant
decrease in RDM of non-primed seeds. Also the
same trend was obtained for the mean value of
RDM over all of primed and non-primed seeds.
Application of drought stress at -0.6, -0.9, -1.2 and
-1.5 MPa water potential, decreased the mean
RDM values by about 23, 30, 63 and 87 %
compared to that of control. Khakshoor et al.
(2011) showed that RDM of Anethum graveolens
L. decreased, significantly with decreasing water
potential. Soltani and Galeshi (2002) believed that
wheat seedling mass loss is due to decline of
storage material in seeds and transfer them from
cotyledons to embryonic axis. Saedi et al. (2007)
reported that in some of wheat cultivars RDM
increased with decreasing osmotic potential to -
0.4 MPa afterward decreased. The RDM values of
seeds at normal conditions (without water stress)
subjected to priming with both of K sources were
significantly higher than that of control.
Furthermore, findings indicated that seed priming
with K-nano chelate increased RDM, significantly
as compared to that of control by about 63 %. The
highest RDM was observed in seed primed with
4 % K-nano chelate at drought stress level of -

0.3 MPa. Massarat et al. (2014) illustrated that
seed priming of maize with distilled water and 1 %
KNO; increased RDM significantly as compared to
that of control.

3.4 Shoot fresh mass (SFM) and shoot dry
mass (SDM)

Table 6 shows the effect of drought stress and seed
priming with K treatments on SFM of corn.
Results showed that increasing drought stress from
Y of 0 to 1.2 MPa resulted in significant decreases
in SFM of non-primed seeds. Also the same trend
was obtained for the mean value of SFM over all
of primed and non-primed seeds. So that, the mean
value of SFM decreased significantly by about of
27, 60, 77, 92 and 97 % as compared to that of
control at ¥ of -0.3, -0.6, -0.9, -1.2 and -1.5 MPa,
respectively. Results showed that the influence of
drought stress on SFM was more severe than on
seminal root. Our results were in close agreement
with the findings of some investigators like
Keshavarz et al. (2013) who believed that at low
drought stress, growth of root and shoot may
stimulate.
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Table 6: Effect of K priming treatments and drought stress (water potential) on shoot fresh and dry mass (mg) of

corn seeds
Priming Water potential (MPa)
treatmentt 0 -0.3 -0.6 -9 -1.2 -1.5 Mean
(%) Shoot * fresh mass (SFM)

0 503 dft 2651 110q 120 0 22 x 20y 173D
NK2 585¢ 627 b 260 j 130 n 60t 40 v 284 A
NK4 690 a 393 h 140 m 100 r 40 v 10z 229 C
SK2 230k 115p 60t 80s 50u 0 89 E
SK4 465 ¢ 415 ¢ 420 f 1501 30w 0 247 B
Mean 495 A 363 B 198 C 116 D 40 E 14 F

Shoot > dry mass (SDM)

0 34d 25e 16 g 13 gh 8 1j 6 jk 17C
NK2 26 ¢ S51a 27 e 10 m 10 h 6 jk 22B
NK4 43 ¢ 37d 12h l4¢g 9 hi 5k 20B
SK2 81ij 7] 7] S5k 21 0 5D
SK4 490 44 ¢ 44 ¢ 22 f 15¢g 0 29 A
Mean 32A 328 A 21C 13D 9E 3F

T Treatments consisted of 0: control, NK2: 2 % potassium-nano-chelate, NK4: 4 % potassium-nano-chelate, SK2:

2 % potassium sulfate and SK4: 4 % potassium sulfate.

™ Means in each row or column followed by the same lowercase or capital letters are not significantly different

(p< 0.05) by Tukey-Kramer's Multiple Range Test.

It has been reported that under drought stress
conditions fresh mass of wheat (Range et al. 2001)
and pearl millet (Kusaka et al. 2005) decreased.
Sankar et al. (2007) showed that reduction of fresh
mass under drought stress conditions might be due
to the suppression of cell expansion and cell
growth resulted from the low turgor pressure.

The SFM values of seeds at normal conditions
(without water stress) subjected to priming with K-
nano-chelate were significantly higher than that of
control. But, seed priming with K-sulfate
decreased SFM of non-water-stressed seeds as
compared to that of control (non-primed seeds),
significantly. However, results indicated that
priming of seeds with 2 and 4 % K-nano chelate
and 4 % potassium sulfate increased the mean
value of SFM, significantly by about of 64, 32 and
43 % as compared to that of control, respectively.
The highest SFM (690 mg) was obtained in seeds
subjected to priming with 4 % K-nano chelate
without drought stress, whereas, the lowest SFM
(10 mg) was observed in seeds primed with 4 % K-
nano chelate at -1.5 MPa water potential. Hopper
et al. (1979) illustrated that seeds priming increases
water absorption from growth medium, for this
reason metabolic activity in seed during
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germination process begins much earlier than
seminal root and shoot appearance. Masarat et al.
(2014) reported that seed soaking of corn with
distilled water and 1 % KNO; increased SFM
significantly by about 26 and 21 %, respectively as
compared to that of control.

Similar to those obtained for SFM, results showed
that increasing drought stress from ¥ of 0 to
1.2 MPa resulted in significant decreases in SDM
of non-primed seeds. Also the relatively same
trend was obtained for the mean value of SDM
over all of primed and non-primed seeds. In other
words, results indicated that SDW decreased,
significantly with reduction of water potential from
-0.3 to -1.5 MPa. These reductions were 34, 59, 72
and 91 % as compared to that of control when
seeds subjected to water potential of -0.6, -0.9, -1.2
and -1.5 MPa, respectively. Decreased plant
biomass has been also reported by Pan et al. (2003)
and Rodriguez et al. (2005) for wheat and Pallenis
maritime (L.) Greuter, respectively. Bhatt and
Srinivasarao (2005) reported that the reduction of
dry mass may be due to the considerable decrease
in plant growth, photosynthesis and canopy
structure as indicated by leaf senescence during
drought stress in Abelmoschus esculentum L.
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The SDM values of seeds at normal conditions
(without water stress) subjected to priming with
high (4 %) levels of K-nano-chelate or K-sulfate
were significantly higher than that of control or
those of seeds primed with low level (2 %) of K.
However, results indicated that that seed priming
led to significant increase in the mean value of
SDM as compared to that of control (except for
2 % K-sulfate). Our findings indicated that the
adverse effect of drought stress on SDM of primed
seed with the high level (4 %) of K-nano chelate
and sulfate was less than that of non-primed seeds.
The highest SDM was observed in seed primed
with 2 % K-nano chelate at -0.3 MPa water
potential. Similar results were found by Sivritepe
et al. (1997) who reported an increase in melons
seedling dry mass for seeds primed with NaClL
Elouaer and Hannachi (2012) revealed that
reduction in germination parameters and seedling
growth was more profound in unprimed seeds than
that of primed seeds of safflower.

3.5 Shoot length (SL)

The effect of drought stress and seed priming with
K-nano chelate and sulfate on SL of corn has been
shown in Figure 1. Similar to those obtained for
SFM and SDM, results indicated that increasing
drought stress from ¥ of 0 to -1.2 MPa resulted in
significant decreases in SL of non-primed seeds. In
other words, results indicated that drought stress
has significant inhibitory effect on SL. The shoot
length of seedling decreased significantly by 15,
33, 62, 85 and 95 % at applied water potential of -
0.3, -0.6, -0.9, -1.2 and -1.5 MPa, respectively.
Ebadi et al. (2011) reported that the shoot length of

Matricaria recutita L. was 6.94 and 2.58 cm in
control and water potential of -0.6 Mpa,
respectively. They also showed that at the lowest
applied water potential germination did not occur.

Results indicated that the SL of germinated seeds
at normal conditions (without water stress)
increased significantly when seeds subjected to
priming with K-nano-chelate. But, seed priming
with K-sulfate had no significant effect on SL of
germinated seeds as compared to that of control.
Furthermore, findings revealed that seed priming
with the highest level (4 %) of K-nano chelate and
K-sulfate increased the mean values of SL over all
of applied water potentials, significantly as
compared to that of control. The highest shoot
length was observed with application of 4 % K-
nano chelate without any drought stress.

3.6 Seminal root length (SRL)

Results indicated the SRL of non-primed
germinated seeds increased when low level of
drought stress (¥ of 0 to -0.9 MPa) were applied,
whereas, applying high level of drought stress (¥
of -1.2 and -1.5 MPa) decreased it significantly.
However, the slightly different trend was obtained
for the mean value of SRL. So that, applying water
potential of -0.6, -0.9, -1.2 and -1.5 MPa decreased
SRL, significantly by about of 33, 57, 81 and 91 %
as compared to that of control, respectively (Figure
2). Khakshoor Moghadam et al. (2011) reported
that with increasing drought stress from -0.4 MPa,
SRL of Anethum gravoelens L. declined,
significantly.
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Figure 1: Effect of water potential (drought stress) and seed priming with potassium on shoot length of corn as

compared to that of control, 0K, OWP.Treatments consisted of drought stress (OWP, 0.3WP, 0.6WP, 0.9WP,

1.2WP and 1.5WP, shows drought stress of 0, 0.3, 0.6, 0.9, 1.2 and 1.5 MPa, respectively), potassium nano-

chelate (0K, 2KN and 4KN shows seed priming with 0, 2 and 4 % of K-nano chelate) and potassium sulfate (0K,

2KS, and 4KS shows seed priming with 0, 2 and 4 % of K sulfate, respectively). Columns by the same lower
letters are not statistically different at the probability level of 0.05 by Tukey-Kramer's Multiple Range Test.
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Figure 2: Effect of water potential (drought stress) and seed priming with potassium on seminal root length of corn
as compared to that of control, 0K, OWP.Treatments consisted of drought stress (OWP, 0.3WP, 0.6 WP, 0.9WP,
1.2WP and 1.5WP, shows drought stress of 0, 0.3, 0.6, 0.9, 1.2 and 1.5 MPa, respectively), potassium nano-
chelate (0K, 2KN and 4KN shows seed priming with 0, 2 and 4 % of K-nano chelate) and potassium sulfate (0K,
2KS, and 4KS shows seed priming with 0, 2 and 4 % of K sulfate, respectively). Columns by the same lower
letters are not statistically different at the probability level of 0.05 by Tukey-Kramer's Multiple Range Test.

Results revealed that the SRL of germinated seeds
at normal conditions (without water stress)
increased significantly when seeds subjected to
priming with K-nano-chelate or K-sulfate.
Furthermore, findings indicated that seed priming
with K-nano chelate and sulfate, increased the
mean value of SRL over all of applied water
potentials, significantly; whereas, high level of
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applied potassium sulfate (4 %) was not effective.
The maximum value of SRL was observed in seeds
primed with 4 % K-nano chelate without drought
stress and at the lowest level of applied water
potential (-0.3 MPa). Farooq et al. (2005) believed
that seed priming due to earlier germination,
resulted in drastic seedlings with more root and
shoot length than that of the seedling of un-primed
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seeds. Our results are in accordance to the finding
of Basra et al. (2003) who reported that wheat
shoot and root length increased in hydro-primed
and matric-conditioned seeds for 12 or 24 h. This
effect might be due to the higher embryo-cell wall
extensibility.

3.7 Vigor index (VI)

Findings revealed that increasing drought stress
from ¥ of -0.3 to -1.2 MPa led to significant
decrease in VI of non-primed seeds. Also the same
trend was obtained for the mean value of VI over
all of primed and non-primed seeds. So that
increasing drought stress from -0.3 to -1.5 MPa
causes a significant decrease in VI of seeds (Figure
3). Results indicated that VI of seedling decreased
significantly by 8, 37, 72 and 91 % in response to

applied water potentials of -0.6, -0.9, -1.2 and -1.5
MPa, respectively. Van Gastel et al. (1996)
illustrated that reduction of seed VI is probably due
to decreasing water availability, which changes
enzyme activity by inducing some problems in the
transfer from endosperm reserves for the growth of
embryonic axes and synthesis compounds of seed.
Organ growth also depends on the speed of
producing new cells and rapidly growing cells that
is negatively influenced by drought stress. Both of
processes are sensitive to cell swelling, but the
sensitivity probably depends on tissue, species or
stress intensity. So that when the seeds are exposed
to drought, flexibility decreased in cells wall
growing, that reduces cell expansion and
consequently organs growth (Natale et al. 2010).
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Figure 3: Effect of water potential (drought stress) and seed priming with potassium on vigor index of corn as
compared to that of control, 0K, OWP.Treatments consisted of drought stress (OWP, 0.3WP, 0.6WP, 0.9WP,
1.2WP and 1.5WP, shows drought stress of 0, 0.3, 0.6, 0.9, 1.2 and 1.5 MPa, respectively), potassium nano-
chelate (0K, 2KN and 4KN shows seed priming with 0, 2 and 4 % of K-nano chelate) and potassium sulfate (0K,
2KS, and 4KS shows seed priming with 0, 2 and 4 % of K sulfate, respectively). Columns by the same lower
letters are not statistically different at the probability level of 0.05 by Tukey-Kramer's Multiple Range Test.

The VI of germinated seeds at normal conditions
(without water stress) increased significantly when
seeds subjected to priming with K-nano-chelate,
whereas this trait decreased significantly when
subjected to priming with K- sulfate. Furthermore,
our findings revealed that seed priming with the
highest (4 %) level of K-nano chelate and K-
sulfate increase the mean value of VI significantly
compared to that of control. The maximum value
of VI was observed with application of 4 % K-

nano chelate at -0.3 MPa water potential. These
observations are in accordance to the findings of
Elouaer and Hannachi (2012) for safflower seeds.
Their results showed that seed priming with NaCl
and KCl increased VI compared to that of control.
Nascimento and West (1998) illustrated that seed
priming increased seed GP and VI due to supply
mobilized food materials, activation and
resynthesis of some enzymes and increased DNA
and RNA synthesis.
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4 CONCLUSION

Results showed that drought stress declined growth
parameters of corn seedling. Seed priming with K-
nano chelate and sulfate improved seedling traits
and enhanced plant resistance to drought stress,
obviously. Application of K-nano chelate for seed

priming was more appropriate and efficient than
K-sulfate. Our findings revealed that it is favorable
to propose suitable seed-priming methods for
different plant seeds to encounter the challenges of
the environment.
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