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Abstract. Thiourea is a potential plant growth regulator that improves stress tolerance potential in a
variety of plants. Exogenous application of thiourea enhanced the growth and yield of plants, but different
concentrations are required by different crops therefore optimization of thiourea is needed for each crop
plant. These experiments were arranged to screen out optimum level of thiourea for maize hybrids at both
whole plant and cellular levels. Two experiments were done, first at whole plant level; two hybrids
DK6789 and 33M15 were used. Thirteen levels of thiourea (0, 200, and 400, to 2400 uM) were applied
through sand application to plants after 15 days of germination, and in second experiment same hybrids
were used to investigate optimum level of thiourea for callusing attributes. Immature embryo were
cultured on N6 (Chu et al) medium supplemented with 3.99¢/L salt, 3% sucrose, 2.5 g/L proline, 0.2g/L
casein hydrolysate, 2,4-D 2g/L, AgNO; 0.015 g/L, and agar 8g/L. Above applied levels of thiourea were
supplemented to callus induction medium. Among all applied thiourea levels, 400 uM thiourea level was
found to be most effective. Thiourea significantly improved in vivo attributes like shoot and root length,
fresh and dry weights of shoot and root, leaf area and shoot/root mass ratio. Thiourea was also found very
effective in improving in vitro attributes especially improved callus quantity and quality. This could be a
great achievement towards better maize genetic transformations for development of resistant crops.
Keywords: soil application; immature embryo; embryogenic callus; plant regeneration; genetic
transformation

Abbreviations: 2, 4-D (2, 4-Diholorophenoxyacetic acid)

Introduction

Any factor that is negatively affecting the plant growth and developing and declining
plant biomass and yield is referred to as stress. Stress may be due to biotic and abiotic
factors. Substantial reductions in crops have been observed under abiotic stresses
(Hassine et al., 2010; Ayari, 2014). Abiotic stresses such as salt stress causes great
reduction in growth by acting as the most limiting factor for plants (Misra and Saxena,
2009; Hayat et al., 2012; Tripathi et al., 2007). The salinity toxicity is associated with
(1) water stress (low osmotic potential in soil), (2) nutritional imbalance, (3) specific ion
effect or (4) combination of all these factors (Tripathi et al., 2007; Hayat et al., 2012).
By virtue of these factors, the salt stress deteriorates the proliferation (quantity) and
color and texture (quality) attributes of callus (Sharma et al., 2013). During past few
decades, considerable improvements have been made in field of crop sciences through
conventional breeding methods, using selected hybrids and by employing the tissue
culture techniques (Ashraf and Haris, 2004).
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It is a hard fact that conventional breeding methods are unable to keep pace with the
rapidly growing population due to being long time consuming in performing wide
crosses (Ombori et al., 2008). It is believed that selection of tolerant crops at whole
plant and cellular levels is quite reliable to get better crop yields (Ikram et al., 2014;
Ikram and Javed, 2015). The biotechnological approach is additional compliments to
conventional selection and breeding approaches to achieve desired levels of maize
production in relatively shorter period of time with great agricultural value (Chen et al.,
2008; Cheng-Hao et al., 2008; Joshi et al., 2009, 2010; Hakeem et al., 2012).

Exploitation of prompt and inexpensive means being employed these days (Oduor et
al., 2006). Tissue culture techniques can be used for efficient propagation of stress
tolerant lines, and to study the whole plant mechanism of stress tolerance (Ahmad et al.,
2013; Joshi et al., 2010). Among the most effective approaches, the exogenous
application of eco-friendly stress alleviating growth bioregulators as seed priming, foliar
spray or soil application are in use (Asthir et al., 2013). In this respect many growth bio-
regulators, many nitrogenous compounds, sulfur compounds, inorganic salts, natural or
synthetic growth promoters such as kinetin, glycinebetain, proline, trehalose, thiourea
and nitrates are well known (Khan and Unger et al., 2001).

Thiourea is a nitrogen and sulfur containing compound and is being widely used for
crop yield improvement studies. Use of thiourea significantly improved plant growth in
terms of root and shoot weight, height and number and leaf area (Perveen et al., 2013,
2015). Thiourea not only improved growth at whole plant level but it also enhances
growth at cellular level under stress (Ikram et al., 2014, 2015). It significantly improved
fresh and dry weights under stressed condition (Siddiqui et al., 2006). Salt stress causes
oxidative damage to plants at whole plant in barely (Yonova et al., 2009) and at cellular
level in maize (Abdelkader et al., 2012).

The objective of this research was to assess the best level of thiourea at which it
gives best amelioration of salt stress by two maize hybrids. Growth parameters are the
best indicators of plant response to any type of stress (Bhardwaj et al., 2009; lkram et
al., 2015). That’s why all results were assessed on the basis of morphological
parameters at both whole plant and cellular level, to determine whether thiourea is
effective at cellular level as well as at whole plant level.

Material and Methods
Whole plant level

This experiment was conducted in autumn season 2013 in Old Botanical Garden
University of Agriculture Faisalabad. Seeds of two selected maize genotypes (DK6789
and 33M15) were sown in plastic pots containing river sand. After complete
germination, the seedlings were irrigated with half strength Hoagland’s solution with
three days interval (Hoagland and Arnon, 1950). The experiment was completely
randomized with three replicates. After fifteen days of germination half of the pots of
each maize hybrid were subjected to 0 and 120 mM (NaCl) in combination with
different concentrations of thiourea (Table 1) in two planting seasons for morphological
and growth studies and half of pots without any treatment were left for yield and cobs
(immature embryos) were utilized for in vitro studies. After fifteen days of salt
application, data was taken for growth parameters such as shoot and root length (cm),
shoot and root fresh weights (g), shoot and root dry weights (g), leaf area (cm?), number
of roots and leaves.
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Table 1. Different combinations of thiourea applied with NaCl for screening in two maize
hybrids

NaCl (mM) Thiourea (uM)
0 0, 200, 400, 600, 800, 1000, 1200, 1400, 1600, 1800, 2000, 2200, 2400
120 0, 200, 400, 600, 800, 1000, 1200, 1400, 1600, 1800, 2000, 2200, 2400

Callus level

This part of experiment was carried out in Somatic Cell Genetics Laboratory, Centre
of Agricultural Biotechnology and Biochemistry, University of Agriculture Faisalabad.

Plant material

Cobs of all the six maize hybrids P1543, 34N43, 31P41, DK6789, 33M15, 32B33
were collected 14-20 days after anthesis from the plants grown in Old Botanical Garden,
University of Agriculture Faisalabad.

Immature embryo dissection

Cobs were sterilized and dehusked using Songstad et al. (1996) method. In large
autoclaved Petri plate kernel crown was cut off with a sharp scalpel blade (top 1-2mm).
Embryos were excised according to Songstad et al. (1996) method of embryo dissection.
The embryos were generally coaxed on the spatula tips and plated with the embryo axis
side down and scutellum side up on the medium. 10 to 12 embryos were cultured on
each plate as presented in Picture 1 (all steps of immature embryo culture; harvesting to
dissection of immature embryo are illustrated in the picture).

Callus induction and proliferation

Immature embryo were cultured on N6 (Chu et al., 1975) medium supplemented
with 3.99¢g/L salt, 3% sucrose, 2.5 g/L proline, 0.2g/L casein hydrolysate, 2,4-D 2g/L,
AgNO; 0.015 g/L, agar 8g/L. Above levels of thiourea were supplemented to callus
induction medium (Danson et al., 2006). The cultures were incubated in dark for callus
induction and proliferation. The callusing explants were sub cultured on fresh medium
with same composition devoid of AgNO; for further proliferation (Jakubekova et al.,
2011). The data was recorded for callogenesis and its various traits after 1 week of
explants culture on callus induction medium. The cultures with proliferated calli were
transferred to regeneration media, comprised of MS salts with different growth
regulators in different combinations for enhanced regeneration.

Selection of thiourea level

Immature embryo cultures of two selected maize hybrids that performed well for callus
proliferation and regeneration were screened for thiourea treatments alone. Immature
embryos were directly cultured on Media containing different combinations of thiourea
(0, 200, 400, 600, 800, 1000, 1200, 1400, 1600, 1800, 2000, 2200 and 2400 pM).
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Direct shoot emergence percentage (%)

Percentage of callus induction for best hybrid assessment was recorded by using the
percentage formula:
% direct emerging shoot = (No of direct emerging shoot/total no of embryos cultured)
x100 (Eq.1)

Direct root emergence percentage (%)

Percentage of callus induction for best hybrid assessment was recorded by using the
percentage formula:
% direct emerging root = (No of direct emerging root/total no of embryos cultured)
x100 (Eq.2)

Percent callus induction for hybrids

Percentage of callus induction for best hybrid assessment was recorded by using the
percentage formula:
%callus induction= (No of embryos showing callus induction/total no of embryos
cultured) x100 (Eq.3)

Callus Morphology

Callus texture, callus color, callus type, callus amount were recorded for different
treatments of thiourea. All the cultures mentioned above were transferred to new fresh
media at 2 week intervals. Visual scoring data was recorded as (++++ = Best callus
Induction, +++ = Good callus, ++ = Low callus formation, + = very low callus
formation, --- = No callus)

Picture 1. Procedure of immature embryo culture (a. plants in garden, b. cob of 14 days old, c.
cob removed from plant, d. dehusked cab, e. embryo dissection, f. dissected immature embryo)

Statistical Analysis

A three way analysis of variance was applied by computer software COSTAT was
used for all statistical analysis and MS-Excel was used for graphical presentation of
data. The means and standard errors were computed from each treatment. The data
collected were analyzed statistically through ANOVA using LSD test at 5% of

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 14(5): 1-18.
http://www.aloki.hu @ ISSN 1589 1623 (Print) ® ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1405_001018
© 2016, ALOKI Kft., Budapest, Hungary



Sanaullah et al.: Optimization of thiourea level for maize hybrids
-5-

significance for comparing the difference among treatments. Analyses of variance were
performed separately for each analysis. Treatment means were marked with alphabets
when HxSXTU interactions were significant.

Results
At whole plant level
Shoot length

Results revealed significant (P<0.01) differences in the maize hybrids, salinity and
different concentrations of thiourea. A detailed comparison of different treatments
showed that increasing shoot length behavior was observed with thiourea
supplementation in control as well as under salt stress. Maximum increment was
observed at 400 uM and up to 12% more in non-stressed condition. After 600 uM
supplementation further increase in the concentration of thiourea, shoot length of both
the hybrids decreased, the lowest shoot length was found at 2400 uM of hybrid 33M15
and DK6789 especially at 120 mM NaCl (~3 and 9% respectively). The comparison of
two hybrids showed the reduction of 6% and 12% in shoot length of DK6789 more than
hybrid 33M15 at 0 and 120 mM NaCl (Table 3; Fig. 1A).

Table 3. Mean squares from analyses of variance of data for growth attributes, when 15-
days old Zea mays plants were subjected to varying levels of thiourea for 15 days under
control or saline conditions.

\S/c;urirgﬁg df  Shoot length Root length  Shoot f. wt. Root f. wt. Shoot d. wt.
Hybrids (H) 1 1902.61*** 485.36*** 2403.801*** 271.47%** 20.64***
Salinity (S) 1 1322.03*** 328.47*** 10935.23*** 585.22%** 185.34***
Thiourea (TU) 12 5981.94*** 1223.26***  8251.51*** 213.59*** 92.48***
Hx S 1 470.54*** 30.90** 82.86** 98.54*** 1.86***
Hx TU 12 106.41** 12.39%** 134.61*** 6.502*** 1.24%%**

S xTU 12 121.24** 10.65*** 975.21*** 27.23*** 12.53***
Hx SxTU 12 51.43ns 13.44%** 69.802*** 10.52%** 0.79%**
Error 104 40.44 3.003 10.05 1.48 0.04
\S'/c;urir;ﬁg df Root d. wt. Leaf area Shoot/Root ratio
Hybrids (H) 1 20.64*** 17065.38*** 12.72 ***
Salinity (S) 1 185.34*** 121033.32*** 5.91**

Thiourea (TU) 12 92.48*** 67979.76*** 5.602***

Hx S 1 1.86%** 2653.32 ns 8.206 ***

Hx TU 12 1.24%** 1104.96 ns 1.22*

SxTU 12 12.653** * 5285.13*** 0.95 ns

Hx SxTU 12 0.79*** 1296.98 ns 1.36*

Error 104 0.04 800.15 0.59
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Figure 1. Changes in shoot length and root length of two maize hybrids at different
concentrations of thiourea under non-saline and saline conditions

Root length

Analysis of variance showed significant (P<0.01) difference in the maize hybrids,
salinity and thiourea levels. Maize hybrids when treated with different treatments of
thiourea under non-saline and saline conditions behaved differently. Thiourea
treatments when compared showed that 400 uM increased root length of 33M15 and
DK6789 up to 7% more than non-treated plants. After 600 uM treatment as the
concentration of thiourea increased, root length of both the hybrids decreased, the
lowest root length was found at 2400 uM of hybrid 33M15 and DK6789 especially at
120 mM NaCl (~12 and 21% respectively). The comparison of two hybrids showed the
reduction of 12% and 21% in root length of DK6789 more than hybrid 33M15 at 0 and
120 mM NaCl (Table 3; Fig. 1B).

Shoot fresh weight

Results showed thiourea significantly affected shoot fresh weight of maize hybrids
under salinity (P<0.01). When different levels of thiourea compared it was found that
400 uM increased shoot fresh weight of 33M15 and DK6789 up to 41 and 43% more
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than non-treated plants. After 600 uM as the thiourea concentration further increased,
shoot fresh weight of both the hybrids started to decrease; the lowest shoot fresh weight
was found at 2400 uM of hybrid 33M15 and DK6789 especially at 120 mM NaCl (~6
and 13% respectively). The comparison of two hybrids showed the reduction of 6% and
13% in shoot fresh weight of DK6789 more than hybrid 33M15 at 0 and 120 mM NacCl
(Table 3; Fig. 2A).
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Figure 2. Changes in shoot fresh weight and root fresh weight of two maize hybrids at different
concentrations of thiourea under non-saline and saline conditions

Root fresh weight

Data revealed significant (P<0.01) difference in maize hybrids salinity and thiourea.
Data showed that 400 uM thiourea increased root fresh weight of 33M15 and DK6789
up to 49 and 51% more in control. As the concentration of thiourea increased after 600
uM, root fresh weight of both the hybrids decreased, maximum reduction was observed
at 2400 uM thiourea that decreased root fresh weight of hybrid 33M15 and DK6789
especially at 120 mM NaCl (~22 and 19% respectively). The comparison of two hybrids
showed the reduction of 24% and 21% in root fresh weight of DK6789 more than
hybrid 33M15 at 0 and 120 mM NaCl (Table 3; Fig. 2B).
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Shoot dry weight

The data indicated significant (P<0.01) differences in maize hybrids, salinity and
thiourea levels. Results revealed that thiourea increased shoot dry weights of both the
hybrids under non-saline and saline conditions. 400 uM thiourea increased shoot dry
weight of 33M15 and DK6789 up to 42 and 51% more in control. As the concentration
of thiourea increased, shoot dry weight of both the hybrids started to decrease, 2400 uM
thiourea decreased shoot dry weight of hybrid 33M15 and DK6789 especially at 120
mM NaCl (~27 and 38% respectively). The comparison of two hybrids showed the
reduction of 28% and 40% in shoot dry weight of DK6789 more than hybrid 33M15 at
0 and 120 mM NaCl (Table 3; Fig. 3A).
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Figure 3. Changes in shoot dry weight and root dry weight of two maize hybrids at different
concentrations of thiourea under non-saline and saline conditions

Root dry weight

It is noted from the data that significant difference existed in the maize hybrids
(P<0.01), salinity and different concentrations of thiourea used for root fresh weight.
The concentrations of thiourea when compared showed that thiourea with 200, 400,
600, 800 and 1000 uM improved root dry weights by 45, 60, 62, 62, 60% in 33M15
while by 28, 62, 72, 63, 48% in DK6789 at the respective levels in non-treated plants.
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As the concentration of thiourea increased, root dry weight of both the hybrids
decreased, 2400 uM thiourea decreased shoot dry weight of hybrid 33M15 and DK6789
especially at 120 mM NaCl (~35 and 24% respectively). 33M15 hybrid showed 27 and
16% more root dry weights as compared to hybrid DK6789 at 0 and 120 mM NaCl
treatments (Table 3; Fig. 3B).

Leaf area

Results regarding leaf area per plant indicated that maize hybrids, salinity and
thiourea levels exerted significant (P<0.01) effects. As regards the concentrations of
thiourea, treatments with 200, 400, 600, 800and 1000 uM improved leaf area by 28, 15,
31, 24, 20% in 33M15 while by 39, 28, 23, 32, 27% in DK6789 at the respective levels
in control. As the concentration of thiourea increased, leaf area of both the hybrids
decreased, 2400 puM thiourea decreased leaf area of hybrid 33M15 and DK6789
especially at 120 mM NaCl (~9% respectively). 33M15 hybrid showed 17 and 8% more
leaf area as compared to hybrid DK6789 at 0 and 120 mM NaCl treatments (Table 3;
Fig. 4A).
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Figure 4. Changes in leaf area and shoot root ratio of two maize hybrids at different
concentrations of thiourea under non-saline and saline conditions
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Shoot/root ratio

Data suggested that there was significant (P<0.01) difference in the maize hybrids
salinity and different concentrations of thiourea used for shoot/root ratio. Comparison of
concentrations of thiourea showed reduced shoot/root ratio of 33M15 hybrids under
non-saline and saline conditions. 200 uM thiourea increased shoot/root ratio of 33M15
and DK6789 up to 12 and 0.8% more in control. As the concentration of thiourea
increased, shoot/root ratio of both the hybrids increased, 2400 uM thiourea increased
shoot/root ratio of hybrid 33M15 and DK6789 especially at 120 mM NaCl (~19 and
12% respectively). The comparison of two hybrids showed improvement of 16% and
11% in shoot/root ratio of DK6789 more than hybrid 33M15 at 0 and 120 mM NacCl
(Table 3; Fig. 4B).

Although all the concentrations of thiourea were effective in enhancing shoot and
root length, shoot and root fresh and dry weights, leaf area and shoot/ root ratio, the 400
uM thiourea was found most effective in both the maize hybrids under control as well
as salt stress. As far as hybrids are concerned 33M15 was much better responsive to
thiourea and all of its concentrations than DK6789. As regards the use of different
concentrations of thiourea, the 400 uM thiourea level was found most effective.

At callus level
Morphological parameters

A comparison of thiourea treatments for direct emerging shoot and root and callus
induction among two maize hybrids for thirteen varying levels of thiourea was
measured on a 7 day interval for up to 42 days of immature embryo culture on N6 2
medium.

Direct emerging shoot percentage

Statistical analysis of data revealed significant (P<0.01) differences in the hybrids
and thiourea. 33M15 showed more direct shoot emergence response at 400 uM
thiourea. 80-95 percent immature embryos produced shoot before callus induction
started. Least value for direct emerging shoot percentage was recorded for 33M15 at
2400 pM (Table 4; Fig. 5A).

Direct emerging root percentage

Hybrids exerted non-significant (P>0.05) effects and thiourea levels exerted
significant (P<0.01) effects (Table 4; Fig. 5B). 33M15 showed maximum value at 400
uM thiourea. 85-95% immature embryo produced root before callus induction. No
direct rooting was recorded for 33M15 at 2400 uM.

Callus induction percentage

Analysis of data indicated non-significant (P>0.05) differences among hybrids and
significant (P<0.01) differences among thiourea levels. Maximum value for both
hybrids was found at 400 puM thiourea (Picture 2). 33M15 showed more callus
induction % at 400 uM thiourea. 90-95% immature embryos produced callus. Almost
zero callus induction % was recorded at 2400 uM (Table 4; Fig. 5C).
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Picture 2. Data recorded at 2 weeks interval after 1st culture. Plate is arranged according to
two week interval data for 33M15 hybrid.

Table 4. Mean squares from analyses of variance of data for callus attributes of Zea mays
immature embryo when subjected to varying levels of thiourea for 8-weeks under control or
saline conditions.

Source of df  Direct emerging shoot Direct emerging root Callus induction %
Variance % %

Thiourea (TU) 12 4123.58*** 7420.24*** 10421.15%**
Hybrid (H) 1 984.61*%** 10.15ns 69.471154 ns

Hx TU 12 105.83** 60.54** 58.794071**

Error 78 3149 19.97 21.43

*, ** and *** = significant at 0.05, 0.01 and 0.001 levels respectively; ns = non-significant
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Figure 5. Changes in direct emerging shoot and root and callus induction of two maize hybrids
at different concentrations of thiourea

Morphological characterization of calli

Callus-related traits like callus color, texture and proliferation rate were assessed for
immature embryo-derived callus for different thiourea levels. These variations are
marked in Table 2. Callus cultures induced from immature embryo of maize hybrids
showed variation in callus proliferation, color and type under the influence of different
thiourea levels. Hybrid 33M15 embryo-derived calli showed cream yellow and friable
callus with maximum proliferation (++++) on 400-600uM thiourea level. While at
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higher levels at 1200 uM and above thiourea acted as a toxic agent towards callus
growth and proliferation. While DK6789 showed maximum callus proliferation (++++)
on 400-600uM thiourea level at 1000 uM and above thiourea started to hinder callus
growth and proliferation. The lowest or zero potential for callus proliferation (-----) was
observed at 2000 uM thiourea and totally stopped at 2400 uM thiourea. Picture 2 is a
plate of visual recordings of different thiourea treatments. Photographs were taken at 2
weeks interval for twelve consecutive weeks. Maximum callus proliferation with
highest regeneration capacity was observed at 400 uM thiourea (Picture 2 f,g,h,1,j).

Table 2. Morphological characterization of callus at different levels of thiourea

Hybrids Thiourea Tretments Amount Colour Texture Quality

DK6789 onM +,++ Cream Watery Soft
100 pM +,++, Cream Yellow Watery Soft
200 pM +4, o+ Cream Yellow Crystalline Compact
400 pM +t, -+ Yellow Crystalline Compact
600 uM ++++ Yellow Crystalline Compact
800 uM +++ Yellow Crystalline Compact
1000 pM +++ Yellow Brown Crystalline Compact
1200 pM ++ Yellow Brown Crystalline Compact
1600 pM ++ Brown Crystalline Compact
1400 pM + Brown Crystalline Compact
1800 pM + Brown Watery Soft
2000pM | Brown Watery | -
200pM | | Watery | -
24900pMg | | Watery | -

33M15 0 pM +,++, Cream Watery Soft
100 pM +, 4+t Cream Yellow Watery Compact
200 uM ++, -+ Cream Yellow Crystalline Compact
400 pM +++,++++ Yellow Crystalline Compact
600 uM +++,++++ Yellow Crystalline Compact
800 uM +++ Yellow Crystalline Compact
1000 pM ++,+++ Yellow Brown Crystalline Compact
1200 pM ++,+++ Yellow Brown Crystalline Compact
1400 pM +, 4+ Brown Crystalline Compact
1600 pM +,++ Brown Crystalline Compact
1800 pM +,++ Brown Watery Soft
2000 pM + Brown Watery Soft
2200 pM + Brown Watery Soft
2400pM | Brown Watery Soft
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Discussion

Elevated levels of soluble salts in the soils as well as water are a pervasive threat in
arid and semi-arid regions resulting in restricted growth and production of most of the
crops. So, enhanced crop yield is of dire need to overcome food insecurity prevalent
these days in many countries of the world. Despite the substantial importance of maize
because of its multiple uses, the optimum yield of the crop is not being achieved due to
a number of environmental factors including salinity stress. Salinity causes oxidative
damage (Wahid et al., 2007; Farooq et al., 2008) but exogenous application of thiourea
(it has imino and thiol functional groups) provides a ready source of nitrogen and thiol
which has great role in alleviating oxidative damage in plants. Improved growth
parameters in maize observed with thiourea application (Hassanein et al., 2015).
Thiourea is a potential plant growth regulator (Flowers, 2004; Wahid, 2007; Farooq et
al., 2009). Clear action or mode of action of thiourea is not understood yet but may be
involved in chelation process or involved in storage in vacuole, mobilization of
nutrients which indirectly enhances the biomass and accelerate growth by reducing
oxidative damage (lkram et al., 2014). Primary action of thiourea is to improve net
assimilation efficiency of plant by alleviating salinity damage to photosynthetic area
which is crucial for stress tolerance (Anjum et al., 2011). Thiourea application in root
promotes development of roots, which has been identified as a major trait in giving
salinity tolerance to sugarcane (Wahid et al., 1997), wheat (Mane et al., 2010), barley
(Zaltauskaite and Sliumpaite, 2013) and in maize hybrids (Perveen et al., 2015).

Role of thiourea, in salinity tolerance with respect to growth was observed in
selected maize hybrids. Salt stress caused a marked suppression in growth. However,
exogenously medium supplemented varying levels of thiourea significantly promoted
growth at both whole plant and cellular level. Of 13 varying levels (0, 200, 400, 600,
800, 1000, 1200, 1400, 1600, 1800, 2000, 2200, 2400 uM) of thiourea 400 uM was
found most effective in improving growth of maize plants under saline regimes for
33M15. That thiourea application promoted development of roots which has been
identified as a major trait in giving stress tolerance. Findings of this research indicated
that under salinity stress, shoot and root length (Fig. 1A, 1B), fresh (Fig. 2A, 2B), and
dry weights (Fig. 3A, 3B), leaf area (Fig. 4A) and shoot/root mass ratio (Fig. 4B)
reduced and their damages were greatly improved by application of thiourea, better
growth was observed in 33M15. Increased plant height, leaf area, dry matter is the result
of thiourea application (Jharia, 2002). Thiourea is involved in chlorophyll biosynthesis,
ultimately improving growth (Akram and Ashraf 2011a, b). Exogenous application of
thiourea proved to be very effective in improving salinity tolerance in a variety of plants
(Youssef and Awad, 2008). Increased fresh and dry weights with thiourea medium
supplementation were observed due to accelerated cell multiplication (Mayer, 1956;
Gibberd et al., 2002; Wahid, 2004).

Because of increasing population classical methods are not enough to meet a world
food demand, that’s why tissue culture and genetic engineering methods are, required
(Jedidah et al., 2006). Genetic engineering is one of the options for the improvement of
maize genetic manipulation techniques and it holds great promise in improving
productivity percentage (Frame et al., 2002). In our research work, a highly
reproducible tissue culture system has been established for selected maize genotypes.
During this research hybrids performed differently. The study indicated that maize
genotypes 33M15 was found best responsive genotype (picture 2). So 33M15 hybrid
have the potential for future exploitation in transformation approaches for improved
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maize crop production. Exogenously applied inorganic salts and nutrient solutions are
helpful in improving callus quality by enhancing tolerance and accelerating cell
divisions (Sairam and Tyagi, 2004; James et al., 2006; Wahid, 2007; Ikram et al., 2014).
In our findings 400 uM thiourea level was indicated as best among all levels (Fig. 1,2
and 3). Thiourea treatment significantly improved direct emerging shoot and root
percentage and improved callus induction up to 90 percent (Fig. 5A, 5B, 5C).

Overall, thiourea application was highly effective for both In Vivo and In Vitro
studies in improving the growth and physiological attributes under salinity. In case of
tissue culture studies, it was found that medium supplemented thiourea improved the
callus attributes, which were primarily linked to accelerated cell divisions. This
suggested that thiourea has a specific mechanism for alleviating the adversaries of
salinity.

Conclusions

Hybrid performed good at whole plant level also performed better at cellular level
and optimum level of thiourea is same for In Vivo and In Vitro studies. Furthermore, as
noted from the changes in most of the maize attributes in this research there is a need to
explore the anticipated signaling properties of thiourea in gene expression of salt
stressed maize.
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