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CERTAIN STRUCTURAL RESPONSES OF TWO MAIZE CVS.
DIFFERing IN THEIR SALT TOLERANCE TO TRACE-
ELEMENTS UNDER SALINE CONDITIONS
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- Agric. Botany Dept., Fac. Agric., Mansoura Univ., Mansoura, Egypt.

ABSTRACT

The effects of both salinity at 2.5 dsm' and foliar application with some
trace-elements, ie., Zn, Fe and Mn each alone or in combination on growth and
anatomical structure of both roots and leaves of two maize cultivars differing in their
salt tolerance were investigated. The role of the trace-elements on recovery the
adverse effects of salinity was also studied.

Salinity at 2.5 dsm’ significantly decreased plant height, leaf area
(cmzfplant). number and length of adventitious roots during the two growing seasons.
The effects of salinity was more pronounced in sait sensitive cultivar, (two 310) than
the other one. Under both salinized and non-salinized conditions, treatments with
micronutrients each alone or in combinations not only increased all the above
mentioned growth parameters compared with control, but also counteracted the
harmful effects of salinity. Treatments with zinc alone or in combination were the
most effective in this respect.

Anatomically, salinity decreased root diameter, exodermis thickness, cortex
thickness, endodermal layer thickness and vascuiar cylinder diameter. In addition,
salinity decreased thickness of the leaf in keel region, upper and lower epidermis and
mesophyll tissue as well as large vascular bundie dimensions due to its effects on
decreasing thickness of xylem and phloem tissues. Metaxylem vessel diameters were
also decreased. Trace-element treatments gach alone or in combinations increased
all the above mentioned anatomical parametars. Treatment with zinc alone or in
combination proved to be more affective in this respect.

it seems that, develcpment of an extensive root system, formation of
aerenchyma in the cortex tissue, early formation of exodermis play an important role
not only in the adaptive mechanisi to salinity but also in improvement plant toleranca
to salinity.

Keywords: Maize, salinity, salt tolerance. trace elements, Zinc, fron, Manganese,
ptant structure.

INTRODUCTION

Efforts have been made to increase the agricuitural production to
overcome the food gap by reclamation non-productive soils andfor using al)
sources of low quality water (El-quosy et &/, 1997).

Maize, Zea mays L., (Poaceae) is an economical important cereal
crop in Egypt, when exposed to salt stress of various degrees under field
conditions, plant growth and yield were reduced. The growth and productivity
of corn, such as any plant species are limited by genotypes, and influenced
by the environmental conditions.

Salinity is a major environmental constraint limiting the growth and
yield of crop plants in many semi-arid and arid regions (Maggio et al,
2001).5alt stress had greater deleterious effects on growth, morphology and
anatomy of plant organs (Huang and Redmann, 1995). Adverse effects on
plant growth and metabolism as a response 1o soil salinity are related with
numerous structural changes inciuding earlier accurrence of lignification, root
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aerenchyma formation and/or early development of large vacuoles (Reinhardt
and Rost, 1995 a and b and Garicia ef al., 1997). They added that these
anatomical features are usually considered to be adaptive to salinity.
Schward et al (1991) noted that plants may responded to form aerenchyma
during salinity stress to compensate the reduction in metabolic activity due to
salinity. §
Trace-elements, especially Zn play an important role in adaptation to
salinity stress through its effect on improving plant growth (Maggio et al.,
1997), enhancement vascular cylinder formation and preventing the
distructural effect of salinity (Gadallah and Ramadan, 1997).

The objective of this investigation was fo study the effects of both
salinity and the fertilization with Zn, Fe and Mn each alone or in combination
as foliar application on growth and anatomical structure of both root and leaf
of two maize cultivars differed in their salt tolerance.

MATERIALS AND METHODS

A preliminary pot experiment was carried out in the greenhouse and
laboratories of Agric. Botany Dept., Fac. of Agric., Mansoura Univ., to
investigate the capability of the two corn cultivars to grow under different
salinity levels, i.e., 2.5, 5.0 and 7.5 dsm-1. The main experiments were
conducted according to the results obtained from the preliminary experiment
including only low salinity level (2.5 dsm-1), since the two corn cvs. varied
greatly in their response to the high salinity levels(5 and 7.5 dsm-1) levels
and severe damage was recorded on cv. Two 310 (salt-sensitive cultivar),
which failed to grow up till tasselling stage:

1- Plant materiai and experimental conditions:

Two pot experiments were carried out in the experimental farm and
laboratories of Agric. Bot. Dept., Fac. of Agric., Mansoura Univ., Mansoura,
Egypt, during the two growing seasons of 2002 and 2003. Each pot (40 cm
diameter) was filled with 20 Kg of clean washed sandy soil.

2- Planting:

Uniform grains of the two cultivars of maize, C1 : Bachair 13 (sait-
tolerant cultivar) and C2 : Two 310 (sait-sensitive cultivar) were obtained from
the local hybrids which registered by Agricultural Research Center {ARC),
Ministry of Agric., Egypt. The grains of both cultivars were sown (5 grains per
pot) on the first June during the two growing seasons. The other agricultural
practices were done according to those recommended by the Ministry of
Agriculture. The pots were arranged in a complete randomized design with
three replications. Each replicate contains 48 pots. After two weeks from
sowing, the plants were thinned to leave only 2 uniform seedlings per pot.
The pots were divided into four groups as follows:

1- The first group, was not subjected to salinity and sprayed with distilled
water (controf plants).

2- The ‘second group of plants was irrigated with artificial sea water at (2.5
dsm’™).

3- The third group of plants was sprayed with trace-elements individually or
in combination.
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4- The fourth group of plants was irrigated with saline solutions and sprayed
with trace-glements.

The salinization process was done one month before sawing in both
seasons to reach the soil at equilibrium,

3- Trace-element treatments;

Plants were sprayed with either of foliated zinc 15 v. chelated
(EDTA), or foliafeed chelated manganese 15% or folifeed chelated iron 13%
at recommended doses {100, 100 and 80 ppm, respectively.

Spraying tock place twice till dripping during the vegetative growth period (20
and 30 days from sowing. The trace-elements were applied each alone or in
combinations.

4- Sampling dates and data recorded:

At tasseling growth stage (65 days from sowing) plant height (cm 4
number and length of adventitious roots were recorded as well as leaf area
{cm2/plant) was calculated according o Quarrie and Jones {1979).

5- Anatomical studies:

For the anatomical studies, specimens {10mm) were taken from the
basal part of an adventitious root formed on the first basal node and from the
middle part (5 X 5 mm) of the 3" leaf blade (including the keel region) from
the plant tip of the two maize cultivars. Samples were fixed in FAA, 10%
alcohol solution, dehydrated in ethy! alcohol series, cleared with xylene and
embedded in paraffin wax (55-58°C-m.p.).

Cross sections (12-15 um) thick were prepared by a rotary microtome,
stained with saffranin-light green combination, cleared in clove ol and
mounted in Canada balsam (Gerlach, 1977). Sections were examined
microscopically.
5- Statistical analysis:

The data were statistically analyzed according to Gomez and Gomez
(1984),

RESULTS AND DISCUSSION

1- Growth and morphological characters:
1.1 Observation during growth:

Generally, the plants of the two cultivars were dwarfish and grown
slowly under salinity as well as unhealthy in general appearance. Plants
showed obvicus changes in colour compared with the control plants, the
rates of the leaf formation and leaf size were much reduced. The leaves of
the two cultivars became dull coloured and often bluish-green. Plants of
cullwar {2} failed to grow up to the tasseling stage at salinity level abave 2.5
dSm™. However, the effect of salinity was more pronounced in cultivar {2}
than cultivar (1) throughout the experimental period during the two growing
seasons. Such symptoms may be atiributed Yo disturbances in various
metabolism processes (Muthukumarasamy and Panneerselvam, 1997).

Data in. Tables (1 and 2) show that salinity at 2.5 dsm-1 significantly
decreased plant height, leaf area (cm %plant), number and length of
adventitious roots during the two growing seasons. The effects of salinity
were morg proncunced in the salt sensitive cultivar, Two 310 than the other
one.
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Table (1): Effects of salinity, trace elements and their interactions on
plant height and number of adventitious roots during the two

growing seasons of 2002 and 2003.

ant helght {cm) 1 Leaf area {cm7/plant}
?-alinllty Fenicha — - - Seasons 55
ave 3 2 003
dsm'? elements tult%vars 1 200

C1 C2 (] CZ C1 C2 [*5] C2

‘Control 1249 | 10B.1 17253 [ 1085 | 1031 | 948 | 1034 | 985
Zn 311 1122 | 131.5 112. 109.5 | 104.3 08.2 | 104.3
Mn 126.8 1 109.2 | 127. 108, 104.7 | 959 1 1046 1 1016

0 Fa 1272 1 1094 1 1272 | 1108 | 1058 | 98.5 | 1058 | 102.7
Zn+Mn 131.0 1103 | 1318 | 11386 1126 | 107.7 | 110.4 | 1109

Zn+Fe 131.4 1122 1 1315 112.3 110.1 110.7 1126 | 111.7

~Mn+Fe 127.4 13.2 1 1275 [ 1099 | 1076 | 956 | 1099 | 1105
Zn+Mn+Fe | 1315 14. 132.4 114.8 115.3 114.4 115.7 115.4
Control | 1220 { 982 | 1198 | 983 | 101.4 | 84.4 99.9 1 835

Zn 12489 | 1085 | 1263 | 110.0 | 1069 97.6 101.3 98.1

Mn 123.3 1 106. 1249 | 10758 036 [ 983 | 101.1 [ 1034
2.5 Fe 1245 [ 1073 | 1236 | 107.2 | 1048 | 109.8 | 1034 { 104.7
Zn+Mn 1272 | 1112 [ 1277 1T 1128 | 1116 | 107.2 | 109. 1055

2n+Fe 125.9 | 113.0 | 1259 T 1133 11094 | 103.6 | 106. 107.1

Mn+Fe 123.7 | 1096 1 1223 [ 1099 | 1066 | 99.2 [ 1064 | 1073
Zn+Mn+re ! 1283 | 1134 | 1290 | 1145 | 1145 [ 1135 | 1136 | 1106

CS.Dat5% 1.8 2.7 1.5 1.9

C1: Salt tolerant cultivar; C2: Sailt sensitive cuitivar.

Data in the same Tables indicate that under salinized and non-
salinized conditions, treatments with micronutrients Zn, Fe and Mn each
alone or in combinations not only increased all the above mentioned growth
parameters compared with control, but also counteracted the harmful effects
of salinity. Treatment with Zn alone or in combination proved to be more
effective in this respect.

The depressing effect of salinity on plant growth may be a result of
an inhibition of cell division and cell elongation (Aspinall, 1986), and internal
harmonal imbalance (Younis et al., 2003). Sedik et al. (1998) noted that the
disturbance in the mitotic activity under saline conditions may be due to
reduction in the synthesis of nucleic acids or accelerating their degradation by
increasing the activity of DNAase and RNAase. Moreaver, the inhibition
effect of salinity on plant growth may be attributed mainly to the osmotic
stress, which reduced availability and uptake of both water and essential
nutrients (Neumann, 1997), as well as an excessive accumulation of both
toxic ions, ie., Na’ and intermediate compounds such as reactive oxygen
species (Rodriguez et al, 2004), which reduced the metabolic activity
{Schwarz et al,, 1991).

The enhancing effect of micronutrients on plant growth may be
attributed to the important role of these elements in many physiotogicai
processes including, mineral uptake, photosynthesis and biosynthesis of
plant hormones {Ahmed et al, 2005). Furthermore, treatment with
micronutrients correlated with the stimufation of antioxidant enzymes and
enhanced the ability to remove active-oxygen species (AOS) by
detoxification.The increase of antioxidant enzyme activities provides
protection from oxidative damage induced by salinity (Yu and Rengel, 1999).
in this respect, Smirnoff and Colombe (1988) concluded that, the
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detoxification of ADS is prime importance in any defense mechanism from

the cytotoxic effects. In addition, Zn treatment improved the plant salt

tolerance capacity through its promoting effect on 1AA synthesis (Larcher,

1983) and increasing the absorbing surface through enhancement root

efongation {Gadailah and Ramadan, 1987).

Table (2): Effects of salinity, trace elements and thelr interactions on
number and length (cm) of adventitious roots during the two

growing seasons of 2002 and 2003.

No of adventitious roots/plant | Hoot length {cm} 1

Trace- , b easons

eloments 2002 [ 2003 | 2002 | 2003

Cultivars

[+] CZ [of] Cc2 C1 [+F] Cct [o¥]

Lontral 13.0 10.0 13.0 11.0 229 i8.7 | 345 19.3
Zn 20.0 17.0 21.0 18.0 288 | 228 295 233

0.4

iin 15.0 13.0 15.0 13.0 23.4 20.1 353
0 Fe 6.0 13.0 16.0 14.0 24.4 21.8 23.6 19.6
Zn+in 20.0 18.0 22.0 18.0 30.0 24.2 30.6 246
ZntFe 21.0 18.0 20.0 18.0 | 281 22.8 288 | 7235
Mn+Fe 16.0 14.0 17.0 17.0 26.2 21.8 27.5 224
n+Mn+Fe | 22.0 19.0 23.0 T 200 | 2886 23.8 29.4 24.5
Control 09.0 08.0 10.0 10.0 17.5 16.3 18.0 16.8

Zn 18.0 | 160 18.0 17.0 248 18.3 [ 25.6 194 |
Mn 140 1 110 14.0 12.0 196 | 163 20.2 18.1
2.5 Fe 14.0 11.0 15.0 11.0 20.3 17.7 20.8 18.2
Zn+Mn 19.0 160 | 20.0 17.0 25.6 21.2 1 27.3 215
Zn+Fe 18.0 17.0 18.0 16.0 264 | 215 26.6 21.7

Mn+Fe 15.0 140 16.0 12.0 25.2 17.5 24.3 191
Zn+Mn+Fe | 20.0 17.0 21.0 18.0 26.7 | 222 26.7 228
L.S.D. 0.9 1.3 0.3 0.2
C1: Salt tolerant cultivar; C2: Salt sensitive cuitivar.

2- Anatomical structure:
2.A. Root structure:

Data presented in Tables {3 and 4) and illustrated in Figs. {18 and
3B) show that salinity decreased root diameter, exodermis thickness, cortex
thickness, endodermal layer thickness and vascular cylinder diameter.
Metaxylem vessel number and its diameter were also decreased.

On the other hand, treatments with micro-elements each alone or in
combination increased all the above mentioned anatomical parameters. |t
was found that treatments with Zn alone (Fig. 1C and 3C) or in combinaticn
with other micro-elements (Fig. 1D and 3E) were the most effective in this
respecl.

The results show aisc that salinity treatment associated with visible
anatomical changes in the adventitious roat structure in both maize cuitivars
compared with the control. The responses of both cultivars to salinity varied
greatly and depended on their salt capacity. These anatomical changes were
more pronounced in Two 310 {salt sensitive cultivar). The most remarkable
anatomical features of sensitive cultivar under saline conditions are, distortion
of epidermis and cortex cells as well as metaxylem vessels with damaged
pith tissue. Moreover, no exodermis was differentiated. A fateral root
initiation from the pericycle layer was also observed (Fig. 3B). While, the
roots of tolerant plants showed precocious suberization and/or lignification of
the exoderma! and endodermal cells (Reinoso et al,, 2004) as well as early
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formation of internal air spaces (aerenchyma) in the cortex tissue and weli
developed exodermis (Fig. 1B). It could be suggested that plants may be try
to form aerenchyma during NaCl stress to compensate a reduction in
metabolic activity due to salinity (Schwarz et al, 1991). it has been
suggested by other authors (Reinhardt and Rost, 1995a and Garica et al.,
1997) that formation of aerenchyma andfor vacuoles is an adaptive
responses that contributes to protect the cytoplasm from toxic ion levels by
storing them. Moreover, an exodermis differentiation in salt tolerant cultivar
under saline condition may play an important role in protecting the root from
water loss and/or leakage of solutes important for adjustment (Reinhardt and
Rost, 1995b). They added that the endodermis is considered to be the major
constraint for movement of solutes fuom the vascular tissues due to the
impregnation of its walls with hydrophobic substances. Serrato-Valenti et al.
(1996) noted that the adaptation to saline stress was adjusted with increasing
the lignifications process.

The promoting effect of salinity on aerenchyma formation may be
attributed to an increase in ethylene production. It enhanced cell wall
degradation by promoting the activity of cellulose and polygalactourinase
(Hung et al., 1997).

Under saline conditions, the most notable responses of the tolerant
cultivar to micro-elements, especially Zn were an enhancement and formation
of aerenchyma in the cortex region (Fig. 2B)and lateral root differentiation
(Fig. 2B). Another important response to micro-element treatment, is an
enhancement of xylem formation. It is evident from (Fig. 2A) that, under
saline conditions, treatment with Zn enhanced the development of xylem in
pith tissue. The formation of aerenchyma in the cortex tissue and
development of an extensive root system is another adaptive mechanism to
salinity.

The reduction effects of salinity on the adventitious root structure
may be attributed to its effects on inhibiting cell division and cell enlargement
(Aspinall, 1996).

The beneficial effects of micro-elements, mainly, Zn, on root structure
may be attributed not only to its role in increasing root growth through
enhancement root elongation, xylem formation and protected xylem
distructure by salinity (Gadallah and Ramadan, 1997), but also through
enhancement the formation of both aerenchyma and lateral roots (Fig. 2).

Anatomically, it could be concluded that salinity tolerance in
{Bachaier 13) is associated with the formation of aerenchyma in cortex tissue
as well as development of both exedermis and thickened endodermis. Such
anatomical modifications were obtained with micro-elements treatments.

Data in Table (4) and illustrated in Figs. (4 and 5) show that salinity
decreased each leaf thickness in the keel region thickness of upper and lower
epidermis, mesophyll tissue thickness and large vascular bundie dimensions
due to its effects on decreasing thickness of xylem and phioem tissues.
Metaxylem vessel diameters were also decreased in the two corn cultivars.
Trace-element treatments each alone or in combination not only increased all
the above mentioned anatomical parameters but also counteracted the
harmful effects of salinity in the two corn cultivars. Treatments with Zn alone
or in combination proved to be more effective in this respect.
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Fig.(1): Cross sections of the adventitious roots taken from salinity
tolerant maize cultivar (Bachaier 13) as affected by salinity and
trace-elements {obj-x10-oc-x10)

A:control B: Salinity C:Zn D:Zn+Mn+Fe Exo:exodermis

Co:Cortex End:Endodermis Pi:Pith MX:metaxylem vessel
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Fig.(2): Cross sections of the adventitious roots taken from salinity
tolerant maize cuitivar {Bachaier 13} as affected by salinity and
trace-elements under saline conditions showing formation of
aerenchiyma in the cortex, development of xylem in pith as weil
as development of lateral roots {obj-x10-0¢-x10)

A+B: Salinity+ Zn C+D: Salinity + (Zn+Mn+Fe)

Aeg:aerenchyma LR:lateral roots
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Fig.(3): Cross sections of the adventitious roots taken from salinity
sensitive maize cuitivar (TWC 310) as affected by salinity and
trace-elements and their interactions (obj-x10-oc-x10)

A:contro! B: Salinity C:Zn D: salinity* Zn E:Zn+Mn+Fe

F: salinity + (Zn+Mn+Fe)
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Fig.(4): Cross sections of the 3™ leaf blade from the plant tip of salinity
tolerant maize cultivars (Bachaier 13) as affected by salinity,
trace elements and their interactions (obj-x10-0¢c-x10)

A:control B: Salinity C:Zn D:salinity+Zn E:(Zn+Mn+Fe)

F: Salinity+(Zn+Mn+Fe) up: upper epidermis Lp:Lower pidermis

Mes: Mesophyll tissue Ph: Phloem  Mx: Metaxylem vessel

3838



J. Agric. Sci. Mansoura Univ., 30 (7), July, 2005

Fig.(5): Cross sections of the 3 leaf blade from the plant tip of salinity
sensitive maize cultivars (TWC 310} as affected by salinity, trace
elements and their interactions (obj-x10-0c-x10)

A:control B: Salinity C:Zn
D: salinity+Zn E:(Zn+Mn+Fe} F: Salinlty+{Zn+Mn+Fe)
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2- B. Leaf structure:

The reduction in leaf thickness under salinity may be due to the
decrease in cell division as a result of nuclear degradation of meristimatic
cells (Katsuhara and Kawaski, 1996).

The promotive effects of trace-element treatments on leaf structure
may be due to an increase in leaf thickness and vascular bundie dimensions
(FigS. 4 AND §). Jafri and Ahmad (1995) concluded that adaptation to safine
environments was adjusted by increasing mesophyll surface area to ensure
normal exchange of gases and photosynthetic activities.

It could be concluded that, the roots of salt tolerant cultivar, Bachaier
{13) are characterized by early formation of aerenchma in the cortex-tissue,
well developed an exodermis and endodermis as well as wider metaxylem
vessel.  Moreover, the leaf of this cultivar is characterized by thicker leaf,
larger vascular bundle, wider metaxylem vessel as well as thicker xylem and
phlc am tissues compared with the salt sensitive cultivar, Two 310.

The anatomical modifications are related to metabolic adaptations,
such as an early development of the endodermal barrier for ion exclusion to
allow plants to survivae under high salinity levels (Reinosa et al., 2004).

Generally, treatment with Zn showed an ability to overcome the
harmful effect of salinity on plant growth and its structure.
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