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Topsi, Famox F1, Corox F1 and Altox F1 radish cultivars were grown in
controlled 20 and 12°C cabinets and they were subjected to 0, 33, 66 and
100% depletion of peat moss available water capacity (AWC). The objective
of this experiment was to determine the performances of leaf growths of
four radish cultivars in response to varying temperatures and irrigation
levels. The obtained results showed that radish grown in 20°C cabinet
substantially exceeded that of 12°C in plant leaves dry weight (13.13%), leaf
area index (34.1%), leaf number (7.6%) and mid blade length (13.6%). On
the other hand, 12°C showed superiority over 20°C in plant leaves fresh
weight and leaves thickness by 12.1 and 33.6%, respectively. Additionally,
slower leaf generation rates of radish grown in 12°C cabinet, as compared to
that grown in 20°C. Plant leaf area of Topsi, Famox F1, Corox F1 and Altox F1
irrigated by 0% AWC depletion substantially surpassed their corresponding
plant leaf area irrigated by 100%AWC depletion by 40.03, 43.87, 80.12 and
115.79%, respectively. Radish cultivars can be ordered according to their
superiorities as follows: Altox F1 > Corox F1 > Famox F1 > Topsi. Radish
leaves were affected more by irrigation levels than temperatures. However,
12°C substantially ameliorated the drought adversities; the lowest values of
all detected parameters were for radish grown in 20°C cabinet which
showed signs of wilting. Topsi preferred higher temperature and showed
susceptibility at 12°C in contrast to other cultivars, particularly Altox F1
which performed well at 12°C. Cultivars can be placed according to their
drought resistance in the following order: Altox F1>Famox F1>Corox F1>
Topsi.
Key words: Radish, cultivars, temperature, irrigation, leaves.

INTRODUCTION
Growth is a result of cell expansions and division ruled by
ambient environment through hormonal homeostasis.
Therefore, when grown in the light at a high temperature
(29°C), Arabidopsis seedlings exhibit dramatic hypocotyl
elongation compared with seedlings grown at 20°C. This
temperature-dependent growth response is sharply
reduced by mutations in the auxin response or transport

pathways and in seedlings containing reduced levels of free
indole acetic acid (IAA). In contrast, mutants deficient in
gibberellin and abscisic acid biosynthesis or in ethylene
response are unaffected. Furthermore, a corresponding
increase in the level of free IAA in seedlings grown at high
temperature was detected, suggesting that temperature
regulates auxin synthesis or catabolism to mediate this
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growth response. Consistent with this possibility, high
temperature also stimulates other auxin-mediated
processes including auxin inducible gene expression
propose that growth at high temperature promotes an
increase in auxin levels resulting in increased hypocotyl
elongation. These results strongly support the contention
that endogenous auxin promotes cell elongation in intact
plants (Gray et al., 1998).
Short day photoperiod was not sufficient for normal plant
growth while long day photoperiod and low temperature
influenced the accumulation of carbohydrates and almost
all values were higher compared with higher temperatures
(Sirtautas et al., 2011). This indicates, that high content of
carbohydrates particularly that of glucose, not only displays
a higher activity of photosynthesis (Smeekens, 2000). Leaf
fresh mass was significantly higher (10.56 g) at the 10°C
treatment than at the 18°C treatment (3.12 g). When day
and night temperatures were used, there was no significant
difference in fresh mass between cultivars and between the
temperature treatments. However, the highest fresh mass
(5.98 g) was obtained at the 24/10°C treatment (Mansota,
2011). Quagliotti (1967) reported that the tallest carrot
plants were produced at a constant temperature of 14°C
and the shortest plants at 26°C. Libner (1989) found that
plant height of carrots decreased dramatically as
temperature rose above 18°C. When diurnal variations in
temperature regimes were used, the tallest plants during
first few weeks were produced at the 28/20°C treatment
but as the season progressed, the tallest plants for both
cultivars were produced at 24/10°C. In the same period and
in most cases, carrot plants at the 15/5°C did not differ
significantly from the 24/10°C treatment. Numerous
researchers also reported on the positive effect of cooler
temperatures on plant height for other crops such as radish
(Suzuki, 1978) and sugar beet (Ulrich, 1954).
Plant water deficit is initiated as the crop demand for
water exceeds the supply. The capacity of plants to meet
the demand and thus avoid water deficit depends on their
hydraulic machinery. This machinery involves firstly the
reduction of net radiation by canopy albedo, thus reflecting
part of the energy load on the plant. Secondly, it determines
the ability to transport sufficient amount of water from the
soil to the atmosphere via the stomata (which takes in CO2)
in order to provide for transpiration, transpirational
cooling and carbon assimilation. Water is transported by
way of the soil-plant-atmosphere continuum (SPAC). SPAC
is largely controlled by the resistances in the continuum as
determined by root, stem, leaf, stomata and cuticular
hydraulic resistances. Resistances are generally a function
of the plant basic anatomy, development and metabolism.
Some resistance such as those of stomata is also variable
depending on plant responses and environment effects
(Blum, 2011).
Drought reduces growth and manifests several
morphological, anatomical and biochemical alteration in
plants including modifications of gene expression
ultimately leading to a massive loss in yield. Furthermore,
drought reduces nutrient uptake by roots and their

transport from roots to shoots because of restricted
transpiration rates, impaired active transport and
membrane permeability. Plants may increase its drought
tolerance by decreasing osmotic potential by accumulation
of solutes which allows cell enlargement, plant growth,
keeps stomata open and CO2 assimilation under water
stress (Khan et al., 2011). In Hypericum brasiliense, the
content of various phenols and betulinic acid is drastically
higher in plants grown under drought stress. The data from
De Abreu and Mazzafera (2005) showed that the total
amount of some secondary plant products per plant is also
significantly higher in plants grown under drought stress
than in those cultivated under normal conditions. Nogues et
al., (1998) found a massive increase of phenolic compounds
in stressed peas allow calculating the overall yield of the
related substances. Leaf relative water content (LRWC)
which directly reflects the water status of plants under
stress condition was decreased in the leaves of rosemary
grown under the 50 and 100 mM NaCl treatments (Saied et
al., 2005; Kaya et al., 2007). Salinity caused water deficit in
rosemary leaves through an increase in soluble salts
concentrations. Water deficiency decreases plant growth by
limiting water availability for cell expansion and nutrient
uptake (Yang et al., 2009). Therefore, the objective of this
investigation was to evaluate the leaf performance of four
radish cultivars namely Topsi, Famox F1, Corox F1 and
Altox F1 in response to continuous 20°C and 12°C
temperatures and irrigation levels of 0, 33, 66, 100%
available water capacity depletions.
MATERIALS AND METHODS
This experiment was conducted in controlled growth
cabinets at the Institute Fur Gartenbauliche Produckions
Systeme, Biologie, Liebniz Universitat, Hannover, Germany.
The objective of this trial was to evaluate the responses of
four radish (Raphanus sativus L. var. sativus) cultivars
namely Topsi, Famox F1, Corox F1 and Altox F1 to two
varying (12 and 20 °C) temperatures and four varying
water availabilities (0, 33, 66 and 100% depletion from the
available water capacity AWC).
Untreated seeds of the evaluated cultivars were produced
Verschliessung in 2013-2014, EG-Norm Standardsaatgnt
DE 08-9387st. These cultivars can perform storage root of
2.5 to 2.75 mm diameter. Lots number of Topsi RA0002CTP
(T) was 01972-007, Famox F1 RA4798CTP (F) was 00013001, Corox F1 was 07110-000 (C) and Altox F1 (A) was
00212-007.
Experimental design
Split-Split plot with in Factorial Complete Randomized
Block Design (S-S F-CRBD) was chosen for this trial where
Factor (A) was represented by cabinet temperature of 20°C
(a1) and cabinet temperature 12°C (a2). Factor (B) was
represented by four water availabilities, sustain peat moss
moisture at and below field capacity 0 AWC% depletion
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Figure M1: Temperature at cabinet 1 where radishes were grown at 12°C

Figure M2: Temperature at cabinet 2 where radish were grown at 20°C

(b1), 33% AWC depletion (b2), 66% AWC depletion (b3)
and wilting point, 100% AWC depletion (b4). Factor (C)
was represented by four radish cultivars namely Topsi (c1),
Famox F1 (c2), Corox F1 (c3) and Altox F1 (c4). Therefore,
32 treatments were included in this trial with each
replicated four times with 18 plants for a replicate.
Cultural practices
The experiment was conducted in two cabinets; radish
cultivars in the first cabinet (Figure M1) were subjected to
controlled temperature at 12°C while the second (Figure
M2) cultivars were exposed to controlled temperature at

20°C. Therefore, 176 plastic trays dedicated to 128 trays for
investigation, besides 48 guard trays with each tray
containing18 cells of 5.4749732831 g dry peat moss. Trays
were filled with peat moss and were taken to the controlled
cabinets (Figures M1 and M2) where they were set
according to the above proposed statistical design.
Trays were brought up to field capacity on December 9th
2013 with one seed sown per cell. 15 days from sowing,
undesired plants were replaced by transplants from guard
trays to maintain uniformity and then these transplants
were substituted by seedling grown in separate plastic
plates. Immediately after transplanting, plants were
brought to field capacity and irrigation schedule was
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Figure(R1):Generation rate of radish leaves at 20°C

commenced according to AWC% depletion adopting
weighing methods with 2 decimal electrical balances. A
compound fertilizer (type 2 Mega special) composed of
macro nutrients NPK (Mg), 16-6-26(3,4) Magnesium and
possesses micro nutrients precisely 0.02% B, 0.04% water
soluble Cu, 0.04% EDTA Cu, 0.1% water soluble Fe, 0.1%
EDTA and EDHHA Fe, 0.05% water soluble Mn, 0.05%
EDTA Mn, 0.01% water soluble Mo and 0.01% water
soluble Zn, 0.01% EDTA Zn, EDTA with pH 3, 11 and
EDHHA with pH 1 and 10. Plants were fertilized four times
on 11, 20, 28 and 32 days after sowing by dissolving 5 gl-1
in irrigation water.
Measurements
Visible leaves were counted daily and simulated by Minitab
programs for establishing their regression equations. Leaf
areas were measured by Planometer Model LI-3100, No.
LAns, 36108, USA. Leaf lengths, mid width and plant height
were measured with a ruler. Fresh leaves were weighed
and oven dried at 50°C for 72 h and then re-weighed to
obtain leaf dry matter per plant.
Leaf area index =leaf area per plant/area engaged by
individual plant
Exceeding percentage = (High value-Low value)/ (Low
value)*100.
SAS Duncan test was adopted for statistical analysis of
obtained data.
RESULTS AND DISCUSSION
Effects of temperature
The obtained results (Figures R1 and R2) revealed slower
leaf generation rates of radish grown in 12°C cabinet, as

compared to that grown in 20°C. There was a lag of nearly 5
days between them to attain the final root number of
leaves. These results explained the impact of temperature
on leaf initiation at the apical meristems and its
consequence on cell division and expansions to visible
leaves. Cell divisions and expansions are hindered at
temperatures below optimum and extreme temperature
above it. It was documented that low temperature-induced
change in membrane fluidity is one of the immediate
consequence in plants undergoing low temperature stress
and might represent a potential site of perception and/or
injury (Orvar et al., 2000). It is well documented that
freeze-induced production of reactive oxygen species
contributes to membrane damage and that intercellular ice
can form adhesions between cell walls and membranes
therefore causing cell rupture (Olien and Smith, 1977).
There is also evidence that protein denaturation occurs in
plants at low temperature which could potentially result in
cellular damage (Guy et al., 1998). Optimal temperature
effects must be considered relative to the temperature at
which root growth precedes most rapidly, e.g. 24-29°C for
maize or onion roots. Moreover, at 20°C over the first 0.5
cm in younger leaves, the two genotypes exhibited similar
epidermal cell lengths but as the cells differentiated, the
epidermal cells at any given distance from the leaf base
were longer in the slender plants than in the wild type. This
difference became more pronounced with an increasing
distance from the leaf base. In the oldest leaves studied (12
DAE, near the end of the period of leaf expansion) the mean
cell length was greater in slender than in wild type for all
but the basal 2 mm. The longest inter stomatal cells
measured in the elongating zone were 300 µm in slender
plants, but those in the wild type did not exceed 160 µm
(Harrison et al., 1998). On the other hand extreme
temperatures (30 to 35°C) decreased growth rate resulting
from markedly reduced length of fully-developed cells with
the cell cycle becoming shorter. Root growth at lowered
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Figure (R2): Leaves generation rate of radish at 12°C

Table R1. Leaf parameters analysis of radish grown in controlled cabinet under varying temperatures (*), (**)
Temperature
20oC
12oC

Lfwt/p
(g)
B 3.0064
A 3.3703

Ldwt/p
(g)
A 0.30862
B 0.27280

LA/P
(cm2)
A 121.738
A 113.805

LA Index
A6.5836
A6.1546

PL
(cm)
A 19.3194
B 11.6729

L No/P
A 4.75781
B 4.42188

B Th
(mm)
B 0.31745
A 0.42397

BL
(cm)
A 8.3469
A 8.5198

B mW
(cm)
A 5.7554
B 4.3740

(*). Lfwt/p g = leaf fresh weight per ; Ldwt/p g = leaf dry weight; LA/P Cm2 = leaf area per plant; LA Index = leaf are = blade a index; PL Cm = plant height; L No/P
= leaf number per plant; B Th mm = blade thickness; BL Cm = blade length; B mW Cm = blade mid width
(**). Figures of unshared characters significantly differ at 0.05 levels, Duncan.

temperatures was much lower due to lengthening of the
cell division cycle (Grif and Ivanov, 1995). On the other
hand, high temperature stress induces morphological
(Giaveno and Ferrero, 2003), anatomical (Zhang et al.,
2005) as well as physiological and biochemical changes,
accumulation of compatible osmolytes (Sakamoto and
Murata, 2002), decrease in photosynthesis (Wise et al.,
2004) and hormonal changes (Maestri et al., 2002) in
plants.
Radish grown in 20°C cabinet substantially exceeded that
of 12°C in plant leaves dry weight (13.13%), leaf number
(7.6%) and mid-blade length (13.6%). On the other hand
12°C showed superiority over 20°C in plant leaves fresh
weight and leaves thickness by 12.1 and 33.6%,
respectively (Table R1). These results explain the
recruitment of cell growth rate at 20°C. In contrast 12°C
tended to suppress cell growth rate. It can be inferred from
these results that there is a compromise between leaf area
and leaf thickness as leaf area increases as leaf thickness
and vice versa. It was found that at 20°C the maximum
growth rate of the second leaf of slender barley over the 10
day growth period was 160% more than the wild type, and

the final leaf length was almost 200% that of the wild type.
At 5°C, the differences were greatly exaggerated. Growth
continued over a 26 d period for slender and over 24 d for
wild type; the maximum growth rate for slender barley was
260% that of wild-type barley, and the final leaf length was
also 260% that of the wild type. The results confirmed
previous observations that slender plants are much less
sensitive to lowered temperature than the wild type with
respect to both growth rate and final leaf length which was
reduced by 37% in the wild type but only by 10% in the
mutant (Harrison et al., 1998). Low temperature (4°C)
influenced the development of radishes by increasing
biomass accumulation in storage organs (roots) and
accelerating plant growth (relative growth rate, net
assimilation rate). Increased shoot:root ratio and specific
leaf area showed that under ordinary temperature
conditions (18/14ºC) radish grew more leaves but
accumulated less assimilate products in roots. Low
temperature had the strongest effect on the carbohydrate
accumulation in roots and shoots. At the maturity stage,
there were no differences in carbohydrate contents.
Moreover, the dry weight of roots increased due to
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Table R2. Leaf parameters analysis of radish grown in controlled cabinet under varying irrigation levels (*), (**)
Irrigation (% awc)
0
33
66
100

Lfwt/p
(g)
A 3.4502
A 3.4737
A 3.4230
B 2.4065

Ldwt/p
(g)
A 0.30629
A 0.28168
A 0.30461
A 0.27026

LA/P
(cm2)
A 142.417
BA 129.45
B 116.516
C 82.706

LA Index
A7.7019
AB7.0005
B6.3012
C4.4728

PL
(cm)
A 17.7458
B 15.7371
B 15.6083
C 12.8933

L No/P
A 4.89063
B 4.37500
A 4.75000
B 4.34375

B Th
(mm)
A 0.38494
A 0.38181
A 0.37806
A 0.33804

BL
(cm)
B 8.0875
A 8.9313
A 8.9458
B 7.7688

B mW
(cm)
A 5.0083
A 5.2542
A 5.2562
A 4.7400

(*). Lfwt/p g = leaf fresh weight per plant; Ldwt/p g = leaf dry weight per plant; LA/P Cm2 = leaf area per plant; L A Index = leaf are = blade a index; PL Cm = plant height; L
No/P = leaf number per plant; B Th mm = blade thickness; BL Cm = blade length; B mW Cm = blade mid width
(**). Figures of unshared characters significantly differ at 0.05 levels, Duncan

Figure (R3):Leaf fresh weight(y=(g) Vs AWC%=X

carbohydrate allocation from shoots to roots. Under low
temperature and short day photoperiod, relative growth
and net assimilation rates of radishes were higher during
all experiment (Sirtautas et al., 2011).
Irrigation levels
Insignificant differences were detected between 0%AW and
33%AWC irrigation treatment in terms of plant leaves fresh
weight, plant leaves dry weight, plant leaf area, blade
length, blade thickness and mid-blade width (Table R2).
However, the former treatment substantially exceeded the
latter in plant height (12.8%) and plant leaves number
(11.9%). Severe drought 100%AWC apparently reduced
leaf fresh weights per plant, plant leaves area, plant height,
leaf number per plant and blade thickness, as compared to
field capacity 0%AWC depletion by 43.4, 72.2, 3.63, and
5.7%, respectively. These results suggested that reductions
in leaf fresh weights were due to low water content of

leaves at wilting, since leaf dry weights were not affected
profoundly. Regression analysis of leaf fresh weight (Figure
R3) revealed that gradual reductions coincided with
increasing eduction in peat moss availabilityof water and
can be estimated from the following linear equation:
Leaf fresh weight (g) = 17.69 – 0.04417 (AWC %).
Similar regression trend was observed in leaf dry weight
with smaller slope (Figure R4) and this trait can be
predicted by the following equation:
Leaf dry weight = 0.3035 – 0.000256 (AWC %).
Leaf area per plant response to varying irrigation levels
resulted in an apparent steep slope (Figure R5) and could
be forecasted by the following equation:
Leaf area (cm2) = 1456.5 – 0.5779 (AWC %).
Reductions in leaf fresh and dry weights and area of radish
plant can be attributed to the influences of water shortages
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Figure (R4): Leaf dry weight(y=(g) Vs AWC%=X

Figure (R5): Leaf area(y=Cm² Vs AWC%=X

on cell growth and metabolisms which reflected on dry
matter accumulations and leaf morphology as well. It was
found that cell division can occur only after cells reach a
certain size. Previous studies considered that cell growth
and enlargement was more sensitive to water deficit than

cell division. However, more recent studies have shown
that for sunflower leaves, cell division and enlargement
were similarly affected by water deficit (Granier and
Tardieu, 1999). Granier and Tardieu (1999) showed that
water deficit reduced the final cell number in leaves by way
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Figure (R6):Leaf area index (Y) Vs AWC deplection(X)

Figure (R7): Plant height (y=cm) Vs AWC deplection%=X

of increasing cell cycle duration. More studies are required
before a universal rule can be established regarding the
relative sensitivity of water deficit to cell division and
enlargement. One must also consider that cell division takes
place in certain growth regions of the young leaf while cell
enlargement takes place in various parts of young and old
leaves. The specific cellular position and environment
within the leaf can have a decisive effect on cell sensitivity
to measured bulk leaf water deficit. The integrated and final
effect of both cell enlargement and division on leaf growth
under stress is the important issue in terms of the whole
plant in the field.
Regression analysis of leaf area index (Figure R6)
revealed that the response of leaf area index to different

irrigation levels showed a linear regression where it started
to decrease at adequate watering until it attained minimum
values (100%) and thus can be estimated from the
following linear equation:
Leaf area index = 7.924 - 0.03125 (AWC%).
Plant height however resulted in a different regression
pattern where it showed continuous reduction with
increasing water depletions and it can be estimated by the
following linear equation (Figure R7):
Plant height (Cm) =17.69 -0.04417 (AWC%).
Similar linear regression was observed in leaf number
per plant (showing a steeper slope; Figure R8) and it can be
predicted by the following equation:
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Figure (R8):Leaf number (y) Vs AWC%=X

Figure (R9): Leaf thickness (y=mm) Vs AWC%=X

Plant leaf number = 4.779 – 0.003811 (AWC %).
Leaf area index was substantially reduced by moderate and
severe drought as compared to adequately irrigated radish
(Table R2). It appeared to be highly manipulated by leaf
area and leaf numbers besides plant height, since plant
height in raddish constitute leaves only and the part of the
storage roots above and the stunted stem. Hence, drought
reduction of leaf area index resulted from its impacts on
leaf expansions. The leaf canopy constitutes a major control
over transpirational demand of the crop as well as the crop
light interception. Canopy development and size at any
given day in the field is determined by the expansion of all
of the growing leaves as well as by leaf number and the
senescence of older leaves. Plants subjected to soil moisture
deficit develop a gradient of water potential such that

leaves at a higher insertion are at lower water potential
than leaves at lower insertion with all the consequences of
leaf water potential, turgor and their effect on growth. Leaf
expansion is reduced by water deficit before leaf
photosynthesis is inhibited. Hence, photosynthate that has
been normally used for leaf expansion is now available for
either osmotic adjustment or translocation. Light
distribution in the canopy and the extinction coefficient
also impose a variable vertical profile of photosynthesis in
addition to leaf water potential and leaf age (Blum, 2011).
Leaf thickness responses (Figure R9) to varying irrigation
levels was dominated by cubic regression where its values
slightly increased until it approached 20%AWC then
steeped down to 80%AWC and slightly increased once
more. The following equation shows its estimation:
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Figure (R10):Blade length (y=cm) Vs AWC%=X

Figure (R11): Blade mid width (y=cm) Vs AWC%=X

Leaf thickness (mm) = 0.3949 + 0.001741 (AWC %) –
0.000074 (AWC %)2 + 0.000001(AWC %)3.
Blade length responses to irrigation levels are shown by a
quadratic equation (Figure R10). Thus, it began to increase
until it approached its maximum at 50%AWC then declined
to attain levels slightly below its commencements, and
therefore it can be forecasted by the following equation:
Blade length (Cm) = 8.072 + 0.04246 (AWC %) –
0.000453 (AWC %)2 .
Similar quadratic equation with slightly lower slope
overwhelmed leaf mid width (Figure R11) and can be
estimated by the following equation:
Mid leaf width (Cm) = 4.995 + 0.1465 (AWC %) –
0.000171(AWC %)2.

Leaf thickness in radish is highly related to leaf area, blade
length and blade width which in fact is the result of water
availabilities intermingled with cell division and
expansions. Water stress might be amenable to simple
genetic manipulation despite the plant’s apparent
complexity. However, there are still major plant structural
and physiological components to consider where whole
plant growth under drought stress is considered. Whole
plant structural and morphological features are relatively
stable under drought stress as compared with features of
dynamic organ expansion. Meristem and organ
differentiation seem to be relatively resilient as compared
with expansion growth. Any experienced agronomist will
confirm that determinate plants subjected to drought stress
will nearly always maintain the same number of leaves but
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Table R3. Leaf parameters analysis of four radish cultivars grown in controlled cabinet (*), (**)
Cvs
Topsi
Famox F1
Corox F1
Altox F1

Lfwt/p
(g)
B 2.872
B A 3.145
A 3.47
B A 3.27

Ldwt/p
(g)
A 0.31814
B 0.2756
BA0.2869
B A 0.282

LA/P
(cm2)
B 107.518
BA122.75
A 126.123
B A114.7

LA Index
B5.8146
AB6.6383
A6.8208
AB6.2027

PL
(cm)
A 15.41
A 15.82
A 15.256
A 15.5

L No/P
B 4.4375
B 4.56250
A 4.79688
B 4.56250

B Th
(mm)
A 0.40962
B A 0.3663
B 0.35141
B 0.35549

BL
(cm)
A 8.6104
A 8.2729
A 8.4104
A 8.4396

B mW
(cm)
A 5.1275
A 4.9750
A 5.1958
A 4.9604

(*). Lfwt/p g = leaf fresh weight per plant; Ldwt/p g = leaf dry weight per plant; LA/P Cm2 = leaf area per plant; L A Index = leaf are = blade a index; PL Cm = plant
height; L No/P = leaf number per plant; B Th mm = blade thickness; BL Cm = blade length; B mW Cm = blade mid width
(**). Figures of unshared characters significantly differ at 0.05 level, Duncan.

leaves become smaller. Hence, differentiation and
expansion growth must be treated differently in order to
understand and manipulate whole plant response to
drought stress.
Cultivar responses
Significant differences among cultivars were not detected in
plant height and blade length and mid-blade width.
However, close leaf area index values were found in Famox
F1, Corox F1 and Altox F1 which substantially exceeded
that of Topsi (Table R3). Very similar results were observed
in Altox F1 and Corox F1 in terms of plant leaf fresh
weights, leaf dry weights and leaf area. However, Corox F1
significantly exceeded Altox F1 in leaf number per plant by
5.14%. Higher leaf numbers in radish is not desired; in
contrast it is an undesired trait which is considered as a
physiological disorder (Al-Hamadany and Abdel, 2008).
Consequently, investigated cultivars can be ranked
according to their superiorities in the following order: Altox
F1>Corox F1>Famox F1> Topsi. These results suggest that
Topsi possessed the lowest leaf fresh weight, leaf area, leaf
number per plant besides its highest leaf dry weight and
leaf thickness. This data explained the low water holding
capacity of Topsi and that this cultivar assimilates
partitioning more for leaves rather than roots. Moreover,
the lower leaf area which accompanied high thickness in
Topsi confirmed that Topsi leaf thickness increased on the
account of leaf area and number which is in contrast to
Corox F1 and Altox F1 as they manifested completely
different results. These results might be attributed to the
effects of varying applied temperatures. Leaf number, plant
height and leaf growth were significantly influenced by
temperature and all these parameters performed the best
at 10°C at the end of the growth season irrespective of
cultivar. Root fresh and dry mass did not differ significantly
between the two cultivars but the effect of temperature was
significant. Temperature influenced leaf number and plant
height in both cultivars, although not always significantly
during the 32 weeks of growth. Leaf number and plant
height in carrot plants were greater at 15/5°C treatment
(Manosa, 2011). It can be also due to the effect of varying
peat moss content of water which influences leaf water
potentials and therefore photosynthesis. Leaves of

mesophytic plants frequently exist in a somewhat
dehydrated condition because the leaf water potential must
be significantly below the soil water potential in the root
zone in order to attract soil water at a rate that replaces the
water inevitably lost to the atmosphere during
photosynthesis. It is routinely observed (Boyer, 1976;
Schulze, 1986) that if leaf water potential becomes too low,
net photosynthesis decreases. Water-deficit induced
decreased photosynthesis occur frequently in nature and
depending on the growth conditions and species, the cause
of the decrease may be stomatal closure, impaired
chloroplast activity or more commonly both.
Radish responses
irrigation levels

to

varying

temperatures

and

The obtained results (Table R4) manifested that radish
leaves were affected more by irrigation levels than
temperatures. However, 12°C substantially ameliorated
drought adversities; the lowest values of all detected
parameters were for radish grown in 20°C cabinet
subjected to wilting. It was found that in Glycine max L.,
increasing the root temperature in the suboptimal range
while keeping shoot temperature constant increases plant
water potentials (Kuo and Boersma, 1971). Thus, low root
temperature and O3 could act in conjunction with drought
or low nutrient availability to further reduce plant biomass.
However, because there is evidence that uptake systems
acclimate with prolonged exposure to low root
temperatures (Chapin, 1974), reductions in photosynthesis
shown with O3 and warm root temperatures may be more
important in limiting long term growth when combined
with reduced nutrient availability and drought. Radish
experiments suggest that O3 and low root temperatures
during spring and fall seasons decrease plant biomass
compared to O3 and warmer root temperatures during
summer. Photosynthesis decreases in the presence of
warmer root temperatures and O3. Therefore, the
physiology of mature plants may be more susceptible to O3
when soil temperatures are high. If soil temperatures rise
in response to global change and O3 levels remain constant,
long-term photosynthesis rates may drop and could show
corresponding decreases in biomass that were not evident
in this short term experiment (Kleier et al., 2001). It is well
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Table R4. Leaf parameters analysis of radish grown in controlled cabinet under varying temperatures and irrigation levels (*), (**)
Temperature:Irrig
20:0%
20:33%
20:66%
20:100%
12:0%
12:33%
12:66%
12:100%

Lfwt/p
(g)
BA3.2227
BA3.1921
A3.5507
C2.0599
A3.6776
A3.7553
BA3.2953
B2.753

Ldwt/p
(g)
A0.36993
BC0.29876
BA0.3247
C0.2411
C0.24264
C0.26459
BC0.28453
BC0.29942

LA/P
(cm2)
A146.42
A145.14
BA129.55
D65.84
BA138.42
BC113.75
C103.48
C99.57

LA Index
A7.9181
A7.8492
BA7.0063
D3.5606
BA7.4857
BC6.1517
C5.596
C5.3849

PL
(cm)
A22.8667
B18.6408
B20.0667
C15.7033
ED12.625
D12.8333
EF11.15
F10.0833

L No/P
A 5.3125
A 5.3125
B 5.0313
C 4.2500
C 4.4688
C 4.3125
C 4.4688
C 4.4375

B Th
(mm)
C0.29947
BC0.35254
C0.31576
C0.30203
A0.47041
BA0.41108
BC0.36031
A0.45408

BL
(cm)
BA8.5583
A9.025
A9.1125
C6.6917
BC7.6167
A8.8375
A8.7792
A8.8458

B mW
(cm)
BA5.6208
A6.0208
A6.4708
BC4.9091
C4.3958
C4.4875
C4.0417
C4.5708

(*). Lfwt/p g = leaf fresh weight per plant; Ldwt/p g = leaf dry weight per plant; LA/P Cm2 = leaf area per plant; L A Index = leaf are = blade a index; PL Cm = plant
height; L No/P = leaf number per plant; B Th mm = blade thickness; BL Cm = blade length; B mW Cm = blade mid width
(**). Figures of unshared characters significantly differ at 0.05 levels, Duncan.

Table R5. Leaf parameters analysis of four radish cultivars grown in controlled cabinet under varying temperatures (*), (**)
Temperature:cvs
20:T
20:F
20:C
20:A
12:T
12:F
12:C
12:A

Lfwt/p
(g)
B2.4875
BA3.0533
A3.4234
BA3.0613
A3.2562
A3.236
A3.5117
A3.4774

Ldwt/p
(g)
A0.34743
BA0.30012
BA0.29067
BA0.29627
B0.28885
B0.25099
B0.28319
B0.26816

LA/P
(cm2)
BC114.47
BC113.42
A143.02
BC116.05
C100.57
BA132.08
BC109.23
BC113.34

LA Index
BC6.1906
BC6.1336
A7.7343
BC6.2759
C5.4386
BA7.143
BC5.9072
BC6.1295

PL
(cm)
A18.445
A19.6533
A19.3458
A19.8333
B12.375
B11.9833
B11.1667
B11.1667

L No/P
AB4.6875
A4.8125
A4.875
AB4.6563
C4.1875
C4.3125
AB4.7188
BC4.4688

B Th
(mm)
BC0.39008
BC0.39843
BA0.43713
A0.47026
D0.32091
D0.30439
D0.29551
DC0.34899

BL
(cm)
A9.0667
A8.0708
A8.3333
A7.9167
A8.1542
A8.475
A8.4875
A8.9625

B mW
(cm)
A5.7549
A5.6375
A5.7542
A5.875
B4.5
B4.3125
B4.6375
B4.0458

(*). Lfwt/p g = leaf fresh weight per plant; Ldwt/p g = leaf dry weight per plant; LA/P Cm2 = leaf area per plant; L A Index = leaf are = blade a index; PL Cm = plant
height; L No/P = leaf number per plant; B Th mm = blade thickness; BL Cm = blade length; B mW Cm = blade mid width
(**). Figures of unshared characters significantly differ at 0.05 levels, Duncan

established that leaf area and therefore leaf area index are
highly dependent on water availabilities. Carmichael et al.
(2012) reported that at week four, mean leaf area was
significantly higher in plants grown under grass mulch with
100% MC compared with other treatments except the
treatment with clear plastic and 70% MC. Leaf area was
significantly lower for no mulch plants with 50% MC, black
plastic with 50% MC black plastic with 50% MC and plastic
cover with 50% MC as compared with other treatments.
Leaf area index (LAI) was significantly highest for grass
with 100% MC compared with all other treatments except
the clear plastic with 70% MC. Leaf area and LAI are growth
parameters which are significantly affected by moisture
availability to the plant. The grass mulch with 100% MC
and black plastic with 70% MC may have created conditions
which promoted plant growth through moisture availability
and weed suppression resulting in high LAI values.
Cultivar responses to varying temperatures
The obtained results (Table R5) shows that 12°C grown

radish gave higher leaf fresh weight as compared to 20°C
(Figure R12) particularly with Topsi which exceeded other
cultivars at 20°C by 24.86%, followed by Altox F1 12.35%,
then Famox F1 7.56% and the lowest was Corox 2.73%.
These results suggested that the best performance of leaves
fresh weight per plant were accomplished in 12°C cabinet
as compared to 20°C cabinet. On the other hand, plant
leaves dry weights performed better under 20°C in all
cultivars where Topsi and Famox showed very similar
values (20.69 and 20%, respectively), followed by Altox F1
11.11% and the lowest was Corox F1 3.57% as compared to
their individual corresponding values at 12°C (Figure R13).
Diversions in leaf areas among cultivars were observed in
their responses to varying temperatures (Figure R14).
Topsi and Famox F1 preferred 20°C as they showed
increases of 13.56 and 29.87%, respectively, over their
corresponding values at 12°C. In contrast to that Famox F1
and Altox F1 grown in 12°C exceeded their corresponding
values at 20°C in leaf area by 15 and 1.99%, respectively.
Dry matter accumulations in radish leaves are dependent
on photosynthesis and assimilate partitioning which are
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Figure(R12):Reduction percentages in leaf weight (g) caused by 20°C, as compared to 12°C

Figure(R13):Reduction percentages in leaves dry weight per plant (g) caused by 20°C, as
compared to 12°C

highly influenced by ambient temperatures. Antonious and
Kasperbauer (2002) concluded that at warmer
temperatures, the effect of light intensity on carrot plants
was more significant than at cooler temperatures.
Photosynthesis in many plants was found to increase as
temperature increases. The rate of photosynthesis in
carrots was much higher at 25°C than that at 15°C at high
light intensities meaning that carrot growth increased (Hall
and Rao, 1999). Decoteau (1998) indicated that carrot
growth was high under low light intensities at cooler
temperatures. However, Hole and Dearman (1993) found
that carrot shoot dry mass, as well as the fresh and dry
mass of storage and fibrous roots were reduced under low
light intensities. On the other hand, Hole and Sutherland
(1990) obtained plants with a higher fresh mass at low light

intensities and 20°C. The effect of light on carrot growth
was also experimented with by Albayrak and Camas (2007)
who found that light intensity had no significant effect on
leaf area at high temperature (20°C). Low temperature
(4°C) influenced the development of radishes by increasing
biomass accumulation in storage organs further (roots) and
accelerating plant growth (relative growth rate and net
assimilation rate). Increased shoot: root ratio and specific
leaf area showed that under ordinary temperature
conditions (18/14°C) radish grew more leaves but
accumulated less assimilate products in roots (Sirtautas et
al., 2011).
Radish grown in 20°C cabinet gave significantly higher
leaf area index, plant height and leaf number per plant than
that grown in 12°C (Table 5). Topsi, Corox F1 and Altox F1
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Figure(R14): Reduction percentages in leaf area per plant (cm²) caused by
20°C, as compared to 12°C

Figure(R15):Reduction percentages in leaf area index of four radish cultivar between
20°C and to 12°C cabinets

grown in 20°C cabinet significantly exceeded their
corresponding treatments at 12°C by 13.83, 30.93 and
2.38% respectively, in terms of leaf area index. However,
Famox F1 grown in 12°C cabinet exceeded that of 20°C by
14.13% (Figure R15). Similar trend in plant height were
observed where radish grown in 20°C also revealed
superiority over that grown in 12°C. Therefore, Topsi,
Famox F1, Corox F1 and Altox F1 significantly surpassed
their corresponding values of 12°C grown radish by 45.67,
60.87, 71.39 and 76.31%, respectively, in terms of plant

height (Figure R16). Similar results were reported by
Mansota (2011), with slight differences with the results
obtained in this study which are attributed to the fixed
day:night
temperatures
in
compression
to
thermoperiodism adopted by Mansota (2011) who found
that temperature had a major effect on plant height, with
plants at both the 24/10 and 28/20°C treatments being
significantly taller than those at the 15/5°C treatment,
which were in turn taller than those at the highest
temperature of 35/25°C. Cultivar differences were no
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Figure(R16):Reduction percentages inplant height (cm) caused by 20°C, as compared to 12°C

Figure(R17):Reduction percentages in leaf number caused by 20°C, as compared to 12°C

longer significant at week 10, and the temperature effects
were the same as those obtained at week 8. Although plants
at the 24/10°C were now taller than those at 28/20°C, this
difference was not significant. At 12 and 14 weeks, plants at
the highest temperature treatment (35/25°C) had started
dying back, and those at the 24/10°C were significantly
taller than those of the other two temperature treatments
(15/5 and 28/20°C). From week 16 up to 32 the interaction
between cultivar and temperature was significant showing
that the two cultivars reacted differently to temperature.
In general, leaf number per plant in radish grown at 20°C
was significantly higher than that of 12°C (Figure R17).

Plant leaf number observed in Topsi, Famox F1, Corox F1
and Altox F1 cultivars grown in 20°C cabinet substantially
exceeded their corresponding leaf number observed in
12°C cabinet by 11.35, 10.76, 2.68 and 4.12%, respectively.
Mansota (2011) investigated the influences of varying
temperatures on leaf number per plant in carrots as he
found that leaf number at the 18 and 26°C treatments
however, did not differ significantly from each other. A
drastic decrease in leaf number occurred in both cultivars
at 32°C from week 10. All the nectar plants at 32°C were
already dead by week 12. The highest number of carrot
leaves was produced by plants grown at 18°C in both weeks
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Figure(R18):Reduction percentages in blade thickness (mm) caused by 20°C, as compared to 12°C

Figure(R19):Reduction percentages in blade length (cm) caused by 20°C, as compared to 12°C

10 and 12. During week 10 no differences in leaf number
were noted between plants at the 18 and 26°C treatments,
but by week 12 plants at the 26°C treatment had
significantly fewer leaves than those at 18°C. Plants
exposed to the 32°C treatment had fewer leaves than those
at either 18 or 26°C. At 10 weeks the leaf number of plants
in the 10°C treatment was significantly lower than that of
plants at 18°C, but this difference was no longer significant
at week 12. From week 14 to 18 the highest number of
leaves was produced by plants at 10°C, significantly higher
than that of plants at all other temperature treatments. All
plants exposed to the 32°C treatment had died by week 16.
Leaf number of plants at the 26°C treatment continued to
decrease during this period, and all plants at this treatment
were dead by week 20. At this stage there were no longer
any significant differences in the leaf number from plants at
the 10 and 18°C treatments.

Topsi, Famox F1, Corox F1 and Altox F1 produced
significantly higher leaf thickness under 20°C than their
corresponding leaf thickness under 12°C by 20.87, 31.89,
44.92 and 34.54%, respectively, (Figure R18). Leaf
thickness appeared to be adversely related to leaf area and
can be indicated from specific leaf area. The highest specific
leaf area (SLA) was obtained from F3 treatment after both
measurements. SLA represents the mean leaf area per unit
of leaf weight; it measures leaf density or relative thickness.
In plants the higher the SLA, the thinner the leaf is. Our
results show that SLA ratio increased more than 3-fold after
the second measurement, but LWR did not change at all
(F3, F4). In F1, F2 treatments LWR decreased more than
twice (Sirtautas et al., 2011).
All cultivars except Topsi manifested better performance
of blade length under 12°C (Figure R19). Consequently,
Famox F1, Corox F1 and Altox F1 surpassed their
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Figure(R20):Reduction percentages in mid blade width (cm) caused by 20°C, as compared to 12°C

corresponding blade length at 20°C by 6.32, 2.45 and
12.67%, respectively. In contrast Topsi grown at 20°C
exceeded its corresponding blade length by 11.03%. Topsi,
Famox F1, Corox F1 and Altox F1 grown under 20°C
apparently exceeded their corresponding leaf mid width
obtained at 12°C by 25.56, 29.67, 23.36 and 44.02%,
respectively (Figure R20). These results suggest that
temperatures participate in the leaf shape at least in the
latest three cultivars, since radish under 12°C showed
efficacies to increase blade length. Similar changes in plant
size were stated by Quagliotti (1967) who indicated that
the final plant size is larger at lower temperature (14°C)
than at higher temperatures (20 and 26°C). It was only
during the first 10 weeks after planting that the plant
height of “Nectar” was significantly taller than “Star 3002”
but this was not true later in the season. At week 8 both
cultivar and temperature showed significant differences,
but the interaction effect was no longer significant showing
that both cultivars reacted to temperature in the same way.
“Nectar” seedlings were taller than those of “CS 1006” when
taken over all temperatures (Mansota, 2011).
Cultivar responses to varying irrigation
Slight differences were observed among investigated
cultivars within any given irrigation levels. However,
differences were apparent between 0 and 100% AWC levels
of irrigation (Table R6). Topsi, Famox F1, Corox F1 and
Altox with adequate (0%AWC) irrigation substantially
exceeded their corresponding (100%AWC) of severe
drought in terms of plant leaves fresh weight by 37.26,
63.12, 26.91 and 42.31%, respectively (Figure R21).
Significant plant growth increases were observed from
treatment of grass mulch at 100% MC on plant height, root
diameter, TSS (%) and fresh mass when compared to the
other treatments. This was followed by clear plastic at
100% MC black plastic at 100% MC and lastly the treatment

of no cover at 100% MC. Similar results were obtained at 70
and 50% MC. There were no significant interactions
between treatments (M × MC) for growth and yield
parameters measured. Only grass mulch at 100% MC
produced significantly higher number of leaves than all the
other treatments which had similar number of leaves. Root
diameter varied significantly across all treatments. The
widest root diameter was obtained from grass mulch at
100% MC followed in decreasing order by no mulch at
100% MC, grass mulch at 70% MC and lastly black
polyethylene at 100% MC (Carmichael et al., 2012).
Furthermore, water affects the physiological metabolic
functions of the plant. Suojala (2000) and Mader (1993)
stated that through precipitation, water is made available
to plants as surface water, soil water or groundwater.
Plants comprise about 70 to 90% water or even more on a
fresh mass basis.
Plant leaf dry matter of Topsi and Famox F1 irrigated
with 0%AWC depletion substantially exceeded their
corresponding irrigated by 100%AWC depletion by 38.92
and 36.56%, respectively. However, leaf dry matter of
Corox and Altox irrigated with 100% AWC depletion
exceeded their corresponding values obtained with
0%AWC depletions by 1.87 and 15.89%, respectively
(Figure R22). These results suggested that dry matter
accumulation in leaves of the former two cultivars
preferred higher water availabilities owing to their drought
susceptibilities. Similar results were obtained by Hegde and
Srinivas (1989) who investigated different soil water
potential. F1 and Altox manifested drought trials (25, 45, 65
and 85 kPa at 15 cm depth) on growth, yield and water use
of banana (Musa sapientum L.). A SWP from 25 to 45 kPa
resulted in better growth, dry matter and yield, and the
SWP from 65 to 85 kPa adversely affected growth and
productivity of banana. Hegde (1987) indicated the
treatment with the soil matric potential at 18 cm depth
about 20 kPa obtained the maximum radish (cv. Japanese
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Table R6. Leaf parameters analysis of four radish cultivars grown in controlled cabinet under varying irrigation levels (*), (**)
Irrigation:Cvs
0%T
0%F
0%C
0%A
33% T
33% F
33% C
33 % A
66% T
66% F
66% C
66% A
100%T
100%F
100%C
100%A

Lfwt/p
(g)
EBDAC3.2
BDAC3.41
BAC3.5794
BAC3.5863
BDAC3.4
EBDAC3.2
A3.8017
BAC3.5199
C-F2.6243
A3.8526
BA3.7106
A-C3.5046
EF2.2865
F2.0944
B-F2.7785
EDF2.4664

Ldwt/p
(g)
A0.38988
B0.31085
B0.27937
B0.24505
B0.28777
B0.249
B0.28646
B0.30348
B0.31354
B0.30362
B0.30868
B0.2926
B0.28138
B0.23874
B0.2732
B0.28774

LA/P
(cm2)
C-F118.77
A-D137.3
BAC146.26
A167.33
C-F117.15
A-D135.9
BA160.29
D-G104.49
D-G111.08
B-E127.2
C-F118.37
C-G109.43
GF83.07
GFE90.65
GF79.58
G77.53

LA Index
C-F6.423
A-D7.425
A-C7.91
A9.0493
C-F6.336
A-D7.347
AB8.6684
D-G5.651
C-G6.007
B-E6.879
C-F6.401
C-G5.918
FG4.4923
E-G4.902
FG4.3036
G4.1927

PL
(cm)
BA18.233
A18.667
B-D16.167
A-C17.917
D-F14.417
A-D16.557
A-D16.475
DC15.5
DE14.833
B-D15.883
B-D15.967
BDC15.75
FDE14.157
F12.167
FE12.417
FE12.833

L No/P
BAC .75
BA4.8750
A5
BA4.9375
F 4.0625
C-F 4.375
A-D 4.688
C-F4.3750
D-E 4.6
BAC4.75
BA4.9375
A-D4.688
D-F 4.313
E F 4.25
B-E 4.563
E F 4.25

B Th
(mm)
BC0.37882
BC0.37906
BC0.37802
BC0.40386
A0.49
BC0.37798
C0.363
C0.29928
C0.30077
C0.3367
C0.33035
BC0.38432
B0.47191
BC0.37154
C0.33427
C0.3345

BL
(cm)
BA9.1
BC7.5
C6.9
BA8.85
A9.4333
BA8.9167
BA9.2083
A-C8.167
A-C8.133
BA9
A9.4833
BA9.1667
BAC7.775
BC7.675
BAC8.05
BC7.575

B mW
(cm)
BA5.5917
BA5.0167
B4.3083
BA5.1167
BA5.2917
BA4.9167
BA5.4583
BA5.35
BA4.7583
BA5.55
A5.8583
BA4.8583
BA4.8682
BA4.4167
BA5.1583
BA4.5167

(*). Lfwt/p g = leaf fresh weight per plant; Ldwt/p g = leaf dry weight per plant; LA/P Cm2 = leaf area per plant; L A Index = leaf are = blade a index; PL Cm =
plant height; L No/P = leaf number per plant; B Th mm = blade thickness; BL Cm = blade length; B mW Cm = blade mid width
(**). Figures of unshared characters significantly differ at 0.05 levels, Duncan.

Figure(R21):Reduction percentages in leaf fresh (g) caused by wilt, as compared to Fc

White) root yield, highest ET and moderately high WUE, but
the difference in root yield between irrigations scheduled at
20 and 40 kPa was not significant. Leaf dry weight
profoundly depended upon photosynthesis; drought
resistance cultivar can undergo photosynthesis better than
drought susceptible cultivars. In general, optimum soil
water potential (SWP) can meet the physiological needs of
plant growth and be favorable for water and nutrition
uptake. Low SWP will result in adverse impacts on crop

growth, for example, increased soil strength impedes root
penetration; stoma resistance increases thus decreasing
photosynthesis. Very high SWP causes drainage and loss of
nutrients and also has negative effects on crop growth. At
high SWP root growth and functions will be affected by
inadequate oxygen diffusion into the soil (Hodnett et al.,
1990).
Plant leaf area in Topsi, Famox F1, Corox F1 and Altox F1
irrigated by 0% AWC depletion substantially surpassed
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Figure(R22):Reduction percentages in leaf dry weight (g) caused by wilt, as compared to Fc

Figure(R23):Reduction percentages in leaf area (cm²) caused by wilt, as compared to Fc

their corresponding plant leaf area irrigated by 100%AWC
depletion by 40.03, 43.87, 80.12 and 115.79%, respectively,
(Figure R23). Xu and Zhou (2008) found that although
severe drought might lead to a reduction in stomatal
density, an increase is possible under moderate drought
conditions since the response is characteristic of a parabola
rather than a linear regression. This pattern of response
may also explain why a decrease in leaf area results in an
increase in stomatal density under moderate drought, but
an inhibition of guard cell division in relation to senescence
induced by severe drought can lead to a reduction in the
total stomatal number on a given leaf i.e. stomatal density.
Leaf area was found to depend on cell growth which
depends on turgor and cell wall extensibility. The

relationship is described by the classical Lockhart equation
(Lockhart 1965).
Expansion rate of a cell equals to m (P – Y)
where rn is the extensibility of the cell wall, P is the turgor
pressure, and Y is a minimum value of P below which the
cell will not grow.
Passioura and Fry (1992) argued that minimum value of
turgour pressure (Y) (and sometimes m) may vary in
response to changes in turgour pressure (P) on a time scale
of about 10 min. The result is that apart from the transient
responses, cell expansion rate is often maintained at an
approximately steady value despite changes in Serpe and
Matthews (2000) indicating it to be the case at least for
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Figure (R24):Reduction percentages in leaf area index of four radish cultivar caused by wilt, as compared to Fc

moderate decrease in turgor. Cell wall growth therefore
accounts for how m and Y may vary to maintain a constant
growth rate despite moderate changes in turgor.
The highest leaf area index was confined to Altox F1 (9
.049), Corox F1 (7.91) and Famox F1 (7.425) at 0%AWC
depletion. They significantly exceeded Topsi 6.42 irrigated
with 0%AWC (Table R6). ). 0%AWC irrigation levels of
Topsi, Famox F1, Corox F1 and Altox F1 substantially
exceeded their corresponding leaf area index obtained from
severe drought by 42.98, 81.47, 83.8 and 115.84%,
respectively, (Figure R24). These results suggested that leaf
area and leaf number per plant were boosted significantly
under adequate water and highly hindered under severe
stress which affected the final leaf area index. Since drought
highly influenced the turgour pressure of expanding cells,
when drought stress develops, not all green viable leaves
respond similarly in stomatal closure. Rather, older leaves
senesce and die while upper younger leaves retain full
turgidity and open stomata. Thus, whole plant water use is
reduced but leaf gas exchange is retained in the most viable
and light-exposed part of the canopy (Blum and Arkin,
1984). Leaf senescence under stress can also be linked to
enhanced stem reserves mobilization into the grain as
discussed above. It therefore seems that designing a plant
that can sustain growth and productivity when its tissues
are dehydrated is not forthcoming. What appears to be the
solution at the present state of our knowledge is to design a
plant that can avoid dehydration. It also appears that plant
reserve mobilization into the growing grain is a powerful
resource for enhancing grain yield under stress during
grain filling (Blum, 2011).
Highest plant heights were observed at 0AWC%
treatments and the lowest at 100%AWC depletion
treatments (Table R6). However, significant differences
were detected in the response of individual cultivars to
both irrigation levels where, Topsi, Famox F1, Corox F1 and

Altox F1 irrigated with 0%AWC substantially exceeded
their corresponding plant height obtained at 100%AWC
irrigation by 27.38, 53.65, 29.02 and 36.87%, respectively
(Figure R25). Significant plant growth increases were
observed from treatment of grass mulch at 100% MC on
plant height, root diameter, TSS (%) and fresh mass when
compared to the other treatments. This was followed by
clear plastic at 100% MC, black plastic at 100% MC and
lastly the treatment with no cover at 100% MC. Similar
results were obtained at 70 and 50% MC. There were
insignificant interactions between treatments (M × MC) for
growth and yield parameters measured. Only grass mulch
at 100% MC produced significantly higher number of leaves
than all the other treatments which had similar number of
leaves. Root diameter varied significantly across all
treatments. The widest root diameter was obtained from
grass mulch at 100% MC followed in decreasing order by
no mulch at 100% MC, grass mulch at 70% MC and lastly
black polyethylene at 100% MC (Carmichael et al., 2012).
Similar trends were observed in leaf number per plant
where the highest leaf number per plant occurred in
cultivars responses to 0%AWC treatments, Since Topsi,
Famox F1, Corox F1 and Altox F1 at adequate watering
profoundly surpassed their corresponding plant leaves
irrigated with 100% AWC by 9.87, 14.53, 8.97 and 16.01%
respectively (Figure R26). These results confirmed the leaf
generation inhibition imposed by water stress on apical
meristems besides the inducements of leave senescence
and their death during the growing season which were not
included in counted leaves. It was reported that the leaf
number obtained from the grass mulch with 100% MC was
significantly higher than the rest of the treatments as
observed at four weeks after planting (Carmichael et al.,
2012). Grass mulch promotes moisture conservation and
suppress weed growth and then increases crop growth as
indicated by increased number of leaves (Kramer, 1983).
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Figure (R25):Reduction percentages in leaf area index of four radish cultivar caused by wilt, as compared to Fc

Figure (R26):Reduction percentages in leaf number caused by wilt, as compared to Fc

Total dry matter yield also followed a similar trend as that
of root yield, Harvest index was not influenced significantly
either by soil matric potential or N fertilization, although a
decreasing trend was observed with N fertilization because
of the promotion of leaf growth in relation to root
development (Hedge, 1978).
Leaf thickness appeared to be compromised with leaf
area at the same level of irrigation where leaves of higher
thickness possessed lower leaf area (Table R6). Different
cultivar responses to varying irrigation levels were
observed where Topsi shows better leaf thickness under
severe drought than at adequate watering by 19.89%. On
the other hand, adequately irrigated Corox F1 and Altox
F1substaintially exceeded their corresponding thickness at
severe drought by 13.96 and 20.12%, respectively (Figure

R27). These results suggested that Topsi and Famox F1
radish cultivars increased their leaves thickness to avoid
drought earlier than Corox F1 and Altox F1 as they suffer
drought earlier; such phenomenon is more prominent in
salt stress conditions. It was found that plants tended to
resist drought through increasing its leaf thickness to
establish more stomata number per unit area. Stomatal
density was not signiﬁcantly associated with leaf area per
plant, it was negatively correlated with speciﬁc leaf area,
indicating that enhanced leaf thickness may produce more
guard cells for a given leaf area. Enlarged leaf thickness and
the associated increased stomatal density may also be
useful in enhancing the plasticity to a certain degree under
moderate drought (Galmes et al., 2007).
The highest blade lengths were confined to adequately
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Figure (R27):Reduction percentages in blade thickness (mm) caused by wilt, as compared to Fc

Figure (R28):Reduction percentages in blade length (cm) caused by wilt, as compared to Fc

irrigated radish as compared to moderately and severely
droughted radish (Table R6). Topsi and Altox F1 irrigated
with 0%AWC highly exceeded their blade length produced
under severe drought by nearly 15%. However, Corox F1
irrigated with 100%AWC produced higher blade length
than 0%AWC level by 15% (Figure R28). Resembled trends
were observed with mid leaf width where Topsi, Famox F1
and Altox F1 exceeded their corresponding mid blade width
in severe drought by 14.01, 12.53 and 12.64%, respectively.
In contrast, severely droughted Corox F1 produced mid leaf
width higher than adequately irrigated by 18.64% (Figure
R29). It is well established that leaf length and width
resulted from cell expansion and their orientations which
are imparted drastically under severe drought. Carmichael
et al. (2012) revealed that after four weeks, plant height
was significantly higher in grass mulch with 100% MC
followed by no mulch with 100% MC, then clear plastic

with 100% MC and lastly black plastic with 100% MC. All
other treatments were not significantly different from the
control. All treatments that were mulched had higher
growth parameter values than those that were on bare soil.
The height of radish under grass mulch was significantly
taller than all the other treatments. There was no
significant difference between black polyethylene and the
control (no mulch) and these treatments resulted in the
lowest plant height.
Cultivar responses to varying temperatures and
irrigation levels
Insignificant differences in plant leaf fresh weights were
detected in the responses of cultivars to varying
temperatures combined with adequately watered and
droughted radish. However, substantial differences were
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Figure (R29):Reduction percentages in mid blade width (cm) caused by wilt, as compared to Fc

found only under severe drought at 20°C. These results
confirmed that 12°C capable to mitigate the adversity of
water stress in all cultivars except Topsi through reducing
the potent evapotranspiration, increasing the leaf water
holding capacity which might be acquired through slow cell
growth rate and accomplishing more compacted leaves of
well performed statures (Table 7). The highest leaf dry
mass (1.46 g) was obtained at the 10°C treatment,
significantly greater than that produced at 18°C treatment
(0.63 g) in 2009. In 2009/10 the leaf dry mass was not
influenced by any of the treatments. Although there were
no significant difference, the greatest leaf dry mass was
obtained at 15/5°C (Mansota, 2011). Temperature only
influenced leaf fresh and dry mass when constant. The
highest fresh and dry mass were produced at 10°C which is
in contrast with results obtained by Gonzalez et al. (2009)
who reported a lower leaf fresh mass at 12°C than at 25°C
for carrots. Interestingly, the planting’s leaf fresh and dry
mass were not influenced by either cultivar or temperature.
Although not significant, leaf fresh mass was highest at the
24/10°C treatment and dry mass at 15/5°C. It seems that a
cool day and lower night temperature (15/5°C)
combination is more beneficial for dry mass production of
carrot leaves (Mansota, 2011). Benjamin et al. (1997)
reported that reducing temperature of an organ should
restrict its metabolic activity and its ability to compete for
assimilates. Ulrich (1954) grew sugar beet under different
night temperatures (23/4, 23/10 and 23/17°C). A low night
temperature of 4°C in particular decreased leaf fresh mass
of beet and the highest leaf fresh mass was obtained at high
night temperature of 17°C, but leaf dry mass was not
influenced by any of the different night temperatures.
Insignificant differences in plant leaf dry weights were
detected in the responses of cultivars to varying
temperatures combined with adequately watered and
droughted radish. However, substantial differences were

found only under severe drought at 20°C. These results
confirmed that 12°C was capable of ameliorating the
adversity of water stress in all cultivars except Topsi. These
results suggested that Topsi is
a drought and low
temperature susceptible radish cultivar. Most literatures
emphasized the positive effects of low temperature on dry
matter accumulation owing to the low consumption of
assimilates under low temperature which shifts the
hormonal balance to the favour of inhibitors. Low
temperature had the strongest effect on carbohydrate
accumulation in roots and shoots. At the maturity stage,
there were no differences in carbohydrate contents.
Moreover, the dry weight of roots increased due to
carbohydrates allocation from shoots to roots. Suzuki
(1978) planted radish plants under different night and day
temperatures of 20/25°C (high temperatures), 13/18°C
(medium temperatures) and 8/12°C (low temperatures).
Leaf dry mass of radish was increased at the higher
temperatures (20/25°C) and reduced at the lower
temperatures (8/12°C). Under low temperature and short
day photoperiod, relative growth and net assimilation rates
of radishes were higher during all experiment. The lowest
photosynthetic pigments concentration was found under
long day photoperiod independent of temperature
treatment (F2 and F4). After the 1st measurement, in F2
treatment the highest and in F3 the lowest content of all
carbohydrates in roots and leaves further (shoots) were
determined but after the 2nd measurement there were no
big differences among all treatments, because in 29 days
growing under ordinary temperature and long-day period
the development level of differently treated radishes
equalized (Sirtautas et al., 2011).
A combination of 20°C and severe drought manifested
prominent reductions in leaf area. However, 12°C combined
with adequate irrigation showed apparent reductions in
leaf area, but it had the ability to mitigate the negative

Int. J. Agric. Pol. Res.

24

Table R7. Leaf parameters analysis of four radish cultivars grown in controlled cabinet under varying temperature and irrigation levels (*), (**)
T:I:Cvs
20:0%: T
20:0%:F
20:0%:C
20:0%:A
20:33%:T
20:33%:F
20:33%:C
20:33%:A
20:66%:T
20:66%:F
20:66%:C
20:66%:A
20:100%:T
20:100%:F
20:100%:C
20:100%:A
12:0%:T
12:0%:F
12:0%:C
12:0%:A
12:33%:T
12:33%:F
12:33%:C
12:33%:A
12:66%:T
12:66%:F
12:66%:C
12:66%:A
12:100%:T
12:100%:F
12:100%:C
12:100%:A

Lfwt/p
(g)
A-G3.0702
A-G3.1093
A-F3.285
A-E3.4265
A-G2.8894
A-E3.205
A-C3.6965
A-F2.9774
DG2.1115
A4.162
AB4.0959
AC3.8335
FG1.8789
G1.737
C-F2.6161
E-F2.0076
A-E3.3715
A-C3.7189
A-C3.8738
A-C3.7461
A-C3.822
A-F3.23
A-C3.9069
AB4.0624
A-G3.137
A-D3.5431
A-E3.3254
A-G3.1757
A-G2.6941
C-G2.4519
A-G2.9409
A-G2.9253

Ldwt/p
(g)
A0.52623
B0.37895
BC0.30978
BC0.26473
BC0.27777
BC0.26207
BC0.31456
BC0.34066
BC0.33632
BC0.32504
BC0.32233
BC0.3151
BC0.24942
C0.23441
C0.21599
BC0.26459
BC0.25352
C0.24274
BC0.24896
C0.22536
BC0.29777
C0.23594
BC0.25836
BC0.26629
BC0.29077
BC0.2822
BC0.29503
BC0.2701
BC0.31335
C0.24307
BC0.3304
BC0.31088

LA/P
(cm2)
B-E137.34
C-H114.61
A-D153.53
AB180.19
B-F123.65
B-E139.43
A201.35
C-F116.13
B-F123.98
B-F138.33
B-E146.96
C-H108.95
F-H72.91
HG61.29
F-H70.23
H58.92
F-H100.21
A-C159.99
B-E138.99
A-D154.47
C-F110.65
C-E132.27
C-F119.23
E-H92.85
E-G98.18
C-H116.05
E-H89.77
C-H109.91
E-H93.22
C-F120.01
E-H88.93
D-H96.13

LA Index
B-E7.427
C-H6.198
A-D8.303
AB9.745
B-F6.687
B-E7.541
A10.889
C-H6.28
B-F6.705
B-E7.481
B-E7.948
C-H5.892
F-H3.943
GH3.315
F-H3.798
H3.187
D-H5.419
A-C8.653
B-E7.517
A-D8.354
C-H5.984
B-E7.153
C-G6.448
E-H5.021
D-H5.309
D-H6.276
E-H4.855
C-H5.944
E-H5.042
C-F6.49
E-H4.809
D-G5.199

PL
(cm)
A23.3
A23
AB22.167
A23
E-H14.833
A-C20.113
A-C20.283
B-D19.333
B-D18.167
A-C20.333
A-C20.767
A-C21
C-F17.48
E-F15.167
F-K14.167
D-G16
G-K13.167
F-J14.333
LM10.167
G-M12.83
G-K14
G-K13
G-M12.67
H-M11.667
H-M11.5
I-M11.433
I-M11.167
K-M10.5
J-M10.833
M9.167
J-M10.667
LM9.667

L No/P
A-C 5.25
AB 5.375
A 5.5
A-D 5.125
HI4.125
C-G 4.75
C-G 4.75
HI4.125
A-D 5.125
A-E5
A-D 5.125
B-E 4.875
G-I4.25
HI4.125
HI4.125
E—I4.5
G-I4.25
F-I4.375
E-I 4.5
C-G 4.75
I4
I4
D-H 4.625
D-H 4.625
HI4.125
E-H4.5
C-G 4.75
E-I 4.5
F-I4.375
F-I4.375
A-E5
I4

B Th
(mm)
E-G0.2921
G0.2482
E-G0.2928
B-G0.3648
A-D0.48
D-G0.3346
D-G0.326
FG0.27285
FG0.27846
D-G0.3347
FG0.27893
B-G0.3709
C-G0.3486
FG0.2645
D-G0.3197
FG0.27513
A-D0.4655
AB0.50992
A-D0.463
B-E0.443
A-C0.4972
B-F0.4214
B-G0.400
D-G0.3257
D-G0.3231
D-G0.3387
B-G0.3818
B-G0.3977
A0.5952
A-D0.4786
C-G0.3487
B-G0.3939

BL
(cm)
A10.733
B-F7.633
B-F7.433
A-E8.433
AB9.533
A-D9
AB9.633
B-F7.933
A-E8.6
AB9.717
A-C9.367
A-E8.767
B-F7.4
F5.933
C-F6.9
D-F6.533
B-F7.467
B-F7.367
EF6.367
A-C9.267
A-C9.333
A-E8.833
A-E8.783
A-F8.4
B-F7.667
A-F8.283
AB9.6
AB9.567
B-F8.15
A-C9.417
A-C9.2
A-E8.617

B mW
(cm)
A-D6.35
A-H5.1667
B-H4.6167
A-D6.35
A-H5.1833
A-F6.1
A-C6.5333
A-E6.2667
A-F6.1833
A7.0167
AB6.7333
A-F5.95
A-H5.303
D-H4.2667
A-H5.1333
A-H4.9333
A-H4.8333
A-H4.8667
F-H4
GH3.8833
A-H5.4
H3.7333
C-H4.3833
C-H4.4333
H3.3333
F-H4.0833
A-H4.9833
GH3.7667
C-H4.4333
B-H4.5667
A-H5.1833
F-H4.1

(*). Lfwt/p g = leaf fresh weight per plant; Ldwt/p g = leaf dry weight per plant; LA/P Cm2 = leaf area per plant; LA Index = leaf are = blade a index; PL Cm = plant
height; L No/P = leaf number per plant; B Th mm = blade thickness; BL Cm = blade length; B mW Cm = blade mid width.
(**). Figures of unshared characters significantly differ at 0.05 levels, Duncan.

impacts on leaf area imposed by severe drought (Table R7).
Poorter (2002) observed that an increase in SLA implies
that leaves invest less biomass per unit area. This will come,
at least partly at the expense of the photosynthetic
machinery. Therefore a lower rate of photosynthesis per
unit leaf area can be expected. The LAR is the ratio of leaf
area to total plant weight and is the product of
morphological component (SLA), the ratio of leaf area to
leaf weight, and the LWR, indicating the fraction of total
plant weight allocated to the leaves (Poorter and Remkes,
1990). After the 1st measurement in F3 treatment, the
increase of LAR was caused by increase in SLA or after the
2nd measurement in F4 treatment LAR increase was

influenced by long day photoperiod. The change in leaf area
ratio depends on light and temperature, and it is observed
that the leaf area ratio is in inverse proportion with them
(Kaneko and Suzuki, 2006). It is known that there is a linear
relationship between specific leaf area and light intensity
(Caliskan et al., 2010).
The highest leaf area index (10.889) was observed in
confined Altox grown in 20°C cabinet and irrigated with
33%AWC. In general, leaf area index was reduced with
reduction in temperatures and irrigation levels and the
worst responding cultivar was Topsi; thus cultivars can be
categorized as: Altox F1> Corox F1> Famox F1> Topsi
(Table R7). Leaf area index changes in leaf area index (LAI)
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from seedling stage to harvest for different irrigation
frequency treatments as shown in sigmoid shapes for the
LAI versus time relationship in both years. During the
seedling period, the LAI values for all treatments were
small, and began to increase at leaf development stage.
When near the succulent root formation stage, the LAI
values of different treatments reached their maximum
successively and then decreased a little at the end of
experiments. At harvest, LAI of the six treatments
manifested that the highest irrigation frequency (F1)
resulted in the least LAI (Wan and Kang, 2006). It is
because a high irrigation frequency (irrigating once every
day) caused a very humid region in the root zone and
reduced oxygen diffusion into the soil which affected the
activity of crop enzyme, weakened crop photosynthesis
(Pezeshki 1994; Liao and Lin 1994; Huang et al., 1994) and
inhibited the development of leaf area. Taken together, all
this translates into the fact that at any given time each leaf
in the canopy is very unique in its own physiology and
microenvironment and its response to soil water deficit. If
one considers also a flux of ABA (and possibly xylem sap
pH) ascending in the xylem along this gradient, then there
is a very complex system for simulation. Furthermore, in
terms of the purpose of simulation towards plant breeding
one has to consider the interpretation of the model. For
example, high rate of leaf death under stress will usually be
taken as stress inflicted damage to the crop and its
productivity. This however is not necessarily always the
case as seen in sorghum, a relatively drought resistant plant
(Blum, 2011).
The highest plant heights were confined to adequate
irrigation and 20°C then gradual reductions occurred with
increasingly depleted water. Moreover, combinations of
12°C and severe drought produced the shortest plants
(Table R7). These results are attributed to low cell growth
rate that resulted from leaf water potentials and to low
temperature impacts on cell expansions. During growth,
plant cells secrete proteins called “expansins” which unlock
the network of cell wall polysaccharides, permitting turgor
driven cell enlargement. Expansins were implicated in the
drought responses of maize seedlings where maintenance
of root growth involved increased expansin activity in the
growing region (Wu et al. 1996). Drought increases the
expression of expansin genes in a spatial and temporal
pattern that closely matches the changes in expansin
protein activity (Cosgrove, 2000). Inhibition of cell
expansion under drought stress involves both the reduction
in turgor and the loss of cell wall extensibility. Loss of cell
wall extensibility also involves changes in polysaccharide
content and structure in the cell wall. In the resurrection
plant Myrothamnus flabellifolius (Moore et al. 2006),
constitutive presence of high concentration of arabinose in
cell walls provide the necessary structural properties to be
able to undergo repeated periods of desiccation and
rehydration. On the other hand temperatures were found to
manipulate plant height. It was reported that during the
first few weeks of measuring, the tallest plants were
recorded at the 26°C treatment. Plants at the 18

25

and 26°C treatments were significantly taller than plants at
all the other temperature treatments at week 8 and 10.
From week 12 until week 18, the tallest plants were
obtained at 10 and 18°C and were significantly taller than
those at 26°C. Only plants in the 10 and 18°C treatments
survived by week 20 and at this stage the plants in the 10°C
treatment were significantly taller than those at 18°C
(Manosa, 2011). Carrots are a cool season vegetable crop
performing best under cooler temperature conditions
(Joubert et al., 1994; Rubatzky et al., 1999). According to
Rubatzky et al. (1999) growth of carrot plants is slow at
10°C. In all cases it was found that the height of “Nectar”
seedlings was not significantly affected by temperature
regime under which the plants were grown, while the
height of “CS 1006” seedlings indicated variation due to
temperature. During week 16-20, “CS 1006” seedlings
grown at 24/10°C were significantly taller than those at
either 15/5 or 28/20°C. From week 20 onwards the picture
changed somewhat, with seedlings at the 28/20°C
treatment being significantly shorter than those at either of
the other treatments (24/10 and 15/5°C). This indicated
that plants at the lower temperature (15/5°C) were
growing faster than those at the higher temperature
(28/20°C) from week 18 onwards (Mansota, 2011).
Plant leaf number manifested its maximum under
adequate irrigation combined with 20°C high temperature,
substantial reduction was observed with severe drought at
20°C. However, 12°C also imposed additional inhibition on
leaf generation, but most inhibition impacts which
produced the lowest leaf numbers were observed in
combination treatments between severe drought and 12°C
(Table R7). Leaf generation reductions can be attributed to
the adverse influence of drought and 12°C temperature on
division and enlargements of cell in the apical meristems.
Harrison et al. (1998) manifested that when plants were
grown at 20°C the cell doubling time (CDT) was very short
in the earlier stages of development of the second leaf of
slender compared with that of the wild type with a mean
CDT over the dividing zone of 3·5 days compared with 13·1
h. Later in the development of the second leaf, this
difference was markedly less, with a mean cell doubling
time (CDT) of 23·6 days in wild type and 15·2 days in
slender type. When wild-type plants were grown at 5°C the
cell doubling time (CDT) in the early stages of leaf
development was reduced compared to that of plants
grown at 20°C. Although at 3 mm from the leaf base in older
(8 DAE) plants, the cell doubling time (CDT) was very long
over 100 days. This long cell doubling time (CDT) is
consistent with the shortening of the zone of cell division
previously. However, in slender the cell doubling time
(CDT) was markedly increased in both the first and third
segments in early stages of leaf development when plants
were grown at low temperature compared to 20 °C-grown
plants, although there was a less significant increase when
the leaves were in a later stage of development cell
doubling time (CDT). It was shown that leaf number
obtained from the grass mulch with 100% MC was
significantly higher than the rest of the treatments as
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observed at four weeks after planting (Carmichael et al.,
2012). Grass mulch promote moisture conservation and
suppress weed growth then resulted in promotes crop
growth as indicated by increased number of leaves
(Kramer, 1983). Total dry matter yield also followed a
similar trend as that of root yield, Harvest index was not
influenced significantly either by soil matric potential or N
fertilization although a decreasing trend was observed with
N fertilization because of the promotion of leaf growth in
relation to root development (Hedge, 1978). Carrot leaf
mass was increased at lower temperatures in both
plantings, although not significantly while leaf number and
plant height were increased at higher temperatures from as
early as eight weeks after planting. However, as the season
progressed leaf number and plant height were significantly
increased at lower temperatures in both plantings. This
appears to indicate that carrots are a cool season crop
(Mansota, 2011).
The lowest leaf thickness was observed with 20°C
combined with severe drought, however, 12°C showed
thickness increase particularly with severe drought.
Therefore, highest leaf thickness was observed with 12°C
combined with adequately watered radishes (Table R7).
Leaf thickness increases appeared to occur on leaf area,
particularly under low and poor light intensities. The
increase of LAR indicates that after second measurement
leaves were thinner than after first one because of the
influence of short-day photoperiod. The highest LAR was
obtained in F3 treatment after 1st measurement (after lowtemperature) and in F4 at the end of experiment. SLA data
confirmed that leaf area was higher than in F1 and F2
treatments. This means that for optimal growth
morphological or physiological plasticity in the shoot-toroot ratio is required (Sirtautas et al., 2011).
Blade length and width were highly reduced under severe
drought and 12°C, as compared to well irrigated radish and
20°C grown radish (Table 7). These results can be
attributed to the impacts of low temperatures and drought
which highly influenced cell division and expansions. The
relationship between turgor and growth is complex. In
agreement with more recent ideas about the mechanism of
cell wall extensibility, cell enlargement begins with a
reduction, or relaxation of wall stress. As a consequence,
turgor pressure and water potential are reduced and water
is drawn into the cell. The result is that the cell enlarges by
uptake of water (a reversible process) initiated by a
yielding of the wall (an irreversible process). Synthesis and
deposition of new wall materials is needed during or after
cell enlargement to prevent wall rupture in subsequent
growth. Note that wall synthesis per se is insufﬁcient to
cause cell enlargement since it does not induce water
uptake. A weakening of the load-bearing network in the
wall is needed to reduce turgor and thereby cause water
uptake (Cosgrove, 1993). It was reported that the
increasing differences between genotypes with maturation
of tissue were reflected in the comparison of data from
leaves of plants of various ages, the difference between wild
type and slender becoming more marked in older plants.

Inter stomatal cell length in wild type barley was slightly
reduced at 5°C in comparison with 20°C, whereas the
maximum cell length in slender barley grown at 5°C was
greater than that observed at 20°C. Not all species exhibit
alterations in cell length in response to different growth
temperatures (Harrison et al., 1998). Silk (1992) found an
unchanged profile of cell length with varying temperatures
in maize roots, which implied that temperature affected
both cell flux and wall expansion, so the profile of cell
length observed at a given time was unaltered by meristem
temperature.
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