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ABSTRACT: Topsi, Famox F1, Corox F1, and Altox F1 radish cultivars grown in controlled continuous 20 
and 12oC cabinets and they subjected to 0, 33, 66, and 100% depletion of peat moss available water 
capacity (AWC). The objective of this experiment was to analyze the storage roots of four radish cultivars 
storage roots in response to varying continuous (no thermoperiodism) temperatures and irrigation levels. 
The obtained results revealed that 12oC showed efficacies to improve the dry weight, fresh weight, 
diameter, W: L ratio and volume of storage roots, epecially when combined with adequate irrigation as 
compared to 20oC, which highly increased length of storage roots, particularly when combined with severe 
drought. 0% AWC depletion was the most potent treatment in improving the storage root performance, as 
compared to other irrigation treatments, particularly 100% AWC depletion.The significance order of 
cultivars categorized in to the following: Altox F1> Corox F1> Famox F1> Topsi, where Topsi appeared to 
favour  20oC. Adequately irrigated Altox F1 grown at continuous 12oC was the paramount treatment, as it 
gave storage roots possesses diameter higher than their corresponding length. 
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INTRODUCTION 
 

 Plants have evolved a variety of responses to extreme temperatures those minimize damages and ensure the 

maintenance of cellular homeostasis (Kotak , 2007). A considerable amount of works have explored that there is a 

direct link between ROS scavenging and plant stress tolerance under temperature extremes (Suzuki and Mittler, 

2006). Thus, the improvement of temperature stress tolerance is often related to enhanced activities of enzymes 

involved in antioxidant systems of plants. Plants exposed to extreme temperatures use several non-enzymatic and 

enzymatic antioxidants to cope with the harmful effects of oxidative stress; higher activities of antioxidant defense 

enzymes are correlated with higher stress tolerance. Different plant studies have revealed that enhancing antioxidant 

defense confers stress tolerance to either HT or LT stress (Almeselmani , 2006). One consequence of drought and 

many other stresses is the production of activated oxygen molecules that cause cellular injury, and therefore plants 

with increased concentrations of oxygen scavengers should show improved performances under nonlethal stress 

conditions. When tobacco Mn-superoxide dismutase was over expressed in alfalfa,the plants showed an increased 

growth rate after freezing stress (Mc Kersie , 1993). 



Intl J Farm & Alli Sci. Vol., 4 (3): 267-282, 2015 

 

268 
 
 

   High temperature stress is defined as the rise in temperature beyond a critical threshold for a period of time 
sufficient to cause irreversible damage to plant growth and development (Wahid, 2007). The growth and development 
of plants involves a countless number of biochemical reactions, all of which are sensitive to some degree to 
temperature (Zrobek-sokolnik, 2012). Consequently, plant responses to HT vary with the extent of the temperature 
increase, its duration, and the plant type. Worldwide, extensive agricultural losses are attributed to heat, often in 
combination with drought or other stresses (Mittler, 2006).Temperature stress is becoming the major concern for 
plant scientists worldwide due to the changing climate. The difficulty of climate change is further added considering 
its precisely projecting potential agricultural impacts (Watanabe and Kume, 2009; Shah , 2011). Temperature stress 
has devastating effects on plant growth and metabolism, as these processes have optimum temperature limits in 
every plant species. Global climate change is making high temperature (HT) a critical factor for plant growth and 
productivity; HT is now considered to be one of the major abiotic stresses for restricting crop production 
(Hasanuzzaman , 2012). The US Environmental Protection Agency (EPA) indicates that global temperatures have 
risen during the last 30 years (EPAA, 2011), and it was mentioned that the decade from 2000 to 2009 was the 
warmest ever recorded.  
   Wahid (2007) mentioned that HT can cause considerable pre- and post-harvest damages, including scorching 
of leaves and twigs, sunburns on leaves, branches and stems, leaf senescence and abscission, shoot and root 
growth inhibition, fruit discoloration and damage. High temperature also alters the internal morphology (anatomy) of 
plants and these changes are generally similar to those under drought stress. Under HT stress, there is a general 
tendency towards reduced cell size, closure of stomata and curtailed water loss, increased stomatal density and 
trichomatous densities, and larger xylem vessels in both roots and shoots. Several lines of study indicate that 
exposure of plants to HT results in the disintegration of ultrastructural characteristics, mainly attributed to a lower 
stomatal density, larger stomatal chamber with a larger stomatal opening area, thinner leaves, loose arrangement of 
mesophyll cells, a partially developed vascular bundle and unstable organelle structure. Zhang  (2009) examined the 
microscopic and ultrastructural characteristics of mesophyll cells in flag leaves of both HT sensitive and tolerant rice 
genotypes grown under heat stress (37/30°C) and reported that the membrane permeability increased in both 
sensitive and tolerant plants under HT stress. However, under the HT stress, the tolerant plants showed tightly 
arranged mesophyll cells in flag leaves, fully developed vascular bundles and some closed stomata, whereas the 
sensitive plants suffered from injury because of the poor structures of these organs. Johkan  (2011) observed that 
the number of tillers in wheat plants decreased in response to HT, especially high night-time temperatures, however 
shoot elongation was promoted. 
   The accumulation of low molecular weight metabolites that act as osmo protectants is a widespread adaptation 
to dry, saline, and low-temperature conditions in many organisms. In engineering plants that synthesize protective 
osmolytes, microorganisms appear to be useful sources for genes (Ingram and Bartles, 1996). Transgenic tobacco 
plants that synthesize and accumulate the sugar alcohol mannitol have been obtained by introducing a bacterial 
gene that encodes mannitol 1-phosphate dehydrogenase. Plants producing mannitol showed increased salt 
tolerance. Similarly, a freshwater cyanobacterium that was transformed with E. coli bet genes produced significant 
amounts of glycine betaine; this stabilized photosynthetic activity in the presence of sodium chloride, allowing 
improved growth (Nomura , 1995). Tobacco plants that accumulate the polyfructose molecule fructan have been 
engineered using microbial (Bacillus subtilis or Streptococcus mutans) fructosyl transferase genes. These plants 
showed improved growth under polyethylene mediated drought stress (Pilon-Smits , 1995), with a positive correlation 
observed between the level of accumulated fructans and degree of tolerance. The mechanism by which fructans 
confer tolerance is not known, although a mere osmotic effect seems unlikely. Although Lea-related genes are 
upregulated abundantly in most plants during all types of osmotic stress, separate ectopic expression of three 
different representatives in tobacco did not yield an obvious drought-tolerant phenotype (Iturriaga , 1992). However, 
this result is perhaps less surprising considering that drought stress does induce an array of different LEA-related 
proteins in plants. It is also likely that other factors are required for the expression of tolerance where LEA-type 
proteins are involved. 
 The drought-activated signal transmission process has begun to be dissected at the molecular level, mostly on 
the basis of studies of isolated drought-responsive genes. Endogenous ABA levels have been reported to increase 
as a result of water deficit in many physiological studies, and therefore ABA is thought to be involved in the signal 
transduction (Chandler and Robertson, 1994; Giraudat , 1994). Many of the drought-related gene scan be induced 
by exogenous ABA; however, this does not necessarily imply that all these genes are also regulated by ABA in vivo. 
Many of the changes in mRNA levels observed during drought reflect transcriptional activation. Treatment with ABA 
can also induce these changes, and this treatment has been utilized for setting up experimental systems to define 
cis- and trans-acting elements. cis- and trans-acting elements involved in ABA-induced gene expression have been 
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analyzed extensively (Giraudat , 1994). The best-characterized cis-element in the context of drought stress is the 
ABA-responsive element (ABRE), which contains the palindromic motif CACGTG with the G-box ACGT core element 
(Giuliano , 1988). ACGT elements have been observed in a multitude of plant genes regulated by diverse 
environmental and physiological factors. Systematic DNA-binding studies have shown that nucleotides flanking the 
ACGT core specify the DNA-protein interactions and subsequent gene activation (57). G-box-related ABREs have 
been observed in many ABA-responsive genes, although their functions have not always been proven 
experimentally. The best studied examples of these ABRE promoter elements are Em1a from wheat and Motif I from 
the rice rab 16A gene (Marcotte , 19889; Mundy , 1990). Multiple copies of the elements fused to a minimal 35S 
promoter confer an ABA response to a reporter gene (Skriver , 1991) , which supports the hypothesis that ABREs 
are critical for the ABA induction of relevant genes (although it is difficult to explain why single copies are not sufficient 
for this response). The ABA effect on transcription was orientation independent in both the wheat and rice elements, 
which suggests that they possibly function as enhancer elements in their native genes. Electrophoretic mobility shift 
assays and methylation interference foot printing have shown that both Em1a and Motif1 interact with nuclear 
proteins; these DNA-binding proteins are constitutively expressed in an ABA independent manner (Mundy , 1990). 
 Protein phosphorylation and dephosphorylation (via kinases and phosphorylases, respectively) are major 
mechanisms of signal integration in eukaryotic cells. Two A. thaliana genes encoding calcium dependent kinases are 
induced by dehydration (Urao , 1994), which suggests that they may participate in phosphorylation processes 
occurring in response to drought. Aserine threonine type protein kinase has also been isolated from wheat and shows 
accumulation in ABA-treated embryos and in dehydrated shoots (Anderberg , 1992). However, the phosphorylation 
targets of these kinases are not yet known, and their exact roles are obscure. Cytoplasmic calcium acts as a second 
messenger in many cellular processes and may also be involved in the signaling pathways mediating the expression 
of drought-related genes (Bush, 1995). Stomatal closure is an early plant response to drought, and increases in the 
cytosolic concentration of free calcium, together with pH changes, are considered to be primary events in the ABA-
mediated reduction of stomatal turgor (Schroeder, 1995). However, it is likely that calcium, together with 
phosphorylation processes, plays a more general role in the mechanisms associated with drought stress perception. 
For example, the A. thaliana ABI1gene product is thought to be a calcium activated phosphoprotein phosphatase 
(Leung , 1994; Meyer , 1994). Furthermore, a transcript encoding a phosphatidyl inositol specific phospholipase C, 
an enzyme involved in catalyzing the synthesis of inositol 1,4,5-triphosphate, increases during dehydration (Hirayama 
, 1995); inositol triphosphate stimulates the release of Ca2+ from intracellular stores. A role for protein phosphorylation 
in the drought stress response is also suggested on the basis of functional studies of the ABA-responsive RAB17 
protein from maize (Gody , 1994). This protein is highly phosphorylated in vivo, probably via catalysis by casein 
kinase 2. The RAB17 protein has been found to be distributed between the cytoplasm and the nucleus of maize 
embryos, in different states of phosphorylation (Asghar , 1994; Gody , 1994). Biochemical studies showed that 
RAB17 binds peptides with nuclear localization signals and that the binding is dependent on phosphorylation. It has 
been suggested that RAB17 mediates the transport of specific nuclear-targeted proteins during stress (Gody , 1994 
). Transgenic plants allow the targeted expression of drought related genes in vivo and are therefore an excellent 
system to assess the function and tolerance conferred by the encoded proteins. With ectopic expression of genes 
involved in controlling ABA biosynthesis, it should also be possible to alter the hormonal balance in vivo and thus to 
clarify the role of ABA in the drought response. Another purpose for using transgenic plants is to improve drought 
tolerance in agronomically valuable plants. However, despite extensive research,examples of transgenic plants with 
improved stress tolerance are scarce (Bohnert , 1995). A reason for this is that stress tolerance is likely to involve 
the expression of gene products from several pathways. The obejective of this study was to investigate the 
performance of storage roots of four radish cultivas as influenced by continuous exposure to 20 and 12oC (no 
thermoperiodism) and varying irrigation levels namely 0, 33, 66, or 100%AWC depletions. 
 

MATERIALS AND METHODS 
 

 This experiment was conducted in controlled growth cabinets at Institute Fur Gartenbauliche Produckions 

Systeme, Biologie, Liebniz Universitat, Hannover, Germany. The objective of this trail was to evaluate the 

photosynthesis performance of four radish (Raphanus sativus L. var. sativus) cultivars namely Topsi, Famox F1, 

Corox F1 and Altox F1 grown in cabinets of two varying (12 and 20 oC) 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 2.5-2.75 mm diameter. Lots number of 



Intl J Farm & Alli Sci. Vol., 4 (3): 267-282, 2015 

 

270 
 
 

Topsi RA0002CTP (T) was 01972-007, Famox F1 RA4798CTP (F) was 00013-001, 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 the trail where 
Factor (A) was represented by cabinet temperature of 20oC (a1) and cabinet temperature 12oC (a2). Factor (B) was 
represented by four water availabilities, sustain peat moss moisture at and below field capacity 0 AWC% depletion 
(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 the trail each replicated four times with 18 plants for a replicate.  
 
Cultural practices 
   Experiment conducted in two cabinets, radish cultivars in the first cabinet (figure, M1) subjected to controlled 
temperature 120C, while the second (figure, M2) radish cultivars exposed to controlled temperature 20oC. Therefore, 
176 plastic trays dedicated to 128 trays for investigation, besides 48 guard trays, each tray contains18 cells of 
5.4749732831g dry peat moss. Trays filled with peat moss and taken to the controlled cabinets (Figures, M1, and 
M2) then trays were set according to the above-proposed statistical design. 
   Trays were brought up to field capacity on December 9th 2013, and then one seed was sown in each cell. 15 
days from sowing undesired plants replaced by transplants from guard trays to maintain uniformity and then these 
transplants substituted by seedling grown in separate plastic plates. Immediately, after transplanting plants were 
brought to field capacity and irrigation schedule was 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. In addition to that it 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 5g.l-1 in 
irrigation water. Digital caliper of four decimal was used to measure the length and diameter of storage roots. Storage 
roots fresh weight were recorded and then oven-dried at 50oC for 73 days, reweight to record their dry weight. Storage 
root volume measured by water replacements, Exceeding % = higher value – low value/ low value. Sas 9.3 and 
Minitab 16.1 software were used for statistical analysis and regression.    
  

 
 

 

 

 
RESULTS AND DISCUSSION 

 

A. Radish response to varying temperatures 

   The highest dry weight of storage root (0.4792g) confined to 12oC (table, R1), which substantially exceeded the 
lowest (0.31075 g) observed in 20oC grown radish. These results suggested that assimilate accumulation in roots 
favoured low temperatures, where leaf generation ceased earlier at 12oC, and thus assimilate partitioning shifts to 
the favour of root swellings. Photosynthetically active light is the practical measurement of light in plant biology. It is 
a well known component of the growth environment contributing to more than 90% of the dry matter of the plant 
through photosynthesis (Suojala, 2000a; Antonious and Kasperbauer, 2002; Holley, 2009). Light intensity is a major 
factor governing the rate of photosynthesis in plants. The quality or amount of light received by plants in a particular 
region is affected by the intensity of the incoming light and length of the day.  
   Radish grown at 12oC substantially bypassed that grown at 20oC by (112.68%) in term of storage root fresh 
weight. These results suggested the best storage root swelling was at 12oC (table, R2), which considred as the 
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optimal temperature for swelling, particularly under no thermoperiodism conditions, where day temperature 
antigonized by lower night temperature. Cold temperature, however, resulted in very low cellular growth rate and cell 
component destructions. Nahar  (2009) observed that cold stress induces morphological symptoms like stunted plant, 
bushy plants, early maturity, yellowing of leaves. Modifications of cellular components include swelling of 
mitochondria, plastids and thylakoid lamellae, vesiculation of thylakoid, accumulation of lipid droplets and eventually 
the disorganization of the entire plastid (Murphy and Wilson, 1981), reduction in ribosomal numbers, dilation of 
endoplasmic reticulum, vesiculation of cytoplasmic membranes, condensation of nuclear chromatin, invagination of 
plasmalemma and vacuolation of membranous vesicles (Kratsch and Wise, 2000; Ishikawa, 1996), were noticed 
during chilling stress. Without these in extreme cases, chilling results in accelerated senescence and eventually plant 
death (Sharma , 2005). 
   The higest length of storage roots (31.3636mm) confined to 20oC (table, R1), which substantially differing from 
12oC (27.8865mm). These results suggested that 20oC grown radish produced elongated storage roots, owing to 
high cell growth rate and synchronization between leaf growth and root sweling, as compared to 12oC. 20oC grown 
radish was of inferior marketable yield, particulary with cultivars of globe storage roots. Resmbled root length and 
root width values observed in radish grown at 12oC  (27.8865 and27.8167mm, respectively) resulted in width: length 
ratio 0.9972, such storage root shape is perfect for consumer desire. However, apparant varation observed between 
length and width of 20oC grown radish (31.3636 and 19.6554mm, respectively) with width:length ratio of 0.63159 
which confirms the storage root elongation where length goes to nearly two thirds width value. Elongation in storage 
roots of globe shape storage root cultivars ais not desired by consumers, which can considred as misshaped defects 
in radish storage roots (table, R1). Large roots produced under 12oC (11.6531 cm3), as compared top theses 
produced at 20oC (6.6468 cm3). These results confirmd the synchronization of growth between leaves and swellen 
roots, where most assimillate produced in leaves are consumed for their growth rendering inadequte assimillate for 
storage root swelling.The root to shoot ratio is an important indicator of root growth that is necessary for the uptake 
and allocation of nutrients and photosynthates (Rogers , 1996). Furthermore, the internal CO2 concentration, stomatal 
conductance, and rate of photosynthesis decreased significantly while the VpdL increased significantly. The 
significant decrease in stomatal conductance might cause a decrease in the internal CO2 concentration, which could 
increase the heat stress in leaves. The increased VpdL could reduce the stomatal conductance, which would reduce 
the intercellular CO2 concentration and photosynthesis (Berry and Bjorkman 1980; Fredeen and Sage, 1999).  
 

Table R1. Storage roots analysis of radish grown in controlled cabinet under varying temperatures (*), (**) 
 

Treatment SR dwt (g) SR fwt (g) SR L mm SRW mm SR W/L Ratio SR Vol (cm3) 

20 oC B 0.31075 B 5.2846 A 31.3636 B 19.6554 B 0.63159 B 6.6468 
12 oC A 0.47920 A 11.2394 B 27.8865 A 27.8167 A 0.99720 A 11.6531 

 

(*). S dwt = storage roots dry weight; SR wt = storage root fresh weight; SRL= storage roots length; SRW =storage roots 
width; SR Vol = Storage roots volume 

(**). Figures of unshared characters significantly differ at 0.05 level, Duncan 

   
 The highest dry weight of storage root (0.44504 g) observed in 66%AWC depletion (table, R2). However, the 
lowest (0.36533 g) detected in 100%AWC depletion, which insignificantly differed from 0 and 33%AWC depletion. 
Regression analysis (figure, R1) manifested that dry matter responses to varying irrigation levels governed by cubic 
type and can be estimated by the following equation: Dry matter of storage root (g) = 0.274 – 0.002242 (AWC %) + 
0.000125 (AWC %)2 – 0.000001 (AWC%)3  
 These results suggested that radish under moderate drought tended to accumulate higher assimilate in storage 
roots through shifting the photosynthate to the root, as compared to normal water availabilities. However, under 
severe drought, radish urges its acquired systematic resistance and commencing to accumulate compatible solutes 
by degradations of accumulated dry matter components for reprogram cell osmosis in order to sustain reasonable 
tissue moisture, and thus losing the accumulated dry matter. Total water potential maintained during mild drought by 
osmotic adjustment. Sugars may serve as compatible solutes permitting such osmotic adjustment, although many 
other compounds usually associated with salt stress are also active, such as proline, glycine betaine, and pinitol 
(Ishitani , 1995; Yoshiba , 1995). A major problem under severe dehydration is that the loss of water leads to 
crystallization of cellular components, which in consequence damages cellular structures. LEA proteins may 
counteract this, and some of the LEA proteins could essentially be considered compatible solutes, which supports 
the likely role of sugars in maintaining the structure of the cytoplasm in the absence of water (Ingram and Bartles, 
1996). The highest fresh weight of storage root (9.9741 g) detected in 0%AWC depletion (table, R2) coincided to 
0%AWC and the lowest was in 100%AWC (5.9976 g). Regression analysis (figure, R2) revealed that fresh weight of 
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storage roots linearly responded to irrigation levels and can be forecasted by the below equation: storage root fresh 
weight (g) = 10.02 – 0.0063(% AWC). It can be inferred from the obtained results that adequate irrigation should be 
applied during the growing season to maintain well-performed storage roots. The growth response of radishes to the 
different irrigation frequency can be presented by tracking the development of circumferences of radish succulent 
roots. The circumference accretion versus time relationship revealed a sigmoid shapes. During the early growing 
period, radish succulent roots were small and began to expand rapidly about 25 days after planted. At the late period 
(about 65–70 days after planting), root circumference accretion rates began to slow (Wan and Kang, 2006). Siddiqui 
(1995) indicated that proper scheduling of irrigation is one of the major agro techniques for maximizing the yield of 
carrot. Joubert (1994) stated that soil that is well drained and regularly irrigated ensures uniform development and 
thus carrots of the best quality. 
   Insignificant differences between irrigation levels detected in the response of storage root length. However, this 
trait linearly responded to irrigation levels and can be estimated from below equation: Storage root length = 30.55 – 
0.01864 (AWC %). The highest root width (26.7825 mm) found in radish irrigated by 0%AWC depletion (table, R2), 
which substantially exceeded other irrigation levels, especially 100%AWC depletion (21.1mm). Regression analysis 
(figure, R4) manifested that storage root width responses to irrigation levels overwhelmed by linear type and it can 
be predicted from the following equation: Storage root diameter (mm) = 20.27 – 0.001137 (% AWC). The highest 
width to length root ratio (0.8968) found in radish grown with 0% AWC depletion and the lowest was in 100% AWC 
depletion (0.76955). Width to length ratio response linearly responded to irrigation levels (figure, R5), and can be 
estimated from the following equation: W: L ratio = 0.8707 – 0.001137 (% AWC). The highest storage root volume 
(10.663 cm3) concomitant to 0% AWC depletion (table, R2), which insignificantly differed from 33, and 66% AWC 
depletion treatments. However, the lowest (6.6892 cm3) was in 100% AWC depletion. Storage root volume linearly 
responded to irrigation levels (figure, R6) and it can be estimated from the following equation: storage root volume = 
10.44 – 0.0106 (% AWC). These results suggested that storage root dimensions highly influenced by water 
availabilities, where adequate watering favoured the horizontal growth types, which increased the diameter, in 
contrast severe drought shifted to the vertical growth direction of storage roots, which increased the length on the 
account of diameter. Furthermore, drought showed apparent tendencies to reduce growth rates, as compared to 
adequately irrigated radish. These results might be due to water availabilities reductions in growing substrate, which 
caused higher potential owing to the high mineral concentrations, which substantially reduces the nutrient uptake by 
radish roots. When the electrical conductivity (EC) of the soil solution increased from 1 to 13 dS m -1, the influx 
concentration of the nutrients absorbed by the plants (the ratio between the uptakes of nutrients and water) increased 
only from 1.6 to 3.5 dS m-1. The total nutrient uptake showed an optimum at an EC of the soil solution of about 4 dS 
m-1. The data suggest that at low salinity level (2 dSm-1) the nutrient uptake was limited by availability while at high 
salinity (>4 dS m-1) it was limited by the growth of the plant (Marcelis and Van Hooijdonk, 1999). Meng  (1999) 
reported that net photosynthetic rate (A) had a significant negative correlation with stomatal density due to a marked 
reduction in A induced by severe drought; this is not consistent with the present results. The disparity may be due to 
the age related leaf traits and soil drought severity.The involvement of soluble sugars in desiccation tolerance in 
plants is suggested by studies in which the presence of particular soluble sugars can be correlated with the 
acquisition of desiccation tolerance (Leprince , 1993). Such studies have followed work with animals, fungi, yeast, 
and bacteria, in which a high level of the disaccharide trehalose has been established as important in surviving 
desiccation. Trehalose is the most effective osmo protectant sugar in terms of minimum concentration required 
(Crowe , 1983). Whereas trehalose is extremely rare in plants, sucrose to gether with other sugars appears able to 
substitute. Although sugar accumulation is not the only way in which plants deal with desiccation, it is considered an 
important factor in tolerance (Bohnert , 1995). Many studies with seeds have demonstrated the accumulation of 
soluble sugars during the acquisition of desiccation tolerance (Leprince , 1993). Various soluble carbohydrates may 
be present in fully hydrated tissues, but sucrose usually accumulates in the dried state. For example, desiccation in 
the leaves of C. plantagineum is accompanied by conversion of the C8-sugar 2-octulose (90% of the total sugar in 
hydrated leaves) into sucrose, which then comprises about 40% of the dry weight (Bianachi , 1991). 
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Table R2. Storage roots analysis of radish grown in controlled cabinet under varying irrigation levels (*), (**) 
 

Irrigation SR dwt (g) SR fwt (g) SR L mm SRW mm SR W/L Ratio SR Vol (cm3) 

0% awc B 0.38732 A 9.9241 A 30.117 A 26.7825 A 0.89681 A 10.6630 
33% awc B 0.38221 B 8.5374 A 30.217 B 23.4775 B 0.79351 A 9.6964 
66% awc A 0.44504 B 8.5888 A 30.051 B 23.5833 B 0.79772 A 9.5512 
100% awc B 0.36533 C 5.9976 A 28.115 C 21.1008 B 0.76955 B 6.6892 

 
(*). S dwt = storage roots dry weight; SR wt = storage root fresh weight; SRL= storage roots length; SRW =storage roots 

width; SR Vol = Storage roots volume 
(**). Figures of unshared characters significantly differ at 0.05 level, Duncan 

 
C. Cultivar responses 
 The highest dry weight of storage root (0.43798g) detected in Altox F1 (table, R3), which insignificantly differed 
from Corox F1 and Famox F1. In contrast, the lowest dry weight confined to Topsi. The highest fresh weight of 
storage roots (9.2486 g) found in Altox F1, which insubstantially varied from Corox F1. The lowest fresh weight of 
storage root (7.0204 g) observed in Topsi (table, R3). These results suggested that the most potent cultivar was 
Altox F1, followed by Corox F1, then Famox F1 and the worst was Topsi. Variations among radish cultivar responses 
(Abdel , 2013), as differences attributed to cultivar genome diversity and which techniques applied during their seed 
production from the mother plant to conserve the possessed gene diversities.  
   The higest root width (25.292 mm) observed in Altox F1, which isignificantly differing from Corox F1 (table, R3). 
However, the lowest root diameter (22.3688 mm) detected in Topsi. The highest root volume (10.7345 cm3) which 
insignificantly varied from Corox F1, however, the lowest (7.7669 cm3) confined to Topsi, which insubstantially 
differed from Famox F1. Insignificant differences among cultivars in length and width:length ratio of storage roots. 
The results suggested that root shape highly affected by environment not cultivars. Petzoldt (2008) reported that 
good quality roots, judged by shape and length, develop at soil temperatures of between 15.5 and 21.1°C. 
Temperatures below 15°C encourage thin, long, conical pointed roots (Joubert , 1994). Carrot root tips were more 
round and less cylindrical at temperatures above 25°C (Rosenfeld, 1998; Rubatzky , 1999). High temperatures 
(>25°C) also change root shape by increasing sloping of shoulders, slightly lifting up the stem giving it the appearance 
of a neck, whereas at favourable temperatures root shoulders have a slightly rounded, level or square-like 
appearance (Rubatzky , 1999). At temperatures higher than 25°C, storage roots will also be shorter (Joubert , 1994; 
Rubatzky , 1999) whereas low temperatures (10 - 15°C) increase root length (Joubert , 1994). Results show that 
optimum temperature for root length and diameter is between 12-15°C. 
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Table R3. Storage roots analysis of four radish cultivars grown in controlled cabinet under varying temperatures (*), (**) 
 

Cultivars SR dwt (g) SR fwt (g) SR L mm SRW mm SR W/L Ratio SR Vol (cm3) 

Topsi B0.34705 C7.0204 A 28.717 C 22.3688 A 0.79593 C 7.7669 
Famox F1 BA0.38207 BC7.878 A 28.767 B C 22.9746 A 0.80586 B C 8.4654 
Corox F1 A0.41281 BA8.9009 A 30.850 B A 24.3088 A 0.80187 B A 9.6329 
Altox F1 A0.43798 A9.2486 A 30.166 A 25.2921 A 0.85392 A 10.7345 

 

(*). S dwt = storage roots dry weight; SR wt = storage root fresh weight; SRL= storage roots length; SRW =storage roots 
width; SR Vol = Storage roots volume 

(**). Figures of unshared characters significantly differ at 0.05 level, Duncan 

 
D. Cultivar responses to temperatures  
   The highest dry weight of storage root (0.54204 g) observed in Altox F1 grown at 12oC (table, R4), which 
insignificantly differing from Corox grown at 12oC. The lowest dry weight (0.29011 g) detected in Topsi grown at 
20oC, which insubstantially varied from all other cultivars grown at 20oC. Δ percentages of the differences between 
20 and 12oC (figure, R7) manifested that higher storage root dry matter accumulated at 12oC in all varities, particularly 
Corox F1 and Altox F1. The highest fresh weight of storage root (12.9408 g) observed in Altox F1 grown at 12oC 
(table, R4), which insignificantly differing from Corox grown at 12oC. The lowest fresh weight (5.0221 g), found in 
Topsi grown 20oC, whic insignificanly differed from Famox F1, Corox F1 and Altox F1 grown at 20oC. Δ percentages 
of the differences between 20 and 12oC (figure, R8) manifested that higher storage root fresh weight at 12oC in all 
varities, particularly famox F1, Corox F1 and Altox F1. These results suggested that cultivars obyed the applied 
temperature, which confirmed that the 12oC is the best temperature for dry and fresh weight performances of storag 
roots. High temperature and drought accompained with higher transpiration which force the plant to close their 
stomata earlier and then reduces the available CO2 for photosynthesis consuming. It was found that long-term 
exposure to both elevated temperature and CO2 increased the root dry weight of the radish ‘Chunha’ more than the 
elevated temperature alone. These results suggested that an increase in CO2 concentration when the plants are 
exposed to elevated temperatures for long periods might offset the decrease in photosynthesis due to increased 
photorespiration at elevated temperatures. As a result, the radish ‘Chunha’ may be able to develop photosynthetic 
thermotolerance by modulating its stomatal conductance in response to long-term exposure to both elevated 
temperature and CO2. Although the specific mechanisms of the effect of elevated temperature on net photosynthesis 
are unclear (Crafts-Brandner and Salvucci, 2004; Schrader , 2004), it is clear that photorespiration is one reason that 
photosynthetic efficiency decreases at elevated temperatures (Sage and Sharkey, 1987).  
   The highest length of storage roots (32.537 mm) detected in Corox F1 grown at 20oC (table, R4), whic in 
substantially varied from Altox F1 grown at 20oC. While, the lowest length (26.866 mm) was in Topsi grown at 12oC, 
which insignificantly differed from all other cultivars grown at 12oC. Δ percentages of the differences between 20 and 
12oC (figure, R9) showed that the higher length of storage root at 20oC in all varities, particularly Corox F1 and Altox 
F1. The highest diameter of storage root (29683 mm), which insubstantially varied from Famox F1 and Corox F1 
grown at 12oC. However, the lowest diameter of storage roots (18.552 mm), confined to famox F1 grown at 20oC, 
which insubstantially differed from all other cultivars grown at 20oC. Δ percentages of the differences between 20 
and 12oC (figure, R10) showed that higher diameter of storage roots obtained from cultivars grown at 12oC, 
particularly Famox F1. The highest W: L ratio (1.06473), which insignificantly differed from Corox F. In contrast, the 
lowest ratio was in Corox F1grown at 20oC (0.64312), which insignificantly varied from all other cultivars grown at 
20oC (table, R4). Δ percentages of the differences between 20 and 12oC (figure, R11) revealed that 12oC showed 
efficacies for horrizontal growth of hypocotyl in all cultivars, especially Altox F1. The higest volume of storage roots 
(13.6718 cm3) observed in Altox F1, which insignificantly from Corox F1 grown at 12oC, while the lowest volume was 
in Topsi grown at 20oC, which insubstantially varied from Famox F1 and Corox F1. Δ percentages of the differences 
between 20 and 12oC (figure, R12) showed that 12oC tended to increase the diameter of the storage roots on the 
expanse of length.  
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Table R4. Storage roots analysis of four radish cultivars grown in controlled cabinet under varying temperatures (*), (**) 
 

Temp: Cvs SR dwt (g) SR fwt (g) SR L mm SRW mm SRW/L Ratio SR Vol (cm3) 

20 T E0.29011 D5.0221 BAC30.568 C18.852 C0.62547 E5.6765 
20 F E0.30653 D4.9362 BDC29.483 C18.552 C0.63446 ED5.9506 
20 C E0.31245 D5.6235 A32.868 C20.318 C0.62332 ED7.1627 
20 A DE0.33391 D5.5564 BA32.537 C20.901 C0.64312 D7.7973 
12 T DC0.40398 C9.0187 D26.866 B25.886 B0.96639 C9.8574 
12 F BC0.45761 B10.8198 DC28.052 BA27.398 B0.97727 BC10.9803 
12 C BA0.51316 BA12.1783 DC28.833 BA28.3 B0.98041 BA12.103 
12 A A0.54204 A12.9408 DC27.796 A29.683 A1.06473 A13.6718 

 

(*). S dwt = storage roots dry weight; SR wt = storage root fresh weight; SRL= storage roots length; SRW =storage roots 
width; SR Vol = Storage roots volume 

(**). Figures of unshared characters significantly differ at 0.05 level, Duncan 

 

   
 

   
 
E. Cultivar responses to varying irrigation levels 
   The highest dry weight of storage roots (0.43694 g) observed in adequately irrigated Famox F1 (table, R5), which 
insignificantly differed from Altox F1 (0.4218 g). However, the lowest dry weight (0.30548 g) of storage root found in 
adequately irrigated Topsi. Insubstantial differences among cultivars under either 33, 66, or 100% AWC depletion 
detected. Adequate irrigation increased the dry weight of storage root (figure, R13) in all cultivars except Topsi, which 
showed dry weight increases under severe drought. The highest fresh weight of storage root (11.426 g) observed in 
adequately irrigated Corox F1, which insignificantly differed from Altox F1 and Famox F1. However, it highly 
exceeded Topsi. Insubstantial differences among cultivars under either 33, 66, or 100% AWC depletion detected. 0 
% AWC depletion improved the fresh weight of storage roots in all cultivars, as compared to severe drought (figure, 
R14). 
   Many studies with seeds have demonstrated the accumulation of soluble sugars during the acquisition of 
desiccation tolerance (Leprince , 1993). Various soluble carbohydrates may be present in fully hydrated tissues, but 
sucrose usually accumulates in the dried state. For example, desiccation in the leaves of C. plantagineum 
accompanied by conversion of the C8-sugar 2-octulose (90% of the total sugar in hydrated leaves) into sucrose, 
which then comprises about 40% of the dry weight (Bianachi , 1991). 
   The highest length of storage roots (32.29 mm) coincided to adequately irrigated Corox F1 (table, R5), which 
significantly exceeded Topsi and Famox F1 irrigated by 100% AWC depletion only. Δ percentage between 0 and 
100%AWC depletions (figure, R15), revealed storage root length increases under adequate irrigation in all 
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investigated cultivars, when compared to severe drought. The highest diameter of storage roots (29.127mm) 
accompanied to adequately irrigated Corox F1, which insignificantly varied with Altox F1 and Famox F1 (table, R5). 
However, the lowest storage roots diameter detected in Topsi (24.135 mm). Under 66% AWC depletion, the highest 
diameter (26.735mm) observed in Altox F1, which significantly exceeded other cultivars at the same irrigation level. 
Δ percentage of the differences between adequately irrigated and severely droughted radish (figure, R16) exhibited 
that adequate irrigation tended to improve the horizontal swelling direction of hypocotyl producing more globular 
storage roots. Carmichael  (2012) stated that the highest root diameter was obtained from grass mulch with 100% 
MC followed by no mulch with 100% MC, grass mulch with 70% MC, and lastly black plastic with 100% MC in 
decreasing order. The least root diameter were obtained from the treatments of clear plastic with 70% MC, no mulch 
with 50% MC grass mulch with 50% MC, black plastic with 50% MC, and clear plastic with 50% MC in decreasing 
order. It appears that conditions with increased soil moisture content promoted growth, hence increasing root 
diameter. Δ percentage of the differences between adequately irrigated and severely droughted radish (figure, R17) 
manifested that adequate irrigation highly improved W: L ratio in of all cultivars, in relation to that of severely 
droughted radish. The highest root volume under 0%AWC depletion was in Altox F1 (12.414 cm3), which 
insignificantly differed from Famox F1 and Corox F1, and substantially exceeded Topsi (8.601 cm3). Altox F1 irrigated 
with 33% AWC depletion gave the highest (11.775 cm3), which insubstantially varied from Corox F1. However, the 
lowest storage root volume (8.276 cm3) confined to Famox F1 irrigated with 33%AWC depletion. Altox F1 irrigated 
by 66%AWC depletion manifested the highest storage root volume (11.808 cm3), which differed significantly from all 
cultivars at the same irrigation level. Δ percentage of the differences between adequately irrigated and severely 
droughted radish (figure, R18) showed that all cultivars responded well to adequate irrigation than severe drought, 
particularly Altox F1. Growth depend preliminary on assimilate that imports by growing cells, which adversely 
influenced by favourable and unfavorable water availabilities and temperatures. Although photosynthetic traits, 
including net photosynthesis (AN), stomatal (gs) and mesophyll conductances (gm), as well as respiration (vcyt and 
valt ) differed between well-watered CMSII and WT, similar reductions of AN, gs, and gm were observed during 
severe drought stress. However, total respiration (Vt) remained slightly higher in CMSII due to the still increased vcyt 
(to match ATP demand).valt and maximum carboxylation rates remained almost unaltered in both genotypes, while 
in CMSII, changes in photosynthetic light harvesting (i.e. Chla/bratio) were detected. In both genotypes, 
photosynthesis and respiration restored after 2 d of rewatering, predominantly limited by a delayed stomatal 
response. Despite complex I dysfunction and hence altered redox balance, the CMSII mutant seems to be able to 
adjust its photosynthetic machinery during and after drought stress to reduce photo-oxidation and to maintain the cell 
redox state and the ATP level (Galle , 2009). As drought stress mainly affects the plant carbon balance, in particular, 
photosynthesis and respiration, adjustments at the leaf level are of primary importance, while long-term adjustments 
at the whole plant level may then follow (Chaves , 2003; Flexas ,2006). 
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Table R5. Storage roots analysis of four radish cultivars grown in controlled cabinet under varying irrigation levels (*), (**) 
 

Irrig:Cvs SR dwt (g) SR fwt (g) SR L mm SRW mm SRW/L Ratio SR Vol (cm3) 

0%T D0.30548 BDEC8.358 BA29.165 BDC24.135 BAC0.83974 DC8.601 
0%F BDAC0.38505 BDAC9.003 BA27.787 BAC25.715 A0.92647 BDAC9.685 
0%C BAC0.43694 A11.426 A32.29 A29.127 A0.91198 BA11.951 
0%A BDAC0.4218 BA10.909 BA31.227 A28.153 A0.90905 A12.414 
33% T DC0.31022 FDEC7.106 BA29.305 BEDC23.027 BAC0.80119 DC8.723 
33% F BDAC0.34728 DEC7.918 BA30.61 EDC22.683 C0.75045 DC8.276 
33% C BDAC0.40784 BDAC9.381 BA30.235 BEDC23.677 BAC0.80886 BAC10.012 
33 % A BA0.46349 BAC9.744 BA30.718 BDC24.523 BAC0.81353 BA11.775 
66% T BAC0.43778 DEC7.733 BA29.342 EDC22.158 BC0.7696 DC8.449 
66% F BA0.44836 BDAC8.769 BA29.773 BEDC23.453 BAC0.79727 BDC9.165 
66% C BDAC0.41683 BDEC8.164 BA30.592 EDC21.987 C0.7317 DC8.783 
66% A A0.47721 BAC9.689 BA30.497 BA26.735 BA0.89231 BA11.808 
100%T BDC0.33472 F4.885 B27.055 E20.155 BC0.77319 E5.295 
100%F BDAC0.34758 FE5.822 B26.898 E20.047 C0.74926 DE6.736 
100%C BDAC0.38962 FDE6.632 BA30.283 EDC22.445 C0.75492 DEC7.785 
100%A BDAC0.38941 FDE6.652 BA28.223 ED21.757 BAC0.80081 DE6.941 

 
(*). S dwt = storage roots dry weight; SR wt = storage root fresh weight; SRL= storage roots length; SRW =storage roots 

width; SR Vol = Storage roots volume 
(**). Figures of unshared characters significantly differ at 0.05 level, Duncan 

 

F. Radish responses to varying temperatures and irrigation levels 
   Dry matter accumulation in storage roots influenced more by applied temperatures than irrigation levels (table, 
R6). Therefore, the highest dry matter accumulation detected in radish grown at 12oC irrigated by 66% AWC depletion 
(0.54734 g), which insubstantially differed from radish grown at 12oC irrigated by 33% AWC depletion (0.48933 g). 
In contrast, the lowest (0.27508 g) was in radish grown at 20oC irrigated by 33% awc depletion. The Δ differences 
between 20 and 12oC for applied irrigation levels manifested the slight influence of 12oC on dry weight of storage 
roots (figure, R19). Resembled results obtained in terms of fresh weight of storage roots, where the highest (13.4945 
g) observed in radish grown at 12oC irrigated by 0%AWC depletion, which insignificantly differed from radish grown 
at 12oC irrigated by 33 and 66% AWC. The lowest fresh weight of storage roots (4.4012 g) found in radish grown at 
20oC irrigated by 100% AWC depletion, which insubstantially varied from radish grown at 20oC irrigated by 33 and 
66% AWC depletion. The Δ differences between 20 and 12oC for applied irrigation levels manifested the substantial 
influence of 12oC on fresh weight of storage roots in all applied irrigation levels, particularly at 0, 33 and 66%AWC 
depletion (figure, R19).These results confirmed that 12oC is the optimal continuous temperature for the swelling of 
radish hypocotyl. However, lowest and above 20oC reduced swelling rate. Plant cold tolerance is related to the 
tolerance of photosynthesis to low temperature, the character of carbohydrate metabolism, and conditions of 
illumination (Klimov, 2001). Radish belongs to cold tolerant plants enduring temperature lowering down to –2°С; it is 
sensitive to weak magnetic field, and we have the effects of this weak magnetic field on the lipid composition of adult 
plants (Novitskaya, , 2008).  
 The highest length of storage roots (31.798 mm) obtained in radish irrigated at 66% AWC depletion and grown 
at 20oC, where the lowest was in radish irrigated by 100% AWC depletion and grown at 12oC (25.311 mm). The Δ 
differences between 20 and 12oC for applied irrigation levels manifested the significant influence of 20oC on length 
of storage roots under all irrigation levels, particularly 100% AWC depletion (figure, R19). Taller storage roots are 
not desired by consumer in cultivars of globe producing storage roots, and thus they may categorized with non-
marketable roots. The highest storage root diameter (31.842 mm),W: L  ratio (1.09029) and volume (14.1109 cm3) 
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observed in radish irrigated by 0% AWC depltion grown at 12oC. However, the lowest root daimeter (18.256 mm), 
W: L ratio (0.58758 mm) and volume (5.838 cm3), respectively, obtained in radish grown at 20oC irrigated with either 
100, 33, and 100 % AWC depletion. The Δ differences between 20 and 12oC for applied irrigation levels manifested 
the slight influence of 12oC on diameter and volume of storage roots under all irrigation levels, particularly 33 and 
0%AWC depletion (figure, R19). The Δ differences between 20 and 12oC for applied irrigation levels manifested the 
slight influence of 12oC on W: L of storage roots under all irrigation levels (figure, R19). These results suggested that 
storage roots dimrntion apparantly affected by temperature rather than irrigation levels. 20oC showed storage root 
elongation, regardless to irrigation levels except 100%AWC, which slighly increased root length.While, storage roots 
performed at 12oC was the best and their dimeters exceeded their length in most instances. The effect of high 
temperature (HT) on germination was investigated in various crops and serious impacts of HT on seed germination 
were observed. Increasing temperature between base and optimum temperatures increased the rate of germination 
and total percentage germination, but temperatures above optimum decrease the germination percentage (Prasad , 
2006). Essemine , 2010) observed that very HT (45°C) did not allow adequate rate of germination due to cell death 
and embryo damage in T. aestivum during the early stage of development (first 6-d of growth), indicating that HT is 
not favorable to wheat growth and did not permit establishment of new seedlings. In some cases, plants grown under 
HT also produce low quality seeds which have poor germination and vigor. Recently, Kumar  (2011) observed that 
growth of roots and shoots in hydroponically grown Phaseolus aureus seedlings was not inhibited at 35/25°C 
(day/night temperature), but at 40/30 and 45/35°C, 18 and 34% reduction of shoot growth was observed. The root 
growth at these temperatures was inhibited by 13 and 23%, respectively. 
 

Table R6. Storage roots analysis of radish grown in controlled cabinet under varying temperatures and irrigation levels (*), 
(**) 

 
Irrig: Temp SR dwt (g) SR fwt (g) SR L mm SRW mm SR W/L Ratio SR Vol (cm3) 

20/0% D0.31246 CB6.3537 BA31.094 DC21.723 C0.70332 C7.2151 
20/33% D0.27508 CD4.9973 BA31.643 E18.256 D0.58758 C6.0467 
20/66% DC0.34275 CD5.386 A31.798 DE19.888 DC0.63004 C7.4874 
20/100% D0.31271 D4.4012 BA30.919 E18.754 D0.60543 C5.838 
12/0% B0.46218 A13.4945 BA29.14 A31.842 A1.09029 A14.1109 
12/33% BA0.48933 A12.0775 BA28.791 B28.699 B0.99944 A13.3461 
12/66% A0.54734 A11.7917 B28.304 B27.278 B0.9654 B11.615 
12/100% BC0.41795 B7.5939 C25.311 C23.448 B0.93366 C7.5405 

 

(*). S dwt = storage roots dry weight; SR wt = storage root fresh weight; SRL= storage roots length; SRW =storage roots 
width; SR Vol = Storage roots volume 

(**). Figures of unshared characters significantly differ at 0.05 level, Duncan 

 

 
 
G. Cultivar responses to varying temperatures and irrigation levels 
 The highest dry weight of storage roots (0.62067 g) confined to Altox F1 irrigated by 33%AWC, grown at 12oC 
while, the lowest dry weight of storage roots (0.21895 g) accompanied to Topsi irrigated by 33%AWC grown at 20oC. 
The highest fresh weight of storage roots (16.717 g) coincided to Corox F1 grown at 12oC. The lowest fresh weight 
of storage root (3.513 g) observed in Topsi irrigated by 100%AWC depletion grown in 20oC cabinet. These results 
suggested that 20oC accompained with severe drought tended to reduce dry matter accumulations in all cultivars, 
especially Topsi, as compared to radish grown at 12oC and adequately irrigated.These results suggested 
thatinadequate watering combined with 20oC tended to reduce dry matter and fresh weight of all cultivars, especially 
Topsi. However, combination of adequate irrigation combined with 12oC showed tendency to produce storage roots 
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of high dry and fresh weight. Thsese results attributed to the degredation of dry matter in to simpler units to create 
compatible solutes to avoid the negetive effects of drought and to the reductions in the assimilate allocation of 
swelling roots. The involvement of soluble sugars in desiccation tolerance in plants suggested by studies in which 
the presence of particular soluble sugars can be correlated with the acquisition of desiccation tolerance (Leprince , 
1993), such studies have followed work with animals, fungi, yeast, and bacteria, in which a high level of the 
disaccharide trehalose has been established as important in surviving desiccation. Trehalose is the most effective 
osmo protectant sugar in terms of minimum concentration required (Crowe , 1983). Whereas trehalose is extremely 
rare in plants, sucrose together with other sugars appears able to substitute. Although sugar accumulation is not the 
only way in which plants deal with desiccation, it is considered an important factor in tolerance (Bohnert , 1995). 
Wang  (2008) showed that acute heat stress in cool-season (C3) species increased the stomatal limitations to 
photosynthesis and concluded that the positive effects of elevated CO2 on photosynthesis at ambient temperatures 
may be partly offset by the negative effects of acute heat stress, especially for C4 species. In this study, we could 
not prove a cause and effect relationship between the decrease in growth and stomatal conductance due to elevated 
CO2 level and temperature. 
   The highest length of storage roots (33.437 mm) found in Corox F1 irrigated by 66%AWC grown at 20oC. The 
lowest  length (23.623 mm), confined to Topsi irrigated by 100%AWC (table, R7). The highest root diameter (35.137 
mm) coincided to Corox F1 irrigated by 0%AWC depletion grown at 12oC. The lowest diameter of storage roots 
(15.427 mm) detected in Famox F1 irrigated by 100%AWC grown at 20oC. The highest W: L ratio (1.13077) coincided 
to adequately irrigated Corox F1 grown at 12oC. The lowest W: L ratio (0.54565) confined to Famox F1 irrigated by 
100%AWC depletion grown at 20oC. The highest volume of storage roots (16.852 cm3) observed in adequately 
irrigated Altox F1 grown at 12oC. The lowest volume of storage root (14.342 cm3) confined to Topsi irrigated with 
grown at 20oC (table, R7). These results suggested that combination of inadequate watering with 20oC, all radish 
cultivars, particulaly Topsi produced elongated storage roots, which ordered with undesired for consumers. In 
contrast, adequate irrigation combined with 12oC produced round storage roots, where in most instance the root 
diameter exceeded ist coressponding length, in all cultivars, especially Altox F1 and Corox F1. In addition to that 
drought combined with 20oC resulted in smaller storage roots than that produced by adequate irrigation and 12oC 
combination. Lada and Stiles (2004) indicated that the highest water demand of carrots is during the root enlargement 
phase. Carrots require a steady supply of moisture and available soil moisture needs to be maintained above 50% 
of plant available water throughout the growth season. Carrots require approximately 25 mm of water per week but 
under warm, dry conditions 50 mm will be required (Anonymous, 2008). Carrot yields and root length more influenced 
by the water content during the vegetative period (Henkel, 1970; Millette, 1983). Water stress during root 
development causes cracking of the roots (Manosa, 2011). Suojala (2000b) reported that low precipitation at the end 
of the growing season might promote dying of the oldest leaves. 
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Table R7. Storage roots analysis of four radish cultivars grown in controlled cabinet under varying temperatures and irrigation 

levels (*), (**) 
 

T:Irrig:Cvs SR dwt (g) SR fwt (g) SR L mm SRW mm SR W/L Ratio SRVol (cm3) 

20Fc T HG0.2767 G-J6.681 A-C30.877 H-K19.32 GH0.62592 HI5.443 
20 Fc F F-H0.3211 I-K5.573 A-C27.578 G-J21.733 E-G0.79532 F-I6.733 
20 Fc C F-H0.31847 H-K6.136 A33.437 G-J23.117 F-H0.69319 F-I7.966 
20 Fc A E-H0.33357 F-K7.025 A32.487 G-J22.723 F-H0.69887 D-I8.718 
20 33 T H0.21895 JK5.169 A-C30.017 I-K18.68 GH0.63966 G-I5.921 
20 33 F HG0.29371 K4.696 A31.863 JK17.673 H0.55621 I4.95 
20 33 C HG0.28135 I-K5.233 A32.67 JK18.22 H0.57075 G-I6.617 
20 33A F-H0.30631 JK4.892 A32.023 JK18.45 H0.58369 F-I6.698 
2066 T D-H0.38345 JK4.726 A-C30.89 I-K18.72 GH0.62045 F-I7 
20 66 F F-H0.31483 I-K5.318 A-C30.603 H-K19.373 GH0.64067 F-I6.683 
20 66 C HG0.29515 JK5.031 A32.56 JK18.207 H0.55821 G-I6.554 
20 66 A D-H0.37756 H-K6.468 A33.137 F-J23.253 F-H0.70084 C-H9.712 
20 wilt T HG0.28133 K3.513 A-C30.487 IK18.687 GH0.61585 I4.342 
20 wilt F HG0.29649 K 4.158 A-C27.887 K15.427 H0.54565 HI5.436 
20 wilt C D-H0.35483 I-K6.094 A32.803 G-J21.727 F-H0.67115 E-I7.513 
20 wilt A F-H0.3182 K3.84 A32.5 H-K19.177 H0.58909 G-I6.061 
12 Fc T E-H0.33425 C-H10.035 A-C27.453 B-E28.95 A-C1.05355 C-E11.759 
12 Fc F A-G0.449 B-D12.433 A-C27.997 B-E29.697 A-C1.05763 B-D12.636 
12 Fc C A-C0.55542 A16.717 AB31.143 A35.137 A1.13077 AB15.937 
12 Fc A A-E0.51003 AB14.793 A-C29.967 AB33.583 AB1.11922 AB16.111 
1233 T B-H0.40148 D-I9.043 A-C28.593 C-F27.373 A-E0.96273 C-E11.525 
12 33 F B-H0.40085 B-F11.14 A-C29.357 C-F27.693 A-E0.94469 C-E11.601 
1233 C A-D0.53433 A-C13.53 A-C27.8 B-E29.133 A-C1.04697 A-C13.407 
12 33A A0.62067 AB14.597 A-C29.413 A-C30.597 A-C1.04337 A16.852 
12 66 T A-F0.4921 C-F10.74 A-C27.793 C-G25.597 C-E0.91874 C-F9.898 
12 66 F AB0.5819 B-D12.22 A-C28.943 C-F27.533 A-E0.95387 C-E11.647 
12 66 C A-C0.53851 B-E11.297 A-C28.623 C-F25.767 C-E0.9052 C-F11.012 
12 66 A AB0.57686 A-D12.91 A-C27.857 A-D30.217 A-C1.08378 A-C13.903 
12 wilt T C-H0.3881 H-K6.257 C23.623 G-J21.623 B-E0.93052 G-I6.248 
12 wilt F B-H0.39867 E-K7.486 A-C25.91 D-H24.667 A-E0.95288 E-I8.037 
12 wilt C F0.4244 F-K7.17 A-C27.763 F-I23.163 D-F0.83869 E-I8.057 
12 wilt A A-G0.46062 C-H9.463 BC23.947 E-I24.337 A-D1.01253 E-I7.821 

 
(*). S dwt = storage roots dry weight; SR wt = storage root fresh weight; SRL= storage roots length; SRW =storage roots 

width; SR Vol = Storage roots volume 
(**). Figures of unshared characters significantly differ at 0.05 level, Duncan 
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