
 

 

 

  International Journal of Farming and Allied Sciences 
Available online at www.ijfas.com 

©2016 IJFAS Journal-2016-5-1/66-75/ 30 January, 2016 

ISSN 2322-4134 ©2016 IJFAS 

 

Water consumptive use of Radish (Rhapanus 
sativus L. Var sativus), as influenced by varying 

temperatures 
 

Caser G. Abdel 
 

SG. Um Institute Für Gartenbauliche Produktionsysteme, Abteliung 
Systememodullieerung Gemüsebau, Leibniz Universität, Hannover, Germany 

 
Corresponding author: Caser G. Abdel 

 
ABSTRACT:  Seeds of Topsi, Famox F1, Corox F1, and Altox F1 radish cultivars germinated in controlled 
20 and 12oC cabinets. The objective of this experiment was to determine water consumptive use, water 
use efficiency and irrigation frequencies in response to 12 and 20oC temperatures. The obtained results 
revealed that water consumptive use, water use efficiency, and irrigation frequencies for radish grown at 
20oC were 143.93 mm, 232.3 ml.g-1 edible biomass and 14.5, respectively. However, 12oC substantially 
reduced these parameters to 99.39mm, 82 ml.g-1 and 9.5, respectively. 0%AWC depletion gave the 
highest water consumptive use (167.91949mm), water use efficiency (218.1 ml.g-1), and irrigation 
frequencies (24). The lowest observed in 100%AWC depletion, which were 89.48mm, 163.1 ml.g-1 and 
3.5, respectively. Radish irrigated by 0%AWC grown at 20oC gave the highest consumptive use 
(205.6157mm), water use efficiency (360.4 ml.g-1) and irrigation frequencies (30). The lowest observed in 
radish grown at 12oC irrigated by 100%AWC, which were 77.10589mm, 108, and 3, respectively. 
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Introduction 

Yuan et al. (2001) used 20 cm pan measurements to determine the water requirement of tomato planted in unheated 
greenhouse, and found that accumulative value of ET usually approximated the accumulative value of water surface 
evaporation of a 20 cm pan installed at the top of tomato canopy. Irrigation treatments had marked influence on water 
use of radish. There was decline in ET with decreasing frequency of irrigation. With frequent irrigations, evaporation 
losses from the soil surface would naturally be higher than under the drier regimes (Hedge, 1978). The highest ET 
value was 38 mm more than the lowest value, a decrease of 19%. The total ET order among the five watering 
treatments was a little different with the ET determined using the weighing lysimeter. These differences may be the 
result of sampling error in the observation of soil moisture content and/or calculation of drainage losses when using 
the water balance method (Kang and Wan, 2005). 
Water use efficient under different irrigation frequencies WUE is the relation between yield and ET, and computed 
based on fresh root yield dividing by the water consumption. The general relationship between radish WUE and 
different irrigation frequency treatments. They also found that radish WUE increased with the decreasing of irrigation 
frequency, and reached the maximum value when irrigation frequency was about once every 6 days, and then WUE 
began to decrease as irrigation frequency decreased (Wan and Kang, 2006). Different SWP treatments affected 
radish evapotranspiration (ET) and WUE. The total radish ET decreased as SWPs decreased in both years. The 
highest radish WUE values achieved with SWPs of 55 and 35 kPa, respectively, and the lowest WUE values recorded 
at a SWP of 15 kPa. The SWP of 35 kPa at 20 cm depth immediately under drip emitter can be used as an indicator 
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for radish drip irrigations cheduling in the North China Plain (Kang and Wan, 2005). Hayat and Ali (2010) reported 
better water use efficiency of subsequent wheat under rainfed conditions due partly to the mulching effect of remains 
of previously grown summer legumes. Nitrogen fertilization marginally increased ET probably due to increased leaf 
area. As the increase in ET was smaller than the yield increases, WUE increased with N fertilization upto 120 kg/ha 
(Hedge, 1978). 
Meshkat et al. (2000) concluded that an excessively high irrigation frequency could cause the soil surface to remain 
wet and the first stage of evaporation to persist most of the time, and resulted in more water loss. Goldberg and 
Shmueli (1970) indicated that yields of cucumber (Cucumis sativus L.) and melon (Cucumis melo L.) planted in sandy 
soil would be reduced if irrigation frequencies were beyond one day. However, Bucks et al. (1974) experimented on 
clay soil showing that the yields of cabbage (Brassica oleracea L.) would drop by the increase in irrigation frequency. 
Levin et al. (1979a) illustrated that different irrigation frequencies (once every day, twice every week and once every 
week) had no distinct effects on apple (Malus pumila Mill.) yield. Radin et al. (1989) indicated that the relationship 
between water and cotton (Gossypium herbaceum L.) was highly dependent on the frequency of irrigation when the 
fruit load was heavy, but was generally independent of irrigation frequency before and after the period. Oktem et al. 
(2003) suggested that among 2-, 4-, 6- and 8- irrigation frequencies, a 2-day irrigation frequency, with 100% ET water 
application was optimal for sweet corn (Zea mays L.) grown in semi-arid regions. Potato (Solanum tuberosum L.) 
subjected to six irrigation frequencies treatments (1-, 2-, 3-, 4-, 6- and 8-irrigation frequencies) to evaluate the effects 
of several irrigation frequencies on potato yield, ET and water use efficiency (WUE). The results showed that potato 
yield, ET and WUE increased as irrigation frequency increased, and the highest yield, ET and WUE values achieved 
with an irrigation frequency of once a day (Kang et al., 2004). 
Low temperatures may disturb the key organs of photosynthesis, including chloroplast and thylakoid membranes, 
causes swelling of plastids and thylakoid lamellae, vesiculation of thylakoid, accumulation of lipid drops and ultimately 
disorganization of entire plastid (Kratsch and Wise, 2000; Ishikawa, 1996). Low temperature also disrupts the 
systems including electron transport, carbon cycle metabolism, and gs. Among the photosynthetic apparatus, PSII 
is the primary target of damage under LT stress. Moreover, LT reduces the activities of stromal and carbon 
assimilation enzymes like Calvin cycle enzyme, ATP synthase, and restricts RuBisCO regeneration and limits the 
photophosphorylation (Allen and Ort, 2001). Another impact of LT exposure is the decline of carbon export from 
leaves, which results in the accumulation of soluble carbohydrates (Strand et al., 2003). Yordanova and Popova 
(2007) stated that exposure of wheat plants to a LT (3°C) for 48 h and 72 h resulted in decreased levels of Chl, CO2 
assimilation and transpiration rates. Photosynthesis is strongly reduced below 18ºC (Ramalho et al., 2008), while 
temperatures around 4ºC dramatically depress photosynthetic performance (Silva et al., 2004). The decline of 
photosynthetic capacity in LT related to a decrease in the quantum efficiency of PSII and the activities of PS I, the 
ATP synthase, and the stromal enzymes of the carbon reduction cycle (Allen and Ort, 2001). Partelli et al.(2009) 
showed that coffee plant resulted in 30% reduction in Chl a, 27% reduction in Chl b, 29% reduction of total Chl when 
the day/night temperature decreasing from 25/20° to 13/8°C. For Car, 86% reduction of α-carotene, 57% reduction 
in β-carotene, 68% reduction in α/β-carotene ratio, 32% reduction in lutein, but 21% increase in zeaxanthin. In O. 
sativa, the total Chl content was reduced by 50% due to exposure to LT (15/10 ºC) for 2 weeks. Reda and Mandoura 
(2011) reported that even at LT stress of 3°C the enzyme chlorophylase is still activated and led to a decline in Chl 
in  T. aestivum plant. 
Low and freezing temperatures lead to cellular dehydration, reduce water and nutrient uptake and conduction by the 
roots in some plants, thus causing osmotic stress (Chinnusamy et al., 2007). Yadav (2010) stated that dehydration 
during cold occurs mainly due to reduction in water uptake by roots and a hindrance to closure of stomata. The 
success or failure of a seedling in the field is strongly related to the development of its root system under cold stress 
(Enns et al., 2006). In root of cucumber, it was found that chilling caused injury to the cortical cells and further long 
time exposure increased the density of cytoplasm and damage the endoplasmic reticulum (Lee et al., 2002). Chilling-
sensitive plants exposed to LT usually show water-stress symptoms due to decreased root hydraulic conductance; 
and decreased leaf water and turgor potentials (Aroca et al., 2003). Freezing-induced increase in water viscosity is 
partly accounted for an initial decrease in root hydraulic conductance (Matzner and Comstock, 2001). During cold 
stress another phenomenon is common with, the imbalanced water movement. The metabolic functions are altered 
those include production of more enzymes, isozymes though they help in maintaining more catalytic activity to cope 
with the LT stress (Hurry et al., 1994). Rahman ( 2004) reported that plant height of wheat plant ranges from 66.4-
97.3 cm and 55.7-82.3 cm in normal and heat stress condition, respectively. While studying with T. aestivum. Ahamed 
et al. (2010) observed that sowing time mediated heat stress negatively influenced the plant height and number of 
tillers of 4 different genotypes. Al-Busaidi et al. (2012) observed that high atmospheric temperature caused significant 
water loss, which negatively influenced the growth and biomass production in biofuel plant, Jatropha curcas. Parallel 
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to shoot growth heat stress often decreases root growth, number of roots and root diameter (Porter and Gawith, 
1999). 
Low root temperatures have been shown to decrease nutrient uptake (Legros and Smith, 1994). However, this 
decrease may actually result from a decline in growth rate associated with decreased ability to take up water at low 
root temperatures (Li et al., 1994). Practicing irrigation water management with minimal plant water stress by 
maintaining a high soil moisture content between irrigations can lead to significant deep percolation losses (Levin et 
al. 1979b). Water stress can also be associated with temperature stress. A rapid photosynthesis rate and a 
simultaneous increase in respiration rate under high temperatures may lead to plant starvation and death (Sutcliffe, 
1977). Cell membrane plays major roles in water and nutrient movements within and outwards the cell. Intra and 
extracellular water and nutrient movement inhibited due to LT due to membrane damage under low temperature (LT). 
There can be of two types of abnormalities during LT stress. Cold damages the membrane that makes the membrane 
permeable to undesired nutrients and ions and causes ion leakage; another is cell membrane and cell wall can be 
ruptured by the cold which is also responsible for disrupting cellular homeostasis by destroying both intra and 
extracellular nutrient and water movements (Salinas, 2002; Mahajan and Tuteja, 2005). Severe dehydration may 
also occur due to freezing of cell constituents, solutes and water (Yadav, 2010). Available literature states that when 
temperatures drop below 0°C, the ice formation generally begins in the intracellular spaces because the intracellular 
fluid has a higher freezing point as compared to the other suborganales of cell (Yadav, 2010; Thomashow, 1999). 

 
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 determine the water consumptive 
use, water use efficiency and irrigation frequencies of for irrigation levels namely 0, 33, 66 and 100% depletions of 
available water capacities (%AWC) for radish (Raphanus sativus L. var. sativus) grown in cabinets of two varying (12 
and 20 oC) temperatures. 
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 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 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 0%AWC (b1), 33%AWC (b2), 66% AWC (b3), and 100%AWC (b4). Therefore, 16 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. Consumed water determined by weighting 
methods with 2 decimal electrical balance. Moistened peat moss weighted, and then oven dried at 55oC for 73hrs 
then reweighed to record dry weight. Plants left to wilt in the peat moss to determine the moisture percentage at 
wilting. Therefore,     water holding capacity, wilting point, available water capacity (AWC) and when to irrigate for 
each irrigation levels were calculated (table, M1). Exceeding % = higher value – low value/ low value. Sas 9.3 and 
Minitab 16.1 software used for statistical analysis and regression. 
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Table (M1). Water relation analysis of applied peat moss 

Peat S g Peat dwt g Peat AWC ml Peat M% at W Peat M% oven Bulk D g.Cm-3 
Peat M C Ov 

ml 

1072.58 445.9 626.69 58.26 80.37 0.29 861.89 

Peat S = peat moss saturation weight; Peat dwt = peat moss dry wt at radish wilting point; Peat AWC = peat moss 
water available capacity; Peat M% at W = peat moss moisture percentage at radish wilting point; Peat M% oven = 

Peat moisture percentage after oven drying at 55oC for 73hrs; Peat M C Ov = peat moisture holding capacity at 
oven drying 

 
 

Results and Discussion 
 
A. Temperature 
Growing radish at 20oC (figure, R1) significantly increased the accumulative water consumptive use from (44.81%), 
efficiency of plant water use (182.3%), storage root water use efficiency (159.4%), and irrigation frequencies (52.6%), 
as compared to 12oC (table, R1). These results suggested that 20oC substantially increased the evapotranspiration 
of water from leaves and growing media, because temperature weakening the hydrogen bond between water 
molecules and facilitating the molecule escapee. In fact, temperature is a secondary factor for evaporation, where 
humidity is the primary factor. Vapor saturation deficit of materials surrounding the plants including air and soil and 
others determined the evaporation potency. Since, each material tends to approach homeostasis. Radish favoured 
12oC temperature (figure, R2), which accompanied with lowest water consumptive use (figure, R3). However, under 
extreme temperature injuries caused either by cold or by HT first attack on the cell membrane. There are many 
studies where cellular membranes have been shown as the primary site of freezing injury in plants (Steponkus et al., 
1998; Thomashow, 2001). Cell membrane is damaged in two ways viz. disruption of protein lipid structure, protein 
denaturation, and precipitation of solutes that indulges the membrane permeability. Due to LT stress the fatty acids 
become unsaturated and the lipid protein ratios of the membrane become altered which ultimately affect the 
membrane fluidity and structure as well (Wang and Li, 2006). The flexible liquid-crystalline phase is converted in to 
a solid gel phase, thereby affecting the cellular function in different ways, viz. increased membrane permeability 
increases ion leakage, allows the entrance of undesirable anions and cataions into the cell, obstructs the exchange 
of essential ions, hampers the osmosis and diffusion processes, etc. All the phenomena are responsible for disrupting 
cellular homeostasis (Farooq et al., 2009). Conversion of cellular water into ice is a major reason for cell rupture in 
cold stress. At first the ice formation occurs in apoplast having low solute concentration, this creates a vapor pressure 
between cytoplasm and apoplast and results in the migration of unfrozen cytoplasmic or cytosol water to the apoplast. 
This water gives a pressure, which is the cause of enlargement of existing ice crystals and the pressure towards the 
cell wall and cell membrane, which leads to cell rupture (Mckerise and Bowley, 1997; Olien and Shmith, 1997). 
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Table (R1). Water requirements of radish grown in controlled cabinet under varying temperatures (*); (**) 

Treatments WCU mm CU L HPWUE ml.g-1 fwt SRWUE ml.g -1 fwt Irrigation FRQ 

20 oC A 143.93 A 84 A 232.3 A 153.8 A 14.50 

12 oC B99.39 B 58 B 82.3 B 59.3 B 9.5 

(*). WCU mm = Water consumptive use in mm; CUL = water consumptive use in litter; HPWUE ml.g-1 fwt = Whole 
plant water use efficiency; SRWUE ml/g -1 fwt =Storage roots water use efficiency; Irrigation FRQ = irrigation 

frequencies. (**). Figures of unshared characters significantly differs at 0.05 level, Duncan. 
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B. Radish responses to irrigation levels 
Gradual reduction in water consumptive use (table, R2; figure R4) accompanied to gradual reductions in applied 
water, where the highest water consumptive use (167.91949 mm or 98 liter) applied to 0%AWC depletion, which 
significantly exceeded all other irrigation levels, particularly 100%AWC depletion (89.95687 mm or 52.5 litter). Radish 
required 146.25 mm supplementary irrigation besides 254.3 mm rainfall incidences during the growing season 
(Abdel, 2011). The highest ET value was 38 mm more than the lowest value, a decrease of 19%. The total ET order 
among the five watering treatments was a little different with the ET determined using the weighing lysimeter. These 
differences may be the result of sampling error in the observation of soil moisture content and/or calculation of 
drainage losses when using the water balance method (Kang and Wan, 2005). The process of radish water use can 
be divided into two stages. The first stage was from the 1st 2 days to the 18th 2 days and the second stage was from 
the 19th 2 days to the end. In the first stage, radish ET values were relatively more for all of the treatments. EW 20 
was also much during this period. The maximum 2-day ET values for N1, N2, N3, N4 and N5 were 12.7, 12.5, 16.0, 
12.8 and 11.5 mm, respectively. The 2-day ET value was no more than 16 mm for the most treatment, while the 2-
day EW20 was no more than 15 mm. In the second stage, radish ET values were relatively smaller for all of the five 
watering treatments. The maximum 2-day ET values for N1, N2, N3, N4 and N5 were 5.1, 5.5, 6.1, 5.7 and 4.8 mm, 
respectively. The 2-day ET values did not exceed 7 mm for all the treatments, and 2-day EW20 value was no more 
than 8 mm. The general tendency for all the treatments was similar to that for EW20 (Kang and Wan, 2005). 
The highest water use for producing 1g fresh weight (218.1 ml.g-1) observed in 0%AWC depletion, water use 
gradually reduced until it attain (134.1 ml.g-1) at level of 66%AWC depletion, and then increased at 100%AWC 
depletion to (163.1 ml.g-1). These results suggested that adopting water use efficiency is incorrect mean for deciding 
the best irrigation levels for producing marketable radish. Since, low water application with severe drought, which 
anyhow gives higher biomass than adequately irrigated radish biomass (table, R2; figure, R4). Water use efficiency 
(WUE) is the relation between yield and the ET, and computed based on radish yield dividing by the water used 
(calculated based on the water balance equation). The obtained results indicate that radish WUE for the irrigation 
treatments were ordered from N5 > N4 > N3 > N2 > N1 in 2001 and N3 > N4 N5 > N2 > N1 in 2002. The radish WUE 
values for N5 and N3 treatments were the highest and those for N1 were the lowest. These results suggest that the 
application of too much water reduced radish WUE (Kang and Wan, 2005). WUE declined continuously where 
irrigation treatments scheduled with decreasing soil matric potential. WUE was greatest with irrigation at -40 kPa 
compared with irrigation at -20 kPa or-60 kPa (Hedge, 1978). 
The highest number of irrigation accompanied to 0%AWC depletion and then gradually reduced to the lowest value 
with 100%AWC depletion (table 2; figure R4). Irrigation treatments had marked influence on water use of radish. 
There was decline in ET with decreasing frequency of irrigation. With frequent irrigations, evaporation losses from 
the soil surface would naturally be higher than under the drier regimes (Hedge, 1978). There is varying agreement 
over the effect of irrigation frequency on crop water use. Goldberg et al. (1971) indicated that the high irrigation 
frequency could reduce evaporation and deep percolation, and establish a favorable soil moisture and oxygen 
condition in the root zone throughout the crop period. Smasjtrla et al. (1985) pointed out that to minimize deep 
percolation and to maintain nearly constant high soil water potential, high frequency (multiple applications per day) 
irrigations recommended. 
 

Table (R2). Water requirements of radish grown in controlled cabinet under varying temperatures (*); (**) 

Irrigation WCU mm CU L HPWUE ml.g-1 fwt SRWUE ml.g -1 fwt Irrigation FRQ 

0% awc A167.91949 A98 A218.1 A131.4 A24.5 

33% awc B128.50982 B75 D114 B106.6 B12.5 

66% awc C100.23766 C58.5 C134.1 D81.9 C7.5 

100% awc D89.95687 D52.5 B163.1 C106.2 D3.5 

(*). WCU mm = Water consumptive use in mm; CUL = water consumptive use in litter; HPWUE ml.g-1 fwt = Whole plant water use efficiency; 
SRWUE ml/g -1 fwt =Storage roots water use efficiency; Irrigation FRQ = irrigation frequencies. (**). Figures of unshared characters 

significantly differs at 0.05 level, Duncan. 
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C. Radish responses to varying temperature and irrigation levels 
The highest water consumptive use for radish (205.61571mm or 120L) found in radish irrigated by 0%AWC depletion 
grown at 20oC (table, R3; figure, R5), which substantially exceeded all other interaction treatments, particularly radish 
irrigated by 100% AWC grown at 12oC (77.10589mm or 45L). Total water use by the plants decreased and water 
use efficiency increased at high salinity. Plant growth was optimal at 2–4 dS m-1. At salinities higher than 4 dS m-1 
total plant dry weight decreased 2.8% per dS m-1. About 80% of the growth reduction at high salinity could be 
attributed to reduction of leaf area expansion and hence to reduction of light interception. The remaining 20% of the 
salinity effect on growth most likely explained by a decrease in stomatal conductance. The small leaf area at high 
salinity related to a reduced specific leaf area and increased tuber/shoot weight ratio. The latter could be attributed 
to tuber formation starting at a smaller plant size at high salinity (Marcelis and Van Hooijdonk, 1999). 
Radish grown at 20oC required more water to produce 1g biomass regardless to irrigation levels than water required 
for producing 1g biomass in radish grown at 12oC. The highest required water (360.4 ml for entire plant and 203.6 
ml) for producing 1g edible tissue (table, R3; figure, R6). In contrast, the lowest required water for producing 1g entire 
plant biomass (72.4ml) observed in radish irrigated by 66%AWC grown at 12oC and the lowest required water for 
producing 1g edible tissue (53.8 ml), found in the same combination treatment. Practicing irrigation water 
management with minimal plant water stress by maintaining a high soil moisture content between irrigations can lead 
to significant deep percolation losses (Levin et al. 1979b). Different SWP treatments affected radish 
evapotranspiration (ET) and WUE. The total radish ET decreased as SWPs decreased in both years. The highest 
radish WUE values achieved with SWPs of 55 and 35 kPa, respectively, and the lowest WUE values recorded at a 
SWP of 15 kPa. The SWP of 35 kPa at 20 cm depth immediately under drip emitter can be used as an indicator for 
radish drip irrigations scheduling in the North China Plain (Kang and Wan, 2005). 
Higher irrigation frequencies (30) observed in radish grown at 20oC irrigated with 0%AWC followed by (19) found in 
radish grown at 12oC irrigated by 0%AWC. These results revealed that 12oC reduced irrigation frequencies from 30 
to 19 times (table, R3; figure, R7). The lowest irrigation frequenecies (3) accompanied to radish irrigated by 
100%AWC depletion grown at 12oC. Kang et al. (2004) Potato  subjected potato (Solanum tuberosum L) to six 
irrigation frequency treatments (1-, 2-, 3-, 4-, 6- and 8-irrigation frequencies), to evaluate the effects of several 
irrigation frequencies on potato yield, ET and water use efficiency (WUE). The results showed that potato yield, ET 
and WUE increased as irrigation frequency increased, and the highest yield, ET and WUE values achieved with an 
irrigation frequency of once a day. 
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Table (R2). Water requirements of radish grown in controlled cabinet under varying temperatures (*); (**) 

Irrigation WCU mm CU L HPWUE ml.g-1 fwt SRWUE ml.g -1 fwt Irrigation FRQ 

Temp: Cvs mm L entire plant storage root frequencies 

20:0% A205.61571 A120 A360.4 A203.6 A30 

20: 33% B154.21178 B90 D154.8 B161.4 C15 

20: 66% D113.08864 D66 C195.9 D110 E9 

20: 100% E102.80785 E60 B218.2 C140.3 G4 

12: 0% C130.22328 C76 F75.7 F59.2 B19 
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12: 33% E102.80785 E60 G73.3 H51.9 D10 

12: 66% F87.38668 F51 H72.4 G53.8 F6 

12: 100% G77.10589 G45 E108 E72.1 H3 

(*). WCU mm = Water consumptive use in mm; CUL = water consumptive use in litter; HPWUE ml.g-1 fwt = Whole plant water 
use efficiency; SRWUE ml/g -1 fwt =Storage roots water use efficiency; Irrigation FRQ = irrigation frequencies. (**). Figures of 

unshared characters significantly differs at 0.05 level, Duncan. 
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