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ABSTRACT 

Two field experiments were conducted during 2013/2014 and 

2014/2015 in a private Farm, Ibshway district, Fayoum, Egypt to study deficit 

irrigation (60, 80 and 100% ETc) and ascorbic acid foliar application (0, 200 

and 400 mg l
-1

) on growth, relative water content (RWC), membrane stability 

index (MSI), electrolyte leakage (EL), leaf photosynthetic pigments (LPS), 

osmoprotectants (OS) and DPPH radical-scavenging activity of broccoli 

plants. The obtained results clarified that, irrigation amount at 80% or 100% 

ETc, significantly, resulted in higher mean values of stem length and 

diameter, number of leaves plant
-1

, leaf MSI, RWC, carotenoids, DPPH-

radical-scavenging and total free amino acids content than irrigation amount 

at 60% ETc. On other side, irrigation amounts, irrespective the level used, did 

not reflect any noticeable impact on number of branches plant
-1 

and head 

contents of ascorbic acid. Increasing irrigation water from 60% up to 100% 

ETc decreased the contents of leaf EL, chlorophyll A, B, A + B, anthocyanin, 

free proline and TSS. Exogenous application of ascorbic acid at 

concentrations of 200 and 400 mg l
-1

, significantly improved most studied 

growth parameters, RWC, MSI, anthocyanin, DPPH, total free amino acids 

and endogenous ascorbic acid however, leaf EL decreased gradually. 

Moreover, the impact of ascorbic acid, irrespective of the concentration used, 

on leaf photosynthetic pigment, free proline and total soluble sugars contents 

was at par.  

Key Words: Deficit irrigation, Ascorbic acid, Antioxidant activity, Broccoli 

growth, RWC, MIS, EL, leaf photosynthetic pigments, osmoprotectants and 

DPPH radical-scavenging activity.  

INTRODUCTION 

Broccoli (Brassica oleracea L. var. italica) belongs to family Brassicacea 

which includes cabbage, cauliflower, chinese cabbage, sprouting broccoli, 

brussels sprouts and kohlrabi (Thompson and Kelly, 1957). The edible portions of 

broccoli are central and lateral heads, fleshy peduncles and pedicels whereas, 
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flower part represents a very small part of the head. Broccoli has enormous 

nutritional and medicinal values due to its high content of vitamins, minerals and 

antioxidant substances (Rozek and Wojciechowska,2005; Wojciechowska et al., 

2005) which prevent the formation of cancer causing agents (Beecher, 1994). In 

controlled study, a strong association between increased broccoli consumption 

and the protection against cancer (Verhoeven et al., 1996).The complement of 

phytochemicals in broccoli including vitamins C and E, flavonoids, carotenoids 

and glucosinolates found to be the reason of this protective effect (Podsędek, 

2007). 
The amount and frequency of water for broccoli crop depends upon the soil 

type, environmental conditions, location and maturity. Broccoli crop requires plenty 

of water to maintain high water uptake for good performance (Nonnecke, 1989). It 

requires between 300 to 400 mm of water ha-1 or 125 to 170 mm of water fed-1 

(Ludong, 2008). Recently, the available amount of water to agriculture is decline 

worldwide due to rapid population growth and incidence of drought caused by 

climate change and different human activities (World Bank, 2006). Successful 

management of available limited water depends on better agricultural practices and 

enhanced understanding of water productivity (Jones, 2004). Deficit irrigation i.e. 

irrigation below the optimum crop water requirements is a strategy for water-saving 

by which crops are subjected to a certain level of water stress either during a 

particular period or throughout the entire growing season (Pereira et al., 2002). 

Ascorbic acid (C6H8O6) is a small molecular soluble in water and insoluble in 

other solvents as chloroform, benzene and fats. Being a powerful antioxidant, it 

scavenges and controls the concentration of H2O2 in plants (Sairam et al., 1998) with 

the help of an enzyme ascorbate peroxidase. This enzyme transfer electrons from 

ascorbate to H2O2 producing dehydro-ascorbate and water as products (Raven, 2002). 

Ascorbic acid participates in a variety of processes including photosynthesis, cell wall 

growth and cell expansion, resistance to environmental stresses and synthesis of 

ethylene, gibberellins, anthocyanin and hydroxyl proline (Smirnoff et al., 2000). 

Application of acorbic acid have been found to protect numerous crop species under 

drought stress (Amin et al., 2009; Dolatabadian et al., 2010; Hussein and Khursheed, 

2014). 

Accordingly, the current investigation was proposed in order to examine the 

effect of deficit irrigation and foliar application of ascorbic acid on morphological 

characters and tissue health of broccoli plants. 

MATERIALS AND METHODS 
Two field experiments were conducted during 2013/2014 and 2014/2015 seasons 

in a private Farm, Ibshway district, Fayoum, Egypt. The objective of this work is to 

assess the impact of surface irrigation amounts (60, 80 and 100% ETc) and foliar 
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application of ascorbic acid (0, 200 and 400 mg l
-1

) on morphological characters, leaf 

tissue health measurements, photosynthetic pigments, osmoprotectants, antioxidant 

activity of broccoli plants (Brassica oleracea L. var. italica). Preceding the initiation of 

each experiment, soil samples to 25 cm depth were collected and analyzed in Soil Testing 

Laboratory, Faculty of Agriculture, Fayoum University according to the standard 

published procedures (Wilde et al., 1985). Results of soil samples analysis are presented 

in Table 1.   

Table (1): Physical and chemical characteristics of the experimental site 

during the seasons of 2013/2014 and 2014/2015. 
Property 2013/2014 2014/2015 

Physical properties   

Clay % 49.47 48.21 

Silt % 21.61 22.75 

Fine sand % 23.17 23.11 

Coarse sand % 5.75 5.93 

Soil texture Clay Clay 

Chemical properties   

pH (1 : 2.5) 7.41 7.48 

CEC (meq/100 g soil) 37.22 36.86 

ECe (ds m) 2.83 2.88 

Organic matter (%) 1.81 1.73 

Ca CO3 (%) 4.31 4.23 

N (%) 0.59 0.56 

Available elements (mg kg
-1  

soil):   

K 652 703 

P 562 523 
 

Imported broccoli hybrid seeds cv. Groene Calabrese (Seminis-Peto seed Company, 

USA) were hand sown in speedling trays filled with a mixture of growth media {50% 

peat moss + 50% vermiculite (v/v)} on September 18
th
, 2013 and September 11

th
, 

2014. After thirty days of seed sowing, seedlings were transplanted into the field at in-

rows spacing of 40cm. The devoted area of each experimental unit was 12 m
2
 including 

five rows of 4 m long and 60 cm wide. The experimental layout was a split-plot system 

based on Randomized Complete Blocks design with three replications. Levels of 

irrigation amount and concentrations of ascorbic acid were randomly distributed in the 

main and sub- plots, orderly. Each two adjacent experimental unites was separated by 2.0 

m. alley to protect against side effects. 

2.1 Irrigation water application (IWA)      
Three irrigation treatments were applied as a percentage of the crop 

evapotranspiration (ETc) representing one of the following:   

I1 =100% of ETc, I2 =80% of ETc and I3 = 60% of ETc. 

The daily ETo was computed by equation (1) according to Doorenbos and Pruitt (1992): 
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Where: 

Epan Is evaporation from the Class A pan (mm/day). 

Kpan Is the pan evaporation coefficient. 

Monthly mean weather data for a 16-year (January 1997 - December 2012) were obtained 

from Attsa weather station, Fayoum Governorate. Monthly mean relative humidity, wind 

speed and class A pan evaporation for Attsa weather station are shown in Figure 1. The 

average daily Epan was 7.65, 7.51, 7.07 and 6.33 mmd
-1

 for October, November, and 

December months, respectively.  

 
 

 

 
Figure 1. Monthly mean relative humidity, wind speed and class A pan evaporation 

for Attsa Station. 
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The crop water requirements (ETc) were estimated using the crop coefficient according to 

the following equation: 

ETc=ETo × Kc 

Where: 
Etc = crop water requirements (mm d

-1
). 

Kc = crop coefficient. 

The lengths of the different crop growth stages were 35, 45, 40, and 15 days for initial, 

crop development, mid-season and late season stages, respectively. The crop coefficients 

(Kc) of initial, mid and end stages were 0.70, 1.05 and 0.95 respectively according to 

Allen et al. (1998).  

The broccoli plants were irrigated every fifteen days intervals by different 

amounts of water. The amount of irrigation water applied to each plot during the 

irrigation regime was determined by using the equation given below: 

LR
1000Ea

IiETcA
IWA 




  

Where: 
IWA = irrigation water applied (m

3
). 

A     = plot area (m
2
).  

ETc   = crop water requirements (mm d
-1

). 

Ii = irrigation intervals (d).  

Ea = application efficiency (%). 

LR = leaching requirements (m
3
). 

The amount of irrigation water applied (IWA) was controlled through plastic pipe (spiles) 

of 50 mm diameter. One spile per plot was used to convey water for each plot. The 

amount of water delivered through a plastic pipe was calculated using equation (3) 

according to Israelson and Hansen (1962). 

    √               
Where: 

Q = discharge of irrigation water, (l. sec
-1

),  

C = coefficient of discharge,  

A = cross section area of irrigation pipe, (cm
2
),  

G = gravity acceleration, (cm. sec
-2

), 

H = average effective head of water, (cm). 

Irrigation treatments were isolated with 2 m fallow land to avoid the lateral 

movement of water during irrigation. Irrigation treatments were started after the 

first irrigation. 

2.2 Ascorbic acid application      
Ascorbic acid concentrations (0, 200 and 400 mg l-1) were foliar sprayed, to 

run off, three times; 30, 40 and 50 days after transplanting. All experimental unites 

received N, P2O5 and K2O at rates of 33, 15 and 24 kg fed-1, respectively. During soil 
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preparation, phosphorus fertilizer was broadcasted and N and K fertilizers were side 

banded at two equal portions; 3 and 6 weeks after transplanting. Recommended agro-

management practices were performed for the commercial production of broccoli. 

2.3 Plant sampling 

Randomly plants were chosen in each experimental unit to measure 

morphological characters and leaf RWC, MSI, EL, photosynthetic pigments, 

osmoprotectants and antioxidant activity. 

2.4 Data Recorded 

2.4.1 Morphological characters 

After 70 days of transplanting (about 25% of the total number of plants in 

each experimental unit started flowering), four randomly plants, in each experimental 

unit, were chosen, carefully cut off at the ground level and immediately transferred to 

the laboratory. Plant samples were separated into leaf-blades and stems. The 

following morphological characters were measured: 

2.4.1.1 Stem length (cm); measured starting from the ground level to the epical 

meristem of the stem. 

2.4.1.2 Stem diameter (cm); measured by using Sealy So707-Digital Electronic 

Vernier Caliper 0-150 mm/0-6״ at ground level. 

2.4.1.3  Number of branches and leaves plant-1 was counted. 

2.4.1.4 Total leaf area plant-1 (m2); mathematically calculated using leaf area-leaf 

weight relationship from leaf disks obtained by a cork borer Wallace and Munger 

(1965). 

2.4.1.5 Leaf area leaf-1 (dm2); mathematically calculated using the following formula: 

Leaf area leaf-1 = 1

1

plant leaves ofNumber 

plant area Leaves




 

2.4.1.6 Leaves and stems dry weights plant-1 (g); gained by drying at 70°C in a 

forced-air oven till the weight became constant.  

2.4.1.7 Canopy dry weight plant-1 (g); mathematically calculated by summation oven 

dried leaves and stems. 

2.4.2 Tissue health measurements  

Leaves of four randomly plants, in each experimental unit, after 70 days from 

transplanting, were collected, washed with tap water, rinsed three times with distilled 

water. The following parameters were considered: 

2.4.2.1  Leaf relative water content (RWC) 

Twenty discs from fully expanded fresh leaf (2 cm diameter disc-1) after 

excluding the midrib. Fresh leaf discs were weighed (FM) and immediately floated on 

double-distilled water in a Petri dish for 24 h, in the dark, to saturate them with water 

and the turgid mass (TM) was weighed. The dry mass (DM) was recorded after 
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dehydrating the discs at 70 °C for 48 h. The percentage of RWC was calculated using 

the formula introduced by Hayat et al. (2007):  

RWC (%) = [(FM  -  DM) / (TM  -  DM)] ×100 

2.4.2.2  Leaf membrane stability index (MSI) 

Duplicate samples of fully-expanded leaves tissue, each weighed 0.2 g. The 

1st leaf sample was placed in a test tube containing 10 ml of double-distilled water 

and heated till 40 °C in a water bath for 30 min. Electric conductivity of the solution 

for test tube (EC1) was measured by a conductivity bridge (Starlac Industries, 

Ambala, Haryana, India). The same previously steps were performed with the 2nd leaf 

sample but, heated till 100 oC for 10 min and EC2 was measured. Membrane stability 

index was calculated according to the following formula mentioned by Sairam 

(1994):      MSI (%) = [1 - (EC1/ EC2)] × 100 

2.4.2.3  Leaf electrolyte leakage (EL) 

The percentage of total leakage of inorganic ions (LE) from fully-expanded 

leaves was determined using the method of Sullivan and Ross (1979). Twenty leaf 

discs (2 cm in diameter) were placed in a boiling tube containing 10 ml deionised 

water and the electrical conductivity (EC1) was recorded. The contents were then 

heated to 45º – 55ºC in a water bath for 30 min and the electrical conductivity (EC2) 

was recorded. The sample was then boiled at 100ºC for 10 min and the electrical 

conductivity (EC3) was recorded. Electrolyte leakage was calculated using the 

formula:   EL (%) = [(EC2 – EC1) / EC3] × 100 

2.4.3 Leaf photosynthetic pigments 

2.4.3.1 Leaf chlorophyll A , B and carotenoid  

Leaf chlorophyll A, B, A + B and carotenoid contents (mg g-1 fresh weight) 

were spectrophotometrically measured (Bauschand Lomb-2000 Spectronic 21 

spectrophotometer) at wave lengths 663, 645 and 470 nm (Arnon,1949) 

2.4.3.2 Leaf anthocyanin 

Leaf anthocyanin content (mg g-1 dry weight) was spectrophotometrically 

measured using Bauschand Lomb-2000 Spectronic 21 Spectrophotometer at wave 

lengths 510 and 700 nm as outlined by (Meyers et al., 2003). 

.4.4 Osmoprotectants and antioxidant activity 

2.4.4.1 Leaf free proline  

Leaf free proline content (μg g–1 leaf dry weight) was spectrophotometrically 

measured by apparatus Bauschand Lomb-2000 Spectronic 21 Spectrophotometer at 

wave length 520 nm as described by Bates et al. (1973). 

2.4.4.2  Leaf DPPH·radical-scavenging activity 

Leaf antioxidant activity was spectrophotometrically measured at wave 

length 515 nm and DPPH radical-scavenging activity was calculated according 

to the following formula: DPPH radical-scavenging activity (%) = [(Acontrol – 
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Asample)] / (Acontrol)] × 100, where A is the absorbance at 515 nm (Lee et al., 

2003). 

2.4.4.3  Leaf total soluble sugar (mg g–1 DW) 

Leaf total soluble sugars (TSS) were measured spectrophotometrically at 

wave length 625 nm using a Bauschand Lomb-2000 Spectronic Spectrophotometer as 

described by Irigoyen et al. (1992).  

2.4.4.4 Leaf total free amino acids (mg 100g–1 DW) 
Leaf total free amino acids were measured spectrophotometrically at wave 

length 570 nm according to the modified method of Dubey and Rani (1989). 

2.4.4.5 Head ascorbic acid content (mg 100g–1 head FW) 

Head ascorbic acid content was determined using 2,6-dichloro-indophenol 

method (Helrich, 1990). 

2.4 Statistical analysis. 

Appropriate analysis of variance was performed on results of each 

experiment. Comparisons among means of different treatments were performed using 

the Least Significant Difference procedure (L.S.D.) at P = 0.05 level as illustrated by 

Snedecor and Cochran (1980). 

3. Results 

3.1 Morphological Characters 
Tables 2-4 showed that irrigation amount at 80% ETc was pioneer and 

significantly resulted in higher mean values of stem length, and number of leaves 

plant-1, in two seasons. Unlikely, the leaf area leaf-1 which gives the highest value 

with the amount at 100% ETc, in both years. Application of broccoli plants with 60% 

ETc of irrigation water reflected negative significant influences on stem diameter, 

total leaf area plant-1 and canopy dry weight and its components in comparison with 

the irrigation water amounts 80% or 100% ETc, while increasing irrigation water 

amount from 80% to 100% ETc was at par in both seasons. Exception the stem 

diameter in the first year the amount of 100% ETc showed a not significant difference 

of 60% ETc. On other side, number of branches plant-1 did not show any appreciable 

response to any applied amount of irrigation water, in both seasons. 

Tables 2-4 showed that irrigation amount at 80% ETc, significantly, recorded 

higher mean values of stem length and number of leaves plant-1 than irrigation 

amounts at 60 and 100% ETc, in the two experimental seasons. Generally, increasing 

irrigation amount from 60 to 80 and furtherly to 100% ETc accompanied with 

increased leaf area leaf-1 and leaf area plant-1. Stem, leaves and canopy dry weights, 

significantly, attained higher mean values at 80 and 100 than 60% ETc, in both 

seasons. However, irrigation (irrespective of the amount of water used) did reflect 

any significant effect on number of branches plant-1. 
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Foliar application of ascorbic acid at 200 and 400 ppm, generally, reflected, 

significant, increments in stem height, leaf area and canopy dry weight and their 

components plant-1 compared to the control (untreated plants) treatment, in the two in 

quested seasons. Meanwhile, number of branches plant-1 did not seem to be affected. 

At 200 mg l-1 ascorbic acid, stem diameter was, significantly, the thickest. 

The interactions between the two studied variables (i.e., irrigation water and 

ascorbic acid) reflected significant effects on stem length and diameter, number of 

branches, leaves area and canopy dry weight plant-1 and their components, in both 

seasons. The best results achieved with the combination of 80 and/or 100% ETc 

together with 200 and/or 400 mg l-1 ascorbic acid. 

Table (2): Effect of foliar application of ascorbic acid on stem height, stem 

diameter and number of branches plant-1 of broccoli grown under 

deficit irrigation during 2013/2014 and 2014/2015. 

Ir
r
ig

a
ti

o
n

 

(E
T

c%
) 

Season 

2013/2014 2014/2015 

Ascorbic acid (mgl
-1

) 

0 200 400 Mean  0 200 400 Mean 

Stem length (cm) 

60 31.7
cd

 33.2
bcd

 34.3
bc

 33.1
B*

  35.9e 38.5cde 41.3bc 38.6B 

80 33.2
bcd

 38.3
a
 41.1

a
 37.5

A
  39.9cd 44.7ab 45.7a 43.4A 

100 31.3
d
 35.3

b
 34.6

bc
 33.7

B
  36.9de 42.2abc 39.3cde 39.5B 

Mean 32.0
B
 35.6

A
 36.7

A
   37.6B 41.8A 42.1A  

  

 Stem diameter (cm) 

60 3.3d 3.4cd 3.4cd 3.4B  3.2c 3.3c 3.3c 3.3B 

80 3.6cd 4.3a 4.0ab 4.0A  3.5bc 4.1a 3.9a 3.8A 

100 3.5cd 4.0ab 3.7bc 3.7AB  3.4c 4.1a 3.8ab 3.7A 

Mean 3.4B 3.9A 3.7AB   3.4B 3.8A 3.6AB  

  

 Number of branches plant
-1

 

60 8.3abc 7.9abc 6.8c 7.6A  9.4a 8.9ab 6.4c 8.2A 

80 7.5bc 9.2a 9.1a 8.6A  8.6ab 9.4a 8.6ab 8.9A 

100 7.5bc 7.7abc 9.1a 8.1A  7.6bc 8.4ab 9.6a 8.5A 

Mean 7.8A 8.3A 8.3A   8.5A 8.9A 8.2A  
 

*Values marked with the same letter(s) within the main and interaction effects are 

statistically similar using Revised LSD test at P = 0.05. Uppercase letter(s) 

indicate differences between main effects, and lowercase letter(s) indicate 

differences within interaction of each character. 
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Table (3): Effect of foliar application of ascorbic acid on leaf area and its 

components plant
-1

 of broccoli grown under deficit irrigation during 

2013/2014 and 2014/2015. 

Ir
ri

g
a

ti
o

n
 

(E
T

c%
) 

Season 

2013/2014 2014/2015 

Ascorbic acid (mgl-1) 

0 200 400 Mean  0 200 400 Mean 

Number of leaves plant-1 

60 13.3d 15.2bc 15.6ab 14.7B*  15.2b 15.1b 15.3b 15.2B 

80 13.8cd 17.0a 17.0a 15.9A  15.9b 18.8a 18.2a 17.6A 

100 13.7cd 14.1bcd 14.2bcd 14.0B  15.7b 15.8b 16.3b 15.9B 

Mean 13.6B 15.4A 15.6A   15.6B 16.6A 16.6A  

          

 Total leaf area plant-1 (m2) 

60 1.79c 1.89bc 1.86bc 1.85C  1.72b 1.85b 1.86b 1.81B 

80 1.91bc 2.30a 2.18ab 2.13B  1.95b 2.33a 2.21a 2.16A 

100 1.92bc 2.37a 2.41a 2.24A  1.93b 2.37a 2.35a 2.22A 

Mean 1.88B 2.19A 2.15A   1.86B 2.18A 2.14A  

          

 Leaf area leaf-1 (dm2) 

60 13.5bc 12.5bc 12.0c 12.6C  11.3b 12.3b 12.1b 11.9B 

80 13.9b 13.5bc 12.8bc 13.4B  12.3b 12.5b 12.1b 12.3B 

100 14.0b 16.9a 17.0a 16.0A  12.3b 15.0a 14.4a 13.9A 

Mean 13.8A 14.3A 13.9A   12.0B 13.3A 12.9A  

Table (4): Effect of foliar application of ascorbic acid on canopy dry weight and its 

components plant
-1

 of broccoli grown under deficit irrigation during 

2013/2014 and 2014/2015. 

Ir
r
ig

a
ti

o
n

 

(E
T

c
%

) 

Season 

2013/2014 2014/2015 

Ascorbic acid (mgl
-1

) 

0 200 400 Mean  0 200 400 Mean 

Leaves dry weight plant
-1

 (g) 

60 81c 86c 86c 84B  86c 88c 87c 87B 

80 91bc 108a 102a 101A  95bc 117a 110a 107A 

100 89c 107a 101ab 99A  94bc 112a 108ab 105A 

Mean 87B 100A 96A   92B 105A 102A  

          

 Stems dry weight plant
-1

 (g) 

60 120d 116d 112d 116B  123c 120c 122c 122B 

80 145bc 159a 150ab 151A  152b 171a 155b 159A 

100 135c 153ab 160a 149A  145b 160ab 172a 159A 

Mean 133B 142A 141A   140B 150A 150A  

          

 Canopy dry weight plant
-1

 (g) 

60 201d 202d 198d 200B  209d 208d 209d 209B 

80 236bc 267a 252ab 252A  248bc 287a 265abc 267A 

100 223c 260a 261a 248A  239c 272ab 280a 264A 

Mean 220B 243A 237A   232B 256A 252A  
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*Values marked with the same letter(s) within the main and interaction effects are 

statistically similar using Revised LSD test at P = 0.05. Uppercase letter(s) 

indicate differences between main effects, and lowercase letter(s) indicate 

differences within interaction of each character. 

3.2 Tissue health measurements 

Results of statistical analysis in Table 5 displayed that irrigation amount at 

80 and 100% ETc, significantly, resulted in higher mean values of leaf relative 

water (RWC) and membrane stability index (MSI) than irrigation amount at 60% 

ETc, in the two experimental years. Nevertheless, increasing the amount of water 

irrigation up to 100% ETc, significantly and progressively, decreased leaf 

electrolyte leakage, through the two seasons. 

Table (5): Effect of foliar application of ascorbic acid on leaf RWC, MSI and 

EL of broccoli grown under deficit irrigation during 2013/2014 and 

2014/2015.  

Ir
r
ig

a
ti

o
n

 

(E
T

c%
) 

Season 

2013/2014 2014/2015 

Ascorbic acid (mgl
-1

) 

0 200 400 Mean  0 200 400 Mean 

RWC % 

60 72.3e 75.4de 79.7c 75.8B
*
  75.4d 77.2cd 77.8cd 76.8B 

80 78.4cd 84.6ab 84.2ab 82.4A  78.4cd 82.5abc 85.2ab 82.0A 

100 81.9bc 86.5a 88.5a 85.6A  81.0bcd 86.7ab 88.1a 85.2A 

Mean 77.5B 82.2A 84.1A   78.3B 82.1A 83.7A  

          

 MSI % 

60 80.9f 82.3ef 83.3e 82.2B  82.0e 84.0de 85.3cd 83.8B 

80 86.3d 89.0bc 90.5b 88.6A  87.5bc 90.0ab 91.0a 89.5A 

100 87.4cd 90.8b 92.6a 90.3A  90.2ab 91.4a 92.4a 91.3A 

Mean 84.9B 87.4A 88.8A   86.6B 88.5A 89.6A  

          

 EL % 

60 14.8a 14.2ab 13.8b 14.3A  16.7a 14.7b 13.8bc 15.1A 

80 14.0b 13.0c 12.3d 13.1B  14.6b 13.9bc 13.2cd 13.9B 

100 13.0c 12.2d 11.5e 12.3C  13.1cd 12.7cd 12.3d 12.7C 

Mean 13.9A 13.1B 12.6C   14.8A 13.8B 13.1C  
 

*Values marked with the same letter(s) within the main and interaction effects are 

statistically similar using Revised LSD test at P = 0.05. Uppercase letter(s) 

indicate differences between main effects, and lowercase letter(s) indicate 

differences within interaction of each character. 

In both two experimental seasons, spraying ascorbic acid at 200 or 400 mg 

L
-1

 reflected, significant, increments in leaf RWC and MSI % compared with the 
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check treatment. Meanwhile, increasing the concentration of ascorbic acid up to 

400 ppm, leaf EL%, significantly, declined, in two seasons. 

At any concentration of ascorbic acid, increasing irrigation water amount 

increased MSI% and RWC%, and decreased EL%, similarly, at any amount of 

irrigation water, increasing ascorbic acid concentration increased MSI% and 

RWC%, and decreased EL%, in the two growing seasons.  

At any irrigation amount; increasing ascorbic acid concentration increased 

MSI% and RWC%, and decreased EL%. Similarly, at any ascorbic acid 

concentration; increasing irrigation water amount increased MSI% and RWC%, 

and decreased EL%. Therefore, the best combined treatment for RWC% and 

MSI% was irrigation amount at 80% or/and 100% ETc and foliar ascorbic acid at 

200 or/and 400 mg l
-1

 whilst, the best combined treatment for EL% was 60% ETc 

irrigation amount and ascorbic acid control (untreated plant), in both seasons. 

3.3 Leaf photosynthetic pigments content 

Table 6 shows that increasing irrigation amount from 60% up to 100% 

ETc, significantly, accompanied with a progressive decline of chlorophyll A, B, A 

+ B and anthocyanin contents. On the other hand, irrigation amount at 80% ETc, 

significantly, resulted in the highest value of carotenoids content, whereas, not 

significant increases were detected between the amounts 60% and 100% ETc and 

the trend was the same in two seasons. 
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Table (6): Effect of foliar application of ascorbic acid on leaf photosynthetic 

pigments of broccoli grown under deficit irrigation during 

2013/2014 and 2014/2015.  

Ir
ri

g
a

ti
o

n
 

(E
T

c%
) 

Season 

2013/2014 2014/2015 

Ascorbic acid (mgl-1) 

0 200 400 Mean  0 200 400 Mean 

Chlorophyll A (mg g-1 FW) 

60 1.38a 1.31a 1.27ab 1.32A*  1.23a 1.20a 1.18a 1.21A 

80 1.03de 1.09cd 1.17bc 1.10B  1.03cd 1.07bc 1.14ab 1.08B 

100 0.95e 1.02de 1.09cd 1.02C  0.90e 0.95de 0.97cde 0.94C 

Mean 1.12A 1.14A 1.18A   1.05A 1.07A 1.10A  

          

 Chlorophyll B (mg g-1 FW) 

60 0.83a 0.79a 0.76abc 0.79A  0.82a 0.72ab 0.66b 0.74A 

80 0.67cd 0.69cd 0.72bc 0.69B  0.63b 0.66b 0.70ab 0.66B 

100 0.62d 0.65cd 0.66cd 0.64C  0.60b 0.62b 0.64b 0.62C 

Mean 0.71A 0.71A 0.71A   0.68A 0.67A 0.67A  

          

 Chlorophyll A + B (mg g-1 FW) 

60 2.21a 2.11ab 2.03b 2.11A  2.06a 1.92ab 1.84bc 1.94A 

80 1.70de 1.78cd 1.89c 1.79B  1.66cde 1.73bcd 1.83bc 1.74B 

100 1.59e 1.69de 1.78cd 1.68C  1.50e 1.57de 1.61de 1.56C 

Mean 1.83A 1.86A 1.90A   1.74A 1.74A 1.76A  

          

 Carotenoids (mg g-1 FW) 

60 0.29c 0.32c 0.31c 0.30B  0.23bcde 0.22cde 0.20e 0.22B 

80 0.33bc 0.37ab 0.39a 0.36A  0.25bc 0.26b 0.30a 0.27A 

100 0.32c 0.30c 0.32c 0.31B  0.21de 0.24bcd 0.24bcd 0.23B 

Mean 0.31A 0.33A 0.34A   0.23A 0.24A 0.25A  

          

 Anthocyanin (mg g-1 DW) 

60 0.54bc 0.58ab 0.60a 0.57A  0.57b 0.61a 0.63a 0.60A 

80 0.47e 0.52cd 0.55bc 0.51B  0.48d 0.53c 0.57b 0.53B 

100 0.41f 0.46e 0.48de 0.45C  0.43e 0.46de 0.49d 0.46C 

Mean 0.47B 0.52A 0.54A   0.49B 0.54A 0.56A  
 

*Values marked with the same letter(s) within the main and interaction effects are 

statistically similar using Revised LSD test at P = 0.05. Uppercase letter(s) 

indicate differences between main effects, and lowercase letter(s) indicate 

differences within interaction of each character. 

Foliar application of ascorbic acid, irrespective of the concentration used, 

appeared to be not effective on chlorophyll A, B, A + B and carotenoid contents, 

in the two experimental seasons. Conversely, spraying the foliage with the various 

concentrations of ascorbic acid 200 and 400 mg l
-1 

reflected positive significant 

influences on leaf anthocyanin contents in comparison with the control, in both 
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seasons. Differences between ascorbic acid concentration 200 and 400 mg l
-1

 were 

not true, in the two years. 

The combined treatment of 60% ETc and 0 mg l
-1

 irrigation amount- 

ascorbic acid concentration, orderly, significantly, attained the highest mean 

values of chlorophyll A, B, A + B and anthocyanin contents whereas, the 

interaction treatment of 80% ETc and 400 mg l
-1

 irrigation amount and ascorbic 

acid concentration, orderly, significantly, achieved the highest mean value of 

carotenoids content. 

3.4 Osmoprotectants, antioxidant activity 

3.4.1 Leaf free proline and DPPH radical-scavenging activity  

Data shown in Tables 7 revealed that a reversal relationship between 

irrigation amount and free proline content however, irrigation amount at 80 and 

100 % ETc, significantly, recorded higher mean values of leaf DPPH radical-

scavenging activity than irrigation amount at 60% ETc. 

Foliar application of ascorbic acid at 200 mg l
-1

, significantly, resulted in higher 

leaf DPPH radical-scavenging activity than 0 and 400 mg l
-1

. Meanwhile, foliar 

application of ascorbic acid, irrespective the concentration used, did not reflect 

any appreciable effect on DPPH radical-scavenging activity. 

The combination treatment of irrigation amount together ascorbic acid at 80 

%ETc and 200 mg l
-1

, respectively recorded, significantly, the highest DPPH 

radical-scavenging activity. 

Table (7): Effect of foliar application of ascorbic acid on leaf free proline content 

and DPPH radical-scavenging activity of broccoli grown under deficit 

irrigation during 2013/2014 and 2014/2015.  

Ir
r
ig

a
ti

o
n

 

(E
T

c%
) 

Season 

2013/2014 2014/2015 

Ascorbic acid (mgl
-1

) 

0 200 400 Mean  0 200 400 Mean 

Free proline (μg g
-1

 DW) 

60 29.9a 32.6a 32.9a 31.8A
*
  29.0a 31.3a 31.9a 30.7A 

80 21.2a 24.6a 25.6a 23.8B  19.5a 22.9a 23.3a 21.9B 

100 16.6a 15.6a 14.6a 15.6C  17.4a 17.3a 17.0a 17.2C 

Mean 22.6A 24.3A 24.4A   22.0A 23.8A 24.0A  

          

 DPPH radical-scavenging activity (%) 

60 26.8d 29.7d 31.4d 29.3B  22.2f 24.5ef 26.1ef 24.3B 

80 38.5c 59.5a 47.6b 48.5A  32.4de 60.7a 49.3bc 47.5A 

100 44.5b 54.2a 46.3b 48.3A  41.3cd 56.5ab 41.7c 46.5A 

Mean 36.6C 47.8A 41.8B   32.0C 47.3A 39.0B  
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*Values marked with the same letter(s) within the main and interaction effects are 

statistically similar using Revised LSD test at P = 0.05. Uppercase letter(s) indicate 

differences between main effects, and lowercase letter(s) indicate differences within 

interaction of each character. 

3.4.2 Leaf TSS, total free amino acids and head ascorbic acid contents 

Increasing irrigation amount up to 100% ETc, significantly and progreesivly, 

decreased leaf TSS but, head ascorbic acid content was not affected (Table 8). 

Nevertheless, irrigation amount at 80% and 100% ETc, significantly, augmented total 

free amino acids compared to irrigation amount at 60% ETc, in 2013/2014 and 

2014/2015.  

Raising the concentration of ascorbic acid up to 400 mg l-1 associated with 

augmentation of ascorbic acid content whilst, foliar spray of ascorbic acid did not 

affect leaf TSS. Meanwhile, application of head ascorbic acid at 200 and 400 mg l-1, 

significantly, resulted in higher total free amino acids content, in both seasons.  

The interaction between the two studied factors did not reflect any significant 

influence on TSS and total free amino acids but, the treatment combination of 

irrigation amount at 60% ETc together with 400 mg l-1 ascorbic acid was pioneer on 

ascorbic acid content, in both seasons. 

Table (8): Effect of foliar application of ascorbic acid on leaf TSS, free amino 

acid and head ascorbic acid contents of broccoli grown under deficit 

irrigation during 2013/2014 and 2014/2015.  

Ir
ri

g
a

ti
o

n
 

(E
T

c%
) 

Season 

2013/2014 2014/2015 

Ascorbic acid (mgl-1) 

0 200 400 Mean  0 200 400 Mean 

TSS (mg g–1 DW) 

60 3.33a 3.23a 3.18a 3.25A*  3.59a 3.55a 3.51a 3.55A 

80 2.62a 2.56a 2.37a 2.52B  2.81a 2.67a 2.49a 2.66B 

100 2.27a 2.15a 2.05a 2.16C  2.23a 2.19a 2.12a 2.18C 

Mean 2.74A 2.64A 2.53A   2.88A 2.80A 2.71A  

          

 Total free amino acids (mg 100g–1 DW) 

60 82.6a 87.6a 94.3a 88.1B  80.7a 87.5a 95.6a 87.9B 

80 86.8a 96.2a 99.9a 94.3A  90.7a 98.7a 98.4a 95.9A 

100 87.3a 97.7a 98.9a 94.7A  84.1a 94.4a 100.9a 93.2A 

Mean 85.6B 93.8A 97.7A   85.2B 93.6A 98.3A  

          

 Ascorbic acid (mg 100g–1 head FW) 

60 78.2e 105.3b 119.9a 101.1A  78.5d 103.4bc 125.4a 102.4A 

80 84.7de 98.0bc 107.2b 96.6A  84.2d 96.5c 108.1b 96.2A 

100 83.9de 93.2cd 99.0bc 92.0A  83.7d 95.1c 101.5bc 93.4A 

Mean 82.2C 98.8B 108.7A   82.1C 98.3B 111.7A  
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*Values marked with the same letter(s) within the main and interaction effects are 

statistically similar using Revised LSD test at P = 0.05. Uppercase letter(s) 

indicate differences between main effects, and lowercase letter(s) indicate 

differences within interaction of each character. 

4. Discussion  

4.1 Morphological Characters  
Irrigation of growing broccoli plants with 60% ETc led to a negative 

significant effect on all plant growth parameters (stem length and diameter, 

number of branches and number of leaves plant
-1

, total leaf area plant
-1

, leaf area 

leaf
-1

, and leaves, stem and canopy dry weights plant
-1

) compared  to irrigation 

amount at 80% or 100% ETc, in two seasons. This may be due to the treatment of 

irrigation amount at 60% ETc led to severe damage in the growth of the plant 

broccoli. It is well known that water stress conditions cause a multitude of 

molecular, biochemical and physiological changes, thereby affecting plant growth 

and development (Boutraa, 2010). A decline response of growth due to water 

stress might be explained on the bases of suppression cell elongation, cell turgor, 

volume and eventually growth. Water-stress caused a marked suppression in plant 

photosynthetic capacity and efficiency, mainly due to closing stomata and 

inhibition of (Rubisco) enzyme (Lawlor and Cornic, 2002). The depressive effect 

of water stress with 60% ETc in this study on growth parameters of broccoli 

plants may also be attributed to a drop in membrane stability index (MSI), relative 

water content (RWC), radical-scavenging activity (DPPH) and increase in 

electrolyte leakage (EL) compared to 80 or 100% ETc as indicated in Tables 5 

and 7. In addition, a reduction in leaf total free amino acids content (Table 8) 

which affect negatively on the rate of cell division and enlargement. Water stress 

also reduced the excessive accumulation of intermediate compounds such as 

reactive oxygen species ROS (Yazdanpanah et al., 2011; Razaji et al., 2014) 

which cause oxidative damage to DNA, lipid and proteins and consequently a 

decrease in plant growth. As well as, water stress leads to increase abscisic acid 

caused an inhibition of the growth (Abdalla, 2011). Many other reports support 

our obtained results in broccoli plants such as Latimer (1990); Zaicovski et al. 

(2008); Khan et al. (2010); Erken and Oztokat (2010). 

The promoting effect of applied irrigation amount at 80% ETc on 

morphological characters of broccoli plants may can be avoid stress by deep 

rooting, allowing access to soil moisture lower in the soil profile so, plant reduces 

its osmotic potential in order to absorb water and maintain turgor. Enhancing 

MSI, RWC, DPPH and decrease EL under irrigation at 80% ETc (Tables 5 and 7) 

caused accumulation of a variety of inorganic and organic osmotica substances 
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including compatible solutes such as free proline, total free amino acids and TSS 

contents in broccoli plant (Tables 7 and 8) to adjust osmotic pressure. Likwise, 

increasing leaf carotenoids and anthocyanin contents compared to 100% ETc 

amount (Table 6) which their functions as antioxidants enable tissues to react with 

free radicals, specially peroxyl radicals and singlet oxygen (Sies and Stahl, 1995). 

Therefore, application irrigation amount at the rate of 80% ETc increase the 

morphological characters (Tables 2 - 4), in the two growing seasons of 2013/2014 

and 2014/2015. Numerous investigators reported similar results on different crops 

as Pasakdee et al. (2006) on broccoli; Bakry et al.(2013) on wheat; Abd El-

Mageed and Semida (2015) on cucumber. 

The beneficial effects of foliar ascorbic acid application on the studied 

morphological characters can be discussed on the ground that ascorbic acid has 

auxinic effect and protect plant cells against free radicals that are responsible for 

plant senescence (Prusky, 1988; Elade, 1992). In addition, ascorbic acid might 

regulate cell wall expansion, cell division, and cell elongation through its action in 

cell vacuolization (Arrigoni, 1994; Navas and Gomez-Diaz, 1995; Cordoba-

Pedregosa et al., 1996). Ascorbic acid was found to improve absorption of 

phenolic compounds, which lead to save the growing tissues from toxic effects of 

the oxidized phenols (Gupta et al., 1980). Moreover, ascorbic acid seemed to be 

enhance biosynthesis of free amino acids (Table 8) which are vital steps in 

stepping up plant tissues. Under stress, the amount of ascorbic acid increases in 

plants that plays a significant role in regulation of mechanisms of photosynthesis 

and defense against oxidative stress (Amin et al., 2009; Dolatabadian et al., 2009, 

2010; Khalil et al., 2010). In addition, ascobic acid probably reduced osmotic 

potential and maintain turgor as well as increase MSI, RWC, DPPH and decrease 

EL (Tables 5 and 7) which are responsible for plant growth to go forwad. 

Likewise, the leaf content of anthocyanin and head content of ascorbic acid were 

increased compared to control in Tables 6 and 8, it could the removal of H2O2 as a 

substrate of ascorbate peroxidase, directly reduces O
- 

2, quench 
1
O2 and regenerate 

reduced α-tocopherol (Foyer, 1993). Previous report of Khalil et al. (2010), Razaji 

et al. (2014), Shafiq et al. (2014), Amira and Qados (2014), Noman et al. (2015) 

and Malik et al. (2015) they indicated that the application of ascorbic acid showed 

significant increases in all growth parameters under different soil moisture levels. 

In addition, Osman and Tolba (2009); Osman (2010); Osman and El-Shatoury 

(2014) they observed that the foliar-applied ascorbic acid improved vegetative 

growth under different stress.  

4.2 Leaf tissue health measurements 

Leaf RWC, MSI and EL were the best criteria for plant water status. Leaf 

RWC has been used as an indicator of plant water balance. In most crop species, 
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the wilting range is between RWC 60% to 70% (Barrs and Whetherley, 1962). 

The degree of cell membrane injury induced by water stress may be easily 

estimated through measurements of MSI (Hasheminasab et al., 2012). Electrolyte 

leakage is one of the best physiological components of drought tolerance in plants 

(Xu et al., 2008). The three parameters (MSI, RWC and EL) are greatly 

interrelated. Soil water potential decreases under water deficit conditions, so plant 

reduces its osmotic potential or osmotic adjustment in order to absorb water and 

maintain turgor through accumulation of a variety of inorganic and organic 

osmotica including compatible solutes such as proline, total free amino acids and 

TSS and is referred to as osmotic adjustment (Tables 7 and 8). Therefore, the 

obtained results in Table 5 showed that absence of any significant difference in 

RWC or MSI between irrigation amounts 80% and 100% ETc but, there was a 

positive significant difference between them and 60% ETc of irrigation amount.  

Meanwhile, EL decline in 80% or 100% ETc of irrigation amount compared to 

60% ETc. These results are in agreement with the findings of Ludong (2008) on 

broccoli; Wu et al. (2012); Hadi and Fuller (2013) on cauliflower; Alam et al. 

(2013) on mustard; Aldesuquy and Ghanem (2015); Malik et al. (2015) on wheat; 

Abd El-Mageed and Semida (2015) on cucumber. 

Foliar application of ascorbic acid increased RWC, MSI and reduced EL 

(Table 5). This indicates that foliar application of ascorbic acid probably reflected 

positive influence of water uptake or reduced water loss, more accumulation of 

compatible osmolytes such as total free amino acids, enhance head ascorbic acid 

content and increase DPPH radical-scavenging activity (Tables 7 and 8) which 

consequently causes increase in leaf water potential. Hence, it could be concluded 

that the beneficial effect of ascorbic acid on growth parameters of broccoli plants 

has been related to the efficiency of their water uptake and utilization also its role 

in accumulation of osmolytes. Many studies have reported that exogenous 

application of ascorbic acid when used with optimal concentration, exhibited 

beneficial effect on growth parameters of some crop plants grown under drought 

stress (Darvishan et al., 2013; El-Sayed and El-Sayed, 2013; Alam et al., 2014; 

Amira and Qados, 2014; Malik et al., 2015).  

5.3 Leaf photosynthetic pigments content 

A reversal relationship between leaf chlorophyll A, B, A + B and 

anthocyanin contents and irrigation amount. The reversal relationship may be 

attributed to increasing irrigation amount led to increased leaf RWC, MSI and 

increased EL (Table 5), so the chlorophyll A, B, A+ B and anthocyanin content 

decreased. Meanwhile, foliar application of ascorbic acid reflected positive 

significant influences on leaf anthocyanin content. The proposed mechanism 
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behind anthocyanin-enhanced drought resistance is that anthocyanin is able to 

stabilize water potential (Tahkokorpi, 2010). Syvacy and Sokmen (2004) 

mentioned that, anthocyanin acts as scavengers of free radicals and other 

oxidative species through their antioxidant potential. The beneficial effect of 

irrigation amount at 80% ETc on carotenoids content (Table 6) can be due to α-

carotene, an effective antioxidant pigment, plays a unique role in protecting 

chlorophyll (Burton and Ingold, 1984). The main protective role of α-carotene in 

photosynthetic tissue may be through direct quenching of triplet chlorophyll, 

which prevents the generation of singlet oxygen and therefore avoids oxidative 

stress completely. In this respect, some investigators reported that the drought 

resulted in a massive increase significantly in the anthocyanin and β-carotene 

content of plants (Aldesuquy and Ghanem, 2015; Halimeh et al., 2013). Whilst, 

Shafiq et al. (2014) confirmed that foliar applied ascorbic acid (50, 100 and 150 

mg L
-1

) had no significant effect in improving chlorophyll a and b contents of 

both canola (Brassica napus L.) cultivars Dunkeld and Cyclone. 

5.4 Osmoprotectants and antioxidant activity 

Plants can partially protect themselves against mild drought stress by 

accumulating osmolytes such as proline, soluble sugars, total free amino acids and 

ascorbic acid. Proline is one of the most common compatible osmolytes in 

drought stressed plants. In Table 7, leaf free proline content increased under 

drought stress in broccoli plants. These findings are in agreement with some 

earlier studies in which enhanced accumulation of proline under drought was 

observed by Erken et al. (2013) on broccoli; Alam et al. (2013) on mustard; 

Razaji et al. (2014) on rapeseed. The accumulation of proline in plant tissues is 

also a clear marker for environmental stress, particularly in plants under drought 

stress (Routley, 1966). Proline accumulation may also be part of the stress signal 

influencing adaptive responses (Maggio et al. 2002). On other side, in Table 7, 

proline non-significant effect of foliar-applied ascorbic acid, in this connection, 

Shafiq et al. (2014) confirmed that foliar-applied ascorbic acid had no significant 

effect in proline contents of canola (Brassica napus L.).  

The reduction in value of DPPH in broccoli leaves grown under 60% ETc 

may be attributed to exposure to severe drought stress compared to broccoli plants 

grown under 80% or 100% ETc of irrigation amount. On other side, increased 

value of DPPH sprayed by ascorbic acid may be attributed to increasing in leaf 

ascorbic acid and total free amino acids content (Table 8). 

Soluble sugars accumulated in plants for osmotic adjustment in response 

to drought stress and caused the protection of macromolecules and DNA 

structures (Juan et al. 2005). Therefore, in this study showed that drought stress 

increased total soluble sugars in Table 8, so that the resulting osmotic pressure 
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could keep the plant from losing water. The osmotic pressure occurs in cells as a 

result of decomposition of insoluble sugars, therefore, imposing drought stress 

increases soluble sugars while it decreases insoluble sugars (Halimeh et al., 

2013). Drought stress in spinach leaves led to an increase in starch decomposition 

and accumulation of soluble sugars (Gossett et al., 1999). It is also reported that in 

plants adapted to drought stress conditions, sugar accumulation may increase 

photosynthesis (Sato et al., 2004). Soluble sugar contents in shoots and roots of 

the control, there are various levels of drought stress increased, and this agrees 

with the findings of (Amirjani and M. Mahdiyeh, 2013; Kabiri et al., 2014).  

Increasing the amount of irrigation water from 60 to 80% ETc (Table 8), 

significantly, increased leaf total free amino acids content and above that level 

leaf total free amino acids content was not affected. This result was in line with 

Amira and Qados (2014) who mentioned that increasing the irrigation amount 

from 40 to 100% ETc caused increases in seed total amino acids of soybean. The 

obtained results, also, showed that spraying 200 and/or 400 mg l
-1 

ascorbic acid 

significantly augment leaf total amino acids than untreated control and the same 

conclusion was reported by El-Sayed and El-Sayed (2013). 

Ascorbic acid is a key nonenzymatic antioxidant that participates in redox 

regulation in different cell compartments to protect plant cells from oxidative 

stress (Chen et al., 2007). Ascorbic acid reduces O2 and regenerates reduced α-

tocopherol (Bartoli et al., 1999). In addition, ascorbic acid suppressed free 

radicals by the formation of ascorbyl radicals (Yamaguchi et al. 1999). The ene-

diol structure plays an effective role in scavenging free radicals (Pavet et al. 

2005). Therefore, spraying broccoli plants by ascorbic acid increased ascorbic 

acid content in heads, this led to increased ability of plants to tolerate drought 

stress, especially for plants grown under 80% ETc of irrigation water amount 

(Table 8). Such results are agreement with this obtained by El-Sayed and El-

Sayed (2013).in tomato; Osman and El-Shatoury (2014) in pumpkin; Alam et al, 

(2014) in Brassica napus. 

5. Conclusions  
Within the experimental conditions studied, it has been concluded that this 

work provided evidence to the role of ascorbic acid foliar application, especially 

at the concentration of 200 or 400 mg l
-1 

enhancing morphological characters, leaf 

tissue health measurements (RWC, MIS and EL), photosynthetic pigments, 

osmoprotectants, antioxidant activity of broccoli (Brassica oleracea L. var. 

italica) cv. Groene Calabrese grown under deficit irrigation amount, especially at 

80% ETc under conditions of Fayoum Governorate and other similar regions. 
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ًوى، وًشاط هضاداث الأكسذة وصحت أًسجت البروكلً لحوض الأسكىربيك ححج ًظام الري اسخجابت 

 الوخٌاقص
 

 1وكرين خلف الله عبذالخىاب خلف الله 1، هفرح سعذاوي طلبت2، هحوذ حسي عبذالىاحذ1أشرف شىقً عثواى
 

1
 ِصش -صبِؼت اٌف١َٛ  -و١ٍت اٌضساػت  -لغُ اٌبغبح١ٓ

2
 ِصش -صبِؼت اٌف١َٛ  -و١ٍت اٌضساػت  - )ٕ٘ذعت صساػ١ت( لغُ الأساظٝ ٚا١ٌّبٖ

 

( بّضسػت خبصت 2014/2015ٚ  2013/2014أصشٜ ٘زا اٌبحذ خلاي ِٛع١ّٓ ِخخب١١ٌٓ )

ِضُ/  400ٚ  200ٚ  0بّشوض أبشٛاٜ، اٌف١َٛ، ِصش ٌذساعت حأر١ش اٌشػ اٌٛسلٝ ٌحّط الأعىٛسب١ه )

، ٚاٌم١بعبث اٌفغ١ٌٛٛص١ت ٌغلاِت اٌخلا٠ب )ِحخٜٛ اٌّبء إٌغبٝ ٌٍخلا٠ب اٌّٛسفٌٛٛص١تٌخش ِبء( ػٍٝ اٌصفبث 

RWC ٚد١ًٌ رببث الأغش١ت ،MISٚفمذ الأ٠ٛٔبث ، EL اٌبٕبء اٌعٛئٝ(، ٚصببغبث 

ٚOsmoprotectants( ٚٔشبغ ِعبداث الأوغذة ،DPPHٌٍٕٝببحبث اٌبشٚو )(Brassica oleracea L. 

var. italica; cv. Groene Calabrese)  ( 00ٚ  00إٌب١ِت ححج ٔظبَ اٌشٜ اٌغؽحٝ اٌّخٕبلص  ٚ

100 ٪ETc.َٛححج ظشٚف أساظٝ اٌف١ )  

 الآحً:الٌخائج الوخحصل عليها يوكي حلخيصها فً 

ؽٛي ٚعّه اٌغبق، ػذد أػؽٝ أػٍٝ ل١ُ ِخحصً ػ١ٍٙب ٌ ETc٪ 100٪ أٚ 00ِؼذي اٌشٜ 

ِٚحخٜٛ ، اٌٛصْ اٌضبف اٌىٍٝ / ٔببث ِٚىٛٔبحٗ، ٚاٌّغبحت اٌٛسل١ت اٌى١ٍت / ٔببث ِٚىٛٔبحٙبالأٚساق / ٔببث، 

 DPPHٚل١ُ  ،اٌىبسٚح١ٕبث، ِٚحخٜٛ الأٚساق ِٓ MIS، ٚد١ًٌ رببث الأغش١ت RWCاٌّبء إٌغبٝ ٌٍخلا٠ب 

فٝ ح١ٓ ٌُ ٠خأرش ػذد الأفشع  ٌُٚ ٠ىٓ ٕ٘بن فشق ِؼٕٜٛ ب١ُٕٙ فٝ ولا اٌّٛع١ّٓ، ٚالأحّبض الأ١ٕ١ِت اٌى١ٍت

أدث ص٠بدة ِؼذلاث بّؼذلاث اٌشٜ اٌزلارت. ِٚٓ ٔبح١ت أخشٜ  ِحخٜٛ حّط الاعىٛسب١ه ٌٍشؤٚط/ ٔببث، ٚ

، ِحخٜٛ الأٚساق ELل١ُ  حذٚد ٔمص حٕبصٌٝ فٝ، أدث ئٌٝ ETc٪ 100٪ ئٌٝ 00اٌشٜ اٌّغخخذِت ِٓ 

ٚ الأٔزٛع١ب١ٔٓ، ِٚحخٜٛ الأٚساق ِٓ اٌبش١ٌٚٓ ٚاٌغىش٠بث اٌزائبت اٌى١ٍت فٝ  A ،B ،A + Bِٓ وٍٛسٚف١ً 

 ولا اٌّٛع١ّٓ. 

اٌشػ اٌٛسلٝ بحّط الأعىٛسب١ه بغط إٌظش ػٓ اٌخشو١ض اٌّغخخذَ، ػىظ ص٠بدة وب١شة فٝ 

، RWCٚ MSI ل١ُ ٚاٌٛصْ اٌضبف/ ٔببث ِٚىٛٔبحٗ، ٚؼٛي ٚلؽش اٌغبق، ِٚغبحت الأٚساق ِٚىٛٔبحٙب، 
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، ِٚحخٜٛ DPPHِحخٜٛ الأٚساق ِٓ الأٔزٛع١ب١ٔٓ، ِحخٜٛ اٌشؤٚط ِٓ حّط الأعىٛسب١ه، ٚل١ُ 

الأحّبض الأ١ٕ١ِت اٌى١ٍت ِمبسٔت ببٌٕببحبث غ١ش اٌّؼبٍِت )اٌىٕخشٚي(، فٝ ح١ٓ ٌُ ٠خأرش ػذد  الأٚساق ِٓ

الأفشع / ٔببث فٝ ولا اٌّٛع١ّٓ. ٚػٍٝ اٌؼىظ ِٓ رٌه أدٜ ص٠بدة حشو١ض حبِط الاعىٛسب١ه ِٓ صفش 

عىٛسب١ه ، ٌىلا اٌّٛع١ّٓ. فٝ ح١ٓ ٌُ ٠إرش اٌشػ بحّط الأELئٌٝ خفط فٝ ل١ُ  ِضُ/ٌخش ِبء 400حخٝ 

بغط إٌظش ػٓ اٌخشو١ض اٌّغخخذَ ػٍٝ ػذد الأفشع / ٔببث، ِخٛعػ ِغبحت اٌٛسلت، ِٚحخٜٛ الأٚساق ِٓ 

 ٚاٌىبسٚحٕذ٠بث ٚاٌبش١ٌٚٓ ٚاٌغىش٠بث اٌزائبت اٌى١ٍت فٟ ِٛعّٝ اٌخضشبت.  A ،B ،A + Bاٌىٍٛسٚف١ً 

ىظ حأر١ش ِؼٕٜٛ ب١ٓ ػبٍِٝ اٌذساعت )ِؼذلاث اٌشٜ ٚحشو١ضاث حّط الأعىٛسب١ه( ػ اٌخذاخً

اٌغبق، ػذد الأٚساق / ٔببث، ِغبحت الأٚساق اٌى١ٍت ٚلؽش ػٍٝ اٌصفبث اٌّٛسفٌٛٛص١ت اٌّذسٚعت )ؼٛي 

، ِحخٜٛ الأٚساق RWC ٚ MSIِٚخٛعػ ِغبحت اٌٛسلت ٚاٌٛصْ اٌضبف ٌٍٕببث ٌٍغ١مبْ ٚالأٚساق(، ٚل١ُ 

ٌٕخبئش اٌّخحصً ػ١ٍٙب ِٓ اٌخذاخً فٝ ولا ِٛع١ّٓ اٌضساػت. ٚوبٔج أفعً ا DPPHِٓ اٌىبسٚح١ٕذاث ٚل١ُ 

ِضُ/ٌخش ِبء ِٓ حّط الأعىٛسب١ه. ٚػٍٝ  400أٚ  200ِغ  ETc% 100% أٚ 00ب١ٓ ِؼذي اٌشٜ 

 A ،B ،A + B، ِٚحخٜٛ الأٚساق ِٓ اٌىٍٛسٚف١ً ELل١ُ  اٌؼىظ ِٓ رٌه أدث ئٌٝ حذٚد ٔمص فٝ

ٚحبِط الاعىٛسب١ه بخشو١ض  ETc٪ 00ٚالأٔزٛع١ب١ٔٓ. فٝ ح١ٓ أػؽٝ اٌخذاخً ب١ٓ ١ِبٖ اٌشٞ بّؼذي 

ب١ّٕب ٌُ اٌم١ُ الأػٍٝ ِٓ ِحخٜٛ اٌشؤٚط ِٓ حبِط الاعىٛسب١ه فٝ ولا اٌّٛع١ّٓ.  ِضُ/ٌخش ِبء 400

ِحخٜٛ الأٚساق ِٓ اٌبش١ٌٚٓ، ٚاٌغىش٠بث اٌزائبت اٌى١ٍت، ٠ىٓ ٌٍخذاخً ب١ٓ ػبٍِٝ اٌذساعت أٜ حأر١ش ػٍٝ 

 ٚالأحّبض الأ١ٕ١ِت اٌى١ٍت.

بمت ٠ّىٓ الاعخٕخبس أْ اٌشػ اٌٛسلٝ ٌحّط الأعىٛسب١ه خبصت بخشو١ض فٟ ظٛء إٌخبئش اٌغب

، ٚصببغبث RWC ،MIS ،EL  ِضُ/ٌخش ِبء دٚس ئ٠ضبب١ب ػٍٝ اٌصفبث اٌّٛسفٌٛٛص١ت، 400أٚ  200

( ٌٕببحبث اٌبشٚوٍٝ إٌب١ِت ححج DPPH، ٚٔشبغ ِعبداث الأوغذة )Osmoprotectantsاٌبٕبء اٌعٛئٝ، 

ححج اٌظشٚف اٌب١ئ١ت اٌغبئذة بّحبفظت  Etc% 00خبصت ػٕذ ِؼذي سٜ  بلصٔظبَ اٌشٜ اٌغؽحٝ اٌّخٕ

  اٌف١َٛ ٚإٌّبؼك اٌّشببٙت الأخشٜ.


