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This experiment was carried out in greenhouse condition at the National Research Centre Dokki, Cairo, 
Egypt to evaluate the effect of different magnesium fertilization methods on growth parameters, chemical 
composition and nutrients uptake of Radish plants (Raphanus sativus.). Data noticed that magnesium 
sulphate by any of studied method generally, increased significantly all studied growth parameters, 
photosynthesis(chlorophyll a, chlorophyll b, total carotenoid) and total sugars as compared with control 
one. . Results also, showed that reducing the dose of recommended rate by using foliar spraying with 
MgSO4 at rate of 1.5g-1 increased most of growth parameters. Foliar spray with 1.5gL-1 of MgSO4 

increased NPK concentrations and uptake in both radish shoots and roots. Minimization of the 
recommended rate from 75% up to 25% with 1.5gL-1 of MgSO4as foliar spraying gradually  stimulate the 
chlorophyll a, chlorophyll b, carotenoid, and consequently total pigments contents as compared with 
control treatment. One can assumed that, for maximization the total pigments, using 50% of the 
recommended rate give the reasonable production of total pigments. Therefore minimizing the 
recommended rate with supplement 1.5gL-1 of MgSO4, as foliar application can be consider as economy 
way to minimize the recommended dose and maximizing the total pigments, which positively reflected 
on yield quality and quantity.  
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INTRODUCTION 

Magnesium (Mg) is meaningful and essential 
macronutrient for the proper development and 
functioning of living organisms, similarly as the 
other  macro-elements, is accommodated  in soil 
in three forms : exchangeable, inexchangeable 
and water soluble Barker et al., (2007)  .The 
exchangeable form is constitute ofMg 
incorporated in both primaryas well as secondary 
minerals, with different hydration rates Kirkby and 
Mengel (1976),and  average records for approx. 
5% of  total Mg content , and from 4 to 20% of the  
cation exchange capacity of soil. In case of plants, 

magnesium (from 15 to 30% its total contents) is 
bound in chlorophyll molecules Marschner (1995) 
Neales (1956) 

Magnesium has a digit ofguide activity in 
plants. Decidedly  metabolic actions  and 
responses that are ascendancy  by Magnesium  
element comprise: (i) photophosphorylation (such 
as ATP formation in chloroplasts), (ii) 
photosynthetic (CO2) hang-up, (iii) protein 
amalgamation, (iv) chlorophyll accumulation , (v) 
phloem loading, (vi) partitioning and utilization of 
photo assimilates, (vii) generation of reactive 
oxygen species, and (viii) photo oxidation in plant 
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tissues. Accordingly, copious censorious 
physiological and biochemical action in plants are 
conflicting altered by deficiency of, Magnesium, 
dominant to impairments in quality, growth and 
yield. In most cases, the association of 
Magnesium in metabolic actions relies on 
Magnesium actuating abundant enzymes. An 
important of Magnesium activated enzyme is the 
ribulose -1, 5- bisphosphate (RuBP) carboxylase, 
which is a key enzyme in the photosynthesis 
process and the most bountiful enzyme on earth 
(Marschner1995,Hermans et al., 2005 Cakmak 
and Kirkby (2008), Gransee and Führs ( 2013) 
and Verbruggen ,Hermans (2013)and Cakmak. I. 
(2013a) 

Plant uptakes magnesium in the formation of 
Mg2+ cation, as calcium cation (Ca+2), underlight 
texture soils and high  mobility of  element, may 
be leacheddeeper into the soil profile by  high 
rainfall particularly in humid areas  precipitation as 
well as intensive irrigation water, which 
consequently contributes also to insufficient 
nutrition to plants. 

Plants can play an important part for 
transportation magnesium particularly 
insufficientelement contents in soil, through 
phloem part to their actively growing, juvenile 
parts Barker et al., (2007) causing deficiency 
symptoms of magnesium. Magnesium element 
play an important part in chlorophyll accumulation 
and photosynthesis.  In addition, has an important 
role in living system due to its essential for plant 
growth Barker et al., (2007). 

Cropdepletion, magnesium levels in soil may 
decline over time, soil erosion, and leaching. Soil 
acidity, high potassium and calcium content low 
temperatures, and dry soil conditions may 
contribute to magnesium deficiency in the soils. In 
intensive crop production systems, with only 
application of NPK fertilization program. Mg is 
becoming an important limiting factor. Mg 
depletion in soils is a growing concern for high-
productivity agriculture,due to its potential for 
leaching in highly weathered soils and the 
interaction with Al, Mg deficiency is a critical 
concern particularly in acid soils. Bhaskar Biswas 
et al., (2013) reported that application of 
magnesium as foliar spraying at a rate of 1.5 g/L 
to overcome Mg deficiency as well as to minimize 
the added recommended rates up to 
50%.Concentration of magnesium particularly in 
food staff and daily diet is becoming an important 
worldwideproblem in the quality of food and 
human food, Broadley and White (2010) 

This research was to optimize magnesium 

nutrition of Radish plants to obtain the economic 
yield, in terms of its both quality and quantity, 
furthermore to arbitrate  their  effect on nutrients  
contents in both leaves and bulbs and also 
determine the  chlorophyll in green  leaves. 
 
MATERIALS AND METHODS 

A pot experiment was carried out at the 
National Research Centre Dokki, Cairo, Egypt to 
study the effect of different magnesium fertilization 
methods on growth parameters, chemical 
composition and nutrients uptake of Radish plants 
(Raphanus sativus.). Soil sample was taken 
before sowing, air-dried, sieved by 2 mm sieve 
and analyzed. Some chemical and physical 
properties are present in Table (1).The 
experiment contained 24 plastic pots having a 
diameter of 53 cm and length of 53cm. each pot 
filed with 01 kg soil.Seed of radish plants were 
obtained from Vegetable Department, Ministry of 
Agriculture. The recommended amounts of 
phosphorus were applied at the time of final soil 
preparation. However, nitrogen fertilizer at 120 kg 
N fed-1as ammonium sulfate (20.6%) was side 
dressed in two equal portions at 45 and 60 days 
after sowing, Potassium fertilizer was applied as 
potassium sulphate (46% KO2). Two methods of 
magnesium fertilization were used, first was 
applied as soil application at the rates of 100, 75 
and 50% of the recommended of Mg SO4.7H2O 
(16.2% MgO) i.e. 60,45 and 30 kg/fed. . However, 
the second was added as foliar spray at a rate 1.5 
gL-1 of MgSO4two times. 

The experimental treatments were as follows: 
Control (negative control) 
1.50g Mg SO4 /L as foliar spray ( positive control) 
100% of the recommended rate of Mg SO4 
(60kg/fed.) 
75% of the recommended rate of Mg SO4 (45 
kg/fed.) 
50% of the recommended rate of Mg SO4 
(30kg/fed.) 
75% of the recommended rate of Mg SO4+ 1.5gL-1 
of MgSO4as foliar sprays 
50%% of the recommended rate of Mg SO4 + 
1.5gL-1 of MgSO4as foliar sprays 
25% of the recommended rate of Mg SO4+ 1.5gL-1 
of MgSO4as foliar sprays 
At maturity stage, Plant height, fresh and dry 
matter of leaves and roots /plant, leaves number 
/plant , root diameter (cm) were taken. 
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Table (1) chemical and physical characteristics of the investigated soil. 

Physical properties Chemical properties 

Sand Silt Clay 
Texture pH 

EC 
dSm-1 

CaCO3 
% 

OM 
% 

N P K 

% (ppm) 

33.31 45.11 21.58 loamy 7.98 0.47 2.45 0.89 209 2.5 457 

 

Chemical constituents 
Chlorophyll a, b and total carotenoids in 

leaves were determined using the method 
described by Lichtenthaler, (1987). 

Shoots total sugars (STS) and roots total 
sugars (RTS) were determined using the method 
described by Dubis et al.,(1956). 

Total N, P K, Ca and Mg in fresh and dry 
matter of leaves and roots were determined 
according to the methods of the Cottenie et al., 
(1982). 

The physical and chemical properties of the 
soil were determined according to the method 
described by Page et al., (1982). 

Statistical analysis 
The means of data recorded were subjected 

to the analysis of variance according to Snedecor 
and Cochran, (1990). The Least Significant 
Differences (LSD) at P=0.05 level was used to 
verify the differences among means of the 
treatments. 
 
RESULTS AND DISCUSSION 

Effect of magnesium fertilization method on: 

Growth parameters and yield of Radish plants  
Data presented in Table 2 showed that 

application of magnesium sulphate by any of 
studied method generally, increased significantly 
all studied growing criterion i.e. height of plant, 
leaves number/plant, fresh and dry matter of 
shoots similarly were observed by Khalid et al., 
(2009) Huber and Jones,( 2013). However, 
application of magnesium sulphate, particularly by 
foliar spraying, gradually increased root length, 
root diameter; fresh and dry weights of roots, but 
these increments did not reach to the level of 
significance. The highest marked effect was 
achieved by applied 75% from the recommended 
soil applied Mg in combination with 1.5g. /1 Mg 
SO4. 7H2O as compared with the negative control 
and other Mg- treatments. The average of 
increases due to applying Mg treatments were 36-
89 , 25-133, 67-356, 84-447, 6-41, 18-127, 9-51 
and 10-51% over negative control treatment for 
plant, number of leaves fresh weight of shoot, 

fresh weight, root length, root diameter, root fresh 
weight and root dry weight, respectively. Tomasz 
et al., (2012) showed also that, magnesium 
sulphate applied as treated soil alone or foliar 
application stimulated all growth parameters of 
radish plant. Data showed that application of 
recommended rate of magnesium fertilization as 
soil application significantly increase the plant 
parameters of radish plant, reducing the dose of 
recommended rate by 25 to 50% and using foliar 
spraying with MgS04 at rate of 1.5 gL-1slightly 
reduced the growth parameter by about 15 to 16% 
as compared to the recommended rate. The  
benefits of foliar fertilization is, increasing uptake 
of nutrient elements from the soil, and also can 
helped  the  plant to force out  more sugars and 
other exudates from its roots into the rhizosphere.,  
and furthermore animated  the  biological activity, 
increases the availability of nutrients, disease-
suppressive biochemical, vitamins, and other 
factors beneficial to the plant.. While fertilization 
through foliar spraying is used on a range 
differences of crops, in generally its economic 
value for horticultural than for agronomic crops. 
Foliar application of Mg and Fe gradually 
increased chlorophyll b contents of plant leaves in 
both hydroponic and aquaponic systems as 
compared with the control treatments. Hamid and 
Hamidpour (2011), they reported foliar spraying of 
nutrients might be effectively for correct nutrient 
deficiencies in tomatoes grown on aquaponics 
From the economical point of view using 75% or 
50% of the recommended rate of fertilizer and 
recovered the rest amounts by foliar spraying by 
about 1.5 gL-1 of MgS04, slightly decrease the 
fresh and dry weight of radish plant by about 5 to 
14%. 

Macronutrients concentrations in radish 
plants  

Table 3 showed that foliar spray with 1.5gL-

1ofMgSO4 increased NPK concentrations in both 
radish shoots and roots. These increments 
statistically did not reach to the level of 
significance for both P and K measured in shoot 
and roots. Moreover, Mg concentration in shoots 
showed the same trend due to the previous 
treatment.  
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Table 2 .Effect of different magnesium fertilization method on growth parameters of radish plants. 

Treatment 
Plant 
height 
(cm) 

No of  
leaves/ 
plant 

F. W 
Of shoots 
(g./ plant) 

D. W 
of shoots 
(g./ plant) 

Root 
 length 

(cm) 

Root  
diameter 

(cm) 

F. W 
roots 

(g. /plant) 

D. W 
roots 

(g. /plant) 

Control (T1) 19.00 9.50 65.30 6.53 7.11 1.1 33.62 3.36 

1.5gL-1 MgSO4 (T2) 25.75 11.86 109.27 12.02 7.56 1.3 39.62 3.96 

100 % Reco MgSO4 (T3) 35.99 17.30 279.60 30.76 8.80 2.1 53.45 5.87 

75  % Reco MgSO4 (T4) 35.20 22.15 297.85 35.74 9.36 2.4 50.80 5.08 

50  % Reco MgSO4 (T5) 33.10 15.00 248.93 24.89 8.10 2.2 47.55 5.23 

75% Reco. MgSO4  + T2(T6) 28.97 19.19 271.06 30.35 9.44 2.1 48.22 4.82 

50 % Reco. MgSO4 +T2 (T7) 28.61 16.47 208.87 20.88 10.05 2.5 45.00 4.50 

25 % Reco. MgSO4  + T2 (T8) 25.00 12.29 168.27 16.82 8.21 1.9 36.89 3.69 

LSD 0.05 2.27 1.94 39.88 3.16 1.68 0.43 10.16 0.40 

 
 
 

Table 3.Effect of different magnesium fertilization method on macronutrients N. P .K .Mg and Ca concentrations (%) on shoots and roots 
of radish plants 

Treatment 
N P K Mg Ca 

Shoot Roots Shoots Roots Shoots Roots Shoots Roots Shoots Roots 

Control (T1) 1.24 0.66 0.29 0.22 2.24 1.17 0.25 0.07 1.46 0.16 

1.5gL-1 MgSO4 (T2) 1.35 0.71 0.31 0.25 2.50 1.22 0.28 0.10 1.32 0.18 

100 % Reco MgSO4 (T3) 2.34 1.20 0.44 0.35 3.16 1.63 0.40 0.17 1.20 0.21 

75  % Reco MgSO4 (T4) 2.11 0.91 0.40 0.33 3.08 1.44 0.40 0.15 1.23 0.20 

50  % Reco MgSO4 (T5) 2.01 0.82 0.36 0.28 2.94 1.40 0.31 0.11 1.17 0.19 

75% Reco. MgSO4  + T2(T6) 2.20 0.85 0.38 0.28 2.74 1.55 0.49 0.13 0.99 0.29 

50 % Reco. MgSO4 +T2 (T7) 2.01 0.77 0.35 0.26 2.61 1.37 0.45 0.12 0.90 0.25 

25 % Reco. MgSO4  + T2 (T8) 1.92 0.75 0.33 0.27 2.60 1.33 0.38 0.11 0.84 0.23 

LSD 0.05 0.10 0.05 0.06 0.04 0.33 0.17 0.05 0.03 0.06 0.02 
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While, the increment recorded in Mg 
concentration measured in radish roots was 
significant. The reverse was true in case of Ca 
concentration, where, spraying radish plants with 
Mg resulted in significant decrements of Ca 
concentration measured in both shoots and roots. 
Data also showed that all macronutrient 
concentrations significantly increased due to 
applying Mg treatments as soil or as soil+ foliar 
application. This was true with an exception in 
case Ca concentration. Calcium concentration in 
both shoots and roots of radish showed marked 
decrements. Applying the full-recommended 
amount of Mg as soil application resulted in the 
highest significant increments of N, P and K 
measured in both shoots and roots. However, the 
previous treatment resulted in the highest 
significant decrement in Ca concentration 
measured in both shoots and roots. Foliar 
application of nutrients is in general useful for 
comply plant requirement and has a high 
performance. 

Macronutrients uptake by Radish plants  
Analysis of the data presented in table (4) 

revealed that application of 1.5gL-1MgSO4 as, 
foliar application resulted in increasing the uptake 
of the studied macronutrients as compared with 
control treatment. The increments were 
statistically significant for N, P and Ca uptake of 
radish shoots and roots. Grzebisz et al., (2010) 
observed that  stated that  magnesium  can be 
consider as play maker for  nitrogen  uptake and 
its appropriation conspicuously  for tuber and root 
crops. Mg is compromised in all together 
conducting action accountable  for 
photosynthesis, absorb assembly  and 
segregating  among plant parts, that advances   
root growth and may improving crop–microbe 
contention  for uptake of  nitrogen , while the 
increment in K uptake was only significant in 
radish shoots Ding, et al.,(2006).Date also 
showed insignificant increments in the calculated 
uptake of Mg. Concerning Mg treatments as soil 
application and soil application combined with 
foliar spray, data showed that applying 75% of the 
recommended rate of Mg as soil application in 
combination with 1.5g/1MgSO4 resulted in marked 
increments in N, P, K, Mg and Ca calculated in 
radish shoots. However, the same trend was 
found for the aforementioned nutrients calculated 
in radish roots but because of applying the full-
recommended amount of Mg as soil application. It 
is important to state that the magnesium 
treatments resulted in a significant decrease in the 

concentration of calcium in both shoots and roots 
because  increasing concentration of  calcium 
cation  (Ca+2) may interfere with Mg uptake as a 
competing ion in cation exchange reactions, 
Fageria (2009), while the same treatment resulted 
in a significant increase in its uptake. That means 
Mg treatments led to the production of dry matter 
that enabled the conversion of the reduction of 
calcium concentration into an increase in its 
absorption 

Effect of different magnesium fertilization 
methods on photosynthetic pigments in fresh 
leaves Of radish plant. : 

Data presented in Table (4) showed that, the 
effect of magnesium sulfate application through 
either soil application or companied with foliar 
spraying on photosynthetic pigment in fresh 
leaves of radish plant. Data revealed that, soil 
application of magnesium sulfate at rate of 100, 
75, and 50% of the recommended rate as well as 
foliar spraying with 1.5gL-1MgSO4 for the previous 
soil application, significant increase in chlorophyll 
a, chlorophyll b, carotenoid, and consequently 
total pigments contents in response to all previous 
treatments as compared with control plants.  
Results also showed that, growing radish plants in 
the presence of recommended (100, 75, and 
50%) dose lead to increase in photosynthetic 
pigments at all the different treatments as 
compared with control plant. However 
minimization of the recommended rate from 75 up 
to 25% with 1.5 mg/l as foliar spraying stimulate 
the chlorophyll a, chlorophyll b, carotenoid, and 
consequently total pigments contents as 
compared with control treatment. Results also 
showed that minimizing the recommended rates in 
the presence of combination with foliar spray with 
1.5gL-1 MgSO4) for the previous soil application 
stimulate the total pigments. Average of increase 
was 28, 32, 27% for 75 50 and 25 of the 
recommended rates respectively. One can 
assumed that, for maximization the total pigments, 
using fifty percent of the recommended rate give 
the reasonable production of total pigments. 
Therefore minimizing the recommended rate with 
supplement 1.5gL-1MgSO4, as foliar application 
can be consider as economy way to minimize the 
recommended dose and maximizing the total 
pigments.           

High concentration of magnesium elements 
levels in soil gradually increase total chlorophyll, 
soluble sugars and vitamin C in leaves of garden 
onion and chives.  
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Table 4 .Effect of different magnesium fertilization method on macronutrients uptake (mg/plant) in shoots and roots of radish plants. 

Treatment 

N P K Mg Ca 

Uptake mg/plant 

Shoots Roots Shoots Roots Shoots Roots Shoots Roots Shoots Roots 

Control (T1) 81 22 19 7.4 146 39 16 2.4 95 5.4 

1.5gL-1 MgSO4 (T2) 162 28 37 9.9 301 48 34 4.0 159 7.1 

100 % Reco MgSO4 (T3) 720 70 135 20.6 972 96 123 10.0 369 12.3 

75  % Reco MgSO4 (T4) 754 46 143 16.8 1101 73 143 7.6 440 10..2 

50  % Reco MgSO4 (T5) 500 43 90 14.6 732 73 77 5.8 291 9.9 

75% Reco. MgSO4  + T2(T6) 668 41 115 13.5 832 75 149 6.3 300 13.9 

50 % Reco. MgSO4 +T2 (T7) 420 35 73 11.7 545 62 94 5.4 188 11.3 

25 % Reco. MgSO4  + T2 (T8) 323 28 56 10.0 437 49 64 4.1 141 8.5 

LSD 0.05 74 6 17 2.1 99 12 21 1.9 47 1.3 

 
Table (5): Effect of different magnesium fertilization methods on photosynthetic pigments in fresh leavesof radish plant (mg/g f.w) and   

total sugars in dry leaves and head of radish plant (mg/g D.w) shoots total sugars (STS) and roots total sugars (RTS). 

Treatments Chlorophyll la Chlorophyllb 
Total  

carotenoids 
total sugars  

of shoots 
total sugars  

of roots 

Control (T1) 10.38 7.43 1.60 1.24 2.38 

1.5gL-1 MgSO4 (T2) 15.56 3.54 4.05 1.75 3.21 

100 % Reco MgSO4 (T3) 16.42 7.19 2.47 2.41 3.08 

75  % Reco MgSO4 (T4) 14.42 5.64 4.74 1.85 3.31 

50  % Reco MgSO4 (T5) 13.07 3.67 5.27 1.71 2.92 

75% Reco. MgSO4  + T2(T6) 13.73 6.61 4.53 2.10 3.29 

50 % Reco. MgSO4 +T2 (T7) 17.25 2.69 5.73 1.95 3.18 

25 % Reco. MgSO4  + T2 (T8) 13.56 7.43 3.73 1.65 2.89 

LSD 0.05 2.65 1.27 1.00 0.37 0.28 
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Determination of chlorophyll in chives alter 
marginally under increasing magnesium nutrition 
in plants, falling within the range of 43.3 (Mg-150) 
to 46.0 (Mg-100). However, with increasing 
magnesium nutrition a significant improvement 
noticed in the dry matter contents in leaves, which 
may be important, due to keeping quality of plant 
Tomasz et al., (2012). 

Cakmak, and Kirkby (2008), they  illustrated 
that, the transportation and accumulation of 
carbohydrates in plant leaves influenced by Mg 
application bring about  replacement  in 
photosynthetic carbon metabolism and limits CO2 
fixation, because of generation of reactive oxygen 
species (ROS), and percolation  of electrons and 
absorbed energy from photosynthesis. 

Many researchers, Dordas, (2009); Teklic et 
al., (2009); Neuhaus et al., (2013) reported that 
magnesium fertilization by foliar spraying was 
more pronounced effect on  chlorophyll content in  
fababean, oregano, and soybean. Marschner, 
(2012) illustrated that magnesium is associated in 
many physiological processes through plant 
growth and development, continued  far apart 
from its well-known function as central atom of 
chlorophyll. Balke and Hodges, (1975),stated that 
more than 300 enzymes, activates dominated  by 
magnesium element such as , ribulose 1,5 -
bisphosphate-carboxylase/oxygenase (Rubis CO), 
glutamine synthetase or glutathione synthase, 
consequently  participates in the assimilation of 
carbon, nitrogen, and sulfur, respectively. The , 
necessity  of  Mg-compulsory  to ATP is 
meaningful   for plasma membrane H+-ATPase’s 
activity, having Mg-ATP as substrate. 
Consequently, phloem loading and partitioning of 
photo assimilates from source to sink organs 
depends on Mg availability Cakmak et al., (1994). 
Maathuis (2009) illustrated that magnesium is 
rather important for protein biosynthesis, since it 
connects the subunits of ribosomes. Foliar 
application of magnesium is more effect than soil 
application due to restriction potential of Mg 
uptake by plant roots. Additionally, time of 
application briefly and spatially to satisfy the 
varying demands of plant part at different growth 
stages. Its consider as fast solution for recovering 
the deficiency of Mg nutrient for some crops 
(soybean and faba bean) Vrataric et al., (2006) 
Neuhaus et al., (2013)and (2014).However plant 
responses to foliar spraying ,differ immensely 
among plant species Fernandez et al.,(2013). 

Our results in Table (5) highlight the effect of 
magnesium sulfate (MgSO4) application through 
either soil application or companied with foliar 

spraying on total sugars contents in both leaves 
and head of radish plant. Data revealed that, soil 
application of magnesium sulfate (MgSO4) at rate 
of 100, 75, and 50% of the recommended rate as 
well as foliar spraying with (1.5gL- MgSO4

1) for the 
previous soil application affected significantly the 
total sugars contents in both leaves and head of 
radish plant when compared with control plants. 
However reducing the recommended rate up to 
25% with 1.5 mgL-1 MgSO4 as foliar spraying 
stimulated the sugar contents of both leaves and 
head as compared with control treatment. Results 
also showed that minimizing the recommended 
rates in the presence of combination with (1.5gL-1 
MgSO4) for the previous soil application 
stimulated the sugar contents of both leaves and 
head. Increasing total sugar contents in both 
leaves and head may explained by Mg application 
either soil or foliar spraying, which enhanced 
biosynthesis of carbohydrates that utilized through 
growth stages of radish plants. 

Data observed that 50% of the recommended 
rate could be saved by using supplement (1.5gL-1 
MgSO4) of magnesium sulfate as foliar application 
and have a reasonable production of total sugars 
with a reduction in the soil pollution and 
maximizing yield. Since Mg availability of 
magnesium in soil and its uptake by plants is 
frequently limited, fertilization through foliar 
spraying as compared with soil application appear 
arguableto satisfies crop’s demands. For this 
reason, application of foliar spraying with 
magnesium may correct symptoms of Mg 
deficiency in plants as fast as a re provide through 
roots system. Cakmak, and Kirkby (2008), stated 
that accumulation of carbohydrates in leaves 
organs bring about by deficiency of magnesium 
causes adjustment in photosynthetic carbon 
metabolism and restricts CO2 fixation, probably 
leading to the generation of reactive oxygen 
species (ROS) through leakage of electrons and 
absorbed energy from photosynthesis. Cakmak 
and Yazici (2010) reported that allocation of 
carbohydrates between shoot and root device, 
these in turn influence the quality product of plant 
depending on that humans or animals use part for 
food. 

CONCLUSION 
 On conclusion, for maximization the total 
pigments, using 50% of the recommended rate 
give the reasonable production of total pigments. 
Therefore minimizing the recommended rate with 
supplement 1.5gL-1 of MgSO4, as foliar application 
can be consider as economy way to minimize the 
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recommended dose and maximizing the total 
pigments, which positively reflected on yield 
quality and quantity. 
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