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ABSTRACT: The present study was carried out at Nuclear Research Center, Atomic Energy 
Authority, Inshas, Sharkia Governorate, Egypt, during the two consecutive seasons of 2013/2014 and 
2014/2015 to study the effect of using different gamma irradiation doses, potassium fertilization levels 
and their interaction treatments on gridgeth, yield components, fixed oil percentage and leaf green 
color degree (SPAD-unit) of borage (Borago officinalis, L.) plant. The used gamma irradiation 
treatments were 0 (control), 2, 4, 6, 8 and 10 kilo rad (kr). Whereas, potassium fertilization levels were 
0 (without K addition), 50 and 100 kg potassium sulphate/faddan, each treatment of gamma irradiation 
doses was combined with each level of potassium fertilization to form 18 interaction treatments. The 
obtained results cleared that using gamma irradiation dose of 2 kr increased most values of plant 
height, dry weight of herb per plant, number of inflorescences per plant, seed yield per plant and per 
faddan, fixed oil percentage and leaf green color degree. Furthermore, the maximum increase in this 
respect was obtained from the potassium fertilization treatment of 100 kg potassium sulphate/faddan 
compared with the other ones under study. Generally, the interaction treatment between 2 kr of gamma 
irradiation with 100 kg potassium sulphate/faddan of potassium fertilization mostly gave the 
maximum increase in the above mentioned parameters. Therefore, it seems to be recommended 
treatment under Sharkia Governorate conditions. Moreover, potassium fertilization at 100 kg 
potassium sulphate/faddan could be overcome the harmful effect of gamma irradiation in this respect 
on borage plant.   
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INTRODUCTION 

Borage (Borago officinalis Linn.) which 
belongs to the family Boraginaceae is an annual 
medicinal plant native to Europe, North Africa, 
and Asia Minor, (Beaubaire and Simon, 1987). 
The stem and leaves are covered with coarse, 
prickly hairs, and the flowers are large, star-
shaped and bright blue with contrasting black 
anthers. Borage leaves and flowers contain 
mucilage, tannin, saponins, essential oil, 
alkaloid (pyrrolizidine), vitamin C, calcium and 
potassium, (Gupta and Singh, 2010). Borage is a 
better resource of the gamma linolenic acid 

(Sayanova et al.,1999; Belch and Hill, 2000). 
The plant is reputed as antispasmodic, 
antihypertensive, antipyretic, aphrodisiac, 
demulcent, diuretic and is also considered useful 
to treat asthma, bronchitis, cramps, diarrhea, 
palpitations and kidney ailments (Usmanghani et 
al., 1997; Duke et al., 2002). 

Gamma rays are high energy electromagnetic 
ionizing radiation emitted in the excitation of the 
atomic nucleus. The most often unit used to 
quantify the biological effects of ionizing 
radiation is the gray. (Ahloowalia and Maluszynski, 
2001; Lemus et al., 2002). Gamma rays affect 
plant gridgeth and development by inducing 
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cytological, biochemical, physiological and 
morphological changes in cells and tissues via 
producing free radicals in cells (Gunckel and 
Sparridge, 1961; Kim et al., 2004; Wi et al., 
2005). 

The higher doses of gamma radiation were 
reported to be inhibitory (Kumari and Singh, 
1996; Radhadevi and Nayar, 1996), whereas 
lower doses may be stimulatory. Low doses of 
gamma rays have been reported to increase cell 
proliferation, germination, cell gridgeth, enzyme 
activity, stress resistance, and crop yields 
(Charbaji and Nabulsi, 1999; Baek et al., 2005; 
Chakravarty and Sen, 2001; Kim et al., 2000 
and 2005). 

Potassium is a major plant nutrient, which is 
needed by the plants in large amount and is 
supplied by the fertilizer. It is available to the 
plants in the form of cation (k+). Potassium is 
the main inorganic cation in plants and plays a 
significant role in many physiological and 
metabolic processes, such as activation of 
numerous enzymes, maintenance of charge 
balance, cytoplasmic pH homeostasis, osmotic 
potential and water uptake, regulation of 
stomatal activity and photosynthate translo-
cation (Oosterhuis et al., 2014). Potassium plays 
roles in promotes the gridgeth of meristematic 
tissues, aids in nitrogen metabolism, catalyzes 
activities of some mineral elements, and aids in 
carbohydrate metabolism and translocations 
(Bhandal and Malik, 1988). 

The most important aim of this study is to 
investigate the effect of pre-sowing gamma 
irradiation of seeds and soil addition of 
potassium as well as their interaction  treatments 
on gridgeth, seed yield components and fixed oil 
production as well as some chemical 
constituents of Borago officinalis  plant  under 
Sharkia Governorate conditions. 

MATERIALS AND METHODS 

The present work was carried out at the 
Experimental Farm, Nuclear Research Center, 
Atomic Energy Authority, Inshas, Sharkia 
Governorate, Egypt, during the two consecutive 
seasons of 2013/2014 and 2014/ 2015 aiming to 
investigate the effect of gamma irradiation and 
potassium fertilization as well as their 

interaction treatments on the gridgeth, seed yield 
components, fixed oil production and some 
chemical constituents of borage plant. 

Borage (Borago officinalis L.) seeds were 
obtained from Research Center of Medicinal and 
Aromatic Plants, Bani Sweif. Seeds of borage 
crop were sown on 15th October in the two 
seasons. After treatment with gamma irradiation 
doses, seeds were manually sown then immediately 
irrigated. After one month from planting, 
germinated plants were thinned to be one plant/ 
hill for borage. The mechanical and chemical 
properties of the used soil are shown in Table 1 
according to Chapman and Pratt (1978). 

The treatments were arranged in a split plot 
in randomized complete block design with three 
replicates. While gamma irradiation dose 
treatments were randomly distributed in the main 
plots and potassium fertilizition level treatments 
were randomly arranged in the sub-plots.   

The plot area was 4.5 × 2.40 meter and it was 
included three ridges. The ridge was 0.80 meter 
apart and 4.5 meter in length. The seeds were 
sown on ridge in hill on one side. The distance 
between  hills were 50 cm, under drip irrigation 
system. 

Dry seeds of borage were irradiated at 0 
(control), 2, 4, 6, 8, 10 kilo-rad (Kr) in building 
of cyclotron in the Atomic Energy Authority, 
Anchas. Using gamma cell Co-60 (at the rate of 
1.2 kr/hr). Potassium (0, 50 or 100 kg/fad.) was 
applied, as potassium sulphate (50% K2O) 
during soil preparation as a soil application. 

All plants received normal agricultural practices 
whenever they needed. All plants fertilized with 
nitrogen and phosphorus fertilization at the rate 
of  200 kg/faddan of  ammonium sulfate (20.5% N) 
and 200 kg/ faddan of calcium super phosphate 
(15.5% P2O5). Phosphorus fertilizer was added 
during soil preparation as a soil application. 
While, nitrogen fertilizer divided into three 
equal portions and added to the soil at 30, 45 
and 60 days from sowing. 

At full flowering stage, plant height was 
recorded. Plants were then harvested and total 
dry weight of herb  were determined.  

Yield components i.e., number of inflorescences 
per plant, seed yield per plant (g) and per faddan 
(kg)] of borage plant were determined after 120 
days of sowing. 
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Table 1. Mechanical and chemical properties of the experimental soil before sowing and after 
harvest 

Mechanical analysis 
Soil Depth 

(cm) 
Coarse sand  

(%) 
Fine sand 

(%) 
Total sand  

(%) 
Silt 
(%) 

Clay  
(%) 

Texture 
class 

20-40 80.00 14.55 94.55 1.25 4.20 Sandy soil 
Chemical analysis 

Cations meq/100 g Anions meq/100 g ppm Time pH EC* O.M 
Na+ Mg++ N P K+ Mn++ CaCO3 HCO3

- Cl - SO4
- - Zn B 

Before sowing 7.5 0.11 0.66 0.56 0.49 0.008 0.20 0.06 0.10 1.21 0.55 1.30 0.09 0.25 4.0 
After harvest 7.5 0.11 0.66 0.56 0.49 0.008 0.20 0.06 0.10 1.22 0.55 1.30 0.09 0.26 4.0 
* EC: Electerical conductivity. 

 

Fixed oil percentage of borage seed was 
extracted by using petroleum ether in a Soxcelt 
system HT apparatus according to the methods 
of AOAC (1984).  

Leaf green color degree (SPAD unit) was 
determind in fresh leaves of borage after 65 days 
from planting by SPAD-502 meter according to 
Markwell et al. (1995). 

Statistical Analysis 

Data of the present work were statically 
analyzed and the differences between means of 
the treatments were considered significant or 
highly significant when they were more than the 
least significant differences (LSD) at the 5% or 
1% levels, respectively. The statistical calculations 
were performed with statistix software version 9 
(Analytical Software, 2008). 

RESULTS AND DISCUSSION  

Gridgeth Parameters 

Effect of gamma irradiation  

Results in Tables 2 and 3 indicate that 
increasing gamma irradiation doses decreased 
borage plant height and dry weight of herb per 
plant (g), in most cases. Moreover, 2 kr dose 
mostly gave the highest values in plant height of 
borage plant with insignificant increase 
compared with other doses under study. 
However, the same dose showed highly 
significant increase in dry weight of herb per 
plant compared with control and the other ones 
under study. 

These results are in similar with those found 
by Basha et al. (2015) on oat regarding 

decreasing effect on plant height and, El-Beltagi  
et al. (2013) on cowpea (Vigna sinensis) 
concerning increasing  effect. In addition, in this 
respect, Abdul Majeed and Muhammad (2010) 
on Lepidum sativum L. and Elangovan and 
Pavadai (2015) on bhendi (Abelmoschus 
esculentus [L.] Moench) revealed that increasing 
gamma irradiation significantly decreased plant 
height. Also, Ilyas and Naz (2014) cleared that 
dry weights of turmeric (Curcuma longa) were 
decreased with increased gamma irradiation 
dose. 

These results are in consistent with the 
common assumption that the stimulating effect 
of low dose of gamma rays irradiation on plant 
gridgeth may be due to stimulation of cell 
division and/or cell elongation, alteration of 
metabolic processes that affect synthesis of 
phytohormones or nucleic acids leading to taller 
plants (Pitirmovae, 1979). In contrast, the 
gridgeth inhibition induced by high-dose of 
gamma irradiation may be related to auxin and 
DNA destroy directly. As with other found 
responses, irradiation tissues often produce 
endogenous ethylene (Chervin et al., 1992 ; Liu 
et al., 2008). 

Effect of potassium fertilization level 

It is evident from the results in Tables 2 and 
3 that, plant height and dry weight of herb per 
plant of borage was increased with increasing 
potassium fertilization level. Moreover, potassium 
fertilization treatments, significantly increased  
plant  height (cm) and herb dry weight (g)  of  
borage  compared with  control (without potassium 
fertilization). Furthermore, the maximum increase 
in this respect was obtained from the treatment 
of potassium sulphate (100 kg/faddan) compared  
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Table 2. Effect of gamma irradiation dose, potassium sulphate fertilization level and their 
interactions on plant height (cm) of borage plant during the two seasons of 2013/2014 
and 2014/2015 

Potassium sulphate fertilization Kg/faddan  (K) 
0.00 50.00 100.00 Mean (G) 0.00 50.00 100.00 Mean (G) 

Gamma irradiation  
dose Kr (G) 

First season (2013/2014) Second season (2014/2015) 

 Plant height (cm) 
Control (untreated) 110.30 117.30 118.30 115.30 97.00 115.00 126.67 112.89 
2 119.70 120.00 124.00 121.23 101.33 115.67 127.33 114.78 
4 113.00 120.00 122.00 118.33 103.67 113.33 118.00 111.67 
6 105.30 115.30 117.70 112.77 96.00 118.33 113.67 109.33 
8 109.30 114.80 117.30 113.80 102.33 102.67 120.00 108.33 
10 107.00 110.00 113.00 110.00 101.67 107.00 114.00 107.56 
Mean (K) 110.77 116.23 118.72   100.33 112.00 119.95   
  G K GK G K GK 
LSD at 5% 7.43 5.25 12.87 3.15 1.54 4.40 
LSD at 1% 9.97 7.05 17.28 4.48 2.08 6.10 

 

Table 3. Effect of gamma irradiation dose, potassium sulphate fertilization level and their 
interactions on dry weight of herb (g) of borage plant during the two seasons of 2013/ 
2014 and 2014/2015 

Potassium sulphate fertilization Kg/faddan  (K) 
0.00 50.00 100.00 Mean (G) 0.00 50.00 100.00 Mean (G) 

Gamma irradiation 
dose Kr (G) 

First season (2013/2014) Second season (2014/2015) 
 Dry weight of the herb (g) 
Control (untreated) 51.60 70.30 89.11 70.34 43.33 68.33 80.66 64.11 
2 75.10 87.70 93.30 85.37 51.66 85.66 86.00 74.44 
4 44.00 63.30 82.20 63.17 39.00 70.33 73.66 61.00 
6 47.00 57.70 77.00 60.57 54.33 52.33 74.33 60.33 
8 39.30 56.00 73.00 56.10 47.33 50.00 53.66 50.33 
10 42.40 48.10 66.30 52.27 36.00 46.00 62.00 48.00 
Mean (K) 49.90 63.85 80.15   45.28 62.11 71.72   
  G K GK G K GK 
LSD at 5% 10.37 4.47 13.68 4.12 4.85 10.54 
LSD at 1% 14.75 6.05 19.05 5.86 6.58 14.39 

 

with the other ones under study. These results 
were found in both seasons. The increase 
recorded in this respect due to adding 100 
kg/faddan  potassium fertilization was also 
found by  Hussain et al. (2015) on maize. While, 
Zelelew et al. (2016) on potato and Mekdad and 
El-Sherif (2016) on  sweet sorghum showed that 
the plant height was increased with increasing 
potassium fertilization and El-Bassiony et al. 
(2010) on sweet pepper (Capsicum annuum L.) 
on total dry weight of plant. 

However, the increase in gridgeth parameters 
due to the application of potassium fertilization 
might be attributed to its importance as primary 
osmolyte and ion involved in plant cell 
membrane dynamics, including the regulation of 
stomata and the maintenance of turgor and 
osmotic equilibrium. It also plays an important 
roles in the activation and regulation of enzyme 
activity (Wiedenhoeft, 2006) and thus increase 
the vegetative gridgeth. 
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Effect of interaction between gamma 
irradiation and potassium fertilization 
treatments 

Results presented in Tables 2 and 3, reveal 
that plant height of borage was highly 
significantly increased with interaction treatments 
between gamma irradiation and potassium 
fertilization rates compared with control in the 
second season and insignificant increase in the 
first one. Furthermore, under each treatment of 
gamma irradiation borage plant height and dry 
weight of herb per plant was mostly increased 
with increasing potassium fertilization levels. 
However, the interaction treatment between 
gamma irradiation of 2 kr with 100 kg/fad., of 
potassium sulphate fertilization was superior in 
this respect compared to the other ones under 
study in the two seasons. Furthermore, the 
treatment of 2, 4 and 6 kr combined with 100 kg 
/ faddan  potassium fertilization highly significantly 
increased dry weight of herb per plant compared 
with the control in the two seasons. Similar 
results were found by Abo El-Seoud et al. 
(1994) on roselle. 

The stimulatory effect of the treatment of 
gamma irradiation at 2 kr plus potassium 
fertilization on dry weight of herb might be due 
to the role of potassium on the plant and gamma 
irradiation which was previously mentioned in 
the case of plant height as the increase in these 
parameters which reflected on dry weight of 
borage plant. 

Yield components 

Number of inflorescences/plant 

Effect of gamma irradiation 

From results presented in Table 4 it is clear 
that, increasing gamma irradiation doses 
decreased number of inflorescences per plant of 
borage. In addition, number of inflorescences 
per borage plant showed significant decrease 
with gamma irradiation treatment at 10 kr in the 
two seasons compared to control. Furthermore, 
2 kr treatment  mostly recorded an increase in 
number of inflorescences without significant 
differences compared with the other ones under 
study. Such results hold true in both seasons.  

These results are in consistent with the 
common assumption that Gamma irradiation 
leads to changes in the plant cellular structure 

and metabolism (Jain et al., 1998; Stoeva, 
2002). Low doses of gamma rays have been 
increase cell proliferation, germination, cell 
gridgeth, enzyme activity, stress resistance, and 
crop yields (Charbaji and Nabulsi, 1999; Kim et 
al., 2000 and 2005; Chakravarty and Sen, 2001; 
Baek et al., 2005). In contrast, the gridgeth 
inhibition induced by high-dose of gamma 
irradiation  may  be related to auxin and DNA 
destroy directly. As with other wound responses, 
irradiation tissues often produce endogenous 
ethylene (Chervin et al., 1992 ; Liu et al., 2008). 

Effect of potassium fertilization level 

As shown in Table 4, maximum increase in 
number of inflorescences per borage plant was 
obtained from the treatment of 100 kg/faddan  of 
potassium fertilization compared with the other 
ones under study. Such increase was highly 
significant in both seasons. Moreover, all potassium 
fertilization treatments highly significantly 
increased number of inflorescences per plant 
compared with control. Furthermore, number of 
inflorescences of borage was increased with 
increasing potassium levels. These results are in 
harmony with those reported by Badawy et al. 
(2015) on Helichrysum bracteatum Andr. 

Effect of interaction between gamma 
irradiation and potassium fertilization 
treatments 

Results presented in Table 4 show that, under 
each potassium fertilization level, treatment 
number of inflorescences per borage plant was 
decreased by using gamma irradiation treatments, 
in most cases. In the same time, the interaction 
treatments between gamma irradiation at 2 or 4 
kr and 100 kg/faddan  of potassium fertilization 
in the two seasons was superior in this respect 
with highly significant increase compared to the 
other ones under study. Also, under each 
treatment of gamma irradiation, number of 
inflorescences of borage was increased gradually 
with increasing potassium fertilization levels. 
Moreover, number of inflorescences per borage 
plant was insignificantly increased with interaction 
treatments between gamma irradiation and 
potassium fertilization rates compared with 
control [without irradiation (0 dose) and 
unfertilized (0 dose)] in most cases. Such results 
indicate that potassium fertilization might be 
overcome the harmful effect of gamma 
irridiation on number of inflorescences of 
borage plant.  
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Table 4. Effect of gamma irradiation dose, potassium sulphate fertilization level and their 
interactions on number of inflorescences of borage plant during the two seasons of 
2013/2014 and 2014/2015 

Potassium sulphate fertilization Kg/faddan  (K) 

0.00 50.00 100.00 Mean (G) 0.00 50.00 100.00 Mean (G) 

Gamma irradiation  
dose Kr (G) 

First season (2013/2014) Second season (2014/2015) 

 Number of Inflorescences 
Control (untreated) 162.00 195.00 235.00 197.33 142.00 172.00 234.33 182.78 
2 192.00 192.00 215.00 199.67 154.00 187.33 228.67 190.00 
4 171.10 181.00 244.00 198.70 157.67 169.33 234.00 187.00 
6 171.00 188.00 192.00 183.67 146.00 165.00 209.00 173.33 
8 104.00 167.00 194.00 155.00 138.33 149.33 231.00 172.89 
10 125.00 126.00 127.00 126.00 129.00 155.67 165.33 150.00 
Mean (K) 154.18 174.83 201.17   144.50 166.44 217.06   

  G K GK G K GK 
LSD at 5% 19.48 14.42 34.79 20.52 11.61 30.97 
LSD at 1% 27.71 19.55 47.83 29.19 15.74 45.47 

 

 

Seed yield/plant (g) and faddan (kg) 

Effect of gamma irradiation 

Results presented in Tables 5 and 6 show 
that, 2 kr treatment mostly recorded higher and 
significant increase in seed yield per plant and 
per faddan compared with the other ones under 
study in both seasons. Whereas, high doses of 
gamma irradiation treatments recorded 
significant decrease in this respect compared to 
control in the two seasons. In the same time, 
increasing gamma irradiation doses decreased 
seed yield per borage plant and per faddan in 
most cases. In this respect, Moussa (2006) 
suggested that application of gamma irradiation 
at 20 Gy  significantly increased total yield of 
rocket (Eruca vesicaria subsp. sativa). While, 
Elangovan and Pavadai (2015) on bhendi 
(Abelmoschus esculentus [L.] Moench) showed 
that increasing gamma irradiation dose 
decreased seed yield. 

Such results could be  attributed  to  that the 
low dose of irradiation stimulate gridgeth by 
changing the hormonal signaling network in 
plant cells (Wi et al., 2005), this might be 
reflected on seed yield per plant. In contrast, the 
gridgeth inhibition induced by high-doses of 
gamma irradiation may be related to auxin and 
DNA destroy directly. 

Effect of potassium fertilization level 

Results recorded in Tables 5 and 6 reveal 
that, seed yield per plant as per faddan were 
increased with increasing potassium fertilization 
rates during two seasons. The maximum and 
significant increase in this respect was obtained 
from the treatment of 100 kg/faddan of 
potassium fertilization compared with the other 
ones under study. These results are in harmony 
with those stated by Islam et al. (2016) on rice, 
Loeza-Corte et al. (2016) on sunflower and 
Khanam et al. (2016) on soybean. 

Such increase in seed yield of borage plants 
due to increasing potassium application level 
can be attributed as reported by Marschner 
(1995) to the crucial role of potassium in the 
energy status of the plant, translocation and 
storage of assimilates and maintenance of tissue 
water relations leading to more seed yield. 

Effect of interaction between gamma 
irradiation and potassium fertilization 
treatments 

Results under discussion in Tables 5 and 6 
indicate that, under each treatment of gamma 
irradiation seed yield per plant (g) and per 
faddan (kg) was increased with increasing 
potassium fertilization levels, in most cases. 
Generally, seed yield per plant as well as per 
faddan mostly showed significant and insignificant  
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Table 5. Effect of gamma irradiation dose, potassium fertilization level and their interactions on 
seed yield per plant of borage plant during two seasons of 2013/2014 and 2014/2015 

Potassium sulphate fertilization Kg/faddan (K) 

0.00 50.00 100.00 Mean (G) 0.00 50.00 100.00 Mean (G) 

Gamma irradiation  
dose Kr (G) 

First season (2013/2014) Second season (2014/2015) 

  Seed yield/plant (g) 

Control (untreated) 11.80 12.60 12.90 12.43 10.40 12.60 12.90 11.97 

2 12.39 12.79 12.99 12.72 12.40 12.50 12.60 12.50 

4 10.97 11.82 12.35 11.71 9.40 12.20 12.50 11.37 

6 11.53 10.70 12.59 11.61 11.30 11.60 12.70 11.87 

8 10.44 10.58 12.62 11.21 10.10 9.60 12.50 10.73 

10 10.36 10.80 12.41 11.19 9.30 9.40 10.40 9.70 

Mean (K) 11.25 11.55 12.64   10.48 11.32 12.27   

  G K GK G K GK 

LSD at 5% 0.75 0.49 1.24 0.50 0.35 0.86 

LSD at 1% 1.07 0.67 1.71 0.70 0.47 1.18 

  

 
Table 6. Effect of gamma irradiation dose, potassium fertilization level and their interactions on 

seed yield per faddan of borage plant during two seasons of 2013/2014 and 2014/2015 

Potassium sulphate fertilization Kg/faddan (K) 

0.00 50.00 100.00 Mean (G) 0.00 50.00 100.00 Mean (G) 

Gamma irradiation  
dose Kr (G) 

First season (2013/2014) Second season (2014/2015) 

 Seed yield/fad. (kg) 

Control (untreated) 166.67 201.60 206.40 191.56 188.80 201.60 206.40 198.93 

2 198.40 200.00 201.60 200.00 198.24 204.64 207.84 203.57 

4 150.40 195.20 200.53 182.04 175.52 189.12 197.60 187.41 

6 180.80 186.03 203.20 190.01 184.48 171.20 201.44 185.71 

8 161.97 153.60 200.00 171.86 167.04 169.28 201.92 179.41 

10 148.80 150.40 166.77 155.32 165.76 172.80 198.56 179.04 

Mean (K) 167.84 181.14 196.42   179.97 184.77 202.29   

  G K GK G K GK 

LSD at 5% 12.04 7.92 19.89 7.94 5.60 13.71 

LSD at 1% 17.13 10.73 27.41 11.29 7.58 18.88 
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increase with the interaction treatments between 
gamma irradiation and potassium fertilization 
rates compared with control [gamma (0 dose) 
and potassium fertilization (0 dose)] in the first 
and second seasons, respectively. Similarly, 
under 50 kg/faddan  of  potassium  fertilization 
level treatment, seed yield was decreased by 
increasing gamma irradiation treatments, in 
most cases. In the same time, the interaction 
treatment between gamma irradiation of 2 kr 
with 100 kg of potassium fertilization mostly 
recorded higher values and was superior in 
increasing seed yield per plant and per faddan  
with insignificant increase compared to the other 
ones under study in the two seasons.  Such 
results reveal that potassium fertilization might 
be overcome the harmful effect of gamma 
irridiation on seed yield per plant and per 
faddan. 

Consulting the available literature, there was 
no information concerning the effect of 
interaction treatments between gamma irradiation 
and potassium fertilization levels on seed yield/ 
faddan. 

The stimulatory effect of the treatment of 
gamma irradiation at 2 kr plus potassium 
fertilization on seed yield per faddan  might be 
due to the role of potassium on the plant and 
gamma irradiation which was previously 
mentioned in the case of number of 
inflorescences per plant and seed yield  per plant 
as the increase in these parameters and were 
reflected in seed yield per faddan  of borage 
plant. 

Fixed Oil Percentage 

Effect of gamma irradiation 

It is quite clear from the results in Table 7 
that, oil percentage of borage seeds was 
decreased with high doses of  gamma irradiation 
compared to control, in most cases. Such 
decrease was significant in the second season 
and insignificant in the first one. In addition, 2 
kr treatment recorded higher increase in oil 
percentage of borage compared with the other 
ones under study in the two seasons. Such 
increase was significant in the second season. In 
this regard Ilyas and Naz (2014) on turmeric 
(Curcuma longa) found that higher doses of 
gamma irradiation from 50 Gy up to 100 Gy 
decreased essential oil yield. While, Nassar et 
al. (2004) suggested that treated chamomile 

(Chamomilla recutita L. Rauschert) with gamma 
irradiation  increased oil percentage if compared 
with control. Morever, Bhata  et al. (2015) 
indicated that increasing gamma irradiation 
doses increased essential oil yield on Psoralea 
corylifolia. 

Effect of potassium fertilization levels 

The results tabulated in Table 7 show that, 
increasing potassium rates mostly increased oil 
percentage of borage in both seasons. Moreover, 
the maximum and significant increase in this 
respect was obtained from the treatment of 100 
kg / faddan  of potassium fertilization in the first 
season compared with the other ones under 
study. In this regard Nurzynska-Wierdak et al. 
(2013) reported that increasing rate of potassium 
fertilization significantly increased essential oil 
of sweet basil (Ocimum basilicum, L.). 

Effect of interaction between gamma 
irradiation and potassium fertilization 
treatments 

Results listed in Table 7 suggest that, under each 
treatment of gamma irradiation oil percentage of 
borage seeds was mostly increased with 
increasing potassium fertilization levels in the 
first season. However, the interaction treatment 
between gamma irradiation of 2 kr with 100 kg / 
faddan  of potassium fertilization recoded higher 
increasing values compared to the other ones 
under study, in most cases. 

Leaf Green Color Degree (SPAD Unit) 
Effect of gamma irradiation 

Results in Table 8 show that, the treatments 
of 4 kr in the first season and 2 kr in the second 
one recorded higher increase in leaf green color 
degree of borage plant with no significant 
differences compared with the other ones under 
study. Furthermore, the treatment of gamma 
irradiation at 4 and 6 kr insignificantly increased 
leaf green color degree compared to control 
during both seasons. Whereas, the doses of 8 
and 10 kr decreased  leaf green color degree, in 
the two seasons. Moreover, as gamma 
irradiation doses increased from 6 kr to 10 kr, 
the leaf green color degree was decreased in the 
two seasons. The increase recorded in this 
concern due to 2 or 4 kr of gamma irradiation 
was also found by Moussa (2011) on soybean. 
While, Kiong et al. (2008) on Orthosiphon 
stamineus found a decrease in this regared. 
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Table 7. Effect of gamma irradiation dose, potassium sulphate fertilization level and their 
interactions on fixed oil percentage of borage during two seasons of 2013/2014 and 
2014/2015 

Potassium sulphate fertilization Kg/faddan (K) 

0.00 50.00 100.00 Mean (G) 0.00 50.00 100.00 Mean (G) 

Gamma irradiation 
dose Kr (G) 

First season (2013/2014) Second season (2014/2015) 

   Fixed oil percentage 

Control (untreated) 3.68 3.64 3.69 3.67 3.70 3.71 3.72 3.71 

2 3.68 3.70 3.68 3.69 3.72 3.70 3.71 3.71 

4 3.67 3.64 3.68 3.66 3.70 3.67 3.70 3.69 

6 3.67 3.59 3.67 3.64 3.66 3.69 3.67 3.67 

8 3.63 3.64 3.68 3.65 3.67 3.70 3.69 3.69 

10 3.65 3.66 3.66 3.66 3.68 3.69 3.68 3.68 

Mean (K) 3.66 3.65 3.68   3.69 3.69 3.70   

  G K GK G K GK 

LSD at 5% 0.03 0.02 0.05 0.01 N.S 0.04 

LSD at 1% 0.04 0.03 0.07 0.02 N.S 0.05 

 

 

 

Table 8. Effect of gamma irradiation dose, potassium sulphate fertilization level and their 
interactions on leaf green color degree (SPAD unit) of borage plant during the two 
seasons of 2013/2014 and 2014/2015 

Potassium sulphate fertilization Kg/faddan (K) 

0.00 50.00 100.00 Mean (G) 0.00 50.00 100.00 Mean (G) 

Gamma irradiation 
dose Kr (G) 

First season (2013/2014) Second season (2014/2015) 

 Leaf green color degree (SPAD Unit) 

Control (untreated) 53.67 51.30 61.33 55.43 44.53 45.36 48.76 46.22 

2 42.76 58.66 63.11 54.84 45.56 45.86 51.33 47.58 

4 54.43 61.11 59.30 58.28 44.76 47.70 46.80 46.42 

6 52.33 51.40 62.76 55.50 46.40 46.63 47.70 46.91 

8 43.00 51.66 65.33 53.33 42.63 46.56 48.96 46.05 

10 42.36 46.66 55.30 48.11 44.10 45.03 47.03 45.39 

Mean (K) 48.09 53.47 61.19   44.66 46.19 48.43   

  G K GK G K GK 

LSD at 5% 7.05 4.98 12.21 N.S* 2.24 5.87 

LSD at 1% 9.46 6.69 16.39 N.S* 3.03 8.11 
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Effect of potassium fertilization levels 

The results described in Table 8 indicate 
that, leaf green color degree was increased 
gradually with increasing potassium fertilization 
levels. Also, the maximum increase in this 
respect was obtained from the treatment of 100 
kg/faddan  of potassium  fertilization compared 
with the other ones under study. Such increase 
was highly significant in both seasons. These 
results were recorded in the two seasons. In 
this regard El-Bassiony et al. (2010) on sweet 
pepper (Capsicum annuum L.) and Asgharipour 
and Heidari (2011) on sorghum reported that 
total chlorophyll was increased with increasing 
potassium fertilization rate. Whereas, El 
Gendy et al. (2015) suggested that treatd 
chervil plant (Anthriscus cerefolium L.) with 
potassium fertilizer increased photosynthetic 
pigments if compared with control. 

These results are in consistent with the 
common assumption that potassium is essential 
for a variety of process such as photosynthesis 
and plays an substantial function in protein 
fashioning resulting in the increase of leaf 
green color degree, Yadav et al. (2003). 

Effect of interaction between gamma 
irradiation and potassium fertilization 
treatments 

The results presented in Table 8 show that, 
under each treatment of gamma irradiation leaf 
green color degree of borage leaves was 
increased with increasing potassium fertilization 
levels, in most cases. However, the interaction 
treatment between gamma irradiation of 2 kr 
with 100 kg of potassium fertilization was 
superior in this respect with significant 
increase compared to the other ones under 
study, in most cases. These results hold true in 
the two seasons. 

Conclusion 

Generally, it can be recommend by using 
interaction treatment between gamma irradiation 
of 2 kr  and 100 kg/faddan of potassium 
sulphate fertilization because it was superior in 
seed yield per plant as well as fixed oil yield 
per plant increase of borage plant compared to 
the other ones under Sharkia Governorate 
conditions. Moreover, potassium fertilization 
at 100 kg/faddan could be overcome the 
harmful effect of gamma irradiation in this 
respect on borage plant.   

REFERENCES 

Abdul Majeed and Z. Muhammad (2010). 
Gamma irradiation effects on some gridgeth 
parameters of Lepidium sativum L. World J. 
Fung. and Pl. Biol., 1 (1): 8-11. 

Abo El-Seoud, M.A., M.F. Hashim and A.M. 
Farid (1994). Combined effect of gamma 
radiation and potassium fertilization on 
gridgeth and coloring matter contents of 
roselle (Hibiscus Sabdariffa L.). In Proc. 
2nd Arab Conf. on the Peaceful Uses of 
Atomic Ener., 863-874.  

Ahloowalia, B.S. and M. Maluszynski (2001). 
Induced mutations. A new paradigm in 
plant breeding. Euphytica, 118 (2): 167-173. 

Analytical Software (2008). Statistix Version 
9, Analytical Software, Tallahassee, 
Florida, USA. 

AOAC (1984). Officials Methods of Analysis. 
Assoiciation of Official Analytical 
Chemists. Wshington. DC, USA. 

Asgharipour, M.R. and M. Heidari (2011). 
Effect of potassium supply on drought 
resistance in sorghum: plant gridgeth and 
macronutrient content. Pak. J. Agri. Sci., 48 
(3): 197-204. 

Badawy, E.M., M.M.I. Soad, M.M. Farahat, 
S.M. Nicola and D.M. Soliman (2015). 
Flowers production and chemical 
constituents of Helichrysum bracteatum 
andr. as influenced by plant spacing and Nk 
fertilization . Int. J. Chem. Tech. Res., 8 
(9): 93-99.  

Baek, M.H., J.H. Kim, B.Y. Chung, J.S. Kim 
and I.S. Lee (2005). Alleviation of salt 
stress by low dose of γ-irradiation in rice. 
Biologia Plantarum, 49(2): 273-276. 

Basha, M.H., A.K. Mehta, V.K. Gour and S. 
Kachare (2015). Biological effects of 
gamma irradiation in oat (Avena sativa L.). 
Range Manag. and Agroforestry, 36 (1): 
60-65. 

Beaubaire, N.A. and J.E. Simon (1987). 
Production potential of borage (Borago 
officinalis L.). Acta Hort., 208: 101.  

Belch, J.J. and A. Hill (2000). Evening primrose 
oil and borage oil in rheumatologic 
conditions. Ame. J. Clin. Nut., 71 (1): 352-356.  



 
Zagazig J. Agric. Res., Vol. 44 No. (5) 2017 

 

1611 

Bhandal, I.S. and C.P. Malik (1988). 
Potassium estimation, uptake, and its role in 
the physiology and metabolism of 
flowering plants. Int. Rev. Cytol., (110): 
205-254.  

Bhata, T.M., S. Choudharya, M.Y.K. Ansaria 
and R. Aslama (2015). Ameliorative response 
of some essential oil furano coumarins and 
proteins from Psoralea corylifolia against 
gamma-irradiation induced oxidative stress. 
Industrial Crops and Prod., 76: 422–431. 

Chapman, D.H. and R.F. Pratt (1978). Methods 
of Analysis for Soils, Plants and Waters. 
Div. Agric. Sci. Univ. Calif. USA, 16-38. 

Chakravarty, B. and S. Sen (2001). Enhancement 
of regeneration potential and variability by 
γ-irradiation in cultured cells of Scilla 
indica. Biologia Plantarum, 44 (2): 189-193. 

Charbaji, T. and I. Nabulsi (1999). Effect of 
low doses of gamma irradiation on in vitro 
gridgeth of grapevine. Plant Cell Tissue 
Organ Cult., 57(2): 129-132. 

Chervin, C., C. Triantaphylides, M.F. Libert, 
R. Siadous and P. Boisseau (1992). 
Reduction of wound-induced respiration 
and ethylene production in carrot root 
tissues by gamma irradiation. Post. Bio. 
Tech., 2 (1): 7-17. 

Duke, J.A., M.J. Bogenschutz-Godwin, J. 
DuCelliar and P.K. Duke (2002). Hand 
book of Medicinal Herbs, 2nd Ed. CRC 
Press Boca Raton, 373–374. 

Elangovan, R. and P. Pavadai (2015). Effect of 
gamma rays on germination, morphological 
and yield characters of bhendi 
(Abelmoschus esculentus L. Moench). Hort. 
Biotechnol. Res., 1: 35-38. 

El-Bassiony, A.M., Z.F. Fawzy, E.H. Abd El-
Samad and G.S. Riad (2010) Gridgeth, 
yield and fruit quality of sweet pepper 
plants (Capsicum annuum L.) as affected by 
potassium fertilization. J. Ame. Sci., 6 (12): 
722-729.   

El-Beltagi, H.S., H.I. Mohamed, A.H.M.A. 
Mohammed, M.Z Laila and M.M. Asmaa 
(2013). Physiological and biochemical 
effects of γ-irradiation on cowpea plants 

(Vigna sinensis) under salt stress. Notulae 
Botanicae Horti Agrobotanici Cluj-Napoca, 
41 (1): 104-114.  

El Gendy, A.G., A.E. El Gohary, E.A. Omer, 
S.F. Hendawy, M.S. Hussein, V. Petrova 
and I. Stancheva (2015). Effect of nitrogen 
and potassium fertilizers on herbage and oil 
yield of chervil plant (Anthriscus 
cerefolium L.). Indust. Crops and Prod., 69: 
167-174.  

Gupta, M. and S. Singh (2010). Borago 
officinalis Linn. an important medicinal 
plant of Mediterranean region: a review. 
Int. J. Pharm. Sci. Rev. Res., 5 (1): 27-34.  

Gunckel, J.E. and A.H. Sparridge (1961). 
Ionizing radiations: biochemical, physiological 
and morphological aspects of their effects 
on plants. Springer-Verlag, Berlin, 555-
611. 

Hussain, A., M. Arshad, Z. Ahmad, H.T. 
Ahmad, M. Afzal and M. Ahmad (2015). 
Potassium fertilization influences gridgeth, 
physiology and nutrients uptake of maize 
(Zea mays L.). Cercetari Agron. in Moldova, 
48 (1): 37-50.  

Ilyas, S. and S. Naz (2014). Effect of gamma 
irradiation on morphological characteristics 
and isolation of curcuminoids and oleoresins 
of Curcuma longa L. J. Anim. and Pl. Sci., 
24 (5): 1396- 1404. 

Islam, A., P.K. Saha, J.C. Biswas and M.A. 
Saleque (2016). Potassium fertilization in 
intensive wetland rice system: yield, 
potassium use efficiency and soil potassium 
status. Int. J. Agric. Papers, 1 (2): 7–21. 

Jain, S.M., B.S. Ahloowalia and R.E. Veilleux 
(1998) Somaclonal variation and induced 
mutations in crop improvement. Plant Cell 
Tissue Organ Cult., 7: 23-28. 

Khanam, M., M.S. Islam, M.H. Ali, I.F. 
Chowdhury and S.M. Masum (2016). 
Performance of soybean under different 
levels of phosphorus and potassium. 
Bangladesh Agron. J., 19 (1): 99-108. 

Kim, J.H., B.Y. Chung, J.S. Kim and S.G. Wi 
(2005). Effects of in gamma-irradiation on 
gridgeth, photosynthesis, and antioxidative 



 
Ali, et al. 

 

1612 

capacity of red pepper (Capsicum annuum 
L.) plants. J. Pl. Biol., 48 (1): 47-56. 

Kim, J.H., M.H. Baek, B.Y. Chung, S.G. Wi 
and J.S. Kim (2004). Alterations in the 
photosynthetic pigments and antioxidant 
machineries of red pepper (Capsicum 
annuum L.) seedlings from gamma-
irradiated seeds. J. Pl. Biol., 47(4): 314-
321. 

Kim, J.S., Y.K. Lee, H.S. Park, M.H. Back and 
D.H. Kim (2000). Influence of low dose of 
gamma radiation on the gridgeth of maize 
(Zea mays L.) varieties. Korean J. Environ. 
Agric., 19: 328-331. 

Kiong, A.L.P., A.G. Lai, S. Hussein and A.R. 
Harun (2008). Physiological responses of 
Orthosiphon stamineus plantlets to gamma 
irradiation. Ame.-Eurasian J. Sustainable 
Agric., 2 (2): 135-149.  

Kumari, R. and Y. Singh (1996). Effect of 
gamma rays and EMS on seed germination 
and plant survival of Pisum sativum L. and 
Lens culinaris. Med. Neo Botanica, 4 (1): 
25-29. 

Lemus, Y., J.R. Méndez-Natera,  J.R. Cedeño 
and V. Otahola-Gómez (2002). Radiosensibility 
of two cowpea (Vigna unguiculata L.) 
Walp) genotypes to gamma irradiations. 
Revista Cientifica UDO Agrícola, 2 (1): 22-
28.  

Liu, T.L., Y. Wang, J. Xu, T. Su, G. Liu and 
D. Ren (2008). Ethylene signaling is 
required for the acceleration of cell death 
induced by the activation of At MEK5 in 
Arabidopsis. Cell Res., 18 (3): 422-432. 

Loeza-Corte, J.M., E. Díaz-López, A. Morales-
Ruíz, E.J. Vargas-Ramírez, A. Olivar-
Hernández, R.C. Reséndíz-Melgar and E.T. 
Díaz-Oreján (2016). Biological and 
agronomic yield as a function of potassium 
and vase life of sunflower (Helianthus 
annuus L.) (Asteraceae). Int. J. Current 
Res., 8: 26515-26518.   

Markwell, J., J.C. Osterman and J.L. Mitchell 
(1995). Calibration of the minolta SPAD-
502 leaf chlorophyll meter. Photosynthesis 
Res., 46 (3): 467-472.  

Marschner, H. (1995). Functions of mineral 
nutrients : macronutrients, 299-312. In: H. 
Marschner (ed.). Mineral Nutrition of 
Higher Plants 2nd Ed. Acad. Press, NY. 

Mekdad, A.A.A. and A.M.A. El-Sherif (2016). 
The effect of nitrogen and potassium 
fertilizers on yield and quality of sweet 
sorghum varieties under arid regions 
conditions. Int. J. Curr. Microbiol. App. 
Sci., 5 (11): 811-823. 

Moussa, H.R. (2006). Role of gamma 
irradiation in regulation of NO3 level in 
rocket (Eruca vesicaria subsp. sativa) 
plants. Rus. J. Pl. Physiol., 53 (2): 193-197.  

Moussa, H.R. (2011). Low dose of gamma 
irradiation enhanced drought tolerance in 
soybean. Bulg. J. Agric. Sci., 17(1): 63-72.   

Nassar, A.H., M.F. Hashim, N.S. Hassan and 
H. Abo-Zaid (2004). Effect of gamma 
irradiation and phosphorus on gridgeth and 
oil production of chamomile (Chamomilla 
recutita L. Rauschert). Int. J. Agric. and  
Biol., 6 (5): 776-780. 

Nurzynska-Wierdak, R., B. Boridgeski, K. 
Dzida, G. Zawislak and R. Kowalski 
(2013). Essential oil composition of sweet 
basil cultivars as affected by nitrogen and 
potassium fertilization. Turk. J. Agric. and 
Forestry, 37 (4): 427-436. 

Oosterhuis, D.M., D. Loka, E.M. Kawakami 
and W.T. Pettigrew (2014). The physiology 
of potassium in crop production. Adv. 
Agron., 126: 203-233. 

Pitirmovae, M.A. (1979). Effect of gamma 
rays and mutagens on barly seeds. Fiziol. 
Res., 6: 127-131.  

Radhadevi, D.S. and N.K. Nayar (1996). 
Gamma ray induced fruit character 
variations in Nendran, a variety of banana 
(Musa paradasiaca L.). Geobios, 23 (2): 
88-93. 

Sayanova, O., P.R. Shewry and J.A. Napier 
(1999). Characterization and expression of 
a fatty acid desaturase from Borago 
officinalis. J. Exper. Bot., 50 (332): 411-412.  

Stoeva, N. (2002). Physiological effects of the 
synthetic gridgeth regulator thidiazurol 



 
Zagazig J. Agric. Res., Vol. 44 No. (5) 2017 

 

1613 

(drop) on gamma-irradiated stress in peas 
plants (Pissum sativum). J. Cent. Europ. 
Agric., 6: 293-300. 

Usmanghani, K., A. Saeed and M.T. Alam 
(1997). Indusyunic medicine. Univ. Karachi 
Press Karachi, 316–317.  

Wiedenhoeft, A.C. (2006). Plant Nutrition. 
Hapkins WG (Ed.) the green world, 
Chelsea House Publisher, New York NY, 
16-43. 

Wi, S.G., B.Y. Chung, J.H. Kim, M.H.  Baek, 
D.H. Yang, J.W. Lee and J.S. Kim (2005). 
Ultra structural changes of cell organelles 

in Arabidopsis stems after gamma 
irradiation. J. Pl. Biol., 48 (2): 195-200. 

Yadav, R.L., N.L. Son and B.L. Yadave 
(2003). Response of onion to nitrogen and 
potassium fertilization under semi-arid 
condition of Rajasthan. Indian J. Hort., 60 
(2): 176-178. 

Zelelew, D.Z., S. Lal, T.T. Kidane and B.M. 
Ghebreslassie (2016). Effect of potassium 
levels on gridgeth and productivity of 
potato varieties. Ame. J. Pl. Sci., 7 : 1629-
1638. 

 

 

  على نمو وإنتاجية نبات خبز النحلوالتسميد البوتاسيأشعة جاما  رـــتأثي

 ٢وضــعلى عبد الحميد مع – ١ىـــمھا على محمد فتحي عل

 ٢محمد أحمد إبراھيم عبد القادر -١محمود فوزي علي نوبي

  مصر- محافظة الشرقية -نشاص إ -ھيئة الطاقة الذرية  -مركز البحوث النووية  -١

  مصر-  جامعة الزقازيق- كلية الزراعة -بساتين قسم ال -٢

نشاص بمحافظة الشرقية خ�ل إ المزرعة البحثية لمركز البحوث النووية بھيئة الطاقة الذرية بفيأجريت ھذه الدراسة 
التسميد البوتاسى والتفاعل مستويات  أشعة جاما و جرعات لدراسة تأثير٢٠١٤/٢٠١٥و ٢٠١٣/٢٠١٤ ين متتاليينموسم

 لنبات )SPADوحدة ( الثابت المئوية ودرجة إخضرار لون ا�وراق الزيتنسبة  ووالمحصول ومكوناتهبينھما على النمو 
صفر  كيلوراد والتسميد البوتاسى بمعدل ١٠ و٨ ، ٦،  ٤،  ٢، ) كنترول (صفر ات استخدمت أشعة جاما بجرع،خبز النحل

 مع كل تداخلت جاما أشعةكل معاملة من معام�ت لى جانب ذلك، إ فدان،/سلفات بوتاسيوم لوجرام كي١٠٠ و٥٠،) نترولك(
  النتائج المتحصل عليھا أن استخدام أشعة جاماأظھرت ، معاملة تفاعل١٨مستوي من مستويات التسميد االبوتاسى لتكون 

نبات ومحصول البذور /وعدد النورات لكلي للنباتإرتفاع النبات والوزن الجاف ا قيم  زيادةإلىأدت راد  يلو ك٢ بجرعة
 قدر أعلى وع�وة على ذلك، تم الحصول على ،ودرجة إخضرار لون ا�وراق  الثابت المئويةالزيتنسبة  وللنبات وللفدان

تحت التسميد البوتاسى بالمقارنة بمستويات التسميد ا�خرى فدان من /سلفات بوتاسيوم  كجم١٠٠ المعاملةمن الزيادة من 
ً  غالباالتسميد البوتاسىفدان من /سلفات بوتاسيوم  كجم١٠٠راد مع يلو ك٢ التفاعل بين أشعة جاما معاملة وأعطت ،الدراسة

 ع�وة .تحت ظروف محافظة الشرقيةيمكن التوصية بھذه المعاملة  ،اولذ،  المذكورة أع�هالصفات من الزيادة في أعلى قيم
فدان يمكن أن يقلل من التأثير الضار للتشعيع بأشعة جاما في ھذا الصدد / كجم١٠٠بمعدل  التسميد البوتاسي على ذلك، فإن

 .على نبات خبز النحل
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