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 In order to study the effect of chemical and biological fertilizers on physiological traits 

of borage, a field experiment was conducted in split plots arrangement based on 

randomized complete block design with three replications in 2012. Treatments 

consisted of four nitrogen levels (0, 50, 100 and 150 kg.ha-1) and three nitroxin levels 
(0, 0.5 lit.ha-1 of seed inoculation and 0.5 lit.ha-1 as a foliar application) which were 

allocated to main plots and sub plots, respectively. Treatments had significant effect on 

mucilage, WSC, RWC, chlorophyll a, b and total chlorophyll. The highest value of 
chlorophyll a, b, total and RWC were achieved to by using 150 kg.ha-1N+ seed 

inoculation. Application of any fertilizer result in the highest value of WSC. The 

highest percentage of mucilage was achieved to by using 100 kg.ha-1N + seed 
inoculation and the lowest values was achieved from not application any fertilizer. In 

general, production in Zabol climate conditions application of 100 kg.ha-1N and seed 

inoculation with nitroxin would be suitable for borage production. 
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INTRODUCTION 

 

 Borage (Borago officinalis L.) is an annual plant belonging to the family Boraginaceae (Boraginaceae Juss.) 

[12]. It originates from western regions of Mediterranean area. It grows in almost whole Europe and North 

America, mainly in Canada and the USA. It is an important vegetable crop which cultivated in some countries 

including Iran. The plant reaches a height of 30 to 60 cm. Its stem is covered with hairs that secrete an intense 

smell resembling the aroma of fresh cucumbers while grinding [12]. On the tops of the shoots there are the star-

shaped inflorescences which initially are pink, later turn blue; rarely white [12]. The fruit is a four-time 

schizocarpium borago. Only seed of borage oil can be used internally because the herb contains toxic 

pyrrolizidine alkaloids [Borage: Herbal Medicines]. The herb and oil are recommended to use externally, 

although, it should be pointed out that borage herb is a raw material showing mild effects on the human 

organism. In Iranian traditional medicines, the aerial parts of borage are reportedly used for treatment of a 

variety of ailments. Therefore, identification/determination chemical composition of aerial parts of this plant 

during growth cycle can be suggested the medicinal value of borage [9]. Biological fertilizers term refers to 

fertile materials that involve one or more beneficial soil organism within a suitable preservative. In fact, these 

fertilizers include different types of microorganisms that could converse nutrients from unavailable form to 

available form during a biological process [15, 5, 6 ] and resulted in develop root system and increase seed 

germination rate [8, 2]. Obviously Combined application of organic fertilizer and urea fertilizer or combination 

urea fertilizer and polyamines  significantly increased yield, vegetative growth and chlorophyll index [17]. The 

effects of chemical fertilizers in plant production  have been extensively examined in many studies made by 

Bilgili and Acikgoz [7], Asgharipour and Heidari [3], Asgharipour et al [4]  and Albayrak and Yuksel [1]. 

Karami et al [11], indicated that chemical fertilizers with nitrogen and phosphate fertilizers biologically 

significant and positive impact on mucilage percent are borage. Though there are not many concurrent studies 

conducted to evaluate  the effects of organic and chemical fertilizer in crop  production. Thus, this study was 

designed to effect of application chemical and biological fertilizers on physiological traits of borage. 
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MATERIALS AND METHODS 
 

 The study was done at the geographical location of 61
◦
48’E, 30

◦
54’N in 2012. This experiment was done in 

the research farm of Zabol univercity. Tests were done in a split plot design in three replications. The main plot 

consisted of nitrogen fertilizer levels (0, 50, 100 and 150 kg. ha
-1

) and sub plots were nitroxin (bacteria 

azospirillum, azotobacter and pseudomonas) with three levels (zero, 0.5 lit.ha
-1 

seed inoculation and 0.5 lit.ha
-1 

as a foliar application). Planting was done manually using dated 2012.02.27. After the decomposition of soil, the 

plots were prepared with tillage operations such as plowing, leveling discs, with dimensions of 2 × 2 m distance 

between repetitions 1.5, the subplots 0.5 and the main plot a meter was intended. The distance between rows 

was 30 cm and distances plant over row 25 cm. Nitroxin inoculate with seed before was planting. After planting, 

the Primary irrigation was performed. In order to ensure the emergence of seeds, second irrigation was done 

three days after planting and the next irrigation with distance seven days were done by basin method. A third of 

the nitrogen fertilizers were given the land at planting. In Four-leaf stage were foliar application nitroxin after 

thinning. The rest of the nitrogen were given in four-leaf stage and before flowering.  

 
Table 1: Soil properties of experimental field. 

 

Ec 

(ds/m) 

 

pH 

 

Apparent 

specific 

weights 
(g/cm3) 

Organic 

matter 

N 

(%) 

P (ppm) K 

(ppm) 

Na 

(ppm) 

 

silt 

(%) 

 

Clay 

(%) 

 

Sand 

(%) 

 

Textured 

soil 
 

1.5 8.3 1.49 0.81% 0.05 9.45 8.7 434 20.4 48 31.6 Clay 

 

 Flowering branches were harvested in two stages. The method Irigoyen et al [12] was used to measure 

carbohydrates. The method cold extraction mucilage (CEM) was used to measure of mucilage percent [12]. To 

measure the amount of chlorophyll a, b and total chlorophyll, 0.1 g of fresh leaves in a clean mortar poured then 

tissue with 20 mL of acetone 80% crushed and 15 min had centrifuged finally the supernatant was transferred to 

a 100 ml Erlenmeyer flask and reputation this process. We are existent Capacity to 100 mL with 80% acetone. 

Then absorbance solute was read at a wavelength of 645 and 663 nm. Finally use the following formula was 

calculated amounts of chlorophyll a, b and total chlorophyll content (mg. g
-1 

fresh weight) [13]. 

mg chl a/gt=12.7 (A663) – 2.69 (A645) × V/1000 w 

mg chl b/gt=22.9 (A645) – 4.68 (A663) × V/1000 w 

mg chl tatol/gt=20.2 (A645) – 8.02 (A663) × V/1000 w 

The amount of RWC was calculated based on equation [24] and with the following method:  

RWC % = )FW-DW(/)TW-DW(×100 

Where: FW: leaf fresh weight, DW: leaf dry weight and TW:  leaf turgor weight 

 Applications of MSTAT-C and Excel were used for statistical analysis and plotted figure. For the mean 

comparison was used least significant difference test (LSD) and the level of five percent. 

 

RESULTS AND DISCUSSION 

Chlorophyll a: 

 Effects of nitrogen, nitroxin and the interaction of both factors at 1% level of chlorophyll a of borage was 

significant (table 2). In nitrogen simple effects (Table 3) indicated that the highest mean a (8.34 mg.g
-1 

fresh 

weight) were obtained with using 150 kg.ha
-1

N and the lowest (6.48 mg.g
-1 

fresh weight) in the treatment of 

non-application of nitrogen. In nitroxin simple effects (Table 3) showed that the highest mean chlorophyll a 

(7.51 mg.g
-1 

fresh weight) were obtained of seed inoculation with nitroxin and the lowest (6.63 mg.g
-1 

fresh 

weight) in the control treatment. According to the analysis of variance (Table 2) and the significant interaction 

between nitrogen and nitroxin (fig 1) indicated that the highest mean chlorophyll a (10.19 mg.g
-1 

fresh weight) 

were acquired of seed inoculation with nitroxin in conditions of 150 kg.ha
-1

N and the lowest (6.30 mg.g
-1 

fresh 

weight) in the treatment of non-application of nitrogen and nitroxin. 

 

Chlorophyll b: 

 Effects of nitrogen, nitroxin and the interaction of both factors at 1% level of chlorophyll b of borage was 

significant (table 2). In nitroxin simple effects (Table 3) indicated that the highest mean chlorophyll b (3.12 

mg.g
-1 

fresh weight) were obtained of seed inoculation with nitroxin. In nitrogen simple effects (Table 3) 

indicated that the highest mean chlorophyll b (3.68 mg.g
-1 

fresh weight) were obtained with using kg.ha
-1

N. 

According to the analysis of variance (Table 2) and the significant interaction between nitrogen and nitroxin (fig 

2) showed that the highest mean chlorophyll b (4.57 mg.g
-1 

fresh weight) were obtained of seed inoculation with 

nitroxin in the conditions of 150 kg.ha
-1

N and the lowest (2.30 mg.g
-1 

fresh weight) in the treatment of non-

application of nitrogen and nitroxin. 
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Table 2: Analysis of variance qualitative traits measured in borage under effect nitrogen and nitroxin. 

S.O.V df Chl a Chl b Total Chl WSC Musilage RWC 

Rep 2 0.11ns 0.07ns 0.02ns 0.0001ns 0.15 1.25ns 

Nitrogen(N) 3 7.98** 3.01** 21.96** 1.52** 18.55** 42.33** 

Error 6 0.06 0.04 0.09 0.17 0.13 0.24 

Nitroxin(n) 2 2.42** 1.22** 5.77** 0.99** 5.06** 148.23** 

n ×N 6 2.49** 0.50** 6.74 ** 1.12** 0.67** 70.45** 

Error 16 0.06 0.10 0.11 0.10 0.11 0.39 

Cv (%) - 3.58 11.40 3.34 12.66 12.50 0.79 

ns, *, ** indicates non significant and significant at 5%, 1% level of probability. 

 
Table 3: Comparison of average qualitative traits measured in borage under effect of nitrogen and nitroxin. 

Treatment Chl a 
(mg.g-1FW) 

Chl b (mg.g-

1FW) 
Total Chl 

(mg.g-1FW) 
WSC ( g.g1 FW) Mucilage 

(%) 
RWC (%) 

Nitrogen (kg. ha-1)       

Control 6.48b 2.45b 9.43b 2.87a 1.05c 79.51c 

50 6.52b 2.53b 9.46b 2.82a 2.75b 81.11a 

100 6.64b 2.61b 9.63b 2.28b 4.56a 77.51b 

150 8.43a 3.68a 12.62a 2.03b 2.55b 82.56a 

Nitroxin(0.5 lit. ha-1)       

Control 6.63c 2.48b 9.59c 2.71a 2.20c 77.23c 

seed inoculation 7.51a 3.12a 10.98a 2.17b 3.45a 84.06a 

Foliar 6.91b 2.85a 10.29b 2.63a 2.53b 79.21b 

Means in each column followed by the same letter are not significantly different 

 

 

 

Fig. 1: Interaction between nitrogen and nitroxin on chlorophyll a of borage. 

 

 
 

Fig. 2: Interaction between nitrogen and nitroxin on chlorophyll b of borage. 

 

Total chlorophyll: 

 According to the analysis of variance (Table 2) effects of nitrogen, nitroxin and the interaction of both 

factors was significant at 1% level of total chlorophyll of borage. In nitrogen simple effects (table 3) the highest 

mean total chlorophyll (12.62 mg.g
-1 

fresh weight) were obtained of application of 150 kg.ha
-1

N. In nitroxin 

simple effects (Table 3) indicated that the highest mean total chlorophyll (10.98 mg.g
-1 

fresh weight) were 

obtained of seed inoculation with nitroxin. According to the analysis of variance (Table 2), the significant 

interaction between nitrogen and nitroxin (fig 3) the highest mean total chlorophyll (15.54 mg.g
-1 

fresh weight) 

were acquired of seed inoculation with nitroxin the conditions of 150 kg.ha
-1

N and the lowest (9.31 mg.g
-1 

fresh 
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weight) in the treatment of non-application of nitrogen and nitroxin. Since nitrogen forms part of chlorophyll 

and because of its participation in the Structure of amino acids, increasing uptake of this element in recognition 

of using chemical fertilizer containing nitrogen or nitrogen stabilizing bacteria (nitroxin) has an important role 

in increase of these features. Changing NH3 in activity cycle of glutamine synthetase and glutamate synthase can 

quickly enhance chlorophyll level [19]. Vysani et al [16], reported that the use of fertilizers containing nitrogen 

fertilizer nitroxin biological (bacteria stabilizer N) increased chlorophyll a, chlorophyll b on Basil. Rawia et al 

[14] an experiment amaranthus (Celosia argentea) showed increase in total leaf area and chlorophyll content of 

plants inoculated with the bacterial nitrogen fixation, nitrogen increasing uptake of is induced.  

 

 
 

Fig. 3: Interaction between nitrogen and nitroxin on total chlorophyll of borage. 

 

Water soluble carbohydrates (WSC): 

 According to the analysis of variance (Table 2) effects of nitrogen, nitroxin and the interaction of both 

factors at 1% level water soluble carbohydrates content of borage was significant. In nitrogen simple effects 

(Table 3) showed that the highest mean soluble carbohydrates (2.87 g. g
-1

 fresh weight) were obtained of 

control treatment and the lowest (2.03 g.g
-1

 fresh weight) with application of 150 kg.ha
-1

N. In nitroxin simple 

effects (Table 7) showed that the highest mean soluble carbohydrates (2.71 g.g
-1

 fresh weight) were obtained 

of control treatment and the lowest (2.17 g.g
-1

 fresh weight) on seed inoculation with nitroxin. According to 

the analysis of variance (Table 2) the significant interaction between nitrogen and nitroxin (fig 4) the highest 

mean soluble carbohydrates (3.49 g.g
-1

 fresh weight) were acquired in the treatment of non-application of 

nitrogen and nitroxin and lowest (1.73 g.g
-1

 fresh weight) of seed inoculation with nitroxin the conditions of 

150 kg.ha
-1

N. The reason of soluble carbohydrates reduction by increasing levels of nitrogen fertilizer with 

biological fertilizer is the role of nitrogen in stabilizing of amino acids which need some Krebs cycle 

metabolites. Continuing the cycle needs replacing of these compounds, and using of carbohydrates and its 

derivatives. Moreover, reduction of nitrate and nitrite requires a reduction force provided through respiration or 

photosynthesis. If it is provided through respiration, the carbohydrates are decreased; if it is provided through 

photosynthesis, less carbon dioxide is reduced and changed into carbohydrates. Thus, nitrogen results in 

reduction of carbohydrates [20]. Matsuo [21] showed that there is a significant negative relationship between 

nitrogen percentage in rice plant and carbohydrates percentage. 

 

 
 

Fig. 4: Interaction between nitrogen and nitroxin on WSC content of borage.  
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Percentage of mucilage: 

 According to the analysis of variance (Table 2) effects of nitrogen, nitroxin and the interaction of both 

factors was significant on percentage of mucilage at 1% level of borage inflorescence. The highest average 

percentage mucilage (5.86) in seed inoculation with nitroxin the conditions of using 100 kg.ha
-1

N and the lowest 

(0.51) was obtained in the treatment of non-application of nitrogen and nitroxin (figure 5). Hendawy [22] 

reported that biofertilizer was increased the number of flowers per plant and mucilage content in medicinal plant 

psyllium. Singh et al [23], reported that the biological yield, grain yield and mucilage content increased with 

using chemical and biological fertilizers in psyllium.  

 

Relative water content (RWC): 

 Effects of nitrogen, nitroxin and the interaction of both factors at 1% level relative water content of borage 

were significant. According to the analysis of variance (Table 2), the significant interaction between nitrogen 

and nitroxin (fig 6) indicated that the highest mean relative water content (86.81%) were obtained of seed 

inoculation with nitroxin the conditions of 150 kg.ha
-1

N and the lowest (71.40%) in the treatment of non-

application of nitrogen and nitroxin. According to result with increasing nitrogen application amount 150 kg.ha
-

1 
in conditions bio-fertilizer, the relative water content of borage increased comparing the control treatment. 

Nitrogen fertilizer reduces leaf osmotic potential; in other words, the amount of nitrogen use can lead to increase 

the relative water content of leaf. Moreover, increasing nitrogen fertilizer leads to stability increase of cell 

membrane [25]. It seems that cellular activities increases and its metabolic rate goes up by application of 

fertilizers, especially nitrogen and nutrients uptake. As a result, cell osmotic potential is decreased, and leads to 

attract more water and increase relative water content. These activities result in cell division increase, growth 

and development of leaves; therefore, the leaf as a photosynthetic has an important role in production. Finally, it 

will increase the crop yield. It is also believed that nitroxin fertilizer bacteria affects the process of cellular 

activities and increases the relative water content of plant by contributing to the uptake of elements and 

biological stabilization of nitrogen. Foroughi and Ebadi [26] reported with increasing levels of nitrogen from 0 

to 100 kg.ha
-1

, the relative water content increased on Safflower. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: Interaction between nitrogen and nitroxin on musilage content of borage inflorescence. 

 

 

 

Fig. 6: Interaction between nitrogen and nitroxin on RWC of borage. 
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Conclusions: 

 Although, chemical and biological fertilizers of nitrogen can affect the qualitative traits of borage but the 

effectiveness and the way of using them on each of these traits is different. Considering the use of biological 

fertilizer (in the form of seed inoculation) with chemical fertilizer has improved the measured traits compared to 

using them separately, we can achieve the organic agriculture, reduce the environmental pollutions and improve 

the measured traits of borage by substituting biological fertilizers for chemical fertilizers or their combined use. 

In general, it seems that using 100 kg.ha
1
N and seed inoculating with nitroxin to cultivate borage in Zabol 

weather conditioning is suitable. 
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