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 Borago officinalis L. is a hairy annual herb commonly known as ‘Gavzaban’ locally in 

Iran. In order to evaluate the effect of bioferilizer and chemical fertilizer on chlorophyll 

content, nutrients and yield of borage, a randomized complete block design with split 

plot layout was conducted in Zabol University, during 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. Results indicated that the highest value of chlorophyll 
content were achieved to by using 150 kg.ha-1N+ seed inoculation. The highest value of 

phosphorus percent and sodium were achieved to by using 100 kg.ha-1N and 50 kg.ha-

1N + seed inoculation, respectively. The highest percentage of nitrogen and yield of 
inflorescence were achieved to by using 100 kg.ha-1N + seed inoculation. In general, it 

seems that using 100 kg.ha-1N and seed inoculating with nitroxin to cultivate borage in 

Zabol weather conditioning is suitable.  
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INTRODUCTION 

 

 Borage (Borago officinalis L.) is an annual or biannual plant that has a hollow cylindrical stalk and can 

reach a height of 80 cm [17]. It is native to Europe, Asia Minor and North Africa and has been used for 

centuries as a culinary herb of purported medical value. It has been known for its mood elevating properties as 

early as the first century A.D. [27]. 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 [9,1]. Decoction of the plant is used as nerve and cardiac tonic and a home 

remedy for blood purification [15,2,3]. Nitrogen gain through organic material mineralization is a critical issue 

for regional soils to overcome nitrogen deficiency. Various fertilization implementations (chemical, manure) or 

bacteria inoculation with proper strains should be carried out to improve the soil fertility and corresponding 

yield values. High chemical fertilizer costs and low income levels of regional farmers limit the fertilizer use of 

farmers. External dependence increases fertilizer prices each year and such an increase will probably continue in 

upcoming years. Intensive fertilizer use for high yield increases production costs. Precipitation dependency of 

mineral nitrogenous fertilizers [10,4,5] easy leaching of such fertilizers and consequent environmental and water 

pollution [8] all indicate that productivity of agricultural lands is not totally dependent on chemical fertilizers 

[13]. Research has shown that due to quick nitrogen loss in many different ways plants only get a small portion 

of nitrogenous fertilizers applied to soil [22]. Environmentally friendly production systems are gaining in 

popularity to overcome the negative aspects of traditional production techniques with intensive inputs [13]. 

Organic and sustainable agricultural practices have become more widespread around the world [18]. Bioorganic 

systems play crucial roles in the development and implementation of sustainable agricultural techniques [23]. 

Microbial fertilization is the vital implementation in sustainable agricultural systems to reduce environmental 

pollution and natural resource deterioration. Symbiotic and asymbiotic nitrogen-fixing bacteria, as well as the 

bacteria that are able to increase phosphorus solubility and intake, are commonly used for microbial fertilization 

purposes. Therefore, support provided to users of commercial chemical fertilizer should also be provided to 

users of organic fertilizers, which have several positive impacts on soils and surrounding environments. Studies 

have shown that the use of bio-fertilizer to supplement the nutrient requirements is seen to raise crop yield 
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[29,20]. 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 [28] and resulted in 

develop root system and increase seed germination rate [7]. Obviously Combined application of organic 

fertilizer and urea fertilizer or combination urea fertilizer and polyamines significantly increased yield, 

vegetative growth and chlorophyll index [30]. The present study was conducted to effect of application chemical 

and biological fertilizers on chlorophyll content, nutrients and inflorescence yield of borage.  

 

MATERIALS AND METHODS 

 

 The experiment was conducted in Zabol University, (61
◦
48’E, 30

◦
 54’N) during 2012.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 was given in 

four-leaf stage and before flowering.  

 
Table 1: Physical and chemical properties of the soil. 

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. They were dried in the shadow naturally and were 

determined total dry weight of flowering branches. The percent of borage inflorescence nitrogen was measured 

using Kejldahl method made in German [19] Gerhardt model. A flame photometer was used to measure sodium 

and potassium elements [21]. Spectrophotometer method was applied to measure phosphorus at 420 nm 

wavelength [21]. The relative chlorophyll content of samples in two stages was determined using a chlorophyll 

meter Hanstch CL-01 Made in Great Britain. The first phase was (Plant establishment stage) and second stage 

(before flowering). 

 Applications of MSTAT-C and Excel were used 7for 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 

Sodium: 

 According to the analysis of variance  simple effects of nitrogen, nitroxin wasn’t significantly on sodium 

content of borage inflorescence but the interaction of nitrogen and nitroxin on sodium content of borage 

inflorescence was significant (Table 2). Therefore, the highest average sodium (2383.32 mg.kg
-1

 dry weight) in 

the treatment of non-application of nitrogen was obtained in conditions of seed inoculation with nitroxin and the 

lowest (1936.66 mg.kg
-1

 dry weight) in the treatment of non-nitrogen and nitroxin (fig 1). According to the 

results it can be stated that the seed inoculation with nitroxin was increased sodium absorption. The bacteria in 

nitroxin manure by production of growth hormones can increase the absorption surface of the root and the 

assimilation rate of nutrients [26]. Tarang et al [25] reported that the simple effects of nitroxin and nitrogen 

fertilizers on the sodium content of maize varieties Maxima was significant.  

 

Potassium: 

 The results showed that the potassium content under the influence of nitrogen and nitroxin, on borage 

inflorescence was not significant, also the interaction of nitrogen and nitroxin on potassium content wasn’t 

significantly (Table 2).Thus the reaction to absorption K were similar in various treatments. It seems that 

richness soil test from sodium (434 ppm) prevented absorption potassium by the plant that showed coordination 

with the results of other investigators [6]. 
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Table 2: Analysis of variance elements measured in borage under effect nitrogen and nitroxin.     

S.O.V df Na K N P 

Rep 2 58625.07ns 122934.41ns 0.0001ns 0.0001ns 

Nitrogen(N) 3 14025.48ns 711835.9ns 0.47** 0.001* 

Error 6 8397.46 223371.22 0.007 0.0003 

Nitroxin(n) 2 15859.16ns 105256.91ns 0.51** 0.0001ns 

n ×N 6 120854.78* 231111.73ns 1.58** 0.001ns 

Error 16 43316.48 2316525.61 0.004 0.001 

Cv (%) - 9.74 13.05 2.25 10.88 

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

 

 

 

Fig. 1: Interaction between nitrogen and nitroxin on sodium content of borage inflorescence. 

 

Nitrogen: 

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

inflorescence (Table 2). According to the analysis of variance (Table 2) and significant interaction between 

nitrogen and nitroxin be determined that the highest mean percent nitrogen (3.68) was obtained in seed 

inoculation with nitroxin in conditions use of 100 kg.ha
-1

N and the lowest (1.82) in the treatment of non-

application of nitrogen and nitroxin (fig 2). Swesrzynska and Sawicka [24] reported that the population of 

Azospirillum bacteria increased in different growth stages of cereals along with nitrogen. Some investigators  

stated that inoculation of wheat, barley and oats with Azospirillum could increase savings nitrogen in total plant. 

 Kader et al [12] reported that increasing the percentage of nitrogen in wheat was increased with using 

Azotobacter and the result of the development root system, NH4
+
 and NO3

-
 uptake and nitrate reductase activity.  

 

Phosphorus: 

 The results of the analysis of variance showed that nitrogen treatments was significant on percentage of 

phosphorus at the 5% level of Borage inflorescence but nitroxin and the interaction of nitrogen and nitroxin on 

phosphorus wasn’t significantly (Table 2).The simple effect of nitrogen (Table 3) determined that the highest 

average P (0.29 %) with application of 100 kg.ha
-1 

N and lowest (26.0 %) were obtained in the non-application 

of nitrogen. Effect of nitrogen on root morphological characteristics influenced on phosphorus uptake and thus 

nutrients content, especially phosphorus, had increased in borage plant.  

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

Treatment Na(mg.kg-1 dry weight) K(mg.kg-1 dry weight) N (%) P (%) 

Nitrogen (kg. ha-1)     

Control 2109.49a 3960.60a 2.53c 0.26b 

50 2194.44a 3386.82a 2.63c 0.28ab 

100 2112.22a 3605.55a 2.73b 0.29a 

150 2134.44a 3955.55a 30.06a 0.28ab 

Nitroxin ( 0.5 lit. ha-1)     

Control 2097.50a 3795.83a 2.55c 0.29a 

seed inoculation 2147.12a 3620.45a 2.96a 0.28a 

Foliar 2168.33a 3765.11a 2.70b 0.28a 

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

 

Chlorophyll content (nitrogen applied before the first top dressing): 

 Nitrogen had no significant effect on this trait but nitroxin treatment and interaction of nitrogen and nitroxin 

on chlorophyll content of borage was significant at the 1% level (Table 4). In nitroxin simple effects (Table 5) 

indicated that the highest mean chlorophyll (15.73) was seed inoculation with nitroxin and the lowest (12.55) in 

c
ab abc

c
a abc

bc bc
ab

abc abc bc

0

500

1000

1500

2000

2500

3000

0 50 100 150

N
a(

m
g.

 k
g-1

d
ry

 w
ei

gh
t)

nitrogen(kg. ha-1)

control

seed inoculation

foliar



4                                                                       Sajad Sheikhpour et al, 2014 

Advances in Environmental Biology, 8(10) June 2014, Pages: 1-7 

the control treatments. According to the analysis of variance and the significant interaction between nitrogen 

and nitroxin (Table 4) indicated that the highest mean chlorophyll (20.41) were obtained of seed inoculation 

with nitroxin in the conditions of 50 kg.ha
-1

N and the lowest (9.84) in the treatment of non-application of 

nitrogen and nitroxin (fig 3). 

 
Table 4: Analysis of variance chlorophyll content and yield in borage under effect nitrogen and nitroxin.  

S.O.V df Chlorophyll content (stage1( Chlorophyll content 

(stage 2) 

yield of inflorescence 

Rep 2 4.35 ns 0.13 ns 4901.86ns 

Nitrogen(N) 3 4.86 ns 53.56** 81833.63** 

Error 6 4.82 0.28 2863.22 

Nitroxin(n) 2 30.53** 58.42** 53204.17* 

n ×N 6 49** 31.32** 71996.61** 

Error 16 1.52 0.45 10837.58 

Cv (%) - 8.71 4.19 14.77 

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

 

Table 5: Comparison of average chlorophyll content and yield in borage under effect of nitrogen and nitroxin.    

Treatment Chlorophyll content (stage1( Chlorophyll content 

(stage 2) 

yield of inflorescene (kg. ha-1) 

Nitrogen (kg. ha-1)    

Control 14.79a 12.48c 632.72b 

50 13.16a 16.70b 675.18b 

100 14.64a 17.48a 845.15a 

150 14.14a 17.67a 665.98b 

Nitroxin( 0.5 lit. ha-1)    

Control 12.55c 13.99c 649.06b 

seed inoculation 15.73a 18.39a 778.52a 

Foliar 14.27b 18.87b 686.70b 

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

 

g
e

d cc

b
a a

f

c cd

b

0

1

2

3

4

0 50 100 150

N
(%

)

nitrogen (kg. ha -1)

control

seed inoculation

foliar

 
Fig. 2: Interaction between nitrogen and nitroxin on nitrogen content of borage inflorescence. 

 

 
 

Fig. 3: Interaction between nitrogen and nitroxin of chlorophyll content in the first stage. 
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The amount of chlorophyll with chlorophyll meter (before flowering= nitrogen applied before the second top 

dressing): 

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

was significant (table 4). According to the analysis of variance and the significant interaction between nitrogen 

and nitroxin (Table 4) indicated that the highest mean chlorophyll (22.73) were acquired of seed inoculation 

with nitroxin in conditions of 150 kg.ha
-1

N and the lowest (10.44) in the treatment of non-application of 

nitrogen and nitroxin (fig 4). According to the results, it can be argued with increasing nitrogen up to 150 kg in 

conditions seed inoculation with bio-fertilizer will show increased levels of chlorophyll. Application of nitrogen 

fertilizers, phosphorus and nitroxin was increased chlorophyll content of maize cultivars Maxima [25]. 

 

 
 

Fig. 4: Interaction between nitrogen and nitroxin of chlorophyll content in the second stage. 

 

 
 

Fig. 5: Interaction between nitrogen and nitroxin on yield of inflorescence. 

 

Yield of inflorescence: 

 According to the analysis of variance (Table 4) effects of nitrogen at 1% level, effects of nitroxin at 5% 

level and the interaction of both factors was significant at 1% level on yield of borage inflorescence. The highest 

dry yield inflorescence (1168.11 kg.ha
-1

) of seed inoculation with nitroxin conditions of consumption of 100 

kg.ha
-1

N and the lowest (560.60 kg.ha
-1

) was obtained in the treatment of non-application of nitrogen and 

nitroxin (figure 5). Biological fertilizer can provide more nutrients in the form of solution for plants through 

bacteria solubilizing discharge and PH reduction [11]. It also affects the production increase by more production 

of photosynthetic materials [14]. The research results of Lampayan et al [16] like the results of this research 

have shown that the total accumulation of dry matter during the growing period was significantly influenced by 

the amount of nitrogen fertilizer. Given the role of nitrogen and nitroxin in growth of shoot of borage, it seems 

that these fertilizers have a considerable role in increasing the yield of flowering branch by supporting the 

growth of flowering branches and dry matter accumulation either directly or indirectly. 
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Conclusions: 

 The present study showed that although chemical and biological fertilizers of nitrogen can affect the 

qualitative traits and borage yield through developing root system, increasing the level of nutrients uptake, 

stimulating auxin synthesis and stimulating plant growth, the effectiveness and the way of using them on each of 

these traits is different. Considering the use of biological fertilizer 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.  
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