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Abstract

Introduction: Nano fertilizers prevent the reaction of nutrients with soil by releasing nutrients from nitrogen and
hosphorus fertilizers and their uptake by plants. Borago officinalis L. is a medicinal plant of the Borage genus,
erbaceous and annual. The leaves of this plant are simple and covered with coarse fibers and its flowers are blue.

Borage extracts have excellent antioxidant properties and these effects are related to its phenolic compounds. Drought

stress is also one of the most important performance limiting factors in the world. The present study was conducted to

investigate the effects of nano-biofertilizers and NPK application on yield and physiological characteristics of Borago
officinalis L. under drought stress.

Material and methods: The present study was conducted in the form of split plots in a randomized complete block
design with three replications in the 2014-2015 crop year at the Agricultural Research Institute of University of Zabol.
The main causes of drought stress including: irrigation based on 90%, 70%, and 50% of crop capacity in the entire
growth period were examined. Sub-factors of fertilizer application including: no fertilizer application (control),
application of 1 kg/ha of nano biofertilizer, application of 5 kg/ha of NPK nano fertilizer and combination of 50% of
each were also examined. Other properties such as soluble carbohydrates, percentage of mucilage, phosphorus,
potassium, sodium, flavonoids, and antioxidant enzymes including catalase, guaiacol peroxidase and ascorbate
peroxidase and d(rjy ﬁ/ield were examined. TDR device was used to apply drought stress. The data were analyzed using
SAS software and the means were compared by L.S.D.

Results and discussion: The results showed that the interaction effect of drought stress and fertilizer on the amount
of soluble carbohydrates, potassium, sodium, flavonoids, ascorbate peroxidase and guaiacol peroxidase was significant.
As the intensity of stress increased, the amount of carbohydrates, sodium, flavonoids, antioxidant enzymes and
mucilage increased and the amount of ﬁotassium and dry yield decreased. The application of nano-fertilizers also
increased the studied properties. The highest dry yield (2.45 ton/ha) was obtained from the control irrigation area. The
highest amount of flavonoids (about 38% more than the control) and soluble carbohydrates (40% more than the control)
was obtained from the application of integrated fertilizer treatment at a 50% stress of field capacity. Furthermore, the
highest activity of antioxidant enzymes was in severe stress and no fertilizer application.

Conclusions: In general, results show that as the drought stress increase, dry matter yield in borage decreases.
However, irrigation increased at 90% of field capaC|tY_ and also with the ap#hcatlon of nano-fertilizers dry matter. In
general, it can be mentioned that the use of nano-fertilizers moderates the effects of drought stress on borage.

Keywords: Nutrition, mucilage, flavonoid, biomass.
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Table 1- Physical and chemical properties of soil (0- 30 cm)

soil PH EC N Total P Total Krotal Mn Cu Zn Fe
texture (dSm) (%) (ma/kg) (ma/kg) (mg/kg)  (ma/kg) (ma/kg) (ma/kg)
Loam g ) 145 0.02 46 100 56 115 0.46 104
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Table 2- Mean Squares effect of drought stress and nano fertilizers on the quantitative and qualitative traits of borage

Mean Squares

S.0.VvV DF Carbohydrate Mucilage Phosphor Potassium  Sodium  Flavonoids
Replication i 3.76% 0.05" 0.02% 6.23 602.85™ 336"
Droughtstess () 837.81" 161" 028" 5986527  12050898" 33177
Errora 10.80 0.03 0.02 9.48 265.15 0.21
Fertiizer (8) 6820.32 5.00" 093" 6475697  32517.04”  3137.88"
AxB : 2237 0.09" 0.03" 99.40 637.97" 11.16"
Error b ° 5.87 0.01 0.02 5.01 92.19 0.35
C.V (%) 5 257 485 8.37 123 117 101

ns,* and **: are non-significant and significant at 5 and 1 % probability levels, respectively

Y J}A? aalsl
Table 2- Continued

Mean Squares

S.0vV DF catalase Ascorbate

enzyme  Peroxidase enzyme

Guaiacol Peroxidase enzyme  Dry yield of aerial parts

Replication 1.89" 0.02™ 2.18"™ 0.21™
Drought stress (A) ? 21.94" 1.35™ 92.35™ 157"
Error a 2 2.44 0.01 3.94 0.08
Fertilizer (B) ) 57.68™ 1757 207.78™ 1.53™
AxB ’ 5.27™ 0.16™ 7.00 0.01™

Error b ° 2.23 0.04 247 0.03

C.V (%) 5 15.94 1.59 13.59 8.83

ns,* and **: are non-significant and significant at 5 and 1 % probability levels, respectively
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Table 3 - Comparison of the mean of interaction of drought stress and nano fertilizers on the traits of Borage

) Sodium . Ascorpate Guaigcol
Drought - Carbohydrate of ~ Potassium of Flavonoids Peroxidase Peroxidase
stress Fertilizer leaves of leaves leaves of leaves enzyme enzyme
(ng/g) (mg/kg) (mg/kg) (%) of leaves of leaves
(u/9) (u/g)
NAN
50.541 174.69° 699.269 34.87¢ 5.08° 0.13bcd
Bio nano
(A)? 83.519 183.14¢ 753.78" 4244 3.52 0.07¢f
%90 nano NPK 96.09° 234,342 827.47¢ 55.09° 4.33f 0.01¢%
(F.C) (BY?
115.70¢ 228.01° 860.72° 80.04° 2,07 0.04¢9
A+B (%50)
NAN
55.811 166.089 765.06 4258 5.42° 0.17°
Bio nano
(A) 90.99f 152.04" 797.15° 4763 3.89" 0.09°%f
%70 nano NPK 106.77¢ 208.31° 842.80¢ 60.33¢ 4.64° 0.13%
(F.C) (B
120.31° 199.01¢ 876.47 82.37° 2.34% 0.06
A+B (%50)
NAN
64.29" 139.50' 792.07° 49,99 6.36% 0.222
Bio nano
(A) 102.94¢ 140.07' 803.34° 51.509 4.08 0.14%
%50 nano NPK 118.75% 186.31° 887.97° 62.79¢ 4,77 0.14%
(F.C) (B) _
126.44% 175.73 910.95% 90.21% 248 0.07¢f%

A+B_(%50)

The Common letters in each column indicate that there is no significant difference in the level
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Table 4- Comparison of the mean of effects of drought stress and nano fertilizers on the traits of Borage

. catalase
Mucilage  Phosphor enzyme  Dry yield of aerial parts
of leaves  of leaves
%) %) of leaves (ton/hr)
(u/g)
2.17°
0,
%90 (F.C) 165 8.60° 2.45°
%70 (F.C) 252°
Drought : 1.46° 8.59° 2.04°
stress 0 2.90°
%50 (F.C) 1.35° 10.94° 173
Contorol 1.73¢ 1.07° 12.62% 1.70°
Bio nano (A) 2.84P 1.40 8.28° 1.97°
Fertilizer 200 NPK (B) 2.12¢ 1.718 9.91° 2.67°
A+B (%50) 3.428 177 6.69¢ 1.97°

The Common letters in each column indicate that there is no significant difference in the level
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