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Introduction

Borage (Borago officinalis L.) is a valuable annual medicinal herb suitable for cultivation in many countries,
including Iran. Borage is considered as a native of both Europe and Asia. Several species around the world fall
under the denomination of “borage”. The presence of the y-linolenic acid in the seeds of borage makes borage
distinctively important mainly for the nutraceutical and pharmaceutical research. y-Linolenic acid is an omega -6
polyunsaturated fatty acid which cannot be synthesized in the body and hence falls into the category of essential
fatty acids (Evesh et al., 2019).

Chemical fertilizer is an indispensable abiotic factor in agricultural production, especially nitrogen fertilizer.
However, in order to improve the yield, people fertilize a lot, which not only wastes resources, but also brings a
series of serious problems to the environment, such as greenhouse gas emissions, soil fertility degradation and
water resources pollution. Therefore, developing new fertilizers, improving crop nutrient utilization efficiency,
replacing chemical fertilizers and reducing environmental pollution is an important direction of agricultural
sustainable developme (Zhang et al ., 2020).

Biochar is a carbon rich product formed by pyrolysis of agricultural and forestry wastes under limited air
availability. It is generally alkaline in nature, with the characteristics of rich carbon content, large specific
surface area and strong adsorption. Biochar addition can reduce soil bulk density and increase porosity, pH,
water holding capacity and nutrient content. Additionally, the unique physical properties of biochar can also
promote the colonization and growth of some specific microorganisms, which may participate in the
mineralization of biochar and promote nutrient cycling. Therefore, biochar has been widely used on improving
soil quality and increasing crop productivity. Biochar has a positive effect on root structure and nutrient
absorption of plant. Several studies have shown biochar can significantly increase the root length, root biomass,
root surface area and specific root length. The study also found that biochar significantly increased the number
of plant root tips, the most active part of root, and then increased the ability of plants to absorb nutrients from

soil (Zhang et al, 2020).
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In order to evaluate the effect of damask rose waste (DRW), walnut green skin waste (WGW) and cow
manure biochars on biochemical, physiological and yield characteristics of European borage, an experiment was
carried out based on a completely randomized design at the greenhouse conditions in Faculty of Agriculture,
Shahid Bahonar University of Kerman. The experimental treatments contain: without of biochar (control),
biochars of cow manure (0.75%, 1.25%, 2.5% and 5% w/w), walnut green skin biochar (WGW) (0.75%, 1.25%,
2.5% and 5% w/w) and damask rose waste biochar (DRW) (0.75, 1.25, 2.5 and 5% w/w). The physicochemical
properties of the biochars and soil were analyzed. Five seeds were planted in three-kilogram pots at a depth of
1.5 to 2 cm. The greenhouse was maintained at an average temperature of 25 °C during the day and 20 °C at
night, with a relative humidity level of 60%. Upon concluding the experiment, various biochemical,
physiological, and functional characteristics of European borage were assessed and measured.

Results and Discussion

The results showed that DRW (60%) and WGW (13%) biochars had the highest and lowest amount of stable
organic carbon, respectively. The investigated treatments significantly (p< 0.01) affected the biochemical,
physiological and performance traits of European borage. Application of DRW and manure biochars caused a
significant (p < 0.01) increase in yield and photosynthetic pigments of European borage compared to the control.
Applying WGW biochar at the level of 2.5% increased the shoot dry weight of the plant by 119% compared to
the control treatment. Application of 1.25% of cow manure biochar also increased the shoot dry weight by
29.7%. WGW biochar applying not only had no positive effect on the growth and yield of the European borage,
but also lead the decreasing growth and prevent flower production of borage. The highest CAT activity related to
applying 2.5% of DRW biochar and 1.25% of manure biochar. Application of WGW in concentration of 0.75%
significantly increased the proline contents. Using biochar improves soil fertility.

Conclusion

In general, applying DRW biochar in concentration of 2.5% and cow manure biochar in concentration of
1.25% were the most suitable treatments.
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Table 3- ANOVA (Mean square) for some morphological traits of Borage as affected by different types of biochar

s i @ 5 olas £ s il glis | R L wit) 5 039
e 151 : - Avrial fresh weight Root fresh weigh
SOV @3 Flower number Leaf number g Root length g g

df Arial shoot

length

o - - - - o -

12 1823.0 336.4 611.7 2235 278.9 36.63

Treatment

s

26 5.69 0.711 5.93 4,58 1.09 0.039
Error

Sy 58 - 11.93 4.40 12.36 10.38 9.18 6.49
C.V. (%)

Eodsime pis g Moy K g guy e 5D (61 gre 0amd (L S 4 NS

** ‘*

ns = Non-significant. * and **= Significant at 5% and 1% of probability levels.
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Table 4- Some characteristics of the Borago officinalis plant as affected by different types of biochar

s R i e A ek B T
rial lengt oot lengtl rial fresh weig oot fresh weig
Treatment Flower number  Leaf number
(cm) (cm) )] @
Sz Cok e 31c 24¢ 30cd 15.5¢ 14.1b 4.12¢
Control
15% § dl&
0-75% 3050 5 A5 o5 35¢ 26¢ 27ed 13d 10.25¢ 1.67f
Damask rose waste 0.75%
1.25% § d&
S giama J5 i g 60a 24¢ 37ab 23b 30a 9b
Damask rose waste 1.25%
2.5% $ dlis
S saame J5 i g 77a 40a 4la 33a 30.9a 12.43a
Damask rose waste 2.5%
0, z
5% o J5 alis g 1rd 32b 30cd 10e 14.8bc 1.78f
Damask rose waste 5%
0.75% c5l5 355 ,lses
Cow manure 0.75% 32¢ 24c 28d 5gh 7.57d 3.63d
1.25% 5l5 355 o 52 18.99h
Cow manure 1.25% 42b 29b 33ch 16¢ ’ 8.29b
2.5% o5 555 Jlsw 20d
Cow manure 2.5% 18d 24e 10e 10.48¢ 1.58f
5% slS 355 g
Cow manure 5% Og 17d 8f 15cd 7.63d 2.42e
0.75%3,5 510 Cosgy Jlge:
Walnut shell 0.75% Og 25¢c 38ab l4cd 12.86¢ 4.25¢
1.25%53)5 s Cangy g
Walnut shell 1.25% 0Og 12f 8f 8ee 3.25¢ 0.83g
2.5%33 )5 s Cusgy Jlagm
Walnut shell 2.5% Og 11f 4fg Tof 3.23e 0.53g
5%93)5 juus gy jlrom
Walnut shell 5% Og 0g 0Oh 1] of 1]

Al e oSSy (glaiebais Qyo)‘-l ool g 203 0 Jleis] o (3 (gl e BMB] gl gt o > Spiie Bgy )y sl Sile
Column means with the same letter are not significantly different by Duncan’s multiple range test (p< 0.05)
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Table 5- ANOVA (Mean square) for some morphological traits of Borage as affected by different types of biochar

P o Susel sl . aeds 5 . ; 935,
Sl WS T ] oian ofsr Chlorophyll bads 5 ‘JST‘J‘:’I’K Carotenoid

S.0.V & CAT Iy el Protein Prolin a Chlorophyll ota

df APX GP Chlorophy

o 11 0.0675** 0.909** 0.0372** 898.06** 35.0084** 50.019** 1.860** 107/084** 0.669
Treatment

Eu 24 0.000609 0.015 0.00044 4.69 0.199 0.55 0.119 1.248 0.057

rror

o po 6.45

Ol i - 9.133 6.754 5.944 6.55 10.34 8.63 10.72 9.45
C.V. (%)

G e pls g Mo yd G 5 s gdaws )d (610 ixe skimd LS i) 4 NS § KKK

ns = Non-significant. * and **= Significant at 5% and 1% of probability levels
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Table 6- Some biochemical characteristics of European borage as affected by different biochar treatments
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1FW)

Mg,
Carotenoid

(U.mgprot) (mg.g*FW)

Control 0.135ch 1.53de 0.563a 30e 1.2g 6.35fe 2.01d 8.36¢ef 3.54d
Damask rose
waste0.75%
U5 Al g 0.198ef 1.88¢ 0.452b 42c 1.29 8.32d 2.68¢ 11d 2.77e

0.75% csome
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5% (555 355 Jlrgn
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0.6477a 1.25fg 0.296e 42c 3.6F 10.7¢c 4.56b 15.27¢ 2.3f

0.172gf 2.02c 0.365d 35¢ 7.8¢c 8.32d 2.62¢c 10.94d 4.2c

0.290c 2.85a 0.432bc 189 10.6a 5.149f 2.96¢ 8.1f 6.3a

0.256¢d 2.50b 0.260f 8h 6d 4.21h 1.36f 2.57q 5.3b

0.256¢d 2.42b 0.24f 8h 5e 3.22h 1g 4.229 4c

Al e oSSl glaield i 094)‘-] ool g 2030 Jleas] hw Sl sxe BB glyls g o 1 S yidio By (gl)b o 1Sl
Column means with the same letter are not significantly different by Duncan’s multiple range test (p< 0.05)
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