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Introduction

In recent years, the use of organic acids has increased due to their role in the quantitative and qualitative yield
and resistance to environmental stresses. Ascorbic acid (vitamin C) is one of the important antioxidants and
plays a role as the primary substrate in cyclic pathways to remove toxicity and neutralize superoxide and single
oxygen radicals. Ascorbate is also involved in the regulation of cell division and photosynthesis and has
nutritional value for humans and is probably important for the tolerance of plants against photo-oxidative stress.
Oxalic acid is a metabolic end product in plants that has many physiological functions, the main ones is the
induction of resistance to disease and environmental stress by increasing the activity of enzymes involved in
resistance and secondary metabolites such as phenol, flavonoid, etc. Considering the importance of the
physiological traits of the plant in the production of quantitative and qualitative yield of strawberry and on the
other hand, the lack of sufficient information about the effect of external application of ascorbic acid and oxalic
acid on the physiological traits of the plant, the present research work aimed to investigate some physiological
and qualitative traits of strawberry leaves and fruits affected by foliar spraying of ascorbic acid and oxalic acid.

Materials and Methods

The experiment was conducted based on randomized complete block design (RCBD) with three replications
in Darkalate village of Ramiyan city of Golestan province to investigate some physiological responses of
strawberry cv. Camarosa to the foliar application of organic acids. The experimental treatments consisted of
three levels: non-spraying as control, spraying with 1 mM ascorbic acid and 1 mM oxalic acid, which was
performed in three stages (from end flowering stage to the green fruit stage) at 6 days intervals. Finally, three
plants were selected from each experimental unit and leaf samples were taken and transferred to the laboratory to
measure physiological traitsi.e. leaf area, fresh and dry weights, total chlorophylls, chlorophyll a and
chlorophyll b, total carotenoids, total sugars, total phenols and flavonoids. Also, when at least 75 percent of the
fruit surface turned red, the fruits were harvested from each plot separately and immediately transferred to the
Plant Physiology Laboratory of Gorgan University of Agricultural Sciences and Natural Resources. The
physicochemical traits of strawberry fruits including total soluble solids (TSS), titratable acidity (TA), flavor
index, vitamin C, total phenol, flavonoid, antioxidant activity, total anthocyanins were measured. Analysis of
data were performed using SAS 9.2 statistical software and comparison of mean data were undertaken based on
LSD statistical test.
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Results and discussion

The results showed that the foliar application of ascorbic acid and organic acid had a significant effect on the
leaf area, fresh and dry weights, total chlorophylls, chlorophyll a, chlorophyll b, carotenoids, total sugars,
phenols and flavonoids. The highest mean leaf area (314.08 cm?), leaf fresh and dry weights (1.78 and 0.56
grams, respectively), chlorophyll a (0.43 mg/g), total carotenoids (0.29 mg/g), total sugars (1.43 ug/g), total
phenols (0.70 mg/g) and flavonoids (0.19 mg/g) were observed in the application of oxalic acid. The control had
the lowest mean in all studied traits (except carotenoids). The application of both ascorbic acid and oxalic acid
resulted in an increase in photosynthetic pigments, elevating the total chlorophyll content by an average of 22%
compared to the control group. Additionally, foliar spraying with ascorbic and oxalic acid led to higher levels of
total soluble solids, increased antioxidant activity, and enhanced total flavonoid content in the fruit compared to
the control group.Moreover, fruits harvested from plants treated with oxalic acid before harvest exhibited higher

levels of total anthocyanin and phenol compared to fruits from plants treated with ascorbic acid before harvest
and the control group. Fruits of plants treated with ascorbic acid compared to plants treated with oxalic acid had
lower vitamin C and titratable acidity and higher flavor index. The physiological influence of oxalic acid was
more superior than that of ascorbic acid and had higher positive effects in the studied traits were recorded.
However, since ascorbate is one of the precursors of oxalic acid biosynthesis. Therefore, the changes caused by
oxalic acid are indirectly influenced by ascorbic acid. Ascorbic acid acts as a cofactor in photosynthetic reactions
and prevents the destruction of chlorophylls and carotenoids due to its antioxidant property, and by interfering in
cell division and increasing the surface area of leaves; it increases photosynthesis and the production of
carbohydrates. In general, according to the results, it was found that the application of ascorbic acid and oxalic
acid improved the quality characteristics and the content of health related compounds of Camarosa strawberry
fruit by increasing photosynthetic pigments and biomass.
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Figure 1- The effect of foliar application of ascorbic acid and oxalic acid on leaf area (a) and leaf dry and fresh weights (b) of
strawberry (LSD, p<0.05)
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Figure 2- The effect of foliar application of ascorbic acid and oxalic acid on strawberry photosynthetic pigments (LSD,
p<0.05)

Hla G ogue A543, 5 o IS 1500 L(Espla et al., 2014
Jds a5 sl e alS Saal sals s 4 Cuns SIS al
Jite 5555 9 U9 SVE Ly cdld als 5 olsl g hals
S 0350, ey ases, S (Wu et al., 2011) cul jl !
Fedadloe g 67503 mree G g Mias Fho Siwgd )
35 1y ko IS ppmulins1ss 5ok 5 saisSOS (slalic
(Damatta & Cochicho Ramalho, 2006) s> sage y
sloagiisly Lo g Jd5li3 a3 o il eslawl Ly loadgi)ls
)‘ 9 odly uMALf l) u).a.uS‘ d).a.a.o ‘uwl_\#JyD 9 L)?“"'"’"A"'“Sy‘

51 s dw il aa Mhgn g ol 1o SUST sl 3,8
L (g ¢ Sy 008 Jlb) riwgd b basje (slapdign
oSoS” (pig i 5 T g ungy Syim anly cale 15 L by

5 Jedo)lS e Stalil 4 ot (93 g ()jauS] 000
; Martinez-Wang et al., 2009) 15,5 oS alls i wgib

1- Jujuba

2- RuBisCO activase

3- RuBisCO large subunit-binding protein subunit 8
4- PSII oxygen-evolving complex protein



VoY limo oF 0ylads FY alir (53,95 plio 3 pake) Ll pole 4y

\ AY

2o Cute QB Sy (g 9 daw (Jed9)lS oliee sl
Zulaikha, ) S o Li) el ying: S clo o g Sl
Olie (Rl el (oS 59y SIST gl (28 Jsloxe (2013
S 355000 IS S0 eI il el 5 olimgi] b
Martinez-Espla et ) aoles oo 036 1) Limgy oyl il Jols gobs
(Sl sl SUlg iy cde 4 laaseisMs L(al., 2014
LS (grien pmlipuslyy nlS dngys il Jlisl b
Al e o blis il (gl J 8 gl (sla SIS0,
> 60 S5iaMs LS 5 A5 Canl 00l yasedio 1l 1 0dle
F8 Ol 22 5 gy A5 (2950 S (e MS Caols
S yoSl dwl 48 sl I (Ghorbani et al., 2010) s
M55ie 3355 o W5l V1 b sl el Ll el
He) 3555 adsiaMs o5 sds b dlgo by i Jlub cesly
S sien ¢ 35S < ussians 5> SapysSn Sl (& LUO, 2007
Ale (6,500 GluS 5 L olyad g 3500 2959 0L Joku 0)lgsd 4
ST g Boa35isMe 5 a8 5 lasigns IS ¢ s 9555
ST T 51 dol ) w3 o St ol )3 1y arsl et
g 0dd S 5 Jld (sl 5T Elgil b a5 bl (698 Y sl
s9-iee Lagl (S35l cmge dlil (sla JLSoal, Lol Ly

.(Smirnoff, 2000)

I'w

NI

(‘Total sugars (ug.g!
Total flavonoids (mg.g

O=alic
acid

Ascorbic
acid

Control

' DW)

g (i 9 S o cliblone (gralinnSTes Jlie > Jdg IS
.(Muller-Moule et al., 2002) s> o (il331 1) olS (5 Bl

Sleo e y b L)a.uLo)i sylas o (o)l iz OS]
Onyiy 45 (5 )9-bodn Cutly g9 Sy JS A58gM0 9 Jid g i3
Sl o 03 (5 0dg p5 2 0595 VYY) S JS 48 ke
Sy J8 48 55 S psSsl ol )18 iczma s e SIS
il gt (Ya JSTb) ol ioljel vals 4 cud 1) ([S0,8004
8 ol s Gl s (5505 53y SIS sl (S
(Yh JSs) s sals S8l dul jlow dr s Sy
V) SIS sl Jlosi )3 55 S0 IS 339398 Glje iy
ald jlas Ly awglie )5 a5 i osalie (5 0yjg p)5 2 P25 ke
(¥h JS5) sl (edo s VD 2ol

2 e laad Jlade it Gl p e 2Bl
gy o0 ably SiyoSnsl Ayl il Jgle co 45 SlalS
Abd EI-AZIz ) 35 5955 (S yg8a] sl (y9) sls 4 s
.(; Sheteawi, 2007; Dolatabadian et al., 2008et al., 2006
SaliSs, alil e ol sl cde 4 S oSl sl (5L Jgloxe
g8 Gliee 4o ) g 0dd Jhag (Al el (g tmgid
slaasil U gl o) 45 (Fayed, 2010) soas e Ligl5él
ol il L S g8l dl )l cibillas pols yiagh

Total flavonoids JS 1553528 8 Total phenols JS J2

0.25 - - D.8
, .- g
02 - s _1
015 1 ¢ - 0.5 £} :Ef
04, 2
0.1 - % . | - 3
0.05 - \ s
\ F 0.1 =

0 g T 0

Confrol Ascorbic acid Oxalic acid

Nl Sy (D) JS B8 g adgighd g (a) JS w3 5 SWI55T sw! 9 St oS! ! _oaiily Jglome 51 -Y S
Figure 3- The effect of foliar application of ascorbic acid and oxalic acid on total sugars (a), total phenols and total flavonoids
(b) of strawberry leaf (LSD, p<0.05)
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Table 3- The effect of ascorbic acid and oxalic acid on some traits of strawberry fruit
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In each column, the means that have common letters do not have a statistically significant difference at the 5% of probability level
based on the LSD test.
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