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Abstract

effective treatment on the three tested cultivars.

Background and objective: Phenolic compounds are low molecular compounds present in all tissues of higher
plants and play an important role in plant development. A field experiment was carried out during two winter
seasons 2014/2015 and 2015/2016 to compare the role of benzoic, t-cinnamic, or salicylic acids on some growth
and biochemical parameters as well as the seed yield of three flax cultivars grown under sandy soil conditions.

Results: Results show the superiority of Blanka cultivar in some growth parameters, photosynthetic pigments,
indole acetic acid (IAA), phenolic contents, seed yield, and some yield components. Application of different
phenolic acids enhanced growth parameters, photosynthetic pigments, IAA, phenolic contents, seed yield, and yield
components as well as oil and carbohydrate percentages in the yielded seeds.

Conclusion: Salicylic acid was the most efficient phenolic acids in increasing most of the studied growth and yield
parameters via improving various studied biochemical parameters, where salicylic acid at 100 mg/I was the most
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Introduction

The flax (Linum usitatissimum L.) plant is one of the
most important oilseed and fiber crops in the world. In
Egypt, flax is grown as a dual purpose crop, ie., fiber
and seed oil (El Hariri et al. 2010). Flax seeds show a
very high antioxidant activity, and the main antioxidant
present in flax seed is ascorbic acid (Morris 2005). Flax
seeds have a high content of oil that is characterized by
the presence of essential fatty acids as omega 3, 6, and 9
groups of fatty acids for good health (Johnson et al.
2008). With huge increases in populations and a great
loss of agricultural soils due to desertification and ero-
sion problems, Egypt suffers from human oil shortage
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problem. So, it is necessary to increase the productivity
of oil seed plants as flax plant. Thus, reclaimed sandy
soil has gained great attention. Reclaimed sandy soil is
mostly exposed to different environmental stress condi-
tions such as nutrient shortage, low availability of water,
changes in temperature, and high irradiances. Thus, it is
important to increase plant tolerance to such conditions
through selecting tolerant genotypes and applying the
optimum cultural practices and/or treating seeds before
sowing or plants at different growth stages with some
growth regulators or antioxidant compounds that play
an important role for helping plants to overcome par-
tially the unfavorable conditions and avoid their negative
effects on crop yield quantity and quality. So flax pro-
duction can be increased by two means, either by hori-
zontal expansion (cultivation in newly reclaimed lands)
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Table 1 Mechanical, chemical, and nutritional analysis of the experimental soil
Mechanical Sand Silt 20-0 p % Clay <2p % Soil texture
analysis Course 2000-200 4% Fine 200-20 4 %

4746 36.19 12.86 4.28 Sandy
Chemical analysis pH EC CaCOs OM9% Soluble cations (meg/l) Soluble anions (meg/l)

125 dsm™! % . . . - _ _ _ _

Na K Mg Ca Co;5 HCO;4 cl SO,

825 0.11 09 09 0.7 0.02 0.1 03 0.0 0.2 038 0.12
Nutritional analysis. Available nutrients

Macro element (ppm) Micro element (ppm)

N P K Zn Fe Mn Cu

129 36 529 0.12 1.98 046 0.06

or by vertical expansion (using phenolic acids, amino
acids, vitamins, antioxidant, or growth regulators).
Phenolic compounds are considered as secondary plant
metabolites that are present in all tissues of higher plants,
play an important role as a signal molecule in certain sym-
biotic relationships, and act as defense molecules against
soil pests and pathogens (Makoi and Ndakidemi 2007).
Furthermore, these biomolecules may contribute to soil
and water conservation, weed management, and mineral
element nutrition. Benzoic acid, t-cinnamic acid, and sali-
cylic acid are phenolic acids; many investigators demon-
strated the role of these phenolic acids in improving plant
growth and productivity. They reported the synthesis of
large amounts of phenylpropanoid acids, mainly hydroxyl-
cinnamic acids and hydroxyl-benzoic acid (Dixon 2001).
In addition, benzoic acid and t-cinnamic acid is a key
intermediate in shikimate and phenylpropanoid pathways.
Shikimic acid is a precursor of many alkaloids, aromatic
amino acids, and indole derivatives. Benzoic acid is a bio-
synthetic precursor of salicylic acid and has been tested in
different crops (Raskin 1992). Benzoic acid is known to
provide abiotic stress tolerance (Senaratna et al., 2003). T-
cinnamic acid is used as a component of plant-derived fla-
vorings (Hoskins 1984). It belongs to the class of plant
growth regulator namely auxin, that regulate cell growth
and differentiation (Thimann 1969). Also, t-cinnamic acid

Table 2 Effect of cultivars on growth parameters of flax plants
grown under sandy soil conditions (data are means of two
seasons)

Parameters Cultivars LSD

Blanka Line-4 Giza-8 8*.(05
Shoot length (cm) 61.87 5233 6344 2.35
No. of basal branches/plant 2.70 294 1.57 0.18
Shoot fresh wt/plant (g) 9.88 548 769 133
Shoot dry wt/plant (g) 1.01 0.6 0.86 021
Root length (cm) 11.83 1245 13.00 041
Root fresh wt/plant (g) 1.25 0.73 1.09 0.12
Root dry wt/plant (g) 024 0.12 0.31 0.10

is present in a variety of secondary metabolites of phenyl-
propanoid biosynthetic origin (Epifano et al. 2007). Sali-
cylic acid (2-hydroxybenzoic acid) is an important signal
molecule involved in the improving of plant tolerance
against abiotic and biotic stresses and plays a crucial role
for the regulation of physiological and biochemical pro-
cesses (Saruhan and Kadioglu, 2012). Salicylic acid is con-
sidered a hormone-like endogenous regulator that affects
a range of diverse processes in plants, including seed ger-
mination, ion uptake and transport, membrane permeabil-
ity, and photosynthesis (Simaei et al. 2011). Effects of
salicylic acid on plants depend on its concentration, its
duration of treatment, its plant species, the age of the
plant, and the plant organ used for pretreatment (Shi et al.
2009). Additionally, salicylic acid is beneficial to the
utilization of carbon source, thus leading to significant in-
crease in the content of polysaccharides (Wang et al.
2010). Recently, salicylic acid has been studied as a signal
molecule mediating local and systemic defense responses
against different abiotic stresses (Sadak 2016).

Therefore, this study was undertaken to study the
physiological role of benzoic, t-cinnamic, and salicylic
acids on some growth parameters, yield quantity, and
quality of flax plant grown under sandy soil conditions.

Materials and methods

Two field experiments were carried out at Researches
and Production Station of National Research Centre, Al
Nubaria district El-Behira Governorate, Egypt, during
two successive winter seasons 2014/2015 and 2015/2016.
Soil of the experimental site was sandy soil. Mechanical,
chemical, and nutritional analysis of the experimental
soil is reported in Table 1 according to Chapman and
Pratt (1978).

The experimental design was a split-split plot design
with three replicates, where the flax cultivars (Blanka,
Line-4, and Giza-8) were in the main plots, while, phen-
olic acids (benzoic, t-cinnamic, or salicylic acids) occu-
pied the sub plots and the concentrations (0, 50, 75, and
100 mg/1) were allocated at random in sub-subplots. Flax
seed cultivars were sown on 17 November in both
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Table 3 Effect of cultivars on photosynthetic pigments, IAA, and phenolic contents of flax plants grown under sandy soil conditions

(data are means of two successive seasons)

Cultivars Chlorophyll a (mg/g FW) Chlorophyll b (mg/g FW) Carotenoids Total pigments IAA Phenolic content (mg/100 g FW)
(mg/g FW) (mg/g FW) (Mg/g FW)

Blanka 1.665 0614 0533 2812 47.37 10043

Line-4 1494 0.567 0485 2.546 3243 68.74

Giza-8 1.366 0.563 0416 2.345 47.01 100.03

LSD 0.05 0.135 0.023 0.041 0.120 0.67 142

seasons in rows 3.5m long and the distance between
rows was 20 cm apart, plot area was 10.5m? (3.0 m in
width and 3.5 m in length). The seeding rate was 2000
seeds/m”. Pre-sowing, 150 (kg/fed.) of calcium super-
phosphate (15.5% P,Os) was added. Nitrogen was ap-
plied after emergence in the form of ammonium nitrate
33.5% at rate of 75 kg/fed in five equal doses. Potassium
sulfate (48% K,O) was added at two equal doses of 50
kg/fed. Irrigation was carried out using the new sprinkler
irrigation system where water was added every 5 days.
Foliar application of different treatments of benzoic, t-
cinnamic, and salicylic acid at 0, 50, 75, and 100 mg/l
were applied twice after 30 and 45 days from sowing.
Plant samples were taken after 60 days from sowing for
measurements of growth parameters and some biochem-
ical parameters. Growth parameters in terms of shoot
length (cm), number of basal branches/plant, shoot fresh
and dry weight (g), root length (cm), and root fresh and
dry weight (g). Plant samples were dried in an electric
oven with drift fan at 70°C for 48h till constant dry
weight. At harvest, flax plants were pulled when signs of
full maturity appeared and then left on the ground to suit-
able complete drying. Capsules were removed carefully.
Plant height, technical stem length, fruiting zone length,
number of fruiting branches/plant, number of capsules/
plant, seed yield/plant, and biological yield/plant were re-
corded on random samples of ten guarded plants in each
plot. Also, seed yield/fed, straw yield/fed, seed 0il% and oil
yield/fed, and carbohydrates% were studied.

Biochemical analysis

Photosynthetic pigment contents (chlorophyll a and b
and carotenoids) in fresh leaves were estimated using
the method of Lichtenthaler and Buschmann (2001).

Indole acetic acid content was extracted and analyzed by
the method of Larsen et al. (1962). Total phenolic con-
tent was determined as described by Danil and George
(1972). Determination of total carbohydrates of seeds
was carried out according to Herbert et al. (1971). The
oil of flax seeds was extracted according to Kates and
Eberhardt (1957).

Statistical analysis

The analysis of variance for a split-split plot design was
carried out for each studied character in each season.
The combined analysis for data from the two seasons
was carried out for all aforementioned parameters ac-
cording to (Snedecor and Cochran, 1980) as the results
of two seasons followed a similar trend. Means were
compared by L.S.D. test at 0.05 probability level.

Results
Effect of cultivar differences on growth parameters,
biochemical constituents, yield, and yield components of
flax
Different growth parameters (shoot and root length
(cm), number of basal branches/plant, fresh and dry
weight of shoot and root (g)/plant as presented in Table
2) showed significant differences between means of flax
cultivars under study. Blanka cultivar significantly sur-
passed Line-4 and Giza-8 in shoot fresh and dry weight
as well as root fresh weight. Line-4 cultivar surpassed
the other two flax cultivars in number of basal
branches/plant. Moreover, Giza-8 cultivar surpassed the
two other cultivars on shoot length, root length, and
root dry weight/plant.

Results presented in Table 3 demonstrate the effect of
cultivars on photosynthetic pigments (chlorophyll a,

Table 4 Effect of cultivars on seed yield, its components, and oil and carbohydrate percentages of flax plants grown under sandy

soil conditions (data are means of two successive seasons)

Cultivars  Plant Fruiting Technical Biol. No. of No. of Seed yield/ 1000 Biol. Seed yield  Oil yield  Qil% Carbohydrate%
height  zone length length (cm)  yield/ fruiting capsules/ plant (g) Seeds wt.  yield (kg/fed) (kg/fed)
(cm) (cm) plant  branches/ plant (9 (ton/
(9 plant fed)
Blanka 76.03 26.77 49.26 1855 2153 103.23 538 7.67 3.033 52852 130.33 2466 2776
Line-4 75.02 26.36 48.66 1039 1419 61.71 3.07 7.73 3424 620.56 148.69 2396 29.88
Giza-8 8257 2824 54.33 892 10.70 4940 3.19 9.31 3.190 592.58 130.66 2205 32.06
LSD 2.55 133 1.50 2.19 213 5.66 0.25 0.1 0.18 27.58 0.0524 019 021

0.05
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Table 5 Effect of phenolic acid treatments on growth parameters of flax plants grown under sandy soil conditions (data are means

of two seasons)

Treatments  Shoot length  No. of basal Shoot fresh wt/ Shoot dry wt./ Root length  Root fresh wt/ Root dry wt./
(cm) branches plant (g) plant (g) (cm) plant (g) plant (g)

Benzoic acid  57.09 2.06 731 0.82 11.37 1.10 0.29

T-cinnamic ~ 56.89 225 753 0.76 11.99 093 0.15

acid

Salicylic acid 5642 2.06 7.2 0.77 1193 0.92 0.17

LSD g0s 032 0.05 0.12 0.03 0.05 0.02 0.01

chlorophyll b, carotenoids, and total photosynthetic pig-
ments). Results clearly show significant differences in
photosynthetic pigments between cultivars (Blanka,
Line-4, and Giza-8). Blanka cultivar surpassed Line-4
and Giza-8 cultivars as it gives the highest content of
photosynthetic pigment constituents.

The results reported in Table 3 show that there are sig-
nificant differences between cultivars on IAA and phenolic
contents of flax plants grown under sandy soil conditions.
IAA of Blanka and Giza-8 cultivars surpassed the Line-4
cultivar (47.37 and 47.01 pg/g FW) and phenolic contents
of Blanka and Giza-8 cultivars surpassed Line-4 cultivar
(100.43 and 100.03 mg/g FW) respectively.

Table 4 shows the effect of cultivars on seed yield, its
components, 0il%, and carbohydrate% of the three tested
cultivars; results clearly show the presence of marked differ-
ences between cultivars in seed yield and its components.
Blanka cultivar surpassed the two other cultivars in bio-
logical yield (18.55/plant g), number of branches (21.53),
and capsules/plant (103.23), seed vyield/plant (5.38), and
0il% (24.66). Meanwhile, Line-4 gave the highest biological
yield (3.42 ton/fed) and seed yield (620.56 kg/fed). Whereas,
Giza-8 cultivar was surpassed over the other two cultivars
in plant height (82.57 cm), fruiting zone length (28.24 cm),
technical length (54.33 cm), 1000 seeds weight (9.31 g), and
carbohydrate% (32.06%) of the yielded seeds.

Effect of benzoic, t-cinnamic, and salicylic acids on
growth parameters, biochemical constituents, seed yield,
and its components

Different phenolic acid treatment (benzoic acid, t-
cinnamic acid, and salicylic acid) effects on growth

parameters of flax plant are presented in Table 5. The
results show marked differences between different treat-
ments on growth parameters of flax plant.

Different phenolic acid treatments showed marked dif-
ferences in photosynthetic pigments, IAA, and phenolic
contents between treatments as presented in Table 6.

The results presented in Table 7 show that there were
marked differences among all treatments of benzoic, t-
cinnamic acid, and salicylic acids on all studied parame-
ters (seed vyield, yield components, 0il%, and carbohy-
drate%) of flax cultivars grown under sandy soil. Salicylic
acid gives the highest increases in plant height, fruiting
zone length, biological yield/plant, number of capsules/
plant, seed yield/plant, biological yield/fed, seed yield/
fed, oil yield/fed, oil%, and carbohydrate%. While ben-
zoic acid gave the highest technical shoot length, num-
ber of branches/plant, and 1000 seeds weight.

Effect of phenolic acid concentrations on growth
parameters, biochemical constituents, seed yield, and its
components

Effects of phenolic acid concentrations on growth pa-
rameters of flax plant are presented in Table 8. Data
show that different concentrations (50, 75, and 100 mg/)
caused significant increases in different growth criteria
of flax plant as compared with untreated control plant.
The most effective concentration was 75 mg/l in most
studied parameters.

The effect of different phenolic acid concentration (50,
75, and 100 mg/l) on photosynthetic pigments, indole
acetic acid (IAA), and phenolic contents of flax plant are
presented in Table 9. Treatment of flax plant with

Table 6 Effect of phenolic acid treatments on photosynthetic pigments, IAA and phenolic contents of flax plants grown under

sandy soil conditions (Data are means of two successive seasons)

Treatments Chlorophyll a (mg/g Chlorophyll b (mg/g Carotenoids Total IAA (Lg/g Phenolic content (mg/100 g
FW) FW) (mg/g FW)  pigments FW) FW)
(mg/g FW)
Benzoic acid 1513 0.547 0465 2524 3643 77.23
T-cinnamic 1435 0.532 0470 2436 3922 83.16
acid
Salicylic acid 1444 0.606 0464 2514 4201 89.06
LSD 0.05 0.011 0.037 0.033 0.010 1.020 215
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Table 7 Effect phenolic acid treatments on seed vyield, its components, and oil and carbohydrate percentages of flax plants grown
under sandy soil conditions (data are means of two successive seasons)

Treatments Plant  Fruiting Technical  Biol. No. of No. of Seed 1000 Biol. yield Seed QOil Oil%  Carbo%

height zone length yield/  branches/ capsules/  yield/ Seeds (ton/fed) yield (kg/ vyield

(cm)  length (cm) plant plant plant plant (@)  wt. (g) fed) Kg/

(cm) (9) fed

Benzoic 7936  27.89 5147 11.82 15.09 69.67 3.58 8.14 2968 509.57 11848 2325 29.68
acid
T-cinnamic 76.94  29.03 47.92 10.35 14.16 60.08 321 7.94 3.036 554.33 112.14 2023 29.07
acid
Salicylic 7994 3064 49.31 12.23 14.89 65.69 3.84 7.92 3.107 583.08 11807 2025 2967
acid
LSDgos 2.05 1.13 133 0.28 033 315 0.21 0.02 0.071 1533 1265 001 001

different phenolic acid concentrations caused significant
increases in photosynthetic pigments, IAA, and phenolic
contents as compared with untreated control plant.

The results presented in Table 10 show that different
phenolic acid concentrations increased significantly seed
yield and its components of flax cultivars grown under
sandy soil conditions as compared with control plants.
The most effective concentration was 75 mg/1.

Effect of cultivars and benzoic acid, t-cinnamic acid and
salicylic acid on growth parameters, biochemical
constituents, seed yield, and its components
Data presented in Table 11 show the effect of cultivars
(Blanka, Line-4 and Giza-8) and the used phenolic acids
(Benzoic, t-cinnamic and salicylic acids) on growth pa-
rameters. Data clearly show that Blanka cultivar shows
the superiority of salicylic acid treatment on shoot
length and dry weight, root length and fresh weight;
meanwhile, t-cinnamic acid was superior in increasing
shoot fresh weight and root dry weight. Moreover, Line-
4 shows the superiority of t-cinnamic acid on shoot
length, number of basal branches and shoot fresh weight
and root dry weight, while benzoic acid was superior in
root length and fresh weight. Finally, Giza-8 cultivar
shows the superiority of benzoic acid in number of basal
branches, shoot and root fresh and dry weight.

The effect of cultivars and different phenolic acids
used (benzoic, t-cinnamic, and salicylic acids) on photo-
synthetic pigments, indole acetic acid (IAA), and

phenolic contents of flax plant are presented in Table
12. Blanka cultivar shows the superiority of salicylic acid
treatment on photosynthetic pigments, IAA, and phen-
olic over the two used treatments (t-cinnamic and sali-
cylic acid). Meanwhile, the used treatments (benzoic, t-
cinnamic, and salicylic acid) caused various changes in
the other two cultivars (Line-4 and Giza-8) in different
studied parameters.

The changes in seed yield and its components of the
three cultivars of flax plant and foliar treatments with
benzoic acid, t-cinnamic acid, and salicylic acid are pre-
sented in Table 13. Cultivars and different phenolic acid
treatments show marked changes in seed yield and its
components; Blanka and Line-4 cultivars show the high-
est increases in biological yield (ton/fed), seed yield, and
oil yield (kg/fed) by salicylic acid treatment. Meanwhile,
Giza-8 cultivar shows the highest increase with t-
cinnamic treatment.

Effect of cultivars and phenolic acid concentrations on
growth parameters, biochemical constituents, seed yield,
and its components

The effect of three cultivars and different phenolic acid
concentrations on growth parameters of flax plant are
presented in Table 14. Data show marked and significant
increases of different growth parameters of the tested
flax cultivars as compared with untreated control plants.
Seventy-five milligrams per liter concentration was the
most effective concentration in general in increasing

Table 8 Effect of concentrations on growth criteria of flax plants grown under sandy soil conditions (data are means of two

seasons)

Concentrations Shoot length  No. of basal Shoot fresh wt/ Shoot dry wt/ Root length  Root fresh wt/ Root dry wt/
(mg/1) (cm) branches plant (g) plant (g) (cm) plant (g) plant (g)
Control 4411 1.56 493 0.57 8.11 067 0.09

50 56.93 222 711 0.77 1244 091 0.21

75 63.70 241 862 092 13.52 117 025

100 6245 2.29 863 0.87 12.98 117 0.26

LSDoos 103 0.11 021 005 0.13 003 001
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Table 9 Effect of phenolic acid concentrations on photosynthetic pigments, IAA, and phenolic contents of flax plants grown under

sandy soil conditions (data are means of two successive seasons)

Concentrations (mg/L) Chlorophyll a (mg/g FW) Chlorophyll b (mg/g FW) Carotenoids Total pigments IAA Phenolic content (mg/100 g FW)
(mg/g FW) (mg/g FW) (hg/g FW)

Control 1.192 0445 0391 2028 2347 49.76

50 1.506 0.559 0453 2518 35.74 75.76

75 1.561 0.602 0.503 2.666 4949 104.60

100 1.596 0.639 0.519 2.754 48.18 10247

LSD 0.05 0.022 0.031 0015 0.1 1.150 1.060

different growth parameters of Blanka cultivar. On the
other hand, 100 mg/l was the most effective concentra-
tion in Line-4 and Giza-8 cultivars in most studied
growth parameters.

The effect of cultivars and different phenolic acid concen-
trations used (0.0, 50, 75, and 100 mg/l) on photosynthetic
pigments, indole acetic acid (IAA), and phenolic contents
of flax plant are presented in Table 15. Blanka and Line-4
cultivars show that 100 mg/] was the most effective concen-
tration on increasing different photosynthetic pigment con-
stituents, IAA, and phenolic contents compared with the
other used treatments. Meanwhile, 75 mg/l was the most
effective concentration on Giza-8 photosynthetic pigments,
while 100 mg/l was most effective on increasing IAA and
phenolic contents over the two other concentrations.

The results reported in Table 16 show that there were
significant increases of different studied characters (seed
yield, yield components, 0il%, and carbohydrate%) of three
flax cultivars with 50, 75, and 100 mg/] treatments com-
pared with those untreated plants. Seventy-five milligrams
per liter was the most effective concentration in increasing
most of the studied yield parameters of Blanka and Line-4
cultivars; meanwhile, the highest increases of Giza-8 culti-
var was obtained in some parameter by 75 mg/l and others
by 100 mg/l compared with control plants.

Effect of benzoic acid, t-cinnamic acid and salicylic acid
levels on growth parameters, biochemical constituents,
seed yield, and its components

The effect of foliar treatment with benzoic acid, t-
cinnamic acid, and salicylic acid on growth parameters
(shoot and root length, number of basal branches/plant,

fresh and dry weight of shoot and root) of flax plant are
presented in Table 17. The results show that different
treatments significantly increased growth parameters of
flax plant. Seventy-five milligrams per liter of benzoic
and t-cinnamic acids were more effective than 50 and
100 mg/1 of both acids; meanwhile, 100 mg/! of salicylic
acid was more effective than 50 and 75 mg/l. Benzoic
acid treatment at 75 mg/l was the most effective treat-
ment on shoot length and fresh and dry weight of shoot.
Meanwhile, 100 mg/l salicylic was the most effective
treatment on root length and fresh and dry weight of
root.

Regarding photosynthetic pigments, indole acetic acid
(IAA), and phenolic contents, different treatments
caused significant increases in photosynthetic pigments,
IAA, and phenolic contents (Table 18). Seventy-five mil-
ligrams per liter benzoic acid and t-cinnamic acid was
more effective than 50 and 100 mg/l, while 100 mg/1 sali-
cylic acid was the most effective concentration. In
addition, salicylic acid at 100 mg/l was the most effective
treatment on chlorophyll b, carotenoids, total pigments,
IAA, and phenolic contents; Meanwhile, benzoic acid at
75 mg/l concentration was the most effective concentra-
tion on chlorophyll a.

The results presented in Table 19 show that there were
significant differences among all treatments of all stud-
ied characters (seed vyield, yield components, 0il%, and
carbohydrate%) of flax cultivars grown under sandy soil.
Both benzoic acid and t-cinnamic acid at 75 mg/l were
more effective than 50 and 100 mg/] of both benzoic and
t-cinnamic acid, meanwhile, 100 mg/l was the most ef-
fective treatment of salicylic acid. Data indicated that the

Table 10 Effect phenolic acid concentrations on seed yield, its components, and oil and carbohydrate percentages of flax plants
grown under sandy soil conditions (data are means of two successive seasons)

Conc Plant Fruiting Technical Biol. No. of No. of Seed yield/ 1000 Biol. yield  Seed yield OQilyield  Qil% Carbo%
(mg/L)  height  zone length length (cm)  yield/ branches/ capsules/ plant (g) Seeds wt.  (ton/fed) (kg/fed) (kg/fed)

(cm) (cm) plant plant plant ()

@)

Control  68.11 2278 4533 573 10.89 33.66 1.85 6.78 2143 391.20 8290 2119 2732
50 7822 2737 50.85 10.33 11.62 49.15 270 777 2.790 523.89 119.87 2288 2965
75 85.55 34.15 5141 16.27 19.85 94.90 495 8.88 3676 64897 134.08 2066 30.70
100 83.11 3245 50.66 13.55 16.48 82.89 467 855 3.538 63192 127.90 2024 3021
LSD 205 1.20 0.27 112 1.03 5.02 0.23 0.18 0.123 13.75 8.26 031 035

0.05




Dawood et al. Bulletin of the National Research Centre

(2019) 43:112

Page 7 of 16

Table 11 Effect of cultivars and benzoic, t-cinnamic, and salicylic acids on growth parameters of flax plants grown under sandy soil

conditions (data are means of two successive seasons)

Cultivars Materials  Shoot length  No. of basal Shoot fresh wt/ Shoot dry wt/ Root length  Root fresh wt/ Root dry wt/
(cm) branches plant (g) plant (g) (cm) plant (g) plant (g)
Blanka  Benzoic = 59.92 3.00 9.26 1.00 9.08 1.25 0.23
T- 62.11 2.89 1033 0.90 13.28 1.17 0.27
cinnamic
Salicylic  64.22 211 1027 113 14.05 133 023
Line-4  Benzoic 49.17 2.50 455 0.52 13.13 0.80 0.12
T- 56.22 3.56 647 0.65 10.89 0.70 0.13
cinnamic
Salicylic 5267 2.89 5.72 0.66 13.11 0.66 0.12
Giza-8 Benzoic 6142 1.94 812 0.90 11.92 118 0.53
t- 63.11 1.78 6.82 0.78 14.67 097 045
Cinnamic
Salicylic 6645 1.67 797 0.87 1278 1.09 051
LSD 0.05 1.22 0.33 0.51 0.23 0.55 0.08 0.05

highest seed yield (723.73 kg/fed), biological yield (3.880
ton/fed), seed vyield/plant (6.09g), and plant height
(88.66 cm) were obtained at 100 mg/l salicylic acid.
Meanwhile, foliar treatment with benzoic acid at 75 mg/1
was the most effective treatment in fruiting zone length
(33.67 cm), technical length (53.44 cm), biological yield/
plant (17.01 g), number of capsules/plant (101.70), and
1000 seeds weight (9.45 g) in addition to 0il% (25.09%)
and carbohydrate% (30.95%). While 75 mg/] t-cinnamic
acid shows the highest number of branches/plant (21).

Effect of interaction between flax cultivars and benzoic, t-
cinnamic or salicylic acids on growth parameters,
biochemical constituents, seed yield, and its components
The data presented in Tables 20, 21 and 22 show the
interaction effects between cultivars and different treat-
ments at different concentrations (benzoic, t-cinnamic,

and salicylic acids) on different growth parameters, some
biochemical constituents, and seed yield. Different treat-
ment increased significantly all the studied growth pa-
rameters as compared with their corresponding controls
of the three flax cultivars Blanka, Line-4, and Giza-8.
Data presented in Tables 20, 21 and 22 show the promo-
tive effects of different concentrations of the tested
phenolic acids on the three flax cultivars.

Data presented in Table 21 reveal the significant in-
creases in response to the interaction between flax culti-
vars and foliar treatments at different concentrations of
benzoic, t-cinnamic, and salicylic acids. Blanka cultivar
treated with 100 mg/1 salicylic acid was the most effect-
ive treatment on chlorophyll b and total pigments, while
foliar treatment at 75 mg/l gave the highest increases in
chlorophyll a and carotenoid content as compared with
untreated control plant. Meanwhile, in Line-4, salicylic

Table 12 Effect of cultivars and benzoic, t-cinnamic, and salicylic acids on photosynthetic pigments, IAA, and phenolic contents of
flax plants grown under sandy soil conditions (data are means of two successive seasons)

Cultivars Materials Chlorophyll a Chlorophyll b Carotenoids Total pigments IAA Phenolic
irora o e
FW) g Fw)
Blanka Benzoic a 1.726 0.598 0.540 2.864 43.19 91.55
T-cinnamic 1498 0.503 0499 2.500 49.52 104.98
Salicylic 1.751 0.747 0.557 3.055 5061 107.29
Line-4 Benzoic 1434 0486 0464 2.383 2843 60.27
T-cinnamic 1.507 0.667 0482 2657 39.64 84.04
Salicylic 1.562 0.575 0.517 2653 30.54 64.75
Giza-8 Benzoic 1.378 0.557 0.392 2.326 37.68 79.88
T-cinnamic 1.326 0.563 0426 2316 54.31 115.14
Salicylic 1.391 0572 0438 2401 53.37 113.14
LSD 0.05 0.11 0.05 0.03 0.13 1.21 2.15
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Table 14 Effect of cultivars and phenolic acid concentrations on growth parameters of flax plants grown under sandy soil

conditions (data are means of two successive seasons)

Cultivars  Concentrations  Shoot length  No. of basal Shoot fresh wt/  Shoot dry wt/ Root length  Root fresh wt/ Root dry wt/

mg/I (cm) branches plant (g) plant (g) (cm) plant (g) plant (g)
Blanka  Control 48.00 167 6.90 0.79 6.00 0.88 0.15

50 62.00 256 9.50 1.04 1217 1.25 025

75 66.11 3.1 1048 112 13.00 1.21 0.27

100 62.11 278 1067 093 12.28 142 023
Line-4  Control 3833 2.00 330 040 967 052 0.05

50 5045 2.89 511 049 12.06 0.65 0.10

75 5333 345 5.84 067 12.89 0.72 0.14

100 57.89 278 6.21 0.71 1333 0.88 0.14
Giza-8 Control 46.00 1.00 4.60 0.51 867 061 0.07

50 5811 1.33 6.34 0.75 12.44 0.83 091

75 6767 2.03 874 0.94 14.66 1.19 1.00

100 70.33 2.33 9.00 1.00 13.33 141 0.93
LSD 0.05 1.79 0.21 040 0.15 0.51 0.19 0.08

acid at 100 mg/l was the most effective treatment on
photosynthetic pigments. In addition, t-cinnamic at 75
mg/l was the most effective treatment on chlorophyll a,
carotenoids, and total pigments of cultivar Giza-8. While
100 mg/1 salicylic acid was the most effective treatment
on chlorophyll b compared with control plants.

Data in Table 22 indicate that there are significant
effects of all interactions between flax cultivars
(Blanka, Line-4, and Giza-8) and benzoic, t-cinnamic,
and salicylic acids at different concentrations. Results
indicate that the highest seed vyield (15.83 g/plant),
biological yield (4.05ton/fed), number of capsules/

plant (89.33), and tallest plants (93.33 cm) were ob-
tained at 100 mg/l salicylic acid with blanka cultivar.
Meanwhile, benzoic acid at 75mg/l gave the highest
increments in biological yield/plant (29.40 g), number
of fruiting branches/plant (34.33), fruiting zone length
(41.33 cm), and oil seed (% 27.14) of blanka cultivar,
whereas benzoic acid at 50 mg/l with Giza-8 cultivar
recorded the highest technical length (59.00 cm). The
heaviest 1000 seeds (10.09) recorded by interaction of
Giza-8 with benzoic acid at 75 mg/l. The highest seed
yield (741.6 kg/fed) recorded by giza-8 and 100 mg/l
salicylic acid; finally, treatment of the interaction

Table 15 Effect of cultivars and phenolic acid concentrations on photosynthetic pigments, IAA, and phenolic content of flax plants
grown under sandy soil conditions (data are means of two successive seasons)

Cultivars Concentrations Chlorophyll a Chlorophyll b Carotenoids Total pigments IAA Phenolic

alo b e

FW) g Fw)

Blanka Control 1.31 043 042 2.16 27.67 58.65

50 1.58 0.56 0.52 265 4284 90.82

75 1.68 0.66 0.55 2.89 51.08 10807

100 1.86 0.69 057 3.1 54.57 11590
Line-4 Control 1.26 046 041 2.13 18.50 39.22

50 1.39 0.54 042 236 26.56 56.30

75 1.56 0.55 049 260 35.72 7572

100 1.60 0.65 057 2.82 39.65 84.05
Giza-8 Control 1.01 044 0.35 1.80 2425 5141

50 1.45 0.55 0.39 2.38 37.81 80.16

75 144 0.60 046 2.51 52.68 111.69

100 133 0.58 042 233 59.34 125.80
LSD 0.05 0.05 0.13 0.11 0.17 1.30 3.85
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Table 16 Effect of cultivars and phenolic acid concentrations on seed yield and its components of flax plants grown
soil conditions (data are means of two successive seasons)
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under sandy

Cultivars Conc  Plant  Fruiting ~ Technical  Biol. No. of No. of Seed 1000 Biol. Seed Oil% Carbohydrates%
mg/l  height zone length yield/  branches/ capsules/ yield/ Seeds yield yield
(cm) length (cm) plant plant plant plant (g) wt. (g) (ton/fed)  (kg/fed)
(cm) ()}
Blanka 00 7167 2567 46.00 9.93 15.67 4333 3.24 595 1.840 304.00 2254 2550
50 84.11 3389 50.22 1551 1700 60.11 452 730 2453 46373 2430 27.08
75 89.11  36.68 5243 2338 2800 73.22 565 848 3.810 630.13 26.00 2881
100 8433 3477 49.56 2029 2155 74.00 424 7.80 3.233 566.53 2440 28.15
Line-4 00 6133  23.00 3833 6.80 1133 4433 4.25 6.28 2630 47840 2162 2804
50 7145 2467 46.78 9.30 11.40 53.67 565 7.28 3.053 57712 23.16 29.76
75 7933 2978 49.55 1320 1733 70.04 5.62 8.25 3787 65833 2503 3061
100 7889 2800 50.89 9.84 1478 67.22 5.12 8.15 3.697 67363 2446 2990
Giza-8 0.0 7133 2067 50.66 6.47 567 1333 412 8.10 1.960 391.20 1942 2843
50 8044 2522 55.23 9.83 645 33.67 6.24 8.74 2.863 53080 2121 3211
75 84.89 3090 53.98 1623 14.22 63.11 713 991 3433 65845 2295 3268
100 86.11 3111 55.00 1417 13.11 63.44 7.32 9.69 3.683 655.60 2287 3259
LSD 0.05 205 115 225 133 1.50 3.25 025 0.04 0310 30.10 021 025

between benzoic acid 100 mg/l with Giza-8 gave the
highest carbohydrates 33.67%.

Discussion

The collected data demonstrated the significant effect
of cultivars on different growth parameters (shoot and
root length (cm), number of basal branches/plant,
fresh and dry weight of shoot and root (g)) (Table 2)
and photosynthetic pigments (chlorophyll a, chloro-
phyll b, carotenoids and total pigments) (Table 3) as
well as seed yield, its components, 0il%, and carbohy-
drate% of the three tested cultivars (Table 4). The su-
periority of Blanka cultivar on yield and its
components might be due to the highest values of

photosynthetic pigments (chlorophyll a, chlorophyll b,
carotenoids, and consequently total pigments). These
increases might be due to the increased rate of
quenching of chlorophyll fluorescence, which mark-
edly increased plant biomass, and this steady state
was greater than the other two cultivars. Moreover,
the superiority of this cultivar might be due to the
superiority in plant height, fruiting zone length,
branches and capsules number/plant, seed yield/plant.
These obtained results were in accordance with those
obtained by Dubey (2001), Kineber and El-Sayed
(2004), Kineber et al. (2006), Khalifa et al. (2011),
Afifi et al. (2014) and Bakhoum et al. (2019) in many
regions of growing flax in the world. The presence of

Table 17 Effect of benzoic, t-cinnamic, and salicylic acids levels on growth parameters of flax plants grown under sandy soil

conditions (data are means of two successive seasons)

Treatments Shoot length  No. of basal Shoot fresh wt/ Shoot dry wt/ Root length  Root fresh wt/ Root dry wt/
(cm) branches plant (g) plant (g) (cm) plant (g) plant (g)

Control 4411 1.56 493 057 811 067 0.09
Benzoic 50 5745 2.00 731 0.79 1161 102 033
acid 75 6622 233 9.16 104 1322 137 0.40

100 60.56 233 7.85 087 12,55 135 035
T-cinnamic 50 5644 256 733 082 1322 078 0.16
acid 75 6500 267 8.94 091 14.78 123 020

100 62,00 222 893 073 11.83 102 0.13
Salicylic 50 5689 211 6.70 0.70 12.50 0.94 0.15
acid 75 5989 222 776 082 1255 092 0.14

100 6478 233 9.10 1.00 14.56 113 029
LSD 005 278 0.15 035 011 041 0.16 0.05
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Table 18 Effect of benzoic, t-cinnamic, and salicylic acids levels on some biochemical constituents of flax plants grown under sandy

soil conditions (data are means of two successive seasons)

Treatments Chlorophyll a (mg/g Chlorophyll b (mg/g Carotenoids (mg/g Total pigments (mg/  IAA (ug/g  Phenolic content (mg/100
FW) FW) FW) g FwW) FW) g FW)
Control 1.192 0445 0.391 2028 2347 49.76
Benzoic acid 50 1.585 0.556 0448 2589 3479 7374
75 1679 0.595 0528 2.802 46.23 9741
100 1.594 0.591 0493 2678 4123 88.00
T-cinnamic 50 1473 0532 0461 2466 34.82 73.82
acid 75 1545 0.560 0.529 2634 50.83 107.41
100 1.529 0.589 0.500 2617 47.77 101.64
Salicylic acid 50 1460 0.589 0450 2.500 37.60 79.71
75 1458 0.652 0451 2.562 5141 108.99
100 1.666 0.737 0.564 2967 55.55 117.77
LSD at 0.05 0.10 0.103 0.10 0.113 122 265

variability among Blanka, Line-4, and Giza-8 cultivars
might be expected due to the difference of these cul-
tivars in origin, growth habit, the high diversity in
genetic constituent, and the environmental conditions
of investigated cultivars under sandy soils (Bakhoum
et al. 2019).

Regarding the positive effect of benzoic, t-cinnamic,
and salicylic acids on growth parameters, some bio-
chemical constituents, seed yield, and its components of
three flax cultivars, it is clear that the obtained data were
in good agreement with those obtained by Abd El-
Hamid and Sadak (2012), Bakry et al. (2012) and
Dawood et al. (2012) using salicylic acid on flax and sun-
flower plants, Sadak et al. (2013) using benzoic and sali-
cylic acids on soybean plant, Talaat et al. (2014) using
benzoic, t-cinnamic and salicylic acids on khella plant,
Sadak et al. (2015) using t-cinnamic acid on roselle

plant, EI-Awadi et al. (2016) using t-cinnamic, and ben-
zoic acids on lupine plant and Abd elkader et al. (2018)
using salicylic acid on Nigella sativa plant. Crop prod-
uctivity improvement by exogenous treatment with some
effective growth regulators was an effective technique.
Salicylic acid and its precursor’s benzoic acid and t-
cinnamic acids had been reported to induce significant
effects on various biochemical aspects of plant. The ef-
fect of these compounds was through enhancing certain
processes and inhibiting others (Raskin 1992). The en-
hancement effect of benzoic, t-cinnamic, and salicylic
acid on growth criteria might be attributed to the en-
hancement effect of these compounds on photosynthe-
sizing tissue. Moreover, the increases in dry weight of
flax plant could be due to the increases in shoot length
and number of branches/plant that led to increases in
photosynthetic processes. In addition, the stimulatory

Table 19 Effect of benzoic, t-cinnamic and salicylic acids on seed yield, biological yield and its related characters of flax plants
grown under sandy soil conditions (data are means of two successive seasons)

Treatments Plant Fruiting Technical  Biol. No. of No. of Seed 1000 Biol. Seed Seed Oil% Carbo
height  zone length yield/ branches/ capsules/ yield/ Seeds  yield yield yield %
(cm) length (cm) plant plant plant plant (g) wt. (g)  (ton/ (kg/fed)  (kg/fed)
(cm) (9) fed)
Control 68.11 22.78 4533 573 10.89 33.66 1.85 6.78 2.143 39120 8290 2119 2732
Benzoic 50 7956 2545 54.11 1249 13.89 52.78 2.72 7.76 2693 47520 10735 2259 2952
acid 75 8711 33.67 53.44 17.01 20.78 101.70 555 945 3.683 627.73 15750 2509 3093
100 82.67 29.67 53.00 12.05 14.78 90.55 4.21 8.55 3353 54416 13136 2414 3093
t- 50 7444 27.33 47.11 6.59 9.29 37.33 2.10 8.00 2.767 543.07 124.31 2289 29.24
acgi”(;‘amic 75 8722 3522 5200 1648 2100 9100 515 867 3853 65519 16078 2454 3032
100 78.00 30.78 4722 12,61 1544 7833 3.72 8.29 3.380 62787 7729 1231 2940
Salicylic 50 8067 29.33 51.34 11.90 11.67 57.33 3.27 7.55 2910 55339 12822 2317 3019
acid 75 8233 33.55 48.78 1532 17.78 92.00 414 852 3493 66400 8194 1234 3085
100 88.66 36.89 5177 15.98 19.22 79.78 6.09 8.81 3.880 72373 17572 2428 3031
LSD 0.05 3.15 2.55 3.05 037 2.17 4.15 0.18 0.13 0.330 2217 7.53 034 038
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Table 20 Effect of interaction between benzoic, t-cinnamic, and salicylic acids on growth parameters of flax varieties grown under

sandy soil conditions (data are means of two successive seasons)

Cultivars  Treatments (mg/ Shoot length  No. of basal Shoot fresh wt/  Shoot dry wt/ Root length  Root fresh wt/ Root dry wt/
L) (cm) branches plant (g) plant (g) (cm) plant (g) plant (g)
Blanka  Control 4800 167 6.90 0.79 6.00 088 0.15
Benzoic 50 6367 3.00 10.13 1.08 8.00 108 023
acid 75 6633 433 11.02 115 1033 136 025
100 6167 3.00 9.00 096 12.00 168 0.29
T-cinnamic 50 61.00 367 9.15 098 13.00 1.00 0.26
acid 75 69.00 333 11.05 122 1633 114 038
100 5633 167 1078 049 1050 138 0.16
Saliylic 50 6133 1.00 921 105 1550 166 027
acid 75 6300 167 936 098 1233 113 017
100 6833 367 1223 135 1433 119 0.24
Line4  Control 3833 2.00 330 040 967 052 005
Benzoic 50 50.00 267 449 044 1450 085 0.11
acid 75 5367 267 558 0.70 15.00 0.94 0.16
100 5467 267 483 0.54 1333 0.89 0.15
T-cinnamic 50 4867 3.00 460 055 1167 058 0.1
acid 75 4933 3.00 575 066 1367 060 0.12
100 60.00 267 6.82 076 14.00 0.79 0.12
Saliylic 50 5267 3.00 6.24 049 10,00 053 0.09
acid 75 57.00 467 6.20 064 10,00 062 013
100 59,00 3.00 6.97 083 1267 095 0.16
Giza-8  Control 46.00 1.00 460 051 867 061 007
Benzoic 50 5867 167 730 085 1233 113 0.64
acid 75 7567 276 10.87 114 1433 1.52 0.80
100 6533 233 972 111 1233 147 0,60
T-cinnamic 50 59.00 1.00 7.09 082 13.00 0.74 110
acid 75 6767 167 762 085 1433 104 110
100 7267 233 9.19 095 11.00 149 112
Saliylic 50 5667 133 464 057 12.00 063 098
acid 75 5967 167 773 0.84 1533 1.01 111
100 73.00 233 809 093 1667 126 106
LSD 005 303 021 037 0.18 062 012 003

effects of salicylic acid and its precursor’s benzoic and t-
cinnamic acids on different studied growth criteria
might be due to the bioregulator effects on different bio-
chemical and physiological processes in plants like ion
uptake, cell elongation, cell differentiation, sink/source
regulation, activities of different enzymes, photosynthetic
pigments, and protein synthesis (Blokhina et al. 2003).
The increases in photosynthetic pigment contents of the
three tested flax cultivars might be due to the enhance-
ment in its synthesis and/or retardation of pigment deg-
radation (Bakry et al. 2012). In addition, the potent
effects of particularly salicylic acid and its precursors’
benzoic acid and t-cinnamic acid could be ascribed to

the reduction in chlorophyll loss due to its ability to in-
crease the antioxidant capacity of the plants or inducing
the synthesis of stabilizing substances (Ne meth et al
2008). In addition, the enhancing effects of different
treatments on photosynthetic capacity could be attrib-
uted to its stimulatory effects on Rubisco activity and
pigment contents (Szepesi et al. 2005) and CO, assimila-
tion, rate of photosynthesis, and mineral uptake incre-
ments (Bakry et al. 2012). The increases in IAA as a
plant growth regulator in response to different treat-
ments might be attributed to the increases in its biosyn-
thesis and/or decreases in its degradation and
conjugation. The increases in phenolic contents in plants
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Table 21 Effect of interaction between benzoic, t-cinnamic and salicylic acids on photosynthetic pigments, IAA and phenolic
contents of flax cultivars grown under sandy soil conditions (data are means of two successive seasons)

Cultivars Treatments Chlorophyll a Chlorophyll b Carotenoids Total pigments IAA Phenolic
(mo/g P ol
FW)
Blanka Control 1313 0433 0415 2.161 2767 58.65
Benzoic acid 50 1.653 0.591 0.550 2.79%4 43.75 9275
75 1.988 0.662 0.641 3.291 48.02 101.79
100 1.950 0.704 0.555 3.209 53.30 113.00
T-cinnamic acid 50 1.381 0491 0453 2325 4242 89.92
75 1.406 0514 0477 2.396 51.75 109.71
100 1.707 0.504 0.568 2.779 54.39 115.30
Salicylic acid 50 1.711 0.584 0.543 2.838 42.35 89.78
75 1632 0.807 0.545 2.985 5347 11271
100 1910 0.850 0.583 3.343 56.02 119.39
Line-4 Control 1.257 0462 0407 2.126 18.50 39.22
Benzoic acid 50 1.541 0489 0.506 2536 2536 53.76
75 1.602 0.537 0492 2631 3544 7512
100 1334 0457 0449 2.240 3442 72.96
T-cinnamic acid 50 1.326 0481 0425 2232 24.75 5247
75 1616 0.573 0.534 2.723 30.75 65.19
100 1.743 0.671 0.591 3.004 36.13 76.60
Salicylic acid 50 1316 0.649 0337 2.303 29.56 62.67
75 1473 0.530 0443 2447 40.97 86.85
100 1.733 0.823 0.666 3222 4840 102.60
Giza-8 Control 1.006 0439 0.351 1.796 24.25 5141
Benzoic acid 50 1.560 0.589 0.289 2438 3525 74.72
75 1447 0.585 0452 2484 40.25 85.33
100 1498 0613 0475 2.585 5097 108.05
T-cinnamic acid 50 1422 0.531 0397 2.351 37.30 79.08
75 1614 0.593 0.576 2.783 61.00 129.32
100 1.137 0593 0.340 2.069 61.80 131.02
Salicylic acid 50 1.354 0.535 0470 2.359 40.89 86.68
75 1.269 0618 0.365 2.253 56.80 12042
100 1.356 0537 0443 2335 65.25 13833
LSD 0.05 0.1 0.071 0.053 0.125 2.23 4.72
treated with different concentrations of benzoic, t- agreed with the increase in IAA contents and led to the

cinnamic, and salicylic acid might be due to the phenolic
nature of these compounds (Sadak et al. 2013). There-
fore, it could be expected that their application on plants
increased phenolic concentration as previously men-
tioned by Bakry et al. (2012) on linseed, Sadak et al.
(2013) on soybean, and El-Awadi et al. (2016) on lupine
plant. These increases in total phenolic content might be
due to the increase in the synthesis of carbohydrate
(Sadak et al. 2013). In addition, Bakry et al. (2012)
showed that the increase in total phenolic contents was

suggestion that most of phenolic compounds are diphe-
nols and polyphenols which may inhibit IAA oxidase ac-
tivity and leading to auxin accumulation and reflected in
stimulating the growth and yield of plant. The increases
in seed yield and its components could be resulted from
the effect of different treatments on growth and develop-
ment, and these might be due to the increase in growth,
photosynthetic pigment contents that might lead to in-
creases in the photosynthesis process resulting in greater
transfer of photo-assimilates to seeds and causing
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increases in their weights. Moreover, the results show
that the different treatment increased 0il% and carbohy-
drate% of the yielded seeds. The enhancing effects of dif-
ferent treatments might be due to their effect on activity
of different enzymes and translocation of the metabolites
to the yielded seeds. In addition, the increases in oil%
may be due to the increase in vegetative growth and nu-
trient uptake (Bukhsh et al. 2009 and Anjum et al. 2013)
. Moreover, the promotive effect of benzoic acid and t-
cinnamic acid which are precursors of salicylic acid
might be attributed to their bioregulator effects on
physiological and biochemical processes in plants. Sadak
et al. (2013) stated that benzoic acid treatment increased
growth parameters and photosynthetic pigments of soy-
bean plant. El-Awadi et al. (2016) reported that foliar
treatment of t-cinnamic acid and benzoic acid enhanced
the vegetative growth termis plants, especially at
100 uM. The enhancing effect of different treatments on
yield quantity and quality might be due to their effect on
activity of different enzymes and translocation of the
metabolites to the yielded seeds.

Conclusion
It could be concluded that different concentrations of
benzoic acid, t-cinnamic acid, and salicylic acid caused
significant increases in different growth parameters, seed
yield quality, and quantity via improving some biochem-
ical aspects.
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IAA: Indole acetic acid
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