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Effect of Exogenous Application of Salicylic Acid, Potassium Nitrate
and Methanol on Canola Growth and Phenology under Different
Moisture Regimes
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Abstract | Canola (Brassica napus L.) is a rich source of vegetable oil. Its production is often limited by
shortage of water during reproductive stages. Salicylic acid, potassium nitrate and methanol are considered to
induce drought tolerance in plants. Field trials were conducted at Agricultural Research Institute Tarnab, Pe-
shawar-Pakistan to study the effects of moisture stress and foliar application of chemicals at different growth
stages on canola growth and phenology during 2015-16 and 2016-17. The experiment comprised of four
moisture levels (optimum water, 10%, 20% and 30% reduced irrigation water), three chemicals (salicylic acid
0.5mM, potassium nitrate KNO, 1% and methanol 20% v/v basis) applied at three different stages (bud for-
mation, 20% flowering and 20% pod formation). The experiment was laid out in RCB design with split plot
arrangement having three replications. Moisture levels were allotted to main plot while treatments (applica-
tion of chemicals at different growth stages and water spray) to sub plot. Chemicals were sprayed in solution
form on the leaves of the canola plants. Results indicated that reducing irrigation water shortened days to 50%
flowering (103 days), days to 50% pod formation (120 days) and days to maturity (161 days). Optimum water
supply delayed days to flowering (107 days), days to pod formation (122 days) and days to maturity (166 days).
Moisture stress reduced number of branches plant™(5.6) and leaves plant™ (12.8). Application of salicylic acid
(SA) at the rate of 0.5mM improved number of branches (6.34), leaves (13.69) and delayed phenological stag-
es of canola compared to KNO,, methanol, water spray and control (no spray). Application of salicylic acid at
bud formation stage increased number of branches plant™ (6.37), leaves plant™ (13.89) and delayed maturity
(163.9 days). Aphids incidence decreased with 30% reduced irrigation water (37 aphids plant™). Application
of salicylic acid also decreased aphids incidence (47.31 aphids plant™) compared to control. It is concluded
that limited water supply affected canola growth and maturity. Salicylic acid was more effective than potassi-
um nitrate, methanol and water spray in improving growth of canola under optimum and limited water supply.
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Introduction 40-46% quality oil. Its meal has 38-40% proteins
with essential amino acids lysine, methionine and

Canola (Brassica napus L.) is the third major cystine. It is an important oilseed crop of Pakistan
source of edible oil in the world after soybean cultivated in both irrigated and rain-fed areas of the

and palm oil (Reyes, 2007). Canola seed contains country (Amjad, 2014). Canola is mostly grown un-
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der rain-fed farming systems, its production under
irrigated farming is also common in many parts of

the world including Australia (McCaffery, 2004).

Abiotic stresses like drought, salinity, high and low
temperature adversely affects plant growth and pro-
ductivity of crops. Abiotic stress cause crop loss-
es worldwide and reduce the average yield of major
crops more than 50% (Rodrigez et al., 2005). Among
abiotic factors the availability of water is the most im-
portant factor which affect crop productivity. Growth
and seed oil content of canola increase with the
amount of water received (Canola Council of Cana-
da, 2008). Moisture stress in canola reduces yield dur-
ing many developmental stages. The negative effects
of stress are more severe during flowering and silique
development (Sinaki et al., 2007). Water stress affects
both vegetative and reproductive stages of canola.
The adverse effects of water stress in canola are more
severe during reproductive stages (Ghobadi et al.,
2006). The tolerance of plants to water stress can be
increased through breeding and use of plant growth
regulators. In recent studies different plant growth
regulators have been used to alleviate drought stress
injuries in plants (Sayyari et al., 2013). Among these
Mepiquat Chloride (Ahmed et al., 2009), Brassinos-
teroids (Bajguz and Hayat, 2009), Jasmonate (Wang,
1999), 5-aminolevolenic acid (Liu et al., 2011) and
Salicylic acid (Senaratna et al., 2000) are common.
Salicylic acid, cytokinin, gibberellins and abscisic acid
improve the response of plants during drought stress

(Farooq et al., 2009).

Salicylic acid is a phenolic compound which regulates
physiological processes in plants such as photosyn-
thetic rate, stomatal conductance, enzyme activation
and transpiration (Khan et al., 2003). Foliar appli-
cation of salicylic acid amends the negative effects
of water stress and enhance the growth of wheat
(Sakhabutdinova et al., 2003). Foliar application of
salicylic acid enhance chlorophyll contents in cano-
la (Ghai et al., 2002). Foliar salicylic acid application
decreased the transpiration rates in soybean and corn
leaves (Khan et al., 2003).

Potash (K) plays a major role in improving plant re-
sistance. Different plant processes like photosynthesis,
enzyme activation, turgor pressure and translocation
of cations into sink organs are regulated by potash
(Mengel and Kirkby, 2001). Plant under drought
stress requires more internal K (Cakmak, 2005). Dur-

ing stress conditions, reactive oxygen species (ROS)
formation is induced which cause oxidative damage
to cells due to which the demand for K increases
(Foyer et al., 2002).

Methanol can be an alternative source of carbon for
C, plants which increase its CO, fixation, growth and
yield by inhibiting photorespiration (Safarzade et al.,
2005). In plant tissues the increased concentration of
methanol has a positive effect on carbon conversion
efficiency. It increases leaves expansion by enhancing
plant access to Ca* which results in increased leaf
area (Ramirez et al., 2006). Methanol spray on wa-
ter deficit plants can increase the chlorophyll content
of leaves (Ramberg et al., 2002). Moisture stress has
adverse effects on canola growth and development.
'The present field experiments were designed to eval-
uate the impact of different moisture levels on canola
growth and alleviate moisture stress through foliar
application of salicylic acid, potassium nitrate and
methanol at different growth stages of canola under
agro-climatic conditions of Peshawar valley.

Materials and Methods

Experimental site

To study the effect of moisture stress and foliar chem-
icals application on canola growth, phenology and
aphids incidence, field experiments were conducted
at Agricultural Research Institute, Tarnab Pesha-
war-Pakistan during 2015-16 and repeated in 2016-
17.The mean average temperature of the experimen-
tal site was 8-24°C (2015-16) and 8-25°C (2016-17)
with average monthly rainfall of 13 mm and 19 mm
during the growing seasons of canola (Figure 1). Soil
of the experimental site was silt loam with low organ-
ic matter and nitrogen (Table 1).
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Figure 1: Maximum, minimum temperature and rainfall during
growing seasons 2015~ 16 and 2016-17 of canola.
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Table 1: Soil pre-sowing analysis for physical and chem~
icals properties (0-30 cm) depth.

Parameters Unit Value
Textural class ~ -———- Silt loam
Clay % 24.4
Silt % 62.7
Sand % 12.8
pH 7.95
Electrical conductivity (EC) dSm?! 0.19
Organic matter % 0.65
Total nitrogen % 0.031
Phosphorus mgkg! 12,6
Potash mgkg' 194
Field capacity (FC) % 32.04
Permanent wilting point (WP) % 18.64
Bulk density gem®  1.37

Materials and treatments

Soil samples were taken before sowing and analyzed
for bulk density (James, 1993), soil field capacity and
permanent wilting point using pressure plate appa-
ratus (Cresswell et al., 2008). Canola hybrid “Hyola
401” was sown on 24% Qctober, 2015 and harvested
on 20™ April, 2016. The experiment was resown on
21* October, 2016 and harvested on 26 April, 2017.
The experiment was laid out in randomized complete
block design with split plot arrangement having three
replications. The experiment comprised of four mois-
ture levels (optimum water, 10%, 20% and 30% re-
duced irrigation water), three chemicals (salicylic acid
0.5mM,, potassium nitrate (1%) and methanol 20%
v/v basis) applied at three different stages i.e. bud
formation, 20% flowering and 20% pod formation
(Meier, 2001). Moisture levels were assigned to main
plots while combination of three chemicals x growth
stages were applied to sub-plot. Total 11 treatments
were applied to sub-plots i.e. three chemicals at three
different stages along with water spray and control
(Table 2). All the three chemicals were sprayed in
solution form on the leaves of the canola plants. Area
of sub plot was 2.70 m? (1.5m x 1.8m) having six rows
with 1.5 m length. Plant to plant distance of 10 cm
was maintained through thinning after two weeks of
emergence. A basic dose of 100 kg nitrogen ha™ in
two split doses and 60 kg phosphorus ha™ at sowing
time was applied to all the plots.

Moisture stress a])])/imtion
The experiment was carried out under high tunnel
structures (rainout shelter) for protection from rainfall

during the growing season. A white transparent plas-
tic was used to cover the top of the tunnel. The tunnel
was not covered with plastic from sides so that air
may circulate freely through it. Plastic cover increased
the average temperature of the experimental plots by
1-2 °C. Soil moisture levels were determined through
gravimetric method. All the plots received normal
water till completion of rosette stage (4-5 leaf stage).
After rosette stage moisture stress was imposed. Ir-
rigation was done according to maximum allowable
deficit (MAD), when 50% MAD was attained in
optimum water plots. The amount of irrigation water
was calculated through formula (Panda et al., 2004).

g MAD(%)(FC — PWP)RzA
B 100

Where; V, (m?) is volume of water applied; R (m) is
effective root depth; A (m?) is the area of plot and FC
(m’m™) and PWP (m*m®) are limits of field capacity

and permanent wilting point.

Table 2: Treatment combinations of application at dif-
ferent growth stages (S) and chemicals (C).

S.No Application stage (S) Chemicals (C)
1 Bud formation Salicylic acid

2 Bud formation KNO,

3 Bud formation Methanol

4 Flowering Salicylic acid

5 Flowering KNO,

6 Flowering Methanol

7 Pod formation Salicylic Acid
8 Pod formation KNO,

9 Pod formation Methanol

10 Wiater spray

11 Control (no spray)

Observations and statistical analysis

Days to 50% flowering and pod formation were re-
corded by counting the number of days from sowing
till 50% of the plants produced 1-5 flowers and pods
respectively. Days to maturity was calculated from date
of sowing till 30-40% seeds in the pods turned black/
brown on main branches of the plants. The number of
branches and number of leaves were counted in five
randomly selected plants and averaged to get number
of branches and leaves respectively. Aphids incidence
was recorded by counting number of aphids on 10 cm
terminal main stem of five randomly selected plants
during late flowering stage (Mahmoud and Osman,
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2015). Number of leaves and branches were recorded
during 1st week while aphids incidence was observed
during 3" week of March for both years. Statistical
analysis of the data was done through MS-Excel and
MSTATC according to the method described by
(Gomez and Gomez, 1984). The significance of dif-
ference among means was compared through LSD

test at P< 0.05 (Steel et al., 1997).
Results and Discussion

Days to 50% flowering

Days to 50% flowering was significantly affected by
years, moisture levels and chemicals. Plants in 2016-
17 required more days to 50% flowering than 2015-16
(Table 3). Maximum days to flowering (107.2 days)
were recorded with plots receiving optimum water
supply. Days to flowering deceased with increase in
moisture stress. Fewer days to flowering (102.6 days)
were observed for 30% moisture level. Application of
KNO, delayed days to flowering (105 days), followed
by salicylic acid. The effect of water spray was at par
with chemicals application. The untreated plants took
less days to 50% flowering compared to treated plots.
Application time of chemicals at different growth
stages was non significant. Interactions between
chemicals (C) x application stages (S) was significant
while all other interactions were non significant (Ta-
ble 3). Water stress might have triggered flowering
initiation which resulted in early flowering. Days to
flowering decreases with increasing moisture stress
(Sinaki et al., 2007). Foliar application of chemicals
stimulate the physiological and metabolic processes
which enhance vegetative growth and delay days to

50% flowering (Fariduddin et al., 2003).

Days to 50% pod formation

Days to 50% pod formation was significantly affected
by moisture levels and chemicals. Maximum days to
pod formation (122.4 days) were recorded with opti-
mum water supply (Table 3). Reduction in soil mois-
ture accelerated formation of pods. Fewer days to 50%
pod formation (119.9 days) were observed for 30%
reduced moisture level. Application of salicylic acid,
KNO, and methanol delayed days to 50% pod forma-
tion compared to water spray and control. However,
no significant difference was observed among foliar
chemicals for days to pod formation. Interaction be-
tween moisture levels (M) x chemicals (C) showed
that salicylic acid delayed days to pod formation both
under optimum and severe stress conditions (Figure

2). The availability of sufficient water might have en-
hanced the vegetative growth resulting in prolonged
duration of pod formation (Kamkar et al., 2012). Ap-
plication of salicylic acid and KNO, enhanced the
growth of canola (Sibgha et al., 2013) resulting in de-
lay in pod formation.

Table3: Daysto 50% flowering, days to 50% pod formation
and days to maturity of canola as affected by moisture levels
(M), chemicals (C) and application stages (§) over years.

Treatments Days Daysto Daysto
t050% 50% pod matu-
flowering formation rity

Year

2015-16 1039b 1199 159.4b

2016-17 104.9a 1215 166.9 a

Significance * ns *

Moisture levels (IM)

No stress (optimum water) 107.2a 1224a 166.0a

10% reduced irrigation water 105.1b  121.4b  165.2a

20% reduced irrigation water 103.5¢  120.8bc 162.5b

30% reduced irrigation water 102.6d 1199c¢  160.6 ¢

LSD 0.31 0.94 0.92

Chemicals (C)

Salicylic Acid (SA) 0.5mM  104.6b 121.5 164.0 a

Potassium Nitrate (KNO,) 1% 105.0a  121.2 163.7 ab

Methanol (20% v/v) 104.4b 121.1 163.5b

LSD 0.34 ns 0.35

Application Stages (S)

Bud formation 104.8 121.3 163.9

Flowering 104.5 121.3 163.6

Pod formation ... 121.3 163.7

LSD ns ns ns

Chemical spray 104.7 121.3a 163.7a

Water spray 104.6 120.7b  163.3b

Significance ns * *

Control 1042b 1202b 162.6b

Rest 104.6a 121.2a 163.7a

Significance * * *

Interactions

MxC 0.2427  0.5794 0.000

MxS 0.4267  0.0925 0.059

CxS 0.0172  0.0005 0.988

MxCxS 0.2838  0.0009 0.036

Means within each column followed by different letters are signifi-
cant at P< 0.05 using LSD  test.

Days to maturity
Days to maturity was significantly affected by year,
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moisture levels and chemicals application. Delayed
maturity (05 days) was observed in 2016-17 com-
pared to 2015-16 (Table 3). During second year more
rainfall occurred in the months of March and April
2017 which lowered the ambient temperature and
delayed maturity of canola. Maximum days to matu-
rity (166 days) were taken by plots supplied with opti-
mum water. The increase in moisture stress shortened
the maturity period. Among moisture stress plots,
30% reduced moisture level required less days to ma-
turity (160.6 days). The reduction in days to maturity
might be a mechanism of plants to escape moisture
stress (Sinaki et al., 2007). The availability of suffi-
cient moisture enhanced growth and development of
the plants and delayed the maturity process (Kamkar
et al., 2012). Application of all the three chemicals
delayed maturity compared to water spray and control
plots. Among chemicals, salicylic acid took more days
to maturity (164 days) compared to KNO, and meth-
anol. Interaction of moisture and chemicals indicated
delay in maturity with application of salicylic acid un-
der optimum water conditions. However, at 30% re-
duced moisture level, application of KNO, indicated
maximum days to maturity (Figure 3). Application of
salicylic acid and KNO, improved growth and devel-
opment which delayed maturity. Increase in maturity
duration may be due to enhancement of biochemical
and physiological processes (Fariduddin et al., 2003)
with foliar application of salicylic acid.
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Figure 2: Interaction of moisture levels and chemicals for days to
50% pod formation of canola averaged over 2015-16 and 2016-17.
Bars represent means + SE.

Number of branches plant™

Number of branches were significantly affected by
moisture levels (Table 4). Decrease in branches plant™
occurred with increasing moisture stress. Maximum
branches plant™ (6.93) were recorded for plots sup-
plied with optimum water while 20% and 30% re-

duced moisture levels decreased number of branches
plant™. Supply of optimum water might have increased
growth and more assimilates were translocated to
lateral meristems resulting in an increased branches
plant™® (Ahmadi and Bahrani, 2009). Optimum water
supply enhanced growth of canola which increased
number of branches (Khan et al., 2010). Foliar ap-
plication of chemicals increased number of branches
compared to water spray and untreated plots. Foliar
spray of salicylic acid showed maximum number of
branches plant™ (6.34). Application time of chemicals
at different growth stages was non significant, how-
ever spray at bud formation stage enhanced branches
plant™ (6.37). Interaction between moisture and ap-
plication stage indicated that chemicals application at
bud formation stage increased number of branches at
all moisture levels except 30% reduced level (Figure
4). Application of chemicals (salicylic acid and KNO,)
enhanced the photosynthetic process which im-

proved overall plant growth (El-Sabagh et al., 2017).
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Figure 3: Interaction of moisture levels and chemicals for days to
maturity of canola averaged over 2015-16 and 2016-17. Bars rep-

resent means + SE.
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2016-17. Bars represent means + SE.
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Table 4: Number of branches plant™, leaves plant™ and
aphids incidence on canola as affected by moisture levels

(M), chemicals (C) and application stages (S) over years.

Treatments Branc- Leaves Aphids
hes  plant! inci-
plant™ dence

plant?!

Year

2015-16 576 13.42 60.35a

2016-17 6.06 13.07 53.65b

Significance ns ns *

Moisture levels (M)

No stress (optimum water) 6.93a 14.17 a 65.64 a

13.76 a 57.68 b
13.24b 45.17 ¢
12.88 b 37.00d
0.505 2.46

10% reduced irrigation water 6.29 b
20% reduced irrigation water 5.84 ¢
30% reduced irrigation water 5.60 ¢
LSD 0.27
Chemicals (C)

Salicylic Acid (SA) 0.5mM  6.34
Potassium Nitrate(KNO,) 1%6.21

13.69a 4731 ¢
13.71a 51.76 a

Methanol (20% v/v) 6.25 13.46b49.49b
LSD ns 0.205 1.66
Application Stages (S)

Bud formation 6.37 13.89a54.07a
Flowering 6.20 13.56b48.44b
Pod formation 6.23 13.42b46.04c
LSD ns 0.205 1.66
Chemical spray 6.27a 13.62 49.52b
Water spray 5.86b 13.13 5554a
Significance * ns *
Control 5.59b 12.92b63.88 a
Rest 6.23a 13.57a50.12b
Significance * * *
Interactions

MxC 0.180 0.6210 0.031
MxS 0.020 0.8018 0.000
CxS 0.400 0.0322 0.478
MxCxS 0.020 0.3469 0.304

Means within each column followed by different letters are signifi-
cant at P< 0.05 using LSD  fest.

Number of leaves plant™

Moisture levels, foliar chemicals and their appli-
cation time significantly affected number of leaves
plant? (Table 4). Maximum number of leaves (14.1)
were observed in plants supplied with optimum wa-

ter. Number of leaves decreased with decrease in soil
moisture and minimum leaves plant® (12.8) were
recorded for 30% reduced moisture level. Sufficient
supply of water to canola increased photosynthetic
process and net assimilation rate resulting in increase
in leaves plant™® (Tesfamariam et al., 2010). Presence
of sufficient water helped the plant to develop greater
leaf area. Norouzi et al. (2008) reported reduced leaf
area and less number of leaves with decrease in soil
moisture to rapeseed. Foliar application of chemicals
increased number of leaves. Maximum leaves plant™
(13.69) were observed with application of salicyl-
ic acid. All the chemicals and water spray increased
number of leaves compared to untreated plots. These
results are in agreement with (Fayez and Bazaid,,
2014) who observed maximum number of leaves and
leaf area with application of salicylic acid. Interaction
between moisture and chemicals showed that KNO,
increased number of leaves under optimum water
conditions while salicylic acid improved number of
leaves plant™® both under optimum and water stress
conditions (Figure 5). Data revealed that application
of chemicals at bud formation stage increased leaves
plant™ (13.8). Chemicals application at bud forma-
tion stage increased photosynthetic efficiency (Leithy
et al., 2015) resulting in maximum number of leaves
and increased leaf area of canola.

® Salicylic Acid
KNO3
« Methanol

Leaves plant!

g ]

(g EEERERRERE R R R R BRI

control 10 20
Moisture reduced levels (%)

Figure 5: Interaction of moisture levels and chemicals for number of
leaves plant™ of canola averaged over 2015-16 and 2016-17. Bars

represent means + SE.

Aphid incidence

Aphids population was significantly affected by mois-
ture levels, foliar chemicals and application time of
chemicals. Incidence of aphids on canola plants was
higher during 2015-16 compared to 2016-17 (Table
4). Number of aphids on main terminal stem were
maximum (65.6 plant™) on plants supplied with op-
timum water compared to water stressed plants. De-

December 2018 | Volume 34 | Issue 4 | Page 786

Q@ ) .
Sels Links
O Researchers



OPEN 8ACCESS

Sarhad Journal of Agriculture

cline was observed in population of aphids (Table 4)
with moisture stress. Population of aphids (37) was
lower in plots which received 30% reduced moisture.
In cowpea water deficit changes the composition and
concentration of secondary metabolites, which affects
the population of aphids (Agele et al., 2006). Appli-
cation of chemicals decreased population of aphids
compared to control plots. Salicylic acid reduced the
aphid incidence (47.3) followed by methanol (49.4).
Application of chemicals at pod formation stage was
most effective in minimizing population of aphids.

Conclusions and Recommendations

Phenological stages were delayed in 2016-17 com-
pared to 2015-16. This delay in maturity during sec-
ond year may be due to more rainfall during months
of March and April 2017. Days to 50% flowering,
50% pod formation and days to maturity were delayed
with optimum water supply. Number of branches and
leaves plant™ were higher under optimum water con-
ditions and decreased with moisture stress. Growth
was adversely affected under 30% reduced moisture
levels. Delayed phenological stages and maximum
number of branches and leaves were recorded with ap-
plication of salicylic acid. Application of chemicals at
bud formation stage were more effective in increasing
the number of branches, leaves and delaying maturity
of canola. Aphids incidence was minimum under wa-
ter stress conditions and with foliar spray of salicylic
acid. It is concluded that salicylic acid application at
the rate of 0.5mM at bud formation stage improved
the phenological and agronomic parameters of canola
and reduced aphids incidence.
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