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Optimizing the rate of phosphorus to enhance grain
yield and quality in two Camelina sativa (L.) crantz
accessions

Otimizando a taxa de fésforo para aumentar o
rendimento e a qualidade dos graos em dois acessos de
Camelina sativa (L.) crantz
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Highlights

The Camelina sativa (L.) accessions responds variably to various rates of P fertilizer.
Australian accession performed better in terms of quality traits than Canadian.

The Canadian was superior in terms of seed yield.

Increases in P rates impart positive impact on C. sativa accessions.

The 60 kg P ha’ was most effective to achieve optimum yield and profitability.

Abstract

Camelina sativa (L.) Crantz is an emerging oil seed crop and research information on its response to
differentlevels of phosphorous (P) fertilizer is lacking. The two years study was performed to investigate the
response of C. sativa to various rates of P fertilizer. The experiments were laid out in Randomized Complete
Block Design (RCBD) with factorial arrangement having four replications. The P was applied in soil at the
rate of 0, 30, 40 and 60 kg ha™ to two C. sativa accessions namely Canadian and Australian. Soil applied
phosphorus rates had significant effects on the growth, yield and quality of C. sativa and two accessions
were varied to each other. Australian accession performed better in terms of quality traits and Canadian
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was superior in terms of seed yield. Anincrease in P rate improved growth, yield and quality and 60 kg P ha™
resulted in maximal crop growth rate (6.79), seed yield (1239 kg ha™"), total P uptake (0.67%) and oil contents
(39.8%). The regression model estimated that each increment in P rate increased the seedyield by 11.5 and
11.2 kg ha' in Canadian and Australian accessions, respectively. Conclusively, increases in P rates (0 to 60
kg ha') impart a positive impact on C. sativa accessions and 60 kg P ha' was most effective to achieve
optimum yield and profitability.

Key words: Fertilization. Oil contents. Seed P uptake. Crop growth rate.

Resumo

Camelina sativa (L.) Crantz é uma cultura de sementes oleaginosas emergente e faltam informagdes de
pesquisa sobre sua resposta a diferentes niveis de fertilizante de foésforo (P). O estudo de dois anos foi
realizado para investigar a resposta de C. sativa a varias doses de fertilizante P. Os experimentos foram
dispostos em blocos casualizados em arranjo fatorial com quatro repeti¢cdes. O P foi aplicado em solo na
proporc¢ao de 0, 30, 40 e 60 kg ha' em dois acessos de C. sativa, canadenses e australianos. As doses de
P aplicadas no solo tiveram efeitos significativos sobre o crescimento, rendimento e qualidade de C. sativa
e dois acessos foram variados entre si. O acesso australiano teve melhor desempenho em termos de
caracteristicas de qualidade e o canadense foi superior em termos de rendimento de sementes. O aumento
na taxa de P melhorou o crescimento, rendimento e qualidade e 60 kg P ha™ resultou em taxa maxima
de crescimento da cultura (6,79), rendimento de sementes (1239 kg ha™), absorcao total de P (0,67%) e
teor de 6leo (39,8 %). O modelo de regressao estimou que cada incremento na dose de P aumentou a
produtividade de sementesem 11,5 e 11,2 kg ha' nos acessos canadense e australiano, respectivamente.
Conclusivamente, aumentos nas doses de P (0 a 60 kg ha") conferem um impacto positivo sobre os
acessos de C. sativa e 60 kg P ha™' foram mais eficazes para atingir rendimento e lucratividade ideais.
Palavras-chave: Fertilizacao. Teor de 6leo. Absorcado de P na semente. Taxa de crescimento da cultura.

Introduction on large areas but has great potential as
feedstock for biodiesel production.

Camelina sativa (L.) Crantz is an oil
seed species also recognized as camelina,
gold of pleasure or false flax (Zohary, Hopf, &
Weiss, 2012; Solis, Vidal, Paulino, Johnson, &
Berti, 2013). The main product from C. sativa
is its seed oil, which is rich in fatty acids with
38% alpha-linolenic acid and 15% linoleic acid
(Zubr, 2003). Worldwide, its seeds are being
used for low-caste biodiesel production (Solis
et al, 2013). Worldwide, camelina is being
cultivated on 2-3 million hectares with an
average yield of 2.5 t ha™ (Dobre et al., 2014).
In Pakistan, camelina is not being cultivated

Phosphorus (P) is the second most
importantessentialmacronutrient,vitalforcrop
growthand soils are usually supplemented with
P in the form of chemical fertilizers (Ahmada,
Uddina, Ahmada, & Islam, 2013). Phosphorus
is not just significant for getting enhanced
growth and development of field crops but
also essential for the improvement of quality
of distinct parameters, while its reduction may
cause adecrease in crop growth, late flowering
and maturity and ultimately yield of crops can
be reduced up to 10-15% (Shenoy & Kalagudi,
2005; Waraich, Ahmad, Ahmad, Saifullah, &
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Ashraf, 2015). Thus, efficient P management
is necessary to enhance crop productivity
(Aziz et al., 2006). Different approaches are
adopted for the effective utilization of applied
P by plants (Alam, Shah, & Akhtar, 2003; Aziz et
al., 2006; Fageria, Baligar, Moreira, & Moraes,
2013) e.g. the specific behavior of a plant to
efficaciously acquire and utilize the nutrient
in the deficient environment (Gill, Mansoor,
Aziz, Rahmatullah,, & Akhtar, 2002). There
are several physiological and morphological
mechanisms in soil involved to cope with the
P deficiency. Crop species and even cultivars
within the species fluctuate genetically
in these mechanisms and hence showed
variable responses to P deficiency stress (Aziz,
Rahmatullah, Magsood, & Mansoor, 2005).

Camilena sativa as a short season crop
with a low fertility requirement may have the
potential for biodiesel production (Gugel & Falk,
2006). Studies showed that it can be grown on
marginal land where other crops cannot grow.
Seedyield of C. sativawasincreased with use of
a sufficient amount of P (Bugnarug & Borcean,
2000). One of the constraints in oil seeds
production is imbalanced and insufficient
nutrients supply (Aziz et al., 2006) particularly
reducedavailability of Pis critical. ltisimportant
to study the response of oil seed crops to P
fertilizer since this element may impact on
the oil contents of the species. According to
Malavolta (1989), P fertilization in a suitable
amount encourages root development,
make sure a vigorous establishment, fast
physiological maturity, start flowering, helps
seed formation, increases to tolerate cold and
increases grain yield (Ali, Hussain, Tanveer,
Nadeem, & Haq, 2002; Rogério, Silva, Santos,
& Poletine, 2013). Numerous studies about the
effect of Napplication on growth andyield of C.
sativa have been reported (Urbaniak, Caldwell,
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Zheljazkov, Lada, & Luan, 2008; KoncCius &
Karcauskiene, 2010) but P requirement is need
to be investigated.

Therefore, P use has become a
necessary practice for oil-producing plants.
It is also necessary to check the response
of newly introduced crop in a specific region
to a specific nutrient. However, the decisive
reports for the P management of C. sativa in
Pakistan have not been directed before. The
objective of the present study was to find out
which P rate is best for maximizing the C. sativa
seed yield, oil contents and P uptake.

Materials and Methods
Site description, soil status and design

The experiments were conducted
at the Agronomic Research area, College of
Agriculture, University of Sargodha, Sargodha
(32.0° LN and 72.6° LE) Pakistan during spring
season 2014 and 2015. Soil test samples were
collected at planting time from a depth of 0-10,
10-15, and 15-20 cm. The five subsamples
were taken in each replicate then bulked to
one sample in each replicate and depth. Soil
analysis was conducted, and organic matter
(OM) was determinate by acid digestion and
colorimetry, and pH in water, the transnitration
of salicylic acid method was used to
determine the baseline N fertility level of each
sample (Vendrell & Zupancic, 1990; Franzen
& Cihacek, 1996). P-Olsen method was used
for P determination (Olsen, Cole, Watanabe,
& Dean, 1954), K extractable was determined
withammonium acetate solution1 ML"topH7
(Haby, Russelle, & Skogley, 1990). Soil analysis
of the experimental site was indicated in table
1. Soil pH and organic matter ranged between
7.1-to 7.7% and 1.4- to 1.4%, respectively, at
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0-20 cm depth. However, the N, P, and K level
was low to medium at the experimental site.
The experiments were laid out in a randomized
complete block design with a factorial
arrangement having four replicates. The
treatments were comprised of four rates of P

Table 1

(0,30,40,and 60 kg ha)and two accessions of
C. sativa (Canadian and Australian accession)
were imported from Canada and Australia. The
P rates were selected based on the range of
P requirement of brassica family crops as no
recommendation of P is reported for C. sativa.

Soil analysis of experimental site (Presented data is the average of two years)

Characteristic

Soil sample depth (cm)

Soil pH 7.10
Organic Matter (%) 1.39
Total Nitrogen (%) 0.063

Available P (mg kg™) 5.1
Available K (mg kg™) 188

Experimental management

Before seedbed preparation, pre-
soaking irrigation was applied. When soil
reached to proper moisture level, seedbed
was prepared by cultivating the soil 2 times
with tractor mounted cultivator each followed
by planking. The net plot size was 1.8 m x 3 m
having row to row spacing 20 cm and plant to
plant distance 20 cm. Camelina crop was sown
during the 1t week of March 2014 and 2015
with the help of a single row hand drawn drill,
using seed rate of 2 kg acre’ and an interplant
distance of 12 inches was maintained by
thinning at 4-6 leaf stage of the crop. Nitrogen
(N) and potassium (K) fertilizer was applied
at the rate of 75 and 50 kg ha™ respectively
in all plots. For application of P fertilizer
diammonium Phosphate (DAP) was used. Half
dose of N and required dose of P and K was
applied at sowing in each plot, while remaining
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7.23 7.70 7.34
1.20 1.06 1.20
0.064 0.053 0.060
7.4 10.25 7.58
168 126 161

N was applied with first irrigation. All other
agronomic practices were kept normal and
uniform for all the treatments. Plant protection
measures were adopted to keep the crop
free from weeds, insect pests and diseases.
Insecticide Larsban® (chloropyriphas) @ 1 L
ha' was sprayed once for the control of red
pumpkin beetle in both years.

Growth and seed yield and its components

Plant height was taken by randomly
selecting the five plants from each plot and
height of each plant was measured from soil
surface to the tip of plant with the help of a
meter rod and then average height per plant
was calculated. Days to flower initiations were
observed by selecting five plants at random
from each plot and days to flower initiation
were calculated from sowing to flowering.
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Crop growth rate was determined at fortnight
intervals by taking five plants at random from
each plot. The sampling was initiated 30 days
after sowing and terminated at the harvest
of crop. After harvesting, each sample was
weighed to determine fresh weight. Each
plant sample was chaffed, thoroughly mixed
and then sun dried. Afterward samples were
placedinan ovenat 70°C + 5°C to dry the plant
material to their constant dry weight. Then dry
weight per plant was calculated by using the
following equation.

w2 -w1

R=———
ca T2 -T1

Where

W, = Dry weight m~ at second harvest

W, = Dry weight m~ at first harvest

T, = Time corresponding to second harvest
T, = Time corresponding to first harvest

Mean CGR was calculated by averaging all
CGRs calculated at each destructive harvest.

Yield components, number of pods per
plant, number of seeds per pod, 1000-grains
weight were recorded according to standard
procedure. For biological yield, the crop was
harvested at physiological maturity and left in
the respective sub plots for few days for sun
drying. The sun-dried bundles were weighed
with the help of a spring balance to determine
the total biomass of each plot and then
converted into kg ha'. The bundles of each
plot were threshed manually, and the seed
obtained was weighed and then convertedinto
seed yield (kg ha™). Harvest index is described
as aratio of grainyield to biological yield. It was
determined by using the following formula.

Grain Yield

HI (%) = ——F—F— X
(%) Biological yield

100
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Seed oil content (%)

The oil contents in C. sativa seeds
were determined through the petroleum-
ether Soxhlet extraction apparatus. The C.
sativa seeds were dried in an oven at 50°C for
24 hours. Seed samples, each of 5.0 g, were
crushed gently using a pestle and mortar and
placed in a thimble. The seed samples were
cycled in the Soxhlet apparatus for 3 hours.
The remaining seeds in the thimble were dried
at 50°C for 24 hours and weighed. Qil contents
(%) were calculated according to the following
equation:

QOil content (%) = (W.-W_)/W,x100
Where,

W, is the weight of dried sample before loading
in the thimble, W, is the weight of the dried
sample after oil extraction.

Seed phosphorus uptake (%)

Seed samples were dried at 70°C in
an oven till constant dry weight. Dried seed
samples were then ground in a Wiley Mill to
pass through one mm sieve. Uniform samples
(0.5 g) were then digested in di-acid mixture
of nitric and perchloric acid (3:1). Phosphorus
concentration was determined from
digested samples using vanadate-molybdate
colorimetric method (Kitson & Mellon, 1944).

Data of crop growth rate, seed yield,
seed oil contents against P rates and seed oil
contents (%) against seed P uptake (%) was
interpreted by fitted regression analysis.
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Statistical analysis accession performed well with a higher rate of P

Data of both years was non- significant,
and the data was pooled over the year. The
collected data were analyzed statistically by
using Statistix 8.1 analysis of variance (ANOVA)
technique and significant of treatment means
were compared using Tukey's (HSD) test at 5%
probability level (Steel, Torrie, & Dicky, 1997).
Theregression analysis was performed by using
Sigma Plot 2008 (Version 11.0). Average of both
year's data was presented for each parameter.

Results and Discussion
Growth and yield traits

Effect of P rates on plant height of both
accessions of C. sativa was significant (Table 2).
Canadian accession produced taller plant than
Australian accession. P application resulted in
an increase in plant height with increase in rate.
Among the P rate maximum plant height of C.
sativa is recorded with 60 kg P ha™ followed by
that of 40 kg P ha™. The interactive effect of P
and C. sativa accessions showed that Canadian

Table 2

for maximum plant height (81.47 cm). Camelina
sativa (L) Crantz is a crop which is likely to
grow with minimal inputs in various soil types
(Malhi et al., 2014). The availability of P in soil
encourages the growth of root that might be
helpful for P uptake (Borges & Mallarino, 2001).1n
our study results indicated that the plant height
of both accessions improved significantly with
higher rate of P (60 kg P ha') might be due to
balanced availability of P which enhanced the
availability of some micro-nutrients. Solis et al.
(2013) reported that plant height was increased
significantly with the increasing P rates. These
results are also in agreement with those of
Idris, Mahmood and Malik (1989) who reported
similar findings for P uptake.

The flowering was initiated two days
earlier in Australian accession than Canadian
accession (Table 2). Maximum days to flower
initiate (42.3) were taken by C. sativawhen no P
was applied. Whereas minimum days to initiate
flowers were taken where 60 kg P ha' was
applied. Interaction of P rates x accessions
showed that 60 kg P ha™' caused minimum days
(38.2) to initiate flower in Australian accession.

Plant height (cm), days to flower initiations and crop growth rate (g m2 day") as influenced by different
phosphorous rates in two accessions of C. sativa (Presented data is the average of two years)

Plant height (cm)

Phosphorous

Days to flower initiations

Crop growth rate (g m2 day™")

(kg ha™) Accessions Accessions Accessions
Canadian Australian Canadian Australian Canadian Australian

0 (Control) 70.3 d 65.14 g 677D 431 a 415 c 423A 544 d 5.66 d 555C
30 75.4 c 66.9 f 71.2C 420b 404 d 41.2B 5.66d 6.10c 6.02B
40 791 b 69.2 e 742B 404 d 39.06 e 397C 6.09c 6.68 b 6.38AB
60 81.4 a 70.2 d 75.8A 392 e 38.2 f 387D 6.57b 7.01 a 6.79 A

a';":::ssioor‘:s 766 A 679 B 412A 398 B 636A 6018

HSD (0.05) 0.12 0.23 0.127 0.24 0.08 0.14

Values in the column or means of accessions within the row sharing the same letter did not differ significantly with each
other at 5% probability level. Values with capital letters are the main effect and with small letters are interactive effects.
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Higher crop growth rate was observed
in Canadian accession compared to Australian
accession (Table 2). The increasing rate of P
also had significant effects on crop growth
rate of C. sativa. Maximum crop growth rate
(6.79 g m2 per day) was observed with soil
applied 60 kg P ha™', which was followed by that
of 40 kg P ha™'. Data indicated that interaction
of P with accessions was significant and
Australian accession was superior in terms of
crop growth rate at rate of 40 and 60 kg P ha™,
while minimum crop growth rate was obtained
in Canadian accession when no P was applied.
The regression equation predicted that if the
rate of P increased by 1.0 kg ha™ then the crop
growth rate increased by 0.2 gm=2day in both
accessions (Figure 1). Model also estimated
that crop growth rate would be 5.61and 5.41 g
m-2 day" with no application of P.

The flower initiations was observed
2-3 days earlier with 60 kg P ha' than control

may be due to maximal uptake of P by roots
that enhanced the growth of C. sativa that
brings early flowering. In our study, crop
growth rate increased with 60 kg P ha™ could
be the result of superior roots leading to
better soil moisture extraction, as a likely
response to high P uptake. The P is essential
for getting enhanced growth and development
of field crops, while its reduction may cause
a decrease in crop growth, produce late
flowering and maturity (Shenoy & Kalagudi,
2005). It brings early root development and
accelerates plant maturity that significantly
influences the plant growth and development
(Irshad et al., 2015). Our results are further
supported by those of Baghestani et al. (2008)
who stated that by increasing P rates, growth
of the plant increased and day to flowering
initiation decrease significantly. Mandal &
Sinha (2003) also recorded that higher fertilizer
levels resulted in maximum crop growth rate.

® Canadian accession
¥=561+002x
RY=0.01
Ausiralian accession
Y=541 «0.02x

R =098

Crop growth rate (g m™ day™)

iﬁﬁ:ﬁﬁ:—’d

G T T T
20

a0

40 =0 a0

Phosphorous rate (kg ha™')

Figure 1. Regression analysis for crop growth rate of two Camelina sativa L. accessions as

influenced by different phosphorous rates.
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Number of pods per plant deferred
significantly between the accessions.
Canadian accession was leading on Australian
accession in case of number of pods per plant.
Table 3 showed that P rates at 60 or 40 kg ha™
resulted in maximum number of pods per plant
(344.1 and 342.2). However, highest number
of pods per plant occurred with Australian
accession with 60 kg P ha™ fallowed by 40 kg

Table 3

P ha™ in same cultivar. Australian accession
recorded a greater number of seeds per pod
(12.3) than Canadian accession (10.0). The
impact of different P rates on number of seeds
per pod was non-significant. Interaction of P
rates x accessions was significantand showed
that maximum number of seeds per pod (13.0)
was recorded in Australian accession with 60
kg P ha (Table 3).

Number of pods per plant, number of seed per pod and 1000-grain weight (g) as influenced by different
phosphorous rates in two accessions of C. sativa (Presented data is the average of two years)

Number of pods per plant

Number of seed per pod

1000-grain weight (g)

Ph(z:g:gﬁ; us Accessions Accessions Accessions
Canadian Australian Canadian Australian Canadian Australian
0 (Control) 327.1 ef 325.2f 337.1B 10.0cd 120ab 11.0A 1.09d 1.31cd 1.20C
30 3299e 347.0c 327.5C 10.2bcd 12.2a 11.2A 1.20cd 1.38 bc 1.29C
40 332.1de 3523b 3422A 100cd 11.7abc  10.8A 1.40bc 1.70a 1.62B
60 335.1d 3532a 344.1A 9.7d 13.0a 11.6A 1.62ab 1.84a 1.73A
a';"f:g";::g 331.1A  244.4B 100B  123A 1.33B  156A
HSD (0.05) 12.99 24.61 0.57 1.08 0.08 0.16

Values in the column or means of accessions within the row sharing the same letter did not differ significantly with each
other at 5% probability level. Values with capital letters are the main effect and with small letters are interactive effects.

Different P rates significantly improved
the 1000-grain weight in both accessions;
however, an increase in 1000-grain weight
due to P rates was more in Australian
accession than in Canadian accession (Table
3). Phosphorus at 60 kg P ha' recorded
maximum 1000-grain weight among all the
treatments. Whereas minimum 1000-grain
weight was recorded in plots where no P or 30
kg P ha' was applied. The interactive effect
showed that Australian accession proved to
be superior in terms of 1000-grain weight of
C. sativa at P rate of 40 or 60 kg P ha™. All P

2742

treatments construct a significant effect on
seed yield of both accessions as compared to
control (Table 4).

The seed yield of Canadian accession
was significantly higher than Australian
accession. The application of 60 kg P ha”
produced the optimum seed yield which was
followed by 40 kg P ha’, 30 kg P ha' and 0 kg
P ha’'. Compared with control, the seed yield
of C. sativa with 60, 40, and 30 kg P ha™ were
enhanced significantly by 724.1, 270.7, and
245.1 kgha™', respectively (Table 4). Interaction
of P rates x accessions showed that highest
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seed yield (1,249.7 kg ha') was observed
where 60 kg P ha was applied in Canadian
accession. Minimum seed yield (480.2 kg ha™)
was measured in Australian accession where
no P was applied. From the regression model
it was estimated that with no P application,
seeds yield of Canadian accession was 462.4
and 447.7 kg ha in Canadian accession and
Australian accession, respectively, however,
each increment in P rate increased the seed
yield by 11.5 kg ha™' in Canadian accessionand
11.2 kg ha'in Australian accessions (Figure 2).

The C. sativa yield and its components
such as seed yield, number of pods per plant
and 1000-grain weight were recorded highest
with higher rate of P that might had increased
the availability and absorption of nutrients,
which enhanced the leaf area, formation of
chlorophyll and photosynthesis. However,
higher number of branches and leaf area
is directly proportional to photosynthates
production (H. B. Ahmad et al., 2014). This
might be the reasons for increased pods
per plant, 1000-grain weight and seed vyield.
Increased 1000-grain  weight and seed
yield may be due to better translocation of
photosynthates to sink (seed). Phosphorus
significantly influences plant growth, early
root formation, pod and seed formation, seed
weight and seed yield (Irshad et al., 2015).

Semina: Ciénc. Agrar. Londrina, v. 42, n. 5, p. 2735-2750, set./out. 2021

Seed yield of C. sativa was increased with use
of sufficientamount of P (Bugnarug & Borcean,
2000). Similar results are also reported by
Malhi et al. (2014) who described that higher
seed yields of canola, flax and mustard were
obtained with adequate supply of nutrients
(NPK). In soybean, number of pods per plant
and seed yield increased significantly with 80
kg P ha' (Ramasamy, Srinivasan, & Sankaran,
2000). According to Sanusan, Polthanee,
Seripong, Audebert and Mouret (2009) time
and rate of P application is the key factors
that determine the improvement in crop yield.
They also revealed that grain yield of rice was
highest with 60 kg P ha™.

The Table 4 indicated that biological
yield was significantly affected by different
accessions of C. sativa and P rates. The
biological yield of Australian accession
was higher (2,521.4 kg ha') as compared
with Canadian accession (2,500.7 kg ha™).
Increasing P fertilizer rate resulted in an
increased biological yield. Among the P rates,
maximum biological yield of C. sativa was
recorded with 60 kg P ha followed by that of
40 kg P ha™. The interactive effect of P and
accessions showed that 60 kg P ha' was more
effective than other P rates in increasing the
biological yield of Australian accession.
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Table 4

Seedyield (kgha), biological yield (kg ha')and harvestindex (%) asinfluenced by different phosphorous
rates in two accessions of C. sativa (Presented data is the average of two years)

Seedyield (kg ha™) Biological yield (kg ha™) Harvest index (%)
Phosphorous : : .
(kg ha™) Accessions Accessions Accessions
Canadian Australian Canadian Australian Canadian Australian
0 (Control) 549.6 g 480.2h 5149D 2360.5h 2400.3g 2380.4D 23.3f 20.1g 217D
30 650.1 f 870.0d 760.0C 2480.8e 2450.1f 2465.0C 26.3d 252e 25.7C
40 899.9c 671.3e 785.6B 2550.5d 2560.8c 2555.7B 35.4c 26.2d 30.8B
60 1249.7a 12293b 1239A 26109b 26744a 26426A 475a 46.1b 46.8 A
Meansof = g373a 81278 25007B 2521.4A 331A  204B
accessions
HSD (0.05) 0.77 1.47 0.83 1.57 0.12 0.23

Values in the column or means of accessions within the row sharing the same letter did not differ significantly with each
other at 5% probability level. Values with capital letters are the main effect and with small letters are interactive effects.

@ Canadian accession
¥ =4624 +11.5x%
R*=0.78

& Australian accession
Y=4477 + 1120

R =065

1200 1

-

=

=

(=]
1

800

GO0 -

Seed yield (kg ha™)

400

200 -

0 10 20

40 50 L]

Phosphorous rate (kg ha™")
Figure 2. Regression analysis for seed yield of two Camelina sativa L. accessions as influenced by

different phosphorous rates.

Among the tested accessions,
Canadian accession performed better and
gave the maximum harvest index (33.1%)
and Australian accession had lowest harvest
index (29.4%). Among the P application rates
maximum harvest index (46.8%) of C. sativa
was obtained with 60 kg P ha™', while minimum

harvest index (21.7%) was obtained where no
P was applied (Table 4). The interactive effect
of P rates x accessions of C. sativa exhibited
that maximum harvest index (47.5%) was
found in Canadian accession where 60 kg P
ha™' was applied (Table 4).
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Our results showed that biological
yield and harvestindex of C. sativa accessions
increased by increasing level of P from 0 to 60
kg P ha™'. It might be due to an increase in crop
growth rate that produced higher biomass.
The results are confirmed with finding of Nutall,
Monlin and Smith (1992). The higher rates of
P gave significantly greater biological yield
than lower rates of P (Cheema et al., 2001).
The results agreed with those of Cheema et al.
(2001) who also reported similar findings for
harvestindex of canola crop. In other oilseeds,
harvest index commonly fluctuates between
20 and 35% like what was observed for C.
sativa in this study. For instance, harvest index
for canola is approximately 30%, for flax 15-
25% (Dash, 2005).

Qualitative traits

Table 5 indicated that there was no
significant difference in seed oil contents of
two C. sativa accessions. However, interaction
of P and accessions was significant for seed
oil content. Seed oil content increased with
increasing P fertilizer rates (0, 30, 40, and 60 kg
ha™), reaching the maximum (39.8%) with 60 kg
P ha' (Table 5). Interaction of P and accessions
showed that highest seed oil contents were
observed in Australian accession with 60 kg P
ha'. Regression equation estimated that each
increment in P rate (kg ha') would increase
the seed oil contents by 0.11% in Canadian
accession and 0.14% in Australian accession
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(Figure 3). Compared to Canadian, seed of
Australian accession recorded more P uptake
but their difference was non-significant (Table
5). However, different P rates, significantly
improved the seed P uptake as compared to
control. Interaction of P x accessions exhibited
that maximum seed P uptake was recorded
with 60 kg P ha' in Australian accession
followed by that of 40 kg P ha' in same
accession. Regression model was fitted to the
data of seed oil contents and seed P uptake
(Figure 4). Model showed linear relationship
between these two parameters.

In this study seed oil contents
enhanced with increasing rates of P. Malik,
Saleem, Sana and Rehman (2004) also
reported a similar finding for seed oil contents
in sunflower. Our results for oil contents of
C. sativa are completely in line with those
reported by Sawan, Hafezb, Basyony and
Abou-El-Ela (2007) who revealed that high
levels of P increased the oil contents of
canola. Qil concentration increases with
increasing P level (Lickfett, Matthaus, Velasco,
& Mollers, 1999). In our study, seed P uptake
(%) increased with increasing P rates might
be due to more availability of P. These results
are in confirmation with Mohanty, Paikaray and
Rajan (2006) who found that P concentration
in seeds increased significantly with the
application of P fertilizer. The different rates
of P influenced the oil contents of linseed and
highest oil contents were observed with 90 kg
P ha (Ali et al., 2002).
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Figure 3. Regression analysis for seed oil content of two Camelina sativa L. accessions as
influenced by different phosphorous rates.

Table 5
Seed oil content (%) and seed P uptake (%) as influenced by different phosphorous rates in two
accessions of C. sativa (Presented data is the average of two years)

Seed oil content (%) Seed P uptake (%)
Phosphorous : .
(kg ha™! Accessions Accessions
Canadian Australian Canadian Australian
0 (Control) 31.3e 33.6de 325D 0.17b 0.21b 0.19B
30 34.7 cd 36.0 bcd 35.3C 0.64 a 0.66 a 0.65 A
40 36.9 abcd 37.9 abc 37.4B 0.62 a 0.69 a 0.65 A
60 39.6 ab 40.1a 39.8A 0.64 a 0.70a 0.67 A
HIEENE ®F 35.6 A 36.9 A 0.52 A 0.56 A 0.05
accessions
HSD (0.05) 2.02 1.84 0.06

Values in the column or means of accessions within the row sharing the same letter did not differ significantly with each
other at 5% probability level. Values with capital letters are the main effect and with small letters are interactive effects.
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Figure 4. Relationship between seed oil content and seed P uptake of two Camelina sativa L.
accessions as influenced by different phosphorous rates.

Conclusion

Camelina sativa L. accessions
responded variably to P application and
Australian accession was found more
responsive than Canadian accession. The
increase in P rate from 0 to 60 kg ha™' improved
the growth, yield, and seed quality of C. sativa
accessions. Thus, the study concluded that 60
kg P ha'should be applied to achieve optimum
yield and profitability.
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