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Abstract | Phosphorus (P) is a limited natural reserve and a major limiting factor for global crop production.
The adverse soil biogeochemical characteristics of alkaline-calcareous soils make P the least available
macronutrient. Therefore, alternative P source such as rock phosphate (RP) can offer a promising choice
for sustainable P supply under P stress environment. A pot research was executed to explore the response
of sunflower (Helianthus annuus L.) to sparingly soluble P sources grown under P deficient environment at
research area, College of Agriculture, University of Sargodha during 2018. The experiment was laid out in a
Completely Randomized Design (CRD) with eight treatments replicated thrice. The treatments consisted of
T, = NK + P, (Control); T, = NPK (Recommended dose); T, = NK + Rock phosphate at 7 g pot™; T, = NPK
+ Rock phosphate at 7 g pot™; T, = NK + Rock phosphate at 7 g pot™! + Wheat straw at 14 g pot; T, = NK
+ Rock phosphate at 7 g pot™! + Wheat straw at 28 g pot™; T. = NK + Rock phosphate at 7 g pot™! + Rice
straw at 14 g pot™’; T, = NK + Rock phosphate at 7 g pot™ + Rice straw at 28 g pot!. Observations on various
growth and yield parameters of crop were recorded using standard procedures and noted data was examined
with a statistical software Statistix 8.1 analysis of variance technique and significant of treatments was tested
using LSD test at probability level of 5%. The maximum fresh biomass (95.50 g), dry biomass (25.73 g), plant
height (110.90 cm), head size (21.36 cm), number of achene haed? (864) and achene yield plant™ (32.16 g)
of sunflower was observed with application of NK + Rock phosphate at 7 g pot™ + Wheat straw at 28 g pot™!
(T,) in cultivar Hysun-33. While, lowest value of fresh biomass (72.73 g), dry biomass (15.72 g), head size
(16.63 cm), achene head™ (711), achene yield plant™ (18.36 g) was noted under NK + P (T)) treatment in
Agwara-3. Among the tested sunflower cultivars, Hysun-33 showed superiority over Agwara-4.
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Introduction and feed is increasing associated with urbanization so
there is huge pressure on agriculture to combat this

round the globe as population is increasing type of situations (Jouffret ez a/, 2011). In Pakistan
with the passage of time so dietary habits of agriculture is the occupation through with 70 % of the
individuals is also changing. Demand for food, fuel population is involved directly or indirectly but still
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we are unable to feed our own people. Most of edible
oil is exported from many counties and now a day’s
Pakistan is 3" biggest exporter of edible oil. According
to economic survey of Pakistan oil consumption was
2.905 million tons production during fiscal year 2015-
16. Out of this only 27% of this need was fulfilled by
our local producers while rest was exported costing 44
billion rupees (Economic Survey of Pakistan, 2018-
2019).

In Pakistan oil seed are classified into three major
classes like sunflower, safflower and soybean are in
non-conventional group and their share in local
production is about 6%. Mustard, sesame, rapeseed,
and groundnut are in conventional group. This
conventional group of oil seed crop have a share of
18% in overall edible oil production and are most
significant winter oil seeds crop. Corn, cotton and
bran of rice are classified in non-true oilseeds and add
up to 70% towards production of edible oil. Major
issue of oil of mustard and rapeseed is that their
chemical composition are not suitable and favourable
for cooking purposes like manifestation of maximum
amount of erucic acid and glucosinolates (Schung
and Hanekluas, 1988). Availability of these types of
elements affects the palatability and causes nutritional
disorders. It had been also reported that these type of
acid contains traces of sulfur and majorly occupied by
Brassica spp. (Vermorel ez al., 1986).

Sunflower, biologically knows as Helianthus annuus
L. is of family Compositae (or Asteraceae). Word
Helianthus originate from two Greek words i.e.
Helios which means Sun while Anthos flower. It is
essential oil seed crop originally from North America
and around 3000 BC was grown in New Mexico
and Arizona by the native Indian Americans. The
archaeologist record unveiled that before corn,
sunflower was domesticated (Diepenbrock and Pasda,
1995). In 19% century Russians commercialized
modern sunflower reported by Shah ¢z a/. (2005).

Sunflower is 4™ significant and largest producible
vegetable oil crop in the world. Russia, Ukraine
and Argentina producing 82% of total sunflower
oil (Prolea, 2012). About 50% of the whole world’s
sunflower seed production is carried out in European
countries. Sunflower crop has its own unique and
delicate type of structure. This crop is one of most
demanding crop of 20™ century due to its unique
characteristics, oil, nutritious significant and water

use efficiency when contrasted with crops of same

group (Diepenbrock and Pasda, 1995).

It was introduced in Pakistan as an oil seed crop
about 50 year ago. In Pakistan, the average yield of
sunflower seed is about 1.3 tons ha™. Its oil contents
in seed varied between 35% -55%. This crop has wide
adaptability and can grown in all types of soil and
climate (Barani as well as irrigated). According to
FAO (2014), the sunflower total harvested area in
Pakistan was 152,675 ha, where total seed produced
was 3240 tonnes. The sunflower is an annual and
cross-pollinated plant. It is straight type of plant
and height may be 12-50 cm. Its stem is firm, non-
branched and partially lignified producing large
single headed flower having a diameter of 15-30 cm.
The characters such as height and head diameter of
sunflower depend upon the soil and climate (Merrien,
1986).

For higher yield the role of nutrient is of prime
importance. Among essential nutrients role of
phosphorus is undeniable (Chen e o/, 1994). In
plant, phosphorus plays vital role in major processes
of plant life like reproductive growth of plant is
governed by and affected by presence and absence
of P (Wojnowska ez al., 1995). Hussain ez a/. (2006)
reported that growth of plants and crops is highly
influenced by presence and absence of P. P plays vital
role in major processes of plant like photosynthesis,
cell division and nucleus formation (Ayub ez a/,
2002). For utilization of starch and sugar P is needed.
For reproduction and growth energy is stored in
phosphate compounds after photosynthesis. Ali e7
al. (2002) revealed that P can easily transport within
plant form tissues of older age to younger through cell
of root, stem or leaves.

Use of phosphatic fertilizers had their own pros
and cons like can overcome P deficiency but having
lot of disadvantages like efficiency of P and fear
of depletion of non-renewable rock P reserves
mined for production of P fertilizers. Another way
is application of rock phosphate which contains P
in the form of soluble P and it has been reported
that crop plants cannot uptake P in insoluble form
(Vance ez al., 2003). While on the other hand plant
nowadays adopted them to P in their rooting medium
to P solubilize (Aziz ez al., 2006). Cultivars show
differential P acquisition from sparingly soluble or
insoluble P sources.
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Considering above mentioned facts this research was
planned to investigate the effect of rock phosphate
and organic amendments on yield and growth of
sunflower under native P deficient soil conditions.

Materials and Methods

A pot research was conducted to scrutinize the
phosphorus acquisition efficiency of sunflower
(Helianthus annuus L..) grown in P scarce environment
at research area of College of Agriculture, University
of Sargodha during 2018. Soil analysis was performed
before the sowing of the crop. At the depth of 0-10
and 10-20 cm sampling of soil was done by using soil
auger. The soil was sandy loam and had a good drainage
capacity. Various physio-chemical parameters of
soil are shown in Table 1. The experiment was laid
out in a Completely Randomized Design (CRD)
with eight treatments which were replicated thrice.
Treatments include T, = NK + P (Control); T, = NPK
(Recommended dose); T, = NK + Rock phosphate at
7 g pot™; T, = NPK + Rock phosphate at 7 g pot™; T,
= NK + Rock phosphate at 7 g pot™ + Wheat straw at
14 g pot™; T, = NK + Rock phosphate at 7 g pot™ +
Wheat straw at 28 g pot™; T, = NK + Rock phosphate
at 7 g pot + Rice straw at 14 g pot™; T, = NK + Rock
phosphate at 7 g pot™ + Rice straw at 28 g pot™. The
soil was composed from 30 cm of upper soil layer of a
cultivated field and filled in the pots @ 20 kg in each
pot. The desired levels of N, P, K, rock phosphate,
wheat and rice straw were added and thoroughly
mixed in soil before the filling of pots. Three healthy
seeds of Helianthus annuus L. cultivar Hysun-33 and
Agwara-3 were sown separately in each earthen pot.
The two healthy seedlings were maintained of each
cultivar in each pot after 15 days of sowing. The
evacuated plants were assimilated in similar pot.
Plants were watered when needed. Pots were kept
free of weeds by hoeing after regular duration. The
leaf samples were collected after 40 days of sowing for
determination of P concentration and accumulation.
Afterward one plant from every pot was picked for
the determination of plant biomass. Second plant
was allowed to grow until maturity and then used for
the recording of growth and yield in terms of fresh
and dry biomass, head size, number of achene head™!
and achene yield plant™. Different plant parameters
were recorded using standard methods. The noted
data was examined with a statistical software Statistix
8.1 analysis of variance technique and significant of
treatments was tested using HSD test at probability

level of 5% (Steel ez al., 1997).

Table 1: Soil physio-chemical characteristics before crop

sowing.
Characteristics Soil sample depth
0-10 cm 10-20cm  Mean
EC 0.40 0.53 0.46
Soil pH 7.8 8 7.9
Organic matter (%) 0.98 1.04 1.01
N (%) 0.38 0.25 0.31
Available P (ppm) 6.4 9.1 7.75
Extractable K (ppm) 134 127 130.5
Texture class Sandy clay Sandy clay
loam loam

Results and Discussion

Fresh biomass (g)

Fresh biomass is one of the crucial characters that
regulate the yield productivity of sunflower crop. As
higher the fresh biomass greater will be the biological
yield of crop. It also indicates the crop productivity
under different environment. Data showed in Figure
1 revealed that maximum fresh biomass (95.50 g) of
sunflower was observed where NK + Rock phosphate
at 7 g pot'+ Wheat straw at 28 g pot™ (T,) was applied
in sunflower cultivar Hysun-33 which was followed
by NK + Rock phosphate at 7 g/pot + Rice straw at
28 g pot™ (T,) that produced 93.93 g fresh biomass
in the same cultivar. While, the lowest value of fresh
biomass (72.73 g) was noted under control treatment
(NK +P) in sunflower cultivar Agwara-3. Results also
displayed that among the tested sunflower cultivars,
Hysun-33 showed superiority over Agwara-4 in fresh

biomass production (Figure 1).

Fresh biomass ()

Figure 1: Effect of different P sources on fresh biomass (g per plant)

of sunflower grown under P deficient environment.

'The increase in the fresh biomass of sunflower might
be due to rise in the soil P uptake that enhanced the
sunflower somatic growth. According to Hafeez er
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al. (2010) hereditary varieties among species of crops
and their cultivars for expanded phosphorus rate
could sustain and may increase the yield of different
crops in soils low in accessible P. They also indicated
that by application of P, biomass of crop increased
significantly. Similarly, Fernandez ez /. (2009) also
informed that various concentration of P expressively
influenced the fresh biomass of sunflower.

Dry biomass (g)

Drybiomassisalsoanimportant dynamic thatboosted
or diminish the growth and development of plants. As
weight of the dry biomass increases, the accumulation
of solids in the shoots increases that enhance the
growth of sunflower. Effect of various phosphorus
combinations on dry weight of sunflower was found
significant. Data displayed in Figure 2 depicted that
all combination of phosphorus pointedly boosted the
dry biomass of sunflower in both tested cultivars over
control treatment. The highest dry biomass (25.73 g
plant™?) of sunflower was observed with application of
NK + Rock phosphate at 7 g pot''+ Wheat straw at 28
g pot™ (T,) in cultivar Hysun-33 which was followed
Agwara-3 with the same treatment. However, the
lowest dry biomass (15.72 g pot™) was noted under
NK + P, (Control) treatment. It was also observed
from the data exhibited in Figure 2 that the increment
in the dry biomass of sunflower was more in cultivar
Hysun-33 as compared to Agawara-3.

EE Hysun-33
Aogwara-3

Dry biomass ()

Figure 2: Effect of different P combinations on dry biomass (g per
plant) of sunflower grown under P deficient environment.

These consequences are buoyed by Soomro es al.
(2018) who found that by application of P the
maximum dry weight of shoot was observed than
no P application (control) treatment. The increase
in the dry biomass of sunflower under NK + Rock
phosphate at 7 g pot'+ Wheat straw at 28 g pot™
(T,) might be due to more addition of nutrients in
the soil that will enhanced the growth of sunflower
more efficiently than other treatments. The work of

the Abbadi and Gerendds (2012) showed that dry
weight of sunflower also depends on P application
and maximum dry weight of sunflower was observed
under P treatment over control (No application of P).

Plant height (cm)

'The deterministic agricultural attribute of plant yield
is plant height and usually show relative growth
and activity in crop plant. Plant height is the main
indicator of the green area, high plant height will
create a higher green area increases the light activity
and contributes to grain productivity. A significant
effect of all phosphorus combinations on plant height
of sunflower was observed. The highest plant height
(110.90 cm) was measured with cultivar Hysun-33
under NK + Rock phosphate at 7 g pot?+ Wheat
straw at 28 g pot™(T,) application. The application
of NK + Rock phosphate at 7 g pot™+ Rice straw at
28 g pot'(T,) and NK + Rock phosphate at 7 g/pot
+ Wheat straw at 28 g pot'(T,) produced statistically
similar results in Hysun-33 and Agwara-3 respectively.
However, the minimum plant height 86.03 cm
was recorded under NPK (Recommended dose) in
Agwara-4 (Figure 3). The taller plants of sunflower
were observed in cultivar Hysun-33 with all applied
combinations of phosphorus over Agwara-3.
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Figure 3: Effect of different P combinations on plant height (cm per

plant) of sunflower grown under P deficient environment.
) ? 8

'The alterations in our results may be due to the different
combinations of P application that may change the
soil P status and genetic make-up of the species used.
Similarly, the outcomes of Shashikumar ¢z a/. (2013)
also stated that a momentous difference was detected
by application of P and maximum height of plant and
total dry matter was recorded with P treatment. Our
outcomes are also braced by Kakar e7 /. (2014) who
clarified that application of nitrogen, phosphorus
and potassium produced maximum height of plants,
higher mean leaf area and yield.

March 2021 | Volume 34 | Issue 1 | Page 196

TN .
ot Links
OResearchers



OPEN aACCESS

Response of sunflower to organic amendments

Head size (cm)

Head size of sunflower is the most imperative
yield determining trait. The productive capacity of
sunflower crop was also determined from the head
size. As greater the size of head more will be the
yield of sunflower was obtained. Data concerning
the analysis of variance for head size of sunflower
which evidently indicated that impact of different
phosphorus combinations on sunflower cultivars
was significant. Data showed in Figure 4 revealed
that maximum head size (21.36 cm) of sunflower
was observed where NK + Rock phosphate at 7 g
pot'+ Wheat straw at 28 g pot™(T,) was applied in
sunflower cultivar Hysun-33 which was followed by
NK + Rock phosphate at 7 g pot '+ Rice straw at 28
g pot(T,) that produced 20.60 cm fresh biomass in
the same cultivar. While, the lowest value of head size
(16.63 cm) of sunflower was measured under control
treatment (NK + P ) in sunflower cultivar Agwara-3.
Results also exhibited that among the tested sunflower
cultivars, Hysun-33 showed advantage over Agwara-4
for head size. The maximum head size was obtained
with the application of NK + Rock phosphate at 7 g
pot '+ Wheat straw at 28 g pot'('T,) probably due to
the higher nutrients accessibility to sunflower plants
under P deficient condition over other treatments.
'The work of the previous researcher Amanullah and
Khan (2010) revealed that by the higher levels of K
and P sunflower growth period has been prolonged
which greatly improved head size and also ensued
in optimal yield. According to the results of Olowe
et al. (2005) who stated that by the use various rate
of nitrogen and phosphorus the head diameter of
sunflower was significantly affected and higher head
size was observed under application of these (N and
P) nutrients.
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Figure 4: Effect of different P combinations on head size (cm) of
sunflower grown under P deficient environment.

Number of achene head”
Number of achene per head considered an essential

factor that openly imparts in achieving the impending
yield retrieval in sunflower crop. In sunflower number
of achene head! is considered as most significant
feature as it directly donates towards seed yield. Effect
of various phosphorus combinations on number
of achene head™ of sunflower was substantial. Data
established in Figure 5 directed that all combination
of phosphorus significantly enhanced the number of
achene head™ in both tested cultivars of sunflower as
compared to control treatment. The highest number
of achene head! (864) of sunflower was observed
with application of NK + Rock phosphate at 7
g pot'+ Wheat straw at 28 g pot™ (T,) in cultivar
Hysun-33. The treatments NK + Rock phosphate at
7 g pot'+ Rice straw at 28 g pot™ (T,) and NK +
Rock phosphate at 7 g pot'+ Wheat straw at 28 g
pot™ (T,) statistically similar and produced 852 and
852.3 number of achene head™ in Hysun-33 and
Agwara-3 respectively. However, the lowest number
of achene head™ (711) was noted under NK + P,
(Control) treatment. It was also perceived from the
data displayed in Figure 5 that the rise in the number
of achene head™ was more in cultivar Hysun-33 as
compared to Agawara-3.

B Hysun-33
EZzE Agwara3

Tumber of achenes head”

Figure 5: Effect of different P combinations on number of achene
head” of sunflower grown under P deficient environment.

Similar to our outcomes Olowe ¢7 a/. (2005) also
described that in contrast to control treatment, the
application of both N and P significant enhanced
the weight of achene per head and seed return of
sunflower. Similarly, the findings of Chaves ez al.
(2015) also supported our results that N, P and K at
100, 120 and 120 kg ha were found beneficial and
expressively boosted the achene head™ as well as
weight of achene in sunflower.

Achene yield plant™(g)

Achene yield is the most vital as it is also recognized
as economical yield. As sunflower is a commercial
crop and its seeds are used as raw material in industry
so more achene yield results in more net benefit
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from sunflower. A significant effect of all phosphorus
combinations on achene yield plant ™ of sunflower was
observed. The highest achene yield plant™? (32.16 g)
was measured with cultivar Hysun-33 under NK +
Rock phosphate at 7 g pot'+ Wheat straw at 28 g
pot (T,) application which was followed by the same
treatment in Agwara-3 (Figure 6). The application
of NK + Rock phosphate at 7 g pot'+ Wheat straw
at 14 g pot™(T,) and NK + Rock phosphate at 7 g
pot'+ Rice straw at 28 g pot™(T,) produced 28.73
g and 29.66 g achene yield plant® in Hysun-33.
However, the minimum achene yield plant™ (18.36
g) was recorded under NK + P, (T)) in Agwara-4
and statically similar result was observed with NPK
(Recommended dose) in Hysun-33 (Figure 6). The
data also revealed that greater achene yield plant?
was observed in cultivar Hysun-33 with all applied
combinations of phosphorus over Agwara-3.
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Figure 6: Effect of different P combinations on achene yield plant™
of sunflower grown under P deficient environment.

These fallouts are similar to Mollashahi ez /. (2013)
who found that nitrogen and phosphorus application
had significant impact on various traits of sunflower.
According to Hamayun e7 a/. (2011) who showed
that due to NPK fertilizer submission a significant
enhancement in growth and development parameters
was observed and a significant improvement in yield
was observed.

Conclusions and Recommendations

It was evident that different phosphorus combinations
significantly influenced sunflower cultivars. Among
the tested sunflower cultivars, Hysun-33 showed
superiority over Agwara-4. However, among all the
treatments, the application of NK + Rock phosphate
at 7 g pot''+ Wheat straw at 28 g pot™ (T,) produced
highest values of fresh and dry biomass, plant height,
head size, number of achene head™, achene yield
plant™. It is recommended that to obtain optimum

growth and yield application of NK + Rock phosphate
at 7 g pot'+ Wheat straw at 28 g pot'was used with
Hysun-33 under P deficit environment.

Novelty Statement

Organic amendments improve biosolubilization of
rock phosphate and growth of sunflower in aridisols.
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