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ABSTRACT

Current soil management strategies are mainly dependent on inorganic chemical-based
fertilizers, which caused a serious threat to human health and the environment. The
exploitation of beneficial microbes as organic fertilizers has become vital importance in
agriculture for their potential role in food safety and sustainable crop production. The eco-
friendly approaches inspire application of organic fertilizers leading to improve plant growth,
yield performance, and soil behavior quality. Therefore, to study the effect of different
organic fertilizers in response to the growth and yield of sunflower, a field experiment was
conducted at the research field of the Agronomy Department, Hajee Mohammad Danesh
Science and Technology University, Dinajpur-5200 during the period from December 2021
to April 2022. Treatments included: T1 = Control (no application); T> = Farm Yard Manure
(FYM) @ 2 t hal; T3 = Vermicompost (VC) @ 2 t hal; T4 = Biochar (BC) @ 2 t hal; Ts=
Farm Yard Manure (FYM) @ 1 t ha® + Vermicompost (VC) @ 1 t hal; Te= Farm Yard
Manure (FYM) @ 1t ha! + Biochar (BC) @ 1t ha and T7= Vermicompost (VC) @ 1t ha'
+ Biochar (BC) @ 1t ha. The experiment was laid out in a Randomized Complete Block
Design (RCBD) with three replications. The results showed that all the yield attributes were
significantly affected by the conjunctive use of different organic fertilizers. Results showed
that T had the highest value for plant height (181.0 cm); leaves number plant™ (48.7 no.);
fresh weight of leaves plant™ (12.5 g); dry weight plant™® (45.61 g); leaf length (47.61 cm);
chlorophyll content (193.67%); flower head diameter (30 cm); fresh and dry weight of flower
head (342 g); weight of seed head™ (45.53 g); biological yield (8.07 t ha'); harvest index
(47%); water holding capacity (92%) and seed yield (3.42 t hal). The crop under treatment
Te showed the highest value for stem diameter (11.7 cm); dry weight of leaves plant™ (0.58
g); fresh weight of plant? (97.8 g); and leaf area index (1.40). Treatment Ts showed highest
performance for fresh and dry seed number head™ (1457 no.) and 1000 seeds weight (85.67
g). Therefore, it was concluded that among the organic fertilizers, vermicompost @ 1 t ha* +
biochar @ 1t ha! combined showed more promising results for sunflower growth and yield
and the knowledge gained from the research will help us to understand the use of organic
fertilizers towards sustainable agriculture in reducing problems associated with the use of

chemicals fertilizers.



CHAPTER |
INTRODUCTION

Sunflower (Helianthus annuus L.) is an annual oilseed plant of Asteraceae family. Sunflower
is a valuable plant both from economic and ornamental points of view. Sunflower is one of
the fastest growing oil seed in the world as well as in Bangladesh. It ranks 4™ in oil seed
crops all area of the world (Adeleke and Balola, 2020). Sunflower oil is the best-consumed
vegetable oil at the global level due to its health and economic distinction. The total world
cultivation area, and production in 2020/19 and 2019/18 cropping years were 23,839,000 and
24,626,000 ha producing 36,062,000 tons and 42,867,000 tons, respectively (FAO, 2019) for
sunflower. It has been estimated that world production of sunflower seeds exceeded 44.7
million tons from 25.5 million hectares of land (2020-2021) cropping years (FAO, 2020).
According to the fortune business insight, the global sunflower oil market size was worth
$18.5 billion in 2020, and is expected to reach $29.59 billion in 2028, exhibiting a compound
annual growth rate (CAGR) of 6.12 percent during the forecast period (BBS, 2020).

In Bangladesh, sunflower is a very minor crop. It has been introduced as an oil seed crop by
BARI (Bangladesh Agricultural Research Institute) and MCC (Mennonite Central
Committee) reported by (Miah et al., 2015). In Bangladesh, sunflower ranks third after
mustard and soybeans for oil production. In the cropping (2019-2020) years, sunflower in
Bangladesh on 1348 ha of land and the production is 1596 tons (BBS, 2020). While the total
area under is 1290 ha with a production of 1975 tons in (2018-19) cropping years (BBS,
2020). According to data provided by the (BBS, 2019), a total of 1540 hectares were used to
cultivate sunflowers in Fiscal year of 2020-21, three times higher than the DAE’s target of
5,501 hectares for the fiscal year (2019-2020). The (DAE, 2021) data also shows Bangladesh
produced 5,725 tons of sunflower seeds in the fiscal year 2020-21, which was 3,052 tons in
the previous year (2019-2020). Bangladesh produces 0.358 million tons of edible oil against
the annual demand of 1.6 million tons, while the remaining 1.242 million tons of the
country’s domestic requirements are fulfilled through imports (Khatun et al., 2016). More
than 90 percent of Bangladesh’s demand for sunflower oil is met through imports as a
finished product and Bangladesh mainly imports sunflower oil from Turkey, Malaysia, Italy

and Ukraine, and other countries, said traders.



Sunflower is an annual erect, broadleaf oilseed crop with a strong tap root system. It is a
thermo- neutral crop, therefore can be grown throughout Bangladesh both in rabi and kharif
seasons. Sunflower is a short duration crop, which is grown always between Aman and Boro
rice in Bangladesh. It can be cultivated in drought, limited water area, even in Barind tract
due to its wide adaptability, high vyield potential, soil requirement, suitability to
mechanization, low labour needs, shorter duration, profitability, high protein (36%), 20-22%
carbohydrates, and oil contents (45-52%). requires less irrigation than other oilseed crops
reported by (Islam et al., 2019). It can grow in wide ranges of soil types from sand to clay
along with a pH of (5.7-8). It can tolerate approximately a (2-12) ds m™ threshold of salinity.
In Bangladesh condition, sunflower can be grown in areas of late rainfall or flooded areas

where mustard or sesame is not possible to grow.

In sunflower, extracted (48 - 53%) oil is used for edible purposes and the rest non-edible is
used for industrial purposes while it characterizes a high proportion of essential unsaturated
fatty acids 90 % (Rasool et al., 2021). Approximately, 500-600 grams of oil is obtained from
one kg of sunflower seed which is significantly higher than any other oilseeds. Sunflower oil
is generally considered a premium oil because of its light color, high level of unsaturated
fatty acids and lack of linolenic acid, bland flavor, and high smoke points. The primary fatty
acids in the oil are oleic and linoleic (typically 90% and 18 unsaturated fatty acids), with the

remainder consisting of palmitic and stearic saturated fatty acids.

However, the production of sunflower is still below the current needs, all over the world
(Mubhsin et al., 2021) because current soil management strategies are mainly dependent on
inorganic chemical-based fertilizers, which caused a serious threat to human health and the
environment. Sunflower crops have poor productivity in some areas of Bangladesh, due to
the use of low-capacity conventional varieties and the lack of suitable practices such as
mineral nutrition and fertilizer management, and sufficient depth of tillage (Muhsin et al.,
2021). The poor content of nitrogen and phosphorus characterizes much of the soils in
Bangladesh. The use of high doses of chemical fertilizers usually offsets the deficiency that
considered an economically and environmentally unsatisfactory solution. For these reasons,
there has been an increase in the search for alternate fertilizer sources, which are less
environmentally damaging and economically effective. Vermicompost, biochar, and farm
yard manure can be a good source of organic farming for sunflower growth and production in

Bangladesh.



The exploitation of beneficial microbes as an organic fertilizer has become of paramount
importance in the agriculture sector for their potential role in food safety and sustainable crop
production (Bhardwaj et al., 2014). Organic manures play a vital role in the physical,
chemical, and biological conditions of soil and supply macro and micronutrients to crops,
besides maintaining humid substances in soil (Bhardwaj et al., 2014). Organic farming is
considered a remedy to cure the ills of modern chemical agriculture. It is essential to develop
a strong workable, compatible package of nutrient management through organic resources for
various crops, capable of providing all the essential minerals for promoting growth. Organic
fertilizers have attracted greater attention as a substitute for costly chemical fertilizers.
Organic fertilizers provide eco-friendly organic agro-input and are more cost-effective than
chemical fertilizers (Amutha et al., 2014). Vermicomposting is being used increasingly as
plant growth media and soil amendments. In vermicompost, mostly high-density earthworm

populations (Sharma et al., 2008) achieve accelerated bio-oxidation of organic matter.

The significance of farmyard manure is being realized again because of the high cost of
commercial fertilizers and its long-term adverse effect on soil chemical properties. Besides
supplying macronutrients and micronutrients to the soil, fertility of the soil improved by
using farmyard manure (Hossain & Akter, 2020). There are enough places to replenish the
soil by utilizing available sources, such as natural and organic fertilizers. Numerous
researchers conducted various experiments to evaluate the impact of organic fertilizers

application on sunflower instead of chemical fertilizers.

The need for bio-energy is increasing with the increase in global energy demand, sustainable
soil and fertilizer management practices are gaining importance. Biochar is a solid, carbon
rich material made by chemical-thermal conversion of biomass in an environment with a
shortage or absence of oxygen (Salmani et al., 2014). Research has shown that adding
biochar to the soil increases soil fertility and agricultural productivity significantly (Rondon
et al., 2009). Treatment with 1% and 2% biochar in medium and high copper toxicity levels
prevented significant decrease in sunflower growth. Plant height, quality (chlorophyll
content), biomass yield, feedstock energy, ash content, and tissue nutrients were increased
along with soil moisture and pH for sunflower by applying biochar (Saha et al., 2016).
Therefore, we can boost the production of sunflower by expanding the proper applying of
organic and bio-fertilizer. Hence, sunflower would not only meet the acute shortage of edible
oil but could be a great promising crop, especially in the context of climate change in

Bangladesh. For higher productivity and sustainability, integrated use of organic and bio-



fertilizer as a source of nutrients is very important. Keeping these aspects in view, the

present investigation was carried out

I.  To study the growth and yield performance of sunflower (Helianthus annuus L.) with
different organic fertilizer treatments.
ii.  To find out the appropriate treatment combination of organic fertilizer for improving

the sunflower yield.



CHAPTER II

REVIEW OF LITERATURE

This chapter has been made to review the available information in home and abroad
regarding the study on effect of organic treatments on growth and yield of sunflower
(Helianthus annuus L.) Organic fertilizer bears great significance on soil productivity. The
organic fertilizers like FYM, vermicompost, Biochar, compost, cow dung, poultry manure,
green manure, compost etc. Organic fertilizers added organic nutrients to the soil and gives
the long-lasting effect on soil. It increases the soil health condition and chemical free. An
attempt was made in the section and the study relevant information available regarding the
use of organic fertilizers on sunflower production of the present research work and findings

would come out from the experimentation.
2.1 Plant height

Gl et al. (2021) reported that vermicompost is not harmful to the environment and increases
agricultural production in terms of both gaining to the soil and benefiting the waste. This
research was carried out in 2019 in Bayburt ecological conditions in order to determine the
impacts of different doses of solid (250, 500, and 750 kg ha*) and liquid (0, 250, 500, and
750 ml ha) vermicompost fertilizers on the flowering and maturation period (days), stem
diameter (cm), table diameter (cm), plant height (cm), thousand weight (g) seed yield (kg ha
1), seed internal rate (%) oil ratio (%) and oil yield (kg ha?) of sunflower (Helianthus
annuus). In the experiment, it was determined that all parameters were statistically significant
compared top<0.01. Therefore, the treatment KoSzthat means solid vermicompost (0 kg) and
liquid vermicompost (500 ml) showed the highest plant height (117.9 cm). The highest seed
(218.7 kg hal) and oil yield (75.9 kg hal), which are the most important parameters in oil
sunflower, were obtained in 750 kg ha? solid and 750 ml hal liquid vermicompost
application (K3S3). As a result, the use of solid and liquid vermicompost application in oil
sunflower together will be beneficial in obtaining the highest healthy, high-quality seed and

oil yield.

Contaminated soils can cause a potential risk to the health of the environment and soil as well
as the quality and productivity of plants. The objectives of the research were to investigate
the integrative advantageous effects of foliar ZnO nanoparticles (NPs) (60 mg Zn NPs L),
rice straw biochar (RSB; 8.0 t ha'), Cow-manure biochar (CMB, 8.0 t ha™'), and a



combination thereof (50% of each) on sunflowers grown in agricultural land irrigated with
polluted wastewater for the long term (=50 years). The availability of heavy metals (HMSs) in
soil, HMs accumulation in whole biomass aboveground, growth, productivity, and quality
characteristics of the sunflower was investigated. The combination treatment significantly
minimized the availability of HMs in soil, and, consequently, substantially lessened the
uptake of HMs by the sunflower, compared to treatments of ZnO, NPs and control (i.e.,
untreated soil). The application of the combination treatment reduced the availability of Pb,
Cr, Cu, and Cd in the soil by 78.6%, 115.3%, 153.3%, and 178.5% in comparison to
untreated plots post-harvest, respectively. Compared to untreated plots, it also reduced the Pb,
Cr, Cu, and Cd in plant biomass by 1.13, 5.19, 3.88, and 0.26 mg kg ~' DM, respectively.
Furthermore, combination treatment followed by biochar as an individual application caused
a significant improvement in sunflower productivity and quality in comparison to untreated
soil. For instance, seed yield ha™!, 1000-seeds weight, and number of seeds per head obtained
from the combination treatment were greater than the results obtained from the untreated
plots by 42.6%, 47.0%, and 50.4%, respectively. In summary, the combined treatment of NPs
and both RSB and CMB is recommended as a result of their positive influence on sunflower
oil quality and yield as well as on minimizing the negative influences of heavy metals
(Seleiman et al., 2020).

Hossain and Akter (2020) reported a pot experiment was carried out to assess the
comparative effects of Trichoderma-enriched biofertilizer and farmyard manure on the
growth and yield components of sunflower. The treatments were To (control), T
(Trichoderma-enriched biofertilizer 5 t ha*), T» (Trichoderma-enriched biofertilizer 10 t ha"
1, T3 (Trichoderma- enriched biofertilizer 5 t ha*+ Farm yard manure 5 t ha), T4 (Farm yard
manure 5 t hal), Ts (Farm yard manure 10 t ha) and Te (Farm yard manure 15 t ha™).
Among the different treatments, Tz showed best as much as twice more effective in
increasing growth and yield parameters as for example plant height, leaf length, fresh weight,
and dry weight of stem, seed number of plants. Overall, all the treatments increased
macronutrients and micronutrients content and uptake by sunflower plants over control.
Analysis of post-harvest soil samples also revealed that all the parameters except pH were

increased due to different treatments.

Gyewali et al. (2020) reported that an experiment was conducted to evaluate the influence of
different organic manures on the growth, yield, and quality of sunflower (Helianthus annus)
at Institute of Agriculture and Animal Science (IAAS), Rupandehi, Nepal. The treatments



were consisted as farmyard manure (FYM) (30 t ha*), poultry manure (PM) (30 t ha* ), FYM
(15 t hal) + PM (15 t hal), FYM (15 t ha') + vermin compost (2.5 t ha') + phosphate
solubilizing bacteria (PSB) (10 kg hat), FYM (15 t hal) + bone meal (5t ha) + PSB ( 10 kg
hal), PM (15 t hal) + vermicompost (2.5 t ha) + PSB (10 kg hal), PM (15 t ha') + bone
meal (5 t ha') + PSB (10 kg hal). A significant variation was observed among the
treatments. The poultry manures combined with bone meal and PSB significantly increased
the growth and yield attributes viz., plant height (43.43 cm), number of leaves (20.9), leaf
length (21.68 cm), stem diameter (13.77 cm), biological yield (82.28 g plant™), dry weight of
seeds (46.89 g plant?), total dry weight (97.22 g plant?), root yield (49.31 t hal), yield
(939.87 t ha*) and biological yield (89.19 t ha'') at 70 days after sowing. However, the total
soluble solid remains unchanged among the treatments. In total, the results suggested that

poultry manures combined with bone meal and PSB is suitable to cultivate sunflower.

Khan et al. (2016) was conducted an experiment to evaluate the influence of different organic
manures on growth, yield, and quality of sunflower at Institute of Agriculture and Animal
Science (IAAS), Rupandehi, Nepal. The treatments were consisted of farmyard manure
(FYM) (30 t hal), poultry manure (PM) (30 t hal), FYM (15 t hal) + PM (15 t hal), FYM
(15 t hat) + vermicompost (2.5 t ha) + phosphate solubilizing bacteria (PSB) (10 kgha™),
FYM (15 t hal) + bone meal (5t ha') + PSB ( 10 kg ha'), PM (15 t ha') + vermicompost
(2.5tha) + PSB (10 kgha), PM (15 t hat) + bone meal (5 t hal) + PSB (10 kg hat). Result
showed that the poultry manures combined with bone meal and PSB significantly increased
the growth and yield attributes viz., plant height (40.43 cm), number of leaves (18.9), stem
diameter (3.77 cm), seed fresh weight (211.3 g plant™), biological yield (82.28 g plant), dry
seed weight (46.89 g plant™), total dry weight (97.22 g plant™), seed yield (49.31 t hal),
head yield (939.87 t ha) and biological yield (89.19 t hal) at 70 days after sowing.
However, the total soluble solid remains unchanged among the treatments. In total, the results
suggested that poultry manures combined with bone meal and PSB is suitable to cultivate

sunflower.

Two field experiments were conducted on the Teaching and Research Farm of the Federal
University of Agriculture, Abeokuta in south western Nigeria to evaluate the performance of
two sunflower varieties (SAMSUN-3 and Funtua) as affected by different sowing dates and
organic fertilizer application. Sowing date significantly (P = 0.05) increased and reduced
number of phenological days to flowering of early and late sown sunflower, respectively.

Application of organic fertilizer significantly (P = 0.05) increased plant height of early and



late sown sunflower. Delay in sowing till first week in September significantly (P= 0.05)
reduced head diameter, number of seeds per head and seed yield of late sown sunflower. Oil
and protein contents of seeds from early and late sown sunflower plants were significantly
(P= 0.05) increased by organic fertilizer application, except protein content of late sown
sunflower. However, it significantly (P = 0.05) increased oil yield by 23% relative to the
control in the late sown sunflower. Based on the comparatively high seed yield (850.45-
1,525.78 kg ha! recorded that sunflower be sown in the forest-savanna transition zone in
early July or second to third week in August (Oshundiya et al., 2014).

Kumar et al. (2018) reported the effects of organic amendments on plant height of mustard
presented significant difference values of plant height with application of different organic
amendments during both the years. It was found that at 30 DAS the application of
vermicompost @ 5 ton ha? (Tis) recorded significantly highest plant height 28.36 cm and
27.56 cm of mustard in 2015-16 and 2016-17, respectively. At 60 DAS and 90 DAS the
application of 20 ppm chromium + vermicompost @ 5 t ha (T17) recorded highest plant
height 99.13 cm and 98.95 cm of mustard in 2015- 16 and 2016-17, respectively. At 90 DAS
also the application of 20 ppm chromium + vermicompost @ 5 ton ha™ (T17) recorded highest
plant height 164.93cm and 168.10 cm of mustard in 2015-16 and 2016-17, respectively. At
Harvest the application of 40 ppm chromium + vermicompost @ 5ton ha (T1s) recorded
significantly highest plant height 179.56 and 178.79 cm of mustard in 2015-16 and 2016-17

respectively.

Keshta et al. (2008) reported that the tallest plant (236 cm) was recorded with the higher
FYM application (T4 treatment) followed by Ts treatment and the shortest plants were
obtained with T7. On the other hand, at El-Serw site (S.), it was found that, with the
exception of T, treatment, plant height was significantly less under all fertilization treatments
than under the control (T1) treatment. Data also revealed that the number of leaves plant™ was
significantly affected by all treatments at site S1 only. The highest and lowest values were

observed with T4 and T+, respectively, while, there was no significant effect at EI-Serw site
(S2).

2.2. Stem diameter

Seleiman et al. (2020) reported to investigate the integrative advantageous effects of foliar Zn

nanoparticles (NPs) (60 mg Zn NPs L™), rice straw biochar (RSB; 8.0 t ha™!), cow-manure
biochar (CMB, 8.0 t ha™!), and a combination thereof (50% of each) on sunflowers grown in



agricultural land irrigated with polluted wastewater for the long term (=50 years). The
combination treatment significantly minimized the availability of HMs in soil, and,
consequently, substantially lessened the uptake of HMs by the sunflower, compared to
treatments of ZnO NPs and control (i.e., untreated soil). The application of the combination
treatment reduced the availability of Pb, Cr, Cu, and Cd in the soil by 78.6%, 115.3%,
153.3%, and 178.5% in comparison to untreated plots post-harvest, respectively. Compared
to untreated plots, it also reduced the Pb, Cr, Cu, and Cd in plant biomass by 1.13, 5.19, 3.88,
and 0.26 mg kg~! DM, respectively. Furthermore, combination treatment followed by biochar
as an individual application caused a significant improvement in sunflower productivity and
quality in comparison to untreated soil. For instance, stem diameter, seed yield ha™!, 1000-
seed weight, and number of seeds per head obtained from the combination treatment was
greater than the results obtained from the untreated plots by 42.6%, 47.0%, and 50.4%,
respectively. In summary, the combined treatment of NPs and both RSB and CMB is
recommended as a result of their positive influence on sunflower oil quality and yield as well

as on minimizing the negative influences of HMs.

Gl et al. (2021) reported that vermicompost, which is not harmful to the environment, and is
increasing in agricultural production in terms of both gaining to the soil and benefiting the
waste. This research was carried out in 2019 in Bayburt ecological conditions in order to
determine the impacts of different doses of solid (250, 500 and 750 kg hat) and liquid (0,
250, 500 and 750 ml hat) vermicompost fertilizers on the flowering and maturation period
(days), stem diameter (cm), table diameter (cm), plant height (cm), thousand weight (g) seed
yield (kg ha?), seed internal rate (%), oil ratio (%) and oil yield (kg ha) of sunflower
(Helianthus annuus). In the experiment, it was determined that all parameters were
statistically significant compared to p<0.01. The highest seed (218.7 kg ha*) and oil yield
(75.9 kg hal), which are the most important parameters in oil sunflower, were obtained in
750 kg da! solid and 750 ml ha* Liquid vermicompost application (K3S3). As a result, the
use of solid and liquid vermicompost application in oil sunflower together will be beneficial

in obtaining the highest healthy, high-quality seed and oil yield.

Vedpathak and Chavan (2016) conducted an experiment to study on impact of organic on
growth and yield components of Sunflower crop on season. A common dose of organic
fertilizers such as Vermicompost (T1), NADEP compost (T2) and pit compost (T3) were used
at equal rate 1.25 kg plot™ (@ 0.625 kg sq. m™). Chemical fertilizers (T4) were used as stated
by recommended dose of fertilizers (60:30:30- N: P205: K20 Kg ha™?). Not any fertilizers



were added in treatment (Ts) that is to be named as control. NADEP compost treatment (T2)
increases maximum plant height (110.8cm plant™). It was 107.9 cm plant™® with application
of pit compost treatment (Ts) and lower plant height 98.65 cm plant? was observed with
application of chemical fertilizers (T4) after 90th day. The maximum (6.38 cm plant™),
minimum (5.90 cm plant?) and lower (4.85 cm plant™) of head diameter of sunflower plant
were observed with application of NADEP compost treatment (T2), vermicompost treatment
(T1) and control field treatment (Ts) respectively after 90th day. The highest mean weight of
seeds head? (5.97g head™) was recorded in vermicompost treatment (T10) followed by
NADEP compost treatment (5.42g head™). The lowest weight of seeds head™ (1.70 g head™)
in pit compost treatment Tz. The maximum dry weight of 100 seeds of sunflower crop (2.64g
plant™) was recorded in vermicompost treatment T1 followed in order by treatment T, (2.34g
plant™), treatment T4 (2.28g plant™), treatment T3 (1.99g plant?) and treatment Ts (1.96g
plant!). The maximum yield of Sunflower crop (0.089 Kg plot?) was achieved in
vermicompost treatment (T1) which was more than remaining fertilizer treatments and lower
yield is 00.026 Kg plot™ was recorded in plot treated with pit compost treatment (T3). It was
concluded that, the application of vermicompost increases yield of sunflower crop followed
by in order NADEP compost, pit compost, chemical fertilizers and control. Therefore, it can
be showed that use of organic fertilizers in agricultural field give progressive response

compared to chemical fertilizers for sunflower production.
2.3. Leaves number plant

Application of organic amendments significantly influenced sunflower number of leaves
plant? in Cr contaminated soil during both the years. During 2015-16 number of leaves per
plant varied from 9.00 to 5.55, 18.67 to 11.00, 65.78 to 30.78 and 56.22 to 26.89 at 30, 60, 90
DAS and at harvest, respectively while during 2016-17 it varied from 9.22 to 5.56, 20.22 to
11.22, 67.89 to 33.22 and 56.44 to 27.11 at 30, 60, 90 DAS and at harvest, respectively
(Kumar et al., 2018).

Khan et al. (2016) reported that at harvest, the leaves number of sunflower was observed
maximum in T being, 63.77 plant™ and 63.14 plant™ for the 1st and 2nd year, respectively.
The effect of organic manure levels on plant leaves number was significant at the both
locations. Plant leaves number values at M3 and M. organic manure levels were higher than
those at control treatment without organic manure. Also, Palacio-Roman et al. (2020)
mentioned that application of manure had significant effect on the number of leaves for

sunflower.
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2.4. Leaf area of sunflower

Effects of Rice straw biochar (RSB) and Cow manure biochar (CMB) on leaf area of
sunflowers grown in long-term contaminated soil are illustrated. The greatest leaf area per
plant and proline content of sunflower grown in polluted soil was obtained from plots given
the combination treatment. (Seleiman et al., 2020). A significant increase in growth is well
demonstrated due to application of vermicompost and biogas slurry under non saline soil

expressed in terms of plant leaf area (Ahmad & Jabeen, 2009).

The amount of organic manure has significant effect on the leaf area (Table 4). M3 gave
wider leaves (3689.55 cm?, and2778.94 cm?) plant™ in the SL and QL location respectively)
than that of control without organic manure (2049.94 55 cm? and 1973.55 cm?) plant™ in the
SL and QL location respectively (Muhsin et al., 2021).

Leaf area, specific leaf area (SLA) showed significant differences between treatments with
biochar as a whole with respect to the control, and depending on the biochar type. The SLA
was higher in plants grown with biochar compared to control plants (Fig. 3e), with the
exception of those from WSB (Wheat-straw biochar) treatment, which showed a lower SLA
(especially at high application rates). Leaf-area ratio (LAR), which indicates the leaf area
relative to plant biomass, was higher in biochar-treated soils, with all the biochar samples

showing a similar trend (Alburquerque et al., 2014).
2.5. Dry weight of sunflower

Rasool et al. (2013) reported that a field experiment was conducted at the Research farm,
Division of Agronomy, Sher-e-Kashmir University of Agricultural Sciences and Technology,
India for two consecutive rainy (kharif) seasons of 2009 and 2010 to find out the impact of
nitrogen, sulphur and farmyard manure (FYM) on growth and yield of sunflower (Helianthus
annuus L.). Application of 120 kg N ha significantly increased all the yield components
viz., plant height, leaf area index, dry matter production, capitulum diameter, achenes
capitulum™ and 1000-seed weight. Pooled yield increased by 26% with 120 kg N but it was
statistically at par with 80 kg N ha. With increased N dose, the oil content consistently
decreased but the oil yield improved during both years. Sulphur application at the rate of 60
kg ha! significantly increased plant height, leaf area index and dry matter production after 25
days of sowing (DAS). All yield contributing characters viz., filled achenes capitulum™, head
diameter and 1000-seed weights were higher with 60 kg S ha* over 30 kg S ha*. Seed and
stalk yield with 60 kg S ha were significantly higher than those of 30 kg S ha. Similarly,
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oil content and oil yield with 60kg S ha™ was 2 and 10.5 % over 30 kg S ha*. Application of
FYM at the rate of 10 and 20 t ha was at par with each other but recorded significant
improvement in the plant height, leaf area index and dry matter production of sunflower after
25 days of sowing over no FYM. FYM @10 and 20 t ha increased the oil yield by 11 and

5.4 %, respectively over no application.

Dambale et al. (2018) reported that dry matter per plant (g) amongst the various plant parts as
affected by various treatments. The application of 100 % RDF + FYM @ 5 t ha? (T,)
recorded significantly higher total dry matter per plant at harvest i.e 132.67 respectively of
sunflower which was at per with application the of 100 % RDF + SR @ 5t ha-1 (T1), 100 %
RDF + FYM @ 5 t ha? (T3) and was found significantly superior over the rest of the
treatments significantly superior over the rest of treatments.

2.6. Chlorophyll content of sunflower

Alzamel et al. (2022) reported that sunflower is the most important source of edible oil and
fourth-largest oilseed crop in the world. The purpose of this study was to investigate the
effect of using two organic fertilizers from various sources (compost coupled with bio
fertilizer (CCB), filter mud cake (FMC)) and comparing them to conventional inorganic
fertilizers in their effect on the quality of sunflower seeds, sunflower oil, and soil properties.
The data showed that the highest value of dry weight, plant height, disk dry weight in
addition to chlorophyll content, and phenolic secondary metabolites in oil was measured after
the application of inorganic fertilizer, while the use of organic fertilizer contributed to a
substantial increase in the production yield of sunflower seeds, oil, and a high stalk yield
compared with inorganic treatment. Oils produced from organic fertilizer (CCB and FMC)
gave higher blue color values than inorganic ones and the most transparent oil was inorganic
while the organic treatments produced darkest oils. The results for chemical composition of
sunflower seeds showed nonsignificant differences for protein and ash among all treatments
while a significant difference with regard to oil content was recorded, in which the FMC
recorded the highest oil content followed by compost (CCB), and finally came the inorganic
treatment. Organic fertilizers are a valuable source of organic material and nutrients essential
for plants and can be safely used for soil, crops, and the environment. The highest sunflower
chlorophyll content at all sampling dates was obtained when the combination treatment was
applied compared to untreated soil. This was followed by applications of RSB = Rice straw
biochar, CMB = Cow manure biochar, CMB, RSB, and Zn NPs. Compared to the untreated

soil, the application of a combination treatment (i.e., CMB + RSB + Zn NPs) increased the
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total chlorophyll content by 26.6%, 29.9%, 27.4%, and 35.6% at 25, 45, 65, and 85 DAS,
respectively (Seleiman et al., 2020).

Jabborova et al. (2021) reported that the effect of biochar on lettuce using biochar additions
of 1%, 2% and 3% in a pot experiment. The plant parameters assessed under greenhouse
conditions were the germination rate, leaf length, leaf number, leaf width as well as fresh root
weight, fresh shoot weight, dry root weight, dry shoot weight, and root morphological traits.
Both biochar 2% and biochar 3% treatments significantly improved lettuce growth (leaf
length, leaf number, leaf width) compared with the control, while no significant differences
were observed in the biochar 1% treatment. However, biochar 3% treatment significantly
enhanced the root morphological traits such as total root length, the root surface area, the
projected area and the root volume compared to the control. The total chlorophyll content and
carotenoid content improved with increasing levels of biochar 3% treatment, which
significantly increased by 43% and 51% compared with the control. The highest acid
phosphor monoestrase activities were seen with the application of biochar 3%, which was
19% and 31% higher than that of the biochar 1% and control treatments, respectively.
Moreover, a significant increase in soil enzyme activities (fluorescein diacetate hydrolase,
acid and alkaline phosphor monoestrase) was observed with the biochar 2% and biochar 3%
treatments compared to the control. This study indicated that biochar could promote lettuce

growth and enhance soil enzyme activities.
2.7. Head diameter of sunflower

Gul et al. (2021) reported that the effects of different doses of solid and liquid vermicompost
applied to sunflower it showed significant variation on head diameter. In treatment KsS;
means solid Vermicompost K3 (750 kg) and liquid Vermicompost S; (250 ml) showed the
maximum head diameter (15.6 cm). A significant increase in growth is well demonstrated
due to application of vermicompost and biogas slurry under non saline soil expressed in terms
of plant disc diameter (Ahmad et al., 2009).

Abd-Elhamied et al. (2018) studied that head diameter increased significantly sunflower head
diameter (cm) compared with control treatment. In addition, adding poultry manure increased
head diameter (cm) compared with adding biochar. The head diameter of sunflower plant at
harvest time 120 days from planting were improved significantly with increasing compost
rates up to 4 t fed* compared without compost addition in both seasons, reached by 37.07 for
1st season and 37.68 for 2nd season respectively.
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The application of organic manure in the first cropping season produced the highest head
diameter compared to that of the second cropping season for all treatments. Both cropping
season and organic manure had a significant effect on head diameter. Organic manure
contributed to a significant increase in head diameter over the control in the second cropping
season compared to the first cropping season, supporting the findings of (Wabekwa et al.,
2014).

2.8. Seed number head™ of sunflower

The application of a single CMB and RSB increased the number of seeds per head of
sunflower by 40.0% and 26.6% respectively (Seleiman et al., 2020). The number of seeds per
flower was obtained by random selection of flowers from each treatment. Maximum number
per flower was obtained from treatment T: (Organic manure + Biofertilizer, VAM).
Statistical analysis revealed that all the treatments recorded significantly higher number over
control (Khodaei-joghan et al., 2018).

Akbari et al. (2011) conducted an experiment to study the effect of organic, chemical and
integrated nutritional levels and Plant Growth Promoting Rhizobacteria (PGPR) on the grain
yield and quality traits of sunflower (Helianthus annuus L.). A total of five nutritional levels,
including 100% organic (F1), 25% chemical and 75% organic (F2), 50% chemical and 50%
organic (F3), 75% chemical and 25% organic (F4) and 100% chemical (F5), were utilised in
the main plot, and two levels of PGPR inoculation (10, 11) were established in sub-plots,
respectively. The treatments were arranged in a split-plot design based on RCB with three
replications. The height, leaf area index, biological yield, 1000-seed weight, number of seeds,
head diameter, harvest index and qualitative properties (except for the oil content) were
superior in the F3, F4, and F2 integrated nutritional levels compared to the completely
organic (F1) and chemical levels (F5). In the F3 integrated level, the total increased seed
yield (2924.9) was approximately 40% of the lowest seed yield for the F1 level (1777.1).
According to the results for the yield, the order was F3>F4>F2>F5>F1 respectively. The
highest and lowest contents of oil were observed in the F1 level (51.07) and F3 level (49.35),
respectively. The results showed that inoculating the seeds with PGPR increased the
qualitative and quantitative properties of sunflower significantly, as compared to the control

treatment.
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Muhsin et al. (2021) reported that there was significant difference between organic manure
levels, on the number of seed per head in sunflower. The maximum number of seed per head
(1383.67 and 1379.33 seeds head™ in the SL and QL location respectively was recorded in
the treatment of Ms (organic manure 10 t ha™). Minimum seed per head (1331.78 and
1328.33 seeds head™ in the SL and QL location respectively) was found in the treatment of

Mo (without manure fertilizer control).
2.9. Weight of seed per head of sunflower

The application of organic manure under salinity increased the number and weight of seeds
per floral disc, which resulted in an increase in seed yield and oil content per floral disc of
sunflower (Ahmad and Jabeen., 2009). Alzamel et al. (2022) reported that compost (CCB)
treatment recorded the second highest level of disk dry weight after inorganic treatment. This
significant difference between treatments may be due to solubility that is more nutrient in
mineral form in inorganic treatment than other treatments, which increased plant nutrient
uptake. There was a significant effect (p<0.05) on head dry matter in both cropping seasons.
Poultry manure (49.27 g head™) and the combined manure (32.50 g head™) produced the
highest head dry matter values in the first and second cropping seasons, respectively reported
by (Mokgolo et al., 2019).

2.10. Thousand seed weight of sunflower

Application of biofertilizer along with VAM without sulphur produced significantly highest
1000 seed weight in T4 followed by T1 and Tz Minimum seed index i.e.2.60 g for 2013-14
and 2.65 g for 2014- 15 was found for the treatment with 100% chemical and untreated
control. Treatment T4, T3 and T1 were significantly higher than untreated control (Khan et al.,
2016).

Soleymani et al. (2016) reported that combined treatment of vermicompost and half of
recommended chemical fertilizer yielded maximum 1000- seed weight (56.67 g). 1000 seed
weight and seed yield (kg fed?) of sunflower plant at harvest time 120 days from planting
were improved significantly with increasing compost rates up to 4 t fed compared without
compost addition in both seasons, reached by 58.06 for 1st season and 29.88 for 2nd season

respectively.
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2.11. Stover yield of sunflower

De Jesus et al. (2020) reported that effects of annual organic fertilization on maize and
sunflower yields and on physical and chemical characteristics of Fluvisol were evaluated in
the semiarid area of Paraiba state, from 2007 to 2011. Grain and stover yields increased with
fertilization, especially in the years of good rains (maize, 0-61%, reaching 3.4 Mg ha™! of
grain; sunflower, 48-112%, reaching 1.4 Mg ha™! of achenes), differing only slightly between
fertilizer types and form of application. All fertilizers incorporated for 5 years reduced water
infiltration time (20-50%), but only manure and G. sepium reduced soil bulk density (about
10%) and increased soil porosity (7—10%). Manure increased soil pH (0.7-1.0 units). Surface
application of manure and C. sonderianus increased soil organic matter (28 and 72%) and
phosphorus concentrations (about 70%). We suggest that, in sites with soil physical problems
(slow water infiltration, high soil compaction, and low porosity), organic fertilizers may lead
to better responses if incorporated into the soil. If there is a need for greater improvement of
soil organic matter, nutrients and water conservation, surface applied organic manure and C.

sonderianus may be a better management practice.
2.12. Seed yield of sunflower

A field experiment was conducted, during two growing seasons, under open field conditions
at Agricultural Research Center, Egypt. The study aimed to determine the effect of different
irrigation water levels (60, 80 and 100% of crop evapotranspiration (ETc)) and fertilization
(mineral fertilizers (control), farm yard manure (FYM), biochar, compost and vermi-
compost) on growth, yield, water use efficiency and nutritional status of lettuce (Lactuca
sativa L.). Applying different irrigation water levels and fertilizers significantly affected the
vegetative growth and yield traits, i.e., no. of leaves, weight, head length and width, and total
chlorophyll, as well as nutrient contents (N, P, and K) and total soluble solids (TSS). Data
revealed that using vermicompost fertilizer reduced irrigation water requirements of lettuce
plants, compared with control treatment. Also, vermicompost treatment gave the highest
values of the studied plant traits, during the two tested seasons. Increasing irrigation level up
to 80% of ET enhanced the yield, with additions of organic fertilizer treatments, and
increased water use efficiency. Moreover, the treatment of vermicompost + 80% of ETc gave
the highest benefit-cost ratio (BCR values were 3.08 and 2.77 during the two tested seasons,
respectively), while the lowest ones (0.85 and 0.93) were recorded by applying the treatment
of mineral fertilizers+ 60% of ETc during the two studied seasons respectively. The

significant main effect of fertilization treatments showed that vermicompost and biochar
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caused increase in lettuce yield like that of mineral fertilizer reported by (Abd—Elhamied et
al., 2022).

Alzamel et al. (2022) reported the results in the compost (CCB) treatment scored the highest
seed yield (8.963), highest oil yield (3.988), and highest stalk yield (11.795), followed by
filter mud cake (7.387, 3.625, and 10.01, respectively), while inorganic treatment recorded
the lowest values (6.60, 2.626, and 9.390, respectively).

It was observed that both solid and liquid vermicompost application increases the efficiency
more than only solid vermicompost application. According to the given results, the highest
seed yield (218.7 kg da*) was obtained from the treatment vermicompost application studied
by (Gl et al., 2021). In case of sunflower crop production, manure application in the second
season resulted in an increase in the seed yield compared to the first season, except after
application of poultry manure where after the seed yield decreased significantly by 168%

from the first cropping season (Mokgolo et al., 2019).

In the case of sunflower seed yield plant?, the individual application of CCD slightly
increased this up to 44, 55, and 74% at 1.8, 6, and 12 dS m™ respectively, compared with the
control (Naveed et al., 2021). Application of organic fertilizer significantly (P<0.05; F-test)
increased seed vyield, all yield attributes, oil yield and seed quality of late sown sunflower,

except protein content reported by (Oshundiya et al., 2014)

The seed yield plant™ and seed yield (kg fed) of sunflower plant at harvest time 120 days
from planting were improved significantly with increasing compost rates up to 4 t fed*
compared without compost addition in both seasons, reached by 28.45, and 37.24% for 1st
season and 54.88 and 32.86 % for 2nd season, respectively. This increment in sunflower seed

yield may be due to the increase in 1000-seed weight reported by EAM et al. (2014).

Rasool et al. (2013) reported that significant increase in yield components and seed yield was
observed with application of farmyard manure, which helped better crop growth, produced
better yield attributes, and ultimately higher seed yield during both the years. Application of
10 and 20 t ha* of farmyard manure increased seed yield by 9 and 15%, respectively over no

application.

Thind et al. (2007) studied that organic manures had significant residual effect on seed yield,
growth and phenology of sunflower, the response to VC and BC being more than green
manures. Combination of BC with VC application up to 60 kg ha'to sunflower also
improved seed yield.
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2.13. Biological yield

Gyewali et al. (2020) conducted an experiment to evaluate the influence of different organic
manures on growth, yield, and quality of sunflower at Institute of Agriculture and Animal
Science (IAAS), Rupandehi, Nepal. The treatments were consisted as farmyard manure
(FYM) (30 thal), poultry manure (PM) (30 t hal), FYM(15 t ha!) + PM (15t ha'), FYM
(15 t ha'!) + vermicompost (2.5 t ha') + phosphate solubilizing bacteria (PSB) (10 kg ha™),
FYM (15 t hal) + bone meal (5t hal) + PSB (10 kg hal), PM (15 t hal) + vermicompost
(2.5t hal) + PSB (10 kg hal), PM (15 t ha') + bone meal (5 t hal) + PSB (10 kg hal). The
fram yard manures combined with bone meal and PSB significantly increased the growth and
yield attributes viz., plant height (43.43 cm), number of leaves (20.9), shoot length (44.49
cm), root length (21.68 cm), root diameter (3.77 cm), root weight (211.3 g plant? ), shoot
weight (170.9 g plant?), biological yield (82.28 g plant™), dry root weight (46.89 g plant™),
dry shoot weight (50.33 g plant™), total dry weight (97.22 g plant?), root yield (49.31 t ha?),
shoot yield (939.87 t ha'l) and biological yield (89.19 t ha'') at 70 days after sowing. In total,
the results suggested that farm yard manures combined with bone meal and PSB is suitable to

cultivate sunflower.

Munir et al. (2007) reported that the incorporation of inorganic and organic fertilizers
resulted in a maximum biological yield of sunflower and it might be because of the nutrients

availability and enhanced nutrient uptake which leads to the higher biological yield.

Saeed et al. (2002) stated that organic manure alone or in combination with synthetic
fertilizers significantly, increased grain and biological yield against control for sunflower the
significant main effect of fertilization treatments showed that vermicompost and biochar

caused increase sunflower yield like that of mineral fertilizer (Abd—Elrahman et al., 2022)
2.14. Harvest index

Abd-Elrahman et al. (2021) was conducted a field experiment during two growing seasons,
under open field conditions at Agricultural Research Center, Egypt. The study aimed to
determine the effect of different irrigation water levels (60, 80 and 100% of crop
evapotranspiration (ETc)) and fertilization i.e., mineral fertilizers (control), farmyard manure
(FYM), biochar, compost, and vermicompost) on growth, yield, water use efficiency and
nutritional status of sunflower (Helianthus annuus L.). Data revealed that using
vermicompost fertilizer reduced irrigation water requirements of sunflower plants, compared

with control treatment. In addition, vermicompost treatment gave the highest values of the
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studied plant traits, during the two tested seasons. Increasing irrigation level up to 80% of
ETc enhanced the yield, with additions of organic fertilizer treatments, and increased water
use efficiency. Moreover, the treatment of vermicompost + 80% of ETc gave the highest
benefit-cost ratio (BCR values were 3.08 and 2.77 during the two tested seasons,
respectively), while the lowest ones (0.85 and 0.93) were recorded by applying the treatment

of mineral fertilizers+ 60% off.
2.15. Water holding capacity

Yu et al. (2018) studied to determine the effect of woody biochar amendment (yellow pine
from pyrolysis at 400°C) on the water holding capacity of loamy sand soil with different
mixture rates. Results show a doubling in water holding capacity by mass using a 9% mixture
of biochar (equivalent to 195 metric ton/ha), which is an agriculturally relevant concentration.
High percentage mixtures of biochar increase water holding capacity dramatically. These
results suggest the use of biochar has potential to mitigate drought and increase crop yields in

loamy sand soil.

Gondim et al. (2018) reported that two species from caatinga biome were used, jurema-preta
(Mimosa tenuiflora Willd. Poir.) and marmeleiro (Croton sonderianus Mull. Arg.). This study
aimed to identify the best biochar material regionally available to increase water-holding
capacity in the soil, based on laboratory tests and microstructural porosity evaluation. Biochar
from Caatinga wood demonstrated an improved water holding capacity if compared to
cashew wood biochar. The particle diameters of 2 and 4 mm showed the highest levels,
which were 2,268 gg! for caatinga wood and 0.574g' for cashew wood biochars,
respectively. While the smaller quantities of macropores and a larger number of micropores
(smaller radius) could explain the higher water-holding capacity for biochar from caatinga
wood, the thick lignified cell walls of biochar from cashew wood support the idea of a

hydrophobic effect contributing to water lower holding capacity.
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CHAPTER Il
MATERIALS AND METHODS

This chapter briefly describes the materials and methods that are used in performing the
research work. The chapter is presented under the following heads: location, soil
characteristics climatic condition, properties of material, treatments of the experiment, land
preparation, experimental design, layout of the experimental plots, fertilizer application,
sowing of the seeds in the field, intercultural operations, harvesting and threshing, data
collection and statistical analysis.

3.1 Geographical location of the experimental site

The experiment was conducted in the Agronomy Research Field, Department of Agronomy,
Hajee Mohammad Danesh Science and Technology University, Dinajpur-5200, Bangladesh
from November 2021 to April 2022. The geographical position of the experimental area and
location is between 25°44.574/N and 88°40.344E and 40 m above sea level shown in (Figure
laand 1b).
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Figure: 1 (a) Location of the experimental area
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3.2 Climatic conditions
The climate was subtropical with low temperatures and minimum rainfall from December to
April which is the main feature of the Rabi season. The highest maximum temperature was
shown in the month of April i.e., 35.0°C. The lowest maximum temperature was shown in
January at 24.0°C. While the highest minimum temperature was recorded in the month of

April at 18.0°C and the lowest in the month of December at 13.0°C shown in (Figure 2a).
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Figure 2(a): Maximum and minimum temperatures during experimental period
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Figure 2(b): relative humidity and rainfall during experimental period

Besides, the highest humidity was shown in the month of December 2021 with 1.8% lowest
at 1.3% recorded in the month of March 2022. There was no rainfall at the beginning but
little bit rain before harvesting the experiment. The highest rainfall month was in April with
the data being 80 mm. While very low percentage was shown from December 2021 to

February 2022 and the range was between 5-10 mm shown in (Figure 2b).

3.3 Soil type

The soil of the experimental field belongs to the old Himalayan Piedmont Plain (AEZ-1).
Soil with good drainage capacity. The experiment plot was medium high land with the pH
range of6.12 i.e., the soil is acidic soil. The soil physical and chemical properties of the
experimental site were analyzed before started the experiment and presented in (Table 1).
Soil analysis was done from the Soil Resource Development Institute (SRDI), Dinajpur,
Bangladesh shown in (Table 1). Soil analysis showed that the soil of the experimental plot

was sandy loam.
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Table 1: Soil physical and chemical Properties of the experimental location

Parameters measured Units Soil Layer between (0-40) cm
Soil textural classes - Sandy loam

Sand % 47.60
Silt % 36.00
clay % 16.40
Organic matter % 0.31
Organic carbon % 0.18
Total N % 0.007
Total P % 14.30
Available K mgkg? 0.05
Available S mgkg™ 18.09
Field capacity % 10.50
CEC Meq 100g 1.00
Ec mgkg? 87.30
pH mgkg™ 6.12

3.4 Duration of the experiment
The experiment was conducted during the period from 10 December 2021 to 8 April 2022.
3.5 Varieties/ planting material

BARI Shurjamukhi-2 was used in this experiment. Seeds were collected from Bangladesh

Agricultural Research Institute, (BARI) Gazipur, Bangladesh.
3.6. Varietal characteristics of BARI Shurjamukhi-2

i.  Developed by Bangladesh Agriculture Research Institute (BARI), Gazipur,
Bangladesh.

ii.  Plants are tall, well growth, Plant height 125-140 cm.

iii.  Large head, erect, uniform germination and seeds are attractive and eye catching.
iv.  Radium 2.0-2.4 cm, ripen inflorescence of head radium 15-18 cm.

v.  Seed colour black.

vi.  Number of seed head-* 350 — 450.
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vii.  Crop duration in rabi season (95-100) days and kharif season 85-90 days.
viii.  Cultivation in rabi and kharif season.

ix.  Yield in Rabi season (2.0-2.3) t ha! and kharif season 1.5-1.8 t ha™.

X.  Oil content 42-44%.

xi.  Overall, vigorous growth in this variety

3.7. Treatments
The experiment consists of the following seven treatments.
Factor A: Variety; BARI Shurjamukhi-2
Factor B: Seven treatments of different organic fertilizers
%+ T1= Control (no application)
% T,=Farm Yard Manure (FYM) @ 2 t ha'
< T3=Vermicompost (VC) @ 2 t ha*
¢ T4=Biochar (BC) @ 2 t hat
< Ts=Farm Yard Manure (FYM) @ 1t ha® + Vermicompost (VC) @ 1t ha'
< Te= Farm Yard Manure (FYM) @ 1 t ha! + Biochar (BC) @ 1t ha
< T7= Vermicompost (VC) @ 1t ha™ + Biochar (BC) @ 1t ha*

3.8. Experimental layout and treatment combination

3.8.1. Experimental layout

The experiment was laid out in a Randomized Complete Block Design (RCBD).
3.8.2. Treatment combination

The experiment consists of seven treatment combinations where each treatment was
replicated three times. The treatments were randomly distributed to the plots within a block.
Thus, the total number of the plot was 3 x 7 = 21. The unit plot size was (4 m x 2.5 m) i.e.,
10 m?. Irrigation and drainage channel was made by maintaining 50 cm width and 30 cm
between the blocks and 25 cm wide and 25 cm depth between plots. The experimental layout

and treatment combinations are shown in (Figure 3).
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Figure 3: Layout of experimental plot

3.9. Experimental procedure and crop management
3.9.1. Collection of seed

The varieties were collected from Bangladesh Agricultural Research Institute (BARI),
Gazipur, Bangladesh. Before sowing, the seeds were treated with vitavax-200 for germination
in the laboratory and the percentage of germination was found to be over 90 % for the

variety.
3.9.2. Land preparation

The experimental field was first ploughed on 10 December 2021. The clods of the land were
hammered to make soil into small pieces. Weeds, stubbles, and crop residues were removed
from the land. The final ploughing and land preparation was done on 12 December 2021. The
layout was done as per experimental design on 13 December 2021.
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3.9.3. Application of fertilizer

Fertilizer was applied as a source of N-P-K nutrients viz., 80 kg N2, 40 kg P»0s, and 40 K20
kg ha® uniformly distributed through Urea, DAP, and MoP. Therefore, the fertilizer
requirement was urea=80g/10 m? plot; DAP = 40 g/10 m? plot, and MoP = 40 g/10 m? plot

respectively. Organic fertilizers were applied as per the treatments.

3.9.4. Treatment application

Different fertilizer application was done by following the treatments. Therefore, the

treatments doses were applied as;

Treatments Application Rate (Kg)
T1= Control (no application) No fertilizer
T.=Farm Yard Manure (FYM) @ 2 t ha! 2 kg plot™ (10m?)
Ts = Vermicompost (VC) @ 2 t hat 2 kg plot® (10m?)
T4= Biochar (BC) @ 2t ha 2 kg plot* (10m?)
Ts=Farm Yard Manure (FYM) @ 1t hal+ (1 kg+1 kg) plot* (10m?)
Vermicompost (VC) @ 1t ha'
Te= Farm Yard Manure (FYM) @ 1 t ha'+ Biochar (BC) (1 kg+1 kg) plot* (10m?)
@ 1that
T7= Vermicompost (VC) @ 1t ha'+ Biochar (BC) @ 1t (1 kg+1 kg) plot* (10m?)
hat

3.9.5. Seed rate with spacing

The recommended seed rate (7 kg ha?) i.e., 0.007 kg or 7 g/ 10 m? of Bari Surjamukhi-2
variety seed was used for a single plot. Therefore, a total of 147 g or .147 kg seed was
required for a 210 m? or 21 plot area. Line to line distance was 30 cm. After placing the seeds

on line, the seeds were covered with loose friable soil.
3.9.6. Seed sowing

After preparing the line spacing, seeds were sown in line on 27 December 2021 as per the

experimental layout.
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3.9.7. Intercultural operations

It is done to ensure that crops grow properly. Thinning and gap filling were done
simultaneously at 15 and 30 days after sowing. The crops have emerged within 8 to 12 days.
Irrigation was given seven times after a 5 to 10 days break in order to maintain a suitable

moisture level. Another, operation weeding is done two times during the period.
3.9.8. Insect and pest control

There was no infection of disease in the field but the crop was infested with aphids at the time
of flowering and was controlled successfully by spraying Ektara @ 0.02 g L water.

3.9.9. Harvesting and threshing

The sunflower crop was harvested on April 8, 2022. Prior to harvest, plant samples from each
unit plot were collected. To collect yield data, the samples were properly dried. After drying
in the sun, each plot per seed and per plant seed was recorded. The seeds fresh and sundry

weights were recorded.
3. 10. Data collection

Data were collected based on the yield and yield characteristics of the wheat plant. The

characteristics were;

i. Plant height (cm)
ii. Stem diameter (cm)
iii. Leaves number plant 1 (no.)
iv. Fresh weight of leaves (g)
v. Dry weight of leaves (g)
vi. Chlorophyll content (%)
vii. Leaf area index (%)
viii. Head diameter (cm)
ix. Weight of seed head™ (g)
X. Seed number per head (no.)
xi. Thousand seed weight (g)
xii. Head yield (t ha)
xiii. Biological yield (t ha)
xiv. Stover yield (t ha)
xv. Seed yield (t ha)
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xvi. Water holding capacity (%)

xvii. Harvest Index (%)

These data were taken when the crop attained maturity. Due attention was paid to recording
the data as influenced by different organic fertilizer application was a prime objective of the
present study. With this point of view, ten plants were randomly collected from each plot.
From these, plant height, numbers of leaves plant?, stem diameter (mm), chlorophyll content
(%), head diameter (cm) and thousand seed weight were noted. Data on seed yield, biological

yield, and stover yield and harvest index were noted down on each plot.

3.10.1. Plant height (cm)

In every plot, ten plants are randomly selected for a measurement of the plant height. The
plant height of the selected plant was measured from the ground level to the tip of the plant at

25, 50, 70, 90 DAS and harvesting stage. Plant height always measured in centimeter.
3.10.2. Stem diameter (cm)

Stem diameter measurement as the average thickness of the stem using measuring tape of
selected ten plants and the mean obtained at 25, 50, 70, 90 DAS, and harvesting stage.

3.10.3. Leaves number plant™ (no.)

It was also obtained by counting all the green leaves of ten plants at 25, 50, 70, 90 DAS, and
at the harvesting stage.

3.10.4. Fresh weight of leaves (g)

Fresh weight of leaves was recorded in gram at 25, 50, 70, and 90 DAS.
3.10.5. Dry weight of leaves ()

Dry weight of leaves was recorded in gram at 25, 50, 70, and 90 DAS.
3.10.6. Chlorophyll content (%)

The Chlorophyll content of the plant leaves was measured by using a CL-01 chlorophyll

meter, and data was recorded at 60 DAS.
3.10.7. Leaf area index (%0)

The leaf area index is a reliable parameter for studying the effects of the environment on

plants. Leaves are one of the main plant organs and are responsible for the productivity of a
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plant. Selected ten plants from each plot were used to measure the leaf area. Leaf area (A)
can be simply calculated by multiplying the product of leaf length (L) and leaf width (W) by
a constant. It was recorded in cm. Finally, the leaf area index (LAI) was calculated using the

following ratio;

Leaf area Index (LAI) = Total leaf area (cm?)/ Total ground area (cm?) from where the plants

were sampled.
3.10.8. Head diameter (cm)

The flower head diameter was measured by using the ten selected plants per plot. Head

diameter was measured in cm at 70 and 90 DAS.

3.10.9. Weight of seed head™ (g)

The weight of seed per head was calculated in grams using the ten selected plants.
3.10.10. Seed number per head (no.)

Number of dried seeds was counted in individual flower head from selected ten plants after

harvesting.
3.10.11. Thousand seed weight (g)

A total of 1000 dried seeds were collected from the ten plants that were chosen. After

counting, the seeds were weight and converted the measurement into gram.
3.10.12. Seed yield t hat

After harvest of the crop, seed from each unit plot was dried and weighed. The result was
expressed as t ha' on 14% moisture basis. Seed yield was measured by the following formula;

Seed Yield=Biological Yield/Stover Yield
3.10.13. Biological yield (t ha?)

Biological yield is the total biomass produced above the soil. Biological yield was measured
by the following formula and expressed in t ha'l;

Biological Yield=Seed Yield + Stover Yield
3.10.14 Stover yield (t ha™)

After harvesting, the straw from each unit plot was dried in the sun and weighed. The result

was expressed as t ha. Stover yield was measured by the following formula;
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Stover Yield=Biological Yield/Seed Yield
3.10.15. Water holding capacity (%0)

Before started the experiment collected soil samples and after completed of the experiment,
collected soil samples from the plot were sent to SRDI (Soil Resources Development
Institute, Dinajpur) for analysis of the water holding capacity of the soil. It is always

expressed in percentage (%).
3.10.16. Harvest index (%)

Harvest index was determined by dividing the economic yield (seed yield) to the biological
yield (Seed yield + Stover yield) from the same area and then multiplied by 100. It is

expressed by the following formula;

Economic yield(Seed Yield)
Harvest Index (%) = - , , X 100
Biologicla Yield

3.11. Data analysis using Statistical program

The analysis of variance (ANOVA) function, the relationship between different organic
fertilizers, and variety, with yield attributes of sunflower evaluated by the least significant
difference (LSD) used for mean comparisons at a 5% probability level using Statistics 10.1.
Mean comparison between the treatments, and combination of the treatments were done by
using the R program (version 4.2.1). Comparison graphs were done by Microsoft Excel
programming. Origin Pro 2022 (version-9.8.200) software used to do the weather graphs.
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CHAPTER IV
RESULT AND DISCUSSION

The chapter comprises of the presentation and discussions of the results obtained due to
different of treatments application in sunflower production. Analyzed data on different
parameters are recorded and presented. These results have been presented and discussed with

the help of table and graphs.
4. 1. Combined analysis of variance (ANOVA)

Combined analysis of variance results showed for nineteen yield related traits for the variety
BARI Shurjamukhi-2. From (Table 2) ANOVA result showed highly significant differences
between replication to replication for plant height (13.20), seed diameter (12.04), and leaf
area index (2.17).

Table 2: Analysis of variance on yield, yield characteristics of sunflower as affected by

organic fertilizers

Source of 4 PH SO LNP LL . FWLP
variation (cm) (cm) (no) (cm) 9)

Replications 5 300+  1204* 1450 1520  217%  11.21%
(Factor A)

Treatmegt)s (Factor o g gpex 435+ 7.80%%  17.22%  051*  7.55%*

Replications x 12 6.13** 7.08**  11.23** 6.30* 0.47*  7.87**

Treatments
Residual 20 0.89 0.78 0.56 0.77 1.07 2.30
CV (%) 13.51 14.22 11.20 1.20 23.76 17.20
LSD 1.10 2.04 1.08 0.05 1.07 0.89

Here, PH=Plant Height; SD= Stem Diameter; LN_P=Leaf number per plant; LAl= Leaf Area
Index; FW_LP = Fresh Weight of Leaves Plant? and ns: non-significant, *: significant at

0.05 and **: significant at 0.01 probability level
Non significant variation shown for leaves number plant* (14.50) and fresh weight of leaves
plant® (11.21). Treatment to treatment showed highly significant differences for leaf length

(17.22), and (7.80) for leaf number plant™. While treatment combination showed significant
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variation for leaf number plant? (11.23), fresh weight of leaves plant™ (7.87) shown in (Table
2).

Table 3 showed that treatment to treatment significant differences for fresh weight of plant?
(88.43), dry weight of leaves plant™ (52.37), dry weight of plant (39.23), chlorophyll content
(28.20), and 1000-seeds weight (12.78). Only flower head diameter (0.78) showed non

significant.

Table 3: Analysis of variance on yield, yield characteristics of sunflower as affected by

organic fertilizer treatments

Sourceof df DW.LP FWP DWUP CC(%) FHD 1000-SW

variation ) (no.) (no.)

Replications o) 37w ggagx  3023% 2820 078  12.78*
(Factor A)

Treatments o 705k gE.55**  48.45%%  104.23% 24.67%% 1180.64**
(Factor B)

Replications —,,  1gc gpss  57gex  4.gg% 431%  5.67**  4.01%*
xTreatments

Residual 20  1.39 0.88 1.02 1.02 1.56 294.48
CV% 14.46 12.20 14.20 11.34 10.56 2.93
LSD 1.05 1.04 0.89 1.26 178 1.20

Here, DW_LP=Dry Weight of leaves plan’; FW_P=Fresh weight plant®; DW_P= Dry
weight plant®; CC=Chlorophyll Content, FH_D =Flower Head diameter; 1000-SW= 1000
Seed weight. Here: ns: non-significant, *: significant at 0.05 and **: significant at 0.01

probability level

Treatment to treatment showed significant differences for 1000-seeds weight (1180.64),
chlorophyll content (104.23), fresh weight plant? (66.55), dry weight plant? (48.45), dry
weight of leaves plant® (47.05), and flower head diameter (24.67). Moreover, their

combination showed highly significant differences for dry weight of leaves plant ** (105.65).
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Table 4: Analysis of variance on vyield, yield contributing characters of sunflower as

affected by organic fertilizer treatments

df FDW_ FDSN SWH  HI SY BY  SY
F.H H  (thal)) (%) (thal) (thal) (tha?)
) (no.)
Replication o * « ns ns * .
(Factor Ay 2 3000 4522%  5610° 3412 0001™ 0069" 101
* *
Treatments g 337.71% o830 q0021%  10211% 04427 g gpxx o ope
(Factor B)
Replication

X 12 9.07** 4.67* 5.77* 1.21™ 0.002"  0.02**
Treatment

Residual 20  37.22 23.33 21.20 35.12 282.18 9132 479.16

0.004*

CV% 1.77 4.21 3.88 5.66 6.56 8.45 2.47

LSD 1.21 0.89 0.92 1.01 1.11 1.26 1.10

Here, F.D.W_F.H = Fresh and Dry weight of flower head; F.D.W.N_H=Fresh and Dry seed
number head?; SW_H= Seed weight head; SY=Stover yield and ns: non-significant*:

significant at 0.05 and **: significant at 0.01 probability level

Table 4 showed replication to replication significant differences for seed weight head™
(56.10), fresh and dry seed number head™ (45.22), and fresh and dry weight of flower head
(30.11). While non significant differences shown for harvest index (34.12) and seed yield
(0.001). Treatment to treatment showed significant differences for fresh and dry weight of
flower head (337.71), fresh and dry seed number head? (128.32), seed weight head™
(109.21), harvest index (102.11) and seed yield (2.05). And their combination showed highly
significant differences for fresh and dry weight of flower head (9.07), seed weight head™
(5.77), and fresh and dry seed number head™ (4.67). However, non significant relation
showed for harvest index (1.21) and seed yield (0.002). Khodaei-joghan et al. (2018)
described that the observed highly significant large variation between the yield contributing
characters with the replication and treatments specified that selection of agronomic traits
could be helped to measure the variation between the treatments with variety. While only
stover yield had only a non significant variation with the interaction between replication and

treatments.
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4.2. Plant height (cm)

Plant height was found to be statistically significant at 25, 50, 70, 90 DAS, and at harvesting
stage with different organic fertilizers and their combinations (Figure 4). During harvesting
time, the longest plant height was recorded from T7 (VC @ 1t hal + BC @ 1t hal) with
(181.0 cm) and the shortest plant height was obtained from T (control) with (99.7 cm). After
that, the second highest plant height was observed at 90 DAS with the longest plant height
was recorded from T7 (VC @ 1tha'l + BC @ 1t hal) with (176.7 cm) and the shortest plant
height obtained from T; (control) i.e., (98.7 cm). ha? control treatment. At 70 DAS, the
longest plant was recorded from T¢ (FYM @ 1t hal+ BC @ 1t ha) (153.0 cm) and the
shortest plant height obtained from T1 (control) (93.33 cm). At 50 DAS, the longest plant
was recorded from T7 (VC @ 1 thal+ BC @ 1t ha) (106.33 cm) and the shortest plant
height obtained from T (control) (86 cm). While at 25 DAS, the longest plant was recorded
from T (VC @ 1 tha! + BC @ 1t ha?) (30.17 cm) and the shortest plant height obtained
from Ty (Control) with (14.7 cm). Results showed that due to the combination of T7 (VC @ 1
t hal + BC @ 1t hal) increased the plant height compared to the other treatment

combinations.

Application of vermicompost with biochar also significantly improved agronomic traits like
plant height reported by (Janmohammadi et al., 2016). Application of FYM at the rate of 10
and 20 t ha! recorded significant improvement in the plant height production of sunflower
after 25 days of sowing over no FYM. FYM @10 and 20 t ha! increased the plant height by
11 and 5.4 %, respectively over no application reported by (Rasool et al., 2013). Hjartardottir
(2017) showed the similar result by using (200 g pot™ +400 g pot?) of farm yard manure and
biochar increased the plant height. Naglaa et al. (2022) reported that the data showed that the
highest value of plant height (341.8 £ 11.01 cm), after the application of inorganic fertilizer,
while the use of compost coupled (CCB) with biochar (BC) contributed to a substantial
increase in the production yield of sunflower seeds, oil, and a high stalk yield compared with
inorganic treatment. Biochar and vermicompost application had a positive effect on
sunflower growth characters together and will be beneficial in obtaining the highest healthy,
high-quality seed and oil yield reported by (Takaragawa et al., 2020 and Volkan Gl et al.,
2021).
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Figure 4: Effect of different organic fertilizers treatment on plant height of sunflower at

different days after sowing (at 25, 50, 70, 90 DAS and harvest) respectively.

Legend:

T1 = Control (No application) Ts=FYM @ 1tha'+ VC @ 1tha-!
T:=FYM @ 2tha' Te=FYM@ 1tha'+BC @ 1tha?
Ts=VC @ 2tha' T=VC@1tha'+ BC@ 1tha'

T,=BC @ 2that

4.2. Stem diameter (cm)

Stem diameter was found to be statistically significant at 25, 50, 70, 90 DAS, and at
harvesting time (Figure 5). During harvesting time the highest stem diameter was recorded
from Te FYM @ 1 thal+ BC @ 1t hal) with (11.7 cm) and the minimum stem diameter
was obtained from T1 (control) (3.7 cm). While at 25 DAS, the maximum stem diameter was
recorded from T7 (VC @ 1tha® + BC @ 1t hal) (4.1 cm) and the minimum stem diameter
was obtained from T1 (control) (0.4 cm). At 50 DAS, the maximum stem diameter was
recorded from Ts (FYM @ 1t hal + VC @ 1t hal) (6.8 cm) and the minimum stem
diameter obtained from Ty (0.72 cm) i.e., with control. At 70 DAS, the second maximum
stem diameter was recorded from Ts (FYM @ 1thal+VC @ 1that)and T; (VC @ 1 t ha
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1+ BC @ 1t ha) with (9.3 cm) and the minimum stem diameter obtained from Ti (2.5 cm).
At 90 DAS, the maximum stem diameter was recorded from T¢ (FYM @ 1 tha'+ BC @ 1t
hal)and T7 (VC @ 1tha® + BC @ 1t ha?) recorded the same result so not significant (11.7
cm) and the minimum stem diameter obtained from T1 (control) with (3.6 cm). Whether for
stem diameter, the combination of FYM and VC i.e.Ts and FYM with BC i.e.Te showed the
highest result.

Naglaa et al. (2022) reported that the highest value of stem diameter was measured after the
application of compost coupled (CCB) with biochar (BC) to a substantial increase of stem
diameter compared with inorganic i.e., chemical treatment. Byra reddy et al. (2018)
concluded that FYM application at 4 t ha™ recorded taller plants with higher value of stem
diameter per plant as against no FYM addition. Mokgolo et al. (2019) reported that the
application of organic manure had a significant effect on sunflower grain yield, dry matter,
head dry matter, plant height, and stem diameter throughout all growing stages of the selected

cropping season with vermicompost with biochar manure producing the best values.

T1 T2 T3 T4 T5 T6 T7

Treatments
® Stem Diameter (cm) @25DAS B Stem Diameter (cm) @50DAS

Stem Diameter (cm) @70DAS B Stem Diameter (cm) @ 90DAS
H Stem Diameter (cm) @ harvesting time

14

12

Stem Diameter (cm)
N S ()] oo 5‘

o

Figure 5: Effect of different organic fertilizer treatments on stem diameter of sunflower

at different days after sowing (at 25, 50, 70, 90 DAS and harvesting stage)

Legend:

T1 = Control (No application) Ts=FYM @ 1 ha'+VC @ 1tha-!
T:=FYM @ 2 tha* Te=FYM @ 1tha'+ BC @ 1tha'
T:=VC @ 2tha' T=VC@1ltha'+BC @ 1tha'

T,=BC@2tha'
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4.3. Leaves number plant?

Leaves number plant™? was found to be significant statistically at 25, 50, 70, 90 DAS, and at
harvesting time (Figure 6). The figure showed that at harvesting time the maximum number
of leaves was recorded fromT7 (VC @ 1t ha' + BC @ 1 t ha') with (48.7 number), and the
lowest number of leaves obtained from Ty (control) with (26.3 no.). At 90 DAS the second
highest number of leaves was recorded from T7 (VC @ 1t ha'+ BC @ 1t hal) with (45
number), and the lowest number of leaves obtained from T: (26.2) at control treatment.
Besides, at 25 DAS i.e., at the earlier or vegetative stage the highest number of leaves per
plant was recorded from Ts (FYM @ 1tha'+VC @ 1tha'), Ts FYM @ 1tha'+ BC @ 1
tha')and T7 (VC @ 1 tha' + BC @ 1 tha) with (19.7 no.) and the lowest number of leaves
obtained from Ti (8.7) i.e., at control treatment. While at 50 DAS the highest number of
leaves was recorded from T7 (VC @ 1tha! + BC @ 1t hal) with (39.7 no.) and the lowest
number of leaves was obtained from Ty (23.3) at control. At 70 DAS, the highest number of
leaves was recorded from T7 (VC @ 1thal+BC @ 1tha) with T, (VC @ 1thal+BC @
1t hal) with (43.7), and the lowest number of leaves obtained from Ti (26) at control

treatment.

The improvement in nutritional status of the sunflower plant might have resulted in the
greater synthesis of amino acids and protein and other growth promoting substances, which
seem to have enhanced the meristematic activity; increased cell division with enlargement
and the results of the present investigation were in close conformity with the findings of
Solangi et al. (2015). Byra reddy et al. (2018) concluded that FYM application at 4 t ha*

recorded the highest number of leaves per plant as against no FYM addition.
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Figure 6: Effect of different organic fertilizers treatments on leaves number per plant of
sunflower at different days after sowing at 25, 50, 70, 90 DAS and harvesting stage

Legend:

T1 = Control (No application) Ts=FYM @ 1 ha'+ VC @ 1 tha'
T=FYM @ 2tha* T=FYM @ 1tha'+ BC@ 1tha*
T:=VC @ 2tha' T=VC@1ltha'+BC @ 1tha'

T,=BC@2tha'

4.4, Fresh weight of leaves plant? (g)

Different fertilizer managements showed a significant variation on above ground fresh weight
plant? for all growth stages. The result revealed that the fresh weight of leaves plant™
differentiated statistically at 25, 50, 70, and 90 DAS (Figure 7). At 90 DAS, the maximum
fresh weight of leaves plant?® was recorded from T7 (BC @ 1t ha' + FYM @ 1t hal) with
(12.5 gm), and the minimum fresh weight of leaves obtained from T1 (4.9 g) at control
treatment. At 70 DAS, the maximum fresh weight of leaves plant™ was recorded from Ts
(FYM @ 1thal+ VC @ 1t ha) with (12.4gm) and the lowest fresh weight of leaves plant™
obtained from T1 (control) (4.1 gm). While at 50 DAS, the maximum fresh weight of leaves
was recorded from Ts (FYM @ 1t ha'+ VC @ 1 t hal) with (9.5 gm) and the minimum
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fresh weight of leaves obtained from Ty (1.5 g) i.e., at control treatment. at 25 DAS, the
maximum fresh weight of leaves was recorded from T7 (VC @ 1t hal+ BC @ 1t ha'l) with
(3.0 g) and the minimum fresh weight of leaves obtained from Ti (1.1 g) i.e., at control
treatment. Similar findings was also observed by Igbal et al. (2020) in application of Moringa
leaf extract (MLE) @ 50% produced maximum fresh weight of leaves plant™* of sunflower.
Similar result was reported by Ahmad et al. (2008). and Nyangani et al. (2010) reported that
the incorporation of organic manures and rate of mineral fertilizers significantly influenced
the fresh weight of leaves per plant. Chopra et al., (2016) reported that combined effect of

variety and organic fertilizer

Fresh weight of Leawes /plant
= [ -
N N [ep] o o N B

o

T1 T2 T3 T4 T5 T6 T7
Treatments

Fresh weight of Leaves (gm) 25 DAS = Fresh weight of Leaves (gm) 50DAS
Fresh weight of Leaves (gm) 70DAS ™ Fresh weight of Leaves (gm) 90 DAS

Figure 7: Effect of different organic fertilizers treatments on fresh weight of leaves per
plant of sunflower at different days after sowing at 25, 50, 70, 90 DAS and harvesting

stage
Legend:
T1 = Control (No application) Ts=FYM @ 1 ha'+ VC @ 1 tha'
T=FYM @ 2tha* T=FYM @ 1tha'+ BC@ 1tha*
Ts=VC @ 2 that T=VC@ 1tha'+BC@ 1tha'

T,=BC @ 2tha'
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The improvement in nutritional status of plant might have resulted in greater synthesis of
amino acids and protein and other growth promoting substances which seem to have
enhanced the meristematic activity and increased cell division and enlargement and
elongation resulting in higher plant height and number of leaves consequently dry matter

weight increased as well.

4.5. Dry weight of leaves plant (g)

Different organic fertilizer managements showed a significant variation on above ground dry
matter weight plant? for all growth stages. The different treatments showed a significant
variation in dry weight of plant leaves demonstrated statistically at 25, 50, 70, and 90 DAS in
(Figure 8). Result showed that at 25 DAS, maximum dry weight leaves were recorded from
Te (FYM @ 1thal+BC @ 1tha?) (0.58 g) and minimum dry weight at T1 (Control). At 50
and 70 DAS, the maximum dry weight leaves were recorded from Ts (FYM @ 1t ha'l+ VC
@ 1t hal) with (2.45 g); (2.92 g). At 90 DAS, the maximum dry weight of leaves was
recorded from T (BC @ 1t ha! + FYM @ 1 t hal) with (3.15 g), and the minimum dry
weight of leaves obtained from Ty (2.26 g), At 70 DAS, the minimum dry weight leaves were
recorded from T> (1.2 g), at 25 and 50 DAS, the minimum dry weight leaves were recorded
from T1 (Control).

Matome Mokgolo et al. (2019) reported that the application of organic manure had a
significant effect on sunflower dry matter weight of leaves throughout all growing stages of
the selected cropping season with vermicompost with biochar manure producing the best
values. The improvement in nutritional status of plant might have resulted in greater synthesis
of amino acids and protein and other growth promoting substances which seems to have
enhanced the meristematic activity and increased cell division and enlargement and their
elongation resulting higher plant height and no of leaves consequently dry matter weight

increased as well.
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Dry Weight of Leaves (gm)

T1 T2 T3 T4 T5 T6 T7

Treatments

B Dry Weight of Leaves (gm) @ 25DAS ® Dry Weight of Leaves (gm) @50 DAS

B Dry Weight of Leaves (gm) @70 DAS & Dry Weight of Leaves(gm) @ 90 DAS

Figure 8: Effect of different organic fertilizers treatments on dry weight of leaves per

plant of sunflower at different days after sowing at 25, 50, 70, 90 DAS and harvesting

stage
Legend:
T1 = Control (No application) Ts=FYM @ 1 ha'+ VC @ 1 tha'
T=FYM @ 2tha* T=FYM @ 1tha'+ BC@ 1tha*
T:=VC @ 2tha' T=VC@1ltha'+BC@ 1tha'

T,=BC@2tha'

4.6. Fresh weight of plants (g)

Different fertilizer managements showed a significant variation on above ground fresh weight
plant for all growth stages. The results revealed that at 25 the highest fresh weight of plants
(6.8 g)at Ts (FYM @ 1t ha! + VC @ 1t hal), at 50 DAS, time the highest fresh weight of
plants (26.7 g), at T (VC @ 1thal + BC @ 1t hal). At 70, 90 DAS and at harvesting time
the highest fresh weight of plants (40.30g, 84.33 g and 97.8 g respectively) were recorded
from treatment T¢ (FYM @ 1t hal+ BC @ 1t ha'l). While the lowest fresh wt. of plants at
(3.64 g) were recorded from treatment T1 (control) at 25 DAS (Figure 9). Then T4 showed
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that second lowest fresh wt. of plants (4.0g) at 25 DAS. Second highest fresh weight of plants
shown at Te (FYM @ 1tha'+ BC @ 1tha?). at 70, 90 DAS, and at harvesting time was the
lowest weight recorded (21.7 g, 39.9 g, 44.33 g respectively) T1 (Control).

Similar result was reported (Ahmad et al., 2008). The improvement in nutritional status of
plant might have resulted in greater synthesis of amino acids and protein and other growth
promoting substances which seems to have enhanced the meristematic activity and increased
cell division and enlargement and their elongation resulting in higher plant height and no of

leaves consequently dry matter weight increased as well.
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Figure 9: Effect of different organic fertilizer treatments on fresh weight of plant of
sunflower at different days after sowing at 25, 50, 70, 90 DAS and harvesting stage

Legend:

T1 = Control (No application) Ts=FYM @ 1ha'+VC @ 1tha'
T=FYM @ 2tha' T=FYM@ 1tha'+BC @ 1tha'
Ts=VC @ 2 that T=VC@ 1tha'+BC@ 1tha'

T,=BC @ 2tha'
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4.7. Dry weight of plants (g)

Different fertilizer managements showed a significant variation on above ground dry weight
plant for all growth stages. The results revealed that at 25, 50, 70 and 90 DAS the highest dry
weight of plants (1.6 g) at T3 (VC @ 2 t hal), (14.0 g, 15.0 g, 32.4 g, and 45.95 g
respectively) observed at maximum dry weight of plants observed at T7 (BC @ 1t ha® +
FYM @ 1t ha') shown in (Figure 10). Then Tsshowed that lowest dry weight of plants (0.7
g) at 25 DAS. At 50 the lowest dry wt. of plants (3.4 g) at T4 (BC @ 2 t hal), At 70 DAS, 90
DAS, and at harvesting the lowest dry wt. of plants (4.3 g, and 4.55 g and 4.89 respectively)

recorded in Ty (control).

Similar result was reported (Ahmad et al., 2008). Matome Mokgolo et al. (2019) reported
that the application of organic manure had a significant effect on sunflower dry matter weight
of plants throughout all growing stages of the selected cropping season with vermicompost
with biochar manure producing the best values. The improvement in nutritional status of
plant might have resulted in greater synthesis of amino acids and protein and other growth
promoting substances which seems to have enhanced the meristematic activity and increased
cell division and enlargement and their elongation resulting in higher plant height and no of

leaves consequently dry weight of plant increased as well.
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Dry weight of plant

B 25 DAS 50 DAS 70 DAS 90 DAS M Harvesting

Figure 10: Effect of different organic fertilizer treatments on the dry weight of plant of

sunflower at different days after sowing at 25, 50, 70, 90 DAS and harvesting stage.
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Legend:

T1 = Control (No application) Ts=FYM@ 1ha’+ VC @ 1tha'
T:=FYM @ 2tha' Te=FYM@ 1tha+BC @ 1tha'
T;=VC @ 2tha? T=VC@ 1tha'+BC @ 1that

T,=BC @ 2tha'

4.8. Leaf Length (cm)

Different fertilizer managements had significant influenced on leaf length of sunflower at all
the growth stages. The results revealed that at 25 DAS, the highest leaf length (22.55 cm) was
recorded from treatment T7 (BC @ 1t ha'+ FYM @ 1 t ha) while the lowest leaf length
recorded from

Table 5: Effect of different organic fertilizer treatments on leaf length and leaf area

index and of sunflower

Treatments Leaf Length (cm) Leaf area index

25DAS 50DAS T70DAS 90DAS 25DAS  50DAS 70 90 DAS

DAS
T1 8.80° 13.07¢ 18.99f 22.76¢ 0.24° 0.64¢ 0.66¢ 0.68°
T, 19.83¢ 22.19¢ 33.59° 40.00° 0.95h° 0.96° 0.98° 1.07¢
Ts 18.70% 25.49° 35.73¢ 40.31° 0.91b° 0.96° 0.98° 1.08¢
Ts 19.92¢ 35.17%  38.20° 40.80° 0.84 0.95° 0.97° 1.10¢
Ts 21.86" 36.26°  40.03° 43.32° 1.00% 1.20% 1.36° 1.40°
Ts 21.50° 33.31°  40.19°  46.33® 1.11% 1.23% 1.352 1.40°
T7 22.55% 36.25? 42.43° 47.61° 1.16% 1.20% 1.332 1.35
LS * * * NS * NS * NS
CV% 22.45 22.71 16.08 16.93 11.95 14.13 12.06 21.95
LSD 9.549 2211 15.32 16.26 0.1815 0.189 0.1224 0.1642

In a column, figure bearing same, or no letter (s) do not differ significantly at 5% level of
significance by Duncan's Multiple Range Test. ** = Significant at 1% level of probability* =
Significant at 5% level of probability. LS= Level of significance; CV= Co-efficient of
variance, LSD= Least Significant Difference
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Legend:

T1 = Control (No application) Ts=FYM@ 1ha’+ VC @ 1tha'
T:=FYM @ 2tha' Te=FYM@ 1tha+BC @ 1tha'
T;=VC @ 2tha? T=VC@ 1tha'+BC @ 1that

T,=BC @ 2tha'

T1(8.80 cm) in control, which is statistically dissimilar with other treatments. At 50 DAS the
highest leaf length recorded from Ts (FYM @ 1t ha’+ VC @ 1 t ha') with (36.26 cm), and
from T7 (BC @ 1 ha'+ FYM @ 1 t hal) with (36.25 mm) while the lowest leaf length
recorded from T1 (13.07 cm) respectively. Then the results revealed that at 70 DAS the
highest leaf length recorded from T7 (BC @ 1 t hal+ FYM @ 1 t hal) with (42.43 mm),
which was statistically dissimilar with Tz, Ta, Ts, and Te (18.99, 33.59, 35.73, 38.20, 40.03,
and 40.19 mm, respectively), while the lowest leaf length was obtained from T1 (18.99 mm).
At 90 DAS, the highest leaf length was recorded from treatment T (BC @ 1t hal+ FYM @
1 t hal) while the lowest leaf length was recorded from T1 (22.76 mm) (Table 5). Singh et al.
(2018) reported that the recommended doses of fertilizer (RDF), along with organic manure

help to increase the leaf area index of different crops, also reported similar findings.
4.9. Leaf area index

Different organic fertilizer managements had significant influenced on the leaf area index of
sunflower at all the growth stages (Table 5). The results revealed that at 25 DAS, the highest
leaf area index (1.16.) was recorded from treatment T7 (BC @ 1 t ha' + FYM @ 1t ha).
While the lowest leaf area index was recorded from T1 (0.24). At 50 DAS, the highest leaf
length width ratio was recorded from T (1.23) (FYM @ 1t ha' + BC @ 1 t hal) while the
lowest leaf area index was recorded from Ti (control) (0.64), respectively which is
statistically non significant with other treatments. Then, the results revealed that at 70 DAS,
the highest leaf area index was recorded from Ts (1.36) (FYM @ 1 tha'l+ VC @ 1t hal) and
the lowest leaf width ratio was recorded from T1 (Control). At 90 DAS, the highest leaf area
index was recorded from Ts (FYM @ 1 tha'+ VC @ 1 tha') and Te (FYM @ 1t ha'+ BC
@ 1t hal) (1.40 and 1.40), respectively. However, the lowest leaf area index was recorded
from Ty (0.68) (Table 5). Singh et al. (2018) who reported that the recommended doses of
fertilizer (RDF), along with organic manure help to increase the leaf area index of different

crops also reported similar findings. Munir et al. (2007) also found that addition of inorganic
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nitrogen improved nutrients availability and uptake which led to increased achene and
biological yields as a result of increased leaf area index, crop growth rate and net assimilation

rate as well as biomass formation in Afghanistan.

4.10. Chlorophyll content (%)

Chlorophyll content was an important parameter in the production. It was varied from
treatment to treatments. It was found to be significant statistically at 25, 50, 70, and 90 DAS
shown in (Figure 11). At 25 DAS, the highest result was recorded from T7 (VC @ 1 t hal+
BC @ 1t hal) with (90.60 %) and the lowest result was recorded T1 (64.64 %) i.e., at control
treatment. At 50 DAS, the highest result was recorded from Te (FYM @ 1tha'+BC @ 1t
ha) with (109.03 %) and the lowest was T (70.83 %). At 70 DAS, the highest result was
recorded from T7 (VC @ 1t hal+ BC @ 1t ha') with (193.67 %) and the lowest was T;
(81.67 %).

250
200
150

100 ‘
T1 T2 T3 T4 TS T6 T7

Treatments

® Chlorophyll Content % @ 25 DAS ® Cholophyll Content % @ 50 DAS
Chlorophyll Content % @ 70 DAS * Chlorophyll Content @ 90 DAS

Chlorophyl Content (%)

Figure 11: Effect of different organic fertilizer treatments on chlorophyll content (%0) of

leaves per plant at different days after sowing at 25, 50, 70, and 90 DAS of sunflower

Legend:

T1 = Control (No application) Ts=FYM @ 1 ha'+VC @ 1tha*
T=FYM @ 2tha' T=FYM@ 1tha+ BC@ 1tha'
Ts=VC @ 2 that T=VC@1tha'+BC@ 1tha'

T,=BC @ 2tha'
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At 90 DAS, the highest result was recorded from T7 (VC @ 1t hal+ BC @ 1t ha') with
(165.67 %), also Ts (FYM @ 1t ha'+ VC @ 1t ha'), showed the close at T7 the lowest was
T1 (164.67%). Chlorophyll and total soluble protein contents were linked to chloroplast
membrane organization, new leaves formation, individual leaf expansion, and process of
mobilization of various pools of nitrogen from older leaves at different levels of nitrogen.
(Kumari, 2017).

4.11. Flower head diameter (cm)

In the application of different organic fertilizer and treatments had a significant impact on the
disc diameter in different growth stages. The result showed that at Tz (VC @ 1 t ha'+ BC @
1 t hal) treatment, the highest flower head diameter observed at harvesting stage with (30
cm) shown in (Figure 12). In contrast, the lowest result was recorded at 70 DAS with (23.3
cm). At Te (FYM @ 1t ha'+ BC @ 1 ha) treatment, the highest flower head diameter was
seen at harvesting stage (29 cm) and the lowest result was recorded (20 cm) at 70 DAS. Very
lowest performance was shown by Ti treatment i.e., at control for all stages. Balalic et al.
(2016) reported that fertilizer management had significant influence on head diameter in the
stage of flowering and physiological maturity in sunflower. With later sowing head diameter

increased, so the significantly highest head

T1 T2 T3 T4 T5 T6 T7

Treatments
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H Flower Head Diameter @70 DAS Flower Head Diameter @90 DAS

® Flower Head Diameter @ Harvesting

Figure 12: Effect of different organic fertilizer treatments on flower head diameter at
different days after sowing at 70, 90 DAS and harvesting stage of sunflower
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Legend:

T1 = Control (No application) Ts=FYM @ 1 ha'+VC @ 1tha'
T:=FYM @ 2tha' Te=FYM@ 1tha'+BC @ 1tha®
T:=VC @ 2 tha' T=VC@1ltha'+BC @ 1tha'

T,=BC@2tha'

diameter across was found (11.8 cm) in the flowering stage, 22.6 cm at the stage of
physiological maturity. Similar findings were observed by Solangi et al. (2015) that the head
diameter is highest (19.49 cm), in the use of integrated nutritional levels i.e., 6 t ha* poultry
manure + 75% recommended dose of biochar fertilizers. Moreover, the lowest head diameter
was observed under the treatments with control and a higher dose of fertilizer. After that, they
suggested that combined use biochar with FYM resulted in greater seed number head™, head

size, and the number of seeds per head of sunflower.

4.12. Fresh and dry weight of seed head™ (g)

Fresh and dry head weight was found to be statistically significant variation from treatments
to treatments shown in (Figure 13). After harvesting, the highest fresh weight was recorded
from T7 (VC @ 1 tha! + BC @ 1t hal) with (342 g). After that, gradually decreased at Ts,
Ts, T4, T3, T2 and Ty above this the weight respectively (338, 330, 320, 255, 200, and 82) g
respectively. The dry weight of the flower head was highest T (VC @ 1tha'+BC @ 1t ha
1y with (104 g) and then decreased significantly at Ts, T, Te, T3, T2, T1 with (97, 96, 95, 53,
46 and 15) g respectively.

Similar findings observed by Solangi et al. (2015) they conduct an experiment and the
experiment shown the result that the seeds head™ is highest (650.91), in use of integrated
nutritional levels i.e., 6 t ha poultry manure + biochar. Moreover, the lowest seeds head™
observed under the control treatment. Then they also suggested that combined use of biochar
with FYM resulted in greater seed index, significant increase in plant height, head size and

number of seeds per head of sunflower.
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Figure 13: Effect of different organic fertilizers management on fresh and dry weight of

seed per head of sunflower

Legend:

T1 = Control (No application) Ts=FYM @ 1 ha'+ VC @ 1 tha'
T=FYM @ 2tha* T=FYM @ 1tha'+ BC@ 1tha*
Ts=VC @ 2that T=VC@1tha+BC @ 1tha'

T,=BC @ 2that

4.13. Fresh and dry seed number head

In the application of different dose of organic fertilizer treatments had significant impact on
the fresh and dried seed number head? (Figure 14). The result revealed during harvesting
time collect data and the highest fresh seed head was recorded at Ts (FYM @ 1 tha'+ VC @
1 t ha't) with (1457) which was almost statistically similarto Te (FYM @ 1 tha’+ BC@ 1t
hal) with (1447 number). While the lowest no of fresh seed head® was recorded from
Ta(control) with (441). On the other hand, during harvesting time the highest number of dry
seed head™ was recorded at T7 (VC @ 1t hal+ BC @ 1t hal) with (293). In addition, the
lowest number of dry seed head was recorded from T1 (196) i.e., control.
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Figure 14: Effect of different organic fertilizers management on fresh and dry seed

number head of sunflower

Legend:

T1 = Control (No application) Ts=FYM @ 1 ha'+VC @ 1tha*
T:=FYM @ 2tha' Te=FYM@ 1tha'+BC @ 1tha'
Ts=VC @ 2that T=VC@1thal+BC@ 1tha'

T,=BC @ 2that

Similar findings were observed by Solangi et al. (2015) shown that the fresh seeds head™ was
highest (1650.91), in the use of integrated nutritional levels i.e., 6 t ha poultry manure +
75% biochar fertilizers. Moreover, the lowest seeds head™ observed under the treatments
control and excess treatment of poultry manure with biochar. And they suggested that the
combined use of biochar with FYM resulted in a greater seed index, significant increased in
plant height, head size and number of seeds per head of sunflower.

4.14. Weight of seeds head

In the application of different organic fertilizer managements had significant influenced on
weight of seeds head™ in sunflower plants. The highest weight of seeds head™ was recorded
onT7 (VC @ 1tha'+ BC @ 1tha) (45.53 g), which was statistically similar with Ts (FYM
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@ 1tha'+ VC @ 1t ha') with (45.50 g), while the lowest weight of seeds head™ was
recorded from T1 (16.00 g) i.e., at control treatment (Table 6).

4. 15. 1000-Seeds weight (g)

Fertilizer management had significant effect on the 1000 seed weight of sunflower shown in
the Table 6. The highest 1000 seed weight (85.67 g) was obtained when the plot treated in Ts
(FYM @ 1t ha'+ VC @ 1t hal) treatment which is statistically similar with Te (FYM @ 1t
hal+ BC @ 1tha-!)and T7 (VC @ 1t ha'l+ BC @ 1t hal) with (85.40 g) and (85.67 @)
respectively. While the lowest 1000 seed weight (26.33 g) was obtained when the plot treated
in Tz (control) treatment (Table 6). Al-Tawaha et al. (2002) concluded that the higher 1000
grin weight. Seed weight could have been due to higher rates of photosynthesis and
photosynthates partitioning from source to sink (to the grains). This higher photosynthesis
rate and photosynthesis partitioning might have resulted from the balanced supply of essential
nutrients from both organic and inorganic sources. Subhan et al. (2017) and Rehman et al.
(2008) also recorded highest thousand seed weight by the application of FYM along with
chemical fertilizers. The results of the study strongly supported by Tahir et al. (2011) &
Hossain et al. (2002) who reported that grain yield was significantly increased by the

application of organic matter along with fertilizers.
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Table 6: Effect of organic fertilizers on weight of seeds head*(g), 1000 seed weight (g),

head weight (t ha?), stover weight (t ha*) of sunflower

Treatment Wt. of seeds head'(g) 1000 Seed wt (g) Stover yield (t hat)

T, 16.009 26.33¢ 1.97¢
T, 30.50¢ 73.00¢ 2.9¢
T3 31.03° 74.00P 3.30P
T4 30.68¢ 74.20P 3.15P
Ts 45,502 85.652 4.812
Ts 45.402 83.40° 4.492
T, 45532 85.672 4.362
LS *%* *%* NS
CV % 25.61 14.57 27.07
LSD 16.65 20.28 1.35

In a column, figure bearing same, or no letter (s) do not differ significantly at 5% level of
significance by Duncan's Multiple Range Test. ** = Significant at 1% level of probability*=
Significant at 5% level of probability. LS= Level of significance; CV= Co-efficient of
variance LSD= Least Significant Difference. NS= Not significant

Legend:

T1 = Control (No application) Ts=FYM @ 1 ha'+ VC @ 1 tha'
T=FYM @ 2tha* T=FYM @ 1tha'+ BC@ 1tha'
Ts=VC @ 2that T=VC@1tha'+ BC@ 1tha'

T,=BC @ 2tha'

4.16. Stover yield (t ha'l)

Stover yield varied with the different levels of organic fertilizer. Stover yield was highest
(4.81 t hal) at treatment Ts (FYM @ 1t ha'+ VC @ 1t ha?). Next Te (FYM @ 1t ha'+ BC
@ 1thal)and T7 (VC @ 1t ha'+ BC @ 1t ha') treatments resulted stover yield (t ha?)
with (4.49 and 4.36 t ha). The lowest stover yield (1.97 t ha') was found in T; treatment
(Table 6). Those of Tahir et al. (2011) supported these results and Sarwar et al. (2016) who
reported that stover yield of sunflower was significantly increased by the application of

organic matters along with inorganic fertilizers. All result shown in (Table 6).
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4.17. Biological yield (t hat)

Biological yield varied significant at different levels of treatment. Biological yield was
distinctly highest (8.07 t ha) at treatment T7 (VC @ 1 t ha'+ BC @ 1t ha') and showed non
significant with Ts FYM @ 1tha'+ VC @ 1that)and Te FYM @ 1tha'+BC @ 1t ha
1y with (8.00 and 8.05 t ha) biological yield. While the lowest biological yield (3.69 t ha')
was found in Ty (control). All result shown in (Figure 15). Biological yield indicates the total
dry mater produced by the plants during its life cycle organic manures are an excellent source

for multi nutrient supply to crop plants, although in a variable manner are depending on their
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Treatments

Biological yield (t/ha)

Figure 15: Effect of different organic fertilizer treatments on Biological yield of

sunflower
Legend:
T1 = Control (No application) Ts=FYM @ 1 ha'+ VC @ 1 tha'
T=FYM @ 2tha* T=FYM @ 1tha'+ BC@ 1tha*
T:=VC @ 2tha' T=VC@1ltha'+BC@ 1tha'

T,=BC@2tha'

type and quality (Ahmad et al., 2008). Channabasanagowda et al. (2008) reported that the
high biological yield may be due to fact that the organic manures supply direct available
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nutrients such as nitrogen to the plant and the organic manures improve the proportion of
water stable aggregates of the soil. Jala-Abadi et al. (2012) reported that the superiority of
mixed organic manure may be attributed to balanced and gradual release of plant nutrients
and increased nutrient uptake to support growth consequently increased the biological yield
of different crops. The findings of our study were in line with those reported by Subhan et al.
(2017) & Tahir et al. (2011) who concluded that the organic matter along with the
recommended dose of synthetic fertilizers significantly affected the biological yield of the
plant. Biological yield indicates the total dry matter produced by plants during its life cycle.
Mukhtiar et al. (2018) reported that Farmyard manure were also found better compared to
legume residue but were found less important in improving wheat quality compared to

poultry and sheep manure.
4.18. Harvest index (%)

Effect of different treatments exerted significant variation on harvest index. The highest
harvest index (47%) was recorded from treatment T7 (VC @ 1t ha’+ BC @ 1t hal) and the
lowest harvest index was recorded from (18 %) from Ti (Control). Sarma et al. (2018)
reported that biochar introduction into the fertility program of sunflower with organic
fertilizers would be a better option to uphold crop productivity & sequester higher soil
organic carbon (SOC) compared to vermicompost. Subhan et al. (2017) reported the highest
harvest index (%) by the application of manures along with inorganic fertilizers.
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Figure 16: Effect of different organic fertilizer management on harvest index (%) of
sunflower
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Legend:

T1 = Control (No application) Ts=FYM @ 1 ha'+VC @ 1tha'
T:=FYM @ 2tha' Te=FYM@ 1tha'+BC @ 1tha®
T:=VC @ 2tha' T=VC@1tha'+BC @ 1tha'

T,=BC@2tha'

4.19. Water holding capacity (%)

Effect of different organic fertilizer treatments exerted significant variation on the water
holding capacity of the soil. Results showed that treatment Tz (VC @ 1 tha’+ BC @ 1t ha?)
showed the highest water holding capacity i.e., 92% of the soil. The second highest
performance showed by Te (FYM @ 1t ha'+ BC @ 1t ha) with 87 % of the water holding
capacity of the soil. While very poor performance showed by control treatment with only
11%. Besides, before applying organic fertilizer treatments, the water holding capacity of the
soil was between (11.0-13.5) %. All the result showed in (Figure 17).
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Figure 17: Effect of different organic fertilizer treatments on water holding capacity of

soil
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Legend:

T1 = Control (No application) Ts=FYM@ 1ha’+ VC @ 1tha'
T:=FYM @ 2tha' Te=FYM@ 1tha'+BC @ 1tha'
T;=VC @ 2tha? T=VC@ 1tha'+BC @ 1that

T,=BC @ 2tha'

The use of biochar with vermicompost as a soil amendment has been suggested to increase
water holding capacity exist in terms of the effectiveness of biochar in increasing a soil's
water holding capacity (Yu et al., 2018). Therefore, to promote the use of biochar with
vermicompost soil amendment, it is important to understand the mechanism of biochar-
amended water retention, to characterize the effects of feedstock, biochar production, soil
types, and mixtures, and to quantify these effects on sunflower growth and yield (Singh et al.,
2020).

4.20. Seed yield (t ha't)

Fertilizer management had significant effect on the seed yield of sunflower shown in the
(Figure 18). The highest seed yield (3.42 t ha') was obtained when the plot treated in T7 (VC
@ 1tha'+ BC @ 1tha?) and the lowest seed yield (0.78 t ha') was obtained when the plot
treated in Ty i.e., control treatment. Treatment Ts (FYM @ 1t hal+ VC @ 1t ha) and Te
(FYM @ 1t ha'+ BC @ 1t ha') had seed yield (t ha?) (3.20 t ha! and 3.11 t hal).
Improvement of yield components such as number of seeds head™ and flower head diameter
in these treatments ultimately resulted in high yield of seeds. It is well recognized that crop
productivity depends on adequate plant nutrients and organic matter content of the soil.
Organic manure plays an important role in improving physical, chemical and biological
properties of the soil. Organic manures are content low concentration of plant nutrients and
they have a slow acting nature, organic manure alone may fail to tend the high nutritional
requirements of crops (Hossain et al., 2002). Continuous additions of the manures to the soil
increase its organic matter content year after year, improving physical and chemical soil
properties. This improvement is due to providing a suitable soil structure, increasing soil
cation exchange capacity, and increasing the quantity and availability of plant nutrients in
addition to furnishing microbial activities. It has been revealed that a sunflower hybrid gave a
higher yield from a combination of organic manures with chemical fertilizers (Munir et al.,
2007).
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Similar findings was observed by (Singh et al., 2020) and get a suggestion that a positive
effect of combined use of biochar and FYM on sunflower yield. They further observed that
integrated use of biochar along with FYM resulted in greater seed index value, a significant
increase in plant height, head size, number of seeds, and overall yields per unit area. Ali Reza
Safahani et al. (2021) reported that sunflower Seed yield ranged from 1.78 to 4.95 t ha™! and
it was increased by the biochar application (+9% and +7% in B2s and Bs, respectively). The
application of biochar and vermicompost together has a positive effect to the growth
characteristics of sunflowers and will be beneficial in obtaining the highest quality, healthy
seed and oil yields as reported by (Takaragawa et al., 2020 & Volkan Giil et al., 2021).

Treatments
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Figure 18: Effect of different organic fertilizer management on seed yield (t ha-!) of

sunflower
Legend:
T1 = Control (No application) Ts=FYM @ 1 ha+VC @ 1tha*
T=FYM @ 2tha' Te=FYM @ 1thal+BC @ 1tha'
Ts=VC @ 2that T~=VC@1lthal+BC@1thal

T,=BC@2tha
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CHAPTER V

SUMMARY AND CONCLUSION

The experiment was conducted at the agronomy research field, HSTU, Dinajpur, during
December 2021 to April 2022 to assess the effect of organic fertilizers on the growth and
yield of sunflower. The experiment consisted with one factor namely Ti= Control (No
application), T=FYM @ 2tha!, T;==VC @ 2tha’, T;=BC @ 2tha!, Ts=FYM @ 1tha
l+vC@1that, Te=FYM @ ltha'+BC@ 1tha!, T;=VC @ 1tha'+BC @ 1 tha™.

The planting material of the experiment was BARI Surjomukhi-2 sunflower seed. The
experiment was laid out in a randomized complete block design (RCBD). There were seven
(7) treatment combinations, each treatment was replicated three times. The treatments were
randomly distributed to the plots within a block. Thus, the number of plots was 3 x 7 = 21.
The unit plot size was 10 m? (4m x 2.5m) i.e., 4 m long and 2.5 m wide. Irrigation and
drainage channel was made by maintaining 50 cm? wide. By maintaining 30 cm between
block to block and 25 cm between plot to plot wide and 25 cm depth plot for the experimental
plot. The treatments were divided into replication wise. For replication-1 combinations were
R1T1, R1T2, R1Ts, R1T4, R1Ts, R1Te, R1T7. Replication 11, RoT1, RoT2, R2Ts, RoTa, R2Ts, R2Ts,
R2T7 and replication 111, R3T1, RaT2, R3Ts, RsT4, R3Ts, RsTs, R3T7. The recommended doses
of urea, =TSP, MoP, were 80 kg, 40 kg, and 40 K20 kg ha™* respectively. The recommended
dose of treatments i.e., farmyard manure, vermicompost and biochar was separately as 2
tonha! and the combination of FYM+VC, FYM+BC and VC+BC was 1 ton ha. Farmyard
manure used 3 plots, vermicompost used 3 plots, and biochar used 3 plots as a single
treatment. While (Farmyard manure + vermicompost) combination used 3 plots (Farmyard
manure + biochar) combination used 3 plots, and (Vermicompost + biochar) combination

used 3 plots. In addition, 3 plots were used as control treatment.

After completion of the plot, the seeds were sown on 27" December 2021. The crop was
harvested at maturity on after about 100 days of sowing. The overall growth and yield were
recorded for each plot from randomly selected 15 plants. Parameters like plant height, stem
diameter, number of leaves plant?, fresh weight of leaves, dry weight of leaves, flower head
diameter, number of seeds head™, number of dried seeds head™, weight of seeds head™, 1000
seed weight, leaf area index, head weight plot?, stover yield, biological yield, harvest index,

water holding capacity, and seeds yield were influenced by organic fertilizers.
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Plant height results of sunflower at different growth stages revealed that at 25, 50, 70, 90
DAS, and during harvesting time. The tallest plant height was recorded during harvesting
time, from treatment T (VC @ 1 tha' + BC @ 1t hal) at (181.00 cm); from treatment Ts
(FYM @ 1t ha! + BC @ 1t hal) with 153.00 cm. While the shortest plant height was
recorded from T1 (control) at (86.33 cm) respectively. Stem diameter at 25, 50, 70, 90 DAS,
and at harvesting the highest stem diameter obtained from Ts (FYM @ 1tha'+BC @ 1t ha
1y with (11.7 cm). At 50 DAS, the highest stem diameter obtained from Ts (FYM @ 1t ha +
VC @ 1t ha) with (6.8 cm). At 70 DAS the maximum stem diameter obtained from both Ts
(FYM@ 1thal+VvVC@1thal)and T7(VC @ 1tha'+ BC @ 1t ha?) with (9.33 cm).
While the lowest stem diameter (0.4 cm, 0.72 cm, 2.5 cm, 3.6 cm, and 3.7 cm, respectively)

was obtained from T1 (control) with different treatments.

Leaves number plant™ varied significantly at 25, 50, 70, 90 DAS, and at harvest for different
organic fertilizer and their combination treatments. At 25 the highest leaves number plant™
(19.7) was recorded from Ts Te T7 which was similar result and that’s why not significant and
the lowest leaves number plant™ (8.7) was obtained from Ti(control). At 50 DAS, the highest
number of leaves was recorded from T7 (VC @ 1t hal + BC @ 1 t hal) with (39.7) and the
lowest number of leaves was obtained from Ty (23.3) at control. At 70 DAS, the highest
number of leaves was recorded from T7 (VC @ 1t ha'! + BC @ 1t ha') with (43.7), and the
lowest number of leaves obtained from T1 (26) at control treatment. At 90 DAS the second
highest leaves number was recorded from T7 (VC @ 1t ha! + BC @ 1t ha') with (45
number), and the lowest number of leaves obtained from T (26.2) at control treatment. At
harvesting time the maximum number of leaves was recorded from T7 (VC @ 1t ha' + BC

@ 1t hal) with (48.7), and the lowest number of leaves was obtained from T (control).

Different organic fertilizer treatments showed a significant variation for the fresh weight of
leaves plant™® on different growth stages. The results revealed that at 25 DAS, the highest
fresh of leaves plant™ (3.0 g) recorded at T7. At 50 DAS the highest fresh wt. of leaves plant-!
(9.5 g) recorded at Ts (FYM @ 1t ha'+ VC @ 1t hal). At 70 DAS, the highest fresh wt. of
leaves plant™ (12.4 g) recorded at Ts (FYM @ 1 t ha+ VC @ 1t ha') and at 90 DAS, the
highest fresh weight. of leaves plant™ (12.5 g) were recorded from treatment T7 (VC @ 1t ha"
1+ BC @ 1t hal), while the lowest fresh wt. of plants at (1.13 g, 1.52 g, 4.15 g and 4.9 g,
respectively) were recorded from treatment Tz (control). Dry weight of leaves plant™ showed
significant variation with organic fertilizers. The results revealed that at 25, 50, 70 and 90
DAS the highest dry wt. of leaves (0.583 g) recorded at Ts, (FYM @ 1t hal+ BC @ 1t hal)
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(2.45 g) recorded at Ts, (2.92 g) recorded at Ts(FYM @ 1 tha?+VC @ 1tha™). and (3.15 g)
recorded at T7 (VC @ 1t hal+ BC @ 1t ha). While the lowest dry wt. of leaves at 25 and
50 DAS, (0.182 g, 1.05 g) were recorded at T1 (Control). At 70 DAS, (1.203 g) was recorded
at T2(FYM @ 2 t ha'l). And (2.26 g) at 90 DAS recorded from T3 (VC @ 2 t ha?).

Different fertilizer managements showed a significant variation on above ground fresh weight
plant™ for all growth stages. The results revealed that at 25 the highest fresh weight of plants
(6.8 g) at Ts (FYM @ 1t hal+ VC @ 1t ha'l), at 50 DAS, time the highest fresh weight of
plants (26.7 g), at T (VC @ 1 tha’l+ BC @ 1t hal). At 70, 90 DAS and at harvesting time
the highest fresh weight of plants (40.30g, 84.33 g and 97.8 g respectively) were recorded
from treatment Te (FYM @ 1t ha! + BC @ 1t ha). While the lowest fresh wt. of plants at
(3.64 g) were recorded from treatment T1 (control) at 25 DAS, Then T4 showed that second
lowest fresh wt. of plants (4.0g) at 25 DAS. Second highest fresh weight of plants shown at
Te (FYM @ 1tha'+ BC @ 1t hal). at 70, 90 DAS, and at harvesting time was the lowest
weight recorded (21.7 g, 39.9 g, 44.33 g respectively) T1 (Control).

Different organic fertilizer managements showed a significant variation on dry weight plant
for all growth stages. The results revealed that at 25, 50, 70 and 90 DAS and harvesting time
the highest dry weight of plants (1.6 g) at T3 (VC @ 2 t ha), (14.0 g, 15.0 g, 32.4 g, and
45.95 g respectively) observed at maximum dry weight of plants observed at T (BC @ 1t
ha! + FYM @ 1 t ha) shown in (Figure 10). Then Ts showed that lowest dry weight of
plants (0.7 g) at 25 DAS. At 50 the lowest dry wt. of plants (3.4 g) at T4 (BC @ 2 t ha'l), At
70 DAS, 90 DAS, and at harvesting the lowest dry wt. of plants (4.3 g, and 4.55 g and 4.89

respectively) recorded in Ty (control).

Different organic fertilizer managements had significant influenced on leaf length of
sunflower at all the growth stages. The results revealed that at 25 DAS, the highest leaf length
(22.55 cm) was recorded from treatment T (BC @ 1 t ha' + FYM @ 1 t hal) while the
lowest leaf length recorded from T1 (8.80 cm) in control, which is statistically dissimilar with
other treatments. At 50 DAS the highest leaf length recorded from Ts (FYM @ 1t hat + VC
@ 1t ha) with (36.26 cm), and from T7 (BC @ 1 ha' + FYM @ 1t hal) with (36.25 mm)
while the lowest leaf length recorded from Ti (13.07 cm) respectively. Then the results
revealed that at 70 DAS the highest leaf length recorded from T7 (BC @ 1thal+ FYM @ 1
t ha) with (42.43 mm), which was statistically dissimilar with T2, T4, Ts, and Te (18.99,
33.59, 35.73, 38.20, 40.03, and 40.19 mm, respectively), while the lowest leaf length was
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obtained from Ti (18.99 mm). At 90 DAS, the highest leaf length was recorded from
treatment T; (BC @ 1t hal + FYM @ 1 t ha) while the lowest leaf length was recorded
from T1(22.76 mm).

Different organic fertilizer managements had significant influenced on the leaf area index of
sunflower at all the growth stages. The results revealed that at 25 DAS, the highest leaf area
index (1.16.) was recorded from treatment T7 (BC @ 1t ha' + FYM @ 1 t hal). While the
lowest leaf area index was recorded from Ty (0.24). At 50 DAS, the highest leaf length width
ratio was recorded from Ts (1.23) (FYM @ 1 t ha'+ BC @ 1 t ha) while the lowest leaf area
index was recorded from Tz (control) (0.64), respectively which is statistically non significant
with other treatments. Then, the results revealed that at 70 DAS, the highest leaf area index
was recorded from Ts (1.36) (FYM @ 1t ha! + VC @ 1t ha?) and the lowest leaf width
ratio was recorded from Ty (Control). At 90 DAS, the highest leaf area index was recorded
from Ts FYM @ 1tha!+VC @ 1tha?)andTs (FYM @ 1tha'’+ BC @ 1t ha™) (1.40 and

1.40), respectively. However, the lowest leaf area index was recorded from T1 (0.68).

Chlorophyll content was an important parameter in the production. It was varied from
treatment to treatments. It was found to be significant statistically at 25, 50, 70, and 90 DAS
shown in. At 25 DAS, the highest result was recorded from T7 (VC @ 1tha'+BC @ 1t ha
1y with (90.60 %) and the lowest result was recorded T; (64.64 %) i.e., at control treatment.
At 50 DAS, the highest result was recorded from Tg (FYM @ 1t ha'+ BC @ 1 t hal) with
(109.03 %) and the lowest was T1 (70.83 %). At 70 DAS, the highest result was recorded
from T7 (VC @ 1t hal+ BC @ 1t hal) with (193.67 %) and the lowest was T1 (81.67 %). At
90 DAS, the highest result was recorded from T7; (VC @ 1t ha'+ BC @ 1 t hal) with
(165.67 %), also Ts (FYM @ 1tha!+VC @ 1t h?), showed the close at T7 the lowest was
T1 (164.67%).

Organic fertilizer and treatments had a significant impact on the head diameter in different
growth stages. The result showed that at T (VC @ 1t ha'+ BC @ 1t hal) treatment, the
highest flower head diameter observed at harvesting stage with (30 cm) shown in. In contrast,
the lowest result was recorded at 70 DAS with (23.3 cm). At Te FYM @ 1tha'+ BC @ 1
hal) treatment, the highest flower head diameter was seen at harvesting stage (29 cm) and the
lowest result was recorded (20 cm) at 70 DAS. Very lowest performance was shown by T;
treatment i.e., at control for all stages. After harvesting, the highest fresh weight was recorded
from T7 (VC @ 1 tha! + BC @ 1t hal) with (342 g). After that, gradually decreased at Tg,
Ts, T4, T3, T2 and T1 above this the weight respectively (338, 330, 320, 255, 200, and 82) g
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respectively. The dry weight of the flower head was highest T (VC @ 1tha'+ BC @ 1 tha
1y with (104 g) and then decreased significantly at Ts, Ta, Te, T3, T2, T1 with (97, 96, 95, 53,
46 and 15) g respectively.

Organic fertilizer treatments had significant impact on the fresh and dried seed number head
. The result revealed during harvesting time collect data and the highest fresh seed head™
was recorded at Ts (FYM @ 1t ha! + VC @ 1t ha) with (1457 number) which is almost
statistically similar to T (FYM @ 1t ha'l + BC @ 1t ha) with (1447 number). While the
lowest no of fresh seed head™ was recorded from Ti (control) with (441 number). On the
other hand, during harvesting time the highest number of dry seed head™* was recorded at T7
(VC @ 1tha'l+BC @ 1t ha?) with (293 number). In addition, the lowest no of dry seed
head™ was recorded from T (196) (Control).

Different organic fertilizer managements had significant influenced on weight of seeds head™
in sunflower plants. The highest weight of seeds head™ was recorded on T7 (VC @ 1t hal+
BC @ 1t ha') (45.53 g), which is statistically similar with Ts (FYM @ 1thal+VC @ 1t
ha') with (45.50 g), while the lowest weight of seeds head™ was recorded from T (16.00 g)
at (Control).

The highest 1000 seed weight (85.67 g) was obtained when the plot treated in Ts (FYM @ 1t
ha! + VC @ 1t ha?) treatment which is statistically similar with T¢ (FYM @ 1t ha® + BC
@ 1that)yand T7 (VC @ 1t ha'l+ BC @ 1t ha™) with (85.40 g) and (85.67 g) respectively.
While the lowest 1000 seeds weight (26.33 g) was obtained when the plot treated in T
(control). Stover yield varied with the different levels of organic fertilizer. Stover yield was
highest (4.81 t ha) at treatment Ts (FYM @ 1thal +VC @ 1 tha?). Next Te FYM @ 1t
hal+BC @ 1that)and T7 (VC @ 1t ha'l+ BC @ 1t ha) treatments resulted stover yield
(t ha!) with (4.49 and 4.36 t hal). The lowest stover yield (1.97 t ha') was found in T,
treatment Control. Biological yield was distinctly highest (8.07 t hal) at treatment T (VC @
1thal+BC @ 1t ha?)and showed nonsignificant with Ts (FYM @ 1 thal+VC @ 1t ha"
Hand Te FYM @ 1tha!+BC @ 1t ha?) with (8.00 and 8.05 t ha*) biological yield. While
the lowest biological yield (3.69 t ha) was found in T (control) Effect of different fertilizer
management exerted significant variation on harvest index. The highest harvest index (47%)
was recorded from treatment T7 (VC @ 1t ha' + BC @ 1 t ha') and the lowest harvest

index was recorded from (18 %) from T1 (Control).
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Effect of different organic fertilizer treatments exerted significant variation on the water
holding capacity of the soil. Results showed that treatment T (VC @ 1thal+BC @ 1t ha'
1) showed the highest water holding capacity i.e., 92% of the soil. The second highest
performance showed by Ts (FYM @ 1tha + BC @ 1t hal) with 87 % of the water holding
capacity of the soil. While very poor performance showed by control treatment with only
11%.

The effect of different organic fertilizer treatments showed a highly significant variation in
the water holding capacity of the soil. Results showed that treatment T7 (VC @ 1t hal + BC
@ 1tha')and Te (FYM @ 1t ha! + BC @ 1t ha') showed the highest water holding
capacity i.e., 92% and 87% respectively. While very poor performance showed by control
treatment with only 11%. Besides, before applying organic fertilizer treatments, the water
holding capacity of the soil was between (11.0-13.5) %.

From the experimental results, the highest seed yield was observed (3.42 t ha) when the plot
treated with T7 (VC @ 1t hal+ BC @ 1t hal) and the lowest seed yield (0.78 t ha) with
control treatment. Therefore, for efficient sunflower production application of vermicompost
and biochar organic manure are beneficial. Therefore, it is possible to reduce the use of
chemical fertilizers by combined use of organic fertilizers without significant yield loss in
sunflower. Cultivation of BARI Surjamukhi-2 sunflower variety with different organic
fertilizer doses are very important for obtaining a higher yield of sunflower in the acidic soil
of the HSTU campus as well as also for Old Himalayan Piedmont Plain (AEZ-1) soils.
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APPENDICES

Appendix I. Location of the experimental site (map of Dinajpur Sadar Upazila showing

the research plot)
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Appendix Il. Experimental Photographs

Plate 1: Water Management Plate 2: Measurement of Manures

Plate 3: Collecting data Plate 4: Fertilizer Application
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Plate 5: Measurement of plant height Plate 6: Observed head diameter

Plate 7: Taken Chlorophyll Content of Leaves Plate 8: Plants insect inspection
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Plate 9: Field at flowering stage
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Plate 10: Beautification of field Plate 11: Harvesting
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