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OPTIMISATION OF NANO BORON FERTILIZATION IN SUNFLOWER

(Helianthus annuus L.)
KAVITA MAHADEV GOUDAR
ABSTRACT

A field experiment was conducted to study the optimisation of nano boron fertilization in
sunflower (Helianthus annuus L.) at Zonal Agricultural Research Station, UAS, GKVK,
Bengaluru during late kharif-2016. The experiment was laid out in RCBD with ten
treatments replicated thrice. Treatments consisting of application of recommended dose
of fertilizer (RDF-90:90:60 kg NPK ha' and 7.5 t FYM) alone, RDF along with
application of borax and nano boron through seed treatment, spraying to capitulum at ray
floret opening stage and soil application of borax at 11 kg ha™. The treatment with nano
boron at 0.2 % seed priming resulted significantly higher seed and oil yield (2788 kg ha™
and 1022 kg ha™, respectively). It was attributed to higher SPAD (chlorophyll content)
reading of 44.50 and lesser days for 50 % flowering (61.33 days), enhanced growth
parameters viz., plant height (190.53 cm), number of leaves plant™ (26.67), leaf area
(10589 cm? plant™), leaf area index (5.88), total dry matter (101.51 g plant™) at 60 DAS
and vyield attributes like increased head diameter (15.07 cm), test weight (4.78 g 100
seeds™), total seeds and filled seeds (1326 and 1293 head™, respectively), lower
chaffiness (2.5 %), higher N (114.58 kg ha), P (33.67 kg ha™) and K (72.67 kg ha™)
uptake. Higher net returns (Rs 66950 ha) and benefit cost ratio (2.72) was obtained the

same treatment.

July, 2017
Department of Agronomy Dr. K. N. GEETHA
UAS, GKVK, Bengaluru-560 065 (Major advisor)
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Optimisation of nano boron fertilization in sunflower

(Helianthus annuus L.)

KAVITA MAHADEYV GOUDAR AND GEETHA, K. N.
Department of Agronomy, College of Agriculture, UAS, GKVK, Bengaluru-560 065

Introduction

v Sunflower is one of the important oilseed crop of
India cultivated in an area of 0.55 million
hectares with an annual production of 0.42
million tones and productivity of 752 kg ha.

v In certain constraints like poor seed setting and
seed filling of various degrees have come in the
way of large scale commercial cultivation of this
potential oilseed crop.

v The major causes for poor seed set is reported to
be due to self-incompatibility, absence of pollen
vectors and insufficient nutrient (boron) supply
to the sink.

v  Boron improves pollen viability, stigmatic
receptivity and translocation of photosynthates
from source to sink, resulting in higher seed set
and yield.

v Nanotechnology precisely detects and delivers
the correct quantity of nutrients and
pesticides that promote productivity while
ensuring environmental safety and higher use
efficiency. Therefore an attempt has been made
to study the present investigation with the
following objectives.

» Different

» Significantly

Results

» Plant height recorded at harvest was found to be non-

significant. However, treatment T, (Nano boron @ 0.2 %
seed priming) has recorded higher plant height (196.47 ¢cm)
compared to all other treatments.

» Nano boron @ 0.2 % seed priming has influenced the days

for 50 per cent flowering (61.33) significantly compared to
borax nutrition (67) and control (69).

nutrient application methods significantly
influenced the test weight. Highest test weight (5.23 g) was
observed in Ty (Nano boron @ 0.2 % spray at ray floret
opening stage) which was on par with Nano boron @ 0.2 %
seed priming (4.78 g).

» Significantly higher seed yield (2788 kg ha') and oil yield

(1022 kg ha') were recorded in T, (Nano boron @ 0.2 %
seed priming) which was on par with T4 (Nano boron @ 0.2
% spray to capitulum at ray floret opening stage) in which
seed and oil yield was found to be 2773 kg ha! and 1006 kg
ha! respectively.

lower chaffiness percentage (2.10) was
recorded with Tg (Nano boron @ 0.2 % spray at ray floret
opening stage), followed by T, [Nano boron @ 0.2 % seed
priming (2.5)] compared to RDF alone (10.97 %).

» Higher net return (Rs. 62706 ha') was obtained with

application of 0.2 % nano boron seed priming.

Nano boron 0.2 % Borox 0.2 %

Plate 1: Early flowering in sunflower crop as

ik A

Plate 2 : Well filled sunflower heads l

nano boron treated plots

s B

—cocmn S

Table 1: Effect of nano boron on growth and yield of

o

Fig 1 : Net returns, cost of cultivation and
benefit cost ratio as influenced of
nano boron application

T, : Without boron/ control

T, : Nano boron @ 0.2 % seed priming

T, : Nano boron @ 0.4 % seed priming

T, : Borox @ 0.2 % seed priming

Ts: Borox @ 0.4 % seed priming

Nano boron @ 0.2 % spray to capitulum at ray

Ts: floret opening stage

T.: Nano boron @ 0.4 % spray to capitulum at ray
7" floret opening stage

T : Borax @ 0.2 % spray to capitulum at ray floret
®° opening stage

T,: Borax @ 0.4 % spray to capitulum at ray floret

opening stage

Ty : Soil application of Borax @ 11 kg ha'

RDF : Recommended Dose of Fertilizer (90 : 90 : 60
kg ha') & FYM : Farm Yard Manure (7.5 t ha) is
common to all treatments.

Initial soil boron status: 0.29 ppm

Objectives. ) 2 [ 5 [5aza (e ~]| =~ 2 Summary
v' To study the influence of nano boron on growth Z z g f2E|l2E| =2 23 EE . B - .
3 ] 2 =
and yield of sunflower. E g2 :,u,"t il s ? c< =2 3z |° E = \/Fla.no boron @ 0.2 % seed
v To study the influence of nano boron on = & il R4 Tl L & priming and spray at ray f"lorel
economics of sunflower. T, | 1711 | 69.00 | 3.78 | 3496 | 570 | 1629 | 1097 | 027 || opening stage has recorded higher
T 1965 | 6133 | 478 | 3674 | 1022 | 2788 250 | 035 seed yield of 2788 kg ha'! and 2773
ha! respectively over control
. T 188.7 | 62.00 | 457 | 3613 | 887 2451 396 | 0.32 kg
1
Material and Methods T 179.7 | 66.67 | 4.06 | 3556 | 750 2107 532 | 030 (o2 ke hng);
Crop : Sunflower T 187.8 | 67.33 | 435 | 36.04 @ 752 2084 7.96 | 031 v'Nano boron (0.2 %) seed
Hybrid : KBSH-53 T, | 1891 | 6567 | 523 | 3634 | 1006 | 2773 210 | 0.3s || Ppriming has influenced the days
Spac'ing. : 60 cm x 30 cm T, 1847 | 6667 | 477 | 3624 | 878 2422 316 | 033 f?r ) -50 per cent flowering
Replications : Three T 1837 | 6167 | 453 | 3468 | 714 2061 493 | 030 sng:n.ftl.cantlyd comtpalred to borax
Trea_ntments glen T 189.4 | 67.33 | 449 | 3534 | 768 2176 3.64 | 031 S
Design : RCBD v Nano boron seed priming is one
: Ty | 1867 | 68.00 | 442 | 3457 | 839 2424 518 | 0.32 2 4
Gross Plot Size :54m x4.8m of the effective nutrient use
Net Plot Size :42mx42m SEm| 447 116 | 019 | 065 | 61.07 | 1565 031 | o015 technology which helps to increase
Location : ZARS, GKVK, Bengaluru oo 3445 | 0566 | NS 181438 4649 | 0911 |g247 || theseed yield and oil yield.
Season : Kharif-2016 E=005) v'Higher net return was obtained
itri 4 ith iming with 0.2 ¢
Nano boron source : Nano Boron nitride CV (%) | 417 303 | 7.3¢ | 314 | 1292 11.83 10.68 | 825 :’;m :eed priming with 0.2 % nano
Treatment details Discussion

@ Significantly higher plant height and seed yield were recorded

with T, (Nano boron @ 0.2 % seed priming) because of seeds
were treated with 0.2 % nano boron nitride has resulted enhanced
cell division, cell elongation and improved meristematic activity
and better uptake of nutrientsin plant system.

@ Significantly higher test weight, and lower chaffiness

percentage were recorded with nano boron at 0.2 % spray
at ray floret opening stage, this may be associated with
boron role in increasing pollen viability, stigmatic
receptivity and translocation of photosynthates or sugars
towards sink that improved the seed setting percentage in
the capitulum. Similar results were also observed by (Rani
and Reddy, 1993).

@ Nano boron nutrition improves solubility and dispersion of

insoluble nutrients in soil, reduces soil fixation and
increases the bioavailability (Cui er al., 2010), which
significantly improves the seed setting percentage, test
weight and decreases percent chaffiness, by proper
fertilization and filling of seeds contribute a lot towards
economic yield.
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I INTRODUCTION

Sunflower (Helianthus annuus L.) is one of the most important oilseed crop in the
world belonging to family Asteraceae. Throughout the world, sunflower is the major
authoritative sources of vegetable oil. Sunflower ranks third in the world for total
production of oilseeds. It is extensively grown in Argentina, France, Spain, USA, China,
Ukraine and India. It is primarily grown for edible oil which has high concentration of
polyunsaturated fatty acids (Linoleic and oleic acids) and hence considered as good
quality from the health point of view. Its oil is also called premium oil due to presence of
oleic acid (16.2%) and linolenic acid (72.5%) with high percentage (60%) of poly
unsaturated fatty acids (Rathore, 2001). Present day sunflower cultivars contain more
than 40% oil and 18-20% protein. It is also a good source of calcium, phosphorus,
nicotinic acid and vitamin E (Aslam et al., 2010). Sunflower is known for its wider
adaptability to different agro-climatic zones and soil types, easy crop management,

photo-insensitivity, short duration and high seed multiplication ratio (1:100).

In India, sunflower occupies the fourth position among oilseed crops in terms of
acreage and production. Sunflower in the country is being cultivated in an area of 5.2
lakh hectares with a production of 3.35 lakh tonnes and productivity of 643 kg/ha.
Karnataka accounts for 3.6 lakh hectares in terms of area with the annual production and
productivity of 2.1 lakh tonnes and 579 kg ha™ respectively (Anon., 2016). Karnataka
contributes 69.2 per cent of the total acreage and 62.7 per cent of the national sunflower
production hence Karnataka is popularly known as the “Sunflower State” in the oilseed

scenario of India.

Introduction of high yielding varieties and hybrids, intensive agriculture, use of
commercial conventional fertilizer devoid of micronutrients, lesser use of organic
fertilizer resulted in impaired soil health. Reddy et al. (2003) reported that inadequate and
imbalanced nutrient supply is the reason for low productivity of sunflower. In recent
years, micronutrient deficiencies and their impact on crop yields are widely reported in

various parts. Among different micronutrient deficiencies, boron deficiency is the second

Optimisation of Nano Boron Fertilization in Sunflower (Helianthus annuus L.) 1



most dominant problem globally. Boron deficiency has been reported in 80 countries

around the world and in 132 crops.

Micronutrients play a significant role in plant growth and metabolic processes
associated with photosynthesis, chlorophyll formation, cell wall development and
respiration, water absorption, xylem permeability, resistance to plant diseases, enzyme
activities involved in the synthesis of primary and secondary metabolites, and nitrogen
fixation (Adhikary et al., 2010 and Vitti et al., 2014). Accordingly, Zn, B, Fe, Mn and
Cu are involved in many processes controlling plant growth, and their content in grains
and leaves determine the quality of food. Micronutrient deficiencies in plants lead to

reduced yields.

Boron (B) is one of the micronutrient required for normal growth and plant
development of many crops. Sunflower is sensitive to boron deficiency and is sometimes
used as an indicator for assessing available boron in soils. The role of B in plant has been
proposed including functions in cell wall structure, cell wall synthesis, sugar
translocation, cell division, enzymatic reactions, indirectly involved in activation of
dehydrogenase enzyme and plant growth regulation (Blevins and Lukaszewski, 1998).
Boron is involved in the reproduction of plants and germination of pollen spikelet, pollen
tube growth and seed development (Bolanos et al., 2004). The role of B in stimulating
pollen tube growth is well established and positive correlation could be found between B
in the plant and the number of flowers, the proportion of flowers not aborted and fruit
weight (O’Niell et al., 2004). Both B deficiency and toxicity cause lower chlorophyll
levels and the rate of photosynthesis may induce cell wall synthesis by an influence on
the activity of the plasma lemma and can disturb the maintenance of meristem in plants
(Bolanos et al., 2004). The nutritional importance of boron for human is very important.
It affects the metabolism of macro minerals, energy, nitrogen and brain function, reactive
oxygen, psychomotor performance and the response to estrogen ingestion (Nielson,
2008).

Nanotechnology is a new emerging and fascinating field of science, permits

advanced research in many areas and nanotechnological discoveries could open up novel

2 Kavita Mahadev Goudar, M.Sc. (Agri.) 2017



applications in the field of biotechnology and agriculture. Nanotechnology is providing
feasibility of exploiting nanoscale nanostructure materials as fertilizer carriers or
controlled- release vectors for building of so called “smart fertilizer” as new facility to
enhance nutrient use efficiency and reduce costs of environmental protection
(Chinnamuthu and Boopathi, 2009).

The potential of nanotechnology to revolutionise the health care, textile,
materials, information and communication technology and energy sectors has been
well publicised. The application of nanotechnology to the agricultural and food industries
was first addressed by a United States Department of Agriculture in September 2003. The
prediction is that nanotechnology will transform the entire food industry, changing the
way food is produced, processed, packaged, transported and consumed. The market for
the nanotechnology was 7.6 billion USD in 2003 and is expected to grow at projected
compound annual growth rate (CAGR) of 17.7% over next five years to total $ 31.8
billion by 2018. However, the full potential of nanotechnology in agricultural and food
industry is still not been realised.

Nanotechnology to precisely detects and delivers the correct quantity of nutrients
and pesticides that promote productivity while ensuring environmental safety and higher
use efficiency. The nanotechnology can be exploited in the value chain of entire
agriculture production system (Tarafdar et al., 2012a). Nanotechnology is emerging as
the sixth revolutionary technology in the current era after the Industrial Revolution
of Mid 1700s, nuclear energy revolution of the 1940s, the green revolution of 1960s,
information technology revolution of 1980s and biotechnology revolution of the 1990s.
It is now emerging and fast growing field of science which is being exploited over a wide
range of disciplines such as physics, chemistry, biology, material science, electronics,

medicine, energy, environment and health sectors.

The recent statistics suggest that about 90 % of the nano-based patents and
products have come from just seven countries (China, Germany, France, Japan,
Switzerland, South Korea and USA), while India’s investments and progress is far from

satisfactory. However, to take advantage of the fascinating field of nano-science, the
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Government of India has invested ¥ 1000 crore through the Nano Mission Project during
11" five year plan and the investment is likely to be several folds higher during the 12"

five year plan period.

Nanotechnology has been described as the next great frontier of agricultural
science and occupies a prominent position in transforming agriculture and food
production through efficient management of soil nutrients. It is anticipated that very soon
the production of nano particles will be increased by manifold and released into the
market. However with significant potential benefits, there are considerable uncertainties
with regards to potential risks to the environment and human health that needs to be
clarified. This fast growing technology is already having a significant commercial
impact, which will certainly increase in the future. While nanotechnologies offer many
opportunities for innovation, the use of nano materials in food and agriculture has also
raised a number of safety, environmental, ethical, policy and regulatory issues (Tarafdar
et al., 2012b).

Nano boron has many merits like quick and easy uptake by plants. It has lower
tendency to leach via soil and appear its impact for shorter times. It improves solubility
and dispersion of insoluble nutrients in soil, reduces soil fixation and increases the

bioavailability.

The current situation in nanotechnology is one in which there is great potential for
benefit but an equally high uncertainty in associated risks. There are evidences for both
optimism and pessimism. Pessimism is because of the huge discrepancy between the
scale of research being performed on the invention of materials such as nanoparticles and
their associated risks. Optimism is because of the uniquely forward-looking attitude of
policy makers and regulators. The unusual properties of nanoparticles may result in
substantially different environmental fate and behaviors than their bulk counterparts but
very few observations were made in higher plant growth and yield. Because nano
particles are spherical or faceted metal particles typically < 100 nm in size. These
nanoparticles are having high surface area (30-50 m?g), high activity, better catalytic

surface, rapid chemical reaction, rapidly dispersible and adsorb abundant water. So nano
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fertilizers may increase the efficiency of nutrient uptake, enhance yield and nutrient
content in the edible parts and also minimize its accumulation in the soil. In view of the
above facts the present study entitled “Optimisation of nano boron fertilization in

sunflower (Helianthus annuus L.)” is taken up with the following objectives;
1. To optimise the concentration of nano boron and methods of application in
sunflower.
2. To know the effect of nano boron on growth and yield of sunflower.
3. To know the effect of nano boron on nutrient uptake by sunflower.

4. To workout soil nutrient balance and economics as influenced by nano boron.
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Il REVIEW OF LITERATURE

Sunflower is one of the most important oilseed crop of India. Among non-
traditional oilseed crops, sunflower has greater potential for narrowing up the gap
between the supply and demand of edible oil. But sunflower yield in India is far lower
than the genetic potential yield of crop due to different factors, such as nutrient
imbalance, less irrigation, less plant population and low soil fertility. Among these
factors, imbalanced nutrition is one of the major causes of low yield of sunflower in the
country. Boron is an important micronutrient and has an important role in vegetative and
reproductive growth i.e., pollen germination and sugar transportation. A brief review of
work pertaining to the present investigation on “Optimisation of nano boron fertilization
in sunflower (Helianthus annuus L.)”” is comprehensively presented in this chapter on the

following subheadings.

2.1 Effect of seed priming of nano nutrient on growth, yield and nutrient uptake of

crops.

2.2 Effect of foliar and soil application of nano nutrient on growth, yield and nutrient
uptake of crops.

2.3 Effect of nano boron on growth, yield and nutrient uptake of crops.

2.4 Effect of nano micronutrient on soil microbial activity and soil physicochemical

properties.

2.5 Toxicity or negative impact of nano micronutrients and borax on crop growth, yield

and nutrient uptake of crops.

2.6 Effect of foliar and soil application of borax on growth, yield and nutrient uptake of

crops.

2.7 Effect of seed priming of borax on growth yield and nutrient uptake of crops.
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2.1 Effect of seed priming of nano nutrient on growth, yield and nutrient uptake of

crops

Zheng et al. (2005) studied the effects of nano and non-nano titanium oxide
(TiO,) on the growth of naturally aged spinach seeds. It was reported that nano titanium
oxide (TiO,) treated seeds produced higher plant dry weight (73%), three times higher
photosynthetic rate and 45% increase in chlorophyll-a formation compared to the control
over germination period of 30 days. The growth rate of spinach seeds was inversely
proportional to the material size indicating that smaller the nano materials the better the

germination.

Asli and Neumann (2009) reported that the average particle exclusion diameter of
cell wall pores (3.0 to 6.6 nm) of maize (Zea mays L.) seedlings in a hydroponic medium
was decreased when exposed to a suspension of titanium oxide (TiO;) nanoparticles and
it lead to decrease in transpiration and leaf growth of maize plant. However, shoot
production was not affected and a possible adaptation mechanism for inhibited
translocation of nanoparticles to shoots was suggested by Du et al. (2011). Adsorption of
TiO, nanoparticles at the root surface of wheat (Triticum aestivum L.) has recently been

illustrated by transmission electron microscopy images of root tips of wheat plants.

Khodakovskaya et al. (2009) reported that MWCNTSs (muliti walled corbon nano
tubes) can penetrate tomato seeds and increase the germination rate by increasing the
seed water uptake. The MWCNTSs increased the seed germination to the extent of 90%
compared to control (71 %).

Kasra et al. (2011) showed that effect of Nano priming with titanium oxide was
significant effect on germination percentage, seedling dry weight and seedling vigour of
green gram. Significantly highest germination percentage (93.33 %), seedling dry weight
(0.59 g) and seedling vigour (55.06) were achieved by treatment with 0.02 percentage of

titanium oxide.

Pramod et al. (2011) studied the effect of nano zinc oxide (ZnO) particles on the

root and shoot growth of mung (Vigna radiata) and gram (Cicer arietinum) seedlings.
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They found that at certain optimum concentration, the seedlings displayed good growth

over control and beyond that concentration retardation in growth was observed.

Prapatsorn et al. (2011) conducted experiment on the effect of zinc oxide
nanoparticles and titanium dioxide nanoparticles on rice (Oryza sativa L.) roots. The
results revealed that there is no reduction in the per cent seed germination with both
nanoparticles. However, nano zinc oxide (ZnO) is observed to have detrimental effects on
rice roots at early seedling stage and found to inhibit root length and reduce number of
roots. Whereas, nano-TiO, has no effect on root length. This study showed that direct
exposure to specific types of nanoparticles causes significant phytotoxicity, emphasizing
the need for ecofriendly disposal of wastes containing nanoparticles.

Hassan et al. (2012) use of nano sized titanium oxide (TiO) has a significant
effect on the wheat germination time. The lowest and the highest mean germination time
(0.89 vs. 1.35 days) were obtained in 10 ppm concentration of nano sized titanium oxide
TiO, and control treatments, respectively. Shoot and seedling lengths at 2 and 10 ppm
concentrations of nano sized TiO, were higher than those of the untreated control and
bulk TiO, at 2 and 10 ppm concentrations. Employing nano sized TiO, in suitable
concentration could promote the seed germination of wheat in comparison to bulk TiO,
but at higher concentration had inhibitory effect on wheat. The lowest shoot length was

achieved at 100 ppm nanosized TiO; and 2 ppm bulk TiO, treatments.

Application of nano scale zinc oxide (ZnO) (25 nm mean particle size) at 1000
ppm concentration in groundnut promoted seed germination, seedling vigour, early
flowering and higher chlorophyll content in leaf. Nano scale zinc oxide recorded
significantly higher pod yield to the extent of 34 % compared to chelated bulk ZnSO,.
Foliar application of nano ZnO at 15 times lower dose recorded 29.5% and 26.3% higher
pod yield compared to the chelated ZnSO, (Prasad et al., 2012).

Application of silver nanoparticles (Ag NPs) increased the plant growth
parameters (Shoot and root length and leaf area) and biochemical attributes (chlorophyill,
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carbohydrate, protein content and antioxidant enzymes) of Brassica juncea, common
bean and corn (Salama 2012 and Sharma et al., 2012).

Reyhaneh et al. (2013) reported that effects of concentrations of nano sized
titanium oxide (TiO,) at 0, 5, 20, 40, 60 and 80 mg L™ with bulk titanium oxide (TiO,) on
wheat grass seed germination and early growth stage. After 14 days of seed incubation,
germination percentage improved by 9 percent following exposure to 5 ppm nanosized
TiO, treatment compared to control. Similar positive effects occurred in terms of
germination value and mean daily germination but application of bulk TiO, particles in

80 ppm concentration greatly decreased the majority of studied traits.

Tapan et al. (2013) reported that significantly higher growth was found at 40
ppm (SiO;) nano particles and 5 ppm Mo nano particles for rice seedlings.

Beyond this concentration, the growth was inhibited in case of Mo nano particles.

Jayarambabu et al. (2014) revealed that nanoparticles of metal oxides with 20
mg/l significantly recorded the lower germination per cent in mung bean crop. Due to
their quick movement into the plant it showed good shoot and root growth compared to

other concentrations and control.

Foliar application of nano iron chelate at tillering stage was more effective. Foliar
application in this stage had the effective impact on quantitative characteristics of
wheat. Maximum Fe, starch, dry matter, crude protein and crude fibre percentage

between the varieties was related to Zare variety (Harsini et al., 2014).

Laware and Raskar (2014) conducted experiment to study the influence of zinc
oxide nanoparticles on growth, flowering and seed productivity of onion. The results
revealed that the plants treated with ZnO nanoparticles at the concentrations of 20 and 30
g ml/ml showed better growth and flowered 12-14 days earlier than the control. Further,
the treated plants showed significantly higher seeds per umbel, seed weight per umbel
and 1000 seed weight over control plants. These results indicate that ZnO nanoparticles

can reduce flowering period in onion by 12-14 days and even produce healthy seeds.
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Sonia and Thukral (2014) reported that macro and nano cobalt was added to the
sand medium at four levels (50 to 200 mg kg™ sand). Macro-Co was found to increase the
growth of both shoots and roots at concentrations up to 200 mg Co kg™ sand. Increase in
concentration of nano-Co decreased the root length. Lipid peroxidation was maximum at
200 mg Co kg™ sand for macro-Co in roots. Increase in the lipid peroxidation was found
in nano-Co treated roots and shoots. Nano and macro-Co3O4 behaved differently with

respect to effects on barley seedlings.

Alam et al. (2015) reported that wheat seed germination and seedlings growth
was regularly affected with 1.0 to 2.0 ppm (shoot length and root length for 0, 1.0, 1.5,
2.0 and 2.5 ppm Fe nanoparticles were 2.7, 3.7, 5.2, 6.7 cm and 3.7, 5.1, 7.02, 7.96 cm
respectively) but decreased significantly at 2.5 ppm of iron nanoparticles (shoot length

was 1.9 cm and root length -2.3 cm).

Dimkpa et al. (2015) studied the response of bean (Phaseolus vulgaris) to
commercial ZnO nanoparticles (NPs). Application of ZnO nanoparticles ranging from
250-1000 mg Zn kg™ had significant impact on root elongation after 7 days. Whereas,
shoot growth was significantly inhibited at 10000 mg kg™

Mahnaz Valadkhan et al. (2015) revealed the nano-iron chelate fertilizer
increased seed number per pod, pod number per plant, 100 seed weight and grain yield of
chick pea compared to control treatment (17, 48, 13 and 65% respectively). Seed priming
with Zn, Fe and Ca nano particles improved 100 seed weight (27.8, 28.01 and 27.9 g
respectively) and grain yield (72.9, 72.7 and 73.3 kg ha™ respectively) compared to
untreated control (26.8 g 100 seed weight and 70.4 % grain yield respectively). Archana
and satyavikas (2016) revealed that combination of N: P: K (12.5; 12.5; 12.5 kg ha™) and
zinc oxide (ZnO) NP @ 4500 mg ha™ yielded 91% and 45.3% higher brinjal and biomass

respectively than the treatment with only RDF.

Zhao et al. (2015) showed that nano CeO, and nano ZnO 400 and 800 mg kg™
changed the concentration of calcium in kernels compared to control. In nano CeO,

treated plants, Cu, K, Mn and Zn were mainly localized at the insertion of kernels into
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cobs but Ca and Fe were distributed in other parts of the kernels. They also reported that
application of nano CeO, and nano ZnO reduced the corn yield and altered quality of

corn.

Reyhaneh et al. (2016) reoported that seeds scarified and treated with 40 or 60
mg I of silicon oxide (SiO,) nanoparticles showed the improved germination (57 % and
41.50 % respectively) in Astragalus squarrosus compared to 80 mg I* of SiO, seed
treatment (17 %) and control (35.50 %).

2.2 Effect of foliar application and soil application of nano nutrient on growth yield
and nutrient uptake of crops

Ma et al. (2010) revealed that the possible interactions of nanoparticles with
higher plants (radish, rape, tomato, lettuce, wheat, cabbage and cucumber) are adsorption
to the root surfaces, incorporation into the cell walls and uptake into the cells and all
these processes primarily dependent on the physico-chemical properties of nanoparticles.

Fan et al. (2012) recorded significantly higher dry biomass of aerial part of rice
A; (N 215 kg hm + nano-carbon 1.194 kg hm®), A, (N 150.5 kg hm™ + nanocarbon
0.836 kg hm™) and A; (N 107.5 kg hm™ + nanocarbon 0.597 kg hm™) treatments with 58,
15.7 and 19.3 % compared to B; (N 215 kg hm™), B, (N 150.5 kg hm™) and B3 (N 107.5
kg hm™) treatments, respectively. The yield recorded under combined application of N
and nano-carbon were higher than those in treatments received only nitrogenous
fertilizer. The yield of A, A, and Aj treatments were 18.36 per cent, 8.51 per cent and
10.19 per cent higher compared to B;, B, and Bs.

Significant increase in yields have been observed due to foliar application of nano
particles as fertilizer (Tarafdar et al., 2012a). It was shown that 640 mg/ ha foliar
application (40 ppm concentration) of nanophophorous gave 80 kg/ ha P equivalent yield
of clusterbean and pearl millet under arid environment. Fertilizers encapsulated in

nanoparticles will increase the uptake of nutrients (Tarafdar et al., 2012b).
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Burmana et al. (2013) conducted an experiment on ten days old seedlings of
chickpea (Cicer arietinum L.). The seedlings were sprayed with 1.5 or 10 ppm aqueous
solution of zinc oxide (ZnO) nanoparticles and their effects were compared with
corresponding concentration of zinc sulphate and ZnO of normal size. Maximum
promotory response with respect to shoot dry weight was observed in seedlings treated
with 1.5 ppm ZnO nanoparticles, whereas at 10 ppm the nanoparticles exerted adverse
effects on root growth. However, overall biomass accumulation improved with the ZnO
nanoparticles treated seedlings compared to zinc sulphate and ZnO of normal size.

Ghafari and Jamshid (2013) reported that wheat harvest index, 1000-grain weight
and chlorophyll content increased as the rate of iron sulphate and iron chelate increased
but these parameters decreased at the higher rate of nano iron oxide. Significantly higher
1000-grain weight, harvest index, grain and grain carbohydrate yields were produced by

application of 8 g L™ iron sulphate followed by application of 2 g L™ of nano iron oxide.

Mahajan et al. (2013) reported that among the different nanoparticle suspensions
the maximum growth was found at 50 ppm ZnFeCu-oxide followed by 50 ppm FeO and

lowest were at 20 ppm ZnO over control in mungbean crop.

Morteza et al. (2013) reported that effect of nano titanium oxide (TiO;) was
significant on chlorophyll content (a and b), total chlorophyll (a + b), chlorophyll a/b,
carotenoids and anthocyanins of maize. The maximum amount of pigment was recorded
from the treatment nano TiO, (0.3%) spray at the reproductive stage (appearance of male

and female flowers) in comparison with control.

It was found that the seedlings of greengram displayed good growth over control,
demonstrating a positive effect of the nanoparticle treatment. The best performance was
observed with nano Zn/CuFe-Oxide followed by nano FeO and nano ZnO. Increased
absorption of nanoparticles by plant leaves was also detected by inductive coupled

plasma / atomic emission spectroscopy (Shailesh et al., 2013).

Sedgi et al. (2013) reported that significantly higher germination percentage, root

length, root fresh and dry weight in soybean crop were noticed when seeds were treated
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with different concentrations of poly ethylene glycol (PEG) and nano zinc oxide under
drought stress conditions. Application of nano zinc oxide followed by stress occurrence

caused decrease in seed residual fresh and dry weight.

Abasalt et al. (2015) revealed that application of 400 kg per ha K nano fertilizer
recorded significantly higher plant height (92 cm) and stem diameter (4 cm) compared to
control (77 cm and 3 cm respectively). Results also showed that application of 300 kg per
ha K nano fertilizer had the higher number of fruit per plant (38), fruit weight (75 gm),
fruit diameter (5.7 cm ) and fruit yield (90 tonnes per hectare) of tomato compared to

control (23, 62 g, 5 cm, 46 tonnes per ha respectively).

Afshar et al. (2014) studied the effects of different spraying concentrations of
nano zinc oxide and zinc oxide on wheat crop. Results revealed that nano-compounds are
quickly absorbed by plants in large amounts and hence it can be toxic on plants and plant
products when it applied at higher concentration.

Azamal and Khawaja (2014) reported that fullerene, Cgo and carbon nanotubes
have been shown to increase the water retaining capacity, biomass and fruit yield in
plants up to 118% and fullerene treated bitter melon seeds also increase the
phytomedicine contents such as cucurbitacin-B (74%), lycopene (82%), charantin (20%)
and insulin (91%). Since as little as 50pg mL ™" of carbon nanotubes increase the tomato
production by about 200%, it can be exploited to enhance the agriculture production in

future.

Abdul Hafeez et al. (2015) reported that soil application of copper nanoparticles
(Cu-NPs) at 30 ppm produced significantly higher chlorophyll content (51.37), leaf area
(12.79 cm? plant™), number of spikes/pot (19), number of grains/spike (31), 100 grain
weight (6.45 g) and grain yield (13.51 g) of wheat as compared to control (38.43, 6.85
cm?plant?, 13, 23, 4.08 g, 6.42 g respectively).

Amin Farnia and Mohammad Mehdi Omidi (2015) showed that use of Zn Nano
fertilizer and Nano biofertilizer treatment recorded significantly higher (17000 kg ha™)

biomass yield and control treatment had the lowest (11000 kg ha™) biomass yield in

13 Kavita Mahadev Goudar, M.Sc. (Agri.) 2017



maize. They also studied the comparison of the mean values of the grain yield for
interaction between water stress and Zn Nano fertilizer showed that 7 day irrigation
period treatment with use of Zn Nano fertilizer had the higher (10.5 ton ha™) grain yield
and non application of Zn Nano fertilizer in 21 day irrigation period treatment recorded

lower grain yield (2.7 ton ha™).

Mohsen et al. (2016) showed that foliar application of zinc nano-chelate with
nano-titanium dioxide (2000 ppm) could increase most of the important traits of barley
such as thousand grain weight, grain yield, straw yield and harvest index and resulted in

sustainable and high crop production with foliar application of nanoparticle.

2.3 Effect of foliar application of nano boron on growth, yield and nutrient uptake

of crops

Mahmoud (2014) reported that combined application of wheat seed sprout at 0.5
to 2.0 % and nano-boron at 0.25 to 0.1% was considerably very effective in enhancing all
growth characters, plant pigments, total carbohydrates, nutrients, bunch weight, yield as
well as both physical and chemical characteristics of the date palms fruit compared to

control.

Mohsen et al. (2016) reported that seed treatment with nano chelated boron
increased the plant height (193.91 cm), leaf length adjacent to ear (7.85 cm), leaf area per
plant (2771 cm?) and number of rows per cob in maize (15.64) compared to other

treatments.

Sohrab et al., (2016) reported that single foliar spray with relatively low amounts
of nano Zn or nano B chelated fertilizer (636 mg Zn per tree or 34 mg B per tree
respectively) led to increase in the pomegranate fruit yield. This is mainly due to increase

in the number of fruits per tree.
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2.4 Effect of nano micronutrient on soil microbial activity and soil physico-

chemical properties

The mobility and aggregation of nanoparticles in soils are strongly affected by the
surface charge of the nanoparticles which is pH-dependent. As the pH reaches the point
of zero charge of the manufactured nanoparticles, the greatest self-aggregation (homo-

coagulation) occurs (llles and Tombacz, 2006).

Vijendra and Ashok (2009) evaluated the effects of metal nano particles like
fullerenes, gold, silver, aluminium and others on the plant growth promoting bacteria
(PGPR). Altogether, the study suggested that metal nanoparticle could significantly
produce ecotoxicity and killing of phytostimulatory soil bacteria. Thus, the engineered

nanoparticle (ENPs) should be further tested as a possible ecofriendly agent.

Organic macro molecules are ubiquitous in the soil environment their effects on
the surface reactions and mobility of nanoparticles in the soil may be the same as their
effect on nanoparticles in the aquatic environment. The physico-chemical nature of
organic matter can determine the stability of nanoparticles. The dissolved organic matter
in soil can be sorbed on to nanoparticle surfaces and affect their surface speciation and
charge through steric or charge alteration and increased hydrophilicity of the surfaces
(Ghosh et al., 2008).

Yang et al. (2009) observed that coating of metal oxides (Tio,, Al,O3, ZnO)
nanoparticles with humic acids decreased their zeta potential indicating enhanced

electrostatic repulsion between nanoparticles and increased stability in the environment.

Concentration of salts in the soil solution may strongly affect the aggregation and
deposition of nanoparticles. As the ionic strength of the soil solution increases,
electrostatic repulsion between particles reduces and van der walls attractions outweigh
the repulsion (Hotze et al., 2010).
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Wang et al. (2010) observed that the behavior of nanoparticles in the soil
environment (containing organic matter and clay minerals) was different to that of non

reactive porous media.

Collins et al. (2012) studied the physico-chemical characteristics of nanoparticles
(viz., shape, size and surface charge) on soil (viz., pH, ionic strength, organic matter and
clay content). They noticed that soil properties will affect physical and chemical
processes of NP resulting in dissolution, agglomeration and aggregation. The behaviour
of nanoparticles in soil which in turn control their mobility and their bioavailability to

soil organisms.

Srivathsan et al. (2012) reported that antimicrobial activity of the silver
nanoparticles was investigated against the soil bacteria isolated from rhizospheric regions
through in-vitro and in-vivo culture. In these tests, the agar plates were used and the silver
nano particles of various concentrations were supplemented. Results showed that, the soil
bacteria were inhibited at the low concentration of silver nanoparticles in both in
vitro and in vivo. The silver nanoparticles can be used as effective growth inhibitors
in various bacteria and making them applicable to various antibacterial control

systems.

Zhao et al. (2013) observed that zinc oxide (ZnO) nanoparticles co-existing with
Zn dissolved species were continuously released Zn to the soil solution to replenish the
Zn ions or ZnO NPs scavenged by roots compared to soil treated with alginate which

promotes the bio-accumulation of Zn in maize plant tissues.

2.5 Toxicity or negative impact of nano micronutrients and borax on crop growth,

yield and nutrient uptake

Study was conducted to compare the effects of broadcast and foliar applications
of B at rates of 0 to 2.24 kg ha™ for soybean and they revealed that broadcast applications
of B caused no apparent vegetative damage but the 1.12 and 2.24 kg ha™ foliar
applications resulted in leaf burn, malformed leaves and delayed maturity because of

toxicity of boron (Touchton and Boswell, 1990).
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Plants exposed to excess of boron have reduced vigour, retarded development due
to the reduced root cell division, decreased shoot and root growth, leaf burn (chlorotic
and necrotic patches in older leaves) and decreased number, size, and weight of fruits
(Nable et al., 1997).

Boron toxicity can influence transpiration rates of sunflower by reducing uptake
of water. Leaf symptoms generally develop in later stages of plant growth as plants must

control the boron distribution to maintain adequate levels in the cell (Moore, 1994).

Boron toxicity exerts different effects on very diverse process in vascular plants
such as altered metabolism, reduced root cell division, lower leaf chlorophyll contents

and photosynthetic rates and decreased lignin and suberin levels (Reid, 2007).

Boron toxicity negatively affects plant growth, which results in reduced vigour,
stunted plant growth, delayed development, decrease number, size and weight of fruits

and discoloration of leaves in tomato (Munthean, 2009).

Monica et al. (2011) reported that nano titanium oxide (TiO,) particles, after
short-term exposure delayed germination progression for the first 24 hr of Vicia
narbonensis seed materials. Root elongation was affected only after treatment with the
higher nano-TiO, concentration. Further significant effects were detected showing
mitotic index reduction and concentration-dependent increase in the aberration

emergence that evidenced a nano-TiO,-induced genotoxic effect.

Boron toxicity is an important agricultural problem that limits crop productivity in
different regions of the world and can occur in B-rich soils or in soils exposed to B-rich

irrigation water, fertilizers, sewage sludge or fly ash (Luis et al., 2012).

Salama (2012) showed that lower concentrations of silver nanoparticles had a
stimulating effect on the growth of the plants, whereas under higher concentrations
induced an inhibitory effect. Increased concentration of silver nanoparticles up to 60 ppm
has led to an increase in shoot and root length, leaf surface area, chlorophyll content,

carbohydrate and protein content of the common bean and corn.
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Lin and Xing (2007) evaluated phytotoxicity of nanomaterials (MWCNTS,
Aluminum oxide-Al,O3, ZnO, Al and Zn) and its impact on germination rates in radish,
rape canola, rye grass, lettuce, corn and cucumber. They conferred the hypothesis that the
higher concentrations (2000 mg/L) of nano-sized Zn (35 nm) and ZnO (20 nm) inhibited
the germination in rye grass and corn, respectively. Root length of studied species was
also inhibited with use of 200 mg/L nano-Zn and ZnO. Phytotoxicity of nano-Al and

Al,Ossignificantly affected root elongation of rye grass and corn, respectively.

Ma et al. (2010) reported that the nano-CeO, did not affect root elongation in
plant species except for lettuce at 2000 mg/L concentration. However, nanoparticles
La;,03, Gd,03, Yb,O5; greatly affected root growth at same concentration and the
inhibitory effect of these nanoparticles were observed during different stages of root
growth.

Wenchao et al. (2010) reported that both titanium oxide (TiO2) and zinc oxide
(Zn0O) of the nanoparticles reduced the biomass of wheat. The TiO, nanoparticles were
retained in the soil for long periods and primarily adhered to cell walls of wheat. The
ZnO nanoparticles dissolved in the soil, thereby enhancing the uptake of toxic Zn by
wheat. The nanoparticles also induced significant changes in soil enzyme activities,
which are bioindicators of soil quality and health. Soil protease, catalase and peroxidase
activities were inhibited in the presence of the nanoparticles and urease activity was
unaffected. The nanoparticles themselves or their dissolved ions were clearly toxic for the
soil ecosystem.

Ghosh et al. (2014) reported the toxicity of that nano-CuO in barley seedlings.
prolonged nano-CuO treatment triggers oxidative burst, nano-stress induced changes in
antioxidant enzymes activity and strongly indicate disruption of ROS/antioxidant

balances.

Harajyoti Mazumdar (2014) reported that significant inhibition on shoot fresh
weight of V.radiata and B.campestris was observed at 1000 pg mL™ silver nanoparticle

solution after treatment period. V.radiata showed significant retardation on dry weight of
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root at 1000 pg/mL of Ag"* ions solution after 12 day. The decrease on shoot dry weight
with increase in nanoparticle and ion concentration was also observed after 12" day.
Exposure to 1000 pg mL™ of Ag nanoparticles reported significant retardation on total
chlorophyll content of V. radiata and B. campestris when compare to control after 12"

day of treatment.

Shaw et al. (2014) reported the negative impacts of nano-CuO (copper oxide)
stress on physio-biochemical as well as photosynthetic performance of Syrian barley.
Nano CuO (copper oxide) at higher concentration (0.5 mM) had marked impact in

disrupting plant defense system.

Vinoth Kumar and Udayasoorian (2014) studied the toxic potential of three
different metal oxide nanoparticles viz., zinc oxide (ZnO), aluminum oxide (Al,O3) and
titanium oxide (TiOy) by using maize as test plant for germination study. A significant
toxic effect was observed on growth parameters like germination percentage, vigour
index, shoot and root length of maize. Among the tested concentrations of three different
metal oxide nanoparticles, the concentration of 2000 mg L™ displayed highest toxic effect
followed by 1000 mg L™. A significant toxic effect of metal oxide nanoparticles was
observed on growth parameters of maize and it was in the order of ZnO>TiO,>Al,0s.

2.6 Effect of foliar application and soil application of borax on growth, yield and
nutrient uptake of crops

Ahmed Khan et al. (1990) reported that increase in yield attributes of some
oilseed crops like sunflower, sesame and Indian mustard with the foliar application of

boron at seed-filling stage.

Aulakh et al. (1990) reported that foliar application of borax @ 0.3 % recorded
higher siliquae plant™, seeds siliqua™ and test weight because of increased transolocation

of photosynthates from source to sink in oilseeds.

Radeva (1991) reported that two foliar spray with 250 and 500 g boron ha™
applied at flowering and the seed filling stage to groundnut gave higher seed yield of 1.90
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and 2.37 t ha™* respectively and increased the number of pods plant™ by 10 and 37 % and
seed weight plant™ by 13 and 59 %.

Malewar et al. (1992) concluded that foliar application of phosphorous through
boronated single super phosphate was beneficial in increasing yield and uptake of

phosphorus and boron in the cotton and groundnut.

In a field experiment during kharif-1991 at Hyderabad, borax @ 2 kg ha™was
dusted and sprayed (0.4%). The sunflower seed yields were 1.23, 1.30 and 1.36 tonnes
ha* with no boron, dusting and spraying, respectively (Rani and Reddy, 1993).

Bowszys (1996) reported that, foliar spray of boron (0.4 kg ha™) at the bud stage
significantly increased the seed yield and seed oil content in rape and number of seeds

siliqua™, 1000 seed weight, seed yield, seed oil content in toria.

Susheela (1996) revealed that foliar spraying of borax at 0.2 % increased pollen
germination, pollen viability and fertilization thus resulted in higher percentage of filled

seeds in sunflower.

Venkatakrishnan and Balasubramaniam (1996) obtained the highest mean seed
yield of sunflower, Cv. Co.2 (1.31t ha™) due to combined application of 40:20:20 kg
NPK ha™ along with 25 kg S and 0.2 % borax spray as compared to application of NPK
alone (1.11 t ha).

Tamak et al. (1997) revealed that application of 0.2 % borax as foliar spray at 50
per cent flowering stage in sunflower increased the capitulum diameter, 100 seed weight,

seed yield, oil content and its yield but deceased the protein content.

Josten and Kutschera (1999) reported that the solution of boron micronutrient @
0.1mM caused the development of numerous adventitious roots (10) compared to no

adventitious roots (1-2) in control in case of three days old sunflower seedlings.

Hemantharajan et al. (2000) reported that in green house experiment foliar
application of B @ 50 ppm and soil application of S @ 40 mg kg™ of soil and Fe @ 15
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mg kg?of soil recorded higher plant height, root length, chlorophyll content, total dry

matter production and seed yield of soyabean compared to control.

Jeybal et al. (2000) reported that application of FYM + Azospirillum +
phosphobacteria + 0.2 % borax spray with recommended NPK significantly increased the
capitulum diameter (19.1 cm), total seeds (1092 capitulum™), filled seeds (974
capitulum™) and seed yield (1.77 t ha™®) than application of recommended NPK alone in

sunflower.

Vyakaranahal (2001) reported that boron at 0.1 per cent spray at ray floret stage
increased the processed seed yield by 49.0 and 43.1 per cent during kharif and summer
sunflower, respectively. These foliar sprays also increased the capitulum diameter,
number of filled seeds capitulum™ seed set percentage, seed yield plant?, 100 seed
weight, volume weight of seed, oil content in seed, germination percentage, seedling dry
weight and seedling vigour index.

Reddy et al. (2002) reported that maximum seed yield of sunflower was obtained
through application of 100 per cent RDF (60:90:60 kg N: P,Os: K,O ha™) + 500 kg
gypsum ha™ (2145 kg ha™*) which was on par with the seed yield obtained through 100
% RDF (60:90:60 kg N, P,0s, K,0 ha™) + 500 kg gypsum ha™ + borax spraying (0.2 %)
at the ray floret initiation stage (2140 kg ha™).

Asad et al. (2003) foliar application of boron can increase the vegetative and
reproductive biomass of sunflower under boron deficient condition. They have reported
that foliar application of 28-1200 micro molar B increased the total dry mass of the most
B deficient plants by more than three-fold and that of plants grown initially with 1.72
micro molar B in solution by 37-49 per cent. In this treatment the dry weight of the

capitulum was similar to that achieved under control condition.

Foliar application of B improved seed germination and increased seedling vigour
increased by 27% as compared with the control in alfalfa crop (Dordas, 2006).
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Murthy (2006) reported that spectacular positive responses of boron were
observed with major oilseed crops and response varied from 5 to 20 kg ha™. Synergistic
interactions of B with P, S, Ca and Zn in augmenting oilseed yield and quality were
reported. Application of 10-15 kg Borax ha™ in coarse textured soils and 15-20 kg Borax

ha! in calcareous and fine textured soils is recommended.

Patil et al. (2006) reported that boron application @ 0.1 % spray at ray floret stage
recorded significantly maximum capitulum diameter (13.74 cm), total number of seeds
(638.8) and filled seeds weight (17.1 g) per capitulum compared to control in sunflower.
And zinc sulphate foliar spray @ 0.1 % significantly increased the seed yield by 18 %
over the control (567.4 kg ha™) in sunflower.

Tejeswara Rao and Subbaiah (2006) found that in Indian mustard foliar
application of B + Mo (1 ppm borax and 0.1 % ammonium molybdate) recorded the
highest seed yield (1349 kg ha™), 1000 seed weight (3.9 g) compared to recommended
NPK alone i.e., seed yield (1020 kg ha™ ) and 1000 seed weight (2.7 g).

Application of RDF (62.5:75:62.5 kg NPK ha™') + FYM 8 t ha™ + borax @ 6 kg
ha™ in sunflower recorded higher plant height (32.57. 142.33 and 150.97 cm) at 30, 60
and 90 DAS, respectively and capitulum diameter (20.67 cm), seed yield plant™ (18.52
g), per cent seed filling (76.33 %), processed seed yield (965 kg ha™) and seed recovery
percentage (92.47 %) over control. Also recorded significantly higher seed quality
parameters such as seedling length (26.67 cm), vigour index (2230), seedling dry weight
(375 mg) and germination percentage (90.00 %) over control (Byrareddy et al., 2007).

Deperon et al. (2007) observed that boron greatly affected the dry matter
production of the aerial parts of sunflower, among the aerial parts the greatest symptoms
were on the leaves closest to the capitulums especially in the ones that suffered
deformations. Boron deficiency harmed the allocation of net assimilates and grain
production making the new leaves necrotic besides deforming and reducing the size of

the sunflower capitulums.

Optimisation of Nano Boron Fertilization in Sunflower (Helianthus annuus L.) 22



Dixit and Elamathi (2007) reported that foliar application of boron (0.2 %) in
green gram increased the plant height (32.26 cm), number of nodules plant™ (30.8) and
dry weight plant® (12.9 g), number of pods plant® (18.1), 1000 seed weight (28.7 g),
grain yield (7.53 q ha™*) and haulm yield (30.0 g ha™).

Experiment comprised five levels of sulphur viz., 0, 10, 20, 30 and 40 kg S ha™
and five levels of boron viz., 0, 0.5, 1.0, 1.5 and 2.0 kg B ha™. The highest yield (1831 kg
ha™) and 100 seed weight (13.26 g), harvest index (46.3 %), S (0.418 %) and B (0.422 %)
uptake, protein and oil contents and B:C ratio (1. 3.23) of soybean grain were
significantly increased by the application of sulphur @ 30 kg S ha™ and 1.5 kg B ha™
(Konthouja et al., 2007).

Results obtained by Oyinlola (2007) showed that there were cultivar differences
in response to boron fertilizer in sunflower. Record variety recorded the highest plant
height at 8 kg B ha™ while, Funtua have the highest seed yield @ 4 kg borax ha™. The
highest percentage oil content was recorded by Isaanka variety. Toxicity symptoms and
reduction in yield were observed at the highest level borax (12 kg borax ha™) in all the
varieties. Percentage oil content correlated with capitulum diameter and seed yield.
Regression analysis also revealed that the optimum B rate for the three cultivars and four

years of trial for the various parameters determined ranged from 5.60-8.40 kg borax ha™.

Brighenti and Castro (2008) reported that foliar application of boron @ 400 g ha™
from two sources (boric acid and sodium tetraborate) along with herbicides
Haloxyfolmethyl increased the leaf B content significantly 63.1 mg kg™ and 66.9 mg kg™

compared to herbicide application alone 56.6 mg kg™ in sunflower .

Eracan Ceyhan et al. (2008) revealed that AS-615 sunflower variety responded
positively to the soil application of borax @ 7.5 kg ha™ and recorded highest plant height
(128.5 cm), capitulum diameter (13.3 cm), 1000 seed weight (49.1 g), seed yield (3.75 t
ha™) and oil yield (1.37 t ha™) over the control.

Kapila Shekhawat and Shivay (2008) reported that application of S @ 25 kg ha™
and B @ 1.5 kg ha™* along with RDF in sunflower gave the highest seed yield (2.01 t ha™)
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which was 13.5 % more than of the control. It also increased the total nutrient
concentration and their uptake, content of unsaturated fatty acids (linoleic and oleic) and

reduced the saturated fatty acids (palmitic and stearic) and saponification.

Karthikeyan and Shukla (2008) reported that in a green house experiment
application of S @ 60 mg kg™ and B @ 2 mg kg™ of soil along with RDF in sunflower
has recorded significantly higher seed yield (33.2 g plant™), dry matter (70.2 g plant™), B
uptake (1915 mg plant™) and S uptake (498.8 mg plant™) over control (10.3 g, 33.2 g,
482 mg and 132 mg plant™ respectively).

Foliar split rate application of boron @ 150 g ha™ at four leaves development
stage and 150 g ha™ at terminal bud formation stage recorded significantly higher
biomass production, achen development, seed yield, oil yield and concentration of boron

in all parts of the sunflower plant (Skarpa, 2008).

Aravinda Kumar et al. (2010) found that in case of sunflower hybrid DSH-1, the
seed yield of 757 kg ha™* in control increased to the maximum of 983 kg ha™ in boron
(0.3 %) foliar application, which is 29 % higher than control. The application of Zn and
Fe also caused significant increase in yield compared to control due to improvement in

growth and yield attributes.

Arnab et al. (2010) noticed that application of recommended dose of fertilizer
along with FYM (7.5 t ha™), foliar spray of ZnSO4 @ 0.5 % and borax @ 0.2 % at floret
initiation stage recorded significantly higher values of all the yield parameters like total
number of filled seeds (794.56 capitulum™), 100 seed weight (5.89 g) and significantly
lower percentage of chaffiness (6.33 %) compared to control (570.44 capitulum™, 4.68 g
and 8.01 %, respectively) in sunflower.

Martin et al. (2010) reported that foliar application of boron in sunflower
increased the uptake of macro nutrients (especially N), dry matter yield of the plants both
in leaves (21.0-22.5 %) and in stem (18.6-36.0 %), seed yield (8.3-10.2 %) over no

application of boron.
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Al-Amery et al. (2011) found that in autumn sunflower crop, the relationship
between boron and dry matter yield was linear and application @ 250 mg B L™ of water
increased the dry matter significantly (23 t ha™) compared to control (15 t ha™). For
spring sunflower crop, boron tended to decrease empty seeds percentage (15.7 % in
control plot) and 8.5 % in 250 mg L™ boron plots. Boron application has given the

significant increase in yield compared to control.

Ayad Shaker and Saad Mohammed (2011) reported that in sunflower application
of boron as foliar spray during budding stage on different genotypes recorded the
significant increase in leaf area, capitulum diameter, number of seeds capitulum™, 1000
seed weight, seed yield and oil yield both in spring season and autumn season.

Murthy (2011) reported that safflower responded significantly to the application
of Zn @ 20 kg ha™ as ZnSO, and borax @ 1.5-2.5 kg ha™ which increased the safflower
growth and seed yield in different locations.

Ramulu et al. (2011) revealed that application of 100 % RDF (63:75:63
N:P,0s5:K,0 ha') + borax (12.5 kg ha') + ZnSO, (10 kg ha™) + FYM (7.5 t ha) in
sunflower increased the seed yield by 28.12 q ha™. Higher seed yield is the resultant of
higher leaf area, capitulum diameter (17.1 cm), 100 seed weight (9.03 g), dry matter
accumulation (76.7 g plant™), uptake of Zn (1124.2 g ha), B (14405 g ha™) and
macronutrients compared to control (no FYM and RDF) i.e., 9.72 q ha, 491.3 g ha™* and
396 g ha, respectively.

An experiment was conducted with four levels of nitrogenous fertilizer viz., 100,
150, 200, 250 kg ha™ N and two levels of Boron viz., 15 kg ha™ borax and no borax in
Brassica juncea and results revealed that highest seed yield (1296 kg ha™), seed quality
parameters like test weight, germination percent (86.50 %) and vigour index (1003) were
obtained with 200 kg ha™ N applied along with 15 kg ha™ borax (Khanal et al., 2012).

Arporn Krudnak et al. (2013) reported that sunflower variety S473 responded to

boron application more than Pacific 77. Results revealed that application of borax @ 5.6
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and 11.3 kg ha’ recorded maximum pollen germination and viability but further

increased dose of borax tended to decrease pollen viability and seed set due to toxicity.

Muhammad et al. (2013) reported that plant height (174.62 cm), stem diameter
(2.47 cm), capitulum diameter (17.69 cm), number of achenes capitulum™ (828), 1000
achene weight (59.87 g), biological yield (13980 kg ha™), achene yield (3659.3 kg ha™),
oil contents (47.0 %) and protein contents (22.42 %) were significantly higher in

sunflower hybrid (Hysun-33) when boron was applied as 500 g ha™ as boric acid source.

Seema Choudhary and Bhogal (2013) revealed that application of borax @ 20 kg
ha™ in mustard has recorded significantly higher mean dry weight (11.95 g ha™), seed

yield (7.8 g ha™) and uptake of B (16.9 mg kg™) over control.

Kallol Bhattacharyya et al. (2014) reported that application of recommended dose
of fertilizer along 0.2 % foliar spray of borax at ray floret opening in sunflower recorded
significantly higher capitulum diameter (18.7 cm) seed yield (2029 kg ha™), stalk yield
(6089 kg ha™) and harvest index (0.24) as compared to RDF alone (14.3 cm, 1041 kg
ha*, 6000 kg ha™ and 0.22, respectively).

Imran Khan et al., 2015 revealed that sunflower hybrid Patron 551 and foliar
application of B (200 mg-L™?) at ray floret stage were shown significantly higher head
diameter (18.30 cm), number of achene per head (1266), 1000-achene weight (43.17 g)
achene vyield (2039.33 kg-ha™), biological yield (9223.11 kg-ha™) and harvest index
(22.10 %) compared to control (16.99 cm, 1142, 39.82, 1866 kg™, 9117 kg ha™ and
20.49%, respectively).

2.7 Effect of seed priming of borax on growth, yield and nutrient uptake of crops

Balamurugan et al. (2003) noticed that seed yield of sesame was increased by
20.6 % over control by pelleting the seed with gypsum + ammonium molybdate + ZnSO,4
+ MnSO, + borax (300 mg kg™ of seed). The pelleted seeds showed significant increase

in seed germination and vigour by 2 and 6 % respectively.
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Niranjana et al. (2005) reported that, application of micronutrients (B, Zn and
Mo) through seed treatment recorded significant increase in growth parameters, seed

yield and oil content in groundnut compared to control.

In pigeonpea, B application through seed treatment (4 g borax kg™ of seed) was
more effective and economical in increasing seed yield by 10.53 % compared with the
control and soil application (10 kg borax ha™) increased yield by 5.26 % (Malla et al.,
2007).

Seed priming with B also has a profound influence on advanced growth stages. In
a study on pea (Pisum sativum L.), Kumar et al. (2008) reported increased plant height,
fruiting and pod yield when seeds were primed in 0.5 % B solution with a concomitant

reduction in days to 50 % flowering.

In vegetable cowpea seed pelleting with borax (100 mg kg™ seed) substantially
improved pod weight, seeds pod™ and pod weight plant™ resulted in 37.25 % pod yield

gain over non-pelleted control (Masuthi et al., 2009).

Muneeb Munawar et al. (2013) reported that, seed priming with Zn (1.5 %)
solution, B (1.5 %) and Mn (2 %) observed highest seedling emergence, vigour index,

1000 seedling weight compared to water soaked and untreated seeds (control) in carrot.

Noor un nisa memon et al. (2013) reported that seed priming with boron is
beneficial to improve germination and other growth related attributes of the seedlings of

broccoli.

Habtamu Ashagre et al. (2014) reported that seed treatment with boron (@ 0.25
mg kg™ of seed) recorded significantly higher germination (100 %), shoot length (6.40
cm) and root length (9.08 cm) and increased the boron concentration to @ 8 mg kg™ and
10 mg kg™ of seed caused a complete failure of germination in safflower. Similar results

were also reported by Brown et al. (2002).
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Prathima et al. (2016) reported that at 7 and 15 DAS seed treatment with borax at
2 gm per kg recorded significantly higher seed germination (100%), root length (5.07cm
and 7.27cm respectively), shoot length (7.80cm and 11.47cm respectively) and vigour
index (1286 and 1773 respectively). Significantly lower seed germination (36.67 %), root
length (0.60cm and 0.97cm respectively), shoot length (1.60cm and 1.93cm respectively)
and vigour index (79.33 and 105.1 respectively) were recorded in seed treatment with

borax @ 20 gm per kg of seed treatment.
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111 MATERIAL AND METHODS

A field study was conducted during late Kharif-2016 at ZARS, UAS, GKVK,
Bengaluru on the “Optimisation of nano boron fertilization in sunflower (Helianthus
annuus L.)”. The details of the materials used and the techniques adopted during the

course of investigation are described here under.

3.1 Preliminary laboratory experiment

Boron nitride (as a source of nano boron which is having particle size of 70 nm)
and borax (lab grade commercial product) were used in the study. Preliminary studies to
test the efficacy of nano boron fertilizer applications on sunflower plant and to
standardize the concentrations for seed priming under laboratory conditions were carried
out at the Department of Agronomy, UAS, GKVK, Bengaluru prior to taking up the field

experiment.

3.1.1 Preparation of particle suspensions for seed priming

Since bulk boron nitride (BN) nano fertilizer will not dissolve in water and plants
cannot absorb it, the materials were suspended directly in hot deionised water and
dispersed by ultrasonic vibration (100 W, 40 KHz, 68 amplitude) for 15 minutes. The
nano scale suspensions appear as clear solutions. The pH of all the prepared suspension
was found to be 6.5-7.0. An absolute control was also maintained.

3.1.2 Details of laboratory experiments

Laboratory experiment was conducted to investigate the effect of different levels
of nano boron on germination, seedling length and seedling vigor. The experiment was
arranged in completely randomized design with five replications. Cultivar KBSH-53 was
treated with different levels of Nano boron and borax (0, 0.2, 0.4, 0.5, 0.6 %). Petri plates
with filter papers were used for sowing the seeds. Seeds were treated according to
treatments. After treating ten seeds were uniformly placed per petri plate using a forceps
and kept at room temperature (28 £ 2 °C). Germinated seeds were counted after 6 days of

sowing. Parameters such as per cent germination was calculated according to ISTA
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(1999) and root and shoot lengths of seedling were measured at 8, 15 and 22 DAS using a
measuring scale. The seedling vigor index (SVI) was worked out by using Hosseein and
Kasra (2011) formula.

3.2 Field experiment
3.2.1 Location of the experimental site

A field experiment was carried out on the “Optimisation of nano boron
fertilization in sunflower (Helianthus annuus L.)” during late Kharif-2016 at Zonal
Agricultural Research Station, University of Agricultural Sciences, Bengaluru. The
experimental site is located at latitude of 12°58 N latitude, 77°35° E longitude and at an
altitude of 930 meters above mean sea level.

3.2.2 Soil characteristics of the experimental site

Soil texture of the experimental site was red sandy loam. Representative soil
samples from experimental site were collected and analyzed for chemical properties. The
values obtained along with the methods followed for soil analysis are furnished in the
Table 3.1.

The soil samples were analyzed initially and also after the harvest of crop for
various chemical properties like pH, EC, organic carbon, available nitrogen, available

phosphorus, available potassium, boron, zinc and sulphur.

3.2.3 Climatic conditions

The normal as well as actual weather conditions such as rainfall, temperature
(maximum and minimum), relative humidity, daily bright sunshine hours and open pan
evaporation prevailed during the crop growth period is presented in Table 3.2 and Fig
3.1.

3.2.3.1 Normal weather conditions

The average of forty three years (1972-2015) data has been considered to
calculate normal climatic conditions of Zonal Agricultural Research Station, UAS,
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Plate 1. General view of the laboratory studies



GKVK, Bengaluru. The normal annual rainfall of the station was 904.7 mm and the
major portion of rain was received during the months of July to October and maximum
amount of rainfall was received during September and October months. The normal mean
maximum air temperature ranged from 26.2°C to 33.8°C. Whereas, normal mean
minimum air temperature ranged between 14.0°C to 20.5°C. The normal mean monthly
maximum relative humidity ranged from 75.3 to 89.0 per cent and the normal mean

sunshine hours varied from 4.3 to 9.4 hours.

3.2.3.2 Actual weather conditions

Total rainfall received during the year 2016 was 709.4 mm. The highest rainfall
was received in the month of July (271.4mm) and the lowest rainfall is in the month of
October (31 mm). Total rainfall received during crop growth period (September to
December) was 146.8 mm with 11 rainy days. The actual mean monthly maximum
temperature was higher than the normal during the crop growth period in October and
November which is 29.6 °C. The actual mean minimum temperature is higher in
September month (19.0 °C) and actual mean minimum temperature was lower in
December (14.7 °C) compared to the normal temperature. The actual mean sunshine
hours has been recorded higher in November (8.5 hours) and lower in September (3.5
hours). Mean monthly relative humidity varied from 82 to 94 per cent during crop growth
period (Table 3.2 and Fig. 3.1).

There was large variation in the rainfall during the experimental period from that
of the normal (mean of 43 years). The mean temperature and relative humidity existed
during the period of experimentation was conducive to the crop growth and development
of sunflower. In general, the plant growth was not affected by these parameters
throughout the crop duration except rainfall. The rainfall during the cropping period was
deficit. The crop was given protective irrigation and hence the crop growth was not

affected by deficit rainfall.

Optimisation of Nano Boron Fertilization in Sunflower (Helianthus annuus L.) 31



Table 3.1: Initial chemical properties of the soil

Chemical properties | values | status Method followed

Potentiometry method, pH meter (Piper,

Soil pH 6.15 | Neutral 1966)

Electrical conductivity 0.15 | Normal | Conductometry (Jackson, 1973)

(d sm™)
. . Walkey and Black’s Wet Oxidation
0,
Organic carbon (%) 0.55 | Medium method (Piper, 1966)
Available N (kg ha!) 979 Low Alkaline permanganate method (Subbaiah

and Asija, 1956)

Available P,Os (kg ha®) | 39.3 High | Bray’s method (Jackson, 1973)

Neutral normal NH,OAC extraction

. -1 i
Available K;0 (kg ha™) | 260.2 | Medium | . (Jackson, 1973)

Hot water extraction method (Berger and

Available B (ppm) 0.29 | Neutral Troug, 1939)

Available Zn (ppm) 231 High ?J?F;)A extraction method (Brown et al.,
Available S (ppm) 12.8 | Medium | Turbidometric method (Jackson, 1973)
Farm yard manure (FYM)

Available N (%) 0.4 H,SO, digestion method

Available P,0s5 (%) 0.2 Digestion method

Available K;0 (%) 0.3 Digestion method
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Table 3.2: Meteorological data of the experimental area during 2016 at GKVK, Bengaluru

Year/ Months

Rainfall (mm)

Mean temperature (°C)

Mean Relative

Mean Sunshine

Maximum Minimum Humidity (%) hours (hr day™)
2016 N A D N A D N A D N A D N A D
January 1.3 2.4 11 27.5 27.5 14.0 147 | 0.7 | 86.0 90 39 | 88 | 76 | -0.6
February 9.3 0 -94 298 | 312 | 14 | 153 | 16.2 | 0.9 | 80.7 85 42 | 94 9 -3.5
March 12.6 4.2 -8.5 326 | 340 | 14 | 180 | 199 | 19 | 753 86 104 | 93 | 82 | -05
April 46.3 1.2 -453 | 338 | 358 | 20 | 205 | 23.1 | 25 | 79.3 84 46 | 89 | 9.1 | 1.2
May 99.7 115 15.3 331 | 331 | 0.0 | 205 | 214 | 09 | 815 88 6.3 | 82 | 7.8 | 1.0
June 77.9 | 1404 | 625 295 | 284 | -1.2 | 196 | 199 | 0.3 | 858 92 6.0 | 5.7 | 47 | -05
July 105.7 | 2714 | 166.0 | 28.1 | 276 | -06 | 19.1 | 193 | 0.2 | 88.1 94 58 | 43 | 41 | -2.0
August 131.5 28 -103.7 | 276 | 281 | 05 | 189 | 195 | 0.6 | 89.0 92 29 | 47 | 57 | 0.0
September 191.1 | 514 | -1400 | 280 | 278 | -0.3 | 188 | 19.0 | 0.2 | 88.9 92 30 | 57 | 35 |-20
October 164.3 31 1336 | 278 | 296 | 1.8 | 18.2 | 18.0 | -0.3 | 88.0 85 291 60 | 79 | 13
November 52.0 0.0 52.0 26.7 | 296 | 29 | 165 | 16.2 | -0.3 | 84.7 82 27| 6.2 | 85 | 2.3
December 13.0 | 644 51.4 262 | 272 | 1.0 | 145 | 147 | -0.2 | 844 85 06 | 72 | 6.9 | -0.3
Total/Mean 904.7 | 709.4 | -195.3 | 29.22 | 29.99 | 0.77 | 16.11 | 18.49 | 2.38 | 84.30 | 8791 | 6.47 | 7.03 | 6.91 | -0.3

Note: N- Normal meteorological data (mean of 1972 — 2015), A - Actual meteorological data (2016), D - Deviation from the normal

(A-N)




Details of the experiment

Crop : Sunflower

Hybrid : KBSH-53

Replications : Three

Treatments : 10

Design : RCBD (Randomized Complete Block Design)
Gross plot :54mx4.8m

Net plot :42mx4.2m

Spacing : 60 x 30 cm

Location : ZARS, GKVK, Bengaluru

Season : Kharif-2016

The treatments combinations included for the study as furnished below;

There are ten treatments, replicated thrice which were included in the experiment.

3.2.4 Treatment details

T10:

NOTE: (RDF- 90:90:60 kg NPK ha™ and FYM 7.5 t ha™) was common to all treatments.

34

Tq:
T,
Ts:
Ty
Ts:
Ts:

Control

Nano Boron @ 0.2 % seed priming

Nano Boron @ 0.4 % seed priming

Borax @ 0.2 % seed priming

Borax @ 0.4 % seed priming

Nano Boron @ 0.2 % spray to capitulum at ray floret stage
Nano Boron @ 0.4 % spray to capitulum at ray floret stage
Borax @ 0.2 % spray to capitulum at ray floret stage
Borax @ 0.4 % spray to capitulum at ray floret stage

Soil application of Borax @ 11 kg ha™

Kavita Mahadev Goudar, M.Sc. (Agri.)
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Fig. 3.1: Mean monthly weather data of ZARS, UAS, GKVK, Bengaluru during 2016




3.2.5 Design and layout

The layout of the experiment is depicted in Fig 3.2.

3.2.6 Hybrid used

The sunflower hybrid KBSH-53 developed by All India Coordinated Research
Project (AICRP) on Sunflower, UAS, GKVK, Bengaluru during 2008 was used for the
study. The crop duration of this hybrid is 100-110 days. The oil content of the seeds

ranges from 42 to 44 per cent and it is moderately resistant to powdery mildew disease.

3.2.7 Cultural operations
3.2.7.1 Land preparation

The land was prepared by passing a tractor drawn disc plough followed by
shallow cultivation using cultivator. Weeds and stubbles were removed manually to
obtain fine seed bed. Later the field was demarcated for layout of experiment as per the
plan. The individual plots were prepared manually by using spade (according to the plot
size). Each plot was prepared by making the bunds of 60 cm width and 20 cm height
around it. A channel of 90 cm width was opened in between the treatment plots for

irrigation purpose. The experimental layout was presented in the plate-5.

3.2.7.2 Nutrient management

Urea, single super phosphate (SSP) and muriate of potash (MOP) were used as
sources of NPK and borax (11% B) and nano boron nitride (10.8 % B) as source of
boron. According to the treatments micronutrients were applied to respective plots. The
full dose of phosphorus and potassium were applied at the time of sowing but the
nitrogen fertilization has been given in two split doses, 50 per cent of recommended dose
of nitrogen was given at the time of sowing and remaining 50 per cent at the time of
earthing up. FYM was applied at the rate of 7.5 t ha™* before two weeks of sowing.
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3.2.7.3 Seed treatment

According to the treatments, manually seeds were treated at 0.2 % ,0.4 % nano
boron and borax solution for 4 hours at room temperature and seeds were allowed to dry

for 4 hours at room temperature.

3.2.7.4 Sowing

Furrows were opened at 60 cm distance and two to three seeds were placed per
hill at depth of 4-5 cm with intra-row spacing of 30 cm. Treated seeds were dibbled in
respective plots according to the treatment and covered with soil on 13" September,
2016.

3.2.7.5 Thinning

The thinning operation was carried out by leaving one healthy seedling per hill at
15 DAS in order to maintain optimum plant population with the required spacing and to
avoid competition between the seedlings.

3.2.7.6 Weed management

Pre-emergence herbicide Lasso at the rate of 2 liters ha™ was applied to control
the weeds. Weeds were also managed manually with hand weeding at 30 and 60 days
after sowing.
3.2.7.7 Earthing-up and top dressing

Earthing-up operation was carried out at 35 DAS and at the same time remaining
50 per cent of recommended dose of nitrogen has been top dressed.
3.2.7.8 Plant protection measures

One spray of quinolphos @ 2 ml L™ at 30 DAS was to control caterpillars.
Drenching with bavistin 2 g L™ + mancozeb 2 g L™ to control Rhizoctonia root rot and

Alternaria leaf spot were also done at 45 DAS.
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3.2.7.9 Foliar application of micronutrients

Treatments were imposed when the crop was at ray floret stage. Foliar application
of nano boron and borax spray @ 0.2 % and 0.4 % was carried out by taking calculated
quantity of nano boron and borax and dissolving in hot water to prepare solutions of
required concentrations and sprayed to capitulum according to the treatments.

3.2.7.10 Harvesting and threshing

The crop was harvested at physiological maturity as indicated by lemon yellow
colour on the back side of the capitulum, drying of leaves and seeds become hard. The
capitulums were harvested separately treatment wise. Threshing was done by beating the
capitulum with the stick. The produce was cleaned and net plot seed yield was recorded
after thorough drying. The stalks were cut close to the ground and were left in the field

for sun drying and then stalk yield was recorded.
3.2.8 Collection of experimental data

3.2.8.1 Observation on growth parameters

Periodical observations were taken on growth parameters at 30 and 60 DAS and
yield components were recorded at harvest. Individual plants were chosen for destructive

sampling for further observations.

3.2.8.2 Germination percentage

The number of seedlings germinated in each treatment was recorded by visual

observation. Germination percentage was estimated using the formula,

No.of germinated seeds
Total No.of seeds kept for germination

x 100

Germination percentage =
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3.2.8.3 Vigour index

In laboratory experiment the shoot and root length of sunflower plants were

recorded to work out vigour index by using the formula

Vigour index = [Root length (cm) + Shoot length (cm)] x Germination percentage

3.2.8.4 Plant height (cm)

The plant height was recorded from the randomly selected five plants in each
treatment at base of plant to the growing tip or point of attachment of the capitulum at 30
and 60 DAS and at the time of harvest by using measuring scale and the average height

of the plants in each plot is obtained.
3.2.8.5 Number of leaves per plant

Numbers of fully opened leaves from base of plant to the tip of terminal bud was
counted at 30 DAS and 60 DAS.

3.2.8.6 Leaf area (cm®plant™)

Leaf area was measured at 30 and 60 DAS by using leaf area meter. Three plants
from each plot were uprooted and all fresh leaves from individual plants from different
plots were collected and fed to leaf area meter and observations were recorded and

averaged.

3.2.8.7 Leaf Area Index (LAI)

Leaf area index is the ratio of leaf area to ground area occupied by the crop plant.

Leaf area index was worked out using the following formula (Watson, 1952).

_ Leaf area (cm® plant™)
~ Spacing (cm? plant™?)
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3.2.8.8 Determination of leaf nitrogen status as indicated by chlorophyll (SPAD)

reading

Leaf nitrogen status is normally manifested with the leaf chlorophyll content. A
device developed by Minolta corp, Ramosey, N. J., measures the light attenuation at 430
nm (the peak wavelength for chlorophyll a & b absorption) and at 750 nm (near infrared)
with no transmittance. The unit less values measured by the chlorophyll meter (SPAD-
502) termed as SCMR (SPAD chlorophyll meter reading), is a good estimate of
chlorophyll content. The SPAD meter (Soil plant Analysis Development) is a simple
hand held equipment which operates with De power (Volts) and is portable. SCMR
values were recorded in plants grown at different treatments. The third fully expanded
leaf from the apex was used for the SCMR determination. Several measurements were
made on each leaf at top and middle and averaged to make an appropriate estimate of leaf

chlorophyll and there by the leaf N status of the plant were determined.

3.2.8.9 Days to 50 per cent flowering

The number of days taken for 50 per cent flowering of the plant population from
each plot from the date of sowing was recorded based on visual assessment and expressed

in days.

3.2.8.10 Total dry matter production (g plant™)

Dry matter production was recorded at 30 and 60 DAS. Destructive sampling was
done to estimate the total dry matter. Three plants from each net plot were uprooted at
different stages and it was shade dried for few days followed by oven dried at 60-65°C

until a constant weight was obtained. Then it was weighed and expressed as g per plant.

3.2.8.11 Days taken for maturity

The number of days taken for maturity was recorded from each plot by the
indications such as drying of the leaves, lemon yellow colour on the back side of the

capitulum and hardening of seeds.
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3.2.8.12 Observation on yield parameters

Observations on yield parameters such as head diameter, test weight, seed yield
per plant, seed yield per net plot, seed yield per hectare, oil yield etc., are recorded at
harvest.

3.2.8.13 Capitulum diameter (cm)

The distance between two diagonally opposite edges of the capitulum was
recorded from five randomly selected plants and mean diameter was expressed in
centimetres (cm).

3.2.8.14 Stem girth at harvest

Five plants from each treatment plot were selected randomly and stem girth was
recorded using vernier slide calipers and the average stem girth was recorded and
expressed in centimeter (cm).
3.2.8.15 Number of seeds per capitulum (Filled seeds + Chaffy seeds)

The average number of filled seeds and chaffy seeds per capitulum were counted
manually from five plants and expressed as number of seeds per capitulum.
3.2.8.16 Seed yield per plant (g)

Five capitulums from each net plot were collected and seeds are separated, dried
and weighed at 8 % moisture. The average weight is expressed as mean seed yield per

plant ().
3.2.8.17 Seed yield per hectare (kg ha™)

Capitulums in net plot were harvested, seeds were separated by hand threshing,
dried and weighed at 8 per cent moisture. Seed yield was computed per hectare (kg ha™)
based on area of each net plot.
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3.2.8.18 Per cent chaffiness

Per cent chaffiness was calculated from five plants from each plot by separating

pure and chaffy seeds manually and expressed in percentage.

Number of unfilled seeds per capitulum
Total number of seeds per capitulum

Per cent chaffiness = x 100

3.2.8.19 100 seed weight (g 100 seeds™)

Sample seeds from each plot were drawn and 100 medium seeds were counted in
an unbiased way manually (regardless of seed size), weighed at 8 per cent moisture and

expressed in gram.

3.2.8.20 Volume weight (g 100 mlI™)

Seeds were measured in 100 ml beaker and the weight of these seeds was

recorded in grams and expressed as volume weight.

3.2.8.21 Stalk yield (kg ha™)

Weight of stalks per net plot was recorded after complete sun drying of stalks and

stalk yield per hectare was worked out and expressed in kg per hectare.

3.2.8.22 Harvest index (HI)

The harvest index was calculated by using the following formula (Donald, 1962)

Economic yield (kg ha™)
Biological yield (kg ha®)

Harvest index =

3.2.8.23 Oil content (%) and Oil yield (kg ha™)

Oil content of the seeds in different plots is estimated by using Nuclear Magnetic
Resonance (NMR model mimispec 20 pi) technique and the oil yield per hectare is
obtained by multiplying oil per cent of individual treatment by seed yield per hectare and

expressed in kg per hectare (kg ha™).
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Oil percent in seed X Seed yield (kg ha™)
100

Oil yield (kg ha?) =

3.2.9 Soil analysis
3.2.9.1 Soil sampling and processing

Representative soil samples (0-20 cm depth) from the experimental site were
collected before and after the experiment and used for determining the basic chemical
properties and to know the changes in nutrient status of soil. The collected bulk soil
samples reduced by following quadratic rule, then dried under shade, powdered using
pestle and mortar and passed through 2 mm sieve and preserved for analysis. For organic
carbon analysis, the 2 mm sieved soil samples were subjected for further grinding and

passed through 0.2 mm sieve.
3.29.2 pH

Soil pH was determined in 1: 2.5 soil : water suspension using a digital pH meter
having the glass electrode as described by Jackson (1973).

3.2.9.3 Electrical Conductivity (d Sm™)

Electrical conductivity of the soil samples was measured in 1: 2.5 soil: water
extract using a conductivity bridge (Jackson, 1973).
3.2.9.4 Organic Carbon (%)

A known weight of 0.5 g (0.2 mm sieved) of soil was treated with a known excess
volume of potassium dichromate. After oxidation of organic carbon present in soil, the
untreacted left in the contents was back titrated against standard ferrous ammonium

sulphate solution using diphenylamine indicator (Walkley and Black, 1934).

3.2.9.5 Available Nitrogen (kg ha™)

Ten gram of soil was distilled with 25 ml of 0.32 per cent KMnQO,4 and 25 ml of

2.5 per cent NaOH. The ammonia released was trapped in 4 per cent boric acid
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containing mixed indicator and titrated against standard sulphuric acid solution (Subbiah
and Asija, 1956).

3.2.9.6 Available Phosphorus (kg ha™)

The available phosphorus in soil was estimated by Vanadomolybadate phosphoric
yellow colour method, (Jackson, 1973) by using spectro-photometer at 660 nm and

expressed as kg per hectare.

GraphppmX Vol. of extractant X Vol. Made X 2 X10° X 2.26
10° X Weight of soil x Aliquot taken

Available P,O, (kgha™) =

3.2.9.7 Available Potassium (kg ha™)

Available potassium in soil was extracted with neutral normal ammonium acetate

and potassium content in the extract was determined by using flame photometer.

GraphppmX Vol. of extractant X Vol. Made X 2 X10° X 1.20

Available K,0 (kg ha™) = 10° X Weight of soil

3.2.9.8 Available Sulphur (ppm)

Available sulphur in soil is extracted with 0.15 % CaCl; solution and the extracted
sulphate is treated with barium chloride to convert into barium sulphate in the presence of
conditioning agent. The turbidity formed is estimated using a spectrophotometer at 420

nm and expressed in ppm.

GraphppmX Vol. of extractant X Vol. Made
Weight of soil X Aliquot for turbidity development

Sulphur (ppm)=

3.2.9.9 Available Zinc (ppm)

Diethylene Triamine Penta Acetic acid (DTPA) is used to extract the available
zinc from soil. Concentration of zinc in extractant is determined by using Atomic

Absorption Spectrophotometer.

Graph value x Volume of the exractant

Concentration in ppm= - .
Weight of thesoil
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3.2.9.10 Available Boron

Available Boron in soil was determined by hot water extraction method (Berger

and Troug, 1939), expressed in ppm.

Graph value x Volume of extractant x volume made

Concentration in ppm= - - -
Aliquot taken x weight of soil

3.2.10 Plant nutrient analysis
3.2.10.1 Collection and preparation of plant samples

Plant samples were collected from the field at the time of harvesting and dried at
60 °C in hot air oven, after complete drying, the samples were powdered with the help of
grinder and preserved in polythene bags for further analysis of nitrogen, phosphorus,
potassium, sulphur, zinc and boron content (Jackson, 1973).

3.2.10.2 Estimation of nitrogen (%o)

Total nitrogen content in plant samples was determined by micro Kjeldhal’s
method as described by Jackson (1973). In this method the powdered samples were
digested with the concentrated sulfuric acid in presence of digestion mixture (K;SOy :
CuS0O4.5H,0 : Selenium in the proportion of 100:20:1) and distilled under alkaline
medium. The liberated NH3 was trapped in boric acid containing mixed indicator and
titrated against standard sulphuric acid and nitrogen content is expressed in percentage.

The nitrogen content of plant samples is calculated by using the following relationship
1 mlof1NH,SO,=0.014g0fN

TV X N of acid X 0.014 X Volume of digested sample X100

Nitrogen (%) =
%en (%) Weight of sample X Aliquot taken

3.2.10.3 Digestion of plant samples

With di-acid mixture a powdered sample of 0.5 g of plant was predigested with 5
ml of concentrated HNOj3 and again digested with a di-acid mixture (HNO3z and HCIO, in
9:4 ratio). Volume of the digest was made up to 100 ml with distilled water and preserved

for total elemental analysis (Jackson, 1973).
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3.2.10.4 Estimation of phosphorus (%)

The total phosphorus content of plant samples of sunflower was determined by
measuring a known volume of predigested sample by adopting the
vanodomolybdophosphoric yellow color method as described by Jackson (1973) and
expressed in percentage.

Graph ppmX Volume of digested sample X Volume made up X100

Phosphorus (%) =
P ) 10° X Weight of sample X Aliquot taken

3.2.10.5 Estimation of potassium (%)

The total potassium content of plant samples was estimated by atomizing the
diluted digest to a caliberated flame photometer under suitable measuring conditions as
described by Jackson (1973) and the potassium content of samples was expressed in

percentage.

GraphppmX Volume of digested sample X Volume made up X100

Potassium (%) =
) 10° X Weight of sample X Aliquot taken

3.2.10.6 Estimation of sulphur (%o)

The sulphur content of plant samples was estimated using turbidometric method
with the help of spectrophotometer at 420 nm and expressed in percentage.

GraphppmX Volume of digested sample X Volume made up X100
10° X Weight of sample X Aliquot taken

Sulphur (%) =

3.2.10.7 Estimation of zinc (ppm)

The zinc content of plant sample was estimated by feeding the predigested
samples to the atomic absorption spectrophotometer having appropriate hallow cathode
lamps. The values were recorded and the graph ppm was obtained by drawing the graph.

Zinc content of samples is expressed in ppm.

GraphppmX Volume of digested sample
Weight of sample

Zinc(ppm)=
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3.2.10.8 Estimation of boron (ppm)

Boron content in the plant samples was determined by hot water extraction
method (Berger and Troug, 1939).

GraphppmX Volume of digested sample

Boron m)=
(ppm) Weight of sample

3.3 Economics of sunflower cultivation
3.3.1 Cost of cultivation (Z ha™)

Cost of cultivation was calculated by considering the different variable cost of
items and the expenditure incurred for land preparation, seed material, chemical
fertilizers, plant protection chemicals, herbicides and labour wages at prevailing market
price during the year 2016-2017 in Bengaluru. Labour requirement was worked out on
the basis of number of labourers engaged in performing different field operations.

3.3.2 Gross returns (% ha)

The gross returns per hectare is calculated by multiplying the prevailing market

price (X q*) and total yield (kg) obtained per hectare.

Gross returns = market price (Z ha™) X seed yield (kg ha)

3.3.3 Net returns (¥ ha™)

The net returns per hectare is calculated by deducting the cost of cultivation per

hectare from the gross returns per hectare.

Net returns = Gross returns ((Z ha™) — Cost of cultivation (% ha*)

3.3.4 Benefit cost ratio
The benefit cost ratio was worked out as follows.

Gross returns (% ha™)

Cost of cultivation (Z ha™)
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Statistical analysis and interpretation of data

The experimental data collected on various growth and yield parameters of
sunflower plant was subjected to Fishers method of “Analysis of Variance” (ANOVA) as
outlined by Gomez and Gomez (1984). Wherever the F-test was found significant for
comparison among treatment means, an appropriate value of critical difference (CD) was
worked out. Otherwise the abbreviation NS was indicated against the CD values. All the
data were analyzed and the results were presented and discussed at a probability level of

5 per cent for field experiment and 1 per cent for laboratory experiment.
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IV EXPERIMENTAL RESULTS

The results of the laboratory studies as well as the field experiment on
“Optimisation of nano boron fertilization in sunflower (Helianthus annuus L.)”
conducted at Zonal Agricultural Research Station, Gandhi Krishi Vignana Kendra,
Bengaluru during late kharif- 2016 are presented in this chapter.

4.1 Growth observations in preliminary laboratory experiment
4.2 Growth and growth parameters

4.3 Yield and yield attributes

4.4 Nutrient uptake

4.5 Chemical properties of soil after harvest

4.6 Economics of sunflower cultivation

4.1 Growth observations in preliminary laboratory experiment
4.1.1 Germination (%), root length (cm), shoot length (cm) and vigour index

The data on growth observation made on germination, root length, shoot length
and vigour index of sunflower as influenced by the seed treatment with nano boron and

borax at different levels are presented in Table 4.1, 4.2 and 4.3.
Laboratory experiment |

Germination (%)

It was observed that the treatments affected the seed germination significantly.
Significantly higher seed germination (94.0 %) was recorded in seed treatment with nano
boron @ 0.2 % over all other treatments (Table 4.1). However, significantly lower seed
germination was recorded with control (80.8 %) and it was on par with seed priming with
0.4 % nano boron (85.5 %), 0.4 % borax (84.4 %) and 0.2 % borax (81.8 %).
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Root length (cm)

The data revealed that there was a significant difference with respect to root
length at 8 DAS and 15 DAS as influenced by different levels of nano boron and borax
seed priming (Table 4.1). At 8 DAS seed priming with nano boron (0.2 %) and control
recorded significantly higher root length (5.65 cm and 5.82 cm respectively) compared to
all other treatments. However, the root length decreased significantly with the increase in
nano boron concentration more than 0.2 %. The lowest root length (2.63 cm) was
recorded in seed priming with borax @ 0.4 % followed by seed priming with borax @
0.2 % (2.84 cm). But similar trend was not observed at 15 DAS. Maximum root length
(9.02 cm) was obtained with seed priming of nano boron @ 0.2 % which was
significantly superior to all other treatments. The minimum root length was recorded with
seed priming with borax @ 0.4 % (4.96 cm) which was on par with seed priming with
borax @ 0.2 % (5.21 cm).

Shoot length (cm)

Seed treatment with nano boron and borax at different levels showed a significant
influence on seedling vigour index at 8 and 15 DAS (Table 4.1). Significantly higher
shoot length was recorded in the control treatment (7.97 cm) and which was on par with
the 0.2 % nano boron and 0.4 % nano seed treatment (7.60 and 7.42 cm respectively). But
similar trend was not observed at 15 DAS, significantly higher shoot length was recorded
with 0.2 % seed treatment with nano boron (11.17 cm) followed by 0.4 % seed treatment
with nano boron (10.58 cm). Significantly lower shoot length was recorded with
treatment receiving 0.2 % borax seed treatment (6.86 cm).

Vigour index

Different treatments significantly influenced the seedling vigour index at 8 and 15
DAS (Table 4.1). The maximum seedling vigour index was recorded in seed treatment
with 0.2 % nano boron at 8 and 15 DAS (1244 and 1899 plant™, respectively) and which
was significantly higher over all other treatments. Significantly lower seedling vigour
index was recorded with treatment 0.4 % borax (435 plant™) at 8 DAS and 0.2 % borax
seed treatment at (987 plant™) 15 DAS.
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Plate 2: Photographs of the seedling showing differences in root growth after the treatment




Laboratory experiment 11
Germination (%)

It was observed that the treatments affected the seed germination significantly.
Significantly higher seed germination (94 %) was recorded in seed treatment with nano
boron @ 0.2 % seed priming over all other treatments (Table 4.2). However,
Significantly lower seed germination was recorded with control (80.9 %) it was on par
with seed priming with 0.4 % nano boron (85.5 %), 0.4 % borax (84.4 %) and 0.2 %
borax (81.8 %).

Root length (cm)

Different nano boron and borax treatments significantly influenced the root length
at 8 and 15 DAS (Table 4.2). Significantly higher root length was recorded with nano
boron 0.2% seed priming (6.56, 11.91 cm respectively) at 8 and 15 DAS. Lower root
length was recorded with control (3.72 cm) at 8 DAS and 0.2 % borax seed treatment at
15 DAS (5.93 cm) followed by control (6.84 cm).

Shoot length (cm)

The data revealed that there was a significant difference with respect to shoot
length at 8 DAS and 15 DAS as influenced by different levels of nano boron and borax
seed priming (Table 4.2). Significantly higher shoot length was recorded with treatment
0.2 % nano boron (7.58 cm and 12.71 cm, respectively) at 8 and 15 DAS. Lower shoot
length was recorded with 0.4 % borax (2.60 cm) at 8 DAS and 0.2 % borax (7.87 cm) at
15 DAS.

Vigour index

Seed treatment with nano boron and borax at different levels showed a significant
influence on seedling vigour index at 8 and 15 DAS (Table 4.2). The maximum seedling
vigour index was recorded with 0.2 % nano boron (1329 and 2314 plant™ respectively).
Significantly lower seedling vigour index was recorded with 0.4 % borax seed priming
(555.1 plant™) at 8 DAS and 0.2 % borax (1129 plant™) at 15 DAS.
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Laboratory experiment 111
Germination (%)

It was observed that the treatments affected the seed germination significantly.
Significantly higher seed germination (88.3 %) was recorded in seed treated with nano
boron @ 0.2 % over all other treatments (Table 4.3). However, it was found on par with
seed priming with 0.4 % nano boron (81.7 %), 0.6 % nano boron (81.7 %) and seed
priming with borax @ 0.2 % and 0.4 % (85 % and 86.7 % respectively). Significant
decrease in germination % was observed at higher levels of borax concentrations.
Significantly lower germination was recorded in control (75 %) followed by seed priming
with borax @ 0.6 % (76.7 %), seed priming with borax @ 0.5 % and nano boron @ 0.5
% (78.3 %).

Root length (cm)

The data revealed that different treatments significantly influenced the root length
at 8 DAS and 15 DAS (Table 4.3). Significantly higher root length was recorded with 0.2
% nano boron seed priming (5.65 cm) followed by 0.4 % nano boron seed priming (4.48
cm). Considerably lower root length was recorded with increased concentration of borax.
Treatment receiving 0.5 % borax seed priming recorded lower root length (0.48 cm),

followed by 0.6 % borax seed priming (0.58 cm).

At 15 DAS maximum root length was recorded with 0.2 % nano boron seed
priming (11.4 cm) and lower root length was recorded with treatment 0.6 % borax (1.28
cm) which was on par with 0.5 % borax seed priming (1.30 cm). Higher concentration of
borax inhibited the root growth in sunflower.

Shoot length (cm)

The results showed that there was a significant difference with respect to shoot
length at 8 DAS and 15 DAS as influenced by different levels of nano boron and borax
seed priming (Table 4.3). Significantly maximum shoot growth was recorded with 0.2%
nano boron seed priming (7.35 cm). Seed treatment with borax at higher levels
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significantly reduced the shoot length, least shoot length (0.93 cm) was recorded with 0.5

% borax seed priming

Similar trend also observed at 15 DAS, seed treatment with nano boron @ 0.2 %
recorded significantly higher shoot length (18.14 cm). Lowest shoot length was recorded
in 0.6 % borax seed treatment (5.66 cm) and it was on par with 0.5 % borax seed
treatment (5.75 cm).

Vigour index

Seed treatment with nano boron and borax at different levels showed a significant
influence on seedling vigour index at 8 and 15 DAS (Table 4.3). The maximum seedling
vigour index was recorded in 0.2 % nano boron seed priming (1145 and 2608 plant™
respectively), which was significantly higher over all other treatments. The seedling
vigour index tends to decrease at higher levels of borax. Significantly lower seedling
vigour index was recorded with treatment receiving 0.5 % borax (109 plant™) at 8 DAS
and it was on par with 0.6 % borax seed priming (121 plant™). At 15 DAS lower seedling
vigour was observed with 0.6 % borax seed priming (532.2 plant™) and it was on par with
0.5 % borax seed priming (550.3 plant™).

Tolerance assay
Root growth inhibition of sunflower seeds by boron nano particles and borax.

In order to develop comprehensive toxicity profile for nano boron particles, their
phytotoxicity- the ability to cause injury to plants was also investigated. These study
examined the effect of five levels of nanoparticles on seed germination (Table 4.3) and
seedling growth of sunflower crop and also observed that higher levels (Plates 4) of the
nano boron particles had inhibition on root growth of the sunflower seedlings
(Blackening of the root tips: Plate 3). This study confirms the toxicity levels of nano
boron use in sunflower or inhibition of sunflower seedling growth (root growth) by boron

nano particles.

Optimisation of Nano Boron Fertilization in Sunflower (Helianthus annuus L.) 53



4%

‘JepnoS) ASPRUEIA BlIARY

(‘uby) "9S'IN

LT0¢

Table 4.1: Germination, root length, shoot length and vigour index of sunflower seedling as influenced by different levels of
nano boron and borax seed treatment (8 and 15 DAS, lab studies DOS : 19. 08. 2016 - 02. 09. 2016)

8 DAS 15 DAS
Treatments Germination | Root length | Shoot length . . Root length | Shoot length . .
% (cm) (cm) Vigour index (cm) (cm) Vigour index

Control 80.8 5.82 7.97 1114 7.44 9.34 1358
0.2 % Nano Boron 94.0 5.65 7.60 1244 9.02 11.17 1899
0.4 % Nano Boron 85.5 4.54 7.42 1022 8.83 10.58 1659
0.2 % Borax 81.8 2.84 4.64 612 5.21 6.86 987
0.4 % Borax 84.4 2.63 2.52 435 4.96 8.07 1104
SEmz+ 1.58 0.09 0.125 19.9 0.157 0.174 25.52
CD (P=10.01) 6.54 0.39 0.52 82.3 0.65 0.72 105.4
CV (%) 4.12 4.952 4.624 5.22 4.942 4.219 4.07
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Table 4.2: Germination, root length, shoot length and vigour index of sunflower seedling as influenced by different levels of
nano boron and borax seed treatment (8 and 15 DAS, lab studies DOS : 03.09.2016 - 17.10.2016)

8 DAS 15 DAS
Treatments Germination | Root length | Shoot length . . Root length | Shoot length . .
% (cm) (cm) Vigour index (cm) (cm) Vigour index

Control 80.9 3.72 6.88 858 6.84 9.06 1286
0.2 % Nano Boron 94.0 6.56 7.58 1329 11.91 12.71 2314
0.4 % Nano Boron 85.5 4.06 6.80 928 8.16 9.67 1524
0.2 % Borax 81.8 3.79 411 646 5.93 7.87 1129
0.4 % Borax 84.4 3.98 2.60 555 8.80 8.85 1489
SEmz+ 1.68 0.09 0.12 18.1 0.16 0.21 26.62
CD (P=0.01) 6.98 0.37 0.48 74.7 0.66 0.88 109.95
CV (%) 4.42 4.52 4.65 4.68 4.29 4.92 3.86
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Table 4.3: Germination, root length, shoot length and vigour index of sunflower seedling as influenced by different levels of
nano boron and borax seed treatment (8 and 15 DAS, lab studies DOS : 3.01. 2017 - 18.01.2017)

8 DAS 15 DAS
Treatments Germination | Root length | Shoot length Vigour index Root length | Shoot length Vigour index
(%) (cm) (cm) (cm) (cm)

Control 75 3.25 6.37 717 7.43 14.30 1619
0.2 % Nano Boron 88.3 5.65 7.35 1145 114 18.14 2608
0.4 % Nano Boron 81.7 4.48 6.52 901 8.24 15.91 1973
0.5 % Nano Boron 78.3 3.90 6.05 781 5.08 13.53 1457
0.6 % Nano Boron 81.7 3.01 6.49 77 4.25 12.13 1338
0.2 % Borax 85 2.36 3.56 503 4.89 14.35 1631
0.4 % Borax 86.7 3.15 4.53 668 8.53 14.48 1992
0.5 % Borax 78.3 0.48 0.93 109 1.30 5.75 550
0.6 % Borax 76.7 0.58 1.03 121 1.28 5.66 532
S Emz+ 2.02 0.14 0.09 16.6 0.27 0.26 36.8
CD (P=0.01) 7.98 0.57 0.34 65.5 1.05 0.99 146
CV (%) 4.97 9.62 4.084 5.21 9.11 4.52 4.84




0.5 % Nano Boron and Borax 0.5 % and 0.6 % Nano Boron

N

0.5 % Nano Boron and Borax 0.5 % and 0.6 % Nano Boron

Plate 3: Toxic effect of nano boron treated seedling at 22 days after sowing in petriplates
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Plate 4: Difference in root growth as influenced by different levels of nano boron seed treatment




Preliminary laboratory results showed that the seed priming with nano boron 0.2
% showed an increase in germination percentage, root and shoot length compared to all
other treatments (Plate 2). Germination per cent, shoot and root length decreased
significantly with further increase in nano boron concentrations (0.5 % and 0.6 %)

4.2 Field experiment results

The data pertaining to field experiment of sunflower cultivation as influenced by
“Optimisation of nano boron fertilization in sunflower (Helianthus annuus L.)” are

presented in the following headings.

4.2.1 Growth and growth parameters

The growth parameters differed significantly due to different treatments at 30 and
60 DAS.

4.2.1.1 Plant height

The data on plant height of sunflower hybrid (KBSH-53) recorded at 30, 60 DAS
and at harvest as influenced by different levels and methods of nano boron and borax

application are presented in the Table 4.4.

4.2.1.1.1 At 30 days after sowing

Plant height at 30 DAS in sunflower shows significant difference due to different
treatments. Treatment with borax @ 0.2 % spray to capitulum at ray floret opening stage
recorded significantly higher plant height (23.20 cm) and which was on par with all other
treatments except application of borax @ 0.4 % seed priming. While, application of
borax @ 0.4 % seed priming recorded significantly lower plant height (18.63 cm).

4.2.1.1.2 At 60 days after sowing

Data on plant height at 60 DAS revealed that different levels and methods of nano
boron and borax application significantly influenced the plant height. The higher plant
height was recorded with the treatment receiving nano boron @ 0.2 % seed priming
(190.5 cm) which was on par with nano boron @ 0.4 % seed priming (185.9 cm), borax
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@ 0.2 % seed priming (179.1 cm), borax @ 0.4 % seed priming (184.3 cm), nano boron
@ 0.2 % spray to capitulum at ray floret opening stage (184.1), soil application of borax
@ 11 kg ha™ (183 cm) and nano boron @ 0.4 % spray to capitulum at ray floret opening
stage (181.1 cm). Significantly lower plant height was recorded with the control (157.1
cm) followed by borax @ 0.4 % spray to capitulum at ray floret opening stage (171.3 cm)
and borax @ 0.2 % spray to capitulum at ray floret opening stage (172.5 cm).

4.2.1.1.3 At harvest

Plant height recorded at harvest was found to be non-significant. However,
treatment receiving nano boron @ 0.2 % seed priming has recorded higher plant height
(196.5 cm) compared to all other treatments. Lower plant height was recorded with
control (171.1 cm).

4.2.1.2 Number of leaves

Number of green leaves per plant differed significantly due to the application of
different levels and methods of nano boron and borax at 30 and 60 DAS are presented in
Table 4.5.

4.2.1.2.1 At 30 days after sowing

Data on number of leaves at 30 DAS revealed that different levels and methods of
nano boron and borax application has influenced the number of leaves. At 30 DAS,
significantly higher number of green leaves plant™ was recorded with nano boron @ 0.2
% seed priming (15.33) and which was on par with all other treatments except control
and borax @ 0.4 % spray to capitulum at ray floret opening stage. The treatment control
has resulted in significantly less number of leaves plant™ (10.53) followed by borax @

0.4 % spray to capitulum at ray floret opening stage (13).

4.2.1.2.2 At 60 days after sowing

Seed priming with nano boron @ 0.2 % recorded significantly more number of
green leaves plant™ (26.67) and which was on par with the treatment nano boron @ 0.4 %

seed priming and borax @ 0.4 % seed priming (26.27 and 25.93 leaves plant™,
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respectively). While, treatment control has recorded significantly less number of leaves
plant™ (21.33).

4.2.1.3 Leaf area (cm?plant™)

The data pertaining to leaf area (cm? plant™) of sunflower recorded at 30 and 60
DAS as influenced by different levels and methods of nano boron and borax application

are presented in Table 4.5 and depicted in Fig. 5.4.

4.2.1.3.1 At 30 days after sowing

The leaf area at 30 DAS of sunflower significantly influenced by different levels
and methods of nano boron and borax application. Significantly higher leaf area was
recorded in application of nano boron @ 0.2 % spray to capitulum at ray floret opening
stage (1014 cm? plant™). Significantly lower leaf area was recorded with the treatment
control (610.9 cm?plant™) followed by the treatment with soil application of borax @ 11

kg ha* at the time of sowing (753.5 cm?plant™).

4.2.1.3.2 At 60 days after sowing

The data pertaining to leaf area indicates that different levels and methods of nano
boron and borax application significantly influenced the leaf area plant™ at 60 DAS.
Significantly higher leaf area was recorded with treatment receiving nano boron @ 0.2 %

seed priming (10589 cm? plant™) compared to control (3632 cm? plant™).
4.2.1.4 Leaf area index

Application of different levels and methods of nano boron and borax application
significantly influenced the LAI at 30 and 60 DAS.

4.2.1.4.1 At 30 days after sowing

Higher LAI (0.563) was recorded with the application of nano boron at 0.2 %
seed priming which was on par with nano boron @ 0.2 % spray to capitulum at ray floret

opening stage (0.492). Lower LAI was recorded with control treatment (0.339).
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Table 4.4:

of nano boron and borax application

Plant height of sunflower as influenced by different levels and methods

Treatments

Plant height (cm)

30 60 At
DAS | DAS | harvest
T1: Control 21.25 | 157.1 | 1711
T,: Nano Boron @ 0.2 % seed priming 22.97 | 1905 | 196.5
Ts: Nano Boron @ 0.4 % seed priming 20.47 | 1859 | 188.7
T4 Borax @ 0.2 % seed priming 22.80 | 179.1 | 179.7
Ts: Borax @ 0.4 % seed priming 18.63 | 184.3 | 187.8
Te: Nano Boron @ 0.2 % spray to capitulum at RFO stage 21.17 | 184.1 | 189.1
T,: Nano Boron @ 0.4 % spray to capitulum at RFO stage 20.63 | 181.1 | 184.7
Tg: Borax @ 0.2 % spray to capitulum at RFO stage 23.20 | 1725 | 183.7
To: Borax @ 0.4 % spray to capitulum at RFO stage 2159 | 171.3 | 1894
T1o: Soil application of Borax @ 11 kg ha™ 22.73 | 183.0 | 186.7
SEmz 1.09 | 4.87 4.47
CD (P=0.05) 3.23 | 14.48 NS
CV (%) 8.73 | 7.72 | 417
Note : RFO stage- ray floret opening stage NS- Non-significant
60 Kavita Mahadev Goudar, M.Sc. (Agri.) 2017




Table 4.5: Number of leaves, leaf area and leaf area index of sunflower as influenced by different levels and methods of nano

boron and borax application
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Number of leaves Le?f area_l1 L eaf area index
Treatments per plant (cm?plant™)

30 DAS | 60 DAS | 30 DAS | 60 DAS | 30 DAS | 60 DAS
T1: Control 10.53 21.33 611 3632 0.339 2.02
T,: Nano Boron @ 0.2 % seed priming 15.33 26.67 1014 10589 0.563 5.88
T5: Nano Boron @ 0.4 % seed priming 14.00 26.27 866 8742 0.481 4.86
T,: Borax @ 0.2 % seed priming 13.80 25.00 760 6354 0.422 3.53
Ts: Borax @ 0.4 % seed priming 14.14 25.93 797 7562 0.443 4.20
Te: Nano Boron @ 0.2 % spray to capitulum at RFO stage 13.50 24.20 886 7115 0.492 3.95
T7: Nano Boron @ 0.4 % spray to capitulum at RFO stage 13.80 24.80 755 6762 0.419 3.76
Tg: Borax @ 0.2 % spray to capitulum at RFO stage 13.67 24.73 828 6770 0.460 3.76
To: Borax @ 0.4 % spray to capitulum at RFO stage 13.00 23.67 823 6354 0.457 3.53
T1o: Soil application of Borax @ 11 kg ha™ 14.22 23.80 754 7106 0.419 3.95
SEm+ 0.77 0.92 40.58 312.9 0.026 0.484
CD (P=0.05) 2.30 2.74 121 930 0.077 1.44
CV (%) 9.85 6.47 8.69 7.63 8.97 6.89

Note : RFO stage- ray floret opening stage




4.2.1.4.2 At 60 days after sowing

Significantly higher LAI (5.88) was recorded with nano boron at 0.2 % seed
priming which was on par with nano boron @ 0.4 % seed priming (4.86). Lower LAI was
recorded with the control (2.02).

4.2.1.5 Dry matter production and distribution

The total dry matter accumulation and its distribution in root and shoot (stalk and

leaves) were recorded at 30 and 60 DAS are presented in Table 4.6.

4.2.1.5.1 Root dry matter production (g plant™)

Data pertaining to root dry matter production at 30 and 60 DAS as influenced by

different nano boron and borax fertilization are presented in Table 4.6.

4.2.1.5.1.1 At 30 days after sowing

Among different treatments significantly higher root dry matter production was
recorded with nano boron @ 0.2 % seed priming (2.43 g plant™) and significantly lower
root dry weight was recorded with control treatment (1.38 g plant™) followed by the
application of borax @ 0.2 % spray to capitulum at ray floret opening stage (1.54 g
plant™).

4.2.1.5.1.2 At 60 days after sowing

Application of nano boron @ 0.2 % seed priming recorded significantly higher
root dry weight (15.70 g plant™) as compared to rest of the treatments. Whereas, lower
root dry weight was recorded with control (5.71 g plant™) followed by the treatments
receiving borax @ 0.2 % seed priming (7.63 g plant™) and borax @ 0.2 % spray to
capitulum at ray floret opening stage (7.63 g plant™).
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4.2.1.5.2 Shoot dry matter production
4.2.1.5.2.1 At 30 days after sowing

The shoot dry matter production recorded at 30 DAS was significantly higher
with application of nano boron @ 0.2 % seed priming (15.90 g plant™) and which was on
par with soil application of borax @ 11 kg ha(15.43 g plant™) at the time of sowing.
However, lower dry weight of shoot recorded with control treatment (11.07 g plant™)
followed by borax @ 0.2 % spray to capitulum at ray floret opening stage (12.57 g
plant™).

4.2.1.5.2.2 At 60 days after sowing

The shoot dry matter production recorded at 60 DAS was significantly higher
with the application of nano boron @ 0.2 % seed priming (85.87 g plant™), the result was
on par with nano boron @ 0.2 % spray to capitulum at ray floret opening stage (79.27 g
plant™) and nano boron @ 0.4 % seed priming (79.0 g plant™). Control treatment had
shown significantly lower shoot dry weight (52.3 g plant™).

4.2.1.5.3 Total dry matter production
4.2.1.5.3.1 At 30 days after sowing

The total dry matter production recorded at 30 DAS was significantly higher with
treatment receiving nano boron @ 0.2 % seed priming (18.33 g plant™). The result was
on par with the soil application of borax @ 11 kg ha™ (17.42 g plant™) at the time of
sowing. The control treatment had shown significantly lower total dry weight (12.45 g
plant™) at 30 DAS.

4.2.1.5.3.2 At 60 days after sowing

Results indicated that there was a significant difference with respect to total dry
matter production due to different methods of nano boron and borax fertilization at 60
days after sowing. Higher total dry matter production per plant was recorded with nano
boron @ 0.2 % seed priming (101.6 g) compared to control (58.01 g) treatment.
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4.2.1.5.4 Root to shoot ratio

The data pertaining to root to shoot ratio as influenced by different nano boron
and borax fertilization at 30 and 60 DAS are presented in Table 4.7.

4.2.1.5.4.1 At 30 days after sowing

Application of different methods and levels of nano boron and borax influenced
significantly the root to shoot ratio at 30 DAS. Application of nano boron @ 0.2 % seed
priming has recorded higher root to shoot ratio (0.153). The result was on par with the
treatment receiving nano boron @ 0.4 % seed priming (0.144) and control treatment

showed lower root to shoot ratio (0.119).

4.2.1.5.4.1.2 At 60 days after sowing

Results showed that there was a significant difference with respect to root to shoot
ratio due to different nano boron and borax nutrition at 60 days after sowing. Higher root
to shoot ratio was recorded in nano boron @ 0.2 % seed priming (0.18) compared to
control (0.11) and nano boron @ 0.2 % spray to capitulum at ray floret opening stage
(0.12).

4. 2.1.6 SPAD Chlorophyll Meter Reading (SCMR) values

Data pertaining to SCMR values as influenced by different levels and methods of
nano boron and borax application in sunflower at 30 and 60 DAS are presented in Table
4.8.

4.2.1.6.1 At 30 days after sowing

The SPAD chlorophyll meter values at 30 DAS in sunflower differed significantly
due to different treatments. Significantly higher SCMR was recorded with the application
of nano boron @ 0.2 % seed priming (37.13) and which was on par with borax @ 0.4 %
seed priming (36.67). Lower SCMR values was recorded in borax @ 0.2 % spray to
capitulum at ray floret opening stage (33.97).
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Table 4.6: Root dry weight, shoot dry weight and total dry matter of sunflower as influenced by different levels and methods

of nano boron and borax application

Dry matter production at (g plant™)

Dry matter production at (g plant™)

Treatments 30 DAS 60 DAS
Root Shoot Total Root Shoot Total
T,: Control 1.38 11.07 12.45 5.71 52.30 58.01
T,: Nano Boron @ 0.2 % seed priming 2.43 15.90 18.33 15.70 85.87 101.6
Ts: Nano Boron @ 0.4 % seed priming 1.90 13.43 15.34 11.07 79.00 90.07
T,: Borax @ 0.2 % seed priming 1.80 13.33 15.13 7.63 61.03 68.67
Ts: Borax @ 0.4 % seed priming 1.76 13.60 15.36 8.37 75.53 83.90
Te: Nano Boron @ 0.2 % spray to capitulum at RFO stage 1.70 14.33 16.03 9.04 79.27 88.30
T+: Nano Boron @ 0.4 % spray to capitulum at RFO stage. 1.73 12.97 14.69 8.23 68.03 76.26
Tg: Borax @ 0.2 % spray to capitulum at RFO stage 1.54 12.57 14.11 7.63 54.23 61.87
To: Borax @ 0.4 % spray to capitulum at RFO stage 1.60 13.13 14.73 8.13 57.50 65.63
T1o: Soil application of Borax @ 11 kg ha™ 1.99 15.43 17.42 10.21 73.17 83.38
SEmz+ 0.09 0.56 0.67 0.40 2.79 3.25
CD (P=0.05) 0.26 1.66 2.01 1.18 8.27 9.65
CV (%) 8.32 7.11 7.60 7.53 7.03 7.23

Note : RFO stage- ray floret opening stage




Table 4.7:

and methods of nano boron and borax application

Root to shoot ratio values of sunflower as influenced by different levels

Treatments 30 DAS 60 DAS
T4: Control 0.119 0.110
T,: Nano Boron @ 0.2 % seed priming 0.153 0.180
Ts: Nano Boron @ 0.4 % seed priming 0.144 0.140
T,: Borax @ 0.2 % seed priming 0.135 0.130
Ts: Borax @ 0.4 % seed priming 0.131 0.120
Te: Nano Boron @ 0.2 % spray to capitulum at RFO stage 0.125 0.110
T+: Nano Boron @ 0.4 % spray to capitulum at RFO stage 0.133 0.120
Tg: Borax @ 0.2 % spray to capitulum at RFO stage 0.124 0.140
To: Borax @ 0.4 % spray to capitulum at RFO stage 0.122 0.140
T1o: Soil application of Borax @ 11 kg ha-1 0.129 0.140
SEmz+ 0.005 0.008
CD (P=0.05) 0.02 0.02
CV (%) 6.83 10.61
Note : RFO stage- ray floret opening stage
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Table 4.8: SPAD Chlorophyll meter reading and Days taken for 50 % flowering

values of sunflower as influenced by different levels and methods of nano

boron and borax application

SPAD Chlorophyll

meter reading Days to
Treatments (SCMR) values 50 %
flowering
30 DAS | 60 DAS
T,: Control 34.57 33.43 69.00
T,: Nano Boron @ 0.2 % seed priming 37.13 44.50 61.33
T3: Nano Boron @ 0.4 % seed priming 34.93 40.33 62.00
T4 Borax @ 0.2 % seed priming 34.80 37.40 66.67
Ts: Borax @ 0.4 % seed priming 36.67 35.43 67.33
Te: Nano Boron @ 0.2 % spray to capitulum at 35 80 4353 65.67
RFO stage
Ts: Ellezircl)osggreon @ 0.4 % spray to capitulum at 35,77 3993 66.67
Tg: Borax @ 0.2 % spray to capitulum at RFO stage 33.97 34.67 67.67
To: Borax @ 0.4 % spray to capitulum at RFO stage 34.93 41.90 67.33
T1o: Soil application of Borax @ 11 kg ha™ 35.43 37.40 68.00
SEmz 0.35 1.23 1.16
CD (P=0.05) 1.05 3.64 3.45
CV (%) 1.72 5.52 3.03
Note : RFO stage- ray floret opening stage
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4.2.1.6.2 At 30 days after sowing

The data indicates that application of different levels and methods of nano boron
and borax in sunflower influenced the SCMR significantly at 60 DAS. Higher SCMR
was recorded in the treatment receiving nano boron @ 0.2 % spray to capitulum at ray
floret opening stage (44.50) and which is on par with the nano boron @ 0.2 % spray to
capitulum at ray floret opening stage (43.53) and borax @ 0.4 % spray to capitulum at
ray floret opening stage (41.90). Significantly lower SCMR was recorded in control
(33.43).

4.2.1.7 Days to 50 per cent flowering

Days to 50 per cent flowering was found to be significant due to different levels
and methods of nano boron and borax application in sunflower are presented in Table 4.8
and Plate 7. It was observed that the application of nano boron @ 0.2 % seed priming has
influenced the days for 50 per cent flowering (61.33) significantly compared to other
treatments, the result was on par with the nano boron @ 0.4 % seed priming (62).
Whereas treatment control has taken 69 days for 50 % flowering followed by soil
application of borax @ 11 kg ha™ (68).

4.3 Yield and yield attributes

4.3.1 Days to physiological maturity, plant stand at maturity, capitulum diameter

(cm) and stem girth (cm)

The data pertaining to days to physiological maturity, plant stand at maturity,
stem girth and capitulum diameter as influenced by different levels and methods of nano
boron and borax application are presented in Table 4.9.

4.3.1.1 Days to physiological maturity

It is evident from the results, that nano boron @ 0.2 % seed priming hastened
physiological maturity (84 days) which was on par with the nano boron @ 0.4 % seed

priming (86.33 days) compared to control (93 days).
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Plate 7: Early flowering in Nano boron treated plots



4.3.1.2 Plant stand at maturity

The observation on plant stand at maturity revealed that there was no significant
difference with respect to plant stand at maturity. However, soil application of borax @
11 kg ha™ at the time of sowing recorded higher plant stand (115) at maturity followed by
0.2 % nano boron seed priming (114).

4.3.1.3 Stem girth (cm)

Stem girth in sunflower at harvest responded significantly due to different levels
and methods of nano boron and borax fertilization. Higher stem girth recorded with
treatment receiving nano boron @ 0.2 % seed priming (2.97 cm). Whereas significantly
lower stem girth was recorded with control treatment (2.19 cm).

4.3.1.4 Head diameter (cm)

Data revealed that different levels and methods of nano boron and borax
fertilization did not influenced the head diameter significantly. However, higher head
diameter was recorded in treatment borax @ 0.4 % spray to capitulum at ray floret

opening stage (15.40 cm) compared to control (14.47 cm).

4.3.1.5 100 seed weight (g 100 seeds™)

Significant difference was noticed in test weight due to the different levels and
methods of nano boron and borax application (Table 4.10). Significantly higher test
weight was recorded with application of nano boron @ 0.2 % spray to capitulum ray
floret opening stage (5.23 g), which was on par with nano boron @ 0.2 % seed priming
(4.78 g) and nano boron @ 0.4 % spray to capitulum at ray floret opening stage (4.77 g).
Significantly less test weight was recorded in control treatment (3.78 g).

4.3.1.6 Volume weight (g 100 ml™)

The data revealed that different treatments significantly influenced the volume
weight due to the application of different treatments (Table 4.10). Application of nano
boron @ 0.2 % spray to ray floret opening stage recorded significantly higher volume
weight (46.60 g 100 mI™) which was on par with borax @ 0.4 % spray to capitulum ray
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floret opening stage (46.36 g 100 ml™), nano boron @ 0.2 % seed priming (46.17 g 100
ml™) and borax @ 0.2 % spray to capitulum at ray floret opening stage (44.40 g 100
ml™). Significantly less volume weight was recorded in borax @ 0.2 % seed priming
(40.00 g 100 mI™) which was found to be on par with borax @ 0.4 % seed priming (40.90
g 100 mI™).

4.3.2 Seed vyield per plant (g), number of seed per capitulum and chaffiness

percentage

The data on seed yield plant™, total seed (capitulum™) and chaffiness (%) as
influenced by different levels and methods of nano boron and borax application are
presented in the Table 4.10.

4.3.2.1 Seed yield per plant (g)

Seed vyield was significantly influenced by different levels and methods of nano
boron and borax application. Significantly higher seed yield was recorded in nano boron
@ 0.2 % seed priming (63.55 g plant™) and which was on par with nano boron @ 0.2 %
spray to capitulum at ray floret opening stage (63.17 g plant™), nano boron @ 0.4 %
spray to capitulum at ray floret opening stage (60.13 g plant™) and nano boron @ 0.4 %
seed priming (57.55 g plant™). Lower seed yield plant™ was recorded in control treatment
(39.67 g plant™) followed by borax @ 0.2 % spray to capitulum at ray floret opening
stage (48.32 g plant™).

4.3.2.2 Number of seeds per capitulum

Total number of seed per capitulum was significantly differed due to application
different levels and methods of nano boron and borax. Application of nano boron @ 0.2
% spray to capitulum ray floret opening stage has shown significantly higher number of
total seeds per capitulum (1384) which was on par with application nano boron @ 0.2 %
seed priming (1326). Significantly lower number of total seeds per capitulum (1059) was
recorded in borax @ 0.4 % seed priming, which was on par with borax @ 0.2 % seed
priming (1089) and control (1094).
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4.3.2.3 Number of filled seeds per capitulum

Number of filled seeds per capitulum was significantly higher with the application
of nano boron @ 0.2 % spray to capitulum at ray floret opening stage (1355), which was
on par with application nano boron @ 0.2 % seed priming (1293). Significantly less
number of filled seeds per capitulum were recorded in control treatment (974) followed
by the treatment borax @ 0.4 % seed priming (975).

4.3.2.4 Number of unfilled seeds number per capitulum

Significantly higher number of unfilled seeds per capitulum was found in control
treatment (119.9), which was followed by application of borax @ 0.4 % seed priming
(84). The number of unfilled seeds per capitulum recorded less in treatment with the
application of nano boron @ 0.2 % spray to capitulum ray floret opening stage (28.51)
followed by nano boron @ 0.2 % seed priming (33.20).

4.3.2.5 Per cent chaffiness

It was observed that the application of different levels and methods of nano boron
and borax significantly influenced the per cent chaffiness in sunflower. Chaffiness
percentage was significantly reduced in the treatment receiving nano boron @ 0.2 %
spray to capitulum at ray floret opening stage (2.10 %), which was on par with the
application of borax @ 0.2 % spray to capitulum at ray floret opening stage (2.50 %). The

control treatment has resulted in higher per cent chaffiness (11 %).
4.3.3 Seed yield (kg ha™), stalk yield (kg ha™), oil content (%), oil yield (kg ha™*) and
harvest index

Data pertaining to seed yield (kg ha™), stalk yield (kg ha™), oil content (%), oil
yield (kg ha™) and harvest index as influenced by different levels and methods of nano

boron and borax application are presented in the Table 4.11.

4.3.3.1 Seed yield (kg ha™)

Seed yield was significantly influenced by application of nano boron and borax at

different levels and methods.
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Table 4.9: Days to physiological maturity, plant stand at maturity, capitulum diameter and stem girth of sunflower as

influenced by different levels and methods of nano boron and borax application

Treatments Phys!ological Number of Stem girth | Head diameter
maturity (Days) | plants per net plot (cm) (cm)
T1: Control (Without boron) 93.00 106 2.19 14.47
T,: Nano Boron @ 0.2 % seed priming 84.00 114 2.97 15.07
T5: Nano Boron @ 0.4 % seed priming 86.33 110 2.49 15.13
T4 Borax @ 0.2 % seed priming 92.00 103 2.49 15.13
Ts: Borax @ 0.4 % seed priming 90.67 112 2.44 14.93
Te: Nano Boron @ 0.2 % spray to capitulum at RFO stage 92.00 113 2.44 15.00
T,: Nano Boron @ 0.4 % spray to capitulum at RFO stage 91.00 104 2.46 15.07
Tg: Borax @ 0.2 % spray to capitulum at RFO stage 89.33 111 2.46 15.13
To: Borax @ 0.4 % spray to capitulum at RFO stage 90.00 107 2.51 15.40
T1o: Soil application of Borax @ 11 kg hat 90.67 115 2.47 14.93
SEmz+ 0.83 4.15 0.07 0.28

CD (P=0.05) 2.46 NS 0.21 NS

CV (%) 1.59 6.57 4.97 3.23

Note : RFO stage- ray floret opening stage
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Table 4.10: 100 Seed weight, volume weight, seed yield, number of seeds and chaffiness as influenced by different levels and

methods of nano boron and borax application

100 Seed Volume Seed Number of seeds per capitulum
Treatments weight | weight | yield | Filled | Unfilled | Total | Per cent
(9 100 seeds™) | (9 100 mI™) | (g/plant) | seeds | seeds | seeds | chaffiness
T,: Control 3.78 41.27 39.67 974 119.9 | 1094 11
T,: Nano Boron @ 0.2 % seed priming 4.78 46.17 63.55 1293 | 33.20 | 1326 2.50
T3: Nano Boron @ 0.4 % seed priming 4.57 43.57 57.55 1127 | 46.43 | 1173 3.96
T, Borax @ 0.2 % seed priming 4.06 40.00 53.27 1031 | 57.87 | 1089 5.32
Ts: Borax @ 0.4 % seed priming 4.35 40.90 48.44 975 84.25 | 1059 7.96
. 0 H
Te: Nano Boron @ 0.2 % spray to capitulum at 5.23 46.60 63.17 | 1355 | 2851 | 1384 | 2.10
RFO stage
. 0 -
T7: Nano Boron @ 0.4 % spray to capitulum at 4.77 43.47 6013 | 1076 | 34.93 | 1111 | 3.16
RFO stage
. 0 H
Ts: SBtggan @ 0.2 % spray to capitulum at RFQ 453 44.40 4832 | 1104 | 56.90 | 1161 | 4.93
. 0 H
To: thg;an @ 0.4 % spray to capitulum at RFQ 4.49 46.36 5257 | 1144 | 4306 | 1187 | 3.64
T1o: Soil application of Borax @ 11 kg ha 4.42 43.93 54.56 1079 59.07 1138 5.18
SEm+ 0.19 1.04 2.75 4253 | 3.07 |41.76 0.31
CD (P=0.05) 0.57 3.09 8.17 126.4 | 9.11 |124.1 0.91
CV (%) 7.34 4.12 8.80 6.60 9.41 6.17 10.68

Note : RFO stage- ray floret opening stage




172

‘JepnoS) ASPRUEIA BlIARY

(‘uby) "9S'IN

LT0¢

Table 4.11: Seed yield, stalk yield, oil content, oil yield and harvest index of sunflower as influenced by different levels and

methods of nano boron and borax application

Seed yield

Stalk yield

Oil content

Oil yield

Treatments (kg ha')) (kg ha™)) (%) (kg ha™) HI
T: Control 1629 4429 34.96 570 0.27
T,: Nano Boron @ 0.2 % seed priming 2788 5256 36.74 1022 0.35
T5: Nano Boron @ 0.4 % seed priming 2451 5072 36.13 887 0.32
T,: Borax @ 0.2 % seed priming 2107 4969 35.56 750 0.30
Ts: Borax @ 0.4 % seed priming 2084 4529 36.04 752 0.31
Te: Nano Boron @ 0.2 % spray to capitulum at RFO stage 2773 5069 36.34 1006 0.35
T7: Nano Boron @ 0.4 % spray to capitulum at RFO stage 2422 4948 36.24 878 0.33
Tg: Borax @ 0.2 % spray to capitulum at RFO stage 2061 4910 34.68 714 0.30
To: Borax @ 0.4 % spray to capitulum at RFO stage 2176 4925 35.34 768 0.31
T1o: Soil application of Borax @ 11 kg ha™ 2424 5037 34.57 839 0.32
SEm+ 156.5 88.35 0.65 37.06 0.02
CD (P=0.05) 464.9 262.51 NS 110.10 0.03
CV (%) 11.83 6.11 3.14 7.84 8.25

Note : RFO stage- ray floret opening stage NS: Non-significant




Significantly higher seed yield (2788 kg ha™) was recorded with nano boron @
0.2 % seed priming, which was on par with nano boron @ 0.2 % spray to capitulum at
ray floret opening stage (2773 kg ha™) and soil application of borax @ 11 kg ha™ (2424
kg ha™) at the time of sowing. Significantly lowest seed yield was recorded with control
(1629 kg ha™).

4.3.3.2 Stalk yield (kg ha)

Stalk yield significantly responded to different levels and methods of nano boron

and borax application in sunflower.

Application of nano boron @ 0.2 % seed priming recorded significantly higher
stalk yield (5256 kg ha™*) which was on par with nano boron @ 0.4 % seed priming
(5072 kg ha™), nano boron @ 0.2 % spray to capitulum at ray floret opening stage (5069
kg ha™) and soil application of borax @ 11 kg ha™ (5037 kg ha™). The control treatment
had shown significantly lower stalk yield (4429 kg ha™) which was on par with borax @
0.4 % seed priming of seed (4529 kg ha™).

4.3.3.3 Oil content (%)

Oil content did not differed significantly due to different levels and methods of
nano boron and borax application. However higher oil content (36.74 %) was recorded
with application of nano boron @ 0.2 % seed priming followed by nano boron @ 0.2 %
spray to ray floret opening stage (36.34 %).

4.3.3.4 Oil yield (kg ha™)

Different treatments significantly influenced the oil yield in sunflower due to
application of different treatments. Significantly higher oil yield was recorded with nano
boron @ 0.2 % seed priming (1022 kg ha™) compared to all other treatments. The result
was on par with application of nano boron @ 0.2 % spray to capitulum at ray floret
opening stage (1006 kg ha™). Significantly lower oil yield was recorded in control
treatment (570 kg ha™*) followed borax @ 0.2 % spray to capitulum at ray floret opening
stage (714 kg ha™).
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4.3.3.5 Harvest index

It was observed that different treatments significantly influenced the harvest index
in sunflower. Harvest index was significantly higher with the application of nano boron
@ 0.2 % seed priming (0.35) and nano boron @ 0.2 % spray to capitulum at ray floret
opening stage (0.35) compared to other treatments. However, the result was on par with
nano boron @ 0.4 % spray to capitulum at ray floret opening stage (0.33) and nano boron
@ 0.4 % seed priming (0.32). Significantly lower harvest index was recorded with

treatment control (0.27).

4.4 Nutrient uptake

Data on the uptake of major nutrients (nitrogen, phosphorus, potassium),
secondary nutrient (sulphur) and micronutrients (zinc and boron) at harvest as influenced
by different levels and methods of nano boron and borax application are presented in the
Tables 4.12, 4.13 and fig. 5.6, 5.7.

4.4.1 Nitrogen (kg ha™®)

Data pertaining to uptake of nitrogen in sunflower (kg ha™) are presented in the
Table 4.12.

4.4.1.1 Accumulation of nitrogen by seed

Accumulation of nitrogen in sunflower significantly influenced by different levels
and methods of nano boron and borax application. Higher seed nitrogen accumulation
was recorded with nano boron @ 0.2 % seed priming (86.57 kg ha™), which was on par
with nano boron @ 0.2 % spray to capitulum at ray floret opening stage (84.48 kg
ha™), nano boron @ 0.4 % seed priming (84.34 kg ha™) and soil application of borax @
11 kg ha™ at the time of sowing (84.17 kg ha™). Significantly lower seed nitrogen was
recorded with control (60.91 kg ha™) followed by borax @ 0.4 % seed priming (71.30 kg
ha™).
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4.4.1.2 Accumulation of nitrogen by stalk

Accumulation of nitrogen in sunflower stalk was significantly higher with the
treatment receiving nano boron @ 0.2 % seed priming (28.01 kg ha™) which was on par
with nano boron @ 0.2 % spray to capitulum at ray floret opening stage (27.79 kg ha™),
borax @ 0.2 % seed priming (26.92 kg ha™*) and soil application of borax @ 11 kg ha™ at
the time of sowing (25.99 kg ha™). The control treatment showed significantly less

nitrogen accumulation in stalk (19.50 kg ha™).

4.4.1.3 Total nitrogen uptake

Total uptake of nitrogen in sunflower was found to be significantly higher with
the application Nano boron @ 0.2 % seed priming (114.58 kg ha™*) compared to all other
treatments. The control treatment showed significantly less total nitrogen accumulation in
sunflower (80.41 kg ha™).

4.4.2 Phosphorus uptake (kg ha™)

The data on uptake of phosphorus in sunflower (kg ha™) as influenced by levels

and methods of nano boron and borax application are presented in the Table 4.12.

4.4.2.1 Accumulation of phosphorus by seeds

Phosphorus uptake by sunflower seeds responded significantly to different
nutrient application methods. Higher phosphorus uptake (20.10 kg ha™) was recorded
with nano boron @ 0.2 % seed priming which was on par nano boron @ 0.2 % spray to
capitulum at ray floret opening stage (18.45 kg ha™). The control treatment showed

significantly less phosphorous accumulation in seed (10.60 kg ha™).

4.4.2.2 Accumulation of phosphorus by stalk

Accumulation of phosphorus in sunflower stalk was significantly higher with the
treatment receiving Nano boron @ 0.2 % seed priming (13.57 kg ha™) compared to other
treatments. The results was on par with with soil application of borax @ 11 kg ha™ (13.55
ka ha™), nano boron @ 0.4 % seed priming (13.19 ka ha™) and nano boron @ 0.2 %
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spray to capitulum at ray floret opening stage (13.01 kg ha™). The control treatment

showed significantly less phosphorous accumulation in stalk (8.65 kg ha™).

4.4.2.3 Total phosphorus uptake

Total uptake of phosphorous in sunflower was found to be significantly higher
under the application of Nano boron @ 0.2 % seed priming (33.67 kg ha™) compared to
other treatments. It was on par with application of nano boron @ 0.2 % spray to
capitulum at ray floret opening stage (31.46 kg ha™), soil application of borax @ 11 kg
ha™ (30.57 kg ha™) and nano boron @ 0.2 % seed priming (30.45 kg ha). The control
treatment showed significantly less total phosphorous accumulation in sunflower (19.25
kg ha™).

4.4.3 Potassium uptake (kg ha™)
The data on uptake of potassium in sunflower (kg ha™) as influenced by levels
and methods of nano boron and borax application are presented in the Table 4.12.

4.4.3.1 Accumulation of potassium by seed

Significantly higher potassium accumulation by sunflower seed was recorded
with nano boron @ 0.2% spray to capitulum at ray floret opening stage (25.67 kg ha™)
which was on par with Nano boron @ 0.2 % seed priming (24.17 kg ha™). The control

treatment showed significantly less potassium accumulation in seed (17.97 kg ha™).

4.4.3.2 Accumulation of potassium by stalk

Accumulation of potassium in sunflower stalk was significantly higher with the
application of nano boron @ 0.2% spray to capitulum at ray floret opening stage (48.93
kg ha™) compared to other treatments. The control treatment showed significantly less

potassium accumulation in stalk (41.97 kg ha™).

4.4.3.3 Total potassium uptake

Total uptake of potassium in sunflower was found to be significantly higher under
the application of nano boron @ 0.2 % spray to capitulum at ray floret opening stage
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(74.60 kg ha™*) compared to other treatments. It was on par with Nano boron @ 0.2 %
seed priming (72.67 kg ha™), soil application of borax @ 11 kg ha™ (71.43 kg ha) and
nano boron @ 0.4 % spray to capitulum at ray floret opening stage (70.21 kg ha™). The
control treatment showed significantly less total potassium accumulation in sunflower
(59.94 kg ha™).

4.4.4 Sulphur uptake (kg ha™)
The data on uptake of sulphur in sunflower (kg ha™) as influenced by levels and
methods of nano boron and borax application are presented in the Table 4.13.

4.4.4.1 Accumulation of sulphur by seed

Significantly higher sulphur accumulation by sunflower seed was recorded with
the application of Nano boron @ 0.2 % seed priming (11.3 kg ha™). It was on par with
the application of Nano boron @ 0.2 % spray to capitulum at ray floret opening stage
(11.1 kg ha™). The control treatment showed significantly less sulphur accumulation in
seed (7.70 kg ha™).

4.4.4.2 Accumulation of sulphur by stalk

Sulphur accumulation by sunflower stalk was significantly higher under the
treatment Nano boron @ 0.2 % seed priming (10.2). The treatment without boron showed

significantly less sulphur accumulation in seed (6.0 kg ha™).

4.4.4.3 Total sulphur uptake

The total uptake of sulphur by sunflower was significantly higher under the
treatment receiving nano @ 0.2 % seed priming (21.5 kg ha™) and which was on par with
0.2 % nano boron spray to capitulum at ray floret stage (20.3 kg ha™). The control

treatment showed significantly less sulphur accumulation in sunflower (13.7 kg ha™).

4.4.5 Zinc uptake (g ha?)

The data on uptake of zinc in sunflower (g ha™) as influenced by levels and
methods of nano boron and borax application are presented in the Table 4.13.
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4.4.5.1 Accumulation of zinc by seed

Zinc uptake by sunflower significantly differed with nano boron and borax
fertilization methods. Application of Nano boron @ 0.2 % spray to capitulum at ray floret
opening stage (190.4 g ha™) compared to all other treatments. The control treatment
showed significantly less zinc accumulation in seed (157.8 kg ha™).

4.4.5.2 Accumulation of zinc by stalk

Significantly higher zinc accumulation in sunflower stalk was recorded with the
application of nano @ 0.2 % seed priming (358.7 g ha™). The result was on par with the
application of borax @ 0.4 % spray to capitulum at ray floret opening stage (348.3 g
ha™), nano boron @ 0.4 % spray to capitulum at ray floret opening stage (348.8 g ha™),
nano boron @ 0.2 % spray to capitulum at ray floret opening stage (347.1 g ha™), soil
application of borax @ 11 kg ha™ (333.3 g ha™). Significantly lower zinc accumulation

was recorded with control treatment (271.1 g ha™).

4.4.5.3 Total zinc uptake

Total zinc uptake significantly influenced by different method and levels of nano
boron and borax fertilization. Higher zinc uptake was recorded with nano @ 0.2 % seed
priming (547.1 g ha™) compared to all other treatments. The control treatment showed
significantly less total zinc accumulation in sunflower (429.4 g ha™).

4.4.6 Boron uptake (g ha™)
The data on uptake of boron in sunflower (g ha) as influenced by levels and
methods of nano boron and borax application are presented in the Table 4.13.

4.4.6.1 Accumulation of boron by seed

Significantly higher boron accumulation by sunflower seed was recorded with the
application of nano boron @ 0.4 % spray to capitulum at ray floret opening stage (170.8
g ha). The treatment with borax @ 0.4 % seed priming showed significantly less boron

accumulation by seed (117.00 g ha™).

80 Kavita Mahadev Goudar, M.Sc. (Agri.) 2017



(7 snnuue snyjueldH) J8MOJJUNS Ul UOIIRZI|11434 UoJog ouepN 40 uonesiwndo

18

Table 4.12: Nitrogen, phosphorous and potassium uptake in sunflower as influenced by different levels and methods of nano

boron and borax application

Nitrogen (kg ha™)

Phosphorous (kg ha™)

Potassium (kg ha™)

Treatment
Seed | Stalk | Total | Seed | Stalk | Total | Seed | Stalk | Total
T1: Control 60.91 | 19.50 | 80.41 | 10.60 | 8.65 | 19.25 | 17.97 | 41.97 | 59.94
T,: Nano Boron @ 0.2 % seed priming 86.57 | 28.01 | 114,58 | 20.10 | 13.57 | 33.67 | 24.17 | 48,51 | 72.67
T3: Nano Boron @ 0.4 % seed priming 84.34 | 26.69 | 111.03 | 17.26 | 13.19 | 30.45 | 21.13 | 45.33 | 66.47
T4: Borax @ 0.2 % seed priming 74.78 | 26.92 | 101.70 | 1458 | 10.34 | 24.92 | 20.90 | 44.73 | 65.64
Ts: Borax @ 0.4 % seed priming 71.30 | 23.65 | 94.95 | 14.07 | 10.22 | 24.28 | 19.33 | 43.12 | 62.45
Te: Nano Boron @ 0.2 % spray to capitulum at RFO stage | 84.48 | 27.79 | 112.27 | 18.45 | 13.01 | 31.46 | 25.67 | 48.93 | 74.60
T-: Nano Boron @ 0.4 % spray to capitulum at RFO stage | 79.51 | 23.65 | 103.16 | 15.25 | 11.57 | 26.82 | 23.20 | 47.01 | 70.21
Tg: Borax @ 0.2 % spray to capitulum at RFO stage 68.80 | 22.21 | 91.00 | 13.00 | 10.23 | 23.23 | 21.23 | 45.12 | 66.35
To: Borax @ 0.4 % spray to capitulum at RFO stage 77.46 | 22.57 | 100.04 | 15.25 | 10.62 | 25.87 | 20.54 | 45.19 | 65.73
T10: Soil application of Borax @ 11 kg ha™ 84.17 | 25.99 | 110.17 | 17.02 | 13.55 | 30.57 | 22.90 | 48.53 | 71.43
SEmz+ 182 | 0.88 | 4.57 0.61 | 054 | 0.79 | 079 | 204 | 2.20
CD (P=0.05) 540 | 2.62 | 1357 | 1.82 160 | 234 | 235 | 6.06 | 6.55
CV (%) 408 | 6.19 | 7.76 6.80 | 814 | 517 | 6.32 | 7.71 | 5.65

Note : RFO stage- ray floret opening stage
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Table 4.13: Sulphur, Zinc and Boron uptake in sunflower as influenced by different levels and methods of nano boron and

borax application

Sulphur (kg ha™) Boron (g ha) Zinc (g ha™)
Treatment

Seed | Stalk | Total | Seed | Stalk | Total | Seed | Stalk | Total
T: Control 7.70 | 6.00 | 13.7 | 120.0 | 75.33 | 195.3 | 157.8 | 271.6 | 429.4
T,: Nano Boron @ 0.2 % seed priming 11.3 | 10.20 | 21.5 | 130.8 | 88.53 | 219.4 | 188.4 | 358.7 | 547.1
T5: Nano Boron @ 0.4 % seed priming 9.70 | 8.80 | 185 | 132.3 | 86.67 | 219.0 | 185.1 | 331.4 | 516.5
T4 Borax @ 0.2 % seed priming 9.00 | 820 | 17.2 | 127.3 | 90.21 | 217.5 | 180.5 | 317.7 | 498.2
Ts: Borax @ 0.4 % seed priming 8.80 | 6,50 | 15.3 | 117.0 | 77.68 | 194.7 | 172.8 | 300.7 | 473.4
Te: Nano Boron @ 0.2 % spray to capitulum at RFO stage 11.10 | 9.20 | 20.3 | 159.8 | 96.70 | 256.5 | 190.4 | 347.1 | 537.5
T-: Nano Boron @ 0.4 % spray to capitulum at RFO stage 8.80 | 8.60 | 17.4 | 170.8 | 95.07 | 265.8 | 182.8 | 348.8 | 531.6
Tg: Borax @ 0.2 % spray to capitulum at RFO stage 7.80 | 6.80 | 14.6 | 145.3 | 93.53 | 238.9 | 165.0 | 294.7 | 459.7
To: Borax @ 0.4 % spray to capitulum at RFO stage 870 | 7.90 | 16.7 | 153.3 | 94.73 | 248.1 | 179.6 | 348.3 | 513.0
T1o: Soil application of Borax @ 11 kg ha™ 9.60 | 8.80 | 18.4 | 132.7 | 96.00 | 228.7 | 185.3 | 333.3 | 518.7
SEm+ 0.30 | 0.30 | 0.60 | 3.045 | 2.128 | 3.539 | 6.4 8.9 | 1251
CD (P=0.05) 090 | 090 | 1.90 | 9.05 | 6.32 | 10.52 | 18.9 | 26.5 | 37.19
CV (%) 580 | 6.70 | 6.50 | 3.80 | 4.12 | 2.68 | 6.20 | 4.70 | 5.60

Note : RFO stage- ray floret opening stage




4.4.6.2 Accumulation of boron by stalk

Boron accumulation by sunflower stalk was significantly higher with treatment
receiving nano boron @ 0.2 % spray to capitulum at ray floret opening stage (96.70 g
ha™) compared to other treatments. It was on par with the application of soil application
of borax @ 11 kg ha™ (96.00 g ha'), nano boron @ 0.4 % spray to capitulum at ray
floret opening stage (95.07 g ha™), borax @ 0.4 % spray to capitulum at ray floret
opening stage (94.73 g ha™) and borax @ 0.2 % spray to capitulum at ray floret opening
stage (93.53 g ha™). The control treatment showed significantly less boron accumulation
by stalk (75.33 g ha™).

4.4.6.3 Total boron uptake

The total uptake of boron by sunflower was significantly higher with the
application of nano boron @ 0.4 % spray to capitulum at ray floret stage (265.81g ha™).
The result was on par with the application of nano boron @ 0.2 % spray to capitulum at
ray floret stage (256.45 g ha™). Significantly lower total boron uptake was recorded with
borax @ 0.4 % seed priming (194.68 g ha™).

4.5 Chemical properties of soil after harvest
The soil was analysed after the harvest of the crop from each treatment plot for
the different chemical parameters and are presented in Table 4.14.

4.5.1 pH

No significant difference was observed among the treatments with respect to pH.
All the treatments recorded nearly neutral pH ranging from 6.07 in nano boron @ 0.4 %

seed priming to 6.50 in borax @ 0.2 % spray to capitulum at ray floret opening stage.

4.5.2 Electrical Conductivity (dSm™)

No significant difference was observed among the treatments with respect to
electrical conductivity (EC). It ranges from 0.10 d Sm™ to 0.23 d Sm™ among the

treatments.
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4.5.3 Soil Organic Carbon (%)

Soil organic carbon status after harvest of sunflower crop did not influenced by
different nutrient levels and methods of nano boron application. It ranges from 0.43 % to

0.5 % among different treatments.

4.5.4 Available Nitrogen in soil (N kg ha™)

Different nano boron application methods significantly influenced the available
status of soil after harvest of sunflower crop. Higher available nitrogen content was
recorded with control treatment (279.9 kg ha™) which was on par with nano boron @ 0.2
% spray to capitulum at ray floret opening stage (275.3 kg ha™) and nano boron @ 0.4 %
seed priming (274 kg ha™). Significantly lower soil nitrogen was recorded with borax @
0.4 % seed priming (219.3 kg ha™).

4.5.5 Available phosphorus in soil (P,Os kg ha™)

Available phosphorus content of soil after harvest of sunflower crop did not
responded to different method and levels of nano boron and borax application methods
significantly. However, higher build up of available phosphorus content was recorded
with nano boron @ 0.4 % seed priming (42.10 kg ha™) followed by borax @ 0.2 % spray
to capitulum at ray floret opening stage (41.87 kg ha™).

4.5.6 Available potassium in soil (K,O kg ha™)

Nano boron nutrition in sunflower crop significantly influenced the available
status of soil after harvest. Higher (284.3 kg ha®) available potassium content was
recorded with Soil application of borax @ 11 kg ha™ and which was on par with borax @
0.2 % spray to capitulum at ray floret opening (273.4 ka ha®), control (273.3 ka ha™) and
nano boron @ 0.4 % seed priming (270.9 ka ha™). Significantly lower potassium was
recorded with borax @ 0.4 % seed priming (220.9 ka ha™) followed by nano boron @ 0.2
% spray to capitulum at ray floret opening stage (222.0 kg ha™).
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Table 4.14: Chemical properties of soil after harvest of sunflower as influenced by different levels and methods of nano boron

and borox application

EC ocC Available | Available | Available Boron | Zinc | Sulphur
Treatment pH ds 1 o N P,Os5 K,O ( m) ( m) ( m)
T,: Control 6.49| 012 |043| 2799 | 3933 | 2733 | 029 | 071 | 12.44
T,: Nano Boron @ 0.2 % seed priming 6.25| 0.21 | 046 | 266.3 41.26 259.6 0.38 | 0.99 | 12.88
T3: Nano Boron @ 0.4 % seed priming 6.07| 022 |048 | 2740 42.10 270.9 039 | 122 | 1248
T,: Borax @ 0.2 % seed priming 6.42| 016 |049| 2515 | 4077 | 2282 | 032 | 079 | 1251
Ts: Borax @ 0.4 % seed priming 6.34| 0.13 | 045 | 2193 38.70 220.9 034 | 0.87 | 12.73
. 0 H
Te: Nano Boron @ 0.2 % spray to capitulum at | ¢ o531 453 | 050 | 2753 | 41.07 | 2220 | 042 | 1.01 | 14.33
RFO stage
T7:Nano Boron @ 0.4 % spray to capitulumat | ¢ ja' 615 | 048 | 2263 | 4125 | 2243 | 029 | 0.87 | 14.42
RFO stage
. O H
Ta: ?&g @0.2%sprayto capitulum atRFO |\ o o1 090 | 04 | 2339 | 4187 | 2734 | 042 | 1.01 | 13.11
To: ?&g @04 %sprayto capitulumatRFO ¢ 10| 0195 | 050 | 2481 | 3767 | 2508 | 040 | 1.12 | 13.35
T10: Soil application of Borax @ 11 kg ha™ 6.39| 0.15 | 048 | 2287 40.07 284.8 054 | 1.04 | 13.74
SEmz 0.16| 005 |002| 1358 1.09 1022 | 004 | 010 | 075
CD (P=0.05) NS| NS | NS | 4033 NS 3038 | 012 | NS | NS
CV (%) 435 870 |723| 939 4.69 706 | 17.83 | 1870 | 9.85

Note : RFO stage- ray floret opening stage NS- Non-significant




4.5.7 Available boron in soil (ppm)

Significant differences were observed in boron status of soil after harvest of
sunflower crop. Higher boron content (0.54 ppm) was recorded with soil application of
borax @ 11 kg ha™ at the time of sowing compared to control (0.29 ppm) and nano boron
@ 0.4 % spray to capitulum at ray floret opening stage (0.29 ppm).

4.5.8 Available zinc in soil (ppm)

Different nano boron nutrition methods failed to influence the available soil zinc
content after harvest of sunflower crop. However higher available zinc was recorded
with treatment nano boron @ 0.4 % seed priming 0.71 ppm compared to all other

treatments.

4.5.9 Available sulphur in soil (ppm)

Different nano boron and borax nutrition methods did not influenced the available
soil sulphur content after harvest of sunflower crop. However higher available sulphur
was recorded with application of borax @ 0.2 % spray to capitulum at ray floret opening
stage (14.42).

4.6 Economics

The data pertaining to cost of cultivation, gross returns net returns and benefit cost
ratio as influenced by different levels and methods of nano boron and borax application
are presented in Table 4.15.

4.6.1 Total cost % ha)

Nano boron @ 0.4 % spray to capitulum at ray floret opening stage recorded
higher cost of cultivation (¥ 99577 ha™) followed by nano boron @ 0.2 % spray to
capitulum at ray floret opening stage (¥ 64935 ha™). The lowest cost of cultivation was
recorded in control (% 27296 ha™).
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4.6.2 Gross returns ( ha)

Highest gross returns (3 105956 ha™) was recorded with application of nano
boron @ 0.2 % seed priming, nano boron @ 0.2 % spray to capitulum ray floret opening
stage (¥ 105368 ha) and nano boron @ 0.4 % seed priming (% 93122 ha™) were found
next in order. The lowest gross returns (¥ 61920 ha™) was recorded with control

treatment.

4.6.3 Net returns (% ha™)

Different levels and methods of nano boron application in sunflower influenced
the net returns. A highest net return (Z 66950 ha™) was recorded in nano boron @ 0.2 %
seed priming over all other treatments. Treatments with the application of Soil
application of borax @ 11 kg ha™ (X 55196 ha™) and borax @ 0.2 % seed priming (%
52729 ha™) were found next in order. The lowest gross returns (% -7549 ha™) was
recorded in nano boron @ 0.4 % spray to capitulum at ray floret opening stage and
control (% 34624 ha™).

4.6.4 Benefit cost ratio

Benefit cost ratio of sunflower crop influenced by the application of different
treatments. Highest B: C ratio (3.01) was recorded in borax @ 0.4 % spray to capitulum
at ray floret opening stage. Treatments with the application of borax @ 0.2 % seed
priming (2.93) and borax @ 0.4 % seed priming (2.90) were found next in order. The
lowest B: C ratio was recorded in nano boron @ 0.4 % spray to capitulum at ray floret
opening stage (0.92).
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Table 4.15: Economics of sunflower as influenced by different levels and methods of nano boron and borax application

Treatments Cost of culjtlivation Gross rejclu rns | Net retl_Jlrns B:C_:

® ha™) ® ha™) ® ha™) Ratio

T: Control 27296 61920 34624 2.27
T,: Nano Boron @ 0.2 % seed priming 39006 105956 66950 2.72
Ts: Nano Boron @ 0.4 % seed priming 50716 93122 42406 1.84
T4: Borax @ 0.2 % seed priming 27318 80047 52729 2.93
Ts: Borax @ 0.4 % seed priming 27341 79183 51843 2.90
Te: Nano Boron @ 0.2 % spray to capitulum at RFO stage 64935 105368 40433 1.62
T+: Nano Boron @ 0.4 % spray to capitulum at RFO stage 99577 92028 -7549 0.92
Tg: Borax @ 0.2 % spray to capitulum at RFO stage 27402 78319 50917 2.86
To: Borax @ 0.4 % spray to capitulum at RFO stage 27508 82704 55196 3.01
T1o: Soil application of Borax @ 11 kg ha™ 32994 92111 59117 2.79

Note : RFO stage- ray floret opening stage




V DISCUSSION

The main objective of the present investigation was to study the “Optimisation of
nano boron fertilization in sunflower (Helianthus annuus L.)” conducted at Zonal
Agricultural Research Station, UAS, GKVK, Bengaluru during late kharif-2016. The
results of the present investigation are discussed in this chapter under various headings.

One of the main reasons of low yield of the sunflower is the deficiency of
micronutrients. The use of essential micronutrients in the right proportion and optimum
quantity is the key to boost and sustain crop productivity. Among micronutrient
deficiency, boron deficiency is the second most dominant problem in the world, which is

involved in the reduction of sunflower production by so many reasons.

Among the various factors affecting the growth and yield of sunflower, boron
nutrition plays a vital role. Presently, borax is the major source for boron, in order to
enhance nutrient use efficiency of boron nano technology (nano boron) is taken for this
study. Continuous soil application of borax may have toxic effect on soil and human
health in future. To combat this foliar application and seed treatment with minute
quantity of nano boron helps to achieve actual yield potential of sunflower and reduces

the problems associated with sunflower cultivation.

5.1 Effect of weather on crop performance

Crop growth is the net result of interplay of diverse metabolic activities taking
place in different parts of a plant during its growth and development. The synthesis,
accumulation and translocation of metabolites to the economic part are often influenced

by environmental conditions, thereby influencing the yield potential of the crop.

The normal and actual weather data that prevailed during 2016-17 with respect to
rainfall, maximum and minimum temperature mean relative humidity and sunshine hours
are presented in Fig. 1. Rainfall received during crop growth period (September to
December) was 146.8 mm in late kharif -2016. The total rainy days during crop growth

period were 11. The maximum and minimum temperature ranged from 27.2 to 29.6 °C
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and 14.5 to 18.8 °C, respectively. The actual mean sunshine hours considerably lower
during crop growth period as compared to normal. The rainfall during the cropping
period was deficit. The crop was given protective irrigation and hence the crop growth
was not affected by deficit rainfall.

5.2 Effect of seed treatment of nano boron and borax on the germination, root
length, shoot length and vigour index of sunflower under preliminary

laboratory experiment
Laboratory experiment |

Laboratory studies (Table 4.1) indicated that seed treatment with nano boron @
0.2 % recorded higher seed germination in all the three experiment (94 %) compared to
control (80.8 %).

At 8 DAS seed treatment with nano boron at 0.2 % and control recorded
significantly higher root length (5.65 cm and 5.82 cm, respectively) and shoot length
(7.60 cm and 7.97 cm). At 15 DAS maximum root length (9.02 cm) was observed with
nano boron @ 0.2 % seed priming which was significantly superior to all other
treatments. This might be due role of boron in cell division, cell elongation, improved
terminal meristematic activity which increases the root and shoot growth. The results are

in line with Khan et al. (2006) and Noor un nisa memon et al. (2013).

The maximum seedling vigour index was recorded in seed primng with nano
boron @ 0.2 % at 8 and 15 DAS (1245 and 1899 plant™, respectively) (Table 4.1)
compared to all other treatments. This was mainly due to the increased germination
percentage, root length and shoot length of sunflower seedlings. Significantly lower
seedling vigour index was recorded with seed priming of borax @ 0.4 % (435 plant™) at 8
DAS and seed priming of borax @ 0.2 % (987 plant™).

Laboratory experiment 11

The results of laboratory experiment Il (Table 4.2) followed the similar trend as

that of experiment 1.
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Laboratory experiment 111

Results from (Table 4.3) showed that higher seed germination was recorded with
0.2 % nano boron seed priming (88.33 %) compared to control (75.0 %). Seed priming
with nano boron @ 0.2 % recorded maximum root length (5.65 cm and 11.38 cm) and
shoot length (7.35 cm and 18 cm) at 8 and 15 DAS respectively. However, the root length
and shoot length were decreased significantly with the increase in borax concentration.
The lowest root length (0.58 cm and 1.28 cm, respectively) and shoot length (1.03 cm
and 5.66 cm, respectively) were recorded in seed priming with borax @ 0.6 % which was
on par with 0.5 % borax seed priming. The decrease in root and shoot length was mainly
due to boron at higher levels which inhibits root and shoot growth primarily through
limiting cell elongation and cell division (Brown et al., 2002). Maximum seedling vigour
was recorded with 0.2 % nano boron seed priming (1145 plant™” and 2608 plant™) at 8
and 15 DAS respectively. This was mainly due to the increased germination percentage,
root length and shoot length of sunflower seedlings. Significantly lower seedling vigour
index was recorded at seed treatment with borax @ 0.6 % (121 and 532 plant™
respectively) at 8 and 15 DAS. The results are in conformity with the findings Habtamu
Ashagre et al., 2014 and Prathima et al., 2016)

The observed increase in primed treatments, may be due to rapid and appropirate
establishment of seedling (Farooq et al., 2008), minimization of time between seed
sowing and emergence and the synchronization of emergence, better utilization of
nutrient, soil moisture and solar radiation, photosynthetic rate and stomatal conductance
(Fariduddin et al., 2003).

5.3 Effect of different levels and methods of nano boron and borax application on

yield and yield parameters of sunflower

Yield is a complex character which involves the interaction of several intrinsic
and external factors. It largely depends upon the production and mobilization of
carbohydrates, uptake of water and nutrients from the soil, in addition to several
environmental factors to which crop is exposed during the growing period (Schonfeld et

al., 1988). Several approaches viz., seed treatment, soil and foliar fertilization, improved
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crop systems, application of soil amendments and organic nutrient sources, use of
efficient micronutrient fertilizer are possible ways to correct micronutrients deficiency in

plants.

Yield and vyield attributes were significantly influenced by different levels and
methods of nano boron and borax application in sunflower (Tables 4.9, 4.10 and 4.11).
Achene yield is a function of integrated effects of the various yield components. Among
the different treatments, seed yield was significantly higher (2788 kg ha™) with the
application of nano boron @ 0.2 % seed priming. However nano boron @ 0.2 % spray to
capitulum at ray floret opening stage was also found to be on par (2773 kg ha™). These
results are in line with those of Oyinlola, (2007) and Patil et al. (2006). Increase in fruit
yield with foliar application of nano boron have been reported in different fruit crops,
including date palm (Mahmoud, 2014) pomegranate (Sorhab et al., 2016). However,
lowest achene yield 1629 kg ha™*) was recorded with the treatment without boron, these
results are in line with those of Gitte et al. (2005). They reported that initial application
(as seed priming or soil application) boron increase the seed yield of sunflower and boron
deficiency affect the inner tissues of the stem top, which may lead to unfilling of seed and

lower translocation of photosynthates to head seed formation, finally decreases the yield.

The higher seed yield might be attributed to improvement in yield contributing
characters viz., seed yield per plant (63.55 g), higher head diameter (15.07 cm), higher
number of seeds per capitulum (1326), 100 seed weight (4.78 g) and volume weight
(46.17 g 100 mI™) (Fig. 5.2 and Fig.5.3). This improvement in yield components was in
turn due to improved growth parameters such as higher plant height, chlorophyll content,
higher leaf area and total dry matter production and distribution in different parts.
Similarly improved yield attributing characters were observed with application of

chelated nano boron in maize (Mohsen et al., 2016).

Improvement in yield components as a result of application of nano-
micronutrients might be due to the enhanced photosynthetic and other metabolic activity

which leads to an increase in various plant metabolites responsible for cell division and
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elongation as opined by Hatwar et al. (2003), Liu et al. (2005) in peanut, Sheykhbaglou
et al. (2010) in soyabean.

Higher seed yield might be associated with application of nano boron (both seed
treatment ad foliar spray) met the crop nutrient demand for boron during the development
pollen tubes synchronized, which may result in increased pollen germination and pollen
viability and increasing the translocation of sugars and photosynthates from source to
sink which inturn enhances the seed setting percentage in the capitulum. Increase in seed
yield of sunflower may also be through a prolonged photosynthetic capacity during
flowering and seed set or through improved partitioning from the increased biomass (Al-
Amery et al., 2011). Application of nano boron and borax at ray floret opening stage
helps to meet the crop nutrient requirement quickly compared to other methods of
application because boron is applied in the dissolved form, which resulted in better
absorption by the plant. These results were in accordance with Rani and Reddy (1993)
and Tamak et al. (1997). Nano boron nutrition improves solubility and dispersion of
insoluble nutrients in soil, reduces soil fixation and increases the bioavailability (Cui et
al., 2010), which significantly improves the nutrient availability, seed setting percentage,
test weight and decreases percent chaffiness, by proper fertilization and filling of seeds

contribute to the higher economic yield.

Treatment with no boron application (control) rocorded significantly lower yield
(1629 kg ha™) as compared to all other treatments. Yield components such as capitulum
diameter (14.47 cm), number of seeds capitulum™ (1094), stem girth (2.19 cm), 100 seed
weight (3.78 g) volume weight (41.27) and seed yield plant™ (39.67 g) (Fig. 5.2 and 5.3)
are low with the treatment without boron or control. It might be due to micronutrient
deficiency which in turn resulted in reduction of growth and development of plant, less
photosynthetic activity and less translocation of photosynthates to sink reduced source to
sink ratio which further resulted in decreased yield and yield attributes.

Higher oil yield was recorded with application of nano boron @ 0.2 % seed
priming (1022 kg ha™) which was on par with application of nano boron @ 0.2 % spray

to capitulum at ray floret opening stage (1006 kg ha™). It was manily due to higher seed
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yield (2788 kg ha™, 2733 kg ha™) inturn resulted in higher oil yield as depicted in Fig.
5.1. The results are inline with Ayad Shaker and Saad Mohammed (2011) and
Muhammad et al. (2013).

Among different treatments higher stalk yield (5256 kg ha™) was recorded with
nano boron @ 0.2 % seed priming compared to control (4429 kg ha). This might be due
to role of boron in cell division, cell elongation, improved meristematic activity, better
uptake of nutrients and biomass accumulation resulted in higher growth and

development.

Significantly higher number of filled seeds (1384), less number of unfilled seeds
(28.51), lower per cent chaffiness (2.10 %) were recorded with the foliar application of
nano boron at 0.2 % at ray floret opening stage compared to control (1094, 120, 10.97 %
respectively). This might be due to boron role in improved partitioning of photosynthates
from source to sink, improved stigma receptivity, translocation of sugars from source to
sink resulted in higher pollen germination and fertilization improves the seed setting
percentage, number of filled seeds per capitulum and lower chaffiness percentage. By
proper fertilization, filling of seeds contributes a lot towards economic yield. This result
was in conformity with the findings of Patil et al. (2006) and Al-Amery et al. (2011).

Significantly higher harvest index (0.35) of sunflower was recorded with the
application of nano boron @ 0.2 % seed priming and nano boron @ 0.2 % spray to
capitulum at ray floret opening stage compared to other treatments. However application
of nano boron @ 0.4 % spray to capitulum at ray floret initiation stage (0.33), nano boron
@ 0.4 % seed priming (0.32) and soil application of borax @ 11 kg ha™ (0.32) found to
be on par with each other. The increase in harvest index may be attributed to better
utilization of photo-assimilates for seed formation. Similar results have also been
discussed by Venkatakrishnan and Balasubramaniam (1996). Lowest harvest index (0.27)
was recorded in control this might be due to absence of boron which hindered the

production of photosynthates and transolocation of sugars and photosynthates to achene.
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Fig. 5.1: Effect of different method of application of nano boron and borax on seed, stalk and oil yield of sunflower

Ti: Control Te:  Nano Boron @ 0.2 % spray to capitulum at ray floret stage
T,: Nano Boron @ 0.2 % seed priming T7:  Nano Boron @ 0.4 % spray to capitulum at ray floret stage
T3 Nano Boron @ 0.4 % seed priming Tg: Borax @ 0.2 % spray to capitulumat ray floret stage

T4 Borax @ 0.2 % seed priming To: Borax @ 0.4 % spray to capitulum at ray floret stage

Ts: Borax @ 0.4 % seed priming T Soil application of Borax @ 11 kg ha™

NOTE: (RDF- 90:90:60 kg NPK ha™ and FYM 7.5 t ha™") was common to all treatments



i Total H Unfilled seeds M Filled seeds
3000 ' . ‘

2500 . |‘ l

2000 - '

1500

1000

Filled seeds, unfilled seeds and total
number of seeds per capitulum

500

| T1 Lok Ta

: g il Tg
| Treatments

Fig. 5.2: Effect of different method of application of nano boron and borax on filled seeds, unfilled seeds and total number of
seeds per capitulum of sunflower

T1: Control Te:  Nano Boron @ 0.2 % spray to capitulum at ray floret stage
T,: Nano Boron @ 0.2 % seed priming T, Nano Boron @ 0.4 % spray to capitulum at ray floret stage
T3: Nano Boron @ 0.4 % seed priming Tg: Borax @ 0.2 % spray to capitulumat ray floret stage

T, Borax @ 0.2 % seed priming To: Borax @ 0.4 % spray to capitulum at ray floret stage

Ts: Borax @ 0.4 % seed priming T Soil application of Borax @ 11 kg ha™

NOTE: (RDF- 90:90:60 kg NPK ha™ and FYM 7.5 t ha™) was common to all treatments
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Fig. 5.3: Effect of different method of application of nano boron and borax on 100 seed weight, % chaffiness and seed yield
(g/plant) of sunflower

Ti: Control Te:  Nano Boron @ 0.2 % spray to capitulum at ray floret stage
T,: Nano Boron @ 0.2 % seed priming T,:  Nano Boron @ 0.4 % spray to capitulum at ray floret stage
T3 Nano Boron @ 0.4 % seed priming Tg: Borax @ 0.2 % spray to capitulumat ray floret stage

T4 Borax @ 0.2 % seed priming To:  Borax @ 0.4 % spray to capitulum at ray floret stage

Ts: Borax @ 0.4 % seed priming T Soil application of Borax @ 11 kg ha™

NOTE: (RDF- 90:90:60 kg NPK ha™ and FYM 7.5 t ha™) was common to all treatments



5.4 Effect of different method of application of nano boron and borax on growth

and growth attributes of sunflower

Yield and its attributes indirectly depends on growth attributes viz. plant height,
number of leaves, leaf area, leaf area index and dry matter production. Application of
nano boron and borax significantly influenced the growth and growth attributes of
sunflower. At 60 DAS the higher plant height, number of leaves, leaf area and leaf area
index were observed with the application of nano boron @ 0.2 % seed priming (190.5
cm, 26.67, 10589 cm? plant™, 0.58, respectively) (Tables 4.4 and 4.5). Whereas lower
plant height, leaf area, number of leaves and leaf area idex was recorded with control
treatment (157.1 cm, 3632 cm? plant?, 21.33 cm and 0.339) this might be due to
deficiency of micronutrient in the soil which reduced the metabolic activity of the plant

and reduced enzymatic activity in sunflower.

Application of nano boron @ 0.2 % seed priming had showed higher leaf area at
30 and 60 DAS (1014 and 10589 cm? plant™ respectively), compared to control (611,
3632 cm? plant™). This shows that seed treatment with nano boron with enhanced the
nutrient uptake and dry matter accumulation which increased the leaf area. Similar results
were observed in maize, application of nano chelated boron showed higher plant height,

leaf area compared to control. (Mohsen et al., 2016).

Higher SCMR values at 60 days after sowing (44.50) were recorded in treatment
with nano boron @ 0.2 % seed priming it was found to be on par with nano boron @ 0.2
% spray to capitulum at ray floret opening stage (43.50) and borax @ 0.4 % spray to
capitulum at ray floret opening stage (41.90). Similar results were observed with

Mahmoud et al., 2014 in datepalm.

The dry matter production is the result of cumulative and complementary effect of
various components. Dry matter production depends on the photosynthetic capacity of the
plant and also better availability and uptake of nutrients which in turn depends on the dry
matter accumulation in leaves, chlorophyll content, plant height, number of leaves, root
weight and leaf area. Dry matter production differed significantly due to application of

different levels and methods of nano boron and borax fertilization.
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Dry matter production at 30 (18.33g plant™) and 60 (101.6 g plant™) DAS, was
higher with the treatment nano boron @ 0.2 % seed priming. Dry matter production is an
indication of the overall utilization of resources and better light interception. Maintenance
of dry matter production over a particular period of time is very much essential for
prolonged supply of photosynthates to the developing sink. Increase in dry matter was
mainly due to increased root and shoot dry weight as boron role in enhancing metabolic
activity and physicochemical activity in plant system. Lower dry matter production was
with the control treatment at 30 (12.45 g plant™) and 60 (58.01g plant™®) DAS. It might be
due to boron micronutrient deficiency which hindered the plant growth and dry matter

accumulation in sunflower.

Higher root to shoot ratio (0.153) at 30 and (0.18) at 60 DAS was recorded in
nano boron @ 0.2 % seed priming and lowest root to shoot ratio was with control
treatment (0.119, 0.11 respectively) (Table 4.7). Increase in root to shoot ratio might be
due to the role of boron in cell elongation, cell division and enhanced terminal
meristematic activity increased the root and shoot growth as reported by Khan et al.
(2006).

Nano boron @ 0.2 % seed priming has influenced the days to 50 per cent
flowering (61.33) significantly. The result was on par with nano boron @ 0.4 % seed
priming (62) compared to control (69). This might be due to nano nutrient seed priming
enahanced the speed of germination and seedling establishment because they were able to
penetrate the seed coat easily allowing the water and sufficient quantity of sugars and
other nutrients in right quantity in right time to various parts of plant which encouraged

the plant to flower early and attain the physiological maturity.
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Fig. 5.4: Effect of different method of application of nano boron and borax on leaf area of sunflower

T1: Control Te:  Nano Boron @ 0.2 % spray to capitulum at ray floret stage
T,: Nano Boron @ 0.2 % seed priming T;: Nano Boron @ 0.4 % spray to capitulum at ray floret stage
T3: Nano Boron @ 0.4 % seed priming Tg:  Borax @ 0.2 % spray to capitulumat ray floret stage

T, Borax @ 0.2 % seed priming To:  Borax @ 0.4 % spray to capitulum at ray floret stage

Ts: Borax @ 0.4 % seed priming Two:  Soil application of Borax @ 11 kg ha™

NOTE: (RDF- 90:90:60 kg NPK ha™ and FYM 7.5 t ha™) was common to all treatments
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Fig. 5.5: Effect of different method of application of nano boron and borax on dry matter production of sunflower

T.: Control

T,: Nano Boron @ 0.2 % seed priming
T3: Nano Boron @ 0.4 % seed priming
T,: Borax @ 0.2 % seed priming

Ts: Borax @ 0.4 % seed priming

Nano Boron @ 0.2 % spray to capitulum at ray floret stage
Nano Boron @ 0.4 % spray to capitulum at ray floret stage
Borax @ 0.2 % spray to capitulumat ray floret stage

Borax @ 0.4 % spray to capitulum at ray floret stage

Soil application of Borax @ 11 kg ha™

NOTE: (RDF- 90:90:60 kg NPK ha™ and FYM 7.5t ha’ )Was common to all treatments




5.5 Effect of different levels and methods of nano boron and borax fertilization on

nutrient uptake of crops

Among different treatments, nitrogen, phosphorous, potassium, sulphur and zinc
uptake by sunflower crop at harvest was significantly higher in nano boron @ 0.2 % seed
priming (114.58 kg ha, 33.67 kg ha®, 72.67 kg ha, 21.5 kg ha™* and 547.1 g ha™,
respectively) (Tables 4.12 & 4.13 and Fig. 5.6 & 5.7). Higher boron uptake was recorded
with 0.4 nano boron spray to capitulum at ray floret opening stage (265.8 g ha™*) which
was on par with nano boron @ 0.2 % spray to capitulum at ray floret opening stage
(256.5 g ha®). This increase in nutrient uptake by sunflower might be due to role of boron
in improving the photosynthetic ability and assimilating capacity of crop as it is a
component of various enzymatic and other biochemical reactions. Adequate boron
nutrition improves the crop uptake by maintaining proper function (through ATPase
activity) and structure of root cell membranes. Boron has an important role in
colonization of roots with mycorrhizal fungi, which contributes to root uptake of P and

other important nutrients (Brown, 2016).

Whereas, the lowest uptake of nitrogen, phosphorous, potassium, sulphur, zinc
and boron uptake by sunflower crop was recorded in control (80.41 kg ha, 19.25 kg ha™,
59.94 kg ha*, 13.7 kg ha™, 429.4 g ha™ and 195.3 g ha™, respectively). It might be due to
boron deficiency during the crop growth of sunflower which might have resulted in lower

dry matter production and nutrient uptake.

5.6 Effect of different levels and methods of nano boron and borax application on

nutrient status of soil after harvest of sunflower crop.

There was no significant difference between different treatments with respect to
macronutrients (P and S), micronutrient (Zn) and organic carbon status of soil after

harvest of crop.

Nitrogen status of the soil after the harvest of the crop significantly influenced by
borax and nano boron fertilization in sunflower. Higher available nitrogen content was
recorded in without boron / control (279.9 kg ha™). The results was on par with nano

boron @ 0.2 % spray to capitulum at ray floret opening stage (275.3 kg ha™) and nano
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boron @ 0.4 % seed priming (274 kg ha™). Lower soil nitrogen was recorded with Borax
@ 0.4 % seed priming (219.3 kg ha™).

Boron status of soil after harvest of sunflower crop was significantly influenced
by different levels and methods of nano boron and borax application. Higher boron
content was (0.54 ppm) recorded with soil application of borax @ 11 kg ha™ compared to
control/ without boron (0.29 ppm) and nano boron @ 0.4 % spray to capitulum at ray
floret opening stage (0.29). Only a small portion of the applied boron might have utilised
by crop and remaining portion of nutrient might have contributed to higher residual boron
content in the soil. Similar results were reported by Ramulu et al. (2011), Prathima
(2015) (Table 4.14).

5.6 Effect of different levels and methods of nano boron and borax application on

economics of sunflower cultivation

Spraying of borax @ 0.4 % to capitulum at ray floret opening stage recorded
higher B: C ratio (3.01) followed by borax @ 0.2 % seed priming (2.93). Higher net
return was recorded with nano boron @ 0.2 % seed priming (X 66950) because of higher
cost of nano boron which has resulted in higher cost of cultivation (X 39006) and
comparatively lower B: C ratio (2.72). Lowest B: C ratio was recorded with nano boron
@ 0.4 % spray to capitulum at ray floret opening stage (0.92) and negative net returns of
% -7549. This was mainly due to higher cost of nano boron which was used for foliar

application at ray floret opening stage.
5.8 Practical utility

This study has established the following practical utility.

v Application of 0.2 % Nano boron either seed priming or spray to capitulum at ray
floret opening stage along with the RDF gives the higher seed yield (2788 kg
ha™), oil content (36.84 %) and net returns (Rs. 66950 ha™) as compared to other

treatments.
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Fig. 5.7: Effect of different method of application of nano boron and borax total boron and zinc uptake of sunflower
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5.9 Future line of work

» Preparation of nano boron (commercial grade) at institution levels is required.

> Research is required in different agro-ecological zones to determine the effects of

different nano boron sources on sunflower growth and yield.

> Interaction effect of seed priming and foliar application of nano boron at varied

levels is required.

> Further experimentation is needed to consolidate the findings and to have a
precise recommendation (seed priming and foliar application) of nano boron for

sunflower.

» Impact of nano boron on human health need to be addressed.

Optimisation of Nano Boron Fertilization in Sunflower (Helianthus annuus L.) 99



VI SUMMARY

A field experiment was conducted at ZARS, GKVK, Bengaluru during late
Kharif-2016, under assured rainfall condition to study the effect of “Optimisation of nano
boron fertilization in sunflower (Helianthus annuus L.)”. The experiment was laid out in
randomized complete block design with ten treatments replicated thrice. Treatments
consisting of Ty: Control, T,: Nano Boron @ 0.2 % seed priming, T3: Nano Boron @ 0.4
% seed priming, T,4: Borax @ 0.2 % seed priming, Ts: Borax @ 0.4 % seed priming, Te:
Nano Boron @ 0.2 % spray to capitulum at ray floret opening stage, T7: Nano Boron @
0.4 % spray to capitulum at ray floret opening stage, Tgs: Borax @ 0.2 % spray to
capitulum at ray floret opening stage, To: Borax @ 0.4 % spray to capitulum at ray floret
opening stage. Tio: Soil application of Borax @ 11 kg ha™. This investigation was
corroborated by laboratory studies to ascertain the tolerance limits of seed treatment with
nano boron and borax at varied levels 0-0.6 %. From these studies, two levels of 0.2 %
and 0.4 % were selected under seed priming for further studies. The findings of the study

are summarized below.

» The laboratory studies indicated that, germination percentage, root length, shoot
length and vigour index of sunflower differed significantly among the treatments.
The maximum germination (80.80 %), root length (5.65 cm and 9.60 cm), shoot
length (9.02 cm and 11.17 cm) and vigour index (1245 and 1899 plant™) were
recorded in seed priming with 0.2 % nano boron at 8 and 15 DAS, respectively.
Higher levels of nano boron seed priming at 0.5 % and 0.6 % had shown
inhibition of root growth of sunflower seedlings (blackening of root tip) @ 22
DAS.

» Seed priming @ 0.2 % nano boron recorded higher chlorophyll (SPAD) reading
(37.13 and 44.50) and root to shoot ratio (0.153 and 0.18) at 30 and 60 DAS.

» Nano boron seed treatment @ 0.2 or 0.4 per cent significantly reduced the days

taken to 50 per cent flowering by 7 to 8 days.

» Seed priming with 0.2 % nano boron or spraying 0.2 % nano boron to capitulum

at ray floret opening stage produced significantly higher seed (2788 and 2773 kg
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ha) yield compared to control (1629 kg ha). Similar trend was observed in oil

yield.

Nano boron and borax nutrition had significant effect on 100 seed weight, total
number of seed per capitulum and number of filled seeds per capitulum. Higher
100 seed weight (5.23 g), total seed (1384 capitulum™) and number of filled seed
(1355 capitulum™) were recorded with application nano boron @ 0.2 % spray to
capitulum at ray floret opening stage. The results were on par with nano boron @

0.2 % seed priming (4.78 g, 1293 capitulum™ and 1325 capitulum™ respectively).

Chaffiness was significantly lower (2.10 %) with nano boron @ 0.2 % spray to
capitulum at ray floret opening stage which was on par with nano boron @ 0.2 %

seed priming (2.50 %) as compared to control (11 %).

Days to physiological maturity was significantly shorter with Nano boron @ 0.2
% seed priming (84 days) which was on par with nano boron @ 0.4 % spray to
capitulum at ray floret opening stage (86.33 days) as compared to control (93

days).

Different levels and methods of nano boron and borax application did not

influenced the oil content.

Soil application of borax @ 11 kg ha™ recorded higher B (0.54 ppm) content in

the soil after harvest of sunflower crop.

Application of nano boron @ 0.2 % seed priming has recorded higher amount of
uptake of nitrogen, phosphorous, potassium, sulphur and zinc (114.58 kg ha™,
33.67 kg ha®, 72.67 kg ha', 21.5 kg ha® and 547.1 g ha™, respectively).
Application of nano boron @ 0.4 % spray to capitulum at ray floret opening stage
has recorded higher boron uptake (265.8 g ha).

Application of nano boron @ 0.2 % seed priming recorded higher net returns (%
66950 ha™) and B: C ratio (2.72) compared to all other treatments.
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APPENDIX

Cost of inputs used and price of output (Kharif -2016)

Seed material Cost (Rs.) Fertilizers Cost (Rs.)
KBSH - 53 Rs. 210/kg of seeds FYM Rs. 1250/t
Plant Protection Urea Rs. 544/qt
Quinolphos Rs. 315/1t SSP Rs. 743/qt
Phorate Rs. 74kg MOP Rs. 1583/qt
Confidor Rs. 2625/It DAP Rs. 1808/qt
Gouch Rs. 236/50ml Nano boron nitride | Rs.4065/ 25 g
Metalaxyl Rs. 342/100g Borax Rs. 100/kg
Mancozeb Rs. 278/kg Labour Wages
Tilt Rs. 735/500ml Men Rs. 220/day
Bavistin Rs. 500/ kg Women Rs. 220/day
Out put Cultivator Rs. 300/ day
Grain Produce Disc Plough Rs. 350/hr
Sunflower Rs. 3800/qt Irrigation charges Rs. 175/day
Herbicide

Transportation Rs. 200/hr
Lasso Rs. 498/1t
Optimisation of Nano Boron Fertilization in Sunflower (Helianthus annuus L.) 120



	Covering Pages.pdf
	Thesis.pdf



