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ABSTRACT 

A field experiment entitled effect of foliar application of nano phosphorus on plant growth, 
seed yield and quality of rice (Oryza sativa L.) was conducted at Central Research Farm, Regional 
Research and Technology Transfer Station, Coastal Zone, OUAT during Kharif  2019 in 
collaboration with Dept. of Soil Science and Agricultural Chemistry, OUAT, Bhubaneswar, using 
rice variety Mandakini in RBD with three replications and seven treatments viz. T1- Control, T2-
100% STD (75:37.5:37.5 NPK kg/ha), T3-100% STD + spray of water (500 litre/ha) at 14 DAT, T4-
100% STD + spray of nano-P (40ml/litre) at 14 DAT, T5-100% STD + 2 sprays of nano-
P(40ml/litre)  at 14 and 28 DAT, T6-100% NK & 75% P of  STD + 2 sprays of nano-P(40ml/litre)  at 
14 and 28 DAT, T7- 100% NK & 50% P of  STD + 2 sprays of nano-P(40ml/litre) at 14 & 28 DAT. 
During the course of investigation, the effects on different treatments were studied after foliar 
application of nano-P in respect of various plant growth, seed yield and its attributes as well as seed 
quality parameters including storability of seeds. 

Treatments with 100% STD with 2 sprays of nano-P(T5) showed significantly enhanced 
effect on plant growth parameters such as days to 50% flowering(83.33 days), days to 
maturity(107.3days), total tillers/hill(8.87), plant height(119.5cm) and total chlorophyll content of 
leaves(3.61mg/g FW). The treatments with 100% STD with 1 or 2 spray of nano-P had taken similar 
duration to reach  

50% flowering. 100% STD had similar duration to reach 50% flowering as 75% STD for 
P+2 sprays of nano-P, while it was earlier in maturity. Yield components were positively influenced 
by the foliar spray of nano-P such as effective tillers/hill(8.07), panicle length(24.73 cm), no of 
spikelets/panicle(133.4), filled grains/panicle(91.63%), unfilled grains/panicle(8.37%),1000-seed 
weight(25.13g) as well as seed yield/hill(15.65g), seed yield/ha(26.23q) and HI(54.49%) with the 
treatment of 100% STD +2 sprays of nano-P (T5) which registered the highest but lowest in control. 
The application of only 100% STD had similar effect as 50, 75 and 100 % STD for P + 1 or 2 sprays 
of nano-P except for yield/ha. The seed yield/ha was highest (26.23 q/ha) in 100% STD +2 sprays of 
nano-P (T5) showing 52.14% advantage over control (17.24 q/ha) whereas the treatment 75% STD 
for P + 2 sprays of nano-P (24.72 q/ha)  had similar yield level with 100% STD (24.94 q/ha), but 
application of 50% STD for P+2 sprays of nano-P showed reduced yield (23.26 q/ha) suggesting that 
2 sprays of nano-P with conventional 75% STD had similar effect as 100% STD. The increase in 
yield may be due to the cumulative result of increase in the yield attributes like effective tillers/hill, 
filled grains/panicle and 1000 seed weight. Most of the seed quality parameters, like germination, 
field emergence, shoot-root length, seedling length and dry weight, SVI- I & II were influenced by 
nano treatments except seed moisture(%). However, all treatments except T7 had positive response 
on EC, field emergence, root and shoot length and seedling length indicating that 50% STD for P 
with 2 sprays of nano-P(T7) could not meet the plant’s nutritional requirements for these parameters. 
100% STD with 2 sprays of nano-P showed highest and control had the lowest result for these 
traits.100% STD (T2) and 75% STD for P + 2 sprays of nano-P (T6) were at par for SVI-I & SVI-II. 
All treatments after accelerated ageing (AA) of seeds showed reduced values as compared to normal 
fresh seeds for seed germination(%), field emergence, SVI-I & II. For most of the parameters, the 
sole application of 100% STD registered similar results as with 75% or 100% STD for P + 2 sprays 
of nano-P. The reductions (%) of these parameters after AA were highest in control and the treatment 
with 50% STD for P + 2 sprays of nano-P.Minimal reduction was recorded with 100% STD + 2 
sprays of nano-P as compared to control indicating better storability of seeds. 

Considering the growth parameters, yield performance and seed quality attributes, it may be 
concluded that in almost all cases the application of 100% STD @ 75:37.5:37.5 NPK kg/ha + 2 
sprays of nano-P (40 ml/litre) at 14 & 28 DAT was found to be most effective in giving better plant 
growth, higher seed yield (26.23 q/ha) and better seed quality parameters in rice cv. Mandakini, 
while the treatment of 75% STD for P + 2 sprays of nano-P recorded similar result (24.72 q/ha), 
coupled with almost similar or superior seed quality parameters as compared to 100% STD (24.94 
q/ha). So, if nanofertilizer could be made available at similar price of conventional fertilizers, the use 
of nanofertilizer will reduce the cost of seed production and pollution will be minimized. 
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Chapter 1                                                     INTRODUCTION 

Rice or Paddy (Oryza sativa L.), family- Poaceae, is one of the most important 

cereal crops of the world, grown in wide range of climatic zones, to nourish the 

mankind.Rice is the second most consumed cereal worldwide and is one of the 

world's major crops, especially in Asia, because it contains proteins, carbohydrates, 

vitamins and many important nutrients and compounds that have a significant impact 

on health and reduce the risk of disease, especially cancer. (Aguilar-Garcia et al. 2007 

and Liu 2007) 

Rice is an important food grain for majority of the world population and in 

India. It provides about 31% calories, 17% protein & 7.3% protein in milled rice, for 

which it is considered as a staple food for 88.2%of Indian population. Within rice 

growing countries, India has the largest area 100m.ha under rice in the world. In 

respect of production, India stands second with 116.42m.tons of paddy which is 

22.25% of the total world production. However, the average yield potentiality in India 

is lowest, i.e,2.66tons/ha(Directorate of Economics and Statistics, DAC&FW,2019). 

In India rice is grown in almost all the states under widely varying conditions 

of altitudes and climates. Its cultivation in India is extended from 19º48′N latitude 

from the mean sea level to as high as 6 metres. Odisha is an agrarian state accounts 

for 3.71m.ha area (8.47% of all India) with 7.31m.tons(6.28% of all India production) 

and yield potential is 1.97tons/ha(Directorate of Economics and Statistics, DAC&FW, 

2019). 

The misfortune of natural calamities always imposes threat to the production 

and productivity of crops in Odisha state.  In the present scenario, with increasing 

population and decreasing per capita land area, the productivity of the crops will be 

reaching to the bottom soon. Increase in quality seed production of crops will be a 

definite solution for the enhancement of the social and economic status of the farming 

community. The chief task of Seed Science is to produce quality seed with high 

vigour to conquer this peril.  

Considering the increasing population growth of India, the expected rice 

requirement must be reached to a level of 160million metric tons by 2050AD(Swain 

et al.2017). To provide food for such enormously rising population, it is so much 
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necessary to boost the agricultural productivity. Agricultural inputs like chemical 

fertilizers are very much important for higher plant growth, development and yield of 

high yielding and fertilizer responsive crop varieties. Judicious and proper use of 

fertilizers can markedly increase the yield and improve the quality of rice (Alam et al., 

2009). But, most of the applied fertilizers are unavailable to plants due to several 

factors such as leaching, fixation in soil, volatilization losses, degradation by 

photolysis, hydrolysis and decomposition, etc. Also the application of conventional 

fertilizers at a higher dose for a longer period of time in agricultural field has brought 

many environmental problems not only in our country but also globally. Green 

revolution had led to the increased consumption of chemical fertilizers which resulted 

in the higher productivity on one hand, on the other hand, it also caused 

environmental hazards (Mahilet al, 2019).Thus the development of a new 

compensatory technology for this purpose is a crying need for present situation. In 

order to reduce nutrient losses with a smart delivery technique, nanotechnology and 

nanoparticles in fertilization is an emerging trend to boost the crop yield as well as to 

deal with problems of low fertilizer use efficiency, multi-nutrient deficiencies, 

excessive fertilization and deteriorating soil organic matter(Lal & Liu, 2014). 

Nanotechnology is the revolutionary technology where the particle size ranges 

between 1 and 100 nm at least in one dimension. Due to their high surface area, high 

reactivity and better penetration into the cell, these can activate plant and microbial 

activities resulting more nutrient use efficiency. Also, it can offer safer, costeffective 

and smart products that will find wide applications in agriculture (Tarafdar et al. 

2015). Nano-fertilizers are also the effective means of increasing the quantity and 

quality of the yield in conditions unsuitable for expansion in the reclamation of 

agricultural land, especially in the absence of water resources (Baruah and Dutta, 

2009). After adding nano-fertilizer,there is release of the ions of elements containing a 

high surface area as well as high energy and effective penetration of the cell wall, they 

enter directly into the metabolism of food. (Naderi and Danesh-Sharaki, 2013). 

Nanofertilizers are synthesized or modified form of traditional fertilizers, 

fertilizers bulk materials or extracted from different vegetative or reproductive parts 

of the plant by different chemical, physical, mechanical or biological methods with 

the help of nanotechnology used to improve soil fertility, productivity and quality of 
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agricultural produces. Nanoparticles can made from fully bulk materials. At nano-

scale, physical and chemical properties are different from bulk material. 

The nano-coated substances enhance the penetration via stomata with a size 

exclusion limit above 10 nm (Eichert et al., 2008; Pérez-de-Luque, 2017). In addition 

to this, nano-carriers deliver the nutrients in the right place and right time which 

reduce the extra amount of active chemicals deposited into the plant system and 

increase the nutrient use efficiency. Nano-fertilizers have high surface area, sorption 

capacity, and controlled-release of kinetics to targeted sites, and have been considered 

as smart delivery system (Rameshaiah et al., 2015; Solanki et al., 2015). 

                The nutrient use efficiency (NUE) of conventional fertilizers is very low. 

Nanofertilizerscan improve crop growth, yield and quality parameters with increased 

nutrient use efficiency, reduction in wastage of fertilizers and cost of cultivation. 

Hence, to overcome all these drawbacks in a better way, nanotechnology can be a ray 

of hope.(Mahil et al.2019).Significant increase in yields has been observed due to 

foliar application of nanoparticles as fertilizer(Tarafdar et al. 2015). Thehigher NUE 

and significantly lesser nutrient losses of nanofertilizers lead tohigher productivity (6–

17%) and nutritional quality of field crops.In rice, Nanofertilizer + Urea is reported to 

have yield increment of 8.5-10.2% (Iqbal, 2019). 

Phosphorus being the major nutrient plays a vital role in energy 

transformation, uniform grain filling, grain quality(protein and oil production) and 

higher yield(Choudhary et al.2018).Phosphorus helps in root, flower and fruit 

development. It is very much important for quality seed production. Phosphorus 

deficit is a most important restrictive factor in plant growth and recognition of 

mechanisms that increase plant phosphorus use efficiency is important (Alinajoati and 

Mirshekari, 2011). Among macronutrients, phosphorus (P) deficiency is a common 

factor hindering yield and crop quality worldwide. Phosphorus application to rice 

increased P accumulation in soil but did not consistently increase rice yields because 

flooding decreased soil P sorption and increased P diffusion resulting in higher P 

supply to rice relative to wheat (Dong et al., 2015). About 80–90% of phosphorus of 

the used normal fertilizers cannot be absorbed by plants and is lost to the 

environment, causing substantial economic and resource losses and very serious 

environmental pollution (Saigusa, 2000).So, fertilizer P application is essential to 
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meet the crop demand as well as for the maintenance of soil P level. The amount of P 

fertilizer to be applied depends on soil P status, P adsorption in soils, environmental 

conditions and crop management practices. 20% more yield can be obtained with 

adequate application of phosphorus fertilizer(Abdel-Aziz et al., 2016). Also, P is 

essential for enhancing seed maturity and seed development (Ziadi et al., 2008),  

improved photosynthetic activity and transport to the ripening grains (Hadis et 

al.,2018) and heavier grains (Crista et al., 2012; Rietra et al., 2017). 

For intensive crop production which aims at high levels of productivity, 

supplemental plant nutrition is needed, which may be given through soil application 

and or foliar application. Nutrients through soil application is the most common 

practice including many limitations with respect to availability of nutrients to the 

plants. The inorganic nutrients get fixed in soil in insoluble forms and also subjected 

to leaching by rainfall or irrigation water (Alshaal and El-Ramady, 2017). Foliar 

application overcomes these limitations. In addition to that, foliar feeding has proved 

to be the fastest way of correcting nutrient deficiencies and increasing yield and 

quality of crop products (Roemheld and El-Fouly, 1999) and it also minimizes 

environmental pollution and improves nutrient utilization by reducing the amounts of 

fertilizers added to the soil (Abou-El-nour, 2002).  

In agriculture, the quality of seed has prime importance as high quality seed 

will ensure a healthy crop stand in the field and finally leading to the higher yield. In 

view of such circumstances, systematic research efforts are to be made to find out an 

optimum combination of the inorganic fertilizers with different nano-fertilizers which 

are eco-friendly, have potential to reduce usage of conventional fertilizers besides 

raising seed crop output in rice. Irrespective of crops, the sowing quality of seed plays 

a pivotal role for successful crop production. Hence, suitable technology should be 

adopted to harvest and recover more quantity of seeds of high quality in any seed 

production program. Storability is another important attribute of harvested seeds. Both 

pre-harvest as well as post-harvest care would ensure the storability of harvested 

seeds during seed production. Further, the area under the crop is increasing every year 

and new improved varieties are being released in Odisha as well as the country. Its 

cultivation depends on the selection of suitable variety and supply of quality seeds to 

the farmers. Since the seed requirement depends on the area occupied by the crop, the 

demand for good quality seeds of those varieties is increasing day by day. 
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Keeping the above facts in mind, the present field experiment entitled, “Effect of 

foliar application of nano phosphorus on plant growth, seed yield and quality of 

rice(Oryza sativa L.)”was undertaken to exploit the potential use of nano phosphorus 

on plant growth, yield and seed quality of rice with the following objectives: 

1. To study the effect of foliar application of nano phosphorus on plant growth 

parameters of rice 

2. To evaluate the effect of foliar application of nano phosphorus on seed yield 

and its attributes of rice 

3. To assess the effect of foliar application of nano phosphorus on seed quality 

parameters of rice 
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Chapter 2                                  REVIEW OF LITERATURE 

                 Nano-fertilizers have become most advanced approach in agricultural 

research nowadays. Due to the limitation in cultivable lands and water resources, the 

development of agriculture sector is only possible by increasing of nutrient use 

efficiency with the minimum damage to production site through effective use of 

modern technologies. Nano-fertilizers can be an important tool in agriculture to 

improve crop growth, yield and quality parameters with increase nutrient use 

efficiency, reduce wastage of fertilizers and cost of cultivation.  

                  In this chapter, the literature collected from different sources with respect 

to “Effect of foliar application of nano phosphorus on plant growth, seed yield and 

quality of rice (Oryza sativa L.)” has been reviewed to understand the present 

importance of use of nano phosphorus in agriculture. Literature on use of nano 

phosphorus is minimal, therefore literature of some other naoparticles have also been 

included in this chapter to emphasize certain point of view. 

2.1. Effect of nano fertilizers on plant growth parameters 

Zinc has an effect on synthesizing of natural auxin (IAA) and also can activate 

many enzymes involved in the biochemical pathways such as carbohydrate 

metabolism, protein metabolism, growth regulator metabolism, pollen formation and 

maintaining the integrity of biological membranes (Alloway, 2008; El-Tohamy and 

El-Greadly, 2007; Cakmak, 2000). Thus, the plant growth promoting hormone 

contents get increased with the application of nano Zn fertilizer. 

Foliar application of nano-iron fertilizer increased the growth of forage corn 

and Ocimum basilicum L. because of enhanced production of crude protein and 

soluble carbohydrates (Sharifi et al., 2016; Peyvandi et al., 2011).  

Foliar application of nTiO2 has been recorded significantly higher chlorophyll 

content, carotenoids and anthocyanins of maize crop, which can facilitate an increase 

in corn yield (Morteza et al., 2013).  

Azimi et al. (2013) reported that the nanosized titanium dioxide particles 

enhanced the germination rate significantly by 9% compared to the control at 5 ppm 

in the seeds of wheatgrass, whereas reduction in the germination rate was observed at 
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80 ppm. The other parameters such as shoot, root, seedling elongation and root 

biomass were highest at 40 ppm of nano titanium dioxide. 

Tarafdar et al. (2013) reported that foliar application of nanoscale ZnO on 

cluster bean (Cymopsis tetragonoloba L.) had a significant improvement in plant 

biomass (27.1%), shoot length (31.5%), root length (66.3%), chlorophyll content 

(276.2%) and gum content improved by (7.5%) over control. 

Kumar et al. (2014) studied the effect of nano-fertilizers of gypsum and rock 

phosphate tagged with urea at the rate of 3 kg/ha on the wheat and found that 

application of nano-materials and fertilizers significantly increased tillers/m2, dry 

matter accumulation and the days taken to 50 % flowering, physiological maturity and 

harvest maturity than control and other treatments in comparison. 

Foliar application of zinc nano-fertilizer on pearl millet (Pennisetum 

americanum L.) significantly increased shoot length, root length, root area and plant 

dry biomass (Tarafdar et al., 2014) and on cotton crop increased fresh weight and dry 

weight have been recorded due to improved physiological processes like chlorophyll 

content and antioxidant activity (Rezaei and Abbasi, 2014). 

Liu &Lal(2014) studied the effect of phosphorus fertilizer on soybean in the 

form of synthetic apatite nanoparticle and reported that maximum height of the 

plants(121 cm, ,32.6% higher) under nano-hydroxy apatite( nHA )treatment compared 

to regular P fertilizer (Ca(H2PO4)2) treatment. However, result also showed that 

apatite nanoparticles as an alternate P fertilizer to enhance agronomical yield and 

reduce risks of water eutrophication. 

In pearl millet crop increased chlorophyll content, total soluble leaf protein 

and plant dry biomass were obtained with foliar application of zinc nano-fertilizer 

(Tarafdar et al., 2014) and in savory plants the contents of chlorophyll, essential oil 

and phosphorus were increased by nano-zinc application (Vafa et al., 2015). 

 Studies indicated that exogenous application of some nanoparticles can 

significantly improve plant growth (Mandeh et al., 2012; Song et al., 2013). 

Moreover, plant height was more enhanced when nano fertilizer was mixed with the 

conventional ones, even at a lower application rate (Benzon et al., 2015). 
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The foliar spray of nTiO2 increased the total drymatter production of plants by 

enhancing nitrogen assimilation, photo-reduction activities of photosystem-II and 

electron transport chain and scavenging of reactive oxygen species (Morteza et al., 

2013; Raliya et al., 2015).  

Growth parameters like plant height, leaf number and fresh and dry weight of 

savory plant get increased by nano-zinc application (Vafa et al., 2015). 

 Benzon et al. (2015) stated that full recommended rate of conventional and 

nano fertilizer (FRR-CF + FRR-NF) enhanced the plant height(3.6%), chlorophyll 

content(2.72%), no. of reproductive tillers(9.10%), panicles(9.10%) and 

spikelets(15.42%). 

             Foliar spraying of nanoformulations of NPK and micronutrients mixture 

increased the plant height and number of branches in black gram as indicated by 

Marimuthu and Surendran (2015). 

Magda and Hussein(2015) obtained that application of nano phosphorus 

showed positive effect on corn weight alone as well as in combination with Beauveria 

bassiana. 

Hussien et al.(2015) reported  the interaction effect of nano-fertilizer and 

drought through some growth stages of cotton plants indicated that application of 

nano-P at@ 0.5 g/L promoted best  nutrients uptake under missing of irrigation at 

budding stage whereas nano-P fertilizer@ 1.0 g/L depicted the  enhanced  nutrients 

uptake under missing of irrigation at flowering stage. 

           Drostkar et al. (2016) stated that foliar application of nano( Zn, Fe and 

NPK)@2L/plot in chickpea and resulted plant height(28.75 cm) and number of 

secondary branches (8.62)  with nano (NPK+ Zn+ Fe), day to flowering(60.87) with 

nano Fe, number of primary branches (2.93) with nano NPK foliar application 

compared to control.  

Janmohammadi et al. (2016) found that application of nanosized TiO2 

particles as a foliar spray positively influenced the days to anthesis and chlorophyll 

content of barley as nTiO2 can improve structure of chlorophyll and helps better 

capture of sunlight, facilitates manufacture of pigments, stimulates rubisco activity 

and also increases photosynthesis. 
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Soliman et al. (2016) explained that baobab plants sprayed with nHA showed 

a significant increase in plant growth characters (plant height, stem diameter, number 

of leaves per plant, leaf area, root length, total fresh and dry weights) when compared 

to control plants. Moreover, significant increase in total chlorophyll, carotenoids 

concentration, total carbohydrates percentage, vitamin C, macro-elements (N, P and 

K%), crude protein and total phenols content. 

Swetha Kumari et al.(2017) explored the effect of bio and nano P fertilizer and 

reported bio phosphorus proved superior or equivalent to nano phosphorus gave the 

greatest values for yield and yield parameters.  

Kandil et al.(2017) investigated on response of some wheat cultivars to nano- , 

mineral fertilizers and amino acids foliar application and recorded the tallest plant 

heights (103.64 and 104.20 cm) with mixture of nano- fertilizer + amino acids 

treatment compared to control for both the season. 

Gomma et al.(2017) investigated on response to mineral fertilization and nano 

fertilizers and reported highest values of plant height at harvest( 193.73cm) with 

application of foliar nano fertilizer as compared to plant height(168.87cm) with 

application of   both mineral fertilizer and foliar nano fertilizer. 

Foliar applied nitrogen nano-fertilizer increased the leaf dry weight of 

peppermint by 165 per cent over control (Rostami et al., 2017). 

Upadhyaya et al.(2017) recorded the impact of calcium phosphate nano 

particles on rice plant and resulted the length of roots increased 3.4% and 6% at 

10mg/l of calcium phosphate nano particles whereas 1% decrease in root length with 

50mg/l of calcium phosphate nano particles showing the toxicity at higher 

concentration. Also, 8%, 7% increase in root fresh mass and 8%, 18%, 10% increase 

in shoot fresh mass was observed with 10,20 and 50mg/l concentration. 

Rathnayaka et al. (2018) studied the influence of urea and nano-nitrogen fertilizers in 

rice and resulted highest plant height, tiller number, dry weight and yield  in plants 

treated with 100% nano-N fertilizer and the lowest was recorded in no fertilizer 

treatment.  
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 Sohair et al.(2018) reported that significant increase in number of sympodial 

branches with 50% recommended fertilizer dose of nano NPK fertilizers. 

Abdel-Aziz et al.(2018) reported that foliar application of nano-chitosan NPK 

fertilizer decreases the life cycle of wheat plants with 23.5% (130 from 170 DAS). 

Choudhary et al.(2018) examined for nano phosphorus as managerial input in 

legume based inter-cropping and resulted significant increase in plant height, dry 

matter production(1326.1gm-2 and LAI(3.21) in 50% recommended dose of 

phosphorus with 40% nano phosphorus. Also, 30% more nutrient mobilization and 

greater nodulation was noticed in rhizosphere in legume with foliar spray of nano 

phosphorus. 

Chiranjeevi et al. (2018) investigated for effect of seed treatment with bio-

silver nano particles on rice seedlings of cv. NLR 34449 which were dipped in 

individual 10% silver nano preparation for 10 min and sown with  taking  two 

potential antagonistic isolates of P. fluorescens( PF-2 and PF-5) and  

Trichoderma(ET-1 and RT-4 ) and reported that maximum shoot length in ET-1 nano 

(27.4 cm), root length in PF-2 nano (2.6 cm) while S:R ratio in ET-1 spore suspension 

(11.79) followed by ET-1 nano seed treatment (10.7). 

 Al-Juthery et al.(2018) experimented on wheat taking combination of nano 

fertilizers and resulted whereas for nano super micro plus(SMP) of 11 nutrients 

maximum plant height, spike length, Chlorophyll, N, P and K content in leaves 

(87.77cm, 12.22cm, 58.22 SPAD, 3.17%, 0.66% and 2.88 %, respectively followed 

by foliar application of tri nano mixed fertilizer of N,P and K. While same trend was 

observed in the productivity of fertilizers (1936.0, 1581.0 Kg Kg-1) respectively 

compare with all treatments.  

Abdel-Aziz et al. (2018) found that nano NPK increased the growth of leaves 

in wheat, which was obtained by enhanced availability of nutrients by easy 

penetration of nano formulation of NPK through stomata of leaves via gas uptake.         

 Erika et al. (2019) studied the effect of nano phosphorus and reported that after 7 

days of treatment, greater plant height was observed with distilled water(1.6 times) 

than  polymer of nano KH2PO4 with A gel(1.3 times). However, significant increase 
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in number of leaves(as 2.0 & 2.3), number of tillers(as 2.8  3.9) and increased instant 

water use efficiency with nano KH2PO4 than distilled water.      

           Jassim et al.(2019) conducted an experiment on  levels and time of foliar 

application of nano fertilizer (super micro plus) and resulted superior the level 2g L-1 

nano fertilizer on plant height (125.67 cm), panicle length (25.22 cm), flag leaf area 

(26.53 cm2) and Superior time of adding nano fertilizer in tillering stage on panicle 

length (24.78 cm) and flag leaf area (25.34 cm2)whereas Superior the inter action 

between levels and times of foliar application in level 2gm.L-1 in tillering stage on 

plant height (127.67 cm) and panicle length (26 cm) and flag leaf area (27.11 cm2). 

Vishekaii et al.(2019) examined for the impact of foliar application of boron 

nano-chelated fertilizer @200 and 300mg L-1 in olive and recorded the  highest 

number of perfect flower( 4.68), shoot length(12.91 cm) , number of leaves per 

shoot(25.16) ,chlorophyll content(2.06 mg g-1 FW) in foliar spray of 300 mg L-1 of 

boron nano- chelate compared to control( water spray). 

 Marzouk et al.(2019) experimented on foliar spraying of nano micronutrient 

fertilizers on snap bean cultivars and resulted enhanced vegetative growth like plant 

length(45.6 cm), no of leaves(17.3), branches(4.2), pod(21.4), total plant fresh 

weight(55.4 g), dry matter(15.9%) and total chlorophyll(35.9 SPAD) with foliar 

application of zinc nano-fertilizer@ 50mgL− 1 compared to control.  

Noshad et al.(2019) investigated the effect of biogenic AgNPs on seed 

germination and seedling growth of Solanum lycopersicum plants treated with silver 

nanoparticles (AgNPs)@0.44 mg/L showed significantly enhanced growth parameters 

including plant height (cm), tomato yield/plant (g), fresh biomass (g), number of 

shoots/plant, root weight (g), and dry biomass (g) compared to untreated seeds.  

 Afify et al.( 2019)resulted that the treatment of (150+150 ppm) potassium 

nano foliar application surpassed other treatments in plant height (64.00 cm), shoot 

fresh weight (185.00 g),  shoot dry weight(118.33g), root circumference (30.67 cm), 

root  length  (15.00cm) except  higher  total chlorophyll (62.00 %) with 100ppm 

potassium nano-fertilizer. 
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2.2 Effect of nano fertilizers on seed yield and its attributes 

In groundnut crop pod yield gets increased with the application of nano-scale 

zinc oxide compared to ZnSO4 application, on account of nano-scale Zinc is absorbed 

by plants to larger extent than its chemical form (Prasad et al., 2012). 

Nano hydroxyl appetite (nHA) application produced 5.9 g soybean seeds per 

plant, compared to 4.9 g per plant under regular P treatment, and merely 1.1 and 0.6 g 

soybean per plant respectively for the controls without P application (Singh et 

al.,2012). 

 Prasad et al. (2012) reported that pod yield/plant increased by 34% at 1000 

ppm concentration of nano zinc oxide (25 nm mean particles size) compared to 

chelated zinc sulphate (ZnSO4). Foliar application of nano-ZnO particles at 15 times 

lower dose recorded 29.5 percent higher pod yield compared to chelated ZnSO4.  

Jaberzadeh et al. (2013) experimented on  titanium treatments on wheat  and 

reported that titanium dioxide nanoparticles @0.02% increased almost all agronomic 

traits including plant height, ear weight, ear number, seed number, 1000-seed weight, 

final yield, biomass, harvest index, gluten, and starch contents. He also reported 23.3 

percent increase in grain yield with a foliar application of 2 percent nano-Fe over the 

control. 

Armin et al. (2014) on wheat crop observed that increasing concentration of 

nano-fertilizers and time of application had a significant effect on tillers number, 

seeds per spike, grain yield, biological yield and 1000-grain weight. He reported that 

foliar application of Fe(4 kg Fe ha-1 water soluble Fe) had 9.17 % and 5.19 % more 

grain yield at tillering compared with foliar application of Fe at stem elongation. 

 Harsini et al. (2014) revealed that application of foliar application of nano 

iron -chelate on wheat cultivars resulted in significant increase in spike number, 1000-

grain weight, grains number per spike, biological yield, grain yield and harvest index 

in wheat crop than control and other treatments. 

Tarafdar et al. (2014) reported that zinc nano-fertilizer applied as foliar spray 

on pearl millet (Pennisetum americanum L.) significantly increased the grain yield by 

37.7 %. 
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Delfani et al. (2014) suggested that spraying of 0.5 g L-1 nano Fe to the black-

eyed pea improved the number of pods per plant, weight of 1000 seeds, yield, and 

chlorophyll content compared to common Fe.   

Liu & Lal(2014) reported that increase in maximum seed yield per plant 

(20.4%), biomass productions were enhanced by 18.2% (above-ground) and 41.2% 

(below-ground) with nano-hydroxy apatite(nHA) treatment compared to regular P 

fertilizer (Ca(H2PO4)2).                                                    

Singh et al.(2015) reported that seed oil content increased with increased 

concentration of nano ZnS in sunflower. Also, application of nano ZnS 500 ppm at 55 

days after sowing significantly increased the seed yield of sunflower. 

Benzon et al.(2015), reported that application of full recommended rate of 

conventional with nano fertilizer enhanced the panicle weight (17.4%), total grain 

weight(unpolished-17.5%, polished-20.7%), total shoot dry weight (15.3%) and 

harvest index(2.9%).   

Bakhtiari et al. (2015) studied the effect of foliar application and time of iron 

nanoparticles (nano-Fe) on wheat and reported that nano-Fe (0.04 %) had the highest 

values of spike weight (614.88 g), 1000 grain weight (36.10 g), biological yield (8830 

kg/ha), grain yield (3639.5 kg/ha) and protein content (16.01 %) whereas the lowest 

values were recorded in the control. 

Kumara et al. (2016) experimented on the foliar application of nano 

calcite@100 ppm in rice cultivar and reported positive effect on yield components of 

rice including number of panicles /plant (9.17), number of filled grains /panicle (137) 

and 1000 grain weight (26.42 g). 

Drostkar et al. (2016) stated that foliar application of nano( Zn, Fe and 

NPK)@2L/plot in chickpea and resulted highest seed yield (137.3 g/ m2), number of 

seeds per plants (25.45), seed weight (25.32g) , seed protein content(20.36%) by nano 

(Fe + Zn) foliar application, biological yield (303.2g/m2) with nano NPK, number of 

pods per plant (22.88) and HI(45.9%) with Zn foliar application compared to control. 

Abdel-Aziz et al. (2016) found that use of foliar spray of 10% nano chitosan-NPK 

(nano10) have better result in clay sandy than clay soil as shoot 

length(72.80,68.33cm), spike length(20.90,18.00cm), plant height(93.20,86.33cm), 
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main spike weight(4.17,3.01g), no. of spikelets/main spike(19.20,17.33 cm), 100 

kernel weight(7.01,6.02g),grain yield/plant(7.63,6.12g), straw yield(1.59,1.51g) and 

harvest index(4.80 to 4.05) while reverse trend was seen in yield/plant(11.70 & 

11.90). 

In pomegranate, fruit yield and number of fruits per tree get increased with the 

foliar spraying of nano-scale Zinc and Boron fertilizers (34 mg B tree-1 or 636 mg Zn 

tree-1, respectively) (Davarpanah et al., 2016). 

Nano-scale zinc oxide particle at 40 ppm treatment was associated with 

increased rice grain yield and its components in mid tillering and PI stages (Ghasemi 

et al., 2017). 

The highest spike length (11.85 and 12.35 cm), spikes number/m2 (312.00 and 

316.66 ), highest values for spikelets number/spike (18.72 and 18.39 spikelets), grains 

number/spike (56.33 and 54.83 grains), 1000- kernel weight (53.04 and 54.45 g), 

highest values for grain yield (2620.76 and 2677.39 kg/fed.), straw yield (3408.76 and 

3402.55 kg/fed.) and biological yield (6029.51 and 6079.94 kg/fed.) for both the 

season were recorded in wheat  using mixture of nano- fertilizer + amino acids 

treatment compared to control(Kandil et al.,2017). 

Gomaa et al.(2017) reported  highest values of ear length(17.44, 18.42), no. of 

rows/ear(15.10, 15.11), no. of grains/row(40.33, 42.95), no. of grains/ear(709.28, 

754.8) and 100-grain weight(47.33g, 46.52g), biological yield(18.76 ton/ha, 

17.93ton/ha), grain yield(8.68ton/ha, 8.35ton/ha) and straw yield(10.08ton/ha, 

9.58ton/ha) with application of mineral fertilizer in soil with foliar application of nano 

fertlizer followed by only foliar application of nano fertilizer. 

 Sohair et al. (2018) depicted 10.79% increase in seed cotton yield due to 

increase in boll weight at 3 times compared to 2 times of application and higher yield, 

i.e, 11.85% and 8.34% in foliar nano fertilizers than soil application. 

 With respect to phosphorus management practice, maximum grain yield 

(1162 kg/ha) and straw yield(5148 kg/ha) of pigeon pea, black gram and maize were 

recorded   with 50% RDP + 40 ppm nano-P followed by 100% RDP and 40 ppm 

nano-P(Choudhary et al., 2018). 
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Hagab et al.(2018) reported that application of nano-zeolite phosphorus 

resulted in the highest values of yield components including pod (1.89 ton fed-1), 

straw (3.48 ton fed-1), seeds crop (1.46 ton fed-1) and oil content (53.2 % ).  

 Al-Juthery et al.(2018) experimented on wheat and resulted higher biological 

yield (13.364Mg ha-1) and grain yield of (5.996Mg ha-1) with spraying of NSMP, 

thousand grain weight, highest value was also observed in (N+P+K) T5 (47.25g)and 

NSMP T6 treatment(47.88g), harvest index is concerned the highest value was 

observed in NSMP T6 applied treatment, followed by nano mixture fertilizer 

(N+P+K)and (N+P) while lowest (P+K) (44.96, 43.18, 37.65%). 

Jassim et al.(2019) experimented on  levels and time of foliar application of 

nano fertilizer (super micro plus) and resulted superior the level 2g L-1 nano fertilizer 

on number of seeds per panicle (123.33) and number of panicle per m2 (323.8) and 

percent of fertility (16.67 %) and weight of 1000 seed (20.31 gm) and grain yield (540 

gm.m-2) whereas Superior the inter action between levels and times of foliar 

application in level 2gm.L-1 in tillering stage on number of seeds per panicle (125.67) 

and number of panicle per m2 (329) and percent of fertility (15.67 %) and weight of 

1000 seed (20.53 gm) and grain yield (547 gm.m-2). 

Vishekaii et al.(2019) examined for the impact of foliar application of boron 

nano-chelated fertilizer @200 and 300mg L-1 on yield attributes in olive and recorded 

the  highest fruit set(3.13%), fruit weight(41.02 g) ,yield(61.01 kg/tree) and yield 

efficiency(0.26 kg/cm2) in foliar spray of 300 mg L-1 of boron nano-chelate compared 

to control( water spray).  

Marzouk et al.(2019) reported that pod length(11.1cm), pod 

diameter(0.72cm), pod fresh weight(5.9g), pod dry weight(2.3g) and total yield(5 

ton/feddan) with foliar application of Zinc nano-fertilizer@ 50mgL− 1 compared to 

control.  

Afify et al.( 2019) resulted that the treatment of (150+150 ppm) potassium 

nano foliar application showed significant enhancement in no. of  branches/  

plant(10.33 ), no. of pods/ plant(54.33), pods  yield/  plant (68.67 g), no. of seeds/ 

plant(75.67), seed yield/plant (45.33g), pod yield(2746.67  kg/fed) seed yield 
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(1813.33kg/fed), oil yield (983.57 kg/fed),shilling (40.52 %) with 100ppm and oil 

(54.97 %) with (100 + 100)ppm potassium nano-fertilizer. 

2.3 Effect of nano fertilizers on seed quality parameters 

Nair et al. (2010) investigated the effects of both SWCNTs and MWCNTs on 

the germination of rice seeds and observed the enhanced germination of seeds in the 

presence of nanotubes. 

Rathinam et al. (2011) studied the effect of nano silica on maize crop and 

resulted the nano silica increases seed germination (2–11 %), water use efficiency (up 

to 53 %), and total chlorophyll content (13–17 %) of maize crop. 

Mazumdar and Ahmed (2011) noticed the adverse effect of silver 

nanoparticles@1000 μg ml-1, 1200 μg ml-1 and 1600 μg ml-1 f on seed germination, 

root and shoot length of paddy, green gram and mustard, respectively.  

Salama (2012) studied the effects of silver nanoparticles on plant growth 

parameters such as shoot and root lengths, leaf surface area, chlorophyll, carbohydrate 

and protein contents of common bean (Phaseolus vulgaris L.) and corn (Zea mays L.) 

with five levels of silver nanoparticles (20, 40, 60, 80 and 100 ppm) and reported that 

increase in concentration of silver nanoparticles from 20 to 60 ppm has increased  

shoot lengths (19 and 12%), root lengths (21 and 18%), leaf surface area (22 and 

26%), chlorophyll (49 and 33%), carbohydrate contents (57 and 62%) and protein 

contents (30 and 24%) of common bean and corn plants.  

Rangaraj et al. (2012) revealed an increase in germination percentage (95.5 %) 

and dry weight (6.52 ± 0.2) in seeds exposed to nano-SiO2 in maize than in those 

exposed to bulk sources. 

Sandeep et al. (2012) achieved maximum germination (97 %) with 25 ppm of 

Au NP treatment on 3rd day after inoculation compared to control (80 %). This 

indicated that Gold-nanoparticle treatment reduces the time required for seed 

germination.  

Sani (2012) experimented on the effect of different concentrations (0, 0.02, 

0.03 and 0.04 percentage) of TiO2 nanoparticles on seed quality parameters of maize 
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and reported highest germination percentage, seedling vigour, seedling length and 

seedling dry weight @0.03% TiO2 nanoparticle. 

Hassan et al. (2012) reported the lowest and the highest mean germination 

time (0.89 vs. 1.35 days) were obtained in 10 ppm concentration of nanosized TiO2 

and control treatments, respectively in wheat. In addition, shoot and seedling lengths 

at 2 and 10 ppm concentrations of nanosized TiO2 were higher than those of the 

untreated control and bulk TiO2 at 2 and 10 ppm concentrations. Employing 

nanosized TiO2 in suitable concentration could promote the seed germination of 

wheat in comparison to bulk TiO2 but in high concentrations had inhibitory or any 

effect on wheat. The lowest shoot length was achieved at 100 ppm nanosized TiO2 

and 2 ppm bulk TiO2 treatments. 

Prasad et al. (2012) suggested that ZnO nanoparticles at a concentration of 

1000 ppm improved the germination (99 %), root growth (11.81 cm), shoot growth 

(8.71 cm), pod dry weight (5.39 g) and pod yield (3763 kg ha-1) in groundnut. 

Tapan et al. (2013) reported that maximum growth including seed germination 

95-100%, root (5.4%) and shoot (8%) length was found at 40 ppm SiO2 nano particles 

and 5 ppm Mo nanoparticles for rice seedlings. Also rice seedlings showed 42% 

increase in the root biomass and 19% increase in shoot biomass over control. 

Yugandhar and Savithramma (2013) found that the biologically synthesized 

calcium carbonate nanoparticles were more effective in accelerating seed germination, 

seedling vigor index, root and shoot length, fresh and dry weight and relative water 

content of mung (Vigna mungo).                        

Tarafdar et al. (2013) reported the ZnO nanoparticle biosynthesis and its effect 

on phosphorous-mobilizing enzyme secretion and gum contents in cluster bean. The 

ZnO nanoparticles were foliar sprayed at 10 ppm concentration on leaf of 14 days old 

plants. A significant improvement in plant biomass (27.1 %), shoot length (31.5 %), 

root length (66.3 %), root area (73.5 %), chlorophyll content (276.2 %), total soluble 

leaf protein (27.1 %), rhizospheric microbial population (11–14 %), acid phosphatase 

(73.5 %), alkaline phosphatase (48.7 %) and phytase (72.4 %) activity in cluster bean 

rhizosphere was observed over control in 6 week old plants. The seed gum content 
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improved by 7.5 % after maturity which indicated that ZnO in nano form may 

contribute more in industrial and medical applications besides agricultural sector. 

Shyla et al. (2014) reported the effect of metal nanoparticles (ZnO, Ag, TiO2,) 

on germination of groundnut seeds. The highest maximum germination percentage 

was promoted by ZnO nanoparticle (67 %), which was 2 percent and 3 per cent higher 

than the Ag (65%) and TiO2 NPs (63%), respectively. 

Ushahra  et al. (2014) reported that biogenic nanoparticles promotes seed 

germination(80%), speed of germination(2.02±0.26), coefficient of 

germination(22.73±2.5), mean germination time(0.8±0.45), shoot length(3.5±0.28) 

and root length(4.2±0.47), fresh weight(0.238±0.028), dry matter(0.021±0.0028) and 

vigour index(616±2.78) in Eruca sativa (garden rocket) var. RTM 314 over control by 

overcoming the detrimental effects of reactive oxygen species (ROS) and improving 

the antioxidative defense system. 

Acharya et al. (2014) studied about nanopriming on onion and found out result 

of germination, growth and quality of onion seed and found germination percentage to 

be 47% and 19% higher in AuNPs treatment at 6 and 21 DAS respectively as 

compared to controls.  

Benzon et al.(2015) resulted enhanced total phenolic content by 51.67% with 

half recommended rate of nano fertilizer compared to full recommended rate of 

conventional fertilizer + full recommended rate of nano fertilizer. 

Mir et al.(2015) studied the effect of nano and biological fertilizers on 

carbohydrate and chlorophyll content of forage sorghum and stated that the highest 

chlorophyll a (1.59 mg/g), chlorophyll b (5.31 mg/g), carotenoid (2.24 mg/g) and 

carbohydrate (3.24 mg/g) were achieved from combine biofertilizers (azetobarvar 1+ 

phosphorbarvar 2) + chelated nano fertilizers (Fe+k) treatments application. 

Mahakham et al.(2016) studied the effect of gold nano particles(GNPs) in 

maize and postulated that priming with 5ppm GNPs showed best effects on promoting 

emergence percentage (83%) compared to unprimed controls(43%) and hydroprimed 

groups (56%). Seed priming both at 5 & 10 ppm GNPs enhanced seedling vigor index 

by three times over control. 
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Anandaraj and Natarajan (2017) studied on seed quality enhancement of onion 

seeds which are highly prone to deterioration in storage ( aged seeds) and concluded 

that enhancement in seed quality parameters like-  highest germination of 72%, 

maximum shoot length (7.5 cm), higher root length (6.4cm), highest vigour 

Index(998) with  ZnO NPs treated seeds @ 1000mg kg-1 and also reported that 

nanoparticles treatment did not influence the seed physiology immediately after 

treatment but has significant effect after six months of aged seed compared to control 

(60%, 6.0, 5.4 and 692) respectively. 

Mahakham et al.(2017) reported increase in germination percentage (averaged 

73.3% and 93.3%,) , enhancement in expression of aquaporin genes, especially PIP2,  

increase in imbibition, activity of CAT after 24 hrs of germination(71% and 61%) and 

after 24 hrs of imbibitions, increase in O2 content by ∼42% and 33%, increase in α-

amylase activity of seedlings(2.6 and 2.5 folds) with seeds nanoprimed with   

AgNPs10mg/l and AgNPs20mg/l compared to control and  almost (1.3 and 1.2 times) 

greater than  hydropriming. Similar trend was observed in root dehydrogenase activity  

within crement upto (∼2.3 to 2.5-fold) in AgNPs10mg/l and AgNPs20mg/l  

nanopriming treatments over unprimed seedlings. 

Anandaraj and Natarajan (2017)  studied  the effect of nanoparticles for seed 

quality enhancement in  onion and reported that onion seeds when dry dressed with 

the synthesized nanoparticles- Zinc oxide (ZnO), Silver oxide(AgO), Copper oxide 

(CuO) and Titanium dioxide (TiO2 each at 750, 1000, 1250 and 1500 mg kg-1, the 

dose of 1000 mg kg-1 outperformed in enhancing the germination (72%), shoot length 

(7.5 cm) root length (6.4) and thereby the vigour index (998). 

Al-Juthery et al.(2018) experimented on wheat and reported protein content of 

the wheat grains protein (13.69%)  was obtained in nano super micro plus fertilizer 

compared to tri nano (N+P+K) treatment (13.33%).  

Sohair et al.(2018) reported maximum seed index(9.11g), maximum lint 

weight(40.54%) in three times foliar application at 50% nano RFD compared to 

minimum seed index(8.14g) and lint weight(36.78%) in two times soil application at 

12.5% nano-RFD. 
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Chiranjeevi et al. (2018) investigated for effect of seed treatment with bio-

silver nano particles on rice seedlings of cv. NLR 34449 and reported that maximum 

germination % in ET-1 nano (100%) while a reverse trend in vigour index as 

maximum in ET-1 spore suspension treated seeds (3114) followed by ET-1 nano 

(3090). 

Vishekaii et al.(2019) examined for the impact of foliar application of boron 

nano-chelated fertilizer @200 and 300mg L-1 on oil content, and quality attributes in 

olive and reported highest oil yield(32.82kg/tree) ,total phenolic content(57.26 mg/kg 

oil)  and carbohydrate contents(53.43 and 61.50mg g-1 for two season) compared to 

control(water spray). 
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Chapter 3                                MATERIALS AND METHODS 

The present investigation entitled “Effect of foliar application of nano 

phosphorus on plant growth, seed yield and quality of rice (Oryza sativa L.)” was 

conducted during kharif season of 2019 on rice cv. Mandakini at Central Research 

Farm, Regional Research and Technology Transfer Station, OUAT, Bhubaneswar. 

The materials used and methodologies followed are described in this chapter. 

The crop was sown on 19th July 2019 using the variety Mandakini for this 

experiment purpose. The plots were treated with different doses of fertilizer, farm 

yard manure. Seed treatment with Vitavax power@ 3g/kg seed before sowing. The 

treatment plots are treated with foliar application of nano phosphorus @ 40ml/litre. 

The vegetative and reproductive growth behavior of rice in response to foliar 

application of nano phosphorus were recorded in the field, then seed quality attributes 

were evaluated in the laboratory after the crop was harvested. The details of material 

and methods followed in the experiment are as follows:   

3.1 Experimental Site 

3.1.1 Field Experiment: 

The experiment was conducted at Central Research Farm, Regional Research 

and Technology Transfer Station, OUAT, Bhubaneswar between latitude 20.2961°N 

and longitude 85.8245°E with an average altitude of 45 m (148 ft) mean sea level. 

This particular location comes under the East & South Eastern coastal Plain Zone of 

agro-climatic zone of Odisha. 

3.1.2 Laboratory Experiment 

Laboratory evaluation on seed quality attributes were done in Seed Physiology 

Laboratory, Dept. Of Seed Science and Technology, College of Agriculture, OUAT, 

Bhubaneswar and Dr. G. V. Chalam Seed Testing & Research Laboratory, AICRP on 

Seed Technology Research, NSP(Crops), OUAT, Bhubaneswar 

3.2 Soil of the experimental field 

Composite soil samples from the top 0-15 cm were collected from the 

experimental site before sowing and they were analyzed for “N” by Alkaline 

Permanganate method (Subbaiah and Asija, 1956), “P” by Bray’s Extractant method 
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(Bray’s and Kurtz, 1945), “K” by flame photometery method (Jackson, 1973) & pH 

by pH meter (Piper, 1996), sand, silt & clay by International Pipette method (Piper, 

1996), Electrical Conductivity (ds/m) by Conductivity Bridge method (Jackson, 1967)  

and Organic Carbon (%) by Wet Oxidation method. The results of soil analysis are 

presented in table 1. 

 

Table 1.Initial nutrient status of soil of the experimental plot. 

Sl. No. Parameter Value 

 

1. 

Sand (%) 72.8 

Silt  (%) 12.6 

Clay (%) 14.6 

 Textural class Loamy sand 

2. Bulk density( g/cc) 1.58 

3. pH 5.38 

4. E.C (dS/m) 0.004 

5. Organic carbon (g /kg) 4.35 

6. Available N (kg/ha) 223 

7. Available P (kg/ha) 12 

8. Available  K (kg/ha) 68 

 

3.3 Climate condition 

The weekly meteorological data recorded at the meteorological observatory, 

OUAT, Bhubaneswar, Odisha viz. mean maximum and minimum temperature, bright 

sunshine hours, relative humidity I & II and rainfall, for the crop growing period of 

2019 have been presented in the following table. 2 
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Table 2. Meteorological data during the period of study (July to December, 2019) 

 

 Period 

 

Standard 

week 

 

Mean 

maximum 

temperature 

(°C) 

 

Mean 

minimum 

temperature 

(0C) 

 

Morning 

relative 

humidity 

(%) 

 

Evening 

relative 

humidity 

(%) 

 

Rainfall 

(mm) 

July 27(1-7) 30.9 25.9 94 85.1 94 

July 28(8-14) 34 25.9 90.7 70.3 90.7 

July 29(13-21) 35.2 26.3 90.9 62.7 90.9 

July 30(22-28) 31.9 25.6 94.6 76.6 94.6 

July 31(29-4) 31.2 26 92.9 76.9 48.9 

Aug 32(5-11) 32.6 26 93.1 74.4 101.5 

Aug 33(12-18) 32.3 26 95 79.7 73.1 

Aug 34(19-25) 32.5 26 96.4 80.6 87.3 

Aug 35(26-1) 32 26.2 94.1 76.9 9.8 

Sept 36(2-8) 32.3 26.1 95.4 77 108.7 

Sept 37(9-15) 32.1 26.2 93.6 76.9 40.3 

Sept 38(16-22) 33.6 26 92.4 72.4 23.2 

Sept 39(23-29) 29.9 24.4 95.6 88.6 234.3 

Sept 40(30-6) 33.7 24.9 92.1 68.3 5.2 

Oct 41(7-13) 32.5 24.4 95.9 71.7 52.1 

Oct 42(14-20) 32.4 23.8 92.9 63.3 2 

Oct 43(21-27) 32.4 24 96.1 80.7 253.3 

Oct 44(28-3) 31.8 23.4 94.7 59.9 0 

Nov 45(4-10) 30.3 21.6 92.8 54.2 5.2 

Nov 46(11-17) 30.9 19.6 92.3 51.3 0 

Nov 47(18-24) 30 18.1 94 51.2 0 

Nov 48(25-1) 29.7 18.5 95.7 57.9 0 

Dec 49(2-8) 29.1 16.9 91.6 53 0 

Dec 50(9-15) 30.4 18.1 93 58.7 0 

Dec 51(16-22) 27.3 16.4 92.8 60 0 

Dec 52(23-29) 26.1 13.2 86.8 50.5 1.3 

Mean  34.42 93.43 23.21 68.41  
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3.4 Seed crop details 

3.4.1Test crop – 

Rice cv. Mandakini was taken for this experiment purpose.  The germination 

percentage was 86% as tested in the laboratory.  

3.4.2Treatment details 

T1: Control 

T2: 100% STD (75:37.5:37.5 NPK Kg/ha) 

T3: 100% STD+spray of water (500 litre/ha) at 14 DAT 

T4: 100% STD+spray of nano P (40ml/litre) at 14 DAT 

T5: 100% STD+ 2 spray of nano P (40ml/litre) at 14 and 28 DAT 

T6: 100% NK & 75% P of STD + 2 spray of nano P (40ml/litre) at 14 and 28 DAT 

T7: 100% NK & 50% P of STD + 2 spray of nano P (40ml/litre) at 14 and 28 DAT 

 

3.4.3 Experimental design 

Experimental design- Randomized Block Design 

No. of Replications- 03 

No. of Treatments- 07 

Plot size- 4.9 m x 4.5 m 

3.4.4Seed material 

Rice cv. Mandakini was selected for the research purpose and some of the 

varietal characters were depicted below. 

i. Parentage of Mandakini rice variety is Ghanteswari x IR 27069 and 

released in 2010 by Department of Plant Breeding and Genetics, 

College of Agriculture, OUAT, Bhubaneswar.  

ii. Maturity period- (105-110) days. 

iii. Medium slender grain, dull red kernel, straw colour hull 

iv. Resistance to blast, sheath blight & moderately resistance to sheath 

rot, sheath blight. 

v. Resistance to insects like gall midge, leaf folder, whorl maggot & 

moderately resistance to rice tungro virus. 
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3.5 Raising of Seed Crop  

The rice crop was sown in nursery areaon 19th July 2019 in the morning hours 

by using the variety Mandakini. The seedlings were transplanted to the main field on 

18th August 2019 using days old seedlings in the plot of size (4.9×4.5) m2 area. A 

spacing of (20×15)cm was maintained in the plot. Fertilizers were given to the 

experimental plots according to the treatment details given.Sources of fertilizer used 

in this experiment purpose was Urea, DAP and MOP (murate of potash).  The soil 

application of ¼ N, P, ½ K fertilizer was done as basal dose,½ N and ½K was top 

dressed and remaining ¼ N was given at the time of flowering. FYM was applied to 

the soil before sowing of the crop. Pendimethalin was applied to main plot to control 

weeds@1litre/acre (250ml) as pre-emergent herbicide on 20th August 2019. All the 

required agronomic and plant protection practices were adopted at proper time for the 

benefit of the seed crop and to protect it from diseases and pest. Irrigation was done at 

regular interval when required. Different field parameters were recorded on field. 

Harvesting of the crop was done at harvestable maturity stage. 10 plants from each 

treatment and control plot was taken with proper labeling and dried under sun. Then 

the panicles were separated from the plants and placed in labeled containers for 

drying. The dried pods were threshed by hand and seeds were collected after sieving 

in cloth bags. Then the seeds were dried under sun to lower down the moisture 

content and stored in cloth bags with proper labeling in ambient condition. The post-

harvest observations were recorded in the laboratory. 

3.6 Recording of Observation  

10 plants were taken randomly from treatment and control plots from each of 

3 replications and were tagged separately to record the following observations. 

3.6.1 Growth Parameters: 

Several plant growth parameters were recorded from each plot of the 

experiment and the following observations were recorded during the examination.  

3.6.1.1 Days to 50% flowering  

Days to completion of 50% flowering in each plot of the replications occupied 

by rice was recorded and expressed in days after sowing. 
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3.6.1.2 Days to maturity 

Plants were observed for maturity. The day on which all plants matured is 

considered as complete maturity. The number of days taken from the date of sowing 

to maturity was calculated and expressed in number as days taken to maturity.  

3.6.1.3 Chlorophyll content 

Leaf samples from the 10 selected plants were taken from each treatment and 

control of each replication at 40 DAS and the total chlorophyll content estimated by 

as per the method given by Arnon (1949). Leaf samples of 100 mg weight from each 

treatment was taken. Acetone solution of 80% concentration was prepared. The leaf 

samples were chopped and put in test tubes along with 10 ml of 80% acetone solution 

and volume was makeup to 25ml. These were kept in dark for 24 hours. After that the 

reading were taken by spectrophotometer at 663nm and 645nm, taking 80% acetone 

as a blank.  Mean chlorophyll content of each plot was calculated and expressed as 

mg/g FW. The total chlorophyll content was calculated using the following formula. 

Chl a =
[(ଵଶ.଻ ×୅଺଺ଷ)ି(ଶ.଺ଽ×୅଺ସହ)]

ଵ଴଴଴×୵
× v 

Chl b=
[(ଶଶ.ଽ×୅଺ସହ)ି(ସ.଺଼×୅଺଺ଷ)]

ଵ଴଴଴×୵
× v 

Total chl.=
[(଼.଴ଶ×୅଺଺ଷ)ା(ଶ଴.ଶ×୅଺ସହ)]

ଵ଴଴଴×୵
× v 

Where,  

W= weight of leaf sample(100mg) 

V= volume of 80% acetone( 25ml) 

A= absorbance  

3.6.1.4 Total number of tillers at maximum tillering stage/ hill 

At maximum tillering stage, 5 number of hills were taken and tolal number of 

tillers in each hill was counted and recorded. 
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3.6.1.5 Plant height  

The main stem height was measured from the base of the plant to the tip of the 

longest leaf and average height of 10 sampled plants from each treatment and control 

of each replication and expressed in centimeter.  

3.6.2 Yield and yield components 

3.6.2.1 Effective tillers/hill 

5 number of hills were taken randomly at maturity stage and the number of 

effective tillers/hill were recorded. 

3.6.2.2 Panicle length 

The length obtained from the 10 selected panicles from the sampled plants 

from each treatment and control of each replication was noted and the average length 

of panicle was calculated and expressed in centimeter.  

3.6.2.3 Number of spikelets per panicle  

The total number of spikelets obtained from the 10 selected panicles after 

threshing from the sampled plants from each treatment and control of each replication 

was counted and the average number of spikelets per panicle was calculated. 

3.6.2.4 Filled grain/panicle 

5 number of panicles were taken randomly from each treatment and control of 

each replication and total number of filled grain per panicle was observed and 

recorded in percentage. 

3.6.2.5 Unfilled grain/panicle 

5 number of panicles were taken randomly from each treatment and control of 

each replication and number of unfilled grains per panicle were observed, then 

number of the same were recorded in percentage. 
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3.6.2.6 1000- seed weight(g) 

The seeds collected from the sampled plants of each treatment and control of 

each replication were counted after drying and their weight was recorded by using an 

analytical balance and expressed in gram.  

3.6.2.7 Seed yield/hill(g) 

The weight of seeds obtained from all the panicles harvested from the ten 

selected hills after proper drying under sun. Then the seed yield per hill was computed 

and expressed in g/hill. 

3.6.2.8 Seed yield/hectare(q) 

Seed yield per hectare under each treatment was computed from recorded seed 

yield per plot data and was expressed in q/ha. 

3.6.2.9 Harvest Index(%) 

It was calculated by following formula and recorded in percentage. 

HI=
୉ୡ୭୬୭୫୧ୡ ୷୧ୣ୪ୢ

୆୧୭୪୭୥୧ୡୟ୪ ୷୧ୣ୪ୢ
× 100 

3.6.3 Seed quality parameters  

3.6.3.1 Seed moisture content  

Moisture content of rice seeds was determined by Air Oven Method (ISTA, 

1985) taking duplicate samples. The seed material was grinded in a seed grinder into a 

fine powder. About 5 g of finely ground seed material was taken separately from each 

treatment in a pre-weighed (M1) moisture box and the weight was recorded (M2). The 

moisture boxes were then placed in a hot air oven maintained at 103°C for 17 hours. 

After that the moisture boxes were taken out and allowed to cool to room temperature 

in a desiccator. The final weight (M3) was recorded. The moisture content was 

calculated using the following formula and expressed as percentage on wet weight 

basis.  

Seed moisture content (%) = 
୐୭ୱୱ ୧୬ ୵ୣ୧୥୦୲ 

୍୬୧୲୧ୟ୪ ୵ୣ୧୥୦୲ ୭୤ ୱୣୣୢ 
× 100 =

୑ଶି୑ଷ

୑ଶି୑ଵ
× 100 
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Where,  

M1 = Weight of empty moisture box + its lid   

M2 = Weight of moisture box + lid + seed before drying   

M3 = Weight of moisture box + lid + seed after drying  

3.6.3.2 Germination percentage  

The germination percentage of freshly harvested seeds (100 seeds) of each 

treatment and replication was calculated by using Between Paper method(Anon, 

1999) and expressed in percentage. Germination percentage was calculated as: 

Seed germination (%) = 
Number of normal seedlings 

x 100 
Total number of seeds put for germination 

 

3.6.3.3 Field emergence 

One hundred seeds produced under each treatment were sown in rows of 5 m 

length with a spacing of 20 cm x 10 cm in a leveled field. Water was sprinkled at 

intervals to maintain proper soil moisture condition. After 14 days the number of 

seedlings emerged from soil were counted and the field emergence percentage was 

calculated.  

3.6.3.4 Mean seedling length(cm) 

Ten no. of normal seedlings were selected randomly in each replication from 

all the treatments after taking the final count in germination test. The seedling length 

was measured from the tip of the primary leaf to the root tip with the help of a scale 

and mean seedling length was expressed in centimetre. 

3.6.3.5 Root length (cm)  

The length of the roots was measured on ten randomly selected seedlings from 

the 14th day of germination test and the average was expressed in centimeter.  
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3.6.3.6  Shoot length (cm)  

The shoots length (collar region to tip of topmost leaf) was measured on the 

same ten random seedlings whose root length was measured earlier and was expressed 

in centimeter. 

3.6.3.7 Mean seedling dry weight 

The ten normal seedlings used for seedling length measurement were used for 

measurement of seedling dry weight. After removing the remnant portion of the 

endosperm, only the plumule and radicle were put in butter paper packet and kept in 

hot air oven at 110±10C for 24 hours. Weight of the oven-dried seedlings was taken in 

an electronic balance and their mean value expressed in gram.  

3.6.3.8 Seedling vigour indices  

After germination test and measurement of seedling length and seedling dry 

weight, seed vigour indices I & II were calculated using the formulae given by 

AbdulBaki and Anderson (1973).  

Seedling Vigour Index-I = Germination (%) x Mean seedling length (cm)  

Seedling Vigour Index-II = Germination (%) x Mean seedling dry weight (g)  

3.6.3.9 Conductivity of seed leachate  

 Conductivity of seed leachate was measured by adopting the procedure of 

Sahoo et al., (2006). Eight grams of rice seeds were weighed accurately with the help 

of an electronic balance and were kept separately in beaker of 100 ml capacity. To the 

beaker 40 ml of distilled water was added. The beaker was kept in an incubator at 30 
0C for 6 hrs. Then the beaker was brought out of the incubator and water was 

decanted to another beaker and the conductivity of seed leachate was measured by the 

help of conductivity meter and the value was expressed as deci Siemens per metre 

(dS/m). 

3.6.3.10 Accelerated ageing test 

The storability of rice seeds produced under different treatments were studied 

by accelerated ageing method. Here hundred seeds from each treatment of the three 

replications were exposed to 45ºC and 95% relative humidity for 96 hours in an 

ageing chamber. The treated seeds were brought out of the ageing chamber and kept 
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under laboratory condition for germination test by using “Between Paper” method as 

per ISTA rule (Anon, 1999). Then, the germination percentage, root length, shoot 

length, seed vigour index I & II were assessed and recorded. 

 

3.6.3.10.1 Seed germination after accelerated ageing 

Seed of each treatment was kept in accelerated ageing chamber and subjected 

to accelerated ageing conditions such as high temperature (450C) and high humidity 

(95%) for a period of 96 hours. After that the standard germination test was test as in 

3.6.3.2 and the normal seedling count taken after seven days. The germination 

percentage after accelerated ageing was calculated as: 

Seed germination after AA(%) =
୒୳୫ୠୣ୰ ୭୤ ୬୭୰୫ୟ୪ ୱୣୣୢ୪୧୬୥ୱ

୘୭୲ୟ୪ ୬୳୫ୠୣ୰ ୭୤ ୱୣୣୢୱ ୮୳୲ ୤୭୰ ୥ୣ୰୫୧୬ୟ୲୧୭୬
× 100 

3.6.3.10.2 Seedling length and dry weight after accelerated ageing 

Ten normal seedlings of the aged seeds were selected randomly in each 

replication from all the treatments after taking the final count in germination test. The 

seedling length was measured from the tip of the primary leaf to the root tip with the 

help of a scale and mean seedling length was expressed in centimetre. Weight of the 

ten random oven-dried seedlings was taken in an electronic balance and their mean 

value expressed in milligram. 

3.6.3.10.3 Seed vigour indices after accelerated ageing 

From the germination and seedling growth data, seed vigour indices were 

calculated as per the following formulae suggested by Abdul-Baki and Anderson 

(1973): 

Seedling vigour index-I = Germination (%) x Mean seedling length (cm) 

Seedling vigour index-II=Germination (%) x Mean seedling dry weight (g) 

3.7 Statistical analysis  

The planned observation data recorded in various field and laboratory 

examinations were subjected to statistical analysis following the principles and 

procedures which were outlined by Panse and Sukhatme (1978). 
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Chapter 4                                                                   RESULTS 

 The results of the investigation on “Effect of foliar application of nano 

phosphorus on plant growth, seed yield and quality of rice (Oryza sativa L.)” which 

was conducted in Kharif season of 2019 at Central Farm, Regional Research and 

Technology Transfer Station, Coastal Zone OUAT, Bhubaneswar, Odisha have been 

presented in this chapter.  

 The field experiment was done in randomized block design with seven 

treatments in three replication. The treatments were: Control (T1), 100% 

STD(75:37.5:37.5 NPK, Kg/ha) (T2), 100% STD +  spray of water (500L/ha) at 14 

DAT (T3), 100% STD +  spray of nano phosphorus (40 ml/litre) at 14 DAT (T4), 

100% STD + 2 sprays of nano phosphorus(40 ml/litre) at 14 and 28 DAT  (T5), 100% 

NK & 75% P of  STD  +2 sprays of nano phosphorus (40 ml/litre) at 14 and 28 DAT  

(T6), 100% NK & 50% P of  STD + 2 sprays of nano phosphorus(40 ml/litre) at 14 

and28 DAT  (T7).  

In this investigation, the parameters relevant to the plant growth, seed yield 

and yield components and different seed quality attributes including storability have 

been studied in seed crop of rice taking Mandakini variety. Data pertaining to the 

observations from the present investigation recorded on plant growth parameters, 

yield & yield components and seed quality parameters were tested statistically and 

described with the help of relevant tables, graphs and figures along with detailed 

description of the data. 

4.1 Effect of nano phosphorus on plant growth parameters 

Days to 50% flowering  

The ANOVA indicated presence of significant variation among the different 

treatments for the study on effect of foliar nano phosphorus on days to 50% 

flowering. The mean value of the treatments ranged from 83.33 days (T4, T5, T6) to 86 

days (T1) with an overall mean of 84.05 days (Table 3). The treatments T3 (84.33 

days) & T2,T7 (84 days) were at par with each other. Earlier flowering was recorded 

in T4, T5 and T6 whereas control had taken significantly higher days to 50% 

flowering(86 days).There was a difference of nearly 1 or 2 days among the 

treatments. 
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Days to maturity 

The analysis of variance indicated presence of significant variation among the 

various treatments for days to maturity. The mean value of the treatments varied from 

107.3 days (T5) to 111 days (T1) with an overall mean of 109.3 days (Table 3). The 

treatment T7 (110.7 days) was at par with control (111 days). Earlier maturity were 

recorded in T5 (107.3 days) followed by T6 (108.0) and T4(108.3) whereas control 

took significantly higher days to maturity, i.e, 111 days. There was almost 2 to 3 days 

difference in the treatments for this character. 

 

Table 3.Effect of foliar application of nano phosphorus on days to 50% flowering 
and days to maturity in rice cv. Mandakini. 

Treatments 
Days to 
50% 
flowering 

Days to  
maturity 

T1: Control 86.00 111.0 

T2: 100% STD (75:37.5:37.5 NPK kg/ha) 84.00 109.7 

T3: 100% STD+ spray of water (500 litres/ha) at 14 

DAT 84.33 110.0 

T4: 100% STD+ spray of nano P (40ml/litre) at 14 

DAT 83.33 108.3 

T5: 100% STD+ 2 sprays of nano P at14& 28 DAT 83.33 107.3 

T6: 100% NK & 75% P of  STD + 2 sprays of nano P 

at14& 28 DAT 83.33 108.0 

T7: 100% NK & 50% P of  STD + 2 sprays of nano P 

at14& 28 DAT 84.00 110.7 

Mean 84.05 
 

109.3 
 

SEm (±) 0.480 0.466 

CD (5%) 1.479 1.436 
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Plant height (cm)  

Significant differences among the different treatments was observed for plant 

height. The value of the treatments ranged from 119.5 cm (T5) to 112 cm (T1) with an 

overall mean of 115.89 cm (Table 4.).The highest plant height was recorded in the 

treatment T5 (119.5 cm)  with 100% STD + 2 sprays of nano P followed by T2 (118.2 

cm) with 100% STD which were at par with each other and showing 6.7% and 5.5% 

taller plants than control (112 cm). The lowest plant height was recorded in 

control(112 cm). All treatments except T7 (113.9 cm) were at par with the treatment 

T2 (118.2 cm).  

Total tillers/hill 

The analysis of variance for total tillers/hill showed significant variation 

among different treatments. Treatment with the highest value was T5(8.87) and the 

lowest was T1(6.67) with an overall mean of 8.05(Table 4). All treatments registered 

significantly higher values than control (6.67). All treatments except T6 (7.60)and 

control (6.67) were at par with the treatment T5 with 100% STD and 2 sprays of nano 

P (8.87). 

 

Table 4.Effect of foliar application of nano phosphorus on plant height, total 
tillers/hills and Total chlorophyll content(mg/g FW) in rice cv. Mandakini. 

Treatments Plant height 
(cm) 

Total 
tillers/hill 

Total 
chlorophyll 
content 
(mg/g FW) 

T1: Control 112.0 6.67 2.61 

T2: 100% STD (75:37.5:37.5 NPK kg/ha) 118.2 8.27 2.91 

T3: 100% STD+ spray of water (500 litres/ha) 
at 14 DAT 

116.4 7.87 3.23 

T4: 100% STD+ spray of nano P (40ml/litre) 
at 14 DAT 

115.9 8.53 3.23 

T5: 100% STD+ 2 sprays of nano P at14 & 28 
DAT 

119.5 8.87 3.61 

T6: 100% NK & 75% P of  STD + 2 sprays of 
nano P at14 & 28 DAT 

115.3 7.60 3.53 

T7: 100% NK & 50% P of  STD + 2 sprays of 
nano P at14 & 28 DAT 

113.9 8.53 3.22 

Mean 
115.89 

 
8.05 

 
3.19 

SEm (±) 1.170 0.331 0.188 

CD (5%) 3.608 1.021 0.580 
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Total chlorophyll content(mg/g FW) 

The analysis of variance for total chlorophyll content indicated presence of 

significant variation among the different treatments involving foliar spray of nano- 

phosphorus. The mean value of the treatments ranged from 2.61 mg/g FW (T1) to 3.61 

mg/g FW (T5) with an overall mean of 3.19 mg/gFW (Table 4). All the treatments 

except 100% STD(T2) and control were shown significantly higher values for this 

trait. Numerically the highest chlorophyll content 3.61 mg/g FW was found in 100% 

STD with 2 foliar sprays of nano-P(T5)closely followed by T6(3.53 mg/g FW) with 

100% NK & 75% P of  STD + 2 sprays of nano P whereas the lowest total 

chlorophyll content was recorded in T1 (2.61 mg/g FW). 

4.2 Effect of nano phosphorus on seed yield and yield attributes 

Effective tillers/hill 

Significant variation was found among different treatments for effective 

tillers/hill. The value of treatments ranged from5.80 (T1) to 8.07(T5) with an overall 

mean of 7.03(Table 4). All treatments registered significantly higher values than 

control (5.80). All treatments except T1(5.80) and T5(8.07) were statistically at par 

with the treatment T2 with 100% STD. The treatment comprising 100% STD with 2 

spray of nano-P (T5) showed highest number of effective tillers which is 31.1% higher 

than the control (5.80).  

Panicle length(cm) 

The analysis of variance for panicle length(cm) showed significant difference 

among different treatments. The mean value of the treatments ranged from 20.87cm 

(T1) to 24.73cm(T3) with an overall mean of 23.77 cm (Table 5). The highest panicle 

length was observed in the treatment T5 (24.73 cm) followed by T3(24.47cm), 

T6(24.33cm),T2(24.27cm) whereas lower panicle length was recorded in treatment 

T1(20.87cm).All treatments registered significantly higher values than control ( 20.87 

cm).All treatments except control were statistically at par with the treatment T2 with 

100% STD. 

No of spikelets/panicle 

There was significant difference between treatments for this trait. The mean 

values of the treatments ranged from 121.0 (T1) to 133.4 (T5) with an overall mean of 

128.5 (Table 5). Treatments T5, T6 and T7 had shown significantly higher values over 
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control (121.0). All treatments were statistically at par with the treatment T2 applied 

with 100% STD. Numerically more spikelets were found in combination treatments 

with different doses of STD and 2 foliar application of nano phosphorus.  The lowest 

spikelets/panicle of 121.0 was recorded in the control treatment. 

Table 5.Effect of foliar application of nano phosphorus on effective tillers/hill, 
panicle length (cm) and no of spikelets/ panicle in rice cv. Mandakini. 

Treatments 
Panicle 

length (cm) 

No of 
spikelets/ 
panicle 

Effective 
tillers/ hill 

T1: Control 20.87 121.0 5.80 

T2: 100% STD (75:37.5:37.5 NPK kg/ha) 24.27 126.1 7.00 

T3: 100% STD+ spray of water (500 litres/ha) at 14 DAT 24.47 128.0 7.03 

T4: 100% STD+ spray of nano P (40ml/litre) at 14 DAT 23.80 128.6 7.07 

T5: 100% STD+ 2 sprays of nano P at14& 28 DAT 24.73 133.4 8.07 

T6: 100% NK & 75% P of  STD+ 2 sprays of nano P at14& 

28 DAT 24.33 132.8 7.27 

T7: 100% NK & 50% P of  STD + 2 sprays of nano P 

at14& 28 DAT 23.93 129.5 7.00 

Mean 23.77 
 

128.5 
7.03 

 
SEm (±) 0.607 2.784 0.293 

CD (5%) 1.87 8.5 0.903 

 

Filled grains/panicle (%) 

The analysis of variance for this trait showed significant variation among 

different treatments. The mean value of the treatments ranged from 87.18(T1) to 

91.63(T5) with an overall mean of 89.86 (Table 6). The maximum filled 

grains/panicle was recorded in treatment T5 (91.63) followed by other treatments 

which was 5.1% higher than control (87.18) whereas lowest filled grains/panicle was 

recorded in the treatment T1(87.18).All treatments recorded significantly higher 

grains/panicle than control. The treatment T2 comprising 100% STD (90.44%) was 

statistically at par with the remaining treatments except control. 
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Unfilled grains/panicle (%) 

The analysis of variance for this character indicated significant variation 

among the different treatments for the study of their effect of nano phosphorus on 

percentage of unfilled grains per panicle. The mean value of the treatments ranged 

from 8.37 (T5) to 11.15 (control) with an overall mean of 9.28 (Table 6). All 

treatments showed significantly lower values than control (11.15). The treatment T5 

(8.37) indicated lowest percentage of unfilled grains per panicle which was 24.93% 

lower than control (11.15) followed by T7 (8.70) whereas the highest unfilled 

grains/panicle was recorded in treatment T1 (11.15).The treatment T2 comprising 

100% STD (9.22%) was also statistically at par with the remaining treatments having 

variable dosage of STD with nano-P except control. 

Table 6.Effect of foliar application of nano phosphorus on filled grains/ panicle 
(%)and unfilled grains/panicle (%) in rice cv. Mandakini. 

Treatments 
Filled 

grains/panicle 
(%) 

Unfilled 
grains/panicle 

(%) 
T1: Control 87.18 11.15 

T2: 100% STD (75:37.5:37.5 NPK kg/ha) 90.44 9.22 

T3: 100% STD+ spray of water (500 litres/ha) at 14 

DAT 89.52 9.15 

T4: 100% STD+ spray of nano P (40ml/litre) at 14 

DAT 90.76 9.24 

T5: 100% STD+ 2 sprays of nano P at14& 28 DAT 91.63 8.37 

T6: 100% NK & 75% P of  STD + 2 sprays of nano 

P at14& 28 DAT 90.52 9.14 

T7: 100% NK & 50% P of  STD + 2 sprays of nano 

P at14& 28 DAT 88.96 8.70 

Mean 89.86 
 

9.28 
 

SEm (±) 0.556 0.511 

CD (5%) 1.71 1.57 
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1000-seed weight (g) 

A significant variation was observed among the various treatments for 

1000-seed weight, i.e, test weight. The mean value of the treatments ranged from 

22.97g (T1) to 25.13g (T5) with an overall mean of 24.54g (Table 7). All treatments 

had significantly higher test weight than control with 22.97 g. The treatment T5 

(25.13) indicated maximum 1000-seed weight with 9.4 % higher than control 

followed by other treatments whereas the lowest 1000-seed weight was recorded in 

treatment T1 (24.97). The treatment T2 (24.70 g) comprising 100% STD was also 

statistically at par with the remaining treatments having variable dosage of STD with 

nano-P except control. 

Seed yield/hill (g) 

Seed yield per hill exhibited significant variation among the different 

treatments as revealed by the ANOVA for this trait. It ranged from 10.92 g (T1) to 

15.65 g (T5) with an overall mean of 13.93 g among different treatments(Table 7). All 

treatments showed significantly higher values than control (10.92 g). The maximum 

seed yield/hill was recorded in treatments T5 (15.65 g) followed by T4 (15.20 g) which 

had 43.31% and 39.19% higher seed yield/hill than control (10.92 g).The lowest seed 

yield/hill was recorded in treatment T1 (10.92 g).Like test weight and some others, the 

treatment T2 (14.28 g) comprising 100% STD was also at par with the remaining 

treatments including T5, T6 and T7 except control. 

Seed yield/ha (q) 

The most important economic character, seed yield/ha registered significant 

differences among the different treatments. Its mean values for various treatments 

varied from 17.24 q/ha in T1(control) to 26.23q/ha in T5, with an overall mean of 

23.92 q/ha (Table 7). All treatments had significantly higher values than control 

(17.24 q/ha). The treatment T5 (26.23q/ha) recorded the highest seed yield closely 

followed by T4 (25.82 q/ha) which had52.14% and 49.77% higher yield than control 

(17.24 q/ha).Like test weight and seed yield/hill, the treatment T2 (24.94q/ha) applied 

with 100% STD was also at par with the remaining treatments including T5 (26.23 

q/ha) and T6 (24.72 q/ha), but significantly higher than T7 (50% STD for P + 2 sprays 

of nano-P at 14 and 28 DAT) which yielded 23.26 q/ha. 
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Table 7. Effect of foliar application of nano phosphorus on 1000 seed weight, 

seed yield/hill, seed yield/ha and HI in rice cv. Mandakini. 

Treatments 
1000 seed 
weight (g) 

Seed 
yield/hill 
 (g) 

Seed  
yield/ha 
 (q) 

HI 
 (%) 

T1: Control 22.97 10.92 17.24 45.36 

T2: 100% STD (75:37.5:37.5 NPK 

kg/ha) 24.70 14.28 24.94 52.11 

T3: 100% STD+ spray of water (500 

litres/ha) at 14 DAT 24.23 14.52 25.21 51.23 

T4: 100% STD+ spray of nano P 

(40ml/litre) at 14 DAT 24.77 15.20 25.82 54.30 

T5: 100% STD+ 2 sprays of nano P 

at14& 28 DAT 25.13 15.65 26.23 54.49 

T6: 100% NK & 75% P of  STD + 2 

sprays of nano P at14& 28 

DAT 
25.03 14.21 24.72 54.01 

T7: 100% NK & 50% P of  STD + 2 
sprays of nano P at14& 28 
DAT 

24.97 12.76 23.26 49.65 

Mean 24.54 
 

13.93 
 

23.92 
 

51.59 
 

SEm (±) 0.286 0.558 0.429 1.222 

CD (5%) 0.88 1.72 1.32 3.77 

 

Harvest Index (%) 

The ANOVA showed significant variation among the different treatments in 

this study of effect of foliar spray of nano-phosphorus on HI%. The treatments had a 

range of 45.36% (T1) to 54.49% (T5) with an overall mean of 51.59% (Table 7).The 

highest HI was recorded in the treatment T5 (54.49%) with 100% STD and 2 times 

spray of nano-p followed by T4 (54.30%) and T6(54.01%)showing 20.13%, 19.71%  

and 19.07% higher HI% than control (45.36%), whereas the lowest was in 

control(45.36%).All treatments had significantly higher values than control. The 

treatment T2 with 100% STD (52.11% ) was at par with the remaining treatments 

including T5,T6 and T7 except control. 
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4.3 Effect of nano phosphorus on seed quality parameters 

Seed moisture content (%) 

The analysis of variance for seed moisture content indicated non-significant 

variation among various treatments. The treatments means varied from 11.14% (T7) to 

12.07% (T5) with an overall mean of11.57% (Table 8). Numerically higher percentage 

of seed moisture content was indicated in the treatment T5 (12.03%) followed by T3 

(11.82%), T6 (11.73%) T4 (11.70%),whereas lowest seed moisture content was 

recorded in the treatment T7 (11.14 %). 

 

Table 8.Effect of foliar application of nano phosphorus on seed moisture (%) in 
rice cv. Mandakini. 

Treatments 
Seed moisture (%) 

T1: Control 11.21 

T2: 100% STD (75:37.5:37.5 NPK kg/ha) 11.34 

T3: 100% STD+ spray of water (500 litres/ha) at 14 

DAT 11.82 

T4: 100% STD+ spray of nano P (40ml/litre) at 14 

DAT 11.70 

T5: 100% STD+ 2 sprays of nano P at14& 28 DAT 12.07 

T6: 100% NK & 75% P of  STD + 2 sprays of nano P 

at14& 28 DAT 11.73 

T7: 100% NK & 50% P of  STD + 2 sprays of nano P 

at14& 28 DAT 11.14 

Mean 11.57 
 

SEm (±) 0.410 

CD (5%) NS 
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Electrical conductivity of seed leachate (dS/m) 

Electrical conductivity (EC) of seed leachate is an accurate indicator of seed 

vigour. Strong and negative relationship between EC and seed vigour have been 

reported by many workers in many crops (Hamdi and Elemery, 1996). 

The ANOVA for EC showed significant variation among the different 

treatments for the study of their effect of nano phosphorus on electrical conductivity 

of seed leachate. The mean value of the treatments ranged from 0.050 dS/m (T7) to 

0.073 dS/m (T1) with an overall mean of 0.06 dS/m (Table 9). All treatments except 

T2 and T3 had significantly lower values than T1 (0.073 dS/m). The treatment T2 

(0.067 dS/m) was at par with T3 (0.062 dS/m) while it was significantly lower than T4 

to T7, indicating better vigour of these treatments compared to T2 and T3. The 

minimum electrical conductivity of seed leachate was recorded in treatments 

T4&T7(0.051 and 0.050 dS/m). 

Seed germination (%) 

Germination percentage is the standard physiological parameter which is 

commonly used to assess the planting value of seeds. In the present study, 

germination tests were conducted by between paper (BP) method using fresh seeds 

after breaking dormancy. 

The analysis of variance for germination percentage indicated significant 

variation among the different treatments. The mean value of the treatments ranged 

from 82.00% (T1) to 93.00% (T5) with an overall mean of 89.49% (Table 9). All 

treatments showed significantly higher values over control (82.00%). The maximum 

seed germination was recorded in the treatment T5 (93.00 %) which was 13.41 % 

higher than control (82.00 %). All treatments including T6 and T7 except in control 

had significantly higher values than T2 (89.07%) with 100% STD. 
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Table 9.Effect of foliar application of nano phosphorus on electrical conductivity 
of seed leachate (dS/m) and germination (%) in rice cv. Mandakini. 

Treatments 

Electrical 
conductivity 

of seed 
leachate 
(dS/m) 

Germination 
(%) 

T1: Control 0.073 82.00 (9.06) 

T2: 100% STD (75:37.5:37.5 NPK kg/ha) 0.067 89.07(9.44) 

T3: 100% STD+ spray of water (500 litres/ha) at 14 

DAT 0.062 90.67(9.52) 

T4: 100% STD+ spray of nano P (40ml/litre) at 14 

DAT 0.051 91.33(9.55) 

T5: 100% STD+ 2 sprays of nano P at14& 28 DAT 0.053 93.00(9.64) 

T6: 100% NK & 75% P of  STD + 2 sprays of nano P 

at14& 28 DAT 0.053 90.33(9.50) 

T7: 100% NK & 50% P of  STD + 2 sprays of nano P 

at14& 28 DAT 0.050 90.00(9.49) 

Mean 0.06 
89.49 

 
SEm (±) 0.004 0.077 

CD (5%) 0.013 0.23 

NB:- Figures in the parentheses indicate square root transformed values. 

First count (%) 

First count (%) also registered significant variation among the different 

treatments in the study of the effect of nano phosphorus on this trait. Its mean values 

ranged from 67.33 % (T1) to 73.67 % (T4) with an overall mean of 71.05% (Table 10). 

The maximum first count was recorded in the treatment T4 (73.67 %)  which was 7.23 

% higher than control (67.33 %)whereas the lowest first count value was recorded in 

treatment T1 (55.15 %). All treatments except T7 (70.33) showed significantly higher 

values over control. All treatments including T6 and T7 except control were at par with 

T2(71.00%). 
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Field emergence (%) 

Field emergence gives a realistic picture about assessment of stand 

establishment potential of seed lots. The condition of field where seeds germinate and 

seedlings emerge out from the soil are less favorable than the condition during 

germination tests under laboratory, hence low seed vigour seeds perish under field 

condition.   

The analysis of variance for this character indicated significant 

variation among the different treatments for the study of their effect of nano 

phosphorus on field emergence. The mean value of the treatments ranged from 79.00 

% (T1) to 90.67 % (T5) with an overall mean of 86.72% (Table 10). All treatments had 

shown significantly higher values over T1 (88.9 %) for this trait. The maximum field 

emergence was recorded in the treatments T5 (90.67%) followed by T4 

(88.67)andT3(88.33) showing 14.77%, 12.24% and11.81%,higher field emergence 

than control respectively. The lowest field emergence was recorded in treatment T1 

(79.00 %).Most of the treatments including T6 and T7 receiving nano-P sprays except 

control were significantly superior to T2 (93.1%). 

Table10. Effect of foliar application of nano phosphorus on first count and field 
emergence in rice cv. Mandakini. 

Treatments 
First count 

(%) 
Field 

emergence 
(%) 

T1: Control 67.33 
(55.15) 

79.00(8.89) 

T2: 100% STD (75:37.5:37.5 NPK kg/ha) 71.00 
(57.42) 

86.73(9.31) 

T3: 100% STD+ spray of water (500 litres/ha) at 14 
DAT 

70.67 
(57.52) 

88.33(9.40) 

T4: 100% STD+ spray of nano P (40ml/litre) at 14 DAT 73.67 
(59.14) 

88.67(9.41) 

T5: 100% STD+ 2 sprays of nano P at14& 28 DAT 73.33 
(58.92) 

90.67(9.52) 

T6: 100% NK & 75% P of  STD + 2 sprays of nano P 
at14& 28 DAT 

71.00 
(57.42) 

87.33(9.35) 

T7: 100% NK & 50% P of  STD + 2 sprays of nano P 
at14& 28 DAT 

70.33 
(57.02) 

86.33(9.29) 

Mean 71.05 
 

86.72 
 

SEm (±) 0.672 0.089 
CD (5%) 2.071 0.275 
NB:- Figures in the parentheses indicate arcsin transformed values  for First count and 
square root transformed values for Field emergence. 
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Seedling shoot length (cm) 

Shoot length is an important parameter which reflects early seedling growth 

during germination of crop seeds. In the present investigation, this parameter was 

measured on the final day of germination count, i.e, final count. 

The analysis of variance for seedling shoot length indicated presence of  

significant variation among various treatments. The mean value of the treatments 

varied from 7.77cm (T1) to 8.95 cm (T6) with an overall mean of 8.53 cm (Table 11). 

All treatments except T7 had shown significantly higher values over T1 (88.9 %) for 

this trait. The highest shoot length was indicated in the treatment T6 (8.95 cm) 

followed by T4 (8.93 cm) and T2 (8.87 cm), whereas lowest shoot length was recorded 

in the treatment control (7.77 cm).All treatments including T6 and T7 except control 

were at par with T2 (8.87 cm). 

Seedling root length (cm) 

Measurement of root length is a part of the procedure to assess early seedling 

growth of germinated seeds. Root length was measured on the day of final count.  

The analysis of variance for this character indicated significant variation 

among the different treatments. The mean values of the treatments ranged from 12.90 

cm (T1) to 15.20 cm (T5) with an overall mean of 14.36 cm (Table 11). All treatments 

except T7had significantly higher values for this trait as compared to T1 (12.90cm. The 

maximum root length was recorded in the treatment T5 (15.20 cm) which was 17.83 

% higher than the control, followed by T2 (14.97 cm) and T3 (14.69 cm) showing 

16.05 % and 13.88 %, higher root length than control, respectively,. The lowest 

seedling root length was recorded in treatment T1 (12.90 cm).All treatments including 

T6 and T7 except control and T7were statistically at par with T2 (14.97 cm). 

Seedling length (cm) 

The ANOVA for this character indicated significant variation among the 

different treatments. The mean value of the treatments ranged from 20.67 cm (T1) to 

23.94 cm (T5) with an overall mean of 22.90 cm (Table 11). All treatments except 

T7had significantly higher values for this trait as compared to T1 (20.67 cm). The 

maximum seedling length was recorded in the treatments T5 (23.94 cm) followed by 

T2 (23.83 cm), T4(23.50 cm) and T6(23.47 cm) which were at par with each other and 



  45 
 

showed 16.72 %, 15.29 %, 13.69 % and 13.55% respectively, higher seedling length 

than control. The lowest seedling length was recorded in treatment T1 (20.67 cm).All 

treatments except control and T7were statistically at par with T2 (23.83 cm). 

 

Table 11.Effect of foliar application of nano phosphorus on seedling shoot, root 
length and seedling length in rice cv. Mandakini. 

Treatments 

Seedling 
shoot 
length (cm) 

Seedling 
root 
length 
(cm) 

Seedling 
length 
(cm) 

T1: Control 7.77 12.90 20.67 

T2: 100% STD (75:37.5:37.5 NPK kg/ha) 8.87 14.97 23.83 

T3: 100% STD+ spray of water (500 

litres/ha) at 14 DAT 8.65 14.69 23.33 

T4: 100% STD+ spray of nano P (40ml/litre) 

at 14 DAT 8.93 14.57 23.50 

T5: 100% STD+ 2 sprays of nano P at14& 

28 DAT 8.74 15.20 23.94 

T6: 100% NK & 75% P of  STD + 2 sprays 

of nano P at14& 28 DAT 8.95 14.52 23.47 

T7: 100% NK & 75% P of  STD + 2 sprays 

of nano P at14& 28 DAT 7.82 13.71 21.52 

Mean 8.53 
 

14.36 
 

22.90 
 

SEm (±) 0.225 0.346 0.391 

CD (5%) 0.69 1.06 1.21 

 

Seedling dry weight (mg) 

Measurement of seedling dry weight of germinating seeds provides 

information about growth pattern of seedling and translocation of food reserve to the 

root as well as shoot growth behavior during germination. The seedling dry weight 

was measured after drying the seedlings obtained on the day of final count during 

germination test.  



  46 
 

The analysis of variance for seedling dry weight indicated presence of  

significant variation among various treatments. The mean value of the treatments 

varied from 63.9 mg (T3) to 75.5 mg (T5) with an overall mean of 70.90 mg (Table 

12). All treatments had significantly higher values for this trait as compared to T1 

(63.9 mg). The maximum seedling dry weight was indicated in the treatment T5 (75.5 

mg) followed by T4 (74.2 mg)  which were at par with each other showing 18.15% 

and 16.12% higher weight than control whereas lowest value for seedling dry weight 

was recorded in T1(63.9 mg).The treatment T2 (72.3 mg) was statistically at par with 

rest treatments including T5 to T7. 

 

Seed vigour  

The stand establishment potential of a seed lot is predicted more precisely 

basing on seed vigour than on the basis of laboratory germination percentage. The 

performance of crop varieties also largely depend upon seed vigour (Mathews, 1993). 

Therefore any study involving seed production and quality assessment, due emphasis 

is given on seed vigour. The common parameter used to represent seed vigour is the 

seed vigour index (SVI) which is measured by integrating two other physiological 

quality parameters germination percent and seedlings length (SVI-I) or dry weight 

(SVI-II).  

Seedling vigour index-I 

Seedling vigour index-I indicated significant differences among the different 

treatments applied with STD and nano phosphorus. The mean value of the treatments 

ranged from 1694.3 (T1) to 2226.6 (T5) with an overall mean of 2051.6 (Table 12). 

All treatments had shown significantly higher values compared with T1 (1694.3) for 

this trait. The maximum SVI-I was recorded in the treatment T5 (2226.6) which 

showed 31.42% increase over control whereas the lowest seedling vigour index-I was 

recorded in treatment T1 (1694.3).The treatment T2 (2123.1) was statistically at par 

with rest treatments except T7 (1936.9). 

Seedling vigour index-II 

The analysis of variance for seedling vigour index-II indicated presence of  

significant variation among various treatments. The mean values of the treatments 
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varied from 5.24(T1) to 7.02 (T5) with an overall mean of 6.35(Table 12). The highest 

SVI-II was indicated in the treatment T5 (7.02) followed by T4(6.77), T3 (6.46) and T2 

(6.44) indicating 33.97%, 29.2%, 23.28% and 22.9% higher value over control, 

whereas lowest seedling vigour index-II was recorded in the treatment T1 (5.24).All 

treatments showed significantly higher values compared with T1 (5.24).The treatment 

T2 (6.44) was statistically at par with remaining treatments except T5 (7.02) and 

control. 

 

Table 12.Effect of foliar application of nano phosphorus on seedling dry weight 
and seed vigour indices in rice cv. Mandakini. 

Treatments 
Seedling 
dry wt 
(mg) 

SVI –I SVI –II 

T1: Control 63.9 1,694.3 5.24 

T2: 100% STD (75:37.5:37.5 NPK kg/ha) 72.3 2,123.1 6.44 

T3: 100% STD+ spray of water (500 litres/ha) 

at 14 DAT 71.3 2,114.3 6.46 

T4: 100% STD+ spray of nano P (40ml/litre) 

at 14 DAT 74.2 2,145.9 6.77 

T5: 100% STD+ 2 sprays of nano P at14& 28 

DAT 75.5 2,226.6 7.02 

T6: 100% NK & 75% P of  STD + 2 sprays of 

nano P at14& 28 DAT 70.0 2,120.0 6.32 

T7: 100% NK & 50% P of  STD + 2 sprays of 

nano P at14& 28 DAT 69.1 1,936.9 6.22 

Mean 70.90 
 

2,051.6 
 

6.35 
 

SEm (±) 1.418 41.408 0.143 

CD (5%) 4.4 127.6 0.44 

 

Seed germination (%) after accelerated ageing 

The accelerated ageing (AA) vigour test provides valuable information on 

both seed storability and field seedling emergence potentials. The AA stress exposes 
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seeds for relatively short period to high to high temperature (41ºC) and RH (about 

95%) followed by a germination test. This combination of raised seed water content 

and high temperature causes rapid seed ageing. High vigour seeds are more tolerant to 

these stressful conditions and produce a higher percentage of normal seedlings. 

The ANOVA for seed germination after accelerated ageing indicated 

significant variation among the different treatments. The mean value of the treatments 

ranged from 74.67 % (T1) to 87.67 % (T5) with an overall mean of 84.14 % (Table 

13). All treatments showed significantly higher values compared with control (74.67 

%).The maximum seed germination was recorded in the treatment T5 (87.67 %) which 

was 17.40 % higher than control, whereas the lowest seed germination was recorded 

in control (74.67 %).The treatment T2 (85.00%) was statistically at par with remaining 

treatments except control for seed germination. 

 

Table 13. Effect of foliar application of nano phosphorus on germination (%) 
and field emergence(%) after accelerated ageing in rice cv. Mandakini. 

Treatments 
Germination 

(%) 

Field 
emergence 

(%) 
T1: Control 74.67 (8.64) 

73.67 
(8.58) 

T2: STD (75:37.5:37.5 NPK kg/ha) 85.00 (9.22) 
83.33 
(9.13) 

T3: 100% STD+ spray of water (500 litres/ha) at 14 DAT 85.33 (9.24) 
85.00 
(9.22) 

T4: 100% STD+ spray of nano P (40ml/litre) at 14 DAT 86.33 (9.29) 
85.67 
(9.25) 

T5: 100% STD+ 2 sprays of nano P at14 & 28 DAT 87.67 (9.36) 
87.33 
(9.34) 

T6: 100% NK & 75% P of  STD + 2 sprays of nano P at14 & 28 

DAT 85.00 (9.22) 
84.00 
(9.17) 

T7: 100% NK & 50% P of  STD + 2 sprays of nano P at14 & 28 

DAT 85.00 (9.22) 
82.00 
(9.06) 

Mean 84.14 
 

83.00 
 

SEm (±) 0.068 0.052 

CD (5%) 0.21 0.16 

 

NB:- Figures in the parentheses indicate square root transformed values. 
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Field emergence (%) 

The ANOVA for seedling field emergence after accelerated ageing indicated 

significant variation among the different treatments. The mean value of the treatments 

ranged from 73.67 % (T1) to 87.33 % (T5) with an overall mean of 83.00 % (Table 

13). All treatments showed significantly higher emergence compared with control 

(73.67 %).The maximum emergence was recorded in the treatment T5 (87.33 %) 

which was 18.54 % higher than control, whereas the lowest seed germination was 

recorded in control (73.67 %).The treatment T2 (83.33%) was statistically at par with 

remaining treatments except T5 (87.33%) and control for seedling field emergence. 

Seedling vigour index-I (SVI-I) after accelerated ageing 

The analysis of variance for SVI-I indicated significant variation among the 

different treatments. The mean values of the treatments ranged from 1298.5(T1) to 

1880.2 (T5) with an overall mean of 1695.3 (Table 14). All treatments registered 

significantly higher values compared with control (1298.5). The maximum SV-I was 

recorded in the treatment T5 (1880.2) which was  44.8% higher than control followed 

by T4 (1792.9), T2 (1777.1) and T3 (1768.9) which were at par with each other and 

showing 33.22%, 36.86% and 36.23% respectively, higher SV-I than control, whereas 

the lowest seedling vigour index-I was recorded in treatment T1 (1298.5).The 

treatment T2 (1777.1) was statistically at par with remaining treatments except T7 

(1594.6) and control. 

Seedling vigour index-II after accelerated ageing 

The analysis of variance for seedling vigour index-II after accelerated ageing 

indicated presence of significant variation among various treatments. The treatment 

means varied from 4.30(T1) to 6.20(T5) with an overall mean of 5.58(Table 14). All 

treatments except T7 (4.30) registered significantly higher SVI-II compared with 

control (1298.5). SVI-II was highest in the treatment T5 (6.20) followed by T4(6.04) 

and T2 (5.73), whereas lowest seedling vigour index-II was recorded in the treatment 

control (4.30).The treatment T2 (6.44) applied with 100% STD was statistically at par 

with remaining treatments except T5 (7.02), T7(4.30) and control, where it was 

significantly higher than T7receiving 50% STD for P + 2 spays of nano-P. 
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Table 14.Effect of foliar application of nano phosphorus on seed vigour indices 

after accelerated ageing in rice cv. Mandakini. 

Treatments SVI -I SVI –II 

T1: Control 1,298.5 4.30 

T2: STD (75:37.5:37.5 NPK kg/ha) 1,777.1 5.73 

T3: 100% STD+ spray of water (500 litres/ha) at 14 

DAT 
1,768.9 5.72 

T4: 100% STD+ spray of nano P (40ml/litre) at 14 DAT 1,792.9 6.04 

T5: 100% STD+ 2 sprays of nano P at14& 28 DAT 1,880.2 6.20 

T6: 100% NK & 75% P of  STD + 2 sprays of nano P 

at14& 28 DAT 
1,755.0 5.57 

T7: 100% NK & 50% P of  STD + 2 sprays of nano P 

at14& 28 DAT 
1,594.6 4.30 

Mean 
1,695.3 

 

5.58 

 

SEm (±) 54.749 0.137 

CD (5%) 168.8 0.42 

 

Reduction in germination percentage and SV I & II after accelerated ageing 

 The significant reduction in germination percentage and seedling vigour 

indices were noticed after accelerated ageing as listed in the Table 15. Relatively 

lower reduction in germination(4.07%), SVI-I(15.6%) and SVI-II(11.%) were noticed 

in treatment T5 with 100% STD and 2 times foliar spray of nano phosphorus 

indicating  more tolerance to stress and better storability of seeds. Maximum 

reduction in all three parameters like-germination(7.33%), SVI-I(23.4%) and SVI-

II(17.9%)  were recorded in control. Treatment with 100% STD only showed lower 

reduction compared to T6& T7. 
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Table 15.Reduction (%) in germination and seed vigour indices after accelerated 
ageing in rice cv. Mandakini. 

Treatments 
Germination 

(%) 
SVI 
-I 

SVI –
II 

T1: Control 7.33 23.4 17.9 

T2: STD (75:37.5:37.5 NPK kg/ha) 5.33 16.3 11.0 

T3: 100% STD+ spray of water (500 litres/ha) at 14 

DAT 5.33 16.3 11.5 

T4: 100% STD+ spray of nano P (40ml/litre) at 14 

DAT 5.00 16.5 10.7 

T5: 100% STD+ 2 sprays of nano P at14& 28 DAT 4.07 15.6 11.7 

T6: 100% NK & 75% P of  STD + 2 sprays of nano 

P at14& 28 DAT 5.33 17.2 11.9 

T7: 100% NK & 50% P of  STD + 2 sprays of nano 

P at14& 28 DAT 5.00 17.7 12.2 

 

 

 

 

 

 

 

 

 

 

 

 



  52 
 

Chapter 5                                                            DISCUSSION 

The results of the present investigation on “Effect of foliar application of nano 

phosphorus on plant growth, seed yield and quality of rice (Oryza sativa L.)” 

conducted during kharif season of2019  at Central Research Farm, Regional Research 

and Technology Transfer Station, Coastal Zone, OUAT, Bhubaneswar using rice cv. 

Mandakini. The effect of foliar application of nano-P with variable dosage of STD on 

rice have been discussed in this chapter.  

5.1 Effect of foliar application of nano phosphorus on plant growth parameters 

Any treatment showing better plant growth and yield components are expected 

to produce higher yield. In the following paragraphs, observations recorded on 

various plant growth parameters in response to the foliar application of nano-P @40 

ml/litre at 14 DAT or 14 and 28 DAT along with soil application of different dosage 

of STD are briefly discussed. 

In the present study, days to 50% flowering and days to maturity indicated 

presence of significant variation among the different treatments. All treatments except 

100% STD + 2 sprays of nano-P at 14 and 28 DAP were statistically at par with 

control (86 days) and the treatment 100% STD took similar time to reach 50% 

flowering as the treatment with 50% or 75% STD for P + 2 sprays of nano-P. 

Combination of STD with foliar nano-P resulted earliar days to 50% flowering i.e. 

83.33 in treatment T4,T5 and T6. There was a difference of nearly 1 or 2 days among 

the treatments. This result is similar to the findings obtained by Drostkar et al. (2016) 

and Kumar et al. (2014) in related studies. 

Determination of harvestable maturity is crucial to maintain seed quality, since 

over-maturity affects the sowing quality of seeds. Harvestable maturity is achieved 

when the seed moisture content is reduced to safe limits to take up further post-

harvest operations. In this study, days to maturity ranged from 107.3-111 days with 

significant variation among the various treatments. Significantly earlier maturity was 

recorded in 100% STD + 1 or 2 sprays of nano-P and75% STD for P + 2 sprays of 

nano-P compared to 100% STD indicating the earlier maturity by nano-P application. 

This earliness may be due to reduction in reproductive period of the seed crop. There 
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was almost 2 to 3 days difference in the treatments for this character. This result is in 

accordance with the findings of Kumar et al. (2014)and  Abdel-Aziz et al. (2018). 

All treatments except 50% STD for P + 2 sprays of nano-P had similar plant 

height compared to conventional 100% STD application, suggesting that reducing the 

STD to 50% level obviously reduced the tallness, while up to 75% STD there was 

little effect while highest plant height was obtained using 100% STD along with 2 

sprays of nano-P at 14 and 28 days,  i.e, 119.5 cm suggesting nano-P can either 

provide nutrients for the plant or aid in the transport or absorption of available 

nutrients resulting in better crop growth. The study by Benzon et al. (2015), 

Rathnayaka et al. (2018), Erika et al. (2019), Choudhary et al.(2018), Gomaa et 

al.(2017), Vafa et al.(2015), Jassim et al.(2019)  and Kandil et al.(2017) had  revealed 

similar findings. 

Total tillers/hill showed significant variation among different treatments. 

Treatment with 100% STD with 2 sprays of nano-P(T5) showed the highest value 

(8.87) and the lowest was T1 (6.67). All treatments registered significantly higher 

values than control (5.67). All treatments except 75% STD for P + 2 `sprays of nano-

P and control had similar effect as the treatment T5 (8.87).Miranda-Villagómez et al. 

(2019) also reported that nano phosphorus fertilizer stimulates growth rate and 

photosynthetic activity and improves P status in rice. Also another studies by  

Rathnayakaet al. (2018), Erika et al. (2019) and Kumar et al. (2014)  had registered 

similar results. 

Total chlorophyll content of leaves noted at 28 DAT indicated presence of 

significant variation among the different treatments with values ranged from 2.61 

mg/g FW (T1) to 3.61 mg/g FW (T5) with an overall mean of 3.19 mg/g FW. This 

chlorophyll content can be attributed to the actively growing stages of rice plant. 

According to Taiz and Zeiger (2006), leaves begin their development as sink organs 

and a transition from sink to source status occurs later in development resulting in 

reversal transport. Nanofertilizers may have affected their processes through its 

transportation capabilities in terms of penetration and movement within the plant 

systems. Using this nano materials, increment in total chlorophyll content was also 

resulted by the studies of Vishekaii et al.(2019), Tarafdar et al. (2013), Kumar et al. 

(2014) and Al-Jutheryet al.(2018).  
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5.2 Effect of foliar application of nano phosphorus on seed yield and its 

attributes 

Seed yield is determinant of three of its components such as effective 

tillers/hill, no. of filled grains/panicle and 1000-seed weight. In rice, increase in value 

of one or combination of these characters results in enhancement of seed yield. 

 In the present study, the agronomic characters such as effective tillers/hill, 

filled grains/panicle, unfilled grains/panicle,1000-seed weight, seed yield/hill, seed 

yield/ha and HI were affected significantly in all treatments when compared to 

control, which indicated that the application of nutrients as 100% STD or variable 

doses of  STD  for P in conjunction with 1 or 2 sprays of nano-P could positively 

influence these traits. These traits are discussed as follows. 

Effective tillers per hill showed significant increment in number using nano 

phosphorus ranged from 5.80 in control to 8.07 in 100% STD+2 sprays of nano-P (T5) 

which was 31.1% higher than control. Benzon et al. (2015) also reported that full dose 

STD in combination with nano fertilizer caused 9.10% increase in number of effective 

tiller per hill over full STD. 

Significant increase in number of spikelets per panicle and panicle length was 

observed in rice with the combination of 100% STD and foliar spray of nano 

phosphorus for 2 times. Similar result of advancement was also seen in studies done 

by Benzon et al. (2015).  

1000 seed weight is a major yield component which had a range of 22.97g in 

control to 25.13g in treatment of 100% STD for P+2 sprays of nano-P and all 

treatments recorded higher values over control. All treatments sprayed with nano-P 

were at par with the treatment applied with STD only. This indicated that 1 or 2 foliar 

sprays of nano-P along with 50% or 75% conventional P fertilizer could give similar 

seed weight, which may be attributed to the better NUE by nano fertilizer. This results 

are in agreement with Al-Juthery et al.(2018), Gomaa et al.(2017), Prasad et al. 

(2012), Abdel-Aziz et al. (2018) and Kandil et al.(2017). 

The percentage of filled grains per panicle varied from 87.18 (control) to 

91.63 (100% STD for P+2 sprays of nano-P) showing 5.1% increment over control. 

The treatment T2 comprising 100% STD (90.44%) was statistically at par with the 
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remaining treatments except control. 100% STD had shown similar effect as 

compared to the combination of 100% STD for P and 1 or 2 sprays of nano-P.  

Benzon et al. (2015) also observed 15.42% increase in total filled grains by 

combination of full STD of conventional fertilizers with full nano fertilizers over the 

full STD of conventional ones. This might be due to enhanced seed setting mediated 

by the nano fertilizer’s activities. Similar result was obtained by Kandil et al.,2017in 

wheat  using mixture of nano- fertilizer + amino acids treatment compared to control. 

The percentage of unfilled grains per panicle revealed reverse trend of filled grains 

per panicle as expected.  

The mean seed yield per hill and yield per hectare ranged from 10.92g 

to 15.65g and 17.24 q/ha to 26.23q/ha in control to the treatment with 100% STD and 

2 times foliar spray of nano-P showing 43.31% and 52.14% yield increment compared 

to control respectively whereas, HI showed similar trend ranged from 45.36% to 

54.49% with 20.13% advancement in full soil dose with 2 times foliar spray of nano-P 

as compared to control.  

The overall discussion of effect of nano phosphorus on seed yield and yield 

attributes may be vividly discussed as the treatment T5 registered the highest and 

control had the lowest values for these traits. The application of 100% STD only was 

at par with the treatments containing 50, 75 and 100% STD for P along with 1 or 2 

sprays of nano-P, except for yield/ha where 100% STD was higher than 50% STD for 

P + 2 sprays of nano-P. This suggested that full STD application had similar effect as 

50, 75 and 100% STD for P + 1 or 2 sprays of nano-P except for yield/ha whereas it 

had similar yield upto 75% STD for P + 2 sprays of nano-P and and at 50% STD the 

yield was reduced. This similar trend for yield/ha was due to the same trend observed 

for all the yield attributes like no. of effective tillers, filled grains/panicle and 1000 

seed  weight  upto 75% STD for P + 2sprays of nano-P and after that probably the 

cumulative effect of the reduced values of the components had caused reduction in 

yield. This suggested that the 2 sprays of nano-P could compensate for the 

correctional nutrition requirements of 25% STD for P fertilizers. Hagab  et al.(2018) 

reported that only using 50 or 75% of the recommended rate from nano-source gave 

higher recovery efficiency of P compared t with 100% ordinary source with almost 

similar or superior yield. This benefit from nano-P may due to its better NUE as the 

conventional phosphate fertilizers have lesser NUE reported to be below 20%. Eddy 
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(2000) advocated foliar fertilization on a viable economic way of supplementing the 

plant’s nutrients for more efficient fertilization. It is thought that foliar application of 

P could reduce the negative impact of some soil properties. Studies conducted 

elsewhere demonstrated the positive response of P in wheat and maize yields(Latif et 

al.1994). This response was evident by the foliar sprays of nano-P with variable 

dosage of STD for P as done in this study probably due to higher NUE of the nano-

fertilizers. According to Benzon et al, 2015, nano fertilizers applied in conjunction 

with reduced doses of mineral fertilizers were found to be instrumental in boosting 

yield attributes and grain yield of cereals.  

 

5.3 Effect of foliar application of nano phosphorus on seed quality parameters 

In any seed production program, maintenance of sowing quality of seed is the 

most important consideration. Various physiological parameters accounts for the 

planting value of seed, most of which are influenced by the environment prevalent 

during crop growth and post-harvest period. Knowledge of the relationship between 

nutritional status of soil and plants and the sowing quality of seed is important for the 

seed production and maintenance of better seed quality. In the present study, the seed 

quality was assessed by different quality parameters, the results were discussed 

hereunder. 

 All treatments with 50, 75 and 100% STD for P+2 sprays of nano-P 

influenced significantly the seed quality parameters such as germination, field 

emergence, shoot-root length and dry weight, SVI- I & II as compared to the control. 

However, all except 50% STD for P + 2 sprays of nano-P (T7) had positive response 

on EC, field emergence, root and shoot length and  seedling length indicating that 

50% STD for conventional P with 2 sprays of nano-P could not meet the plant’s 

nutritional requirements for these parameters. In almost all cases, 100% STD + 2 

sprays of nano-P recorded the highest and the control had the lowest value, suggesting 

that 100% STD for P + 2 sprays of nano-P could significantly enhance the seed 

quality parameters due to better NUE of nano-fertilizer. 

The seedling vigour indices SVI-I & SVI-II which are the functions of 

germination, seedling length and dry weight (g or mg) were at par among the 

treatments with 100% STD(T2) and 75% STD for P + 2 sprays of nano-P (T6) 
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recorded the highest, while 50% STD for P + 2 sprays of nano-P had lower indices, 

suggesting that only 25% of conventional P fertilizers could be replaced by 2 sprays 

of nano-P to have similar seed vigour indices. This would reduce the doses of mineral 

fertilizers and environmental pollution and increase the NUE of fertilizers avoiding P 

fixation in soil.  

5.4 Effect of foliar application of nano phosphorus on storability of seeds 

The storability of seeds is decided by the seed quality parameters after 

the seeds are exposed to accelerated ageing (AA) test. The technology of accelerated 

ageing test which is a seed vigour test. It is widely accepted as a standard method for 

predicting relative storability of a seed lot. The performance of seed in terms of 

germinability, seedling growth rate and vigour after accelerated ageing indicates the 

relative storage potential of seed lots. Higher germination percentage of aged seeds is 

an indicator of longer storability.  

 In this study, all treatments after AA showed reduced values as compared to 

normal fresh seeds and the parameters such as seed germination(%), field emergence, 

SV-I & II were positively influenced by all the treatments compared with control. In 

all parameters, 100% STD + 2 sprays of nano-P recorded the highest value and the 

control gave the lowest. For most parameters, the application of 100% STD alone 

registered similar results as with 75% or 100% STD for P + 2 sprays of nano-P except 

for 50% STD for P + 2 sprays of nano-P. This suggested that the seed vigour of 

treatments applied with 75% STD for P in conjunction with 2 sprays of nano-P could 

be same as 100% STD and hence similar storability of seeds. Similar results were 

obtained by Anandaraj and Natarajan (2017) by conducting a study on seed quality 

enhancement of onion seeds using ZnO nano particles and reported that seed 

treatment with nano particles significantly boosted the seed to retain its quality during 

storage period. 

 The reduction(%) of these parameters after accelerated ageing were highest in 

control and 50% STD for P + 2 sprays of nano-P, indicating that all treatments except 

these two could produce similar vigorous seeds as in sole application of 100% STD of 

conventional fertilizers. Lower reduction in germination, SVI-I and II after 

accelerated ageing of seeds was  observed in the treatment100% STD+ 2 sprays of 

nano-P (T5) depicting higher storage life of seeds. 
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Chapter 6                         SUMMARY AND CONCLUSION 

The field experiment was conducted during kharif season of 2020 to study the 

effect of foliar application of nano phosphorus on plant growth, seed yield and quality 

of rice (Oryza sativa L.). It was conducted in the Central Farm, Regional Research 

and Technology Transfer Station, Coastal Zone OUAT, Bhubaneswar, Odisha. The 

field experiment was laid with 7 treatments in RBD with 3 replications. The 

treatments were: T1: Control,T2: 100% STD (75:37.5:37.5 NPK kg/ha), T3: 100% 

STD+ spray of water (500 litre/ha) at 14 DAT, T4: 100% STD+ spray of nano P 

(40ml/litre) at 14 DAT, T5: 100% STD+ 2 sprays of nano P (40ml/litre) at 14 and 28 

DAT, T6: 100% NK & 75% P of  STD + 2 sprays of nano P (40ml/litre) at 14 and 28 

DAT, T7: 100% NK & 50% P of  STD + 2 sprays of nano P (40ml/litre)  at 14 and 28 

DAT. The crop was sown on 18th August 2019 and the variety Mandakini was used 

for this experiment purpose. The plots were treated with different doses of fertilizer 

(as STD), farm yard manure and seed was treated with vitavax power. The vegetative 

and reproductive growth behavior of rice in response to foliar nano phosphorus were 

recorded in the field while the seed quality attributes were evaluated in the laboratory 

after harvest.  

Observations were recorded on plant growth characters viz., days to 50% 

flowering, days to maturity, plant height, total tillers/hill, total chlorophyll content; 

yield and yield components viz., effective tillers/hill, panicle length, no of 

spikelets/panicle, filled & unfilled grains/panicle, 1000-seed weight, seed yield/hill, 

seed yield/ha, HI and seed quality parameters viz., seed moisture content, electrical 

conductivity of seed leachate, germination percentage, first count, field emergence, 

seedling root & shoot length, mean seedling length, mean seedling dry weight, SVI-I 

and SVI-II. On accelerated aged seeds, observations on germination percentage, 

seedling root & shoot length, mean seedling length, mean seedling dry weight, SVI-I 

and SVI-II. The salient outcomes of the investigation are summarized below.  

In case of days to 50% flowering, shortest days to flowering (83.33days) was 

recorded in T4,T5 and T6. There was a difference of nearly 1 or 2 days in flowering of 

various treatments. A maximum of 86 days was taken to 50% flowering by the 

control.  
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Significant difference was observed in the trait days to maturity ranging from 

107.3 days (T5) to 111 days (T1) with an overall mean of 109.3 days. Advancement in 

days to maturity was observed with application of 100% STD + 2 sprays of nano-

P(T5) followed by T6 with 100% NK & 75% P of STD + 2 sprays of nano-P. The 

control T1 (111 days) was at par with T7 (110.7 days) and T3 (110 days).   

For plant height, a significant differences among different treatments was 

observed. The value of the treatments ranged from 119.5 cm (T5) to 112 cm (T1) with 

an overall mean of 115.89 cm. The highest plant height was recorded in the treatment 

T5 (119.5 cm) with 100% STD and 2 sprays of nano-P followed by T2 (118.2 cm) 

with 100% STD which were at par with each other and showing 6.7% and 5.5% taller 

plants than control (112 cm). The lowest plant height was recorded in control(112 

cm). All treatments except T7 (113.9 cm) were at par with the treatment T2 with 100% 

STD(118.2 cm).  

The highest value for total tillers/hill was observed in T5with 100% STD and 2 

sprays of nano-P (8.87) and the lowest was in control (6.67) with an overall mean of 

8.05. All treatments registered significantly higher values than control (6.67). All 

treatments except T6 (7.60) and control (6.67) were at par with the treatment T5 (8.87). 

The mean value of the treatments for total chlorophyll content was ranged 

from 2.61 mg/g FW (T1) to 3.61 mg/g FW (T5) with an overall mean of 3.19 mg/g 

FW. Numerically higher chlorophyll content was found with 100% STD and 2 sprays 

of nano-P (3.61 mg/g FW) closely followed by T6 (3.53 mg/g FW) whereas the lowest 

total chlorophyll content was recorded in control(2.61 mg/g FW). 

The various nano treatments exhibited significant effect on seed yield and 

yield components of rice. There was a significant variation was found among different 

treatments for effective tillers/hill. All treatments registered significantly higher 

values than control (5.80). The treatment comprising 100% STD with 2 spray of 

nano-P (T5) showed highest no. of effective tillers(8.07) which is 31.1% higher than 

the control (5.80).  

The highest panicle length was observed in the treatment T5 with 100% STD 

and 2 sprays of nano-P (24.73 cm) followed by T3 (24.47cm), 

T6(24.33cm),T2(24.27cm) whereas lower panicle length was recorded in 
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control(20.87cm). All treatments registered significantly higher values than control 

(20.87 cm) and were statistically at par with T2 (100% STD). 

Numerically higher no. of spikelets/panicle (133.4) were found in treatment 

with 100% of STD and 2 foliar application of nano phosphorus and the lowest 

spikelets/panicle of 121.0 was recorded in the control. Treatments T5, T6 and T7 had 

shown significantly higher values over control (121.0). All treatments were 

statistically at par with the treatment T2 applied with 100% STD.  

A significant variation for filled grains/panicle was registered among the 

treatments with various doses of STD and foliar nano phosphorus. The mean value of 

the treatments ranged from 87.18% (T1) to 91.63% (T5) with an overall mean of 

89.86%. The maximum filled grains/panicle was recorded in the treatment T5 

(91.63%) which was 5.1% higher than control (87.18%) whereas lowest filled 

grains/panicle was recorded in the treatment T1(87.18%).  

Comparatively higher yield can be expected if the percentage of unfilled 

grains/panicle is in lower number. In the present investigation it was reported that all 

treatments showed significantly lower values than control (11.15%). The treatment T5 

(8.37%) indicated lowest percentage of unfilled grains per panicle which was 24.93% 

lower than control (11.15%) followed by T7 (8.70%) whereas the highest percentage 

of unfilled grains/panicle was recorded in treatment T1 (11.15%). The treatment T2 

comprising 100% STD (9.22%) was also statistically at par with the remaining 

treatments having variable dosage of STD with nano-P except control. 

In the present study, a positive effect of spray of nano phosphorus can be seen 

on 1000-seed weight. The mean value of the treatments ranged from 22.97g (T1) to 

25.13g (T5) with an overall mean of 24.54g. The treatment T5 with 100% STD and 2 

sprays of nano phosphorus indicated maximum 1000-seed weight(25.13g) with 9.4 % 

increment over control whereas the lowest 1000-seed weight was recorded in control 

(22.97g). The treatment T2 (24.70 g) comprising 100% STD was statistically at par 

with the remaining treatments having variable dosage of STD with nano-P except 

control. 

Seed yield per hill exhibited significant variation among the different 

treatments as revealed by the ANOVA for this trait in this study. All treatments 
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showed significantly higher values than control (10.92 g). The maximum seed 

yield/hill was recorded in treatments T5 (15.65 g) followed by T4 (15.20 g) which had 

43.31% and 39.19% higher seed yield/hill than control (10.92 g). The lowest seed 

yield/hill was recorded in treatment T1 (10.92 g). Like test weight, the treatment T2 

(14.28 g) comprising 100% STD was also at par with the remaining treatments 

including T5, T6 and T7 except control. 

The most important economic character, seed yield/ha registered significant 

differences among the different treatments. Its mean values for various treatments 

varied from 17.24 q/ha in T1 (control) to 26.23 q/ha in T5, with an overall mean of 

23.92 q/ha. The treatment T5 (26.23 q/ha) recorded the highest seed yield closely 

followed by T4 (25.82 q/ha) which had 52.14% and 49.77% higher yield than control 

(17.24 q/ha). Like test weight and seed yield/hill, the treatment T2 (24.94 q/ha) 

applied with 100% STD was also at par with the remaining treatments including T5 

(26.23 q/ha) and T6 (24.72 q/ha), but significantly higher than T7 (50% STD for P + 2 

sprays of nano-P at 14 and 28 DAT) which yielded 23.26 q/ha. 

The present study revealed the presence of a positive effect of foliar spray of 

nano-phosphorus on HI. The highest HI was recorded in the treatment T5 (54.49%) 

with 100% STD and 2 times spray of nano-p followed by T4 (54.30%) and 

T6(54.01%) showing 20.13%, 19.71%  and 19.07% higher HI(%) than control 

(45.36%), whereas the lowest was in control (45.36%). All treatments had 

significantly higher values than control. The treatment T2 with 100% STD (52.11%) 

was at par with the remaining treatments including T5,T6and T7 except control. 

Discussing the seed quality parameters, a non-significant variation was found 

for seed moisture content. The treatments mean varied from 11.14% (T7) to 12.07% 

(T5) with an overall mean of 11.57%. Numerically higher percentage of seed moisture 

content was indicated in the treatment T5 (12.03%) with 100% STD and 2 sprays of 

nano-P followed by T3 (11.82%), T6 (11.73%) T4 (11.70%), whereas lowest seed 

moisture content was recorded in the treatment T7 (11.14 %) with 100% NK & 50% P 

of STD + 2 times spray of nano-P . 

The study of effect of nano phosphorus on electrical conductivity of seed 

leachate showed significant variation where the mean value of the treatments ranged 

from 0.050 dS/m ( T7) to 0.073 dS/m (T1) with an overall mean of 0.06 dS/m. 
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Significantly lower values was observed in all treatments than T1 (0.073 dS/m).  The 

treatment T2 (0.067 dS/m) was at par with T3 (0.062 dS/m) while it was significantly 

lower than T4 to T7, indicating better vigour of these treatments compared to T2. The 

minimum electrical conductivity of seed leachate was recorded in treatment T7(0.050 

dS/m).  

 In the present study, it was recorded that all treatments showed significantly 

higher values over control (82.00 %) which depicted the minimum percentage for 

seed germination. The maximum seed germination was recorded in the treatment T5 

(93.00 %) with 100% STD and 2 times foliar spray of nano-P which was 13.41 % 

higher than control (82.00 %). All treatments including T6 and T7 except in control 

had significantly higher values than T2 (89.07%) with 100% STD only. 

First count (%) also registered significant variation among the different 

treatments in the study of the effect of nano phosphorus on this trait showing the 

maximum first count in the treatment T4 (73.67 %) with 100% STD and single spray 

of nano-P  which was 7.23 % higher than control (67.33 %) whereas the lowest first 

count value was recorded in treatment T1 (55.15 %). All treatments including T6 and 

T7 except control were at par with T2 (71.00 %) with 100% STD only. 

The mean value for field emergence was ranged from 79.00 % (T1) to 90.67 % 

(T5) with an overall mean of 86.72%. All treatments had shown significantly higher 

values over T1 (88.9 %) for this trait. The maximum field emergence was recorded in 

the treatments T5 (90.67 %) followed by T4 (88.67) and T3(88.33) showing 14.77%, 

12.24% and 11.81%, higher field emergence than control respectively. The lowest 

field emergence was recorded in treatment T1 (79.00 %). Most of the treatments 

including T6 and T7 receiving nano-P sprays but except control were significantly 

superior to 100% STD only (93.1%). 

              Shoot length is an important parameter which reflects early seedling growth 

during germination of crop seeds. In the present investigation, this parameter was 

measured on the final day of germination count and recorded highest shoot length in 

the treatment T6 (8.95 cm) which was sprayed for 2 times nano-P with 100% NK and 

75% P of STD followed by T4 (8.93 cm) and T2 (8.87 cm), whereas lowest shoot 

length was recorded in the treatment control (7.77 cm). All treatments including T6 

and T7 except control were at par with T2 (8.87 cm). 
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The maximum root length was recorded in the treatment T5 (15.20 cm) which 

was 17.83 % higher than the control, followed by T2 (14.97 cm) and T3 (14.69 cm) 

showing 16.05 % and 13.88 %, higher root length than control, respectively. The 

lowest seedling root length was recorded in treatment T1 (12.90 cm). All treatments 

including T6 except control and T7 were statistically at par with T2 (14.97 cm). 

A significant variation was found among the different treatments for seedling 

length. All treatments except T7 had significantly higher values for this trait as 

compared to T1 (20.67 cm). The maximum seedling length was recorded in the 

treatments T5 (23.94 cm) followed by T2 (23.83 cm), T4(23.50 cm) and T6(23.47 cm) 

which were at par with each other and showed 16.72 %, 15.29 %, 13.69 % and 

13.55% respectively, higher seedling length than control. The lowest seedling length 

was recorded in treatment T1 (20.67 cm).  

The mean value of the treatments for seedling dry weight was varied from 

63.9 mg (T3) to 75.5 mg (T5) with an overall mean of 70.90 mg. Maximum seedling 

dry weight was indicated in the treatment T5 (75.5 mg) followed by T4 (74.2 mg)  

which were at par with each other showing 18.15% and 16.12% higher weight than 

control whereas lowest value for seedling dry weight was recorded in control(63.9 

mg).  

The performance of crop varieties also largely depend upon seed vigour 

(Mathews, 1993). Therefore any study involving seed production and quality 

assessment, due emphasis is given on seed vigour. The common parameter used to 

represent seed vigour is the seed vigour index (SVI) which is measured by integrating 

two other physiological quality parameters germination percent and seedlings length 

(SVI-I) or dry weight (SVI-II).  In the present investigation both the parameters like 

SVI-I & II showed maximum and minimum value with the treatment T5 and T1 as 

(2226.6 & 7.02) and (1694.3 & 5.24) respectively.  

            The accelerated ageing (AA) vigour test provides valuable information on 

both seed storability and field seedling emergence potentials. In this study results 

were found as the maximum seed germination in the treatment T5 (87.67 %) which 

was 17.40 % higher than control, whereas the lowest seed germination was recorded 

in control (74.67 %). The treatment T2 (85.00%) was statistically at par with 

remaining treatments except control for seed germination. 
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Seedling field emergence after accelerated ageing indicated significant 

variation among the different treatments showing maximum field emergence in the 

treatment T5 (87.33 %) which was 18.54 % higher than control, whereas the lowest 

seed germination was recorded in control (73.67 %). The maximum and minimum 

value for SVI-I & II after AA test was recorded in the treatment T5as 1880.2 & 6.02 

whereas in control as 1298.5 & 4.30 respectively.  

However, in the present course of study for the effect of foliar spray of nano 

phosphorus, significant reduction in germination percentage and seedling vigour 

indices were noticed after accelerated ageing. Relatively lower germination, SVI-I 

and II were noticed in the treatment with 100% STD and 2 sprays of nano 

phosphorus(T5) closely followed by T4 and T7(5.00), indicating their more tolerance 

to stress and better storability of seeds. 

Considering growth parameters, yield performance and seed quality attributes, 

it may be concluded that in almost all cases the application of 100% STD @ 

75:37.5:37.5 NPK kg/ha + 2 sprays of nano-P (40 ml/litre) at 14 & 28 DAT was 

found to be most effective in giving higher plant growth, seed yield (26.23 q/ha) and 

better seed quality parameters in rice cv. Mandakini, So, if nano-fertilizer could be 

made available at similar price of conventional fertilizers, the use of nanofertilizer 

will reduce the cost of seed production and pollution will be minimized. 
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