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Abstract 
 A field experiment was conducted to assess the effect of seedling dipping and foliar application of 
phosphorus on growth, yield and economics of fine rice. The experimental results revealed that 75% 
recommended nitrogen, phosphorus and 100% recommended potassium + seedling dipping with nano di-
ammonium phosphate @ 5 ml/litre + foliar spray with nano di-ammonium phosphate @ 4 ml/litre application 
recorded significantly higher growth, yield and yield attributes, which was statistically at par with, 50% 
recommended nitrogen, phosphorus +100% recommended potassium + seedling treatment with nano di-
ammonium phosphate @ 5 ml/litre+ 2 foliar spray with nano di-ammonium phosphate each @ 4 ml/litre and 
@ 2 ml/litre and 100% recommended nitrogen, phosphorus and potassium. However, 50% recommended 
nitrogen, phosphorus +100% recommended potassium + seedling treatment with nano di-ammonium 
phosphate @ 5 ml/litre+ 2 foliar spray with nano nano di-ammonium phosphate each @ 4 ml/litre recorded 
significantly highest agro physiological efficiency. However, in terms of economics 75% recommended 
nitrogen, phosphorus and 100% recommended potassium + seedling dipping with nano di-ammonium 
phosphate @ 5 ml/litre + foliar spray with nano nano di-ammonium phosphate @ 4 ml/litre recorded highest 
net returns and benefit cost ratio . 
 
Introduction 
 Rice (Oryza sativa L.) is a major staple food for more than the world’s half population. Rice 
productivity in India is mainly dependent on judicious input use of fertilizers and accounts for 
about 35 to 40 per cent of the crop productivity. Indiscriminate and imbalanced use of inorganic 
fertilizers adversely affects the soil health and thereby reduces the soil productivity. The 
application of inorganic fertilizers viz Urea, Di-ammonium phosphate and Muriate of potash have 
been found to have lower fertilizer use efficiency in rice crop which ranges from 20 to 50 per cent 
for nitrogen, 10 to 25 per cent for phosphorus and 70 to 80 per cent for potassium (Chinnamuthu 
and Boopathi 2017) owing to leaching, volatilization and denitrification losses which contribute to 
greenhouse gases emission. To overcome these drawbacks, nanotechnology holds promise and 
nano-fertilizers provide a way in ensuring sustainable soil health and higher crop production. 
Nano-fertilizers provides nutrients in a slow and steady way to the crop as per the requirement in 
order to increase crop yield, improve quality and to improve the overall sustainability of 
agricultural systems (Tarafdar et al. 2014).  
 The eco-friendly fertilizer Nano Di-ammonium phosphate in liquid formulations are 
manufactured by Nano Biotechnology Research Center in association with Indian Farmers 
Fertilizers Cooperative Limited to avoid the imbalanced and excessive use of Di-ammonium 
phosphate. Nano Di-ammonium phosphate contains 8 per cent nitrogen and 16 per cent 
phosphorus by weight in its nano form. Seedling treatment and foliar application with Nano Di-
ammonium phosphate effectively fulfils crop nitrogen and phosphorus requirement. Seedling 
dipping with nano Di-ammonium phosphate enhances seedling vigor, promotes root growth which  
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leads to higher biomass production. Seedling dipping with nano Di-ammonium phosphate also 
results in 10 to 50%higher grain yield of rice with 40 to 60% reduction in applied phosphorus 
through Di-ammonium phosphate (Swetha et al. 2017).  However, foliar application of nano Di-
ammonium phosphate enters the leaf through stomatal and cuticular pores which increase in 
phosphorus concentration not only in shoots but also in roots, which ultimately increases the rapid 
uptake of phosphorus by rice crop (Talboys et al. 2020). Consequently, the importance of 
promoting the efficiency of phosphorus uptake and use in agricultural crops like rice becomes 
evident, while supplying nano fertilizers with phosphorus represents an alternative. The present 
study was carried out aiming at evaluating the effect of seedling dipping and foliar application of 
nano Di-ammonium phosphate on growth, yield, uptake, economics and nutrient use efficiency of 
rice plants.  
 
Materials and Methods 
 A field experiment was conducted during Kharif season 2021 and 2022 at research farm of 
Division of Agronomy, SKUAST-Jammu (32ᴼ40' Latitude and 74ᴼ58' Longitude and an altitude of 
332 m above mean sea level). The experimental soil was sandy clay loam in texture, slightly 
alkaline in reaction (pH 7.32), low in organic carbon (3.4 g/kg) and available nitrogen (252.30 
kg/ha) but medium in available phosphorus (14.02 kg/ha) and potassium (146.50 kg/ha). The 
experiment was conducted in randomized block design with three replications. The experiment 
consisted of 10 treatments viz. T1: Recommended potassium (0:0:15 kg/ha), T2: 100% 
recommended nitrogen, phosphorus and potassium (50:25:15 kg/ha), T3: 75% recommended 
nitrogen, phosphorus and 100% recommended potassium (37.5:18.75:15 kg/ha), T4: 50% 
recommended nitrogen, phosphorus and 100% recommended potassium (25:12.5:15 kg/ha), T5: 
75% recommended nitrogen, phosphorus and 100% recommended potassium (37.5:18.75:15 
kg/ha)+ seedling dipping with nano di-ammonium phosphate @ 5 ml/litre + foliar spray with nano 
di-ammonium phosphate @ 2 ml/l, T6: 75% recommended nitrogen, phosphorus and 100% 
recommended potassium `(37.5:18.75:15 kg/ha) + seedling dipping with nano di-ammonium 
phosphate @ 5ml/litre + foliar spray with nano di-ammonium phosphate @ 4 ml/litre, T7: 50% 
recommended nitrogen, phosphorus and 100% recommended potassium (25:12.5:15 kg/ha) + 
seedling dipping with nano di-ammonium phosphate @ 5 ml/l + foliar spray with nano di-
ammonium phosphate @ 2 ml/l, T8: 50% recommended nitrogen, phosphorus and 100% 
recommended potassium (25:12.5:15 kg/ha) + seedling dipping with nano di-ammonium 
phosphate @ 5 ml/l + foliar spray with nano di-ammonium phosphate @4 ml/l, T9: 50% 
recommended nitrogen, phosphorus and 100% recommended potassium (25:12.5:15 kg/ha) + 
seedling dipping with nano di-ammonium phosphate @ 5 ml/l + 2 foliar spray with nano di-
ammonium phosphate each@ 2 ml/l, T10: 50% recommended nitrogen, phosphorus and 100% 
recommended potassium (25:12.5:15 kg/ha) + seedling dipping with nano di-ammonium 
phosphate @ 5 ml/l + 2 foliar spray with nano di-ammonium phosphate each @ 4 ml/l, arranged in 
randomized block design with three replications. Seedlings of Pusa Basmati-1121 were 
transplanted at a spacing of 20 cm x 10 cm during second fortnight of July. The crop was fertilized 
with 50: 25: 15 kg of N: P2O5: K2O/ha. Full doses of phosphorus and potassium along with one-
third of nitrogen were applied as basal dose at the time of puddling. Apart from this 25% 
additional nitrogen over recommended dose of nitrogen was applied in all the treatments. The 
remaining 2/3rd of nitrogen was applied in two equal splits i.e., at 30 and 60 days after 
transplanting. Bispyribac sodium 10% SC through commercial product Nominee Gold @ 250 
ml/ha was sprayed manually with the help of knap sack sprayer using 500 litres of water. 
Recording of several important agronomic parameters, observations on plant height, dry matter 
production, leaf area index, no. of effective tillers/m2

, no. of grains/panicle, test weight, grain and 
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straw yield were taken at maturity by randomly selecting ten hills that were analyzed. Economics 
was calculated via prevailing prices of inputs and outputs. Nitrogen use efficiency, Agronomic 
efficiency (AE), Apparent nitrogen recovery (RE) and Agro-physiological efficiency were 
estimated to evaluate the effectiveness of nitrogen application.  
 
Different nitrogen use efficiency indices were calculated by using the formula given below. 
 
                                           Grain yield in treated plot (kg/ha) - grain yield in control plot (kg/ha) 
Nitrogen use efficiency =  
                                                                  Amount of nitrogen applied (kg/ha) 
 
                                      N uptake in treated plot (kg/ha) –N uptake in control plot (kg/ha) 
Apparent recovery (%) =    
                                                                    Amount of nitrogen applied (kg/ha) 
 
                                                                  Grain yield produced (kg/ha) 
Agro-physiological efficiency =  
                                                      N uptake in above dry matter at harvest (kg/ha) 
 
 Among economic parameters, net return per ha was calculated by deducting cultivation cost 
from gross returns. Benefit cost ratio was calculated by dividing net returns with total cost of 
cultivation to evaluate the economic viability of treatments. The observations recorded during the 
course of investigation were tabulated and subjected to analysis of variance techniques as 
described by Gomez and Gomez (1984). The key for degree of freedom used in analysis of 
variance is given below: 
 
Source of variations Degree of freedom 
Replications (r) 3-1= 2 
Treatments(t) 10-1= 9 
Error (r-1) (t-1) (3-1) (10-1)= 18 
Total (rt-1) 30-1= 29 

 
Results and Discussion 
 The data on growth parameters (Table 1) revealed that the growth characters of rice were 
significantly influenced by different treatments of nano di-ammonium phosphate. 75% 
recommended nitrogen +100% recommended potassium+ seedling treatment with nano di-
ammonium phosphate @ 5 ml/l + foliar spray with nano di-ammonium phosphate @4 ml/l 
recorded significantly higher plant height, dry matter accumulation and  leaf area index which was 
at par with 75% recommended nitrogen, phosphorus +100% recommended potassium +seedling 
treatment with nano di-ammonium phosphate @ 5 ml/l + foliar spray with nano di-ammonium 
phosphate @ 2 ml/l, 50% recommended nitrogen, phosphorus +100% recommended potassium + 
seedling treatment with nano di-ammonium phosphate @ 5 ml/l + 2 foliar spray with nano di-
ammonium phosphate each @ 4 ml/l, 50% recommended nitrogen, phosphorus + 100% 
recommended potassium +seedling treatment with nano di-ammonium phosphate @5 ml/l + 2 
foliar spray with nano di-ammonium phosphate each @ 2 ml/l and 100% recommended nitrogen, 
phosphorus and potassium. Significant increases in growth parameters may be attributed to the 



1028 ATTRI et al. 

beneficial effects of nanoparticles which have high reactivity because of more specific surface 
area, more density of reactive areas or increased reactivity of these areas on the particle surfaces. 
Moreover, nano di-ammonium phosphate meets immediate requirement of nitrogen and 
phosphorus, triggers the enzymatic activity and protein assimilation pathways that led to 
significant enhancement in biomass production as well as crop growth rate. These findings were in 
corroboration with the findings of Singh et al. (2021). 
 Seedling dipping and foliar application of nano-di-ammonium phosphate recorded 
significantly higher yield attributes, grain yield and straw yield with 75% recommended nitrogen 
+100% recommended potassium + seedling dipping with nano di-ammonium phosphate @ 5 
ml/litre + foliar spray with nano di-ammonium phosphate @ 4 ml/l. This might be due to the fact 
that nano di-ammonium phosphate enhances the direct availability of nitrogen and phosphorous 
which resulted in the increase in leaf area and higher dry matter accumulation. Foliar application 
of nano di-ammonium phosphate improves plant metabolic processes and photosynthesis, as a 
result it increases number of panicles and grain development, thus led to significant improvement 
in yield attributes and yield. Foliar application of nano di-ammonium phosphate at 30 days after 
transplanting and one week before flowering is directly involved in the metalloprotease and 
enzymatic activities in plant, which are more important for increased grain and straw yield and 
provide targeted delivery of nutrients throughout crop growth period. Experimental results are 
concomitant with the findings of Poudel et al. (2023), Saraiva et al. (2022). 
 Efficiencies in terms of nitrogen use efficiency, apparent recovery of nitrogen and 
physiological efficiency presented in Table 2, revealed that 50% recommended nitrogen and 
phosphorous +100% recommended potassium +seedling treatment with nano di-ammonium 
phosphate @ 5 ml /l  + 2 foliar spray with nano di-ammonium phosphate each @ 4 ml/l recorded 
significantly highest nitrogen use efficiency which was followed by 50% recommended nitrogen 
and phosphorous +100% recommended potassium  +seedling treatment with nano di-ammonium 
phosphate @ 5 ml/l +2 foliar spray with nano di-ammonium phosphate each @ 2 ml/l, 
respectively. However, 50% recommended nitrogen and phosphorous + 100% recommended 
potassium recorded highest physiological efficiency followed by 75% recommended nitrogen and 
phosphorous +100% recommended potassium. Similar findings were also reported by Attri et al. 
(2022) and Bhat et al. (2015) who suggested that synchronizing crop nitrogen demand with 
fertilizer  nitrogen supply using nano di-ammonium phosphate lead to apparent recovery of 
nitrogen and agro physiological efficiency.  
 However, maximum net returns and benefit cost ratio was recorded in 75% recommended 
nitrogen and phosphorous +100% recommended potassium + seedling treatment with nano di-
ammonium phosphate  @ 5 ml/l + foliar spray with nano di-ammonium phosphate @ 4 ml/l which 
was closely followed by 75% recommended nitrogen and phosphorous and 100% recommended 
potassium +seedling dipping with nano di-ammonium phosphate @ 5 ml/l + foliar spray with nano 
di-ammonium phosphate @ 2 ml/l. This might be due to variation in cost of cultivation and net 
returns. These results are in conformity with the findings of Kumar et al. (2014). 
 From the above findings, it may be concluded that 75% recommended nitrogen and 
phosphorous and 100% recommended potassium + seedling dipping with nano di-ammonium 
phosphate @ 5 ml/l + foliar spray with nano di-ammonium phosphate @ 4ml/l application 
recorded significantly higher growth parameters, yield attributes, grain yield, straw yield, net 
returns and benefit cost ratio and was found suitable for yield maximization and higher net returns. 
Thus, 75% recommended nitrogen and phosphorous and 100% recommended potassium + 
seedling dipping with nano di-ammonium phosphate @5 ml/l + foliar spray with nano di-
ammonium phosphate @ 4 ml/l helping farmer community to utilize the nitrogenous and 
phosphorus fertilizers efficiently and optimally. 
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