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Chapter-1
INTRODUCTION

Apple (Malus x domesticaBorkh.) a member of family Rosace&e one of the

important temperate fruit crop grown widely throogh the world. It is a source of

carbohydrate, protein and nutrients like K, P a@ad I8 India, apple cultivation is confined to
North Western Himalayan regions occupying an afesgbout 3,13,000 hectares with annual
production of 24,37,000 MT and productivity of W¥T/ha (Anonymous, 2022). Apple is

cultivated on a commercial scale in Jammu and Kaslitmachal Pradesh and Uttarakhand.
Besides, it is also cultivated on a minimal scaleNorth-Eastern states like Arunachal
Pradesh, Meghalaya, Sikkim, Nagaland and Maniptin&is the leading apple producer

country worldwide.

Himachal Pradesh has been recognized as the "Aggle of India" as it produces
best quality apples. Apple cultivation in Himaclahdesh was first established in Bundrole
in Kullu tehsil by Capt. RC Lee. Apple is the pripal fruit crop of Himachal Pradesh, which
comprises about 49 per cent of the total area ufrdiircrops and about 85 per cent of the
total fruit production. In Himachal Pradesh, thejonapple producing districts are Shimla,
Kullu, Chamba, Sirmour, Lahul-Spiti and Kinnaur opging an area of about 1,14,650
hectares with annual production of 4,81,060 MT (Ayraous, 2022).

Apple plantations are raised either on seedlinglonal rootstocks. Seeds of crab
apple or self- pollinizing varieties having gooddeviability are used for raising seedlings.
As the seedling show immense variability, clonaltstocks which are genetically uniform,
control size of the tree, enhance precocity, fquiality and nutrient uptake efficiency beside
resistance to various biotic and abiotic factorgud be preferred. Clonal rootstock can be
propagated through stem cuttings, mound layeringoligg) or tissue culture but most
commonly used method is mound layering. Tonguetigafcleft grafting, T-budding or chip
budding can be employed for propagation of apple Tmngue grafting is the most ideal
method of grafting scion cultivar on the rootstoekh more than 90 per cent bud take

success.

Nursery plants are the foundation of the orchafte guality and authenticity of the
planting materials are key factors in determinimg aachard eventual success. Therefore,

attention should be focussed on faster and lamggde snultiplication of true-to-type planting



materials. Fertilizers play a vital role in plantbogth and development and are intimately
linked to the quality of nursery plants. Nitrogemoine of the most important mineral nutrient,
improving growth, yield and quality in many hortitue crops globally. It has a crucial

impact on fruit yield and quality and also affetie taking up and distribution of other
nutrients in fruit trees. Nitrogen application i§ \otal importance for inducing optimum

vegetative growth in the nursery, for plant grovehd development, being required for
chlorophyll and enzyme synthesis and constitutimgpraponent of proteins, metabolites and
nucleic acids. Therefore, deficiency of nitrogeads to limited growth of plant organs such

as roots, stems, leaves, flowers and fruits (BaakerPilbeam, 2015).

Urea is the most commonly used source of nitrogerfdliar application due to its
high solubility in water, nanopolarity, rapid leabsorption and low phytotoxicity. It is
usually taken up rapidly through the leaf cutidteliar application of urea facilitates optimal
nitrogen management, which minimizes nitrogen Iledsethe environment. Once urea is
absorbed it is changed into ammonium and carbaxidédy an enzyme called urease, found
in the leaves of many plants. Actively growing tiss contain more urease activity than
senescing (dying) tissues. Foliar nitrogen uptake accur any time when leaves are present.
Urea is one of the most commercial and cheap soafcaitrogen. It also stimulates
absorption of other nutrients by increasing thenmability of leaf tissue. In nursery
production, foliar nitrogen fertilization is mostffective in spring and fall. Several
researchers have shown that foliar applicationitobgen have a high recovery rate than soil

application (Rosecrance et al., 1998).

In the present scenario, nanotechnology opens a veidge of opportunities in the
field of agriculture and other fields. Use of naentifizers instead of traditional fertilizers has
a major impact on crop nutrition (Rameshaiah et2815). Nanofertilizers are the nutrient
carriers developed using substrates of 1-100 nmo-danensions used solely or in
combination to improve plant growth, yield and peniance of plant. These are made from
conventional fertilizers extracted from differeriaqis or plant parts by coating them with
nanomaterials. Nanofertilizers have many other marilee nano-carriers, nano-enabled
fertilizers, bio-nanofertilizers, controlled releas nanofertilizers, nano-particles based
nutrient and nano-based delivery systems of midramis, which delivers nutrients at the

right time and in the right place.

Nanofertilizers increases the nutrient use efficjerby making nutrients more

available to leaves (Suppan, 2013). These havemgortant role in physiological and

2



biochemical processes by increasing nutrient avititly which can aid in metabolic
processes enhancement and stimulate meristemadivities, resulting in increased apical
growth and photosynthetic area. It is critical fenhancing vegetative development,
improving reproductive growth and flowering, resutin increased output, product quality,
and fruit shelf life. Some properties of nano &8s such as large surface area, unique
magnetic/optical properties, electronic states ea@lytic reactivity confer nanpoarticles a
better reactivity than the equivalent bulk materigdgrawal and Rathore, 2014). Application
of nanotechnology provide fertilizers that releageogen when crop needs it, consequently
increasing nitrogen efficiency through reductiomitrogen leaching and emissions and long
term incorporation by soil microorganisms (Naderi &hahraki, 2013; Suman et al., 2010).
Nanofertilizers control the delivery of the ferzdirs to such an extent that the nutrients are
taken up by the plant, and not lost to non-targstal] water or microorganisms (Kopittke et
al., 2019). The large surface area to volume ohtlmeomaterials helps in rapid response and
hence high plant growth effectiveness (Zahedi gt28120). Nano structures leads to easier
absorption and increased nutrient absorption throing leaves or roots (Soliman et al.,
2015).

Nano urea is a source of nitrogen, which is anregdecomponent for crop growth
and development. When sprayed at critical crop fiastages, nano urea successfully meets
crop nitrogen requirements. It is used to imprdve énvironment, soil health and farmer
profitability by replacing conventional urea antt@t nitrogenous fertilizers. In its nano form,
nano urea (IFFCO) comprises 4 per cent nitrogewdight. One nano urea liquid particle is
30 nm in size and has approximately 10,000 timessthface area to volume size of regular
granular urea. Because of its ultra small size sumfhce characteristics, nano urea liquid is

more effectively absorbed by plants when sprayethem leaves.

Nitrogen application is crucial for inducing vegeta growth in the nursery, which is
a critical phase of plant. Foliar application okarproduces greater total leaf area at each
given nitrogen fertigation concentrations (Chend Bnchigami, 2002). Foliar application of
urea leads to increase in vegetative growth (Ar@i008). Foliar sprays with urea promotes
shoot growth and leaf extension (Pares et al., ROAGliar fertilization of nano nitrogen
shows a significant impact on shoot diameter, éeah, leaf N, P and K concentrations (Doaa
and Raeesa, 2020). With the use of nano nitroden,quantity of urea being applied by
farmers to supply nitrogen to their crops can becessfully reduced to half (Kumar et al.,
2020).



Keeping in view the above points, the current ssdiave been carried out with the

following objectives:

)] To study the effect of foliar application of @r@and nano urea on growth and rooting
of Red Velox plants on Bud 9 rootstock in nursesgdition

i) To study their effect on leaf N, P and K cortten



Chapter-2
REVIEW OF LITERATURE

The literature pertaining to the present studycansy. However, following sub-heads
evaluate the studies done on several aspectsdélatihe Effect of foliar application of
urea and nano urea on growth and quality of apple arsery cv. Red Velox"

2.1 Effect of foliar application of urea on growahd quality

2.2 Effect of foliar application of nano urea omgth and quality
2.1 Effect of foliar application of urea on growthand quality
2.1.1 Plant Height

El-Otmani et al. (2002) reported that foliar apglierea represents an effective and
most efficient method as a source of nitrogen istanable citrus production system

encouraging vegetative growth.

Dong et al. (2005) evaluated the effect of timirigieea application on leaf and root
nitrogen uptake in young Fuji/M.9 apple trees. t gent®N-labelled urea was supplied to
one year old potted Fuji/M.9 trees either by fobarsoil applications. The study revealed that
the highest™®N recovery (48%) was found in September with folitrogen application
resulting in greater shoot and root developmenttatal biomass as compared to the soil N
application with lowest°N recovery (11%).

Rozek and Wojciechowska (2005) stated that theiagmn of 2 per cent urea to
broccoli foliage, drastically strengthened totalaml biomass and marketable output.
Furthermore nitrogen fertilizer treatments had bssantial effect on the content of soluble
sugars, phenols, ascorbic acid, dry matter andtagr

Narayanamma et al. (2006) observed that all treasngetting foliar sprays of water
soluble fertilizer had higher plant heights, manarith counts, fruit counts and individual

fruit weights than treatments receiving no spralgrinjal.

Robinson (2006) discovered a substantial rootstediizer interaction. Increased
fertilization resulted in greater tree growth comgohto the unfertilized control with M7

rootstock, but did not result in greater tree glowbmpared to the unfertilized control with



M.9. The results demonstrated that foliar or spipleed nutrients such as N, P, K and B
promoted tree development in young apple treesiltreg in large trees with the largest

bearing potential.

Asma et al. (2007) investigated that high nitrogeplication considerably increased
vegetative growth of apricot cv. Hacihalilagluewawer high potassium application had no

effect on vegetative growth at all.

Yildirim et al. (2007) assessed the influence dfafourea treatments on broccoli
quality, growth, mineral content and yield. Folimea administrations, particularly 0.8 and
1.0 per cent, resulted in larger heads, heaviedhead plants, as well as higher plants.
SPAD chlorophyll values increased with increasingauconcentrations in the third year. In
terms of nutritional content, soil nitrogen feddtion and foliar urea sprays enhanced the
content of practically all nutrients in both brotocultivars leaves and heads during three
experiment years. In general, 1.0 per cent urearastnation yielded the highest values for
both cultivars. According to the findings of theidy, 0.61 and 0.96 per cent doses of urea
sprays might be successfully used to achieve isecegrowth and yield in broccoli cultivars
AG 3317 and AG 3324, respectively.

Jat et al. (2007) evaluated the influence of foliega and zinc sulphate (0, 0.5, 1.0,
and 1.5%) applications on african marigolch@etes erec)agrowth, flowering and flower
yield parameters. Foliar applications of urea @tder cent and zinc sulphate at 0.5 per cent
were shown to be the most beneficial in improvingican marigold growth, floral

characteristics and flower output.

Amiri (2008) conducted an experiment to examine ¢éfffecacy of foliar and soil
nitrogen treatments on plant tissue, soil nitrogéatus and growth of '‘Golden Delicious'.
Both soil nitrogen treatment alone and soil-fol@mbination application greatly boosted
vegetative growth (shoot length). Foliar nitrogeaplecation had proved more efficient than

soil nitrogen application.

Khan et al. (2009) reported that foliar sprayinguoéa significantly enhanced plant
height, spike length, number of grains spikbundred grain weight, biological yield, grain
yield and crop nitrogen uptake of wheat. When &@att tillering, stem elongation and boot
stage, a foliar spray of 4 per cent urea solutias shown to be most efficient for improving
guantitative and qualitative features. When a 4qgeert urea solution was administered as a
foliar spray, grain yield was raised by 32 per cémtreased urea spray concentrations were



not proven to be beneficial or economical, as tieelyiced grain production by 25 per cent or

more, most likely due to toxicity.

El-Kobbia et al. (2011) investigated the influenale spraying trees with various
agrochemicals on vegetative growth, fruit dropjtfretention and yield. It was discovered
that spraying urea at pea stage alone consideratdglerated vegetative growth (shoot

length).

Jafarpour and Poursakii?011) performed a study on concurrent effect ahgis
nutrients through soil and foliar application orlgi and quality of the Red Delicious apple.
Solutions of urea, boric acid and zinc sulphate ewsprayed on the trees each at a
concentration of 0.5 per cent. The results showet there was an improvement in

generative growth and vyield.

Kumar et al. (2012) carried out research to deteentine optimal NPK chemical dose
for increasing the growth of jatti khatti seedlin§trogen, phosphorus and potassium were
supplied by 0.5 per cent concentrations of ureamdionium phosphate and muriate of
potash. The seedlings were sprayed 90 days aidrsseving and again three and six months
later. Among all treatments, the urea foliar sgi@&$%) was found to be the most efficient in

raising plant height (53.00 cm) and number of bhasqoer plant (9.75).

Yadav et al. (2014) explored the effect of foligragen and zinc applications on the
growth and vyield of cauliflowerBrassica oleraceavar. botrytis L.) cv. Snowball-16. The
experiment was set up in RBD with four nitrogenelev(0, 1.0, 1.5 and 2.0%) and four zinc
levels (0, 20, 30 and 40 ppm) applied as foliarliapppon. The results demonstrated that
nitrogen (1.5%) considerably enhanced plant heganht spread, number of unfolded leaves,
days needed for curd initiation, curd complete mgtucurd diameter, fresh weight of plant
(curd, shoots, and roots) and yield.

Jatav et al. (2016) studied the response of felmay of urea and zinc sulphate on
plant growth, fruit set and quality of guavRs{dium guajavd..) cv. “Apple Colour”. Results
indicated that foliar spray of 2.0 per cent ur@atment showed maximum plant height (0.42
m) and canopy height (0.36 m).

Khan et al. (2016) found that fertilizing peach Isags with foliar urea (2%) and
ammonium sulphate as a soil application resulteshaximum plant height (151.67 cm) and

stem diameter (15.98 mm).



Sharma (2016) investigated the influence of nutrsgmays on the growth, production
and fruit quality of the apple cultivar Red Deliggd Sprays of boric acid (0.1%), urea
(0.5%), boric acid (0.1%) + urea (0.5%) and muétip(250mI/100 litres of water) were used
as treatments. In terms of shoot length, urea (P@@duced the greatest growth.

Wagan et al. (2017) performed a study on the efféévliar applied urea on growth
and yield of wheatT(riticum AestiviunL.). Six treatments used werg(Tontrol), T, (Urea
@ 1%), & (Urea @ 2%), T (Urea @ 3%), § (Urea @ 4%), §d(Urea @ 5%). It was found
that foliar applied urea @ 5% showed maximum plagight (97.1 cm), number of tillers
plant* (10.0), spike length (12.4 cm), spikeletes spik&2.5), number of grains spike
(65.4), grain weight spikke(26.4) seed index (73.2 g), straw yield (6275.%kd) and grain
yield (5774.6 kg hd).

Zubair et al. (2017) conducted a study on impadbbér application of urea on fruit
set, return bloom and growth of apple cv. Red Dalis and results revealed that maximum
tree spread (2.99 cm), tree volume (21.5%), iree cross sectional area (14.63 and 14.46
cn?), trunk girth (76.98 cm) and shoot extension glo¢@5.49 cm) was increased by 2 and 5
per cent urea applied at 10 per cent leaf fall.

Oad et al. (2018) investigated the effect of folpplied urea on the growth and yield
of sunflower and found that foliar urea sprayingl laasubstantial effect on sunflower growth
and yield characteristics as well as oil yield. Thest effective treatment, which included
foliar application of urea (1%) after 35 days ofverg in addition to the recommended soil
applied urea (130 kg Hha-yielded promising results, including 89.61 pemtceseed
germination, 179.65 cm plant height, 5.39 cm stemn,g22.43 cm head diameter, 2063.25
grains head, 68.51 g seed index/1000 seed weight and 2215 %@éd yield ha

Banyal and Banyal (2019) observed that under mh-€onditions in the mid
himalayas, the application of Urea @ 1.0% + Agromis% produced the maximum plant
height (29.17 cm), girth (1.10 mm), shoot extengjoowth (45.25 cm) and tree spread (14.23
cm) of apple trees.

Saritha et al. (2021) showed that foliar applicated urea @ 0.1 per cent improved
growth parameters viz., shoot length (76.07 cminloer of shoots of branch (26.64) of apple

ber Zizyphus mauritiana

Gharaei et al. (2022)onducted a study on tleéfect of repeated foliar application of
urea on growth and fruit quantity d?istacia veracv. “Kalleh-Ghuchi'The impact of
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repeated foliar applications of 0.5 percent uregistachio growth and yield was examined
at three different periods of fruit developmentc(uding commencement of embryo growth,
fast growth of embryo and during flower bud absoissvith two weeks interval).Growth

characteristics such as shoot length, leaf numbertlze length of internode were increased
by increasing urea application events. By incraasirea application events, growth traits

including shoot length, leaf number and internaaeth were enhanced.
2.1.2 Leaf Area

Cheng and Fuchigami (2002) discovered that feindjzbench-grafted Fuji/M.26
apple Malus x domesticaBorkh.) trees with a nutrient solution (fertigat)ocontaining 0,
2.5, 5, 7.5, 10, 15 or 20 mM nitrogen (N) resuliadgreater total leaf area at each N
fertigation dosage.

Dubey et al. (2003) evaluated the effect of growatceleration inCitrus latipes
rootstock seedlings by foliar application of gibdéléc acid and urea. It was observed G&
50 ppm + 1% Urea sprays significantly increasedtpleight, leaves per plant, leaf area,

fresh and dry weight of shoots and root growth.

Govind and Singh (2003) reported that in the cirstamces of Meghalaya,
phosphorus treatment followed by nitrogen consiolgranproved the number of leaves per
plant in khasi mandarin seedlings. The vigour &f $keedlings was also found to be greatest

with urea spray at 0.5 per cent concentration.

Rackso et al. (2005) examined the effect of nutrerpply on apple fruit quality.
Base fertilization and granular formulation (100%KPand 50 kg ha N) was applied in
January and liquid foliar formulation (25 kg hawas applied at weekly interval in May. It
was discovered that nutrient supply increased atigetarea. The results also revealed that
increasing nitrogen dosages enhanced leaf density.

Rohela (2005) observed that a 1.5 per cent fopaaysincreased leaf size in rough
lemon seedlings. It was further discovered thagholemon seedlings with foliar spray of 1.0
percent urea + 100 ppm GAat fortnightly intervals, up to buddable stagepwéd the
highest shoot dry weight.

Jamwal et al. (2007) studied the effect of uregafaireatment on gladiolus. Urea
(2%) sprays and their combinations were applie2zDatl0, 60 and 80 days after planting. The
number of shoots per plant increased drasticalthasiumber of urea (2%) sprays increased.
A delayed urea spray reduced the number of leaeespfant. The leaf area per plant

9



increased substantially as the quantity of spragseased. With increasing urea frequency,
the number and weight of corms and cormels gerteade plant, as well as the propagation
coefficient, decreased. The floral growth charasties improved dramatically as the

frequency of urea administration increased. Thdyeand frequent spraying resulted in a

considerable increase in spike length.

Amanullah et al. (2009) found that up to 6 per agnéia level, the plant height, leaf
area, number of grains per cob and per line (10§@jn weight and grain and stover yields

were significantly increased in maize.

Al-Imam (2010) observed that varying nitrogen leviedve a substantial effect on leaf
area in an experiment to evaluate the effect obgén fertilization on vegetative growth and
yield of the Anna apple cultivar. The maximum valuas obtained after fertilizing with 120
kg N ha', whereas the lowest value was obtained in therabriEhe increase in leaf area
could be attributable to nitrogen treatment impngvcell size and cell number, as well as an

increase in net photosynthesis and leaf growth.

Pares et al. (2010) conducted an experiment ineajppés to investigate the effect of
nitrogen fertiliser by foliar sprays or fertigatiofoliar sprays enhanced shoot and leaf
extension development, however soil treatmentslitiéel influence on growth or cropping

metrics.

Verma and Chauhan (2013) evaluated the effecttegrated nutrient application on
apple yield and soil fertility in Himachal Pradet@mperate zone. The results showed that

increasing the nitrogen dosage promoted plant dpwetnt, particularly leaf size in apples.

Mahmoodabad et al. (2014) performed an experimestudy the changes in yield
and growth of green mint under foliar applicatioh wrea and soil application of
vermicompost. They used different concentrationaref foliar spray (1, 2 and 3%). It was
found that urea foliar spray @ 3 per cent exhibitekimum stem diameter and plant fresh

weight and urea foliar spray @ 2 per cent resultedaximum leaf area.

Singh and Singh (2014) studied the effect of déiferfoliar urea applications on
growth and essential oil accumulation in lemon gi@&ymbopogan flexuosus) to estimate
the yield components, namely, plant height, tillpes plant, biomass yield, essential oll
accumulation, with treatment of different urea dgsemely, 1, 1.25, 1.5, 1.75 and 2 g/plant
compared to the untreated control. Foliar applcatof urea at 2 g/plant resulted in the
greatest plant height (92.7 cm), number of tillpes plant (106.05) and herb production
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(357.1 g/plants), whereas 1.5 g urea/plant resutiethe greatest increase in essential oil

content and leaf area.

Bani and Salih (2020) investigated the responsesaine vegetative growth
characteristics of peaclPrunus persicd.) cv. Dixired transplants to foliar spray with are
and some growth regulators. Urea was applied witardnt concentrations (0, 1% and 2%).
Results showed that the transplants spray with emeaentrations significantly gave the best

increase in length of shoots, leaf area, increaseimber of shoots and height of transplants.
2.1.3 Leaf chlorophyll content

Kannan et al. (2002) discovered that foliar appiccaof urea at a rate of 1.5 per cent
at monthly intervals from March to December resliitethe greatest increase in leaf number
(385.26%) in rough lemon seedlings. They obsertedgreatest increase (60.68%) in leaf
length with 1.0 per cent foliar spray, followed by per cent (60.09%) and the least increase
(37.35%) with control. It was found that 1.5 pentcarea foliar spray resulted in the highest
total chlorophyll synthesis (1.48 mg)gin rough lemon seedlings. Foliar applicationsiaa
at rates of 1.0 and 1.5 per cent increased thegaitr content of leaves in rough lemon
seedlings by 2.8 per cent, while the control hadithvest nitrogen content (1.68%).Theyalso
determined that the control treatment had the gs¢gthosphorus level (0.21%), whereas the
0.5 percent foliar spray of urea had the highetiggium concentration (1.75%). The highest

increase in dry weight (63.76%) was obtained withpger cent urea foliar spray.

Bi et al. (2008) investigated the rate of nitrodertigation during vegetative growth
and spray applications of urea in the fall on gtowhd flowering of florists Hydrangeas.
Plants were fertigated with 0, 70, 140, 210 or 88PL* nitrogen (N) from and sprayed with
0 per cent or 3 per cent urea. It was found thpeBcent urea significantly increased the
nitrogen concentration (%) of stems and leavesimgado improved growth and also

increased the leaf chlorophyll content.

Venkatesh and Basu (2011) conducted a study orfthet of foliar application of
urea on chickpea under rainfed condition. In cattta no spray or water spray, the results
showed that foliar application of urea increaseahbhing in chickpea by 8-23 per cent. At 75
days after sowing (DAS), 2 per cent urea spray ghlotive highest grain production and yield
characteristics. Additionally, the findings revehtbat 2 per cent foliar urea application at 75
DAS significantly enhanced seed size, leaf and séeoljen contents, as well as seed protein
content. Significant correlations were found betwélee growth of seed protein and leaf
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nitrogen content and the SPAD chlorophyll metreugalUnder rainfed conditions, the urea
applications increased the number of branches &wdaded in the generation of overall

biomass.

Rahman et al. (2014) envisaged that there was stasuial effect in total dry matter
output, leaf area index and SPAD values for chloytipcontent with 2 per cent urea foliar
spray in wheat. It was established that foliar gpi@f 1 per cent urea solution at the tillering,
jointing and booting stages, along with 20 kg le& N at crop emergence, aided in increasing
wheat yield and yield components.

Aggarwal et al. (2015) conducted a study to deteenfiow the chickpea would react
to foliar applications of nitrogen using urea atizas growth stages. With foliar spraying of
2 per cent urea at various growth stages of thp, glant nodule counts, nodule dry weight
and leghaemoglobin concentration considerably aswd over unsprayed control. With a
foliar spray of 2 per cent urea during pod inibatistage, the maximum quantum efficiency
of Photosystem Il and chlorophyll kinetics were etved. With 2 per cent urea foliar spray
applied at various growth phases, yield parameiie@spods/plant dramatically increased in
comparison to no spray treatment. The maximum greisgns, net returns and benefit cost
ratio over unsprayed control were obtained fromafo$praying with urea (2%) at the pod

start stage.
2.1.4 Leaf N, P and K content

Johnson and Amdris (2000) conducted a researchaw $hat nitrogen (N) supplied
to peach and nectarine trees as foliar urea infaheas quickly taken up by leaves and
disseminated throughout the trees organs, incluttiegoots. The application of urea to the

leaves raised the nitrogen content in the leaves.

Kolota and Osinska (2001) observed that supplerhésitar nitrogen fertilization at
varying rates (1.5% and 3.0%) during cabbage croptip considerably improved the plants

mineral status and enhanced cabbage production.

Fallahi et al. (2002) investigated the effect oflidio urea treatment on tree
development and fruit quality of 'Fuji' apple ahe distribution of urea-derived nitrogen (N)
in shoots and branches of 'Golden Delicious' apptier two different studies. Three rates of
urea (46% real N) were administered as foliar spi@;, S and S) as well as one ground
treatment of urea at the lowest rate was commosey wn young apple plants. During 1992,
trees were sprayed at following rates: 3.2 g umalipre (S), 9.6 g urea per litre ¢pand
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16.0 g urea per litre. During 1993 and 1994, trgese sprayed at following rates: 1.6 g urea
per litre (Q), 4.8 g urea per litre ¢pand 8.01 g urea per litred)]SThe results revealed that as
the overall amount of nitrogen applied increasée, leaf nitrogen also increased. Leaves
from trees treated with ground treatment showecetquer cent dry weights than leaves from

all other foliar treatments.

Furuya and Umemiya (2002) conducted a study touewal the most efficient
chemical form of foliar nitrogen (N) treatment foeach Prunus persicaBatsch.) trees and
discovered that peach leaf treatment with urea mase successful than other inorganic

forms of nitrogen in increasing nitrogen content.

Porro et al. (2002) concluded that foliar spray9{8% MgO, 4% CaO, 3% N + B,
Zn, Fe) and k (15% CaO, 3% N + B, Zn, Fe) alone or in combirmatenhanced the
concentration of nitrogen and potassium but deeck#se concentration of phosphorous and
magnesium in the leaf relative to the control wkardying the nutritional status of apples in

northeast Italy.

Dong et al. (2004) assessed the effect of foliar swil nitrogen treatments on apple
tree development and soil nitrogen status. Theree Vi@ur treatments and one control in
which the same quantity of nitrogen as urea wasimdtared once every two weeks
beginning when shoot growth surpassed 5 cm. Theltsesevealed that foliar nitrogen
spraying in the early and late seasons, as wedb#édertilization in the middle of the season

enhanced nitrogen fertilizer absorption and vegetagrowth.

Wargo et al. (2004) conducted a study on the eftéanitrogen fertilization,mid-
summer trunk girdling and AVG treatments on mayuaihd quality of jonagold apples. They
discovered that soil applied N @ 30 kg'hand foliar urea sprays @ 1 per cent in apple

enhanced the amount of nitrogen in the leaves.

Ehsan (2007) revealed that nitrogen fertilizer mapion resulted in a considerable
increase in tree height of 'Anna’ and 'Vistabealpgle cultivars while examining the influence

of sulphur and nitrogen on vegetative developmadtraineral content of apple trees.

El-Tanany et al. (2009) revealed that valencia geatmees budded on volkameriana
rootstock received foliar applications of urea &t fder cent or 3.0 per cent in mid-December
or mid-January, which improved the number of flosfleranch, fruit set/branch and number
of fruits/tree. The results also showed that trggsyed with 1.5 per cent urea solution in
mid-January had higher average fruit weight, leragtd yield than controls, but that varied
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urea treatments only had an impact on fruit diamigtehe second season. For most urea
treatments, juice volume per fruit also increasdte application of urea to trees raised the

leaf nitrogen and ammonium contents while alsocéfig total acidity and vitamin C levels.

Chermahini et al. (2010) concluded that using imee winter enhanced the level of
nitrogen for two weeks inrange cv. ‘Valencia'Different urea concentrations improved the
number of flowers, ovary diameter and fruit sete Fiigher the urea concentration (1%), the
greater the effect. When it came to timing, ureeg® weeks before full bloom had the
greatest influence on flowering, whereas urea sprayeeks before full bloom resulted in

greater ovary diameter and fruit set.

Brunetto et al. (2012) found that while the folratrogen applications increased the
nitrogen contents in the entire leaves, they hackffiect on the nitrogen contents in the
annual offshoots in a study on the nitrogen contamd reserves in annual leaves and

offshoots of apple trees that were receiving faliérogen fertilization.

Raiesi and Moradi (2019) found that 0.5 per cehitsm of urea when sprayed on to
20 years old orange trees during January, MarchJane resulted in greater leaf nitrogen

content.

Masta et al. (2022) performed a study where thirtéeatment combinations,
including two nitrogen levels—NO0.5 (0.5% urea) aNd.0 (1.0% urea); two potassium
levels—K1.0 (1.0% KNG@) and K2.0 (2.0% KN@) and two application times—September
and January were arranged in a Randomised Bloclgidd1.0 + K2.0 (2 sprays at 15-day
intervals in September) (2.71%), N1.0 + K1.0 (lagpm September and 1 in January)
(2.55%) and N1.0 + K2.0 (1 spray in September anoh Danuary) (2.52%) were the
treatments that produced the highest levels of eafreatment N1.0 + K2.0 produced a

maximum (0.34%) phosphorus concentration (1 spaai & September and January).

Mohammadi and Khezri (2018) studied the effectabfaf applications of urea (46%
nitrogen), zinc chelate (40% zinc) and boric ad@% boron) on the growth parameters,
photosynthesis and leaf nutrients of 'Mazafati'edpalm offshoots. The experiment was
conducted in a controlled greenhouse using a tlghlguRandomised Block Design with
seven treatments and ten repetitions. Control, (@@aand 1%), zinc chelate (1000 and 2000
ppm) and boric acid (2000 and 4000 ppm) were #miiments. The results showed that foliar
application of fertilizers increased the growth ralwderistics of date palm offshoots. The

highest leaf and root development was seen with liger cent and zinc chelate 1000 ppm.
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2.2 Effect of foliar application of nano urea on gowth and quality
2.2.1 Plant height

Rathnayaka et al. (2018) examined the effects @d and nano-nitrogen fertilizers on
rice Oryza sativalL.) cultivar 'Bg 250’. T-Control (No fertiliser), 3-100% recommended
fertiliser (Urea, TSP and MOP)3T75% Urea + 25% Nano-Nitrogen (Usual TSP and MOP)
fertiliser, T4-50% Urea + 50% of Nano- Nitrogen (Usual TSP andRi@ertilizer and ¥-
100% Nano-Nitrogen (Usual TSP and MOP) five treatim&vere applied. The use of 100 per
cent nano-nitrogen fertilizer resulted in the bgstwth performance in terms of plant height
(57.9 cm), tillers per plant (6) and plant dry weithroughout the ripening period (9.9 g).

Vishekaii et al. (2019) conducted a study wher@fahpplications with two sources
of nitrogen (urea and nano-chelated nitrogen feeti) were given to 15-year-old ‘Zard’ olive
tree. Fertilizers were used at the concentratiod.21g () and 2.95 g (Y urea, 6 g (hano-
N;) and 8 g (nano-N nano-chelated nitrogen, corresponding to 1.08:;gad nano-) and
1.36 g (U and nano-B) pure nitrogen per litre. Results revealed thatddd nano-M
treatments increased both the shoot length andntimber of leaves per shoot when
compared with the other treatments in the first aedond years, respectively while the

minimum values for those traits were found in cohtr

Zahedi et al. (2020) depicted that nanofertilizgigs) plays very important role in
increasing vegetative growth, improving reproduetigrowth and flowering, thereby
increasing productivity, product quality and ulti@lg increasing shelf-life and decreasing
fruit waste when sprayed at low concentrationsrait frees at different time intervals and in

frequent sessions and also considered these ashgsbmulants.

Midde et al. (2021) conducted a study on the efééatano nitrogen on growth and
yield attributes of rice. Results showed that usialf the recommended amount of nano urea
resulted in the highest plant height (104.7 cmnber of tillers (348), LAl (5.73) and yield
attributes including filled grains per panicle (195and grain vyield (7056 kg fip as well as
straw yield (8342 kg h§. The current situation suggests that chemicdilifears encourage
soil evaporation and eventually the soil may ngtmbe suitable for agricultural production.

To sum up, nano fertilizers are an effective stgtifor chemical fertilizers.

Rajesh et al. (2021) studied the impact of folipplecations of nano-nitrogen and
nano-zinc on the growth and yield of sweet corrpsrand found that the values of plant
height (225.7 cm), green leaves per plant (1216@jf,area (7130 chplant), leaf area index
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(5.94), total dry matter accumulation (295.2 g pfanSPAD (61.74) and NDVI (0.80) were
all significantly influenced. With 75% N + foliaipalications of chemically produced nano N
@ 4 ml L* and chemically synthesised nano Zn @ 2 thiat 25 and 50 DAS, respectively,
nitrogen absorption (246.2 kg Hawas greater.

Velmurugan et al. (2021) studied the effect of narea on growth and yield of rice
under island conditions. Different treatments giweare NPK (T1); N1odPK (T2); NsoPK
(T3); NgsPK (T4); T3 + nano urea @ 0.2% {f T3 + nano urea @ 0.4% {f T, + nano urea
@ 0.2% () and T, + nano urea @ 0.4% 4l It was observed that plant growth parameters
like plant height, number of leaves, number o€tsgl root length, root mass and shoot mass

was found maximum in treatmens ¥ nano urea @ 0.4%.

Samanta et al. in (2022) conducted a study to coenihee effectiveness of applying
urea and nano urea to the leaves of finger milleé results showed that in terms of growth,
yield characteristics and finger millet yield, tieatment consisting of 40 kg N ha 2
sprays of nano urea @ 4 mf ladministered at tillering and pre-flowering stages superior

to the other treatments.

Arya et al. (2022) performed a study to assessntipact of various nano urea doses
on pearl millet yield characteristics and yield eT$tudy found that the treatments used had a
substantial impact on the production of pearl milla significantly higher number of
productive tillers plant (3.79), earhead length (26.82 cm), earhead girh¢m), number of
grains earheall(2,462), test weight (15.64 g), grain yield (3,34g ha') and stover vyield
(5,136 kg hd) were observed with the application of 50% RDNbasal + 0.5% Nano-urea

foliar spray at panicle initiation and booting stag

Gangwar et al. (2022) assessed the effect of falglication of nano-fertilizers on
growth and yield treatment on yield of wheat varigD 2967. § (N, P, K and Zn of 60, 60,
40, 5 kg hd applied in combination with nano urea in the ratic00 ml h&) and & (N, P,

K and Zn of 60, 60, 40, 10 kg happlied in combination with nano urea in the raticc00
ml ha') significantly increased plant height, tillers gglant, grains per plant, grain vyield,
straw yield and harvest index as compared;t@cdntrol).

Goudet al. (2022) found thdoliar application of nano urea @ 2-4 mfdignificantly
improved growth and yield of rabi sunflower whenmgared to no nitrogen application
treatment. Application of nano urea @ 4nil $howed higher growth response (Plant height,
LAI, dry matter (g) per plant) as compared to oth&no urea treatments.
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Pandav et al. (2022) conducted a study on theteffegitrogen levels and nano urea
on mustard Brassica juncepgrowth, yield and quality under lateritic soilt Konkan. The
treatments comprised of various levels of 0, 1@ ©f RDN and sub factor (nano urea) O,
20, 40, 60, 80 ppm at 30 and 60 DAS. The resuttEated positive effects and higher values
on plant height, number of branches pfamumber of functional leaves planand dry
matter production at 40, 60, and 80 DAS (Days a$mwing) of mustard crop with the
application of 75% RDN and two spray of nano uread@ppm whereas, least values were
recorded with untreated controh ) treatment combination.

Samui et al. (2022) carried out an investigatiomaiy maize growth and productivity
as impacted by foliar application of urea and narea. Results revealed that adoption of
100% RDN + foliar spray of nano urea @ 4m, ltwice at knee stage and tasseling stage
significantly influenced morphology, yield attrilmst and yield of rabi maize. Adoption of
75% RDN + foliar spray of nano-urea @ 4mt &t knee and tasseling stage was found to be
an ideal technological adjunct to achieve sustdlityalin irrigated maize, as this treatment

was found to be on par with 100% RDN in terms afvgh, yield attributes and maize yield.

Priyadarshana et al. (2022) performed a study wtieee distinct techniques of N
application were used at fortnightly intervals:-Granular application at 4gfimN,-2% foliar
spray and MIFFCO nano urea at 5 mi*Lof water in bermuda grass. Plots treated with nano
urea outperformed plots treated with granular uneterms of growth response. Treatment
SiN;3 (10 x 10 cm spacing with 5 ml™Lof water nano urea foliar spray) had the greatest
values for practically all morphological paramet@esaf length 3.43 cm, internodal length
3.63 cm, shoot length 52.46 cm, root length 11rhlaad percent cover 101.25%).

Rathod et al. (2022) investigated the influenceario urea on the growth of french
basil Ocimum basilicumL.) cultivars in Southern Telangana. The highestnplheight,
highest number of branches per plant, highest nurobdeaves per plant, highest plant
spread N-S and highest plant spread E-W were obdenvh - 75% RDN+ Nano Urea @ 2
ml L™ (2 sprays at 30, 60 DAT), respectively as compévesther treatments and control.

Rawate et al. (2022) assessed the effect of nagep am productivity of wheat under
irrigated condition. It was found that treatment(T00 percent N + 2 spray of urea (5%) at
tillering and jointing stages) recorded the highglsint height, total tiller count, dry matter
accumulation (g plaf), ear length (10.59 1), number of grains ear hedd28.10), test
weight (43.65 g), grain yield (42.76 ghaand straw yield (40.32 q HiaThis treatment was

17



superior over other treatments but was at par Witlf100% N + 2 spray of nano urea at

tillering and jointing stages).

Vinayaka et al. (2022) evaluated the effect of narea on the growth and yield of
jamun cv. AJG-85 under the HDP system and found tleatment § (75% RDN through
urea + 0.4% nano urea) was the most effective, thighmaximum incremental plant height
of 0.42 m, incremental stem girth (0.48 cm), inceamal plant spread [(E-W) and (N-S) of
Jamun, i.e., 0.80 m and 0.53 m respectively] actemental canopy volume (8.7CF)was
recorded nine months after foliar spray.

Bhakher et al. (2023) carried out an investigabonthe effects of sulphur and foliar
spraying of nano urea on sunflower development aalll. The results indicated that the
application of sulphur at a rate of 40 kg'halong with nano urea (3ml) produced the
highest diameter of capitulum (14.85 cm), numberseéds per capitulum (453.67), test
weight (44.58 @), seed yield (1.70 thHaoil content (37.73%) and B:C ratio (2.54), white
application of sulphur at a rate of 40 kg'halong with nano urea 4ml™L produced the
higher plant height (118.83 cm), plant dry weigt.08 g) and stover yield (3.36 tha

Bhatti et al. (2023) studied the effeat different doses of urea and nano urea on
growth and yield of guava&idium guajavd..) cv. Lucknow-49 Factor A comprised of two
nitrogen fertilizer doses: 100% RDN and &80% RDN. Whereas, factor B comprised of
different nano urea concentrations;-0N1% nano urea, ND.2% nano urea, ND.4% nano
urea, N-0.5% nano urea, N0.6% nano urea and control (RDF). Results reve#ted
maximum incremental plant height (0.82 m) and in@atal plant spread (N-S) (1.03 m)
were observed in 0.5 per cent nano ureg (®ich was at par with 0.6 per cent nano urea
(Ns). In case of incremental plant spread (E-W) (0189 the result was found maximum in
0.6 per cent nano ureadNollowed by 0.4 per cent nano ureasN

Choudhary et al. (2023) carried out a study to rd@tee the effectiveness of nano-
nitrogen on various growth parameters of oats d#ff@ct growth and yield, including plant
height, population, number of leaves, leaf lentghf width and the total number of tillers per
plant. They found that 30 days after seeding (DA&)plying 100 per cent of the
recommended dose of nitrogen (RDN) through urea7angder cent RDN with 25 per cent
nitrogen through nano-nitrogen produced the bestli®

Islam et al. (2023) studied the effect of nano uiaer spray on yield and yield
attributes of black gramVfgna mungoL.). Under a Randomised Block Design, three
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different treatments were used: Control (no fei) (T, Farmers Practice
(recommendation to apply fertilizer as a basal dase top dressing during active growth)
(T2) and nano urea (2-4 ml of nano urea (4% N) in ldne of water and sprayed on crop
leaves at its active growth stages))(Different types of nitrogen (urea) had a consabée
impact on yield and yield-contributing traits. Ti@&nt T3 produced the maximum plant
height, number of primary branches per plant, lsrggeld of grain (1587.33 kg Hj
whereas T produced the lowest (983.33 kg™halt was clear that by using nano urea as a
foliar spray during active growth stages, blackngigrain production significantly enhanced.

Sannathimmappa et al. (2023) revealed that higlaet peight (220.00 cm), number
of green leaves plaht(12.9) and dry matter per plant (358.00 g) wereomed in the
treatment which received RDN (100%) along with tsgrays of 0.4 per cent nano N and
nano Zn @ 35 and 45 DAT in maize.

Ranjan et al. (2023) assessed the effect of feljmay of nano urea on yield and
economics of rice. Results revealed that treatieif00% RDN through urea along with 2
foliar sprays of nano urea (4mi'). at AT (Active Tillering) and Pl (Panicle Initiatn)
significantly produced the highest number of tdlepanicles, filled grains, 1000-grain
weight, grain yield and straw yield in rice. Undmmtrol, the lowest grain and straw yields

were observed.
2.2.2 Leaf Area

Roshdy and Refaai (2016) compared the effects afo nBlPK fertilisers and
traditional NPK fertilisers on the growth and fing of the zaghloul date palm. N, P and K
were added as nanoand conventional at 500 and 260nd 500; 250 and 500 g/palm/year,
respectively. Results showed that nano technologpliation of N at 500and1000
g/palm/year, as well as P and K each at 250andgfidlm/year significantly improved the
leaf area and its content of chlorophylls a, baltehlorophylls and the maximum values for
leaf N, P and K content (%) were recorded withdpplication of NPK via nano technology

at 1000, 500 and 500 g/palm /year, respectively.

Jassim et al. (2019) studied the effect of foligplacation of nano fertilizer with three
levels (0, 1 and 2 g/l) super micro plus that com#dN 5%, P 3%, K 3%, Fe 4.5%, Zn 8%,
Ca 6%, Mg 6%, Mn 0.7%, Cu 0.65 %, B 0.65%, Mo 0.E%)l three times of application at
(tillering stage, booting stage, flowering staga)smme components of growth and yield of
rice (Oriza sativalL.) Amber 33 variety. Results indicated that 2 gfhano fertilizer showed
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maximum plant height (125.67 cm), panicle length.22 cm), flag leaf area (26.53 &n
number of seeds per panicle (123.33), number oicfgaper nf (323.8), fertility (16.67%),
weight of 1000 seed (20.31 gm) and grain yield (5#0.m?). However, application at
tillering stage resulted in maximum panicle len¢®4.78 cm), flag leaf area (25.34 Om
number of seeds per panicle (119.22), fertilityceatage (18.67%) and weight of 1000 seeds
(19.64 gm). The interaction of foliar treatmentdis/and times in level 2g/l at tillering stage
resulted in highest plant height (127.67 cm), paniength (26 cm), flag leaf area (27.11
cn?), number of seeds per panicle (125.67), numbepanficle per rf (329), percent of
fertility (15.67 %), weight of 1000 seed (20.53 gamyd grain yield (547 gm.f).

Al-Asally and Al-Hijemy (2022) carried out an intggtion to evaluate the effect of
soil application of Bio-Stimulator and the foliap@ication of nano-nitrogen in improving
vegetative characteristics of mandarin seedlingsed concentrations of nano-nitrogen were
applied to the leaves (0, 2, 4 mt)L The results revealed that, in contrast to teatment
control, the foliar application of nano nitrogemtilizer at N, (4 ml L) improved the branch
length, secondary shoots number, stem diameteedemea, dry weight of vegetative growth
and chlorophyll content of leaves.

El-Rahman and Abd-Elkarim (2022) carried a studytloe impact of using nano
nitrogen fertilizer compare to conventional form ke growth, yield and nutritive value of
the fruits of zaghloul date palm grown under Qdbgypt condition. Results indicated that
nitrogen fertilization as nano form significantljfexcted the vegetative growth of zaghloul
date palm i.e. leaf area and leaf N and K contémt®oth seasons. Increasing the N
fertilization dose of nano formulation from 20 t0 Ber cent of recommended dose increased

the leaf area and leaf content of N and K whild, bt affect the leaf phosphorous content.

Kaviyazhagan et al. (2022) showed that by appl@g N as granular urea (GU) at
the base, 25% N as nano urea (NU) at the fourdtafe, 25% N as nano urea at the eight-
leaf stage and 25% N as nano urea at the tassthigg () proved superior by registering
better growth characters like plant height, drytergbroduction, leaf area index, crop growth
rate (CGR), absolute growth rate (AGR), relativevgh rate (RGR), net assimilation rate

(NAR), green cob yield and green fodder yield anpared to other treatments and control.

Abobatta and Fatma (2023) studied the effect ofaused nano-nitrogen spray
treatments on some citrus rootstock seedlings.emfft treatments given were control,
nitrogen nano particles (Nn) at 500 ppm, nitroganmparticles (Nn) at 750 ppm, urea at 500
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ppm, urea at 750 ppm. Results revealed that fapatication with nitrogen nano at 750 ppm

showed maximum values for all growth paramterespilant height, stem diameter, number
of leaves per seedling, leaf area, fresh and dight® of three plant organs (shoots, leaves,
roots) total plant dry weight and top/root ratio.

Chavan et al. (2023) examined the effect of fobaplication of nano nitrogen
fertilizer on growth and yield of sorghur®grghum bicoloi.). The study findings showed
that treating 100% RDN with commercial urea in tegual splits at sowing and 30 DAS
produced greater growth attributes i.e. plant heighmber of functional leaves at 90 DAS,
leaf area per plant, dry matter per plant at 90 P@®nber of internodes per plant at harvest,
days to 50% flowering and circumference of stemvds followed by foliar sprays of 125%
RDN with nano urea in three equal splits -15, 3@ 45 DAS.

Salim et al. (2023) conducted an experiment edtgiehancing nutrient use efficiency
through nano fertilizers in bush type vegetable peav {igna unguiculata subsp.
unguiculata(L.) Verdcourt.). Treatments nano-N and nano-Zmenepplied at 15 DAS, 30
DAS and 45 DAS in various treatment combinatiomealment § (50 percent RDN + nano-
N at 30 DAS + nano-Zn at 30 DAS) was determineldeahe best treatment in terms of plant
height, number of branches, number of leaves aafdalea per plant. This treatment also had
higher yield qualities such as pod weight, numbepads per plant, pod yield per plant,
haulm yield per plant, pod yield per hectare andrayield per hectare.

2.2.3 Leaf chlorophyll content

Merghany et al. (2019) carried out a study on tFect of nano fertilizers on
cucumber plant growth, fruit yield and its qualififferent concentrations (3, 4.5, 6 and 9
ml) of liquid nano NPK were used. Results indicatdtht nanofertilizer treatments
significantly enhanced the growth and yield of anber compared with control treatment.
All nanofertilizer treatments substantially incredsplant height, number of leaves/plant,

chlorophyll content, yield and NPK per cent in lesxand fruits.

Nandhinidevi and Ruban (2022) investigated thecefté foliar application of nano
nutrients (Nano Nitrogen, Zinc and Copper) on aapsi yield. The experiment used an RBD
(Randomised Block Design) with three replicatiomsl @hirteen treatments. The treatment
with 100% RDF (P:K) + 100% Nano N + Nano Zn + N&w (T;;) showed the best results
as compared to other treatments and control, lgattinthe conclusion that nano nitrogen
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substituted for the 50 per cent urea recommendatiaronventional fertilizer and also had

enhanced effect than control.

Sharma et al. (2022) investigated the impact offohpplication of nano urea at
different nitrogen levels on productivity and qiyalf pearl millet Pennisetum glaucurn.).
Three nitrogen levels (50% RDN, 75% RDN and 100%MNRRnd three treatment of nano
urea (control, one spray of nano urea at 4 thivater at 30 DAS and two spray of hano urea
at 4 ml L' water at 30 and 45 DAS) were administered. Theltesevealed that foliar
spraying with nano-urea (4 milwater) at 30 and 45 DAS enhanced plant heightnuiiter
accumulation, chlorophyll content, nitrogen contephosphorus content and potassium

content in pearl millet grain and straw comparethecontrol.

Khule et al. (2023) investigated the impact of dolapplication of nano-nitrogen
fertilizer on linseedl({inum usitatissimuni..) growth, yield and quality. Treatmen$-50% N
(RDN) and 100% P and K through soil + two foliarasgs of 0.4% nano-N at 20 and 40 DAS
recorded the highest plant height, number of casspilant, fresh and dry weight (g plah
total chlorophyll content, grain yield (1440.33 kg") and straw yield (2894.92 kg fathat
was significantly superior over all other treatngent

Yadav et al. (2023) investigated the combined &fe¢ nano urea and boron foliar
spray on wheat Titicum aestivumL.) growth, yield characteristics and vyield. The
experiment included three levels of nitrogen (nanea) at 2000 ppm, 2500 ppm and 3000
ppm as well as three levels of boron at 0.20 K§ Ba25 kg ha and 0.3 kg ha The results
showed that foliar nitrogen (nano urea) applicatedn3000 ppm improved growth, yield
characteristics and yield as shown in plant he{§Bt23 cm), dry weight plant(22.41 g),
number of leaves plant(27.17), leaf area plaht433.69 crif), chlorophyll intensity (45.13)
at the start of flowering and (40.32) at the endlmiering, days to heading (78.96), days to
maturity (123.40), number of tillers plah(6.15) at maturity and seed yield piarii4.34 g).

2.2.4 Leaf N, P and K content

Doaa and Raeesa (2020) observed that the apphaaitisano nitrogen foliar fertilizer
had a significant impact on shoot diameter, le&aamlN, P and K concentration in leaf
petioles, yield and cluster physical and chemidadracteristics as compared to control
treatment. Furthermore, among all treatments tiarf application of 1000 ppm nano

nitrogen fertilizer along with 50 per cent reduatiof soil added nitrogen fertilizer than the
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recommended level improved vegetative growth, a$ ageyield and fruit quality of ‘King

Ruby seedless’ grapevines as it recorded the highéses of the tested parameters.

Naim et al. (2020) investigated the effect of namea added in two different doses
(39 and 5 g per kg substrate), once (at spawnirgfter first flush) or twice (at spawning
and after first flush) to the growing substrate sisting of wheat straw and spent oyster
substrate (1:1, w/w). The results showed that,rcbgss of the amount used, applying nano
urea once caused the largest number of mushroahneifu(four flushes). In contrast to early
findings, which showed that high nitrogen concemdre inhibited the growth and output of
mushrooms, twice-applied nano-urea had bettertsestihe shortest time (15 days) between
the first and third flushes was induced at 5 gkigthe third flush, 3 g/kg produced the best
biological and economic yields (332.7 g/bag and.28fbag, respectively), as well as the
maximum biological efficiency (109.6%) and pileuardeter/stipe length ratio (2.8).

Nikbakht et al. (2021) performed an experimentttwlg the effect of foliar treatment
of nitrogen using nano-nitrogen and urea chemieatilizers on the quantitative and
qualitative traits of bitter apples. The resultgse@ed that foliar application of nitrogen has
little effect on fruit average weight, fruit lengthr fruit diameter, but significantly affects
yield, number of fruits per bush and shoot lengdtte largest amount of fruit per bush (12)
was observed in nano-N at 2000 mid ¢oncentration, which also has the highest yield pe
bush (961.08g) and urea at 2% concentration (864.d®e foliar application of nano-N at a
concentration of 2000 mg™Land urea at a concentration of 2 per cent yidl@shighest
weight of 100 seeds and seed protein. The condemtraf nitrogen in leaves increased as a
result of foliar treatment, whereas P, K and Znocemtrations in leaves did not change.
Results showed that application of nano-nitrogetiliteer at a concentration of 2000 mg' L
produces better outcomes than other treatmentiiéomajority of measured quantitative and

gualitative features, this therapy can be suggdstémver financial and environmental costs.

Enigi et al. (2022) observed that the treatment % (63 N kg ha) of N through
prilled urea + 0.4% nano urea foliar spray at 48 @@ days after sowing (DAS) recorded
significantly higher total NPK content of leavegeafthird spray (N-3.20%, P-0.52%, K-
2.56%) and total NPK content of whole plant at @9slafter sowing (N-3.12%, P-0.47%, K-
2.52%) in french bean.

Sahu et al. (2022) evaluated the effect of nan@a wpplication on growth and
productivity of rice under midland situation of Basregion. Results showed that the highest
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number of panicles 1) total number of grains panicienumber of filled grains panicfe test
weight (g), grain and straw yield and nutrient kptavere significantly higher under
treatment T (75% of RDN + two foliar sprays of nano urea), @thiwas statistically at par
with the treatment J(50% of RDN + two foliar sprays of nano urea) 8rd100% of RDN

+ two foliar sprays of nano urea).

Sharaf-Eldin et al. (2022) conducted a study tduata the effect of nano nitrogen
(nN) under different water regimes and assessedytbeth attribute and other essential
nutrient uptake by lettuce plant in different comdtion of bulk and nano nitrogen forms with
surface and drip irrigation method. Among all nigea (N) fertiliser combinations, applying
75% nN via drip irrigation and 25% nN via foliar@jcation has the greatest effect on plant
biomass, leaf area, absolute growth rate, net dasion rate, carotene, crude protein and
yield. Similarly, as compared to lower N ratessthombination boosted N uptake, N use
efficiency and apparent N recovery. The resultsagtbthat applying nN as a soil and foliar
treatment was more efficient than applying bN asoih treatment. Furthermore, it has the

potential to reduce the needed N fertilisation veltde maintaining yield.

Kannoj et al. (2022) revealed that nanofertiliz@atment was more practicable and
efficient than traditional fertilizer in boostingutnient content, absorption and economics of

black wheat.

Saitheja et al. (2022) studied that 100 per cddNRind nano urea foliar spray @
4ml L of water greatly increased fertility co-efficie(1.2%), pods plafit (38.5), seeds
pod* (12.7) and maximum grain production (1291 kg)has well as the number of plants
and seeds per plant of greengraviigha radiatal.). However, it was comparable to the
application of 80 per cent RDN and nano urea fdljanay at 4 ml I* of water, which had
fertility co-efficient results of 70.6 per cent, .88pods plant, 12.6 seeds pddand grain
yield results of 1289 kg HaBased on the findings of the experiment, it waisctuded that a
reduced application of base nitrogen or 80 per BEIIN, with a foliar spray of nano urea at
4ml L was discovered to be the ideal nitrogen dose amb rurea foliar nutrition for
maximising the productivity and profitability of sumer irrigated greengram.

Aher and Umesha (2023) evaluated the responsenof ur@a and zinc on growth and
yield of baby cornZea mayd..). Three different concentrations of nano umda(l ml L*
foliar spray nano urea), 22 ml L* foliar spray nano urea) ands k8 ml L* foliar spray nano
urea) were used. In contrast, three levels of Za¢20 kg h&), Z, (25 kg h&) and 2 (30
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kg ha') were used. From the results of the experimemtai found that ZnS{@ 30 kg ha

+ nano urea 3 ml L resulted in the profitable production of baby neaigVith the use of
ZnSQ, @ 30 kg h# and nano urea 3 mlY, the highest gross returns (92087.17 ha), net
returns (61352.17 ha) and B:C ratio (2.00) werg Wégh.

25



Chapter-3

MATERIALS AND METHODS

The present investigations entitlé@tudies on the effect of foliar application of
urea and nano urea on growth and quality of apple arsery cv. Red Velox” were
undertaken at Pandah Experimental Farm of DepattwfeS8eed Science and Technology,
Dr Yashwant Singh Parmar University of Horticultumed Forestry, Nauni, Solan (HP)
during 2022-23. The details of material used anthodaologies employed are presented in

this chapter.

3.1 LOCATION AND CLIMATE OF EXPERIMENTAL SITE:

The experimental farm of department is locatedasituide of 30°85'8” North and
longitude 77°15’8" East in the hilly regions of thi¢estern Himalayas. The area falls in the
mid hill zone (Sub Mountain to sub humid. zone Il) of Himachal Pradesh. The climate of
this area in general is typically sub-temperategn@hsummers are moderately hot during
May-June and winters during December-January arereaeThe annual rainfall of the area
ranges between 800 and 1500 mm, major amount ofhwisi received during monsoon
period from July to September.
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Figure 3.1: Graphical representation of monthly méeorological data pertaining to the
temperature and relative humidity during the crop sason (February—
December, 2022)
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rainfall during the crop season (February—December2022)
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3.2 EXPERIMENTAL DETAILS
The detailed technical programme of present ingastn is as under:
3.2.1 TECHNICAL PROGRAMME
Fruit crop Apple
Cultivar Red Velox
Rootstock Bud 9
Treatments 7
Replications 3
Number of applications 3 (Weekly interval in July)
Total number of plots 21
Plants per replication 20
Spacing 20cm x 20 cm
Design of experiment Randomized Complete Block Design (RCB

D)

3.2.2 TREATMENT DETAILS

Treatment Code

Treatment Details

T, Urea @ 0.3%

T Urea @ 0.4%

Ts Urea @ 0.5%

T4 Nano urea @ 0.3%
Ts Nano urea @ 0.4%
Te Nano urea @ 0.5%
T, Control
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Plate 1: General view of experimental field at diférent stages of plant growth



3.2.3 PLANTING MATERIAL

One year old clonal rootstock of Bud 9 raised thiowuttings and planted at a
spacing of 20 cm x 20 cm in beds. The scion woddexd Velox cultivar was taken from bud
wood bank of Department of Fruit Science. Tonguaftong was performed on Bud 9
rootstock by healthy and disease free scion woathgldirstweek of March at 15 cm height

from ground level.

3.2.4 TIME AND METHOD OF APPLICATION

The foliar application of urea and nano urea treais were given to the apple
nursery cv. Red Velox during the month of July aeWly interval. In case of urea, for 0.3 per
cent, 0.4 per cent and 0.5 per cent urea foliaayspr3 g, 4 g and 5 g urea was dissolved in
one litre of water, respectively. In case of naneauw/v), for 0.3 per cent, 0.4 per cent and
0.5 per cent foliar sprays: 3 ml, 4 ml and 5 mimarea was dissolved in one litre of water,

respectively.
3.3 OBSERVATIONS RECORDED

3.3.1 Plant height

Five plants from each replication were randomlestd in the month of December.
The plant height was measured from soil surfadgtwith the help of graduated flag staff in

centimetre (cm).

3.3.2 Stemdiameter

The diameter of five shoots from each replicatioaswecorded in the month of
December with the help of ‘Digital Vernier CallipgiMitutoyo Corporation- Digimatic
Calliper) at the height of 5 cm above the grounetlleand the average was expressed in

millimetre (mm).

3.3.3 Number of branches

Five plants from each replication were randomlyeskd in the month of December
and number of branches per plant was recorded bygtioy them and data was recorded as

average number of branches.
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3.3.4 Number of leaves

Five plants from each replication were randomlgsild and the observations on leaf
number were recorded during the month of Octobérth& leaves, irrespective of their size

were counted and average number of leaves perptstalculated.

3.3.5 Leafarea

The data on leaf area was recorded during firstkkwadeOctober when leaves were
fully developed. Ten fully expanded leaves werdeobéd at random from different plants
per replication and area of these leaves was meésuth the help of Leaf Area Meter (LI-
COR Model-3100) and expressed in square centimpéereaf (crf).

3.3.6 Leaf chlorophyll content

Five fully expanded and mature leaves from eachcagpd bed were collected in the
month of October during morning hours, immediatelgced in ice box and brought to the
laboratory. The samples were then kept in thegefator to avoid degradation of chlorophyll

pigments.

Extraction

Leaves from five samples were washed and chopgediime pieces under subdued
light and 100 mg of chopped material was placedsial containing 7 ml of dimethyl
sulphoxide (DMSO). The contents of the vial wereuimated at 65°C temperature for 30
minutes and then extract was transferred to gradutdst tube and the final volume was

made to 10 ml with dimethyl sulphoxide.
ESTIMATION

Optical density of the above extract was recordedpectronic 20D at 645 nm and
663 nm wavelength against a DMSO blank and totkldrophyll content was calculated by

using the following formula:

20.2 Agss + 8.02 Ase:

Total chlorophyll = A x 1000 x W x V
Where,
\Y = Volume of extract used
A = Length of the light path in cell (1cm)
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wW = Weight of the sample (g)
Aess = Absorbance at 645 nm wavelength
Aess = Absorbance at 663 nm wavelength

The results were expressed as chlorophyll cotinemig g* of fresh weight.

3.3.7 Leaf N, P and K content
3.3.7.1 Collection and preparation of leaf samples

Leaves including petioles from each experimentaseny plant were collected during
the first week of October from the middle part bk tplant and composite sample of

individual replication was prepared.

The leaf samples collected, were brought directlytie laboratory, thoroughly
washed first under tap water, followed by 0.1 N H@Md distilled water as suggested by
Chapman (1964). The washed leaf samples were sredtdter paper sheets for surface
drying and were subsequently put into paper badshalere kept in hot air oven at 65 + 5°C
for 48 hours for final drying. The dried samplesreverushed, ground and stored in butter

paper bags for the estimation of various nutriéemnents.

3.3.7.2 Determination of nutrient elements

Digestion of the leaf samples

The digestion of dried leaf sample (1 g) for théneation of nitrogen was carried out

in concentrated 50, in the presence of a digestion mixture of follogvchemicals:

Potassium sulphate 400 parts
Copper sulphate : 20 parts
Mercuric oxide X 3 parts
Selenium powder : 1 part

For the estimation of P and K the leaf samples ().5vere digested in di-acid
mixture prepared by mixing HNCand HCIQ in the ratio of 4:1 taking all the precautions
suggested by Piper (1966).

3.3.7.2.1 Nitrogen

Total nitrogen was determined by micro-Kjeldhal’ssthrod (Jackson, 1973) and

results were expressed in per cent nitrogen onverght basis.
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3.3.7.2.2 Phosphorus

Total phosphorus was estimated by vanado molybghatesphoric yellow colour
method (Jackson, 1973). Five millilitre of aliqu@igested) was pipette out in a 25 ml
volumetric flask and 5 ml of vanado molybdate reageas added. Solution was then diluted
to 25 ml with distilled water and allowed to deyeloolour for half an hour. After the
development of colour, concentration of phosphamube solution was recorded on Thermo-
Scientific Spectronic 20 D+ at 470 nm wavelengtl anblank was run simultaneously to

adjust zero absorbance. Leaf phosphorus was exgrasper cent on dry weight basis.

3.3.7.2.3 Potassium

Total potassium content was estimated using Flahwtofmeter (MODEL TMF-45)
as suggested by Jackson (1973) and the resultsexpressed in per cent.

3.3.8 Fresh weight of shoots

The grafted plants were uprooted in the month afdb@ber. The shoot portion of five
plants per replication used for recording the adatdresh weight of shoots. The shoot was cut
into pieces and the fresh weight was recorded prp&m electronic balance and expressed in

grams per shoot (g).

3.3.9 Dry weight of shoots

The shoots cut for recording the fresh weight wasted in an oven at a temperature
of 65°C for about 72 hours. The dry weight of sisoatas recorded on top pan electronic

balance and expressed in grams per shoot (Q).
3.3.10 Number of roots

From plants uprooted in December, five plants freach replication were randomly
selected and the data on number of roots was reddrg counting all the roots emerging out
directly from the planted clonal rootstocks andresped as average number of roots per
plant.

3.3.11 Total root length

Five plants from each replication were selectechvetire root system. The root
system was washed with tap water under pressuréhandroots were cut into small pieces.
The total length of roots was measured with the loélroot length scanner (Comair root

length scanner) and was expressed in meters (m).
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3.3.12 Fresh weight of roots

The root portion of five plants per replication wased for the recording the data on
fresh weight of roots (g). The entire roots wereioto small pieces and the fresh weight was
weighed on top pan electronic balance and expressgdm (g).

3.3.13 Dry weight of roots

The roots cut for recording the fresh weight wetiedlin an oven at a temperature of
65°C for about 72 hours. The dry weight of rootswaeighed on top pan electronic balance

and expressed in grams (g).

3.3.14 Biomass of plant (dry weight basis)

The total biomass of plant was calculated on drygltebasis by adding the dry

weight of entire shoots and root system of eachtplBhe results were expressed in grams

(9)

3.3.15 Shoot: Root ratio

Shoot root ratio was calculated by the given foamul

Dried weight of shoot (g)
Dried weight of root (g)

Shoot root ratio

3.4 STATISTICAL ANALYSIS

The experiment was laid out in Randomized Comiébdek Design (RCBD) and the
data obtained on various parameters from the prasesstigation was subjected to statistical
analysis in accordance with the method describe@diyez and Gomez (1984). The level of

significance was tested for different variable @b cent level of significance.

ANOVA shall be as follows:

Source of variation Degree of | Sum  of Mean sum of F-Cal.
freedom | squares squares Value
Treatments (t-1) S M= —t M;
(t-1) Ve
M,
Replications (r-1) S M, = —t M,
¢-D M,
=3
Error (r-1)(t-1) Se M=—>%
(r-1)(t-1)
Total (rt-1) S
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r = Number of replications

t = Number of treatments

$ = Sum of squares due to replications

) = Sum of squares due to treatments

) = Sum of squares due to error

S = Total sum of squares

M = Mean sum of squares due to replications
M = Mean sum of squares due to treatments

M = Mean sum of squares due to error

The replication and treatment mean sum of squak Isé tested against mean sum of
squares due to error by ‘F’ test at (r-1), (r-21Xtand (t-1), (r-1) (t-1) degree of freedom for
RCBD at 5% level of significance. The calculatesldfues shall be compared with tabulated
F- value. When F- test will be found significantitical difference will be calculated to find

out the superiority of one treatment over the other

The standard error and critical differences weteutated as follows:

SE (m) + = HMe [r
SE (d) £ = 42 Me/r
CDo.os = SE (d) %.45(r-1) (t-1) df
where,
SE(m) + = Standard error of mean
SE (d) £ = Standard error of difleces of means
CDo.os = Critical difference at 5 pent level of significance
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Chapter-4

RESULTS AND DISCUSSION

The present investigations entitle8ttidies on the effect of foliar application of

urea and nano urea on growth and quality of apple arsery cv. Red Velox” were carried
out at the Experimental Farm and Laboratory of Dmpant of Seed Science and
Technology, Dr YS Parmar University of Horticultueaxd Forestry, Nauni, Solan (HP)
during the session 2022-23. The findings of theremir study have been provided and
discussed with appropriate explanations in thiptdraas follows:

4.1 PLANT HEIGHT

The data pertaining to the effect of foliar apgiica of urea and nano urea on plant

height of apple nursery cv. Red Velox are givefable 4.1 and Figure 4.1.

Table 4.1: Effect of foliar application of urea aml nano urea on plant height of apple
nursery cv. Red Velox

Treatment Plant height (cm)

T:—Urea @ 0.3% 169.55
T,—Urea @ 0.4% 170.22
Ts—Urea @ 0.5% 170.99
T4— Nano urea @ 0.3% 181.99
Ts— Nano urea @ 0.4% 183.21
Te—Nano urea @ 0.5% 172.33
T, — Control 167.22
CDo.oe 2.21
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180
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Figure 4.1: Effect offoliar application of urea and nano urea on plant height of apple
nursery cv. Red Velox




The perusal of data reveals that plant height gileemursery was significantly
affected by different treatments of urea and nareaUTable 4.1 and Figure 4.1). The
maximum plant height (183.21 cm) was observeddatiment T (Nano urea @ 0.4%) which
was statistically at par with the treatment(Nano urea @ 0.3%) resulting into plant height
of 181.99 cm and was significantly higher overtal other treatments including control.

Minimum plant height (167.22 cm) was recorded @atment 7 (Control).

This might be due to the fact that foliar applioatof nano urea helps in the efficient
absorption and translocation of nitrogen to differglant parts due to their small size which
helps in easy penetration through stomatal operangseffective distribution throughout the
plant system, enough nitrogen supply might haveieoéd the activity of enzymes and auxin
metabolism in plants, leading to larger cells aetl elongation, resulting in taller plants
(Rajesh et al., 2021).

These results are in conformity with the findingk Sharma et al. (2022) who
observed that foliar spraying with nano urea (4LMlwater) at 30 and 45 DAS enhanced
plant height of pearl millet. Velmurugan et al. 220 showed that maximum plant height was
observed in the treatmenzdRK + nano urea @ 0.4% in rice. Goud et al. (202&eoved
that application of nano urea @ 4 mt khowed numerically higher growth response (plant
height) than other nano urea treatments in rabfl@nar. Samanta et al. (2022) recorded
maximum plant height in the treatment which recéi¥® kg N h& + 2 sprays of nano urea
@ 4 ml L' in finger millet. Samui et al. (2022) also foundximum plant height with 100%
RDN + FSNU @ 4 ml [* which was statistically at par with 100% RDN + R$I® 2 and 3
ml L™ applied at knee and tasseling stage in rabi m&agnathimmappa et al. (2023)
observed that higher plant height was recordetierntrieatment which received RDN (100%)
along with two foliar sprays of 0.4 per cent nanamdl nano Zn @ 35 and 45 DAT in maize.
Similarly, Khule et al. (2023) recorded the higheint height in the treatment which
received 50% N (RDN) and 100% P and K through-stivo foliar sprays of 0.4% nano N at
20 and 40 DAS in linseed. Al-Asally and Al-Hijem¥022) showed that foliar application of
nano nitrogen @ 4 ml t significantly increased branch length of mandaeedlings Our
findings were also similar to the results of Vinkgeet al. (2022) who found that treatment
75% RDN through urea + 0.4% nano urea resultedarimmum plant height in Jamun and
Bhakher et al. (2023) who recorded maximum plaigttien treatment receiving 40 kg ha

sulphur + 4 ml ! nano urea in sunflower
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4.2 STEM DIAMETER

The data related to the effect of foliar applicatiof urea and nano urea on stem

diameter of apple nursery cv. Red Velox are showhable 4.2.

Table 4.2: Effect of foliar application urea and rano urea on stem diameter of apple
nursery cv. Red Velox

Treatment Stem diameter (mm)
T,—Urea @ 0.3% 12.55
T,—Urea @ 0.4% 12.77
Ts—Urea @ 0.5% 13.66
T4— Nano urea @ 0.3% 14.22
Ts— Nano urea @ 0.4% 15.70
Te—Nano urea @ 0.5% 13.99
T, — Control 11.99
CDg.ot 1.58

The data presented in Table 4.2 reveals that stemeter of apple nursery was
significantly affected by different treatments afea and nano urea. The maximum stem
diameter (15.70 mm) was observed in treatmesit(Nano urea @ 0.4%) which was
statistically at par with the treatment (Nano urea @ 0.3%) resulting into stem diameter of
14.22 mm and was significantly higher over all thther treatments including control.

Minimum stem diameter (11.99 mm) was recordedeatment 7 (Control).

Influence of foliar spray of nano urea on stem ditan could be attributed
to important function of nitrogen in protein andctaic acid synthesis, as well as protoplasm
production. This results in role-induced cell diers and the initiation of meristematic
activity, which leads to the production of morestiss and organs. Also, increased nitrogen
availability can stimulate photosynthetic processeglants. Higher photosynthetic rates
might have resulted in enhanced production of sugamd other growth promoting
compounds, providing the necessary energy and ibgiltlocks for stem growth and

expansion.

These findings are in concomitant with those ofA&hlly and Al-Hijemy (2022) who
showed that foliar application of nano nitrogen @n# L™ significantly increased stem
diameter of mandarin seedlings. Doa and Raees®)20& found that foliar application of

nano nitrogen fertilizer increased stem diameteéKofg Ruby Seedless’ grapevines.
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4.3 NUMBER OF BRANCHES

The data associated to the effect of foliar appbceof urea and nano urea on number

of branches of apple nursery cv. Red Velox aregortesl in Table 4.3.

Table 4.3: Effect of foliar application of urea am nano urea on number of branches of
apple nursery cv. Red Velox

Treatment Number of branches per plant
T:—Urea @ 0.3% 1.55
T,—Urea @ 0.4% 1.78
Ts—Urea @ 0.5% 2.00
T4— Nano urea @ 0.3% 2.33
Ts— Nano urea @ 0.4% 3.00
Te—Nano urea @ 0.5% 2.11
T, — Control 1.22
CDo oe 0.70

The perusal of data (Table 4.3) indicates that remab branches of apple nursery
was significantly affected by different treatmemtis urea and nano urea. The maximum
number of branches (3.00) per plant was observagatment § (Nano urea @ 0.4%) which
was statistically at par with the treatment(Nlano urea @ 0.3%) resulting into 2.33 number
of branches per plant and was significantly higbeer all the other treatments including
control. Minimum number of branches (1.22) per plaras recorded in treatment; T
(Control).

Plants receiving foliar spray of nano urea may hénee most branches per plant,
because at a critical stage, they received enougbgen through nano urea, which would
have maintained a constant supply of nitrogen, idéited cell elongation and meristematic
activity in plants and ultimately resulted in mdm@anches.

These findings are in consonance with those of #&d and Al-Hijemy (2022) who
showed that foliar application of nano nitrogen @KL significantly increased secondary
shoot number of mandarin seedlingslam et al. (2023) found that numbers of primary
branches per plant were significantly influencedtbg nano urea spray at active growth
phases of black gram, 2-4 ml of nano urea (4% N)ne litre of water and sprayed on crop
leaves at its active growth stages and recordedmuexx branching (2.33) with application of
nano urea @ 4 ml't.compared to control (1.33). Our findings were anilar to the results

of Rathod et al. (2022) who recorded maximum nunubdaranches with the treatment 75%
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RDN + nano urea @ 2 ml'Lin french basil and Pandav et al. (2022) who fotivat 75%
RDN and two sprays of nano urea @ 40 ppm register@ximum number of branches per

plant in mustard.

4.4 NUMBER OF LEAVES

The data showing the effect of foliar applicatidrucea and nano urea on number of

leaves of apple nursery cv. Red Velox are depictddhble 4.4.

Table 4.4: Effect of foliar application of urea aml nano urea on number of leaves of
apple nursery cv. Red Velox

Treatment Number of leaves per plant
T:—Urea @ 0.3% 39.27
T,—Urea @ 0.4% 41.47
Ts—Urea @ 0.5% 45.93
T4— Nano urea @ 0.3% 57.73
Ts— Nano urea @ 0.4% 62.07
Te—Nano urea @ 0.5% 47.00
T, — Control 33.27
CDo.o: 1.23

It is evident from data (Table 4.4) that numbereaafves per plant of apple nursery
was significantly affected by different treatmermts urea and nano urea. The maximum
number of leaves (62.07) per plant was observereaiment § (Nano urea @ 0.4%) which
was significantly higher over all the other treatseincluding control. Minimum number of

leaves (33.27) per plant was recorded in treatmg(Control).

The increase in number of leaves per plant may umetd the abundant supply of
nitrogen through foliar spray of nano urea, as nama particles have a smaller size which
allows for better penetration through leaf cuticeesl increased absorption by plant. The
abundant supply of nitrogen could have increasetbptasmic constituents and accelerated

cell division and elongation process (Choudhargl €2023).

These findings are in accordance with those of VMelman et al. (2021) who
observed maximum number of leaves with treatmeaPK + nano urea @ 0.4% in rice.
Sannathimmappa et al. (2023) recorded maximum nupftbgreen leaves per plant (12.9) in
the treatment which received RDN (100%) along with sprays of 0.4% nano- N and nano-
Zn @ 35 and 45 DAT in maize. Rajesh et al. (20&bwsed that number of green leaves per

plant (12.60) were significantly influenced with95N + foliar applications of chemically
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produced nano N @ 4 ml*Land chemically synthesised nano Zn @ 2 flat 25 and 50
DAS in sweet corn. The findings were also similarthe results of Rathod et al. (2022),
Pandav et al. (2022), Choudhary et al. (2023) aistekaii et al. (2019).

4.5 LEAF AREA
The data pertaining to the effect of foliar apgiica of urea and nano urea on leaf

area of apple nursery cv. Red Velox are given inl§4.5.

Table 4.5: Effect of foliar application of urea aml nano urea on leaf area of apple
nursery cv. Red Velox

Treatment Leaf area (cnf)
T,—Urea @ 0.3% 27.10
T,—Urea @ 0.4% 27.50
T3z—Urea @ 0.5% 28.31
T4— Nano urea @ 0.3% 29.80
Ts— Nano urea @ 0.4% 33.51
Te—Nano urea @ 0.5% 28.49
T, — Control 23.01
CDo.ot 1.91

It is pertinent from data that leaf area of applesery was significantly affected by
different treatments of urea and nano urea (Tal® Zhe maximum leaf area (33.513m
was observed in treatmend Nano urea @ 0.4%) which was significantly higbeer all the
other treatments including control. Minimum leaé@r(23.01 cri) was recorded in treatment
T (Control).

The chief function of nitrogen is multiplication,elt elongation and tissue
differentiation that ultimately enhanced vegetativewth through number and size of leaves
(more leaf area). Foliar spray of nano urea reduhelarge leaf area which enhanced the
capacity of the plants to intercept adequate shplighat might have resulted in the

production of more assimilate thereby enhancingvftand development of the crop.

These findings are in agreement with those of AdAsand Al-Hijemy (2022) who
showed that the foliar application of nano nitroderiiliser at 4 ml [* improved the leaves
area of mandarin seedlings. Goud et al. (2022)rgbdehat application of nano urea @ 4 ml
L™ showed numerically higher growth response (LA8rttother nano urea treatments in rabi
sunflower. Similarly, Samanta et al. (2022) showlet maximum LAl was recorded by 40
kg N ha' + 2 sprays of nano urea @ 4 mtl in finger millet. Similar findings were also
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reported by Rajesh et al. (2021) who found thaf E@a significantly increased with
application of 75% N + foliar application of chemlly produced nano N @ 4 mi*Land
chemically synthesised nano Zn @ 2 mfl &t 25 and 50 DAS in sweet corn. Our findings
were also in accordance with the findings of Yaaaval. (2023), EI-Rahman and Abd-
Elkarim (2022) and Priyadarshana et al. (2022).

46  LEAF CHLOROPHYLL CONTENT
The data on the effect of foliar application ofau@nd nano urea on leaf chlorophyll

content of apple nursery cv. Red Velox are preskintdable 4.6 and Figure 4.2.

Table 4.6: Effect of foliar application of urea amd nano urea on leaf chlorophyll content
of apple nursery cv. Red Velox

Treatment Leaf chlorophyll content (mg g")
T1—Urea @ 0.3% 2.36
T,—Urea @ 0.4% 2.43
T3—Urea @ 0.5% 2.49
T4— Nano urea @ 0.3% 2.60
Ts— Nano urea @ 0.4% 2.76
Ts—Nano urea @ 0.5% 2.54
T — Control 2.21
CDo.05 0.06

m |_eaf chlorophyll content (mg g-1)
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Figure 4.2: Effect of foliar application of urea and nano urea on of leaf chlorophyll
content of apple nursery cv. Red Velox
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It is apparent from the (Table 4.6 and Figure 42t leaf chlorophyll content of
apple nursery was significantly affected by différé&reatments of urea and nano urea. The
maximum leaf chlorophyll content (2.76 mg)gvas observed in treatmeng {INano urea @
0.4%) which was significantly higher over all théher treatments including control.

Minimum leaf chlorophyll (2.21 mgY) was recorded in treatment {Control).

Chlorophyll is an important photosynthetic pigmeénthe plant, largely determining
photosynthetic capacity and hence plant growthedfiffe absorption of nitrogen through
nano urea might have enhanced the chlorophyll sgighwhich contributed to higher

photosynthesis

These findings are in concomitant with those of&hlly and Al-Hijemy (2022) who
showed that the foliar application of nano nitrodgentiliser at 4 ml [ improved the
chlorophyll content of leaves of mandarin seedlirfgisarma et al. (2022) showed that the
foliar application of nano urea @ 4 mt'lat 30 and 45 DAS enhanced chlorophyll content
(2.69 mg &) in pearl millet. Khule et al. (2023) also obsehthat the treatment of 50% N
(RDN) and 100% P and K through soil + two foliarays of 0.4% nano N at 20 and 40 DAS
recorded the highest total chlorophyll content imséed. Similarly, Priyadarshana et al.
(2022) found that treatmeniM; (10 x 10 cm spacing with 5 mI'Lof water nano urea foliar

spray) resulted in highest values for total chlbrgpcontent in bermuda grass.

4.7 LEAF N, P and K content

The data related to the effect of foliar applicataf urea and nano urea on leaf N, P

and K content of apple nursery cv. Red Velox amwshin Table 4.7 and Figure 4.3.

Table 4.7: Effect of foliar application of urea aml nano urea on leaf N, P and K content
of apple nursery cv. Red Velox

Treatment Leaf N P K content (%)
Leaf N (%) | Leaf P (%) | Leaf K (%)
T1—Urea @ 0.3% 2.02 0.23 1.40
T,—Urea @ 0.4% 2.04 0.22 1.43
T3;—Urea @ 0.5% 2.13 0.21 1.47
T4—Nano urea @ 0.3% 2.19 0.23 1.56
Ts—Nano urea @ 0.4% 2.43 0.21 1.63
Ts—Nano urea @ 0.5% 2.12 0.20 1.52
T7— Control 1.97 0.19 1.38
CDo.05 0.12 NS 0.05
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Figure 4.3: Effect of foliar application of urea and nano urea on of leaf N, P and K
content of apple nursery cv. Red Velox

2.5

The data (Table 4.7 and Figure 4.3) indicates kbaft N and K content of apple
nursery was significantly affected by different atiraents of urea and nano urea. The
significantly higher leaf N (2.43%) was observedreatment T (Nano urea @ 0.4%) and
lower leaf N (1.97%) was observed in treatmept{Tontrol). Leaf P was not significantly
influenced by different urea and nano urea treatsaehhe significantly higher leaf K
(1.63%) was also observed in treatmept(Nano urea @ 0.4%) and lower leaf K (1.38%)

was recorded in treatment {[Control).

This could be attributed to the fact that nanoilfeers have a large surface area and
particle size smaller than the pore size of leawdsch can increase penetration into the plant
from the applied surface and improve uptake andienituse efficiency. Reduced particle
size results in increased specific surface arearamdber of particles per unit area of a
fertilizer, which provides more opportunity for rafertilizer contact, resulting in greater

nutrient penetration and thus high nutrient congemat uptake (Sharma et al., 2022).

Our findings are in accordance with those of Shaeinal. (2022) who observed that
the foliar application of nano urea @ 4 mt kt 30 and 45 DAS enhanced nitrogen content,
phosphorus content and potassium in pear millahgginigi et al. (2022) showed that the
treatment 75% RDF (63 N kg fpof N through prilled urea + 0.4% nano urea fofipray at
45 and 60 days after sowing (DAS) recorded sigaiifity higher total N, P and K content of

leaves after third sprayi in french bean.
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4.8 FRESH WEIGHT OF SHOOTS

The effect of foliar application of urea and nameaion fresh weight of shoots of
apple nursery cv. Red Velox is depicted in Tab& 4.

Table 4.8: Effect of foliar application of urea andnano urea on fresh weight of shoots of
apple nursery cv. Red Velox

Treatment Fresh weight of shoots (g)

T1—Urea @ 0.3% 129.13
T,—Urea @ 0.4% 153.82
T3—Urea @ 0.5% 164.31
T4—Nano urea @ 0.3% 187.07
Ts— Nano urea @ 0.4% 246.30
Ts— Nano urea @ 0.5% 174.50
T — Control 101.27
CDo.05 5.94

The data presented in Table 4.8 reveals that fnesght of shoots of apple nursery
was significantly affected by different treatmeafsurea and nano urea. The maximum fresh
weight of shoots (246.30 g) was observed in treatriie (Nano urea @ 0.4%) which was
significantly higher over all the other treatmemtsluding control. Minimum fresh weight of

shoots (101.27 g) was recorded in treatmer(Cbntrol).

The increase in fresh weight of shoots might be tdubetter growth, higher leaf area
and more number of branches which resulted in highetosynthetic activity and formation

of more photosynthate (Khule et al., 2023).

These findings are in concomitant with those of iia&lugan et al. (2021) who
showed that maximum shoot weight was observed entriatment §PK + nano urea @
0.4% in rice. Khule et al. (2023) observed thattieatment of 50% N (RDN) and 100% P
and K through soil + two foliar sprays of 0.4% nahat 20 and 40 DAS recorded the highest

fresh weight of plants in linseed.

4.9 DRY WEIGHT OF SHOOTS

The data showing the effect of foliar applicatidrucea and nano urea on dry weight

of shoots of apple nursery cv. Red Velox are ginehable 4.9.
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Table 4.9: Effect of foliar application of urea andnano urea on dry weight of shoots of
apple nursery cv. Red Velox

Treatment Dry weight of shoots (g)

T1—Urea @ 0.3% 62.96
T,—Urea @ 0.4% 72.43
T3—Urea @ 0.5% 76.23
T4— Nano urea @ 0.3% 101.90
Ts— Nano urea @ 0.4% 116.56
Te— Nano urea @ 0.5% 84.66
T, — Control 51.56
CDo gt 4.97

The perusal of data (Table 4.9) shows that dry ntead) shoots of apple nursery was
significantly affected by different treatments afea and nano urea. The maximum dry
weight of shoots (116.56 g) was observed in treatriie (Nano urea @ 0.4%) which was
significantly higher over all the other treatmemtsluding control. Minimum fresh weight of

shoots (51.56 g) was recorded in treatmeniControl).

It can be postulated that foliar application of mamea improved the physiology of
plant leaves by increasing chlorophyll contentslo@iphyll contents enhanced the rate of
photosynthesis, increased the accumulation of gkiemd improved fresh and dry weight of

plants consequently

These findings are in conformity with those of Asally and Al-Hijemy (2022) who
showed that the foliar application of nano nitrodertiliser at 4 ml [* improved the dry
weight of vegetative growth of mandarin seedliri{jsule et al. (2023) also observed that the
treatment of 50% N (RDN) and 100% P and K througjhistwo foliar sprays of 0.4% nano
N at 20 and 40 DAS recorded the highest dry wedafhplants in linseed. Bhakher et al.
(2023) recorded that the application of sulphur @kg ha' along with nano urea 4 mi'L

resulted in highest plant dry weight in sunflower.

410 NUMBER OF ROOTS

The data pertaining to the effect of foliar appiica of urea and nano urea on number

of roots of apple nursery cv. Red Velox are preseirt Table 4.10.

It is evident from the data (Table 4.10) that numbkroots of apple nursery was
significantly affected by different treatments oéa and nano urea. The maximum number of

roots (23.00) per plant of was observed in treatnfenNano urea @ 0.4%) which was
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statistically at par with the treatment (Nano urea @ 0.3%) resulting into 22.33 number of
roots per plant and was significantly higher oviérttee other treatments including control.

Minimum number of roots (17.00) per plant was reearin treatment7I(Control).

Table 4.10: Effect of foliar application of urea ad nano urea on number of roots of
apple nursery cv. Red Velox

Treatment Number of roots per plant
T:—Urea @ 0.3% 20.00
T,—Urea @ 0.4% 20.67
Ts—Urea @ 0.5% 21.00
T4— Nano urea @ 0.3% 22.33
Ts— Nano urea @ 0.4% 23.00
Te— Nano urea @ 0.5% 18.67
T, — Control 17.00
CDo.oe 0.90

The higher number of roots in the present studigghibe due to the more vegetative
growth by appropriate nano urea applications, wimcturns enhanced the more production

and translocation of photosynthates to the rogh&tion.

Dubey et al. (2003) also reported that {89 ppm + 1% Urea exhibited in higher

number of secondary roots @itrus latipesrootstock seedlings.

411 TOTAL ROOT LENGTH

The observations regarding the effect of foliarlmapion of urea and nano urea on
total root length of apple nursery cv. Red Veloa given in Table 4.11 and Figure 4.4.

Table 4.11: Effect of foliar application of urea ad nano urea on total root length of
apple nursery cv. Red Velox

Treatment Total root length (m)
T, —Urea @ 0.3% 3.87
T,—Urea @ 0.4% 4.36
T3—Urea @ 0.5% 3.37
T4—Nano urea @ 0.3% 5.37
Ts— Nano urea @ 0.4% 5.47
Ts— Nano urea @ 0.5% 5.29
T7— Control 2.50
CDo.o05 0.12
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Figure 4.4: Effect offoliar application of urea and nano urea on ofotal root length of

apple nursery cv. Red Velox

The perusal of data (Table 4.11 and Figure 4.4rbkjendicates that total root length
of apple nursery was significantly affected by eliént treatments of urea and nano urea. The
maximum total root length (5.47 m) was observetteatment T (Nano urea @ 0.4%) which
was statistically at par with the treatment (Nano urea @ 0.3%) resulting into total root
length of 5.37 metre and was significantly highgeroall the other treatments including

control. Minimum total root length (2.50 m) was oeted in treatment-I{Control).

Nitrogen is the builder of protein and is the maonstituent of the protoplasm in
plants. Thus, with an increase in nitrogen supphpugh nano urea spray the synthesis of
amino acids in plants is accelerated, which migitehindirectly exhibited by enhanced
growth. The immediate and efficient absorption aha urea might have caused the rapid
growth of vegetative part. Thus by increased s\ithef photo assimilates and more

translocation to roots might have resulted intoerlength of roots.

These findings are in acquiescence with those efAgdlly and Al-Hijemy (2022)
who found that foliar spray of nano urea @ 4 mirecorded highest values for root length
(cm) in mandarin seedlingsvVelmurugan et al. (2021) also showed that treatrhigsPK +
nano urea @ 0.4% resulted in maximum root length) (o rice. Priyadarshana et al. (2022)
recorded maximum root length (cm) in treatmerit=310 x 10 cm spacing with 5 mI'Lof

water nano urea foliar spray) in bermuda grass.
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412 FRESH WEIGHT OF ROOTS

The data related to the effect of foliar applicatiof urea and nano urea on fresh

weight of roots of apple nursery cv. Red Velox aresented in Table 4.12.

Table 4.12: Effect of foliar application of urea ad nano urea on fresh weight of roots
of apple nursery plants cv. Red Velox

Treatment Fresh weight of roots (g)
T1—Urea @ 0.3% 21.35
T,—Urea @ 0.4% 24.10
T3—Urea @ 0.5% 25.43
T4—Nano urea @ 0.3% 34.34
Ts— Nano urea @ 0.4% 38.23
Te— Nano urea @ 0.5% 28.99
T7— Control 14.17
CDo.05 3.48

It is pertinent from the data (Table 4.12) thasheaveight of roots of apple nursery
was significantly affected by different treatmeafsurea and nano urea. The maximum fresh
weight of roots (38.23 g) was observed in treatmBn{Nano urea @ 0.4%) which was
significantly higher over all the other treatmemtsluding control. Minimum fresh weight of
roots (14.17 g) was recorded in treatmen(dontrol).

The higher fresh weight of root might be attributedhe more translocation of photo
assimilates to the root portion from increased wigof vegetative part. This might have

resulted into more number of roots with approprgrtavth.

These findings are in concomitant with those of mia&lugan et al. (2021) who
showed that treatmentspPK + nano urea @ 0.4% significantly increased thshf weight of
roots in rice. Abobatta and Fatma (2023) recordedimum fresh weight of roots with nano

nitrogen spray @ 750 ppm in citrus rootstock seggli

413 DRY WEIGHT OF ROOTS

The data pertaining to the effect of foliar apgiica of urea and nano urea on dry

weight of roots of apple nursery cv. Red Velox @epicted in Table 4.13.
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Table 4.13: Effect of foliar application of urea ad nano urea on dry weight of roots of
apple nursery cv. Red Velox

Treatment Dry weight of roots (g)
T1—Urea @ 0.3% 10.29
T,—Urea @ 0.4% 11.58
T3;—Urea @ 0.5% 12.22
T4—Nano urea @ 0.3% 17.76
Ts—Nano urea @ 0.4% 22.13
Te— Nano urea @ 0.5% 13.68
T7— Control 6.80
CDo.05 2.24

The perusal of data (Table 4.13) reveals that driglat of shoots (g) of apple nursery
was significantly affected by different treatmenfsurea and nano urea. The maximum dry
weight of roots (22.13 g) was observed in treatmBn{Nano urea @ 0.4%) which was
significantly higher over all the other treatmemtsluding control. Minimum dry weight of
roots (6.80 g) was recorded in treatmen{Qontrol).

The higher dry weight of roots may be attributedhe effective absorption of nano
urea thus increasing the vegetative growth parasiefEhe increased photo assimilate
production and assimilation and further translagatio root parts might have contributed to

the increased dry weight of roots.

These findings are in concomitant with those of Bditta and Fatma (2023) who
recorded maximum dry weight of roots with nano agegn spray @ 750 ppm in citrus

rootstock seedlings.

4.14 BIOMASS OF PLANT (dry weight basis)

The data depicting the effect of foliar applicatmfrurea and nano urea on biomass of

plant of apple nursery cv. Red Velox are presemtddable 4.14 and Figure 4.5.

The data (Table 4.14 and Figure 4.5) shows thanhass of plant of apple nursery
was significantly affected by different treatmemtis urea and nano urea. The maximum
biomass of plant (138.69 g) was observed in treatriie (Nano urea @ 0.4%) which was
significantly higher over all the other treatmemsluding control. Minimum biomass of
plant (58.36 g) was recorded in treatmen{Control).
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Table 4.14: Effect of foliar application of urea ad nano urea on biomass of plant of
apple nursery cv. Red Velox

Treatment Biomass of plant (g)

T:—Urea @ 0.3% 73.25
T,—Urea @ 0.4% 84.01
T3—Urea @ 0.5% 88.45
T4— Nano urea @ 0.3% 119.66
Ts— Nano urea @ 0.4% 138.69
Te— Nano urea @ 0.5% 98.34
T+ - Control 58.36
CDo.05 5.65
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Figure 4.5: Effect of foliar application of urea and nano urea on biomass of planof
apple nursery cv. Red Velox
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The nano-fertilizers, efficacy may be attributed tagse fertilizers have unique
properties due to their small surface area withh lasorption ability and ease of entry into
plant cells. This contributes to accelerate thatgayrowth because of activating the carbonic
metabolism process and increasing the producedtssues inside the plant, which is
positively reflected on the vegetative growth imoemt in the plant. Dry weight of the plant
increased due to better growth and greater numbleraoches which might have resulted in

higher photosynthetic activity and formation of m@hotosynthate.

These findings are in consonance with Al-Asally @idHijemy (2022) who showed
that the foliar application of nano nitrogen fésir at 4 ml [* improved the dry weight of
vegetative growth of mandarin seedlings. Rathnatled. (2018) showed that application of
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100% nano-nitrogen resulted in best growth perfoicean terms of plant dry weight in rice.
Sharaf-Eldin et al. (2022) observed that foliarleggpion of nano urea has the greatest effect
on plant biomass in lettuce plant. Khule et al22) observed that the treatment of 50% N
(RDN) and 100% P and K through soil + two foliarasgs of 0.4% nano N at 20 and 40 DAS
recorded the highest dry weight of plants in linkeéadav et al. (2023) recorded improved
dry weight plant with foliar application of nano urea @ 3000 ppmniheat. Bhakher et al.
(2023) recorded that the application of sulphur @kg ha" along with nano urea 3 mI'L
resulted in highest plant dry weight in sunflower.

4.15 SHOOT: ROOT RATIO
The data on the effect of foliar application ofaiend nano urea on shoot: root ratio

of apple nursery cv. Red Velox are given in Tables4and Figure 4.6.

Table 4.15: Effect of foliar application of urea ad nano urea on shoot: root ratio of
apple nursery cv. Red Velox

Treatment Shoot : Root
T:—Urea @ 0.3% 6.11
T,—Urea @ 0.4% 6.25
Tz—Urea @ 0.5% 6.23
T4— Nano urea @ 0.3% 573
Ts— Nano urea @ 0.4% 5.26
Te— Nano urea @ 0.5% 6.18
T+ — Control 7.76
CDg oe 1.37

m Shoot : Root

T3 T4 T5 T6 T7

Figure 4.6: Effect offoliar application of urea and nano urea on okhoot: root of apple
nursery cv. Red Velox
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It is evident from the data (Table 4.15 and Figu®) that shoot: root ratio of apple
nursery was significantly affected by different atiraents of urea and nano urea. The
maximum shoot: root (7.76) was observed in treatrmieiiControl) which wasignificantly
higher over all the other treatments including oontMinimum shoot: root (5.26) was

recorded in treatment TNano urea @ 0.4%).

The shoot: root ratio is a common parameter usexsess the allocation of biomass
between the above ground (shoot) and below grorowd) (components of a plant. It is often
used to understand the plant growth strategiesresmurce allocation patterrnidlants with
more shoots absorb sunlight more efficiently, wherplants with more roots compete more
successfully for soil nutrient&arly-stage vegetation is characterised by largeations of
shoot output. For a plant to be able to absorb maatd nutrients from the soil surrounding,
its root system must be healthy and in good camdlitHigher shoot: root ratio indicates the
more vegetative growth of plants as compared ta gpowth. However, for proper plant
stand the ideal requirement for the establishméptant should be the moderate shoot and

root ratio.
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Chapter-5

SUMMARY AND CONCLUSION

The present investigations entitle8ttidies on the effect of foliar application of

urea and nano urea on growth and quality of apple arsery cv. Red Velox” were

conducted during 2022-23 at the Pandah Farm of fDepat of Seed Science and

Technology, Dr. YS Parmar University of Horticukuand Forestry, Nauni, Solan (HP). The

experiment was conducted in Randomised CompletekBDesign with three levels of urea

(0.3, 0.4, 0.5%), three levels of nano urea (0.8, 0.5%) and control. Each treatment was

replicated thrice. The results thus obtained utiderexperiment are summarized as below:

5.1

5.1.1

5.1.2

5.1.3

5.1.4

STUDIES ON THE EFFECT OF FOLIAR APPLICATION OF UREA AND
NANO UREA ON GROWTH AND QUALITY OF APPLE NURSERY cv . RED
VELOX

Plant height (cm) of apple nursery cv. Red Veloxsvggnificantly affected by
different urea and nano urea treatments. The mariplant height (183.21 cm) was
observed in nano urea @ 0.4%s)(Bnd minimum plant height (167.22 cm) was

recorded in control (.

Stem diameter (mm) of apple nursery of cv. Red ¥elas significantly affected by
different urea and nano urea treatments. The marirsiem diameter (15.70 mm)
was found in nano urea @ 0.4%s)Bnd minimum stem diameter (11.99 mm) was

recorded in control (.

Number of branches per plant of apple nursery a&d Relox were significantly
affected by different urea and nano urea treatmehit®e maximum number of
branches (3.00) were recorded in nano urea @ 0MYa(id minimum number of

branches (1.22) were recorded in contr@).(T

Number of leaves per plant of apple nursery cv. Reldx were significantly affected
by different urea and nano urea treatments. Thermaxr number of leaves (62.07)
were observed in nano urea @ 0.4%) (@nd minimum number of leaves (33.27)

were recorded in control ).



5.1.5

5.1.6

5.1.7

5.1.8

5.1.9

Leaf area (crf) of apple nursery cv. Red Velox was significargffected by different
urea and nano urea treatments. The maximum leaf(@851 crf) was found in nano
urea @ 0.4% () and minimum leaf area (23.01 &mvas recorded in control {Jl

Leaf chlorophyll content (mg™Q of apple nursery cv. Red Velox was significantly
affected by different urea and nano urea treatmditte maximum leaf chlorophyll
content (2.76 mgH was associated with nano urea @ 0.4%) &hd minimum leaf

chlorophyll content (2.21 mg*y was found in control (7.

Leaf N and K (%) content of apple nursery cv. RedoX was significantly affected
by different urea and nano urea treatments. LeafdP was not significantly
influenced by different urea and nano urea treatsa@rhe significantly higher leaf N
content (2.43%) was measured in nano urea @ 0.4%afid minimum leaf N
content (1.97%) was found in control;{TThe significantly higher leaf K (1.63%)
was observed in nano urea @ 0.4%) @nd minimum leaf K (1.38%) was recorded in

control (T7).

Fresh weight of shoots (g) of apple nursery cv. Relbx was significantly affected
by different urea and nano urea treatments. Theiimar fresh weight of shoots
(246.30 g) was associated with in nano urea @ @HB%and minimum fresh weight
of shoots (101.27 g) was found in controf)(T

Dry weight of shoots (g) of apple nursery cv. Rezlox was significantly affected by
different urea and nano urea treatments. The maximity weight of shoots (116.56
g) was measured in nano urea @ 0.4% &hd minimum dry weight of shoots (51.56

g) was recorded in control {)U

5.1.10 Number of roots per plant of apple nursery cv. Retbx were significantly affected

by different urea and nano urea treatments. Theimuaw number of roots (23.00)
per plant were observed in nano urea @ 0.4% &hd minimum number of roots

(17.00) per plant were found in controk)T

5.1.11 Total root length (m) of apple nursery cv. Red Melwas significantly affected by

different urea and nano urea treatments. The maxinotal root length (5.47 m) was
measured in nano urea @ 0.4 %)(&nd minimum total root length (2.50 m) was

recorded in control (.
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5.1.12 Fresh weight of roots (g) of apple nursery cv. Retbx was significantly affected by
different urea and nano urea treatments. The fresight of roots (38.23 g) was
observed in nano urea @ 0.4%)(&nd minimum fresh weight of roots (14.17 g) was
found in control (F).

5.1.13 Dry weight of roots (g) of apple nursery cv. Redoxewas significantly affected by
different urea and nano urea treatments. The manximhy weight of roots (22.13 g)
was found in nano urea @ 0.4%s)&nd minimum dry weight of roots (6.80 g) was

recorded in control (7.

5.1.14 Biomass of plant (dry weight basis) (g) of applerseny cv. Red Velox was
significantly affected by different urea and naneautreatments. The maximum
biomass of plant (138.69 g) was found in nano u@a.4% (F) and minimum

biomass of plant (58.36 g) was measured in co(ir!

5.1.15 Shoot: Root ratio of apple nursery cv. Red Veloxswsgnificantly affected by
different urea and nano urea treatments. The maxinshoot: root (7.76) was
associated with control ¢F and minimum shoot: root (5.26) was observed inona
urea @ 0.4 % (3.

5.2  CONCLUSION

On the basis of results obtained in present ingastns, it may be inferred that three
foliar applications of nano urea @ 4nif at weekly interval in the month of July was found
to be the best treatment for increasing plant hgig83.21 cm), stem diameter (15.70 mm),
number of branches (3.00) per plant, number ofdsa%2.07) per plant, leaf area (33.51
cn?), leaf chlorophyll content (2.76 mg'p leaf N (2.43%) and K (1.63%) content, fresh
weight of shoots (246.30 g), dry weight of shodt$6.56 g), number of roots (23.00) per
plant, total root length (5.47 m), fresh weightobts (38.23 g), dry weight of roots (22.13 @),
biomass of plant (138.69 g).

It is concluded that three foliar applications afho urea @ 4mltin July at weekly
interval are beneficial for the growth and quabtyapple nursery plants cv. Red Velox.
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APPENDIX-I

Mean monthly meteorological data during crop growthperiod from February 2022 to

December 2022
Months _ Temperature (°C) Rglgtive Rainfall
Minimum Maximum | Mean | Humidity (%) (mm)
February 2.7 18.7 10.7 54 82.7
March 9.4 28.6 19 44 0
April 13.3 33.2 23.25 37 1.0
May 16.1 32 24.05 52 84.8
June 17 321 24.9 49 85.6
July 20.5 28.5 24.5 51 1954
August 19.9 29 24.45 78 219.5
September 17.8 27.8 22.8 77 233.5
October 114 26.3 18.85 64 79.7
November 6.4 24.1 15.25 55 2.4
December 2.5 21.7 12.1 51 0

Source Meteorological Observatory, Department of Enviremtal Science, Dr Yashwant
Singh Parmar University of Horticulture and Forgshtauni, Solan (HP)



APPENDIX-II

Effect of foliar application of urea and nano ureaon growth and quality of apple
nursery cv. Red Velox

ANOVA for plant height
Source of Variation |DF| Sum of Squares Mean Squares F-Calculated
Replication 2 0.081
Treatment 6 719.316 119.886 78.895
Error 12 18.235 1.520
Total 20 737.632
ANOVA for stem diameter
Source of Variation | DF| Sum of Squares Mean Squares F-Calculated
Replication 2 1.489
Treatment 6 27.979 4.663 6.014
Error 12 9.305 0.775
Total 20 38.773
ANOVA for number of branches per plant
Source of Variation | DF| Sum of Squares Mean Squares F-Calculated
Replication 2 0.032
Treatment 6 5.943 0.990 6.528
Error 12 1.821 0.152
Total 20 7.796
ANOVA for number of leaves per plant
Source of Variation | DF| Sum of Squares Mean Squares F-Calculated
Replication 2 3.212
Treatment 6 1,864.91 310.818 669.849
Error 12 5.568 0.464
Total 20 1,873.79
ANOVA for leaf area
Source of Variation | DF| Sum of Squares Mean Squares F-Calculated
Replication 2 4.453
Treatment 6 178.540 29.757 26.238
Error 12 13.610 1.134
Total 20 196.602




ANOVA for leaf chlorophyll content

Source of Variation | DF| Sum of Squares Mean Squares F-Calculated
Replication 2 0.007
Treatment 6 0.556 0.093 100.227
Error 12 0.011 0.001
Total 20 0.574
ANOVA for leaf N
Source of Variation | DF| Sum of Squares Mean Squares F-Calculated
Replication 2 0.033
Treatment 6 0.423 0.070 15.437
Error 12 0.055 0.005
Total 20 0.511
ANOVA for leaf P
Source of Variation | DF| Sum of Squares Mean Squares F-Calculated
Replication 2 -0.000
Treatment 6 0.004 0.001 73,349.221
Error 12 0.000 0.000
Total 20 0.004
ANOVA for leaf K
Source of Variation | DF| Sum of Squares Mean Squares F-Calculated
Replication 2 0.000
Treatment 6 0.146 0.024 28.157
Error 12 0.010 0.001
Total 20 0.156
ANOVA for fresh weight of shoots
Source of Variation | DF| Sum of Squares Mean Squares F-Calculated
Replication 2 8.233
Treatment 6 37,979.480 6,329.913 579.679
Error 12 131.036 10.920
Total 20 38,118.750
ANOVA for dry weight of shoots
Source of Variation | DF| Sum of Squares Mean Squares F-Calculated
Replication 2 10.431
Treatment 6 9,008.451 1,501.409 196.590
Error 12 91.647 7.637
Total 20 9,110.529




ANOVA for number of roots per plant

Source of Variation | DF| Sum of Squares Mean Squares F-Calculated
Replication 2 0.993
Treatment 6 77.022 12.837 50.998
Error 12 3.021 0.252
Total 20 81.035
ANOVA for total root length
Source of Variation |DF| Sum of Squares Mean Squares F-Calculated
Replication 2 0.074
Treatment 6 23.380 3.897 827.258
Error 12 0.057 0.005
Total 20 23.511
ANOVA for fresh weight of roots
Source of Variation | DF| Sum of Squares Mean Squares F-Calculated
Replication 2 1.253
Treatment 6 1,171.797 195.299 52.009
Error 12 45.061 3.755
Total 20 1,218.110
ANOVA for dry weight of roots
Source of Variation | DF| Sum of Squares Mean Squares F-Calculated
Replication 2 1.409
Treatment 6 459.840 76.640 49.004
Error 12 18.767 1.564
Total 20 480.016
ANOVA for biomass of plant
Source of Variation | DF| Sum of Squares Mean Squares F-Calculated
Replication 2 22.528
Treatment 6 13,514.275 2,252.379 227.586
Error 12 118.762 9.897
Total 20 13,655.565
ANOVA for shoot: root ratio
Source of Variation DF| Sum of Square Mean Square F-Calculated
Replication 2 5.208
Treatment 6 10.644 1.774 3.028
Error 12 7.029 0.586
Total 20 22.881
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