
Effect of N anoparticles on Triticum aestivum 
Under Phosphorus Stress 

ISLAMABAD 

By 

ZehraAbbas 

Department of Biochemistry 
Faculty of Biological Sciences 

Quaid-i-Azam University 
Islamabad, 2020 



Effect of Nanoparticles on Triticum aestivum 

Under Phosphorus Stress 

ISLAMABAD 

By 

ZehraAbbas 

Submitted in the partial fulfillment of the 

Requirements for the degree of 

Master of Philosophy 

In 

Biochemistry/Molecular Biology 

Department of Biochemistry 

Faculty of Biological Sciences 

Quaid-i-Azam University 

Islamabad, 2020 



"In (or with) the name of Allah, the Beneficent, the Merciful" 

II 



This work is dedicated to my one and on(y 

'Be(oved 'Brother, Mohammad 5tfi and my 

Parents who are my whore wor(d and without 

whom nothing wou(d have been yossib(e. 

III 



CERTIFICATE 

This thes is, submitted by Ms. Zehra Abbas to the Department of Biochemistry, Faculty of 

Biological Sciences, Quaid-i-Azam University, lslamabad, Pakistan, is accepted in its present form 

as sati sfyin g the thesis requirement for the Degree of Master of Philosophy in 

B iochem istry/Molecular Biology. 

Supervisor: 

External Examinar: 

Chairman: 

Dated: 

·t~\~ 
-=l~r.~s~al1~li~na~S;;h:':;ak:"-e-;el 

Supervisor 
Associate Professor 

Dr. Iftil{har Ahmed 
Principal Scientific Officer 

NARC Islamabad 

Dr. Muhammad Rashid Khan 
Professor 

July 1,2020 



DECLARATION 

I hereby decla re that the work presented in the rollowing thesis is my own errOTI and 
that this thesis is my own composition. No part o r the thesis has been previollsly 

presented tor any other degree. 

Zehra Abbas 

IV 



ACKNOWLEDGEMENTS 

In the name of Allah. the Most Beneficent the Most Merciful. 

111C first person I run ulterly grnleful and obliged to is my supervisor Or. Snmina Shakcel. 

She was more of a mentor to me IhM a supervisor for her scholastic guidance and valuable 

suggestions. deemed moti vation throughout the study :md presentation of this manuscript. I 

am really th .... lIlklill to her killd-hc'df1ed support and generous criticism without which il 

could not huve lx.-en poss ible to complete this research work. 

I mn highly obligl'd to pro lessor 01'. M. Rashid I( lmn. Clmil111ull . Dcpurtmcnt of 

Biochemistry. Quoid-i-Al::ull Univers ity Is lamabad tor ex tending research fnc il ities of 

department to complete this work. J am also thankful to Dr. AIll'CSll Sultan . Dr. T:ui(1 

Mehmood and Or.Muh:lmnulu AnsaI' for their generous providing of insuumcllls for this 

study. 

I would like 10 thnnk i\1.iss Becnisb Jchan Azhar far her guidance and coopernlian in lhis 

project. She provided an liner support as nn instructor during. my research phase through 

crit ical evaluation Wid gave me ideas by pointing out the loop holes to make the project 

better. She encouraged me through every step. Put her lnlst in me. bcl ievl'Cl mc. always told 

me not to worry unci to have a positive attitude during the enlcial phHSC of my research and I 

owe my optimism \.Ind great respect to this Indy. I run also thankful to Miss AJ\'ccll:t 

Zultiqar tlS she gave her valuable ideas to inculcate in me II sense of positive cri ti cism and 

motivation \0 improve morc ror the bettenl1cnt. 

Finally I would like to acknowledge the pt.~ple who 1l1l::U1 world to me. my parents. 

siblings and frunily espt'Cially dear husband, words are not enough to express my feelings 

for them. TIlaJlk you for always showing unwaveringly support and fhith in me. 

May AhniglllY Allah shower his blessings and prosperity on till those who assiSled me in 

nny wny during my I'Csearch work. 

Zebra Abbas 

v 



Contents 
List of Abbreviations ................... .......................................................................... ... IX 

ABSTRACT ........... .............. ................ ... ...................................... ........................... ...... 1 

I. INTRODUCTION ...................................................... ................. ... ... ........... ......... ... . 3 

1.1 Origin and evolution of wheat: ........ .... .... ......... .............................................. 3 

1.2 Wheat (TriliclIJ/1 aeslivum) Taxonomy: ... .. .......... .............. ... ...... ...................... 4 

1.3 Wheal Production World Wide: ..... ... ... ................................. .............. ...... ...... .. 5 

1.4 Wheat Production in Pakistan: ............................................. ......... .......... ... ...... . 6 

1. 5 Stresses in Plants: .. .... .. ..... ................ ... .. .... .... ... ..... ................ ... .......... .. ... ... ... .... 8 

1.5.1 

1.5.2 

1.5.3 

1.5.4 

1.6 

Classification or Stress Factors ............................................................ ... 8 

Biotic Stress Factors .................... ........ . , ..... .............................. ............. 9 

Abiotic Stress Factors ....................... .. ................................................... 9 

Stress induced by Nutritional Deficiency: .................................................. 9 

Symptoms of Nutrient Deficiency in Plants ................ ................ ................. 10 

1.7 Nanotechnology and Na nopart icles ... ........ .. ................... .. ... .. .. .................... 1 I 

1.7.1 Nanoparticles usage in Plants .............................................................. 12 

1.7.2 Zinc Oxide (lnO) Nanoparticle ......................................................... . 12 

1.7.3 Silicon Dioxide (S i02) Nanopartic\e ........... ..................... ..... .............. 13 

1.8 Classification of Plant Nutrients .............................................................. .. 14 

1.8.1 Non-Mineral Nulrienls .......................... .................................... ... .......... 14 

1.8.2 Mineral Nutrients ... .. ......... .. ................................................................... 15 

1.8.3 Macronulrients Requi red by Plants ....................................................... 16 

1.9 Importance 01' Roots System Architec ture in Plan ts ....................................... 16 

1.9.1 Basic RootSystenls ............................................................................... 16 

1.9.1.1 Tap Rootssystenls ..................................... ... .......................................... 17 

1.9. 1.2 Fibrous Roots Systems ................................................... .. ...................... 17 

1.9. 1.3 Root Apica l Meristcm .. .. ... .. ..... .. ............ .. ........ ....... ................. ............ 17 

1. 10. Phospho rus Deficiency in Soi l and Roots Respo nse .................................... 19 

1.11 Pla nt i-Iorlno nes .............................................................................................. 20 

1.11.2 Elhylene ....... .................. .................................................. ............. ........... 2 1 

1.12 Ethy lene Biosynthesis and Signaling Pa!hway .............................................. 2 t 

VI 



1.13 Objecti ve of the s tudy: ......... ............... .. ............... ........... ............................. 22 

2. MATERI ALS AND METHODS ..................... ................ ........ .. ............... ..... .......... 24 

2. 1 Seeds Collection ......................................... .. .... .. .... .. ......... ..... ... ... ........... ........ . 24 

2.1.1 Seeds S(erilizalion and Stratilication ............................................................ 24 

2.2 Preparation of Nanoparticlt: so lutioll ............................................................... 24 

2.3 Preparation or Hoagland Solution ................................................................... 24 

2.4 Wheat Growth Conditions within Test tu bes .................................................. 2? 

2.5 Snnlp!c o llcct-ion ...... ...... .... ... ... .... .. ............ .................................................... 27 

2.6 Physio logica l Analysis of Wheal Vnricties ... .. ... ... .................... .. .. .. ................. 27 

2.6. 1 Annl ysis a \' Root Architecture o f Wheat Plant ...................................... .... 27 

2.6.2 Microscopy o f Root Apical Meristem in Wheat ...... ... .... .. ... ..................... 29 

2.6.3 Molecular Analys is of Wheat Varieti es ..................................................... 29 

2.7 Primer Design ing ............................................................................................ 29 

2.8 ItNA Extraction ............................................... ............ ....... .... .......................... 30 

2.8.1 DNAse Trcatment ...................................................................................... 31 

2.8.2 RNA Quanli fica lion ........................... ....................................................... 31 

2.8.3 First Strand eDNA Synthesis ......................... ........................................... . 31 

2.8.4 Quunt itative (qRT) PCR Am pli fic3tion .................. ..... .... .. ..... .. ...... .. ..... .. .. 32 

2.8.4.1 DolO An. lysis Delta Ct Method ... ................. ... ..... ... ........ ....................... 34 

3. RESULTS ... ... .................... ..... ...... ...... .......................................................... ........ 35 

3. 1 Diffe rences in Wheat Root Architecture .... .................................................... 35 

3. 1.1 SKO- I .. ......... ...... ......... ... ..... ..... .............. ......................... ...... ... ................. 36 

3. 1.2 P,\K-81 ..... ............ .............. ............................ .. ......... ..... ....................... lR 

3.2 Intervarictal Diffe rences of Wheat Root Archi tec tu re in Response to 

NUllopnrti c1es and Phosphorous De liciency ............................................................. 39 

3.3 Speci lie Root Length ...................... .. ...... .. ....................................................... 4 0 

3.4 Average Root Wid th Diameter.. .................................................................... 4 1 

3.5 Microscopic Ana lys is of Wheat Root Apical Meristcm .. .............. .............. 43 

3.5. 1 SKO- I ....................................................................... .... .... ....... ... ........... .... 43 

3.5.2 I'ak- 81 .............................. .................. ....................................................... 44 

3.6 Extrac tion of aood Quality RNA ............ .. .............................. .. .. .. .... .. ........ .46 

3.7 rra nsc ript Ana lys is or Ethylene Biosyntbes is und Signulling llathway Gelles 

........................................................... ...................................................................... .47 

3.8 Transcript Anal ys is of Cytokinin Signalling Pathway Gcncs ....................... .. 52 

Vn 



4. DISCUSS ION ................................. ............ ............................................................. 56 

5. CONCLUSION ........................................................... ............................................. 60 

6. References: ............................................................................................................... 61 

VIII 



List of Abbreviations 

ilL Microlitre 

ABA Abscisic Acid 

ACC I-Amino cyclopropane-I-carboxylic Acid 

ATP Adenosine Tri Phosphate 

cDNA Complementary Deoxyribonucleic Acid 

CKs Cytokinin 

CTAB Cetyl Tri Ammonium Bromide 

CTR Constitutive Triple Response 

DEPC Diethyl pyro carbonate 

DNA Deoxyribonucleic Acid 

EDTA Ethylene Diamine Tetra Acetic Acid 

ETR Ethylene Receptor 

mM Millimolar 

NARC National Agriculture Research Centre 

PCR Polymerase Chain Reaction 

Ppm Parts Per Million 

PR Primary Root 

RNA Ribonucleic Acid 

ROS Reactive Oxygen Specie 

RPM Revolution Per Minute 

IBS Tris Buffer Saline 

IX 



Abstract 

ABSTRACT 

Cereals are essential part of human diet comprising about 50 % of the consumed 

calories. Wheat is an important crop and staple food for both the developing and 

developed countries but its currently global watming and abrupt changes in the 

environmental conditions are leading to changes in our agricultural systems, which 

interns effect the crop production though plants usually develop morphological and 

physiological changes to cope up with the environmental and nutrient. Phosphorous 

deficiency is the major limiting factor of wheat production in many areas of Pakistan 

especially where fatmers cannot afford the high cost of soil analysis and fertilizers. 

Considering the food security under such threats, we can utilize advance 

nanotechnology for boosting wheat production by assuring its sustainability. 

Nanomaterials offer a wider specific surface area to fetiilizers and pesticides. In 

addition, nanomaterials as unique carriers of agrochemicals facilitate the site-targeted 

controlled delivery of nutrients with increased crop protection. Different nanomaterial 

have different effects on growth and development of plants depending upon their 

varieties, therefore we used novel zinc oxide and silicon dioxide nanoparticies 

synthesized in our lab by a former student named, Asma Noor, to study the wheat 

roots in tem1S of changes in root architecture, anatomy and morphology playing role 

in phosphorous acquisition and under the presence of nanoparticies 

Root system architecture (RSA) of two of the local wheat varieties of Pakistan SKD-l 

and PAK-81 have been studied along with molecular expression of ethylene and 

cytokinin signaling genes in response to phosphorous deficiency in the presence of 

nanoparticles. Our results showed that phosphorous deficiency has significant effect 

on root architecture. There was significant difference in root architecture of SKD-l 

and P AK -81 varieties under different phosphorous concentrations and in presence of 

ZnO, Si02 nanoparticies. These were compat'ed to control having no nanoparticies 

exhibiting that roots under control had a moderate effect under phosphorus stress 

while roots within nanopatticies showed high and low contrasting effects at both 

physical and molecular level. Different root traits were studied in both varieties of at 

physiological, cellular and molecular levels. We tried to analyze the factors, 
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conditions and components that can have a substantia l role 10 identify phosphorous 

and mlnoparlic les ellic ien t varieties like SKD- I. Our d<ua of root architecture showed 

significant changes in response (0 both the stresses. Similarly, microscopic data of 

.'pica l l11e rislcm showed decrease in cell divisions in phosphorOliS deficient cond itions 

which resullS in inh ibi tion of primary rool. Transcript ana lys is showed that 

ul1<lvail ability of phosphorous enhances the expression o f" ethylene biosynthesis 

pathway genes which supports ethylene signaling role ill regulation of phosphorous 

delicicncy with increasing expression under silicon dioxide nanopnrticles and a 

decreasing expression under the presence of zinc oxide nanopa rt icles maki ng SKD- [ 

to be opted us one o f lhc tinest variety that can be grown in arcas wi th phosphorolls 

deficiency and its growth can be facil itated in the presence of ap propri ate 

nanoparticles under optimized conditions. Further research is required 10 study 

ethylene signaling pathwny and its interactions with olher pathways to regu lale the 

nutrient deficiencies in I.hc presence of nanoparticlcs. 
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Introduction 

1. INTRODUCTION 

Wheat is one of the most widely grown cereal crop in the world, covering about 237 

million hectares annually, accounting for an aggregate of 420 million tonnes 

(Isitor eta!. , 1990) (Olabanji eta!., 2007) and for at least one-fifth of human calorie 

consumption (Ohiagu eta!',1987). It is the prevailing crop in temperate regions that is 

being utilized for human food and livestock feed. Its triumph as per productivity rate 

depends not only on its adaptability and high yield potential but also on the gluten 

protein segment which includes the viscoelastic properties that permit dough to be 

processed into noodles, bread, pasta and other food products. This cereal crop 

contributes to crucial and essential vitamins, amino acids, minerals, valuable 

phytochemicals and dietary fiber components to the human diet, and these are 

predominantly enriched in whole-grain products (Shewry 2009). 

Although wheat is adjusted to climate between the latitudes of 30° and 600N and 

270and 400S, however, it is grown under extensive range of climatic circumstances 

within the Arctic circle to higher altitudes near the equator. During the past two 

decades research by the International Maize and Wheat Improvement Center 

(CIMMYT) has shown that wheat production is more feasible in warmer areas. In 

altitude, the crop is grown from sea level to < 3,000 m.a.s.l. , and it has also been 

repOlted at 4,570 m.a.s.! in Tibet. The optimal growing temperature is about 25°C, 

with minimum growth temperature at 3° to 4°C and maximum at 30° to 32°C, 

respectively. Wheat is adapted to an extensive range of moisture conditions and can 

be grown in most localities where precipitation ranges from 250 to 1750 mm. For 

winter wheat, heading is defenoed until the plant experiences a range of cold winter 

temperatures (0° to 5°C), Spring wheat, as the name indicates, is usually planted in 

the spring (can be sown in autumn in states like Pakistan that experience mild winters) 

and matures during summer(Dr. M. Shahid Masood 2013). 

1.1 Origin and evolution of wheat: 

The first cultivation of wheat occurred about 10,000 years ago, as pmt of the 

'Neolithic Revolution ', which saw a transition from hunting and gathering of food to 
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settled agriculture. The genetic transitions during domestication exhibits that modem 

day wheat is impotent to survive wild in competition with enhanced adapted species. 

This was sophisticatedly validated by John Bennet Lawes in the 1880s when he 

decided to permit pmt of the famous long-tenn Broadbalk experiment at Rothamsted 

to return to its natural state (Dyke GV. 1993). Hence, he left part of the wheat crop 

unharvested in 1882 and examined the growth in consecutive years. After a good crop 

was produced in 1883 the weeds dominated and in 1885 the limited remaining wheat 

plants (which were spindly with small ears) were collected and photographed. 

1.2 Wheat (Triticum aestivum) Taxonomy: 

Wheat belongs to the genus Triticum, for which there are 10 species. Among these 10 

species, six are the ones which are cultivated and four of the species m·e not 

cultivated. The most economically significant species, T. aestivum, has five 

subspecies (USDA, 2005). 

Table 1.1: Wheat Taxonomy 

Kingdom Plantae 

Subkingdom Tracheobionta 

S uperdivision Spermatophyta 

Division Magnoliophyta 

Class Lilioposida 

Subclass Commelinidae 

Order Cyperales 

Fatnily Poaceae 

Genus Triticum 
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Introduction 

Species Triticum aestivum 

(Copyright 2000-2008 Cold Spring Harbor Laboratory and Cornell University, USA) 

1.3 Wheat Production World Wide: 

Wheat is produced on the scale of about> 240 million ha, larger as compared to any 

other crop, with a grand world trade than for all other crops combined. F AO has put 

forward the world wheat output in the year 2013 at 704 million tonnes, an increase of 

6.8 percent from the previous years has been observed, which would infer to more 

than full recovery from the previous year's reduction and bringing world production 

of wheat to its highest level in the overall historic time zone. 

World Wheat Production (million tones) 

Growing season 12009-10 t-2_0_10-_ 1_1 r 2011 - 12 

Production I 685.7 655.4 t 701.5 

estimate current 

2012-13 

659.3 704. 1 

Rank Country Production (1000 M'I) 
1. EU-27 137,443.00 
2. Cb.ina 121 ,000.00 
3. India 92,000.00 
4. United States 56,613.00 
5. Russian Fedemlion 54,000.00 
6. Canada 29,000.00 
7. Australia, 24,500.00 
8. PalO tan 24,330.00 
9. tJJa-dine 19.500.00 
10. Turtcey 17,600.00 

Source: FAO Cereal upp)y and demand briefJuly, 2013 and USDA 
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f igure 1.1 : Production of wheat showing the gl'owth I'n le wOI"ldwidc (2009-2019) 

The above figure shows the highest production rate in Europe and the lowest in 

Turkey while Pakistan li es on 8th rank from the scale of I to 10. 

1.4 Wheat P roduction in Pakista n: 

In the Islamic Republic State or Pakistan, wheat being the chief staple food is 

cultivated 0 11 the largest acreages. Pak istan comes under the category in ten major 

wheal-producing countries of the world in the aspects of area under wheat cult ivation, 

yield per hectare and total production. Whent is the crucia l diet of population as it 

constitutes 60% of the routi nely diet of a common man ill Pakistan and average per 

capita consumption is about 125 kg and lodges a central position in agri cultllral 

strategies of the government. The govenU11enl announced wheat support pr ice of Rs. 

1200 which created interest on the pal1 of farm ing cOlllmunity. Wheat cont ributes 

10.1 % to the value added in agricul ture and 2.2 % to GOP (Gross Domestic Product). 
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Introduction 

Pakistan Wheat Production by Year 
30,000 r-7"---;-----,--_;__-----:-~__,__:_-__,_-__,_------_;__--___, 

24,000 , ..• : 

~ 18,000 
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8 
.. 12.000 

6,000 
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~ c , ~ • ,. .'! .. :.:: .1. . i. I .l .. 1 

Figure 1.2: Graphical representation of wheat production (1960-2018) 

Table 1.2 Wheat Production in Pakistan by Year 

Market Year Production Unit of Measure Growth Rate 

2008 20959 (1000 MT) -10.03 % 

2009 24033 (1000 MT) 14.67 % 

2010 23311 (1000 MT) -3.00 % 

2011 25214 (1000 MT) 8.16 % 

2012 23473 (1000 MT) -6.90 % 

2013 24211 (1000 MT) 3.14% 

- . 

2014 25979 (1000 MT) 7.30 % 

2015 25086 (1000 MT) -3.44 % 
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2016 25633 (1000 MT) 2.18 % 

2017 26600 (1000 MT) 3.77% 

2018 25100 (1000 MT) -5.64 % 

2019 25600 (1000 MT) 1.99 % 

(United States Department of Agricu lture PSD database 2019- rndexMundi) 

1.5 Stresses in Plants: 

A variable condition that can alter the plant developmental processes by disrupting its 

equilibrium is termed as stress. Strain or pressure induced f0ll11 is one of the 

condition under stress (Gaspar et aI. 2002). Plants are sessile species and exposed to 

environmental stress factors that enhances their chances of being vulnerable to these 

stresses. Precise mechanism in plants has been established that permits them to 

respond to environmental variations and minimize damage (Rizhsky 2004). Plants can 

survive in stressed induced environment by utilizing their tolerance and defense 

mechanisms (Sung et aI. 2003). Over the past years, Plants have shown evolution in 

these mechanisms to detect external stress factors and produce responses more 

effectively. There are a variety ofInternal and External fac tors involved in producing 

stress in plants i.e. nutrient deficiencies, oxygen radicals, temperature ,water and 

salinity (Balestrasse et aI. 2010). Roots of the plant exhibit morphological and 

physical changes in structure in order to survive in stressed environment (Oono et aI. 

2013). The major production losses in wheat are caused more by abiotic stresses such 

as nutritional deficiencies drought, high temperature and salinity as compared to 

damage by biotic stress factors (Kumar et aI. , 2018). 

1.5.1 Classification of Stress Factors 

Stress factors in plants are divided into two main categories 
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• Biotic stress factors 

• Abiotic stress factors 

1.5.2 Biotic Stress Factors 

Living Organisms are the causative agents of stress in plant species. These causative 

agents comprises of viruses, fungi, weeds, bacteria, parasites and insects. Biotic stress 

results in pre and post harvested fatalities in agriculture (Angessa and Li 2015). As 

Plant species are deprived of adaptive immune responses and are unable to memorize 

infection, plants have evolved certain tactics against biotic stresses. Genetic basis of 

defense mechanism deposited in plants as genetic codes. Hundreds of biotic stress 

resilient genes are encoded by genome of the plants. Genome sequencing of important 

cash crops e.g. Wheat, rice and maize has been completed (Singla and Krattinger 

2015). 

1.5.3 Abiotic Stress Factors 

Numerous abiotic stresses caused by non-living causative agents can adversely affect 

plants. E.g. Elevated or depleted temperature ranges, salinity, nutrient deficiencies, 

drought, light intensity, oxygen depletion, and high winds (Wang et al. ,2003). Abiotic 

stress is a foremost restraint in yield of crops. These stresses in plants results in the 

production of ethylene. In response to these stresses plant shows variety of responses 

(Stearns and Glick 2003). Reactive oxygen species (02, 0 2-, H202) accumulates in 

plants as result of abiotic stresses and results in numerous cytotoxic effects (Pastori 

2002). 

1.5.4 Stress induced by Nutritional Deficiency: 

Nutrients are the components that are essentially needed for proper development, 

growth, metabolism and production of the plants. Each nutrient in the soi l plays has a 

key role in growth of the plant. Phosphorous are one of the macro nutrient and is a 

vital requirement for plants as it strengthens plant roots system and involved in 

formation of the seeds too. Deficiencies of these nutrients results in inadequate plant 

life cycles, reduced metabolism causing effects on roots and leaves (Knight et al., 

2001). These are the components that are present under the soil and used in form of 
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Ions by the plants. Plants undergo stunted growth. chlorosis and necros is due to 

nutrien t deficiency. Ethylene is a gascous hllnllOne produced in plants and inv Ivcd in 

g~nllination of the seeds. root and shoot development. deve lopment of latera l buds. 

pollination. floweri ng initiation, dille rent ialion oflhc tissues and ripening of the fruits 

(Jonathan Lynch and Brown 1997). Deliciency of phosphorous ( 1)) and nitrogen (N) 

results in the produc tion of ethylene honllonc. As phosphorous de ficiency is muinl y 

involved in the morphological changes in roots archi tecture, roo t hair development 

and aercnchyma formation (Jonathan Lynch and Brmvo 1(97) and even minimum 

phospll1Jrus dt:liciency has a major inlluencc on plant growth ancl development It has 

been estimated that 30% of the world 's arab le so il s are deticielll in phosphorus and 

requi.re its 1'e!1ilization to improve yields (MacDonald et al.. 20 11 ). Plants have 

evolved numerous responses to stabi lize the fl uctuating phosphorus deficiency levels 

that occur at the tissue level in natuml environments, such us ( I ) changing root 

morphology and initiating mycorrhi zal symbiosis to improve so il exploration for P: 

(2) stimulating exudation processes in the rhizosphere to mobilize Pi from the soil: (3) 

inducing, Pi trallsporter proteins and regu\;lt ing Pi uptake kinetics: <lnd (4) 

remobilizing Pi in source organs to meet the necessities and requi rements or the 

de,·e loping sink tissue (Ramaekers et at.. 20 10). 

1.6 Symptoms of Nutrient Deficiency in Plants 

Symptoms commonly caused due 10 nutritional dC I"icicncy arc enli sted below: 

• Stunted Growth 

• Chlorosis 

• Intcrvienal Chloros is 

• Purple-red Coloration 

• Necrosis 

As nutrient perrorm their ro le in numerous plants fU llctions e.g. stem dongntion. 

protei n synthes is, pho tosynthes is, and several othcr ce ll ular processes. This event ually 

enccts the growth of plant which causes reduced stature ill them. I r a plant is delicicllt 

in nutrients involved in chlorophy ll production or in piwlosynthesis then it leads to 
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chlorosis and intervienal chlorosis. Chlosrosis is yellowing of plants due to absence of 

chlorophyll and intervienal chlorosis is ye llowing in between the leaf veins. Necrosis 

is the condition of plant tissue death due to injury. Deficiencies turn tissue brown and 

results in death of the plant (Yu and Bell 1998). 

1.7 Nanotechnology and Nanoparticles 

Nanotechnology is a pioneering pitch with innovative tactics and one of the most 

promising fields of interdisciplinary studies that deals with nanoparticles. It unlocks 

an extensive range of potential usages in numerous areas of science and industry, such 

as medicine, electronics, biology, phannacology, and breeding of plants (Begum et 

aI. , 20 14). Nanoparticles range in magnitudes between 1 and 100 nanometers with 

one or more dimensions and are made up of carbon, metal oxides, metals or organic 

matter (Hasan, 2015). 

Nanoparticles are manufactured by numerous methods that are categorized into 

bottom-up or top-down method. Bottom-up or constructive method is the build-up of 

material from atom to clusters to nanopm1icles whereas Top-down or destructive 

method is the reduction of a bulk material to nanometric particles (Ealias et aI., 2017). 

A variety of techniques are used for the synthesis of ZnO. These techniques generally 

can be divided into three types including physical, chemical and biological 

methodologies. Chemical synthesis can further be divided into liquid phase synthesis 

and gas phase synthesis. Liquid phase synthesis compromises of precipitation, 

coprecipitation method, sol-gel processing etc. Gas or vapor phase fabrication 

includes pyrolysis and inert gas condensation methods (Naveed Ul Haq et aI., 2017). 

Physical methods of ZnO nanoparticles synthes is include high energy ball milling, 

melt mixing, physical vapor depositionetc. A number of natural moieties such as 

plants, fungi , algae, bacteria, and viruses can also be used to synthesize the ZnO as a 

biological methode Naveed UI Haq et aI., 2017).Silica nanoparticles have been 

reported to be synthesized by several methods like reverse microemulsion, flame 

synthesis, high temperature flame decomposition and the most widely used sol-gel 

procedure(Ralunan & Padavettan, 2012). 
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1.7.1 Nanoparticles usage in Plants 

Tmdit io nally fe rtilize rs were utilized for plant g rowth and development and they still 

have n significant ro le but Illos t o f the applied fertilize rs arc unavailable to p lal\ls due 

to vario lls factors. SUI.: h as hydrolysis, leaching, degradation by photo lysis. and 

decompositio n. In order to ove rcome this shortcoming it is essential to minimize 

nutrient losses in fc rlili z.1Iion. und 10 escalole the crop yield tUld revenue Lhrollgh the 

exploi tat ion uf Iluvd ap pli r.:'llions wi th lhe help of nanotechnology and nunopnrticles 

(S iddiqu i el al., 20 15). The high surface to vo lume ruti o o f nUllopal'ticies makes them 

tremendolLsly reactive wi th prominent physical properties. Nanotechnology fi.lc iii lalcs 

ug riculluml sc iences and lessens environmcllwi po llutio n by production o f chemical 

ICrlili zcrs and pesticides via the usage of nanopartides and nano capsules with the 

capabil ity to regu late JeJivery. absorptio n wi th the utmost ctTective and 

environmental friendly production of nano-crysta ls to intensi fy the dlil:<lcy or 

pestic ides with lowe r dose (Sharon eJ (II.. 2010). 

[.7.2 Zinc Oxide (ZnO) Nnnoparticle 

Zinc JS 1.\ 1)lant micronutrient has it s ign ificant ro le in growth and physiologica l 

fltnc tions ur plants and deficiency of zinc can resu lt in s tu nled growth and less crop 

yield . It is also critkn l for human immune system and its defici t leve l is related 10 

nUlllero us problems including skin problems. memory loss. nnd weakened body 

ll1uscles ( 1-l3feczclul.. 2013)_ 2nD is recently li sted as a "gt:nt:mtly I\~cognizcd :ls sufe 

(GRAS)" material by the Food and Drug Administration tlnd :.Ilso used as food 

additive. ZnD nunQstructlircs demonstrate high c3talytic ellic icncy. as well as strong 

adsorpliun abi lity. and have been used frequent ly in the manufacture of sunscreens 

( I-luang (! I al .. 200 I). Zinc ox ide nanoparticles hove certain potenti al role in central 

nervous system (eN ) d uring lhe development processes of d iseases through 

lacil ita ti ng Ill!uro nol exci tabi li ty and even in the rclcnsc of ncu rtllrul1s1l1ittcrs. Some 

studies Imve speci fied thilt these nanopartidcs alTeet fUllc tions or difleren t cells. 

tisslles and neural Li ssue engineering (Rasmussen It/lIl .• 20 I 0). As these nonopart ides 

have the targeti ng potcl1Iirt l so they have possible utilil y in the lreatment or cancer 

and/O!' ~l\.lt<'ljl11 munity (l lanl cy t'l nl .. 2008). Zinc oxide nanopartic1cs have th~ 

(:llp,lbili ty to boost the growt h and yield of food crops. I)C~l1lul seeds wcre treated with 
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variable concentrations of zinc oxide nanoparticles. Zinc oxide Nano scale treatment 

(25 run mean particle size) at 1000 ppm concentration was used which endorsed seed 

gelmination, seedling vigor, and plant growth. Also these zinc oxide nanopaliicles 

have also proved to be effective in increasing stem and root growth in peanuts (Prasad 

et aI. , 2012). Zinc interacts with various nutrients in soil mostly with nitrogen and 

phosphorus. High phosphorus concentrations are linked to Zinc deficiency while zinc 

depressed amount of Cu resulted in less grain yield in wheat (Loneragan & Webb, 

2011). So, optimum concentration of Zinc might have a beneficial effect on the 

growth of wheat crop. 

The excessive usage of nanoparticles has been demonstrated to be toxic as low 

concentration of ZnO nanoparticles exhibited beneficial effects on plant growth and 

development while higher concentrations compromised seed germination (Siddiqui et 

al., 2015). 

1.7.3 Silicon Dioxide (Si02) Nanoparticle 

Silicon is favorable for plant growth as it increases the photosynthetic rate and aids in 

fighting several biotic and abiotic stresses such as disease, cold, heat heavy metal and 

salinity stress though not considered as an essential element (Ma & Yamaji, 2004). 

Si02 nanoparticles improved the germination of seeds in maize by enhancing 

availability of the nutrients ( Suriyaprabha et aI., 2012). Exogenous application of 

Si02 nanoparticles enhanced growth of Changbai larch (Larixolgensis) seedlings 

mainly by improving root growth and enhanced synthesis of chlorophyll (Bao-shan et 

ai. , 2004). The application of Silicon dioxide in agriculture might also lead to global 

food security by facilitating in the development of improved varieties with high 

productivity rate (Parisi et aI. , 2015). 

Silicon nanoparticles al'e promising and have agricultural inferences alongwith several 

new applications that are being investigated for plants. Due to the distinctive physical 

and chemical properties of silicon nanoparticles, they can easily enter into plant cells 

and affect the plant growth and development by altering their metabolism through 

varied interactions, thus eliciting the potential to combat under stress conditions. Si02 
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nanoparticles can act as an agent for target-specific delivery of herbicides and 

fertilizers (Wanyika et al. , 2012). 

1.8 Classification of Plant Nutrients 

On planet earth approximately 92 elements have been found and out of these 

seventeen are critical elements that are mandatory by plants for survival and growth. 

Numerous inorganic fertilizers contain nutrients like potassium, phosphorous, and 

nitrogen used to obtain higher crops yield by replenishing soil nutrients. However, 

fetiilizers application to crops is costly and also have adverse side effects on 

ecosystem and soil (Garnett et at., 2009). These elements are divided into two main 

groups called as non-mineral and mineral nutrients. 

1.8.1 Non-Mineral Nutrients 

Non-Mineral nutrients comprise of oxygen (0), carbon (C) and hydrogen (H). These 

are available in gaseous form mostly and plants take these nutrients by air or water. In 

the process of photosynthesis plant take energy from sun and convert CO2 and H20 

into sugars and starch. 

Table 1.3: Essential Nutrients Taken Up by Plants (Mengel 1982) 

Elements Symbol Form(s) Taken Up by 

Roots 

Macronutrients 

Carbon C CO2 

Hydrogen H H2O 

Oxygen 0 O2 , H2O 

Nitrogen N + H + NH4 ,N 3 
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Potassium K K+ 

Phosphorous P HP0 4
2- , H2P04-

Calcium Ca Ca2+ 

Magnesium Mg Mg2+ 

Sulphur S SO/-

Micronutrients 

Iron Fe F 2+ F 3+ e , e 

Zinc Zn Zn2+ , Zn(OH)2 

Manganese Mn Mn2+ 

Copper Cu C 2+ U 

Boron B B(OH)3 

Molybdenum Mo MoO/ -

Sodium Na Na+ 

Chlorine CI cr 

Nickel Ni N·2+ 
1 1 

1.8.2 Mineral Nutrients 

Plants acquire mineral nutrients dissolved in water from soil by roots. At all times, 

mineral nutrients are not fully enough for plants to grow healthy. To overcome this 

deficiency farmer utilize fertilizers to add enough nutrients to soils. Further mineral 

nutrients are divided into two groups: 

• Macronutrients 
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• MicronUlricnts 

1.8.3 Macronutrients Required by Plants 

Macrollutricnts are required by the plants in greater quantities (> 0.1 % of dry mass) 

and il comprises primary mucronutrients and secondary macrol1l1lricnts. Nitrogen (N). 

POlassiltlll (K) and Phosphorous (P) are primary macronulricnt, !lImits mostl y require 

primnry macronlltrienls in Inrge amounts because soils are delici~nl of these nlltr i ~nts 

und as NPK required for several processes of plants survival tllld growth. Secondary 

mHcronu trienlS inc1ltde Calciulll (Co.). Magnes iulll (Mg) and SUlphur (S). Secondary 

mac ronutri cn ls are access ible in soils in sullicient amou nts as ill :1cidie soil s 

Mugncsium (Mg) and Cuic ium (Ca) are added ill the 1'01'111 or Lime. In process of 

decomposit ion or organic mailer soil gelS adequate amou nts o f sulphur (Wi lliams and 

Salt 2009). 

1.9 Importance of Roots System Architecture in Plants 

Roots arc u significant pnrl of plant as helps in uptake of w:Ucr :lnd nutrients that is 

required by the plant tu grow and survive , Roots are also needed ror anchoring. 

support nod stomgc purposes. Roots of some plants serve as Ibod fhr humuns like 

IUrnips and carrols. To overcome challenges faced by plnnts being sessi le. roo ts alter 

their archi tecture in response to differen t slress Ihetms (Wnint:s and Ehdaie 2007), 

The roots are intcrfhcc between plan ts and biot ic ab iOtic stress factors in soil (Smith 

and de Smci 20 12), Root architecture vari es in diflcren l species and it also varies 

within species sue to genetic 111i.I l..eup and environmenl!ll dlects (1, Lynch 1995). 

1.9.1 Basic Root Systems 

Root syslem is downwanl porlio11 o f plant axis. Alter the gcnnin:ltiotl of sc:ed. first 

part Ihul comes Olll is mdieol. It e longates and limll roots either primary rOO I or tilP 

root. II also l'onns Intern I roOls and branches thus rcsuhs in lo nmuioll of rool system 

of phmls. There me mainly rwo Iypes of roOI systems. 
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1.9.1.1 Tap Roots systems 

In this system root consist of one main root alongwith with small branches that grows 

from it. Tap root is a main root which is deep rooted and grows vertically downward. 

It gives plant strong anchorage. It is dicot form of root system (Morita and Yamazaki 

1993). 

1.9.1.2 Fibrous Roots Systems 

Fibrous root system consists of several thin roots appear like bushes and have short 

primary root. Several fibers like roots arise from radical base which are shallow and 

horizontally placed. Hence can't provide strong anchorage and support to plants. This 

system of roots called as monocot root system as it is present in rice, maize and wheat 

(Morita and Yamazaki 1993) . 

Tup rool 

Figure 1.3 : Tap Root System (A) and Adventitious Root System (B) (Morita and 
Yamazaki 1993) 

1.9.1.3 Root Apical Meristem 

Root apical meristem is the region at root tip where cells are capable of repeated cell 

division and protected by root cap lit tip (Jiang and Feldman 2005). Root tip divided 

into three zones: 
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• Cell division zone 

• Cell elongation zone 

• Cell maturation/differentiation zone 

Cell division zone is the closest to the root tip and consist of cells of apical meristem 

which are actively dividing cells. In cell elongation zone length of cell increases 

which eventually increases root length. The area where formation of root hairs takes 

place called as cell maturation zone where first root hair develops and starts 

differentiating which contributes in formation of special cell types. Meristem cells in 

root tip have ability to regenerate and it is due to asymmetric cell division in these 

cells (Ohlstein et al. 2004). 

In plants root growth occurs by elongation of cells which are root apical meristem 

(RAM) descendants. A specialized tissue called as root apical meristem present at tip 

of root and produces cells of all root tissues that formed during postembryonic 

development (Dinneny and Benfey 2008). At center of meristem and behind root cap 

group of cells present which rarely divide and known as quiescent center that is the 

inactive region in root apical meristem. Its function is in organizing primary root 

growth pattern (Clowes 1976). 

Cortex 
Stele 

I 

Epidermis ---~r;;;ffii;;~;:=i~===-

Root 

THREE PRIMARY 
MERISTEMS: 

Protoderm ... -- .-----_. ___ --_ "'~IU 
Ground~ meristem ~ __ .. ___ 

Procambium 

Apical -"" 
merlstem ---

Quiescent - __ _ 
center 

Root cap -------~Iil' 

Zone of 
maturation 

Zone of 
elongation 

Zone of cell 
division 
(ap ical and 
primary 
merlstems) 
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Figure 1.4: Schematic Diagram of Plant Root Apical Meristem Showing Zones of 
Cell division, Maturation and Elongation ( Janice E Thies, 2006). 

1.10. Phosphorus Deficiency in Soil and Roots Response 

Phosphorous deficiency in soils is limiting factor for crops production and has an 

effect on crop growth. It is an important abiotic stress that limits production of crops 

30-40% (von UexkUll et al., 1995). It is majorly present in soils where phosphorous 

bound to other particles in soils. This interaction of phosphorous with soil particles 

limits phosphorous availability. Due to phosphate highest capacity to absorbed by soil 

patticles which limits its uptake via roots to plant. It shows that phosphorous uptake is 

cOlTelated with plant ability to explore soil. Adaptation of root system architecture in 

nutrient deficient conditions makes plant capable of exploring soil and ensure uptake 

of phosphorous (Sartelmacher et al., 1994). Plant roots undergo changes in response 

to P deficiency in several ways. Lateral roots development, lateral roots branching, 

growth of root hairs and primary root elongation occurs in p deficiency (1. P. Lynch 

and Brown 2001). Another impOliant root adaptation is increase in density and 

number of root hairs which eventually help in phosphorous uptake by expanding 

surface area of roots to explore more soil (Gahoonia and Nielsen 1997). 

Phosphorous is an essential macro nutrient required to sustain quality and production 

in plants (Zapata and Zaharah 2002). It plays important role in different processes of 

plants e.g. Metabolism, Glycolysis, membrane synthesis, important signaling 

pathways and in synthesis of cellular components (Raghothama 1999). Patiicularly its 

role is in root physiology and morphology including root branching and lateral roots 

development (Jin et al. 2005) . Plants evolved strategies to cope in phosphorous 

starved conditions which results in several changes in root system architecture, 

biochemistry and morphology of plant (Linkohr et al. 2002). In comparison with other 

essential nutrients mostly phosphorous is least mobile and least available in soils 

which makes it main limiting factor in plants growth. Almost 5.7 billion hectares land 

worldwide has phosphorous deficiency (Batjes 1997). And 30-40% of arable land 

gives poor crop yield due to phosphorous deficiency (Runge-Metzger 1995). It is 
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available in two ronns; organic l.U1d inorganic in soils. Plants root uploke inorganic 

phosphorous (P,) and it is the least available phosphorous foml in soil (Tcng eal. 

20 13). Low availabili ty or phosphorous in soi l is due to its phosphate iOI1 (P) 

reuctivity to the other so il constituents which limi t its llVaiiability in inorganic 

phosphorous (PI' ronn (0711IlI1C 1980). 

1. 11 Plant Hor mo nes 

P lum hormones arc I1i.lluwlly occurri ng substances that can a!Tcc t 5cveral 

physio logical pr'occ55CS li ke dillcrelltiatioll, plant growth , dcvc lopr' lcll t and sLonmtsl 

movements at very low conccntrations. Plant hormones arc also known as 

" Phytohormones". There are li ve major plam hormones Auxins , Gibbere lli ns. 

ethylene. abscisic acid and cytokin in (Davies 2010). 

Oelow is the brief description of the ones being il1vohed in this experiment at 

molecular level. 

1.11. 1 Cy.okinin (ClUJ 

Cytokinins nre deriv3Iives or aderllne and <Ire invo lved in cdl divi sion in plants in 

auxin presence. CKs found in seeds and rool tip involve in ce ll d ivision hence hl!l p in 

rOO l e longa tion and seed g~rm i nation . Olher functions or CKs arc I c~f expansion. 

latcnrl buds fo rmati un and morphogenesis (Davies 20 10). Mctnbo li s rn unci signaling 

of cytokinin I1<1S been cxp li c~ t~d in Arabidopsi.'i Ilw/imw. ytok inins nrc synthesized 

initia ll y through n asc..1de of enzymes encoded by U SCI or three gene fami lies. 

comprising of isopcnlenyl lrunsfe rase {Ipn. cytokin in trn.ns·hydroxy lase (CYP735A) 

and cytokinin nucleos ide 5-monophosphatc pho5phoribohydrolasc (LOG) genes 

(Sakakihirn. 2006). The process of degradation of cYlOkinin is catnIY5l'(j by cytokinin 

oxidnse/dchyd rogcnnses c[)cooed by CKX genes ( SchmUll illg et al.. 2003). 

The chief flln~tion of lenves is 10 provide ass imilates lor growth of the plantS through 

the process of phOlosylllhcsis. CKs alfec t the i'uncliol1l'1 l liS we ll IlS the Slructur",1 

cilaral' tcristics or photosY nlhes is at nu merous !evels. CKs induce cl!lI d ivision and 

difl'erenlilltion even in tile pri nulry stages or Ic,lf de ve lopment, Tile effecl of CKs has 

been S l ltu i~d with in \,vho lc lear ,lIld (cunei that they altered till! len !' SlrUCllrrc in order 
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to have a greater number of cells per leaf area (Chemyad'ev 2000a) and a greater 

number of vascular bundles comprising xylem and phloem elements (Chemyad'ev 

2000b). 

1.11.2 Ethylene 

Ethylene is a gaseous hormone and controls multiple physiologic activities in plants. 

It plays its role in plant growth and development. It also involved in roots 

development and seed germination by breaking dormancy. In high concentration 

ethylene also inhibit PR elongation (Abeles et ai. , 1992). Ethylene affect size of cell 

as it mostly reduces cell elongation in other words it act as a signal for cell expansion. 

It also controls growth of plants through cell division. Ethylene is considered as a 

major modulator in response to environmental stresses (Road 2007). Ethylene also 

known as an "aging hormone" as it is involved in several developmental processes 

e.g. ripening, abscission and senescence. Genetic analysis on Arabidopsis model plant 

identified certain key elements act to mediate responses to ethylene (Alonso and 

Stepanova 2009). The enzyme that is directly involved in ethylene biosynthesis is 1-

aminociclopropane- l -acid carboxylic oxidase (ACO or EFE - ethylene fonning 

enzyme; EC 1.14.17.4), which transforms Ace into ethylene hom10ne (Hegg EL, 

1997). 

Ethylene signal transduction activates considerable variations in the gene expression 

of plant cells. Analysis of Promoter region of the genes induced by ethylene directed 

to the identification of cis-acting elements and the trans-acting protein EREBP 

(ethylene responsive element binding protein) family, which interacts with ERFs 

(ethylene response factors) DNA (Leubner-Metzger et ai. , 1998). The enhanced 

transcript accumulation for various ERF genes have also been reported under drought, 

salt and cold stresses (Miao Z et aI. , 2015). 

1.12 Ethylene Biosynthesis and Signaling Pathway 

Ethylene produced in all plant tissue and its production varies with tissue type, 

developmental stage and species. Its biosynthesis occurs by methionine pathway 

which is a 3 step processes and required A TP. Methionine added with A TP and H20 

with which loss of tlu·ee phosphate groups synthesize S-adenosylmethionine (S-
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AdoMet) and reaction catalyzed by an enzyme SAM synthetase (McKeon et ai., 

1995). S-adensylmethionine (AdoMet) then converted to l-aminocyclopropane-l­

carboxylic acid (ACC) by enzyme called as l-aminocyclopropane-l-carboxylic acid 

synthase (ACS) and it this step requires oxygen for oxidation. Ethylene production 

occurs in result of ACC oxidation in presence of an enzyme ACC oxidase (ACO) 

(Song and Liu, 2015). 

~r;:;;'\ 
~AC~EthYlene Methionine -.::::::.-:::.... .. AdoMet 

B 

Receptors 1 
Ethylene ~ (ETR1,ETR2, _ r;;:;;l ~ r;;;;l 

ERS1,ERS2, L.:.::J --, L..::.:...J -
EIN4) '-----' 

Ethylene­
responsive 
genes 

Figure 1.5: Ethylene Biosynthesis Pathway in Plants (A) and Ethylene Signaling 
Pathway in Arabidopsis (B). Arrows indicates promotion while perpendicular 
lines shows inhibition (Song and Liu, 2015). 

1.13 Objective of the study: 

Phosphorous is an important nutrient involved in several metabolic pathways in plants 

like glycolysis, membrane synthesis and respiration and also present in phospholipids, 

nucleic acids and A TP. It is required for better plant growth and has its effect on root 

architecture of plants. 

Nanoparticles have variable positive and negative effects on the growth and 

development of plants depending upon the natu!'e, composition, reactivity and their 

dose administered in the plant species (Khodakovskaya etal., 2012). Plants uptake 
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phosphorous and nanoparticies by their roots immersed in the Hoagland nutrient 

solution containing considerable amount of nanoparticies. Low availability of 

phosphorous along with incorporated ZnO and Si02 nanoparticies can have differing 

effects on plant growth and yield. 

In this study, we aimed to reveal the effects on root system architecture of local wheat 

varieties of Pakistan along with molecular expression of ethylene and cytokinin 

signaling in response to phosphorous deficiency and the role of zinc oxide and silicon 

dioxide nanoparticies in overcoming this phosphorus deficiency by observing and 

analyzing the 

1- Root system architecture (RSA) of SKD-l and P AK -81 at the physiological 

level. 

2- Transcript level analysis of ethylene biosynthesis and signaling pathway genes 

along with cytokinin related genes to infer the level of stress induced under 

phosphorus deficiency and combating effects of nanoparticies · facilitating the 

growth of plants with adaptable nanoparticle efficacy rate at molecular level. 
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2. MATERIALS AND METHODS 

2.1 Seeds Collection 

In this study, two varieties of wheat (Triticum aestivum) genotypes (SKD-l and Pak-

81) seeds were collected from National Agriculture Research Centre (NARC) 

Islamabad. 

2.1.1 Seeds Sterilization and Stratification 

Wheat (Triticum aestivum) seeds were sterilized using 30 % of bleach solution and 

subsequently washed with distilled water for several times until the bleach was fully 

removed and placed on autoclaved filter paper in a petri plate. For Stratification petri 

plates were covered with aluminum foil and placed inside refrigerator at 4 DC. 

2.2 Preparation of Nanoparticle solution 

To make Zinc oxide and silicon dioxide solution, 100ppm of ZnO and similarly 

100ppm of Si02 were used and the flasks containing these nanopmticles solutions 

were covered with Aluminum foil. For proper mixing, these flasks were placed for 

about 3-4 hours in Jeken Ps-l 0 Ultrasonido Limpiador 21 80w Sonicator. 

2.3 Preparation of Hoagland Solution 

Macro and micro nutrient salt solutions were used to prepare Hoagland solution to 

grow seedlings hydroponically. A required concentration of macro and micro 

nutrients in known quantity was added to distilled water to prepare Hoagland solution. 

1M KH2P04, 1M MgS04, 1M K2HP04, 1M CaCh, 40mM HJBOJ, ImM Na2Mo04, 

71mM Fe-DTPAIFe-HEDTA, 20mM CUS04, 60mM MnCh, 6mM Ca(NOJb 20mM 

ZnS04 and KNOJ are concentrations of stock to prepare Hoagland solution. These 

salts are the source of various macro and micro nutrients like Mg, Ca, Fe, Mn, P, B, 

Cu, Zn, Mo, N, K. 
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In this experiment IL Hoagland solution prepared in two IL bottles each and 333ml 

respective nanoparticle solution was added to make final concentration of lOOOml. 

We used zero (Po) and full phosphorus concentrations (PF) , which were further 

divided into three subgroups as Control (zero nanoparticles), ZnO (333ml Hoagland 

solution + 33ml ZnO) and Si02 (333ml Hoagland solution + 33ml Si02) as shown in 

the table below. 

Table 2.1: Solution Division-Phosphorus and Nanoparticies 

Number of Bottles Phosphorous N anoparticies 

with HoaJ?;land Solution 

Control (No Nanoparticles) 

Po 

Zinc Oxide (33ml added) 

No Phosphorus Added 

IL Bottle A Si licon Dioxide (33ml 
Under Phosphorus Stress added) 

Control (No Nanoparticles) 

PF Zinc Oxide (33ml added) 

IL Bottle B 
Phosphorus Added 

Si licon Dioxide (33ml 
added) 

Under No Phosphorus 

Stress 
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Table 2.2: Hoagland solution composition 

Hoagland nutrient solution 

Stock Hoagland 

Nutrients Solution Concentration For 1 L 

Solution 

Mg MgS04 1M 2mM 2ml 

K KH2P04 1M ImM Iml 

P K2HP04 1M ImM 1m! 

Ca Ca(N03)2 1M 2mM 2m! 

Fe Fe- 71mM 71~lM Iml 
DTPAIFeHE 

DTA 

Mn MnCh 60mM lO~M O.166ml 

B H3B03 40mM 50~lM 1.25ml 

CLl CUS04 20mM 6~lM O.3ml 

Zn ZnS04 20mM 6~lM O.3ml 

Mo Na2Mo04 ImM O.l~M O.lml 

N KN03 6mM 5-6~M 3ml 

Ca(N03)2 

CI CaCh 1M 2mM 5ml 

NH4 NH4Cl 6mM 5-6~M 5uI 
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2.4 Wheat Growth Conditions within Test tubes 

Etiolated growth of wheat was setup within the Electrothermal Constant Temperature 

Drying Incubator to provide optimum conditions of temperature. Autoclaved test 

tubes, filter papers, forceps and scissors were used to minimize any possible 

contamination. The experiment was done in triplicates, for all the treatments as 

described earlier to check root architecture; ethylene and cytokinin responses under 

Po and PF concentrations alongwith the presence of ZnO and Si02 NPs. Optimum 

temperature of around 25°C and complete dark photoperiod timings were maintained 

during experimental setup. 

2.5 Sample Collection 

Wheat plants were taken after 5-6 days of growth. For each variety of wheat (Triticum 

aestivum) root samples were divided into two parts, to use samples for both 

physiological and molecular analysis. 

2.6 Physiological Analysis of Whea t Varieties 

After one week of growth, wheat plants were taken for physiological analysis. To 

check the root architecture, roots were scanned via scanner and then images taken 

were used for further analysis via ImageJ (ij 152-win-java8) software. ImageJ software 

analyzed different parameters of roots e.g. specific roots length (cm/cm3) and average 

root width diameter (cm). In Order to analyze root apical meristem and count number 

of cells, microscopy of root tips was done by using chloral hydrate solution. 

2.6.1 Analysis of Root Architecture of Wheat Plant 

Scalmed images of roots were taken to analyze root architecture via ImageJ (ij 152-

win-java8) software. ImageJ Software organized images automatically and is a Java­

based image processing program established at the National Institutes of Health and 

the Laboratory for Optical and Computational Instrumentation. Preprocessing of 

images were done e.g. Scale set, scale bar, segmentation, rotation, and calibration. As 

rotation and segmentation of images are standard transformation for images while 

scale calibration is the most important tool that allows setting of scale in pixels/cm. 
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These transfonnations were applied to all Images that were earlier imported to 

software. 

ImageJ 
Image Proceaalng & Analysis In Java 

Figure 2.1: l mageJ Software for High Throughput Annlys is of Root Architecture 

System in Plants 

Software tools were used to analyze images of root networks. Parameters were set to 

enable software to identify roots relative to background c.g. Image segmentation, 

Scale calibration, trait selection. Interested traits were selected for measurement 

which includes specific roots length and average root width diameter (em). Software 

recorded traits estimation in proper units which is the advantage of ImageJ. All of 

these methods were used separately to analyze images as each algorithm has default 

values of parameters. ImageJ was directed to compute traits after setting all 

parameters. 
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2.6.2 Microscopy of Root Apical Meristem in Wheat 

Root apical meristem of wheat roots were examined and analyzed by using chloral 

hydrate solution. It contains chloral hydrate water and glycerol in (8: 3: 1) ratio. 

Cortical layer cells were counted in line from quiescent center till length of cell 

increased using (Olympus, CX4l) lOX objective lens was used (Perilli and Sabatini, 

2010). 

2.6.3 Molecular Analysis of Wheat Varieties 

SKD-1 and Pak -81 variety samples were taken for molecular analysis. Relative 

expressions of ethylene and cytokinin related genes were checked in roots samples of 

wheat plants under ZnO, Si02 nanopartic1es and phosphorous stress via PCR (RT­

qPCR) technique. For gene expression analysis RNA extraction and quantification 

was done to synthesize cDNA. Roots cDNA samples were then used for quantitative 

Real-time PCR (RT -qPCR) to check expression levels of genes. 

2.7 Primer Designing 

For all primers same procedure was used. Sequences of target genes were obtained 

from ncbi GeneBank (https://www.ncbi.nlm.nih.gov/genbank/collab/) and then 

sequences were aligned using ClustalW programme 

(https://www.ebi.ac.uklTools/msa/c1ustalw2/). Obtained sequences for each target 

reported in table 2.2. 

Gene 

TaUb 

Ta AC02 

TaERF 

Table 2.2: List of Genes and Primers Used For This Study 

Forward Primer Sequence 

GGACTACAACATCCA 

GAAGGA 

GAGGAACGAGGGCGA 

GGAG 

GACAGGGAATGGGAC 

Reverse Primer Sequence 

TTGTGAACCCAGAGA 

CAGAAG 

TCAGTTATCAGGCGG 

TGG 

GCTCAACCAGAGTAG 
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TGATA TCTTTA 

Ta ERS2 GGAGTCGTCCTTCTTC GTGGTGGAAAGTCCA 54. 8°C 

CCATA GAGGTTT 

TaCKX2 TGGAGCGGAAGAGAA CAGTTGGGCGGGCG 54.3°C 

GTATG TCAATTGATATA 

G 

Ta CKX8 CCAGGAGCTGCTCAT GAGAAGAGGGGGCG 54.6°C 

TTCTAA TTGACTT 

2.8 RNA Extraction 

In this experiment Rl"TA was extracted from wheat (Triticum aestivum) roots samples 

by using Trizole reagent (Cat. No 15596026; Ambion Life Technologies, USA) 

method. RNA extraction was performed in sterilized environment. Ig of root was 

taken and grinded in autoclaved pestle mortar using liquid nitrogen. Roots were 

grinded until it turned into fine powdered form. Iml of Trizole reagent poured on fine 

powdered sample in pestle mortar. Sample was then kept for 2-3min until it thaws. 

After proper mixing sample was poured in 3 eppendorf and 200 ~Ll of chlorofonn (Cat. 

No 1.02445.2500;EMSURE) added in each eppendorf which then preceded to vortex 

for 30 sec. Samples were centrifuged at 12000rpm for 15mins and at 4°C. Supernatant 

was taken into another eppendorf and 500-700J..Ll of chilled isopropanol added in it. 

These eppendorfs were then placed horizontally on clean desk for 10 mins at room 

temperature and preceded to centrifugation at 12000rpm for 8 mins at 4°C. 

Supernatant was discarded and pellet obtained at bottom of eppendorf which was 

washed with 70% ethanol twice and then kept for few minutes to get it air dried. 

Pellet then dissolved in 30 fll of DE PC (Diethylpyrocarbonate) water which is RNAse 

free water that has the capability to inactivate RNAses and protects RNA. RNA stored 

at -80°C after extraction (Yin et a!., 2016). RNA presence and its quality were 

checked by rmming on a 1% agarose gel as mentioned previously. The used 

conditions were 400mA, 80 V for 45 minutes. 
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2.8.1 DNAse Treatment 

DNAse treatment was done to remove DNA contamination and kit utilized for this 

treatment was RNAse-free kit (Cat No. EN0521, Fennantas, USA). 8!J.I of RNA 

sample was taken then I!J.I DNAse I and I /-ll of lOX buffer (Lot No. 00065923 , 

Fermentas, USA) were added to make final volume of 1O!J.1. Solution was incubated at 

370 C for 30mins in PCR machine (Biometra, Germany). Then PCR was paused and 

I!J.I of EDT A (25mM) (Lot No. 00058815, Fermentas, USA) was added and peR was 

resumed at 65°C for 10 minutes. After this, RNA was quantified. 

2.8.2 RNA Quantification 

The extracted RNA from Roots sample was quantified by using Nanodrop (Titertek 

Berthold, Germany) to check purity and concentration of RNA in extracted mixture. 

Specified programme for RNA extraction was selected on Nanodrop. Nanodrop 

works on common spectrophotometer principle. Nanodrop first given DEPC treated 

water to remove contamination on lens. Nanodrop was then blanked with I!J.I of 

DEPC treated water water at 260nm. Nanodrop calibration was done with DEPC 

treated water as RNA was also stored in DEPC treated water. Blank reading was 

taken to remove zero error. To get RNA concentration 1!J.I of sample was placed over 

Nanodrop lens. RNA concentration was recorded in ng/!J.l. Single peak was observed 

which showed pure RNA in extraction solution. Ri\fA concentration values and (A) 

Ratios noted at 260nml280nm. 

2.8.3 First Strand cDNA Synthesis 

For cDNA synthesis Revert aid first strand cDNA synthesis kit (Cat No. K1622, 

Fermentas, USA) was used. Reagents include 1 ~lg of RNA, 4!J.I of 5X reaction buffer 

(Lot No. 00515206; Thennoscientific, USA), 1/-l1 of 100mM oligo dT primer (Lot No. 

00525000; Thermoscientific, USA, 2!J.I of 10mM dNTP mix (Cat. No. R0181 , 

Thennoscientific, USA), l!J.I of 200U/L Revert Aid and the volume of reaction mix 

was made up to 20~d by adding nuclease free water. After DNAse treatment RNA 

sample volume having 50mM EDT A was added with oligo dT primers making the 

total volume of 13 ~ll. PCR tubes were used to prepare master mix having 4~ll of 5X 

reaction buffer, 2!J.I of dNTP mix, 1!J.I of Revert Aid and I!J.I of Ribolock making the 
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total volume of reaction mix 8~1 now. Reaction mix was added to PCR tubes having 

the previously treated RNA samples making the total volume of 20~1. Then reaction 

mixture incubated in PCR at 42DC for 60 min. Again, mixture was heated at 70DC for 

5 min. Incubation were given in Thermocycler (Biometra-2005 , Germany). Then 

cDNA was stored at _20DC. 

2.8.4 Quantitative (qRT) peR Amplification 

For relative genes quantification real time PCR was performed on cDNA samples. My 

Go pro real-time PCR Thermo cycler (IT-IS International Ltd, UK) machine was used 

for this amplification. For each primer set qRT PCR efficiency was determined by 

using pure 2 ~1 cDNA. Each dilution was amplified against each primer with 

conditions and reagents in table 2.3 and 2.4 respectively. Then, qRT PCR was 

performed against different primer set with Zero and full phosphorous concentration 

alongwith ZnO and Si02 nanoparticles samples with conditions and reagents of Table 

2.3 and 2.4. Reagents used for (qRT) PCR include Maxima Cyber greeniROX PCR 

master mix (Cat No. K0221; Thennoscientific, USA), primers (forward+reverse), 

nuclease free water and template cDNA. Reaction cocktail 1 of cyber green and 

nuclease free water made in 1.5ml PCR tube. Reaction cocktail 2 includes nuclease 

free water and sample diluted primers. Then a master mix of 8 ~l of these both 

cocktails and 2 ~l of cDNA was added in each PCR strip tubes (Cat No. P-OIX8-F; 

Extragene, Thaiwan). Tubes then were closed and placed in MyGo pro Thermocyler. 

Table 2.3: Reagents used in qRT -PCR 

Serial no Reagents Used un (qRT) PCR Quantities (JlI) 

Cocktail 1 1 Syber green maxima 5 ~Ll 

2 Nuclease free water 2 ~l 

Cocktail 2 3 Gene specific forward+reverse 1 ~l 

pnmer 
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4 Cdna 2 fll 

Total reaction volume 10 fll 

Table 2.4: Conditions for qRT -PCR 

SINo. Steps Incubation Time Ramp acqUlre Cycles 

Temperat 
(oC/s) 

me 

1 Hold 95°C 600 4 - -
se 

c 

2 95°C 10sec 5 -

3 Step amplification 58°C 45 sec 4 - 45 

72°C 17 sec 5 Yes 

3 Pre-melt hold 95°C 15sec 5 - -

4 High Initial 58°C 60 sec 4 -

Resolution 
Final 95°C 15sec 0.05 - -

melting 
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2.S,-t. 1 Dnt" Analysis Delta Ct Method 

fo an~lyzc lIn-P R dnta pfafti method (PfaHl. '200 1) were used, To chet:k the 

changes in Fold change of gene expression following fonnula v.ere usetl : 

(E )dCP lQr9~II,olllrol-salll"'~ ) 

R . ~.::'a:.:,,,g.::,,:.:..,,= ______ _ 
ntlQ :;::-

(E
ref 

)dCP ""'J('''n(''tll-S(lIl'IIII~' 

6= de lHl= re present d iffe rence between two val ues 

CP=PCR cycles= represent no or cycles where Il uorcsccnt signfi l dC IlSi lY ,klcelab! \:! 

rhe REST·384 version 2 (Qiagen. USA) wns us~d lor th is analys is. 
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Results 

3. RESULTS 

Nutrients are essentially required by plants for proper development, growth and 

nourishment. Phosphorous is one of the basic nutrients that playa significant role in 

plants growth, root development, ripening, early flowering and its deficiency in wheat 

is one of the growth limiting factors. Phosphorous deficiency influenced the growth of 

roots as it reduces the primary root length, root density and root biomass. Appropriate 

concentration of phosphorous in considerable amount elongates primary root length 

that has been observed in two 'arieties of wheat. Nanoparticles also have different 

effects on wheat with ZnO showing a positive effect in deficiency elongating root 

length. We investigated phosphorous stress alongwith ZnO and Si02 nanoparticles 

effects on root architecture of wheat varieties. At microscopic levels effect of 

phosphorous deficiency, effect of Zinc oxide and Silicon dioxide nanoparticles via 

ethylene suppression on division zone of apical meristem of root was analysed in 

wheat varieties. 

Additionally, transcript analysis of ethylene biosynthesis and signaling pathway genes 

in selected varieties were carried out to observe interactions of ethylene signaling 

pathway with phosphorous deficiency and nanopmiicles efficacy. Our data provided a 

comprehensive comparison at physiological as well as at molecular level. Two wheat 

varieties (SKD-1 and Pak-81) were taken from National Agriculture Research Center 

(NARC) Islamabad. Seeds of both SKD-l and Pak-81 varieties were grown 

hydroponically in nutrient solution with no or fu ll concentrations of phosphorous 

alongwith nanoparticles as tabulated and shown in Table 2.1 

We observed and recorded physiological parameters of roots growth under gIven 

conditions i.e. Specific root length and average root width diameter. These root 

parameters were analysed by ImageJ Software tool that facilitated root architecture 

analysis. Molecular analysis was carried out on two of the wheat varieties and they 

were graphically analysed for fUliher authentication. 

3.1 Differences in Wheat Root Architecture 

Both the aspects ofNanoparticles and phosphorus stress were observed in the variety 

of wheat crop plant. 
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3.1.1 SKD-l 

Wheat (SKD-l) variety seedlings showed significant differences in pnmary root 

length (cm/cm3) and root width (cm) etc. Figure 3.1 illustrates the effect of ZnO and 

Si02 nanoparticles on SKD-l seedlings i.e. A, B, C control having no nanoparticles , 

D, E, F Zinc oxide nanoparticles and G, H, I Silicon Dioxide nanoparticles. All this 

effect is under phosphorus deficiency with no phosphorus added (Po). An increase in 

length with efficient growth was observed in the roots grown under zinc oxide 

nanoparticle. Control showed a moderate effect with median root length under the 

absence of nanoparticles. However, under the addition of silicon dioxide 

nanoparticles, the roots showed a contrasting behavior with decrease in their length at 

physiological level. 

Figure 3.1: Effect of Nanoparticies on Wheat (SKD-1) Variety Root Architecture under 

Po (Phosphorus absent) with increase in length under zinc oxide and decrease in length 

under Silicon Dioxide nanoparticies. 
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Similarly Figure 3.2 below shows the condition in which phosphorus is present (PF). 

When a comparison was observed in both conditions for Po and PF, it was found that 

root length decreased in Po while increased under PF . However, seedlings grown 

with Zinc oxide nanoparticles have shown increase in length in both Po and PF while 

Silicon Dioxide has shown a decrease in length. 

Figure 3.2: Effect of Nanoparticles on Wheat (SKD-l) Variety Root Architecture 

under PF (Phosphorus present). More increase in length was observed as 

compared to Po however nanoparticles showed a similar effect under both 

stresses. 
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3.1.2 P AK-81 

Wheat (PAK-81) variety seedlings exhibited important alterations in primary root 

length (cm/cm3) and root width (cm) etc. In below figures A, B, C is control having 

no nanoparticles. D, E, F Shows Zinc oxide nanoparticles and G, H, I show Silicon 

dioxide nanoparticles. It was observed that seedlings grown in presence of ZnO NPs 

showed increase in root lengths while Si02 nanoparticles displayed decrease in length. 

Figure 3.3: Effect of Nanoparticles on Wheat (PAK-81) Variety Root 

Architecture under Po (Phosphorus absent) with increase in length under zinc 

oxide and decrease in length under Silicon Dioxide nanoparticles. 
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Figure 3.4: Effect of Nanoparticles on Wheat (PAK-81) Variety Root 

Architecture under PF (Phosphorus present). More increase in length was 

observed as compared to Po however nanoparticles showed a similar effect 

under both stresses. 

When a comparison was observed in both conditions for Po and PF it was found that 

root length decreases in Po while increases when phosphorus is available. However, 

the sample with Zinc Oxide nanopartic1es has shown increased in length in both Po 

and PF and Silicon Dioxide has shown a decrease in length. That will be validated 

further with graphical analysis in the section 3.3. 

3.2 Intervarietal Differences of Wheat Root Architecture in 

Response to Nanoparticles and Phosphorous Deficiency 

ImageJ software used for statistical analysis of roots images grown on control, 

phosphorous stress, ZnO and Si02 nanopartic1es. Different parameters of roots 

e.g. specific roots length (cmlcm3) and average root width diameter (cm) were 
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analyzed. ImageJ analysis of roots shows significant changes in root architecture 

of treated samples in comparison with control samples. 

3.3 Specific Root Length 

Data analyzed by ImageJ software tool showed changes in specific root length of 

varieties used in this study under ZnO, Si02 nanoparticles and Po, PF phosphorous 

treatments. Both varieties responded to phosphorous starvation differently. Specific 

root length (cm/cm3) of SKD-l showed inhibition of primary root (PR) length in 

phosphorous starved (Po) plants while other variety Pak-81 showed slight decreases in 

root length under phosphorous concentration stress. It shows that both varieties adapt 

themselves to the environment by making changes in root architecture which includes 

changes in specific root length (cm/cm\ Under nanoparticles inclusion, ZnO Showed 

the most increase in length in both the varieties and specific root length shows 

significant decrease in absence of phosphorous as compared with roots of plants 

grown in PF under fu ll phosphorous concentration. The highest recorded value of 

specific root length was recorded in SKD-1 variety under phosphorus and in the 

presence of zinc oxide nanoparticles (16.91 cmlcmJ) grown under full phosphorous 

(Pr) concentration while lowest value recorded was observed under control in 

phosphorus stress (8 .10 cm/cmJ) as shown in figures below. 
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Figure 3.5 Intervarietal Differences of Specific Root Length (cm/cm3) In Wheat 

(Triticum aestivum) Varieties Grown under Different Phosphorous 

Concentrations in the presence of nanoparticles. In above figure lined and grey 

bars represent wheat varieties grown under Full Phosphorus (PF) and no or zero 

phosphorous (Po) concentration. In both of the above figures, Y-axis represents values 

for specific root length in cm/cm] while X-axis represents wheat varieties (SKD-1 and 

Pak-81). Graph representing mean ± SE values for twice replicates of each treatment. 

3.4 Average Root Width Diameter 

Average root width diameter is the mean value of root width. Data obtained by 

ImageJ Software analysis of root images showed that root width increases in absence 

of phosphorous. Roots of seedlings grown on zero or no phosphorous (Po) showed 

increase in root width as compared with seedlings grown in full phosphorous (PF) 

concentrations. Width of seedlings grown on phosphorous starved (Po) conditions was 

more than seedlings grown in full phosphorous (PF) concentration _ or in normal 

phosphorous concentrations. The Highest recorded average value for root width was 

from SKD-l variety (0.15 cm) grown under phosphorous full (PF) conditions in the 

presence of Si02 Nanopalticies. The lowest recorded average value of root width 

diameter was from PAK-81 variety (0.085 cm) under Po in the presence of ZnO 

Nanoparticies. (Figure 3.5). 
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Figure 3.6 Intervarietal Differences Of Average Root Width Diameter (cm) In 

Wheat (Triticum aestivllm) Varieties Grown under Different Phosphorous 

Concentrations in the presence of nanoparticles In above figure lined and grey bars 
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represent wheat varieties grown under Full Phosphorus (PF) and no or zero 

phosphorous (Po) concentration. In both of the above figures, Y-axis represents values 

for Average root width diameter (cm) while X-axis represents wheat varieties (SKD-l 

and Pak-81). Graph representing mean ± SE values for twice replicates of each 

treatment. 

3.5 Microscopic Analysis of Wheat Root Apical Meristem 

Modifications in root architecture in response to phosphorous deficiency occur due to 

changes at cellular level in apical meristem of primary root. These modifications 

influenced by interactions of several hormones and nutrients. Microscopic analysis of 

cell count in the root apical meristem of PR (primary root) showed that cell number 

decreases in roots apical meristem of both wheat varieties grown under phosphorous 

starved (Po) conditions as compared with plants grown under full phosphorous (PF) 

concentration. As root elongation occurs due to flux of newly formed cell from 

division zone to elongation zone in root apical meristem. Phosphorous starvation 

reduces the elongation of root by decreasing the rate of cell division hence reducing 

the cell number in elongation zone. Numbers of cells were observed under both the 

above mentioned phosphorus conditions alongwith presence of control, zinc oxide 

and silicon dioxide nanoparticles. 

3.5.1 SKD-l 
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Figure 3.7 Effect of N anoparticles and Phosphorus stress on Apical Meristem of 

Root in SKD-l: Microscopic analysis of cell count in wheat variety (SKD-l) grown 

under full phosphorous (PF) and Po or zero phosphorous concentrations. A: Wheat 

seedlings grown under control without any nanoparticles and the number of cells were 

the average as compared to presence of nanoparticles. B: Wheat seedlings grown 

under Zinc oxide nanoparticles concentration showed increase in cell count in roots. 

c: Wheat seedlings grown under Silicon dioxide concentration showed the minimum 

number of cell count among the three conditions. When an analysis was done on the 

basis of stress under phosphorus concentrations it was observed that the root cells 

grown under phosphorus stress had decrease number of cell count as compared to 

when phosphorus was fully available. 

3.5.2 Pak- 81 
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Figure 3.8 Effect of Nanoparticles and Phosphorus stress on Apical Meristem of 

Root in Pak-81: Microscopic analysis of cell count in wheat variety (Pak-81) grown 

under full phosphorous (PF) and Po or zero phosphorous concentrations. A: Wheat 

seedlings grown under control without any nanoparticies and the number of cells were 

the average as compared to presence of nanoparticies. B: Wheat seedlings grown 

under Zinc oxide nanoparticies concentration showed increase in cell count in roots. 

c: Wheat seedlings grown under Silicon dioxic1.e concentration showed the minimum 

number of cell count among the three conditions. When an intervarietal comparison 

was made it was found that SKD-l had an increase number in cell count in 

comparison to Pak -81. Analysis was also done on the basis of stress under phosphorus 

concentrations and it was observed that the root cells grown under phosphorus stress 

had decrease number of cell count as compared to when phosphorus was fully 

available. 
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Figure 3.9 Cell Count Trend in Root Apical Meristem under Phosphorous 

and Nanoparticles stress in Wheat (Triticum aestivum) Varieties Bar graph 

shows cell count of wheat varieties grown under different phosphorous 

conditions alongwith control, zinc oxide and silicon dioxide nanopmiicles. As 

graphically analyzed, cell counts was increased in zinc oxide and decreased 

under silicon dioxide nanoparticles. While in repose to phosphorus, Number of 

cells were low under phosphorus stress (Po) as compared to when phosphorus 

was fully avai lable (PF). Results are presented in mean ± SEM. Error bars. 

3.6 Extraction of Good Quality RNA 

In order to check the expression of ethylene related and cytokinin related genes, 

Wheat root samples were preceded for RNA extraction. RNA was extracted from 12 

samples of both the wheat varieties under control, zinc oxide and silicon dioxide 

nanoparticles alongwith different phosphorus concentrations (Po and PF). These 

samples were then run on 1% agarose gel. RNA bands were observed by Gel 

documentation system. 
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Figure 3.10 Agarose Gel of Wheat Varieties RNA from Roots Samples: Gel image 

shows RNA bands extracted from Wheat (Triticum aestivum) roots. 

3.7 Transcript Analysis of Ethylene Biosynthesis and Signalling 

Pathway Genes 

Ethylene is a gaseous hormone and plays an important role in plants development and 

growth. In roots samples relative expression of ethylene biosynthesis and signaling 

genes including TaAC02, TaERF and TaERS2 were checked under phosphorous 

treatments for Po and PF. Also the inclusion of zinc oxide and silicon dioxide 

nanoparticles compared to control (having no nanoparticles) under phosphorus stress 

were analyzed for ethylene related genes. The enzyme that is directly involved in 

ethylene biosynthesis is 1-aminociclopropane-1-acid carboxylic oxidase (ACO or 

EFE - ethylene forming enzyme; EC 1.14.17.4), which transforms ACC into ethylene 

hormone (Hegg EL, 1997). Ethylene signal transduction activates considerable 

variations in the gene expression of plant cells. Analysis of Promoter region of the 

genes induced by ethylene directed to the identification of cis-acting elements and the 

trans-acting protein EREBP (ethylene responsive element binding protein) family, 

which interacts with ERFs (ethylene response factors) DNA (Leubner-Metzger et aI., 

1998). 

Transcript l~vels of ethylene biosynthesis genes TaAC02, TaERF and TaERS2 wer~ 

increased significantly under phosphorus deficiency i.e. Po concentration. However 

lower expression of ethylene biosynthesis genes were observed when phosphorus was 

available in full concentration without any deficiency i.e. PF condition. Relative 

expression of TaAC02 increases 2.5 fold under the presence of silicon dioxide 

nanoparticles in root samples as compared to control. While expression level for 

TaERF and TaERS2 increases greater than 2 fold under the presence of silicon 
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dioxide nanoparticies as compared to control. Relative expression of TaAC02 and 

TaERF genes decreases in the presence of zinc oxide nanoparticies under both Po and 

Pf concentrations compared to control as an intermediate between the expressions of 

genes increasing under the presence of silicon dioxide nanoparticies. When relative 

intervarietal expression of genes was observed it was found that the genes in SKD-1 

wheat variety showed more response to the stress under phosphorus deficiency and in 

the presence of nanoparticies as compared to PAK-81 wheat variety (Figure 3.11-

3.l6). 
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Figure 3.11: Relative Expression of TaAC02 gene in Wheat (SKD-l) Roots 

Grown under Phosphorous (Po and PF) Concentrations alongwith presence of 

Nanoparticies. Data was normalized with housekeeping gene Ta Ubiquitin. Results 

show almost 2 fold increase in the TaAC02 gene expression under phosphorous 

starved (Po) condition as compared to PF. With the most expression observed under 

silicon dioxide nanoparticies and least in zinc oxide nanoparticies. Results are 

presented in mean ± SEM shown with error bars. 
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Figure 3.12: Relative Expression of TaERF gene in Wheat (SKD-l) Roots Grown 

under Phosphorous (Po and PF) Concentrations alongwith presence of 

Nanoparticies. Data was nomlalized with housekeeping gene Ta Ubiquitin. Results 

show almost 2.5 fold increase in the TaERF gene expression under phosphorous 

starved (Po) condition as compared to PF• With the most expression observed under 

silicon dioxide nanoparticies and least in zinc oxide nanoparticies. Results are 

presented in mean ± SEM shown with enor bars. 
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Figure 3.13: Relative Expression of TaERS2 gene in Wheat (SKD-1) Roots 

Grown under Phosphorous (Po and PF) Concentrations alongwith presence of 

Nanoparticles. Data was normalized with housekeeping gene Ta Ubiquitin. Results 

show almost 3-4 fold increase in the TaERS2 gene expression under phosphorous 

starved (Po) condition as compared to PF. With the most expression observed under 

silicon dioxide nanoparticles and least in control. Results are presented in mean ± 

SEM shown with error bars. 
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Figure 3.14: Relative Expression of TaAC02 gene in Wheat (Pak-81) Roots 

Grown under Phosphorous (Po and PF) Concentrations alongwith presence of 

Nanoparticles. Data was nonnalized with housekeeping gene Ta Ubiquitin. Results 

50 



Results 

show almost 2.5 fold increase in the T AC02 gene expression under phosphorolls 

starved (Po) condition as compared to PF. With the most expression observed under 

silicon dioxide nanopartic1es and least in zinc oxide. Results are presented in mean ± 

SEM shown with error bars. 
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Figure 3.15: Relative Expression of TaERF gene in Wheat (Pak-81) Roots 

Grown under Phosphorous (Po and PF) Concentrations alongwith presence 

of Nanoparticles. Data was nom1alized with housekeeping gene Ta Ubiquitin. 

Results show almost 0.5 fold increase in the TaERF gene expression under 

phosphorous starved (Po) condition as compared to PF. With the most expression 

observed under silicon dioxide nanopartic1es and least in zinc oxide. Results are 

presented in mean ± SEM shown with error bar. 
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Figure 3.16: Relative Expression of TaERS2 gene in Wheat (Pak-81) Roots 

Grown under Phosphorous (Po and PF) Concentrations alongwith presence 

of Nanoparticles. Data was nOlmalized with housekeeping gene Ta Ubiquitin. 

Results show almost 3-4 fold increase in the TaERS2 gene expression under 

phosphorous starved (Po) condition as compared to PF• With the most expression 

observed under silicon dioxide nanoparticles and least in control. Results are 

presented in mean ± SEM shown with error bar. 

3.8 Transcript Analysis of Cytokinin Signalling Pathway Genes 

Expression levels of Cytokinin genes TaCKX2 and TaCKX8 were checked under 

phosphorous treatments for Po and PF. Also the inclusion of zinc oxide and silicon 

dioxide nanoparticles in response to control (having no nanoparticles) under 

phosphorus stress were analyzed for ethylene related genes. Transcript levels of 

TaCKX2 and TaCKX8 were decreased significantly under phosphorus deficiency in 

Po concentration. However higher expression of ethylene biosynthesis genes were 

observed when phosphorus was available in full concentration without any deficiency 

in PF condition in both the varieties. Whereas under the inclusion of nanoparticles; 

both the genes showed different trends. TaCKX2 gene expression was increased in 

the presence of zinc oxide nanoparticles and showed least expression under control 
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(without nanoparticle) whereas TaCKX8 gene expreSSIOn was increased when no 

nanopartic\es was available and decreased in the presence of silicon dioxide 

nanoparticles whereas silicon dioxide showed an intermediate response (Figure 3.17-

3.20). 
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Figure 3.17: Relative Expression of TaCKX2 gene in Wheat (SKD-1) Roots 

Grown under Phosphorous (Po and PF) Concentrations alongwith presence 

of Nanoparticles. Data was normalized with housekeeping gene Ta Ubiquitin. 

Results show decrease in the TaCKX2 gene expression under phosphorous 

starved (Po) condition as compared to PF• With the most expression observed 

under zinc oxide nanoparticles and least in control. Results are presented in mean 

± SEM shown with error bar. 

Effect of Nanoparticles on Triticum aestivum under Phosphorus Stress Page S3 



3.5 

3 

S 2.5 
'~ 
~ a. 2 
x ..., 
~ 1.5 

.~ 

~ 1 
Q:; 

0.5 

o 

TaCKX8 

Control ZnO Si02 Control ZnO 

Roots of SKD 1- Triticum aestivum 

Si02 

~ 
i~ 

Figure 3.18: Relative Expression of TaCI(X8 gene in Wheat (SKD-l) Roots 

Grown under Phosphorous (Po and PF) Concentrations alongwith presence 

of Nanoparticles . Data was nOlmalized with housekeeping gene Ta Ubiquitin. 

Results show almost 2.5 fold decrease in the TaCKX8 gene expression under 

phosphorous starved (Po) condition as compared to PF• With the most expression 

observed under control and least in silicon dioxide. Results are presented in 

mean ± SEM shown with error bar. 
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Figure 3.19: Relative Expression of TaCKX2 gene in Wheat (PAK-81) Roots 

Grown under Phosphorous (Po and P F) Concentrations alongwith presence 

of Nanoparticles . Data was nOlmalized with housekeeping gene Ta Ubiquitin. 

Results show decrease in the TaCKX2 gene expression under phosphorous 

starved (Po) condition as compared to PF. With the most expression observed 

under zinc oxide nanoparticles and least in control. Results are presented in mean 

± SEM shown with error bar. 
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Figure 3.20: Relative Expression of TaCKX8 gene in Wheat (PAK-81) Roots 

Grown under Phosphorous (Po and PF) Concentrations alongwith presence 

of Nanoparticles. Data was nOlmalized with housekeeping gene Ta Ubiquitin. 

Results show almost 2 fold decrease in the TaCKX8 gene expression under 

phosphorous starved (Po) condition as compared to PF. With the most expression 

observed tmder control and least in silicon dioxide. Results are presented in 

mean ± SEM shown wi th en'or bar. 
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4. DISCUSSION 

Wheat is one of the world's most important cereal crops and as it contributes to 

crucial and essential vitamins, amino acids, minerals, valuable phytochemicals and 

dietary fiber components to the human diet so it's productivity holds an utmost 

imp0l1ance providing all the essential nutrients. Due to costly fertilizers and 

overgrowing population it will be beneficial for farmers to select varieties that are 

more stress tolerant and can survive in nutrient deficient soil. The present study was 

conducted to check root architecture of wheat (Triticum aestivum) varieties (SKD-I 

and P AK -81) and expression of ethylene biosynthesis and signaling related genes 

under phosphorous deficient conditions in the presence of nanoparticies. In addition to 

this expression level of cytokinin related genes were also analyzed in the conditions 

mentioned above. Seeds were grown in hydroponic systems with Po (phosphorus 

absent) and PF (phosphorus present) alongwith zinc oxide and silicon dioxide 

nanoparticies . 

After 5-7 days of growth Triticum aestivum mature plant roots were taken and 

analyzed by ImageJ (ij 152-win-java8) software. As the roots are present beneath the 

so il surface and has an important character in structure and function of plants so they 

hold a significant importance. Plant root requires inorganic phosphate (Pi), which is 

not easily accessible. Soil phosphates are the only source of phosphorous for proper 

growth and development of roots. Less availability of phosphorous effects the plant 

health and crop yield. To cope up with nutrient deficient environment plant adapts 

several strategies by changing root architecture. These morphological and 

physiological changes in root architecture make plant to explore more soil. Soil 

exploration in search of phosphorous helps plant to survive (Jiang et aI., 2007). Roots 

proper development is important to fulfill the requirements of water, nutrients and to 

provide anchorage in the soil. They provide lifelong biological interaction between 

plant and microbiota either by facilitating the plant or assisting the chemical defenses 

underneath (Galkovskyi et aI. , 201 2) . 

ImageJ software tool is used in the current study for analysis of root architecture. 

Primary root length is an imp0l1ant parameter to study the changes in root architecture 
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under phosphorous deficient environment. Phosphorous deficiency effect the length of 

primary root. In Arabidopsis roots showed inhibition of primary root (PR) under 

phosphorous starved conditions (Niu et af., 2013). Inhibition of primary root occurs 

due to decrease in cell number at apical meristem. Roots grown under phosphorous 

(PF) concentration showed that root length increased while phosphorous deficient (Po) 

plant roots were shortened. Image] analysis of roots confirmed that phosphorous 

deficient plant roots have more lateral roots and root hairs increases surface area of 

roots so they can explore the soil more in order to cope up with the phosphorous 

deficient environment. Two grown varieties behave differently to phosphorous 

deficiency under both zinc oxide, silicon dioxide nanoparticles but overall pattern was 

same. Under Phosphorus stress, similar type of adaptations were reported in other 

cultivated plants including common bean (Phaseolus vulgaris), maize (Zea maize), 

tomato (Solanum lycopersicum), white lupin (Lupinus alb us) and Brassica nigra. 

Unlike Arabidopsis, other plant species showed longer PR under phosphorus deficient 

conditions. In previous studies, Primary root (PR) inllibition was observed in 

phosphorous deficient maize plant while control plant root length of was elongated 

(Li et al., 2012). Other modifications of roots in response to phosphorous deficiency 

were observed in the number of roots (n), root width (cm) and root elongation etc. 

In previous studies on Arabidopsis thaliana showed that roots has ability to modify 

under nutrient deficient condition. Root parameters respond to phosphorous 

deficiency differently among species. Like low availability of phosphorus in 

Arabidopsis thaliana showed reduced primary root length and increase in number of 

lateral roots and root hairs (Martin et af. , 2000). Plants undergo several stresses like 

nutrient deficiency stress, drought stress, salinity stress and temperature stress. To 

survive under stressed environment plants adopt certain strategies to survive in those 

conditions. By changing root architecture plants increase chances to explore more soil 

so to get sufficient amount of nutrients. 

Microscopic analysis of root apical meristem of Phosphorus deficient plant showed 

that primary root inhibition cOITelates with reduced cell differentiation and cell 

proliferation in the elongation zone (Ticconi et af., 2004; Ricaud et af. , 2007). 

N umber of cells in meristematic and elongation zone decreases in Phosphorus 

deficient plant roots as compared with roots grown under full phosphorous 
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c;oncenlfilliol1 (Ma. '2003). Our slUdy showed significant decrease in number of cd Is at 

meri stematic region of root apical meristem of Phosphorus dclicicnt plant rool. TIlis 

indicates cell divis ion decreases in Phosphorus deficiency and resu lts in inhibition of 

pri mary root. Phosphorous plays major ro le in ce ll division at apica l meristem which 

eventua ll y results in elongation of roots. Microscopic examinati on o r apical meri stem 

showed Ihat under phosphorous deficiency cell division decreases which resuhs in 

inhib ition of primary rool. However. number of ce ll s in the apica l mcri stcm was 

increased in zinc m: idc and decreased under silicon diox ide nanoparlie lcs. Ethylene is 

involved in prinJUry rool inhib ition by affecting cell elongat ion in 1'001 flpica l 

Il1cri stem (Swnru p cllll .. 2(07). 

Nutrient deficiencit;:s a lso affect the biosynthesis of phytohomlones. Researchers are 

im estigUl ing phytohormones role in response to phosphorous (P). nitrogen (N). Boron 

(B) and potassiul11 (K) deficiencies. Role of ethylene in response 10 phosphorous 

deficient elucidated (Wang el 01 .. 2006). Ethylene is gaseous plDnt honnone involve 

in several melabolic and physiological processes. " is a lso involve in seed 

germinDtion, ubsciss ion of petal and leaves. cell division and e1ong:'ltion. Ethylene 

plays a prominent role throughout plant life cycle. From seedlings endogenolls 

ethylene formed an apical hook that protect hypocotyl and seed then Pllshes soil 10 

comc out of the so il. Ethylene produc tion is interre lated wi th phosphoroll s sta rvati on. 

Whenever there is phosphorous de fic iency eth ylene production increases which 

enhances the expression or RSL4 gene that is invo lved root ha;r deve lopment in 

plants {McKt::on (' I lIl.. 1995). Transcript analysis of ethylene biosynthesis and 

sigmding genes showed that ethylene produclion Increased under stressed condition 

which then enhances express ion of other genes involved in root architecture. 

Cytoki nin genes express ion decreases in absc;'llce o r phosphorous and it is possible 

tha t this decrease in root cytokinin levels in response to phospborus deficiency might 

release the inhibition of roOl growth and act as a negative regulator lor Phosphorus 

induced root growth (Martin el al .. 1000). Cytokinills are recognized to have an 

impact on the acqu iremen t of several macronutricnts, such as nitrogen. phosphorus 

unci sullur. 11rcc ise ly. the expression of genes encoding mult iple mllcronulrient 

transporters. including phosphate, sulfate and nitrate Lrnnsporters wcre decreased by 

Ks (Brcnn!!r cf al .. 2003). In present study TaAC02, TaERF and TaERS2 genes 

expression were \.: hcl!k~d in wheat roots grown under diflc rent cuncentra ti ons of 
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phosphorus which indicates that under phosphorous deficient conditions expression of 

genes involved in ethylene biosynthesis increased as compared with plants grown 

under full (PF) phosphorous concentration. In the absence of ethylene EIN2 (ethylene 

insensitive 2) is phosphorylated by CTR1 that prevents translocation of EIN2 C­

terminal to the nucleus. Where, it is required for stabilization of downstream gene 

activation (Wang et aI. , 2010; Shakeel et aI. , 20l3). Both varieties (SKD-l and PAK-

81) showed similar effect in activation of ethylene signaling by up regulating genes 

involved in biosynthesis and signaling of ethylene hormone. Thus, indicating that 

phosphorus deficiency activates stress response by up regulating ethylene signaling. 

In previous studies of Arabidopsis plant, same results were showed which confilmed 

that less availability of phosphorous changes root architecture and makes plant able to 

explore more soil to survive under stressed environment (Borch et al., 1999). 

Limiting availability of phosphorus in wheat results in shortening of primary roots 

length. Transcript analysis of ethylene biosynthesis genes under limited phosphorus 

availability showed over expression of genes which increased production of ethylene. 

Ethylene facilitates throughout the life cycle of plant by stimulating or regulating the 

ripening of fruit , the opening of flowers and the shedding of leaves. Expression 

analysis was different under zinc oxide and silicon dioxide nanoparticles in both the 

PF and Po conditions within intervarietal and intravarietal two selected species of 

wheat. Transcription factors involved in ethylene biosynthesis pathway have been 

identified under phosphorus deficiency however; the contrasting expression of these 

transcription factors under the presence of different nanoparticles need to be explored 

more to have better understanding of the revolutionizing effects of nanoparticles in 

overcoming the phosphorus deficiency alongwith variable effects of different growth 

regulatory hormones produced under stress. 
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5. CONCLUSION 

Based on above discuss ion and prev iolls studies it is slated thm pbosphorolls 

deticiency regulates 1'001 architecture by different modifications as it is an importam 

nutrien t and its deficiency is major threat to crop producti \- ity. In this study two types 

of Il:lnoparliclcs (zinc oxide and si licon dioxide) were una lyzed lor comparison 

purpose both at physiological and molecular level in two differen t whenl v!lI' ieties 

Linder phosphorus deliciency. Root archi tecture nnalysis showed signifi can t changes 

in response to no availability or phosphorous which included inhibition or primary 

root length und increase in root width diameter. hlcrcased in length under Zi nc oxide 

in comparison to s ili con dioxide nanoparticles showed lhat the fonnel' one hnve more 

beneficial effects in wheat aid ing it to cope with phosphorus st ress. Transc ri pt 

analysis at molecular leve l showed that limited ava ilabi li ty of phospborous enhances 

the expression leve ls of ethylene biosynthesis and signali ng genes while dt!creases the 

expression level of cytokinin genes. Under silicon dioxide nanopanic les. the 

expression was e levated during phosphorus stress to help the plant to cope li p with 

stress condit ions nnd cytokinin genes sho wed an lip regulation or express ion with z inc 

ox ide nanoparticles under phosphorus stress. SKD-I variety appeared to be the best 

adapted vuri t:! ly ;.It phosphorous de fic ient cond ition and has abili ty to cop~ up unJcr 

phosphorous deficiency with ethylene genes increasing express iona l response to 

s ilicon dioxide mlnoparticles and cytokinin genes increasing the expression III 

response to zinc ox ide tlallopa l't ides. Thus. dep icting the combating effects of 

nanopnfticlcs in overcoming phosphorus de tic icl1cy s tress with the controsting 

expressional response of ethylene signaling and cytokinin related genes under the 

presence o f' nanopanicles. It is pred icted therefo re that SK.D- I variety can be grown in 

areas with phosphorolls deficiency and the growth e;m be litcilitmcd in the presence of 

uppropriutc nanopanic les under opt ilnized conditions. 
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