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Abstract 
To keep pace with the increasing population and 

world food supply requirements under the 

unpredicted conditions of climate change, improved 

root systems in staple crop plants will be essential. 

An improvement in root architecture is an effective 

strategy to increase crop yield. With the aid of novel 

molecular biology methods, continuing progress on 

root genetic research has been achieved in cereals. 

Root is the foundation of crop development, which 

absorbs most nutrients and water. The use of 

fertilizer changed dramatically in the twentieth 

century, but excess nutrients have involved in many 

environmental problems. Nitrogen use efficiency 

(NUE) for cereal production is approximately 33% 

worldwide. Nitrogen pollution is now claiming the 

next major threat to our planet after biodiversity loss 

and climate change. Drought, heat & salinity are the 

most severe abiotic stresses limiting crop 

productivity in the world, and poses a serious threat 

to the sustainability of crop yields in rainfed 

agriculture. Acquisition of more water from soil is a 

mechanism for drought & high temperature tolerance 

in rice, wheat and maize. Improving the 

understanding of the interaction between root 

function, nitrogen use efficiency and stress tolerance 

in crop could have a significant impact on global 

food security. A number of genes related to root 

morphological characteristics and physiological 

functions have been identified or cloned, which 

opened an opportunity for further improvement of 

cereal crops productivity.  The over expression of 

noble transcription factors and genes results in more 

roots and higher grain yield. Therefore, improving 

root system with deep root and high water uptake & 

improve nutrient use ability would be the key to 

developing cereal crops suitable for water-saving 

farming system more sustainable solution than 

relying on fertilizer application alone.  
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1. Introduction 
 

Wheat is one of the important food crop, more than 

half of the world’s population is dependent on wheat. 

The increasing population and urbanization have 

been posing a high pressure for increase in food 

production (Zhang, 2007). To meet the demand of 

food for increasing population, raising the yield 

ceiling of wheat remains a priority task for 

researchers. As an important organ of wheat plant, 

root performs vital functions: acquisition of 

resources and anchorage of wheat plant. In addition, 

root systems serve the secondary functions, such as 

propagation, synthesis of growth regulators, storage 

(Fitter, 2002). Roots sense and response to abiotic 

and biotic stresses, and communicate with the shoot 

via signalling pathway. Drought causes water deficit 

that limits plant growth and survival because root 

water uptake from the soil is insufficient to meet the 

transpiration requirements of the plant. Water deficit 

stress reduces leaf cell turgor, canopy area, and 

photosynthetic source size, thus negatively affect 

biomass accumulation and overall crop yield 

(Chaves et al., 2003). An effective drought 

adaptation mechanism is used to reduce water loss 

during transpiration, which helps in soil moisture 

conservation and allows plants to maintain an 

adequate water level to sustain critical physiological 

and biochemical processes (Chaves et al., 2003). 

However, a reduction in transpirational water loss 

often leads to a decline biomass accumulation 

because decrease in carbon assimilation. 

Transpiration and CO2 uptake occur through stomata, 

the pores bordered by a pair of guard cells 

(Hetherington and Woodward, 2003). Alteration of 

stomatal aperture in relation with the environment is 

a well-understood procedure that has been linked 

functionally to drought tolerance and water use 

efficiency (WUE; Nilson and Assmann, 2007; Kim 

et al., 2010). However, it is unclear how these 

environment stresses regulate the developmental 

determinants and what are the consequences of 
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altered stomatal density with reference with heat & 

drought tolerance. 

The root is an important organ in nutrients and water 

uptake. Optimizing root system architecture (RSA) 

can overcome yield limitations in crop plants caused 

by limited water or nutrient (Werner et al., 2010). 

Roots can regulate not only stomatal conductance, 

and also affect the posture of leaf blade and 

photosynthesis rate under soil impedance, nutrient, 

drought and salt stresses. It is well known that the 

functions of absorption and support of root system 

are an important guarantee for biological yield. 

Therefore, root traits have been claimed to be critical 

for increasing yield under soil-related stresses 

(Lynch, 2007). Root morphology and physiology are 

closely associated with the growth and development 

of above- ground part of plant (Yang, 2011). Root 

researches have been paid more and more attentions 

in recent years. With the aid of novel molecular 

biology methods, continuing progress on root genetic 

research has been achieved in wheat. A number of 

genes related to root morphological characteristics 

and physiological functions have been identified or 

cloned, which opened an opportunity for further 

improvement of wheat crop. 

 

2. Various transcription Factors & Genes 

Regulate Root Physiology during Environmental 

Stress: 

 

DRO1 Gene: 

 

The root system is a vital plant organ owing to its 

involvement in water absorption, nutrient 

acquisition, anchorage, propagation, storage 

functions, secondary metabolite synthesis, and 

accumulation (Saini et al., 2013). Accumulated 

evidence indicates that improved root architecture is 

an efficient strategy for drought avoidance (de 

Dorlodot et al., 2007). Higher expression of 

DEEPER ROOTING 1 (DRO1) increases root angle 

and facilitates root growth in a more downward 

direction in rice (Oryza sativa). Introducing DRO1 

into a shallow rooting rice cultivar leads to a deeper 

root system, enhanced drought tolerance, and stable 

grain yield (Uga et al., 2013). Statistical data show 

that increased biomass and increased yield in maize 

(Zea mays) in the American Corn Belt can be 

attributed to improved root architecture (Hammer et 

al., 2009). To keep pace with the increasing 

population and world food supply requirements 

under the predicted conditions of climate change, 

improved root systems in staple cereal crop plants 

specially wheat will be essential.  

ARF Gene: 

Root growth and differentiation are inextricably 

linked to plant hormones (Overvoorde et al., 2010; 

Vanneste and Friml, 2009). Auxin, as one class of 

important phytohormones, attracts extensive 

attention because of its involvement in almost every 

aspect of plant growth and development, including 

embryogenesis, organogenesis, tissue patterning, and 

tropisms (Quint and Gray, 2006). Indole-3-acetic 

acid (IAA) is an important natural auxin, responsible 

for root architecture and plant development at 

various stages (Benkova and Bielach, 2010; 

Overvoorde et al., 2010; Lewis et al., 2011; Lavenus 

et al., 2013). Auxin response factors (ARFs) are 

transcription factors (TFs) that specifically bind to 

TGTCTC-containing auxin response elements 

(AuxREs) located in the promoters of primary/early 

auxin response genes and mediate responses to auxin 

(Guilfoyle and Hagen, 2007). ARF (Auxin Response 

Factor) genes belonging to a large gene family 

involved in hormone signalling are highly specific to 

selected cell and tissue types or developmental 

programmes in Arabidopsis and rice (Wilmoth et al., 

2005; Wang et al., 2007; Qi et al., 2012).  

 

Previous research suggests that AS2/LOB genes play 

crucial roles in root initiation and development. In 

vitro, ARF7 binds to AuxREs in the promoters of 

two AS2/LOB genes in Arabidopsis, and ARF7 and 

ARF19 play a positive role in regulating lateral root 

formation via direct activation of LBD/ASLs 

(Okushima et al., 2007; Feng et al., 2012b). This 

approach can also be applied in wheat via genetic 

transformation mediated transgenic development. 

 

TaMOR gene: 

 

Past researcher demonstrate that overexpression of 

transcription factor gene MORE ROOT (TaMOR) 

from wheat (Triticum aestivum L.) results in more 

roots and higher grain yield in rice (Oryza sativa). 

TaMOR, encoding a plant-specific transcription 

factor belonging to the ASYMMETRIC 

LEAVES2/LATERAL ORGAN BOUNDARIES 

(AS2/LOB) protein family, is highly conserved in 

wheat and its wild relatives. According to Li et al., 

2016 tissue expression patterns indicated that 

TaMOR mainly localizes to root initiation sites. The 

consistent gene expression pattern suggests that 

TaMOR is involved in root initiation. Researcher 

discovered a MORE ROOT (TaMOR) gene series in 

wheat containing a typical AS2/LOB domain. 

TaMOR are highly conserved in both nucleotide and 

amino acid sequences. They are involved in auxin 

signalling in the initiation of both lateral and crown 

roots. Overexpression of TaMOR leads to more 

lateral roots in Arabidopsis, and TaMOR-

overexpressing rice plants have larger root systems 

and increased grain yields. Furthermore, TaMOR can 

interact with TaMOR-related protein (TaMRRP) on 

the cell membrane. TaMOR gene is a promising 

candidate for root improvement and grain yield 

enhancement in crops. The knowledge is provided 

for future researchers to solve food grain deficiency 

http://www.ijasrm.com/


 

International Journal of Advanced Scientific Research and Management, Special Issue I, Jan 2018. 

www.ijasrm.com 

ISSN 2455-6378 

 

202 

 

by overexpressing TaMOR gene various wheat 

genotypes. 

 

NOX Gene: 

Reactive oxygen species (ROS) have been shown to 

be toxic but they function as signalling molecules. 

NADPH oxidases (NOXs) are key enzymes of ROS 

generation and thus play crucial roles in a variety of 

biological processes (Torres and Dang 2005; Bedard 

and Krause 2007). However, in plants only NOX5-

like type NOXs were found, even their multiple 

forms exist in different species (Wang et al., 2013). 

The plant NOXs, also named as respiratory burst 

oxidase homologs (RBOHs), are proposed to be 

major ROS producers in plants under normal and 

stress environment (Foreman et al. 2003; Sagi and 

Fluhr 2006). Therefore, various plant NOXs were 

identified in dicots crops like Solanum tuberosum 

(Yoshioka et al., 2003), Arabidopsis thaliana (Sagi 

and Fluhr 2006), Medicago truncatula (Marino et al., 

2011) and in monocots like Zea mays (Nestler et al., 

2014). In Arabidopsis, ten members of NOXs were 

reported as AtRBOHA–J, respectively (Sagi and 

Fluhr 2006). In rice, nine typical NOXs were 

reported (Wong et al., 2007; Wang et al., 2013). 

AtRBOHD and AtRBOHF reported to be involve in 

functioning disease resistance (Chaouch et al., 2012) 

and salt stress tolerance (Xie et al., 2011). Evans et 

al., (2005) found that AtRBOHJ functions in salt 

stress tolerance. Recently, it was reported that 

AtRBOHH and AtRBOHJ play essential roles in 

pollen tube tip growth via Ca
2+

a ctivated ROS 

production (Kaya et al., 2015). In maize, the 

expression of the four NOX genes, induced by ABA 

treatment, implying in the function of plant stress 

tolerance (Lin et al. 2009). In rice, the expression of 

NOX-encoding genes showed unique stress-response 

characteristics (Wang et al., 2013). In wheat roots, 

NOXs ameliorate the oxidative stress induced by 

nickel (Hao et al., 2006). Overall, NOXs participate 

in the plant immune response (Yoshioka et al., 

2011), root hairs growth (Nestler et al., 2014) and 

pollen tubes (Wudick and Feijo´ 2014; Kaya et al., 

2014, 2015), abscisic acid (ABA)-mediated stomatal 

closure (Zhang et al., 2009; Shi et al., 2012), 

apoptosis (Tewari et al., 2012), tapetal programmed 

cell death (PCD) and pollen development (Xie et al., 

2014), control of cell differentiation and proliferation 

(Cano-Domı´nguez et al., 2008), and seed after 

ripening (Mu¨ ller et al., 2009) in higher plants. The 

ancient forms of NOXs also exhibit important roles. 

As the major producer of ROS during cell growth, 

plant development, and stress responses, the 

increasing evidence also show that plant NOXs 

participate in a number of signalling pathways 

(Zhang et al., 2014), like Ca
2+

-dependent protein 

kinases and hormone-signalling transduction 

cascades (Zhang et al., 2014). Thus, NOXs may 

serve as molecular ‘house’ during ROS-mediated 

signalling in plants, therefore, crucially involve in 

plant stress response, normal growth and 

development. Although these studies in Arabidopsis 

have led to an understanding of the biochemical 

properties and physiological functions of NOXs, 

there has been no systematic study of the evolution 

and functional divergence of the NOX gene family, 

especially in Plants. As reported in past years, NOX 

is responsible for root hair growth (Neslter et al., 

2014) it will be boon for food security issues. By 

dense growth of root hair NUE & WUE is increased 

due to large surface area & indirectly it will help 

crops to win war with environmental stress 

especially high temperature and drought stress. 

 

3. Conclusion and Future Prospectus: 
Although knowledge on wheat root is increasing and 

has given an insight into mechanisms of root 

development, it remains unclear what root traits 

should be taken into wheat breeding programs. There 

are difficulties that hampered progress of root 

genetics: research efforts devoted to the root system 

have been much less than to the above ground part. 

Lacking stable and credible morphological data 

makes it difficult to perform genetic research on 

wheat root traits. However, many methods are still 

time-consuming and laborious, and largely 

influenced by the complex underground 

environments. Root sampling procedures are often 

destructive. It is impossible to sample intact root 

system from plants in field environments. Root 

Improvement through genetic engineering have 

provided a new and convenient method in which the 

whole root system could be extracted from the plants 

for molecular analysis for stress resistance. But this 

in vitro culture system could not completely mimic 

the environments of wheat field, thus the information 

obtained in this system usually do not exactly reflect 

root feature under natural conditions. For identifying 

and screening the root traits, more facilitated and 

effective methods, especially the large-scale 

screening techniques for root measurement in paddy 

field are urgently required. Quantitative trait loci 

(QTL) mapping is a major approach for investigating 

complex genetic traits such as root. To cope with this 

problem, association mapping (meta-analysis) as a 

promising method was introduced to genetic 

dissection of complex traits. Using association 

mapping, it is possible to locate QTLs with better 

precision than using a mapping population. 

 

References 
[1] Torres MA, Dangl JL, Functions of the 

respiratory burst oxidase in biotic interactions, 

abiotic stress and development. Curr Opin Plant 

Biol. 8:397–403. (2005). 

[2] Bedard K, Krause KH, The NOX family of 

ROS-generating NADPH oxidases: physiology 

http://www.ijasrm.com/


 

International Journal of Advanced Scientific Research and Management, Special Issue I, Jan 2018. 

www.ijasrm.com 

ISSN 2455-6378 

 

203 

 

and pathophysiology. Physiol Rev. 87:245–313, 

(2007). 

[3] Foreman J, Reactive oxygen species produced 

by NADPH oxidase regulate plant cell growth. 

Nature 422:442–446 (2003). 

[4] Sagi M, Fluhr R, Production of reactive oxygen 

species by plant NADPH oxidases. Plant 

Physiol. 141:336–340, (2006). 

[5] Wang GF, Li WQ, Wu GL, Zhou CY, Chen 

KM, Characterization of rice NADPH oxidase 

genes and their expression under various 

environmental conditions. Int J Mol Sci. 

14:9440–9458, (2013). 

[6] Yoshioka H, Nicotiana benthamiama gp91phox 

homologues NbrbohA and NbrbohB participate 

in H2O2 accumulation and resistance to 

Phytophthora infestans. Plant Cell 15:706–718, 

(2003). 

[7] Marino D, A Medicago truncatula NADPH 

oxidase is involved in symbiotic nodule 

functioning. New Phytol. 189:580–592, (2011). 

[8] Nestler J, Roothairless5, which functions in 

maize (Zea mays L.) root hair initiation and 

elongation encodes amonocot-specific NADPH 

oxidase. Plant J. 79:729–740, (2014). 

[9] Wong HL, Regulation of rice NADPH oxidase 

by binding of Rac GTPase to its N-terminal 

extension. Plant Cell 19:4022–4035, (2007). 

[10] Chaouch S, Queval G, Noctor G, At RbohF is a 

crucial modulator of defence-associated 

metabolism and a key actor in the interplay 

between intracellular oxidative stress and 

pathogenesis responses in Arabidopsis. Plant J. 

69:613–627, (2012). 

[11] Xie YJ, Evidence of Arabidopsis salt 

acclimation induced by upregulation of HY1 

and the regulatory role of RbohD-derived 

reactive oxygen species synthesis. Plant J. 

66:280–292. (2011). 

[12] Evans NH, McAinsh MR, Hetherington AM, 

Knight MR, ROS perception in Arabidopsis 

thaliana: the ozone-induced calcium response. 

Plant J. 41:615–626, (2005). 

[13] Kaya H, Apoplastic ROS production upon 

pollination by RbohH and RbohJ in 

Arabidopsis. Plant Signal Behav. 10:e989050, 

(2015). 

[14] Hao FS, Wang XC, Chen J, Involvement of 

plasma-membrane NADPH oxidase in nickel-

induced oxidative stress in roots of wheat 

seedlings. Plant Sci. 170:151–158, (2006). 

[15] Lin F, Positive feedback regulation of maize 

NADPH oxidase by mitogen-activated protein 

kinase cascade in abscisic acid signaling. J Exp 

Bot. 60:3221–3238, (2009). 

[16] Yoshioka H, Mase K, Yoshioka M, Kobayashi 

M, Asai S, Regulatory mechanisms of nitric 

oxide and reactive oxygen species generation 

and their role in plant immunity. Nitric Oxide 

25:216–221, (2011). 

[17] Nestler J, Roothairless5, which functions in 

maize (Zea mays L.) root hair initiation and 

elongation encodes amonocot-specific NADPH 

oxidase. Plant J. 79:729–740, (2014). 

[18] Wudick MM, Feijo´ JA. At the intersection: 

merging Ca2+ and ROS signaling pathways in 

pollen. Mol Plant. 7:1595–1597, (2014). 

[19] Zhang YY, Phospholipase Da1 and 

phosphatidic acid regulate NADPH oxidase 

activity and production of reactive oxygen 

species in ABA-mediated stomatal closure in 

Arabidopsis. Plant Cell 21: 2357–2377, (2009). 

[20] Shi YC, Fu YP, Liu WQ, NADPH oxidase in 

plasma membrane is involved in stomatal 

closure induced by dehydroascorbate. Plant 

Physiol Biochem. 51:26–30, (2012). 

[21] Tewari RK, Watanabe D, Watanabe M, 

Chloroplastic NADPH oxidase- like activity-

mediated perpetual hydrogen peroxide 

generation in the chloroplast induces apoptotic-

like death of Brassica napus leaf protoplasts. 

Planta 235:99–110, (2012). 

[22] Xie HT, Wan ZY, Li S, Zhang Y, 

Spatiotemporal production of reactive oxygen 

species by NADPH oxidase is critical for tapetal 

programmed cell death and pollen development 

in Arabidopsis. Plant Cell 26:2007–2023, 

(2014). 

[23] Cano-Domı´nguez N, Alvarez-Delfı´n K, 

Hansberg W, Aguirre J, NADPH oxidases 

NOX-1 and NOX-2 require the regulatory 

subunit NOR-1 to control cell differentiation 

and growth in Neurospora crassa. Eukaryot 

Cell. 7:1352–1361, (2008). 

[24] Mu¨ ller K, Carstens AC, Linkies A, Torres 

MA, Leubner-Metzger G, The NADPH-oxidase 

AtrbohB plays a role in Arabidopsis seed 

afterripening. New Phytol. 184:885–897, 

(2009). 

[25] Zhang H, A novel rice C2H2-type zinc finger 

protein, ZFP36, is a key player involved in 

abscisic acid-induced antioxidant defence and 

oxidative stress tolerance in rice. J Exp Bot. 

65:5795–5809, (2014). 

[26] Li Bo, Liu Dan, Li Qiaoru, Mao Xinguo, Li 

Ang, Wang Jingyi, Chang Xiaoping, and Jing 

Ruilian. Overexpression of wheat gene TaMOR 

improves root system architecture and grain 

yield in Oryza sativa Journal of Experimental 

Botany Advance Access published May 26, 

(2016). 

[27] Saini S, Sharma I, Kaur N, Pati PK, Auxin: a 

master regulator in plant root development. 

Plant Cell Reports 32, 741–757, (2013). 

[28] de Dorlodot S, Forster B, Pages L, Price A, 

Tuberosa R, Draye X, Root system architecture: 

opportunities and constraints for genetic 

http://www.ijasrm.com/


 

International Journal of Advanced Scientific Research and Management, Special Issue I, Jan 2018. 

www.ijasrm.com 

ISSN 2455-6378 

 

204 

 

improvement of crops. Trends in Plant Science 

12, 474–481, (2007). 

[29] Uga Y, Sugimoto K, Ogawa S, Control of root 

system architecture by DEEPER ROOTING 1 

increases rice yield under drought conditions. 

Nature Genetics 45, 1097–1102, (2013). 

[30] Hammer GL, Dong ZS, McLean G, Doherty A, 

Messina C, Schusler J, Zinselmeier C, 

Paszkiewicz S, Cooper M, Can changes in 

canopy and/or root system architecture explain 

historical maize yield trends in the US corn 

belt? Crop Science 49, 299–312, (2009). 

[31] Overvoorde P, Fukaki H, Beeckman T, Auxin 

control of root development. Cold Spring 

Harbor Perspectives Biology 2, a001537, 

(2010). 

[32] Vanneste S, Friml J, Auxin: a trigger for change 

in plant development. Cell 136, 1005–1016, 

(2009). 

[33] Quint M, Gray WM, Auxin signaling. Current 

Opinion in Plant Biology 9, 448–453, (2006). 

[34] Benkova E, Bielach A, Lateral root 

organogenesis - from cell to organ. Current 

Opinion in Plant Biology 13, 677–683, (2010). 

[35] Lavenus J, Goh T, Roberts I, Guyomarc’h S, 

Lucas M, De Smet I, Fukaki H, Beeckman T, 

Bennett M, Laplaze L, Lateral root development 

in Arabidopsis: fifty shades of auxin. Trends in 

Plant Science 18, 450–458, (2013). 

[36] Lewis DR, Negi S, Sukumar P, Muday GK, 

Ethylene inhibits lateral root development, 

increases IAA transport and expression of PIN3 

and PIN7 auxin efflux carriers. Development 

138, 3485–3495, (2011). 

[37] Guilfoyle TJ, Hagen G, Auxin response factors. 

Current Opinion in Plant Biology 10, 453–460, 

(2007). 

[38] Wang D, Pei K, Fu Y, Sun Z, Li S, Liu H, Tang 

K, Han B, Tao Y, Genome-wide analysis of the 

auxin response factors (ARF) gene family in 

rice (Oryza sativa). Gene 394, 13–24, (2007). 

[39] Wilmoth JC, Wang S, Tiwari SB, Joshi AD, 

Hagen G, Guilfoyle TJ, Alonso JM, Ecker JR, 

Reed JW, NPH4/ARF7 and ARF19 promote 

leaf expansion and auxin-induced lateral root 

formation. The Plant Journal 43, 118–130, 

(2005). 

[40] Qi Y, Wang S, Shen C, Zhang S, Chen Y, Xu 

Y, Liu Y, Wu Y, Jiang D, OsARF12, a 

transcription activator on auxin response gene, 

regulates root elongation and affects iron 

accumulation in rice (Oryza sativa). New 

Phytologist 193, 109–120, (2012). 

[41] Okushima Y, Fukaki H, Onoda M, Theologis A, 

Tasaka M, ARF7 and ARF19 regulate lateral 

root formation via direct activation of LBD/ASL 

genes in Arabidopsis. The Plant Cell 19, 118–

130, (2007). 

[42] Feng Z, Zhu J, Du X, Cui X, Effects of three 

auxin-inducible LBD members on lateral root 

formation in Arabidopsis thaliana. Planta 236, 

1227–1237, (2012b). 

[43] Yang, JC, Relationships of rice root 

morphology and physiology with the formation 

of grain yield and quality and the nutrient 

absorption and utilization. Sci. Agr. Sinica. 44, 

36–46, (2011). 

[44] Lynch, J.P, Roots of the second green 

revolution. Aust. J. Bot. 55, 493–512, (2007). 

[45] Fitter, A, Characteristics and functions of root 

system, Plant Root. Third Edition Marcel 

Dekker Inc, New York, (2002). 

[46] Zhang, Q, Strategies for developing green super 

rice. Proc. Natl. Acad. Sci. U. S. A. 104, 

16402–16409, (2007). 

[47] Nilson, SE, and Assmann, SM, The control of 

transpiration. Insights from Arabidopsis. Plant 

Physiol. 143: 19–27, (2007). 

[48] Hetherington, AM, and Woodward, FI, The role 

of stomata in sensing and driving environmental 

change. Nature 424: 901–908, (2003). 

[49] Kim, T.H., Bo¨ hmer, M., Hu, H., Nishimura, 

N., and Schroeder, J.I, Guard cell signal 

transduction network: Advances in 

understanding abscisic acid, CO2, and Ca2+ 

signaling. Annu. Rev. PlantBiol. 61: 561–591, 

(2010). 

[50] Chaves, M.M., Maroco, J.P., and Pereira, J.S, 

Understanding plant responses to drought – 

From genes to the whole plant. Funct. Plant 

Biol. 30: 239–264, (2003). 

[51] Zhang Q., Strategies for developing Green 

Super Rice, Proc. Natl. Acad. Sci. U.S. A. 104 

16402–16409, (2007) 

[52] Werner T, Nehnevajova E, Ko¨llmer I, Nova´k 

O, Strnad M, Kra¨mer U, Schmu¨lling T, Root-

Specific Reduction of Cytokinin Causes 

Enhanced Root Growth, Drought Tolerance, 

and Leaf Mineral Enrichment in Arabidopsis 

and Tobacco. Plant Cell 22: 3905–3920, (2010).

 

 

http://www.ijasrm.com/

