
www.vigyanvarta.com Vol-3, Issue-11 Saritha et. al. (2022) 

 
 

November, 2022                                                                                                                       101 |P a g e  
 

        Vigyan Varta An International E-Magazine for Science Enthusiasts                                           E-ISSN: 2582-9467 

         Popular Article 

         

Management Strategies for Drought Stress 

in Maize (Zea Mays L.)     

A. Saritha*, S. Sridevi, N. Sainath, E. Umarani and D. Swetha  

Agricultural Research Station (Professor Jayashankar Telangana State Agricultural University), 

Tornala, Siddipet, Telangana (502 114), India 

Corresponding Author 
A. Saritha 

Email: anishetti.saritha@gmail.com 

 

 
Keywords 

  

Maize; maize production; drought stress; abiotic stress; nutrient management 

How to cite this article

INTRODUCTION 

aize (Zea mays L.) or corn is a cereal 

grain belonging to the family 

Poaceae, known as ‘Queen of 

Cereals’ because of its several uses and higher 

yield potential among the cereals and wide 

array of applications in various products. In 

India, maize was cultivated in an area of 9.8 

million ha with an average production of 31.5 

million metric tonnes and productivity 3.21 

Metric tons/ha (USDA, 2022). It is widely used 

as food, feed, fodder, fuel, as well as in the 

manufacture of several industrial products 

especially pharmaceuticals, textiles and biofuel 

production thus demand has been increasing. 

Among many abiotic factors, drought is 

considered as the most important one affecting 

the crops productivity especially in maize crop. 

Water deficit causes oxidative stress, increased 

ROS production, decrease in absorption & 

translocation of mineral nutrients. Maize 

development and grain yields are affected by 
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ABSTRACT 
Drought is considered as the most important devastating abiotic stress as it has rendered 
large area of agricultural land unproductive around the globe. The frequent occurrence of 
droughts and increased water shortage in agricultural ecosystems resulted in yield losses in 
many crops. Maize is one of the leading cereal crops in the world, but it is sensitive to 
drought. Hence, presence of maize genotypes tolerant to drought can stabilize and increases 
the grain yield of maize. Therefore, developing drought tolerant cultivars is a challenge for 
breeders. There are two ways to mitigate drought stress in maize production, either by 
developing and using drought tolerant cultivars or by developing and practicing improved 
drought mitigation strategies viz., exogenous application of growth regulators and nutrient 
management etc.  
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both the severity of drought stress and also by 

the stage of development at which the plant is 

exposed to that stress. An attempt is made to 

discuss the impact of drought stress on growth, 

yield traits and physiological process and 

various approaches to mitigate drought stress. 

Effect of drought stress on plant growth in 

maize 

Impact on seedling germination and crop 

stand establishment: Reduced water 

absorption, imbibition and metabolic enzymatic 

activation hinders the maize grain germination, 

there by reduces radicle and plumule growth 

results in unusual seedling growth (Gharoobi et 

al. 2012).  

Impact on root growth: It is already known 

that the ability of a plant for water uptake 

depends on root system, root structure and 

access to water in soil which in turn determine 

the functionality of plant. Drought resistant 

varieties had greater root weight and volume 

along with longer roots as compared to non 

drought resistant varieties. Most drought 

resistant varieties had maximum fresh root 

weight which has been identified as best 

symptoms and characteristics for identification 

of drought resistance of crop plants such as 

maize.  

Effect on plant growth: Active cell division of 

meristematic tissues helps in active elongation 

and growth of plant. Reduction in water 

potential of cells causes reduced cell division 

and cell size, which reduces the leaf area, which 

is an adaptive strategy of maize plants, thereby 

results in the reduction in plant growth.  

Impact on reproductive growth stages: 

Drought exerts adverse effects on life cycle of 

maize, particularly during reproductive growth 

phase which is most susceptible. Pollen and silk 

development, pollination, embryo 

development, endosperm development and 

kernel development are the different 

component phases of reproductive growth stage 

which are severely affected by drought stress. 

Impact on grain yield and yield components 

of maize: Yield attributes such as number of 

kernels per row, grain weight, grain yield, 

biomass yield and harvest index of maize were 

adversely affected by water stress (Sabagh et 

al., 2017).  

Approaches for management of drought 

stress 

In current trends of sustainable agriculture, 

managing water consumption of the crops is 

one of the strategies which have been adopted 

locally and worldwide. Plants can survive under 

different stress conditions by altering their 

physiological metabolism and growth pattern as 

well as by mobilizing various defence 

mechanisms. 

Different strategies are used for improvement 

of maize against drought stress e.g., managerial 

strategies and biological strategies. Managerial 

strategies involve the usage of water resources 

and adoption of water saving agronomic 

practices. On the other hand, biological 

approaches deal with manipulation of genetic 

background of maize for improvement against 

drought stress. Biological strategies are 

preferred over managerial practices as a 

permanent solution and also cost effectiveness. 

Hence, the use of drought tolerant maize 

genotypes has the potential to stabilize the grain 

yield of maize.  

 Managerial Strategies:  

 Application of plant growth regulators 

Plant growth regulators played vital roles in 

coordination of many physiological processes 

including drought stress. Drought stress 

restricts stomatal opening, increases 

photorespiration, leading to oxidative damage 

due to the accumulation of ROS in plants (Iqbal 

et al., 2020). 

Exogenous application of ascorbic acid (AA), a 

growth regulator ameliorates adverse effects of 

drought and help in cell division and 

differentiation. This growth regulator maintain 

water status by regulated stomatal conductance 
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and rate of transpiration. Ascorbic acid acts as 

an antioxidant and also it activates a complex 

process of defense mechanism. Under stress 

conditions, the amount of ascorbic acid in plant 

increases and this plays a significant role in 

defense against oxidative stress and regulation 

of mechanisms of photosynthesis. 

Abscisic acid (ABA) also enhances plants 

resistance to environmental stresses. Pre-

soaking seed treatment with ABA positively 

improves the antioxidant enzymes activity 

under water stress conditions in maize 

seedlings. Application of ABA stimulated the 

anatomical and morphological modification 

which could provide the roots to breakthrough 

compacted soil (Hartung et al.,1994). 

Nutrient management 

Nutrient management is a feasible technique for 

alleviating stress in the environment and 

increasing crops productivity. Plant nutrients 

help to activate various plant mechanisms to 

reduce abiotic stress, including activation of 

stress-related genes, biosynthesis of antioxidant 

enzymes, osmoprotectants, heat shock proteins 

(HSPs), detoxification of ROS, functional or 

structural protection of proteins, DNA repair, 

membrane stability, increased photosynthetic 

activity, decreased uptake of heavy metals, etc. 

Combined application of organics & 

inorganics 

Balanced nutrition to plants is a major element 

to enhance the crop growth and productivity. 

The application of inorganic and organic 

fertilizers improves the activities of soil and 

nutrient availability. Application of organic 

manures is very effective to increase the yield 

and quality of crops and reducing the negative 

effect of stress. Wahed et al. (2015) found a 

positive relationship under drought stress 

between amount of irrigation water and grain 

yield at different FYM treatments condition 

indicating that FYM in combination with 

irrigation water help to survive plants under 

drought condition.  

Plant nutrition:  

Potassium (K): The mineral nutrients available 

in plant body can enhance its tolerance to 

drought stress. To develop tolerance in the plant 

body, potassium is one of the important 

nutrients. The low quantity of K in the plant 

body decreases the photosynthesis, carbon 

metabolism and also the consumption of fixed 

carbon resources. The potassium present in 

cytosol could not be replaced by any other 

cation. Hence, any decrease of cytosolic K 

concentration will affect the potassium 

specified functions in plant body.  

Proline accumulation is one of the major 

mechanisms of drought tolerance in plants, this 

accumulation has been intensified through the 

foliar spray of K (Banerjee et al., 2021).  

Calcium (Ca): Application of Ca to leaves 

enhances the ability to conserve water. It 

improves cohesion of the cell walls by changing 

the degree of hydration of the plasma 

membrane. Then it increases the viscosity of 

protoplasm by increasing the resistance of cells 

to dehydration.  

Boron (B): Enriching the plants with B shown 

an increased resistance to drought stress by 

growing more root hairs, there by enhances 

water uptake from the rhizospheric soil. 

Zinc (Zn): During drought conditions, seed 

priming with Zn has been observed to improve 

the synthesis of plant hormones including IAA 

and gibberellic acid (GA3) (Cakmak, 2008). It 

also enhances water use efficiency under 

moisture stress conditions. 

Biological approaches:  

Different strategic characters are improved by 

numerous biological approaches which enable 

the plants to escape, avoid and tolerate the 

drought stress. Various approaches viz., 

screening of germplasm for assessment of 

tolerant variants & selections, development of 

tolerant genotypes through conventional 

breeding, molecular breeding and transgenic 
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approaches etc., can be employed for further 

improvement.  

Screening & selection for drought tolerant 

maize germplasm:   

Drought resistance is one of the aspects for 

which lot of genetic differences are present 

within species. These genetic differences could 

be assessed by screening for drought stress 

resistance. Screening of previously available 

maize germplasm for drought resistance is 

resource efficient biological strategy.  

Higher genetic variability, high heritability, and 

higher selection intensity empower the breeder 

to make appropriate selection in the germplasm 

• Selection for high yield potential 

• Selection for earliness  

• Selection for drought tolerance   

Conventional breeding strategies:  

The success of conventional breeding depends 

on the germplasm diversity, availability and 

identification of a suitable donor for tolerant 

genes. Hence, various germplasm sources 

tolerant to drought stress have been identified 

in maize (Cairns et al., 2013). However, the 

implementation of conventional breeding is 

highly time-consuming, it requires repetitive 

number of selections and breeding cycles and 

also creates problem of linkage drag and make 

the conventional breeding methods limitedly 

accessible (Ahmar et al., 2020). Hence, now a 

number of advanced approaches have been 

implemented successfully for enhanced 

drought tolerance. 

Marker-assisted and genomic-assisted 

breeding:  

Unlike conventional methods, genomics 

provides broader chances for dissecting 

quantitative traits into specific genetic 

determinants, paving the door for MAS. 

Advanced genomics-assisted breeding 

techniques including Marker Assisted Selection 

(MAS), Marker-Assisted Back Crossing 

(MABC), Marker-Assisted Recurrent Selection 

(MARS) and Genomic Selection (GS) have 

opened up new possibilities for drought 

tolerance.  

Transgenic maize development for drought 

stress tolerance:  

It involves the incorporation of one or more 

genes from other donor source in target crop to 

modify the signalling and subsequent events. 

CONCLUSION:  

With the global climate change, especially due 

to drought stress, growth and yield of maize is 

going to be affected significantly all over the 

world especially in arid and semi-arid regions 

of the world. In view of increase in demand for 

maize products on one hand and water scarcity 

on the other hand, there is dire need to further 

improve the level of drought 

tolerance/resistance in maize either through 

genetic approaches or through managerial 

approaches. Breeding strategies are preferred 

due to long term and economical effectiveness 

than managerial strategies. 
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