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Abstract 
 
Drought is one of the main factors affecting rice productivity. 
Aromatic Rice varieties differ in their ability to withstand drought 
while keeping characteristic fragrance. Considering that 70% of the 
water used by humankind is directed to irrigate crops, tolerance to 
water scarcity is also a key issue for agricultural sustainability. The 
understanding on the mechanisms underlying drought tolerance 
observed in some varieties will be valuable for the agronomical 
improvement of rice. We have addressed the problem of drought 
tolerance in aromatic rice using a multidisciplinary approach, 
integrating plant physiology, transcriptomics, microtranscriptomics, 
proteomics and biotechnology. Rice plants from three drought tolerant 
and three drought sensitive varieties were cultivated in the field. Plants 
were watered or not and leaf and first internode samples were taken 
three, seven and eleven months after planting (MAP). Several 
parameters were also evaluated, such as gas exchange, proline content, 
leaf area, internode diameter and productivity. Plant responses to 
drought included reduction of the leaf area, lower stomata conductance 
and lower leaf osmotic potential, as well as dynamic photoinhibition 
and induction of leaf proline content. No differences could be seen 
between the two groups (tolerant and sensitive) at three MAP. 
Photosynthesis was higher in drought tolerant plants at seven MAP and 
this difference was also noted at eleven MAP, although not at the same 
level as observed at seven MAP. Proline content had no correlation 
with drought tolerance in any of the three time points evaluated. As 
expected, plant productivity in the drought tolerant plants under 
drought conditions was higher than drought sensitive plants. 
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1. Introduction 
Drought is a multifaceted stress condition with respect to timing and severity, ranging 
from long drought seasons where rainfall is much lower than demand, to short periods 
without rain where plants depend completely on available soil water. Aromatic rice 
varieties are an important export commodity worldwide and clinch a premium and 
higher prices with increasing demand in both domestic and international markets due 
to their fragrant odour and perfumed aroma. Most of these quality aromatic rice 
genotypes are susceptible to drought stress with consequent low-yield potential. 
Reports of high-quality aromatic rice linked with drought tolerance are a very few . 
Rice cultivation varies from flooded wetland to rainfed dryland. Drought is the major 
environmental factor in rainfed areas that occupy about one-third of total area and 
reduces productivity to 13–35% . Drought and salinity are two of the most complex 
stress tolerances to breed for, as the type (combinations of heat and drought or sodicity 
and salinity), timing in relation to plant growth stage and intensity of the stress can all 
vary considerably (Witcombe et al. 2008). According to published statistics, the 
percentage of drought affected land area in the world more than doubled from the 
1970s to the early 2000s. Drought is a world-wide problem that seriously influences 
grain production. Increasing human population and global climate change make the 
situation more serious. Rice, as a paddy field crop, is particularly susceptible to water 
stress. It is estimated that 50% of world rice production is affected by drought . Water 
deficit is becoming increasingly frequent in irrigated areas due to falling water tables. 
In total, world rice production uses about 1,578 km

3 
of water, which is 30% of the 

fresh water used worldwide. 
 
 

2. Gene Regulation Mechanism  
The classical tools of genetics and plant breeding have already established that abiotic 
stress tolerance in plants is multigenic and quantitative. Hence, it is difficult to 
manipulate abiotic-stress-related pathways using modern molecular genetics 
techniques. Introduction of a single gene, encoding functional proteins like LEA 
proteins, antifreeze proteins, and molecular chaperons, would confer some degree of 
tolerance but do not give sustained tolerance to most of the abiotic stresses. However, 
during the evolutionary process, plants have developed some complex molecular 
mechanisms probably for their survival under the extreme environmental conditions. In 
this way, another category of genes namely genes encoding regulatory proteins have 
emerged. 

Such genes play important roles in survival of plants under stress situation by 
serving as master regulator of sets of downstream stress-responsive genes. Thus, 
expression of many genes responsive to abiotic stresses can be regulated and 
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coordinated by manipulating a single regulatory gene for management of crops under 
stress conditions ( Yang et al. 2011). Among the regulatory proteins, transcription 
factors (TFs) have a central role in activating defence gene expression (Chen and Zhu 
2004; Xu et al. 2008). The TFs interact with cis-acting elements present in the 
promoter region of various stress-responsive genes and thus activate cascades or whole 
network of genes that act together in enhancing tolerance towards multiple stresses at a 
time. This property of TFs makes them an attractive category of genes for 
manipulation of abiotic stress tolerance. Thus, stress responsive TFs are powerful tools 
for genetic engineering as their overexpression can lead to either upregulation or 
downregulation of a whole array of genes under their control. Dozens of TFs are 
involved in plant stress tolerance, regulating plant responses to different stresses. For 
example, in Arabidopsis more than 1500 genes encode various TFs (Riechmann et al. 
2000). Most of the stressrelated TFs are grouped into several large families, such as 
AP2/ERF, bZIP, NAC, MYB, MYC, Cys2His2, zincfinger and WRKY (Umezawa et 
al. 2006). Members of a family encode related proteins that share a homologous DNA 
binding domain. Individual members of the same family respond differently in 
response to different stress stimuli. 

 
 

3. Biotechnological Intervention for Development of Drought 
Tolerance 

With the rapid advancement in recombinant DNA technology, development of 
genetically modified plants for improving the value of crops by addition/deletion of 
selected gene(s) seems to a viable alternative or supplementary option of crop 
improvement compared to traditional or marker-assisted breeding approaches. This 
strategy is generally referred to as transgenic breeding approach. In some cases, it 
would be the only option especially when gene of interest originates from nonplant 
source or when crossing barrier exists between donor and recipient plants. This 
approach is also advantageous when only one or a few genes are required to be added 
or deleted in target plant species. Development of precise and efficient transformation 
protocols has resulted in efficient generation of transgenic lines in a number of crop 
species. Thus genetic engineering may prove to be a powerful tool to explore the effect 
of DREB1/CBF and to deploy the DREB/CBF TFs for increasing abiotic stresses 
tolerance potential of crop plants. 

 
Table 2: Examples of abiotic-stress-tolerant transgenic plants overexpressing 

DREB1/CBF-type transcription factors. 
 

Gene Source of gene Transgenic plants Stress responses 
OsDREB1F Rice,  Rice Arabidopsis Drought, salt and 

cold tolerance 
OsDREB1G Rice Rice Drought tolerance 
OsDREB1B* Rice Tobaco Oxidative, drought, 
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In the Agilent array will be hybridized with probes derived from RNA samples 
extracted from leaves and the first internode from drought tolerant rice varieties 
varieties and from drought sensitive varieties. Hundreds of genes will be modulated by 
drought in these two tissues in the all rice varieties. Consequently, a wide array of 
protein functions supposed to changed in response to drought. Interestingly, proteins 
involved in hormone biosynthesis, such as ABA and auxins, expected to be found and 
screened later on with proteins related to folding, probably helping cells to overcome 
the stressful conditions that trigger protein malfunctioning. These classes of genes will 
show differential expression between the two drought tolerant varieties and the drought 
sensitive one. 

 
 

4. Conclusion 
Environmental stresses are serious threats to crop productivity especially in rain-fed 
agriculture. Many plant genes are regulated in response to abiotic stresses and their 
gene products function in stress response. Such genetic systems are thought to be very 
important in increasing tolerance of plants to abiotic stresses as well as in management 
for successful crop cultivation. There is still only fragmentary knowledge of abiotic-
stress signalling pathways. Thus, in-depth research on functional architecture of 
complex regulatory networks, including their interactions and crosstalks towards 
abiotic stress, is required for practical exploitation of DREB1/CBF TFs in plant abiotic 
stress management. Further, combinations of DREB1/CBF TFs and promoters from 
different sources should be used for minimizing the associated negative effects on 
plants and increasing the level of abiotic stress tolerance. 
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