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 Environmental factors affecting the physiological response of rice cultivars are not satisfactorily 
studied. The purpose of this review was to examine in improving water use efficiency and dry matter 
production of rice genotypes in irrigation growing condition. Climate change will influence plant growth, 
but there are opportunities to enhance water use efficiency through crop selection and cultural practices 
to offset the impact of a changing climate. The response of water use efficiency at the leaf level is directly 
related to the physiological processes controlling the gradients of CO2 and H2O. Increasing water use 
efficiency at the canopy level can be attained by adopting practices that reduce the soil water evaporation 
component and divert more water into transpiration which can be through crop residue management, 
mulching, row spacing, and irrigation. In the grain filling and maturity stages of irrigated rice, crops may 
remain under stress, due to the interval of irrigation prolonged compared to the emergence and the 
flowering stage. Due to this, rice cultivars require more sufficient water at the reproductive stage and 
leads to decrease empty grains. Water use efficiency of rice cultivars increases with increase in crop 
water supply up to a certain point. Water use efficiency decrease with the increasing temperatures but 
increase with increasing CO2 at each temperature regimes. Maximum values of water use efficiency and 
harvest index occur under appropriately controlled water conditions. Application of fertilizers enhances 
water use efficiency by causing better increase in yield relative to that in evapotranspiration. The energy 
source for dry matter production of rice plants is solar radiation. The presence of higher nitrogen 
initiates higher nitrogen uptake response which hastens cell division, resulted in higher leaf and tiller 
numbers that leads to increase dry matter production. 

Volume 8 Issue 1,  
April 2022

Published by
Biocore Group | 
www.biocoreopen.org/ijbb/archive.php

1

Keywords
Water Use Efficiency, Dry Matter Production, Physiological Trait, Irrigated rice 

Declaration of Conflicting Interest
 The author(s) declared no potential conflicts of interest with respect to the research, author-
ship, and/or publication of this article. 



International Journal of Biotechnology and Bioengineering, Volume 8 Issue 1,  April 2022, 1-6

Review on Improving Water Use Efficiency and Dry Matter Production of Irrigated Rice (Oryza sativa L.) 

Introduction
 Rice (Oryza sativa L.) is a principal food for roughly half of the world’s population and is the 
highest momentous cereal food crop (Sandhu N, 2017). Irrigated lowland rice munches more than 50% 
of total freshwater, and irrigated flooded rice entails two or three times more water than other cereal 
crops, such as wheat and maize. As the rice grows in various climatic regions (temperate, tropical, 
and subtropical), it is challenging to preserve productivity at a high level due to its higher sensitivi-
ty to unfavorable environmental conditions. The increasing demand for food production, unfavorable 
environmental conditions such as extreme temperatures (low and high), drought, submergence, and 
salinity, are becoming threats to sustaining yield. The amount of carbon assimilated as biomass or 
grain produced per unit of water used by the crop is water use efficiency. Water use by the plant there 
is a difference between the processes that occur at the leaf level compared to the canopy level. At 
the level of leaf, water use is managed by the existing energy imposing on the leaf, vapor pressure 
deficit, and aerodynamic exchange, but, regulated by stomatal conductance. While at the canopy level, 
the processes involve energy exchange at the soil surface and the plant canopy and water loss is a 
combination of evaporation from the soil surface and transpiration from the plant canopy. Factors are 
available which affect the climate change by water use by rice crop increasing carbon dioxide (CO2) 
concentrations, increasing temperatures, more variable precipitation, and variations in humidity. 

 The dry matter production process varies with the genotype, environmental condition and cul-
tivation practice. Thus, understanding the difference in dry matter production among cultivars, envi-
ronmental conditions and cultivation practices is an essential step in the development of high and sta-
ble-yielding cultivars or cultivation practices. Projections of climate change are a result of a combined 
set of simulation models using various scenarios of changes in carbon dioxide (CO2) concentrations 
and the associated forcing functions (Collins et al., 2013). The changes in climate will rise atmospheric 
water demand by crops and increase the potential for limitations in soil water availability, because of 
the increased variation in precipitation during the growing season and even more so in soils with lim-
ited water holding capacity. Drought will influence productivity and mechanisms of paths to increase 
WUE of agricultural systems to take advantage of a limited water supply. The exchanges of a changing 
CO2 and water and temperature regimes will be the most evident at the leaf level because there are not 
the confounding effects of canopy architecture or the interactions of the soil environment on WUE. Leaf 
level WUE has a distinctive pattern depending on the carboxylation pathway, i.e., C3 photosynthesis, C4 
photosynthesis, and Crassulacean acid metabolism (CAM). C4 plants have higher intrinsic WUE than 
C3 plants, owing to higher An and lower gs (Taylor et al., 2010). 
 Dry matter partitioning to everlasting structure is greater under water stress than under 
non-water stress conditions. However, the effect of water stress on dry matter content and partition-
ing should not be generalized for all plan. The different cultivar of the crop and its interaction with 
irrigation are not always to have a significant effect on most of the measurements taken in this exper-
iment. Water stress modified the periodical accumulation of dry matter. Total dry matter was reduced 
between pruning and fruit set under non water stress conditions but increased slightly under water 
stress conditions (Marial et al.,2004). 
 Currently the culture of cultivating rice is highly inefficient in water use. Previous findings 
indicate that effective implementation of water-efficient irrigation methods in rice cultivation within 
public sector irrigation systems is constrained by the trouble of controlling water deliveries and distri-
bution, and establishing a water charge system based on the actual amount of water used by farmers. 
Improving water use efficiency or enhancing rice water productivity is a critical response to growing 
water scarcity, including the need to leave enough water. Water productivity of rice may be improved 
through reducing large amounts of unproductive water outflows during the crop growth and using the 
rain more efficiently. Application of fertilizers enhances water use efficiency by causing better increase 
in yield relative to that in evapotranspiration (Ritchie, 1983). The rice root system composed of various 
component roots such as the seminal root, nodal roots and lateral roots of various branching orders. 
These component roots differ in origin, age, morphological and physiological features, and thus re-
spond developmentally to various soil conditions in different manners. Suitable cultivars in order to 
sustain yield levels for water mining and water use efficiency (WUE), physiological traits are the most 
appropriate strategy for a comprehensive genetic enhancement to develop such rice cultivars.
 The purpose of this review was to examine the water use efficiency and dry matter production 
of rice in irrigation growing condition.  

Review of literature
Root Morphology
 The root morphology of rice is highly affected by the emitter density, irrigation level, and crop-
ping season. There is a strong and positive association between on the emitter density and irrigation 
level on root length, root surface area, root volume, root length density, and root weight density. From 
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the different studies the root morphological response decrease as the irrigation level is decrease. The 
distribution of soil moisture response, root morphology, root distribution, and root water uptake can 
be influenced by the number of water emission points on the soil surface. Through reducing drought 
stress, a large root system supports the crops. Moisture stress can suppress root morphology and 
plays a major role in root growth (Guo X., 2001). Enlarged deep root biomass, very long seminal roots, 
and improved development of small root diameter at depths are included in root morphological param-
eters in drying soil. The growth of the roots, especially the deep roots, has an important impact on the 
stable yield and, under drought conditions, absorbed greater quantities of water from the deep soil. 

Root Distribution
 The soil water increases the accessibility of nutrients and those nutrients increase root 
growth and crop productivity. The key root morphological features that directly influence the entire root 
system and indirectly influence the aboveground plant components are the root diameter, root surface 
area, root length density, and root weight density (Besharat, S et al, 2010). The spatial distribution of 
root systems in the soil has major impacts on soil water and nutrient uptake and ultimately crop yield. 
Crop roots are an essential organ for the uptake of nutrients and water and have a crucial role in the 
ecosystem of plants and soils (Spedding T., 2004). Roots are involved in acquiring nutrients and soil wa-
ter as a vital part of plant organs. Root diameter and length are significant morphological parameters 
that affect soil water and nutrient absorption. The total and components of dry matter and root/shoot 
ratio increased with the increasing emitter density and decreased with deficit irrigation. As different 
studies stated, the yield and water use efficiency enhancement to the enhanced deep soil layer water 
uptake and use as restricted irrigation encourage roots to expand into deeper soil layers. The drought 
stress to the root, and in turn, the root morphology is enhanced by the improved moisture distribution 
uniformity and wetting pattern around the plant roots (Shabbir A., 2020).

Solar radiation and crop growth 
 The arrangement of plants generates a diverse exposure to solar radiation and PAR regimes 
on the leaves of rice and on the soil. Plant water use, or transpiration will be managed by a combina-
tion of physiological and morphological characteristics (Kimball, 2007) while soil water evaporation is 
relied on the energy at the soil surface (Ritchie, 1972). Photosynthesis and dry matter production will 
be wedged by the interception of PAR by the canopy. The plant canopy develops during the growing sea-
son, the increases in leaf area are proportional to the growth rate and transpiration increases linearly 
with leaf area. From the leaf to canopy level, the direct relationships between WUE and changes in cli-
mate parameters are less obvious and this related to the temperature response of a given species and 
the relationship of growth response to a change in temperature and water use rate by the plant canopy 
(Polley, 2002). The yield of rice is an integrated result of various processes, including canopy photosyn-
thesis, conversion of assimilates to biomass and partitioning of assimilates to grains (Weng and Chen, 
1984).Optimum soil temperatures for root development in rice was approximately 25ºC. The optimal 
temperature for root growth appears to be higher in rice than in some other field crops. The decrease 
in root/shoot ratio caused by high soil temperature may be attributed to inhibition of the formation 
and elongation of the main root (Sattelmacher et al., 1990), decreased distribution of carbohydrates 
to root (Xu and Huang, 2000b) and increased respiration. Regulation of photorespiration may perhaps 
convey about the enhanced dry matter production of C3 plants through the enhanced photosynthetic 
efficiency. Dry matter productions in wheat and barley are closely related to photosynthetically ac-
tive radiation absorbed during growth, that results from different cultivars, locations and seasons at 
the same level (Gallagher & Biscoe, 1978). Usually, the maximum canopy cover coincides with the 
time of year when the solar radiation and temperature are at their peak values and the maximum ET 
therefore occurs during that period. Solar radiation is the energy source for crop growth, as well as 
for the processes of accumulation, distribution, and transfer of photosynthetic products in rice crop. 
 
Nitrogen 
 The nutrient sources and sinks of root and shoot are symbiotic due to their diverse func-
tions and local environment on the dry matter production (Hakim et al., 2012). Karimil et al., (2012) 
reported in the support of this finding as high nitrogen increased shoot, root and total dry matter. 
This indicated that plant growth and development relied on nitrogen supply and in general increasing 
the nutrient enhances plant growth and development this leads to enhance dry matter production 
(Nikolic et al., 2012). Higher nitrogen significantly increased total dry weight, shoot dry weight, num-
ber of leaves on main stem, number of tillers per plant and number of leaves per tiller as affected 
by temperature. Photosynthetic efficiency is weakened and resulting in less dry matter accumulation 
and a low concentration of non-reducing sugar in the stem (Bhattacharjee, 1971). An increase in WUE 
enhances the response of grain yield to the rate of nitrogen fertilizer application. Nitrogen uptake by 
plants is strongly affected by the soil water supply (Walsh et al., 2012). Appropriate water supply and 
nitrogen application rates are major contributors to high grain yield and WUE (Zhang et al., 2004). 
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The optimum nitrogen application rate increases WUE in nitrogen-deficient soils where the soil water 
is at an appropriate level. When the nitrogen application rate is higher than the optimum required by 
crops, the WUE may increase, but the risk of nitrate-N leaching and the amount of accumulation below 
the root zone may increase as well ( Zotarelli et al., 2008). Application of fertilizers enhances water 
use efficiency by causing better increase in yield relative to that in evapotranspiration (Ritchie, 1983). 

Leaf level CO2 concentration 
 The variation in the air temperature surrounding the leaf will vary leaf temperature and di-
rectly influence the gradient of water vapor between the leaf and the atmosphere. This gradient is 
influenced by the internal leaf water vapor pressure which is joined to leaf temperature. Increases in 
air temperature will directly increase crop canopy temperature, leaf water vapor pressure, and tran-
spiration. The CO2 concentration gradient is higher because the internal concentration at the meso-
phyll is near zero generating a large gradient from the ambient air into leaf. Increases in leaf surface 
CO2 concentration generally enhance photosynthesis and reduce stomatal opening. Photosynthesis 
or biomass accumulation and water-use efficiency is expected to increase with rising levels of CO2 
in the atmosphere. Higher CO2 concentration enhances plant height and leaf area. Similarly, the in-
crease in dry weight is promoted by high CO2 concentrations and suppressed by a low concentration. 
Distribution ratio of dry matter in rice and maize is in a marked contrast. In rice plant distribution 
to leaves is less and that to roots was increased at high CO2 concentrations, while in maize such a 
tendency is not observed. Dry weight and photosynthetic rate are known to be enhanced significantly 
when C3 plant is kept in low O2 environment. Water-use efficiency at the leaf level is the net amount 
of CO2 fixed per unit of transpired water, hereafter referred to as instantaneous water-use efficiency 

Water stress
 Climatic changes may induce or ameliorate abiotic stress to the plant because of heat and 
water stress in rice. However, water-deficit stress may be induced by changes in available water 
and vapor pressure deficit and heat stress induced by increased ambient air temperature and in the 
absence of water-deficit stress will decrease productivity (Hatfield, 2016). Leaf level responses are 
complex because of the internal changes in enzymatic activity in response to the environment. Ru-
bisco activase (Rca), glyceraldehyde-3-phosphate dehydrogenase (GAPDH), Fru-1,6-bisphosphatase, 
sedoheptulose-1,7-bisphosphatase (SBPase), and phosphoribulokinase (PRK) where changed in re-
sponse to changing light. In rice water deficit conditions more likely occur under increasing variation 
of precipitation and will increase the advantages of understanding the relations of CO2 enrichment 
with climatic factors of water supply and evaporative demand. Increase in temperature throughout the 
world has become sensitive concern, which not only influence the growth of plants but their produc-
tivity particularly in agricultural crops plants. When plants faced heat stress the percentage of seed 
germination, photosynthetic efficiency and yield drops. Due to heat stress, during the reproductive 
growth stage of rice, the function of tapetal cells is lost, and the anther is dysplastic. Extreme tem-
peratures can affect rice growth and development processes, including germination, emergence and 
seedling establishment, and reproductive and grain-filling stages. The optimum temperature for rice 
seed germination and emergence is between 25 0C and 30 0C. Temperatures below 15 0C or >35 0C 
harshly disturb the growth and development of rice during the early growth stages and associates with 
the decrease in dry matter accumulation. Drought and high temperature decreased biomass, water 
use and grain yield but increased WUE of rice genotypes. When the soil water content drops below 
field capacity, plants use less water. Crops differ in their response to water stress at a given growth 
stage. Different crops have different water requirements and respond differently to water stress. 
 
Flowering Response
 Stresses of moisture at booting and flowering stage reduces plant height and dry matter pro-
duction, delays panicle exertion, and induces uneven flowering. Photosynthetic efficiency is weakened 
and resulting in less dry matter accumulation and a low concentration of non-reducing sugar in the 
stem (Bhattacharjee, 1971). Rice genotypes produced higher number of empty grains due to deficit wa-
ter use, high wind and temperature in the flowering and pollen formation. The association among plant 
water availability and delay flowering plant senescence and remobilization of assimilates from vegeta-
tive parts to grains warrants further examination using cultivars that are comparable in plant size and 
growth duration, but varying in response to drought stress. In general, varieties with high dry matter 
production at flowering gives better yield under dry land condition because of a considerable contribu-
tion of reserve carbohydrates to grain filling (Murty, 1978). Dry matter production, accumulation, and 
transportation are important factors that determine the rice yield (Hou et al., 2020), which is meaning-
fully correlated with the unremitting increase of dry matter accumulation after flowering. Rice is highly 
susceptible to water stress during the reproductive stage, leading to significant reduction in grain yield. 

Crop evapotranspiration 
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 Crop evapotranspiration is a function of weather and the growth stage of the plant. The ratio 
between reference evapotranspiration and crop evapotranspiration is the crop coefficient, which chang-
es during the season with crop physiological changes. Total dry matter, shoot morphology of rice and 
yield decrease with a decrease in irrigation level. The actual soil water content influences crop water 
use. As soil dries, it becomes more difficult for the plant to extract water from the soil. Crop evapo-
transpiration is affected by weather factors such as radiation, air temperature and humidity and wind-
speed and crop parameters such as crop type, variety and development stage and local environmental 
and management conditions (soil salinity, application of fertilizers, tillage practices, planting density, 
presence of diseases and pests, windbreaks, irrigation practices, presence of groundwater and imper-
meable soil horizons, etc.). Crop specific and growth stage specific and results from the combination 
effects of crop characteristics, soil moisture status and soil type, crop management practices, canopy 
and aerodynamic resistance, climatic conditions such as the available energy, surrounding air content 
in vapor, air vapor deficit. As the crop canopy develops and covers the soil surface, evaporation from 
the soil surface decreases and the transpiration component of evapotranspiration increases. The per-
centage of leaf area, soil water status, and climatic conditions will drive the rate of crop (ET) at a given 
growth stage. The decrease of stomatal conductance (Gs) in leaves is accompanied with reducing tran-
spiration rate, resulting in the loss of photosynthesis and lower production in biomass (Zhu J. K., 2016). 
 
Summary and Conclusion 
 Simulated water use efficiency is determined by dividing grain yield with seasonal evapo-
transpiration (ETc) in the different irrigation strategy scenarios. WUE is lower and produced yields that 
were higher, resulting in higher water use compared to double irrigation (Cameira, M. et al., 1998). The 
amount of dry matter formed by a crop depends on the amount of intercepted solar radiation and the 
efficiency which is converted to dry matter (Squire, 1990). The response of water use efficiency at the 
level of leaf is linearly related to the physiological processes controlling the gradients of CO2 and H2O. 
Snowballing water use efficiency at the canopy level can be achieved by adopting practices that reduce 
the soil water evaporation component and divert more water into transpiration which can be through 
crop residue management, mulching, row spacing, and irrigation. In the grain filling and maturity stag-
es of irrigated rice, crops may remain under stress, due to the interval of irrigation prolonged compared 
to the emergence and the flowering stage. Due to this, rice cultivars require more sufficient water at the 
reproductive stage and leads to decrease empty grains. Water Use efficiency decrease with the increas-
ing temperatures but increase with increasing CO2 at each temperature regimes. The Prescence of 
higher nitrogen initiates higher nitrogen uptake response which hastens cell division, resulted in higher 
leaf and tiller numbers that leads to increase dry matter production. The plant decreases in root and 
shoot weight at high temperature increase leaf senescence and decrease dry matter production and 
partitioning. Stresses of moisture at booting and flowering stage reduces plant height and dry matter 
production, delays panicle exertion, and induces uneven flowering. Photosynthetic efficiency is debili-
tated, resulting in less dry matter accumulation and a low concentration of non-reducing sugar in the 
stem. Total dry matter, shoot morphology of rice and yield decrease with a decrease in irrigation level. 
The actual soil water content influences crop water use.  The energy source for dry matter production 
of rice plant is solar radiation. The dry matter production process varies with the genotype, environ-
mental condition and cultivation practice. Water use efficiency improved by the application of fertilizer. 
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