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ABSTRACT

Global climate change may result in reducing available water and a rise in air temperatures. All these

changes will be major limiting factors to future sustainable food and vegetable production largely in the tropics

and subtropics. These changes impact the overall growth and development dynamics of crop species and

understanding the physiological responses involved holds the key to estimating ‘cause-effect’ relationships

between environment and yields. To address this critical challenge, the World Vegetable Center, South Asia, is

exploring physiology based screening approaches for identifying elite mungbean accessions for high temperature

tolerance under field and controlled growth conditions. Promising selections have been further subjected to

elevated CO
2 
environments to determine their physiological responses, growth and yield abilities to help select

lines with greater adaptability to the likely climates of the future.

THE threat of global warming may pose significant

adverse challenges for present vegetable production

systems (Peet and Wolfe, 2000). There is mounting

evidence that smaller farmers in developing countries

are experiencing increased climate change variability

(indeed linked to higher greenhouse gas emissions).

Shifts in ecological and agro-economic zones, land

degradation, reduced water availability, rises in sea

levels and increased soil salinization will pose threats

for cultivating traditional vegetables in tropical and

subtropical parts of the world (Johkan et al., 2011).

Developing countries in these parts will be particularly

vulnerable and India is no exception (Chatterjee and

Solankey, 2015; Bhardwaj, 2012). The yields of many

vegetables are sensitive to higher temperatures and

water deficits, but their vulnerability to yield

depressions would be further compounded by climate

change. Rising temperatures are going to be a critical

future issue for agriculture. Various food crops

including legumes are likely to be adversely affected

by elevated temperatures (Gaur et al., 2015).

Therefore, it becomes imperative to screen the existing

germplasm of food legumes such as chickpea, lentil

and mungbean for their responses to high temperature

stress to explore the sources and mechanisms of heat

tolerance.

The reproductive stage is the most sensitive to

rising temperatures resulting in loss of buds, flowers

and pods that impact seed yield. Hence, heat tolerance

at the reproductive stage is crucial to developing stress-

resilient crops. The reproductive stage includes

flowering through to seed and pod set.  Heat stress

disrupts this process mainly due to the loss of pollen

viability, pollen germination, poor anther dehiscence,

the landing of pollen on the stigma surface and

subsequent germination through the style. Heat stress

also causes stigmatic surfaces to lose receptivity along

with poor ovule viability. However, the male

components of the pollination process are affected

more than the female components (Kaushal et al.,

2013). Therefore, targeting the superior functioning

of  pollen grains to achieve a successful seed and pod

set in heat stressed plants appears to be a vital trait to

develop heat tolerant crops (Kumar et al., 2013).

Oxidative damage to leaves also increases manifold

under heat stress in chickpea (Kumar et al., 2013)

resulting in damage to leaf tissue and photosynthetic

ability. High temperatures accelerate seed filling, which

results in reduced seed size and weight, and reduced

yields (Awasthi et al., 2014). A reduction in carbon

fixation coupled with decreased sucrose production

and its transport to the developing flowers and seeds

was found to be a critical limiting factor under heat

stress in chickpea (Awasthi et al., 2014). The nitrogen

fixation ability of legumes has considerable agricultural

and ecological significance, which can be influenced

by heat stress.  The soil surface heats up markedly,

which may influence the nodulation process directly

by affecting the rhizosphere. The maintenance of the

photosynthetic function of the leaves is vital under heat

stress to sustain the synthesis and transport of sucrose
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and other molecules to these organs (Awasthi et al.,

2014). The flowers, seeds and roots depend upon the

leaves to import sucrose, amino acids and other

molecules for the reproductive function, seed filling

and nodulation. More work is required to identify

legume genotypes with superior nodulation ability under

heat stress.

There may be several reasons for impaired

reproductive growth and inhibited seed yield due to

heat stress. A loss of chlorophyll concentrations and

photosynthetic functions in leaves appear to occur and

these effects are exacerbated in combination with

drought stress (Kaushal et al., 2013; Awasthi et al.,

2014). While, the production of flowers in different

genotypes varies under heat stress, a reduction in pod

set occurs in all studied cases. Impaired reproductive

function leads to poor pod set, directly due to the

inhibited development of microspores and megaspores

or indirectly due to inhibited sucrose availability to

gametes, or both (Kaushal et al., 2013).

In this review, an attempt has been made by the

World Vegetable Center (World Veg) to assess the

possible impact of climate change on the plant

metabolism and associated physiology of mungbean.

WorldVeg maintains the world’s largest collection of

mungbean germplasm and the crop is cultivated on

over 6 million hectares in warmer regions of the world.

It is one of the most important high protein food

legumes in South and Southeast Asia, particularly in

the Indian sub-continent which accounts for almost

45 per cent of global production. As a short duration

(60-65 days) legume, it has wide adaptability with low

input requirements (Nair et al., 2012). However, its

productivity is very low in India, Bangladesh and

Pakistan. Poor crop management is exuberated by a

harsh growing climate and abiotic stresses such as

high temperatures at flowering and increasing soil

salinity (Kaur et al., 2015; Bindumadhava et al., 2016).

Physiological responses to changing CO
2

concentration in the environment

Global climate models predict that by 2100 there

will be a gradual increase in atmospheric CO
2

concentration from current levels of around 400 ppm

CO
2 
to a maximum of as much as 550 ppm and an

increase in average global temperatures of 2.2oC

(Anon., 2014). As increasing CO
2 
concentrations in

the atmosphere are known to be the principal driver

of climate change (Bhardwaj, 2012), it is important to

assess their effects on plant growth and development

(Sigut et al., 2015; Peet and Wolfe, 2000).

Carbohydrates synthesized during photosynthesis

provide the necessary energy source for plant growth,

but, the photosynthetic function under high

temperatures and light intensities is limited by the

ambient CO
2
 concentration. Increated photosynthesis

under  elivated CO
2
 can increas dry matter production

(Taiz and Zieger, 2015).

This CO
2
 fertilizer effect is used commercially

to stimulate crop growth in greenhouses and other

controlled environments using elevated CO
2

concentrations (Lobell and Gourdji, 2012). This effect

is more pronounced in C
3
 crops, such as rice, wheat,

legumes (e.g., soybean, mungbean etc.) but, less so

in C
4
 crops (e.g., maize, millet and sugarcane). While,

the present CO
2 
atmospheric level limits photosynthesis

in C
3
 plants, higher CO

2
 levels will activate the rate

limiting enzyme RuBisCO, for carboxylation, leading

to accelerated biochemical reactions (Bindumadhava

et al., 2011; Sheshshayee et al., 1996). This initial

jump is temporary, due to feedback inhibition and

incompetent functional sinks.  However, C
4
 plants

avoid this effect with a built-in CO
2
 concentration

ability in the vascular bundles of mesophyll cells (Taiz

and Zieger, 2015). Thus, if the CO
2 
level is doubled,

the photosynthesis of only C
3
 plants increase by 35-

50 per cent (Johkan et al., 2011). However, this

response may be only short-term, and the response

under long-term exposure to elevated CO
2
 may be

less which is often the case when photosynthetic

production exceeds plant growth (Nakano et al., 1997;

Sigut et al., 2015).

In most crops, increased CO
2 
improves water use

efficiency due to the higher carbon fixation function

triggered by photosynthesis and declining stomatal

conductance, potentially decreasing drought

susceptibility and reducing water requirements. When

substrate CO
2
 is high, it prevents stomatal control of

its diffusivity between outside and inside the leaves

(Bindumadhava et al., 2011). However, the effect of

decreased transpiration on vegetable crop yields is

unlikely to be large since vegetables are irrigated in
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most production areas (Anon., 2004). However,

physiological disorders such as tip-burn in lettuce,

blossom-end rot in tomato and bell-pepper, are

sometimes associated with excessive transpiration and

tissue water deficits (Rogers and Dahlman, 1993).

Temperature increases will occur concurrently

with a CO
2
 increase and both interact closely (Idso

et al., 1987). High temperature affects the

photosynthetic functions and causes irregularities in

CO
2
  physiological processes. For instance, in tomato,

overall productivity is reduced by high temperatures

due to bud drop, abnormal flower development,

dehiscence and viability, ovule abortion, poor viability

and reduced carbohydrate availability (De La Peña

and Hughes, 2007). Some universal strategies to

ameliorate the effects of global warming on food

production include the development and use of heat-

tolerant varieties, appropriate nutrient and water

management, coordination of growing periods, and the

control of pests/diseases. In particular, the use of heat-

tolerant crops and pest/disease control are perhaps

the most promising approaches (Johkan et al., 2011).

Any useful effect of elevated CO
2
 might be offset by

the adverse global warming effect. Increased

temperatures accelerate many physiological processes

viz., photosynthesis to an upper limit. Extreme

temperatures can be harmful beyond the physiological

limits of a plant (Lynch and Lande, 1993). Temperature

distresses vegetable crops in several ways by

influencing crop duration, flowering, fruit growth,

ripening and quality. Since vegetables are basically

succulent and usually consist > 90 per cent of water,

drought stress, mostly at critical periods of growth,

will drastically reduce productivity and quality

(Chatterjee and Solankey, 2015). Nonetheless, it is

suggested that indeterminate types are less sensitive

to periods of heat stress since the time of flowering

could be extended compared with determinate types

(Hall and Allen, 1993). Under heat stress, the reported

effect of elevated CO
2
 on photosynthesis and growth

are however highly variable and differ among functional

groups of plants (Wang et al., 2012; Sigut et al., 2015;

Bindumadhava et al., 2017.

Heat stress has detrimental effects at several

plant levels leading to drastic reductions in growth and

yield (Bindumadhava et al., 2016; Wahid et al., 2007).

It results in a scorching effect leading to mild to severe

browning of leaves. Leaf damage intensifies due to

oxidative damage and a reduction in anti-oxidative

defenses (Kumar et al., 2013). The roots, flowers and

seeds depend on the leaves to supply sucrose, and

other molecules for nodulation growth, reproductive

function and seed filling. Hence, maintenance of the

photosynthetic function of the leaves is vital under heat

stress to sustain synthesis and the transport of sucrose

to these organs (Awasthi et al., 2014). Sucrose, is set

to decrease in leaves and seeds owing to heat stress

conditions, which may be linked to reduced RuBisCO

activity and sucrose synthesizing enzymes. Heat stress

affects sucrose production in leaves and impairs its

transport to developing reproductive sinks (Kaur

et al., 2015). It also reduces nitrogen fixation, by

heating up the soil surface hampering nodulation and

affecting rhizosphere activity, thus, reducing the

nodules in mungbean roots (Kumar et al., 2013).

Photosynthesis may be inhibited as a result of loss of

chlorophyll, disruption of electron flow and reduced

CO
2 
assimilation (Sinsawat et al., 2004). At a cellular

level, heat stress leads to membrane damage, enzyme

inactivation in mitochondria and chloroplasts, impaired

protein synthesis and carbon metabolism

(Hasanuzzaman et al., 2013).

Mungbean physiology efforts at WorldVeg, South
Asia, India

Starting in February, 2015 WorldVeg initiated a

study on mungbean to explore the dual effect of high

temperature with elevated CO
2
 levels. A total of 45

elite mungbean accessions representing genotypes

from different sources in India were used.  Agronomic

and physiological traits were assessed along with final

pod and seed yields in both a walk-in growth house

and in field conditions. Sets of accessions were sown

at two planting times, in the last week of March

(normal-sowing) and the last week of April (late

sowing)  when day / night temperatures during most

of the reproductive phase were >40 / 25°C (producing

heat stress for the later sowings). The response of

these accessions to higher temperatures (during peak

growth and the reproductive stages in the late sowing)

was determined over the whole growth and production

cycle. Change in growth behaviour (reduced leaf area,

tip burning, accelerated chlorosis) was noticed in late
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sown plants. Further a change in pattern of both pod

and seed size and morphology was also observed

(Fig. 1). However, we found the effect of heat stress

Container-grown plants of 10 mungbean accessions

were placed randomly inside OTCs for growth and

yield assays (maintained at three CO
2
 concentrations;

390 ppm, 550 ppm and 700 ppm). Changes in growth

rates and yield traits were measured regularly up to

final harvest. Among the accessions, an appreciable

increase in growth traits (plant height ~ 45 %, leaf

area ~ 52%, total dry matter ~ 78%) in both elevated

levels of CO
2 
(550 and 700 ppm) was observed along

with increased yield traits (pod yield ~ 78% & seed

yield ~ 45%) (Fig. 2). Among the two CO
2
 levels, 550

ppm had more pronounced effect on growth and yield

 

VC6173 B-10 EC 693369 VC6372(45-8-1) EC 693370 ML 818 

Normal sown genotypes 

Late sown genotypes  

Fig. 1. Pod (a) and seed (b) morphology of a few selected

mungbean accessions from normal and late sown

season (see the heat induced changes in pod shape,

size and length in late-sown genotypes; for details

refer Sharma et al., 2016)

 

VC6173-B10  EC 693369  VC6372 (45-8-1)  EC 693370  ML 818  

a

b

was more pronounced on pod morphology than the

seed, which needs to be confirmed in subsequent

experiments. Similar pattern was reported in chickpe

as (Kumar et al., 2013; Kaushal et al., 2013). Based

on sustained growth, physiology (photosynthetic

efficiency, chlorophyll function, stomatal &

transpiration efficiency, functional water relations),

reproductive status (flowering initiation, effective

number of flowering clusters, resistance of flower

abortion, pollen germination & viability, stigma

receptivity) and final yield traits (number of pods, pod

setting, pod and seed yield/plant), ten putative high

temperature tolerance accessions were identified for

further investigation (Sharma et al., 2016).

To simulate future climate change scenarios,

these selected accessions were exposed to elevated

CO
2 
environments to determine their growth and yield

responses. They were grown in Open Top Chambers

(OTC) at the controlled climate management facility

at the ICRISAT campus in Hyderabad, India.

Fig. 2. Per cent increase in growth and yield traits of CO
2

enriched plants over ambient CO
2
 (control) across

all mungbean accessions [(PH- Plant Height, LA –

Leaf Area, TDW – Total Dry Weight, Pod yield (pod

weight/plant) and Seed yield (seed weigh/plant)].

attributes than 700 ppm. Exposure to 550 ppm CO
2

resulted in 12-13 days early maturity in a  few

accessions. Subsequent assays are underway to

examine the physio-biochemical efficiencies

contributing to the differential response of CO
2

fertigation in heat tolerant accessions. This is perhaps

the first information in mungbean on assessing the

growth and yield responses of promising heat tolerant

accessions to elevated CO
2
 conditions. It offers useful

clues towards developing a growth model to address

future climate challenges.

Climate change is predicted to have a major

impact on agriculture and horticulture. Knowing the

possible effects of increasing air temperatures and CO
2

on annual vegetables and legume crops can help to

select lines that will be more adapted to these

conditions. In this study, it was found that 9-10
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mungbean accessions with intrinsic tolerance to high

temperature stress and five of them showed

intrinsically higher performance under elevated CO
2

conditions. Hence, they can be seen as elite promising

candidates for subsequent analysis for climate

resilience. Further, higher CO
2
 influx at different

growth stages will be used for developing a futurist

mungbean model. Exploring intrinsic physiological

mechanisms and phenotypic traits that imparts

tolerance to adverse climate, assumes greater

importance in the present time.

       REFERENCES

ANONYMOUS, 2014, Climate change - Impacts, Adaptation,

and Vulnerability. Contribution of working group II to

fifth assessment report of the intergovernmental panel

on climate change. Cambridge University Press,

Cambridge, United Kingdom and New York, USA.

ANONYMOUS, 2004 AVRDC Report, AVRDC publication

Number 04-599.  Shanhua, Taiwan: AVRDC – The World

Vegetable Center.

AWASTHI, R., KAUSHAL, N., VADEZ, V., TURNER, N. C.,  BERGER

J., SIDDIQUE, K. H. M. AND NAYYAR, H., 2014, Individual

and combined effects of transient drought and heat

stress on carbon assimilation and seed filling in

chickpea. Functional Plant Biology, 41: 1148-1167.

BHARDWAJ, M. L., 2012, Challenges and opportunities of

vegetable cultivation under changing climate scenario.

Proceedings on Vegetable production under changing

climate scenario. Dr Y. S. Parmar University of

Horticulture and Forestry, Nauni-173 230 Solan. India.

BINDUMADHAVA HANUMANTHA RAO, NAIR, R. M. AND HARSH

NAYYAR, 2016, Salinity and high temperature tolerance

in mungbean [Vignaradiata (L.) Wilczek] from a

Physiological Perspective, Frontiers in Plant Science,

(7): 1-20.

BINDUMADHAVA HANUMANTHA RAO, PRASAD, T. G. AND NAVIN

SHARMA, 2011, Plant isotope signatures: for plant traits.

LAP Lambert academic publications, Germany.

CHATTERJEE, A. AND SOLANKEY, S. S., 2015, Functional

physiology in drought tolerance of vegetable crops –

An approach to mitigate climate change impact. Apple

Academic Press, Inc.

DE LA PENA R. C. AND HUGHES, J. D., 2007, Improving

vegetable productivity in a variable and changing

climate. J. Semi-Arid Trop. Agri. Res., 4 (1): 22.

GAUR, P. M., SAMINENI, S., KRISHNAMURTHY, L., KUMAR, S.,

GHANEM, M. E., BEEB, S., RAO, I., CHATURVDEI, S. K., BASU,

P. S., NAYYAR, H., JAYALAKSHMI, V., BABBAR, A. AND

VARSGNEY R. K., 2015, High temperature tolerance in

grain legumes. Legume Perspectives, 7: 23-24.

HALL, A. E. AND ALLEN, L. H., JR, 1993, Designing cultivars

for the climatic conditions of the next century. In: Buxton,

D. R. Shibles, R., Forsberg, R. A. Blad, B. L. Asay, K. H.

Paulsen, G. M. and Wilson, R. F. (eds): International

Crop Science I. Crop Science Society of America .

Madison, Wisconsin.

HASANUZZAMAN, M., NAHAR, K. AND FUJITA, M., 2013, Extreme

temperatures, Oxidative Stress and Antioxidant Defense

in Plants. In: Vahdati K., Leslie C., editors. Abiotic Stress

- Plant responses and applications in Agriculture. InTech;

Rijeka, Croatia: 2013.

IDSO, S. B., Kimball, B. A., Anderson, M. G. and Mauney, J.

R. ,1987, Effect of  elevated atmospheric carbon dioxide

enrichment on plant growth; the interactive role of air

temperature. Agricultural Ecosystems and

Environment, 20: 1-10.

JOHKAN, M. ODA, M. MARUO, T AND SHINOHARA, Y. 2011,

Crop production and global warming. Global warming

Impacts – Case studies on the economy, human

health, and on urban and natural environments. INTECH.

139-152.

KAUR, R., BAINS, T. S., BINDUMADHAVA, H. AND HARSH NAYYAR,

2015, Responses of mungbean (Vigna radiata L.)

genotypes to heat stress: Effects on reproductive

biology, leaf function and yield traits. Scientia Hort.,

197: 527–541.

KAUSHAL, N., AWASTHI, R., GUPTA, K., GAUR, P., SIDDIQUE

K.H.M. AND NAYYAR, H., 2013, Heat-stress-induced

reproductive failures in chickpea (Cicer arietinum) are

associated with impaired sucrose metabolism in leaves

and anthers. Func. Plant Bio., 40: 1334-1349

KAUSHAL, N., GUPTA, K., BHANDHARI, K., KUMAR, S., HAKUR,

P. AND NAYYAR, H., 2011, Proline induces heat tolerance

in chickpea (Cicer arietinum L.) plants by protecting

vital enzymes of carbon and antioxidative metabolism.

Physiol. Mol. Biol. Plants,17:203-13.

KUMAR, S., KAUR, R., KAUR, N., BHANDHARI, K., KAUSHAL,

N., GUPTA, K. AND BAINS, T. S., 2011, Heat-stress induced

inhibition in growth and chlorosis in mungbean

(Phaseolus aureus Roxb.) is partly mitigated by ascorbic

acid application and is related to reduction in oxidative

stress. Acta physiologiae Plantarum, 33: 2091-2101.

MUNGBEAN PRODUCTION UNDER A CHANGING CLIMATE - INSIGHTS FROM GROWTH PHYSIOLOGY 25

http://www.print-driver.com/order?demolabel-en


KUMAR, S., THAKUR, P., KAUSHAL, N., MALIK, J.A., GAUR, P.

AND  NAYYAR H., 2013, Effect of varying high

temperatures during reproductive growth on

reproductive function, oxidative stress and seed yield

in chickpea genotypes differing in heat sensitivity.

Archives of Agronomy and Soil Science, 59: 823-843.

LOBELL, D. B. AND GOURDJI, S. M. 2012, The influence of

climate change on global crop productivity. Plant

Physiology. 160: 1686-1697.

LYNCH, M. AND LANDE, R.,1993, Evolution and extinction in

response to environmental change. In huey, raymond

B: Kareiva, Peter M: Kingsolver, Joel G. Biotic

Interactions and global change sunderland, mass:

sinauer associates.

NAIR, R. M., SCHAFLEITNER, R., KENYON, L., SRINIVASAN, R.,

EASDOWN, W., EBERT, R.W. AND HANSON, P., 2012,  Genetic

improvement of mungbean. SABRAO J. Breed. Genet,

44: 177-190.

NAKANO, H., MAKINO, A. AND MAE, T., 1997, The effect of

elevated partial pressures of CO
2
 on the relationship

between photosynthetic apacity and N content in rice

leaves. Plant Physiology, 115 (1): 191-198.

PEET, M. M. AND WOLFE, D.W., 2000, Crop ecosystem

responses to climate change: Vegetable crops. CAB

International. Climate change and Global crop

productivity (Eds. K. R. Reddy and H. F. Hodges).

ROGERS, H. H. AND DAHLMAN, R.C., 1993, Crop responses to

CO
2
 enrichment. Vegetation, 104. 105: 117-31.

SHARMA, L., MANU PRIYA, BINDUMADHAVA, H., NAIR, R. M.

AND HARSH NAYYAR, 2016, Influence of high temperature

stress on growth, phenology and yield performance of

mungbean [Vignaradiata (L.) Wilczek] under managed

growth conditions. Scientia Horticulture, 213: 379-391.

SHESHSHAYEE, M. S., KRISHNAPRASAD, B. T., NATARAJ, K. N.,

SHANKAR, A. G., PRASAD, T. G. AND UDAYAKUMAR, M., 1996,

Ratio of intercellular CO
2
 concentration to stomatal

conductance is a reflection of mesophyll efficiency.

Current Science, 70 (7): 672-675.

SIGUT L. PETRA, H., OVA´, KLEM, K. MIRKA, S. CARLO, C.

MICHAL V. M., VLADIMİ,  R. S. AND URBAN, O., 2015, Does

long-term cultivation of saplings under elevated CO
2

concentration influence their photosynthetic response

to temperature? Annals of Botany, 43:1-11.

SINSAWAT, V., LEIPNER, J., STAMP, P. AND FRACHEBOUD, Y., 2004,

Effect of heat stress on the photosynthetic apparatus

in maize (Zea mays L.) grown at control or high

temperature. Environmental and Experimental Botany,

52: 123–129.

TAIZ, L. AND ZEIGER, E., 2015, Plant physiology (6th edition).

Sinauer associates press, sunderland, MA, USA.

WANG, D., HECKATHORN, S. A, WANG, X. AND PHILPOTT, S.

M., 2012, A meta-analysis of plant physiological and

growth responses to temperature and elevated CO
2
.

Oecologia, 169: 1-13.

WAHID, A., GELANI, S., ASHRAF, M. AND FOOLAD, M. R., 2007,

Heat tolerance in plants: an overview. Environ. Exp.

Bot.,  61:199-223.

(Received : January, 2017    Accepted : February, 2017)

26 H. BINDUMADHAVA et al.

http://www.print-driver.com/order?demolabel-en

	MJAS 50 (1), 2017.pdf
	MJAS Cover Mail.pdf
	Page 1

	MJAS Vol 1 2017++.pdf


