
 

 

Review Article 

Effect ofelevated CO2and induced high temperatureon floweringand fruiting 

in crops, with preferencetotomato:- A review 

 

ABSTRACT 

:-RisingaCO2alevels in theaatmosphere, a major contributor toaclimate change, has a wide range of consequences. CO2Acan 

absorb and radiate heat energyaresulting in the hike of earth’s averageatemperature.Theaelevated CO2 induced temperature rise 

in atmosphere has a severeaimpact on agricultural crop productivity, as temperature isaone of the important abiotic factors 

whichainfluencecropagrowthandadevelopment. Soethe high temperature and drought that accompany climate change will 

decrease the foodaproduction and threatenafood security globally.  
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Introduction  

Climateachangeaisaa global phenomenonaof climate transformationaespeciallyacaused by human activities 

andacharacterized by theaalterationsin climate patternaregarding temperature, precipitationaandawind. 

Itaisaaseriousthreatatoafutureamankindaanddglobal economy. The increase in the levels of 

GHGsa(greenhousegases) willacause global warming (Sundaret al., 2021) and the climateachange will ultimately 

cause a decline in crop yields and productions. Climate changeaisoneaoftheaimportant concerns associated with 

India’s food security challenges. It significantly affects agriculture and food production by influencing the 

cropping seasonsa(Fiwaet al., 2014; Zhao et al., 2015; Lemma et al., 2016) water availability (Lobellet al., 2015;  

Saadiet al., 2015;  Schaubergeret al., 2017)  

The currentaatmosphericacarbon dioxide(CO2) concentrationahas reached 414ppm 

accordingatoNOAAaandtheasixthassessmentareport fromIPCC gives a warning of globalawarming of 1.5
0 

Cabetweena2030 anda2052(IPCC,2021). TheaIPCC projected that there will be anaincrease in surfaceaair 

temperature by 1.1
0
Cato 6.4

0
C by last of the 21

st 
century, due to increasedaemanations of CO2 and otheragreen 

house gases intoathe atmosphere. Soaelevated CO2and associatedahigh temperature can alterathe physiology 

andachemicalcompositionaof plants andahavedirectainfluence on agriculturalaproduction. 

Tomatoais an importantavegetableacrop in Indiaawith an averageaproduction of 18.40 millionatonnes. It isarich in 

antioxidants, micronutrients,aphenolic compounds, carboxylic acids,avitamins and minerals.aThe fluctuations in 

environmental factors like temperature, lightaand water availability can drasticallyaaffect the mineral and 

phytochemical content in tomato (Nouret al., 2013).Heatastress is a major abioticafactor that limits tomato 

production byainfluencing various physiological processes such as photosynthetic activities, transpiration, 

photorespiration, darkarespirationasawell as vegetativeagrowth and reproductiveadevelopment. Elevated 

temperatureawillcauseadistortionofapollenaandafloralastructures and will 

impireapollengerminationaandfurtheradevelopmentcausingadecreased fruit set andayield (Sato et al., 2000). So 

floweringaandfruitaset are most affected underahigh temperature stressaconditionsinatomato. 

Comment [A1]: As I have read your article, the 
rising CO2 concentration has its own direct effect as 
well as indirect consequence on the anthesis and 
fruiting in crops through high temprature. So, it is 
better to discuss the effect of  Co2 concentration 
and and high temperature separately. 

Comment [A2]: Please state the objective of this 
paper. 

Comment [A3]: What NOAA mean? 

Comment [A4]: What IPCC mean? Please define 
it. 

Comment [A5]: Dear author, please follow the 
journal’s template and guideline in writing your 
manuscript. 



 

 

 

Effectaof elevatedaCO2aon observationsarelatedtoaflowering 

Floweringais a criticalamilestone in thealifecycleaof plants for it's reproductive successaandafruitaset. 

SinceaCO2andatemperature are theakey factors foraplantagrowth and development,athe 

CO2inducedahightemperatureaaffects various flowering relatedaevents such as floral initiation, 

floraladevelopment,afruit set and fruit growth.aSo the climateachangehave a 

significantaimpactonafloweringrelatedaevents in plants.aAddressing the effects of these environmentalafactors on 

timeaofaanthesisandaflowering time is criticalatoaunderstandthe adaptationaof plants/ cropsatoclimateachange. 

ElevatedaCO2 and increasingaambient temperature isaa major climaticafactor that advances 

floweringatimeinacertain crops. Rangaswamiet al. (2021) reportedaan increase in the flower numberaunder 

increased CO2acondition. Anaexperimentconductedaby Mamathaet al. (2014) reported thatatheincreased numberaof 

flowers and fruits togetherawith higher fruit set led to higher fruit yield at ECaconcentrations( EC 550 and 700 

ppm). It isareported that plants grown under high CO2reached flowering 8 daysasooner than those 

grownaunderambientacondition( Lanoueet al., 2018). 

Pollen viability 

Theaimpairedapollendevelopmentaandreducedapollenviabilityawill decrease the yieldaof crops at 

highatemperature.aElevatedCO2andaassociatedheatastress at meiosis reduced pollen viability,aspikeletnumberaand 

grain yieldaper spike inawheat (Bokshiet al., 2021). Hinojosaaet al., (2019) showedathat the 

pollenaviabilityaofaquinoa has reduced between 30% and 70% underaheat stress. Continuousaexposure of tomatoato 

high temperature reduced theanumberofapollen grains per floweraanddecreasedaviability because of theaalterations 

in carbohydrateametabolism in various parts of theaanther during itsadevelopment (Pressman et al., 2002). 

Suzukiaet al. (2001) reported that theaCO2enrichmentaandassociatedahigh temperature had aanegativeeffectaon 

pollen viabilityaof green gramadue to degenerationaof tapetum layer. Pollenaviability was found toabethealeast 

(8.37% decrease) under elevated CO2 conditions comparedatocontrolaconditions in pea plants (Kumariet al., 2016). 

Theaheat stress duringamalereproductiveadevelopmentreducesapollen viability and functiona(Muller and Rieu, 

2016). 

Pollen morphology 

Duringaplantadevelopment,atheaimportant heat sensitiveastage is theapollen development (Lohaniet al., 2020). 

Kumariet al., (2016) reported that high temperature stress due to elevatedaCO2 will negativelyaaffect the 

pollenadevelopment. Pollenaproduced by flowers in soybeanagrownunderaelevated CO2aconditions appeared 

shriveled withoutaapertures and with disturbed exine orientation (Kotiet al., 2004). In quinoa, theaheat stress 

increasedathe pollen wall  thickness(Hinojosa et al., 2019).aThe pollen of soyabeanaflowers appeared 

shrivelledawithout apertures and withadisturbed exine ornamentationaat elevated CO2conditionsa(Kotiet al., 2005). 

High temperatureastress lead toadisruption of meioticacell division, abnormalapollen morphology andasize(Begcyet 

al., 2019). 

Effect of elevated CO2 on yield parameters  



 

 

Theahigh CO2concentrationaincreasestheaphotosyntheticarate and yield of crops. Rangaswamyet al. (2021) 

reportedathe beneficial effectsaof CO2 enrichment on yield of tomato by increasing the no of flowers and fruit 

peraplant. But the higher temperature can negativelyaaffectathe tomato yield. In anaexperiment on the combined 

effects of CO2 and the temperature on the grainayield, Hemantaranjanet al.(2014)aobserved that aatemperature of 

27
0
C or higheraappliedamid way through anthesisacouldaresult in a high number of sterile grains and resulted 

inaconsiderable yield losses. Increasedanumberofaflowers and fruits together with higher fruitaset leading toahigher 

fruit yield inatomato was observed at elevated CO2 condition ( 700 ppm and 500 ppm) 

comparedatocontrolacondition, theahighest yield beingaobtained under 700ppmaof CO2 (Mamataet al., 2014). 

Harelet al., (2014 ) reported that the increase in average daily temperatures of 25-29
0
Cawill decrease the fruit 

setapercentage, numberaof fruits and fruit weightaper plant in tomato. Satoaet al.,(2006) reportedaa reduction in 

fruisetaand delay in fruit color development atatemperatureaabove 35
0
C. 

Effectaof elevatedaCO2 on qualityaparameters 

                             In vegetables, the elevatedaCO2 concentration improvesayield but it decreases the nutritional 

quality. In theametaanalysis  of vegetables, Dong et al.(2018) concluded that the concentration of fructose, glucose, 

TSS, phenols,atotalflavanoids, vitamin C and calcium increased in edible part of vegetables  but the 

concentrationsaof protein, nitrate, magnesium, iron and zincaget decreased. Atathesameatime elevated CO2 didanot 

have any effect on titratable acidity, total chlorophyll, carotenoids, lycopene, anthocyanin, potassium, phosphorus, 

sulphur, copper and manganese.aRangaswamiet al., 2021 reported the positive effect of elevated CO2 on quality 

parametersasuchasaTSS, total sugars, totalareducing sugars and ascorbic acid contents of tomato fruits, but theaCO2 

concentration above 700 ppm  caused a reduction. Lamichaneyet al.,2021 reported that  the chickpea seeds 

harvested from high CO2 condition showed a reduced seed protein(7%), totalaphenol(13%) and thiobarbituric acid 

reactive substances (12%) and increased starch content (21%)aandwaterauptake rate asacompared to seed harvested 

from ambient CO2  Condition. Mamathaet al.(2014) reported that theaqualityparametersaof tomato fruit such as 

ascorbicaacid, acarotene, lycopene aimproved at 550ppm and decreased at 700 ppm. but  at 550 ppm, the 

antioxidantacapacity  and flavonoidsawerefoundadecreased. 

 

CONCLUSION 

Climate change has become the focus of social and scientific attention. The increase in carbon dioxide (CO2) in the 

atmosphere is one of the most visible and undesirable indicators of global climate change. In vegetables, especially 

in tomato , the increased CO2 concentration improves yield, but reduces quality. Manyresearch efforts focus on these 

stresses  to shieldthe plants from harmfulcircumstances. The plants need to be giventhe best circumstancesfor 

growth at each stage. Germination,vegetative stage, reproductive stage, and the yield are all impacted by high 

temperature stressand it is critically necessary tofind innovative ways to adapt crops to these changes. 
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