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ABSTRACT 

 

Chicory (Cichorium intybus), a species of the Asteraceae family, is a biannual crop. Chicory is grown for a 

number of reasons in different countries. Dried chicory root extract contains inulin as an active compound, 

which is widely used as a prebiotic agent with antioxidant properties. Chicory was cultivated under low 

tunnels in blocks and after three month of normal irrigation drought conditions were applied by irrigating 

after every 14-, 21-, 28- and 35 days of irrigation intervals. Chicory roots were harvested at the age of six 

month and inulin was extracted by batch extraction method. Inulin concentration was measured with 

calorimetric method.  The results showed that root growth and accumulative inulin yield decreased as 

drought period increase. But the total inulin percentage in chicory roots increased by mild drought stress 

and decrease with severe drought stress. Our research highlights the impact of drought stress on chicory 

roots growth and inulin production in it.  
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INTRODUCTION 

 

Drought is the most acute stressor of plant growth and recently it is becoming more serious issue of the 

world and desertification is increasing day by day [1]. In fact, rapidly increasing of desertification on a 

global scale is currently affecting more than 10 percent of arable land which causes more than 50 percent of 

yield reduction in major crops [2,3]. 

Chicory belongs to family Asteraceae and its botanical name is Cichorium intybus. Chicory is grown at 

large scale in different temperate regions all over the world, it is basically native to western Asia, Europe 

and central Russia [4]. In different parts of world it is cultivated for different purposes. The extract of dry 

roots of Chicory contains 98 percent inulin approximately and 2 percent other chemical compounds. In 

fresh roots of Chicory inulin is present between 13 to 23 percent by weight [5]. Inulin is a naturally stored 

polysaccharide in chicory roots[6]. Due to its antioxidant properties, inulin is used as agent for prebiotic 

functions [7]. In colon, the good bacteria like lactobacillus and Bifidobacterium are selectively stimulated 

by Inulin that is help full in prevention of disease and take a main part for maintenance of good health [8]. 

Inulin is used at large scale as alternate of sugar and lipid compounds in mostly food products. It is also use 

in bread and other products of food to increase the contents of dietary fibers [9]. Inulin is a good substitute 

of fat and sugar and also has a main advantage of having very less caloric rate and also has many functional 

characteristics. In organisms it is act as similar to dietary fibers and takes part in upgrading the conditions 

of gastrointestinal conditions. Inulin also optimize the beverage’s texture and also enhance the viscosity of 

beverages with low caloric value as well as allow low quantity of fat to spread more on surface also give 

spreading ability to product without fat like in chocolates, mousses, yogurts, salad dressings, etc. [10]. 

In several parts of the world, root chicory is now cultivated under irrigation, but a better 

knowledge of its behavior under water stress conditions should allow the minimal water requirements of 

this species to be defined and thus allow its culture to be extended to regions where irrigation is not 

technically feasible or economically justified. Although responses to low temperature have been 

extensively studied in this species, mainly with respect to vernalization [11,12,13], the impact of water 
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stress has received less attention. De Roover et al. (2000) studied the impact of water stress at the seedling 

stage and demonstrated that water shortage increased glucose, fructose, and sucrose concentrations in the 

roots and leaves of stressed plants, leading to increased fructan concentrations in the roots[14]. Using a 

field approach, Monti et al. (2005) demonstrated that water shortage had only a limited impact on yield, 

leaf photosynthetic capacity was poorly affected by water availability, and fructan chain length was not 

affected by the water regime [15]. Previously, the severity and timing of drought were reported to strongly 

influence the sequence of plant reactions to water shortage [16, 17], but the drought impact on inulin 

production is missing. Keeping in view all above facts the present study was conducted to evaluate 

influences of different drought on inulin production in root chicory.  

 

MATERIALS AND METHODS 

 

Experimental design 

Chicory was sown under low tunnel in the square number 32, University of Agriculture 

Faisalabad. Land was divided in to 3 blocks, each block with 5 rows of chicory plants. Distance between 

each row was maintained about 1 meter. During first three months after cultivation of chicory, irrigation 

was applied normally after each 7 days interval and drought conditions were applied by irrigating after 

every 14-, 21-, 28- and 35 days of irrigation intervals. Crop was harvest as a whole with roots after 

blooming at the end of 6th month. Fresh roots weight and length were measured, roots were shade dried and 

roots dry weight was measured. Dry roots were crushed and grounded by an electric grinder.  

 

Inulin determination 

Chicory root powder was use as the starting material. The prepared sample, with an approximately 

5 % moisture content, was stored in a dry container for further use. Batch extraction was perform at 70°C 

with continuous stirring. Distilled water was used as solvent for inulin extraction. The liquid inulin 

solutions obtained at the end of each experiment was filter through a cloth to remove large root pieces and 

then through a Whitman filter paper to remove smaller particles. For primary extract purification and 

concentration, suspended fine particles were remove by filtration through silica gel-chitosan bed. The 

effluent was concentrated by evaporation. Inulin contents of the raw extracts was measured as follows: 

inulin extract (0.1 g) was hydrolyzed by 0.8 MHCl (1 ml) at 900 C for 1 hour, after which the hydro lysate 

(150 μl) was tested for reducing sugars using the fructose standard curve [18].  

 

Data analysis 

Correlation between desired factors was carried out using corragram package. Impact of drought 

on plant root growth and inulin production was tested using linear regression analysis and all figures were 

plotted using ggplot2 package. All the data was analyzed by R 3.2.3. 

 

RESULTS 

 

Impact of drought on chicory Roots growth 

Chicory roots grew more during non-drought condition and root’s fresh weight increased. Plant roots fresh 

weight decreased as the drought period increased. Maximum weight of chicory plant roots were observed 

when irrigation interval is after just 7 days and minimum fresh roots weight were noted during 35 days of 

irrigation interval. Chicory plant root length of decreased as the interval between irrigation time increased 

(Table 1). Plant root fresh weight and root length is negatively correlated to irrigation duration (Figure 

1).And regression analysis reveals that the water stress has a strong impact on chicory root growth both is 

weight and length (Table 2). 

 

Impact of drought on Inulin content and accumulative yield 

Inulin Percentage in roots of chicory plant increase as the interval between irrigation time increases from 7 

days to 21 days. After that inulin content in chicory plants began to decrease. Maximum inulin percentage 

in roots of chicory plant was noticed when there is irrigation after just 21 days and inulin percentage in 

roots of chicory plant begin to increase as drought period increase. Inulin Percentage in dry roots of chicory 

plant was minimum when plants were frequently irrigated after 7 days interval. Accumulative Inulin yield 

in roots of chicory plant increased from 7 days irrigation interval to 21 days irrigation interval started to 

decrease in 28 and 35 days irrigation interval (Table 1). 
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Table 1: Average ± standard deviation of final measurements 
Irrigation 

interval(days) 

Inulin%(Dry 

root) 

Inulin%(Fresh 

root) yield(g) Fresh Weight(g) root length(cm) 

7 67.3±1.9 9±0.32 6.7±0.12 75.2±0.32 25.6±0.6 

14 77.9±1.1 21±0.4 11.4±0.24 54±0.2 20±0.3 

21 90.93±0.33 23±0.2 15.2±0.3 48.7±0.2 16.3±0.1 

28 84±0.2 27±0.8 7.5±0.48 29±0.6 11.6±3 

35 81±0.9 21.6±0.2 3.4±0.4 11.5±0.48 5.9±0.16 

 

Correlation analysis reveals that inulin production is positive correlated to drought period but accumulative 

inulin yield is decreased with increasing drought (Figure 1). Regression analysis reveals that irrigation 

duration significantly effect on inulin production (Table 2). 

 
Figure 1: Correlation analysis between irrigation intervals (ID), chicory root fresh weight (FW), root 

length (RL), fresh root inulin content (IFW), dry weight inulin content(IDW) and inulin accumulative 

yield(YD). 

 

Table 2: Impact of drought on chicory root growth and inulin content 
Attributes Df Sum Sq Mean Sq F value Pr(>F) 

 

IDW 1 538.2368 538.2368 841.6132 >0.001 *** 

IFW 1 247.6169 247.6169 387.1858 >0.001 *** 

YD 1 638.5596 638.5596 998.4829 >0.001 *** 

FW 1 38.14087 38.14087 59.63892 >0.001 *** 

RL 1 1.690068 1.690068 2.642673 0.138473 
 

Residuals 9 5.755769 0.63953 
   

 

41 



Afzal et al.,2017 

 

In Table 2 *** represents highly significant values, dry weight inulin content(IDW), fresh root inulin 

content (IFW), inulin accumulative yield(YD), root fresh weight(FW) and root length (RL). 

 

DISCUSSION 

 

Drought resistance is a major concern in plant research. In several studies conducted under laboratory 

environments, drought resistance improve the survival rate under fatal conditions that conditions are 

impossible to maintain under open field. Drought stress checks the plant growth that may help in survival 

of the plant but it could be considered counter-productive in terms of yield in agriculture [16,17,19]. 

Carbohydrates produced from photosynthesis are major energy sources and building blocks for production 

of biomass and its maintenance. Stressed plants accumulates carbohydrates with the reduction in osmotic 

potential.  Water stress accelerated the leaf senescence, despite the leaf senescence process, change in the 

leaf shape and structure tends to an efficient absorption of photosynthesis light and that efficient 

photosynthesis allows the plant to continue sugar biosynthesis to fulfil the requirements of reserves 

accumulation in the plant roots. This work presents that chicory was drought conditions strongly effects 

chicory growth and inulin contents (a carbohydrate). Growth inhibition was noticed in roots length, size 

and weight [20]. 

 Moreover, the inulin concentration was also increased by mild drought indicates that sugar transport from 

leaves (source) to roots (sink) was not severely hindered under mild drought. In severe drought condition, 

leaves abscission hinders photosynthesis and halts the reserves transport.  According to Schittenhelm 

(1999), water deficit is a major factor decreasing chicory root yield [21]. Chicory root growth drastically 

decreased by both mild and severe drought, but not biosynthesis of inulin [22].Our study represents that the 

inulin concentration in chicory roots may increase in mild water stressed plants and decrease with severe 

drought condition.  

 

Conclusions 

Chicory shows high level of drought resistance, which could be reason of its adoption in Mediterranean 

origin. Plant growth retardation could be one of its resistance strategies but a major causes of total inulin 

yield reduction. Further research is therefore needed to identify the main inhibitory factors of root growth 

in chicory. 

 

Acknowledgements 

This paper is financially supported by Science and technology project of Anhui Province (1501031079) 

 

REFERENCES 

 

1. Janz, D., S. Lautner, H. Wildhagen, K. Behnke, J. P. Schnitzler, H. Rennenberg, J. Fromm, and A. 

Polle, 2012. Salt stress induces the formation of a novel type of ‘pressure wood’in two Populus 

species. New Phytol., 194:129-141. 

2. Wang, W.B., Y.H.Kim, H.S.Lee, K. Y. Kim, X. P. Dengand, S. S. Kwak,2009. Analysis of 

antioxidant enzyme activity during germination of alfalfa under salt and drought stresses. Plant 

Physiol. Biochem., 47:570–577 

3. Ouzounidou, G., I.F. Ilias, A. Giannakoula, I. Theocharidou, 2014.  Effect of water stress and NaCl 

triggered changes on yield, physiology, biochemistry of broad bean (Viciafaba L.) plants and on 

quality of harvested pods. Biologia., 69:1010–1017 

4. Koch, K., R. Anderson, I. Rydberg, P. Aman,1999. Influence of harvest date oninulin chain length 

distribution and sugar profile for six chicory (Chicorium intybus) cultivars. J. Sci. Food Agric., 79: 

1503-1506. 

5. Wilson and S. Y. Robert, 2004. Chicory Root Yield and Carbohydrate Composition is influenced by 

Cultivar Selection, Planting, and Harvest Date. Crop Sci., 44: 748-752. 

6. Toneli, J.T.C.L., K.J.Park, J.R.P. Ramalho, F.E.X. Murr, I.M. D. Fabbro, 2008. Rheological 

characterization of chicory root (Cichorium intybus) inuline solution. Braz. J. Chem., 25: 461-471. 

7. Stoyanova, S.,J. Geuns, E.Hideg, W. V. D. Ende, 2011. The food additives inulin and stevioside 

counteract oxidative stress. Int. J. Food Sci. Nutr., 62: 207-214. 

8. Roberfroid, M.B., N. M. Delzenne, 1998. Dietary fructans. Annu. Rev. Nutr., 18: 117-143. 

42 



J. Appl. Environ. Biol. Sci., 7(7)39-43, 2017 

 

9. Golob, T., E. Mieoviae, J. Bertoncelj, M. Jamnik,2004. Photosynthesis under drought and salt stress: 

regulation mechanisms from whole plant to cell. Acta Agric. Slov., 83: 221-231. 

10. Wei,L., J. Wang, X. Zheng, D. Teng, Y. Yang, C. Cai , T. Feng, F.Zhang,2007. Studies on the 

extracting technical conditions of inulin from Jerusalem artichoke tubers. J. Food Eng., 79:1087-

1093. 

11. Dielen, V., C. Notte´, S. Lutts, V. Debavelaere, J. C. Van Herck, J. M. Kinet,2005. Bolting control 

by low temperatures in root chicory (Cichorium intybus var. sativum). Field Crops Res., 94: 76–85. 

12. Devacht, S., P. Lootens, I.R. Ruiz, L. Carlier, J. Baert, V. Waes, J. Van, E. Bockstaele,2009. 

Influence of low temperatures on the growth and photosynthetic activity of industrial chicory. 

Photosynthetica., 47: 372-380. 

13. Mingeot, D., N. Dauchot, P. V.Cutsem, B. Watillon, 2009. Characterisation of two cold induced 

dehydrin genes from Cichorium intybus L. Mol. Biol. Rep.,36: 1995-2001. 

14. De Roover, J.D., K. Vandenbranden, A.V.  Laere, W.V.D. Ende, 2000. Drought induces fructan 

synthesis and sucrose: sucrose fructosyltransferase in roots and leaves of chicory seedlings. Planta., 

210: 808-814. 

15. Monti, A., M.T. Amaducci, G. Pritoni, G. Venturi, 2005. Growth, fructan yield, and quality of 

chicory (Cichorium intybus) as related to photosynthetic capacity, harvest time and water regime. J. 

Exp. Bot., 56: 1389-1395. 

16. Muller, B., F. Pantin, M. Genard, O. Turc, S. Freixes, M. Piques, Y. Gibon, 2011. Water deficits 

uncouple growth from photosynthesis, increase C content, and modify the relationships between C 

and growth in sink organs. J. Exp. Bot., 62: 1715-1729. 

17. Skirycz, A., K. Vandenbroucke, P. Clauw, K. Maleux, B. De Meyer, S. Dhondt, A. Pucci, N. 

Gonzalez, F. Hoeberichts, V. B. Tognetti, M. Galbiati, C. Tonelli, F. Van Breusegem, M. Vuylsteke, 

D.Inze´, 2011. Survival and growth of Arabidopsis plants given limited water are not equal. Nat. 

Biotechnol., 29: 212–214. 

18. Buysse, J., R. Merckx, 1993. An Improved Colorimetric Method to Quantify Sugar Content of Plant 

Tissue. J. Exp. Bot., 44:1627-1629. 

19. Skirycz, A., D.Inze´, 2010. More from less: plant growth under limited water. Curr. Opin. 

Biotechnol.,21: 197–203. 

20. Ouzounidou, G., A. Giannakoula, I. Ilias, P. Zamanidis, 2016. Alleviation of drought and salinity 

stresses on growth, physiology, biochemistry and quality of two Cucumis sativus L. cultivars by Si 

application. Braz. J. Bot., 39:531-539. 

21. Schittenhelm, S., 1999. Agronomic performance of root chicory, Jerusalem artichoke and sugarbeet 

in stress and non-stress environment. Crop Sci., 39: 1815–1823. 

22. Vandoorne, B., A. S. Mathieu, W. Van den Ende, R. Vergauwen, C. Périlleux, M. Javaux, and S. 

Lutts, 2012. Water stress drastically reduces root growth and inulin yield in Cichorium intybus (var. 

sativum) independently of photosynthesis. J. Exp. Bot.,63:4359-4373. 

 

 

43 


