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Abstract       In our region this underused species represents a rich part of 
biodiversity and has a strong potential to perform more important role than 
plays today thanks to its multiple uses as follows: food and feed, medicinal, 
honey, decorative. The Jerusalem artichoke is also known for its resistance to 
biotic and abiotic stress. This fact makes the species suitable to cultivation in 
organic system and also for use as valuable genetic resource in breeding 
works. This study has as purpose to evaluate the continuing need for services 
in order to ensure the diversification of germplasm resources, implementation 
of ecological technologies, promotion of multiple potential use (culinary, 
medicinal, honey, decorative). The aim of our study was to enhance the 
exploit of Helianthus tuberosus species. In this purpose we present the 
agronomic performance and biochemical content of four local ecotypes 
collected from the North East of Romania. Our work was developed in three 
directions: (a) morphological evaluation of germplasm; (b) physiological 
evaluation of tubers; (c) promotion of potential use - upgrade potential use of 
species - literature screening.   
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The erosion plant breeding is accentuated as a result of 

anthropogenic pressure multifaceted: spread of 

monocultures to genetic basis close, progressive 

homogenization and irreversible plant material, 

expansion of cultivated land, destruction of natural 

vegetation and overgrazing. This observation imposed 

programs of backup of genetic plant resources (1). 

Over 70% of the world’s food comes from only nine 

crops: rice, wheat, maize, barley, potato, cassava, 

soybean, oats, and sugarcane (10). Out of these crops, 

50% of the global requirement for protein and 

carbohydrates are provided only by three – rice, maize, 

and wheat (12). New plant varieties with higher 

nutritional quality and production yields, disease and 

pest resistant, able to perform in suboptimal conditions 

(drought, soil less fertile, low intake of fertilizers and 

pesticides) and suitable to ecological system are 

increasingly required by farmers and consumers. The 

species exhibits some advantages related to its capacity 

to perform in subopmtimal condition, fact highlighted 

in previous studies, as  (23). Jerusalem artichoke 

originates from America, but exact region of its origin 

still remains controversial (7). The crop, although 

largely abandoned after the Second World War (22), 

has recently received renewed interest in genetic 

improvement for multiple purposes (14) and will play 

an increasing role in the improvement of economically 

important traits in sunflower such as oil characters and 

disease resistance (21, 6). The Jerusalem artichoke 

species can be considered valuable, thanks to its 

capacity to perform high yields in stress condition.  

The species is also suitable for applications in different 

areas such as food industry, chemicals, 

pharmaceuticals and other industrial applications. Its 

tubers are consumed as vegetable, and the inulin 

containing tubers can be used as raw material to 

produce various value-added products such as health 

food products, animal feed additive. Helianthus 

tuberosus L. presents a high degree of resistance at 

drought and pest attack facts that make the species a 

valuable material in breeding. Demand for new 

varieties of J. artichoke has increased for the following 

aims: precocity, high yield, and suitability for use as 

raw material in development of medical products. 

Despite several studies that have already been done in 

the last few decades, many aspects of the cropping 

practice are still relatively unknown. However, little 

attention has been paid to characterizing and 

conserving Jerusalem artichoke genetic resources, in 

contrast to sunflower germplasm (16). The tubers of J. 

artichoke, containing up to 20% of inulin and unique 

on equation vitamin-mineral complex, are valuable 

foodstuff with high treatment and prophylactic 

potential (4). Inulin is the storage carbohydrate of J. 

artichoke, whereas starch is the storage carbohydrate in 

the majority of plants. Only a small number of crops 

accumulate inulin in amounts sufficient for cost-

effective extraction. Chicory (Cichorium intybus L.) 

and J. artichoke are the most important inulin-storing 

species (17, 14). The objective of this work was the 
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characterization of four local ecotypes collected of the 

North East of Romania and to study their variability in 

order to exploit the agronomic performance and 

biochemical content in breeding.  

 

Instrumental methods 

 
The biological material was represented by four 

Jerusalem artichoke genotypes cultivated in similar 

condition of ecological agricultural system where no 

chemical treatments were applied. 

The experimental condition - the experiments were 

conducted for three years, starting in 2012, at the 

Vegetable Research and Development Station Bacau, 

Romania. The experimental parcels were placed in 

open field in ecological conditions. Average of 

month’s air temperature, minimum and maximum 

temperature, and precipitation during experimental 

period are presented in table 1.  

Investigations - phenological observation, biometrical 

measurements and biochemical investigation were set 

up in order to evaluate the variability of germplasm. In 

our work we accomplish investigation that involved 

biometric measurements and observations, using the 

evaluation criteria UPOV standards – in order to screen 

the visual quality and yield potential. The main tuber 

characteristics investigated were: number of tuber per 

plant, weight of tuber per plant. A second aim was the 

physiological screening of species in order to highlight 

the chemical composition and suitability for human 

consumption. In this purpose investigation on total dry 

mater, water content, mineral content, soluble dry 

matter were accomplished. 

 The determination of total dry matter substance 

was carried out by weighing the fresh vegetal 

material, drying it for 24 hours at 105°C, cooling it 

outside and then weighing again the dry vegetal 

material. The obtained results were expressed in 

percentage.  

 The difference till 100% represents the water 

content.  

 The quantitative mineral content - minerals were 

gravimetrically determined. The plant material was 

weighed, incinerated at temperature of 550 ˚C. 

After cooling the material was reweighed, and the 

results were expressed as percentages. 

 The crud protein content by Kjeldahl method. 

 The crude fat content Soxhlet method. 

Investigation related with potential use of species 

implied a screening of literature, in order to ensure an 

upgrade and also a popularization of species utilization. 

 

Results 

 
Morphological evaluation of germplasm  

J. artichoke is highly competitive comparative to other 

species. Because of its high adaptability in our 

experiment the Jerusalem artichoke was cultivated with 

almost no fertilization, irrigation and other field 

preparation, being suitable for cultivation in ecological 

system. In table 1 there are presented the climatic 

condition during experimental period in order to 

highlight the species capacity to grow and develop 

during warm season with low rain fall and during cold 

season of winter. According to previous studies (9), the 

investigated species can grows and develops in 

condition   of temperature an precipitation, with a 

range of 31 to 282 cm annual precipitation, respective 

6.3 to 26.6°C, average of annual temperature.  Our 

observations have shown that the investigated 

genotypes can perform in suboptimal climate condition 

comparing the previous reported results. During our 

experimental period the rainfall varied an average of 7 

mm in February and 145.3 in May. On the other hand, 

our results confirm previous reported results, as 

follows: H. tuberosus tolerates under 0 °C temperatures 

(9). It can be concluding that tubers are cold-tolerant. 

In this conditions harvest can be applied gradually, 

according to the needs. The coldest month was 

January, with an average of -1.2°C, and opposite to 

this, the highest temperature was registered in July, 

21.9°C.

 

Table 1 

Climatic parameters during experimental period 
 Jan. Feb. Mars Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec. 

Rain fall mm 59.6 7.4 46.6 107.5 145.3 71.3 127.3 42.4 8.5 51.1 53.2 54.0 

Average of min 
oC   

-4.4 -3.7 2.4 5.0 8.9 12.5 15.2 14.5 9.2 4.4 1.5 -2.0 

Average of max  
oC   

2.0 2.4 14.1 17.0 23.2 25.2 28.5 29.2 25.0 16.0 7.5 3.8 

Average on 

month  oC   
-1.2 - 0.6 8.2 11.0 16.0 18.9 21.9 21.8 17.1 10.2 4.5 0.9 

Sum of 

temperature 

degree. oC   

-37.5 -18 256.5 331.5 497.5 567.0 679.0 677.0 513.5 316.5 135.5 27.0 

 

Even in literature there are mentioned as propagation 

methods: tubers and seeds, in our climate condition the 

species doesn’t meet favorable condition for set up 

seeds, so the only way suitable for propagation remains 

the vegetative way. 

Characteristics of tuber as size and shape are critical 

quality attributes and are strongly related with cultivar 
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and production conditions. Many genotypes develop 

irregular tubers surface due to branching, and this 

represent an undesirable trait. Larger tubers with 

smooth surfaces are preferred by consumers and 

processors in order to diminish loses is case of tuber 

pealing. 

A great deal of morphological variation has been noted 

in J. artichoke, despite being a crop that has undergone 

relatively little systematic selection, suggesting that 

genetic improvement is possible. Tubers, for instance, 

vary in color, shape, size, and surface topography (14).

Table 2  

Morphological aspects of biological material 

Feature JA control variant JA 12 Bacau JA 29 Bacau JA 3 Bacau 

Plant height (cm) 195 ± 5.3 168±7.2 210±6.9 267±5.8 

Number of branches none 3±1 3±1 3±1 

Tubers shape pear-shaped fusiform spherical spherical 

Tubers color white red yellow yellow 

Tuber weight (g) 45±2.20 52±1.14 53±2.10 54±1.48 

Tubers/plant (no) 10±2 14±2 14±1 16±1 

 

The morphological investigation showed a variation of 

plant’s height indicator form 195±5.3 cm to 267±5.8 

cm. The registered dates are comparative with 

literature, were 3 m tall is frequently reported. 

 

Table 3 

The physiological investigation of J. artichoke tubers 

Physiological parameters 

JA control variant JA 12 Bacau JA 29  Bacau JA 3  Bacau 

Fresh 

tuber 

Dry 

tuber 

Fresh 

tuber 

Dry 

tuber 

Fresh 

tuber 

Dry 

tuber 

Fresh 

tuber 

Dry 

tuber 

Dry mater (%) 11.88 91.89 27.55 92.46 24.75 92.44 28.87 92.09 

Water content (%) 88.12 8.11 72.45 7.54 75.25 7.56 71.13 7.91 

Mineral content (%) 3.14 - 5.12 - 4,15 - 6,17 - 

Soluble dry mater (%) 14.2 - 14.8 - 15.1 - 16.7 - 

Crude fat (%) 3.11 1.28 3.66 2.54 3.54 1.42 4.12 1.97 

Crude protein (%) 10.12 8.44 10.54 8.51 11.08 9.11 12.14 9.58 

 

The high value of dry mater content in fresh tubers 

(11.88% to 28.87%), fat (3.11% to 4.12%) and crude 

protein (10.12% to 12.14%) revealed a good nutritional 

potential of this species regarding mineral composition. 

All this results cumulated with and a good agronomic 

performance (table 2) entitles us to recommend this 

species as food and feed. It is well known the fact that 

tubers have branchy shapes and transpire even more 

easily than other vegetables. It has been demonstrated 

that by the end of storage weight losses can be 

reported. Analyzing the reported data obtained in dry 

tubers investigation, the following results were 

obtained: the dry mater content varied between 91.89% 

and 92.46%, the water content varied inversely like dry 

mater content, crude fat (1.28 and 2.54%) and crude 

protein (from 8.44 to 9.58%). From all investigated 

genotypes, the fresh tubers of JA 3 Bacau are 

distinguished by its highest amount of dry mater 

(28.87%), crude protein (12.14%), and crude fat 

(4.12%), soluble dry mater (16.7%). 

Yield is determined by genetics, in combination with 

other factors as soil, climatic condition, and geographic 

factors. High-yielding cultivars may only be highly 

productive in regions with the photoperiod and 

temperature conditions under which the cultivar was 

selected.

 Table 4 

Synthesis of J. artichoke yield 

Genotype 
Yield Difference of control kg 

ha
-1

 

Difference signification 

on control t ha
-1

 % 

PL 1 (Mt) 41.2 100.0 - - 

JA 12 Bacau 58.4 141.7 +17.2 *** 

JA 29  Bacau 59.3 143.9 + 18.1 *** 

JA 3  Bacau 62.5 151.7 + 21.3 *** 

   DL 5 % =  3.5 t /ha 

   DL 1 % =  4.1 t /ha 

   DL 0.1% =  5.3 t /ha 
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According to literature, the yield of the Jerusalem 

artichoke is highly variable, depending largely on 

environmental conditions and ranging from 28 to 128 t 

ha
-1

 (15). All our investigated genotypes accomplished 

yields between 41.2 and 62.5 t ha
-1

. Comparing to 

control variant, all the other three genotypes registered 

superior yields. The highest difference was in case of 

genotype JA 3 Bacau, the production was 62.5 t ha,
 

representing 21.3 t ha
-1

, more than control. Taking into 

account the fact that similar climate condition and 

same technology links were applied in all experimental 

variants, the difference between genotypes is explained 

by genetic influence. 

Regarding the screening of potential use in order to 

promote the species, the following aspects were 

literature investigated: 

Use as feed and food - traditionally, H. tuberosus has 

been planted for the tubers utilization and it has been 

harvested in late autumn when the carbohydrates 

migrated completely from the aerial part of the plant to 

underground tubers (19). Additionally in purpose to 

discover other potential use the aerial part of plants, 

especially leaves were investigated. 

Human Food: the traditional use of the tuber as 

vegetable usually compared as taste and recipes with 

potatoes, except the carbohydrates composing 75 to 

80% of the tubers are under inulin form rather than 

starch. In addition, they can be eaten raw, or made into 

flour, or used in the preparation process of soups, 

salads or even pickled. The tubers can be also used as 

raw material in different sauce recipes. It is well know 

the fact that at low temperature level the inulin is 

transformed in fructose, and this can be a benefit, in 

order to obtain a sweeter taste, by refrigerating or by 

leaving the tubers in the ground to be harvested exactly 

at the moment to be used. No protein and sugar 

deterioration were reported in case of dehydrated or 

ground stored tubers. 

Other uses 

Flowers can be used in decorative purpose thanks to its 

bright yellow color. The flowers dimensions varies 

from 5 to 10 cm in diameter (in case of our 

investigated genotypes), and are placed at the ends of 

the stems. 

Thanks to its fast growing – it can be used as 

vegetative screen. 

The species can represent a valuable resource in 

sunflower breeding thanks to its resistance to biotic and 

abiotic stress, according to literature.  

 

Conclusions  

 
The species is suitable for successful cultivation in 

suboptimal condition, according to presented data. 

Related to morphologically and biochemically 

investigation, valuable traits of accessions, which may 

be recommended for breeding as parental forms, were 

singled out. High-yielding cultivars as JA 29 and JA 3 

were selected.  

Acknowledgements 

 
This work was cofinanced from PN-II-PT-PCCA-

2011-3.2-1351 developed with support of ANCS, 

CNDI – UEFISCDI, contract registration 68/2012 and 

ADER 2020. 

 

Bibliography 
 
1.Abdelkefi A., Marrakchi M., 2000, Les ressources 

phylogénétiques fourragères et pastorales de l’érosion a 

la conservation. Cahier option Mediterranean, 45, 15-

27  

2.Ahmed M.S., El-Sakhawy F.S., Soliman S.N., Abou-

Hussein D.M.R., 2005, Phytochemical and biological 

study of Helianthus tuberosus L. Egypt. Journal of 

Biomedical Science, 18, 134–147. 

3.Baba H., Yaoita Y., Kikuchi M., 2005, 

Sesquiterpenoids from the leaves of Helianthus 

tuberosus L. Journal of Tohoku Pharmaceutical 

University, 52, 21–25.  
4.Baker L., Thomassin P.J., Henning J.C., 1990, The 

economic competitiveness of Jerusalem artichoke 

(Helianthus tuberosus L.) as an agricultural feedstock 

and ethanol production for transportation fuels. 

Canadian Journal of Agricultural Economics, 38, 981–

990. 

5.Baldini M., Danuso F., Turi M., Vannozzi P., 2004, 

Evaluation of new clones of Jerusalem artichoke 

(Helianthus tuberosus L.) for inulin and sugar yield 

from stalks and tubers. Industrial Crops and Products, 

19,(1), 25-40. 

6.Breton C., Serieys H., Bervill A., 2010, Gene transfer 

from wild Helianthus to sunflower: topicalities and 

limits. OCL, 17,104-114. 

7.Chekroun Ben M., Amzile J., El Yachioui M., El 

Haloui N. E., Prevost J., 1994, Qualitative and 

quantitative development of carbohydrate reserves 

during the biological cycle of Jerusalem artichoke 

(Helianthus tuberosus L.) tubers. New Zealand Journal 

of Crop and Horticultural Science, 22, 31-37. 

8.Chen F., Long X., Yua M., Liu Z., Liu L., Shao H., 

2013, Phenolics and antifungal activities analysis in 

industrial crop Jerusalem artichoke (Helianthus 

tuberosus L.) leaves. Industrial Crops and Products 

Journal, 47, 339-345. 

9.Duke J.A., 1983, Handbook of energy crops. 

http://www.hort.purdue.edu/newcrop 

/duke_energy/Helianthus_tubero sus.html 

10.Ewel J. J., 1999, Natural systems as models for the 

design of sustainable systems of land use. Agroforestry 

Systems, 45, 1–21. 

11.Facciola S., 1990, Cornucopia-A source book of 

edible plants. Kampong Publications. 

12.Jaenicke H., Höschle-Zeledon I., (eds.), 2006, 

Strategic Framework for Underutilized Plant Species 

Research and Development with Special Reference to 

Asia and the Pacific, and to Sub-Saharan Africa. 

International Centre for Underutilised Crops, Colombo, 

http://www.hort.purdue.edu/newcrop%20/duke_energy/Helianthus_tubero%20sus.html
http://www.hort.purdue.edu/newcrop%20/duke_energy/Helianthus_tubero%20sus.html


 136 

Sri Lanka and the Global Facilitation Unit for 

Underutilized Species, Rome, Italy. 33 pp. 

13.Jin S.Z., Liu L., Liu Z.P., Long X.H., Shao H.B., 

Chen J.Y., 2013, Isolation and characterization of a 

marine Pseudomonas orientalis antagcnist towards 

three fungi from Jerusalem Artichoke tuber. Industrial 

Crops and Products, 43, 556–561. 

14.Kays S.J., Nottingham S.F., 2008, Genetic 

Resources, Breeding and Cultivars. In: Biology and 

Biochemistry of Jerusalem Artichoke (Taylor and 

Francis eds.). CRC Press, 149-240. 

15.Kosarić N., Cosentino G.P., Wieczorek A., Duvnjak 

Z. 1984, The Jerusalem artichoke as an agricultural 

crop. Biomass, 5, 1-36. 

16.Mandel J.R., Dechaine J.M., Marek L.F., Burke 

J.M., 2011, Genetic diversity and population structure 

in cultivated sunflower and a comparison to its wild 

progenitor, Helianthus annuus L. Theoretical and 

Applied Genetics, 123, 693-704.  
17.Meijer W.J.M., Mathijssen E., 1992, Experimental 

and simulated production of inulin by chicory and 

Jerusalem artichoke. Industrial Crops and Products, 

1(2-4), 175-183. 

18.Meng X.F., Wang L., Long X.H., Liu Z.P., Zhang 

Z.H., Zed R., 2012, Influence of nitrogen fertilization 

on diazotrophic communities in the rhizosphere of 

Jerusalem artichoke (Helianthus tuberosus L.). 

Research in Microbiology, 163, 349– 356. 

19.Negro M.J., Ballesteros I., Manzanares P., Oliva 

J.M., Saez F., Ballesteros M., 2006, Inulin-containing 

biomass for ethanol production. Applied Biochemistry 

and Biotechnology, 132(1-3), 922-932. 

20.Pan L., Sinden M.R., Kennedy A.H., Chai H., 

Watson L.E., Graham T.L., Kinghor A.D., (2009). 

Bioactive constituents of Helianthus tuberosus 

(Jerusalem artichoke). Phytochemistry Letters, 2 (1), 

15–18. 

21.Sennoi R., Jogloy S., Saksirirat W., Patanothai A., 

2010, Pathogeneicity test of Sclerotium rolfsii, a causal 

agent of Jerusalem artichoke (Helianthus tuberosus L.) 

stem rot. Asian Journal of Plant Sciences, 9, 281-284.  
22.Serieys H., Souyris I., Gil A., Poinso B., 2010, 

Diversity of Jerusalem artichoke clones (Helianthus 

tuberosus L.) from the INRA-Montpellier collection. 

Genetic Resources and Crop Evolution, 57, 1207-1215. 

23.Slimestad R., Seljaasen R., Meijer K., Skar S.L., 

2010. Norwegian-grown Jerusalem artichoke 

(Helianthus tuberosus L.): morphology and content of 

sugars and fructo-oligosaccharides in stems and tubers. 

Journal of the Science of Food and Agriculture, 90(6), 

956-964.

 

 


