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Abstract

Chicory is considered one of the alternatives crops that can be used in crop rotation and contains many phytochemicals that can 
be used in medicine. In addition, lengthening the growing season by early sowing may increase root chicory yield potential, and thus 
increase its competitiveness with traditional crops. The objectives of the present study were to determine whether early sowing date risks 
can be decreased by higher sowing density and also to study the effect of sowing date and sowing density on dry matter accumulation and 
partitioning of chicory. Growing season did not affect any of the characteristics that were studied. Also plant density affected the flowers 
biomass, root biomass per plant and the respective yield together with the plant height and essence yield and total yield. The sowing date 
affected the leaf, flower and stem biomass on a plant basis. However, the interaction between plant density and sowing date affected the 
total biomass per plant, the flower biomass per plant, the root biomass per plant, the flower yield, the root yield and the essence yield. 
These results indicate that for higher production it is important to determine the right plant density and sowing date which can affect 
growth, dry matter accumulation and essence yield. 
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Introduction 

Cultivation of chicory (Cichorium intybus) plants for 
the extraction of various phytochemicals and a number of 
pharmacological applications has received global atten-
tion in recent years (Bias and Ravishankar, 2001; Quan-
zhen and Jian, 2011). Cichorium intybus L, belongs to the 
Asteraceae family, forms flowering shoots and seeds after 
overwintering. For successful seed germination, chicory 
needs a minimum temperature of 21°C, while for good 
plant growth it requires a moderate and uniform tempera-
ture, with the optimum at 18-24°C (Gianquinto and Pim-
pini, 1998). The chicory plant needs chilling for about 90 
days to break dormancy and go from vegetative to repro-
ductive phase (Dielen et al., 2005). When raised for roots, 
chicory requires a hot and humid climate; however, when 
raised for seeds, the crop is grown in regions with dry tem-
perate climate (Bias and Ravishankar, 2001; Quanzhen 
and Jian, 2011). 

The date of sowing is one of the most important factors 
affecting the performance of both chicory roots and seed 
crops (Schittenhelm, 2001). The seed for raising roots is 
sown in June in temperate climates and roots are ready by 
November. Roots are left as such under thick snow and re-
planted in March. After over wintering for 3-4 months at 
3-8°C, the roots can be replanted in March-April for the 

seed crop. The seed crop matures in August and is gener-
ally ready for harvesting 120-135 days after sowing. In hot 
and humid climates is sown in October-November (Bias 
and Ravishankar, 2001). 

Root chicory yield may be further increased by better 
exploiting the growing season, i.e. by sowing in March in-
stead of April or May (Schittenhelm, 2001). Westerdijk 
(1997) observed a linear decrease in root chicory yield 
for sowings after early April. Wilson et al. (1999) ob-
tained similar chicory root yields when the crop was sown 
between 1 April and 1 May, but it was reduced by 30% 
when it was sown in mid May. However, if planted early, 
the plants begin to flower early and tuber formation is ad-
versely affected (Dielen et al., 2005). Low temperatures in 
spring can cause a number of plants to bolt in the year of 
sowing (Schittenhelm, 2001). Also Schittenhelm (2001) 
reported that bolters were almost absent at medium and 
late sowing, average bolting percentage at early sowing 
was 18.3% in the first year and 22.7% in the second year. 
Therefore, Baert and Van Bockstaele (1993) recommend-
ed root chicory should not be sown before mid April and 
it was found that bolters produced significantly lower root 
fresh weight and high proportion of above-ground parts. 
On the other hand, Schittenhelm (2001) found that in-
creasing root chicory yield potential by early sowing is not 
limited by a lack of bolting-resistant cultivars, but by the 
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Crop management and experimental design
The experimental design was a factorial with three sow-

ing dates and two sowing densities with four replications.  
Sowing dates were 15 March and 15 April in both growing 
seasons. The plant densities were 8, 16 and 24 plants m-2. 
Plots were consisted of 6 m long rows spaced 0.5 m apart. 
The previous crop was wheat in both growing regions with 
a fallow period of 5-6 month. The land was cleaned and 
ploughed deep. Farmyard manure of well-rotted compost 
at the rate of 50 kg ha-1, ploughed into the soil to a depth of 
15-20 cm and leveled off. The field was prepared for sow-
ing using a rotary harrow disk followed by a seedbed com-
bination. The field was made into ridges and furrows, with 
a spacing of 50 cm between ridges and seeds were mixed 
with fine sand and sown in a depth of 3-5 cm. The plots 
were over seeded threefold to avoid sub-optimal plant 
density due to poor emergence. Chicory seed was sown 
with a pneumatic seed drill. Irrigation was applied when 
cumulative pan evaporation values achieved 100 mm with 
the help of a water-contour installed near the field head. 

Nitrogen as urea at levels of 50, 100 and 100 kg ha-1 
at the time of seed sowing, after thinning (20 days after 
germination) and at the root formation stage respectively 
was top-dressed. The 75 kg h-1 potassium and 100 kg h-

1phosphorus were applied in the form of potassium sulfate 
and superphosphate respectively by placement 3-4 cm to 
the side of and below the seed line. Weeds were controlled 
by hand hoeing. 

Measurements
When the roots attained optimum size, the plots were 

hand-harvested on 15 and 25 November in 2009 and 
2010, respectively. At harvest, the plants were pulled up 
by hand and the leaves and elongated stems were cut off at 
their base. Only the four central rows, excluding the ter-

risk of poor crop establishment due to unfavorable weath-
er conditions. 

Another cultural practice that can affect chicory yield 
is the sowing density. It was found that sowing distances of 
40 × 25 cm increased the yield by 29.6% compared with 
plants grown at spacing of 40 × 35 cm. In addition, there is 
a limited amount of information regarding the interaction 
between sowing density and sowing date on the growth 
and yield production of chicory (Rekowsca and Jurga-
Szlrmpo, 2011). 

The objectives of present study were: to find whether 
early sowing date risks can be decreased by higher sowing 
density (1) and to study the effect of sowing date and sow-
ing density on dry matter accumulation and partitioning 
of chicory (2).

Materials and methods 

Setup of the experiment
The experiments were conducted at in two areas of Iran 

in Mashad and Arak during the growing seasons of 2009 
and 2010, respectively. Arak is located at 34° 6ʹ N latitude, 
49 °46ʹ E longitude, with an altitude of 1708 m above the 
sea level, with mean annual maximum and minimum daily 
air temperatures of 22.4°C (Month) and 8.2°C (Month), 
respectively. Mashad is located at 36°16ʹ N latitude, 59°38ʹ 
E longitude, with an altitude of 999.2 m above the sea 
level, with mean annual maximum and minimum daily 
air temperatures of 21.1°C (Month) and 7.1°C (Month), 
respectively. These two regions have cold and dry climate 
(Tab. 1). The soil was sampled pre-planting at a depth of 
30 cm. The soil characteristics were determined according 
to methods detailed in Sparks et al. (1996) in the Shiraz 
Soil Testing Laboratory.  

Tab. 1. Monthly means of maximum (Max), minimum (min) air temperatures and rainfall for the two areas where the experiments 
were conducted

Month Max. (oC) Min. (oC) Hum. (%) Rainfall (mm) Max. (oC) Min. (oC) Hum. (%) Rainfall (mm)
Arak Mashad

April 22.3 7.4 42 19.5 20.8 8.2 62 46.3
May 25.5 10.3 39 0 26.6 12.2 50 27.6
June 31.6 15.0 26 0.1 32.3 16.2 37 4.2
July 35.3 20.0 28 0.1 34.4 18.5 35 1.1

August 35.5 18.6 24 1.6 33 16.2 34 0.8
September 32.2 15.3 33 0.1 28.9 11.5 38 1.7

October 27.5 10.6 35 5.5 22.3 6.1 50 8.6
November 12.9 3.7 73 7.4 15.4 1.7 64 16.4
December 13.1 2.6 68 78 9.7 -1.9 73 24.7

January 8.4 -4.5 62 43 7.2 -3.8 76 33
February 9 -1.1 69 19.6 9.2 -2.1 73 35.2

March 15.1 1 43 1.4 13.9 2.6 70 55.6
Total 176.3 255.2
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minal plants from each end of the plot were used in deter-
mining the yield. The plot fresh yield of washed roots and 
aboveground plant parts were determined separately. Each 
plant part was dried at 105°C for 48 h to determine the 
dry matter. The 250 g samples of root were used to extract 
the essential oil using the “steam distillation” method.  

Statistical analysis
All measured and derived data were analyzed sepa-

rately for each year and combined across years by analysis 
of variance (GLM PROC) using the SAS computer soft-
ware. Character means were separated by least significant 
differences (LSD, p<0.05) when sources of variation from 
the ANOVAs were significant (p<0.05). 

Results 

The growing season did not affect any of the character-
istics that were studied. In addition, the plant density (D) 
affected the flowers biomass per plant (FBPP), root bio-
mass per plant (RBPP), leaf yield (LY), flower yield (FY), 
root yield (RY), total yield (TY), plant height (PH), and 
essence yield (EY) (Tab. 2). The sowing date (S) affected 
leaves biomass per plant (LBPP), flowers biomass per plant 
(FBPP), and stem biomass per plant (SBPP). The interac-
tion between Y and D, Y and S and the three way interac-
tion Y, D and S did not affect any of the characteristics 
that were studied. The interaction between sowing density 
and sowing date (DS) affected TBPP, FBPP, RBPP, FY, 
RY, and EY. Therefore only the significant interactions are 
discussed and the main effects are presented. 

Flowers biomass per plant (FBPP), (RBPP), leaf yield 
(LY), flower yield (FY), root yield (RY), total yield (TY), 
and essence yield (EY) were higher at the 8 plants m-2 
treatment compared with the other two treatments (16 
and 24 plant m-2) (Tab. 3 and Tab. 4). In addition, higher 
FY was found at the 24 plants m-2. LBPP and SBPP were 
higher at the S2 (15 of April) than the S1 (15 of March). 
Also FBPP was higher at the early sowing date (S1) than 

the late sowing date (S2) treatment. TBPP, FBPP, RBPP, 
FY and RY were higher at the D1S1 than the D2S2 treat-
ment. Regarding the D2S1 was higher at the FBPP, RBPP, 
FY and EY compared with the D2S2. In addition D3S1 
was lower at the TBPP, FBPP, RBPP, RY compared with 
the D3S2.

Discussion

Early sowing did not affect the yield but only affected 
the yield components such as LBPP, FBPP, and LY. Early 
sowing in many cases is preferred as it has the potential 
to increase considerably yield especially in Mediterranean 
climates but can enhance the risk of bolting (Baert, 1997). 
However, in the present study bolting didn’t occur in 
both trial years thanks to the mild spring in those years. 
In addition, bolting resistance can be increased by breed-
ing because of the high heritability of this feature (Baert, 
1993). A fast early leaf growth is desirable as it can further 
increase yield (Meijer and Matthijsen, 1993). Also total 
essence content depends mainly on the cultivar that was 
used and was not influenced by the sowing date and plant-
ing density. 

Crop physiologists and breeders have stressed the im-
portance of rapid early growth and cold tolerance for early 
sowing to improve chicory yield (Baert, 1993; Meijer and 
Mathijssen, 1992).  However, this diversity might not only 
reflect genetic differences as Wiebe (1989) found that 
chicory seed partly vernalise during seed development if 
the mother plant is exposed to low temperature. 

In addition, chicory exhibits a slow leaf growth at low 
temperature (Meijer and Mathijssen, 1992). The amount 
of extra radiation intercepted at early sowing thus depends 
on how much emergence and early growth are affected by 
temperatures after sowings in March, which are less favor-
able than those in April or early May as it was found in 
other studies. 

The total yield that was found in this study, consider-
ing the values reported in the literature (Douglas and Poll, 

Tab. 2. Analysis of variance of the different characteristics in separate and combined analysis of two growing seasons (regions) that 
were determined in this study and were affected by growing season (regions) (Y), plant density (D) and sowing date (S) and their 
interactions

S.O.V DF TBPP LBPP FBPP RBPP SBPP LY FY RY PH SD NB EY TY EP
Growing season (Y) 1 NS NS NS NS NS NS NS NS NS NS NS NS NS NS

Plant density (D) 2 NS NS ** ** NS ** ** ** * NS NS ** ** NS
Sowing date (S) 1 NS * ** NS * NS NS NS NS NS NS NS NS NS

YS 2 NS NS NS NS NS NS NS NS NS NS NS NS NS NS
YV 1 NS NS NS NS NS NS NS NS NS NS NS NS NS NS
SV 2 ** NS ** ** NS NS ** * NS NS NS * NS NS

YSV 2 NS NS NS NS NS NS NS NS NS NS NS NS NS NS
TBPP: total biomass per plant; LBPP: leaves biomass per plant; FBPP: flowers biomass per plant; RBPP: root biomass per plant; SBPP: stem biomass per plant; LY: leaves 
yield: FY: flower yield; RY: root yield: TY: total yield; PH: plant height; SD: stem diameter; NB: number of branches; EY: essence yield; EP :essence percentage. Y: year 
effect; D: Plant density; S: sowing date; YD, YS, DS, YDS represent interaction terms between the different factors that was tested in this study** p<0.01; * p<0.05; 
ns P > 0.05
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1986; Frese and Dambroth, 1987; Voltolina, 1994) seems 
to be quite low: from 1919-8872 t ha-1 depending on 
sowing date. This low yield compared with other studies 
can be because of the dry Mediterranean climate or that 
the cultivar that was used had much lower yield potential 
(Amaducci and Pritoni, 1998)

	 Plant density affected more the dry matter yield 
than the sowing date and the highest yield was found at 
the 8 plants m-2 density. The interaction between plant 
density and sowing date affected the essence yield and was 
higher at the D2S1 treatment compared with the other 
treatments. In addition, the interaction between sowing 

date and plant density was not determined before and this 
study provides some new insights of this interaction and 
points out the need for careful management practices that 
can affect yield, biomass accumulation and partitioning 
and also quality.

Conclusions

Early sowing together with the appropriate plant den-
sity may considerably increase total yield. Therefore, the 
proper cultural techniques are important for higher pro-
duction of chicory. Chicory has the potential to become a 
high-quality and high-yielding arable crop and can be used 
in crop rotation over a wide range of conditions. Intensive 
breeding may solve part of the phytotechnical problems, 
e.g. inulin yield, bolting resistance, early growth. Howev-
er, to date, little is known about the effects of cultivation 
techniques (sowing data and plant density) on the carbo-
hydrate composition of the chicory root. Further research 
on cultivation, crop management techniques and their in-
teraction will be useful for developing optimum manage-
ment practices for the production of chicory.
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