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Extended Abstract

Introduction

Root chicory (Cichorium intybus L.), a perennial
herbaceous species belonging to the family Asteraceae,
is recognized as one of the major natural sources of
inulin. Its roots contain storage carbohydrates, including
sucrose, glucose, fructose, fructooligosaccharides, and
inulin, with an average inulin content of approximately
21% of fresh root weight. Since inulin is the principal
economic product of root chicory, extraction conditions,
particularly extraction method, temperature, and pH, are
critical for maximizing its yield and quality. Root yield
and inulin accumulation are influenced by the
interaction of genetic, environmental, and management
factors, particularly genotype and harvest date.
Therefore, this study aimed to compare the growth and
yield performance of three root chicory cultivars
(Chromite, Orchies, and Selenit) and to evaluate the
effects of harvest date and sample preparation methods
on growth, physiological traits, root yield, and inulin
yield under the climatic conditions of Mashhad, Iran.

Materials and Methods

The experiment was conducted during the 2025 growing
season at the Agricultural and Natural Resources
Research Center of Khorasan Razavi Province,
Mashhad, Iran. A split-plot experiment based on a
randomized complete block design with three
replications was employed. Three root chicory cultivars
(Chromite, Orchies, and Selenit) were assigned to the
main plots, while five harvest dates (23 September, 7
October, 23 October, 6 November, 22 November) were
allocated to the subplots.

Seeds were sown on May 14 in plots measuring 8 mx
1.5 m with 50 cm row spacing and 15 cm plant spacing
within rows. Irrigation was supplied weekly through a
drip irrigation system. At each harvest date, plants were
sampled from a 0.75 m? area in each experimental plot.
Root yield, root length, root diameter, fresh biomass,
harvest index, root dry matter percentage, and leaf
electrolyte leakage were determined using standard
agronomic and physiological procedures. Leaf
electrolyte leakage was measured as an indicator of
membrane stability during late-season growth.

To evaluate inulin yield, three sample preparation
methods were compared, including fresh roots, air-dried
roots, and oven-dried roots. Inulin was extracted from
all samples using a hot-water extraction procedure (80—
85°C), followed by centrifugation and filtration. Inulin
concentration was determined using the anthrone—
sulfuric acid colorimetric method, and inulin yield was
subsequently calculated from root yield.

The experimental data were subjected to analysis of
variance (ANOVA) using Minitab software. Treatment
means were compared using the least significant
difference (LSD) test at the 5% probability level.
Pearson correlation analysis and Hierarchical clustering
analysis with heatmap visualization were performed in
R Studio to investigate the relationships among
measured traits and classify variables according to their
similarity patterns.

Results and discussion

Harvest date was the major factor influencing root
growth, physiological characteristics, and inulin
production in root chicory. Root vyield increased
progressively throughout the growing season, reaching
its maximum value (approximately 62—63 t ha™) at the
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fourth and fifth harvests (6 November, 22 November).
Likewise, root dry matter percentage, harvest index, root
diameter, and inulin yield increased toward the end of
the growing season, indicating continuous assimilate
partitioning and carbohydrate accumulation in the
storage roots. In contrast, shoot biomass gradually
declined during the late harvests, suggesting the
translocation of assimilates from shoots to the storage
roots accompanied by leaf senescence. These findings
are consistent with previous studies reporting that
delayed harvesting promotes dry matter accumulation,
root development, and inulin production in root chicory.
The sample preparation method considerably affected
the measured inulin yield. Fresh root samples produced
the highest inulin yield, followed by air-dried samples,
whereas oven-dried samples consistently resulted in
lower values. These findings suggest that drying
conditions influence fructan stability during sample
preparation and consequently affect the measured inulin
yield. Similar observations were reported that oven
drying reduced inulin recovery because of partial fructan
degradation.

Cultivar effects were not significant for most of the
measured traits. However, the interaction between
cultivar and harvest date was significant for leaf
electrolyte leakage and root length. Electrolyte leakage
increased during the late harvests, particularly in the
Chromite cultivar, indicating reduced membrane
stability under end-of-season environmental conditions.
Although delayed harvesting enhanced root yield and
inulin accumulation, further delaying harvest may
increase physiological stress, particularly in the
Chromite cultiv. Similar genotype-dependent responses
to harvest date have previously been reported in root
chicory.

Pearson correlation analysis revealed strong positive
relationships among root yield, harvest index, and inulin
yield, confirming that greater assimilate allocation to the
storage roots was directly associated with increased
inulin production.

Conclusion

The present study demonstrated that harvest date is the
principal management factor affecting root yield, root
dry matter, harvest index, and inulin production in root
chicory under the climatic conditions of Mashhad, Iran.

YA

Harvesting from early to late November maximized root
yield and inulin accumulation, with no significant
differences between the final two harvest dates. Cultivar
effects were not significant for most agronomic traits.
However, the interaction between cultivar and harvest
date was significant for leaf electrolyte leakage,
indicating that cultivars responded differently across
harvest dates. Furthermore, the sample preparation
method significantly influenced the measured inulin
yield, with fresh and air-dried samples producing higher
values than oven-dried samples. Therefore, optimizing
both harvest date and sample preparation method is
essential for maximizing inulin production and
obtaining reliable estimates of root and inulin yield.
Moreover, because cultivars differed in their
physiological responses to harvest date, genotype-
specific characteristics should be considered in crop
management strategies and future research. Further
multi-year and multi-location studies are recommended
to validate these findings under different environmental
conditions.
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Fig 1 Response of chicory root yield to

fluctuations in mean temperature across different
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Table 1 Analysis of variance (ANOVA) of the effects of harvest date, cultivar, and their interaction on morphological and yield traits of three root chicory
cultivars

©layo 5eSke
Mean square

Sl o g S Gt JE: ) Std ol odgulaSles  oslaShes  odaul > Slas
)y

Source of Variation s Sy 0397 e ey 28k Sl dsy Jsb Root ady, (S oyg) (Suis1g2) (%)
DF Leaf electrolyte Biomass Root yield Harvest index Root length diameter Root dry Oven-dried Air-dried Fresh inulin
leakag matter inulin yield inulin yield yield
A5 N N
Replication 6.26™ 102.51™ 139.99™ 159.54 ™ 10.908 ™ 211.87"™ 1.209" 195.02 31.82" 249.29
2
Curlfi)\/al’ 2 1260.51" 297.33™ 49.99 " 75.78 ™ 2.534 ™ 157.21 ™ 85.864 " 21.8™ 19.28 ™ 265.26 "
s
Erroraa 4 25.33 132.16 33.77 96.43 8.887 111.78 22.498 11.06 38.87 16.32
by g b . . - x x x x o x x
R 4 277.56 1260.83 2147.1 5607.85 35.85 1001.46 513.428 902.75 826.09 1903.85
Harvest date
ol g b - o
. PR T Ees) 8 59.14 168.72"™ 9.8™ 40.44 " 25.778 16.27™ 63.647 ™ 96.01 "™ 32,19 ™ 100.86 ™
Cultivar * Harvest date
b
—olis 24 7.76 97.14 16.09 39.38 7.05 26.3 59.702 67.14 21.46 49.99
<9 Error b
sl o > gy pxe # o0 oy 5 dxe ciglas

ns **and”*: non-significant, significant at the 0.01 and 0.05 probability level, respectively
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Table 2 Mean comparison of morphological and yield traits as affected by harvest date

Cudlyy g, L P adyy Sisole dsul3)Sles gl aShes pdgnlaSlee by jasla
Harvest date ~ Biomass Root Root dry (s 1g) (St y90) () Harvest
(t. ha®) diameter matter Air-dried Oven-dried Fresh index
(mm) (%) inulin yield inulin yield inulin (%)
(t. ha') (t. hat) yield
(t. hal)
23 September 88.04 2 46.38 ¢ 27.8548 P 247°¢ 3.44b 2.29¢ 29.93¢
7 October 96.06 2 53.53 ¢ 27.4801° 8.04°¢ 9.28 P 9.29 be 49.91¢
23 October 95542 61.69° 28.0281° 6.74 ¢ 9.15b 11.99° 60.50°¢
6 November 75.94 b 64.79° 36.6096 ® 18.29° 9.56° 33.372 82.67°
22 November 69.65 P 73.852 44.5561 2 25932 29512 33.862 91.89¢2
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Means followed by the same letter within a column are not significantly different at the 5% probability level according to the Least

Significant Difference (LSD) test.

2y 83l Gl g poml Sy g Sl et g
Jgz) 15 esalie cdio ol 53 (o Gl 3 Jgl o)
@ Folite o usly it pBl ady; Jobo (yrizren (¥

@ bl V0 Gyl 55 g8 o8, wialy lis cuslyy oloj
alyy Job g cdlb cund (e s YOIY) adyy Jsbo o piien
lss (Gl w8y cnl ) (el YOIF) (oleg cuitlsyy b
Vo by )b & baye Cuil o8 )5 adyy Job Sl
Jol sl @) )3 3 Jogl 085 52 9 (oo YU/A) e
g 5 Bl e 53 {F Jy2) 39 e e TA) ol

Job 5 Sy cg Sl el o3 5 sy )b (iiS om0
2 B pel & i wdl b S ady,
ol oS 18, o g o090 Sy cuily y i slagu )b
Cuis Cao (Y Jogs) ol wdb lis 1y als
Al g s QU0 (glage,b )5 Cung S v oSy g sl
el Sl o8 i 1) cdg il s lie oYL
bulpd 08y ool Comlus al38l 5 Jsho slis o)lul

el )3 o g 5yl P81 45 Jls )5 il Juad (sl



oS 2l oo g (il olS ul 3 (STl & Sy o0 LS
b adsy gplad ady b glojen ady)y Job ey 1) (slaol
dlge ady) Job b3 b oashl o Lol b o il gas

YYA

ol 3 Sdes slial g3 )Slos p 1) 08, 5 cuily )b 51 &S
by, Jgbo il g, o o ol 08 oy Wil
(Amaducci and cél il cuby sl
@ adyy Hhi g Job (slaodly 4 4595 L Giuseppe 1998)

ady) Jobo 5 S g Sl Cull g2 o) 9 el )b GRS oy B (S0lie dlie T Jgar
Table 3 Mean comparison of the intraction effects of harvest date and cultivar on leaf electrolyte leakage and

root length

o5 bl gu)b S g Sl ez Ay, Jsb
Cultivar Harvest date leaf electrolyte leakage (%) Root length (mm)

23 September 37.67« 34¢

cng S 7 October 47.33° 35.17°¢

T 23 October 4957" 35.33 be

Kormite 6 November 59.17 @ 45,182

22 November 62.232 35.43 @

23 September 32.334 34.33 bc

o 7 October 326714 36.5 ¢
e 23 October 33224 3gh
Orchies 6 November 34.80 ¢ 37be

22 November 4453 bc 35.17¢

23 September 33.334 34.83°¢

culs 7 October 33.484 39.90°

T 23 October 34.654 38.35 be

Selenit 6 November 33.72¢ 35.83bc

22 November 40.47 bed 34.17 bc
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Means followed by the same letter within a column are not significantly different at the 5% probability level according to the Least

Significant Difference (LSD) test.
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Fig 2 Pearson correlation matrix of 10 quantitative variables across differen harvest dates and three root chicory
cultivars (Orchies, Kromite and Selenit)

ns,~=and=: non-significant, significant at the 0.001, 0. 01 and 0.05 probability level, respectively
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Fig 3 Hierarchical clustering and heat illustrating the relationships among treatments and measured variables

across different harvest dates and three root chicory cultivars (Orchies, Kromite and Selenit)
Harvest date 1: 23 September, Harvest date 2: 7 October, Harvest date 3: 23 October, Harvest date 4: 6 November, Harvest date 5: 22
November.
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