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Introduction

Medicinal plant chicory (Cichorium intybus L.) is widely found in temperate regions around the world and in Iran,
which is one of the first main and important sources due to its high content of inulin (more than 70% of the dry weight
of the root). Inulin production is known at industrial-commercial level (Franck, 2002). Due to having advantages such
as the possibility of enrichment with dietary fiber, low calorie content and other nutritional characteristics, inulin is
successfully used to replace fat and sugar (Roberfroid, 2005). Considering the need to localize the industry of extracting
and processing inulin from chicory root, which is possible by using industrial lines for extracting sugar from sugar beet
in sugar factories, the cultivation of this plant on a large scale and using the seeds of superior chicory masses and with
high efficiency It is also necessary (Darjani et al., 2016). It is necessary to use new technologies in the agricultural
industry more than ever. Potassium nano-chelate increases the efficiency of water consumption, increases plant
tolerance to frost, drought, salinity, pests and diseases, increases leaf chlorophyll content and photosynthesis efficiency,
and increases the absorption of micronutrients, especially iron, zinc and manganese. Calcium nanochelate contains 7%
of chelated calcium, which is effective in root development and preventing damage caused by freezing and flooding
stresses. Considering the lack of resources and research in the field of the effect of fertilizers prepared with
nanotechnology on the amount of inulin and effective substances of the medicinal plant chicory in the country and due
to the high cost of importing inulin, one of the goals of this research is to introduce a potentially rich source of inulin for
extraction. And the use of inulin seems necessary.

Materials and Methods

a factorial experiment was conducted in complete randomized block design with 32 treatments and 3 repetitions for one
crop year of 2015-2016 at the Rice Research Institute of Iran (Rasht). Each test plot consisted of four planting lines with
a length of four meters at a distance of 50 cm from the next row and the distance between plants was 20 cm (with a
density of 15 plants per square) and the distance between treatments and repetitions was considered to be one meter. In
this experiment, the first factor, eight cultivars of chicory (indigenous landrace of northern Iran, Kashan, Urmia, Sistan
and Baluchestan, Tilda, hickory, Orkis, Modified Hungarian cultivar) and the second factor was nanofertilizers use
(nano-K chelate, nano- Full micro chelate, nano-Ca chelate (20.00), plus a zero control treatment. Traits such as Inulin
content, inulin yield, plant height, number of inflorescences, number of seeds per inflorescence, 1000 seed weight, grain
yield, biological yield and root yield were measured at the end of the growing season and after harvest in different nano
fertilizer spraying treatments. The data analysis was performed using SAS and MSTAT-C software, and the comparison
of means was conducted using the Tukey's test (HSD).

Results and Discussion

The comparison of the mean interaction effect of chicory genotypes and spraying treatments showed that the Tilda
variety with the use of Nano-Ca chelate had the highest grain yield (1462kg.hal), Inulin content (13.60%), Inulin yield
(559.7 kg.ha?) and Root yield (4114 kg.ha?). Hickory genotype Nano-Ca chelate (481.3 kg.ha*) was ranked second
after Tilda variety. The indigenous ecotypes of Sistan and Baluchistan without the use of nanofertilizers had the lowest
grain yield (461 kg.ha) and the indigenous ecotype of northern Iran without the use of nanofertilizers had the lowest
amount of inulin (7.06%) (Table 3). It seems that, due to the design of the nanotechnology structure, the Nano-Ca
chelate can use the calcium it contains intelligently and at the right time by quickly making nutrients available during
the stages of plant growth, helping to increase growth and development of the root system, photosynthetic capacity,
development of plant cover, increase in absorption process, production of cultured material and decrease in
physiological removal rate of flowers, grain yield, inulin content, root yield and inulin yield (Prasad et al., 2012). In
general, the results of the research showed that the inulin yield of the indigenous stands of Iran was minimized due to
their low inulin percentage and weak root yield.
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Conclusion

According to the soil analysis of the place where the experiment was carried out, the amount of absorbable Ca was less
than the amount of K, it seems that the spraying of Nano-Ca chelate increases the components of grain yield, Inulin
content, inulin yield, root yield and biological yield. The amount of inulin extracted from foreign chicory was relatively
superior to the inulin extracted from native Iranian chicory. It seems necessary to introduce new plant sources and
cultivars for extracting and exploiting inulin with the aim of reducing inulin import costs, domestication of foreign
varieties and commercialization.
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Table 1: The results of the soil test at the place experiment was carried out at a depth of 0 to 60 cm

. . Absorbable Absorbable Absorbable  Total  Organic
Soil Clay Silt Sand . . . EC
Place exture (%) (%) (%) calcium potassium  phosphorus  nitroge carbon  pH (ds.m)
(mgkg")  (mgkg')  (mgkg') (%) (%) '

Rice
Research  SIY 50 38 12 6.9 192 28 0089 1 608 0.9
nstitute clay

of Iran
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Table 2: Variance analysis of chicory plant traits in experimental treatments
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N 5 &, .f §2 3} ¢ ® 3 =
— o Z P —
S 5 £ 25 3 o2 - S c > 8
» g s = O©5s S = s £ = 3 g
e = = = O 2 = @ S
= = - s}
R(blocky 2 2056  125.8™ 3.8 0.009™ 24287 011  0.9™ 7729.7%  155960.1™
Genotypes 7 1851  15554™ 53.9" 5.58™ 947784 275" 91157  2720486™  3495424™
SPraying 3 35447 13859.5™ 727" 079" 1535635  24™ 197419 9248550 15997537
treatments
Genotypes
xspraying 21 271.3" 16436 1.6" 0.08" 9857.7"  0.86™ 4269.3™ 1466312 519775
treatments
Error 62 32 124.9 0.77 0.01 2635.4 0.04 1486 8524.2 254110.5
CV (%) - 49 74 10.6 6.03 2.34 47 3.44 10.10
ns: Not significant *and :** Significant at 5% and 1% probability levels, respectively
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Table 3: Comparison of the mean interaction effect of chicory genotypes and spraying agents of chicory plant traits

g pedS 5 bty (53 S S G e 1 Sl 5 b

Genotvoes Spraying Plant height  Inflorescences. Grain. 1000- grain  Grain yield Inulin Inulinyield  Rootyield Biological yield
yp treatments (cm) plant? Inflorescence?  weight (g) (kg.hat) content (%) (kg.hat) (kg.hat) (kg.hat)
Indigenous 20K chelate 118.74 125 7.6 2.55m 704.3 7.431K 159.2m 2141™ 5528b¢d1a
landrace of ”anoéﬁe‘igtg"cm 117bcd 122¢f o 2.65'm 643K 8.16" 162.8m° 1993" 49159Mi
”Olr:gﬁm nano-Cachelate  119.7%¢ 130.7¢ 7.6 2,724 7177 8.66¢ 240" 2769" 56450000
control treatment 92 114.7¢ 4.330 2.36° 538.7m° 7.06' 114.7° 1623° 3188™
nano-K chelate 120.3%° 123 6.6Km 2.88% 612Km 76 174.8™ 2299% 5139
nano- Full micro bed of Imno ik Kimn ijkd mno jkd fghi
117 115.3 6.33 2.82 584.3 7.33i 165.6 2257 499419
Kashan chelate } _ ) _ _
nano-Ca chelate 120720 131° ghiik 2.88ik 615.34m 8.63¢ 21750 2520/ 5169defoni
control treatment 89.67f 114.7¢f 4.6 2.42M 558!mn 7.134 112.1° 1571° 2947"
nano-K chelate 118.3% 115° 7.3%m 2.87K 605K™ 76 210.67 2772" 5210%an
. nano- Full micro 1170 113.7¢f 5.6"oPd 2.77H 600.7Km 7.30iK 152.4° 2087™ 4991 fohi
Urmia chelate ) _ _ _
nano-Ca chelate 119%¢ 119.7¢f ghiik 2.94) 657k 9.231 288.19 312019 513gdefohi
control treatment 90.33f 111f 439 2.65'm 512.7" 7.204 109.9° 15250 3767'™
nano-K chelate 118.3% 839 6.3 2.85K 5g7kmn 7.560 207.8K 2746" 48739
Sistan and ”anoéﬁe‘igtg"cro 115.7¢ 113.3¢f o 2,833k 552.7m 7.301 181 2479 4724Mik
Baluchestan - ho-Cachelate  120.3%¢ 116¢ 7.33km 2.87Kk 599, 74m 9.53¢f 290.7¢ 30499 4929
control treatment 89’ 112.3¢ 5089 2.52mno 461° 7.23K 100.4° 1388P 3078™

Means in each column followed by similar letter(s) are not significantly different at the five percent probability level using Tukey's Test
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Table 3 Continued: Comparison of the mean interaction effect of chicory genotypes and spraying agents of chicory plant traits

Genotvoes Spraving treatments Plant height  Inflorescences. Grain. 1000- grain ~ Grain yield Inulin Inulin yield Root yield Biological yield
yp praying (cm) plant? Inflorescence  weight (g) (kg.ha") content (%) (kg.hat) (kg.ha'?) (kg.hat)
nano-K chelate 124.7%¢ 205b 12.33° 4.18% 12526 1157° 427.7K 3699 60645
Tilda ”anoéﬁe‘igtg"cm 122,30 195.3¢ 9.6% 4.06%% 1172¢ 10.80°¢ 331.4f 3067° 5853bcce
nano-Ca chelate 127.7° 231.7° 14,32 4.6° 1462 13.60° 559.7¢ 4114° 71510
control treatment 105.7° 118 7.3 3.8 994, 79N 9.46¢f 228.2h 24091 5128dfohi
nano-K chelate 122%¢ 199.3% 10.6°% 4125 105179 10.60° 378.1° 3567 5355000
Hickory ”anoéﬁe‘igtg"cm 121,30 193.7¢ 8.69hi 4,07 9497 9.53¢ 325.9f 3419¢ 529gbedech
nano-Ca chelate 125.3% 221 12.3° 4.24° 1054¢f 12.57° 481.3° 3831° 6094°
control treatment 103¢ 116.3¢f ghiik 4.01% 909 8.509" 187' 2200Km 43851
nano-K chelate 121%¢ 193¢ 10.3%f 3.91° 10647 10.53¢ 340.9° 32361 3799
Orkis ”anoérfe“lgtg“cro 1202 190.7¢ 8.6 3.66¢ 992shi 9.53¢ 294.19 308419 5063¢on
nano-Ca chelate 124.3%¢ 2060 120 3.93¢f 1119¢% 12.23° 448.3° 3665 581 gbecef
control treatment 103.3¢e 115.7¢ 7.3iKim 3.51N 10029 9.40°f 187.3' 1992" 40524
nano-K chelate 122%¢ 205b 1130 3.709 12175 10.47° 327.7° 3130 5925bd
H'\’L'J‘r’]‘;g:f:n ”anoéﬁe‘igtg"cro 1223 197.7¢ gon 3.421 1083¢" 9.60° 218.30 2275 5241 cdefoh
cultivar nano-Ca chelate 124¢b° 216%° 12.3° 4.452 1250 12.23 433.4 3543 6104P
control treatment 108.7% 119.3¢ 9.3¢fon 3.91¢ 1054¢19 8.40% 188.94 2248K 4144

Means in each column followed by similar letter(s) are not significantly different at the five percent probability level using Tukey's Test
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