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Abstract

Introduction: Medicinal plants have been one of the main natural resources of Iran from ancient times.
Nutritional management has a significant impact on the quantity and quality of plants. The fastest way to
supply nutrients for plant is the use of mineral fertilizers. In spite of significant and positive effect of
chemical fertilizer on crops production, excessive use of them can reduce crop yield due to loss of soil
biological activity, loss of soil physical properties, soil acidification, and soil nutrient imbalance. In
addition, the use of chemical fertilizers can cause environmental pollutions. The use of organic manures
as alternative sources of chemical fertilizer increased the yield of many plants and reduced the adverse
effect of chemical fertilizers. Organic fertilizers also increased soil moisture, reduced soil pH and
increased the electrical conductivity and the ability of absorbing soil nutrients. Therefore to study the
effects of biological and chemical fertilizers on quantitative and qualitative yield of Cichorium intybus in
different densities, this experiment was conducted.

Material and methods: This experiment was conducted as split split plots in a randomized complete
block design with three replications. The treatments comprised of nitrogen at three levels (0, 50, 100
kg/ha) as the main plot, density at three levels (6, 9 and 12 plants/ m? ) as sub plot and bio-fertilizer in
three levels (non- inoculation, inoculation with Mycorrhiza and inoculation with Azotobacter) as sub-sub
plot. Several quantitative and qualitative traits were measured including leaf number, root length, fresh
and dry weight, flavonoid content, nitrogen, phosphorous and potassium.

Results and discussion: Analysis of variance showed the significant effects of treatments on leaves,
fresh and dry weight, root length and the amount of plant flavonoids, nitrogen, phosphorus and
potassium. Nitrogen consumption based on 100% fertilizer recommendations increased all traits, while
the effects of density and bio-fertilizer were different on quantitative and qualitative traits. Seed
inoculated with mycorrhiza showed a better result for flavonoid, phosphorus and potassium than seed
inoculated with Azotobacter. Among the two-way interaction effects, the density x bio fertilizer and
density x the nitrogen fertilizer were significant for plant leaf number and root length. Mean comparison
of density x bio fertilizer showed that the highest number of leaves per plant was obtained at density of 6
plant/ m? and Azotobacter inoculation and the highest root length was observed at density of 12
plant/ m? and Azotobacter inoculation. Mean comparison of density x the nitrogen fertilizer showed that
the highest leaf number was observed at density of 6 plant. m~2and 100 kg ha~! nitrogen fertilizer and

the highest root length was obtained at density of 12 plant m~2and 100 kg ha~! nitrogen fertilizer. The
interaction effect of nitrogen fertilizer, density and bio-fertilizer was significant only for fresh weight.
The maximum value of fresh weight (1848.8 g/ m?) is related to the application of 100 kg/ha nitrogen
fertilizer, the density of 12 plants/m2 and using Azotobacter. These conditions increased fresh weight
to168 percent than conditions of lack of nitrogen and bio-fertilizers under the density of 6 plants/ m?
(with 688.5 g/ m? fresh weight).

Conclusions: The results showed that the application of biological fertilizer had a significant effect on
improving quantitative and qualitative yield of Cichorium intybus. Furthermore, the combined application
of biological fertilizer and chemical fertilizer (based on 100% fertilizer recommendations) in the density
of 12 plant/ m? significantly increased root length and weight of the plant. Therefore, biological
fertilizers through the improvement of soil structure, and along with chemical fertilizers, increase greatly
the quantitative and qualitative yield of plants.

Keywords: Azotobacter, Macro elements, Mycorrhiza, Nitrogen, Root and plant weight.
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Table 1. Physicochemical properties of soil
Organic Total Nitrogen Potassium Phosphorus
Texture pH (dS/m) EC Carbon (%) %) (ppm) (ppm)
Loam 7.87 1.26 0.51 0.1 278.94 10.95
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Table 2. Analysis of variance of quantitative and qualitative traits of Cichorium intybus

Mean of squares

sov DF
Leaf No.  Fresh weight Dry weight Root length  Flavonoid Nitrogen  Phosphorous  Potassium
Repetition 2 27 14537.0" 30340.8™ 16.67™ 1868.5™ 600.3™ 2799.0™ 49 4™
Nitrogen 2 163.9" 20971655  134195.6" 195.9" 31959237 1661493 2787528  184567.17
fertilizer
Error a 4 14 782.2 295.1 2.66 564 116.5 1278 208.1
Density 2 4613 2621413 17660.3™ 31.24™ 35320.4" 18391.17  31838.9" 167334
(DxN) 4 16.7" 5040.7" 281.3™ 2.69™ 278.6™ 110.6™ 481.9™ 1314.6™
Error b 12 25 791.2 143.0 0.16 251.2 79.4 464.7 486.2
Biological 12 21" 5328217 2087.7" 462" 14843.9™  5929.0"  11676.1" 60253
fertilizer
(Nx B) 4 0.5™ 2085.7" 263.7™ 0.29™ 66.7™ 13.2™ 317.1™ 11953™
BxD) 4 717 3159.7" 36.6™ 0.65" 66.5™ 205.1™ 177.9™ 277.3™
(NxDxB) 8 0.6™ 5524.7" 68.9™ 0.32™ 437.8™ 194.4™ 186.3™ 261.1™
Error ¢ 36 0.37 4225 101.8 0.18 4276 4327 203.4 536.6
CV (%) 3.66 1.63 3.09 2.79 10.47 8.67 14.12 6.02

Mﬁ&;@dk»\ck.wﬁjbdm%;4.,**}*‘)\>Juur_x.o:ns
ns, * and ** are non-significant and significant at 5 % and 1 % probability levels, respectively.
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Table 3. Mean comparison of effects of nitrogen fertilizer, density and bio fertilizer on quantitative and qualitative
traits of Cichorium intybus

Fresh weight  Dry weight ~ Root length Flavonoid Nitrogen Phosphorous ~ Potassium
Treatment Leaf No.
(g/m2) (g/m2) (cm) (mg/g DW) (g/kg) (g/kg) (g/kg)
Nitrogen Fertilizer

N1 14.38°¢ 914.6¢ 236.8¢ 122¢ 0.86° 16.12¢ 145°¢ 8.42°¢
N2 17.14° 1268.3° 330.9° 15.19° 2.02° 24.03° 2.53° 15.84°
N3 19.29° 1597.1° 409.2° 18.79* 3.04° 31.81° 3.48° 249.3°
DI 21.41° 1133.8¢ 294.9°¢ 14.19°¢ 2.35° 26.69° 2.83° 19.04*
D2 16.14° 1271.9° 324.4° 15.19° 1.94° 23.78" 2.48° 16.04°
D3 13.26° 1374.3" 357.6° 16.18* 1.63° 21.48°¢ 2.14¢ 11°14
Bl 15.99°¢ 1209.0° 315.1°¢ 14.86© 1.83° 2227° 236" 15.35°
B2 17.04° 1253.8° 325.3° 15.43° 2.24° 24.85° 2.72° 18.11°
B3 17.79* 1317.3° 336.6° 15.87° 1.84° 24.84° 2.36° 15.73°

0 Jlazmt mhaws 53 jls e sl BB STls (glaals Ly O3l bl s S xie G clls S ol Kl Ot a3 (ol pa gl
.,\,..ZL:‘}A Loy
For each factor, means followed by similar letters in each column are not significantly different at 5% level (Duncan's
multiple range test).
B3 }BZ Bl <@jdj:.ﬁ)}43ﬁ \Y 3‘\ A (,S\JJ;MJJJ A.vD3 3D2 D1 f;}j}_};:.‘u)l:s.h)éfjf)l:s\" }O'g'JW%JJA{N:; }NZ N1

ULl 5 sl b mdl (e 055 =l pde 5
N1, N2 and N3 were 0, 50 and 100 kg.ha-1 nitrogen, respectively; D1, D2 and D3, densities of 6, 9 and 12 plants.m-2,
respectively; B1, B2 and B3, without biofertilizers, inoculation with Mycorrhiza and inoculation with Azotobacter,
respectively
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Figurel- Leaf changes in interaction of a) density and bio fertilizer b) density and nitrogen fertilizer
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N1, N2 and N3 were 0, 50 and 100 kg.ha-1 nitrogen, respectively; D1, D2 and D3, densities of 6, 9 and 12 plants. m2 s

respectively; B1, B2 and B3, without inoculation of biofertilizers, inoculation with Mycorrhiza, and inoculation with
Azotobacter, respectively.
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Figure2. Root length in interaction of a) density and bio fertilizer b) density and nitrogen fertilizer
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N1, N2 and N3 were 0, 50 and 100 kg.ha-1 nitrogen, respectively; D1, D2 and D3, densities of 6, 9 and 12 plants. m—2,
respectively; B1, B2 and B3, without inoculation of biofertilizers, inoculation with Mycorrhiza and inoculation with
Azotobacter, respectively.
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Table 4. Mean comparison of interaction effects of nitrogen fertilizer, density and bio fertilizer on fresh weight of

Cichorium intybus
DI D2 D3
Bl B2 B3 Bl B2 B3 Bl B2 B3
NI 6885'  7133'  9335* 940.8*  950.8%  9475* 978.5%  1034.09  1044.77
N2 1104.2° 1120.8° 1213.3" 1253.5" 1307.2%  1326.0¢ 134558 13463% 139787
N3 14090°  15148°  1507.2° 15152° 156509 1637.7°¢ 16425°  1731.8°  1847.8°
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Means followed by similar letters are not significantly different at 5% level (Duncan's multiple range test).
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N1, N2 and N3 were respectively 0, 50 and 100 kg. ha™' nitrogen, respectively; D1, D2 and D3, densities of 6, 9 and 12

plants.m-2, respectively; B1, B2 and B3, respectively, without inoculation of biofertilizers, inoculation with Mycorrhiza and
inoculation with Azotobacter.
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