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Table 1. Chemical and physical characteristics of soil before planting.
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Texture pH (%0 ca?ggﬁn('f/) (plsres) (plss) (Pl2st)
1 ° Available K Availablep  Total N (ppm)
EC (dS m)
(ppm) (ppm)
Silty-loam 8.13 1.34 0.41 143 14 372

1- Glomus intraradices
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Table 2. Analysis of variance (mean of squares) for the effects of fertilizer treatments on growth,
quantitative and qualitative yield of chamomile at different cuttings.
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. syl _ ) _ SlS 39 o S ySlos
gle azp J5 sl 5 ¥ 039 _ N R ,
e g Ny - F il
Ol S &9l Flower Fresh weight Flower ;
| iah Essential ial oil
SOV gf  Plant number of flower Dry weight  number oil Essential oi
T height of flower yield
content
)l_’x . 3 2.14n 35864.27" 574365.67"™ 10657.13" 3.77" 0.001™ 7970.48"
Replication
&5 Hless
(A) Kk Kk *k *k *k *k Kk
Fertilizer 3 527.85 1820890.01 21453494.07 1568667.02 111.24 0.004 988618.19
treatment
(A)
&f sl 9 10.19 10198.32 140524.06 3413.19 0.675 0.0001 2345.69
Main error
B) ez 5 226.74™ 1010286.26™  6972772.45™  3233359.57"" 41151  0.008™  2132374.18"
AB 15 6.11" 213330.77""  3600138.25™ 192014.91™ 12,62  0.0001™  126620.40""
e 61 1.50 132440.42 91653.51 4742.90 0.71 0.00001 2909.30
Sub error
() Syt 2 3.60 10.78 11.92 12.39 12.06 1.61 12.28

CV (%)

ns, *and **: represent non-significant and significant at 5 and 1% levels, respectively.
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1- Stevia rebaudiana L.
2- Ocimum basilicum L.
3- Nigella sativa L.

4 -Mentha arvensis L.
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Table 3. Mean comparisons for the effect of fertilizer treatments on growth criteria and flower yield of
chamomile at different cuttings.

el GaSl n el Gl JhE (@ ste e Sy olere
Fertilizer Cut;iﬁg Plant height Flower diameter Fresh weight of flower (0,9)
treatments (cm) (mm) (g m?) Essential oil (%)
Js 25.38n* 2.86jk 599.37nop 0.76ijk
First
£9° 27.85Im 8.16e 2713.250h 0.751
Second
P 29.67kl 15.17¢ 5330.27¢ 0.79cde
L;‘LS"""“’ .555 Third
Chemical fertilizer Pl 31.13jk 4.74hi 1650.97jk 0.80cd
Fourth
o 33.33ghi 2.07kIm 1034.50Imn 0.75l
Fifth
i 37.23¢f 1.41Im 395.360p 0.751
Sixth
BesSes Js! 24.67n 1.87kIm 369.350p 0.79cde
Myecorrhiza First
£9° 26.27mn 6.02gh 2214.33hi 0.78defg
Second
£ 28.07Im 11.40d 3583.29¢f 0.83ab
Third
Pz 29.75kI 3.63ij 1098.72Imn 0.84a
Fourth
o 30.60k 1.21m 732.48mno 0.78defg
Fifth
i 31.47ijk 1.26m 205.79p 0.79defg
Sixth
Js 30.30k 4.66hi 803.82Imno 0.751
First
£9° 32.63hij 14.02¢ 3839.53de 0.76ijk
Second
£ 35.24fg 18.13b 8340.64b 0.80c
3 355 Third
Biofertilizer Pz 37.03¢f 6.24fg 2613.91h 0.82b
Fourth
e 40.00cd 2.73jkl 1747 64ij 0.75l
Fifth
i 44.00b 1.82kIm 797.82Imno 0.76ijk
Sixth
J 33.50gh 7.48¢f 1104.72Im 0.77hijk
First
£9° 36.00f 17.42b 4107.52d 0.77hijk
Second
Py
sy 055+ 555 Third 38.56de 20.56a 10969.88a 0.82b
Myecorrhiza+biofe >
rtilizer FIRE 41.07c 8.0le 3170.83fg 0.83ab
Fourth
L 43.620 3.11jk 2297.22h 0.77hijk
Fifth
i 49,43a 2.04kIm 1234.31KI 0.78defg
Sixth

APS1+0) axibcos LSD (45031 (sline (5 o sime igliss shyls 9w ,2 10 S pidin By o JBlas (sl (sla Sl 3
* Means in each column with at least one similar letter are not significant different based on LSD test (p<0.05).
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Fig. 1- Mean comparisons for the effect of fertilizer treatments and different cuttings on flower number of
chamomile.
(P=+/+0) 25l LSD 5a5T arly  (slosine Sglis oS o B9 > (slls (slaeSibes
* Means with the same letter(s) have not significantly difference based on LSD test (p<0.05).
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Fig. 2- Mean comparisons for the effect of fertilizer treatments and different cuttings on flower dry
weight of chamomile.
(P 1+0) 35,05 LSD (9051 sl 5 b sine Sglis o5 yiiin By sl (slonailes
* Means with the same letter(s) have not significantly difference based on LSD test (p<0.05).
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Fig. 3- Mean comparisons for the effect of fertilizer treatments and different cuttings on essential oil yield
of chamomile.
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* Means with the same letter(s) have not significantly difference based on LSD test (p<0.05).
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Table 4. Analysis of variance (mean of squares) for the effects of fertilizer treatments on total quantitative
and qualitative yield of chamomile.

Ol qbo g005T a0 J5 yles JS5 5 o Slas S5 i o Sles bl 5, Shos
SYOAY) df Flower number Fresh yield of flower D?/ng;(rj of Essential oil yield
IS5
),)S) . 2 898086.583 3445681.583 63882.33 77528.979
Replication
055 Hless
Fertilizer 3 10361596.889** 128719776.972** 9412742.33** 5167585.354**
treatment
Uas
6 216793.806 843511.8 20467.67 17892.471
Error
() lyeedd oy 7.1 6.03 4.29 4.76
CV (%)
**: significant at 1% level. o, S Jleisl mhas jo o pme K
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Fig. 4- Mean comparisons for the effect of fertilizer treatments on total (A) number and (B) fresh and dry
yield of chamomile at different cuttings.
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* Means with the same letter(s) have not significantly difference based on LSD test (p<0.05).
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Fig. 5- Mean comparisons for the effect of fertilizer treatments on total essential oil yield of chamomile
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Effect of fertilizer treatments on growth criteria and quantitative and qualitative

yield of chamomile (Matricaria chamomilla L.) as a medicinal plant
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Introduction: Soil fertility refers to the ability of the soil to supply essential plant nutrients and soil water in
adequate amounts and proportions for suitable plant growth. Organic fertilizers are derived from animal or plant
matter such as cow manure. Organic fertilizers involve a slower release rate of nutrients than conventional water-
soluble fertilizers and it decreases nutrient losses and enhances nutrient-use efficiency (Gliessman, 1998).
Biological fertilizers contain living cells of efficient strains of microorganisms such as Azospirillum, Azotobacter
and mycorrhiza that help plants’ absorption of nutrients through their interactions in the rhizosphere. Bio-
fertilizers enhance microbial processes in the soil which augment the extent of availability of nutrients in a form
easily assimilated by plants. Bio-fertilizers can be ranked in various groups based on their function (Manoly,
2008). Chamomile (Matricaria chamomilla L.) is an important medicinal plant from the family Asteraceae that
is commonly used to serve various medicinal purposes. This species is one of the most ancient medicinal herbs
known to mankind (Baghalian et al., 2008).

Materials and methods: In order to study the growth characteristics, flower yield and essential oil of
chamomile (Matricaria chamomilla L.) as a medicinal plant affected by different fertilizer treatments, an
experiment was conducted at the Agricultural Research Station College of Agriculture, Ferdowsi University of
Mashhad during the 2009-2010 growing season. An experiment was conducted based on a randomized complete
block design with four replications. Treatments were chemical fertilizer (100 kg.ha™* urea, 60 kg.ha' K (K0)
and 100 kg.ha P (P20s), mycorrhiza, Nitroxin and Nitroxin + mycorrhiza. K and P fertilizers added to the soil
after land preparation. N was applied to the soil at three stages such as after planting time, one month after
seedling emergence and before flowering stage. At planting time, 150 g soil with mycorrhiza fungi (Glomus
intraradices) per plant was used under seed and seeds were inoculated with Nitroxin before planting time.
Studied traits were height, flower number, flower diameter, dry weight of flower, fresh weight of flower and
essential oil percentage and essential oil yield at six cuttings and total fresh and dry weights of flower and
essential oil yield of chamomile. For statistical analysis, analysis of variance (ANOVA) and least significant
difference test (LSD) at a 5% probability level were performed using SAS version 9.1.

Results and discussion: The results showed that the effect of fertilizer treatments were significant (p<0.01) on
plant height stem, number, diameter, dry yield and fresh yield of flower, essential oil yield at the 1%, 2", 34, 4t
5t and 6™ cuttings and total flower number, total fresh yield and total dry yield of flower and essential oil yield
of chamomile. The maximum flower number at different cuttings was observed in mycorrhiza+ Nitroxin. The
maximum total flower number was recorded in mycorrhiza+ Nitroxin with 8556.67 flowers.m2; it was higher
than chemical fertilizer, mycorrhiza and Nitroxin up to 36, 107 and 18%, respectively. The highest essential oil
yield was recorded in mycorrhiza+ Nitroxin with 4.4 g.m2,

Conclusion: The results showed that growth and yield of flower and essential oil of chamomile were
significantly affected by fertilizer treatments. So, it seems that the integrated application of mycorrhiza+
Nitroxin could be considered for growth and yield enhancement of this valuable medicinal plant based on
sustainable agriculture.

Keywords: Chamomile, Integrated management of soil fertility, Nitroxin, Sustainable agriculture, Medicinal
plant.
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