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Introduction to the Persian Journal of Agroecology

It is very appropriate that a new Journal of Agroecology has appeared in a part of the world that
history tells us is where some of the earliest organized crop farmers and animal managers in the
world first began their work. The traditional farmers of the Persian region are famous for their
ability to design and manage sustainable agroecosystems, making them some of the first
agroecologists. Their extensive knowledge about water conservation, dryland farming, irrigation,
crop and animal domestication, to name a just few of their abilities, have long served as models of
wise natural resource management under limiting environmental conditions.

Traditional agroecosystems have developed in the region that are complex systems of
interrelated activities focused on the work of each household unit, and their relationships with local
communities. Crop farming, animal husbandry, and local handicrafts all combine to provide year-
round participation of the entire family. A large variety of animal and plant products, available
throughout the year, provide food security that withstands major environmental limitation
(especially from drought) and socio-economic uncertainty (especially from market fluctuations).
But perhaps most importantly, many farmers of the region live and work within the limitations of
the ecological backdrop within which they are located, using local resources and inputs. The
ecological and social sustainability of agriculture in such systems is strongly interdependent.

But modern agriculture in the region, as in most parts of the world today, is rapidly displacing
this local, traditional knowledge. New sources of energy and technology, most often dependent on
non-renewable and costly external inputs, have helped raise yields dramatically. A strong focus
has been placed on production for distribution to distant markets that are not in touch with the local
understanding of the limits to agroecosystem design and management.

Over the past few decades, the long-term costs and liabilities of the introduction of these modern
farming techniques have been documented. Soil and water degradation, loss of agricultural
biodiversity, contamination of air and water by pesticides and fertilizers, and increased pest and
disease resistance to agrichemicals, are just a few of the environmental problems faced by
agriculture today. And the loss of productive agricultural land to urban and industrial development,
the displacement of farmers from the land to the cities, and the frequent hunger and poverty in rural
regions have become all too common problems on the social side of agriculture.

This journal offers a forum for the re-building of a sustainable agriculture for the region. Using
the ecological concepts and principles, local agroecologists can provided a firm foundation for
designing and managing the sustainable agriculture of the future. On the one hand, agroecological
studies of traditional agriculture can point out the strengths and values of local knowledge. On the
other hand, an agroecological analysis of modern agriculture can point out both the strengths as well
as the weaknesses of new technologies. A combination of local knowledge and new understanding,
all tested by an analysis of sustainability, can once again provide the natural resource conserving,
economically sound, and socially equitable agriculture needed for the future.

I congratulate Dr. Alireza Koocheki and Dr. Reza Ghorbani of the Faculty of Agriculture at
Ferdowsi University in Mashhad, Iran, for this big step forward for agroecology and sustainable
food systems. They are both pioneers in this field and a valuable example for students and farmers
of the region.

Steve Gliessman
Ruth and Alfred Heller Professor of Agroecology
University of California, Santa Cruz
March 2010
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Table 3- Analysis of variance (mean of squares) for the effect of organic and chemical fertilizers with Thiobacillus inoculation
on some criteria of marshmallow
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Fig. 1- Intarction effect of organic and chemical fertilizers with Thiobacillus inoculation on plant
height of marshmallow
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Means with the different letters have significant difference according to Duncan (p<0.05).
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Fig. 2- Intarction effect of organic and chemical fertilizers with Thiobacillus inoculation on leaf
area indexmax (LAlImax) of marshmallow
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Means with the different letters have significant difference according to Duncan (p<0.05).
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Fig. 3- Intarction effect of organic and chemical fertilizers with Thiobacillus inoculation on leaf (A) and stem (B) dry
weight of marshmallow
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Table 4- Analysis of variance (mean of squares) for the effect of organic and chemical fertilizers with Thiobacillus inoculation
on yield and yield components of marshmallow

1y g P 4>Lw.:.w“ Slaxs 50 &l Dl s g U5 :,Stl.o.c :,#w
SWO V. &3 il L Jguss 1000-seed Flower ™ ‘*SJ“”J !
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Table 5- Mean comparision for interaction effect of organic and chemical fertilizers with Thiobacillus inoculation on yield
components of marshmallow
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Treatments Branch number (No. plant?)  Capsule number (No. plant?)  Seed number (No. capsule™)
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Control
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*Means with the same letter(s) in each column have not significant difference according to Duncan (p<0.05).
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Fig. 5- Intarction effect of organic and chemical fertilizers with Thiobacillus inoculation on flower (A) and seed yield (B)
of marshmallow
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Means with the different letters have significant difference according to Duncan (p<0.05).
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Fig. 6- Intarction effect of organic and chemical fertilizers with Thiobacillus inoculation on
biological yield of marshmallow
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Slgo oyl dame Jl b o] 5 e g (o2 M5 dls yo 50 Conl atuslys
JLodran ) (Sfodon 0, Slas 390 ()50 4 i I (s jitugid
JoB ja s ealyd ili 8l a8 b o] el ogMe sl atsly
30,5 o (Sl i dawgd Doty carge « S 43 olS Ly yiwd
ly Giars ogan (S09ys Ml polie s Ol la izmen
L il 48" couwl jasie (Dordas, 2009) Lasy o i3l
Ol SB anapl (el 5,5 S Bran b olyen jushalsd
ool 0l (SS5glam 3, 5as o]0l Coge donct )3 yawd onlyd

(5 5 e
g ol Lo (gLadgS G5y e &S ol s aalllas ) gl
S ine yobody 3,555 58 5 ushels b gl 5 (olerd
olS (Siglon g 4l (J5 0,Mos g3 Soe lipl ) Sluogad
Sl @l oy &gk ol 5158 3T cod 1y et o)l

5 S5 Ologas 35 b dilises clodlyy G puao il

@l 35 (Kfglen Slas d90 cage (i ol (g
0355 Caumj (ool 255 LS ;0 7 VO Gpuan oS ab L (gladllas
Joy> V+/Y 1, (Cumbopogon citrates (DC.) Stapf) e cale
2 2358 SUle & yel ol o a8 ol ioliel sals 4 Cowd
G S gladss bl 50 5 Of (605 cad b 3l
(Tomati et al., 1988) | )LSen 4 Ll .(Ra0, 2001) s o3l
) o sloags Brame byl o lalS 5,Slae 5 43, i3l
Slsggeiy clld Gl b cod (Soigdsn Cluogad S
byly s 35,555 By im0 45ty oo Hlas 4 00b Cond S
i3l Ly il (gLmssS 5,8 Ly olyan pushhubasl guils
oMol Slj 8l g e polie G B dgin « sonl 8
ol Pl plsie 4 Sy o dnusgs 8l Cob (g Slse
(lag) adpe (b (itiwgd cod )b (li 8l g 0u S g

1- Palmarosa



FAD ois (29,10 6LS 0o 1 S 3elem 9 o2 boud o JT (09T AL o o i (235

sle i yslie 5 4 byl 1 Ll oyl HlalS sai g 4,
43 A4S dy oo Yl Wigd oo Cal ST D L puody Hind
ol ln Foe Sl plgisa Gliie |y plie pole (Rl
OiablS pogMe ol CplaS sy )3 Jlatie S lie jolic dgueS
) @l polie Bpas LI dgne Slgie Mg claan o

Ak aslh Jus

d)‘}i*":w’

Ologas 300 b S slodgs 005 Jols 3,555+ sl
SIE olic anlyi 5 loy csone il bont 5 Sz
OBl e )3 9 b (pdug) Cluogad dgue cage SB
80 S olerd (sldgS pme 3,8 Cnga |y 3,Skes
o3le g line 9 S gaw M5 ofgds g gy Wby S50
Ol 38l d s 13 a8 0ald Doty 1y (g 5wgid dlg o Mg (S
Byms piomed Cowl aldl Jlis a1y pgyld 465 opl 5 Sas
] 208 Uy poshalsd 67U b il oty 3,555

b Giali8l aoml )3 g Bpans S polic 5 jiud Ol dgme
ol ol oS 00 (g5ngid Mg (g Miogesl Sal33 c2ge ATP
e 3 s figd Codyls dgug 9 S gaw dswgi Gl L
yolis (cenld dn ST ud 035 e 1) 3o dgut0
S 5t (stlimos 586 oliossh 9 I Ciliseo (slodgS b i

Cgmas VIVFAVY o)lod g5l angyy oo 5l gy ool sl

Do (633wl dloasgipds 45 Cansl 005 (pp0li Ao

&l

Abd EI-Wahab, A.M. 2007. Effect of nitrogen and magnesium fertilization on the production of Trachyspermum ammi
L. (Ajowan) plants under Sinai conditions. Journal of Applied Sciences Research 3(8): 781-786.

Akhavan, Z., Fallah, A.R., and Rezayi Amroabadi, S. 2012. Effect of sulfur and Thiobacillus inoculants on iron, zinc,
copper and manganese concentration in canola in greenhouse condition. Journal of Agronomy and Plant Breeding
8(3): 191-197. (In Persian with English Summary)

Atanasov, Z., Slavov, S.I., Koseva, D., Decheva, R., and Gargova, N. 1979. Application of single and compound
mineral fertilizers to peppermint. Plant Science 1: 61-65.

Azizi, M. 2000. Evaluation the impact of some environmental and physiological factors on growth and yield and
essential oil content of hypericum under agronomic and in vitro conditions. PhD Thesis in Horticultural Sciences,
College of Agriculture, Tarbiat Modarres University, Tehran, Iran. (In Persian with English Summary)

Bachman, G.R., and Metzger, J.D. 2008. Growth of bedding plants in commercial potting substrate amended with
vermicompost. Bioresource Technology 99: 3155-3161.

Besharati, H. 2001. Preparing appropriate medium for Thiobacillus and study of it’s interaction with VAM and grain
yield of wheat. PhD Thesis, Tarbiat Modarres University 212 pp. (In Persian with English Summary)

Cao, H., Zhang, L., and Melis, A. 2001. Bioenergetic and metabolic processes for the survival of sulfur-deprived
Dunaliellasalina (chlorophyta). Journal of Applied Phycology 13: 25-34.

Cheesman, A.W., Turne, B.L., and Reddy, K.R. 2011. Soil phosphorus forms along a strong nutrient gradient in a
tropical Ombrotrophic wetland. Soil Science Society of America Journal 76: 1496-1506.

Clark, R.J., and Menary, R.C. 1980. The effect of irrigation and nitrogen on the yield and composition of peppermint oil
(Mentha piperita L.). Australian Journal of Agricultural Research 31(3): 489-498.

Dawood, F., Al-Omagri, S.M., and Murtatha, N. 1985. High level of sulfur affecting availability of some micronutrients
in calcareous soil. pp. 55-68. In: Proceeding of Secondary Regional Conference on sulfur and its usage in Arab
countries. Riyadh, 2-5 March 1985, Saudi Arabia.

De Araujo, A.S.F., de Melo, J., and Singh, R.P. 2010. Municipal solid waste compost amendment in agricultural soil:
Change in soil microbial biomass. Reviews in Environmental Science and Biotechnology 9: 41-49.

Dordas, C. 2009. Dry matter, nitrogen and phosphorus accumulation: partitioning and remobilization as affected by N
and P fertilization and source-sink relation. European Journal of Agronomy 30: 129-139

Doroudian, H.R., Besharati Kelayeh, H., Fallah Nosrat Abad, A.R., Heidary Sharif Abadi, H., Darvish, F., and
Allahverdi, A. 2010. Study of absorbable phosphorus changes in lime soils and its impact on corn yield. Agricultural



IVAY 500 Foylod 3¢ ol ((65)9Lis owlich pgr 4y yis AP

Modern Knowledge (Modern Knowledge of Sustainable Agriculture) 6(18): 27-35. (In Persian with English
Summary)

Gardner, F.P., Pearce, B., and Mitchell, R. 1985. Physiology of Crop Plants. lowa State University Press, Science 327
pp.

Iran Nejad, H., Shahbazian, N., and Piri, P. 2006. Evaluation of distribution and nitrogen fertilizer effect on yield of
marshmallow as a medicinal plant under Kashan region. The First Regional Conference of Herbs, Spices and
Aromatic Plants. Shahrekord, Iran. p. 4. (In Persian)

Karla, A. 2003. Organic Cultivation of Medicinal and Aromatic Plants. A Hope for Sustainability and Quality
Enhancement. Journal of Organic Production of Medicinal, Aromatic and Dye-Yielding Plants (MADPs). FAO.

Kartikeyan, B.C., Abdul Jaleel, G.M., Lakshmanan, A., and Deiveekasundaram, M. 2008. Studies on rhizosphere
microbial diversity of some commercially important medicinal plants. Colloids and Surfaces B: Bionterfaces 62:
143-145.

Lambers, H., Chapin, F.S., and Pones, T.L. 2008. Plant Physiological Ecology. 2™ Edition Springer. 604 pp.

Leithy, S., EI-Meseiry, T.A., and Abdallah, E.F. 2006. Effect of biofertilizer, cell stabilizer and irrigation regime on
rosemary herbage oil quality. Journal of Applied Sciences Research 2: 773-779.

Maeder, P., Fliessbach, A., Dubois, D., Gunst, L., Fried, P., and Niggli, U. 2002. Soil fertility and biodiversity in

organic farming. Science 296(5573): 1694-1697.

Mkhabela, M.S., and Warman, P.R. 2005. The influence of municipal solid waste compost on yield, soil phosphorus
availability and uptake bye two vegetable crops grown in a pugwash sandy loam soil in Nova Scotia. Agriculture,
Ecosystems and Environment 106: 57-67.

Nassiri Mahallati, M., Koocheki, A., Rzvani Moghaddam, P., and Beheshti, A.R. 2001. Agroecology. Ferdowsi
University of Mashhad Publication, Mashhad, Iran. (In Persian)

Omid Beigi, R. 1995. Approaches for Production and Processing of Medicinal Plants. Tarrahan-e-Nashr Publication,
Iran. (In Persian)

Pandey, R. 2005. Management of Meloidogyne incognita in Artemisia pallens with bio-organics. Phytoparasitica 33:
304-308.

Pathirathna, L.S.S., Waidyanatha, U.P.De.S., and Peries, O.S. 1989. The effect of apatite and elemental sulfur mixtures
on the growth and P content of Centrocema pubescent. Fertilizer Research 21: 37-43.

Patra, D.D., Anwar, M., and Chand, S. 2000. Integrated nutrient management and waste recycling for restoring soil
fertility and productivity in Japanese mint and mustard sequence in Uttar Pradesh, India. Agriculture, Ecosystems
and Environment 80: 267-275.

Pimentel, D. 1993. Economics and energies of organic and conventional farming. Journal of Agriculture and
Environment Ethics 6: 53-60.

Pouryousef, M., Chaichi, M.R., and Mazaheri, D. 2007. Effect of different soil fertilizing systems on seed and mucilage
yield and seed P content of isabgol (Plantago ovata Forsk.). Plant Sciences 6: 1088-1092.

Rao, B.R.R. 2001. Biomass and essential oil yields of rainfed palmarosa (Cymbopogon martinii (Roxb.) Wats. var.
motia Burk.) supplied with different levels of organic manure and fertilizer nitrogen in semi-arid tropical climate.
Industrial Crops and Products 14: 171-178.

Roy, D.K., and Singh, B.P. 2006. Effect of level and time of nitrogen application with and without vermicompost on
yield, yield attributes and quality of malt barley (Hordeum vulgare L.). Indian Journal of Agronomy 51: 40-42.

Samsam Shariat, H. 1995. Production and Reproduction of Medicinal Plants. Mani Publication, Iran. (In Persian)

Scott, M.A. 1988. The use of worm-digested animal wastes as a supplement to peat in leas composts for hardy nursery
stocks. p. 221-229. In: Edwards, C.A., and Neuhayser, E. (Eds.) Earthworm in Waste and Environmental
Management. SPB Academic Press, Netherlands.

Shabahang, J., Khorramdel, S., Siahmargue, A., and Gheshm, R. 2016. Evaluation of integrated management of organic
manure application and mycorrhiza inoculation on growth criteria, qualitative and essential oil yield of hyssop
(Hyssopus officinalis L.) under Mashhad climatic conditions. Journal of Agroecology 6(2): 353-363. (In Persian
with English Summary)

Sing, A.K., Bisen, S.S., Sing, R.B., and Biswas, S.C. 1998. Effectiveness of compost towards increasing productivity of
some medicinal plants in skeletal soil. Advances in Forestry Research in India 18: 64-83.

Singh, M., and Guleria, N. 2013. Influence of harvesting stage and inorganic and organic fertilizers on yield and oil


http://www.amazon.com/s/ref=ntt_athr_dp_sr_1/187-2352435-8513546?_encoding=UTF8&field-author=Frank%20P.%20Gardner&search-alias=books&sort=relevancerank
http://www.amazon.com/s/ref=ntt_athr_dp_sr_3/187-2352435-8513546?_encoding=UTF8&field-author=Roger%20Mitchell&search-alias=books&sort=relevancerank
http://www.google.com/search?tbo=p&tbm=bks&q=subject:%22Science%22&source=gbs_ge_summary_r&cad=0

FAV o8 (029,10 6LS 0, %o 1 S 3edam 9 o2 booud o JT (o095 (AL o o i (235

composition of rosemary (Rosmarinus officinalis L.) in a semi-arid tropical climate. Industrial Crops and Products
42: 37-40.

Taiz, L., and Zeiger, E. 2006. Plant Physiology. The Benjamin Publishing Co. 764 pp.

Tate, R.L. 1995. The Sulfur and Related Biogeochemical Cycle. p. 359-372. In: Soil Microbiology, John Willey and
Sons INC, New York.

Tisdale, S.L., Nelson, W.L., J.D., Beaton and Havlin, J.L. 1993. Soil Fertility and Fertilizers. 5" ed. McMillan
Publishing Co., New York.

Tomati, U., Grappei, A., and Gaili, E. 1988. The hormone-like effect of earthworm casts on plant growth. Biology and
Fertility of Soils 5: 288-294.

Vance, C.P., Uhde-Stone, C., and Allan, D.L. 2003. Phosphorus acquisition and use: critical adaptation by plants for
securing a non- renewable resource. New Physiology 157: 423-447.

Vessey, J.K. 2003. Plant growth promoting rhizobacteria as biofertilizer. Plant and Soil 255: 571-586.

Zapata, F., and Roy, R.N. 2004. Use of Phosphate Rocks for Sustainable Agriculture. A Joint Publication of the FAO
Land and Water Development Division and the International Atomic Energy Agency. Food and Agriculture
Organization of the United Nations, Rome, 2004.

Joy, P.P., Thomas, J., Mathew, S., and Skaria, B.P. 1998. Medicinal plants. Kerala Agricultural University. Aromatic
and Medicinal Plants Research Station. Odakkali, Asamannoor P.O., Ernakulam District, Kerala, India 211 pp.



()
Journal of Agroecology D S3glaS (owld pgr 4 pa5

Vol. 10, No.3, Fall 2018, p. 603-619 u’/gf",,’jaﬁ}, FoY-514 o VAV b (¥ oyled e uls

Evaluation of the Integrated Effect of Organic, Chemical and Biological
Fertilizers on Yield of Marshmallow (Althea officinalis L.) as a Medicinal Plant

S. Khorramdel'”, P. Rezvani Moghaddam?, H. Azizi®, J. Shabahang* and M. Seyedi®
Submitted: 10-05-2013
Accepted: 05-12-2013

Khorramdel, S., Rezvani Moghaddam, P., Azizi, H., Shabahang, J., and Seyedi, M. 2018. Evaluation of the
integrated effect of organic, chemical and biological fertilizers on yield of marshmallow (Althea officinalis L.) as a
medicinal plant. Journal of Agroecology. 10(3): 603-619.

Introduction

Medicinal plants have an important role in different industries. So, increasing production of their yields is
necessary. Medicinal plants contain phytochemical compounds which have demonstrated bioactive properties.
The active principles of the plants are generally secondary metabolites. The use of ecological farming methods,
may improve yield and quality. In the last decade, agricultural production, which is mainly based on the use of
chemical material, is causing environmental problems. One of the pathways to mitigate this environmental
impacts, is to apply the long-term approaches based on the principles of ecological agriculture. Soil
microorganisms are the primary metabolites production in the soil can affect the results in the release of
phosphorus. Compost can be used as an organic matter in controlling different types of debris and the reduction
in fertilizer consumption in agricultural products and mineral absorption elements improve low consumption by
plants. Present study aims to investigate the possibility of improving the growth, flower yield, shoot yield, seed
yield and yield components of marshmallow as a medicinal plant affected as integrated management of organic,
chemical and biological fertilizers.

Materials and Methods

A field experiment was performed as factorial layout based on a randomized complete block design with
three replications at Agricultural Research Station, College of Agriculture, Ferdowsi University of Mashhad,
Iran, during growing season of 2012-2013. The experimental treatments were all combination of organic and
chemical fertilizers in four levels (cow manure (40 ton.ha?), urban compost (40 ton.ha?), NPK as chemical
fertilizer (114, 18 and 220, 40 kg.ha*) and control) and inoculation with Thiobacillus and sulphur application in
four levels (including inoculation with Thiobacillus, 200 kg.ha* sulphur + inoculation with Thiobacillus, 200
kg.ha* sulphur and control). plant height, leaf areal indexmax (LAImax), leaf dry weight, stem dry weight, total dry
weight, flower, seed yield and yield components such as branch number, capsule number, number seed per
capsule and 1000-seed weight and flower, seed and biological yield of marshmallow.

To analyze the variance of the experimental data and drawing of diagrams, MSTAT-C 8 and Excel software
was used. All the averages were compared according to Duncan’s multiple range test (p<0.05)

Results and Discussion

The results showed that the effect of organic, chemical and biological fertilizers were significant (p<0.01) on
plant height, LAlmax, leaf dry weight, stem dry weight, total dry weight, flower and seed yield, yield components
and biological yield of marshmallow. At the end of the growing season, the highest and the lowest LAImax Were
observed in chemical fertilizer with Thiobacillus +sulphur (12.3) and control (1.3). The maximum flower and
seed yields were recorded in chemical fertilizer with Thiobacillus +sulphur (175.33 and 99.91 g.m?
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respectively) and the minimum were obtained in control treatments (32.33 and 9.31 g.m, respectively). Flower
yield enhanced up to 100% under chemical, cow manure and compost fertilizers without Thiobacillus +sulphur,
Thiobacillus, sulphur compared to control treatment. Flower yield improved up to 106, 89 and 72% for chemical
fertilizer, cow manure and compost application with Thiobacillus +sulphur, respectively.

Conclusion

According to the results obtained in the present study, organic, chemical and biological fertilizers had
significant effects on growth, shoot yield, flower yield, seed yield, biological yield and yield components of
marshmallow. Therefore, due to the high pH of soils in agroecosystems, integrated application of sulphur with
Thiobacillus inoculation could be considered as an effective approach for soil fertility improvement. organic
matter increase soil water holding capacity, improving plant hormone-like activity, increase nutrient uptake by
plants, and generally improve the growth and yield of medicinal plant.
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Table 1- Some of physical and chemical properties of experimental field soil
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Table 1- Some of chemical properties of vermicomost and manure used in experiment

JSojarm oS U5 el

Kiges

NESERERE A= TR

&S]

sample () () () () (e omionjomsd) o)
Total N(%) OC (%) Total K(%) Total P (%) EC (dS.m?)
258 0.67 1.16 0.14 7.4 6.22
Manure
Cugga (5229 1.49 11.65 1.2 1.16 5.2 6.7

Vermicompost
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255 315355580 Jaldie il

3pSos Bl ay Sy G 2 1 psSn 5 355 blie I
M mize o uilul 3, Sles 5 Siid 00le 3 Shas cdly s sy
35008 oas 1 o 50 0 a8 ob i bl gl (Y Jg2) o5
Ol Bl ay Sy Cand CunguaS 005l oolial 3 )58
Glomus intraradices 45g5 Ly g ili Lyl ;3 a5 g0k ol
Wl 4 Sy Cand o V8 ialisl 4 yoxie J1 39S ol 508
il pae bly b )0 o ioren (D Jado) b dals b duslie jo
OBl d pomle (el 3557 g CungneS (009 3 58 (2l r9See
W Bl 4y Sy G D ixe

CowgraS (039 9 (513 395 35 9290 LIS olul
oL sbly Liliél (S Ll 2440 {Dawson et al., 2008)
(Cardoso & Kuyper, 2006; SLs I olie , olie Gis j»
OhlSKen g e S il ar il Parakash et al., 2007)
=9l oL ¢y ym (—iulojl 3 -5 (Macginis et al., 2003)
plos 8y ian 45 15,8 sanlie (Ocimum basilicum L.) s,
9 S—iB (g 1= P Hobod 1ysSee b CawgeS ay9 355
CasliS 3 elS o S olus

Lol (et Vo) YIOXY sl b iolojl slacs S 51 G pa
B Fa Sy i by Alols e /0 K0S e S alols s
Ll 2 13,5 e i Sy S0iSe J nS ol Al o
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2 S5 =) ety 9y sk ialejl slac S sl L
pow ain ) e )lae Joby (andy ()b > Cns) 93 iy
Cly S P UF abye ;> s clbarals .6us cut olo Al
S5 (e (Bl V sy (s9) dhold) Jla 3)90 o515 & g,
Ao (s Lol gl (Davazdah Emami et al., 2010) s
Oogods Sl Sy oloj b lacsylel pls g bl 5l
st 5 ptalojl Jolpe 53 .8 )5 plonl L, g, can o
S an J s Sen lag B Sl 5 18y LinlS Sl 55k
23,55 oolaiw] plewds LiSCl L g iScale

(IS Ao )3 gy SS9 9 Sy aw (o p i
©)ygmod (DX YO) g popia Sl WO Jolao (o I plals
059 8 S0 phaw (6,803l L Lad by @S ey Solad
(Koocheki & 45 awle Sy o 23 Ld o5, Sis
3 Shoe U oly o Sid 5 45 00le 5,Slee .Sarmadnia, 1999)
b S qryogin 53 oo (i il S ey bl
b ool wl o0e IS ol uilwl Ao )d e C g
(Makkizadeh et al., 2010)
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Table 5- Interaction effects of fertilizer and mycorrhizae on studied characteristics of dill

WSy Comd im0 i 3,5 S o3lo 3,Shos o) bl 3 Sas
l)"”'”s"‘fo :_95_ adlw ()w 5 P;Sl's) ()m » ‘3;9155) ()US& »
Mycorrhizae Fertilizer Leaf / stem Fresh yield (K %a‘l) Dry matter yield Essential oil yield
ratio y g (Kg.ha) (Lha)
aals 1.23% 1934.86' 329.50° 1.57¢
Control
ol 1.4738bc 2174.33¢ 337.27¢ 1.90¢%
Manure
KTy W) )
Control ““”’?“5 it 1.512 2309.39¢% 354.47¢ 2.59¢%
Vermicompost
Chemical 0.93¢ 2533.53¢ 376.76¢ 1.78¢%
fertilizer
aals 1.24% 2359.20% 350,67 2,00
Control
b 1.358c 4206.90° 788.312 6.67°
Manure
G. mosseae o
""5 il 1.49% 3812.26° 559.48P 4.17¢
Vermicompost
Chemical 1.492 3149.43¢ 460.73¢ 2.70¢
fertilizer
aals 1.2¢ 2397.51¢% 366.96¢ 1.89¢%
Control
b 1.49% 4109.202 763.41° 5.54P
. . Manure
G. intraradices i
“‘”’?"5 it 1.3920¢ 3956.902 578.54b 4.20¢
Vermicompost
Chemical 1.378bc 3005.75¢ 472.22¢ 2.59¢%
fertilizer

Al ed o me WS (el Lo yd gy pdaws jd S (yg05] (lise g S pnde B K Bl (s (olo puSile g o 3 *
* Means, in each column, followed by at least one letter in common are not significantly different at the 5% probability level using
Duncan's Multiple Rang Test.

by Gislidl ol slas 5l e |y (sl 5,Sles (G, mosseae
(Koocheki et al., ) )Ken g Sog8 clislej] uls (0 Joio)
lhog-Ses Jols (giuss S3sS 3,8 st )51 1o 2008)
Hyssopus ) Lag; e oLS ill 5,Sles o lugy Slas 5
(Freitas et al., l,Sen g wli,8 suio0 40 .24 (Officinalis L.
aS' LS gy 50 (Mentha piperita L.) sls olS (g9, »» 2004)
Ol 9 el jlade d9m0 9o 12580 )8 455 sl 28

g o 3l & Cuns ol Joise

022 91 32,5580 Jalite il
sl o o g ipsSee el Pl bl & Sy Coss 3> &

3y Slos g dl i Gisw 3y Slos a S 0b L iulej! gl

=0l 355 0eMeds 5,680 (sladisS s Iy Sid godlo
2p)S a8 yeboan g baylas ple I i )l gme psboes 5o
U1y Seis ool 0y Slos g diyjuns sy 3,Sles 0l S jloys
5 Lo (0 Joan) o (al3 8l ald e s 1l 99 51 i
15,5500 )8 Csio Lidiay 30 (Usha et al., 2004) Ko
2 Sis oalo 3)Slas (50l58l 5 yawd Lis > Glomus mosseae
5153 5 il 5 Slee a8 0 L5 iolojl gl e

Gl (o5 Seo SLaisS 5 (s 358 (slo o Sl 3,05
5 CuwgpaS 0yg 395 3,8 cald b duglde )0 oS gy0body ccidly
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5 518 Shogad &S (CusgaS zoba Gl b &S 15 )
(Mona et al., 2008) cél i3l abjly oLS 5, Slee

o GBI ) (% A CungraS 00yg 9 (o> 265 3)8
O3 3 CwgpeS (099 395 35 Jle plgis s cuily wgd Sy
Ay Linlidl aoyd AY ali b duwlie 0 1) Sy dow 23 ls pgd
(Mirhashemi et al., 2009) |,)LSe g oils ypo .(V Joi)
o adls (St oole 3 Slas polie pSlis 4 WS )18
-4 (Trigonella foenum-gragcum L.) allis o4, okS Sy
A odplie o> 368 HliSa > Ve g Ve Bpas by

PSP (B CwgeS ay9 9 (1 395 S ()9 Ao
ol 2 ySlos 5 oy (SKid odlo i juw isu 2,Sles i3l
2 =395 3L pgd (i gloj )3 Jlie (lgie ity dp
s Sialidl ol 90 5l i 1y Sis odle 0)Slos dalis b duslde
Y o)

F3» i (Safadoust et al., 2007) -, Sen 5 Cuvgilan
9 Gde ol5gS il 3l 5l sl 1y 5 Sdas iul3al 40 ald 358 5,0,
(Jodss (S olerss (Soid Slogpad 25 g Glojlyd
Dot 50 il SB o )hdS cud b g S glasle ylul
Solanum g5,z ;o old 355 Byuas a5 0 )5 (6,500
A Camd (8 il oyl jaods |y Jgmame 0355 j (Nigrum L.)
9 sy (Azeez et al., 2010) oby [yiol5-81 Hloss 395 5y
- 09 3l oolatwl &S W5 ,S" 5135 (Darzi et al., 2009) 4, Ken
3 ySdes ((HLiSB 3 55V g ) ok (oled )3 CmigeeS
s (wlawl yo ams (aals 8l &bl olS solaidl § Gjelgm
395 5l odlatl g pgd (2 53 o5 ilil 3)hos g op> B Joa>

Dy 393 Hlide b ) celd

(32 9955 9 152,550 Jaliie il

i 3y Slos Bl 4y S G F Jpdo @l olul
Lo oL uilwl 0y Slas 5 dioyd « i 03lo 5, Slas cdiy jow
spbolen 85 5 o 5355 5 ligSen Wlite 31 106 o
350005 5 152095 il ol J1 Sy 53 35 55 sy &5
O 3l e (e b Jgl e g Bl 4 S S 058
(A J922) 592 pges 9 P9

@l bl g2 (1 Jgi) 091 osine aleil )3 wsd slagasls
2 bt Sl alisSee il pas bl Jol o 53 otales]
Tl pow 9 pgd (2 ) Iy el gy > Bl (59 9 S g
S Bl Gg 9 S iy 0 S il i)sSue claaiss
{5 Jsis) cusls

o> 5> Gimosseae sladisS 5,8 Wig 10 Sy 59 wlie
3 Shas oSy s 3L Gl 53 1 faisine i it pgd
Olyis @ (F Joia) cuils g S oole 3 Slee g 4y jaw (A
zoal pae L dulio ;> G.MOSSEae 5y,LS pgd pa 50 Jlo
St onle g s i Iocine 3,Shas I3 b 105
4o S0k & b len (F Jgi) Ab ko3 FY 9 VY U iy
lgie 152,550 SadsS b (a3l aLS dls s o3l (]
oS o Sid odlo Mgy donl 0 5 plde olie Gla iliel o
Kuyper, 2006; Yesmin (Cardoso & S Wl 1) 5,550 yids
etal., 2007)

asllas 45 55 (Khorramdel at al., 2008) l,Kan 5 Jop 5
Nigella ) albolus olS 5 15556800 )8 Jolid () (sladgS 43!
Ay omie i) (6ladgS 5yyLS 48" Wdged odmlie ((SAtiva L.
by e g Sutd 03le g8 oSy grhaw yadlE gl 38l
A0S aald 4 Cund Jgame

4ol > uilwl ) Slas g il o> o ey ioeed
45 (gyabbdy 105 oanlie ped e > G. MOSSEAE 4gS 54,8
3 bl 5,80ae wals b awslio )3 ol (S5 jlaws 3,8 does
S9) p 2+ (P Jgie) 8l GRlEl Rl 93 5l i pgd 2
(Carum carvi L. )obwo,sj o555 255 2g)b ol 5
JB s bty (VAM) 15355500 2,05 4355 53 5,18 45 05 dlas Mo
Sguge 20L5 b duolie o 1) lal ails uilul s g cusS 4o o

022 9 99s Juliie il
e 2 9395 Jlite Sl Bl 4 Sy o o
2 oialejl ol el 1 (¥ Jgde) bl ime 258 (slojas L
039 Orrde ped (e 5> CuwgeeS 8y 9 (o3 395 2018 s
55 181 b5 ol o (Y Jgder) 15 odnliie gy 55 Bl g 5,
aJbj CewgmS 5y,LS (Akbarnejad et al., 2011) Lo 4
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Table 8- Interaction effects of cutting fertilizer and mycorrhizae on studied characteristics of dill in experiment

» a3ko 3 ySlos

SpCoand oS Sles L. 5,5des
5 $oLS) 4 sl o 4 X 5ol

525500 % o e & .e;sglif) T pes) E:;ential o)il ﬁj)--w

Mycorrhizae Fertilizer Cutting (C) Leaf / (s 5 (i oreentage (6
stem Fresh yield J P g Essential oil
ratio (kg.ha'?) _Dry matter yield (I.ha)
yield (kg.hat)
o= 1.50defx 1652.2"0P 344.8ko 0.44Kim 1.58"!
First C. (Cy)
aald P o 0.779 3160.99" 431.0k 0.37™ 1.62"!
Control Second C. (C2)
Py o 1.41¢f 991.3¢ 212.6° 0.66¢ 1.49+
Third C. (Cs)

wls N C1 2.20% 1824.7mm0 316.1' 0.47+m 1,517

Control M; e C2 0.569 3448 .20 471,21 0.620 2.93¢!

Cs 1.46¢f 1250.0°9 224.1P 0.55Fm 1.26K

g Ci 2.392 1896.5m0 296.1mP 0.49Mm 1.45+!

TR SR Cz 0.51¢ 3629.3¢f 508.6% 0.87% 4.49¢%

Vermicompost Cs 1.62¢ 1402.2009 258.60P 0.59¢ 1.54#!

ot 8 C1 1.52¢f 2097.7'mn 313.8+° 044Kim 1.39i!

e C2 0.579 3951.1¢f 545,999 0.45Km 2.48"!

Chemical fertilizer Cs 0.719 1551.7°% 270.1M° 0.43Km 1.16'

s Ci 2.17% 1925,2mno 295.9™P 0.39m 1.17'

C2 0.519 3692.5¢f 505, 7% 0.715f 3.61°1

Control Cs 1.500%f 1459.70P 250.0°° 0.49Mm 1.23

N Ci 1.972d 3913.7¢f 554, 5def 0.47+m 2.63¢!

< C2 0.439 6135.10 1396.5 1.012 14.302

Manure Cs 1.35f 2571.8" 413.7% 0.67¢h 2.77¢

G. mosseae g Ci 2,008k 3764.3¢ 545,970 0.44Kim 2.40M

RS S C2 0.419 4755.74 686.7b 0.89% 6.22¢

Vermicompost Cs 1.29f 2916.6% 445 4t 0.82% 3.61°1

ot 8 C1 2.16% 2635.1iik 410.9" 0.43Km 1.79¢"

e C2 0.549 4485.69 597.7% 0.70%9 4.270%f

Chemical fertilizer Cs 1.490 2327.5Km 3735 0.55¢™ 2.06¢"

s C1 2.17% 1830.4mn0 301.7™P 0.41m 1.23'

C2 0.569 3562.2¢f9 4540t 0.56fm 2.52H

Control Cs 1.44¢f 1798.8" 344.8%° 0.46-™ 1.61"

N Ci 1.88b- 3798.8¢f 540,20 0.519'm 2.76¢!

< C2 0.429 5663.7° 1321.82 0.78%¢ 10.49P

G. intraradices Manure Cs 1.29f 2864.9hii 428.11k 0.79bed 3.37¢

o Ci 1.972d 4017.2¢ 574.7% 0.55Fm 3.200k

7 Cz 0.559 4893.6¢ 709.7° 0.81bcd 5.18¢

Vermicompost Cs 1.36f 2959, 7hi 451,11 0.800cd 3.50¢h

st 555 C1 1.972d 2853.4hii 439,69 0.37™ 1.66M!

s C2 0.529 3735.6¢f 586.2¢ 0.55Fm 3.27¢

Chemical fertilizer Cs 131 24281 390.8Fm 0.65¢ 2 54F1
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*Means with the same letters in each column are not significantly different at the 0.05 level of probability using Duncan's Multiple
Range Test.
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Introduction

Dill (Anethum graveolens L.) is an annual medicinal plant belonging to the Apiaceae family and is native to
the Southwest and Central Asia. This plant is not susceptible to cold and germination occurs at low temperatures.
The vegetative period of this plant is short and from seed emergence till the fruit harvesting reaches 100 to 120
days. Based on long-term studies, excessive use of chemical fertilizers has a negative effect on plant yield
resulting soil acidification, negative effect on soil biological activity and physical and chemical properties. In
addition, application of chemical fertilizers mean while environmental impacts increases production costs in the
long term. According to literatures, the use of organic or biological fertilizers to reduce the mentioned problems
can be especially valued.

Materials and Methods

In order to investigate the effects of organic, chemical fertilizers and mycorrhizae inoculation on yield and
yield components of dill in different cuts, an experiment was carried out in the Research Station, College of
Agriculture, the Ferdowsi University of Mashhad, in 2013. The experiment was carried out in a factorial
experiment based on randomized complete block design with three replications. The treatments were all
combination of organic and chemical fertilizers in four levels (cow manure, vermicompost, chemical fertilizer
and control) and three levels of Mycorrhiza inoculation (Glomus mosseae, Glomus intraradices and no
inoculation). The collected data were analyzed as split- plot design in time based on randomized complete block
design (due to having three cuts during growing season). The 12 fertilizer treatments and three cuts were
considered as main and sub plots, respectively.

Results and Discussion

The results showed that the highest (4259 kg.ha*) and the lowest fresh yield (2043 kg.ha') were obtained in
second cut and third cut, respectively. The results indicated that Leaf Area Index, fresh and dry matter yield,
percentage and essential oil yield were significantly different between inoculated mycorrhizae treatments and
control treatment. However, there was no significant difference (p<0.05) between Glomus mosseae and and
Glomus intraradices in terms of former mentioned criteria. Fresh and dry matter yield and essential oil yield of
dill were significantly higher in organic fertilizers treatments (vermicompost and cow manure) compared with
chemical fertilizer. The results showed that using organic fertilizers have a better performance than chemical
fertilizers in growing dill both in quality and quantity. The effects of fertilizer and mycorrhiza on leaf/stem ratio,
grain yield, dry matter yield and essential oil yield were significant. The results of the experiment showed that in
each level of mycorrhizal application, the use of vermicompost increased the leaf/stem ratio, so that,
underGlomusintraradices inoculum conditions, the use of this organic fertilizer resulted in an increase of 16%
leaf/stem ratio compared to the control. Also, in the absence of mycorrhizal inoculation, vermicompost and
animal manure application resulted in a significant increase in leaf/stem ratio. The results of the experiment
showed that the fresh and dry yield of the vegetative parts of the drill were significantly higher than other
treatments in inoculation of mycorrhizal and animal manure treatments, so that the application of the mentioned
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treatment, fresh and dry yield of the vegetative parts increased by two times compared with control treatment. In
addition, the results of the experiment showed that the essential oil yield increased as a result of the combined
application of animal manure and mycorrhizal treatments, so that the application of vermicompost fertilizer and
G. mosseae compared to control treatment increased the essential oil yield by more than four times.

Conclusion

According to the results of the experiment, mycorrhizal application has an important role in improving the
growth characteristics and dry matter yield, especially in cut Il and Ill. In addition to mycorrhizal inoculation,
application of livestock manure and vermicompost can play an important role in increasing the yield of drill at
different cutting. Combined use of mycorrhiza inoculum and organic fertilizers can reduce the problems caused
by the use of chemical fertilizers.

Keywords: Cutting, Essential oil, Vermicompost
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