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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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Fig. 1- Anise LAI trends in use of individual and integrated organic and biological fertilizers
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5 @l @il s W dSlos Sjglom 3 Sles
S.0.V df Seed yield Biological yield
e 2 53084" 111419
Replication
o 14 48214 43164
Treatment
las- 28 19776 194221
Error
(00) i gy - 13 12.7
C.V (%)

Loy S5 g ol 53 HBire 5 (gl pis i Sy

Nns

ns, * and **: are significant at 5 and 1%probability level respectively.
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Table 4- Mean comparison of seed and DM yield of anise under different fertilizers
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Lo i . _
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Biological yield (kg.ha®) Seed yield (kg.ha™)
s 3238 856
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CawgiaS 0y5 ¥ )55 3366° 9g4bede
Mycorrhiza+Vermicompost
o H3050 3416° 10152
Mycorrhiza+Chemical fertilizer
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CnngeeS gl gurges 3146b 907°%
Biosulfur + Compost
CosgeaS 2035 il s 3845% 9g3Pede
Biosulfur + Vermicompost
stloos sy 4504° 1124

Biosulfur + Chemical fertilizer
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*Similar letters at each column explain non significancy based on Dancan test.
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Introduction

World population increasing need for food have prompted the rapid development of chemical fertilizer
technology and also consumed them as a source of nutrition for the food production. Recently, chemical
fertilizer consumption in conventional agro-ecosystems imbalanced soil nutrient, declined quantitative and
qualitative crop yields, and polluted water and soil. Chemical fertilizers provide crop nutrients need in the short
time, and thus farmers had forgotten long-time soil fertility and its controlling processes by using these
fertilizers. Hence, ecological and low input farming systems can be considered as a suitable replacement for
traditional systems, and they can sustain production systems and maintain environmental health. In order to
reduce the pollution caused by the use of chemical fertilizers and the restoration of agro ecosystems, along with
the reduction of the dependence on non-renewable resources used in the production of fertilizers, the use of
fertilizers that are derived from the environments known as an alternative. It seems that with good and proper
management of biological and organic fertilizers, we can provide better nutritional conditions for the plant,
stepping in the path of regeneration of agroecosystems and sustainable agricultural development. Therefore, in
this experiment, the effect of biological, manure and chemical fertilizers on the growth characteristics of anise
plant has been studied. It seems that the information obtained from such experiments can increase the economic
efficiency of producers as a means to develop agricultural policies that are consistent with the environment.

Materials and Methods

In order to study the effects of single and combined applications of biofertilizers and organic fertilizers on
growth indices of Anise, a field experiment was conducted with 15 treatments based on a Randomized Complete
Block Design (RCBD) with three replications at Research Station, Faculty of Agriculture, Ferdowsi University
of Mashhad, Iran, in 2011. Treatments were: (1) Mycorrhiza (Glomusin traradices), (2) Mycorrhiza + Cow
manure, (3) Mycorrhiza+Vermicompost, (4) Mycorrhiza + Compost, (5) Mycorrhiza + Chemical fertilizer, (6)
Biosulfur (Thiobacillus sp.), (7) Biosulfur + Chemical fertilizer, (8) Biosulfur + Cow manure, (9) Biosulfur +
Vermicompost, (10) Biosulfur + Compost, (11) Cow manure, (12) Vermicompost, (13) Chemical fertilizer
(NPK), (14) Compost and (15) Control. Plant thinning and weeding were carried out in two stages of four and
six leaves of anise, and finally the plant density reached 66 plants per square meter. Due to the adverse effects of
chemical pesticides on medicinal plants, weed operation was carried out manually by the worker on several
occasions. During the growing season, in order to determine the grow trend and leaf area of the anise, the
sampling was started from 25.05.2011 at intervals of 15 days until the end of the growing season. The leaf area
was determined by the Leaf Measurement System Area (I-COR model) and then leaf area index and other
growth indices were calculated. At the same time as the plants were matured and yellowed on first of July, after
removing the marginal effect, the biomass of the whole Anise plant was harvested at an area equal to 5 square
meters, and after drying in open air, seed yield and dry matter were determined. Data were analyzed, with SAS
Ver. 9.1 and MINITAB Ver. 16 statistical softwares. Duncan multiple test was used to compare the means at a
probability level of 5%. Figures also were drawed with Excel Ver. 11 M.S office.

Results and Discussion
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The results indicated that the highest (2.4) and the lowest (1.35) leaf area index (LAI) were shown in
combination of Mycorrhiza + Chemical fertilizer and compost treatments, respectively. The highest dry matter
production (DM) (348.744 g.m?) and crop growth rate (CGR) (14.42 g.m?2.day®) were resulted from
combination of biosulfur+vermicompost treatment. Compost and control treatments produced the lowest DM
(200 g.m™) and CGR (4.93 g.m.day™), respectively.

Conclusion
In generally, the results revealed that the application of organic and biological fertilizers particularly
mycorrhiza and biosulfur had a significant effect on improving the growth indices of anise. Furthermore, the

combined application of organic and biological fertilizers had higher positive effects on growth index than their
single application.

Keywords: Biosulfur, CGR, LAI, Mycorrhiza
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The slope of regression indicates radiation use efficiency (RUE).
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Fig. 6- Linear regression between dry matter accumulation and absorbed radiation of Fennel in mono and intercrop systems
The slope of regression indicates radiation use efficiency (RUE).
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Introduction

Sunlight is the main source of energy in Agro ecosystems. Light is absorbed by leaves and this energy is
stored during the process of photosynthesis in chemical bonds of organic compounds and finally converts to the
plant biomass. In order to increase the efficiency of this process and understanding how light changes within the
plant canopy is necessary to be aware of how changes in light absorption within a farming system, especially
when considering various intercropping systems, agroforestry systems and even non-crop species management.
Available reports have shown that the higher resources use efficiency in intercropping systems, especially light,
water and nitrogen.

Materials and Methods

This study was aimed to investigate radiation absorption and use efficiency in substitution intercropping of
milk thistle (Silybum marianum L.) and fennel (Foenicolum vulgar L.). The experiment was set up with five
treatments in a randomized complete block design with three replications at the farm of the Faculty of
Agriculture, Ferdowsi University of Mashhad, Iran, during 2012- 2013 growing season. In order to implement an
ecological and low input system, no chemical inputs (fertilizers and pesticides) was applied. The experiment
constituted 5 treatments: sole crop of milk thistle and fennel, intercropping (75% milk thistle-25% fennel),
intercropping (50% milk thistle-50% fennel) and intercropping (25% milk thistle-75% fennel). Crops were
harvested every eight days corresponding to 6 harvests starting with the development of the fourth leaf and
ending at the early flowering. Above ground dry matter (DM) was determined after oven drying at 70 °C for 48
h. Leaf area was determined on the same harvested area used for the measurement of above ground dry matter.
Leaf area of the Milk thistle was determined by LI3100 area meter. The green area index of Fennel was also
calculated, according to the equation 1.

GAl =M x LWR/SLW (Equation 1)

GAl: green area index, M: daily dry matter allocated to the leaf + stem, LWR: leaf weight ratio and
SLW: specific leaf weight.

Incident and transmitted radiation of the canopy was measured using the Sun scan Canopy Analysis System
(Accu PAR LP-80). The light extinction coefficient (LEC) was determined from the slope of the linear
regression between the natural logarithm of radiation transmission and leaf area index. According to the equation
2.

U (Equation 2)

l,;amount of radiation on the top of canopy, I amount of radiation at the bottom of canopy, K: light
extinction coefficient and LAI: leaf area index.

The daily light absorption for both species was calculated according to the equation 3 t0 5.

i = 1o (1-exp((-Ks.Ls) + (-KeLe))) (Equation 3)
(KsLs)
= Ii((':KB.LB:'+':KF.LF:':) (Equation 4)

1 and 2- Phd student and Professor, Department of Agronomy and Plant Breeding, Faculty of Agriculture, Ferdowsi
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=11 (Equation 5)

l,: amount of radiation on the top of canopy, li; amount of radiation at the bottom of canopy, l: amount
of absorbed radiation by milk thistle, I: amount of absorbed radiation by fennel, K: light extinction coefficient
of milk thistle Kg: light extinction coefficient of fennel and Ls: leaf area index of milk thistle and L: leaf area
index of fennel.

Radiation use efficiency (RUE) was computed by the linear regression between dry matter accumulation
(9.m?) and cumulative amount of radiation absorption (MJ.m?). The data statistical analysis and draw the
figures were performed by Minitab, V16, Excel and Edraw MaxV5.0. Means were also compared by HSD test at
the 5% probability level.

Results and Discussion

Results indicated that radiation use efficiency of milk thistle throughout the growing season was variable
from 1.91 to 2.36 g.MJ™ and in intercropping treatment (50% milk thistle-50% fennel) was at the highest
amount. The amount of radiation use efficiency in fennel was variable from 0.71 to 1.39 g.MJ™. The best
recommendable treatment for intercropping of milk thistle and fennel was (50% milk thistle-50% fennel), in
which case radiation use efficiency of milk thistle was at the highest level (2.36 g.MJ™) and radiation use
efficiency of fennel was higher than sole cropping (0.93 g.MJ™). Based on the findings of this study it seems that
enhancing diversity in agronomic practices is an effective operational approach to increasing the efficiency of
resources.

Acknowledgments
The authors acknowledge the financial support of the project (Grant number 26556) by Vice President for
Research and Technology, Ferdowsi University of Mashhad, Iran.

Keywords: Cumulative dry matter, Light extinction coefficient, Medicinal plants, Radiation absorption,
Temporal diversity



Journal of Agroecology
Vol. 10, No.2, Summer 2018, p. 327-339

i

309l (ol poy &yl
327-339 . p 1397 il 2 o los 10 k>

olie 56 cow (Borago officinalis L) obs,l 3b3s8 s Shes syl 55 Shes ob5,

So 0S5 9 6okl

P, 5 S S e s e Ol ke 4 g
1392/12/10 ;s\ s &b
1393/04/13: 2 54y 756

327-339 :(2)10 «(g5y5LiS wlisper g w5155 g oolol polie 3l cou (officinalis L.

2>

el polis 136 o (Borago officinalis L) byl cljsl gls ol 5k g JS «Sujgloa 3,Shas 5.3,Slas (slinl ooy polaia 4
oSl (5,58 0 U8l 3linios de yjo )3 HLS5 du by ol JolS (slacSsly gy B 55 M il &gy aiisloj] s ST 5
5 ool ele oot 0 (1S 5 oo (13) 3000 5 (1) 2000 1) 1000) (ol e 4o 121 139192 os JLo 5 s (g 3
oolie Llize 5 o0l 1 a8 ol L ol .05 S 45 )3 ey Lele lsic 4 ((Da) 40 5 (Ds) 26/67 (D) 20 (Ds) 16) wsy o515 e
Jado o3l 5351 Jbosie (g GliglS (gl ol Wb olasi g (ole LS (IS Sl «Sjgls ok oSS 3 )Shas 59y 2 5 051 5 )l
4 @peyie 2 p)5 0114 5 0/8L 1olio b Dily g Dsls slaloss 13 o5 0 JS 2 )8Moe (a8 g (i piis 392 o sine &l 32 (39 2 ol
il dsey wpesio ;3 4 40U (ST il Lol ccdl (il 315 Shae o adds sy Sluogad deap0 Jubsar (oylal il b el cs
W05 Carge ly 3,Slae g by LialS 13 slge g O Gla (gl (cla5g5 9,3 ulB,

sl LS (S 5,8 kae il 3 ,Shas «Kojslen 3,Skos «ulh, 1 IS slabjly

5 5 puolp 3 ol (pl il oo bl g s (sl 51 ()
S ol oS gygbas cul WSISIT (oS Jlde 15 g Joid
o lssar ol il g 3900 bt 0 sl (Lol gl
- Sy Lol 355 o0 5l dpnl SetlgrdlolS el o0 alis pute
Slseas Logas 48 ol HlS 3 36 0y sladed ) S A
5 <ol old laglon plop lp (29)b 5 (238 slaJoSe
Naghdi ) 59500 o3zl 503 lagslow 5 syl 9 Juolio pyg
el ey ke o lgie a4 ol Sy g JS 9 (Badi et al, 2007
Wettasinghe & ) 39— o osliiwl o5 0diiS diuai g odisS
[(Shahidi, 2005; Zargari, 1982
caliseo Y guazs Mgl (0 e Jolos (o yiege 5l (S o

.

CYRTTY
P ©pgods 4 ditun (olatl ppe LS I )b GlalS
8 sl ye e 5 02lital 3350 (300 5 (ks b 3 08d 5513 L
g e 9 gyl ylals wJgs (Mollafilabi, 2000) 1,5 .
bl il A ) Gl 3 (b Y gase gl Lo
98 1y i o8 45 clasgSas (Carrubba et al., 2002)
Ulealgs ps (LS slag)ls jlesleil g conulo 4y cuiSL
Borago ke s b (obs)l o,L;95 .(Golshadi et al., 2002)
o 9 Al (ale by jlyg odlgls 51 aLS officinalis L.

09,5 il g )il (53551551 48 (ulid S sl o ya =3 52 1

e (935 oKl (6 ))sliS 0183l ¢ 5ol5STy ST
(Email: khorramdel@um.ac.ir Jgme odiun g = %)
DOI: 10.22067/jag.v10i2.34695



1397 liwsli 2 oylesds 10wl g 5y9LeS ol pos 4 pii 328

Ohler 5 (B0 olps) 8l als adllas 3)90 GlalS ples )
-5 slaylews 51 o)y L (Rezvan Bidokhti et al., 2012)
9 &b S5 9 (omlS ( moapis (sladl> o b (b))l
,kb! (Nigella sativa L.) aluabuw ;> (als) ls JolS” Saw,
&l Hl5a y5g cild Slas ¢ JomusS 50 9 i gy lasyl &S izl
S eyl ab 3 )Slas 5 Sifglon ,Slas iy et
ol Glipl g aSles (it 5 185 )18 (o)lol b cou
2 slal @l jles 3 lade (33208 5 (1als) ol (5Ll Jloss
ol Cawddy g dlsye
g 5 ol 95 el e Jolss 51 lio odlitl car
T gaw doly p3 g S (o) o Sl oSl g (SHE
2 a8l (WS g allas (1515 05h Cgllas ds > Canls
8 oL 3lizl 3y90 JolS bty loiee Sl 445 o] e
2 35 Gs oy g Sls yeyd laculB)y (b e )0 g 48 S
Ll cands Lglae cuaS b Son 3,Skee piShis b aisl Jsbs
o Sen g Jygeli— iy S (Khajehpour,  1999)
8 &) )i Jlde aw I wyp L (Krishnamoorthy et al., 2000)
90 475 60 45 30) i, alols gy o (e > p,Sols 12
ol 3y Slas § S5ldys0 Slogas 4 (o Bl
a S sl ,» (Trachyyspermum ammi (Linn). Sprague)
i olis (s olo WJod il g gl lileisl s oy i
90 i,y dlols g )3l Hlen lde (clp by 59 5 il dlaw
Jloss & &y 3)Shos (3 VL (izren A8 odalie plin pio Lo
il olia! yzo 5l 60 iy alols g p )59 LS cuin
Noroozpoor & Rezvani ) paie ly—s) g yo—j9,9
150 5l g oSTy5 Liljdl b &S wols Lis (Moghaddam, 2006
WSl Ll by Ll il 3 Slee @0 jio ) 659 200 4
aly 5,Shas «ols, il s 4 wojeyie y g 350 4, 200 )
150 51yt o515 GBI L uilul dops &S Jls 5 bl yzalS
S 0308 ol ormen Ll 08 gy talS peste )3 gy
e 3 69 250 (815 (sl il g (29, 5 )Shae (s
Rezvan ) o,LSen 5 (3w glos, adlbe ol .ub Jolbs
g cikisee STy Bl oy g9, (Bidokhti et al., 2012
g4y Sliwgas 1 (g yepie 4> aigr 250 4 200 150 (100)
Slsd JouaS ()59 5 Shad (igy glasyl as ol Lis wlaabuw 3 Sles

29l (LS 0550 ga (primen 5 ged g A5y 4 (HShw Clodo
bl 1 0jmgdn g9msge ol (Omidbeigi, 1996) s le 3,
Maman et ) couwl l5,5 5 (¢t Coenl | Siddos § Sits
Suis gblio ;3 48 ol olayguiS ales 5l 55 o) (al., 2004
- 528350 ) e o 39008 W ol 205 Bl Skt 5
FAO, ) 34 anlgs axlge 1 b ol (65)9LisS damgs a5 ol pla
s3ba 25y 0 g0 olS 3 &8 o] I (5 )l (2000
ol Slalllas (32 )l (St OT 3929 41 aitens g poriians
claplisl Wby galS cuw O 34068 51 06 i a8 sl 03
De Bruyn et al., ) olen claphisl g ads, 5 pel olS calize

1995; Carrubba et al., 2002; Jangir & Singh, 1996; Patel
Hassani & ) is 59 «glis)) o5y pdaw a8 (et al., 1996

Hassani & ) oly» (cladijg, oai 4w (Omidbaygi, 2002
Fiwgid el s ‘(Omidbaygi, 2002; Surendra et al., 1994
5 (Jangir & Singh, 1996; Hassani & Omidbaygi, 2002 )
9 s (Jangir & Singh, 1996; Simon et al., 1992)
(Dastborhan et al., 2013) )|\Saa 5 \la pcas Gubos gls
039 @l jlab ol S glis) ()b giae STl G 4 ol L
0l 5 adld ol oSy Sl yjg oS ol Bl Sis
oLS 0395 j g 0aimd 5 a3Ld a1y s SES
y90 Olaw Hlude (Sid i cud (]38l L aS g jgboay (sl
(Kafi & Keshmiri, 2011) (¢ oS 5 (3LS .l Lials las
Siglgn 2 Sles p (e Sl (Suid (i oS 28 b)lS
(Cuminum cyminum L.) 5w 0y (siid o8, 9 09 03¢5
olej > g o) ol lajless o o &S gyeb 4 feash
bl loj y3 Cugs dw g (2AS g Bl (o )3 Cugs 93 (S
oy 4ty Juabd Jsb 5 g Jlaz 5 4l b g a8
st g el el Cund 4 )bl g jla )3 3,Skes
oy (Lebaschi & Sharifi Ashourabadi, 2004) (¢sb],gale
doyd 25 450 (75 100) Sis s cidisee pokaw (owyy
o5yl ol (gl Ll 3l (oo o (s yjo b
{Achillea millefolium L.) 1,5l (Plantago psyllium L.)
Calendula ) ,lgaiven (Salvia officinalis L.) 15,

)5S (Matricaria chamomilla L.) «gb 4 (officinalis L.

g gl g olon slaplil ()59 ((SiS (AT LA L &S XS
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g, 9 2lge

sl 3y Sloe «Sjedgm 3,8les byl ua b Liulejl ol
olialE og)b oS aibylia g 9 (wils adld dlasy (5 5 Slos
Oygodey @ sLanSls 5 )l e b cov )
PSS b Bolay oS oSl 24 B > oMy ol
3 &8lg) Sgdo owgdyd oKl (659l 0uSiiily Sliios ds e
Jlis > doyp> s 31 520 985 glis)| 5 sgee (3 20k 10
(1) 1000 Jols (o)Ll poe> dw ao plool 1391-92 el
(D1) 16 o815 4> 5 ;S )3 cunSayza (I5) 3000 4 (1) 2000
Olpeds cudid mpeyie y> dig (Da) 40 4 (D3) 26/67 (D7) 20
Cloogad e jshaied L85 )15 Jaide (o8 5 ol sl
3 e e sl 0230 Gas 5l gl pdiges SB olordsSy
o o S L Jas 3 o gl a5 s plowl cusls

3y g Sofglm 3)Sdes iy (adls @l lia 9 il
S sypban sed)S )l 8 (ST 58l cov ()b gae b &
5200 o515 o g ol linl g 0Skos (b 5 VL
Delaluz et ) l,Sen ¢ 595 .03,5 Jols xyeyie ;5 gy 250
s glias 5y Sloe (081,55 48 a55,S 5)l55 5 (al., 2002
- ol L b cou oy ime yobay |, (Mentha piperita L.)
o sl A9X30 w515 (gl o3 3Shos o 5V oS 5ok
el Caawddy
Sl ol 292 saslil 5 ) ll by 4 g5 b el
Sr9r% dizej ol )3 adlllae ploxil ¢ 29)b (LS Coenl (imen
Pl gy Ban L Gtalol ol pslate cam a sy o i &y
il g 0, Shos 1 4y cilise clagSTy 5 (o)l slapoe

Sedio (3 9 O Ll 53 (obg)l (Ljgls ()b olS 3 ,Sles

W I)?I 9 ‘_,’.>|).\o
(a5 0-30) S g loomniSr 3 lyuoguas =1 Jgan
Table 1- Physical and chemical properties of soil (0 -30 cm)
O rrd BB sy o pand BB had IS g i ] S S Calan
cdl Available K Available P Total N (%) N 0y & ! o
Texture (05545 3 055 o) Organic C (%) pH (5 2 o “"f’“’a)
7 EC (dS.m™)

(mg.kg™)
ey 300.12 5.78 452 0.21 7.45 191
Silt-loam

FS dope 9 0 ©pgps ar Ly 5y slacile wd (g 505
laaigy by las .0 plsl (T L plojan 5 (gl (A5 ey
O pplaiedny (glils Il Bls b g oS a8 35 lej
Pl 53 45 plol ol ol ye o3 dosi )3 lejen J5' g )4 3Sles
lrodly i Cd 5 (650l Wig gy (il AL Sy ciily
Jloxs g 2325 MSTAT-C Jljdla s 51 oslizul b ytslel 5| ol
g 3 oS3 (glaish a ppseil ] Sile duglis (gl 5

A odlatl o pd gy Jless!

Sluogad g o515 5 o)l ke 1 uil)ly 4 jo5
ol 2 Jsan 5 2bsyl Ljsl olS 5 S 3 ,Skes 5 (50,

Cnl 0045 0313

Libaol > Saawd g o3 Jols cuslS yian (jlwodle] @ldos
gk | g olocatinna) )3 b ol Ghalojl g9, 5l B el
s cudlS Sllas cpio o 25 alols b olag, 6 sbul 5 (e
s L) o alolbad ploxl o 93 Ciyd) i 59y OLjsl S
A e S g il ) S Gjped i Fa Sl
Gl gl dmazalsS (s s > (BIsSy oz 0 &85
Oliseb] 5l g ole S 3l sim slasylal 5 CuslS 1y AlolaMy
18y Jad (bbb )bl jlado 4 argi b dadsgy JalS™ 08 50
s plosl 598 3l ealizal b Uy jgy can o )bl alols L)
ST hlys 53 GLjgls )bl (sl 5l 3)90 Of Glie canl S5 L5
Alizadeh & Kamali, ) AGWAT ,li3lsy g st olgn g
b dpwloe JiSe 5> S yie 2000 L iy (2007

S5 5k 3)90 (515 & (dems) Sl gy (S0 46 als o 5
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g2 65155 5 )kl e paalio ;03T Cod (3ol (29,10 0L 3, Shas gljl g 3)Shos (lasye (ile) il g 42525 -2 Jgua
Table 2- Analysis of variance (mean of squares) for yield and yield components of borage as a medicinal plant under different
irrigation levels and plant densities

152 & FES IR KPY)
] £ 5.5 5 Slos IR0
Ol g5 2l (63151 44> I olani &£ Py s 3,Slos Q15 dlaxs &y PP
SOV df No. flower F)Il<i)(\3/;/§r . “’_9" S Seed yield No. seed 1000-seed No.
Biologic yield weight branch
’_’5” . 2 35.382 0.011™ 22.9777" 13.06 2817.553" 0.975" 0.312
Replication
ol e
_(A)_ 2 3710.22" 0.338  147893.049™  288.36"  432031.537"  11.6717  60.378"
Irrigation
level
I llas
J_‘ ¢ 4 1.135 0.003 3.779 0.018 2584.026 0.309 0.001
Main error
(B) wy: o515
Plant 3 1178.462™" 0.172™ 88782.170"  404.661"  764090.562"  0.307™ 45.329"
density (B)
AxB 6 53.849™ 0.012™ 3269.765™ 26.291" 21848.638" 0.368™ 6.113"
5 llas
=P 18 1.150 0.002 4.456 0.393 6442.620 0.522 0.004
Sub error
£ 35 - - - - - - -
Total
() s oy 3.24 13.08 0.65 5.43 13.21 7.10 0.84
C.V (%)

J932) 292 )bsiae gyl Ljsls ol S 2bs (9, p G2 o515

Number of flower (No.m2)

o yd o Jles] prdaw )3 s xe g 50 xe s o g KK
ns and **: are non-significant and significant at a= 1% probability levels, respectively.

80
70
60
50
40
30
20

10

Plant density (No.m)

a16 |20

m26.67 @40

1000

Irrigation level (m3.ha!)

stlg)l O3l IS dlasi p digy 65155 9 (55ll e Jalie 11 JSU
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Fig. 1- Interaction effects of irrigation levels and plant densities on flower number of borage

Means followed by similar letters have not significantly different at a= 5% probability level, Duncan’s Multiple Range Test.
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300 60 51 i (D) g tlas 651,550 S5 5,Slee )l 5
41 (5 5tuagtd lgo IS &Sy g0 5l (2 JS2) dl halS
L L5 Caas s Dapal Slgo JUi] g 5 g idlS e
3y Sloe LialS Cuw W JS sl ialS 35 4 (Hopkins, 1995)
IS5 5, Shes @yayio jd gy 26067 b o153 Lial33l b .canl 0n
15 2 A6 L o o515 &ty o iy i il il
e A5 a3 g (2AS  llas 5T e ole LS
yolic o Lsb oS 48 350 oo 5L o515 Lol ety il
ol pae Judday don )0 oS wbl awisb HLad) g meS olie
albie il ookl ol Gialidl iomed g (pialj g (dug) M) O
b bas o)l Jlis a4 ly ;3 9 J5 5,Slee g slaws ials dgp50
sl ddnen (g, oS 5> (Martin & Deo, 2000)  sivs

b calas

Plant density (No.m=2)

0.9 -
016 =20
0.8 -

W26.67 [@[@A0

Flower yield (g.m?)

1000

Dil1 9 Dsls slojloss y3 oy 0 S dliws o yieS g oyt (2
g (1 JSi3) sl sy @oyoyio y3 JS 3189 4 69/60 50 L
Slpdinen (69 oy » 50 (Shubhra et al., 2004) 1S 4
b el cadbay (Sds byl cod 8 sl a8 aisl
JSa )3 cexSe y0 3000 s 1000 51 (oyLol Jhade ioljél
(1 Jse) 10,5 (D) ogllae o155 50 U8 slass (aljél g
I 2Skes 59y » 2 (515 g )ll palie Jilite g o3l
a8 5 oyt (2 Jgaz) 35 Jbiize (gl QlijlS olS
5 0/813 ,slis L Dily 5 Dals slajloss o coipias J5 5, Shos
d9rte v (lol ial33l b el Cowdaty @payio y> p,5 0114
s L oS csb il 5 s ,Shee ] ada oty Oluogas
SLall a5l oS s (Pirzad et al., 2006) l,LSen g 51j,—0
csSeyio 1000 4 3000 51 ¢ Lol Jhace zals bl cills

2000 3000

Irrigation level (m3.ha 1)

b9l OUjal IS5 2, Mes 1 gy 05155 9 (gl ylae Jylike ,51-2 JSCd
3l e Lo > iy Jloin] gda 53 S0l (gliels Wi (ygeil (bl ()l sine M) BB S yitie Gy s b Sl
Fig. 2- Interaction effects of irrigation levels and plant densities on flower yield of borage
Means followed by similar letters have not significantly different at a= 5% probability level, Duncan’s Multiple Range Test.

Siid ool goos i LidlS A e criwgd b e Mol
0 (Fererers et al., 1998; Bannayan et al., 2008) 13,5
;5 (Nadjafi & Rezvani Moghaddam, 2002) paie slys)
O ool Jolsd Sl L o5l Sojglg 2 Slas ials
oo so U (ST (51581 b sy g0 yla5 &y copl o 0gMe 1538

5 e 935 S Gl 15 5 S o

bl oLisl ol Suglsn 3, Sas [ SG 9 g 3,Ses

B 815 5 el Bl g ool Sl 8T Cos (gl gian ygbos
2 i it Sefsn 3,8kes 58 g i (2 Jpi2) 8,8
wyeyio y pyS 134142 4 592/07 y,5\is L Dily g Daly (sl los
iy Glise Jolpe 1 T Cudgame 59, (3 JS3) el s @
903)9, 3y 3P 9 595 Ll S gaw ialS 3 )b
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225 ylade (@bio | i oolatwl oy Golles us U (ST5 50158l ollidl s 4 Callas s 5l i oST5 iol58) Lol el 0093 )
ol l38l b cos (Ocimum basilicum L.) obuy s ol mlw don 3 g 05 oigd e Gla (glp IS ey ol
bl Lol e Mol Mg g jiwgsd 20,5 Sjdan 0y Slae LialS Coge wolys p dadigy (o3l

L 45 X390 5,135 30 (Bullock et al., 2002) ),San 5 oo

700 -

coo | Plant density (No.m2) a
016 m20 b

500 -

W26.67 =240

400

300

Biological yield (g.m?)

200

100

1000 2000 3000
Irrigation level (m3.ha?)

sle)) GLjsl Sejgdam 3, i digr 05155 5 (gl e 1 - B
3l e fo > iy Jloin] gda 53 S0l sliels Wi (ygeil (bl ()l sine M) BB S yitie Ggpr s b Sile
Fig. 3- Interaction effects of irrigation levels and plant densities on biological yield of borage
Means followed by similar letters have not significantly different at a= 5% probability level, Duncan’s Multiple Range Test.

5 586 o8y gyl il gl ol Wl 2 ,Sles (5l e yobots w5y oS5 5 )kl i blite g ool 311431 3, Shes
(4 JSs) sel consey qapeyio 3 )5 3136 §29/57 13lie L Dily g Daly sl jloss j> s i il 5,Shee oy 265 g oy (2 Jga) b
lgo Adgs Salidl aoms ) gy slaplil ) 58 b Sl g 0dd gy 4By 3gme 4 e (Solel ke (I3l &S sy e Jlaiey
0135 wlio ool el (@oyoyio 4> wign 26/67) Cgllan paws b g oS5 (il 3.0 cmga |y il 3, Slas iolidl o a5 (s jiiamgid
iy cpo la3sS y9y0 Coldy iul58l Jdody coallan s I 3V (ST 33 a8 Jyaus 50 (sl ot Corgo |y ails 5)Slas yiulisl a3 &8
a5y Slee LS 5.5 (Nadjafi & Rezvani Moghaddam, 2002) paie Slgs, 9 oo .ol ials s Sles dlab g mbio wls ¢l
(Seis bl 5 a8 xS 5,18 (Berenguer & Faci, 2001) wls g 5655, 553,85yl o5kl Jeolsd iuliél 18l cos 1y o5yl
AU o S5 33950 gy gy 4055 4 1y pal ol U a0 5 Slae 5005 (ialS o ogllas s> Sl 5V 4 615 i3]
S S 1y (Sid iS 535 S cul s el aoes pd a8 Woly Caws oS5 L33l

9 oyt (2 Jg) 390 o ime (bg)l ()L39 oLS wibs sl (g5 2 o515 g (sylol olize 5 ol g1 iddld Y5R39 9 Aild dlaxd
(5 JSis) el cowddy myeyia y3 ails 17314 4 1239/5 L Dily 5 Dals (clayloss 15 oy 0 @oyoyio 5> 4l slaws o yxeS

4 a8 33,5 o dily ol LialS ol JLodas ¢ 50, sl S s galS Coage (a5 oy 0T LES g9By (LS 5l oyl
Dl s csllan 15 51 et o515 L e ey s (KOOCHEKI, 1998) 33 JLis 1, 3,kae b5 o 2015
ol 4l EalS @yeyie p3 ails sl ol3e Blge g O Gls (gl yolme sladiy Cyw (S o oS,
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37 Plant density (No.m™2)

30 - o16 @20

2667 340

Seed yield (g.m?)

1000 2000 3000
Irrigation level (m3.ha1)

29yl Oljol s 3 les  digs (51,5 9 (g5l jlale Jylie 51-4 JSU
Al e oy g Jlein] gaws )3 (Sl (gl Wiyl (bl g (gyld ixe MBI B S e By gl sla W Silo
Fig. 4 - Interaction effects of irrigation levels and plant densities on seed yield of borage
Means followed by similar letters have not significantly different at o= 5% probability level, Duncan’s Multiple Range Test.

Plant density (No.m2)
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016 |20
1200
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Number of seed (No.m2)
g
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2000 3000
Irrigation level (m3.ha)

b9yl GLjol Wb dasi  dig w5155 9 gyl Hlade J1-5 UG
8l e by gy Jloin] gas 3 SO (ghiels din ygej] bl gy sine ST 1B (S yite gy (sl ol il
Fig. 5- Interaction effects of irrigation levels and plant densities on branch number of borage
Means followed by similar letters have not significantly different at a= 5% probability level, Duncan’s Multiple Range Test.
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10

1000-seed weight (g)

1000

3000

2000

Irrigation level (m3.ha 1)
2oyl Gljel &I,158 oje 2 g)lel e S1-6 UK
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Fig. 6- Effect of irrigation levels on 1000-seed weight of borage
Means followed by similar letters have not significantly different at o= 5% probability level, Duncan’s Multiple Range Test.
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Al Sy S
Means followed by similar letters have not signifigantly

different at a= 5% probability level, Duncan’s Multiple Range Plant density (No.m2)
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Fig. 7- Interaction effects of irrigation levels and plant
densities on branch number of borage
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Introduction

Medicinal plants are in use by a large portion of population for their medicinal therapeutic effects. Borage
(Borago officinalis L.) is an annual herbaceous, and hairy medicinal plant which height changes within 70 to 100
cm. Stems are straight, often branched, hollow, and covered by tough fibers. Its leaves are alternate and simple
and are covered with tough fibers. The flowers are blue and rarely appear white or rose colored. This plant
belongs to the family of Boraginaceae. The plant is also commercially cultivated for borage seed oil extracted
from its seeds. Water is one of the important factors affecting growth and yield of medicinal plant. Increasing
plant production per unit of water is one of the greatest challenges facing the researchers especially in arid and
semi- arid regions. Plant density is an important agronomic factor that manipulate micro environment of the field
and impacts growth, development and yield of plants. Within certain limits, increase of plant population density
decreases the growth and yield per plant but the reverse occurs for yield per unit area. The optimum plant density
to attain highest yield may vary with the plant and geographical location. Present study aims to investigate the
possibility of improving the yield and yield components of borage affected as irrigation levels and plant
densities.

Materials and Methods

A field experiment was conducted as split plot experiment based on a complete randomized block design
(CRBD) with three replications at Agricultural Research Station, College of Agriculture, Ferdowsi University of
Mashhad, Iran, during growing season of 2012-2013. Three irrigation levels (1000 (I1), 2000 (12) and 3000 (I3)
m>.ha®) and four plant densities (16 (D1), 20 (D2), 26.67 (D3), 40 (D4) plants.m™) allocated to the main plot and
sub plot, respectively. Water requirement for the medicinal plant under Mashhad climatic conditions was
determined by using AGWAT equal to 2000 m*ha™. When the plants were yellow harvesting operation was
performed. At first, five plants per plot were randomly selected for measurement of yield components. After
removal of margins, to determine the seed yield, the remaining area was harvested. The studied criteria were
number of flowers, flower yield, biological yield, seed yield, number of seed, 1000-seed weight and number of
branches per plant of borage. To analyze the variance of the experimental data and drawing of diagrams,
MSTAT-C 8 and Excel software was used. Means were compared according to Duncan multiple test at the 5%
probability level.

Results and Discussion

Results showed that simple and interaction effects of irrigation level and plant density were significant on
flower vyield, seed yield, biological yield, flower number, branch number and seed number of borage. One
thousand-seed yield affected significantly by different irrigation levels. These morphological changes in growth
can be considered as a morphological adaptation of the medicinal plant to water and environmental stresses to
decrease transpiration and to induce a lower consumption of water. The growth is the most important process
that is affected by water stress and the decrease in the growth of cells leads to decrease the plant height and
number of branches. The highest and the lowest flower yield were observed in I13D3 and 11D1 with 0.81 and
0.14 g.m™, respectively. The maximum and the minimum flower number, biological yield and seed yield were

1, 2 and 3- MSc student in Agroecology, Associate Professor and Professor, Department of Agronomy and Plant
Breeding, Faculty of Agriculture, Ferdowsi University of Mashhad, Iran, respectively.

(*- Corresponding author Email: khorramdel@um.ac.ir)
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recorded in D313 (with 69.60 flowrs.m?, 592.07 g.m? and 29.57 g.m?) and D1I1 (with 3.89 flowrs.m?, 134.42
g.m? and 3.36 g.m?) respectively.
Conclusion
According to the results obtained in the present study, the effects of irrigation levels and plant densities had
significant effects on yield and yield components of borage. By increasing in irrigation level improved growth

characteristics and yield, but by increasing in plat density up to 40 plants.m™ declined its growth and yield due to
inter species competition for water and nutrient absorption.
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Family Number of species Percentage of cultivation area
Poaceae
Olﬁx\f 4 71.21
Leguminoseae
OY,S.Z 5 25.58
Chenopodiaceae L 146
Ol ‘
Solanaceae 3 0.53
Ol o ‘
Cucurbitaceae 3 057
Oligss '
Brassicaceae
e 1 0.33
Oy
Alliaceae
1 0.16
B
Malvaceae L o1
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Fig. 1-Cotton and rapeseed cultivation areas in Kermanshah province during 1999-2009
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Table 3- Biodiversity indices of crops in Kermanshah Province

& 1P
Diversity Evenness
st
odls Slgs g ople Oogon Orgonw P
Index Species Shannon wiener Simpson 1-d Simpson 1/d Carmago
richness
Js Js ! 23 Js ! 23 5 ! 23 Js ! ST
Total Total Irrigated Dryland Total |Irrigated Dryland Total Irrigated Dryland Total Irrigated Dryland
"u_“" 19 1.92 2.51 1.48 0.65 0.71 0.6 0.15 0.18 0.31 0.16 0.24 0.28
Province
bl k! 4 179 24 138 062 074 057 019  0.28 058 018  0.29 0.53
Eslamabad
%k 11 2.11 2.56 1.45 0.69 0.79 0.59 0.29 0.46 0.62 0.3 0.45 0.58
Paweh
295l 10 1.78 2 1.43 0.63 0.66 0.6 0.28 0.33 0.5 0.26 0.34 0.45
Jawanroud
o 6 1.39 0.72 1.37 0.57 0.25 0.57 0.39 0.45 0.6 0.35 0.46 0.54
Dalahu
ol 8 1.76 1.46 1.52 0.65 0.5 0.64 0.36 0.28 0.92 0.33 0.31 0.85
Ravansar
Sié:ﬂ 17 1.88 1.64 1.43 0.58 0.5 0.58 0.14 0.11 0.6 0.17 0.15 0.57
S;:;;r 16 1.78 2.46 1.33 0.58 0.75 0.52 0.15 0.25 0.52 0.17 0.26 0.49
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Introduction

Agrobiodiversity has been operated as a foundation for sustaining food production systems and ecosystem
services function in human societies. Biodiversity is known as a source for the environmental process and
ecosystem services. Ecologists believe that increasing the species richness in farms is the cause of ecological
stability in crops. Many studies have been done in relation with the importance of crop diversity. Most of them
stated that crop diversity is one the main key to form ecosystem services in ecological ecosystem. Economically,
polyculture can reduce production risk. Furthermore, crop diversity can lead to increase productivity by several
procedures such as pest control and soil fertility. Eventually, crop diversity brings economic stability. The
purpose of this study, was to calculate crop diversity using the biodiversity indices in Kermanshah province.

Materials and Methods

Kermanshah province is located in west of Iran with latitude of 33 to 35 and longitude of 45 to 47 and covers
2.5 million hectares. Crop data includes planting area in 13 cities during 1999 and 2010. Thirteen cities in the
area were evaluated in the study, including Eslamabad, Paweh, Jawanroud, Dalahu, Ravansar, Sarpol-e Zahab,
Songor, Sahneh, Qasr-e Shirin, Kermanshah, Kangawar, Gilan-e Gharb, Harsin. Crop data was obtained from
ministry of agriculture. In order to quantify crop diversity, Species richness, Shannon, Simpson, Simpson
evenness and Sorenson similarity, indices were calculated. We used the planting area of varoiuse crops to
calculate the indices. The Ecological Methodology software was applied to calculate mentioned indices.

Results and Discussion

According to our study, 19 crop species was planted in study area. Wheat was highest planted crop followed
by wheat, chickpea, barley and corn so that 51% of planted area was devoted to wheat and 33% was devoted to
chickpea. All the 19 crop species was classified into eight families. Leguminos, Poaceae and Solanaceae had
highest number of species, respectively. Poaceae (71%) and Leguminos (25%) were highest in terms of planting
area. The results of present study demonstrated that 23% of crops type was planted as irrigated and 77% as dry
farming. Moreover, 14 species were categorized as summer crops and five species as winter crops. Species
richness was 19 across the province. Species richness in Sahneh (19 species), Kermanshah (17 species) and
Sarpol Zahab (17 species) were highest. A big difference was obtained between Species richness in irrigated
lands (19) and drylands (8), irrigated lands was more that drylands. It may be as result of water availability in
irrigated lands. Shannon index was acquired 1.92 in Kermanshah province and highest value was obtained in
irrigated land of Pave (2.56) and followed by Sahneh (2.52) and Harsin (2.48). Shannon index in irrigated lands
(2.51) was more than drylands (1.48). These findings may attribute to water availability; the crops such as sugar

beet (Beta vulgaris L.) , potato (Solanum tuberosum L.) , cucumber (Cucumis sativus L.) , alfalfa (Medicago
sativa L.), canola (Brassica napus L.) and paddy would plant if water is available for irrigation. Among the
cities, highest Simpson evenness was belonged to dry lands of Ravansar (0.92) and Kermanshah (0.7). It implied
that there is no dominant crop in these area or crops are uniformly distributed across the area. However, in other
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cities wheat (Triticum aestivum L.) is dominated; so, evenness is low. Shannon index was highest for kitchen
garden and it was around 2.1 followed by cereals (1.07), forage (0.97), industrial crops (1.33) and beans (0.18).
Finally, correlation between Shannon and Simpson indices (0.78**) and species richness and evenness (-0.85**)
were calculated.
Conclusion

Wheat and chickpea (Cicer arietinum L.) are the most popular crops and are cultivated in Kermanshah
province (west of Iran), however, these plants are dominance than others. Cultivate monoculture systems in the
province has increased the vulnerability of agricultural systems and for the low diversity, the risk of pests,
diseases, and weeds are high than diverse systems.

Keywords: Evenness index, Shannon index, Sorenson index, Species richness
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e 5l 5L 2y50 SleMbl (gyglanz 5 o dl> o el
5 S sLaol Syl Lol 55 35580 g0kl 5 LML
(slasbolis” ladllas ¢ g las labiod yisred Ab plos] (0
aalio > c]a_w )0 dg>g90 Oliisius 9 LmLy)l)f EwIr 9 axllas
S 35 Sl Sl 3blio (S 5 Lany 5 €85 &0
S

OB355 )3 ofage dmags Jl 53 (69l )3 ey (Sh)S 3929
» opmed 9 (FAO, 1997) el cngy JolB e 31,31
2 F i (Slatal (slaog S (s p3 55 Wl dssgs slasS
28l oo (a3l Jl

by o oolil a8 el (65,5liS slapllaipg: (g jluorls
B i €IS 5 o o el slatis S (0 g
03y (aigolyd Cuwd &y 0jg yol (Jg elilanily iy 4385 3 pne
Ay 0dd odlat wl yieS g o ybgelyd lalS 1 o)l L Llonds
e 3 e Mo BB (i85 5 5)55le (b 053 e Laulyd
Rezvani ) slaush Jowe xolgs (oobazdl g ( Sinyd Pluwo o olie
- ol |y bl cuenl Jalge opl a5 (Moghaddam, 2008
aS wiwd LS s oolaiwl S g odd igelyd lalS . ams
aS ols Nl a3 clite o 5l a8 Lol Sl )d iw & )jgod
J._S)I.))9'>)). U’.)\Jl; ml )l (s dl!bo.)l.élwl 9 u.l?w 6"|9> LSI)J'
Plyog oKl lS ol godsio LYD& (Jg g oo cuiS
Al wgdy y 1S flals ol ashealy cusd el (slaeX]
M5 azgi 2)90 (Suf @l GBI Cbli> o (65)5LaS (pdline
.(Rezvani Moghaddam, 2008) wla:s 5

OSen @blia jl (B 0 685 S (b @iy 4 g L
ol S ey ;500 bl )0 5 ond oolaiwl yieS & yguods Cunl
oloj Jole 4 495 L (Padulosi et al., 1987) wily ¢ hao Lol
Sl Jdoay cul (San Jaaze K A igelyd as
Al gl calizee (gl yelS > b bL

Wl o 38,50 Jelge 5 S aliske malgn 55 (slayiss cole
Oeie lie S L s Mo el (o oy J ] i oS
o 93 e b ol g3 B e (Oriza sativa L.) gy
S 18646l b bgyl y3 U L (Solanum tuberosum L.) _ie;
kol slaily Y gz cusS wlbow Plo 9 JY>  Cawl Jloe
Guyb il cded jl gyl &S Cunl osis cely s LIS odes )
Jeles g ¥ gane ul g )3 Al w2y BB polie colsp
5 olidos cogs coiSin claassg wlasl b jl g
auS boas 5g 8 cciS eS|y lals oyl ‘bz,"j bbb
(Rezvani Moghaddam, 2008)

2 G 2 Ol 2 S)ysliS Ol odas LSS ()8
Zea ) o, (Glycine max L.) by alos 51 SO 51yl Joaxo
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Ol o oud ouliiuul yias olals (&
oS 3900 LS a4t o Jolid word edlitul jzeS lalS
S92 Ol SR b (S 3 (Jg 0ad (gel b gblie (S
CiS pj e 2L g bl )3 5 4iB)S )15 1S S

= 04 u’.)l_wL.w uLmLf caslllao L))I )l ‘_J.Aol> @L) ual.wl))
g o 0dlawl oS lalS dwd 3 4 culS ) pdaw el s
o3lawl y a8 HlalS ol Croud 3 &S WAS ol 0l ygel,8

Oyl 53 oawd odliu] yioS LS bl -1 Joua
Table 1- Names of under utilized crops in Iran

Y A odlgls
Name Scientific name Family
55yl . - lodiS
et Panicum miliaceum L. b
Millet Poaceae
s . o diS
P Sorghum bicolor L. U
Sorghum Poaceae
G Secale cereale L. obess
Rye Poaceae
s Hibiscus cannabinus L. S
Kenaf Malvaceae
ot Linum usitatissimum L. _Mw
Flax Linaceae
S Linum usitatissimum L. _Mw
Flax Linaceae
“"’“" Onobrychis viciifolia Scop. g
Sainfoin Fabaceae
A lathyrus sativus L. Sy
Lathyrus Fabaceae
X,5 . . wlS
s Carthamus tinctorius L. o
Safflower Asteraceae
: Sesamun indicum L. -
Sesame Pedaliceae
25 Ricinus communis L. “”'3?3
Castor bean Euphorbiaceae
HEVY ) . . HEVY W)
e . Cannabis sativa L. “He
Cannabis Cannabaceae
i L. - lwls
o) Rubia tinctorum L. uEn9)
Rubia Rubiaceae
[ES - . [PW:
Lawsonia inermis L. ol
Henna Lythraceae
QR ) Ipomoea batatas L. ok ok
Sweet potato Convolvulaceae
L L. - Lilwesly
Sh Nicotiana tabacum L. Ot
Tobacco Solanaceae

329 ol ) i)l celys dls p e L) ()b sl
Fazel Pour, 2001; ) olslabs lyes 55 dbadiee Sy 4S5 0
5l oly=! > (Bagheri Zonoz, 2003) 4 )-8 4 (Olfati, 1995

Nassiri et ) hKes g (¢ mas - Coul 0392 ,13)65 1 (ol Caronl

o3l
0y 4 3-lxio Panicum miliaceum L. _ole pU L 3l
S Al ayeiS Sy g lpl o olS pliasl e lensS

Db St Lo e &) pe S Bl 3 5 g 3y (o0L;



1397 liwsli 2 oylesds 10 alr g 5y9LiS ol pos 4 pii 300

-odle pgS 9 oLS )3 (wizen (ReZVANI Moghaddam, 2008)
b oale S laiedy a8 0l dn g S yusliwdnl pU 4 (4l
2 e 36 Jole rad 45 35 0 Cgus olS (0l (gl S
Ol CiS 5 e 805 e ogaime Jolse l 3 o cusS

D93 Gl (hgaly Cuoms &y g 4Bl (alS olS

Sagla-3

OlediS 05 5l Secale cereale L. ole sU L LalS bl
S Gl o Bblie 3 593 (laiz & 4SS 53 il oo
(Imam, 2003) el oais 3gae aid,y aid,y Jg 4sb zlg, o
LS g S )90 il olal 3 ylagle o Waitas (Byge (B
o3kl yolatods Yoano .(Fazel Pour, 2001) cosl 45,5 o )3
agls )15l Jrols s a9 oo S sl a0k (gl il )
38 Jlagle amd oo cwd Sl ]y 393 CudsS paiS (U I 5o
sl o @Bl 5l g pls 5 el T o g juus adsle jlo)ls Slgls
(Khodabandeh, 1994) 59 e edlitul JSIl aJgi g puas oyl
394> 41370 Jlo 55 ke 3500 1 Jguammo ol oS 5 pedaws
o bas ialS aS ccul oty 1379 Jlo > e 300
Normohamadi & Haj ) aas s ;L |y oLS ool cusS
lad vzl > g e omayy .(Seyed  Hadi, 2004
Olg=es 1y gl (Normohamadi & Haj Seyed Hadi, 2004)
3y By olnl 3 (Ghgeld Sl 53 0lS S

2 Bgls eS8 o JialS (gl gaaie JV5
O 355 o sbgle b S5, 0. g (6555liS” slaptinsS]
Imam, ) 5,ls paS 5l (g pieS e 5] aiomed Cal puiS
Hordeum ) g 5l y5S" Jgamo oyl 5, Slas jliia (2003
0, 55 el @lisios 4 olgy o g cal paiS 4 (VUlgare L.
Joloe oyl dods a8 05 )b puiS Ciawo 4y bilod it laioes oS 5,8
555 B S el oud Jgazme cpl (938l o) (AalS carge
o=l e ol il coles g puS SliS395 5 gy slacuolw
GBS 3 a8 5,8 plis bls wbcad 0395 3B Jpae
45 sl ol 5 gly Cuad & 425 b g 039 o p3ye 5 )8
Byans o8, b Jls o (g el oad o soliwl 4

sl 038 o5 B 4 s Sl sla)lls

e oLl elalial j3 5,0 &8 amals bl (al., 2004
OT 9 Cunl 0 o S yliwd S g )b Lol B o latiol o B
ity Gl b 555 838 Symn sbgel s Jlo 3 olS S,
b awlio sl )yl o Sis sblie p3 b 2 plae (gl YU
355 (il 01 el oS Sy plosis ]y o Blse s
Nabati & Rezvani Moghaddam, 2006; Seghatoleslami )
(et al., 2005

9 oyl 3o Y b IS 5 kS dilu oS oyl o) Je olS oyl
ago @ Al )00 (gl LS dxwgi g 3959 (Jg )l lea
Cpd A Coud (508 3)Sdas 1yj d)S olS pl Cucnl ials
alos 4y Cowlus piorod g a0 ) clS L5 Jelge )b
0l Jguame ol cuiS 4 o0kl hles pae coge Sy
a8 8y Cowd gl oMe i ldiS byme .l
Oly ot (Jouamo 4 sladseS U dunlio )0 aisS pl cols,
scucgion 5 (oolw (( Kin g Plus g slail Lol > o,0
sbaghy) 45 (e slaog S ()85 Bl ol 3 g (ke
Saxie Jolse dlon jl dizuwsly o (psda |y LS oyl fub 5 ks
Normohamadi et al., ) 1] o bt o)l HalS dgeld )
(2005

poSog -2

- »LS Sorghum bicolor L. ole pU b slasgs )3
2w b laple jlelS ol cutS cud (leasiS 05 5l Al
syl (Samadi, 1983) cuul 639 Jgliio liwgin o Gy 31
Yavari, ) 3,5 3939 5loyS 55 peol ygals 3l e o] ColS e
49 ol 535 M s o8 g (S5 Jass 35 (1980
LSl 35 50 (1AM, 2008) o igpme el ol 23
ool Bua b aas g 39a0 )] cuslS g 3,15 yguiS )3 ogllae
[(Rezvani Moghaddam, 2008) 545 s plil el (clys adgle
NS i i b8 1365 Jls yo gl )3 o Sy s
48l Gl 8l S i Jog 4 1382 Lo o g s (315
]

Bl ab psS Hp clS Sl Lol Ban a5 cpl 4 argily
o 5l s kS 5 5L 3 Slas L il 53 5bo ol
ol ods O b awslio 3 ol Sles Cuod LialS Coge a5 340
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ous -5
zuu o, jl Linum usitatissimum L. _ale sU L 4k
dale b dy dner Ly ddl o bgladed jl dlucs o ol alS
Bagheri Zonoz, 2003; ) sluwlw oyg5 ;3 olS ol Su)ls
o o ciS 5lyml > (Birjandi, 2008; Hamedani, 1989

o]

Ol eyt By (loml B sl LS ()
2281y ©)ygods lybile g e lo)S o) (ol el
ol oyl cuiS p j xaw .(Khodabandeh, 1994) >s o cuiS
56 2280 4, 1365 Jlo ,> g 034 ;1S 9000 >0 1340 JLos
GOSSYPIUM SP ) dty CuiS dnwgs 53,5 Hlai 13 by .ol opan,
Olzmen (IS Sl 5 o ¢ o5ime Sl Gpae (1581 (L
Ay LS 107 45 1379 Jlw o s el —ials a,,
swaisg e (Normohamadi & Haj Seyed Hadi, 2004)
oy S g camlio (Syaelp pae Sygo yd &S Canl ] LS
2 0ad gelid olS Sy lsis ]y olS ul Bl e 58T o0
5 (Nassiri et al., 2004) ,l,LSen g (s pns bS5 , L
Normohamadi & Haj Seyed ) solasw zls g (sdoe )y
L.y pb odgelyd b y3 olS G olgieas o] 51 (Hadi, 2004
(L as )b caio o olS pl &S Jlold slaoslaisl 4 asgs
Cowl SHlolS ol cusS s mdaw Js )b og)b g (iS 20,
e gm0l Slgdl (1345 Cpien (Khajeh Pour, 1991)
wlizwlio .3l 0 olS ol dewg pie b3 5l cuiby 5 cusls
5 =hj slajls pogad 3 oS 59y i (o5 lais
2ad g el (ot o Cunl 43S Lo ol )3 (SjglS]
25l anily cutS oSl 3 sllas olSyls o ol

S, -6
5l oS g dewlid 0,5 3l (Linum usitatissimum L.) )5
Slaogad Hi 5l (Jy igdpe Cgucme 45 Sy (oulid olS s
9 2900 AL gy (sl S)i lages LBl o glite (505
(Khajeh Pour, 1991) ¢l 4ol coas b oligs LI ¢l
elize 5 Shes «29)b Spas clp Slohd 20)8 S)i o)
Nassiri et ) ausl coiS dilo 2)e ool S5 )b K,

2- Linaceae

“as -4

5l el LS Hibiscus cannabinus L. ole pU L s
Al il Coboye 5 235 bl g LS S5 Sy 05
Bagheri Zonoz, 2003; Birjandi, ) s,b ;48 ;5 5Ysb cusS
S Slols S Wil §) U b olyl s diss IS 4 cazs’ (2008
—am &5y sl el Ol Jlesd 53 g Cltlss gnio dia
ol 3 el deo by (58l el 5 Sl ag Jie 28 lplizs]
—i) oLalS oy 5> (Samadi, 1983) 45 S o sdliul
Sogbods 1ily oo IS oLS ALK juad Mg (sl oLS (o S goLaiBl
Gy s 5l Jeols KIS 51 iy S 32 5 Sles o
Foash iy St WL 4 Cand A8l Jols jred uizren
D8P B syl g (b B Blo & (S5 My S
Sg-dis ol sy 9 Laady) cainle «Sge (inile
.(Khodabandeh, 1994)

s o9l 90 iS55 ey g o)l slaglinl )y S
Ol 5 ol 9 Slie ol yiis petilnl (slaglis o ) 0l
Khodabandeh, 1994; ) 55 ails alg e jm obiwjes

4000 390> 1349 Jlo > a8 iS5 plaw (Samadi, 1983

Khajeh ) ,LiSa ;3 SLJI g p)5oks 1250 (S5l L,
Karimi, ) s, ;LS 2157 4, 1350 JL ;s {Pour, 1991
Khajeh ) col oas (3155 ,iSe 40 544> 1365 Lo ;> 4 (2004
5 (Nassiri et al., 2004) ;),LSen ¢ (s pwas.(Pour, 1991
Normohamadi & Haj ) (sslasw zls 5 (sdomeyg5 pwicxen
gl a8 S S oS WS iyl (Seyed Hadi, 2004
LS oS sl 005 pgalyp lalS alax 1 S .l ol )3 o
ol et 5 48,85 s ol lp olal 498 o (3L Slados
SBlss y5-iS b laglinl 3 (23 Jgame Sy g0
SBL 4 s olS ) Wy slaan 5o (Khajeh Pour, 1991)
Rezvani ) s,b 1y Lagl L e, (g5 9 0390 YU egiunn
SBLI g gl 0318 jgbas 42335 )3 (Moghaddam, 2008
6 9L8 dnwgi b Lol el o o oS 15,5 adhaio j> )] Cangy
S92y pAs Ab 0dyw (oBgel b 4 s (eghas SUI Wy
oalS L bsye V5 1503 (0598 0 (Bl G5 @l
A8l e S S

1- Malvaceae
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Joo 5 (S 15392 el (g3en (Y gazne S 0 S
D9 g0 4l olS ol ials

(sasicy) 5 -8

1;;1).99 0,5 4 slaie Lathyrus sativus L. ole pU L 5
9 Linydl 5l (s ciliansls oll 53 sy sgboar olS el
«YU syl (Parsa & Bagheri, 2008) 545 oo cuiS lugin
sl el ame delusls baylps ply 3 ol Jeso bl 4 5
adgle glpiean el g canl Gliwgain p3 Slge o i)l B
Koocheki & ) el yib p3ye (slie o] (slaydy Lol g 0 cutS
1375 Jlw oyl 3 415 ciS 5 xdaw .(Banayan, 1994
oialS S 1957 4 1381 Juo > 45 odg Husa 7040 Joleo
o o) 12 inlS oasims )Lis K9, ol a5 el 03,5 I
Nassiri et al., ) oLLSea g (s .ol Jgame opl oot
Normohamadi & ) (salasuw zls o (sdemxe, pwizxen (2004
Oyl 93 0ai ogeld olS S 1, 1 (Haj Seyed Hadi, 2004
K03y (e

By ns 45 g o0 CulS adsle 5 aib i oolatwl jolaioas s
o Y len jop cage (SYob Gdeds olS (pl slaaily
Koocheki & Banayan, ) 39— o gld olus! ol 5l p3 a5 53,5
shsgle oLalS Ciliseo pls,l coisS axuwgi uiccen (1994
Al (i 3 Slee B L duslie )3 &S jaud g a5 (e
Joelgs ol a8 0ad plalS ol cutS @ sly GRS e

5,159
Carthamus tinctorius _ale pb b allwgd b dllucS Lals
wlooygls (slagtS 5,85 Lol oge uilie  lS 05 L.
;1 .(Samadi, 1983) ol oai aslii olpl g 45 5 (ogasa
Ky ploieds (1l l8 () 03lo 2539 ooy )5 slaS LIS
- — o3l (Crocus sativus L.) olyhe; cls 4 anb (glie
Sk 0y o5 @lo (AU gy dlgie @ 5 o Wb oy s
O Lo IS g jobo w35 (gl KI5 by 5l e Jlaized

1- Fabaceae
2- Asteraceae

Jaie oy )3 1355 Jlo s o] cuiS 5 pdaw o (al., 2004
£,55-LS 500 51 ,xe8 5 Slae b 1S 14000 540 oS 0395 395
(Khajeh Pour, 1991) cul o 035 e HliSa 3 4l

520 325 GileSS) mlio )3 5 039 (85, olS Sy S5
Ml & olond (389, 2o (385 SLS 5 5l Jols (slapsés) 2959
3Slos dy angi b fcuwl 0dgy S50 olS cul g 0 by > b
P oLl i) ogllas 5 (S )5 (5 2 5 i) Jawiliy 3)Shes
g Col ond el glpl 1 1y oS cpl Wi 398 (eolaidl (jlisa
ol AbS izmen ol 043)5 Sy5 A o]y Aulls 4 coge
S)lgo pim yd &S Cul bl b 4 (6035615 o3l (gl oLS
(Karimi, 2004) 345 oo pl> Caogomme el

w#“?

o, 3l Onobrychis vicifolia Scop.  _ole o5 Ly Ly puns!
g Shtde by (b 2y (el gl slie ASb e Slge
Nassiri ) o) Ken g ¢ s (Karimi, 2004) ol 3,5 bl
Normohamadi & ) (sslasw zl ¢ (sheeyys o (et al., 2004
3 bgalyp by olS G 1y Loyl (Haj Seyed Hadi, 2004
3lion slodas (ladsle LS alex I el 253,57 B ym0
Cuoglis ;oS 3o oS 0,8 odlatul Lo ljesd )3 ()les oo oLS opl 5l &S
Bblie 1y olS cnl g 3o L5 355 5l by slip & (o3L;
(obiwd S Jmnyl slagliwl o a8 opl aiS o cuiS” Sais
Ol S dalw Lot g peid ol (olaio! cdl};.g.‘.g):)i
ol s 5 daw K9, () (Sharif Abadi & Sari, 2001)
1369 Jluw o o e 5 maw a5 amd o plis ol 5> ol
oduwy ,Se 58894 &, 1376 Jlo ;5 45 o3¢ ;S 69466 590
JLs 1 aSopl b ash alsl o] coiS ;5 adaw SialS x5, ol
Normohamadi & Haj Seyed ) s, ,LiS» 36221 o, 1381
[(Hadi, 2004

a0y g shdsle 0 (gmen (S gaze 4 aay
b oas el (Trifolium sp. L.) ,a3 o (Medicago sativa L.)
Sz s> Caslus 395 lgan ol 0 GBgel8 e 259 0l
&S s gy 0 w0 pAS CuiS & plidl 5 puS SlaSHes
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g 103 80 dlo asn Joo)l 5 925 Glols pliojss (o)
Rashidi, ) a5l esls Lolaisl sg5 a1 g8 aouiS cuisS pj
O o5 Am3 o oLt olS ul S ) s (g 2 (2012
as 1381 Jluw 5 4 039, 62261 1 1379 Jlo & by o
ol a il ialS S Sy 0)lg—an g o) ,LSa 42282
s9=io Jo¥> .(Normohamadi & Haj Seyed Hadi, 2004)
e 4 Gl on 45 3 3929 (lnl )3 olS cnl cutS (alS 4l
st Cudl g ylon 4 2o A s Colis cutS (p3g
) Olojen pae S Jpae Cunle 4 do95 L) 055l ik
g 4hl as 2 j) Jgmamme ol (o9 i 5y 9 g
o)Ll oS Jpaze (sl (deedS b3 5 bl g O

(Rashidi, 2012) »,5

!

1O%é)é o355 jIRicinus communis L. ole U L S5
ol shus a8 5l 595 g dllwiis § dlucSy &ygody &5 Sl 0
0103 dlwtis g dlwcS (ladip & )ygods g Conl yluglin
o el o Al @ygody pLY08 51 56 ol 45 044 0
s dlodiz iy (oS (g5 )3 g 0l oo CuiS )9S
Oy > Y gb cisS ailw olS ol (Samadi, 1983) s
Bagheri ) Ll 0,93 ;5 o) cusls’ jl Laliseo cla b)l55 o>
3,03 3¢5 (Zonoz, 2003

by (S0 SewY ooy gl 3 S8 )
alie 2 o) plysa rzmen D5die odlitul (S35 5 o]
Rezvani Moghaddam, ) ,ls 5,LS oLl g (c5lasleslen
1375 Jlo 4 s 1381 Jlos 3 olS ) oS 15 gedaw (2008
So S i bselyd WBe  JHle a4y g atdl (lals ds )y 99/6 .
oyomen (Normohamadi & Haj Seyed Hadi, 2004) <.
ol 48 3,8 5,15 (Nassiri et al., 2004) ), Sen 5 (5 s
Sy Olgisds 5 ond oo cutS lodol 5 byl slag kil 5 olS
PSS Oy N2 (Byre y9iS 3 b el Sl 3 ol
Judods 0950l (Jg aily calisee mlio jd Jlglyd (glad ys )8 aisis
3L ;53 i Egiman g (plend OluS 5 Cole g ple iyt
Folss o=l 09 5-2l) paalS cage BYS (ned 5 3l Slin

1- Euphorbiaceae

(Rastgar, 2005) 4.5 0 03kl (55, S5y (slp
250l 505 el Logases olul @i 5 S5,l5
Sl ol 0ad o oS Ky angg Ban b bl g olul
L 5L 1000 5905 1370 Jlw 3 glpl o cuiS o pdaws
(Khajeh Pour, 1991) ¢l 039 ,tSa ;5 p,55ks 700 5 Shoe
2 ol (ol ogdioe (A oad olital S (LS <2 SO
o OpSTed (Hy odd oo CuiS 035 yobdy pdo fo)b Job
"ol €S ) o (S355 5 (Siyd ol Jluws ale (LY
SlaSsy 09y Judo 4y pdldas wis (b el @l el s
el 0l S ol )3 SIS IS 5 S Capan] 1 oliasds
9 ) 35 yo3 o wixen (Rezvani Moghaddam, 2008)
Sl el 52 (shoes e o ol lalS (S5 Slogas
A ) L5 1 e T b colsy @)ad alS ol )l L]

At 53 0§ Jo

sais-10
sISesamun indicum L. ale s L dlwcss, oS
Jib ABA-425) bg, 590 Sg29ym el oisSg 5 CangaloyS
0,L31 el oy 039450 43 oLS 4 395 56T 55 (romne 3o |
S iseed 3 e ] g Lol 1y soS Lo eliie g 43S e
5 J=d JLw 2000 sgas ool o csS @ oy o leMb]
oS odes bla jl S olpl WS o cols a8 5,8 o)Ll 0Mes
0yLyd ()l (S, aalys (Rashidi, 2012) cowl sdgy a5xS
olbe; > (Hamedani, 1989) sl 3459 joiS )5 aouS sl
0y93 ;> ¢ (Bagheri Zonoz, 2003) -l o Jg—se (sMiul
Oyl Gilize sblie > asuS (Fazel Pour, 2001) ol yeisos]
e B ol b Ghgald LS Sl ST sl ead ge S
Safari & Koocheki, ) s> sladsle ¢ g, (slaosliznl & 34
9 &y .(2002; Papari Moghaddam & Bahrani, 2005
oS o loeass Iy asas (Nassiri et al., 2004) ) )LSen
ool (Gasile laploud 3 &5 203, (Byme 0ad igelyb
gle g homnyg sl oddgo CuiS olitilo)S g (po)l8 (Ll S
o955 (Normohamadi & Haj Seyed Hadi, 2004) (¢l
ol ogelyd o 30 jodS blai adey jd douS WS
Ol gy 9 3,5 (o Pl )9S il 22 53 oS’ el



1397 lisli 2 oyLesds 10 alr g359LeS ol pgw a4 p2i 300

O yin 9 Cal inio 2L Wby, (Olfati, 1995) cul o34
9uT B ouwlwam)wbg ;i:) J.Jydl)) UT d).\a.o
p3ye 5 ond 3 cael o (oolaml gllan Jlws a3jb ¢ 590 SB-
Wl et Plos 0 by g% G b o 4 ()]
Cygody dog)l 9 lebid ((g58 3y ST igley 3l
935 glaglisl )3 b 09yl o el 5 Wl gy st
slaSls il Jdaas H85)] ol j0ud 038 o Gygo leyS
Trbe Loy Mg sbacdad I (o (olg) cutS cuslio g 55
Ay Suis o Slos bawgio oyl e opl )3 &S (gysbas Wil 0
TIS G415 by 55 pliwl 3 ey, aduy 3,Sles bauwgio . 15b oo
33 29a> 1381 )3 ol (ol cuisS o prdaw .0l oo HlSa (> o
(Koocheki et al., 2004) ¢l ors sl ks

awg L oSl ()] Sy adgi gy oS 3 Lol Ban
a3)S 5 85U cov jo ol opl cutS egnan slend )
a4 cuiS by cedd g5 cde 4 35 1376 Jlo 5l col
ol ol g 23S e s ptiay o g b g s g Al Ll
A p o b ubay o)l g atab o ,0 (g0l soladl 55,
ol ol 35 ST g s lows
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Introduction

Conventional agriculture has led to a massive erosion of plant genetic resources in agroecosystems, due to
agricultural intensification. Such process has resulted in underutilized and neglected crops, many of which were
historically adapted to the local environmental conditions, they were grown. These crops were important in terms
of both diet and socio-economic aspects of local communities. Underutilized crops are regarded as new crops for
those who use them for the first time most of which were used widely once in the past but now due to different
reasons are less attracted to the farmers and the users. Neglected crops are still cultivated in their center of origin
by the local communities. They contributed significantly to biodiversity of cropping systems. However little is
known about the agronomic and environmental criteria of these crops based on the new area of environmental
changes. Since neglected crops are low input and extensive in terms of inputs, yield improvement, quality,
marketing and policy framework strategies are needed in order to enhance their proper use and economic value.
Traditionally these crops were used as food, fiber, fodder, oil and medicinal sources but at present due to their
unrecognized properties and also poor consumer’s awareness they have not been brought to use in a wide scale.
One of the important issues related to the reintroduction of these crops to the cropping system is proper
understanding of their properties and the way they could be adapted to the new area of technologies. However,
care should be taking to preserve their genetic identity based on the low input cropping systems. The aim of the
present study was to identify neglected and underutilized crops in Iran for the possible reintroduction to the
cropping systems on the account of serious environmental changes.

Materials and Methods

This study was based on the field and documented data collection by questionnaire field visit, interview and
literature review. Species were classified into two groups of underutilized and neglected and their specifications
such as local and scientific names, ecological criteria, yield, life span (annual, biennial and perennial), growth
form (herb, woody and ...) and cultivation requirements, historical use and present status in the country were
investigated.

Results and Discussion

There were 17 less-used species (in 13 families) and 5 forgotten species (in 4 families). Low competitive
value of these species compared with those of high productive value crops, introduction of new crop varieties,
deep changes in food and drug consumption regime, political and socio-economic factors and finally prohibition
for cultivation of some species such as opium were the cause of this neglect. In addition replacement with new
species adapted to new technologies was also responsible for substitution. As the demand for new nutritional
traits is increasing, neglected crops can overcome the constraints to the wider production and use. Although
attempts for large-scale cultivation of neglected and underutilized crops appear to be increasingly exhausted,
many species have the potential to contribute to food security, nutrition, health and income generation and
consequently more socio-economic benefits. Despite their potential for food diversification and providing
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important nutrients such as vitamins and minerals, they continue to attract little research and development
attention.
Conclusion

In the context of the present study underutilized crops for Iran considered to be species such as sesame
(Sesamun indicum), flax (Linum usitatissimum), Jutte (Hibiscus cannabinus), castor bean (Ricinus communis),
sorghum (Sorghum bicolor), hemp (Cannabis sativa), safflower (Carthamus tinctorius), Secale (Secale cereale),
millet (Panucum miliaceum), lathyrus (Lathyrus sativus), Sainfoin (Onobrychis viciifolia), Rubia (Rubia
tinctorum), Sweet Potato (Ipomoea batatas), Henna (Lawsonia inermis), Tobacco (Nicotiana tabacum) and
Rheum (Rheum ribes) and the important neglected crops are opium (Papaver somniferum), Eruca (Eruca sativa),
Vasmeh (Indigofera tinctoria) and Rumex (Romex acetosella).

Keywords: Industrial crops, Less-used species, Neglected crops, New crop species, Socio-economic factors,
Underutilized crops
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Table 1- Physical and chemical properties of field soil and manure used in experiment
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Table 2-The rate of consumption of inputs and agricultural operations require in different cropping systems
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Conventional systems with low inputs One-tillage + One- Disk + Leveler +Furrower + 75% Manure + 25% NPK
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Table 3 —Characteristics of climate factors of synoptic stations Iranshahr in the year 2013
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(°C)
(35 429 o Jilas (i
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1- Effective growing degree day
2- Active growing degree day
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Table 4 -Principal growth stage 0: Germination

.o . . Code .
Cuils 51 g W59, &b s Sogs
' DAP Data Description
4/6/2013 00 S
1 Dry seed
1 4/6/2013 01 SR A
Beginning of seed imbibition
2 5/6/2013 03 e
Seed imbibition complete
3 6/6/2013 05 ok g
Radicle emerged from seed
3 7/6/2013 06 A o sk
Elongation of radicle
4 2/6/2013 07 yh sisgy D G e b 4 5y
Hypocotyl with cotyledons breaking through seed coat
4 8/6/2013 08 S gl S ot 85 b & e
Hypocotyl with cotyledons growing towards soil surface
S gl S Gl I e L ad 5 e 108 o
5 8/6/2013 09

Emergence: hypocotyl with cotyledons breaking through soil surface

1- Days after planting
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Table 5- Principal growth stage 1: Leaf development (Main shoot)

Csls o s, &0 KLy oy
DAP Data Code Description
8 11/6/2013 10 4 Jol8 sl
Cotyledons completely unfolded
12 15/6/2013 11 ol S s AB3k
First true leaf unfolded
15 18/6/2013 12 chol S magd (a83k
2nd true leaf unfolded
18 21/6/2013 13 hel Sy g 355k
3rd true leaf unfolded
29 2/7/2013 1 Jole aebl
Stages continuous
38 10/7/2013 19 Bly Sp W sk

12 true leaves unfolded
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Table 6- Principal growth stage 2: Formation of side shoots

Cwils 5l s s, &L s oy
DAP Data Code Description
41 14770013 21 “bedB et oo Slh o
First vegetative side shoot visible

44 1772013 22 oo oo el o
2 vegetative side shoots visible

47 2072013 23 SRl ey (£ L g
3 vegetative side shoots visible

54 27/7/2013 29 saalia B o2 A

8 side shoots visible

Jole (n) 45 2900 a2 8 Aloya 8 ) 5Sde Al ya ()
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Table 7-Principal growth stage 3: Main stem elongation (Area cover)

Cls 5 g g3, &b s S0y
DAP Data Code Description
R AT
56 20/7/2013 31 o o OLS AN s ely5 Gibyy £9yb
Beginning of crop cover: 10% of plants meet between
053y o LS 51 Y-
58 31/7/2013 32 <2y O olabs Y
20% of plants meet between rows
853, oy olalS 5 7y
60 2182013 33 <22 O el ST
30% of plants meet between rows
053y o LS 5 LE
63 5/8/2013 34 <22 o ol AT
40% of plants meet between rows
853, oy ollS 5 o
65 7/812013 35 2 O olels Sl
50% of plants meet between rows
053y o LS 5 75
67 0/8/2013 36 <2y Om ool S 22
60% of plants meet between rows
03y o LS 5 Ve
68 10/8/2013 37 <22 o el 2V
70% of plants meet between rows
5 e LS il LA
70 12/8/2013 38 <2y 0w plals 1 2
80% of plants meet between rows
71 13/8/2013 <25 O Rl 03 b, b 00 e

Canopy closure: 90% of the plants meet between rows

iy o) e g Sl (slod (1S3l 5 YD il 4l slod
Gl ssboald HLis ¥ Jods > Jolye cpl 2g ¥Y/Q YF/5

G231US ) 94 ala 50
Gl ol bl g olye Y )b j3 (31 S jsels dls o 51
Osles gl Jobo a9y WY pSde 0)93 392 olo )9 05 Y

(bl al) 02315 50 (ol iy (0) s yo —A Jgor

Table 8- Principal growth stage 5: Inflorescence emergence (Main shoot)

Cwils 51 g 5B 59, &b a5 dpog
DAP Data Code Description
75 17/8/2013 51 0B S Sleale ool
First floral buds detectable
81 23/8/2013 52 osalio B LS slasl> ool
First floral buds visible
84 26/8/2013 55 P slasl i3 et 5 S
Floral buds distinctly enlarged
G A TS las o . 5 ol L
92 3/9/2013 59 iy jyi IS sladly rosnlio LB S IS

Petals visible: floral buds still closed

ol Bgd o 3 S Lo yd Ve dgas p3 &S cul Slej (FY) )
23S 2ol iman Cusgny £89 4yt ST i 53 alsye
ol sl osd b b JS ao s 00 JBlis oS cunl Sl (S0 5)
b ) samliie oleyg o Yo 3 oglojl 4850 5 dlsye
LSS oo e ey 45 el 5o 35 (P4 55) a8

(A Jgi) ad e ole LT A oyl )3 5 dls o ol aisly aiso,

RS dla e
b JS sleasse gl &8 Sleoj jl el )lis als o )
P> doesd 3 IS5 A gl (il Ly ks e (ol Mg
P LadS il (i g5 i Al je 35 (0 g9 b oloyg 0
0399 Jsb e pnl 4 g 3y b 4 ole (LT 50 alojl ae s
235 S oS sl S5 4 p5Y el Jobo 4 g, VY (2 S
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Table 9- Principal growth stage 6: Flowering

Sl 5l g Gy U - Syl
DAP Data Code Description
97 802013 60 (e oSl coges)eril S oy
First flowers opened (sporadically within the Farm)
104 15/9/2013 61 Kbty
Beginning of flowering
110 21/9/2013 65 JE (225
Full flowering
115 26/9/2013 67 5 AT 0 02,05 iSOkl
Flowering finishing: majority of flowers faded

120 1/10/2013 69 R okl

End of flowering

oddboaly L Ve Jadn 50 Jole cpl a8 04 o pusnids 2 (Lao a8 gad) Ladila g Lao gas g3

ol dlopo A &y yS o dl> po 9 o el 058 JSt Ll po )

(Lo;9€ god) Laild g Ldgae g 1 ol sy (V) dls po =Y+ Jgi>
Table 10- Principal growth stage 7: Development of fruits and seeds

Cuils 51 ey (5B 59, &b =] Cmogi
DAP Data Code Description
124 5/10/2013 7 103yl s a5 1y 395 kg 05151 Lmojgé 5l o> Vo 3ga
About 10% of bolls have attained their final size.
128 9/10/2013 72 lodygl s 4 1y 3¢5 oleg 05105] lojee jl o> Ve dgus
About 20% of bolls have attained their final size.
131 121102013 73 lodygl s 4 1y 3¢5 oleg 05105] lojee jl do > Yo dgus
About 30% of bolls have attained their final size.
134 15/102013 74 lodygl s 4 1y 365 oleg 05105) lojee jl do > Fo dgus
About 40% of bolls have attained their final size.
137 18/10/2013 75 o3yl s a5 1y 395 kg 05151 Lnojoé 5l o> B+ 3ga>
About 50% of bolls have attained their final size.
140 21/10/2013 76 103yl s a5 1y 395 log 05151 Lmojoé 5l o> £+ 3ga
About 60% of bolls have attained their final size.
143 24/10/2013 77 lodygl s a1y 365 oles 0510l laojeé | o ys Ve dgus
About 70% of bolls have attained their final size.
146 27/10/2013 78 losygl s a1y 365 oles 0510l laojeé | o yd Ae dgas
About 80% of bolls have attained their final size.
148 29/10/2013 79 lodygl s a1y 365 oles 0510l laojeé I o y> Ae dgus
About 90% of bolls have attained their final size.
S ladspo (Sa3glgn 8 Eols iy oo (S8 Eob 4 g 03900 Ladals g LS paals sy ala 5o
Jolse w5 cos ol o] (b aS ol i le g0i 5 88y Ve S dlo e o) 058 o) 5] el Sl by
gady |5 45005 Mg i)y slaplil iy bylyd 9 Jeme 03> LS VY Jgdn 30 Jolye cpl aS 00 oo il (058 dl> yo
S oles e (Su5ader b foby slaay all aS WS o adgr il Lol 0045
g5 odlitwl 35 (So5elesiad (S pMaw] Sy 0y93 Job 0 YU (slaled 3929 o & pautil )l ddlate 4o

by 255 (Sis s Jolye syt o b olS (5 sl



P Gl (Sided Jo o aidy 595 - a0 LS 8591 0

(Laily U S plS Glojod (youmry) BAID 9 LS putlS yiawy 1 ool Wiy (A) Al o =YY Jgun

Table 11- Principal growth stage 8: Ripening of sepals and seeds

ol g slie, &L . oy
DAP Data Code Description
149 30/10/2013 80 (1230 2 0251y S508) o2 2352 (2
First boll Ripening (sporadically within the farm)
151 1/11/2013 81 mojgf 22> 1+ 392> 08 () L
Beginning of boll Ripening: about 10% of bolls
152 2/11/2013 82 Lnoj Jl oy Ve 94> 0jsh ptom, 1
Beginning of boll Ripening: about 20% of bolls
154 47112013 83 lnejsf Jl o2 ¥ 2932 0jsh ptom, 1
Beginning of boll Ripening: about 30% of bolls
156 6/11/2013 84 lnejsh Jl o2 Fr 290> 0jsh ptom, 1
Beginning of boll Ripening: about 40% of bolls
158 8/11/2013 85 mojgf 3l 22> B 392> 058 () L
Beginning of boll Ripening: about 50% of bolls
160 4112013 86 mojgf 3l 22> P 393> 0jf () L
Beginning of boll Ripening: about 60% of bolls
162 12/11/2013 87 Lnejsh Jl o2 Ve 293> 0j5h ptomy 1
Beginning of boll Ripening: about 70% of bolls
164 14/11/2013 88 nojgf Jl o A 940 0jsh e, 61
Beginning of boll Ripening: about 80% of bolls
167 17/11/2013 89 baojgh o> 1 253 ijgf b, ]

Beginning of boll Ripening: about 90% of bolls

(A 25) dcy e 0Lk o Lo pled (525 b 3985 alaye

e A ygS e 0)93 £9yb U Led yiSlas g Jlas caily) (ke
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Tabel 12- Principal growth stage 9: Senescence

N w U a5 Go gl
CudlS 5l w9, DAP T ity
S B Data Code Description
Gl a8l i 5 5 Syl Ve
169 19/11/2013 91 BLERETL 5 ) el S 202 1 25
About 10% of leaves discolored or fallen
171 21/11/2013 92 bRl Ly ) i oSy Slao Ve 290
About 20% of leaves discolored or fallen
173 23/11/2013 93 bl Ly ) i oSy Slann T 250
About 30% of leaves discolored or fallen
175 25/11/2013 94 ) Shoia Ly Sy el S laos ¥ v
About 40% of leaves discolored or fallen
177 27/11/2013 95 S BLORE Ly Ky i Sy a0, 01 290
About 50% of leaves discolored or fallen
179 20/11/2013 96 < BhOBEL 5 S, i a0 P o9
About 60% of leaves discolored or fallen
181 11212013 97 oS ol
plant dormant
183 3/12/2013 99 (2l 5 S lS) Jpama 31

Harvested product (septal and seeds)
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Tabel 13- Mean effective and active degree days and duration of phenological stages of roselle in ecological systems

oy el P50 59y dayd ST 550 joy JUs 59,42 oot JUd jo a3 jesaeyed Jsb oI 095 Jgb
Cropping systems Degree days Degree days Degree days Degree days Duration Cumulative
effective cumulative effective active cumulative active (day) duration
c = 5 c ® 5 c ® 5 c ® 5 c ® 5 c ® 5
28 2E_ 28 oE_ 28 oE_ e oE_ L oE_ e oE_
N2 YES D2 VLS w2 YPs© 52 WES H2 PE© 2 P
lx g8 g 38 g v 8 g g8 g g8 § 93 g
s w o w o w o w o w o w o
S
Phenological stages
@j_‘ﬁ"?_ 186.47 153.20 186.47 153.20 215.22 176.95 215.22 176.95 5.75 4.75 5.75 4,75
Germination
S dep 1149.9 1051.47 1336.37 1204.67 1324.9 12115 1540.12 1388.45 35 32 40.75 36.75
Leaf development
o ’5_5“““? Jess 497.10  501.01  1833.47 170568  570.87 576.01 211099  1964.46  14.75 15.25 55.50 52
Formation of side shoots
_”L” Jsb ‘):”"I}sl_ 460.85 506.86 2294.32 221254 537.10 588.11 2648.09  2552.57 15.25 16.25 70.75 68.25
Main stem elongation
3] 8 enls
ol 562.07 583.01 2856.39  2795.55 657.07 681.73 3305.16 32433 19 19.75 89.75 88
Inflorescence emergence
@“\K_ 740.26 730.47 3596.65  3526.01 867.76 855.46 4172.92  4089.76 25.50 25 115.25 113
Flowering
il 5 0500 god
Development of fruits and ~ 828.95  892.07 44256  4418.08 99270  808.82 516562  4898.58  32.75 34.75 148 147.75
seeds
4> 9 S plS e,
ripening of sepals and 339.30  349.76 4764.9  4767.84 43430  447.26  5599.92  5345.84 19 19.25 167 167
seeds
S e 246 246 5010.9 5013.84 326 326 5925.92  5671.84 16 16 183 183
Senescence
Total g s 5010.9 5013.84 5925.92 5671.84 183 183

aS o)y 5L A9y dayd ¥ /A 290 4 SG5eleST oly; pllas
P )3 JgusS’ Sl U (IS al o 1 g 390 (2lS dl> ya )l
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Table 14- Correlation coefficients of roselle phenological development stages with effective degree days

NES 1 2 3 4 5 6 7 8 9
Stage
1 Sl 1
Germination
2 Sy duwgs ok
Leaf development 0.78 1
3 P gasls JSas *
Formation of side shoots 034 0.78 1
4 Wl Job i)l - - .
Main stem elongation 0.79 0.42" 0.77 1
> ool o 061" -013 078" 083" 1
Inflorescence emergence
6 - 041" 0006 083" 0717 095" 1
Flowering
7 il g ogeo 9o * - - - - -
Development of fruits and seeds 0.312 0.225 0.899™ 0.716™ 0.911" 0.97 1
8 @l g Syl ) - - ) - ) ) S - ok
Ripening of sepals and seeds 0.37 0.63" 0.57 0.07 0.40 0.60 0.65 !
9 Sy Ay Fx ~ - - - - *x *k
Senescence 0.40 0.21 0.57** 0.54** 0.70** 0.71** 0.73 0.38 !

Y e B R L &S Jlez| G 53 13 gme S B g I3 me 2 NS
ns: Non-significant, * and **: Significant at 5% and 1% probability levels, respectively.

Fhe a5 el U0 Gle (K3 Jole o (Stumen bl o (o)) Y gazme (Sofodgd Jolpe (it
ol odd o0y L5 VO ol 53 Jlad 59y=dn )0 5 VY Jodo plol 3yl 5529 Lod Gl pust 5 god Jolpo oy &S Siiads
wlys (Koocheki & Nassiri Mahallati, 1992) >55
JUud joyma2,d b iy5 sl (Sujgleid 903 Jolie (o (Shuamed ol pd —10 Joao

Table 15- Correlation coefficients of Roselle (Hibiscus sabdariffa.L.) phenological development stages with active degree days
al> 50

1 2 3 4 5 6 7 8 9
Stage
1 Sivle 1
Germination
2 LSy dawgs ke
Leaf development 0.787 1

3 P casls JSas . *

Formation of side shoots 0.350 0.072 1
4 alo Job il8l - - -

Main stem elongation -0.802 0.371™ 0.816 !

> 01 95 06197 -0136 0781 0896~ 1

Inflorescence emergence
6 - 0334" 0135 0813 07287 09177 1

Flowering

7 aly g ogeo gos B ) _

Development of fruits and 0.350 -0.015 0801~ 0714~ 0733 0.733 1

seeds
8 &by 9 5)1-4[5 Oty _ ok - - _ - - ok
Ripening of sepals and seeds 0.379 0.635" 0576 0.171 0.395™ 0.592™ 0.611 1
9 oy o - - - - -
Senescence 0.430 -0.085 0576** 0706** 0596** 0476** 0.552 0.234 1

R S L E &S Jla| cb.m)b DI sre S s g Ll e 2 NS
ns: Non-significant, * and **: Significant at 5% and 1% probability levels, respectively.
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Fig. 2- Releshenship between phenological development
stages with active degree days of Roselle in ecological

systems
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stages with effective degree days of Roselle in ecological
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Effective Growing Degree Days (EGDD) = (EGDD) 3e 1) jg, 4>,



YAV G sl (Slgded Jolm aidy 595 - a0 LS 8591 2

e 55 Sl (Sidled Jlye p QS 5 o8 3wy o slaiey
5 Ll oS Jooxs aall ol IS 5 olS o5 5 b 033
A o ials 1y SB Gyl ds 0 5 KB 1) SB e 5 0l
e 989 aig) 3y el (i lS 5 olS 3l iren
a5 4yl 5 o Logas oS (S5lsid

S35l
Saslord 5 Ui Ciglee b 25k (ol al2l llyd
2 JHlon o (6559l 0asutily g dpetie (g3 oSSl
Aag s 45 030l VOY S5 | opma Sligiod ¢ o I
Oried 2900 (6] Suslew Spedia (g3 oS (slacules
ool g baiads |y p3¥ Mg 48 il ) oSl 31 olSasls ;)
138 sy ol olSslol pyixe (giuns 5 03500 wal)d 1) Geiow

9 50

Muslihatin & ) oLssS 55, (oS (55 sl &Sinl & g L
ol s joy Job @y w4 o5 w0 (Daesusi, 2014
290 )3 ggene )3 5 dibge Vb s 43y Juab (> 5 039,
s Sl cdlyyy dls po 4y iy sl 055 gy a2p> 04N
@) (Sjgpied a8 Sl e ojlal addate ;3 Vb slales )l
3y Slos g JolS b3 ay Lod il b ady Ll 0 9 amd 0 olS
Ol 3o ol Sl el cusnas mlis piman D9 0 Jol> Cgllas
Jole £989 (loj 028 (s wiee Jelge 5l (S (LS sLliy o5 5l
0)9> Jobo > b (slod 139y 0 sladey podilal adlaie ) So55)5i
423 $9) 2 (2L bl & dge5 bl plg5 oo 15 sla M)
AL Ll Glalj8l &S oo e g canl 5o SB 0l
b walp ) (Jalpd g am o0 LI S Cogbs) ol
Fbar gl (MRS Cd )b iaS gl ogaste g &S
Br%5 9 755 Jl xS gl g SB (6 pddei Lais el LIS 4 o)
md o 53 b o6 )y ol (Sojelsid ol aoe > (295 00

&l

Agusti, M., Zaragoza, S., Bleiholder, H., Buhr, L., Hack, H., Klose, R., and Stauss, R. 1997. Adaptation de léchelle
BBCH a la description des stades phénologiques desagrumes du genre Citrus. Fruits 52: 287-295.

Aiken, R.M. 2005. Applying thermal time scale to sunflower development. Agronomy Journal 97: 746-754.

Boyer, W.D. 1973. Air temperature, heat sums, and pollen shedding phonology of long leaf pine. Journal of Ecology

54:420- 426.

Derschieid, L.A., and Lytle, W.F. 2002. Growing Degree Days (GDD). SDSU. College of Agriculture and
Biological Science. Available in://agbiopubs.sdstate.edu/articles/Fs.522.pdf.
Dwyer, L.M., Stewart, D.M., Carrigan, L., Neave, B.L., Ma, P., and Bichin, D. 1999. A general thermal index for

maize. Agronomy Journal 91: 940-946.

Gilmour, E.C., and Rogers, J.S. 1985. Heat unit as a method of measuring maturity in corn. Agronomy Journal 50:

611-615.

Gonzalez, F.G., Slafer, G.A., and Miralles, D.J. 2002. Vernalization and photoperiod response in wheat pre-
flowering reproductive phases. Field Crops Research 74: 183-195.
Habekotte, B. 1997. A model of the phenological development of winter oilseed rape (Brassica napus L.). Field

Crops Research 54: 127-136.

Hack, H., Gall, H., Klemke, T., Klose, R., Meier, U., Stauss, R., and Witzenberger, A. 1993. The BBCH-scale for
phenological growth stages of potato (Solanum tuberosum L.). In: Proceedings of the 12" Annual Congress of the

European Association forPotato Research, Paris p. 153-154.

Harrison, T., and Romo, J.T. 1994. Regrowth of smooth Brome grass, flowering defoliation. Canadian Journal of

Plant Science 74: 531-537.

Hernandez Delgado, P.M., Aranguren, M., Reig, C., Fernandez Galvan, D., Mesejo, C., Martinez Fuentes, A., Galan
Sauco, V., and Agusti, M. 2011. Phenological growthstages of mango (Mangifera indica L.) according to the BBCH

scale. Scientia Horticulturae 130: 536-540.

Holt, E.C., and Haferkamp, M.R. 1987. Growth of introduced temperature legumes in the Edwards plateau and
south Texas plains. Journal of Range Management 40(2): 132-135.



IVAY GLawsl (¥ o)losds 3¢ ol (65,9Lis wlich pgr 4y y s YAY

Hunter, A.F., and Lechwicz, M.J. 1992. Predicting the timing of budburst in temperate trees. Journal of Applied
Ecology 29(3): 597-604.

lannucci, A., Terribile, M.R., and Martiniello, P. 2008. Effects of temperature and photoperiod on flowering time of
forage legumes in a Mediterranean environment. Field Crops Research 106: 156-162.

Jordan, L.G., and Haferkamp, M.R. 1989. Temperature responses and calculated heat units for germination of
several range grasses and shrubs. Journal of Range Management 42(1): 41-45.

Keith, T.W. 2001. A method to incorporate phenology into land cover change analysis. Journal of Range
Management 54: 1-7.

Khanal, R.R. 2005. Phyllochron and leaf development in field grown rice genotypes under varying thermal
environments of a high altitude cropping system. Msc Dissertation, University of Bonn, Germany.

Kirby, E.J.M., Spink, J.H., Frost, D.L., Sylvester-Bradley, R., Scott, R.K., Foulkes, M.J., Clare, R.W., and Evans,
E.J. 1999. A study wheat development in the field: analysis by phases. European Journal of Agronomy 11: 63-82.

Koocheki, A., and Nassiri Mahallati, M. 1992. Ecology of Plants. Publications Mashhad University Jihad, Mashhad,
Iran. (In Persian with English Summary)

Lancashire, P., Bleiholder, H., Van den Boom, T., Langeliiddeke, P., Stauss, R., Weber, E., and Witzenberger, A.
1991. A uniform decimal code for growth stages of cropsand weeds. Annals of Applied Biology 119: 561-601.

Lorenz, D., Eichorn, D., Bleiholder, H., Klose, R., Meier, U., and Weber, E. 1994. Phéanologis-che
Entwicklungsstadien der Weinrebe (Vitis vinifer L. ssp. vinifera). Codierungund Beschreibung nach der erweiterten
BBCH-Skala. Enology and Viticulture Science 49: 66-70.

Martinez-Calvo, J., Badenes, M., Llacer, G., Bleiholder, H., Hack, H., and Meier, U. 1999. Phenological growth
stages of loquat tree (Eryobotria japonica Thumb. lindl.). Annals of Applied Biology 134: 353-357.

Meier, U., Bleiholder, H., Brumme, H., Bruns, E., Mehring, B., Proll, T., and Wiegand, J. 2008. Phenological

growth stages of roses (Rosa sp.): Codification and description according to the BBCH scale. Annals of Applied

Biology 154: 231-238.

Meier, U., Bleiholder, H., Buhr, L., Feller, C., Hack, H., and Heb M.2009.The BBCH system to coding the
phenological growth stages of plants history and publications. Journal for Kulturpflanzen 61(2): 41-52.

Modir Shanechi, M. 1994. Plant Ecology. Imam Reza University Press, Mashhad, Iran 509 pp. (In Persian)

Munger, P., Bleiholder, H., Hack, H., Hess, M., Stauss, R., Van Denboom, T., and Weber, E. 1998. Phenological
growth stages of the cotton plant (Gossypium hirsutum 1.) Codification and description according to the bbchscale —
with figures. Journal of Agronomy and Crop Science 180: 143-149.

Muslihatin, W., and Daesusi, R. 2014. Effects of photoperiodism to the growth rate of Hibiscus sabdariffa L.
Journal of Technology and Science 25(1): 18-22.

Pasian, C.C., and Lieth, J. 1996. Prediction of rose shoot development: Model validation for the cultivar ‘Cara Mia’
and extension to the cultivars ‘Royalty’ and ‘Sonia’. Scientia Horticulture 66: 117-124.

Rajan, S., Tiwari, D., Singh, V.K., Saxena, P., Singh, S., Reddy, Y.T.N., Upreti, K.K., Burondkar, M.M., Bhagwan,
A., and Kennedy, R. 2011. Application of extended BBCHscale for phenological studies in mango (Mangifera indica
L.). Journal of Applied Horticulture 13(2): 108-114.

Reddy, K.R., Hodges, H.F., and McKinion, J.M. 1993. Temperature effects on Pima cotton leaf growth. Agronomy
Journal 85: 681-686.

Reddy, K.R., Hodges, H.F., and McKinion, J.M. 1997. Crop modeling and application: A cotton example. Advances
in Agronomy 59: 225-290.

Salazar, D.M., Melgarejo, P., Martinez, R., Martinez, J.J., Hernandez, F., and Burguera, M. 2006. Phenological
stages of the guava tree (Psidium guajava L.). Scientia Horticulturae 108: 157-161.

Salinero, M.C., Vela, P., and Sainz, M.J. 2009. Phenological growth stages of Kkiwi fruit (Actinidia
deliciosa‘Hayward’). Scientia Horticulturae 121: 27-31.

Sanz-Cortés, F., Martinez-Calvo, J., Badenes, M.L., Bleiholder, H., Hack, H., Llacer, G., and Meier, U. 2002.
Phenological growth stages of olive trees (Olea europea). Annals of Applied Biology 140: 151-157.

Sinclair, T.R. 1994. Physiology and Determination of Crop Yield (anonymous). Chapter 19. Published by: American
Society of Agronomy, Crop Science Society of America, Soil Science Society of America p. 587.

Streck, N.A., Weiss, A., Xue, Q., and Baenziger, P.S. 2003. Improving predictions of developmental stages in
winter wheat: a modified Wang and Engel model. Agricultural and Forest Meteorology 115: 139-150.



YAY G sl (Soigded Jolm aidy 595 - a0 b5 8591 »

Thompson, J.N. 1990. Coevolution and the evolutionary genetics of interactions among plants and insects and
pathogens. In: Pests, Pathogens, and Plant Communities, J.J. Burdon and S.R. Leather, eds. Oxford, Blackwell p. 249-
271

Wang, E., and Engel, T. 1998. Simulation of phenological development of wheat crops. Agricultural Systems 58: 1-
24,

Wang, R., Bai, Y., and Tanino, K. 2004. Effect of seed size and sub-zero imbibition temperature on the thermal time
model of winter fat (Eurotia lanata (Pursh) Moq.). Environmental and Experimental Botany 51: 183-197

White, L.M. 1972. Relationship between meteorological measurements and flowering of index species to flowering
of 53 plant species. Journal of Agriculture Meteorology 20: 189-204

Wien, H.C. 1997. The Physiology of Vegetable Crops. Oxford. New York: CAB International 662 pp.

Zadoks, J.C., Chang T.T., and Konzak, C.F. 1974. A decimal code for the growth stage of cereals. Weed Research
14: 415-421.



Journal of Agroecology j=x $39LeS (ol pgr 4yl
Vol. 10, No.2, Summer 2018, p. 368-385 A A YEA-YAD .o IVAY liwsli Y o lods )+ als

Assessment of Required Growing Degree Days for Phenological Stages of
Roselle (Hibiscus sabdariffa L.) based on BBCH-Scale in Different Cropping
Systems

M. Javadzadeh’, P. Rezvani Moghaddam?*, M. Banayan-Aval® and J. Asili®

Submitted: 09-07-2014
Accepted: 27-09-2014

Javadzadeh, M., Rezvani Moghaddam, P., Banayan-Aval, M., and Asili, J. 2018. Assessment of required growing
degree days for phenological stages of Roselle (Hibiscus sabdariffa L.) based on BBCH-scale in different cropping
systems. Journal of Agroecology. 10(2): 368-385.

Introduction

Study the phenology of the medicinal plant is important to manage the timing of recurring plant primary and
secondary material utilizations, seed collection, pest control, prevent harvested untimely and weed control.
Based on the weather conditions each plant for completing its phenological stages needs certain amount of heat
units. The use of special codes to describe Phenological stages of plants has a long tradition in agricultural
science. This scale has a table of 100 sections from 0-99 designed for different phases of the plants’ growth. In
this scale, the growth stages are divided into two principal and secondary stages. The principal growth stages are
described using numbers from 0 to 9; each principal stage is divided into secondary stages through coding from
1 to 99. The objective of this study was to describe the Phenological growth stages of ‘Roselle” based on BBCH
scale.

Materials and Methods

Phenological stages of ‘Roselle’ were described and defined according to the extended BBCH scale. The
experiment was carried out as strip plot layout based on a randomized complete block design with three
replications at the Experimental Farm of the Faculty of Agriculture, Iranshahr Branch, Islamic Azad University,
Iranshahr, Iran (Latitude 27°12 ' N and longitude 60° 42' E; 591 m above sea level), during the growing season
of 2013-2014. The experimental factors were: four rates of consumption of inputs and agricultural operations
require in different cropping including Ecological system (No-tillage + Disk +Leveler +Furrower + 100%
Manure), Conventional systems with low inputs (One-tillage + One- Disk +Leveler +Furrower + 75% Manure
+ 25% NPK), Conventional systems with average inputs (One-tillage + Two-Disk +Leveler +Furrower + 50%
Manure +50% NPK) and Conventional systems with high input (Two- tillage + Two-Disk +Leveler +Furrower
+ 100% NPK) and wheat straw application as residue mulch in four levels (6, 4, 2 t.ha™ and control). In order to
recognize the different stages of Roselle, three plants were appointed in each plot and monitored during growing
season. All phenological stages of Roselle from germination to senescence were recorded based on BBCH.

Results and Discussion

The extended BBCH scale considers 10 principal growth stages, numbered from O to 9. Starting at
Germination (stage 0) and ending at the beginning of the rest period (stage 9). Based on BBCH scale, nine
phenological stages were recorded for Roselle that included: (0) Germination, (1) Leaf development, (2)
Formation of side shoots, (3) Main stem elongation, (5) Inflorescence emergence, (6) Flowering, (7)
Development of bolls, (8) ripening of sepals and (9) Seeds Senescence. Growing degree days to reach each stage
were 153, 1051, 501, 506, 583, 730, 892, 349 & 246, respectively. Due to the high temperatures during the
growing season of Roselle, the plant phenological stages were occurred more rapidly and the plant reaches its
physiological maturity. Despite the interesting characteristics of this plant (Heat and drought tolerance), a

1, 2 and 3 - PhD. Student of Agroecology and Professor, Department of Agrotecnology, Faculty of Agriculture,
Ferdowsi University of Mashhad and Professor, Department of Pharmacognosy, Faculty of Pharmacy, Mashhad
University of Medical Sciences, Mashhad, Iran, respectively.

(*- Corresponding author Email: rezvani@um.ac.ir)

DOI: 10.22067/jag.v10i2.38318


mailto:rezvani@um.ac.ir
http://dx.doi.org/10.22067/jag.v10i2.61846

YAD .Gy sla (Sulgded Jolm aidy 595 - a0 Lo 8591 »

detailed description of the phenological growth stages of Roselle has never been performed. A precise
description of the different growth stages of this crop will provide a useful tool for agronomic and research
activities. In this Study, the description of the phenological development of Roselle was proposed utilizing the
expanded BBCH scale.

Conclusion

Roselle plant phenology is described here for the first time, according to the BBCH General scale. The use of
extended BBCH scale for Roselle is important for successful implementation of farm management practices
including disease and pest control. Based on our results it seems increasing wheat straw on the soil surface
increased water holding capacity of the soil and reduced soil temperatures, which causes delay in the occurrence
of Roselle phenological stages.
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4512 5 Se U olowd 358 Jla jl a9y glis)) oy YL oS ob
L (Fa) oo 25 5lo5 50 5 (6518 358 1los 50 jlass 5 20 5Ls
o L ()b ixe OS] a5 el sy yra 5l 441 4 Sike
ol BU2 3 Siko b 35 g i) o pieS e (el o it
@ dog b (4 Jgds) dol cunsey (345 G yuan pac) wals oy
s elayl 4 oliws Cas 45 b sanlie odel Cunday s
P 4S8 gppban cad L alerd sladgS I agllas o
3 e Slyo 4 ol 65| 15 By (pliad 355 85 (lilas
eyl e jl (oliosd 365 Sl Bls b o yhidy 5 00 byyloy plo
39 slaylad o 3b lis b gl (4 Jods) A5 aalS g
L)y syt 159 255 b dlio 3 (lord 355 iule]]
b dunlio 1) @y glas)l Jlade  oliasd 365 &S g ysbods cuish gy
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MBisine Sio (il 4 355 5 pgew Jlie 51 g pgons S Ll g,
395 By 3 Lis (4 Jods) Laosh uSilie dulio i
3 bt sLnagS JlS L 5 515 355 s e oo
9 g2 53 yiz S (6355 slylosd plo & o 3y
Sk b 595 255 395000 Lo 92 )093 0 i 5> Al Bl
S0 yolic ity s ool o3 Ly syl SB ezl
G £9090 (] 45 Cunl 035 wald ol gl 1) (olrerd 3957
oS e,8 slaadli slaws iolisl g dug, (claplul by doups
3 b g o8 ool sl oy oS bl 5l g ol oni
Ao 9 Jgiz) 0,b 32y (silbiine 5 Cute (Siumon &g
b ye g0 ol & afitens jobo 4 1) g )3 i Sl i 81
pMel (Ahmadian et al., 2006) (l,LSea 5 obios] . cously
S g gy yo yin ol Sl yjolie Jolaie Gpnn 31 5 W08

Al Gl w00y 53 4l

wls )32 059
ke 93 il Jlite Sl 9 355 < aliand pgos syl S
Cino () 48 el 513 Jgae) 295 Jbigiae &b Sl
{(Pouryosef, 2007) s34 oLS  Su§ Slosguas ,3b cos yuiin
Al al Jlia 5 4 gy Gxe B Aslgn (636 slaylass

sl

o2 b bolote ©pgods sk (med 9 (DS 4 (595 265 5 (olerd
O9i) 3aLd Jlas L dewnlie p o8 asls sl iuljél el
&85 slojles o o ol Gise al @l 035 (358 e
9 (Fa) oloows 565 00)3 100 Jlos p> e pp a8Li sluw oy
oanliia (Fa) (olons 355 303 50 5 (5915 555 20> 50 Lo
@ oS 1ol olazsl dgs 4 1, 8/3 5 8/8 polis sy a5 w3 8
(4 Joas) el sgmg ] oo 6yl ime BN (g )lol Ll
e bend g 9l 258 byl (slajles 5 S o yiee
gy 2l ol (cenlid Lyl 3 olS Ay S5 4 Sl
(Ahmadian, 2010) sl bulyi ol > yiie o3 claasls
555 09500 azaly Hlsl (Anwar et al., 2005) ), Sen 4 )5l
Gt S (Sijsm bl b s dgie b SB 4 e
0, Sy by il il Glivge 0lS 5l 350 olie polic oalyd
(Tejada et al., 2005) )l,LSen g I3l .5 )91 so walyd |, g,
o) Called So5elan (slaagS 3,8 A y> a5 widb LS o
Al (gywolis enlyd lidl el o cunl 08 Ty 250 S

3,5 &b g o) g ()59

A Al glaxd g diga i glaad
1 Legs ol i 3 Joas po Laosls ()bl a o5 gl

b me yix ya 40 &b dlis 5 Wig O g Dl (9365 slalews

o a2 5,8Mos slial (Ol o (Nile) uiliylg 4525 -3 Jgur
Table 3- Analysis of variance (mean of squares) for yield and yield components of cumin

e . ayd &> 5 439 o &l dlaxy dgs p dani P bl oS gl
”S“%é:; LU 1000-seed Seeds per Capsules per Lateral shoot Plant
T df weight capsule plant number height
S
Blotk 2 0.012™ 15.22"™ 313.28™ 0.0143™ 0.03™
Lo
;fé; t"icifd’;“s“ 1 1.26™ 91.65" 258.09 "™ 0.091" 4.86™
55 gl 3 0.14" 441.71° 528.26" 154.12° 349/02"
Fertilizer level
;9§X o *k
Pesticides x 3 1.34™ 29.12"™ 288.11™ 0.0132"™ 211.81
fertilizer
- 16 18.63 70.31 196.87 20.8 35.82
Error

23

o)) S5 g oy iy Jlein] pdaw )3 jb xe g 40 grepE Cud e " 3 " ns
ns,*and**: are non significant and significant at 5 and 1% levels of probability, respectively.
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w025 2,8Mes (1521 2395 1 pSSbe dunlio -4 Jga
Table 4- Mean comparison of fertilizer effect on yield and yield components of cumin

S 0 Al sl

(oo (i) &3 g5 !

slowd Seed per dgr 4> pia dlaxs S8 swaslu dlaxs Plant heigh (cm)
Treatment Capsule Capsule per plant  Lateral shoot number
C;ﬁol 5.20" 10.6° 5.3° 31.2°
cOvﬁn;iure 6.2° 15.9% 6.0° 352"
o 368 a a a a
- . 8.2 18.5 8.8 45.2
Chemical fertilizer
o bowd 565 950+ ¢4l 555" %50
50% manure + 50% 8.1° 19.7° 8.3? 44.1°

fertilizer

B)15 doyd gy Jleaio] grdaw ) ()b dme gl gt b 43 S yide By (gl (slauSile™
*Mean followed by similar letters in each column, are not significantly at the 5% probability level.

dily o Slac

este 1515 Jpis 3 Lasls ey 0325 gl (ol 5
o) 4 3,Slas p (oliond pyew g 395" Jlite il g (355 ilie
s s b e il 5 Slee jr (ilpuo Sl Lol gy jI Gxe
sows jlop; ails 5,Slas Jlde o piin dmd o LS el Canday
Ls (HiFs) pyoms Byce 5 loasds 5 (oob slodS ol By
- xe gl anl aS w5 Jols lSe > p,5sLs 542/01 Sile
5 =P sladsS plys Bpae slajlas Lyl ol o 5P
Gpan slos oo o g (HoFs) poaw il odlital (1500 5 (2lorsd
pgom jl o3laiul y9ds g (HiF3) olyer (oliowd 345 2o y> 100
Lo 5 s 005 b 3 Skae (l5ne (508 25 alie (HoFo)
pie 5 355 Gypan pac jlos 3 iSa )3 p,Soks 125176 (Sl
(51 JS8) 1 Jeols pgous e

Slao ggime ilidl g SB laidle p (o sladgS oo il
St (it polis (puytod el (I3 orizmen 9 SB ]
ke J2Y5 et (liond SLaS By 3y o 3ol
OHlLSen g baastney Lajlos ool oo oS ash 5 Sles
(Sabour Bilandi, sy jsuo 5 (Ahmadian et al., 2006)
oleans (sla35S L olyon oy (gladgS b pne 3l L5 2004)
2 amd o il alasMe DB jebods 1) w0 4l 5)Slas
2 eles ay ob gladgS By ins oS W sdnlive iz oy
tlsosd 355 Bpan g lhasdh 5 595 355 Pl s b dulic
s b slaasS il 3 Jpaa ol 3,Sae (s aS ,5

2l 98 pl) S g o Slas
9 o (glodgS 5l uad o lis ealy Luilyly 430 s
5055 (2lyp phisl oy Slas py pgouw 9 395" Jlite Sl g (oleard
Pl 5y Slae ke it (B Jgan) 392 )b ime o 0 St
=P ladgs bgloe Bpas sl 3 jow o) SiS 5 03U e
L og pln i ia & a8 Jolbs psaw Bpan b olon (olond
o) om )b me gl g 1S oS5k 877/32 5 1860/41
09t tlend g (o> (sbadgS bolie Bpan slajlowi b jlows
hoslawl oy g olyad B)laie  slios i 355 (pooww jl odlatul
w0y (2lo-p phl 3 )Slas (e (eSS odalive pyew
1 p)55kS 390/40 4 o5l agle Iy LS ,> p,5oks 1045/40)
Gyan pie g 23 355 pie jlo I (St ddgle (gl S
sl Pl 3,8kes (392 5V (g 5 0 1 JS8) 48 ol pgons
5 b sladgs byl Byae jlad 3 juw o) Sid 5 05
Gpae Gk I SIS (olso (ualibla (lse ) abond
oilitl s S1a leidlus Sy cuw oS 3l Cund (ol (gladgS
Slazsly 5 olerd ladgs ()b jload SB- Cogb; (sxe
Sgre o ol (sl (2l18 polie pwptod Sl (I3EI 5 )b
Lajlosi plo 4 G Jlosd ol 3 Jpaen 3 )Shas (ali8l 5 A3
Ahmadian et) ,Ken g bies! lislesl 5l Jols gl 1595
) » (Sabour Bilandi, 2004) cxly 90 4 (al., 2006
G5 5l L s 005 0, Skes 1 oliasd 5 I sloags’

D) callas
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L5 (635 25 Bpumn Jgl Jlo ;5 3,5 pMel (Pimentel, 1993) b o b 50 Slee ilisl 09y o5 Lol Wil o B puaseS yolis
Dy Anlgd Ola BB alS by ol (59,55 Jo )y 40 4 bgye 1155 o olbowd (sladgS b dunlie 3 ol 5l oalil

395 Tobw 9 (atleond pgonw il GO s 01§ 3 os Olio (e po (Silie) (il sl 42525 -5 Jgoa
Table 5- Analysis of variance (mean of squares) for cumin yield affected as pesticides and fertiltzer levels

55 e @il arys  abaSles  alp el SS9 s oIl 5 o
S.0.V df Seed yield  Dry biological weight Wet biological weight
Sk 2 80014.11" 1074441.69" 2093460.73 ™
Block
sliosd pyo 1 1168243.38" 12886686.40" 355112240.56
Pesticides
S i 3 324528.15™ 3471934.12” 89118905.14**
Fertilizer level
3¢5 X s * *
. . 167459.79 2152323.66 51435882*
Pesticides xfertilizer
ks 52294.67 1254392.58 27337420.70
Error

oyd g g o yd K Jloin] pdaws )3 5 dxe g 3 sxe e i ga * g FFNS
ns,**and*: are non significant and significant at 1 and 5% probability levels, respectively.

0525 3, 8d0s 12395 5 s 51 (ke Al -6 Jgu
Table 6- Mean comparison for the effect of pesticides and fertilizer on yield components of cumin

) .:)ilo.c ug‘,h PKY Swid 39 65‘9’% Ky P 059
Sl (5 13 0,5 945) (S 3 0,5 obS) (1S 13 0,5 obS)
Treatment Seed yield Dry weight Wet weight
(kg.ha') (kg.ha™) (kg.ha')
st ol pgomw
Chemical pesticides
P 399.2% 743.2° 1700.2°
Pesticides
el 380.8° 720.8° 1654.8°
Control
8355 liswo & glaw
Fertilizer levels
wald 129.6° 389.6° 1144.6°
Control
5 255 398.9" 500.9 1339.9°
Cow manure
oot 355 457.5° 755.5° 1603.5°
Chemical fertilizer
oot 255 H30* 55 25 S0 488.7° 812.7° 1756.7°

50% Manure + 50% fertilizer

Wl a0y gy Jloiol s 53 (6B sne sliS 2z g sl 5 gt 2 53 Syt B b slaSike”
*Mean followed by similar letters in each column and for each component, are not significantly at the 5% probability
level.
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(> § SWid 2l ol >,Slos (C 03U lgd ol > ,Slos (u (8 sadlu dlaxs (< 22365 9 pgow Jolike 1 1S5l dwn o -1 06
w025 &l 3,Slos
Fig. 1- Mean comparisons for interaction effect of pesticides and fertilizer a: no interval branches, b: wet biological yield, c:
dry biological yield of cumin and d: seed yield
astbiond 365 %100 + amls T HiF3 « ol 598 %100 + oo G T HoFp ol 565 %100 + bz 1 HiFp canlis + s G pune (HoFy s (HiFy
ol 368 UB0+ s B pma + oliowd 365 %50 tH Fge sals 558 U50+ snlis + olaws 55 %50 (H1Fy ¢ olows 365 %100 + o 6 yno : HoF3
H;F;: Control and Control, H,F;: Using pesticide and Control, H;F,: Control and 100% Manure, H,F,: Using pesticide and 100%

Manure, H;F3: 100% Chemical Fertilizer NPK and Control, H,F3: 100% Chemical Fertilizer NPK and using pesticide, H;F,: Control
and 50% manur+50% chemical fertilizer, H,F,: Using pesticide and 50% manur+50% chemical fertilizer.

03 Mg (olond 355+ (59l5 395 5 (lond 395 Bpas slayles

Mg pials ol Cilaie 5 olS 5 (5itg dlge g5 (il 5 (ug)
25k oLS )3 il

bl o Slac

3ySdes y pgous 9398 hilite Sl g (5365 il zolaw
Mo oy ity oS 5 ygbos (T Jga2) 391 o sine a0 032 (il
5 b slaags byle Bras o jl ol cpl bl 3)Slas
PSS TAIB2 1 5gy plyy a8 b Jol> pgows s g (oliand
San slajles Ly slasd (ml o ()lbisine Ol 5 1S
Byao ipgo jl o3kl (194 5 (aliewd g (o a2y bglsee
Al odalidio paews I odlaul sy g olped (B)lxie oliauds 345

uu:ﬂ.ul‘ D yd
1y bl 03 (slmoals (il )ly 42326 51 ol ol 7 Jgae
Jlesn! maw 53 (o) xe 5l 558" lail G pno jlows amd o LS
P 0Se dunlie 395 )l gne o 0 il 2oy> 3987
O Hlas jl bl Hlade oy 3 YL oS ol LS (6368 Zalaw
- oxe Ogld ilul e o yn jlas 5l g ad ol 3687 I ealatwl
ol 518 ) cutls s laleg oo L jlag ol o 60
dal) S w4l Scdglio Mg g spuwss dlse Gl o oS
Ay g by el cuw o (ole a cplpl )1 392y (pegSae
4>y L.(Omidi & Jafarzadeh, 2010) 13 aalss og)b olals

33 jaw 0325 il Mo yd oy yiaS a8 A osalie Liulesl oyl @l @
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sladaly o (Suson Guilwl 3 Slas b aib 5,Sloe o cplply
sl u:gl_»ﬂ o=l 2 e g (9 J9J._>) 5,15 2539 paiane
Sl &ly ))S\Lo.c wl).él [Evon) u’.)w 9 L59l§ .)9§ FT?’ J)Aa.p

e e BB e et 3l bl 3 Slas o YL ssalie

2 eSS 20Uyl 500 05 il 2 ,Shae ine 5208

Ab ol o Bpae pis g (aliend 395 Bpae o IS
b o,Sles i Jols | il 3Skes & plaT 512 US)
(Omidi & Jafarzadeh, 2010) 555 o Jool> Lol 2oyd )

o 035 bl 35 9 o 50 (a0 (Silue) il lg 41525 =7 Jgao
Table 7- Analysis of variance (mean of squares) for yield and percent of essential oil of cumin

35 g0 33l a3 bl 5,Slos il o 3
S.0.V df Essence yield Essence %
Ssk 2 458.63" 0.018™
Block
leowd pas 1 32466.73" 0.824™
Pesticides
255 gl 3 498.67" 0.996"
Fertilizer level
e 3 325.53" 0.501™
Pesticides x Fertilizer
Las
16 101.87 0.120
Error

L3

daoyd gy g doyd S Jleis ] pdass )3 HId gxe gy smeps a9 S
ns,*and**; are non significant and significant at 5 and 1% levels of probability, respectively.

o 0325 bl 3,Sd0s 9 10 y3 5355 9 v 31 (Sle Ayl -8 Jgo
Table 8- Mean comparison of fertilizer and pesticide effect on essential oil yield and essential oil of cumin

oWl oy
i (LU 52 0,59S) (bl 3, Kkos
P . L
Essence yield Essential oil percentage
Treatment 1
(kg.ha™)
2o @gomw
Chemical pesticides
P Sy 116 252
Pesticides
wals 10.9° 2.7
Control ' '
&35 Bliseo & glaw
Fertilizer levels
Al
2.9°
Control
G > 10.3° 2.8°
Cow manure
ot 258 2.1°
Chemical fertilizer '
50% manure + 50% fertilizer

Wl 803 gy Jloil s 53 (6B sne sli5 22 g sl 5 (gt 2 53 Syt B b slapSike™
*Mean followed by similar letters in each column and for each component, are not significantly at the 5% level of
probability.
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w035 il 3,50os 52 (6365 T obans g @goms Blie 5T (1Slee damlio =2 JSS
Fig. 2- Mean comparison for interaction effect of pesticides and fertilizer on essential oil yield on cumin

o 0525 om0 2 2398 Sl (i (Kimnod ol 25 -0 g
Table 9- Correlation coefficients between traits cumin

. . NKeY NKeY) )‘}h 059
. syl sdadlw s 5 4ils ; 3 Slos 3 Slos oy 3,5dos
Olio G PO S S w13 &l [ P RETIN W o
Treats Plant Lateral 9 Sake 1000- Seed Biological Essential Essential

height ~ shoots pgrrg?grl“ Sﬁtr%gbréfr ngi‘;?]t yield yield oil % oil yield

Plant height
ol ladile "
Lateral -0.73 1
shoots
2 g Dl
<9 0.56* 0.68** 1
Umbels per
plant
2 &b ol

= 0.54* 0.85** 0.94** 1
Seeds per
umbel
b s s
1000-seed 0.12 -0.09 -0.15 -0.11 1
weight

&l J)S-ln.c 0.72* 0.81** 0.98* 0.84** 0.64* 1
Seed yield

FL\S‘ N ,ﬂ_l_,g_c
. «ﬁb”j 0.92%* 0.77** 0.91** 0.96%* 0.65** 0.90** 1
Biological
yield
ol o ys
Essential oil 0.13 0.16 0.21 0.12 0.44 0.22 0.15 1
%
owlul 5,Sles
Essntial oil 0.60* 0.79%* 0.77* 0.8** 0.87* 0.98** 0.67* 0.73* 1
yield

1

Loyd gy g oy S Jlein ] pdaws )3 5 gixe g 5 gixe s 9.33')3'4{‘ 3 s
ns, **and *, non significant and significant at 1 and 5% levels of probability, respectively.
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& 25 4o
ol eladgS GBpums oS oy LS oy oyl 5 Jeols il
B 5l (plerd pgais Bpan (9 g (plend S3S L olyen
2l o Cud o 0y il 38kes g (olgn plal 5 Slos
295 Byme pogadan ol ol o ond odlisul (glajla
$FYL iy > Slowd pgous Bpae boher ol (plerd
SFp CasS g oS e cnl adgs il 5 ddgle g 48518
wlond gragS r“iﬁﬁ o sladsS” GBpuas . Cal 039y o051
oL sl (238 polie (pwpwd CulilB il 525k jl el 3B
s 0325 il (g5 g (oS 2 Sles (ISl 5 rdtane 3
inlojl 53 sl Candts ol 4 dngi b (IS ooty . sl anily
obS (S 5 (05 3,8 0 iYL Jpa> sl 45 335 oo Sy

9 (oleond (sl2dgS L olyen ob (sladeS (B pns juw 0p) (29)b

Slady g o5 5 (Sabour Bilandi, 2004) suily jsue
ol (Saeidnejad & Rezvani Moghaddam, 2011) pade

55 355 SBpan Jloi | s o il 38 o 5V W0
Ll 045 Jool>

Ja 0535 (i y3 9590 Olds (i ool (Siusan
025 0bS () 390 o (S92 g90 dlall) o)y pslated;
py 5l oolinl b Slas oyl oy ol (Sinreds ¢ yinlojl cpl > jaw
ol o0 0119 Jods > )] gl 45" 15,5 ale SAS 3l
- e 3 e (St il lnebla 305 5 Bl £l
0l (605 0jlu Claw plo b &g glas)) o daly Lol gy (55l
olS iy 5 adgle 5)Slas il dg3g (gl re g Cuto (Siuror
sl ol (oo pne g Cute abl)y o)y )90 Do pla
O ) s 005 0LS 3 Slas 5 5itagid LS o b)) 08
aS 59y s SV o Slas gl SlalS sy i dad e

o b 205 D95 slaplbil )3 ) (g iy (g itngd dlge
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Introduction

Medicinal plants are used to treat many diseases that are untreated or rarely treated through modern medical
systems. Approximately 80% of the world population depends on medicinal plants for their health and healing.
Cumin (Cuminum cyminum L.) is an aromatic plant in the Apiaceae family that is used in foods, fragrances, and
medical preparations (liqueurs, mouthwashes, toothpastes, soaps, and perfumes). They are used as
antispasmodic, carminative, and appetite stimulating agents. Cumin is the most widely used medicinal plants in
Iran, which is mainly cultivated in order to use its essence. Cumin cultivation area in Iran is 542841 ha that it is
25.7% of the total Iran cultivated area of medicinal plants. Cumin is considered to be a very good compatibility
with semi-arid regions of the world. Since the proportion of the agricultural activities in each region with the
weather conditions is necessary for any agricultural activity, Therefore, understanding the different factors
affecting plant growth, such as climate conditions and genetic resources as well as their impact on quantitative
and qualitative characteristics is the most important aspects of a successful product. The use of modern types of
fertilizers and pesticides has increased the production of Cumin in Iran. However, there have been concerns of
environmental problems caused by inorganic materials and it is very important to investigate the mode of
fertilizer and pesticide use and their impact on soil fertility and surrounding environment.

Material and Methods

In order to study the organic and conventional production of cumin (Cuminum cyminum L.) as a medicinal
plant, a field experiment was conducted in factorial experiment as randomized complete block design with three
replications during 2012-13 in HesaroyehZahedan region. Treatments included herbicide and pesticide in two
levels: application of herbicide and pesticide and without application of herbicide and pesticide as first factor,
and four levels of organic and inorganic: without application of fertilizer, manure, chemical fertilizer (N) and
50% manure + 50% chemical fertilizer as second factor. In this experiment measured factors were plant height,
No. sub stems per plant, No. capsule per plant, No. seed per capsule, 1000-seed weight, dry and fresh forage
yield, seed yield, weeds biomass, essence percentage and essence yield.

Results and Discussion

The results showed that the highest amount of all factors measured except weeds biomass and essence
percentage obtained from treatment of consumption of 50% manure + 50% chemical fertilizer. The highest
amount of weeds biomass was observed in the treatment of consumption of 50% manure + 50% chemical
fertilizer. And the highest amount of essence percentage was achieved from treatment of without application of
fertilizer. The effect of herbicide and pesticide on any of the measured factors was not significant. The study of
correlation coefficient for cumin showed that forage and seed yield had a positive and significant relationship
with all measured factors.

Conclusion

The results of this study showed that the use of manure with chemical fertilizers and without the use of
chemical pesticides in terms of biomass and Cumin yield compared to other treatments used in this experiment,
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especially using chemical fertilizer alone and using chemical fertilizer with pesticide was higher in rank and the
quantity and quality of biological and grain yield production of this treatment was higher than other treatments.
Manure combined with chemical fertilizers could increase the availability of plant nutrients through a direct
impact on increasing yield and its essence content is cumin. In general, according to the results of this
experiment we can recommend farmers to use manure with chemical fertilizers and without the use of pesticides
to achieve the Cumin highest performance and the best quality.

Keywords: Chemical Fertilizer, Cumin, Essential oil, Medicinal plant, Yield
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bgle ) s (6508 3 SMos 6590 (IS ST oS 5 (asuide
s lalS ol oy o sl atisly olS g3 opl duljél
daw asly 0 4GS A e Dl don o &S 1y AlS e Ay
s Lyl ) Saal ialS” corge o) ST 51 i oS
2 =i olals i dy5 0 40 068 oAby (g5 SYsb e
54BN £y Ay g & Sl Cul See ol B slanSTy

oo o b bglsco CulS lises (g 45 (SCr04) 45 5,Mos (61581 9 3y5as (Wlay yo 3Sbe) (wily,ylg 4500 -1 Jgua
Table 1- Analysis of variance (mean of squares) for yield and yield components of maize (SCq,4) in different proportions of
intercropping with potato

- E (2% § < o
. 2P 32 > 2sg %E
Sl gl o NS 78 353 A c
SOV o x e ;z:: S8 2%
df R S D) L MR- 35
o i =) 3 X 0]
9 o i
‘5914 ns ns ns ns
2 13.92 0.0933™  0.000001™ 0.0769
Block
o 12 250.68° 68.0694" 4118.74™ 55393
Treatment
Los
24 97.49 20.718 658.16 1.155
Error
(%) Ol ysd oy
- 7.88 19.75 6.80 15.28
CV (%)

o yd K g s Jlein] e )3 5 gxe il A FFGF (ly dre e NS
ns: Non significant, *and**: significant at 5 and 1% probability level, respectively.
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Table 2- Means comparisons of yield and yield component of maize (SC+q4) in different proportions of intercropping with

potatoes
‘—;\ iy %“{'{;\ inl ‘T"-\
28 ;“ s 3g g
- R = ) B 3 22
wizles] Sloylos s 22 $E& 23
—_ [} B
Treatments _‘%j 2 23 o ¥ 32
3 € R 2 S =
[ = : <
iz 23 P2 86
3 >
2
(TSI)I"” u‘”“(;‘)“ 13250°  30.684° 43067 8.333%°
ole maize (T
(Ta) (ssnjsm ooy St i, 9 133.26"  26.396™ 43233  8.957°
Two rows maize+One row potato (T5)
(Ta) (s i ) 9405 o3y 92 120.93° 25454 41067 6.865°
Two rows maize+Two rows potato (T,)
(TS) ) — @) Sto)d Wy K 125.232 29.444ab 372.670(19 7.193abcd
One row maize+One row potato (Ts)
(Te) e e oy gty ) S 12316° 19995  369.33°%®  §.290%
One row maize+Two rows potato ( Tg)
(T7) i cied; g3¥ 25 i) 52 120.46°  14524° 403" 6.937°
Two rows maize+Two rows potato ( T,)
(To) (smjim cied) SHE o) 13283  15.810%  364®  8595®
Three rows maize+One row potato ( Tg)
(To) R iy awta)d ) S 106.83% 23.042%%  30% 6.104%
One row maize+Three rows potato (Tg)
(Ti0) (mjims cied; 93# 25 ) 4 131.83°  10.148°¢ 34233  8.120%°
Three rows maize+Two rows potato (T1o)
(T1y) w;«—«w iy oy ) g9 12163 24,5658 333 5,093
Two rows maize+Three rows potato (Ty;)
(Ti2) (wmjones oy ot iy 2 qog g9 240117 300%™ 4.256'
Two rows maize+Four rows potato (T;2)
(T13) w;«-«w iy g3ty (i) )l 12463 245112 388> 7 7g7abcd
Four rows maize+Two rows potato (T13)
(T1a) (s jmm <) 99T 55 iy, 9 129.63°  21.991%c 308" 6.7315%

Two rows maize+Two rows potato (T14)

B85 (gl ixe caglis deoyd gy Jleis] gans 53 5SS (glaialy six g0l bl i S jide B9 > chb &S oo n ke giw pa 5F
*Means in each column follow by similar letter(s) are not significantly different at 5% probability level, using Duncan’s multiple
range test

Ciyd dily g Slac

59+ ©)d i) e (I CuiS ejn 3y SuF )
" 30y 9 F G d caydy Hlan (]38l CusS (e s (i
2,80ae blod jllajles ol 5 €85 )15 ()lel 09,8 S 53 e
ash oy Slas (pyieS pimen LSS (g)b xe BN &l
e+ 055 ) 93 ol s o o (iSa )5 5 4/256)
w515 Gl b Vil (2 Jgs) w35 sanlie usjemn i3,

cuiS ol glacaws Sl as b lis by 430 s

09 b e dopd SO Jlain] o (o ail 3 Slas yy bl
(LS 55 o5 81957) &by 5 Slae oyt S sybotr (1 Ja2)
e B3y ot 53 ) 90 (LIl el e
coiS wyd palls e clajles U jles ool o saali
el Bl S i D) SO G390 (L0l
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(0 i i g3 gl )

ol il (glacuns Sl 45 ab Gl uil)ly 4528 b
J5i2) 52 sl sine 103 iy Jlan! s 5 @532 685 1 bogloee
oA e Las 5l (jre b 45/03) wigs glisyl o YL (3
09 e als iS5 (4 Joxa) el condey e
SeS1y 3 G gy nlple sl (S glaisS 1955 Culd) Lo
b (e g i) 2alS 155 o )18 5l o 3b5 VL
o=l 53 LAlls ciiS a4 s bole cutS ol WSl Liulsl
S o3latl w2 (S5 (g ol 0t 3l i el o]
2lio 5l dup odlatwl by lowe cusS )3 Cuwl 039y D950 mlio
0950 (gLl BM3 & lie slge g S ()55 ] Wle Jaamo
OblS colite plie jli g (nein) 5 lsp slaplsl (18,5 )8
(Hashemi Dezfoli et al., 1998) 5.5 o0 051> s

byl cuiS 5 uiS'CSS j0 olS 90y gl aib 5 Slee ( 2LS
PS5 5 (2l by Gl v (alil cpl & ead ol
i ookl g bglsee oS Laylps 1 Gglae o515 4 byl oy
2l U alie ouls o oliise il Sl e e alie
s bglee oS 1> )b 5 Sles a5 Wb 3155 pols ol
CtS )3 Lyl 0, Slas iam g 292 (25 ST 5 o 5,Skes |
[(Jamshidi et al., 2008) 54 bylste cuiS jl 5YL Sul Lalls
e (Dahmardeh & Keshtehgar, 2014) , Sawis 5 03 yoid
mebl coldy a1y (suejplbl b balswe cuis jo @yd 5 )Slas il
ooly o (5eyms Jnl sguaS b olie jolie Gl (gly e
ccaus Loyl 5 (Oryza sativa L.) gy bolbke cuis” ;s .1l
Coldy b auolie 5 (gla3sS m cold, Lials e aJgr il

.(Midya et al., 2005) cél il38l glaisS g,0

@35 b bleo CullS cilliseo lumnd )3 (duo jrmmw 048 3 Slas 9 (359 ey £ ) (Oln o (0le) (il g 2525 -3 g
Table 3- Analysis of variance (mean of squares) for plant height, tuber weight and yield of potato in different proportions of
intercropping with maize

Ly &LQS)‘
Plant height

o £ ]

=y 5

> =

’% ; a' >

a E 'ﬁ E
o Q

}x 3 } 3

N o

~ O . o=

3 E el S

. ,,s , O

a o

@y
Ol yds be ;
SOV 83!
df
S )
Block
oo 12
Treatment
ks 24
Error

128.24™  17.411"

69.79" 423.84" 135.421"

20.40 4.780

CV (%)

11.34 14.85

o yd K g s Jlein] e )3 5 gxe i ia FFGE (ly re e NS
ns: Non significant, *and**: significant at 5 and 1% probability level, respectively.

i S5 g p culdy 4 ol e |y palejl ol 3 LAl
sebas gllas ds 5l 5YL claeSTy )0 0ae i 0b s )b L
o L] cod of gl 4 Vil & b o (2alS gl e
oS (Sl 285 B sbl G 45 335 o bguye g )3 &gy

.)9.\»& u] 9 )93 ¢‘_54|J& .)|9.o

e i 038 (359

sbace ;51 as ol Lis 0xé yjg (uibly w8 @l
B Jsiz) 25 loiine 1oy Sy s )5 bogle i il
3 (5 T3154) o1 (59 b 48 31> L5 aSilhs i
(4 Josn) sel Cawnsdy nojoam Al cutS Lo

CiS dy S bglie CuiS )3 (mjinms 088 (g i8NS
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Table 4- Means comparisons of plant height, tuber weight and yield of potato in different proportions of intercropping with

maize
R .§ @ %E
3 g 9 e 3 s
[ L aQ 2 =]
_ % = g [
] EE- S L
Treatments 3 % ': :‘é ) %
YE o 3 5
iz 9% .
— o g g
2,
(T2) rnjee Al 28 45.03* 73.54° 28.024°
Sole potato (T,)
(Ta) (e cisd; Si¥Eyd ) 59 32.86 27.25' 10.281°
Two rows maize+One row potato (T5)
(Ta) e e a3y gty sy 9 35bed 44,485 7 857"
Two rows maize+Two rows potato (T,)
(Ts) oo S ) Sty S 35bed 35.69° 13.075%
One row maize+One row potato (Ts)
(T6) (e N iy gty ) S 3780c 38,820 14,408
One row maize+Two rows potato ( Te)
(T2) s 22) te,d o) 9 34,90 35.61° 6.606"
Two rows maize+Two rows potato ( T;)
(Ts) iweie .._ cydy Sty @) dw 30.83¢¢ 27.04f 10.032f
Three rows maize+One rows potato ( Tg)
(To) (oo me 3y Oy i) < 44 4718 17.886"
One rows maize+Three rows potato (To)
(T10) e iy 93t i) dw 32.26%¢ 36.91% 13,4975
Three rows maize+Two rows potato (Tyo)
(Tu1) eaj chydy awted ) 9 35,63t 33.99% 12.610%
Two rows maize+Three rows potato (Ty;)
(Tr2) (rutjomm ) oo s> g ga0 g5 49 16.897*
Two rows maize+Four rows potato (Ty,)
(T13) i cydy g3ty ()l 34.63° 32 71¢f 12.129%
Four rows maize+Two rows potato (T+3)
(T1a) (o i <) 955 i) 9 35,130 38,840 28,1242

Two rows maize+Two rows potato (Tis)

L5 ()b dme gld Moy gy Jlein] gaws y3 (S (glaiels dix yg0i] ool it S de gy (gl &S olapSike g o 2 F
*Means in each column follow by similar letter(s) are not significantly different at 5% probability level, using Duncan’s multiple

range test.
S 3 ol 3y Sles a8 Jbs 3 g ,liSa > o5 21/089 el 3 Slgsten Gl , 50 wls b pols siss gl
20,525 550 b o jaw 2uoyd 100 s 4 g5 90 b bglsce Yilmas, 1999; Jaffar & Gardner, 1988; Bell et al., )
cdl ials S s o 141123 5 141111 &y s g5 gm0 <L), (Molla & Tekaling, 2010) KuJISs o Yoo (1987
5205 905 3blie )3 1) psSi5w 5 (inejum bl cuis
e e G ) (e 3os &5 038 (IS (o9l ) by

slaca i plas ol olis eae 5 Slas il yly 4500 s
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oSy @y 0y Slas il Sl o oz mibis 1 gy oolatul
3 Logl 0y Slas 5 39 iS5 3 o 5,Shes 51yt bolsxe
Jamshidi et al., ) 39 byl cuiS 5 YL (Sul Lals cuis
(2008

5,Slas Sl (Jamshidi et al., 2008) ), \Son g (chnsior
25 S b e s 2o p> 19 bgloes o 1) cwojamw 008
3y Slas YL g e, p,59LS 20390 olieea )3 oy
oy 2oyd 00 S 1 1 s p,SokS 8898 e )
- 008 )l )3 5 A4 5 Sles 1555 5))55 ©yd a0, 50 4
2 455 238 (81,5 51 )b 5 hsejiam bgloe CutS 5> e
S YL g njnm @ poio 5 4 ATO L )3 @ po e
S S5 i |y bglie S (6 (1143 =1/55) ps0j (sl
cisS > (Darabi, 2008) b .(Al-Dalain, 2009) sl L
4S8 5,8 yl5S 0jmly CulS )3 inejouw 5 (Mdole )3 plg
2 9 0l Jloms plg 5 (AL SS90 10 53 pojis 3Slas
g golaidl

o) S il g s

-G ')S'IJSAIA ul““ o) d).gl){ Conds u“jli)b &0 @L»
Joan) 291 4l gxe duoyd o pdaw 3 bglie s ilisee gla
5

(3 Jgaen) 390 5 sime doyds o prdaw 3 bglsee S Calise
o 281124) oxe 5 Slhae oy 48 1y U5 o puSilie A lio
T Gy 93 )3 Lindy 93 Bl CutS Jlos 51 (S
CudlS s Jlogi a0l 4 dag L4 Jgaa) ael cusday e
2bdd @i (LS ) )95 e @iy Jed il ablie byl
J_a|9.c )l ool _uwl dl)g llbduy O wlﬁ) MK 9 llbduy WLA
JB b aoes 3 @jlucos wald (agllas g0 4]y (e
OhlSen 5 (aly s a0 00 I ) (o3Laill > Sloe 2295
Byae o8 g Ll o), (Hossein Panahi et al., 2010)
Az 2 S K0S B e 5 ) blse cuiS )3 )9
)3 ke ML 305 50 (o jums S 6y o) dluss
S wls Sl il iy y95 Spas QL5 xS )8
ol SO b mojiumw bgle cuiS a8 cal o3y LS b yiolojl
SlorlS 9,80 hdwi car (arlie (o5 )15 > Jro lilagl
o oL Cinids il 9 5 jaw 3y b el (b blol) )
Midmore et al., 1988; Vander Zagg & ) 39— o s}

.(Demagante, 1990
CoiS g GiSSS  olS 50 gl w5 Slas (LS (ST
5 25 by Gl Jidsar (RSl ol &8 ead ol byl
g by e ciS Lly i )d Cgllas o515 4 oyl as 5onp

(05 s 1 ©)3 bglee CulS dilises (s 13 (LER) (0 (6 5212 o (©las po 0le) il 2525 -5 Jgor
Table 5- Analysis of variance (mean of squares) of land equivalent ratio (LER) in different proportions of
intercropping of maize with potato

a3

Ol ydi 2lo S e Salp Caad (e joum (w0 (Sl S S5 (e (Sl S

S0V 5(;]15' LER maize LER potato LER total
Sk 2 0.024" 0.013"™ 0.013"™
Block
oo 11 0.034™ 0.032™ 0.125™
Treatment
ks 22 0.005 0.006 0.006
Error
(%) [S2JWE YW
- 10.91 14.95 6.52
C.V (%)

o yd K g s Jlein] e )3 5 gxe i A FFGE (ly re e NS
ns: Non significant, *and**: significant at 5 and 1% probability level, respectively.
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o JH0195) yoj (ol o (a8 5 (o Ciid,

Aol Comddy duejiaw Lind) Hlex + Oyd idy ¢ bl cuss

6 Jss)

il cutS” slajlos o 4 bolsee cuiS (slajlows plad o

1) 93 (a8l CuiS g e o i3y St @) sy S
D90 Sy 5l yidn (mej S plp Cams (duejuw cid) sl Oy
SO G 0l 93 ol balore i (6555 siad L oyl o

(o e ) )3 bolbo CuilS ilito (s 13 (LER) (0 (6 21 2t o (5655 ko cumnilio =6 Jgor
Table 6- Means comparison of Land Equivalent Ratio (LER) in different proportions of intercropping of maize with potato

b}l g lowd SRR o i el Con S el
wilojl slalon b et 0w (w0} Sl Sl IS (05 (Sl 2 S
Treatments )2 o) LER potato LER total
LER maize
(Ta) (o jimm cindy SoFeyd cns) 9 0.87a" 0.67% 154
Two rows maize+One rows potato (T5)
(Ts) e ) SHo)d ) 9 083 0. 622c¢ 1,45
Two rows maize+One rows potato (T5)
(Ta) o) o cirdy 95 iy, 9 0.54° 042" 0.96'
Two rows maize+Two rows potato (T,)
(TS) 0 ‘-'“-“’ @) Soto,d W, S 0.64Cd O.5OCdEf 1.14¢
One row maize+One row potato (Ts)
(T6) (e e iy gty ) S 0.65% 0. 4gccef 1.14¢
One row maize+Two rows potato ( Te)
(T7) (wmjimm iy b iy 9 0.71% 0.49%f 1.20%
Two rows maize+Two rows potato ( T;)
(Te) erjee iy St S oy dw 0,65 0.73° 138>
Three rows maize+One row potato ( Tg)
(To) e )y awto)d ) S 067 0.45¢ 112¢
One row maize+Three rows potato (To)
(T10) e iy 93t ) i dw 0.55¢ 0.63%° 118%
Three rows maize+Two rows potato (Tyo)
(Tw) (Sejiew ad) awted (i) 9 0.55¢ 0.40° 0.95'
Two rows maize+Three rows potato (Ty;)
(Ta2) w)w ) e to)d ) g 0.73%° 0.57%¢ 1.30%
Two rows maize+Four rows potato (Ty,)
(T13) (e cindy gteyd cins) o 0.75%¢ 0.5600e 1.31¢

Four rows maize+Two rows potato (T;3)

B85 (gl sme glis do > gy Jlein a3 S5l chitebtin g0l bl p it S jdie gy (gl 45T ola ke gt ya 0
*Means in each column follow by similar letter(s) are not significantly different at 5% probability level, using Duncan’s Multiple
Range Test

O 0 29290 (Seiodghyge CLIMS pal (il > 015 92
ColB)y iy JBlisdy el o bl o lS alise clacuuwd
@lie Byme LS gm0 dx 3 9 wlie ol sl gl o
9 & byl ctS )3 980 gl ) (s dlse 5 o o59)
Sruud g ady) ) 39290 (Siglohyse MBI 15 e

dg->g0 u’.)IJ..C @L.o )I Ay o léwl LA-ClJ g & )l solﬁf 92 z_s"|9m

@pd bl cuiS bl (luss 455 93 Caedl ST plls

S Gial381 o)l dzgi Jless 93 nl bl (e 9
ma g 55 3 o] Gl 4 bgsye it bolse 3 nej sl
2 (i) Cadie (LalS )3 (pej splp Coms (JS yobo
2l sbar b o (2l (0)3) e GlalS L bbke cuis
S ST & G (e W cbglin CliS Gl 5]
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aS 15,5 ol d9s ol 4, 55 & Keshtehgar, 2014)
100 byt ciS jlass 51 (136) cyoj sl coms i
- e B3] oS ol sy wojphdl o y> 100 + )3 as
o 3phl 105 50 + )3 1o )3 50 bglsee oSl b ()b

iy

Slaturn jo &yd 9 pSlas g15al § o ySlas (Siausen
e o b b gliie Cuds Alide

S U wig gl ol olis  Siuwed Joio 5l Jools zols
M2 0 b bl el (o) ine 9 Cate (Siuan S )3 i3,
(T Jss2) 551 fosime 5 e (Stauson (o il

oliul 5 (2plS (1920 4 yg i el S0 (ggw g S
25 o o J) pogllas
L Y 109129 cuis u.)l)))l P (Ossom, 2010) f9.w9]
3905 )5S UTA 5 OTT i1y (o5 sl s )3 g o
25/8 b 1/5 _zals (Prakashy et al., 2004) |, \Ken o 51,
"S5 4 G bglste ciS 1) (s 08 3 Slas (g0
5 Ly byl S qwyp 53 203,815 (Sweja uiS
lois Sid 0lo Ag5 5 5 Al dde (gly e (6 ply Cams wyd
Koocheki et al., ) sgo S Iy 50:50 by lste iy
(Helianthus annuus >, Kls1 g )3 bglse cuis 45 .(2010
530 303 25 s bgrpo (305 (sl Canmd e (it L)
(Dahmardeh Sanis g 03,005 .ol Canday 4l Skl as > 75

o jiraw b bgldee CulS cliseo (Caund 13 (SCrpg) )3 3 ,Sdos (sl5al 9 3,5dos (Simmod =7 Joua
Table 7- Correlation of yield and yield components of maize (SCy4) in different proportions of intercropping with potato

1 2 3 4 5 6 7
Characteristic
1- Plant height
g 5 M ol -2 -0.198™ 1
2- No. of ear.plant™ '
I il sl -3
3- No.)of kernel.ear™ 087" -0.087 !
. T\T’) ):c :“3 3‘*’; -4 L -0.042® 0089 -0.104 1
- NO. Oof Kernel.row
5J3t| 2 575 815" 0224 0269 0064 1
- NO. of row.ear
6“":;’)‘_1“_'?(1 0.125° 0259 0139 -0.114™ 0.260° 1
- Grainyie
ab o oy =7 . . ns ns ns ns
-0.359° 0518”0054 01002 -0.263" 0.179" 1

7- 1000-grain weight

2o > S5 g iy Jleint o )3 Jb ze FFGF b ixe pi NS
ns: Non significant, *and**: significant at 5 and 1% probability levels, respectively.

s Gioli 8l a3 g Sy by wdinds <l 9 (glS

2l il el

O ey oud o Slas g (49 gy glS ) (Siiuian
S0 L bglies cuis Alids slaciws
5 059 b g e ol L (Stumed Jodo 5 Jols ol
Wbl (gD e g Cie (Sined (isjiuw 00 3 Sles
o 048 3 Slos b (o jums 008 ()9 (Susad (rimen

Slg oo I o candy dhwi b gy gl o Coto (St

sl o515 4 gl (b 505 5 caslio (LS Jdgy Jidas
Al s i 5] ptgg o3lital 5 by le cutS Lyl 4
el T g lisyl maldl b @) b jlim iy ke (Samen
Sodliil js j SIS (495 Caldy 2l 5l (B ol (S
M52 i b g 3 S ol (o (St 231 0392 39290 @lie
- oo (Stusod pl (T Jga) 292 Jogine g Casto 0y &b
b 598 398 (il g ligS (g o) (S e 4wl
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A3 o iulidl ) eolasdl 5 Slas e

CublS s lod a5 opl 4 a3 (8 Jgia) 341 40 ime g it

el w0 (29l ) 55y @i Jed il oblie el

J_a|9.c )l ool _wl dl)g llbduy O wlﬁ) MK 9 llbduy WLA

(SCroa) ©)3 b bylsee CulS ilitSe (SCuad 5 (o jimw (o i 038 3,50 9 (39 gy EW ) (SKwmpodr -8 g
Table 8- Correlation of plant height, tuber weight and yield of potato of potato in different proportions of intercropping
with maize (SC;q4)
o

o 1 2 3
characteristic
1- Plant height
2052 gyt g

2- Tuber weight

26 38e =3 g e 0679 1
3- Tuber yield
do > S5 g iy Jleint o )3 )b ze FFGF b ixe pl NS
ns: Non significant, *and**: significant at 5 and 1% probability levels, respectively.

i 1 (UB4) o ol s Glise VL el oy S A

oS dol Cawddy o jiumm Cindy S T, i, 93 bglse cutS
4 a2 Lo palls CulS 4y s byl culS 65 5l LS

Slapiugw a8 b L Glas il )ly 4500l Jols gls
2 &b dlasd codgicun ;3 Slos «)d olS glasyl 5 cusls Calise

S el s 50 51w balsko cuslS oS oyl . . 34
355 e gj9 Jd il alalie bolse s 4 0 900 (g dig Ll 1 riomen 9 &) 4l 3 Slee g M

Slp by (o <) pials g iy caslie (LS @j9 (29
sl )3 Dl g wald (agllas 925 4 1y (Jaee Jelge I oslizad
asly a3l olS 3 3,Ske slip 5 2,Slae g2 1B s5bay
CitS s Gy e Olale)] @l & g b g Caleg o o
Sl ) e (ady SO+ ) (aydy dw (udylsl bl

23S Aoy olHelis 4 ddlaie > cuis

3yShae o 5Ly .l ()l ne 81 (nmjiamm 022 5,Sloe
5 pals eciS Jles I (LS s o5 30/684) axgicns
IMG 55 sy slucss  jre lw 133/26) )3 olS glisy) oy
igdy 93 Jles 1 (LS > (5 8/957) w5 Slee 5 (432/33)
S gLyl cp SV el Cwddy nejom Cindy o T
it S0 5 15 TBIBA) 032 i s i 45109
eji pals i a5l (ks > 5 28/124) iejein
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Introduction

Increasing agricultural production to match increasing demand of food sources is inevitable (FAO, 2006). It
causes too much pressure on the agricultural resource base and threaten the sustainability of these systems. Crop
mixture is an important method of high production in agriculture. This technique can affect the environmental
conditions of the soil. Sustainable Agriculture, said to be the proper management of agricultural resources which
in addition to changing human needs, maintaining environmental quality and capacity of soil and water
resources.

Materials and Methods

In order to study the effect of intercropping on the yield of maize and potatoes an experiment as 14 treatment
in a randomized complete block design with three replications as replacement and additive approach has been
conducted in the region of Nikshahr in 2013. The experimental treatment consisted of sole corn (T3), sole potato
(T,), two-row corn + one-row potato (T3), two-row corn + two-row potato (T,), one-row corn + one-row potato
(Ts), one-row corn + two-row potato (Te), two-row corn + two-row potato (T;), (The difference T; and T4 is that
in T4, for each product optimal plant population density is 50%, while in T; for both products 100% high density
will be used), three-row corn + one-row potato (Tg), one-row corn + three-row potato (Tg), three-row corn + two-
row potato (Ty), two-row corn + three-row potatoes (Ti;), two-row corn + four-row potatoes (Typ), four-row
corn + two-row potato (Ti3), two-row corn + two-row potato (Ti4), (The difference of this treatment with T, and
T,, is that in this treatment optimal plant density was 100% for corn and 50% favorable for potato was used).
Traits for corn included plant height, number of ears per plant, number of grains per ear, number of grains per
row, number of rows per ear, grain yield and 1000 grains weight and for potatoes, including plant height, tuber
weight and the number of tubers per plant.

Results and Discussion

The results showed that, different planting systems on the number of grains per ear, number of grains per row
and grain yield and plant height and size of potato tubers were significantly affected and improved the
characteristics of plants have been mentioned. The highest biological yield (12.61 t.ha™) of sole corn cropping
(Ty), respectively. Reduced biological function of monoculture corn compared to intercropping in this
experiment can be attributed to inter-species competition of peanuts and corn. The highest grain yield (8957.3
kg.ha™) was observed in treatment (T3). Production due to reduce competition between species, compared to the
competition within the species increased. Most weight tubers of potato (73.54 g) treatment (T,), respectively.
Potato tuber weight loss in the intercropping to monoculture in this experiment can due to inter-species
competition potatoes and corn. The highest land equivalent ratio in one- row potato + three-row corn (Tg) was
obtained which shows the superiority of intercropping to monoculture.

Conclusion
The results of variance analysis showed that:

Intercropping of maize and potatoes with increasing plant density, increased the grain yield of both crops in
monoculture and mixed culture which could be due to increased vegetation and it's closer to optimum density in
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