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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- Sahandian savory at its natural habitat ‘Paakal’, llam province
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Table 1- Date, collection place and growth stage of Sahandian savory

Sxglaes &)U Sy Al yo Sy9laes oo
Date of harvesting Growth stage Collection place
21.4.2011 Lf“‘"’f) JSL’ Lf"‘“"o °1S‘:'i5)
Vegetative Natural habitat, Paakal
21.5.2011 Lf“‘"’f) JSL’ Lf"‘“"o °1S‘:'i5)
Vegetative Natural habitat, Paakal
21.6.2011 Lf“‘"’f) JSL’ Lf"‘“"o °1S‘:'i5)
Vegetative Natural habitat, Paakal
21.7.2011 s29) ) JSL’ Lf"‘“"o °1S‘:'i5)
Preflowering Natural habitat, Paakal
21.8.2011 uh’\'ls 89)’“" JSL’ Lr"*‘"” °1S‘i‘€.5)
Flowering Natural habitat, Paakal
7.9.2011 s )‘)" 9 J“’K um“\‘lf JSL’ L;"*‘"” °l§‘:%5)
Full blooming & seeding  Natural habitat, Paakal
2.9.2011 Sl 2l5 wlls
Full blooming Greenhouse
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Table 2- ANOVA of essential oil yield of S. sahandica at
different phenological stages

s qalio 63l 4y Ubiﬂw&w

S.0vV df —S

bl 5 Slos
Oil yield
t.';.«f)‘b).g @)L‘ - 5 0023**
Date of harvesting
s 12 0.001
Error
CV (%)

2o ys S Jlein] o 3l gxe *F
**: Significant at 1% of probability level
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Table 3- Mean comparison of harvesting time impacts on
oil percentage

)Log; &Lw‘ M)J
Treatment  Oil percentage

L’)ﬁ'\)f-)é 0.34bc*
April
i) 0.42°
May
REJES 0.38%
June
» 0.32°
Julay
)‘)).o O 23d
August
September

o )3 5 gine A Bl S jiie G Sy JBlis gl sl il *
Sisb e Sl (laals dix yg05l ol p oy gy Jlosn
* Means with at least one similar letter have no significant

diference at 5% of probability level based on Duncan's
multiple range test.
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Table 5- ANOVA of main compounds of essential oils at different harvesting dates

oSl

Slasye

MS

N HETIY)

i aabie

bl Jo g

ORels

Jsdi 55 W1 Jo 515,65
Camphene

a-Terpineol

Jold
Linalool

Jg 5 -

4-Terpineol

2988

Camphor

Jsd 9

df

S.0.V

Bornyl

Carvacrol

acetate

Borneol

22.05" 36.26™ 10.40" 31.46" 5.64"

71.73" 12.417

112.40"

iy oles

Date of harvest

0.56

0.38

0.31

1.08

0.49

9.03

14

Error

O

25.25

34.03

10.09

27.35

10.53

6.97

5.77

8.17

CV (%)

dop S Jloin] g 3 Iy gixe e

**: Significant at 1% of probability level
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Table 6- Mean comparison oil compounds percentage at different harvesting times from habitat and greenhouse

. . . Olwl Jo S 5 =4 . Sy W .
s Jpi s S R iy ST o s
Treatment Borneol Camphor acetate Terpineol Linalool Terpineol Carvacrol Camphene
0229° 20.34"  471° 12.96° 4.99° 7.64° 7.09° - 2.82°
April
“‘*‘“M 23 34589 4.81° 9.42° 6.72° 9.35° 8.26° - 256
ay
;")5 43.14% 7.09° 6.86° 7.67" 4.66° 6.80° - 2.80°
une
» 44.71° 14.39° 9.99° 4.81° 1.29¢ 4.41° - 2.87°
Julay
e 37.31°  15.20° 12.25° 8.58" 1.29° 5.10° - 2.03
August
(o5a2y)) 2925 29.30¢ 15.26° 9.25° 11.82° 0.99° 4.38° 4.92° 1.77°
September (Habitat)
(lsdS) 5 00
September 39.02" 7.56 9.54 4.00 1.41° 2.97° 7.88° 5.93°
(Greenhouse)

Sl e Sl (laials dix yg0jl oll g oy gy Jlosin] o )3 I3 gxe OS] 18l S yuie B SO JBlis (s (slacpSibe e pm » *
* Means in each column with at least one similar letter have no significant diference at 5% of probability level based on Duncan's
multiple range test.

ilisa (Sl 53 el JS Ji6 (gm0 9 (a1 T Cllad (il ly 28 =7 Jgo
Table 7- ANOVA of antioxidant activity and total phenol content of oils at different harvests

Olasyo (ibe
a5 gle (il aay MS
S.0Vv df ST 51 cyllad J5 B ggime
Antioxidant activity Total phenol content
s.';.«ﬁ‘)).g L)L") ok *k
48.58 107.67
Date of harvest
e 12 9.56 2.31
Error
(20 )a) Ol o pd
5.79 7.51
CV (%)

2o ys S Jlein! gl (3 )l gime FF
**: Significant at 1% of probability level
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9 (30> 15/26) ;02 s 905 42 by i &1 S 5 ol oy
22395 o 9 (103 14139) 15 5 (105 15/22) 3150 y90 100
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g i 4SO s b bl j3 39550 bl Lye (ke
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Table 8- Mean comparison of harvesting time effects on antioxidant activity and total phenol content of essential oils

s (300,3) (Flaps T T Cadlad

(bl i Juo 1t SIS 0,8 o) JS Jid (s g5me

Treatment  Antioxidant activity (%)  Total phenol content (mg Gallic acid/ml Essential oil)

02292 51.76" 14.90°
April
“‘*‘“M 23 53.87° 20.43°
ay
;"P 51.87° 14.41°
une
» 51.92° 24,04
Julay
e 49.53 17.78°
August
IR 61.06° 30.06°
September

Sl e S (laials dix yg0jl Loll g oy gy Jlosin] o )3 I3 gxe M) 18l S yuite B O JBlus (s (slacpSibe e pm » *
* Means in each column with at least one similar letter have no significant diference at 5% of probability level based on Duncan's
multiple range test.
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Introduction

Sahandian Savory (Satureja sahandica Bornm.) is an indigenous perennial aromatic plant growing in the
West and North West of Iran. Its growing season starts from March till end of September. Oil and its quality are
abundantly variable among different Savory species (Ahmadi et al., 2009). Although, Thymol, p-Cymene and vy-
Terpinen have been determined as the main components of Sahandian Savory oil by Sefidkon et al. (2004), little
data on its Phytochemistry and phenology genealogy? is available. The present study investigated the
phytochemical properties of essential oils of (S. sahendica Bornm.) at different harvest times from Pakal habitat
and a specimen grown in greenhouse.

Materials and methods

The aerial parts of plants were collected on one month intervals from 20th April till 20™ September. A
specimen cloned from the wild plants and grown in research greenhouse, college of Agriculture, Ilam, was
harvested at full blooming stage in September. Essential oils were extracted using Clevenger apparatus by hydro-
distillation. Isolation and identification of oil components were carried out by gas chromatography (GC) and
coupled gas chromatography with mass spectrometer (GC/MS) at Medicinal Plants and Drug Research Institute,
Shahid Beheshti Medical University, Tehran, Iran. Antioxidant activity and total phenol content were measured
following Singleton et al. (1999) methods, respectively.

Results and discussion

The ANOVA showed that harvest time significantly affected oil yield of samples at one percent of
probability. Mean comparison analysis revealed that the maximum and minimum oil yield were belonged to May
(0.42%) and September (0.19%) harvests, respectively. The essential oil percentage of plants grown in
greenhouse were extremely low and negligible samples collected from their natural habitat. Analysis of
variances for antioxidant activity and total phenol content showed that the traits were also significantly affected
by harvest time. The highest and lowest antioxidant activity recorded for harvests in September (61.06%) and
August (49.53%), respectively. On the other hand, maximum and minimum total phenol content recorded from
samples harvested in September (432.71 mg Gallic acid/ ml essential oil) and June (191.28 mg Gallic acid/ml
essential oil), respectively. Phytochemical analysis by coupling gas chromatography with mass spectrometer
(GC/MS) identified 75 different components. ANOVA of oil compositions exhibited a highly significant
difference between different harvest times. Borneol was the main component of oil at all harvests. In early stages
(April and May), Borneol (29.34 and 34.58 percent), Bornyl acetate (12.96 and 9.42 percent), Linalool (7.64 and
9.35 percent) and a-Terpineol (7.09 and 8.26 percent) were the main components. By the end of spring (Mid
June) Borneol and Camphor content was increased slowly so that Borneol reached to its peak (44.71 percent) in
end of June, but the other main components were declined by the last harvest. On full flowering stage (mid-
August and early-September) an increase was recorded for Bornyl acetate, the highest content of Camphor
observed; Carvacrol was identified as the main oil component (4.92 percent) and Borneol content decreased.
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Phytochemical composition of oils extracted from greenhouse sample at flowering stage was significantly
different from those obtained from wild plants at the same growing stage. Plants grown in the greenhouse were
rich in Borneol, Bornyl acetate, Carvacrol, Camphor and Camphene (39.02, 9.54, 7.88, 7.56 and 5.93 percent,
respectively), while oils extracted from wild plants, mostly formed by Borneol, Camphor, 4-Terpineol, Bornyl
acetate and Carvacrol (29.30, 15.26, 11.82, 9.25 and 4.92 percent, respectively). The results showed that growing
Sahandian savory in the greenhouse which is free from climatic stresses may be led to beneficial changes in its
essential oil composition.

Conclusion

The study revealed that the highest essential oil can be achieved in May, the best quality essential oil
regarding antioxidant activity and total phenol content should be obtained at the full blooming stage and to get
the highest amount of Borneol, harvest must be done in July under llam province conditions.
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Table 2- The eigenanalysis and loading content of
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Variables

gl
Altitude
bod (ke
Mean temperature
(st Cagb
Relative humidity

Sl Sk oSbe 45y 0386 0.206 -0.318
Annually mean rain

‘_”‘b‘ 0.535 0.132 0.043 -0.098
Climate

0.347 0.157 -0.847 0.309
-0.463 0.342 0.067 0.463

0.418 -0.323 0.405 0.730

G o)
Slope percent

9d i y 2 a8 b sl Lol glaadis 40 il ol mls

-0.008 0.767 0.157 0.215
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Fig. 3 - Habitat classification of Gol-e-Arvane Bezghi based on topographic and climatic characteristics variables by PCA
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Fig. 4- Habitat classification of Gol-e-Arvane Bezghi based on topographic and climatic characteristics variables by CA
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Table 3- Habitat classification of Gol-e-Arvane Bezghi based on total measureding variables by CA

PC]_ PC2 PC3 PC4 PC5 PC6
Sy e 8.0579 3.4740 1.8476 1.2807 0.3398 0.0000
Eigenvalue
. 0.537 0.232 0.123 0.085 0.023 0.000
Correlation
o2 o 0537 0.769 0.892 0.977 1.000 1.000
Cumulative

By ailgyl 50515 9 (N5998y90 Cluogad (Slayiio bl ol Gallz ;b jlaie g 0329 pole € Joor
Table 4- The eigenvalue and load content of principal components based on morphological characteristics and plant density
of Gol-e-Arvane Bezghi

b et PC, PC, PC,; PC, b ke PC, PC, PC; PC,
Variables Variables
oSl ) -0.160 -0.421 -0.093 0.282 Sl shs 0.241 0.363 -0.123 0.188
Plant density Shoot number
‘””'_)J” 0281 -0.273 0.137 0.225 )5 0.058 -0.324 0.433 -0.452
Plant diameter Node number
Gy glis)| JAE 55 slas
; 0.083 -0466 0.211 0.243 0.278 -0.230 0.098 0.324
Height plant Number of flower node
$92 5 0% 0327 0041 0255 -0.069 25 2 J5 ol 0139 -0.263 -0547 -0.063
Plant fresh weight Number of flower in node
“"”'“S'“‘”'O_"’ 0.332 0.132 0.163 -0.014 6"’“‘5_)]"5 0.267 -0.199 -0.289 0.117
Plant dry weight Leaflet diameter
Bl S 09 0277 0237 0281 0.140 gt > S5 Sl 0308 0135 -0.272 0.167
Shoot dry weight Flower number per plant
S “5’““"‘"959 0.345 0.010 0.095 -0.108 gt 3 s 0.329 0.019 -0.180 -0.230
Leaf dry weight Seed number per plant
Blo &) Sy SS9 S 5l ol
Leaf dry weight to shoot dry  0.208 -0.199 -0.218 -0.576 0.241 0.363 -0.123 0.188

weight ratio

Shoot number
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Fig. 5- The loading of first and second principal components based on morphological characteristics and plant density of Gol-
e-Arvane Bezghi in six habitats
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Fig. 6- Habitat classification of Gol-e-Arvane Bezghi based on morphological characteristics and plant density by PCA
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Table 5- The eigenvalue of Pearson regression matrix based on total measuring variables in habitats by PCA

PC, PC, PC, PC, PCs PCq PC,
o
.Om -t 11.723 5.269 3.352 2.612 1.044 0.000 0.000
Eigenvalue
(s . 0.488 0.220 0.140 0.109 0.043 0.000 0.000
Correlation
T s ’ 0.488 0.708 0.848 0.957 1.000 1.000 1.000
Cumulative
047 Density Plant height
Large diameter
0.3 ng1all diameter
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Fig. 8- The loading of the first and the second principal component based on total habitat and plant characteristics
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Table 6- The eigenvalue and load content of principal components based on total characteristics of Gol-e-Arvane Bezghi in

six habitats
e PC, PC, PC; PC, PCq 2 etie PC, PC, PC; PC, PCq
variables variables
oy Go St
&_Lm’ 0.043 -0.257 0.181 -0.422 -0.231 © o 0.259 -0.134 -0.155 0.122 0.003
Altitude Plant dry weight
12 05le -0.262 0.038 -0.068 0.124 0.360 b ‘”9 0.197 -0.169 -0.264 0.247 0.022
Mean temperature Shoot dry weight
‘-f_‘"“.c“*’bf_ 0.241 0.058 0.264 -0.043 0.242 S U” 0.281 -0.061 -0.076 0.072 0.151
Relative humidity Leaf dry weight

AUl (S6,b (:S5ke
Annually mean rain

0.133 -0.300 0.234 0.220 -0.084

’_”‘M 0.169 -0.217 0.333 0.024 -0.207
Climate
G o
-0.088 -0.350 -0.034 0.195 0.392
Slope percent
e 0111 0393 0067 -0.017 0.156
Plant density
4;%5)}4?&3 0.230 0.213 -0.080 0.183 -0.180
Large plant diameter
4;9{_439;-)]93 0.243 0.205 -0.073 0.042 0.250
Small plant diameter
4';,3-)143 0.242 0.216 -0.080 0.129 -0.005
plant diameter
4y ) 0107 0359 0111 0.167 -0.262
Height plant
© P 0 0.270 -0.090 -0.063 0.183 -0.065

Plant fresh weight

Bl &y S S (g Cand
Leaf dry weight to shoot dry 0.208 0.003 0.284 -0.231 0.277

weight
Sl sl 0150 -0.232 -0.356 -0.097 -0.058
Shoot number
o) s 0.106 0.103 0.399 0319 0.110
Node number
I 055 slass 0236 0197 -0.116 0.072 -0278
Number of flower node
0,5 0 J5 ol
_ 0.133 0175 0075 -0.484 -0.038
Number of flower in node
S puslS
_ 0.214 0174 -0.136 -0.193 0.371
Leaflet diameter
e 0.217 -0.130 0.324 0.027 0.058

Seed number per flower

gt 3 S5 Sl 0222 -0.074 -0.278 -0.225 -0.015

Flower number per plant

Loy 40yl Dy

0.269 -0.086 -0.031 -0.174 0.165

Seed number per plant
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Fig. 9- Habitat classification of Gol-e-Arvane Bezghi based on total measuring variables by PCA
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Fig. 10- Habitat classification of Gol-e-Arvane Bezghi based on total measuring variables by CA
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Table 7- The eigenvalue and load content of principal components based on total characteristics of species and habitats

Spog adlze ogi Wailye
Description Components Description Components
Wy Sy b PCys By ST 4 olasi g gy 5 (g oS Sl g PC,
Large plant diameter Leaf dry weight, plant fresh weight and seed number per plant
asl i 45 Gy gyl 5 o515
. PC14 . . PCZ
Shoot dry weight Plant density and height
8 8l 40,5 dlaws
s PCss bl 50,5 3 PC,
Climate Node number and climate
S pwlS s 6,5 Sy
pelS S PCis 5 S PC,
Leaflet diameter Node number
Gg ST L4 ol pC bod (155ke 9 S pwlS jlad i Ao yd pC
Seed number per plant v Slope percent, leaflet diameter and mean temperature ®
o duoyd PC., Sy SaS S PCq
Slope percent Small diameter of plant
e ) o PCio by @M J gl PC,
Comparative humidity Altitude
J)ML{ )143 PCZO Lg f"s‘)J PC8
Leaflet diameter Plant density
Sy Sy kS PCyy Sy o BC,
Large plant diameter Plant diameter
M.Lp).) u)u&ugduy&;)bﬁ
PCZZ . i PC].O
Slope percent Small diameter of plant and mean temperature
SIS 0,8 slaws PCys w cg,,b') ' PC,
Number of flower node Relative humidity
gy Jf Slass PC24 Lo ) 09 PCIZ

Flower number per plant

Plant fresh weight
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Introduction

Hymenocrater from lamiaceae family is a perennial bush with 24 species in the world and 10 different
species in natural habitats of Iran (Satil et al., 2007). Hymenocrater platystegius Rech. is exclusive to Khorasan
province in the North east of Iran (Mozaffarian, 1996). According to available information, %5 of plant species
of Iran are becoming extinct, which is 550 times higher than the forecast of the International Union for
Conservation of Nature and Natural Resources. Hymenocrater is an important genius of Lamiaceae family.

Hymenocrater belongs to Stachyioideae subfamily and have numerous varieties which are expanded from
Iran to Irag, Pakistan and Afghanistan. This genius has aromatic essential oil and antimicrobial effects. Some
researchers has shown different characteristics of its oil components are related to the differences in geographical
conditions and habitats of the collecting regions. Moreover, proper management and optimal utilization of
natural ecosystems requires sufficient scientific knowledge and understanding. Therefore, domestication and
cultivating domestic plant cultivation can reduce harvest pressure on natural areas for rare, slow grower and
critically endangered species (Vogel, 2004). In recent years, lower precipitation and land use changes threatened
this species seriously. The purpose of this study was to evaluate ecological characteristics of this species, their
natural habitat and to evaluate possibilities for domestication in field condition. The aim of this study was to
select the best habitats of Hymenocrater platystegius Rech. based on ecological and morphological
characteristics of species in the natural habitats.

Materials and methods

This experiment was performed during 3 years (2008-2010). For this purpose, 6 habitants (Bezd, Bezgh,
Bazangan, Golmakan, Kalat and Zoshk) in Khorasan province of Iran were chosen and all plant criteria,
including morphological characteristics (plant height, crown diameter, stem, flower, leaf dry weight to shoot dry
weight, number of seeds, plant density, fresh weight and dry weight) and environmental requirements in the
natural habitats (annual precipitation average, annual temperature average, relative humidity, climate condition,
topographical features (altitude and slope) were investigated. Golmakan area was determined as the base station
data for evaluating and recording the phenological stages, because it had a higher plant density and diversity of
topographic features. Then, collected data was analyzed using PCA and CA methods.

Results and discussion

In this study, the effects of environmental conditions on morphological and ecological characteristics of
Hymenocerater platystegius Rech. were observed. Results showed that the natural habitats in the area were
highly similar and 4 ecotypes were recognized there. Among 15 plant criteria investigated the leaf dry matter,
number of stem per plant, number of nod per stems and the nodes bearing flower contributed to 97% of the
variance. Topography and climate analyses showed that climate was the most important factor with +0.55
loading which had the highest impact on the main component. In general, 5 habitats were recognized with 70%
similarity in topography and climatic conditions.

1 and 2- Former PhD Student in Crop Ecology, Department of Agronomy, Faculty of Agriculture, Ferdowsi University
of Mashhad, Academic Member of ACECR and Professors, Department of Agronomy, Faculty of Agriculture,
Ferdowsi University of Mashhad, Iran, respectively.
(*- Corresponding author Email: akooch@um.ac.ir)
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Conclusion

Finally, both Golmakan and Kalat were in one group (had closed similarity in environmental conditions
including topography, precipitation, soil texture, elevation, aspects and other habitats were in 5 separate places.
These results showed that the environmental factors had more effect on morphological characteristics of this
species. Therefore, considering the destruction of natural habitats and extinction conditions for this species, it
should have a period proportional to the regeneration period, such as grazing for conservation. As climate
change has huge effects on endemic species then domestication could be the best way for their protection and
conservation.

Keywords: CA, Ecotype, Medicinal plant, Morphological characteristics, Topography
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Soil Loamy-silt
ez 5023 - 1.5% 1.2% 1.5% 8.2 8.1
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Table 2- ANOVA results (mean of squares) for the effects of different fertilizers on the maximum amounts for growth indices
of castor bean

i b ol an,y We e, Sy e a8 W SWid 0dlo ged im0 ol Wy Cepw o udg IS 18
S.0.v df Plant height  Leaf areaindex  Dry matter accumulation  Crop growth rate  SPAD reading
__@, i 2 42.71 0.010 187.99 0.678 7.86
Replication
e 3 7952.50" 0.0904" 37213.46" 32.29” 192.96™
Treatment
1229
6 30.29 0.004 783.97 1.016 9.918
Error
S 11 - - - - -
Total

s> Sy g gy Jloi] g 53 )l e o 4 FF G
*and **: Are significant at 5 and 1 percent probability levels, respectively.
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Table 3- Comparison means for the maximum amounts for growth indices of castor bean under different fertilizers

digy W5yl Thaw padld 0)5) s odle oo (lime 30 055) ol§ wdy s g cdlyd
sl (o silu) Sy (&30 5% 5 (592 2 @iyoyio Fodudg 5
Treatment Plant height Leaf area Dry matter accumulation Crop growth rate SPAD
(cm) index (g.m? (g.m?.day™ reading
OS5 90.47%" 1.63° 529.83" 10.91° 56.38"
Nitroxin
Slawd bJ.JJSJ>
Phosphate 106.00" 1.65° 533.58" 11.08° 59.50%
suloblizing
CessinS 5029 130.84 2.15% 693.32° 16.45° 60.34°
Vermicompost
el 77.25¢ 0.88° 459.00° 7.63° 48.87°
Control

(p0/05) x5,)l5 (¢ o sme coglis Sl (ygal bl g s > S yide gy gl (slaySile *
* Means with the same letters in each column haven’t significant difference at the 5% probability level (p<0.05).
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Fig. 1- Trend for plant height of castor bean under different fertilizers during growing season
S 5550 9 Slawd 048 > (slag S cusgraS )9 iy 4 Ny PSB VC
VC, PSB and N: Are vermicompost, phosphate suloblizing bacteria and nitroxin, respectively.
(p=0/05) x5)\5 (¢ 5 gime 9l LSD (yg05T polsl p el o LSD 3 5208 lapyl coglis oS o uSilin yiSTas pyolie
Means . that the difference between them is lower than the LSD value are not significantly different LSD test (p<0.05).



1395 Jgg d o e B alor (53,9LiS (gl pgy 41 pis 38

25 —*—PSB = \C LSD for maximim
. —>—N —a— Control value= 0.40
2 -
>
ke
£ 151
S
<
7 1
—
0.5 T
O T T T 1
0 50 100 150 200

Time (days after emergence)

Sy b Job 33 (365 lideo 518lodd il Cod S S Sy b S U Oy gy -2 S
Fig. 2- Trend for leaf area index of castor bean under different fertilizers during growing season
S 555 9 Slawd 048 > (slag S cCusgraS )9 iy 4 N PSB VC
VC, PSB and N: Are vermicompost, phosphate suloblizing bacteria and nitroxin, respectively.
(p=0/05) x5))5 (¢ 5 gime 9las LSD (yg051 bl p el o LSD 3 1208 lapyl coglis oS o uSilin yiSTas pyolie
Means ., that the difference between them is lower than the LSD value are not significantly different LSD test (p<0.05).

g ki 5l YL 4o 3 68 a5 s
Sid o3le il s A, (DM) S o3l Qo2 Mg,
9955 slojlog plad (gl 0 s | g 59 1206 S 8
0950 Jb an Lalad pLas 1o ol Sl ey 5 29 (oal38] 50
Lapliol L g (Lo Jsus (35 oSt b cos) o)y dacs
Job > St oolo geod liae o 5eS g Cp b 3L lalS
Sl iy G35 e 3l ey 595125 2905 0 Joad
25 495) 1ol 5 (g po o 1 25 693/3) csgiaS o
40 sa i s s 03 dwlixe Hlade a5 dol Cowd s (@opeyie
Olind 018 o (slacs 5L g (oS 955 b gl g0 5YL oy
Sid o3lo oo jae (6203 16 515 Lil58l Cvge sy 4
(3 Jgies) 2t wals L acaolio jd s semw 5l w59y 125
2l b CwgraS c0yg sloss o ()3 Hne WS (piznon
oS cllas ol @ 205 L3 o) 45 osnlie (6365 (slalews
oS ) (s imgid dlgo e (e jl (2l St o3lo geoS
A e bl o olS lawg polie Gla lgi s LS 9 00y
- ey Ao S5 (sLanosiiS ol | o3litsl &S dus) o ki

1- Dry matter accumulation

(Ghasemi & Moussavi Nik, 2014) K5 (cgwge g (couls

$3595 5 Wfgyi dgS 9 48y S e Sl S I gwyp b
4 d9a5 (0155 Gl adlale 3 Sz )8 3)Sas 5 A
Jol 259 5F S g0 Jlite ST (6l S g s (it
Gutiérrez-Miceli et al., ) ;,LSen g o = jpi9S 0
CoggaS o)y )8 45 1608 osnlie tlojl plosl |; (2008
ool Jdo a8 0l aals b awslis )0 Sy o g 0las i l58)
Loy (dng) 48) S99 5 (218 polie onlf 390 ) 1l
oaalie aljly )3 (Azzaz et al., 2009) . Kon ¢ 51 isdls
LS Ay Sl (S 9k S fglon 355 3 )lS &5 d)S
el gl 2ged 1dg ) (odag) Cluogad (p VL olond
015 > (sl 1S b puails 48 3l s (Aseri, 2008) (s ]
5 Ioksm 63 00 S s s G5Bl el sl sl 5 liand
Sy o 48 iy lgbsl (De Silva et al., 2000) S
Wald dn Cons Slawd 008 Jo a8 b ol gl slalis
(Khorramdel et al., 2008) ) ,LSen ¢ Jop,5 bl il 53]
59582 3 ailsalw S o yadls oyt 45 3405 3,155

oanlio ool s sl 450580 (RedlS losd sl 045 G )



39 Sz sy g asls b))

by g St 3l 5 & land 01 Jo g pob s Jloss oS
Jopys adlas golis . as olen plal Sis (59 ial8l el olS
395 3,8 a5 sl oLss (Khorramdel et al., 2008) ) San

v als oo (Mal & Patidar, 2004) )b 5 Jl ol Gzl

e 530,012 3900 el (ol penn T H152)5500) 55l
W 2 ls b dwslie ) dilialuw S oole good

S5 i 390 5 N 03l doys ial3l 2ok 5 CaogpeS
Sl eSS el g Qo ol o Y sy 15y dgup ey
S99 2l BB polie Gl el gyl ol jl g 0ad S 5
2 St 00lo xad0 dguty Azl H0 ) &S 0uds olS (g pawgid lg
55 L)) (Bachman, 2000) ez .cnl azsls Jis 4 1, ol
Sid o3l Mgi lime CangaeS o9 (sooe> Moy 10 58" &8

—+—PSB —=—\C LSD for maximim

— 800 1 ——N —+—Control  value=55.94
g
NS
S 600
<
E
1S
3 400 A
&
g
© 200 -
& 00
-
(@]

0

0 50 100 150 200

Time (days after emergence)

iy Juad Jgb y3 (5355 o gl lond iU Cod S 5 SUid 03le 2o (yf5e0 Ol S Wig -3 JSS
Fig. 3- Trend for dry matter accumulation of castor bean under different fertilizers during growing season
S 5555 9 Olawd 048 > (slag 58 «CusgraS )9 iy 4 N PSB VC
VC, PSB and N: Are vermicompost, phosphate suloblizing bacteria and nitroxin, respectively.
(p=0/05) x5\ (¢ 5 gime 9l LSD (yg051 bl p el o LSD 3 1208 lapyl coglis oS o uSilio yiSTas pyolie
Means ., that the difference between them is lower than the LSD value are not significantly different LSD test (p<0.05).

2S5 B 1615 Ly 1l sals g CangeaS )5 Sl iy &
bulyd > Sp )8 00y Sy (liee A5 0dalie o) 53 @y e
L il iy 4 land oaiS o slagg Sl g S5y L el
aS My o a5 4y (3 Jgds) d9r s 5l 5V aoy> 45 443
CowgraS (s0yg Byman Lol )3 Sp )5 A5 Sy (39 FVL
cBlae 5 (2 USLE) S e asli (o9 5L e 4 Yloss|
ol b duglio 15 (3 US5) Sts o3l gans hise 081 5Vl o
Sl Sogen olowd olg s Cpiomen bl (345 laslows

g 2l polis enld (WIEI 5 )b I avgaS 00yg 53 29290

Arancon et al., ) uiy od S plass (sLaygey9n Wgi Ko o0
e b iuly8l eel,(2004; Tomati et al., 1987

4S Cawl 2l olS Ad) oy ((COR) 8LS iy s g

22 o i o pdaw g oloj daly o 1y Siid odle zezs yljee
Ss )8 A3,y e g a5l (Sarmadnia & Koocheki, 2007)
el g (LS Gide (998 Jol8 Jd> 4 03y 4yl ol 5
Obe) CbIS L 935 Oyl (s pob eyt )50 I (08 Aoy
ol ol A5 Bl 351ty 5y s dras egal o a3l
el 38l Sy el 4l JLis a1 (g5 olils zals Yl
i 9 Ol38 A S 5l g 59,80 bl les ples > CGR
9 S5wgd Slaplil (08 2)5 9 (Saew) Jolye 4 08 S35 L
(8 Jsos) el ials iy il 4 (swgd dlge apass
o 3 5l me 39,8 55 S5 S COR (i (%8 5 o



1395 Jgg o e B alor (53,9l (gl pgy a1 pis 40

959 2 aesie » pS TR L il CngeaS o9 el i
NAR 50 Aol G 4 595 50 qapeyio 3 p)S 116 L ply anls
018 J> Loy g cnaS gy L gl b cos Ko 8
Oiali8l aali b awslio 1 00,386 5 T1 L ol cud 4 lawd
J sy (a5l b o sy oo a5 4 i (B JS8)
93 ol ol 8 sl I3l g5l ol clacSy slas il
oisron (Cawl 0030,5 Cogo |y (alld Cls casyu HialS wolys
sl ol &8 bl als alls g Ce e Sy G IEI L
ool azily s 1) alb Gl e Jo5 ks Galj3l 50
Sl ol BB 05955 (i 45 il ) eudy 5 <18
Bredemeier, ) 3,5 Sy Jidg 8 clalé b oiitune bls,l olS
1) oS Condg o5y JdylS (6031l L lgiie 11 (2005
ol 35 bl cal @l ol 515 ()l 0590 ()55 i
yolie onl)d Glise g olS i) oo 4 o Lidg IS 31,5 &S ol
dgeS 31 )30y (S (ks pegad 4 o yed JB olie
LocS o (il 35 s Al yo 0 (05 S35 9 0S50 (g
ol jials cal o8 sl il cado,lS co s el cos
2 e Jib S o5 cp eSS Gmed 4 sl 0 i Ji3)IS
JS8) catly ol (590 15) anlis Jloss 4 2 Jolpe JS

Jeds 4 4 oai (Arancon, 2004) S5 (sl aunslS g S0
A l) By Cas o a4 )3 olS bawgs (g8 e Ll
et al., 2005) 5, San 5 5501 (sLn syt sl 4213 ol o
o ute Ol Gayb 5l CavgeeS| sayg 45 Wil Lis (Arancon
LSl )35 o SIS 3 ade slap sl g e cullid 59,
walyd ) Brane S g Bpasy ol polie 4 Collas gyt
oligss b 5 (Deka & Dileep, 2002) cubs 5 55 .55l 0
- L gl b cow ) ol sttgtd ce g ()33l 255
ol J gl 3,8 155 b pipess T g land oS > sl
ol Cda 9 9 8 S pome slagygeygn Wy ]y Sl
4 000D ol B lg e ol bawgi (39555 039 4 (olde
wils JLid 4 1) ord il (LS jrwgid Coo pu (]38l dns 5>
10 540 (Khorramdel et al., 2008) l,LSen 5 Jop > .ol
So3glon 255 L el b cov wlials A5, Cop (510>
3503 5)l35 1y 28L5 | gl ) ol il 5 55500
sy Sy 8) [(NAR) (alb (ygmdhone! a6 paw
o 39289 3500 b (358 (slales > S8 Al (pgmodias]
o b S5 5 Sy dlspo ol 5l ey 9 (R D e

256 v olS Ay sy 2l by (g Alsyo 5 A5y Juad Ll

(6 NAR 5o (o yiaS 5 oppisdas 45 gyeb &5 g0 (bidlS & yguo &
——PSB —=—\VC
20 ——N —— Control
FI‘%‘ LSD for maximim
s 16 value= 2.01
€
NS
o 12 1
@
<
8 ,
E
(=2}
&+
@)
O T T T 1
0 50 100 150 200

Time (days after emergence)
My Juad Job 5 Sy ) S 2 (5395 i gy lowd 5T Ol ki gy -4 JSW
Fig. 4- Trend for plant height of castor bean under different fertilizers during growing season
S 5550 9 Slawd 048 > (slag S cusgraS )9 iy 4 Ny PSB VC
VC, PSB and N: Are vermicompost, phosphate suloblizing bacteria and nitroxin, respectively.
(p=0/05) x5))5 (¢ 5 gime 9lis LSD (yg05T bl p bl o LSD 3 1208 lapyl coglis oS o uSilio yiSTas pyolie
Means ., that the difference between them is lower than the LSD value are not significantly different LSD test (p<0.05).



4] Ko 5 by sasls byl

—+—PSB

N

o
]

=z

[EEN
ol
1

Net assimilation rate (g rT12)
o o

—a—\/C
—— Control

0 50

100 150 200

Time (days after emergence)

by b Jobo 3 S8 GAls Ll Sty 1 (6365 ilisen (5l lad 51 ol e 59, =5 S5
Fig. 5- Trend for net assimilation rate of castor bean under different fertilizers during growing season
S 955 9 Slawd oS > (slag 58 CusgraS )9 <y 4 N PSB VC
VC, PSB and N: Are vermicompost, phosphate suloblizing bacteria and nitroxin, respectively.
(p=0/05) x5))5 (¢ 5 gime 9l LSD (yg05T bl p bl o LSD 3 1208 lnpyl coglis oS o uSilio yiSTas pyolie
Means ., that the difference between them is lower than the LSD value are not significantly different LSD test (p<0.05).

1iJ (Bredemeier, 2005) 59— oo )] pusdgrlio g 59 J!
T e i SgseS COS Ly ol & Sy Y3 4 (i
2 S5y (sLmagS 3l gy L 3 (Alam, 2001) pYT.a8
L il 45 505 ,lebsl (Oryza sativa L) gy olS cluogas
> @ Slad oS s sl 58 g 5si Sajglen sboasS
ORIl e ge it g g (S5ime S g Cutte 5L
Ot ad oLeS (3wgtd Cud )b 3ok 9 S Jidg)lS (slgie
9o Cgmme S 3 ol S J& 5 pe ady) & gl sy
S ciodols Cupde poii b les o {Leithy et al., 2006)
L gl 5 Cumague g palss 1 (slooales o y3b o
P okl (sid) Claogad dgug p ogde Suiglan sladsS

905 e T slaodls opl Byan 5l cow | apllas

6 5 4o
Otrin @395 lize sl jlogs o5 b (L adllae (] b
A b 8 sl e |y Ko 8 i)y slapasls polis
(Pt polie (onl b HLIBIL CungraS )9 Bpan & 5y5b
(Il odlo diop> iljil sy 0uiS sl (slaygeyon sy S48
65 CollB 38l iy 05 dery sl S sl b dgugy
2l L dalio jd (cosy ola bl sgu0 4 yoxie Sy

Jolyo 33 riodbsplS S35 im s lnjloss (oles 5
Sl yadedo)lS OB e i A5 odalive olS 5, 4l
odalio 59 L )41)4 U"\“’ o )I o= )9) 105 Jel w}"‘*;u‘)ﬁ )Lo-AJ
0a3Ls ool i D90 dls 5l YL s, 100 51 i o5 wi
Oliud 0118 o (slags Sl g S 955 b il slojless (sl
RN INUPYRN PAFIN T W I I PN WESY 93 982 Loplp cwiya
b o33 s 4y e Jido)lS 88 el (b e 5l 59, 105
sl —ialS 15y, L g S om0 Yleisl g 6y dlsyo &
S cal ooy L (Wolf, 1988) cliglejl 5y zuls (6 Us)
L LacS o (sjiimgis <)l o (FP=0/86) oVl (Stauro
A5 spin 5 a0l 3 35 (508, e (b 03555 ssiee
b Oiass 5o (1 o8 b Cod (Gitegh Cod )b ials
~ 09M_C ) 04 )J.ﬂJdﬁ)lf p«j‘)ﬁ uA...mlf p&l) S 41>).a
YL (Sen 55 059y (i 9 S99, (590 ¢
39008 4 3l> i piomen adllas ol @l )l (r=0/80)
5 JoylS (soie ¢foyt Ao 3 (5dioyd 50 tlS 59
Bredemeier, ) ,odp .coily JLod 1, olS 6 Fawgid bl
a3 SRl ol (59555 sgiome ial3il &S 35a 3155 (2005
3 o dbsnlS S35 ol GRS b s 0,5 g |y sie i S
Cadgisme dusly yiud 39 a8 45 b o]l byb jlcdl als



1395 jlag L oyl 8 wlor ((55,9LiaS (quilih o3z 4158 42

il She Sa S gl obS sus, slaasls cslio T 6la3sS 3,18 &S sy o a5 &y i el 3,5
L33 5 Al e ¢ aracans) sl Sagl s LialS e

70 - —+—PSB —=—\C LSD for maximim
—x—N —a— Control value=6.29

60 -
o 901 >/-/\.
=
® 40
(<5}
L.
()] 4
< 30
o
B L ‘/./‘/‘\‘

10 A

0 T T T T T T 1
0 20 40 60 80 100 120 140

Time (days after emergence)

by Juab Job 53 S5 yiadedy 5 )5 1 (535 cilitin Syl 5T ol ek ig, =6 JSb
Fig. 6- Trend for SPAD reading of castor bean under different fertilizers during growing season
S 555 9 Slawd oS > (slag S CusgraS )9 iy 4 N PSB VC
VC, PSB and N: Are vermicompost, phosphate suloblizing bacteria and nitroxin, respectively.
(p=0/05) x5)\5 (¢ 5 gime 9l LSD (yg05] bl p el o LSD 3 1208 lnpyl coglis oS o uSilio yiSTas pyolie
Means ., that the difference between them is lower than the LSD value are not significantly different LSD test (p<0.05).

&be

Alam, M.S., Cui, Z.J., Yamagishi, T., and Ishii, R. 2001. Grain yield and related physiological characteristics of
rice plants (Oryza sativa L.) inoculated with free-living rhizobacteria. Plant Production Science 4: 126-130.
Arancon, N., Edwards, C.A., Bierman, P., Welch, C., and Metzger, J.D. 2004. Influences of vermicomposts on
field strawberries: 1. Effects on growth and yields. Bioresource Technology 93: 145-153.

Arancon, N.Q., Edwards, C.A., Bierman, P., Metzeger, J.D., and Lee, S. 2005. Effect of vermicompost on growth
and marketable fruits of field—grown tomato, peppers and strawberries. Bioresource Technology 47: 731-735.
Aseri, G.K., Jain, N., Panwar, J., Rao, A.V., and Meghwal, P.R. 2008. Biofertilizers improve plant growth, fruit
yield, nutrition, metabolism and rhizosphere enzyme activities of pomegranate (Punica granatum L.) in Indian

Thar Desert. Scientia Horticulturae 117: 130-135.

Atiyeh, R.M., Lee, S., Edwards, C.A., Arancon, N.Q., and Metzger, J.D. 2002. The influence of humic acids
derived from earthworm-processed organic wastes on plant growth. Bioresource Technology 84: 7-14.

Azizi, M., Rezwanee, F., Hassanzadeh Khayat, M., Lackzian, A., and Neamati, H. 2008. The effect of different
levels of vermicompost and irrigation on morphological properties and essential oil content of German chamomile
(Matricaria recutita) C.V. Goral. Iranian Journal of Medicinal and Aromatic Plants 24(1): 82-93. (In Persian with
English Summary)

(In Persian with English Summary)

Azzaz, N.A., Hassan, E., and Hamad, E.H. 2009. The chemical constituent and vegetative and yielding
characteristics of fennel plants treated with organic and bio-fertilizer instead of mineral fertilizer. Australian
Journal of Basic and Applied Sciences 3: 579-587.

Bachman, G.R., and Davis, W.E. 2000. Growth of Magnolia virginiana liners in vermicompost- amended media.
Pedo Biologia 43: 579-590.



43

WSS Gy sl b))

10-

11-

12-

13-

15-

16-

17-

18-

21-

22-

23-

24-

26-

27-

29-

30-

Bashan, Y. 2005. Fresh-weight measurements of roots provide inaccurate estimates of the effects of plant growth
promoting bacteria on root growth: a critical examination. Soil Biology and Biochemistry 37: 1795-1804.
Bashan, Y., and Holguin, G. 1997. Azospirillum-plant relationships: environmental and physiological advances
(1990-1996). Canadian Journal of Microbiology 43: 103-121.

Belde, M., Matteis, A., Sprengle, B., Albrecht, B., and Hurle, H. 2000. Long- term development of yield affecting
weeds after the change from conventional to integrated and organic farming. In: Proceeding 20 German
Conference on weed Biology and Weed Control 17: 291-301.

Bredemeier, C. 2005. Laser-induced chlorophyll fluorescence sensing as a tool for site-specific nitrogen fertilizer
evaluation under controlled environmental and field conditions in wheat and maize. PhD Thesis. Technical
University of Munich, Germany 219 pp.

Brigham, R.D. 1993. Castor: Return of an old Crop. In: New Crops. Wiley New York p. 380-383.

Cacciari, 1., Lippi, D., Pietrosanti, T., and Pietrosanti, W. 1989. Phytohormone-like substances produced by single
and mixed diazotrophic cultures of Azospirillum and Arthrobacter. Plant and Soil 115: 151-153.

Cakmakc, R.I., Donmez, F., and Sahin, F. 2006. Growth promotion of plants by plant growth-promoting
rhizobacteria under greenhouse and two different field soil conditions. Soil Biology and Biochemistry 38: 1482-
1487.

Carrubba, A., La Torre, R., and Matrtanga, A. 2002. Cultivation trials of some aromatic and medicinal plants in a
semi-arid mediterranean environment. Proceedings of an International Conference on MAP, Acta Horticulture
(International Conference on Medicinal and Aromatic Plants. Possibilities and Limitations of Medicinal and
Aromatic Plant Production in the 21% Century)

De Silva, A., Petterson, K., Rothrock, C., and Moore, J. 2000. Growth promotion of highbush blueberry by fungal
and bacterial inoculants. Horticultural Science 35: 1228-1230.

Deka, B.H.P., and Dileep, K.B.S. 2002. Plant disease suppression and growth promotion by a fluorescent
Pseudomonas strain. Folia Microbiology 47: 137-143.

Fallahi, J., Koocheki, A., and Rezvani Moghaddam, P. 2009. Effects of biofertilizers on quantity and quality yield
of Chamomile (Matricaria chamomilla) as a medicinal plant. Iranian Journal of Field Crops Research 7(1): 127-
135. (In Persian with English Summary)

Ghasemi, S., and Moussavi Nik, S.M. 2014. Effect of plant growth promoting rhizobacteria, Nitroxin and sulfur on
quantity and quality of caster bean (Ricinus communis L.) in Sistan region. Journal of Agroecology 6(2): 275-289.
(In Persian with English Summary)

Griffe, P., Metha, S., and Shankar, D. 2003. Organic Production of Medicinal, Aromatic and Dye-Yielding Plants
(MADPs): Forward, Preface and Introduction. FAO.

Gutiérrez-Miceli, F.A., Moguel-Zamudio, B., Abud-Archila, M., and Dendooven, L. 2008. Sheep manure
vermicompost supplemented with a native diazotrophic bacteria and mycorrhizas for maize cultivation.
Bioresource Technology 99: 7020-7026.

Ishizuka, J. 1992. Trends in biological nitrogen fixation research and application. Plant and Soil 11: 197-209.
Kader, M.A. 2002. Effects of Azotobacter inoculant on the yield and nitrogen uptake by wheat. Journal of
Biological Science 2: 259-261.

Kapoor, R., Chaudhary, V., and Bhatnagar, A.K. 2007. Effects of arbuscular mycorhiza and phosphorus
application on artemisinin concentration in Artemisia annua L. Mycorrhiza 17: 581-587.

Kapoor, R., Giri, B., and Mukeji, K.G. 2002. Glomus macrocarpum: a potential bioinoculant to improve essential
oil quality and concentration in dill (Anethum gravolens L.) and carum (Trachyspermum ammi (Linn.) Sprague).
World Journal of Microbiology and Biotechnology 93: 307-311.

Khorramdel, S., Koocheki, A., Nassiri Mahallati, M., and Ghorbani, R. 2008. Application effect of biofertilizers
on the growth indices of black cumin (Nigella sativa L.). Iranian Journal of Field Crops Research 6(2): 285-293.
(In Persian with English Summary)

Khorramdel, S., Koocheki, A., Nassiri Mahallati, M., and Ghorbani, R. 2010. Effect of biofertilizer on yield and
yield components of black cumin (Nigella sativa L.). Iranian Journal of Field Crops Research 8(5): 758-766. (In
Persian with English Summary)

Kravchenko, L.V., Leonova, E.I., and Tikhonovich, I.A. 1994. Effect of root exudates of non-legume plants on the
response of auxin production by associated diazotrophs. Microbial Releases 2: 267-271.



1395 )ge L o)lais 8 wlor 1(53,9LaS (ol pgy a1 pis 44

31-

32-

33-

34-

36-

37-

38-

39-
40-

43-

44-

Lambrecht, M., Okon, Y., Vande Broek, A., and Vanderleyden, J. 2000. Indole-3-acetic acid: a reciprocal
signaling molecule in bacteria-plant interactions. Trends in Microbiology 8(7): 298-300.

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

Mal, A.L., and Patidar, M. 2004. Effect of farmyard manure, fertility levels and bio-fertilizers on growth, yield and
quality of sorghum (Sorghum bicolor). Indian Journal of Agronomy 49: 117-120.

Medd, R.E., Auld, B.A., Kemp, D.R., and Murison, R.D. 1985. The influence of wheat density and spatial
arrangement on annual ryegrass competition. Journal of Agriculture Research 36: 361-370.

Moradi, R., Rezvani Moghaddam, P., Nassiri Mahallati, M., and Lakzian, A. The effect of application of organic
and biological fertilizers on vyield, yield components and essential oil of fennel (Foeniculum vulgare). Iranian
Journal of Field Crops Research 7(2): 625-635. (In Persian with English Summary)

Omid Beygi, R. 2005. Approaches to Production and Processing of Medicinal Plants. Vol. 1l. Tarrahan Nashr
Publication. Tehran, Iran 438 pp. (In Persian)

Rezvani Moghaddam, P., Aminghafori, A., Bakhshaie, S., and Jafari, L. 2013. The effect of organic and
biofertilizers on some quantitative characteristics and essential oil content of summer savory (Satureja hortensis
L.). Agroeology 5(2): 105-112. (In Persian with English Summary)

S. Ghasemi; S. M. Moussavi Nik

Sarmadnia, G.H., and Koocheki, A. 2007. Crop Physiology. Jihad-e-Daneshgahi Publication 400 pp. (In Persian)
Scarpa, S., and Guerci, A. 1982. Various uses of the castor oil plant (Ricinus communis L.) a review. Journal of
Ethnopharmacology 5: 117-137.

Shaalan, M.N. 2005. Effect of compost and different sources of biofertilizers, on borage plants (Borago
officinalis). Egypt Journal of Agriculture Research 83: 271-286.

Singer, W.J., Sally, S.D., and Meek, D.W. 2007. Tillage and compost effects on corn growth, nutrient
accumulation, and grain yield. Agronomy Journal 99: 80-87.

Tomati, U., Grappelli, A., and Gall, E. 1987. The hormone-like effect of earthworm castson plant growth. Biology
and Fertility of Soils 5: 288-294.

Wolf, D.W., Henderson, D.W., Chsiao, T., and Alvino, A. 1988. Interactive water and nitrogen effects on
senescence of maize: I. Leaf area duration nitrogen distribution, and yield. Agronomy Journal 80: 859-864.



Journal of Agroecology o=t G309l (bl pgr 4y i
Vol. 8, No. 1, Spring 2016, p. 33-46 i 33-46. 5 1395 ,leo L o )las 8 >

Effects of Oganic and Biofertilizers on Growth Indices of Castor Bean (Ricinus communis L.)

A. Amin Ghafori', P. Rezvani Moghaddam?”, M. Nassiri Mahallati’and S. Khorramdel®
Submitted: 11-02-2013
Accepted: 19-07-2013

Amin Ghafori, A., Rezvani Moghaddam, P., Nassiri Mahallati, M., and Khorramdel, S. 2016. Effects of
organic and biofertilizers on growth indices of castor bean (Ricinus communis L.). Journal of Agroecology 8(1):
33-46.

Introduction

Castor plant, Ricinus communis L. is a species of flowering plant in the spurge family; Euphorbiaceae, which
contains a vast number of plants mostly native to the tropics. It belongs to a monotypic genus Ricinus. The name
Ricinus is a latin word for tick. The plant is probably named because its seed has markings and a dump at the end
that resemble certain ticks (NCRI, 2014).

Castorbean is an industrial oil seed crop containing about 45-58 percent oil, which has tremendous
application in petrochemicals, pharmaceuticals, cosmetics, textiles, chemicals, soap, leather, paints, varnishes,
ink, nylon and plastic. Castor oil is traditionally associated with medicine and veterinary use in the fields of
obstetrics, dermatology. It is also used as laxative. Presently, its utilization as bio-diesel has magnified its
importance. Its oil does not freeze even at high altitudes and it is one the best lubricants for jet engines. This
100% castor-based product, has numerous applications in industry such as rotating glass car-wipers, ski boots
fixatives, and for use in air-brake systems on trucks. Many new uses, based on the biodegradability of castor oil
derived products, are expected in the future (Labalette et al., 1996). The shell of the castor bean is used as an
organic termite control agent and its seed cake as manure in the soil.

Medicinal plants are valuable resources in a wide range of natural resources that scientific identification,
cultivation, development and proper utilization of them can have an important role in community health,
employment and non-petrol exports.

Quality of medicinal plants is more important than other crops. One of the most important factors
determining the yield of castor bean is fertility. Integrated supply of nutrient to plants through combinations of
organic and inorganic sources is becoming an increasingly important aspect of environmentally sound
agriculture. Reports showed that the application of manure on bean has improved yield and growth index.

Materials and methods

In order to study the effects of biofertilizers and vermicompost on the growth indices of castor bean (Ricinus
communis L.), a field experiment was conducted during the growing season of 2009 at the Agricultural Research
Station, College of Agriculture, Ferdowsi University of Mashhad, Iran. A randomized complete block design
with three replications was used. Treatments included: Nitroxin biofertilizer, Phosphate suloblizing bacteria and
Vermicompost and Control (without any fertilizer). The results indicated that uses of organic and biofertilizer
significantly increased plant height, leaf area Index (LAI), Total Dry Matter (DM), Crop Growth Rate (CGR)
compared with control. The areas of green leaves were measured using a Delta-T leaf area meter (Delta-T
Devices, Cambridge, England). Then the samples, including stems and leaves were dried in a forced-air oven at

80 °C for 48 h and after the witch total dry matter (TDM) was measured. The leaf area data were divided into
ground area and the leaf area index (LAI) was obtained. The LAI data were fitted to the Gaussian equation to
predict the LAI of common bean in growth season. The sigmoid equation was fitted to the TDM data and by
derivation from this equation, the crop growth rate (CGR) and relative growth rate were obtained. The analysis
was performed using SAS 9.1 and the graphs were prepared using Excel.

Results and discussion
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The study results indicated that uses of organic and biofertilizer significantly increased plant height, leaf Area
Index (LAI), Total Dry Matter (DM) and Crop Growth Rate (CGR) compared to control. The highest and lowest
leaf area index was observed in vermicompost (2.15) and control (0.88) treatments, respectively. The maximum
and the minimum amounts of dry matter were recorded in the vermicompost treatment with 693.32 g.m™and
control with 495 g.m, respectively. Crop growth rate reached to its peak in 85 days after emergence, the height
and the lowest was observed in the vermicompost treatment with 16.45 g.m™.d™ and control with 7.63 g.m2.d™,
respectively. Assimilation rate also reached to its maximum and minimum in vermicompost treatment (17.31
g.m>.d?) and control (10.91 g.m?.d), respectively.

Conclusion

The results showed that integrated biofertilizer and Vermicompost are good choices for decreasing chemical
fertilization application.

Keywords: Leaf Area Index, Nitroxin, Phosphate suloblizing bacteria, Vermicompost
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1 - Land equivalent ratio (LER)

2- Relative crowding coefficient (RCC)
3- Aggressivity (A)

4- Competitive ratio (CR)

5- Actual yield loss (AYL)

6- Intercropping advantage (IA)

7- Equivalent yield (EY)
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Table 1- Competition indices in intercropping

Index Equation Reference
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intercropping arrangements (DIP) and nitrogen

adgle >,Slas 9 Jolo 3,50

35 sl SHPTSY
Pl S35l Forage Equivalent barley
S.0.V df ; i
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<
).;S» . 2 0.39 0.45
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bglse cutS dilisee sla il
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0395
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Table 3- Mean comparison for forage yield and barley equivalent yield under different intercropping
arrangements (DIP) and nitrogen
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*: B-P, B-B-P-P and B-B- B-P-P-P: intercropping of 1, 2 and 3 rows of barley and pea
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Table 4- Mean comparison for forage yield and expected yield of barley and pea under different intercropping
arrangements (DIP)
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Traits Forage yield (tha™) Expected yield (tha™)
bglseo CuiS lisee gyl o i e e i e
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Ko = S g5 o
PR TS Sy 8.21 0.927 9.14"  6.385 2.345 8.73
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M sime gles JBlas 0.97
LSD (5%) ‘

a3 e L5 1, LSD (yge5l ol duo > iy Jlais] o 53 I gime B3] JS 3, Slas (gt 55 dliiopd gy
None similar letters in column of total yield indicate significant difference at 5% probability level based on LSD test.
5,5365 5 9 s, dw 5 93 oSy bgls cuiS B-B-B-P-P-P y B-B-P-P B-P
*: B-P, B-B-P-P and B-B- B-P-P-P: intercropping of 1, 2 and 3 rows of barley and pea
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Table 5- Comparison of land equivalent ratio, relative crowding coefficient and aggressivity under different intercropping

arrangements
sl O3 Sl o o515 o o g e
Index Land equivalent ratio Relative crowding coefficient Aggressivity
5e55 5e55 5e55
Iy » fx Js » {x 5z » ?u
Treatment Barley s Total Barley s Total Barley e
Pea Pea Pea
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B-B-P-P 0.588 0.247 0.835 1.43 0.33 0.47 0.68 -0.68
B-B-B-P-P-P 0.543 0.362 0.9.5 1.19 0.57 0.68 0.36 -0.36

S5 355 5 5> iud) du 3 99 « g bglke ¢S B-B-B-P-P-P 4 B-B-P-P B-P i
*: B-P, B-B-P-P and B-B- B-P-P-P: intercropping of 1, 2 and 3 rows of barley and pea
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Table 6- Comparison of competitive ratio, actual yield loss and intercropping advantage under different intercropping

arrangements
i L B, Cowd *8lg 3 ,Sdes yinlS byloes CulS' (gawdg
Index Competitive ratio Actual yield loss Intercropping advantage
sa54 Sed4 Sads
Treatment Barley s Barley 2 Barley s Total
Pea Pea Pea
*B-P 3.26 0.31 -0.6 38.42 -90.72 -56.29
B-B-P-P 2.38 0.42 -0.51 21.21 -75.8 -54.59
B-B-B-P-P-P 1.5 0.67 -0.28 10.38 -41.29 -30.92

98 3950 g g (d) dw g 9 « Sy bglse cuis :B-B-B-P-P-P g B-B-P-P B-P
*: B-P, B-B-P-P and B-B- B-P-P-P: intercropping of 1, 2 and 3 rows of barley and pea
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Introduction

Intercropping, the agricultural practice of cultivating two or more crops in the same space at the same time, is
an old and commonly used cropping practice which aims to match efficiently crop demands to the available
growth resources (Agegnehu et al., 2006; Dhima et al., 2007). Intercropping of chickpea with linseed reduced the
chickpea yield by 60.3%, although linseed occupied only 33% of the total area. The loss of chickpea yield was
compensated by the additional yield of linseed, and thus the system productivity of chickpea + linseed
intercropping was increased by 43.4% compared with sole chickpea (Ahlawat & Gangaiah, 2010).

The objectives of the present study were to study the competition indices of barley and pea intercropping and
effects of nitrogen and different intercropping arrangements on forage yield.

Materials and methods

In order to evaluate effects of nitrogen and different intercropping arrangements of barley and pea on yield
and competitive indices, an experiment was conducted as factorial based on Randomized Complete Block
Design with three replications on farm research on Gonbad Kavous University (37°26°N, 55°21’E, and 45m
above sea level) in 2011-2012. Different intercropping arrangement levels were a sole crop of barley,
intercropping of one line barley and one line pea, intercropping of two lines of barley and two lines of pea,
intercropping of three lines of barley and three lines of pea and sole crop of pea and nitrogen consumption was in
four levels of none application of nitrogen and application of 25, 50 and 75 kg.ha’l.

Seed planting was done during the first week of December 2011. Sowing was performed manually by
planting twice more seeds of pea than the expected plant density. Sole barley (cv. Sahra) planted at the rate of
160 kg.ha and sole pea (cv. Sungro) planted at the rate of 500000 plants.ha™. Row spacing was 20 cm. The
experimental plots for a sole crop of barley, a sole crop of pea and one row of barley + one row of pea were 4
rows and for two rows of barley + two rows of pea and three rows of barley + three rows of pea were 6 and 8
rows, respectively.

50% of urea was applied during sowing. The other 50% of urea was side banded when the barley plants were
at flowering stage. Weed control was performed manually. Forage yield was determined by harvesting each crop
from 2, 4 and 6 rows. Barley was harvested at soft drought and the pea was harvested at seed filling stage in 3
May 2012. Data were analyzed using SAS software. Analysis of variance was performed for the forage yield and
Equal Yield of barley.

Results and discussion

The results showed the effects of different intercropping arrangements, nitrogen application and interaction
of different intercropping arrangements x nitrogen application on forage yield and Equivalent Yield of barley
was significant (o= 1%). The high forage yield and Equivalent Yield of barley belonged to a sole crop of barley
with application of 75 and 50 kg Nha™ with 14.51 and 14.3 tonha™, respectively. The minimum dry weight and
Equivalent Yield of barley was obtained from the sole crop of pea without consumption of nitrogen with 3.76
and 4.7 tha™', respectively. Increasing the pea and barley rows in intercropping treatments decreased forage yield
because of lower yield of pea. Land Equivalent Ratio in intercropping treatments was less than 1. This index in
barley was greater than pea (0.643, 0.588 and 0.543 for barley and 0.198, 0.247 and 0.362 for pea in 1, 2 and 3
rows, respectively). Other indices (Relative Crowding Coefficient, Aggressivity, Competitive Ratio, Actual

1- Assistant Professors of Crop Production Group, Gonbad Kavous University, Gonbad Kavous, Iran
(*- Corresponding author Email: a_nakhzari@yahoo.com)
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Yield addition, Intercropping Advantage and Equivalent Yield of barley) in barley were also greater than pea in
intercropping. Barley was the dominant crop in this study.
Conclusion

Forage dry weight and Equivalent Yield of barley in a sole crop of barley with consumption of 75 and 50
kgn.ha™! was the maximum and in sole crop of pea with non-consumption of N was minimum. All indices in
barley in this study were greater than pea. This indicated that barley was the dominant crop.

Keywords: Aggressivity, Equivalent yield, Land equivalent ratio, Relative crowding coefficient

References

Agegnehu, G., Ghizaw, A., and Sinebo, W. 2006. Yield performance and land-use efficiency of barley and
faba bean mixed cropping in Ethiopian highlands. European Journal of Agronomy 25: 202-207.

Ahlawat, I.P.S., and Gangaiah, B. 2010. Effect of land configuration and irrigation on sole and linseed
(Linum usitatissimum) intercropped chickpea (Cicer arietinum). Indian Journal of Agricultural Sciences 80(3):
250-253.

Dhima, K.V., Lithourgidis, A.S., Vasilakoglou, I.B., and Dordas, C.A. 2007. Competition indices of common
vetch and cereal intercrops in two seeding rasio. Field Crops Research 100(2-3): 249-256.



Journal of Agroecology
Vol. 8, No. 1, Spring 2016, p. 59-69

@?ﬁ»’rlzﬁ

329U (ol oy &y it
B34 .0 AFAD ,leg ) o)leis A

SJE S 5 oS S S5 2 o1 35 ok 5 pibmsil 5 U s S )

(Carthamus tinctorius L.)

Lo, . ¥ . #Y \ .
o031y pmol dal g (6 oS s ab}mﬁéd-\-@éué*ﬂﬁf
\VQY/\Y/'i.C,ﬁli): @)U

YRR/ PIYE i pdy 56

9 =S LSy s (b 358 o g palpwni g i5Teiil slas Sl B AYRD S eodlj ol g (syod p @dy0md cp o S 1
DA-F (VA (g5y9liS wlidpg 4y (Carthamus tinctorius L.) 5,5 as

LRV

Carthamus ) SU,I5 (& 5 (o8 (sl Sig 2 (o 295 ciliseo gskaw 5 ool sl 5 45T075/ (Slns 7S Sl gy sslaie 4

b QB g3 Sl g 4 inlel oS sl Cunsg dgu0 9 SB Mol ¢ olowds (sladgS Byme galS clinly ) (tinctorius L.
o dw Joli inlojl (clanjlass ol ) Lal a0 WYAY Lo p3 lj ol&isly gy — 55g0] dsy30 50 )15 dw ,d bolas JalS (clacSsl,
355 3l pie) 2als Jold (i j 355 Brae s Sl 9 )UK )3 (5 Yo Ve (1 395 3,0)8 pas) dald ol (pols (sladgS 8o
gy £l yr ool 358 Chlieo gl 3,05 ol Cad 4y @l aily 1 g 5Ll ogMe 4y el sl o 5 9 S5 gk o
iy (g x5l olS > cudld gy (adls g Sjglam (golamdl 5 Slas ily do (59 ¢ b ;0 Wb yjg o ) Al Sl Wiy > Bl s
Oppdi &8 2 LS (pw) 2 3y90 (slay S B Jlite Sl (g 392 sl e ail Ao (g o A1y 3)90 Clio den (S 368 syl
395 1 piomed ol Cawd &1 polsserwng i s 355 5 (oold 365 S 3 5 ¥ plg Bpane bl j3 5 AFR e 41 (oliasil 3 Slos i
2195 e )] ABlan B pae 4 Cads ¢ g (o0 (slodgS adl G pme aS ol LS yinlejl ol gl 39 )l gxe &l (49, o pd o e
Sl 3 oS e lafls (i by S siin & gl & 42 55 L)y 00 285 SIS (S 5 o8 3,8kae Sl 50

olee Plawe oyiage 3l dagl Grae 9 3)g5 oo 5 555
SiygliS glapllaips ,> (Alexandratos, 2003) cowl jg el
35 SRl 3 (dlofg Cmnl Sl (A (slaagS 28 sl
Sl an cl Hl3)08 p S Lol ol bais 5 Jgae
039 dn 118 a Sl o) 005 59y Cume 98l o) 138!
SiygisS” wladgr iolisl ol o (il (6550liS” Y guasre
Il g S 5 e (I G 1 s 2138 Sl ) e
Astaraei & Koocheki, ) cowl i LSl mdaw soly 13 0)gs
ISt s (Gl polis 45 b ol 3l sjlocSinlon (1995

tlgo Job Bl (s59lis

S SIS st SB35 (iigy 203 1 GMIS (50 51g

doddo
wleccile, Jols o)) plas S plgie 4 )lul (65,5l
OlS ) (65,5l slaodles (B 4 ol )sliS (Sunly & ol

mo s o S g g bame o 55 jl a0 g amd e
(2lond (glodgS 5y)lS 5l b Jasecians j MU Ll

«eelyj 09,5 (59d5519,5T ad ) wlids IS sommih iy 4 =F 5 ¥ Y o
0> ¢ 55501 548 09,5 yboliwl ¢ s58)5STg ST 05,8 yluutily ¢ 55y5liS” oaSizils
zS ol § SB Sliins duwbe Gbalul 9 Jlj oKy (gj,9lis

(Email: mdahmardeh@uoz.ac.ir 2 e 0Xian 5 — %)



1FAD s o oylous A oo (659l wlicds pgs s pits P10

5 Bl ) 55 (039 5 4Bl canaidy; Jsb ool sl
Babayi et ) a5 o (!5l il bylyd pae 4 cons |y axals
[(al., 2002

95 NI Closad s 4 SO Coenl 4 2 L
o Gl Conglile g (B (slady) piaw lai oy (S5ols 58
Behdani & Moosavifar, 2011; ) lesxe sla i s
U o)l 3ais ool 5l s (Moosavifar et al., 2010
9 S BB SR 2 (o 395 it gslaw 5 (wj slags S
A3l o i dibate 1 55 LS

sy, 9 3190
YO > & Bly J-ly ol (6550l ouSuimgly ) Bk ()
L WAN-AY ey Jlo 5 B liw o (B iz (6 yraghs
942 )3 5039 o YAV by rdaws I aidlaie ol glisyl )8
ous gBly Jlod (2ys died> OF g a2 > Yo g By Job 4did> ¥
g S_ts gl bl cj dilato oyl o uslitlgn Lol Lolul
5 Les b 5 i don 7Y &l Sl (S0 b 5 Sl
=Y JBlas g0, 8 ol dopd ¥ Slas b ol )5 b as 3 VY 590
Sl (s o oS ) 8 il o 35 e 2
Srin Y U5 o e ey S gl 5 Sz
9 =5 —pg) SB 8L &S Ab asuie g Al Joe 4 ()] 5900
oo B )3 Sl &y s igloj] bl e AIY o H
Lol an SO oLS (g9, )55 aw 3 (Solas JolS” slasSshy
Yo g Ve 095 ok pdaw dw (ol 395 Jolis Jgl S8 Ll
() 395 o e Jald g3 )eiSh g (el 395 LS 3 5
byl 5 (AZt) L7 (AZ0) ol assT(C) 0L Jols
ol 2 S 4S5 > (AZOAZL) Wi5Tgisl g gl epens]
S Lacs Sy g 4055 oalitl o1 (gyglJas (598 258 ) 3ais
D A 7S by Sy gly yodS SB 5 Ol dunste
6L 53 oy casls ) 8 celo YF 51+ o L bags 5L
Lol «Sawd o ol e (gjlwodle] Sllas 505 oxiluns
lod Lodg S (938 3t 93 (2)e 5 VIB Job 4 sbo)S
PP E P P TH EEH TR
T 5l e g (d g 4 oyl S5 E)S el ole oo

O Abold) aopeio )3 adg ¥o (WS15 L () sdgs L (o)

Cod 4 ooy 9 yhd 5950 4l

48 1535 el mbie jl La lis yolie ST logass wul
3 i 35 Jgasto g Gl 32, (5 S alawly diojl ol 45 2
lapllss 5 a8 sy a5 4y ol dgg L il g9t Jlolge
Ty s slooss i (38 JSaly 53 0 o 1S
L;:L\_G )_«oL.G )‘ oalawl A L;JI)K 4 ‘_;JL:‘JJA,\) ‘394»@ oalaiwl
J—J> 4 09,0l (Asadirahmani et al., 2007) wib ydy Sl
2 S55US ooy M alse colond slodsS 3l ayg) 0 oolitl
.(Naghavi Maremmati et al., 2007) cowl a8l gals 4,
LSLQD; .))J)Lf “Lulf)l 9 )I.\_}b d))aLMS LSL.QPUQJ P b)9)4|
Lboas 5 Joamo dJgr Liuli 8l 0 glot g coonl i
oMl (Sharma, 2003) el jlsyss s SB gl (bl
AL (ool cdsS 3l Lol T e &y Tpasmio ) cladsS
o ()8 5 2bySh gLl Al 03,5 0 3] jw 355 4
b 5| Jols Slge 5 (PGPR) ol ) oS e slns 58 g
135 o Cgmne (i (SLadSS oy yage aden I Lng]
moole s ) dwj sladgS . (Manaffee & Klopper, 1994)
Do Ul 4 odg d)’bl)’i Clygzgoisy calises lgil Jolis (4l
ooyid BB ey 4y oyt BB 0y 1) ol (ol polis
Vessy, 2003; Rajendran & ) 5> S59dgm (sloaild b
(Devarj, 2004; Chen et al., 2004
B pao oS szily bl (Kader et al., 2002) -, Ken 4 ;0
oy WA GialiSl g ) 03y Cate 136 2 09 ui5T07/
Ve Ol 4 (5958 Bpan )3 (g dyo Cage pAS Sles
ORl3l s (ool 3657 L olyan w5Tai/ Lyl Jlod g g0 duop
9 9 S9) Hm2y® iwd g gy ol ko> g 4l 3 Slas
aestivum L.) pa8 aiyy 9 oloa slaphil s, Slos il
as’ WS yo)liS . (Mahmoudi et al., 2004) >4 . (Triticum
sk il 51,5 (Zea mays L) @b olea slapll Siis 59
,» (Cohenetal., 1980) sl i3 8l ool wo il (6L L
Carthamus tinctorius ) 5,15 )4 zuali &S A poles aidos
ge i som gyl Sy 5 Lol 533031 68L L oyl (L
OBl e (S99 4l 3y e (l38l 2 0gMle 15950
250 iolejl L (Mirzakhani et al., 1999) 53,50 Jgao
(Helianthus annuus L.) >, Kkl b il a5 15,5 jasuie



PV, S g (oS G S92 (ol 055 Tolaw g osl seews i g rTlai il slas S 51

el ol Gialesl ) lodls Lulyly 4556 zobs (wll 5

logS g (ol 355 (slmjloss b o (gl gne sl 4 Ly
a0l L byles (:0ke auslie () Jgiz) €85 )18
(ol VoVIeA) aSgy el oy (13 395" ggbaw (o
MINE) eyl o jiaS g (ald 365 )l 3 5 Vo Jlos & bgyye
dliio (Y Join) 392 )8 )3 (5 Ve jlas 4 bgaye (205l
aS ol Lt o adg gL i ey SlodgS 3 )8 :S0ke
b omliie mpls sl o 53 (o sl Vo 5IY) lis) oy
gL 3= (o3 355 5 () slodgS slas o e 1 (ppionen
"o @8y 53 4 Bl ol )] () Jgia) A I gie olS
9 G55 g8y 3iilo lelge dy dliy b0 ol gl oS
0323 yo il 10+ L5 ¥O (o g 0391 jeiie Yl (Jarxe Ll

(Mohammadi nikpour & Koocheki, 2008) »5.5 .o

AoV g 05 4lS (2o Fe o) o dlold 5 Ve oy,
elis)| Jold (505 ol )3 adlllas 3,50 (sl Sng - 200.5 ()l
039 3k 2 Al (g (b > &l ol iy > B Sl Ly
bl jaslis «So5edan 2,Sles 5 (olaidl 5 Slos il Lo
2 Slio gpSojlalag &l (29, 5 uBgn Moyd S Jidg kS
o ye 53 Uyl o lSim slosls )3 > K5I8 oL 13 Juad ol
OpS ph ) &S Sjgo (u D et B9 (STele 8 (Sew)
plosl lails Sl Blo 1y g bawg ) 93 5l 65900
i Ly Bl i 5 e b o ol ] 3y ¢l 265
5 b (510508 g alad o pdaw I ladiey IS doldl )3 b sz
2 09l 5 p3ged StS ) g 2, Jitto olSidylojl 4y puges
g SLid 59 el FA Cas 4 g 01,5 il a0 YF clod
L st sl Jsloee 3l oalal b &ils (48495 dumyd 105,55 5010l
JadxS gy 5l edlatwl b 50 aily (19 o yd g S g o&d
ased SAS (gl 15810 5 b baosls Julod g 43505 .l (6 S0l
oy i e S yg0)] bawgs o, Sile dunlio g A/

L8 O)go

S j 9 (5012 255 (G jlond )3 SIS 815 (S pad L g (oLl 5 Slhos (Glaypo (16la) iyl 42325 Y Jgo
Table 1- Analysis of variance (mean of squares) for economical yield and agronomy index of safflower (Carthamus tinctorius
L.) in manure and bio-fertilizers treatments

el s O
CEIARIRE X s .
a > gws )l PG b o 3,5dos 3,5dos PRV - PR - YN S W oy
gl o Gy Sy T gy @ladl S by S ofyy osan
S0V (3] . : Number : L ; :
e df High Number 100- Economical Biological Harvest Harvest Qil Protein
of seed - - . .
plant ofheads jp heads  Seed yield yield index index  content content
in bush weight
<
’_’g‘_ 2 5.08" 352" 13.52"  0.09™ 0.091" 1.47™ 0.001™  21.64™ 2.88™ 287"
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Table 2- Means comparison of economical yield and agronomical index of wheat in manure and bio fertilizers treatments
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* Means in each column follow by similar letter(s) are not significantly different at 5% probability level, using Duncan’s multiple
range test.
AZO+AZE: LiSTgisl+ pacd gl o AZE 5Tgis AZO: pguls purg;]
Azo: Azospirillium, Azt: Azotobacter and Azo+Azt: Azospirillium+Azotobacter
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Table 3- Means comparison of economical yield and agronomical index of safflower in interaction effects of manure and
biofertilizers treatments
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* Means in each column follow by similar letter(s) are not significantly different at 5% probability level, using Duncan’s multiple
range test.
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Introduction

The demand for food and agricultural products are increasing in a line of population increasing in the world
(Alexandratos, 2003). It is possible to increase the quality and quantity of agricultural products via extending the
farms and producing more products (Astaaraei and Koocheki, 1995). Environmental problems caused by
synthetic fertilizers and the high levels of producing and introducing such chemicals, have been encouraged the
researchers to apply bio-fertilizers for increasing the production in a frame of sustainable agriculture (Rajendran
and Devarj, 2004). In this study, the economical yield and agronomy index of Safflower (Carthamus tinctorius
L.) in manure and bio fertilizers treatments was studied.

Materials and method

This study was conducted in Agricultural Research Institute, University of Zabol during winter season, 2013.
Safflower seeds were planted in sandy loam with pH 8.2. The experimental design was factorial in a frame on
randomized completely blocks with three replications. The manure as a first factor had three levels, including no
treatment (control), 20 and 30 t.ha, while second factor was bio-fertilizer treatment with 4 levels, including no
treatment (control), Azosprilium (Azo), Azotobacter (Azt) and combined treatment of Azo+Azt. The processed
manure and bacteria obtained from local farmers were used in this study.

Populations of 108 bacteria were prepared and 24 hours before sowing, seeds were soaked in bacteria. After
land preparation, experimental plots were (2.5 x 2 m?) created and treated seeds were planted (40 plants.m™)
manually and plantation was watered immediately.

In this study plant height, number of heads in bush, number of seeds per head, seed weight per head, seed
weight, grain and biological yield, harvest index, leaf chlorophyll, protein and oil percent were studied.
Economical yield and agronomy indices of Safflower were calculated at the end of the season and data were
analyzed using SAS software (2000) and the mean values were separated using Duncan test (P= 5%).

Results and discussion

The results showed the maximum weight of 100- seeds were treated with the manure (30 t.ha™). In the treated
plants with 30 ton/acre of manure and Azo, the high values of some parameters such as plant height, the numbers
of spikes in the plants, the number of seeds in the spike, economic, yield, biological yield, harvesting index, the
amount of leaf chlorophyll and percentage of seed protein were observed. In a combined treatment of manure,
Azo and Azt, the highest amount of seed oil was detected. High levels of seed treatment with Azo and Azt in
short period could not provide all needs of safflower because of the slow release of nutrient. Hence, combined
treatment of bio-fertilizers and manure could compensate the nutrient deficiency as well as causing soil fertility
and sustainable production of crops such as safflower.

Results confirmed that seed inoculation with Azo and optimal levels of manure may increase safflower yield
by increasing nutrient uptake, which improve plant growth and its developmental stages. It was also observed
that the traits such as number of spikes per plant, number of seeds per spike, seed weight per spike, seed weight,
economic and biologic yield and harvest index were significant.

Conclusion
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It was concluded that the manure treatment, increasing the soil organic component, usable phosphorus,
nitrate and other nutrients as well as improving soil texture, increase the quality and quantity of agricultural
products. According to the results of this study, it seems that the inoculation with bacteria with optimal levels of
manure by increasing nutrient uptake, which were associated, increase seed yield. In most characteristics, the use
of bio-fertilizers with manure interaction for traits such as number of heads per plant, number of seeds per head,
seed weight per head, seed weight, economic performance, biological yield and harvest index was significant.

Keywords: Height plant, Number of seed in spike, Number of spike, Number of tiller
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Table 1- Physico-chemical properties of soil
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Table 3- Means comparison of peanut and corn agronomic traits as affected by intercropping systems and different
nitrogen rates
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Plant Leaf Ear . Stem Ear .
weight weight weight Plarzzri:glght diameter length nuIFr?S;rs Leaf((rjnlfnr?eter
@ (9) () (mm) (cm)
Ojork jlake
Nitrogen rate
N, 378.13% 96.93° 153.80° 224.52° 16.63° 21.18° 11.39° 8.34°
N, 461.13% 109.72% 184.53° 232.60% 18.46° 2431° 11.42° 8.57%
N; 538.40° 115.86™ 210.60° 238.81° 18.60° 24.71° 11.78° 8.61%°
N, 641.33 127.46° 301.00° 243.58° 18.80° 25.08° 11.84° 8.93°
55)5“ . .xs é’g‘
Intercropping pattern

C, 572.5° 155.23° 162.43° 225.48° 16.81° 23.11° 11.53° 8.23°

C, - - - - - - - -
G, 435.08° 97.50° 189.75% 235.49%® 17.77% 23.91° 11.54° 8.48%
Cs 548.67° 111.50° 263.67° 232.01% 18.82% 24.80° 11.62° 9.22°
Cs 428.33° 94.75¢ 199.58° 240.02° 18.23% 23.27° 11.60° 8.58%
Cs 539.17° 103.41% 246.00° 241.40° 18.87° 23.99% 11.75° 8.45%
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* Means followed by the same letters in each column are not significantly different (LSD test %5).
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ol Cndy 93 + )3 Cindy 93 1Cp g pbol Cndy S+ > iy 93 :1Cs ol cind)y g3 + )
Nj, N,, N3 and Ny: Nitrogen rates: Zero, 100, 200 and 300 kg.ha", respectively. C;: Sole cropping of corn, C,: Sole cropping
of peanut, C;, C4, Cs and Cg: Intercropping between corn and peanut at ratio of 1:1, 1:2, 2:1 and 2:2, respectively.



VY oyl ooy wlio 5y g adgle 8 )Slos b5

bglono CulS phmans 9 (5955 Sl 51 Cod @) g Jwojeldl 43 alllae 3590 Slho (1ilv dwulio —€ Jgu>
Table 4- Mean comparisons of studied traits as affected by the interaction between nitrogen rates and
intercropping system
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Treatment  peanyt seed plus 2 y Stem Ear Leaf i
. ratio
: Forage yield of ) .
pod yield maize (kg.ha™) weight diameter length
(kg.ha™) ' ) (mm) (cm)
NiCy - 41553%" 176.00%¢ 42.36° 72.06" -
N,C, 3026.33° - - - - -
N,C; 1252.00 % 19440° 87.66¢ 41.66° 76.22% 0.87¢
N,Cy 1671.00 35256% 147.33% 41.50° 77.96% 1.40%
N,Cs 1878.33°¢ 14130° 93.66¢ 43.83° 79.46% 0.97¢
N,Cs 855.00°¢ 314734 131.66° 44.90° 73.96" 1.04<
NoCy - 45676 170.00%¢ 42.26° 69.50° -
N,C, 3394.67° - - - - -
N,Cs €1829.00 23090% 188.33 47.50% 83.20% 1.20%
N,Cy 1751.33 < 46876 184.66° 44.70° 75.03% 1.42%
N,Cs 1901.67 <4 16173¢ 120.00¢ 43.06° 77.50% 0.89¢
N,Cs 1446.00 ¢ 37880 171.33% 46.46" 78.06% 1.17%
N;Cy - 57730° 303.00° 44.83% 78.26" -
N;Cs 2778.67° - - - - -
N;Cs 1329.00¢ 36210% 156.00%¢ 46.66 69.86° 1.14°
N;Cy 941.67°¢ 40873¢ 169.00%¢ 48.50 75.46% 1.06%
N;Cs 1701.33 20876° 208.33% 48.80° 71.60° 0.99%
N;Cs 846.00° 46540 262.66% 49.66™ 91.53¢ 1.13¢
N,C, - 58756° 220.66° 52.96° 80.96" -
N4Cs 1624.33 % - - - - -
N,Cs 1139.33% 49176° 270.66% 47.33% 82.93%® 1.52°
N4Cy 909.33°¢ 51093 193.00° 51.06° 77.80% 1.40%
N,Cs 1385.00¢ 24656% 153.33 48.63% 81.23° 1.25%
N4Cs 746.67 ¢ 55090 226.66° 49.10% 70.46° 1.36%
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* Means followed by the same letters in each column are not significantly different (LSD test %5)
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N, N,, N3 and Nj: Nitrogen rates: Zero, 100, 200 and 300 kg.ha™', respectively. C,: Sole cropping of corn, C: Sole
cropping of peanut, C3, Cy, Cs and Cq: Intercropping between corn and peanut at ratio of 1:1, 1:2, 2:1 and 2:2,
respectively.
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Introduction

Multiple cropping such as intercropping plays an important role in agriculture because of maximizing
beneficial interactions. Intercropping of legumes and cereals is an old practice in tropical agriculture that dates
back to ancient civilization. Maize-legume intercrops could substantially increase forage quantity and quality
and decrease requirement for protein supplements (Ahmad et al., 2008). Intercropping of cereals and legumes is
important for development of sustainable food production systems. This may be due to some of the potential
benefits in intercropping systems such as high productivity and profitability, improvement of soil fertility
through the additional supply of N by fixation and excretion from the component legume, efficient use of
resources, reducing damage caused by pests, diseases and weeds and improvement of forage quality (Ahmad et
al., 2008; Fernandez-Aparicio et al., 2007; Lithourgidis et al., 2006). The main advantage of intercropping is
more efficient utilization of the available resources and the increased productivity compared with each sole crop
of the mixture. Therefore, this experiment was conducted to evaluate agronomic characteristics of corn and
Land equivalent ratio (LER) under intercropping with peanut and different rates of nitrogen.

Materials and methods

In order to evaluate the forage yield and important agronomic indices of corn (Zea mays L.) affected by
intercropping systems with peanut and different nitrogen rates, this experiment was performed in the
experimental field of agricultural and natural resource research center of Guilan province, Rasht, Iran, during
2013-14 cropping season as a split plot arrangement in randomized complete block design with three
replications. Nitrogen rates, including of zero, 100, 200 and 300 kg per hectare as main plot and sole cropping of
corn and peanut (Arachis hypogaea L.), intercropping systems including of intercropping corn and peanut at
ratio of 1:1, 2:1, 1:2 and 2:2 on alternative furrows as sub plot, comprised the experimental factors.

Results and discussion

The results of this experiment showed that the effects of nitrogen were significant for all measured
characteristics except the leaf number, leaf length and wide. Also, the effects of intercropping were significant
for all study traits except the ear diameter, leaf number, leaf length and wide. In addition, the interaction effects
of the nitrogen X intercropping system were significant for peanut seed yield, corn forage yield, stem weight,
stem diameter, ear diameter, leaf length and land equivalent ratio. The results of this experiment showed that the
application of 300 kg nitrogen per hectare obtained the highest corn forage yield under (Cg) intercropping
system. At the same condition, no significant difference was observed for corn forage yield between (C,) and
(Cy) intercropping systems. The interaction between 100 kg N/ha x Cs intercropping system at the ratio of 1:2
showed the greatest peanut seed yield. Peanut seed yield decreased by increasing the nitrogen application rate.
However, based on this experiment results, application of 300 kg nitrogen per hectare increased total production
of both corn and peanut and land equivalent ratio (LER= 1.51) under (Cs) intercropping system. The land
equivalent ratio (LER) under 100 and 300 kg per hectare and intercropping system of corn with peanut (C,) by
the ratio of 2:1 was 1.42 and 1.39, respectively. There was no significant difference between the land equivalent
ratio (LER) under above mentioned conditions. The results showed that maize-peanut intercropping increased
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Department of Agronomy and Horticulture Research, Agricultural and Natural Resources Research and Education
Center of Guilan Province, Agricultural Research, Education and Extension Organization (AREEO), Rasht, Iran,
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corn forage yield compared to peanut seed yield. Hence, increment of land equivalent ratio (LER) related to corn
forage yield more than seed yield of peanut.
Conclusion

In general, results showed that maize-peanut intercropping could be profitable due to use of the available
resources. Maize-peanut intercropping system can decrease yield loss caused by pest and disease and enhance
soil fertility. Maize-peanut intercropping pattern can increase productivity compared to sole cropping. According
to our results, intercropping system of corn with peanut (C,) by the ratio of 2:1 and utilizing of 100 kg nitrogen
per hectare could be recommendable for enhancement of crop production and increment of farmers economical
income in Rasht and similar climatic conditions.
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Table 1- Soil physical and chemical characteristics of the experimental site
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Table 2- Analysis of variance (mean of squares) for the effect of weed control and cultivar on some agronomic indices, yield
and yield components of lentil
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Fig. 1- Mean comparison for the effect of weeding and no weeding on plant height of lentil
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Table 3- Means comparison of the effect weed control and cultivar on number of branches per plant and yield
components of lentil
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5% probability level.
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Table 4- Analysis of variance (mean of squares) for the effect of cultivar on weed density and biomass
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Table 5- Means comparison of the effect of cultivar on weed density and biomass as affected by non-weeding
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* Means in each column and component, followed by similar letter have not significant different based on LSD test at
5% probability level.
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Table 6- Competition index and ability of tolerance for lentil varieties in weed infested treatment
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5% probability level.
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Introduction

The lentil or masoor (Lens culinaris L.) is a brushy annual plant of the legume family, grown for its lens-
shaped seeds. Lentil has been one of the first crops domesticated in the Near East. With 26% protein, lentil is the
vegetable with the highest level of protein other than soybeans, and it is an important part of people’s diet in
many parts of the world. It is reported that the average yield of lentil is considerably low compared to its
potential yield of 1500-2000 kg ha™, obtained in the research field. Such lower yield may be attributed to the
poor management of the crop among which poor weed management is an important one. Lentil crop is not very
competitive against weeds due to small and weak canopy. Weed reduces yield through competition with crop
plants for space, moisture, light and plant nutrients. Generally 20 to 30% losses of grain yield are quite usual and
may increase even 50%, if the crop management practices are not properly followed (Deihimfard et al., 2007).
The modern lentil varieties give good yield if the land remains weed free for the first one month. However, most
of the farmers are reluctant to control weeds in lentil field timely and finally, loses yield. Inadequate weed
control was found to reduce the yield 40-66% in lentil (Erman et al., 2008; McDonald et al., 2007). A major
component of integrated weed management is the use of more competitive crops, although the selection of better
crop competitiveness is a difficult task. The use of competitive plants for weed control could be considered cost-
effective and less labour-intensive, and thus reduces the amount of herbicides required. Therefore, the aim of this
research was to evaluate lentil competitive ability and to compare the effects of cultivar selection.

Materials and methods

An experiment was carried out as a factorial based on a randomized complete block design (RCBD) with 10
treatments and three replications. Experimental treatments included hand weeding and weedy check and five
lentil cultivars (Bilehsavar, Karalinta, Kimia, Seymareh and local). This experiment was studied at the Research
Farm of Bu-Ali Sina University during the growing season of 2012-2013. Plots were not irrigated because lentil
was grown under dry land conditions. Weeds were counted at their greatest intensity, and their identification was
much easier. Three square meter samples were randomly collected from each sub-plot for evaluation the weed
biomass. At harvest, two outer rows for each plot and 50 cm from each end of the plots were left as borders and
the central rows were harvested. Yield and yield components of lentil were classified as biological yield, grain
yield, 1000- seed weight, number of pods plant™, number of seeds per pod and plant height.

Results and discussion

The results showed that the effects of weed control and cultivar was significant on all traits but plant height
and chlorophyll meter reading was not affected by cultivar. Also, the effects of treatment interaction were
significant on grain and biological yield. The highest grain and biological yield (110 and 338 g.m?, respectively)
was observed at local cultivar on hand weeding treatment. The lowest mean for these traits with a reduction of
82 and 70%, respectively, belonged to Karalinta cultivar on weedy control treatment. Weed interference
decreased yield and yield component of all lentil cultivars significantly. Maximum and minimum weed dry
matter and weed density belonged to Karalinta and local cultivars, respectively. The highest values for

1, 2 and 3- Assistant Professor, PhD Student of Crop Ecology and MSc Student of Agronomy, Department of
Agronomy and Plant Breeding, Faculty of Agriculture, Bu-Ali Sina University, Hamedan, Iran, respectively.
(*- Corresponding author Email: j.hamzei@basu.ac.ir)



YA Lo o) oylos A Ao ((6559laS wlih pgy 4 s 4F

competition and ability of tolerance indices (2.02 and 52.82, respectively) belonged to Local cultivar and the
lowest values of these indices (0.49 and 23.53, respectively) were achieved at Karalinta cultivar.

Conclusion

It can be concluded that local and Karalinta cultivars were the resistant and sensitive cultivars to weed
presence, respectively.

Keywords: Biomass, Dryland farming, Integrated weed management, Sustainable agriculture
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Clove fresh weight Clove dry weight Clove length . . L
Ecotype Number of cloves in bulb Non-enzymatic antioxidant
)] @ (cm) 1
(mg.g™ Fw)
ol 1.5120.0870™" 0.5570.0342° 1.862:£0.0386° 9.993£0.2341° 0.638£0.0146°
T;ﬁz d 1.85520.1269% 0.6359+0.0450" 2.118+0.0502° 9.104£0.1715 0.676=0.0154°
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* Means within a column followed by the same letters are not significantly different at the 5% level of probability based on LSD test.
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Standard errors were estimated for mean values intervals.
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Table 4- Mean comparison (with standard error) of main effects for three plant densities (+ standard error) on bulb yield

(@20 o0 3 42) 0515 (U5 53 0 )59kS) E g 3,K0s
Density (Plant. m?) Bulb yield (kg.ha™)
30 7020.04£510.2201°
40 6702.61£482.6657"
50 9660.44+725.2841°
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* Means within a column followed by the same letters are not significantly different at the 5% level of probability based on LSD test.
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Standard errors were estimated for mean values intervals.
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Table 6- Mean comparison of interactive effect for three

drought stress levels and two ecotypes (z standard error) on

dry matter percentage and non-enzymatic anti-oxidant
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Table 5- Mean comparison of interactive effect for three

drought stress levels and three plant densities (+ standard
error) on non-enzymatic anti-oxidant
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’ Ecotype Dry matter _
Drought percentage (S
stress (%) Non-enzymatic
(ETc%) antioxidant
(mg.g™ Fw)
b 39.16 = X
ax 0.647 +0.0285
100 Tabas 0.3227
g5k 39.14 + b
Toroud 0.5556" 0.642%0.0220
b 38.56 + b
a 0.648 +0.0239
30 Tabas 0.3067
sosb 36.31+ b
Toroud 0 3899b 0.660 + 0.0330
b 3536+ b
b 0.620 £ 0.0251
Tabas 0.6444
60 sosbe 3579+ 0.727 +
Toroud 0.4107° 0.0159"
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Drought stress Density Non-enz matic.antioxidant
(ETc%) (Plant.m?) ymati
(mg.g™ Fw)
100 30 0.631 +0.0288°
40 0.644 + 0.0316°0%
50 0.658 + 0.0347°0%
30 0.657 + 0.0321°%%
80 40 0.718 = 0.0251°
50 0.586 = 0.0242°
30 0.706 + 0.0405°°
bed
60 40 0.643 = 0.0311
50 0.670 + 0.0288°%
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* Means within a column followed by the same letters are not
significantly different at the 5% level of probability based on
LSD test.
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* Means within a column followed by the same letters are not
significantly different at the 5% level of probability based on
LSD test.
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Standard errors were estimated for mean values intervals.

Standard errors were estimated for mean values intervals.
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Table 7- Correlation coefficients between yield and yield components of garlic

> 1 2 3 4 5 6 7 8
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Clove diameter (cm)
Clove length (cm)

3 (p5) < 039 092" 095" 1

Clove weight(g)
4 o, O > 3 ook sk sokok

(’“‘U“L“)?’” /B8 0.89 0.76 0.86 1

Bulb weight (g)

(el 3w s 0.77 0.74 0.81"" 0.88 1

Bulb length (cm)
6 3) » Ny sk sk sk sk sk

(5) T 0 0.90 0.86 0.93™ 0.97" 0.89 1

Bulb weight (g)

7 Ty 2 S 300 0.53 034" 046" 078 071" 0.68 1
Number of cloves in bulb
8 h&‘b 0. Lﬂ * *ok *ok *ok sokok
e e 0.32 0.06™ 018" 042" 043" 036" 051 1
Dry matter percentage (%)

9 o 3Sles

PESP) 070" 0.62™  0.69™ 071" 068 0727 0517 044 1

Bulb yield
(kg.ha™")

D Gre e =S g doyd 58D K5 g duoyd SO choyd gy okaw ) HId xS Ay sk g ik ok
*, %% and ***: Are significant at 5, 1 and 0.1 % probability, respectively. and ns= non-significant
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Introduction

Drought stress reduces plant growth by affecting various physiological and biochemical processes, such as
photosynthesis, respiration, translocation, ion uptake, carbohydrates, nutrient metabolism and growth promoters.

Garlic (Allium sativum L.) is an annual bulb crop that has been cultivated since ancient times and was used as
a spice and condiment for many centuries. Garlic is an important plant because of its pharmaceutical properties.
The optimum yield of this bulb crop depends on well-managed irrigation, fertilization and cultivation practices.
In the final and middle stages of growth, garlic is sensitive to water stress and low irrigation is unsuitable in
these stages.

This experiment was established to study the influence of drought stress and planting density on yield and its
components and the non-enzymatic anti-oxidant content of two different garlic ecotypes.

Materials and methods

This study was conducted in 2011-2012 in a farmland at the south east of Semnan city. The experimental
layout was a split-plot factorial with a randomized complete block design with three replications.

The treatments were comprised of three factors: irrigation rates (60%, 80% and 100% of estimated crop
evapotranspiration gETC)) as the main plot and the factorial combination of three levels of planting density (30,
40 and 50 plants.m™) and two ecotypes (Tabas and Toroud) as the sub-plots.

To estimate the crop water requirement, different meteorological parameters were collected from Semnan
weather station and were used based on FAO-56 water irrigation calculation instructions.

After harvesting, ten garlic plants were sampled randomly in each plot and bulb yield components were
measured. To calculate the leaves anti-oxidant content, DPPH method was used. The statistical significances of
mean values were assessed by analysis of variance and LSD tests at p<0.05. All calculations were performed
using SAS and Mstat-C softwares.

Results and discussion

Drought stress decreased bulb yield and dry matter percentage significantly.

Planting density had significant effects on bulb yield and the yield of planting density of 50 plants m? were
significantly higher than two other densities.

The interaction of drought stress and ecotype factors affected the dry matter percentage.

Drought stress decreased fresh and dry weight, length of bulbs and the bulb diameter significantly.

Drought stress decreased fresh and dry weight, diameter, length and number of cloves significantly as well.

Drought stress is an important limiting factor at the initial phase of plant growth and establishment. It affects
both elongation and expansion growth (Shao et al., 2008).

Fresh and dry weight and length of cloves were significantly higher in Toroud ecotype. In contrast, the
number of cloves in the bulb was significantly higher in Tabas.

Studying the correlation coefficients showed that the bulb yield per unit area was significantly and positively
correlated with diameter, weight and length of cloves and bulbs and also the dry matter percentage at P<0.001.
The maximum correlation belonged to yield at the unit area and weight of the bulb (r=0.72). In other words, any
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University, Mashhad and Assistant Professor Azad Islamic University, Damghan, Iran, respectively.
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bulb-weight-increasing factor did have the highest effect on increasing the yield per unit area as well.

Drought stress, increased leaf non-enzymatic anti-oxidant significantly.

Anti-oxidants plays significant roles in ROS scavenging and influences cellular ROS balance. Activation of
antioxidant system helps the plants to tolerate stress form induced damage.

The effect of ecotype was significant on anti-oxidant content and the value were significantly higher in
Toroud ecotype. Toroud ecotype showed resisting reactions against higher levels of drought stress by increasing
the non-enzymatic anti-oxidant content and created tolerating mechanisms versus stress.

Conclusion

Drought stress reduced yield and yield parameters and increased non-enzymatic anti-oxidant content of
garlic. The increment of anti-oxidant content showed the tolerance of garlic to drought stress. The maximum
bulb yield was obtained at the highest planting density.

Keywords: Bulb, Clove, Dry weight, Non-enzymatic anti-oxidant.
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Table 1- Characteristics of the soil and vermicompost

Jissle wle S ety de JU b S S gl
3 o 3 3
5 Ojere 205 ) 205 ) . 2 s j o)
(aw2,2) ) ) EIR
0.C (%) (%23) (o5 ok (o5 ok pH (%
. Ntotal (%0) Kavailable Pavailable EC (dS.m'l)
(mg.kg™) (mg.kg™)
Soil
Sl 1 0.1 345 10.8 7.6 4.6
Vermicompost
. 9.51 0.84 1727 1200 8 3.36
CumgraS (2)9

by 5 4y S 3 ond slaiiy e 5 o 9 Sa )3 p el
50 e 4 oy 19,5 31 3 5L 2090 el s g
st SL (hls & [ isgaud ad odlisul JiSa )3 p S 6lS
Yo SToS uglwl) 59y 00 S C g Dlid 018 >
ey 5o 42 sl (o850 ol sl 5 po5 5505 515 gl
5 (o p S 9S 10 4151 44 oo 110) ol 808 Lawgs 00
2 00 )lord yods 48 iy Sl g oolisal Jloydy )50 4
Sl dboliMy g S48 SUiS Ly 595 5] )92 42 g b
S abogyye oS )3 oo, Sl s s gk JolS 05
ol 55 0590 slajlo )3 i Cusgra 09 N 3550 pls
O Ly b el ST L clbls Sl g e 5 0515 (e
Gl g g yaiym 96 bg) 4 (ETo) e ol (3,55 5 e
et > (E ) ob8 ool 145 i oo (K ok
L e o (Allen et al., 1998) yus (1) doles 51 ialosl 5,90
doyd 45 4 (00,3 60) (o )ll Lol (350 (Su,b 8,5 Jlai po
1 3590 )l e iy dawgs adlaie )3 b, Slre ails
b aJg) 5 esliiul b s,Lol (Doorenbos & Kassam, 1979)
2358 5 o3aial b 6Ll by 3 (B ae Ol Jlide 5 plosl oLl
oS sl 51 ey )kl o5 G55 Jlasl 95 oloj 0,8 58

(Chimenti & Hall, 2002) 59, 5 6-8 al> o )

ETcppn = K. X ET, (1)
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bganils Sleole, bo)s ol ales el Jad obl )

55 (5 3 e 5l gy e S s & 31
dlaidl g SG5edan 3 Slos ild)lja 59 (3ubo o aily Dl (3l
ible 5 5l oS pmo b odly 5ildp b (g pSojlusl ol Solisl

b b B geasn, s (lac S Cppe 4 iloj]
ol Jolds bajlog 0 plol )55 aw by (ol JolS (slaSoly
St 31 e i den 60 5 gy (6)l) A ool i 93 50
o 120 51y 5] (o)l o5 25 5 (A (oIS s
55 g ol (S gt (A (oM y5es St I s
38 pas =1l Jels o 45 3 (LS 435 ()55UsS slales
395 200> 100 2,018 =2 fsals) (i g (liowsd 295 465 2
255 =3 (NPK) SLs o503l ol 2 00 dletiy oo
FwgpoS (oyg =5 g tighud i) 365 ~4 CusgaS o9
5 0595 (stlhord 365 003 50 FusgiaS )5 =6 )15 st
oo 565 003 50 H1,LS'g 15 94 b =T o Slpiiy yhsd
IS g ishnd HEugraS (o9 =8 0 dlatiy hud 9 59y
25350 =9 5 o Sloidin yaud 5 (5955 (2lbewss 365 o yd 50
A () 995 (g 04 oy Hhed 9 9k (abend 395
D9 (8 SO )S lsie
i g 9 Gl U o o alel el e (0
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Job o sty ol 05 2 3.8 8 plodl ole 5 Jgl 5
ol g 5 B0 by e ool 5 5 48,5 5 o
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a0yl gie | (s (elrend 355 )l 3)90 S (iAol
e pyw 93 9 4k Gygeo & pg ) S 1 255k 200 e
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W ol Lo
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Slio (obad 1 (5395 055855 lojlosd 5 (oS S5 ]
= okl 3 9355 s (S 32 )l e 005 (5 S0l
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(2 Jgi) 292 Joginept liso b 3 51>
Gib b 15355 (3SUsS Gl 9 (IS S5 Gk a5
OiiSen o Lol il )13 180 Cod (gl gime yob 4] ol S8
ol cs oy s a2y (2 Jgi2) 395 Jogiae o]
bl @ s pleS (15 laulyd > B jhad da Sk duslia
(3 Jgis) il yzals 0o yd 28 i 4 6 yld e yobo & Ao
as" a8 )8 dons 50 (Goksoy et al., 2004) 4, Sen g (gguS'sS

5 Ol 295 e b jlab o me Sl sl o) S5
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Table 2- Analysis of variance of irrigation levels and fertilizer treatments effect on yield, yield components and harvest
index of sunflower

Sl po (pSSbo
Mean of squares
e 0 FRIRE: 039 3)Slos
SOV C e &P 039 4> dlaws abylp W dSles S s le
o . o 2399 .o
df  Giameter iead weight &by 1000- GY By Casld
Seed per head Seed HI
weight
)"g’ . 2 5.66™ 2919.46" 16814.30™ 5.55™ 7361.79™ 12718.22™ 38.37™
Replication
%”L’f_' 1 254.8" 1162480.1"  1008053.417  2535.18™  603145.35"  4194490.74" = 496.46"
Irrigation
8 sl 2 7.61 14378.39 12800.30 7.41 4043.46 60183.41 23.83
Error a
’_’5_ 8 8.44™ 121859.05™ 125978.92™ 87.50" 34504.52" 331717.37" 46.02"
Fertilizer
d)L.t:’" X 58
Fertilizer 8 1.63"™ 34105.67" 59691.45™ 41.43™ 7761.52" 75707.12" 19.12"
xirrigation
b s
32 1.38 4790.97 9123.11 33.04 2667.52 21465.54 20.52
Errorb
Ol o pd
(302 7.47 8.75 9.45 11.12 16.24 12.36 17.31
CV (%)
el 303 S g g paw 3 I3 ime BB 3929 g I3 xe M) pae oximd LS iy 4 FF 5 F NS

ns, * and **: Non significant and significant at 5 and 1% probability levels, respectively.

A Sy a3l g (Sidem 3, las il 3, Slas i 4 HI 4 BY GY
GY, BY and HI: Are seed yield, biological yield and harvest index, respectively.
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S35 &b Jl3a s I

35S elgl plgs )18yl adllao 13 &S dus o Jlai &) iz
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S ess ol o ol blize 1 Lol s I3 ine s, Solisl wls s
cbedld 3 Ol &Sl 4 arg L2 Jgis) 345 55 ime 3,Slas
oy JUal g 8 pgrmoMsosl siingid ol S35l 506 Cilises
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Table 3- Means comparison of studied traits in irrigation levels and fertilizer treatments

db’]d Gb ojy Al Wl a gy eS) Al aSles Sujddom ales adld
o (f:f“;“’ ) &b (o) (@psio s (pgie ppf) by
Treatments i r(;a ¢ Head Seed per 1000- Seed Seed yield Biological yield Harvest
?crr?)er weight (g) head weight (g) (g.m?) (g.m?) index
Sl zobw

Irrigation levels
I, 17.92% 937.81° 1147.04° 58.52° 423.67° 1463.59° 29.19°
I, 13.58° 644.37° 873.78° 44.81° 212.30° 906.19° 23.21°

355 glgil

Fertilizer types
vV 17.03° 892.83° 1162.50% 54.17% 404.67° 1388.17° 25.52%
Vcf 16.95® 902.33° 1112.83 56.67° 405.33% 1298.67™ 30.83°
Ccf 16.72% 1052.50° 1250.67° 55.83% 418.83° 1679.83° 24.11°
Hcf 16.70% 794.83° 1043.17% 49.17%¢ 304.83 1169.00% 25.71%®
Pcf 15.77%¢ 798.17¢ 953.17d 53.33® 317.17° 1078.50% 28.85®
Na 15.42° 584.00° 836.50f 48.33" 219.17¢ 933.17¢ 23.38°
Pv 15.05% 738.17¢" 992.00% 50.00%¢ 300.33" 1091.17% 26.90%®
P 14.07¢ 691.00° 832.33f 52.50% 247 50% 1018.67% 24.06°
Pvcf 14.05¢ 666.00° 910.50°" 45.00° 244.00% 1006.83% 23.04°

{Akbari et al., 2009) l)Ken g 5 ST bawgs s, Sokd] oLS 5

S5l gxe M deoyd iy et a3 5SSl 9051 (bl
* Means in each column, followed by the same letters, are not significantly different at 5% probability level-using Duncan multiple
range test (DMRT).

P ngueS ayg V365 B pan pic INQ ors dlgiiiy olowd 395 4o y> B0 THCF o sl (ol 358 2oyd 100 1CCF ¢ ¢ )Ll i iy ey )kl 01h)
+‘)155)W9&ua3 PVCf 9 LjL.Qu.uJ A}f o)y 50 +w7.oSL;c)5 VCf quL.m.w J}f Lo yd 50 +‘)L{5).u49aw$ PCf ‘W}M’SL;")j +‘)L{5).u49aw$ Pv “)155)“-’9““‘3
(otlrosd 25 20,5 50 F CuangeaS o)
(l;: Optimum irrigation, I,: Deficit irrigation, Ccf: 100% of the recommended fertilizer, Hcf: %2 Proposed fertilizer, Na: No fertilizer,

V: Vermicompost, P: Phospho nitro kara, Pv: Phospho nitro kara+ Vermicompost, Pcf: Phospho nitro kara+ %2 Chemical fertilizer,
Vcf: Vermicompost+ % Chemical fertilizer and Pvcf: Phospho nitro kara+ Vermicompost+ % Chemical fertilizer)

2 O oy e By g oSl ¥

) 055 g (sladss Calisee b 3y)8 536wy 53
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Fig. 1- Effect of chemical and bio-fertilizer on sunflower head weight under irrigation levels
P ngueS ayg V365 B pan pic INQ s dlgiiiy olowd 395 4o y> B0 THCF o sl (oliows 358 2oyd 100 1CCF ¢ ¢ )Ll i iy ey )bl 01h)
+l)159)w9@.-3 PVCf 9 dL.wuu .\95 o)y 50 +w5«.¢5@)9 VCf ‘L,L.«..u 395 Lo yd 50 +l)159)w9@.-3 PCf swy&f@» +l)159)w9@.-3 PV sl)L<5).uJ9.Qm5
(cs2lbossd 295 2103 50 FcgeaS a9
(l1: Optimum irrigation, I,: Deficit irrigation, Ccf: 100% of the recommended chemical fertilizer, Hcf: % Proposed fertilizer, Na: No

fertilizer, V: Vermicompost, P: Phospho nitro kara, Pv: Phospho nitro kara+ Vermicompost, Pcf: Phospho nitro kara+ %2 Chemical
fertilizer, Vcf: Vermicompost+ % Chemical fertilizer and Pvcf: Phospho nitro kara+ Vermicompost+ % Chemical fertilizer)

51055l gxe M aoyd gy Jless] pdaw 0 5SS el bl g alie g eyl (o Silio

Means in each column, followed by the same letters, are not significantly different at 5% probability level-using Duncan multiple
range test (DMRT).
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Fig. 2- Effect of chemical and bio-fertilizer on seed number per head of sunflower under irrigation
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Means in each column, followed by the same letters, are not significantly different at 5% probability level-using Duncan multiple
range test (DMRT).
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Fig. 3- Effect of chemical and bio-fertilizer on sunflower seed yield under irrigation levels
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Means in each column, followed by the same letters, are not significantly different at 5% probability level- using Duncan multiple
range test (DMRT).
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Means in each column, followed by the same letters, are not significantly different at 5% probability level- using Duncan multiple
range test (DMRT).
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Introduction

To achieve the higher economic yield of crop plants, supplying enough nutrients to plants is very important.
Moreover, nutrient uptakes by plants is influenced by the soil water contents. However, nowadays chemical
fertilizer application is important agronomic factor that has significant effects on growth and quantity and quality
of final yield, but traditional nutrient management and excessive use of chemical fertilizers may cause the
environmental problems such as contamination of soil and water resources, low quality of agricultural products
and reduction of soil fertility. These factors have drawn attention to health and ecological sustainable farming
systems (Sharma, 2002). In this context, usage of organic and biological products for plant nutrition is
considered as one of the solutions to achieve the goals of sustainable agriculture.

Materials and methods

To evaluate the effect of various feeding systems on yield and yield components of sunflower (Helianthus
annuus L.) under the influence of water deficit stress, a split-plot experiment based on randomized complete
block design with three replications, was carried out in the Agricultural Faculty of Bu-Ali Sina University during
the growing season of 2013-2014. Main plots consisted of two irrigation levels: optimum irrigation and deficit
irrigation stress (irrigation after 60 and 120 mm evaporation from evaporation pan, class A, respectively) and
sub-plots included of nine nutrition systems: 1- no bio or chemical fertilizer application, 2- 100% of the
recommended chemical fertilizer , 3- vermicompost, 4- phospho nitro kara, 5- vermicompost+ phospho nitro
kara, 6- vermicompost+ % chemical fertilizer, 7- phospho nitro kara+ % chemical fertilizer, 8- vermicompost+
phospho nitro kara+ % chemical fertilizer, 9- %2 proposed chemical fertilizer. Phospho-nitro-kara which contains
phosphate solubilizing and nitrogen fixing bacteria (Bacillus coagulans, azotobactr chroocuccum and
Azospirilium lipoferum) was impregnated with seeds. Vermicompost was mixed with the soil before planting
based on the recommendation of the producer company (15 t.ha™). After determining evapotranspiration of the
reference plant (ET,) by FAO- Penman-Monteith method and crop coefficients (K.) in different stages of crop
growth, plant water requirement was determined (Allen et al., 1998). Finally, the irrigation water volume was
estimated according to the effective rainfall, irrigation efficiency (60%) and 45% depletion of soil moisture in
the root zone (Doorenbos & Kassam, 1979).

Results and discussion

Water deficit stress and nutrient treatments significantly affected all measured traits except the harvest index.
Water deficit stress significantly reduced head diameter by 24% in comparison with optimum irrigation. The
maximum diameter (17.03 cm) was obtained in vermicompost treatment. One thousand seed weight of sunflower
under optimum irrigation was 1.3 times as much as water deficit treatment. Combined treatment of
vermicompost and half of recommended chemical fertilizer yielded maximum 1000- seed weight (56.67 g).
Under optimum irrigation, the highest weight of the head was achieved from 100% chemical fertilizer
application, while under water stress, maximum head weight (830.67 g) was obtained in vermicompost treatment
and the minimum value (485.33 g) was obtained from chemical fertilizer + vermicompost + phospho nitro kara.
In both irrigation levels, the highest biological yield was obtained from full application of chemical fertilizer, but
this treatment in stress condition did not have significant difference with combined application of vermicompost

1, 2 and 3 - PhD Student Crop Physiology of Agronomy, Associate Professor and Professor, Faculty of Agriculture, Bu-
Ali Sina University, Hamedan, Iran, respectively.
(*- Corresponding author Email: gahmadvand@basu.ac.ir)



119 Lo Stee sliat g 5 Shoe y1 T g w3 e stbomndd (595UsS (5143 385 (b tammpns il

and half of chemical fertilizer, vermicompost and 50% of chemical fertilizer. 100% recommended chemical
fertilizer in optimum irrigation, had a maximum grain yield (693.67 g.m™).

Organic fertilizers by increasing soil organic matter, improving soil chemical properties such as pH and CEC,
increasing the activity of microorganisms and nutrient accessibility led to increase soil fertility. In this study,
especially under stress condition, it was observed that vermicompost by increasing water holding capacity and
nutrients availability, improvement of plant growth, increasing assimilation and transmission of assimilates to
seeds, led to increase the economic yield of sunflower.

Conclusion

In conclusion, although chemical fertilizers play an important role in enhancement of crop yield, though may
cause some environmental problems too. In addition,biological fertilizers alone can not provide nutrient
requirements of crops. Generally, in order to achieve sustainable agriculture, especially under the influence of
water stress condition, it seems that reduction of chemical fertilizers and replacing them with vermicompost can
be an effective method.

Keywords: Phospho nitro kara, Sustainable agriculture, Vermicompost, Water deficit stress
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Gl 015 plosl oS cpl 455 2 S la Sy 5 0,k (Sl (sl imgly 58T ol ol Conl S92y b ditd ol ) e
L g l3e 51 oo s e 30 opgate cul e 030 ol sl 43 2 ST (leowd 5 (K38 oSy b o)l s ool Aol
Loy 05) 03910 Sl cyrizman 23,5 (59l 1390 elo y52008 13 (i g b L5 2j ot b b i o Ao iy
(oanlS 3litol BB oroliy ol phnd (S 59yt Jold ST aland g (So3d s Shg (B 0 5yl piges (ol 30 b yio 30c)
5 Jolee el Sl S SB T ()5 DTPAL (5,50,kas LB (59, 5 (e el ST gletl ojlae ,5 (S48 ol o PH o oo
o> s gl Ab (5 So3ll (g9 g o coal IS Sl g e aly SIS 5 5 (59 9 a8 00, e SIE 0y 5 S g (58 Sy s
Lo Shy 9 4b (sa8) G Shy m (ad pd bauly) 3929 023U & 29y Chnid 4 S (g 9 a8 b S sl Shg (m (Stesen oS
iy (s 45 @l 03 (e Gy A 9 S lajiell (o bl Y dix (gt (s 4SSl S e 4 0 S
A oo 93 Colun JUT ol g SB la Sho b1y olyie; au Sis 59 abaily 30y 92 ¢ lyae ) an jhs dlasly o> 94 51 S
5 SiB gy i Sla S i pTete S 02y K di0)d 5 ey pied PH (5955 g9y Koy colin &8 b (LS (e
> oo Gla S is et codd S 4 SB jd 5 9) SAR (S Sl calin oy b0 il 3oy e s (b 20> S Sy
Hidgy lyhej aiy ylab

a5 (59 8o (omas aSus wamlus JUT gulS laojly

1 loiag ol )l (¢ o Saoi LS ! (Zargari, 1996)
Azizi Zehan et al., ) il o o)) Slpplo &Y gaxe
Bulys s bls > & gz 5 598 oluls slagliul (2006
& gno )9_‘5 PN OL.JS u_)l J._Jy o os u.]a_‘B b))9 u.;l}h 9 ui
s 45 ¢ 5k & {Mollafilabi & Shoorideh, 2009) g .o
9 S5—2) OLM:]P Ol:"“’1 94 ]oy)ﬁ "j Jley 81477 5l o &S

(Keshavarzi Khorasan Razavi, 2013

092 A8 e Ll flhde (S5 4 s 5 (6)9oe B AL

-

Aok
Crocus sativus  als pls ¢ Saffron eges pbi b o)lyac;
el 4. : e

30 510 ) gls))cowl i) 0, 5l dlwkis 5 Ldle ol L.

B S5 (698 Lyl g 55 5 sade 5 S s (gl oste Bl
ool (K5, (slogad 5 536 clbli jl oduday g yio sl gy b dus

. 5 T e = i
iliee Sl b e Bk I o eSS 0,5 0 18 SB &S

Apieo w»jb)é olXusls “5})3\.&5 o aSisls
(Email: karimi-a@um.ac.ir : Jstuwe s s =)

4- Iridaceae
5- Corm
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i (58 9 Sew SSB 3 pliie; Sowlio 43 p odde (i
(Gresta et al., 2009) 1> JI sle

4 lySiem alS by 2 S b Shy b p
U (s sl pousyo sty oS Jgl oy )5 Jos Ubg) 92
01 S Lol 5 (el dis (sl ylo ofsg 4 5 S5 cla S
Sy ot S gy sl GAIS Ly ol slacs 87 0
aeld )3 ady o e Jalse s g (b bulid o lalS
S5 STl o ol SB (o Sy Sl | (g
Pty 5 (gt s S0aSed Loyeito L (g5, A5
D9 oo 00lau!

Rezvani Moghaddam et al., ) ,,LSea g pade Sy,
Sl iy p SB lordszd Slosad Sl ) 1(2015
sl el Sl as waged SIS olyde 3,8hes g (595890
M (e e 5 g 4 3 Sles Sloogiad 48 S il
slo <3l gl lyiej 2 Sdas (pyieS g cp e & sk 4 Dy
tbord Jelss (et pliime ol ol Cosd 4y () 9 (35 9
4t LS (g S 50T olsl o], AT SS90 S
Colin (o yiwd BB jaud (oyiwd BB pealy ggime Jolis plS
Sod ol (izmen Lidged By JS gy 9 (Sl
5ol iy St iy L S Cluogad Sgw)S) slara
DI8A L, 1l oy d ol e NS S8 (559 9 U 5 o
g 02 Pl o 3 3,5 dpsloes /89, 0/90 (/87
5 Sojub Slaogas 5l (Azizi et al., 2013) o Kan 5 s je
90 i) (=i Lo SRy 2 4ssje o 9 SB olend
WS 5 J5 5 See lpeis a8 oy (LS gl § )5 )5 ()0
Jold S land 5 (S5 Slogad b ()b gne y5b 4
O S)dine (e (Staven g badye S PH H EC cély
NS 5 LS 5, Slas iy s g ey s b S ey Ao s
by 30 S Cuenl s dngi b odalie pdaw doly jo ol yae;
Foe SB alord 5 (So3d slo Sl med ol e ol
WS SaS 0y Slas il 8l g o o dy les o olS Wy
ol S olde pre sblie Sl (S )t Coy i e
2 o) 86 5 @ phis) bl (S (cla Sy 3l g el

1- Multiple regression
2- Neural networks
3- Ordination

P 9u‘9_> 4_l>).a )l A= bL:f )L) d)90 d)u.myﬁ .)Iyo D)ﬁﬁ..) CAM
oLillas (Alvarez-orti et al., 2004) cowl s, aol Jolpe
i 55 a5 g 4y ol e Ko ety 4 el o3l i
Sy olyis; an ans g ol .(Molina et al., 2005) 3,15 39>
Olrie) Jymame CudS g CueS g Cunl oo (Jgae (pl sl
sban ojs Gl L) ol b canle g CuiS 4 (o0l (i
059 b ol 5l ool 5 355 0 03938l a5 Sl 4 codd S
g Sl (el st il 205 5l iy B g p 5 e ) e
(Kafi et al., 2002) 3,5 o 4pog
9= g 28le o Jelge 558b o oo yde; g0 5 3,
Ologuas 5 S Lo canlio Lyl dbdiy cslio jlab dnaiy
s il 5 e o] 5ol S a5 (S5
Aytekin et al., ) a5l ol e 5y Sloe liae y> (bl i
5 Sozd bl 150 )Ly eai plodl Lo yimg} (2008
ol Al oy ) (a8lse ol lhaej Ay p SB olews
S oy SB &S canl 03,5 ol (Fernandez, 2004) ;b ,
sl 45 Js 3l oy 1) el s SLs
S o d olyiej oS canl 03,5 il55 (Sampathu, 1984)
s oy SLS (S Ly gody05 easlio g5 &S i = po)
S ol yige plde aeyio S )b SLs ps iSe)
SlasSLs 3 oles ol il o s pideh b hoge plasle
(o) bwgio CBL b gyt Gols (slayej lyie; (2002
Eloiysos 1y 15 T-8 o] PH & Sl 5 (i = s <l
il g (s = b g () S 41305 g gy i 08
S a0l (9l LS ol ae s o550lisS onude plo dad o gus i
9 ) 0y S 5l (5518 T 55 S (gl e e
2 e 4 e (Behnia, 1991) w5l o S § S (g
Elaogas (Mollafilabi, 2004) Lsl o wiS seime ole Sy
oS 05y sl Sus oolad S cilogys 4 SB S5
{Rezvani Moghaddam et al., 2014) cul ,lis,3b o jie;
(2B dlge g T Gl g iy B y2S (i b L Sl
dn i g e 1,8 5l o 1) ol (35 g (08 Cunig
> (Dole & Wilkins, 1999) 3,Is laais ges g 13, 55 ol5w
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gy 4 S JI S as ) {Lindsay & Norvel, 1978) !
Jolse ndS @l S (Walkley & Black, 1934) yguul s
29,581 o PH o&iwd 1 ookl b PH ¢yl s (hgy 4 S
5 ool Ly S S cglin o SLS gl |5 ) glains
{Knudsen et al., 1982) sl o,luac 3 S xS gwwcolin
O Gy gy 3l odlatul b S oy g cliw 5 o @lpd o pd

(USDA-NRCS, 1996) 15,5

Fhd g SB o Sho o oty g st by ol <l
b e )3 aY Win e wyp &S0 oy ae s ds S (i g

A 121 2014 ases Matlab 530 5

ouds (5 480 310l (sl yiel )b (5 Lol s g5
4 g S slajielly bl cinog 2 91 slaJgis 5
1 g Cal yuizo TIT5 6 7112 aials 1> PH .ol o 03] o yis
et Gy 23S ShI S oad (6550l sla e oy
Sk o (Ayoubi et al., 2009) ) Ken g 9! 592 (10, 33)
2SS PH 3590 ,3 j— (Shabani et al., 2011) Lo 4
oy A0 ygl Cand 4 S la Sy w2 |y Slpud cops
30382 1l 5 550t dan gy ol > T S s
5lie 391 o 10> 1AL 5 0104 51 S JT 8 e 5
Seis gblio (glys 4S dal cans 4 20, 059 S8 JI 58
Jobs 0 Vel SLs 3 (T 2y (VL ol g ol b
ol il 035 aalllas 3550 050 ST 4y JlogS” 0958
& yeis 5 (Wilding, 1985) Syl (soleiniiy s
aw ey 415 28 435515 35 1 L SB cla el b
Lo iy Ole 3 Hgdie uaib (o8 5 hwgie obj WS
sud o JS (595 Sl o ps dllas (pl 3 () 3)90 SB
oy 5 (A S Sy g9y o il LB prlsy
e <Rl o dus qonalS ks i g 0L oS 53 05 Sk
g s oy 2> SAR ¢S 1Sl gl ¢ Joleo pandlS’ iy S
Syt (1 Jgaz) 285 )55 basagio (oIS 3 SLS )
5 @SB Jolos Glyss Js 4 adate 10 3 (SB s Shs

JOMEE ISP

2- Geomorphic processes

ol ol Gun cuns s o (B GleMbl 4l yae sleas A,
Ly o S et 5 (Sojed slo Siog il b)) Limgi
D Sho ol (n ke w9 olyee; sladl

L iy, 9 2lge

S o 5 (Sujed sl Sy b sy psbaie &
Al g U dw )50 51 oyt 4 diges 30 sluws ¢l yae j an i,
25 33l 5 (e 8lo B0 U jho Gas) ol BlbI S
§559 4t (32 dsed 45 L o 1035 (spglaen 1391 oo
9390 Jols ) SIS sla Sy jl (raog atal> 45 39 plox]
alie g ol by (e 5l sl slaaeo iman
Ml as als Clsesl (s9m0 4 0l (6)d pdiged &)l5e Sl
o9 wold Caa Jgl (B8 o)lel Jold e belgs (S5
395 ko eplol 1l 6 59y IS B 10 Jlas b g o 5 g5 (IS
tlord 3559 LS 50 50 (IO 30 i 4 (e o
295 LS 1 S5 LS 25 5 059l 395 1S 5 p)S5kS' 25 Jols
oas ciS adls ya > aud=D g ad) «ilS 0gou g dlawd
9 (2SSl g8 g (d Cpge 4 (Sl 5 (g Slles g
D1 G (Bl )lje )3 50 5 pacile bojile £93

Ol slmaty sl g 055 @lSylojl & ladiges JUan! 5 ug
OLaSe jhaio &) badiy (hdgy & Sl )55 & p3Y b (g S 05l
ay s 5 (g 6 Soilul il S daais ples (gl Cundg (39
08l )3 (PS5 Std g vy (35 ashad aukad |y 05 Sl
plodl ol el 24 ae 4y 951, 5 5l 453 80 slos L
sladsges K105 (6,10 3el s o @Y sla il
93 SISl e 0dngS g lga (o yme 5> (b St Iy S
235 e Ll 030,80 203 9 i 0315 jgu (6 el
D9 & S 03 Jols SB pbend 5 (S slale)]
Olsen ) cpdsl o9y 4 S wl,d yaud (Hess, 1971) s
il Uy g yiSoslac by, ) odlitl 5 wesls, et al., 1954
oS jl ooliwl L SLS gl o)lac 3 a9 pgigal
EDTA L cygmal i by 31 3l b i 5 opmdS < etusales
{Page et al., 1982; Richard, 1954) «SLs glils,lac )
Gl o8 jl odlisiel b DTPA (b9, 41 (595 5 me col polis

1- Flame photometer
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Table 1- Statistical description of soil parameters

SB S Bls G5l lbe (o)) Ofpndd Gy o
Soil characteristics Min Max  Average CV (%)
(0,598 » pSike) S 0o 105 37975 1076.25 63
Total N (mg.kg™)
(b5 52 5 o) oal i 0.7 2345 1200 62
Available P (mg.kg™)
(b5 3 p k) lid JBels 9599 12999 2747 78
Available K (mg.kg™)
(£S5 25 ko) Jsboo el 104 720 3734 34
Soluble Ca (mg.kg™)
(05355 2 5 ke Jylre s 72 4656 2144 39
Soluble Mg (mg.kg™)
(b5 2 25 o) e o 9153 4939 32218 33
Soluble Na (mg.kg™) )
(f)sﬁ'tzs)f(")sulf.‘) ol :Lfb oal 2.4 7.4 4.1 24
DTPA Fe (mg.kg™)
(pS5S 2 S o) i B e 1.2 29 1.6 15
DTPA Cu (mg.kg™)
(p)SokS 3 p5 ko) Gl %}b &9, 0.2 1.1 0.4 42
DTPA Zn (mg.kg )
(s2p) B T o8 004 19 0.6 82
Soil organic carbon (%)
(109 Jobes el 8 4 169 126 22
Calcium carbonate equivalent (%)
()'*" » M}«_r"b) e °)Li‘- sl ol 0.9 26 1.7 28
ECe (dS.m™)
s 71 775 75 2
pH
o2k 2 G 1.7 7.9 5.2 31
SAR
(o) o0 154 476 36.1 24
Sand (%)
(10) e 209 649 436 25
silt (%)
(M)J) o)
S 117 27.7 20.5 19
(03] 052 St 19 235 128 39

Gravel (%)

ol e 4 sl yiolb (g 5bl duogi -2 Joao

Table 2- Statistical description of saffron corm parameters

SB S Bls s wKle  (dwoyd) Wlpwdd co o
Soil characteristics ~ Min Max  Average CV ()
(o) s 228 517 341 20
Diameter (mm)
(p.5) Szs g
oy 15 89 3.7 45
b5ssnesidd o 54 199 114 39
Fe (mg.kg™) ' ' '
b5k 2 esdd oo 145 436 2044 47
Cu (mg.kg™)
(p 5545 2 e 5 ke) 555 208 283 243.6 7
Zn (mg.kg?)
(55 2 pShe) Gis 1135 267 1767 175
_ N(mgkg)
(b5 2 p5uke) 23 09167 10600 120228 35
) P (mq.kg )
(0590 2 p5k) ot pa458 42706 3528 12

K (mg.kg?)
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s 48 B 0 ST gjlols 3 Slee (g (o (Siaren
Lo Shy aile SLS cla Shy it el 558 )
Mo imeyi g s (Siua 233)5 oy 3 Slas (S35 058
I S 1l e oleS 518y o Shg 9 SB (b Sy o
boye sloadlie o b )l ol (o 0tz g (o et L) 392
S o) e 4 B oS (Siod s 85 030 3 Shes

(Shabani et al., 2011)

ouldiul b o j8e ) dis SUBA (59 9 o8 bl ) (5l Jas
5 JHBs chas S

g ol 4y SiS (g g b e LU (5le e
b 1l opite i ab g5 5l 3lizl b S5 slaSs
390 dealbd  Siwed pie =4 g la by Slued =3 da pize
Bhattacharya & Johnson, ) g s ol g 43,5 I, 5 )y
3ol 3 gm Sl s Sl s ol 52 (1977
Ab et e g 33,5 0ol wl (K-S) Gy prowlk3g,5 5 oJsS
&39S bl Jai 5l e an SS9 5 kb (sla e
(8 i) aisbe Jiog

P9 b (g5 bl pgd 1558 sy yolate 4
oboly 4o Sl Gly e ity 5 Jiune (sl piie (o Lily)
oS ol sie s dn sl 3,8 oolizl yes)S, (ANOVA)
sladie juilly anjos Jois 4 drgi b gl oo dl atly
594 slJgr) asly sy

15395 lgie (Drummond et al., 1955) o, Kon ¢ 1gely
Jelse 1Sy m g5, 8kas ot abarly o Stusod (glb ey silo &5
5 kSt Ll 2929 o & gl LS e Gl o 2 S5
Sl o (St o]y 18,86 L5 Jalse g2, las (o odizeg
Do balgy cplo)lys 0aiiS ol o8 > g s ydb CleMbl 4y s
1 s slrogus 5l (Sudduth et al., 1996) ), Kan g cgolo

1- Analysis of variance

Shls e (ldej 4t )5 () 3)50 sl el (le )
Copd onpoie s onl g (Mo cdn) Gl o ps cpieS
95 0i9 9 081 Sl oy (2 Jgin) 09 (803 47) lyos
8 5 59y 13a SlymdS G by S )0 Al iS5
P e 9 el d Olynsl s g bwgle S )3 4
09,5 oz 4 Ol |y ohie) slodls Hud (cahasd oS WS
Coin g (cdy an) 68 (gt au) 4-6 (5, a1) o5 24
L .(Kafi et al., 2002) 3405 (s ioppmnds (cedyd L) Vb p,5
SlogyS 53 (lyie odd (6l piges sbdl iy 5 ()jg & 425
osSlee 5 Sl 5 Joho Nl ganadb cd)d (S b bwgis
(2 Jgis) sol cuws 4 11140 519/89 54 s 5 &y cais 5 459

o (5 4150 313l (sla yial by (s Siiusan

o3litl iz dlaly (ljee 5 €55 ot Sl (Serod (9]
alaly lide g cgy &S Cunl bl Siuwed o pd g 20 o
(Bhattacharya et al., 1977) 34 0 (sadinb (c48 (oM

g olies 4 sl pehl om (Swed b (Glagh ol
A G T § s (sla oS > SB ela S
I eino el 5 Cigns s Starad gl g oo ol 93 0503
Dyody lyhe) aiy Sid (g gy 5 SLS sla Sy o
= 209 LS o=l b sl R0 bbbl e
OHLSed g gy S o ol lydej ady oly oo
Kravchenko & ) Y4 5 4Sial,S 4 (Pierce et al., 1994)
Ot (S (Siwods 395 @l allas > 35 (Bullock, 2000
o3, S i liS Jgame 3,5kas § SB cjdols clo szolyl
5 Olys b adllas 3550 sla Shg (992 994 ColiS s> I i
» (Pierce et al.,1994) - ,Lan g Lopm 2ok SB sla S
5(Zea mays L.) o3 5, Slos (6 i pmii 9y p o clasllae
(_s_j9 )F)_mﬂ)lummdukjb » ;C;).S .))_ilo.ﬁ LY
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Wb gy 1 oRaSe bl ol (o odzmn 9 (st Lally)
2225 oLkl Y W gyt (Egan (ouas

(s 45 igal Sl Gy esld (sl by elaie 4

4 Loodly 403 60 ps 2505 3,15kl ] 4 (6399 (slmodl

20 5 mi)lzel 1213 plosl (sl 205 20 (o 250l yskite

a6 lome 03,5 Cbesl Jae (yge5] (slmodly lgie 4wy

o1 b ool (Lt 6 Jpir )3 (Jao 99y 3 Jolb (eghias ac

o

S gy 5 (g SleMbl Jlo cpiin Jolds 00l degosre S
2 Vgono las sl gy &8 aizly ) 5 15,8 oslitwl 3,Skes 4
M a aS ae)ie whis o o Sles S Gluss o )@
O bulgy 45 (63)l90 ) Wigd o S > Al (Kot )
plaoljl by paai g Counl Ll 5 poue o s e laosls
duwﬁ) l_: d_m;l.o.a 30 (Sguan gual AS...M: U"9) ot Cawd
J= sl 2lys )l 0 piito iz (Ja (y9e )55 ale B)lata
s Susen 4 4 g5 b (Afsharharb, 2002) cul diue

Ol Gl ol ytes ats 9 S (gl it (o jb dme e 5 b

OlAsj &y SS9 5 B G S 51y 815 (K-S) Byipaom B35 5alsS' (9051 Z il o -3 Jgo
Table 3- Z coefficients of Kolmogorov-Smirnov test (K-S) for diameter and dry weight of saffron corms

ay Suid (39 &y 4hd
Corm dry weight Corm diameter
Z eyl 0.628 0.846
Z coefficient
P-value 0.826 0.472

SB s yial)b b gl e aiy jh3 g )5y Jso -4 Sy
Table 4- Regression model of the saffron corm diameter with soil parameters

4,
Joe Slaryo go ’ ;~i Slaypo ke =
Model Sum of squares ‘sgf’ Mean of squares
09027 754.8 17 44.4 0.89™
Regression
oailesdl 598.1 12 49.8
Residual
S 1352.9 29
Total
o size y£ NS

ns: non-significant

SB s yialyl b ol e dy SWiS (59 g S 5 oD Jgua
Table 5- Regression model of the saffron corm weight with soil parameters.

@2 Olaspo (ke

Jue Olrspo o i E
Model Sum of squares >3 Mean of
df squares
0925 49.9 17 2.9 1.1
Regression
oailesdl 315 12 2.6
Residual
S 815 29
Total
Mo gme yu NS

ns: non-significant
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OlAe ) A WS (45 9 a8 Srallie (Sl (Sghas (amas S S LS L (i Oluogas -6 Jouo
Table 6- The characteristics of the best structures of artificial neural network for diameter and weight of saffron corm

Ok &Y g8 dlaad S 4L Lw JES! &b 1,55 Ol &Y dlasxs
Number of neurons in hidden Structure of Transfer Re)etition Number of hidden
layer network function P layers
A SIS 3
Corm dry 21 18-21-1 LOgSlg 1000 1
weight
o b 21 18-21-1 Logsig 1000 1

Corm diameter

039 9 S gl ojluas (So sl colin o (ke (ot o,
Oial381 b s osnlize (RP=0/53) praw oty 3 at slus ¢ Sis
Ay SIS (g 9 3l (ST 6)98 Gl g SB > Joloe 2
L j ldej a5 5 0 Shos halS oy (LS alS” )
lllas 5l odel s 4 gl s BIS S g0 Lialsdl
150 5 R*=0/53 oy ) (sl minn 5 (oo (Siumans dlay,
S el oo (S alin D 5 5 3 Slac o (ROZ
i g yge bl s g3 a8 el ] el cpl s s ol ol |,
4 5 d9-b s (e dsbual blyd b ablie B o olS (55, 5]
(Azizi et al., 2013) 1o Lials olS g Juusly o] Jlod

s 2p5 oS i 4, &S Canl B puannS ol jl (S g9,
2 sy oV game 1gi > ol copenl g el ol); lals
trsg oS pdaplio )3 (g9, ol 4l 133l 31 gla L
B0se 9 (B )3 g9y > B anlis LS5 53 g iy
oialS 10T5 63 cpl plol s o ¢ 59 39808 Ll )3 g 3, 5T
(Fageria, 2009) b, .

plosl olyde; 48y y 59y slade Sl o)lys ladllas (5iST
Commbuss 5JUT Aot g 0ud 48 5)lge 4 d295 b Jg Cosl 00y
23 (e HB b 35 (e 4 13y )3 (g9 & i g
Byany 9 $)9pd P polis (n Fae mawlly 9 jiud (oo
S (S25odg 08 oLy o 0gde & st (lalS o 390
CapeS g CblS gt 53 Wl oage d (LBLS 3 &S (st
losls olas] 363 45 (clodyg olSals 55 (55l Y guaeo
5 S d Olusgas b5, 5l e (Shahandeh, 1989) saals
45 0,8 Ga)l5S ol 2y Sas Lalaly 5 S g Of e
e iy @ o Slae b st (S (liord (sl pite
539y IS by 5 (Sdme &l codlizul BB Haud (S JTodle

e S gy Jhe b Slape (1Sl g s 0lis

s 4S8 (Jde oyl 45 el cowd 4 01047 5 0/008 s s
UL 0,8 aag |yl a Std 559 Ol 20 92
o S glyde iy plad g SiS (g slaadlie Comlus
b sl Jio (sl SHAtSOft g 5l esliatnl b (639)5 (sl ysite
dlne Lo pite Cplas G pd polis g pbsl (o5iae as

reite Sy ol gy Jliie ST B9y cul el 28

S o (i & e e Gl Bl Gl it
Sud Jaa Copmlis Jooo gl 21> olihe 4y St (g 9 Jlad
ol oas ool lis 1 JS o 4 egiums uas
09 (=l ool (oo Sl Calpd o) nl ll
ol Cuwd 4 S5 5l 5 i dallae 3y50 (sl il )b aen (glp
AU Lagallh ol Jlphs 485, sie e cnlply
A dlowg 4 ool Cuwd 4 (slaJde i CEY p (g)ld e
sl b plosl o 1y La el 5l oS g ol el g A2 (puae
sbaypite dcgedre Sl (Eginan (oas 4Sd g 4 (5lo 1
9y (=SSl cglin slapialy polde 358 Bis (6395
e A SLE 0 S o) g ey ind PH (900
Colin asgy plide) 4 S )y » S o Shy ke
yiiza 2160 5 0/96 03900 13 aslllas 3,40 dtlaio S S Sl
o9leys o (Smedma et al., 2004) o Lsan g lodowl .15b 0
0-2 4— EC Jliie , 51 a5)ls slzel (Verhoeven, 1973)
ool 52 oy QLS A8 ()98 P A8k e g (ienswd
3y Slos Jouilty (gl ely; lalS 5 Ltn EC 5l aials ol o
Maas, 1984; Ayers & Westcot, ) sl o 1oy5 90 1 i
Ul lal ¢ 5L ol adaie g3 55 o plosl suino > (1985
(Azizi et al., 2013) o ,LSan g sj5e bawg oyplin i o
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Sensitivity coefficient
W

Input parameters

TRARECNrENEF IS

- Il
R oo

OlAe) a SWd (59 Cumlus culps -1 UK
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Introduction

Saffron is one of the most economically important plants across Iran and all over the world. The most
important cultivated areas of saffron are in Khorasan-e Razavi and Southern Khorasan provinces (Jihad
Keshavarzi Khorasan Razavi, 2013). The corm is the reservoir of photosynthetic materials and plays an
important role in the saffron life cycle. Corm size and physicochemical characteristics of soil determine the
growth and yield of saffron (Aytekin et al., 2008). It has been advised to use corms with diameter more than 2.5
cm (Kafi et al.,, 2002). Despite the importance of this plant, few studies have been conducted on the effects of soil
characteristics on the growth of the plant in natural field conditions. Therefore, the objective which we will try to
achieve is: to evaluate the effect of soil physical and chemical characteristics of the growth of saffron corm and
determine the most important effect characteristics.

Materials and methods

In September 2012, 30 samples of 3 to 5 years old saffron corms were taken from the fields with similar
management in Torbat Heydariyeh. The surrounding soil corms (depth of 0 to 30 cm) were sampled, too. Dry
weight of corms was measured in the laboratory. Air dried soil samples were passed through a 2 mm sieve and
used for physical-chemical analyses. Soil texture was determined by using pipet method. Total nitrogen,
available phosphorous, available potassium, soil organic carbon and calcium carbonate equivalent were
measured in bulk soil samples. Calcium, magnesium, sodium, EC and pH were measured in the saturated soil
paste. Fe, Cu and Zn were extracted by DTPA and measured by atomic adsorption spectroscopy. Correlation,
regression and neural network technique were used to analyze the data and to identify the most important soil
characteristics on the corms characteristics.

Results and discussion

Diameter and dry weight of corms with mean values of 34.04 mm and 3.72 g, ranged from 22.8 to 51.7 mm
and 1.5 to 6.98 g, respectively. Wet weight of the corms with an average of 11.4 g varied between 5.4 10 19.86 ¢
that categorized in medium to very coarse classes. Soil characteristics showed wide range variability; therefore,
the studied soils indicated suitable range of characteristic variables in this study. Calcium carbonate equivalent
of soils was less than 17% with mean values of 12.75%. Mean values of EC and pH were 2.6 dS m™ 7.75,
respectively. The average of soil organic carbon was 0.59% which reached up to 1.91% due to the application of
manure. Silt with mean value of 43.55% was the dominant fraction of the soils, while the highest content of clay
and sand were 27.65 and 47.6%. The Average concentration of Fe, Cu and Zn were 4.3, 1.56 and 0.42 mg.kg™
respectively.

Weak correlation of soil characteristics with corms diameter and weight and the result of ANOVA regression
models indicated that there is a non-linear relationship between growth characteristics of corm and soil
characteristics. In such cases, regression analyses cannot explain the relationship between growth parameters and
soil characteristics. Artificial Neural Network (ANN) has the ability to model the non-linear relationships.
Therefore, the relationship between soil parameters and saffron corm were determined by ANN to find the
relationship between soil characteristics and corm growth. Perceptron Multi-Layers Neural Network with
arrangement of 1-21-18, explained the relationship of between corm diameter (R2=0.94, ME=0.01 and
RMSE=0.028) and dry weight of saffron corm (R2=0.92, ME=0.008 and RMSE=0.047) with soil properties. The
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Ferdowsi University of Mashhad, Iran, respectively.
(*- Corresponding author Email: karimi-a@um.ac.ir)
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proposed neural network explained 94% relationship of the saffron corm diameter and 92% relationship of the
dry weight of saffron corm with soil characteristics. Sensitivity analysis indicated that electrical conductivity,
Zn, N, pH, P, K and gravel percentage are the most effective characteristics on dry weight and sand, Cu, silt,
clay, electrical conductivity, SAR, Zn and P, are the most important effective characteristics on the diameter of
saffron corm.

Conclusion

The results of this study revealed that there is no significant correlation between diameter and weight of
saffron corm and soil characteristics. Therefore, the ANN technique was used to determine the effective soil
characteristics of corm growth parameters. Electrical conductivity, Cu, Zn, N, pH, P, K, SAR, gravel, sand, silt
and clay are the most effective characteristics on corm growth. More researches should be conducted to
understand, comprehensive relationship between soil characteristics and corm growth.

Keywords: Corm weight, Modeling, Neural network, Sensitivity analysis
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Table 1- climate data of experimental were taken from of Mashhad Metrological data (2010-2011)

W wSlaes sl Jlas glod Sl e
[} . -
o Bl (s, U)o ek
Max temperature ("C) Min temperature ("C) Prec(lglé?)tlon Evzjl(;;?:%tlon
e 24.9 9.6 0 149.2
September
ot
October 19.9 4.7 8.6 85
N
17.7 1.2 .
November 0 69
>
10 -2.8 131 0
December
ok 9.8 -0.8 413 0
January
Ml
10. 2 22.4
February 06 0 0
20908
22.3 7.6 10.1 160.3
March
. oA '
T 30 155 15.4 224.9
April
e 34.4 19.4 6.4 3173
May
halejl oo S aload 5 (Su5ad (0195 - Jgoa
Table 2- Physical and chemical properties of soil in experimental site
Colad
Gos ] . y L ety e
e PRV | ~5L o o) * QI - _
Fle) e ) el HeS ) peS )
(5 & i Texture (203 (we) (we)) (n0,3) (30,3) (5,5 5kS (5,5 5hS
e A Sand Clay  Silt >} Nitrogen eree eree
Depth pH (%0 (%) (%) (%) .C. (%) Potassium  Phosphorous
(cm) ' (%) (mgkg™) (mg kg™
EC ) ’
(ds.m™)
0-60 8 14 Isolz!\% 35 20.6 44.4 0.53 0.066 201 14.4

aw U PR L;,“So)’bsl A oolawl Q)f OT utz:l.\f BTy CU
Aols 3 Igis (1S 2 552, 51 ) S oS by b
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TU vy 0l ©da g (699)9 i jl 6yl cutlaal
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Table 3- Radiation use efficiency (RUESE), determination coefficient (RZ) and coefficient variation (CV) of canola based on

interaction of bacteria x cultivar under non-stress condition

G2 JUVE s PR
s PCIR F U SN
Treatment ~ RUE+SE R’ (x0,2)
CV (%)
b 041385003896  0.97 5.12
bov, ~ 037544+005457 094 8.19
bovs  +0.095880.17546 052 14.66
bov, ~ +0.14365054431 082 23.45
bovs  0.11065+001122 097 332
bovs  0.15730+001262 098 2.6
bv,  029573+003779 095 6.4
by,  057208+004033 098 5.35
by,  037950£020143 054 23.46
by,  028681:002450 097 4.84
bivs  0.28180+002039 098 3.19
bve  035451:005969 092 1237
by,  024351+003205 095 4.98
b,  032751:002804 097 4.13
bv;  013254+001374 096 252
b,  062885:008687  0.94 13.26
bvs  021935+006347  0.79 1263
bvs  0.33656+004433  0.95 9.56
b,  0.34766+004409 095 6.04
b,  050239:008171 092 9.98
bsv;  030836+003317 096 8.08
bav,  029989£004290  0.94 9.77
bsvs  017658+0.18861  0.22 22.04
bavs  0.29900+004375 093 8.13

:B3 Pseudomonas fluorescens (s ,:Sb L @il :B, (Pseudomonas fluorescens and Pseudomonas putida) (¢ xS'b o155 93 3.4 :Bq el pac :Bg
»8,:Ve s BP18 3, :Vs Goldrush 3, :V, Parkland .3, :V; Hayola 330 3, :V, Hayola 401 .3, :V; Pseudomonas putida (s zsL b gl
Landrace

By: Control, B;: B,+B3, B,: Pseudomonas fluorescens, Bs: Pseudomonas putida, V;: Hayola401, V,: Hayola330, Vs: Parkland, V,:
Goldrush, Vs: BP18 and Vg: Landrace
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(Arvin et al., 2014) sol cows 4 dlols
ol J33lp, 5l osal s &y (slaosly il g 55 (sl
A eolawl SAS 9.1

UL s 9l g ol (s b dawulas
Cwd d o Jgo 8 oll pr ilisee slaplil (@i ol
(Rizzalli et al., 2002) x] .
ADM;
PC, =—1 ()
ADM
i el gl Kis odle @j95 o ps t PC cdlolae ol p3 &S
Sid 39 Olyais :ADM, (o)l ya5905 93 oy Sloj alols

Sz 39 Olymss :ADM )« pdiges 93 o S5 3590 sl
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Table 4- Radiation use efficiency (RUE£SE), determination coefficient(Rz) and coefficient variation (CV) og canola based on
interaction of bacteria x cultivar under stress condition

1l gt o
o 9 Bpan 2w caps
Treatment RUE+SE R? (+02)
CV (%)
bovs 0.34343+0.13491 0.68 19.34
boa 0.45520 + 0.5903 0.95 8.09
bevs  0.14846+0.05812  0.68 18.36
bovs  0.38890+0.03265  0.97 4.90
bovs  0.17719+0.01606  0.97 2.11
bove  0.40572+0.06642  0.92 11.30
by, 0357274010579  0.79 17.90
by,  034434+012641  0.71 21.03
byvs  0.24161+0.03926  0.92 7.46
byvs  011895+0.01318  0.96 2.46
byvs  0.11551+0.01050  0.97 1.44
bve  0.10049+001788  0.91 2.89
by,  035585+0.08749  0.84 14.22
by,  015210+0.04453  0.79 9.00
byvs  0.49800+0.09302  0.90 12.70
byvs  0.32667+009621  0.79 17.24
byvs 0124124001923  0.93 2.53
bye  041287+0.11384  0.81 23.81
b,  051708+0.04288  0.97 7.44
b, 0235344007865  0.74 13.29
bvs  0.29006+0.04486  0.93 8.18
bvs  0.26010+0.09049  0.73 18.17
bvs  0.10320+0.02278  0.87 5.90
bive  0.25438+0.03242  0.95 9.29

:B3 Pseudomonas fluorescens ¢ :sb L il :B, (Pseudomonas fluorescens and Pseudomonas putida) (¢ :s'b o155 93 3.4 :By il pas :Bg
o8, Vg 9 BP18 3, :Vs Goldrush .8, :V, Parkland .8, :V3 Hayola 330 43, :V, Hayola 401 .3, :V; Pseudomonas putida s Sb b gl
Landrace

Bo: Control, B;: B,+P3, B,: Pseudomonas fluorescens, B;: Pseudomonas putida, V1: Hayola401, V,: Hayola330, Vs: Parkland, V,:
Goldrush, Vs: BP18 and Vg: Landrace
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Table 5-Radiation use efficiency (RUE+SE), determination coefficient (RZ) and coefficient variation (CV) of canola based on
bacteria under non-stress condition

) VS TR
S5 29 Span )5 Crd o g ,;,» gl
Bacteria RUE+SE R? o)
CV (%)
B, 0.37004 + 0.05394 052 22.70
B, 0.34172 + 0.07029 0.65 18.38
B, 0.39689 + 0.07173 0.62 24.38
B, 0.37813 + 0.05180 0.45 25.59

:B3 , Pseudomonas fluorescens ¢ s b il 1B, (Pseudomonas fluorescens and Pseudomonas putida) (s zSb sl g5 5.45 By il pas By
Pseudomonas (s SL b pls
B,: Control, B;: B,+B3, B,: Pseudomonas fluorescens and Bs: Pseudomonas putida

O byl 53 68 sl 2 1518 (CV) ol o o 9 (R?) ol < 3o (RUEHSE) 493 e (T8 -1 Jgaa
Table 6- Radiation use efficiency (RUESE), determination coefficient (RZ) and coefficient variation (CV) of canola based on
bacteria under stress condition

[2) Ve U
SSL s dpan )5 e o )Fw il
Bacteria RUE+SE R? o)
CV (%)
B,  0.30529 + 0.06433 0.44 27.65
B,  0.21803+0.03690 0.55 15.35
B,  0.34969 +0.05270 0.61 22.94
B,  0.30607 +0.05295 054 26.68

:B; 4 Pseudomonas fluorescens ¢ :sL b il :B, (Pseudomonas fluorescens and Pseudomonas putida) (s zsb sl ¢ (3.4 By «dls pac By
Pseudomonas (s :SL b gl
Bo: Control, B;: B,+Bg3, B,: Pseudomonas fluorescens and Bs: Pseudomonas putida
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1- Standard error
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Table 7- Radiation use efficiency (RUE+SE), determination coefficient (R?) and coefficient variation (CV) of canola based on
cultivar under non-stress condition

[l JUVE s EPRW.
5 s dpan S S cup e e
Cultivar RUE+SE R? (052)
CV (%)
Hayola 401 039012003883  0.79 1152
Hayola 330 0.45268+0.04747  0.83 12.92
Parkland ~ 0.24273+0.06624  0.42 26.19
Goldrush 0443414006721  0.70 24.40
BP18  0.15448+0.05549  0.30 24.77
Landrace  0.28780+0.03237  0.81 12,62

Landrace 3,:Vs 3 BP18 4, :Vs Goldrush 3, :V, Parkland 3, V3 Hayola 330 ., :V, Hayola 401 3, :V;
V1: Hayola401, V,: Hayola330, Vs: Parkland, V,: Goldrush, Vs: BP18 and Vg:Landrace

O gl 53 o8 ol 32 1515 (CV) 1 puis g 5 9 (R?) comd g o (RUEHSE) 593 b paaa (215 A Jgox
Table 8- Radiation use efficiency (RUE+SE), determination coefficient (R?) and Coefficient variation (CV) of canola based on
cultivar under stress condition

] g o g
P 29 Bpan ol )8 O g o0 i
Cultivar RUE+SE R? (22 )
CV (%)
Hayola 401 0.29709 + 0.04935 078 1597
Hayola 330  0.28061 + 0.05454 0.59 18.41
Parkland  0.28685 +0.08714 0.37 33.29
Goldrush  0.28297 + 0.05259 0.61 18.70
BP18  0.11094 +0.06733 0.13 2258
Landrace  0.26785 % 0.06167 051 24.96

Landrace 8,:Vs 3 BP18 43, :V5 Goldrush 3, :V, Parkland 43, :V3 Hayola 330 43, :V, Hayola 401 3, :V;
V1: Hayola401, V,: Hayola330, Vs: Parkland, V,: Goldrush, Vs: BP18 and Vg:Landrace

Ol ity paon ials s elel Lais 53,5 Jaleie b LS 39
wlad s jl , S5 S5 (Lambers etal., 2008) 4 le sa5
i 5 LoS 1 (A 5cSesS o St blio 3 LS Caoglis
Lacdl &ygo cnl 50 4 2l oo 2 )ss 498 M 5 ol cgn
(Saglam et al., 2008) % .5 o )|)3 Wudygd yo5 (S pr0 ) jieS
(St s Lulyd )3 598 SBpae ooy (ials ggeome 53
OLalS 3 48 (Siode 88T 5 Sflsire Sl 4 oo
it Ol g ecdlyd el ol dely g amd e Fy Wi Cov
I LTI B W JPES

whlS siels’ 55 (Collino et al., 2001) 4, Son 5 gidoS
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Fig. 1- Fitness of liner relationship between cumulative dry matter in versus of cumulative absorbed radiation of canola
under non-stress conditions
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Fig. 2- Fitness of liner relationship between cumulative dry matter in versus of cumulative absorbed radiation under stress
conditions



IAB Hleg ) 0 kods A alr c(3y9LiS sl ooy aspzi Y FY

0,8 sdalie il pie laee )0 ladd (g)ly xo
ga 3 (Ve 9 g ) o lis bsre 93 dumlie 2l
WY Yorlo 05) )5 (uiveygld (ulgegdgm 638k 0d) ) 555k
S_is o3l pyS Y E [oA Ly G pie lame > (BoV2)
35 95 Gl g cppiir (2lon plisl Sid o3le p )5 4 M
£S5 <INE LY b i lame ) (B1Vs) BP18 o8 > (551
s eSS (olod pluil Sid oale )5 4y COMe Sis odlo

R |.> I) " s e

UL @l 9o pamadd cu
o3l Cps (Y=a+HOX) os odlis oriw)S ) adolee (olwl y
e plul sezs S Sis odle Jlie > BME rezs Sl
M &y dlge anasd o ps 0diiS ly oS Cubly s g dayly
a0 ol amd o s ) olS (eolatdl oajl ogi 4y aS Dy
G mxe olas &S oy L (SE) Hlre oliisl yo0lis o (Soumw S
9 (S i Lo 93 y2 53 68k 3 o) Jlite 1 pl)l
gldl (6L a3 (pizmed 9 Culld 3929 (SiS SIS pas

ij)*f})b 125 30 8L SuiSod y (wlwl g 1505 (cv) G Jeve ) ;.q,nbs(Rz) O g o ((DHSE) BYE @ dge (amass cu o -4 Joda
T pas

Table 9- Material partitioning coefficient into pod (b+SE), determination coefficient (RZ) and coefficient variation (CV) of
canola based on interaction of bacteria x cultivar under non-stress condition

Sl B a3lg0 pawadd Caps (e i pd T
Treatment b+SE R? (se2)
CV (%)
bovy 0.74216 + 0.04029 0.99 0.37
bova 0.78128 + 0.15258 0.92 2.02
bovs 0.61429 + 0.06426 0.97 1.16
bov, 0.65112 + 0.03510 0.99 1.40
bovs 0.56934 + 0.08952 0.95 3.25
boVe 0.55141 + 0.03755 0.99 1.10
byvy 0.66006 + 0.05438 0.98 0.78
byv, 0.68650 + 0.08902 0.96 1.12
byvs 0.60528 + 0.03029 0.99 0.50
A 0.68792 + 0.03491 0.99 0.66
byvs 0.29811 + 0.00771 0.99 0.59
b1vs 0.53620 + 0.02090 0.99 0.96
bov, 0.73129 + 0.11996 0.94 157
A 0.93934 + 0.08488 0.98 0.87
boVs 0.61054 + 0.02851 0.99 058
bovy 0.66344 + 0.05029 0.98 0.61
bovs 0.37668 = 0.04452 0.97 3.02
bove 0.67266 + 0.01635 0.99 0.34
bav, 0.76210 + 0.05159 0.99 0.67
bav, 0.83323 £ 0.00714 0.99 0.05
bavs 0.56083 + 0.10004 0.94 3.10
bavy 0.61084 + 0.07968 0.96 111
bavs 0.48277 +0.06377 0.96 3.74
bsve 0.54659+ 0.06138 0.97 1.63

:B3 Pseudomonas fluorescens ¢ :sb L il :B, (Pseudomonas fluorescens and Pseudomonas putida) (¢ :s'b o155 93 3.4 :By il pas :Bg
8, Ve 5 BP18 3, :V5 Goldrush 3, :V, Parkland 3, :V5 Hayola 330 3, :V, Hayola 401 .3, :V; Pseudomonas putida ¢ zSb b il
Landrace

Bo: Control, B;: B,+B3, B,: Pseudomonas fluorescens, B;: Pseudomonas putida, V1: Hayola401, V,: Hayola330, Vs: Parkland, V:
Goldrush, Vs: BP18 and Vg:Landrace
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Table 10- Material partitioning coefficient into pod (b£SE), determination coefficient (Rz) and coefficient variation (CV) of
canola based on interaction of bacteria x cultivar under stress condition

oo YL 4 dlge panatt Cupd e g ket
Treatment b+SE R? (32 ,)
CV (%)
bovy 0.30820 + 0.03637 0.9729 0.92376
bovy 0.58528 + 0.03176 0.9941 0.78261
bovs 0.28590 + 0.04653 0.9497 0.87657
boVa 0.24906 + 0.02866 0.9742 0.54244
bovs 0.22055 + 0.03197 0.9597 0.97711
boVe 0.21698 + 0.00796 0.9973 0.62753
byv, 0.26597 + 0.02070 0.9880 0.73636
byv, 057717 + 0.14283 0.8909 2.64247
byvs 0.38473 + 0.02262 0.9931 0.61555
byvs 0.25012 + 0.05317 0.9171 1.18790
byvs 0.16343 + 0.02100 0.968 1.39700
byVe 0.24119 + 0.03613 0.9570 0.9570
bov, 0.25702 + 0.04777 0.9354 1.12336
bov, 0.35415 + 0.01839 0.9946 0.36406
byvs 0.20041 + 0.04807 0.8968 1.59095
boVs 0.26360 + 0.02670 0.9799 0.93212
byVs 0.17229 + 0.00214 0.9997 0.10483
b,ve 0.33606 + 0.05661 0.9463 2.07050
bsv, 0.28963 + 0.03445 0.9725 1.71644
bsv, 0.62148 + 0.31559 0.6598 6.80159
bavs 0.21334 + 0.03219 0.9565 2.30179
bav, 0.21832 + 0.01037 0.9955 0.61750
bavs 0.21466 + 0.01173 0.9941 0.66395
bave 0.24760 £ 0.02529 0.9796 1.46981

:Bs Pseudomonas fluorescens (s ,:Sb L @il :B, (Pseudomonas fluorescens and Pseudomonas putida) (¢ xS'b o155 93 3.4 :B1 el pac By
o5, Vg 9 BP18 3, :Vs Goldrush .8, :V, Parkland .5, :V3 Hayola 330 43, :V, Hayola 401 ., :V; Pseudomonas putida s zSb b gl
Landrace

Bo: Control, B;: B,+B3, B,: Pseudomonas fluorescens, B3: Pseudomonas putida, V1: Hayola401, V,: Hayola330, V3: Parkland, V:
Goldrush, Vs: BP18 and Vg: Landrace

4 )la_n ua.uabu o o L)”)"Ag uilﬁ"” L;Laa(al,\.»l Sis ool r°)§
sl |y e

) S Gl 9250 008 CaS (p)S S5 e jiwgid (e
dba),_w..e 2 o S QJ)j ul)_uo rv.._lau .))L»)L_;c ua.?b.:m
Taiz & Zeiger, ) aysS | puges bMaro! |y calises SJglie
(2010

4 LS 4 wms o S |y (clalg) pimn (s339] Closuwd
oy y Bl Al calisee slaplisl ay (oitwed dlge Colin

il e by b ogse o> slacS s

1- Allocation

P IFF Tl gy elisegog s pShiagh cnl 5

Sl 5 it alom pll S 3lo 5,8 4y GME (St o3bo
L s pSLolp 93 3udli g /05 F +[25 L ool uligogrgu
Pl S8 0o 8 4y M (St o3lo p,8 /DA o)
DY 90 GlaJgun) sl Hlis ) i opl polie oy jieS oo
oot (VW o W Jslia) 08) gdaw 13 Lo 93 dulis gulis

g fIEY e[ o¥ L (a5 pae basme )0 ¥ Ygla 08, a5 o ol
Siid odlo p)S +/0F ++/+Y L i pas base 3 YV Yl o8,
55 9 Orrie e A 2lon plul s odle o5 4 M
Ay e s odle p)5 YV +/o0 b i e ;> BP18



VA0 Hle ) ojlods A als ((6)y9lisS bl pgo 4 26 \¥*

S 08 (575 bl 2 1315 (CV) 50085 G 3 9 (RY) ol oty {DFSE) S 3 250 panal s 3 -1 Jgot
Table 11- Material partitioning coefficient into pod (b+SE), determination coefficient (RZ) and coefficient variation (CV) of
canola based on bacteria under non-stress condition

SAL O wlge panasS cops el g o e
Bacteria b+SE R? (32 )
CV (%)
Bg 0.64588 + 0.00834 0.99 4.78
B, 0.60661 + 0.00961 0.99 4.64
B, 0.61184 +0.01657 0.98 8.64
B; 0.66091 + 0.01085 0.99 6.13

:B3 , Pseudomonas fluorescens ¢ s b b :B, (Pseudomonas fluorescens and Pseudomonas putida) (s zSb sl g5 545 By il pas By
Pseudomonas s ,sL b gl
Bo: Control, B;: B,+B3, B,: Pseudomonas fluorescens and Bs: Pseudomonas putida

OB bl )3 5 Sy ESen 1 el 2 135 (CV) ol eS8 5 (R) (o i s (DHSE) Y g0 pamnads s o 1V g
Table 12- Material partitioning coefficient into pod (b£SE), determination coefficient t(RZ) and coefficient variation (CV) of
canola based f bacteria under stress condition

S B sl g g R TP
Bacteria b+SE R? (32 )
CV (%)
By 0.52992+ 0.01826 0.97 9.84
B, 0.50828 + 0.01084 0.99 4.62
B, 0.50672 + 0.06394 0.73 19.71
Bs 0.52560 + 0.03511 0.91 23.33

:B3 , Pseudomonas fluorescens ¢ s b il :B, (Pseudomonas fluorescens and Pseudomonas putida) (s zSb sl g5 545 By il pas By
Pseudomonas (s :SL b gl
By: Control, B;: B,+Bg3, B,: Pseudomonas fluorescens and Bs: Pseudomonas putida
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Table 13- Material partitioning coefficient into pod (b+SE), determination coefficient (RZ) and coefficient variation (CV) of
canola based on cultivar under non-stress condition

. " Oy g o
~) OIE &y dlge amass Cupd o gl
Cultivar b+SE R? (2,2)
CV (%)
Hayola401  0.62535 * 0.03463 0.95 481
Hayola330  0.56570 % 0.02763 0.96 471
Parkland 0.68641 + 0.02158 0.98 3.22
Goldrush 0.66481 + 0.02205 0.98 5.88
BP18 0.44565 + 0.05653 0.81 6.03
Landrace 0.64263 + 0.00844 0.99 192

Landrace o3, :Vg 3 BP18 8, :Vs Goldrush 43, :V, Parkland 3, :V5 Hayola 330 ., :V, Hayola 401 .3, :V;

V1: Hayola401, V,: Hayola330, Vs: Parkland, V,: Goldrush, Vs: BP18 and Vg: Landrace
‘ga._uy) L) 4_l.o.> UT )I <\_§ '\")I“\fk.fa )4‘ LJ.LDm L.Fw"l) 9 (5““9) l>)’ﬂa_¢>| ‘) bL:f PI) ).) d)u_wyﬁ .)‘H u5L&.~e é—.’.)}’
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(Fageria & Baligar, 2005) » 5
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Table 14- Material partitioning coefficient into pod (b£SE), determination coefficient (Rz) and coefficient variation (CV) of
canola based on cultivar under stress condition

o) GWE W dlgo panads o ps o Cu o e e p

Cultivar b+SE R2 (2,9)

CV (%)
Hayola 401 0.28116 + 0.06167 059 11.03
Hayola 330 0.32825 + 0.04280 0.80 577
Parkland 0.56875 + 0.06178 0.85 18.98
Goldrush 0.63144 + 0.43265 0.13 29.68
BP18 0.27768 + 0.05256 0.66 7.14
Landrace 0.53490 + 0.14801 0.48 24.03

Landrace .3, :Vs 5 BP18 43, :Vs Goldrush ., :V4 Parkland .3, :V5 Hayola 330 .3, :V, Hayola 401 .3, :V;
V1: Hayola401, V,: Hayola330, V3: Parkland, V,: Goldrush, Vs: BP18 and Vg: Landrace
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Fig. 3—-Relationship of partitioning coefficient into pod with yield of canola under non- stress condition
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Fig. 4- Relationship of partitioning coefficient into pod with yield of canola under stress condition
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Introduction

Oilseed rape (Brassica napus L.) is one of the valuable oilseed crops which has been attracting attention in
recent years (Arvin et al., 2011). Several factors such as water shortage, low relative humidity, heat and salinity
can make drought stress. Radiation use efficiency and yield components are the effective factors of yield
formation in oilseed rape. Drought tolerance in oilseed rape depends on other factors except radiation use
efficiency. Studies have indicated that plant growth promoting rhizobacterias (PGPRs) has a direct effect on
growth and they can cause resistance to the abiotic stress as well. Hence, considering the drought climate in Iran
and the effects of PGPRs on increasing resistance to abiotic stress and relief of drought effects and the
importance of the cultivation of oilseed rape in Iran, the present research was done with the goal of study of
drought and some plant growth promoting rhizobacteria (PGPR) on radiation use efficiency and dry matter
partitioning into pod in different cultivars of oilseed rape.

Materials and methods

The current study was done on the basis of two simultaneous experiments (under stress and non-stress
experiments) during 2010- 2011 growing season at Agriculture and Natural Resources Research Station of
Torogh, Mashhad is in East-North of Iran (36° N, 59° E, 1003 as).Two research sites (under stress and non-
stress fields) were beside each other. This region has a semi-arid climate (annual rainfall 286 mm). The
experimental design was factorial based on randomized compeletly block design with three replications in each
experiment. The first treatment was plant growth promoting rizobactria, including By: no inoculation (control),
Bs:co-inoculation (Pseudomonas flourescens 169+P. putida 108), B,: inoculation with P. flourescens 169 and
Bs: inoculation with P. putida 108. Second treatment was cultivar, including Hayola401 and Hayola330 cultivars
belong to Brassica napus, Parkland and Goldrush cultivars belong to B. rapa and BP18 and landrace cultivars
belong to B.juncea . Radiation use efficiency and the allocation coefficient of materials to pods were measured in
the present study as well. In addition, analysis of variance (ANOVA) was performed using SAS ver. 9.1
software.

Results and discussion

Radiation use efficiency

There were significant differences between stress and non-stress conditions in levels of bacteria, cultivar and
bacteria x cultivar regarding radiation use efficiency. The outcomes showed that the coefficients of radiation use
efficiency in each level (bacteria, cultivar and bacteria x cultivar) under non-stress condition was comparatively
higher under stress condition. The interaction effects of bacteria x cultivar showed that P. flourescensx Goldrush
under non-stress condition with 0.62+0.08 dm.mg™ had the most and two strains of bacteriax Landrace with
0.1+0.017 dm.mg™ had the least radiation use efficiency. Regarding bacteria level, Pseudomonas flourescens
under non-stress condition with the average of 0.39£0.071 dm.mg™ had the highest radiation use efficiency.
Hayola330 cultivar with 0.45+0.047 and Hayola401 cultivar with 0.39+0.038 dm.mg™ obtained the greatest RUE
under non-stress condition and BP18 cultivar with 0.11+0.06 dm.mg™ revealed the lowest RUE under stress

1 and 2- Assistant professor,Department of Agriculture, Payame Noor University (PNU), Tehran and Assistant
professor of Agriculture and Natural Resources Research Center of Khorasan Razavi, Iran, respectively.
(*- Corresponding author Email: pooya.arvin@gmail.com)
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condition. Both drought stress and simultaneous application with two strains of bacteria had negative effects on
RUE.
Dry matter partitioning into pod

In this trial, considerable difference regarding pod partitioning coefficient revealed in the level of cultivar and
bacteria x cultivar. The value of the pod partitioning coefficient under this investigation ranged from 0.9393+
0.084 under non-stress condition to 0.1634+ 0.0210 under stress condition. Although inoculation treatment of
bacteria had the synergy effect, co-inoculation treatment had the antagonistic effect of pod partitioning
coefficient. Moreover, the rate of the pod partitioning coefficient lessened under drought condition. Berry &
Spink (2006) and Arvin et al. (2014) stated that there were positive correlation between HI and partitioning
photoasimilate in to economic organs. The results of the present study showed that dry matter partitioning into
the pod with a final yield had a 91% positive correlation under non-stress and 74% under stress condition.

Conclusion

In conclusion, negative effects of drought and positive effects of application of bacteria on RUE and pod dry
matter partitioning were obtained in this trail. The results illustrated that separate application of bacteria had
synergy effect and conflation of two strains of bacteria had an antagonistic effect on both studied traits.

Keywords: Brassica napus, B. rapa, B. juncea, Pseudomonas strains
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